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Review paper / Pregledni rad

Sazetak

Od prve definicije odrzivosti koja je donesena od strane ,, Brundtlandske komisije™ do danas svijest o
brizi za okolis i odrzivom gospodarenju uvelike se povecala. Odrzivost je postala imperativ u podrucju
graficke tehnologije u procesu proizvodnje grafickih materijala, u grafickoj pripremi, u tisku, u
grafickoj doradi te dostavi gotovih grafickih proizvoda naruciteljima i korisnicima, kao i zbrinjavanju
iskoristenog proizvoda. Podrucje grafickog dizajna prosirilo je svoju domenu na medij interneta i
razne crosmedia aplikacije koje sadrze dio ¢lanaka, slika i knjiga objavljenih na tiskanim medijima. U
radu se pojasnjava u kojoj mjeri web mediji utjeCu na okolis i ljude Alat koji se pri tome koristi je
metoda ugljikva otiska. Ugljikov otisak mjera je ukupne emisije staklenickih plinova koju izravno ili
neizravno uzrokuje neki proizvod, tvrtka ili osoba. Negativan utjecaj web sadrzaja na okolis moze se
smanijiti u prvoj fazi osmisljavanja proizvoda tj. njegovom dizajnu.

Kljucne rijeci: web, odrzivost,ugljikov otisak, dizajn

Abstract

From the first definition of sustainability that has been made by the "Brundtland Commission" until
today, awareness of the clean environment and sustainable management has significantly increased.
Sustainability has become an imperative in the field of graphic technology in the process of producing
graphic materials, in prepress, printing and postpress process, in delivering finished graphic products
to clients and customers and disposal of the used products.. The area of graphic design has expanded
its domain to Internet media and various crosmedia applications that include a number of articles,
pictures and books published in print media.This paper will clarifaid who web media influence on the
environment and people, with method of the carbon footprint. Carbon footprint is the measure of the
total greenhouse gas emissions caused by a person, product or company directly or indirectly. The
negative impact of web content on the environment can be reduced in the first phase of product
design.

Keywords: web, sustainability,carbon footprint, design
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1. UVOD

Na Generalnoj Skupstini Ujedinjenih naroda 1983. godine utemeljena je Svjetska komisija o
okoliSu i razvoju s ciljem rjesavanja kriti¢nih problema okolisa i razvoja [1]. Predsjedatelj
konferencije bila je premijerka Norveske G. H. Brundtland po kojoj je i sama konferncija dibila
ime “Brundtlandska konferencija”. Komisija se sastojala od vise od 75 stru¢njaka Sirokog
spektra znanja medu kojima su se nalazili i stru¢njaci iz podrucja okolisa i ekonomije. U
svojem izvjescu iz 1987. godine s naslovom "Nasa zajednic¢ka buduénost" (Our Common
Future) upozorilo se svijet na opasnosti koje donosi tadasnji nacin razvoja, te je donesena
definicija odrzivog razvoja kako slijedi: “Odrzivi razvoj trebao bi omoguciti zadovoljenje
potreba sadasnjih genaracija, ali ne na ra¢un generacija koje dolaze”[2].

Od kraja proslog stolje¢a do danasnjih dana svijest prema odrzivoj proizvodnji i odrzivom
Zivljenju razvija se kroz modele odrZivosti koji se paralelno razvijaju s razvojem pozitivne
svijesti o okoliSu. Najpoznatiji modeli su: Model sa tri stupa, Model jaja odrzivosti, Model
Atkissonove piramide, Prizma odrzivosti i Ameba pristup[3-7] . Najpoznatiji model je model s
tri stupa, prikazan na slici 1.

Slika.1. Prikaz modela odrzivosti s u odnosu na proizvodnju i proizvod [6]

Medutim, postoje kritike u domeni odrzivosti i onoga Sto se smatra bitnim pitanjem, ato je
odrzavanje ekoloskih sustava koji podrzavaju zivot. Gornji prikaz treba smatrati
dominantnom idejom koja treba prozeti poslovni angazman s odrzivoscu. Cilj odrzivog
razvoja je odrziva proizvodnja iz koje nastaje odrzivi proizvod.

Tiskani mediji ve¢ gotovo zadnjih tridesetak godina idu u smjeru odrzivosti. Uvode se nove
formulacije bojila: s ve¢im udjelom obnovljive sirovine, prvo na bazi biljnih ulja zatim biljnih
estera [8]. Osim toga neka bojila su bioloski razgradljiva, dok pigmenti sadrze maniji udio
teSkih metala ili su te specije u cijelosti zamijenjene. Tiskovne podloge se izaduju od
naprednih sirovina, osim toga koriste se ostaci iz poljuprivredne proizvodnje, te industrijska
konoplja, brzorastude biljke, morske alge, a sve je veci udio sekundarnih vlakanaca [9,10]. U
proizvodnji papira ne koristi se postupak bijeljenja klorom i sve vise se uvodi zatvoreni kruzni
tok procesne vode, kako bi se troSilo Sto manje svjeze vode U procesu tiska koristi se CtP
tehnologija, hlapivi spojevi se skupljaju, recikliraju i ponovno koriste, dok sredstva za pranje
elemenata strojeva sadrze sve vise obnovljive sirovine.
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U kontekstu pracenja toka materijala, uvazavajuci premisu ,, od kolijevke do kolijevke™ boljoj
kvaliteti sekundarne sirovine pridonose rezultati istrazivanja utjecaja: formulacije ofsetnih
bojila, faza u procesu LEP tiska, modifikacije samog deinking procesa na karakteristike
recikliranih vlakanaca [11-14].

Odrzivost se tek zadnjih desetak godina uvodi u medij weba i aplikacija. Odrzivost se moze
povecati na nekoliko nacina [15-17]:
Optimizacija izvedbe:
e moraju se osigurati ucinkovitije web stranice i digitalna aplikacija
o natajnacin upotrebljava se manje procesorske snage
o ucitavanje stranice je brze
o manja je potrosnja energije i klijent je zadovoljniji
Dostupnost:
e |akse se pronalazi informacija na stanici s manje sadrzaja
e stranica treba biti liSena nepotrebnih elemenata koji ne doprinose povecanju
informiranosti, kao Sto su slike, fotografije i videozapisi
e uditavanje stranica s manje elementa Stedi energiju, koja nije zanemariva, ako se

koristi duzi vremenski period

Korisnicko iskustvo, vizualni dizajn i strategija sadrzaja:

e pojednostavljenje tokova zadataka

jednostavnije kreiranje i korisniku okrenuto sucelja

sofisticirana ROl metrika na webu

e dizajn za mobilne korisnike moze poboljsati dizajn za korisnike stolnog racunala
optimizacijom sadrzaja, Sto dovodi do smanjenja potrosnje enrgije i povecavanja
brzine rada

Energija:
e serveri koji pohranjuju datoteke za web stranice 24 sata dnevno bi se trebali

opskrbljivati alternativnim izvorima energije kako bi se povecala odrzivost.

2. UGLJIKOV OTISAK

Ekoloski otisak je nastao prvi u ,familiji otiska™ u devedesetim godinama prosloga stoljeca.
Predstavili su ga znanstvenici Rees i Wackernagel [18-20]. Autori pretpostavljaju da mi ljudi
nemamo drugog izbora, nego da smanjimo ekoloski otisak. Oni vjeruju da kriza okolisa nije
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problem okolisa i tehnologija, ve¢ drustva i ponasanja [19]. Moffat opisuje prednosti i
ogranicenja koncepta ekoloskog otiska. Autor kao prednost navodi: nedvosmislenost poruke
i jednostavnost izracuna, a kao nedostatak smatra: stati¢nu analizu, ignoriranje tehnoloskih
promjena, ignoriranje podzemnih resursa i ignoriranje toka [21]. Osim toga predlaze
napredniji koncept koji bi se bazirao na dinami¢nom simulacijskom modelu. Ekoloski otisak
Wiedma smatra kao mjeru za potrazivanje ljudi u odnosu na ekosustav Zemlje [22]. To
potrazivanje je u suprotnosti s ekoloskom sposobnosti regeneracije samog planeta Tako je
joS za 2006 godinu procijenjeno da Covjecanstvo 1.4 puta brze trosSi resurse nego sto ih Zemlja
obnavlja.

Od tada ,familija otisaka" se prosirila na energetski otisak, vodeni otisak, ugljikov otisak,
otisak bioraznolikosti, fosforni otisak, dusikov otisak i drugi [23,24]. Galli i koautori u radu
navode definiciju ,familije otisaka" kao skup pokazatelja za pracenje pritiska ljudi na Zemlju
pod razlicitim kutovima [24]. Ovaj rad nastao je u sklopu Sedmog okvirnog programa
Europske komisije Open EU) kao gopodarstvena mreza EU. Ona se gradi na pretpostavci da
niti jedan indikator sam po sebi ne moze cjelovito nadzirati utjecaj ljudi na okolis,vec se
pokazatelji trebaju zajedno koristiti i nadopunjavati.

Ugljikov otisak je mjera emisije staklenickih plinova povezanih s djelatnoscu, proizvodnjom
ili proizvodom [25]. Emisija moze biti izravna, lako se identificira i neizravna koja se teze
povezuje s uzorkom, kao na primjer, otpustanje plinova na kraju Zivotnog vijeka. Ugljikov
otisak izrazava se u ekvivalentima ugljicnog dioksida (CO2e) u tonama [26]. Plin CO2
predstavlja referenti plin za sve ostale staklenicke plinove: metan, dusikov (I) oksid,
hidrofluorougljike, perfluorougljike i sumporov heksafluorid, kako bi se omogudio izracun i
usporedba utjecaja na okolis. Brander smatra da je za ugljikov otisak vazno da li se emisija
CO2 ukljucuje direktno ili indirektno, a da se ostali plinovi staklenika ne bi trebali ukljuciti u
ugljikov otisak [27]. Autor smatra da bi se ti plinovi trebali ukljuciti pod pojmom klimatskog
otiska.

U Nacionalnom laboratoriju Lawrence Berkeley izra¢unato je da za prijenos podataka od 1
GB treba 13kWh energije, a prema procjenama EPA-e za proizvodnju 1 kWh energije se
emitira 1,2kg ekvivalenta CO2 [28]. Iz navedenih podataka dalje proizlazi da se za prijenos samo
1G podataka emitira 15,6 CO2e . Obzirom da postoje milijuni korisnika koji preuzimaju prosjecne
stranice od oko 1,4MB Sto bi znacilo emisiju od oko 52T CO2.

PotrosSnja energije tema je mnogih istrazivanja. Coroama i Hilty daju pregled metodologije
procjene utroska energije za internet za ukupni promet, za promet unutar odredenog
vremenskog razdoblja, prikazuju model za odredene ili pak sve komponente potrbne za
odrzavanje odredenog internetskog prometa [29]. Osim toga u ¢lanku se razmatra studij
karakteristicnih primjera, te daje generalizacija rezultata.

U nastavku istrazivanja Coroama i suradnici daju procjenu intenziteta energije interneta a
divergencije koje mogu biti i nekoliko redova veli¢ine tumace definicijom granica sustava

[30].

Potrosnja eklekticne energije u domeni interneta, a prema vrstama opreme navedena je u
tablici 1. kako slijedi [31] za godine 2000. i 2006 . U tablici je vidljivo da potrosnja energije
raste za 45.6%, Sto znadi veliko povecanje oprelenja za okoliS. Najvecu konzumaciju
elektri¢ne energije imaju serveri kojima je potrebna elektri¢na energija 24 sata dnevno, pa se
znacajno smanjenje emisije staklenickih plinova moze postic¢i zamjenom fosilnih energenta s
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alternativnim energentima kao Sto su vjetar, voda te bioenergija, geotermalna energija i

druge.

Tablica 1. Potrosnja eklektri¢ne energije prema vrstama opreme[31]

Vrsta opreme Porosnja enegije | Porosnja enegije
(TWh/g) u 2000. godini (TWh/g) u 2006. godini

Internet oprema Serveri 19,3 42,3

Pohrana podatka | 11,6 24,5

Koncentrator 1,5 A

(Hub)

Ruter 1,6 3,5

LAN komunikator | 1,1 2,4

WAN 33 7:2

komunikator
Ukupno 38,4 84,3

Na smanjenje potrosnje energije web stranica moze se utjecati u ranoj fazi procesa
dizajniranja, kada se moze odrediti kolika ¢e stranica biti i Sto Ce se staviti na stranicu, te tako
je uCiniti odrzivom i korisniku pristupacnom [17, 32]. Neka istrazivanja govore da bi se stranica
trebala uditati za vrijeme do 2 sekunde. Zamjenom videozapisa s fotografijama ili slikama te
zamjenom slika s tekstom moze se smanijiti velicina stranice.

Vizualni dizajn stanice jako je vazan ali mnoge fotografije ili slike spremljene su u krivom
formatu, krivoj velicini, te su lose optimizirane. U ponudi su mnogi besplatni servisi koji mogu
urediti slike bolje od programa s alatima. Smush.it servis je online servis u sklopu Yahoo!
Developer Networka podrzava JPEG, GIF i PNG failove maksimalne veli¢ine do 1 MB, a moze
i napraviti obradu slike koja inaCe moze biti skupa. JPEG Optimizer smanjuje veli¢inu i
kompresiju fotografija, tako da korisnici prenose (upload) fotografije i sami biraju nivo
kompresije. FILEMinimizer Pictures je program koji moZe smanijiti veli¢inu slike do ¢ak 98%,
a dostupna su Cetiri nivoa kompresije.

Prednost navedenog programa je sto podrzava veliki broj formata. Korisnici mogu izabrati

izmedu velikog broja takvih servisa/programa, a neki od njih su: JPEGMini, Image Optimizer,
Trimage, Shrink O'Matic, PNG Gauntlet, RIOT, CompressNow, Shrink Pictures i drugi.

Ukoliko stranica sadrzi karusel veli¢ina starice se znacajno povecava. Karusel obi¢no sadrzi
od 3 do 6 velikih slika i JavaScript koji je potreban za premjestanje [17,33 ].

3



THE UNnv'ERsrrvw%vk

Study at York  Rewsarch Dusiness A Ghing  ViWtng  Cvents  About

‘

WEATHERING SOLAR STORMS A aie s
b Am Wikl {Lancaster University]
nstitute of Physics

MPUS
) fj DEVELOPMENT

PUTTING W 4O A

WIIN o
=

Slika 2 Prikaz starnice na kojoj je napravljeno testiranje [33]

Napravljeno je istrazivanje o pregledu slajdova na Brad Frost Carousel Challenge, koji je imao
Cesto osam ili devet stavki, koje se mogu kretati u bilo kojem trenutku sa mogucnostima
pritiska pauze odnosno nastavka, prikazano na slici 2. [34]. U provedenom istrazivanju od 20.
veljace do 5. ozZujka polovica od svih pregleda napravljena je na prvom slajdu, prikazano na
slici 3 . Pregled preostalih slajdova naglo opada tako da zadnji slajd gotovo nema pregleda
[34]. Kada se govori o broju koristenja mogucnosti pritiska pauze/nastavka, pauza je stisnuta
svega 257 puta, a nastavak joS manje samo 36 puta[33]. Sve to daje prilog teoriji o
pojednostavljenju web stranica i ustedi energije koje prati taj postupak.

8. slajd

7. slajd

6. slajd

5. slajd N

4. slajd

3. slajd

2.slajd [

1.slajd e ——

0 200 400 6oo 8o0 1000 1200
Distribucija pregleda po slajdovima karosela

Slika 3. Distribucija pregled po slajdovima karosela (od 20. veljace do 5. ozujka) [34]

Kada se prema serveru putem HTTP protokola Salju zahtjevi prema odradenim sadrzajima
bioonu js, png, jpg, css, html ili nekom drugom formatu puno manje memorije se zauzima
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ako se sadrzaj grupira u vecu grupu. To se moze postici rasporedivanjem po stranici pomocu
css atributa background-position. Usteda memorijskog prostora moze biti i 72% od ukupne
veli¢ine svih sadrzaja kao sto je prikazano na slici 4.[35].

w1 BEFORE

B Item 2 Number of HTTP requests:
Item 3
I Total size of the images:

Bl 20.5 KB
rens EXAMPLE

Slika 4.Grupiranje slika pomocu css atributa [35]

Kao pomoc u izradi odrzivijih stranica pomoc¢ se moze naci u Clean options Vam koji
omogucava CiS¢enje i optimizaciju WordPress baze opcija [36]. Spomenuti alat svoju
korisnost iskazuje skeniranjem plugin u upotrebi, one koji viSe nisu potrebni uklanja, takoder
uklanja i one koje se vise ne koriste. Spomenuti alat nece napraviti nikakva oStecenja u
konzistentnosti instalacije ili funkcionalnosti WordPress-a, ali ¢e doprinijeti smanjenju
neiskoristenog prostora.

Uglji¢ni otisak web stranice moze se smanijiti i bez ikakvog dizajnerskog ili inzenjerskog
zadiranja u samu stranicu. Sve stranice moraju biti pohranjene na neki server koji 24 sata
dnevno trosi elektricku energiju. Bilanca ugljikovog otiska u tom segmentu ne mora biti velika
ukoliko se odabere domacdin koji se opskrbljuje s zelenom energijom. Island je klasi¢ni primjer
drzave, gdje je koristenje zelene geotermalne energije u visokom postotku, tako tamo mnogi
podatkovni centri koriste spomenuti zeleni oblik energije.

U zadnje vrijeme neke usluge koje se baziraju na pohrani podataka temelje svoje poslovanje
ili dio poslovanja na zelenim oblicima energije, kao Sto su: Google, Apple i Rackspace. Na taj
nacin svaki mali korisnik, ali i vedi sustavi mogu pridonijeti osobnom ili poslovnom smanjenju
ugljikovog otiska.

3. ZAKLJUCAK

U ovom tehnoloskom trenutku koncept odrzivog razvoja je nuzda, jer je on daleko od
idealnog. Postoji zabrinutost kada se koriste opravdanja za mjere koje su daleko od
odrzivosti. Koncept odrzivog razvoja koji je globalno poznat, djeluje uvjerljivo, prepoznaje
nejednakosti, unistavanje okolisa i klimatske promjene inducirane ljudskom djelatnos¢u.

Ovaj rad na osnovu literaturnih podataka daje prikaz osnovnih postavki u podrucju odrzivosti
World Wide Web-a, svjetske mreze i najkoristenije usluge interneta. Moze se zakljuciti da je
ekoloska orijentacija u ovom podrucje fokusirana na podrucja kako slijedi;

e dizajn za ekolosku ucinkovitost
e mijere za postizanje energetske ucinkovitosti
e odgovorno odlaganje i reciklaze, kruzni tok materijala

e koristenje ekolosko obnovljivih izvora
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e ekolosko etiketiranje

Prednosti ekodizajna u podrucju kreiranja proizvoda moze doprinijeti: ustedi materijala i
energetskoj ucinkovitosti,, stimulaciji inovacija, zadovoljstvu potrosaca i smanjenju u
podrucju indikatora iz ,familije otisaka".
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UTJECAJ PROMJENE BOJE POZADINE NA SREDNJU VRIJEDNOST BOJE
KOD BIOMETRIJSKE PORTRETNE FOTOGRAFIJE

THE INFLUENCE OF BACKGROUND COLOR CHANGE ON THE AVERAGE
COLOR CHANGE IN BIOMETRIC PORTRAIT PHOTOGRAPHY
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Preliminary notice / Prethodno priopcenje

Sazetak

Od biometrijskog portreta se kroz strogo definiranje odnosa dimenzija, zahtijeva oCuvanje realnih
informacija o svim tehnickim karakteristikama fotografije, pa tako i o bojama, kako bi se sve
bimetrijske vrijednosti mogle digitalizirati i koristiti u prepoznavanju. Uoceno je da i jako male
promjene vrijednosti R, G i B kanala (crveni, zeleni i plavi kanal) na cijelokupnoj fotografiji, uveliko
utjeCu na percepciju same fotografije. U radu se zeli ispitati kako utjee promjena boje pozadine
portreta u R, G i B boju (crvenu, zelenu i plavu boju), odnosno koliki je odmak u vrijednostima kada se
usporeduje srednja vrijednost dE cijelokupnog originalnog biometrijskog portreta sa srednjim
vrijednostima dE nakon promijene boje pozadine.

Kljucne rijeci: biometrija, fotografija, promjena boje
Abstract

Biometric portraitis are expected to preserve strictly definied dimension but it also is required to
preserve realistic information about all the technical characteristics of the photo and the colors so that
all the biometric values can be digitized and used in recognition. It has been observed that very small
changes in the R, G and B channels (red, green and blue channels) on the whole picture greatly affect
the perception of the photograph itself. The paper seeks to examine how the background color of the
portrait portray in R, G and B colors (red, green, and blue) is affected, ie how much is the difference in
values when comparing the mean dE of the entire original biometric portrait with the mean dE after
the color change background.

Keywords: biometrics, photography, color change
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Kako je krajem 20. i po¢etkom 21. stolje¢a pocinju uvoditi biometrijski dokumetni tako se
javila | potreba za definiranjem geometrije lica, Sto je dovelo do promjene u pristupu
portretnoj fotografiji za dokumente. Prije biometrijskih dokumenata koristio se klasi¢an
pristup portretnoj fotografiji za dokumente koji se temeljio na tzv. Lijepom portretu lica, u
europskom ili americkom rezu. Takav pristup je osiguravala optimalan raspon sjena za prikaz
volumena lica, Sto nije dovoljno kada su u pitanju portretne fotografije za document, gdje
treba osigurati pravilno definirane geometrije lica. U navedenom slucaju se, od uvodenja
biometrijske portretne fotografije za dokumente, koristi raspresena rasvjeta iz pravca
fotografskog aparata. Takav biometrijski portret za dokumente na sebi nosi biometrijske
podatke o vlasniku dokumenta, odnosno kompletnu biometriju lica. [1,2]

Biometrijski portreti se snimaju po tocno definiranim uvjetima, kao Sto su visoka kvaliteta
fotografije, format (Sirina x visina), oko 2/3 slike treba zauzimati glava koja mora biti
centrirana na fotografiji, zadovoljavaju¢eg kontrasta i ostrine, jednoli¢ne pozadine bez
teksture i sjena, itd. [3]

TEORETSKI DIO

Kako bi se osigurala maksimalna ikoni¢nost, snimanjem biometrisjkog portreta, treba
zadovoljiti zadane uvjete. Snimanje je potrebno osigurati iz normalne vizure, Sto znaci da su
lece objektiva fotografskog aparata i lice modela u planparalelnom polozaju. Takoder, svjetlo
koje osvjetljava lice modela mora biti usmjereno iz smjera fotografskog aparata, kako bi se
osiguralo da ce lice modela biti jednako osvjetljeno po cijeloj povrsini bez refleksija i sjena uz
jednobojnu pozadnu koja ¢e osigurati dovoljno kontrasta u odnosu na lice i kosu [3]

U pravilu se, kod snimanja biometrijske portretne fotografije za dokumente ne upotrebljava
opce svjetlo, a moze se koristiti pozadinsko svjetlo koje ce osvjetljavati pozadinu, a samim
time ukloniti mogucnost pojave sjena | povecati samu svjetlinu pozadine. S obzirom da
svjetlo koje osvjetljava model mora biti rasprseno, u pravilu se koristi softbox li bijeli kiSobran
kao transparentni rasprsivac (slika 1). [4]
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Slika 1 Studijske bljeskalice s pilot rasvjetom i rasprsivacima

Digitalni zapis fotografske slike je definiran u RGB prostoru boja, koji se po potrebi, ovisno o
izlaznoj jedinici sustava, najcesce renderiranjem uz percepcijske namjere, sabija u uZi,
najcesce sRGB prostor boja. [5]
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Slika 2 Sablona za provjeru ispravnosti biometrijske fotografije

Kako bi se objektivnho moglo praiti promjene boja kroz fotografski sustav koristi se CIE Lab
sustav boja koji boje definira a i b te luminacijom L. [5,6] Ovim sustavom se omogucuje i
kvantitativno odredivanje razlike boja (AE) po formuli:

aE:JaLEmaE +AD
(1)

EKSPERIMENTALNI DIO

Za potrebe eksperimentalnog portreta je snimljena fotografija biometrijskog portreta
rasvjetom studijeske bljeskalice sa snagom osvjetljenja od 300 Ws™* postavljenom na nacin da
model osvjetljava iz pravca fotografskog aparata, a svjetlo je rasprseno softboxom. Elementi
ekspozicije su postavljeni na: vrijeme eksponiranja 1/125 s, otvor objektiva 5,6,
osjetljivostioo/21 ISO, Sto je odredeno flashmetrom Sekonic L 308 S. Za snimanje
bometrijskog portreta je upotrbljen digitalni SLR fotografski apparat leica formata Canon
EOS 5D Mark Il sa rezolucijom 21,1 MP i objektivom ZariSne duljine 75 mm svjetlosne jacine
2. Biometrijski portret je snimljen u najfinijem JPEG format sa maksimalnom rezolucijom u
Adobe RGB prostoru boja.

Tako snimljeni biometrijski portret je u programu Adobe PhotoShop CC 2015 prebacen u
sRGB prostor boja u standardni izrez biometrijskog portreta u rezoluciji 300 dpi. Na
referentnom biometrijskom portertu je pozadina iza portreta postavljena na cisto bijelu
pozadinu (255, 255, 255), @ na tri dodatna koja se proucavaju je promijenjena pozadina u
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crvenu (203, 0, 0), zelenu (64, 173, 38), te plavu (o, 0, 142), po vrijednostima tablice boja. (slika
3)

Slika 3 Biometrijski portreti s promijenjenom pozadinom i tablica boja

Na digitalnim zapisima referentnog biometrijskog portreta, kao i biometrijskih portreta s
promijenjenom pozadinom, su ocitane L, a, b vrijednosti cijelokupne fotografije, te su
odredene ukupne razlike boja AEq izmedu biometrijskog portreta s bijelom pozadinom i
biometrijskih portreta s promijenjenim pozadinama (crvena, zelena i plava).

REZULTATI

U tablici 1 su prikazani rezultati odredivanja L, a, b vrijednosti ukupne fotografije, a u tablici 2
ukupne razlike boja (AEqo).

Tablica 1. Rezultati odredivanja L, a, b vrijednosti

Pozadina
Bijela Crvena Zelena Plava
L 177.87 141.15 148.27 114.23
a 135.45 157.83 112.5 148.52
b 140.72 159.93 158.05 119.21

Tablica 2. Rezultati odredivanja L, a, b vrijednosti

Pozadina

Crvena Zelena Plava

AEoo 14.2084 14.7899 27.3572




RASPRAVA | ZAKLJUCCI

Ispitivanja provedena za potrebe ovog rada su pokazala kako postoje jako velike razlike boja
izmedu biometrijskih portreta s promijenjenom bojom pozadine (crvena, zelena i plava) u
odnosu na biometrijski portret s bijelom pozadinom. Ako se u obzir uzme kako je vrijednost
razlike boja iznad 6 neprihvatljiva moze se vidjeti kako i najmanja odstupanja u ovom
ispitivanju imaju razliku 2,37 puta vecu od donekle prihvatljive.

U obzir treba uzeti ¢injenicu kako je su mijenjane vrijednosti samo na pozadini fotografije,
dok sam motiv odnosno biometrijski portret ostaje nepromijenjen sa svim informacijama i
vrijednostima koje je imao i na samom pocetku. U tom slucaju treba napraviti ispitivanje kako
utjeCe promjena boje pozadine na percepciju promatraca. Odnosno, ispitati dali dolazi do
promjene u percepciji portreta, sto je i osnovni parametar na kojem se bazira istrazivanje.

Takoder, u obzir treba uzeti i ¢injenicu kako su pozadine mijenjane u ekstremne vrijednosti
(crvene, zelene i plave) boje, te treba ispitati kakve se promijene i razlike dogadaju prilikom
promjene boja u boje koje su vizualno blize osnovnoj bijeloj boji pozadine.
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Sazetak

Fotogrametrijsko 3D skeniranje ima brojne prednosti naspram ostalih tehnologija 3D skeniranja, od
kojih se svakako istice lakoca i jednostavnost koristenja, te ostvarivanje vrlo kvalitetnih geometrijskih
modela i tekstura. Jedan od glavnih nedostataka je racunalna zahtjevnost generiranja rezultata i
veliko zauzece radne memorije kada se zele realizirati modeli viskoke definicije. Napravljeno je
istrazivanje odnosa rezolucije fotografija, vremena procesiranja i poligonalne gustoce dobivenog
modela kako bi se dobio bolji uvid u prakti¢nost primjene postavki izrade modela koje utjecu na
generiranje gustog oblaka tocaka iz kojeg nastaje poligonalni model. Obzirom da procesiranje
projekata koji sadrze veliki broj fotografija visoke rezolucije traje u rasponu od nekoliko sati do
nekoliko dana, svrha istrazivanja je dobiti rezultate koji ¢e pomoci u procesu definiranja postavki kako
bi se postigao optimalni odnos ulozenog vremena i poligonalne gustoce modela.

Kljucne rijeci: 3D skeniranje. fotogrametrija, oblak tocaka
Abstract

Photogrammetric 3D scanning has many advantages over other 3D scanning technologies, such as
the ease of use and creation of high-quality model geometry and textures. One of the major
drawbacks is high computational resource demand when generating results and large RAM memory
consumption when high-definition models are created. Research is conducted on relationship of
photo resolution, processing time and polygonal densities of the obtained models in order to gain a
better insight into the practicality of modeling parameters usage that influence the generation of
dense point clouds from which polygonal modela are formed. Given that the processing of projects
involving a large number of high resolution photographs lasts from several hours to several days, the
purpose of the research is to obtain results that will assist in the process of defining settings to achieve
the optimum relationship between the time invested and the polygonal density of the model.

Keywords: 3D scanning, photogrammetry, point cloud
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Abstract

The article presents the solving problem of rise of operational effectiveness of waterproofing
plastering systems. Based on the laboratory investigations the value of absorption of system
“waterproofing — limestone shell” through the variation of technological factors: the type of material,
the number of layers and time of full water saturation.

Keywords: System, Limestone Shell, Waterproofing Plastering, Imbibitional Properties. 25

Corresponding author: Oleg Popov, oleg.a.popov@gmail.com


mailto:oleg.a.popov@gmail.com

1. INTRODUCTION

In the modern world, most people prefer to live in houses with good ecological
characteristics. This promotes the use of natural building materials, with excellent
environmental qualities. One of such material is limestone-shell.

Since several thousand years, buildings and structures have been constructed from this
material [1]. Today, many of them are monuments of architecture. The last century, the issue
of preserving monuments of cultural heritage, including Odessa, was sharply raised. In the
official list of monuments of town-planning and architecture of Odessa, 700 buildings and
structures were added. Only 31% of them are in good technical condition and do not require
major repairs and restoration. The remaining 69% of monuments of cultural heritage require,
in to different extents, major repairs, restoration or replacement of structures and building
elements.

Based on the results of the processing of technical and design documentation from the
archival data of the housing and communal services and design organizations, buildings and
structures are made of bond shell - limestone or have constructional structural parts from this
building material, make up 26%.

The reasons for damaging the waterproofing course are most often: non-compliance with the
technology of the waterproofing device; low quality of the material; change in groundwater
table; Incorrectly chosen type of waterproofing; low adhesion bond strength; works on the
base with excessively high humidity; violation of the dosage of waterproofing components;
deformation caused by the displacement of the individual building elements relative to each
other, and etc. And also the practice of building management shows that the destruction of
open joints, and as a result, the disruption of the continuity of waterproofing is one of the
main reasons for premature deterioration of structures, increased costs for repair and
restoration work and deterioration of the operational characteristics of the building. It is the
damages of the waterproofing system that are the most common cause of failure of
subsurface structures [2].

Thus, one of the topical problems of the building complex is the problem of destruction of
shell - limestone structures due to the absence or damage of waterproofing.

One of the factors affecting the durability of the structure, in particular shell-limestone, is the
effect of moisture, namely, alternate moistening and drying of the material, regardless of the
temperature regime. This is especially true for materials with a capillary - porous structure.
Evaporation of moisture from the structure occurs by drying, first from large, and then from
smaller pores of capillaries.

It is assumed that for some period of time in completely air-dried conditions, the evaporation
of free capillary and absorbed-bound water from the body of the structure is possible. At the
same time, the wedging forces played out on the structure, and as a result, considerable
shrinkage stress appears in the material.

With increasing relative humidity of the surrounding air, the material is again moistened, the
cracks are unfolded. The rate of destruction of stone structures under the influence of
stresses, shrinkage and bulging depends on the intensity of moistening and drying. [1].

One can give a sufficient number of examples of such buildings in the historic center of
Odessa; several of them are shown in Fig. 1-3:
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Fig.2: Gagarin palace, Lanzheron Descent, 2.

Fig.3: Circular housing of Odessa’s port quarantine hospital, Pastera, str., 5.

The study of the influence of constructive technological solutions of the system
"waterproofing limestone-shell" will increase the protection from the effects of capillary rise
and water absorption, providing reliable and durable operation of buildings and structures
from shell limestone.

The following authors studied the absorption characteristics of shell- limestone as:
Komyshev AV, Eremenok PL, lzmailov Yu. V., Figarov AG, Orujev FM, Tursunov NT
Shcherbina S. N. Scientific works of such scientists as Shilina AA, Lukinsky OA, Khomenko
VP, Leonovich SN were scientific and theoretical basis of waterproofing research. ,
Karapuzova EK, Soha VG, et al. However, the absorption characteristics of the
"waterproofing — limestone-shell" system of the limestone-shell of the Odessa deposit have
been little researched.

To a great extent, the main factor determining the formation of the strength of the mortar
durability and the strength of adhesion in the bond is the suction capacity, determining the
ability of the stone to absorb moisture out of the green mortar. The necessity in establishing
this characteristic of the stone is due to the difference in the behavior of its pore system upon
the absorption of moisture from the volume of water and from the mortar [7].
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According to the results of the analysis given in [8]. One of the rational methods of the
waterproofing system is plaster waterproofing with the use of dry mixtures and cold mastics.
The pre-selected samples were weighed to determine the weight and volume in the dry state
before the application of the waterproofing mixture itself, and marked with the number of
the  series and  the  direction of beggingof  the  stone  structure.
Waterproofing mixture of dry powders were prepared by gradually adding them to the water
under constant agitation until a viscous mass, which was applied with a spatula. The material
was applied according to the experimental design in one, two and three layers on a dry and
wet surface of the sample. To prevent coating during application, the direction of each
subsequent layer was perpendicular to the previous layer. The thickness of the layers did not
exceed 1-2 mm to prevent the formation of cracks. Mastic was applied by brush. Each
subsequent layer was applied only after the previous one had dried completely.

< S

Fig.5: Application of bitumen-rubber and acrylic mastics.

The essence of the investigation was the determination of the impact of structural and
technological solutions on the absorption properties of the system "waterproofing -
limestone-shell".

The investigation of the intensity of the suction capacity was determined by the amount of
water in grams absorbed in 1, 2, 3 minutes by one dm2 of the air-dry stone surface and
treated with a certain kind of waterproofing (according to the experiment's plan) immersed
in water at a depth of ; mm, 20 mm and 15 mm.

The graph of Fig. 6 is constructed according to the results of the investigation of the water
absorption of limestone-shell not treated with waterproofing composition.
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Fig.6: Determination of the water absorption coefficient of limestone-shell rock.
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Fig. 7: Values of water absorption of the "waterproofing-limestone-shell" system for immersed in water
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Based on the results of the studies, graphs of the dependence of the water absorption
coefficient of the "waterproofing - limestone-shell" system on variability factors are
constructed. fig. 7-9.

As can be seen in Fig. 7, the water absorption increases with increasing time from 1 to 3
minutes. At the same time, the water absorption depends on the type of material and the
number of layers of their application.

The directionality of the stone layers relative to the surface and it composition impact on the
value of the suction capacity of the stone. The suction of moisture from the solution along
the layers of rock is more intense than in the direction perpendicular to the bedding. The
maximum value of the suction capacity for the stone of a given deposit is affected by the type
of material that showed the minimum water retention capacity. These are samples processed
by the composition "Hydrozit". For example, when immersed at a depth of 5 mm, treated in
one layer with this composition, the samples showed water absorption: after 1 minute - 3.19
g; after 2 minutes - 5.25 g; after 3 minutes -6.94 g. An increase in the immersion depth of the
samples shows that the water absorption rate of samples treated with a layer increases by
0.16 g, by immersion at 10 mm and by 0.2 g -by immersion at 15 mm.

Varying the depth of immersion did not affect on the water absorption rates of specimens
treated with AQUASTOP mastic.
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Fig.10: Intensity of capillary suction capacity of the rock submerged in water at 5 mm.
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According to the comparative analysis, the initial intensity of water absorption of limestone-
shell rock decreases with the installation of waterproofing systems, depending on the type of
material and the number of layers.

This indicates a decrease in the intensity of water absorption compared to the initial intensity
of limestone and waterproofing systems (3 layers of application), which is: Hydrosite - 4.96
times; Siltek V-30 - 63.4 times, Ceresit CR 65 - 68.3 times; Mastics: "AQUASTOP" -19 times;
Bitumen-rubber mastic (BRM) - 12 times.

When comparing the parameters of the processed samples with one layer and three, it was
found that the decrease in water absorption after 3 minutes is: Hydrozit - 3.08 times; Siltek
V-30 - 1.8 times, Ceresit CR 65 - 3.6 times; Mastics: "AQUASTOP" -in 1,15 times; Bitumen-
rubber mastic (BRM) - in 1,1 times.

At the initial intensity, the structure of limestone-shell rock also has an impact. In most cases,
the pores of limestones of various shapes-micro- and macrocapillaries of variable cross-
section. The larger the diameter of the bulk of the capillary pores of the stone, the higher will
be the value of its initial water absorption intensity.

The minimum value of water absorption (0.47g) was shown by a series of samples No.g
treated with Ceresit CR 65 in 3 layers after 3 minutes. At the same time, samples of the No. 6
series, treated with Siltek V-30in 3 layers, showed a minimum of this value during the first 2
minutes (0-0.099).

As the research results show, in most cases the suction intensity decreases after the elapse
of time, except the Siltek V-30 waterproofing system (series of samples No. 4,5,6). As can be
seen in the graph, the intensity of absorption increases at the third minute, regardless of the
depth of immersion, and with increasing the number of layers of waterproofing, the intensity
of the suction capacity decreases.

CONCLUSION

The influence of technological parameters of waterproofing on the capillary suction of the
treated structure was investigated. The indicator of water absorption intensity of the system
"waterproofing-limestone-shell", limestone-shell rock was determined. The indicator of the
intensity of capillary suction capacity is determined. The analysis of the obtained data is
carried out.
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Abstract

Currently, more than 5o ooo different construction materials are available on the market and that number
increases. Many new materials are often difficult to machine with conventional methods which are currently
dominating in production facilities, so industry is more and more turning to non — traditional machining
processes such as abrasive waterjet cutting (AWJC). With the exceptional capabilities which provide, abrasive
waterjet cutting has disadvantages such as surface roughness and striatin marks on cutting surface which
represents limitation for further application in production. Experimental part of the paper is focusing on
verification of thesis whether conventional material process technologies can be replaced with abrasive waterjet
cutting technology under certain conditions, while maintaining required quality of machined surface and
productivity. Analysis of influence of selected cutting parameters and optimization of model were performed
on specimens from AlSI 316L steel on cutting depth of 25 mm. Results obtained by optimization showed that
abrasive waterjet cutting can replace conventional technologies and achieve required values of machined
surface.

Keywords: Abrasive waterjet cutting, optimisation, cutting parameters, centra [composite design, AlSI 316L

Sazetak

Trenutno na trzistu dostupno je preko 50 ooo konstrukcijskih materijala, a njihov broj se | dalje povecava. Mnogi
novi materijali ¢esto su teSko obradivi konvencionalnim metodama koje trenutno dominiraju proizvodnim
pogonima, stoga se industrija sve viSe okre¢e nekonvencijalnim postupcima obrade materijala poput
abrazivnog rezanja vodenim mlazom. Uz iznimne moguc¢nosti koje pruza, rezanje abrazivnim vodenim mlazom
ima nekoliko nedostataka poput povrsinske hrapavosti i tragova rezanja koje predstavljaju ogranicenja za Siru
primjenu u proizvodniji. Eksperimentalni dio rada fokusiran se na provjeru teze moze li se u odredenim uvjetima
tehnologija rezanja abrazivnim vodenim mlazom zamijeniti konvencionalne tehnologije obrade materijala
poput glodanja uz zadrzavanje trazene kvalitete obradene povrsSine i proizvodnosti. Analiza utjecaja izabranih
parametara rezanja te optimizacija modela provedena je na uzorcima iz Celika AISI 316L na dubini rezanja od 25
mm zbog velikog raspona vrijednosti hrapavosti povrsine. Rezultati optimizacije pokazali su da tehnologija
rezanja vodenim mlazom moze zamijeniti konvencionalne tehnologije uz ostvarivanje trazenih vrijednosti
obradene povrsine.

Kljuéne rijeci: Abrazivno rezanje vodenim mlazom, optimizacija, parametri rezanja, centralno kompozitni plan
pokusa, AlSI 316L
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1. INTRODUCTION

The major target of metal cutting is to ensure high productivity with high quality of
product and low machining costs. The greatest influence on choice of treatment have type of
material and geometry of specimen. Those 2 factors are usually determining the way of
processing, and after the selection of process, it's necessary to determine the operating
conditions. The surface finish produced by conventional machining is generally uniform.
Therefore, the surface finish of the machined surface simply can be characterized by
measuring the surface roughness of any point of machined surface.

Abrasive waterjet cutting technology (AWJC) represents relatively new non — conventional
emerging way of cutting almost all sorts of material and shapes. Due to the numerous
andvantages such as narrow kerf, no heat affected zone in material, reduction of waste
disposal costs, minimal force compared to other conventional machining method and so,
abrasive waterjet cutting has been used in various industrial application. Despite numerous
advantages over many other conventional processing, there are 2 major obstacles which
limitates even further application in industrial purpose: relatively high costs of machining and
formation of striation marks on surface of material on higher cutting depths.

1. RELATED AND PREVIOUS WORK

Topography characteristic of surface generated by abrasive waterjet cutting technology
has been target of investigation of many scientists since the early 1980s. Hashish and
Kovacevic are counsidered to be pioneers in area of metal machining with AWJC. Based on
flow visualisation study,Hashish has proposed theory that surfaces created by abrasive
waterjet cutting technology (AWJC) can be divided in main 2 zones: upper smooth zone
where primary irregularity on machined surface is roughness, and lower rough zone that is
characterised by wavy striations (as shown in Fig. 1). [1]

| STRIATION ZONE

{\ilz-,
i

Fig. 1: Division of Abrasive waterjet cut surface [1]

Based on Hashish's study, Tan has proposed a kinematics/geometry model of cutting
proces sin order to explain striation forming mechanism. Souda, Matsui et. Al. Reported that
striation marks can be suppresses by adjusting entrance angle of water stream, with multi
pass cutting and with lower values of jet traverse speed. [1,2,3,4].

There existed other studies on waterjet generated surfaces which were aimed primarily at
qualifying surface roughness as a function of cutting parameters. In an experimental study
for abrasive waterjet cutting surfaces involving striations scientists Kim, Reuber and Hunt
has noticed that values of surface roughness approximately incerreases with increase of

36



cutting speed and cutting depth. A similar conclusion was made by Neusen et al. in the
cutting of metal matrix composites. Kovacevic used a second-order mathematical model to
characterize the surface roughness across the cut's depth as a function of several AWJ
operation parameters. [1,2,]

Striation marks represent a common phenomenon on the surfaces generated with beam
- cutting technologies, such as water jets, lasers or plasmas [4,5,6]. The formation of periodic
wavy patterns (or striation marks) has drawn much attention in abrasive waterjet cutting on
higher cutting depts, because it affects strongly on quality of finishied surface and
dimensional accuracy of machined surface. [1]

Example of surface created with abrasive waterjet cutting with typical wavy structure in
lower zone of specimen (cutting depth 25 mm) from AISI 316L steel is shown in Fig. 2.

Fig. 2: AISI 316L surface irregularities created by AWJC technology

Mechanisms of forming striation marks on surface of material are not fully clarified and
still far from being qualitatively described. There are several different theories related to
striation marks forming mechanism, but generelly scientists agree that into three categories
with the regard of source of the striations: as consequences of machining system vibration,
due to the dynamic behaviour of the water jet and dissipation of energy and as a result of the
characteristics inherent to the abrasive waterjet cutting (i.e. process of material removal). [1]

2. EXPERIMENTAL SET UP

In experimental part of the paper influence of selected cutting parameters was shown on
the quality of surface roughness, or mathematical model that will, depending on input
parameter predict the quality machined surface. The experiments were conducted on
TENKING 23020 abrasive waterjet cutting system with ultra high pressure pump capable of
providing pressure of water of 400 MPa. Examined material of specimens (dimension of
specimens 40 X 30 X 10 mm) is austenitic corrosion resistant steel X2CrNiMo17-12-2(AlSI
316L) whose chemical composition is shown in Table 1.

Tab. 1: Chemical composition range for AlISI 316L stainless steel [7]

Grade Cr Mn Si P S Cr Mo Ni N
Min. - - - - - 16.0 2.0 10.0
AlSI 316L
Max. 0.03 2.0 | 0.75 | 0.045 | 0.03 18.0 3.0 14.0 0.1

In order to increase cutting power of water stream, Barton garnet MESH 120 abrasive
particles were added in mixing chamber of waterjet cutter. Garnet abrasive offers the best
combination of cutting rate, consumable parts wear, availability, acquisition cost, and
disposal cost. The most common grades used are #8o and #120. Fine grit abrasive particles
(such as MESH 120) cuts slower compared to MESH 80, but finish of machined surface is more
quality.

3independent variables have been selected to analyze their influence on the roughness of
machined surface and varied on 2 levels (+ a and —a). The variables include jet traverse speed,
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pressure of water stream and flow rate of abrasive particles. Level and range of input
variables used for experimental design in paper are listed in Tab. 2.

Tab. 2: Levels and ranges of input variables (cutting parameters) used for experimental design

Levels of Pressure, Jet traverse Flow rate,
parameters MPa speed, mm/min kg/min
-1.682 300 22 0.3
-1 310 25 0.35
o) 325 30 0.4
1 340 35 0.45
1.682 350 38 0.5

3. DESIGN OF EXPERIMENT (DOE)

After the cutting operation, control and surface roughness measurement are carried out
on the observed surface of specimen. Surface roughness was measured with portable surface
roughness test Mitutoyo SJ 301 SurfTest on the cutting depth of 25 mm according to the ISO
standard 4287 — 1997 (Figure 3 b). In the mentioned cutting zone, it's pronounced that
striations are forming on the surface of material, and the attention of many researchers is
focused on the research of striation formation mechanism and improving the quality in
observed zone.

From all types of available parameters for describing the surface quality, Ra parameter was
chosen, which defines the arithmetic mean deviation of the surface profile, measurement is
simple, standardized and generally applied [7]

a) b)

Fig. 3: a) AISI 316L steel specimens used for experimental work, b) surface roughness measurement by
Mitutoyo SJ 301 Surf Test.

In order to obtain the independant and higher order effects on different process variables
on values of surface roughness, experiment was performed using central composite design
(CCD). The adequacy of the selected model for every level of cutting was tested using analysis
of variance. [8]

Values of surface roughness for all levels were analysed with statistical software package
Design Expert (version DXg, 9.0.6, Stat — Ease, Inc. Minneapolis 2014.). The design of
experiment was 23 factorials with 4 central points, which requires 18 test runs (Fig. 3 b). The
design matrix (number experiments and order of run) with surface roughness model as a
response is shown in Tab. 3.
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Tab. 3: Values of surface roughness on the cutting depth of 25 mm

Process parameters
Number | A: Pressure trzi/i:ze C: Flow Rersorzjc;rl:sneesstsjr;aace
of run p rate ma
speed vt

MPa mm/min kg/min pHm
1 325 30 0.40 7.1
2 340 35 0.35 15.7
3 325 30 0.50 8.19
4 300 30 0.40 15.66
5 340 25 0.45 594
6 340 35 0.45 14.52
7 325 30 0.40 7-7
8 310 25 0.35 6.57
9 310 35 0.35 17.84
10 325 22 0.40 5.54
11 325 30 0.40 8.35
12 325 30 0.30 13.23
13 340 25 0.35 6.64
14 350 30 0.40 7-54
15 325 38 0.40 18.47
16 325 30 0.40 8.5
17 310 25 0.45 6.98
18 310 35 0.45 15.92

4. ANALYSIS OV VARIANCE (ANOVA)

First step in statistical analysis is to determine wheather there is a need for transformation
of data. Range of values of surface roughness on examined cutting depth is 5.54 — 18.47 um.
Based on response range of data in experiment which is less than 10 (3.334), software
suggests that there is no need for transformation of data. Next step represents selection of
the adequate regression model for observed cutting depth. Best model is most fitted function
to the experimental data. In this paper, checking the model adequacy is conducted with the
analysis of variance (ANOVA) tehnique. Model was tested in relation to mean square
deviations, deviations from model and determination coefficients. [8,9]

Results obtained by ANOVA recommended that the quadratic regression model is
statistically the best fit. P — value for all zones obtained by conducted statistical analysis
showed that value of models are lower than o0.05, which indicates that models are statistically
significant. With backward elimination based on p — values, all insignificant terms are
eliminated in order to adjust the fitted model. [9] Analysis of variance for regression model
Ra,sis shown in Tab. 4.
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Tab. 4: Values of surface roughness on the cutting depth of 25 mm

Source sum of Degree of freedom Mean F-value | p-value
square square

Model 324.35 5 64.87 26.08 <0.0001
A - pressure 24.02 1 24.02 9.66 0.0091
B—trav. speed 126.32 1 261.18 105.1 <0.0001
C — flow rate 11.34 1 11.34 4.56 0.0540
A2 13.61 1 13.61 5.47 0.0374
B2 18.37 1 18.37 7.38 0.0187
Residual 29.85 12 2.49 - -
Lack of fit 28.61 9 3.18 7.68 0.0603
Pure error 1.24 3 0.41 . .
Total 354.19 17 - - -

From Tab. 4 it is visible that F — value of the model amounts 26.08, which implies that the
selected model has significant value. There is less than than 0.1 % probability that F - value is
that high due to noise. Also, from above mention table it can be concluded that factor B - jet
traverse speed represents most significant factor, and p — value for the variable F — value
(105.1) is less than probability error type (< 0.01%).

Surface roughness (um)____ """ [' e "‘r— — Surface roughness (o
2, | i

o e = 7T B2 Traverse speed (mm/min)
o ~*72 Traverse speed (mm/min) an 0y <1}

% pressure (MPa)
316

03 0

c)

Fig. 4. Response surface of surface roughness vs. a) jet traverse speed and water pressure, b) jet traverse
speed and flow rate, c) water pressure and flow rate

Influence of pressure of water stream on quality of machined surface is also important: as
the pressure of stream increases, surface of machined material becomes smoother. due to
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increase in jet pressure, the kinetic energy of the particles increases which results in smoother
machined surface. [11,12,13]

Mass flow rate of abrasive particles didnt show prominent influence on quality of
machined surface (i.e. not significant cutting parameter), with value of F = 4.56. Although,
with the addition of abrasive particles cutting power and ability of water stream are
increasing, quality of machined surface decreases when amount of abrasive particles in
stream increases. Abrasive particles are colliding themselves in water stream, and result of
that is loss of kinetic energy and unevenly machined surface [13,14]. Figure 5 gives graphical
representation of comparison of predicted values and data experimentally obtained (in other
word real values).
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Fig. 5. Values of surface roughness Ra created by the model — predicted (Equation 1) vs. actual values of
surface roughness (Equation 2)

The curve of diagramis straight line (i.e. Henry's line), as proof that data are resulting from
the normal distribution. All the effects lie along the line are negligible, and there is no
significant deviation from the line (i.e. there are no outliers). Plot appear satisfactory, so there
is no reason to suspect that there is any problem is with the validity of conclusion.

5. REGRESSION ANALYSIS

The term regression analysis denotes a statistical modelling and analysis method for
modelling the relationship between dependent and independent variables mathematically.
Statistical analysis includes correlation degree measurement between selected variables and
estimation performance related to the independent variables. In addition, regression analysis
comparing the data obtained experimentaly with the estimated data to understaind the
reliability of the regression model. In this paper. Jet traverse speed, waterjet pressure and
flow rate of abrasive particles are independent variables, and values of surface roughness are
estimated and dependent variable. [g]

Mathematical model in terms of coded (Eq. 1) and actual factors (Eq. 2) for and
independent and dependant variables and the degree of the relations between the variables
are as follows:

Mathematical model in terms of coded factors:
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Ra,s = 8.07 — 1.334 + 4.80 B — 1.26 C + 1.034% + 2.16B2 (1)
Mathematical model in terms od actual factors:

Ra,s = 545.19 — 3.05424 — 2.17056B — 16.83C + 4.56229 - 1073 A2 + 0.051048 B?
(2)

Values R? and R?a;. are used in order to show the power of relationship between dependant
and independent variables in paper. Value R?is computed as 88.37 %, R%adj. 84.79 %. Obtained
values of R show that relationship among data obrained from mathematical model and data
obrained experimentally is very strong. [9,10]

6. OPTIMIZATION MODEL

According to the classification of cut surface machined by abrasive waterjet proposed by
Hashish [1,4], cutting depth of 25 mm is defined as a deformation wear zone because of
pronounced striation marks on the surface of material. Surface roughness in observed zone
is moving within the range 5.54 — 18.47 um, thus there is a need for additional treatment due
to weak surface quality which causes the increase of machining costs.

During the machining above mentioned steel on classical milling machine it's possible to
achieve values of surface roughness in range of 3.2 — 6.34 pm. That range of surface values
fulfils most of the exploitation requirements. Besides cutting parameters, economic
feasibility of process is taken into account (i.e. maximum allowable cutting speed and
minimum consumption of abrasive grains). During the process of optimization, it is necessary
to take in account costs that arise during the cutting. Considering that abrasive grains has a
great share of in total costs (approximately 55 — 60 %), it is necessary to find a combination
of cutting parameters that will ensure a minimum consumption of abrasive, while
maintaining the quality of machined surface in required range. [13,14]

The success of conducted numerical optimization in Design Expert is estimated trough
objective function called desirability. The overall desirability (D) is geometric (multiplicative)
mean of all individual desirabilities (di) that range from o (least) to 1 (most) with highest level
of importance (5+):

1 _
D= (dixdyx..dy)n= ([l d)" 3)
where:
n —number of responses

For case analysed in paper, target optimization si chosen in range of values 5.54 — 18.47

pm (Fig. 7), and levels of parameter for numerical optimization are shown in Tab.6

wt,=1 6.34

5.54 18.47

Low High

Fig. 7: Desirability curve in case when goal is target
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Tab. 6: Optimization of Abrasive Waterjet Cutting parameters for AlSI 316L machining

Low level Center level | High level
Jet traverse speed, mm/min 22 28.50 35
Water pressure, MPa 310 325 340
Flow rate, kg/min 0.3 0.38 0.45

7. ESTIMATION AND VALIDATION OF EXPERIMENTAL RESULTS

Based od set criteria, software has created 100 potential combinations of parameters
which are considered to be optimal (i.e. desirability di = 1). In other words, it's possible to
achieve regression model which will be considered optimal within required conditions, in 100
combinations according to the limitations of optimization.

Tab. 6: Potentional solutions for numerical analysis of regression model Ras

Process parameters
Values of surface
Number | A: Pressure B: Jet traverse C: Flow rate e
roughness Ra Desirability
of run p speed vf ma
MPa mm/min kg/min pm
1 327.763 27.283 0.416 6.340 1.000
2 332.345 26.979 0.394 6.340 1.000
3 327.425 25.176 0.354 6.340 1.000
4 325.993 26.520 0.398 6.340 1.000
5 325.832 26.580 0.401 6.340 1.000
6 326.737 26.415 0.391 6.340 1.000
7 326.744 26.864 0.406 6.340 1.000
) 323.243 26.561 0.414 6.340 1.000
9 323.955 26.573 0.410 6.340 1.000
10 318.781 22.297 0.365 6.34 1.0
98 321.624 27.246 0.448 6.34 1.0
99 328.501 25.900 0.369 6.34 1.0
100 334.597 22.848 0.301 6.34 1.0

First solution generated by software was selected as optimal combination of cutting
parameters: vi = 27.283 mm/min, p = 327.763 MPa and ma = 0.416 kg/min. Results obtained by
optimization also can be displayed in graphical form. In order to determine the optimal levels
of each variable for required value of surface roughness, 3D and contour plots were
constructed by plotting the response against each of the two selected variable (pressure of
water stream and traverse jet speed), while third variable (flow rate of abrasive) is maintained
at zero (fixed) level.

As optimal solution is chosen solution which suggest smalles possible flow rate of abrasive
particles to achieve required values of surface roughness. The reason for this is price of
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abrasive (app. 4.05 € per kilo), which is largest item in share of cutting cost. If the amount of
abrasive particles is reduced to minimum required amount, with an optimal combination of
main parameters (jet traverse speed and water pressure), price of cutting with abrasive jet
will be lower, which represents another way of competing with conventional technologies.

Results of optimization (optimal combination of parameters) can be display in graphic form
using the 3D and contour plot. First 14 optimal combination of parameters are shown in Fig.
9.
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Fig. 8: Graphical display of optimization for analysed cutting depth: a) 3D surface, b) contour

Graphical optimization is based on overlapping of two — dimensional responses of
obtained values. In experimental space when points with same value of desirability are
connected, surface with optimal values are obtained (where values of desirability are 1 or
lower are acceptable). The response surface for Ra in terms of waterjet pressure and jet
traverse speed is shown at Fig. 9. From above mentioned figure, it can be concluded that
values of Raincreases with an increase of jet traverse speed and pressure of water, while value
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of abrasive flow rate has constant value (ma = 0,4 kg/min). With graphical display results of
numeric analysis are confirmed.

Comparing the results obtained by ANOVA (with probability of 95 %) and optimization, it
can be concluded that quality of machined surface obtained by abrasive waterjet cutting and
with milling (as representative of conventional technology) can be compared.

8. CONCLUSION

The aim of this paper is to determine whether is possible to compare quality of machined
surface created with abrasive water jet (as representative of non — conventional technology)
and with conventional technology (in this case milling was chosen) which are currently
dominating in industry. Examination was conducted on specimens from austenitic corrosion
resistant steel AISI 316L.

In this paper, the data for experiment were obtained by the central composite design

(CCD) with three factors (jet traverse speed, flow rate of abrasive and pressure of water
stream) at two levels. The input variable is surface roughness at cutting depth of 25 mm.
By the analysis of variance on selected cutting depth —it has been established that jet traverse
speed, pressure of water stream and interaction of those two factors are significant. With the
increase of cutting speed, the resulting cut has smaller width and poor quality. In order to
examine the hypothesis about comparabity of surface roughness machined by abrasive
waterjet cutting and milling. It was necessary to find the maximum cutting speed with
minimum consumption of abrasive grains that will ensure value of surface roughness 6.34 um
or less.

Results of optimization has shown that abrasive waterjet cutting technology can compare
and replace traditional technologies (like milling). The highest cutting speed for achieving
required roughness of surface is 27.283 mm/min, pressure 327.763 MPa anf flow rate is 0.416
kg/min (Fig. 8). With those combination of parameters, cost of cutting are reduced, and
demand for the quality of machined surface are successfully achieved.
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Sazetak

U klasi¢noj se fotografiji crno-bijela ili kolor realizacija fotografske slike, u pravilu, definira odabirom
fotografskog sustava. Medutim, digitalni fotografski sustav u sirovom zapisu uvijek pohranjuje
informacije o plavom, zelenom i crvenom kanalu, Sto znadi da, snimanje fotografskim aparatom
rezultira zapisom kolor fotografije. Ipak, snimanje u najcesce koristenom formatu zapisa JPEG-u,
omogucuje direktan zapis crno-bijele fotografije odabirom odgovarajuceg stila snimanja, ¢ime se,
ireverzibilno, gube informacije o bojama scene. Uz to, postoji niz postupaka konverzije RGB
digitalnog zapisa u zapis crno-bijele fotografije. Pri tim konverzijama dolazi do razli¢itih promjena
tonova sto je do sada bio predmet viSe istrazivanja, ali se te promjene mogu definirati i kao ukupne
promjene boja.

Kljucne rijeci: konverzija, crno bijela fotografska slika, kolor fotografska slika.
Abstract

In classic photography, black and white or color realization of a photographic image, as a rule, is
defined by choosing a photographic system. However, the digital photographic system in RAW
format always stores information about the blue, green, and red channels, which means that shooting
with a photographic camera results in a color photograph. However, recording in the most commonly
used JPEG recording format allows direct recording of black and white photographs by selecting the
appropriate shooting style, irreversibly losing color information about the scene. Additionally, there
are a number of RGB digital record conversion procedures in a black and white photo record. During
these conversations, there are different tonal changes that have been the subject of more research so
far, but these changes can be defined as total color changes.

Keywords: conversion, B/W photographic image, color photographic image.
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Abstract

The work is devoted to research of the parameters of expanded clay lightweight concrete technology
by using the carbonation hardening that allows to maximally intensify the process of carbonization
using methods such as: decreasing the total water content in the system; applying optimal structure
and formula concrete compositions; processing the products in carbon dioxide environment. The
mechanism of structure formation of concrete compositions in conditions of artificial carbonation was
studied. And it was formulated the basic techniques of rational intensification of the hardening
process. The rational formulation and technological parameters of carbonization technology of
lightweight aggregate concrete wall products were proposed: effective replacement almost 30 per
cent of concrete by powdered lime rock in process of carbonization without changing the physical and
technical properties of material; the optimal size of porous aggregates; the optimal modes of
composite carbonization that include preliminary placement in vacuum and step processing in carbon
dioxide environment. The maximum demoulding strength of expanded clay lightweight concrete was
received by using maximum concentration of carbon dioxide during carbonization in reaction area
that is characterized by the maximum pressure value. Also were explored the properties of concrete
in early stage after the carbonization.

Keywords: cement stone, expanded clay lightweight concrete, carbonating hardening, compounding-
technological parameters, kinetics of growth of durability.
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1. INTRODUCTION

The task of the concrete hardening acceleration becomes very important in developing of the
saving technologies of the concrete products. The maximum speed of the concrete hardening
can be obtained by treatment compositions in carbon dioxide. The continuous process of the
carbonization gives an opportunity to make the material with specified properties. To achieve
this effect it is necessary to optimize the recipe and the processing modes.

2. THE PURPOSE AND OBJECTIVES

The purpose of the work is to develop a rational technological methods and parameters of
the expanded clay lightweight concrete products processing in carbon dioxide that allows
getting the material with specified physical and technical properties with minimal duration
of hardening.

3. MECHANISM OF STRUCTURING OF THE CEMENT COMPOSITIONS

The increased initial strength of the concrete is connected with acceleration of the hardening
process of the cement in the very early period. Slowing the rate of hydration of binders can
be explained by formation of a colloidal dispersion of the hydration shells around the grains.
The reasons of formation of such shells are the small diffusion coefficients hydrate neoplasms
and the supersaturation in the boundary layer that prevents the dissolution of the new
cement portions and slows down its hydration and hardening. The supersaturation of the
liquid phase of the cement paste is caused by the calcium hydroxide. Thus the acceleration of
the formation of a new phase and the reduction in the degree of supersaturation can be
obtained by using the reaction of compound of calcium oxide with carbon dioxide. The carbon
dioxide transforms a stand-lime to practically insoluble calcium carbonate. At the beginning
the crystals of such calcium carbonate turn to crystallization basis and then give an additional
bond to strengthen the cement stone.

In theory all calcium-containing components of the cement stone are capable of carbonation.
The only exception is the compounds that include CaSO,. The reaction of CO, with Ca(OH).
proceeds with the evolution of the one mole of water. In a result the humid state of the
material can be changed. In that case the favorable will be an exothermic effect that causes
intense drying of the system. On the other hand, by carbonation hardening the water will be
mostly the environment in which takes place the dissolution of the initial binder phase and
their transportation to a reaction zone. The water becomes the main structural part of the
emerging neoplasms only when the water carbonates formed. The neoplasms mostly were
formed in a reaction zone that located at a distance from the surface of the dissolving starting
material. The neoplasms can also be formed in a close proximity to the surface of the
dissolving starting material if the humidity of the carbonized samples will be decreased
noticeably. As a result that will block further reaction passing and the process will slow down
strongly.

Along with hydrates carbonization can take place the "Carbonate" dissolution of the starting
materials [1]. Thisis due to the fact that the irreversible transfer of Ca(oH)2 to CaCO3 disturbs
the dynamic balance between the initial phase and the solute in Ca2+ ions that leads to the
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intensive dissolution. The selective dissolution and carbonization of the separate component
parts of cement occur in the downstream row that matches to the downlink solubility and
hydrated oxides of compounds. At first the calcium hydroxide enters into the reaction and
after that the hydrated calcium oxide compounds enters too. In addition to reactions
described above the calcium Hydrosilicates polymerization can also take place when CO2
effects cement paste. That leads to the insoluble polysilicate formation [1].

During carbonation hardening the changes in a moisture state of the material can slow down
the carbonization process. In connection to this it is necessary to work out the technological
methods that will reduce the water content of concrete compound on the stage of its
preparation and that will provide the excess water extraction from the cement matrix during
the hardening. Moreover for the efficient continuous flow of carbonation reaction it is
necessary to make an optimally developed structure of the compacted concrete compound.
Such structure will provide the bulk diffusion of carbon dioxide into the product and
connected to this volumetric change of neoplasms on the one hand and the mudding of the
pore structure with neoplasms as a result of the local bulk increase of the solid phase during
the carbonization process on the other hand.

All this actions and the optimization of the binder composition and the processing modes
have to provide efficiency of the carbonization process of the product that allows obtaining
the material with specified mechanical and physical properties while dramatically reducing
the production cycle.

4. THE OPTIMISATIONAL COMPOSITION METHODS

The optimization of the recipe and technological parameters of the carbonized expanded
clay lightweight concrete includs: working out an economical concrete compositions,
working out the optimal carbonization modes, researching the possibility to intensify the
carbonization process by inserting a binder into the composition (milled limestone) and by
decreasing the total water content of the concrete mixture.

The carbonization process can be activated by intensive introduction of gas reagent into the
reaction zone. That can be achieved by using carbonization regimes with preliminary
vacuuming and subsequent filing of carbon dioxide under pressure. The vacuuming of freshly
made concrete provides the creation of rarefaction in capillary-porous system. After that the
carbon dioxide pressure drop in the initial period provides the vacuum removal, effective self-
consumption of the reagent and the intensification of the carbonization process.

The process of “carbonate” dissolution of initial cement minerals accelerates proportionally
to concentration of the carbon dioxide in reaction zone. That's why the use of regimes with
CO. overpressure allows to rule the structuring process of cement compositions. At the same
time carbonization of the product under the pressure leads to creation of the high satiations
in the system and to local increase of the solid phase bulk. That entails the emergence of a
significant internal tension and the development of destructive processes in the concrete
structure. In this circumstances the use of stepwise pressure rise of CO2 to the desired value
allows to eliminate destructive processes that take place while the single-stage
carbonization. It was established experimentally that the use of stepwise pressure rise of CO,
allows to increase the demoulding strength of the expanded clay lightweight concrete in
10...30 percent [2].
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It was found the an efficient replacement of 20...30 percent of the cement on the milled
limestone without changing the physical and mechanical properties of the material [3]. While
the carbonization hardening the basic component of the crystal structure is the calcite. The
results of the X-ray examination and the differential thermal studies of the cement stone
confirmed that. A massive morphological changes arise under the CO, effect in the cement
matrix. The increase of the pressure, processing time and temperature leads to the matrix
compaction and to the reduction of micropores and microcapillaries as compared with
untreated samples. The flat, plate-like structures (inherent in portland lime stone) and thin
needle-like crystals of ettringite are absent. Instead of them there are rounded, densely
arranged round crystals without any pores and the crystals in the structure of treated
samples.

In connection to aforesaid it is obviously that crystallization of neoplasm occurs at the surface
of carbonates grains. As a result such carbonates grains accrete with a fused between well-
developed crystals of a new phase. The electron microscopic analysis confirmed the lasting
nature of accretion between a carbonate rock and a secondary calcite generation. That leads
to the structure hardening. The carbonate rock serves as a substrate. That occurs thanks to
the proximity of crystallographic cells.

In conditions of carbonization hardening adding of the super plasticizer into the concrete mix
provides technological concrete mixtures with low water content. After the cement mixture
compaction the dehydration of cement mixture occurs as a result of self evacuation. In this
case the capillaries are exempted from moisture and become gas-proof. The volume of solid
increases during the process of binding up CO, by hydrolysis products of cement minerals.
That process is accompanied by pore structure mudding and leads to the increase of concrete
strength.

The increased CO, concentration effects on initial concrete strength noticeably in the
reaction zone [4]. The increase of the amount of CO, pressure from 0,6 to 1,2 MPa leads to
increase of the CO, concentration and as a result to increase of the concrete strength in one
hour after the carbonization of 25-60 percent. The increase of the duration of treatment from
30 to 60 minutes leads to increasing concrete strength of 5-20 percent. The influence of
carbonization regimes on the concrete strength is equalized with increasing concrete age. As
a result the strength of the same dense concrete can vary widely after the carbonization

(Fig.1).

5. EXPERIMETNS AND RESULT DISCUSSION

The four tested lightweight aggregate compositions were selected for researching the
growth of the kinetic strength during the time. All compositions have different consumption
and composition of the binder.

The analysis of strength changes of expanded clay lightweight concrete in early age (20 min,
2 hours, 4 hours, 24 hours after carbonization) showed the maximal demoulding strength
after applying the carbonization regimes with the maximal CO2 concentration and pressure
value in the reaction zone. After applying the carbonization regimes with pressure value 1,2
MPa and carbonization time 20-40 min the demoulding strength were 70-75 percent from the
one after 28 days (Fig.2 a, b).
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Fig. 1: The relationship between the demoulding strength and the density of the carbonized keramsit;
1 - concrete based on expanded clay aggregate gravel (pbuik. = 450 kg/ m3);

2 — concrete based on expanded clay aggregate gravel (pbulk. = 720 kg/m3).

The decreasing of the CO2 concentration by applying carbonization regimes with pressure
value 0,6 MPa provides reaching 5o-60 percent of the concrete strength from the ones after
28 days for concrete classes B5-B7,5 (compositions 1 and 2) and 34-45 percent of the concrete
strength for concrete classes B1o-B15 ( compositions 3 and 4).

The use of porous sands in structurally-insulated concretes leads to producing the products
with residual moisture above permissible. During the carbonization process the free water is
released with exothermic effect as a result of the chemical interaction of carbon dioxide and
hydration and hydrolysis products of binder minerals. In consequence of this after the
demoulding the residual moisture of the expanded clay lightweight concrete was 9,4-13,5
percent for concretes with 920...1000 kg/m3 density and 10,6-13,1 percent for concretes with
1200...1550 kg/m3 density. The injection of the superplasticizer allows to reduce the residual
moisture by o,5-3,5 percent depending on concrete composition.
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Fig. 2: The growth of expanded clay lightweight concrete strenght in early age after the carbonization (a -
compositions 1 and 2; b — compositions 3 and 4). 1 - carbonization by regime: Rc= 0,6 MPa, Tc = 20 min; 2 -
carbonization by regime: Rc = 0,6 MPa, tc = 40 min; 3 — carbonization by regime: Rc = 1,2 MPa, tc = 20 min;

4 — carbonization by regime: Rc = 1,2 MPa, Tc = 40 min.
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6. CONCLUSION

It had been studied the mechanism of structuring of the cement compositions in conditions
of artificial carbonization. And the main rational methods of intensification of hardening
process were found.

It had been offered the rational technological parameters and formulas of carbonization
technology of the lightweight aggregate concrete wall products:

- the effective replacement of 30 percent of cement by milled limestone without changing
the level of indexes of physical and mechanical properties of the material;

- the optimal granulometry of porous fillers;

- the optimal carbonization regimes that use the preliminary mixture vacuuming and the step
processing mode in carbon dioxide.

The maximal demoulding strength had been provided under carbonization regimes with a
maximal CO2 concentration in reaction zone that is characterized by maximal pressure value.
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Sazetak

Zahtjevi za kvalitetom zastite na metalnim konstrukcijama u pogledu trajnosti, pouzdanosti i
uCinkovitosti, od izvodaca radova trazi provodenje definiranih postupaka kao i verifikaciju samih
aktivnosti antikorozivne zastite. Danas sve viSe koriSteni kriteriji za ocjenu uspjeSnosti zastite i
opcenito kvalitete konstrukcije su kriteriji navedeni u normi EN 1090 te u kompatibilnim normama
povezanim uz djelatnosti realizacije i zastite metalnih konstrukcija. U ¢&lanku se ukratko opisuju
osnovni zahtjevi navedene norme, kriteriji prihvatljivosti za zastitu konstrukcija te se pojasnjava
prakti¢an primjer postupka verifikacije kroz pripremu, provedbu i kontrolu.
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Abstract

The requirements for the quality of protection on metal structures in terms of durability, reliability
and efficiency require from manufacturer to defined some procedures as well as verification of the
anticorrosion protection activities. Today, the criteria used to evaluate the success of the protection
and the general quality of the structure are the criteria listed in EN 1090 standard and in compatible
standards related to the realization and protection of metal structures. The article briefly describes
the basis of the requirements of the standard, the eligibility criteria for the protection of structures
and clarifies a practical example of the verification process through preparation, implementation and
control.
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1. UVOD

EN 1090 je norma cija se primjena odnosi na zahtjeve za ocjenjivanje sukladnosti
konstrukcijskih komponenata prilikom izvedbe celicnih (i aluminijskih) konstrukcija. Ona
definira zahtjeve kvalitete koje ispunjava proizvodac, i to u svim segmentima nastanka istih:
konstruiranje, proizvodnja i ispitivanje. Norma pokriva sve sastavne dijelove ili elemente koji
mogu imati vazan utjecaj na konstrukciju (gradevinski objekt). Kao vazan segment u
proizvodnji Celicnih konstrukcija javlja se i tehnologija provedbe antikorozivne zastite.
Postupci vezani uz ovu tehnologiju posebno su propisani i opisani u poglavlju 10. navedene
norme (kao i sve relevante norme koje se koriste u provedbi zastite), a u svrhu garancije
zadovoljavajuce izvedbe antikorozivne zasStite te samog certificiranja sustava tvornicke
kontrole. Slicna verifikacija (interna ili eksterna) vrsi se i na drugim klju¢nim dijelovima
proizvodnog procesa: rezanje, busenje, mehanicko spajanje itd.

2. ZASTITA METALA OD KOROZIJE ORGANSKIM PREMAZIMA
2.1 Op¢i pogled na zastitu metala

Nedostatak najvaznijih tehnickih metala je njihova sklonost koroziji. Korozija se sprecava
inhibiranjem (sprecavanjem agresivnosti medija), pomakom potencijala lokalnih anoda u
negativnom smislu (katodna zastita), pasivizacijom metalne povrsine (anodna zastita), a
najvecu primjenu u praksi je nasla metoda odvajanja metalne povrsine od agresivnog medija
nekom prevlakom. Tamo gdje nije potrebna velika zastita, dovoljno je metalnu povrsinu
oksidirati, kromirati ili fosfatirati. U agresivnijem mediju, na visSim temperaturama, potrebno
je metale prevlaciti plemenitijim metalima metodom difuzije. Pri niskim temperaturama i
gdje nema mehanickog opterecenja na povrsinu, dobru zastitu pruzaju organski premazi.
Najbolja zastita postize se kemijskim ili elektrokemijskim prevlakama postojanijih metala, jer
se cijela metalna povrSina ponasa kao onaj drugi plemenitiji metal koji je kao prevlaka
nanesen.

2.2 Svrha organskih premaza u sustavu zastite metala

Danas se opcenito na konstrukcijama i industrijskim postrojenjima povrsine metala zasticuju
premazivanjem nekim od organskih sredstava. Smatra se da je to oko 3/4 metalne povrsine
na svim postrojenjima. Organske prevlake mogu biti:

e premazina bazi uljnih boja i lakova,

e prevlake od lakova celuloznih estera,
e bituminozne prevlake i obloge i
e prevlake dobivene od umjetnih plasti¢nih smola i vinil - polimerizatora.

Svrha je organskih premaza prvenstveno u zastiti metalnih povrsina od korozijskih procesa te
dobivanje ljepseg izgleda konstrukcije i postrojenja. Ovakva prevlaka treba sadrzavati osim
otpornosti prema koroziji, jos i izvjesnu tvrdocu, elasti¢nost, otpornost na udar, otpornost
prema trenju, mehanicku ¢vrstocu, termicku postojanost, nepropustljivost na vodu, pary,
dovoljan vijek trajanjai dr.
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Duzina trajanja organske prevlake jedna je od veoma vaznih znacajki a zavisi od [2],:
e prirode metala koji se Stiti,
e stanja hrapavosti povrsine metala,
e prisutnosti drugih materijala (vlage, ulja, necistoce i sl.) na povrSinama,
e sastava premaza,
e vanjske atmosfere,
e nacina kako je premaz nanesen, i dr.

Vecina organskih materijala koji se danas koriste za proizvodnju premaza imaju malu
dielektri¢nu konstantu, pa se u kontaktu s vodom povrsina premaza elektrizira negativno i
premazi tako postaju propusni za odredenu vrstu iona. Koli¢ina pigmenata u prevlaci do neke
koncentracije smanjuje ovu brzinu prodiranja kroz prevlaku.

