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BUDOUCNOST ORGANICKYCH PIGMENTU
ZE SORTIMENTU SYNTHESIE S OHLEDEM NA LEGISLATIVU EU

THE FUTURE OF ORGANIC PIGMENTS IN SYNTHESIA’S ASSORTMENT
IN VIEW OF THE EU LEGISLATION

1IZAK J.
Synthesia, a.s. — SBU Pigmenty a barviva

Summary

Company Synthesia is one of the last manufacturers of organic pigments and dyes in Europe. Synthesia has
long-time experience in sales on the advanced markets in Europe and the USA. Synthesia provides customers
with top quality technical service and significant legislative support as well. Synthesia has already registered
140 substances and raw materials according to REACH, mostly for the segment of organic pigments. We know

and fulfil all obligations arising not only from REACH, but also from other related legislative requirements,

such as CLP. Synthesia intends to produce and offer a stabilized and defined portfolio of organic pigments in the
highest quality according to both EU legislation and end-users’requirements in the future.

Key words
Organic pigments, REACH, ETAD, registration

Synthesia aktivné pracuje na registracich REACH uz od r. 2008. V sou¢asné dobé¢ mame registrovano jiz
vice nez 140 latek a surovin v souladu s pozadavky REACH, pfedevs§im organickych pigmenttil a polotovarii (me-
ziproduktit) pro jejich vyrobu. Celkové naklady Sy zatim dosahly témét 90 mil. K&. Nové informace ziskané pfi
registracich byly zahrnuty do bezpe¢nostnich listli a komunikovany smérem k zakaznikiim. V posledni tieti fazi
registraci, ktera potrva do roku 2018, se Synthesia zaméfuje pfedevsim na registraci organickych barviv, ale je také
dokoncovana registrace téméf vsech zbyvajicich organickych pigmenti.

ETAD

ETAD je sdruzeni vyrobct barviv a pigmentt (viz zkratka anglického nazvu = Ecological and Toxicological
Association of Dyes and Organic pigments Manufacturers). Cleny jsou vsichni vyznamni svétovi virobci organic-
kych pigmenti a hlavni hraci na trhu (BASF, Clariant, SUN Chemical atd.). Synthesia je clenem ETAD od r. 2004.

Natizeni REACH a vliv na vyrobu organickych pigmenti

REACH (Registration, Evaluation, Authorization and Restriction of Chemicals) je natizeni EU platné od
1.6.2007. Upravuje vyrobu a pouziti chemickych latek a jejich potencialni vliv na lidské zdravi a zivotni prostredi.
Natizeni REACH stanovuje regulace pro dovoz latek, materialii a vyrobkt do EU. Zakladnim pfedpokladem vét-
Siny postupt podle natizeni REACH je jednoznacna identifikace latky.

V ramci REACH Synthesia vyuzila moznost pfedbézné registrace a do 1.12.2008 piedregistrovala u Evrop-
ské chemické agentury (ECHA) vSechny vyrabéné organické pigmenty a polotovary v mnozstvi 1 t/rok a vétSim.
Ziskala tak Cas na pfipravu kompletni dokumentace vyzadované pro registraci. Konkrétni termin fadné registrace
zalezi na vyrabéném mnozstvi latky a na jejich o¢ekavanych nebezpecnych vlastnostech (viz tabulka €. 1).

Tab. 1. — Lhiity registrace pro pi‘edbéZné registrované latky

Lhiita registrace Specifikace latky

Nejpozdéji do 30.11.2010 | Latky karcinogenni, mutagenni nebo toxické pro reprodukci, kategorie 1 nebo 2,
v mnozstvi 1 t/rok a vétsim

Latky vysoce toxické pro vodni organizmy s moznosti vyvolani dlouhodobych
neptiznivych G¢inki ve vodnim prostiedi, v mnozstvi 100 t/rok a vét§im

Ostatni latky v mnozstvi 1000 t/rok a vétsim

Nejpozdégji do 31.5.2013 Latky v mnozstvi 100 t/rok a vét§im
Nejpozdéji do 31.5.2018 Latky v mnozstvi 1 t/rok a vétsim
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Diky dlouhodobé spoleéné piipravé na REACH mohli ¢lenové ETAD zalozit uz v prvni fazi sedm konsorcii
a v druhé fazi pak dalsich vice nez 10 konsorcii pro vétsinu organickych pigmentd na trhu. Pti zvazovani variant
postupu registrace Synthesia vybrala jako optimalni strategii kombinaci vstupu do konsorcii a nakup dossieri od
hlavniho registranta. Vyhodou vstupu do konsorcii je vyznamna tspora nakladi, ziskani aktualnich informaci
a uplatnéni vlastnich testll. Nevyhodou je nutnost plateb jesté pred terminem povinné registrace.

Tab. 2. — Clenstvi Synthesie v konsorciich

Konsorcium Pro latky HIlavni registrant
PY. 74 PY 74 Clariant
Acetolone PY 151, PY 154, PY 181, PO 36 Clariant
Monoazo Yellow PY 1,PY 3,PY 111 Clariant
Monoazo Red PR 4 SUN Chemical
Naphthol AS PR 2, PR 170, PR 188 Clariant
Naphtholone PR 176 Clariant
Metal Lakes I PR 48:3, PR 57:1, PR 57:Sr BASF
Metal Lakes II PY 62, PY 168 / * PY 61 BASF / * Synthesia
Disazo Yellow PY 93, PY 95, PY 128, PY 155/ * PY 94 BASF / * Synthesia
Disazo Red PR 144, PR 166, PR 214, PR 242 BASF

U vybranych pigmenti PY 139, PY150, PY 183, PR 177, PB 15:1 a PG 7 je Synthesia ucastnikem pfislus-
nych SIEF (Substance information exchange forums) a data byla nakoupena od hlavnich registrantii. Synthesia
je hlavnim registrantem pro disazokondenzacni zlut' PY 94, monoazo lak PY 61 a mozna bude pro monoazo zlut
PY 4. Pro pigmenty PY 191, PY 192, PR 254 a PR 255, uvadéné jako ELINCS latky, podala Synthesia samostat-
nou registraci s potiebnymi testy. ELINCS latky (= European List of Notified Chemical Substances) jsou ,,nové*
latky, u kterych je po prekroceni vyroby v mnozstvi nad 1 t/rok nutna okamzita registrace.

Synthesia v prvnich 2 fazich procesu registrace REACH do r. 2015 registrovala 29 pigmentt. U dalsich 12
pigmentl probiha proces registrace, ktery by mél byt ukoncen jesté v r. 2016. Vynalozené naklady na registraci
pigmentu z palety Versal budou k 31.12.2016 ¢init vice nez 40 mil. K¢. V letech 2017-2018 pocitame s registraci
dalsich minimaln¢ 15 pigmentt s naklady vice nez 12 mil. K¢. K 31.5.2018 budeme mit registrovany vsechny pig-
menty ze sortimentu Synthesie s produkci nad 1 t/rok s vyjimkou Versalového borda F2R (PR 12). Pfedpokladané
celkové naklady na registraci organickych pigmenti pro Synthesii pfesahnou 50 miliond K¢.

vUOS, a.s.

Synthesia je schopna zajistit pro sebe, ale i pro dalsi potencialni zajemce, dostate¢nou kapacitu pro testovani
chemickych latek, nebot’ je 100% vlastnikem spole¢nosti VUOS, a.s., akreditované instituce na poli vyzkumu
a vyvoje. CETA — Centrum pro ekologii, toxikologii a analytiku, sougast VUOS — ma opravnéni pro ekologické,
toxikologické a analytické zkousSeni chemickych latek. Tento utvar provadi prakticky vSechny potfebné experi-
mentalni prace spojené s registraci REACH a v dalSich oblastech (expertni, administrativa) spolupracuje.

SVHC latky a proces autorizace podle nafizeni REACH

Latky vzbuzujici velké obavy, tzv. SVHC latky (Substances of Very High Concern) jsou identifikovany
v souladu s kritérii nafizeni REACH (¢lanek 57). Jedna se o latky:

. CMR (latky karcinogenni, mutagenni nebo toxické pro reprodukei) — latky, které spliuji kritéria pro
klasifikaci kategorie 1 a 2 podle Smérnice 67/548/EHS,

. PBT (latky persistentni, bioakumulativni a toxické) nebo vPvB (latky velmi persistentni velmi bioaku-
mulativni) — latky, které spliji kritéria uvedena v ptiloze XIII Natizeni REACH.

Cilem procesu autorizace je SVHC latky postupné nahradit vhodnymi alternativnimi latkami nebo technolo-
giemi, a to v piipadé¢, ze toto nahrazeni je z hlediska finan¢niho a technického mozné.

12
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Identifikace latky jako SVHC a jeji zafazeni na kandidatsky seznam latek (pfiloha ¢. XIV natizeni REACH)
je prvnim krokem procesu autorizace. Na aktualnim kandidatském seznamu dostupném na webovych strankach
ECHA je uvedeno 168 latek. Limit obsahu SVHC latky v kone&ném vyrobku je 1000 ppm (0,1 %). Zadny z nagich
organickych pigmentl nespada do kategorie SVHC latek a obsah necistot u vech pigmentt spliiuje stanoveny
limit.

Bezpecnostni list (BL)

Synthesia revidovala a aktualizovala bezpecnostni listy = Safety Data Sheets (SDS) pro vSechny vyrobky
v souladu s Nafizenim EU ¢. 830/2015. Prestoze je Synthesia povinna zasilat BL pouze k nebezpecnému zbozi,
poskytuje zakaznikiim BL ke kazdé dodavce, ptip. na vyzadani.

CLP

Naftizeni Evropského parlamentu a rady (ES) ¢. 1272/2008 definuje zptisoby klasifikace, baleni a oznaco-
vani latek a smési. Nafizeni CLP (Classification, Labelling and Packaging) vstoupilo v platnost v lednu 2009
a zpusob klasifikace a oznacovani chemickych latek, ktery zavedlo, vychazi z globalné harmonizovaného systému
Organizace spojenych narodi (GHS). Natizeni CLP zajist'uje, aby nebezpecnost chemickych latek byla sdélovana
pomoci standardnich H a P vét a vystraznych symboli na Stitcich a v bezpe€nostnich listech.

Vsechny pigmenty ze sortimentu Synthesie jsou smési. Synthesia plni vSechny pozadavky podle tohoto na-
fizeni.

Zavér

Synthesia jako jeden z poslednich vyrobcii organickych pigmentl v Evropé hodla nadale vyrabét a nabizet

stabilizované a definované portfélio organickych pigmentti v nejvyssi kvalité tak, aby plnila jak pozadavky legisla-
tivy EU, tak i pozadavky svych zakaznikt.
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NAVRH NA HARMONIZOVANOU KLASIFIKACI TIO,
VE SVETLE REALNYCH RIZIK

TI0, HARMONIZED CLASSIFICATION (CLH) PROPOSAL
IN THE LIGHT OF REAL RISKS

PIKAL P., MIKULIK P.

Precheza a.s. Prerov

Summary
Our paper deals with situation arisen from proposal to ECHA to classify TiO, as carcinogenic material.
We describe probable sequence of further steps, what could be the results of whole process and what impact
of each result would be on producers and consumers. We tried to consider, what are main sources and bases for
such proposal and novelty of these sources.

Key words
TiO,, carcinogenicity, EU legislation process

Uvod

Mezi v§emi pigmenty ma bily pigment zvlastni postaveni, neabsorbuje viditelné svétlo a jeho opticky ucinek
je tak dén vyhradné rozptylem svétla na ¢asticich pigmentu. V historii se jako bily pigment pouZzivalo n€kolik
latek — kifda (uhli¢itan vépenaty), olovnata béloba (2 PbCO, Pb(OH),), zinkova béloba (ZnO), siran barnaty sa-
motny nebo ve smési se sirnikem zineCnatym a titanova bé€loba (TiO,). Vzhledem ke svym vlastnostem (stabilit€,
inertnosti, netoxicité, vysoké barvivosti) je v souc¢asné dobé titanova béloba nejpouzivanéj$im bilym pigmentem

Objev vyroby TiO, zanedlouho oslavi stoleté vyro¢i. Vznikl pfi zpracovani ilmenitové rudy, kdy TiO, byl
chépén jako vedlej8i produkt pii ziskdvani Zeleza. Zahy se zjistilo, ze TiO, miZe slouZit jako bily pigment a po
vylouceni olovnaté béloby kviili toxicité olova se TiO, stal zékladnim bilym pigmentem se sou¢asnym objemem
produkce blizko 6 mil. tun roéné. TiO, pigment ma vynikajici koloristické vlastnosti zejména z divodu vysokého
indexu lomu (nejvyssiho mezi komerénimi bilymi pigmenty). Po tvodnim objevu sulfatové vyroby, produkujici
prevazné anatas, nasledoval objev chloridové technologie, ktera umoziuje pouze produkei rutilu, a objev moznosti
vyrabét rutil i sulfatovou technologii.

Optické vlastnosti pigmentu jsou dany fyzikou interakce elektromagnetického zatreni s hmotou. Jelikoz
absorpce viditelného svétla je v pfipadé bilého pigmentu minimalni o optickych vlastnostech rozhoduje rozptyl
azteorie plyne, ze pro latku s ur¢itym indexem lomu existuje velikost ¢astic poskytujici maximalni rozptyl. Této
velikosti se v8ichni vyrobei snazi piibliZit a pro TiO, €ini pfiblizn¢ 150-200 nm. Zde je nutné podotknout, Ze se
jedna o rozmér urceny z Cetnostniho rozdéleni (méfeni elektronovym mikroskopem). Pigment tak v zadném piipa-
dé nespada do kategorie nanomaterialu tak jak zni jejich doporucena definice (2011/696/EU).

Samoziejme v procesu vyroby nelze presné kontrolovat velikost ¢astic a tak je urcity podil ¢astic vzdy nizsi
nez 100 nm. Jedna se zhruba o 10-40 % poctu ¢astic avsak z hlediska hmotnosti jde pfiblizné o jedno az dve
procenta. Piesto je mozné konstatovat, ze béhem 100 let vyroby bylo nezamérné vyprodukovano (a pouzito)
okolo 2-5 mil tun TiO, s velikosti ¢astic pod 100 nm. S hledanim dalSich aplika¢nich moZnosti (zejména pro
katalyzatory a pouziti v kosmetice jako UV absorbéry) byly vyvinuty materialy zamérné vyrabéné s vysokym
mérnym povrchem (az 300 m*g) a s primarnimi ¢asticemi pod 100nm, ale jejich vyroba je stale v Grovni okolo
1 % celkové produkce TiO,. Z uvedenych udaji plyne, Ze v piipadé TiO, se v zddném piipad¢ nejedna o n&jaky
novy material vznikly v posledni dobé¢ a ze pii vSech studiich pfipadné toxicity byly s pigmentovym materidlem
testovany i ¢astice pod 100 nm.

Komenta¥ k navrhu Kklasifikace

Navrh klasifikace CLH byl podan na ECHA v kvétnu tohoto roku ze strany ANSES (francouzska vladni
agentura pro bezpecnost potravin, zivotniho a pracovniho prostiedi) a ackoliv rozebira fadu, dle nazoru piedkla-
datelli, moZnych negativnich efektl TiO,, navrzena klasifikace se tyka pouze inhalace ¢astic, nebot’ jiny zpiisob
podani nevedl k vysledkiim, opraviujicim jakoukoliv klasifikaci. Navrh se také neopira o n&jaka nova zjisténi,
ale je zalozen na nékolika studiich provedenych mezi lety 1985-2010 [2,3,4,5,6]. Ac¢koliv autofi navrhu zminuji
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i dalsi studie, ve kterych nebyly nalezeny negativni efekty [naptiklad 7,8,9], jejich vysledky jsou zpochybnény,
hlavné proto, Ze podle autori navrhu nebylo pouzito dostate¢né koncentrace TiO, ¢i dostate¢né doby sledovani.
Stejné tak autofi navrhu sice zmifiuji epidemiologické studie [10,11,12], ale maji namitky k metodologii studii
i k tomu Ze ve studiich nebyly udaje o velikosti ¢astic.

Do 15. ¢ervence 2016 bylo mozné podat ptipominky k tomuto navrhu. Komentat podalo i sdruzeni vyrobct
titanové béloby TDMA a navrhuje ponechat TiO, bez klasifikace; celkem bylo komentéait 514. Z hlediska podpory
nazoru TDMA, tedy zadna klasifikace lze komentate rozdélit takto (Ano znamena podporu navrhu TDMA):

Tab. 1
Neutralni Ne Ano
Firma 5 0 339
Jednotlivec 0 1 42
MSCA* 2 7 1
Vetejné spolecenstvi/
Asociace** 3 0 114

* Member State Competent Authority — Obvykle organizace na urovni Statniho zdravotniho ustavu
** Sdruzeni vyrobcii nebo profesni organizace (SCHP)

Kromé zastupct nékterych ¢lenskych statti (MSCA) vétsina piipominek podporuje pozici TDMA, tedy po-
nechat TiO, bez klasifikace. Zjevn¢ je tedy zna¢ny rozdil mezi posouzenim relevance navrhu u MSCA a zbytkem
respondenttl. Dokonce i individualni pfipominky vS§echny az na jedinou podporuji pozici TDMA. VétSina pfipomi-
nek podporujicich stanovisko TDMA se tyka odbornych toxikologickych zalezitosti, pfipadné je v pfipominkach
zminéno, ze za dobu pouzivani nedoslo k zadnym negativnim zdravotnim komplikacim.

Co se tyce vyjadieni TDMA, tak zékladni namitky jsou:

. Epidemiologické studie (~ 24000 pracovnikil) neprokazaly vztah mezi exposici TiO, a vyskytem tumo-
i, pfi¢emz v navrhu chybi nejnovéjsi studie .

. Navrh se opira o vznik tumort pouze u krys (nikoliv u dalsich laboratornich zvitat) pfi vysokém za-
hlceni plic nebo pfi ptimé aplikaci aerosolu do dychacich cest coz neni fyziologicka cesta, ktera by se
mohla vztahnout na lidi.

. U krys fada studii prokazala, ze reaguji na zatizeni nerozpustnymi ¢asticemi jinak (silngji) nez jind
laboratorni zvitata, pfipadné primati nebo lidé.

. Nesouhlasi s tvrzenim v navrhu ANSES, Ze klasifikace TiO, pro mutagenicitu je neur¢ita (inconclusi-
ve). Rada studii, véetng projektu NanoGenotox poskytla negativni vysledky genotoxicity. Genotoxické
studie nebyly posuzovany dle jejich relevance a spolehlivosti (ECHA pravidla).

Lze najit ale i pfipominky jiného charakteru, naptiklad ze zvifata byla drzena na dieté 7500 mg/kg zivé vahy/
den coZ by pro 80 kg ¢lovéka znamenalo snist kazdy den asi 600 g TiO,. Soucasné i nékteré zminéné inhalacni stu-
die, které vedly k znatelnym efektiim [3] byly provadény za zna¢né nestandardnich podminek s koncentraci prachu
az 250 mg/m?’. Takova koncentrace prachu vede k extrémnimu sniZeni viditelnosti na hodnoty okolo 6 m, kdy na
tuto vzdalenost jiz nelze rozeznat ¢erny objekt na bilém pozadi [14]. Takova koncentrace je mozna v pfipadé ha-
varii, je ale naprostym nesmyslem uvazovat s moznosti chronického piisobeni. Obecné evoluce vyvinula piekazky
branici ¢asticim vstupu do plic, a pokud se tam jiz néjaké dostanou, existuji mechanismy na jejich opétné odstranéni
z organismu. Pokud jsou tyto mechanismy pietizeny, mize dochazet k negativnim efektiim, ale pii dodrzeni stava-
jicich limit (10 mg/m®) nemuze byt o pfetizeni fec.

Dalsi postup v FeSeni navrhu a mozné varianty

Dalsi postup je dan pravidly ECHA a EU. Risk Assessment Committee (RAC) ma celkem 18 mésict na vy-
pracovani posudku a doporuceni (pokud nebude navrh stazen). Po vypracovani posudku je navrh pfedan Evropské
komisi, ktera ma dalsi ¢as (obvykle 3-9 mésicti) na zpracovani posudku a pak nasleduje zafazeni CLH navrhu do
nafizeni CLP, pfilohy VI s pozadavky na implementaci.
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V ramci tohoto procesu jsou prakticky mozné vSechny varianty od klasifikace 1B az po zadnou klasifikaci.
Akceptace navrhu a zafazeni TiO, mezi karcinogeny 1B by znamenalo fadu problémii, které by mohly vést az
k vytlaceni priimyslu vyrébéjiciho a zpracovavajiciho TiO, z Evropy. Konkrétni vlivy pfi klasifikaci 1B jsou pre-
hledné uvedeny v nasledujici tabulce €. 2.

Tab. 2

Aplikace Legislativa Vliv

Znaceni TiO, a ptipadnych vyrobkl obsahujicich
Vsechny CLP Regulace (1272/2008/EC) | TiO, v nadlimitni koncentraci (0,1 % u klasifikace
1B a 1 % u klasifikace 2)*

Direktiva Carcinogens and Nahrazeni TiO, pfi uZiti, pokud nelze je tieba zajistit
Vsechny Mutagens at Work vyrobu v uzavienych systémech, pokud ani to nelze,
(2004/37/EC) je tieba snizit exposici

Odpad obsahujici vice nez 0,1 % TiO, bude charak-
terizovan jako nebezpecény (v piipad¢ klasifikace 2
se koncentrace zvysuje na 1 %), a nebude tak mozné
ho recyklovat

Direktiva Waste Framework
Vsechny (2008/98/EC, 1357/2014,
2000/532/EC)

Zakaz ptimého prodeje vetejnosti substanci klasi-
Vsechny REACH (1907/2006/EC) fikovanych jako 1A a 1B a smési obsahujicich tyto
latky v koncentracich nad specifikovany limit

* U znaceni vyrobkii pak nezalezi na tom v jaké oblasti (inhalacni, dermalni, oralni) byl pritomny
karcinogenni material klasifikovan

Samoziejme v oblastech jako je kosmetika, potraviny, farmacie a dalsi vyvstanou specifické problémy, je-
likoZ ptipadnd klasifikace miize vyustit v zdkaz jejiho pouZivani. VSichni vyrobci TiO, véetné Prechezy vyuziji
nasledujici obdobi k jednani s kompetentnimi autoritami, aby podpofili nase stanovisko, tedy zadna klasifikace.
Pokud piesto dojde ke klasifikaci 1B a nasledné k zafazeni TiO, do piilohy VI natizeni CLP a ptilohy XIV naiizeni
REACH piinese to velmi negativni dopady jak na vyrobce tak na spotiebitele.

Zavér

Ackoliv nedoSlo k zadnym novym zjist€nim ohledné toxicity TiO, nebo jeho negativnich vlivli na zdravi
nebo Zivotni prostiedi, byl vyvolan proces vedouci k moznému zatazeni TiO, mezi 169 substanci oznaCovanych
jako SVHC, mezi karcinogeny do spole¢nosti trichloropropanu, slou¢enin kademnatych, chromant a dalsich latek.
Stira se tak rozdil mezi latkami, které jsou skuteéné a prokazatelné toxické a ostatnimi latkami. V navrhu nejsou
uvedena zadna nova zjisténi a opira se o nékolik malo studii na zvifatech, které byly positivni pouze v piipadé
velmi vysokého pretizeni organismu a to pouze u krys. Dalsi vyvoj i kone¢ny vysledek bude zaviset na rozhodnuti

kompetentnich organti Evropské unie. V ramci tohoto procesu se vynasnazime poskytnout v§em nezkreslené,
védecky podlozené informace.
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KLASIFIKACE SMESI DLE CLP Z POHLEDU AKUTNI TOXICITY

CLASSIFICATION OF MIXTURES IN TERMS OF ACUTE TOXICITY
ACCORDING TO CLP

BURESOVA B.
SBLCore s.r.0.

Summary
Classification of mixtures in terms of acute toxicity according to CLP operates on an entirely different principle
than the established classification according to DPD. Not only does CLP evaluate on percentage of substances
in mixtures that are dangerous to human health, but also estimates acute toxicity of the substances in
the mixture. Acute toxicity values are expressed as (approximate) LD50 (oral, dermal) or LC50 (inhalation)
values or as acute toxicity estimates (ATE).

Key words
CLP, DPD, classification, substance, mixture, acute toxicity
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FOTOKATALYTICKE SNIZOVANI IMISi NO, POMOCI FUNKCNIHO
NATERU S POREZNI STRUKTUROU

THE PHOTOCATALYTIC ABATEMENT OF NOX IMISSIONS USING
COMMERCIAL FUNCTIONAL COATING WITH POROUS MORPHOLOGY

ZOUZELKAR.

J. Heyrovsky Institute of Physical Chemistry, v.i.i., Academy of Sciences of the Czech Republic,
Dolejskova 3, 18223 Prague 8, Czech Republic

Summary
Titanium dioxide is the most important photocatalysts used for purifying applications. It was the purpose of
this study to investigate the photocatalytic activity of commercial Protectam FN® containing TiO, nanoparticles
towards NO and NO,. Experiments on concrete as a support for photocatalyst were carried out in two types of
reactors with laminar and turbulent flow under “real world setting” conditions of temperature, relative humidity,
irradiation and pollutant concentrations. The results showed that photocatalytic process significantly reduced
both nitrogen oxides in the air. The decrease in the total concentration of nitrogen oxides on contact with the
photocatalytic surface reached 20-50 %, i.e. at a concentration of 100 ppb the decrease in NO and NO, was
20-50 ppb. The nitrogen oxides were oxidized up to their highest oxidation state, nitric acid (or nitrates) and
undesirable nitrous acid was not formed at all. The experimental study conducted showed that the photocatalytic
oxidation on the surface of the photocatalytic Protectam FN® coating is an effective method for the removal of
nitrogen oxides from contaminated air.

Key words
TiO,, NO_, imissions, photocatalysis, air purification

Introduction

Dangerous nitrogen oxides (NO ) are among the most closely studied of emissions for their toxicity to hu-
man health. The major source of NO_ in Europe is the road transport emitting around 40 %, comprising a mixture
of NO and NO, (Guerreiro et al., 2015). This implies that it is necessary to substantially reduce nitrogen oxides
concentration.

This decrease of NO_ can be achieved using photocatalysis, on a photocatalytically active surface. When
using the photocatalytic process, NO is gradually oxidized to nitric acid, which is eventually neutralized in the
presence of alkali metal ions or alkali soil into various nitrates, depending on the substrate nature.

Although s number of studies into the the photocatalytic abatement of NO_under laboratory under laboratory
conditions have been published [1-3], there is a lack of studies under real outdoor conditions. For instance, in
Antwerp an area of ten thousand square meters was covered with photocatalytic pavement blocks and the NO_
efficiency was monitored. Although the reduction of NO_emissions was observed both in laboratory and outdoor
measurements, it was difficult to draw sound conclusions because of a too short period of measurement [4]. In
similar research in Bergamo, Italy, a section of a local street was covered with photocatalytic paving stones, while
another untreated section was used as a reference. The NO, concentration was monitored for two weeks. Compared
to the reference section a reduction in NO_ concentration of 30-40 % was achieved [5].

Considering their various environmental applications, the main advantage of photocatalytic TiO,-based coa-
ting is their applicability to the different construction materials used in buildings, street pavements, tunnels, etc.
However, because of the difficult operating conditions, the long-term photocatalytic performance and mechanical
durability of photocatalytic coatings is of the utmost importance. Despite this, there is a conspicuous lack of data
regarding the performance of photocatalytic coatings over several years.

In this study, we compare the photocatalytic performance in the reduction of NO_concentrations in the air of
two commercial TiO,-based products, Degussa P25 (industry standard) and Protectam FN*2 (FN2), both of which
were coated on common construction materials. Photocatalytic activity was assessed according to ISO standard
22197-1:2007 and proposed by of the European Committee for Standardization (CEN). To obtain reliable data
concerning the effect of weathering, the photocatalytic performance of two-years-aged samples taken from a sound
barrier located at one of the busiest thoroughfare in Prague was evaluated against that of fresh samples.

19



IX. KONFERENCE PIGMENTY A POJIVA « 7.-8.11.2016

Materials and methods

Deposition and characterization of photocatalytic P25 and FN2 coatings

The commercial coatings Protectam FN2 and Degussa P25 (water suspension) were applied on common
construction materials (fagade coating on plaster and concrete blocks, each 50 x 100 mm in size) by spraying,
creating almost transparent film 5 to 10 micrometers thick, with a slightly whitish undertone. P25 was used as an
industry standard.

The crystallinity of the films was characterized using a high-resolution X-ray diffractometer Siemens D5000
operated at 40 kV and 45 mA with Cu Ka radiation (A = 1.5406 A). The texture properties of the films were deter-
mined by the analysis of adsorption isotherms of Kr at 77 K measured with a Micrometrics ASAP 2010 volumetric
adsorption unit. The optical properties of the coatings were obtained by Perkin-Elmer Lambda 19 equipped with an
integration sphere (diffuse reflectance spectra), and by FT-IR Nicolet 6700 spectrophotometer (infrared transmis-
sion spectra). The surface morphology of the films was carried out by scanning electron microscope (SEM) using
a Joel JSM-6700F and also examined by transmission electron microscopy (TEM) using a Joel JEM-2100 UHR
microscope.

Photocatalytic test

The photocatalytic test itself was performed according to the following scheme. First the sample to be tested
was cleaned by UV irradiation (2 mW/cm?) for at least 5 h to decompose residual organic matter. The experiments
were conducted simultaneously in two reactors — in a reactor with laminar and turbulent flow, where a high degree
of turbulence was modelled. In both reactors the sample photocatalytic surface was 50 cm?, the volume of air flow
was 3 L/min. Instead of short-term experiments of in 3—5 hours in accordance with the usual standards, the expe-
riments in the study were prolonged to 24 hours. During the photocatalytic experiment samples were irradiated
with three black light fluorescence lamps (Philips BLB 15W) emitting dominantly at the wavelength of 365 nm.
The distance between the lamps and the film was adjusted to achieve irradiation intensity of exactly 1.0 mW/cm?.

Before the photocatalytic experiments, NO or NO, were always absorbed onto the surface of the photocata-
lyst so as to achieve balance (i.e. to prevent the loss of nitrogen oxides due to adsorption during the measurement
of activity). Thus the removal of nitrogen oxides in this study was due solely to photocatalysis, not to physical
adsorption onto the surface. The input NO concentration was 1.0 ppmv corresponds to 1226 pg/m’. The study was
also focused on the lower concentration of 0.1 ppmv (122,6 pg/m?) that is commonly found in polluted air in certa-
in locations. The input NO, concentration was 0.1 ppmv, which corresponds to 188 pg/m®. The reason for choosing
such a significantly higher concentration is the critical dispersion conditions that may occur.

Photocatalytic efficiency of FN2 samples exposed to real condition of polluted area in Prague

We performed certain measurements of photocatalytic effectiveness of 2-years-aged samples according to
modified ISO norms and proposed norms of the European Committee for Standardization (CEN). The test wall
was placed in the proximity of a high-traffic road (in Barrandov) along which about 30,000 cars pass every day. In
this area the NO_concentration is increased and often exceed the allowed daily NO, limit of 40 pg/m’.

Samples of the surface of anti-noise barriers, which had served for two years as test surfaces for the FN2
coating, were taken for laboratory measurements of their effectiveness in cleaning the air of exhaust gas emissions
from automobile traffic.

Results and discussion

Photocatalytic performance of FN2 coatings

The experimental study whose results showed that when we used photocatalysis it was possible to signifi-
cantly reduce both nitrogen oxides in the air. The decrease in the total concentration of nitrogen oxides on contact
with the photocatalytic surface (i.e. the decrease of the total NO and NO, concentration) is expressed by a deNO_
coefficient.

Photocatalysis at NO concentration of 0.1 ppm that corresponded to the real pollutant situation in the field,
taking into account the critical situation, was an independent concentration process. That means that when conta-
minated air came into contact with the photocatalytically active surface, the same percentage decrease in nitrogen
oxides concentration occurred as in the field. The conversion factor averaged 50 %. Because the deNO_ coefficient
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reached from 0.02 to 0.05 ppm depending on the substrate (plaster or concrete), at the initial NO concentration
of 0.1 ppm the photocatalytic process removed 20-50 % of nitrogen oxides from the air. Measurements of the
photocatalytic coatings applied on various substrates showed that the impact of the substrates commonly used
in construction on the photocatalytic surface was significant. The chemical nature of the substrate influenced the
measure as much and the deNO_ coefficient for concrete was higher than for plaster.

Experiments with nitrogen oxides (NO,) showed that it was possible to achieve a significant decrease in
their concentration using photocatalysis. The impact of the substrates was also significant. Compared to concrete,
plaster removed two times more NO_than plaster, i.e. around 40% of NO, at the initial concentration of 0.1 ppm
decreased onto plaster surface, compared to 22 % onto concrete.

The comparison of the products Protectam FN2 with the pure photocatalyst Aeroxide TiO, P25 showed that
the Protectam product had very high efficiency. For instance, the photocatalytic efficiency of Protectam FN2 coa-
ted on plaster (NO,=0.1 ppm) was about 35% higher than that of P25.

