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INFORMATION ON DEVELOPMENT AND CURRENT STATE CLH TiO,
PROPOSAL

INFORMACE O VYVOJI A STAVU NAVRHU NA CLH KLASIFIKACI Tio,

PIKAL P.
Precheza a.s., Nabr. Dr.E.Benese 24, Prerov

Summary
Although scientific evidence indicates clearly that TiO, is harmless, RAC committee recommended to classify
it as the inhalation carcinogen cat. 2 in September 2017. After that during CARACAL meeting in June 2018
several member states expressed their reluctance to directly add TiO, to REACH annex VI. They want to per-
form thorough substance evaluation before taking further steps in classification procedure. This should give
TDMA necessary time for extensive scientific programme to address perceived data gaps in available data.
The aim of studies is to evaluate toxicological differences and/or similarities among various TiO, types and
group them. After that extensive toxicological testing will be performed only with the most potent grades.

Key words
Carcinogenity, TiO,, Inhalation, ECHA

About one year ago RAC committee recommended to classify [1] TiO, as carcinogen category 2, despite
of clear evidence from human epidemiology studies [1]. Interesting is that their justification is based more or
less only on one animal study [3] and they stated that carcinogenic potential is not limited to TiO, but it could
be applied to any poorly soluble low toxic material (PSLT). After that classification process was moved to
European Commission and during June CARACAL meeting member states representatives expressed their
opinion about this issue.

Positions vary from direct and unconfined inclusion to CLP regulation, annex IV through setting back
the process until further studies according to REACH regulation are finished, setting specific limits to powder
materials according to their particle size to adding TiO, and other PSLT to CLP Annex II with specific state-
ment on packaging (Warning, contains respirable dust, Follow safety instructions). Although EC still wants to
implement classification voting is postponed to October or December 2018 as they would like to reach some
consensus about this matter before voting.

RAC reasoning pointed out to perceived knowledge gaps and therefore TiO, producers (TDMA) raised
a 15 mil EUR scientific program to address those issues. First step was to streamline all tests and choose the
representative grades from products portfolio. Ten types (anatase, rutile, coated uncoated, pigmentary and
nano) were chosen for screening tests. Results from those screening test will serve as background for subchro-
nic animal studies and finally chronic animal study. All this will take time so complete results are expected
around 2024.

We want to demonstrate that studies performed in accordance to OECD rules for toxicity/carcinogenity
confirm our statements about non-toxic and non-carcinogenic nature of TiO,. After completion we also hope
to cover all perceived data gaps for pigmentary and nano TiO,.
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Type Particle Structure

Uncoated anatase nano Anatase

Uncoated anatase pigmentary Anatase
Uncoated mixed phase nano Mixed
Alumina and organic coated rutile nano Rutile
Silica coated rutile nano Rutile
Alumina coated rutile pigmentary Rutile
Aluminium phosphate coated rutile pigmentary Rutile
Silica/Alumina heavy coated rutile pigmentary Rutile
Uncoated rutile pigmentary Rutile
Zirconia/Alumina coted rutile pigmentary Rutile

Tab. 1: Representative TiO, types

We assume that both inhalation and ingestion studies will be performed but not all with above mentioned
10 materials. All studies will be performed according to OECD rules.

Priority Study type Test items
1 Bioaccessibility in biological media 10
2 Oral toxicokinetics in rats including tissue distribution 3
Oral bioavailability in human volunteers, blood kinetics 1
3 EOGRT study with E171 — EFSA data requirement 1
4 IACM study - inflammatory 3
5 Repeated dose subchronic toxicity, rats, 90 days, 3
6 Combined chronic oral tox/carcinogenity, rats 7?7
7 Screening tests for inhalation toxicity 10
8 Subchronic inhalation toxicity, rats 7?7
9 Chronic inhalation toxicity (rats) Probably 1
10 Oral development toxicity (rabit) 1

Tab. 2: Overview of studies to be performed under TDMA sponzoring

Literatura

[1] Committee for Risk Assessment Opinion proposing harmonised classification and labelling at EU
level of Titanium dioxide 14 September 2017

[2] Ellis, E.D. et al., Occupational exposure and mortality among workers at three titanium dioxide
plants, American Journal of Industrial Medicine Volume 56, Issue 3, pp 282-291, March 2013

[3] Heinrich, U., Fuhst, R., Rittinghausen, S., Creutzenberg, O.,Bellmann, B., Koch, W., and Levsen, K.,
Chronic inhalationexposure of Wistar rats and two different strains of mice to diesel engineexhaust,
carbon black and titanium dioxide. Inhalation Toxicol. 7, 533—556.
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VYUZITI TiO, VE FASADNICH NATEROVYCH SYSTEMECH
TiO, USAGE IN FACADE COATINGS

PINKOVA B., JEHLAROVA E.

Precheza a.s., Prerov

Summary
Titanium dioxide grades PRETIOX, produced by the company Precheza a.s., can be used in a number of ap-
plications (coatings, plastics, pharma, etc.). In this project were tested different type of TiO, in various types
of facade coatings. The optical parameters for facade coatings were monitored and the weather stability was
measured.

Key words
PRETIOX, titanium dioxide, facade coatings

1 Uvod

Oxid titanicity (TiO,) — titanova béloba patii mezi nejvice pouzivané bilé pigmenty. Pouzivé se v celé
fadé primyslovych odvétvi, od vyroby natérovych hmot, ptes plastikaisky, papirensky a stavebni primysl az
po kosmeticky a farmaceuticky primysl. Tato Siroké oblast vyuZitelnosti TiO, klade velmi rozdilné poZadavky
na kvalitu TiO,, jeZ je urCena pro jednotlivé aplikacni oblasti. Kvalitou se rozumi jednak:

. dobré zpracovatelské parametry (zejména dobra dispergovatelnost v daném aplika¢nim prostiedi);

. dobré optické parametry (bélost, podton, kryci schopnost).

Aplikacni a zpracovatelské vlastnosti TiO, je mozné ovlivnit v priibéhu vyroby pomoci celé fady para-
metrl (napf. anorganicka a organicka povrchova uprava, vhodné mleti) [1].

V ramci tohoto piispévku jsou diskutovany vybrané vysledky ziskané béhem hodnoceni ruznych typu
TiO, pouzitych v riznych fasddnich barvéach. Piispévek vznikl ve spolupréci s firmou Colorlak, a.s.

2 Fasada

Slovo fasada pochézi z francouzského slova face, coz v piekladu znamena tvar ¢i lic a jedna se o vnéjsi
sténu budovy a o jeji kone¢nou tpravu. Fasada je velmi dalezitou soucasti kazdé stavby. Plni ochrannou
funkci a také si diky ni vytvafime prvni dojem o stavbé a je tudiz nutné, aby pozorovatele zaujala. Nejdiive
zaujme barva (v soucasné dob¢ je na trhu cela Skala barev od tmavé Sedé, ptes celé barevné spektrum az po
bilou barvu), poptipadé struktura (hladkd, ryhovana atd.) a typ fasadni barvy. V soucasné dob¢ se nejcastéji
pouzivaji nasledujici fasadni systémy:

. akrylatovy (disperzni) systém;

. silikatovy systém;

. silikonovy systém.

Kazdy fasadni systém se sklada z celé fady komponent. Hlavni slozkou je pojivo (na bazi akrylatu,
silikonu, silikdtu), nasleduji plniva (vapenec), pigmenty (TiO,, barevné pigmenty), aditiva (biocidni latky,
dispergatory atd.). V soucasné dobé€ se nejvice vyuzivaji akrylatové a silikonové fasadni systémy. Barevnost
fasad uzce souvisi s modnimi trendy. V soucasné dobé jsou velmi popularni riizné odstiny Sedé (od velmi
tmavych az po uplné bilé odstiny).

3 Testované typy fasadnich barev

Akrylatovy fasadni systém

Tento systém se vyznacuje vynikajici pruznosti, rychlym zasychanim, vysokou kryvosti a pfilnavosti.
Jedna se o systém na bazi polyakrylatu, vapencovych plniv a kvalitnich pigmentt, s pfidavkem fungicidnich
latek.

11
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Silikatovy fasadni systém

Silikatovy fasadni systém se pouziva velmi Casto pro obnovu historickych a pamatkové chranénych
objektll. Vyznacuje se vysokou odolnosti vici odéru, zaspinéni a vynikajici paropropustnosti. V systému je
pfitomno i draselné vodni sklo.

Silikonovy fasadni systém

Jedna se o kombinaci akrylatového a silikonového pojiva. Diky tomu 1ze dosdhnout velmi dobré trvan-
livosti systému, ktery je paropropustny a pfitom ale nepropustny pro vodu (dést).

4 Testované typy TiO,

Do testovani byly zahrnuty 4 vzorky titanové béloby s ozna¢enim PRETIOX 101 az 104. Na obr. 1 a
2 jsou uvedeny vybrané snimky ziskané pomoci transmisniho elektronového mikroskopu (méfitko 50 pm).

Obr. 1 - Snimky TEM (50 pm) - vzorky Pretiox 101 a 102

Obr. 2: Snimky TEM (50 pm) - vzorky Pretiox 101 a 102

Z obrazku 1 a 2 je ziejmé, ze se odliSuje vzorek s oznacenim Pretiox 103. U tohoto vzorku je patrné velké
mnozstvi zavojli (anorganicka povrchova tprava), které jsou vysrazeny mimo &astice TiO,.

4 Priibéh testovani

Jak jiz bylo zminéno, byly sledovany tii fasadni systémy, 4 vzorky titanové béloby a 6 barevnych sys-
tému (baze, bila barva, Seda barva, ¢ervena barva, modra a zluta barva). Celkem tak bylo pfipraveno cca 100
vzorku, u kterych byly stanoveny optické parametry [2] a bylo provedeno hodnoceni povétrnostni odolnosti
(toto stanoveni stale jesté probiha a jsou tak k dispozici pouze ¢astecné vysledky). Byly pfipraveny i rizné
typy natahi na cementotiiskové desce (cetris deska). A to jednak pomoci maliiského vale¢ku (simulace sku-
tecného natéru) a pomoci natahovaciho pravitka. Na obrazku 3 je patrna odlisnost ve struktufe mezi jednot-
livymi typy natahi.

12
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Obr. 3: Typy natahi

5 Hodnoceni ziskanych vysledkii — vstupni optické parametry

Vzhledem k velkému mnozstvi dat jsou v tomto piispévku prezentovany pouze vybrané vysledky. Na
obr. 4 je uvedeno hodnoceni parametru L* u zakladnich bazi v riznych fasadnich systémech.

Obr. 4: Hodnoceni bazi — prostor CIELab — parametr L*

Z obr. 4 je ziejmé, ze vzorek Pretiox 104 dosahuje velmi vysokych hodnot sledovaného parametru L*
v silikatovém a silikonovém systému. Na druhou stranu v akrylatovém systému jsou u tohoto vzorku deteko-

Dalsim velmi sledovanym parametrem je b*, které se pouziva pro hodnoceni zlutosti natéru, viz. obr. 5.

Obr. 5: Hodnoceni bazi — prostor CIELab — parametr b*
Z obr. 6 je ziejmé, ze vzorky Pretiox 101 a Pretiox 102 se vyznacuji vyssi Zlutosti, a to ve vSech porov-
navanych fasadnich systémech.

13
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Vzorek Pretiox 103 se vyznacuje velmi dobrou univerzalnosti pouziti v jednotlivych fasadnich hmotach.
Vzorek Pretiox 104 je velmi vhodny do silikatovych a silikonovych systému.
6 Hodnoceni ziskanych vysledkii — testy povétrnostni odolnosti

K tomuto hodnoceni se pouzivaji tzv. testy zrychleného starnuti, které se provadéji pomoci QUV a
Q-sun paneli. Pro hodnoceni se nejéastéji pouziva parametr dE* vystihujici celkovou barevnou zménu. Vy-
brané vysledky (pro akrylatovy systém) jsou uvedeny na obrazcich 6 a 7.

V praxi se pouziva Castéji QUV panel (zateni 300400 nm, fluorescenéni lampa), ktery 1épe simuluje
podminky venkovni vlhkosti nez Q-sun. Velkou piednosti pfistroje Q-sun (zafeni 300-800 nm, xenonova
lampa) je vysoka podobnost filtrovaného zafeni se zafenim slune¢nim, coz poskytuje dobrou korelaci s vy-

sledky ziskanymi na povétrnostnich stanicich. Q-sun 1épe simuluje podminky venkovniho zafeni nez QUV
panel.

Obr. 6: QUYV panel — priibézné vysledky hodnoceni akrylatové baze — dE*

Obr. 7: Q-sun panel — pribézné vysledky hodnoceni baze (vale¢ek) — dE*
Z hodnoceni vzorkt v QUV panelu vyplyva, ze k nejvétsim barevnym zménam dochazi u vzorku Pretiox
104. Vzorky Pretiox 101 a 103 vykazuji velmi podobné chovani.

Natahy pomoci valecku poskytuji informace o chovani systému ve strukturovaném natahu. Z obr. 7
je ziejmé, ze vSechny hodnocené vzorky se chovaly velmi podobné.

7 Zavér

Je ziejmé, Ze i v oblasti riiznych fasadnich systémi (akrylét, silikon, silikat) se jednotlivé typy TiO,
chovaji rozdiln¢. ZaleZi pak na odbérateli, zda preferuje univerzalngjsi typ TiO, anebo poZaduje pro jednotlivé

14
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fasadni systémy specializované typy TiO,.
V soucasné dob¢ vyrabi Precheza a.s. n¢kolik typti TiO,, které je mozno pouZit ve fasddnich systémech:

Pretiox R200M — jemn¢ mlety rutilovy typ TiO, pro interiérové aplikace, pro exteriérové aplikace
pouze ve spojeni s velmi kvalitnim pojivovym systémem;

Pretiox RGU — mikronizovany rutilovy typ TiO,, ktery mé univerzalni moZnost pouziti;

. Pretiox RGZW — mikronizovany rutilovy typ TiO, pro vysoce odolné systémy.

LITERATURA
[1]  Winkler J., Titanium Dioxide production, properties and effective usage. eBook. Vincentz

[2] Sulcova P., Viastnosti anorganickych pigmentii a metody jejich hodnoceni. Skripta. Univerzita
Pardubice, 2000
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MULTIFUKCNI FOTOKATALYTICKE NATERY PRO ZATEPLENE FASADY
ETICS A JEJICH EKOLOGICKE VYUZITI

MULTIFUNCTIONAL PHOTO CATALYTIC COATINGS FOR INSULATED ,,ETICS*
FACADES AND THEIR ENVIRONMENTAL USE

PROCHAZKA J., SEFL P.
Advanced Materials-JTJ

Summary
The latest studies confirm that one square meter of photocatalytic coating (FN) on a facade can decontami-
nate over 3 million cubic meters of air per year and purify enough air for 250 people to breathe for one day.

Fifteen square-meters of such treated photocatalytic facade offsets emissions from the operations of one
diesel-powered passenger car. In addition, the highly oxidative semiconductor effect on FN coating-painted
facade creates a maintenance-free, self-cleaning surface, extending life of the fagade and saving money on

its maintenance.

Key words
FN® photocatalytic coatings, air purification, protective coatings, self-cleaning coatings, decontamination,
depollution, environmental applications

Zateplené fasady ETICS

Nové technologie ve stavebnictvi umoziuji vyrazné uspory energie, ale na druhou stranu, navratnost
nakladi na pofizeni zateplenych systému je hrané ekonomické rentability. K této kalkulaci je nutné piidat
naklady na tdrzbu zateplenych fasad (ETICS), které mnohdy predstavuji naklady, rovnajici se pofizeni za-
teplenych systémtl.

Kvalita akrylatovych barev se sice vyrazné zlepsila, ale chemické prostiedky béhem par let vyprchaji
a fasada se nasledn¢ stava zivnou pidou pro mikroorganismy, predevsim fasy a plisné.

Na obr. 1 vlevo je otisk kontaminované vnéjsi stény na agar po kultivaci mikroorganismu a typické
zastoupeni plisni rodt Alternaria a Cladosporium, sterilniho mycelium a bakterii.

Obr. 1: Otisk agaru na vnéjsi sténé po kultivaci mikroorganismi

Cernozelené povlaky mikroorganismii na fasadach jsou vétsing z nas velmi dobie znamé (obr. 2a vlevo) a
pii revitalizaci kontaminované fasady neexistuje jednoduché fesent, které by zarucilo jeji dlouhodobou ochranu.

Obr 2a: Kontaminovana zateplena sténa, s levou polovinou porostlou plisnémi a pravou polovinou
chranénou svrchnim fotokatalytickym natérem, 2b detail omyté fasady
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Jak ukazuje zvétseny obrazek fasady po omyti tlakovou vodou, jeji povrch se otevie a je jesté piistupnéj-
$i pro mikroorganismy nez pred umytim (obr. 2b).

Revitalizace zateplené fasady a jeji ochrana pomoci chemickych ptipravkt ma bohuzel pouze kratkodo-
by efekt, ale v posledni dob¢ se naskyta nechemické feseni jak uchovat fasadu dlouhodobé ¢istou — Funkéni
fotokatalytické nano natéry (FN®). Kontrast pfi jejich pouziti oproti bézné fasadé je ziejmy z obr. 2a, ktery
ukazuje rozdil oSetiené a neosetfené fasady po 7 letech (natér byl nanasen na jiz znaéné kontaminovanou
fasadu).

Advanced Materials-JTJ béhem poslednich dvanacti let let uspésné demonstrovali dlouhodobou funkci
fotokatalytickych Funkénich natért (FN®) pro velmi u¢innou ochranu povrchi proti $piné a mikroorganis-
mim a pro efektivni ekologické ¢isténi vzduchu od exhalati z primyslu a dopravy.

Ochrana proti UV zareni

Velmi atraktivni je ochranna vlastnost fotokatalytické vrstvy proti UV zafeni a degradaci fasadni barvy
jeho vlivem. Fotokatalyticka vrstva natértt FN absorbuje kratké vinové délky a snizuje tak degradaci podkla-
dové barvy UV zafenim az 10000x (obr. 3). Natér zaroven vyuziva tuto absorbovanou energii UV zafeni ke
své aktivaci a zprostiedkovani mnoha dalSich ochrannych a ekologickych funkci.

Obr. 3: Adsorpce FN natéru v UV oblasti

Samocistici vlastnosti

Naprosto zasadni vlastnost fotokatalytickych natérd FN® je jejich velmi silna samocistici schopnost,
ktera vyuziva polovodi¢ovych vlastnosti oxidu titani¢itého a elektronového deficitu na jeho povrchu. Prak-
ticky vSechny organické necistoty, které se dotknou povrchu natéru vlivem fotokatalytického efektu se rychle
oxiduji a zmineralizuji.

Fotokatalyza TiO, je polovodicovy jev, kdy po absorpci fotonli o ur¢ité energii se na povrchu tohoto po-
lovodice n-typu vytvoii oxidac¢né redukéni potencial o energii 3,2 eV. Jinymi slovy, povrch oxidu titanicitého,
ktery je aktivovan absorbovanou energii UV spektra s maximem 365 nm vinové délky, vykazuje elektronovy
deficit o energii 3,2V (rovnice 1).

UV +TiO, — TiO, (h + e-) 3,2eV (€))]

Vlivem této nerovnovahy dojde pii kontaktu s organickymi latkami k vytrzeni elektronu z jejich vazeb

a na misto rozbité vazby se v molekule okamzité vaze vzdusny kyslik, ¢imz se organické latky rychle mine-
ralizuji az na molekuly H,O a CO,.

Kromé ptimého pieskoku elektronu a rozbiti vazby, ktery je dominantni, existuji v pfitomnosti vody
paralelni jevy, prostfedkované OH* radikaly.

Oxidacni reakce: (2)
h*+H,0 — H' + «OH
2h"+2H,0—-2H +HO,
H,0,— 2 «OH
17
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Redukéni reakee na povrchu TiO,: 3)
e +0,— 0,

*0, +HO2+H' - H,0,+ O,

HOOH — HO- + «OH

Jev fotokatalyzy se podoba horké nano plotynce, kde nezavisle na teploté okoli, pii kontaktu s jejim
povrchem probiha proces oxidace organickych latek pohanény svétlem. Tento polovodicovy efekt je na rozdil
od u¢inkt chemickych oxidanénich latek zcela nevycerpatelny.

Citéni vzduchu od exhalaci a kompenzace civiliza&nich dopadi

Velmi podstatnou funkcei fotokatalytického povrchu je jeho schopnost Cistit vzduch od exhalaci a snizo-
vat tak znecisténi vytizeného prostiedi.

Podle udaji ministerstva zivotniho prostedi zije na uzemi se zhorSenou kvalitou ovzdusi 51 % obyva-
telstva CR a toto teritorium piedstavuje 22 % rozlohy CR. V poslednich 5 letech byly uzakon&ny nové imisni
limity, zavazné v celé EU a fotokatalyza je jedinou levnou technologii, ktera pomize tyto limity také plnit.
International Agency for Research on Cancer (IARC), soucast World Health Organization (WHO), klasifi-
kovala v kvétnu 2012 spaliny z dieslovych motort jako karcinogeni pro ¢lovéka (Group 1). Direktiva EU
1999/30/ES zéroven pozaduje vyrazné snizeni emisi oxidl dusiku a to jiz od ledna 2010 ve vsech ¢lenskych
zemich EU a nedavné snizeni povolenych koncentraci benz(A)pyrénu pod Ing/m’ reaguje na jeho vysokou
nebezpecnost. Benz(A)pyrén se dnes vyskytuje nejenom v ovzdusi, ale bohuzel také ve spodnich vodach.

Fotokatalyza je jedina technologie, ktera dokaze vy¢istit milion kubickych metrii vzduchu za méné nez
20 korun a zaroven se investice na pofizeni fotokatalytickych ploch mnohonasobné vrati usporami nakladu
za jejich udrzbu.

Ekologické budovy — zafizeni pro dekontaminaci vzduchu

Budova natfend fotokatalytickym natérem FN® nejenom prodluzuji zivotnost fasady a chrani ji pied
zaSpinénim, ale zaroven ucinné plni ekologickou funkci pro dekontaminaci ovzdusi.

Pied ¢tyimi lety Advanced Materials-JTJ oSetfila zvukové bariéry u frekventovaného silniéniho mést-
ského okruhu v Praze na Barrandové, kde vlivy pocasi a exhalati z dopravy degraduji a $pini bézné povrchy,
zatimco, fotokatalytické plochy zlstavaji stale Cisté.

Po dvou letech ovéfoval UFCH J. Heyrovského AVCR tginnost téchto ploch pro dekontaminaci vzdu-
chu s vysledkem, ze je prakticky nezménéna oproti pivodnimu stavu a snizovani imisi NOx ve vzduchu pfi
kontaktu s aktivni plochou v praktickych koncentracich dosahuje ptes 50 % (obr 4).

Obr. 4: Méfeni ubytku NOx na fotokatalytickych plochach zvukovych bariér na Barrandové po dvou
letech vystaveni vlivu pocasi a dopravy

Vysledky této prace Dr. Radka Zouzelky a ing. Jittho Rathouského byly publikovany v prestiznim od-

borném Casopise Applied Catalysis B: Environmental 217 (2017), 466-476, pod nazvem ,,Photocatalytic aba-
tement of NOx pollutants in the air using commercial functional coating with porous morphology*. Prace
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byla vysoko cenéna i proto, ze autofi poskytuji i modelové kalkulace uréené pro projektany a architekty, které
jim umoznuji zapracovat fotokatalytické plochy do environmentalnich bilanci pti konkrétnich urbanistickych
projektech.

Prace ma zasadni charakter i z diivodu, ze se nedrzi striktné pouze ISO 22197-1 metody laminarniho
poudéni NO a jeho konverze na NO,, ale popisuje i srovnani podle navrzené normy CEN v turbulentnich
podminkach. Tato prace vyjasiuje celkovou bilanci NOx (rovnice 4) kdy uvadi, ze v§echny molekuly oxidu
dusnatého béhem relativné kratké doby piejdou ve vzduchu na oxid dusicity. Dale je tato prace vyjimecna,
protoze se poprvé vénuje chovani NO, na ¢istych TiO, vrstvach a fotokatalytickém povrchu natéra FN®.

NO (hv,TiO,)— (NO,)ads. + H,O — HNO, or NO,". 4)

Byl u¢inén naprosto zdsadni objev, ze NO, se adsorbuje na fotokatalytické vrstve ve stejné mife jako NO.
Z toho plyne feSeni pro odstranovani oxidt dusiku z ovzdusi, konkrétné je co nejrychleji zoxidovat a adsorbo-
vat na natéru. V druhém kroku se vlhkost se postara o udrzeni stale vysoké ucinnosti fotokatalytickych natért.

Tento prakticky pokus ukazuje na vynikajici pouzitelnost fotokatalytickych natéra FN® pro dekontami-
naci vzduchu v praxi a je nutné zduraznit, ze na globalnim trhu, kde existuje nékolik fotokatalytickych typu
produkti nema v uéinnosti srovnani. Pro dekontaminaci vzduchu, stejné jako pro ochranu povrchi hraje
ucéinnost natéra kritickou roli. Vyrobky s ucinnosti likvidace zplodin pod deset procent se nekvalifikuji pro
zlepSeni kvality ovzdusi z jednoduchého divodu — ve méstech a urbanistickych celcich neexistuje dostatek
ploch k natfeni. K dosazeni stejného u¢inku jaku u natértt FN® potiebuji ostatni systémy dvacetkrat az pade-
satkrat vy$si plochu (Im? FN® = 50 m? komer¢nich vyrobki — obr. 5)

Obr. 5: Porovnani u¢innosti fotokatalytickych systému pro odbouravani VOC a NOx exhalati na
dne$nim trhu

Zavér

Ochrana povrchi a zivotniho prostfedi pomoci multifunkénich natéra pfinasi nové kvality a moznosti,
které pomahaji zlepsit kvalitu naseho zivota, stejné jako zmirnit civilizaéni dopady na zivotni prostedi. Tech-
nologie FN® nano natéru representuje $picku v oboru, se kterou si Ize snadno piedstavit individualni kompen-
zaci exhalaci, které vytvari nase automobily a nase ¢innost. Staci vzit stétec do ruky.
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KOMPOZITNI FOTOKATALYZATORY NA BAZI TiO, - AKTIVNIHO UHLI
A JEJICH APLIKACE PRO CISTENI VZDUCHU

COMPOSITE PHOTOCATALYST BASED ON TiO,— ACTIVE CARBON AND THEIR
APPLICATION IN AIR TREATMENT

BAUDYS M'?, VISLOCKA X.2, KRYSA J.2

1 Technopark Kralupy University of Chemistry and Technology Prague
2 Department of Inorganic Technology, University of Chemistry and Technology Prague

Summary
This contribution deals with the preparation and characterisation of immobilized composite titania powders
with various carbon loading. Presence of active carbon due to its adsorption capability may concentrate
chemical species in the vicinity of semiconductor, or it should also allow for desorption and transfer of
species in a semiconductor. The aim was to prove the influence of the type of active carbon, its content
and the intensity of milling on the rate of removal of NOx in a single-pass flow-through reactor under ISO
conditions.

1t was found that samples of composite photocatalyst after intensive milling exhibit higher NOx removal ef-
ficiency compared to pure TiO, P25. It was also found that the presence of active carbon positively influence
the rate of toluene removal which exhibit about 16% conversion compared pure TiO,,

Key words
TiO,, active carbon, photocatalysis, NOx removal, toluene removal

Introduction

Photocatalytic degradation of organics pollutants in aqueous phase or in the air has attracted increasing
attention during the past decades. Most studied photocatalyst is titanium dioxide of anatase modification
which is cheap and reasonable [1-3]. To improve photocatalytic activity and to reduce recombination reaction
some papers dealing with modification by carbon material such graphene [4] or carbon nanodots [5]. Such
material show very good electric conductivity, thus they can reduced recombination processes in the photo
catalyst.

This paper deals with modification of titanium dioxide with active carbon (AC). Active carbon due to its
high adsorption capability may concentrate chemical species in the vicinity of the photocatalyst or it should
also allow for desorption and chemical transport of species in to the semiconductor.

In this paper two type of active carbon differing with their way of preparation were investigated. Com-
posite photo catalyst with differing carbon loading were prepared and characterised in terms of photocatalytic
efficiency of pollutant removal from gaseous phase.

Experimental

As a photo catalysts was used commercial material AEROXIDE P25 (Evonik), which consists of 73%
of anatase and 27% of rutile with crystal size of anatase 22 nm (XRD) and specific surface area about 45 m*/g
(BET isotherm). As active carbon were used two types of active carbon differing with the way of preparation.
The first material AC1 was obtained by Czech supplier Penta and is produced by pyrolysis of coconuts husk.
The second material AC2 was obtained by China manufacture and is produced from coke processes.

Composite photocatalyst were prepared by the mixing method described in paper [6]. The ratio of

AC/ TiO, was set to 0.01 and 0.07. After drying, composites were treated using milling in laboratory
shaker (IKA KS 130) in the presence of glass spheres (diameter 1 mm).

The textural properties was measured using 3 Flex surface characterisation analyser (Micromeritics).
Photocatalytic experiment were performed in trough flow reactor according to standard ISO 22197-1. Particle
size distribution was observed using Mastersizer 3000 (Malvern).
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Results and discussion

In Fig 1 and 2 are shown adsorption isotherms of active carbon marked ACO (produced by pyrolysis of
coconut shells) and AC10 (produced form coke processes). Adsorption isotherm of third studied carbon AC20
has very similar isotherm to AC10 thus it is not shown here. From adsorption isotherms (type Ib and IVa) it can
be concluded that both samples are mixture of microspores and mesoporous differing with their ratio. From
the ratio of micropores volume (obtained from the t-plot) and total pore volume it can be concluded that AC10
and AC20 contain more microspores (ratio of microspores 55% and 58%) compared to ACO which is more
mesoporous (ratio of microspores 20%)

t-plot ratio of micro-
t-plot external total pore . P pore volume
S BET micropore
Sample name o surface area volume to total pore
[m?/g] 2 3 volume
[m?/g] [cm?/g] [emYg] volume
& (%]
ACO 1700 10101 1.37 0.29 21.23
AC10 891 296 0.44 0.24 55
AC20 889 254 0,430 0,25 59
TiO2 P25 46 44 0.078 0 0

Table 1: Texture properties of used powder materials

Fig. 1: Adsorption isotherm of AC0 Fig 2: Adsorption isotherm of AC10
Texture properties of used powder materials are shown in Table 1. It follows that contrary to active car-
bon, TiO, P25 is purely mesoporous.

In Figs 3 and 4 they are shown comparison of particle size distribution depending on time of milling for
samples ACO and AC20. I follows that before milling ACO forms relative big particles (about 50 pum). After
72 hours of milling using 100 RPM we can see no significant difference in particle size distribution. Using
200 RPM, milling is more intensive and we can see shift to lower particles (5 p), but some part of big particles
(50 pm) remains in the system. For sample AC20 the situation is very similar and the intensive milling at
200 RPM do not lead to reduction of particle size).