Organska se sredstva za zastitu metalnih povrsina (premazna sredstva) na trzistu pojavljuje
u tekucem stanju, a nakon njegovog susenja na povrsini se stvara Cvrsti film. Premazno
sredstvo se sastoji od [1]:

e veziva (laneno ulje, sintetska smolaidr.)

e pigmenata (cinkov oksid, cinkov prah, olovni miniji, olovni sulfat, olovni karbonat,
olovni kromat, olovna glad, olovni suboksid, zeljezni oksid, titanov oksid,silicijev
karbid, crni pigmenti-cada, grafit, ugljenidr.)

e punila (kalcijev sulfat, barijev sulfat, kalcijev karbonat, silicijev oksid, kaolin ili glina,
magnezijev silikat ili talk, kalcijevi silikati dr.),

e aditiva (okvasivadi i disperzanti, reoloski aditivi, antipjenici, aditivi za poboljSanje
izgleda povrsine, susila i katalizatori, konzervansi, svjetlosni stabilizatori i korozijski
inhibitori.

e otapala (benzin, alkoholi, esteri, ketoniii sl.).

Za mnoge od navedenih otapala danas vrijedi potpuna ili djelomi¢na restrikcija upotrebe od
strane agencija za zastitu okolisa. Restrikcije postoje i prema vrsti i prema maksimalnom
sadrzaju organskih otapala (VOC) u pojedinim proizvodima. Nametnuta ogranicenja
predstavljaju velike probleme proizvodacima boja kod formulacija i razvoja novih proizvoda,
jer je za postizanje trazenih tehnickih svojstava boja potrebno uloziti jako mnogo truda i
vremena u istrazivanja.

Opcenito se moze kazati da se premazno sredstvo pripremljeno za uporabu sastoji od
suspenzije praskastih pigmenata i punila u vezivu, razrijedeno otapalom. Vazno je
napomenuti da ne postoji jedno univerzalno dobro premazno sredstvo, vec sva imaju dobre
i loSe karakteristike.

2.3 Tehnologija zastite metala organskim premazima

U korozivnom pogledu pozeljni su premazi u vise slojeva i razlicitih karakteristika, jer ¢e samo
tako konstrukcija ili postrojenje biti cjelovito zasti¢eno. Da bi premazno sredstvo zadovoljilo
sve zahtjeve ili barem dio koji se olekuje na metalnoj povrSini vazno je poznavanje i
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tehnologije njenog nanosenja. Treba uvijek imati na umu da je i najbolje odabran i najskuplji
premazni sustav lako upropastiti nepazljivim postupcima prije, za vrijeme i poslije nanoSenja
[3] . Ako se tehnoloski postupak ne provede kako treba, ne moze se postici zeljeni zastitni
ucinak iako je odabran optimalni premazni sustav.

Tehnoloski proces nanosenja premaza na metalnu povrsinu obuhvada [3]:
1. pripremu povrsine metala koja se sastoji u ¢iscenju i kondicioniranju stanja povrsine,
2. nanosenje premaznih sredstava i
3. zavrSnu obradu (susenje/otvrdnjavanje premaza).

Za prakticnu provedbu ovoga tehnoloskog procesa vazno je imati i adekvatnu opremu,
znanje te osigurati kontrolu kvalitete. Treba imati na umu da je primjerice slaba zastitna mo¢
premaza Cesto puta posljedica nekvalitetne pripreme povrsine, kojom se mora osigurati, prije
svega, Cvrsto prianjanje metala i veziva temeljnog sloja, kako ne bi doslo do odvajanja
djelovanjem mehanickog naprezanja na medupovrsSini. Takvo je naprezanje posljedica
vanjskih sila koje opterecuju premaz i podlogu metala, bilo u statickim ili dinamickim
okolnostima. U praksi se uvijek javljaju barem smicna toplinska naprezanja izmedu podloge i
premaza pri temperaturnim promjenama zbog razliCitih koeficijenata termicke ekspanzije.
Isto tako unutar viseslojnih premaza ponekad dolazi do slabljenja medusobne adhezije koja
ugrozava zastitnu sposobnost, ali to je obi¢no posljedica inkompatibilnosti veziva u
susjednim slojevima, Sto nije tesko izbjedi. Za sto efikasniji uCinak zastitnog premaza moraju
se s metalne povrsine ukloniti masne tvari, voda i vodene otopine, produkti korozije, prasina,
naslage kamenca i ¢ade itd. Istodobno pripremom povrsine metala valja postici optimalnu
hrapavost jer je adhezija minimalna na sasvim glatkoj podlozi, dok prevelika hrapavost
onemogucuje popunjavanje udubina i prekrivanje izbocina temeljnim slojem. Kvalitetna
priprema metala za nanoSenje premaza obavlja se mnogim mehanic¢kim, kemijskim,
elektrokemijskim i termickim metodama [1,3].

Stupnjeve pripreme povrsine i ¢iS¢enje metala (Celika) definirani su raznim standardima,
primjerice stupanj kvalitetne pripreme povrsine celicnih konstrukcija mlazom vode pod
visokim i vrlo visokim pritiskom prije bojanja opisuje standard [3] NACE No. 5/SSPC-SP 12
(Tablica1). Kod ovoga je vazno napomenuti da postoji i vaze¢i medunarodni standard IS 8501-
4 koji definira stupnjeve pripreme povrsine mlazom vode pod visokim pritiskom gdje se
razmatraju tri moguda stupnja pripreme povrsine, i to: Wa 1, Wa 2 i Wa s %2 s opisom izgleda
povrsine L, MiH.

Tablica 1: Vizualni stupnjevi pripreme povrsine i ¢iS¢enja Celi¢nih podloga i ostalih tvrdih materijala
mlazom vode pod visokim i vrlo visokim pritiskom prije nanosenja premaznog sredstva (boje) [4]

WIJ vizualni stupnjevi pripreme povrsine (engl. WJ- Water Jetting; hr. Vodeno pjeskarenje)
Red. br. | Stupanj pripreme | Znacenje stupnja pripreme
S W1 Uklanjanje sve ranije prisutne vidljive hrde, premaza, okujine i stranih tijela
' do postizanja jednoobraznog mat metalnog izgleda

UHP W ¢iscenje do jednoobraznog mat izgleda s time da na najmanje 95%

, Wi-2 povrsine ne smije viSe biti ranije vidljivih ostataka a na preostalih 5%
povrsine smije biti samo nasumce prisutnih mrlja od hrde, boje i stranih
tijela.

3. WJ-3 HP WJ ili UHP WJ ¢iScenje do jednoobraznog mat izgleda s time da na
najmanje dvije trecine povrsine ne smije viSe biti vidljivih ostataka (izuzev
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okujine), a na preostaloj jednoj tre¢ini smije biti samo nasumce rasprsenih
mrlja ranije prisutne hrde, boje i stranih tijela.

Potrebno je jednoobrazno ukloniti svu hrdu, okujinu i boju koja se slabo drzi

& Wi-4 podloge.

SC stupnjevi Cistoce pripremljene povrsine
Red. br. | Stupanj Cistoce Znacenje stupnja ¢istoce (engl. SC — Surface Clining; hr. Stupanj &istoce)

Povrsina ocis¢ena do stupnja SC-1 je ona na kojoj nema prisustva
onecis¢enja koje je moguce otkriti upotrebom raspolozive opreme za
1. SC-1 ispitivanje na terenu Cija osjetljivost otprilike odgovara laboratorijskoj
opremi. OneciS¢enja koja su bitna za ovaj standard su kloridi, sulfati i topive
soli zeljeza.

PovrsSina ociS¢ena do stupnja SC-2 je ona koja sadrzi manje od 7
mikrogram/cm? onedis¢enja klorida, manje od 10 mikrogram/cm? topivih
2. SC-2 zeljeznih iona ifili manje od 16 mikrogram/cm? onediscenja sulfata, Sto se
utvrduje terenskim ili laboratorijskim ispitivanjima pri ¢emu se koristi
pouzdana oprema pomocu koje se ispitivanje moze ponoviti.

Povrsina ociscena do stupnja SC-3 je ona koja sadrzi manje od 5o
mikrogram/cm? oneciséenja klorida i sulfata, Sto se utvrduje terenskim ili
laboratorijskim ispitivanjima pri ¢emu se koristi pouzdana oprema pomocu
koje se ispitivanje moze ponoviti.

3. SC-3

Napomena: Za SSPC daje se prednost specifikaciji u pisanom obliku - dok kod ISO 8501-1:1988 prednost
imaju fotografije.

Standard koji opisuje izgled povrsine prije pripreme i stupnjeve pripreme povrsine Celicnih
materijala je HRN ISO 8501-1. Stanje povrsine prije pripreme u tom standardu je stupnjevano
u Cetiri kategorije kako to prikazuje tablica 2 (ISO 8501-1):

Tablica 2: Stupnjevi pripreme metalne povrSine mlazom abraziva - ISO 8501-1, [4]

»Sa" stupnjevi pripreme metalnih povrsina

Oznaka
Red.br. stupnja Znacenje stupnja pripreme

pripreme

Ci¢enje mlazom abraziva do ¢istog ¢elika

Kad se promatra bez uvecanja, povrsina mora izgledati tako da se na njoj ne
smije vidjeti ulje, masnoca i necistoce i ne smiju biti prisutne okujine, hrde,
premaza ili stranih tijela. PovrSina mora imati jednoobraznu metalnu boju.
(Preporuka: fotografije A Sa 3, B Sa 3, C Sa 3 iz navedenog standarda)

1. Sa3

Vrlo temeljito ¢iS¢enje mlazom abraziva

Promatrajudi bez uvecanja, povrsina mora izgledati tako da se na njoj ne smije
vidjeti ulje, masnoca i necistoce i ne smiju biti prisutne okujine, hrde, premaza
ili stranih tijela. Bilo koji ostali tragovi oneciS¢enja smiju se pojaviti samo u
obliku laganih mrlja u vidu pjega ili pruga. (Preporuka: fotografije A Sa 2 1/2,
BSa21/2,CSa21/2iD Sa2%2 iznavedenog standarda)

2. Sa21/2

Temeljito ciS¢enje mlazom abraziva

Promatrajudi bez uvecanja, povrsina mora izgledati tako da se na njoj ne smije
vidjeti ulje, masnoca i necistocle i ne smiju biti prisutne okujine, hrde, premaz

) Sa2 . . Vv . Ty .
3 ili strana tijela. Eventualna onecis¢enja u tragovima moraju Cvrsto prijanjati uz




podlogu. (Preporuke: fotografije B Sa 2, C Sa 2 i D Sa 2 iz navedenog
standarda te prouciti navedene napomene)

Lagano cis¢enje mlazom abraziva

Kad se promatra bez uvecanja, povrsina mora izgledati tako da se na njoj ne
smije vidjeti ulje, masnoda i nelistoce te slabo prijanjaju¢a okujina, hrda,
premaz ili strano tijelo (Preporuke: fotografije B Sa 1, C Sa1i D Sa 1 iz
navedenog standarda i prouditi navedenu napomenu)

4. Sai

Premazna sredstava na pripremljenu povrsinu metalne konstrukcije ili nekog postrojenja
mogu se nanositi Cetkama, lopaticama, valjcima te prskanjem, uranjanjem, prelijevanjem i
elektroforezom. U korozivnom smislu poZzeljni su premazi u vise slojeva i razlicitih znacajki,
jer se samo tako postize uspjesnai cjelovita zastita. Najbolje su prevlake s Cetiri premaza.

Osnovni premaz je najvazniji sloj premaza i on najvise sprecava koroziju. Treba biti i otporan
na vremenske utjecaje u slucaju razaranja pokrivnih premaza i treba biti kapilarno aktivan
kako bi uSao u sve pore metalne povrsine koju stiti. Pored toga treba imati i veliku adheziju s
metalom i otpornost na bubrenje i neporoznost. Ne smije imati pigmente koji se rastvaraju u
vodi, ili u kiselom pH podrucju. Stoga se kao pigmenti uzimaju cink u prahu, cink-oksid i drugi.
Vezivo mora biti visoke kvaliteten i zbog toga se najcesce koristi laneno ulje i alkidna smola
modificirana lanenim uljem. Kod lakih metala kao vezivo su najbolji kromati, a za podvodne
osnovne premaze sink u prahu.

Pokrivni premazi imaju ulogu osiguranja kvalitete osnovnog premaza od mehanickih
utjecaja, atmosferilija i kemijskog razaranja. Ne smiju bubriti, propustati vodenu paru i
plinove. Pigmenti koji se koriste kod ovih spjeva moraju biti otporni na vremenske utjecaje,
svjetlost, kemijske agense, habanje, pritiske, udarce itd. Oni daju i nijanse boje. Drugi sloj
mora biti dobro vezivo osnovnog i treceg premaza. Dobra svojstva premaza opadaju
starenjem. Refleksija svjetla je pozeljna, jer se time smanjuje unistavanje veziva. Tu ulogu
preuzimaju pigmenti. Zbog toga se za vanjske konstrukcije ne mogu koristiti premazi na bazi
bitumena i asfalta, premda u korozionom pogledu pokazuju izvrsna svojstva. Na premaze
djeluju agresivni plinovi, prasina, pepeo itd. Narodito treba biti pozoran da ne padne prasina
na jos neosuseni premaz.

Kod zastite metalnih povrsina konstrukcija debljina premaza ima vaznu ulogu. U cilju
procjene tocnosti i preciznosti rezultata mjerenja debljine premaza analiza se provodi
sukladno normi ISO 5725:1994. Debljina premaza treba iznositi najmanje 125 mikrona iznad
najvisih neravnina. Vazno je znati da primjerice jedno nanosenje cetkom sitno pigmentnog
uljnog premaza daje debljinu od 20-60 mikrona, a Spricanjem 5-15 mikrona. Osim debljine
vazna je i znacajka vrijeme suSenja. Ovisno o debljini premaza vrijeme susenja premaza ,t" se
moze izracunati preko izraza:

t=C-a’

gdje su,C"i,a" konstante, ali uvijek je a>1.

2.4 lzbor efikasnog organskog premaza
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Izbor efikasnog premaza za zastitu od korozije zahtjeva razmatranje niza utjecajnih faktora
kako bi se osiguralo optimalno ekonomicno i tehnicko rjesenje. Najvazniji faktori koje treba
uzimati u obzir su [4]:

a) korozivnost okolisa,

b) vrsta povrsine koju treba stititi od korozije,
c) zahtijevana trajnost sustava premaza i
d) tehnologija postupka nanosenja premaza.

a) Korozivnost okolisa

Korozivnost okolisa je faktor koji treba uzimati u obzir u kojima ¢e konstrukcija biti na
eksploataciji. Za potpuno razumijevanje ovog faktora treba uzeti u obzir: vlaznost i
temperaturu tijekom eksploatacije, prisustvo UV zradenija, izlozenost konstrukcije kemijskim
agensima te mehanicka ostecenja (udar, abrazija i dr.). Za slucaj konstrukcija koje ce se
nalaziti u zemlji potrebno je uzeti u obzir njihovu korozivnost i uvjete tla kojima su one
izlozene. Pri tome je vrlo vazno razmotriti vlaznost tla i njegov pH kao i biolosku izlozenost
utjecaju bakterija i mikroorganizama. Kad je u pitanju voda gdje ce konstrukcije biti izlozene,
bitno je utvrditi vrstu vode i njezin kemijski sastav. Vazno je napomenuti da korozivnost
okolisa utjece na: vrstu premaza, debljinu sustava premaza, potrebnu pripremu povrsine i
minimalne i maksimalne medupremazne intervale. Medunarodni standard I1SO 12944 daje
klasifikaciju korozije za atmosferske uvjete, tlo i vodu. Tablica 3 prikazuje pet temeljnih
kategorija koje se odnose na atmosfersku koroziju. U tablici 4 nalaze se pojasnjenja kako se
u praksi koriste navedene klasifikacije iz tablice 3. Navedni standard definira kategorije
korozivnosti s obzirom na vodu i tlo, tablica 5.

Tablica 3: Temeljne kategorije koje se odnose na atmosfersku koroziju prema ISO 12944 [4]

Oznaka Kategorija Oznaka Kategorija
Ca Jako niska Cs4 Visoka
C2 Niska Cs-l Vrlo visoka (industrija)
(€] Srednja C5-M Vrlo visoka (morski okolis)

Tablica 4: Kategorije atmosferske korozivnosti prema standardu ISO 12944 [4]

Oznaka Razina Primjeri okolisa
kategorije korozivnosti Vanjski Unutarnji
korozivnosti
1 Jako niska Grijanfe zgtade s Eisto.nfl atmosferom
(trgovine, Skole, hoteliisl.)
Lagano onecis¢ena atmosfera Zgrade koje se ne griju u kojima je
C2 Niska (uglavnom ruralna podrucja) moguca pojava kondenzacije
(skladista, hacleisl.)
Industrijska i urbana atmosferas | Proizvodni  objekti s  visokom
prosje¢nom razinom | vlaznoS¢u i odredenim stupnjem
(e} Srednja oneciscenja sumpornim | oneciscenja zraka (tvornice hrane,
oksidom (priobalna podrucja | praonice, pivovare, mljekareisl.)
niskog saliniteta).
. Industrijska i priobalna podrucja | Kemijske tvornice, bazeni, remontna
Cs Visoka . L v
srednjeg saliniteta. brodogradilistaii sl.
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Jako visoka Industrijska ) p?cllruéja s wvrlo | Zgrade i povrSine s gotovo
Cs-1 (industrija) visokom vlaznoscu i agresivnom | konstantnom  kondenzacijom i
atmosferom. visokom razinom oneciséenja.
Jako visoka | Priobalje i pulina s visokom | Zgrade i povrSine s gotovo
C5-M (morski razinom saliniteta. konstantnom  kondenzacijom i
okolis) visokom razinom oneciséenja.
Tablica 5: Kategorije korozivnosti s obzirom na vodu i tlo prema ISO 12944 [4]
Kategorija Okoli§ Primijeri okoliZai konstrukcija
korozivnosti
Ima Slatka voda Instalacije na rijekama, hidroelektrane
Ima Morska ili bocata | Morske luke sa sljedecom opremom:vrata ustave, brane, podesti
voda iznad vode, gatovi, konstrukcije na pudini.
Im3 Tlo Podzemni spremnici, Celi¢ni podesti, cjevovodi.

b) Vrsta povrsine koja se Stiti od korozije
Prilikom odabira sustava premaza u pravilu se radi s konstrukcijskim materijalima od kojih
ovisi stupanj pripreme povrsine, premazni materijal i ukupna debljina filma.

¢) Zahtijevana trajnost sustava premaza

Pod trajnosscu sustava premaza podrazumijeva se vremenski period od trenutka nanosenja
prvog premaza do trenutka prvog odrzavanja. Pomenuti medunarodni standard I1SO 12944
specificira tri vremenska perioda koja kategoriziraju trajnost sustava premaza, tablica 6.

Tablica 6: Kategorizacija trajnosti sustava premaza prema ISO 12944 [4]

Red.br. Kategorija trajnost Vremenski period trajnosti sustava 62
premaza
NIZAK - L 2 do 5 godina
SREDNJI-M 5 do 15 godina
VISOK - H Vise od 15 godina

d) Tehnologija i dinamika postupka nanosenja premaza

Sustav premaza na konstrukcijama nanosi se prema tehnoloskom procesu realizacije.
Tehnologija nanoSenja premaza mora uzimati u obzir vremena pripreme povrsina i vremena
susenja u odnosu na vrijednost temperature i vlaznosti zraka kao i o medupremaznim
intervalima ako se premazi nanose u radionicama i na terenu.

3. INTERNA VERIFIKACIJA KVALITETE PREMAZA SUKLADNO ZAHTJEVIMA NORME EN 1090
3.1 Uvod

Poglavlje 10. norme EN 1090 specificira zahtjeve za povrSinskom zastitom materijala (Celicnih
konstrukcija) pri cemu istu dijeli u tri kategorije:

a) konstrukcije koje ce biti zasti¢ene premazima
b) konstrukcije koje Ce biti zasticene toplinskim nastrcavanjem

c) konstrukcije koje Ce biti zasti¢ene galvanskim pocincavanjem.



Sukladno normi EN 1090-2 (puni naziv: EN 1090-2:2008+A1:2011), zastita metalnih (Celi¢nih)
konstrukcija premazima provodi se prema relevantnoj normi EN ISO 12944 + ANNEX F.
Spomenuta norma, EN ISO 12944; Boje i lakovi - Zastita od korozije Celi¢nih konstrukcija
zastitnim sustavom boja, kroz svoje sastavne dijelove (1 - Opci dio, 2 - Razredba okolisa, 3 -
Razmatranje oblikovanja, 4 - Vrste povrsina i priprema povrsina, 5 - Zastitni sustavi boja, 6 -
Metode laboratorijskih ispitivanja svojstava, 7 - Izvodenje i nadzor radova bojenja, 8 - Razvoj
specifikacija za nove radove i odrzavanje, g - Sustavi zastitnih boja i metode laboratorijskih
ispitivanja svojstava u offshore i srodnim konstrukcijama), detaljno specificira sve radnje za
povedbu antikorozivne zastite premazima, ukljuCujudi pri tome pripremu, provedbu i
kontrolu. Osim spomenute norme EN ISO 12944, tehnologija provedbe antikorozivne zastite
sukladno EN ISO 1090, poziva se i na druge relevantne norme ve¢ spomenute u prethodnim
tockama kao Sto je gupa normi: EN ISO 8501/8502/8503/8504, koje se odnose na pripremu
Celicnih podloga prije nanoSenja boja i srodnih proizvoda (svi dijelovi). Garanciju provedbe
antikorozivne zastite prema pravilima struke dodatno osigurava i ANNEX F norme EN 1090-
2 gdje su obradena podrucja osnovnih zahtjeva, pripreme, provedbe te inspekcije i provjere
provedene tehnologije zaStite uz naglasak na specificne slucajeve (npr. povrSine u
predopterecenim dijelvimaiisl.).

3.2 Primjer provedbe interne verifiacije kvalitete premaza sukladno normi EN 1090

Zadatak provedbe interne verifikacije, kao Sto je ve¢ spomenuto, je dokazivanje sposobnosti
provedbe tehnologije prema zadanim zahtjevima odredene norme (ili grupe normi). Rezultati
verifikacije postupka (tehnologije) garantiraju, kako izvodacu tako i investitoru radova,
kvalitetu istih, ukoliko su oni izvedeni prema pravilima struke, a izvodacu dodatno i nove
kvalitativne i kvantitativne podatke u svrhu poboljSavanja provedbe odredene tehnologije.

Primjer provedbe interne verifikacije kvalitete premaza sukladno normi EN 1090 proveden je
na ispitnom uzorku dimenzija 250x150x4mm (materijal S355J2+N), u trokomponentnom
sustavu (cink epoksi temelj BO + epoksi BO + poliuretan BO), a sve prema relevatim normama
i uputama proizvodaca boje (priprema povrsine, uvjeti nanosenja, minimalne debljine suhog
filma, nadin mjerenja). Ocekivani sustav zastite kategoriziran je kao C3-H.

Priprema povrsine izvedena je pjeskarenjem (kvarcni pijesak), u Sa 2,5 kvaliteti (vrlo temeljito
c¢isS¢enje mlazom abraziva) kako je to odredeno normom EN ISO 8501. Kontrola provedbe
pripreme povrsSine (¢iS¢enje i osiguravanje hrapavosti) osigurana je vizualnom kontrolom
Cistoce (prema vizualnim etalonima — fotografijama iz norme EN 8501) te mjerenjem
hrapavosti. Mjerenje je provedeno u 10 tocaka, a izgled povrsine nakon pjeskarenja i rezultati
su dani slikom 1 2. Ocekivana hrapavost iznosi minimalno 40 pm.

a) pripremljena povrsina
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b) vizualnietalon

Slika 1: Izgled povrsine nakon pjeskarenja
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Na pripremljenu povrsinu (CiS¢enje + hrapavost) nanosi se prvi sloj, CINK-EPOKSI temeljni
premaz na bazi otapala. Izveden je sukladno pravilima struke i preporukama proizvodaca
boje. Slika 3 prikazuje nanesen prvi sloj, a slika 4 rezultate mjerenja debljine suhog filma.
Ocekivana vrijednost debljine suhog filma prvog sloja kako to preporuca proizvodac za ovaj

Slika 2: Rezultati mjerenja hrapavosti povrsine

trokomponentni sustav iznosi 40 pm.

Slika 3: Izgled ispitnog uzorka: CINK-EPOKSI temeljni premaz
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Slika 4: Rezultati mjerenja debljine suhog sloja — CINK-EPOKSI temeljni premaz

Druga komponenta ovog sustava premaza je EPOKSI premaz, takoder na bazi otapala.
Premaz je izveden u istim uvjetima kao i prvi sloj, a slike 5 i 6 prikazuju rezultate. Ocekivana
vrijednost debljine suhog filma medusloja kako to preporuca proizvodac je 8o um, ukupna
vrijednost 120 pm.

Slika 5: Izgled ispitnog uzorka: CINK-EPOKSI temeljni premaz + EPOKSI
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Slika 6: Rezultati mjerenja debljine suhog sloja — CINK-EPOKSI + EPOKSI

Sustav antikorozivne zastite zavrSava se POLIURETANSKIM slojem na bazi otapala, a
preporucena debljina suhog filma iznosi 60 um (ukupna debljina 180 pm). Slika 7 prikazuje
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ispitnu plocu s zavrSnim slojem, a slika 8 rezultate mjerenja debljine suhog sloja nakon
izvrSene trokomponentne antikorozivne zastite.

poliuretan

Slika 7: Izgled ispitnog uzorka: CINK-EPOKSI temeljni premaz + EPOKSI + POLIURETAN
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Slika 8: Rezultati mjerenja debljine suhog sloja — CINK-EPOKSI temeljni premaz + EPOKSI +
POLIURETAN

Rezultati ispitivanja (mjerenja hrapavosti i debiljine suhog filma) potvrduju ocekivane
rezultate sukladno relevantnim normama i preporukama proizvodada sredstava
antikorozivne zastite (rezultati dobiveni mjerenjem nalaze se unutar ocekivanih vrijednosti te
U granicama tolerancija preporucenih normom) sto potvrduje uspjesnu verifikaciju
tehnologije provedbe antikorozivne zastite i garanciju kvalitete iste u svim daljnjim
aktivnostima (primjena navedenog trokomponentnog sustava antikorozivne zastite) koje ce
se primjenjivati na Celi¢nim konstrukcijama.

4.  ZAKLJUCAK

Ulaskom u EU, Hrvatska je prihvatila mnoge regulative i norme pa tako i normu o izradi
Celicnih i aluminijskih konsrukcija, normu EN 1090. Ova norma definira zahtjeve za
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kvalitetom koje proizvoda¢ mora ispuniti prilikom dizajniranja, proizvodnje, ispitivanja i
testiranja Celicnih i aluminijskih konstrukcija i sastavnih dijelova. Svaki od navedenih
segmenata nuzno je dokazati kroz neki od oblika dokumentirane informacije (zapis, radna
uputa, verifikacija postupka itd.).

Vaznost antikorozivne zastite, kao i svih radnji vezanih uz istu, naglasena je i u normi EN 1090
kroz zasebno poglavlje uz opis osnovnih zahtjeva i kriterija provedbe, a posebno uz naglasak
na sve trenutno vazece i relevantne norme koje se odose na pripremu, provedbu i kontrolu
kvalitete antikorozivne zastite. U ovom radu prikazan je primjer verifikacije kvalitete
provedbe antikorozivne zastite internim postupkom - ispitivanjem. Verifikacija je izvedena
na ispitnom uzorku sa standardnim sustavom boja (2+1) te uz jednostavan nacin kontrole
kvalitete izvedenih radova kakav se i inace naj¢esce primjenjuje prilikom zastite Celicni
konstrukcija. Ovakav nacin verifikacije sluZi proizvodacu kao potvrda uspjesnosti provedve
tehnologije zastite (kako to propisuju relevantni dokumeti) te smanjuje mogucnost nastanka
pogresaka prilikom ponavljanja ovog i slicnih procesa u danjim aktivnostima. Slicne
verifikacije (interne ili od strane nezavisnih kuca) provode se i za druge procese unutar
proizvodnje (npr. buSenje, mehanicko pritezanje, rezanje itd.), a sve u svrhu izvedbe
konstrukcija suklado normi EN 10g9o0.
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Review paper / pregledni rad

Sazetak

Dat je osvrt na povijesni razvoj biomimetickih materijala. Prikazani su novi materijali razvijeni
inspiracijom iz prirode koja je temelj za njihov razvoj, mehanizme djelovanja, obradu i sintezu.
Opisani su nacini dobivanja novih materijala s novim postupcima kao Sto su: nanoskalna sinteza,
kristal inzenjering i mikrostrukturna konstrukcija. Navedeni su nacini obrade i primjena
biomimetickih materijala u: mehatronici, medicini, arhitekturi, strojarstvu (konstrukcije), svemirskoj
tehnologiji, farmaciji, biologiji i drugim granama znanosti. Istaknut je doprinos razvoju materijala
konstrukcijskom unaprjedenju novih proizvoda kroz povijest i prakti¢na primjenjivost u procesu
"stvaranja novog materijala" za izradu prototipa od ideje do novog proizvoda.

Kljucne rijeci: biomimetika, bionika, umjetna inteligencija, robotika, novi materijali

Abstract

An overview of the historical development of biomimetic materials is presented. New materials are
presented that have been developed based on the inspiration from nature that represents the
foundation of their development, operation mechanisms, processing and synthesis. The paper
describes the methods of obtaining new materials by applying procedures such as: nanoscale
synthesis, crystal engineering and microstructure construction. Processing methods and the
application of biomimetic materials have been described, in particular in the following areas:
mechatronics, medicine, architecture, mechanical engineering (construction), space technology,
pharmacy, biology and other branches of science. The paper highlights the contribution to material
development made by construction improvement of new products throughout the history and
practical applicability in the process of “creating a new material” for developing a prototype from an
idea to the final product.
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1. RAZVOJIPRIMJENA KROZ POVUJEST

Prirodni svijet koji nas okruzuje pruza nam odli¢ne primjere funkcionalnih sustava
izgradenih od pregrst materijala. Kroz tisuce godina, priroda je evoluirala da bi se adaptirala
i pritom razvila sofisticirane metode za rjeSavanje problema [1]. Otto Schmidt, americki
akademik i izumitelj, definirao je termin biomimetike kao opis prijenosa ideja iz biologije u
tehnologiju. Pojam biomimetika usao je u Websterov rijecnik 1974. i definiran je kao
"znanost o formiranju struktura, ili funkcija bioloskih proizvedenih substrata i materijala,
te bioloskih mehanizama i procesa, posebice za svrhu proizvodnje sli¢nih proizvoda i/ili
izuma umijetnih mehanizama koji nalikuju na prirodne". Biomimeticki materijali su
materijali razvijeni "ispiracijom” iz prirode kroz interdisciplinarna istrazivanja kao dizajn
kompozitnih materijala ili materijalnih struktura (slika 1.1).

Slika. 1.1: Simbioza biomimetickih materijala sa okolinom [2]

Zivotinje, biljke i insekti u prirodi su evoluirali preko milijardu godina da bi razvili
efikasnija rijeSenja, kao Sto su: superhidrofobnost, samociscenje, popravak, akumulacija
energije, smanjenje otpora, suho prianjanje, prilagodljiv rast, itd.. Danasnja ljudska
civilizacija, prirodni oblik (geometriju) heksagonalnog sacda primijenila je u izradi laganih
konstrukcijskih struktura zrakoplova, arhitektonskih rjeSenja zgrada (slika 1.2.), a mreza za
ribolov "ispirirana” je paukovom mrezom (slika 1.3.). Kada bi paukova svila bila debela kao
olovka, bez problema bi mogla zaustaviti putnicki avion bez pucanja.

Slika. 1.2: Zgrada inspirirana kosnicom pcela [3] Slika. 1.3: Paukova mreza u prirodi [4]
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Na slici 1.4. prikazani su dijagrami naprezanja-istezanja te promjena modula elasti¢nosti s
istezanjem umjetno dobivene paukove mreze [5].
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Slika. 1.4: Dijagrami naprezanja, modula elasti¢nosti —istezanja umjetno dobivene paukove mreze

[5]

Razvoj "regenerativne" medicine izazvao je sve vecu potrebu novih vrsta biomaterijala sa
specificno dobro definiranom interakcijom sa bioloskim sistemom domacina. Nedavna
istrazivanja u karakterizaciji materijala i proizvodne tehnologije potaknuli su
znanstvenike da se zapitaju, kako mogu "reformulirati strukturu proizvodnih
materijala", koji su razvijeni evolucijom u biomimeticki dizajn za inZenjerske zahtjeve.
To nas dovodi do "novih razrednih materijala s razvijenom neobi¢cnom kombinacijom
svojstava", koji se sami slazu, obnavljaju ili sami razvijaju (regenerativni, karakterni i
kombinacijski). | na kraju, sve se viSe prepoznaje da sastav materijala moze biti veoma
klju¢an za biolosku funkciju molekula, tkiva i organa u medicini.

Termin biomimikrija definirana je kao "kopiranje, adaptacija ili imitacija iz prirode". Na slici
1.5. prikazano je kako se bioloski organizam kopira na tehnoloski.

Slika. 1.5: Prikaz kopiranja prirodnog sustava u tehnologiju [6]
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2.  NACINI DOBIVANJA BIOMIMETICKIH MATERIJALA

Biomimeticki pristup u anorganskoj kemiji trenutno je fokusiran na istrazivanju procesa i
svojstava u anorgansko-organskom sucelju. Ovaj pristup dobivanja moze se podijeliti u
tri aktivnosti, a one su: nanoskalna sinteza, kristal inzenjering i mikrostrukturna
konstrukcija. Sve tri su povezane razlicitim kombinacijama bioloskih procesa [1].

2.1. Nanoskalna sinteza

Komplementarna biomimeticka strategija ukljucuje upotrebu organskih supramolekularnih
resetki koje djeluju kao prostorni "domacini" i reaktivnog sucelja za anorganske "gostujuce"
materijale, obrnute micelije, mikroemulzije i povrsinsko aktivne tvari. One su koriStene u
mnogobrojnim istrazivanjima koja ukljuCuju poluvodice, katalizatore i magnetske
materijale. Alternativni pristup je upotreba biomolekularne reSetke za "uskladistenje"
Zeljeza u feritin — protein kao "robustnijeg" okolisa za sintezu anorganskog materijala —
svojstvo pohranjivanja anorganskog materijala [1] (slika 2.1).

Iron stored
as mineral
inside ferritin

Slika. 2.1: Feritin - protein kao spremnik za Zeljezo [1]

Drugacdiji pristup koji nije strogo "biomimetickog dizajna" je umetanje nanoskalnih Cestica
CdS (kadmijevog sulfida) u Langmuir-Bloodgett filmu — LB film i magnetskog Zeljeznog
oksida u polistirenskoj smoli koji sluzi kao primjer anorgansko — organske interakcije i
kontrole sinteze materijala [1] (slika 2.2).

Langmuir-Bloodgett (LB) film je set jednoslojnih ili viSeslojnih organskih materijala debljine
jedne molekule koji se nanosi na ¢vrsti material — sinteza materijala (slika 2.3)

Slika. 2.2: Nanoskalna konstrukcija materijala u Lawrance Liveromore Nacionalnom Laboratoriju [7]
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Slika. 2.3: Prikaz viSeslojnog i jednoslojnog nanosenja LB filma [8]

U tablici 2.1. prikazan je pristup, strategija dobivanja, vrsta proizvoda (materijala) i njegov
sastav. Ukoliko je poznat materijal koji zelimo dobiti, tada mozemo utvrditi kojim
postupkom ce se to i realizirati.

Tab. 2.1: Biomimeticki pristup (Nanoskalna sinteza) u anorganskoj kemiji tvari [1]

Pristup Strategija Proizvod Vrste Oznake materijala
Domacin gost Grozd Obrnuti micelij cds
Mikroemulzija Pt,Co,metalni boridi
Fe304,CaCO3
Nanocestice Mjehurici Pt,Ag,CdS,ZnS
Nanoskalna Ag20,FeO0H,Fe304,Al203
sinteza Ca fosfati
Feritin MnOOH,UO,FeS, Fe30,
LB film cds
Polistiren smola y-Fe203
(Y-EQ)nG peptidi Cds

2.2. Kristal inZenjering

U zadnjih nekoliko godina se u kristalnom inzenjeringu razvio biomimeticki pristup. Naime,
Langmuir-ovi — LB film slojevi (slika 2.3) koristeni su kao nukleacijski supstrati (podloge) za
usmjerenu nukleaciju ( kontroliran rast) anorganskih tvari. Biomolekularne povrsine, kao sto
su cjevCice, bakterijska vlakna, rapidosomi, S-sloj proteini, koriste se kao strukture
pouzdane za navodenje talozenja anorganskih materijala unutar predodredenog
prostornog obrasca. Osobita prednost ovog pristupa je funkcionalnost i veoma lagano
modificiranje anorganske povrsine [1] . U tablici 2.2. prikazan je pristup, strategija dobivanja,
vrsta proizvoda (materijala) i njegov sastav. Ukoliko je poznat materijal koji Zelimo dobiti,
tada mozemo utvrditi kojim postupkom ce se to i realizirati.
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Tab. 2.2: Biomimeticki pristup (Kristal inZenjering) u anorganskoj kemiji tvari [1]

Pristup Strategija Proizvod Vrste Oznake materijala
Usmjerena Monokristali Jednoslojan NaCl,CaCO3,BaSO,,PbS
Poliaspartit/polistiren | CaCO3
Templating Oblikovani kompoziti | Kanali-cjevcice Cu,Ni,Al;03,Fe oksidi
Kristal Bakterijska vlakna Fe203,CaC0O3,Cudl
inzenjering Bakterijski rapidosomi | Pd
Teksturni kristali S-slojni proteini Ta/W
Kontrolirani rast Proteini morskog jeza | CaCO3
Polianionski peptidi CaCOg

2.3. Mikrostrukturna konstrukcija

Kontroliranje mikrostrukture biominerala pomocu procesa u stanicama je sigurno najteze
prenijeti u svijet materijalne kemije. Jedno od mogucih rjeSenja je obrnuta izvedba sustava,
t.j. da se konstruira topljiv polimer, polietilenski oksid u izvedenu mineralnu matricu, kao
Sto su unutarnji slojevi liskuna [9] ili alternativno talozi kalcijevog silikata i kalcijevog
aluminata s polivinilnim alkoholom. Jedan od glavnih problema je nizak sadrzaj minerala u

rezultiraju¢im anorgansko — organskim kompozitima.

Tab. 2.3: Biomimeticki pristup (Mikrostrukturna konstrukcija) u anorganskoj kemiji tvari [1]

Pristup Strategija Proizvod Vrste Oznake materijala
Mikrostrukturna | Prosirene Mineral- Polistiren-butadin CaC03,CdS, Ca fosfati
konstrukcija resetke polimerni Polivinilni kloridi

kompoziti Poliakrilatni film TiO2
Polisiloksali Fe oksidi,BaTiO3
Polietilen oksidi CaC03,CasSio;
Kolagen Cds
Ca fosfati
Sklop Organizirani | Jednoslojni/Au
materijali Jednoslojni cds
Odljevnidvoslojnifilmovi | Fex03
Hidroksil etilna celuloza Fe30,
Poliakrilatne soli
SiO,/OH gel CaCO3
BaSOy4
CaCO3

U tablici 2.3. prikazan je pristup, strategija dobivanja, vrsta proizvoda (materijala) i njegov
sastav. Ukoliko je poznat materijal koji zelimo dobiti, tada mozemo utvrditi kojim

postupkom ce se to i realizirati.

73



3.  NACINI OBRADE BIOMIMETICKIH MATERIJALA

Dobivene materijale svakako treba i obraditi za daljnji proces, ukoliko to nije dovrseno
pri samom kreiranju materijala. Ovisno o kojem se obliku prozvoda na kraju radi, bio to
kristal ili nekakav grozdavi materijal, teksturni kristal ili polimer, odlucivati ce se kojim
daljnjim procesom obrade e se obraditi i dobiti konacan materijal.

3.1. Biomimeticka sinteza materijala

Znanstveni Max Planck Institute, zajedno sa institutima u Postadmu, Mdunchenu,
Dresdenu, Stutgarttu i joS mnogi drugi, istrazuju niz mogudih pristupa koji mogu uspjesno
prenijeti ideju proucavajuci bioloske sustave i primijeniti ih u kemijskom ili tehnickom
sustavu [1]. Jedno od tih podrucja istrazivanja u Institutu je biomimetricka materijalizacija
sintezom. Biominerali su uglavnom sintetizirani na povrsini organskih predlozaka kao
sto su makromolekularni okviri, lipid membrane ili stanicne resetke.

Na slici 3.1. prikazani su uredaji za izradu biomimetickih komponenti - LB filma.

Slika. 3.1: Uredaji za kreiranje biomimetickih komponenti - LB filma [8]

3.2. Ostale obrade biomimetickih materijala

Osim dobivanja i obrade materijala sintezom, postoji i obrada materijala sa CNC
tehnologijom, lasersko rezanje, superfinis obrada. Slika 3.2. prikazuje CNC obradivanje i
ispitivanje materijala prije nego krene u svoj daljnji proces koristenja. Na slici 3.3
prikazano je lasersko obradivanje materijala gdje se uz pomoc lasera na lokalnim mjestima
polimeriziraju uglji¢ni gelovi i potom se kreira struktura.

Slika. 3.2: CNC obrada materijala [7] Slika. 3.3: Laserska obrada materijala [7]



4. PRIMJENE BIOMIMETICKIH MATERIJALA

Razvoj stakla i porculana omogucio je razvoj novih i poboljSanje nekih novih izuma.
Jedan od njih je i ocna proteza (slika 4.1.). i bionickog oka (slika 4.2.). Mnogo je rada
ulozeno u istrazivanje bionickoga oka, a cilj kojim se teZi jest da se bez obzira na vrstu
oboljenja, pacijentu omogudi vid.

Slika. 4.1: Staklene o¢i [10] Slika. 4.2: Bionicko oko - koncept [11]

U drugoj polovici 20.stoljeca, konstruirana je prva robotska ruka koja je koristena u
industriji. U medicini se razvijaju i bionicke ruke koje su mnogo superiornije i kompleksnije u
odnosu na industrijske (slika 4.3.). Novi materijali napravljeni su tako da su laksi ali
istovremeno i mnogo otporniji na trosenje. Osim mehanizma ruke razvijen je i elektronski
dio kojim se ruka upravlja. Upravljanje moze biti mehanicko od strane korisnika, (slika 4.4.)
iliindirektno, gdje se medicinskim zahvatom ruka spaja sa korisnikom.

Slika. 4.3: Bionicka ruka [12] Slika. 4.4: Zivot s bioni¢kom rukom [13]

Americka tvrtka Biomimetic proizvela je biomimeticki misi¢ od mekih kompozitnih materijala
kojeg su nazvali MuscleSheet. MuscleSheet je visokoosjetljiv elektroaktivan membranski
kompozitni materijal koji se moze mehanicki savijati pod djelovanjem struje niskih
napona. Sli¢nu i jednostavniju ideju koriste u pneumatici, tzv. pneumatski misic.

Bionicki misi¢ (slika 4.5) koristi se za preciznije i tocnije upravljanje, jer se njime moze
preciznije postaviti u odredeni polozaj i upravljati snagom, bas kako bi reagirao i pravi misic.
Na slici 4.6. prikazano je kako nije uvijek jednostavno upravljanje bioni¢ckom rukom. Za
istrazivanje i razvoj treba odredeno vrijeme i pomoc korisnika, da se omoguci bolje
razumijevanje s ciljem brzeg razvoja ove tehnologije.
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Slika. 4.5: Bionicki misic [14] Slika. 4.6: Prilagodavanje na bionicka pomagala [15]

Britanski proizvodaci sportske opreme Speedo kreirali su kostim (slika 4.7) koji imitira
kozu morskog psa (slika 4.8). U jednom smjeru na dodir je gladak, a u suprotnome je
hrapav. Tomu su zasluZzne male okomite ljuskice napravljene od smole. Time se znatno
smanjuje otpor u plivanju, te se moze postici veca brzina plivanja za cak 3%. Male ljuskice
djeluju kao povrsinski generator vrtloga, koji se krece jednosmjerno, u odnosu na obicni
materijal gdje imamo turbulentno strujanje (slika 4.9).

Slika. 4.7: Speedo kupadi kostim po uzoru na
kozu morskog psa [16]

a) nekontrolirano odvajanje strujnica od povrsine (turbulenino strujanje);
b) strujnice ostaju uz povrsinu zbog djelovanja povrsinskih generatora vriloga

Slika. 4.9: Prikaz strujanja na povrsini obi¢nog i Speedo kupaceg kostima [18]

Sljededi zanimljiv primjer iz prirode je list (slika 4.10), odnosno sklapanje mladih listova
biljaka u pupoljcima. List je dizajniran tako da mora biti krut i savitljiv u isto vrijeme.
Savitljiv prilikom jakih vjetrova, a dovoljno ¢vrst da podnosi teret kukaca i vlastiti.
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Istrazuje se nacin "pakiranja" mladih listova u cilju razvoja konstrukcija " sklopivih ploha"
npr. suncevi kolektori na zemlji i u svemirskim postajama, velike antene, krovne
konstrukcije (slika 4.11).

Slika. 4.10: List kao inspiracija za nove izume [19] Slika. 4.11:Krovna konstrukcija po uzoru na list [20]

Priroda je dosta zanimljiva kad se promatraju detalji, elegancija i savrSenost konstrukcija
i mehanizama, oblici, boje, mirisi, povrsine itd. Na slici 4.12. prikazan je mehanizam
"vilinog konjica" na daljinsko upravljanje za snimanje iz zraka.

Slika. 4.12: Implementacija prirodnog sustava u Slika. 4.13: Biomimetika v arhitekturi,
gotovi mehanizam [21] Univerzitet u Stuttgartu [22]

Iz gore prikazanih slika vidi se da biomimetika ima Siroko podrucje primjere, pa tako i u
gradevinskoj arhitekturi. Na slici 4.13 prikazana je gradevina izradena po modelu kukca.

U najnovije vrijeme razvijaju se i procesi umjetne sinteze oksida, sulfida i drugih spojeva u
vodenim ili polimernim otopinama s ciljem dobivanja umjetne ljudske koze (slika 4.14), kosti
(slika 4.15) i tkiva, te razgradljivih vlakana za Sivanje koze (slika 4.16).

Slika. 4.14: Umjetna ljudska koza [23]
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Slika. 4.15: Izrada umjetne kosti s 3D printerom [24] Slika. 4.16: Razgradiva vlakna za Sivanjei
plasti¢ne operativne zahvate [25]

5. ZAKLJUCAK

Postoje mnogi dokazi koji potvrduju da su i nasSi preci trazili inspiraciju u prirodi za
dobivanje novih materijala za koristenje u svakodnevnici prije nego je bio poznat
pojam biomimetika. Nisu jasne jo$ njihove ideje npr. o tome kako su osmislili vlastiti
nacin za dobivanja tkanine. Zahvaljujuci pracovjeku koji je prvi zapoleo proizvoditi
tkaninu, danas je taj proces mnogo razvijeniji i proizvode se mnogo slozenije teksture.
Priroda nam je pruzila mnoge primjere za proizvodnju odredenih tekstura s odredenim
cilianim svojstvom i joS mnogo drugih potencijalnih mogucnosti. Stvar nije samo u
kopiranju i imitiranju prirodnih mehanizama, vec i shvacanje, te veoma temeljito
proucavanje samog materijala, a podrucje biomimetickog istrazivanja ima visok potencijal
za dobivanje novih materijala sa neobi¢nim kombinacijama, funkcijama i svojstvima.
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Sazetak

Koristenje boja kao sredstvo za izazivanje emocionalnih reakcija rasireno je u marketingu i medijima.
Radi li se o odraslima ili o djeci, koriStenje boja je svuda oko nas i nemoguce je ne imati emocionalne
reakcije na odredene proizvode. Psihologija boja za djecu pokazuje se kao jedan od klju¢nih
elemenata u marketingu i medijima koji mogu privuci djecu, koje nadalje Sire svoje konzumeristicke
horizonte, a samim time i navike. Neposrednim djelovanjem na djecu, djeluje se i na roditelje. U ovom
radu je prikazan nacin na koji proizvodaci uskladuju svoje potrebe marketinga i promocije sa svim
saznanjima o psihologiji boja koja je klju¢ni dio dizajna. Ovaj rad bavi se i prou¢avanjem koristenih
boja u medijima i marketingu za djecu.

Kljucne rijeci: psihologija boja, boje za djecu, boje u marketingu, boje u medijima.
Abstract

Using colors as a means of provoking emotional reactions is widely used in marketing and the media.
Whether it is about adults or children, colors are all around us and it is impossible not to have reactions
to certain products. Psychology of colors for children shows itself as one of the key elements in
marketing and media, which can attract children, who then widen their consumerist horizons and with
it, their habits. With direct influence on children, there is also an influence on parents. This paper
shows the way producers align their marketing and promotion needs with all the knowledge of color
psychology that is crucial part of the design. This paper also examines colors used in media and
marketing for children.

Key words: color psychology, colors for children, colors in marketing, colors in media.
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1. UVOD

Boje oko nas, neizostavan su i neizbjezan element. Aktivno razmisljati o bojama je nesto Sto
ne Cinimo Cesto, ali zato nas boje iznenaduju i oplemenijuju ¢ak i kada toga nismo svjesni. Da
na tijelo i um boje imaju znacajan utjecaj znamo jos od vremena Aristotela, koji je u 4. stoljecu
pr. Kr. postavio neke od osnovnih temelja znanosti o bojama. Od prvih saznanja o svijetlu i
nacinu na koji vidimo boje, otislo se korak dalje, usporedujuci i odredene boje s njihovim
psiholoskim znacenjem i utjecajem na ljude.

U ovom radu dat je osvrt na djecu i nacin na koji djeca percipiraju boje. Psihologija boja je
dobila jedan sasvim novi smisao kada je postala alat za manipulaciju ljudima (pa i djecom)
kroz marketing. Koliko je boja vazan alat u marketingu pokazuju i mnoga istrazivanja koja
dovode u vezu odluku o kupovini proizvoda i boju samog proizvoda. Boja kao marketinski alat
oslanja se na ljudsko emocionalno i psihicko stanje u kojem bivamo kada percipiramo boje
koje momentalno izazivaju emocionalne reakcije i asocijacije. Oglasavanje za djecu je cin
prezentacije informacija, proizvoda i usluga djeci, koje su definirane nacionalnim pravima i
standardima oglasavanja i marketinga. Osim Sto roditelji vrlo Cesto kritiziraju ovaj nacin
prodaje i privlaCenja djece, vrlo je jednostavno ova saznanja pretvoriti i u pozitivan ishod.
Percepcija boja moze se koristiti kako bismo djecu naudilinovim znanjima pa ih tako mozemo
i motivirati, inspirirati i potaknuti na odredena pozitivna i korisna ponasanja.

Oglasavanje za djecu provodi se putem tradicionalnih medija poput televizije, radija i
tiskovina, prilikom Cega se poseban naglasak stavlja na nove medije poput Interneta i ostalih
elektronic¢kih medija. Ako se zeli komunicirati bojama sa djecom tada moramo nauciti na koji
nacin djeca vide i percipiraju boje.

2. OPSIHOLOGUJIBOJA

Danas psiholoski utjecaj boja na pojedince moze se promatrati kroz njihovu interakciju s
bojama, a temelji su u dijelu psihologije koji prouc¢ava emocije i reakcije promatraca na
odredene boje. Upravo je psihologija boja ta koja znanstveno pokusava dokazati utjecaj boje
na ljude, imajuci na umu njihova stanja i kulturoloske razlike. Posljednjih nekoliko desetljeca
razvojem marketinga i oglasavanja, boje ¢ine gotovo presudan element u kreiranju navika
ljudi. Sve Sto ljudski mozak vidi, samim time percipira i konzumira, obojano je kako bi moglo
utjecati na odluke, ponasanja, navike i odnose. Osjetilo vida je sposobnost percepcije
svjetlosnih valova specifi¢nih valnih duljina [1]. Dokazano je da viSe od 80% informacija Covjek
prima putem vida [2]. Ljudsko oko omogucava osjet vida i osjet boja. Zahvaljujuci
sposobnosti propustanja svjetlosti kroz roznicu, Covjek percipira boju. Mreznica, ovojnica
oka, sastoji se od dvije vrste fotoosjetljivih stanica, $tapica i ¢unji¢a. Stapic¢i su fotoreceptori
cilindricnog oblika, osjetljivi na vrlo male intenzitete osvjetljenja, promjera oko 2nm
smjesteni na periferiji oka. Ima ih oko 120 0oo ooo te omogucuju monokromatski vid.
Zahvaljujudi Stapi¢ima, ¢ovjek ima mogucnost da vidi u mraku. Cunji¢i su fotoreceptorske
stanice promjera oko 5 nm. Za razliku od Stapica, Cunijici su kradi i deblji te ih ima mnogo
manje nego Stapica (oko 6 500 000) [2,3].

Aristotel je medu prvima koji je postavio svoju teoriju percepcije boja. Najveci iskorak prema
znanstvenojinterpretaciji boja u 17. stoljecu donosi Sir Isaac Newton. U svojem eksperimentu
Newton je prepoznao da ukoliko bijelu svjetlost usmjeri kroz trostranu staklenu prizmu da se
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svjetlost rastavi na "spektar boja", te da ne postoji svijetlost razlicitih boja ve¢ de se radi o
razlicitim valnim duljinama [2,4].

Crvena
Narancasta
Zuta
Zelena
Plava
Indigo
Ljubi¢asta

Bijela svjetlost

Staklena prizma

Slika 1: Newtonov spektar boja [5 ]

Newton je spektar boja podijelio u sedam boja odnosno na isti broj elemenata kao i sto je
muzicka notacija podijeljena u sedam nota. Osim u znanstvenom svijetu spoznaja da je
refrakcija svjetla odgovorna za nasu percepciju boja imala je veliki znadaj i u umjetnickom
svijetu. Umjetnicima su tako po prvi puta boje prezentirane kao krug u kojem je jasno
prikazani odnosi medu bojama.

Slika 2: Newtonov krug boja [ 6]

Tab. 1: Valne duljine boja [7]

Boja Valna duljina [nm]
- Ljubigasta 290 - 455
B rava 455 - 492
B Zclena 492 - 577
Zuta 577 -5497
P Marancasta 597 -622
B Criena 622 - 780

Johann Wolfgang von Goethe pocetkom 19. stoljeca definira, svojim pokusima s prizmom
zakljucuje da Newtonova definicija boja nije potpuna. Goethe je proucavao zakonitosti
harmonije boja, psiholoski ucinak boja, kako boje utjecu na ljudski um i psihu. Podrzavao je
Heringovu teoriju ,suprotnih boja", koja je temelj danasnjeg razumijevanja procesa
vizualizacije boje. Goethe se bavio i komplementarnos¢u boje, i postavio je definiciju da nas
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vizualni osjet komplementarnosti nije povezan sa interakcijom svjetla i naseg oka, vec sa
Cistim mehanizmom percepcije boje [2].

Slika 3: Goetheov krug boja [6]

2.1. Boje kao marketinski alat

Psihologija boja, jedan od glavnih alata marketinga danas. Istrazivanja pokazuju kako se
elementi poput vlastitih iskustava, osobnih preferencija, konteksta ili kulturoloskih razlika
mogu odraziti na percepciju boja kod ljudi. Koliko je boja vazan alat u marketingu pokazuju i
mnoga istrazivanja koja dovode u vezu odluku o kupovini proizvoda i boju samog proizvoda
[8,9]. Prema istrazivanju Michaela Hemphilla, upotreba boje u dizajnu i proizvodu nije samo
primisao, to je i jedan od najutjecajnijih ¢imbenika priizboru u kupovini, Sto Cini 85% razloga
za kupovinu [10].

Boja kao marketinski alat oslanja se na ljudsko emocionalno i psihicko stanje u kojem bivamo
kada percipiramo boje koje momentalno izazivaju emocionalne reakcije i asocijacije.
Marketinska komunikacija odasilje Zeljene poruke o nekom proizvodu, marki, ali i o nama
samima, utjece na odluke o kupovini i konzumaciji i stvara od nas vjerne kupce kroz
manipulaciju osjecajima [11]. Kod marketinga novih proizvoda od velike je vaznosti razmotriti
tezu da potrosacima vizualna stimulacija uvelike utjece na kupovinu proizvoda. Tako se
izmedu tri elementa — zvuka ili mirisa, teksture i izgleda, izgled izdvaja kao najvazniji element
kod kupovine. Provedeno istrazivanje je pokazalo sljedece rezultate vidljive na slici 4.

Odabir proizvoda

Zvuk ili miris

Tekstura l

0% 20% 40% 60% 80% 100%

Slika 4. Utjecaj izgleda proizvoda na kupovinu [12]
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Izgled proizvoda prelazi 9o% ukupnog dozivljaja proizvoda radi ¢ega se kupac odlucuje za
kupovinu istog proizvoda. Koliko vaznu ulogu igra boja unutar tog izgleda proizvoda
pokazano je na slici 5.

Utjecaj boje na odabir proizvoda

o _

0% 10% 20% 30% 40% 50% 60% 0% 80% 90%

Slika 5. Utjecaj boje na odabir proizvoda [12]

Od svih ispitanika, viSe od 80% se izjasnilo kako najvazniju ulogu pri kupovini ima boja. Kod
marke odredenih proizvoda, istrazivanje pokazuje kako boja povecava prepoznatljivost
marke za 80%. Time se pokazuje direktna veza izmedu povjerenja potrosaca i odredene
marke, a ostvaruje se lojalnost marki i proizvodu.

2.2. Oglasavanje za djecu

Oglasavanje za djecu je prezentacija informacija, proizvoda i usluga djeci, koje su definirane
nacionalnim pravima i standardima oglasavanja i marketinga [13]. Oglasavanje za djecu
provodi se putem tradicionalnih medija poput televizije, radija i tiskovina, pri ¢emu se
poseban naglasak stavlja na nove medije poput Interneta i ostalih elektronickih medija. Osim
ove jasne podijele na nacdine oglasavanja, rasprava se prosiruje i na aspekte ambalaze,
oglasavanja unutar trgovina, sponzoriranih dogadanja i promocija.

Djeca obozavaju boje, ali ih i nesto drugacije vide i percipiraju od odraslih. Boja je prva koju
djeca mogu raspoznati. U najranijoj dobi od Sest tjedana do dva mjeseca, djecji vid prolazi
radikalne promjene. U prvom mjesecu zivota mogu percipirati zutu, narancastu i crvenu,
nakon Cega slijede tirkizna, plava, ljubicasta i zelena. U razdoblju od tri do Cetiri mjeseca djeca
mogu raspoznati boje na nacin kao i odrasli [14].

Mnogobrojna znanstvena istrazivanja pokazuju kako se vrlo brzo preferencija prema nekim
bojama mijenja u jako kratkom roku. NajcesSc¢e djeca mlada od 10 godina crvenu i zutu
nazivaju svojim omiljenim bojama. Nakon desete godine Zivota sve viSe uvode plavu boju kao
omiljenu ¢ime se dolazi do saznanja kako im se vid razvio u smjeru da prepoznaju nijanse u
potpunosti. Nadalje, brojna istrazivanja pokazuju kako djevojcice vole ruzicaste i ljubicaste
boje dok su omiljene boje djecacima crna ili plava te ostale tamnije boje. Ukoliko na policama
vidimo jake boje na ambalaZi tada moZemo biti sigurni da proizvodaci znaju tocno Sto zele,
prodati proizvod emocionalnim utjecanjem na djecu [15].



3. ANALIZA KORISTENJA BOJA U DJECJIM MEDIJIMA | MARKETINGU

U ovom dijelu rada analizirano je nekoliko domacih casopisa za djecu te nekoliko
marketinskih akcija.

3.1. Boje u dje¢jim casopisima — medijima

Djedji Casopisi na podrucju Republike Hrvatske izdaju se uglavnom kao tjednici i mjesecnici.
Nekoliko naslovnica casopisa za djecu osnovnoskolske dobi, zanimljiv su primjer kako valja
paziti na odabir boja.

Slika 6. Naslovnice ¢asopisa Smib [16]

Jasno se vidi Cesta uporaba primarnih boja i sekundarnih boja. Podjednako se koriste kako
hlade tako i tople boje. Prema prethodnim primjerima moze se primijetiti kako se hladne boje
koriste za vece povrsine, sto samo pokazuje da odabir ovih boja smanjuje napetost djeteta i
usmjerava vecu zainteresiranost na istaknute, manje obojene uglavnom tople povrsine i
oblike. llustracije su prilagodene djecjoj dobi ali su isto tako boje na samim ilustracijama
prilagodene kako bi privukle interes te ponekad ne odrazavaju stvarnu boju predmeta ili
pojava. Sam logo mijenja svoje boje ovisno o cjelokupnom dizajnu naslovnice. U skladu s
tonalitetima i mapama boja koje se pojavljuju, ¢esto su jednobojne ali se takoder ponavljaju i
naslovi koji koriste uglavnom primarne boje [16].

Casopis za mlade — Radost, slika 7, takoder je veselih boja koja su zasi¢ene i jake, ai sama web
stranica je spoj privlacnih boja, te se cijela naslovna stranica bazira na jednoj primarnoj boji,
plavoj. Plava boja asocira na vedrinu, nebo, oblake ali i odaje dozu povjerenja i integriteta.
Naslone stranice ¢asopisa u skladu su s vizualnim identitetom i mijenjaju se od mjeseca do
mjeseca. Logotip je takoder jednobojan po potrebi, ali je u velini slucajeva kombinacija
primarnih i sekundarnih boja [17].



vrijeme

Slika 7. Naslovna stranica web stranice Radost [17]

3.2. Marketing za djecu

Osim Sto se koristi razumijevanje konzumeristickih navika djece i roditelja, psihologija boja
igra veliku ulogu u sveukupnom dizajnu i nacinu prodaje proizvoda. Kod marketinga za djecu
koriste se primarne i sekundarne boje, izbjegavaju se uzorci i kompleksniji oblici u izradi
vizuala. Dukatino, jedan od primjera s hrvatskog trziSta na kojem se moze vidjeti primjena

svih dosad spomenutih nacela [18 ].

Rasti)sgetno, jedi) fino.

== Vitamin D
Kalcij 1 Proteini

Slika 8. Dukatino maskota [18 ]

Dukatino maskota je zute boje, dok su najvaznije Cinjenice za roditelje istaknute u tri razlicite
boje i to primarne. Zuta je boja na koja djecu potice na pla¢, a emocionalni dozivljaj koji Zuta
ostavlja je sreca i energicnost sto korespondira s marketinskim navodima za ovaj proizvod.
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Slika 9. Dukatino web promocija [18]

Na slici 9 moze se vidjeti savrSena uporaba zelene, crvene i plave boje. Koriste se navedene
boje u kombinaciji sa Zutom koja je dio cjelokupnog vizualnog identiteta i boja maskote.
Analizirajuci pojedine elemente na ovoj slici, vidljivo je kako je kuca koja prezentira dom i
stabilnost, crvene boje — snazna, energicna i topla, karakteristi¢no zeleni okolis i prostrano
plavo nebo. Povezivanje stvarnih, iskustvenih elemenata s idejom koja se prenosi odrazava
bliskost, iskustvo i potice emocionalna stanja koja su djeca do odredene dobi imala prilike
iskusiti [28 1.

Jos jedan hrvatski proizvod namijenjen djeci —Jana Junior voda, slika 10. Prozracnost, Cistoca
i zdravlje vezu se na Cinjenicu da se prodaje voda, zdravi i osvjezavajudi napitak ali je potrebno
ugoditi i dje¢jem oku. Inace tipi¢no svijetlo plavo izdanje Jana vode u manjoj militrazi,
ukraseno je vibrantnim bojama i logotipom koji na prvi pogled opisuje o ¢emu je rijec.
Posebna izdanja ove vode jos su viSe ukrasena bojama, a kod primjera koji se vidi na slici 11.
pojavljuje se i Jana voda s okusom cole, koja je prikazana kao tamno smeda boca s
primjesama crvene [19].
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Slika 10. Jana voda za djecu [19]
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Slika 11. Jana Junior voda s okusom cole i viSnje [19 ]

4. ZAKLJUCAK

U skladu s ocekivanjima, svi razmotreni portali, marketinske kampanje i ¢asopisi za djecu
odgovaraju saznanjima koja postoje o nacinu percepcija boje kod djece. Pregledani materijali
pokazuju kako se u marketingu i medijima za djecu koriste jake i zasi¢ene boje koje djecje oko
moze bolje percipirati. Kako djecje oko ne raspoznaje tonove i nijanse odredene boje jako
dobro, graficki dizajneri odlucuju se za koristenje istih u puno manjoj mjeri. Crvena, zelena i
plava boja, dominiraju u svim materijalima, dok se tu koristi | Zuta boja. Odnos koristenja
hladnih i toplih boja je podjednak.

Sve boje koriste se podjednako na vec¢im povrsinama, dok su segmentirani dijelovi kojima je
namjena istaknuti, izdvojiti ili odjeliti takoder jednobojni, za koji se cesto koriste
komplementarne boje. Smeda boja i akromatske boje, te njihovo nijansiranje je izbjegnuto u
potpunosti. Cak su i likovi ili objekti koji su u stvarnosti, obojeni nekim od tih boja, uspje$no
izbjegnuti i prikazani kroz najslicniju vec koristenu boju.

Zanimljivo je takoder napomenuti kako se cesto u medijima pojavljuje narancasta boja, koja
je prema statistickim podacima odraslima najmanje omiljena boja, dok je kod djece Siroko
prihvacena. Topla je, za razliku od crvene, nije previSe agresivna, ali ujedno nije niti
frustriraju¢a za malu djecu poput Zute. Cesto se koristi plava boja, koja je jednako prihvaéena
kod zenske i muske djece, ali ujedno i kod odraslih ljudi.

Marketing i mediji za djecu tako prate sva relevantna saznanja o segmentiranosti trzista za
koje stvaraju proizvod, prate trendove u podrucju psihologije boja i prilagodavaju se aktualnoj
potraznji. Cilj marketinga za djecu je privuci dijete, ali je posljedi¢no i cilj privudi roditelje koji
su financijski sposobni kupiti neki proizvod ili konzumirati sadrzaj. Pronade li se nacin za
uspjesno kombiniranje boja koje su zanimljive djeci i roditeljima, stvoren je pocetni uvjet za
kupovinu i konzumaciju proizvoda.
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Abstract

Counterfeit methods are more sophisticated than ever before, so it is necessary to implement as many
different methods as possible to get reliable information on the origin of the banknotes. FTIR
spectroscopy provides exactly this, a different approach to the identification of different banknote
components, from the paper itself, to the characterization of the inks, holograms and watermarks.
This paper will examine similarities and differences in the composition of paper used for making
banknotes in six different currencies, and at the same time deal with the characterization of the
unique features of a particular currency. Also, consistency within the particular currency will be
examined by comparing multiple banknotes of the same denomination.

Keywords: banknote, FTIR spectroscopy, counterfeit.

Sazetak

Metode krivotvorenja su sofisticarnije nego ikada prije, Sto automatski ukazuje na potrebu
implementacije Sto veleg broja razli¢itih metoda prilikom istrazivanja podrijetla novcéanica. FTIR
spektroskopija pruza upravo to, drugadiji pristup idetifikaciji razlicitih komponenata novcanice, od
samog papira do sastava bojila, holograma i/ili vodenog ziga. U radu Ce se ispitati slicnosti i razlike u
sastavu papira koriStenog u proizvodnji novéanica za Sest razlicitih valuta, te ce se u isto vrijeme
istraziti jedinstvene karakterisitke pojedine novcanice. Konzistentnost unutar pojedine valute ispitati
Ce se usporedbom veceg broja novcanica iste nominalne vrijednosti.

Kljucne rijeci: novcanica, FTIR spektroskopija, krivotvorena novcanica.
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1. INTRODUCTION

Counterfeiting money is one of the oldest criminal activities; it dates back all the way to the
5t century AD, and it got more and more sophisticated during the centuries.

Every year, approximately 600 ooo Euro notes are removed from the circulation [1]. As for
Croatia, a total of 353 counterfeit Kuna banknotes were withdrawn from circulation in the first
six months of 2016, which is an increase of 64.2% relative to the number of counterfeit Kuna
banknotes registered in the same period in 2015 [2]. In the same period, 72 counterfeit US
dollar banknotes were registered, as well as 206 counterfeit euro banknotes.

The authentication of detected counterfeit banknotes has shown that counterfeiters often
imitate some security features, such as the security thread, watermark, hologram and optical
variable ink element.

In order to prevent banknote counterfeiting, every new edition increases the number of
security elements of the banknotes, from adding security threads that react to UV light, 3-D
security ribbons woven into paper, watermarks, colour shifting inks, in addition to micro
printing and raised printing elements. Of course, paper itself contains additional security
fibres. Naturally, the number of counterfeit element depends on the denomination of the
banknote.

Nearly all modern banknotes incorporate multiple anti-counterfeiting devices. Some,
especially high-denomination notes, may have as many as fifty such elements, some obvious,
some secret. This range from multiple alphabetical fonts, differing sizes and shapes for letters
and digits in serial numbers, to special inks that can only be seen under ultra-violet or infrared
light. Heat transfers of optical variable devices (OVD) and/or holograms are also favoured on
modern banknotes

Through history, cotton paper was used for hundreds of years as a basis for the major
currencies, and it is still widely spread due to its customizing ability during the production
process with security threads, embedded watermarks and machine-readable elements while
at the same time offering unlimited opportunities for attractive banknote design due to its
high print quality. Eventhough most of the generally used banknotes around the world are
made of paper; different plastic materials are emerging and proving themselves useful.

2. MATERIALS AND METHODS

Since it is much easier to forge banknote with a similar visual characteristic as the original
than to produce a banknote with the identical chemical composition as the original FTIR
spectroscopy is great solution for the genuine validation.

FTIR spectra of samples were recorded in ATR mode, as the method is suitable for
determining the composition of organic binder materials and in some respect the
identification of pigments. Regarding inorganic pigments, many of them have characteristic
absorption bands in the mid-IR region, but at the same time there are many that either do
not absorb in that region at all or have absorptions that have their peaks at the low wave
number end and are not characteristic enough [34]. The penetration depth (dp) of the IR
radiation into the sample depends on the wavelength (1) of the IR radiation, the angle of
incidence of the radiation (9), the refractive index of the ATR crystal (nc) and the refractive
index of the sample (ns):
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FTIR spectra were recorded by FTIR IRAffinity-21 spectrometer with the Specac Silver Gate
Evolution as single reflection ATR sampling accessory with the angle of incidence at 45° and
a ZnSe flat crystal plate (index of refraction 2.4). A total of 15 cumulative scans were taken
for each sample with the resolution of 4 cm™ in the spectral range 600-3700 cm™.

Tab. 1: Currencies used in the study

. Number Number
Currencie L. Lo
Denomniation of Denomniation of
banknotes banknotes
Croatian o 0
kunas 5 / 5
US dollars 100 1 1 1
Russian 00 ] o 1
ruble 5 5
Indonesian
. 5000 1 1000 1
rupiah
Euro 50 1 10 1
Romanian
10 1 1 1
leu

3. RESULTS

Result of the measurements are given in Fig. 1-16. Spectra of paper used for printing 5okn
notes for all seven samples are shown in Fig. 1. Kuna banknotes are printed on multicolour
paper made of 100% cotton fibre [3]. Since the same spectra were obtained for the both of
the examined denominations, 5o Kuna’s and 20 Kuna'’s, only the spectra of 5o Kuna notes will
be given.

All seven spectra of okn notes, regardless of their date of issue or their current condition,
show almost identical paper composition, which implies a great reproducibility within the
same denomination notes. Same can be said for the spectra of the hologram within the same
samples (Fig.2 ). In the Figure 1, clear evidence of the cellulose substrate is given with the
peaks from 1160-998cm™ and at 898cm™.
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Fig. 3: FTIR spectra of 1 dollar note: a) front side b) back side

FTIR spectra of 1 dollar note shows again characteristic peaks of the cellulose substrate with
the peaks from 1160-998cm™ and at 898cm™, in an addition, spectra of treasury seal and the
portrait of George Washington, show an extra band at 87ocm™ which can be attributed to
CaCO3responsible for the relief appearance. The intensity of the cellulose peaks is influenced
by the composition of the paper, which is 25% linen, and 75% cotton. Spectra from the
backside show the same peaks, with different intensities.
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Fig. 4: FTIR spectra of 100 dollar note: a) back side b) front side

Backside of the 100 dollar note (Fig. 4), again confirms the equality, while the front side gives
different spectra for characteristic areas (Fig. 4), 3D security ribbon includes strong
absorption peaks at 1700,1280,825 and 750 cm™, treasury seal and the Benjamin Franklin
portrait spectra show the additional peak characteristic of CaCO3 connected with the raised
printing, while the federal reserve seal, watermark and the suptrat itself show the
characteristic cellullose bands, mentioned already.
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Fig. 6: FTIR spectra of 10 euro note a) front side b) back side

Euro banknotes are made of 100% cotton fiber, so their spectra is similar to the Croatian Kuna
banknotes. The hologram spectra of soeuro note includes characteristic peaks at 1725, 1645,
1434, 1271, 1242, 1186, 1146, 1067, 991, 838, 757 cm™ which are characteristic to the plastic
film that covers the hologram. The hologram spectra of 10 euro note (Fig. 6) includes a lower
number of peaks than in the spectra obtained in the 5o euro note; characteristic peaks are at
1725, 1434, 1271, 1242, 1186 and 1146 cm™.

The difference might arise in the origin of the banknotes, since 50 euro note was made in
Germany, while the 10 euro note was made in Spain. From the figure 5, it is clear that the
spectra from the back side of the 5oeuro banknote show identical compposition, regardless
of the position from which the spectra was obtained. The same thing can be said for the back
side of 10 euro note as well (Fig 6).

The 5o and 5oo ruble banknotes are printed on high quality cotton paper (50 ruble on light-
blue paper, and 5oo ruble on light purple paper).
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Fig. 8: FTIR spectra of 500 ruble note a) front side b) back side

Romanian leu notes are unlike most other currencies which are cotton based, made of
composed polymer. 1 leu notes (Fig. 9) can be identified by their spectra with characteristic
peaks at 1050, 1130, 1250, 1600-1500 and 1700 cm™. The spectra are the same from both sides
with the exception of eagle shaped window, and an extra peak at 8gocm™ in the spectra of

the monastery at the backside.
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Fig. 9: FTIR spectra of 1 leu note a) front side b) back side



Transparent window of 10 leu note (Fig. 10) has the same spectra as the transparent window

of 1 leu note.
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Fig. 10: FTIR spectra of 10 leu note a) front side b) back side

Indonesian rupiahs are made of long fibers from any kind of wood, or a mix of different types
of wood, with the abaca fiber used as a preferable material. Cellulose based material (Fig. 11)
is confirmed with the peaks in the region from 1160-998cm™, again with the clear evidence
of CaCO; at 877cm™ associated with the relief elements. Same reasoning and conclusion can

be applied while analyzing 5000 rupiah note (Fig. 12).
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Fig. 11: FTIR spectra of 1000 rupiah note a) front side b) back side
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Fig. 12: FTIR spectra of 5000 rupiah note
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4. CONCLUSION

Our measurements confirmed that the production of banknotes, and especially inks vary
from country to country, which is clearly seen in the obtained FTIR spectra.

Spectra consistency was confirmed within the same denomination of the currency regardless
on the condition of the banknote itself.

Since the high quality forged notes can possess fluorescent inks, holograms and metal strips,
the process of identifying the counterfeit notes is becoming extremely challenging. Once the
FTIR spectra of the genuine notes are obtained, it is quite easy, even for a non-scientist to
compare the main peaks of the forged and genuine banknotes. It also allows us to group
fakes according to the similarities of their spectra, which is beneficial in the process of
investigating their origin.

The more areas of banknotes are being measured the larger data set is obtained resulting in
higher probability of discrimining between original banknote and a counterfeit note.

REFERENCES

[1] European Central Bank News Release, 10 January 2013-Biannual information on euro banknote
counterfeiting

[2]  https://www.hnb.hr/documents/20182/855655/e-statistika-krivotvorinai-6-2016.pdf/oasfccfo-
€766-4086-80c5-352625ee53fg consulted on 1Jun 2017.

[3] http://old.hnb.hr/novcan/eobljnov.htm consulted on 1Jun 2017.