Fig. 1 — Comparison of the photocatalytic activity of a fresh FN2 coating with that of 2 years-aged one on
concreted in plug flow reactor. Inlet NO concentration of 0.1 ppm at RH50%.
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Conclusion

The results of the tests showed that even two years after they were applied to the surface of walls, FN2 pho-
tocatalytic coatings maintained exceptionally high effectivity. Tests showed that their effectiveness in removing
NO, reached up to 20-40 %, i.e. at a concentration of 0.1 ppm the decrease in NO and NO, was 0.02-0.04 ppb.
At concentrations of 3040 pg/m* of NO_emissions where the wall is located, 300 m* of surface coated with FN2
coating is able to decrease NOx emissions.
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ANTIBAKTERIALNA MODIFIKACIA POLYOLEFINOV UCINKOM
NiZKOTEPLOTNEJ PLAZMY

ANTIBACTERIAL MODIFICATION OF POLYOLEFINS BY THE EFFECT
OF LOW-TEMPERATURE PLASMA

NOVAK L', POPELKA A2, PRACHAR J.!, CHODAK L.!, ZIGO O.!

1 Polymer Institute, Slovak Academy of Sciences, Slovakia
2 Center for Advanced Materials, Qatar University, P.O. Box 2713, Doha, Qatar

Summary
The surface of low-density polyethylene (LDPE) has been surface modified by low-temperature plasma, grafted
by acrylic acid and subsequently were on the polymeric surface immobilized selected antibacterial compounds
such as triclosan and chlorhexidine. This work has been studied the impact of selected antibacterial substances
immobilized on low-density PE (LDPE) activated by low-temperature diffuse coplanar surface barrier discharge
(DCSBD) plasma. The surface of LDPE modified using this multi-step method led to inhibition Escherichia coli
and Staphylococcus aureus.

Key words
Antibacterial, low-temperature plasma, surface modification, low-density polyethylene

Introduction

LDPE infections causes, that this medical polymer represent main clinical complication [1-5]. Mentioned
infections may cause implant failure, complex revision processes and implant removal, and all can lead to pati-
ent suffering, prolonged hospitalization and in some cases even death. Presence of hydrophobic and hydrophilic
domains, charge the functional group densities, and their conformation play ascendant roles in affecting cell beha-
viour. Many problems trouble can be remove by surface modification of LDPE using appropriate method as well
as low-temperature plasma when surface free energy is increasing due to introducing polar functional groups on
treated surface and thus surface of LDPE is then more hydrophilic. Modification by plasma significantly impacts to
adhesion improvement by removing surface contamination and to surface morphology changes through increased
roughness due to etching. Antibacterial properties of polymers can be achieved by following: a) anti-infection
agent mix in polymer; b) copolymerization anti-infection agent with monomer; c) surface treatment of medical
polymer.

Experimental

Materials

LDPE BRALEN FB 2-17, Slovnaft Mol (Slovakia), containing no additives, the thickness of LDPE film was
20 pm, density = 0.918 g-cm?, mass flow rate (MFR at 190 °C, 2.16 kg) =2 g per 10 min, Vicat softening tempera-
ture = 96 °C. This type of LDPE is suitable for food contact. The product complies with Food Contact Regulations
and the grade is suitable for manufacturing of pharmaceutical packing-product. Triclosan, Irgasan, C ,H,CI,0,
(Fluka, Italy), chlorohexidine, imidodicarbonimidic diamide, C,,H,0CL N, , Aldrich (Spain), acrylic acid (prope-
noic acid): C,H,O,, extra pure, stabilized by 180 to 220 pm.

34Ty

10°

Plasma treatment

The LDPE foil activation was carried out by DCSBD equipment (made in Comenius University of Bratisla-
va, Slovakia) under dynamic conditions at atmospheric pressure and laboratory temperature. The schematic repre-
sentation with description of this system is given in Scheme 1. This treatment was realized at following settings:
power supply =200 W, plasma treatment time = 15 s, in air atmosphere and all samples were treated on both sides.

Antibacterials immobilization

LDPE grafted by PAA was immersed into solution of EDAC that acts as an activator of carboxyl groups,
where O-acylisourea is produced and it has possibility to react with reducing agents. This way pre-prepared sam-
ple was then immersed into solution of triclosan and chlorhexidine (Scheme 1).

22



THE 9™ CONFERENCE ON PIGMENTS AND BINDERS « 07-08/11/2016

Scheme 1 — Multistep approach of biomolecule binding: 1. Plasma treatment, 2. Generation of radicals,
3. AA radical graft polymerization, and 4. Antibacterials deposition.
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Surface wettability

The wettability of LDPE treated by multistep process via PAA plasma grafted and Antibacterials immobi-
lization were carried out by the measurement of contact angle using sessile drop technique via Surface Energy
Evaluation system (SEE system with CCD camera, Advex Instruments, Czech Republic). As testing liquids were
used deionized water, ethylene glycol, glycerol, formamide, diiodomethane with volume equals 5 pl (elimination
of influence of gravity) and a static contact angle was captured shortly after its creation when a thermodynamic
equilibrium is reached between the three phases: solid, liquid, and gas. Surface energy (y), its polar acid-base
("), dispersive (y-V), electron-acceptor (y’) and electron-donor (y*) components were calculated by Acid-Base
regression model using method of least squares.

Antibacterial tests

Bacterial adhesion and biofilm experiments were performed in vitro using gram-positive (S. aureus 3953)
and gram-negative (E. coli 3954) bacteria. The circular shape specimens (d = 8 mm) were cut from the pristine
and modified LDPE samples. The bacterial adhesion was performed as follows, the test tubes with 10 mL of sterile
water solution of utrient broth (Envitech, Czech Republic) were inoculated with given bacterial strain to reach
~ 108 CFUmL™ and left at room temperature for 30 min. Then, the specimens were inserted into the test tubes.
After 24 h incubation the test tubes were opened and the specimens were carefully removed from the medium,
rinsed with sterile distilled water to remove loosely adhered bacteria and placed into other test tubes containing
2 mL of sterile deionized water.

Results and Discussion

Surface wettability

Wetting can be defined by the degree to which it is wetted solid. When a drop is totally spread on solid surface
and the contact angle approaches 0 deg, then the surface is a complete wetting. However, in many cases it is only
a partial wettability (or non-wettability). To what extent will be a solid surface wetted can be evaluated by contact
angle measurements. Wetting can be expressed relative strength of cohesion (liquid/liquid) and adhesion (solid/
liquid) forces. Weak cohesion with strong adhesion due to the very low contact angle is close to full wettabili-
ty. How solid/liquid interactions decrease and liquid/liquid interactions increase, then wettability decreases. The
contact angles changes of testing liquid set, graft yield (GY), and surface free energy (y*') and its components of
antibacterial treated LDPE are shown in Table 1. The graft yield (GY) was calculated by the following equation:
GY[%] = (W, — W )/W)).100%, where W, and W, represent the weight of the samples before and after surface
treatment. The water contact angle (6 ) of untreated LDPE (Sample 1) achieves the highest values from the all
samples because it is polymer with hydrophobic and chemical inert surface. 6 significantly decreased after plasma
effect on Sample 1 when were introduced different functional groups coming from plasma species and therefore
this treatment surface acquired more polar or hydrophilic character. The most decrease contact angle was observed
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in case polyacrylic acid (PAA) (Sample 3) which relates with its hydrophilic character. For investigation other the
physicochemical parameters treated surface was used Lifshitz-Van der Waals/acid-base (LW/AB) theory whereby
can be obtain y* and its components such as non-polar LW (y*V) and polar AB (y**) component. LW indicates the
total dispersive Lithitz-Van der Walls interaction and 4B refers to the acid-base or electron-acceptor/electron do-
nor interaction according to Lewis. Sample 3 in comparison with other samples whereas it excels by high polarity
because it contains polar oxygen groups. Sample 4 and 5 showed the similar increase of surface free energy values
thereby confirming an increase in wettability.

Table 1. — Surface properties LDPE treated by multistep modification process

Sample | 0 0, 0, 0, 0, v v AR ' s GY
[°] [°] [°l [°l [°] | [mN/m] | [mN/m] | [mN/m] | [mN/m] | [mN/m] | [%]
1 99.2 | 70.9 | 85.3 | 484 | 80.7 1.0 0.1 0.7 345 35.2 -
2 77.5 | 51.0 | 67.1 | 36.0 | 52.8 6.6 0.1 1.1 41.4 42.6 0.0
3 66.9 | 32.1 | 57.2 | 32.5 | 37.0 10.4 0.5 4.5 43.7 48.1 0.5
4 79.9 | 36.1 | 60.4 | 30.5 | 48.3 2.4 0.7 2.5 44.0 46.5 1.8
5 76.7 | 38.1 | 63.2 | 30.0 | 504 5.2 0.2 2.0 44.4 46.4 2.0
w=deionized water, e=ethylene glycol, g=glycerol, d=diiodomethane, f=formamide
*Sample 1: untreated LDPE; Sample 2: plasma-treated,; Sample 3: acrylic-acid grafted; Sample 4. triclosan
coated; Sample 5: chlorhexidine coated

Antibacterial activity

Inhibition zone area was calculated from average diameter of inhibition zone, whereas area of the sample was
not taken into account (Fig. 1). Untreated sample, plasma treated sample and sample grafted by PAA with chitosan
together with glutarladehyde did not show any antibacterial activity against E.coli and S. aureus strains. Chitosan/
pectin coated sample showed minor activity only against S. aureus, their inhibition zone move around 70 mm?.
The highest and most clear inhibition zones were given by samples grafted by PAA and coated by chitosan. Their
levels were on average 35 mm? for E.coli and 275 mm? for S.aureus. PAA grafted sample showed no inhibition
zone for E.coli, nevertheless same sample indicated antibacterial activity for S.aureus. This could be explained by
high sensitivity of PAA brush and its ability to easily absorb impurities during manipulation. As it can be seen from
results, only sample grafted by PAA and coated by chitosan demonstrated active antibacterial properties against
both bacterial strains.

Conclusions

The contribution devoted to examining the impact of selected antibacterial agents, i.e. triclosan and chlorhe-
xidine, bound to the surface of LDPE with acrylic acid by DCSBD plasma. The plasma effect was used grafting of
acrylic acid to form the polymer via radical polymerization. The bounded acrylic acid created polymer brushes on
the polymer surface that was capable of physical forces bind antibacterial agent’s effective manner. Antibacterial
effect of LDPE film pre-treated using this method was shown against E. coli and S. aureus.
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Figure 1. — Antibacterial properties of LDPE against S. Aureus and E. Coli
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NOVE POVRCHOVE AKTIVNI LATKY A SEKVESTRANTY ZALOZENE
NA ASPARAGOVE KYSELINE S ANTIKOROZNIMI VLASTNOSTMI

NEW SURFACTANTS AND SEQUESTRANTS BASED ON ASPARTIC ACID
WITH ANTICORROSIVE PROPERTIES

HRDINA R., BURGERT L., KALENDOVA A., VYTRASOVA J., BROZKOVA L, KREJCOVA A.,
BAYEROVA P., PINTO A.M.D.T., GENOVEZ C.M.

Summary
The lecture describes a new surfactants and sequestrants based on aspartic acid, and their preparation, which
have a high surface activity, chelating properties, anticorrosion properties and are also biodegradable. Some
surfactants tend to have antibacterial and antifungal properties. The prepared compounds are therefore suitable
for cleaning surfaces of metal products, especially iron, and further as an additive in fluids in pipes such as
cooling the engines of cars, solar panels, and the like.

Keywords
Surfactants, sequestrants, aspartic acid, anticorrosive properties, antimicrobial properties
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ZNEHODNOCENI POVRCHOVE UPRAVY PRASKOVOU BARVOU NA
GALVANICKY ZINKOVANE OCELI VLIVEM NAVODIKOVANI OCELI

DEPRECIATION OF POWDER COATING APPLIED ON ZINC ELECTROPLATED
STEEL DUE TO HYDROGEN CHARGING OF STEEL

MINDOS L.
SVUOM s.ro.

Summary
This case study presents defects not associated with the actual electroplating process itself but with
the additional coating procedure. A multi-coat system of zinc and powder coatings is relative frequently used
type of surface treatment for various products. In powder coating many various defects forming pinholes or
bubbles are a common problem. There are many reasons for these defects. This paper presents failure analysis
methodology and the step-by-step approach to the particular case study.

Key words
Galvanizing, zinc coating, powder coating, pinholes, bubbles, hydrogen charging of steel

Introduction

Zinc electroplating is economic way of corrosion protection of wide spectrum of consumer articles and in-
dustrial steel products. Zinc electroplating may be applied in acid or alkaline baths. As it is electrochemical process
in water conductive environments, there is risk of hydrogen diffusion of steel by hydrogen forming on cathode for
both processes. Industrial application of zinc electroplated steel with organic coating dates to the ca second half of
20" century. There are used two basic types of paints for application of paint coatings in common praxis: traditio-
nal (liquid) paints — great development started together with chemical industry development (phenol formaldehyde
resin finding — 1910, nitrocellulose manufacturing process — 1920, alkyd resins” manufacturing process 1930) and
powder coatings industrially applied more than 40 years.

In the last 15 years the world increasing of powder coating application is around 9 %. Thermoset powder
coatings” application has many advantages interesting for paint companies, mainly:

1) powder coatings are immediately prepared for application,

2) powder coatings decreased healthy risks for employees in painting shops,
3) powder coatings have very god properties of cured coatings,

4) powder coatings do not contain thinners, they emit near zero VOC.

Applied powder coatings melt at higher temperature where the chemical reaction and polymerisation oc-
curred to leading a network-like structure and solid coatings” forming. These coatings are used as decorative and
protective applications. Decorative coatings have thickness in range 20-80 pm. The protective thermoset coatings
have thickness from 60 pm to 80 um [1]. The most common way of applying the powder coating to metal objects
is to spray the powder using electrostatic guns. Other methods are immersion into the electrostatic fluidized bed
and application by tribo gun, which charges the powder by (triboelectric) friction. Applied coatings are than cured
at temperature 160-220 °C for ca 15-30 minute period [2]. Higher temperature obtains melting and flowing out
of powder and its adhesion to metal surface. After cooling the powder coating creates solid, resistant and homo-
genous layer.

Powder coatings require suitable and proper surface preparation. Similarly as for traditional (liquid) paint
coatings” application the maximum attention shall be given to surface cleanliness; the anchoring profile is also very
important factor. Type and degree of surface preparation are significantly affected by surface condition, substrate
type, contamination type and requirements for final products. Principles of metal surface preparation are object of
many studies, guidelines and technical standards.

Experimental methods

There were found an occurrence of many non-uniform blisters on evaluated steel components with duplex
paint system; defects were evident by naked eye (see Figure 1).
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Figure 1 — Non-uniform numerous occurrence of blisters in powder coating layer
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The powder coating was removed from a surface part and zinc coating was pickled to adjust thickness me-
asuring gauge (see Figure 2). Thickness gauge was calibre to zero directly on steel surface. Coating thicknesses
were measured:

. duplex system total average thickness 85.8 + 14.6 um,
. average zinc coating thickness 13.4 + 2.8 um,

. average powder coating thickness 85.8-13.4 = 72.4 um.

Figure 2 — Partly removal of powder coating (left) and zinc pickled (right).

To identify the reason of defects in powder coating layer the surface treatment was tested by destructive
adhesion test and by microscopic evaluation performed on segments removed from components. Failure analysis
consists from macroscopic and microscopic evaluation of surface treatment and both coating layers. This way
enables to obtain important information about defect creation reasons. Both layers (zinc and powder coating) and
interface between them were evaluated separately. The cross sections of powder coating were studied by metallo-
graphic (optical) and electron scanning (SEM) microscopes. Cross-sections were documented at 100x to 8000x
magnitudes.

Results and discussion

Figure 3 shows destructive adhesion tests of powder coating on zinc coated steel by cross-cut method on
different component surface areas: on area without defects (left), on area partly coming to defects (middle) and
finally on area with defects in surface treatment (right). These tests result in conclusion that the powder coating
adhesion to zinc layer is excellent and the non-suitable preparation of zinc layer before powder coating application
may be excluded.

Figure 3 — Adhesion tests of powder coating to zinc coated steel by cross-cut test according to EN ISO
2409. Powder coating adhesion may be estimated as degrees 0, 0 and 1, it means excellent to very good
adhesion
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Figure 4 — Powder coating surface in area without blisters, noticeable texture, any occurrence of resin
foam, 100x magnitude, bright field

0 % L3

Figure 5 — Powder coating surface in area with blisters; left — detail of pore open to external powder
coating layer surface; right - detail of blister bottom, where the resin intensive and fine foam is evident,
200x magnitude, bright field

Figure 6 — Detail of defect bottom in electroplated zinc layer with steel surface, forming marks,
1000x magnitude, bright field
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Figure 8 — Detail of bubble under powder coating layer formed by hydrogen penetration through zinc
layer with ca 25 pm thickness. On zinc layer cross-section there are clearly evident ca 18 clusters of tiny
pores, see red arrows. These pores” clusters enable recombined hydrogen transport under layer of melted
powder paint. Minimum 18 transport paths for hydrogen escape under powder paint layer are occurred
on length shorter than 0,5 mm; 400x magnitude, bright field

Figure 9 — 4 bubbles located practically on surface of zinc layer. Right — the residual powder coating layer
on zinc layer after bubble swelling, 400x magnitude, bright field

Figure 10 — Detail (SEM) of zinc layer with numerous pores created by recombined hydrogen escape. On

cross-section there are evident 2 zones where zinc layer is intensively pervaded by pores at total thickness.

This way the transporting zones were formed for hydrogen escaping which swell the melted layer of pow-
der coating during its curing, 8000x magnitude

Conclusion

Duplex paint system, created by electroplated zinc coating and powder paint, is surface treatment type for
protective and decorative properties of products with middle durability. Any defects in surface treatment reduce
its protective and decorative value.

The hydrogen may introduce to steel during alkaline zinc plating and at subsequent thermal treatment ad-
sorbed hydrogen diffuses and may form defects in zinc layer and also in powder coating layer. Presented study
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proves that the microscopic defects (pores) formed in electroplated zinc layer and macroscopic defects formed in
powder coating layer after powder coating application as a results recombined hydrogen expansion. Microscopic
evaluation of defects unequivocally proves the direct reason of defects” occurrence. This failure analysis shall lead
to avoid repeating occurrence of such problem.
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POVRCHOVE UPRAVY VOZIDEL - SPECIFIKA A FENOMENY
SURFACE TREATMENTS OF VEHICLES — SPECIFICS AND PHENOMENA
KOSTAL M.

Summary
The article discusses some aspects of surface treatments of vehicles in the context of the specifics of the Czech
market (discontinuity development in the period 1948—1989). It aims to outline the history of the development,
technical terminology, education and training, linkages between industrial and refinish coating, types of paint

shops, materials, technologies, coloristic and colorimetry. The author builds on 25-year-old domestic
and foreign experience in the field of surface treatment of vehicles.

Key words
Surface treatments of vehicles — specifics of the CZ market, technical terminology, education and training,
industrial and refinish rating, types of paint shops, materials, technologies, coloristic, colorimetry

Specifickym segmentem povrchovych tprav je obor povrchovych tiprav vozidel (tzv. AUTOLAKU). Pati
k vrcholim technologického vyvoje. Cilem tohoto mého ptispévku je ve struénosti uvést nékteré jeho fenomény,
souvislosti a mystifikace, které mnohdy unikaji nasi pozornosti.

Historie

Dolozitelna historie povrchovych tprav saha do doby 30 az 40 tis. let pt.n.l. (prvni pigmenty). Prvni laky
(bezbarvé nebo probarvené) byly aplikovany pied cca 4 tis. let pi.n.l. zpo¢atku vesmeés na piirodni bazi (teprve
pozdé&ji se v rostouci mife prechazelo na syntetické). V této prehistorické dobé se objevily uz i piedchidci la-
kovacich a susicich kabin (novodobé zavedenych az v 50. letech min. stol.) ve form¢ susicich jam s filtraci me-
chanickych necistot a regulaci relativni vlhkosti vzduchu. Vyvoj dopravnich prostiedkti a jejich povrchovych
uprav postupné vyvolal oddéleni profese povrchovych tprav vozidel od obecné lakyrnické profese a obecného
lakyrnického skolstvi. V nasi zemi doslo k pieruseni tohoto vyvoje nejvyrazngji od 70. let min. stol. nasledkem
tzv. zelezné opony, kdy byla navic upfednostiiovana kvantita oproti kvalité. Nasledky tohoto pferuSeni v urcité
mife pocitujeme dodnes.

Jaké ponauceni si z toho pro dnesek mizeme vyvodit:

a) zakladni materialy, technologické postupy a vybaveni lakoven zlstaly v obecném principu po celou dobu
prevazné obdobné,

b) stézejni podminkou uspés$né aplikace (zejména finalniho efektu) bylo a je precizni dodrzovani technolo-
gické skladby a technologické kazné (ktera se v souc¢asné dobé mnohdy porusuje),

¢) piesto, ze doslo k vyraznému urychleni praci (z pivodnich 100 natérovych vrstev, jejichz provedeni trvalo
az 12 mésicl, dokazeme natérovy systém aplikovat ve étyfech az jedné technologické, resp. v osmi az jedné na-
stiikové vrstveé a Casoveé v fadech n€kolika hodin nebo pouhych minut), dochazi mnohdy k nespravné volbé nebo
dokonce k vynechavani technologickych vrstev a zkracovani technologickych ¢ast,

d) vyse zminéné preruSeni kontinuity vyvoje povrchovych uprav mélo a dosud ma dopad do stavu termi-
nologie, skolstvi a praxe lakoven (pfenaSeni ,,neSvari“ z tohoto obdobi) a je jednou z pficin fady nedorozuméni,
problému a reklamaci.

Terminologie

Dopadem jiz zminéného pterusené kontinuity vyvoje povrchovych uprav doslo u nas i k zastaveni vyvoje
odborné terminologie. Existuje sice &tyfjazyéna norma CSN-ISO pro povrchové tpravy obecné, dodnes viak
chybi terminologie pro povrchové upravy vozidel, které k vyjadreni podrobnosti vyzaduji nemalo dalSich vyraza.
To ma dopad do kvality prekladii dokumentace z cizich jazyki, které mnohdy postradaji jednoznacnost a jsou také
pfi¢inou fady nedorozumeéni, vad a reklamaci.

Skolstvi a vzdélavani obecné

Ve gkolském systému doslo v poloving 70. let ke slou¢eni obortt AUTOLAKYRNIK a MALIR/NATERAC
(k obnové tohoto stavu doslo az od $kolniho roku 2011/12). Chybi uéebnice a kvalifikaéni pfirucky v obecné ro-
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ving (posledni vysly v roce 1956 a 2004, dalsi se pfipravuji), které supluji vyrobci a distributofi natérovych hmot
svymi $kolicimi systémy (formulovanymi komeréné na své produkty).

Pii feSeni nedostatku kvalifikovanych lakyrnikti ma pomoci i systém ziskavani kvalifikaci, ktery byl po ¢tyi-
letém vyvoji a testovani kone¢né spustén (na zakladé teoretickych a praktickych zkousek je mozné prostiednic-
tvim autorizovanych subjektd ziskat dil&i kvalifikaci ,,PRIPRAVAR* nebo ,,FINALNI LAKYRNIK* nebo vyuéni
list ,, AUTOLAKYRNIK®). Pfedchazi mu rekvalifikatni nebo piipravné kurzy. Do standardi tohoto systému ,,Na-
rodniho Ustavu vzdélavani“ se podafilo jiz zminénou novou odbornou terminologii implementovat.

Partie konstrukce vozidel a navaznosti na povrchové tipravy

K pochopeni veskerych souvislosti je potieba prostiednictvim prostorovych schematickych znazornéni
a vyctu veskerych partii konstrukce jednotlivych typl vozidel seznamit se s vesSkerymi vazbami na povrchové
tpravy (lepeni dild, dutiny v¢. jejich vyztuzujicich vyplni, povlaky podlah, protihlukové vrstvy ...) tak, jak se
provadéji ve vyrobé. Vsichni opravarensti specialisté (mechanici, klempifi a lakyrnici) by je méli znat, aby mohli
kvalitné volit a provadét postupy pii opravach poskozeni a vad natérového systému.

Povrchové upravy vozidel prumyslové a opravarenské

Mnohdy unika pozornosti, Ze povrchové Gpravy vozidel se déli na primyslové (PAL) a opravéarenské (OAL).
Obé tyto podskupiny autolaki maji fadu shodnych i odlisnych specifik. Pro jejich srovnéni je vhodné vzajemné
specifikovat ekvivalenty (napf. fosfatovani-oSetfovani povrchu fosfatovymi odrezovaci apod.).

V oblasti PAL napf. pracujeme s teplotami suSeni 40 nebo 60 °C nebo také kolem 190 °C, v oblasti OAL
s soucasné dobé¢ uz pouze s teplotami suSeni 40 nebo 60 °C. Opravarenské autolaky jsou charakterizované spe-
cialnimi materialy a postupy, ale pfedevsim pouzivanim michacich zafizeni, pomoci kterych je mozné v lakovnach
s minimalnimi skladovymi zasobami operativné michat §irokou $kalu barevnych odstinll (pododstinti) vrchnich
lakd. I kdyz v sériovych vyrobach vozidel mnohdy dominuje robotizované nanaseni natérovych hmot, ma zde
prostor i jejich ruéni nanaseni (na vyrobnich linkach nebo opravarenskych pracovistich). V oblasti OAL pracujeme
pouze s ruénim nanaenim natérovych hmot (pneumatickym, vysokotlakym, elektrostatickym nebo vyjimeéné
Stétcem); lidsky faktor je zde nadale dulezity a nenahraditelny (identifikace defektli, znalost a volba spravnych
postupll, zruénost pii nanaSeni, ptesnost o¢i).

Typy autolakoven

Autolakovny se déli na vyrobni (malo, stfedné a velkosériové), opravarenské nebo kombinované. Podle po-
tieb pouzivaji autolaky primyslové nebo opravarenské nebo jekombinuji (pak je potieba piislusné technologické
skladby predem odzkouset). Ekologicka legislativa definuje, ve kterych z nich je (ne)mozné pouzivani podlimit-
nich (tzv. ekologickych)nebo nadlimitnich natérovych hmot.

Moznosti vyuZiti autolaki v jinych segmentech pu

Specifické technologie pro povrchové tipravy vozidel 1ze pro jejich estetické efekty a barevnou stalost vyuzit
i v jinych segmentech povrchovych tprav ( helmy, trezory, kytary, stavebni konstrukee, atd.). V nékterych piipa-
dech jsou ale nutné potravinarské atesty.

Materialy

Siroké $kala natérovych hmot, komponentd a piisad umoziuje provadét prvotni tipravu témét viech druhi
kovovych, plastovych a dalSich materialti nebo povlaki tak, aby byla zajisténa jejich soudrznost a antikorozni
ochrana, dale pak riizné varianty technologickych skladeb podle potieb. U opravarenskych autolaki je charakte-
risticka jejich vysoka vydatnost (nizka spotieba), rychla aplikace a kratké doby schnuti. Umoziuji napf. provést
pti teploté prostiedi 20°C za jednu sménu naneseni vice pruhii riznych barevnych odstinti (konturovaci pasky je
mozné lepit na ,,¢erstvy* vrchni lak uz za 0,5-1 hodinu, aniz dojde po jejim odtrzeni k poskozeni vrchniho laku).

K jedné z mystifikaci oboru autolaky patii napt. tvrzeni, Ze kazdy produkt s obchodnim nazvem ZAKLADO-
VY PLNIC (grundfiiller ...) zaji§tuje plnohodnotnou antikorozni ochranu kovu. Vyrobni firmy natérovych hmot
vSak dodavaji dvé verze (s antikoroznimi pigmenty s dostatecnym nebo jeho snizenym obsahem pojiva), coz je
nutné jednoduse otestovat piimo v lakovné podle (ne)nasakavosti pfislusného naneseného a vyschlého produktu,
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jelikoz tento fakt vétSinou z technologickych (technickych) listi vyrobel ziejmy neni, zavani to tudiz klamanim
spotiebitele a zptisobuje mnoha nedorozuméni a reklamace.

Technologcké postupy a skadby

Pomineme-li velkosériovou vyrobu vozidel, kde se pracuje prevazné robotizované a pfi vysokych teplotach
schnuti, pak nam zbyva aplikace primyslovych nebo opravarenskych autolaki pii teplotach nanaSeni a schnuti 20,
40 nebo 60 °C. Ty nam davaji moznost operativni volby riiznych variant technologickych skladeb v souladu s po-
zadovanymi kritérii pro povrchovou pravu vozidla nebo jeho dilu (prvotni Gprava, tloustka natérového systému
a jeho esteticky efekt, otéruvzdornost, zivotnost, atd.). Umoziiuji ndm operativné aplikovat i riizna dekoratérska
feSeni (napf. nadhradu samolepek lakovanim).

Koloristika a kolorimetrie

K fenoméntim autolakti patii koloristika a kolorimetrie. U povrchovych vozidel je vyzadovana vysoka pfes-
nost. Od roku 1913 je registrovano cca 180 tis. barevnych kodi, pro které bylo formulovano cca 1,7 mil. barevnych
z nich jich je dokonce kolem 160). Pfi¢inou vzniku takového poctu barevnych variant je, ze ve vyrob¢ pii kazdé
sérii dochazi k odchylkdm mezi jednotlivymi Sarzemi vrchnich laki a na cesté od vystupu ze sériové lakovaci linky
ke konecnému odbérateli dochazi az k osmi opravam vrchniho laku. Napf. zhruba 40 % osobnich automobilt je
béhem této cesty opravovano tzv. rozstiikem (na jednom se mnohdy na rtiznych ¢astech karosérie vyskytuje vice
znatelnych barevnych odchylek).

V sériovych vyrobach se pouziva cca 150 tvart a velikosti metalickych zrn, které vyrobci opravarenskych
vé pigmenty. Fenoménem jsou syntetické pétivrstvé pigmenty o velikosti 0,1 um, které umoziuji neefektivnéjsi
Hfip-flop* efekt (rychlé zména struktury a barev pod riznymi thly pohledu).

Opravarensti autolakyrnici jsou postaveni pfed naroény kol — v kratkém Case musi operativné fesit opravu
defektu v perfektni shodé s barevnym odstinem vozidla. K tomu nesta¢i pouhé provedeni méfeni spektrofotome-
trem, ale je potieba z jeho nabidky prostfednictvim ruéné nastiikanych vzorkd hledat nebo pfipadné dotonovat
akceptovatelnou variantu.

Pokud soucasti technologie konkrétniho vyrobce autolaktl jsou rozsahlé ruéné stiikané vzorkovnice, které
jsou ve shodé¢ s pfislusnymi recepturami v kazdé vyrobni $arzi pigmentovych bazi, obejde se lakyrnik bez spek-
trofotometru. Ve vsech pfipadech je ale kone¢nou instanci kontrola okem pod riznymi druhy osvétleni. Pokud
lakyrnik neni s témito principy seznamen nebo neni ochoten je akceptovat, dochazi k fad¢ iluzi a mystifikaci, které
se pak $ifi po celém trhu.

Zavér

Tento piispévek vychazi z mych pétadvacetiletych praktickych zkusenosti v oboru povrchovych tprav vozi-
del a vzhledem k omezenému prostoru jeji struény nastin. Podrobné je (a bude) uvedena v uéebnicich (ptiruc¢kach),
které byly nebo budou vydany.
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ANTIKOROZNI VLASTNOSTI KREMICITOWOLFRAMOVE
AFOSFOWOLFRAMOVE HETEROPOLYKYSELINY
V NATEROVYCH FILMECH

ANTICORROSIVE PROPERTIES OF SILICOTUNGSTIC ACID
AND PHOSPHOTUNGSTIC HETEROPOLYACID IN THE PAINT FILMS

NECHVILOVA K.!, KALENDOVA A.!, STEJSKAL J.2

1 Department of Chemistry and Materials Technology, FCHT, Univerzity of Pardubice
2 Institute of Macromolecular Chemistry AS CR, Department of Conducting Polymers, Prague

Summary
The aim of this work was to provide an initial characterisation of heteropolyacids and examine their behaviour
and properties as pigments in paints using different concentrations of the pigment and filler. Solvent-based
epoxy-ester resin served as the binder. The paints were applied to steel and glass panels for mechanical and
corrosion resistance testing. The organic coatings were exposed to a corrosive atmosphere with NaCl. This test
was completed with electrochemical measurement. The parameters examined included the paint film's mechani-
cal and anticorrosion efficiency. The environments in which the new coatings are most efficient were also sought.

Key words
Heteropolyacids, epoxy-ester resin, organic coatings

Introduction

Metal corrosion is a topic that has been known from the times mankind started using iron (and steel) not
only for day-to-day uses [1]. Global (39 countries) raw steel production was 1.548 billion tonnes in 2013 and even
more, 1.598 billion tonnes, in 2015; iron production was then 1.155 billion tonnes. The most recent data for 2016
(as of 22 August) are 930 billion tonnes of steel and 670 billion tonnes of iron (data from the World Steel Asso-
ciation [2]). Iron and steel can be used efficiently and economically only if their surface is protected against the
ambient corrosive effects [3]. Organic coatings represent an option to protect the metal surfaces against corrosion.
Such coatings consist (as a minimum) of a binder, a filler, and a pigment which co-determines the properties of
the system [4].

