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SILRES® BS 6920 - ANEW HYBRID BINDER FOR INNOVATIVE
SURFACE APPLICATION

ANDERS U.!, KOWALSKA E.?

1 Wacker Chemie AG, Burghausen
2 Wacker-Chemia Polska Sp. z o.o.

Summary
A novel silane-terminated binder can provide cement-bound floors with highly effective protection from
lasting stains. The binder can be readily worked into one-component impregnation formulations that offer
far superior stain and fire protection relative to traditional products. Typical applications include
cement-bound flooring in showrooms and sales areas, restaurants, railway station buildings, event and
exhibition halls, museums, private homes, underground parking lots, logistics centers and production
halls.

Furthermore stone carpets are accessible by this new binder technology as a new field of application.

Floors treated with formulations based on the new binder can be cleaned and maintained easily and

affordably. Its performance has been verified using initial reference objects and examples from actual
practice.
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TOP PRODUKTY A NEJNOVEJSI TRENDY V OBLASTI VYZKUMU
AVYVOJE ALKYDOVYCH PRYSKYRIC SPOLCHEMIE

TOP PRODUCTS AND THE LATEST R&D TRENDS IN ALKYD RESINS
OF SPOLCHEMIE

LECHOWICZ M.!, VRASTILOVA A.2, HAJKOVA M.2

1 Spolek pro chemickou a hutni vyrobu, a.s.
2 SYNPO, akciova spolecnost

Summary

Spolchemie with its more than 70 years long tradition in alkyd resins production still belongs to the key

market players. The alkyd resins production is supported by a strong R&D team, which tries to keep up

with current environmental trends and is constantly working on the development of new products. The

latest products reflecting the customer s demand were developed with the emphasis on the use of dearo-
matized solvents and high solid content. During the last year, the alkyd resins portfolio was expanded by
three non-aromatic products - two types of short-oil alkyd resins CHS-ALKYD S 405 N 60 and NN 55 and

pumpable high-solid thixotropic alkyd resin CHS-ALKYD ST 790 NN 75.

Key words
Alkyd resin, environmentally friendly coatings, non-aromatic, high solid.

V prubéhu lonského roku byl sortiment alkydovych pryskyfic Spolchemie rozsifen o né-
kolik novych produktt. Konkrétné se jedna o vysokosusinovou tixotropni alkydovou pryskyfici
CHS-ALKYD ST 790 NN 75 a dvé kratké alkydové pryskyfice v dearomatizovaném lakovém
benzinu CHS-ALKYD S 405 N 60 a CHS-ALKYD S 405 NN 55.

Tixotropni alkydova pryskyfice CHS-ALKYD ST 790 NN 75 byla vyvinuta na zakladé
poptavky zakaznikli po vysokosuSinovych tixotropnich alkydech, cerpatelnych pfi teploté
23 °C. Tixotropni pryskyfice ma v klidu konzistenci polotuhého gelu, vlivem smykového
napéti, tj. michani, se jeji viskozita snizuje a pryskyfice se stava tekutou, po odstranéni smyko-
vého napéti dochazi k prechodu zpét do gelu. Pryskyfice ST 790 je 75% roztok v dearomatizo-
vaném lakovém benzinu Exxsol D60, tj. lakovém benzinu s bodem vzplanuti vy$sim nez 60 °C.
Tento typ rozpoustédla je zakazniky pozadovan nejen z diivodu minimalniho obsahu aromata,
ale pravé z divodu vysokého bodu vzplanuti, diky némuz se na pryskyfici nevztahuje ADR zna-
Ceni. Zakladni parametry pryskyfice CHS-ALKYD ST 790 NN 75 uvadi Tabulka 1.

Tab. 1: Zakladni parametry tixotropni alkydové pryskyiice CHS-ALKYD ST 790 NN 75

Olejova délka [%] 79
Susina [hm. %] 74-76
Cislo kyselosti [mg KOH/g] max. 25
Rozpoustédlo Exxsol D60

Jedna se o dlouhy alkyd s olejovou délkou 79 %, ktery je urcen k tixotropizaci stiednich
a zejména dlouhych alkydovych pryskyftic urcenych pro aplikace na dievo. V laboratofi byla testo-
vana moznost tixotropizace dlouhého alkydu ze sortimentu Spolchemie CHS-ALKYD S 622 N
60 (olejova délka 62 %). Tab. 2 uvadi vysledky hodnoceni odolnosti stékani laku pripraveného za
pouziti dissolveru smichanim alkydovych pryskyfic CHS-ALKYD S 622 N 60 a CHS-ALKYD
ST 790 NN 75 v poméru 3:2. Hodnoty udavaji nejvyssi tloustku mokrého filmu v mikrometrech,

11



XV. KONFERENCE PIGMENTY APOJIVA « 7.-8.11.2022

pri které natérovy film, pokud je umistén v naklonéné nebo svislé poloze, nema sklon béhem
zasychani stékat.

Tab. 2: Odolnost stékani laku na bazi smési alkydovych pryskyric CHS-ALKYD S 622 N 60
a CHS-ALKYD ST 790 NN 75

Tloust’ka [pm]
Odolnost stékani

0 min. 15 min. 30 min.

Lak S 622 N 60 + ST 790 NN 75

(pomér 3:2) 300 300 300

Pti vyvoji tixotropni pryskytice ST 790 byl diiraz kladen také na rychlost zasychani tak, aby
tixotropizace jejim pridavkem nevedla k vyraznéjSimu zpomaleni zasychani zakladnich alkydo-
vych pryskyfic. Vysledky uvadi tab. 3.

Tab. 3: Vysledky hodnoceni zasychani tixotropni pryskyrice CHS-ALKYD ST 790 NN 75

Povrchové zasychani CHS-ALKYD ST 790 NN 75
St. 1 6,0 h
St. 2 6,0 h
St. 3 70h
St. 4 7,5h
Tloust’ka [pm] 40
Pozn. sikativace. 4,1 % Valirex Mix 26 D60 na susinu alkydové
pryskyrice

Cerpatelnost alkydové pryskyfice pii 23 °C byla testovana na zakladé porovnani s modelo-
vou ¢erpatelnou pryskyrici, jejiz reologicky profil byl dodan zakaznikem. Obr. 1 uvadi porovnani
této modelové pryskyfice s pryskyfici CHS-ALKYD ST 790.

Obr. 1: Reologicky profil tixotropnich pryskyric jako zavislost viskozity na smykové rychlosti

(tmavé modra - modelova cerpatelna alkydova pryskyrice, svétle modra - CHS-ALKYD ST 790
NN 75)

12
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Tixotropni uc¢innost alkydové pryskyfice byla dale testovana pomoci Sintervalového tixo-
tropniho testu (SITT). SITT je metoda na urCeni miry tixotropie po dvou naslednych krocich
zatizeni-relaxace. Hodnoty v procentech udavaji po daném c¢ase (10 min.) miru schopnosti re-
konstrukce tixotropni struktury. Test se provadi pfi dvou riiznych smykovych rychlostech. Prvni,
tieti a paty interval se provadi pfi nizké smykové rychlosti, druhy a ctvrty pfi vysoké smykové
rychlosti. Casové zavislé zmény viskozity béhem testu predstavuji skuteéné chovani vzorku pied
aplikaci, béhem aplikace a po aplikaci. Vysledky SITT jsou uvedeny na Obrazku 2.

Pozn. Interval 1 = vzorek v klidu (referen¢ni viskozita vzorku pfed aplikaci), interval
II = simulace chovani vzorku béhem aplikace, tj. pfi michani, stfikani, Cerpani, interval III - nizka
smykova rychlost jako v prvnim intervalu (obnova tixotropni struktury), intervaly IV a V jsou
opakovanim intervald II a III.

Obr. 2: Tixotropni uc¢innosti pryskyiice CHS-ALKYD ST 790 NN 75

Dalsi novinkou v sortimentu alkydovych pryskyfic jsou dva kratké alkydy v dearomatizo-
vaném lakovém benzinu CHS-ALKYD S 405 N 60 a CHS-ALKYD S 405 NN 55. V obou
pripadech se jedna o na vzduchu zasychajici alkydovou pryskyfici s olejovou délkou 40 %, na
bazi sojového oleje. Verze N 60 je 60% roztok alkydové pryskyrice v dearomatizovaném lakovém
benzinu Exxsol D40, verze NN 55 je 55% roztok v dearomatizovaném lakovém benzinu Exxsol
D60 s bodem vzplanuti > 60 °C. Obé pryskyfice jsou primarné€ uréeny pro pfipravu antikoroz-
nich primert a jednovrstvych natérti odolnych na povétrnosti.

Vzhledem k tomu, Ze kratké alkydové pryskyfice se v bezaromatovych rozpoustédlech
bézné nevyskytuji, jsou tyto produkt unikatni.

Zakladni parametry obou alkydovych pryskyfic spolu se zakladnimi lakafskymi vlastnostmi
jsou uvedeny v tab. 4.

13
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Tab. 4: Specifikace alkydovych pryskyric CHS-ALKYD S 401 N 60 a S 401 NN 55

CHS-ALKYD S CHS-ALKYD S 401
401 N 60 NN 55
Olejova délka [%] 40 40
Susina [%] 59,0-61,0 54,0-56,0
Viskozita 23 °C [mPa.s] 3000-7000 3000-7000
Rozpoustédlo Exxsol D40 Exxsol D60
Cislo kyselostiimg KOH/g| max. 8 max. 8
Barva [mg 1,/100 cm’] max. 10 max. 10
L o
Zasycham/tlosltlstlka 35+5um 3h 4h
s t. 2 10h 15h
s t. 3 18h 1d
st. 4 2d 3d
Tvrdost kyvadlem Persoz [%]
tloust’ka 40 £ 5 pm 11 12
3d 28 28
20d 31 30
30d
Pozn. sikativace. 4,1 % Valirex Mix 26 D60 na susinu alkydové pryskyfice

ZAVER

Spolchemie portfolio alkydovych pryskyfic neustale rozSifuje o nové typy produktd. Pfi
jejich vyvoji se snazi respektovat aktualni trendy i legislativni pozadavky. V posledni dob€ se sou-
stiedi zejména na vyvoj v oblasti pryskyfic s nizkym obsahem VOC ¢i nizkym obsahem aromatt.
Sortiment alkydovych pryskyftic byl v poslednim roce rozsifen o vysokosusSinovou, ¢erpatelnou
tixotropni pryskyfici CHS-ALKYD ST 790 NN 75 a bezaromatové typy kratkych alkydovych
pryskyfic CHS-ALKYD S 405 N 60 a CHS-ALKYD S 405 NN 55.

14
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FROM LABORATORY TO REAL CONDITIONS — PHOTOCATALYSIS
IMPROVES THE ENVIRONMENT IN CITIES

7Z LABORATORE DO REALNYCH PODMINEK — FOTOKATALYZA
ZLEPSUJE OVZDUSI VE MESTECH

DUCHACEK T.
Advanced Materials — JTJ s.r.0., Kamenne Zehrovice, Czech Republic

Summary
The limits of photocatalysis have been extended! It can be effectively used to improve the environment.
Three years of measurements both in laboratory and real outdoor conditions have demonstrated high
impact of photocatalysis in the fight for a better environment.

Over a thousand of measurements based on 1SO 22197-1 standard was performed in laboratory. The
FN NANO®2 coating was compared with pure TiO, photocatalyst AEROXIDE® TiO, P25. The measure-
ments were carried out under various conditions which affect the photocatalytic efficiency (UV-A intensi-
ty, pollutant concentration, relative humidity etc.) These measurements demonstrated high efficiency of
the FN NANO®2 coating which significantly exceeded that of P25.

Over two thousand hours of measurement took place in the real conditions of the polluted city center of
Prague. First measurements were based on 1SO 22197-1 standard to compare the outdoor results with
those obtained in laboratory. Conformity of the results was achieved. Measurements in experimental
reactors with 3D scale models representing urban development were to follow. The effect of outdoor
conditions (weather and pollutants) meant a real challenge for the FN NANO®2 and the coating exceeded
expectations. Statistically, throughout the whole measurement period, a deNO_of ~38% was achieved.
The physical and chemical properties of the FN NANO®2 coating together with its high photocatalytic
efficiency have demonstrated that photocatalysis can be effectively used for improving the environment.
Furthermore, thanks to the experimental reactor and 3D printing, it is possible to quantify the photocata-
Iytic effect at any location in the world under the conditions of the given location.

Key words
Photocatalysis, air purification, TiO,, photocatalytic coatings

INTRODUCTION

Millions of people live in polluted environment. Concentration limits recommended by WHO
are being exceeded daily in big cities all around the world. Nitrogen oxides (NO + NO, = NO )
produced mainly by traffic are considered one of the most dangerous pollutants for their high
toxicity.

More and more restrictions are being put in place in hope of reducing the NO_concentra-
tions. For example, banning cars in the city centers or canceling road lanes. The effect of these
restrictions is questionable. However, there is another, more convenient, way for reducing the
NOX concentrations. Heterogenous photocatalysis is an efficient, low cost means for eliminating
the nitrogen oxides from the air with no restrictions needed.

Countless laboratory experiments have demonstrated the ability of photocatalysis to clean
the air from various pollutants. Not much is needed - TiO, nanoparticles and UV light for their
activation. However, finding a photocatalyst with high enough deNO_ efficiency and suitability
for exterior use proved to be quite challenging. Another challenge is to find a suitable methodo-
logy for evaluating the photocatalysis contribution in real conditions.

15
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This study is focused on transfer of lab results and measurement techniques to real condi-
tions. Laboratory results proving high deNO_ efficiency of FN NANO®2 (hereinafter referred as
FN2) coating under various conditions were presented in [1, 2, 3]. The exterior measurements
carried out under real conditions in Legerova street in the center of Prague (one of the most pol-
luted locations in Czechia) are to be presented here. The influence of real mixture of pollutants,
long-term stability of the photocatalytic effect, or the photocatalytic effect in real cities presented
by scale 3D models were evaluated.

RESULTS AND DISCUSSION

The statistical processing of all data measured from 17/09/2021 to 16/06/2022 shows that
the total amount of NO_removed from the outdoor air (average concentration of 77 ug/m’) on
FN NANO® surfaces is ~38%. The removal of NO and NO, was 59% and 16% respectively.

First of all, measurements in a reactor made according to ISO 22197-1 (“Isoreactor”, Fig.
1), which is commonly used for laboratory measurements, were performed. The goal was to
compare the lab results with the results obtained in real conditions (differing pollutant mixtures,
temperature, humidity etc.). The average deNO_was around 40 % in both environments when
similar inlet concentrations of around 100 ppbv were used. Varying outdoor conditions played
little role in the deNO_ efficiency (except for rain - high humidity and low UV-A intensity).

Fig. 1: Outdoor measurement with “Isoreactor”

Measurements in large reactor, so-called experimental station, were carried out next.
A three-part box with dimensions of 100 x 100 x 100 cm, with the possible height of 30, 60 and
100 cm when using all, or combinations of the parts was used. Two opposite sides of the lower
part were fitted with fine grids which ensured homogeneous air flow through the reactor, all the

16



XV. CONFERENCE ON PIGMENTS AND BINDERS « NOVEMBER 7-8, 2022

other sides were made from plexiglass with high permeability of UV-A radiation. The air flow
through the reactor was provided by a suction fan with adjustable speed placed at the outlet of
the reactor. 3D models of city centers of Prague (Czechia), resp. Milano (Italy) in a scale of
1:250 were used as a photocatalytic element (Fig. 2). The walls of the models were coated by the
FN2 coating (only 50 % in case of Prague), the Milano cathedral was painted by FN NANO®
Transparent as it is appropriate for the marble.

Fig. 2: Experimental station with 3D models of Prague (left), resp. Milano (right)

The model of Prague city center was measured in Prague, the Milano one in Milano. The
results show that application of the photocatalytic coating FN NANO® on the walls of buildings
in polluted cities can significantly reduce the concentration of NO_as a deNO, of nearly 40 %
was reached in both cases. The results are summarized in Tab. 1.

Tab. 1: Results from the experimental station

Pollutant Model [pgc;nm3] [u;?ll;f‘] Pollutant removal [%]

NO Prague 18.2 11.1 39

NO, 322 21.3 34

NO, 50.4 324 36

NO Milano 8.6 43 50

NO, 28.4 19.6 31

NO, 37.0 239 35
*c,, is average outdoor concentration; ¢ is average concentration after the air passing through the
reactor over the photocatalytic surface.

Finally, comparative measurements to verify the measured data were carried out by
accredited testing laboratories ORGREZ, a.s. (Czechia) and Indam Laboratori S.r.l. (Italy).
200x scale up “Isoreactors” were used for the measurements. The samples were two 100 x 100 cm
facade boards where one was coated by FN2 and the other served as a reference. The boards
were vertically placed on a car roof to represent a real facade. The distance of UV-A permeable
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plexiglass from the boards was proportionally 4 times higher than the “Isoreactor” dimensions.
Stability of the deNO_efficiency was observed in such distance, however, the deNO, percentage
decreased a bit [2].

In case of ORGREZ, a.s., average concentration of NO_measured on the reference board
was 102 ug/m?. The concentration measured on the photocatalytic board was ~28% lower. In
case of Indam Laboratori S.r.l,, average concentration of NO_measured on the reference board
was 43 ug/m?. The concentration measured on the photocatalytic board was ~20% lower.

CONCLUSIONS

Complex measurements carried over a year in exterior proved that the photocatalytic pro-
duct FN NANO®2 is able to effectively clean the air. Our measurements were verified by inde-
pendent accredited laboratories (ORGREZ, a.s. and Indam Laboratori S.r.1.). They both demon-
strated high efficiency of the FN2 coating for NO_removal.

The outdoor measurements confirmed the durability, stability and longevity of FN, in NO_
abatement. Both NO and NO, were effectively removed over the entire measuring period. Statis-
tically, the concentration of NO and NO, was reduced by 59 % and 16 % respectively, resulting
in total deNO_ of 38 %.

The reactors used are well suited to measure and determine the effect of photocatalysis in
urban development. 3D printed scale city models with their walls painted by photocatalytic coa-
ting proved useful for simulating the positive impact of photocatalysis in already existing urban
areas as well as for planning new urban development with photocatalysis considered.

High efficiency of FN2 in NO, degradation combined with the possibility of planning the

optimal use of photocatalysis in urban areas is a really promising tool in the fight for a better
environment.
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MODERNI ARCHITEKTURA A CHYTRE NATERY — PRAKTICKA
A EKONOMICKA CESTA KE ZDRAVI A UDRZITELNOSTI

MODERN ARCHITECTURE AND SMART COATINGS — A PRACTICAL
AND ECONOMICAL WAY TO HEALTH AND SUSTAINABILITY

JONAS J.
FN - NANO s.r.0., Kamenne Zehrovice, Czech Republic

Summary
The paper is focused on economic, ecological and legislative solutions to urban pollution, which can
be used immediately and in mass thanks to the FN NANO® coating photocatalytic technology. The

combination of smart coatings with experimental stations and 3D city models is especially important. We

can thus simulate the environmental effect of the building on the surrounding environment, increase the

sustainability of a large development and solve the syndrome of sick buildings. The coatings serve as a
protective functional layer applied to the facades of houses, so they remain clean for a long time, without
darkening and growth of algae. This effect is called self-cleaning and creates a maintenance-free surface,
which eliminates the need for demanding maintenance and cleaning of facades. Photocatalytic coatings
protect building surfaces from UV degradation, cool their surface and at the same time constantly clean

the air of toxic emissions. another benefit it provides is clean air and disposal of emissions.

Key words
Smart coatings, FN NANO® coatings, photocatalytic coatings, smart cities, air purification, environment,
green technologies, sustainability, ESG, well-being,

Architekti a projektanti maji ze své podstaty cit a vztah k tomu, aby navrh fungoval
dispozi¢n€, materialové i vzhledové. Maji vzdélani v oblasti architektury a snazi se do svych pro-
jektt zakomponovat i vyuziti sou¢asnych modernich trendi a technologii. Resi rovnéz zasazeni
stavby do krajiny ¢i méstského prostoru, druhotny vyznam stavby, ekologii, zivotni styl majitele
a dalsi nezbytné aspekty souvisejici s tvorbou obytnych, ¢i vefejnych prostor.

V soucasné dobé¢ je velmi kladen dlraz na udrzitelnost i ekologii stavby, ale zaroven i na
well-being a tvorbu tzv. ,zdravych budov”. To je velmi positivni trend, protoze uz v 70. letech
minulého stoleti si odbornici v§imli, Ze nékteré budovy ,zpusobuji“ svym obyvateliim una-
vu, paleni o¢i, bolesti hlavy nebo tlak na prsou. VSechny tyto symptomy pfitom po jejich
opusténi odeznély. Pojmenovali to jako syndrom nemocnych budov a zjistili, Ze za tim stoji
hlavné zateplovani a instalace neprodySnych oken. Ve snaze uSetfit za energie, jsme domy
v podstaté hermeticky uzavreli a ty pak prestaly pfirozené vétrat. Netyka se to ale jen kancelar-
skych budov a novostaveb. Podle Statniho fondu zZivotniho prostiedi trpi syndromem nemocnych
budov tfi ¢tvrtiny §kol, zdravotnickych zarizeni nebo pecovatelskych domd.

Resenim je vyuziti nejmodernéjsich technologii a jednou z nich jsou fotokatalytické natéry
FN NANO®. Diky kombinaci fotoaktivnich natéri, nejnovéjsi védeckych poznatki a technologie
3D tisku jsme vyvinuly systém, diky kterému dokazeme modelovat, kolik vzduchu vy¢isti objekt
oSetfeny technologii FN NANO®, a to jiz ve fazi projektovani. S jeho pomoci mohou architekti
a projektanti jiz predem urcit dopad fotokatalytickych fasad budov na ovzdusi v konkrétni loka-
lit€, a to pomoci 3D modelu projektované stavby pro konkrétni lokalitu. Ve spolupraci s nasimi
experty Vam dokazeme nasimulovat nejoptimalnéjsi umisténi stavby a spocitat jeji environmen-
talni pfinos pro danou lokalitu.
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Zaroven usilovné pracujeme na komercionalizaci a masovému uplatnéni téchto fotoaktiv-
nich natéri, proto jiz od 1. 7. 2022 mohou architekti, ktefi vyuZivaji cenovou soustavu URS
(nastroj pro rozpocty a kalkulaci staveb), vyuzit nové pridanych fotokatalytickych materiali
technologie FN NANO®.

Zaméfujeme se i na ekonomické, ekologické a legislativni feSeni otazky zneciSténi mést,
které 1ze diky natérové technologii FN NANO® vyuzit okamzité a masové. Natéry slouzi jako
ochranna funk¢ni vrstva nanasena na fasady domd, ty tak zistanou dlouhodobé€ Cisté, bez tmav-
nuti a porustani rasami. Tento efekt se nazyva samocisténi a vytvari bezudrzbovy povrch, kdy
odpada nutnost nakladné udrzby a CiSténi fasad. Fotokatalytické natéry chrani povrchy staveb
pred UV degradaci, ochlazuji jejich povrch a zaroven neustale Cisti vzduch od jedovatych emisi.
Dalsim benefitem, ktery natér zajistuje je Cisty vzduch a likvidace emisi.

*  Pridana hodnota staveb

e Zlepseni kvality zivotniho prostfedi a ochrana lidského zdravi.

»  ZlepSeni kvality vnitfniho prostiedi v budovach - prevence pifenosu nakaz.

*  Odborné stanoveni environmentalniho efektu pro konkrétni budovy a lokality.

»  Efektivni, dlouhodobé a levné CiSténi ovzdusi v méstské zastavbe.

¢ Eliminace toxickych latek ze vzduchu a pfeména jedovatého prizemniho ozénu na
potrebny kyslik.

e Natéry odrazi solarni radiaci s ucinnosti az 80 % a snizuji tak zahfivani povrchu
020 az 30 %.

¢V podminkach globalniho oteplovani tak pomahaji v 1été ochlazovat mésta.

»  Fotokatalyticky efekt je permanentni, nevyCerpatelny a neslabne s Casem.

*  Vsechny ochranné funkce jsou zachovany po celou existenci natérové vrstvy.

Obr. 1: 3D tisténi model mésta - pro in-situ méreni a simulaci ochrany ovzdusi v Praze, ulice
Legerova
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Obr. 2: 3D tisténi model mésta - pro in-situ méreni a simulaci ochrany ovzdusi v Milané, Duomo
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WILL THE SMART PAINT FACTORY ELIMINATE THE NEED FOR LAB
PERSONAL WITHIN THE NEXT 5 YEARS?

STALMACH U.
ORONTEC GmbH & Co. KG

Summary
Digital tools, e.g. the Industrial Internet of Things IloT, Big Data, and most notably Artificial Intelligence
Al are buzz words connected by most people with two things: a huge boost in productivity — and the
fear of losing their jobs! The rather conservative Coatings Industry is no stranger to this, quite the
opposite. While it is true that the way we will work in the future will change (for some more, for some
less drastically), this presentation aims at describing how these tools can help free valuable, highly
educated experts from doing repetitive “dummy” work — change that surely every coatings specialist
actually yearned for for years! We will elaborate on several examples of how working digitally can free
up valuable specialist time, thus implementing our vision of The Smart Paint Factory. Finally, we will
demonstrate how the Smart Paint Factory concept translates into the work of the lab personal in the
future.

Keywords
Smart Paint Factory; digitalization; coatings; change.

The common process of today’s paint production is a batchwise push process following
the “guideline” that corrections of color and other properties after producing the first load are
acceptable because they are needed. Smart Paint Factory stands for ORONTEC’s vision of
a fully digitalized, cross-linked paint production process, which is a contradiction to this status
quo. The goal of the Smart Paint Factory is a more efficient and effective paint production that
enables the co-workers to love their jobs, primarily focusing on a perfect client experience by
solving client problems. Simultaneously, this also enables the company to get ready for digital
business processes as well.

Fig. 1: Building blocks for a Smart Paint Factory

Building blocks to set up a Smart Paint Factory, depicted in Figure 1, are processes that are
digitalized, starting with the conversion from paper to data. They also comprise suitable equip-
ment ready to deal with digital data. Next, devices and other data sources need to be connected
to each other, so that in the final stage processes can be automated. Only then the ground is laid
for the successful use of machine learning tools to start to use data for optimization purposes.
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Operations subsequently will have to change as well, starting with a focus on solving client’s
problems. For this, the production will have to be shallow and strictly modular for the lean,
effective and efficient production of paints. R&D will have their main focus on keeping the
supply chain within the company running smooth, while innovation will predominantly come
from the source best suited for that purpose - the raw material suppliers!

HOW WOULD THE IDEAL PAINT PRODUCTION LOOK LIKE?

Usually, the paint production process follows a linear path, starting with incoming raw
materials that are checked in the quality control department (QC). They are subsequently
processed in production with the help of a formulation or recipe originating from the research
and development department (R&D). After production, the product goes again through QC for
adjustment before it goes via the warehouse to the customer.

In the ideal world, all information on the whole process would be stored in a central ERP
system. Reality is different, though: in all positions described, maybe even in more than that, data
is generated and kept in different formats, e.g. pdf, excel sheets, text files etc. On top of that, this
data is mostly confined to departmental silos (Figure 2).

Fig. 2: Paint production in reality

Figure 3 gives an overview of how we see the Smart Paint Factory set up. Of course, we
will keep the current process and flow of information as is to begin with. We will add a central
database that is connected to all data sources to create the transparency of data, so all data are
available everywhere. ORONTEC’s portfolio contains a number of measurement devices able to
provide high quality, reproducible data in digital form, which will be described in more details
later. Note that in Figure 3, these devices have a two-way arrow (in red), indicating that they not
only provide data to the database, but are also capable of receiving data from it to automatize
their operation. Finally, the central database is also capable of receiving data from as well as
providing data back into the ERP system.
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Fig. 3: Paint Production in the Smart Paint Factory

The positioning of the devices in Figure 3 along the value chain indicates the area of use.
Please note that most of the devices have multiple roles they can play, hence can be used at
several positions along the value chain. What service they provide at what position will be
described in more detail in the following pages.

LIQUID COLOR MEASUREMENT SYSTEM Q-CHAIN® LCM

Let’s start with our workhorse, the Q-Chain® LCM. Normally, color is measured in the dry
state (,as the clients see it“). However, there are multiple factors coming from the application
that influence the color reading, which is not interesting to us if we want to get indications about
the color properties of the material. Factors are layer thickness, drying conditions, temperature,
air humidity, uniformity of the layer, etc. Additionally, in order to get a dry sample, one has to
prepare them - a time and material consuming step.

The Q-Chain® LCM measures the color contactless in the wet state on a dynamic surface.
The dynamics come in the form of a rotating disc or cylinder. This creates a uniform film which
is constantly renewed during the measurement, eliminating the negative input of drying surfaces
or flocculation. The time for a measurement is about 4 minutes, three quarters of which falls to
cleaning. The reproducibility of results is often one order of magnitude better than with the dry
process, hence precision is increased. Therefore, the advantage with respect to efficiency and
effectiveness of the production process is a fast and reproducible measurement step yielding
relevant data of the material itself not influenced by the sample preparation step.

Another aspect that makes the use of the Q-Chain® LCM even more versatile: there is no
need for film formation of the material to be measured, which means that also intermediates
such as milling goods, pigment pastes or slurries can easily be measured. The shear introduced
by the rotating medium is big enough to orient metallics, so slurries of effect pigments can
be measured as well, thus allowing for quality control of incoming effect pigments as well as
production control of the intermediate slurries without the need to prepare samples (which
is a step that can immensely influence the measured value of dry samples containing effect
pigments!).

24



XV. CONFERENCE ON PIGMENTS AND BINDERS « NOVEMBER 7-8, 2022

For color tinting, the color strength (CS) is a crucial parameter. ORONTEC provides an
algorithm that works uniformly for the whole spectrum of pigments, yielding a linear relation
between the CS and the concentration of pigment, hence a SI unit. Thus, color formulations can
be corrected dynamically up front before production, establishing a high probability for right-
first-time scenarios.

By following the development of CS over time during milling, the milling process can be
optimized batch per batch, either to constant CS or to maximum CS, without losing material
due to overmilling. This represents another example of an increase in efficiency as well as
effectiveness in the production process of paints.

MAGNOMETER® XRS

The stability of paints often depends on the interaction of substances at interfaces, mostly
between solid and liquid ingredients. The goal is to stabilize these interactions, for example by
adding additives to pigments for wetting and stabilization in the paint. The more the additive and
the pigment ,/ike” each other, the better the stability to prevent sedimentation or agglomeration.

The MagnoMeter® XRS is very sensitive to these interactions and yields data that are
specific for each combination of ingredients, as well as for their relative concentrations. Hence,
it is possible to check for the better additive for a specific pigment within a series of experiments,
as well as determine the amount of additive necessary for full coverage at a given particle
size. On the other hand, the signal can indicate if the size of the interface increases over time,
e.g. during milling. The measurement takes only a few minutes without the necessity of prior
sample preparation.

It is thus suitable for controlling incoming goods (,,how similar are batches“?), for the use in
R&D (,what is the best additive, how much is necessary for optimum performance?”) as well as in
production (monitoring the milling process over time). Regarding our goals, the MagnoMeter®
XRS provides digitally available data for interactions that so far were only measured indirectly at
best, or not at all, thus increasing efficiency of production and development processes.

Q-CHAIN® SURFACE SCANNER AUTOMATIC SSA

The Q-Chain® Surface Scanner Automatic or SSA for short is one of ORONTEC’s
automation solutions, where we bring standard hand-held measurement devices into an
automated environment, thus increasing precision and repeatability of the measured values. One
main use is the so-called fingerprint analysis, where the application window for a basecoat -
topcoat - combination is determined with respect to the applied film thickness of the basecoat.
Color, gloss, cloudiness and appearance are measured amongst others with respect to the film
thickness, in sum up to 3600 data points per sample. These data are important to the paint user,
yielding a window of application where the performance of the coating is suitable. The increase
in efficiency of the process in this case is split between the paint producer and the paint user:
while the paint producer provides information about how to best use the product, the paint user
receives a window of application within which he can optimize the use of the paint according to
his own specifications. All data are combined into a single file and stored in a database.

Q-CHAIN® SUMO

Another example for an automation solution, Q-Chain® SuMo covers corrosion test panel
evaluation. While traditionally the test panels have to be scratched to free them from loose
coating and rust before they can be analyzed, we provide an automized test method that can 1)
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measure up to 25 samples automatically overnight, and 2) leave the sample surface unmodified
from mechanical force due to using a thermo-optical method for measuring.

Our motto for the Q-Chain ® SuMo is ,never scratch again“ - we use a thermos-optical
approach employing an IR laser to heat up the sample, then analyzing the heating and cooling
curve at the measured spot to differentiate between delamination, rust and intact coating. In this
way, the same panel could be reused to monitor the evolution of the corrosion process, reducing
the number of panels necessary for testing. Thus we increase the reproducibility of the results of
corrosion tests that are available directly in a digital format and free highly qualified lab personal
from “dummy” work of virtually destroying the samples before measurement.

Fig. 4: Working in the Smart Paint Factory

All data acquired are connected to the flow of the value chain by our process automation
software Q-Chain® Process Al. Combining all these parts together, the future work in the Smart
Paint Factory will still employ the same steps for the paint material as before: raw materials are
checked, used in production according to a formulation, the end product is checked and then
delivered to the client, as depicted in Figure 4. However, this will not necessarily be done in
different departments anymore - the flow of materials as well as data will be automatized as
much as possible, with connected data sources enabling data transparency for each material in
their peculiar state within the process at a specific time.

Regarding the initial question of the necessity of lab personal, there will be people operating
the devices and most importantly making sense of the data flow. After all, decisions will still
have to be made, and these will still come from experienced, skilled personal! However, it is
pretty clear that the way people will work in the future will be very much different from what
they are used to do now - and that will require the learning of new skills to realize synergies
with the digitalization tools that will be able to learn and provide new insights into optimization
potentials based on past experiences made. Also, the possibility to produce with constant quality
is much higher under these circumstances, going even as far as to allow to calculate changes in
application settings at the end clients application apparatus to be made for each new batch to
ensure constant quality in the coated substrate for the end client.
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CONSLUTION

To summarize, the existing process control in the coatings industry has its limit when it
comes to understanding the processes better. This is due to a number of reasons, one of which is
the capabilities of existing measurement devices to provide reliable, reproducible data in a digital
form. The other is the pronounced issue of data intransparency - within the company, but also
along the value chain as a whole due to silo-ing. New sensors and measurement devices help
to feed reliable data into algorithms for machine learning, yet the big step forward can only be
expected with a change in mindset into the direction of holistic data sharing as the path forward
to understanding the value adding processes better. The vision of the Smart Paint Factory would
be the optimization of these factors within the company. This in turn will mean that the nature
of the work of the lab personal will change from manual, repetitive work to more cognitive work
with data. The lab personal will still be necessary for the paint production, but they will be able
to focus much more on the ultimate goal for the company: to help solve the client’s problems.
Hence the answer to the question in the title is “No - but the work will be different!”
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BUDOUCNOST V OBORU NATERU — NAVRHY Z PRAXE

FUTURE IN THE FIELD OF COATINGS — PROPOSALS FROM
PRACTICE

SIGMUND 1J.