9%


https://www.hnb.hr/documents/20182/855655/e-statistika-krivotvorina1-6-2016.pdf/0a5fccf0-e766-4086-80c5-352625ee53f9
https://www.hnb.hr/documents/20182/855655/e-statistika-krivotvorina1-6-2016.pdf/0a5fccf0-e766-4086-80c5-352625ee53f9

------

aifrigneas International Conference

-l - h AAT™NID N4y
+ June 29th - July 1st 2017 ViRl Rio 2 v i ’
| Vela Luka, Korcula MATERIALS, TRIBOLOGY, RECYCLING

MOGUCNOSTI PAMETNE AUTOKOREKCIJE | DINAMICNE OBRADE
FOTOGRAFSKIH MATERIJALA NA STRANI KLIJENTA

POSSIBILITIES FOR SMART CLIENT-SIDE AUTOCORRECTION AND
DYNAMIC SELF-ADJUSTMENT OF PHOTOGRAPHIC CONTENT
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Sazetak

Fotografski proizvodni lanac, od odabira motiva do prikaza reprodukcije potrosacu, cini slijed
proizvodnih karika koje se danas uvelike oslanjaju na racunalnu tehnologiju kao sredstvo
automatizacije postupaka. Svaka takva tocka ukljucivanja racunalne tehnologije u proizvodni lanac
nudi mogu¢nost ukljucivanja pametnih algoritama za obradu i klasifikaciju primljenih podataka, te
stvaranja povratnih petlja u svrhu optimizacije postupka. Rad izlaze, ispituje i usporeduje mogucnosti
dviju standardnih web tehnologija, HTML5 Canvas i SVG 2.0, kao tehnologija koje se ukljucuju na
strani klijenta. Usredotocavajudi se na sam kraj lanca proizvodnje prikaza slikovnih sadrzaja preko
weba, rad istrazuje opseg prethodnih koraka koje spomenute tehnologije mogu preuzeti na sebe
putem pametnih algoritama za dinamic¢nu autokorekciju boja i obradu slikovnih materijala, te iznosi
pogodnosti i mogucnosti koje takav pristup otvara za optimiziaciju organizacije proizvodnje.

Kljucne rijeci: racunalna fotografija, piksel grafika, HTML5 Canvas, SVG, web dizajn.
Abstract

The chain of photographic production, starting from the choice of motive and ending with its pictorial
representation to the end user, comprises of a series of steps which are nowadays increasingly
dependent on computational technologies in automatizing its processes. Each of the points,
introducing the computational technologies into the production chain, provides a possibility to
include smart algorithms for adjustment and classification of input data, as well as for the creation of
recurring loops with the purpose of optimizing the process. The paper presents, tests and compares
the capabilities of two standard client-side web technologies: HTML5 Canvas and SVG 2.0. By
focusing on the final step of the web production chain, the paper explores a range of the preceding
production steps which these technologies can take over by using smart algorithms for tonal
autocorrection and image autoadjustments. The paper also lists the benefits and possibilities that
these technologies introduce for optimizing the organization of the pictorial production as a whole.

Keywords: Computational photography, Pixel graphics, HTML5 Canvas, SVG, Web design.
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Conference abstract / Kongresno priopcenje

Sazetak

Razvoj suvremenih grafickih komunikacija znacajno je obiljezen tehnickim razvojem prije svega
digitalnih i multimedijskih sustava te slijedom toga dolazi i do ubrzanih promjena koje prozivljavaju i
pojedini elementi grafickih medija kao Sto su tipografija, ilustracije i fotografije. Dok su tradicionalni
(pretezito tiskani mediji) zbog svoje prirode bili usmjereni na staticne i nepromjenjive elemente,
suvremene tehnologije omogucavaju i promjene u tom pogledu. U okviru grafickih medija korisnici se
sve CeSce susrecu s dinami¢nom tipografijom, animiranim ilustracijama i slicno, srodne promjene
dozivjela je i fotografija. Fotografija izlazi iz okvira stati¢nog i nepromjenjivog medija gdje se dobiva
ponovno mogucnost iznenaditi konzumenta privlacedi i zadrzavajudi njegovu paznju. Zadrzavanje
statiCnosti velikog dijela fotografije dok se zapis pokreta zadrzava tek na njenom manjem dijelu
zahtjeva novi pristup i koristenje novih metoda za procjenu kvalitete zapisa. Kako bi se osigurala
visoka semanticka vrijednost potrebno je osigurati i ouvanje kvalitete i tehnickih karakteristika. Cil]
rada je provjeriti mogucnost koristenja NR (no-reference), FR (full-reference) ili pak RR (reduced-
reference) metoda za procjenu kvalitete zapisa digitalne fotografije.

Kljucne rijeci: Fotografija, novi trendovi, semantika, procjena kvalitete slike
Abstract

The development of modern graphic communications is significantly marked by the technical
development primarily of digital and multimedia systems, therefore, making some rapid changes that
have influenced some elements of graphic media such as typography, illustration, and photography.
While the traditional media (mainly print) stayed focused on static and unchangeable elements,
modern technologies enabled vivid changes. Within the graphic media, users are more often faced
with dynamic typography, animated illustrations and such. The photography also experienced such

Corresponding author: Iva Komesar, iva.komesar@grf.hr
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changes. Photography communicates beyond limits of static and unchanged media that have the
ability to surprise consumers by attracting and retaining their attention. Keeping the static part of a
large piece of the photograph while the movement script remains only on its smaller part requires a
new approach and use of new methods for quality script evaluation. In order to ensure a high semantic
value itis necessary to ensure and maintain the quality of technical characteristics. The aim is to verify
the possibility of using NR (no-references), FR (full-references), RR (reduced-reference) methods for
evaluating digital image quality.

Keywords: Photography, new trends, semantics, image quality assessment
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DEVELOPING A MODEL OF A STRAIN (DEFORMATION) OF A DAMAGED
REINFORCED CONCRETE PILLAR IN RELATION TO A LINEAR LOAD
CAPACITY
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*University North, University Center Varazdin, Department of Civil Engineering, 104. brigade 3,
Varazdin, Croatia

Original scientific paper / Izvorni znanstveni rad

Abstract

Most researches are mainly focused on the border load strength of reinforced concrete pillar
made of high strength concrete (= 50 N/ mm2) as a supporting structural structural element.
The open question remains with the bearing capacity of the damaged AB columns of concrete
with a normal strength (<50 N / mm2) from the last century. There is an open question of
damaged reinforced pillars load capacity on buildings built in last century from normal
strength concrete (< 50 N/mm2). Based on the above mentioned questions, the planning and
realization of the experiment of exploring the strain stress (deformation) in relation to the
amount of the axial eccentric load, to the breakdown of the damaged reinforced concrete
pillar, has begun. Through real values, a model has been developed which can predict the
straining (deformation) of the deflection in relation to the size of the axial eccentric load.
After testing the function of strain stress dependency and axial eccentric load, using the
Statistics ver. 8, a study of statistically significant correlation in the frequency of actual and
value obtained by the model using the x2 test was performed. Through testing, it was found
that there was no statistically significant difference between the values of the actual
measurements and the values obtained by the mathematical model.

Keywords: load, strain, reinforced concrete pillar
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1. INTRODUCTION

Pillar as a support structural element of a construction has very important impact on ductile
effect and combined effectiveness of whole construction so it is essential to know it's
performance in complete. There was many behavioral researchs of reinforced concrete pillars
in last few decades for different types of strain’s, together with researching of aspect and
limitations of armature given to cracking and pillar’s load capacity. All previous researches
were primarly focused to linear load capacity of a construction element. Because of greater
demands of load capacity, and longer lifetime together with endurance of pillars, especially
in seismological unstable areas, researches are conducted mainly on reinforced steel pillars
made from high strength concrete (= 5o N/mm?). There is an open question of damaged
reinforced pillars load capacity on buildings built in last century from normal strength
concrete (< 5o N/mm?). Question is threat to building structure as a whole, what is remaining
time of service of damaged pillars and if there is possible and payable way of damaged pillars
recovery. Based on the above mentioned questions, it was approached to the planning and
realization of the experiment of exploring the strain stress (deformation) in relation to the
size of the axial eccentric load, all the way to the breakdown of the damaged reinforced
concrete pillar. Through real values, a model has been developed which can predict the
straining (deformation) of the deflection in relation to the size of the axial eccentric load. The
model development process has no strict rules, so modeling is first and foremost art. The only
rule is that the model must provide a realistic picture of the structure and functions of the
actual system and show the behavior of the system in different states, all the way from
working under normal conditions to testing its work in critical situations, respectively
examining the system's adaptivity to changes in key parameters.

Modeling can be explained as a process of building a representative of a real system and its
use for the purpose of solving the perceived problem, where only those characteristics of the
real system that contribute to the problem solving are important. The use of a well-designed
model provides valuable information on problem-solving possibilities, as well as about all
variants of a possible solution, and also about the possible adverse impacts and states in
which the actual system can be found by changing certain features of the system [Harell R.
C. and others, 1996].

Contemporary modeling of complex systems assumes the use of computers in defining
requirements and model building, although the entire modeling process is still based on the
knowledge, logic, abilities abilities and experience of the modeling person and can not be
fully automated. The use of computers in the modeling process applies primarily to the
mathematical calculations of the value of individual characteristics, because the complexity
and the amount of such calculations is increasing with the geometric progression in
dependence on the increase in the number of elements of the model [Jain and others, 2001].

The purpose of the model developed for this work is prediction. It involves evaluating the
value (quantitatively or qualitatively) of system variables over a given time period, based on
knowledge of other systems, respectively changes in the value of their variables in the same
time period. Models are often developed to anticipate the effect of changing the system's
driving factors or system results. Prediction models can be very simple (often empirical) but
may be more complicated. They must have a certain level of accuracy in the reproduction of
previous measurements and thus require calibration data and other independent verification
data [Gotal Dmitrovi¢ and others, 2017].
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The prediction is based mainly on quantitative data, although qualitative data can be used
with them. Quantitative data refer to measurable characteristics or flows across the system
and can be collected as time series, as parts of a given area, or by surveying a particular
population. Qualitative data or information includes professional opinions, beliefs, or some
kind of information obtained from surveys and conversations. This information can be
categorized (yes / no, high / middle / low ...), but may also be descriptive or specific by
regulation.

Almost every model development relies on quantitative and qualitative information.
However, models based on quantitative data rely mainly on the theory or knowledge gained
by iterations in the development of their conceptual model.

2. PREPAIRING OF A RESEARCH

2.1. Research of the damaged reinforced concrete pillar

The choice of an experimental pattern for measuring the strain-deformation stress at the
deflection is largely dependent on the area of the slenderness of the reinforced concrete
pillar, which depends on the geometric size of the model (Fig. 1) and on the way of fixing of
the ends of the pillar of the so-called edge conditions (Fig. 2).

N
o
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S $=208 8em’ X 2
| ‘ | L =L
140 J/so ,
Fig. 1: Cross section Fig. 2: Edge conditions

According to European norms (EC-2, EN) [Ref ... ..] pillars are considered short and no budget
is required for theory of 2" order If the increase of the bending moment determined by the
st order theory due to deformation is not greater than 10%. This is fulfilled when the
condition is met:

A =25(w+0,9) (2-M01/M02) (2)
where are:
As'fyd . . .
W ; if Ag is unknown, w is taken o,1
Ac'fcd
4 The surface of the armature in the transverse section
s of the element
A coefficient of the element slenderness
First-order moments at the ends
MOl,MOZ

- if moments are o, ratios are taken 1,0
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Review of slenderness of the reinforced concrete pillar length of 175 cm, cross section 20 x12
cm.

1=2% dnax (2)
Where are:
lo Element deflection length

[ = \/AI The radius of the inertia in the direction of the smaller deflection
(o

resistance
I Moment of inertion
A, Cross-section surface

Selected is a 20 x 12 cm cross section, 175 cm long research form with the length of the
damaged part of 40 cm in the middle of the height of the pillar, ie the damage is in the range
of 67,5 cm to 107,5 cm height of the research form. The research form is made of concrete C
25/30 with longitudinal bars of B5oo 4 x 20 mm and forks B36o 6 mm /15 cm (/ 10 cm at both
ends of the research form). By setting the basic parameters of the selected reinforced
concrete pillar, not taking into account the damage of cross section of the research form, the
slenderness was A = 50,52, which is more than the calculated Amax = 29,61 limit. Therefore,
the reinforced concrete pillar for the analysis has a slenderness greater than the boundary
and a calculation is required by 2nd order theory (calculation for slender pillars).

2.2. Research form reinforced concrete pillar cross-section damage

According to the investigations of undamaged samples of the pillar [Némecek J. and others,.
2004, Rabie M., 2012] after the breakdown, there was noticed a localized type of damage of
the examined samples, "wedged” shape approximately at the center of the column, depth of
damage of 1/4 to 1/2 of horizontal section length and damage length 20-30% of total column
length. This type of damage also occurs on the buildings of the last century, so for an
experiment a similar damage was made in the shape of the rectangular triangle cross section
and was placed in one of the corners of the rectangular cross section. The cathetes of the
triangle are given by the "b" side of the cross section 10,4 cm and by the "h" side 6 cm (Fig.3).

2.3. Excentric axial force

Since eccentric loading of columns is often in constructed structures, and because of the
assumption of increasing the deformation of the deflection in the direction of the larger
inertia torque of the cross section, the eccentricity of % h of axial force is determined on the
half section of the column where damage is present. In the direction of the lower inertia
torque of the cross-sectional area, the position of the axial force action was determined with
no eccentricity (Fig. 3) for the reason that the impact of the damage to the pillar curvature
would be more noticeable.
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Fig. 3: Research form

3. DESCRIPTION OF MEASURING AND RESULTS

Load on both ends of the research form is applied by a hydraulic press over a metal plate
witha a surface of half-size of cross-section (h / 2 - b) of the research form, located on the
cross section at which damage is present. Thus, the axial force, eccentric to the height (h) of
the cross section of the research form, was gradually applied and the research of the research
form was measured every 5o kN at four measurement points using a 0.01 mm precision
measuring instruments.

The measuring points shown in Figure 3 were placed on two undamaged sides of the research
form, with right angle between, two placed at the center and two in a quarter of the height
of the research pattern, planar on the half of the "b" and "h" sections of the research pattern.
The expected deflection of the "b" and "h" sides outwards, relative to the vertical axis of the
research form was achieved. Because of the eccentric loading and damage on the opposite
side of the measurement, significant bending of the side "b" was noted, ie a larger deflection
was recorded in the direction of the maximum inertia torque of the cross section, while in the
direction of the minimum inertia torque moment of the cross section was markedly less
deflection but in the expected direction, or side "h" opposite to the damage, it is also moved
outward in relation to the vertical axis of the research form. The results obtained are shown
in Tab.1

Tab. 1: Result of stress strain changes
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F/Fult €1 € €3 €,

0 0 0 0 0
0,122 0| 0,043 0 0
0,244 0,180 0,011 0,126 0
0,366 0,460 0,057 0,320 0
0,488 0,586 0,140 0,406 0,006
0,610 0,666 | 0,286 0,469 0,103
0,732 0,754 | 0,549 0,509 0,234
0,854 0,891 | 1,286 0,514 0,571
0,976 1,071 2,971 0,520 1,183

With the ver. 8st Stat Soft Inc. application Statistica, the stress dependency function (€) is
tested at each load point (F). According to the results obtained, in the T2 and T3 functions the

strain corresponded to the logarithmic function (Fig. 4 and Fig.5) and this:

Ta: f(x)=0,962+1,1422:l0g10x (3)
T3: f(x)=0,5723+0,634-10g10x (4)
1,2
1,0 +
0,8 r
06 r
(R
]
-
0,4 |
0,2
0,0 | <
0,2 : : : : : :
-0,2 0,0 0,2 04 06 0,8 1,0 1,2

Var1

Fig. 4: Load stress dependence in item 1
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Fig. 5: Load stress dependence in item 3
Unlike points 1 and 3 in points 2 and 4 the function of the reluctance were exponential
functions (Fig. 6 and Fig. 7):
T2: f(x)=0,0075-e59489 (5)

T4: f(x)=9,9514-10'5.e10,0662-x (6)
35

3,0 |

25 |

20 |

15}

Var3

10

o
o
<

>

-0,2 0,0 0,2 04 06 0,8 1,0 1,2
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Fig. 6: Load stress dependence in item 2
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1,2

With the x? test, the existence of statistically significant correlations in the actual frequency
and value of the computed ones was calculated. This test is used to test the significance of
the difference between the obtained (fd) and expected (fo) frequencies. Defined by the

formula [Sosi¢, |. 2006]:

f3—fo)?
XZZZ(dfO)
0

Tab. 2: Values derived from dependency functions

F/Fult €1 €2 €3 €,

0 - 0,0075 - 0,000099514
0,122 -0,0816 0,0155 -0,0069 | 0,000339806
0,244 0,26228 0,03202 0,18391 0,00116032
0,366 0,46341 0,06617 0,29555 | 0,003962092
0,488 0,60611 0,13672 0,37476 | 0,013529178
0,610 0,7168 0,28252 0,4362 | 0,046197471
0,732 0,80724 0,58376 0,4864 | 0,157748416
0,854 0,88371 1,20624 0,52884 | 0,538656383
0,976 | 0,94995 | 2,49247 | 0,56561 | 1,839325595

x2 test results are shown in Table 3.

Tab. 3: Values of 2 test

Function 1 Function 2 Function3 | Function 4
x> 0,026 0,374 0,017 0,136
Degrees of freedom | 6 8 6 8
P 0,99999964 | 0,99995611 | 0,9999999 | 0,99999916
Conclusion There is no | There is no | There is no | There is no
statistically | statistically | statistically | statistically
significant | significant | significant | significant
difference difference difference | difference

(7)
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Differential equation system is used to show the change of tension (d¢) of the load change
(dF):

Ta: de=0,962+1,1422-log(dF) (3)
Ta: de=0,0075-59489-dF (5)
T3: de=0,5723+0,634-log(dF) (4)
Ty de=9,9514-1075-g10/0662-dF (6)

4. CONCLUSION

The experiment showed that at the linear increase of the load on the research form, due to
the eccentric position of the axial force and the damage on the opposite side of the
measurement, a significant curvature of side "b" was recorded, that is, the larger deflection
was recorded in the direction of the maximum moment of inertia. In the direction of the
minimum moment of inertia there was significantly less deflection, but in the expected
direction, or side "h" opposite to the damage, it also turned outward in relation to the vertical
axis of the research form.

Compared to the linear increase of the eccentric axial force the deformation of the curvature
took place in the form of exponential function at the points T2 and T4 and according to the
logarithmic function at the points T1 and T3. Thus, deflection of side "b", although in the
direction of the maximum inertia moment, takes place in exponential function, while
deflection of the page "h" takes place according to the logarithmic function.

By performing a x2 test, it is proved that the functions describe the actual data statistically,
that is, that there is no statistical difference between the actual data set and the number of
data obtained by the function. The equations obtained were translated and merged into the
differential equation system and a mathematical model of behavior of damaged reinforced
concrete pillar made of concrete of normal strength (<50 N / mm?) due to axial eccentric load
was conceived.
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Sazetak

U ovom radu prikazat ce se potencijalne primjene tzv. kvantnih tockica (QD) kao zastitnog elementa
u borbi protiv krivotvorenja u tisku raznih vrijednosnica. Kvantne tockice ili nanokristali su poluvodicke
Cestice nanometarske velicine koje mogu imati opticka svojstva koja proizlaze iz pojave koja se naziva
kvantno ogranicenje ili kvantno zatocenje. QD je slozena nanomjesavina koja ima jedinstvena opticka
svojstva. Moze se odabrati odredena kompozicija, struktura i / ili veli¢ina kvantne tockice da bi se
postigao zeljeni spektar valnih duljina svjetlosti emitiran iz kvantne tocke nakon stimulacije s
odredenim izvorom pobude. Bududi da zeljeni spektralni odgovor ovisi o veli¢ini QD, kombinacijom
QD razli¢itih veli¢ina, moze se dizajnirati jedinstveni spektar koji zatim karakterizira odredeni
proizvod. Tehnika ispisa koja je najvise koristi je inkjet ispis, medutim, ne postoje ozbiljne prepreke
implementacije QD i u drugim tehnikama tiska (offset, flexo, ...). Generiranje preciznog sastava QD
temeljenog na njihovim veli¢inama se moze posti¢i takav spektralni odgovor koji bi predstavljao
personaliziranu zastitu od krivotvorenja raznih tiskovina..

Kljucne rijeci: Kvantne tockice, Ink jet, zastitni tisak.
Abstract

In this paper, we will present potential applications of so-called " Quantum Dots (QD) as a protective
element in the fight against counterfeiting in printing of various securities. Quantum dots or
nanocrystals are semiconductor nanoparticle particles that may have optical properties resulting from
a phenomenon called quantum restriction or quantum capture. QD is a complex nano-solution that
has unique optical properties. A certain composition, structure, and / or size of the quantization can
be selected to achieve the desired wavelength spectrum emitted from the quantization point after
stimulation with a particular stimulus source. Since the desired spectral response depends on the size
of QD, the combination of QD of different sizes can be designed a unique spectrum that is then
characterized by a particular product. The most popular printing technique is inkjet printing, however,
there are no serious obstacles to QD implementation and other printing techniques (offset, flexo, ...).
Generating a precise QD based on their size can achieve such a spectral response that would represent
personalized protection against counterfeiting of various printers.

Keywords: Quantum Dots, Ink jet, Protective Printing.
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1. UVOD

Krivotvorenje je svjetski problem koji dovodi do ekonomskog gubitka stotine milijuna dolara
svake godine. Priljev krivotvorenih predmeta na trziste negativno utjece kako na potrosace
tako i na proizvodace. Korporacije koje proizvode najcesce krivotvorene stavke gube milijune
dolara prihoda. Za potrosace, prisutnost tih krivotvorenih predmeta povecava rizik od
kupnje, umjesto legitimnih, neispravne ili proizvode loSe kvalitete. Obi¢no se krivotvori
odjeca, dokumenti i novac [1]. Medunarodna trgovacka komora procjenjuje da je vise od 7%
svjetske trgovine krivotvorenim proizvodima [2].

Da bi se sprijecio taj problem, tehnologija zasStite od krivotvorenja se stalno razvija i
poboljsava. Ova tehnologija nastoji obiljeziti autenti¢ne stvari na nacin koji je vrlo tesko
kopirati. Medutim, s obzirom na znadajan iznos ukupne svjetske trgovine koji se odnosi na
krivotvorene proizvode, proizvodaci predmeta koji se najceSce krivotvore spremni su
potrositi znacajna sredstva kako bi drzali korak s novim metodama protiv krivotvorenja [3].
Naime, pozeljno je da je primijenjena tehnologija protiv krivotvorenja takva da je
krivotvoriteljima vrlo tesko kopirati predmet od interesa, a da istovremeno korisnici mogu
lako identificirati Zeljenu predmet.

2. QUANTUM DOTS

Prema procjeni americke National Nanotechnology Initiative, u svijetu je u 2005. U
nanotehniku je ulozeno g milijardi dolara. Izmedu 1998. i 2003. Javna ulaganja u Europi su
povecana Sest puta, a u Americi i Japanu osam puta. Globalna trziste tog podrucja, koje je u
2009. iznosilo 11,7 milijardi dolara, trebalo bi dosegnuti 90,5 milijardi dolara do 2021 od 39,2
milijardi dolara u 2016 po slozenoj godisnjoj stopi rasta (CAGR) od 18,2%, od 2016. do 2021.
godine [4]. Aplikacije nanotehnologija su sveobuhvatno definirane kao kreacija i koristenje
materijala, uredaja i sustava kroz manipulaciju materije na skali ispod 100 nanometara, te
pojavu novih svojstava i fenomena dobivenih na toj razini. Pod pojmom nanotehnologije
podrazumijevaju se nanomaterijali (nanocestice, nanocjevcice, nanostrukturirani materijali,
nanokompoziti i nanostrukturirane povrsine), nanoalati (alati i tehnike za sintezu
nanomaterijala, manipuliranje atomima i proizvodnju struktura za uredaje te za mjerenja i
karakterizaciju materijala i uredaja na nanoskali (nanolitografiju i scanning probe
mikroskopi)) i nanouredaji (nanosenzori, nanoelektronika i optoelektronika). Posebnu
pozornost u novije vrijeme pobuduju tzv. stani¢ni motori, koji bi trebali oponasati rad
bioloskih sustava [5],[6] .

Kvantne tockice (QDs) su anorganske cestice poluvodica koje pokazuju opticka i elektronska
svojstva ovisna o velicini i obliku. Zbog tipicne dimenzije u rasponu od 1-100 nm, omjeri
povrsine i volumena materijala postaju veliki i njihova elektronska stanja postaju diskretna.
Stovise, zbog Cinjenice da je veli¢ina poluvodi¢kog nanokristala manja od veli¢ine eksitona
(neutralna kvazi Cestica sastavljena od jednoga elektrona i jedne Supljine koji su vezani
Coulombovom silom), nosaci naboja postaju prostorno ograniceni, Sto povecava njihovu
energiju (kvantno ogranicenje). Prema tome, optoelektronicka svojstva ovisna o velicini i
obliku ovise o efektu kvantnog zatvaranja. Zbog tog ucinka, emisija svjetlosti iz tih Cestica
moze se podesiti, kroz ultraljubicaste, vidljive i blizu infracrvene spektralne raspone.

QD posjeduju mnoge prednosti koje ih ¢ine zanimljivima za nekoliko primjena:
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- Prikazuju simetri¢ne i uske emisijske spektre i Siroke spektre apsorpcije, sto omogucuje
istodobno koristenje jednog izvora svjetlosti za uzbudljivanje viSekolikih kvantnih tocaka bez
preklapanja signala.

- Oni imaju svjetliju emisiju i ve¢i omjer signala i buke u usporedbi s organskim bojama.

- Njihova stabilnost je zbog anorganskog sastava koji smanjuje ucinak fotobleachinga
(gubitak boje pigmentom poput klorofila ili rodopsina kada je osvjetljen) u usporedbi s
organskim bojama.

- Zivotni vijek

Quantum dots (QD) koriste se kao element sustava kripto zastite za stvaranje velike koli¢ine
raznih kombinacija (oznake kodiranja), te njihovu primjena u raznim materijalima (papir,
metal, keramika, drvo, tekstil, ...) za daljnje daljinsko ili kontaktno ocitavanje . Ova

tehnologija obiljezavanja, zbog jedinstvene karakteristike spektra QD, sluzi za zastitu
sigurnosnih papira i objekata s visokim stupnjem sigurnosti od zamjene ili krivotvorenja.

QD je nanokompozitna smjesa posjeduje jedinstvena opticka svojstva. Fluoroscencija
kompleksnog sastava se opaza kada je onizlozen UV, ljubicastom, plavom ilizelenom svjetlu.
|zrazita znacajka oznake je kombinacija originalne boje same oznake i boje koja je
fluorescentna obasjana UV ili vidljivim izvorom svjetlosti [7].

Osim vizualne kontrole fluorescentni kod se moze procitati prijenosnim uredajem. Varijante
kombinacija jednostavnog koda zajedno s jeftinim i kompaktnim uredajem za odredivanje
koda, pomocu spektrometrijskog ocitavanja, kao i obiljezavanje kompleksnog sastava
omogucuje dekodiranje informacije o osiguranom objektu sredstva.

Fig. 2: QD - poluvodicki kristali tipi¢ne veli¢ine 2-15 nm.
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Fig. 2: Ovisnost fotoluminescencijskih (PL) spektara o veli¢ini CdSe QD kao posljedica simultane pobude
svjetloscu valne duljine 365 nm . Neposredno opticko svojstvo koloidnih kvantnih tockica je njihova boja.
Sto je veca tocka, crveniji (niza energija) je fluorescentni spektar. Kvantne toéke mogu se sintetizirati s
vecim (debljim) ljuskama (CdSe kvantne tocke s CdS ljuskama). Debljina ljuske pokazala je izravnu vezu sa
spektroskopskim svojstvima cestica kao sto je vijek trajanja i intenzitet emisije, ali i njihova stabilnost.
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Fig. 3: Spektri emisije i apsorpcije raznih veli¢ina CdSe nanokristala

2.1. Opticka svojstva QD

Opticka svojstva nanocestica proizlaze iz interakcija izmedu elektrona, rupa i njihovih
lokalnih okolina. QD apsorbiraju fotone kada energija uzbude prelazi granicu razmaka.
Tijekom tog procesa, elektroni se krecu od valentne trake do provodne vrpce. Mjerenja UV-
vidljivih spektara pokazuju veliki broj energetskih stanja u QD-ovima. Najniza pobudena



energija prikazana je prvim promatranim vrhom, poznatim kao kvantno ogranicenje vrha.
Uzbuda na kracim valnim duljinama je moguca zbog viSestrukih elektronskih stanja prisutnih
pri visSim razinama energije. Zapravo, koeficijent molarne ekstincije postupno se povecava
prema krac¢im valnim duljinama.

Svjetlosna emisija proizlazi iz kombinacije pokretnih ili zarobljenih nosaca naboja (slika 2b).
Emisija iz mobilnih nosada nazivaju se ekscitacijskom fluorescencijom i promatraju se kao
ostri vrh. Emisijski spektar pojedinacnih ZnS-pokrivenih CdSe QDs su uski 13 nm (pune Sirine
na pola maksimuma, FWHM) na sobnoj temperaturi (8°C). Uzbudljivi Zivotni vijek
nanokristala sadrzi tri eksponencijalne komponente. U rasutom mjerenju, zivotni vijek je 5 ns,
20-30 ns i 80-200 ns, s 20-30 ns dominira (27,28). Ove pobudene stope propadanja su malo
sporije od onih organskih boja (12-5 ns), ali puno brze od onih lantanidnih sondi (1ps-1 ms).
Mjerenje jednostrukog toka nadalje otkriva da su zivotni vijek pobudenih stanja ovisni o
intenzitetu emisije.

(a)
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3 /
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Fig 4.: Usporedba (a) i (b) profila emisije izmedu Rodamin 6G (crveno) i CdSe QD (crno). QD emisijski
spektar je gotovo simetrican i puno uzi u Sirini vrha. Njegov uzbudni profil je Sirok i kontinuiran. QDs se
mogu ucinkovito uzbuditi na bilo kojoj valnoj duzini kradi od ~ 530 nm. Nasuprot tome, organska boja
rodamin 6G ima Siroki i asimetri¢cni maksimum emisije i uzbudena je samo u uskom podrucju valnih
duljina. [10]
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Fig 5.: Apsorpcijski (lijevo) i fluorescentni (desno) spektri fluorescentnih oznaka

2.2. Quantum dots za uredaje za elektroluminiscenciju

Nova tehnologija koja se temelji na organskim diodama emitiranja svjetlosti (OLED)
revolucionirala je industriju zaslona koja je u posljednja tri desetljeca dominirala zaslonom
tekudih kristala (LCD-a). OLED-ovi vise nisu ekskluzivno istrazivacka aktivnost vec se
priblizavaju industrijskim aplikacijama. Medutim, QD svjetlece diode (QD-LEDs) pojavile su
se kao odlican izbor i privukle su intenzivne istrazivacke i komercijalne napore tijekom
posljednjeg desetljeca. Koloidni QD, koji se sastoje od nanometarskog promjera anorganskih
poluvodickih kristala okruzeni povrsinskim organskim ligandima, posebno su atraktivni jer se
mogu otopina obraditi i kompatibilni s OLED tehnikama ispisa. lako je ova QD-LED
tehnologija jos uvijek relativno nova, ona predstavlja obecavajuce prednosti u usporedbi s
njegovim organskim kolegom. To su kako slijedi:

Puna Sirina na pola maksimuma (FWHM) vrha emisija iz QD-a je samo 20-30nm, ovisno o
monodispersiji postignutoj tijekom koloidne sinteze. Osim toga, FWHM organskih
elektroluminiscentnih materijala je viSe od 50 nm. Stoga, QD-LEDs predstavljaju bolji
potencijal za visoku kvalitetu slike, kontrast boja i zasi¢enost. Sudjelovanjem na dijagramu
kromatike Komisije International de I'Eclairage (CIE) koji definira razli¢itu zasicenost boja i
nijanse boje, trokut koji predstavlja mogucu QD emisiju vedi je od standarda HDTV (High
Definition Television). Na slici oba su trokuta HDTV i QD emisije prikazana u dijagramu
kromatike:
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Fig 6.: CIE dijagram kromatskih svojstava koji pokazuje da spektralna Cisto¢a QD-ova omogucava gamu
boje ve¢u od HDTV standarda.[11]

Pod radom pri visokoj svjetlini i / ili visokoj struji, toplina bi se mogla okrenuti prema
problemima degradacije uredaja. Termalna stabilnost anorganskih materijala je obicno veda
od organskih. Stoga se ocekuje da ce uredaji temeljeni na anorganskim materijalima
pokazivati duzi zivotni vijek.

e Razlicite boje za OLED-ove se postizu razli¢itim materijalima, ukljucujuci razlicite stope
degradacije i vijek trajanja svakog od njih. To znadi da se boja zaslona ovih uredaja opcenito
mijenja s vr.emenom. Medutim, u QD LED-ima se sve tri primarne boje mogu dobiti s istim
sastavom koji mijenja velicinu Cestica. Zbog istog sastava i time sli¢nog vijeka trajanja,
varijacija boje zaslona u uredajima na bazi kvantne tocke mogla bi biti manje izrazena.

* Emisijski spektri za QD-LEDs mogu dosegnuti IR raspon, dok je prilicno tesko nadvladati
najvisu emisiju OLED-a od 650 nm. Kod QD-ova, na primjer, CdSe razlicitih velicina
omogucuju ispustanje plave boje kroz crvene boje.

Polusirine fluorescencijskih vrpci QD nanocestica reda su veli¢ine 20-30 nm, koja je manja
polusirine poznatih organskih bojila (35-40 nm), ¢ime se omogucuje stvaranje vise kodnih
kombinacija. Kombinacija jedinstvenih simetricnih apsorpcijskih spektara i male polusirine
fluorescencijskih vrpci QD cine krivotvorenje smjesa za obiljezavanje napravljenih na njihovoj
osnovi mnogo teze i omogucuje personalizirani nivo zastite.

U zadnje vrijeme postignut je visok kvantni prinos (QY - quantum yield) fluorescentnih
nanokristala od 90%, koji omogucuje otkrivanje malih kolicina primijenjenih u smjesi
koristenoj za generiranje oznaka (ne vidljivo prostim okom). Kvantni prinos (QY)se moze
definirati na slijedeci nacin:

_ broj emitiranih fotona
broj apsorbiranih fotona
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Fluorescentne nanocestice takoder nadmasuju sve poznate boje u fotostabilitetu Sto jamci
ocuvanje korisnih svojstava u bilo kojim dugoro¢nim uvjetima rada.

3. PRIMJENA KVANTNIH TOCAKA

Photoluminiscencija (PL) i elektroluminiscencija iz koloidnih kvantnih tockica mogu se
ugoditi u vidljivom spektru od valne duljine od 450 nm do 650 nm kontroliranjem velicine
nanokristala. Ova raznovrsnost otvara niz mogucih zahtjeva na kvantne tockice u fotonickim
uredaje kao Sto su:

* emiteri za zaslone u boji

» modifikatori boja za svjetlece diode (LED diode)
» opticka pojacala na bazi optickih vlakana

* laseri niskog praga pobude

» fotonaponske celije na bazi polimera

* opticke temperaturne sonde

* kemijski senzori

lako kvantne tockice nisu u Sirokoj upotrebi u sigurnosne svrhe, vjeruje se da njihova
jedinstvena opticka svojstva pruzaju zastitu od gotovo bilo kojeg nacina krade dokumenata,
prijevare ili krivotvorenja. Buduci da se kvantne tockice mogu ugoditi da emitiraju u Sirokom
rasponu valnih duljina (od 400 do 2300 nm), gotovo je nemoguce za krivotvoritelja - cak i onog
s najsofisticiranijim vjestinama i znanjem o nanotehnologiji, te state-of-the-art opremom -
da oponasa unaprijed programirani kod temeljen na koristenju kvantnih tockica na
autenti¢cnom proizvodu. Kombiniranjem tockica s razli¢itim valnim duljinama odgovora,
promjenom njihove koncentracije ili koriStenjem razlicitih valnih duljina pobude
nemogucnost odgonetanja enkripcije eksponencijalno raste.

3.12. Tehnicki parametri

Tab. 1: tehnicki parametri

Razdoblje od skladistenja i identifikacije koda na
oznacenom objektu

Do 20 godina

Otpornost na izravno dugorocno izlaganje suncu
i drugim ¢imbenicima okoliSa

da

Raspon uvjeta temperatura - vlaznost, na kojoj je
prepoznatljivost koda ocuvana

Od -60 °C do +60 °C (dugotrajna izlozenost)
Do 250 °C (kratkotrajna izlozenost)

Spektralno podrucje rada

vidljivo, blisko infracrveno (450-800 nm)
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3.2. Ispitivanje fluorescentnih oznaka

Nezavisni klimatski testovi prototipa modela fluorescentne oznaka s QD su provedena na
Cetiri nacina:

e umjerena klima (5 dana na temperaturi od 23 + 2 °C i uz relativnu vlaznost od 40 + 2%);

* tropska klima (5 dana na temperaturi od 50 £ 2 °Ci uz relativnu vlaznost od 95 + 2%);

* Ubrzano termalno starenje - 24 sata na temperaturi od 70 °C s cirkulacijom zraka;

e Ubrzano aktinotermalno starenje - 24 sata na temperaturi od 45 °C i uz relativnu vlaznost
od 55% uz izlaganje zracenju Xenon lampe kapaciteta 2kW (ekspozicija je ostvaruje s unutar
raspona valne 300-80o nm (vidljivo + UV zracenje)

4. INKJET

Ink jet tisak je jednostavna metoda u teoriji, ali je prilicno uklju¢ena u mnoga podrucja. Neke
od glavnih stvari koje treba kontrolirati tijekom procesa tiskanja su opadanje volumena, kap
forma i formacija, udaljenost ispisa i njezin utjecaj na kvalitetu ispisa, kinetiku isparavanja
kapljice, povrsinsku energiju podloge i povrsinsku napetost kapljice, Penetraciju ili Sirenje
parametara i debljinu sloja. Sve u svemu, materijalni se tisak znacajno razlikuje od grafickog
ispisa; U tiskanoj elektronici potrebna je ujednacenost i izvrsna kvaliteta filmova, dok graficki
tisak prihvaca diskontinuirane filmove zbog prostorne razlucivosti ljudskog oka (55 pm ili
vise). Nadalje, reoloska tinta varira i mora biti u stanju ispisati tekucine u rasponu od niskog
do relativno viskoziteta, toplih taljevina, tinte koje mijenjaju fazu itd. Medutim, raspon
viskoznosti je prilicno ogranicen jer previse viskozna tinta moze vlaziti piezo aktuator tlacnog
vala stvoren ¢ime se onemogucava ispiranje. Gornja granica viskoznosti odredena je pisaCem.
Aktivni sastojci u tinti mogu biti polimeri, metalne nanocestice, bioloske stanice ili ugljikovih
nanocjevcica, da spomenu samo nekoliko. MozZe se reci da je materijalni tisak stvorio nove
izazove u dizajnu inkjet pisaca.

Fig 7.: Ink-jet papir foto kvalitete s otisnutim pravokutnikom bojim s QD promatran pod
ambijentalnim svjetlom (lijevo) i UV svjetlosti (desno) [8]
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Fig 8.: Logo tiskan na ink-jet papiru. Dva prolaza s Mn2+ dopiranim QD (lijevo) i jedan prolaz s
Cu2+ dopiranim QD (desno) promatran pod UV svjetlom [g]

Fig 9.: Uzorak od boje za oznacavanje na temelju QD - lijevo, flexoprint uzorak pomocu QD -
desno

5. ZAKLJUCAK

IstraZivanje je pokazalo da su fotoluminescentne QD uspjesno pripremljene i formulirane u
stabilnu ink-jet formulaciju. Ona se uspjesno koristi za ispis digitalnih znakova i slika koje su
nevidljive na ambijentalnom svjetlu, ali su vidljive u razli¢itim bojama, kada se gledaju pod
UV svjetlom. Boja ovisi o veli¢ini QD koje su koritene. Ova nova tehnologija otvara znacajan
potencijal primjene u ink-jet tisku sigurnosnih dokumenata i oznaka u jednoj boji ili u punoj
boji znakova i slika, oglasavanju, ali takoder i u novim fleksibilnim fotoluminescentnim
zaslonima.

Jedna ozbiljna prepreka je pronadi alternativu kadmijevim spojevima. lako su nanokristali
stvoreni od ovog materijala ekonomski povoljni (niska cijena kosStanja) i nude visoke
performanse, oni takoder sadrze teske metale i, unatoC infinitezimalnih koli¢inama,
vjerojatno ce biti izbacene iz upotrebe u sve vecem broju zemalja, posebno onih u Europskoj
uniji, gdje RoHS direktiva (Restriction of Hazardous Substances Directive 2002/95/EC, (RoHS
1) kratica za Direktiva o ogranicenju upotrebe odredenih opasnih tvari u elektri¢noj i
elektronickoj opremi, donesen je u veljaci 2003. godine od strane Europske unije) ¢vrsto
ogranicava potencijalno Stetne tvari. Mnoge kompanije (npr. Motorola, itd.) i istrazivacki

.....

generacije kvantnih tockica.

122



REFERENCE

[1] First Global Conference in Combating Counterfeiting. 25 May 2004.
<http://www.anticounterfeircongress.org/wco2004/website.asp?page=press>.

[2] Hilton, B., Choi, CJ, Chen, S, "The ethics of counterfeiting in the fashion industry: Quality,
credence and profit issues." Journal of Business Ethics, 2004. 55: p. 344-354.

[31 Wong, K., P Hui, and A Chan, "Cryptography and authentication in RFID passive tags for apparel
products." Computers in Industry, 2006. 57(4): p. 342-349

[4] Nanotechnology: A Realistic Market Assessment, Report Code: NANO31D, BCC Research,
November 2016.

[5] Borm, P. J. A. et al.: The potential risks of nanomaterials: a review carried out for ECETOC,
Particle and Fibre Toxicology, 3(2006), 1-35.

[6] Ivankovi¢ M., Nanomaterijali i nanoproizvodi — moguc¢nostii rizici, Polimeri 32(2011)1:23-28

[71 Vij, D.R. Luminescence of Solids, Plenum Press: New York,1998.

[8] Small, A.C. Novel Hybrid Materials and Their Applications. PhD Thesis, Victoria University of
Wellington, 2008, 1-2438.

[9] James H. Johnston, Aaron C. Small, Noel Clark, ,,Colour Tuneable Photoluminescent Quantum
Dots for Ink-Jet Printing of Security Documents and Labels", Chemistry in New Zealand, 2010.:
p.70-71

[10] Warren CW Chan, Dustin J Maxwell, Xiaohu Gao, Robert E Bailey,Mingyong Han and Shuming
Nie “"Luminescent quantum dots for multiplexed biological detection and imaging“2002.: p. 41-
43

[11] Irati Ugarte, Ivan Castelld, Emilio Palomares and Roberto Pacios "Quantum Dots as a Light
Indicator for Emitting Diodes and Biological Coding” Institut Catala d'Investigacié Quimica Spain
2010.: p 117-119

123



;;;;;;

aifrigneas International Conference

-l - h AAT™NID N4y
+ June 29th - July 1st 2017 ViRl Rio 2 v i ’
| Vela Luka, Korcula MATERIALS, TRIBOLOGY, RECYCLING

STRAIN DIAGRAMS OF CROSS SECTION
OF REINFORCED CONCRETE BENDING ELEMENTS

Anatoliy Kovrov?, Aleksei Kovtunenko?, Nina Vysochan*

* Odessa State Academy of Civil Engineering and Architecture, Strength of Materials Department,
65026, Didrikhsona St., 4, Odessa, Uraine

Original scientific paper / Izvorni znanstveni rad

Abstract

The article is dedicated to construction of "bending moment — curvature" diagrams for rectangular
cross sections of reinforced concrete bending elements. Assumptions and equilibrium equations used
in construction of diagrams are given in article. The algorithm for the construction of the "bending
moment — curvature" diagram is shown. The comparison of diagrams constructed by proposed
algorithm with experimantal data and with results obtained by methods proposed by other authors is
made. The analysis of the influence of reinforcement ratio on view of "bending moment — curvature"
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1. INTRODUCTION

Determination of the stress-strain state of reinforced concrete bending elements using the
deformation theory is regulated by the current normative documents [1], [2] of Ukraine. In
this case, to describe the diagram of deformation of concrete it is recommended to use the
formula:

Oc __ kec/ec1—(ec/€c1)?
fea  1+(k=2)ec/gcq (2)
or
k
£
O¢ = fcd lec=1 Ay (S_C) (2)
c1

The works of L. Mailyan [3], I. Prokopovich [4], A. Kovrov [5] and other scientists [6, 7, 9, 10]
are devoted to the development of methods for determining the stress-strain state of rod-
shaped reinforced concrete elements on the basis of the deformation model.

It is necessary to use the "bending moment — curvature" diagrams that take the most fully
account of the work of materials and which can be used in practical analysis to more fully take
into account the processes occurring in statically indeterminate reinforced concrete
structures with changing loads up to destruction.

The aim of this work is to study the influence of the degree of reinforcement on the "bending
moment —curvature" diagrams of the cross sections of reinforced concrete bending elements
and the development of a practical methodology for their construction.

2. BASICASSUMPTIONS

The following assumptions are accepted in the paper to describe the stress-strain state of
reinforced concrete bending elements:

1 Bernoulli's conjecture (the hypothesis of flat sections) is considered valid — the
deformations with respect to the cross sectional height vary linearly.

2 There is a cohesion between the reinforcement and the surrounding concrete, such that
the deformations in the reinforcement and concrete are equal to each other.

3 The dependence of "stress-strain" upon compression of concrete is described, in
accordance with the proposals of A. Bambura [6], using the formula (2).

4 The relationship between stresses and strains upon tension of concrete is described using
the Prandtl diagram.

5 The relationship between stresses and strains in tension and compression of
reinforcement is described using the Prandtl diagram.

6 Resistance of the design section is considered exhausted when deformations of the
extreme compressed concrete fiber or tension reinforcement reach the limit values,
respectively, €py and &sy.
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Equilibrium equations having the following form can be written for the cross-section of the
reinforced concrete bending element:

k+1
ZX =0:b [fcd leczl %;CST - fctd (fc;m - %)] + Es(Ascgsc - Astgst) =0 (3)
Zm =0'h f ZS 295 8(]:(+2 _ fctd gcztul _ gcztl +
U Lk +2R2ek, 2\ K2 3N2
+E; [Ascgsc (S_NC - asc) — Agt&st ( - 8_;)] -M=0 (4)

where X —a beam curvature; b — a cross-section width; d — effective depth of a cross-section;
asc — distance from the most compressed face to the center of gravity of the compressed
reinforcement; &, &s, €t — strain, respectively, of the most compressed concrete fiber,
compression reinforcement layer and tension reinforcement layer; As, Ast — area of the
compression and tension reinforcement layer, respectively.

3. CONSTRUCTION OF "BENDING MOMENT - CURVATURE" DIAGRAMS BY STEP
ITERATION METHOD

The authors propose the following algorithm for determining the stress-strain state of
rectangular cross-sections of reinforced concrete bending elements with increasing load up
to the limit state with the construction of the "bending moment — curvature" diagram:

1 The initial data for the construction of the "bending moment-curvature" diagram for the
rectangular section of reinforced concrete bending elements are:
e design values of compressive f.q and tensile f: strength of concrete;
e design value of modulus of elasticity of concrete Ec;
e ultimate compressive ¢, £c: and tensile gcs, Ectua Strain of concrete;
e design value of reinforcement strength f;
e design value of modulus of elasticity of reinforcement Es;
e ultimate strain of reinforcement f,/Es and €uq;
e dimensions of cross-section h and b;
e area of compression and tension reinforcement Asc and As;
e values of concrete covers for tension and compression reinforcement asc and as;

2 Strain of the extreme tensile fiber e = Aecr and curvature X of the bending element is set
in the first stage of work of the cross-section of the reinforced concrete bending element,
in accordance with the proposals of L. Mailyan [3]. It is assumed that A& = 0.05& and
curvature of bending elements is proposed X = 2&:.

3 Strain of the extreme compressed fiber g, strain of the compressive & and the tensile
reinforcement &;: are determined from the accepted values of strain of the extreme tensile
fiber and the curvature of the element based on the similarity of the triangles on the strain
diagram of the cross section and are substituted into equation (3).
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4 Ifthe equation of equilibrium (3) is not satisfied, then it is necessary to clarify the curvature
and repeat the calculation on points 3 and 4 until the specified accuracy is reached. In this
case, if the left side of equation (3) is greater than zero, then the curvature at the
subsequent iteration is assumed X;,; = 0.9999X;. If the left side of the equation is less than
zero, then the height of the compressed zone at the subsequent iteration is assumed
;41 = 1.0001K;.

5 The value of the bending moment perceived by the cross section for a given strain of the
extreme tensile fiber of concrete is determined by formula (4).

6 At the next step, strain of the extreme tensile fiber of concrete are increased. The
calculation of points 2...6 is repeated until the strain of the extreme tensile fiber of
concrete reaches the ultimate value.

7 The crack is formed in the section after the deformations of the extreme tensile fiber of
concrete have reached the ultimate value. Strain of the extreme compressed fiber is
increased for further construction of the diagram, in accordance with the proposals of
L. Mailyan [3].

8 Strain of the compressive esc and the tensile reinforcement &s: are determined from the
accepted values of strain of the extreme compressed fiber and the curvature of the
element based on the similarity of the triangles on the strain diagram of the cross section
and are substituted into equation (3).

9 Ifthe equation of equilibrium (3) is not satisfied, then it is necessary to clarify the curvature
and repeat the calculation on points 8 and g until the specified accuracy is reached. In this
case, if the left side of equation (3) is greater than zero, then the curvature at the
subsequent iteration is assumed R;,; = 0.9999¥;. If the left side of the equation is less than
zero, then the height of the compressed zone at the subsequent iteration is assumed
;41 = 1.0001K;.

10 The value of the bending moment perceived by the cross section for a given strain of the
extreme compressed fiber of concrete is determined by formula (4).

11 The calculation of points 8...10 is repeated until the strain of the extreme compressed fiber
of concrete or tensile reinforcement reaches the ultimate value.

The program for determining the stress-strain state of rectangular cross sections of
reinforced concrete bending elements using the constructed "bending moment — curvature"
diagrams was developed in the computer mathematics system MATLAB in accordance with
the above algorithm.

Let us compare the "bending moment — curvature" diagrams, constructed from experimental
data, to the formulas SNiP 2.03.01-84* "Concrete and reinforced concrete structures" [8], to
the practical method based on I. Prokopovich's proposals, and the proposed method.

In the experiments of R. Asaad [9g], studies were carried out of a beam having the following
characteristics: dimensions of cross section bxh=12x20sm, strength of concrete
fc=18.5 MPa, tension reinforcement 2028 of class A-400 with area Ast=9,852.sm?
compression reinforcement 196 of class A-400 with area Asc = 0,338 sm?, reinforcement ratio
M = 4,83%. "Bending moment — curvature" diagrams are shown on Fig. 1a.

In the experiments of Chin Kim Dam [10], studies were carried out of a beam having the
following characteristics: dimensions of cross-section b x h = 10 x 16 sm, strength of concrete
fe=21,2MPa, tension reinforcement 2012 of class A-400 with modulus of elasticity
Es=2,05- 105 MPa and yield strength f,= 490 MPa, area As: = 2,26 sm?, reinforcement ratio
M =1,67%. "Bending moment — curvature" diagrams are shown on Fig. 1b.
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Fig. 1: "Bending moment — curvature" diagrams

(a - experimental beam of R. Asaad [9], b - experimental beam of Chin Kim Dam [10])

A statistical estimate of the distribution of the ratio of theoretical and experimental

curvatures is given in Tab. 1.

Tab. 1: Statistical estimate of the distribution of the ratio of theoretical and experimental curvatures

Experiment of Experiment of

R. Asaad Chin Kim Dam
Sample mean My 0,9502 0,9942
Sample variance Sx 0,0944 0,1136
Selective coefficient of variation vy 0,0994 0,1142
0,8847 0,9299
Confidence interval (P=0,95) 20156 Py

Let us study the type of diagrams for different sizes of cross sections, strength of concrete
and reinforcement of reinforced concrete elements using the proposed algorithm for
constructing the "bending moment — curvature" diagrams for cross sections of reinforced
concrete bending elements.

A family of "bending moment — curvature" diagrams for a rectangular section with
dimensions 200 x 400 mm from concrete with strength of f.=15MPa reinforced by
reinforcement of class A-400 with yield strength of f, = 390 MPa and the modulus of elasticity
Es = 200000 MPa with a change of reinforcement ratio in the range from 0.315% to 2.58% is
shown on Figure 2a.

A family of "bending moment — curvature" diagrams for a rectangular section with
dimensions 200 x 400 mm from concrete with strength of f. = 20 MPa constructed with the
help of a program compiled in the computer mathematics system MATLAB is shown on
Figure 2b.
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Fig. 2: "Bending moment - curvature" diagrams with a change of reinforcement ratio

(a-fc=15MPa, b - fc = 20 MPa)

L. Mayilian in [3] pointed out that at the moment of crack formation the work of the element
is characterized by a sharp increase in curvature with a simultaneous decrease in the
perceived bending moment. The dimensions of obtained in this saddle-shaped groove in the
"bending moment-curvature" diagram depend on the type of reinforcement (prestressed or
non prestressed) and the reinforcement ratio of the element.

It can be seen from the analysis of the diagrams shown in Fig. 2, that the saddle-shaped
groove is observed only in elements with reinforcement ratio up to 0.81% for concrete with
strength of 15 MPa and up to 1.27% for concrete with strength of 20 MPa. The "bending
moment - curvature" diagram for cross section of reinforced concrete elements with higher
reinforcement ratio does not have a horizontal section corresponding to the moment of crack
formation.

4. CONCLUSIONS

The "bending moment — curvature" diagrams, constructed according to the step-iteration
method based on the complete material strain diagrams, describe the work of reinforced
concrete bending elements with sufficient accuracy. The sample mean of the ratio of the
theoretical values of the curvatures to the experimental values is from 0.95 to 1.01.

The type of "bending moment — curvature" diagrams constructed for cross sections of
reinforced concrete bending elements depends on the ratio of reinforcement and strength of
concrete.

The further research of influence of different factors on type of "bending moment —
curvature" diagram is required as well as developmet of practical method of their
construction.
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Conference abstract / Kongresno priopcenje

Sazetak

Digitalni multimedijski sustavi svojim tehnickim razvojem pridonose novu primjenu grafi¢kih medija i
elemenata, te unose nove promjene u samom grafickom oblikovanju. Graficki elementi poput
ilustracija, tipografije i fotografije danas prozivljavaju ekstremni porast u grafickom oblikovanju i
vizualnoj komunikaciji. Graficki mediji poput ilustriranih animacija, 3D animacija i pokretne grafike
prenose poruke koje korisnici ovisno o njihovom predznanju, zapazaju ili ne zapazaju odredeni
pokretni efekt, odnosno animiranu poruku. Fotografija kao graficki medij ima mogucnost privudi
korisnika ne samo kroz statican prikaz, vec i kroz odredeni efekt pomaka. Fotografija izlazeci iz svog
staticnog oblika pridonosi vecu intrigu kod konzumenta, te se sam konzument pogledom duze
zadrzava prema ne staticnom obliku fotografije. Pokretna fotografija pridodaje svoju vaznost gifu koji
moze prikazivati odredenu pokretnu poruku pomocu niza zapisa koji se uzastopno ponavljaju. Pojava
paralaks efekta kao i cinemagrapha pridonosi novom pogledu u staticnoj fotografiji. Paralaks efekt
kao novi trend pokretne fotografije ima novi pristup problematici kvalitete zapisa i same obrade.
Fotografija paralaks efekta ne samo da prikazuje blagi pomak fotografije vec i ima privid
trodimenzionalnog prostora, ovisno o samoj prikazanoj sceni. Paralaks efekt u fotografiji moze biti
izvor medijske propagande, te ima vaznu ulogu u vizualnoj komunikaciji.

Kljucne rijeci: digitlni multimedija, fotografija, paralaksa
Abstract

Digital multimedia systems with their technical development contribute to the new appliance of
graphic media and elements, and entries to new changes in graphic design itself. Graphic elements
such asillustrations, typography and photography are experiencing an extreme rise in graphic design
and visual communication today. Graphic media such as illustrated animations, 3D animations, and
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moving graphics convey messages that depend on their user prediction, observe or not notice a
certain moving effect or animated message. Photography as a media has the ability to attract users
not only through static display, but also through a certain shift effect. Photography without a static
shape contributes to greater intrigue at the consumer, and the consumer view itself longer retains a
non-static form of photography. A moving photo adds its importance to a gif that can display a
specific moving message with a series of tracks repeated in succession. The appearance of paralax
effects as well as cinemagraphs contributes to a new look in static photography. The parallax effect
as a new trend of moving photography has a new approach to writing quality issues and processing
itself. The parallax effect photo not only shows a slight shift of the photo, but it also has an appearance
of three-dimensional space, depending on the scene being displayed. Parallax effect in photography
can be a source of media propaganda, and plays an important role in visual communication.

Keywords: digital multimedia, photography, parallax effect
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Original scientific paper / Izvorni znanstveni rad

Sazetak

Inkjet tehnologija trenutno je jedna od najprimjenjivanijih tehnika digitalnog oslikavanja. Razlog
tomu je i mogucnost oslikavanja u automobilskoj industriji posredstvom viSeslojnih omatajucih
tiskovnih podloga (car wrapping = otiskivanje i lijepljenje cijelogili dijela vozila s prethodno otisnutom
folijom). Otisnute wrap folije imaju i zastitnu funkciju te su nakon postupka obljepljivanja podlozne
istim uvjetima kao i originalno obojeno vozilo: jakom suncu, visokim i niskim temperaturama,
oborinama kao $to su kisa, snijeg, tuca, esticama ili kukcima na koje vozilo nailazi pri vozniji i slicno.
U ovom radu ce se ispitati kako razliiti proizvodadi wrap folija (Orajet, 3M Scotchcal i 3M Controltac)
i solventna Inkjet boje utjeu na sposobnost realnog reproduciranja kolora, te kakva je postojanost u
duzem vremenskom periodu. Inkjet otisci su ubrzano ostareni (primjenom UV svjetlosti oslobodene
iz ksenonske lampa u SolarBox komori) u svim vremenskim periodima (od o, 6, 12, 24, 48, 96, 144 i
240 sati). Rezultati pokazuju da c¢e najbolju CMYK postojanost imati 3M Scotchcal folija.

Kljucne rijeci: oblaganje vozila, wrap folija, Inkjet, ekosolventna boja
Abstract

In nowaday Inkjet technology has also became one of the most widespread printing technologies in
car industry (car wrapping = printing and wrapping whole or a part of a wehicle in printed foil). Printed
wrap foils are, after the wrapping process, exposed to the same conditions as lacquered vehicle:
intensive sun, high an low temperatures, rainfall, snow, ice, particles or bugs that wehicle encounters
while driving etc. In this paper different types of wrapping foils (Orajet, 3M Scotchcal and 3M
Controltac) and solvent Inkjet inks are going to be tested. This investigation show how different type
wrap foils influence the real reproduction solvent Inkjet colored imprint and how their stability
changes during large amount of time. The Inkjet prints are accelerated aged by influence of UV light
(xenon lamp in SolarBox) in time period of 240 hours. The results show that the best CMYK stability
has 3M Scotchcal foil.

Keywords: car wrap, foil, Inkjet, UV, ecosolvent
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1. TEORISKI DIO

O odabiru materijala i njihovih primjena niz procesa i faktora odlucuje o kvaliteti i izvedbi
konacnog proizvoda. U proces su uklju¢ene dvije strane, one koje postavljaju zahtjeve i one
koji odgovaraju na zahtjeve. Oni koji postavljaju uvjete su vlasnici brendova koji u zelji prodaje
i realizacije angaziraju Siroki krug suradnika. To su: marketinske agencije, dizajneri, savjetnici
i stru¢njaci koji odraduju idejni dio posla (odreduju kakav proizvod je potreban trzistu u
odredenom trenutku). Drugi dio sustava su proizvodadi materijala i tehnologije koja ¢e
osigurati kvalitetnu izvedbu ideja u finalan fizi¢ki proizvod. Kada se radi o folijama za
oblaganje vozila, tu su ukljuceni: proizvodaci folija, vozila, tiskare, distributeri svih pratecih
tehnologija koji su dodirna tocka izmedu proizvodaca i vlasnika brenda. [1,2,3]

Graficki proizvodi odnosno folije koje se plasiraju na trziSte moraju zadovoljiti razne
postavljene zahtjeve. Zbog toga je razvijeno vise vrsta folija. Pri manipulaciji folijama vrlo je
bitno njihovo izrezivanje, tako da za danasnje koristenje nemoguce je zamisliti bez strojeva
za rezanje. Za takve strojeve posebno je razvijena e-cut folija (termin e-cut se odnosi na
~€lektronicko" rezanje folije — noZem kojim upravlja racunalo, u svrhu dobivanja precizno
izrezanih razlicitih oblika). E-cut folije mogu se svrstati u netransparentne (opaque) i
transparentne (translucent) folije. Za e-cut je namijenjena vecina lijevanih transparentnih i
netransparentnih folija premium kvalitete. Momentalno se za potrebe oblaganja koriste |
druge folije. Ovisno o njihovoj primjeni trenutno razlikujemo: filmove za otiskivanje,folije za
dekoraciju stakla, Di-Noc filmove, zastitne filmove. [4]

Tijekom devedesetih godina proslog stoljeca dogodila se revolucija u upotrebi folija. Razlog
tome su mogucnost personaliziranog ispisa po prihvatljivoj cijeni, razvoj visoko produktivnih
rezaca folija i Inkjet pisaCa koji koriste Inkjet boje otporne na vanjske utjecaje te razvoj
funkcionalnih samoljepljivih folija. Na trzistu najpopularniji proizvodaci Wrap folija trenutno
su: 3M, Grafityp, APA, Avery Dennison i Arlon. Osim standardnih sjajnih folija (bijela i u boji)
moguce je tiskati i na mat i kromirane folije. Mat folije se isticu svojim vanjskim slojem bez
sjaja koje se primjenjuju uglavnhom na automobile, dok su chrome folije su izrazito sjajne i
zrcalne, najcesce aplicirane na sportskim automobilima i brzim plovilima. Popularna podjela
je po kvaliteti izvedbe. U tu skupinu spadaju: premium folije (najbolje kvalitete),
intermediate folije (srednje kvalitete) te folije za promotivnu upotrebu (promotional). Za
otiskivanje Inkjet tehnologijom koriste se za premium neprozirne folije (visoka kvaliteta
otiska), a za srednju kvalitetu koriste se valjane folije. U tehnici sitotiska takoder je moguce
izvoditi otiskivanje. Pritom se takoder koriste folije najbolje kvalitete (neprozirne opaque
folije), te valjane folije koje su namjenjene za srednje kvalitetne promotivne aplikacije. [5]

Posebna kategorija su folije za dekoraciju interijera i specijalne folije za staklene povrsine.
Tipican predstavnik takvih folija su Di-Noc folije, naj¢esce primjenjivanje u arhitekturi, na
zidove.Svi slojevi takve folije za dekoriranje slicne su debljine (nanos ljepila sli¢ne je debljine
kao podlozni liner i vrsni finalni zastitni sloj). Vrsni sloj obi¢no se koriste u slucaju otiskivanja
kako bi se fiksirala otisnuta boja (slika 1).

Ovisno o karakteristikama koje se u konacnici zahtijevaju najvaznija podjela Wrap folije je
prema sastavu, odnosno, broju materijala od kojih je folija napravljena. Tako postoje dvije
kategorije: lijevane (cast) folije najcesce izradene od vinila te valjane (calendered) folije
najcesce izradene od PVC-a.
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Fig. 1: Osnovna konstrukcija folija za oblaganje [2,3]

Osim cast i calendered folija, postoji i specijalna kategorija opaque (pokrivna) folija. One nisu
definirane nacinom proizvodnje nego prozirnos¢u u dva stupnja: a) netransparentne folije
(naj¢esce namijenjene za nanosenje tiskarske boje) i b) translucent folije (polutransparentne
folije za posebne primjene). Opaque (neprozirne) folije mogu biti proizvedene | procesom
lijevanja (estrudiranje) i valjanjem (kalandriranjem). [6,7]

1.1. Proizvodnja folija za oblaganje

Lijevane (cast) folije se smatraju industrijskim premium proizvodom. Ovakve folije se
proizvode tako da se svi sastojci izmijeSaju zajedno te u tekucem agregatnom stanju izliju na
nosecu podlogu (papir). Ovim procesom proizvodi se film debljine 1-2 mm. Lijevanjem na
podlogu, film ostaje u mekom, opustenom stanju Cime se dobiva izdrzljiv, fleksibilan,
prilagodljiv i dimenzionalno stabilan film, koji dobro zadrzava Inkjet boju. Ovakve folije su
idealne za omatanje kompleksnih povrsina kao Sto su one na vozilima, gdje se ocekuje gladak
zavrsni izgled.
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Fig. 2: Proces proizvodnje vinilne folije za oblaganje

Valjane folije za oblaganje cesto se nazivaju folijama srednje do kratke trajnosti. Proces
proizvodnje pocinje nanasanjem rastaljene smjese kroz kalup nakon cega se smjesa provlaci
kroz niz valjaka za kalandriranje. Valjanjem i istezanjem proizvode se deblji slojevi folije
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(uglavhom 3-4 mm debljine) ujednacenih svojstava. Time se postize nesto manje
dimenzionalno stabilna i manje prilagodljiva folija za oblaganje koja ¢e prilikom izlaganja
toplini, imati tendenciju skupljanja. Medutim, ovakve folije za oblaganje su jeftinije ali i vise
otporne na grebanje. Njihova vec¢a masa omogucuje im lakse rukovanje od lijevanih folija, te
su ove folije pogodnije za obljepljivanje ravnih i manje zakrivljenih podloga. [8]
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O 1
a) Namotavanje @ Hladnoéa
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Fig. 3: Proces proizvodnje PVC valjane folije: a)koljenasti ekstruder s dodatkom kalendera; b) formiranje
finalnog sloja prolaskom kroz kalenderske valjke

1.2, Ljepilo kod folija za oblaganje

Tipicna Wrap folija za oblaganje je presvucena slojem ljepila na bazi otapala (ljepljivo
osjetljivo na pritisak koje se aktivira jaCim kontaktom rakela). Ljepila koristena na Wrap
folijama su formulirana tako da pri radu ostanu privremeno zalijepljena na zaobljenim
mijestima c¢ime se ostavlja moguénost manipulacije do konacnog fiksiranja (lagana
instalacija). Na trenutnom trzistu ljepila osjetljivog na pritisak ljepila su razlicito obojena. Siva
i bijela ljepila blokiraju vidljivost lijepljene podloge, a folije s prozirnim ljepilom se preporucuje
za rad samo na bijelo obojenim podlogama. [9]

Tehnicki gledano danas postoje razlicite vrste ljepila. Naj¢eSce su to: PA (Pressure-Activated
Adhesive) ljepilo aktivirano jacim pritiskom i toplinom, SP (Strong pressure Adhesive) ljepilo
aktivirano jakim pritiskom i PSA (Pressure Sensitive Adhesive) ljepilo aktivirano malim
pritiskom. Ljepilo aktivirano jacim pritiskom i toplinom (PA) je sloj ljepila koji omogucuje foliji
nesmetano klizanje po povrsini vozila, premjestanje i pozicioniranje sve do momenta jaceg
pritiska ruke ili rakela. Pritom se aktivira ljepilo i folija se fiksira za podlogu. Konacno
prijanjanje folije se ostvaruje zagrijavanjem folije na temperaturi vecoj od 38°C, nakon ¢ega
se folija trajno fiksira. Ljepilo aktivirano jakim pritiskom (SP) omogucuje foliji da klizi po
podlozi do jaceg pritiska, nakon Cega je Cvrsto vezana za podlogu i ne moze se repozicionirati
bez ostecenja. Ljepilo aktivirano malim pritiskom (PSA) omogucuje da se folija najslabijim
pritiskom cvrsto veze za podlogu i nakon toga se ne moze ponovno pozicionirati bez
deformacije folije.

U nekim od ovih adhezivnih slojeva moguce je pronaci i tehnologiju sa zracnim kanalima
(Comply Adhesive). To su zapravo folije sa zranim kanalima kroz koje se istiskuje zrak
tijekom oblaganja (kako bi se uklonili i najmanji mjehurici zraka). Ovakva tehnologija rijesila
je problem koji bi inace zahtijevao odljepljivanje dijela folije i ponovno lijepljenje, Sto bi u
nekim slucajevima uzrokovalo deformaciju folije, nakon cega bi ona postala neupotrebljiva.
[9,10]
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1.3. Nosedi sloj folija za oblaganje

Nosedi sloj folija za oblaganje izraden je od papira. Ponekad je noseci papirni sloj premazan
dodatnim slojem polietilena (s jedne ili obje strane) te dodatno oslojen silikonom sa strane
kojom ljepilo prianja na foliju. Tijekom postupka oblaganja nosedi papir se s folije skida dio po
dio kako se vece povrsine folije ne bi lijepile bez kontrole za povrsinu vozila. Ako folije imaju
adhezivne slojeve koji onemogucuju snaznije prianjanje folije bez dodatnog pritiska, u takvim
slucajevima nosedi papir se skida u potpunosti sto omogucuje lakse pozicioniranje. Noseci
slojevi mogu biti i folije. To su transparentne, elasticne ,ostakljene" folije otporne na
prodiranje zraka i masti. Medutim, one takoder posjeduju sloj silikona nanesenog s jedne
strane. [11,12]

2. EKSPERIMENTALNIDIO

Za potrebe eksperimenta izradena je CMYK testna formu s klinovima od 0-100% RTV (s
korakom od 10% RTV izmedu svakog polja). Takavo izradeni PDF poslan je na Rolandov RIP
Versa Works. Izradena tiskovna forma je otisnuta je na stroju Roland Versa CAMM VS 540i (s
Eko solventnim bojilom). Pritom su koriStene 3 eksperimentalne Wrap folije: 3M Scotchcal,
3M Controltaci Orajet.
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Fig. 4: Shematski prikaz izvrSenog eksperimenta

135



Nakon otiskivanja slijedilo je nulto mjerenje koje je ukljucivalo mjerenje kolorimetrijskih
vrijednosti karakteristicnih polja od 20%, i 100% RTV-a. Pritom se je koristio
spektrofotometar X-Rite eXact. Nakon toga sljedila je montaza 3 prethodno izmjerenih
uzoraka na nosac dimenzija 280 x 200 mm koji je prilagoden dimenzijama komore za starenje
SolarBox 1500E. Uvijeti starenja u komori bili su: temperatura od 50°C, zracenje ksenonske
lampe od 550 W/m2 uz vremenske termini kolorimetrijskog mjerenja od 6h, 12 h, 24 h, 48 h,
96 h, 144 h te 240 h. Mjereni rezultati su analizirani u programu Origin 8.5 gdje su prikazani u
grafikonima s prikazom vrijednosti promjene u obojenju (AEoo) ovisno o vremenu starenja
(polja od 20% i 100% RTV vrijednosti). [13,14]

3. REZULTATI I DISKUSUJA

Starenje otiska je proces djelovanja atmosferskih prilika (temperature, relativne vlaznosti
zraka, zracenja itd.) u duzem vremenskom periodu. Kako promjene u obojenju prilikom
starenja otisaka mogu biti uzrokovane i promjenama same podloge, bilo je nuzno utvrditi
koliko se same tiskovne podloge mijenjaju (slika 5).
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Slika 5. Razlike u obojenju bijelih Wrap folija unutar 240 sati

Za sve tri testirane folije moze se redi da su vrlo stabilne te da tijekom starenja (240h) nisu
ostvarene oku vidljive promjene. S grafikona na slici 5. ipak je vidljivo da su najvece promjene
nastale na foliji Orajet, a najmanje na 3M Scotchcal. Najvece promjene dogodile su se na
pocetku eksperimentalnog starenja (nakon 6 h u komori), i iznose AEorjet=0,31,
AEcontroltac=0,16 i AEscotchcai=0,05. Tijekom perioda od 240 sati nisu se ostvarile kolorne
promjene jer sun a kraju iznosile: AEorajet=0,35, AEcontroltac=0,24 | AEscotchcal=0,14.

Koristena ekosolventna Inkjet boja suse mehanikom isparavanja otapala. To se dogada
nakon procesa otiskivanja (udarom kapljice boje o tiskovnu podlogu). Pritom se obavezno
smanjuje debljina ostvarenog sloja boje. Kolorimetrijskom analizom utvrdeno je kako su se
tonovi procesnih boja razli¢ito mijenjali (ovisnosti o pokrivenost povrsine). Na slikama 6, 7, 8,
| 9 prikazani su rezultati CMYK mjerenja na povrsinama otisnutim s 20% rastrom (svjetli
tonovi) | punim tonovima (100% RTV-a). [15,16]

U period 240 sati cijan rastersko polje od 20% ostvaruje najve¢e promjene na pocetku
eksperimenta (nakon prvih 6 sati). Pritom se postizu sljedece kolorne promjene: AEorajet=0,27,
AEcontroltac=0,25 i AEscotchcal=0,32. Nakon toga sljedi stabilizacija vrijednosti AEoo. Izuzetak je
period od 144 h i 240 h, gdje se vidi porast razlika u obojenju za 3M Controltac foliju
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(AEt-240n=0,33). Za najtamnija polja (od 100% RTV-a), trend je isti, tj. najvece promjene
ostvarene su nakon 6 h (slika 6a). Medutim u tom trenutku razlike su u obojenju iznosile su :
AEorajet=0,52, AEcontroitac=0,38 i AEscotchcal=0,21. Takoder je zamijeceno i smanjenje AEoo
vrijednosti za foliju Orajet (AEt-240n=0,10).
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Magenta se pri starenju ujednacenije promijenila u rasterskom polju (slika 7.a). Na vinilnim
folijama 3M Scotchcal i Controltac kolorne promjene AEoo su gotovo identi¢ne (Scotchcal
AE;,on= 0,81, Controltac AE,on= 0,70). Stoga prema dobivenim krivuljama bi se dalo
predvidjeti da bi nakon duzeg vremena ove promjene mogle dostici vrijednosti razlika
vidljivih golim okom (AE>1). Folije Scotchcal i Orajet (slika 7b) ¢e na poljima od 100% RTV
imati istu tendenciju kolornih promjena (Scotchcal AE,,0n=0,44, Orajet AE.,0n=0,54). Kod
magenta otiska na foliji Controltac (s obostrano premazanim polietilenskim linerom) najveca
promjena u obojenju dogodila se nakon 12 h starenja (AE1,n=1,29). Daljnje opadanje krivulje
se moze protumaciti kao mogucnosti promjene obojenja tiskovne podloge koja moze utjecati
na ostvarene rezultate.

Prikaz kolornih promjena Wrap Zutih otisaka moZe se vidjeti na slici 8. Zuta boja je posebno
karakteristicna zbog izrazitog udjela svjetline u obojenju. Zbog toga je i osjetljivija pri
izloZenosti svjetlu i visokoj temperaturi. Opcenito, za zutu boju se uvijek olekuju najvece
kolorne promjene (u usporedbi CMYK boja) Sto je dokazano u brojnim znanstvenim
radovima. [28] Podrucje od 20% RTV (8.b) ce tijekom starenja imati linearni rast vrijednosti
razlika u obojenju (AEscotchcal=0,51, AEcontroltac=0,60 i AEorjet=0,63). Isti trend se vidi i u
podrucjima s maksimalnom pokrivenosS¢u (AEscotchcal=0,73, AEcontroitac=0,75 i AEorajet=1,14).
Ovakvi rezultati se mogu pripisati prirodi Zutog azo pigmenta i ve¢ spomenutom svojstvu
bijele Wrap folije. Stoga je za ocekivati da Ce se zbog djelovanja UV zralenja najprije izqubiti
obojenost kolornih nijansi Zute, zelene i crvene.
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Slika 9. Promjene crne solventne Inkjet boje nakon o i 240h; a) AEoo za polja od 20% RTV; b) AEoo za polja
od 100% RTV

Starenja crnih ecosolventnih Inkjet otisaka pokazuje razlicite devijacije AE vrijednosti. Na
povrsinama s manjom pokrivenosc¢u (sl. 9a) ostvarena je najveca promjena na Orajet foliji.
Ona se dogodila na pocetku eksperimentalnog starenja (AEsn=1,28). Nakon toga dolazi do
stabilizacije i vrijednosti ostaju priblizno istog iznosa kroz narednih 240 sati (AE;40n=0,94).
Medutim, mjerenja s otisaka na 3M Controltac i Scotchcal folijama pokazuju linearan trend
rast razlika u obojenju (Sctchcal AE,,0n=1,31, Controltac AE240h=1,32). Na poljima od 20% RTV
(slika 9a) vidi se potpuno drugaciji trend promjena crnih otisaka. Nakon 6 sati starenja, sve tri
krivulje priblizno su jednakih vrijednosti (Scotchcal AEgh=0,19, Controltac AEen=0,48 i Orajet
AEgn=0,39). Nakon 240 h ne dogadaju se nikakve znacajne promjene i one iznose: Scotchcal
AE;,0n=0,18, Controltac AE,,0n=0,49 i Orajet AE.,n=0,40. Iz ovoga vidljiv je trend da su
najmanje promjene ostvarene na 3M Scotchcal foliji, dok se rezultati za folije 3M Controltaci
Orajet izmjenjuju (neujednacdenost pri isparavanju Inkjet boje s Wrap folija).
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4. ZAKLJUCAK

Pri analizi eksperimentalno ostarenih Wrap tiskovnih podloga doslo se je do rezultata da
u razdoblju od 240 h nisu nastale znacajne promjene u kolorimetrijskim vrijednostima. Takve
promjene nisu vidljive ljudskim okom. Kolorimetrijski je ustanovljeno da najvece promjene
ima folija Orajet (AEorajet-240h=0,35), @ najmanje na folija 3M Scotchcal (AEscotchcal-240n=0,14).
Takoder, krivulje razlika u obojenjima ne pokazuju tendenciju rasta kroz vrijeme te su sve tri
folije zadrzale zadovoljavajuca kolorimetrijska svojstva i nakon duzeg perioda starenja.

