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NOVINKY VE SVETE TiO,
TiO, WORLD NEWS

PRIKRYL J., JEHLAROVA E.
Precheza a.s.

Summary
Titanium dioxide is the most widely used pigment in the world, its consumption is growing evenly. TiO, is
a substance of unique properties usable in a number of applications that in many ways can not be replaced
by other real substituents. The paper presents a list of the main application directions in pigment and
non-pigment use of TiO,, focuses on state and market changes and current segment threats.

Key word
Titanium dioxide, pigment, non-pigment, photocatalysis

1. Uvod

Oxid titani¢ity je praimyslové vyrabén vice nez 100 let. Jeho zakladnimi uzitnymi vlastnostmi jsou bar-
vivost a bélost; tyto jsou primyslové nejvice vyuzivany k pigmentaci hmot v riznych aplikacnich odvétvich,
kde TiO, je oznacovén jako titanova béloba. Druhou v soucasnosti rozvijejici se moznosti, je uziti TiO, pro
nepigmentové aplikace, tzn. zejména UV absorbce, katalyza a fotokatalyza.

2. Celosvétova spotieba TiO, a uplatnéni v jednotlivych oblastech

Oxid titanicity je nejvice pouzivanym pigmentem na svété, jeho spotieba roste rovnomérné s vyvojem
HDP, v letosnim roce dosdhne bezmala 6,5 miliont tun a je pfedpoklad, ze do roku 2025 by mohla dosdhnout
az 9 miliéntl tun. Ve spotfebé je aktualné dominujici Cina, spotiebuje tietinu celosvétové produkce TiO,. Na
druhém misté je Evropa nasledovana Severni Amerikou.

Reakei na spotiebu jsou rostouci vyrobni kapacity a to pfedev§im v Asii. V Evropé€ lze az na drobné
vyjimky sledovat spiSe utlum rozvoje produkce.

U fady vyrobcti TiO, doslo v poslednich letech ke zna¢nym zméndm. Byly realizovany Cetné fuze, od-
prodeje ¢i vydéleni vyrob z hlavnich obori ¢innosti nékterych velkych spoleénosti. Pfed nékolika lety byly
v Cele produkce az desitky vyrobci a to zvuénych nazvi, nyni je vysledkem pét nejsilngjsich: CHEMOURS,
VENATOR, TRONOX, KRONOS a ¢insky HENAN BILIONS. Pro primysl barev to neni optimalni situace
a to jak z duvodu stale mensi konkurence na trhu, tak i rostoucich cen.

Co se tyka zastupce domaci produkce, PRECHEZA a.s, jako moderni evropsky vyrobce s vice nez 120
letou historii nabizi pod obchodni znackami PRETIOX pies dvé desitky titanovych bélob pro natérové hmoty,
plasty, stavebnictvi, pryz, papirensky primysl, specialni aplikace (potravinaisky a farmaceuticky primysl).
Vyvoj a produkce jednotlivych druhi jsou strategicky planovany dle marketingovych analyz a vyvoje celo-
svétové poptavky. Aktualng probiha intenzifikace vyrobni kapacity na 62 kt TiO,/rok.

3. Vyroba, trendy a soucasny stav evropské legislativy

Vyroba probiha celosvétové dvéma postupy- sulfitovym (s vyté€znosti TiO, 40-65%) a chloridovym
(93-96% Ti0O,), objevuji se i nové technologie jako je ARGEX a nové i TiO, ukrajinské spolecnosti VELTA,
ale prozatim bez praktické instalace.

Ve smyslu feSeni ekologické otdzky vyroby TiO, jsou kalkulovany uhlikové stopy jednotlivych vyroben.
Zavody s neekologickou produkci snizuji vyrobu nebo jsou zastaveny. Takto jiz bylo zastaveno na 70 piede-
v§im malych vyrob v Cing.

Posledni hrozbou je nejen pro priimysl vyroby TiO,, ale pfedevsim pro veskeré navazané aplikacni vy-
roby navrh na zménu klasifikace TiO, jako potencidlniho karcinogenu (kategorie 2).