Korozni inzenyr

Summary

Continuously increasing costs for the procurement of materials and energy create pressures for changes
in technologies and materials in the cross-section of the entire field of production of protective and appea-
rance paints and coatings. The paper considers the possibilities of new, more effective paint materials and
technological procedures for anti-corrosion protection and surface treatment of steel structures and other

metal building materials, engineering and similar products. The focus is on productive high-solids or
solvent-free paint materials, on more efficient technological procedures for surface preparation, and on
a change of perspective on solving emissions of volatile organic substances.

Key words
Preparation of surfaces by washing and degreasing, blast cleaning, high-dry weight performance coatings,
solvent-free, volatile organic emissions, capture and utilization of emissions, minimisation of emissions

Zhotovovani ochrannych i vzhledovych natéra je velmi Siroky a pestry obor. Vyrobci stro-
jirenskych vyrobkd, stavebnich ocelovych konstrukcei, strojii a zafizeni pfi zhotovovani ochran-
nych nebo vzhledovych natéri pouzivaji kromé nejriiznéjSich natérovych hmot nejriznéjsi tech-
nologické postupy a materialy. V situaci neustalého zdrazovani se tito budou zamyslet, jak snizit
naklady. Nakladovych polozZek na zhotovovani natérti jsou desitky. Snizeni nakladli na jednu
miiZe znamenat nejen moznost celkového snizeni, ale mnohdy i celkového zvysSeni. Kde zacit.

V tomto pfispévku hodlam poskytnout nékolik namét k premysleni, jak obstat, a vSechny
budou vychazet od natérovych hmot. Lze prokazat, zZe pfi spravné volbé natérové hmoty, casto
i drazsi, 1ze podstatné omezit vynakladani nakladt na dal§i postupy a materialy, a tim celou
bilanci zhotovovani natéra zlevnit. Predkladam nasledujici priklady.

Svaritelné zakladni natérové hmoty, napf. lodni plechy. Pozadované vlastnosti viz CSN EN
ISO 12944-5, priloha F. Velmi rychle zasychajici natéry v tloustkach 15 az 30 um, natérovymi
hmotami o objemu susiny 20 az 40 %, smysluplné pouzivané pouze na specialnich vysoce vykon-
nych automatizovanych linkach. Velmi vysoké emise t€kavych organickych latek.

e Zamysleni 1. Upravit slozeni rozpoustédel v téchto natérovych hmotach tak, aby emise
mohly byt odsavany co mozZna v koncentrovaném stavu a karburovany do spalovaci-
ho motoru, ktery by mohl pohanét ventilatory, dopravniky nebo jiné agregaty. Napf.
oktanové ¢islo aromatt je 110 a vice. Navic emise z motorl jsou hodnoceny jinak, nez
z lakoven. Je to sice ponékud jina technologie s jinym technologickym zafizenim, ale
prokazatelné levnéjsi a uspornéjsi.

o Zamysleni 2. Vyfesit svafitelné natérové hmoty jako vytvrzovatelné UV zafenim, v po-
zadovanych tloustkach je to realné. Bleskové vytvrzovani, prakticky bezemisni provoz.
I to je jina technologie s jinym technologickym zafizenim, ale prokazatelné levnéjsi
a usporngjsi.

Vicevrstvé ochranné povlakové systémy pro ocelové konstrukce mosti - nosné konstrukce

a dalsi hlavni dily. Samoziejmé i jiné obdobné ocelové konstrukce a vyrobky. Prvni vrstva obvykle
zarovy nastfik kovu, nebo zinkovy silikatovy natér, nebo zinkovy epoxidovy natér. Mezivrstva /
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mezivrstvy epoxidovy natér. Vrchni natér polyuretanovy, v posledni dobé se pripousti siloxanovy,
fluorpolymerovy nebo polyaspartamovy. Pozadavek na vysoky kotvici profil pod prvni vrstvu,
vysoka pracnost, vysoké emise t€kavych organickych latek.

e Zamysleni 3. Prvni vrstvu povlaku vysokosusinova pojivo (napf. epoxidové) s se sni-
Zenym az nizkym obsahem kovového zinku (angularni pod 78 %, lamelarni jesté pod-
statné méné, prip. tzv. “nanozinek®), dnes se vyskytuji i jiné pigmenty a plniva. Nizsi
naroky na drsnost povrchu pod natér, minimalizace emisi tékavych organickych latek,
zvyseni tloustky povlaku a tim sniZeni poctu vrstev natérového systému.

susinovou hmotou, napf. siloxanovou. Minimalizace emisi tékavych organickych latek,
zvySeni tloustky povlaku a tim sniZeni poctu vrstev natérového systému. Ve spojeni
s prvni povlakovou vrstvou lze docilit dvouvrstvého natéru, s efektem nizsi pracnosti
a snizeni emisi tékavych organickych latek, pfi dosazeni Zivotnosti pres 25 rokd pro
korozni agresivitu atmosféry C4.

e Zamysleni 5. Pro vrchni vrstvu lze pouzit i klasické vysokosuSinové epoxidy nebo méné
obvykla odolna pojiva, tyto, pokud jsou plnény kovovymi nebo sklenénymi vlockami,
vykazuji vysokou odolnost vici UV zafeni. Stejné efekty jako jsou uvedeny v ,,zamys-
leni 4%.

Vzhledové natéry pro precizni strojirenské vyrobky a celky (obrabéci stroje, dopravnikové
systémy, skiiné rozvadécu, dily a soucasti pohonti atd.). Obvykle sestavy z odlitki, svafenct,
za studena valcovanych plecht, spojované sroubovanim nebo pierusovanymi / bodovymi svary.
V praxi obvykle umisténi v suchych klimatizovanych halach, osvétleni umélé bez UV paprsk.
Z ucinki prostiedi v obrabécich centrech mozné znecisténi chladicimi a mazacimi kapalinami
a tuky, narazy horkych tfisek od obrabéni, zapraseni pfevazné inertnimi prachy. Vzhledem
k produkované hodnoté vyrobki pomérné maly rozsah natiranych ploch a podil nakladi na na-
térové hmoty, ale vyznamny podil nakladl na Cisténi, myti a odmastovani dili pfed zhotovenim
vrstev natéril, tmeleni a brouseni povrchii odlitkl a svarenct, zachycovani a zneSkodiovani emisi
z provozu. Obvykly postup po zhotoveni natérl je sestaveni stroje / celku, kontrola sestavy
vcetné pripadnych tUprav, demontaz a opravy poskozenych natérd, baleni a expedice. Na misté
sestaveni u zakaznika opét opravy natérti poskozenych prepravou, skladovanim a montazi.

e  Zamysleni 6. Pro zhotoveni natéri jsou obvykle voleny nastfiky dvou a vicevrstvymi
natéry s pouzitim natérovych hmot o pomérné nizké susin€, neschopné utésnit nejriz-
néjsi povrchové vady zejména u odlitkd, ale také u svafenctl. Ty se musi pracné tmelit
a brousit, obvykle na velkém podilu ploch. Pouziti natérovych hmot s velmi vysokou
suSinou peclivé nanesenych valeckem je schopno vady do hloubky pfiblizné¢ 1 mm
zcela utésnit bez nutnosti tmeleni a brouseni, tmeleni by bylo nutné pouze pro vétsi
povrchové vady.

e Zamysleni 7. Pokud by natérova hmota podle ,,zamysleni 6“ byla spravné koncipovana,
Ize predpokladat, Ze bude vytvoren dostatecné kryjici vzhledny jednovrstvy natér. Po-
kud by se navic po valeckovani vytvoril vzhledny strukturovany povrch, 1ze predpokla-
dat podstatné snadnéjsi opravy poskozenych ploch jak po demontazi u vyrobce, tak po
montazi u zakaznika. S ohledem na mozné znecisténi chladicimi kapalinami a mastno-
tami, s vystaveni v klimatizovanych halach pfi umélém osvétleni bez UV paprski Ize
uvazovat napf. s vhodnymi epoxymastixy.

e Zamysleni 8. Ruzné plechové dily a kapotaze, pokud jsou spojovany prerusovanymi
nebo bodovymi svary, bude obtizné Cistit pred natéry napf. emulznimi technologie-
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mi (zachycovani emulznich pfipravkl ve sparach a jejich vyron do hotového natéru),
s ohledem na omezovani emisi tékavych organickych latek je moznym feSenim napf.
odmastovani rozpoustédly o bodu varu nad 250 °C. Natérova hmota podle ,,Zamysleni
6“ by méla mit mozZnost pro tento pfipad zbytky necistot v¢. Cisticich prostiedkii ve
sparach prerusovanych a bodovych svarti tolerovat.

e Zamysleni 9. Pfi spravné volbé natérovych hmot je pro vyse uvedené pfipady mozné
oCekavat, ze emise tékavych organickych latek pro fadu vyrobct a aplika¢nich firem
nepiekroci hodnoty, stanovené pro ochranu ovzdusi i bez nutnosti realizace jejich za-
chycovani a zneskodnovani!

Bylo by mozné hovofit o dalSich typech ochrannych a vzhledovych povlakd. Napfiklad,
skrinové ocelové konstrukce, nadrze, zasobniky, potrubi o velkych priimérech, atd. Nekladu si
narok na vycerpavajici vycet, pfedkladam sviij prispévek jako namét k zamysleni. Upozornuji, ze
smysluplné feSeni je vzdycky mozné najit teprve po fadném a peclivém prezkoumani a pochope-
ni jak natiraného vyrobku, tak v§ech navrhovanych / pouzivanych prostiedki a technologii, a to
vcetné€ vSech predvyrobnich a vyrobnich.

Po rozvazeni mého prispévku mnozi z Vas feknou, takové natérové hmoty mame. Ptam se
Vas, dovedete si je do projektd, do obchodnich pripadii prosadit? Dovedete svého zakaznika pro
takova efektivni feSeni ziskat? Mate takova feSeni opravdu peclivé rozvazena? Je Vam ziejmé
a prirozené, Ze zakaznik by mél dostat nikoliv to co chce, ale to, co opravdu potiebuje?

LITERATURA

[1]CSN EN ISO 12944-5 Natérové hmoty - Protikorozni ochrana ocelovych konstrukei
ochrannymi natérovymi systémy - Cast 5: Ochranné natérové systémy
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NANO NEBO PIGMENT TIO, - VLIV VELIKOSTI CASTIC NA OPTICKE
VLASTNOSTI T1O, PIGMENTU

NANO VS PIGMENT TIO, — PARTICLE SIZE INFLUENCE ON KEY OPTICAL
PROPERTIES

PIKAL P.
PRECHEZA a.s., nabr. Dr. Edvarda Benese 1170/24, 750 02 Pierov

Summary
Particle size measurement is quite important for nonabsorbing pigments as TiO,. Main function of TiO, is
to scatter visible light and this is related to particle size. Many methods are used for estimating particle
size, some of them easy to implement but with limited relation to optical properties, some of them tedious
and difficult but with clear and straightforward relevance to important TiO, pigment properties including
tinting strength and undertone.

Key words:
Particle size, Electron microscopy, Scattering power, Undertone, Specific surface area.

UVOD

Proces vyroby TiO, pigmenti je optimalizovan z fady hledisek, ale hlavni je optimalizace
velikosti ¢astic. Barvotvorné pfimési se sice mohou projevit negativné ale k jejich zvyseni dochazi
spiSe pri havarijnich stavech. Pti standardni produkci je kliCovym parametrem urcujicim optické
vlastnosti pigmentu velikost primarnich castic. Pfi zpracovani pigmentd v natérovych hmotach
se vyrobce vzdy snazi dosahnout takové disperze, kdy jsou jednotlivé primarni ¢astice od sebe
oddéleny a funguji jako samostatna centra rozptylu svétla.

MERENI{ VELIKOSTI CASIC

Existuje mnoho metod pro méfeni velikosti ¢astic a zadna z nich nepokryva cely rozsah od
nanometri po mikrometry. Pfi méfeni stejného materialu riznymi metodami lze ziskat zcela
odlisné vysledky. Velmi dobry pfehled je v jedné ze studii projektu Nanodefine [1]. Nasledujici
shrnuti neni vyCerpavajici a nepopisuje kazdou metodu v celé jeji hloubce. Metody jsou nahlizeny
z pohledu méfeni velikosti Castic anorganickych pigmentt.

Rozsiieni difrakéniho (XRD) piku

Toto je nepfima metoda a nemulze méfit distribuci velikosti ¢astic. Odhaduje pouze
primérny rozmér v krystalech v uréeném sméru. Méfi pouze krystalické Castice a pokud jsou
tyto Castice chemicky vazany na amorfni hmotu, nemuze v zasadé odhadnout velikost takovych
amorfnich ¢astic. Jde o relativné snadnou metodu, méfi velikost v pevné fazi, a tudiz je pfiprava
vzorku k méfeni snadna. Nelze méfit Castice nad priblizné 200 nm.

Staticky rozptyl svétla, difrakce laserového paprsku

Jedna se o velmi oblibenou a rychlou metodu ktera je velmi vhodna zejména promono-
modalni ¢astice s pomérné uzkou distribuci velikosti ¢astic. Vzorek se obvykle disperguje pomoci
ultrazvuku v kapaliné, byt existuji postupy pro dispergaci praskovych materialt ve vzduchu. Pfi-
padné je mozné pouzit k méfeni disperzi pripravenou napfiklad perlovym mletim. Hodnoce-
ni je zaloZeno na iterativnim procesu postupné korekce pocate¢ni odhadnuta distribuce ¢astic
a porovnavani namérené a vypocitané intenzity rozptyleného svétla, dokud neni zbytkova chyba
mala. Velkou nevyhodou, spole¢nou vSem metodam pouzivajicim k méfeni viditelné svétlo je

31



XV. KONFERENCE PIGMENTY A POJIVA « 7.-8.11.2022

v pripadé TiO, nutnost vyrazného nafedéni méreného vzorku, které miuiZe zpusobit zpétnou
aglomeraci Castic a dale slozity matematicky aparat, ktery se muze lisit pfistroj od pfistroje. Vy-
sledky pak jsou obtizné pfenositelné na jiné pracovisté a soucasné neni zaruceno, Ze jsou méfeny
primarni ¢astice a nikoliv jejich shluky.

Dynamicky rozptyl svétla

Principem je dekoherence (fluktuace) laserového paprsku, ktera je ovlivnéna Brownovym
pohybem ¢astic. Aniz bych zachazel do podrobnosti, velké Castice se pohybuji pomaleji tudiz
ovlivnéni paprsku je nizsi, malé castice se pohybuji rychle takze korelace paprsku se vytraci
rychle. Z korelac¢ni funkce se vypocitava difuzni koeficient a z n€j se odvozuje hydrodynamicky
primeér Castic. I v tomto pfipadé€ jde o pomérné Casto vyuzivanou metodu, ktera je rychla a dava
vysledky blizké vysledkiim méfenym pomoci sedimentacnich metod. Nevyhodou je, stejné jako
u laserové difrakce, nutnost naredit vzorek, citlivost k pritomnosti velkych ¢astic, problematické
zpracovani v pfipadé multimodalni, ¢i Siroké distribuce Castic. Ani v tomto pripadé neni
zaruceno, ze zmétfené vysledky odpovidaji primarnim casticim.

Sedimentac¢ni metodiky

Kazda castice umisténa v prostiedi o nizsi hustoté sedimentuje vlivem gravitace a ry-
chlost sedimentace je dana Stokesovym zakonem (za pfedpokladu laminarni sedimentace).
Sedimentaci je mozné urychlit pouzitim odstfedivé sily. Je mozné méfit relativné koncentrované
vzorky, zejména pokud se miso svétla pouzije pro detekci koncentrace ¢astic rentgenové zareni.
Vyhodou je pfimy vztah naméfeného signalu k velikosti ¢astic bez nutnosti slozitych vypoctu,
nevyhodou je doba méfeni a rozsah méfitelnych velikosti Castic, ktery je dan ze strany velkych
Castic pouzitym zrychlenim a ze strany malych ¢astic dobou méreni. I kdyz je tato metoda
preferovana v oblasti TiO, pigmenti, ani zde vysledky nemusi odpovidat méfeni primarnich
castic.

Elektronova mikroskopie (EM)

Elektronova mikroskopie umoznuje dosahnout zobrazeni Castic za urCitych podminek
ipod 0,1 nm. Na druhou stranu jeji dynamické rozliSeni je omezené, takze rozumné lze uvazovat
s méfenim pouze v uréitém rozsahu velikosti ¢astic daném faktorem mensim nez 40. Zméfim-li
spolehlivé Castice okolo 10nm je maximalni velikost rozumné méritelnych velkych castic zhru-
ba okolo 400 nm spise jeSté o néco méné. Priprava vzorku muiize zasadnim zpisobem ovlivnit
vysledek méfeni. Pfiprava nesmi ovlivnit rozdéleni Castic které mohou byt zméfeny, nesmime
pripravou poztracet ani velké ani malé Castice. DalSi nevyhodou je obtizna automatizovatelnost
pri detekci Castic a nelze zapomenout ani na cenu zafizeni. Pokud se chci dostat na citlivost od
10 nm je nutné pouzit mikroskop za desitky milionti korun. Pfi vyhodnoceni snimki je tieba za-
chovavat striktni pravidla, aby nedoslo k ovlivnéni vysledkii. Na rozdil od ostatnich metod, které
poskytuji vysledky primarné objemové nebo intenzitné vazené elektronova mikroskopie vede
k distribuci Cetnostné vazené. Je ale pravda, Ze pfepocet z Cetnostni distribuce na objemovou je
jednodussi a presnéjsi nez naopak. Dalsi vyhodou muze byt, ze 1ze méfit pfimo primarni Castice.
Nezanedbatelné je pfi pouziti elektronové mikroskopie pouziti vhodného zvétSeni pro zobrazeni
malych Castic tak aby soucasné nedoslo k zhorseni méfitelnosti velkych Castic. Z principu je totiz
pravdépodobnost mozZnosti zmérit Castici klesa s ristem jeji velikosti. Pfi rozliSeni 1,4 nm/pixel
a velikosti snimaného pole 1800 x 1250 nm je totiz pravdépodobnost Ze vétsi Castice bude mimo
pozorovaci rozsah znaéné vysoka, jak uvadi tabulka.
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Tab.1: Pravdépodobnost, Ze ¢astice danych rozméru bude spadat kompletné do oblasti snimku
1800 x 1250 nm a bude mozné ji korektné zmérit.

Velikost castice nm 50 100 200 400
Pravdépodobnost % 93,3 86,9 74,7 52,9

Je tedy patrné, ze 50 nm Castice maji pravdépodobnost, Ze je bude mozné zmérit skoro 100 %,
zatimco jednu ze Ctyf 200 nm Castic nebude mozné za téchto podminek zméfit protoze bude
mimo zorné pole. Vysledky z elektronové mikroskopie tak budou z principu vzdy vychyleny
k men§im ¢asticim.

EXPERIMENTALNI CAST

V posledni dobé se objevilo nékolik ¢lank vyuzivajicich elektronovou mikroskopii ke
stanoveni velikosti ¢astic u pigmentového anatasu v Cistoté pro potraviny a naméfena stfedni
velikost spadala do oblasti pod 100 nm a tudiz by takovy material musel byt deklarovan jako
nanomaterial. JelikoZ se jedna o pigment vyrabény stejnym procesem jako jiné typy pigmentovych
anatasi neni mozné, aby se jeho velikost takto zasadnim zplsobem odliSovala. Pristoupili
jsme tedy k ovéfeni jak méfeni velikosti ¢astic pomoci EM tak k vyuziti optickych metod pro
hodnoceni barvivosti a podtonu a ke zméfeni mérného povrchu a rozsireni piku XRD.

Jako vzorky pro posouzeni bylo pouzito 5 komeréné dostupnych anatast v kvalité pro po-
traviny oznacCenych jako A az E. Laboratorni vzorky byly pfipraveny kalcinaci vysuSené pasty
TiO, odebrané ze sulfatové vyroby pigmentii v rozmezi teplot 750-1000 °C, zhomogenizovany
a pomlety pomoci planetového mlynku.

Byly pouzity rozdilné metody pripravy vzorku pro méfeni EM a vyhodnoceni na tfech
rozdilnych pracovistich. Vsechny metody vyuzivaly SEM s vlastnim zptisobem vyhodnoceni
snimkt a s rozdilnym poctem zméfenych Castic. Pro méfeni laboratornich vzorkl byla pouzita
pouze metoda M2.

Tab. 2: Prehled metod pouzitych pro méreni velikosti castic

Priprava vzorku

2 g pigment se disperguji v horkém pojivu
(M1): Disperze v pojivu (Cross-Section) a natah je upraven a proméfen
automatizovang. [2].

Na oboustranou lepici pasku byl nanesen
(M2): Sucha metoda (Dry) pigment, prebytek materialu se odstranil
ofukem. Castice byly proméfovany vizualné.

2 mg pigmentu se disperguje v 50ml vody
a aplikuje na Si desticku. Castice byly
promérovany vizualné.

(M3): Dispergace v kapaliné
(Sonicated Dispersion)

U vSech vzork, laboratornich i provoznich bylo provedeno stanoveni velikosti mérného
povrchu metodikou BET (ISO 9227) a stanoveni rozsifeni XRD difrakénich pikid. Dale bylo pro-
vedeno stanoveni optickych vlastnosti metodikou v Sedé pasté dle [3]. K vyhodnoceni vysledkt
byl pouzit statisticky program R a jeho moduly [4]
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Vysledky méreni velikosti ¢astic pomoci vSech tfi metod jsou uvedeny v tab. 3 a na obr. 1.
Je zjevné, Ze vSechny metody poskytuji velmi podobny vysledek stfednich velikosti ¢astic, a to
bez ohledu na pocet zméfenych Castic, postup pripravy vzorku k méfeni a zptsob vyhodnoceni.

Tab. 3: Vysledky méreni velikosti ¢astic tfremi metodami na nezavislych pracovistich

Vzorek | MinFeret | ECD Feret 1 Ol:)o:llm Zg;(';i;:lo Metoda méreni
nm nm nm % n

A 137 148 172 18 4396 M1 - Cross section

A 138 149 166 19 317 M2 - Dry

A 137 155 170 18 703 M3 - Sonicated dispersion
B 105 113 132 46 4868 M1 - Cross section

B 108 119 132 41 305 M2 - Dry

B 101 112 125 50 1214 M3 - Sonicated dispersion
C 115 124 144 36 18155 M1 - Cross section

C 113 124 137 36 306 M2 - Dry

C 113 126 139 37 616 M3 - Sonicated dispersion
D 163 176 203 10 4617 M1 - Cross section

D 162 178 193 14 325 M2 - Dry

D 174 192 211 10 847 M3 - Sonicated dispersion
E 106 115 134 44 8583 M1 - Cross section

E 106 117 131 43 369 M2 - Dry

E 102 113 124 47 766 M3 - Sonicated dispersion

Shodnost méfeni nezarucuje jeho spravnost a je vhodné vysledky porovnat s jinymi postupy
zaloZenymi na podstatné jiném principu. Jednim z nich mtze byt u krystalickych ¢astic metoda
rozsifeni difrakcnich linii, a nebo, pokud se jedna o Castice s hladkym povrchem, metoda mérné-
ho povrchu BET. Vysledky takového porovnani jsou uvedeny v tab. 4.
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Tab. 4: Vysledky méreni optickych vlastnosti, mérného povrchu, velikosti krystalitu a velikosti
castic provoznich pigmenti A-E a laboratorné pripravenych vzorku

Vzorek | L* a* b* x::zlyl k::cpll::;:e XRD | MinFeret ECD
m’/g °C nm Nm nm
Lab1 | 4631 014 | -1,40 | 197 800 52,6 46 50
Lab2 | 4807 | 001 | -125 | 17,0 825 65,2 61 67
Lab3 | 49,40 | 0,13 | 0,99 | 143 850 86,7 61 66
Labd4 | 4993 | 0,13 | -1,02 | 14,1 875 89,0 80 88
Lab5 | 51,04 | 0,07 | -0,79 | 12,0 900 | 130.4 93 101
Lab6 | 5126 | 007 | -0,68 | 12,1 910 | 128.4 105 11
Lab7 | 5165 003 | -0,39 | 112 930 | 1437 106 117
Lab8 | 5274 | -003 | 099 | 7.8 950 | 195,5 156 173
Lab9 | 5160 | 0,16 | 299 | 6.1 1000 | 212,9 213 237
A |5244] -003| 016 | 85 182,8 138 149
B 5249 | -002 | -034 | 10,1 146,2 108 119
c |5258] 002 | -051 | 101 150,1 113 124
D |528 | 004 | 1,91 6,9 254,8 162 178
E |s5161| 0 |-064]| 102 142,5 106 117

Vysledky méfeni velikosti ¢astic pomoci EM jejichz distribuce je Cetnostni je nutné prepoci-
tat na objemové, aby je bylo mozné porovnat s vysledky rozsireni linii XRD. Jak je patrné z obr.
1, korelace vysledktl je pomérné dobra do velikosti krystaliti asi 200 nm. Nad toto hodnotou je

jiz velikost krystalitd velmi nepresna.

Obr. 1: Porovnani naméienych hodnot velikosti krystaliti s hodnotami D50 piepoctenymi na

Dv50 recalculated from MinFeret [nm]
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Je tedy patrné, Ze velikost Castic sledovanych pigmentd se sice liSi ale rozdil neni pfili§
velky. I tento pomérné maly rozdil se v§ak vyrazné projevuje na optickych vlastnostech téchto
pigment.

Obdobné¢ by mély optické parametry souviset i s mérnym povrchem anatasu. Obr. 5 ilustruje
vztah mezi naméfenou remisi pfi urcité vinové délce svétla a mérnym povrchem pripravenych
vzorkd. Je patrné, Ze pokud je mérny povrch vzorkid nad 12 m?/g zacina dosti podstatné klesat re-
mise pfi vSech vinovych délkach - material tak ztraci barvivost. Naopak, pokud se snizuje mérny
povrch (roste stiedni velikost Castic) vyrazné roste remise v ¢ervené oblasti (nad vinovou délkou
550 nm) ale soucasné vyrazné klesa remise v modré oblasti (pod 500 nm). Barvivost materialu
se tak sice zvysuje, ale snizZuje se remise modré slozky svétla. Vysledkem je odstin do Zluta [5].
Meérny povrch neporéznich Castic TiO, tak mizZe slouzit jako dobra kontrola pro spravné stano-
venou velikost ¢astic. Pokud je v pfipadé anatasu mérny povrch vypocteny z velikosti ¢astic nad
12 m?/g byly by jiz optické vlastnosti takového materialu, zejména barvivost, vyrazné nizsi
a takovy material by jiz nebyl jako bily pigment vhodny.

Obr. 2: Vztah mezi mérnym povrchem a optickymi vlastnostmi anatasovych pigmenti v rozmezi
vinovych délek svétla 380-750 nm. Izocary odpovidaji remisi dané vinové délky svétla
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ZAVER

Optické vlastnosti bilych pigmentt jsou zasadnim zptisobem zavislé na velikosti primarnich
Castic. Pfi jejich aplikaci je snaha docilit takové dispergace pigmentu, kdy je material dispergovan
na jednotlivé primarni ¢astice. Pro méfeni velikosti Castic se pouziva fada metod, z nichz ale
pouze nékteré¢ poskytuji informace o velikosti primarnich Castic. Jednou z robustnich, byt
instrumentalné naro¢nych metod pro stanoveni velikosti primarnich castic je elektronova
mikroskopie. Klicem k ziskani spravnych a pfesnych vysledki je zvladnuti pripravy vzorku, ktera
nezpisobi ,ztraceni™ Castic z nékteré casti velikostniho spektra. Dalsim dtlezitym parametrem
je spravny a definovany zptisob vyhodnocovani naméfenych snimki, tak aby nedoslo
k ,zvyhodnéni“ nékterych castic na ukor ¢astic jinych. Je také nutné zvolit odpovidajici zvétseni
snimk tak aby pravdépodobnostni zkresleni v neprospéch velkych ¢astic bylo co nejmensi pri
zachovani dobré méritelnosti malych castic. Minimalni pocet zmétrenych castic by mél byt vétsi
nez 300.

Pro krystalické Castice je mozné pouzit ke zjiSténi jejich rozméri metodu rozsifeni difrak¢-
nich linif XRD, ktera je vSak omezena v pripadé TiO, hodnotou priblizné 150-200 nm a nesmi
se zapomenout, Ze zjisténa hodnota je objemové a nikoliv ¢etnostné vazena.

Prokazali jsme, ze velikost primarnich Castic vyrazné ovlivni optické vlastnosti TiO, pig-
mentu a pro dany pigment existuje pomérné uzké rozmezi velikosti primarnich ¢astic, které je
vhodné pouzit, aby byly zajiStény odpovidajici optické vlastnosti (barvivost a podtén). Pri vyrobé
TiO, pigmentu vzdy vznika pomérné Siroké rozmezi mezi nejmensimi a nejvetsimi Casticemi
a nelze tak ocekavat, Ze pigment s o¢ekavanymi optickymi vlastnostmi nebude obsahovat zadné
¢astice pod 100 nm.
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SYNTEZA, SPEKTRALNI VLASTNOSTI A APLIKACE PERYLENOVYCH
PIGMENTU

SYNTHESIS, SPECTRAL PROPERTIES AND APPLICATIONS OF PERYLENE
PIGMENTS

VYNUCHAL J'., VALTR J'., GOTZMANN, R'., DRZKOVA M2., PANAK 0., HRDINA R2,,
ALAFID F2.

1 Synthesia, a.s., Semtin, Pardubice
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Summary
Perylene compounds represent an important class in the segment of organic pigments. The contribution
will describe their synthesis, spectral properties and possibilities of use. The attention will be focused
mainly on Pigment Red 179, Pigment Red 149 and Pigment Black 31. For Pigment Black 31, the ther-
mochromic properties will be mentioned with regard to the so-called aggregachromism, as well as the
optical properties with regard to the Near Infrared Region (NIR) and the possibilities of use in the field of
Cool Roof Paint.

Keywords
Pigment Red 179, Pigment Black 31, Thermochromic properties, Cool Roof Paint.

UVOD

Perylenové pigmenty patfi mezi pigmenty s nejvyssi stabilitou a kvalitou [1]. Vyroba pe-
rylenovych pigmentt je orientovana predevsim do segmentu natérovych systémi a do vyrobki
z plastu. U obou aplikaci jsou kladeny vysoké pozadavky na stabilitu a brilantnost. DalSimi
intenzivné studovanymi vlastnostmi/aplikacemi perylenti jsou termochromie [2], fotoaktivita,
pouZiti pigmentil v organické elektronice, spektralni chovani v NIR/IC oblasti spektra a nékteré
dalsi funkéni vlastnosti.

Termochromni vlastnosti perylenovych derivatli jsou spojeny s jejich intermolekularnimi
interakcemi, resp. s tzv. agregachromnim chovanim, kdy vlivem teploty dochazi k agregaci, kte-
ra je doprovazena zménou barevnosti. Barevna zména Pigment Black 31 (obr. 1) probiha pfi
vysSich teplotach a s ohledem na matrici, ve které je pigment zapracovan. Teploty doprovazejici
barevnou zménu se pohybuji v rozmezi 100-150 °C. Reverzibilita/ireverzibilita barevné zmény
je opét zavisla na druhu pojiva.

Vzhledem ke skutec¢nosti, Zze nékteré derivaty komeréné vyrabénych perylenovych pigmen-
th jsou v oblasti NIR casti spektra transparentni/reflektujici, nabizi se aplikace pro pouziti do
barevnych ochlazovacich natért strech budov a dalsi pouziti spojené se zabranénim prehrivani
a vytvarenim tzv. tepelnych ostrovli v méstskych aglomeracich [3].

Spole¢nost Synthesia, a.s. nové zamérila pozornost na komercni vyrobu dvou derivata pe-
rylend. Jedna se o Pigment Red 179 a Pigment Black 31 (obr. 1). Pigment Red 179 je nabizen
predevsim do segmentu natérovych hmot se zamérenim na automobilovy primysl. Naopak Pig-
ment Black 31 nachazi pouziti predevsim ve specialnich aplikacich.

EXPERIMENTALNI CAST

Pfi zavadéni pramyslové vyroby obou pigmentl byl kladen diiraz na ekonomické a ekolo-
gické aspekty. Oba zminované pigmenty jsou vyrabény bez pouziti problematickych organickych
rozpoustédel, a to ve vodé. Vlastni syntéza pigmentu je znazornéna na obr. 1.
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Obr. 1: Syntéza Pigment Red 179 (R= CH,) a Pigment Black 31 (R = -CH,-CH,-Ph)

Surovy pigment vznikly syntézou je nasledné podroben finalizacnimu kroku dle pozadav-
ku na kvalitu a dle pozadavku zakaznikl. Finalizacni postup je volen i s ohledem na aplikaci.
Prevazné se jedna o mechanické operace, které podléhaji vyrobnimu tajemstvi a nemohou byt
prezentovany.

Pri testovani riiznych finalizacnich postupti bylo laboratorné zkouseno také presrazeni suro-
vého pigmentu z roztoku kyseliny sirové do vody, tzv. systém ,,solvent/antisolvent” pii laboratorni
teploté. Jedna se o finalizacni postup, ktery se u nékterych organickych pigmentii v primyslové
praxi Casto pouziva (napi. Pigment Red 177, Pigment Blue 60). Analyzou vzniklého produktu
bylo zjisténo, Ze tento postup prekvapivé poskytuje novou latku. Regioselektivné dochazi ke
kvantitativni sulfonaci dle rovnice zobrazené na obrazku 2. Pfi analogickém testovani presrazeni
druhého z vyrabénych pigmenti (PR 179) k sulfonaci principialn€ nedochazi. Sulfonovany PBk
31 byl strukturalné plné charakterizovan. Jedna se o novou doposud nepopsanou latku, ktera
vzhledem k pfitomnosti solubiliza¢nich skupin vykazuje rozpustnost ve vodé a byla potvrzena
moznost jejiho pouziti jako pfimého organického barviva na bavinu.

Obr. 2: Sulfonace Pigment Black 31 pii procesu presrazeni

VYSLEDKY A DISKUSE

Laboratorné, pripadné provozné, pripravené pigmenty byly koloristicky a spektralné vyhod-
noceny. Koloristické hodnoceni ve vybraném pojivu je znazornéno niZe na obr. 3.

Obr. 3: Koloristické vybarveni Pigment Red 179 a Pigment Black 31
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U PBk 31 byla popsana zména barevnosti pfi tepelném nebo mechanickém namahani.
Barevna zména znazornéna na obrazku 4 souvisi se zménou krystalové modifikace, kterou je
mozné pozorovat pomoci XRPD méreni. Prace na vyuziti termochromnich vlastnosti vyustily
v podani uzitného vzoru -Termochromni natérova hmota [2].

Obr. 4: Barevna zména souvisejici se zménou modifikace

U PBk 31 byla pozornost zaméfena na spektralni chovani v NIR oblasti. Na obr. 5 je znazor-
néno spektralni chovani PBk 31 pfi méfeni proti cernému a bilému pozadi po aplikaci v pojivu.
Priibéh spektralnich kfivek jednozna¢né naznacuje transparentnost v diskutované NIR oblasti.
Uvedené vlastnosti je mozné vyuzit pfi aplikaci na tzv. ,,cool roof coating” s pozadavkem na NIR
transparentni natérovou hmotu.