Fig 3: PSD curve for sample AC0 — depending on type of milling
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Composite photocatalyst were prepared with ratio of AC/TiO, 0,01 and 0,07 respectively. The motivati-
on was to prepared composite containing lower amount of active carbon in which the effect of shielding of
UV light is no to significant. Results of photocatalytic activity expressed as amount of removed NO, produced
NO, and removed amount NOx depending on various type of milling treatment are expressed in Figs 5 and
6 respectively.

For samples which were treated using soft milling at 100 RPM 18 hours no significant differences in
photocatalytic activity was observed. After 168 hours of intensive milling at 200 RPM, we can see that the
photocatalytic activity expressed as amount of removed NOx is significantly higher compared to pure TiO,
or unmilled composite.

Fig 4: PSD curve for sample AC20 — depending on type of milling- sample

Fig. 5: Results of NOx removal composite photocatalyts (18 hours of milling at 100 RPM)

Fig. 6: Results of NOx removal — composite photocatalyts (168 hours of milling at 200 RPM)
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Fig 7: Concertation dependence of toluene during photocatalytic experiment — sample containing
ratio of TiO, and AC 0.01 (18 hours of milling at 100 RPM)

The second pollutant which removal was also investigated is toluene. Concertation dependence of tolue-
ne is shown in Figs 7 and 8 for composite with ratio AC/TiO, 0,01 and for pure TiO, respectively. Contrary
to NOx experiment a lower present of active carbon positively influence the rate of toluene removal which
increases from 49 (pure TiO,) to 65 % (composite photocatalyst containing ratio of AC0 0,01).

Fig 8: Concertation dependence of toluene during photocatalytic experiment — sample containing pure
TiO
2

Conclusions

Effect of active carbon loading in composite photocatalysts containing TiO, P25 was investigated using
removal of NOx and toluene. Attention was paid to the effect of various time and intensity of milling. In case
of NOx removal positive effect of active carbon was observed for composites after 168 hours of milling at
200 RPM. Such composite exhibit higher photocatalytic activity compared to pure TiO,. In case of toluene
removal, positive effect was observed in samples containing lower content of active carbon (ratio AC/TiO,
0.01). Compared to pure TiO, P25 the conversion of toluene is about 15% .
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KALCINOVANY KAOLIN VNATEROVYCH HMOTACH
CALCINED KAOLIN IN PAINTS AND COATINGS

KRIVANEK J.!, PLEETH A 2

1 THORSON CHEMICAL Praha
2 CMP

Summary
Calcined Kaolin can be used to reduce the cost of paint formulation. The lamelar particles improves utili-
zation of TiO, in the paint and this way i salso improved the opacity.

Key words
Kaolin, lamellar pigment, paint

Jako lamelarni plniva byvaji oznacovany materidly, jejichz Castice maji podobu tenkych desticek.
V natérovych hmotach jsou obvykle pouzivana pro bariérové vlastnosti zlepSujici korozni odolnosti nate-
rovych vrstev. V obdobich narGstu ceny titanové béloby vsak nabyva na vyznamu i schopnost téchto plniv
zvySovat kryci vlastnosti pigmentt.

Kryci vlastnosti titanové béloby jsou odvozeny od rozdilu mezi indexem lomu pojiva a pigmentu. Plniva
naopak maji index lomu blizky pojivu a jejich kryvost je miziva.

Obr. 1: Princip kryvosti pigmenti

Pokud ovSem realné¢ mame ve formulaci smés pigmentu a plniva, pohybujeme se mezi dvéma extrém-
nimi situacemi. Jedna se vyznacuje velkymi ¢asticemi plniv, které umoziuji prichod svételnych paprskt az
k substratu a snizuji kryci silu pigmentu. Druhou krajni moznosti je pouziti jemnych, idealné¢ lamelarnich
plniv, s ¢asticemi vhodné velikosti. V tomto piipadé jsou ¢astice pigmentu optimalné distribuovany v natéroveé
vrstve a kryvost se zvysuje.

Obr. 2: Kryvost ve smési pigmentii a plniv
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Dalsim faktorem souvisejicim s kryvosti je objemova koncentrace pigmentt. Pokud je vy$si nez kriticka,
objevuji s v natérové vrstvé vzduchové bublinky. Pti pouziti jemnych lamelarnich plniv dochazi k lomu svétla
na rozhrani plnivo vzduch a zvysuje se kryvost.

Obr. 3: Vliv vzduchovych bublinek na kryvost natéru

Z uvedené¢ho je zfejmé, ze s vyuzitim lamelarnich plniv je mozné dosdhnout zvyseni kryvosti bez na-
vysovani obsahu pigmentu. Pro praktické pouziti jsou vsak dulezité také vlastnosti konkrétniho plniva, které
vyznamn¢ ovliviiuji moznosti jeho pouziti ve formulacich. Pro kalcinované kaoliny plati nasledujici zakladni
parametry:

Chemické slozeni: aluminium silikat
Index lomu: 1,56

Hustota: 2,6 g/lcm?
Velikost ¢astic: 2 um

Spotieba oleje: 60

Chemicka stabilita: vyborna

Svételna odolnost: vyborna

Dilezita je i otazka zapracovani plniva do natérové hmoty. U kalcinovaného kaolinu se vlastné jedna
o malé keramické desticky, takze problémem neni ani prichod perlovym mlynem. Uréitym problémem tak
zhstavé jen vysoka spoteba oleje. ReSeni zavisi na konkrétnim poZadavku na natérovou hmotu, volb& vhod-
ného typu kalcinovaného kaolinu a pfistupu formulatora.

Pro lepsi predstavu uvadime dva ptiklady (tab. 1 a 2) formulaci natérovych hmot s pouzitim kalcinova-
ného kaolinu.
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Name Weight Percentage [%] Activity Name Weight Percentage [%] Activity
Water 360 36,00 Water 340 34,00
Hydroxyethylcellulose 4 0,40 zahustka Hydroxyethylcellulose 4 0,40 zahustka
5040 7 0,70 disperze 5040 7 0,70 disperze
Wetting agent X405 2 0,20 smacedlo Wetting agent X405 2 0,20 smacedlo
NXZ 1 0,10 odpénovac NXZ 1 0,10 odpénovac
AMP95 2 0,20 PH regulator AMP95 2 0,20 PH regulator
Biocid 2 0,20 biocid Biocid 2 0,20 biocid
Titanium dioxide 60 6,00 pigment Titanium dioxide 90 9,00 pigment
Calcined kaolin 120 12,00 aktivni plnivo Calcined kaolin 80 8,00 aktivni plnivo
Calcium carbonate800 100 10,00 plnivo Calcium carbonate800 90 9,00 plnivo
Calcium carbonate1250 160 16,00 plnivo Calcium carbonate1250 120 12,00 plnivo
Talcum powder 50 5,00 plnivo Talcum powder 30 3,00 plnivo
NXZ 1 0,10 odpénovac NXZ 1 0,10 odpénovac
Glycol 16 1,60 prevence zmrznuti Glycol 16 1,60 prevence zmrznuti
TEX 6 0,60 koalescent TEX 6 0,60 koalescent
RS998A 95 9,50 pryskyfice RS998A 195 19,50 pryskyfice
ACRYSOL TT-935 4 0,40 zahustka ACRYSOL TT-935 4 0,40 zahustka
Water 10 1,00 Water 10 1,00
1000 100,00 1000 100,00

Tab. 1: Formulace bilého natéru s vysokym plnénim Tab. 2: Formulace bilého natéru s niz§im plnénim

Pouziti kalcinovaného kaolinu je jednou z cest, jak dosahnout snizeni nakladu natérové hmoty. Vysledny

efekt v8ak zavisi na vyvazeni fady vlivii ve formulaci. Komer¢ni typy kalcinovanych kaolini jsou uréeny jak
pro klasické interiérové a exteriérové fasadni natéry, tak i pro rozpoustédlové typy natérovych hmot.
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ALTIRIS® MACRO TITANIA - INFRA-RED REFLECTANCE AND BEYOND
ROBB J.

Venator

Summary
Venator has introduced a range of titanium dioxide products designed to enable optimum solar reflectance to
be achieved throughout color space. Management of solar gain enables diverse benefits including
dimensional stability in plastics, lower temperatures in living spaces, reduced cooling bills, reduction of
the urban heat island effect, mitigation of global warming and reduced peak demand on power stations.
Specialist TiO, products to reflect near infrared radiation necessarily involve larger crystals than conven-
tional TiO, pigments because larger crystal scatter longer wavelengths. In fact, each crystal of products in
the ALTIRIS® range contains (depending on grade) between 4x and 64x as much TiO, as crystals of typical
conventional TiO, pigment. These products find application in coatings, plastics, construction, fibres, films
and inks.

The novel macro titania materials have been found to have some unusual properties which present new
opportunities across the range of applications where TiO, is used. This talk will describe the properties
which have been discovered and then explore some of the applications where these properties could bring

a benefit.
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TENSILE STRESS OF COATING FILMS
VLIV CHEMICKEHO SLOZENI POJIV NA NAPETI NATEROVYCH FILMU

TESAROVA D., HLAVATY J., JERABKOVA E.

Mendel University in Brno, Faculty of Forestry and Wood Technology,
Department of Furniture, Design and Habitat

Summary

The aim of this contribution is the investigation the influence of the film coating formulation on physical-
-mechanical properties especially on the hardness of finished surfaces, the adhesion of films of lacquers to
wooden substrates, the resistance of finished surface to impact, the resistance of finished surfaces to mecha-
nical demage — the impact tests. Tensile tests on free films have been messurend tensile stress by the divices

Instron. There were ivestigated transparent nitrocellulose, polyuretanne and UV curing high solid acrylic
lacquers. The results showed confirmed the raltion between elastic modulus and strain at break on physical-

-mechanical properties of finished surfaces.

Key words
Physical-mechanical properties, maximum force at break, tensile strain, hardness

Wood, as a natural construction material in use, needs the protection of by coating films to keep its beau-
ty, colour and integrity. Wood movements due to swelling and shrinking induce stress to the surface coating.
Results of this stress, between the wood surfaces and coating films, are the decreasing quality of physical—
mechanical properties. The aim of the study is based on the hypothesis that this is caused by the relationship
between the physical-mechanical properties and the tensile properties of lacquer films.

In this contribution there are presented the results of the investigation of the influence of influence of
coating formulations and layers coats numbers on the physical-mechanical properties of furniture finished
surfaces. Improving the physical-mechanical and durability of finished furniture surfaces is essential for the
prolonging the life of the furniture [1,2]. The conclusions of this study could have great influence, not only on
the coating performance but also on the quality of wooden-based products. The tensile properties of coating
films have not been assessed yet in correlation with physical-mechanical properties

Objective

The aim of this study was to identify the relationship between influence of tensile strength during the
tensile stress at break of the tested lacquer coating films, and the quality of mechanical-physical properties of
the finished surfaces coated with the tested lacquers and in dependence of number of cold - warm cycles and
number of tested coats.

Material, methods, equipment

Five different lacquers were tested for the evaluation of the influence of different test parameters; this
means that five different resins have been investigated.

1. nitrocellulose lacquer,

top solvent polyurethane lacquer
basic solvent polyurethane lacquer
acrylic water borne lacquer

UV curing high solids acrylic lacquer

A

Polyurethane lacquer one or two layers

Preparing the samples:

Each one of the tested coating materials was applied to a sample of chipboard veneered with pine ve-
neer. The amount of coating lacquer varied from 40 g/m? (UV curing high solids acrylic lacquer) to 300 g/m?
(solvent polyurethane, basic solvent polyurethane lacquer, water borne lacquer and nitrocellulose lacquer).
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Each one of the tested coatings was applied to on polyterephtalate foil by using the laboratory film ap-
plicator. The coatings were removed from the foil, in controlled environmental conditions immediately after
drying/curing took place. The tested films were carefully detached by hand and cut size (using a scalpel). The
size of the films was 10 mm x 50 mm. The specimens were oriented longitudinally.

Test methods and standards used
. Adhesion Paints and varnishes cross-cut standard CSN EN ISO 2409

. CSN 910277 Furniture. Testing the furniture surface coating. Method of determining the surface
impact resistance

. BS 3962 part 6 The resistance of finished surfaces to mechanical damage — the impact tests
. CSN EN ISO 2815 Buchholz indentation tests

. Tensile tests were performed using a test device by of the company Instron 3365 Machine Serial
Number Locator with measurement software Blue hills

. CSN EN ISO 527-3 Determination of tensile properties Part 3 The conditions for films and foils

. CSN EN ISO 527-1 Determination of tensile properties Part 1 General principles
Polyurethane lacquer was tested for the evaluation of the influence of number of cold —warm
cycles on the mechanical-physical properties. During one cycle there is changing temperature.
One cycle consists from three steps:
1. Step - The samples are put into 50 °C for one hour.
2. Step - The samples are taken out from 50 °C and they are put into —30 °C for one hour
3. Step - The samples after them taking out from —30 °C the sample must stay for 15 minutes in
the room temperature 23 °C.
After the third step the next cycle immediately continues.

Results and discussion

On the figure numbers 1, 2, 3, 4, 5 and 9 we can observe the physical-mechanical properties of the tested
finished surfaces of the chipboard samples veneered with pine veneer. In figure numbers 6, 7, 8, 10, 11 and 12
are the results of measuring the tensile stress at break, force at break and elongation of tested lacquer films.
The mean values and standard deviations of assessed properties were determinate and calculated for elongati-
on of the sample of the lacquer film in maximum force (F ). The charts have shown the behaviour of the
coating films during the tensile tests. Great differences in behaviour during testing have appeared especially
among the water borne lacquer films and UV coating films. The stress curves of tested each one tested coating

materials were very different in dependence of used resin.

Fig. 1: Impact resistance of paints
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Fig. 2: Adhesion of paints — grid test

Fig. 3: Hardness of paints — micro-hardness

Fig. 4: Surface resistance to scratches of paints
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Fig. 8: The elongation at the break of lacquer films

Fig. 5: Internal tension and smoothness of lacquer films

Fig. 6: Force at the braek of lacquer films
Fig. 9: Evaluation of finished surfaces physical-mechanical properties

Fig. 10: Tensile tension in samples of lacquer films nitrocellulose
Fig. 7: Tensile stress at the break of lacquer films
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Fig. 11: Tensile tension in samples of lacquer films UV curing lacquers Fig. 14: Tensile tension in samples of lacquer films of polyurethane-1K

Fig. 15: Tensile stress of lacquer films at their break.

Fig. 12a: Tensile tension in samples of lacquer films lacquer films polyurethane-2K

¢, [MPa] ¢, [MPa] | ¢ [MPa] ¢, [MPa] ¢, [MPa]
Number of cold-check cycles 0 10 20 30 40
Average 39,013 35,19 48,129 45,86 51,188
Maximum 56,959 38,652 56,793 50,766 59,69
Minimalni 28,881 28,505 33,343 37,823 40,365
Standard deviation 8,3505 3,2108 6,6693 3,6409 5,934
Median 35,315 36,235 50,519 46,696 52,792

Table 2: Tensile stress of lacquer film finished by one layer of polyurethane lacquer

o, [MPa] 6, [MPa] 6, [MPa] o, [MPa] 6, [MPa]
Fig. 13: Tensile tension in samples of water borne lacquer Number of cold-check cycles 0 10 20 30 40
Average 40,4691 37,4962 36,6965 35,2242 39,4205
Maximum 64,049 42,715 41,471 39,172 42,257
Minimalni 27,408 25,658 30,268 29,823 37,507
Standard deviation 9,2322 4,41572 3,51735 2,50394 1,51257
median Median 39,69 37,924 37,2215 34,8615 39,148

Table 3: Tensile stress of lacquer film finished by two layers of polyurethane lacquer
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Hardness Hardness Hardness Hardness Hardness
[mm] [mm] [mm] [mm] [mm]

0 cycle 10 cycles 20 cycles 30 cycles 40 cycles
Average value -0,010 -0,010 -0,010 -0,012 -0,010
Reference sample -0,013 -0,013 -0,012 -0,016 -0,015

Table 4: Surface hardness — direction of measurement along fibers

Fig. 16: Changes of hardness tested surface — direction of measurement along fibers

Conclusion

In this contribution we achieved very important results. When we have compared the results of physical
-mechanical properties of finished surfaces and the results of tensile stress at break of lacquer films, we found
the relationship between tensile stress and physical-mechanical properties. The results of physical-mechani-
cal properties are summarized in figure 9, the results of the assessment of tensile stress of coating films are
expressed in figure 6 and the forces at break of lacquer films are shown in figure 7, and when we put them
together we compared all results. These achieved and compared results confirmed our hypothesis about the
relationship between the physical-mechanical properties of lacquers films and the ultimate tensile stress of
free coating films.

The coating film of the polyurethane lacquer 1K delivered the best results during the investigation of
physical-mechanical properties of finished surfaces and kept the highest tensile stress at the break of lacquer
films. UV curing lacquer films provided the worst results in both of the testing methods (physical —mecha-
nical). When we compared both of figures 6 and 7 to the results in figure 9, we could see the relationship
between the tested physical-mechanical properties of finished surfaces and lacquers films made from the same
coating materials. The results of surface hardness are summarized in figure 16 table 3. When all results were
put together it was possible to compare them. These achieved and compared results confirmed our hypothe-
sis about the relationship between the physical-mechanical properties of lacquers films and ultimate tensile
stress of free coating films. The results of surface hardness especially in direction along the wooden fibres are
improving its properties in dependence of number of cycles. The harmonization of the tensile test conditions
for free wood coatings is mandatory before talking about threshold values or limits for mechanical properties.
This study has shown that it is very important to investigate the tensile stress of free coating films during the
development of coating materials.
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WATER-BASED BINDERS BASED ON SELF-CROSSLINKING LATEXES
CONTAINING ZnO NANOPARTICLES WITH INCREASED PHYSICAL
CHEMICAL AND MECHANICAL RESISTANCE

YODOU RIEDITELNE SPOJIVA NA BAZE SAMOSIETUJUCICH LATEXOV
S OBSAHOM NANOSTRUKTURNEHO ZnO SO ZVYSENOU FYZIKALNE
CHEMICKOU A MECHANICKOU ODOLNOSTOU

DANKOVA M.!, MACHOTOVA J.!, KALENDOVA A.!, HOCHMANNOVA L.

1 University of Pardubice, Faculty of Chemical Technology, Institute of Chemistry and Technology
of Macromolecular Materials

2 SYNPO a.s.

Summary
The aim of this study was synthesis and subsequent testing of physical chemical and mechanical properties
of new self-crosslinking acrylic dispersions using keto-hydrazide self-crosslinking chemistry. Latexes were
synthesized by emulsion polymerization, this process is environmentally friendly and we can produce a wide
range of polymeric dispersions. The methacrylic acid, methyl methacrylate, butyl acrylate and diacetone
acrylamide were used as the main monomers for latex synthesis. To the latexes during the synthesis, zinc
oxide nanoparticles were added in a total concentration of 1.5 wt%. Incorporation of nanoparticles into
latex during synthesis stable polymer dispersions are formed exhibiting excellent physical-chemical and
mechanical properties. For comparison, the properties of the novel latexes were monitored in parallel with
the properties of selected commonly available aqueous dispersions of the polymers.

Key words
Water-borne binders, self-crosslinking acrylic latex, emulsion polymerization, ZnO nanoparticles

Introduction

Binders based on water-soluble dispersions is one with the most sought after and most progressive foun-
dations for paints in the present day. They perfectly replace their counterparts based on organic solvents. The-
se binders provide coatings with flawless appearance and excellent physical-mechanical properties [1]. One
important task of formulation of water-borne coatings is to achieve an acceptable balance of their properties.
This rule is closely linked to the legislation on the reduction of harmful substances. These harmful substances
are referred to as volatile organic compounds — VOC. All organic compounds or their mixtures (except for
methane) which have a vapor pressure > 0,01 kPa at 20 °C or have the respective volatility under specific con-
ditions of their use. When these substances are present in the atmosphere, they can react with NOx to produce
photochemical oxidants in the presence of sunlight. In connection with low content solvents in water-borne
coatings increasing their fire protection and above all, decreases the negative impact on the environment [2].

Polymer dispersions are two-component systems, where the polymer forms a dispersed component in
the water that forms a continuous environment. The polymer is water insoluble. Dispersions are typically
produced by emulsion polymerization, it’s made from suitable monomers in the presence of an initiator and
substances that stabilize not only the emulsion but also the resulting polymer. Binders based on acrylic copo-
lymers are characterized by rapid drying and good physical or mechanical properties. We can improve their
properties by increasing their crosslinking. There are two ways to increase cross-linking density, the first is
the crosslinking of the polymer in the synthesis itself. The second way to increase is the introduction of post-
-crosslinking, which takes place during the polymer product formation phase [3].

The post-crosslinking mechanism is most often based on the reaction of the carbonyl group contained
in the polymer latex particles and the diamine dissolved in the aqueous phase of the system. Carbonyl group
support is most commonly diacetone acrylamide, which is incorporated into the system during emulsion
polymerization synthesis as a comonomer. For successful cross-linking, a small amount of diamine must be
added to the resulting dispersion, most commonly used are dihydrazides soluble in the aqueous phase. The
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keto-hydrazide reaction is acid-catalyzed and does not proceed until the alkalizing agents have evaporate. By
crosslinking the carbonyl and hydrazide groups, the major drawbacks of conventional dispersions are remo-
ved. For example, low tolerance to solvents, surface stickiness at higher temperatures or brittleness at low
temperatures but also increases mechanical strength of the resulting surface [4].

Experimetal

Materials and synthesis of polymer dispersions

For the experimental part, the self-crosslinking acrylic dispersions containing 1.5 wt.% ZnO nanopar-
ticles and nanoparticle-free dispersions as compared were synthesized. The following monomers were used
to prepare the dispersions: methacrylic acid (KMA), butylacrylate (BA), methyl methacrylate (MMA) and
diacetone acrylamide (DAAM). Additionally, crosslinking agent — adipic acid dihydrazide, initiator — sodium
peroxodisulfate, emulsifier — Disponil FES 993 and nanostructured ZnO.

The dispersions were synthesized by emulsion core-shell polymerization according to the following
procedure. Distilled water and emulsifier were added to the reaction vessel.The agitator and supply of inert
gas (N,) were switched on in the assembled apparatus. The reactor was heated to 85 °C. Distilled water, ini-
tiator (NH,) 25,0, solution, Disponil FES 993 emulsifier, and Core-forming monomers were introduced into
the emulsifying flask. Stirring to resulted in a polymer emulsion. After stabilization of the temperature in the
reaction vessel at 85 °C and the homogenization of the emulsion, were added the initiator into to reaction flask.
Thereafter, the dripping monomer is started for 60 minutes at 85 °C. During the polymerization of the ,,core*
latex particles, an emulsion of monomer shells (monomers, water, initiator solution and ZnO nano powder)
was prepared. Monomers (BA, MMA, KMA) was introduced into first Ehrlenmayer flask (250ml). Water,
emulsifier, initiator, the ZnO nanoparticles and DAAM were weighed into the second flask. The nanoparticu-
late suspension was dispersed for 10 minutes using a Heidolph dispergator at 20000 rpm. Subsequently, the
flask was fitted with a stopper and placed in an ultrasonic bath, where it was left for 60 minutes at temperature
25 °C. Subsequently, the suspension was pre-dispersed a short time and transferred to a monomer bank. The
resulting mixture was added dropwise to the reaction vessel for about 60 minutes. At the end of the second
addition, the mixture was maintained at 85 °C for another 120 minutes with continued stirring. Finally was
created latex cooled in a reaction vessel under an inert atmosphere to 25 °C, filtered and stored in a PE bottle.

In the synthesized latexes, were determined their basic characteristics as Brookfield‘s apparent viscosity,
density, dry matter, pH and minimal film-forming temperature. Furthermore the stability of the dispersions
was evaluated by monitoring the formation of agglomerates or viscosity growth during exposure to 60 °C for
30 days (corresponding to 1/2 years of storage under normal conditions).

Preparation of Test Coatings

Paint samples for physical, mechanical and chemical tests were prepared under constant conditions at
a temperature of 23 + 2 °C and a relative humidity of 50 + 5%. The coatings were applied using a special
ruler with slots a defined slit size. Dry film thickness (CSN EN ISO 2808) was 60 + 10 pm. Steel and glass
panels of different sizes were used as the backing material, depending on the test. The test coatings were tested
on hardness by a Persoz type pendulum (Pendulum damping test CSN EN ISO 1522), gloss shine of film
coating (Determination of gloss value at 20°, 60° and 85° ISO 2813), methylethylketone (MEK) resistance
test (ASTM D 4752-10) and mechanical resistance to impact deformations (Falling-weight test, small-area
indenter CSN EN ISO 6272-2), Bend test - cylindrical mandrel (CSN ISO 1519) and Cupping depth test (CSN
EN ISO 1520). Additionally, adhesion test using a grid method according to (Cross-cut test CSN EN ISO
2409) was performed.

Results and discussions

The prepared self-crosslinking latexes have been characterized by their characteristics, which have been
compared with properties of selected commercially available water-borne dispersions with a different film-
-forming mechanism. The results of the characteristic properties of the crude dispersions are given in Table 1.

It can be seen from Table 1 that the dry matter content of all binders is very similar. The pH values
were very close to all binders and ranged predominantly in the neutral to weakly alkaline region, but only the
urethanized alkyd emulsion Hydrospol D 101 (HDS) was a pH in the more acidic region. The viscosity of bin-
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ders were significantly different, the synthesized binders exhibited much lower values than the comparative
ones. The highest viscosity value was styryl-acrylic binder Axilat 2431 (AX1). Lastly, the minimal film-for-
ming temperatures were measured, which were up to three times lower in the synthesized binders, which was
a great advantage in film making, because it was not necessary to use it a coalescent agents.

e | Sty [ [ b [ o [
LZn 16 8.38 1.0291 43.86 7.1
Lo 28 8.44 1.0131 51.23 5.8
AX1 510 7.87 1.0471 50.64 23.4
EPX 407 7.76 1.0831 55.02 -
HDS 39 5.34 1.0391 49.84 -

Table 1: Characteristic properties of aqueous dispersions

For the synthesized binders of self-crosslinking acrylic latexes containing ZnO nanoparticles (LZn) and
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Sl e Ha;“gness Glo:s Nt[:;f Cut[; IS)tiIlg Impact test Bt::td
°l 2071 Is [mm] fem] [mm]
LZn 23.54 139 221 >10 65 4
LO 27.87 138 33 >10 40 4
AX1 37.41 121 28 >10 20 4
EPX 42.96 132 142 >10 5 6
HDS 20.58 162 27 >10 15 6

latexes, which are not contain nanoparticles (L0), were established the other properties, the size of the latex
particles present, the ash content and the zeta-potential (Table 2). Due to the knowledge of ash content and the
theoretical content of nanoparticles was calculated actual value of nanoparticle content. The zeta-potential of
—32.6 mV for LZn and —39.0 mV for L0, shows that the dispersions are stable and do not form agglomerates.
After testing for long-term stability, the presence of nanostructured ZnO did not affect the stability of the disper-
sion because there was no increased viscosity and no agglomerates during in the exposed temperature of 60 °C.

Size of Zeta Ash Theoretu.:al Actual.
. . nanoparticle nanoparticle
Sample latex particles potential content
[nm] [mV] [%] content content
[%] [%]
LZn 135.1 -32.6 1.153 1.5 0.898
LO 140.3 -39.0 0.255 0 0

Table 2: Properties of the synthesized dispersions

Properties of paint films

The selected paints properties of coating films are shown in Table 3. The synthesized self-crosslinking
latexes showed significantly better appearance compared to comparative ones; the paint films were smooth,
particle-free, turbid-free and bubbled. The films were rigid, flexible with high gloss and transparency. Due
to the presence of nanostructured ZnO in the system, a markedly higher MEK resistance was demonstrated
than with nanoparticle-free binders, probably related to the existence of complex bonds between Zn2+ ions
and carboxyl groups bonded to polymer chains. Besides the excellent physicochemical properties, the coating
films also showed high mechanical strength.
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Table 3: Physical chemical and mechanical properties of coating films

Conclusion

The aim of this work was to study the properties of new synthesized binders based on self-crosslinking
latexes. The binders were synthesized as a binder with nanoparticulate ZnO content and as a nanoparticle-free
binder. Tests have shown that a binder containing 1.5 wt.% ZnO exhibited complex better properties, in par-
ticular higher chemical and mechanical resistance, compared to nanoparticles and other water-borne binders
(with a different film forming mechanism). This binder has after to pigmentation the promising properties for
use in water-borne coatings for metals as coatings with increased corrosion resistance and for mineral substra-
tes as interior coatings with antimicrobial effect.
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POLYURETHANE BINDERS AND ADHESIVES USING RECYCLED antiskid safety road coatings. The application possibilities will become next step of the study.
POLYURETHANE WASTE — NEW ASPECTS
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In last two years the possibility of using recycled polyurethane foam waste in PUR adhesives was stu-
died. Two principal ways are evaluated simultaneously: physical and or chemical methods.

Polyurethane (PUR) foam waste has been becoming serious problem worldwide. Because polyurethane
foam has many unique properties, it brings benefits in various industrial and consumer sectors, like flexible
foams in furniture, automotive, textile industries and rigid foams as heat insulation in construction and appli-
ance industry.

Current methods of PUR foam waste recycling are based mainly in rebinding foam crumb with PUR
binder. Rebound crumbled foam uses PUR binder, but use of rebound PUR foam is limited. It is reason why
recycling method of polyurethane is studied with focus on preparation of polyurethane binders and adhesives.

Physical recycling may be also named like mechanical depolymerisation or more exactly like foam
micronisation. Micro-milling on two-roll calender mill is efficient method especially for rigid PUR foam
thanks to its rigidity and higher glass transition temperature. During micro milling the rigid foam particle is
reduced below 20 microns and the surface reactivity is increased by this way. Effect of the chemical activity
was studied by indirect hydroxyl and amine number measurement. Micro-powder was mixed with pure virgin
polyol with known parameters and final OH and NH number were compared with virgin polyol as is demon-
strated in the following table:

OH number Amine number Total OH+NH
[mg KOH/g] [mg KOH/g] reactivity [mg KOH/g]
Virgin polyol
(Lupranol 1000/2) 374 0.0 S7.4
Virgin polyol + 10% of
rigid PUR foam powder 33,3 46 379

The result showed that total reactivity of mixture with powder is similar like for virgin polyol. Of course,
amino-groups have certain auto-catalytic activity, so the polyurea formation will be accelerated by reaction
with isocyanates in comparison with virgin polyol. The result also discover the weakest bond in polyurethane
structure, because micro-milling gives no OH but only NH groups, so the polymer is broken in place of NH-
-CO bond.