In the present work we used heteropolyacids (HPAs) as the anticorrosion pigments. Heteropolyacids are com-
pounds that were used only once in paints [5]. Generally speaking, a heteropolyacid is a polyacid that is obtained
by condensation of an inorganic acid involving two (or more) different metals [6], hydrogen, oxygen, a metal or
non-metal. Acids of this type are known for their potential repeatable use as acid catalysts in chemical reactions
[7]. HPAs are complex protic acids with universal structures and physico-mechanical properties [5, 8]. They are
economically attractive and environmentally friendly [9] crystalline substances that are very well soluble in polar
solvents, exhibit a very high acidity [8, 10] and possess tunable redox properties, whereby they are interesting
both as acids and as redox catalysts [12—14]. Hydrated HPAs such as phosphotungstic heteropolyacid (PTA) and
silicotungstic heteropolyacid (STA) have been known for over a century but it was not until 1979 that the HPA
hydrates were found to exhibit exceedingly high proton conductivity [15]. Proton conductivity is a manifestation
of hydrogen bonds of various strengths due to the water molecules of the x-hydrate [16]. The behaviour of molyb-
dophosphoric type HPAs in paints was described by Xu, who applied this HPA to a steel substrate, exposed it to a
corrosive environment and analysed the protective film's composition. The components included mainly complex
compounds such as F en[PMoxOy] and M, [PF eMoXOy] where M =K, Na [17].

Experimental part

Preparation of the heteropolyacids

Polyaniline base was prepared by the oxidation of 0.2M aniline hydrochloride with 0.25M ammonium pero-
xydisulfate in aqueous medium followed by the deprotonation of the solids with 1M ammonium hydroxide and
drying. Polyaniline base (30 g) was reprotonated by suspension in the solutions of phosphotungstic or tungstiosilic
acid (30 g of heteropolyacid dissolved in 300 ml of water) for 24 h. The resulting polyaniline salts then were col-
lected by filtration, rinsed with ethanol, and left to dry in air.
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Pigment characteristics, paint preparation and application

Some properties of the HPA pigments were determined pycnometrically (AccuPyc II 1340 Pycnometer,
USA) as per ISO 787-10. The critical pigment volume concentration (CPVC) was calculated based on linseed
oil consumption (ISO 787-5) per 100 g of the pigment by using the mortar-and-pestle method (CSN 67 0531).
A concentration series was then set up based on the known CPVC value. The pigment particle shape and morpho-
logy (Fig. 1a: STA; Fig 1b: PTA) were examined on an electron microscope (JEOL — JSM 5600 LV, Japan). The
paint systems were dispersed in a ball mill (Ballotini, 3.4 mm diameter) and filtered. The homogenised binder/
pigment systems contained the pigment at volume concentrations PVC = 0.5, 1; 3 and 5 wt%. CaCO, was used as
the filler to keep the Q coefficient constant at Q = 10. Two coatings, viz. the non-pigmented epoxy-ester resin and
the coating with the filler only, served as the reference systems in this study.

The paints were applied to clean and degreased glass panels and steel panels (Q-LAB Corporation, UK) by
using a box ruler. The dry film thickness was 80 = 5 pm.

Fig. 1 — SEM photographs of the pigments: a - STA (2um scale); b - PTA (10 pm scale)

The specific electric conductivity ()) and pH of a 10% pigment suspension in redistilled water were measured
during 21 days as per ISO 789-9 and ISO 787-14. The suspension was filtered and a steel panel was submerged in
the suspension and allowed to stay there for another 15 days. The data provided the corrosion loss of the material
(XM/%). The hot-water-soluble and cold-water-soluble contents were also determined (ISO 787-8 and 787-3).

Physico-mechanical tests

The physico-mechanical tests were performed on steel panels 76 mm x 75 mm x 0.8 mm size (Q-LAB Cor-
poration, UK).

Film resistance to impacts was evaluated by the falling weight method as per ISO 6272. The 1000 g weight
was allowed to fall freely on the painted steel panel's averse and reverse sides, and the largest height at which the
paint film still remained intact was recorded.

The cupping test, during which a steel ball 20 mm in diameter was indented into the painted panel, was car-
ried out as per ISO 1520. The lowest depth at which the paint film was damaged was recorded.

Film adhesion to a steel substrate was evaluated by the cross-cut method described in ISO 2409. A cutting
tool with the blades 2 mm apart was used to cut a square lattice having a defined area through the paint film down
to the substrate. Adhesion was evaluated on the 0 to 5 scale where 0 denotes the highest film resistance.

The bending test using a cylindrical steel mandrel was performed by following ISO 1519. The largest man-
drel diameter at which the paint film cohesion failed was recorded.

The arithmetic mean of the data obtained was calculated as the paint films' physico-mechanical efficiency
parameter.

Corrosion tests

The coated steel panels 152 mm x 102 mm x 0.8 mm size (Q LAB Corporation) were subjected to an acce-
lerated corrosion test. A vertical cut 7 cm long was made through the paint film to the substrate metal of all the
samples tested. The corrosion effects in the cut area were then evaluated.

The samples were exposed to a salt fog atmosphere with 100% relative humidity for 1500 hours and 2184 hours.
The test chamber was run in 12-hour cycles, a cycle comprising 6 hours of exposure to the salt fog solution (pH
6.5 —7.2) at 35 °C + 2 °C; 2 hours of exposure at 23 °C + 2 °C; and 4 hours in condensed moisture at 42 °C + 2 °C.

36



THE 9™ CONFERENCE ON PIGMENTS AND BINDERS « 07-08/11/2016

The following corrosion effects were evaluated as per ISO 4628-2 to 4628-5 after removing the panels from
the chamber: blister formation on the entire paint film surface (ASTM D 714-78), degree of corrosion in the test
cut (ASTM D 1654-92) and degree of steel substrate surface corrosion after removing the paint film (ASTM D
610-85). The paint's anticorrosion efficiency in the test environment was expressed through the arithmetic mean
of the scores.

Results and discussion

It should be noted that the non-pigmented epoxy-ester resin (nEP) itself exhibits excellent physico-mechani-
cal properties and provides an outstanding mechanical resistance (= 100%) in all the tests. Figs. 2a-d demonstrate
that a weight falling from 100 cm left the specimens previously exposed to (NH,)*SO, for 672 hours intact.

Fig. 2 — Impact test of the paint films: a) nEP; b) reference CaCO,; ¢) STA (1 wt%); d) PTA 3wt%)

However, nEP on its own is unable to protect the substrate metal against corrosion, and so the HPAs were
added to improve the paint's corrosion resistance. The various heteropolyacids differ mainly in the extent of lin-
seed oil absorption. For instance, PTA can absorb up to 30 g/100 g pigment more oil (Table 1). This difference is
mirrored in the CVPC, where PTA does not allow the system to be filled to the same level as STA.

Tab.1 — Characterisation of the pigments and fillers

—— > - 0 >
Density | Oil absorp. Solubility in water XM pig. XM film
CPVY o . : CPVC»
o at 23°C | (linseed oil) o at 23°C at 100°C after 35 days
[wt%] 3 [Wt%]
[g/em’] [g/100g] %] [%] [%]
STA (Silicotungstic heteropolyacid )
0.5 0.1
1 0.18
1.593 73.1 44.4 0.744 0.96 20.95
3 0.18
5 1.64
PTA (Phosphotungstic heteropolyacid )
0.5 0.18
1 0.91
1.513 104.0 372 0.429 0.429 36.07
3 0.18
5 1.46
CaCO, - Omyacarb
Q=10 | 2725 | 469 67.9 0.611 0.611 38.25 0.36
a) Critical pigment volume concentration calculated by linseed oil consumption
b) Determination of water soluble matter for pigments (CSN EN ISO 787-3 and 787-8)
¢) Corrosion losses of steel panels submerged in aqueous extracts of the powdered pigments, in 35 days
d) Corrosion losses of steel panels submerged in aqueous extracts of the free paint films, in 35 days
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The aim of the study was to characterise the pigments and ascertain if they are well suited for use as agents
for anticorrosion protection of steel. They are substances of acid nature (Table 2) — pH on day 21 was 4.78-5.4.
When a homogenised mixture of the HPA and CaCO, was added to the coating system, the pH of the aqueous
extract of the free paint film increased to nearly approach the neutral region, depending on the pigment volume
concentration. The system with the highest PVC = 5 wt% was an exception, where the filler proportion was not
that appreciably high and the initial pigment nature predominated. Furthermore, the steel panel weight losses in
the two types of aqueous extracts were determined in 36 days of submersion. The lowest weight loss, mere 0.01%,
was observed in the aqueous extract of the film with STA at CPV = 0.5 wt%. This concentration also provided the
highest corrosion protection in the salt fog atmosphere, and the electrochemically measured corrosion rate was
in the order of 10E-12. The optimum PTA pigment concentration was PVC = 3 wt%, at which the corrosion loss
was lowest, viz. 0.18%, and the anticorrosion protection efficiency highest, viz. 89%. This system proved to be the
most efficient also in the long run, on exposing the samples to the same environment for as long as 2184 hours.
The efficiency of the remaining systems decreased as much as to 62%. While the system with an HPA retains
its protective properties if exposed to the corrosive environment for 1500 hours or less, its long-term protective
properties are not adequately good. A comparison of the paint films is shown in Fig 3 (3a, 3b: in 1500 hours; 3c,
3d: in 2184 hours).

Fig. 3 — Panels exposed to the salt solution atmosphere, photographs before and after removing the paint
films. a) STA 5 wt%; b) PTA 3 wt% after 1500 h of exposure; ¢c) STA 5wt%; PTA 3wt%) after 2184 h of
exposure

Table 2 also lists the proton conductivity data of the HPAs, decreasing with increasing pigment volume
concentrations for the free pain films. The conductivity increased appreciably during the experiment in the case
of the powdered pigments. Paint film blistering decreased with decreasing conductivity, the paint film adhesion,
however, increased, whereby the paint film was losing adhesion to the substrate metal. The foregoing applies to
the STA system. As to the PTA system, PVC = 3 wt% appears to provide the best results: no blistering took place,
substrate metal corrosion was lowest, 0.03%, and no adhesion loss was observed.

The novel paint systems are suitable for C5-1 type environments (ISO 12944-2 and ISO 7253) at a medium
to long lifetime. This is industrial atmosphere or indoor atmosphere with elevated humidity.
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Tab. 2 — Corrosion characteristics of the paint systems with HPAs

5 Anticor. efficiency pH pH ’ T
) ig. m. ig. m.
CPV a(f)tF 1:/[3};:) d Corr. rate? = = T | :
[Wt%] eo NaCl ., | NaCl, [mm.year] at 7/21 day at 7/21 day
[%o] [%] [%] [£0.01 %] [+ 0.5 % pS.cm]
STA (Silicotungstic heteropolyacid )
0.5 100 83 62 69.0 E-12 6.57/6.68 537/621
1 100 77 63 69.0 E-12 6.58/6.73 433/498
4.44/4.78 475/1219
3 100 76 66 12.0E-11 6.46/6.37 405/376
100 78 66 12.0E-11 4.99/4.10 84/111
PTA (Phosphotungstic heteropolyacid )
0.5 100 67 62 36.0E-11 6.54/6.75 675/774
1 100 49 62 75.0E-11 6.48/6.97 765/841
4.73/5.4 1022/1380
3 100 89 72 16.0E-11 5.91/6.20 312/295
100 62 68 88.0E-11 4.87/4.97 104/114
CaCO, - Omyacarb
o=10] 100 | 79 | 6 | 500812 | 7.57.71 |647690| 174295 | 9621021

Non-pigmented epoxy ester resin
- | w0 | 4 | 48 | ssoe12 | - [sszzs| - | o939

e) Paint films * overall physico-mechanical efficiency (average of the scores; %)
) Corrosion rate measured by the electrochemical method (VSP-300, France)

Conclusions

New heteropolyacid-based coating materials were prepared. Two heteropolyacids, viz. silicotungstic hetero-
polyacid and phosphotungstic heteropolyacid, were tested and compared with reference paint systems containing
either the binder (epoxy-ester resin) alone or the binder and CaCO, serving as the filler. The performance of the
paint systems was inferred from the comparison. The two HPAs-differ in the optimum pigment volume concent-
ration, which is PVC = 0.5 wt% for STA and PVC = 3 wt.% for PTA. The mechanism of their protective function
is not fully understood yet; some authors suggest that it consists in the formation of complex compounds of the
phosphate, silicate and tungstate types. Studies to precisely identify the protective function and composition of the
corrosion products are under way or planned.
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VLIV TVARU ZINKOVYCH CASTIC NA KOROZNI VLASTNOSTI
ORGANICKYCH POVLAKU OBSAHUJICICH VODIVY POLYMER

EFFECT OF ZINC PARTICLE SHAPE ON THE ANTICORROSION PROPERTIES
OF ORGANIC COATINGS CONTAINING ZINC AND A CONDUCTIVE POLYMER

KOHL M., KALENDOVA A.

Faculty of Chemical Technology, Institute of Chemistry and Technology of Macromolecular Materials,
University of Pardubice, Studentska 95, 53210 Pardubice, Czech Republic

Summary

The aim of this work was to prepare organic coatings containing a conductive polymer and either spherical or la-
mellar zinc particles and to evaluate their mechanical and corrosion resistance. Polyaniline phosphate was used as
the conductive polymer. This substance was prepared by oxidative polymerisation of aniline in 1 M phosphoric acid
using ammonium peroxodisulphate as the oxidant. The oil number and density were determined for the pigment and

the critical pigment volume concentration was calculated by using the data. Once the basic characteristics of the

pigment had been established, the organic coatings were formulated. The organic coatings contained polyaniline

phosphate at pigment volume concentrations 1%, 5% and 10%, to which zinc — spherical in one concentration

series and lamellar in another series — had been added in amounts such that the total pigment volume concentra-

tion was constant and equal to the critical pigment volume concentration. The organic coatings were subjected to
mechanical and corrosion tests. Mechanical tests included the impact test, bending test, cupping test and adhesion

test. Corrosion was assessed in an accelerated cyclic test in salt spray atmosphere.

Key words
Spherical zinc, lamellar zinc, conductive polymer, polyaniline, coating

Introduction

Zinc powder is used as an anticorrosion pigment in paints, in which it constitutes what is called a sacrificed
electrode [1, 2]. Spherical zinc particles are typically used in corrosion protection applications, although lamellar
particles are sometimes also used. Lamellar particles exhibit a lower tendency to settle and are capable of sorbing
larger amounts of the binder than the spherical particles, which implies that they are able to attain a lower pigment
volume concentration (PVC) in the paint [3]. As another asset, the lamellar pigment extends the travelling path of
the liquid medium diffusing from the surface to the substrate; reflect ultraviolet radiation, thereby protecting the
binder from degradation; and, also importantly, plays the role of reinforcement improving appreciably the paint
film's mechanical properties [4].

Zinc coatings protect the steel substrate cathodically only during the first phase of the corrosive action.
Slowly, the pores in the coating are sealed by the zinc corrosion products such as zinc oxides, zinc hydroxide and
basic zinc carbonates, whereby the coating becomes impermeable for the incoming components of the corrosive
medium. Hence, the zinc particles are soon coated with zinc corrosion products, electric conductivity decreases
and this type of protection ceases to exist: cathodic protection transforms to barrier protection. The neutralisation
and filtration mechanisms also play a role in addition to the barrier mechanism [5].

So it can be reasonably assumed that the long-term protective effect of a non-damaged zinc coating is based
on the filtration effect. As the aggressive electrolyte penetrates through the paint layer, zinc corrodes spontaneously
and takes up oxygen (playing the role of the depolariser) as well as the agents stimulating ion corrosion (H*, CI,
SO,”). Ultimately, only the non-aggressive aqueous solution can reach the steel surface. The emerging corrosion
products also enhance the barrier effect in the coating and facilitate neutralisation of the electrolyte penetrating
through the film from the outside [6-9].

Experimental part

Polyaniline phosphate synthesis

The polyaniline phosphate (PANI-H,PO,), was prepared by oxidative polymerisation in dilute phosphoric
acid by using ammonium peroxodisulphate as the oxidant. The synthesis is depicted in Fig. 1.
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Fig. 1 — Synthesis of the polyaniline phosphate
NH,
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Pigment parameter determination

Pigment density was determined by using a Micromeritics AutoPycnometer 1320. Oil absorption was me-
asured by the "pestle — mortar" method based on Czech Standard CSN 67 0531. The data were used to calculate
the critical pigment volume concentration (CPVC). Microphotographs of the pigment particles were obtained on
a JEOL-JSM 5600 LV electron microscope (Japan) and used to deduce the pigment particle shape. The mean
particle size (d50) was determined on a Mastersizer 2000 (Malvern Instruments Ltd., UK).

Formulation and preparation of the organic coatings

In the present study, two series of organic coatings was prepared by using polyaniline phosphate at volume
concentrations 1%, 5% and 10% and by completing the total pigment volume concentration to the critical level
(critical pigment volume concentration, CPVC) with spherical zinc (series 1) or with lamellar zinc (series 2).
A Dissolver type system was used at 4000 rpm/40 minutes to prepare the paints. Once prepared, the paints were
applied to steel panels (standard S-36 low-carbon steel panels, Q-Lab Corporation) and the dry film thickness
(DFT) was measured with a magnetic gauge as per ISO 2808. An artificial vertical cut was made through the paint
films for the accelerated corrosion tests. The cut was 80 mm long and 0.5 mm deep and was made in accordance
with EN ISO 129446 by using a cutting tool complying with ISO 2409 (tool for single cuts).

Mechanical properties of the paints

The paints were subjected to tests providing information on the paint film elasticity and strength. Surface
hardness of the paint films was also measured, viz. with a Persoz pendulum system in accordance with ISO 1522.
Adhesion of the films to the substrate was assessed on cutting a lattice into the films as per ISO 2409, by using
a special cutting blade with cutting edges 2 mm apart. The impact strength of the paint films applied to steel panels
was determined by letting a 1000 g weight fall onto the panels from different heights and recording the largest
height (in mm) at which the film integrity remained undisturbed (ISO 6272). The paint film resistance to cupping
was evaluated by measurement on an Erichsen cupping tester. The result is the steel ball indentation depth (in mm)
at which the film integrity remained undisturbed, as specified in ISO 1520. The test aimed at evaluating the paint
film resistance to bending consists in bending the painted panels over mandrels of different diameter and recording
the largest diameter (in mm) at which the paint film integrity is disturbed, as specified in ISO 1519.

Corrosion test procedures

The organic coatings were applied to steel panels and subjected to an accelerated cyclic corrosion test in
a neutral salt spray atmosphere (ISO 9227). The exposure of the samples in a testing chamber was performed in
12-h cycles divided into three parts: 6 h of exposure to a mist of 5 %-solution of NaCl at a temperature of 35 °C;
2 h of exposure at a temperature of 23 °C; and 4 h of humidity condensation at a temperature of 40 °C. The samples
were evaluated after 720 h of exposure. The corrosion effects after completion of the test were evaluated as speci-
fied in the above ISO standards. Blistering on the paint film surface and in the test cut was assessed by comparing
with the photographs of standards included in the ASTM D 1654-92 standards. Corrosion on the metal plane was
evaluated (after stripping the paint film down) by comparison with the photographs of standards included in the
ASTM D 610-85 standard. Corrosion in the test cut was evaluated by measuring the distance to which corrosion
propagated from the cut to its sides.

Results and discussion

Pigment specification

The pigments' densities and oil numbers were determined and the data were used to calculate the criti-
cal pigment volume concentrations. Accurate knowledge of this parameter is imperative for obtaining correct
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formulations. The mean particle sizes were measured and were found nearly identical for spherical zinc and
PANI-H,PO,, while the lamellar zinc particles were nearly twice as large. The pigment particle shapes were eva-
luated from microphotographs (Fig. 2) taken on an electron microscope.

Tab. 1 — Characteristics of the pigments

Pigment Densi_tay Oil absorption Cl:VC Particle size
[g/em™] [g/100g] (%] [nm]
spherical zinc 7,14 6,4 67 58+0,1
lamellar zinc 6,55 23,3 38 13,0+0,1
PANI-H,PO, 1,54 50,2 55 6,8+0,1

Fig. 2 — Scanning electron micrographs: a) spherical zinc; b) lamellar zinc; ¢) PANI-H,PO,

)

Mechanical properties of the organic coatings

Mechanical properties of the organic coatings were evaluated by using 4 tests (Tables 2 and 3). The data de-
monstrate that the organic coatings with lamellar zinc particles attained a mechanical resistance level nearly twice
as high as the coatings pigmented with spherical zinc. This can be explained so that the lamellar particles laminate,
i.e. reinforce, the binder, their elasticity can play a role even at a low binder content, thereby imparting a mecha-
nical resistance to the coating. Spherical zinc lacks this ability due to its spherical particle shape. Furthermore, the
data demonstrate that the coatings' mechanical resistance increases with increasing PANI-H,PO, volume concent-
ration. In other words, the use of PANI-H,PO, as a pigment in zinc coatings was beneficial in all the formulations.
This pigment (PANI-H,PO,) was used here to increase the organic coatings' adhesion and resilience. This effect is
contributed to by the anions derived from phosphoric acid, which make up for the positive charge at the chain of
this conductive polymer and improve coating adhesion to the substrate metal.

Tab. 2 — Mechanical test results for organic coatings containing PANI-H,PO, and spherical zinc
(DFT =110 £+ 10 pm)

PVCPANI_H3P04 Cupping test Impact test Adhesion test Bend test
[%] [mm] [em] [dg] [mm]
0 4.0 30 1 10
1 4.1 30 1 8
5 44 35 1 6
10 4.5 35 1 6
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Tab. 3 — Mechanical test results for organic coatings containing PANI-H,PO, and lamellar zinc
(DFT =120+ 10 pm)

PVCPANI_H3P04 Cupping test Impact test Adhesion test Bend test
[%] [mm] [em] [dg] [mm]
0 4.9 45 0 8
1 5.7 45 0 6
5 6.2 50 0 6
10 6.5 50 0 <4

Corrosion properties of the organic coatings

The results of the accelerated corrosion test, which was terminated after 720 hours, are listed in Tables 4 and
5. The tables show that the corrosion resistance was lower for the coatings with spherical zinc particles than for
coatings with lamellar zinc particles. The superiority of the latter is due to the larger surface area of the lamellar
particles, facilitating contact between the pigment particles. Owing to this contact, electric conductivity of the
paint film with lamellar zinc particles is higher than that of the paint film with spherical zinc particles, in which
the zinc particle contact area is very small. Moreover, owing to their shape, the lamellar particles in the coating
are able to make up an efficient physical barrier against the penetrating corrosive medium (barrier protection
mechanism). This fact can also be seen in the microphotographs of sections of organic coatings containing either
spherical or lamellar zinc particles (Fig. 3).

Fig. 3 — Microphotographs of sections of organic coatings containing either spherical or lamellar zinc
particles

SEM HV 30,00 kY WO 5 242 mm T SEM HV. 30.00 kv WD 5.531 mm

SEM MAG: 750 x Det: SE Detactor 50 um i SEM MAG: 800 x Det: SE Detactor 50 pm &
Date(micly) DTS Mikroskop Digital Microscopy Insglrgn Date{midly) OS01E Winoskop Digital Microscopy Imaging l
Organic coating pigmented with spherical Organic coating pigmented with lamellar

zinc (PVC = CPVC) zinc (PVC = CPVC)

PANI-H,PO, had a beneficial effect by increasing the organic coatings' corrosion resistance. This conductive
polymer was used to improve electric contact between the zinc particles, which is a prerequisite for electrochemi-
cal reaction of zinc. Furthermore, use is made of the polyaniline salt's ability to capture electrons and use them to
transform to the polyaniline base [10].
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Tab. 4 — Corrosion test results for organic coatings containing PANI — H,PO, and spherical zinc

(DFT =90 = 10 pm)

e Blistering Corrosion
{“:/N I]'H3P°4 In a cut Metal base Metal base In a cut
° dg] [dg] [%] [mm]
0 2D 2D 50 2.0-2.5
1 4D 2 MD 33 1.0-1.5
5 4D 4 MD 16 1.0-1.5
10 4D 4 MD 16 1.0-1.5

Tab. 5§ — Corrosion test results for organic coatings containing PANI — H,PO, and lamellar zinc

(DFT =90+ 10 pm)

Blistering Corrosion
PVCPANI-H PO
(%] 37 In a cut Metal base In a cut Metal base
(1]
[dg] [dg] [dg] [dg]
0 2 MD 2 MD 33 1.5-2.5
1 4 MD 4M 1 0.5-1.0
5 4 MD 4M 0.3 0.5-1.0
10 4 MD 4M 0.3 0.5-1.0
Conclusion

The results of the mechanical tests and corrosion tests show that organic coatings pigmented with
PANI-H,PO, and containing lamellar zinc particles can attain higher mechanical and anticorrosion efficiencies
than coatings without the conductive polymer or coatings with spherical rather than lamellar zinc particles. The
improved mechanical resistance can be explained in terms of the reinforcing ability of the lamellar zinc particles,
the improved anticorrosion resistance, in terms of the good electric contact between the zinc particles provided
by the larger contact area of the lamellar particles. Moreover, the coatings with lamellar zinc constitute a better
physical barrier separating the substrate metal from the corrosive environment. It was confirmed that PANI-H,PO,
improves both the mechanical properties and the corrosion resistance of the zinc-pigmented organic coatings.
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STUDIUM VLASTNOSTI SPECIALNYCH ADHEZIV
INVESTIGATION OF SPECIAL ADHESIVES PROPERTIES

FLORIAN S, NOVAK L, ZIGO O.
Ustav polymérov SAV, Dubravska cesta 9, 845 41 Bratislava, Slovensko

Summary
For preparation of electrically conductive adhesives two kinds of electroconductive fillers have been used:
non-regular spherical metallized basalt particles and metallized fibres of wollastonite. Polymeric composites
containing polyvinylacetate and/or epoxide matrix and electroconductive filler have been prepared. Higher
electrical conductivity of the composites was reached using metallized wollastonite fibres in comparison with
metallized basalt particles.

Key words
Electrically conductive composite, special adhesives, metallized paricles, silver-coate filler

Uvod

V elektrotechnickom priemysle sa vyuziva viac ako 500 druhov lepidiel [1, 2]. Ako priklad pouzitia elektro-
vodivych lepidiel mozno uviest ndhradu technologie reaktivneho pajkovania ¢ipov k siiboru privodov pri vyrobe
mikroelektronickych suciastok lepenim, lepenie sa pouziva aj pri konstrukcii rozmernych ¢ipov mnohobitovych
pamiti, pri¢om napr. pamétovy prvok s kapacitou 1 Mb ma lepeny ¢ip [3]. Pouzitim izotropnych elektricky vodi-
vych adheziv na baze polymérnej matrice plnenej elektrovodivym plnivom mozno v niektorych pripadoch nahra-
dit’ spajkovanie elektronickych prvkov spajkou Sb/Pb [3-6].

Ciel'om prispevku bolo skiimanie vplyvu polymérnej matrice a typu metalizovanych elektrovodivych ¢astic
na elektrické a fyzikalno-mechanické vlastnosti elektrovodivych tlakovo-citlivych kompozitnych adheziv

Experimentalna ¢ast’

Pokovenie plniva, metédy merania: Elektricky vodivé plnivé sa pripravili sa bezpridovym pokovenim vy-
branych druhov Castic plniva. Ako vodivy komponent bolo pouzité striebro.Elektricky vodivé kompozity boli
pripravené mechanickym primieSanim Castic pokrytych striebornym povlakom do epoxidovej alebo polyvinyla-
cetatovej matrice v stanovenom hmotnostnom pomere. Meranie vnitorného elektrického odporu kompozitnych
adheziv sa uskutoc¢nilo s pouzitim vysoko a nizkonapéatiového stabilizovaného zdroja jednosmerného napitia, pi-
koampérmetra Tesla BM 545 a meracieho pripravku s kruhovymi meracimi elektrodami. Meranie fyzikalno-me-
chanickych vlastnosti kompozitov sa uskuto¢nilo na univerzalnom testovacom zariadeni Instron 4301.

Pouzité materialy: Epoxidovy oligomér ChS Epoxy 513 (Spolchemie, CR), tvrdidlo Telalit 410, (Chemo-
tex, CR), polyvinylacetitova vodna disperzia Duvilax LS 50 (Duslo, SR). Bolo pouzité elektrovodivé plnivo na
baze postriebreného ¢adi¢a (AGM), priom boli nepravidelné sférické Castice ¢adiCa pokryté vrstvou striebra
s hrabkou 0.2 pm, velkost Castic ¢adi¢a < 40 pm, koncentracia Ag = 12 hmot. %, Wollastonit Nyglos 4 (Nyco
Minerals, USA) — anorganicky kremicito-vapenaty mineral na baze CaSiO, s ihlickovitou kryStalickou Struktarou,
dizka vlakien bola 44 um, hribka vlakien wollastonitu bola 4 um, postriebreny wollastonit mal hribku pokrytia
striebrom 0.2 pm. Elektricky vodivé plniva sa pripravili sa bezprudovym pokovenim vybranych druhov &astic
plniva. Ako vodivy komponent bolo pouzité striebro.Elektricky vodivé kompozity boli pripravené mechanickym
primiesanim Eastic pokrytych striebornym povlakom do epoxidovej alebo polyvinylacetatovej matrice v stanove-
nom hmotnostnom pomere. Meranie vnutorného elektrického odporu kompozitnych adheziv sa uskuto¢nilo s po-
uzitim vysoko a nizkonapat'ového stabilizovaného zdroja jednosmerného napétia, pikoampérmetra Tesla BM 545
a meracieho pripravku s kruhovymi meracimi elektrodami. Meranie fyzikalno-mechanickych vlastnosti kompozi-
tov sa uskutocnilo na univerzalnom testovacom zariadeni Instron 4301.

Vysledky a diskusia
Pri vybere Casticovych materidlov pre pokovenie bola zohl'adnena:

— velkost’ Castic, ktora do znac¢nej miery ovplyviiuje jednak vysledné mechanické vlastnosti kompozitu
a jednak spotrebu striebra pri ich pokovovani. Boli porovnané vlastnosti kompozitu formulovaného na baze poko-
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veného plniva na baze ¢adica s nepravidelnymi sférickymi Gasticami s oznagenim PC a postriebreného vlaknitého
plniva wollastonit Nyglos 4, ktory ma jeden rozmer — dlzku vlakien — priblizne rovnaku ako je rozmer ¢astic PC:

— tvar Castic, ktory je dolezitym parametrom z hl'adiska perkola¢nej schopnosti plniva. Boli porovnané vlast-
nosti kompozitov obsahujicich pokovené Castice ¢adi¢a nepravidelného sférického tvaru s kompozitmi obsahuji-
cimi pokovené bifilné — vlaknité plnivo (wollastonit).

Pri vybere modelovych polymérnych matric boli zohl'adnené kritéria ich dostupnosti, ceny a typu. Boli vy-
braté dva bezné typy polymérnych matric — disperzna a dvojzlozkova reaktivna.

Zavislost elektrickej vodivosti kompozitu na baze polymérnej matrice Duvilax LS 50 na type postriebrenych
Castic a ich objemovom % v kompozite je na obr. 1. Podl'a obr. 1 tvar kriviek vodivosti v zavislosti na objeme za-
komponovaného plniva ma pre obidve §tudované plniva podobny trend. Podstatne sa vSak lisia hodnoty vodivosti
kompozitov pri rovnakych objemoch plniva. V1aknité plnivo na baze wollastonitu vykazuje vyznamne vysSiu
vodivost’ v oblasti plnenia 15 az 30 obj.% plniva v porovnani s plnivom AGM. Podobnt zavislost’ ziskame aj
v pripade matrice ChS Epoxy 513/Telalit 410 (Obr. 2). Podl'a obr. 2 tvar kriviek vodivosti v zavislosti na objeme
zakomponovaného plniva mé pre obive Studované plniva podobny trend, hoci rozdiely vo vodivosti v oblasti
obsahu 15 az 30 obj. % plniva st vyraznejsie v pripade matrice Duvilax LS 50. Podstatny vplyv na vodivost’ kom-
pozitov ma typ pouzitého plniva, hlavne tvar jeho Castic. Dosiahnutie vysSej vodivosti v pripade pouzitia plniva
Wollastonit mézeme pravdepodobne pripisat’ tomu, ze vlaknité toto plnivo méa vzhl'adom na svoju geometriu viac
moznosti k vzajomnému kontaktu v kompozite ako je to v pripade ¢adi¢ového plniva PC. Zaujimavé je porovnanie
hodn6t medze pevnosti skimanych kompozitov pri dosiahnuti elektrickej vodivosti 1 S/cm. (Tab. 1). Zatial’ ¢o pri
pouziti plniva wollastonit ma kompozit s elektrickou vodivost'ou 1 S/cm medzu pevnosti priblizne 26 MPa, tato
hodnota pre plnivo AGM klesa az na 15 MPa. Na druhej strane m& kompozit na baze wollastonitu niz§i modul
pruznosti E pri priblizne rovnakej hodnote RPP.