Solventni Inkjet otisci pokazali su minorne kolorne promjene (niti jedna vrijednost nije
presla granicu vidljivosti golim okom). Medutim, preciznos¢u kolorimetrijske metode
zamjecena je tendencija rasta krivulje starenja. Najvece kolorne promjene dogodile su se na
foliji Orajet, dok je folija 3M Controltac Cesto pokazivala vece oscilacije od ocekivanih (samo
neke tonske vrijednosti).

Cijan Inkjet otisci su na sve tri folije ostvarili gotovo identi¢ne promijene (ne prelaze
vrijednost AE.0%rTv=0,6). Polja s manjom | vecom pokrivenoscu pokazala su slicne rezultate
najvece promjene ocekuju na foliji Orajet (AE.o% rTv=0,5). Otisci magenta boje na poljima
punog tona pokazuju slicne razlike za folije Orajet i 3M Controltac. U odnosu na cijan one su
znacajno vece te za manju pokrivenost iznose AE,,oh=0,7. Polja na punom tonu pokazuju
puno vece razlike (3M Controltac foliji (AEi00%rTv=1,3).

Zuti otisci pokazuju da starenjem ostvaruju sliéna odstupanje u obojenju (u svjelim
tonovima slike AE=0,6 (3M Controltac), dok u tamnijim djelovima slike na foliji Orajet
(AE=1,44). Zutu krivulje ovisnosti vremena o promjeni obojenja pokazuju konstantni rast s
koji bi nakon produljenja eksperimenta trebao dati rezultate vidljive golim okom. Na crnim
Inkjet otiscima rastriranog tona moze primijetiti velika promjena u obojenju samo Orajet
folije. Ona nastaje pri vremenu t=6 h. dok su vrijednosti kolornih promjena istu dozivjele po
zavrsetku eksperimenta (AEscotchcal 240n=1,31, AEcontroltac 240h=1,32, dok je AEorajet 240n=1,28). Za
puni ton to ne vrijedi | otisci su stabilni (ne prelaze AE>0,6).

Ispitana folija 3M Scotchcal je u vecini slucajeva pokazala najbolje i najstabilnije rezultate
U mjerenjima, stoga je za oCekivati da e se i u duljem vremenskom period slicno ponasati.
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Abstract

A distinctive feature of the silicate matrix composites unlike silicate autoclaved concrete is that they
are made on the basis of the ternary complex activated silicate concrete mixture modified by alkali
and mineral additives, and harden at 85°C and standard atmospheric pressure. Due to the
implementation of a complete activation of highly mobile silicate concrete mixture, that is one of the
technological features to obtain this type of composites, energy-saving modes of preparation were
provided. The composites and products based onthem are characterized by low density at high values
of strength, water and crack resistance and heat capacity. Now there is clear idea about the functional
role and impact on the structure and properties of silica-containing components chemo-biogenic
genesis, which were previously used either as active mineral additives or fillers. The comparative
analysis of the influence of the tripoli specific surface to the restructuring and silicate matrix
properties and porous composites modified of alkali containing additives other additives were carried
out. Based on this analysis the mechanism of formation of silicate matrix structure and properties was
grounded and proposed. It is shown that the tripoli particles promoted "physical" seal structure of
silicate matrix and the formation of capillaries’ discontinuous structure, by means of their own micro-
porosity.

Keywords: silica-containing component, silicate matrix, complex activation.
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1. INTRODUCTION

Conservation of the Earth's ecosystem is one of the main mankind tasks. Now the
development strategy of many countries is impossible without environmental technologies
or so-called "green" technologies. Their goal is blowout controls, resource-saving, waste
management, increasing of productional energy efficiency, etc. The development and
adaptation of new resource-saving technologies is one of the most advanced versions for
always urgent issue solving of competitive enterprises. The cost of building materials
depends on the raw materials they are made of and how their production technology is
energy-consuming. Cut cost of building materials and construction totally will allow the
production of building materials at the site of their using from the local raw materials and
with using of non-autoclave [1, 2, 3, 4, 5, 6] and non-fire technologies. So in order to the
conservation of the Earth's ecosystem as a planet, it is necessary the optimization — it is the
optimization of the system "man - eco- and energy-saving technologies — composite
materials — environmental conditions". This approach will have a beneficial effect on the
conservation of planet’s energy and material resources.

As progressive technological methods, it should be noted the possibility of using different
types of activation, which contribute to a reduction of energy costs and allow to control the
structure formation process in such a way as to provide the required and predicted physical
and mechanical properties of materials, products and structures.

The development of new generation materials based on a complex activated silicate mixture,
which are produced under casted technology with using of modern nanotechnological
methods [1, 2, 3, 4, 5, 6].

These materials are characterized by reduced density with sufficiently high strength, high
water-, frost-, crack-resistance and heat capacity.

2. NANOTECHNOLOGY RECEPTIONS OF PRODUCING THE COMPLEX ACTIVATED
COMPOSITES ON SILICATE MATRIX

One of the research tasks is the identification of general mechanisms of structure and
properties formation of the non-autoclaved hardening silicate composites.

Developed by the authors the complex activation includes the continuous loop of the
different types and methods of activation: mechanical, chemical and thermal [z, 2].

Each type of activation is accompanied by effects which create the conditions for the
possibility of subsequent type of activation.

The result of the complex activation is the formation of linear defects, dislocations and point
positions and substitutions. Furthermore, there may be angle change between the bonds and
the appearance of dangling bonds, which leads to the formation of free radicals in the crystals
with covalent bonds and the amorphization for molecular crystals.

Each type of activation will be caused by the prevalence of any type of deformations of the
solid phase structure. The differences will be responsible for the nature and kind of
dislocations with allowance for the extent and duration of external and internal influences.
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2.1. Mechanical activation.

Mechanical effects in the dispersion medium speed mixer activator provide
mechanochemical activation of crystalline quartz surface. The term "mechanochemical
reaction" was introduced by W.Ostwald in 1891.

Mechanochemical activation is carried out to the special properties of the newly formed
surfaces, especially changing the local chemical and phase content of solids, as well as their
aggregate state of under the influence of mechanical effects of high intensity [7].

As nanotechnology reception the mechanochemical activation reduces the viscosity of 3 or
more dispersed system containing lime [1, 2, 3]. This effect of viscosity reducing was used to
compensate the increased water demand of the mixture introducing the composite porous
opal-cristobalite rocks and using the activation of the binder together with the fine
aggregate.

2.2. Thermal activation.

Using as a binder quick lime promotes the "inner activation" of dispersed system under an
elevated temperature T=40+60°C, the formation of multiple point contacts in the dislocation
fields are appeared and the conditions for the hydration hardening unrelated in hydrous
calcium lime are created.

External thermal activation occurs in conditions of thermal-moisture treatment. In such
conditions at T=85°C contradiction is canceled, which is connected with the increasing the
quartz solubility and decreasing lime solubility with increasing its dissolution [8, g]. In
addition, the increase of pH system causes to create favorable conditions for longevity
growths GSK during the operational phase when 11.5<pH<12.5.

2.3. Chemical activation.

According to E. Avvakumov’s works [10] with the presence of water in the inorganic solid-
phase system "method of soft mechanochemical synthesis" is happened. To obtain
composite oxides from the simple oxide hydroxides are used as the starting components one
of which is characterized by acidic, the other one is characterized by basic properties. By
means of the neutralization reaction the intensification of the processes takes place. In
addition, in such system the conditions for the hydrothermal processes are created.

The acid activation occurs by introducing the amorphous-crystalline silica, alkaline activation
— the introduction of increased amounts of lime; it raises pH. The replacement of ground
quartz sand in the binder by opal-cristobalite rocks enhances to increase frost and water
resistance of the silicate matrix while reducing its density matrix to 20-25%.

Moreover, the presence of opal-cristobalite rock in the dispersion causes formation of
nanoscale in the GSK pores of these rocks; in this case they are "nanoreactor"; which walls
restrict the growth of neoplasm [11]. Also, the presence of particles of porous rocks with
different dispersion binder allows adjusting the speed and reaction kinetics of hydration [3].

The use of quick lime determines the possibility of using high modulus liquid glass as one of
the alkali addition, so the temperature rise on the forming stage allows regulating rapid
setting of such mixture.

Alkali and alkali-containing additives increase the thermodynamic instability of systems by
shifting the equilibrium caused by the formation of additional defects on the surface of silica-
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containing components. Alkali-containing additives are capable to aeration of mixtures
under the certain conditions [12].

In this work, the low-temperature aeration of concrete during introduction of the activation
to the mixture for the silicate matrix by liquid glass additives Na,O-nSiO,+mH.0 and sodium
hydroxide NaOH was provided.

3. EXPERIMENTAL

In this study, one of the objectives is to identify local laws of formation of structure and
properties of the aerated complex activated composites on the silicate matrix of thermal-
moisture hardening in order to establish and use in practice the most effective and cost-
effective methods of nanotechnology in the production process.

The forming of informative base for the optimization of technological decisions is provided
by the use of the methods of the experimentally-statistical modeling. The multifactor
experiment was carried out with the use of the mathematical theory of planning of the
experiment [13, 14, 15]. Two comparable complexes of six factor experimentally-statistical
models are calculated. ES-models by type (1) describe the dependence "mixture-properties"
and "mixture-structure". It allows to study the dependence "content-structure-properties".

To analyze the possibilities of the regulation of the structure and properties of the aerated
composites on the silicate matrix six factorial field experiments according to the 24-point
plan, such as "triangles on the cube" by type "mixture-technology-quality" was carried out
[13, 14, 15]. In the plan three mixed factors and three independent ones of the content vary
simultaneously. As three mixed factors the surface area of tripoli as the component of lime-
silica binder at levels was fixed: U1 — Sspi=400 m?/kg, Uz — Ssp2=500 m?/kg, U3 — Ssp3=600 M?/kg.
As three independent factors in the experiments the content of alkali-containing additives
were varied: x, — NaOH — (0.5+1)%, Xx; —-Na,0-nSiO,+mH,0 — (1+5)% and gypsum additives xs
—CaS0,-2H,0 — (2+4)%.

The data on the properties and characteristics of the structure of full-scale experiments
carried out in each of the 24 points of the plan were the basis for ES models calculations.

According to the experiment results ES model is calculated, which allowed to estimate the
effect of alkali-containing additives and the specific surface area of tripoli on the properties
and characteristics of the structure of aerated composites on silicate matrix.

The computation experiment has showed that the factor which has the greatest influence to
the properties is the specific surface area of tripoli. Due to the synergistic action of alkali
additives and liquid glass, taken in optimal ratios for each property and given Ssp of tripoli,
the aeration of the mixture is achieved, which lowers the density and high values of the
properties: compressive strength Ry, [MPa], bending strength Rew, [MPa], water resistance
(coefficient of softening) ks, crack resistance (critical coefficient of stress intensity) kic
[MPa-m™-], heat conductivity (coefficient of heat conductivity) A [Wt/m-K], frost resistance
F [cycles]. The introduction of additives of alkali and liquid glass increases the volume of the
mixture to 1.2+1.4 times. The density of the composite varies from 1300 to 1500 kg/m3, which
is 17+23% lower than the density of the matrix material and 25+30% lower than the density
of autoclaved silicate brick.
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4. RESULTS AND DISCUSSION

According to the experimental results the experimental-statistical (ES) models were
calculated. By ES models of optimal values of quality criteria and compositions of mixtures
have been installed. Compressive strength Rb varies from 12 to 18.5 MPa, i.e. 1.5 times, and
it is in the range of changing of the matrix material strength. Maximum strength is greater
than 18 MP3, it is obtained for compositions which are contain 5% of liquid glass, 0.5% alkali,
and 4% gypsum, Ssp=400 m2/kg of tripoli, the same strength of the silicate matrix is obtained
on tripoli with Ssp = 500 m?/kg.

According to the ES model (1) the coefficient of heat conductivity A of aerated composites
under the influence of all six factors varies, 1.9 times, from 0.28 to 0.54 Wt/m-K. The minimum
value of the t heat conductivity coefficient A = 0.28 Wt/m-K is obtained on the contents which
contain 0.5% NaOH and 1% liquid glass, a mixture of tripoli particles with a specific surface
Ssp=400 and Ssp=600 m?/kg in equal ratio and gypsum additive 4% (Figure 1a).
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Fig. 1: The influence of additives NaOH and liquid glass on coefficient of heat conductivity A (a) and
softening coefficient ks (b) an for a fixed value additive of gypsum 4%

Softening coefficient is varied by ks 0.81+1. The softening factor has another impact of
additives. The values ks=0.95 were obtained with the content 0.75% NaOH and 5% liquid glass
on specific surface of tripoli Ssp=400 m?/kg and the gypsum additive content of 4% (Figure
1b).

Frost resistance of aerated materials is 25-30 cycles that is lay within the changes frost
resistance of matrix material — F25-50. The maximum value of the frost resistance of aerated
composites were obtained on Ss,=400 m2/kg, and the content of additives gypsum is 4%. The
similar values of frost resistance of silicate matrix were obtained in the mixture of tripoli
particles Ssp=400 and Ssp=600 m?/kg in equal proportions and gypsum content 2.5%.

The critical coefficient of stress intensity kic under the influence of all factors varies by 1.8
times, from 0.91 to 1.64 MPa-m™5 (Figure 2a, b). According to the ES models, taking into
account the quantities of Ssp, tripoli, which provide maximum and minimum values kic, the
ratio ki = ki™®/kicM"=1.1+1.47 time was calculated (Figure 2c).
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Fig. 2: The changing the maximum (a) and minimum (b) values kic under the influence of content’s and
technological factors, taking into account the values of Ss;, of tripoli determining the maximum and
minimum values kic respectively. Relative change ratio ki = ki™/kic™" (c) due to changes of Ss; of
tripoli.

The maximum values of the critical stress intensity factor kic=1.64 MPa-m™5 of aerated
composites are equal to klc of matrix material and the minimum value kic = 0.91 MPa-m™-5 of
aerated composites are twice as klc of the matrix material (Shinkevich E., Zaytsev Yu., 2012).
In this case, the maximum and minimum values kic for porous composite and the matrix
material were obtained at the different values of tripoli Ssp. Thus, maximum klic for aerated
composites was obtained on Ssp=600 m?/kg, and for the matrix material — on the mixture
Ssp=400 and Ssp=600 m?/kg with an equal ratio, that may be associated with different particles
density in the volume and cramped conditions of aerated.

The visualization of ranges of property changes under the influence alkali-containing
additives and the specific surface area of tripoli is shown in Figure 3.

Thus, changed conditions of structure formation by introducing alkali-containing additives
promoting aerated, predetermine the introduction of tripoli with a specific surface area,
which may be connected, in this case, with the formation of the matrix structure in
"straitened circumstances" of interporous partitions. For obtaining optimal compositions of
porous composites, introducing alkali-containing additives they condition the necessitate of
changes Ssp of tripoli and adjustment of the content of gypsum additives compared with the
optimal composition of the silicate matrix at constant quantitative content of other
components for the mixture and the conditions of their hardening.

This change of the properties is associated with the change of structural parameters of
porous composites under the influence of alkali-containing additives and Ssp of tripoli.
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Fig.3: The relative influence of the studied factors and their interactions on the change of properties

To analyze the impact of the structure characteristics on the properties the ES models of
change of total, open and closed porosity and parameters of capillary porosity: dx and ax were
calculated. The content of closed pores can be increased by reducing the content of open
pores 1.7 times.

The total porosity can be increased to 30%. The average size of the capillaries dk is changed
in 4.3 times, the coefficient of distribution uniformity according to their size ok —in 2.3 times.

In the next phase of research using the computational experiments (Lutskin E., 2011)
according to ES models, the comparative analysis of property changes and the structure
characteristics of the silicate matrix and aerated composites based on the isoparametric
conditions at the constant total porosity Piot=const=40% was carried out.

It was found that at the constant total porosity Piwt=const=40% the aerated composites are
characterized by kic=1.2+1.35 MPa-m™5, that 1.5+1.7 times higher and the coefficient of heat
conductivity is 1.8+2.8 times lower than at the matrix material, the softening coefficient is
ks=0.95 (Figure 4a).

Thisimprovement is connected with change of the structure parameters. Thus, at the aerated
composites comparing with the silicate matrix the ratio of the open and closed pores is
reduced 3.5 times, the average size of the capillaries relative dk from 1.2 to 0.35 is reduced
more than 3 times.

A similar comparative analysis of property changes and structure characteristics of the
silicate matrix and aerated composites based on isoparametric conditions was carried out at
Rp=const =15.0 MPa.
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Fig. 4: The comparative analysis of the changes in the properties and characteristics of the structure of
the silicate matrix and of aerated composites on based it under isoparametric conditions:
Piot=const=40% (a) and Rb=const=15.0 MPa (b).

Under these conditions, the levels of the properties and their variation intervals vary: A is
decreased 1.5+2 times, ks=1.0, kic=1.1+1.45 MPa-m™5, it confirms the ambiguous influence
Pwt on Rp; Ry is determined not only by the total porosity, but also a variety of other
characteristics of the structure.



The optimization problem was to obtain the aerated composites on the silicate matrix, which
physic-mechanical properties were above the properties of the silicate matrix.

The isoparametric analysis while retaining Rp=const=15 MPa and Pi.t=const=40% showed
that the ranges of other properties and structure parameters are significantly reduced:
OA=20%, ORLb=18%, Oks=6%, Okic=7%, OPwt — 10%, dak — 5% with aerated composites
simultaneously with two properties of specified level (Ry 1 Piot) (Table 1).

Tab. 1: The changing of the properties and structure parameters of aerated composites in isoparametric
conditions Ptt=const=40% and Rp=const=15.0 MPa

Main properties and structure parameters of aerated Specific Sl;:a[:;;:;? of tripoli
composites Ssp=400 | Ssp=500 | Ssp=600

1 | Compressive strength R, [MPa] constant 15 MPa
2 | Total porosity Ptot [%] constant 40 %
3 | Bending strength Rew [MPa] 2.45 2.75 2.98
4 | Coefficient of softening ks 1.00 0.94 0.94
5 | Critical coefficient of stress intensity kic [MPa-m-5] 1.31 1.28 1.37
6 | Coefficient of heat conductivity A [Wt/m-K] 0.42 0.43 0.43
7 | Frost resistance F [cycles] 28 27 29
8 | Ration open and closed porosity Popen/Pclose 1.47 1.24 1.48
9 | Average size of the capillaries o 0.55 0.53 0.56
10 | Coefficient of uniformity of distribution of capillaries size d« 0.58 0.72 0.60

Changes of 6, 6Rbw, Sks, Skic associated with the presence of a mixture of different specific
surface of tripoli, which confirms its significant influence on the formation of the structure as
a silicate matrix as aerated composites based on it. It allows regulating the properties and
structure characteristics of the materials at the constant compressive strength and porosity
by varying the specific surface of tripoli.

5. CONCLUSIONS

The mechanism of formation structure and properties of complex activated lime-silica
mixture, modified by the filler in the form of tripoli on quick lime was proposed.

It is shown that the particles of tripoli contribute to seal structure of silicate matrix and the
formation of discontinuous structure of capillaries, including its own microporosity.
Furthermore, due to the high sorption capacity the tripoli pores can be the matrix from
ultrafine size hydrosilicates, which properties differ from the properties of the calcium
hydrosilicates formed in the mixture free space. It contributes to obtain the aerated
composites with high physical and mechanical properties.

Thus, the structure modification of the silicate matrix by using quicklime, alkali-containing
additives, and tripoli predetermined specific surface area, allows adjusting the levels of the
properties and structure parameters of the aerated composites on silicate matrix in a wide
range.

According to the results of optimization the contents are recommended which allow to get
aerated composites on the silicate matrix given grades of strength, heat conductivity and
frost resistance: compressive strength Ry — 10 MPa, 12.5 MPa, density p=1300+1400 kg/m3,
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frost resistance F25, heat conductivity A=0.30+0.40 Wt/m-K, critical coefficient of stress
intensity kic=1 MPa-m™-5, coefficient of softening ks>0.9.
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Abstract

Several copper containing zeolite based catalysts with different initial Si/Al and different zeolite
support (types MCM-22, FAU, BETA) were synthesized or prepared from commercial precursors in
powdered and pelleted form via direct hydrothermal synthesis and ion exchange metod, and then
subsequently characterized for evaluation of their chemical and surface as well as catalytic
properties. Characterization of the zeolites, that included analysis of their morphological and acid-
base properties, was performed using various techniques such as N2 physisorption, Pyridine-FTIR,
XRD, SEM-EDAX and TEM. The activity and stability of prepared catalysts was tested in the catalytic
screening in catalytic wet peroxide oxidation of model polyphenolic wastewater. The obtained
results provided an insight into cause-and-effect relationship between silica to alumina ratio and its
direct effect on the acidity and basicity of the prepared zeolites as well as the indirect one on their
morphology, textural and surface propertiesof both parent zeolite and active metal component. The
use of active catalysts resulted in successfully operating the process under mild conditions with low
energy consumption. It was found that copper and iron containing catalysts showed promising
activity, while the stability of the active metal component still is and remains a challenge to obtain.
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1. INTRODUCTION

Zeolitic metal(aluminosilicate solids are successfully used as catalysts in many industrial fine
and bulk chemicals processes, such as pharmaceuticals manufacture, petroleum refining
and basic petrochemistry due to their microporous three-dimensional framework structures
and high activity coupled with good stability [1,2]. Aside to their proven applicability ina
manufacturing and processing, zeolites have shown a potential for use in a variety of other
fileds as well. One such area, wastewater treatment, gains strongly in importance due to the
contemporary environmental concerns and growing need for high quality freshwater
supply. The potential application of metal modified zeolites as catalysts in wastewater
treatment processes such as advanced oxidation (AOP) and catalytic wet oxidation (CWO)
has been vastly studied in the past decades. Such studies are only intensifying with the
discovery of new zeolitic structures [3-6].

Among them, large pore zeolites such as FAU, BETA or MCM-22 have peeked interest for
the use in the processes that deal with large organic molecules that can be found in
environmental catalysis and applications.

such as CWPO of organic compounds. Although the reports on catalytic properties of
zeolite and zeolite based catalysts in CWPO of the industrial olive oil mill effluents are
scarce [7-9], there are numerous studies of the model OOMW wastewater or single
compounds aqueous solutions. As it was reported by Liotta et al. [5] transition metal
exchanged (mostly iron and copper) zeolites of FAU or MFI morphology exhibit promising
results. However, there are still some open issues in connection to their stability such as
resistance to leaching of the active metal during the reaction. Leaching of the active metal
components from redox molecular sieves catalysts in liquid phase oxidation catalysis is
considered to be the consequence of the strong complexing and solvolytic properties of
oxidants (e.g. H,0,) and/or products (e.g. H,O, ROH, RCO,H). This leads to deactivation and
secondary contamination of the effluent both undesirable from the economic and
ecological point of view. To have a utility on an industrial scale the heterogeneous catalyst
should be very robust with no or negligible leaching of the active components, therefore
turning the focus in the catalyst development for the use in CWPO on not only active but
also stable catalysts, is a necessity.

Additionally, apart from few recent reports [10,211] most of the studies in the field are
concentrating on the investigation of the catalytic properties of powdered catalysts for
which mass transfer limitations can be neglected. However, in order to move from
laboratory scale to the development of a commercial CWPO process, more detailed studies
with the pelletized or beaded catalysts should be conducted. In this case mass transfer and
diffusion processes in the boundary layer surrounding the catalyst pellet and in the pores of
the catalyst, with the latter being more probable, should be considered.

Therefore in the current research study, several zeolite based catalysts with different initial
Si/Al ratios containing copper as an active metal component and different zeolite support
(types MCM-22, FAU, BETA) were synthesized or prepared from commercial precoursors in
powdered and pelleted form via direct hydrothermal synthesis and ion exchange method,
and then subsequently characterized for evaluation of their chemical and surface as well as
catalytic properties.
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2. MATERIALS AND METHODS
2.1. Zeolite preparation

In the first two cases a series of proton forms of Na-BETA and Na-MCM-22 zeolites with
varying Si/Al ratios were prepared by means of thermal treatment of ammonium form of
commercial zeolite (BETA, Si/Al of 25, 150 and 300) and direct hydrothermal synthesis
(MCM-22, Si/Al of 30, 50 and 100) according to previously described procedures [12,13]. The
copper bearing zeolite based catalysts were prepared by means of ion exchange from metal
salt aqueous solutions in order to obtain low loading/high dispersion of copper over parent
zeolite.In the third case, a commercial pelleted zeolite catalyst of FAU type (23X, pellet size
~0.63 mm) with high aluminium content (Si/Al ratio of 2.6) was used as a support during the
preparation of copper bearing 13X catalyst using the same method of incorporation of
active metal cation incorporation: ion exchange.

2.2. Characterization methods

Textural characterization of the catalysts was performed by nitrogen physisorption at 77 K
using Sorptomatic 1900 Carlo Erba instrument. Prior to measurements the samples were
outgassed at 423 K for 3 h at reduced pressure below 0.1 mbar. The specific surface area and
pore volume calculations were performed using Dubinin’s equation for microporous and
B.E.T. equation for mesoporous samples. Pore size distributions were acquired using the
Horvath-Kawazoe method.

The strength of Brensted and Lewis acid sites of the catalysts was measured with infrared
spectroscopy (ATl Mattson FTIR) using the pellet technique working in the range of
wavenumbers of 4000-400 cm-1 with pyridine as a probe molecule [14]. Temperature
programed desorption of pyridine was conducted by evacuation at three different
temperatures (523, 623 and 723 K) to obtain a distribution of acid site strength. Spectral
bands at 1545 and 1540 cm-1 were used for the identification and quantification of Brgnsted
(BAS) and Lewis (LAS) acid sites using the corresponding bands intensities and molar
extinction coefficients proposed in [15,16].

Morphology of the prepared material was studied using scanning electron microscopy
(SEM) and transmission electron microscopy (TEM). SEM analysis was performed on a
carbon coated samples using a LEO Gemini 1530 instrument equipped with a Thermo
Scientific UltraDry Silicon Drift Detector (SDD). The transmission electron
microphotographs were taken by JEM-1400 Plus transmission electron microscope (TEM)
operated at 120 kV acceleration voltage. The powdered samples were suspended in 100 %
ethanol under ultrasonic treatment for 10 min. For each sample, a drop of ethanol
suspension was deposited on a Cu fiber carbon grid (200 Mesh) and evaporated, thereafter
the images were recorded.

Copper content in the catalysts was determined by UV/VIS (UV1600PC, Shimadzu) at 270
nm from the copper acetate solutions used during ion exchange and by SEM-EDAX analysis
during SEM morphological studies of the powdered samples analysing multiple section
areas of the spread sample across the sample holder cell.

2.3. Catalytic screenings

Catalytic screening of the synthesized zeolites was evaluated in a model test reaction:
catalytic oxidation of model polyphenol (tyrosol or phenol) with hydrogen peroxide in
aqueous solutions.The catalytic experiments were carried out in a 200 cm?® glass batch
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reactor equipped with a pH electrode and a temperature sensor at atmospheric pressure at
363 K with the catalyst loading of o.5 g/L and the initial concentrations of hydrogen
peroxide and model phenolic coumpounds of up to 0.2 mol dm™ and 1000 ppm, respectively
according to the reactor setup presented on Figure 1.

UV/VIS spectrophotometer

- | ;
pH and T sensor

» Sampling-

Nz

|/

HPLC Analysis

Fig. 1:Process scheme of the reactor setup for catalytic screenings

To avoid influence of interphase mass transfer limitations on observed kinetics, a high
stirring speed (N= 8oo rpm) was employed and powder catalysts with particles sizes <125
pm were used during the runs. At regular time intervals liquid samples were taken out of the
reactor and analysed for monitoring the concentrations of tyrosol and hydrogen peroxide.
For the quantification of tyrosol content, Agilent Technologies Series 1100 HPLC was used
equipped with an Ultra Techsphere ODS 5u analytical column (250x4.6 mm) connected to
diode array (DAD) detector. A mixture of 0.5 wt. % of H;PO, in water and methanol
(70:30=v:v) was used as a mobile phase for isocratic analysis at flow rate of 0.8 ml min™ and
temperature of 308 K at A=280 nm. Ammonium metavanadate UV-VIS spectrophotometric
method at 450 nm adopted from Nogueira et al. [16] was used for measurement of
hydrogen peroxide concentrations. Copper content in the reaction mixture was measured
by ICP-OES from diluted reaction mixture solutions on a PerkinElmer, Optima 5300 DV
instrument.

3. RESULTS AND DISCUSSION

The textural properties and respective active metal loadings of the prepared catalysts are
presented in table 1. All the catalysts exhibited similar textural properties, with high surface
areas and large pore volumes. Active metal content of the catalysts was kept low except in
the case of 13X zeolite which was several times higher due to significantly higher acidity of
FAU zeolite type.
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Tab. 1: Textural properties and respective active metal loadings of synthesized zeolites

Zeolite Si/Al Specific stjrf_?ce area | Pore volt;rrle max | Copper content
m g cm’ g wt. %
Cu-H-BETA-25 25 705 0.59 1.1
Cu-H-BETA-150 150 649 0.68 1.3
Cu-H-BETA-300 300 783 0.40 0.9
Cu-H-MCM-22-30 30 612 0.41 1.03
Cu-H-MCM-22-50 50 522 0.30 0.90
Cu-H-MCM-22-100 | 100 270 0.17 0.25
Cu-13X pellet 2.6 618 0.34 8.0

Silica to alumina ratio significantly influenced textural properties, showing that both pore
volume and specific surface area decrease as the aluminium content in the parent zeolite
gets lower due to the decrease in the presence of large opening cavities in the zeolites, and
this can be observed both for BETA and MCM-22 zeolites. Similarly, the copper content
decreased with the lower aluminium content in the zeolites indicating strongly that active
metal cation centres are directly dependant on the occurrence of aluminium 3+ sites in the
zeolite framework.
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Fig. 2: SEM images of Cu-BETA-25, Cu-BETA-150, Cu-BETA-300 (a-c) and Cu-MCM-22-30, Cu-CM-22-50,
Cu-MCM-22-100 (d-f)
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Fig. 2 (continued): SEM images of Cu-BETA-25, Cu-BETA-150, Cu-BETA-300 (a-c) and Cu-MCM-22-30, Cu-
CM-22-50, Cu-MCM-22-100 (d-f)

Morphological studies of selected catalysts presented on Figure 2 revealed typical
crystallites structures for BETA (round shaped), MCM-22 (layered leaflets) and FAU (needle
shaped, not presented here) zeolite types.It can be observed that a slight decrease in the
crystallite size occurs with the decrease of aluminium content in the zeolite of the specific
framework type, which is specially pronounced for MCM-22 zeolite whose particles
decrease in average size from 0.9 pm for Si/Al=30 to 0.5 pm for Si/Al=100. Similarly the
copper particle size analysis using TEM images (not presented here) that was preformed on
Cu-MCM-22 zeolites showed that the active metal particles decrease in size with increasing
Si/Al ratios. The Cu particle size distributions are decreasing in the range and size with the
decrease in aluminium content having the average particle size of 6.3, 3.6 and 2.7 nm,
respectively.

Brensted and Lewis acidities of the synthesized Cu-BETA and Cu-MCM-22 zeolites, as
determined by pyridine adsorption (FTIR) are presented in Table 2. As expected, the zeolite
with the highest amount of aluminium showed to be the most acidic in terms of weak (523
K), medium (623 K) and strong (723 K) Brensted acid sites. The total and Brensted acidity
drops with the decrease in the aluminium content in the zeolites, while Lewis acidity
remains less pronounced and less affected by the change in the Si/Al ratios. The zeolites
with the lowest aluminium content (Cu-H-BETA-300 and Cu-MCM-22-100) displayed the
lowest total and Brensted acidity while the amount of Lewis acid sites slightly increased
when compared to other samples.

Tab. 2: Acidity of the prepared zeolite catalysts as measured TPD pyridine desorption

. . Brensted acidity, pmol Lewis acidity, pmol
Zeolite Si/Al 250°C | 350 °Cy' I:50 °Ig 250 °C | 350 °YC' i 45olgC

Cu-H-BETA-25 25 136 211 64 180 35 3
Cu-H-BETA-150 150 153 170 113 179 46 2
Cu-H-BETA-300 300 37 41 2 74 27 2
Cu-H-MCM-22-30 30 157 163 123 126 Lt 1
Cu-H-MCM-22-50 50 102 113 20 124 47 0
Cu-H-MCM-22-100 | 100 43 41 10 78 32 2
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The catalytic screening results are shortly summarized in the table 3. As can be seen the
extent of polyphenolic compound removal, as well as the decomposition of hydrogen
peroxide over the catalyst surface during which hydroxyl radicals are formed strongly
depend on the copper content of the catalyst, but also the zeolite framework type, acidity
and particle sizes of both zeolites and active metal compound.

Tab. 3: Catalytic activity and copper leaching in CWPO reactions with Cu-MCM-22 and Cu-MCM-36
catalysts (T=60 °C, Cpph,o= 500 mg/L, Cyp o= 0.07 mol/L, m =100 mg, N=8oo rpm)

Zeolite Si/Al | Xppn, % | Xup, % | Yco, mg dm™
Cu-H-BETA-25 25 95 45 3
Cu-H-BETA-150 150 100 50 4
Cu-H-BETA-300 300 84 21 2

Cu-H-MCM-22-30 30 23 4 1
Cu-H-MCM-22-50 50 93 28 2
Cu-H-MCM-22-100 | 100 70 10 1

Cu-13X pellet 2.6 90 60 16

Stability of the catalysts showed to strongly depend on the yield of the reaction in terms of
conversion of polyphenol compounds. The more reaction progressed the more of
polyphenol was converted to lowmolecular carboxylic acids that caused the decrease of pH
of the reaction mixtures what is considered to be the main cause of leaching of the active
metal component of the catalyst, i.e. copper particles. The leaching extent was also
dependednt on the acidity of the parent zeolite showing that the catalysts that were more
acidic in nature were also proved to be less stable.

4. CONCLUSION

The obtained results provided an insight into cause-and-effect relationship between silica to
alumina ratio and its direct effect on the acidity and basicity of the prepared zeolites as well
as the indirect one on their morphology, textural and surface properties of both parent
zeolite and active metal component. As expected the increase of the alumina content in the
zeolite results with higher acidities of the material, which in turn affects the morphology
and size of both zeolite and active metal particles.

The use of active catalysts resulted in successfully operating the process under mild
conditions with low energy consumption. It was found that copper and iron containing
catalysts showed promising activity, while the stability of the active metal component still is
and remains a challenge to obtain and further studies are required in order to understand
the mechanisms of the deactivation process, as well as the development of the applicable
stabilization techniques such as postyinthesis chemical or thermal treatment. Catalyst
pellet/particles size plays an important role in the activity in CWPO showing that a
decreasing of it occurs with the increase of pellet size.
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UTJECAJ BROJA UZORAKA NA KVALITETU POVRSINE PRI 3D
SKENIRANJU STRUKTURIRANIM SVJETLOM

SAMPLE NUMBER INFLUENCE ON SURFACE QUALITY IN STRUCTURED
LIGHT 3D SCANNING

Marko Maricevi¢, Alan Divjak, lvan Pucic¢

University of Zagreb, Faculty of Graphic Arts, Getaldiceva 2, Zagreb, Croatia
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Sazetak

3D skeniranje ljudskog lica je izazovan i osjetljiv proces, posebice kada se ne radi sa profesionalnom
opremom. Koristenje 3D skenera temeljenog na strukturiranom svjetlu predstavlja zanimljivu
mogucnost za kvalitetno i cijenom pristupacno skeniranje lica. Nazalost, zbog nacina rada ova
tehnologija je ekstremno osjetljiva na kretanje lica za vrijeme skeniranja koje se pojavljuje cak i kada
je glava subjekta djelomicno fiksirana. Vrijeme skeniranja ovisi o broju uzoraka strukturiranog svjetla
koje se projecira i snima. Manji broj uzoraka znadi brze skeniranje, ali i grublje definirani poligonalni
3D model. Napravljeno je istrazivanje odnosa broja uzoraka i poligonalne kvalitete modela kako bi se
utvrdilo koliko dodatni uzorci utjeCu na kvalitetu rezultata. Cilj istrazivanja je utvditi koliki je gubitak
detalja sa smanjenim vremenom skeniranja, te da li se isplati korisiti manje uzoraka kako bi se Sto brze
skeniralo ljudsko lice.

Kljucne rijeci: 3D skeniranje, strukturirano svjetlo, uzorci
Abstract

3D scanning of a human face is a challenging and sensitive process, even when done with professional
equipment.Using a structured light based 3D scanner is an interesting proposal for high-quality and
affordable face scanning. Unfortunately, due to its working principle this technology is extremely
sensitive to face movement during scanning that occurs even when the subject's head is partially
fixed. The scan time depends on the number of structured light patterns that are projected and
recorded. A smaller number of samples means faster scanning, but also a more roughly-defined
polygonal 3D model. Research on relationship between the number of samples and the polygonal
quality of the model is performed to determine how much additional samples affect the quality of the
results. The aim of the research is to determine the loss of details with a reduced scan time, and
whether it is worthwhile to use smaller samples to scan the human face as quickly as possible.

Keywords: 3D scanning, structured light, samples
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Abstract

Aluminium bronzes are used for their combination of high strength, excellent corrosion and
wear resistance. This paper presents the investigation of heat treatment parameters of two
different chemical compositions of aluminium bronze (Cu-Al-Fe- Ni alloy) on microstructure
and mechanical properties. The heat treatment employed in this investigation were
solutionizing and tempering. The solution treatment was carried out at a temperature of 950
°C and duration in the range of two hours. Similarly, tempering was carried out at 300 °C and
400 °C wherein the duration was maintained at 2 hours. The heat treated samples were
subjected to cold water quenching in order to bring them to ambient temperature.
Metallographic studies were performed on samples In order to determine the changes in the
microstructure of the hardened bronze, on the metallographic microscope OLYMPUS GX51
with digital image analysis, scanning electron microscope TESCAN VEGA 5136 MM with EDX
along with the digital recording on the computer. Also Glow Discharge Spectroscopy-GDS
were done to determine the chemical composition of the samples. Results of chemical
composition for aluminium bronze AK2 were: Cu- 78,37 %; Al- 10,52 %; Fe- 4,44 %; Ni- 5,16
% and for AK3 alloy: Cu- 78,95 %, Al- 10,97 %; Fe- 4,16 %; Ni- 4,83 %. The behavior of the alloy
has been assessed in terms of the influence of temperature and duration of the heat
treatment on the microstructural and mechanical properties of the samples. Hardness of the
samples was measured using a Vickers hardness tester at an applied load of 1 kg. The samples
were polished metallographically prior to their hardness measurement and an average of 3
observations has been considered. Hardness of AK2 alloy increased from 320 HV1to 425 HV1
after quenching and to 5oo HV1 after tempering on 300°C or 540 on 400 °C.

Hardness of AK3 alloy increased from 300 HV1 to 400 HV1 after quenching and to 475 HV1
after tempering on 300 °C or 470 on 400 °C.

Keywords: Aluminium Bronze, Heat Treatment, Microstructure, Mechanical Properties, GDS
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1. INTRODUCTION

Aluminium bronze is a type of bronze in which aluminium is the main alloying metal added
to copper, in contrast to standard bronze (copper and tin) or brass (copper and zinc). A variety
of aluminium bronzes of differing compositions have found industrial use, with most ranging
from 5% to 11% aluminium by weight, the remaining mass being copper; other alloying
agents such as iron, nickel, manganese, and silicon are also sometimes added to aluminium
bronzes [1]. Aluminium bronzes are used for their combination of high strength, excellent
corrosion and wear resistance. Aluminium bronze alloys typically contain 9-12% aluminium
and up to 6% iron and nickel. Alloys in these composition limits are hardened by a
combination of solid solution strengthening, cold work and precipitation of aniron rich phase.
Vertical section through Cu-Al-5%Ni-5%Fe phase diagram is shown in Fig. 1 [2].
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Figure 1. Vertical section through Cu-Al-5%Ni-5%Fe phase diagram

High aluminium alloys are quenched and tempered. Aluminium bronzes are used in marine
hardware, shafts, pump and valve components for handling sea water, sour mine waters,
non-oxidizing acids and industrial process fluids. They are also used in applications such as
heavy duty sleeve bearings, and machine tool ways. They are designated by UNS C60800
through C64210[3]. Aluminium bronzes containing Al above 8.4 % respond to heat treatment
in a manner similar to steels. Heat-treating processes such as solution treating and tempering
are useful for property improvement and has been applied to many Aluminium bronzes in
practice. An appraisal of the above suggests that heat treatment plays an important role in
controlling the end properties and resulting microstructural features of Aluminium bronzes
[4,5]. In view of the above, an attempt has been made in this investigation to optimize the
solutionizing and tempering parameters like the duration and temperature of the treatments
and characterize their microstructural features and mechanical properties with an objective
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to establish microstructure-property correlations and develop desired combinations of
microstructural features and properties.

2. EXPERIMENTAL PROCEDURE

The methodology adopted to carry out the present study essentially involved heat treatment
(solutionizing and tempering) over a range of temperatures and durations, optimization of
heat treatment parameters (temperature and duration), characterization of microstructural
features and mechanical properties. The type of heat treatments employed in this
investigation consisted of solutionizing and tempering. The solution treatment was carried
out at a temperature of g50 °C and duration in the range of two hours. Similarly, tempering
was carried out at 300 °C and 400 °C maintaining the duration at 2 hours. The heat treated
samples were subjected to cold water quenching in order to bring them to ambient
temperature after the solutionizing. Glow Discharge Spectroscopy-GDS were done to
determine the chemical composition of the samples. Metallographic studies were performed
on samples in order to determine the changes in the microstructure of the hardened bronze,
on the metallographic microscope OLYMPUS GXs51 with digital image analysis, scanning
electron microscope TESCAN VEGA 5136MM with EDX along with the digital recording on
the computer. Hardness of the samples was measured using a Vickers hardness tester at an
applied load of 1 kg. The samples were polished metallographically prior to their hardness
measurement. An average of 3 observations has been considered in this study.

3. RESULTS

The study deals with the observations made with regard to the characteristics of the samples
as influenced by the type of heat treatment (solutionizing and tempering) parameters
(duration and temperature). . Results of chemical composition for aluminium bronze AK2
were: Cu- 78,37 %; Al- 10,52 %; Fe- 4,44 %; Ni- 5,16 % and for AK3 alloy: Cu- 78,95 %, Al- 10,97
%; Fe- 4,16 %; Ni- 4,83 %. Response of the samples was assessed in terms of their
microstructural features and mechanical properties. The figure shows microstructural
characteristics of the as cast Aluminium bronze. It shows granular structure (5ox and
200x).Different microconstituents like primary a, eutectoid a+y. along with Fe-rich phase are
shown.

a)‘ ZERY ‘ [ 100’0‘u;n

Figure 2. Microstructural Features of the as Cast Aluminum Bronze Samples Showing
Dendrite Structure and Different Microconstituents (a): Primary a(b): Eutectoid a+y.

Figure 2 shows microstructure of the samples solutionized at 950 °C. Solutionizing at this
temperature for 2 hours led to the breaking of the as cast structure and dissolution of the
eutectoid and primary precipitates in the matrix forming coarser .
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Figure 3. Microstructural Features of the Aluminum Bronze Samples Solution Treated at
950°C for 2 hrs (100x and 200x)

Microstructures of the samples tempered at 300 °C for 2 hours are shown in Fig. 3. Tempering
at 300 °C for 2 hrs caused the precipitation of the y, phase in a uniform manner along with
some (undissolved) grain boundary precipitates. Increasing the tempering temperature to
4000C caused more effective formation of the eutectoid phase along with better defined
lamellae of the y. phase compared to that at 300 °C.

Figure 4. Microstructural Features of the Aluminum Bronze Samples tempered at 3000C for
2 hrs (100x and 5oox)

The heat treated (solutionized and tempered) samples attained significantly higher hardness
than that of their as cast counterpart. The hardness of the solutionized samples tended to
increase at the higher temperature (950 °C) while the tempered samples attained the highest
hardness amongst all (as cast, solution treated and tempered). Increasing tempering
temperature up to 400 °C led to decreased hardness. Solutionizing caused the elimination of
the as cast structure and microstructural homogeneity along with the formation of mainly
martensite. Increasing solutionizing temperature of solution treatment brought about more
effective dissolution of the as cast microconstituents initially and coarsening of the resulting
microconstituents at the latter stages. Similarly, tempering brought about the formation of
the eutectoid phase at the cost of the previously formed martensite. Rise in the temperature
of tempering led the eutectoid transformation to take place more effectively along with the
formation of better defined lamellae of the (eutectoid) phase and dissolution of grain
boundary precipitates. Solutionizing at 950 °C for 2 hrs led the alloy to attain the highest
hardness in the category of solutionized samples while tempering at 300 °C for 2 hrs offered
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maximum hardness amongst the tempered samples. Results of scanning electron
microscope with EDX analyse is shown in Fig. 5.

Spectrum 1
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Figure 5. EDX analyse of an examinated alloy

4.  DISCUSSIONS

Microstructural features of the as cast Aluminium bronzes are controlled by the solidification
behaviour of the alloy system and cooling conditions employed during alloy preparation.
Interestingly, equilibrium phases (according to Cu-Al phas ediagram) are formed at slow
cooling rates like 500 °C per hour (sand casting of thick sections). Accordingly, the equilibrium
of as cast structure comprises of primary o phase, eutectoid a+y, and Fe-rich phases (Fig.2).
However, cooling rates much higher than that of the equilibrium one are generally
experienced in practice. This leads to the generation of martensite or bainite depending on
the rate of cooling. The presence of Fe leads to microstructural refinement, improved thermal
stability, superior mechanical properties through precipitation hardening, restricted growth
of grains at high temperatures [6] and suppressed formation of the unwanted a+y, phase;
the y. phase is hard and brittle and produces embrittlement in the alloy system [7]. Fe-rich
particles (Fig.3) are formed in the temperature range of 350-400°C [8]. Further, it is not
possible to obtain a fully martensitic structure in the alloys even at very high quenching rates
[8] since Fe is enriched in the a - phase .This enables Fe to stabilize o phase and hence
suppress the martensitic transformation and favour the formation of bainitic structures [7].
During solutionizing, heating to above 950 °C leads to the generation of 100 % . Most of the
B phase is built up after a few minutes (Fig. 3) at the solution temperature. Prolonged soaking
at this temperature leads only to minor changes in the direction of the equilibrium state [8].
The diffusion rate of Al in the B phase is much higher than in a phase [8]. Accordingly, if there
isany a-phase in the structure, there will be no grain growth. Only after complete dissolution
of the a phase, does a rapid growth in grain size occur (Fig. 2) producing grain sizes in the
region of a few millimetres [8]. In complex alloys containing Fe, the solution-treatment
temperature has been found to have a significant influence. Increasing the solutionizing
temperature leads to the dissolution of more particles, hence higher strength and lower
ductility are achieved after subsequent cooling [8]. Holding below ~g50 °C results in
increasing amount of B co-existing with o and, hence the quenched alloy has an increasing
amount of soft o present. Characteristics of Aluminium bronzes are sensitive to their
microstructural features and chemical compositions. The type and parameters employed
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during heat treatment also greatly control their microstructural features. Higher hardness of
the solutionized alloy samples than that of the as cast specimens could be attributed to
structural homogenization and solid solution hardening and strengthening as also agreed by
the formation of martensite or bainite as a result of quenching after solutionizing. Further,
higher hardness of the tempered alloy compared to that of the solutionized samples could
have resulted from the precipitation of the eutectoid a+y2 which is harder than that of the
martensite or bainite formed after solutionizing (Fig. 4). It has been observed that martensite
in the case of Cu- Al alloys is slightly softer than that of the corresponding eutectoid (a+y.)
phase, the latter in view of the high hardness of the y2 phase. Moreover, a reduction in
hardness at increasing tempering temperature was a result of coarsening of the eutectoid
phase. It has been suggested that even though the eutectoid phase is harder than that of the
B (martensite), the large amount of primary a may make the alloy softer even after the
formation of the eutectoid phase. Properties of Cu-Al alloys containing primary o depend on
the grain size and shape of the primary o phase. Also, coarser primary o grains reduce the
strength and ductility significantly despite identical hardness values. Rapid cooling from a
temperature below the eutectoid one causes the formed structure to offer minimum strength
and a low ductility. The highest strength at a low ductility in quenched alloy is caused by the
formation of martensite phase. Higher hardness is observed with increasing tempering
temperatures from 300 °C to 400 °C in Cu-Al-Fe alloys due to a precipitation hardening.
Aluminum bronze attains excellent hardness, tensile and compressive strength at room
temperature .From the above discussion, it emerges that the microstructural features of
Aluminium bronzes are very much sensitive to their processing steps and associated
parameters like temperature, cooling rate and duration of processing/treatments. Moreover,
the response of the bronzes very much depends on the nature of various microconstituents
and their volume fraction and morphology (shape and size). Accordingly, it becomes
imperative to exercise due care in optimizing the processing parameters and analyzing the
results.

5. CONCLUSIONS

This study presents conclusions arrived based on the results obtained and observations made
in this investigation. The conclusions relate to the microstructural alterations brought about
by heat treatment involving solutionizing and tempering and corresponding changes in
mechanical properties such as hardness. The conclusions drawn from the investigation are as
follows :

a) The alloy displayed primary o, eutectoid a+y2 as well as retained B and martensite f'. Heat
treatment led to microstructural alterations significantly depending on the type and
parameters employed. For example, solutionizing brought about microstructural
homogenization through the disappearance of the as cast structure. The degree of
(microstructural) homogeneity increased with the increasing duration and temperature of
solutionizing. Coarsening of phases was also observed especially at higher temperatures
and durations of the treatment. Tempering caused the formation of the eutectoid phase
along with the retained/untransformed martensite and microconstituents displayed were
a. Tempering at 400 °C led to the transformation of martensite into the stable eutectoid
structure with better defined lamellae while the lamellae were not so well defined at 300
°C.

b) Hardness of the samples improved after heat treatment compared to the one in as cast
condition. Solutionizing temperature showed an increase in hardness. Tempered samples
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attained the highest hardness amongst all. Also, the hardness tended to decrease with

increasing tempering temperature up to 400 °C.
The study suggests that the microstructural features and mechanical properties of the
samples get affected by heat treatment significantly. The type (solutionizing and tempering)
and parameters (temperature and duration) of heat treatment also affected the
characteristics of the sample to a considerable extent. Accordingly, it emerges from the study
that it is possible to obtain desired combinations of properties through optimizing the heat
treatment type and parameters.
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Abstract

Reinforced concrete floating structures have much more durable metal structures and do not require
frequent repairs. Heavy and lightweight shipbuilding concrete is used for these structures. Floating
structures are operated in difficult climatic conditions. Properties of modified expanded clay concrete
for thin-walled reinforced floating structures were investigated. The experiment was carried out
according to the 3-factor optimal plan. Concretes with the strength of up to 43 Mpa, w water
resistance up to W12 and the average density of up to 1750 kg/m3 were obtained. Due to the use of
expanded clay lightweight concrete, the carrying capacity of a ship, in particular, the floating dock, is
increasing, and the comfort of people and technological equipment is increasing. . Regulations for the
technology of manufacturing modified shipbuilding expanded clay lightweight concrete for the
construction of thin-walled floating structures and floating docks were developed and approved. The
results of the research were used in the development of the national standard of Ukraine
"Shipbuilding Concrete".

Keywords: floating structures, lightweight concrete, expanded clay, silica fume, plasticizer, water
resistance.
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1. INTRODUCTION

Reinforced concrete is used to build ships for more than a hundred years. Now from
reinforced concrete parking floating structures are mainly built: docks, wharves, pontoons,
houses, hotels and oil platforms. Floating structures are operated in difficult climatic
conditions. It are exposed to water, freezing and thawing, sulfate corrosion, and dynamic
impacts. Concrete floating structures have much more durable then metal structures and do
not require frequent repairs [1].

Heavy and lightweight shipbuilding concrete is used for reinforced concrete floating
structures. The main type of lightweight ship-building concrete is high-strength expanded
clay concrete. Through the use of expanded clay reduced weight construction. Reducing the
weight of structures increases the carrying capacity of the floating structure. Also, the use of
lightweight concrete improves the working conditions of equipment and people on a
reinforced concrete vessel. In particular, light concrete class LC-60 constructed “Heidun”
floating oil platform. This platform operates in the Norwegian sector of the North Sea [2].
Concrete with porous aggregates have shown excellent durability in the harsh operating
conditions in waters with sulfates and chlorides. Also concrete with porous aggregates have
a high frost resistance [3]. The first arctic floating structure made of concrete on porous
aggregates is the caisson Tarsiut island in the Beaufort Sea (Canada). It was built for
extraction of sand in 1982 and is still in operation [4]. Positive experience was gained in the
construction of lightweight aggregate concrete floating docks in Ukraine at the reinforced
concrete shipbuilding Kherson state plant "Palada" (Kherson) [5]. Fig. 1 shows a floating dock
and hotel with reinforced concrete pontoons. These structures were built at Kherson state
plant "Palada".
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Fig. 1: Floating dock and hotel with reinforced concrete pontoons.

These structures were built at Kherson state plant "Palada".

Different types of modifiers are used to improve the durability of shipbuilding concretes.
Most often, plasticizers, colmatizing additives and active fillers are used. Silica fume is one of
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the most commonly used modifiers of shipbuilding concretes. It is also important than the
silica fume produced in Ukraine. Accordingly, the study of the properties and durability of
modified expanded clay lightweight concrete for thin-walled reinforced concrete floating
structures is relevant.

2. MATERIALS AND METHODS

Studies of the shipbuilding expanded clay concrete properties were conducted using the
methods of planning the experiment [6]. The experiment was carried out according to the 3-
factor 15-point optimal plan.

Following materials were used: sulfate-resistant Portland cement M4o0, expanded clay
gravel fractions 5-10 mm, quartz sand with fineness modulus 2.7, additive superplasticizer S-
3 and silica fume. The following factors had varied compositions: X1 — sulphate-resistant
Portland cement, from 500 to 600 kg/m3; X2 —silica fume, from o to 50 kg/m3; X3 — additive
S-3, from 0.5 to 1% of cement weight. All expanded clay lightweight concrete mixes have
mobility equal 3 +1.cm.

3. RESULTS AND DISCUSSION

As noted above, all the mixtures had an equal mobility of 4 to 6 cm. Therefore, W/C ratio of
mixtures depended on the composition of expanded clay concrete. According to data
obtained at 15 experimental points, an experimental statistical model of the influence of
composition factors on the W / C was constructed:

W/C =0.318 — 0.025X; + 0.012X; — 0.032X3 + 0.022X;> + 0.021X,”> + 0.009X3> + 0.007X2X3 (1)

According to the model (1), a diagram in the form of a cube was constructed, which is shown
in Fig.2. The analysis of the diagram shows that an increase in the amount of Portland cement
and the addition of S-3 reduces the W/C mixture. With the introduction of silica fume in an
amount of up to 30 kg/m3, the concrete mixture W/C varies insignificantly. Increasing the
amount of silica fume to 5o kg / m3 necessitates an increase in the W/C or an increase in the
amount of the additive S-3 to stabilize the mobility of the mixture.

Fig. 3 shows a diagram that shows the effect of the composition on the compression strength
of concrete. This diagram is constructed from a similar (1) experimental-statistical model.
The analysis of the diagram shows that the compressive strength of concrete is in the range
of 32 to 43 MPa. By increasing the amount of Portland cement expanded clay lightweight
concrete strength increases. Addition of 30-35 kg/m3 of silica fume increase the compressive
strength of concrete at average of 2 MPa. This effect is not significant, but the main goal was
the addition of silica fume increase water resistance and durability of concrete. With the
increasing amount of additive S-3 to 0.8-1% by reducing the mixture W/C concrete
compressive strength is increased by 2-2.5 MPa.

Importantly, expanded clay lightweight concrete has high tensile strength compared with the
heavy concrete compressive strength equal. The tested concretes were tensile strength at
flexure in the range from 5.6 to 7.0 MPa. This expanded clay lightweight concrete is effective
for thin-walled structures.
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Fig.3: Effect composition on the compression strength of expanded clay concrete.

Also, the water resistance of concrete was investigated. This quality score is very important
for concrete floating structures. Water resistance determines the durability of reinforced
concrete structures in water. The diagram in Fig. 4 shows the effect of composition factors
on the water resistance of concrete.

As it can be seen from the diagram, the amount of Portland cement most significantly affects
the level of water resistance concrete. In addition 30-35 kg/m3 silica fume concrete increases
the water resistance of more than 2 atmosphere. By increasing the amount of
superplasticizer S-3 with 0.5 to 0.9% increases the resistance of concrete almost 2
atmosphere. Maximum water resistance was W12. This level of water resistance ensures the
durability of concrete.
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Fig. 4: Effect composition on the water resistance of expanded clay concrete.

Due to the use of lightweight concrete, the weight of the structures is reduced. This increases
the carrying capacity of reinforced concrete floating structures, including floating docks. Fig.
5 is a diagram which shows the effect of the composition on the average density of the
concrete in the dry state. As can be seen in the diagram, the density of expanded clay
concrete in the dry state was from 1640 to 1750 kg/m3. On the density of concrete most
significantly affects the amount of cement and superplasticizer S-3. Also, the density
increases with the addition of silica fume in an amount of 30-35 kg/m3. It can be concluded
that denser concrete had higher strength. After saturation with water, the average density
was from 1750 to 1900 kg/m3. This density corresponds to industrial shipbuilding standards.
It was also found that modified shipbuilding concretes had frost resistance of F5o0 or more.

Silica

Fig. 5: Effect composition on the average densityof expanded clay concrete.
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Therefore, modified expanded clay lightweight concrete complies with Maritime Register
and can be used for the thin-walled floating structures. Optimal compositions of shipbuilding
expanded clay lightweight concrete have been selected [7]. Technological methods of the
production and the use of expanded clay lightweight concrete were developed for thin-
walled floating hydraulic engineering structures. The regulations for the technology of
manufacturing modified shipbuilding expanded clay lightweight concrete for the
construction of thin-walled floating structures and floating docks were developed and
approved at State shipbuilding plant “Pallada”. Also, the results of the research were used in
the development of the national standard of Ukraine "Shipbuilding Concrete".

4. CONCLUSION

The compressive strength of shipbuilding expanded clay lightweight concrete is in the range
of 32to0 43 MPa. The tensile strength of concrete was in the range of 5.6 to 7.0 MPa. The water
resistance of the modified concrete was in the range of W6 to W12, and the average density
was from 1640 to 1750 kg/m3. So, modified expanded clay lightweight concrete complies with
Maritime Register and can be used for the construction of floating docks, hotels, houses,
marinas, oil platforms and other floating structures. By replacing heavy shipbuilding concrete
to expanded clay lightweight concrete, increases load-carrying capacity of a ship, in particular
afloating dock, and increase people's comfort and technological equipment. Also lightweight
shipbuilding concrete has high durability.
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Abstract

Abstract. Cement-lime (CL) mortar has a number of properties and most important property of this
mortar type is dependent on the admixtures and aggregates. By varying the ratio of ingredients, the
characteristics of CL mortar can be adapted to specific mortar applications. This paper discusses those
mortar properties that EU standarts and engineers consider important. For each of these properties,

the influence of admixtures and aggregates in the mortar is explored. Properties detailed in the paper 341

include bond strength, compressive strength and workability.
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1. INTRODUCTION

The main components that form a strong structure of solid plasters based on the dry building
mixes (DBM) are binders and fillers. Cement of various brands and lime in hydroxyl form are
predominantly used as a binders for coating materials. Fillers with rationally selected grading,
dispersion and the optimum ratio in the texture composition contribute to the improvement
of the quality of the plaster. And they also contribute to minimization of added chemical
additives, which are the most expensive component. In the case if the material is a complex
system consisting not only of binders and fillers, but also of high molecular substances, its
structure will be unique due to the structure and properties of polymer modifiers. This system
will not obey the generally accepted idealized laws of recoverability, plasticity, which proceed
from the theory of an ideal model of a body possessing the properties of continuity,
homogeneity and isotropy.

2. RESEARCH AND RESULTS

The ability to quantitatively describe and analyse the multidimensional relationships
between the parameters of mixtures, operating conditions, ratio and technological factors
and the properties of materials - the properties of the mixture, characteristics of the
structure, operational properties with the purpose of controlling the structure and properties
of the material it is expedient to use computer material science tools based on the concept of
property plains [1, 2].

The cement-lime light plaster on the basis of perlite was adopted as a baseline mixture, which
is developed by the company "Henkel-Bautechnik (Ukraine)".The composition consists of a
polymer-cement mixture containing perlite sand, redispersible powders Vinnapas, as well as
water-retaining and air-entraining additives.

The experiment was carried out according to the optimal 18-points plan [3]. Four factors of
the composition were varied (relative to 1000weight parts (w.p.) of a premised plaster):

X, - powdered to Sss = 400 m? [ kg limestone rock, 8o + 20w.p.;

X, - expanded perlite sand of mark 100, 40 + 10 w.p.;

X5 - methylhydroxyethyl cellulose Tylose 60010 (water-soluble, non-ionic cellulose ethers),
1.15+ 0.15 W.p.;

X, - polymer redispersible powder Vinnapas RE 5034N (copolymer of vinyl chloride, ethylene
and vinyl laurate), 1.5 + 0.5 w.p.

Based on the results obtained in the experiment, four-factor experimental-statistical (ES)
models were constructed describing the explored quality criteria (2-3).For the construction of
ES models, the COMPEX system [4] created in the Odessa State Academy of Civil
Engineering and Architecture is quite effective, which is used to process experimental-
statistical models data, optimize and make engineering decisions. The COMPEX program
provides interaction with Windows, and also allows the construction of models with a
generated experimental error [5], calculation of generalized indices of the material properties
fields [6], etc. The fields which were described by these models can be characterized by
generalizing indicators that facilitate their comparative analysis, Table 1.The basic
generalizing exponents of the property Y in the boundaries of the field under study are the
minimum Ymin and the maximum Ymax levels, as well as their coordinates Xmin and Xmax.
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Tab. 1: Generalized parameters of plaster mortar

w/C Wour, % Ra,MPa
ParameterY
min max min max min max
Yexp 0.92 1.2 99.7 99.9 0.08 0.49
§ X1 | -1 0.99 | 0.37 1 -1 -1
e g x| 1 0.99 1 1 1 1
5 5
5 X3 1 1 -1 1 -1 -1
S X, | 0.41 -1 -1 1 -1 -1
AY 0.28 0.2 0.41
8Y 1.3 1 6.1
S 0.03 0.03 0.03

3. PROPERTIES OF CEMENT-LIME MORTARS

3.1. Workability

One of the most important properties of plastic mortar is its workability. Lime is the primary
contributor to workability of cement-lime mortars. The lack of workability of mortar mix
makes it difficult to align the surface of the plaster coatings, reduces the adhesion properties,
reduces the degree of hydration of the binder in the mortar and leads to the shedding of the
surfaces of the plaster coating.

Water requirement of dry mortars was attributed to the cement as a water-cement ratio and
was determined at different water-cement relations chosen so that all proportions had the
same workability.

The workability of the mortar mixture was determined by the European standard DIN 18555
on a jolt-table. According to the standard all plasters mortar mixes are divided by diameter
of flow into: rigid <14 cm; plastic - 14-20 cm and soft> 20 cm. To ensure equal workability all
the examined plasters should have the same workable consistency, as a result, the flow
diameter of all mixtures was corresponded to 16-17 cm and this classifies all mixtures as
plastic. This condition is chosen based on the results of the analysis of the behavior of
produced dry mixtures and equipment parameters. Equal workability of all mixtures was
ensured by the selection of mixing water.

The diagram (Fig.1) in the form of squares on a square is shown that represents the influence
of composition factors on the water demand of the mixture. Factors - methylhydroxyethyl
cellulose (X3) and polymeric redispersible powder (X,) were chosen as square-bearing. The
fields that show the effect of limestone (X1) and perlite (X.) are constructed at nine points. In
the squares on the square, the isolines of the maximum values of water demand W/Crmax,
water-cement ratio are shown, which can be achieved with a fixed ratio of
methylhydroxyethyl cellulose and polymer redispersible Vinnapas powder, with varying
amounts of limestone and perlite. Analysis of the diagram allows to say that the water
requirement of a plaster mixture of equal mobility slightly increases as the amount of porous
components - limestone (X.) and expanded perlite (X,) in the formulation increase.

Varying the dosage of methylhydroxyethyl cellulose within the factor space of the
experiment does not give significant effect on water requirement, and the minimum of
water-cement ratio shows compositions with an average (about 1.5 w.p.) amount of
redispersible powder Vinnapas. In general, it is possible to establish a slight (up to 16%)
change in water requirement and, respectively, water-cement ratio (W/C) mixes of equal
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mobility with varying composition factors, which is explained by a rather "narrow" range of

factors, approximating to the baseline composition.
X4
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Fig. 1:The diagram of change in the water requirement of the W/C plaster
compositions of the same workability under the influence of factors composition

3.2. Water Retention

The water retention ability plays an important role in the formation of a strong adhesion of
the mortar to the base. With insufficient water retention capacity in the contact area with a
base, the liquid phase is formed, which leads to a complete disruption of the adhesion. The
water-retaining capacity of the compositions was estimated by water loss in%, as a result, an

ES model was obtained (a).

Wout = 99.8 £ 0X1 + 0.06X2? + 0.03X1X2 + 0.04Xa2X3 + 0.03X1X,
£ 0Xy *O0Xy? +0.02X5X3 + 0.01X2X,
+ OX3 — 0.04X3> - 0.08X3X,

I+

0X, + 0.3%X,°

(1)

The water-retaining capacity of all 18 composition proved to be higher than the regulatory
requirements and it is within Wout = 99.65 + 99.9%, which is achieved by addition high-
molecular compounds into the mixture, but as expected the greatest positive effect on the
mixture is provided by the water-retaining additive Tylose, with growth of which the water-

retention is increased.
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3.2. Hardened mortar property
3.2.1. Adhesion

One of the most important quality indicators for all types of plaster mixture, including
lightweight ones, is adhesion to the base [7]. The adhesion was measured on DYNA Z16
instrument, and based on the results of its determination, the following experimental
statistical model (ES) was constructed for 18 experimental compositions (Se =0.0307):

Ra (MPa) = 0.304 + OX1 — 0.06X1> = 0.04X1X> — 0.02X1X3 — 0.02X1X,,

+0.04X> * OX3? + 0.04X2X3 + 0.07X2X,
+0X3 — 0.04X3° £ 0X3X,
+0.05X, * 0X,> (2)

According to the model (2), the diagram shown in Fig. 2 was constructed in the form "Squares
on a square", reflecting the influence of variable factors on the adhesion of light-weight
plaster composition. In this case, in the field of each small square, as in Fig. 1, showed the
effect of the amount of ground limestone and perlite, and depending on the coordinate of
the small square on the carrier square, the amount of methylhydroxyethyl cellulose and
Vinnapas changes.

Xa
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allows to say that the adhesion of the plaster mixture to the base significantly increases with
the increase of the amount of redispersible powder Vinnapas, which is quite expected effect.
At the maximum dosage of Vinnapas, an adhesion level above 0.4 MPa is achieved, which can
be considered desirable for the durable work of the solution in real conditions. The change in
the amount of methylhydroxyethyl cellulose affects the adhesion less significantly. This
increase of the amount of this component increases the level of adhesion for the
compositions with the maximum dosage of Vinnapas and slightly reduces for formulations
with a small amount of redispersible powder.

It is important to note that almost for all of the examined compositions, with the exception
of the zone with x; = x, = -1, the adhesion was increased with increasing of perlite amount and
reached a maximum at a dosage of limestone close to 70 w.p.

4.CONCLUSION

From the presented materials it can be noted that water requirement of mortar was maximize
reduced and slightly increases with increasing of porous components, water requirement can
also be reduced by rational dosage of redispersible additive Vinnapas.

Water retention ability of compositions is increased to almost 100% (due methylhydroxyethyl
cellulose and redispersible powder with optimal amount content of fillers), which reduces the
risk of shrinkage and peeling of plaster layer during the migration of water in the porous base
from the lower layers and evaporation from the upper layers at higher temperatures.

Adhesion of plaster to the base is significantly increased by increasing the ratio of
redispersible powder Vinnapas, which purposefully affects on this property. At the maximum
dosage of Vinnapas the level of adhesion is achieved above 0.4 MPa, which can be considered
like satisfactory marks for such building materials.
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Sazetak

Uredbama Europske Unije koristenje klasi¢nih zarulja sa zarnom je zabranjeno, te se sugerira njihova
zamjena sa tz. stednim zaruljama ili kompaktnim fluorescentnim zaruljama CFL. Odabir spomenutih
zaruljaizvrsen je iskljucivo po kriteriju potrosnje elektricne energije i vijeka trajanja. Kriteriji potrosnja
elektricne energije apsolutno je prihvatljiv kao i Zivotni vijek, ali CFL Zarulje postaju veliki problem za
okolis. Naime one u sebi sadrze razli¢ite komponente teskih metala osobito / Zive Hq/ koja je izrazito
opasnairizicna po zdravlje Covjeka, kao i same prirode. lako su udjeli Zive u rasvjetnim tijelima znatno
maniji nego u drugim EE uredajima EU je propisala 2012. godine maksimalnu koli¢inu Zive na 3,5 mg
po zarulji, s tendencijom stalnog pada koli¢ine Hg u Zaruljama, stoga se kod kvalitetnijih rasvjetnih
proizvoda danas mogu pronaci koli¢ine i od 1 mg po Zarulji. Zbrinjavanje i recikliranje CFL Zarulja od
izuzetne je vaznosti za eko-sustav. Cjelovito rjeSenje moguce je samo u sistemskom pristupu
recikliranja CFL zarulja, bez obzira na bitno smanjenje emisije toplinske energije koje postizemo
uporabom CFL rasvjetnih tijela, najvedi problem njihove uporabe je zbrinjavanje teskih metalai zastita
okolisa. U radu je definiran cjelovit zatvoreni sustav zbrinjavanja CFL zarulja koji je proizasao iz
zakonske regulative, kao i iz podzakonskih akata.

Kljucne rijeci: recikliranje, rasvjetno tijelo, CFL

Abstract

The European Union prohibits the use of classic incandescent light bulbs and suggests their
replacement with energy saving electric light, such as compact fluorescent lamps - CFL. The selection
of these bulbs was made solely on the basis of their energy consumption and life span. Criteria of
energy consumption and life span are absolutely acceptable, however, CFL bulbs have become a
major environmental problem, as they contain various heavy metal components, especially mercury
Hg, which is extremely dangerous for human health, as well as for the nature itself. Although the
portion of mercury in light bulbs is considerably lower than in other electric devices, in 2012 the EU
defined the maximum mercury content of 3.5 mg per bulb, with the tendency of its constant
decreasing. Nowadays, lighting products of higher quality contain app. 1 mg of Hg per bulb. Disposal
and recycling of CFL is important for the ecological system. A complete solution is possible only by a
systematic approach to CFL recycling. Regardless of the substantial reduction in the amount of
thermal energy emission that we achieve by using CFL, the biggest problem with their use refers to
the heavy metal disposal and environmental protection. This paper elaborates a complete system of
CFL disposal based on legal regulations and acts.

Corresponding author: Tomislav Mrcela, mrcela@unios.hr
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1. UVOD

Danasnja rasvjetna tijela koriste za svoj rad razne komponente i tvari, od kojih su neke
posebno opasne, poput Zive, fosfora i tiskanih elektronickih plocica. Isto tako koriste i
vrijedne materijale poput plemenitih plinova, stakla, plastike i metala. Potpunom obradom
rasvjetnih tijela u procesu recikliranja moze se odvojiti i do 98 % sirovine koja se moze koristiti
u daljnjoj proizvodniji. Za recikliranje rasvjetnih tijela moguce je koristiti razliCite postupke
poput; toplinskog, vodenog, zracnog, kemijskog i mehanickog recikliranja. CFL Zarulje su
zapravo fluorescentne cijevi savinute u razliCite oblike, ime se postizu manje ukupne
dimenzije izvora svjetlosti, dok se zadrZavaju sve karakteristike rada fluorescentnih cijevi.
Njihov je naziv na engleskom jeziku Compact Fluorescent Lamps pa se Cesto koristi i
skracenica CFL Zarulje. CFL zarulje pripadaju grupi niskotlacnih zarulja na izboj, pri Cemu se
svjetlost generira principom fotoluminiscencije. Izboj se dogada izmedu elektroda u Zivinim
parama, pritlaku od oko 1,07 Pa (tlak pare tekuce Zive je pritemperaturi od 40° C). Osim zive,
U punjenju se obi¢no nalazi i neki inertni plin (argon, kripton, neon, ksenon), kao pomo¢
prilikom paljenja Zarulje.

2. STRUKTURA CFL RASVJETNOG TIJELA

Kao i vecina zarulja na izboj, CFL Zarulje moraju imati pred-spojnu napravu koja se
naziva prigusnica, a sluzi za ograni¢avanje pogonske struje na vrijednost za koju je Zarulja
napravljena, te osigurava potreban startni i pogonski napon. Temperaturu boje svjetla koju
daju CFL Zarulje moguce je kontrolirati fosfornim omotacem, kao i kod fluorescentnih cijevi.
Standardno se koriste trokomponentni fosfor. Materijalna struktura CFL zarulje prikazana je
slikom 2.1

—
— kudiste
—
| e—
,
- “m fosforni omota&
-

elektronicka
plo¢ica

z navojna kapica

Slika 2.1. Materijalna struktura CFL zarulje [1]
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Osim Sto ima svoja pozitivna svojstva, Stedna zarulja CFL ima puno konstrukcijskih problema,
od kojih su: regulacija jacine svjetlosti, sporo postizanje punog osvjetljenja, zujanje, rad na
niskim temperaturama, slabljenje intenziteta, iridiscencija (prelijevanje boja) i ultraljubicasto
zracenje. CFL zarulje proizvode se u snagama od 3 do 70 W. Postoje izvedbe s integriranom
elektroni¢ckom prigusnicom i standardnim grlom E27 i E14, koje mogu zamijeniti gotovo
svaku standardnu zarulju, ostvarujuci pri tome ustedu energije od gotovo 8o % [2].

3. STETNOST ODBACENIH RASVJETNIH TIJELA

Osim Sto rasvjetna tijela sadrze opasne tvari i komponente potrebne za rad, a Stetne za okolis
i ljudsko zdravlje, kod nekih zarulja plinovi uzrokuju emisije staklenickih plinova i svjetlosna
ostecenja Sto je danas jedan od glavnih problema u zastiti okolisa. Kako sadrze odredenu
koli¢inu Stetnih tvari tako sadrze i vrijedne, rijetke sirovine i elektroni¢cke komponente zbog
cega se ne smiju odlagati u obican komunalni otpad, nego se trebaju odvojeno prikupljati i
reciklirati u skladu s pravilnikom o gospodarenju otpadnih elektri¢nih i elektronickih uredaja
Republike Hrvatske, kao i zakonskim direktivama Europske unije koje je Republika Hrvatska
prihvatila ulaskom u istu.[3]

3.1. Stetne tvari i komponente rasvjetnih tijela

Stetne tvari (teski metali) djeluju posebno na ljudsko zdravlje, pa se kod ¢ovjeka javljaju
zdravstvene tegobe od problema s Zivéanim sustavom do najcesce problema s bubrezima i
mokracnim kanalima. U prirodi neke Stetne tvari se razgraduju dok kod zZivih organizama one
se akumuliraju i njhova redukcija je gotovo nemoguca.
Stetne tvari i komponente koje su prisutne kod CLF Zarulja su:
l.  Ziva (Hg),

Il.  fosfor (P),

. plinovii

IV.  tiskane plocice.
Ziva (Hg) je tekuci i otrovni teski metal, kod ljudi Ziva djeluje na Ziv¢ani sustav i na filtere krvi.
Kod trudnica se zivini metali mogu placentom prenijeti u embrij ¢ime se dijete moze roditi s
raznim ostecenjima. Svjetska zdravstvena organizacija ustanovila je tjedni podnosljivi unos
zive od 5 pg/kg tjelesne tezine [4].

3.2. Gospodarenje odbacenim rasvjetnim tijelima u Republici Hrvatskoj

Temeljem clanka 104. Zakona o otpadu (NN 178/04) donesen je Pravilnik o gospodarenju
otpadnim elektricnim i elektronickim uredajima i opremom (NN 74/07) odnosno njegove
izmjene i dopune (NN 133/08, NN 31/09, NN 156/09, NN 143/12, NN 86/13). Temeljem Zakona
o odrzivom gospodarenju otpadom (NN 94/13) donesen je Pravilnik o gospodarenju
otpadnim elektricnim i elektronic¢kim uredajimaiopremom (NN 42/14, NN 48/14, NN 107/14).
Pravilnikom su propisane obveze i odgovornost proizvodaca elektricne i elektronicke opreme
i uredaja (u daljnjem tekstu: EE oprema), nacin obiljezavanja, nacin gospodarenja elektricnim
i elektronickim otpadom (u daljnjem tekstu: EE otpad. Prema Pravilniku EE oprema
predstavlja sve proizvode koji su za svoje pravilno djelovanje ovisni o elektri¢noj energiji ili
elektromagnetskim poljima, kao i oprema za proizvodnju, prijenos i mjerenje struje ili jakosti
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elektromagnetskoga polja i namijenjena je koristenju pri naponu koji ne prelazi 1.000 V za
izmjeni¢nuii1.500V zaistosmjernu struju i ne ukljucuje ambalazu. Rasvjetna oprema zauzima
udio od 0,86 % sakupljenog EE otpada, a u tonama iznosi oko 127 tona Sto nije puno uzmemo
li u obzir da je iste godine na trzistu Republike Hrvatske bilo oko 2115 tona rasvjetne opreme.