The second possibility how to recycle the polyurethane foam is its chemical decomposition. Expected
product of polyurethane chemolysis is a corresponding polyol while isocyanate part of the polymer is difficult
to isolate from the reaction mixture. Commonly glycols, acids or amines are used for this job. For specific
properties e-caprolactam has been used in this study. Among advantages of caprolactam controled decomposi-
tion belongs mainly fast reaction and lower energy demand for depolymerisation. The reaction product is used
consequently for further reactions with isocyanates in one part or two part polyurethane adhesives.

Basic application parameters of recycled polyol modified adhesives were measured and compared. Ma-
ximally 20% of virgin polyol can be replaced with recycled polyol. Recycled polyol has somewhat different
properties compared with virgin polyol due to shorter molecules, branched chains, higher hydroxyl humber
and certain content of amino groups responsible for autocatalytic effect of polyurea reaction with isocyanates.
Adhesive containing recycled polyol exhibit faster crosslinking reaction and stiffer adhesive film.

Adhesives based on mixture virgin/recycled polyol may find use in wood gluing, insulation panels’ lami-
nation, and dish washing sponges production. Polyurethane binders can be used for rubber crumb bonding or
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COLOUR STABILITY OF OAK WOOD TREATED WITH IRON OXIDE
NANOPARTICLES AND AMMONIA FUMING

BAREVNA STALOST DUBOVEHO DREVA PO OSETRENI NANOCASTICEMI
OXIDU ZELEZA A CPAVKOVANI

PARIL P, BAAR J.

Ustav nauky o dreve, Mendelova univerzita v Brné

Summary

The paper deals with reactive wood staining by ammonia and iron oxide nanoparticles. These techniques
are used for changing the colour of wood surface. Darkening of wood surface is an increasing demand from
customers. This study investigates and evaluates the efficacy of colour wood modifications and the influence

of accelerated ageing on wood surface. Both chemical modifications led to darkening of oak surface and
nanoiron treatment gave the oak surface a darker colour. All modified samples get gradually lighter during
exposure compared to unmodified oak, which intensively darkened at the beginning of exposure. All samples
similarly showed reddening and yellowing of wood surface. The most intensive change in chromaticity para-
meters was observed in nanoiron treated oak and is explained by the oxidation of iron and rust occurrence.

Key words
Nanoparticles, iron oxide, ammonia, wood, reactive stain, Quercus sp., artificial sunlight

Introduction

Colour of wood and its stability are very important characteristics and aesthetic aspects for product
market and customer requirements.

One of the most widely used reactive stains is ammonia fuming, which leads to light brown or even black
colour. Ammonia fuming has a lot of limitations like health risk, legislative restrictions, environmental pro-
blems and technology difficulties. Ammonia fuming is frequently applied to oak wood but it can potentially
be used to treat a number of other wood species as well 3, 7].

A similar technique for wood darkening is based on the reaction of polyphenolic structure and metal ions.
This reaction has been used and known for decades. Plant polyphenols are excellent chelators of metal ions
and create grey or blue-black complexes. [1, 4, 5].

Darkening of wood due to chemical reaction between iron oxide nanoparticles and polyphenols is a new
patented method for wood staining. It was invented to replace ammonia fuming. It is not toxic and there are no
legislative restrictions. Also, the technological process is simpler compared to ammonia fuming [6].

The aim of this study was to examine the colour change, the colour stability and weathering resistance
(dry mode) of oak wood modified by ammonia fuming and iron oxide nanoparticles.

Methods

Wood samples

Predominantly radial-textured heartwood and sapwood samples of oak (Quercus sp.) were used in this
study. The first consisted of untreated specimens, the specimens of the second one were treated by ammonia
gas and the third type of specimens were vacuum impregnated with iron oxide nanoparticles. Dimension of
samples were 60 x 30 x 5 mm® (L x R x T) and they had no visible defects.

Ammonia fuming

The wood samples were fumed with ammonia. The fuming was performed in a closed atmosphere com-
posed of ammonium gas. Samples were placed into the vacuum sac, which was evacuated and ammonium gas
was subsequently overdrawn. Samples were lying in this atmosphere for three days at a temperature of 20 °C,
and then were excluded and conditioned in a dark room.
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Iron oxide nanoparticles treatment

The treatment of samples was carried out using the laboratory vacuum pressure impregnation plant
(JHP-1-0072). The concentrations of 0.4, 4, and 40 g/l were chosen for testing based on preliminary test re-
sults. The impregnation solution contained demineralized water (dissolving) and the impregnation substance
(prepared by precipitation of iron(II) and/or iron(IIl) ions in basic medium). The samples were impregnated
with one step in vacuum (absolute pressure 10 kPa) for one hour. Then they were removed from the solution,
their surface was dried. All specimens were protected against sunlight after the treatment, for the duration of
the testing. Prior to measurements, all samples were stored in standard conditions (20 + 2 °C and 65 £ 5 %
relative humidity).

Colour measurements

Colour was measured using a spectrophotometer (Konica Minolta CM-2500c; 10° standard observer,
D65 standard illuminant) using CIEL*a*b* colour space. The three coordinates of CIEL*a*b* symbolized
the lightness of the colour (L* = 0 yields black and L* = 100 indicates diffuse white), its position between red
and green (a*, negative values indicate green, positive values indicate red) and its position between yellow
and blue (b*, negative values indicate blue, positive values indicate yellow). Parameters L*, a*, and b* were
measured and used for the calculation of the colour difference AE* using the following equation:

AE = ((AL*)? + (Aa*)? + (Ab*)))*, M
where AL*, Aa* and Ab* are defined as differences between the final and initial values (after and before

modification or exposure). Measurements were made in two different locations on untreated surface of each
sample and an average value was calculated.

Accelerated weathering

The accelerated wood ageing was simulated in a xenon test chamber Q-SUN Xe-3-HS. The samples
were exposed to the exterior mode without artificial rain (DM — dry mode). The cyclic test parameters for DM
were alternating 102 minutes of radiation with 18 minutes without radiation.

Results and discussion

Wood species rich in tannin-like compounds are coloured after the reaction with iron (and moisture)
or ammonia. Strongly coloured tannin complexes are produced during these chemical reactions [2]. Table
1 shows significant darkening of oak heartwood and sapwood after nanoiron oxide treatment in all 3 con-
centrations. Concentrations of nanoiron oxide higher than 4 g/l do not contribute to further darkening of
oak heartwood. The effect of concentration for oak sapwood is evident throughout the concentration range
(Tab. 1). Ammonia treatment also induced darkening of wood but less intensive compared to nanoiron trea-
tment (4 g/l) (Fig. 1, Tab. 2).

Concentration of nanoparticles Heartwood Sapwood
Non-treated 65.24 77.27
0,4 g/l 30.1 48.18
4 g/l 27.31 47.45
40 g/1 27.25 39.86

Tab. 1: Change in lightness (L) of oak heartwood and sapwood caused by treatment of different
concentration of iron oxide nanoparticles solution
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Fig. 1: The colour of native and treated oak wood before and after artificial sunlight exposure for

500 hours
non-treated oak ammonia iron oxide nanoparticles
0Oh 62.84 41 36.21
500 h 60.64 47.04 43.72

Table 2. Change in lightness (L) after artificial weathering in dry mode (concentration 4 g/l)

The native oak showed a steep drop in lightness after ca 25-50 hours of exposure followed by gradual
re-increase during further exposure to artificial sunlight (Fig. 2). The darker surfaces generated by tannin
reacting chemically with iron and ammonia evidently faded in the course of light exposure. In the case of
chromatic parameters a* and b*, the ammonia treated oak more or less copied the colour change progress of
native oak. On the contrary, the nanoiron treatment wood showed a double increase in both parameters. The
colour of nanoiron treated wood after light exposure was more or less equivalent to the original colour of the
ammonium-treated oak (Fig. 1). Distinct reddening (Figures 1, 2) of nanoiron treatment oak may be caused by
the oxidation of non-precipitated iron particles.

Fig. 2: Colour parameters variation during exposure to artificial sunlight (yellow — native oak, brown
— ammonia treatment, black — nanoiron treatment).
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NOVE POVINNOSTI Z LEGISLATIVY
NEW OBLIGATIONS FROM LEGISLATION

STUCHLIK J.
SBLCore s.r.o.

Shrnuti

Ptipravované zmény v harmonizovanych klasifikacich latek. Od 1.12.2018 bude povinné pouzivat har-
monizovanou klasifikaci latek podle Natizeni Komise (EU) ¢. 2017/776 [1] (tzv. ATP 10). Nafizeni nové
zavadi v harmonizovanych klasifikacich latek odhad akutni toxicity ATE, méni znéni nékterych poznamek
k latkam (odstraniuje odkaz na jiz nepouzivané S-véty) a zavadi dvé nové poznamky. Pozor, u novych pozna-
mek se mohou lisit jejich jazykové mutace. O rok pozdé&ji, od 1.12.2019 bude povinné dalsi Natizeni Komise
(EU) ¢. 2018/669 [2], diky némuZ po vice nez deseti letech dojde k doplnéni nazvi latek s harmonizovanou
klasifikaci v jazycich Evropské Unie a opravé nékterych chyb v nazvech. V éesting asi nejznaméjsi opravenou
chybou bude ,,Xylem*.

Casté nedostatky pii sestavovani bezpetnostnich listi. V praxi se Gasto setkavame s bezpecnostnimi
listy, kde je nesoulad uvadénych informaci (napf. je uvedeno REACH registraéni ¢islo, ale klasifikace této re-
gistraci neodpovida; nevhodné pouzivani koncentraénich rozmezi obsazenych slozek ve vztahu ke klasifikaci
produktu). Jedna se o véci, které byvaji kritizovany kontrolnimi organy.

Osetfené predméty — ,,08etfenym predmétem™ je jakakoli latka, smés nebo predmét, které byly oSetieny
jednim nebo vice biocidnimi ptipravky nebo které takovy pfipravek nebo vice takovych piipravki zamérné
obsahuji. Vyrobcei a dovozcei oSetienych predméti musi zajistit, aby byly vyrobky oznaceny nejen v souladu
s nafizenim Evropského parlamentu a Rady (ES) ¢. 1272/2008 [3], o klasifikaci, oznacovani a baleni, ale
i s dodatenymi pozadavky podle nafizeni (EU) ¢. 528/2012 [4], o biocidnich pfipravcich. Dodavatelé pred-
métu, pokud o to spotiebitel pozada, musi do 45 dnl poskytnou bezplatné informaci o biocidnim oSetieni
oSetfené¢ho predmétu.
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SORTIMENT EKOLOGICKYCH ALKYDOVYCH POJIV SPOLCHEMIE
JAKO ODPOVED NA ZPRISNUJICI SE LEGISLATIVU A POPTAVKU TRHU

THE RANGE OF BIOBASED ALKYD BINDERS IN RESPONSE TO TIGHTENING
LEGISLATION AND MARKET DEMAND

SAFRANKOVA J.

Spolek pro chemickou a hutni vyrobu, a.s. Usti nad Labem

Summary
Alkyd resins are used like binders for paintings and coatings for tens years and there is increasing reason
of their use as the most biobased binder. It is expected significant shift to high solid, solvent free and water
born binders, because of tendency of reduce VOC. The physical and chemical properties, varnish evaluation
and applications are described in the text below: high solid alkyds: CHS-ALKYD TRI 841, CHS-ALKYD
TI 870, CHS-ALKYD S 830, CHS-ALKYD LM 920 and waterborne alkyds: CHS-ALKYD TI 870 V 50,
CHS-ALKYD S 830 V 50.

Key words
Alkyd resin, high solid, solvent free, coating, VOC

Uvod

Alkydové pryskyfice maji rostouci celosvétové velky vyznam v oblasti vyroby a spotfeby natérovych
hmot zalozenych na obnovitelnych surovinach. Pfiblizn¢ 24 % z celkového vyrabéného mnozstvi natérovych
hmot je zalozeno pravé na alkydovych pryskyficich. Na zakladé zptisnujici se legislativy ohledné obsahu
tékavych organickych latek v rozpoustédlovych typech alkydt je pochopitelna snaha o vyvoj novych typt
materiall s nizkym obsahem VOC a vysokym obsahem susiny tzv. “high solid* alkydd. Za ,,high solid*“ ma-
terialy se povazuji alkydova pojiva s obsahem susiny vyssim nez 70 %, jejichz aplikacni a lakafské vlastnosti
se vyrovnaji standardnim materialim za vyuziti mnohem mensiho ¢i zadného mnozstvi tékavych organickych
latek. Dalsi cestou k dosazeni nizkého obsahu VOC jsou vodouteditelné alkydové disperze.

Takto vyvijena pojiva tedy dokazi splnit nejen legislativni pozadavky, ale zaroven piispivaji i k trvalé
udrzitelnosti zivotniho prostiedi a drzi krok s pozadavky trhu.

Bezrozpoustédlova pojiva a vodouieditelné disperze

Spolek pro chemickou a hutni vyrobu,a.s. je nejvétiim vyrobcem alkydovych pojiv v CR. V soudasné
dobé nabizi Siroky sortiment kratkych, stfednich a dlouhych rozpoustédlovych alkydu a vodoufeditelnych
alkydovych disperzi. Jedna se o pojiva, ktera jsou schopna konkurovat srovnatelnym vyrobkiim ptednich
zahrani¢nich vyrobct.

Stavajici sortiment alkydovych pojiv byl rozsiten o nové typy alkydu:
. Bezrozpoustédlova pojiva: CHS-ALKYD TRI 841, CHS-ALKYD TI 870, CHS-ALKYD S 830

a CHS-ALKYD LM 920,
. Vodoufeditelné alkydové disperze: CHS-ALKYD TI 870 V 50 a CHS-ALKYD S 830 V 50.

Bezrozpoustédlova pojiva

CHS-ALKYD TRI 841: na vzduchu rychleschnouci bezrozpoustédlova alkydova pryskyfice dlouhé
olejové délky na bazi mastnych kyselin talového oleje (TOFA) a dehydratovaného ricinového oleje (DCO).
Vykazuje nizké zloutnuti a dobrou venkovni stalost. Vhodné pouziti pro lazury na dfevo, impregnace a vrchni
natéry, pro antikorozivni natéry, elastické emaily, ochranné natéry dieva a kovu, reaktivni rozpoustédlo pro
dlouhé alkydy, pojivo pro tiskové barvy a pro pigmentové pasty.

. Viskozita (23 °C): 2,5-3,5 Pa.s,

. NVC: 97-100 %.

CHS-ALKYD TI 870: na vzduchu schnouci bezrozpoustédlova alkydova pryskyftice dlouhé olejové dél-
ky na bazi mastnych kyselin talového oleje (TOFA). Vykazuje nizké zloutnuti a vysoky obsah bio slozky.
Vhodné pouziti pro ekonomické natérové hmoty na dievo, predevsim pro laky a lazury. Pro natéry kovi, jako
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pojivo pro tiskové barvy a pigmentové pasty.

. Viskozita (23 °C): 2,2-3,2 Pa.s,

. NVC: 97-100 %.

CHS-ALKYD S 830: na vzduchu schnouci bezrozpoustédlova alkydova pryskyfice dlouhé olejové dél-
ky na bazi sojového oleje. Vykazuje nizké zloutnuti a velmi dobré zasychani, je flexibilni a ma zlepsenou UV
stabilitu. Vhodné pouziti pro ekonomické natérové hmoty na dfevo, pfedevsim pro laky a lazury v interiéru
i exteriéru a jako reaktivni rozpoustédlo pro natérové hmoty s nizkym obsahem VOC.

. Viskozita (23 °C): 3,0-4,0 Pa.s,

. NVC: 97-100 %.

CHS-ALKYD LM 920: na vzduchu schnouci bezrozpoustédlova alkydova pryskyfice dlouhé olejové
délky na bazi Inéného oleje s obsahem s obsahem bio slozky 92%. Vykazuje vyjime¢né nizké Zloutnuti,
vynikajici UV odolnost a vysokou odolnost vod¢. Je rychleschnouci a flexibilni. Vhodné pouziti pro vysoce
uzitkové natérové hmoty na dievo, predevsim pro laky a lazury v interiéru i exteriéru.

. Viskozita (23 °C): 2,2-3,2 Pa.s,

. NVC: 97-100 %.

Vodoureditelné disperze

CHS-ALKYD TI 870 V 50: unikatni vodoufeditelny dlouhy alkyd s vysokym obsahem bio slozky, bez
rozpoustédel a amind. Vykazuje nizké zloutnuti a vynikajici venkovni stalost. Je flexibilni a rychleschnou-
ci. Mrazuvzdorna disperze. Vhodné pouziti pro ekonomické natérové hmoty na dievo, piedevsim pro laky
a moftidla v interiéru i exteriéru.

. Viskozita (23 °C): 0,0-0,1 Pa.s,

. NVC: 49-53 %.

CHS-ALKYD S 830 V 50: vodoufeditelny alkyd (mlééna disperze), bez rozpoustédel a amint, snadna
zpracovatelnost, vyborna penetrace dieva. Vykazuje nizké Zloutnuti a je rychleschnouci. Vhodné pouziti pro
ekonomické natérové hmoty na dievo, ptedevsim pro laky a mofidla v interiéru i exteriéru.

. Viskozita (23 °C): 0,01-0,1 Pa.s,

. NVC: 49-53 %.

Lakaiské hodnoceni bezrozpoustédlovych pojiv

Na nasledujicich obrazcich je vidét vzajemné porovnani emailt zalozenych na jednotlivych typech
alkydovych pryskyfic: CHS-ALKYD TRI 841, CHS-ALKYD TI 870, CHS-ALKYD S 830, CHS-ALKYD
LM 920. Emaily byly porovnavany z hlediska ztraty lesku, zloutnuti a celkové barevné odchylky.

Obr. 1: Zavislost ztraty lesku na dobé expozice u vybranych typi emaili
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Obr. 2: Zavislost celkové barevné odchylky na dobé expozice u vybranych typii emaili

Obr. 3: Zavislost Zloutnuti na dobé expozice u vybranych typi emaild

ZAVER
Z celkového lakatrského hodnoceni nasich bezrozpoustédlovych pojiv bylo do prezentace vybrano testo-

vani emailll na bazi alkyda S 830, TRI 841, TI 870 a LM 920 na QUV panelu (urychlena povétrnosti zkouska),
a to z hlediska ztraty lesku, zloutnuti a celkové barevné odchylky.

Je tieba zduraznit vysledky hodnoceni u CHS-ALKYDU LM 920: ackoliv je vyrabén z Inéného oleje
s obsahem bio slozky 92%, vykazuje nejlepsi vysledky, jak vyjimecné nizké Zloutnuti, tak oproti ostatnim
alkydiim i mensi ztratu lesku, tedy ma vynikajici UV odolnost. Zavérem lze shrnout, Zze vSechny testované
typy alkydd vykazuji mnohem lepsi vysledky z QUV panelu nez dlouhé alkydy rozpoustédlového typu.

V ramci naseho vyzkumu ve Spolchemii a.s. Usti nad Labem se zam&fujeme na piipravu dalich typt
bezrozpoustédlovych a vysokosusinovych pojiv a vodouteditelnych diperzi, které spliuji pfisnou legislativu
0 obsahu VOC.
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THE SPECIAL QUALITIES AND NEW PIGMENTS IN SYNTHESIA
ASSORTMENT

SPECIALNI KVALITY A NOVE PIGMENTY V SORTIMENTU SYNTHESIA, A.S.

CHLOSTOVA L.

Synthesia, a.s.

Summary:
Synthesia a.s., well-known European producer of qualified chemistry, would like to present new and special
qualities of organic pigments.

Company Synthesia belongs to the foremost world producers of high grade organic pigments. We supply
pigments for dyeing plastic and fibers, production organic coatings and printing inks. In our assortment
there are classical azo pigments and HP (high performance) pigments.

We produce quality pigments for organic coatings. These pigments have brilliant shades, favourable colour
strength and covering power. Thanks to this high quality and the fine application properties it is easy to
process. Of these classical azo pigments, Synthesia is the proud European producer of high grade pigments
(High Performance Pigments — HPP), mostly used in the most challenging types of coatings.

Our organic pigments give printing inks a clearer looking colour. Surface of pigment particle improving
ripening pigment into grinding base during dispersion. All production steps during synthesis of pigment are
controlled. Thanks to this we can offer pigments with perfect application properties of shade, transparency,

rheology, stability to chemicals.

Pigments produced in Synthesia destined for plastic dyeing are most appreciated by renowned producers of
plastics from all over the world. They need bright colours, good stabilities and quality which they can rely
on. The technology used during the production pigments, predestines its usage in the most challenging types
of applications across all sectors of industrial production and plastic dyeing.

We also offer to our domestic customers non-aqueous and aqueous pigment preparations for plastic dyeing,
organic coatings and textile printing.

Company Synthesia places strong emphasis on environmental aspects and high purity of all its products.
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AN ECONOMICAL WAY FOR FORMULATING IN-PLANT TINTERS
FOR USE IN WATERBORNE PAINTS

BIELEMAN J.
PATCHAM (FZC)

Summary
In-plant tinting is a practical and economical way to color a wide range of aqueous paints. Highly con-
centrated tinters, preferably VOC free, are used at multiple dosages and combinations. Related to these
widespread conditions of applications, robust stabilization agents are required in order to protect dispersed
pigment particles from flocculation.

The selection of dispersing agents for tinters plays a vital role providing optimal dispersion and stabilization.
Preferred are products, providing adsorption and stabilizing characteristics onto organic and inorganic
pigment substrates.

Common practice is using a combination of 2 to 5 tinters for same tinting process; applying same dispersant

in the various tinters reduces the risk of incompatibility. Obviously the required dosage of any tinter varies
depending on required color shade.

An effective way preventing flocculation is by applying dispersing agents, providing electrostatic and
entropic stabilization. The HMV (high molar volume) concept describes the stabilization mechanism of
a new class of dispersing agents, designed to be used for tinters and colorants.
The formulation and application of tinters, formulated with same HMV dispersing agent is being explained
in detail.

Starting formulations of a range of main commonly used pigments are being evaluated on tinting
performance characteristics, which includes the application in dispersion paints.

Key words
Additives, dispersants, in-plant colorants, HMYV, stabilization, waterborne paints, inorganic and organic
pigments, coatings

ADVANCEMENTS IN ADDITIVES FOR OPTIMIZATION PERFORMANCE
OF WATERBORNE INDUSTRIAL COATINGS

ESTANIEL A.M.
PATCHAM (FZC)

Summary
The development of low-VOC waterborne paints, substituting organic solvent-rich paints, is a real challenge
in the industrial paint market. Additives are needed in order to correct manufacturing and performance
attributes. Great advances have been made recently in developing additives for controlling properties such
as pigment wetting, deaeration, and flow-and leveling.

Various practical examples of formulations and properties, making use of this recently introduced class of
additives, will be demonstrated.

Key words
Waterborne, Industrial coatings, Additives, performance, solvent-borne coatings, wetting, deaeration, flow
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TALC-SUCCESSFUL REPLACEMENT OF OTHER FILLERS

SKOCZYLAS-JANCZYK M.
euroMinerals GmbH

Summary
The use of fine talcs in paint formulations allows to reduce the titanium content in formulation without
significant influence on parameters of the paint. It has also an impact on final costs of the formulation. Talc
is a versatile mineral, can be used in water based and solvent based products.

The use of double classified talcs in interior and exterior coatings improves the appearance of the coating
by reducing pinholes and cracks.

Co-grinded mineral of talc and dolomite can be used with a success in anticorrosive coatings. Due to lamel-
lar structure and barrier effect it improves anticorrosive properties.

Key words
Talc, titanium dioxide extenders, pinholes and cracks reduction, anticorrosive properties, interior and exteri-
or coating.

EFFICENT TECHNOLOGY OF LIQUID PREPERATIONS OF FILLERS
AND PIGMENTS INSTEAD OF INLIQU- INNOVATIVE TECHNOLOGY
FOR WATER BASED SYSTEMS

HOGLINGER G.
euroMinerals GmbH

Summary
New possibilities for economical and fast production of Deco and DIY paints. A modular system for small
and medium size paint companies for efficient production

Key words
Inliqu, liquid preparations, deco and DYT paints

53



XI. KONFERENCE PIGMENTY APOJIVA + 5.-6.11.2018

NOVE TRENDY VE SMACENI A DISPERGACI PIGMENTU
NEW TRENDS IN WETTING AND DISPERSING OF PIGMENT

RESCH P.
Fryauf Filmix s.r.o., zastoupeni firmy Netzsch
Summary

This lecture discribes latest developments in preperation of pigment despersions with different technologies
and their differences.

Key words
Wetting of pigment, Dispersing of pigment.

Dispergaci obecné mizeme definovat jako smoceni, oddéleni a stabilizaci primarnich Castic.

Obr. 1: Priklad aglomeratu (shluku primarnich ¢astic a/nebo agregatii). Po smoceni v kapaliné
ziistane uvnitf aglomeratu uzavieny vzduch, ktery zabrafuje smaceni vnitfnich ploch kapalinou

V primyslové vyrobé (a v mensich méfitcich i v poloprovozech ¢i laboratofich) mizeme rozlisit dva
typy zafizeni, které slouzi zaroven ke smaceni i dispergaci pigmenti:

. Pracujici v nadobé se suspenzi: dissolvery, kombinovana michadla, michadla pro vysoce viskozni

materialy.

. In-line michadla: stator-rotor, Cerpaci s dispergacni komorou, vyuzivajici evakuaci prasku pred
smocenim.

Dissolvery

Smoceni praska probiha pfevazné na hladiné. Po smoceni dochazi k rozbijeni aglomerati (disper-
gaci) vzajemnou konfrontaci jednotlivych pevnych ¢astic v suspenzi (tzv. autogenni dispergace). Suspenze
je urychlovana rychle se otacejicim michadlem. Efektivita dispergace zalezi na rychlosti proudéni suspenze
(~ energie pii konfrontaci pevnych ¢astic) a na podilu pevnych ¢astic v receptufe.

Vyhody: jednoduché a flexibilni zatizeni

Nevyhody: pomalé smaceni s omezenymi moznostmi kvality dispergace, ne vzdy je mozné zarucit bez-
prasnost, obtizna (Casto nemozna) automatizace vyroby
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Obr. 2: Priklad dissolveru Netzsch MasterMix, zde s pojizdnou nadobou.

Obr. 3: Rizné dispergacni disky pro dissolver, nahore zleva: hruby zubovy disk, jemny zubovy disk,
dvojity ¢erpaci disk, dole: specialni ¢erpaci disk pro vyssi viskozity, PU disk pro abrazivni materialy.

Obr. 4: Cirkulace produktu uvnitf dissoverové nadoby s optimalnimi poméry velikosti nadoby
a michadla

Kombinovana michadla

Smoceni praskt probiha na hladiné, nebo pod hladinou v pfipadé davkovani plniv pod hladinu v eva-
kuované nadobé. Dispergace probiha obdobné jako u dissolveru, ale pouze v urcité ¢asti nadoby. Transport
materialu v celé nadobé zajist'uje druhé (kotvové) michadlo.

Vyhody: vysoka efektivita, hospodarnost, velmi rychlé smoceni velkych mnozstvi prasku (az 1 tuna za

Nevyhody: investi¢né nakladné zatizeni, Casto omezené moznosti automatizace vyroby
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Obr. 5: Cirkulace produktu uvniti kombinovaného michadla s ukazkou rozdéleni prace disperga¢ni
pily a kotvového michadla

Michadla pro vysoce viskézni materialy

Smoceni prasku probiha na hlading, nebo pod hladinou v pfipadé davkovani plniv pod hladinu v evakuo-
vané nadob¢. Vzhledem k vysokym podilim pevnych ¢astic v suspenzi postacuje pro kvalitni dispergaci prace
s niz§imi otackami. Rychlost a kvalitu dispergace zasadné ovliviiuje tvar michadel, ktery by mél eliminovat
veskera hlucha mista v nadobé. Vyuziti pro viskozity az 5000 Pas.

Obr. 6 a 7: Priklad michadla pro vysoce viskézni materialy, planetovy hnéta¢ Netzsch PMH a detail
michadel toho zafFizeni

In-line michadla stator-rotor

Smoceni praskti probiha na hladiné v procesni nadrzi nebo hladiné proudici kapaliny. Kromé autogenni
dispergace napomahaji rozdruzovani aglomeratu stfizné sily na styku rychle se otacejiciho rotoru se statorem.

Vyhody: jednoduché zatizeni s moznosti snadného fizeni v ramci celych linek (se systémem navazovani
surovin apod.), bezprasné, snadno Cistitelné

Nevyhody: nelze pouzit pro vSechny suroviny (zejména s vysokym mérnym povrchem), vysoky otér
stiiznych ploch u abrazivnich materiala

Obr. 7 a 8: Rez statorem a rotorem michadla a detailni vyobrazeni st¥iznych elementii
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Obr. 9: Zarizeni Netzsch MaxShear vyuZivajici systém stator-rotor

In-line michadla ¢erpaci s disperga¢ni komorou

Smogeni praski probiha na hlading rychle proudici kapaliny piimo v dispergaéni komote. Cast produktit
je mozné smocit v procesni nadrzi. Vlivem vysokého Cerpaciho efektu je prasek velmi rychle pfisavan a v ko-
mote dochazi k velmi intenzivni autogenni dispergaci.

Vyhody: jednoduché zatizeni s moznosti snadného fizeni v ramci celych linek (se systémem navazovani

surovin apod.), bezprasné, snadno Cistitelné, minimalni naklady na udrzbu, vysoka produktivita s kvalitou
produktu vyssi nez u dissolvert

Nevyhody: oproti dissolverim s pojizdnymi nadobami ponékud mensi flexibilita

Obr. 10: Zatizeni Netzsch Epsilon s komorou a vysokym ¢erpacim efektem

In-line michadla vyuZivajici evakuaci praski pfed smocenim

Smoceni pragk probiha na hladiné rychle proudici kapaliny piimo v disperga¢ni komote. Cést produktt
je mozné smocit v procesni nadrzi. Diky vzduchotésné dispergacni komote (vstup prasku pies turniket) do-
chazi jesté pred smocenim k evakuaci praska. Vlivem vysokého ¢erpaciho efektu je evakuovany prasek velmi
rychle ptisavan a kapalina okamzité pronika do volnych odvzdusnénych prostort mezi primarnimi ¢asticemi
(a/nebo agregaty) a tim dochazi k rozpadu aglomeratu.