Zaver

V predlozenej praci bol Studovany vplyv tvaru a koncentracie elektricky vodivych plniv v polymérnej matrici
na elektrické a fyzikalno-mechanické vlastnosti vyslednych elektrovodivych kompozitnych adheziv: Pri priprave
elektrovodivych adheziv boli pouzité dva typy elektrovodivych plniv s réznou geometriou Castic: nepravidelné
sférické castice resp. Castice s vlaknitou Struktirou a dva typy polymérnych matric: polyvinylacetatova disper-
zia a dvojzlozkovy epoxidovy systém, Boli stanovené elektrické charakteristiky elektrovodivych kompozitov na
baze komerénych adhéznych matric Duvilax LS 50 a ChS Epoxy 513. Bolo zistené, Ze pri pouzitim vlaknitého
elektrovodivého plniva wollastonit sa dosahuje vyssia elektricka vodivost kompozitu ako v pripade pouzitia ne-
pravidelnych sférickych ¢adicovych Castic plniva AGM v celom rozahu plnenia. Na dosiahnutie vodivosti 1 S/cm
je potrebné pouzit’ 0 30 obj.% menej wollastonitu v porovnani s plnivom AGM. Boli stanovené materialovo-ko-
hézne charakteristiky pripravenych elektrovodivych kompozitov. Bolo zistené, ze epoxidovy kompozit na baze
plniva wollastonit dosahuje o cca 70 % vysSiu medzu pevnosti pri pretrhnuti v porovnani s kompozitom na baze
plniva AGM.

Obr. 1 — Zavislost’ elektrickej vodivosti polymérneho kompozitu na type postriebrenych ¢astic, polymérna
matrica Duvilax LS 50

——Wollastonit

——AGM

0 10 0 30 40 sa
Obsah plniva Jobj. %]
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Obr. 2 — Zavislost’ elektrickej vodivosti polymérneho kompozitu na type postriebrenych ¢astic, polymérna
matrica ChS Epoxy 513 : Telalit 410 =4:1
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Tab. 1 — Parametre kohéznej pevnosti pri vodivosti 1 S/cm, polymérna matrica ChS Epoxy 513/Telalit 410

Typ Ag plniva Wollastonit AGM
Parameter
MPP [MPa] 26 15
RPP [%] 1,2 1,2
E [MPa] 1450 2200
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TioO, FOTOKATALYZA - VLASTNOSTI, VYUZITELNOST, BEZPECNOST,
STANDARDIZACE AMYTY

PHOTOCATALYSIS OF TIO,— PROPERTIES, APPLICABILITY, SAFETY,
STANDARDIZATION PROCESS AND MYTHS

PROCHAZKA I, SEFLP.
Advanced Materials-JTJ

Summary
Advanced Materials-JTJ have demonstrated long-term function of FN® Photocatalytic Coatings in variety of
medical and environmental applications over the past eight years. Long-term protection against viruses and bac-
teria has been developed for hospital facilities as well as schools and public places reducing the risk of airborne
infection as much as 70%. Protective self-cleaning coating against dirt and microorganisms has been tested over
two year in a busy highway junction in Prague for environmental function of air depollution from exhaust gases
with an excellent efficiency reaching 40% per pass after two years in this very exposed environment.
These useful properties enable us to reduce the hospital acquired diseases, risk of infection in schools and work
places, and lower the civilization impact on environment.

Introducing photocatalysis into daily life is however slower than it could have been. Environmental activists
with part of academic sector make good living on spreading hysteria about nanoparticles without ever providing
any realistic measure or a proof of any particular harm in real conditions unfortunately slow down the process.
Lobby protecting the traditional markets also support the groups. Lately, instead of improving our environments
and saving life, health and wealth of people, the government bodies introduce new laws and regulations based
on the irrelevant reviews of the above groups, which either kill some applications of photocatalysis or make them
extremely expensive.

Examples will be provided.

Key words
FN® photocatalytic coatings, air purification, protective coatings, selfcleaning coatings, decontamination,
depollution, environmental applications

Advanced Materials-JTJ béhem poslednich osmi let demonstrovali dlouhodobé vyuziti fotokatalytickych
Funkénich natéra (FN®) pro ochranu povrchi proti $piné a mikroorganismtim, elektivni ¢i§téni vzduchu v interié-
rech a antibakterialni i€innost, ktera, jak pfedvedl znamy odbornik na hygienu RNDr. Erich Pazdziora je poprvé v
historii schopna poskytnout dlouhodobou ochranu pacienti i personalu v nemocni¢nich zafizenich.

Velmi podstatnou funkci fotokatalytického povrchu je jeho schopnost Cistit vzduch od exhalaci a zlepSovat
tak znec€iSténi vytizeného prostiedi. Pfed dvémi lety naSe firma oSetfila zvukové bariéry u frekventované ko-
munikace na Barrandové a po této dob¢ vystaveni vSem vliviim pocasi a exhalati z dopravy je jeji i€innost pro
dekontaminaci vzduchu prakticky nezménéna. Tento redlny pokus ukazuje na perfektni pouzitelnost fotokataly-
tickych natértt FN pro dekontaminaci vzduchu a zlepSeni zivotniho prostfedi. Presentované vysledky maji zasadni
charakter a ovéfila je Akademie véd a VSCHT

Podle udaji ministerstva Zivotniho prostfedi Zije na uzemi se zhorSenou kvalitou ovzdusi 51 % obyvatelstva
CR a toto teritorium predstavuje 22 % rozlohy CR. V poslednich 5 letech byly uzakongny nové imisni limity,
zavazné v celé EU, které vSak ve vétsiné evropskych mést nejsou dodrzovany. International Agency for Research
on Cancer (IARC), sou¢ast World Health Organization (WHO), klasifikovala v kvétnu 2012 spaliny z dieslovych
motort jako karcinogeni pro ¢lovéka (Group 1). Direktiva EU 1999/30/ES zaroven pozaduje vyrazné snizeni emisi
oxidi dusiku a to jiz od ledna 2010 ve vsech ¢lenskych zemich EU a nedavné sniZeni povolenych koncentraci
benz(A)pyrénu pod 2ppb reaguje na jeho vysokou nebezpeénost nejenom v ovzdusi, ale také ve spodnich vodach.

Pro dekontaminaci vody na fotokatalytickych natérovych produktech FN, Advanced Materials-JTJ se svymi
partnery provedly rozsahlou skalu laboratornich a praktickych experimentti s odstrafiovanim nebezpeénych latek
z vody pomoci fotokatalyzy. Konkrétni rozklady pesticidt, antibiotik a dalSich nebezpeénych latek a vyuzitelnost
pro dekontaminaci zivotniho prostfedi budou presentovany v této sekci.
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Ochrana povrchti a zivotniho prostfedi pomoci multifunkénich natéri pfinasi nové kvality a moznosti, které
pomahaji zlepsit kvalitu naseho Zivota, stejné jako zmirnit civiliza¢ni dopady na zivotni prostedi.

Proti uvedeni této moderni technologie do praxe vSak tradi¢né postupuji nejriznéjsi sily, které technicky po-
krok bud’to zdrzuji, nebo, jak si ukazeme na ptikladech, jsou schopny jej kompletné znemoznit. Nejsou to jenom
militantni aktivisté, ktefi se ¢asto opiraji o zcela nevérohodné diikazy a zpravidla ani nehledi na absurditu svych
tvrzeni, ale dalsi zajmovou skupinou, ktera piisobi proti novym technologiim je ¢ast akademické sféry, jenz si ze
zpochybrniovani bezpec¢nosti nanomaterialt a Siteni hysterie déla vynikajici zivnost. Nelze ani ptehlidnout zajmové
lobby, které budou vzdy chranit své zavedené technologie a vystupovat proti lepsim fesenim dokud se jejich in-
vestice nevrati. Aktivity predeslych skupin vedou k tomu, ze statni sprava nasledné déla paradoxni kroky, které na
zakladé neoddivodnénych obav, bez seridznich expertnich komisi a bez zadného praktického podlozeni, vedou
k legislativnim zménam, které¢ dlouhodobé znemoziuji vyuziti vyhod, které nam fotokatalyticka technologie na-
bizi nebo je zasadnim zpisobem prodrazuji.

Praktickeé ptiklady z oblasti hygieny, kosmetiky, vyroby pigmentti a barev budou diskutovany.
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METODY STANOVENI FOTOKATALYTICKE UCINNOSTI RUZNYCH
TYPU POVRCHU

METHODS OF PHOTOCATALYTIC ACTIVITY ASSESSMENT
ON VARIOUS TYPE OF SURFACES

BAUDYS M.'?, KRYSA J2
1 Technopare Kralupy UCT Prague, Zizkova 7, 27801 Kralupy nad Vitavou

2 Department of Inorganic Technology, University of Chemistry and Technology Prague (UCT),
Technicka 5, 16628 Praha 6

Summary
The objective of this paper is to summarize methods of photocatalytic activity assessment which can be applied
on various types of surfaces. Beside standard ISO methods in gas phase the paper is focused on the application
of model inks which can be used as rapid indicators of photocatalytic activity. The principle is in irreversible
reduction of dye in ink which occurs on photocatalytic surface only. This method can be applied on water based
acrylic paint containing 8% of photocatalyst anatase. During weathering in QUV photocatalytic activity
increases (increase of rate of photocatalytic oxidation of acetaldehyde and also rate of reduction of ink
containing Acid Violet 7). This increase can be explain by the degradation of polymer paint on the surface resul-
ting in increase of TiO, particles available for photocatalytic reaction which was proved by EDS EDAX analysis.

Key words
Photocatalysis, TiO,, model inks, self-cleaning, ISO test, acetaldehyde.

Introduction

Semiconductor photocatalysis is a promising method for the decomposition of various compounds, either
pollutants dissolved in water (dyes, pesticides, drugs, etc.) or pollutants present in air (NO_or VOC). Another
application are self-cleaning surfaces which via the combination of photocatalytic activity and photoinduced su-
perhydrophilicity are not so much susceptible to soiling and help to keep such surface clean [1]. Typical example
of such surfaces are photocatalytic facade paints, recently also paints for indoor use, which claim to improve air
quality, appear on the market.

The principle of photocatalysis is given by adsorption of UV light by photocatalyst particle (mostly TiO, of
anatase modification) which leads to generation of hole — electron pairs. Most of the photogenerated holes and
electrons recombine into heat, only smart portion of separated reactive species reach the surface of the photoca-
talyst where they can participate in redox reactions. Holes (or -OH radicals) have high oxidation potential and
are able to oxidized even stable organic compounds. Comparing to other advanced oxidation processes, the main
advantage of photocatalysis is that except UV light and photocatalyst we don’t need to add into system other
reagent [2].

Commercial widespread of photocatalytic materials provoked the need of photocatalytic testing using stan-
dards method. Thus the goal of this paper is to introduce various methods of photocatalytic activity assessment
which can be applicable on various commercial products such as photocatalytic glass, paints, ceramics etc. [3, 4].

ISO standard methods

To assess the photocatalytic ability of pollutants removal from air, there are several ISO standard methods
differing with the type of pollutant, concentration and total gas flow. The summary of ISO standard method is
in Table 1. Popular method is based of removal of NO, because the supply NO gas is very quickly oxidized to
NO, (due to the relatively low oxidation potential of NO to NO, = 0,957 V vs. NHE compared to the potential of
valence band hole (3V)). The photocatalytic oxidation of NO to NO," proceeds via following reaction (eq. 1-3).
Potential accumulation of nitric acide caused production of NO, (eq. 3) which is more toxic than the inlet NO. This
can lead to steady state, when the amount of NO removal is given by the rate of NO, production [5, 6].
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Tab. 1 — Parameters of standard ISO method

Standard 1SO 22197-1 1SO 22197-2 ISO 22197-3 1SO 22197-4
Pollutant NO acetaldehyde toluene formaldehyde
Initial
concentration 1 5 5 1
[ppm]
Total flowrate
[dm?/min] 3 ! 0.5 !
Intensity of UV | 1 1 |
light [mW/cm?|
Test time
[hours] 3 3 3 3
Al chemiluminiscence GC GC GC
analyser
4NO+0, +2H,0 22192, 41NO, (eq. 1)
2HNO, +0, —219% ,2yNO, (eq. 2)
2HNO, +NO =192 ,3NO, +H,0 (eq. 3)

The typical time dependence of concentration in case of NO_ test is illustrated on Fig. 1. The amount of
photodegraded NO_ is than proportional to the difference of integrated area above the NO curve and the area
under NO, line. Photocatalytic activity is than expressed as the amount of NO_removal during 5 hour test using
formula 4, where n_, is the amount adsorbed on the test piece, n, is amount desorbed by the test piece and n, and
Ny, is equal to integrated areas above NO curve and under NO, curve respectively.

nNOX = nads + nNO + nNOZ + ndes (eq 4)

Fig. 1 — Example of thew concertation profile of NO, NO_and NO, during the photocatalytic experiment
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Another example of ISO standard are methods using organic compounds such as formaldehyde, acetaldehyde,
and toluene. This methods are performed on the same apparatus as a NO_ test, the difference is in analysis which
is realized by gas chromatography. Photocatalytic activity is than expressed as the amount of degraded pollutant in
a last hour of the test [7]. An example of removal of acetaldehyde on photocatalytic coating is shown on Fig. 2. In
case of sample containing pure anatase (particle layer prepared by sedimentation of TiO, suspension) we can see
high conversion of acetaldehyde removal (conversion about 90 %). In case of sample of an acrylic paint (8 wt. %
of anatase photocatalyst) the decrease of acetaldehyde concentration is negligible. This is not surprising because
active particles are covered by the binder. After exposition in QUV panel simulating accelerated weathering effect
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the thin polymer film on the paint surface degrades which results in an increase of surface-exposed concentration
of TiO, particles. The increase of surface concentration was proofed using EDAX EDS analysis. After exposition
in QUV panel Ti surface concentration increases form 43 % (unexposed paint) to 55 % (after QUV exposition) [8].

Fig. 2 — Concentration of acetaldehyde during the photocatalytic experiment
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Model inks

Unlike ISO standard methods (in gas phase), model inks represent inexpensive rapid method of photoca-
talytic activity assessment. The method is based on irreversible color change of dye in ink which occurs on the
photocatalytic surface. Ink consists of dye (the reduction of dye is connected with change of color), hydroxy-
ethylcelulose (binder) and the excess of glycerol which acts as a sacrificial electron donor. Most of photocatalytic
processes are connected with the low quantum yields (most of photogeneration carriers recombine thus only small
portion of adsorbed photon are converted to oxidation species). In model ink, due to the presence of glycerol
(which is oxidized by holes to glyceraldehyde), the charge separation is efficient and the reduction of dye, which is
connected with color change, is very quick and takes few seconds. From the practical point of view it is important
to say, that the reduction method based on smart inks is equivalent to methods based on oxidation processes [9].

Fig. 3 — An example of discoloration of ink containing dye Acid Violet 7 on photocatalytic paint (top) and
on reference sample (bottom)
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The advantage of model ink is in low demand on laboratory equipment. Color change of model ink is periodi-
cally recorded using hand held scanner and photocatalytic activity is than expressed as a time of irradiation needed
to 90 % of overall color change (Ttb90).

On the Fig. 4 there is illustrated a correlation between the rate of photocatalytic reduction (reduction of
model ink containing Acid Violet 7) and the rate of photocatalytic oxidation of acetaldehyde according to the ISO
22197-2 standard. We can see that after exposition in QUV panel (260 hr) the rate of photocatalytic reduction and
the rate of photocatalytic oxidation increases, so both methods gives similar results. The increase of photocatalytic
activity can be explained by the increase of surface-exposed concentration of TiO, particles during weathering test.
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Fig. 4 — Photocatalytic activity of acrylic paint (containing 8% of anatase photocatalyst) as a function of
exposition in QUYV, comparison of two methods of photoactivity evaluation
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Conclusions

Model inks can be used as a rapid method for photocatalytic assessment of various surface paints, glass,
and ceramics. Compared to oxidative bleaching of dyes, due to the presence of glycerol which improves charge
separation and reduce recombination losses, the color change of ink on photocatalytic surface is very quick, take
few seconds. This method is in good agreement with an ISO standard oxidation method in gas phase (oxidation of
acetaldehyde) as was proved by the photoactivity evaluation of photocatalytic paint during accelerated weathering
test.
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IC REFLEKTIVNI KOMPLEXNI ANORGANICKE PIGMENTY TOMATEC
IR REFLECTIVE COMPLEX INORGANIC COLOUR PIGMENTS TOMATEC
KUMM R., ZOUHAR D.

Grolman s.r.o.

Summary

The paper describes structure, properties and potential application of Tomatec complex inorganic colour
pigments. CICPs are highly stable pigments concerning heat, UV and chemicals, they are relatively easy to

disperse and show wide compatibility in various paints and coatings systems and plastics. Thanks to their

structure, IR reflective grades are capable of reflecting solar irradiation in IR spectra, thus keeping the
irradiated surface relatively cool, although the visible colour is dark. This effect then affects various parameters
in the end application, such as energy savings, formaldehyde emissions, fire retardancy, dilatation, aging, etc.
Measurements of reflective curves, variety of available colours is presented.

Key words
CICP pigment, IR Reflective, surface temperature, camouflage paints, heat buildup reduction, Tomatec
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HANSENOVY PARAMETRY ROZPUSTNOSTI
HANSEN SOLUBILITY PARAMETERS

BANDZUCH J.
SYNPO, a.s.

Summary
The paper deals with determination of Hansen solubility parameters some raw materials designed for coatings
production. There is discussed possibilities utilization of measured values in practice.

Key words
Hansen solubility parameters, coatings

Hansenovy parametry rozpustnosti (HSP) byly vyvinuty dr. Charlesem Hansenem (1938), jako cesta k pre-
dikei zda se bude jedna latka rozpoustét v druhé a budou tak tvofit spolu roztok. Poprvé byly publikovany v roce
1967.

HSP jsou zalozeny na myslence, Zze podobny se rozpousti (misi) v podobném. Tj. obdobné molekuly jsou
charakterizovany podobnymi vazbami. Na zakladé¢ této uvahy lze podle dr. Hansena charakterizovat kazdou mo-
lekulu tfemi parametry (v MPa'?):

3, — energie z disperznich sil mezi molekulami. Jedna se obecné o van der Waalsovy interakce mezi viemi
molekulami. S ohledem na skute¢nost, Ze jsou vSudypfitomné, mame tendenci je ignorovat. Nicméné pro jejich
ucinnost si staci pfipomenout znamy ,,Gekoni* efekt, ktery umoziiuje tomuto zviteti chodit i po svislych plochach.

d_ — energie z disperznich sil mezi molekulami. V tomto ptipadé jde o pfitazlivost mezi molekulami na za-
klade existujicich dipolt. Tyto sily jsou vyznamné téméf ve vSech molekulach s vyjimkou nékterych uhlovodiki
a fluorovanych uhlovodiki.

3, — energie z vodikovych vazeb mezi molekulami. Jedna se o velmi vyznamné sily, vzdyt' jen diky nim je
voda kapalna.

Tyto tfi hodnoty mohou pak byt vyuzity jako soufadnice v 3D prostoru. Pak Ize konstatovat, Ze nejblizsi dvé
molekuly budou ,,misitelné*.

Vzdalenost mezi dvéma body v 3D Hansenoveé prostoru se pak vypocte:

(Ra)2 = 4(8d2 - 6d])z + (sz - Sp])z + (8h2 - 5}11)2

Pot¢ Ize na zdkladé 3D energetické sféry latky R definovat tzv. relativni energeticky rozdil dvou latek RED.
RED=R /R,

Pro RED < 1... latky jsou misitelné

Pro RED =1 ... latky jsou omezen¢ misitelné

Pro RED > 1... latky jsou nemisitelné

Stanoveni Hansenovych parametri rozpustnosti

Z duvodu relativni jednoduchosti byla pouzita metoda doporu¢ovana dr. Hansenem, ktera se zaklada na
sledovani snasenlivost riznych typu latek, u kterych zname jejich parametry rozpustnosti, s latkou méfenou.
Z tohoto divodu byl vytvoren soubor rozpoustédel (z vétsi ¢asti bézné pouzivanych latek), ktery (véetné hodnot
jednotlivych parametri rozpustnosti) uvadi nasledujici tabulka 1.
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Tab. 1 — Soubor pouZitych rozpoustédel

Rozpustédlo 3, (Mpa'?) 3 (Mpa'?) 5, (Mpa'?)
Xylen 17,8 1 3,1
Aceton 15,5 10,4 7,0
Toluen 18,0 1,4 2,0
Ethylenglykolmonobutylether 16 5,1 12,3
2-Propanol 15,8 6,1 16,4
n-Butylacetat 15,8 3,7 6,3
Isobutylalkohol 15,1 5,7 15,9
Diethylenglykolmonobutylether 16 7 10,6
N,N-Dimethylformamid 17,4 13,7 11,3
Propylenglykolmonomethylether acetat 15,6 5,6 9,8
Propylenglykolmonomethylether 15,6 6,3 11,6
Glycerol 17,4 11,3 27,2
Dipropylenglykolmonomethylether 15,5 5,7 11,2
Diacetonalkohol 15,8 8,2 10,8
Propylenglykol 16,8 10,4 21,3
Diethylenglykomonoethylether 16,1 9,2 12,2
Ethylenglykolmonobutylether acetat 15,3 7,5 6,8
2,2,4-Trimethyl-1,3-Pentandiol Monoisobutyrat 15,1 6,1 9,8
Methylisobutylketon 15,3 6,1 4,1
Heptan 15,3 0 0
N-Methyl-2-Pyrrolidon 18 12,3 7,2
n-Butylpropionat 15,7 5,5 59
Rhodiasolv RPDE 17,21 6,26 9,16
Rhodiasolv DIB 15,9 2,4 7,1
o-Dichlorobenzen 19,2 6,3 3,3
Propylenkarbonat 20 18 4,1
Acetonitril 153 18 6,1
Nitromethan 15,8 18,8 6,1
Diethylether 14,5 2,9 4.6
Voda 18,1 17,1 16,9

Témito rozpoustédly jsme se snazili pokryt co nejsirsi rozsah jednotlivych parametrl rozpustnosti a zaroven
se vyhnout pouziti velmi drahych ¢i vylozené toxickych latek. Rozmisténi jednotlivych latek v Hansenové tiiroz-
mérném prostoru je pak zobrazeno v obrazku 1.
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Obr. 1 — Rozmisténi pouZitych rozpoustédel v Hansenové 3D prostoru
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Postup stanoveni parametru rozpustnosti touto metodou byl nasledujici. Do zkumavky byl odvazen cca 1 g
zkoumané latky a nasledné bylo pridano cca 5 g latky o znamém parametru rozpustnosti. Zkumavka byla uzaviena
asmés latek byla homogenizovana. Poté byla zkumavka vloZena do stojanku v laboratofi. Po 24 hodinach byly vzor-
ky vyhodnoceny vizualné nasledujicim zptisobem — pokud vznikl homogenni roztok, bylo rozpoustédlo ,,dobré®,
pokud nevznikl homogenni roztok, bylo rozpoustédlo ,,Spatné“. Pomoci takto ziskaného vysledného ,,skore” byly

stanoveny HSP pocitacovym programem HSPiP (Hansens parameters in Practice). Vysledky stanoveni jsou uve-
deny v tabulce 2.

Tab. 2 — Hodnoty HSP stanovené u pojiv

Latka 8, (Mpa'?) 3 (Mpa'?) 8, (Mpa'?) & (Mpa'?)
Laropal A81 22,9 0,04 14,6 27,2

SFD 2 14,0 8,2 1,4 16,3

S621 15,7 6,2 6,3 -

Obdobné bylo provedeno stanoveni HSP nékterych aditiv a dalsich latek pouzivanych ve vyrobé natérovych
hmot. Vysledky jsou uvedeny v tabulce 3 a jejich grafické znazornéni v 3D Hansenové prostoru pak na obrazku 2.

Obr. 2 — Hodnoty HSP u nékterych aditiv umisténé v 3D Hansenové prostoru
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Tab. 3 — Hodnoty HSP u nékterych aditiv

Latka 8, (Mpa'?) 3 (Mpa'?) 3, (Mpa'?) & (Mpa'?)
TEGO 650 18,5 6,5 9,4 21,8
TEGO 651 11,9 15,1 19,6 27,4
TEGO 653 12,2 18,2 19,7 29,5
TEGO 662C 12,2 12,5 6,0 18,4
VP261 15,6 4,4 2,7 16,5
DisperByk 2150 19,6 9,0 5,1 22,2
DisperByk 161 16,5 10,4 6,7 20,6
BYK 110 18 11,5 12,7 24,9
LOVOCOAT FORM 17 0,04 9,2 19,3
LOVOCOAT STABLE 17,9 15,4 16,3 28,7
DisperBYK110 17,1 10,6 6,7 21,2

ASIL 200 18 12,3 7,2 -

FORM/STABLE 3/2 17,2 10,9 8,9 223
DISPERBYK 2155 17,3 8,4 6,1 20,2
ACEMAT TS100 17,2 10 9 21,8
EFKA 6745 20,7 4,4 9,8 23,3

Stejnym zpusobem byly také stanoveny hodnoty HSP pro pigmenty. Zde vSak bylo vyhodnoceni daleko

zpusob méfeni nebylo mozné v nasich podminkach realizovat, vyhodnoceni bylo provedeno podle kritérii uvede-

nych v tabulce 4.

Tab. 4 — Vyhodnocovani HSP u pigmenti

Parametr

Hodnoceni

Kompletné dispergovano (homogenni disperze)

Dispergovano, ale nehomogenni

Velmi nehomogenni

Zbotnano, ale pigment sedimentuje

(O3 NI LUV [ NS

Totalng oddéleno (sedimentovano)

Kdy hodnoty parametru la 2 byly povazovany za vyhovujici (snasenlivy systém), hodnoty 3 az 5 za nevyho-

vujici (nesnasenlivy systém). V tabulce 5 jsou uvedeny hodnoty HSP nékterych zméfenych pigmenta.
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Tab. 5 — Hodnoty HSP u nékterych pigmenti

Latka 8, (Mpa'?) 3 (Mpa'?) 3, (Mpa'?) & (Mpa'?)
RKB 2 19,3 9,5 21,4 30,3
RGU 20,4 13,7 14,7 28,7
ASG V 16,5 8,6 5,1 19,3
SICOTAN Gelb 18,0 0 7.8 19,6
IRGALITE Yellow 19,0 10,7 6,3 22,7
FEPREN 22,6 1,9 15,4 27,5

Cerveit DP3G 23 6,9 15,7 -

MONARCH 120 20,9 12,5 11,4 26,9
BAYFERROX 3920 19,1 53 13,8 24,1
PALIOTEL ORANGE 23,2 10,4 14,6 29,3
HOSTAPERM VIOLET 17,5 11 8.8 22,4
HELIOGEN GRUN 19,6 14,6 7,7 25,6
VERSAL ZLUT 2GXD 19 12,2 7.3 23,7
LITHAL ECHTTMARRON 20,6 8.4 5,6 22,9

V nésledujicim obr. 3 jsou zobrazeny tyto hodnoty v 3D Hansenové prostoru. Na obr. 4 je pro ilustraci uve-
deno umisténi modfi ASG v 3D Hansenov¢ prostoru véetné znazornéni sféry RO pro tuto latku.

Obr. 3 — Hodnoty HSP u nékterych pigmenti umisténé v 3D Hansenové prostoru
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Obr. 4 — Modi ASG v 3D Hansenové prostoru
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Zavér

Pomoci této relativné jednoduché a levné metody (pomoci parametri rozpustnosti) 1ze charakterizovat su-
roviny pouzivané pro vyrobu natérovych hmot. Moznosti vyuziti parametrd rozpustnosti jednotlivych latek 1ze
v oboru natérovych hmot podle mého nazoru spatfovat v nasledujicich oblastech:

— Sledovani kvality (respektive rozptylu vlastnosti) u problematickych surovin, které nelze bez pouziti velmi
naroénych analytickych metod analyzovat (hodnotit jejich kvalitu).

— Vybér vhodnych rozpoustédel, pfipadné jejich smési, pro dany polymer, tak, aby bylo mozno matematicky
(nikoli empiricky) zajistit dobrou kompatibilitu systému a zaroven zabezpeceni dobré adheze na substrat a ovsem
i moznost nahrady ekologicky ¢i senzoricky nevyhovujici rozpoustédla rozpoustédly 1épe vyhovujicimi pozadav-
kim.

— Vybér vhodnych rozpoustédel a dispergacnich aditiv pro dany systém pojivo — rozpoustédlo — pigment
(plnivo).

Podékovani

Tato pfednaska byla vypracovana s podporou MPO — projekt FR-TI3-57.
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SOUCASNE KLICOVE VYZVY VYROBCU 2K POLYURETHANOVYCH
NATERU NA KOV (A JEJICH MOZNA RESENi POMOCI MODERNICH
POLYISOKYANATOVYCH TECHNOLOGII)

KEY CHALLENGES FACING FORMULATORS OF 2K PU METAL COATINGS
TODAY (AND POSSIBLE SOLUTIONS USING MODERN POLYISOCYANATE
TECHNOLOGIES)

CORNICK M.

Market Development Manager, Vencorex

Summary
The presentation deals with using different aliphatic polyisocyanate technologies in the hardener component of
2K polyurethane coating formulations, in order to solve technical challenges that face the formulators of such
coatings systems.

Key words
Aliphatic isocyanate, low VOC, high solids, drying time, corrosion resistance

Polyurethane coatings are used in a variety of applications today, including: coatings on metal for the auto-
motive, engineering and transportation industries, coatings on wood for the construction and furniture industries,
and coatings on plastic for electronic goods. Aliphatic polyisocyanates (as opposed to their aromatic counterparts)
in particular are used as cross-linkers in those application areas where a high degree of UV, weathering, and che-
mical resistance is required.

The performance requirements coming from the applications where such coatings are used are becoming
increasingly challenging. Therefore the formulator of such coatings must be aware of all of the tools that can
potentially be used in order to meet such technological challenges.

This presentation examines three such challenges that face formulators working in the area of coatings for
metal substrates, and proposes possible routes via. aliphatic polyisocyanate technologies to solve such challenges.

The challenges that are considered in this presentation are:

. Increased regulation on VOC / demand for high solids

. Increasing demands on product / process efficiency

. Increasing demands on product performance (better impact strength, adhesion and corrosion resistance)

With regard to the demand for low VOC / high solids coatings, the presentation shows that the viscosity of
the polyisocyanate that is used can directly influence the VOC level in the final coating formulation, as seen in the
figure below —

Fig. 1 - VOC of coating formulation as a function of viscosity of hardener
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The presentation then goes on to discuss the options for using lower viscosity polyisocyanates, e.g. to replace
“traditional” hexamethylene diisocyanate biuret hardeners with hexamethylene diisocyanate trimer hardeners, and

the potential to use lower molecular weight polyisocyanates, in order to achieve reductions in the VOC level of
the final coating formulation.

With regard to the demands on product / process efficiency, the presentation looks at the drying time of
coatings and shows how it is possible to increase the drying speed of a formulation based on a hexamethylene

diisocyanate trimer hardener by partially replacing this material with an isophorone diisocyanate trimer hardener,
as seen in the figure below —

Fig. 2 — Dust free time for coatings containing various mixtures of HDI and IPDI trimers
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The presentation also looks at the advantages and disadvantages in drying speed and performance that can be
obtained by using higher functionality polyisocyanate hardeners.

In the section on increasing demands on product performance, the presentation looks at a number aspects,
such as impact resistance, adhesion and corrosion resistance. Here an innovative polyisocyanate technology is
introduced exhibiting a high degree of flexibility and hydrophobicity, combined with an ultra-low viscosity, which
has been proven to give some advantages in different formulations, with regard to these aspects.

Fig. 3 — Impact resistance of coating with / without inclusion of flexible polyisocyanate
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ECOS ND15, NOVY KOBALTOVY URYCHLOVAC SUSENI
OXIDACNE VYTVRZOVANYCH POVLAKU

ECOS ND15, A NOVEL COBALT BASED ACCELERATOR FOR THE DRYING
OF OXIDATIVELY CURING COATINGS

SCHOLLAERTT.
UMICORE SPECIALTY MATERIALS, BELGIUM

Summary
Since decades cobalt carboxylates have been used as primary catalysts for the cross-linking of oxidatively
curing coatings.

Current cobalt-based products, used as driers in inks and coatings or as accelerators for curing unsaturated
polyester resins and gel-coats, are increasingly under pressure due to the uncertainty on their hazard classifi-
cation and REACh implementation. Indeed, some inorganic cobalt salts are yet classified as lung carcinogen
category 1B (EU Regulation). If cobalt carboxylates would get classified as carcinogenic by inhalation then the
future use of these products will be restricted.

Umicore has developed an innovative cobalt based accelerator, proven to be much less hazardous than current
cobalt carboxylates. A unique chemistry embeds cobalt into a polymer structure, assuring minimal
bioavailability and hindering any toxicological effect while safeguarding an excellent performance.

The innovation resides in a combination of metal and alkyd chemistry, resulting in a ‘safety-by-design’
compound. The presentation will give more details on the chemistry, toxicology assessment and performance
of the novel accelerator.

Keywords
ECOS NDI15, cobalt replacement, REACh implementation, toxicity, inks, paints, coatings, unsaturated polyester
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VLIV TECHNOLOGIE MLETI NA VLASTNOSTI PIGMENTU

THE IMPACT OF GRINDING TECHNOLOGY ON THE PROPERTIES
OF PIGMENTS

RESCH P.
Fryauf Filmix s.r.o., zastoupeni firmy NETZSCH Feinmahltechnik GmbH
Technologie zjemnovani ¢astic je jednim ze zasadnich parametru, ktery ovliviiuje vlastnosti pigmentd. Tyto
technologie pfitom zaznamenavaji rychly vyvoj a postupy, které byly obvyklé véera, jiz nemusi platit zitra. V
praxi to naptiklad mize znamenat, ze i pfi disledném sledovani béznych kvalitativnich vlastnosti pigmenti se

muze pigment chovat v recepturach jinak pouze kvili zméné technologie mleti. Jak v pozitivnim, tak v negativnim
slova smyslu.