Obr. 5: Spektralni chovani Pigment Black 31 méreni v NIR oblasti proti cernému pozadi (hnéda
krivka) a proti bilému podkladu (zelena krivka)
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ZAVER

Byla navrzena a ve spolecnosti Synthesia, a.s. primyslové realizovana syntéza dvou peryle-
novych pigmentu. Pfi zavadéni vyroby byla pfipravena a pln€ charakterizovana nova nepopsana
latka, ktera je predmétem dalSiho studovani. Pigment Red 179 je u zakaznikd testovan pro po-
uziti v natérovych hmotach. U Pigment Black 31 je pouziti sméfovano do specialnich aplikaci
s vyuZzitim termochromnich vlastnosti a transparence v NIR oblasti.
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SYNTHESIS AND CHARECTERISATION OF ROSIAITE FOR THE NEEDS
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Summary
The paper deals with synthesis and characterisation of rosiaite, which is a white powder of chemical
composition of PbSb,0 . The powders in high purity were synthetised by solid state reaction in two

calcination steps at high temperatures for several hours. The first calcination was led at temperature
of 600 °C and the second at 850 °C. The specimen was characterised by X-ray diffraction analysis and
Raman spectroscopy. The colour parameters of L*, a*, b* were calculated from VIS diffuse reflectance

spectra and particle size distribution of the samples was evaluated by laser scattering on particles. On the
basis of Raman spectra, PbSb,0, can be identified in the fine art where Naples yellow was used.

Key words
Rosiaite, PbSb,O,, Naples yellow, historical pigments
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INTRODUCTION

Naples yellow, is one of the oldest known synthetic yellow pigment, which production
has been mentioned 3 500 years ago [1]. The theoretical chemical formula of Naples yellow
is Pb,Sb20, and it belongs to the group of pyrochlore compounds. It is an analogue to the
natural mineral oxyplumboroméite Pb,Sb,O,(0), which crystallizes in the cubic system [2].
In the description of the Naples yellow also other compositions with different Pb:Sb ratio inclu-
ding Pb,(Sb0O,),, Pb(Sb0,),, Pb (SbO,),, PbSb,0,, Pb,Sb,0O, and other unidentified components

274
have been given as well [3,4]. PbSb,O,, PbSO,, Pb,(SO,)O and other unidentified components
were also found in pigments and coloured tubes of 19th-century Naples yellow in addition to the
cubic pyrochlore Pb,Sb,O.. Higher quantities of the hexagonal PbSb,O, have been confirmed

together with ternary oxides with tin in the tube from the third quarter of the 19 century [4].

PbSb,0, is synthetic analogue to mineral rosiaite. It has the hexagonal crystal structure
with the space group of P-31m (162). It has a layered structure, where one SbO, octahedron
is connected by surrounding four octahedra by sharing edges, forming a layer sheet. The sepa-
rated PbO, octahedra are located in interlayers, without any direct connections. The couplings
between SbO, and PbO, octahedra are formed by sharing corners [5]. Described ways of syn-
thesis of PbSb,O; in literature are based on solid state reactions between lead oxide and anti-
mony oxide [6-8]. Some stoichiometric compounds such as PbS 20, Sb,0,, Pb,Sb,O, , PbO,

274 1

Pb ,, Sb,0,, PbSb,O,,., PbO-5b,0,, Pb,Sb,0,, 3PbO-Sb,0,, Pb,Sb,0, are being known to occur

(3+x) 278 3 27847 276 2 277 273
during solid state reaction [65].

For easier identification of pigments used in the fine art is good to know the basic
characteristics of the pigments. Since the synthetic analogue of rosiaite PbSb,0, can be part
of Naples yellow, the main goal of the presented work was to synthesize PbSb,0, without any
impurities, record its Raman spectrum and characterize the powder in terms of pigment
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application properties. The obtained information about PbSb,0, can then be used to identify
the pigments used in the fine arts.

EXPERIMENTAL

Amount of approx. 5 g of the synthetic analogue to mineral rosiaite PbSb206 was prepa-
red by solid state reaction of reaction mixtures containing Sb,0, and PbO or Sb,0, and Pb,O,
(all pure, Lachema n.p, CR). Initial reagents in stoichiometric ratio were mixed thoroughly by
grinding in an agate mortar, placed into the alumina crucibles and then heated in two types
of furnaces at temperatures 600 °C and 850 °C. The mixtures No. II A (PbO, S§b,0,) and IV A
(Pb,0,, Sb,0,) were heated in a laboratory furnace (Clasic, CR) with heating rate 10 °C.min-1
at temperature of 600 °C for 96 hours in several steps. After each step (24 h) the mixtures
were cooled down to room temperature, grind and phase composition was analysed. The next
calcination of the semi products was performed at temperature of 850 °C for 48 hours in two
steps. The mixtures No. I B (PbO, Sb,0,) and IV B (Pb,0,, Sb,0,) were heated in tube furnace
(LAC, CR) open to the atmosphere with heating rate 10 °C.min" at temperature of 600 °C
for total time 60 hours in three steps and for 48 hours in two steps at temperature of 850 °C.
The reaction mixtures No. II C (PbO, Sb,0,) and IV C (Pb,0,, Sb,0,) were also heated in ope-
ned tube furnace (LAC, CR), but the first calcination step at temperature of 600 °C lasted for 12
hours with heating rate 10 °C.min"! and the calcination at temperature of 850 °C for 72 h in total.

The phase composition of the semi products and final products was studied by X-ray
diffraction analysis using a MiniFlex 600 (Rigaku, Japan) diffractometer with 1D d/teX Ultra
silicon strip detector. The data were collected within 2q angle in range of 10-80° at a step size of
0.02° and a speed of 10 °C.min"' by using CuK  line. CuK (A =0.15418 nm) radiation was used
forthe angular range of 2q < 35°, and CuK , (A = 0.15405 nm) was used for the range of 2q > 35°.
The identification of individual phases was based on the matching of the obtained diffraction
patterns with the data contained in the JCPDS database.

Colour of the synthesized pigments was evaluated after their application to the organic
matrix (dispersive acrylic paint Luxol, AkzoNobel). Coloured films were prepared by deposi-
tion of the slurries containing 1 g of the pigment and 0.5 g on the white non-absorbing paper.
The thickness of the wet film was 100 mm. The colour properties of the films were objective-
ly evaluated by measuring the spectral reflectance by using a spectrophotometer Ultra Scan
VIS (HunterLab, USA). The measurement conditions were as follows: an Illuminant D65 and
measuring geometry d/8°. For description of colour, the CIE L*a*b* colour space (also referred
as CIELAB) was used. The colour properties of the samples were compared to each other based
on the calculation of total colour difference AE*CIE according to formula AE* _=[(AL¥*)?> +
+(Aa*)? (Ab*)’]"* [8].

Particle size distribution of the products was evaluated by using a Mastersizer 2000/MU
(Malvern Instruments, UK). The equipment employs a scattering of incident light on particles.
The signal was evaluated based on Mie theory.

CIE

The molecular analysis using Raman micro-spectroscopy was performed with a Thermo
Scientific DXR Raman Microscope in combination with an Olympus confocal microscope in
a spectral range of 50-1800 cm™!' with a resolution of 2 cm™'. NIR excitation laser emitting at
780 nm and a green laser emitting at 532 nm were used, the laser output ranging between 1 and
10 mW, measurement time 300 s. The spectra were evaluated by software Omnic 9.
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RESULTS AND DISCUSSION

The diffractograms of all final products of calcination proved the successful synthesis of
hexagonal PbSb,06 with space group P-31m (162). On the diffractogram of the sample II C,
the lines corresponding to the initial reagent of PbO were identified as an impurity next to
the PbSb,0O, main phase. All diffractograms also contain three very weak lines that were not
identified (20 =30.4°, =38.4° and =49.8°). By comparing the samples prepared from reaction
mixture IV calcination in both furnace types in different calcination regimes, it was found that
all samples achieve comparable diffraction line intensities. The highest noise level is recorded
on the difractogram of sample IV A, calcined in the laboratory furnace. The smoothest and thus
the diffractogram with the least noise is shown in sample IV C.

Prepared samples of PbSb,0O, are homogeneous. The yellowish white colour of the grains
is uniform and the differences in the obtained Raman spectra are negligible with the main
absorption band reaching maximum at 654-655 cm™' and less intense bands at 206-207 cm™!
and 310-312 cm™! (Figure 1.). The main characteristic bands correspond to those found in the
Raman spectra of Naples yellow grains [9]. This suggests that PbSb,O, is a compound that is
easily obtained in the production of Naples yellow, and these Raman spectra may help to identify
this compound in art.

Fig. 1: Raman spectra of the samples PbSb,O (laser 532 nm, HR)

As mentioned above, all samples are yellowish white and the colour differences between
them are almost indistinguishable by a human eye. Yet it can be argued that sample IV C appears
to be the whitest. The samples were subjected to measurements of VIS diffuse reflectance spectra
and calculation of colour parameters. The colour parameters expressed in CIE L*a*b* colour
space are summarised in Table 1. Values of the lightness component of the samples colour,
expressed as the parameter L*, fluctuate between 93.5-95.3. And it is the sample IV C that
has the highest value of the parameter L* as well as the same sample has the smallest value of
the parameter b*, expressing amount of yellow colour component in the final colour. The total
colourdifference between samples, expressed by the AE* . parameter, is related to the whitest
IV C sample. The biggest total colour difference was found in the case of the samples II A and
IVA synthetised in the laboratory furnace and in the sample II C that was calcinated in the tube
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furnace. These samples have the highest values of parameter b*, especially the sample IV A,
whose diffractogram recorded the biggest noise. This means that although the XRD analysis
showed a single-phase composition in almost all samples, the samples may contain an additional
phase in amounts below the detection limit.

Tab. 1: Colour parameters of the samples PbSb,O,

Sample No. L* a* b* AE* .
A 94.7 -1.3 6.2 1.2
IVA 93.5 -3.0 12.2 2.2
IB 94.1 -1.1 5.3 0.5
IVB 94.5 -1.3 5.6 0.9
1nc 94.9 -1.5 6.5 1.4
vC 95.3 -1.3 42

Particle size distribution of the samples is summarised in Table 2. The whitest sample IV C
has the biggest particles and the widest particle size distribution. Fifty percent of particles are
less than 26.9 um and ninety percent of particles are less than 133.7 um. On the other hand,
the samples prepared by calcination in the laboratory furnace are the finest. These yellowish
powders have the particle size distribution narrower. Almost all particles are less than 58 um and
the median of the particle size is under 10 um.

Tab. 2: Particle size distribution of the samples PbSb,O,

Sample No. d10 [pm] d50 [pm] d90 [pm]
A 1.7 7.8 58.0
IVA 1.3 9.5 56.5
IB 2.2 20.6 103.6
IVB 2.7 253 119.5
IIc 1.7 14.4 114.0
Ve 2.0 26.9 133.7
CONCLUSION

Synthetic analogue of rosiaite described by chemical formula PbSb,O, was successfully
synthetised by solid state reaction between lead and antimony oxides. The products of high
purity were prepared by calcination at temperature of 600 °C for 12 hours and subsequently at
temperature of 850 °C for 72 hours. Calcination took place in the tube furnace open to the atmo-
sphere. PbSb,0O, has white colour. In the literature there are no information about synthesis and
use of a pigment of this composition in fine arts, but it can be the minority admixture of yellow
pigment Naples yellow. Based on the obtained Raman spectra of synthetised samples of PbSb,0O,
the pigment can be detected in historical fine art.
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STANOVENI FOTOKATALYTICKE UCINNOSTI ODSTRANOVANI
TEKAVYCH ORGANICKYCH LATEK NA RUZNYCH TiO,
MATERIALECH

DETERMINATION OF PHOTOCATALYTIC EFFICIENCY OF VOLATILE
ORGANICS COMPOUNDS REMOVAL ON VARIOUS TiO, MATERIALS

BAUDYS M., BERTHET E., LHOTKA M., KRYSA J.
Department of Inorganic Technology, University of Chemistry and Technology Prague

Summary
This work deals with the preparation of TiO, nanoparticulate layers of various mass
(from 0.05 to 2 mg/cm?) from three commercial nanopowder materials P90, P25 and CG 300, their
characterisation (profilometry) and evaluation of their photocatalytic activity in gaseous phase in
a plug-flow photoreactor according to the ISO standard (ISO 22197-2). Hexane was chosen as a single
model pollutant and in addition a mixture of four compounds (acetaldehyde, acetone, heptane and
toluene) was used for the evaluation of the efficiency of simultaneous removal of more pollutants.

A linear dependence between the layer mass and the thickness of the layer for all materials was found.
BET measurement showed that the real area of photocatalytic layer was higher for P90 than for P25.
Hexane conversion increased with layer thickness up to a maximum value (44 % for P90 layer). In the
case of the simultaneous degradation of four compounds, the conversion of each compound was different.
Acetaldehyde was best degraded, followed by acetone and toluene, the least degraded compound was
heptane.

Key words
TiO,, photocataytic activity, hexane

INTRODUCTION

Titanium dioxide is most widespread white pigment due to its high refractive index. TiO, is
stable, nontoxic and relative cheap material. Beside pigmentary properties, TiO, is also known
for its photocatalytic function especially in case of nanocrystalline anatase. Surfaces covered
by TiO, are able after UV irradiation to decompose stable organic compounds to harmless
intermediates CO,, H,O and ions. Interesting application of semiconductor photocatalysis is
air treatment, which can be applied in interiors to decomposed acetaldehyde or formaldehyde
- compounds having negative effect on human health. Important is also the ability of TiO, to
inactivate grow of microorganism after exposition of UV light [1].

This contribution deals with characterization of commercial TiO, powders which can be
applied in photocatalytic air treatment processes. Attention will to texture properties and
influence of layer thickness on photocatalytic activity in gaseous phase.

EXPERIMENTAL

Three commercial TiO, powders marked P25, P90 (Evonik) and CG300 (Precheza) were
ultrasonically dispersed in water and deposited on the glass support to prepared layers with
different TiO, coverage (0.05-2 mg/cm?). Thickness of the layer was measured using profilome-
ter DektakXT (Bruker). Photocatalytic activity was determined based on ISO 22197-2 method,
which was modified by the changing of the model compound to hexane and mixture of four pol-
lutants including acetaldehyde, heptane, acetone and toluene). Total flowrate of the test gas was
1 dm?/min and initial concentration was 5 ppm in case of acetaldehyde and hexane and 1 ppm of
each compound in case of mixture of acetone, acetaldehyde heptane and toluene. Concentration
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of model compound was measured using GC-FID chromatography equipped with Jethanizer
nozzle to determine the concentration of CO,.

RESULTS AND DISCUSSION

From TiO, powders were prepared layers differing with coverage of TiO, in the range of
0.05 to 2 mg/cm?. In case of P90 with increasing layer thickness porosity decreases from 75 %
to 37 %. On the other hand, in case of P25 porosity does not change significantly and is almost
about 70 %. We can see that the thickness linearly increases with increasing coverage. P25 exhibit
crystal size of anatase about 22 nm (XRD) and exhibit BET surface area about 45 m?/g. Similar
value of surface area was observed for particle layer with coverage in the range of 0.2-1 mg/cm?.
Contrary to it P90 exhibit smaller crystal size about 13 nm and thus it exhibit higher BET surface
area about 109 m’/g. In case particle layer, P90 exhibit similar surface area for TiO, coverage
0.2 and 0.5 mg/cm?, for coverage 1 mg/cm? surface area decreases up to 80 m?/g. CG300 exhibit
smallest crystals about 5 nm, and thus show the highest BET surface area about 300 m?/g.

Tab. 1: Thickness of TiO, drop-casted layers and their calculated porosity

Layer mass Layer thickness Porosity
Fowder [mg/em?] [am] (%]
0.05 0.53 £ 0.06 75
0.15 0.98 +0.18 60
0.27 1.37+£0.15 51
P90
0.67 3.41+0.56 50
1.05 4.54+0.18 41
2.32 9.42 +0.37 37
0.05 0.63+0,1 60
0.1 0.8+0.1 67
P25
0.2 1.6+0.2 69
0.5 3.8+0.2 69
0.32 1.7+0.4 52
CG300
0.5 3.0+0.5 58

Fig. 1: Comparison of hexane and acetaldehyde conversion (layer P25 0.5 mg/cm?).
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In Fig 1. There is shown concentration dependence of acetaldehyde and hexane during
photocatalytic experiment. It results that conversion of acetaldehyde is about 75 %. At such high
conversion the rate of photocatalytic degradation can be affected by the mass transfer limitation
process [2], thus for next experiments acetaldehyde was replaced by hexane which shows con-
version about 25 % only.

Fig. 2: Conversion of hexane as a function of TiO, coverage

In Fig. 2 there is shown summary of hexane conversion depending on TiO, coverage. We
can see that that up to coverage 0.5 mg/cm? photocatalytic activity is comparable in all tree TiO?
powders. With higher coverage (higher than 0.5 mg/cm?) layer prepared from CG300 shows
poor adhesion to glass substrate, thus it is not possible to measure photocatalytic activity. Com-
paring P25 and P90 it results that in case of P25 photocatalytic activity gradually increases.
On the other hand in case P90 we can see steep increase of hexane conversion in the range of
0.5-1 mg/cm? . With further increase of TiO, loading, photocatalytic activity does not change
and is almost stable. It results that upon certain limit part of the TiO, is not available to photo-
catalytic reaction, for example UV light can’t reach the whole surface or surface is not available
for hexane [3].

In practical application of photocatalytic air treatment, we have not usually only single com-
pound but we have mixture of various organics compounds. Thus the single compound hexane
was replaced by the mixture of 4 gases containing acetaldehyde, toluene, heptane, and acetone.
Dependence of 4 compounds during photocatalytic experiment on TiO, P25 layer (0.5 mg/cm?)
is shown in Fig. 3. We can see that acetaldehyde is easiest to be removed, while heptane shows
the lowest conversion. This difference can be attributed to solubility in water. Miscible acetal-
dehyde [4] exhibit higher affinity to hydrophilic TiO, surface, while worst soluble non-polar
heptane show lower affinity to TiO, surface thus it show lowest degradation rate.

Beside conversion of 4 VOC’s also amount of produced CO, was determined (Fig. 4). Theo-
retical amount of produced CO,, which is equal to following measured conversion acetaldehyde
(82 %), acetone (50 %), heptane (40 %) and toluene (56 %) is 10 ppm. As follows from Fig. 4
the measured concentration of CO, is about 8.3 ppm indicating the rate of mineralisation about
83 %.
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Fig. 3: Dependence of concertation of 4 VOC’s on P25 layer (0.5 mg/cm?)

Fig. 4: Dependence of CO, production P25 layer

SUMMARY

Photocatalytic properties of tree commercial powders wereevaluated. Itresultsthatup coverage
0.5 mg/cm? photocatalytic activity (expressed as hexane conversion) is comparable for all mea-
sured TiO, powders. With increasing coverage, P25 and P90 behave differently. In case of P25
only slightly increase of hexane conversion with increasing coverage was reported, on the other
hand in case of P90 photocatalytic activity dramatically increases up to 1 mg/cm? In case of
mixture of 4 VOC'’s higher degradation rate was observed for acetaldehyde while for heptane was
observed the smallest. This phenomenom can be attributed to various solubility of acetaldehyde
and heptane, miscible acetaldehyde exhibit higher affinity to hydrophilic TiO, surface, thus its
activity is higher compared to non polar heptane. By measuring of produced CO,, the level of
mineralization of 4 VOC’s was calculated to 83%.

Acknowledgment: The authors would like to thank the Grant Agency of the Czech Republic (pro-
Ject number 21-27243S) for financial support.
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NS

OBJASNENI PRICIN TVORBY PUCHYRUJICICH DEFEKTU
V POVRCHOVE UPRAVE KOMPOZITNICH PROFILU

CLARIFICATION OF THE FORMATION THE BLISTERING DEFECTS
IN THE SURFACE TREATMENT OF COMPOSITE PROFILES

MINDOS L.
SVUOM s.ro.

Summary
The study clarifies the sequence of causes that resulted in the formation of undesirable blistering defects
in the surface treatment of composite profiles, produced by the pultrusion process and subsequently
surface treated in the paint shop by wet painting. The study describes several different and independent
research methods to clarify the true causes of deterioration of the surface treatment of composite profiles.

Keywords
pultruded composite profile, surface treatment of composite profile, external exposure, blistering defects,
internal porosity of paint layers.

1 UVOD

Pultruze je velmi dobfe zvladnuta primyslova technologie kontinualni vyroby profilii rozma-
nitych tvart, at uz uzavienych nebo otevienych, a to kombinovanou technikou tazeni + protlaco-
vani (viz. pultrusion, pull = tahnout + extrusion = protlaceni).

Pultruzni technologie umoznuje oproti ru¢nimu zhotoveni kompozitt mnohem vyssi pro-
duktivitu, ale i vyssi, resp. trvalejsi uroven kvality. K pultruzi se nejCastéji pouZzivaji polyesterové
pryskyfice, jez jsou levnéjsi a 1ze je velmi snadno i velmi rychle vytvrdit, zejména pri zvySené
teploté.

Dalsi prednosti pultruzniho procesu oproti ru¢nimu kladeni je mnohem vyssi podil vyztu-
Ze, zejména na bazi skelnych vlaken, ktery mize presahovat az 70 % oproti ru¢nimu laminatu,
s podilem vyztuze pod 30 %. Vyssi podil vlakenné vyztuze v profilu znamena vyssi mechanické
parametry, jako napf. pevnost, tuhost apod. Zaroven oproti dievénym profilim maji kompozitni
profily mnohem niz§i navlhavost a jsou v podstaté nehorlavé, pfiCemz se daji velmi dobie lepit
diky vysokému podilu sklovlaknité vyztuze.

Proto je nasnadé¢, Ze roste obliba vyuziti kompozitnich profilti v mnohych sektorech priimys-
lu, napf. ve stavebnictvi, kde se kompozitni profily ¢im dal vice uplatiuji jako obklady fasadni
nebo venkovni obklady oken ¢i dvefi. Pokud probarveni hmoty kompozitu na rtizné barevné
odstiny neni snadné, resp. je nemozné, fesi se povrchova uprava klasickym postupem, nejcastéji
mokrym lakovanim ve 2 az 3 vrstvach.

Kromé mokrych procesti povrchové upravy profilil existuji i techniky kasirovani, kdy se
na profil nazehli folie, ale v této studii je uvedeno zkoumani pfic¢in vzniku defekti v povrchové
upravé zhotovené pravé mokrym lakovanim.
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2 POPIS EXPERIMENTALNICH METOD

Obr. 1: Nalez - detail vyskytu puchyia v PU kompozitniho profilu - spodni ¢ast okenniho obkladu

Obr. 2: Vzorky vyrezu z profilia k laboratornimu zkoumani.

Obr. 3: Modry odstin PU ma vyraznéji strukturovanou pohledovou vrchni vrstvu natéru.

2.1 Ovéieni porovitosti natérového systému ve vihkém teple dle CSN EN ISO 6270-2

Obr. 4: Srovnavaci ovéreni odolnosti NS vuci vlhkosti v urychlené vlhkostni zkousce, 48 h
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Obr. 5: Srovnavaci ovéreni odolnosti NS vuci vlhkosti v urychlené vlhkostni zkousce, 72 h

Odolnost natérového systému viuci navlhani byla ovéfena v urychlené korozni zkousce
v prostiedi 100 % rel. vlhkosti vzduchu a teploty 40 + 3 °C s tim, Ze teplota uvnitf korozni komory
byla nastavena na spodni hranici, tj. na 37 °C.

Obrazky 4 a 5 velmi dobfe dokumentuji, Ze natérovy systém v modrém provedeni a vyraz-
néjsi stukturou velmi snadno navlhal, coz se projevilo rychlou tvorbou vyraznych puchyit co do
velikosti a mnozstvi. Naproti tomu natérovy systém v tmavém provedeni a jemnéji strukturova-
nou vrchni vrstvou prokazal za stejnych podminek vlhkostni zkousky vyhovujici odolnost, tedy
bez vyskytu puchyi.

2.2 Opticka mikroskopie povrchu modré vrchni vrstvy

Obr. 6: Detail na typicky vzhled strukturované vrchni modré vrstvy natéru, 100x zv., temné pole

2.3 Opticka mikroskopie kolmého fezu natérovym systémem v dodaném stavu z vyroby

Obr. 7: Celkovy pohled na fez pultruznim profilem s problematickou povrchovou tpravou
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Obr. 8:

Obr. 9:

Obr. 10:

Obr. 8, 9, 10 Zaméreni natérového systému, celkem 3 vrstvy natérd, vrchni, pohledova mod-
ra a strukturovana vrstva vykazuje obrovské mnozstvi velkych port, které na mnoha mistech pro-
stupuji celou tloustkou vrchni vrstvy. Celkova DFT NS v misté zaméfeni 138 um. 200x zv. TP.

2.4 Opticka mikroskopie kolmého Fezu natérovym systémem po vlhkostni zkousce 72 h

Obr. 11: Priprava vyrezu vzorki se zamérenim na mista vyskytu defektnich puchyiu v 3V-NS.
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Obr. 12: Pohled na vylesténé vzorky se zaméienim do mist vyskytu puchyfujicich defektu.

Obr. 13: Pri tvorbé puchyiu doslo k odtrzeni celého 3-vrstvého NS od kompozitniho podkladu,
50x, TP

Obr. 14: Zavislost mezi koncentraci poru ve vrchni vrstvé a velikosti puchyia. 100x, TP

Obr. 15: Nalez kombinovaného poruseni PU, sou¢asna delaminace celého 3V-NS s tvorbou
puchyiu + roztrzeni natérového systému ve zluté mezivrstvé. 100x, TP
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3 VYSLEDKY A DISKUZE

Pro objasnéni pficin tvorby puchyfujicich defektd v natérovém systému bylo provedeno la-
boratorni zkoumani PU pultruznich profili kombinaci dvou metod, urychlené vihkostni zkousky
v délce 72 h a optické mikroskopie povrchu pohledové vrstvy véetné mikroskopie kolmého fezu
napfi¢ natérovym systémem v dodaném stavu a po expozici 72 h ve vlhkém teple.

Obrazova dokumentace s prislusSnymi popisy podava ucelenou a srozumitelnou informaci
o tom, Ze hlavnim spoustécem tvorby puchyiujicich defektti bylo designovani vrchni vrstvy do
vyrazné struktury, a to, bohuzel se zapracovanim obrovského mnozstvi riizné velkych péri do
této vrstvy.

4 ZAVER

Hlavni pfi¢inou tvorby puchyfovani 3-vrstvého NS pultruzniho profilu bylo nevhodné upra-
veni modré vrchni vrstvy specialnimi aditivy, jez po aplikaci vytvofily vyrazné strukturovanou
vrstvu, coz byl designovy zamér, ale bohuzel touto upravou doslo k uplnému znehodnoceni ba-
riérového ochranného mechanismu. Natérovy systém tak byl mnohem vice namahan snadnym
i rychlym navlhanim a vysychanim, coz postupné vyustilo v tvorbu puchyiujicich defekti
zejména na spodnich ¢astech profilového obloZeni, jez byly delsi dobu navlhany.

Podékovani
Tento prispévek byl pripraven v ramci projektu MPO DKRVO.
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TESTING THE INFLUENCE OF THE COMPOSITION OF
ANTI-CORROSION PIGMENTS, FILLERS AND CONDUCTIVE
POLYMERS ON THE ANTI-CORROSION EFFICIENCY AND
PHYSICAL-MECHANICAL PROPERTIES OF THE POLYASPARTIC
COATING SYSTEM AND COMPARISON OF TWO TYPES OF
POLYISOCYANATE HARDENERS

TESTOVANI VLIVU SLOZENI ANTIKOROZNICH PIGMENTU, PLNIV
A VODIVYCH POLYMERU NA ANTIKOROZNI UCINNOST
A FYZIKALNE-MECHANICKE VLASTNOSTI POLYASPARTATOVEHO
NATEROVEHO SYSTEMU A POROVNANI DVOU TYPU
POLYISOKYANATOVYCH TUZIDEL

RAYCHA'Y.!, KUSYN D.2, MAREK J.2, KOHL M.!, KALENDOVA A.!

1 Faculty of Chemical Technology, University of Pardubice, Studentska 573, CZ-532 10 Pardubice,
Czech Republic,

2 RADKA spol. s. r.o. Pardubice, Na Luzci 706, 53341 Lazné Bohdane¢, Czech Republic.

Summary
For the corrosion protection of metal materials, a number of paint binders are used in conjunction with
suitable anti-corrosion pigments, the formulations of these paint materials are also optimized using

a number of fillers or various additives. Chemically drying binders based on 2K epoxies and 2K

polyurethanes are often used for the formulation of anti-corrosion coatings and entire protective systems.
Currently, coatings and systems based on so-called polyaspartic binders appear to be very promising, in
terms of low energy requirements for achieving final curing and very good technical and mechanical
parameters. The systems can cure quickly without the need for additional heating, both at low
temperatures and below freezing point down to 10 °C.

To optimize these coating systems, coatings based on polyaspartic binders containing inorganic
anti-corrosion pigments, conductive polymers and inorganic fillers at different concentrations were
formulated and prepared on a laboratory scale. The anti-corrosion properties of the coatings were

tested in an atmosphere of neutral salt fog and continuous condensation, and the physical properties and

mechanical resistance of the tested coatings were also determined. Based on the evaluation of all testing,

the optimal composition of the formulation for the polyaspartate coating system was selected in terms of
corrosion protection and high mechanical resistance.

Key words
Polyaspartic coatings, inorganic fillers, anticorrosive pigments, conductive polymers, polyaniline.

INTRODUCTION

Corrosion protection of industrial metallic structures is of vital importance and intensive
research work is carried in this field since decade. Economical loss due to corrosion global-
ly is around 2.5 trillion USD [1]. By applying corrosion protection methods, it is estimated
that around 15-35 % loss from corrosion could be recovered. Coating the metallic structure is
an effective method to prevent corrosion and increase the working life of structure. Anticorro-
sive property of coatings is prime requirement when it comes to critical metallic structures like
pipelines, ship hulls, bridges, statues, wagons. Polyaspartic system combines the best properties

of a two-coat or three-coat protection system for steelwork, while taking production throughput
to the next level.
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Polyaspartic coating is well known as one of popular eco-friendly coatings because of non
VOC and excellent mechanical properties such as fast curing, abrasion resistance, chemical re-
sistance, light resistance and so on. Despite of a number of advantages applying polyaspartic
coatings to industries, there are limitations to replace conventional polyurea and waterborne
coatings in particularly continuous processing lines because of its very short pot life and rela-
tively high price. The development of polyaspartic esters is fairly recent, with the initial work
being reported in 1990. Zwiener, et al., first showed the applicability of polyaspartic esters as
co-reactants for polyisocyanates. This patented technology was initially used in two-component
polyurethane solvent-borne coating formulations because the polyaspartic esters are excellent
reactive diluents for high-solids polyurethane coatings. They can be blended with hydroxyl functi-
onal polyester and polyacrylate co-reactants, thus allowing for reduction of volatile organic com-
pounds (VOC) in relatively high solvent-containing coating systems. More recent developments
have concentrated on achieving low or near-zero VOC-containing polyurea coatings where the
polyaspartic ester is the main component of the co-reactant for reaction with a polyisocyanate.
Because of the moderately fast curing feature, these coatings can offer productivity improve-
ments, along with highbuild, low-temperature curing, and abrasion and corrosion resistence [2].

The polyaspartic direct-to-metal coating also features durable UV stability and low VOC
content and long-lasting anti-corrosive protection for up to 25 years [3].

The goles of study

Protective coating as per current standard, which is a three-coat system of zinc-rich
primer/epoxy/polyurethane paint is widely used. However, a new class of coating systems con-
sisting of a zinc-rich primer topcoated with fast-dry, high-build (thick film).

Polyaspartics promises anti-corrosive results that are comparable in some situations with
the three-coat systems. These two-coat systems eliminate the intermediate epoxy layer, so pain-
ting a steel overpass can be completed overnight. When application specifications are followed,
two-coat systems can reduce labor as well, increasing worker productivity and decreasing the
overall cost of coating applications [4]. The curing reaction between -NH of aspartic and -NCO
of blocked isocyanate and properties of coatings were improved by modifications in formulation
of paints. Therefore, this article discusses about analyzing performance of polyaspartic coatings
formulated with different kinds of Inorganic fillers, Anticorrosive pigments and conductive poly-
mers. The mechanical resistance of the prepared films was evaluated using the results of mecha-
nical tests. The anticorrosive efficiency of the prepared films was evaluated using the results of
corrosion tests SST and Humidity.

Therefore, study of polyaspartic coatings by formulation it with incorporation of different
types of commercially available inorganic fillers and anticorrosive pigments to get the optimum
corrosion efficiency is studied. Overall whole study can be classified in three parts.

Part 1 - Evaluation of anticorrosive property of polyaspartic coatings by incorporation
of different inorganic fillers.

Part 2 - Evaluation of anticorrosive property of polyaspartic coatings by incorporation
of different anticorrosive pigments and varying its concentration.

Part 3 - Evaluation of anticorrosive property of polyaspartic coatings by incorporation of
different conductive polymers and varying its concentration.

Raw materials used were as follows.
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Tab. 1: Description of raw materials used to formulate and testing of polyaspartic coatings

Type Material

Polyaspartic resin 1 (med. reactivity)

Resin
Polyaspartic resin 2 (low. reactivity)
Filler 1 (natural baryte 1)
Filler 2 (natural baryte 2)
Inorganic Filler Filler 3 talc / dolomite

Filler 4 litopone 30% (ZnS/BaS0O,)

Filler 5 magnesium oxide - nano (MgO)

AC pigment 1 (zinc phosphate)

Anticorrosive Pigments - -
AC pigment 2 (zinc free)

CP1 (polyaniline — H,PO,)
CP2 (polyaniline — PTSA)

Conductive Polymers

Hardener 1 (silane —functional aliphatic HDI)

Hardener 2 (mixture of flexible aliphatic HDI —9:1)

Hardener

EXPERIMENTAL PART

Coatings were prepared in dissolver at 1300-1500 rpm, glass beads were used as grinding
medium. Usuall time for grinding paint was 40 mins. Coatings were applied to steel and glass
panels and further investigated for mechanical and corrosion properties.