Vyhody: velmi hospodarné a efektivni zafizeni s moznosti snadného fizeni v ramci celych linek (se
systémem navazovani surovin apod.), bezprasné, snadno Cistitelné, minimalni naklady na tdrzbu, vysoka
produktivita s kvalitou produktu vys$si nez u dissolvert

Nevyhody: vyssi investi¢ni naklady, primarné ur¢ené pro veétsi vyroby
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Obrazek 11: Zatizeni Netzsch PSI-Mix se vzduchotésnou komorou a vysokym ¢erpacim efektem

Obrazek 12: Typicka linka s in-line michadlem, zde se zafizenim Netzsch PSI-Mix
Zavér

Technologie pro smaceni a dispergaci pigmenti udélaly v poslednich letech obrovsky krok vpred. Uzi-
vatel tak mtize volit z nékolika variant a vybrat tu nejvhodnéjsi pro své zadani.
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NOVINKY V MOLEKULOVE SPEKTROSKOPII PIGMENTU A POJIV

MOLECULAR SPECTROSCOPY NEWS FOR ANALYSIS OF PIGMENTS
AND BINDERS

SEC K.
Nicolet CZ s.r.o.

Summary
Methods of vibrational molecular spectroscopy (mainly Raman and infrared spectroscopy) are not
destructive methods of sample analysis, which using un-elastic diffraction of light on sample (Raman) or
absorption of infrared light via sample (infrared spectroscopy: FTIR).

These two most common methods are in complementary in principle. Measured vibrational spectra are
unique not just for every chemical substance, they are also changing with subtle changes in molecules
surroundings and it is possible to use them for analysis of different polymorphs. Raman and FT-IR spectro-
scopy (and microscopy) are playing major role in analysis of pigments and binders, where we can use their
advantages. Some of heavily used industrial substances incline to have many different crystal structures in
nature and also in manufacturing — polymorphs. These polymorphs have different optical properties, which
is dangerous to many industrial usages, f.e. titanium dioxide, calcium carbonate etc. Other examples from
this area of research are detection of dangerous pigments like cadmium yellow, car paints, cultural heritage
research and more. Vibrational spectra have also quantitative information, so it is possible to use them for
analysis of amount of different additives in samples, or fast quality control. Presentation deals mainly with
molecular spectroscopy news for pigments and binders research and quality control

VYUZITI FT-IR MIKROSKOPIE PRO ANALYZU VICEVRSTVYCH
NATERU
USE OF FTIR MICROSCOPY FOR ANALYSIS OF MULTI-LAYERED COATINGS

MATOUSEK D., NEUMAN J.
Optik Instruments s.r.o. (Bruker Optics)

Summary
FTIR microscopy is analytical technique, that is widely used in the field of pigments and binders analysis for
failure inspection, reverse engineering and quality control in micro-dimensional scale. This work focuses
on practical example of FTIR microscopic analysis of real multilayered paint sample — identification of
individual layers and inspection of discovered defects. Second part of work focuses on recent advances in
vibrational microscopy instrumentation and novel sofiware features for chemical mapping and imaging.

Key words
FTIR, FTIR-ATR, infrared, spectroscopy, microscopy, microanalysis, layers, coating
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ANALYZA PROTIKOROZNiICH UPRAV OCELI STOLNIM RASTROVACIM
ELEKTRONOVYM MIKROSKOPEM PHENOM XL

ANALYSIS OF ANTI-CORROSION COATINGS ON STEEL WITH DESKTOP
SCANNING ELECTRON MICROSCOPE PHENOM XL

DUDAK M.
ANAMET s.r.o.

Summary
Zinc, manganese or iron phosphate based anti-corrosion coatings are frequently used in the automotive
industry as a lubricant layer or as a base for subsequent coatings. In the quality control process, the expec-
ted performance of the coatings is evaluated by analyzing its morphological properties. While a microcrys-
talline structure is beneficial for the corrosion resistance, a coarse grain structure impregnated with oil is
ideal for improving the wear resistance. Equally important is the measurement of the percentage of coverage
on the coated object.

One of the main challenges that companies are currently facing is integrating the quality check into the
production line. An analysis that delivers quick feedback is key to an efficient way of working. While a scan-
ning electron microscope (SEM) is a powerful tool in checking the quality of coatings, most SEMs require
dedicated users and a significant investment. With the Phenom microscope, we offer a fast, affordable and
easy-to-use instrument for these analyses. Combined with the programming interface (PPI), the Phenom
microscope can be equipped with an automation tool, increasing the efficiency and reliability of the produc-
tion process.

Description and results achieved by developed automation SW tools will be presented and compared to
other analysis tools.

Key words
Anti-corrosion phosphate coatings; quality control, automated surface coverage evaluation, Phenom XL
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NOVE POVINNOSTI Z LEGISLATIVY
NEW OBLIGATIONS FROM LEGISLATION

STUCHLIK J.
SBLCore s.r.o.

Shrnuti
Pripravované zmény v harmonizovanych klasifikacich latek. Od 1. 12. 2018 bude povinné pouzivat harmo-
nizovanou klasifikaci latek podle Narizeni Komise (EU) ¢. 2017/776 [1] (tzv. ATP 10). Narizeni nové zavadi
v harmonizovanych klasifikacich latek odhad akutni toxicity ATE, méni znéni nékterych poznamek k latkam
(odstranuje odkaz na jiz nepouzivané S-véty) a zavadi dve nové poznamky. Pozor, u novych poznamek se
mohou lisit jejich jazykové mutace. O rok pozdeji, od 1.12.2019 bude povinné dalsi Narizeni Komise (EU)
¢ 2018/669 [2], diky némuz po vice nez deseti letech dojde k doplnént nazvii latek s harmonizovanou kla-
sifikaci v jazycich Evropské Unie a opravé nékterych chyb v nazvech. V cestiné asi nejznaméjsi opravenou
chybou bude ,, Xylem *.

Casté nedostatky pri sestavovani bezpecnostnich listii. V praxi se casto setkdvame s bezpecnostnimi listy, kde
Je nesoulad uvadeénych informaci (napr. je uvedeno REACH registracni cislo, ale klasifikace této registraci
neodpovida, nevhodné pouzivani koncentracnich rozmezi obsazenych slozek ve vztahu ke klasifikaci
produktu). Jednda se o veci, které byvaji kritizovany kontrolnimi orgdny.

Osetrené predmeéty — ,, oSetrenym predmétem * je jakakoli latka, smés nebo predmet, které byly oSetreny
Jjednim nebo vice biocidnimi pripravky nebo které takovy pripravek nebo vice takovych pripravkii zamerné
obsahuji. Vyrobci a dovozci osetrenych predmétit musi zajistit, aby byly vyrobky oznaceny nejen v souladu
s narizenim Evropského parlamentu a Rady (ES) ¢. 1272/2008 [3], o klasifikaci, oznacovani a baleni, ale
i s dodatecnymi pozadavky podle narizeni (EU) ¢. 528/2012 [4], o biocidnich pripravcich. Dodavatelé pred-
metu, pokud o to spotrebitel pozada, musi do 45 dnit poskytnou bezplatné informaci o biocidnim osetrent
oSetreného predmeétu.

Reference

[1] Natizeni Komise (EU) 2017/776 ze dne 4. kvétna 2017, kterym se pro tcely ptizptisobeni védecko-
technickému pokroku méni natizeni Evropského parlamentu a Rady (ES) ¢. 1272/2008 o klasifikaci,
oznaCovani a baleni latek a smési

[2] Natizeni Komise (EU) 2018/669 ze dne 16. dubna 2018, kterym se pro tcely prizpsobeni védecké-
mu a technickému pokroku méni natizeni Evropského parlamentu a Rady (ES) ¢. 1272/2008 o klasi-
fikaci, oznacCovani a baleni latek a smési

[3] Natizeni Evropského parlamentu a Rady (ES) ¢. 1272/2008 ze dne 16. prosince 2008 o klasifikaci,
oznacovani a baleni latek a smési, o zmén¢ a zruSeni smérnic 67/548/EHS a 1999/45/ES a o zméné
nafizeni (ES) ¢. 1907/2006

[4] Nafizeni Evropského parlamentu a Rady (EU) ¢. 528/2012 ze dne 22. kvétna 2012 o dodavani bio-
cidnich pfipravkt na trh a jejich pouzivani
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URYCHLENE KOROZNi ZKOUSKY DLE NOREM VOLVO A FORD

ACCELERATED CORROSION TESTS ACCORDING TO VOLVO AND FORD
STANDARDS

MEDVEC P., BRABNIKOVA R.

Gamin s.r.o.

Summary
Salt spray tests are slowly replaced by more complex accelerated corrosion tests in the automotive industry.
New standards represent more real life conditions of the tested specimen. One of the standards is VCS 1027
by Volvo, Ford and Scania car and trucks manufacturers.

Key words
Accelerated corrosion tests, cyclic corrosion tests, salt spray, VCS 1027-149 (ACT I), VCS 1027-1449 (ACT
1), Ford / Volvo / Scania corrosion tests

Urychlené korozni zkousky patfi k jedném z nejcastéjsich testl pii vyvoji a kontrole kovovych soucés-
tek s povrchovou upravou v automobilovém primyslu. Norma ISO 9227, ktera byla v minulosti nejcastéji
vyuzivanou pro testovani korozni odolnosti, je dnes ¢asto nahrazovana novéj$imi standardy, které kombinuji
testy solnou mlhou s jinymi testovacimi cykly — kondenzaci, susenim nebo kontrolovanou vlhkosti s pfipad-
nymi teplotnimi testy pod bodem mrazu. Tyto tzv. cyklické testy Iépe simuluji realny zivotni cyklus vyrobku
a z automobilového pramyslu, kde se zacaly pouzivat, se postupné rozsifuji i do dal$ich primyslovych
odvétvi. Prikladem téchto testti jsou PV 1200, 1209 a 1210 (koncern VW), D17 2028 (ECC-1, Renault),
510Z-SGO-A000 (Honda), testovaci piedpisy CCT 1-4 (pouzivané automobilkami Nissan, Honda a Toyota)
nebo GM9540P (General Motors).

Jedny z nejprisnéjsich standardi pro cyklické korozni zkousky vyvinula automobilka Volvo spolecné
s Fordem, tyto standardy postupné piebira i automobilka Scania. Jedna se o normy VCS 1027-149 (ACT I),
VCS 1027-1449 (ACT 1I) a Ford CETP 00.00-L-467, kterymi se dale zabyva tento ¢lanek. Volvo, Ford a Sca-
nia jiz dokonce schvaluje korozni komory jednotlivych vyrobct pro pouziti v souladu s témito testy.

VCS 1027-149 (ACTT)

Tato norma definuje urychlené korozni zkousky pro hodnoceni materialii odolnych vici korozi v pro-
stfedi, kde je vyrazné mnozstvi chloridovych iontii, zejména NaCl z pfimoiského prostiedi a z posypovych
soli pouzivanych v zimnich mésicich. Norma specifikuje pribéh testu a zkuSebni zatizeni, které je pro tento
test potieba.

Zkusebni komora pro tento test musi byt navrzena tak, aby byla schopna udrzet nastavenou primérnou
relativni vlhkost v toleranci = 3 % RH a teplotu v toleranci + 0,6°C. Maximéalni momentalni povolena od-
chylka je pak stanovena na + 5 % RH v rozsahu 50-95 % RH pfi teplot¢ 40 °C. Komora také musi zvladnout
line4rni zménu vlhkosti v zavislosti na ¢ase, a to z 95 % RH na 50 % RH béhem 2 hodin pfi zvysujici se teploté
z 35 na 50 °C. K tomuto je jiz potfeba ptidavna klimatizacni jednotka, ktera dokéaze pfi rostouci teploté zbavit
vzduch ptebytecné relativni vlhkosti.

Oproti klasickym testim solnou mlhou (ISO 9227, ASTM B177, atd.) je v norm¢ vyzadovan jiny systém
distribuce solné mlhy v testovaci komote. Rozprasujici zafizeni musi byt schopno produkovat rovnomér-
nou solnou mlhu na testované dily se spadovou rychlosti 15 + 5 mm/hod. Testovaci roztok nesmi byt po
testu znovu pouzit pro dalsi testy. Norma striktné doporucuje vyuziti oscilujici trubice s tryskami, vyrobené
z korozivzdornych materialt, ktera bude nad testovanymi objekty ve vysce cca 1 metr. Pozadavek na oscilujici
trubici je uveden na obr. 1. Jako alternativu tohoto systému norma povoluje kompletni ponofeni testovaného
objektu do solného roztoku.
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Obr. 1: Oscilujici trubice s tryskami dle VCS 1027-149

Hmotnosti koncentrace chloridu sodného v demineralizované vod¢ je stanovenana 1 + 0,1 % a v normé
jsou stanoveny maximalni ptipustné mnozstvi dalSich prvki v testovacim roztoku.

Dalsi fazi testu je suseni vlhkych testovanych objekti, proto musi byt testovaci komora vybavena systé-
mem pro suseni vnitiniho prostoru vzduchem. Doporucen je interni klimatizovany okruh s pritokem vzduchu
50-100 1/s pro komory o objemu 1-2 m®.

Testovaci cykly jsou pak specifikovany nasledovné. Hlavni tydenni testovaci cyklus se sklada z dvou
dvanactihodinovych podcyklt. jeden s kontrolou klimatickych podminek a druhy s aplikaci solného roztoku.

Cyklus 1

. 4 hodiny: konstantni klima 35 °C a 95 % RH

. 2 hodiny: teplotni ruist z 35 na 45 °C a soucasny pokles vlhkosti z 95 na 50 %RH

. 4 hodiny: konstantni klima 45 °C a 50 %RH

. 2 hodiny: pokles teploty z 45 na 35 °C a soucasny rist vlhkosti z 50 na 95 %RH

Cyklus 2 — pri tydennim testovani je cyklus 1 nahrazen cyklem 2 v pondélky a patky

. 15 minut: solna mlha

. 1 hodina 45 minut: konstantni klima 35 °C s relativni vlhkosti 95-99 %RH

. Tyto dva kroky se opakuji tfikrat tak, aby byla jejich délka 6 hodin

. 2 hodiny: suseni pii 50 %RH a rostouci teploté z 35 na 45 °C

. 2 hodiny: konstantni klima 45 °C a 50 %RH

. 2 hodiny: pokles teploty ze 45 na 35 °C a soucasn¢ rust vlhkosti z 50 na 95 %RH
Celkova délka testu je pak stanovena dle testovaného materialu od 6 do 12 tydnu.

Jak je patrné z jednotlivych kroku testu, nékterych podminek nelze dosdhnout bez klimatiza¢niho
a odvlhCovaciho zatizeni (rust teploty pii poklesu relativni vlhkosti a naopak). Proto si Volvo/Ford velmi hli-
daji vyrobce testovacich zafizenti, jestli jsou tato schopna dle jejich pozadavku testovat. Jednim z mala schva-
lenych vyrobet je britska spolecnost Ascott Analytical, ktera ma své komory Atmosfar (obr. 2) schvaleny
jak Volvem, tak i spole¢nosti Scania. Komory maji odvlh¢ovaci zatizeni s klimatizaci, pozadované proudéni
vzduchu (obr. 3) i oscilujici trysku pro rovnomérny spad solného roztoku pfimo na vzorky (obr. 4).
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Obr. 2: Korozni komora Ascott Atmosfir pro testy VCS 1027

Obr. 3: Proudéni vzduchu kolem testovanych paneli do sbérného valce v komore Ascott

Obr. 4: Oscilujici trysky dle VCS norem v horni ¢asti komory

VCS 1027-1449 (ACT 1I)

Tato norma, podobné jako piedchozi 1027-149 (ACI) a CETP 00.00-L-467, specifikuje prubéh testova-
cich cyklt a zafizeni pro provadéni téchto testl. Tento test se sklada ze 3 zakladnich fazi, které dohromady
vytvaii pracovni tyden (5 opakovani):

. 6 hodin pfi pokojové teploté s vystavenim vzorki solné mlze (0,5% NaCl, 25 °C)

. 2,5 hodiny piechod (suseni) do podminek tieti faze

. 15,5 hodin konstantni klima (50 °C a 70 % RH)

Po 5 opakovanich nastava 48 hodinovy cyklus simulujici vikend — konstantni klima 50 °C a 70 %RH.
Celkovy prab¢h tydenniho testu je zobrazen na obr. 5.

Tento test, obecné oznacovany jako ACT II, upravuje diive vydanou metodu ACT I (VCS 1027-149)
v nékolika aspektech — urychluje korozni rychlosti oceli a zinku, lze pomoci ni testovat i nalakovany hlinik,
nebo je vhodnéjsi pro korozni testovani magnesia.
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Obr. 5: Tydenni priubéh testu dle VCS 1027-1449 (ACT 11)

Stejné jako test ACT 1, i tento test vyzaduje specifickou konstrukei testovaci komory z déivodu spravného
proudéni vzduchu a oscilujici trysku pro rozpraSovani solného roztoku (viz obr. 6).

Obr. 6: Schéma komory pro testy dle VCS 1027-1449 (ACT II)

Tato norma rovnéz vyzaduje kazdoro¢ni kalibraci spadu solné mlhy v celém prostoru komory. Odmeérné
valce o pruméru 6—10 cm se rozlozi v komoie ve vzdalenosti pfiblizné 15 cm jeden od druhého podél oscilu-
jici trubice s tryskami po celé jeji délce tak, aby byl vzdy jeden valec pfimo pod tryskou a jeden mezi jednot-
livymi tryskami. Na kazdou stranu od této trubice se z dalSich odmérnych valct udélaji dalsi dvé fady, tyto uz
nemusi byt takto husté osazeny. Rozlozeni odmérnych valcu je zobrazeno na obrazku 7, modfe jsou zobrazeny
odmérné valce v komoie. Mnozstvi spadu solné mlhy se pak méfi v 25-50 ml odmeérkach nebo gravimetricky.

Pramérny spad solné mlhy je dle pozadavki normy za 6 hodin 5-10 I/m?, v Zadném misté komory nesmi
byt spad nizsi nez 3 /m? a vy$8i nez 15 I/m?. Trysky na oscilujici trubici musi byt od sebe ve vzdalenosti
50-60 cm ve vysce cca 1 metr nad testovanymi vzorky.

Obr. 7: Pohled shora na testovaci prostor pri kalibraci
Normy VCS i CETP dale specifikuji celou fadu parametrt a postupti, vyhodnoceni testu, atd. Podstatné

je ale pouziti zafizeni, ktera jsou v souladu s témito normami. Volvo, Ford i Scania maji jak schvalené externi
laboratote, které smi provadeét testy dle jejich pozadavki (vétSina za nich je ve Svédsku a Francii), tak i vyrob-
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ce samotnych zafizeni, které spliuji jejich pozadavky. Cela fada svétovych vyrobeti nabizi komory v souladu
s témito normami, i kdyz ve skute¢nosti neni konstrukce a systém rozprasovani solné mlhy dle téchto norem.
Tito vyrobci pak spoléhaji na toleranci zakaznikd, ktefi se s testy spokoji. Zejména Scania je ale na toto jiz
velmi hakliva a jakykoliv jiny systém pro tyto testy netoleruje.

Vzhledem k vyssi cené téchto testovacich komor je potieba dbat pfi vybéru zafizeni na fesSeni, které
opravdu spliiuje pozadavky téchto norem.
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Summary
This work was devoted to the preparation of organic coatings containing a zinc pigment together with a
polyaniline salt at different pigment concentrations and to the examination of their corrosion resistance. The
coatings were pigmented with spherical or lamellar zinc and contained polyaniline phosphate, the pigment
volume concentrations (PVC) were 1%, 5%, 10% and 15%. The same systems, only free from polyaniline
phosphate, served as the reference materials. Corrosion resistance of the coatings was examined by several
methods, primarily by an accelerated cyclic corrosion test in sodium chloride fog atmosphere, to which the
coatings were exposed during 1440 hours. Electrochemical methods were also used to examine the coatings
corrosion resistance. Specifically, the potentials of the coatings in 0.05 M sodium chloride solutions were
measured against a tungsten electrode for 480 hours. The electrochemical method of linear polarisation in
a 1 M sodium chloride solution was also used. The polarisation curves were processed to obtain the polari-
sation resistances and corrosion rates.

Key words
Zinc, polyaniline salt, corrosion, coating

Introduction

Covering with anticorrosive coatings is the most widespread way how to protect metals. The paint film
acts as a physical barrier between corrosive electrolyte and steel substrate [1]. Anticorrosion paints are two-
-phase systems consisting of an organic binder and an anticorrosion pigment dispersed in the binder. An
anticorrosion pigment is a powder which, when present in an organic binder, has a corrosion-inhibiting effect
[2]. Among prominent anticorrosion pigments are, for instance, chromate pigments, which, however, are toxic
and harmful to the environment [3]. For this reason they are being replaced by phosphate [8], molybdate [5],
borate [6] or vanadate (IV) [7] pigments. Alternatively, metallic pigments (zinc metal) can be used in the
anticorrosion paint formulas [8].

Powdered zinc has been used for preparation of paints for many years. These coatings are used to protect
steel structures, for example structures immersed in water or in protective coatings on ships. The high corrosi-
on resistance of the coating is due to the high content of zinc. For environmental and economic reasons options
are looked for aiming at reducing the content of zinc in these films. One of the options is using a combination
of zinc with conductive polymers [9, 10].

Conductive polymers were the center of attention in the last years. As the name suggests, they differ from
conventional polymers by being electrically conductive: their conductivity is 10 orders of magnitude higher
than that of conventional polymers and so they can be classed as semiconductors. It is beneficial that conducti-
ve polymers are able to change their chemical as well as physical properties, depending on their redox state
which, in turn, is dependent on the environment [11]. As a next advantage, most of the conductive polymers
are rather easy and inexpensive to prepare. Conductive polymers are of interest in various branches of science
and technology owing to their low density as compared to metals or inorganic materials. Very important re-
presentative of conductive polymers is polyaniline. Polyaniline can be prepared in five different forms. Very
interesting form of polyaniline is protonated Emeraldine form due to its conductivity [12, 13].
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Experimental part

Polyaniline phosphate synthesis

The polyaniline phosphate (PANI-H,PO,), was prepared by oxidative polymerisation in dilute phospho-
ric acid by using ammonium peroxodisulphate as the oxidant. The synthesis is depicted in Fig. 1.

Fig. 1. Synthesis of the polyaniline phosphate

Specification of the pigments

The critical pigment volume concentration (CPVC) of the pigments was calculated from the density
determined using Autopycnometer Micromeritics 1320 and from oil absorption determined according to the
Czech State Standard (CSN) 670531 using the ,,pestle — mortar” method. Determination of particle size and
the distribution of pigment particle size were identified by means of Mastersizer 2000 (Malvern, Instruments
Ltd., UK) that is able to measure the distribution of particles sized from 0.01 to 2000 pm. ). Microphotographs
of the pigment particles were obtained on a JEOL-JSM 5600 LV electron microscope (Japan) and used to
deduce the pigment particle shape.

Formulation and preparation of organic coatings

The description binder WorléeDur D 46, is a short oil epoxy ester based on conjugated drying fatty
acids. It is used in air-drying and stoving finishes with outstanding adhesion, rapid drying and good chemical
resistance. In the present study, two series of organic coatings was prepared by using polyaniline phosphate
at volume concentrations 1%, 5% and 10% and with spherical zinc Q = 0.67 (series 1) or with lamellar zinc
Q =0.37 (series 2). To compare the results obtained with polyaniline phosphate an organic coating containing
only spherical zinc (at Q = 0.67) and lamellar zinc (at Q = 0.37) was prepared. Organic coatings were disper-
sed using a Dissolver-type equipment at 4 000 rpm for 40 minutes. 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.

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 1440 h of exposure. The corrosion effects after completion of the test
were evaluated as specified 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.

Furthermore, the organic coatings were subjected to the electrochemical test of linear polarisation
by using a VSP-300 multichannel potentiostat/galvanostat (Bio-Logic, France). In the three-electrode set-
ting, 1 cm? of the sample was submerged in a 3.5 wt.% NaCl solution and polarized across the range from
—10 mV EOC™" to +10 mV EOC™ at and rate of 0.166 mV sec™'. The spontaneous corrosion potential (Ecorr),
corrosion current density (Icorr), polarisation resistance (Rp) and corrosion rate (vcorr) were measured when
the polarisation procedure was over.

The total potential measurements in 0.05 M NaCl against a tungsten electrode, terminated in 480 hours,
were followed by evaluation of the coating surface and, after removing the coating film, by assessment of the
substrate steel panel beneath the film.
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Results and discussion

Pigment specification

The pigments were specified and their densities and oil numbers were determined. The parameters so
obtained were used to calculate the critical pigment volume concentrations (CPVC), the values of which
are required for appropriate formulation of the coatings. The mean polyaniline phosphate particle size was
5.4 pm. The mean spherical zinc particle size was slightly higher, 5.9 pm, while the mean lamellar zinc par-
ticle size attained 12.5 um. Microphotographs of the pigments are reproduced in Fig. 2.

Pigment Density Oil absorption CPVC Particle size
[g/em™] [g/100g] [%] [pm]
spherical zinc 7,14 6,4 67 5,9+0,1
lamellar zinc 6,52 23,8 37 12,5+0,1
PANI-H,PO, 1,55 49,8 55 54+0,1

Tab. 1: Characteristics of the pigments

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

Accelerated corrosion tests in a salt mist atmosphere

The steel panels coated with the paint films were exposed to a salt fog atmosphere for 1440 hours, and
blistering near a test cut and on the paint film surface was evaluated. Subsequently, the paint films were remo-
ved from the panels and corrosion of the steel surface was examined. The results are listed Table 2 and Table 3.
The number of blisters both on the coating surface and in an artificial cut through the film was found to de-
crease with increasing PANI-H,PO, volume concentration in the formulas with spherical zinc. Corrosion on
the steel panel surface followed the same trend: it was 33% for the coating containing spherical zinc only as
against the mere 3% if PANI-H,PO, was also present at PVC = 10%. Corrosion in the test cut also exhibited
a decreasing trend with increasing PANI-H,PO, volume concentration. Similar results were obtained for the
coatings containing lamellar zinc. The number of blisters both on the coating surface and in an artificial cut
through the film showed a decreasing trend with increasing PANI-H,PO, volume concentration. The blister
size was identical for all the coatings with lamellar zinc. And once again, increasing PANI-H,PO, volume con-
centration was accompanied by decreasing corrosion on the steel panel surface: it was 16% if PANI-H,PO,was
absent and mere 3% if PANI-H,PO, was present at PVC = 5% and 10%. Corrosion in the test cut also slightly
decreased with increasing PANI-H,PO, volume concentration. The coatings with lamellar zinc were superior
to the coatings with spherical zinc as far as their corrosion resistance is concerned.
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Blistering Corrosion
PVCPANI-H,PO, - . S - .
[%] nacu etal base nacu
Metal base [dg] [dg] [%] o
0 6D 6D 33 1,6
1 6 MD 6M 16 1,4
5 8 MD 6M 10 1,2
10 8M 8M 3 1,0

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

PVCPANI- Blistering Corrosion
-I-I[i/Po;M Metal base [dg] In[;gc]ut Met[z;’I])ase h[l,;:ll]lt
0 8D 8D 16 1,2
1 8MD SMD 10 1,1
5 8MD 8SMD 3 0,9
10 &M SM 3 0,9

Tab. 3: Corrosion test results for organic coatings containing PANI — H,PO, and lamellar zinc
(DFT =110 £ 10pm)

Results of the electrochemical method of linear polarisation

The results of the electrochemical linear polarisation measurements are listed in Table 4 for the systems
with spherical zinc and in Table 5 for the systems with lamellar zinc. The polarisation resistance was found to
increase and the corrosion rate to decrease with increasing PANI-H,PO, volume concentration for both sphe-
rical and lamellar zinc. In the systems with spherical zinc, the polarisation resistance was 4x10° Q and the cor-
rosion rate was 810> mm/year in the absence of PANI-H,PO,, whereas the two parameters were 5x107 Q and
3x10°° mm/year, respectively, in the presence of PANI-H,PO, at PVC = 10%. The values in the systems with
lamellar zinc were 5x107 Q and 8x10™° mm/year, respectively, in the absence of PANI-H,PO,, and 8x10%Q
and 3x1077 mm/year, respectively, in the presence of PANI-H,PO, at PVC = 10 %. The coatings with lamellar
zinc attained higher polarisation resistance values and lower corrosion rate values.

PVCPANI-H,PO, Ecorr Icorr Ba Be Rp veorr.
(o] [mV] [nA] [mV] [mV] €] [mm/year]

0 —985 8x107! 20 23 4x10° 8x107

1 -971 4x107 33 32 3x107 5x107°

5 -966 4x107? 31 30 4x107 4x107°

10 —945 3x107? 29 27 5x107 3x10°

Tab. 4: Results of the electronic measurement of linear polarization of the prepared coatings
containing PANI - H,PO, and spherical zinc in 3.5 wt. % NaCl, DFT = 80+10 mm
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PVCPANI-H,PO, Ecorr Icorr Ba Be Rp veorr.
(%] [mV] [nA] [mV] [mV] 2] [mm/year]

0 925 7x107! 28 31 5x107 8x10°°

1 —961 3x107? 34 33 7x108 6x1077

5 -942 3x107? 36 37 7x10% 5x1077

10 -936 2x107? 36 37 8x108 3x107

Tab. 5: Results of the electronic measurement of linear polarization of the prepared coatings
containing PANI - H,PO, and lamellar zinc in 3.5 wt. % NaCl, DFT = 80+10 mm

Spontaneous corrosion potential measurement results.

The coatings were exposed to the effect of 0.05 M NaCl solution and their spontaneous corrosion poten-
tials were measured during 480 hours. The results, showing spontaneous corrosion potential decrease below
600 mV, ale listed in Table 6. Data regarding corrosion of the substrate steel panels in 480 hours of exposu-
re are also included: they exhibited a decreasing trend with increasing PANI-H,PO, volume concentration.
While corrosion on the steel panel surface reached 10% if the coating contained spherical zinc only (no
PANI-H,PO,), this parameter was only 1% if PANI-H,PO, was present at PVC = 10% in addition to the spheri-
cal zinc. The systems with lamellar zinc behaved likewise: the figures in the absence and in the presence (PVC
=10%) of PANI-H,PO, were 10% and 0.3%, respectively. The data on spontaneous corrosion potential decre-
ase below 600 mV give an indication of the time in which the steel substrate starts to be affected by corrosion.