Nasledujici pfednaska vybira nejobvyklejsi technologie mleti pigmentl, k nimz pfifazuje charakteristické
vlastnosti, které mizeme pro tu ¢i onu technologii o¢ekavat.

Sledovanymi veli¢inami jsou:

. Dosazitelna jemnost mleti

. Tvar (8ife) distribuéni kiivky ¢astic

. Tvar ¢astic

. Tepelné namahani ¢astic

. Dalsi specifika jednotlivych systémi
Porovnavame nasledujici technologie:

. Kulové mlyny / suché perlové mlyny
. Kolikové mlyny

. Uderové mlyny se vzdusnym tfidénim
. Tryskové mlyny

. Perlové mlyny

KULOVE MLYNY / SUCHE PERLOVE MLYNY

Obr. 1 — Kulovy mlyn
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Obr. 2 — Suchy perlovy mlyn SpheRho
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Dosazitelna jemnost mleti: desitky az stovky mikrometra. Tvar distribuéni kiivky: velmi §irokd, mozné upra-
vit naslednym vzdusnym tfidénim. Tvar ¢astic: téméf nemozné ovlivnit, protoze vkladanou energii do mleti neni
témét mozné regulovat, ponékud lepsi u suchého perlového mlynu. Tepelné namahani ¢astic: pomérné malé, pro-
toze celkova energie vztazena na jednotku objemu je nizka ve srovnani s ostatnimi mlecimi systémy.

KOLIKOVE MLYNY

Obr. 2 a 3 — Kolikové mlyn Condux

Dosazitelna jemnost mleti: desitky az stovky mikrometrs, obvykle pouze desaglomerace, nikoli mleti pri-
marni ¢astice. Tvar distribu¢ni kiivky: pomérné Siroka Tvar ¢astic: obvykle se jedna o desaglomeraci, mlyn tedy
neovliviluje zasadn¢ tvar ¢astic. Tepelné namahani ¢astic: teplotni spad vstup — vystup obvykle 10-20°C, snadna
moznost chlazeni plynem.

UDEROVE MLYNY SE VZDUSNYM TRIDENIM (TRiDiCi MLYNY)

Obr. 4 — Tridici mlyn CSM
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Dosazitelna jemnost mleti: desitky, vyjime¢né i jednotky mikrometrt.. Tvar distribuéni kiivky: uzka. Tvar
Castic: tvar Castic 1ze ¢aste¢né ovlivnit energii vkladanou do mleciho procesu. Tepelné namahani ¢astic: velmi
snadna moznost chlazeni plynem. Ostatni: jednoducha moznost pfidavani aditiv (tekutych i kapalnych).

TRYSKOVE MLYNY

Obr. 5 — Tryskovy mlyn CGS

=

Obr. 6 — Tryskovy mlyn ConJet

Dosazitelna jemnost mleti: jednotky mikrometri, tryskové mlyn s parou stovky nanometrd. Tvar distribuéni
ktivky: velmi uzka (nejuzsi ze sledovanych systémi). Tvar ¢astic: tvar ¢astic 1ze velmi dobfe ovlivnit energii mleti.
Tepelné namahani ¢astic: velmi snadna moznost chlazeni plynem. Ostatni: jednoducha moznost ptidavani aditiv
(tekutych i kapalnych), tryskové mlyny s parou dokazi odvadét z materialu vodu.
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PERLOVE MLYNY

Obr. 7 — Perlovy mlyn Alfa

Obr. 8 — Perlovy mlyn LME

Dosazitelna jemnost mleti: desitky mikrometri az jednotky nanometrdl. Tvar distribuéni kiivky: v zavislosti
na vedeni technologického procesu pomérné siroka az uzka. Tvar Castic: tvar ¢astic 1ze velmi dobfe ovlivnit energii
mleti. Tepelné namahani ¢astic: velmi snadna moznost chlazeni. Ostatni: moznost ptidavani aditiv, velmi flexibilni
a univerzalni systém.
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ANALYZA PIGMENTU METODAMI VIBRACNi SPEKTROSKOPIE
PIGMENT ANALYSIS BY MEANS OF VIBRATIONAL SPECTROSCOPY

PASZTOR J., SEC K., LINDNEROVA MUDRONOVA K.
Nicolet CZ s.r.o0., Kielovicka 970, 104 00 Praha

Summary
Vibrational spectroscopy is a very powerful tool for characterization of chemical compounds in all states. This
method is also suited for polymorph analysis since the differences between various crystal structures are very
well noticeable in measured spectra.

In this study we present the basic principles of vibrational spectroscopy using the case of analysis of different
polymorphs of metal oxides, e.g. TiO, (anatase and rutile), which is commonly used in paints, and detection
of dangerous CdS (cadmium yellow) in coloured polymers. Furthermore, the approach of spectral bands decom-
position using the Omnic (TQ Analyst) software is presented.

Key words
Pigments, FT-IR, Raman spectroscopy, Omnic

Uvod

Vibra¢ni spektroskopie (Ramanova a infraervend spektroskopie) je nedestruktivni metoda analyzy, ktera
vyuziva neelastického rozptylu zareni (Ramanova spektroskopie) a absorpci infracerveného zéafeni (infracervena
spektroskopie — FT-IR). Tyto dvé metody jsou vzajemné komplementarni. Ziskana spektra jsou unikatni nejen pro
kazdou chemickou latku, reaguji i na drobné zmény v okoli molekul a je pomoci nich mozné rozlisit i jednotlivé
polymorfy latky. [1]

Svou nezastupitelnou roli ma vibraéni spektroskopie mimo jiné také v oblasti analyzy pigmentt a pojiv, kde
se hojné vyuziva fada jejich vyhod. Nékteré v prumyslu hojné vyuzivané latky maji tendenci v ptirodé i ve vyrobé
zaujimat vice krystalovych struktur, tzv. polymorfi.. Ty maji rozdilné optické vlastnosti [2], coz je pro n€které
prumyslové aplikace zasadni.

Experiment

Prvnim z praktickych piikladii studovanych latek je oxid titanicity (TiO,), ktery se v pfirod€ vyskytuje ve
tiech formach (rutil, anatas a brookit) a ma Siroké pouziti jako barvivo v potravinaistvi, kosmetice ¢i jako pigment
do natérovych hmot. Jiz mala zména pomeéru jejich zastoupeni se projevi viditelnou zménou vlastnosti povrchu,
a proto je rozliSeni polymorfu esencidlni nejen pro chemicky pramysl, ale také pro biomedicinské aplikace. [3]

Dalsim prezentovanym ptikladem je analyza fady riznych typt pigmenti (napf. sulfidu kademnatého CdS
— kadmiové zluti) a koroznich slozek pomoci méfeni ve vzdalené infracervené oblasti (FIR). V neposledni fadé
budou pomoci praktickych ptikladu pfedstaveny moznosti infracervené spektroskopie pii odhalovani zakazanych
a nebezpeénych latek v pigmentovanych polymerech a forenzni aplikace vibraéni spektroskopie pti analyze lakt
vozidel z mista ¢inu.

Vysledky a zpracovani experimentalnich dat

Vysledky ziskané pomoci Ramanovych a FT-IR spektrometr je dale mozné zpracovat pokrocilymi ma-
tematickymi metodami. Lze provadét nejen kvalitativni, ale také kvantitativni analyzu, kterou je navic mozné
automatizovat. Pro posuzovani kvantity a kvality vzorku se pouziva program TQ Analyst, v kterém je mozné
kalibra¢ni modely vytvaret.
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Obr.1 - IR spektra kadmiové Zluti, kalcitu a podezielého polymeru.
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Zavér

Vibracni spektroskopie je elegantnim nastrojem pro identifikaci neznamych latek, verifikaci materialt i ana-
lyzu riznych polymorfi téze latky. Diky metodam vzorkovani je mozné méfit vzorky vSech skupenstvi, ve spojeni
s mikroskopii 1ze navic analyzovat objekty o velikosti od n€kolika mikrometri, a tak vibra¢ni spektroskopie na-
chazi uplatnéni ve véd¢, primyslu i forenznich aplikacich.
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LUMiFrac® - TECHNOLOGIE PRO ODSTREDIVE TESTOVANI ADHEZE
LUMiFrac®— CENTRIFUGAL ADHESION TESTING TECHNOLOGY

DUDAK M.
ANAMET s.r.0.

Summary
New Centrifugal Adhesion Testing Technology provides wide range of forces which may be used for testing adhe-
sion, cohesion, shear and bond strength of paints and other surface treatments. This technology facilitate quick
testing of up to 8 samples simultaneously to provide good statistical results. Results for various applications will
be presented such as warm-curing epoxy-adhesives, optical coatings on plastics, metal coatings on glass and
polymer coatings on metals. This technology typically helps to resolve questions of optimum mixing ratio and
curing temperature.

Key words
Centrifugal tester; adhesion, cohesion and shear strength, surface coatings
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GPC-MALS VS. AdF-MALS: STANOVENI MOLEKULOVE HMOTNOSTI
SAMOSITUJICICH AKRYLATOVYCH POJIV NA BAZI EMULZNICH
KOPOLYMERU

GPC-MALS VS. A4F-MALS: MOLAR MASS DETERMINATION
OF SELF-CROSSLINKING ACRYLIC BINDERS BASED ON EMULSION
COPOLYMERS

MACHOTOVA J.!, PODZIMEK §.!2, ZGONI H.2!

1 Institute of Chemistry and Technology of Macromolecular Materials, Faculty of Chemical Technology,
University of Pardubice, Studentska 573, 532 10 Pardubice, Czech Republic
2 SYNPO, Ltd., S. K. Neumanna 1316, 532 07 Pardubice, Czech Republic

Summary
Self-crosslinking core-shell latexes were synthesized by the emulsion polymerization of acrylic monomers. The
molar mass of copolymers forming the shell layer was gradually reduced by isooctyl 3-mercaptopropionate
included in the synthesis of the shell layers. The molar mass distribution of latex particles was determined
using size exclusion chromatography and asymmetric flow field flow fractionation, respectively, both separation
methods being coupled with a multi-angle light scattering detector. Whereas SEC-MALS was found to be con-
venient for the characterization of low molar mass shell copolymers without crosslinked structure, A4F-MALS
was proved as a very efficient technique for the characterization of high molar mass copolymers and core-shell
microgels.
Keywords
Emulsion polymerization, core-shell latex, keto-hydrazide crosslinking, molar mass distribution, A4F, chain
transfer

Introduction

Currently, the self-crosslinking acrylic latexes based on diacetone acrylamide (DAAM) and adipic acid di-
hydrazide (ADH) crosslinking system have been studied extensively [1,2]. The reaction between the carbonyl
functionalities of DAAM and hydrazide groups of ADH proceeds rapidly at ambient temperature and is favored by
the loss of water and the simultaneous decrease in pH arising from the evaporation of ammonia or amines during
the film forming process [3].By introducing the self-crosslinking chemistry in emulsion polymers, the physical and
chemical integrity of latex films is enhanced, while the film formation process may be complicated due to suppre-
ssed inter-diffusion and entanglement of polymer chains during the particle coalescence stage [4,5].

Polyacrylate latexes synthesized by emulsion polymerization are naturally branched or even crosslinked insi-
de each particle and form branched structures or even microgels during the synthesis [6,7] as a consequence of the
coupling of propagating branches generated through chain transfer to a polymer [8,9]. Typical problems connected
with utilization of these latexes are often related to film-forming properties of originally discrete polymer particles.
In order to obtain a high-quality film, the polymer chains must inter-diffuse at the interfaces between the particles.
This is, of course, not a problem for linear polymers of low glass transition temperature (7') but the coalescence
of lightly crosslinked microgels results in interfaces that remain weaker than the particles and a lightly crosslinked
network is not continuous, which typically leads to worse final coating properties [10]. A simple way to control
the crosslinking or branching during the emulsion polymerization of acrylic monomers is to use a chain transfer
agent (CTA) during the polymerization. This strategy is widely used in emulsion polymers to control the level of
crosslinking in each particle [11,12]. Hence, the desired film properties can be tuned by varying the molar mass
of emulsion copolymers.

As the precise control of latex copolymer particles structure from the point of view of the molar mass and
its distribution may be particularly important in the case of self-crosslinking latexes, there is a strong need in the
characterization and control of the molecular architecture of these polymers. The combination of size exclusi-
on chromatography (SEC) with a multi-angle light scattering (MALS) detector has been numerously shown as
a powerful technique for the determination of molar mass distribution of various synthetic and natural polymers.
However, SEC may fail in case of polymer samples containing ultra-high molar mass fractions or branched ma-
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cromolecules that can be degraded by shearing forces in SEC columns or elute abnormally due to the anchoring of
branched chains in the pores of column packing; and also carboxylic groups typically added to stabilize aqueous
dispersion of final latex particles may contribute to enthalpic interactions between macromolecules and column
packing. Asymmetric flow field flow fractionation (A4F) can be used as an alternative separation technique with
several advantages over traditionally used SEC. The main differences of A4F compared to SEC are the lack of
stationary phase and significantly reduced operating pressure (typically around 10 bar). The lack of stationary
phase completely eliminates the abnormal SEC elution of branched polymers and strongly reduces the possibility
of enthalpic interactions as the surface of the semipermeable membrane is several orders of magnitude smaller than
that of packed SEC column. As a matter of fact, polymers interacting with SEC column packing, ultra-high molar
mass polymers and branched polymers belong to key application areas of A4F.

In our present work, we concentrated on the comparison of the molar mass determination of structured emul-
sion microgels by means of SEC-MALS and A4F-MALS analytical systems. The object of our interest focused
on latexes based on DAAM and ADH crosslinking system. As these latexes are usually composed of core-shell
particles with DAAM repeat units incorporated into the polymer backbone of the shell layer, the molar mass of
the shell layer was systematically varied by a chain transfer agent and its effect on end-use coating properties was
explored in particular.

Experimental

Latex preparation and characterization

Water dispersions of structured microgel particles were synthesized comprising a variable content of acrylic
monomers (see Table 1). The core/shell weight ratio of the samples was 2/3, which means a shell thickness about
26 % of the particle diameter. The nature of acrylic monomers forming core and shell phases was chosen to achieve
a calculated Tg of approximately 6-8 °C. A slight cross-linking inside the latex particle core was introduced by
a controlled amount of AMA. The level of isooctyl 3-mercaptopropionate CTA included in synthesis of each of the
shell layers was systematically varied. The shell layer included a constant amount of DAAM repeat units to pro-
vide ketone carbonyl functionalities for interfacial crosslinking by reaction with ADH added during latex formu-
lation. To improve the colloidal stability of latexes and to ensure the acid catalysis of keto-hydrazine crosslinking
reaction, carboxyl functionalities were introduced into the structure of core and shell layers by copolymerization
with a constant amount of MAA into all the prepared copolymers.

The latexes were produced in a 700 ml glass reactor by the semi-continuous non-seeded emulsion polyme-
rization under nitrogen atmosphere at 85 °C. This procedure ensured relatively homogeneous latex particles of
statistical copolymers. The reactor charge was put into the reactor and heated to the polymerization temperature.
Then the monomer emulsion was fed into the stirred reactor at feeding rate about 10 ml/min in two steps (1. core
preparation, 2. shell preparation). After that, during 2 hours of hold period the polymerization was completed. The
latex was cooled to room temperature and filtered to remove any coagulum. The pH was adjusted to 8.5 with am-
monia solution. To produce self-crosslinking latexes of structured microgel particles, a 10 wt.% aqueous solution
of ADH, in the amount corresponding to the molar ratio ADH:DAAM = 1:2, was added to the aqueous core-shell
microgel dispersion with agitation.

Tab. 1 — Composition of self-crosslinkable latexes based on structured microgels

Sample Composition of monomer feeds [wt.%]
MMA/BA/MAA/AMA/DAAM/CTA
Core Shell
Lo 48.5/48.5/1.5/1.5/0/0 47.5/47.5/1.5/0/3.5/0
L0.1 48.5/48.5/1.5/1.5/0/0 47.45/47.45/1.5/0/3.5/0.1
L0.75 48.5/48.5/1.5/1.5/0/0 47.12/47.13/1.5/0/3.5/0.75
L1.5 48.5/48.5/1.5/1.5/0/0 46.75/46.75/1.5/0/3.5/1.5
L2.5 48.5/48.5/1.5/1.5/0/0 46.25/46.25/1.5/0/3.5/2.5
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Molar mass determination

An instrumental setup of A4F-MALS consisted of an A4F system Eclipse 3+ (Wyatt Technology Corpora-
tion), a HELEOS MALS photometer and an Optilab rEX refractive index (RI) detector (both Wyatt Technology
Corporation). The review of theoretical principles as well as the details of the A4F instrumentation can be for
example found in the recent reference [28]. Both MALS and RI detectors operated at 658 nm. The instrumental
set-up was completed with a Waters 2487 dual wavelength Absorbance detector that was set to the operating
wavelength of 254 nm. A long channel with a wide 350 mm spacer and a regenerated cellulose 5 kDa membrane
was used for the A4F separation using linear cross flow gradient from 3 mL/min to 0.1 mL/min within 15 min,
followed by 30 min isocratic step at 0.1 mL/min and 10 min at zero mL/min. Elution and focusing steps (2 min
each) preceded the injection + focusing step (3 min) that was followed by additional 10 min focusing. That means
the elution started at 17 min.

An instrumental setup of SEC-MALS consisted of a set of two PL gel Mixed-B 300 mm x 7.5 mm columns
(Agilent, USA), an Agilent 1100 Series HPLC pump and the same detectors as used for A4F. Tetrahydrofuran
(THF) was used as the mobile phase for both SEC and A4F experiments at SEC flow rate and A4F detector flow
rate of 1| mL/min. Samples of latexes without ADH were injected as solutions in THF in the volume of 100 pL and
the concentration of about 0.2 % w/v. All prepared solutions were filtered with 0.45 um filter before the injection
into SEC columns or A4F channel. The data acquisition and processing were carried out by ASTRA 6 software
(Wyatt Technology Corporation). The MALS data were processed using Berry light scattering formalism. The dn/
dc of copolymers was calculated based on the dn/dc values of parent homopolymers and the weight fractions of
monomers in a given copolymer. The calculation of molar mass was performed assuming chemical homogeneity
of the prepared copolymers. Although this assumption may not be completely fulfilled it must be taken in order to
get molar mass from the MALS detector.

Results and discussion

Molar mass determination of shell copolymers

Molar mass distribution curves of pure shell copolymers determined using SEC-MALS and A4F-MALS
techniques are presented in Fig. 1 and the number-average, weight-average and z-average molar masses (M, M,
M , respectively) of shell copolymers obtained from SEC-MALS and A4F-MALS are shown in Tables 2,3. It can
be seen clearly that increasing the CTA content in the composition of monomer feeds resulted in a shift of molar
mass distribution curves to lower values and a considerable decrease in the molar mass averages of shell copoly-
mers. As expected, the effect of molar mass reduction was manifested more significantly in the case of the weight-
-average and z-average molar masses which are strongly affected by the presence of high molar mass fractions. It
is evident that a sharp drop in the molar mass occured particularly by using 0.1 and 0.75 wt. % of CTA, whereas
at higher contents of CTA (1.5 and 2.5 wt. %) low molar mass copolymers were formed and the effect of molar
mass regulation remained similar.

The comparison of mass recovery values from SEC and A4F separations showed (see Tables 2 and 3) that
reducing the molar mass of shell copolymers using 0.75, 1.5 and 2.5 wt.% of CTA resulted in a significant drop in
mass recovery in the case of the A4F separation, whereas measurements of these samples by the SEC technique
were found to exhibit almost maximal values of the mass recovery. Reduction in the mass recovery in the case of
AAF separation indicates the penetration of oligomeric fractions through the semi-permeable membrane. Therefo-
re, the molar mass averages obtained by A4F-MALS for the samples exhibiting low mass recovery (L0.75, L1.5
and L2.5) are overestimated, especially Mn that reflects mainly the fractions with lower molar mass. On the other
hand, A4F separation of the shell copolymers LO (polymerized without CTA) and L0.1 (polymerized with 0.1 wt.%
of CTA) exhibited a nearly maximal mass recovery in comparison with the SEC separation of these samples. It can
be assumed that the shell copolymers LO and L0.1 contain a significant amount of ultra-high molar mass fractions
of branched or crosslinked macromolecules that are filtered out by SEC columns, thus lowering the value of SEC
mass recovery. It can be concluded that SEC not only provides false information about the molar mass distribution,
but the high molar mass fractions retained by the SEC columns deteriorate the column performance.
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Fig. 1 — Comparison of cumulative molar mass distribution curves of shell copolymers obtained from
SEC-MALS (top) and A4F-MALS (bottom). The content of isooctyl 3-mercaptopropionate (CTA) in the
copolymer: 0 wt.% (1), 0.1 wt.% (2), 0.75 wt.% (3), 1.5 wt.% (4), 2.5 wt.% (5).
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As alkyl acrylates are prone to the chain transfer to polymer, the ultra-high molar mass structures were appa-
rently formed during the emulsion copolymerization of BA as a result of inter-molecular chain transfer to polymer.
On the other hand, the chain transfer to short polymer chains does not result in complete crosslinking, therefore
no structures having extremely high molar mass (~10® g/mol) were formed in the case of samples polymerized in
the presence of higher amounts of CTA. In addition, macromolecules of very high molar mass are prone to shear
degradation in SEC columns. Hence, the higher moments of molar mass (Mw, Mz) obtained from SEC-MALS for
the shell copolymers LO and LO0.1, are underestimated, whereas the results of SEC-MALS analysis for low molar
mass shell copolymers L0.75, L1.5 and L2.5 can be considered correct. It can be concluded that the molar mass of
shell copolymer samples LO and L0.1 is determined more precisely using A4F-MALS, while the molar masses of
low molar mass shell copolymers L0.75, L1.5 and L2.5 are measured more correctly by SEC-MALS.

Tab. 2 — Effect of isooctyl 3-mercaptopropionate (CTA) content in shell copolymers on molar mass
averages (M , M , M) of shell copolymers determined using SEC-MALS

Sample CTA content M, M, M, Mass recovery
[wt. %] [10° g/mol] [10° g/mol] [10° g/mol] [%]
Lo 0 793 3,300 12,863 83.5
LO.1 0.1 331 604 1,207 86.1
L0.75 0.75 32 57 103 97.6
L1.5 1.5 17 27 44 97.7
L2.5 2.5 12 18 27 99.7

Tab. 3 — Effect of isooctyl 3-mercaptopropionate (CTA) content in shell copolymers on molar mass

averages (M , M _, M) of shell copolymers determined using A4F-MALS

Sample CTA content M, M, M, Mass recovery
[wt. %] [10° g/mol] [10° g/mol] [10° g/mol] [%]
Lo 0 206 7,262 22,465 99.4
LO.1 0.1 125 777 2,302 98.5
L0.75 0.75 40 59 86 85.9
L1.5 1.5 28 31 38 66.7
L2.5 2.5 24 30 36 34.8
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A4F analysis of core-shell microgels

It has been shown that SEC fails in case of polymer samples containing large branched macromolecules that
elute abnormally or ultra-high molar mass fractions that can be degraded by shearing forces in SEC columns. As
described in the previous section, SEC is unable to provide true molar mass distribution of the shell copolymers
L0 and LO.1 containing high molar mass fractions. For this reason, the investigated ultra-high molar mass micro-
gel structures were analyzed only by means of A4F-MALS as the separation in this technique is not affected by
stationary phase. The results of A4F-MALS for core-shell microgels LO-L2.5 are presented in Fig. 2. The molar
mass versus retention time plots of all microgel samples showed a bimodal molar mass distribution comprising of
low molar mass fractions represented by soluble macromolecules of molar mass of ~ 10° and crosslinked microgel
super-molecular structures of molar mass of the order of magnitude of 10® g/mol. All samples under investigation
showed bimodal molar mass distribution pattern with different ratio of soluble macromolecules and crosslinked
microgels. With rising content of CTA in the shell layer of microgel particles (analogously with decreasing the
molar mass of the shell copolymer) the content of low molar mass fractions in microgel samples increased.

Fig. 2 — Molar mass versus retention time plots overlaid on RI fractograms for the core microgel (1) and
core-shell microgels containing different amounts of CTA in the shell copolymer layer:
0 wt. % (2), 0.75 wt. % (3), and 2.5 wt. % (4).
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Conclusions

The object of our interest focused on self-crosslinking latexes based on keto-hydrazine crosslinking system.
The structured latex particles consisted of an internally crosslinked core and a shell layer containing DAAM
repeat units within the polymer chains. Molar mass of the shell copolymer was gradually reduced with different
amounts of isooctyl 3-mercaptopropionate included in the synthesis of the shell layers. In the present work, we
aimed demonstrate and compare the molar mass determination of the prepared structured emulsion microgels by
means of SEC-MALS and A4F-MALS analytical systems. Whereas SEC-MALS was found to be convenient for
the characterization of low molar mass shell copolymers without crosslinked structure, A4F-MALS was proved as
a very efficient technique for the characterization of high molar mass shell copolymers and core-shell microgels.
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ANTIKOROZNI PIGMENTY NA BAZI PEROVSKITU S POVRCHOVOU
UPRAVOU VODIVYM POLYMEREM PPDA

ANTICORROSIVE PIGMENTS BASED OF PEROVSKITE WITH A SURFACE
LAYER OF CONDUCTIVE POLYMER PPDA

HAJKOVA T., KALENDOVA A.

Faculty of Chemical Technology, Institute of Chemistry and Technology of Macromolecular Materials,
University of Pardubice, Studentska 573, 532 10 Pardubice, Czech Republic

Summary
The properties of protective organic coatings containing perovskites whose surface had been modified with

conductive polymers were investigated, with focus on their anticorrosion effect. The perovskite type pigments

(XYO,; X = Ca Sy, Y = Ti, Mn) were synthesized by high-temperature solid-phase reaction, and their surface
was modified with a conductive polymer, specifically polyparaphenylendiamine phosphate (PPDA), by chemical

oxidative polymerisation.
Conductive polymers are currently attracting considerable interest in a number of sectors, among them the paint
industry owing to their non-toxicity and high stability.

Paints consisting of a solvent-based epoxy-ester resin as the binder and the above-mentioned perovskite/PPDA
pigments were formulated and subjected to mechanical tests in order to assess the effect of the composite
pigment particles on the paints' mechanical resistance. Corrosion resistance of the coatings was tested also
evaluated in dependence on the type of particle surface treatment with the conductive polymer, chemical
composition of the pigment, and pigment volume concentration (PVC) in simulated corrosive atmosphere.

Keywords
Perovskites, anticorrosion pigment, organic coating, conductive polymer, epoxy-ester resin,
paraphenylendiamine

Introduction

The most famoused method to protect the surfaces of metallic materials consists in coating them with pa-
ints possessing anticorrosion properties [1,2]. Paints designed to protect metals against corrosion always contain
corrosion-inhibiting pigments that slow down the metal corrosion process through electrochemical and chemical
reactions [3, 4]. Therefore, the possibility of developing nontoxic pigments for anticorrosion pigments that would
feature efficiency at the same or even better level than the traditional toxic anticorrosion pigments is being explo-
red. A number of papers have been devoted to protective coatings containing pigments based on oxides with the
perovskite structure, which exhibit anticorrosion properties.

Chemically and electrochemically acting pigments encompass a wide range of substances of various che-
mical composition, mainly lead-containing compounds and chromate pigments, phosphate compounds, modified
phosphates, and metal powder based pigments [5,6].

Conductive polymers start to be popular among organic corrosion inhibitors [7]. Examples of conductive
polymers include polypyrrole and polyaniline (Fig. 1), involving systems of conjugated double bonds with the pre-
sence of charge carriers making possible charge transfer along the chain [8]. Owing to their properties, conductive
polymers induce passivation processes on steel surfaces, in which respect they are similar to the compounds con-
taining heavy metals. This shows promise are regards the feasibility of using conductive polymers to replace, or
reduce the use of, e.g., chromate-based corrosion inhibitors [9]. They may also find application as electrochemical,
or electrically active, pigments to attain passivation of the surface of a corroding steel substrate [10,11].

Fig. 1 — Pigments treated conductive polymers on the surface layer
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A new conductive polymer is polyphenylenediamine (PPDA), which can also be oxidized to the oligomer or
polymer [12,13]. Phenylenediamine contains two primary amino groups, serving to interconnect the monomers
during the oxidative polymerization process. Ammonium peroxodisulphate is used as the oxidative reagent. The
two amino groups can be included in a phenazine-like ladder structure if the oxidative reagent is present in appreci-
able concentrations [14,15]. Polyphenylenediamine is considerably less conductive than polyaniline but many pro-
perties are similar owing to the similarity of the structures (Fig. 2). Redox activity is one of such properties [16].

Fig. 2 — Idealized structure of poly(p-phenylenediamine) produced by the oxidation of both amine groups
in p-phenylenediamine [15]
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Experimental

Laboratory preparation of pigments

Perovskites with a generally isometric particle shape were synthesized to serve as the pigment cores for coa-
ting with a conductive polymers and to be added to a binder to form anticorrosion paints. Pigments possessing the
simple perovskite structure: CaTiO,, SrTiO,, CaMnO, and StMnO,, were synthesized by calcination [17].

The anticorrosion pigment based on the zinc phosphate hydrate Zn,(PO,),xH,0 (PVC = 15 %) was also
tested as a reference material allowing us to compare the results obtained with the pigments synthesized by us with
those obtained with a commercially available product.

Pigment preparation procedure

The pigments were synthesized by solid-phase reaction, viz. by high-temperature calcination of the homo-
genized mixtures of the starting materials by following the general principles of preparation of high-temperature
inorganic pigments. The process of preparing the pigments consists of 4 operational steps: homogenization, calci-
nation, washing with water and milling by wett process. [17].

The surface of the pigments was modified by treatment with polyparaphenylendiamine phosphate (PPDA).
The anti-corrosion efficiency was evaluated both for the untreated pigments and for the pigments with surfaces
modified with PPDA.

Preparation of the perovskites modified with a surface layer of polyparaphenylendiamine phosphate

This is the oxidative polymerization of phenylendiamine, which is carried out under laboratory conditions in
the environment of phosphoric acid. Peroxydisulfate is the most commonly used oxidant [18]. To this reaction was
added to each of the synthetised perovskite [17].

Determination of the physico-chemical properties of the perovskites with conductive polymer surface layers

The pigments' specific weight was determined by using a AccuPyc II 1340, gas pycnometer (Micromeritics,
USA. Linseed oil absorption was measured by the pestle-mortar method. The outcome, called the oil number
(in g 100 g, is a prerequisite for calculation of the CPVC and for the formulation of the paints Parameters are
given as arithmetic averages within 10 measured values [19].

Formulation, preparation and testing of the paints

Epoxy-ester resin-based paints were formulated for investigation of the pigments' anticorrosion properties.
Description of binder: a 60 % solution of a medium high molecular weight epoxy resin esterified with a mixture of
fatty acids of dehydrated ricin oil and soy oil, trade name WorléeDur D 46, acid number 4, viscosity 2.5-5.0 Pa s,
flow time (DIN 53211-4200) 250 s, solvent xylene. The pigment volume concentration (PVC) in the paints were
invariably 1, 5, 10 %, and 15 %. The PVC/CPVC ratio was adjusted in all the model paints to 0.50 by means of the
anticorrosion-neutral filler calcite CaCO,.

The paint films were applied to the substrates by means of an applicator for steel panels (Q—panel, UK) 152
mm x 102 mm x 0.8 mm size. A total of 10 test panels were prepared for each paint. A thin cut (groove), 10 cm
long, which penetrated through the paint film and reached the substrate metal, was made using a sharp blade. The
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samples on the test panels were allowed to dry under standard conditions (temperature 20 °C, relative humidity
50 %) in a conditioned laboratory for 6 weeks. The dry film thickness (DFT) was measured with a Minitest 110
magnetic thickness gauge fitted with a F16 type probe (Elektrophysik, Germany) in accordance with ISO 2808.
A7 mm long test cut was made on the bottom of all steel panels for the corrosion tests.

Cyclic corrosion test with salt mist and condensing moisture

In the 24-hour cyclic corrosion test in the presence of condensing water and SO,, the test panels were exposed
to condensing water containing SO, at 36°C + 2°C for 8 hours (1st cycle stage) followed by drying at 23°C + 2°C
(2nd cycle stage). This test encompassed 15 cycles, i.e. it took 1400 hours in total.

Results and discussion

Structure and morphology of the composite pigment particles

The pigment particle morphology is illustrated by scanning electron micrographs Figure 3 for the perovskites
and for the surface modified perovskites. The micrographs were taken in the secondary electron imaging (SEI)
mode. The composite pigments had a tendency to form clusters.

Fig. 3 — Morphology of perovskite particles as observed by SEM: a) CaTiO,; b) CaTiO,/PPDA;
¢) CaMnO,; d) CaMnO,/PDPA; e) SrTiO,; f) SrTiO,/PPDA; g) SrMnO,; h) SrtMnO,/PPDA

Corrosion tests

The size and frequency of blisters in the paint film were determined as per ASTM D 714-87, the fraction
of substrate metal area affected by corrosion was determined as per ASTM D 610, the distance of propagation of
corrosion in the cut was determined after removing the paint film as per ASTM D 1654-92, and the overall anticor-
rosion efficiency (E,,) was calculated as described above [20].