Tablica3.1. Obradeni EE otpad u 2013. Godini prema vrsti EE opreme[3]

EE OTPAD PREMA VRSTI EE OPREME UKUPNO, t uUDIO, %

1. |[Veliki ku¢anski uredaji 6214,14 40,86
2. Mali kuéanski uredaji 271,84 1,78
3. IT oprema i oprema za telekomunikacije 2746,03 18,06
4. |Oprema Siroke potros$nje za razonodu 5252,29 34,54
5. |Rasvjetna oprema 123,40 0,81
6. Elektri¢ni i elektronicki aparati 378,74 2,50
7. lgracke, oprema za razonodu i Sportska oprema 27,98 0,18
8. Medicinski uredaji 48,15 0,32
9. Instrumenti za nadzor i upravljanje 86,59 0,57
10. |Samoposluzni aparati 57,57 0,38
UKUPNO, t 15206,73 100,00

4. RECIKLIRANJE CFL RASVIJETNIH TIJELA

Recikliranje CFL rasvjetnih tijela spada u recikliranje EE otpada i slicnih je karakteristika uz
neke vazne izmjene, kao Sto je sakupljanje opasnih tvari poput zive i fosfora. Recikliranje CFL
rasvjetnih tijela nema vise postupaka recikliranja, postoji jedan postupak kojeg koriste
gotovo sve tvrtke u svijetu. Za vrijeme procesa recikliranja CFL rasvjetnih tjela, tijela se drobe,
a materijal dobiven drobljenjem se odvaja pod kontinuiranim procesom vakuumskog
filtriranja (separator), slika 4.1. sve komponete iz separatora idu u posebne sustave
recikliranja.

y- N\
CFL RASVIJETO — DROBILICA
TIJELO L J
e " )
STAKLO| |é&——w | SEPARATOR
\_ _/
PLASTIKA l l

METALNE |
TISKANE PLOCICE

_ y
| R

Slika 4.1. Prikaz procesa recikliranja CFL rasvjetnih tijela [izvor autor]

ZIVA |

Nakon Sto se kruti materijali ohlade u procesu drobljenja i separacije oni odlaze na dodatno
vodeno ispiranje unutar svoje centralne jedinice kako bi se ocistili, nakon toga se odlazu u
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svoje posebne kontejnere, dok ostali materijali (ziva, fosfor) odlaze na preradu u postupku
destlacija koja se odvija u posebnom rezimu.

5. ZAKLJUCAK

Gospodarenje rasvjetnim sustavima u Republici Hrvatskoj definirano je Zakonom o otpadu i
Zakonom o odrzivom gospodarenju otpadom kao i Pravilnikom o gospodarenju otpadnim
elektri¢nim i elektronickim uredajimai opremom kojim su rasvjetna tijela CFL svrstana unutar
kategorije rasvjetne opreme

Stetnost odbacenih CFL rasvjetnih tijela je na visokoj razini zbog toga $to su sainjene od
izuzetno Stetnih tvari i komponenata, glavna tvar za rad CFL rasvjetnih tijela je Ziva, a ona je
za ljudski organizam i eko-sustav pogubna jer se bioakumulira u isti.

Recikliranje rasvjetnih tijela nema vise postupaka recikliranja, postoji samo jedan postupak
kojeg koriste tvrtke u svijetu, ali se zapravo razlikuje u nacinu izvedbe pogona. Bitna razlika u
postupku recikliranja rasvjetnih tijela je tzv. centralna jedinica koja sluzi za odvajanje opasnih
tvari iz rasvjetnih tijela. Najbolje rezultate daju pogoni za cjelovitu obradu recikliranja
rasvjetnih tijela koji daju i do 98 % sirovine za daljnju proizvodniju.
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Abstract

With growing popularity of additive technologies, primarily FFF (Fused filament
fabrication)technology, community of users and enthusiasts is rapidly expanding. With growing
demand for models and blueprints, digital repositories appeared, where users are free to share and
publish their work. Although, there are a large number of formats in which the models are written,
shared and used, the most commonly used one is .stl (standard tessellation language) file format.
Second widest adopted file format is considered to be .obj file format. In this paper, .obj file format
will be analyzed in context of additive manufacturing with emphasis on FFF additive process. It
strengths and weaknesses will be compared to .stl file format.

Keywords: .obj file format, aditive manufacturing, 3D print, slicers

Sazetak

Razvojem popularnosti aditivnih tehnologija, primarno FFF (Fused filament fabrication) tehnologija,
dolazi do razvoja sve vece zajednice korisnika i entuzijasta. Samim time dolazi do pojave digitalnih
repozitorija gdje su korisnici slobodni dijeliti i objavljivati svoje modele i radove. lako postoji veliki broj
formata u kojima se modeli zapisuju i koriste u raznim programima za rezanje, naj¢esce koristeni oblik
zapisa je .stl (Standard tessellation language). Drugi format po popularnosti je .obj zapis. U ovome
radu ce se analizirati .obj format zapisa prilikom uporabe u aditivnoj proizvodniji, s naglaskom na FFF
tehnologiju i koje su potencijalne prednosti i mane koristenja ovog formata zapisa u usporedbi sa .stl
formatom zapisa modela.

Kljuéne rijeci: .obj format zapisa, aditivna proizvodnja, 3D tisak, programi za rezanje
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Sazetak

Logotip je graficki element namijenjen oznacavanju proizvoda, poduzeca ili ideje sa namjenom
trenutacnog prepoznavanja zeljene poruke ili elementa. Logotip kao element predstavlja poveznicu
izmedu potrosaca i robne marke koju predstavlja. U radu je istrazen utjecaj promjene boje logotipa
na vizualni identitet pojedinih proizvoda. Istrazivanje je izvrSeno promjenom boja na postojec¢im
logotipima te je utjecaj promjene ispitan putem ankete. Pretpostavka je da ¢e logotip promjenom
boja ostati prepoznatljiv iako se potrosac s vr.emenom navikne na logotip u kombinaciji sa samom
bojom. Sama boja je isto tako odabrana radi bolje prepoznatljivosti i prodaje te utjecaja na potrosaca.

Kljucne rijeci: logo/logotip, boja, psihologija boja, drustvene mreze
Abstract

Logotype is a graphical element intended for product, company or idea branding with the intention
of imediate identification of desired message or element. As an element, logotype represents a link
between the consumer and the brand logotype presents. This paper examines the influence of colour
change in existing logotypes on the visual identity of the product. The colour was changed on existing
logotypes and the influence of that change determined with a questionaire. The assumption is that
the the logotype will remain identifaible even though the consumer adapts to the logotype in thee
combination with the specific colour. The colour itself is also selected for better recognizability, sele
and the influence on the consumer.

Keywords: logo/logotype, color, color psychology, social networks
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1. UVOD

Logotip je graficki element namijenjen oznadavanju proizvoda, poduzeca ili ideje sa
namjenom trenutacnog prepoznavanja zeljene poruke ili elementa. Logotip kao element
predstavlja poveznicu izmedu potrosaca i robne marke koju predstavlja te kao takav mora
biti trenutacno prepoznatljiv i jasan na Sto bitan utjecaj ima boja logotipa [1].

U radu je istrazen utjecaj promjene boje logotipa na vizualni identitet. Istrazivanje je izvrSeno
promjenom boja na logotipima te je utjecaj promjene percepcije elementa ispitan putem
ankete.

Pretpostavka je da ce logotip promjenom boja ostati prepoznatljiv iako se potrosac s
vremenom navikne na logotip u kombinaciji sa samom bojom. Sama boja je isto tako
odabrana s razlogom utjecaja na prodaju, privlacenja paznje ili davanja dojma o nekom
proizvodu ili usluzi.

2. TEORISKIDIO

2.1. Aditivno i suptraktivno mijesanje boja

Ovisno o nacinu “mijesanja” boje govorimo o aditivnom i suptraktivnom mijesanju boja.
Aditivno mijesanje boja

Aditivno mijesanje boja temelji se na zbrajanju svjetline pojedinih boja. Osnovne ili primarne
boje aditivnog mijeSanja boja su crvena, plava i zelena i onew ¢ine RGB sustav boja (Red,

Green, Blue. RGB sustav boja osnova je za stvaranje slike u svim vrstama ekrana. Zbrajanjem
osnovnih boja nastaju nove boje (slika 1).

CRVENA ZELENA

Slika 1. RGB mijesanje boja

MijeSanjem crvene i zelene dobivamo Zutu boju, plave i crvene magentu, a zelene i plave
cyan, dok mijesanje sve tri boje daje bijelu boju. Aditivnim mijeSanjem dviju boja nastaju
osnovne boje suptraktivnog mijesanja boja (Cyan, Magenta i Zuta) [2].

Suptraktivno mijesanje boja

Suptraktivno mijeSanje boja temelji se na oduzimanju jednog dijela spektra. Ovaj sustav
koristi se u tiskanim medijima i ujedno naziva i CMYK sustav boja (slika 2).
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ZUTA

Slika 2. CMYK mijesanje boja

Osnovne boje suptraktivhog mijesanja boja su C - cyan, M - magenta, Y — zuta (yellow) i K —
key color (crna). MijeSanjem magente i Zute nastaje crvena, zute i cyana zelena, magente i
cijana plava. MijeSenjem sve tri boje nastaje crna boja [2].

2.2. Boja u marketingu

Cak 80% informacija koje dolaze do ljudskog mozga su vizualne, pri ¢emu boja ima veliki
utjecaj na percepciju informacije Sto je izrazito bitno u marketingu. Kupac odluku o kupovini
donosi u roku od go sekundi, a ambalaza i vizualni dojam imaju 20 sekundi da zaiteresiraju
kupca. Boja na tu odluku utjece oko 60%. Na samu kupnju proizvoda utjece slicnost sa
proizvodom koji kupac vec koristi ili ako proizvod daje svjez i pozitivan dojam u trenutku
kupnje. Jedan od nacina za povecanje prodaje je dobar vizualni dojam koji ukljucuje i uporabu
boje kao elementa za izdvajanje od svih ostalih proizvoda iste namjene. S obzirom na
psiholoski efekt boje dijelimo na aktivne i pasivne. Aktivne boje povecavaju interes, a pasivne
naglasavaju smirenost i harmoniju [3].

Upotreba boje kao elementa za privlacenje korisnika naglasena je u reklamiranju. U
usporedbi sa crno bijelim reklamama reklame u boji su 42% dcitanije. Boja pojednostavljuje
prijenos informacije i razumijevanje poruke. Kao dio logotipa i ambaleze ona utjece na
isticanje proizvoda u masi proizvoda iste ili slicne namjene. Dizajneri koriste boje razli¢itih
osobina poput sjajnih, mat i specijalnih boja. Proizvodadi stavljaju na trziSte proizvode iste ili
slicne namjene u razli¢itim bojama kao nacin Sirenja baze kupaca. Uspjesan marketing daje
kupcu mogucénost izbora [4].

Boja u marketnigu stvara vezu sa proizvodom koji predstavlja, te u kombinaciji sa oblikom
moze biti izuzetno uspjesna u izdvajanju proizvoda. Odredene boje mogu biti toliko usko
vezane uz odredeni proizvod da su i zasticene. U tu svrhu koriste se Pantone boje [4].

2.3. Vizualniidentitet

Graficki dizajn i marketing su dva alata pomocu kojih se definira vizualni identitet tvrtke ili
proizvoda. Definicija se provodi u svim segmentima tvrtke i naj¢esce definira pomocu knjige
standarda. Vizualni identitet je zbir svih elemenata koji definiraju tvrtku na prepoznatljiv i
konzistentan nacin u svim odabranim medijima. Cini ga nekoliko elemenata — simbola koji
predstavljaju zastitne znakove i standarde komunikacije, poput logotipa, boje, tipografije i
slogana.

Pojam logotipa dolazi od grcke rijeci logotipos. Pojam predstavlja grafi¢ki oblikovan naziv
organizacije, proizvoda ili ideje. Kao skraceni naziv koristimo logo, Sto predstavlja graficki
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simbol. Logotip predstavlja naziv. Cesto logotip preuzima ulogu loga, ili se koriste u cijelini.
Stoga oba izraza mozemo smatrati sinonimima.

Nekada je fokus u oblikovanju logotipa bio usmjeren na simboliku, dok je danas veci naglasak
na prepoznatljivosti. Logotipmora biti lako pamtljiv i povezan sa objektom koji predstavlja.
Nije ga dobro ¢esto mijenjati pa je bitno dobro razraditi cijelu ideju i isplanirati njegov
nastanak [5].

Kvalitetan logotip mora biti jedinstven i ne smije podsjecati na neki drugi logotip. Kao
element mora biti primjenjiv u razli¢itim medijima i varijacijama poput akromatskog oblika ili
negativa. Cesto se naziva i korporativnim potpisom. Logotip kao predstavnik brenda
predstavlja kvalitete proizvoda vezane uz tvrtku, a kao potpis djeluje kao obecanje. Vlasnik
brenda logotipom daje dvoje odobrenje i potvrduje vlasnistvo i obavezu koju sam brend
predstavlja. Promjena vizualnog identiteta s vremenom je normalan zbog prilagodbe
promjenama unutar tvrtke i vremenu u kome se posluje. Isto tako nije dobro potpuno odbaciti
stari vizualni identitet, nego zbog prepoznatljivosti modificirati postojeci vizualni identitet i
prilagoditi ga vremenu poslovanja [5].

3. EKSPERIMENTALNIDIO
3.1. Smisljanje novog logotipa

Sa ciljem istraZivanja koja boja u vizualnom identitetu najvise privlaci korisnike drustvenih
mreza testni logotip je definiran jednostavni i priagoden je obliku koristenom u aplikacijama
|OS 6 sustava (kvadrat sa zaobljenim rubovima). Oznaka unutar kvadrata je gotovo nebitna
pa je predstavlja slovo ,m". Time se paznja promatraca usmjerava na samu boju, a ne na
tekstualno ime unutar logotipa. Logotip je napravljen u 6 boja: crvenoj, plavoj, Zutoj, zelenoj,
narancastoj i ljubicastoj (slika 3.).

Slika 3. Vizualni identiteti imaginarne aplikacije

3.2. Rezultatiirasprava

Istrazivanje je provedeno anketom u kojoj je sudjelovao 51 ispitanik, mlade zivotne dobi.
Anketiranje je provedeno sa namjerom istrazivanja reakcija ispitanika na promjenu logotipa
i istrazila sklonost prema boji za logotip drustvane mreze.

U anketi su postavljena slijedeca pitanja i dobiveni slijedeci rezultati:
1. Na pitanje o spolu ispitanika od 51 ispitanika sudjelovalo je 56,9% Zena i 43,2% muskarca.

2. Po dobi je sudjelovalo 34,2% 21-godisnjaka, 23,53% 22-godisnjaka, 8% 20-godisnjaka, 8%
25-godiSnjaka, 8% 28-godisnjaka, 6,4% 24-godiSnjaka, 6,4% 23-godisnjaka, 2,1% 19-
godisnjaka i 2,1% 26- godisnjaka.

3. Sklonost prijasnjem rjeSenju odmah nakon promjene iskazalo je 82,4% . Njih 13,7% nije se
slozilo s tom tvrdnjom, a 3,9 % ispitanika nije obratilo paznju na vizualni identitet.
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. Nakon nekog vremena 58,8% ispitanika se slozilo s tvrdnjom da s vremenom promjene

vizualnog identiteta prihvate novi vizualni identitet kao bolji. 35,3% ispitanika se nije slozilo s
tom tvrdnjom, dok niti jedan ispitanik nije odmah izjavio da je novi vizual bolji. 5,9% ispitanika
potvrdilo je kako im vizualni identitet nije bitan. Rezultati potvrduju hipotezu o tezoj
prilagodbi novom dizajnu logotipa i potrebi da se korisnici protekom vremena naviknu na novi
identitet.

5. — Pri odabiru Zeljene boje za logotip drustvenih mreza od 6 boja 41,2% ispitanika odabralo je

4.

plavu boju, 17,6% ljubicastu , crvenu 15,7%, zelenu 11,8%, narancastu 7,8% i Zutu 5,9%.
82,4% ispitanika se slozilo da nakon promjene vizualnog identiteta nekog brenda imaju vecu
simpatiju prema starom vizualnom identitetu, njih 13,7% nije se slozilo s tom tvrdnjom, dok
3,9 % njih ne obraca paznju na vizualni identitet. Rezultati se slazu sa pretpostavkom da ljudi
tesSko prihvacaju novi vizualni identitet.

Zakljucak

Rad je dokazao da boja logotipa utjece na korisnika koji u pocetku tesko prihvaca promjene
vizualnog identiteta, ali se s vremenom navikne na njih. Ispitivanje je ujedno pokazalo
korisnici za dizajn drustvenih mreza preferiraju hladne boje poput plave, zelene i ljubicaste.
One daju dojam sigurnosti, povjerenja i Zelje za kreativnoscu i novim. Pri stvaranju novog
vizualnog identiteta potrebna je dobra komunikacija sa korisnicima, pri ¢emu bi trebalo uzeti
u obzir preference korisnika u kombinaciji sa dizajnerskim i tehnoloskim mogucnostima
samog medija.

5.

1.
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Sazetak

Specijalno suzavanje cilindri¢nih elemenata se vrsi u vise operacija. Alat za suzavanje moze biti s
istom matricom u svim operacijama, ili s promjenljivim dimenzijama matrice u svakoj operaciji.
U radu su eksperimentalnim putem snimljeni dijagrami sile suzavanja za oba nacina projektiranja
alata za pripremke iz dva razliita materijala. Specijalno suzavanje se koristi u vojnoj industriji.

Kljucne rijeci: specijalno suzZavanje, sila suZavanja, projektiranje alata.
Abstract

Special necking of cylindrical elements is performed in multiple operations. The construction tool
can be with the same matrix in all operations or with variable dimensional matrices in each
operation. We have got diagrams of nacking force for both design tools experimentally and two
different materials. Special necking is used in the military industry.

Keywords: special necking, necking force, designing of tools.
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1. uvoD

Specijalno suzavanje je tehnoloski postupak pomocu koga se suzava cilindri¢ni rotacijsko-
simetricni komad, koji je dobiven dubokim vucenjem. Suzavanje radnog predmeta se
vrsi od njegovog dna i predstavlja jednu od najkompleksnijih operacija u tehnoloskom
postupku izrade stozastih radnih predmeta. Pored konacnog oblika i dimenzija
proizvoda, ovim tehnoloskim postupkom se ostvaruju i zahtjevana mehanicka svojstva.
Proces suzavanja izvodi se u viSe operacija kroz koje radni predmet postepeno mijenja
svoj oblik, od pocetnog cilindricnog do konacnog stozastog oblika. Na Slici 1. prikazan
je cilindric¢ni pripremak i radni predmet nakon specijalnog suzavanja.
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Slika 1: Cilindri¢ni pripremak i radni predmet nakon suzavanja

Osnovni izvrsni dijelovi alata za specijalno suzavanje su: tiskaC i matrica. Geometrija i
dimenzije tiskac¢a odgovaraju unutarnjim dimenzijama radnog predmeta, dok vanjsku
konturu radnog predmeta definira matrica. 3D prikaz alata za operaciju specijalnog

suzavanja dan je na Slici 2.

Slika 2: 3D prikaz alata za operaciju specijalnog suzavanja
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2. PROJEKTIRANJE ALATA ZA SPECIJALNO SUZAVANJE

Alati za specijalno suzavanje se mogu projektirati na dva nacina. Prvi nacin
projektiranja alata podrazumjeva uporabu jedne matrice u svim operacijama suzavanja.
Drugi nacin projektiranja predvida promjenjive dimenzije matrica po operacijama
suzavanja. Dimenzije matrica za svaku operaciju suzavanja se proracunavaju. Postepenim
oblikovanjem radnog predmeta od cilindra do konacnog stozastog oblika izbjegavaju se
velika naprezanja pri oblikovanju, smanjuje se zagrijavanje alata i produzava njegov vijek
trajanja.

Podaci koji se koriste za proracun dimenzija matrica specijalnog suzavanja su: dimenzije
gotovog radnog predmeta, dimenzije cilindricnog pripremka, vrsta materijala radnog
predmeta i njegova mehanicka svojstva nakon vucenja.

Najmanji promjer radnog predmeta nakon zadnje operacije suzavanja raCuna se prema [2]:

d =D —2(R - VR - h2) (2)
gdje su:

D — promjer pripremka, R — polumjer dijela stozastog oblika, H — rastojanje cilindricnog
dijela do najmanjeg promjera stosca (Slika 1).

Deformacije pri suzavanju mogu se izraziti preko ukupnog odnosa suzavanja:

my, =d/D (2)

ili preko ukupne logaritamske deformacije:
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D
¢y = log- (3)

Broj operacija suzavanja raCuna se prema izrazu:

= Pu
n=_"4)
gdje su:

¢, — ukupna logaritamska deformacija, ¢@s-- srednja logaritamska deformacija, koja za
mjed iznosi ¢, = 0,22 + 0,12, a za Celik @5, = 0,20 + 0,18

Promjeri po operacijama suzavanja racunaju se prema izrazu:

d1=m1'D
d2=m2'd1 (5)

dp=my - dy_4

3. DEFORMACIJSKA ANALIZA SPECIJALNOG SUZAVANJA

Deformacijska analiza procesa specijalnog suzavanja uradena je za pripremke iz Celika
C.0148 i mjedi CuZnio za sve operacije specijalnog suzavanja. Analiza je dana preko



dijagrama ovisnosti logaritamske deformacije koja se izracunava za sve presjeke stozastog
dijela radnog predmeta po izrazu (3), Slika 3.
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Slika3: Dijagram logaritamske deformacije za lll. operaciju specijalnog suZavanja za pripremke iz C.0148

Slikag: Oblik konusnog dijela radnog predmeta za Ill. operaciju specijalnog suzavanja za pripremke iz
C.0148
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Zajednicki dijagrami logaritamskih deformacija za prvu, drugu i trecu operaciju specijalnog
suzavanja za alat konstruiran s tri razlicite matrice s razli¢itim polumjerima prikazan je na
Slici 5. Na Slici 6. je prikazan dijagram logaritamskih deformacija za prvu, drugu i trecu

operaciju specijalnog suzavanja za alat konstruiran s jednom matricom, koja se rabi za sve
tri operacije suzavanja.
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Slika 5: Zajednicki dijagrami logaritamskih deformacija za prvu, drugu i trecu operaciju specijalnog
suzavanja za alat konstruiran s tri razli¢ite matrice s razli¢itim polumjerima za pripremke iz éelika C.0148
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Slika 6: Dijagram logaritamskih deformacija za prvu, drugu i trecu operaciju specijalnog suzavanja za alat
konstruiran s jednom matricom za sve tri operacije suzavanja za pripremke iz mjedi CuZnio

S dijagrama prikazanih na Slikama 5. i 6. jasno se uocava razlika izmedu deformacije prve,
druge i trece operacije prema dva razlicita pristupa konstruiranju alata.

Kod alata konstruiranog s tri razli¢cite matrice ukupna logaritamska deformacija iznosi
fu=1,92, rasporedena po operacijama na sljededi nacin: na prvoj matrici £1=0,51, na drugoj
matrici £2=0,46, a na trecoj matrici £3=0,94 (Slika 5.).

Kod alata gdje je u svim operacijama rabljena jedna matrica ukupna logaritamska
deformacija je £,=1,36, rasporedena po operacijama iznosi: £=0,43, £2=0,26 if3=0,67.
Pored razlike u deformacijama dva nacina projektiranja alata se razlikuju i po predenom
putu tiskaca u svakoj operaciji suzavanja. Maksimalne deformacije u sve tri operacije
suzavanja su znatno vece po prvom nacinu projektiranja alata [1].

4. EKSPERIMENTALNO ISTRAZIVANJE SILE SPECIJALNOG SUZAVANJA

Eksperimentalno istrazivanje sile suzavanja provedeno je u laboratorijskim uvjetima na
hidraulicnoj kidalici nazivne sile do 400 kN, s moguénoscu automatskog registriranja
sile na pisaCu. Za suzavanje je rabljen alat, koji se uporabljuje u proizvodnim uvjetima,
Slika 7.
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Slika 7: Alat za suzavanje

Za istrazivanje su rabljeni cilindri¢ni pripremci dobiveni dubokim vuéenjem iz ¢elika C.0148 i
mjedi CuZni1o. Mehanicka svojstva navedenih materijala dane su u Tablici 1.

Tablica 1: Mehanié¢ka svojstva CuZnio i €.0148
182

Mehanicka svojstva materijala

Materijal om[N/mm?] 810[%0] HB
CuZnio Min.245 Min.45 ~50
C.0148 294-362 Min.27 85-110

Prikaz jednog dijagrama sile suzavanja s karakteristicnim to¢kama dan je na Slici 8.

Na svim snimljenim dijagramima se mogu uociti tri karakteristicne tocke, koje dijagram sile
dijele na tri podru¢ja. Prvo podrucje predstavlja pocetak oblikovanja iz cilindri¢nog dijela (od
o do tocke A) s laganim rastom sile, tako da alat nije izlozen ve¢im naprezanjima. U drugom
podrucju (od tocke A do tocke B), primjecuje se vedi porast sile.
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Slika 8: Dijagram ovisnosti sile suzavanja o hodu

Naprezanja u ovom dijelu su veca, zbog formiranja stozastog oblika radnog predmeta.
Trece podrucje, od tocke B do tocke C, u kojoj je sila maksimalna, je karakteristicno po
naglom porastu inenziteta sile. U ovom podrucju je oblikovanje stosca potpuno, a
istovremeno se vrsi i kalibriranje vrha radnog predmeta.

5. REZULTATI EKSPERIMENTALNOG ISTRAZIVANJA SILE SPECIJALNOG SUZAVANJA

Eksperimentalnim putem su dobiveni dijagrami sile suzavanja za cilindricne pripremke iz
elika C.0148 i mjedi CuZnio. Pripremci su prethodno dobiveni dubokim vuéenjem.
Oblikovanje je obuhvatalo tri operacije specijalnog suzavanja. Na Slici 9. je dan zajednicki
dijagram sile suzavanja za sve tri operacije za pripremke iz ¢elika C.0148, uraden na alatu
koji se sastoji od tri razlicite matrice, cija je deformacijska analiza prikazana na Slici 5.

Na Slici 10. dan je zajednicki dijagram sile suzavanja po operacijama za pripremke iz
CuZnao, uraden za alat kod koga je u sve tri operacije rabljena ista matrica.
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Slika 9: Dijagram ovisnosti sile suZavanja o hodu u sve tri operacije za pripremke iz €.0148 [3]
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Slika 10: Dijagram ovisnosti sile suzavanja o hodu u sve tri operacije za pripremke iz CuZnao [3]

6. ZAKLJUCAK

Eksperimentalna istrazivanja su pokazala kako nadin projektiranja alata za specijalno
suzavanje bitno utjece na silu u svim operacijama suzavanja.

Kod alata s tri razli¢cite matrice, maksimalna sila se javlja u drugoj operaciji suzavanja, a
maksimalni deformacijski rad u prvoj operaciji suzavanja. U trecoj operaciji suzavanja i sila i
deformacijski rad su najmaniji.
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Kod alata s jednom matricom maksimalna sila i maksimalni deformacijski rad su u drugoj
operaciji suzavanja.

Kod suzavanja pripremaka iz Celika maksimalne sile suzavanja su bile vece od sila suzavanja
pripremaka iz mjedi za 46% u prvoj, za 34% u drugoj i za 17% u trecoj operaciji suzavanja.
Ovi odnosi se slazu s odnosom vlacnih ¢vrstoca Celika i mjedi, koji se krecu u granicama 1,2 -
1,48.

Ukupni deformacijski rad kod alata s tri matrice je vedi od ukupnog deformacijskog rada
alata s jednom matricom, Sto navodi na zakljucak kako je zagrijavanje i trosenje alata vece
kod prvog nacina projektiranja alata. Ako se uzme u obzir da se specijalno suzavanje koristi
U uvjetima masovne proizvodnje, dolazi se do zakljucka kako je bolje koristiti drugi nacin
projektiranja alata za specijalno suzavanje.
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Abstract

Poisson's ratio is one of the fundamental properties of any structural material including woven fabrics
and textile materials. This coefficient determines important mechanical characteristics of fabrics in
many applications, including a variety of composite systems containing textiles as a structural
element. Due to the anisotropy of woven fabrics, Poisson's ratio changes over the fabric sample
stretching. In this paper the practical application of uniaxial testing of woven fabrics for determining
its breaking properties and Poisson's ratio is presented. Experimental testing were carried out on two
different fabrics of different raw material composition (cotton, wool) and of the same weave (plain
weave). Samples are stretched with tensile force in the weft and warp direction, and based on
different measured values of fabric stretching, warp and weft Poisson's ratio is calculated. The
influence of raw material composition on the values of the Poisson's ratio was investigated.

Keywords: woven fabric, Poisson’s ratio, warp, weft, anisotropy, elongation at break.
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1. INTRODUCTION

Nowadays the use of textile materials in different industrial branches is on the rise.
Anisotropy is a characteristic of most materials, especially woven fabrics. The impact of the
direction of action of external load (tensile force) on the properties of the fabric is enormous,
and is frequently examined [1]. The mechanical properties of fabrics under the influence of
tensile load began to be studied from 1937 [2]. Kilby defined the Poisson's ratio and measured
the tensile properties of fabrics in an arbitrary direction of the tensile force. He noted that
there is a connection between the Poisson's ratio, shear modulus and modulus of elasticity of
the fabric [3]. Poisson's ratio effect on certain mechanical properties of the fabric such as
draping and shear. The researchers determined the Poisson's ratio in the warp and weft based
on geometric model of fabric and without the impact of the Poisson's ratio of the yarn. The
Poisson's ratio in fabrics comes out of the interaction between the warp and weft, and can be
expressed in terms of structural and mechanical system parameters [4]. Due to the woven
fabric anisotropy analysis of the impact of physical parameters of fabric on the value of the
Poisson's ratio is useful and provides a better explanation for certain woven fabric behaviors.
Because of the inherent nature of textile, accurate and reliable measurement of Poisson's
ratio is a difficult task. This engineering property is studied by many scientists.

Bao and colleagues [5] were investigating why in the measurements of Poisson's ratio, when
on the fabric acts uniaxial tensile load, occurring errors. Previously measured experimental
values are compared with the theoretical results. He also studied the influence of yarn and
fabric structural parameters of the Poisson's ratio. Accurate measurement of the Poisson's
ratio of woven fabric is quite difficult due to the lack of reliable experimental techniques [6].
Uniaxial testing is most commonly performed in woven fabrics using either commercial or
custom- designed instruments [7] and analyzing physical and mechanical properties of textile
products [8]. Poisson's ratio of textile materials used in non-woven geotextile analyzed
Giroud [9]. He has set the theoretical equation to calculate the Poisson coefficient, as a
function of strain.

Experiments on the extension of the woven fabric sample under static load will be performed
in this paper. The influence of raw material composition on the values of the Poisson's ratio
has been researched, too.

2. THEORETICAL OVERVIEW

Poisson's ratio, which expresses the change in the volume of a solid undergoing deformation,
is an important characteristic, along with the initial modulus of elasticity and shear, of the
behavior of a material under a tension load and can be used in calculations of the true stresses
(from the actual cross-sectional area) coming into being in textile fibers and yarns subjected
to extension and can serve, moreover, as an indirect characteristic of the structure of the
material and of the mechanism of its deformation. It is well known that when a solid having
the shape of a rectangular parallelepiped, Fig. 13, is subjected to tension forces in the
direction of its axes x, y and z, the change in its volume will equal:

dv_y-z-dx+x-z-dy+x-y-dz_d d
Vo X-y-z Xy
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where g, €y and g; are the relative tensile deformations in the direction of the x, y and z axes
of the parallelepiped.

A

(1+&y)dy

Oy

(1+8?()dx I
|

a. b. C.

Fig. 1: Schematic presentation of: a) solid volume element, b) Poisson’s ratio vxy, ¢) Poisson’s ratio vyx

In tensile deformation in the direction of the x axis the solid will be subjected to compression
in the direction of the y and z axes (i.e, laterally to the x axis):

—=gx—2-g=gx-(1—2-i)=gx-(1—2-v) (2)

where € is the relative compressive deformation and v is the Poisson’s ratio.

It is obvious that for v = 0.5 the volume of a material subjected to tensile forces will not change
(dV = 0), for v< 0.5 the volume will increase (dV > o) while for v > 0.5 it will decrease (dV < o).

When a fabric is stretched in one direction, it tends to contract in the direction perpendicular
to the direction of stretch, Fig. 1b, 1c. The yarns in the direction of tensile force are flattened
out (extended), and in the orthogonal or non-loading direction the yarns have a longer
geometrical path to 'curve around'. Because there is no limiting force, waviness (amplitude)
of the yarn in the vertical direction of the force increases. The consequence to this is
dimension reduction of the fabric width. This phenomenon is called Poisson effect. Poisson’s
ratio, a measure of the Poisson effect, is the ratio of the relative contraction strain s to the
related extension strain € in the direction of the applied load. To determine the Poisson's ratio
of fabrics, devices for measuring tensile strength are used, and the coefficient is determined
in the linear part of the diagram of Hooke's law [10]. During testing the fabric to stretch, the
initial length of the tested sample |, is increased for Al, and a final sample length of fabricis I.
The initial width of the fabric sample bois decreased for Ab and the final sample width is b.
The physical meaning of Poisson's ratio v is shown by Eq. (3). Relative contraction and
extension strains have an opposite sign.

l, b-b,

b, I-1,
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The relative longitudinal strain (relative extension strain) € and transverse strain (relative
contraction strain) s is defined in Eq. (4).

8=A—I~1OO%:(II—— }100% , s=ﬁ—b~100%=(b£— ]'100% (4)

IO 0 0 0

Due to anisotropy of the fabric the Poisson’s ratio is being changed in the process of extension
of the fabric sample.

3. EXPERIMENTAL TESTING

The experimental study was carried out by measuring extension of woven fabrics samples
under the action of tensile force till rupture [11]. Tensile force acts on the samples that are cut
at warp and weft direction. The values of the tensile force in relation with relative extension
were measured. For the extensions and tensile forces which act in the warp and weft
direction, corresponding contraction strains of woven fabrics were scanned. The Poisson's
ratio of woven fabrics was calculated by using the testing results. Two different fabrics of
different raw material composition (cotton, wool) and of the same weave (plain weave) were
available. Raw material and structural properties of the tested fabrics are shown in Tab. 1.

Tab. 1: Structural characteristics of the tested samples

Warp direction Weft direction
Fabric Fiber Yarn Linear Fiber Yarn count Linear | Mass per | Thicknes
structure | compo- count density | compo (tex) density | unitarea | s, t (mm)
sition (tex) (cm™) -sition (cm™) (g/m?)
Plain Cotton 32 22 Cotton 30 22 150.34 0.318
Plain Wool 50.6 26 Wool 47 18 234.75 0.568

Yarn count was determined by the gravimetric method according to standard ISO 2060:1994.
Number of threads per unit length was tested according to the standard ISO 7211-2:1984.
Standard ISO 5084:1996 describes a method for the determination of the thickness of fabric.
Before testing all samples were conditioned under the conditions of standard atmosphere
(relative air humidity 65 + 2%, at a temperature of 20 + 2°C). Standard samples with
dimensions 300 x 5o mm were cut and clamped in clamps of the tensile tester at a distance of
lo=200 mm and subjected to uniaxial tensile load till rupture. The pulling speed of clamps is
100 mm/min. The samples were cut in weft direction (¢ =0°) and warp direction (¢ =90°).
Three tests were done on tensile tester for each mentioned cutting direction of the sample.
Tensile properties of all samples were tested in accordance with standard ISO 15013934-
1:2008 using the strip method for measuring fabric strength on a tensile strength tester
Textechno Statimat M. This tensile tester is an automatic, microprocessor-controlled
instrument operating on the principle of constant deformation speed, Fig. 2.
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Fig. 2: Schematic view of the experiment

For accurate recording and measurement of spatial deformation of fabric a 1x1 grid pattern
was mounted on the tensile tester immediately behind the test specimen; the whole process
of drawing the specimen till rupture was recorded by the Panasonic NV-GSsoo Digital Video
Camera placed on the tripod in front of the device. A digital video camera with a resolution
of 720 x 576 pixels, and with a recording speed of Ns=25 frames/s, and is connected to the
computer via an IEEE 1394 (FireWire) interface. The horizontal distance between camera and
the sample is such that 1 mm on the grid amounted to 10 pixels on the picture. Two sources
of white light which mutually close the angle of go® were used for measuring. The number of
images N at a certain extension is:

g1, 80

N = .
100 v

sl (5)

The tensile tester and the camera are connected to a special assembly with simultaneous
on/off which fully ensures the exactness of video recording of the entire process of stretching
the fabric to rupture. The width of each sample was measured in three spots (1/4, 2/4 and 3/4
of the length and width of the sample). The transverse strain is obtained after all samples
were recorded by camera, and the mentioned grid pattern enables fast and accurate editing
of the footage processed by the software package Adobe Premiere created for this purpose
which specifies the spatial deformation of samples on the basis of shifting in the direction of
the x- and y-axis.

3.1. Overview of testing results

Diagrams (F-g) of mean values of test results of action of tensile force F and the corresponding
longitudinal strain (extension) € for samples that are cut in weft and warp direction are shown

in Fig. 3.
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Fig. 3: Tensile force- elongation diagram (F- €) till rupture: a) when the force acts in the weft direction, b)

when the force acts in the warp direction

3.2 Determination of Poisson's Ratio

The fabric sample width is bo=500 pixels, which is equivalent to bo=50 mm. Reading the value
of the fabric width, after the effect of force, the relative transverse strain is calculated using
the Eq. (4). The contraction of fabric in transverse direction, i.e. in the direction which is
perpendicular to the direction of stretching occurs. Due to this phenomenon, there is loss of
rectangular shape of the sample, i.e. there is contraction of the fabric sample. Relation
between continuous change of relative contraction s (%) of the sample and its relative
extension € (%) when a force acts on samples that are cut in the weft direction is shown in Fig.
4a by characteristic curve. Fig. 4b shows a characteristic curve of relative contraction of the
sample in relation to its relative extension when the force acts on samples that are cut in the
warp direction. When a force acts on samples that are cut in the weft and warp direction, at
the same of relative extension g, cotton fabric has higher relative contraction s than wool
fabric, Fig. 4. When force acts in the weft direction, at relative extension €=10% the lateral
contraction for cotton fabric is s= 12.56% and for wool fabric is s=7.57%. Lateral contraction
of cotton fabric is 66% higher than contraction of wool fabrics for e=10%. When force acts in
the warp direction, at relative extension €=15.5% the lateral contraction for cotton fabric is s=
17.47% and for wool fabric is s=9.12%. Lateral contraction of cotton fabric is 92% higher than
contraction of wool fabrics for e=15.5%. Both fabrics have a bigger extension and contraction
when a force acts in warp direction.
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Fig. 4: Diagram of relative contraction of fabric s (%): a) when the force acts in the weft direction, b) when

the force acts in the warp direction

From diagrams in Fig. 4 it is evident that fabric contractions are small at the beginning of
stretching. After that, with the increase of stretching, the values of fabric contraction also
increase.

According to Eqg. (3) and based on the experimental values of relative contraction s and
relative extension € from Fig. 4, the values of Poisson’s ratio v are calculated when the force
acts on samples that are cut in the weft and warp direction. Fig. 5a shows a curve of the values
of the Poisson’s ratio vin relation to its relative extension when the force acts on samples that
are cut in the weft direction and Fig. 5b shows the values in the warp direction.

14 14
cotton
1.2 121 cotton
1 1
0.8 08 1
> wool >
0.6 q 0.6 q wool
0.4 0.4 -
0.2 0.2
0 0
0 2 4 6 8 10 12 14 16 0 5 10 15 20 25 30
£ (%) (%)
a. b.

Fig. 5: Poisson’s ratio v of the fabric: a) when the force acts in the weft direction, b) when the force acts in

the warp direction

The shape of Poisson’s ratio curve of woven fabric is the result of internal interactions in the
fabric. The shape of the Poisson ratio, Fig. 5, affected by changes in value of relative
contraction of fabric that are shown in Fig. 4. The Poisson’s ratio curve consists of two zones.
The first zone includes an area from the beginning to the highest peak of the curve. When a
force actsinthe weft direction, the highest value of the Poisson’s ratio for cotton fabric v=1.39
is where the relative extension € is between 6 and 6.5%, and for wool fabric v=0.88 is where €
is between 5.5 and 6%, Fig. 5a. When a force acts in the warp direction, the highest value of
the Poisson’s ratio for cotton fabric v=1.18 is where the relative extension € is between 14 and
14.5%, and for wool fabric v=0.68 is where € is between 9.5 and 10%, Fig. sb. Both fabrics
have a higher value of Poisson’s ratio when a force acts in weft direction.

Cotton fabric has a higher value of the Poisson’s ratio than wool fabric for each value of
extension. When force acts in the weft direction, at relative extension €=6% the value of
Poisson’s ratio for cotton fabric is 62% higher than Poisson’s ratio of wool fabrics. When force
acts in the warp direction, at relative extension €=6% the value of Poisson'’s ratio for cotton
fabric is 52% higher than Poisson’s ratio of wool fabrics.
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The second zone is from the highest peak of the curve to end of stretching, ie interrupted. In
this zone, the curve Poisson’s ratio decreases and it represents the end of the lateral
contraction despite stretching of fabric sample.

After considering equation of Poisson’s ratio, relative contraction becomes constant when
lateral contraction of woven fabric is completed. Furthermore, the sample is still stretching
for the value €. Therefore, equation of Poisson’s ratio takes on a new form, which is the
general form of the reciprocal function. Mathematically, the limit of this equation is zero. In
practice, due to the break of the sample, this condition never occurs. However, taking into
account the significance of the Poisson’s ratio that represents the ratio between the
transverse and longitudinal deformation of the material, if transverse deformation does not
take place in this ratio, Poisson’s ratio has no practical significance.

Ending of lateral contraction of woven fabric can occur for two reasons. First, due to the
termination of flattening crimp of yarn in the direction of stretching fabric and the other
because of the structure of the fabric. If there is a possibility of further contraction of fabric,
it can not continue to take place because there is no continued existence of space between
neighboring threads in the fabric, so there can be no contraction of the fabric.

4. CONCLUSION

Due to the anisotropy of woven fabrics, Poisson's ratio is not constant, but varies with each
fabric extension. Behavior and shape of Poisson’s ratio curve of the coated fabric that is
subjected to tensile force, mostly depends on its behavior in a direction perpendicular to
extension. Poisson'’s ratio values depend on the number of coatings applied to the raw fabric.
The shape of the Poisson'’s ratio curve for woven fabrics is a result of internal interactions in
the coated and raw fabrics. Change in the values of relative contraction of coated fabrics
affects on the shape of the Poisson’s ratio curve. When the force acts on samples that are cut
in the weft direction, Poisson's ratio assumes maximum value at relative extension of cotton
fabrics between 6 and 6.5%, and for wool fabrics between 5 and 5.5%. When the force acts
on samples that are cut in the warp direction, Poisson's ratio assumes maximum value at
relative extension of cotton fabrics between 14 and 14.5 %, and for wool fabrics between 9.5
and 10%. In weft and warp direction, the values of Poisson'’s ratio of cotton fabrics are higher
than Poisson’s ratio of wool fabrics at the same relative extension.

Because of the anisotropy of fabrics, Poisson's ratio is not constant. It is changing with each
elongation of woven fabric. Behavior and form of the curve of the Poisson’s ratio of the woven
fabric which is exposed to tensile force, ie. elongation, mainly depends on the behavior of the
fabric in a direction perpendicular to the elongation. First, Poisson’s ratio increases
nonlinearly and after having reached the peak value decreases. These two zones represent
two different processes in the deformation of the fabric. The first zone represents the way of
lateral contraction because of longitudinal stretching. The second zone shows the
termination of lateral contraction of the woven fabric and the fabric is stretching without
further contraction.
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Sazetak

Nastavno na prethodna istrazivanja kojima se autori bave na temu evaluacije fotografske slike, u
ovom radu analiziraju se rezultati rangiranja fotografija na promatranim fotografskim natjecajima,
ovisno o iskustvu promatraca, spolu i mediju koji se koristi za prikaz slike. Deskriptivnom analizom i
statistickom obradom podataka utvrduju se korelacije u usuglasavanju misljenja ispitivane grupe,
ovisno o percepciji promatraca i zanrovskoj kategorizaciji, odnosno tematici natjecaja.

Kljucne rijeci: Fotografija, percepcija, fotografski natjecaj, rangiranje.
Abstract

Following the previous research on evaluation of photographic images, this paper analyzes the
results of photo ranking in observed photographic competitions, taking into consideration the
experience of the observer, gender and the media used to represent the image in question.
Descriptive analysis and statistical data analysis have determined the correlations in matching the
opinions of the examined groups, depending on the perception of the observer and genre
categorization and the topic of the competition.
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Abstract

In this paper, methods of thermal, mechanical and surface analyses of biodegradable PCL/PLA
composites with the addition of different cncentrations of coconut fibers were performed. The aim
was to assess the potential of these composite materials for the relief-printing plates as an alternative
to classical photopolymer materials. Differential scanning calorimetry, surface free energy
calculations and hardness measurements were performed on the samples. Results have shown that
most thermal transitions that are characteristic for PLA and PCL do not take place in the area of
temperatures applicable in the printing process. Most thermal transitions were not affected by the
addition of coconut fibers. Coconut fibers in the composite structure contributed to the increased
hardness of the material. Moreover, the hardness range of the prepared PCL/PLA composites was
within the range of some classic photopolymer printing plates. By adding coconut fibers in higher
concentrations, surface free energy of the materials decreased, which enables a wider application of
the material for the production of printing plates. From the obtained results it can be concluded that
there is a potential for the use of PCL/PLA biodegradable composite materials in the manufacture of
various relief-printing plates for different printing techniques (letterpress, embossing, label printing).

Keywords: Relief printing, PCL, PLA, coconut fibers, biodegradable material.
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1. INTRODUCTION

The application of biodegradable materials in the past years has increased in various
industries, from the medical, automotive and agricultural applications to graphic technology
which uses a large proportion of biodegradable materials, primarily in the development of
packaging and 3D printing. In the production of printing plates, biodegradable materials were
used in the beginning of the development of relief, specifically flexographic printing, when
the printing plates were made of rubber. In the middle of 20™" century, synthetic polymers
have been introduced to graphic technology and quickly replaced natural materials. Until
today, most printing plates for various types of relief printing are produced using synthetic
photopolymer materials. Printing plates made of photopolymer materials differ in
composition, hardness and thickness depending on the printing substrate, the image to be
printed and used printed ink. There are three main types of printing inks: solvent-based,
water-based and UV-curable, so it is important to choose the printing plate material that will
be compatible with the printing ink.

Biodegradable materials are subject to conversion process to water, biomass, carbon dioxide
or methane, affected by micro-organisms. They can be of natural or synthetic origin. The
process of biodegradation of materials consists of two phases. The first stage is the reduction
of the polymer chain by breaking carbon bonds in the conditions of heat, humidity and the
presence of microorganisms. The second phase of biodegradation begins when low-
molecular carbon chains become energy sources for microorganisms.

Polycaprolactone (PCL) (Fig. 1) is a biodegradable polymer of synthetic origin. It was
synthesized in the early 1930s. It is a hydrophobic and a semi-crystalline polymer. Its
crystallinity is reduced by the increase in molecular mass. It has a low melting point, at 60 °C,
and the glass transition temperature of -60 © C. It is suitable for mixing with other polymers,
such as cellulose propionate, cellulose acetate, butyrate and polylactic acid, in order to
increase the resistance to cracking.

O

n

Fig.1: Structural formula of PCL [1]

Because of its properties, it has great potential for use in medical purposes where it is most
explored in the field of artificial tissue creation. PCL is biodegradable in nature by bacteria
and fungi, but is not degradable within a human or animal organism because of the lack of
certain enzymes. Pure PCL requires two to four years to completely disintegrate, depending
on the molecular weight of the polymer [2].

Polylactic acid (PLA) (Fig. 2) is one of the most widely used biodegradable aliphatic polymers
today. It was discovered in the 19*" century. It is classified as a thermoplastic polyester. It can
be obtained from lactic acid by the fermentation of agricultural crops such as maize. The
melting temperature of PLA is 170 ° C, while the glass transition temperature is about 60 °C.
It is thermally unstable, and above the melting temperature, its thermal degradation begins

[3].
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Fig.2: Structural formula of PLA [4]

PLA is soluble in chlorinated solvents, benzene, tetrahydrofuran and dioxane [5]. The time of
biodegradation of polylactic acid in commercial composting plants is from 3 to 6 months [6].
Share of PLA is growing in the production of environmentally friendly packaging materials. It
is also used in medicine to make bolts that are embedded in the joints, knees, arms, and rods
for ligaments [7]. In 2012., about 180 thousand tons of PLA were produced, and by 2020. this
figure would reach up to one million tons in one year [8].

The aim of this paper is to assess the applicability of the environmentally friendly printing
plate made of PCL/PLA composite as an alternative to conventional photopolymer materials.

Specifically, the new approach to the printing plate production primarily intended for
embossing will be achieved through the adjustment of the composition of mixture of
biodegradable polylactic acid (PLA) and polycaprolactone (PCL) to meet the necessary
qualitative properties. In addition, natural coconut fibers will be added to the produced
material in order to improve the mechanical properties of the polymer composite needed for
the usage as a printing plate material.

2. EXPERIMENTAL

2.1 Preparation of samples

For this research, 16 PCL/PLA composite samples were prepared (Tab. 1). They were mixed
inthe Brabender kneader. Weight of all the samples was 40 grams because that is the volume
which kneader can take in. The kneader consists of two connected chambers in which the
rollers rotate in the opposite direction with narrow interspace along the wall. Walls and rollers
are heated by heater.

The samples were placed in the kneader at a temperature of 190 °C because at that
temperature the complete melting of PLA will occur. The kneader speed was 6o rpm. The
samples were mixed for 5 minutes after which they were taken away and cut into pieces (Fig.
3). Afterward, the tiles were made of cut samples in press at a temperature of 190 °C and a
pressure of 16 MPa. The dimensions of tiles were 10 x 10 cm. The pressing procedure lasted
for 7 minutes - 2 minutes of preheating and 5 minutes of pressing. Obtained tiles were ready
for further tests after cooling. From the tiles, the samples of weight of cca. 10 miligrams were
cut for the differential scanning calorimetry (DSC). For measuring the contact angle and
hardness, 1 x 10 cm samples were cut.
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Fig. 3: Cut samples for press

Tab. 1: List of the samples

:3::55 Sample name :znn:sli Sample name

. PCL-0 9. PCL/PLA 80%/20%

5. PCL + 0,5% of fibers 10. PCL/PLA 80%/20% + 0,5% of fibers
3. PCL +1,5% of fibers 11. PCL/PLA 80%/20% + 1,5% of fibers
4. PCL + 3% of fibers 12. PCL/PLA 80%/20% + 3% of fibers
5. PCL/PLA 90%/10% 13. PCL/PLA 70%/30%

6. PCL/PLA 90%/10% + 0,5% of fibers 14. PCL/PLA 70%/30% + 0,5% of fibers
7. PCL/PLA 90%/10% + 1,5% of fibers 15. PCL/PLA 70%/30% + 1,5% of fibers
8. PCL/PLA 90%/10% + 3% of fibers 16. PCL/PLA 70%/30% + 3% of fibers

2.2. Methods of measurement and analysis

Methods of measurement and analysis used in this paper were differential scanning
calorimetry (DSC), material hardness measurement and determination of surface free
energy. List and characteristics of the devices used in this paper are shown in the Tab. 2.

Tab. 2: List of used devices

Name of the device

Technical characteristics of the device

DSC Mettler Toledo 823e

Temperature data: temperature range with internal refrigerator from -
90 to 450°C, temperature accuracy from +0,2 K, heating speed from
0,01 to 300 K/min; cooling speed from 0,01 to 5o0K/min; calorimetric
data: sensor type — ceramic, number of thermocouples — 56, resolution
— 0,04MW, measuring speed — max. 50 values per second.

Goniometer Dataphysics OCA 30

Contact angle: 0 — 180 °; + 0.1 °Surface tension: 102— 2-103mN/m
resolution: + 0.02mN/m

USB-CCIR camera: 768 x 576 pixels

FOV:1,32x0,99 - 8,50 x6,38 mm

Integrated thermometer: -60 — 700 °C

Durometer Zwick Roell

Shore A and Shore D scale
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Differential scanning calorimetry (DSC) is one of the thermal analysis methods. It is used for
measuring thermal flow difference between the sample and the reference material during
the exposure of the sample to a controlled temperature and atmosphere.

The material used as the reference sample is aluminium oxide (Al,O3). DSC analysis has ability
to monitor the transfromations in the solid state, phase changes and to determine the
thermodynamic parameters during the controlled heating and cooling of the sample. The
parameters that can be determined by DSC analysis are glass transition temperature,
crystallization temperature, melting temperature, polymer crystallinity percentage, specific
heat capacity, transformation enthalpy and many others [9].

The device used in this paper was Mettler Toledo 823e. The samples of the weight of cca. 10
mg were put in aluminium bowl, hermetically sealed by a press and then placed in device
where glass transition temperature, melting temperature, crystallization temperature and
possible changes caused by coconut fiber were determined. The tests were conducted in a
stream of nitrogen at the flow rate of 50 cm3/min with refrigerator cooling with
heating/cooling rate of 10 °C/min. Measurements were performed in two heating cycles and
one cooling cycle in a temperature range of -go to 200 °C. First heating cycle was performed
to erase the thermal history of the sample preparation [10-11].

Hardness of the material is defined as the ease with which the material can be cut, punctured
or subject to abrasion. The process is carried out by placing few layers of polymer (minimal
height is 4 mm) at top of one another and placing them beneath the needle. The hardness
value is being read on the digital screen on the Shore A scale [12]. The device used in this
measurement was durometer Zwick Roell. Eight measurements were performed for each of
16 samples and average value of the Shore A hardness has been calculated.

To determine the surface free energy of biodegradable printing plates, it was first necessary
to determine the contact angles for the three reference liquids: water, diiodomethane and
glycerol. Contact angle measurements were performed by means of goniometer Dataphysics
OCA 30.

The contact angle was measured using Sessile drop method. Eight drops of every liquid were
applied at the different places on the sample. The drop volume was 1 um. Average value of
the contact angle was calculated for each of the three liquids and then surface free energy of
biodegradable printing plates was calculated by OWRK method which is suitable for this type
of the material [13-14].

3. RESULTS AND DISCUSSION
3.1. Differential scanning calorimetry

The results of DSC measurements for all samples are presented in Tab. 3. They were obtained
from the DSC diagrams. As an example, Fig. 4 presents the DSC diagram of the 16. sample
(PCL/PLA 70%/30% + 3% of fibers). DSC diagram of 16. sample shows three thermograms.
Red thermogram represents first heating cycle, green thermogram represents second
heating cycle and blue thermogram represents cooling cycle. First and second heating cycles
have 4 transitions.
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Fig. 4: DSC thermograms of 1st i 2nd heating cycles and cooling cycle
for sample PCL/PLA 70%/30% + 3% of fobers

Tab. 3: DSC data for PCL/PLA mixtures, 2nd heating cycle

Share of PCL PLA

PCL/PLA

Share Of -I‘:g T;m AH’Z_ T‘:g 7;cc AHc-c1 T;m AHr:-

fibers | C /°C lJg | C /C lJg /| C /g
0% |-63.21|57.06 | -74.43 |/ / / / / 201

o 0.5% |-62.66| 56.92 | -71.42 / / / / /

& |1.5%|-63.70| 57.90 |-69.87| |/ / / / /
3% |-63.41|56.94 |-70.46| |/ / / / /

] 0% |-62.72| 58.03 | -67.66 * 96.84 | 2.10 |167.79 | -3.72

S

< 0.5% |-62.96| 57.07 |-63.88| * 91.71 | 1.86 |166.68| -3.61

o

5 1.5% | -63.70 | 56.77 |-57.64 * 90.43 | 1.26 |166.41| -4.08

o
3% |-62.20| 56.80 |-55.29 * 90.13 | 2.29 [166.28| -3.75
0% |-57.33| 57.62 [-52.82 * 98.28 | 4.80 [168.26| -7.38

%g 0.5% |-63.20| 57.10 | -53.13 * 94.42 | 3.81 |167.22| -7.87

¥ 1.5% | -61.10| 57.38 |-52.49 * 94.36 | 4.21 |167.65| -8.49
3% |-62.62| 56.93 |-53.10 * 91.91 | 4.57 |166.72| -7.84
0% |[-63.95| 56.61 | -43.83 ¥ 99.43 | 8.29 |167.75]| -11.97

%% 0.5% |-62.84| 56.76 |-47.88 * 99.75 | 6.04 |167.39| -11.56

g 1.5% |-63.50| 56.81 |-43.55 * 95.47 | 7.41 |167.12 | -11.48
3% |-63.67|56.58 |-44.81 * 93.30 | 6.46 |166.54 | -11.88

It can be seen in Fig. 4. that first transion is at -63.37 °C and it represents the glass transion
temperature. Next transion is in the interval from o to 70 °C and it represents PCL melting.



Endothermic peak of melting is at 56.58 °C. Third transition is cold crystallization of PLA in
the interval from 8o to 110 °C. Exothermic peak of cold crystallization is at 93.90 °C. The last
transion is PLA melting. It begins at 150 °C and ends at 180 °C. Endothermic peak of PLA
melting is at 166.54 °C. Thermogram of cooling cycle shows two transitions. The first is PCL
crystallization in the interval from o to 40 °C with exothermic peak at 30.26 °C and the second
one is PLA crystallization which begins at 50 °C and ends at 130 °C with exothermic peak at
92.57 °C.

Tab. 3 shows results of the second heating cycle from DSC analysis for all the samples. In the
table one can find values of PCL glass transition temperature (T,), PCL melting temperature
(Tm), PCL melting enthalpy (AHm), PLA cold crystallization temperature (7<), PLA cold
crystallization enthalphy (AHc), PLA melting temperature (Tm), and PLA melting enthalpy
(AHm). PLA glass transition temperature (Ty) is marked with the stars, which means it could
not be determined because it overlaps with PCL melting interval.

Tab. 4 shows results of cooling cycle from DSC analysis for all samples. In the table one can
find values of PCL crystallization temperature (Tc), PCL crystallization enthalpy (AH.), PLA
crystallization temperature (T¢) and PLA crystallization enthalphy (AH.). It is possible to
conclude that the addition of coconut fibers causes changes in some of the thermal properties
of the prepared composites. Specifically, the fiber addition does not significantly affect the
glass temperature, as well as the melting temperature, as expected.

Tab. 4: DSC data for PCL/PLA mixtures, cooling cycle

Share of PCL PLA

PCL/PLA
Share of T. AH T. AH.

fibers I'c | 13g* | 1'c | 1ig*
0% | 27.25 | 66.49

0.5% | 27.76 | 62.93

PCL

1.5% | 30.25 | 60.52

~ |~ |~ |~

3% | 28.78 | 60.47

0% | 32.05| 59.63| 59.20 |0.07653

<
& 9 |05%] 3142 | 54.69 / /
g & 1.5% | 31.78 | 52.97 / /

3% | 31.97 | 48.70 | 60.46 | 0.36

0% | 31.79 | 50.68 | 61.45 | 1.34
0.5% | 30.94 | 4534 | 95.42 | 3.07
1.5% | 30.90 | 48.19 | 94.36 | 6.92
3% | 30.77 | 4414 | 92.74 | 3.18
0% |[30.62| 42.10| 60.78 | 4.06
0.5% | 30.77 | 41.44 | 91.42 | 5.79
1.5% | 30.48 | 37.43 | 59.14 | 3.86
3% |30.26 | 40.34 | 92.57 | 6.30

PCL/PLA
80/20

PCL/PLA
7030

This result suggests that the addition of coconut fibers to the polymeric mixture does not
significantly affect the mobility of the polymer in the polymer network. Visible changes are
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present in the cold crystallization temperature and enthalpy of crystallization for all
measured samples, and in the melting enthalpy for the PCL/PLA 90%/10% sample. The values
are shifted to lower points after addition of higher fiber concentration, which is common for
composite materials.

3.2. Measurement of hardness

Shore A method of hardness measurement showed the highest hardness of sample PCL/PLA
70%/30% + 0.5% of fibers, 92.7 (Fig. 5). Lowest hardness was measured on sample PCL/PLA
90%/10% + 3% of fibers - 86.98. However, a decrease in hardness of the sample PCL/PLA
90%/10% + 3% of fibers can be attributed to measuring method due to high concentration of
fibers in tough polymer material. Because of the surface structure which is created by fibers
in higher concentration in material, measurement of hardness can be difficult and give
imprecise result.

93
N m—
= 91
o] / \
& 90 / —o—PCL
[74]
£ 8 —@— PCL/PLA 90/10
a \ PCL/PLA 80/20
% 83 —
z =>¢=PCL/PLA 70/30
87
86

0% 0.50% 1.50% 3%
SHARE OF THE FIBERS IN THE SAMPLE

Fig. 5: Material hardness (Shore A)

Except for the sample that deviates from the trend, it is possible to conclude that coconut
fibers in polymer structure contribute to the increased hardness of the material. The highest
general hardness of the material, regardless of the amount of added fibers, is present for the
sample with the highest share of PLA. Also, the hardness range of tested polymer materials
is within the range of some classical photopolymer printing plates. Therefore, it is possible to
conclude that by a combination of ratios of PCL and PLA and the amount of added fibers it is
possible to adjust the hardness of material to the needs of the printing plate.

3.3. Calculation of surface free energy

The highest surface free energy was calculated for the sample PCL/PLA 80%/20% + 1.5% of
fibers, and its value is 41.92 mN/m. The lowest surface free energy was calculated for the
sample PCL + 3% of fibers and its value is 33.12 mN/m (Fig. 6).

It is possible to conclude that the addition of coconut fibers in higher concentrations causes
the decrease in free surface energy. The possible cause of that is shortening of the chains in
the polymer network, and the properties of the fibers. This change of the surface properties
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of tested material is actually positive in the therms of applicability for the production of the
relief printing plate.
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Fig. 6: Surface free energy of samples

Namely, the surface free energy range of photopolymer printing plates for some reief
printing techniques is in the range of measured surface free energy of PCL/PLA mixtures with
fibers. Needed surface free energy of the photopolymer printing plate depends on the type
of printing ink which will be used (solvent-based, water-based or UV-curable ink).
Consequently, the results show that by choosing the right ratio of used biodegradable
polymers in mixture and amount of coconut fibers it is possible to obtain the desired surface
free energy of material and ensure its application in form of relief printing plate.

4. CONCLUSION

In this paper, thermal, mechanical and surface analyses of biodegradable PCL/PLA
composites with the addition of different coconut fibers weight shares were carried out. The
aim was to use different methods of measurement and analysis to determine potential
applicability of used materials for production of the relief printing plate as an alternative to
conventional photopolymer materials. From the research results of this paper, following can
be concluded:

e Most thermal changes characteristic for PLA and PCL do not take place in the
applicable temperature range for relief printing. Exceptions are: PCL melting
temperature at 60 °C which is not affected by the addition of fibers - this prevents the
application of the obtained material for the foil stamping; second is PCL
crystallization temperature during the cooling cycle at 30 °C. The influence of crystal
transition on surface properties of the polymer mixtures should be examined in the
following research;

e Coconut fibers in the composite structure contribute to the increased material
hardness. The hardness range of the tested polymers is within the range of some
classical photopolymer printing plates, so it can be concluded that combination of
PCL and PLA ratios and specific amount of added fibers enable adjustment of the
material hardness;
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Addition of coconut fibers in higher concentrations causes the decrease in free surface
energy which is positive change in terms of application for the production of relief
printing plate. Surface free energy range of photopolymer printing plates is within the
range of the measured surface free energy of PCL/PLA mixtures with fibers.
Furthermore, calculated surface free energy is in the range applicable for the relief
printing application;

Materials produced and tested in this research have the potential for the application
for various types of relief printing plates (letterset, embossing, printing plates for label
printing).
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Abstract

Great demand on the quality of the welded joints results with increased number of experiments and
prototypes. These experiments and prototypes aim at defining the appropriate welding technology,
material, preheating, welding parameters, clamping condition and optimizing the welding process.
Of course, it makes production more expensive. Numerical simulation of welding, supported by
experimental measurements, can simulate the actual welding process very close to reality. The
paper covers some typical welding cases from energy industrial sector. Weld joints from energy Cr-
Mo-Ni-V steels were done as prototype welding. The numerical simulation of these weld joints
including post weld heat treatment process were done and welding technologies were optimised
based on the numerical simulation results. Calculated hardness was compared with real

measurements. Also, simplified numerical lifetime prediction of weld joints were done too.

Keywords: Numerical simulation of welding, SYSWELD, Distortions, Residual Stresses

Sazetak

Veliki zahtjevi za kvalitetom zavarenih spojeva rezultiraju povec¢anim brojem pokusa i prototipa.
Pokusi i prototipi sluze za odredivanje prikladne tehnologije zavarivanja, odredivanje materijala,
predgrijavanja, parametara zavarivanja, rasporeda stezanja te za optimizaciju procesa zavarivanja.
Naravno, oni poskupljuju proizvodnju. Numeri¢ke simulacije zavarivanja, potpomognute
ekperimentalnim podacima, mogu simulirati proces zavarivanja tako da je vrlo sli¢an stvarnome.
Rad obuhvaca neke uobicajene slucajeve iz industrije. Za zavarivanje prototipa koriSteni su zavareni
spojevi energetskog Cr-Mo-Ni-V Celika. lzvrSena je numericka simulacija zavarenih spojeva
ukljuCujuci i proces toplinske obrade nakon zavarivanja te je, na temelju rezultata simulacije,
optimirana tehnologija zavarivanja. lzraCunata tvrdoca usporedena je s izmjerenim vrijednostima.

Takoder, izvrSena je i pojednostavljena numericka procjena vijeka trajanja zavarenih spojeva.

Kljucne rijeci: numericka simulacija zavarivanja, SYSWELD, deformacije, zaostala naprezanja

Corresponding author: Ivan Juri¢, ivan.juric@fsb.hr
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1. UVOD

Zavarivanje je najrasSireniji postupak spajanja metala. Primijenjeni unos topline tijekom
zavarivanja uzrokuje zaostala naprezanja i deformacije zavarenih dijelova. Vrsta i veliina
deformacija i zaostalih naprezanja ovise o brojnim ¢imbenicima kao $to su, na primjer, nacin
stezanja, mehanicka i toplinska svojstva osnovnog i dodatnog materijala, primijenjena
tehnologija zavarivanja, parametri zavarivanja, temperatura predgrijavanja, oblik zavarenog
spoja, temperatura okolisa itd. Zaostala vlacna naprezanja takoder imaju i nepovoljan
utjecaj na vijek trajanja konstrukcije i njenu otpornost prema krhkom lomu. Zaostala
naprezanja stvaraju uravnotezen sustav unutarnjih sila koje postoje cak i kada nema
vanjskih opterecenja. Deformacije tijekom i nakon zavarivanja takoder imaju nepovoljan
utjecaj na odrzavanje proizvodnih tolerancija. U slucaju kada se pojave nepoZeljne
deformacije nakon zavarivanja, potrebno je provesti dodatni postupak popravljanja kao, na
primjer, postupak toplinskog ravnanja.

Numericka simulacija postupaka zavarivanja jedan je od nacina odredivanja razine zaostalih
naprezanja i deformacija. IzraCunata zaostala naprezanja koriste se za predvidanje vijeka
trajanja konstrukcije ukljucujuci utjecaj postupka zavarivanja ili za odredivanje mogucnosti
pojave i rasta gresaka pod utjecajem pogonskih uvjeta. Kontrola deformacija vrlo je vazna
zbog proizvodnih tolerancija kod daljnjih postupaka obrade i sklapanja. Ocigledno je da se
mora naci kompromis izmedu potpuno ukljestene i potpuno slobodne konstrukcije.

Numericka simulacija postupka zavarivanja moze se provoditi tijekom pripreme tehnologije
zavarivanja za novi proizvod, pri unaprjedenju postojecih proizvoda, za optimizaciju
tehnologije zavarivanja ili za procjenu vijeka trajanja dijela uzimajuci u obzir razinu zaostalih
naprezanja nakon zavarivanja ili popravaka koji su nastali tijekom primjene odredene
tehnologije. Uporaba numericke simulacije zavarivanja moze smanijiti broj stvarnih pokusa
ili prototipova tijekom razvoja tehnologije, a moze se smanijiti i vrijeme potrebno za
pripremu, odnosno smanijiti vezane troskove. Razli¢ite varijante oblikovanja i tehnologija
zavarivanja mogu se numericki simulirati i potom se mogu razmotriti dobivena saznanja o
ponasanju konstrukcije tijekom i nakon zavarivanja. Temeljem tako dobivenih rezultata
moguce je odabrati najpovoljnije oblikovanje i tehnologiju zavarivanja. Optimizacija ulaznih
parametara zavarivanja, redoslijeda zavarivanja, uvjeta stezanja i krutosti naprava provodi
se u cilju postizanja trazene kvalitete izrade.

Velika prednost kod uporabe numerickih simulacije u slucaju zavarivanja, eventualnog
predgrijavanja i naknadne toplinske obrade je bolje razumijevanje procesa. Pri stvarnom
zavarivanju poznati su ulazni parametri, a sto se dogodilo vidljivo je tek nakon zavarivanja.
Prilikom kvantificiranja kvalitete izvedenih zavara koriste se razne metode kontrole kao sto
su, nerazorna ispitivanja, ispitivanje tvrdole, mijerenje deformacija, ispitivanje
makrostrukture i mikrostrukture, mehanicko ispitivanje materijala itd. Temeljem dobivenih
rezultata moguce je naciniti konacnu ocjenu izabrane tehnologije zavarivanja. Medutim, u
slucaju kada se pojavi problem, potrebno je naci uzrok samo na temelju ulaznih i izlaznih
parametara, ali ne postoji informacija o cjelovitosti procesa. Primjenom numericke
simulacije zavarivanja i toplinske obrade, moguce je provjeravati proces u svakom
vremenskom koraku (na primjer, svake sekunde) i dobiti cjelovitu povijest izabranih
parametara kao Sto su deformacije, raspodjela mikrostrukturnih faza, zaostalih naprezanja,
kumulativnu plasti¢nu deformaciju itd. Temeljem procjene “izracunate povijesti” moze se
naci uzrok problema te je moguce pronaci alternativnu tehnologiju.
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Temeljem iskustva, pretezito u podrucju izrade teskih konstrukcija gdje su komponente vrlo
velike, uocene su vrlo velike razlike u probnom zavarivanju malih ispitnih maketa (uzoraka) i
zavarivanju stvarnih dijelova. U nekim slucajevima zahtijevani rezultati su ostvareni pri
zavarivanja umanjenog modela, ali tijekom zavarivanja stvarne komponente javljaju se
problemi. To je uzrokovano razlikom izmedu oblikovanja (rebra, otvori, razlike u
dimenzijama, heterogenost materijala) smanjenog modela i stvarne komponente. To moze
dovesti do pojave pukotina u zavaru ili ZUT-u ili do manje kvalitete izratka od zahtijevane.
Naravno, opasnost od pojave mogucih problema moze se umanijiti primjenom numericke
simulacije zavarivanja i naknadne toplinske obrade sakupljanjem viSe informacija o procesu.

Numericke simulacije zavarivanja koriste se u izradi teskih konstrukcija, strojogradniji,
automobilskoj industriji te zrakoplovnoj i brodogradevnoj industriji.

Zbog svega navedenog, namjera je autora pripremiti nekoliko ¢lanaka koji objasnjavaju
mogucnosti primjene simulacijskih rjeSenja kao uvod u numericku simulaciju, objasniti
osnovne zadace i metode validacije te prikazati benefite na primjerima stvarnih industrijskih
projekata (jedan primjer iz energetskog sektora, a drugi iz kopnenog transporta).

Temelj navedenih clanaka rezultati su zajednickog projekta ESI Grupe predstavljene
tvrtkom MECAS ESI iz Brna, Katedre za zavarene konstrukcije Fakulteta strojarstva i
brodogradnje u Zagrebu, centrom izvrsnosti Odjela za zavarivanje Politechnike Slaska i
Institutom Spawalnictwa iz Gljivica na podrucju primjene numericke simulacije zavarivanja.

2. NUMERICKA SIMULACIJA ZAVARIVANJA

Numericka simulacija zavarivanja Siroko se koristi za predlaganje novih tehnologija
zavarivanja te optimizaciju i validaciju postojecih. Predvidanje zaostalih naprezanja i
deformacija kod zavarivanja ima dugu povijest. Godine 1938. objavljen je prvi rad o
predvidanju zaostalih naprezanja i deformacija autora Rodger i Fletsher koji koriste
analiticke jednadzbe. Godine 1970. nacinjena je prva numericka simulacija zavarivanja
primjenom metode konacnih elemenata kao znanstveni projekt (autori Brust, Barber i
Masubutchi). Prva industrijska primjena numerickih simulacija zapocela je devedesetih
godina proslog stoljeca, uglavhom u SAD-u, Japanu, Francuskoj i Njemackoj. Tijekom
posljednjih 20 godina ucinjen je golem napredak u primjeni numericke simulacije
zavarivanja kao podrsci industriji, a prvenstveno zahvaljujuci velikom razvoju racunala te
metoda koje su omogucile izracun i za velike konstrukcije. Danas na trzistu postoji vise tvrtki
koje se bave izradom softvera i njihovom primjenom za numeri¢ku simulaciju zavarivanja.
Ovdje su navedeni i komentirani softverski programski paketi tvrtke ESI grupe (bivsi
FRAMASOFT) koja razvija programe za numericku simulaciju zavarivanja i toplinske obrade
od sedamdesetih godina proslog stolje¢a. Trenutno postoje tri razlicita proizvoda za
numericke simulacije za zavarivanje i toplinsku obradu:

e WELDING SOLUTION (prijasnji SYSWELD) - trenutna simulacija zavarivanja i
toplinske obrade ukljucujudi ,potpunu" fiziku materijala. Slika 1. prikazuje tipicne
rezultate dobivene primjenom programskog paketa Welding Solution.
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Zaostala naprezanja

Raspodjela temperature
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Slika 1. Tipi¢ni rezultati programa Welding Solution

e WELD PLANNER - novi proizvod za predvidanje deformacija namijenjen za primjenu
u kopnenom transportu. Slika 2. prikazuje tipicne rezultate dobivene primjenom
Weld Planner programskog paketa.
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Slika 2. Tipicni rezultati dobiveni primjenom programskog paketa Weld Planner.

e PAM ASSEMBLY - predvidanje deformacija temeljeno na suvremenoj
lokalno/globalnoj programskoj metodi.



2.1.

Ulazni i izlazni podaci

Temeljem primjene numericke simulacije zavarivanja moguce je dobiti slijedece rezultate:

temperaturna polja

strukturu materijala (Celik, Al'i Tilegure)

tvrdocu

veli¢inu austenitnog zrna

deformacije

zaostala naprezanja

degradaciju materijala (ukupnu plasti¢nu deformaciju)

indirektnu procjenu svojstava materijala kao $to su, na primjer, granica razvlacenja i
vlacna ¢vrstoca.

Ulazni podaci za numericku simulaciju zavarivanja stvarni su parametri procesa zavarivanja
kao, na primjer:

informacije o konstrukciji (3D CAD)

vrsta i kemijski sastav osnovnog i dodatnog materijala
informacije o tehnologiji zavarivanja

unos topline (struja, napon, brzina zavarivanja)
redoslijed zavarivanja

broj prolaza u slucaju viseslojnog zavarivanja
predgrijavanje i meduslojna temperatura

naknadna toplinska obrada

uvjeti stezanja (alati) itd.

Numericki se mogu simulirati slijedeci postupci zavarivanja:

2.2.

rucno elektrolu¢no zavarivanje oblozenim elektrodama (REL)

elektrolu¢no zavarivanje taljivom kontinuiranom Zicom pod zaStitom plina
(MIG/MAG)

elektrolu¢no zavarivanje netaljivom elektrodom pod zastitom inertnog plina (TIG)
elektrolu¢no zavarivanje pod zastitom praska (EPP)

zavarivanje pod troskom (EPT)

zavarivanje elektronskim snopom

zavarivanje laserom

elektrootporno tockasto zavarivanje

zavarivanje trenjem.