Preparation of polyaspartic coatings by only inorganic fillers

In part 1 of the study, coatings were formulated by using inorganic fillers. There was total
six batches were prepared which are as follows:

P1B1- Filler 1 (natural baryte 1) - 20%

P1B3- Filler 3 (talc / dolomite) - 20%

P1BS5- Filler 5 (MgO) - 5% + Filler 3 (talc / dolomite) - 15%
P1B2- Filler 2 (natural baryte 2) - 20%

P1B4- Filler 4 (litopon) - 20%

P1B6- Filler 5 (MgO) - 10% + Filler 3 (talc / dolomite) - 10%

Preparation of polyaspartic coatings by anticorrosive pigments

In part 2 of the study, coatings were formulated by using anticorrosive pigments and inor-
ganic fillers. Anticorrosive pigments were added by reducing the concentration of filler 3. There
was total six batches were prepared which are as follows:

P2B1- AC Pigment 1 (zinc phosphate) - 3%
P2B4- AC Pigment 2 (zinc free) - 1%
P2B2- AC Pigment 1 (zinc phosphate) - 5%
P2B5- AC Pigment 2 (zinc free) - 2%
P2B3- AC Pigment 1 (zinc phosphate) - 7%
P2B5- AC Pigment 2 (zinc free) - 2%
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Preparation of polyaspartic coatings by conductive polymer

In part 3 of the study, coatings were formulated by using conductive polymers and inor-
ganic fillers. Conductive polymers were added by reducing the concentration of filler 3
(talc / dolomite). Two types of conductive polymers were used CP1 (polyaniline-H,PO,) and
CP2 (polyaniline-PTSA). There was total six batches were prepared which are as follows:

P3B1- CP1 (polyaniline-H,PO,) - 1%
P3B4- CP2 (polyaniline-PTSA) - 1%
P3B2- CP1 (polyaniline-H,PO,) - 2%
P3B5- CP2 (polyaniline-PTSA) - 2%
P3B3- CP1 (polyaniline-H,PO,) - 3%
P3B6- CP2 (polyaniline-PTSA) - 3%

Application of coatings

2K Polyaspartic coatings were applied by using two different types of hardeners (Hardener 1
and Hardener 2). Steel and glass panels were applied by use of applicators having varying WFT.
Usually coating on steel panels were applied with WFT 300 um and on glass with WFT 150 pum.

Mechanical properties of the coatings

Several performance tests were carried out to check the mechanical properties of different
coating films. The physical-mechanical quantities indicate the flexibility, the elasticity and the
strength of the paint film. These tests provide a basis for studying the mechanism of action of
protective organic coatings. The physico-mechanical evaluation was carried out after application
on steel panels - size 100 mm x 50 mm x 0.5 mm (Standard low-carbon steel panels QD-24,
Q-Lab Corporation). The dry film thickness (DFT) was measured with a magnetic gauge accor-
ding to ISO 2808.

The degree of the adhesion of the coatings by a lattice method (ISO 2409)

Determination was made by means of a special cutting blade with cutting edges 2 mm apart
and involved the degree of adhesion of the created 2 mm x 2 mm squares to a base substrate.

Corrosion test procedures

Environmental influence on the paints is studied by various corrosion tests where the at-
mospheric conditions are intensified. Film degradation, and primarily the extent of corrosion
under the paint film on a protected base are studied. The accelerated corrosion test was carried
out in an NaCl atmosphere with water steam condensation. The first test paints were applied
on the steel panels - size 152 mm x 102 mm x 0.8 mm (Standard low-carbon steel panels S-46,
Q-Lab Corporation) by an applicator with a 300-um slit. The dry film thickness (DFT) was
measured with a magnetic gauge according to ISO 2808.

The degree of blistering on the surface of the coatings (ASTM D 714-78), the degree of
corrosion at the test scribe (ASTM D 1654-92) and the degree of steel surface corrosion (ASTM
D 610-85) were evaluated after the exposure in the corrosive environments after 120, 480 and
720 hours.
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Condensation test - Humidity chamber exposure (ISO 6270)

The exposure of the samples in a testing chamber was performed, the machine is used to
evaluate the moisture resistance of the coating system in the high humidity environment of
continuous condensation. The condensation test machine simulates rain and dew damage to the
coating by producing continuous condensation on the surface of the sample under test.

RESULTS AND DISCUSSION

Results of the mechanical properties of coating systems

The results of physico-mechanical tests are given in Table 2 (a-c). Results of hardeness and
degree of adhesion is mentioned. Adhesion is excellent of almost all the coatings whereas the

hardeness is different.

Tab. 2a: Mechanical properties of the polyaspartic coatings (part 1) WFT = 150 £ 5 um

Cross cut test Hardness
Batch Hardener Konig 7 Days
[dg.] :
[swing count]
Filler 1 (natural baryte 1) — 20% Hardener 1 0/5B 58
Filler 1 (natural baryte 1) — 20% Hardener 2 1/4B 39
Filler 2 (natural baryte 2) — 20% Hardener 1 0/5B 57
Filler 2 (natural baryte 2) — 20% Hardener 2 1/4B 45
Filler 3 (talc / dolomite) — 20% Hardener 1 0/5B 47
Filler 3 (talc / dolomite) — 20% Hardener 2 4/1B 39
Filler 4 (litopone) — 20% Hardener 1 0/5B 50
Filler 4 (litopone) — 20% Hardener 2 1/4B 47
. o . .
Filler 5 MgO 5% + Filler 3 (talc / dolomite) Hardener 1 0/5B 49
-15%
. o . .
Filler 5 MgO 5% + Filler 3 (talc / dolomite) Hardener 2 0/5B 54
-15%
. o . y
Filler 5 MgO 10% + Filler 3 (talc / dolomi: Hardener 1 0/5B 54
te) —10%
. o . .
Filler 5 MgO 10% + Filler 3 (talc / dolomi Hardener 2 3B 57
te) —10%
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Tab. 2b: Mechanical properties of the Polyaspartic coatings (part 2) WFT = 150 = 5 um

Batch Hardener Cms[sdf;]t test Hard[l;::isnlg(ii:)lilgn Z]Days
AC pigment 1-3% Hardener 1 0/5B 39
AC pigment 1 -3% Hardener 2 0/5B 45
AC pigment 1 -5% Hardener 1 0/5B 51
AC pigment 1 -5% Hardener 2 0/5B 49
AC pigment 1 - 7% Hardener 1 0/5B 44
AC pigment 1 -7% Hardener 2 0/5B 42
AC pigment 2 - 1% Hardener 1 0/5B 52
AC pigment 2 — 1% Hardener 2 5/0B 47
AC pigment 2 — 2% Hardener 1 1/4B 63
AC pigment 2 — 2% Hardener 2 2/3B 48
AC pigment 2 — 3% Hardener 1 0/5B 65
AC pigment 2 — 3% Hardener 2 0/5B 51

Tab. 2c: Mechanical properties of the Polyaspartic coatings (part 3) WFT = 150 £ 5 um

Batch Hardener Cros? dcgu]t test 7 ;Ia 2;:1[2 :vslsnlg(zl(:lgn {l
CP 1 (polyaniline-H,PO ) - 1% Hardener 1 0/5B 56
CP 1 (polyaniline-H,PO)) - 1% Hardener 2 0/5B 46
CP 1 (polyaniline-H,PO ) - 2% Hardener 1 0/5B 65
CP 1 (polyaniline-H,PO ) - 2% Hardener 2 0/5B 46
CP 1 (polyaniline-H,PO ) - 3% Hardener 1 3/2B 68
CP 1 (polyaniline-H,PO,) — 3% Hardener 2 0/5B 46
CP 2 (polyaniline-PTSA) — 1% Hardener 1 0/5B 66
CP 2 (polyaniline-PTSA) — 1% Hardener 2 4/1B 45
CP 2 (polyaniline-PTSA) — 2% Hardener 1 0/5B 62
CP 2 (polyaniline-PTSA) — 2% Hardener 2 0/5B 50
CP 2 (polyaniline-PTSA) - 3% Hardener 1 1/4B 76
CP 2 (polyaniline-PTSA) — 3% Hardener 2 4/1B 51

Assessment of the accelerated corrosion tests

The results of this corrosion test performed for the individual paints in a chamber with salt
mist after 480h of exposure are given in Table 3 (a-c). From the results it is clear that occurrence
of blistering was slightly observed on the organic coating. Another evaluated phenomenon was
the corrosion in the cut. The last corrosion phenomenon to be evaluated was the corrosion on
the steel panel.
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Tab. 3a: Results of the corrosion tests performed in a salt mist chamber for coatings after 480 h
of exposure (part 1), DFT = 100 £ 5 uym

Batch Hardener Blisters In Blisters In Corrosion In
cut [dg.] Surface [dg.] | Surface [%]
Filler 1 (natural baryte 1) —20% Hardener 1 2MD 6MD 3
Filler 1 (natural baryte 1) — 20% Hardener 2 2MD SMD 33
Filler 2 (natural baryte 2) — 20% Hardener 1 4D 6MD 1
Filler 2 (natural baryte 2) — 20% Hardener 2 2MD 6MD 16
Filler 3 (talc / dolomite) — 20% Hardener 1 2F 4M 1
Filler 3 (talc / dolomite) —20% Hardener 2 6D 6MD 33
Filler 4 (litopone) — 20% Hardener 1 4F 6MD 0,3
Filler 4 (litopone) — 20% Hardener 2 4D 8D 50
Filler 5 MgO 5% + Filler 3 (talc /
dolomite) — 15% Hardener 1 4F 6M 0.1
Filler 5 MgO 5% + Filler 3 (talc /
dolomite) — 15% Hardener 2 4M SM 0.01
Filler 5 MgO 10% + Filler 3 (talc /
dolomite) — 10% Hardener 1 2M 6M 0.03
Filler 5 MgO 10% + Filler 3 (talc /
dolomite) — 10% Hardener 2 4D 6MD 16

Tab. 3b: Results of the corrosion tests performed in a salt mist chamber for coatings after 480 h
of exposure (part 2), DFT = 100 £ 5 um.

Batch Hardener Blisters In cut Blisters In Corrosion In
[dg.] Surface [dg.] Surface [%]
AC pigment 1-3% Hardener 1 4D - 0.03
AC pigment 1 -3% Hardener 2 4D - 0.1
AC pigment 1 -5% Hardener 1 6F - 0.03
AC pigment 1 -5% Hardener 2 4M - 0.03
AC pigment 1 -7% Hardener 1 4MD - 0.03
AC pigment 1 -7% Hardener 2 4MD - 0.03
AC pigment 2 — 1% Hardener 1 2M 4F 0.03
AC pigment 2 — 1% Hardener 2 4D 4MD 10
AC pigment 2 — 2% Hardener 1 2MD 4F 0.01
AC pigment 2 — 2% Hardener 2 4D 6M 10
AC pigment 2 - 3% Hardener 1 4MD 4F 0.01
AC pigment 2 — 3% Hardener 2 2MD 8M 3
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Tab. 3c: Results of the corrosion tests performed in a salt mist chamber for coatings after 480 h
of exposure (part 3), DFT =100 = 5 um

Batch Hardener Blisters In Blisters In Corrosion In
cut [dg.] Surface [dg.] Surface [%]
CP 1 (polyaniline-H,PO)) - 1% Hardener 1 2MD 4M 0.3
CP 1 (polyaniline-H,PO ) - 1% Hardener 2 4MD 6M 33
CP 1 (polyaniline-H,PO,) - 2% Hardener 1 2F 6F 1
CP 1 (polyaniline-H,PO ) - 2% Hardener 2 2MD 6D 50
CP 1 (polyaniline-H,PO,) - 3% Hardener 1 2MD &M 10
CP 1 (polyaniline-H,PO ) - 3% Hardener 2 4F 8MD 16
CP 2 (polyaniline-PTSA) — 1% Hardener 1 4F 8F 0.3
CP 2 (polyaniline-PTSA) — 1% Hardener 2 2MD 8MD 33
CP 2 (polyaniline-PTSA) — 2% Hardener 1 2MD &M 10
CP 2 (polyaniline-PTSA) — 2% Hardener 2 2D 8D 33
CP 2 (polyaniline-PTSA) — 3% Hardener 1 2F 8F 10
CP 2 (polyaniline-PTSA) — 3% Hardener 2 2MD 8MD 16

The results of this corrosion test performed for the individual paints in a chamber with
condensation after 480h of exposure are given in Table 4 (a-c).

Tab. 4a: Results of the corrosion tests performed in a Humidity chamber for coatings after 480 h

of exposure (part 1), DFT =100 = 5 um

Blisters In Corrosion In
L5 LEICDICH Surface [dg.] Surface [%]
Filler 1 (natural baryte 1) — 20% Hardener 1 8F 0.3
Filler 1 (natural baryte 1) —20% Hardener 2 8MD 10
Filler 2 (natural baryte 2) — 20% Hardener 1 8F 0.03
Filler 2 (natural baryte 2) — 20% Hardener 2 SMD 10
Filler 3 (talc / dolomite) — 20% Hardener 1 X 0.01
Filler 3 (talc / dolomite) — 20% Hardener 2 4MD 33
Filler 4 (litopone) — 20% Hardener 1 - 0.03
Filler 4 (litopone) — 20% Hardener 2 8MD 16
Filler 5 MgO 5% + Filler 3 (talc/ B
dolomite) — 15% Hardener 1 0.01
Filler 5 MgO 5% + Filler 3 (talc/
dolomite) — 15% Hardener 2 8F 0.03
Filler 5 MgO 10% + Filler 3 (talc / 3
dolomite) — 10% Hardener 1 0.01
Filler 5§ MgO 10% + Filler 3 (talc /
dolomite) — 10% Hardener 2 SMD 16
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Tab. 4b: Results of the corrosion tests performed in a Humidity chamber for coatings after 480 h
of exposure (part 1), DFT = 100 £ 5 uym

Blisters In Corrosion In
Batch Hardener Surface [dg.] Surface [%]
AC pigment 1-3% Hardener 1 - 0.01
AC pigment 1-3% Hardener 2 8F 0.1
AC pigment 1 -5% Hardener 1 - 0.01
AC pigment 1 -5% Hardener 2 4M 16
AC pigment 1 -7% Hardener 1 - 0.01
AC pigment 1-7% Hardener 2 8F 0.01
AC pigment 2 - 1% Hardener 1 - 0.01
AC pigment 2 — 1% Hardener 2 4MD 1
AC pigment 2 — 2% Hardener 1 - 0.01
AC pigment 2 - 2% Hardener 2 6D 0.3
AC pigment 2 — 3% Hardener 1 8F 0.01
AC pigment 2 — 3% Hardener 2 6D 0.03

Tab. 4c: Results of the corrosion tests performed in a Humidity chamber for coatings after 480 h
of exposure (part 1), DFT = 100 £ 5 um

Batch Hardener Blisters[;;]S CLEE (ijl:;‘;)zzo;:'/.l,?
CP 1 (polyaniline-H,PO)) - 1% Hardener 1 8F 0.3
CP 1 (polyaniline-H,PO ) — 1% Hardener 2 6D 33
CP 1 (polyaniline-H,PO ) - 2% Hardener 1 - 0.1
CP 1 (polyaniline-H,PO ) — 2% Hardener 2 8D 33
CP 1 (polyaniline-H,PO,) - 3% Hardener 1 8F 0.3
CP 1 (polyaniline-H,PO ) - 3% Hardener 2 8D 33
CP 2 (polyaniline-PTSA) — 1% Hardener 1 - 0.01
CP 2 (polyaniline-PTSA) — 1% Hardener 2 4MD 50
CP 2 (polyaniline-PTSA) — 2% Hardener 1 8F 0.3
CP 2 (polyaniline-PTSA) — 2% Hardener 2 6D 50
CP 2 (polyaniline-PTSA) — 3% Hardener 1 - 0.01
CP 2 (polyaniline-PTSA) — 3% Hardener 2 4MD 50

CONCLUSIONS

This study focuses on developing and analyzing polyaspartic coatings with use of different
commercially available inorganic fillers, anticorrosive pigments and conductive polymers. The
results of accelerated corrosion tests Salt Spray and Humidity demonstrate the following.
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Comparing performance of both the hardener No.1 (silane -functional aliphatic HDI) and
hardener No. 2 (mixture of flexible aliphatic HDI - 9:1) it is evident from the results of SST and
Humidity that hardener 1 is way better in anticorrosion performance than hardener 2.

From Part 1 of experiments, observing the results of different batches it can be concluded
that P1BS5 = (MgO 5% + Filler 3 (talc / dolomite 15%) and P1B6 = (MgO 10% + Filler 3 (talc/
dolomite) 10% showed excellent corrosion efficiency both in SST and Humidity chambers after
480 hrs as compared to several other fillers.

From Part 2 of experiments, observing the results of different batches it can be concluded
that P2B1 = AC pigment 1 (zinc phosphate) 3% and P2B2 = AC pigment 1 (zinc phosphate)
5 % and P2B3 = AC pigment 1 (zinc phosphate) (7%) showed excellent corrosion efficiency both
in SST and Humidity chambers after 480 hrs. So it can be concluded that performance of AP
pigment 1 is better as compared to anticorrosive pigment AP pigment 2.

From Part 3 of experiments, observing the results of different batches it can be concluded
that P3B2 = CPI (polyaniline - H,PO,) 2% and P3B4 = CP2 (polyaniline - PTSA) 1% showed
excellent corrosion efficiency both in SST and Humidity chambers after 480 hrs. conductive po-
lymer CP2 (polyaniline PTSA) showed better overall performance than CP1 polyaniline - H,PO,.
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EPOXIDOVYCH LICiCH PRYSKYRIC A MASIVNIHO DREVA

SURFACE TREATMENT OF COMPOSITE MATERIALS BASED ON EPOXY
CASTING RESINS AND SOLID WOOD
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Summary
The article deals with the problem of surface treatment of casting resins in conjunction with massive
wood, especially epoxy-based resins. These epoxy resins are coming to the fore in the furniture industry
for use on tables and worktops. The subject of this paper is to present the issue of finishing epoxy

casting resin composite in conjunction with wood and their finishes. The paper presents findings from
the evaluation of their properties of the finishes with which these composite materials are finished. The

investigated were not only the surface finish properties of the composite materials - epoxy resin, wood
resistance to water vapour, abrasion, microscratching, surface gloss, but also the flexural strength of the

bonded of the joint, the durability of the surface treatment and the epoxy resin.

Key words
Epoxy resins, wood, polyurethane finish, water vapour resistance, abrasion resistance, microscratch
resistance, surface gloss, flexural strength of glued joints.

1 UVOD

Kompozitni materialy a masivni dfevo a vytvrzena epoxidova lici pryskyfice patfi
v soucasné dobé mezi materialy pouzivané ve vyrobé v nabytkarském pramyslu. Nejcastéji se
tento kompozitni material pouziva pfi vyrobé novych nabytkovych dilcti pfedevs§im stolovych
desek. Pti pouziti téchto kompozitnich materialt je velmi dalezita povrchova uprava. Dokonceni
povrchové upravy tohoto druhu kompozitniho materialu, zvySuje jejich uZitnou hodnotu,
estetickou uroven a trvanlivost vyrobku. Kvalita povrchové upravy zasadné ovliviuje fyzikalné
mechanické, chemické ale i vzhledové a estetické vlastnosti dokoncovanych nabytkovych ploch
vyrobenych z materialu z masivniho dfeva a epoxidové pryskyfice.

2 EPOXIDOVE LICI PRYSKYRICE

Zesitované epoxidové lici pryskyfice jsou zavislé predevsim na slozeni vychozich latek, a to
masivniho dfeva a pryskyfice a na zptisobu vytvrzovani pryskyfice a druhu pouzitého tvrdidla.
Mez obecné vlastnosti epoxidovych pryskyfic patii:

« Zadni emise tékavych produkti pfi polymeraéni reakci.

* Flexibilita pfi volbé monomerd a komonomert umoznujicich ziskani riznych produkti
od kaucukt s nizkou hodnotou Tg az po materialy s vysokou hodnotou Tg.

* Moznost pouZzivat a kombinovat rtizné polymeracni chemické latky vhodné pro konkrétni
potieby dalSiho zpracovani.

* Velmi nizké kontrakce béhem polymerace.

*Velmi vysoka prilnavost k rtiznym povrchim diky polarnim skupinam pfitomnym ve
strukture [2].
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Povrchova uprava - funkce povrchové upravy

Povrchovou upravou nabytku a nabytkovych ploch z materiald na bazi dieva a kompozitnich
materiali na bazi licich pryskyfic a masivniho dfeva je mozno definovat jako polymerni matrici,
pres kterou probiha vzajemné plisobeni mezi dokon¢ovanym podkladem a okolnim prostredim.
U povrchové upravy dievéného nabytku a nabytku z kompozitnich materiali hodnotime tyto
hlavni funkce, a to ochranou a esteticka funkci a prodlouzeni zZivotnosti nabytkového vyrobku,
coz znamena zvyseni odolnosti povrchu nabytku vii¢i oxidacnim reakcim, teplu, dennimu svétlu
a UV zareni, zvySené vlhkosti prostiedi a mechanickému namahani.

Ochranné funkce povrchové upravy

Smyslem ochranné funkce povrchové upravy je zvysit jeji:

* Odolnost vii¢i mechanickému odéru a vrypu.

¢ Odolnost vii¢i chemickym a fyzikalnim faktorim (voda, chemikalie).
¢ Ménici se vlhkost prostiedi.

« Plsobeni slunec¢niho svétla, UV zafeni a tepla.

* Odolnost vici plisobeni suchého a vlhkého tepla a studenym kapalinam.

3 POUZITE MATERIALY

Ovéfované kompozitni materialy o rozmért 30 x 150 x 300 mm byly pfipravené z lici prysky-
fice- epoxidové pryskyfice a z masivniho dfeva. Vysledné materialy byly vyrobeny do specialniho
tvaru sinusoidy z divodu mozZného ovéfeni koncentrace napéti na jejich spojich. Kompozitni ma-

terialy byly pripravené z epoxidové pryskyfice a z masivniho dieva daného typu uvedeny v tab.
1 - charakteristika pouzitych druht dfevin pro pfipravu kompozitu.

Obr. 1.: Pohled na c¢ast vyrobenych vzorku kompozitu epoxidové pryskyrice a masivniho dreva
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Tab. 1: Charakteristika pouzitych drevin pro pripravu kompozitu

Nazev Latinsky nazev Oznaceni Hustota [kg.m?] | Vlhkost [%]

Jasan Fraxinus L. JS 670 [kg.m?] 8+ 10
Mahagon Mahagoni S. MAH 700 [kg.m?] 8+ 10

Ofech Juglans L. OR 660 [kg.m?] 8+ 10

Tab. 2.: Charakteristika slozek pouzitych pro piipravu kompozitu

hustota [g.cm™]
1,205 g/em® (20 °C)
0,948 g/em?® (20 °C)

Slozka ChemicKky vzorec / druh
Epoxid (Zpox 21)
Tvrdidlo POLYOXYPROPYLENEDIAMIN

4,4*-Isopropylidendiphenol

4 POUZITE NATEROVE HMOTY PRO DOKONCOVAN]
POVRCHOVE UPRAVY

* Polyuretanovy lak

* Dvouslozkovy vodou feditelny epoxidovy lak

¢ Olejovy bezbarvy lak

Tab. 3. Charakteristika natérovych hmot

Slozka Chemicky vzorec / druh Hustota [g.cm?]
Remmers — HWS — 112 Olejovy — lak 0,88 g/cm?
Renner — FO30M200 PUR - lak 0,970 g/cm?
Renner — FC — M007 PUR - tuzidlo -

Vodou feditelny — lak

Vodou feditelny — lak

1,16-1,17 g/em®

5 VYSLEDKY LABORATORNIHO MERENI

Vlastnosti epoxidovych licich pryskyric
Pti vybéru hodnoceni pevnostnich vlastnosti licich pryskyfic a kompozitnich materiala se
vychazelo z namahani dilce pfi jeho budoucim pouzivani.

Stanoveni pevnosti v ohybu a modulu pruznosti dle CSN EN 310

Byla méfena pevnost kompozitu pfi statickém ohybu a stanoven jeho modul pruznosti pro
nabytkové dilce urcené na stolové desky stolu a stolkl. Pfi stanoveni modulu pruznosti a pevnosti
v ohybu byla u vzorku o rozmérech 10 x 30 x 150 mm naméfena hodnota okolo 325 MPa
u pouzitych drevin jasanu, ofechu a mahagonu ve spojeni s epoxidovou pryskyfici. Na zakladé
statistického porovnani byl prokazan vyrazny vliv na modul pruznosti a pevnosti v ohybu pri
pouziti rizného druhu dreva. Pro prelomeni danych vzorku byla za potfebi pilisobici sila v rozmezi
1199 az 1823 N.
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Obr. 2: Pevnost v ohybu lepené spary epoxidové pryskyrice a Jasanu

Komentar: Na obrdzku miizeme pozorovat ohybové zatizeni v zavislosti na protaZeni lepené
spdry az po poruSeni u kompozitu jasanového dieva a epoxidové lici pryskyrice.

Obr. 3: Pevnost v ohybu lepené spary epoxidové pryskyrice a Mahagonu

Komentar: Obrdzek 3 obsahuje zobrazeni ohybové zatiZeni v zavislosti na protazeni ohybem,
a to u kompozitu mahagonového dieva a epoxidové pryskyrice. MiiZeme pozorovat poruseni pevnosti
epoxidové pryskyrice a také, Ze hodnoty prelomeni dosahuji hodnot 1800 N.
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Obr. 4: Pevnost v ohybu lepené spary epoxidové pryskyrice a Orechu

Komentar: Zobrazeni zavislosti ohybového zatiZeni na protaZeni vzorku z lepené spdry
ofechového dreva a epoxidové pryskyrice ukazuje obrdzek 4, ukazuje, Ze ohybové zatizeni bylo nizsi
nez u protaZeni mahagonu, ale vyssi nez u jasanoveho kompozitu.

b) Ovérované vlastnosti povrchovych tuprav

Odolnost epoxidové pryskyrice vici pusobeni vodni pary

Odolnost vii¢i ptisobeni vodni pary na povrchovou upravu kompozitu byla mérena dle normy
CSN EN 438-2. Po ptisobeni vodni pary po dobu 60 minut se na pfechodu mezi vytvrzenou
pryskyfici a masivnim dfevem vytvorila prasklina o délce 7 cm. Prasklina je hluboko zasazena
v materialu a je to vyrazné poruseni plochy a materialu.

Obr. 5: Zobrazeni praskliny po pasobeni vodni pary na testovaném vzorku. (Tesaiova, 2020)

Komentar: Obr. 5 byl vytvoren digitalnim mikroskopem a fotografie disponuje 235 x zvétsenim.
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Obr. 6: Pohled na celkovou prasklinu po zkousce odolnosti proti pisobeni vodni pary.
(Kovaiik, 2020)

Komentdar: Obr. 6 byl vytvoren digitalnim mikroskopem a fotografie disponuje 235x zvétsenim.

Lesku povrchu kompozitu epoxidu a rostlého dieva

Lesk povrchu byl méfen na vzorcich dreva bez povrchové upravy a zejména na kompozitu
epoxidové pryskyfice v kompozici s masivnim dievem, kdy byl sledovan povrch po vyliti
(vytvrzeni pryskyftice), po vylesténi epoxidové pryskyfice a dieva a povrchu, a po dokoncovani
povrchové upravy kompozitu polyuretanovou natérovou hmotou.

Tab. 4: Vyhodnoceni vlastnosti lesku povrchu kompozitu epoxidu a rostlého dieva

R Drevo pl",ed povr- Poe;zgit‘iizv\;y;\;;ﬁni Epoxid p’o Vrchni
Dievina lesku [°] chovou upravou o vylesténi PUR lak
GU GU GU GU

20 0,87 56,22 49,094 15,572

OR 60 8,28 80,646 66,462 55,808
85 38,59 86,858 84,686 82,864

20 0,68 53,97 75,17 17,45

MAH 60 7,21 78,73 87,30 59,45
85 42,08 87,33 93,53 87,59

20 1,39 48,94 56,53 22,95

IS 60 9,51 73,58 71,82 66,14
85 40,03 86,10 84,29 86,44

Komentar: Nejvyssich hodnot bylo dosaZeno u vylesteného povrchu kompozitu mahagonu
a epoxidove pryskyrice.

76



XV. CONFERENCE ON PIGMENTS AND BINDERS « NOVEMBER 7-8, 2022

Obr. 7: Srovnani stanoveni lesku kompozitniho materialu epoxidu ve spojeni s rostlym materialem
pro uhel méreni 20°, 60°, 85°

Komentar: Na obrdazku jsou vyobrazeny krivky s rozptyly dat lesku méreného pod uihly 20°, 60°,
85°. Legenda k horizontdlni ose je 1 - bez povrchové upravy, 2 - po vyliti a vytvrzeni epoxidové prys-
kyrice, 3 - bez povrchové vipravy po vylesténi povrchu dreva a epoxidu, 4 - lesk povrchu PUR laku na
podkladu kompozitu epoxidové pryskyrice a rostlého materidlu.

Mikro poskrabani

Odolnost povrchu proti drobnému poskrabani byla méfena na pristroji Martindale, kde byl
stanoven lesk pred a po poskrabani u epoxidové pryskyfice v kombinaci s rostlym materialem
a povrchové upraveé tohoto kompozitu polyuretanovym lakem. Z dosazenych vysledkii méreni
vyplyva, ze kompozit (epoxidova pryskyfice) nedokonceny povrchovou upravou je velice
nachylny na mikro poskrabani oproti mikro poskrabani pfi dokonceni povrchu polyuretanovou
natérovou hmotou. Muzeme tedy konstatovat, ze pfi pouZziti povrchové upravy se zlepsuji
vlastnosti odolnosti proti mikro poskrabani epoxidové pryskyfice. Tedy je potvrzena hlavni
myslenka povrchové upravy. Nejlepsi odolnost vykazovala polyuretanova natérova hmota.
Nevyhovujici povrchovou upravou byla olejovo-voskova natérova hmota.

Obr. 8: Rozdil stanoveni lesku delta A - zkousky mikro poskrabani u kompozitu bez povrchové
upravy a s polyuretanovou povrchovou upravou
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6 ODOLNOST EPOXIDOVYCH PRYSKYRIC

Pfi stanoveni tvrdosti povrchu kompozitnich dilcii z vytvrzené lici epoxidové pryskyftice
v kombinaci s rostlym dievem nema druh pouzité dfeviny na tvrdost vysledného kompozitu
vliv. Zmény tvrdosti povrchu vyrazné zavisi na teploté povrchu povrchové tpravy kompozitu. Se
zvysujici se teplotou povrchu kompozitu klesa tvrdost povrchu.

Prilnavost natérového filmu k podkladu kompozitu, zavisi na zvoleném druhu natérového
systému. Nehorsi prilnavost povrchové upravy dosahovala povrchova uprava olejovym lakem.
Pfilnavost natérového film nesplnila ani pozadavky normy CSN EN ISO 4624.

Na zakladé vysledki stanoveni odolnosti povrchu proti drobnému poSkrabani lze
konstatovat, ze kompozit (epoxidova pryskyfice) nedokonceny povrchovou upravou je velice
nachylny na mikro poskrabani oproti mikro poskrabani pfi pouziti natérové hmoty, které je
minimalizuje.

Stanoveni odolnosti povrchové Upravy vytvrzené epoxidové pryskyrice bez povrchové
Upravy pii umélém starnuti potvrzuje vliv ptisobeni UV zafeni na povrch epoxidové pryskyftice,
cozZ se projevuje zdrsnénim povrchu vytvrzené pryskyfice zptisobené degradaci povrchu.

Po ukonéené zkousce odolnosti epoxidového kompozitu viiéi stiidani tepla dle normy CSN
673098, doslo ke snizeni stupné lesku a zhorSeni fyzikalné mechanickych vlastnosti epoxidové
pryskyfice, pfedev§im modulu pruznosti v oblasti lepené spary epoxidové pryskyfice a masivniho
dreva.

Obr. 9.: Souhrnny obrazek odolnosti epoxidovych pryskyric a masivniho materialu

7 ZAVER

Na zakladé vysledkt uvedenych v prispévku, lze konstatovat, ze kompozitni materialy na
bazi vytvrzenych licich pryskyfic a masivniho dfeva je mozno ve vyrobé nabytku aplikovat,
ale je nezbytné pied jejich pouZzitim ovérit jejich, pevnostni vlastnosti. Na zakladé dosazenych
vysledkl ovéfovani vlastnosti povrchovych uprav lze konstatovat, ze pro dokoncovani povrchu
kompozitu jsou nejvice vhodné zejména polyuretanové natérové hmoty.
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PRENESENI VYSLEDKU LABORATORNICH MLETI SUSPENZI
DO VYROBY
TRANSFERRING THE RESULTS OF LABORATORY MILLING OF SUSPENSIONS
TO PRODUCTION

RESCH P.
Fryauf Filmix s.r.o., zastoupeni firmy Netzsch
Dnesni doba s sebou prinasi stale vétsi pozadavky na vyvoj novych materialti ¢i receptur.
Ruku v ruce s tim je nutné se zabyvat moznosti pfenosu vysledki z laboratore do vyroby.

Mleci proces je uréen zejména Ctyrmi veli¢inami:

« Specifickou vlozenou energii.

« Energii stfetd mlecich kulicek.

* Poctem stfeti mlecich kulicek.

* Dobou zdrzeni v mleci komore.
Rozhodujicim parametrem pro pienos vysledkd mleti popf. dispergace suspenzi do vyroby

je specificka vlozena energie. Abychom mohli pracovat s touto hodnotou, je nutné dodrzet:

« Stejny zpusob pracovniho procesu (pasaz, cirkulace).
« Stejny typ stroje (stejna doba zdrzeni materialu v mleci komoie).
« Stejny druh (material) a velikost mlecich kulicek.

Obr. 1: Zcela vlevo laboratorni mlyn DeltaVita 1, ktery nespliuje vyse uvedené pozadavky pro
prepocet pomoci specifické mleci energie a je tedy vhodny pouze pro prvotni vyvoj bez moznosti
preneseni dat do vyroby, uprostied laboratorni mlyn LabStar LS1, ktery je vérnou kopii vyrobnich
zarizeni navic s vysokou flexibilitou, napiiklad je mozné simulovat jak zpracovani produktu pomo-
ci pasazového mleti (provozni mlyn Discus vpravo nahoie) nebo cirkulacnim zpusobem (mlyn se
systémem Zeta vpravo dole)

Dulezitym specifikem pienosu dat do vyroby je uvédoméni si principu geometrické rovnosti.
Paklize plati, ze pomér délky (L) a priméru valce mleci komory (D) je stale stejny, pak:
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Prufez proudéni A e =74 D?

Chladici plocha A =®-D. L

Objem mleci komory Vionon = /4. D> . L

Paklize délka /L) i primér mleci komory (D) rostou s faktorem s, pak plati:
Prifez proudéni Ao = n/4.D?.s?

Chladici plocha A =T - D L. ¢

Objem mleci komory 'V, =xn/4.D*.L.s}

komora
Objem mleci komory roste s tfeti mocninou, zatimco chladici plocha a priifez proudéni
pouze kvadraticky => pozadavky na efektivni chladici systém a separaci mlecich kulicek!

Piiklad zpracovani konkrétni Sarze cirkulacnim mletim mlynem Zeta®
Zadani:
« vsazka (velikost Sarze) 1000 kg tiskové barvy na vodni bazi je zapotrebi umlet za 8 hodin,

*v laboratofi doSlo na laboratornim perlovém mlynu LabStar k definovani optimalnich
provoznich parametri.