Corrosion test in the atmosphere with SO,

The paints were exposed to a corrosion test in the atmosphere with SO, (Tab. 1) for 1400 hours. Modifi-
cation with a surface layer conductive polymer improved the paints’ overall anti-corrosion efficiency. Modification
of particles of the perovskite SrTiO, with PPDA (SrTiO,/PPDA) gave rise to a form that exhibited an anti-corrosi-
on efficiency that was higher than that of untreated perovskite (SrTiO,). The highest anticorrosion efficiency was
found with SrTiO,/PPDA, where the overall anticorrosion efficiency score was 99 (PVC = 10% and 15%).
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Tab. 1 — Results of accelerated corrosion tests of the paints containing composite pigments in mist
of a salt electrolyte (exposure 1400 hours, film thickness = 100 + 10 pm)

Blistering Corrosion Anticorrosion
Pigment PVC/% In Metal In the Metal efficiency
a cut/dg base/dg cut/mm base/% Ego,/%
1 8MD - 0-0.5 0.1 83
5 &M - 0-0.5 0.03 89
CaTiO,
10 M - 0-0.5 0.03 89
15 M - 0-0.5 0.03 89
1 8F - 0-0.5 0.1 93
5 8F - 0-0.5 0.3 94
SrTiO,
10 8F - 0-0.5 0.1 93
15 8F - 0-0.5 0.1 93
1 6M - 0-0.5 0.1 87
5 6MD - 0.5-1 0.03 80
CaMnO,
10 8SMD - 0.5-1 0.3 80
15 8SMD - 0.5-1 0.03 82
1 8SMD - 0-0.5 0.03 84
5 8SMD - 0.5-1 0.1 81
StMnO,
10 M - 0-0.5 85
15 8F - 0-0.5 0.1 93
1 M - 0.5-1 0.1 86
5 8F - 0-0.5 1 90
CaTiO,/PPDA
10 - - 0-0.5 0.3 98
15 - - 0-0.5 0.1 99
1 M - 0.5-1 - 86
5 - - 0-0.5 0.3 98
StTiO,/PPDA
10 - - 0-0.5 0.03 99
15 - - 0-0.5 0.03 99
1 8F - 0-0.5 1 90
5 8F - 0.5-1 3 85
CaMnO,/PPDA
10 8F - 0-0.5 1 90
15 - - 0-0.5 3 93
1 - - 0-0.5 - 99
5 - - 0-0.5 3 93
SrMnO,/PPDA
10 M - 0.5-1 3 80
15 M - 0-0.5 0.1 88
Zn(PO,) xH,0 15 M 8M 4.0-5.0 10 59
Non-pigm. film - - - 0.5-1.0 >50 73
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Perovskite itself possesses a relatively low electric conductivity, which was increased to an optimum level for
use in paints by modification with PPDA.

The highest anticorrosion efficiency was found with SrTiO,/PPDA, where the overall anticorrosion effici-
ency score was 99 (PVC = 10% and 15%).

The overall conclusions from the exposure of the paints to an atmosphere with SO, are as follows:

. Paints with conductive polymer PPDA reduced the rate of the corrosion phenomena occurring in the
steel substrate surface.

. The anti-corrosion efficiencies of paints with pigments modified with the conductive polymers were
higher than those of the respective paints with the untreated pigment.

. The highest corrosion resistance showed pigment CaTiO,/PPDA.
. The anti-corrosion efficiencies of paints decreased in the following order:

StTiO,/PPDA > CaTiO,/ PPDA > SrTiO, > CaMnO,/PPDA > SrMnO,/ PPDA > CaTiO, > SrMnO, >
> CaMnO,

Anticorrosion effect of perovskites and conductive polymers in a paint layer

In recent years, application of conductive polymer coatings such as PPDA on ferrous and non-ferrous alloys
against corrosion has received much attention [21,22]. In addition to applying the physical barrier, which is the
protection mechanism of most coatings, the conductive polymers are capable to anodic protection of metal surface
by the healing their oxidative properties and accelerating the formation of stable metal oxides on the surface of
the substrate [23,24]. In other words, the ability of the conducting polymer to oxidize the substrate metals allows
potential of metals to be shifted to the passive state, in which the metals are protected by the passive oxide formed
beneath the conducting polymer.

Where the pigment particle is not modified with a conductive polymer layer, the anticorrosion protection role
is played by the inorganic pigment itself.

Conclusions

PPDA as the conductive polymer for pigment particle surface modification was found superior to the corro-
sion-inhibiting efficiency of the composite pigments. It is an advantage that a low pigment volume concentration
in the epoxy-ester resin based paint is adequate to attain a high anticorrosion efficiency. For some of the pigments,
their optimum concentration in the paints was as high as PVC = 10 % and 15 %, which is beneficial also from the
financial aspect.

When exposed to the atmosphere with SO,, the paint films exhibited an anticorrosion effect particularly at
high PVC levels (10% and 15%).

All of the paint films exhibited a high anticorrosion resistance in this chamber; excellent results were obtai-
ned with the paints containing PPDA. Specifically, they were paints containing SrTiO,/PPDA at PVC = 10% and
15%, where the overall anticorrosion efficiency score was 99%.

The surface modified pigments are promising from several aspects, particularly owing to their high anticorro-
sion efficiency compared to that of the reference paint, low pigment concentration in the paints adequate to attain
a high anticorrosion effect, and their environmental harmlessness. The results obtained suggest that the pigments
deserve further research.
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SYNTEZA STYREN-AKRYLATOVYCH KOPOLYMEROQV AKO
MODIFIKATORY VLASTNOSTI NATEROVYCH HMOT METODOU RAFT

SYNTHESIS OF STYRENE-ACRYLATE COPOLYMERS BY RAFT, USEABLE LIKE
MODIFICATIONS OF COATINGS
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Summary
This work is focused on the synthesis of random and block copolymers based on styrene and acrylic acid esters.
The copolymers are prepared by Reversible addition-fragmentation Chain Transfer Polymerization (RAFT) and
are characterized by size ex-clusion chromatography (SEC). Coating films were cast on steel panels and were
evalu-ated by standard coatings tests. Prepared coatings show bad stability in the Q-sun tests.

Key words
RAFT, styrene-acrylate copolymers, modification of coatings

Introduction

Reversible addition-fragmentation chain transfer (RAFT) polymerization has been well established in po-
lymerization systems, such as bulk or solution polymerization. It is a novel technique for controlled / living po-
lymerization. RAFT is one of the most often used synthetic polymerization methods for the preparation of well
defined polymers with complex architecture. Synthesis of uniform macromolecules with precisely controlled size,
novel topology, composition and functionality is a prerequisite for the specific application. [1,2,3] Implementing
RAFT polymerization can be as simple as introducing a suitable chain transfer agent — normally thiocarbonylthio
compounds into a conventional free radical polymerization system. The RAFT agents used have a significant effect
on the controllability of the RAFT polymerization and thus should be carefully chosen for specific polymerization
system. RAFT polymerization starts with a standard initiation step as in the conventional radical polymerization,
where the homolytic bond fission of a radical initiator into primary radicals occurs. Radicals react with monomer
molecules to form a propagating polymeric radical P*n, which subsequently adds to the C=S bond of the RAFT
agent and carboncentre intermediate RAFT radical arises. Fragmentation of this intermediate gives rise to either
the original reactant or polymeric RAFT compound and a new radical. The radical is able to reinitiate the poly-
merization and can generate its own active centre by reacting with monomer molecules, providing eventually
a new polymeric radical P*m. Equilibrium is established between the actively growing polymeric radicals and the
dormant polymeric RAFT compounds, this provides equal chance for all chains to grow and allows the production
of narrowly dispersed polymers between thiocarbonylthio end group. The mechanism of the RAFT living polyme-
rization is illustrated in Figure 1. [4]

Fig. 1 — The principle of RAFT synthesis
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Experimental part

Polymers were synthetized of styrene (St), hydroxyethyl methacrylate (HEMA), 3-(trimethoxysilyl)propyl
methacrylate (TMSMAA). All the monomers were purchased from Sigma Aldrich, the Czech Republic. Before
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polymerization, all monomers were purified in columns with neutral activated aluminum oxide under inert gas and
stored in cold and dark place. 2,2"-Azobis(2-methylpropionitrile (AIBN, 0.05 % wt.) was used as the initiator and
2-(dodecylthiocarbonothioylthio)-2-methylpropionic acid (DDMAT, 0.095 % wt.) was utilized as the RAFT agent.
All copolymers were polymerized in bulk under inert gas during 10 hours, at the tem-perature of 65 °C. After 10
hours, the prepared polymer was cooled, purified and dried in the last step.

All polymers were characterized by SEC coupled with Optilab rEX refractive index (RI) de-tector, both
Wyatt Technology Corporation. The RI detector operated at 658 nm. Columns Agilent PIGel Mixed C 300x7.5 mm
with particle size of Sum were calibrated by polystyrene standards. Samples were injected as solutions in tetrahyd-
rofuran (THF) in the amount of 100 pl, the concentra-tion was approximately 3 mg/ml. All prepared solutions were
filtered with 0.45 pm filter before the injection in SEC column. Each sample was measured at 35 °C.

Results

The composition and properties of prepared polymers are listed in Table 1. The averages of molar masses M,
M, and M (g/mol), index of polydispersity D, and % wt. of styrene and acrylic acid ester comonomers. Prepared
polymer RAFT 1, RAFT 2, RAFT 4 and RAFT 5 were prepared by random polymerization in the bulk and RAFT
3 was prepared like block copolymer for compare properties between random and block copolymers. Coating were
prepared with thickness apt. 80 um on the steel panels. After 14 days were prepared coatings tested in the Q-sun for
600 hours. Coatings were containing higher part of styrene has disappeared from steel panels when test finished.
Coating were contents lower part of styrene were having yellow color with some disappeared parts. But for im-
provement of the properties in UV light will be better add small amount of UV stabilizator. All prepared polymers
have dispersity from 1.26 to 1.42. Molar mass M is independent on the content of St and acrylic acid esters, but on
the amount of RAFT agent. If is in the reaction mixture small amount of RAFT agent, resultant polymer has higher
molar mass M , M, and M but have too high polydispersity. In the opposite, if is in the reaction mixture to much
amount of the RAFT agent, the reaction will be stopped. RAFT agent and his amount has been chosen carefully
for specific polymerization system. In the polymers who contents TMS-MAA will be trimethoxysilyl groups pre-
served. Were found no differences between stability of the block polymers and random polymers.

Tab. 1 — Averages molar masses and composition of prepared polymers

Contents of St and ester

Polydis- Molar mass of stars [g/mol] lic acid
Sample . SR 2Ll TMSMAA

persity D

M, M, M,
RAFT 1 1.32 12,000 16,000 19,000 10 10 0.0
RAFT2 1.26 20,000 25,000 31,000 15 5 0.0
RAFT 3 1.42 13,000 18,000 23,000 18 2 0.0
RAFT 4 1.34 13,000 17,000 21,000 10 0.0 10
RAFT 5 1.27 15,000 19,000 24,000 15 0.0 5
Conclusion

Before synthetized polymers by RAFT, we should found the right ratio between RAFT agent (DDMAT)
and initiator (AIBN). Were prepared five polymers by RAFT polymerization. Four poly-mers were prepared by
random polymerization and once polymer by block polymerization. Coatings films were cast on steel panel with
thickness apt. 80 um. When Q-sun test stopped coatings made from RAFT 2, RAFT 3 and RAFT 4 were disap-
pearing from steel panel. Coatings made from RAFT 1 and RAFT 5 were yellow, with some parts of disappear
coatings. All coatings will be for better properties stabilized by UV stabilizators.
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POLYETHERIMIDOVA NANOVLAKNA JAKO SORBENT
PRO STANOVENi ORGANOCHLOROVYCH PESTICIDU

POLYETHERIMIDE NANOFIBRES AS SORBENTS FOR ORGANOCHLORINATED
PESTICIDES DETERMINATION
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Summary
In the present work, electrospun polyetherimide (PEI) nanofibres were fixed on a steel wire solid phase
microextraction (SPME) assembly. The basic properties of the prepared nanofibres were determined
by thermogravimetry, differential scanning calorimetry, adsorption and SEM. The analytical performance
of prepared PEI SPME fibres was compared with three commercially available SPME fibres — PDMS
7 um / 100 um and DVB/Carboxene/PDMS. As model water pollutants, persistent organochlorinated pesticides
hexanchlorocyclohexanes (HCH) and chlorobenzenes (CIB) were chosen as model water pollutants. The fibres
were compared in the headspace (HS) SPME mode of GC MS/MS instrumentation. The comparison omitted
other method parameters and focused exclusively on the extraction time variability. Lab-made PEI SPME
fibres showed significantly better response for the target compounds than the other tested fibres from industrial
production.
Based on the results, the extraction time could be shortened from 50 to 10 min, if PEI SPME fibres were used as
a modification of existing analytical protocol.

Key words
SPME, nanofibres, electrospinning, polyetherimide, hexachlorocyclohexanes, chlorobenzenes,
organoglorinated pesticides
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ANTOSOVA B.!, ANTOS P2, KALENDOVA A}

1 Unipetrol Centre of Research and Education, a.s., Usti nad Labem
2 Technopark Kralupy University of Chemistry and Technology in Prague, Kralupy nad Vitavou
3 Institute of Chemistry and Technology of Macromolecular Materials, FCHT, The University of Pardubice

Summary
The protective coatings based on the silicate binders prepared and filled with standard pigments and fillers were
hardened by the following methods: physical procedure, zinc powder with isometric spherical particles, zinc
powder with lamellar particles, blocked polyisocyanate in an organic solvent, blocked polyisocyanate in water
dispersion, with condensed aluminum phosphate, hydrated aluminum phosphate, and alkoxysilyl isocyanurate.
With coating compositions the physico-mechanical property tests of the coats on steel or, eventually, glass panels
(adhesion by the grid method, bending strengths, cupping stability, shock resistance, and coating hardness) and
corrosion resistance in a condensation chamber and salt chamber with cycles tests were performed. The results
obtained were evaluated from the silicate binder type point of view, so as the used hardening system type point of
view. The overall best results were obtained with a lithium-sodium water glass, the coats of which exhibit good
physico-mechanical and anticorrosion properties. From the composition point of view the coating materials
filled with zinc powder exhibit very good results. Zinc with lamellar particle shape exhibits a higher
anticorrosion efficiency.
Key words
Protective coatings, zinc powder, silicates, lithium-sodium glass

Introduction

The soluble synthetic silicates, in the liquid form called also sodium water glass, potassium water glass, lithi-
um water glass (eventually their combinations) are quite frequently used as binders for various systems (coating
compositions, cements, forms, cores and coatings in foundries, welding electrodes, building materials, refractories,
insulation materials). They give to them not only ecological harmlessness, but also e.g. acid resistivity (cements),
high steam permeability (facade coating compositions), incombustibility (fire resistant coating compositions),
anticorrosive protection (zinc rich paints).

The basic starting material for the products based on synthetic silicates and silicon dioxide is silica sand,
which is the initial material for technologies of dry and wet processes. Various procedures can be used for pro-
cessing the crystalline silicon dioxide to synthetic amorphous silicon dioxide with precisely defined properties
for specific applications. The most usual product or eventually the semiproduct for further processing comprise
alkaline silicates in solid and liquid forms. Sodium silicate belongs to basic inorganic chemicals and its produc-
tion in Europe presents more than 500,000 t/y. Potassium silicate is used as a binder for coating compositions,
refractories, cements and for the production of welding electrodes; its consumption in Europe is at a level of about
21,000 t/y. The lithium water glasses belong among chemical specialities and their usage is limited to the region
of coating compositions (coating compositions, destined for heavy anticorrosion protection, rich in zinc powder
filler), to the technologies of restoring the historical buildings (stabilizing means for synthetic and natural stones),
and for the production of welding electrodes (application as a binder).

Theory

Properties of silicate binders

Water glasses — solutions of alkali silicates can be ordered among colloidal systems, wherein the particles
are smaller than average light wavelength but larger than the average molecule size. The water glass particle size
fluctuates between 1 to 500 nm and can be verified by the Tyndall effect observation or by a microscopic method.
On evaluating the colloidal properties of water glass it is necessary to follow two states: water glass as a dispersion
system (sol) and water glass as a transient system (gel) [1]. The sols are characterized as the systems containing
particles, among which a large number of limited surfaces can be found. The sols can be distributed to phase
dispersion systems and molecular colloids [2]. The water glass belongs to phase dispersion systems. The particles

89



IX. KONFERENCE PIGMENTY A POJIVA « 7.-8.11.2016

represent an independent phase separated by the dispersion medium. Large surface of interface is characterized by
a high surface energy and thus a great thermodynamic instability. The system can be destabilized by a small impact
and transformed through a transient gel form to the solid compound.

On evaluating the colloidal properties of water glass we follow three basic characteristics: solvation, size and
charge. Generally the particles obtain an electric charge by the ionic adsorption or electrolytic dissociation. There
takes place the formation of electric double layer. This layer is of diffusion character, on the movement of particles
only the internal part of the double layer adheres on it. The particle appears on outside as electrically conductive
particle. The micelle is a sol particle composed of a core and solvate layer. Water glass may be ordered among the
isostable sols, the solvate layer thereof is formed as of ions, so as of the solvent molecules. The solvate layer of col-
loid water glass particles has two components: the inside strongly bound layer, which exhibits the Brownian moti-
on with a particle, and the outside diffusion layer. Thus in water glass water occurs in three forms. On the one side
it is a free water in an intermicallar space, further water bound at the outside lyosphere diffusion layer, and water
bound strongly at the inside lyosphere layer. At the commercial sodium water glass sorts the hydration moves on
the following level: inside bound water (W1) ~ 8%, outside bound water (W2) ~ 36% and free water (Wv) ~ 12%.

Fig. 1 — Schematic structure of solution of water glass
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Hardening of silicate binders

The solutions of glass alkali silicates can be used as binders in coating compositions pigmented with zinc
powder. In these systems the capability of zinc to form the cathodic protection on the contact with steel surface is
used. As far as the conductive contact between individual zinc particles and steel surface is achieved, the electric
Zn-Fe cell in which the steel is a cathode and therefore does not suffer corrosion, is formed. As far as the cell is
functioning, an increase of the water pH value takes place, on diffusing through the coating film and acting on
the zinc particles and also on the steel surface. Therefore it is necessary to select the binders stable in alkaline
medium. Having this in mind polystyrene, chlorinated rubber, epoxy resins and vinyl copolymers were used for
this purpose in the past. The silicon polymers are really suitable binders, both in the form of colloidal aqueous
solutions of alkali silicates, and in the form of alkoxy silicates, soluble in organic solvents. Coating compositions
pigmented with zinc powder protect the steel surfaces primarily by an electrochemical mechanism. The porous
coatings of this type enable the water diffusion through the coat and thus the formation of electrolyte, which has
inhibition properties (pH effect), but primarily the galvanic cell is formed. As a result of the electrochemical
reaction the reaction products are formed, which seal the pores in film, and this film is gradually converted to the
barrier protection mode.

In the process of hardening water-borne zinc silicate coatings the whole complex of physicochemical pro-
cesses as the water evaporation on the drying of coat, the diffusion of carbon dioxide through the coating, the
chemical reaction with carbon dioxide, the transport of eventually formed gaseous reaction products — hydrogen
out of the coating etc., find application. At first the coating dries, which runs comparatively fast — to max. several
hours in dependence on the temperature and relative humidity. The further subsequent processes are slower and
take, in dependence on temperature, of the order of magnitude days to weeks. Of the proper chemical processes the
following reactions make themselves useful: the reaction with atmospheric carbon dioxide, the reaction of water
glass with zinc metal, and, under limitation to the adhesion interlayer, also the reactions between steel surface iron
and water glass.
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The hardening of water glass with inorganic salts runs by a similar mechanism as the hardening with organic
esters. On the salt hydrolysis similarly as on the ester hydrolysis an inorganic acid, which hardens water glass, is
freed. Therefore the salts of weak bases and strong acids are used primarily. The velocity of hardening is controlled
by the dosed amount of hardening agent on the one side, and by the type of used salt on the other, as the determi-
ning reaction of the whole process is the velocity of inorganic salt hydrolysis. In the building industry fluorides
and fluorosilicates were used frequently [3]. With respect to toxicity of fluorosilicate it is more suitable to use
a mixture of aluminum phosphates, which are used for the hardening in the building industry (dry mortars,
refractory cements and adhesives) [4]. Combinations of polyphosphates showing a low polymerization degree
(3—6 structural units) and a high polymerization degree (more than 40 structural units) us used. The rate of har-
dening is controlled by a mutual ratio of both polyphosphate types. The phosphates showing a short chain are
hardened by a higher rate than the phosphates showing a long chain [5]. The phosphates are prepared by a thermal
reaction of aluminum hydroxide with ammonium phosphate in solid phase at temperatures about 400 °C [6].

The colloidal solutions of alkali silicates belong among principal inorganic chemicals with a broad spectrum
of usage. One of the significant applications of water glasses is the application as a binder for foundry sand mix-
tures. The mixtures are hardened either by carbon dioxide or by liquid organic hardening agents mostly on the
base of esters [7]. In practice the acetic acid esters and two- to five-member polyhydroxyalcohols, namely glycerol
acetates, are used most frequently. Hydrolysis of glycerol triacetate leads across diacetate, monoacetate, and ends
at the formation of acetic acid and glycerol. Gradually formed acetic acid reacts with water glass under the for-
mation of sodium acetate, which disturbs the compactness of the formed silicon dioxide gel. Glycerol monoacetate
is hydrolyzed most rapidly, the glycerol triacetate most slowly. By the mutual ratio of individual esters the rate of
water glass hardening is controlled (elimination of the climatic summer-winter effects).

For the applications in building industries (solidification of road beds) is described hardening with esters of
olefinic alcohols with carboxylic acids having a carbon atom number in the chain by 18 C (vinyl and methylvinyl
esters of acetic, propionic, lauric, stearic and lactic acids) under adding further organic compounds of the haloge-
nated hydrocarbons, ketones, aldehydes and acrylic acid ester [8] types.

For the building mortars a hardening system is described, which is based on acting mixtures of aluminum
or ferric salts with organic hydroxyacids [9] (citric acid, lactic acid, glyceric acid, tartaric acid); a mole ratio of
hydroxyacid/SiO, fluctuating between 0.05-0.3. The cements bound with sodium or potassium water glasses are
hardened with organic compounds bearing free amino or amido groups, which react with water and water glass,
e.g. formamide and cyanamide [10] or their compounds with bivalent metals (lead, calcium, barium) [11].

Usage of alkali silicates

The binding properties of alkali silicates are widely used in various applications and with various combinati-
ons of binders, fillers, and pigments. For the production of coating compositions, mortars and plasters the water
glass is combined with burnt or hydrated limes and silicate powders. Into facade coating materials bound with
acrylic dispersions the water glass additions up to 2 wt. % acting here as a conservation agent or a combination of
both binder types (acrylate + silicate) is used. As a binder for the facade coating compositions primarily a potassi-
um water glass of a suitable modulus or a potassium water glass adapted with colloidal silicon dioxide solution is
used. Potassium water glass presents also a base for coating compositions on glass. Zinc silicate coatings or coats
based on inorganic silicate binder together with organic coatings pigmented with zinc belong into the group of the
so-called zinc coatings with a high content of zinc metal of 80-95 wt. % in the nonvolatile coating fraction (Figure
2). Dry layers of nominal thicknesses of 60-90 um are determined to long-duration anticorrosion protection of
steel structures, especially in atmospheres of the corrosion aggressivity degree C3, C4, and C5 (CSN ISO 9223).
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Fig. 2 Cathodic protection of metal substrate with zinc rich coatings
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Experimental

Production of binders

Polysilicate binders based on the potassium and sodium water glasses were prepared from industrially pro-
duced semiproducts, in which the silicate modulus was adapted with colloidal silicon dioxide solution. Lithium
and lithium-sodium water glasses were prepared by the sol-gel method from the colloidal silicon dioxide and

appropriate hydroxides. The binder compositions are given in the following tables:

Tab. 1 — Basic composition of the prepared silicate binders

Silicate binder type Sodium water Potassium water Lithium water Sodium-lithium
glass glass glass water glass
Dry matter content 31.39 24.48 20.84 21.39
[wt. %]
SiO, content [wt. %] 25.59 18.39 19.28 18.37
Na,O content [wt. %] 5.8 - - 1.19
K,O content [wt. %] - 6.09 - -
Li,0 content [wt. %] - - 1.56 1.83
Mole ratio [] 4.55 4.74 6.16 3.82
Weight ratio [-] 441 3.02 12.36 6.08
Density [g.cm™] 1.286 1.208 1.166 1.203
Tab. 2 — Silicate binders - water distribution
Water distribution [wt. %]
Water glass type
w W1 W2 Wv
Sodium water glass 69.03 5.42 49.82 13.8
Potassium water glass 75.14 3.33 41.54 30.27
Lithium water glass 79.08 2.04 443 32.7
Sodium-lithium water 76.96 245 65.84 3.67
glass

Preparation of coating compositions

The coating compositions (Table 3) were prepared on the Dissolver Dispermat equipment by dispersing all
the components in attritor. The coating composition dispersing was performed at 3,000 rpm for 30 minutes. To
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the attritor at first all the liquid system components were introduced. For reaching the better dispersing effect the
dispersing bodies (ballotine having 3 mm in diam.), the volume of which amounted to about 1/3 of the coating
composition volume was used. The mixture was homogenized and afterwards all the powdery components were
added. On finishing the dispersion the glass balls were separated on a screen and the coating composition was
applied to steel testing panels and glass plates for the corrosion and mechanical tests. Figure 3 brings morphology
of zinc particles (SEM).

Tab. 3 — Composition of coatings

Starting material Coating
1 2 3 4 5 6 7 8
Silicate binder 53.57 | 29.19 | 39.84 | 53.93 | 53.93 | 48.62 | 47.79 | 51.79
Sokrat 2431 8.93 13.47 13.6 8.93 8.93 8.62 8.85 8.93
Plastorit Micro 5.89 - 4.39 6.07 6.07 6.9 7.08 7.14
Bentone SD-2 3.21 2.74 3.74 2.86 2.86 3.1 3.18 3.21
Fepren TP 200 16.6 - 5.53 8.0 8.0 15.51 15.9 16.07
Potassium dichromate - 0.01 0.01 - - - - -
Distilled water 10.71 9.68 9.76 10.71 | 10.71 | 13.79 | 10.62 | 10.71
Hydropalat A 0.9 0.8 0.8 0.9 0.9 0.9 0.9 0.9
Dehydran 1293 0.18 0.16 0.16 0.18 0.18 0.18 0.18 0.18
Zinc Dust VM-4P16 - 442 - - - - - -
BLITZ Zinkpulver Z 2031 - - 21.95 - - - -
Alphos - - - 8.21 - - - -
Targon HS - - - - 8.21 - — -
Desmodur BL 4265 - - - - - 2.41 -
Bayhydur® BL 5140 - - - - - - 5.13 -
Silquest® Y 11597 Silane — - - - - - - 1.07
PVC [%] 38.5 51.14 449 36.8 37.1 39.24 | 3947 39
0 [%] 90 95 95 90 90 90 90 90

Silicate binder: sodium water glass (NaWG), potassium water glass (PWG), lithium water glass (LiWG) and
sodium-lithium water glass (NaLiWG).

Fig. 3 — Morphology of zinc particles (SEM)

i

BLITZ Zinkpulver Z 2031
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Used processing methods

To basic characteristics of water glass the following quantities belong: silicate modulus, water content, dry
matter content, specific density, viscosity, and admixture contents. For evaluating the water glass properties espe-
cially the standard volumetric analysis was used. For determining the individual oligomers in water glass the NMR
method was used. The pigments were characterized by means of electron microscopy, X-ray spectral analysis, la-
ser granulometry, BET, and helium pycnometry methods. The physico-mechanical properties of coating films were
ascertained by means of measuring the film hardness, shock resistance, cupping stability in Erichsen instrument,
bending strength and adhesion by the grid method. The anticorrosion coating film properties were ascertained in
a condensation chamber with a condensing humidity and SO, content. The test was performed by the CSN ISO
69 88. In a testing chamber space a temperature of about 38 °C and a relative humidity of 100 % were kept during
the test. Sulfur dioxide in a testing chamber was prepared by the reaction of sodium sulfite with sulfuric acid.
The sample exposure was selected as a continuous for 120, 240, 480, and 720 hours. Further a corrosion cyclic
test of the coatings was performed. The cyclic test resents a combination of condensation and salt chambers in
dependence on the selected program. The samples fitted with a cut and placed in stands were exhibited to spraying
a 5% NaCl solution, the humidity of water condensation and a subsequent drying of the sample. Individual cycles
were connected to each other. The temperatures and duration times of the cycle were selected for individual cycle
component separately.

. Salting: 10 hours at a temperature of 35 °C

. Condensation: 1 hour at a temperature of 55 °C

. Drying out: 1 hour at a temperature of 23 °C

. The coating films were exhibited to the individual cycle actions for 240 and 720 hours.

Results

Evaluation of the binders

The Table 4 brings a comparison of the alkali metal ion hydrations for water glass for lacquer purposes with
water glass for foundry purposes (Silbond) and standard commercial glass of m = 2.4 and 3.2. At long-duration
following the foundry water glass the hydration was obtained in an adsorption layer in a range of 1.1 to 1.9 mol
H,O per 1 mol Na, and in a diffusion layer in a range of 9 to 45 mol H,O per 1 mol Na. The lacquer binders exhibit
a hydration of alkali ions in an adsorption layer the same as standard silicate binders, but in a diffusion layer the
hydration is much higher, which is caused by a low dry matter content, i.e. by a high water content in the water
glass of interest. Table 5 brings results Si*” — NMR of silicate binders.

Tab. 4 — Hydration of sodium silicate binder ions

. Hydration of alkali ions, mol H,0/mol Me
Type of binder
Adsorption layer Diffusion layer
Sodium water glass 1.6 -
Potassium water glass 1.76 94
Lithium water glass 1.70 65
Sodium-lithium water glass 1.37 60
Silbond CO 6.5, standard 1.9 9.7
Silbond ST L/01 1.8 11.1
Water glass 48—50 22 10.5
Water glass 3638 1.6 45
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Tab. 5 — Results Si?? — NMR of silicate binders

Binder type/wt. % of polymers Q° Q! Q2+Q3(ﬂ 2 Q? Q*
Sodium water glass 0.7 4.4 213 53.8 19.8
Potassium water glass 1.1 4.6 24.6 54.1 15.6
Lithium water glass 1.4 4.8 22 534 18.5
Sodium-lithium water glass 0.8 4.5 25.2 53.8 15.8
Q" — monomer, Q' — dimer, Q? — trimer, Q* — octamer, Q* — colloidal phase
Sodium water glass diluted to 24 wt. % dry matter

Evaluation of coating compositions — Physico-mechanical properties

The best results of all the systems are exhibited by lithium-sodium water glass; especially after burning out at
150 °C for a time of 2 hours the results obtained in all the formulations are very balanced (Table 6). Additional bur-
ning out of the coating exhibits an advantageous effect on the mechanical coating properties, which undergo about
10% improving and are more balanced than in case of nonburnt out coatings. The result allow to order the tested
binders from the best one to the worst one: lithium-sodium water glass, potassium water glass, sodium water glass,
lithium water glass. Especially the results obtained with lithium water glass as a binder are really nonbalanced and
the types of coating compositions hardened with aluminum phosphates could not be prepared at all in applicable
form (no mixture lifetime), which is caused by a high reactivity of lithium water glass.

From the composition of coating material point of view (hardener type) it is possible on the basis of the
mechanical test results to order the individual hardening systems from the best one to the worst one: system hardened
by the reaction with solvent isocyanate type (coating 6), system hardened by the reaction with isometric particle zinc
(coating 2), system hardened by the reaction with alkoxysilyl isocyanurate (coating 8), system without active com-
ponents (coating 1), system hardened by the reaction with lamellar particles zinc (coating 3), system hardened by the
reaction with aqueous isocyanate dispersion (coating 7), system hardened by the reaction with condensed aluminum
phosphate (coating 5) and system hardened by the reaction with hydrated aluminum phosphate (coating 4).

Figures 4 and 5 show morphology of zinc pigmented coatings at various PVC (isometric and lamellar par-
ticlers).

Tab. 6 — Average values of coating hardness for individual binder types

e peincming | [
Lithium-sodium water glass 38.4 40.5
Sodium water glass 36.4 39.1
Potassium water glass 39.9 38.7
Lithium water glass 45.6 44.6

Spherical particles: PYC70%>CPVC (3000x) Spherical particles: PYC60% ~CPVC (3000x)
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Fig. 5 — Morphology of zinc pigmented coatings at various PVC (lamellar particles)

Lamellar zinc: PVC50% =CPVC (2000x)  Lamellar zinc: PVC50% =CPVC (2000x)

Test in a condensation chamber

The tested samples of steel panels with deposited coating films were exposed to condensation chamber condi-
tions for 120, 240, 480, and 720 hours. With samples the corrosion of substrate was evaluated after 120, 240, 480,
and 720 hour exposure. The corrosion in cut was evaluated only after 720 hour exposure. No formation of osmotic
blisters was observed with the samples. The order of individual silicate binder is as follows: lithium-sodium water
glass, lithium water glass, sodium water glass and potassium water glass. The results obtained with the sodium and
lithium water glass are at an almost same level (Table 7). With the lithium water glass it was not possible to prepare
coating compositions hardened by aluminum phosphates owing to too rapid reaction with the hardener. The worst
result were obtained with potassium water glass.