Vrste zavarivackih projekata

Numericke simulacije zavarivanja imaju razlicite ciljeve. Prema iskustvima, projekti
numericke simulacije zavarivanja mogu se podijeliti prema ciljevima :

Predvidanje deformacija - glavni cilj je samo predvidanje deformacija, bez
informacija o strukturama materijala, zaostalim naprezanjima, itd. Zbog
djelomi¢nog  zanemarivanja fizickih  svojstava materijala i primjenom
pojednostavljene metode skupljanja, mogucée je predvidjeti deformacije velikih
zavarenih konstrukcija s velikim brojem zavarenih spojeva u realnom vremenu.
Slika 3. prikazuje primjer zavarene konstrukcije s predvidenim deformacijama.
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Slika 3. Predvidanje deformacija — primjeri zavarenih konstrukcija

e Predvidanje strukture materijala i tvrdoce - temeljem predvidanja strukture
materijala i tvrdoce moguce je na osnovi indirektnih empirijskih jednadzbi ocijeniti
granicu razvladenja i vlacnu &vrstocu. Slika 4. prikazuje primjer predvidanja strukture
materijala, a slika 5. prikazuje primjer predvidanja tvrdoce.
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e Predvidanje zaostalih naprezanja - predvidanje zaostalih naprezanja i usporedba s
vrijednostima dobivenih vlaénim pokusima za pojedine vrste materijala. Slika 6.
prikazuje predvidanje zaostalih naprezanja u zavarenoj konstrukciji.
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Slika 6. Predvidanje zaostalih naprezanja - primjeri zavarenih konstrukcija

Predvidanje kriticnih podrudja za razvoj pukotina - procjena se izvodi pomocu
indirektne inzenjerske metode temeljene na izracunatim parametrima i
mehanizmima rasta pukotina za svaki posebni oblik pukotine:

o hladne pukotine
o vruce pukotine
o pukotine nastale nakon toplinske obrade ili uslijed viSeslojnog zavarivanja.

Predvidanje vijeka trajanja zavarenog spoja - sada postoji mogucnost uvodenja
naknadnih dodatnih vanjskih opterelenja kao, na primjer, tlaka ili temperature
nakon zavarivanja u racunalni model, ukljucujuéi svojstva nehomogenog materijala,
zaostala naprezanja i ukupnu plasti¢nu deformaciju. Na osnovi Van Dang-ovog
kriterija, moguce je izvrsiti procjenu otpornosti na zamor zavarenih konstrukcija.

Oblikovanje steznih naprava za zavarivanje - za velike konstrukcije kompliciranih
oblika postoji potreba konstruiranja steznih naprava. Cjelovito konstruiranje moze se
uCiniti na temelju proraCuna zavarivacke simulacije uzimajuéi u obzir konacne
deformacije.

Simulacija popravka zavarivanjem (reparaturno zavarivanje) - numericka simulacija
popravka zavarivanjem jedna je od najrasirenijih primjena simulacija zavarivanja u
energetskom sektoru. U slucaju kada je pregledom ustanovljeno postojanje pukotina
u komponentama energetske opreme, one se moraju popraviti. Naravno, vrijeme
obustave rada treba se minimizirati zbog novcanih gubitaka. Popravak se mora
uciniti uz najvecu kvalitetu i bez ikakve moguce pogreske. Potpuna optimizacija
postupka popravaka i konacna validacija moze se udiniti na temelju numericke
simulacije zavarivanja. Za neke popravke mora se pronaci alternativna tehnologija
jer se ona ,najbolja" ne moze primijeniti zbog ogranicenja samog postrojenja.

Relativna usporedba rezultata optimizacije zavarivackih postupaka - to su najvaznije
i najvise koristene numericke simulacije zavarivanja. Moguce je naciniti mnogo
varijanata tehnologije zavarivanja bez stvarnog zavarivanja na modelima. Moguce je
simulirati faktorsku analizu koja pokazuje kako pojedina ulazna velic¢ina utjece na
izlazne parametre.
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3. ZAKLJUCAK

Glavni cilj u danasnjoj industrijskoj proizvodnji je smanjenje troskova uz povecanje kvalitete
proizvoda. Potrebno je vrlo detaljno poznavanje procesa i proizvoda kako bi se zadovoljili
zahtjevi narucioca. Smanjenje troskova i vremena za razradu konstrukcije i pripremu
tehnologije moZe se posti¢i smanjenjem broja pokusa prije finalizacije proizvoda i
tehnologije. Numericka simulacija zavarivanja suvremen je i ucinkovit alat. Sadasnji brzi
napredak u tehnikama modeliranja daje inZenjerima vise podataka koji im omogucuju bolje
razumijevanje zaostalih naprezanja i deformacija u zavarenim konstrukcijama. Rad
pokazuje kako numericke simulacije mogu dati vrlo vazne informacije o postupku
zavarivanja i ponasanju zavarene konstrukcije. Rezultati se mogu koristiti i kao osnova za
razvoj novih proizvoda, za validaciju novih tehnologija te za ocjenu vijeka trajanja zavarenih
komponenti.
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Abstract

Numerical model of controlled cooling of steel hot rolled bars was developed. Numerical model of
controlled cooling describes a transient temperature field, microstructure evolution and hardness of
steel bars during their cooling in cooling beds.

The numerical model of transient temperature field is based on control volume method. The
algorithm for prediction of hardness and microstructure distribution in steel bars is based on real
chemical composition. The controlled cooling is performed by special placement of hot rolled bars on
cooling beds.

Numerical model and computer program was experimentally verified in real industrial manufacturing
of low-alloyed steel bars. The verification of developed numerical model was performed by
comparison of simulated hardness with experimentally evaluated results.

Keywords: Controlled cooling, Numerical modelling, Rolling, Steel, Transient temperature field,
Microstructure evolution, Hardness.
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1. INTRODUCTION

Research of numerical simulation cooling of steel specimens is one of the priority researches
in simulation of phenomena of heat treating of steel [1, 2]. Results of steel specimen cooling
depends on workpiece geometry, characteristic physical properties of cooled steel and way
of cooling. Significant physical properties that are involved in process of cooling are specific
heat capacity of steel, heat conductivity coefficient of steel, steel density and heat transfer
coefficient of steel specimen surroundings. These variables can be predicted by inversion
method based on achieved cooling results and qualitative analysis of cooling curve [2, 3, 4, 5].

In the established computer program of simulation, the hardness at different workpiece
points is estimated by using both, the CCT diagram and thermo-kinetic equations for
evaluation of kinetic microstructure transformations.

2. MATHEMATICAL MODELLING OF HEAT TRANSFER

The transient temperature field can be described by Fourier’s law of heat conduction:

5((;'?) =divA gradT (1)

where A/Wm™K™ is coefficient of heat conductivity, p/lkgm?3 is density, and c/Jkg*K™* is
specific heat capacity.

Characteristic boundary condition is:

or
_;LE :Ot(TS —Tf) (2)

S

where o/Wm=2K™* is heat transfer coefficient of body surroundings, Ts/K is surface
temperature, T¢/K is temperature of body surroundings.

For creation of model of temperature field change, physical properties involved in the model
must be consistent with the achieved results. The input physical data should be estimated
according to experimental results [6, 7].

The Eq 1 can be solved by using the finite volume method [8-10]. For example, 2-D finite
volume formulation of the transient temperature field in an isotropic rigid body can be
defined by [8]:

2 2 2
Tijl[zlbl(nn)j + Zlbji(j+n) + bijJ = Zl(bl(nn)jT(Lk)j + in(j+n)Ti%j+k))+ bijTij0 (3)
=12, 000 1=12Jm, N=2-m, k=3-2m
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where TijO/K is the temperature in the beginning of time step; At/s, TiJ.l/K isthe temperature in

the end of time step; At/s, bj = (pjc;AVj)IAt, AVi/m3 is the volume of the control volume;
biisny = Wigsny™ and  buigeny = Wiigeny™®, where variables Wigny and Wiigny are the thermal
resistances for x axis. For example, Win); is thermal resistance between jj and (i-1)j volume
for n=o0, and for n =1, Wi@ny is equal to thermal resistance between jj and (i+1)j. The same
nomenclature exists for y axis.

Time of cooling from Tstart to specific temperature in particular volume of cooled specimen is
determined as a sum of time steps:

where M is the number of time steps to the specific temperature.

3. MATHEMATICAL MODELLING OF HARDNESS AND MICROSTRUCTURE
COMPOSITION

According to the additivity rule, the non-isothermal transformation kinetics during continues
cooling can be described as the sum of series of the small increments of isothermal
transformations.

Figure 1 shows the scheme for microstructure prediction based on cooling curve and IT
diagram. In Fig. 1, the temperature range is divided into a series of small finite steps.
Maintaining the time interval, At;, to sufficiently short times permits the assumption that the
conditions are isothermal over each time step. It was assumed that each time step produces
such a transformation as occurs in the IT diagram at the same temperature and
microstructure composition.

Isothermal transformation (IT) diagram for steel EN 42CrMoy is shown on Fig. 2a.

When using CCT diagrams, hardness can be estimated by drawing the cooling curve in the
CCT diagram [11]. Thisis a very simple method which is often used. Also, hardness at different
specimen points can be estimated by the conversion of the calculated cooling time tg/s to the
hardness by using CCT diagram. Differences between the actual chemical composition of
steel and chemical composition of standard steel for which CCT diagram was prepared should
be taken in account. In this work, it was done by using Eq. 5 to Eq. 9. CCT-diagram for steel
EN 42CrMog is shown on Fig. 2b.

Transformed part of microstructure, X at some temperature, T for time, t, can be calculated
by Avrami’s isothermal equation:

X =1-exp(-k-t") (5)
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For purpose of numerical analysis by computer, it is convenient to study the kinetic of
austenite decomposition by Avrami’s isothermal equation defined in anincremental form. By
differentiating the Avrami’s equation it follows that:

O'—>t<:exp(—k-t")-n-k-t“l (6)

and by extracting the time component from Eq. 6 it follows that:

1 =
. Inﬁ] -(1-X). 7)

Eq. 7 can be written in an incremental form and the volume fraction AX of austenite
transformed in the time interval At; at temperature T; can be calculated as follows:

1 i

1 1 n

AXy =n-K" | IN———— '(1— X(Nfl))'At(N)' ®
1_ X(Nfl)

Kinetic parameters k and n from Eq. 8 can be determined inversely by using a data from IT
diagrams.

If IT diagrams is using, in accordance to the Scheil’s additivity rule, characteristic
microstructure transformation is completed when transformed part of microstructure, X is
equal to one [11, 12]:

t
!r XO,T

where ©(Xo, T) represent the isothermal transformation time for X = X, at a temperature T,
and t is the total transformation time. Time of isothermal transformation, t could be
calculated by thermo-kinetic equations or could be found out by using IT diagram [12].
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4. EXPERIMENTAL WORK

The experiment was performed on steel bar with diameter of 60 mm and 6ooo mm long
made of steel EN 42CrMog. The chemical composition of steel EN 42CrMoy is: 0.42 %C,
0.26 %Si, 0.84 %Mn, 0.013 %P, 0.034 %S, 1.07 %Cr, 0.22 %Mo, 0.19 %Ni, 0.01 %V.

Table 1 shows the results of the measured cooling curves for studied bar with dimension of
60 mm diameter and 6000 mm length. First column (1) in Table 1 is referred to the case when
one, separated bar was cooled alone and next two columns (2 and 3) are referred to cases
when two bars were cooled together.

Tab. 1: Cooling curves of steel bar with dimension of 60 mm diameter and 6000 mm length

1 2 3

O] O] 9]

o [} o

g g g

=] Kd =] Kd =] Kd

+ () - (] + P)

3 £ 5 E £

Q [ o [ o =

€ S S

()} ()} ()]

- - -
920 o 924 0 926 0
892 34 913 26 890 52
841 110 880 57 847 87
797 136 849 86 820 121
758 190 805 150 780 167
733 224 736 245 751 206

726 241
Hardness = 298 HB Timelag=76s Time lag=1155s

Measuring of temperature was performed by the MgoR-1 pyrometer. The pyrometer can be
applied from 700 °C up to 2000 °C, its response time is 0.5 s.

5. APPLICATION

Established model was applied in computer simulation of cooling of bar made of steel
EN 42CrMog with same chemical composition and dimension of steel bars as was used in
experimental work. Numerical simulation was done for case when one, separated bar was
cooled alone and for cases when two bars were cooled together. Starting temperature, Tstart
of the steel bars in cooling bed was equal to 920 °C. For packed bars time lag tiag was equal to
76 s. Temperature of air, Tar was equal to 30°C. The hardness distributions and
microstructure compositions in the steel bars were predicted by numerical simulations by
using the computer software BS-QUENCHING [8].

The hardness and microstructure distributions of the steel bars packed in different ways are
shown in Fig. 3-12.
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Fig. 3: Distribution of hardness of steel bar after cooling

220

Fig. 4: Distribution of ferrite of steel bar after Fig. 5: Distribution of pearlite of steel bar after
cooling cooling

Fig. 6: Distribution of bainite of steel bar after Fig. 7: Distribution of martensite of steel bar after
cooling cooling



Fig. 8: Distribution of hardness of two packed steel bar after cooling
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Fig. 9: Distribution of ferrite of two packed steel Fig. 10: Distribution of pearlite of two packed
bar after cooling steel bar after cooling

Fig. 11: Distribution of bainite of two packed steel  Fig. 12: Distribution of martensite of two packed
bar after cooling steel bar after cooling



6. CONCLUSIONS

The developed 2-D numerical model of controlled cooling of steel bars in cooling beds is
consisted of prediction of a transient temperature field, microstructure evolution and
hardness of steel bars during their cooling in cooling beds.

The numerical model of heat transfer is based on finite volume method. The algorithm for
prediction of hardness and microstructure distribution in steel bars are based on continues
cooling transformation (CCT) diagrams of steel taking in account a real chemical composition
of steel.

The verification of developed numerical model was performed by comparison of simulated
hardness with experimentally evaluated results of hardness.

Established model was applied in 2 cases of controlled cooling of different packed rolling bars
in cooling beds. More convenient hardness with minimum content of bainite and martensite
was achieved in case when two bars were packed together.

Based on achieved results it can be concluded that developed computer software could be
good way of prediction a transient temperature field, microstructure composition and
hardness distribution in optimization of manufacturing of steel bars.
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Abstract

The aim of this work was to determine the effects of anion type (A), time (t), impeller off-bottom
clearance (C/H) and solute concentration (c) on copper exchange on zeolite NaX in a batch stirred
reactor. The experiments were carried out at constant temperature (300 K) and at the same impeller
speed (250 rpm). The amount of exchanged copper at examined conditions was measured by UV/Vis
spectrofotometer. In order to find the optimal process conditions for copper exchange on the basis of
experimental data, Taguchi’s method for experimental design were used, appling larger-the-better
approach. Beside the optimum experimental conditions this method allowed to define the influence
of each process variable on process conducted. Applied method has shown that the optimal copper
exchange is achieved at increased solute concentration, when sulphate anion was used and impeller
is positioned at standard position (C/H =0.33). It was also found that solute concentration and anion
type have more pronounced impact on process investigated than impeller position and process
duration (c > A > c/H > t). For the optimum experimental condition, kinetic data for copper exchange
were obtained and tested using Elovich and Ritchie kinetic models.
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1. INTRODUCTION

Zeolites are a very promising support for design and preparation of environmentally friendly
catalysts. Among others, copper exchanged zeolites are also used as catalysts and could be
used for selective ammonia oxidation, carbon monoxide oxidation at low temperatures,
toluene removal, wet peroxide oxidation of phenol, etc [1-4]. Zeolite NaX is a microporous,
crystalline solid with a well defined three-dimensional silica-alumina structure and extra-
framework exchangeable sodium cation. It is the synthetic form of naturally occurring
aluminosilicate mineral faujasite.

The Taguchi method uses a specifically fashioned orthogonal array consisting of controllable
parameters and their variation levels in order to optimise process conditions. For quality
assessment this method could use three types of signal to noise (S/N) ratio: smaller-the-
better, nominal-the-best and larger-the-better [5]. The advantage of Taguchi method is
assessment of optimal experimental conditions with the least number of experiments.
Already, this method has been used for process optimization for heavy metal sorption [5-9].

The stirred tank batch reactor is still the most widely used reactor type in the laboratory. It is
used for variety of objectives including for homogenizing single or multiple phase in terms of
concentration of components, physical properties and temperature. In the solid-liquid
system mixing need to ensure suspension of solid particle and appropriate conditions for
mass and heat rate transfer in the solid-liquid interface. Fluid flow pattern in stirred vessel
may have considerable effect on mentioned process outcomes. Flow patterns in the reactor
manly depend upon impeller geometry. When impeller with flat blades is used than radial
flow inside the vessel is generated. In that case, fluid stream is discharged towards vessel wall
and divides; one portion flows downward along wall and back to the centre of impeller from
below, while another portion flows upward toward liquid surface and back to impeller from
above. Fluid flow pattern in stired reactor, beside impeller type depends on impeller off-
bottom clearance and impeller size as well [10, 11].

The aim of this work was to investgate the influence of anion type, time, impeller off-bottom
clearance and solute concentration on copper exchange on zeolite NaX in order to find
optimal process conditions. Process kinetics, at optimal process conditions, is investigated as
well.

2. MATERIALS AND METHODS
2.1. Materials

Zeolite NaX (Sigma-Aldrich) was crushed and sieved to obtain particles between 0.071 and
0.090 mm. Solutions containing Cu** were prepared using the appropriate weight of
CuSO,-5H,0, CuCl,-2H,0 and Cu(NO;),-3H,0. The initial concentrations of copper solutions
were checked by Perkin ElImer Lambda 25 UV/Vis spectrophotometer.

2.2. Taguchi method

In this study, experiments were planed according to Taguchi's Lg orthogonal array, which has
nine rows corresponding to the number of experiments and four columns corresponding to
the controllable factors, Table 1. In this study, anion type (A), time (t), impeller off-bottom
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clearance (C/H) and concentration of copper solution (c) were chosen as controllable factors
and their effect on the amount of copper retained on zeolite were investigated. All selected
factors, Table 2, had three testing values, represented as level 1, 2 and 3.

Tab. 1: Design of experiments

Factor
Test . . Impeller .
Anion | Time off-bottom Concentration
clearance
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1

Tab. 2: Controllable factors and associated levels

Factor Level1 | Level2 | Level3
Anion type Sulphate | Chloride | Nitrate
Time t (min) 10 30 50
Impeller off- bottom clearance (/) 0.2 0.33 0.46
Solution concentration (mmol/dm3) 5 10 15

In this work lager-the better characteristic was used:

D
S/N;g = —IOIOgT‘ (2)
where S/N represent signal-to noise ratio, subscript LB is larger the better, n is the number of
repetition (three) under the same experimental conditions and y is a measurement result i.e.
amount of copper retained on the zeolite NaX.

The amount of copper retained on the zeolite, g;, was calculated as:

— (CO_CI')V (2)

q: m

where ¢ is the initial concentration of copper solution (mmol/l), ¢ is the concentration of
copper solution at time t (mmol/l), Vis the volume of solution (I) and m is the mass of zeolite

(9).

The next step in Taguchi method is calculation of average S/Nis ratio of each controllable
factor at level j, denoted as S/NF., in order to determine the optimal conditions:

Z;;Fli[(s/NLB)f]j

nri

S/Ng, = (3)
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where (S / NLB)? represents S/Nig ratio for factor F on the level j, the superscript j is the j-th

appearance of the i-th level [5]. For the g tests, each level for every factor appears 3 times.

2.3. Kinetic models

The Ritchie model is expressed as [12]:

e = Qe {1 N [1+i2 t]} (4)

where geis the amount of copper exchanged in equilibrium — maximum capacity (mmol/q), t
is time (min) and k; is the rate constant of the Ritchie second-order kinetic model (g/mmol
min).

The Elovich model is presented as [13]:
qe = %ln(l +abt) (5)

where a and b are the constants.

2.4. Experimental procedure

Experiments for Taguchi method were carried out in a stirred batch reactor. The glass reactor
with the internal diameter of T=12 ¢cm and was equipped with four baffles placed at 9o°
around the vessel periphery. The solution height, H, was equal to internal vessel diameter
(T =H). The suspension, 1.3 | of copper solution and 5 g of zeolite, was stirred using straight
blade turbine, SBT (Fig 1.). Impeller diameter was d = 6.5 cm, and its position i.e. impeller off-
bottom clearance (C/H) was varied in range from 0.20 to 0.46 (Table 2). As a source of copper
three diferent solutions with three initial concentrations (Table 2) were used. In order to
enable comparison of experiments data all studies were performed at the same temperature
(T=300K), zeolite particle size (dp=0.071-0.090 mm) and at the same impeller speed
(N =250 rpm). At defined time (Table 2) samples were taken from the reactor. Prior the
analysis, with UV/Vis spectrophotometer, samples were centrifuged and filtrated.

Fig. 1: Straight blade turbine, SBT

Experiment for kinetic investigation was carried out in the same reactor at optimum process
conditions defined using Taguchi method. Sampling intervals for this study were choosen
according to the ion exchange rate. In the beginning of the process the ion exchange rate is
quite high so the sampling was done more often, later as the exchange rate decrease
frequency of sampling is decreased as well.
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3. RESULTS AND DISCUSSION

One of the goals of this investigation was to find the optimum experimental conditions which
provide the highest copper exchange using lager-the-better quality characteristic. The results
for S/Nis ratios, calculated by Eq. (1), along with the amount of copper retained on zeolite
(Eq. (2)), are shown in the Table 3.

Tab. 3: Results of experimental part of Taguchi design and S/ N.s ratios

Experiment | g:(mmol/g) | S/Nis
1 1.227 1.777
2 1.603 4.099
3 1.592 4.039
4 1.514 3.603
5 0.688 -3.248
6 0.980 -0.175
7 1.341 2.549
8 1.615 4.163
9 1.027 0.231

The results show that amount retained is in the range from 0.688 to 1.615 mmol/g and S/Nig
ratio in the range from -3.248 to 4.163 depending on the controllable factors. From these
S/Nig ratios related S/Nr. ratios and ranges for each controllable factor were calculated and
shown in Table 4. Range was used to determine the impact of the controllable factors on the
amount of copper retained on zeolite. It was calculated as the difference between highest
and lowest S/Nr_ value for each factor. The largest range implied the most effective factor. In
this study concentration was found to be the most effective factor and it is followed by anion
type, impeller position and finaly the time. It could be seen that with in increase of the initial
concentration there are increase in the amount of copper raitained on zeolite. This is the
result of increase in the driving force which is concentration of the solution [14]. The impact
of impeller position could be explained by flow patterns generated by the impeller. Generally,
the overall fluid flow pattern in the vessel with an SBT impeller consists of two circulation
loops and is characterized by a high shear level. [15,16] As was first observed by Nienow [17]
when impeller is set close to the vessel bottom this “"double-loop” flow pattern transforms to
“single-loop”, i.e. axial flow pattern. This transition occurred at C/H=0.2 where low impeller
off-bottom clearance led to flow compression and ultimately to transformation of radial to
axial flow pattern. On the other hand, when impeller was set to the highest investigated
clearance (C/H=0.46), due to the relative vicinity of the surface, fully developed radial flow
caused a slight air intake. This obviously decreased the zeolite surface available for ion
exchange and resulted in the lowest S/Nig value. The effect of anion might be explained by
the change in Si/Al ratio of zeolite NaX during the exchange [18-20].

Also, the evaluation of factor importance was made statistically using percentage of
contribution (pC) (Table 4). Comparing these results with the range results it could be seen
that previously obtained order of significance is confirmed. So, every controllable factor,
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considering the obtained range and pC, was associated with the rank. Factor which has a rank
1 should be utilized first and so on.

Tab. 4: S/NF. ratios and contribution of each controllable factor

Factor

A t CH c
Levela1 | 3.305 | 2.643 | 1.921 -0.413
Level2 | 0.059 | 1.671 | 2.644 2.157
Level 3 2.314 1.365 1.113 3.935
Range 3.246 1.278 1.531 4.348
pC (%) 29.98 4.53 5.28 60.21

Rank 2 4 3 1

From Table 4 optimum operating conditions (higest S/Nr. value) could be evaluated and for
present study these conditions are: A1, t1, C/H2, c3 that is solution of CuSO,-5H,0, 30 min for
contact time, of-bottom clearance of 0.33 and concentration 15 mmol dm3.

These process properties, and the same temperature, zeolite particle size and impeller speed,
as for Taguchi design, were used for kinetic study. Results obtained in this experiment were
fit to Elovich and Ritchie kinetic model (Fig. 2).

15 £ 1
Z>/ 229
p —_—

gt (mmol/g)

xxx experimental data
0.5[] —— Elovich model
Ritchie model
0 | | |
0 20 40 60
t (min)

Fig. 2: Kinetic data

As it can be seen from the Fig 2., the copper exchange on zeolite NaX better fits with Ritchie
model than Elovich indicating that tested process is a second-order reaction.

4. CONCLUSION

The effect of anion type (A), time (t), impeller off-bottom clearance (C/H) and solute
concentration (c) on copper exchange on zeolite NaX in a batch stirred reactor was studied.
According to Taguchi design analysis, optimal copper exchange is achieved when sulphate
anion was used (A1), after 30 minutes (t1), when impeller is positioned at standard position

(C/H2), and at the highest copper concentration (c1). Also, the effect of investigated variables



was found and in this investigation solute concentration and anion type have more
pronounced impact on copper exchange on zeolite NaX than impeller position and process
duration (c > A > C/H > t). For the optimum experimental conditions, kinetic data for copper

exchange were obtained and it is found that the Ritchie model describes this data the best.
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List of symbols and abbreviations

A - anion type

a - Elovich constant

b - Elovich constant

C/H - impeller off-bottom clearance

¢ - concentration of copper solution (mmol/l)

Co - initial concentration of copper solution (mmol/l)

¢t - the concentration of copper solution at time t (mmol/I)

k, - the rate constant of the Ritchie second-order kinetic model (g/mmol min)
m - mass of zeolite (g)

n - number of repetition under the same experimental conditions

g: - amount of copper exchanged in time t (mmol/g)

ge - amount of copper exchanged in equilibrium — maximum capacity (mmol/g)
S/Nis - signal-to noise ratio (larger is better)

S/NrL - represents S/Nyg ratio for factor F on the level

t—time (min)

V - volume of solution (1)

y - measurement result
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Abstract

Properly performed heat treatment can significantly affect final properties of high speed steel, so the
heat treatment parameters are chosen depending on the specific properties of the particular tool.
Deep cryogenic treatment is carried out at a temperature of -196 ° C (liquid nitrogen). By combining
deep cryogenic treatments and various austenitization temperatures, which affects the volume of
retained austenite, it is possible to affect the hardness and fracture toughness of tools and other steel
parts, but it may also affect the increase in wear resistance regardless of the increase in hardness. In
addition, dimensional stability is achieved by transformation of residual austenite into the martensite,
eliminating the change in volume by 4%. This paper investigated the effect of deep cryogenic
treatment on microstructures in high speed steel produced by powder metallurgy produced in
comparison to vacuum heat treatment.

Keywords: high speed steel, deep cryogenic treatment, microstructure
Sazetak

Pravilno provedenom toplinskom obradom moguce je znacajno utjecati na konacna svojstva
brzoreznog celika pa se parametri toplinske obrade odabiru ovisno o trazenim svojstvima konkretnog
alata. Duboko hladenje provodi se na temperaturi -196 °C (tekuci dusik). Kombiniranjem dubokog
hladenja i razlicitih temperatura austenitizacije, ¢ime se utjece na volumen zaostalog austenita,
moguce je utjecati na tvrdocu i lomnu Zilavost odredenih komponenti, ali je mogude utjecati i na
povecanje otpornosti na troSenje neovisno o povedanju tvrdoce. Kod visokolegiranih alatnih celika
primjenom dubokog hladenja dodatno se postize i dimenzijska stabilnost zbog pretvorbe zaostalog
austenita u martenzit ¢ime se eliminira promjena volumena za 4 %. U radu je ispitan utjecaj dubokog
hladenja na razvoj mikrostrukture kod brzoreznog ¢elika proizvedenog metalurgijom praha u odnosu
na klasi¢nu toplinsku obradu.

Kljucne rijeci: brzorezni Celik, duboko hladenje, mikrostruktura
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1. UVOD

Pravilno provedenom toplinskom obradom moguce je znacdajno utjecati na konacna svojstva
brzoreznog Celika pa se parametri toplinske obrade odabiru ovisno o trazenim svojstvima
konkretnog alata. Toplinska obrada brzoreznih celika sastoji se od austenitizacije u zastitnoj
atmosferi, gasenja i tri visokotemperaturna popustanja. Visokotemperaturna popustanja se
provode izmedu ostalog i u cilju eliminacije zaostalog austenita kojeg nakon kaljenja u
mikrostrukturi brzoreznog Celika ima i do 40% (ovisno o visini temperature austenitizacije).
Visina temperature austenitizacije, koja je obic¢no oko 5o° Cispod solidus temperature vrlo je
vazan faktor u toplinskoj obradi brzoreznih celika. U meko zarenom stanju feritna matrica
brzoreznog Celika gotovo je bez ugljika, a sastoji se uglavnom od zeljeza i kroma. Ugljik je
vezan u eutekticke, eutektoidne i sekundarne karbide. lako se kod brzoreznih celika u
austenitno podrucje ulazi pri temperaturi nesto manjoj od goo °C udio ugljika u matrici je
nizak i gotovo svi karbidi su izvan Cvrste otopine. Vrlo visoke temperature austenitizacije
omogucuju otapanje dovoljne kolicine karbida sa ciljem dobivanja dovoljne kolicine ugljika i
legirnih elemenata u austenitu. Pritemperaturama od 900° - 1100°C dolazi do otapanja M2;Ce
karbida . Karbidi tipa MsC otapaju se u intervalu od 1150 °C do solidus temperature, a maniji
dio e se otopiti tek na likvidus temperaturi. MC karbidi otapaju se vrlo slabo te su u velikoj
mjeri prisutni i na likvidus temperaturi. Djelomi¢no otapanje MeC karbida rezultira
djelomicnim ulaskom vanadija u Cvrstu otopinu Sto rezultira jaCe izraZzenim sekundarnim
otvrdnuce pri popustanju [1-3]. Kinetika otapanja karbida ovisi o trajanju i visini temperature
austenitizacije te o tehnologiji kaljenja tj. trajanju zagrijavanja do temperature
austenitizacije.

Uspjesno kaljenje brzoreznih celika svodi se na pravilno odabranu temperaturu i trajanje
austenitizacije. U industrijskoj primjeni obi¢no se odabiru nize vrijednosti temperature
austenitizacije radi prevencije pregrijavanja, lokalnog rastaljivanja krajeva alata te
deformiranja alata. Uobicajeno vrijeme drzanja na temperaturi austenitizacije je od 8o s do
150 s [3] Sto je sasvim dovoljno za otapanje dovoljne kolic¢ine karbida i na to vrijeme ne utjecu
dimenzije i masa obradaka. Visina temperature austenitizacije odabire se i prema svojstvima
alata. ViSe temperature austenitizacije se odabiru kod alata koji ¢e raditi na povisenim
temperaturama i kod kojih je potrebna prvenstveno visoka tvrdoca, a nize temperature
austenitizacije kod reznih alata koji ¢e raditi u hladnom stanju, a kod kojih je najvaznija
Zilavost.

Nakon provedenog kaljenja pored martenzita (M) u mikrostrukturi brzoreznog celika nalazi
se i 20 % — 40 % zaostalog austenita (A;). Prisutni su jos i sekundarni i eutekticki karbidi.
Prisutan zaostali austenit moze se transformirati u martenzit dubokim hladenjem na -196 °C
ili destabilizacijom pri popustanju nakon kojeg slijedi dovoljno brzo ohladivanje do sobne
temperature. Popustanje se provodi dva ili tri puta u temperaturnom podrucju 5oo °C — 600
°C. Na temperaturi popustanja iz martenzita i zaostalog austenita izdvaja se ugljik i legirni
elementi pri ¢emu nastaju karbidi popustanja (KP) uslijed cega se smanjuje tetragonalnost
martenzita, a timeitvrdoca. Uslijed izdvajanja ugljika u zaostalom austenitu dolazi do pada
udjela ugljika Sto za posljedicu ima povisenje temperatura Ms i M. Daljnjim ohladivanjem do
sobne temperature iz zaostalog austenita nastaje sekundarni (ne popusteni) martenzit (M®").
Visestrukim popustanjem iz martenzita nastaju karbidi popustanja, a iz zaostalog austenita
nastaje sekundarni martenzit. Time se znacajno smanjuje udio zaostalog austenita.
Posljedica ovih pretvorbi je porast tvrdoce, tzv. sekundarno otvrdnude i porast otpornosti na
trosenje.
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Karbidi popustanja koji se izlu¢uju u martenzitu tijekom popustanja ispod i na temperaturi
500 °C su tipa M;C u brzoreznom celiku HS 6-5-2 ili tipa M»;Ce U brzoreznom celiku HS 18-0-1
[4]. Do temperature popustanja 400 °C nastaju samo M;C precipitati. Kod temperature
popustanja 5oo °C izlucena je trecina vanadija, a kod temperature 600 °C izluceno je manje
od 35 % volframa u obliku karbida. Nastajanje cementita utvrdeno je u istom temperaturnom
intervalu. Pri 600 °C ugljik je gotovo u cjelini vezan u obliku karbida [2].

Na visim temperaturama popustanja nema novog izlucivanja karbida, ve¢ samo pretvorba
jednog u drugi tip karbida ili ponovno otapanje jednog karbida i izlu¢ivanje drugog. Kod
prisutnog vanadija kod sekundarnog ocvrsnuca na 550 °C dominantni tip karbida je tipa MC
(VC, V,G). On ima povecani parametar kristalne reSetke, a u mikrostrukturi se moze
primijetiti po granicama martenzitnih iglica [3].

Nakon jednog popustanja celik moze sadrzavati do 20 % sekundarnog martenzita. Zato se
preporucuje drugo popustanje radi smanjenja unutrasnjih naprezanja i popustanja
sekundarnog martenzita. Poslije drugog popustanja mikrostruktura se sastoji od popustenog
primarnog i sekundarnog martenzita te karbida. Ukoliko je nakon prvog popustanja bilo jos
zaostalog austenita u drugom popustanju nastat ¢e ponovo sekundarni martenzit slicnim
mehanizmom. U tom slucaju potrebno je i treCe popustanje. Treba naglasiti da sekundarni
martenzit nastaje u fazi ohladivanja nakon popustanja te da njegova kolicina ovisi o visini
konacne temperature ohladivanja nakon svakog popustanja. Ukoliko ta temperatura nije
dovoljno niska nece dodi do pretvorbe zaostalog austenita. Takoder vrlo je vazno prvo
popustanje provesti odmah nakon kaljenja jer kasnjenje uzrokuje stabilizaciju zaostalog
austenita te otezava njegovu transformaciju nakon popustanja [5].

1.1 Duboko hladenje

U svrhu eliminacije zaostalog austenita pocetkom 20. stoljeca pocelo se eksperimentirati s
pothladivanjem. No zbog loSe opreme i nemogucnosti postizanja temperatura manjih od -
80 °C rezultati nisu bili zadovoljavajudi. Razvojem opreme i niskotemperaturne tehnike 70-
tih godina proslog stolje¢a omoguceno je postizanje vrlo niskih temperatura, do -196 °C, Sto
je omogudilo intenziviranje istrazivanja na podrucju utjecaja dubokog hladenja na svojstva
Celika.

Pothladivanje (eng. cold treatment), na temperaturama od cca -8o °C (,suhi led") do -120 °C
dovoljno je za transformaciju zaostalog austenita iz kaljenog Celika u martenzit (slika 1) i u
Sirokoj je komercijalnoj primjeni, posebno za uklanjanje zaostalog austenita u pougljicenim i
povrsinski kaljenim slojevima. Kod visokolegiranih alatnih celika primjenom dubokog
hladenja dodatno se postize i dimenzijska stabilnost zbog pretvorbe zaostalog austenita u
martenzit ¢ime se eliminira promjena volumena za 4 % [6 - 11].

Austenit Martenzit

O Atomi zeljeza
® Moguce pozicije atoma ugljika

Slika 1: Transformacija zaostalog austenita u martenzit [6]
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Duboko hladenje (eng. deep cryogenic treatment) provodi se na temperaturi -196°C (tekudi
dusik). Kombiniranjem dubokog hladenja i razlicitih temperatura austenitizacije, ¢ime se
utjecCe na volumen zaostalog austenita, moguce je utjecatina tvrdoc¢u i lomnu Zilavost [12, 13]
odredenih komponenata, ali je moguce utjecati i na povedanje otpornosti na troSenje
neovisno o povecanju tvrdoce. [11, 14]

Pri dubokom hladenju pojavljuju se dva metalurska fenomena: pretvorba zaostalog
(pothladenog) austenita u martenzit uz istovremeni raspad martenzita te pocetak nukleacije
za naknadnu precipitaciju vrlo finih karbida. Pokazalo se da se efekt dubokog hladenja odvija
u nekoliko stadija. U prvom stadiju do -130 °C dolazi do transformacije zaostalog austenita u
martenzit, ¢ime dolazi do povecanja tvrdoce. Meng i sur. [10] navode da martenzit dobiven
na ovaj nacin nije jednak martenzitu dobivenom klasi¢nim obradama tj. popustanjem. Ova
transformacija kao ni kod klasi¢ne toplinske obrade nije vremenski ovisna.

U drugom stadiju, na temperaturi oko -196 °C, zapocinje vremenski ovisno raspadanje
primarnog martenzita. To raspadanje uzrokuje omeksavanje Celika, ali dolazi do nukleacije
velikog broja fino rasprsenih karbida nanometarskih dimenzija. Tijekom naknadnog
popustanja dolazi do formiranja i precipitacije vrlo finih nanometarskih n-karbida (slika 2)
[10, 11]. Prema Hirotsu i Nagakura (1972) [15, 16] n-karbidi su tipa M,C s ortorombskom
kristalnom reSetkom parametara a = 4,525 A, b = 4,318 A, c = 2,830 A, sa slijede¢im
prazninama izmedu ravnina dio: = 0,242 NM, dozo = 0,215 NM, d1,2 = 0,162 nm. Pokazalo se da
se broj ovih karbida povecava sto je dulje trajanje dubokog hladenja (minimalno 24h) [15], Sto
je niza temperatura (optimalno -196 °C) te Sto je niza temperatura austenitizacije (sa ciljem
postizanja Sto vise primarnog martenzita). Meng i sur. [10] su utvrdili da je dominantni
mehanizam povecanja otpornosti na trosenje kod alatnih Celika upravo formiranje tih vrlo
sitnih n-karbida.
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Slika 2: Formiranje n-karbida iz martenzita [10]

Prema [11] do formiranja precipitata dolazi samo raspadanjem primarnog martenzita
(nastalog kaljenjem), a ne i martenzita nastalog u prvom stadiju dubokog hladenja s vec¢im
stupnjem tetragonalnosti, ¢/a. Time su donekle objasnjene velike nedosljednosti u razli¢itim
istrazivanjima. Naime, mnoga istrazivanja su pokazala znacajno povecanje tvrdoce dubokim
hladenjem, aline i povecanje otpornosti na trosenje dok je kod drugih uz minimalne promjene
u tvrdoci doslo do znacajnih promjena u otpornosti na trosenje.

Ukoliko se kaljenje provodi s visih temperatura austenitizacije dobiti ce se vise
zaostalog austenita koji ¢e u prvom stadiju dubokog hladenja zavrsiti pretvorbu u martenzit
Sto ce uzrokovati znacdajno povecanje tvrdoce. Medutim nece dodi do velikih promjena u
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otpornosti na trosenje u odnosu na klasi¢nu toplinsku obradu. Ako se kali s nizih temperatura
austenitizacije, sa ciljem postizanja Sto viSe primarnog martenzita i sto manjeg udjela
zaostalog austenita, formiranjem fino rasprsenih n-karbida iz primarnog martenzita,
znacajno ce se utjecati na povecanje otpornosti na trosenje, uz minimalne promjene u
tvrdodi. [1]

U radu je ispitan utjecaj dubokog hladenja na razvoj mikrostrukture kod brzoreznog celika
proizvedenog metalurgijom praha u odnosu na klasi¢nu toplinsku obradu.

2. EKSPERIMENTALNI DIO

U radu je koriSten brzorezni Celik proizveden metalurgijom praha oznake PM S390 MC.
Kemijski sastav Celika prikazan je u tablici 1.

Tablica 1: Kemijski sastav ispitivanog celika PM S390 MC

%C | %Si | %Mn|%Cr| %Mo | %V | %W | %Co | %Fe
1,64 | 0,60 | 0,30 4,80 | 2,00 4,80 | 10,40 | 8,00 | ostalo

Toplinska obrada provedena je u vakuumskoj pedi Ipsen. Uzorci su do temperature
austenitizacije prosli tri predgrijavanja: 650 °C /30 min, 850 °C/ 20 min, 1050 °C /15 min.

Brzina ugrijavanja do temperature austenitizacije bila je 5 °C/ min. Nakon austenitizacije u
trajanju od 6 min uzorci su gaseni u struji dusika, p = 1050 mbar. Parametri toplinske obrade

prikazani su u tablici 2.
Tablica 2: Parametri provedene toplinske obrade

Austenitizacija, °C / min | Duboko hladenje, °C/h | Popustanje, °C/h

1130/ 6 min - 520/520/490/2h

1130/ 6 min -196 /24 h 520/2h

Nakon gasenja ispitni uzorci su kontroliranom brzinom uronjeni u tekuci dusik te ostavljeni
24 h. Ostali uzorci su popusteni tri puta. Nakon popustanja i dubokog hladenja na uzorcima
je mjerena tvrdoca metodom Rockwell i HV 1. Na svakom uzorku tvrdoca je mjerena deset
puta. Rezultati prikazuju srednju vrijednost deset mjerenja. Ispitni uzorci izuzeti su iza svake
pojedine faze toplinske obrade te su analizirani na FE (field-emission) skenirajucem
elektronskom mikroskopu. Za ispitivanje mikrostrukture uzorci su pripremljeni standardnim
metalografskim postupkom pripreme uzorka. Mikrostruktura je ispitana na FE skeniraju¢em
elektronskom mikroskopu FE SEM JEOL JSM6500F. Za ispitivanje mikrostrukture uzorci su
nagrizeni 3 % otopinom Nital.

3. REZULTATI I DISKUSIJA

U tablici 3. prikazani su rezultati ispitivanja tvrdoc¢e. U ovom radu ciljana je temperatura
austenitizacije i temperature popustanja koje ce u obje varijante provedene toplinske obrade
dati visoku tvrdocu i otpornost na trosenje. Obzirom da se kod dubokog hladenja preporuca
odabir Sto nize temperature austenitizacije radi dobivanja Sto viSe primarnog martenzita i Sto
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manje zaostalog austenita nakon kaljenja rezultati ispitivanja tvrdoce pokazuju da je kod
klasi¢ne toplinske obrade najveca tvrdoca postignuta nakon gasenja.

Tablica 3. Tvrdoca uzoraka nakon provedenih toplinskih obrada

VAKUUMSKA TOPLINSKA VTO + DUBOKO HLABENO,
OBRADA (VTO), faze HRC | HVa faze HRC | HVa
Austenitizacija + gasenje 67,5 - Austenitizacija + gasenje 67,5 -
1. popustanje (520 °C/ 2 h) 67 - DH (-196 °C/ 24 h) 68 -
2. popustanje (520 °C/ 2 h) 66 - 1. popustanje (520°C /2 h) 66,5 945
3. popustanje (490 °C/ 2 h) 66 917 - -

Odabrane nize vrijednosti temperatura popustanja 520°/520°/490°C/2h su oko podrucja
sekundarnog ocvrsnuca za odabranu nisku temperaturu austenitizacije. Obzirom da je nizom
temperaturom austenitizacije postignut veci udio primarnog martenzita pri popustanju nije
doslo do povecanja tvrdoce. Nakon provedenih toplinskih obrada izmjerene vrijednosti
tvrdode su za samo popustene uzorke 66 HRC (917 HV1), za duboko hladene uzorke 66,5 HRC
(945 HV1) Sto je u skladu s oCekivanim jer je dubokim hladenjem ostvarena gotovo potpuna
pretvorba zaostalog austenita u martenzitiima ga manje nego nakon trivisokotemperaturna
popustanja. Prema literaturi [17] bez obzira na temperaturu i trajanje dubokog hladenja
zaostali austenit se nikada u potpunosti ne moze eliminirati te je u odnosu na odabranu
temperaturu austenitizacije i provedeno duboko hladenje i popustanja procijenjeni udio
zaostalog austenita u uzorcima u provedenom ispitivanju na manje od 5%. [1].

Na slikama 3 i 4 prikazana je mikrostruktura brzoreznog celika PM S3g0 MC u osnovnom
Zzarenom stanju te mikrostrukturne promjene koje su nastale tijekom austenitizacije i
gasenja. Na slikama 5 i 6 prikazana je usporedba mikrostrukturnih promjena koje su nastale
kaljenjem i jednim popustanjem te kaljenjem i dubokim hladenjem.

A QLR iy £ . s
SEI  150kV X5000 1um  WD6.1mm 150KV X25000 1um  WD6.1mm
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Slika 3: Mikrostruktura PM S390 MC brzoreznog celika:
a) u zarenom stanju manje povecanje
b) u Zarenom stanju vece povecanje
c) nakon kaljenja (austenitizacija na 1130°C/6 min i gasSenje u struji N2) manje povecanje
d) nakon kaljenja (austenitizacija na 1130°C/6 min i gasenje u struji N.) veée poveéanje [1]

martenzit

zaostali austenit

(38
SEI 15.0kV X100,000 100nm WD 10.0mm

Slika 4: Mikrostruktura brzoreznog ¢elika PM S390 MC nakon kaljenje (austenitizacija na 1130 °C/6 min
i gadenje u struji N.), veliko povecéanje [1]

Analiza mikrostrukture pokazala je karakteristicnu mikrostrukturu brzoreznih Ccelika
dobivenih metalurgijom praha. Kuglasti eutekticki karbidi, promjera manjeg od 1 pm,
ravnomijerno su distribuirani po martenzitnoj matrici. EBSD i EDS analizom [1] utvrdene su
dvije vrste karbida, MsC (FesW;C ) i MC (VC) karbida. Na vedim povecanjima mikrostrukture
prikazanim na slikama 3, 4 i 5 vidljivi su i sekundarni karbidi tipa M5C. Uocene su i kuglice MnS
ili vjerojatnije sustav kompleksnih sulfida (Mn, Cr, Fe),Sy koje su, pretpostavlja se, prisutne
radi poboljsanja obradivosti odvajanjem Cestica promatranog brzoreznog Celika.
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PROVEDENA TOPLINSKA OBRADA
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Slika 5: Mikrostruktura brzoreznog celika PM S3g90 MC nakon provedenih toplinskih obrada
o kaljeno + 1 popustanje 520 °C /2h
e kaljeno + duboko hladeno -196 °C/24h [1]
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e kaljeno + 3 popustanja 520/520/490 °C/2h
¢ kaljeno + duboko hladeno -196 °C/24 h + popustanje 520 °C/2h [1]




Na slikama 6 pri velikom povedanju moze se vidjeti martenzitna matrica koje se kod duboko
hladenog stanja Cini finija tj. iglice martenzita se Cine sitnije u odnosu na klasi¢no popusteno
stanje prikazano na slici 5. Takoder vidljiva je razlika izmedu martenzita dobivenog kaljenjem
i martenzita dobivenog pri visoko temperaturnom popustanju, a koji je u mikrostrukturi
vidljiv kao svjetliji.

4. ZAKLJUCAK

Pravilno provedenom toplinskom obradom moguce je znadajno utjecati na konadna svojstva
brzoreznog celika pa se parametri toplinske obrade odabiru ovisno o trazenim svojstvima konkretnog
alata. Kombiniranjem dubokog hladenja i razlicitih temperatura austenitizacije, ¢ime se utjece na
volumen zaostalog austenita, mogude je utjecati na tvrdoc¢u i lomnu zilavost odredenih komponenti,
ali je moguce utjecati i na povecdanje otpornosti na troSenje neovisno o povecanju tvrdoce. U ovom
radu je ispitan utjecaj dubokog hladenja na razvoj mikrostrukture kod brzoreznog Celika proizvedenog
metalurgijom praha u odnosu na klasi¢nu toplinsku obradu. Metalografska analiza uzoraka pokazala
je karakteristicnu mikrostrukturu brzoreznih celika dobivenih metalurgijom praha. Analiza
mikrostrukture pri ve¢im povecanjima pokazala je razlike u morfologiji martenzitne matrice izmedu
klasi¢no toplinski obradenih i dubokohladenih uzoraka. Na temelju dobivenih rezultata moguce je
zakljuciti da je mehanizam dubokog hladenja utjece na razlike u mikrostrukturi brzoreznog Celika koje
nije moguce razjasniti konvencionalnim metalografskim metodama, vec zahtjeva temeljitije i
preciznije postupke.
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Sazetak

U radu se ukratko prikazuju fizikalne osnove rada poluvodickih termoelektricnih modula te njihova
primjena za generiranje elektricne energije u funkciji termoelektricnih generatora. Primjena se svodi
na to da se jedna strana modula grije, a druga hladi i na taj nacin se ostvaruje razlika potencijala koja
moze generirati struju kroz zatvoreni strujni krug. Kroz nekoliko dostupnih modula termoelektri¢nih
generatora napravljena su eksperimentalna mjerenja i analiza dobivenih rezultata u svrhu donosenja
zaklju¢aka o mogucnosti njihove primjene kao izvora elektricne energije. Nadalje se u radu autori
kriticki osvréu na ucinkovitost navedenih modula i na najnovija istrazivanja u primjeni materijala za
izradu Peltierovih ¢lanaka te navode i obrazlazu glavne znacdajke modula u smislu pouzdanosti,
jednostavnog koristenja i odrzavanja.

Kljucne rijeci: materijali, Peltierov ¢lanak, termoelektric¢ni modul, pouzdanost

Abstract

Thermoelectric modules are used for heating or cooling if an electric current flows through them. If
one side of such a module is heated and the other side is cooled, the outputs show a potential
difference that can drive the current through an enclosed circuit. The paper describes briefly the
physical basis of the operation of semiconductor thermoelectric modules and their application for
generating electricity in the function of thermoelectric generators. Through several available modules
of thermoelectric generators, experimental measurements and analysis of the obtained results were
made in order to make conclusions about the possibility of their application as sources of
electricity.Though the efficiency of the thermoelectric modules is still quite low, the latest research
results in materials from which the modules are becoming increasingly efficient. Since they do not
contain moving parts, they are characterized by reliable, long-lasting operation and easy operation
and maintenance.

Keywords: Materials, Peltier's article, thermoelectric module, reliability
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1.UvOD

Termoelektricni moduli se koriste za grijanje ili hladenje, ako se kroz njih potjera struja. Ako
se jedna strana takovog modula grije, a druga hladi, na izvodima se pojavljuje razlika
potencijala koja moze potjerati struju kroz zatvoreni strujni krug. U radu su ukratko opisane
fizikalne osnove rada poluvodickih termoelektricnih modula i mogucnost njihove primjene za
generiranje elektricne energije, odnosno termogeneratore. Kroz nekoliko dostupnih modula
termogeneratora napravljena su eksperimentalna mjerenja i analiza dobivenih rezultata.

lako je ucinkovitost termoelektricnih modula jos uvijek dosta niska, najnovija istrazivanja
rezultiraju materijalima iz kojih se izraduju moduli sve vece efikasnosti koji konkuriraju
obnovljivim izvorima elektri¢ne energije poput solarnih elektrana i vjetroelektrana. Najvece
prednosti termoelektricnih generatora su: male dimenzije, kompaktnost, dugotrajan, tih i
pouzdan rad jer nemaju pokretnih dijelova, mali zahtjevi na odrzavanje te velike mogucnosti
izbora toplinskih izvora.

2.TERMOELEKTRICNI MODULI

Ako se elektri¢ni vodljivi materijal, Zica grije na jednom kraju, elektroni na toplijem dijelu Zice
imaju vecu kineticku energiju od onih na hladnijem, pa dolazi do difuzije elektrona iz toplijeg
na hladniji kraj, na stanje nize energije. Zbog nejednolike raspodjele elektrona nastaje
elektri¢no polje s pozitivnim polom na toplijem, a negativnim na hladnijem dijelu Zice. Na
krajevima zice se javlja razlika potencijala koja predstavlja izvor elektromotorne sile.

T, T,

c Materijal X \ T Materijal X T
QC - <MaterijalY Materijal Y> - Qh
Materijal Y Materijal Y A B
A B izvor
topline
TI T2
T, T, + -
UO Uin
a) Seebeckov efekt b) Peltierov efekt

Slika 1: Seebeckov i Peltierov efekt [5]

Ako se u strujnom krugu sastavljenom od dva razlicita metala prema slici 1.a zagrijava njihov
spoj u tocki B, izmedu tocCaka T. i T, pojavit ce se napon U, poznat kao Seebeckova
elektromotorna sila. Ako se izmedu tocaka T, i T, spoji otpor, kroz njega ce potedi elektri¢na
struja. Spoj djeluje kao termoelektri¢ni generator napona.

Ako se u istom spoju izmedu tocaka T, i T2 spoji napon Ui, unutar zatvorene petlje ce potedi
struja. U tocki A na spojistu dvaju metala, kao rezultat toka struje javlja se efekt hladenja, au
tocki B efekt zagrijavanja (slika 1.b). Promjenom polariteta napona mijenja se i tok struje.
Posljedica je hladenje u tocki B i zagrijavanje u tocki A. Pritome je kolic¢ina topline apsorbirana
na hladnom kraju jednaka oslobodenoj toplini na toplom kraju.
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Ovu pojavu prvi je opisao francuski fizicar Jean Peltier, pa se po njemu zove Peltierov efekt.

Primjenom opisanih pojava moze se realizirati termoelektricni generator elektri¢ne energije
ili sklop za grijanje, odnosno hladenje. Bitan napredak u realizaciji termoelektricnih modula
donosi upotreba poluvodi¢a umjesto metala.

Realizacija termoelektricnog modula pomocu poluvodica prikazana je na slici 2.

izvor topline

¥

objekt koji se hladi
keramicki
supstrat

000 B® @] . bakreni
l 1 l 1 1 1\ vodié
elektroni § N-tip P-tip + supljine
poluvodiéa poluvodé:
e [ORCHO) bakreni
L & 3 1 ! l z * vodié
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supstrat

" « Pasivni

; % . hladnjak
odvodnja topline u okolinu

R
HOr

Slika 2: Termoelektri¢ni modul za grijanje/hladenje [5]

Slobodni elektroni su u bakrenom vodicu na visem energetskom nivou od Supljina u p-tipu
poluvodica. Zato pri prijelazu iz vodica u poluvodic¢ gube energiju u obliku topline. U p-tipu
poluvodica elektroni se rekombiniraju sa Supljinama koje se u valentnom energetskom pojasu
poluvodica gibaju u smjeru suprotnom od smjera gibanja elektrona. Kako je p-tip poluvodica
na nizem energetskom nivou od vodica, na slijede¢em prijelazu, iz p-tipa poluvodica u
bakreni vodic, elektroni moraju apsorbirati potrebnu energiju pa je taj spoj hladniji. Slijedi
spoj hladnog vodica s poluvodicem n-tipa koji ima dno vodljivog pojasa na visem
energetskom nivou od Fermijevog energetskog nivoa vodica. Elektroni trebaju opet
apsorbirati toplinsku energiju dovoljnu da prijedu u vodljivi pojas poluvodica n-tipa, pa je i taj
spoj hladniji. Kroz poluvodic n-tipa elektroni se gibaju u vodljivom energetskom pojasu do
slijedeceg spoja metala i poluvodi¢a. Budu¢i da su slobodni elektroni u vodljivom
energetskom pojasu poluvodica na viSem energetskom nivou od Fermijevog nivoa metala,
pri prijelazu u metal gube energiju pa je taj spoj topliji od okoline.

Kako niti jedan spoj metala i poluvodica nije ispravljacki, zamjenom polariteta vanjskog
napona, strana modula koja se koristi za hladenje moze posluZiti i za grijanje.
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Slika 3: Serijski spoj modula[s]

Za vece snage grijanja ili hladenja viSe osnovnih modula se spaja u seriju.Tako se dobije
Peltierova toplinska pumpa — uredaj sastavljen od velikog broja naizmjeni¢no poredanih
osnovnih elemenata izmedu dva sloja keramike (slika 3). Kapacitet grijanja ili hladenja ovakve
toplinske pumpe ovisi 0 geometrijskim dimenzijama, broju parova elemenata p-tipa i n-tipa
poluvodica, svojstvima koristenih materijala. Za razliku od Jouleove topline koja je
proporcionalna kvadratu struje, ovdje je toplina proporcionalan struji.

Osnovni modul za termoelektricni generator prikazan je na slici 4.

Vrucée
T ) ()
i N-tip P-ti i
AT i poluvodi¢a poluvo%ita !

l T(—)@@ ®® l
oy L
Hladno R, Ut

Slika 4: Termoelektri¢ni generator[s]

Ako se uz pomoc metala spoje zajedno topliji krajevi p i n-tipa poluvodica, a izmedu hladnijih
krajeva se spoji elektri¢ni otpor, napon uzrokovan Seebeckovim efektom ce potjerati struju
kroz strujni krug. Takav spoj generira snagu na elektri¢cnom potrosacu. Serijskom vezom vise
modula mogu se dobiti visi naponi.

3. MATERIJALI ZA TERMOELEKTRICNE MODULE

Do kraja proslog stoljeca interes za termoelektricne module nije bio prevelik zbog premale
ucinkovitosti u vecini primjena. Teorijske analize koje su dale naznake da bi odredene
strukture materijala mogle poboljsati ucinkovitost termoelektri¢nih modula potaknule su
eksperimentalna istrazivanja razlicitih struktura materijala s ciljem realizacije modula koji bi
imali prihvatljivu ucinkovitost u odredenim primjenama.

Kod realizacije termoelektri¢nih modula vazna je Sto efikasnija pretvorba elektri¢ne energije
u toplinsku ili obratno. Najvazniji zahtjevi na materijale modula odnose se na elektri¢nu i
toplinsku vodljivost. Elektri¢na vodljivost im treba biti Sto veca. Kako na jednom kraju modula
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moraju biti hladni, a na drugom topli, toplinska vodljivost im treba biti Sto manja kako bi se
mogla odrzavati temperaturna razlika, odnosno sto veci gradijent temperature.

Materijali od kojih se izraduju termoelektricni moduli zovu se termoelektrici. Kvaliteta
termoelektrika se vrednuje parametrom koji se zove se faktor izvrsnosti (thermoelectric
figure of merit) i oznacava se sa ZT, a definira se izrazom:

2
a o

T = T

K

gdje je:

ZT — faktor izvrsnosti

a — Seebeckov koeficijent

o — specifi¢na vodljivost materijala
K — koeficijent toplinske vodljivosti

T - temperatura

SiGe

200 400 600 800 1000
Temperature (‘C)

Slika 5: Faktor izvrsnosti za termoelektrike p-tipa [6]
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Slika 6: Faktor izvrsnosti za termoelektrike n-tipa [6]

Sto je faktor izvrsnosti ve¢i, to je materijal bolji termoelektrik. Danas vecina materijala ima
ZT manji od 1. Za odredeni materijal ZT Ce biti veci ako mu je specifi¢na elektri¢na vodljivost
Sto veda, a koeficijent toplinske vodljivosti sto manji. Za odredeni dielektrik podrucje u kojem
je ZT najvisi dobije se kod jako dopiranih (visoko vodljivih) p-tipa i n-tipa poluvodica
(koncentraciju slobodnih elektrona ili Supljina izmedu 10 i 102° po kubnom centimetru).

Problem je u tome Sto materijali koji imaju dobru elektri¢nu vodljivost imaju i dobru toplinsku
vodljivost. Zato se za termoelektricne materijale istrazuju one poluvodicke strukture koje
pokazuju visoku vodljivost slobodnih nosilaca elektriciteta, a istovremeno otezavaju gibanje
kvanta toplinske energije, fonona. Do danas su se najboljim pokazali spojevi iz obitelji
telurita.

Na slici 5. su prikazane ovisnost ZT faktora danas najcesce koristenih termoelektrika o
promjeni temperature. Za PbTe je prikazano kolika je bila vrijednost ZT faktora 1960 i kolika
je danas. Moze se primjetiti znatno poboljSanje zahvaljujuci tehnoloskom napretku. Takoder
je vidljivo da za razlicita temperaturna podrucja maksimalni ZT imaju razliciti materijali:
olovo-telurid (PbTe), silicij-germanij (SiGe), bizmut-antimon legure (Bi-Sb) i dr.

Danas se koristenjem najnovijih dostignudéa u podrucju nanotehnologije intenzivno traga za
materijalima koji ¢e imati ZT vedi od 1. Pri tome su od narocitog interesa kompleksne
kristalne strukture u kojima se nastoji rasprsiti fonone unutar jedini¢nih Celija strukture
smanjujudi tako toplinsku vodljivost, a da se ne poremeti protok elektrona, odnosno da se ne
smanjuje elektri¢na vodljivost. Prema dostupnim informacijama dosegnut je ZT=2.4, a u
bliskoj buducnosti se ocekuje ZT=3[6]. lako su to novi materijali Ciju efikasnost tek treba
testirati, obecavajudi ZT doprinosi intenziviranju istrazivanja i eksperimentiranja s novim
termoelektricima. Za velik broj primjena materijali s koeficijentom izvrsnostiizmedu 2 3 bit
¢e konkurentni ostalim obnovljivim izvorima energije.

4. HLADENJE

Termoelektri¢ni moduli se koriste za grijanje ili hladenje ako se kroz njih protjera struja ili za
generiranje elektri¢ne energije ako se jedna strana grije, a druga hladi. U obje primjene
najvaznija je dobra toplinska povezanost tople i hladne strane modula s okolinom i Sto manja
toplinska vodljivost unutar samog modula kako bi se mogla odrzavati temperaturna razlika
tople i hladne strane. Povrsine modula koje oko vidi glatke i ravne pod povecalom izgledaju
kao naslici 7.

a) povecana glatka povrsina

b) spoj dviju povrsina

248



Slika 7. Dodir naizgled glatkih povrsina

Kada se na takvu povrsinu stavi hladnjak toplina prelazi samo na mjestima gdje se povrsine
dodiruju, a to je samo oko 5% povrsine. Najvedi dio, 95% povrsine se zapravo ne dodiruje. Da
bi se povecala dodirna povrsina, za ispunjenje 95% Supljine treba koristiti termalnu pastu.

Ako se modul koristi za hladenje, druga strana modula disipira toplinu pa je na nju potrebno
montirati hladnjak koji ¢e disipirati Jouleovu toplinu generiranu zbog elektri¢cnog otpora
modulaitoplinu toplinske pumpe. Hladnjak treba imati Sto maniji porast temperature tijekom
rada modula, prihvatljiv je porast temperature pasivnog hladnjaka 5 do 10°C iznad
temperature okoline. Za toplinske pumpe manjih snaga koriste se pasivni hladnjaci s
prirodnom konvekcijom toplinskog otpora od 0.5°C/W, a Cesto i preko 10°C/W. Hladnjaci u
kombinaciji s ventilatorom koji tjera zrak za hladenje (s prisilnom konvekcijom) s toplinskim
otporom od 0.02 do 0.5°C/W su ucinkovitiji. Jos vecu toplinsku ucinkovitost po jedinici
volumena imaju tekuc¢inom hladeni pasivni hladnjaci od 0.01 do 0.1°C/W.

5. PRIMJENA TERMOELEKTRICNIH MODULA

Najveca prednost termoelektri¢cnih modula je da rade bez pokretnih dijelova, Sto znacajno
pojednostavljuje odrzavanje i koriStenje uz pouzdan i dugotrajan rad koji ne ovisi o polozaju
modula i okolini. Ne stvaraju buku ni elektri¢ni Sum tijekom rada, pa se mogu koristiti zajedno
s osjetljivim elektroni¢kim senzorima. U usporedbi s mehanickim sustavima za istu funkciju
mnogo su maniji i laksSi za iste snage, a u radu ne koriste nikakve kemikalije ili plinove koji
mogu biti Stetni za okolinu.

Termoelektricni moduli se koriste u djelatnostima s razlicitim tehnickim zahtjevima: vojska,
medicina, industrija, telekomunikacije, znanost i potrosacka tehnika.

Uz prikladni regulacijski krug preciznost podesavanja temperature moze bitiiispod +0.001°C.

Termoelektri¢ni hladnjaci mogu odstranjivati toplinu od mW do nekoliko tisu¢a W. Najvise se
koriste moduli reda veli¢ine 100W.

Termoelektricni moduli se koriste kao hladnjaci za laserske diode, laboratorijske
instrumente, elektronicka kucista i komponente i dr., Uz prikladni regulacijski krug preciznih
sustava kontrole temperature tocnost podesavanja temperature moze biti i ispod +0.001°C.
Funkcija grijanja ili hladenja ovisi samo o polaritetu priklju¢enog napona.

Funkcija proizvodnje elektricne energije ovisi o temperaturnoj razlici tople i hladne strane
modula.

Trenutno se moze naci puno firmi koje proizvode termoelektri¢ne generatore koji pretvaraju
otpadnu toplinu u elektri¢nu energiju Pri tome koriste razlicite izvore topline (vruca ploca
grijalice pecnica, plinski Stednjak, Stednjak na drva, itd.) koji mogu generirati snagu od
desetak W do reda veli¢ine nekoliko stotina W. Za hladenje koriste temperaturu okoline,
ventilator ili vodu. Termoelektri¢ni generatori se najviSe koriste za rasvjetu, napajanje
elektronickih uredaja i punjenje baterija.Malih su dimenzija, lagani, robusni i prakticni za
prenasanje.
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Najsuvremeniji termoelektrici omogucuju realizaciju termoelektricnih generatora koji su po
volumenu konkurentni baterijama, a po ekonomicnosti solarnim celijama i
vjetroelektranama.

Zbog robusnosti (zivotni vijek modula Cesto veci od zivotnog vijeka ostale opreme) zanimljivi
su vojnoj industriji i svemirskim programima (svemirske letjelice, sateliti) te za primjene u
nedostupnim i ekstremnim uvjetima (svjetionici, izolirani otoci).

Na udaljenim, izoliranim lokacijama robusni termoelektri¢ni generatori koji koriste otpadnu
toplinu mogu se kombinirati sa solarnom elektranom u pouzdan sustav opskrbe elektri¢cnom
energijom svih potrosaca ( senzora, aktuatora, bezi¢nih komunikacijskih uredaja, sustava za
odrzavanje i pracenje procesa i dr).

U podrucju malih dimenzija, malih snaga i malih razlika temperatura termoelektri¢ni
generatori su narocito zanimljivi u pretvorbi topline ljudskog tijela u elektricnu energiju.
Primjer je rucni sat koji napaja termoelektricni generator snage 22pW kod temperaturne
razlike od 1.5K[1].

Termoelektricni generatori zbog robusnosti i dugovjecnosti mogu osigurati napajanja
medicinskih pomagala poput pacemakera kojima mogu produziti Zivotni vijek na tridesetak
godina, sto je peterostruko povedanje u odnosu na danasnju tehnologiju.

6.TESTIRANJE

Testiranje je provedeno u svrhu utvrdivanja mogucnosti primjene komercijalno dostupnih
modula za koristenje otpadnih toplina strojeva za dobivanje elektri¢ne energije.

Da bi se donijeli zakljucci o mogucnosti primjene termoelektri¢nih generatora, nabavljena su
tri razlicita modula M1, M2 i M3. Dimenzije modula:

*  Ma:duljina gomm, Sirina 40mm, visina 3,6mm,
*  Ma2:duljina 4omm, Sirina 4omm, visina 3,8mm,
*  M3:duljina 57mm, Sirina 54.4mm, visina 3,4mm.

Cijene modula su takoder razli¢ite. Modul M1 je najjeftiniji, M2 znatno skuplji, a M3 jos skuplji.
Za sva trimodula provedeni su jednaki testovi uz iste uvjete. Cilj nije bio postici idealne uvjete
i izvuci maksimum snage iz modula, vec uz realne, jednake uvjete vidjeti koja se snaga moze
dobiti iz pojedinih modula i kako otpor potrosaca utjece na iskoristivost generirane snage.

Na termoelektricni modul je s obje strane prislonjena aluminijska plocica debljine 20mm. Da
bi se smanjio toplinski otpor izmedu aluminijskih plocica i modula, na obje strane modula
nanesen je tanak sloj termalne paste. Aluminijska plocica je na toploj strani modula grijana
pomocu elektricne grijalice, a na hladnoj strani hladena pomocu posude s ledom. U
aluminijske plocice na mjestu dodira s modulom su izbuseni utori u koje su umetnuti senzori
za mjerenje temperature. Tijekom postupka mjerenja primjeceno je da na generirani napon
najvise utjece kvaliteta prianjanja posude s ledom na hladnoj strani modula.

Za svaki modul izvrSena su slijedeca mjerenja:
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1.napona praznog hoda kod razlicitih razlika temperatura,
2.struje kratkog spoja kod razlicitih razlika temperatura,

3.struje i napona za razli¢ito opterecenje modula kod razlicitih razlika temperatura.

Sheme spojeva za sva tri mjerenja prikazane su na slici 8.

Termoelektriéni

generator

L
Rin

O
J

a) mjerenje napona praznog hoda

Termoelektricni

generator

L
Rin

Termoelektricni
gene rator

L
Rin

b) mjerenje struje kratkog spoja

c) mjerenje struje i napona za razli¢ito opterecenje R

Napon praznog hoda mijeren je pomocu voltmetra spojenog na vanjske izvode
termogeneratora. Topla strana modula M1 grijana je do 120°C, a modula M2 i M3 do 180°C
uz istovremeno hladenje druge strane pomocu leda. Temperatura hladne strane Tc kod
najvisih temperature tople strane Th nije prelazila 30°C, kod M1, 40°C kod M2 i 50°C kod M3.
Za modul M1 Th nije prelazila 120°C, a za M2 i M3 190°C kako bi se ostalo u granicama
dozvoljenih temperature za module. Potrebno je napomenuti da isti AT =Th-Tc moze biti
ostvaren sa npr. Tc=20°Ci Tc=80°C. Visi Tc rezultira smanjenjem snage za isti teret.

Sa slike 9. se primjetiti da je modul M1 postigao maksimalni napon praznog hoda oko 4V, M2

Slika 8: Shene spojeva za tri mjerenja

oko 10V i M3 oko 18V.

/
Napon praznog hoda
20,00
15,00 -
>
10,00 B L o M1
500 —W
’ OO mM2
0,00
0,00 50,00 100,00 150,00 M3
AT[°C]
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Slika 9: Ovisnost napona praznog hoda U o razlici temperature AT

Struja kratkog spoja mjerena je pomocu ampermetra spojenog na vanjske izvode
termogeneratora. Postupak mjerenja za razlicite temperature je obavljen uz iste uvjete kao i
prethodni. Slika 10. Prikazuje dobivene rezultate. Moze se primjetiti da je maksimalna struja
kratkog spoja priblizno jednaka za sve module unatoc razli¢itim naponima praznog hoda. To

je zbog veceg unutrasnjeg otpora modula M2 i M3.

Struja kratkog spoja

1,0
L an AN
0,5 ﬁ'l‘— ¥ M1
»,
0,0 M2
0,0 50,0 100,0 150,0 A M3

AT[°C]

Slika 10: Ovisnost struje kratkog spoja | o razlici temperature AT

Na temelju izmjerene struje kratkog spoja prema slici 8b i napona praznog hoda prema slici
8.2 moze se dobiti unutarnji otpor termogeneratora kao izvora: Rin=U/l Kako se Rin mijenja

s promjenom razlike tem

perature, prikazano je na slici 11..

Unutarnji otpor izvora Rin

30,0

25,0 AAA ——
20,0
c
=15,0 o M1
£ gu § N =

10,0 m M2

50 9 o0+ 66— M3

0,0

0,0 50,0 100,0 150,0
AT[°C]

Slika 11: Ovisnost unutarnjeg otpora termogeneratora

Termogenerator M1 ima unutarnji otpor oko 5 Q, M2 oko 15 Q i M3 od 20 do 30 Q. Vidi se da

Rin o razlici temperature AT

unutarnji otpor termogeneratora blago raste s porastom AT.

Mjerenje snage P kao umnoska struje | napona (P=U:l) je provedeno na otpornicima od 4Q,
10Q), 20Q i 40Q prema slici 8c. Slika 12 prikazuje postignute snage za sva tri modula
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Snaga na teretu R=4Q 2,50 —SnaganateretuR=100
2,00 2,00 gl
\
— ) 0 |
2 1,00 ""— M1 45_5 oM1
T 8,00
B4 M2 H o mM2
0,00 = 0,50 * - \ &
0,00 50,00 100,00 150,00 A M3 0,00 4 M3
AT[°C) 0,00 50,00 100,00 150,00
AT[°C]
a) Snaga na teretu R=4Q b) Snaga na teretu R=10Q
Snaga na teretu R=20Q Snaga na teretu R=40Q
4,00 2,00
n -
g 200 g — oM1 2 1,00 *M1
—_— o
o o
*0® mM2 g mM2
0,00 ] 0,00 J *
0,00 50,00 100,00 150,00 M3 0,00 50,00 100,00 150,00 M3
AT[°C] AT[°C]

) Snaga na teretu R=20Q

d) Snaga na teretu R=40Q

Slika 12: Prikaz postignutih snaga za sva tri modula

Na temelju dijagrama slike 12. moze se zakljuciti koji modul ¢e i uz koji otpor za odredenu
razliku temperature dati potrosacu maksimalnu snagu. Vidi se da modul M1najvecu snagu
daje otporu od 4 Q, modul M2 od 10 do 20 Q, a modul M3 oko 20 Q.

Slika 13 prikazuje za svaki modul posebno koju snagu daje za razlicite terete. Na temelju
dijagrama se moze za odredenu razliku temperature vidjeti oCekivana korisna snaga na
otpornicima.

Snaga-modul M1
1,50
_. 1,00 ]
s P g # M1-40hm
& 0,50 - ¥ A B M1-100hm
W X M1-200hm
0,00 ]
0,00 50,00 100,00 150,00 *<M1-400hm
AT[°C]

Slika 13a; Prikaz postignute snage modula M1 za svaki otpornik
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Snaga-modul M2

4,00

3,00
- & M2-40hm
2 2,00 s 4
o - * B M2-100hm

1,00 o*

’ w M2-200hm
0,00 X M2-400hm
0,00 50,00 100,00 150,00
AT[eC]

Slika 13b: Prikaz postignute snage modula M2 za svaki otpornik

Snaga-modul M3
3,00

— 2,00 # M3-40hm
'S <%

1,00 X 5 3. W M3-100hm

0,00 —‘ﬁ.— M3-200hm

0,00 50,00 100,00 150,00 % M3-200hm
AT[°C]

P[W

Slika 13c: Prikaz postignute snage modula M3 za svaki otpornik

7.ZAKLJUCAK

lako je iskoristivost topline u elektri¢nu energiju mala, zbog Cinjenice da se koriste otpadne
topline i da se faktor izvrsnosti termoelektrika povecava, interes za termoelektri¢cne module
neprekidno raste. Zbog toga su termoelektricni moduli i termoelektri¢ni generatori sve
zastupljeniji na trzistu. Pri tome se koriste generatori u rasponu snaga od pW do kW.
Testirani moduli upucuju na zakljucak da skuplji moduli daju veéu gustocu energije po jedinici
volumena na visim temperaturama, medutim financijski su isplativiji jeftiniji moduli koji ¢e s
vec¢im brojem jeftinih modula nadoknaditi nedostatak manje snage. Buduc¢i da su moduli
malih dimenzija, realizacija termogeneratora snaga reda veli¢ine kW moze biti konkurentna
vjetroelektranama i solarnim elektranama.
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1. INTRODUCTION (PROBLEM SETTING IN GENERAL AND ITS CONNECTION WITH
THE LATEST RESEARCH AND PUBLICATIONS)

In increasing frequency construction organizations suffer from inadequacy between their
aims and investments, the facts show that only in the USA about 40% of investments into
projects and programs (project portfolios) does not give expected profits, analogically in
other branches [1].

The majority of organizations where our authors had to work with, could not even exactly
formulate what is included into their projects portfolio [2, 3].

In absentia of formalized stages of projects management permitting to evaluate which
resources the organization has to implement projects, its authority often tries to start more
projects than it is able to realize. As a result, there is a delay of execution and various
organization subdivisions forced to fight to possess necessary resources.

The majority of organizations use the formal approach to form a projects portfolio in order
to understand which new initiatives will be included to projects portfolio of organization or
which projects will be prolonged later. The initiatives (future projects) it is a business offer,
definitely sufficient to understand which profit can be gained from this offer and how much
they correspond to strategic aims of organization. By the way, there are many questions:

— Which initiatives should be included into projects portfolio?
— Which projects should be prolonged and which ones to complete hard?
— How to define the risks in the large according to projects management and work out
the methods of their response?
— How much will it have to spend resources (budget and labour resources) to
implement your ideas?
— The end how to balance the portfolio taking into consideration strategic aims of the
organization excluding not necessary initiatives from the portfolio.
The more important criterion of using such an approach is that the majority of projects closely
connected and to consider each project is no to purpose, such actions may lead to the wrong

evaluation of projects and further to the improper managerial solution which can entail big
time and resources.

It is necessary to remember that it is not only financial constituent of the project i.e. as the
result of estimation non-profitable but strategically important object on which we spend the
most part of our budget of organization will affect in future. Development of such project
only from financial point of view (profitability of the project in short and long term prospects)
will give the proper understanding at whole according to the organization, in the end it
happens one-sided understanding of project results.

2. TASKSETTING (FORMULATION OF AIMS AND METHODS OF RESEARCH)

There are four main problems with portfolio projects [3, 4]:
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1. Unnecessary quantity of simultaneously performed projects, which duplicate each
other often.

2. Improper choice of projects, implementation of projects not valuing for the
organization.

3. Lack of coordination of performed projects with strategic aims of organization.

4. Imbalance of portfolio projects

The purpose of the article is the development of the methods of formation of projects
portfolio of organization, which allow avoiding improper choice of projects not valuable for
organization and maximally tie up executing projects with strategic aims of the organization.