Tab. 6: Corrosion potential measurement results for the organic coatings. DFT = 80+10 mm

PVCPANI-H,PO, | Organic coatings containing spherical | Organic coatings containing lamellar
[%] zinc zinc
Corrosion Corrosion / Corrosion Corrosion /
potential decrease Metal base potential decrease Metal base
below 600 mV 480 h below 600 mV 480 h
[h] [%] [h] [%]
0 134 10 110 10
1 175 10 117 3
5 331 3 187 1
10 350 1 229 0,3

Coating containing spherical zinc and PANI-H,PO, | Coating containing lamellar zinc and PANI-H,PO,
at PVC = 10% (left) / steel substrate (right) at PVC = 10% (left) / steel substrate (right)

Fig. 2: Photographs of the coatings and steel substrates after 480 hours of exposure to a 0.05 M NaCl
solution
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Conclusion

The corrosion resistance of zinc-pigmented organic coatings were studied by using an accelerated cyclic
corrosion test and by electrochemical methods. The results give evidence that addition of PANI-H,PO, in an
increasing concentration series is accompanied by increasing corrosion resistance of the coatings. This effect
can be explained in terms of enhancement of the electrochemical mechanism protecting the coating at the
beginning of the corrosive action. This electrochemical mechanism is subsequently replaced by the barrier
protection mechanism. Coatings containing lamellar zinc particles exhibited higher corrosion resistance than
their counterparts with spherical zinc particles. This can be explained in terms of the physical barrier separa-
ting the substrate from the corrosive environment, in which lamellar zinc is superior to spherical zinc.
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Summary

The paper deals with the study of stability of paints based on self-crosslinking acrylate polymer disper-

sion with dispersed nanoparticles of magnesium oxide at a concentration of 1.5 % (LM). The copolymer

dispersions were prepared on the basis of acrylates using self-crosslinking system a diacetonacrylamide
with adipic acid dihydrazide. The stability of this aqueous dispersion was compared with the properties of
the self-crosslinking acrylic polymer dispersion without nanoparticles (L0). Physical properties were also
tested and evaluated to determine their usability in practice. Processed results have shown the advantages

of acrylate polymer dispersion with magnesium oxide nanoparticles as compared to an acrylic polymer

dispersion without nanoparticles.

Key words
Eco-friendly coating materials, water-borne coatings, nanoparticles of MgO, self-crosslinking acrylic
latexes

Introduction

Nowadays considerable attention is paid to the elimination of volatile organic solvents (VOCs) and,
thanks to this, water-borne paint systems come to the fore. In most cases, water-borne coatings contain up to
80 % water with a small amount of other solvents, such as glycol ethers. These coatings are known to be envi-
ronmental because they comply with the U.S. Environmental Protection Agency (EPA) and European Biocidal
Products Directive (BPD) regulations requiring a VOC content of less than 350 g/l of water [1]. However,
these coatings are subject to microbial settlement, which must be avoided.

Water based polymer dispersion coatings have a number of advantages as they exhibit some significant
deviations from solvent paints in their behavior. An example is a lower viscosity with the same dry matter, and
the consistency is less dependent on temperature [2]. Acrylic water-borne dispersions (latex) are a universal,
high quality and environmentally friendly choice whose synthesis is technologically high. Deficiencies of
conventional aqueous polymer dispersions, such as low solvent resistance, surface tack at higher temperatures
and low temperature brittleness, are overcome by introducing self-crosslinking system a diacetonacrylamide
with adipic acid dihydrazide. Incorporation of nanoparticles offers us a new way to develop antibacterial
agents because nanoparticles of metal oxide have the potential to reduce bacterial contamination and can also
have a beneficial effect on the structural properties of the coating. MgO is an important inorganic oxide that
is widely used in many areas and many studies have proven to be health and environmentally friendly [3-5].

The goal was to create a stable, one-pack environmental binder with suitable lacquer properties that pre-
vents the growth of microorganisms on its surface, thereby reducing the risk of cross-contamination.

Experimental part

Raw materials for latex preparation

Monomers were used to prepare one-pack thermoplastic polymer dispersions: methyl methacrylate
(MMA), n-butyl acrylate (BA), methacrylic acid (KMA) and diacetonacrylamide (DAAM). Adipic acid di-
hydrazide (ADH) was used as crosslinking agent, Disponil FES 993 was used as the emulsifier, the ammoni-
um peroxodisulfate was used as the initiator and nanostructured MgO was used as antimicrobial. The semi-
-continuous emulsion polymerization was used for the synthesis to prepare a Core-Shell aqueous dispersion.
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Determination of change in stability of synthetized latex during storage

To determine the change in stability of the synthesized binders during storage, 50 ml was cast from each
latex into small Erlenmayer flasks with a joint. The sealed flasks were placed in a oven heated to 50 °C, where
they were left. Prior to insertion into the oven and after each cycle, the appearance of the latex was assessed
and the latex stability evaluation properties which was pH measured with a portable pH meter Mettler Toledo
FiveEasy FE20 (Merck KGaA, Germany) according to CSN EN ISO 787-9, the determination of apparent
viscosity by the Brookfield method using a Viskozitometr RotoVisco RT10/94 (HAAKE, Germany) according
to CSN ISO 2555, particle size and zeta potential were obtained by measuring dynamic light scattering on the
instrument Brookhaven 90 Plus Partical Size (Brookhaven Instruments, USA). All measurements were made
three times to eliminate the measurement error.

Determination of binder resistance against elevated temperature of 60 °C

This method serves to assess the dispersion resistance to elevated temperatures of 60 °C. Measurements
were made using a 100 ml PE vial to which 100 g of sample was weighed to within 0.5 g. The vial was sealed
and placed in a 60 °C oven for 22 hours, followed by removal and leaving for 2 hours at room temperature.
After this time, the formation of the coagulum was visually assessed by stretching the control film on the glass
panel. Because of the absence of coagulation or other noticeable changes, tests were carried out to determine
the change in the lacquer properties of the coating film.

Preparation and testing of coating films

To determine the resistance of the binder to an elevated temperature of 60 °C, the latexes were applied
to the glass panels with a 150 pm slit gauge and allowed to dry at room temperature (21 +2 °C) for 42 days
before and after the test. The visual properties (haze, particle, bubbles, cracks and superficies) were observed
for the coating films, the determination of film thickness using a three-point mechanical thickness gauge
(BYK Gardner, Germany) according to CSN EN ISO 2808, the determination of gloss value at 20 degrees,
60 degrees and 85 degrees using an Micro TRI Gloss (BYK Gardner, Germany) according to ISO 2813, the
pendulum damping test to Perso‘s on the pendulum hardness 3034M001 Persoz, Konig (Elcometer, England)
according to CSN EN ISO 1522 and Buchholz indentation test using Buchholz hardness indentation tester
(BYK Gardner, Germany) according to CSN EN ISO 2815. All measurements were made three times to eli-
minate the measurement error.

Results and discussions

Stability of latex during storage

Testing of the synthesized latex showed that both latexes were stable for at least 12 months (Table 1)
at room temperature (21 £2 °C), corresponding to 2 months in a 50 °C oven. During storage, changes in pH,
viscosity, particle size, zeta potential and coagulation were monitored.

Binders Initial values After 1 month in an oven | After 2 months in an oven
REDRESHES LM L0 LM L0 LM L0
pH 10.34 8.44 9.78 8.34 9.01 8.20
Viscosity 8.28 27.87 8.23 26.68 8.21 25.9
[mPa.s]
Particle size 181.8 140.3 193.3 140.4 194.6 140.2
[nm]
Zeta poten- -30.9 -39.0 -21.1 -39.9 -23.3 —49.9
tial [mV]

Tab. 1: Stability of synthesized latex during storage
Generally speaking, after 1 month of storage at elevated temperature, the pH values of both latexes

decreased slightly compared to the initial pH values, which can be explained by evaporation of the binder
L0 alkalized with ammonia. Another possible explanation for both synthesized latexes may also be to fix the
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entire system (for example, the acidic carboxyl groups may be oriented from the inner structure to the sur-
face of the latex particles). During the further storage, the pH was no longer significantly changed and the
values after 1 and 2 months in the oven were almost the same. The viscosity of both latexes during storage
did not change significantly and did not produce coagulation. The decrease in viscosity values was within the
experimental measurement error (1-5 %). It was further shown that the particle size of the LM binder grew
slightly relative to the LO binder. The particle size was also detected to monitor whether the agglomerates in
which nanoparticles of MgO were introduced into the latex during synthesis and whether they were actually
present in the colloid system in the form of nanoparticles. The particle size 188 £6 nm shows us that agglo-
merates consisting of MgO nanoparticles or coagulated latex particles were not significantly represented in
the dispersion. The absolute values of Zeta-potential (and therefore electrostatic stability of particles) in the
initial evaluation of latex showed that the presence of nanoparticles did not significantly affect the size of
Zeta-potential. However, during storage at 50 °C (compared to the initial values) for the binder L0 Zeta — the
potential of the increased (apparently the acidic carboxyl groups were oriented to the surface of the latex par-
ticles) and for samples with MgO nanoparticles slightly decreased from an initial value of —=30.9 mV to —23.3
mV after 2 months in an oven. Thus, a slight tendency for agglomeration (or flocculation) of particles during
storage, and thus a slight decrease in stability (by 7.6 mV), could be expected for LM binder, which was not
monitored during storage.

Evaluation of properties change after exposure to binders at 60 °C

Nanoparticulate and non-nanoparticle binder after exposure to 6 cycles of elevated temperature of 60 °C
did not show coagulation indicating that latexes are stable at an elevated temperature of 60 °C for at least 6
cycles. Additionally, the visual and physical properties of the coating films were evaluated, and the compari-
son of the results before and after testing showed that latex without nanoparticles, cracks to 5% occurred, the
thickness of the paint film remains constant, the gloss grew slightly in both latexes, the decrease in the sur-
face hardness (according to the Persoz) value of the paint moves within the experimental measurement error
(1-5 %) and impression resistance is different for both latexes. Nanoparticle latex results in increased re-
sistance, and non-nanoparticulate latex to reduce Buchholz hardness resistance. The measurement results are
shown in Table 2.

Coating properties LM L0
Before After Before After
gsgeﬂz;r/egcse) 1111 V1111 12/1/11 1/2/12/1
Dry film thickness (um) 40+5 40 %5 3245 3245
Giloss 130/132/104 154/161/115 135/132/107 144/151/109
(20°/60°/85°)
Persoz hardness (%) 22.99 22.26 27.25 26.19
Buchholz hardness (%) 91 100 100 83

Tab. 2: Changes in stability of synthesized latex films at elevated temperature 60 °C

From the measurement results, it can be assumed that a certain amount of micro-coagulants has formed
but for more accurate determination, more detailed measurements should be made over time with longer
exposure in order to determine the extent to which the useful properties of the binder and the coating film
will deteriorate over time. When comparing latex with nanoparticles and nanoparticles, the same behavior
deviations. It can be concluded that MgO nanoparticles are stable at elevated temperature in the latex and that
only latex particles of the colloidal dispersion change.

Conclusion

The main focus of this work was the synthesis and the study of the stability of environmentally friendly
one-pack self-crosslinking water-soluble polymer dispersions containing magnesium oxide nanoparticles
(1.5 %) compared to latex synthesized in the same procedure without nanoparticles. Stability testing showed
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that both synthesized latexes were stable for at least 12 months at room temperature. After exposure to an
elevated temperature of 60 °C for 6 cycles, the latexes did not significantly change the lacquer properties and
are therefore stable for at least 6 cycles of an elevated temperature of 60 °C.

Furthermore, it has been found that nanoparticulate latex also exhibits very promising physico-mecha-
nical, chemical and antimicrobial properties compared to non-nanoparticulate latex. Another advantage of the
LM binder for industrial use is the finding that the binder can be stored in a metallic container even without an
inhibitor as monitored when stored in a metallic container at temperature variations.
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PREPARATION OF TUNGSTEN-CONTAINING MICROPARTICLES
FOR RADIATION SHIELDING

PRIPRAVA MIKROCASTIC S OBSAHEM WOLFRAMU VYUZITELNYCH
PRO STINENI ZARENI
7Z.VORAC, B. PIIAKOVA, M. KOROUS, M. ALBERTI

Department of Physical Electronics, Faculty of Science, Masaryk University,
Kotlarska 267/2, 611 37 Brno, Czech Republic

Summary
The paper deals with the electroless codeposition of nickel and tungsten on carbon black. The prepared
additive has a low tungsten content, which reduces its efficiency when absorbing high energy radiation, but
it is sufficient in the radio-frequency and microwave regions.

Key words
Tungsten, nickel, electroless plating, carbon black, radiation shielding

Introduction

For shielding radiofrequency and microwave electromagnetic radiation, several materials using metal-
-coated carbon nanotubes have been published. This often results in improved electrical and mechanical pro-
perties of the resulting composite, but significantly increases the costs. Effective absorption of high-energy
x-ray and gamma radiation requires the absorbent to contain heavy atoms, such as Fe, Pb, or W, which scatter
radiation through non-elastic scattering in combination with light hydrogen atoms, causing further energy
losses through elastic collisions. Chang et al. have achieved good results with tungsten particles dispersed in
epoxy resin [1].

Our goal was to prepare a financially affordable additive for protection against radio-frequency and
microwave radiation and at the same time to at least partially protect against ionizing radiation using a combi-
ned effect of carbon black plated by nickel doped by tungsten. An advantage over the use of tungsten powder
[2] is the lower weight of the additive. Tungsten plating has not yet been published, it is reported that tungsten
can be deposited only with other metals such as nickel, copper or silver [3].

Experimental

Proper carbon black pretreatment is key to uniform nickel coating and its good adhesion. The best results
were obtained by oxidation of carbon black with potassium permanganate in sulfuric acid. The composition of
the plating solutions is based on the work published by Li et al. [4]. Activated carbon black was sensitized in
a solution of 10 g/l of SnC1,.2H,0O and 3.6 ml/l of HCI for 30 minutes, then activated in a solution containing
0.25 g/1 PACl, and 25 ml/1 HCI for one hour. They were then plated in a solution obtained by dissolving 50 g/l
NiCl,.6H,0, 20 g/l NiSO,.6H,0, 80 g/l NaH,PO,.2H,0, 10 g/l Na,C,H,O,.1.5H,0 and 100 g/l NH,CI. The
pH of the resulting solution was adjusted with NaOH to pH 9. The plating solution was used as reference.
The eight-hour treatment with this solution at room temperature produces a continuous layer of nickel on the
surface of the carbon black. The thickness of the Ni layer determined by SEM was approximately 25 nm.

By addition of Na,WO,.2H,0 to the plating solution, tungsten is codeposited with nickel. At the same
time, however, the plating speed is rapidly reduced. Several coating solutions with different Ni*'/WO > ratios
have been tested to achieve the higher tungsten content. It has been shown that the influence of the ratio of
Ni and W in the solution has relatively small effect on the tungsten content in the metal layer. The content
of tungsten in the surface layer determined by EDX is in the range 0.3 to 1%. Achievable concentration of
tungstate in the electroless plating solution is limited by its relatively low solubility.

Results

Electroless codeposition of nickel on carbon black brought homogenous nickel layers with good adhe-
sion to substrate. By addition of sodium tungstate to the plating solution, tungsten is codeposited with nickel.
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Despite the low tungsten content, it is a promising additive to increase the conductivity of plastics and paints.
Good absorption of radiofrequency and microwave radiation can be expected. The advantage is a low density
compared to metals and a low price compared to metal coated nanotubes.

Acknowledgement

This work was supported by the Technology Agency of the Czech Republic, project TE02000011.

References

[1]Chang L., Zhang Y., Liu Y., Fang J., Luan W., Yang X., and Zhang W., Preparation and characterization
of tungsten/epoxy composites for y-rays radiation shielding, Nuclear Instruments and Methods in
Physics Research Section B, 2015, 356-357, 88-93

[2] Kim J., Seo D., Lee B. C., Seo Y. S. and Miller W. H., Nano-W Dispersed Gamma Radiation Shiel-
ding Materials., Advanced Engineering Materials, 2014, 16, 1083—1089

[3] Du N. and Pritzker M., Investigation of electroless plating of Ni-W-P alloy films, Journal of Applied
Electrochemistry, 2003, 33, 1001-1009

[4]1LiQ., Fan S., Han W., Sun C., and Liang W., Coating of Carbon Nanotube with Nickel by Electroless
Plating Method, Japanese Journal of Applied Physics, 1997, 36, 501-503

78

XI. CONFERENCE ON PIGMENTS AND BINDERS « 05-06/11/2018

OBJASNENI PRICIN DELAMINACE VRSTVY POGUMOVANI
ZELEZNICNI CISTERNY POMOCI MIKROSKOPICKE ANALYZY

CLARIFICATION OF THE RAILWAY TANKER RUBBER COATING'S
DELAMINATION CAUSES BY MICROSCOPIC ANALYSIS

MINDOS L.
SVUOM s.r.o.

Summary
Microscopic analysis of sample withdrawn from railway tanker helps to clarify the right reason of dela-
mination of rubber coating layer. The focus of microscopic analysis on detail of stick joint shows defects
in stick joint due to expansion of thinners, insufficiently evaporated before vulcanisation process at higher
temperature and pressure.

Key words
Adhesive bonding, solvent expansion, rubber lining, optical microscopic analysis

Uvod

ZelezniGni pieprava je po staleti stale velmi rozsiteny zptisob dopravy produktii jednak diky vysoké
kapacité prepravy a relativné vyssi bezpecnosti oproti prepravé autocisternami. Z hlediska Zivotnosti, resp.
odolnosti vii¢i agresivnim roztokim louht a kyselin patii pogumovani vnitinich povrchu cisteren k nejlepsim
protikoroznim opatfenim, ale zaroven i k nejdraz§im zpisobiim provedeni povrchové tpravy.

Na zaklad¢ sporu mezi externim subdodavatelem pogumovani a finalnim dodavatelem zelezniénich cis-
teren bylo provadéno Setfeni dvou typi defektll ve vrstvé pogumovani s cilem urcit pfic¢iny vzniku téchto
defektd a tim i ur€it miru zavinéni zGcastnénych stran na vzniku defektll. Dluzno poznamenat, ze se jednalo
o zcela nové cisterny, které jesté nebyly nasazeny do provozu.

Popis experimentalnich metod

Pro objasnéni zadanych ukolti byla provedena jednak externi Setfeni uvniti' Zeleznicnich cisteren a také
laboratorni zkoumani odebranych vzorkl delaminované vrstvy pogumovani. Byly nalezeny a zkoumany dva
zcela odlisné projevy poruseni vrstvy pogumovani. Mensi defekt se projevil jako viditelna a rozvétvena trh-
lina v délce cca 10 cm ve vrstvé vulkanizované pryze, prostupujici do neznamé hloubky vrstvy pogumovani.
Hloubku priniku trhliny Ize zjistit pouze odbrusovanim defektu a na zakladé hloubky trhliny Ize usuzovat na
pocateéni iniciaci, jez trhlinu vyvolala. Mame na mysli bud’ vnéj$i mechanicky podnét, napt. Gder do vnéjsi
strany cisterny nebo uvolnéni vnitiniho pnuti ve vrstvé tvrdé vulkanizované pryze. Velky defekt v pogumo-
vani se projevil jako odtrzeny velky kus vrstvy pryze v fadu nékolika dm?, pii¢emz defekt zasahoval do mist
lepeného spoje, kde se dvé vrstvy pryze prekryvaly a byly jednak slepené v délce n€kolika cm a zarovén
lepené k tryskanému ocelovému plasti cisterny. Z mista velkého defektu byl odebran dostate¢né velky vzorek
k mikroskopickému zkoumani.

Obr. 1: Mistni Setieni, tzv. mensi defekt jako rozvétvena trhlina ve vrstvé pryze, délka cca 10 cm
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Obr. 2: Detail rozvétveni trhliny v pryzi

Obr. 6: Detail mista vétsiho defektu, Cervené plochy = vrstvy lepidla ulpélé na tryskaném ocelovém
plasti

Vysledky a diskuze

Opticka mikroskopie lepeného spoje vrstev pryze nalezla mnozstvi puchyfujicich defektl pfimo ve vrst-
vach lepidel. Je ziejmé, ze v piipade lepeného spoje sestavajiciho ze 2 vrstev pryze nebyl uc¢inek puchytujicich
defektt tak markantni jako v pfipadé lepeného spoje, kde podkladem je tryskana ocel a lepenou vrstvou je
vrstva pryze. V tomto piipadé je celkovy nanos vrstev lepidel na tryskanou ocel a lepenou vrstvu pryze vyssi
z titulu vysoké drsnosti ocelového podkladu a zaroven je difize neodpafenych rozpoustédel z vrstvy lepidel
snizena, protoze tyskana ocel neumoziuje absorpci neodt€kanych rozpoustédel jako nevulkanizovana vrstva
pryze. Proto k porus$eni lepeného spoje nedoslo mezi dvéma vrstvami pryze, byt maji z vyroby hladky povrch,
ale pouze v lepeném spoji tryskand ocel — vrstva pryze.

Obr. 3: Makro detail rozvétveni trhliny

Obr. 4: Mistni Setfeni, tzv. vétsi defekt s vyznacenou zénou poruseni pogumovani v oblasti lepeného
spoje

Obr. 7: Odbér vzorku z vétSiho defektu — lepeného spoje dvou vrstev pryZe k mikroskopické analyze

Obr. 5: Odbér vzorku vrstvy pogumovani s lepenym spojem k mikroskopickému zkoumani

Obr. 8: Délka lepeného spoje pryZe vyhovujici
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Obr. 9: Lestény vzorek spoje pro mikroskopii

Obr. 10: Detail lepeného spoje pryZze, zvétSeni 400x, (svétlé pole, diferencialni interferen¢ni kontrast),
Sipky sméruji do mist lepeného spoje, kde doslo k expanzi neodtékanych rozpoustédel za tvorby
puchyri

Obr. 11: Velky detail lepeného spoje pryZze, zvétseni 1000x, (SP, DIK), ¢erna kota 38 pm je celkova
tlouSt’ka lepeného spoje, modré koty 22 a 18 pm zaméruji velikost puchyfovych defekti ve vrstvé
lepeného spoje, cervena kéta 27 pm zaméruje velikost poru ve vrstvé zvulkanizované pryze

Zavér

Provedena studie prokazala, ze pfi¢inou vzniku vétsiho defektu — delaminace vrstvy pogumovani je
expanze neodtékanych rozpoustédel z lepeného spoje tryskana ocel — vrstva pryze. V piipadé mensiho defek-
tu, rozvétvené trhliny ve vrstvé pogumovani lze souhlasit s tim, Ze k iniciaci trhliny v pogumovani mohlo dojit
vlivem vnéj§iho mechanického podnétu, napi. v prib&hu transportu zeleznicni cisterny.

Podékovani
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VANADYLOVY KOMPLEX PUSOBICI JAKO SIKATIV PRO ALKYDOVE
NATEROVE HMOTY

VANADYL COMPLEX AS A DRIER FOR ALKYD PAINTS

MACHALKOVA A.!, VINKLAREK J.2, HONZICEK J.!

1 Ustav chemie a technologie makromolekularnich latek, Fakulta chemicko-technologicka,
Univerzita Pardubice, Studentska 573, 532 10 Pardubice
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Shrnuti

Zékladni slozku natérovych hmot tvoii pojiva, ktera maji velky vliv na vysledné vlastnosti natérové
hmoty. Siroce pouzivanym pojivem jsou alkydové pryskyfice zasychajici oxypolymeraénim mechanismem.
Ten je tvofen souborem radikalovych reakei, které jsou urychlovany pfidavkem sikativi. V soucasné dob¢ se
vyuzivaji komplexni slouc¢eniny prechodnych kovi, které umoziuji energeticky nenaro¢ny jedno-elektronovy
redoxni piechod. Kobaltnaté slouceniny (2-ethylhexanoat kobaltnaty, naftenat kobaltnaty) jsou v primyslu
natérovych hmot bézné pouzivany. Biologické studie vsak potvrdily karcinogenni vlastnosti kobaltnatych
sloucenin, kvuli kterym je jejich pouziti omezovano. V poslednich letech tedy byly studovany netoxické
nahrady dosahujici stejné sikativacni aktivity. Vhodnou volbou se zdaji byt slou¢eniny obsahujici vanad v oxi-
dacnim stavu IV. Vanadylové komplexy s O,0-chelatujicimi ligandy vykazuji lepsi sikativacni aktivitu nez
komer¢ni kobaltnaty sikativ (Co-Nuodex). Sikativa¢ni G¢innost nové pfipraveného vanadylového komplexu
V1 byla hodnocena na zakladé méfeni dob zasychani a relativni tvrdosti a porovnana s vysledky ziskany-
mi pro komeréni sikativ v rozpoustédlovych alkydovych pryskyficich rizné olejové délky. Z namétenych
vysledktl vypliva, ze testované systémy se sikativem na bazi vanadu pouzité v optimalnich koncentracich
0,01-0,03 hm.% V, vynikaji celkovou dobou zasychani do 5 h. Naproti tomu systémy s kobaltnatym sikativem
(koncentrace doporucené vyrobcem 0,06-0,1 hm.% Co) ve stejnych alkydovych pryskyticich vykazuji cel-
kové doby zasychani pfiblizné trojnasobné vyssi. Nové pfipraveny vanadylovy komplex prokazal své vhodné
vlastnosti pfi vytvrzovani alkydovych pryskyfic s potencidlnim vyuziti v oblasti ekologickych natérovych
hmot.
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VYTVRZOVANI ALKYDOVYCH PRYSKYRIC NETOXICKYMI SIKATIVY
NA BAZI VANADU

CURING OF ALKYD RESINS BY NON-TOXIC VANADIUM-BASED DRIERS
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Shrnuti

Alkydové pryskyfice se objevily na trhu natérovych hmot v prvni poloviné dvacatého stoleti a stale jsou
jednim z nejvice pouzivanych pojiv diky jejich vynikajicim ochrannym a dekorativnim vlastnostem, ¢i nizké
pofizovaci cené. Chemicky se jedna o nasycené polyesterové pryskytice obsahujici prevazné komponenty
ziskané z obnovitelnych zdroji (linolova kyselina obsazena v pfirodnich olejich, glycerol, atd.). Pevny film je
tvofen samovolnym autooxida¢nim procesem, ten je vak bez pisobeni aditiv velmi pomaly. Z tohoto divodu
je nutné zajistit pridavek sikativi, které jsou schopné autooxidaci akcelerovat. 2-ethylhexanoat kobaltnaty
(Co-Nuodex) ma jako sikativ velmi Siroké zastoupeni v primyslu natérovych hmot. Je to velmi uéinny kata-
lyzator urychlujici chemické vytvrzovani oxida¢né zasychajicich pojiv. Nicméné, kobaltnaté slouc¢eniny jsou
toxické a mohou puisobit jako genotoxické karcinogeny. To vede k v§eobecné snaze je nahrazovat ekologicky-
mi sikativy, naptiklad na bazi vanadu. Sikativacni aktivita testovanych formulaci byla popsana predev§im me-
chanickymi metodami (stanoveni doby zasychani pomoci hrotu, stanoveni tvrdosti natéru, pfilnavost a dalsi).
Pribéh autooxidacnich reakei alkydovych pryskyfic urychlovanych sikativem na bazi vanadu byl studovan
pomoci infracervené spektroskopie s Fourierovou transformaci.

Podékovani
Tato prace vznikla za podpory TACR ¢&. TG02010058/GAMA02/008.
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AN INVESTIGATION OF BIOMATERIAL ADHESION ON SUPERHYDRO-
PHOBIC OR/AND PHOTOCATALYTIC ACTIVE FACADE PAINT
TREATMENT

VYZKUM PRILNAVOSTI BIOMATERIALU NA SUPERHYDROFOBNI
A/NEBO FOTOKATALYTICKY AKTIVNI UPRAVU FASADNIHO NATERU
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Summary

The aim of this work was to compare and combine two different approaches to fagades protection by self-
-cleaning mechanisms. The first one is based on creation of a superhydrophobic surface and prevention of
water access to the surface, thereby limiting adhesion and growth of organisms, or the use of photocatalytic
effect and photocatalytic degradation of attached organisms. We prepared 3 types of surfaces (superhydro-
phobic, photocatalytic active and combination of both mentioned) using commercial Ultra Ever Dry coating

and titanium dioxide (TiO,) nanoparticles in anatase form. We investigated green microalgae Chlorella
kessleri adhesion and viability on prepared surfaces. For this purpose, a new evaluation method was
designed and tested.

Key words
Superhydrophobic, photocatalytic active, biofouling

Introduction

When fagades are exposed to favourable conditions of light, moisture and temperature, settlement and
growth of algae and cyanobacteria colonies are enhanced. This leads to accumulation of undesirable biofou-
ling on a fagade surface, which results in fagades degradation. Usually, products which are used for biofouling
prevention and do not contain biocides, are typically based on two principles. Firstly, by limiting of water
access by hydrophobicity and thus preventing of microorganism adhesion and expansion or secondly, by de-
composition of organic material by photocatalytic activity of the coating which is exposed to UV radiation [1].

In our work, we prepared 3 types of surfaces (superhydrophobic, photocatalytic active and combination
of both mentioned) using commercial Ultra Ever Dry coating (UltraTech International) and titanium dioxide
(TiO,) nanoparticles in anatase form (Precheza a.s.). We investigated green micro-algae Chlorella kessleri
adhesion and viability on prepared surfaces. For this purpose, a new evaluation method was designed and
tested. Quantity of cells settled on the surface of samples and their viability were observed by fluorescent
microscopy, wettability of tested surfaces was measured by sessile drop technique, surface roughness was
determined using confocal laser microscope and morphology of the layers was examined by scanning electron
microscopy.

Experimental

Samples preparation

Cleaned and degreased stainless steel sheets of dimensions 75x25x0.8 mm were used as a solid substrate.
Firstly, a smooth disperse facade paint FASAX (Colorlak) was spread by a metal spatula formed a thick base
coat. In a second phase 10 g of TiO, nanoparticles were dispersed in 200 ml of acetone or Ultra Ever Dry
(UED) and stirred magnetically for 5 minutes at room temperature to homogenize the dispersion. Pristine
UED and the formed dispersions (TiO,/acetone and TiO,/UED) were deposited onto the surface using the
commercial spray device Air Pro EFX (Graco Media). A reference sample (FASAX) of fagade paint was also
prepared.
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Surface characterization

Microstructure of layers was observed by scanning electron microscope Mira3 (Tescan). Before an ob-
servation, all samples were coated with 20 nm thick Au/Pd film to prevent a charging.

To determine a microscopic surface roughness confocal laser microscope LEXT OLS4000 3D (Olym-
pus) with LEXT evaluation software was used. The measurement was performed in laser mode, wherein the
profile was measured from 1,5 mm wide area. Resulting value is an average from 4 measurements and the
displayed profile is the closest to the average value.

Water contact angles were measured with the purpose of evaluating the hydrophobicity of coatings and
its variation during the antialgal examination. The wettability of surfaces was defined by water contact angle
(WCA) measurement of 2 pl water droplets using SeeSystem 7.0 (Surface Energy Evaluation System, Advex
Instruments, Czechia), both device and software. Final contact angle values were taken as an average from 5
measurements.

Biomaterial adhesion studies

The number of cells settled on the sample and their physiological condition was observed by fluorescent
microscope Zeiss Axiolmager Al equipped with IcC 1 Cam camera and set of filters no. 9. The exposure time
was 270 ms and observation was carried out at 100x magnification. Manual counting was used for estimation
of density (number) and viability of cells.