In Table 8 the overall anticorrosion efficiency in the condensation chamber after 720 hour exposure is gi-
ven. The results are affected by a considerable substrate corrosion after this exposure. The lowest anticorrosion
efficiency and thus the highest corrosion was observed in the system, which contained besides the silicate binder
only inert pigments, fillers and additives. The results of system without active components are after 720 hour
exposure identical for all binder types, but the course of corrosion phenomena is suppressed in the highest degree
in lithium-sodim water glass. The best results of anticorrosion protection were observed in the systems filled with
zinc particles, the systems filled with lamellar zinc particles exhibiting better results than the systems filled with
isometrical zinc particles (Figure 6).

In the systems hardened with aluminum phosphates the inhibition action of aluminum phosphate manifests
itself as anticorrosive pigment, yet better results being obtained with condensed aluminum phosphate, probably
owing to lower solubility compared to hydrated aluminum phosphate. The blocked polyisocyanates give better
results with isocyanate dissolved in an organic solvent than with isocyanate in water dispersion. Of actively harde-
ned systems the worst results from the anticorrosion protection point of view are offered by the system hardened
with alkoxysilyl isocyanurate, which does not contain any active pigment and the content of hardening agent is
the lowest one.

The overall worst results are observed in the system, which does not contain any active anticorrosion com-
ponent, either a component which could cross-link silicate binder, and the coating film protects the metal surface
only by the barrier mechanism. The order of anticorrosion efficiency of individual systems in the condensation
chamber is as follows: system hardened with zinc powder with lamellar particle shape, system hardened with zinc
powder with spherical particle shape, system hardened with condensed aluminum phosphate, system hardened
with hydrated aluminum phosphate, system hardened with isocyanate in an organic solvent, system hardened
with an aqueous isocyanate dispersion, system hardened by the reaction with alkoxysilyl isocyanurate and system
without any hardener and active components.
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Tab. 7 — Effect of the binder type on substrate corrosion with individual coatings

Order? Coating | Coating | Coating | Coating | Coating | Coating | Coating | Coating
1 2 3 4 5 6 7 8
1 NaLiWG | NaLiWG | NaLiWG | NaWG NaWG | NaLiWG | NaWG NaWwG
2 PWG LiWG LiWG | NaLiWG | NaLiWG | NaWG LiWG PWG
3 PWG PWG PWG PWG LiWG | NaLiWG | LiWG
4 NaWG NaWG NaWG - - PWG PWG NaLiWG
A 1- the lowest substrate corrosion, 4 — the highest substrate corrosion

Tab. 8 — Overall anticorrosion efficiency [%] in the condensation chamber after 720 hours

Coating Lithium water Sodium water Potassium water Lithium-sodium
glass glass glass water glass

1 56.25 56.25 56.25 56.25
2 62.5 56.25 62.5 70

3 67.5 67.5 62.5 72.5
4 - 72.5 62.5 62.5
5 - 71.5 62.5 70

6 65 75 56.25 72.5
7 67.5 72.5 56.25 57.5
8 61.25 56.25 56.25 56.25

Test in the salt chamber with cycles

The tested samples of steel panels with deposited coating films were exposed to a salt chamber medium with
cycles of 240 hours. In samples after 240 exposure hours the corrosion of substrate and the corrosion in cut were
evaluated. In no samples the formation of osmotic blisters was observed. The overall anticorrosion efficiency is
given in the following Table 9. The corrosions of samples was considerable after 240 exposure hours, so that it is
not possible to follow the effect of silicate binder type on the efficiency of coating film. The substrate corrosion
fluctuated at 100% except the systems filled with zinc, failure at the cut exhibited 2—-3 mm. The anticorrosion
efficiency was shown in the coating compositions filled with zinc, which only showed a higher anticorrosion effi-
ciency and in which the substrate corrosion was about one third compared to other samples, and failure in the cut
fluctuated at 1-2 mm. Again better results were given by the system filled with zinc powder with lamellar particles
than a system filed with zinc powder consisting of spherical particle shapes.
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Tab. 9 — Overall anticorrosion efficiency [%] in a salt chamber with cycles

(i Lithium water Sodium water Potassium water Lithium-sodium
glass glass glass water glass

1 66.25 73.75 82.5 66.25
2 72.5 70 66.25 70

3 70 75 72.5 71.5
4 not evaluated 66.25 66.25 66.25
5 not evaluated 66.25 66.25 66.25
6 66.25 66.25 66.25 66.25
7 66.25 66.25 66.25 66.25
8 66.25 66.25 72.5 66.25

Fig. 6 — Photos of experimental steel panels fitted with a cut after the 500 h exposure to a condensation
chamber medium and after the coating removal

a) spherical Zn particles b) lamellar Zn particles

Conclusions

For the coating compositions based on alkali silicates the sodium, potassium, lithium, and lithium-sodium
water glass of a high Si0,/M,0 mole ratio and suitable physico-chemical properties for the preparation of coating
compositions were prepared or produced. The silicate coats based on the prepared binders and filled with standard
pigments and fillers were hardened by the following methods: a physical mode, a zinc powder with isometrical
spherical particles, a zinc powder with lamellar particles, a blocked polyisocyanate in an organic solvent, a blocked
polyisocyanate in the water dispersion, a condensed aluminum phosphate, a hydrated aluminum phosphate, and
alkoxysilyl isocyanurate.

98



THE 9™ CONFERENCE ON PIGMENTS AND BINDERS « 07-08/11/2016

In coating compositions the tests of physico-mechanical properties of the coats on steel, or, eventually, glass
panels, especially the adhesion by the grid method, the bending strength, the cupping stability, the shock resistance
and the hardness value of coating, and tests of corrosion stability in a condensation chamber and a salt chamber
with cycles.

The results achieved were evaluated as from the effect of silicate binder type point of view, so as the type of
used hardening system type point of view. According to the physico-mechanical properties of coats it is possible
to order the tested binders from the best one to the worst one: lithium-sodium water glass, potassium water glass,
sodium water glass and lithium water glass. According to the composition of coating material and the type of
hardener points of view it is possible on the basis of the mechanical testing results to order individual hardening
systems from the best one to the worst one: system hardened by the reaction with solvent isocyanate type, system
hardened by the reaction with isometric particle zinc, system hardened by the reaction with alkoxysilyl isocya-
nurate, system without hardener and active components, system hardened by the reaction with lamellar particle
zine, system hardened by the reaction with aqueous isocyanate dispersion, system hardened by the reaction with
condensed aluminum phosphate and system hardened by the reaction with hydrated aluminum phosphate.

The order of silicate binders according to the anticorrosion efficiency in a condensation chamber is as fol-
lows: lithium-sodium water glass, lithium water glass, sodium water glass and potassium water glass. The order
of anticorrosion efficiency of individual systems in a condensation chamber is as follows: system hardened with
zinc powder with lamellar particle shapes, system hardened with zinc powder with spherical particle shapes, sys-
tem hardened with condensed aluminum phosphate, system hardened with hydrated aluminum phosphate, system
hardened with isocyanate in an organic solvent, system hardened with aqueous isocyanate dispersion, system
hardened by the reaction with alkoxysilyl isocyanurate, system without any hardener and active components.

The overall best results were achieved with lithium-sodium water glass, the coats of which have exhibit good
physico-mechanical and also anticorrosion properties. From the composition of coating material point of view are
exhibited very good results by the coating materials filled with zinc. Zinc with lamellar particle shapes exhibits a
higher anticorrosion efficiency.
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Summary
The aim of the research is to find the ideal balance and process for polymerizing sugar units in the chain of
polyvinyl acetate and thus improve biodegradation, primarily in the soil environment. The product is in the form
of an aqueous dispersion which can be applied as biodegradable glue or as a micro-container for gradually
releasing fertilizers.

Key words
Polyvinyl acetate, simple sugars, biodegradable polymer

Introduction

The consumption of polymeric materials is constantly growing, therefore their production emphasizes on the
use of ecological materials and also on recyclability and biodegradability of the final polymer product. This work
is focused on completely biodegradable latex, based on polyvinyl acetate and saccharides [1]. Its potential appli-
cation may be e.g. the encapsulation [2] of controlled released fertilizers, environmentally friendly paper glues and
others. The preparation of lattices is carried out using the technique of emulsion polymerization [3] in an aqueous
medium with the addition of sodium carbonate to provide an alkaline pH. Thanks to the basicity of the medium, the
sugars are transferred to endiol reactive form (Fig. 1) that is able to participate in a radical polymerization with the
vinyl acetate monomers. During the polymerization, alkaline hydrolysis of the acetate groups also occurs resulting
in vinyl alcohol units in the polyvinyl acetate chain (Fig. 2).

Fig. 1 — Scheme showing the creation of endiol form of glucose

o Ho o o o OH
CH2—CH—CH—CH—CH—C a—x ('3H2—C|;H——(I:H—CH—(I3=C<
HO  OH OH oH © HO OH OH oH H

the open string glucose endiol glucose

—-OH
H CH2

c_ | o
HO [~ —7

HO f H“CH | OH
. -~
¢ ¢
H HO o

the cyclical glucose

100



THE 9™ CONFERENCE ON PIGMENTS AND BINDERS « 07-08/11/2016

Fig. 2 — Alkaline hydrolysis of polyvinyl acetate
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Experimental methods

The emulsion polymerization of vinyl acetate is usually carried out at temperatures around 80 °C. Two series
of latexes using two types of saccharides, namely D-glucose and sucrose were prepared. The concentration of the
saccharides in the reaction mixture was 100, 50, 25 and 10 wt. % based on the initial amount of vinyl acetate. As
the protective colloid, polyvinyl alcohol was used in the amount of 15 wt. % based on the initial amount of vinyl
acetate. To prevent degradation of saccharide molecule during the polymerization, the redox initiator [4] based on
ammonium persulfate and sodium bisulfite was used. In this case, the polymerization was carried out at 35 °C for
a total time of 6.5 hours. In another series of experiments, hydrogen peroxide was used as the initiator. In this case,
the polymerization was conducted at 50 °C for a total time of 4.5 hours. To ensure the environment is alkaline,
liquid sodium carbonate was added at the beginning and also during the polymerization. In the presence of both
types of saccharides, a saponification of the acetate groups is significant as well as a decrease in the molecular
weight, leading to the formation of low molecular weight polymers or even oligomer products (Fig. 3). This phe-
nomenon was well described by Takasu et al.[ 1] who discussed the biodegradability of emulsion copolymers based
on polyvinyl acetate and saccharide derivatives. In the case the series of polymerizations initiated by the redox
initiator system, a significant decrease in conversion occurred. For this reason, a thorough attention was focused
on the series of lattices based on the initiation by means of hydrogen peroxide in later studies.

Fig. 3 — The attachment of glucose in a polymer chain composed of vinyl acetate and vinyl alcohol units
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Results and Discussion

To prove the appearance of the saccharide units in the polyvinyl acetate chains, the infrared spectroscopy
using the FTIR Nicolet 6700 instrument with a spectral resolution of 0.09 cm! with unlimited use in distant, inter-
mediate and near infrared region of wave numbers length of 27,000 to 10 cm™ was used. For separating the water-
-dissolved saccharide and lower-molar-mass polyvinyl alcohol (protective colloid) and thus ensuring the proper
measurements of the prepared polyvinyl acetate polymer bearing saccharide units, the samples were precipitated
in tetrahydrofuran and washed repeatedly with distilled water to give the polyvinyl acetate polymer portion which
was analyzed by the aforementioned method.

Figure 4 is IR spectrum for the polyvinyl acetate sample containing sucrose. As indicated in the spectrum,
saccharide units are located in the region of 1,000-1,100 cm™'. Furthermore, absorption peaks of acetate groups
and hydroxyl groups can be seen as well. Due to the alkaline hydrolysis of the acetate groups, not only alcohol, but
also sodium acetate arises during the polymerization, which was also detected in the spectrum. For the comparison,
Figure 5 shows an infrared spectrum of the polyvinyl acetate sample containing no saccharide units. This can be
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seen in the region of 1,000—1,100 cm™ where no absorption peak was recorded. The spectrum shows the presence
of vinyl acetate and vinyl alcohol units.

Fig. 4 — The infrared spectrum of a resulting polymer produced via the hydrogen peroxide-initiated
polymerization of vinyl acetate and sucrose (the starting ratio of vinyl acetate and sucrose was 1/1)
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Fig. 5 — The infrared spectrum of a resulting polymer produced via the hydrogen peroxide-initiated
polymerization of vinyl acetate
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Conclusion

Currently, the biodegradability of the prepared materials is being tested according to CSN EN ISO 14855-1
based on the monitoring of CO, evolution measured by means of gas chromatography. This standard method is
aimed to be confronted with the results of the degradability testing from the point of view of bacterial decom-
position of inoculum (compost). The results of the latter test will be compared with international standards, the
Organization for Economic Cooperation and Development (OECD). The tests are divided into two parts, the
biological decomposition in the ground aerobic and anaerobic disintegration and a section of the substance in
aqueous medium.
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VLASTNOSTI NATERU NA BAZI SAMOSITUJICICH LATEXU
OBSAHUJICI NANOCASTICE OXIDU ZINECNATEHO

PROPERTIES OF COATINGS BASED ON SELF-CROSSLINKING LATEXES
CONTAINING NANOPARTICLES OF ZINC OXIDE
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Summary
The paper deals with the synthesis and properties of water polymer dispersions. Latexes were prepared by
emulsion polymerization with adding zinc oxide during the polymerization in the amount from 0 to 6 wt.%. The
paper describes preparation and characterization of latex coatings as well. The real amount of zinc oxide in the
prepared water-borne coatings is correlated with optical properties of the coatings. The creation of flash rust
was shown to be inhibited by the application of the coatings on steel substrates.
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Water dispersions of copolymer microgel particles were prepared by emulsion polymerization. Compositi-
on of copolymer microgel particles consisted of methyl methacrylate (MMA), butyl acrylate (BA), methacrylic
acid (KMA) and diacetone acrylamide (DAAM) as starting main monomers. Microgel particles are structured as
core-shell particles, wherein the shell of microgel particles was crosslinked by adding hexaallylamino-cyclo-tri-
phosphazene. [1-2] Additionally, an interparticle crosslinking called keto-hydrazide crosslinking was performed
after draw-downing the coating films. [3] Nanoparticles of zinc oxide were added in various amounts to the
polymer system during the synthesis, specifically to the emulsion of monomers comprising the shell structure
of microgel particles. The zinc oxide was added to the polymer system in order to inhibit the creation of flash
rust. Creation of flash rust after the application of water based coatings on steel substrates is a frequently referred
phenomenon. [4-7]

Synthesis and characterization of latexes

Emulsion consisting of water, acrylic monomers mixture, initiator and emulsifier was added into a heated
reactor. This emulsion formed the core of core-shell microgel particles. After 15 minutes of post-polymerization,
the emulsion of monomers creating the shell of microgel particles was added dropwise. First, water with the emul-
sifying agent and nano-powder of zinc oxide was allowed to the exposure of ultrasonic waves for 20 minutes, then
the mixture was mechanically dispersed using a disperser for 15 minutes. After that, the aqueous phase containing
zinc oxide was stirred with a mixture of monomers and the initiator. The resulting zinc oxide-containing monomer
emulsion was added dropwise to the reactor and the polymerization of shell layer of polymer particles proceeded.
After cooling the polymer dispersion at 23 °C, latexes were characterized in terms of the amount of coagulum
formed during the polymerization. The amount of coagulum indicates the stability of polymer system. Besides, the
Brookfield viscosity, pH and the minimal film-forming temperature were measured.

Characterization of coating films

The prepared latexes were casted on glass-, steel- and silicone substrates. Monitored properties of the coa-
tings were investigated after 30 days of drying at 23 °C. The coatings applied on glass substrates were evaluated
in terms of their appearance, gloss and surface hardness using pendulum damping by Persoz. The hardness was
measured after 24, 48 and 72 hours of drying and after 30 days. The dried films formed on silicone substrates were
tested from the point of view of their noncombustible share. By this method, the real content of solid zinc oxide in
polymer film was examined. Coating films prepared on silicone substrates were removed from the substrate and
weighed in porcelain cups which were burned at 600 °C before. Prepared samples were combusted in an oven at
600 °C up to achieving constant weight of incombustible residues. After weighing of incombustible residues the
real content of zinc oxide in the coating film was calculated.
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Discussion

The amount of coagulum shows the stability during the emulsion polymerization. The lowest amount of
coagulum was reached by using 0.5 wt.% of hexaallylamino-cyclo-triphosphazene in the shell structure of micro-
gel particles and also in the case of 5 wt.% of diacetone acrylamide relative to the amount of monomers. Structure
of hexaallylamino-cyclo-triphosphazene is shown in Figure 1.

Fig. 1 — Structure of hexaallylamino-cyclo-triphosphazene

Therefore, the formulation with 0.5 wt.% of hexaallylamino-cyclo-triphosphazene was chosen as the most
appropriate microgel composition and latexes containing this amount of hexaallylamino-cyclo-triphosphazene
with various concentration of zinc oxide ranging from 0,5 wt.% to 6 wt.% were synthesized with the particle size
of 40-100 nm. It was found that the amount of coagulum increased with increased amount of zinc oxide that was
added to the polymer system. The coagulum contained a certain amount of zinc oxide, so the actual amount of zinc
oxide within the latex is not consistent with the quantity added during the synthesis. The quantity of coagulum
in various polymer systems is shown in Figure 2. For determining the real amount of zinc oxide, the amount of
incombustible residues in the coating film without zinc oxide was deducted.

Fig. 2 — Amount of coagulum depending on the theoretical zinc oxide concentration in latex
12
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In the case of the prepared self-crosslinking latexes, the film formation is achieved by two simultaneous
processes: the coalescence of microgel particles and interparticle crosslinking via diacetone acrylamide and adipic
acid dihydrazide reaction. Also the formation of ionic bonds between Zn?* ions and COO~ groups belonging to
methacrylic acid takes place there. This kind of bonds affects the film forming and also coating properties. The
highest amount of zinc oxide in the coating film was achieved by preparing the latex with 4 wt.% of zinc oxide, as
shown in Figure 3. It was shown that higher amount of added zinc oxide does not affect properties of the coatings,
because the major amount of zinc oxide was excluded from the polymeric system with the coagulum.
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Fig. 3 — Amount of incombustible residues depending on the theoretical zinc oxide concentration in the
coating film
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The prepared coatings were evaluated for their | appearance. The coating films were transparent and clear,
without any surface defects. Only the coating prepared with 4 wt.% of zinc oxide exhibited surface cracks and
haze. This phenomenon could be caused by a higher minimum film-forming temperature of this coating related
to the high amount of zinc oxide nanoparticles. This phenomenon was confirmed by measuring the minimum
film-forming temperature. The value of minimum film-forming temperature depended on the concentration of the
added zinc oxide, as shown in Figure 4. It is evident that the coating system prepared with 4 wt.% of zinc oxide
reached the highest value of 14.9 °C.

Considering the inadequate appearance of coating films based on latexes prepared with 4 wt.% of zinc oxi-
de, this coating system is not very convenient for practical use. This polymeric system exhibited also the highest
amount of coagulum and the highest value of minimum film-forming temperature. Hence, it would be appropriate
to use maximum 3 wt.% of zinc oxide for coatings for further research.

Fig. 4 — Value of minimum film-forming temperature depending on the theoretical zinc oxide
concentration in the coating film
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Conclusion

Latex coatings were prepared by emulsion polymerization that was altered by a simultaneous addition of zinc
oxide to the polymeric system during the polymerization. The amount of coagulum formed during polymerization
increased with the increasing amount of zinc oxide added to the polymeric system. Therefore, it is appropriate
from an economical viewpoint to use maximal 3 wt.% of zinc oxide (related to monomers) during the polymeri-
zation. This claim was supported by optical properties of coating films. Higher amount of zinc oxide than 3 wt.%
caused turbidity of coating films and mechanical defects of coatings.
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TRYSKANIE - VHODNA VOIBA PREDUPRAVY POVRCHOV
POD POVLAKY

BLASTING — SUITABLE CHOICE OF THE SURFACE TREATMENT BEFORE
COATINGS APPLICATION

BREZINOVA J., DRAGANOVSKA D., GUZANOVA A.

Katedra strojarskych technologii a materidlov, Strojnicka fakulta, Technicka univerzita v KoSiciach

Summary
The article deals with still attractive technology of cleaning and roughening of engineering surfaces — abrasive
grit blasting. It refers to the various types of primary blasting effects in cleaned surface — plastic deformati-
on, work hardening, heat affection with possible changes in structure of the base material. Blasting abrasive,
however, has secondary, sometimes negative effects on base material — residual stress, secondary pollution of
cleaned surface by notched fragments of abrasive and changes in activity of cleaned surfaces.

Key words
Mechanical pre-treatment, blasting, blasting media, coating

V stcasnej dobe stiipa narocnost’ na akost’, zivotnost’, technickl uroven a ¢oraz viac na vzhladovu stalost’
strojarskych vyrobkov. Z hl'adiska spolahlivej funkcie a Zivotnosti kazdej si¢iastky ma zvlastny vyznam jej po-
vrch. Vlastnosti povrchovej vrstvy a zakladného materialu si obvykle rozne a tieto ¢asti su rozne namahané.
Povrchové vrstvy st ¢asto zdrojom poruch, ktoré sa $iria do celého objemu. Procesy, ktoré prebiehaji na povrchu
suciastky a v jej povrchovej vrstve, uréuju aj jej interakciu s inymi suciastkami a prostredim.

Z celého radu sposobov predipravy povrchu, ¢i uz chemickou alebo mechanickou cestou, vystupuje do
popredia tryskanie ako vhodna technoldgia, ktorou je mozné pripravit’ povrch pozadovanej akosti, ¢im sa rozumie
okrem ocistenia povrchu zdkladného materialu aj dosiahnutie vhodnej mikrogeometrie a fyzikalnych resp. fyzi-
kalno — chemickych vlastnosti povrchu.

Technologia tryskania patri do skupiny mechanického opracovania povrchu zakladného materialu, ktorého
nastroj — tryskaci prostriedok (d’alej len TP), vyvolava pri dopade v jeho povrchovych vrstvach kvalitativne zme-
ny, pricom vznika charakteristicka morfoldgia povrchu. Pri dopade TP na otryskavany zakladny material vznikaju
kvalitativne premeny oboch zucastnenych subjektov.

V praxi sa technologia tryskania vyuziva v Sirokom rozsahu. Typickymi aplikdciami tryskania si odo-
kovinenie, odhrdzavenie, zdrsnenie povrchu pripadne vyhladenie povrchu, tvorba vhodnej morfologie povrchu,
preduprava povrchu pod rézne typy povlakov, dekorativna Giprava povrchu, odstraiiovanie starych naterov, spev-
novanie povrchu, zvySenie unavovej a kor6zno-tinavovej pevnosti, uprava zvarov a ich okolia a d’alSie.

Povrchové zmeny dosahované po aplikacii tryskania

Povrch, vytvoreny tryskanim, pri opakovanom zat'azeni akumuluje plastick deformaciu. Pod vplyvom opa-
kovaného zat'azenia povrchu materidlu povrchové vrstvy menia rozmery, geometrické charakteristiky, Struktiirne
vlastnosti, stav napdtosti, tepelné ovplyvnenie materialu a iné. Tryskanim sa dosahuje zvySenie niektorych mecha-
nickych a technologickych vlastnosti (napr. hiizevnatosti, odolnosti proti inave a opotrebeniu) a iné.

Z aspektu u€inku tryskania na zékladny material, treba tryskanie chapat’ ako proces plastickej deformacie
povrchu, resp. proces elasticko-plastickej deformacie kovu v celom jeho objeme. Uhrnna energia pri tryskani, ako
pri kazdom procese plastickej deformacie za studena sa spotrebuje na:

1. vlastnt plastickt deformaciu doprevadzanii:
a) spevnenim zakladného materialu,
b) tepelnym efektom,
¢) Struktrnymi zmenami,

d) zmenou mechanickych a technologickych vlastnosti,
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2. vyvolanie sekundarnych javov a to:
a) zvyskové napitia,

b) zmeny charakteru povrchu / zdrsnenie a zvac¢Senie povrchu /.

Vlastna plasticka deformécia povrchu po tryskani

V procese tryskania tryskaci prostriedok naraza na povrch a v mieste dopadu ho plasticky deformuje, obr.1.
Pri naraze na povrch sa premeni ¢ast’ energie na teplo a odvedie sa povrchom suciastky a ¢ast’ na pracu spotrebo-
vanu na plasticktl deformaciu.

Obr. 1 — Zmeny povrchu pri dopade granulatu. Oblast’ elastickych -1 a plastickych -2 deformacii

Proces plastickej deformacie sa uskutociiuje pohybom dislokacii jednym z dvoch jednoduchych mecha-
nizmov: sklzom alebo dvojcatenim. Mechanizmus je zavisly na kryStalografickej stavbe kovov a podmienkach
plastickej deformacie. ze tryskanie sposobuje plasticki deformaciu povrchovych vrstiev, v ktorych sa vytvaraju
tlakové zvyskové napitia.

Spevnenie materialu je dosledok plastickej deformacie, je sprevadzané zmenou vlastnosti materialu po
plastickej deformécii. Suvisi s obtiaznej$im vznikom dislokécii alebo ich obmedzenym pohybom a prejavuje sa
zvySenim pevnosti materialu v povrchovej vrstve alebo v celom objeme materidlu. Charakteristické pre tryskané
povrchy st tlakové zvySkové napitia a extrémne vysoké hustoty dislokécii v povrchovych vrstvach. Zakladnt
myslienku v tedrii spevnenia formuloval Taylor r. 1934, ktory vyslovil hypotézu, ze ak plasticka deformacia pre-
bieha pohybom dislokacii, spevnenie je sposobené obtiaznej§im pohybom dislokacii, alebo tym, ze dislokacie
tazsie vznikaju. Krivka spevnenia zavisi od Struktary krystalu, od orientécie, Cistoty a stavu povrchu .

Priebeh mikrotvrdosti povrchu po tryskani je znazorneny na obr. 2. Krivka mikrotvrdosti je rozdelena na tri
oblasti:

I. — oblast’ spevnenia (hibka spevnenia),
II. — oblast’ zasiahnuta plastickou deformaciou,

III. — neovplyvnena oblast.

Obr. 2 — Schematické zndzornenie zmeny mikrotvrdosti po otryskani
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Tepelny efekt. Energia, vynalozend na uskuto¢nenie procesu plastickej deformacie, uréitou svojou Cas-
tou, podl'a podmienok deformécie, sa podiel'a na vyvine tepla. Teplo v mieste kontaktu tryskacieho prostriedku

109



IX. KONFERENCE PIGMENTY A POJIVA « 7.-8.11.2016

a povrchu zakladného materialu vznika transformaciou deformacnej energie pri plastickej deformacii a v désledku
trecej prace vynalozenej pri danom procese. Schematické znazornenie tepelného ovplyvnenia TP a zakladného
materialu je na obr. 3. Teplo v medznej zone nastroj (tryskaci prostriedok) — material vyznamne ovplyviiuje pro-
cesy trenia a pomery v oblasti plastickej deformacie. Vyska teploty, teda aj pomery pri plastickej deformacii, su
ovplyvnené podmienkami deformacie. Rozhodujuci je vplyv rychlosti deformacie, resp. stupiia deformacie.

Obr. 3 — Schematické znazornenie tepelného ovplyvnenia TP a zdkladného materialu pri tryskani

Struktirne zmeny po tryskani. Strukturne zmeny st vyvolané spolupdsobenim plastickej deformacie a
tepelného efektu. Na povrchu substratu v otryskanom materiali dochadza k rekrystalizacii, coho dokazom je aj
vyskyt dvojciat ako dosledok rekrystalizacného zihania.

Zmeny mechanickych a technologickych vlastnosti. Kazdy proces plastickej deformacie, teda aj tryskanie,
je sprevadzany zmenou mechanickych a technologickych vlastnosti materialov suciastok a polotovarov. Na zékla-
de vykonanych experimentalnych prac je mozné konstatovat), ze:

— linearne stipa medza pevnosti, medza klzu a ich pomer,
— klesa t'aznost’,

— vrubova hiizevnatost’ sa otryskanim takmer nemeni,

— rastie medza unavy,

— pri narastani rozmeru zrna TP a zmenSovani hrubky plechu hlbokot'aznost’ klesa.

2 Sekundarne javy sprevadzajiice proces tryskania

Okrem primarnych désledkov tryskania na zakladny material sa stretavame aj s jeho sekundarnymi vplyvmi,
medzi ktoré je mozné zaradit’ zvyskové napitia vznikajice v zavislosti na plastickej deformacii otryskaného po-
vrchu, zmenu mikrogeometrie povrchu ako aj Cistotu a aktivitu otryskaného povrchu. Désledky tryskania na po-
vrchu zakladného materidlu zavisia na kinetickej energii letiaceho zrna.

Zvyskové napitia su dosledkom porusenia rovnovaznych sil na povrchu materialu, ¢o vedie k jeho defor-
mAcii. V procese tryskania po dopade TP je material podrobeny plastickej deformécii. V uréitej hibke napitie
v materiali nie je vysSie ako medza pruznosti a po odl'ah¢eni sa pruzne deformovana oblast’ odpruzi. V plasticky
deformovanej (neodpruzenej povrchovej vrstve vznikaju zvyskové tlakové napétia.

Zmeny charakteru povrchu. Tryskanie je okrem vyssie spominanych javov doprevadzané zmenou charak-
teru povrchu, ktory sa podstatne 1i$i od povrchov ziskanych trieskovym obrabanim. Dopadom stiboru zin TP na
povrch zékladného materialu, z ktorych kazdé sa zicastiiuje na lokdlnom plastickom pretvoreni povrchu, vznika
Clenity povrch, ktorého charakter je zavisly na viacerych ¢initel'och.

Hlavnymi faktormi, ktoré ovplyviiuji charakter otryskaného povrchu si: tvar a rozmer zrna TP, stupen po-
krytia povrchu, rezim tryskania a materialové charakteristiky zakladného materialu a materialu TP. Otryskany
povrch patri medzi neorientované (izotropné) povrchy, ¢o znamena, ze drsnost’ a rozstup vrcholkov v navzajom
kolmych smeroch sa vyrazne neliSia. Vzhl'ady povrchov st na obr. 5.
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Cistota a aktivita povrchu po tryskani — Povrch sa vo vieobecnosti chape ako rozhranie dvoch faz, kde sa
odohravaju rozmanité procesy, ako je adsorpcia cudzich latok, kor6zia a pod. Zvlast’ dolezité je definovat’ povrch,
ktory vznika pri technologiach preduprav. Tu totiz je tento povrch urcujucim faktorom kvality nasledne aplikova-
ného povlaku, resp. povlakovacieho systému.

V mieste Gderu Castice sa zdkladny material porusuje a odkryva sa novy, tzv. juvenilny povrch materialu.
Juvenilny povrch sa vyznacuje vel'mi vysokou aktivitou. Ak je tento povrch vytvarany v ¢istom vakuu, potom jeho
aktivita klesa ve'mi pomaly. AvSak v redlnych podmienkach to neplati a aktivita povrchu zakladného materialu sa
vel'mi rychlo znizuje (chemicka adsorpcia plynov z atmosféry a oxidécia).

Povrch je okrem chemického znecistenia, orientacie a pnuti zmeneny aj fyzikalne. Fyzikalne zmeny povrchu
vznikaju najmé v dosledku mechanického opracovania a to najméa méakkych materidlov. Vznik vrstiev na kovovo
¢istom povrchu materialu s mechanicky opracovanym povrchom pri styku s okolitym prostredim je znazorneny
na obr. 4.

Obr. 4 — Vznik vrstiev na kovovo ¢istom povrchu mechanicky opracovanom
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Aktivita je charakterizovana schopnost'ou kor6zneho roztoku rozpustat’ hydroxid kovu, ktory pri anodovom
rozpustani vznika. Opakom je pasivita, ktora je z hl'adiska ochrany vel'mi vyhodna, nakolko zabezpeci spomale-
nie alebo uplné zastavenie kordzie v agresivnych prostrediach. Za pasivny je povazovany taky stav povrchu kovu,
pri ktorom na mieste predpokladanej intenzivnej kor6zie v uréitom prostredi sa kov stal korézne odolnym a jeho
potencial sa posunul k uslachtilej$im hodnotdm. Pri¢iny G¢inného zniZenia korozie pri prechode do pasivneho sta-
vu sa vysvetluji vytvorenim bariéry — medznej vrstvy medzi kovom a prostredim, ktord spomal’uje ich vzdjomnua
reakciu. Pasivita nastane vytvorenim bariéry bud’ adsorpciou niektorych latok (prevazne kyslika z roztoku na
povrchu kovu) alebo existenciou tenkej vrstvy zliceniny (zvlast oxidov na povrchu kovu) .