3. RESULTS (SUMMARY OF THE MAIN MATERIAL WITH RESEARCH OF THE
SUBSTANTIATION OF GAINED SCIENTIFIC RESULTS)

Strategic purposes of organization can be different. The most typical are: profitability
increasing of organizations, expanding of share of market, correspondence of its activity to
legislation demands, improving of clients service and implementation of new markets.

The notion of «portfolio of strategic aims" to the same extent is used either for non-
commercial organizations which aims are to find new sources of financing, security
enhancement, defects decreasing etc. The constituent of "portfolio of strategic aims» of
organization permits everyone to see how their work directly influences the achievement of
certain aims. [2].

The stages of formation of projects portfolio begin with the creation of general view of
organization, which implements it. View concludes sufficiently high level of uncertainty in
three aspects — business aspects (opportunities connected with environment), technical
aspects (directly innovation potential of an enterprise), managerial (competence level of
organization) [3, 4].

The given aspects are the main directions of organization development: business solutions
(new markets entry etc.); technical solutions (organization development directed at
improvement of technological processes of manufacturing products); managerial solutions
(development of corporate culture and organization staff).

The model of uncertainty aspects in formation of projects portfolio may be represented as a
triangle with coordinate system where the organization is being developed and the data of
axis are unorthogonal i.e. interdependent.

With the help of the given model on the base of three main aspects project manager can
make decisions not only concerning the choice of the project into portfolio but the degree of
correspondence of the project directing at the development of the organization (strategic
aims of organization).

From the above stated there are three variants of the formation of portfolio of the
organization considering that strategy of organization is directed at one aspect and all the
projects should be directed at the implementation of concrete aspect; organization has
chosen two development directions (the third aspect in this case has «floating» meanings);
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organization tries to hold in sight all the three aspects of organizational policy, respectively
for the choice of the project it is necessary not only to know accurate coordinates of the
project but to determine the coordinates of organization.

Besides, above-mentioned strategies we should emphasize three types of policies in strategy
implementation. They are policy of achievement, conservation and avoidance.

The given model can be represented as a game where each aspect is a separate member. At
that, it is expedient to emphasize that aspect which in given situation is key. It is determined
depending on the direction of organization development and chosen policy.

We will introduce denominations. Let f1 f2, f3 — business criteria reflecting the degree of the
achievement of above-mentioned aspects. Supposing that there is a vector x=(x1,x2,x3),
where its elements x1€X1, x2€X2, x3€X3 reflect applied strategies (business decisions,
technical solutions, managerial solutions); X1, X2, X3 — acceptable multitude from which the
meanings of the aspects are chosen (operating part).

We will consider the given game from the position i-th aspect (i =1,2,3). In each case, it is

natural that f;(x) = f;(xq, x5, x3) = ax at that operating part cannot influence the rest
Xi€X;

parts.

Using the above-mentioned policies of organization, we can gain three variants of
magnitude. From the theory of games to determine the meaning of optimal vector of
organization development, we can use three variants of choice (maximin, minimax and
superposition) [5], which in their turn provide the correspondence of vector with three
possible organization policies: achievement, conservation and avoidance i.e. for i-th
operating part the policy of avoidance will be represented as following:

min (X4, X5, X3) = Max 1
xiEXi(jii)fl( a2 3) Xi€EX; ()

The peculiarity of maximin criterion is that it orients to choose safer variant. It is mainly used
when the actions are directed at satisfying vital needs and it is necessary to provide success
at any possibilities (policy of avoidance).

Minimax criterion (optimism criterion) is directed at guaranteed gain achievement (if it is
minimal) and it reflects the policy of achievement:

max (X1,X5,X2) = Min 2
ijXj(jil')ﬁ( a2 3) Xi€EX; ( )

The policy of conservation in this case is not reflected by any methods as much asin this policy
the meaning of vector is given from outside in each of the aspects.
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4. CONCLUSIONS AND PROSPECTS OF FURTHER RESEARCH IN THE GIVEN FIELD

We have elaborated the methods of the analysis of the correspondence of projects portfolio
with strategic aims of organization permitting to coordinate executing projects with strategic
aims of construction organization.

The further research will deal with tasks solution, general for the majority of organizations in
projects portfolio formation: ranking and coordination of simultaneously performed projects;
implementation of projects not valuable for construction organization; imbalance of the
structure of projects portfolio.
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Sazetak

Fleksotisak se naSiroko koristi u industriji ambalaze zbog sposobnosti tiska na razlicite tiskovne
podloge Cije povrsinske karakteristike znatno utjecu na kvalitetu reprodukcije. Stoga ovo istrazivanje
usporeduje najvaznije parametre kvalitete graficke reprodukcije u skladu sa standardom I1SO 12647-6
za tri razreda tiskovne podloge: nepremazani i premazani papir te OPP foliju. Primarni je cilj istraziti
kako tiskovni proces u kombinaciji s razlic¢itom tiskovnom podlogom utjece na karakteristike boje na
otisku. Nakon tiska kolor-testne forme izvréena je karakterizacija otisaka, a dobiveni rezultati sluze
kao smjernice i preporuke za jednostavniju i lakSu kontrolu reprodukcije. Zakljuceno je da postojeci
standard daje samo okvirne preporuke te da je karakterizaciju procesa potrebno uskladiti s
ocekivanjima kupaca.

Kljucne rijeci: tiskovna podloga, kvaliteta otiska, ISO specifikacije, fleksotisak

Abstract

Flexoprint is widely used in the packaging industry due to the fact that the print can be
adapted to various printing substrates, whose surface characteristics substantially affect the
reproduction quality. Accordingly, this research comprises the comparison of the most
important quality parameters of graphic reproduction in accordance with the ISO 12647-6
Standard for three types of printing substrates: uncoated and coated paper and OPP foil. The
main goal is to investigate the effect of the printing process in combination with various
printing substrates on the color characteristics on the print. After printing color-test form, the
characterization of prints was carried out. The obtained results serve as the guidelines and
recommendations for an easier and simpler control of reproduction. It has been concluded
that the existing standard provides only basic recommendations. Accordingly, the
characterization of the process should be adjusted to customers' expectations.

Keywords: printing substrate, print quality, ISO specifications, flexography

Dean Valdec, dean.valdec@unin.hr
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1. UVOD

Fleksotisak je tehnika tiska koja rabi savitljive fotopolimerne ploce s uzdignutim tiskovnim
elementima s izravnim tiskom na podlogu. Vrlo je osjetljiva tehnika tiska, a tiskovna se forma
lako prilagodava svim tiskovnim podlogama. Upravo radi svoje podatnosti i mekode, ploca
pod utjecajem tlaka i bojila niske viskoznosti moze proizvesti ekstremno visok prirast
rastertonske vrijednosti. Tiskovna je forma znadajan segment cjelokupnog procesa koji
fleksotisku daje odredene prednosti. Zahvaljujuci elasti¢nim tiskovnim elementima, ovom je
tehnikom tiska moguce tiskati na najrazlicitijim upojnim i neupojnim tiskovnim podlogama,
kao Sto su: tanki filmovi, fleksibilne i ¢vrste folije, gotovo svi papiri, kartoni razli¢itih debljina
i gramatura, pakirni materijali hrapave povrsine i sl. [1].

Povrsinska svojstva tiskovne podloge imaju veliki utjecaj na kvalitetu otiska. Kod papira se
povrsina dodatno oplemenjuje doradnim procesima (premazivanjem, impregniranjem,
pergamentiranjem i laminiranjem). Najcesci je postupak papirne dorade premazivanje, stoga
papire dijelimo na nepremazane (naravne) i premazane papire [2].

Fleksotiskarski proces omogucuje visoku kvalitetu graficke reprodukcije, gotovo fotografsku.
Prilikom tiska moraju postojati ciljne vrijednosti i tolerancije za cjelokupni proces, ukljucujuci
sastav i viskoznost bojila, debljinu ploce i konzistentnost rasterskog elementa, samoljepivu
montaznu traku te uvjete tiska (postavke pritiska i brzine tiska) za dosljedno postizanje ciljeva
proizvodnje. [3]

Cjelokupni proces fleksotiska sastoji se od velikog broja utjecajnih parametara koje je
potrebno standardizirati za pojedine uvjete tiska (slika 1). Koncepcija standardizacije
reprodukcijskog procesa ukljuCuje sve faktore koji su prisutni u proizvodnom procesu, a
utjecu na kvalitetu finalnoga tiskanog proizvoda. Graficka priprema, izrada tiskovnih formi,
tisak i tiskovne podloge kojima se koristi u procesu, moraju se medusobno uskladiti i
optimizirati s ciljem ostvarenja sto kvalitetnije reprodukcije u fleksotisku. Stoga sve faze
tehnoloskog procesa unutar jedinstvenoga radnog slijeda moraju biti karakterizirane, sto je
osnovni preduvjet za standardizaciju cjelokupnog procesa.

Fleksibilna
tiskarska ploca

Montazna
liepljiva traka

Temeljni
cilindar

Aniloks V;,u}\ / @:i:kovni
\ Pritisak u cilindar

Rakel

tisku

Tiskovna podloga

Slika 1: Znacajniji utjecajni parametri u procesu otiskivanja fleksotiskom

Najcesdi, ali i najucinkovitiji nacin postizanja vrhunske kvalitete tiska je uskladivanje s ciljnim
vrijednostima standarda ISO 12647-6. Medutim, mnoge tiskare postavljaju svoje vlastite
standarde kombinirajuci razlicite linijature i volumene anilox valjka s pomocu kojih
karakteriziraju pojedine tiskovne procese u skladu s pojedinim razredom tiskovne

podloge.[4]
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2. METODOLOGLIA

Sljedece poglavlje opisuje metodologiju istraZivanja utjecaja tiskovne podloge na
karakteristike kolorne reprodukcije kod tri vrste tiskovnih podloga s ciljem usporedbe
kvalitete reprodukcije i optimizacije proizvodnog procesa. Okvir za istrazivanje koji opisuje
svrhu i proces istrazivanja prikazan je na slici 2.

Digitalna izrada fotopolimerne ploce
LAMS tehnologija | 150 Ipi | Okrugli oblik raster. el.

Fleksotisak - tiskovne podloge
Nepremazani papir | Premazani papir | OPP folija

Mjerna evaluacija otiska
Gustoca obojenja | CIE LAB vrijednosti
NS
Karakteristike rasterske reprodukcije
Prirast RTV | Tiskovni kontrast | Gamut boja

Usporedba kvalitete tiska i optimizacija proizvodnog procesa

Slika 2: Okvir za istrazivanje

2.1. lzrada fotopolimerne ploce

Eksperimentalni dio ovog rada zapocinje izradom testne forme koncipirane tako da omoguci
evaluaciju kvalitete rasterske reprodukcije, primjenom prihvatljivih i potvrdenih metoda i
tehnika istrazivanja. Testna forma kojom se koristi u eksperimentu prikazana je na slici 3.

-
e mmEE Salalh

R

Slika 3: Izgled testne forme za tisak

Testna je forma u boji i sastoji se od sljededih elemenata:

* mjernih polja sa stepenastim prijelazom u rasponu od 0 — 100 %

testnog klina Ugra / Fogra za evaluaciju svih bitnih karakteristika kolor-reprodukcije
flexo iO chartom za odredivanje ukupnog raspona boja na otisku

» elemenata za evaluaciju veliine teksta (od 2 — 12 pt) i debljine linija (od 0,05 — 0,50 mm)
kolor-slika za potrebe vizualne evaluacije otiska.
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Fotopolimerna ploca izradena je s pomocu digitalne tehnologije LAMS s definiranim
sljede¢im postavkama: linijatura 150 Ipi, konvencionalni AM raster s okruglim oblikom
rasterskog elementa, kutovi rastera (7,5°; 37,5°% 67,5° i 82,5°) i razlucivost 2540 dpi.

2.2. Tisak

Polimerna se plo¢a montira na temeljni cilindar komercijalnog, Sesterobojnog
fleksotiskarskog stroja Nilpeter FB4200, a otiskivanje se izvodi nacelom ,iz role u rolu"
brzinom tiska od 60 m/min. Za vrijeme tiskovnog procesa tiskovna podloga prolazi izmedu
temeljnog i tiskovnog cilindra. Da bi pritisak u tisku bio odgovarajuci, razmak izmedu njih
mora biti optimalan. Lagani pritisak vrlo je bitan za kvalitetnu reprodukciju jer sprjecava halo-
efekt i optimizira prirast RTV-a [5]. Cesto nije lako tiskati s laganim pritiskom, prvenstveno
zbog karakteristika povrsine tiskovne podloge, neujednacene visine tiskovnih elemenata ili
vrste posla koji se tiska (tisak punih tonova, kombinirani tisak ili procesni tisak). Lagani
pritisak je najmanji potrebni pritisak da se bojilo prenese s aniloks valjka na tiskarsku plocu i
s ploce na tiskovnu podlogu [6].

Specifikacija tiska:

» Fleksotiskarski stroj: Nilpeter FB4200

* Flekso bojilo: PULSE SLM UV Process CMYK

= Tiskovna Sirina: 330 mm

» Tiskovna duzina: 490,00 mm

* Linijatura aniloks valjka: 4o05lpi

* Volumen aniloks valljka: 3,2BCM

» Tiskovna podloga: nepremazani i premazani papir, folija.

Tiskovni je eksperiment zamisljen tako da se testna forma otiskuje s pomocu procesnih CMYK
UV bojila na tri razlicite tiskovne podloge, dok se drugi parametri drze konstantnima,
ukljucujudi brzinu i pritisak u tisku te karakteristike samoljepive montazne trake i aniloks
valjka. Odabrane tiskovne podloge iz razli¢itih su kvalitativnih razreda s razlicitim fizickim i
optickim svojstvima (poroznost, sjaj, povrsinska energija, opacitet, gramatura).

Specifikacija triju odabranih tiskovnih podloga:

* nepremazani, bijeli, strojno glatki papir za samoljepive etikete, HERMAwhite (601),
gramature 72 g/m2, opaciteta 83 %;

* polusjajni jednostrano premazani, bijeli papir za samoljepive etikete, HERMAextracoat
(242) gramature 8og/m2, opaciteta 86 %, sjaja 30 %;

= bijeli, visokosjajni, neprozirna OPP folija za samoljepive etikete, Treofan DECOR - LWD,
debljine 38 um, gramature 23,5 g/m2, opaciteta 82 %, sjaja 65 %.

Folije i filmovi obicno se definiraju kao tanki sloj sintetickog polimera. Stoga je nuzna
predobrada folija i filmova koja znatno utjece na njihovu povrsinsku napetost i omogucuje da
se bojilo veZe na povrsinu tiskovne podloge i time smanjuje poteskoce prilikom tiska.

2.3. Evaluacija otisaka

Kako bi se mogli usporedivati rezultati istrazivanja, bitno je da se tiskovni eksperiment odvija
u kontroliranim uvjetima. Svaka od odabranih pojedinih vrsta tiskovne podloge pripada
zasebnoj kvalitativnoj skupini. I1zmjerene CIELCH vrijednosti procesnih boja na otiscima
moraju biti uskladene s ciljnim vrijednostima prema standardu ISO 12647-6, odnosno unutar
granica dopustenog odstupanija.
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Denzitometrijske i kolorimetrijske vrijednosti na otiscima mjerene su s pomocu spektrometra
X-Rite Exact (geometrija 45°/0°, standardna vrsta rasvjete Dso, neutralni filtar (No), kut
mjerenja 2°, veli¢ina otvora 2 mm). Kao rezultat mjerenja uzeta je srednja vrijednost triju
mjerenja svakoga pojedinog polja za svaku osnovnu boju tiska.

Prirast rastertonske vrijednosti (engl. Dot Gain, Tonal Value Increase) kao prvi ispitivani
pokazatelj kvalitete reprodukcije razlika je izmedu stvarne pokrivenosti u odnosu na
nominalnu pokrivenost polja koje mjerimo. Prirast RTV-a u tisku nikad se u potpunosti ne
kompenzira jer ¢e rezultirati presvijetlom reprodukcijom. Kontrolirani prirast RTV-a u skladu
sa standardom u potpunosti je prihvatljiva pojava.

Relativni tiskovni kontrast (eng. Print Contrast) kao drugi ispitivani pokazatelj kvalitete
reprodukcije mjeri sposobnost tiskovnog procesa da reproducira tamne tonove. Cilj je
postizanje Sto veceg raspona tonskih vrijednosti uz optimalno obojenje za odredeni tiskarski
proces [7].

3. REZULTATII DISKUSIJA

3.1. Kolorimetrijska razlika

Na temelju izmjerenih CIELCH vrijednosti za puni ton primarnih CMY i sekundarnih RGB boja
za tri vrste tiskovnih podloga i ciljne vrijednosti definirane prema standardu I1SO 12647-
6:2012(E) [8], proracunava se razlika u tonu boje i usporeduje s dopustenim odstupanjima u
tonu boje (Tablica 1). Dopusteno odstupanje za puni ton za procesne boje prema navedenom
standardu iznosi Ahgp < 6°.

Tablica 1: Razlika u tonu (Ahab) za CMY i RGB boje u skladu sa standardom 1SO 12647-6:2012(E)

DeltaH /Lch

h (ISO Nepremazani papir Premazani papir OPP folija

12647-6) | L (%) | Cab(%) | hab(®) | Ahab | L(%) | Cab(%) | hap(®) | Ahab | L (%) | Cab(%) | hap(®) | Ahab

233,00 | 58,43 | 46,12 | 234,51 | 1,51 | 53,77 | 61,37 | 231,36 | 1,64 | 56,46 | 62,06 | 233,16 | 0,16

357,00 | 53,74 | 60,69 | 359,47 | 2,47 | 46,18 | 7563 | 0,17 | 3,17 | 48,47 | 70,28 |350,44 | 6,56

< | 2|0

93,00 | 87,11 | 74,64 | 91,20 | 1,80 | 88,03 | 96,04 | 91,46 | 1,54 | 87,38 | 84,19 | 94,46 | 1,46

R| 36,00 | 50,19 | 69,78 | 31,92 | 4,08 | 45,25 | 89,35 | 36,37 | 0,37 | 4591 | 80,69 | 33,47 | 2,53

G| 160,00 | 54,14 | 49,06 | 150,47 | 9,53 | 47,67 | 72,14 | 157,01 |2,99 | 50,24 | 71,49 |15568 | 4,32

B| 296,00 | 32,19 | 36,01 |296,60| 0,60 | 18,84 | 50,51 298,49 2,49 | 22,97 | 5562 | 294,56 | 1,44

avgemy =1,93° avgemy =2,12° avgemy =2,73°

Rezultati pokazuju da su razlike u tonu za sve procesne boje kod sve tri vrste tiskovnih
podloga unutar dopustenih tolerancija, osim za magentu kod OPP folija gdje je vrijednost
razlike u tonu nesto iznad gornje granice i iznosi Ahg, m = 6,56°. Srednja vrijednost razlike u
tonu za procesne boje za sve tri vrste tiskovnih podloga znatno je ispod gornjih dopustenih
granica (Ahqb < 6°) i za nepremazani papir iznosi 1,93°, za premazani papir 2,12° i za OPP foliju
2,73°. Takve vrijednosti pokazuju upravo suprotno od pretpostavki da ¢e najveca odstupanja
biti upravo kod nepremazanog papira zbog njegovih relativno slabih povrsinskih svojstava u
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odnosu na ostale tiskovne podloge. Opcenito gledajudi, minimalne vrijednosti razlike u tonu
zabiljezene su kod cyana, a maksimalne vrijednosti kod magente. Vrijednosti razlike u tonu
za sekundarne boje nisu uvrstene u izraCun srednje vrijednosti i namijenjene su samo za

informativne svrhe.

Tablica 2: CIE LAB vrijednosti ispitivanih tiskovnih podloga te preporucene vrijednosti prema standardu

Tiskovna podloga L* (%) a* b*
Nepremazani papir 91,55 1,48 2,80
Premazani papir 93,55 0,76 3,25
OPP folija 91,01 0,21 AN
I1SO 12647-6 >88 —3to+3 —5to +5

Prema navedenom standardu preporucene CIE L*a*b* vrijednosti za tiskovnu podlogu
definirane su u sljede¢em rasponu: za L* (>88), za a* (od —3 do +3) i za b* (od —5 do +5). Iz
tablice 2 moze se uoCiti da sve ispitivane tiskovne podloge zadovoljavaju navedene kriterije.
Vrijednost svjetline kod svih tiskovnih podloga veca je od 91%. Prema tome, bilo je za
ocekivati da ce i reprodukcija procesnih boja biti u granicama tolerancije.

3.2. Raspon boja na otisku

Usporedba reprodukcije boja kod tri ispitivane tiskovne podloge prezentirana je s pomocu
raspona boja na otisku. Na temelju izmjerenih CIELAB vrijednosti primarnih i sekundarnih
boja konstruirana su tri Sesterokuta unutar ab dijagramu koji prikazuju raspon reproduciranih
boja za pojedinu vrstu tiskovnih podloga (slika 4).

+b*
(o}
o premazani
0O papir |
OPPfolija
L ]
nepremazani [s)
papir . :
J ®
& [ ]
|
-a* (0] O > +a'
1( « 80 100
o
@
= l @ .
: [ J
° - ®
: 8 S | | !
18D ;747[74
-b*

Slika 4: Prikaz raspona boja u ab dijagramu za tri odabrane tiskovne podloge
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Najmaniji raspon boja ocekivano je zabiljezen kod nepremazanog papira i znatno je manji od
preostalih dviju vrsta tiskovnih podloga. Nadalje, raspon boja premazanog papira neznatno
je veéi nego kod OPP folije, $to je posve suprotno od postavljenih pretpostavki. Siri gamut
kod premazanog papira u odnosu na OPP foliju zabiljezen je u crvenom i zutom podrudju ab
dijagrama, dok u zelenom i plavom podrucju nema znacajnih odstupanja. Takve rezultate
gamuta kod premazanog papira i OPP folije mozemo djelomicno isCitati iz LAB vrijednosti za
tiskovne podloge. Razlika u koordinati b (ab) izmedu navedenih tiskovnih podloga iznosi 7,69
Sto znadi pomak iz plavog prema zutom podrucju ab dijagrama (slika 4).

3.3. Prirast rastertonske vrijednosti

Kvaliteta otiska u suvremenoj grafickoj tehnologiji vezana je uz kvalitetno reproduciranje
rasterskih elemenata, a primjenom denzitometrijske metode mogu se odrediti sve bitne
karakteristike rasterskog otiska.

Jedan od kljucnih faktora koji utjecu na kvalitetu i vjernost rasterske reprodukcije je promjena
velicine rasterskog elementa koja moze rezultirati pomacima u tonu i obojenju. Stoga je
definiranje prirasta RTV-a znacajan parametar u karakterizaciji proizvodnih procesa. Tablica
3 prikazuje vrijednosti prirasta RTV procesnih boja izmjerenih na dva karakteristicna mjerna
polja (40 % i 80 %) za tri vrste tiskovnih podloga. U tablici se takoder nalaze i preporucene
vrijednosti u skladu s ISO-vim specifikacijama koje sluze za usporedbu.

Tablica 3: Prirast RTV procesnih boja za tri odabrane tiskovne podloge

ToneValuelncrease CMYK®@40 % / 80 %

Nepremazani Premazani OPP folija

0% | 80% | 40% | 80% | 40% | 8o%

22,50 | 10,20 | 21,00 | 11,30 | 20,30 | 13,10

C
M 23,30 | 10,40 | 22,20 | 13,20 | 21,60 | 12,10
Y

23,60 | 12,60 | 19,40 | 12,00 | 19,20 | 12,90

K 24,70 | 10,70 | 21,50 | 11,90 | 22,50 | 13,00

ISO 12647-6 18,2 11,0 18,2 11,0 18,2 11,0

Dobiveni rezultati prirasta RTV-a kod svih ispitivanih tiskovnih podloga pokazuju nesto vece
vrijednosti od preporucenih. Prirast RTV-a u srednjim tonovima za procesne boje (kod 40 %
RTV-) je najvedi kod nepremazanih papira (4-6 % RTV-a veci od ISO-ove preporuke) dok je
kod premazanih papira i OPP folije ocekivano maniji (1-2 % RTV-a vedi od ISO-ove preporuke).
U tamnim tonovima (kod 8o % RTV-a) vrijednosti prirasta RTV-a su kod svih tiskovnih
podloga vece od ISO-ovih preporuka za 1-2 % RTV-a.

3.4. Relativni tiskovni kontrast

Otisak bi, u pravilu, trebao imati Sto vedi tiskovni kontrast. Da bi se to postiglo, puni tonovi
moraju imati Sto vecu gustocu obojenja, a da raster jos uvijek bude otvoren. Povedanjem
obojenja tiskovni se kontrast povecava samo do odredene granice. Daljnim povecanjem
obojenja rasterski elementi se zapunjavaju te tiskovni kontrast ponovno pada. Optimalno
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obojenje za odredeni tiskarski proces moze se odrediti s pomocu relativnoga tiskarskog
kontrasta na osnovi mjerenja tricetvrtinskoga rasterskog polja. Kod procesnih CMY boja
mjeri se na 70 % RTV-a, dok se za crnu boju mjeri na 8o % RTV-a.

Tablica 4: Tiskovni kontrast procesnih boja za tri odabrane tiskovne podloge

PrintContrast CMY @70 %, K@80 %
Nepremazani Premazani OPP folija
C 34,50 46,20 36,10
M 35,7 41,40 36,10
Y 26,70 40,20 30,90
K 23,60 32,80 24,20

Dobiveni rezultati za tiskovni kontrast nesporno pokazuju da tiskovne podloge sa slabijim
povrsinskim svojstvima rezultiraju manjim tiskovnim kontrastom. lako neocekivano, najveci
tiskovni kontrast zabiljezen je na otisku kod premazanog papira (kod cyana iznosi 46,20 %).
Znatno maniji tiskovni kontrast u odnosu na premazani papir za 9-13 % izmjeren je kod
nepremazanog papira dok je kod OPP folije manji za 5-10 %. To pokazuje da unatoc¢ boljim
povrsinskim svojstvima kao klju¢cnom parametru za kvalitetu reprodukcije, kvalitativni
parametri kod OPP folije pokazuju manje vrijednosti u odnosu na premazani papir, sto je
vidljivo iz tablice 4. Takvi se rezultati kod OPP folije mogu pripisati utjecaju povrsSinske
napetosti izmedu bojila i tiskovne podloge.

4. ZAKLJUCAK

Svrha karakterizacije cjelokupnog procesa reprodukcije programirani je nacin tiska, odnosno
upravljanje procesom s jednog mijesta s predvidljivom i ponovljivom razinom kvalitete
proizvoda. To je mjesto graficka priprema koja je primjenom sustava upravljanja bojom
povezana s cjelokupnim procesom. U grafickoj se pripremi rade korekcije u pojedinim fazama
rada u skladu s dobivenim rezultatima pojedinih mjerljivih parametara kvalitete reprodukcije.
Te su prilagodbe ovisne o razlic¢itim karakteristikama fotopolimernih ploca, razlicitim
svojstvima tiskovnih podloga, razlic¢itim vrstama bojila te razli¢itim specifikacijama anilox
valjaka. Proces izrade mora se uskladiti sa standardom, odnosno provoditi se u okviru
propisanih tolerancija. Stoga je vrlo bitno razumijevanje cjelokupnog procesa proizvodnje.

Standard ISO 12647-6 u svojim specifikacijama sadrzava samo odredene vrijednosti
kvalitativnih parametara rasterske reprodukcije koji sluze samo kao polazna referencija.
Razlog je taj Sto karakterizacija proizvodnog procesa ovisi o odredenoj kombinaciji bojila,
anilox valjaka, tiskovnih formi, tiskovnih podloga i tiskarskog stroja. Stoga ne postoje
odgovarajuci nacin provedbe karakterizacije koji bi sve te parametre uzeo u obzir i definirao
specifi¢ne vrijednosti za sve moguce kombinacije. Zato je bitno da se skup kvalitativnih
podataka, odnosno karakterizacija procesa, uskladi s ocekivanjima kupaca. Drugi razlog
nemogucnosti izrade odgovarajuceg standarda jest brzi razvoj fleksotiskarske industrije i
primjena naprednih tehnoloskih rjesenja u svim podrucjima proizvodnog procesa.
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Razlika u tonu (Ahgb) osnovni je parametar procesnih boja definiran ISO-vim specifikacijama,
a vrijednosti razlike u tonu u ovom istrazivanju u potpunosti su uskladene sa standardom, Sto
je osnovni preduvjet za detaljniju karakterizaciju. Stoga se vrijednosti kvalitativnih
parametara kod tri vrste tiskovnih podloga, nastale na temelju ovog istrazivanja, mogu se
uzeti kao okvirne vrijednosti u svrhu daljnjeg specificiranja navedenih proizvodnih procesa.

Evaluacija kvalitativnih parametara reprodukcije, pod utjecajem razlicitih svojstava tiskovnih
podloga, iznjedrila je znadajne pokazatelje koji mogu bitno unaprijediti proizvodni proces i
rezultirati povecanjem kvalitete. Definiranjem ponovljivih i tocnih parametara unutar
procesa postize se konstantnost u kvaliteti reprodukcije, Sto predstavlja prvi korak prema
standardizaciji.
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Sazetak

Temperatura krutista ili taliSta jedan je od najvaznijih parametara za opis svojstava metala u
proizvodnji i primjeni. Kod izuzetno cistih metala gdje je maseni udio osnovnog metala vedi od
99,9999% razlika temperature taliSta i krutista manja je od 1 mK (1/2000 °C). Ta pojava koristi se vise
od 100 godina za ostvarivanje preciznih ponovljivih temperaturnih fiksnih toc¢aka na kojim se zasniva
Prakti¢na temperaturna ljestvica, a njihove temperature su odreduju na temelju termodinamickih
zakona. U takvim temperaturnim fiksnim tockama umjeravaju se termometri koji sluze za
interpolaciju vrijednosti temperature izmedu fiksnih tocaka. Svaka realizacija primarnog etalona
temperature u nekom temperaturnom podrucju izmedu fiksnih toc¢aka neovisan je eksperiment, a u
radu je detaljno predstavljen matematicki model i oprema koriStena za realizacija temperaturne
ljestvice u Republici Hrvatskoj u podrucju od -40"°C do 971"°C sa pripadajuc¢im nesigurnostima.

Kljucne rijeci: talista i krutista Cistih metala, Medunarodna temperaturna ljestvica.
Abstract

Melting and freezing temperatures are one of most important features of metals, both in production
and application. For the extremely pure metals where purity higher than 99.9999% is reached,
difference between the melting and the freezing temperature is less than 1 mK (1/2000 "C). For more
than 100 years this virtue has been used for establishment of the temperature fixed points on which
the Practical temperature scale is laid upon and temperatures of the fixed points are determined on
the basis of thermodynamics. The temperature fixed points are used for the calibration of the
thermometers, which are then in turn used for interpolation between the fixed points. Furthermore,
any realization of the Practical temperature scale is an independent experiment. In this sense, this
paper describes mathematical modelling and equipment used for the realization of the temperature
scale in the Republic of Croatia in the range from -40°Cto 971'C, accompanied with the measurement
uncertainties.

Keywords: Melting and Freezing Temperatures, Pure Petals, International Temperature Scale.
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1. RAZLIKAIZMEPU TERMODINAMICKE TEMPERATURNE LJESTVICE |
MEDUNARODNE TEMPERTAURNE LJESTVICE ITS-90

U literaturi je zabiljeZeno da je prvi termometar s svrhom napravio Galileo Galilei izmedu
1592. g. i 1603. g, [1] , [2]. Najvecu prakticnu primjenu imali su termometri danskog
astronoma Ole Roemera koji je modificirao postojece ljestvice zamijenivsi laneno ulje sa
rakijom komovacom koristeci kao bojilo safranov cvijet, te produzio ljestvicu ispod ledista
vode, tako da je ledistu pripisao vrijednost 6.5 Roe, a ledistu 6o Roe [3], [4]. Roemerovu
liestvicu je modificirao Daniel Gabriel Fahrenheit, koji je 1708.g. podijelio je svaki stupanj
Roemera na Cetiri dijela, te podesio numericke vrijednosti fiksnih tocaka tako da je lediste
vode na 32 stupnja, a temperatura u ustima ili potpazusju zdravog covjeka na 96 stupnjeva.
U to vrijeme to su bili prakticni brojevi jer dekadski sustav jos nije bio dominantan, [5]. Dodao
je jos dvije fiksne tocCke, o stupnjeva za tada najnizu umjetno postizivu temperaturu
(mjesavina leda i soli) te 600 stupnjeva za vreliste zZive te je taj oblik poznat i danas.

Wiliam Thompson, poznatiji kao Lord Kelvin u svom ¢lanku , O apsolutnoj temperaturnoj
ljestvici® iz1848. g. predlaZze temperaturnu ljestvicu koja biimala nultutocku na , beskonacnoj
hladnodi* i eksperimentom zakljucuje da bi toj tocki odgovarala temperatura od -273 °C (tada
centigrada). Da bi se odredila metrika temperaturne ljestvice, potrebna je jos jedna fiksna
temperatura, a Kelvin je predlozio da to bude lediSte vode (uz zadrzavanje centigradnog
sustava).

Mjerenje temperature u drugoj polovici 19. stoljeca razvilo se u dva razli¢ita aspekta koji su i
danas prisutni. U prvom su se koristenjem preciznih i prakti¢nih termometara realizirale
relativne temperaturne ljestvice (naj¢esce u centigradima, Sto odgovara stupnjevima
Celzijusa, stupnjevima Fahrenheita, Reamura i dr. ) oslanjanjem na proizvoljne ponovljive
tocke (najcesce lediste i vreliste vode) kojim se pripisuje proizvoljna vrijednost. Drugi koncept
pojavio s razvojem plinske termometrije (Amontons, Kelvin, Gay-Lussac, Regnault,
Chappuis, i dr.) i omoguduje ostvarivanje apsolutne temperaturne ljestvice zasnovane na
zakonima termodinamike, no naustrb prakti¢nosti.

S razvojem industrijske proizvodnje i poja¢anom razmjenom industrijskih dobara prepoznata
je i potreba za uvodenjem jedinstvenog metrickog sustava. Osnovan je Medunarodni ureda
za utege i mjere (Bureau international des poids et mesures, BIPM), trajna znanstvena i
istrazivacka ustanova za ostvarivanje Dogovora. Mjerenje temperature postaje tada od
klju¢ne vaznosti za prijenos sljedivosti mjerila duljine pomocu prototipova metra i kilograma.
Uz svaki od nacionalnih prototipova metra koji su dostavljeni zemljama potpisnicama
Ugovora nacinjenih od slitine platine i iridija isporucena su dva vrlo precizna staklena
termometra (rezolucije 1/200 °C) punjena zivom zbog kompenzacije toplinskih dilatacija [1].
Na temelju iskustva s umjeravanjem tih termometara, pocetkom 20. stoljeca stvoreni su
temelji za prakticnu temperaturnu ljestvicu koja bi se mogla jednostavno i tocno
primjenjivati.

Na 7. Opcoj konferenciji za utege i mjere odrzanoj 1927. g. privremeno je prihvacena prva
~Medunarodnu prakti¢na temperaturna ljestvica iz 1927. godine“ (International Practical
Temperature Scale, IPTS-27), te je prihvacena jedinica stoti stupanj odnosno centigrad (degree
centigrade). Ljestvica je modificirana 1948.9. (IPTS-48), 1968.9. (IPTS-68) i zadnji put 1990.9.
(ITS-90).

Kelvinov originalni prijedlog termodinamickoj temperaturnoj ljestvici je prihvacen 1954. g. na
10. Opcoj konferenciji za utege i mjere, tako Sto je trojna tocka vode odredena kao druga (uz
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apsolutnu nulu) definicijska tocka Termodinamicke temperaturne ljestvice te joj je pripisana
vrijednost 273,16 K. Jedinica Termodinamicke temperaturne ljestvice definirana je kao
1/273,16 termodinamicke temperature trojne tocke vode. Razlog za odabir bas te numericke
vrijednosti je da razlika izmedu lediSta i vreliSta vode pri normalnom tlaku okolisa bude isti
broj stupnjeva Kelvina i stupnjeva Celzijusa, t.j. da se ostvari podudarnost izmedu
Medunarodne temperaturne ljestvice i Termodinamicke temperaturne ljestvice.

2. DEFINICJA MEDUNARODNE TEMPERATURNE LJESTVICE ITS-90

Medunarodna temperaturna ljestvica ITS-go [6], definirana je od 0,65 K do najvedih prakti¢no
mjerljivih temperatura pomocu Planckovog zakona zracenja. Zasniva se na 17 ponovljivih
temperaturnih fiksnih tocaka, zapravo termodinamickih ravnoteznih stanja. Numericka
vrijednost temperature tih tocaka Tgo najblize su aproksimacije numerickoj vrijednosti
temperature T u vrijeme donosenja skale. Temperature izmedu fiksnih tocaka definiraju se
pomocu interpolacijskog termometra umjerenog u fiksnim tockama. Iz ocitanja mjerene
veli¢ine (tlaka, otpora, napona) termometra, racuna se temperatura Tqo koristedi jednadzbe
propisane definicijom ITS-go. Definicijom je propisano vise podrucja i pod podrucja u kojima
su propisane razlicite numericki Izrazi i interpolacijski termometri, pri ¢emu se neka podrudja
i preklapaju. Uslijed toga u nekim dijelovima definicije ljestvice postoje numericke razlike
ovisno o odabiru definicije i interpolacijskog sredstva (tzv. ne jednoznacnost definicije ITS-
90), no te razlike su reda veli¢ine nesigurnosti prakti¢ne realizacije ITS-90, [7].
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Slika 1 Rezultati mjerenja termodinamicke temperature i njene aproksimacije pomo¢u Medunarodne
temperaturne ljestvice ITS-90, [8].



Definicijske tocke ITS-go su ravnotezna stanja izmedu faza cistih tvari, kao Sto su trojne
tocke, krutista ili talista. Slika prikazuje p-T dijagram za Cistu tvar, u ovom slucaju vodu, i
fizicku realizaciju trojne tocke vode za definiranje temperature Tgo=273,16 K.

vodena para
(bez prisustva
tlak, zraka)
uvjeti trojne
bar 4 \ kritiéna tocke vode
v (611,73 Pa,
22004 otapanje ¥ totka 273,16 K)
zaledivanje
kandenzacija cafevit
i H apljevita
ISparavanje voda
1,013 - iy
lediste vreliSte kruta faza
vode, led
0,006117 e trojna
toCka
sublimacija ulozna rupa
de JOZiCija za termometar
T,K
273,15{273,16 373,12 {647,10 kvarcna
wt, °C ampula

0 0,01 9997 373,95

Slika 2: Dijagram stanja za trojnu tocke vode, presjek trojne tocke vode za termometriju i fotografija
Nacionalnog etalona trojne tocke vode.

Podrucja krutine, kapljevine i plina odvojena su linijama napetosti. Kapljevito i plinovito
stanje nalaze se na liniji isparavanja (kondenzacije), kruto i tekuce na liniji otapanja
(skrucivanja), a kruto i plinovito na liniji sublimacije. Tijekom pretvorbe su tlak i temperatura
konstantni, tako da je jednom tlaku pridruzena samo jedna temperatura na kojoj se odvija
transformacija. Temperatura isparavanja ima veliku ovisnost o tlaku, dok je temperatura
otapanja ovisna o tlaku samo u manjoj mjeri. Kod fizicke realizacije fiksnih tocaka cistih
metala, kapljevito i kruto stanje metala te plin (najéesce vrlo Cisti argon) su u
termodinamickoj ravnotezi. Referentni tlak pri kojem je odredena termodinamicka
temperatura skrudivanjaili taljenja fiksnih tocaka (ako se ne radi o trojnim tockama) propisan
je definicijom ITS-90 na 101325 Pa.
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TIK

Krutiste bakra 1357.77
Krutiste srebra 1337.33
Krutiste zlata 1234.93
Krutiste aluminija 933.473
Krutiste cinka 692677
Krutiste kositra 505.078
Krutiste indija 4297485
Taliste galija 302.9146
Trojna tocka vode 273.16

Trojna tocka zive 234.3156

Trojna tocka argona 83.8058

Trojna tocka neona 24.5561
Tlakparee H, 20.3
Tlak paree -H, » 17

Trojnatockae -H, 13.8033

Tlak pare helija 5
Tlak pare helija 3
0.6

trc

1084.62
1064.18
961.78
660.323
419.527
231.928
156.5985
29.7646

0.01

-38.8344

-189.3442

-248.5939
-252.85

-256.15
-259.3467

-270.15
-268.15

Opticki pirometar
baziran na
Planckovom
zakonu

Platinski otporni
termometar
(Stapniikapsulni )

Plinski termometar

termometar tlaka
pare *Hei 4He

Slika 3: Popis temperaturnih fiksnih tocaka sa pripadaju¢im vrijednostima fazne promjene, te popis
podrudja interpolacijskih instrumenata za definiciju temperaturne ljestvice.

U podrucju od o °C do 961,78 °C temperatura Tq, definira se pomocu talista i krutista Cistih
metala i to redom galija, indija, kositra, cinka aluminija i srebra. Temperatura u fiksnim
tockama izrazava kroz omjer otpora gdje je R(Tqo) otpor termometra na temperaturi Tqgo, @
R(273,16) otpor termometra na temperaturi trojne tocke vode.

W(Tgo) = R(Tgo) IR(273,16)

Referentna funkcija ITS-9o za to podrucje definirana je prema [6]:

Wr(T ):C + C:i
90 0 ; 481

d {Tgo /K -754,15

(2)

a vrijednosti koeficijenata polinoma od ¢, do ¢ dostupne su u [6] .



Devijacijska funkcija koja nakon umjeravanja opisuje etalonski termometar i sluzi za
interpolaciju izmedu fiksnih tocaka je oblika:

W (To) ~W, (Too) = 2[W (Tog) = 1] + b[W (Tog) —1]” +c[W (To) 1]’

(3)
+d [W (T,,) - W (660,323°C)]*

U podrucju 0,01 °C do 660,323 °C termometar se umjerava u krutistima aluminija, cinka i
kositra, te se iz rezultata mjerenja racunaju koeficijenti a, b i ¢ jednadzbe
Pogreska! I1zvor reference nije pronaden., uz uvjet d=o.

Prema definiciji ITS-go [25] u podrucju od 13,8 K do 971 °C definirana je vrijednostima funkcije
W(Tg) za etalonski termometar u fiksnim tockama, te se izmedu fiksnih tocaka vrsi
interpolacija koristenjem formula  Pogreska! lzvor reference nije pronaden. i
Pogreska! 1zvor reference nije pronaden..

3. RAZVOJ ETALONSKOG SUSTAVA REPUBLICI HRVATSKOJ

Realizacija Medunarodne temperaturne ljestvice ITS-go ostvarena je u Laboratoriju za
procesna mjerenja Fakulteta strojarstva | brodogradnje Sveucilista u Zagrebu u periodu od
2005.9. do 2011.g. Bududi da se definicija ITS-g0 izlozena u prethodnom poglavlju ne bavi
tehnickim detaljima osim opcim preporukama [7], [9], svakom je laboratoriju prepusteno
vlastito biranje opreme i metode kojom e se izvrsiti realizacija. Istrazivanje se stoga sastojalo
od projektiranje elemenata mjerne linije, nabavke mjernih otpornih mostova, termometara i
fiksnih tocaka, probnih mjerenja za karakterizaciju mjernog sustava, te mjerenja u sklopu
medunarodnih laboratorijskih usporedbe kojim su se rezultati neovisne realizacije ITS-90
potvrdili. Za fiksne tocke krutista kositra, cinka i aluminija koje su tema ovog rada odabran je
otvoreni tip fiksnih tocaka, proizvodac grafitnih dijelova i kvarcne ovojnice je tvrtka Isotech,
dok je materijal u kojem se odvija fazna promjena od proizvodaca Johnson Matthey. Detalji
su prikazani u Tabela 1.

Tabela 1 Specifikacije temperaturnih fiksnih tocaka koriStenih za realizaciju ITS-go U Republici Hrvatskoj

Tip ITL-M-17669 ITL-M-127671 ITL-M-17672
Materijal punjenja Sn Zn Al
Proizvodac Isotech Isotech Isotech
Vanjski promjer 50 mm 50 mm 50 mm
Unutarnji promjer za

termometar 8 mm 8 mm 8 mm
Ukupna visina 520 mm 520 mm 610 mm
Visina stupca materijala 200 mm 200 mm 200 mm

Proizvodac materijala  Johnson Matthey Johnson Matthey Johnson Matthey
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Nominalna ¢istoca 99,9999 % 99,9999 % 99,9999 %

Prednost otvorenog tipa u odnosu na zatvoreni je mogucnost kontroliranja tlaka argona
tijekom realizacije Sto omoguduje smanjenje nesigurnost. Bitan faktor je i mogucnost da se
sprijeci havarija fiksne tocke do koje moze dodi ako se razbije vanjska kvarcna ovojnica
tijekom realizacije fazne fronte unutar materijala. U tom slucaju se koristi ispiranje argonom
i tako sprjecava ulaz zraka s nelisto¢ama u unutrasnjost fiksne tocke. Kontakt zraka i grafitne
kokile sa rastaljenim materijalom fiksne tocke izazvao bi burnu oksidaciju materijala i grafita.

Svi materijali fiksnih tocaka su nominalne Cisto¢e 6N Sto je potvrdeno spekrometrijskom
analizom i garancijom od strane proizvodacda. Materijal je nabavljen u obliku sa¢me akirane u
atmosferi argona te je njime napunjena fiksna tocka prije upotrebe. Visine stupca rastaljenog
materijala je minimalno 200 mm prilikom fazne promjene.

[

Slika 4: Fotografija otvorenog tip fiksne tocke koji  Slika 5 Presjek otvorenog tipa fiksne tocke.
se koristi u LPM-u Objasnjenja oznaka u tekstu.

Slika 5 prikazuje u presjeku osnovne dijelove koji sacinjavaju otvoreni tip fiksne tocke.
Kvarcna ovojnica (A) sluzi da unutrasnjost fiksne tocke napunjenu argonom odvoji od



okoliSne atmosfere, i tako sprijeci oksidacija materijala fiksne tocke i grafita. Grafitna kokila
(B) sadrzi materijal fiksne tocke (X), zatvorena je sa grafitnim ¢epom (C) i grafitnim ulosSkom
ulazne rupe za termometar (D). Ispod grafitne kokile je grafitno postolje (E). Prijenos topline
konvekcijom sprjecavaju grafitni prstenovi (E), izmedu kojih su odvojne puskice-distanceri
(G). U podrucju najvecih gradijenata temperature smjestaju se i platinski listi¢i (H), koji
smanjuju gubitke zracenjem. Vrh kvarcne ovojnice zatvoren je prirubnicom (1) sa dvije brtve
koje osiguravaju spoj vanjske ovojnice i kvarcne ulozne cijevi za termometar.

Slika 6 Sastavljanje temperaturnih fiksnih to¢aka u LPM-u i termometrijski otpornicki mostovi s kojima se
mjeri otpor termometara.

Termometrijske pedi koriste se za realizaciju fazne promjene otvorenih fiksnih tocaka.

Za pokrivanje podrucja realizacije do 660°C (i za buduce prosirenje do 1083 °C) koristene su
Cetiri razliCite termometrijske pedi, pri ¢emu se najbolja regulacija postize trozonskim
pecima.

Odabrana metoda mjerenja sastoji se od pregrijavanja rastopljenog metala u
termometrijskoj pedi na temperature 2-5 K vecoj od temperature fazne promjene, nakon
toga se temperatura regulatora pedi spusti 1-5 K ispod temperature fazne promjene, te kad
se temperatura fiksne tocke spusti na temperature regulatora (Cisti metali imaju efekt
pothladenja bez pocetka kristalizacije do 5 K ), termometar se izvadi i rupe i umetne se
ohladena kvarcna cijev koja zapocinje stvaranje krute faze oko rupe za termometar, detaljno
je opisano [10]. Vradanjem termometra nakon faze stabilizacije moZze se zapoceti mjerenje
temperature skrucivanja, [11].

4 MATEMATICKI MODEL MJERENJA

Vrijednosti otpora termometra R(Tq0) i R(0,01) dobivena su uzastopnim ocitanjima
pokazivanja otpornickog mosta, Xti Xo.02. OCitanje na mostu X; je omjer nepoznatog otpora
termometra Ri(Tqo) i otpora etalonskog otpornika Rs,,

R(Ty) = X, *Rg; (4)
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dok je prilikom mjerenja u trojnoj tocki vode ocitanje na mostu Xo.. omjer otpora termometra
R(o,01) i otpora etalonskog otpornika Rs:.

R(0,01) = X, * R, (5)

Vrijednosti otpora fiksnih otpornika odreduju su umjeravanjem u laboratorijima koji
odrzavaju etalon otpora, dugotrajnim mjerenjima u temperaturno stabiliziranim kupkama, te
u trenutku umjeravanja imaju vrijednost Ros; 0dnNosno Ros:.

Nakon umjeravanja fiksni otpori pokazuju promjenu otpora tijekom vremena (reda velicine
2ppm/godini) i ovisnost otpora o promjeni temperature ( 2ppm/°C) te je u matematicki
model potrebno ukljuditi sve poznate ispravke tih vrijednosti. One se mogu grupirati u dvije
kategorije:

e ispravak vezan uz promjenu vrijednosti otpora izmedu dva umjeravanja (drift),

CRSllll CRSZ/l’
e ispravak uslijed promjene temperature fiksnog otpora, C.e,/,, Crsar2
pa ispravljene vrijednosti otpora imaju oblik:

Rsl = R051 + CRS]Jl +CRSI/2’ (6)

R 2 = R052 +CR82/1 +CR82/2

S

Vrijednosti otpora termometra izracunati u formulama
Pogreska! Izvor reference nije pronaden. i Pogreska! lzvor reference nije pronaden.
proporcionalni su temperaturi fiksne tocke i temperaturi trojne tocke vode, ali kako se za
njihovo racunanje koriste direktna ocitanja s mosta potrebno je ukljuciti sve poznate ispravke.

Ispravci se dijele u dvije grupe:

- ispravke temperature fiksne tocke i trojne tocke vode (utjecaj necistoca na
temperaturu talista, krutista ili trojne tocke te na temperaturu trojne tocke vode,
korekcija zbog hidrostatskog stupca, samozagrijanja termometra, parazitskih
toplinskih tokova, tlaka zraka ili argona tijekom realizacije)

- ispravke efekata mjernog sustava (utjecaj mjernog mosta, elektromagnetskih
smetnji, proboja izolacije termometra)

Uvodenjem ispravaka vrijednosti otpora termometra na temperaturi Tqo i U trojnoj tocki vode
imaju oblik:

R(Tg) = Rsl[[ X+ Zl:cxm j (7)

R(0,01) = RszL( Xoo1 + Zk:cxom j (8)

k=1



| k
Gdje su ZCM [ ZCxoloﬂk poznati ispravci fizicke realizacije fiksne tocke a koje su
1=1 k=1

pojedinacno pobrojane gore u tekstu.

Objedinjavanjem poznatih ispravaka model umjeravanja u ima oblik:

|
(ROSl + C:RS]./l + CRSlIZ )[( xt + ZCXO.OJJI j
1=1

W(Tgo) = K
(ROSZ + CRSZ/l + CRSZ/Z )[(XO,OJ. + ZCXO.OJJKJ
k=1

Dio ispravaka je procijenjen na temelju podataka dostupnih u literaturi [12],
eksperimentalnim provjerama [13], numerickim modeliranjem [14], modificiranjem uvjeta
mjerenja [11], a najvedi doprinos imaju medulaboratorijske usporedbe [15], [16].

5. REZULTATI MJERENJA NEOVISNE REALIZACIJE ITS-90 U REPUBLICI HRVATSKOJ

Mjerenja neovisne realizacije ITS-go sastoje od dva dijela: mjerenje neophodna za
karakterizaciju mjerne linije i njenu potvrdu kroz usporedbu sa drugim jednakovrijednim
etalonima i kasnije umjeravanje termometara za interpolaciju izmedu fiksnih tocaka.

5.1. Mjerenja za karakterizaciju realizacije ITS-90

lako su metali koji se koriste za izradu fiksnih tocaka najcis¢i komercijalno dobavljivi
(>99,9999 % masenog udjela) utjecaj otopljenih necistoca ne moze se zanemariti.

Za materijal kojim su napunjene fiksne tocke koristene za realizaciju temperaturne ljestvice
dostavljena je kemijska analiza necistoca kojom se pokusalo analiticki odrediti ispravak u
prema literature [17], [18], [19], no postoje tri ogranicenja:

e gotovo sve nelistoce u materijalima fiksne tocke su na granici detekcije, pa su i
njihove relativne nesigurnosti velike
e vecina necisto¢a mijenja energiju vezanja pa pretpostavke za formulu nisu
zadovoljene
e kemijska analiza izradena je za cijelu Sarzu materijala od kojeg je napravljeno veci broj
temperaturnih fiksnih tocaka, a proces izrade i punjenja fiksne tocke materijalom je
znadajan izvor nedistoca .
Utjecaj necisto¢a moze se analizirati i eksperimentalno, sto je i Cest slucaj kad nisu poznati
udjeli necistoc¢a. Najsiru primjenu ima kontinuirano taljenje i skrucivanje materijala fiksne
tocke uz pracenje promjene temperature u vremenu etalonskim termometrom, prema [20],
Slika 7.
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Slika 7 Prikaz ovisnosti temperature taljenje i skrucivanja o udjelu necistoca, [20]

U idealnim uvjetima poklapanje temperature taljenja i skrucivanja znacilo bi da je materijal
idealno Cist, a poveclanje nelisto¢a mijenja oblik zabiljezene temperature u vremenu.
Rezultati mjerenja prikazani su za Al fiksnu tocku, Slika 8.

U okviru istrazivanja u sklopu realizacije ITS-9o za odredivanje ispravka koristena je
kombinirana metoda.
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Slika 8 Rezultati usporedbe temperature taljenja i skrudivanja fiksne tocke aluminija za procjenu
standardne nesigurnosti ispravka C x:

U prvoj fazi je ispravak procijenjen da ima vrijednost nula, uz nesigurnost jednaku rasponu
temperature oT, u kome se odvija 80% fazne promjene koja se koristi za realizaciju

temperaturne ljestvice,[21]. Rezultate mjerenja prikazuje Slika 8.

Nakon izvodenja niza medulaboratorijskih usporedbi fiksnih to¢aka pomocu prijenosnih
etalona, odredena su vrijednosti ulazne veli¢ine C xy: za svaku fiksnu tocku.

=—=,mK (20)

uCXI/l \/§



Tabela 2 predocuje aktualnu procjenu Ispravka temperature C xx.

Tabela 3 Vrijednosti ispravka temperature metalnih fiksnih toc¢aka zbog necistoca

Fiksna | Ispravak Standardna Medulaboratorijska usporedba
tocka | C x¢/, mk | nesigurnost, mk
Sn 0,0 0,5 EURAMET 1144, EURAMET 1167
Zn -1,2 0,9 EURAMET 1144, EURAMET 1167
Al -4,08 1,5 EURAMET 820 [15], LPM-PTB 2009

5.2. Umjeravanje etalonskih termometara u fiksnim tockama

Nakon zavrsetka karakterizacije svih dijelova etalonskog sustava i potvrde puno vrijednosti
kroz medulaboratorijske usporedbe, moze se pristupiti umjeravanju etalonskih termometara
u fiksnim tockama. Kao sto je opisano u Matematickom modelu, termometar se umjerava
prvo u fiksnim tockama, a zatim u trojnoj tocki vode. Prilikoga svakog umjeravanja mjeri se
otportermometra s dvije struje zbog procjene samozagrijavanja termometra, Slika 9. Otpora
se mjeri svakih 45 sekundi 32 puta, zatim se mijenja struja mjerenja, tako da ukupno mjerenje
traje oko sat vremena.

0.4804686

0.4804684

0.4804682

1 mK
0.480468

0.4804678

0.4804676

0.4804674

ocitanje omjera s mosta, -

0.4804672

0.480467

I= 1 mA I=v2 mA I=1 mA

i E— e i e

0.4804668 : : . : . .
0 20 40 60 80 100 120

broj mjerenja

Slika g9 Rezultati mjerenja otpora termometra u temperaturnoj fiksnoj tocki. Otpor se mjeri s dvije struje
kako bi se procijenio utjecaj samozagrijavanja.
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Na temelju svih poznatih ispravaka koje treba ukljuciti u mjerni proces sa mjernim
nesigurnostima te na temelju rezultata mjerenja sastavlja se budzet nesigurnosti za svako
mjerenje. Prosirivanjem nesigurnosti uslijed nejednoznacnosti interpolacije izmedu fiksnih
tolaka moZe se izra¢unati ukupna nesigurnost umjeravanja korisStenjem krutista distih
metala. Trenutno stanje prikazano je u Tabeli 4.

Tabela 4 Ukupna nesigurnost umjeravanja termometara u fiksnim to¢kama u Republici Hrvatskoj

Fiksna tocka Temperatura, °C Nesigurnost umjeravanja, mK
Al FP 660.323 12.2
Zn FP 419.527 5.0
SnFP 231.928 2.6
Ga MP 29.765 0.8

6. ZAKLJUCAK

U radu je predstavljen koncept termometrijske fiksne tocke punjenih cistim metalima kao
definicijske tocke Medunarodne temperaturne ljestvice ITS-go. Umjeravanjem termometara
u fiksnim tockama u kojima je inicirana fazna promjena mogu se ostvariti izuzetno ponovljive
temperature, te na taj nacin umijeriti veci broj termometara. Ogranicavajuci faktor za
smanjenje nesigurnosti umjeravanja je koliine nedistoca sadrzanih u metalu, koje se
procjenjuju analiticki i eksperimentalno kao Sto je predstavljeno u radu.
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Sazetak

U radu je obraden nadin zaStite metala, metalnih konstrukcija uporabom elementa cinka.
Najzastupljenija metoda zastite Celi¢nih konstrukcija, metala, sklopova i drugih elemenata od
korozije je primjenom premaza. Tehnologija zastite premazom cinka vrlo je zahtjevna i bitan je
¢imbenik u osiguranju kvalitete metalnih konstrukcija u cijelosti. Zastita metala i strojarskih
konstrukcija je proces, koji zahtjeva razli¢ite metode zastite od korozije. Korozija kod metala
prouzrokuje velike materijalne Stete. Upravo je i svrha ovoga rada zaStita metala i metalnih
konstrukcija cinkom.
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Abstract

The paper describes the protection of metal, metal structures using different zinc protection
methods. The most common method of protecting steel structures, metals, assemblies and other
elements from corrosion is by applying coatings. The protection of metal and metal structures is a
process that requires different methods of corrosion protection. Metal corrosion causes large
material damage. The purpose of this paper is to describe the methods of protection of metal and
metal structures with zinc.
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1. UVOD

Metalni materijali imaju Citav niz karakteristika po kojima se bitno razlikuju od ostalih
materijala. Te karakteristike proizlaze iz specificnog nacina vezivanja metalnih atoma u
metalnoj vezi. Metali su sazdani od kristalita, a granice medu njima su zapravo nepravilnosti
kristalne grade rubnog tipa. Znanost koja se bavi proucavanjem unutarnje grade je
metalografija.

Svojstva materijala, ili pak materijalnih predmeta, dijele se u eksploatacijska ili uporabna i
tehnoloska ili proizvodna. Uporabnim svojstvima pripadaju fizikalna, kemijska i triboloska
svojstva i otpornost slozenim utjecajima.

Kemijski na materijale utjeCe vlazna atmosfera, vlazno tlo, morska i slatka voda, razne
kiseline, luzine, soli, vruci plinovi, neodgovaraju¢a maziva i drugo. Pri tome se materijal od
povrsine prema unutrasnjosti kemijski mijenja, a to se ocituje u nepozeljnom troSenju
¢vrstih materijala.

Ta pojava trosenja cvrstih materijala, kemijskim djelovanjem okoline, opcenito se naziva
korozijom. Zastita metala od korozije temelji se na teoriji korozijskih procesa.

2. CINKICINKOVA PREVLAKA

Cink (Zn) u prirodi se nalazi samo u obliku sulfalnih ruda, a u Zemljinoj kori oko 0,003%.
Najvaznije su rude: sfalerit (ZnS), ili cinkov blistavac, jedina je primarna ruda cinka, a sve
ostale nastaju njegovim raspadom. Cisti mineral sadrzi 67,2% Zn [1,2]. Obi¢no sadrzi malo
Zeljeza te ima zutu, smedesivu, pa sve do crne boje. Inace je Cist, bijele boje. Cink se
proizvodi suhim ili pirometalurskim i mokrim ili hidrometalurskim postupkom. Na suhom
zraku cink je nepromjenjiv. Ako je izloZzen vlaznom zraku cink se prekriva patinom
pepeljaste boje koja stiti materijal od svake dalje oksidacije, a to znadi korozije. Fizikalna
svojstva cinka prikazana su u tablici 1.

Tablica.1 Fiziklna svojstva cinka [1]

Gustoca 6900 — 7150 kg/m3
Taliste 419 °C
Vrelise 907 °C

Cink ima veliku primjenu kao zastitni element zeljeza. Pregled proizvodnje cinka prikazan je
na slici 1.
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2.1

sitna_koncentrirana rudaéa cinka

oksidacijsko prZenje cinkova sulfida
22nS+30, - 2Zn0+2S0,

za mufolu T za hidrometalurgijju s vecom koncentracijom ZnS0,
l 200+H,S0, > ZnS0,+H;0

mufolna pec za

destilaciju cinka priprema za
Zn0+C0O~Zn+CO, elektrolizu elektroliza
= = cinkova sulfata
'l] ﬂ' ZnS0,»Zn?+S0,%

plamena peC L rafingciia cinka ZnS0,

mufolna pec

pecza | o D)

frakcijsku blokovi cinka
destilaciju

Slika 1. Pregled proizvodnje cinka [1]

Vruce pocincavanje

Vruce pocincCavanje je postupak kod kojega se materijal nakon odgovarajuce kemijske
pripreme potapa u talini cinka. U pogonu cincaonice za diskontinuirano cin¢anje omogucuje
se cincanje raznih Celi¢no-resetkastih konstrukcija, cijevnih i poligonalnih stupova, zastitnih,
sigurnosnih i ukrasnih ograda kontejnera, aramatura, bojlera i drugih proizvoda od celika
duljine do 12,5 m.

Sustav grijanjaje prirodni plin. Maksimalna temperature cinka je 450 °C. Standardi: ISO
EN1461, ASTM-123, ASTM-A385 [1].

2.1.1
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Vrude pocincavanje potapanjem

Primjer kod vruceg pocincavanja potapanjem je prikakazan na slici 2. Kemijska predobrada
sastoji se od nekoliko faza:

&S W oN R

Odmascivanjem se uklanjaju ostaci ulja i masnoda,

Dekapiranjem se uklanjaju oksidi,

Ispiranje,

Fluksiranjem se sprjecava korodiranje povrsine materijala do potapanja u talini cinka
i omogucava reakciju Celika i cinka (slika 3)

Slika 2. Vjesanje-3arsiranje materijala [3] Slika 3. Fluksiranje [3]



Nakon toga se vrsi susenje (slika 4), pocincavanje (slika 5), hladenje (slika 6) i skidanje,
mehanicka obrada i kontrola (slika 7).
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Slika 6. Hladenje [3] Slika 7. Skidanje, mehanicka obradai kontrola[3]

2.1.2 Vrude pocincavanje sustavom centrifuge

Vrude pocinCavanje sustavom centrifuge sadrzi sve faze kao klasi¢ni sustav, uz dodatno
centrifugiranje kojima se uklanja visak cinka s povrsine materijala. Tako se dobiva prevlaka
manje debljine, bez nakupina cinka i prilicno ujednacena. Ovom tehnologijom pocincavaju
se dijelovi manjih dimenzija. Primjer je pocincavanje vij¢ane robe, gdje bi u slucaju klasi¢nog
pocincavanja u zoni navoja zaostajale velike nakupine cinka i navoj bi time izgubio funkciju.
Prva faza je punjenje bubnjeva za kemijsku predobradu — SarSiranje materijala (slika 8).
Kemijska predobrada sastoji se od jednakih faza kao kod klasi¢nog pocincavanja. Bubnjevi u
svakoj kadi imaju mogu¢nost okretanja (slika 9) [3,4,5].

Slika 8. Punjenje bubnjeva za kemijsku predobradu [3] Slika 9. Kemijska predobrada[3]
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Najprije se vrsi:
1. Odmascivanje
2. Dekapiranje
3. Ispiranje
4. Fluksiranje

Nakon toga se odvija suSenje u za to posebno prilagodenom trakastom transporteru (slika
10). Postupak pocincavanja se obavlja u perforiranim kosarama i zavrsava centrifugiranjem
neposredno nakon izvladenja iz taline cinka (slika 11).

Slika 10. SuSenje u trakastom transporteru [3] Slika 11. Pocincavanje u perforiranim kosarama [3]
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Slijededi korak je hladenje (slika 12) i na kraju mehanicka obrada i kontrola (slika 13).

Slika 22. Hladenje [3] Slika 13. Mehanicka obradai kontrola [3]

2.2 Cinkova prevlaka

Kada celik dode u dodir s rastaljenim cinkom, dolazi do reakcije i stvara se zeljezo-cink
legura na povrsini Celika. Prevlaka se sastoji od vise slojeva u kojim se udjel zeljeza u



pojedinom sloju smanjuje prema vanjskoj povrsini. Na vanjskoj povrsini je zavrsni sloj Cistog
cinka.

Zavrsni sloj moze ponekad izostati te se cijela prevlaka sastoji od legure zeljezo-cink.
Ovakva prevlaka ima jednaka antikorozijska svojstva poput uobicajene prevlake.

Dodu li dva metala ili legure okruzene elektrolitom u dodir, tvore galvanski spoj. Elektrolit
moze biti voda od kondenzacije ili kiSe. Koji ¢e metal u spoju biti anoda, a koji katoda, ovisi
o njegovim elektrokemijskom potencijalu. U slucaju cinkove prevlake, na mjestu ostecenija,
nastaje korozijska tvorba koja stiti osnovni materijal od daljnjeg napredovanja korozije. Ako
se te cinkove soli isperu, materijal i dalje ostaje galvanski zasticen, jer prevlaka korodira prije
osnovnog materijala (galvanska zastita). To se dogada samo kada ostecenje nije preveliko

[5,6].

2.3 Premaz

Osnovni materijal korodira ako nastanu osStecenja. Volumen korozijskog spoja veci je od
volumena osnovnog materijala Sto sudjeluje u spoju (bubrenje) te se premaz dize od
povrsine osnovnog materijala. Korozija napreduje sve dok se oStecenje ne ukloni.

2.4 Prevlake od materijala viSeg galvanskog potencijala u odnosu na celik

Prevlake od nikla (Ni), kroma (Cr) ili bakra (Cu) uzrokuju intenzivniju koroziju na mjestu
ostecenja, u usporedbi s korozijom kakvu bi Celik imao da nije u galvanskom dodiru s
prevlakom. Ovakva korozija moze napredovati kroz cijeli presjek materijala [3].

Pocincani materijal nije pogodan za naknadno hladno ili toplo oblikovanje jer postoji
mogucnost trajnog ostecenja cinkove prevlake.

2.5 Prednosti vruceg cin¢anja

Zeljezo, odnosno celik, stateski je metal koji se, bez sumnje, najvise upotrebljava u danasnje
vrijeme. Korozija bilo kojeg metala definirana je kao elektrokemijska reakcija metala i
njegovog okolisa.

Vruce cincanje je do sada najefikasnija i ekoloski najprihvatljivija zastita Celika u cijelom
svijetu, kako s tehnickog, tako i s ekonomskog gledista.

Vruce cincanje, za razliku od zastite povrsina Celika drugim metodama, predstavlja cjelovitu
visegodisnju zastitu. U kombinaciji s bojanjem, kvaliteta zastite moze trajati i viSe od
pedeset godina.

Pocincani elementi (razli¢ite konstrukcije, rasvjetni stupovi, ograde, klupe za parkove i

reSetke razlicitih izvedbi) dodatno obojeni odgovarajuéim bojama vazan su sadrzaj danasnje
urbane cjeline [4].
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3. |1ZBOR MATERUJALA

Izbor materijala ovisi o nizu faktora pri njihovoj uporabi. U skupini uporabnih svojstava
metala i pri izboru materijala i dimenzioniranju strojnih dijelova i konstrukcja posebnu
pozornost treba obratiti na njihovu zastitu.

Kao skupina elemenata metali imaju niz zajednickih svojstava, koja se bitno razlikuju od
svojstava nemetalnih elemenata. Vecina tih svojstava Cini ih podesnih za tehnic¢ku primjenu.
Svojstava materijala su sredena i napisana normama.

Upotrebljivost i vrijeme kod materijala ima temperatura taliSta materijala kao i umor
materijala.

Danas se posvecuje velika pozornost otkrivanju greSaka u materijalima vaznijih strojnih
elemenata i konstrukcija kako bi im se vijek uporabe produzio.

Tehnicki materijali, osim mehanickih, toplinskim i bioloskim mogu biti izlozeni i razlicitim
kemijskim utjecajima.

Osobine prevlake, kao sto su debljina, izgleda ili mehanickih svojstava, ovise o raznim
¢imbenicima.

3.1

Kemijski sastav Celika od presudne je vaznosti za kvalitetu vruceg pocincavanja. Legirani
kemijski element, koji ima najizrazeniji utjecaj je silicij. Ovaj utjecaj izrazen je u rasponu od

Kemijski sastav

0,003% do 0,13% silicija (Sandelin podrucje) i pri udjelu silicija vecem od 0,20% [1,5,6].

Ovakav sastav materijala moze prouzrociti:

prosaran ili ujednacen mat-sivi izgled (slika 14)
izrazenu hrapavost (slika 15)

pojavu grudicavosti (slika 16) i

smanjenu prionjivost prevlake (slika 17).

Prosdaran ili ujednacen mat-sivi, umjesto uobicajenog sjajnog izgleda posljedica je stvaranja
sloja legure Zeljezo-cink sve do vanjske povrsSine prevlake. Tada izostaje sloj Cistog cinka u
prevlaci. Antikorozijsko svojstvo zeljezo-cink legure sli¢cno je svojstvu Cistog cinka, uz
povecanu otpornost na abraziju.

Slika 14 Prosaran ili ujednacen mat-sivi izgled [3] Slika 15 Izrazena hrapavost [3]
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Slika 16 Pojava grudicavosti [3] Slika 17 Smanjena prionjivost prevlake [3]

Preporuceni udio silicija iznad “sandelin” podrucja (>0,13% Si) [3]:
0,13% < Si% < 0,20%

Ako je postotak udjela silicija ispod “sandelin” podrucja (>0,03% Si), vazno je uzeti u obzir i
udjel fosfora prema formuli [3]:

Si% + 2,5 P% < 0,09%

Ostali legirani elementi imaju malen utjecaj ili se pojavljuju u malim udjelima u Celiku.
Preporuceni udjeli trebali bi se kretati u ovim granicama [3]:

C<o0,25%

P <o0,05% 268

S<o0,05%
Cu<0,05%
Mn < 0,05%
Lokalne koncentracije elemenata mogu biti znatno vece od deklariranih prosjecnih

vrijednosti. Ako je povelana koncentracija blizu povrsine materijala, utjecaj moze biti
izrazen, pa to moze utjecati na lokalna svojstva prevlake.

3.2 Lijevano Zeljzo i obojeni metali

Lijevovi na bazi Zeljeza jesu: &eli¢ni lijev (CL), sivi lijev (SL), kovkasti ili temper (TeL), tvrdi
lijev (TL) i Zilavi lijev ili nodularni (ZL ili NL).

Podjela lijevova na bazi zeljeza moze se provesti na temelju kemijskog sastava, tehnoloskog
postupka proizvodnje i upotrebljivosti.

Metali se dijele na legure na bazi zeljeza i obojene metale. Prvoj skupini pripadaju Celik i
lijevovi na bazi Zeljeza, kao i sve druge legure sa Zeljezom te mangan, koji se ¢esto dodaje
legurama na bazi zeljeza. Sve ostale metale nazivaju se obojeni. Obojene metale u pravilu
se ne pocincava.



Lijevano Zeljezo na povrsini ima zaostali lijevacki pijesak, grafit i razne necistoce te je prije
pocincavanja nuzno provesti pjeskarenje. Sivi lijev se tesko pocincava zbog visokog udjela
Uglea [516]

3.3 Kombinacija materijala razlicitih debljina stjenki i povrsina

Ovakva primjena moZe otezati, a ponekad i onemoguciti dobivanje ujednacene i
standardom propisane prevlake. Katkad dijelovi skolpa mogu imati debljinu stijenke manju
od standardom minimalno propisane, dok se na ostalim dijelovima prevlaka ljusti zbog
prevelike debljine. Gotovo uvijek nastaje vizualna neujednaclenost povrsine prevlake.
Variranjem parametara procesa ne moze se utjecati na dobiveni rezultat.

Priizboru materijala i sklopova treba izbjegavati [1]:

e Ugradnju materijala razli¢itog kemijskog sasatava u jedinstveni sklop

e Materijale razli¢itog stupnja korodiranosti

e Vedistupanj korozije zahtjeva dulje vrijeme dekapiranja

e Kombinacija vucenog, kovanog i lijevanog materijala

e Materijale razlicite povrsine hrapavosti — veca hrapavost rezultira vecom debljinom
prevlake

Kada je nemogule izbjeci opisane primjere, povrsine treba pjeskariti prije cincanja.
Abrazivna priprema povecava dodirnu povrsinu osnovnog materijala i previake te
ujednacuje debljinu i povecava prionjivost prevlake.

Primjer pokazuje veliko odstupanje u debljini cinkove prevlake, zbog uporabe razlicitih
materijala u istom sklopu. Ako je mogude, razli¢ite materijale treba spajati poslije
pocinavanja.

Ukupna nepocincana povrsina moze biti najvise 0,5% od cijele povrsSine jednog elementa.
Pojedina nepocincana ploha moze biti najvise 10 cm2. Nepocincane plohe popravljaju se
premazom s visokim udjelom cinka debljine 30% vecoj od okoline prevlake [3].

4. CISTOCA POVRSINE

Ostatke boje, lakova, katrana, zavarivacke troske i sprejeva, debele slojeve masti i ulja te
okujina ne moze se ukloniti uobicajenim procesom kemijske predobrade. Na takvim
povrsinama izostaje stvaranje prevlake nakon provedenog postupka vruceg pocincavanja.

Materijal treba obrusiti ili pjeskariti ako je obojan ili lakiran. Kod katrana, masti i ulja treba
uporabiti odgovarajuda organska otapala za uklanjanje zaostataka ili pjeskariti povrsinu. Pri
obradi materijala primjeniti masti i ulja topiva u kiselim ili luznatim otopinama sto ih se rabi
U procesu vruceg pocincavanja. Ostaci strugotine nastale pri strojnoj obradi, ostatke
materijala rabljena za pjeskarenje ili naljepnice treba ukloniti. Zavarivacku trosku i sprejeve
mora se otuci ili pjeskariti nakon zavarivanja.
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Ukoliko je izrazen visoki stupanj korozije kod metala tada se kemijskom predobradom ne
mogu ukloniti neki oblici korozije (slika 18). Uvaljane necistoce kod materijala, tj. uvaljana
necistoca emulzija, oksidi i prasina uzrokuju greske u prevlaci (slika 19). Takoder brazde kod
materijala nastale kao poslijedica hladnog valjanja uzrokuju neujednacenu prevlaku (slika
20). Kod ljuskavosti i dvoplosnosti postoji mogucnost pojave nepocinéanih ploha i ljuskanja
(slika 21) [2,3,5,6].

Slika 20. Brazde[3] Slika 21. Ljuskavostidvopolnost[3]

5. TOPLINSKE DEFORMACIJE

5.1 Zaostala naprezanja

Pri proizvodnji standardnih celi¢nih profila u materijalu zaostaje unutarnje naprezanje i
napetost. Ova pojava prisutna je u samome materijalu ili kao poslijedice naknadne obrade
(hladno oblikovanje). Moze se pojaviti i kao naprezanje u sklop slozenih zavarenih
konstrukcija. Kod vruceg pocinavanja materijal je izloZzen visokoj temperature te zbog
oslobadanja naprezanja moze dodi do deformcije ili loma izradevine (slika 22).

Slika 22. Zaostala naprezanja [3]
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5.2

Nejednoliko zagrijavanje i hladenje

Kod nejednolokog zagrijavanja i hladenja razlog pojave deformacije moze biti nejednolika
brzina zagrijavanja ili hladenja pojedinih dijelova sklopa.

Pri potapanju izradevina se postupno uranja u talinu cinka, te zagrijava, a time i toplinsko
produljenje djeluje lokalno. Razlike u dimenzijama mogu prouzrociti lom.

Nakon izvlacenja iz taline cinka, dijelovi tanjih presjeka brze se hlade, dok dijelovi debelih
presjeka, zbog sporijeg hladenjadulje zadrzavaju toplinsko produljenje. Skupljanjem dijelovi
tanjeg presjeka ulaze u zonu plasti¢ne deformacije te zadrzavaju produljenje nakon hladenja
cijelog skolpa. Tako na primjer asimetricni sklopovi cesto su podlozni deformacijama [1,5,6].