To determine biological activity of layers, samples were exposed to water environment containing uni-
cellular green algae Chlorella kessleri as indicator organism. Testing was carried out as follows: Three sam-
ples of each coating were placed into an aquarium filled with 2 1 of Chlorella kessleri solution, which consisted
of 50 % algal nutrient solution Z.B.B. diluted with ultrapure water in 1:1 ratio and algae cells of concentration
100 000 =+ 20 000 cell/ml. Samples were placed horizontally on a plastics coated metal grid 3 cm below the
surface. The solution was permanently magnetically stirred to ensure the homogenization. Samples were
illuminated by a wide-spectrum fluorescent lamp AquaGlo A-1587 (HAGEN Deutschland GmbH), when the
intensity of radiation above the water surface was 2200 Ix. For simulating real outdoor conditions, samples
were alternately placed in dry and wet environment. The entire test cycle contains 1 hour; 5 hours and 18 hours
of exposure in the solution separated by a 24-hour dry interval at ambient temperature. Measurements were
done after each test phase, i.e., after the immersion in aquarium for 1 hour; 5 hours and 18 hours followed by
the radiation in dry environment after each wet phase. For each sample and each test phase, at least 10 images
were taken from which live and dead cells were manually counted. Subsequently, one image was selected for
each sample and each test phase as representative image and placed according to the corresponding time in
the overall picture (Fig. 2). For each surface treatment, an average number of captured cells after individual
test phase was calculated. Also, the ratio of live/dead cells was calculated in order to determine the efficacy
of cell degradation.

Results and discussion

Surface morphology of all prepared layers is shown in Fig. 2. The applied UED film exhibits typical two-
-level superhydrophobic structure consisting of 20 nm particles and large clusters tens of microns in size [2].
While the UED coating consists of a continuous layer of spherical nanoparticles, the TiO, surface is covered
with TiO, nanoparticle aggregates of diameter up to 0.5 um (Fig. 2B, C). Fig. 2D depicts that combined layers
exhibit characteristic properties of both previous layers. These are mainly particle aggregates covered with
a fine coat of spherical nanoparticles. Clusters can thus be attributed to the presence of TiO,, whereas the
spherical nanoparticles are derived from the UED agent.
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Fig. 1: SEM Images of deposited layers a) reference, b) TiO,, ¢) UED, d) combination TiO,/UED
(magnification 1 kx and 10 kx for x an X)

Results of surface roughness measurement are presented in Tab. 1. In all cases, the increased roughness
corresponds with the presence of aggregates. It is obvious that the UED layer on which largest clusters are
located (Fig. 2c) exhibits the highest roughness. Value of the roughness of combined layers lies between
values of individual layers.

Tab. 1: Results of surface roughness

Sample Roughness [pm] SD [pm]
FASAX 17 6,30
TiO, 24,92 8,08
UED 32,76 3,61
TiO,/UED 29,89 5,52

Fig. 2: Fluorescence microscope images of C. kessleri cells on prepared layers
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Fluorescence microscopy shows live algae as bright yellow cells, while dead cells, where chlorophyll
is partly decomposed, are less bright and darker (Fig. 2). We verified that there are no cells on the surface
before samples immersion, also no dead cells were visible on samples before the irradiation. Results have
shown that the surface hydrophobicity correlate with the number of adhered cells (Fig. 3 and 4 left). The
highest cell adhesion was visible on hydrophilic samples FASAX and TiO,, while a very small number of cells
appeared on the UED sample, where the contact angles reached up to 162°. During the cell viability observing
it was found that after irradiation, cells were partially damaged on all samples containing TiO, (samples TiO,,
UED/TiO, and FASAX where a small amount of titanium dioxide is probably used as a pigment during pro-
duction). By focusing on two superhydrophobic coatings UED and UED/TiO, it can be seen the minimum
live cells on the UED surface in first two phases, but some live cells on the sample UED/TiO,. While in the
third phase number of live cells increased on the UED surface, the opposite phenomenon can be observed on
the UED/TiO, surface (Fig. 4 right). Thus, it can be confirmed that the surface is photocatalytic active despite
its superhydrophobic character.

Figure 3: Contact angle values after each test phase for all prepared layers

Figure 4: Total number of C. Kkessleri cells (left) and live/dead cell ratio (right) after each test phase

Conclusions

Although, the TiO, layer was highly photocatalytic active, there was no effective cell degradation and
therefore, a permanent accumulation of algae persisted. Our results show that nonwetting properties play
a crucial role in biofouling prevention of surfaces. On the other hand, there was a gradual increase in number
of Chlorella kessleri cells on superhydrophobic surfaces. For that reason, cells viability was not suprressed
and it is therefore possible to assume their further growth. Layers exhibiting combined properties are the most
efficient for fagades protection from biofouling.
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MODIFICATION OF POWDER FILLERS WETTABILITY BY PLASMA
TREATMENT

MODIFIKACE SMACIVOSTI PRASKOVYCH PLNIV POMOCI PLAZMATU

PIJAKOVA B.
Department of Physical Electronics; Masaryk university; Kotlarska 2; CZ- 611 37 Brno

Summary
In addition to organic colourings or inorganic pigments, painting systems include the presence of numerous
powder fillers. Different wettability of powder components forms the problem of inhomogeneous miscibility
in solvents, causing nonuniformity of chemical composition in volume. Producers incorporate methods such
as continuous mixing or ultrasound mixing to prevent sedimentation or to introduce the maximum amount of
immiscible powders to the volume. However, direct modification of powder wettability can improve the mis-
cibility and prolong the sedimentation process. One approach to decrease liquid contact angle of materials
is plasma treatment.

In this work, I present the modification of powder fillers dispersions, based on polyolefin waxes in deionized
water, using RF plasma jet in liquid environment. Gaseous medium was pure argon, argon/nitrogen mixture
and argon/oxygen mixture. Tested treatment times were 0.5 min, 1 min and 2 min. Experimental RF power
was 120 W and 150 W. Sedimentation was observed and recorded for 10 min subsequent to plasma modifi-
cation.

To investigate the effect of plasma modification on powder wettability, contact angle measurement via sessile
drop method were processed on dry-modified fillers. Scanning electron microscopy with energy dispersive
spectroscopy and infrared spectroscopy showed possible changes in particle aggregation, shape or bulk
chemical composition.
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SELF-CROSSLINKING LATEX COATING BINDERS WITH EMBEDDED
NANOPARTICLES OF ZnO AND/OR MgO

SAMOSITUJICI LATEXOVA POJIVA NATEROVYCH HMOT
S INKORPOROVANYMI NANOCASTICEMI ZnO A/NEBO MgO

MACHOTOVA J.!, KALENDOVA A", PEJCHALOVA M2
1 Ustav chemie a technologie makromolekularnich latek FCHT, Univerzita Pardubice

2 Katedra biologickych a biochemickych véd FCHT, Univerzita Pardubice

Summary
The aim of the present work was a facile fabrication of ambient temperature self-crosslinking acrylic coating
binders comprising nanoparticles of ZnO and MgO, respectively, in the role of ionomeric crosslinkers, anti-
bacterial agents and flash-rust inhibitors. The incorporation of inorganic nanoparticles (without any surface
treatment) was performed during the synthesis of a polymer dispersion carried out by a two-stage emulsion
polymerization technique. For the covalent self-crosslinking, diacetone acrylamide was copolymerized into
the into the second stage polymer to provide sites for the subsequent reaction with adipic acid dihydrazide.
The latex storage stability and coating performance were compared with respect to the type and concentra-
tion of incorporated nanoparticles. It was found that latex coating compositions containing nanostructured
ZnO and MgO, respectively, exhibited a long-term shelf-life stability and provided crosslinked smooth
transparent coating films of high gloss, enhanced water and solvent resistance and favorable mechanical
properties. Moreover, latexes containing ZnO nanoparticles provided bacteriostatic coating films, whereas
latexes containing MgO nanoparticles showed a significant decrease in minimum film forming temperature
and inhibited flash rust formation pronouncedly. In case of mixing the MgO based and ZnO based latexes in
the ratio 1/2, the superior qualities of the individual latexes were maintained.

Keywords
Self-crosslinking latex, nanoparticle, zinc oxide, magnesium oxide, antibacterial aktivity, flash rust
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HROMADNE KATAFORETICKE LAKOVANI A TESTOVANI FUNKCNOSTI
KATOD

BULK CATAPHORETIC PAINTING AND TESTING CATHODES

HYLAK K.!, KREIBICH V., DRASNAR P.!, MATUSKA Z
1 Ustav strojirenské technologie, Obor povrchovy tiprav, CVUT v Praze, Technické 4, Praha 6
2 MEGA-TEC s.r.0., Primyslova 1415, 593 01 Bystfice nad Pernstejnem

Summary
This article should show the function and usability of electrodes for bulk cataphoresis painting. Unlike
conventional technology, there are changes in the way the electric current is applied to the painted parts.
Current transfers are provided by electrodes that are in random contact with the painted parts. The aim of
the research is to find a solution how to coat small parts in bulk to ensure an automated process. Application
surface protect automation is now imperative for a number of companies.

Key words
Bulk cataphoresis, mass cataphoretic, testing cathodes, hydrofobic protection, corossive protection

Hromadny zpusob lakovani

Hromadny zpusob kataforetického lakovani eliminuje nutnost ru¢niho zavéSeni dil a otevira tak moz-
nosti pro povlakovani sypkého materialu, jako je naptiklad dekorativni bizuterie ¢i spojovaci material. Mo-
difikovany zptisob kataforetického lakovani je pfednostné zalozen na nahodilém kontaktu mezi katodou a
upravovanym dilem. Zdrojem nahodilych kontakti mezi dily a katodou je tihové zrychleni samotného dilu.
Jestlize takovy kontakt nastane, 1ze uvazovat elektrodu s dilcem za jednotnou katodu. Hromadny zpusob s
sebou nese nékolik problému, které vychazeji ze samotné fyzikalni podstaty elektroforetického déje. Prvnim
problémem je povlakovani dili po celém povrchu, kde se mohou vyskytovat nepovlakovana mista ve styko-
vych plochach, a to sice mezi katodou a upravovanym dilcem, ¢i mezi dilci samotnymi. Tento problém lze
Castecné fesit zavedenim pohybu dilct pfi procesu lakovani a zajistit tak vice nahodilych el. kontaktl véetné
pfitomnosti lazné€. Dalsi problém vychazi ze samotné technologie kataforetického lakovani, a to sice vytva-
feni povlaku na katod¢ ptrenasejici el. proud do dilce. Vylouceny povlak na katod¢ se tak stava dielektrikem a
ptenos el. proududale eliminuje.

Reseni téchto problémii nese nékolik variant, napiiklad zavedenim rota¢niho pohybu pii lakovéni, me-
chanické (chemicke) ¢isténi katod v pribéhu lakovani, nebo zajisténi hydrofobniho povrchu katod vhodnou
povrchovou upravou.[1,4,5]

Experiment

Experimentalni ¢ast se zabyva porovnanim funkénosti elektrod, respektive katod, pro které byly vybrany
rizné materialy, s naslednou povrchovou tipravou a cilem nalezeni vhodného kompromisu mezi el. vodivosti
povrchu a schopnosti eliminace vytvofeni izola¢ni vrstvy na katodé. Natérovou hmotu pro povlakovani tvo-
i1 epoxi-polyuretanova pryskyfice. Elektricky stejnosmérny proud dodaval zdroj THAOXIN KXN-5005D
(5A,500V). Povlakovani probihalo na principu polozeni jednoho dilce na katodu, nasledného ponofeni elek-
trod do KTL lazné, zapnuti elektrického pole, vyjmuti dilce a oplachu v ultrafiltratu.
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Material katody Povrchova dprava Rozméry
Bez PU 50x90x0,5
Elox 5 [um] 50x90x0,5
Q-panel Al-slitina 2024 - T3 Elox 15 [um] 60x80x0,5
KTL povlak - nevypaleny 50x90x0,5
Hydrofobni postiik 50x90x0,5
Bez PU 50x90x5
Grafit R 8500 KTL povlak - nevypaleny 50x90x5
Hydrofobni postfik 50x90x5
Bez PU 50x90x 1
Korozivzdorna ocel AISI 304 KTL povlak - nevypaleny 50x90x1
Hydrofobni postiik 50x90x1

Tab. 1: Materialy katod v¢etné povrchové upravy

Vzorky pouzité pro lakovani byly ve tvaru ,,L“ v rozméru 20 x 20 mm s tloustkou stény 2 mm, jako
material byla zvolena bézna konstrukéni ocel S 235. Vsechny vzorky byly pted lakovanim moteny v 17 %
HCL po dobu 10 min, pfi 22 °C.[2,3]

Vysledny experiment probihal v laboratornim zafizeni, ktery tvofil polohovatelny stojan s elektrodami
véetné KTL lazné, el. kabely a zdroj stejnosmérného proudu, viz obr. 1 2, 3].

Obr. 1: Ukazka zkuSebniho demonstratoru elektrod pro kataforetického lakovani

Vylouc¢ené KTL povlaky na katodé i materialu byly sledovany opticky, zdali je vrstva kontinuélni, do-
state¢né velka ¢i nikoli. Experiment je pfednostné zaméten na oSetieni elektrod, konkrétné katod pii pouziti
modifikované technologie kataforetického povlakovani. Zminéna modifikace je zalozend na bez zavésném
systému, kde jednotlivé dilce nejsou ru¢né navésovany, ale jsou s katodou v tzv. ndhodném kontaktu, viz
obr. 2 [6].
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Obr. 2: Ukazka depozice vzorku na katodé opatiené hydrofobnim postfikem pied ponoienim do KTL
lazné vlevo, vpravo vyjmuti elektrod z KTL lazné a oplach ultrafiltratem, drobny dil vykazuje 100%
povlakovani [6]

Vyhodnoceni

Cilem experimentu bylo prevazné ovéfit funkénost kataforetické technologie pfi pouziti riznych ma-
terialli a povrchové pravy katod. Vysledkem a hodnoceni experimentu bylo porovnat pocet povlakovanych
vzorki pro ptislusnou katodu véetné vysledné tloustky povlaku po vypaleni.[6]

Material: Al — slitina 2024 — T3

Povrchova Povlakované dily | Tloust’ka povlaku
tprava katody UVl TIAl [ks] [pm]
Bez PU 150 3 1 12

Elox 5 um 150 3 1 9,6

Elox 15 pm 150 3 0 0
KTL povlak 150 3 4 (10;7.8; 8;7)
nevypaleny

Hydrofobni postiik 150 3 7 (1% 1]%){ 2; 58)’9; 8

Tab. 2: Vyhodnoceni KTL lakovani s pouZitim katody z Al — slitiny

Material: korozivzdorna ocel AISI 304

Povrchova tpra- Povlakované dily | Tloust’ka povlaku
va katody Uil LAl [ks] [pm]
Bez PU 150 3 1 13
KTL povlak nevy- 150 3 2 (11;8)
paleny
(325 33;31; 30
, o . 29; 28; 27, 26;
Hydrofobni postiik 300 3 16 a vice 32:22: 24 22: 26:
23; 26; 25)

Tab. 3: Vyhodnoceni KTL lakovani s pouzitim katody z korozivzdorné oceli AISI 304
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Material: grafit R§500
Povrchova tpra- Povlakované dily | Tloust'’ka povlaku
va katody UiV LAl [ks] [wm]

Bez PU 150 3 1 12,5
KTL povlak nevy- (13;13,5; 8; 7,

paleny 150 3 6 7,5:6)

(105 8; 8,2; 6; 10;
Hydrofobni postiik 150 3 14 9,7.8:;9;6;8; 7,7,
8,8;7,7,3)
Vypalovani povlaku probihalo pii 160 °C po dobu 20 minut.

Tab. 4: Vyhodnoceni KTL lakovani s pouZzitim katody z Grafitu R8005

Obr. 3: Ukazka 16 kusi povlakovanych dili na jedné katodé z korozivzdorné oceli opati‘ené hydrofob-
nim postifikem [6]

Pii procesu kataforetického lakovani doslo k povlakovani celé katody véetné upravovaného vzorku
(drobného dilu), ktery byl na katodu pouze polozen, vyjimku zde ovSem tvofil hydrofobni postiik, ktery
vylouceni povlaku na katodu eliminoval. Vzorky, ktery byly volné polozeny na katodu, vykazovaly ve velké
mife kontinualni povlak, misty se objevily defekty v kontaktu vzniklé ,,pfilepenim®. V tabulkach 2 az 4 jsou
zobrazeny pocty vzorki, na kterych se povedlo vytvofit povlak. Pocet vzorkl byl pro vétsinu katod limitni,
dale jiz nebyla schopnost pienést do dilu el. proud a povlakovani neprobéhlo. Vyjimku tvofila katoda z koro-
zivzdorné oceli opatfena hydrofobnim postiikem, kde pocet 16 ks nebyl limitni a byla moznost v pokrac¢ovani.
Po vyhodnoceni a nalezeni optimalni katody s povrchovou tpravou byl zkonstruovan kataforeticky buben,
ktery mél za cil simulovat takika realné lakovani hromadnym zptisobem. Na obrazku 4 je zobrazeno umisténi
katod uvnitf bubnu, anodu tvoii korozivzdorny plech v blizkosti osy bubnu.

Obr. 4: Ukazka konstrukce kataforetického bubnu
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Vysledky lakovani z kataforetického bubnu jsou zobrazeny nize na obrazku 5 a 6. Tyto vzorky byly
podrobeny pouze vizualni kontrole celistvosti povlaku bez méfeni tloustky a pfilnavosti.

Obr. 5: Prvni série vzorkii po lakovan Obr. 6: Druha série vzorki po lakovani

Diskuze a zavér vysledkia

Vyhodnoceni a vysledky experimentu ukazaly, ze pouziti korozivzdorného materialu pro vytvoieni katod
je optimalni, at’ uz z hlediska nasledného ¢isténi (chemicky, mechanicky) ¢i aplikaci hydrofobni ochrany.
Hydrofobni ochrana pouzita na povrchovou Gpravu katod ma své dulezité opodstatnéni, jeji aplikace je ovsem
naro¢na a ne vzdy se podatilo vytvorit funkéni povlak a zajistit pienos elektrického proudu do dilce. Vyuziti
takto upravenych katod z korozivzdorné oceli je také vhodné pro konstrukei kataforetického bubnu, ktery
prokazal ve velké mife svoji funkénost. Zavedeni rota¢niho pohybu bubnu vytvaii velice dilezité nahodilé
kontakty mezi dily a katodami, které vedou takika k celoplosnému povlakovani. Pohyb dale pfispiva k nasled-
né separaci dild, naptiklad na pohyblivy pas vedouci pfes oplachy do vypalovaci pece.

Podékovani

Experiment byl zpracovana v ramci projektu TACR TH02020019 V{voj technologie pro hromadné la-
kovani elektroforetickymi lakovacimi systémy.
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THE INFLUENCE OF MIXING ON THE FUNCTIONAL PROPERTIES
OF ANTISTATIC COATINGS CONTAINING NANOPARTICLES

VLIV MICHANI NA FUNKCNI VLASTNOSTI ANTISTATICKYCH POVLAKU
OBSAHUJICI NANOCASTICE

ZOUBEK M., KUDLACEK J., KREIBICH V., JIROUT T.
Czech Technical University in Prague, Department of Manufacturing Technology

Summary
The paper deals with use of conductive nanomaterials in formulation of antistatic paints and the influence
of mixing method on final functional properties of coating. The surface electrical resistance of waterborne
paint has been modified by conductive MWCNT filler in form of aqueous dispersion. The influence of mixing
method on the dispersion of the used nano filler was compared among
Visco-jet, rotor-stator and dispersion blade stirrer.

Key words
Paint, antistatic coating, mixing method, nanomaterials, MWCNT, resistivity, conductivity.

Introduction

The research at the Department of Manufacturing Technology CTU in Prague focused on antistatic
organic coatings works with many different types of conductive fillers and binders. In cooperation with indus-
try partners we use modern types of binders commonly used in field of corrosion protection. For anti-static
paints we use binders based on epoxy resins, polyurethane or water-soluble dispersion of polymers. To get the
conductivity of final coating we use metallic and non-metallic fillers in sizes of micro and nanometers. The
right combination of binder, filler and method of paint preparation could achieve reduction of amount of filler
while increasing utility properties. Number of particles which could be used in matrix for final properties of
coating can be reduced by mixing and dispersing optimization which means selecting the appropriate method
and process parameters. This is primarily investigated in experiments and tests commonly used in the field of
surface treatment.

Antistatic Coatings

Coating systems with increased electrical conductivity are suitable due to the antistatic properties of the
coating for environments where it is necessary to suppress the negative effects of electrostatic charge formati-
on on the treated areas. These are primarily negative phenomena such as static attraction (accumulation of
dust and dirt on the surface due to electric charge) and static discharges (electrical discharges occurring during
discharging). ESD — Electrostatic Discharge presents a considerable risk in many operations and premises,
which need to be eliminated. This effect is caused by the change of electric surface resistance to < 1.10° Q
(electrically conductive coatings) or 1. 10° to < 1.10"" Q. (static dissipative) [1, 2]. Water-soluble paints allow
to create such coatings, for example, on surfaces of plastics, concrete and other materials with reduced VOC
content. It is preferable to use conductive particles or hygroscopic materials in the form of a pigment / filler
to achieve the electrical conductivity of the coating. The most commonly used types of conductive pigments
in antistatic paints are metal particles (copper, silver, iron, etc.) and carbon allotropes (carbon black, graphite
or carbon nanomaterials). Amount of particles which could be used in matrix for final properties of coating
can be reduced by mixing and dispersing optimization which means selecting the appropriate method and
process parameters [3, 4]. It is obvious that for the different types of coating systems the same procedures and
devices for dispersion cannot be used due to the different properties of the binder or pigment or due to negative
influence of applied method (overheating, change of the pigment shape, etc.). In [5, 6, 7] has been published
how significant influence on the amount of filler in matrix and on the final antistatic coating properties has the
correct choice of dispersant and dispersion parameters on epoxy and water-borne paints. For the verification
of influence of mixing method and parameters of the process in formulation of waterborne paint CP55 water-
borne paint and MWCNT was used.
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Used Coating Material and Filler

Waterborne paint CP 55 by Viton s.r.o. (Viton Ltd.) is a self-base water-down coating material. There
were used MWCNT in aqueous dispersion AQUACYL 0301 (Nanocyl SA) as a filler. In experiments there
was studied influence of MWCNT on functional properties of coating from concentration from 0.5 wt % to
2.5 wt. %. Subsequently, two concentrations of MWCNT were selected to compare the performance of the
dispersion method and its parameters. Visco-jet, rotor-stator and dispersion blade mixer were used for the
experiment. To determine the functional and protective properties of the coatings following tests were made:
determination of the surface electrical resistance of the coating, determination of specular gloss at the angle of
60 °, bend test on a conical mandrel, pull-off test, cross cut test and X-cut tape test. The goal of the test was to
check whether the use of AQUACYL 0301 does not have any negative affect on adhesion of final coating and
whether the dispersion method affects these tested parameters.

Methods of Dispersion

The IKA T25 Ultra Turrax mixer was used in the experiment with a dispersion extension S 25 N - 25 G.
The stator diameter was 25 mm with 12 teeth. The rotor diameter was 17 mm with 2 teeth. The gap between
the rotor and the stator was 0.5 mm. This dispersion adapter is suitable for volumes up to 2 liters. The disper-
sion by means of the rotor — stator attachment is suitable for the mixing, emulsification and dispersion of free
— flowing liquid media. There is a high turbulence in the narrow gap between the rotor and the stator. Between
the rotor and the stator teeth, the flowing fluid is subjected to pressure, shear, and friction. By axial suction
of the fluid to the rotor stator stirrer, the displacement of the fluid between the stator teeth and the high stirrer
speed, the particles are evenly dispersed throughout the batch volume. The three cones Visco — jet stirrer with
diameter 73.5 mm (diameter of cup = 23 mm) was used in experiment. This type of mixing device is ideal
for homogenizing basic products and mixing ingredients. By rotating the cones above and below the plane of
rotation, the pressure waves are produced in the front to create strong currents circulating above and below the
mixing head. Accelerated laminar flows at the cone outlet and reverse turbulence create a dynamic pressure at
the cone inlet. In the case of dispersion blade — blade of 50 mm in diameter conforming to the type of CVS 69
1038.1 was used (a number of teeth 18, a tooth height of 5.35 mm). The dispersion process with this device
was conducted under the assumption of turbulent flow.

Determining the Concentration of the Filler

In order to achieve the conductive properties of the coating, conductive pigments are added to the binder
in a graded scale of concentrations. The amount of filler is defined primarily by the mass concentration based
on the weight of the batch. The aim is to find a concentration that meets the requirement for high conductivity
of the coating while preserving other important functional and protective parameters (integrity, adhesion,
elasticity, etc.). Once these functional properties have been verified, the selected filler concentrations are used
to determine the appropriate dispersion method where the aim is, above all, to increase the utility properties or
to optimize the process to reduce the amount of pigment used to achieve the desired properties. A comparison
of the performance properties of CP55 water-borne coating with different contents of multi-walled carbon
nanotubes is given in Table 1. Table 2 describes the dispersion process characteristics.
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MWCNT Pull-off ten- Cross cut & e .

[wt. %.] Gloss [GU] sion [MPa]® Bend test X-cut test. Resistivity [Q]
0.0 14.6 5.84 >1014
0.5 10.7 9.95 1.56.108
1.0 9.2 8.99 9.94.105

a) b)

1.5 5.1 6.20 6.29.105
2.0 6.8 7.10 4.78.105
2.5 44 8.78 1.57.105

coatings caused the paint to peel off from the substrate or crack it.

according to CSN EN ISO 16276-2: 2008, also grade 0.

coating.

a) In accordance with CSN EN ISO 6860: 2006, there were no differences between coatings, none of the
b) Cross cut test according to CSN EN ISO 2409: 2013 classification grade = 0, in case of X cut test

¢) The fracture character of the pull-off test according to CSN EN ISO 4624: 2016 for the coatings listed
in the table was predominantly cohesive, the pull-off value represented the cohesive strength of the

Tab. 1: Influence of MWCNT on functional properties of coatings

M"WCNT 1.11_1 t} 1.12_1 t% P E [Jkg'| £ 1 vl_1 vz_1
[% wt.] [min™'] | [min] | [min”'] | [min] [W] [W.kg'] [m.s™] [m.s™]
0.0 15,000 0.5 10,000 5.0 27.0 | 17,830.5 | 5,785.18 14.07 9.38
0.5 15,000 0.5 10,000 5.0 27.0 | 17,830.5 | 5,785.18 14.07 9.38
1.0 15,000 6.0 - - 69.6 | 50,1509 | 14915.67 | 14.07 -
1.5 15,000 0.5 10,000 5.0 27.0 | 17,830.5 | 5,785.18 14.07 9.38
2.0 15,000 0.5 10,000 5.0 27.0 | 17,830.5 | 5,785.18 14.07 9.38
2.5 15,000 0.5 10,000 5.0 27.0 | 17,830.5 | 5,785.18 14.07 9.38
P = power number, E = power supplied to volume; ¢ i — COCIEY dissipation rate; v = peripheral speed

Tab. 2: Parameters of dispersion process (rotor stator stirrer)

Fig. 1: The surface resistivity of the coating in dependence on the MWCNT content
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Influence of Mixing Method

From the findings obtained in Table 1, it can be stated that the use of MWCNT filler in the form of an
aqueous suspension leads to an increase in the electrical conductivity of the coating based on CP55. At the
same time, the positive effect of the filler on the cohesive strength of the coating and the gloss reduction with
the increasing content of the MWCNT is evident. The comparison of the effect of the used dispersion method
on the final coating properties is given in Table 3.

MWCNT | Mixing f:;};zf.f Resisti- n t P E 4 v,
[% wt.] | method [MPa] vity [Q] | [min'] | [min] | [W] [J.kg'] | [Wkg'] | [m.s™]
0.5 VJ* 8.53 2.95.10" | 1,400 6.0 | 74.04 | 25,123.77 | 614.64 5.39
15,000 0.5 14.07
* 8 >
0.5 RS 9.95 1.56.10 10,000 50 27.02 | 19,998.37 | 5785.18 938
0.5 DB* 9.91 7.34.10° | 3,000 6.0 17.67 | 5,996.66 | 972.17 7.84
2.5 VJ* 8.90 3.28.10° | 1,500 6.0 | 91.06 | 32,937.82 | 755.97 577
15,000 0.5 14.07
* 5 B
2.5 RS 8.78 1.48.10 10,000 50 27.02 | 20,932.78 | 5,785.18 939
*VJ — Visco jet, RS — rotor stator stirrer, DB — dispersion blade

Tab. 3: Parameters of different dispersion process and functional properties of coatings

It can be seen from Table 3 that the method of dispersing the conductive filler MWCNT in the
CP55 matrix and its parameters have an effect on the resulting resistivity of the coating and the cohesi-
ve strength. From Table 3 it can be seen then, that significant thing for MWCNT dispersion of the filler
in the form of a liquid suspension is mainly dissipated energy. The values of the dissipated energy for
the rotor-stator are allow for a decrease of the mean drop diameter [8], which also confirms the results
of measured resistivity values.

Conclusion

From the experiments on the dispersion of MWCNT in the CP55 matrix it is evident that in order to
achieve optimal properties it is necessary to choose the method and process parameters which allow to achieve
a high value of dissipated energy, high shear friction and sufficient circulation of the batch. In our case the
rotor-stator method allows to increase the functional properties of the final coating while reducing the required
content of the conductive nano filler. It can be assumed that the high peripheral speed, high shear stress value
and dissipated energy allows to break the binding forces of nano materials and thereby improve the distribu-
tion of these particles in the coating. Using 1.0% wt. of MWCNT was sufficient to achieve the resistivity of
9.94.10° Q and when amount increased to 2.5% the resistivity has decreased to 1.57.10° Q. In terms of choice
of the appropriateness of using these fillers for final formulation of paint the following aspects may be crucial:

. antistatic properties (electrically conductive x dissipative coatings),

. resulting product price (do not need to be crucial if specific coating properties are achieved — higher
abrasion resistance, service life, increased corrosion protection, optical properties, etc.)

. mechanical properties of the coating,
. resistance of the coating in the given corrosive environment,

. coating lifetime.
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NATEROVE HMOTY PRO DOCASNOU PROTIKOROZNI OCHRANU
PAINTS FOR TEMPORARY CORROSION PROTECTION
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Summary
The paper deals with comparison of different paints formulated for temporary corrosion protection based on
their functional properties, mechanical properties and difficulty of their removal. Corrosion tests in simula-
ted atmospheres (salt spray test, water condensation test) were carried out on paints by several manufactu-
rers. Tests of functional properties of coatings were carried out before and after exposure.