3 Typy tryskacich prostriedkov

Vel'mi dolezitou tlohou pri tryskani je vol'ba vhodného druhu TP. Pouzité TP vyvolavaji na povrchu také
zmeny, ktoré zodpovedaju jeho charakteru, t.j. materialu, tvaru a vel’kosti zin. Vol'bu druhu TP zna¢ne ovplyviiuju
ekonomické Cinitele, uréujucim Cinitel'om je vSak ucel, pre ktory ma byt tryskanie pouzité (Cistenie, Giprava po-
vrchu, spevnenie atd’.). Tam, kde sa vyzaduje recyklacia TP sa pouzivaju TP s dlhou zivotnostou (predovsetkym
kovové TP) a kde ide o viac-menej jednorazové pouzitie uprednostiiuji sa nekovové TP mineralneho povodu. Je
ziadlce, aby bolo v symbidze ekonomické a ekologické hladisko.

Pod pojmom tryskaci prostriedok rozumieme nastroj tryskania, ktory je charakteru zrnitého (polydisperzné-
ho), tvaru uréeného vyrobnou technologiou. Podl'a vyrobnej historie sa TP delia na:

— guPovity TP (granulat), obr. 5a. Uginkom gulovitého TP sa vytvori povrch so zagul'atenym reliéfom. Pou-
ziva v prevaznej miere na spevnenie povrchovych vrstiev otryskavaného materialu.

— ostrohranny TP (drvina), obr. 5b. Povrch je charakterizovany ostrymi hlbokymi zasekmi. Pouziva sa
hlavne pre ziskanie pozadovanej drsnosti pri preduprave ako aj na Cistenie povrchu.

—sekany drét, obr. 5c, tvaru val¢ekov, vyrobeny z patentované¢ho ocelového drotu s pevnostou 16002200
MPa.
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Obr. 5 — Vzhlad tryskacich prostriedkov a povrchov po ich aplikacii

¢) sekany drot

Najrozsirenejsie kovové TP su vyrobené na baze Zeleza, pripadne zuslachtené legovanim alebo tepelnym
spracovanim. Popri tychto materialoch pouzivaju sa aj iné kovové TP pre tryskanie nezeleznych kovovych vyrob-
kov. Najintenzivnejsie rozsirenie zaznamenali Styri druhy kovovych TP. St to liatinova a ocel'ova drvina, ocel'ovy
granulat a sekany drét. Z nekovovych TP najvicsie rozsirenie zaznamenali prostriedky mineralneho povodu, ¢i uz
prirodzené alebo umelé (korundova drvina, sklo, med’na troska, demetalizovana oceliarenska troska atd’.).

Zaver

Na zaklade uvedeného je mozné konstatovat’, Ze tryskanie je technologia so znaénym uplatnenim v praxi.
Aby sa vsak tryskanie mohlo technicky spravne a ekonomicky vyhodne pouzit), t.j. aby sa dosiahla ziadana kvalita
povrchu pri ekonomicky prijatelnych nakladoch, nestaci tryskanie len mechanicky aplikovat, ale je nutné neustale
hl'adat’ najvhodnejsie technické parametre pre tato technologiu, a to tak z aspektu novych tryskacich prostriedkov,
rezimu tryskania ako aj zariadeni.

Pod’akovanie

Prispevok je rieSeny v ramci grantového projektu VEGA ¢. 1/0600/13.

Literatura

[1] Brezinova J., Guzanova A., Draganovska D. Abrasive Blast Cleaning and Its Application. 1st ed. 2015.
107 p. ISBN 978-3-03835-995-1.

[2] Guzanova A., Brezinova J., Koncz J., Draganovska D., Landova M., Sekundarne znecistenie povrchov po
mechanickej prediprave tryskanim., in: Pigmenty a pojiva 2015, Pardubice, p129-131.

[3] Draganovska D., Izarikova G., Brezinova J., Guzanova A., The study of parameters of surface roughness
by the correlation analysis, Materials Science Forum, Trans Tech Publications, 2015, 818, p15-18.

112



THE 9™ CONFERENCE ON PIGMENTS AND BINDERS « 07-08/11/2016

[4] Brezinova J., Guzanova A., Draganovska D., Koncz J., Electrochemical Characteristics of Mechanically
Treated Metallic Surfaces, Material Science Forum, 205, 818, p145—148.

[5] Guzanova A., Brezinova J., Draganovska D., Ja$ F., A study of the effect of surface pre-treatment on the
adhesion of coatings, Journal of Adhesion Science and Technology, 2014, 28, 17, p1-18.

[6] Hadzima B., Bukovina M., Skublova L., Brezinova J., Vplyv tryskania na elektrochemické charakteristi-
ky povrchu hor¢ikovej zliatiny AE21, Chemické listy, 2011, 105, 16, p455-458.

[7] Momber A., Blast cleaning technology, Springer-Verlag Berlin Heidelberg, 2008, p.540.
[8] Novak Z., Prostorové charakteristika textury povrchu, MM Priimyslové spectrum, 2009, 10, 10, p.64.

113



IX. KONFERENCE PIGMENTY A POJIVA « 7.-8.11.2016

SAMOSITUJICI LATEXY OBSAHUJICi RETARDER HORENI
SELF-CROSSLINKING LATEXES CONTAINING A FLAME RETARDANT

ZARYBNICKA L., MACHOTOVA J.

Institute of Chemistry and Technology of Macromolecular Materials, Faculty of Chemical Technology,
University of Pardubice, Studentska 573, 532 10 Pardubice, Czech Republic

Summary
The paper describes the development of transparent one-component coating systems based on the core-shell
acrylic aqueous dispersions prepared using emulsion polymerization technique. Latexes of functionalized
core-shell particles bearing in the structure a covalently linked hexachloro-cyclo-triphosphazene were prepared
by the semi-continuous non-seeded emulsion polymerization of methyl methacrylate, butyl acrylate and
methacrylic acid as main monomers. For interfacial crosslinking, diacetone acrylamide was copolymerized into
the shell layer of latex particles to provide sites for subsequent reaction with adipic acid dihydrazide.
The presence of the flame retardant increased the flame stability of coatings in terms of total heat release,
amount of released smoke and maximum average rate of heat emission which indicates a slower flame spread
during the material combustion.

Key words
Phosphazene, flame retardant, emulsion polymerization, acrylic monomers

Introduction

Currently, an increasing interest in exploiting of waterborne polymer coatings is related to the growing pres-
sure on environmental protection, especially the need to comply with legislation restricting the volatile compounds
(VOC) and emissions related to the use of solvent-based polymer coating systems. The aqueous colloidal polymer
dispersions, i.e. latexes are used in many applications such as adhesives, additives for paper, paints and cosmetics,
synthetic rubbers, floor polishes and sealants. The colloidal polymeric particles can be prepared to exhibit a desired
morphology, composition, particle size distribution, surface groups and a molecular weight [1].

For special applications, increased flame stability of utilized coating materials may be appreciated. Several
authors investigated derivatives of halogeno-cyclo-phosphazenes linked into the structure of the film-forming po-
lymers. Hexahalogeno-cyclo-triphosphazenes contain alternating phosphorus and nitrogen atoms in the cycle with
two substituents attached to the phosphorus atoms. These compounds exhibit unusual thermal properties, such as
flame retarding and self-extinguish ability [2,3].

In the present work, we focused on the synthesis of a flame retardant based on hexachloro-cyclo-triphospha-
zene (HCCTP) and its incorporation into self-crosslinking latexes based on DAAM and ADH crosslinking sys-
tem. The flame retardant was synthesized using nucleophilic substitution of HCCTP with allylamine resulting in
hexaallylamino-cyclo-triphosphazene (HACTP). The latexes bearing in the polymeric structure covalently linked
molecules of HACTP were further were investigated with respect to their potential application as transparent
binders with improved flame stability.

Experimental

Synthesis of HACTP

The synthesis of HACTP was performed under anhydrous conditions in an inert argon atmosphere using
Schlenk containers. The synthesis reaction of the phosphazene derivative is shown in Fig. 1. A Schlenk flask was
filled in with 0.0014 mol of HCCTP and 20 mL of THF under an inert atmosphere. 0.0073 mol of allylamine was
slowly added dropwise into the stirred reaction mixture at the boiling point of THF. The reaction was termina-
ted after 72 h followed by filtration of resulting salts. Three times washing with THF was followed by vacuum
distillation to remove THF from the product. The preparation of HACTP was monitored during the synthesis by
means of thin layer chromatography and the identity of the prepared derivative was confirmed also by measuring
the melting point.
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Fig. 1 — The structure of hexaallylamino-cyclo-triphosphazene
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Preparation and characterization of self-crosslinking latexes with copolymerized HACTP

Self-crosslinking latexes of core-shell particles containing various levels of HACTP were synthesized by the
semi-continuous non-seeded emulsion polymerization comprising a variable content of acrylic monomers. The
latexes were produced in a 700 ml glass reactor under nitrogen atmosphere at 85 °C. The reactor charge was put
into the reactor and heated to the polymerization temperature. Then the monomer emulsion was fed into the stirred
reactor at the feeding rate about 2 ml/min in two steps (1. core preparation, 2. shell preparation). After that, during
2 hours of hold period the polymerization was completed. The recipe of emulsion polymerization is described in
the reference [4. The pH was adjusted to 8.5 with ammonia solution. To produce the self-crosslinking latexes,
a 10 wt.% aqueous solution of ADH, in the amount corresponding to the molar ratio ADH:DAAM = 1:2, was
added to the latex under agitation. The minimum film-forming temperature (MFFT) was measured using the
MFFT-60 instrument (Rhopoint Instruments, UK) according to ISO 2115. For the glass transition temperature (7 g)
and gel content measurements, specimen were prepared by pouring the self-crosslinking latexes into a silicone
mould. Films were formed by water evaporation at room temperature for a month. 7 values were determined by
means of differential scanning calorimetry using a Pyris 1 DSC instrument (Perkin-Elmer, USA). The gel content
was determined according to CSN EN ISO 6427 using a 24-hr extraction with THF in a Soxhlet extractor. The
presence of the copolymerized HACTP in the emulsion copolymers was investigated by means of 3'P NMR using
a Bruker Advance DRX 300 instrument (Bruker Corp., Germany) at the frequency of *'P: 202.46 MHz and 85 %
H,PO, (as the external standard).

Discussion and result analysis

Characterization of latex copolymers

Latexes were synthesized by the semi-continuous non-seeded emulsion polymerization process with varying
amount and location of HACTP molecules in core-shell compositions. All the prepared self-crosslinking latexes
(after ADH addition) were stable for over 12 months. MFFT values were shown not to be influenced by presence
of HACTP in latex particles. All the synthesized self-crosslinking latexes exhibited low values of MFFT sug-
gesting good application and film-forming properties. The prepared latex copolymers were studied from the point
of view of glass transition temperature and gel content with respect to HACTP concentration and location inside
the latex particles. T' . and gel content values were shown to be influenced markedly by the content of HACTP
in latex particles. When comparing the results of the gel content for the emulsion copolymers before and after
post-crosslinking using ADH, the ADH-crosslinked copolymers exhibited increased 7' . and gel content values as
a result of increasing the network density owing to keto-hydrazide crosslinking.

The presence of the copolymerized HACTP in the synthesized emulsion copolymers was tested using 3'P
NMR. It was found that almost the identical 3'P NMR spectra were obtained in the case of gel fractions of the
investigated emulsion copolymers; a singlet at a chemical shift J (S) =21.63 ppm occurred in the spectrum of the
high-molar mass polymer fraction, which indicated the presence of HACTP molecules (Fig 2). Hence, it can be
stated that HACTP was successfully incorporated into the macromolecular structure of acrylic polymers via the
emulsion polymerization technique proceeding at standard conditions.
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Fig. 2 —*'P NMR spectrum for the gel fraction of the C S, copolymer containing theoretically 0.4 wt.%
of HACTP in the core structure of latex particles
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Characterizatition of latex coatings

As our system of interest was focused primarily on the evaluation of flame retardancy of the prepared
phosphazene derivative in the resulting coatings, the effect of HACTP amount and location inside latex particles
on combustion of coating films was studied in particular. The results obtained from measurements using dual cone
calorimeter. The coating material containing HACTP (C-S,,) ignited later than the coating based on microgels
without phosphazene derivative (C;S ). The other coatings containing the phosphazene derivative exhibited a si-
milar behavior. The coatings comprising HACTP exhibited lower values of mean heat release rate, mean effective
heat of combustion and total heat release. This phenomenon is more pronounced with increasing HACTP content,
which indicates a slower flame spread due to incorporated HACTP. Decreased values of total smoke release du-
ring combustion of samples containing HACTP may reflect a more efficient oxidation of hydrocarbon chains in
the presence of the phosphorus compound. It is assumed that the phosphorus atom reacts in the gas phase where
the PO- radical is playing the main role. In the case of values of total oxygen consumed, no significant effect of
HACTP presence was proved. Nevertheless, one of the most important criterions of the flammability evaluation is
the maximum average rate of heat emission (MARHE) that decreased markedly by the growing content of HACTP
in the tested coating materials. These results lead us to conclude that HACTP did act as a flame retardant in the
investigated coating materials. The flame stability was influenced mainly by the HACTP content while the HACTP
location inside emulsion microgels was not proved to be of great importance.

Conclusion

HACTP was successfully prepared by nucleophilic substitution of HCCTP with allyl amine using the one-
-step synthesis. The prepared phosphazene derivative was incorporated into the macromolecular structure of acry-
lic polymers via the emulsion polymerization technique proceeding at standard conditions, which was evidenced
by 3P NMR. During the emulsion polymerization of acrylic comonomers, HACTP performed the function of an
efficient crosslinker leading to the formation of latex particles of microgel structure. In addition to that, the basic
objective of this work was to evaluate the flame retardancy of the prepared phosphazene derivative in the keto-
-hydrazide self-crosslinking aqueous coatings based on the HACTP-modified emulsion microgels. The presence of
HACTP was found to cause decreased amount of produced smoke and a slower flame spread during the material
combustion without affecting transparency, flexibility and adhesive properties of resulting coatings. Moreover,
water sensitivity of the coating films comprising the novel phosphazene derivative was decreased. Thus, it can be
concluded that HACTP acted as a flame retardant and one-package thermosetting transparent coating systems with
increased flame stability and enhanced water resistance were developed, having a potential application as primer
as well as topcoats.
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arichemieﬁ Arichemie — pigmentové preparace

BICCS — ténovaci systém pramyslovy

PROTEC Systempasten GmbH — ténovaci systém deko

NCS Colour — barevny management

Trust Chem - organické pigmenty

Rohrig — stérky a pisky z tvrdych hornin nejvyssi kvality

>
=
s
(3]
[
Q
w

Pardam - anorganicka a polymerni nanovlakna

AVISON - ¢isté chemikalie a syntetické latky

THORSON CHEMICAL Praha s.r.o., Cernosickd 145, CZ-155 31 Praha 5

Tel.: #420-257 923 529, +420-257 923 589 Fax: +420-257 921 821 E-mail: info@thorson.cz
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LABIMEX CZ Lleblsch »BINDER

LADPRTLECHMIKE Benl puadAbees e pour rurress
www.labimexcz.cz
infoiilabimex.cz Q‘LAB

TESTOVACI KOMORY

PRO ENVIRONMENTALNI ZKOUSKY V LABORATORICH
~ " a & korozni solne a
kondenzaéni komory

. C el Y, .
- %ﬂ | trublové a skfifové komory
. ] objemy 300,400, 1000, 2000 litrd

] J jednedéelove | kombinované

testy lakovanych povrchi

komory pro slunecni —»

simulace xenonovym

svetlem
s pevnou rkusebni plochou
nebo otoénym karuselem,
regulace osvitu, teploty a
relativni vihkosti
INDOOR a OUTDOOR zkousky

= UV testery

ultrafialovym zarenim
testy natérovych hmet, plasto, textilu

>*BINDER
pa— ‘ — klimatické a teplotni komory, susarny
i rozsahy 40 resp.-T0°C az +180°C, 10-98% Rh,

komary bez chlazeni ar 300°C,
I objemy 53 - 720 litrd
¢ & [—
y ZKUSEBNI PANELY

¥ ¥ ﬁ Ocelove, valcovane, brousend

Hlinikové [slitinova)
Fosfiatovand/chromatovand
Pro testy na otér Taber
Pro zkousky korozivity

LABIMEX CZ s.r.o.

CR: Ing. Milan Praiak 5R: Ing. Jozef Maco
Poradenstvi, dodavky, instalace, Na Zamecke 11 Rakol uby 657
zaskoleni, servis zarucni a pozarucni, 140 00 Praha 4 916 31 Kotevee
kalibrace........ zajiit‘uje: prazak@labimes.cz pmaceEt-renes sk
0420 241 740 120 D04z 327 738 M6

00420 602 366 407 00421 910 970 £99
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Nordmann, Rassmann

Czech Republic s.r.0.
Vas dodavatel surovin pro natérové hmoty.

POJIVA

= Epoxidové pryskyfice a tvrdidla

* Vodou feditelné alkydové emulze

=  Melamin-formaldehydové pryskyfice

= Blokové kopolymery styrenu, isoprenu a butadienu
=  Fenolické pryskyftice

PIGMENTY

= Antikorozni pigmenty

= Organické pigmenty

= Anorganické pigmenty a pasty
= Hlinikové pigmenty a pasty

=  Perletové pigmenty

ADITIVA

» Dispergacni aditiva a smacedla
*  Tixotropni aditiva

= Odpénovace

= Koalescenty

=  Molekulova sita

= Sikativa

= Organické inhibitory koroze

Nordmann, Rassmann Czech Republic s.r.o.
Tel: 724 076 165, e-mail: mp@nrc-czech.cz
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Dm Osvédceny vyrobce laboratorni techniky

Vas distributor:

LABtechnik,s.r.o. web: www.labtechnik.cz
Kamenice 771/34 E-mail: info@labtechnik.cz

Trepacky, mixery, rotatory, vortexy

__ A r 4

Hridelové michadla, homogenizatory
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Praqolab

NEBUDTE NA PRASKY

Praskovy reometr
FT4 powder rheometer

freemantechnology

plynovi chromatngralie pspmmmelermﬁmimﬂmm = iz powchl
separaéni techniky ovs REOLOGIE GC temperace
UV-VIS spektrometnie GC-MS B.ET
centrifugy ICP-MS SERVIS termick ¥Ps widefield
TEXTURA spotfebni material NIMIR 2 dévkovdni IGC TOC analyza RVC




Grolman

1855
International Distribution
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intner & Rothschadl

\Chmhlen Produktions- und Handelsges.m b.H,

Salzburg - Baden
Budapest - Mlnchen - Prag - Sargans - Sofia - Warschau

KONTAKT:
e PETER CAGAN
Office: 2500 Baden / Wienerstrasse 89

= +43 (0)664-4340265
= +43 (0)2252-82870-14

< Peter.Cagan@poro.eu

e ELISABETH O’'CONNOR

Office: 5020 Salzburg / Miinchner Bundestrasse 121

= +43 (0)662-431 541-119
R +43 (0)662-431541-20

> elisabeth.oconnor@poro.eu



SYSTEMY PRO KONTINUALNi MERENi PROCESNICH VELICIN

KONTAKTNI A BEZKONTAKTNI MIKROVLNNE MERENI
VLHKOSTI

Harrer&Kassen

Siroké poutziti ve dvouslozkovych systémech, z nichz jednim je
voda. Vlhkost, Koncentrace, Susina, Hustota, Konzistence, TS.

M-Sens2
Pro kontinudlni méfeni vlhkosti-Snekové dopravniky.

BEZKONTAKTNI ON-LINE MERENI NIR

Harrer&Kassen

NIR spektrofotometr pro pfesné méfeni obsahu vody, bilkovin,
tukl a daldich organickych latek. MoZné detekovat aZ Ctyfi latky
najednou.

URCENi PRUTOKU SYPKYCH MATERIALU

SolidFlow, MaxxFlow, DensFlow, SlideControl

Méfeni pratoku tuhych hmot dopravovanych v kovovych
potrubich.

MERENI RYCHLOSTI PEVNYCH CASTIC V POTRUBI

SpeedFlow
Kontinudlni méfeni rychlosti pevnych ¢astic.

DETEKCE PRACHU

ProSens, Dusty
Pouzitelny ve vSech kovovych potrubich. Detekce protrienych
filtracnich vakd, méfeni koncentrace praskd v plynu.

DETEKCE POHYBU MATERIALU V POTRUBI
FlowJam
Bezdotykovy systém detekuje pohyb pevnych materiall v potrubi.

MERICi SKENOVACI RAMY VYUZIVAJICi RADIACNI,
LASEROVA A OPTICKA CIDLA

ProControl

Systémy schopné méfit plosnou hmotnost, tloustku, pérovitost,
vlhkost, detekovat otvory v materialech.

DETEKCE VAD A NECISTOT MATERIALU PLOSNYCH
MATERIALU

Dr.Schenk

Kamerovy systém na detekci optickych vad a nedistot materialu.

DETEKCE VAD A NECISTOT MATERIALU
0ocCs
Kamerové systémy na sledovéni pfimési, vad a nedistot materialu.

MEREN{ RYCHLOSTI, DELKY, PRUTAHU

Elovis

Bezkontaktni laserové ¢i mechanické méteni rychlosti, délky a
pratahu na principu Dopplerova jevu.

BEZKONTAKTN{ MEREN{ TLOUSTKY PROSVITNYCH
MATERIALU

Lumetrics

Rychlé a pfesné méfeni tloustky prasvitnych materidld (félie, sklo,
trubicky, hadicky). Urceni tloustky jednotlivych vrstev materialu.

Fuchs
Méfeni tloustky prisvitnych materiald.

OBJEKTIVNI MERENI BAREVNOSTI

Hunterlab

Bezkontaktni méreni barevnosti materialu pevnych latek i kapalin,
laboratorni i on-line. Méfeni remisni a transmisni.

SPEKTRORADIOMETRY, MERENI RETROREFLEXE
Photoresearch
Spektroradiometry, fotometry a video fotometry.

LMT
vysoce presné fotometry, kolorimetry a goniometry.

KONTROLA VLASTNOSTi NATEROVYCH HMOT

Zehntner Tl

Mnoho zajimavych pristrojd a nastroji pro kontrolu mechanickych
vlastnosti natérovych hmot. Leskoméry, grindometry, nandseci
pravitka, tloustkoméry, retroreflektometry.

DETEKCE UROVNE HLADINY V NASYPKACH

ProGap

Snimac flexibilné pouzitelny jako bodovy spina¢ drovné hladiny
materidlu. Sklada se z vysilace a pfijimace na bazi mikrovinné
technologie.

1ZOTOPICKE MEREN{ UROVNE HLADINY A HUSTOTY

RGI

Systémy vyuZivajici radiaénich vlastnosti Cs a Kr ke zjistovani
urovné hladiny a hustoty v nepfistupnych ocelovych nadrzich nebo
v potrubich.

MEREN{ OBJEMOVE HMOTNOSTI SYPKYCH MATERIALO
Dens M
Kontinudlni uréeni objemové hmotnosti prasku nebo granuli.

2JISTOVANI CHEMICKE A MECHANICKE CISTOTY VODY
Process Instruments - kontinualni méfeni a analyza vody
Analyza volného chléru, monitorovéni celkového chléru, analyza
chlordioxidu, monitorovani ozénu, méreni rozpusténého kysliku,
monitorovani nerozpusténych latek, méfeni zékalu, analyza pH,
analyza ORP, fizeni davkovani polymeru, monitorovani biofilmu,
online vodivost, méfeni po¢tu ¢astic, monitorovani filtru,
monitorovéni usazenin.

PRUTOKOMERY, MERENI UROVNE HLADINY

BM

Radarové a ultrazvukové méreni vysky hladiny kapalin v nddrzich a
pevnych latek v silech. Pfilozné ultrazvukové pratokoméry.

Goerlich
Magnetickoinduéni pratokoméry do potrubi, Zlabi a kanald.

DETEKCE KOVU

Fortress Technology
Detektory zeleznych, nezeleznych a nerezovych kovii a neéistot.

PROPUSTNOST MATERIALO

Mocon
Propustnost materialii vodni pary, COx.

6, 544 01 Dy Kralové nL., C

tel.:+420 692 649 &




SpeedMixer [lEleNio/duligle)

GermankEngineering
oy Hauschitd

Rychle | Efektivné | Bez bublin

m Obarveni vysoce viskézniho silikonu
za 30 sekund / 100% homogenni
m Vysoka vSestrannost, od vyroby laki az po vyrobu lepidel
B Michani v uzavieném systému:
— rychlé, vysoce efektivni, bez bublin a prachu
- bez nutnosti ¢isténi
— vysoce bezpecné, nehrozi zadné nebezpedi zranéni
m Enormni vyhody z hlediska kontroly kvality:
— velmi vysoka reprodukovatelnost
— Setfi as a ndklady

- dMixer v Ceské a Sl ké i
Haus. C. h 7/ Id Mgr. Ondrej Zdréhala - Vyhradn zastoupent SpeedMixer™ pro CRa SR
: : Tel. CZ: +420 604 614913 - E-mail info@speedmixer.cz - www.speedmixer.cz
Engineering Hauschild Co. KG - Waterkamp 1 = 59075 Hamm/Germany - Tel. DE: +49 1577 6005050




& Gamin

Ménime se jen zvenku

Gamin

Ménime se jen zvenku

UvnitF zGistavame stejni - vysoce profesionalni,
ochotni, efektivni a s osobnim pristupem
ke kazdému.

Nas zbrusu novy web www.gamin.cz od 1. listopadu 2016 nabidne:
e akeni nabidky e darky
e soutéze e 2 mnoho dalsiho

Merici a laboratorni zarizeni
Technologie pro povrchove upravy
Recyklace a primyslové vysavace
Servis a kalibrace

Skolenf a seminare

Gamin s.r.o., Hefmanicka 45, 710 00 Ostrava, Ceska republika
Tel.: +420 596 115 008, E-mail: gamin@gamin.cz, www.gamin.cz




C‘} SBLCore’ www.sblcore.cz

by GRACILIS

SOFTWARE PRO TVORBU BEZPECNOSTNICH LISTU

SO

VYRAZNA USPORA DOKONALY LEGISLATIVNI JISTOTA SKOLENI
¢Aasu PREHLED A PODPORA

Software SBLCore je urlen ke zpracovani, evidenci, revizim a tisku bezpeénostnich listti a etiket. Je velmi
vhodnym nastrojem pro firmy, diky kterému je spréva a tvorba téchto dokumentl vyrazné rychlejsi a eliminuje
se chybovost.

Velice vyznamnou funkci je automaticka klasifikace smési. Na zakladé procentualniho zastoupeni jednotlivych
latek ve smési a jejich toxikologickych a ekotoxikologickych informaci program vypocita vyslednou klasifikaci smési
a vypocet zobrazi v klasifikacni rozvaze.

Rada povinnych informaci podle platnych pravnich predpisti je v softwaru SBLCore ji? pfeddefinovana a generuje se
automaticky vybérem z databazi, které jsou primo soucdsti softwaru.

Diky intuitivnimu ovladani a vstupnimu skoleni zviddnou préci se softwarem ve velmi kratkém case nejen zkuseni
specialisté, ale i proskoleny personal.

Hlavni funkce programu:

« \lytvareni bezpecénostnich listl

* Automaticka klasifikace

e Klasifikacni rozvaha

* Preddefinované texty

¢ Ndvrhy a tisk etiket

¢ Export dokumentt do PDF, Wordu a dalSich formatd
* Databaze zavazné klasifikovanych chemickych latek
¢ Hromadny export bezpecnostnich listd do systému CHLaP
 Tvorba datovych listd k detergentim

* Archivace

V softwaru SBLCore je mozné vytvaret bezpecnostni listy také v dalSich jazycich. Seznam aktualné dostupnych
jazykd najdete na www.sblcore.cz

sblcore@sblcore.cz  ([)+420702 170 168



NETZSCH High-Density Bed Jet Mill ConJer®

= Spiral jet mill with patented dynamic air
classifier for exact limitation of the particle
range, free of oversized product

= Product fineness is independent of the
load of the gas flow which increases the
efficiency and economy of the mill

= Different executions available depending on
the product requirements, e.qg. stainless steel
or wear-protected

= Compact construction enables a rapid and
complete cleaning of the machine

NETZSCH

www.netzsch.com/gd



PRODUKTY PRO VYROBU NATEROVYCH HMOT | TECHNICKE
TERMOPLASTY | OLEJE, MAZIVA A REZNE KAPALINY | PRODUKTY PRO
STAVEBNICTVI | TEXTILNI A GUMARENSKY PRUMYSL

POJIVA NA BAZI IZOKYANATU)
PRO NATEROVE LATKY A LEPIDLA

ALKYDOVE, POLYESTEROVE A EPOXIDOVE PRYSKYRICE

AKRYLATOVE, STYRENAKRYLATOVE
A VINYLACETATOVE DISPERZE

BiocIDY PRO NATEROVE LATKY
HYDROFOBIZACGNI ADITIVA A PRYSKYRICE

ANORGANICKE A ORGANICKE PIGMENTY

TITANOVA BELOBA

PRO VICE INFORMACH PISTE NA: GUBOVA@KORA.SK, PATROVSKY@KORA.SK
NEBO VOLEJTE NA +421 917 606 100, +420 603 222 344.

DisTRIBUCE PRO CESKOU REPUBLIKU  DISTRIBUCE PRO SLOVENSKO

t;ovestroi m 5} ‘g §m§ NPQI}{A

A
v\ SAPict TRONOX synthos
vl ORKASH. | RUDOLF
e’ SAPICI GROUP
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YOUR SOLUTIONS. YOUR SUCCESS.
YOUR TRADE FAIR.

26-28.9.2017 | NUREMBERG, GERMANY

| - &5 |
WORLD-LEADING TRADE FRIR
PROCESSING, ANALYSIS, AND HANDLING
OF POWDER AND BULK SOLIDS
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3P-CHEM s.r.o0.

Areal Sprava a udrzba komunikaci
P.O. BOX 31

267 01 KralGv Dvir - Popovice

tel.: +420 311 638 028 - 029
fax: +420311 637 132
e-mail: 3p-chem@3p-chem.cz

Vas spolehlivy partner v oblasti dodavek chemickych
specialit pro vyrobu natérovych hmot, vyrobu tmelq,
lepidel a plastikafsky prlmysl.

Vse dUlezité najdete na:

www.3p-chem.cz

Firma 3P-CHEM s.r.o. byla zalozena v roce 2004. Od zacatku existence se firma zaméiuje
na prodej a distribuci surovin pro zpracovatelsky primysl. Nedilnou soucasti nasi firmy
je nabidka technickych obalti (kovové, plastové a sklenéné obaly). Hlavnimi obchodnimi
partnery a dodavateli surovin jsou pfedni evropsti vyrobci z Némecka, Francie, Spanélska,
Belgie, Rakouska, Italie, Chorvatska, Madarska a dalSich evropskych zemi .

Nase nabidka surovin se zaméfuje hlavné na vyrobce natérovych hmot a lepidel, vyrobce
stavebni chemie a plastikaisky pramysl.

Struktura sortimentu nabizenych surovin:

Pojiva - rozpoustédlové, vodoureditelné — kompletni sortiment: alkydy, akrylaty, disperze,
emulze, epoxidy a specidlni pojiva » Pigmenty — praskové, metalitické pigmenty, saze
« Plniva - vapence, talky, baryty, slidy, btidlice, mica - Additiva — dispergacni prostiedky,
odpénovace, rozlivova cinidla, inhibitory koroze, akrylatové zahustky
« Susidla - do rozpoustédlovych a vodoureditelnych systémud « Matovaci a zahustovaci
prostiedky prostredky na bazi oxidu kiemicitého - Vosky — praskové typy, voskové emulze
a disperze - Vzorkovnice — RAL systémy

Struktura sortimentu technickych obalii:

Kovové obaly - lakovky, kovové ldhve, kanystry, védra, hoboky a sudy « Plastové obaly
— kanystry, soudky, dézy - Sklenéné obaly — Iékovky, lahve pro potravinarsky priimysl

Pro vice informaci prosim piste na:
bruna@3p-chem.cz, torma@3p-chem.cz, sidlo@3p-chem.cz

Vice na nasich internetovych strankach WWW.3P-CHEM.CZ



1 20 let tradice v oblasti vyroby
chemickych anorganickych vyrobku

& PRECHEZA

VYZNAMNY EVROPSKY VYROBCE . ofpmo
A DODAVATEL ANORGANICKYCH PIGMENTU

pro natérové hmoty, plasty,
papir a kosmetiku

pro natérové hmoty
a pro barveni stavebnich
materialu

PRECHEZA a.s.
nabr. Dr. Edvarda Benese 1170/24 | 750 02 Prerov | Tel: +420 581 252 388 | Fax: + 420 581 253 830
E-mail: sales@precheza.cz | www.precheza.cz

www.precheza.cz
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A MANEKO

Laboratorni pfistroje a technika

>BINDER

Best conditions for your success

() viscotech

- vakuova technika

/7 Cole-Parmer
- rheometry s

- viskozimetry AlfaAesar

A Johnson Matthey Company

salvisiryi

- klimatické komory

- bezpeCnostni susarny

- homogenizatory @

| N D U S T R | Ewm

- dispergatory
- laboratorni nabytek

{ ILMVAC

Maneko, spol. s r. 0., Na Piskach 71, 160 00 Praha 6
www.maneko.cz, tel.: 233 335 638-9, fax: 233 332 656
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