5.3 Smanjivanje toplinskih deformacija

Toplinske deformacije mogu se znatno smanijiti i to [1,3]:

Ugradnjom materijala ujednacene debljine stijenke

Odvojenim pocincavanjem i naknadnim spajanjem dijelova razli¢ite debljine stijenke
Prednaprezanjem sklopa

Pravilnim slijedom zavarivanja i dimenzioniranjem zavara

Simetri¢nim dizajnom sklopa

Uvodenjem sustava ojacanja i

Omogucdavanjem nesmetanog toplinskog produljenja

Primjer smanjenja toplinskih deformacija utiskivanjem kriznih oblika ili savijanjem lima —
bombiranjem prikazan je na slici 23.

Slika 23. Krizni oblici [3]

6. KOROZIJA|ZASTITA

Korozija je pojava trosenja ¢vrstih materijala, kemijskim djelovanjem okoline. Korozijski
procesi su povezani s mehanickim, toplinskim i bioloskim utjecajima.
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Korozijski procesi mogu se znatno usporiti ili sprijeciti izborom konstrukcijskih materijala,
konstrukcijom proizvoda, tehnoloskim postupkom, zastitnim prevlakama, smanjenom
agresivnosti okoline i katodnom zastitom.

Postoji vise podjela korozije, a to su [2,5,6]:
1. Prema mehanizmu djelovanja:

e Kemijskai
e Elektrokemijska

2. Prema geometrijskom obliku korozijskog djelovanja:
e opca korozija
e |okalna korozija

e selektivna korozijai
e interkristalna korozija

3. Prema korozivnim sredinama:

e korozijautlui
e korozija u elektrolitima i neelektrolitima

Metali, sklopovi i strojarske konstrukcije mogu se zastiti od korozije rali¢itim metodama.
Najcesdi nacini zastite su:

e elektrokemijska metoda zastite

e zastita od korozije obradom korozivne sredine,

e oblikovanjem i konstrukcijskim mjerama,

e zastita odabirom korozijskih materijala i

e zastita prevlakama

6.1 Korozija cinkove prevlake
6.1.2 Mat-siviizgled

Nakon izvlacenja pocincanih dijelova iz taline cinka, povrsina cinkove prevlake reagira s
kisikom iz zraka i tvori oksidni sloj vrlo loseg antikorozijskog svojstva. Vlaga i ugljicni dioksid
brzo mijenjaju oksid u sloj bazi¢nog cink karbonata. Ovaj sloj uz dobru prionjivost, ima i vrlo
nisku topivost u vodi te tvori izvrsnu zastitu cinkove prevlake. Vremenom, sjajna povrsina
prevlake poprima mat-sivi izgled [2,3].

6.1.2 Bijelahrda

Ponekad se na povrsini cinkove prevlake stvara bijela praskasta tvorevina, bijela hrda. U
uvjetima velike vlage i smanjene mogucnosti ventilacije, nedostatna koli¢ina ugljicnog
dioksida dolazi u dodir s povrSinom, Sto onemoguduje stvaranje potrebnog sloja bazi¢nog
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karbonata. Nakon susenja povrSine, ova pojava nestaje, a praskasti sloj, koji im loSu
prionjivost, lako se ispire.

Ovu pojavu moguce je izbjedi, tako da pocincana povrsina ne bude dugo u dodiru s vlagom,
odnosno da se osigura pravilna ventilacija i suSenje svih povrsina materijala [2,3].

6.1.3 Crveno smediizgled

Prevlaka s vremenom moze poprimiti crveno-smedi izgled. Razlog promjene je korozija
Zeljezo-cink zavrsnog sloja prevlake u prisutnosti vlage. Razmjerno malena koli¢ina oksida
moze prouzroditi znatnu promjenu izgleda povrsine. Pogresan je zakljucak da je prevlaka
unistena ili da se njezina antikorozijska svojstva umanjena [2,3].

U slucaju posebnog zahtjeva na izgled prevlake, materijal treba obojiti.

7. ZAKLJUCAK

Vruce pocincavanje je postupak kojim se provodi antikorozijska zastita, metala, Celi¢nih
dijelova i sklopova. Primjenjuje se vel gotovo 150 godina i jedan je od najvise
primjenjivanijih oblika zastite danas. Razlog je tako rasirenoj primjeni u jedinstvenosti i
ekonomicnosti samog postupka te dobrim antikorozijskim svojstvima bez troskova
odrzavanja tijekom gotovo cijelog zivotnog vijeka proizvoda.
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Tehnoloski process vruceg pocincavanja podrazumijeva odredene tehnicke zahtjeve. U radu
su opisani postupci cincanja, prevlake, premazi, korozija i zastita metalnih dijelova i Celi¢nih
konstrukcija. Kombinacija materijala razlicitih debljina stijenki povrsina i postupaka vruceg
pocincavanja djelotvorno se ostvaruje Cistocom pocincanih povrsina.

Kod vruceg pocinCavanja materijal je izloZzen visokoj temperaturi i zbog oslobadanja
naprezanja moze doci do deformacije ili loma izradevine. Najvedi utjecaj na pocincavanje
ima silicij, kao i njegova kombinacija s fosforom.

Razlicite debljine prevlaka cinkom propisane su HRN i EN.
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Abstract

This paper presents the results of corrosion investigation of cast CuAINi, in 0.1 %, 0.5%, 0.9 % and 1.5
% NaCl solution (pH = 7.4 and T = 37 °C). Electrochemical investigations were performed by open
circuit potential measurements, linear and potentiodynamic polarization measurements. After
polarization measurements, electrode surfaces were investigated by optical microscope and with
SEM/EDS analysis. The results of electrochemical investigations has shown that increasing the
concentration of chloride ions leads to increase of the corrosion current density values and decrease
of the polarization resistance values which indicated the higher corrosion attack on alloy.
Investigation of alloy surface by optical microscope has shown that there is no indication of pitting
corrosion in 0.1 % NaCl solution. SEM/EDS analyses have confirmed results of optical microscopy
analysis. The largest numbers of pits were found on CuAlINi electrode surface after investigations in
0.9 % NaCl solution, while the largest pits diameters were found in investigations in 1.5% NaCl
solution. EDS analysis have shown the dominant percentage of copper and oxygen on CuAlNi surface,
which indicated the existence of copper oxide on electrode surface. The presence of a small
percentage of aluminium indicates its distribution in the form of aluminium oxide in the surface layer.
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1. INTRODUCTION

Copper—nickel alloy has great practical application as condenser tubes for ships, heat
exchangers of power plant, pipeline networks and other structures engineered for industry
and for marine use, due to its good mechanical workability, excellent electrical and thermal
conductivity, and good resistance to corrosion [1-3]. The addition of aluminium to these
binary alloys improves the light weight of the alloy and increases its corrosion resistance in
seawater, sulphuric acid and salt solutions [3]. Besides, CuAINi alloy present shape memory
effect in alloys with aluminium content close to 14 wt.% [4]. A shape memory alloy (SMA) is
alloy that remembers its original shape returning the pre-deformed shape upon heating [5].
Such effect is based on «crystallographic reversible thermo-elastic martensitic
transformation. At high temperatures, the SMA exists as an austenite phase while cooling
down below the transformation temperature the austenite transforms to a thermoelastic
marthensite. Nitinol (NiTi) is the most popular and the most commonly used SMA due to its
superior thermomechanical and thermoelectrical properties, greater shape memory strain
and better corrosion resistance compared to Cu — based alloys. CuAINi alloys have some
considerable advantages over Ni-Ti such as less difficult melting, casting and composition
control, higher Young's modulus, better work/cost ration, better machinability and
transformation temperature in a range of -200 and 200 °C depending on Al and Ni content
[6-8].Today, Cu-shape memory alloys are used extensively in actuator and sensor
applications, electronics, computer industry, automotive and aircraft industry [9,10]. Given
its wide applications, these materials are exposed to a variety of corrosive media, which can
threaten their mechanical integrity. This paper deals with the investigations of corrosion
behaviour changes of the CuAINi alloy as a result of different chloride concentration in
electrolyte.

2. EXPERIMENTAL

CuAlINi alloy with composition in wt.% 83.1% Cu, 12.8% Al, and 4.1% Ni was produced by
vertical continuous casting method in the shape of cylindrical rod with 8 mm diameter.The
working electrodes were prepared by machining the CuAINi samples into cylinders and
soldered with insulated copper wire to ensure good electrical contact. After that, cylindrical
samples were embedded in Polirepar S acrylate leaving only a circular disk exposed to the
electrolyte (area = 0.5, cm?). Before each experiment, the electrode surface was mechanically
treated with different grit emery papers (from 400 to 1500), polished with Al,O;polishing
paste (particle size 0.5 um), ultrasonically degreased in ethanol, rinsed with deionised water,
and immersed in electrolyte solution.

Corrosion investigations were performed in double-jacketed glass corrosion cell, equipped
with graphite counter electrode and saturated calomel electrode as reference electrode.
Electrochemical cell was connected to a Huber Pilot One CC-212B thermostatic circulating
water bath to ensure temperature stabilisation. Electrolyte was 0.1, 0.5, 0.9 and 1.5% NaCl
solution pH = 7.4 and T = 37 °C. The pH values of solutions were adjusted to 7.4 with 0.2 mol
dm3 HCl and 0.2 mol dm3 NaOH solutions. Prior to each measurements NaCl solution were
deaerated with nitrogen for 20 minutes.

All electrochemical measurements were performed with a Bio-Logic SP-200
potentiostat/galvanostat connetcted to a PC with EC-Lab software for corrosion
measurements. Electrochemical measuring equipment that was used for these investigations
is shown on Figure 1.
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Fig. 1. Electrochemical measuring equipment

The evaluations of corrosion behaviour of CuAINi alloy in 0.1, 0.5, 0.9 and 1.5% NaClsolutions
were performed by open circuit potential measurements (Eocp), linear polarization method
and potentiodynamic polarization method. Open circuit potential was measured for 60
minutesprior to polarization. Linear polarization was carried out in the potential region of +20
mV around corrosion potential with the scanning rate of 0.2 mV s™. Potentiodynamic
polarization was performed in the potential region of —0.250 V from open circuit potential to
1.100 V with the scanning rate of 0.5 mV s™.

The surface morphology of the samples after potentiodynamic measurements was examined
in detail by optical microscope Olympus GX 51, and with scanning electron microscope
Tescan Vega TS 5136 MM. The quantitative analysis of the elements on the electrode surface
was determined by energy dispersive spectroscopy (EDS).

3. RESULTS AND DISCUSSION

The open circuit potential (Eocp) of the CuAINi alloy was traced over 60 minutes of the
electrode immersion in electrolyte and the results are presented on Figure 2.
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Fig. 2. Open circuit potential vs. time curves for CuAINi alloy in chloride solutions
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From the Figure 2 it can be seen small changes of potential of the CuAINi alloy in 60 min
period of time. The open circuit potentials of the CuAINi electrodes have a tendency to shift
towards more negative values with increasing sodium chloride concentrations.

Increasing chloride concentration lead to decrease of Eocp, S0 the highest difference between
Eocp values for CuAINi alloy in 0.12% NaCl solution and for 1.5% NaCl solution was around 70
mV.

After open circuit potential measurements the linear polarization measurements were
performed, in the potential region of +20 mV around Eqcp, and the results were shown on
Figure 3.
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Fig. 3. Linear polarization curves for CuAINi alloy in NaCl solutions

Polarization resistance (Rp) represents the resistance of metal to corrosion, and is defined by
the slope of the polarization curve near the corrosion potential, by the equation (1):

R, = % (Q cm?) (2)

p
The values of corrosion resistance for the CuAINi samples were shown in Table 1.

From Figure 3 it can be seen that increase in chloride concentration leads to decrease the
slopes of the polarization curves, resulting in lower values of Rp, which means lower
resistance of CuAlINi alloy to corrosion.

After linear polarization measurements in the narrow range of potential close to Eocp,
potentiodynamic measurements were carried out in a wide range of potentials started at
-0.250 V from open circuit potential and finished at 1.100 V. Results of potentiodynamic
polarization investigations were presented on Figure 4.
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Fig. 4. Potentiodynamic polarization curves for CuAINi alloy in NaCl solutions

Potentiodynamic polarization curve is composed of two branches: cathodic branch, which is
the result of occurring cathodic reaction and the anode part, which is the result of occurring
the anodic reaction, in this case alloy dissolution. Cathodic parts of polarization curves should
reflect hydrogen evolution reaction due to deaeration of the solution with nitrogen, 20
minutes before immersion of electrode in electrolyte, as well as slow deaeration during
investigation. Changes in the cathodic part of polarization curvesforCuAINi alloy in NaCl
solutions indicate probably the existence of small concentration of oxygen in the solution,
and therefore both cathodic reactions are possible: oxygen reduction and hydrogen evolution
reaction. Anodic parts of the curve describe corrosion of CuAINi alloy. The anodic part of the
polarization curve for CuAINi alloy in 0.1% NaCl solution differs from the anodic parts of the
polarization curves obtained by CuAINi alloy investigations in higher concentrations of NaCl
solutions. This is probably due to the low concentration of chloride ions, which is why the
anodic current density is significantly lower, indicating weaker dissolution of CuAINi alloy.
Anodic part of polarization curves for CuAINi alloy in 0.5, 0.9 and 1.5% NaCl solutions have
three distinctive visible area: the active dissolution region (apparent Tafel region), the active-
pasive transition region, and third region in which the current density rises again with the
positive potential changes due to the formation of Cu(ll) species [10,11]. It is also clear that
the values of anode currents increase with the increase of chloride ions concentration. The
largest width of the pseudo-pasive area was observed for investigations of CuAINi alloys in
0.5% NaCl solution and the lowest width of the pseudo-pasive area was noticed in a 1.5%
NaCl solution. Also, after the dissolution of corrosion products from the surface, anodic
current density increasesin order: 0.5% <0.9% <1.5% (area Ill in anodic polarization curve).
The values of corrosion parameters obtained from potentiodynamic polarization
measurements and the values of R, (polarization resistance) obtained from linear
polarization measurement were shown in Table 1.

Table 1. Corrosion parameters obtained from the polarization measurements
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Nacl Rp leorr Ecorr
(%) (kQ cm?) (MA cm™) V)
0.1 39.318 0.317 -0.220
0.5 29.000 0.551 -0.242
0.9 14.756 1.211 -0.259
1.5 12.886 2.041 -0.283

After polarization measurements, corroded CuAlINi alloy surfaces were examined by optical
microscope with the magnification of 200x. Results of investigations were shown on Figure 5
for CUAINi measurements in 0.1, 0.9 and 1.5% NaCl solution.
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," £ 200/0m

@)

Fig. 5.Optical micrographs of CuAINi alloy surfaces after potentiodynamic polarization in 0.1% a), 0.9% b)
and 1.5% NaCl solution c)

It is interesting to note that at the lowest concentration of NaCl solution, the presence of
pitting corrosion on the surface of the electrode was not observed, while in investigations at
0.9% and 1.5% NaCl solution pits were clearly visible on the surface of the CuAINi electrodes.
After the potentiodynamic polarization measurement in 0.9% NaCl solution, a large number
of smaller pits (Fig. 5.b)) were observed on the CuAlNi alloy surface, while in the 1.5% solution
lower number of pits much larger diameter were noticed (Fig. 5 ¢)).
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The surface morphology of the samples before and after the potentiodynamic
measurements was examined in detail by scanning electron microscope (SEM). The
quantitative analysis of the elements on the electrode surface was determined by energy
dispersive spectroscopy (EDS). Results of SEM/EDS analysis of CuAINi surface after
potentiodynamic polarization in 0.9% NaCl solution were shown in Figure 6.
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Cl 0.99 1.57
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Fig. 6. SEM micrograph a) and EDS results b) of CuAINi surface after potentiodynamic polarization

In SEM micrographs the surface morphology of the corroded CuAlINi can be observed
(Fig.6a). Small pits are clear visible as well as the rough surface of corrosion products around

them. EDS analysis of surface outside the pits revealed elementary composition of the
corrosion products on the surface of CuAINi electrodes. In the corrosion surface layer, 280
dominant elements are Cu and Cl, with small amounts of O, Al, and Ni.

4. CONCLUSIONS

- Open circuit potential for the CuAINi alloy shifts to a negative direction with
increasing the concentration of chloride ions in the solution.

- Higher concentration of chloride ions leads to a lowering polarization resistance
values and increasing the corrosion current values, which indicates a more intense
corrosion process.

- Optical microscopy analysis of the electrode surfaces has shown the appearance of
pitting corrosionon the CuAlINi alloy after polarization investigations in 0.5%, 0.9 %
and 1.5% NaCl solution.

- SEM surface analysis has confirmed the observations obtained by examining the
electrode surfaces with an optical microscope. The largest number of pitsis visible on
the CuAlINi alloy surface after corrosion investigation in a 0.9% NaCl solution, while
the largest diameter pits were recorded after polarization in 1.5%NaCl solution

- EDS surface analysis have shown the dominant percentage of copper and oxygen on
the CuAINi surface indicating the existence of copper oxide on the surface. The
presence of a small percentage of aluminium indicates its distribution in the form of
aluminium oxide in the surface layer.
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Sazetak

Svakodnevno koristenje novih tehnologija namece potrebu za optimizacijom parametara citkosti
teksta na ekranu. Podrudje Citkosti teksta istrazivano je na tiskanim materijalima, a i u digitalnim
medijima. Uoceno je da ista pravila za optimalnu Citkost teksta ne vrijede za oba medija. Najvecu
ulogu u citkosti teksta imaju odabir vrste i velic¢ine fonta, odnos boje teksta i pozadine, duljina retka,
prored, a isto tako sama tezina teksta. U nasem govornom podruéju postoji navika Citanja crnog
teksta na bijeloj pozadini koji je standardan u tiskanim materijalima i prema istrazivanjima je jedna od
najboljih kombinacija za optimalnu citkost istog. U ovom radu provedeno je istrazivanje utjecaja
razlicitih kombinacija boje teksta i boje pozadine na citkost teksta na ekranu. Prethodno nabrojeni
parametri uzeti su u obzir prilikom pripreme uzoraka za istrazivanje. Za svaki od pet uzoraka koristena
je drugadija kombinacija boje teksta i boje pozadine, dok su ostali parametri i sadrzaj zadanog teksta
bili nepromijenjeni.

Kljucne rijeci: eye tracking, boja, tekst, Citkost, brzina Citanja
Abstract

Everyday use of modern technologies implies the need for optimization of readability and legibility
parameters used for reading text on screen. Much research on readability and legibility in printed
materials and digital media has been conducted. It has been noted that the rules for the optimal
readability and legibility do not apply equally to both mediums. The choice of proper typeface and
font size, foreground and background colour, line spacing, sentence length, and text difficulty have
the biggest role in text legibility. There is a tendency in our speaking area to read black text on white
background, which is a standard colour combination in printed materials. Furthermore, many studies
have concluded that the above mentioned colour combination is one of the best when it comes to
achieving optimal text readability and legibility. The purpose of this study was to test readability and
legibility of text on computer screen taking into consideration different colour combinations of text
and background. The factors listed above were used to define the text sample. In this research, for
each of the five groups tested, the colour of the text and background were varied while the content
and other parameters of the text sample were constant.

Keywords: eye tracking, colour, text, readability, legibility, reading speed
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1 uvoD

Boja se godinama proucava iz mnogih aspekata, poput fizike, psihologije, umjetnosti i
grafickog dizajna. Pojam boje se odnosi na fizikalno mjerljiv stimulus koji definira boju kao
odredenu dominantnu valnu duljinu svjetlosti vidljivog dijela spektra koji uzrokuje percepciju
boje. Boja takoder moze biti i apstraktne naravi, osjetilni dozivljaj koji nastaje poticajem
vidnog sustava Covjeka odredenim elektromagnetskim zracenjem. [1]

Ljudska percepcija boje zapodinje kada elektromagnetsko zracenje stimulira ¢unji¢e u oku.
Kombinacija stimulusa, crvenih, zelenih i plavih Cunjica, daje nam dozivljaj i percepciju
razlicitih tonova boja. Digitalan, ekranski prikaz, koristi aditivni nacin mijesanja boja, a kolorni
prostor koji se koristi je RGB. RGB kolorni prostor blizak je ljudskoj percepciji i takoder koristi
tri komponente za gradnju boje. Boja u RGB kolornom prostoru definirana je pomocu crvene,
zelene i plave komponente, pri cemu svaka od njih moze imati stanje u rasponu od o do 255,
odnosno, 256 razlicitih vrijednosti. RGB boja se takoder moZze zapisati i u heksadecimalnom
zapisu gdje prve dvije znamenke definiraju vrijednost crvene, sljedece dvije zelene, a
posljednje dvije vrijednost plave komponente. [2]

Neovisno o aspektu prema kojem se definira boja, ona je sveprisutna i neizostavna u
svakodnevnom zivotu. Trenutni nadin zivota, sve veca pristupacnost tehnologije te narocito
prisustvo Interneta utjeCu na provodenje velike koli¢ine vremena pred ekranom, ekranom
racunala, mobitela, tableta. Stoga je bitno znati kakav utjecaj boja moze imati na citkost
teksta, a i zamor ociju, kako bi se odrzalo sveukupno zdravlje.

Prethodna istrazivanja ukazuju da odredene kombinacije boje teksta i podloge, mogu utjecati
na Citkost teksta. Podrucje cCitkosti na papiru opsirno je prouceno i dokumentirano, te kazuje
da je crni tekst na bijeloj podlozi (pozitivan tekst) Citljiviji od bijelog teksta na crnoj podlozi
(negativan tekst), lagano obojen papir ne utjeCe na Citkost teksta i Sto je veci svjetlosni
kontrast izmedu boje teksta i podloge to Ce Citkost teksta takoder biti veca. [3]
Osim opcenitih smjernica prema raznim istrazivanjima dobivene su odredene kombinacije boja koje se
danas smatraju optimalnima za povecanje Citkosti (crni tekst na bijeloj podlozi i crni tekst na Zutoj

podlozi). Takoder definirane su i kombinacije boja koje se ne preporucuju za koriStenje, zbog vrlo loSeg
utjecaja na Citkost teksta (

Slika 1, zeleni tekst na narancastoj podlozi i crveni tekst na zelenoj podlozi). Pogreska! I1zvor
reference nije pronaden.[3]

Najbolje Najgore
kombinacije kombinacije
UZORAK UZORAK

Slika 1 Prikaz kombinacija najboljih i najgorih boja teksta i podloge
za Citanje sa tiskanih materijala
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2 CITKOST I CITLJIVOST

Cerepinko [4] Citkost definira kao opti¢ku i vizualnu karakteristiku samog znaka (eng.
legibility) ili opticku i vizualnu Citkost teksta (eng. readability) koja govori koliko je znak ili
tekst vizualno zahtjevan za ¢itanje. Citljivost teksta odnosi se na njegov sadrzajni aspekt i
predstavlja objektivnu tezinu teksta, koja se moze mjeriti nizom razlicitih formula, a ovisi i o
kompetencijama i sposobnostima Citatelja.

Dillon [5], analizirajudi istrazivanja citkosti, nalazi da se istrazivati mogu brzina Citanja,
tocnost Citanja, umor, razumijevanje procitanog teksta i osobne preference. Prema Dillonu,
mjerenje brzine Citanja jedna je od najces¢ih metoda mjerenja Citkosti nekog teksta, a moze
biti provedena na dva nacina: a) tako da se odredi ukupna duzina teksta koji se ¢ita i mjeri se
vrijeme potrebno za Citanje svakom ispitaniku i b) tako da se ogranici vrijeme Citanja i mjeri
se duzina procitanog teksta u ogranicenom vremenu. Proces Citanja ovisi o nizu faktora, od
kojih su najznacajnije sadrzajna primjerenost teksta te dob i obrazovanje Citatelja [6],
prosjecan Citatelj u tekstu koji je sadrzajno primjeren njegovoj ili njezinoj dobi i obrazovanju
Citajudi fiksira 1.2 rijeci jednim pogledom, a Sto je tekst kompleksniji i poznavanje tematike
manje, broj fiksiranih rijeci pri jednom pogledu pada i ispod 1 i obratno, Sto je tekst
jednostavniji, to je broj fiksiranih rijeci vedi. [7]

Niz istrazivanja pokazao je da Citkost teksta ovisi o nizu faktora: od izgleda i velicine fonta,
preko pravila kombiniranja slovnih znakova do medija na kojem i nacina kojim je tekst
otisnut. Pri tome, vec je ranije definirana optimalna kolicina slovnih znakova u retku (60 — 70
znakova u tisku odnosno do 40 na digitalnom zaslonu) [8], a istraZen je i utjecaj kontrasta na
Citkost slovnih znakova i teksta [9]. Serifni fontovi pokazali su se Citkijim u tehnologiji tiska,
dok se u tehnologijama koje tekst prikazuju na zaslonima uredaja (tableta i osobnih rac¢unala)
pokazalo [10] da su sanserifni fontovi Citljiviji i preferira ih viSe Citatelja.

3 W3C KONZORCIJ | SMJERNICE ZA UREDIVANJE SADRZAJA

Prilikom pripreme materijala za digitalne uredaje Cesto se upotrebljavaju smjernice The
World Wide Web Consortiuma (W3C), internacionalne zajednice koja razvija otvorene
standarde kako bi se osigurao dugorocni razvoj weba. [11]

W3C definirao je smjernice za pristupacnost web sadrzaja (engl. Web Content Accessibility
Guidelines (WCAG) 2.0) koje sadrze Sirok raspon preporuka za uredivanje web sadrzaja kako
bi on bio pristupacan i jednak Sto ve¢em broju korisnika. Postoji vise kategorija smjernica
(vidljivost, uporabljivost, razumljivost, robusnost), a pod kategorijom vidljivosti nalaze se i
smjernice za povecavanje pristupacnosti sadrzaja jasnim razdvajanjem boja prednjeg (tekst)
i straznjeg plana (pozadina na kojoj se tekst nalazi). Za bolju pristupacnost sadrzaja, Sto
podrazumijeva ¢im bolju Citkost, preporucuje se Sto vedi odnos kontrasta medu bojama.

Minimalni kontrast definiran je u dvije kategorije:
e Level AA - odnos kontrasta minimalno 4,5:1
e Level AAA - odnos kontrasta minimalno 7:1 [12]

Za odredivanje boje teksta i pozadine koriste se i vrijednosti kolornog i svjetlosnog kontrasta.
Svjetlosni kontrast ili refleksija moze se definirati kao odnos koliCine svjetla reflektiranog s
podloge spram svjetla koje pada na podlogu.[13] Svjetlosni kontrast prema W3C je vrijednost
razlike izmedu svjetlosne vrijednosti teksta i svjetlosne vrijednosti pozadine. W3C konzorcij
svjetlosni kontrast vrijednosti 125 i vece definira kao pozitivan i prihvatljiv za povecanje
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pristupacnosti, a samim time i Citkosti sadrzaja. Kolorni kontrast definira fizicka vrijednost
tona boje, udaljenost izmedu boja u odredenom kolornom prostoru. Prema W3C
smjernicama razlika u tonu boja trebala bi biti soo ili viSe. [3] [12]

4 METODOLOGIJA ISTRAZIVANJA

Ideja provedenog istrazivanja u ovom radu bila je utjecaj razlicitih kombinacija boje teksta i
boje pozadine na Citkost teksta na ekranu. U prvoj fazi pripreme istrazivanja bilo je potrebno
odabrati tekst, vrstu fonta, te kombinacije boja samog teksta i podloge. U istrazivanju je
sudjelovalo 100 studenata Sveucilista Sjever, odjela Multimedija, oblikovanje i primjena.

4.1 Definiranje uzoraka za mjerenje

Za potrebe istrazivanja koriSten je tekst osrednje tezine Citanja prema preporukama koje daje
Brangan na temelju svojih istraZivanja formula citkosti teksta. Odabrana je formula LIX
prilagodena hrvatskom jeziku; LIX = A/B + (Cx100)/ A+2, gdje je A = broj rijeci, B = broj
recenica, C = broj dugih rijeci (osam i viSe znakova). Prema formuli Lix Citkost teksta izrazava
se sljedecom skalom: < 24 vrlo lagano, 25-34 lagano, 35-44 osrednje, 45-54 tesko, > 55 vrlo
tesko.[14]

Prema Sheedy et all koji su istrazivali utjecaj dizajna fonta na citkost slovnih znakova i rijeCi
na zaslonu racunala, optimalni fontovi za ¢itanje na ekranu su Arial i Verdana, a najmanije Citki
Times New Roman i Franklin. [15]1z tog razloga za definiranje uzorka koristeno je sans serifno
pismo Verdana, a tekst je prelomljen u pismovnoj veli¢ini 27 pt s prijelomom u jednom stupcu.

Na slici 2 prikazan je uzorak teksta koristen za mjerenje Citkosti preuzet iz knjige ,Graficki
dizajn i komunikacija” autora Maria TomiSe i Marina Milkovica, a segment je poglavlja o
sustavu boja.[16]

Pri radu s bojama na ekranu vazno je pravilno izabrati
pozadinsku boju jer je to uglavhom najveca povrsina gdje
je prisutna jedna boja. Treba uzeti u obzir kriterije poput
karaktera boje, svijetline i ostalih elemenata boje. Vazno je
znati unaprijed koji se efekti Zele posti¢i. Pozadinska boja
rijetko je jedina boja na ekranu. Obi¢no se kombinira sa
slovnim znacima, simbolima, slikama i logotipima. Takvi
razliciti elementi medusobno djeluju i omogucuju jedni
drugima kontraste u kvaliteti i kvantiteti.

Slika 2 Prikaz teksta koriStenog za mjerenje Citkosti

Za mjerenje su odabrane dvije kombinacije boja definirane kao najbolje i dvije definirane kao najgore
prema istrazivanjima citkosti na tiskanim materijalima (

Slika 1Pogreska! Izvor reference nije pronaden.). Za najbolje kombinacije odabrani su crni
tekst na bijeloj podlozi i crni tekst na zutoj podlozi. Za najlosije kombinacije boja odabrani su
zeleni tekst na narancastoj podlozi i crveni tekst na zelenoj podlozi. Za petu grupu odabran je
crni tekst na krem podlozi, kombinacija boja koja imitira boje tiskane knjige.[3] Pogreska!
Izvor reference nije pronaden. [17]

Bududi da su boje okvirno definirane i preuzete iz CMYK sustava (istrazivanja radena za
tiskane materijale), za potrebe mjerenja precizni tonovi boja odabrani su iz palete boja
sigurnih za web (engl. Web safe pallete). Web safe paleta boja definira boje sigurne za
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koristenje na webu. Boje iz ove palete trebale bi se jednako prikazivati na vedini digitalnih
uredaja neovisno o karakteristikama uredaja i koriStenim aplikacijama.Pogreska! Izvor
reference nije pronaden.

U priloZenoj tabeli (

Tabela 1) prikazan je pregled odabranih boja sa njihovim RGB i heksadecimalnim
vrijednostima.

Tabela 1 Definicija boja odabranih za mjerenje

. RGB kod boje Heksadecimalni

Boja .
Crvena Zelena Plava kod boje

bijela 255 255 255 FFFFFF
krem 255 255 204 FFFFCC
Zuta 255 255 ) FFFFoo
narancasta 255 153 0 FF9900
crvena 255 0 0 FFoooo
zelena 0 128 0 008000
crna 0 ) ) 000000

Tabela 2 prikazuje uzorke koriStene za eksperiment te vrijednosti medusobnog kontrasta
boja, razlike u svjetlini i kolorne razlike. Vrijednosti su dobivene koristenjem aplikacije za
provjeru kontrasta medu zadanim bojama, dostupne na web stranici snook.ca*. Stranica

koristi WCAG 2.0 formulu za izracunavanje odnosa kontrasta. Moguce je precizno definiranje 295

zeljene boje teksta i boje podloge na temelju ¢ega se dobivaju vrijednosti kontrasta i odreduje
se da li je izmedu odabranih boja kontrast unutar vrijednosti koje je definirao W3C
konzorcij.[12]

Tabela 2 Vrijednosti kontrasta i razlike boja za koriStene uzorke

Boja Boja Kolorni SVJet!osna Razlika tona:
Grupa teksta odloge Uzorak kontrast razlika: (>= 500)

P 9 (>= 125) 5
1 crna bijela UZORAK 21 255 765
2 crna krem UZORAK 20,43 249,18 714
3 crna Zuta UZORAK 19,56 225,93 510
4 zelena narancasta UZORAK 2,4 90,92 280
5 crvena zelena 1,28 1,11 383

Nakon citanja uzorka, anketom su ispitane navike Citanja na ekranu te subjektivna tezina
Citanja uzorka Likertovom skalom (2-5, gdje je 1 - tesko za Citanje, a 5 - potpuno jednostavno).

4.2 KoriSteni uredaji

Uzorci su prikazivani na LCD monitoru serije Samsung, model S22A350H. Ekran monitora bio
je velicine 21,5 inca, omjer prikaza 16:9. Udaljenost ispitanika od monitora bila je u rasponu

* https://snook.caftechnical/colour_contrast/colour.html#fg=o000000,bg=FFFFFF



od 50-80o ¢cm, udaljenost preporucena kao najpovoljnija za duze gledanje i Citanje s ekrana.
Navedena udaljenost odgovarala je i zbog optimalnog rada uredaja za mjerenje pogleda, i
vidnog kuta monitora koji iznosi 170°/160°.[18] [19]

Mjerenje je takoder popraceno eyetracking tehnologijom, koja omoguduje pracenje toka
pogleda i tocaka fiksacija prilikom promatranja ekrana. Koristen je uredaj tvrtke Gazepoint,
model GP3 Desktop i pripadajuci software Gazepoint Analysis 3.5.0.

5 REZULTATIISTRAZIVANJA | ANALIZA

Empirijski dio ovog rada temeljen je na analizi mjerenja provedenog medu studentima
Sveucilista Sjever, preddiplomskog stru¢nog studija Multimedija, oblikovanje i primjena. U
analizi podataka koristene su metode deskriptivne i inferencijalne statistike. U okviru opisa
uzorka, analizirani su anketirani studenti prema obiljezjima spola, dobne skupine i upisane
godine studija.

Od ukupno 100 ispitanika, 52 ispitanika je bilo muskog, a 48 Zenskog spola. S obzirom na dob,
ispitanicu su bili podijeljeni u tri dobne skupine. Prvu dobnu skupinu Cinili su studenti mladi
od 21 godine. Drugu skupinu Cinili su studenti stari 21 godinu pa do 25 godina, dok su trecu
skupinu Cinili studenti stari 26 ili viSe godina. Prva skupina bila je znacajno brojnija od drugih
dviju (58% ispitanika), dok je trecu skupinu Cinilo samo 7% ispitanika. NeSto vise od polovice
anketiranih studenata bilo je upisano u 1. godinu studija (52%), dok su u trec¢u godinu bila
upisana samo 2 studenta.

U okviru inferencijalne statistike ispitana je distribucija podataka o trajanju Citanja dobivenih
istrazivanjem. Kolmogorov-Smirnovljevim testom testirana je distribucija podataka o
trajanju Citanja te je utvrdeno da ista statisticki znacajno odstupa od normalne razdiobe.
Stoga je sa svrhom ispitivanja statistickih znacajnosti razlika izmedu uzoraka koristen
neparametarski Kruskal-Wallisov test. U slucaju postojanja statisticki znacajne razlike
izmedu uzoraka, testom za visestruko usporedivanje provjereno je koji se uzorci statisticki
znacajno razlikuju. Razlike potvrdene na razini p<o,05 smatrane su statisticki znacajnima.
Pravokutnim dijagramima (engl. Box and Whisker Plot) dan je graficki prikaz distribucija
podataka o trajanju dCitanja. Statisticka obrada provedena je pomocu matematickog
software-a Matlab 7.0.

Pogreska! Izvor reference nije pronaden. sadrzi izabrane pokazatelje deskriptivne statistike
koji se odnose na vrijeme potrebno za Citanje teksta te rezultate Kruskal-Wallis testa.

Tabela 3 Izabrani deskriptivni statisticki pokazatelji i rezultati Kruskal-Wallisovog
testa koji se odnose na vrijeme potrebno za ¢itanje teksta

UZORAK Aritme.tiEka Medijan Kruskal-Wallis test
sredina H p
G1 31,60 32
G2 29,35 28
G3 31,40 32
G4 29,55 29,50
Gs 29,20 28 11,53 0,02
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Najkrace prosjecno vrijeme Citanja teksta izracunato je za uzorak Gg i to 29,20 sekundi. Za
uzorak Gzi izracunato je najduze prosjecno vrijeme dcitanja od 31,60 sekundi. Najveca
vrijednost medijana, vrijednost 32 sekunde, utvrdena je u slucaju uzoraka Gi1 i G3, dok je
najmanja vrijednost medijana determinirana u slucaju uzoraka G2 i Gs. Iz Pogreska! lzvor
reference nije pronaden. razvidno je da postoji statisticki znacajna razlika u vremenu Citanja
obzirom na tekst (p=0,02). Testom za viSestruko usporedivanje utvrdeno je da se statisticki
znacajno razlikuju uzorci G1 i Gs. Na Slika 3 dan je graficki prikaz distribucije podataka o
trajanju citanja.
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Slika 3 Vrijeme potrebno za Citanje teksta

U nastavku je ispitan odnos broja greSaka u svih pet uzoraka. Od ukupno 100 studenata koji
su bili ukljuceni u provodenje istrazivanja njih 43 procitalo je tekst bez greske. U grupi 4
zabiljezen je najveci postotak studenata koji su procitali tekst bez greske, njih 55%, dok je
neznatna razlika u grupi 1 gdje je tekst bez greske procitalo 50% ispitanika. Najmanje
ispitanika je tekst tocno procitalo u grupi 3, njih 30%. Jedna greska prilikom citanja pojavila
se U 37% slucajeva, dvije gresSke u 33%, tri greske u 12%, Cetiri greske u 11%, a pet gresaka u
7% slucajeva. Najvedi broj studenata s jednom greskom prilikom citanja determiniran je u
grupi 3 (njih 6-ero), a najmaniji u grupi 4 (dvoje studenata).

Tabela 4 prikazani su rezultati mjerenja, pregled najduzeg, najkraceg i prosje¢nog vremena
Citanja te ukupni broj gresaka za svaku grupu ispitanika. 1z prikazanih rezultata moze se
zakljuciti da bi najbolja kombinacija za citkost teksta bila kombinacija crnog teksta i bijele
pozadine. Navedena kombinacija boja bila je prikazana prvoj grupi ispitanika (G1), u kojoj je
zabiljezen najmaniji broj ukupnih gresaka.

Kao najgora kombinacija za Citkost teksta boja izdvaja se uzorak iz grupe 3 (crni tekst — zuta
podloga). Navedena grupa imala je najvecu vrijednost medijana za trajanje ¢itanja (Tabela 3)
i najveci ukupni broj gresaka (Tabela 4), te se takoder vidi odstupanje izgleda toplinske mape
u odnosu na ostale Cetiri (Slika 4).

Rezultati ovog istrazivanja pokazali su neocekivane vrijednosti za uzorke G i G5 u kojima su
prikazane dvije kombinacije boja definirane kao najgore za ¢itanje s tiskanih materijala [17].
Ukupni broj gresaka u navedenim grupama bio je maniji (Tabela 4) nego za uzorke G2 i G3
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gdje su koristene najbolje kombinacije boja teksta i pozadine za tiskane materijale. Uzorak
G5 je imao i najkrace prosjecno vrijeme citanja teksta.

Tabela 4 Prikaz rezultata mjerenja, pregled vremena ¢itanja i ukupnog broja gresaka

G1 G2 G3 G4 Gsg
crni tekst crni tekst crni tekst zeleni tekst crveni tekst
bijela pozadina | krem pozadina zuta pozadina narancasta zelena
pozadina pozadina

najduze vrijeme Citanja (sec) 38 33 38 35 37
najkrade vrijeme Citanja (sec) 24 26 26 23 25

prosjecno trajanje Citanja (sec) 31,5 29,6 31,2 29,6 29,2
ukupni broj greSaka 18 28 31 23 24

Obzirom da su mjerenja popracena i eye tracking kamerom, rezultati istrazivanja prikazani
su i uz pomoc toplinskih mapa (heat maps) u kojima su definirana podrucja interesa
ispitanika. Hladni tonovi na mapi prikazuju podrucja koja su ispitanici manje pratili, dok toplije
boje prikazuju pozicije na ekranu kojima su ispitanici dali najviSe pozornosti.

Kao Sto je vidljivo na primjerima na Slika 4, toplinske mape svih pet uzoraka bile su
podjednake, ali je vidljivo odstupanje u uzorku G3. Radi se o uzorku u kojem je bio prikazan
crni tekst na zutoj podlozi. Rezultati mjerenja ukazuju da je ta grupa imala najveci broj
ukupnih gresaka i pretpostavka je da je takva kombinacija bila zamorna za oci te ne postoji
tendencija dugog zadrzavanja pogleda na pojedinim pozicijama ekrana kao na ostale Cetiri
mape.

e g
uzorak 2

uzorak 3



Rk

Slika 4 Usporedba toplinskih mapa

uzorak 4 uzorak g
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6 ZAKLJUCAK

Prema prethodnim istrazivanjima interakcije boje teksta i boje pozadine na tiskanim
materijalima kombinacija crnog teksta na bijeloj podlozi potvrdena je kao jedna od najboljih,
a crvenog teksta na zelenoj podlozi, te zelenog na narancastoj kao najgore [17].

Ovo istrazivanje bilo je provedeno za Citkost teksta na ekranu, ali nam daje sli¢ne rezultate
kao istrazivanja na tiskanim materijalima Sto se tice odnosa boje teksta i boje pozadine. Kao
najbolja kombinacija za citkost teksta u kojoj je bio zabiljezen najmaniji broj ukupnih gresaka
pokazao se crni tekst na bijeloj pozadini. lako je prosjecno trajanje Citanja u toj kombinaciji
boja bilo najduze u trajanju 31,5 sekundi, to ne znaci da ovo nije dobra kombinacija boja jer je
raspon trajanja Citanja u svim grupama bio slican, 29,2 — 31,5 sekundi. U anketi koja je
provedena neposredno nakon mjerenja, ispitanici su se takoder izjasnili da je crni tekst na
bijeloj pozadini jedna od kombinacija koja je najmanje zamorna za oci.

Kao najlosija kombinacija u ovim mjerenjima pokazao se crni tekst na Zutoj pozadini Ciji
rezultati pokazuju da je kod citanja tog teksta bio najvedi ukupni broj gresaka, a i najmaniji
postotak studenata (30%) je tekst procitalo bez greske.

Neocekivani rezultati dobiveni su na cetvrtom i petom uzorku gdje su koristene kombinacije
zelenog teksta na narancastoj podlozi i crvenog na zelenoj podlozi. lako su na tiskanim
materijalima navedene kombinacije definirane kao najloSije, pokazale su se kao dobre za
Citanje na ekranu. Zanimljivo je da je ukupni broj greSaka bio manji u ovim uzorcima nego u
drugom i trecem uzorku (crno-krem, crno-Zuto). Pretpostavka je da su rezultati takvi zbog
Cinjenice da su ta dva uzorka imala najmaniji kolorni kontrast Sto se vidi iz tabele 2.

Ovim istrazivanjem daju se smjernice za odabir kombinacija boja teksta i pozadine za Citanje
na ekranu kako bi Citkost istih bila bolja. Vodedi racuna o vrijednostima kolornog kontrasta,
preporuka za daljnja istrazivanja je povecati broj kombinacija boja i broj ispitanika.
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Abstract

The paper presents the results of the analysis of the current state in waste management of plastic
bottles in Germany. A data overview of the differences in recycling policies between different
countries in the European Union is presented. The application of twelve different polymeric materials
by five different application sectors in Europe shows the predominated usage areas of selected
polymeric materials. A detailed insight into the German Dual System (DSD) for plastic recycling is
presented, with the reference to the famous label the “"Green Dot”. The evolution of the recovery rates
of packaging in Germany from 1991 to 2014 is presented for glass, aluminium, tinplate, polymers,
paper and cardboard and liquid packaging board, and it was observed that the plastics recycling rate
has risen from ~15% to almost 100 %, i.e. nowadays almost the whole plastic waste is either
incinerated orrecycled. Current data for PET-bottles return is determined as well, and detailed current
information regarding the deposit system is presented. The actual applications and specific data
showing the industry sectors that use the PET from recovered bottles is presented.
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1. INTRODUCTION

The Earth’s population is ever-increasing and with this development comes the increase in
waste. In Europe, a single person is currently producing half a ton of waste per year. If
industrial waste is taken into account as well, it becomes clear that the overall amount of
waste is enormous. In 2010, for example, the total waste production in the EU amounted to
around 2.5 bn tons. [1] However, the increasing population is not the only reason for this
development. Rather, each person is producing more waste. Consumers now have more
choices and products are designed to have shorter lifespans. Apart from that, more single-
use and disposable products are produced. Generally, it can be stated that people earn,
relatively, more money, consume more products and, thus, generate more waste. If all of it
were put onto the landfills, the Earth could soon be entirely covered with waste. If all waste
were incinerated, the resulting air pollution could destroy the planet’s climate. The only
reasonable answer to this issue is recycling.

Since plastic has become one of the most common materials, plastic waste has, in this
respect, become one of the most pressing issues. Unfortunately, the properties which make
plastic so useful, such as durability, light-weight and low-cost, often cause problems when it
comes to the end of life options. Processes of degradation, incineration and recycling are not
as easy for plastics as they are for other materials. This paper discussed the issue of recycling
of plastics and depicts the practical example of the plastic recycling in Germany.

2. CURRENT EUROPEAN RECYCLING RATES

This infographic on Figure 1 shows a significant difference in recycling between different
countries in the European Union. [2] Germany, the Netherlands and Belgium recycle 62 %,
61 % and 56 % of their waste, respectively, while Croatia, Malta, Romania and Bulgaria are
the listed at the end of the list. Croatia is the fourth country from the bottom, with only 8 %
of the waste recycled, while the remaining of 92 % ends up on landfills. Bulgaria recycles only
6 % and Romania 1 % of its waste. In 2013, according to the European Environment Agency,
an analysis of the recycling vs. landfill vs. incineration rate has shown that Northern and
Western Europe differ strongly compared to Eastern European countries. The case of Estonia
is an exception, since the recycling-rate there is relatively high, while there is no incineration
at all, which leads to a high the landfill-rate.

The EU has introduced policies forcing its member states to reach certain recycling quotas
until 2020. This recycling rate for example for the building sector will be 70% of its waste. In
order to fulfil the criteria, a lot of states have to change their deposal systems completely. [4]

The “Zero plastics to landfills by 2020” concept is a challenging, although not an unrealistic
goal, as suggested by the European Association of Plastics Recycling and Recovery
Organisation. [1] Other European Commission policies which will be due until 2030 are:
common EU target for recycling 65 % of municipal waste, common EU target for recycling
75 % of packaging waste, a binding landfill target to reduce landfill to a maximum of 10 % of
municipal waste, and a ban on landfilling of separately collected waste. [1]

If these goals set by the EU Commission will be met, it would be a major step forward in the
fight against waste.
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Fig. 1: Recycling rates in Europe in 2011 [2]

3. POLYMERIC MATERIALS APPLICATIONS

The first association which comes to one’s minds when talking about plastics are probably
plastic bags or food packaging since it constitutes a major fraction in the applications.
Nevertheless, there are more fields of applications - for example the building and
construction sector. With 20 % of the total European plastic consumption it is the second
largest group after packaging. Plastic is used for equipment like insulation, pipes or window
frames. Another branch is the transportation, including the car and aircraft industries. By
lowering the weight of vehicles, which can be achieved through the use of plastic
components, emissions can be decreased. Other sectors are agriculture, electronic devices or
leisure. The medical sector uses plastic for different devices, prostheses and pill capsules
made of special polymers. [5] Different demands of several plastic types, sorted by the
different application sectors are shown on Figure 2.
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Fig. 2: European plastics demand by segment and resin type in 2012 [3]

4. ANALYSIS OF PLASTICRECYCLING IN GERMANY

As mentioned before, the rate of Germany landfill waste is the lowest in EU. Also, Germany
is producing the largest part of the European plastic waste. In 2015 the European plastic
demand was 49 megatons and 24.6 % of that came from Germany. [3] Since the early 1990s,
a considerable effort has been made to recycle plastics in Germany. As a result, Germany is
the largest market for recycled plastics in Europe today, followed by Spain. [7]

4.1. German Dual System (DSD)

In 1991 a rapid entry into plastic recycling occurred in Germany with the implementation of
the German Ordinance on Packaging Waste (“Verpackungsverordnung”). As a result of that
law the privately operated German Dual System (DSD), also known as “Green Dot” (in
German: “Der grine Punkt”), was established. [8] In order to liberate industrial firms and
retailers from their individual take-back and recovery obligations under the German
Packaging Ordinance, DSD established on the basis of this ordinance a second (dual) disposal
system besides the public-sector waste disposal service. As the first system of this kind
worldwide, it has since 1991 been providing a nationwide collection of used sales packages.

(9]

In Germany, private households are receiving a yellow barrel or a yellow bag (“Gelber Sack”),
what is part of the Dual System. In that they can put every packaging, which is labelled with
the “Green Dot”. The companies have to pay for the deposal of the packaging beforehand, if
they want to participate in the German Dual System. DSD only collects packaging material
from manufacturers who pay a license fee to DSD. These license fee payers can then add the
Green Dot logo to their package labelling to indicate that this package should be placed into
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the separate yellow bags bins that will then be collected and emptied by DSD-operated waste
collection vehicles and sorted in DSD facilities. German license fees are calculated using the
weight of packs, each material type used and the volumes of product produced per annum.

(9]

Since the population is relieved from the charge of the plastic waste in the yellow bags, but
has to pay fees for the municipal waste, the motivation for separating the waste is huge. The
system for the waste fees differs in different federal states, but in general, people only pay
for the municipal waste. The separated waste in the paper bins, organic and plastic waste is
not charged. If a household is not separating the trash correctly, the garbage collection will
not take it away. Furthermore the household may be forced to pay a penalty.

The dual system is one of the largest purchasers for waste management services too. Not
only in Germany but in many countries in Europe, the DSD delegate the collection and
processing of used sales packaging to waste deposal companies. [7]

4.2. Recycling and incinerating rates for plastic waste

Figure 3 shows the evolution of the recovery rates of packaging in Germany from 1991 until
2014. The blue line constitutes the plastics and is very close to the 100 %-mark since 2013.
This means that nowadays nearly the whole plastic waste is either incinerated (energetic
recovery) or recycled (material recycling).
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Fig. 3: Evolution of recovery rates in Germany from 1991 to 2014 [6]

In 2001 only 51.8 % of the amount of plastic packaging waste was recovered or recycled. In
2013 it was already 99.6 %. [10]

Currently there are 68 waste incinerating plants in operation in Germany, which have a
capacity of 20 million tons. The plants have to follow strict restrictions of emission control
[11] to avoid water and air pollution. [12]

Since the 8os the waste management in Germany is privatized, so there are no specifics about
the number of recycling plants in Germany. Furthermore many companies are recycling their
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waste themselves. Because of their usual economic inefficiency, the plastic recycling plants
are typically subsidized by the German state.

One large plastic recycling company in Germany is Multipet in Bernburg, which produces
recyclates of PP, PET and HDPE in form of flakes or granulates. Moreover they sell drainage
channels and cable ducts, which are 100 % recycled products made by the injection moulding.
[13]

4.3. Plastic bottle deposit system

The huge demand of PET, mostly caused by the PET-bottles produces greenhouse gas
emissions of 1.5 tonnes of CO2-e per ton of recycled PET as well as a reduction in landfill and
in energy consumption. An average net reduction of 1.45 tonnes of CO2-e per ton of recycled
plastic has been estimated. Most of the net energy and emission benefits arise from the
substitution of the virgin polymer production. [14]

In order to avoid PET-bottles contaminations for easier recycling, the system of deposit is
introduced. A lot of countries have a deposit system for plastic bottles, but the deposit in
Germany is the largest: 25 cents for each plastic bottle. A side effect of that are people
collecting these bottles from trashcans, streets or parks. The system in Germany is very strict
- except for a few bottles with juice, most plastic bottle without are included in the deposit
system. Since the system was introduced in 2006, now, i.e. than 10 years later, it's possible
to take a review of the deposit system.

4l Recollection of PET-bottles

In 2005 the DPG (Deutsche Pfandsystem GmbH), the German Deposit-system company, was
founded. Since then every shop with more than 200 m? shop area are obliged to take back
every drink packages of the same kind of material which they are selling. Nowadays the
recycling-rate of PET-bottles with the deposit in Germany is 97.2 %. For the PET-bottles
without a deposit the recycling-rate is 93.6 %. The deposit of 25 cent has to be on every plastic
bottle which has a volume between 0.1 and 3 litres and have a one-way-use. They are labelled
with the logo of the DPG, which is shown on Figure 4.

Fig. 4: DPG —logo [15]

This high PET-return is due to the consumers, which are bringing back 96 % of the plastic
bottles. Also, bottles thrown-away in the waste are filtered out, and brought back to the
recycling route.
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4.5. Recycled PET-bottles usage

New PET-bottles were made from more than 26 % recycled PET-materialin Germany in 2013.
In this example of the recycled PET-bottles usage the lifecycle of PET-bottles is closed. Other
sectors too are increasingly using the recovered material of plastic bottles. Recycled PET is
used in the textile industry, in the foil industry or for other applications, such as ribbons or
detergent packaging, with the exact values shown in Table 1.

Tab. 1: Sectors using the PET from recovered bottles [16]

Recovered | PET- Textile Foil Other
PET used | bottles | industry | industry
for: 321% | 29.4% 273% | 11.2%

According to the increased usage of the recycled PET the deposit system on PET-bottles in
Germany has proved to be a huge gain in conserving resources.

5. CONCLUSION

Recycling is a promising strategy for the end-of-life management of plastic products. Slowly,
but it does make increasing economic sense, as well as an undoubtful positive environmental
impact. Recent trends demonstrate a substantial increase in the rate of recovery and
recycling of plastic wastes. These trends are likely to continue, but some significant
challenges still exist from both technological factors and from economic or social behaviour.

The recycling of plastics is a very important issue in the modern society, with aims to the
reduction of waste on the landfills and saving the environment. Material recycling is the most
efficient way of recycling, with less energy or feedstock lost as compared to incineration.

Finally, the common people thinking should evolve, from a throwing-away to an exchange-
community.
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Sazetak

Tema znanstvenog rada ima za cilj analitickom metodom kolorimetrije ispitati dinamicki mehanizam reverzibilnosti
termokromne (TK) tiskarske boje na recikliranoj tiskovnoj podlozi. Kolorimetrijski parametri dobiveni provedenim
eksperimentom interpretacija su rezultata prikupljenih spektrofotometrijskim mjerenjem atributa difuzne refleksije
svjetlosti sa povrsine ispitivanog uzorka. Uzorak papira koristen u istrazivanju je 100% reciklirani papir sa apliciranom
reverzibilnom termokromnom tiskarskom bojom poznatih fizikalnih svojstava. Otiskivanje reverzibilne TK boje na tiskovnu
podlogu izvrsilo se ofsetnom tehnikom tiska. Tijekom provodenja eksperimenta uzorak se ponajprije izlagao kontinuiranom
povecanju toplinske energije unutar temperaturnog ranga od 15 °C do 60°C. Netom nakon postizanja najvise
eksperimentom odredene temperature kojoj se ispitivani uzorak izlagao, zapocela je druga faza procesa u kojemu se uzorak
podvrgnuo hladenjem sustava sa dostignutih 60°C do 15°C. Preciznost regulirane i distribuirane temperature definirana je
u 1°C. Boja TK otiska ovisi o temperaturi kao i o termalnoj povijesti uzorka, sto ima za posljedicu histerezu boje. 1z L*(T)
histereze odredene su Cetiri karakteristi¢ne temperature za TK otisak. Povrsina histereze L*(T) ukazuje na razlike u svjetlini
(AL*) koje se deSavaju u TK otisku za vrijeme procesa zagrijavanja i hladenja pri istoj temperaturi. U idealnim bi uvjetima
povrsina histereze bila jednaka nuli Sto bi ukazivalo na potpuno jednaka zabiljeZzena svojstva svjetlosti u procesu zagrijavanja
i hladenja na jednakim temperaturama. U ovome eksperimentu histereza je opisana razlikom svjetlina izmedu dvije boje,
na jednakim temperaturama medusobno razlicitih procesa.

Kljuéne rijeci: termokromna boja, papiri, karakteristicne temperature, svjetlina
Abstract

The aim of this research is to investigate the dynamic mechanism of reversibility based on the measurement of diffused
reflection from the surface of 100% recycled paper, on which thermochromic printing ink was applied. The colorimetric
parameters are found using the colorimetric method and are an interpretation of the results gathered through
spectrophotometric metering and quantitative data analysis. The studied paper sample is 100% recycled paper with
reversibile thermochromic printing ink with known phisical properties. The reversibile thermochromic ink was delivered via
offset printing technique. During experiment execution studied paper had been treated with constantly increased
temperature according to thermal energy distributed to the system. The sample was heated from the 15 oC to 600C and
then cooled back to 150C. Regulated and distributed temperature is defined in 1°C. The colour of the ink was dependent on
temperature as well as the thermal history of the sample, which gives rise to colour hysteresis. Four characteristic
temperatures were determined from L*(T) hysteresis. The differences in light intensity (AL*) that occur on the TC print
during the process of heating and cooling at the same temperature, indicate the surface of thermal hysteresis. In ideal
conditions the surface of thermal hysteresis would be equal to zero, which would indicate same collected parameters of
light in the process of heating as well as in the process of cooling. This research describes thermal hysteresis as a difference
in light brightness between two recorded colors, measured on equal temperatures but different processes.

Key words: Thermochromic ink, paper substrates, colour hysteresis
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1. UVOD

Boja kao elementarni fenomen u osnovi je rezultat aktivne i pasivne komponente svijetlosti, fizikalnih
karakteristika povrsine objekta s kojim svijetlost medudjeluje, individualnog senzornog sistema,
spektralne vrijednosti (opisana broj¢anom vrijednosti energije zracenja), ili moze potjecati od
svijetlosti koju tijelo samo emitira (zbog poviSene temperature, elektronske ekscitacije). Boja u
pojavnom svijetu ne postoji kao samostalni fizicki objekt, vec je to pojava koja objedinjuje mnoga
fizikalna svojstva mjerljiva adekvatnim uredajima definiranih normativa, standardnog izvora svjetla,
standardnog promatraca kako bi se dobili objektivni podaci o ispitivanoj tvari, materijalu ili objektu.
Svijetlost na kojoj se temelji cijeli koncept boja, predstavlja vidljivi opazajni dio elektromagnetskog
spektra u rasponu frekvencije aproksimativno od 400 do 800 10° Hz. Ovim radom ispituju se
kolorimetrijska svojstva termokromne tiskarske boje aplicirane na recikliranoj papirnoj tiskovnoj
podlozi (Slika 1). Eksperiment se izvodi u laboratoriju ispitivanjem uzorka osvjetljavanjem
integracijskom sferom. Promatranje i zapazanje uzorka je ravnomjerno iz svih smjerova. Ulazni
parametri istrazivanja su reciklirani papir, jedna reverzibilna termokromna tiskarska boja, standardni
promatra¢ prema CIE kolorimetrijskom sistemu, standardni iluminant s pripadnom spektralnom
raspodjelom S(A), faktor spektralne refleksije svjetla od promatranog objekta R(A). Mjerenjem
difuzne refleksije odreduju se jednoznacne mijerljive fizikalne veli¢ine u CIELAB prostoru boja,
ispitivanog uzorka pri temperaturama u rasponu od 15°C do 60°C za vrijeme zagrijavanja te na istim
temperaturama hladenjem do 15°C.

£los

Slika 1. Uzorak 100% recikliranog papira sa apliciranom TK bojom na 30°C

Termokromne tiskarske boje s mehanizmom reverzibilnosti omogucuju Siroku primjenu u grafickoj i
tehnoloskoj industriji. Sukladno s modernizacijom na Sirokom spektru stru¢nih podru¢ja kao i novim
znanstvenim postignuc¢ima, implementacijom novih tehnologija sloZzenim proizvodnim procesima
nastaju materijali sa svojstvima poboljsanja kvalitete finalnog proizvoda u vidu pruzanja informacija
o finalnom proizvodu u realnom vremenu. Inovativna tehnologija kojom se proizvod u konacnici istice
na prenapucenom trzistu jest jos jedna od specifi¢nih karakteristika koju takvi materijali pruzaju [4].
Kolorimetrijskom analitickom metodom postignuta je obrada svih relevantnih podataka za izradbu
krivulja refleksije u ovisnosti o faktorima temperature, tiskovne podloge ispitivanog uzorka, i
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termalnoj povijesti. Daljnjom obradom podataka iz grafickih prikaza krivulja pronalazimo Cetri
karakteristi¢ne temperature aktivacije na pozicijama tocaka infleksije za jedinstveni uzorak.

Slika 2. Postignuta temperatura prilikom procesa zagrijavanja ispitivanog uzorka
2. TEORIJSKI DIO
2.1 Kromogenost

Kromogene tiskarske boje se odlikuju distinktivnim svojstvom promjenjivosti obojenja u ovisnosti o
podrazajima iz okoline. Kromogeni materijali su stoga u izravnoj interakciji s vanjskim ¢imbenicima
koji svojim djelovanjem na kromogeni materijal izazivaju reakciju promjene obojenja Sto uvelike
doprinosi prijenosu informacije. Poznavajudi karakteristike kromogenog materijala i njegovog
specificnog odgovora na stimulus, u mogucnosti smo u realnom vremenu odrediti neke od fizikalnih
svojstava tvari koja je s kromogenim materijalom dosla u doticaj. Podjela kromogenih boja prema
kriteriju uzroka razlicitih vanjskih podrazaja [2].

Osim prema kriteriju uzroka fizikalne promjene obojenja prema vanjskom podrazaju, vrsi se podijela
prema kriteriju trajanja same promjene, pa se prema njoj kromogene boje dijele na reverzibilne i
ireverzibilne boje. Obzirom da bilo kakva promjena ili odmak neke od tristimulusnih vrijednosti boje
opisuje promjenu u nijansi, reverzibilne boje tijekom procesa obojenja i obezbojenja mijenjaju nijansu
boje, dok ireverzibilne boje zadrzavaju promijenjenu nijansu boje i po prestanku djelovanja uzroka
promjene boje [2].

2.2 Termokromni materijali

Termokromnost je specificna sposobnost tvari, atomske skupine ili materijala na promjenu svog
optickog stanja. Termokromne mehanizme djelimo prema kriteriju trajanja na reverzibilne
(viSekratnaitemporalna promjena u boji) i ireverzibilne (jednokratna i permanentna promjena u boji).
Tiskarske boje s inkapsuliranim termokromnim kompleksnim sustavima mogu imati razlicite
karakteristicne temperature aktivacije, temperaturni raspon u kojem termokromne komponente
aktivno reflektiraju vidljivu svijetlost odredene valne duljine.

311



S fizikalnog stanovista porijeklo termokromnog efekta moze biti raznoliko. Moze se pojaviti
kao karakteristika promjene u refleksiji svjetlosti, apsorpciji ifili rasprSenju s temperaturom.
Termokromni sustav ima memoriju, odnosno nije moguce predvidjeti izlaz bez poznavanja puta
kojim se doSlo prije postizanja trenutnog stanja. Takav fenomen naziva se histereza [4].
Termokromni materijali pripadaju nekolicini fizikalnih sustava s histerezom (Slika 4).

Kvalifikacijom boje dobivaju se relevantne brojcane vrijednosti koje definiraju ispitivani
uzorak i omogucuju podudaranje boja upotrebom raznih mjernih uredaja. Primjenjena kolorimetrija
broj¢ano izrazava razliku dviju boja, Sto sluzi za izradbu normi i dopuStenih odstupanja pri
proracunavanju smjese bojila ili pigmenata koja u proizvodnji u odredenim uvjetima reproducira
zeljenu boju. Ulazni parametri definirani prije pocetka izvodenja mjerenja su: izvor svjetlosti i
pripadaju¢i iluminant (vrsta svijetlosti), standardni promatra¢, geometrija promatranja.
Kolorimetrijsko mjerenje se temelji na fotoelektric(nom mjerenju intenziteta upadne i prolazne
svjetlosti kroz ispitivani uzorak. Utjecaj svjetlosti na ispitivani uzorak podvrgava se nacelima Lambert
- Beerovog zakon.

Standardni promatrac je statisticki podatak dobiven nizom mjerenja u kojima su sudjelovali
ljudi dobrog vida i bez deformacija videnja boja. Standardi se definiraju kako bi se osigurao
univerzalni sustav uvjeta koji trebaju biti zadovoljeni prilikom promatranja i analiziranja boja. Na taj
nacin omogucdeno je valoriziranje boja razradenom poznatom metodom diji su ulazni parametri
standardizirani i jednaki Sirom svijeta.

2.3 lzvor i vrste svjetlosti

Razlike izmedu izvora i vrste svjetlosti definirane su CIE definicijama.

Pojam izvora svjetlosti (eng. Light source) predstavlja fizicki izvor za realizirano zralenje (svijeca,
Sunce itd.) koje moze biti izrazeno i broj¢ano sa spektralnom energijom zracenja ovisno o valnoj
duljini.

Vrsta svjetlosti (eng. llluminant) interpretirana je nizom brojeva (ovisnost relativne energije zracenja
o valnoj duljini) koji predstavljaju odredenu vrstu bijelog svjetla i koristi se u software-u uredaja za
mjerenje boja [11].

2.4 Reciklirani papir

Za proizvodniju recikliranog papira koriste se sekundarne sirovine (stari papir). Stari se papir moze
uspjesno reciklirati 3 do 5 puta zahvaljujuci deinking postupku (djelomi¢nom odstranjivanju boje s vec
otisnutih vlakanaca). Proizvodnja recikliranog papira sve vise raste. Svojstva recikliranog papira ovise
o gotovo svakom dijelu postupka prerade. Zato se tijekom ¢itavog postupka kontroliraju uzorci kako
bi se dobila zadovoljavajuca kvaliteta papira. Visekratna upotreba starog papira stedi druge sirovine
(drvo, vodu, energiju) Sto pojeftinjuje proizvodnju novog papira. Reciklirani papir koristi se za
tiskovine bez trajne vrijednosti (knjige za jednokratnu upotrebu, jednobojni tisak [10].

3. EKSPERIMENTALNI DIO

3.1 Termokromna tiskarska boja
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Prilikom izvodenja istrazivanja koristila se termokromna tiskarska boja za ofsetnu tehniku tiska
(proizvoda¢ CHAMELEON). Prema proizvodacu termokromnu tiskarsku boju opisuje karakteristi¢na
temperatura aktivacije (Ta) 27°C.

3.2 Tiskovna podloga

U istraZivanju se koristio reciklirani papir kao tiskovna podloga. Reciklirani papir se sastoji od 100%
recikliranih vlakanaca.

3.3 Tehnika tiska

Prije otiskivanja termokromne tiskarske boje na uzorak papira, svojstva termokromne boje testirala
su se na instrumentu IGT A2 za odredivanje kvalitete obojenja otisnutog materijala, gustoce
obojenja, odredivanje kvalitete tiska i penetracije tiskarske boje. Tijekom apliciranja boje na uzorak
koristilo se 3 cm3 termokromne tiskarske boje. Debljina nanosa TK boje iznosi oko 24 pum. Sila pritiska
¢ijim djelovanjem se vrsilo otiskivanje iznosi 550 N/cm? (Slika 3).

Slika 3. Instrument za odredivanje kvalitete obojenja otisnutog materijala brzine otiskivanja 1,35/ 3,5
m/s i sile otiskivanja 100 - 800 N

3.4 Geometrija pri mjerenju vrijednosti boje

Godine 1931. CIE je definirala standardizirane geometrije mjerenje pri kojima se vrse instrumentalna
kolorimetrijska mjerenja. Reflektirana svjetlost s povrsine uzorka, iz koje se generiraju podaci o
vrijednostima boje ovise o uvjetima gledanja, tj. ovise o kutu promatranja i kutu osvjetljavanja. Kut
pod kojim promatrana svjetlost dolazi u interakciju s objektom i kut pod kojim se biljezi reflektirano
svjetlo s objekta, naziva se optickom geometrijom.
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Slika 4:. USB200o+ spektrometar raspona od 200 - 1100 nm, opticke rezolucije od 0,3 - 10 nm i vremenom

integracije 1ms - 655

Kolorimetrijska svojstva termokromne boje mijerile su se Ocean Optics USB20ooo+
spektrofotometrom (Slika 4) s kompatibilnim kompjuterskim programom Optics SpectraSuite za
generiranje numerickih L*, a*, b* i C* vrijednosti iz detektiranih spektralnih refleksija u rasponu od
400—700 nm. Vrsta iluminanta definirana prema CIE standardu je D50 kojeg odreduje kut od 2° (usko
vidno polje) idealnog standardnog promatraca. Integracijska sfera dijametra 50 mm koristena je za
osvijetljavanje uzoraka ravnomjerno iz svih smjerova i detekciju difuzno reflektiranog svjetla s
uzoraka. Sfera je premazana s tvari koja visoko difuzno reflektira svjetlo (npr. barijev sulfat - BaSO,).
Tijekom mjerenja refleksije integracijska sfera skuplja i detektira ulazno zracenje. Pregrade koje se
nalaze u sferi spreavaju da direktne zrake s izvora zralenja stignu do otvora na kojem se vrsi
mjerenje. Kod ovakvih uredaja pri mjerenju boje zrcalna refleksija moze biti isklju¢ena ili uklju¢ena. U
sluaju da Zzelimo ukljuciti spektralnu komponentu reflektiranog svjetla u mijerenju, tada
reflektirajuc¢a povrsina s istom refleksijom kao i stjenka sfere moraju biti smjestene u zrcalnoj slici
mjernog otvora. Ako zelimo iskljuciti komponentu sjaja, crna zamka se treba smjestiti na otvor
umjesto na reflektirajucu povrsinu. Ako nas zanima stvarna boja, tada mjerimo s ukljucenim sjajem.
U ovom istrazivanju koristila se integracijska sfera sa uklju¢enim sjajem (8°/di) (Slika 5) [4].

Osvjetljavanje
1' |
r=ars5s |\ L
o
Integracijska II".I | I,-" :;.'1 Detektor
sfera |,I ".II : I, ES

\ I",IIII'L;I-'I.I -f.>/;,."

8%:di
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Slika 5. Shematski prikaz koriStenog sustava sa integracijskom sferom opisne specifikacije n:D (8°/di)

3.5 Sustav zagrijavanja i hladenja

Ispitivani uzorak TK otiska izlagao se toplinskoj energiji kako bi u termokromnoj tiskarskoj boji bio
aktiviran mehanizam vizualno zapazljiv promjenom obojenja tiskarske boje. Uzorak se zagrijavao
pomocu Full Cover water block (EK Water Blocks; Slovenia). Temperatura povrsine bakrene plocice je
varirala kao posljedica cirkulacije zagrijavane vode u cijevima podno povrsine plocice. Temperatura
cirkulirajuce vode kontrolirala se i regulirala pomocu termostata i komandne jedinice. Preciznost
regulirane i distribuirane temperature definirana je u 1°C. Prilikom procesa zagrijavanja uzorak se
izlagao temperaturnom nizu od 15°C — 60 “C u intervalima od po 2°C prilikom zagrijavanja uzorka od
15°Cdo 19°C, zatim u intervalima od 1°C sve do postignute temperature u iznosu od 35°C, nakon ¢ega
se vrsilo kolorimetrijsko mjerenje za svakih 5°C temperaturne razlike dok se nije postigla najvisa
hipotezom odredena temperatura od 60°C. Uzorak je prilikom procesa hladenja prolazio kroz
jednake temperaturne vrijednosti istih intervala izmjene temperature do dostignutih 15°C. Brzina
zagrijavanja/hladenja je bila aproksimativno o,5°C/min. Ispitivana termokromna boja na nizim je
temperaturama opisana nijansom plave boje dok pri izloZenosti visSim temperaturama (> Ta) dolazi
do otapanja otapala i popratnih manifestacija u pogledu nastupanja obezbojenja uzorka. Ispitivana
se termokromna boja zagrijavanjem (> Ta) na svim uzorcima papira obezbojila, a ponovnim
hladenjem zadobila nijansu plave.

4. REZULTATI

CIELAB vrijednosti i krivulje spektralne refleksije termokromne tiskarske boje na
recikliranom papiru

Kako bi se prikazalo kako termokromna tiskarska boja mijenja svoje stanje, odnosno boju, na
razlicitim temperaturama koristeni su prikazi krivulja spektralne refleksije kao i CIELAB sustav boja.

Tablica 1:. CIELAB vrijednosti recikliranog papira bez aplicirane TK boje (23°C)

100 R papir 88.7 0.4 0.4 0.5

Tablica 2.: CIELAB vrijednosti pri zagrijavanju i hladenju uzorka recikliranog papira s TK otiskom
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Slika 6. Krivulje spektralne refleksije pri izlaganju TK otiska na recikliranom papiru postepenom
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Slika 7. Krivulje spektralne refleksije pri izlaganju TK otiska na recikliranom papiru postepenom
smanjenju temperature (60°C - 15°C)

Kao sto je vidljivo iz krivulja spektralnih refleksija, termokromni uzorak izgubio je svoju boju
tijekom zagrijavanja i ponovno ju zadobio tijekom hladenja. Tijekom procesa zagrijavanja i hladenja
nisu zamijecene isprekidane i nagle promjene vec su oba procesa kontinuirana. Takoder, vazno je
istaknuti da refleksije spektrofotometrijskih krivulja nisu iste na istoj temperaturi tijekom
zagrijavanja i hladenja. Rezultati pokazuju da obezbojenje termokromnih uzorka nije potpuno niti na
najvisim temperaturama koje su primijenjene u eksperimentu, a koje su daleko iznad temperature
aktivacije. Na krivuljama spektralnih refleksija moze se zapaziti da uzorak TK boje ne doseze
spektralnu refleksiju papira na koji je otisnut (Yelowness).

Karakteristicne temperature

Slike prikazuju L* vrijednosti TK uzorka dobivenih zagrijavanjem od 15°C do 60°C i hladenjem do 15
°C. Proces obezbojenja prikazan je pomocu Tz i T2, poletnom akromatskom i zavrsnom
akromatskom temperaturom, odnosno reverzibilnom reakcijom pomocu T3 i T4, pocetnom
kromatskom i zavrSnom kromatskom temperaturom. Karakteristine temperature predstavljaju
tocke u koordinatnom sustavu grafickog prikaza koje opisuju nastupanje procesa obezbojenja i
obojenja [10].

Proces zagrijavanja oznacavaju elementi crvene boje i linija koja ih povezuje jednake boje. Proces
hladenja prikazan je elementima ljubicaste boje i linijom jednake boje koja ih povezuje.
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Slika 8. Karakteristi¢ne temperature TK otiska na recikliranom papiru

T1(23,1°C), T2 (27,5 °C), T3 (24,5 °C), T4 (20,4 °C)

Reverzibilni termokromni proces ovisi o temperaturi koja se moze prikazati kao funkcija
promjene u svjetlini L* u ovisnosti o temperaturi. Obezbojenje uzorka postize se ubrzo iznad
aktivacijske temperature (TA) pri ¢emu vrijednost L* ostaje otprilike ista s ve¢im porastom
temperature. Obrnuti proces desava se tijekom hladenja, ali na nesto nizim temperaturama. Cijela
L*(T) krivulja ima oblik petlje. Takvi rezultati pokazuju da boja termokromnog uzorka ne ovisi samo
o temperaturi, vec¢ i o termalnoj povijesti, tj. da li je odredena boja postignuta tijekom zagrijavanjaili
tijekom hladenja uzorka. Podrucje povrsine definirane s dvije putanje pokazuje koliko je boja sli¢na
dok uzorak prolazi kroz ciklus zagrijavanja i hladenja. Kada bi putanje bile identi¢ne, povrsina bi bila
jednaka nuli. Vece povrsine dobivenih histereza pokazuju da je doslo do vece razlike u boji koje se
desavaju na uzorku za vrijeme procesa zagrijavanja i hladenja.

Karakteristi¢ne temperature moguce je odrediti iz bilo kojeg dvodimenzionalnog grafa koji prikazuje
histerezu boje, a*(T), b*(T), L*(T) ili C*(T). Svi ovi grafovi daju prakticki iste karakteristicne
temperature.

5. ZAKLJUCAK

Polazeci od hipoteze, provedbom kolorimetrijskog mjerenja adekvatnim mehanickim instrumentima
u laboratoriju Grafickog fakulteta, dobiveni rezultati obradivani su u za to kompatibilnoj programskoj
jedinici ¢ime e se modi nastaviti s daljnjim istrazivanjima. Instrumentalnim istrazivanjem,
analiziranjem i obradom podataka utvrdeno je da se na razli¢itim tiskovnim podlogama TK boja
ponasa slino. Boje koje su detektirane prilikom zagrijavanja sustava nisu jednake onima
detektiranima prilikom hladenja, pri jednakoj temperaturi kojoj su se ispitivani uzorci podvrgavali.
Provedenim istrazivanjem dinamickih karakteristika termokromne tiskarske boje nastojala se utvrditi
mogucnost promjene karakteristika termokromne tiskarske boje uslijed interakcije s razlicitim
komponentama sastavnica papira kao tiskovne podloge. Oblik histereze boje opisuje se sa Cetiri
karakteristicne temperature, koje su slicne na razli¢itim tiskovnim podlogama. Ovo istrazivanje
pokazuje da postoji izraziti potencijal ovakvog pristupa odredivanju ponasanja TK boje i njene
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inetrakcije s podlogom, te ce biti nastavljeno s vise razli¢itih podloga uz kompleksniji matematicki

opis.
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