Laboratorni testy
Mleti mlynem LabStar (vybava Ceram C, NElast).
Velikost mlecich kulicek: d,, = 0,6-0,8 mm

Otacky rotoru: Dy Labor = 3000 otacek za minutu (Upm)
Velikost Sarze: m, . =5Kkg

Priitok cerpadla:

Brutto vloZena energie P, =Pges=1,63 kW

Doba mleti: ty, = 90 min

Postup

1. Urceni obvodové rychlosti a vloZené energie do prazdného systému:

Vypocet obvodové rychlosti:

Definovani energie vlozené do prazdného systému (chod naprazdno) a vypocet Netto vlo-
zené energie:

Vykon pfi chodu naprazdno pfi 3 000 ot./min. je cca. 0,63 kW (z testu v praxi).

Netto vlozena enegie Cini tedy:
Pl = Py ~PLL =163 kW - 0,63 kW = 1,0 kW

2. Urceni pocCtu cirkulaci a vloZené vyrobni energie v laboratornich podminkach a potiebna
vyrobni energie ve vyrobé:
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3. Urceni specifické mleci energie a faktoru pro prepocet:

Specificka mleci energie:

Faktor pro prepocet:

Obr. 2: Vyrobni fada stroju pro cirkula¢ni mleti s faktory pro pfepocet danymi zkuSenosti vyrob-
cem a s instalovanymi piikony motoru

Tabulkové hodnoty jsou vztazeny na stroj Zeta® 10, tedy:

fScale-up,Tabe]le = fSca]e-up. 0’08 = 37’54 : 0’08 = 3’00

4. UrCeni potiebné Netto vlozené energie provozniho stroje, volba spravné velikosti stroje,
prepocet potfebného prutoku cerpadla a obvodova rychlost:

Netto vlozena energie na provoznim zafizeni:

Volba zafizeni Zeta® 60 na zakladé prepoctového faktoru a instalovaného pfikonu (PO-
ZOR! Dbat na chod naprazdno).

Vypocet pritoku cerpadlem a obvodové rychlosti:

Pocet cirkulaci z laboratornich podminek by mél odpovidat poctu cirkulaci ve vyrobnim
procesu.
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MECHANISMS OF DEGRADATION OF PAINT SYSTEMS AND

ACCELERATED TESTS
MECHANISMY DEGRADACE NATEROVYCH SYSTEMU A URYCHLENE
ZKOUSKY
PROSEK T.

VSCHT Praha, Technopark Kralupy, Namésti G. Karse 7, 278 01 Kralupy nad Vitavou

Summary
Organic coatings provide long-term protection of metallic substrates against corrosion even in harsh
environments. However, they do degrade in time due to a number of factors including UV irradiation,
temperature, humidity, chemical pollutants and mechanical damage. This paper describes basic
degradation mechanisms of organic coatings and appropriate accelerated tests to be used for assessment
of the coating durability.
Key words
Organic coatings; degradation; accelerated testing; weathering; corrosion.

INTRODUCTION

Probably the oldest and largely dominating method of corrosion protection of metallic
structures is the application of organic coatings. Organic coatings can be applied as thin single-
layer films a few micrometre thick, as well as robust paint systems comprising several layers with
specific properties with thickness of many hundreds of micrometers. Such paint systems are
used for protection of marine structures in e.g. oil and gas industry or road infrastructure and
their lifetime is design to reach over 20-25 years. They can be further combined with metallic
coatings, mostly zinc-based, to improve the durability even further.

From the thermodynamic point of view, all engineering metals tend to oxidize in presence
of water and oxygen. Organic coatings are applied in order to postpone such spontaneous
processes [1]. They are considered to fail if they do not inhibit metal corrosion anymore and
a product or construction appearance, function or integrity degrade.

The primary function of an organic coating is to form a physical barrier between corrosive
environment and protected metal, providing the barrier effect [ 1-3]. Under normal temperature,
metal corrosion is an electrochemical process requiring presence of a conductive electrolyte on
the metal surface. For an organic coating to protect the metal, it needs to block the access of
water or oxygen to the metal surface, or to block ionic conductivity between anodic and cathodic
sites [4]. Originally, it was expected that organic coatings inhibit water and oxygen transport
[3]. However, laboratory experiments proved that the rate of transport of oxygen and water
through industrial organic coatings is sufficiently high and cannot efficiently limit corrosion of
the underlying metal [5-7]. Currently, most researchers believe that ion transport, i.e., formation
of conductive paths between anodes and cathodes, is the key factor controlling the protection
efficiency of paint systems [8].

In reality, no organic coating forms a perfectly intact barrier. Any coating contains
a certain number of defects such as pores, scribes, cracks and cut edges. Further defects form
during coating lifetime. Although the barrier effect can be substantially improved by application
of multi-layer systems, which dramatically decrease the density of through pores, presence of
defects cannot be disregarded.
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In defect areas, the inhibition protection mechanism is crucial. Inhibitors are formulated to
primer paints. In contact with water in defects, inhibitors dissolve and diffuse or migrate to the
metal surface and protect it by forming thin protective films [9-12]. This leads to coating self-
healing. The ability of some binders and inhibitors to capture certain corrosive species further
reducing the electrolyte corrosivity is known as destimulation.

When zinc, aluminium or alloy metallic particles are incorporated into primer paint in
a sufficient quantity, such coatings are able to provide electrochemical (galvanic) protection to
the metal substrate. Less noble metallic particles in primer dissolve preferentially polarizing the
substrate towards more negative potential and protecting it. This effect it rather short living as
electrical contact between metallic particles is lost due to corrosion eventually. Still, zinc-rich
and other metal powder containing primers are known to prolong lifetime of steel constructions
significantly also due to combined destimulation (removal of oxygen from permeating electrolyte)
and inhibition (release of zinc cations) effects and sealing of pores with voluminous corrosion
products [13].

For a paint system to provide long term protection, it has to fulfil numerous requirements.
Most importantly, it has to maintain good adhesion to the protected metal substrate, barrier
properties and ability to protect metal in defects. It requires proper surface preparation, well-
controlled application process, robust curing properties, low permeability especially for
ions, formulation of efficient inhibitors that deplete slowly, good mechanical properties, UV
stability, etc. As even a minor change in paint system formulation or application procedure
can dramatically reduce the durability, it is important to test carefully the protective ability of
paint systems before their introduction to a market. Ideally, a single test should allow for rapid
simulation of all degradation factors and paint assessment. However, due to different involved
degradation mechanisms and wide range of application conditions, no such test is available.

This paper aims to list principal degradation mechanisms of organic coatings together with
tests able to discriminate better and worse performing paint systems in view of each particular
degradation mechanism. It is focused on typical defects observed mainly in atmospheric exposure
conditions. It does not cover all types of defects induced by improper paint formulation and
production or application errors.

ANODIC DELAMINATION

Paint delamination (see an example in Fig. 1) is observed in a vicinity of defects such as
scribes, stone chippings or cut edges. It is linked to corrosion of the exposed metal. In the case of
anodic delamination, the defect area serves as cathode where oxygen reduction takes place [14].
Under the organic coating, where the oxygen access is limited and oxygen concentration is lower,
anodic dissolution of the metal prevails. This mechanism is typical for zinc-coated steel [15].
Zinc corrodes slowly under the organic coating and provide thus protection of exposed steel in
the defect. Besides direct galvanic protection, zinc corrosion products deposit on steel and form
protective films reducing the rate of oxygen reduction [16]. The delamination rate can either
increase or decrease in time depending on the zinc coating thickness, defect size and barrier
effect of the organic coating [17]. The process is relatively slow and predictable. It can even be
considered desirable since the anodic dissolution of zinc inhibits formation of red rust on steel
and delays significantly corrosion perforation of steel.
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Fig. 1: Large delamination from cut edge of coil coated steel panel after 12 weeks of a cyclic
corrosion test; the panel width is 100 mm

Prerequisite of anodic delamination is the presence of corrosive environment and
a laboratory accelerated test needs to be selected accordingly. Since the most typical corrosion
activator is chloride found not only in marine environments but also in locations where deicing
salts are used for winter treatment of roads, chloride-based accelerated corrosion tests are ap-
plied dominantly. The traditional neutral salt spray test (NSST) according to ISO 9227 is not
optimal due to extreme corrosivity and low correlation to results in real service environments
[18,19]. More appropriate are cyclic corrosion tests developed by automotive industry such as
VDA 233-102, VW PV 1210, Renault ECC1 D17 2028, Ford CETP 00.00-L-467, Volvo STD
423-0014, Toyota TSH1555G, PSA TCAC D13 5486, SAE J-2334 and others [20]. It is possible
to follow ISO 16701 aimed for general use as well.

CATHODIC DELAMINATION

Cathodic delamination (disbondment) is caused by alkalization of the metal/paint interface
[21-23]. Metal actively dissolves in defects whereas the cathodic reduction of oxygen takes
place under paint around defects. The reaction leads to formation of OH- ions that alkalize the
interface. It leads to dissolution of an oxide film in between metal and paint, conversion coating
or organic binders. Consequently, the paint losses adhesion to the metal substrate. In order
to initiate cathodic delamination, the rate of oxygen and cation transport to the interface needs
to be sufficiently high. This mechanism is often observed on painted steel but it was reported on
zinc-coated steel too [24].

For properly formulated and applied paint systems, cathodic delamination is prevented due
to low rates of oxygen and cation transport. Thus, this degradation mechanism can be seen as
a paint failure. The tendency to cathodic delamination can be rapidly assessed under cathodic
polarization of painted samples in corrosive electrolytes. It can be done in a simple way by
electrically connecting an anode of less noble metal, e.g. magnesium, to the sample. Alternatively,
external current can be supplied from a potentiostat. Appropriate tests are described in
e.g. ASTM G8, ISO 15711 and EN 14656 [25]. Appearance of zinc coated steel samples with
different paint systems after a cathodic delamination test is in Fig. 2.
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Fig. 2: Series of coil coated steel sheets after a cathodic delamination test; polarization by an Mg
electrode, 3.5 wt.% NaCl, 96 hours

BLISTERING

Blisters are round local defects with size at the limit of visibility to more than 10 mm in
diameter, see Fig. 3. Several mechanisms of blister formation have been described [4].

Fig. 3 Blisters formed on zinc-coated steel during condensation test at 60 °C after 1450 hours

Osmotic blistering is a consequence of surface contamination before paint application or
use of soluble fillers or pigments. If soluble salts are present below the paint, they form saturated
solution in contact with water permeating through the paint film. Organic coatings are semi-
permeable membranes with the rate of transport of ions significantly slower than for water
molecules [26]. Osmotic forces drive further intake of water to the defect in order to dilute
the solution, increasing its volume. If the osmotic pressure gets over the adhesion force between
the paint and metal, a blister starts to grow [27].

In cathodic blisters, the solution is alkali and the metal does not necessarily corrode.
An anodic site (defect) needs to be present in a vicinity to form a galvanic cell with the cathodic
blister. Such blisters can be found close to corroded scribes or cut edges. The mechanism is
similar to cathodic delamination [28]. The alkali environment formed by the cathodic oxygen
reduction reaction can induce osmotic transport of water as well and further speed up the blister
growth.

Stress-induced blisters are initiated by residual stresses after curing, thermal cycling or
deformation [29]. In presence of water, polymer-metal bonds can hydrolyse and water clusters
form. Unless the space is filled with corrosion products or plastic deformation leads to permanent
paint buckling, such blisters can disappear again.
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Obviously, some types of blisters are induced by corrosion, whereas others need only the
presence of water for initiation. In the former case, tests listed above for assessment of the
tendency to anodic delamination can be used. In the latter case, the tendency to blistering is
verified using condensation tests described in e.g. ISO 6270-1, ISO 6270-2, ISO 13523-25,
ISO 13523-26, ASTM D2247 and ASTM D1735. Condensation tests are usually carried
out at 40 °C but many paint producers test their products also at elevated temperature of
60 °C. Informative can be electrochemical tests, in particular the electrochemical impedance
spectroscopy, EIS [16,30,31]. In general, correlation between blister formation in accelerated
tests and field conditions is often poor and field tests are still irreplaceable for correct material
selection [17,30].

LOSS OF ADHESION

Good adhesion between the metal and organic coating, in both dry and wet state, is the
necessary prerequisite of long-term durability of paint systems and metal protection. Besides
proper paint formulation, tightly controlled surface preparation following specifications of
the paint producer is a must. Removal of non-adherent corrosion products and soluble salts is
necessary for any paint system, but the requirements are often more demanding. Some systems
are supposed to include a conversion coating, surface roughness can be specified [32], etc. Only
a mediocre protective ability is attainable when primer and topcoat compositions are identical.
It is technically impossible to design a paint which fulfils contradictory requirements for high
adhesion of primer and low permeability and high UV stability of topcoat.

Large-scale loss of adhesion is mostly linked to improper surface preparation. However, it
can be caused by incompatibility of paint layers or wrong formulation too. It can be evaluated
using condensation tests listed in the previous section, followed by a simple adhesion test.
Two procedures are usually applied. The cross-cut test according to ISO 2409 is rapid. Twelve
perpendicular cuts are made by a scalpel and adhesion of the paint remnants qualitatively
assessed. An example of a system with poor adhesion after 720 hours of NSST is in Fig. 4.
This procedure is indeed not precise and even paints giving good results can later fail in real
applications, but it allows for rapid identification of bad systems. The pull-off test following
ISO 4624 is somewhat more complicated. A test dolly is glued to a paint film and pulled off
while measuring the applied force. The technique is apparently more precise as it gives the exact
adhesion force. However, it is often difficult to find sufficiently durable glue, the scatter of results
is large and many paint systems fails preferentially within a particular paint layer and not at the
interface. In summary, although more complex, this method seldom provides more useful data
than the simple cross-cut test.

Fig. 4 Cross-cut test of coated steel panels after 720 hours of NSST; panel width is 100 mm

An interesting alternative to traditional condensation tests is the test described in IEC
61646, Part 10.12 or PV 1200. It is a drastic procedure including rapid changes in temperature
from -40 °C to 80 °C and vice versa at relative humidity of 85 %. The rate of cooling and heating
is 100 and 200 °C/hour. After a few daily cycles, vulnerable systems fail completely in this test.
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POROSITY

Any paint contains a certain density of through pores. It can be significantly reduced by
application of multiple paint layers, but improper paint formulation or application can still lead
to a non-negligible presence of such defects. In practice, they get usually observable after some
time of exposure as tiny red spots due to formation of red rust. Especially small pores are difficult
to reveal by traditional inspection techniques. In highly corrosive tests such as the neutral salt
spray test, such small pores get often sealed with corrosion products and are not discovered.

An efficient and rapid method for visualization of micro pores in organic coatings is ex-
posing painted panels to humid atmosphere containing sulphur dioxide, the Kesternich test,
according to ISO 3231, EN 13523-23, ISO 6988, ASTM G87 or former DIN 50018. It was
designed to simulate industrially polluted atmospheres but due to high SO, content it is not
the case. However, the test is able to discover local paint defects due to rapid formation of red
corrosion products.

CHALKING

The mechanisms listed above include local or global loss of adhesion between paint
and metal and local corrosion degradation of metal substrate mainly due to electrochemical
processes. Chalking is a general degradation of the outermost paint surface as a consequence of
binder oxidation. The oxidation process is generally slow unless accelerated by ultraviolet (UV)
irradiation. Photochemical cleavage of polymeric chains is a process affected by temperature,
water presence and UV irradiation. Most polymeric binders degrade when exposed to sun
irradiation with the shortest wavelengths from 295 nm. Paint formulators try to slow down this
process by stabilizers, antioxidants and UV absorbers. Cleavage of organic binders leads to slow
coating degradation accompanied with release of pigment particles. When such degraded paint
is touched with a finger, pigment particles stick to it. This is called chalking. In parallel, colour
and gloss changes are observable.

Chalking is mostly an aesthetic problem. The process is slow and the coating barrier
properties change only after long time [33]. Still, it is undesirable and the tendency to the
UV degradation of binders and chalking is assessed by tests including UV irradiation. In
paint industry, the outdoor UV irradiation is usually simulated by fluorescence lamps emitting
relatively narrow range UV irradiation with the maximum at 340 nm. According to ISO 16474-3,
different cycles combining the effect of UV, condensation and water spraying are defined. Less
often, xenon lamps emitting the whole sun spectrum including the visible and infrared parts are
applied for paint testing following ISO 16474-2.

SUMMARY

Since paint systems fail through multiple mechanisms, it is not surprising that there is no
general testing procedure for complete assessment of paint durability. It is a generally accepted
practice to test paint systems in several test conditions in parallel to get the whole picture.

Currently the most used system for evaluation of the protective ability and lifetime of paint
systems is the group of standards ISO 12944-1 to 9. Paint systems are sorted by environment
corrosivity C2 to C5 and durability from low (1) to very high (vh) based on two tests,
the condensation test by ISO 6270-2 and NSST by ISO 9227. The former one assesses mainly the
tendency to blistering, the latter one the resistance against paint delamination. The UV stability
as well as the resistance against cathodic delamination are not evaluated. Moreover, NSST is
not an optimal procedure due to unrealistically high corrosivity. It is thus recommended to
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assess paint systems in additional tests including a cyclic corrosion test, UV degradation test and
eventually also the cathodic disbondment test.

For highly corrosive environments C4-vh and C5-h, the ISO 12994-6 standard enables to
use a combined test comprising phases of NSST, UV-condensation according to ISO 16474-3
and freezing at -20 °C. For the C5-vh category, it is the only option. It is a complex and expensive
test requiring three separate chambers but it was reported to give very good results especially in
view of good correlation to marine exposure data.
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NOVY ZPUSOB URYCHLENEHO VYTVRZOVANI A UTESNOVAN{
ROZPOUSTEDLOVYCH 2-SLOZKOVYCH ZINKSILIKATOVYCH
NATERU
A NEW WAY OF BOTH CURING ACCELERATION AND SEALING
OF SOLVENT-BASED 2-COMPONENT ZINCETHYLSILICATE PRIMERS

DENK K.
Pragochema spol. s r.o., Pratelstvi 550, Praha 10 - Uhrinéves

Summary
Zincsilicate primers/inorganic zinc primers (IZP), either solvent or water-based, are
commonly employed for long-term anticorrosion protection of steelworks in severe atmosphe-
res and other neutral environments. They constitute a specific group of paints with
an unique porous silicate structure often distinct from organic coatings in their features.
Among drawbacks of solvent-borne IZP limiting their wider use, rather lengthy curing by
atmospheric humidity and bubbling in the following top organic paint due to the extreme
porosity of IZP, are often mentioned. In the paper presented, a new way to boost and
accelerate the curing process of solvent-based IZP together with pores sealing in one
operation, is suggested and compatibility with an organic topcoat evaluated. The respective
chemical agent which, besides sealing, enables a substantial shortening of the curing process
for several hours only, was developed and is available.

Key words
Inorganic zinc primers, porosity, curing mechanism, sealing of porous structure, silica gel
structure, compatibility with organic topcoat, pull-off test, MEK rub test

1 UVOD DO PROBLEMATIKY

Zinksilikatové natéry ¢i primery (dale ZSN), at’ uz feditelné organickymi rozpoustédly ¢i
na vodni bazi, jinak téz ozna¢ované jako anorganické zinkové natéry, patii do skupiny povlaki
s anorganickym pojivem na bazi gelu kyseliny kfemicité (silikagelu) a jsou urceny k dlouhodo-
bé antikorozni ochrané ocelovych konstrukci v agresivnich atmosférach ¢i jinych neutralnich
prostedich (pH 5,5-10) v nominalnich tloustkach 50-80 um, at’ uz jako samostatné vrstvy,
nebo Casteji jako primery v kombinaci s vrchnimi organickymi néatéry s nezmydelnitelnym
pojivem, jako jsou epoxidy, epoxidehty, PUK, akrylaty, silikony, hybridni polysiloxany a chlor-
kaucuky. Soucasné se vSak fadi i mezi natéry s vysokym obsahem elektrochemicky aktivni-
ho kovového zinku jakozto antikorozniho pigmentu (obsah v netékavé slozce natéru 80-95
% vah.) spolecné se zinkovymi natéry s organickymi pojivy, nejcastéji epoxidy, epoxiestery
a jednoslozkové PU vytvrzované vlhkosti. Ve svych uzitnych vlastnostech, narocich na aplikac-
ni zafizeni i pozadavcich na pfipravu povrchu pod natér vykazuji ZSN urcité specifika, mnohdy
odlisna od natérti s organickymi pojivy.

Pii vytvrzovani ZSN se principialné jedna o sol-gel technologii, tj. pfechodu kapalného
ktemicitého solu na pevny gel, resp. xerogel kyseny kfemicité s vyrazné porézni strukturou.
Celkovy proces vytvrzovani vSak kromé zasychani, tj. odpaieni rozpoustédel ¢i vody, nasled-
n¢ zahrnuje cely komplex chemickych reakci s atmosférickou vlhkosti (zejména v piipadé
alkylsilikatl) a/nebo s kyselymi slozkami i aerosoly chloridi v atmosféte (zejména v piipadé
alkalickych vodnich skel) za vzniku nerozpustného gelu kyseliny kfemicité a v neposledni fadé
i reakce mezi kiemicitym gelem a kovovym zinkem za vzniku gelu polysilikati zinecnatych.
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Pii vytvrzovani rozpoustédlovych ZSN je solem a pojivem tetracthoxy-silan TEOS
Si(OC H,), ¢i jeho oligomer ethylsilikat 40, které¢ v acidobazicky katalyzovaném procesu
G¢inkem atmosférické vlhkosti nejprve hydrolyzou piechazeji na kyselinu kiemigitou Si(OH),
a nasledné polykondenzaci silanolovych skupin -OH kyseliny kiemigité na vazby siloxanové
-0-Si-0O- za vzniku kfemicitého gelu, viz nésl. zna¢né zjednodusena sumarni chemicka reakce

H+kaml
Si(OC,H,), (kapalny sol) + 2hH,0 ====>Si0,, (OC,H,)
OH
kde parametr 4 je stupen hydrolyzy TEOS v rozsahu 0-1 (0-100%), H" pfestavuje kysele
a OH zasadit¢ katalyzovany proces. Vedlej$im produktem je etanol, ktery z natéru vyteka.

(nerozp. gel)+4hC HOH (1),

4 (1-h)

katal

Dle reakce 1 je vytvrzeni rozpoustédlovych ZSN zptisobeno aktivitou atmosférické vlh-
kosti. V praxi se ukazuje, ze s rostouci relativni vlhkosti atmosféry (RV) nad 60 % je proces
vytvrzovani ZSN urychlovéan v fadu hodin az dnt, ale pfi RV < 40 % mutize trvat az i nékolik
tydnt. Vliv teploty jiz neni tak jednoznacny — pfi niz§ich RV pod 50 % zvySené teploty naopak
vytvrzeni spiSe zpomaluji a nelze tedy negativni vliv nizké RV kompenzovat zvysenou teplo-
tou, jak bylo prakticky ovéteno [1]. Ukazuje se tedy, ze fidicim déjem v procesu vytvrzovani
ZSN bude spise fyzikalni proces adsorpce a kapilarni kondenzace vodni pary v porézni struktu-
fe gelového pojiva nez nésledna vlastni chemicka reakce (reakce 1). Dlouhé doby vytvrzovani
ovsem vadi zejména v ptipadech kombinaci ZSN s organickym natérem, kdy tento natér musi
byt zhotoven az na téméf dokonale vytvrzeny ZSN — v praxi je pozadovan stupen vytvrzeni
min. 4 dle MEK testu [2]. VétSina vyrobcet rozpoustédlovych ZSN pozaduje min. RV pro vy-
tvrzovani 50 % / 20°C a pii hodnotach min. 60 % / 20 °C uvadi dobu vytvrzeni pozadovanou
pod vrchni natéry min. 18-24 hod. Ale i pozadavek RV nad 60 % je v béznych lakovnach zt¢zi
dosazitelny, spiSe je zde opacna snaha ptizpisobit mikroklima pro zkraceni doby zasychani
a vytvrzovani béznych organickych natért, tj. RV udrzovat pod 50% a €asto i zvySenych teplo-
tach. Z vlastni zkuSenosti lze u€init zavér, ze vyrazného urychleni vytvrzeni v béznych lakov-
nach Ize dosdhnout nékolikerym postiikem zaschlého ZSN vodou (popi. i s malym ptidavkem
smacedla) tak, aby celkova doba ovlhéeni povrchu ZSN byla alespon 5 hod / 20 °C a po této
dobé Ize jiz bez problémt nandset na suchy povrch ZSN organické natéry. K urychleni vytvrze-
ni ZSN muize dajné piispet i voda ptitomna jako rozpoustédle ve vodou feditelnych natérech
a navic i jejich obvykle mirn€ zésadita reakce, pokud jsou aplikovany jako nasledna vrstva.
V [3] je doporucovan postup, kdy po zaschnuti ZSN do 1 hod po naneseni je nejprve aplikovan
vodou feditelny akrylatovy primer v bézné tlouSt’ce suché vrstvy 50 um a dajné jiz po 12 hod
je mozné nanést vrchni rozpoustédlové alkydy, epoxidy ¢i PU, takze i G¢inkem samotnych
vodouteditelnych natéri je dosazeno urcitého zkraceni doby vytvrzovani.

Pokud pted nanesenim vrchniho natéru nedojde k vytvrzeni ZSN na pozadovany stupen
4 MEK testu a ZSN se v takovém stavu timto natérem zcela uzavie proti priniku vlhkosti,
pak po urc¢ité dobé mize v celych plochach dojit k samovolnému odlupu natérového systému
v nevytvrzené vrstvé ZSN, viz obr. 1.
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Obr. 1: Odlup natér. systému ve vrstvé nedostatecné vytvrzeného ZSN primeru + vrchni
epoxid

Dalsi pro praxi neptiznivou vlastnosti ZSN oproti organickym primertim je jejich vyrazné
porézni struktura, ktera vyplyva jednak z charakteru pojiva - extrémné porézniho xerogelu, a jed-
nak i z koncentrace praskového zinku vyrazné prevysujici jeho kritickou objemovou koncentraci
vnatér. hmote€. Pro porovnani: metodou rtutové porozimetrie byl v dokonale vytvrzeném ZSN sta-
noven objem porti o pruméru 1,5-5 pm 36-39 % obj. [4], zatimco zarové stitkané povlaky met Al
ametZnvykazuji vyraznénizsi porozitu 5—15 % obj. o velikosti porti viddu pm a Zn/Mn fosfatové
konverznipovlakypouze 1,5 % [5]. Dusledkem takto vysoké porozity ZSN je, Ze ptijejich pretirani
organickou natérovou hmotou je ulpé€ly vzduch z péort ZSN vytésiiovan a mize v nasledné

organické vrstvé ulpivat a zapficinit v ni vznik nezadoucich puchytki ¢i kraterkd, viz obr. 2.
Z vlastni zkuSenosti k tomu dochazi zejména u vysoce lesklych emaild epoxidi a PU.

Obr. 2: Vznik puchyiku a kraterki z ulpélych vzduchovych bublinek ve vrstvé
epoxidového emailu pii pretirani ZSN bez pocate¢ni penetrace
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Aby se tomuto jevu piedeslo, provadi se v praxi nejprve lehky penetracni néstiik velmi
natfedénou organickou natérovou hmotou (1 : 1 az 1 : 2 v poméru s fedidlem) o nezapocitatelné
tloustce, ktery vytésni vzduch z poértt ZSN a pdry uzavie a ihned poté je mozné provést plny
natér stejnou natérovou hmotou v pozadované konzistenci a tloust'ce. Nékdy se k tomuto ucelu
pouziva i specialnich rozpoustédlovych natérovych hmot obvykle na bazi epoxidi ¢i polyvi-
nylbutyralu o velmi nizké susin¢ a konzistenci, tzv. ,tie-coat*. Tento zpusob vSak navysuje
celkovy obsah uvolnénych VOC, coz neni ptili§ zadouci.

2 PRINCIP URYCHLEN{ VYTVRZENI ROZPOUSTEDLOVYCH ZSN

Navrzeny zptsob feseni vyrazného urychleni vytvrzeni ZSN vychazi z kinetiky procesu ge-
latinace ¢i polykondenzace solu kyseliny kiemicité v zavislosti na hodnot¢ pH. Polykondenzac¢ni
reakce silanolovych skupin -OH kyseliny kfemicit¢ Si(OH), obsaZené v piedhydrolyzovaném
solu TEOS/ethylsilikat 40 probihaji rozdilnou rychlosti v zavislosti na pouzitém katalyzatoru
v kyselém prostiedi pii pH 2—4 relativné pomalu, ale v rozmezi pH 5-8 pak vyrazné rychleji. Aby
byla zajisténa dostatecna stabilita kapalné pojivové slozky ZSN obsahujici predhydrolyovany
TEOS/ethylsilikat 40 a tim i jeji co nejdelsi skladovatelnost, musi byt formulovana v kyselém
prostiedi o pH 2—4. Naproti tomu po naneseni vrstvy ZSN je vyssi stabilita naopak nezadouci
a pro vyrazné urychleni vytvrzeni je naopak vhodné posunout pH do vyssich hodnot nad 5.
Obecna zavislost doby gelatinace, resp. stability solu kyseliny kiemicité v zavislosti na hodno-
té pH je znazornéna na grafu, viz obr. 3 [6]. Graf zndzornuje i urychlujici vliv neutralnich soli
(NaCl) v mirn¢ zasaditém a vliv fluoridi (HF) v silné€ kyselém prostiedi na kinetiku gelace, a dale
i oblast vzniku stabilnich aniontl kyseliny kiemicité (HSiO,- a SiO,?, tj. rozpustnych alkalic-
kych silikati/polysilikati v siln¢ alkalickych prostiedich), ale tyto vlivy nejsou pro dany piipad
objasnéni principu urychleni vytvrzeni rozpoustédlovych ZSN az tak podstatné.

Obr. 3: Obecny kvalitativni pribéh zavislosti stability/gela¢ni doby solu kyseliny kiemi-
Cité (svisla osa) na hodnoté pH (vodorovna osa) [6]

Zavislost vykazuje jedno maximum pfi pH cca 2, coz je izoelektricky bod (IEB), ve kterém
¢astice solu vykazuje nulovy naboj a relativni stabilitu (metastabilitu). Tato pomérné tizka oblast
pH 1,5-3 odpovida relativné stabilnimu solu TEOS v pojivové sloZce ZSN a je takto nastavena
pridavkem kyselého katalyzatoru jiz pfi vyrobé. Pod IEB nese ¢astice kladny a nad IEB naopak
zaporny naboj. Posunem hodnoty pH solu do kladnych hodnot nad IEB do intervalu 5-8 dojde

94



XV. CONFERENCE ON PIGMENTS AND BINDERS « NOVEMBER 7-8, 2022

pridavkem vhodného alkalického katalyzatoru ke sniZeni stability solu a polykondenzaci, ktera
se projevi agregaci a ristem castic. NavySeni hodnoty pH ve vrstvé jiz pravé naneseného ZSN do-
datec¢nou alkalizaci vhodnym pripravkem aplikovanym natérem ¢i postfikem lze docilit vyraznéj-
siho urychleni procesu vytvrzovani ZSN prakticky nezavislym na teplotné-vlhkostnim komplexu
okolni atmosféry a dokonce i pfi velmi nizkych RV pod 40 %. Méfenim bylo skute¢né prokazano
[ 7], ze rychlostni konstanta polykondendenzacni reakce ethylsilikatu TES 40 v prostredi o pH 8-9
(katalyzator amoniak) je o 2-3 fady vyssi nez v siln€ kyselych prostredich o pH 2, coz tedy doka-
zuje vyrazné vyssi rychlost vytvrzovani pojiva ZSN v mirné zasaditém prostredi.

Pokud ma mit pfipravek kromé urychleni vytvrzovani ZSN i utésiujici funkei, musi kromeé
vhodné alkalie obsahovat i disperzi organického polymeru.

3 TESTOVANI UCINKU PENETRACNICH PRiPRAVKU K URYCHLENI
VYTVRZENI{ A UTESNEN{ ZSN

Ucginek piipravki fungujicich na vyse uvedeném principu byl ovéfovan na 2-slozko-
vém rozpoustédlovém organicky modifikovaném ZSN Pragokor Metal E (vyrobce Pragoche-
ma spol.s r.0.). Natér. hmota byla nanesena pomoci spirdlového pravitka na sklenéné desky
v tloust'ce suché vrstvy max. 80 pum, zasychani do nelepivého stavu bylo do 0,5 hod / 20 °C.
Thned po zaschnuti byl na vrstvu ZSN aplikovan $tétcem penetracni ptipravek v 1 nanosu
a porovnavana rychlost vytvrzovani se stejnou vrstvou ZSN, ale bez tohoto piipravku, pii tep-
lot¢ a vlhkosti laboratote 20—23 °C/RV max. 40 %. Stupenn vytvrzeni byl stanovovan tzv. MEK
otérovym testem, dle ASTM D4752-03 [2], pficemz doba vytvrzeni byla pocitana od doby
naneseni penetraéniho pfipravku. MEK test je zalozen na otirani povrchu ZSN bilou gazou
namocenou v methylethylketon (MEK) a po provedeni 50 otérovych dvojtahti se posoudi stav
otirané plochy i intenzita zaSpinéni gazy uvolnénym kovovym zinkem. 6-stupiiova hodnotici
du) az 5 (bez jakéhokoli poruseni natéru a zcela Cista gaza). Pozadovany stupen vytvrzeni ZSN
pod organické natéry je min. 4, ktery je charakterizovan jako ,,pouze rozlestény povrch ZSN na
plose otéru a pouze nepatrné zaspinéni gazy — natérova vrstva nesmi byt jakkoli narusena do
hloubky*. Rozdil mezi nevytvrzenym ZSN (st. 0—1) a dostate¢né vytvrzenym pod organicky
natér (st. 4) je patrny z obr. 4.

Obr. 4: Rozdil mezi nevytvrzenym ZSN (obr. vlevo, probrouseni k podkladu)
a dostate¢né vytvrzenym na stupeii 4 (obr. vpravo, pouze rozlesténi povrchu), MEK
testu pod organicky natér po otéru 50 dvojtahii v MEK testu dle ASTM D4752

Vliv ucinku penetracniho piipravku k urychleni vytvrzeni ZSN oproti stejnému ZSN, ale
bez ptisobeni urychlujiciho ptipravku, v podminkéach 40 % RV /20 °C, viz obr. 5.
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Obr. 5: Stav vytvrzeni ZSN tucinkem pripravki Penetral 1 (pH 10) a Penetral 2
(pH 9,5) po 2 hod piisobeni pripravki, oproti stavu vytvrzeni bez penetra¢niho
pripravku (SLEP) po 20 hod, hodnoceni dle intenzity zaSpinéni otérové gazy v MEK
testu po 50 dvojtazich otéru

Z obr. 5 je ztejmé, ze k vytvrzeni na pozadovany st. 4 doslo jiz po 2 hod pusobeni pii-
pravku Penetral, zatimco bez penetra¢niho ptipravkd (SLEP) neni natér za stejnych podmi-
nek dostateéné vytvrzeny dokonce ani po 20 hod. Dale bylo ovéieno, ze v nasledném epoxi-
dovém natéru S 2321 aplikovaném na ZSN utésnéném piipravkem Penetral nejsou patrné de-
fekty puchyiky ¢i kraterky podobné jako na obr. 2, takze utésnujici funkce ptipravki Penetral
byla timto zptisobem prokazana.