Key words
Paints, temporary corrosion protection, salt spray test, humidity test, adhesion, corrosion protection.

Uvod

V mnoha odvétvich primyslu jsou produkovany kovové soucasti a hotové stroje, které maji nechranéné
kovové plochy, které je potieba chranit do doby dalsi technologické operace ¢i ke koncovému zakaznikovi.
Pro tyto kovové soucasti mize byt potrebné zabezpecit ochranu pted korozi po dobu jejich skladovani nebo
prepravy. Docilit této ochrany lze celou fadou prostiedkti od konzervaénich latek, inhibi¢nich latek, pres
vhodnou obalovou techniku, specialni metody skladovani ¢i pomoci natéri. Takovato protikorozni ochrana
se nazyva docasna a je definovana jako prostiedek, ktery je snadno odstranitelny z povrchu chranéného kovu
a ktery zabezpeci splnéni funkénich a ochrannych vlastnosti po dobu nezbytné nutnou pro dalsi zpracovani.
Takovato povrchova uprava neni urcena k trvalé funkci, a nejsou na ni kladeny tak vysoké pozadavky na pfi-
Inavost, estetické vlastnosti a dalsi parametry bézné vyzadované po ochrannych povlacich kovi zhotovenych
pomoci natérovych hmot. Za stézejni vlastnosti docasné protikorozni ochrany tvotrené povlaky organickych
natérovych hmot lze povazovat odolnost Siroké skale koroznich prostiedi a jejich agresivité (z hlediska glo-
balni piepravy zbozi napiiklad odolnost ptfimofskému prostiedi, ¢i zménam teploty) dale odolnost slune¢nimu
zateni, abrazi a schopnost snadného odstranéni [1, 2, 3, 4].

Experiment

V ramei experimenti realizovanych na Ustavu strojirenské technologie FS CVUT v Praze bylo prove-
deno zhodnoceni ochrannych vlastnosti natéri pro do€asnou protikorozni ochranu pii vystaveni agresivnimu
prostedi v neutralni solné mlze (NSS) dle CSN EN ISO 9227 a odolnosti proti vihkosti pii kontinualni kon-
denzaéni zkousce (CH) dle CSN EN ISO 6270-2. Dale bylo provedeno zhodnoceni piilnavosti natéri k za-
kladnimu materialu odtrhovou zkouskou dle CSN EN ISO 4224, miizkovou zkougkou dle CSN EN ISO 2409
a zkouskou kiizovym fezem dle CSN EN ISO 16276-2. Pro téely koroznich zkousek byly zvoleny ocelové
desky z materialu CSN 11 523 (S355J0) o rozmérech 150 mm x 100 mm x 4 mm a pro ovéfeni naro&nosti
odstranovani povlaki desky o priméru 105 mm a tloust'ce 2 mm ze stejného materialu. Vzorky byly pied
nana$enim docasné protikorozni ochrany odmastény a nasledné dikladné otryskany korundovym abrazivem
na stupeit min. Sa 2% dle CSN EN ISO 8501-1. Parametry drsnosti povrchu vzorki po otryskani odpovidaly
pii stanoveni pomoci referenéniho komparatoru ISO 8503/1 segmentu ¢. 2 (grit — drt’), za pomoci Rugotestu
N° 3 stupni N9 (Ra 6,3). Drsnost vzorku byla také stanovena drsnomérem Mitutoyo SJ-301 na dvou deskach,
kde priimérna hodnota byla stanovena z 12 méfeni (A, = 2,5 mm; N = 5) viz tabulka 1.

Priamérna
drsnost povrchu L) Rz Rq RSm
pm 6,7 46,8 8,6 330

Tab. 1: Primérné hodnoty drsnosti povrchu tryskanych vzorki
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Pro experiment byly zvoleny 4 natérové hmoty ti vyrobct. Aplikace natérovych hmot byla provedena
metodami uvedenymi v Tabulce 2. Od kazdého typu natérové hmoty bylo zhotoveno 8 vzorkd o rozmérech
150 x 100 x 4 mm a 5 vzorki o priméru 105 mm a tloust'ce 2 mm. Klimatické podminky pfi aplikaci natért
pro docasnou protikorozni ochranu uvadi tabulka 3.

Oznaceni Typ Vyrobce Metoda aplikace
A Intergard 269 Akzo Nobel Vzduchové stiikani
B Anti-Rust Protectapeel Vzduchové stiikani
C KG 22 Viton Maceni
D KG 11 Viton Vzduchové stiikani

Tabulka 2. — Pfehled pouzitych natérovych hmot, jejich oznaceni a metoda aplikace

RV [%] T [°C] T, [°C] RB [°C] AT [°C]
44,0 24,9 25,1 12 12,9
RV — relativni vlhkost vzduchu; T - teplota podkladu; T — teplota vzduchu; RB — teplota rosné¢ho bodu;
AT =Tp-RB

Tab. 3: Podminky okoli p¥i aplikaci

Provedené experimenty u jednotlivych povlaki:

Zkouska v solné mlze — A4; A5; A6; A7; B; B2; B5; B6; C2; C3; C4; C5; D2; D3; D4, D5.
Zkouska konstantni kondenzaci — A; A3; B4; B7; C; C1; D; DI.

Adhezni zkousky — Al; A2; B1; B3; C6; C7; D6; D7.

Vyhodnoceni zkousek v umélych atmosférach

Zkouska v neutralni solné mlze byla provedena v komote Liebisch S 400 M-TR dle parametrti danych
normou CSN EN ISO 9227. Pted expozici byly na viech vzorcich zamaskovany hrany maskovacim voskem
ana 2 vzorcich od kazdého natéru byl proveden fez o rozméru 100 x 0,5 mm. Nasledné se sledoval pribéh
tvorby koroznich produktti v stanovenych intervalech a po expozici se vyhodnotily stupné puchyikovani,
prorezavéni a delaminace. Zkouska odolnosti proti vhkosti probihala dle CSN EN ISO 6270-2 na 2 vzor-
cich z kazdé natérové hmoty. Pti zkousce konstantni kondenzaci se vyhodnocovaly parametry puchyikovani
a prorezavéni. Vysledky hodnocenych parametrii jsou uvedeny v tabulce 4.
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Zkouska v neutralni solné mlze

Vzorek PrOfe%a- Koroze Delaminace Stupelvl koroze Puch,yr'ko- D(.)ba expo-
véni v fFezu vani zice [hod]
A4 Ri O V fezu 1,54 0,575 2-2(S2) 336
A7 Ri 0 V fezu, pod 2,15 1,4 2-2(S3) 336
puchyiky

U vzorki AS a A6, které nebyly opatieny fezem, nedoslo béhem expozice k zadné viditelné degradaci
nebo jinym vadam.

B Ri O V fezu - 0,42 2-2(S4) 336
B6 Ri O V fezu - 0,54 2-2(S4) 336
B2 Ri5 Pod natérem - - 2-2(S4) 336
B5 Ri O - - - 2-2(S4) 336
cs Ris | Vezwpod - - - 336

natérem

C3 Ri5 Pod natérem - - - 336

Na vzorcich skupiny C nastalo rozsahlé prorezavéni uz po 24 hodinach ve zkusebni komoie NSS. Po dalsi
dobu zkouseni se prorezavéni rychle sitilo. K puchytkovani u téchto vzorki nedoslo.

V fezu, pod

D4 Ri4 " 0 0,29 - 336
natérem

D5 Ri4 | ¥Iez.pod 0 021 - 336
natérem

D2 Ri 4 Pod natérem - - - 336

Zkouska kontinualni kondenzace

Na téchto vzorcich nedoslo k zadnym viditelnym koroznim defektiim ani

Al A3 puchyikovani. 336
B4, B7 Ri5 - - - 3-3(S5) 336
Co, C7 Ri3 - - - - 336
D6, D7 Ri 0 - - - - 336

Tab. 4: Vyhodnoceni zkouSek v umélych atmosférach

Adheze jednotlivych povlaki

Zhodnoceni vysledki odtrhové zkousky pred expozici v umélych atmosférach:

Nejlepsi ptilnavost k zakladnimu materialu vykazovaly natéry A a D, jak z divodu vyssiho odtrhového
napéti, tak i kvuli pfevladajicimu koheznimu lomu v povlaku. U natéru C dochazelo zejména k lomu mezi le-
pidlem a zkusebnim téliskem, av§ak hodnota odtrhové pevnosti byla > 5,0 MPa. Naopak natér B vykazuje vy-
razné niz§i hodnoty pfilnavosti, coz ale zajistuje i jeji 0 mnoho snazsi odstranéni dané charakterem povlaku.

Zhodnoceni vysledkii odtrhové zkousky po expozici v umélych atmosférach:

U vzorki skupiny A dochéazelo pfi odtrhové zkousce prevazné ke koheznimu lomu v lepidle nebo k
adheznimu lomu mezi lepidlem a natérem, a to pfi napéti v intervalu od 2 MPa az 5 MPa. Odtrhova zkouska
prokazala zna¢né prorezaveéni u vzorkl skupiny B, které nebylo na prvni pohled zjevné, jelikoz dochazelo pii
zkousce ke koheznimu lomu ve zkorodovaném podkladu. U vzorka skupiny C nedoslo k vyrazné zméné odtr-
hového napéti, doslo vsak ke zméné typu lomu indikujici snizeni pfilnavosti natéru. U vzorka skupiny D byl
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vlivem prorezavéni zaznamenan pokles odtrhového napéti pfiblizné o 20 — 40 %. Zménil se i typ lomu, kdy k
lomu dochazelo k poruseni z ¢asti ve zkorodovaném podkladu. Vyhodnoceni odtrhovych zkousek testovanych

povlaki pfed a po expozici v umélych atmosférach udava tabulka 5.

Pred expozici

C. vzorku Al A2 Bl B3 c6 Cc7 D6 D7
Napéti 12,42 10,62 1,6 0,88 5,35 5,73 8.6 9,19
[MPa]

Typ lomu | 80%B; | 95% B; 100% 100% 100% 100% | 60%B; | 60% B;

20%Y/Z | 5%Y/Z A/B A/B Y/Z Y/Z | 40%Y/Z | 40°Y/Z
Po expozici

C. vzorku A A3 A5 A6 B2 B4 B5 B7
Napéti 4,58 5,37 3,28 3,06 3,12 3,33 3,59 32
[MPa]

Typlomu | 100% | 100%Y | 100% 100% | 100%A | 80%A; 100% | 95%A;

B/Y B/Y B/Y 20%A/B| A/B 5% A/B

C. vzorku C Cl D D1 D2 D3
Napéti 4,86 524 5,24 5,46 3,85 6,39
[MPa]

Typ lomu | 90% 98%B; | 95%B; | 99% B; 40% 97% B;

A/B; 2%B/Y | 5%B/Y | 1%B/Y | A;60% | 3%B/Y
10% A/B
B/Y

Tab. 4: Vyhodnoceni odtrhové zkousky pi‘ed a po expozici v umélych atmosférach

Vysledky zkousek adheze povlakii pomoci miizkové zkousky dle CSN EN ISO 2409 a zkouskou kiizo-

vym fezem dle CSN EN ISO 16276-2 predkladé tabulka 5.

Pied expozici Po expozici
g KftiZovy K¥izovy
Vzorek MFiZkov zkouska Kf';z:vy Vzorek f’ezvy f'ezvy Vzorek
1. 2
Al 0 0 0 A 0 0 0
A2 0 0 0 A3 0 0 0
Bl 3 4 3 A5 0 0 0
B3 3 3 2 A6 0 0 0
C6 0 0 0 B2 2 3 0
c7 0 0 0 B4 3 0 0
D6 2 2 2 B5 0 0 0
D7 2 2 2 B7 2 0 0
C 0 0
C1 0 0
D 3 3 3
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D1 3 3
D2 4 5 4
D3 3 3

Tab. 5: Vyhodnoceni odtrhové zkousky pied a po expozici v umélych atmosférach

Obr. 1: Vzorky A3, B4, C1 a D3 po expozici v umélé atmosféi‘e a po provedeni zkousek adheze

Obr. 2: Vzorky A4, B, C5 a D4 po expozici 336 h v neutralni solné mlze

Obr. 3: Mechanické odstranéni povlaku Anti-Rust
Zavér

Porovnanim ochrannych vlastnosti vybranych natérovych hmot Ize konstatovat, ze nejlepsi ochranné
vlastnosti v obou zkouskach jednozna¢né prokazal natér Intergard 269 od spolecnosti Akzo Nobel, na kterém
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se po celou dobu expozice, s vyjimkou vzorki opatienych umélym fezem, neobjevily zadné korozni produkty.
Natér KG 11 od spole¢nosti Viton s.r.o. také jevil uspokojivé funkéni vlastnosti. Nutno vSak podotknout, ze
tento natér neni vyrobcem kategorizovan jako docasny. Naopak na do¢asném natéru KG 22 od spole¢nosti
Viton s.r.o. bylo mozné pozorovat rozsahlou degradaci uz po 24 hodinach expozice v NSS a po 72 hodinach
v kondenzaéni komote. Tyto jevy mohly byt ovlivnény nedostate¢nou tloustkou povlaku, jelikoz byla ma-
¢enim nanesena jen jedna vrstva. Proto mozno piedpokladat vyssi ochrannou schopnost natéru KG 22 pii
naneseni vyssi tloustky povlaku. Natérova hmota Anti-Rust od spolecnosti Protectapeel vykazovala znaéné
nizkou odolnost vuci vlhkosti, kdyz se po 24 hodinach v kondenzaéni komote zacaly tvofit puchyiky. Puchyt-
kovani bylo na tomto natéru v mensi mite viditelné i pfi zkouSce NSS. Dosazené vysledky u tohoto natéru
v§ak mizou byt zkresleny z diivodu nedodrzeni doporu¢eného zpisobu aplikace, kdy bylo pro aplikaci pou-
zité vzduchové stiikani misto bezvzduchého doporuc¢eného vyrobcem v technickém listu, coz mohlo zpusobit
zvysenou porezitu povlaku.

V ramci experimentll byla zkouSena naro¢nost odstranéni natértit mechanickymi prostiedky a chemickym
odstraiovacem. Zde dosahla nejlepsich vysledki natérova hmota Anti-Rust. Jejich odstranéni lze pravdépo-
dobné provézt ponorem do lazné s u€inngj$im odstranovacem a naslednym oc€isténim stlacenou vodou, coz je
vyhodné i pro ¢isténi vétsich soucasti. V praxi vSak nemusi byt odstranéni téchto natéri potfebné, jelikoz je
mozné je vyuzit jako zakladni, popiipadé spojovaci natér.

Provedené odtrhové zkousky neprokazaly vyrazné rozdily v odtrhové pevnosti pfed a po expozici ve
zkusebnich komorach u natérové hmoty Intergard 269. Z diivodu nizké tloustky povlaku KG 22 nemusi byt
vysledky zkousek pfilnavosti zcela piesné, avsak dle zmény typu lomu lze pfedpokladat snizenou pfilnavost
KG 22 po vystaveni koroznim zkouskam. Zkousky u natéru KG 22 prokazaly vyrazny pokles odtahové pev-
nosti.

Podékovani

Tato prace byla vypracovana na zakladé podpory centra kompetence CVPU (Centrum vyzkumu povr-
chovych tprav — TE02000011) za finanéni spolutcasti TA CR.
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POVRCHU

CORROSION RESISTANCE OF MODERN CHEMICAL PRE-TREATMENTS
OF THE SURFACE

SVOBODA J.!, KUDLACEK J.!, KREIBICH V.!, HERRMANN F.

1 Ceské vysoké uceni technické v Praze, Ustav strojirenské technologie, Technicka 4, 166 07, Praha,
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Summary
The paper deals with using new alternative pre-treatments of hot dip galvanized materials for the adhesion
of organic coatings. In the first part of the paper are mentioned new perspective technologies of chemical
pre-treatments and the second part is devoted to the comparison of five different chemical pre-treatments
and their influence on adhesion of organic coatings and corrosion resistance.

Key words
Chemical pre-treatment, organosilanes, chromating, phosphating, adhesion, pull-off test, corrosion resistance

Pifedmétem tohoto ¢lanku je shrnuti soucasnych poznatkl pfeduprav povrchu, zejména na zarové zinko-
vanych povrsich. V uvodu tohoto ¢lanku je kratké shrnuti dané problematiky v oblasti chemickych preduprav
materiall, nebot’ spravna a kvalitni pfediprava povrchu je zadkladem Zivotnosti celého duplexniho systému,
tedy kombinace zinku a organického povlaku. Z praktickych znalosti a vyzkumu je zndmo, ze pokud apliku-
jeme organicky povlak natérové hmoty na nedostatecné piedupraveny povrch zarové pozinkované soucasti
nebo dokonce na povrch bez predupravy, budeme se potykat s fadou problémt. Po urcité dobé bude povlak
vystaveny agresivnimu koroznimu prosttedi degradovat, dojde ke ztraté pfilnavosti a bude dochéazet k ztraté
adheze mezi organickym povlakem a zarové pozinkovanou soucasti. Vzhledem k rozvoji zdrového zinkovani
a tim i duplexnich systému a Gpravy povrchll jsou nova feseni a vazby téchto povlakt velmi aktualni.

Chemické ptedupravy jsou zakladnim krokem vytvoreni tzv. konverznich vrstev, zejména na ocelovém,
hlinikovém a zinkovém podkladu. Diky témto pfedipravam povrchu dosahujeme zvyseni piilnavosti natéro-
vého systému a celkovou odolnost proti korozi. Tradi¢ni pfedupravy povrchu pied nanasenim organickych
natérovych hmot jsou nyni vystfidany témi Setrnéj$imi k zivotnimu prostiedi. Vyznamnym zastupcem novych
prediprav povrchu materialu jsou zejména ty na bazi zirkonia a titanu, vylu¢ované z roztokii s obsahem
fluorozirkonicitant, ale také povlaky z pfedhydrolyzovanych organosilikati. Pravé témto predipravam bude
vénovana vyzkumna ¢innost.

Dalsim obsahem tohoto ¢lanku je také piedstaveni aplikace téchto modernich pfediprav a porovnani se
stavajicimi predipravami z hlediska pfilnavosti a korozni odolnosti celkového systému protikorozni ochrany.

1 Stav problematiky

Konverzni vrstvy poskytuji dostateénou pérovitost a morfologii povrchu pro pfilnavost organickych
povlakd [1]. Existuje fada metod pro vytvateni konverznich vrstev na bazi fosfatl, chromatt, modifikovanych
typt zeleznatych fosfatt, Ti-Zr konverznich vrstev atd. Kazda z vy$e zminénych chemickych pteduprav po-
vrchu ma svij vliv na pfilnavost organickych povlaku, coz je i pfedmétem této prace.

Tradi¢ni predupravy povrchu pred nanagenim organickych natérovych hmot jsou dnes postupné vystfi-
dany témi Setrn&jsimi k zivotnimu prostiedi.
1.1 Predupravy na bazi oxidu zirkonia a titanu

Piedupravy povrchu na bazi titanu ¢i zirkonia se béhem uplynulého desetileti staly hlavnimi alternativa-
mi k ¢asto pouzivané chemické preduprave, tedy chromatovani. Tyto roztoky se typicky skladaji z fosforec-
nanu manganatého, hexafluoridu titanu (zirkonia) a organického polymeru v mirné kyselém vodném roztoku.
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Piedupravy na bazi Ti/Zr nebyly doposud tak zkoumany, jako rozsahla chemicka pfeduprava na bazi chromu.
(2]

Pted vlastni pfedupravou pozinkované oceli se kovovy povrch bézné odmast'uje alkalickym roztokem,
aby se odstranily veskeré ulp€lé necistoty. Povrchové necistoty snizuji reaktivitu povrchu s pasivaéni zirko-
ni¢itou lazni. Pasivaéni roztoky lze aplikovat pomoci ponoru ¢i postiiku. Pfi kontaktu pasivaéniho roztoku
s povrchem pozinkované oceli dochdzi nejprve k mirné oxidaci povrchu. V piipadé zinku vlivem anodické
rozpoustéci reakce vznikaji ionty zinku (Zn*") a elektrony (e”). Odpovidajici katodové reakce vedou k tvorbé
vodiku a redukci kysliku, coz naopak vytvaii ionty OH. Tvorba hydroxidovych iontll zvysSuje lokalné pH
a vede k precipitaci rozpusténych kovovych ionti (hydroxidi a fosfattl). Rozpusténi povrchu kyselym roz-
tokem fluoridu a naslednou tvorbou stabilniho pasivujiciho filmu lze povazovat za vhodny zpisob tvorby
jakékoliv konverzni vrstvy. Kovové hydroxidy podporuji ochranu proti korozi. Bylo prokazano, ze vrstva
Zn(OH), vykazuje lepsi ochranné vlastnosti nez ZnO vrstva, kviili nizké elektrické vodivosti. Miize také
dochazet ke kondenzaci vzniklych hydroxidi, coz vede k tvorbé amorfni a polymerni sité, podobné jako si-
loxanova (Si-O-Si) sit’. Polymer obsazeny v pasiva¢nim roztoku je navrzen tak, aby vytvofil film na povrchu
konverzni vrstvy, ¢imz se zvySuje adheze organického povlaku.

Fosfatové konverzni vrstvy se stale nahrazuji riznymi alternativami, zejména kvuli Setrnosti k zivotni-
mu prostiedi, energetiky a dalSich procesnich hledisek. Hlavnim problémem je likvidace odpadu fosfatova-
cich lazni, které¢ maji provozni teploty od 30 do 99 °C. Ve fosfatovacich laznich se tvoii velké mnozstvi kalu,
coz vyzaduje Castou udrzbu k udrzeni provozu lazné.

Dale muze byt problém s kyselinou chromovou, ktera se pouziva jako dalsi tésnici krok pro snizeni
poréznosti konverzni vrstvy a zvySeni odolnosti proti korozi. V disledku téchto rostoucich tlakti ekologti
s konverznimi vrstvami se vyviji nové alternativy, které jsou Setrnéjsi k zivotnimu prostiedi a zachovavaji
dobrou korozni odolnost, zejména ty na bazi Zr nebo Zr a Ti.

V poslednich desetiletich se ukazaly dalsi perspektivni techniky, které dokazi pomérné dobfe nahradit
fosfatovani. Jedna se zejména o pouziti oxidu zirkonicitého na povrchu pomoci metody sol — gel nebo ponote-
nim v kyselin€ hexafluorzirkonicité (H,ZrF,). Bylo zjiSténo, ze povlaky ZrO, o tloustce 18 az 30 nm poskytuji
vyssi ochranu proti korozi oproti klasickym fosfatim na nizkouhlikovych ocelich. Zirkonium absorbovany
v povrchovych vrstvéach se nejcastéji vyskytuje jako oxid zirkoni€ity (ZrO,). Bylo zjisténo, Ze oxid zirkoniCity
ve vrstvach do 50 nm nebo méné, vykazuje srovnatelnou odolnost s béznymi chromaty a fosfaty. V1iv koncen-
trace fluoridu v lazni a jeho pH je také velmi dulezité pro vlastnosti povlaku. Zirkonium se vyskytuje v povla-
ku v riznych formach, hlavné tedy jako oxid zirkoniCity (ZrO,), kdezto titan se vyskytuje jen ve formé (TiO,).

Takto vzniklé konverzni vrstvy jsou ve srovnani s natérovymi hmotami velmi tenké. Ve srovnani s kon-
verznimi vrstvy obsahujicimi Cr, vétsina vrstev bez Cr nema dostate¢nou antikorozni schopnost. Chromaty
mohou migrovat na poskozena mista, jestlize je konverzni vrstva odhalena kvuli vysokému oxida¢nimu po-
tencialu Sestimocného chromu (sniZeni Cr V¥ na Cr **). Redukce chrému G¢inné snizuje rychlost koroze kovu.
Konverzni vrstvy bez Cr chrani povrch hlavné diky tvorbé bariér, které brani pfistupu iontl a kysliku ke kovu,
a také zvySena adheze natérové hmoty ke kovu.
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Obr. 1: (a) AFM (Atomic Force Microscopy) snimek povrchu s Ti/Zr/V konverzni vrstvou (TZVCC),
(b) AFM snimek po chromatovani (CCC), (c¢) povrch bez chemické predupravy (AA6063), (d) graf
s jednotlivymi drsnostmi [3]

1.2 Chemicka prediprava pomoci organosilikatii

Regulace v aplikaci toxickych latek v oblasti povrchovych uprav maji za nasledek hledani novych alter-
nativnich technologii, které spliuji ekologicka a hygienicka pravidla. Vhodnou alternativou by mohly byt do
budoucna organosilikaty, jejichz vysoka variabilita umoziuje uziti v $iroké skale povrchovych tprav.

Samotna aplikace je omezené pouze hoflavosti a t€kavosti latek, nicméné i tuto skute¢nost vyrobci vy-
fesili a zacali nabizet hydrolyzaty pivodnich organosilikati. Vyvoj a aplikace organosilikati v poslednich
letech vysoce vzrostl. S rostoucim zajmem o né rostla i jejich produkce, to ma za nasledek pokles ceny na
akceptovatelnou troven [4].

Monomerni slouc¢eninou pro piipravu organosilanti jsou silany. Chemicky vzorek silanu je SiH4. Silan
se vyrabi metalurgicky z ¢istého kiemiku pomoci dvoustupiiového procesu. V prvnim kroku reaguje kiemik
ve formé prasku s chlorovodikem za teploty asi 300 °C podle rovnice [5]:

Si+HCl —HSICL + H, (1)
V druhém kroku dochazi k disproporcionaci trichlorsilanu na silan a tetrachlorid kiemiku [5]:
4HSiCl, — SiH, + 3 SiCl, 2)

V oboru povrchovych Giprav se zejména vyskytuji organosilany s alkoxyskupinami, (methoxy CH,-O-,
ethoxy CH,CH,-O-, piipadné propoxy CH,CH,CH,-O-).

Vyuzivaji vazby mezi oxidickymi vrstvami na kovech a hydroxylovymi skupinami, které vznikaji pfi
hydrolyze uvolnénim metanu, etanolu ¢i propanolu nebo vazby siloxanové mezi ¢asticemi organosilanu
a volnych hydrolyzovanych molekul. Casto obsahuji i jiné organické funkéni skupiny. [4]

Pouzivané organosilany mohou byt tfidény do n€kolika skupin podle jejich struktury:

. Tetraalkoxylovany silan SiX, (TEOS) — pouZzivany zejména pro zinksilikatové natérové hmoty, kde
X jsou alkoxy skupiny schopné hydrolyzy.

. Alkyltrialkoxy silany CH,(CH,)nSiX, — pouzivané pro hydrofobni tpravy.

. Alkyltrialkoxy silany s organofunkéni chemickou skupinou Y(CH,)nSiX;, majici Siroké moznosti
aplikaci, kde Y je organofunkéni skupina (amino, epoxy, merkapto, polysulfid), schopna reakce jak
s kovy tak i s polymery.

. Bis silany X,Si (CH,)nSiX, — pouzivané pro pasivace povrchu, bez pfilnavosti k natéru, snadno
situji pro vysoky pocet hydrolyzovanych hydroxylovych skupin.

. Bis silany s organofunkéni skupinou X,Si (CH,)nY(CH,)mSiX, — pfilnavost a kompatibilniho pig-
mentu a plniv plastu a pryzi [4].
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Zékladni chemické vazby hydrolyzovanych organosilanu vznikaji tvorbou vodikovych mustkti mezi
silanolovymi — hydroxylovymi skupinami. Vodikové mustky se vytvaieji po dehydrataci siloxanové vazby.
Vznik vodikovych vazeb je hlavni pfi€¢inou pii vzniku vrstev na pevnych substratech sol — gel technologii
a u pravidelnych uspotfadanych samo organizujicich se struktur.

Konverzni 1aznég, ale i upraveny povrch obsahuji mnoho volnych hydroxylovych skupin. Na hydroxidy
kovu se v hydrolyzovanych organosilantl vazou silanovou vazbou kiemicité ¢astice a vznika dobte lepici gel
na povrchu kovu. Také hydratované slouceniny kiemiku v laznich vytvaii sol, vazou se na hydroxidy kovu
nejprve slabym vodikovym mustkem, ktery vytvaii gelovou vrstvu na povrchu kovu. Tepelnym zpracovanim
vrstva dehydratuje a vytvoii se pevna vazba mezi oxidem kovu a kiemikem [4].

Obr. 2: Schéma tvorby vrstvy sél — gel technologii

Technologie sol-gel umoziuje pevnymi chemickymi vazbami pfipojit organosilan k povrchu kovu. Také
umoznuje zvolit organosilan s vhodnymi funkénimi skupinami pro vytvofeni pevnych chemickych vazeb
s organickymi polymery. Vhodné jsou zejména ty, které jsou schopné zapojit se do vytvrzujicich polyme-
rizacnich reakci organickych pfedpolymert. Jedna se o aminoskupiny s ethoxyovou skupinou pro epoxidy
a polyuretany, polysulfidicky fetézec pro pryze apod. Prvni stupen pevné vazby ke koviim je patrny z obr. 3

[4].

Obr. 3: Vznik pevné vazby organosilanu s vhodnou funkéni skupinou k povrchu kovu s konverzni
vrstvou

2.  Aplikace a metody zkouseni

Pro experiment byly pouzity zkuSebni vzorky z konstrukéni oceli S235JR o rozmérech 150 x 100 x 3 mm.,
které byly nasledné zarové pozinkovany ponorem [6].

Pro porovnani adheze organického povlaku a zarové pozinkovaného materialu pomoci novych metod
prediprav povrchu a stavajicich, bylo zvoleny tyto aplikace a produkty:

. Aktivace povrchu — HNO,

. Aplikace Ti-Zr — Pragokor BP, SurTec 6096 V
. Chroméatovani — Novopass 201

. Organosilany — Coatosil MP 200
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Pro experiment byly pouzity dvé epoxidové zakladové hmoty na pozinkované podklady, tedy S2318
EPAX (Colorlak a.s.), Hempadur (Hempel a.s.). Tyto natérové hmoty byly pfipraveny dle technologického
predpisu vyrobce.

Z divodu obsahlosti daného tématu a vysledkl experimentu byly vybrany pouze nékteré, které davaji
nastin korozni odolnosti vy$e zminénych chemickych pfediprav v kombinaci s vybranymi NS. Na zkuseb-
nich vzorcich byla provedena zkouska v kondenzaéni komote dle normy CSN EN ISO 6270-1 a v solné mlze
dle CSN EN ISO 9227. Zkouska v kondenzaéni komoie probiha pii (38 + 2)°C, teplota v solné mize pak
(35 +£2)°C, kde je rozprasovan 5 % roztok chloridu sodného s demineralizovanou vodou.

Casové rozestupy kontrol a fotodokumentace zkusebnich vzorkt probihaly po 24, 48, 72, 120, 168, 268,
360, 420, 500, 596 (572 pro solnou mlhu), 644, 720, 788, 860, 932, 1000 hodin.