4 VLIV PENETRACNICH PRIPRAVKU NA KOMPATIBILITU
S ORGANICKYMI NATERY

V kombinaci s organickymi epoxidovymi natéry S2321 2x byl po zkousce kondenzace
vlhkosti [8] sledovan mozny vliv penetracnich pfipravki na charakter lomu i odtrhovou pev-
nost, hodnoceno ve zkousce kolmym odtrhem [9] a déle i mozny vyskyt osmotickych puchyit
ve vrstve organického natéru, viz obr. 6.

Obr. 6: Charakter lomu a odtrhové pevnosti ve zkousSce kolmym odtrhem kombinace
ZSN + Penetral (pouze levy a stiedni snimek) + S2321 2x: vlevo Penetral 1 (pH 10),
stiedni Penetral 2 (pH 9,5) a vpravo bez penetrace, pisobeni Penetrali po dobu 3 hod
pri RV <40%, bez nasledného oplachu a ihned poté nanesena prvni vrstva 22321, stav
po 240 hod expozice ve zkouSce Cista kondenzace [9]
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Z obr. 6 je zfejmé, ze ucinkem vlhkosti ve vlhkostni zkousce nedoslo k vyrazné zméné
hodnot odtrhové pevnosti pti zachovéani kohezniho lomu ve vrstvé ZSN, podobné jako je tomu
u stejné kombinace, ale bez penetrace. Rovnéz neni patrny vznik trhlinek ve vrstvé ZSN po
koheznim lomu pti 100x zvétSeni na optickém mikroskopu a ani vyskyt osmotickych puchyit
v natéru S2321.

5 ZAVER
Na zéklad¢ provedenych testl 1ze formulovat tyto zavéry:
Byla prakticky ovéfena metoda vyrazného urychleni procesu vytvrzovani a soucasné

i utésnéni rozpoustédlovych 2-slozkovych ZSN. Vytvrzovani na stupeit 4 MEK testu lze zkratit
pouze na nékolik hodin, a to i pfi nizkych RV <40 %.

Pfi tomto zpuisobu neni sniZzena kompatibilita s ZSN s organickymi natéry a nedochazi ke
zmeéné charakteru lomu ani vyrazné zméné odtrhové pevnosti pii odtrhovych zkouskach, a dale
nedoslo ke vzniku osmotickych puchyit v organické vrstvé pii expozici ve vlhkostni komofe.
Charakter lomu pfi odtrhu kombinace ZSN + penetrace + organicky natér zlistava vzdy kohezni
ve vrstvé ZSN.

Byl naformulovan penetracéni ptipravek Penetral na vodni bazi, ktery je mozné apliko-

v téze pracovni smeéné nanést prvni vrstvu organického natéru. Piipravek tedy umoziuje sloucit
proces urychleni vytvrzeni i utésnéni porézni struktury ZSN do jedné operace.
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COATING MATERIALS BASED ON LATEX BINDERS WITH
ANTIMICROBIAL AND ANTI-CORROSION PROPERTIES DEPENDING
ON THE CROSS-LINKING MECHANISM AND THE CONTENT
OF NANOPARTICLES

NATEROVE HMOTY NA BAZI LATEXOVYCH POJIV S ANTIMIKROBIALNIMI
A ANTIKOROZNIMI VLASTNOSTMI V ZAVISLOSTI NA MECHANISMU
SITOVANI A OBSAHU NANOCASTIC
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University of Pardubice, Institute of Chemistry and Technology of Macromolecular MaterialsUniverzita
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Summary
The paper deals with the preparation and characterization of water polymer dispersions based
on latexes with added lanthanum oxide nanoparticles (La,0,) in the amount of 1.5 wt.%. Latexes were
prepared by emulsion polymerization, and the nanoparticles of La,0, were added to the latexes during
their synthesis to increase corrosion resistance in the environment C3 and antimicrobial efficiency. The
paper also describes the effect of self-crosslinking mechanisms to ensure high chemical and mechanical
resistance, such as keto-hydrazide crosslinking, the reaction of acetoacetoxy groups with a diamine,
self-condensation of N-methylolacrylamide and self-condensation of 2-hydroxypropyl methacrylate.
The efficiency of the prepared latexes was compared to latex without nanoparticles and self-crosslinking
mechanism.

Keywords
Self-crosslinking acrylate latexes, ecological paint coatings, water-soluble coatings, nanoparticles of

lanthanum oxide, antimicrobial coatings

INTRODUCTION

Water soluble coatings are coming to the forefront of society ' s interest, thanks to increasing
demands for environmental protection and reduction of waste disponil costs. Due to the higher
incidence of infectious diseases, we place high orders on all aspects of human health associated
with places with a high concentration of people, e.g., healthcare institutions, schools, offices, and
households. Hygienic surface treatments containing nanoparticles of metal oxides, which can be
stably incorporated into water-soluble latexes during their synthesis, help to reduce the spread
of infectious diseases. This way, prepared water-based coatings can be successful due to their
ecological character and antimicrobial effect and represent a great alternative to solvent-based
coatings. Despite their versatile use, acrylic latexes also have some shortcomings that limit their
use, such as high sensitivity to water, low resistance to solvents, flash corrosion, high brittleness
at low temperatures, low scratch resistance, and tackiness at higher ambient temperatures. '

One way to avoid these shortcomings is to use self-crosslinking mechanisms, which take
place after applying the paint film on the substrate. The reaction occurs between the relevant
functional groups of the polymer chains. During the self-crosslinking response, two polymer
chains are joined by primary or secondary bonds to form a three-dimensional structure. This
three-dimensional structure is created during the paint film formation process when water gradu-
ally evaporates and then coalescence of latex particles and crosslinking occurs. The crosslinking
reaction occurs between the crosslinking agent and the polymer chains, which mainly changes
mechanical and chemical properties. An essential parameter for crosslinking reactions is the
functionality of the crosslinking agent, which must be higher than a value of 2. Another critical
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parameter is the reactivity of the reactive functional groups, which are incorporated into the
latex and can be affected by temperature, UV radiation, and external conditions, i.e., the amount
of oxygen, humidity, pH, etc. Self-cross-linking mechanisms include the keto-hydrazide reaction,
acetoacetate groups with diamine (AAEM), self-condensation of N-methylolacrylamide (NMA),
or self-condensation of 2-hydroxypropyl methacrylate (HPMA). In the case of copolymerized
carboxy-functionalized monomers, the crosslinking mechanism can be based on the ionic bonds,
thanks to dissociated trivalent lanthanide ions (Lanthanum ions are incorporated into the latex
during the synthesis in the form of nanoparticles of La,0,) [2].

The keto-hydrazide crosslinking mechanism is based on the reaction between the carbonyl
groups in the polymeric latex particles, prepared from the copolymerization of diacetoacryla-
mide and a diamine, which is usually in the form of an adipic acid dihydrazide, dissolved in the
aqueous phase of the latex. The product of this crosslinking reaction is an imine, an enamine,
or a mixture of both. The advantage of keto-hydrazide crosslinking is the high reaction rate
at laboratory temperature and one-component composition. The resulting coating is thanks to
crosslinking, enriched with higher gloss, adhesion, and chemical resistance. The coating film has
also reduced fragility at low temperatures and stickiness at elevated temperatures [3].

The one-component self-crosslinking mechanism is based on the self-condensation of
methylol groups NMA with the formation of methyl ether bridges. However, these bridges are
unstable, so more stable methylene bridges are formed, and formaldehyde is released (see Fig.
1). To create a crosslinked coating film, elevated temperatures and acid or alkaline catalysis
are released required. Incorporating NMA monomers into the latex binder formula increases
tensile strength, impact resistance, wet and dry abrasion, and water and chemical resistance and
provides high gloss.

Fig. 1: Scheme of the two-step reaction to form methylene bridges

The acetoacetoxy group can provide a self-crosslinking reaction with suitable reactive
groups, such as diamines or isocyanates, which are used because of their excellent reactivity with
acetoacetoxy groups at room temperature. The response takes place at basic pH and involves
a Michael addition reaction of diamine to the enol form of acetoacetoxy groups (see Fig. 2). In
the last step of the reaction is the latex alkalized with an aqueous ammonia solution to prevent
the progress of the hydrolytic reaction, which can reduce the crosslinking density and also incre-
ase the MFFT (Minimum Film Forming Temperature) [4].
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Fig. 2: Scheme of the addition reaction of diamine to the enol form acetoacetoxy groups in the
polymer chain

Self-crosslinking reaction in the presence of HPMA monomers is caused by the dehydration
reaction of hydroxyl groups to form ether bonds (see Fig. 3). Copolymerization with HPMA
monomers brings with it the permanent high gloss and resistance to scratches and solvents. So
these acrylic binders are suitable for highly mechanically stressed coatings [5].

Fig. 3: Scheme of the dehydration reaction of HPMA monomers with the ether bonds formation

In the case of antimicrobial resistance, nanostructured La,O, appears as a suitable additive,
which is very soluble in an acidic cellular environment, e.g., in the presence of the phagolysoso-
me, which is necessary for the destruction of microorganisms (MO) and pathogens. Compared
to other rare earth elements, La,O, nanoparticles have an excellent ability to disrupt the integri-
ty of the cell membrane. However, it isn’t apparent how this disruption occurs. Antimicrobial
resistance of inorganic nanoparticles is based on their shape, size, and concentration, which is
the cause of easy penetration into the biological barrier and cell membrane. The high reactivity
of nanoparticles disrupts the formation of ribonucleic acid (RNA) and deoxyribonucleic acid
(DNA) in cells. For this reason, nanoparticles could be considered antimicrobial additives, and
their effectiveness could be increased by incorporating them into the material’s surface, so there
will be contact between MO and additives [6].

This paper aimed to formulate an environmentally friendly paint coating based on
self-crosslinking latex with incorporated nanoparticles La,O,. This type of paint coating has
a higher chemical, corrosion resistance, and antimicrobial efficiency, so it should be capable of
universal protection of various substrates, including steel.

Nanoparticles La,O, were incorporated into the latex during the latex synthesis, prepared
by the semi-continuous emulsion polymerization. The effect of the self-crosslinking mechanism
and inorganic nanoparticles in the latex was monitored. Especially the impact on wettability,
i.e., latex sensitivity to water, anti-corrosion efficiency, and antimicrobial resistance.
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2 EXPERIMENTAL PART

2.1 Materials

Latexes were synthesized by using the following monomers: methyl methacrylate (MMA),
n-butyl acrylate (BA), butyl methacrylate (BMA), methacrylic acid (MAA), and diacetone
acrylamide (DAAM), 2-(acetoacetoxy)ethyl methacrylate (AAEM), N-(hydroxymethyl)
acrylamide (NMA), 2-(Hydroxypropyl)methacrylate (HPMA), all from Sigma-Aldrich (St.
Louis, MO, USA). The DAAM copolymerized latexes contained adipic dihydrazide - ADH
(active substance content >98 %, Sigma-Aldrich), served as the crosslinking agent, and AAEM
copolymerized latexes contained hexamethylenediamine (HMDA) also as the crosslinking agent.
Disponil FES 993 (anion-active surfactant based on fatty alcohol polyglycol ether sulfate, sodium
salt) from BASF (Ludwigshafen, Germany) as the emulsifier, and ammonium peroxodisulphate
(active substance content >99.9 %) from Lach-Ner, Neratovice, Czech Republic) as the initiator.
Nanostructural La,O, with no surface pretreatment, particle size approx 100 nm was added to
the tested dispersions.

2.2 Synthesis and description of the acrylate dispersions

Latexes were synthesized using the semi-continuous emulsion polymerization technique
with different compositions of low molecular weight monomers and crosslinking agents. Latexes
were prepared in a glass reaction vessel at a polymerization temperature of 85 °C (in the case
of latexes with AAEM was, a temperature of 80 °C) under an inert atmosphere of N.. Distilled
water, emulsifier, and initiator were introduced into the reaction vessel before the dropwise
addition of the monomer emulsion. The dropping was carried out in two phases. In the first one,
the monomer emulsion was added dropwise for 60 min., followed by polymerization for 15 min.
In the second phase, a monomer emulsion was added dropwise, and La,O, nanoparticles were
added. La,0, nanoparticles were dispersed in acrylate monomers using a Heidolph M disperser
at 20,000 rpm for 30 min., followed by sonication in an ultrasonic bath for another 30 min. Next,
all the ingredients were mixed and dispersed again for 3 min.

This way, a monomer emulsion containing La,0, nanoparticles was formed and dropped
into the reaction vessel. After the addition was completed, the reaction system was allowed
to polymerize for 120 min. After cooling, the latex without nanoparticles was adjusted to pH
8.5 with 10% aqueous ammonia. The self-crosslinked aqueous dispersions were obtained by
mixing with 10% aqueous ADH in amounts matching the molar ratio DAAM: ADH = 2:1.
The crosslinking agent was 5g of ADH in 45 g of distilled water, and the dissolution was supported
in an ultrasonic bath. As a final step for latexes with AAEM monomers, a 10% aqueous solution
of HMDA was added (10,84 g of HMDA and 97,56 g distilled water).

Non-Newtonian (apparent) viscosity was determined on a RotoVisco RT10/94 viscometer
(HAAKE, Vreden, Germany) in the cone-plate arrangement of the Searle type (fixed bottom
plate/movable rotor), particle size, pH value, MFFT, the quantity of non-volatile substances,
the amount of absorbed water and the following formula was used for the calculation

The quantity of non-volatile substance [wt.%] = s

The amount of absorbed water [wt.%] = R

where M is the weight of the sample before drying, M, is the weight of the sample after
drying, m, is the weight of the piece after drying, and m1 is the sample after water absorption.
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2.3. Preparation and evaluation of coating films

Latexes were applied to adequately clean glass and steel panels made of low carbon steel,
class 11, according to the standard ISO 1514 (wet coating film thickness 120 um). The corrosion
resistance of the coatings was determined on steel panels (type S36, dimensions 76x152, 3574
type CR1 and S46, dimensions 102x152, 3574 type CR1, manufacturer Q-LAB). The coated
steel panels were allowed to dry at 21 + 2 °C and 50 + 5% relative humidity for seven days.
Mechanical resistance of the paint films was measured on steel panels with a dimension of
215 x 45, type DCO1, 3574 type CR1. The coating films on the glass panels were allowed to dry
at 23 + 2 °C and 50 = 5% relative humidity for seven days. Then, the hardness of the coatings
according to the standard ISO 1522 at pendulum device (BYK-Gardner, Germany), chemical
resistance according to the standard ASTM D 4752, and gloss of the coating according to
the standard ISO 2813 with a gloss meter Micro TRI Gloss (BYK Gardner, Germany) was
measured. At the same time, the antimicrobial effectiveness of prepared latexes with and without
incorporated nanoparticles La,O, was detected.

3 RESULTS AND DISCUSSION

The characteristic properties of the prepared latexes in connection with the composition
of low molecular weight monomers, crosslinking agents, and nanostructured La,O, are shown
in Table 1.

Tab. 1:Characteristic properties of the prepared latexes

Latexes pH* Viscosity The quantity of non-volatile MFFT
[-1 [mPa-s] substances [% wt.] [°C]
Lo 2.88 366.3 27.71 4.25
LA 5.36 3781 38.42 9.06
L0 NMA 2.31 19.96 41.47 4.12
LANMA 6.93 35.99 41.49 4.25
L0 HPMA 8.9 11.85 42.32 6.45
LA HPMA 10.55 11.54 41.64 7.15
L0 AAEM 6.04 13.62 36.81 25.95
LA AAEM 6.86 11.82 38.56 26.55
L0 DAAM 2.10 582 38.32 3.70
LADAAM 5.24 871 38.64 6.31

* The pH value is given before alkalization to pH 8,4-8,5
L0 is latex with 0 % nanoparticles La,0,, LA is latex with 1,5 % nanoparticles La,0, LO NMA

is self-crosslinking latex based on N—mezth)ilolacrylamide with 0 % nanoparticles La 20;, LA NMA is
self-crosslinking latex based on N-methylolacrylamide with 1,5 % nanoparticles La,0, L0 HPMA
is self-crosslinking latex base on 2-hydroxypropyl methacrylate with 0 % nanoparticles La,0, LA
HPMA is self-crosslinking latex base on 2-hydroxypropyl methacrylate with 1,5 % nanoparticles
La,0, LO AAEM is self-crosslinking latex based on 2-(acetoacetoxy)ethyl methacrylate with 0 %
nanoparticles La,0, LA AAEM is self-crosslinking latex based on 2-(acetoacetoxy ethyl methacry-
late with 1,5 % nanoparticles La 0, LO DAAM is self-crosslinking latex based on ADH/DAAM with

0 % nanoparticles La,0, LA DAAM is self-crosslinking latex based on ADH/DAAM with 1,5 %
nanoparticles La 0,
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Nanoparticles La,O, used as part of the polymerization system, increased the pH due to the
basic character of La,O,, which is soluble in an acidic enviroment to the form La* and OH- ions.
The acidic enviroment of the polymerization system plays an important role in the dissolution
of lanthanide nanoparticles, caused by the presence of the emulsifier and especially the initiator.
The MFFT values ranged from 3,70-9,06 °C, which indicates the ability of prepared latexes to
form a paint film at room temperature. The only two latexes containing acetoacetoxy groups
reached higher MFFT values 25,95 °C and 26,55 °C, probably due to premature crosslinking
in the storage phase of the latex, which led to intra-particle crosslinking and limiting the latex
particles to deform.

The crosslinking density and water absorption of the prepared latexes was determined. In
terms of crosslinking density, latexes with incorporated nanoparticles La,O, showed a higher
value of crosslinking than latexes without nanoparticles (see Tab. 2). This result is probably part-
ly caused by the formation of La*" ionic bonds. The effect of the crosslinking density was most
visible in the amount of absorbed water by the latex film. The least amount of water was absorbed
by the latex film containing the acetoacetoxy group, which in comparison to other latexes showed
a twenty times higher crosslinking density 22,27x10-> mol/cm?® and contained in it's structure
also nanoparticles La,O,.

Tab. 2: Resulting values of crosslinking density

Latexes Molecular weight Crosslinking density
[g/mol] [mol/cm?® x 1075]
LO %k %k
LA 26789 + 6048 430+ 1,05
L0 NMA 24312 +2638 1.35+£0,09
LANMA 82219 + 5096 4.60 + 0,49
L0 HPMA 220742 £ 2115 0.51+£0,05
LA HPMA 232950 + 1024 0.48 £0,02
L0 AAEM 8740.00 + 427 12.72+ 0,61
LAAAEM 5026.00 + 656 22.27+2091
L0 DAAM 56780 + 8862 1.99+0,32
LA DAAM 16330.0 =414 6.80+0,17

—* The sample dissolved or couldn 't be tested due to it's consistency.L0 is latex with 0 % nano-
particles La,0,, LA is latex with 1.5 % nanoparticles La,0 L0 NMA is self-crosslinking latex
based on N-methylolacrylamide with 0 % nanoparticles La ,0, LA NMA is self-crosslinking latex
based on N-methylolacrylamide with 1,5 % nanoparticles La 0,
L0 HPMA is self-crosslinking latex base on 2-hydroxypropyl methacrylate with 0 % nanoparticles
La,0, LA HPMA is self-crosslinking latex base on 2-hydroxypropyl methacrylate with 1.5 % na-
noparticles La,0, L0 AAEM is self-crosslinking latex based on 2-(acetoacetoxy )ethyl methacry-
late with 0 % nanoparticles La,0, LA AAEM is self-crosslinking latex based on 2-(acetoacetoxy)
ethyl methacrylate with 1.5 % nanoparticles La 0, L0 DAAM is self-crosslinking latex based on
ADH/DAAM with 0 % nanoparticles La ,0, LA DAAM is self-crosslinking latex based on ADH/
DAAM with 1.5 % nanoparticles La,0
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The prepared latex coatings were also evaluated depending on the pH of the corrosion
environment with a film thickness of 9010 um on steel panels. The corrosion resistance of the
latex film was evaluated after 720 hours when the latex film was exposed to buffer solutions
of pH 2, 4, 6, 8, 10, and 12 according to the ASTM D 714-87 standard (Evaluation of the De-
gree of Blister Formation). After removing the paint film from the steel panel, the corrosion
of the substrate was evaluated according to the ASTM D 610-85 standard, which was 33-50%
corrosion for most binders at pH 2-4. On the other hand, high corrosion resistance was demon-
strated in an environment of pH 10-12. These results show that lanthanide nanoparticles in the
latexes performed the function of a corrosion inhibitor, which probably worked on the principle
of alkaline action. This effect is explained based on Pourbaix‘s diagram, where iron is found in
areas of passivity or immunity in a pH of 8.5 and above.8 The presence of La,O, nanoparticles
shifts the pH of the latex to an essential background; therefore, the iron couldn 't be oxidized,
and the steel substrate is located in the area of immunity, where corrosion does not occur (see
Tab. 3).

Tab. 3: The resulting values of the corrosion resistance of the latex film depending on the pH of
the corrosion environment

Coating appearance [degrees] Corrosion resistance [%]
Latexes Hodnota pH
2 4 6 8 10 12 2 4 6 8 10 12
Lo 0 0 1 1 0 1 50 50 50 16 1 10
LA 1 3 1 1 0 0 33 33 50 10 0,3 | 0,01
L0 NMA 0 1 1 1 0 0 50 50 33 16 03 | 03
LANMA 0 0 1 1 0 0 50 50 33 16 0,1 0,3
L0 HPMA 0 0 1 1 0 0 16 10 3 0,01 { 0,03 | 0,3
LA HPMA 0 0 1 1 0 0 50 50 10 3 1 1
L0 AAEM 0 1 1 1 0 0 50 50 50 33 | 0,01 | 0,01
LA AAEM 0 1 1 3 0 0 50 50 33 10 | 0,01 | 0,01
L0 DAAM 0 1 1 1 0 0 10 50 50 10 | 0,03 | 0,01
LA DAAM 0 0 1 1 0 0 50 50 50 16 | 0,01 | 0,01
—* The sample dissolved or couldn't be tested due to it’s consistency.
L0 is latex with 0 % nanoparticles La,0,, LA is latex with 1,5 % nanoparticles La,0,, L0 NMA is self-
-crosslinking latex based on N-methylolacrylamide with 0 % nanoparticles La,0 , LA NMA is self-crosslin-
king latex based on N-methylolacrylamide with 1,5 % nanoparticles La,0,, L0 HPMA is self-crosslinking
latex base on 2-hydroxypropyl methacrylate with 0 % nanoparticles La,0,, LA HPMA is self-crosslinking
latex base on 2-hydroxypropyl methacrylate with 1,5 % nanoparticles La,0,, LO AAEM is self-crosslinking
latex based on 2-(acetoacetoxy)ethylmethacrylate with 0 %nanoparticles La,0 , LAAAEM s self-crosslin-
king latex based on 2-(acetoacetoxy)ethyl methacrylate with 1,5 % nanoparticles La,0, L0 DAAM is
self-crosslinking latex based on ADH/DAAM with 0 % nanoparticles La,0, LA DAAM is self-crosslin-
king latex based on ADH/DAAM with 1,5 % nanoparticles La,O.,.
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The corrosion resistance of latex films with a thickness of 90£10 um was evaluated in the
atmosphere of a salt solution of 0.05 wt. % NaCl with 0.35 wt. % (NH,),SO, under increased air
humidity at a temperature of 351 °C according to the ASTM G85 AS standard on steel panels
provided with a test cut 8 cm long. After the specified time, the exposed samples were evalua-
ted according to the ASTM D 714-87 standard (evaluation of the degree of blister formation),
the ASTM D 610-85 standard (corrosion manifestations assessment), and the ASTM D 1654-
92 standard (evaluation of corrosion in a section). Finally, the coating film was removed with
a paint remover, and the degree of corrosion was evaluated according to ASTM D 610-85.
The evaluation of the coating film was carried out after 240 and 480 hours. After this time, there
was a 100% corrosion attack on the surface of the coating film containing acetoacetoxy groups
(see Fig. 4). On the contrary, in the case of latex with HPM A monomers and also latex with keto-
hydrazide cross-linking worked as a reliable corrosion protection barrier of the steel substrate.
From the resulting values, it can be concluded that to ensure a high anti-corrosion protective
efficiency of the latex film; it s necessary to provide an optimal level of crosslinking density, i.e.,
neither highly cross-linked nor very sparsely cross-linked polymer latex films show sufficient
resistance to a neutral salt atmosphere.

Fig.4: Photographs of non-pigmented coated panels after exposure to a salt electrolyte atmosphere
for 480 hours

Furthermore, the antibacterial efficiency against bacteria E. Coli and S. Aureus by the
method based on ISO 22196: 2011 and antifungal efficacy according to ISO 22196: 2011 was
evaluated. Favorable results were found for the antimicrobial efficiency of paint films using
a cross-linking mechanism based on copolymerized NMA, which can be explained by the release
of low concentrations of formaldehyde from the polymer coating and due to its toxicity to MO.
The mechanism of the antimicrobial effect of incorporated La,0, nanoparticles hasn't been
identified yet. However, lipid peroxidation and the formation of reactive oxygen species capable
of inhibiting MO growth were proven.

4 CONCLUSION

This work has been devoted to developing an ecological self-crosslinking latex with an anti-
corrosion protective barrier on a steel substrate, higher resistance to water, and antimicrobial
efficiency. Acrylate coatings based on self-crosslinking latexes with an initial amount of
nanostructured La O, (1.5 % by weight relative to the total amount of acrylate monomers)
were prepared by the semi-continuous emulsion polymerization technique. In contrast,
lanthanide nanoparticles were incorporated into the latex during the synthesis. It was found
that latexes containing acetoacetoxy groups with the highest cross-linking density value showed

105



XV. KONFERENCE PIGMENTY APOJIVA « 7.-8.11.2022

a low protective corrosion barrier of the steel substrate when an increased amount of water
was transmitted through the coating film, which was probably caused by the given mechanism
of cross-linking. On the contrary, there was a visible protective corrosion barrier in the case
of latexes with incorporated HPMA monomers. From these values, we can say that water
transport to the steel substrate will be limited if the optimal level of crosslinking density is reached,
i.e., highly densely cross-linked or very sparsely cross-linked polymer latex films show low
resistance in the atmosphere of a salt electrolyte. The resulting antibacterial and antifungal
effectiveness values indicate that the incorporated La,O, nanoparticles have specific antimicrobial
properties, which, combined with the given chemical composition of the latexes, increase the
antimicrobial efficacy and have an inhibitory effect on the growth of MO. Latex containing
La,O, nanoparticles, which performed the function of a corrosion inhibitor and probably
worked on the principle of alkaline action, appears optimal. Regarding crosslinking density,
latex with HPM A monomer units came closest to the optimal value. It can therefore be used as
a binder for pigmented paint materials or a transparent varnish for the universal protection of
various substrates, including steel, and in places where a high degree of hygiene is required, such
as hospitals, nursing homes, houses, schools, etc.
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VYUZITI MONOMERU NA BAZI ROSTLINNYCH OLEJU V SYNTEZE
AKRYLATOVYCH LAKARSKYCH POJIV POMOCI EMULZNI
POLYMERACE

APPLICATION OF VEGETABLE OIL-BASED MONOMERS IN THE SYNTHESIS
OF ACRYLIC COATING BINDERS VIA EMULSION POLYMERIZATION

KOLAR M.!, MACHOTOVA J.!, PODZIMEK S.'2, HONZICEK J.!, HAJEK M.}

1 Ustav chemie a technologie makromolekularnich latek, FChT, Univerzita Pardubice
2 Synpo, a.s.
3 Katedra fyzikalni chemie, FChT, Univerzita Pardubice

Summary
Replacing petroleum-derived raw materials with renewable plant-based resources is becoming
increasingly important. In this work, the effective partial replacement of common acrylic monomers with
vegetable oil-based monomers in the emulsion copolymerization was evaluated. The starting bio-based
materials, rape seed oil, and oleic acid, respectively were modified to yield acrylated bio-monomers.
Semi-continuous emulsion polymerization was then carried out to synthesize polymeric latexes designed
for coating applications, where methyl methacrylate, butyl acrylate, and methacrylic acid were partially
replaced with the synthesized bio-monomers in various concentrations

(5-20 wt. %). Reactions exhibiting high monomer conversions were successfully performed up to the bio-
monomer content of 15 wt. %, leading to the formation of long-term stable polymer latexes. The average
molar masses and molar mass distributions, determined by asymmetric flow field flow fractionation (A4F)
combined with multi-angle laser light (MALLS) detector, showed the formation of ultra-high molar mass
structures (weight average molar masses reaching up to 2x10° g.mol™). This phenomenon became more
pronounced in the case of the rape-seed oil-derived bio-monomer and with increasing bio-monomer
content. The coating performance was evaluated in terms of hardness, gloss, and hydrophobicity. The
prepared latexes comprising copolymerized bio-monomers showed comparable or even better coating
performance than the reference coating prepared from common acrylic monomers, making the rape seed
oil-based acrylated monomers attractive for in the production of sustainable water-borne materials in the
coating industry.

Key words
Bio-based monomers, acrylic coatings, emulsion polymerization, latexes.
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COBALT-FREE PROMOTERS FOR UNSATURATED POLYESTER
COATINGS

VYUZITI BEZKOBALTOVYCH URYCHLOVACU PRI VYTVRZOVANI NATERU
NA BAZI NENASYCENYCH POLYESTERU

MATUSKOVA E.1, HONZICEK J.1, VINKLAREK J.2
1 Institute of Chemistry and Technology of Macromolecular Materials, Faculty of chemical Technology,
University of Pardubice, Studentska 573, 532 10 Pardubice

2 Department of General and Inorganic Chemistry, Faculty of Chemical Technology,
University of Pardubice, Studentska 573, 532 10 Pardubice

Summary
Unsaturated polyester resins have a wide application in coatings or as composites. The transformation
from the liquid structure into the rigid one is due to the curing process. In general, the process is a free
radical polymerization initiated by organic peroxides and accelerated by a curing agent also called
promoter [1].

Investigating the catalytic activity of different promoters is very important, because of the increasing
pressure to find an alternative for the promoters based on cobalt. This situation is due to the potential
carcinogenicity of cobalt. The European Union proposed restrictions for certain cobalt salt compounds

under REACH as a 1B carcinogen [2].
In our study, we focused on potential promoters based on iron and vanadium in commercial and synthe-
sized forms. Catalytic activity was tested in a commercial polyester/styrene/methyl ethyl ketone peroxide
system. Evaluation of gel time and exothermic behavior served to monitor the cross-linking process. After
confirming the catalytic activity, coatings were prepared and tested by standard mechanical tests.

All tested promoters proved to be capable of catalyzing the curing process of unsaturated polyester resin.

Key words
Unsaturated polyester resin, promoter, curing process, cobalt-free
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REPLACEMENT OF COBALT-BASED DRIERS
NAHRADA SIKATIVU NA BAZI KOBALTU
HONZICEK J.1, VINKLAREK J.2
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Summary
This work brings an overview of transition metal compounds suitable as alternatives of cobalt-based
driers for alkyd resins and related air-drying paints. It deals with a role of primary driers in the process
of chemical curing and provides an overview of cobalt-free driers reported in research and patent litera-
ture including compounds already available commercially. Considerable attention is given to compounds
developed in our research group and description of their performance in several alkyd binders.

Key words
Primary drier; air-drying paints; alkyd; vanadium; manganese; iron; cobalt.
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NENASYCENE POLYESTEROVE PRYSKYRICE NA BAZI KYSELINY
ITAKONOVE A METHYLMETHAKRYLATU S INICIACNIM SYSTEMEM
OBSAHUJICIM VANAD

UNSATURATED POLYESTER RESINS BASED ON ITACONIC ACID AND
METHYL METHACRYLATE WITH VANADIUM CONTAINING INITIATION
SYSTEM

RUBES D.!, HONZICEK J.!, VINKLAREK J 2

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

2 Department of General and Inorganic Chemistry, Faculty of Chemical Technology,
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Summary
The focus of this study was to find suitable unsaturated polyester resin free of styrene and cobalt-based
initiation catalyst. Several polyesters were synthesized from, phthalic anhydride (Pa) and itaconic acid
(I4) in a 1:1 ratio with various ratios of propylene glycol (Pg) and diethylene glycol (DEG). The synthe-
sis was carried until an acid value of approximately 50 mg KOH/g was reached, which corresponds to an
average molecular weight of around 1200 g/mol. This polyester was then diluted with methyl methacry-
late (MMA) and other acrylates containing one, two or three free double bonds so that the reactive
diluent would in total make up 30 wt. % of the resin. The crosslinking of the resulting resin was then
initiated with methyl ethyl ketone peroxide and vanadium-based catalyst at laboratory temperature. The
degree of cross-linking was compared by the use of DMA, stress strain measurement determined ultimate
tensile strength of 70.3 MPa for resin containing 1.4Pg:0,6DEG ratio and 28 wt. % of MMA plus 2 wt. %
of EDMA (ethylene dimethacrylate). The maximum elongation at break of 12.3 % was achieved in a resin
containing 1Pg:1DEG ratio and 20wt. % MMA plus 10wt. % MA (methyl acrylate). The highest impact
toughness of 5.0 kJ-m~ was obtained by Charpy test in a resin containing 1Pg:1DEG and 28 wt. % MMA
plus 2 wt. % EDMA. The Young modulus ranged between 1.17 GPa and 2.65 GPa, and the glass transi-
tion temperature between 66 °C and 86 °C.

Keywords
Unsaturated polyester resin, itaconic acid, styrene-free, vanadium, acrylate reactive diluent.

Acknowledgements

We are grateful to Ministry of Education, Youth and Sports of the Czech Republic for sup-
port through project No. UPA/SG321005.

110



XV. CONFERENCE ON PIGMENTS AND BINDERS « NOVEMBER 7-8, 2022

VLIV STRUKTURY A SLOZENI PIGMENTU NA ANTIKOROZN{
VLASTNOSTI ORGANICKYCH POVLAKU NA BAZI EPOXYESTEROVE
PRYSKYRICE

INFLUENCE OF STRUCTURE AND COMPOSITION OF PIGMENTS ON
ANTI-CORROSION PROPERTIES OF ORGANIC COATINGS BASED ON EPOXY
ESTER RESIN

BOSTIKOVA K., KOHL M., ALAFID E.R.A., HRDINA R., KALENDOVA A.

Faculty of Chemistry and Technology, University of Pardubice, Studentska 95, 53210 Pardubice,
Czech Republic

Summary
The work deals with the study of the properties of paints and organic coatings based on epoxy ester resin
containing metal zinc or titanium dioxide, depending on the chemical composition, structure, and concen-
tration of the tested pigments containing magnesium (Mg’*). Mg-containing organic pigments have been
synthesized as new pigments with presumed corrosion-inhibiting properties for applications in anti-corro-
sion coatings. Inorganic oxides with Mg content based on periclase, mixed
magnesium-iron oxide, and industrially produced pigment were also tested. Their properties and
compatibility with binders of coating systems were tested in a solvent-type epoxy ester resin, where their
influence on the physical, chemical, and corrosion resistance of the pigmented coating was determined.
Organic coatings containing metallic zinc were formulated with the aim of achieving high corrosion
resistance, in which the tested organic and inorganic pigments could, according to their properties,
improve the mechanical, corrosion, and chemical resistance of the zinc-filled coating. The
pigment-containing model organic coatings designed for environments with lower corrosion resistance
were formulated zinc-fiee, TiO,-only. Coating materials containing the tested pigments (pig) and spheri-

cal zinc (Zn) were formulated at PVC,, = 1, 3, 5, and 10 % and at PVC,,‘g/CPVCZ]"gW = 0.60. Coating
materials with TiO, content were formulated at PVC, =3% and PVC/CP VCZM‘ 10, = 0-50.