Prvnich 22 vzorkt bylo hodnoceno po 360 hodinéach, zbylych 32 vzorki po 1000 hodinach kdy byl expe-
riment ukoncen. Tento interval byl zvolen z diivodu degradace nékterych systému po expozici 360 hodin, kdy
byl odebran jeden vzorek z kazdé série. Na zkuSebnich vzorcich byla provedena také zkouska kiizovym fezem
a miizkova zkouska, stanoveni stupn¢ delaminace a podkorodovani NS. Tyto vysledky v§ak nejsou z divodu
obséhlosti soucasti tohoto ¢lanku.

2.1 Zkouska v kondenzacni komore dle CSN EN ISO 6270-1 a solné mize dle CSN EN ISO 9227

Graf. 1: Hodnoty odtrhovych napéti pi‘ed expozici

Z grafu 1 je patrné, ze NS Colorlak S2318 dosahoval vyssich odtrhovych napéti a pro vétsinu zkouse-
nych chemickych pfediprav se pohybuje v rozmezi 13-16 MPa. NS Hempadur 15570 naopak ma rozdilné
hodnoty pro vSechny chemické predipravy. Pro aktivaci HNO, a fosfatovani md srovnatelné vysledky s NS
Colorlak S2318, ale pro zbyl¢ tfi technologie (chromatovani, Ti-Zr (Pragokor BP a organosilany) ma pfiblizné
2 — 8x mensi hodnoty odtrhového napéti v zavislosti na dané preduprave.

Nejvyssich odtrhovych napéti bylo dosazeno pti pouziti chemické predipravy s organosilany (Coatosil
MP 200) spole¢né s NS Colorlak S2318 (15,68 MPa). Druha nejvyssi hodnota odrhovych napéti byla dosaze-
na pomoci Ti-Zr (Pragokor BP) s NS Hempadur 15570 (15,37 MPa) a aktivaci pomoci HNO, s NS Colorlak
S2318 (14,88 MPa). Nejnizsi hodnoty odtrhovych napéti bylo dosazeno pfi pouziti chemické piedupravy
s organosilany spole¢né s NS Hempadur 15570 (2,3 MPa).

11



XI. KONFERENCE PIGMENTY APOJIVA + 5.-6.11.2018

Graf 2: Hodnoty odtrhovych napéti pfed expozici v kondenza¢ni komore po 360 hodinach

Graf 3: Hodnoty odtrhovych napéti pfed expozici v solné mlze po 360 hodinach

V grafu 2 jsou vyneseny hodnoty odtrhovych napéti pro danou chemickou ptedupravu a NH po 360 ho-
dinach expozice v solné mlze. Je patrné, ze NS Colorlak S2318 ma nizka odtrhova napéti po expozici v solné
mlze pro predipravu pomoci HNO; a Ti-Zr (Surtec 6096), zatimco pro piedipravu chrométovani mé hodnoty
odtrhovych napéti srovnatelné s poc¢ate¢nimi hodnotami pted vlozenim do solné komory. Nejvyssich hodnot
odtrhovych napéti v solné mlze po 360 hodinach dosahuje chemicka piediprava pomoci chromatovani s NS
Colorlak S2318 (pramérné odtrhové napéti bylo 14,95 MPa), organosilany s NS Colorlak S2318 (primérné
odtrhové napéti 9,08 MPa) a Ti-Zr (SurTec 6096) s NS Hempadur 15570 (primérné odtrhové napéti, tedy
8,03 MPa).

Naopak v kondenzaéni komofte si ve vétsiné ptipadi vedl 1épe z pohledu odolnosti proti vlhkosti NS
Hempadur 15570, kromé jednoho piipadu, bylo dosazeno vyssich odtrhovych napéti pti pouziti chromatovani
+ NS Colorlak S2318. Po zhodnoceni odtrhovych napéti je mozné fici, Ze nejvyssich hodnot bylo dosazeno
chemickou pfediipravou pomoci chromatovani a organosilanti.

V solné mlze mélo chromatovani s NS Colorlak S2318 vyssi odtrhové napéti (14,95 MPa) nez organosi-
lany s NS Colorlak S2318 (9,08 MPa). V kondenza¢ni komote si v odolnosti proti vlhkosti 1épe vedly organo-
silany s NS Hempadur 15570 (7,71 MPa), nez chromatovani s NS Colorlak S2318 (6,77 MPa).
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Graf 3: Hodnoty odtrhovych napéti pred expozici v solné komore po 1000 hodinach

Graf 4: Hodnoty odtrhovych napéti pied expozici v kondenza¢ni komoi‘e po 1000 hodinach

Po 1000 hodinach expozice v solné mlze zac¢al NS Hempadur 15570 selhavat, mél velmi nizka odtrhova
napéti a velmi nizkou pfilnavost povrchu pro chemické piedupravy Ti-Zr (Pragokor BP) a Ti-Zr (SurTec
6069). V obou téchto ptipadech nastalo strzeni pomoci lepici pasky pii miizkové zkousce a pomoci kiizového
fezu. U ptredupravy pomoci organosilanti bylo dosazeno pomérné odpovidajicich hodnot odtrhového napéti
u NS Hempadur 15570.

Naopak v kondenza¢ni komote si NS Hempadur z pohledu odolnosti proti vlhkosti ve vétsiné ptipada
vedl Iépe nez NS Colorlak. Z vysledkii odtrhovych napéti zaznamenanych v grafech 3 a 4 je patrné, ze pii po-
uziti NS Colorlak bylo dosazeno nizsich odtrhovych napéti v kondenzacni komote. Zatimco u NS Hempadur
15570 vysledky naznacuji lepsi vyuziti ve vlhkych prostredich.

Po srovnani piediprav v solné mlze dosahovalo nejvyssich hodnot odtrhovych napéti chromatovani
s NS Colorlak S2318 (3,02 MPa), dale pak stejna chemicka preduprava s NS Hempadur 15570 (1,5 MPa) a se
srovnatelnymi hodnotami organosilany s NS Hempadur 15570 (1,4 MPa). V kondenza¢ni komote dosahovaly
nejvyssich hodnot odtrhovych napéti organosilany s NS Hempadur 15570 (5,82 MPa), aktivace pomoci HNO,
s NS Hempadur 15570 (4,85 MPa) a Ti-Zr (SurTec 6069) se stejnym NS (3,04 MPa). Nizké hodnoty odtrho-
vych napéti u nékterych systému byly dosazeny nejspise diky Spatné praci se samotnym NS, vytékanim jed-
notlivych slozek pfi zpracovani, pfipadné nevhodnych podminek pii aplikaci nebo samotné reakci zékladniho
materialu s danym chemickym prostiedkem. Tyto skutecnosti je nutné dale oveéfit a pro nasledny experiment
vyuzit vice druht natérovych hmot, coz je i jednim z dal$ich cilti vyzkumu.

Zavér

Vysledky dosavadnich experimentd zduraznuji dilezitost dalsiho vyzkumu a vyvoje v oblasti téchto
novych pieduprav povrchu materialu, a to zejména z diivodu regulaci Evropské komise ve smérnici 2011/65/
EU, kde se omezuje pouziti n€kterych kovi a latek (olova, kadmia, Sestimocného chromu atd.) v elektrickych
a elektronickych zafizenich uvadénych na trh, ale i pro pasivaci pozinkovanych material.
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Vysledky tohoto vyzkumu maji v soucasné dob¢ jiz aplikovatelny vyznam v lakovnach a v provozech

kde jsou provadény chemické piediipravy materialu pfed lakovanim. Zejména z divodu nenaroéné aplikace,
energetické, a tudiz i ekonomické vyhodnosti [6, 7].

Podékovani
Tato prace vznikla za finanéni podpory SGS16/217/OHK2/3T/12 and CVPU (Centrum vyzkumu povr-

chovych tprav) — aktivita WP4.
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Asociace vyrobct natérovych hmot Ceské republiky

Association of Paint Manufacturers of the Czech Republic

AVNH CR byla zaloZena
v roce 1994 jako dobrovolné
profesni sdruzeni vyrobc,
vyzkumnych ustavd,
distributort natérovych hmot
a surovin pro jejich vyrobu. Na zakladé
stanov nabizi vSem <¢&lendm moznost
vyuzit Siroké nabidky spoluprace v hajeni
jejich specifickych spole¢nych a
individualnich  zajmG  pokud nejsou
Vv rozporu se spoleénymi zajmy Asociace.

AVNH CR je od r. 1995 kolektivnim &lenem
Svazu chemického primyslu CR.

Sidlo

Uc¢riovska 1 ,190 00 Praha 9
www.avnh.cz

mail: avhh@avnh.cz

tel: 266 106 421

ICO: 60459727

Radnymi &leny Asociace je celkem 16 firem,
z toho 12 vyrobcl a dodavatelll natérovych
hmot, 1 vyzkumna spole¢nost, 3 dodavatelé
surovin, resp. oball. Pfidruzenymi ¢leny jsou
1 vydavatel odborného Casopisu, 2 chemické
univerzity, 1 Ustav chemické univerzity, Cech
malif(l a tapetart a 2 asociace z pfibuznych
obord.

Clenska zakladna predstavuje cca 70%
podil na trhu natérovych hmot vyrobenych
v Ceské republice a cca 30% podil na
celkové prodanych NH v CR véetné dovozu.

Radni ¢lenové

ARDAGH METAL PACKAGING CZECH a.s.
AUSTIS, a.s.

BARVY A LAKY HOSTIVAR, a.s.

BARVY A LAKY TELURIA, s.r.o.

BUILDING PLAST, s.r.o.

COLORLAK, a.s.

DCH SINCOLOR, s.r.o.

DRUCHEMA, druzstvo pro chemickou vyrobu a
sluzby

HEXION a.s.
KM PLUS spol. s r.o.

MANKIEWICZ PRUMYSLOVE BARVY A LAKY,
k.s.

NATEROVE HMOTY, s.r.o.
PPG DECO CZECH a.s.
PRECHEZA a.s.

SEVEROCHEMA, druzstvo pro chemickou
vyrobu

SYNPO, a.s.



KROMAPEARL

Pearlescent Effect Pigment

MICROFAST M

Performance Metallic Pigment

Water based and UV Pigment dispersions

MICROFAST HP

High Performance Pigment

MICRO POWDERS, INC.
HIGH PERFORMANCE WAX ADDITIVES

Tel: +420 702 052 968 - Czech Republic
+49 2171 7232 20 - Rest of Europe
www.kromachem.com




& PRECHEZA

VYZNAMNY EVROPSKY VYROBCE .
A DODAVATEL ANORGANICKYCH PIGMENTU

PRETIOX

Titanova béloba

FEPREN

Zelezité pigmenty
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let tradice v oblasti vyroby
chemickych anorganickych vyrobk

OQEMA

www.ogema.cz
marketing@ogema.cz

radim.srubar@ogema.cz
+420 597 485 910
+420 605 235 457

Disperzni pojiva
Redispergovatelna pojiva
Pryskyfice

Elastomery

Sitovadla a tvrdidla
Pigmenty a plniva
Rozpoustédia

Smacedla

Dispergatory

Tenzidy

Reologické modifikatory
Koalescenty
Odpénovace

Hydrofobni aditiva
Matovadla



Ekologicka, bezudrzbova a bezhlucna

Cisticka vzduchu FN®

LET PRAXE

DYCHEJTE DOMA
ZDRAVY VZDUCH

Ekologické feseni — bez chemie,
cisté fyzikalni efekt, certifikovany
produkt, cesky patent

FunkZni povrch nano natéru FN® ucinné a dlouhodobé ochrani Vas
domov a vytvori Vam CcistSi a zdravéjsi prostredi. Fotokatalyticky
funkéni natér FN® pomoci svétla aktivné zbavuje byt alergend, toxi-
nd, pach(l, mastnot, mikroorganismd a exkrementd rozto&d. U¢inna
prevence zatuchliny, bakterii, virQ, plisni a sniZzeni rizika astmatu.

ECTEEE R



s_7 v

ANAMET s.r.o. nabizi pristrojové vybaveni pro laboratore, vyzkumna
pracovisté i pro mérfeni v provozu. Na Cesky a slovensky trh dodavame
Spickové pristroje vice nez 30 zahrani¢nich firem. Pro veskerou
dodavanou techniku zajistujeme feseni na miru, zaruéni a pozaruéni
servis véetné dodavek nahradnich dild a spotrebniho materialu.

V oblasti natérovych hmot nabizime pfristroje téchto vyrobcu:

Konica Minolta Sensing vyrabi Spickové optické
pfistroje pro objektivni hodnoceni barevnosti
materialQ, kontrolu kvality displejl a svételnych
podminek. Mezi nejprodavanéjsi pristroje patfi
rucni spektrofotometry a tzv. displejmetry.

Dataphysics vyrabi pfristroje na méreni
kontaktniho Uhlu, povrchového napéti a dalSich
parametrd spojenych s jevy na povrsich i
rozhranich latek vSech skupenstvi.

Malvern Panalytical vyrabi pfistroje pro
kontrolu materidlovych vlastnosti jako je
velikost castic, tvar Castic, zeta potencidl,
molekulova hmotnost polymert ¢i reologické
vlastnosti.

Thermo Scientific: stolni rastrovaci elektronové
mikroskopy fady Phenom poskytuji revolu¢né
intuitivni zplsob ovladani, rychlou praci a
kvalitni snimky jak zSED a BSD tak prvkové
sloZzeni z EDS detektor(l. Dliraz je dale kladen
na SW automatizaci snimani a vyhodnoceni dat pro priamyslové poufziti.

BlizSi informace o produktech téchto firem vam sdélime na
nasem stanku Ci je naleznete na webu www.anamet.cz

ANALYTICKA TECHNIKA
PRO POJIVA A PIGMENTY

DLOUHA ZIVOTNOST | SPICKOVY VYKON | SIROKA NABIDKA PRISLUSENSTVi | JEDNODUCHE OVLADANI

Prenosné FTIR i Ramanovy spektrometry pro rychlou analyzu latek

» Osvédcené techniky Prenosny FTIR

pro kontrolu kvality spektrometr ALPHA Il
a identifikaci latek

* Nedestruktivni techniky
* Minimalni Uprava vzorku

« Kvalitativni i kvantitativni
analyza

* Dostupné knihovny pigment,
lakd, pojiv aj.

* Kontrola chemického slozeni
jednim klikem BRAVO
ruéni Raman

FTIR a Ramanovy mikroskopy pro chemické mapovani

* Sledovani distribuce latek Automatizovany FTIR
a homogenity mikroskop LUMOS

* Analyza defektd, inkluzi,
vrstevnatych material( atd.

* Prostorové rozliSeni az 500 nm

* Snadnd analyza necistot
v praskovych materidlech

* Automatizované mapovani
vétsich ploch (napf. vybrust)

* Pouziti v reverznim inzenyrstvi, Ramantv

P ) o R&D mikroskop
a vyvoji novych produktu SENTERRA Il

DISTRIBUTOR O ki
ptik Instruments
%—H K BMR WWW. brukerOptiCS (o 4
INSTRUMENTS (P> . .




NETZSCH Epsiton

The unique Dispersing System

Revolutionary System for Dispersing of Solids and Liquids

With the Epsion, NETZSCH offers a new,
compact solution for producing homo-
geneous dispersions with reproducible
quality in an inline process. Here, the
dispersion process takes place in an at-
mospherically sealed processing chamber
and is thus dust and emission free.

NETZSCH

Grinding & Dispersing www.netzsch.com

LABIMEX CZ

www.labimexcz.cz
info@labimex.cz

TESTOVACI KOMORY

PRO ENVIRONMENTALNI ZKOUSKY V LABORATORICH

< korozni solné a

kondenzacni komory
truhlové a skfrinové komory
objemy 300,400, 1000, 2000 litra
jednoucelové i kombinované
testy lakovanych povrchi

komory pro slune¢ni =

simulace xenonovym

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

<= UV testery

ultrafialovym zarenim
testy natérovych hmot, plastu, textilu

<« klimatické a teplotni komory, susarny
rozsahy -40 resp.-70°C az +180°C, 10-98% Rh,
komory bez chlazeni az 300°C,
objemy 53 - 720 litr

ZKUSEBNI PANELY

Ocelové, valcované, brousené
Hlinikové (slitinové)
Fosfatované/chromatované
Pro testy na otér Taber

Pro zkousky korozivity

LABIMEX CZ s.r.o.

CR: Ing. Milan Prazak SR: Ing. Jozef Maco
Poradenstvi, dodavky, instalace, Poéernicka 96 Rakol uby 697
zaSkoleni, servis zaruéni a pozarucni, 108 00 Praha 10 916 31 Kocovce
kalibrace zajist'uje: prazak@labimex.cz ingjozefmaco@gmail.com
00420 241 740 120 00421 327 798 346
00420 602 366 407 00421 910 970 699




VENATOR

The experts In
Pigments and Additives

for coatings

n @VenatorCorp u @VenatorCorp m venator-corp

venatorcorp.com




Applied Chemicals International Group SAFIC ALCAN

innovative solutions

Technical Service is our Success

For agueous and solvent-based systems

Defoamers, anti-shrinking agents, wetting and dispersing agents
Acrylic and polyurethane based products

Special types for every pigment and filler type

Inorganic and organic fillers, pigments and pigment preparations

Aluminiumtrihydrate based products SpOIQéné to OStatnim nati:eme!

Organic soil improvement additives

Safic-Alcan - distributor
specidlnich chemikalii

chem [ Mtech a materialG pro vyrobu
natérovych hmot, zpracovani Kontakt:
| to Ye PUR té o Michal Dusek
plastu a p_ryze' _syS, cmu, e-mail: michal.dusek@safic-alcan.cz
formulaci kosmetickych tel.: +420 733 379 023
o 7 V7 [e] T
a farmaceutickych pfipravku. [Www.safic-alcan.cz



Polychem composite CS s.r.o. f“’ colounrs

Spolehlivy partner v oblasti natérovych hmot a kompozitnich materialt

V oblasti natérovych hmot jsou nasimi hlavnimi obchodnimi partnery a dodavateli
surovin predni evropsti vyrobci:

() ALBERDINGK BOLEY 21QE Wild colours Versal®
HP REDS & HP YELLO\I\IS > high performance pigments

Synthesia, a.s., SBU Pigments & Dyes, Czech Republic @ s =
ynthesia

. x Phone: +420 466 823 741, Fax: +420 466 823 608, e-mail: pigments@synthesia.eu
jenpro CR www.synthesia.eu Chemistry for the future



3P-CHEM s.r.o.

Areal Sprava a udrzba komunikaci
P.O. BOX 31

267 01 Kralav Dvar - 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 plastikarsky pramysl.

Vse dllezité najdete na:

www.3p-chem.cz

Firma 3P-CHEM s.r.o. byla zaloZzena v roce 2004. Od zacatku existence se firma zaméruje
na prodej a distribuci surovin pro zpracovatelsky priimysl. Nedilnou soucasti nasi firmy
je nabidka technickych oballi (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 zaméruje hlavné na vyrobce natérovych hmot a lepidel, vyrobce
stavebni chemie a plastikarsky pramysl.

Struktura sortimentu nabizenych surovin:

Pojiva - rozpoustédlové, vodoureditelné — kompletni sortiment: alkydy, akrylaty, disperze,
emulze, epoxidy a specidlni pojiva « Pigmenty - praskové, metalitické pigmenty
« Plniva - vapence, talky, baryty, slidy, bridlice, mica - Additiva - dispergacni prostredky,
odpénovace, rozlivova ¢inidla, inhibitory koroze, akryldtové zahustky
- Susidla - do rozpoustédlovych a vodoureditelnych systémi - Matovaci a zahusStovaci
prostredky prostiedky 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 prdmysl

Pro vice informaci prosim piste na:
bruna@3p-chem.cz, torma@3p-chem.cz, sidlo@3p-chem.cz Mendel
Mendelova o w0 H Chem Ltd.

v Brné

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




Distributorsky segment

Natérové hmoty

Texturovaci aditiva

Allnex
Akrylatové pryskyfice SETALUX, MACRYNAL
Alkydy SETAL, RESYDROL
Aminové pryskyfice SETAMINE
Hydrofobni polyoly SETATHANE
Pryskyfice modifikujici rheologii SETAL, SETALUX, SETAQUA
Nenasycené polyesterové pryskyfice ROSKYDAL
Vodou feditelné polyoly a akrylatové disperze SETAQUA, UCECRYL
Aditiva pro dispergaci, rozliv, odpénéni, susidla ADDITOL, MODAFLOW
Epoxidové pryskyfice a tvrdidia BECKOPOX, BECKOCURE
Epoxy estery DUROXYN
Vodou feditelné polyurethanové disperze DAOTAN
adalsi ...
Vencorex Samoemulsifikované polyisokyanaty EASAQUA
Alifatické isokyanaty (biuretove, trimery, nizkoviskozni) TOLONATE
reaktivni rozpoustédio TOLONATE X FLO 100
Huntsman Epoxidové pryskyfice (na bazi bis A, F, AFF) kapainé, pevné, v roztoku ARALDITE
Epoxy fenol novolaky ARALDITE EPN
Epoxidova reaktivni rozpoustédia ARALDITE DY
Tvrdidla pro epoxidové pryskyfice ARADUR
Tvrdidla pro epoxidové pryskyfice pro nizké teploty ARACOOL
West&Senior LTD Tonovaci pigmentové pasty (epoxy, polyurethan, polyester, PVC) FASTINT
Monopigmentové preparace; RAL odstiny
Vliegenthart Oleje
Rostlinné (ricinové, Inéné, fepkoveé, sojové, tungové apod.)
Hotové vyrobky k prebaleni (odstrafiovace barev, PUR Gistice apod.)
Organometal Sikativa/Susidla ORGANO
2Zn, Ca, Co, Zn, Sr, Mn, Susidlové smési ORGANO MIX
MEKO ANTISKIN
Odpéiovace (na bazi mineralnich oleju) ANTIFOAM
Dispergatory DISPORGAN
Organicka heologicka Ginidla pro rozpouSIEdiové a bezroZpoustadio systemy
Lehmann&Voss (derivaty ricinového oleje, polyamidy a jejich smési, polyolefiny) LUVOTIX
icka jicka cinidla pro stedlové a vodné systémy LUVOGEL
H 4 Pasty (aditiva pro praskové barvy) LUVOTIX
Dynea Rozlivova Zinidla, smacedla DYNOADD
Odpénovace DYNOADD

DYNOADD P-série

FP Pigments

pigment astetns nahrazujici titanovou balobu

S+A Blackwell

S+A Blackwell

DELAPHOS

‘Antikorozni pigment (zinkfosfat)

[Shamrock Mikronizované prasky, vosky (PE, PTFE SST, FluoroSLIP
SHAMROCK  Cste smésivolii ve vods FluoroSPERSE, AquaFLON, HydroCER
— Textury, matovadia Cera SPERSE, EverGLIDE, Texture, TexMATTE
[Sovitec S.A. Sklengné kulicky (odraz, protiskiuz, odolnost k poskrabani)

Sklenéné kulitky 20 a 40 um
Sklengné kulicky 3a 5 um

MICROPERL
OMICRON

a mnoho dalSich ...

Ravago Chemicals Czech Republic s.r.o.

Pratelstvi 555/9 Praha 10 - Uhfinéves 104 00

Tel:724 265 874, e-mail:milan.dvorak@ravagochemicals.com

DISTRIBUCE PRO CESKOU A SLOVENSKOU REPUBLIKU

@ Polyuretany pro formulace natérovych hmot, lepidel covestro

SAPICI

NOVA

resine

@ Pojiva alkydova, polyesterova

@ Epoxidové systémy

@ Susidla, akceleratory, katalyzatory

@ Aditiva, vosky
QO
@ PIniva, antikorézni pigmenty VB:;Tem

@ Silikony ORKASH=.

@ Pigmentové preparace

DISTRIBUCE POUZE PRO SLOVENSKOU REPUBLIKU

LANXESS

Energizing Chemistry

Ychemi:ul innovations

@ Anorganické a organické pigmenty, pigmentové preparace
@ Disperze akrylatové, styrenakrylatové, vinylacetatové
@ Specialni syntetické pryskyfice

© Titanova béloba

TRONOX

@ Biocidy LANXESS

Energizing Chemistry

Technicka podpora CZ/SK
Ing. Josef Patrovsky

Mob. +420 603222344
patrovsky@kora.sk

Obchodni zastupce pro SK
Ing. Jarmila Gubova

Mob. +421 917606100
gubova@kora.sk

Obchodni zastupce pro CZ
Bohdan Jelinek

Mob. +420 720075401
jelinek@kora.sk



Spole¢nost byla zaloZzena v roce 1992 jako Silcom s.r.o. V roce 2002 se pfipojila k
mezinarodni spole¢nosti Biesterfeld Spezial Chemie GmbH (soucast koncernu Biesterfeld Véé dodavatel surovin pro nétérové hmoty.
AG) a byla pfejmenovana na Biesterfeld Silcom s.r.o. Pfipojenim k nadnarodni skupiné se
vyrazné rozsifilo portfolio dodavateld a tim isortiment produktd dodavanych na éesky a
slovensky trh prostfednictvim spole¢nosti Biesterfeld Silcom. Na Slovensku plsobi dcefinna
firma, Biesterfeld Silcom Slovakia s.r.o.

POJIVA

Spolecnost se od svého zalozeni zabyva dovozem chemickych surovin a specialnich

chemikalii. Kromé vlastnich dodavek chemikalii zajiStujeme také technické poradenstvi.

Disponujeme sklady v Cechéach i na Slovensku a diky tomu jsme schopni zajistit optimalni *  Epoxidove pryskyrice a tvrdidla

logisticky servis. = Vodou reditelné alkydové emulze
= Melamin-formaldehydové pryskyfice
Na Ceském a slovenském trhu zastupujeme vice nez 60 vyznamnych svétovych = Blokové kopolymery styrenu, isoprenu a butadienu

vyrobcl a dodavame suroviny do fady pramyslovych odvétvi (vyroba polymerd, stavebnich a
natérovych hmot, chemikalie pro textilni, kozedélnya papirensky primysl, vyroba
kosmetickych, cisticich, dentalnich a farmaceutickych pfipravkl, pro gumarenstvi, vyrobu

=  Fenolické pryskyfice

polyuretanovych pén a pro fadu daldich aplikaci). Dodavame taktéZ hotové chemické PIGMENTY

pfipravky - produkty ur€ené pro pfimé uziti v Siroké Skale odvétvi (elektronika a

elektrotechnika, energetika, strojirenstvi, nastrojarstvi a prototypova vyroba, automobilni = Antikorozni pigmenty
primysl a vyroba ostatnich dopravnich prostfedkd v¢. letadel, vyroba kompozitd, .

stavebnictvi). Organlck.e p}grf‘mnty
= Anorganické pigmenty a pasty

Kompletni informace o portfoliu nadi spolecnosti naleznete na webovych strankach = Hlinikové pigmenty a pasty

www.bisi.cz = Perletoveé pigmenty

ADITIVA

= Dispergacni aditiva a smacedla
= Tixotropni aditiva

=  Odpénovace

= Koalescenty

= Molekulova sita

= Sikativa

= Organické inhibitory koroze

= Promotéry adheze

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




Vice nez 20 let tspésny dodavatel

T h 0 r S 0 n chemickych produktii, ténovacich systémt a

Chemical strojd pro pramysl natérovych hmot

Seznam zastoupeni pro Ceskou republiku a Slovensko:

AFCONA ADDITIVES - aditiva pro natérové hmoty

NATURALYNE — karboxymethylcelulé6za NOVE !!

PO.INT.ER — aminova tvrdidla pro epoxidové systémy

~w>.
S E
e S
T E
L 3
Um

INTERCHIP - pigmentové preparace na bazi pevnych
polymert — chipsy NOVE !!

RIANLON - UV stabilizatory NOVE !l

Fast & Fluid - stroje pro tonovani natérovych hmot

s
e

ojni

zafizeni

Oliver & Batlle — zafizeni pro vyrobu natérovych hmot

Str

CABO - priimyslové a laboratorni mixéry NOVE !!

Arichemie — pigmentové preparace

BICCS — ténovaci systém primyslovy KONTAKT:
PROTEC Systempasten GmbH — ténovaci systém deko * PETER CAGAN
NCS Colour — barevny management Office: 2500 Baden / Wienerstrasse 89
Trust Chem — organické pigmenty = +43 (0)664-4340265
= +43 (0)2252-82870-14
Réhrig — pfirodni Stipana Zula 54 Peter.Cagan@poro.eu

Larand HGS — duté sklenéné kulicky

MILTONIA - firemni vzorkovnice

>
=
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ARON Universal — fluorescenéni pigmenty NOVE !!

* ELISABETH O’CONNOR

AVISON - &isté chemikalie a syntetické latky Office: 5020 Salzburg / Miinchner Bundestrasse 121

= +43 (0)662-431 541-119
7= +43 (0)662-431541-20

THORSON CHEMICAL Praha s.r.o., Cernosickd 128, CZ-155 31 Praha 5

Tel.: +420-257 923 529, +420-257 923 589 Fax: +420-257 921 821 E-mail: info@thorson.cz

D elisabeth.oconnor@poro.eu



OBJEKTIVNI MERENI BAREVNOSTI, LESKU A

RECEPTOVACI PROGRAM

= Prenosné pristroje = Leskoméry
= Laboratorni pristroje = Zakal lesku
= Provozni pristroje = Reflektometr 45/0°
= Program pro vyhodnoceni = Automaticky aplikator

barevné diference = Nanaseci pravitka
= Receptovaci program *  Miizkovy test
= Pevné latky i kapaliny = Vyska suchého a mokrého filmu
* Méreni remisi i transmisi = Test otéru a odéru

v Navrhy FeSeni, zaruéni a pozaruéni servis

NOVINKA

= Méreni barevnosti nekonzistentnich,
texturovanych a nerovnomérnych vzorki

* Automatické nastaveni vySky

®  Vcetné programu na vyhodnoceni
barevnosti

= Vzorek automaticky rotuje

* 35 méieni za 5 vtefin

Podivejte se také na naSe stranky www.polz.cz na dalSi typy méridel.



EUROPEAN

ATINGS SHOW 2019

© ADHESIVES - SEALANTS - CONSTRUCTION CHEMICALS

WELCOME TO THE
INDUSTRY'S LEADING TRADE SHOW

NUREMBERG // GERMANY

European Coalings Show: 19-21 March 2019
European Coatings Show Conference: 18 -19 March 2019

Most recently over 1,100 international exhibitors and over 30,000 visitors
Accompanied by Europe’s largest and most important industry conference

=» Plan your visit online: european-coatings-show.com/shownavigatar

Organisation: NirnbergMesse Organiser: Vincentz Network A
NURNBERG MESSE european-coatings-show.com european-coatings.com v
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