The properties of the prepared organic coatings were determined using standardized physical-mechanical
and corrosion tests in simulated corrosive atmospheres, in a salt spray atmosphere, in an atmosphere
containing SO,, and using the electrochemical technique of linear polarization. The tested organic coa-
tings achieved high mechanical resistance, and in most corrosion tests, the synergistic effects of Zn-Mg
leading to effective inhibition of corrosion events were manifested. This contribution contains selected
results of the study of the properties of organic coatings containing the tested pigments and TiO,, which
testify to the anti-corrosion properties of the synthesized pigments.

Keywords
Pigment, zinc, anti-corrosion efficiency, titanium dioxide, organic coating.

INTRODUCTION

The issue of anti-corrosion organic coatings can be addressed by creating a coating system up
to 500 um thick, using combined duplex coatings, applications of special barrier pigments, and
pigmentation with anti-corrosion pigments. Mere barrier protection is insufficient to achieve high
protective efficiency, especially for the so-called heavy corrosion protection of metal materials.
The most promising solution for the anti-corrosion treatment of organic coating formulations is
the use of inorganic anti-corrosion pigments in a barrier-protective coating system. In terms of
function, anti-corrosion pigments can be defined as substances that, when added to a corrosive
environment in a small concentration, reduce the rate of corrosion. Corrosion takes place if
three steps take place - anodic oxidation, cathodic reduction, and ion transfer by the electrolyte.
Corrosion will therefore be slowed down if at least one of these three steps is suppressed.
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The group of inhibiting pigments includes those pigments that are actively involved in the anti-
corrosion protection. These pigments slow down or completely stop a partial anodic or cathodic
reaction by preventing the transition of the metal into the solution (an electrochemical process
taking place at the anode) or the reduction of oxygen or hydrogen cations (electrochemical
processes taking place at the cathode). [1,2,3]

The coating containing metal zinc dust particles providing high protection to the metal
substrate are prepared at concentrations very close to the CPVC. The mechanism of action
of zinc in coating consists of two phases. In the first phase, zinc protects the metal substrate
electrochemically - cathodic protection. In the second phase, due to the corrosion products
surrounding the zinc particles, the steel substrate is protected by the principle of barrier
protection. A compact, perfectly adherent layer is created, which is resistant to normal
atmospheric influences. [1,2,3]

For financial and ecological reasons, there are efforts to reduce the zinc content in paint
materials of other pigments, with the help of which high anti-corrosion protection would be
achieved. One of the potential options is the use of magnesium pigments, as they have analogous
effects to zinc pigments. Magnesium protects metal substrates on the same principle as zinc.
In the first phase, cathodic protection and then a barrier protection mechanism. Its advantage
over zinc is its significantly lower density, which is used in applications, especially in the
automotive and aviation industries. [4,5,6,7]

The aim of this work was to verify the anti-corrosion efficiency of newly synthesized organic
pigments and inorganic pigments with Mg content, which could replace toxic anti-corrosion
pigments, for example, zinc phosphate. In the case of coating films containing spherical zinc,
another goal was to verify the assumption of a synergistic effect with the help of Zn-Mg efficiency,
which would lead to the improvement of the mechanical, chemical, and, above all, anti-corrosion
properties of the given coatings.

Synthesis and specification of pigments

Organic-type pigments were prepared at the Department of Organic Technology of the
University of Pardubice from reactants through a series of synthesis steps. Finally, the given
pigments were washed and dried in a dryer. The structure of the pigments was verified using
X-ray powder diffraction, the chemical composition of the newly synthesized organic pigments
was determined by IR-FTIR and the morphology of the pigment particles was identified using
SEM. For each pigment, the oil absorption and density are determined, which are necessary for
the calculation of the CPVC value (critical pigment volume concentration). The oil absorbtion
was measured using the ,pestle-mortar method (CSN 670531) and the pigment density was
determined using a Micromeritics AutoPycnometer 1340.

Specification of binder for paint materials

A one-component solvent-type epoxy ester resin (xylene) consisting of 60% epoxy resin and
40% onjugated fatty acids of dehydrated ricin oil and soy oil was chosen for the preparation of
paint materials. Trade name Worlée Dur D46, which is often used to protect metal substrates.

Nuodex combi APB siccative containing zinc, cobalt, and calcium was used to accelerate
the drying of the paint film. This binder shows excellent mechanical and chemical resistance of
the resulting film. Due to its composition, it also shows very good adhesion and quick drying.
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Formulation and preparation of model paints containing tested pigments and titanium dioxide

Model paints containing inorganic and organic pigments containing magnesium cation and
titanium dioxide were formulated at PVCPig = 3% and PVC/CPVC = 0.50 (TiO,). The paints were
prepared using a Dissolver-type system. The mixture of pigments and binder was dispersed for
40 min at 3500 rpm under the given conditions of the arrangement and geometry of the mixed
system, the volume, and the content of the dispersed mixture filling. The coating materials were
applied using a box application ruler to glass and steel panels according to the ISO 1514 stan-
dard. After drying of the coating films, the dry film thicknesses (DFT) were measured using
a magnetic thickness gauge according to ISO 2808.

Mechanical properties of the tested organic coatings

Organic coatings have been subjected to a series of mechanical tests providing information on
their flexibility, strength, and adhesion. For coatings, their resistance to bending was determined
(CSN ISO 1519). The tested film resistance to cupping was evaluated by measurement on
an Erichsen cupping tester (CSN EN ISO 1520). The pull-off test for adhesion was measured with
COMTEST®OP3P (CZ). Adhesion of the tested films to the substrate was assessed by cutting
a lattice into the films using a special cutting blade with cutting edges 2 mm apart (CSN EN ISO
2409). Cold-rolled panels of low-carbon stainless steel grade 11 (Q - LAB corporation) were
used for the work with dimensions of 102x152x0.8 1mm (S46), 76x152x0.5Imm (S36) and
51x102x0.51mm (QD).

Corrosion test procedure

Coatings based on epoxy ester resin were applied to steel panels with dimensions of
102x152x0.8 1mm and subjected to accelerated cyclic corrosion tests in a salt spray atmosphere,
and in an atmosphere containing SO, was also determined. Before the exposures, a vertical test
cut was made into the paint films using a cutting tool. The neutral salt spray test (NSST) accor-
ding to CSN EN ISO 9227 was performed in 12-hour cycles. The samples were exposed to a 5%
NaCl solution for 10 hours, dried for 1 hour, and allowed to condense moisture at 40 °C for 1
hour. Determination of resistance to a humid atmosphere containing sulfur dioxide was carried
out according to CSN EN ISO 3231. The test was performed in 24-hour cycles. In the first
cycle, the samples were exposed to humidity and the presence of SO, at a temperature of 38 °C
for 8 hours. In the second cycle (lasting 16 hours), the samples were dried at a temperature of
23 + 2 °C and humidity lower than 75%. During and after the 1344-hour exposure, corrosion
effects in the paint films were evaluated according to ASTM D 1654-92, ASTM D 610-85, and
ASTM D 714-87 standards.

RESULTS AND DISCUSSION

Pigment specification

Organic pigments with magnesium cation content, which differed in structure and chemical
composition, were prepared for testing. Also tested were 3 inorganic pigments with magnesium
cation content, which differed in physical structure and chemical composition. For each pig-
ment, its oil absorption and density were determined, and then the CPVC value (critical pigment
volume concentration) was calculated, which is recorded in the following tables. (Table 1, 2).
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Tab. 1: Specifications of organic pigments with magnesium cation content

. . Density | Oil absorption | CPVC
Pigment Chemical formula
s [g-em®] | [g/100g] [
Magnesium naphtalene-1,8-
dicarboxylate C,HMgO, 1.15 46.3 61
Magnesium naphtalene-1,4,5,8
-tetracarboxylate C,;H,Me,0, 181 253 67
Magnesium-5-((dihydroxy-6-oxo-1,6-
-dyhydropyrimidin-5yl) diazenyl)
hydroxy-6-oxo-1,6-dyhydropyrimi- C,H,MeN,,0,, 1.85 256 65
din-4-olate
Magnesium (E)-2-((5-hydroxy-3me-
thyl-1-phenyl-1H-pyrazol-4-yl) C,H, MgN O 1.38 45.9 59
diazenyl)benzoate
Magnesium(E)-2((3-ethoxyfenyl)
carbamoyl)-2-oxidonaphtalen-1yl) C,H MgN O, 1.37 56.8 54
diazenyl
Magnesium (E)-2-
((2-oxidonaphtalen-1-yl) C,,H, MgN.O, 1.55 43.2 58
diazenyl)benzonate
Magnesium (E)-3-((3-ethoxyphenyl)
carbamoyl)-
((4-nitro-2oxidophenyl) diazenyl) C,sH MeN,O; 141 758 46
naphtalen-2-oxolate
Tab. 1: Specifications of inorganic pigments with magnesium cation content
Pigment Chemical Density Qil absorption CPVC
- formula [g-cm’] [g/100g] [-]
Magnesium oxide MgO 3.01 £0.02 48.1 36
Mixed magnesium-iron MgFe,0, | 4.42+0.02 13.3 61
oxide 274
Calcium magnesium Ca-Mg-HPO, | 2.72 £ 0.02 375 48
phosphate 4

* laboratory preparation of pigment
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Results of physical-mechanical properties of organic coatings

Epoxy ester coatings containing TiO, and pigments containing Mg*" cation applied to steel
panels achieved high mechanical resistance in all cases. It can be seen from the results that all
coating films withstood the bending over a 4mm mandrel and the impact of a 1 000 g weight from
a height of Im. The paint films did not even crack after the steel ball was pushed to a depth of
10 mm using an Erichsen cupping tester. For organic coatings, their pull-off strength was calcu-
lated before exposure to corrosion chambers. Degrees of adhesion were also determined before
the exposures in the corrosion chambers. All coating films showed high adhesion rated adhesion
grade 0. The highest pull-off strength was measured for the organic coating with C, H, MgN O,
pigment (2.72 MPa). In conclusion, it can be stated that the tested pigments do not worsen
the mechanical properties of the epoxy ester resin compared to the industrial TiO, pigment.
The pull-off strength of pigmented coatings was maintained even after exposure to corrosion
chambers and did not decrease as much as that of non-pigmented coatings. It can therefore
be concluded that the synthesized pigments do not worsen the excellent properties of binder
based on epoxy-ester resin.

Tab. 3: Results of mechanical properties of epoxy ester organic coatings pigmented with organic and
inorganic pigments with Mg?* cation content at PVCPig= 3 % and PVCPig/CPVC =0.50 (TiO,).
DFT =50 = 10um

Pigment Cupping test Bend test Impact test | Pull off streigth* | Adhesion

[mm] [mm] [m] [MPa] test [st.]
C,HMgO, > 10 <4 > 1 2.64 0
C, HMgO, > 10 <4 > 1 1.85 0
C H MgN O, > 10 <4 > 1 1.29 0
C H, MgN O, > 10 <4 > 1 2.72 0
C,H MgN O, > 10 <4 > 1 2.54 0
C. H MgNO, > 10 <4 > 1 2.49 0
C,,H MgN O, > 10 <4 > 1 2.11 1
MgO > 10 <4 > 1 2.39 0
MgFe O, > 10 <4 > 1 2.41 0
Ca-Mg-HPO, > 10 <4 > 1 1.46 0
TiO, > 10 <4 > 1 2.29 0

* Fracture type: cohesion in the coating > 85 %
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Fig. 1: Photo of organic coating with TiO, content and MgO pigment at PVCI,ig = 3% a) after
impact test, b) after cupping test, c) after adhesion test.

Results of the accelerated corrosion tests in a salt mist atmosphere

The results of the accelerated cyclic corrosion test in the NaCl spray atmosphere are
recorded in Table 4. The organic coatings applied to the steel panels were evaluated after
1344 hours of exposure. For each coating film, blistering near a test cut and on the paint film
surface was evaluated, and corrosion near a test cut and on the paint film surface was evalu-
ated. Most of the paint films showed a higher anti-corrosion efficiency than the coating with
TiO, alone, which indicates the formation of an anti-corrosion effect (except for the organic
coatings with pigments C, ,H Mg O, and Ca-Mg-HPO,). The TiO, pigment was present in the
coating as an inert pigment. The amount of blisters in the test cut was within the range of values
2M - 2D. There were significantly fewer blisters graded 8F - 6M on the surface of the coatings.
Of the organic coatings tested, the coating with the pigment C, H,;/MgN.O, achieved the highest
anti-corrosion efficiency. After 1344 hours of exposure, this paint film showed no blisters on
the surface, blisters in an artificial cut were graded 2M, corrosion in the test cut was 1-1.5mm
and corrosion on the surface of this coating was 0.1 %. The organic coating with C, H MgN O,
pigment also achieved a similar rating, where the corrosion in the artificial cut was 1.5-2 mm.
These compounds, therefore, have anti-corrosion pigment parameters, which are higher than
industrial pigments.
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Tab. 4: Corrosion resistance results of epoxy ester coatings containing TiO, and organic and
inorganic pigments containing Mg?>* cation at PVC, = 3% after 1344 hours of exposure in an
atmosphere with 5% NaCl. (DFT = 100 £ 10um).

Blistering Corrosion
Pigment Metal base In a cut Metal base In a cut
[dg.] [dg.] [%] [mm]
C,HMgO, 6M 2MD 0.1 3-3.5
C,HMg0, 6M 2D 16 2.5-3
C,H,MgN, O, $F 2MD 1 2.5-3
C,H, MgN,0, $F 2D - 2-2.5
C,H,MgN O, - M 0.1 1-1.5
C,H,MgN,0, 6M 2D 0.3 1.5-2
C,H, MgN,0, - ™M 0.1 1-15
MgO 8F 2M 0.1 2-2.5
MgFe,0, $F 2D 0.1 25-3
Ca-Mg-HPO, M 2D 10 3.5-4
oot | 0 1 o

Figu. 2: Organic coatings: a) with C, H, MgN.O, pigment, b) with C, . H, MgN O, pigment, and

26019 257718
¢) organic coating containing only TiO, at const. PVC/CPVC = 0.50.

Corrosion test in an atmosphere containing SO,

The results of the accelerated cyclic corrosion test in an SO, atmosphere are recorded in
Table 5. The organic coatings applied to the steel panels were evaluated after 1344 hours of expo-
sure. All organic coatings achieved the same or higher anti-corrosion efficiency than the compa-
rative coating with TiO, alone. Compared to the accelerated cyclic corrosion test in neutral salt
spray, the given coating films showed smaller blisters in the test cut (in the range of 6M - 2MD),
and blisters on the surface of coatings occurred in the interval from 8F - 8MD. After 1344 hours
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of exposure, the highest anti-corrosion efficiency was achieved by the coating with C ,H,Mg,O,
pigment, which showed no blisters on the surface, blisters in the test cut were graded 6M, cor-
rosion in the test cut was 0-0.5 mm, and there was no corrosion in the panel surface. The paint
film with C H, MgN O, pigment also showed higher anti-corrosion efficiency, where blisters
on the surface were rated grade 8F, blisters in the test cut grade 4M, corrosion in the test cut was

v in the range of 0-0.5 mm, and there was no corrosion in the panel surface.

Tab. 5: Results of corrosion resistance of coatings based on epoxy-ester resin containing TiO,
and organic and inorganic pigments containing Mg** cation at PVCPig = 3% after 1344 hours of
exposure in an atmosphere containing SO,. (DFT = 100 + 10 pm)

Blisters Corrosion

Pigment Metal base In a cut Metal base In a cut
[dg.] [dg.] [%] [mm]
C_HMgO, 8F 4MD - 0.5-1
C, HMg0, - 6M - 0-0.5
C,H, MeN, O, 8F M 0.03 0-0.5
C,H,MgN0, 8F 4MD 003 0-0.5
C,H MgN O $MD M - 1-1.5
C,H, MgN,0, 8F 2MD 0.01 I-15
C,H MgN,0, M 4M 0.1 0.5-1
MgO 8F 6MD 0.03 0-0.5
MgFe 0, M 6M 0.01 0-0.5
Ca-Mg-HPO, 6M 4MD 0.03 0-0.5
TiO, SMD 4MD 0.03 0-0.5

Fig. 3: Organic coatings containing TiO, and pigments at PVC = 3% a) C, H4Mg,O,, b)
C,H,)MgN, 0, and c) organic coating containing only TiO, at const. PVC/CPVC = 0.50.

167710 12712
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CONCLUSION

This work aimed to study the properties of coatings based on epoxy ester resin in combinati-
on with TiO, and pigments with Mg** cation content selected for environments with lower C3
corrosion load. The organic coatings were subjected to mechanical, corrosion, and electroche-
mical tests. The mechanism of action of pigments containing Mg?* cation consisted of forming
a complex-forming compound in the interphase interface between the steel substrate and the
organic coating containing the given Mg?* pigment. The results of the mechanical tests show
that the epoxy ester coatings achieved high mechanical resistance. It can be concluded that the
tested pigments improve the mechanical properties of the epoxy ester resin compared to the
industrial TiO, pigment. Organic coatings were also subjected to 1344 hours of exposure in
an atmosphere with 5% neutral salt fog and humid atmospheres containing SO,. In a neutral salt
fog atmosphere, the coating with C, H ;MgN O, pigment achieved the highest anti-corrosion
efficiency, which showed no surface blisters after 1344 hours of exposure, blisters in the test cut
were graded 2M, corrosion in a test cut was 1-1.5 mm, and panel surface corrosion was 0.1%.
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STUDY OF THE INFLUENCE OF PIGMENTS CONTAINING ZINC AND
MAGNESIUM ON THE ANTI-CORROSION EFFICIENCY AND PHYSICAL
PROPERTIES OF PAINT MATERIALS

STUDIUM VLIVU PIGMENTU S OBSAHEM ZINKU A HORCIKU NA
ANTIKOROZNI UCINNOST A FYZIKALNI VLASTNOSTI NATEROVYCH HMOT

REZNICEK D., KOHL M., HRDINA R., FOUZY A., KALENDOVA A.
University of Pardubice, Faculty of Chemical Technology

Summary
This subscription deals with the study of the properties of coatings based on epoxy-ester resin, depending
on the structure and concentration of organic and inorganic special pigments. In order to ensure the
anticorrosive efficiency of the coatings using new non-toxic pigments, new organic and inorganic
pigments containing Mg or Zn in their structure were synthesized and optimized. The formulation and
preparation of the coatings and organic coatings containing the synthesized and tested pigments were
designed for medium corrosive environments, and epoxy-ester resin was chosen as the binder. Using
laboratory corrosion, mechanical and chemical resistance tests, the properties of the epoxy-ester resin
based coatings were monitored and the corrosion performance was evaluated. New organic pigments as
well as mixed oxides containing Mg were found to exhibit anticorrosion properties, while differences in
effectiveness were found depending on the structure and concentration of the tested pigments.

Key words
Organic pigment, Inorganic pigment, magnesium, Zinc, epoxy-ester resin, corrosion resistance.

Introduction

Among the most used methods of protection of metallic materials is the use of organic
coatings created by means of coatings. [1, 2] The use of organic coatings created by means
of coatings is an important part of a comprehensive system of corrosion protection. The protec-
tion of metals against corrosion by organic coatings is based on the prevention or retardation of
electrochemical reactions taking place on the surface of the metal or at the interface between the
organic coating and the protected metal. The principle of corrosion protection of metallic mate-
rials is based on finding an arrangement of the system-object (material) and the environment that
increases its thermodynamic stability and reduces the rate of corrosion reactions [1-3].

Coating systems are not only composed of a binder, but also of other components. Among
the most important, which influence almost all the properties of the resulting coatings, are
fillers and pigments. Experimental evidence suggests that barrier protection of unpigmented and
pigmented coatings with barrier pigments or chemically resistant binders at high thicknesses
alone is not sufficient to achieve high protective performance, especially for severe corrosion
protection of metals. [2, 3]. The most promising solution for anticorrosion protection is to use
the synergistic effect of inorganic or organic anticorrosion pigments with other components
of organic coatings. Today, the development and use of new, ever-improving surface protection
systems is influenced by a number of factors, the most important of which are environmental
impacts and the economics of surface treatments. [2, 4] Demand for low toxicity products is
increasing due to legislative activity and increased attention to the environment.

THEORETICAL PART

Anti-corrosion pigments belong mostly to the group of special inorganic pigments, where
inhibitory pigments slow down corrosion in contact with the protected metal and in the presence
of water and oxygen, stimulating pigments accelerate corrosion, neutral pigments do not affect
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the course of corrosion. The group of corrosion-inhibiting pigments includes pigments that
actively contribute to the extension of the life of the coating film by various mechanisms, not
only barrier, but also electrochemical and chemical. [2, 5]

In contrast to organic corrosion inhibitors (magnesium azealate, compounds with
an active group containing nitrogen, sulphur and/or oxygen, by means of which they sorb to
the surface), organic corrosion pigments are poorly soluble organic substances or metallic salts
of organic acids and are used in binders in addition to inorganic pigments to enhance their
function, especially in the initial phase of corrosion and to create a synergistic effect. They
were originally developed to replace toxic chromate- and lead-based anti-corrosion pigments.
Long-term inhibitors (pigments) are therefore very low water-soluble compounds, unlike
inhibitors for temporary protection. Currently produced inhibitors are intended to replace
inorganic corrosion pigments and are practically used as an inhibitor alone or in combination
with a pigment, for example to improve anodic protection. The concentrations required are higher
than for temporary protection inhibitors, but considerably lower compared to conventional
corrosion pigments. This allows some freedom in formulation, which can lead to new types
of protection systems. Their activity is concentration-dependent, and it is therefore necessary to
find their optimum. [2, 5]

The degree of corrosion protection therefore depends not only on the binder but also on the
pigments. When formulating coatings, we must take these properties into account. For example,
it is the chemical purity, the reactivity of the pigment used with the binder in which it is dispersed,
but also the reactivity with the substrate. When choosing a pigment, we must also consider its
resistance to the environment in which it will be found together with the binder. [4,6,7]. The
protective function of the binder and pigments are complementary, both at the physical and
chemical level. The mutual interactions between the binder and the anticorrosion pigment and
the substrate determine which anticorrosion pigment will be suitable for a particular binder. For
example, alkalizing inhibitors increase the concentration of hydroxide ions near the metal surface.
These include compounds of weak acids and strong bases such as sodium or ammonium salts of
phthalic, salicylic, cinnamic, oleic, carbonic, boric, etc. The protective effect of these inhibitors
aloneisnotgreat,and theyaretherefore combined with otherinhibitors or film-formingagents. [2, 5]
Anewtype of organic pigments, with the possibility of future application in anti-corrosion coatings,
are pigments based on structural compounds of melamine and other organic compounds. It is
a complex that is held together by hydrogen bonds between the two compounds.[8] Due to the
ir structure, these substances can exhibit a positive effect on the polymer film structure.

Pic. 1: General structure of organic pigments [8]

Relatively little used anti-corrosion pigments include oxides and mixed metal oxides in
micro or nanoparticle form, such as zinc oxide, magnesium oxide or also double and mixed
oxides of spinel type. Spinels include a large group of mixed oxides of the general empirical
formula AB, O, with a crystal structure derived from the mineral spinel.[2]

121



XV. KONFERENCE PIGMENTY APOJIVA « 7.-8.11.2022

Pic. 2: Spinel structure: a) oxygen atoms, b) cations in octahedron

This subscription deals with the study of the properties of organic coatings based on
epoxy- ester resin, which contains three new types of organic pigments that could have potential
for subsequent use in anti-corrosion coatings. The properties of inorganic oxides, which also
exhibit anticorrosive properties, have also been investigated. The volumetric concentration of
the pigments was chosen at lower values than is usual for this type of coating, as this is the
first testing. Should the pigments show anticorrosive efficiency, the study will be continued
further, with additional binder types and concentration ranges in optimised formulations.
The application of the model coatings and their testing was chosen without subsequent topcoat
application so that differences between the pigments could be distinguished. The choice
of topcoat will be made in the next phase of testing of these pigments, when the best formulati-
ons will be supplemented with higher concentrations (PVCpig), other types of binder (chemically
drying, physically drying), and fillers and other additives will be tested to increase the dry weight
and optimize the overall properties of the coating system.

EXPERIMENTAL PART

Pigment preparation

The organic type pigments were prepared at the Department of Organic Technology,
University of Pardubice, from the starting materials by a series of synthesis steps in a sol-
vent environment under given temperature conditions, finally washed and dried in an oven.
Pigments based on mixed oxides were prepared by high-temperature synthesis in the solid
phase and subsequently modified to the form necessary for application in the binder of coa-
tings by washing, grinding and drying. All pigments were characterized by X-ray structure
analysis, their structure and chemical composition were determined by IC - FTIR, chemical
composition, particle morphology was determined by SEM analysis. The tested pigments
or their expected anticorrosive properties were verified after application to the paint binder
at 3 different concentrations: for PVCpig =0.1%, 0.25% and 0.5%, for PVC/CPVCz

. pig+TiO,=1%"
Table 1 shows the used pigments.
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Tab. 1: Specification of the pigments

. L Oil absorption Density CVPC
Pigment/Designation .
[2/100g pigment] [g.cm™] [-1
.C"HYZHNZ(.)“ 35.73 1.89 £0.02 57.67
(pigl; comparison)
C HMgN O, /
Xy . 33.12 1.78 £0.02 60.95
Mg(OH), (pig2)
C_H MgN O, (pig3) 29.02 1.75 £ 0.02 64.44
C H MgN O (pig4) 36.42 1.92 £0.02 56.76
C H MgN O, (pig5) 23.25 1.72 £ 0.02 69.75
C H MgN O,, (pig6) 36.08 1.62 £0.02 61.19
MgOTiO, (pig7) 24.90 3.81£0.02 49.24
MgFe,0, (pig8) 25.36 4.58 £0.02 44.19
TiO, (pig8; comparison, 25.09 4.07+0.02 47.42
inert)

Formulation and Preparation of the painting substance

On the basis of density and oil number determinations, specific KOKP values of the tested
organic, inorganic pigments (Table 1) and fillers (CaCO,; TiO,) were calculated, followed by the
dispersion method to prepare model coatings at PVCpig =0.1%, 0.25% and 0.5% at constant solids
volume Q = 3.5%. Thus, the coatings were low-pigmented in order to determine whether the anti-
-corrosion properties of the new organic pigments would be evident and to compare them with
inorganic pigments, which are generally prepared at higher concentrations. Epoxy-ester resin
(name: WORLEEDUR D 46; manufacturer: Worlée-Chemie GmbH, Germany; composition
60% epoxy, 40% tung oil conjugated fatty acids, dry matter content 60%; Density = 1.07 g.cm™,
number of acidity = 4.1 mg KOH) was used as a binder for the coatings. As a siccative, a siccative
containing Co, Zr and Ca (name: Nuodex combi APB; manufacturer: Huntsman pigments and
additives, USA) was applied in the amount of 0.25 g of siccative per 100 g of resin. TiO, as inert
and filler.

The model coatings were prepared by the dispersion method using dispersion bodies in
a dispersion device of the disolver type (name: DISPERMAT; manufacturer: Donventa AG,
Switzerland). The required amount of binder (96 = 0.5 g) was weighed into a metal container
(500 ml), which was cooled throughout the preparation of the coating. Then, under continuous
slow stirring, 10 ml of xylene was added to the binder to adjust the viscosity, then the tested
pigments and fillers (TiO,, CaCO,) were added to the binder in the given amounts, which were
first homogenized in a friction pan. This mixture was dispersed for 20 minutes. Then 50 g of
glass beads were added to the mixture, and the metal container was placed in the disperser.
The dispersion itself was carried out for 30 minutes.

Preparation of the organic coatings

Before the test coatings were made, the steel and glass panels were degreased with solvent.
The test organic coatings were made using a box ruler so that the resulting film thicknesses were 90
+ 10 um, typically in two layers for corrosion tests, or 45 + 5 um in one layer for mechanical tests.
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For the corrosion tests, the coatings were applied to standard steel panels (material
low-carbon cold-rolled stainless steel, grade 11, conforming to ISO 1514, manufacturer Q-LAB,
type S46; containing a maximum of 0.60% manganese, 0.15% carbon, 0.030% phosphorus and
0.035% sulphur; roughness (Ra) = 0.5-1.15 um), with dimensions 150x100x0.81 mm. The sam-
ples to be corrosion tested were cut 80 mm long and 0.8 mm wide according to the relevant
standard CSN EN ISO 12944-6.

For the mechanical tests, the coatings were applied to standard steel panels (material: low-
-carbon cold-rolled stainless steel, grade 11, conforming to ISO 1514, manufacturer: Q-LAB;
containing a maximum of 0.60% manganese, 0.12% carbon, 0.045% phosphorus and 0.045 %
sulphur with a roughness (Ra) = 0.5-1.15 um), with dimensions 215 x 45 x 0.81 mm.

The organic coating samples with the tested pigments were then conditioned before testing
in a climate-controlled room at 23 + 2 °C at 50 + 5% humidity for 30 days. The surface hardness
of the organic coatings (according to Persoz on a pendulum apparatus; name: Automatic 500,
Belgium) was determined according to the relevant standard CSN EN ISO 1522.

The dry film thickness (DFT) on the steel substrates was determined using a magnetic
thickness gauge according to CSN EN ISO 2808 (at 10 different locations). And on glass
substrates, the dry film thickness was determined using a three-point mechanical thickness gauge
(name: BYK-Gardner, Germany).

For each sample of the model coating tested with a given pigment at a given concentration
and for a given test, 3 test coatings were made.

Mechanical properties of the tested organic coatings

The tested organic coatings were subjected to the following physical-mechanical tests to
determine their mechanical resistance and adhesion to the substrate. Determination of adhesion
levels by the grid method was carried out according to CSN EN ISO 2409. [9] Determination
of adhesion by the tear test was carried out using a tear tester (CONTEST® OP3), according to
CSN EN ISO 4624. A steel roller with a diameter of 20 mm was used for the test and attached
to the organic coating using a two-component epoxy adhesive (LOCTITE EA 9466). Three test
rollers were applied to each type of organic coating.

Physical-mechanical tests include the determination of the resistance of organic coatings
to deformation of the substrate by impact according to the CSN EN ISO 6272 standard at
a temperature of 21 + 2 °C, three determinations were made on each sample. In addition, the
resistance of the organic coating to continuous deformation of the test sample by a 20 mm
diameter steel ball was determined. The measurements were carried out at a temperature of
21+ 2 °C and three determinations were made according to the relevant standard (CSN EN ISO
1520). The resistance of the organic coating to bending deformation was also determined. This
determination was carried out according to CSN EN ISO 1519 at a temperature of 21 + 2 °C.
The measurements were carried out on the smallest possible diameter mandrel, which was 4 mm
in diameter [9].

Corrosion test procedure

The organic coatings applied to the steel panels were subjected to accelerated corrosion
tests in a simulated corrosion atmosphere of salt spray and SO,, under elevated temperature and
humidity.

The corrosion resistance of the organic coatings in an atmosphere containing a salt
electrolyte (0.5 wt% NaCl with 0.35 wt% (NH,), SO, at elevated humidity (up to 100%) at 35 °C)
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was determined according to CSN EN ISO 9227. The test is carried out in repeating twelve-hour
cycles consisting of three parts. In the first part, lasting 10 hours, the sample is exposed to a mist
of NaCl and (NH,), SO,. Subsequently, in the second cycle, lasting one hour, the samples are
dried at 25 £ 1 °C. The last part consists of condensation of water at 40 °C for one hour.

Furthermore, the corrosion resistance of organic coatings in an atmosphere containing
sulphur dioxide was determined (CSN EN ISO 3231). In the corrosion box, water containing
SO, condenses on the samples as the relative humidity reaches 100 %. Exposure of the samples
takes place in repeating 24-hour cycles. This 24-hour cycle consists of two parts. In the first part,
lasting 8 hours, the samples are exposed to moisture containing SO, at 38 °C, and in the second
part, lasting 16 hours, the samples are dried at a laboratory temperature of 23 = 2 °C and a hu-
midity of less than 75%.

The evaluation of corrosion symptoms was carried out after 540 hours of exposure to both
corrosion tests. Corrosion degradation of the exposed specimens was evaluated according to
ASTM D 714-87 (evaluation of blistering), ASTM D 610-85 (evaluation of corrosion symptoms)
and ASTM D 1654-92 (evaluation of corrosion in section).

Electrochemical test procedure

For this electrochemical linear polarization measurement, electrochemical cells were
used, which consist of a reference electrode (calomel electrode), a counter electrode (platinum
electrode) and a working electrode (samples to be measured). The samples were exposed to
1 mol of sodium chloride electrolyte for one hour.

RESULTS AND DISCUSSION

Results of the mechanical properties

The highest relative surface hardness was achieved by the organic coating containing pig2 at
PVCpig = 0.5 %, namely 47.1 % of the standard hardness. A similar pattern of increase in relative
surface hardness values was observed for all organic coatings tested, suggesting that the pigment
cations present at this PVC concentration did not affect the rate of the oxopolymerisation drying
mechanism.

The organic coatings tested showed high mechanical resistance when subjected to bending
stress through a metal mandrel with the smallest available diameter of 4 mm. In the indentation
test, all the organic coatings tested showed the same resistance, with no defects observed in all
types of organic coatings tested, even when the steel ball was pushed to a distance of 10 mm.
All organic coatings tested (when a weight was dropped from a height of 100 cm) did not show
any defects.

In the determination of the adhesion of the organic coating by the grid method, on a steel
substrate, only the organic coating containing magnesium iron oxide (pig8) at PVCpig =05%
resulted in damage exceeding 5% of the total area (grade 2). This was probably due to imper-
fectly dispersed particles of this pigment. Also, for the organic coating containing only titanium
dioxide (pig9), damage exceeding 5% of the total area (grade 2) occurred. For the other organic
coatings tested, less than 5% of the total area of the grid was damaged (grade 1). It is clear that
the structure of the pigments has a positive effect on the film properties of the epoxy- ester resin.
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Pic. 3: Cupping test
3a: Organic coating with pig2 PVC = 0.25 % 3b: Organic coating with pig3 PVC = 0.5 %

In the tear test, the organic coating containing magnesium iron oxide (pig8) at
PVCpig =0.1% showed the highest tear strength (5.3 MPa) when the adhesion fracture between the
substrate and the organic coating (A/B 100 %) was determined. Of the organic pigments tested,
the organic coating containing the pig5 at PVCpig = 0.25 % showed the highest adhesion, for
which a tearing force of 5.2 MPa was measured at the adhesive fracture between the substrate
and the organic coating (A/B 100 %). Whereas, for the organic coating containing only titanium
dioxide (pig9), a tear strength of 2.9 MPa was recorded at the adhesion fracture between the
substrate and the organic coating (A/B 100 %). This means that the newly synthesized pigments,
due to their particle shape and good dispersibility, additionally provide effective adhesion of the
film to the substrate.

Pic. 4: Pull-off test
4a: Organic coating with pig5;PVC = 0.25 % 4b: Organic coating with pig 8;PVC = 0.10 %

Results of the Corrosion tests

After exposure for 504 hours in a sulphur dioxide atmosphere, no corrosion was observed
in the coating area of any of the organic coatings tested. After this exposure, blistering of the
coating area was observed for the organic coating containing pigl at PVCpig = 0.1 %, where the
blistering of the coating area corresponded to a value of 8F. The highest incidence of blistering
was observed for the organic coating containing only titanium dioxide (pig9) with a value of 8M.
For most of the organic coatings tested, corrosion was observed in the vicinity of the section
corresponding to grade 1. No corrosion was observed around the cut for the organic coating
containing pig4 at PVCpig = 0.5 % and for the organic coating containing pig3 at PVCpig =0.5%.
Also, the organic coating containing pig4 and pig3 at PVCpig =0.5 % did not show any blistering
around the cut.
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Tab. 2: Results of evaluation of corrosion resistance of organic coatings after exposure for 504
hours in atmosphere with SO,; DFT = 100 £ 10 um

Corrosion | Blistering | Corrosion in | Blistering in
Pigment P?;ﬂclﬂig on surface | on surface a cut a cut
[%] [st] [st] [st]
] 0.10 - 8F 1 8M
Cxliyf;lll:;zg;o%lgl; 0.25 - - 1 6M
0.50 - - 1 6M
CHMNO 0.10 - - 1 8MD
ng ( (Y)Hi (Lpisg é) 0.25 - - 1 6MD
0.50 - - 1 8M
0.10 - - 1 8M
CHMgN O, (pig3) 0.25 - - 1 &M
0.50 - - - -
0.10 - - 1 8M
CHMgN O, (pig4) 0.25 - - 1 6M
0.50 - - - -
0.10 - - 1 8F
C HMgN O, (pig5) 0.25 - - 1 &M
0.50 - - 1 8MD
0.10 - - 1 6M
CHMgN O, (pig6) 0.25 - - 1 &M
0.50 - - 1 6D
0.10 - - 1 8F
MgOTiO, (pig7) 0.25 - - 1 6F
0.50 - - 2 6M
0.10 - - 1 6F
MgFe,0, (pig8) 0.25 - - 1 oM
0.50 - - 1 8MD
con?;g'zis(;)f '1?1’ert) 1.00 ) M ! SMD

After an exposure of 504 hours in an atmosphere containing a salt electrolyte, corrosion
was observed in the coating area of one of the organic coatings tested. This was for the organic
coating containing pig2 at PVCpig =0.25 %, where corrosion occurred in an area of 0.1 %. For
the other organic coatings tested, no corrosion was observed in the coating area. The highest
incidence of blistering in the area was recorded for the organic coating containing the organic
pigment pig5 at PVC]Dig =0.5 %, with a value of 8MD. For organic coatings containing melamine
orotate with magnesium cation (pig5) at all PVCpig, blistering was observed in the coating area.
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After exposure lasting 504 hours, corrosion was observed around the cut for all organic
pigments tested. The organic coating containing pigl showed the highest resistance to corrosion
in the cut area, where grade 1 corrosion in the cut area was recorded at all PVCpig. The lowest
amount of blistering in the cut area was recorded for the organic coating containing pig6 at
PVCpig =0.5 %, with a value of 8F.

Tab. 3: Results of evaluation of corrosion resistance of organic coatings after exposure for 504
hours in atmosphere with salt electrolyte; DFT = 100 + 10 pum.

Corrosion | Blistering | Corrosion | Blistering
Pigment PVOCPig on surface | on surface | ina cut in a cut

el 1ol Ist] Is] ]

. 0.10 - 8F 1 4M
C"%ﬁ“}gﬁggfl‘)"gl; 0.25 - - 1 6MD
0.50 - - 1 &M

CxHYMoNsO. | 0.10 - - 2 6M

X V4

Mg gH)‘f oled) 0.25 0.03 - 3 8M
0.50 - - 3 &M

0.10 - &M 2 M
CxHyMgNzO, (pig3) 0.25 - - 3 8MD
0.50 - - 3 6M

0.10 - - 2 2M
CxHyMgNzO, (pig4) 0.25 - - 3 8MD
0.50 - 8F 1 6M
0.10 - 8F 2 8MD
CxHyMgNzO, (pig5) 0.25 - 8F 1 8MD
0.50 - 8MD 2 &M
0.10 - - 2 8MD
CxHyMgNzO , (pig6) 0.25 - - 2 8MD

0.50 - - 2 8F
0.10 - - 3 8MD

MgOTiO, (pig7) 0.25 - 8F 3 4M

0.50 - - 2 6F

0.10 - - 1 4M

MgFe,0, (pig8) 0.25 - - 2 4F

0.50 - - 2 4F
TiO, (pig?; comparison, 1.00 . ) 1 AMD

inert)
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Results of the electrochemical test linear polarization

The lowest value of corrosion rate (2.46.10-° mm/year) and the highest value of polarization
resistance (3.54.107 Q) was recorded for the organic coating containing magnesium iron oxide

(pig8) at PVCpi

4

= 0.5 %. Slightly higher corrosion rate (3.98.10° mm/year) and lower polari-

zation resistance (2.33.107 Q) values were recorded for the organic coating containing pig4 at
PVC_ =0.5 %. A corrosion rate of 3.66.10-° and a polarization resistance of 2.48.10° Q) were

pig

recorded for the organic coating containing titanium dioxide (pig9).

Tab. 4: Results of the electrochemical test linear polarization

Pioment PVCPig corr Rp Corrosion rate
g (%] [mV] (] [mm/year]
0.10 -186 3.24.10¢ 2.76.10%
CxHyZnNzO, 0.25 -185 3.22.10° 2.70.10%
(pigl; comparison)

0.50 -182 3.29.10¢ 2.63.10%

0.10 -182 3.71.10° 2.44.10°

CxHyMgNzO, / i

) 0.25 -180 3.69.106 2.45.10°

Mg(OH), (pig2)

0.50 -178 3.73.100 2.38.10%

0.10 -166 3.56.100 2.57.10%

CxHyMgNzO, 0.25 -166 3.35.10° 2.75.10°
(pig3)

0.50 -165 3.28.10¢ 2.77.10%

0.10 172 221.107 4.26.10°

CxHyMgNzO, 0.25 -176 2.34.107 4.00.10
(pig4)

0.50 177 2.33.107 3.98.10°

0.10 -162 5.01.10° 1.75.10%

CxHyMgNzO, 0.25 -160 3.03.10° 2.91.10%
(pig5)

0.50 -158 2.87.10° 3.06.10%

0.10 -168 8.77.10° 1.05.10%

CxHyMeNz0,, 0.25 -166 8.45.10° 1.09.10*
(pig6)

0.50 -165 8.42.10° 1.09.10%

0.10 -168 7.78.10° 1.14.10*

MgOTiO, (pig7) 0.25 -166 7.99.10° 1.10.10°

0.50 -162 8.29.10° 1.06.10*

0.10 -164 3.45.107 2.54.10

MgFe,0, (pig8) 0.25 -162 3.49.107 2.51.10°

0.50 -161 3.54.107 2.46.10°

TiO, (pig9; compa- 1.00 192 2.48.10° 3.66.10°

rison, intert)
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CONCLUSION

From the above findings, it is evident that the organic coating containing pig4 showed
significant effect on corrosion resistance in acidic atmosphere containing sulphur dioxide, where
the corrosion resistance of the coating increased with increasing PVC value. In an atmosphere
containing a salt electrolyte, but also in atmospheres where water condensation occurs, the
organic coating containing pig6 and the organic coating containing magnesium iron oxide
(pig8) showed significant corrosion resistance. The lowest values of corrosion rates, which were
determined by electrochemical linear polarization technique, were recorded for the organic
coating containing magnesium iron oxide (pig8) and the organic coating containing pig4. For
both of these organic coatings, the corrosion rate decreased with increasing PVC values. Among
the organic pigments containing zinc and magnesium, no significantly different results were
observed at the same PVC value. The tested pigments, both inorganic oxide type and melamine
based organic pigments, appear to be promising pigments for further research in the field of
protective organic coatings.
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OPTICAL AND ELECTRICAL PROPERTIES OF POLYFLUORENE
DERIVATIVES TOWARDS COATING APPLICATION

OPTICKE A ELEKTRICKE VLASTNOSTI POLYFLUORENOVYCH DERIVATU
PRO APLIKACE V POVLACICH

MECHERGUI L', PIANA F2, KOHL M.!, KALENDOVA A!

1 Faculty of Chemical Technology, University of Pardubice, Studentska 573, CZ-532 10 Pardubice, Czech
Republic.
2 Institute of Macromolecular Chemistry IMC - Department of Optoelectronic Phenomena and Materials,
Heyrovského nam. 2, 162 06 Prague 6, Czech Republic

Summary
A novel polyfluorene derivative, Poly(9,9-bis(2-(N-ethan(pyrolin-1-yl))ethan)fluorene dibromide — alt —
paraphenyl) shortly abbreviated P1 was synthesized using the famous Suzuki-Miyaura coupling reaction
and it was quaternized through a bromoalkylation on pyrrolidin groups giving a conjugated ammonium
polyelectrolyte (P2). The structure of the obtained polyfluorene derivatives (P1 and P2) was confirmed
by 1H NMR and FTIR and their phtophysical and electrochemical properties were fully investigated.
The results shows that the new polyfluorene electrolyte could be a strong candidate in used as coating
material that derives from its chemical stability and its high conductivity.

Key words
Polyfluorene derivative, optical properties, electrical properties, coating, corrosion protection.

1 INTRODUCTION

The application of a thin protective layer to the surface of material sensitive to chemical or
physical degradation is an effective way to prevent or reduce damage caused especially by corro-
sion. Protective coatings can be used for many purposes besides corrosion prevention, like wear
resistance or waterproof. Moreover, they could also provide completely new electrical properties
to the materials useful in example in the field of antistatic protection [1]. The past several years
witnessed great progress in the use of polymeric materials as protective coating [2]. Among
these polymers, conjugated polymers (CPs) such as polyaniline (PANI), polypyrrole (PPY) and
polythiophene (PT) showed significant results in terms of coating and found a large diffusion
in a wide variety of surface engineering applications [3,4,5]. In fact, they are replacing heavy
metals like chrome and cadmium coatings which have harmful effects on the environment and
with polymers we start talking about ‘green coating application ‘ [6,7,8]. Besides these CPs, po-
lyfluorenes (PFs) have been deeply studied and applied as conducting materials [9,10]. Owing to
their peculiar electrical and dielectrical properties, they are powerful candidate for anti-corrosion
materials possibly even more than PPy and PANI. Moreover, they demonstrated good chemical
stability and mechanical resistance, which are the main weakness of organic materials in electri-
cal devices. In conclusion, the feasibility of their use as pigments for organic coatings could be
an interesting topic to investigate.

2 EXPERIMENTAL
2.1 Materials

All manipulations involving air-sensitive were performed under an atmosphere of dry nit-
rogen. Dimethylformamide (DMF) and Tetrahydrofuran (THF) were dried by distillation over
KOH. All other reagents and solvents were commercial of analytical-grade quality and were used
without further purification.
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2.2 Synthesis

The polymers were prepared according to the reaction sequence of Figure 1. In particular,
the dibromide monomer (M) was synthesized from the reaction of 2,7-dibromofluorene (R1)
with 2 equivalents of 1-(2-Chloroethyl) pyrrolidine hydrochloride (R2) in a two-phase mixtu-
re of DMSO/H, 0 in the presence of excess NaOH, and Tetrabutylammonium bromide (TBA)
as phase-transfer catalyst. The crude of reaction was purified by column chromatography with
hexane and M was obtained with an yield of 74 %. Suzuki-Miyaura coupling of M with the
benzene-1,4-diboronic acid (R3) was performed to obtain the neutral conjugated polymer P1
in DMF/Et3N 4:1 catalyzed by dichloro[1,1-bis(diphenylphosphano)ferrocene]palladium(II)
((Z)-[PdCI12(dppf)]) in presence of tris(o-tolyl)phosphine (P(o-tol)3). The polymer was finally
converted in polyelectrolyte (P2) by reaction with 5 ml of bromoethane per 100 ug of P1 in
25 ml THF solution at room temperature for 5-6 days under stirring (yield 83%).

Fig. 1: Scheme of the synthesis of the conjugated polyelectrolyte derivative of the dibromofluorene

2.3 Characterization

1H-NMR spectroscopy on the synthesis products has been performed with a AVANCE-III
600 US+ (Bruker, Billerica, Massachusetts). Fourier transform infrared (FTIR) spectra were
measured using a Spectrum 100T FT-IT spectrometer (PerkinElmer, Waltham, Massachusetts).
Ultraviolet - visible (UV-Vis) spectra were recorded with Lambda 950 Uv/Vis spectrometer (Per-
kinElmer, Waltham, Massachusetts). Cyclic voltammetry (Amel 7050 potentiostat/ galvanostat).

3 RESULTS AND DISCUSSION

3.1 FTIR analysis

The structure of the neutral polymer P1 was confirmed by 1H NMR and FTIR spectroscopy.
Specifically (Fig. 1), the FTIR showed characteristic absorption bands between 2900-3000 cm!
(aliphatic CH stretching); 1600, 1464 cm™!' (aromatics), 1200 cm™! (ester) ant at around 1600 cm™!
(N-CH, stretching in pyrrolidine units ) same results are obtained for John et al in [11].
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Fig. 2: FTIR spectra of polymer P1 with monomer M and different reagents

3.2 Photophysical Properties

The photophysical properties of the self-synthesized polymer P2 were compared to those
of a commercial polyfluorene derivative poly(9,9-bis(3’-(N,N-dimethyl)-N-ethylammoinium-pro-
pyl-2,7-fluorene)-alt-2,7-(9,9-dioctylfluorene))dibromide shortly abbreviated PFN-Br (Fig. 3).

Fig. 3: PFN-Br

The neutral polymer P1 was dissolved in benzene and DMF in two different concentra-
tions C1 and C2 (C1=0.5-C2=2mg/1 mL) and coated on ITO films. The UV-vis absorption
spectra of polymer P1 in thin films displayed in Fig. 4-a are similar to those in its DMF solution
(dashed line). The lowest energy absorption maxima corresponding to the absorption of the
m-r* conjugated backbone in P1 were located at 358 nm, and were clearly observed in solution
compared with those in films, same results were observed in previous work about Polyfluorene
Derivatives with Triphenylamine [12]. The thin film UV-vis absorption spectra of the synthe-

sized salt P2 were displayed in Fig. 4b and compared to those in solution and those of the com-
mercial salt PFN-Br.
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Fig. 4: UV-vis absorption of (a) neutral polymer P1 and (b) quaternized salt P2 compared to the
commercial salt PFN-Br

The onset of the absorption in P2 and PFN-Br thin films were at around 400 nm while the
absorption spectra of P2 in the solution were redshifted with a maximum at around 460 nm,
indicating a strong aggregation state.

The optical energy band gap of the polymers was evaluated from the thin film absorption
edge, and it was estimated around 3.4 ev using Tauc model.

Fig. 5: Emission spectra of P2 and PFN-Br thin films under excitation of 400 nm

The photoluminescence (PL) spectra of studied polymers are shown in Fig. 5. An orange PI
emission was detected from both P2 and PFN-Br as already observed in literature [13].

3.3 Electrochemical Properties

Cyclic voltammetry was used to study the redox properties of the polymer P2. The highest
occupied molecular orbital (HOMO) level and the lowest unoccupied molecular orbital (LUMO)
level were estimated from the value of the oxidation potential Eox on the basic of the reference
energy level of ferrocene (4.8 eV bellow the vacuum level) with the following equation [14]:

E E -E +4.8eV

HOMO  ~ Fox 1/2Fer (H

The HOMO level of the polymer P2 was calculated from the oxidation part of the CV curve
of shown in fig. 5 and it was estimated to be 5.4 eV and it was similar to this found in Mikroyanni-
dis work [10]. Clear reduction onset sometimes could not be observed in this kind of polymer, so
the LUMO levels could be estimated from the optical energy gaps (3.4 eV for P2) thus ELUMO
found to be around 2 eV.

CONCLUSION

In summary, structural, photophysical and electrochemical characteristics of self-synthesi-
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zed polyconjugate fluorene derivatives (P2) were measured and compared to a commercial poly-
fluorene derivative (PFN-Br). To test feasibility of applications like conductive organic layer this
polymer for devices Fourier-transform infrared spectroscopy (FTIR), UV-visible spectroscopy,
photoluminescence (PL) and cyclic voltammetry (CV). Large emission wavelengths originated
from PFDs were located in the range of 560-570 nm, suggesting an orange PL emission for P2
with maxima at 560 nm. The HUMO level of P2 (5.4 eV) suggest the possibility of the use of this
kind of polymer for protection coating. More applicative experiments could provide significant
results in this field.
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DISPERSION METHODS FOR THE PREPARATION OF MICRONIZED
ZINC PHOSPHATE DIHYDRATE

DISPERGACNI METODY PRO PRIPRAVU MIKRONIZOVANEHO
DIHYDRATU FOSFORECNANU ZINECNATEHO
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Summary
The data of British Department of Trade and Industry and the Japanese Ministry of Economy, Trade and
Industry shows that the cost of corrosion repairs reaches 3—4 % of their Gross National Income. A recent
study, NACE (IMPACT 2016), suggests that the worldwide costs of corrosion repairs reach 2.5 milliard
USD, which is approximately 3.4 % of the worldwide Gross Domestic Product. However, beside these ma-
jor expenses, corrosion also causes social and cultural losses for the society. The prevention
of corrosion also leads to the consumption reduction of energy and materials.

At the beginning of 20th century, the tri-cationic phosphating method was developed. This newly
established corrosion prevention method is a type of conversion coatings and today, it is commonly used
in many industries. The process of tri-cationic phosphating can be divided into two main steps — the
activation step and the phosphating step. The activation step plays an important role in this process as
it can determine the qualitative and quantitative nature of the resulting phosphate layer. However, this
process is burdened by the use of heavy metals, such as nickel and cobalt. This study concerns the first
innovation phase of this process and compares different grinding methods. Their optimalization of these
methods leads to the development of an effective grinding process that would be used in the preparation
of novel, heavy metals free activation concentrates.

Fig.: Graphic abstract

Keywords
dispersion, zinc phosphate, micronization, environmentally friendly, corrosion, phosphating baths,
planetary mill, vibrating disc mill, jet mill, heavy metals
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WOOD MODIFICATION THROUGH IN-SITU NANOPARTICLE
FORMATION TO IMPROVE THE HYDROPHOBICITY
AND UV RESISTANCE CAPACITY
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Abstract
The goal of the study is to prepare in situ metal oxide nanoparticles in wood to improve the hydrophobic
properties as well as the UV resistance capacity. Wood materials had a significant problem with shrin-
king/swelling. It is related to the moisture content and the density of the wood. Modification of wood by
nanoparticles will help to solve the problems. Few studies show that the hydroxyl groups on the surface
of high molecular polymers such as cellulose in wood can provide nucleation and film-forming matrix for
inorganic nanoparticles, which provide the theoretical basis for forming wood surface films [1]. In the
study, ZnO is used to modify the wood as it has excellent hydrophobicity, bacteriostasis, photocatalysis,
and temperature resistance, as per previous research [2, 3].
In this work, the protective effects induced by the consecutive applications of nanostructured ZnO on the
surface of Spruce wood have been investigated. A relatively homogeneous layer of nanosized crystalline
ZnO can be produced on the wood surface, shown in the SEM image. Further investigation of UV projec-
tion is going on.

Key words
Modification, nanoparticles, Zinc oxide, and wood.

PRELIMINARY RESULTS

Fig.1: Shows the formation of nanoparticles into the wood.
Fig.2. Shows the colour change of treated and untreated wood.
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specializujici se na servis méficiho zafizeni. Na konci 90. let spole¢nost oteviela také
obchodnf oddélenia zahdjila spolupraci s pfednimi vyrobcilaboratorniho vybaveni. Na
polsky trh jsme uvedli pfistroje na méfeni velikosti ¢astic Sympatec, dale také vyrobky
Retsch a Precisa.

V soucasné dobeé jsme vyhradnim distributorem spolec¢nosti Sympatec GmbH v Polsky,
Ceské republice a na Slovensku.

Nasimi partnery jsou také: A & P Instruments, CAT, Fritsch, Grautools, Harry Gestigkeit,
Haver & Boecker, Hosokawa Alpine, Kern & Shon, Kinematica, Laboplay, LAC, Maassen,
Nabertherm, Oegussa, Sampling System, Wamed.

Jiz mnoho let vyrdbime laboratornf sita a mlyny pod vlastni znackou , ATEST".
Velikost ¢astic a jejich distribuci méfime také komercné.

V soucasné dobé se nase spolec¢nost specializuje také na prodej a servis nastrojd pro
analyzu velikosti a tvaru ¢astic, tedy sita a prosévaci stroje.

Dodavame zafizeni pro pfipravu vzork, napfiklad:
< Mlyny, drtice
- Délice vzorkd
« Laboratornf lisy a lisovaci sady
- Pristroj pro charakterizaci prasku

Nabizime také:
- Tepelnd zafizenf: topné desky, susicky, laboratorni pece
« Termogravimetrickd zafizeni: TGA, susici vahy, pece s vaZicim systémem
« Vahy, véhové testy
« pH metry, konduktometry, teploméry, kyslikoméry
« Laboratorni vybaveni jako: vodni destilacni pfistroje, magnetickd michadla,
ultrazvukové vodni 1dzné, tfepacky
Pt kelimky



Applied Chemicals International Group

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
Aluminiumtrinydrate based products

Organic soil improvement additives

chem| J\|tech



BIESTERFELD SILCOM s.r.o.

Spolec€nost byla zaloZzena v roce 1992 jako Silcom s.r.o. V roce 2002 se pfipojila k
mezinarodni spole¢nosti Biesterfeld Spezial Chemie GmbH (sou¢ast koncernu Biesterfeld
AG) a byla pfejmenovana na Biesterfeld Silcom s.r.o. Pfipojenim k nadnarodni skupiné se
vyrazné rozsifilo portfolio dodavatel(l a tim i sortiment produktd dodavanych na cesky a
slovensky trh prostfednictvim spole¢nosti Biesterfeld Silcom. Na Slovensku pUsobi dcefina
firma, Biesterfeld Silcom Slovakia s.r.o.

Spolec¢nost se od svého zalozeni zabyva dovozem chemickych surovin a specialnich
chemikalii. Kromé& vlastnich dodavek chemikalii zajiStujeme také technické poradenstvi.
Disponujeme sklady v Cechach i na Slovensku a diky tomu jsme schopni zajistit optimalni
logisticky servis.

Na Ceském a slovenském trhu zastupujeme vice nez 60 vyznamnych svétovych
vyrobcl a dodavame suroviny do fady pramyslovych odvétvi (vyroba polymerd, stavebnich a
natérovych hmot, chemikalie pro textiini, koZedélnya papirensky priimysl, vyroba
kosmetickych, disticich, dentalnich a farmaceutickych pfipravkl, pro gumarenstvi, vyrobu
polyuretanovych pén a pro fadu dalSich aplikaci). Dodavame taktéz hotové chemické
pfipravky - produkty uréené pro pfimé uziti v Siroké Skale odvétvi (elektronika a
elektrotechnika, energetika, strojirenstvi, nastrojarstvi a prototypova vyroba, automobilni
pramysl a vyroba ostatnich dopravnich prostfedkld vé. letadel, vyroba kompozitd,
stavebnictvi).

Kompletni informace o portfoliu nasi spole€nosti naleznete na webovych strankach

www.bisi.cz



9 Celanese

The chemistry inside innovation

The new powerful combination
of emulsions and powders

As a global chemical leader in the production of differentiated chemistry
solutions and specialty materials, we are now able to offer an extensive portfolio
for liquid, pasty, mastic, 2k and dry mortar building products and paints and
coatings.

With our well-recognized, ELOTEX® redispersible polymer powders as well

as specialty additives and our Mowilith® emulsion polymers, you can achieve
superior adhesion, cohesion, flexibility, durability, hydrophobicity and environ-
mentally friendly building & construction products.

As a fully integrated business with more than 50 years of experience and our
well-known service, we are committed to you as a customer. We are here for you.

For more information please visit celanese.com

:I . s
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C.H.Erbsloh

1876

Specialty Chemicals and Industrial Minerals

Product Overview

Coatings & Adhesives

Raw Materials and Additives, Fillers and
Pigments for the production of Paints &
Coating, Printing Inks, Adhesives and
Construction Materials

Tamara Pavlovova - Area Sales Manager
TPavlovova@cherbsloeh.com; Mobil 00421 907 763 695

C.H. Erbsloeh GmbH
Am Ausfergenufer 4 « 5400 Hallein
E-Mail: Info.at@cherbsloeh.at ¢ Internet: www.cherbsloeh.de

Chemical Distribution
Since 1876



Wet & Dry Grinding Classifying

Mixing & Dispersing Dedusting & Separating
Coating Engineering
Deaerating Toll Grinding

“ E-I-zs t" Homogenizing AFTERSALES Support

Proven Excellence.



We, Grolman Group, are announcing ambitious
actions to combat climate change by committing
to achieving net zero emissions by 2050, joining
other organisations in leading the way on

urgently tackling climate change.
WANT TO KNOW MORE?

TALK TO OUR COLLEAGUE:
DAVID ZOUHAR

d.zouharegrolman-group.com




LABIMEX CZ

www.labimexcz.cz www.q-lab.com

TESTOVACIi KOMORY PRO
SLUNECNI SIMULACE A TESTY
ODOLNOSTI UV ZARENI

Q-SUN pro sluneéni simulace xenonovym svétiem
> s pevnou zkusebni plochou nebo otoénym karuselem

»> sveételné spektrum pro INDOOR a OUTDOOR zkousky

> regulace intenzity osvitu, teploty a relativni vihkosti

> moznost postiiku vzorkia vodou nebo ponoru

Q-SUN XE3 Q-SUN XE 1 Q-SUN XE2

QUV testery ultrafialovym zarenim

> vybér spektra UV zareni - lampy UVA, UVB, UVC, CW
> moznost postiiku vzorki vodou

> regulace intenzity osvitu, teploty

> kondenzacni testy se 100% relativni vihkosti vzduchu

Zajistujeme prodej, servis, dodavky, instalace, zaskoleni,

poradenstvi, kalibrace dle 1SO 17025.

Quv
LABIMEX CZ s.r.o. Dr. Ing. Milan Prazak Ing. Jozef Maco
Pocernicka 96 razak@labimex.cz ingjozefmaco@gmail.com
108 00 Praha 10 +420 602 366 407 +421 327 798 346
Ceska republika +421 910 970 699
info@labimex.cz Ing. Jan Kolaény Rakoluby 697
www.labimexcz.cz kolacny@labimex.cz 916 31 Kocovce

tel : +420 241 740 120 +420 727 835 669 Slovensko




Vas dodavatel surovin pro natérové hmoty.

POJIVA

= Epoxidové pryskyfice

= Tvrdidla pro epoxidové pryskyfice

= Vodou feditelné alkydové emulze

= Melamin-formaldehydové pryskyfice
=  Fenolické pryskyfice

= Matovaci pojiva pro PUR

PIGMENTY

= Organické pigmenty

= Antikorozni pigmenty

= Granulované a mikronizované NC chipsy
= Hlinikové pigmenty a pasty

=  Perletové pigmenty

ADITIVA

= Dispergacni aditiva a smacedla
= Tixotropni aditiva

= Odpénovace

= Koalescenty

= Organické inhibitory koroze

=  Promotéry adheze

= Vodiva uhlikova vldkna

Nordmann, Rassmann Czech Republic s.r.o.
Tel: 724 076 165, e-mail: info-cz@nordmann.global




KONTAKT

e PETER CAGAN « RENATA SZABOOVA
@ +43 (0)664-4340265 @ +421 919 372707
><] Peter.Cagan@poro.eu < renata.szaboova@poro.eu

Pointner & Rothschadl Ges.m.b.H., Wissenpark, Urstein
Sud 17, 5412 Puch/Salzburg, Austria

WWW.PpOoro.eu



VAS DODAVATEL
LABORATORNICH
PRISTROJU

FYZIKALNI MERENI

* Viskozimetry a reometry

* Praskova reologie

« Ultrazvukové sonifikatory

« Mérny povrch a velikost ¢astic
 Termicka analyza

» Termostaty

- Stabilita disperzi

« UV-VIS spektrometry

o o o @ www.pragolab.cz
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Vice nez 25 let tspésny dodavatel
chemickych produktd, téonovacich systéma a
strojd pro pramysl natérovych hmot

eznam zastoupeni pro Ceskou republiku a Slovensko:

AFCONA ADDITIVES - aditiva pro natérové hmoty

DENKIN - karboxymethylceluléza

PO.INT.ER - aminova tvrdidla pro epoxidové systémy
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INTERCHIP — pigmentové preparace na bazi pevnych
polymera — chipsy

RIANLON - UV stabilizatory

Fast & Fluid - stroje pro tonovani natérovych hmot

Oliver & Batlle — zafizeni pro vyrobu natérovych hmot

CABO - prtiimyslové a laboratorni mixéry

Arichemie — pigmentové preparace

BICCS — ténovaci systém pramyslovy

PROTEC (Dorken Coatings GmbH & Co. KG)
Profesionalni ténovaci systémy

NCS Colour — barevny management

Trust Chem — organické pigmenty

Rohrig — pfirodni Stipana Zula

Pardam — nanovlakna

MILTONIA - firemni vzorkovnice
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ARON Universal — fluorescencni pigmenty

AVISON - Cisté chemikalie a syntetické latky

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




DYNO'- MILL ECM-AP

Technologie pro vysoce efektivni mleti

ECM-AP série

Firma WAB predstavuje fadu inova-
tivnich perlovych mlynd. Perlové
mlyny DYNO-MILL ECM-AP se vy-
znaluji vysokou efektivitou mokré-
ho mleti a flexibilitou pfi volbé mle-
ciho procesu.

Perlové mlyny ECM-AP jsou vhodné
jak pro prichodové, tak pro cirku-
lacni procesy. Separacni systém a
koncepce mleci komory umoznuji
vysoké prutoky produktu mlynem,
a to i pfi zpracovani produktl s vy-
sokou viskozitou. Mlyny ECM-AP
jsou  charakteristické  vysokou
efektivitou mleti a dispergace
v oblastech mikro i nano dastic.
Casti mlynd, které prichazeji do
kontaktu s produktem jsou zhoto-
veny z vysoce otéruvzdornych ma-
teridld. Mlyny umoiZnuji praci s
mlecimi kulickami jiz od velikosti
0,1 mm.

Laboratorni mlyny

Laboratorni perlové mlyny DYNO-MILL RESEARCH LAB UNI LAB
RESEARCH LAB a UNI LAB jsou
navrieny pro laboratorni vyzkum a
vyvoj receptur, mleci testy a polo-
provozni vyrobu. Mlyny jsou vhodné
pro dispergaci a mleti nizko i vysoce
viskdznich produktl v mikro i nano
oblastech. Mleci komory s objemy od
70 — 500 ml v rGzném materialovém
provedeni, velikosti mlecich kuli¢ek
0,02—-2,5mm.

Obchodni zastoupeni a servis :

Willy A. Bachofen AG Maschinenfabrik Tomasova Lea s.r.o.
Junkermattstrasse 11, PO Box 944 Na Okrouhliku 1781
CH-4132 Muttenz 1, Switzerland CZ-53003 Pardubice
Tel. +41 (0)61 6867 100 Tel. +420 466 650 876

wab@wab-group.com www.wab-group.com office@tomasovalea.czc www.tomasovalea.cz







Spoleénost SCHAFER-SUDEX s.r.o., specialista na vyrobu kontejnerd
a specialnich nadrzi z nerezové oceli.

Spole¢nost SCHAFER-SUDEX s.r.o. se specializuje na vyrobu nerezovych sudii
a IBC kontejneru.

Je vyhradnim zastupcem pro Ceskou a
Slovenskou republiku firmy Promitec
GmbH, vyrobcem specialnich michacich
zarizeni.

Vyroba KEG sudu

SCHAFER-SUDEX s.r.0. vyrabi vyhradné

opakované pouzitelné sudy z nerezove

oceli. KEG sudy jsou vyrabény v nékolika modifikacich, at uz kompletné
celonerezové nebo s plastovymi krouzky, nerezové s celoplastovym obalem nebo
specialni sudy s integrovanym vyCepnim zafizenim.

Vyroba IBC kontejnerti

SCHAFER-SUDEX s.r.0. je také vyrobce nerezovych kontejnerti a nadob s kapacitou
od 10 do 3 000 litrG. Pokryvame témérf vSechna
odvétvi, splfiujici nejvyssi naroky na certifikaci,
vyrobu, pfepravu a skladovani: od kontejnert na
sypké materialy, kapaliny a pasty, pfes aseptické
kontejnery, az po specialni
kontejnery na miru pro
citlivé a nebezpecné latky.

Kontejnery je mozné pouzit

pro rlizna priimyslova
odvétvi, jako jsou Chemie a farmacie, kosmetika,
potravinarsky pramysl, likvidace odpadd, recyklace, barvy,
laky, lepidla a mnoho dalSich.

Michadla Promitec

Michadla Promitec jsou uréena pro rizné vyrobni procesy,

kde je kladen dUraz na nutnost michani, homogenizaci,

dispergaci, pfestup tepla a mnoho dalSich michacich problém(. S michadly Promitec
ziskate vyhody spojené s individualnim pfistupem k dané problematice a navrhu
michadla dle pfani zakaznika.

SCHAFER Sudex s.r.o Ing. Jifi Soucek

Podoli 5 Sales Manager IBC & Special
CZ-58401 Ledeé nad Sazavou Containers
www.schaefer-werke.cz Mobil: +420 702 206 381

E-mail: jsoucek@schaefer-werke.cz
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CASOPIS PRO CHEMICKO-TECHNOLOGICKOU
A LABORATORNI PRAXI

AKTUALNI z PRUMYSLU A L PRAXE - WWW.CHEMAGAZIN.CZ
iy
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ROCHIK X000 (2021)
TEMA VYDANI: PEVNE A SYPKE LATKY
PFiprava a charakterizace Vliv teploty na sorpéni
hnédych NIR pigmentu kinetiku vihkosti

R ~ v mikrokrystalické celuléze
Vybér spravného mleciho

systému pro pigmenty Alternativni FeSeni pruznych
nebo jejich zpracovani spoju potrubi a kompenzatort
Inovativni pouziti Vyvoj ¢eského chemického
ultrazvuku pii vyrobé pruamyslu v obdobi pandemické
barev a natérl krize Covid-19

NEJVYSSi STANDARD PRO VASI LABORATOR

ZASILANY ZDARMA V CR A SR
ViICE NEZ 4000 CTENARU
ON-LINE VERZE NA INTERNETU

WWW.CHEMAGAZIN.CZ
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