4. Tradi¢ni pouZiti titanové béloby

Titanova nachazi vyuziti ve vSech tradi¢nich oblastech, kde jsou vitany jeji pigmentové vlastnosti.
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Graf 1: Vyrobni kapacity hlavni produkce Precheza a.s.
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V téméf 56 % se pouziva do natérovych hmot, druhou nejpodstatnéjsi oblasti je aplikace do plasti (v 26 %),
nasleduje probarvovani papiru (8 %) a dalsi.
Graf 2: Celosvétova spotifeba TiO, v % v jednotlivych sektorech (zdroj Articol, r. 2017)
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Z portfolia Prechezy a.s. jsou pro vyrobu natérovych hmot pouzivany jemné mleté a mikronizované
typy titanové béloby PRETIOX a to anatasového i rutilového druhu s riznou kombinaci a vysi anorganickych
a organickych povrchovych uprav a modifikacemi krystalové miizky. Prehledy typu a jejich pouziti je mozné
najit na www.precheza.cz

5. TiO, pro specialni aplikace

5.1. Katalyza

TiO, je pouzivan v katalyze vzhledem k jeho inertnosti, chemické stabilit¢ a schopnosti zvySovat u¢inek
katalyzétoril v ur¢itych aplikacich. Pigmentové vlastnosti nejsou poZadovény, naopak je vhodné, aby TiO, mél
stanoveny mérny povrch, porozitu a chemickou Cistotu. Pfi vyrobé katalyzatori je uplatiiovana fada keramic-
kych materialii jako nosict vlastni katalyticky aktivni slozky. Jedna se vesmés o oxid hlinity, oxid kfemicity,
pfipadné o jejich slouceniny.

5.2. Fotokatalyza a jeji uplatnéni ve stavebnictvi

Fotokatalyticka aktivita je u oxidu titani¢itého historicky sledovanou vlastnosti a to zejména z divo-
du ,kiidovani“. U ¢astic je proto provadéna anorganicka povrchova Uprava, ktera projevy fotokatalytické
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aktivity znaéné omezi. Pokud je ale proces fotokatalyzy fizen a zasazen do odolnych matric, miize byt naopak
ptinosnym nikoliv k jejich odbouravani, ale k odbouravani nezadoucich organickych latek.

Soucasné trendy ve vSech oblastech jsou orientovany na snizovani nakladi na udrzbu, ale i na ekolo-
gickou prospésnost staveb, potazmo vlastnich stavebnich hmot. Jednim z ptipadi feseni mohou byt Gpravy
povrchi stavebnich hmot fotokatalyticky aktivnim oxidem titani¢itym, jenz je pfidavan jako pfima ptimés
do hmoty (matrice). Fotokatalytické vlastnosti pfispivaji jak k dlouhodob¢ zlepSenému vzhledu povrchovych
vrstev, tak k eliminaci Skodlivych polutanti z ovzdusi.

6. Novinky z R&D Precheza a.s.

6.1. Vysoce povrchové upravené druhy

Nejdilezitéjsim z nove vyvinutych vysoce upravenych rutilovych druht je specialni typ pro laminatovy
papir RGLP2 s optimalizovanou anorganickou povrchovou tipravou, zlepsenou svétlostalosti v porovnani
s predchozi RGLP a vysokym stupném zadrznosti v papiroving.

6.2. Nova povrchova uprava u RGU

Na zaklad¢ potieby vytazeni vyrobku RG18 bylo nutno optimalizovat vlastnosti RGU tak , aby splioval
jeho kvalitativni parametry. Novy RGU je charakterizovan kombinaci vyborné zapracovatelnosti a optic-
kych vlastnosti a optimalizovan v dispergovatelnosti (v€etné moznosti pouziti dissolveri bez mleciho media)
a v snizeni spotieby pojiva (jak v rozpoustédlovych, tak i ve vodnych systémech).

6.3 Nova povrchovd uprava u plastikarského druhu RGX

Inovovany material PRETIOX RGX byl vyvinut pro pigmentaci vicevrstvych folii a PE ur¢eného pro
laminaci na papir. Vyznacuje se zejména snadnéjsi zapracovatelnosti do plastii, dobrou dispergovatelnosti
a lepsimi tokovymi vlastnostmi. To umoziiuje zpracovateli snadnéji pfepravovat pigment ve vyrobé a zaroven
vzhledem k lepsi zapracovatelnosti zvysit produkci své vyroby (pfipravovat masterbatch o vyssi koncentraci
pfi zachovani pozadované kvality).

7. Zavér

I ptes nékteré potencidlni hrozby je predpoklad, Ze primysl vyroby TiO, bude nadale v takové kondici,
jeZ mu umozni produkovat latku jedine¢nych vlastnosti. V mnoha ohledech nelze realné TiO, nahradit sub-
stituenty, predev§im s dodrzenim poZadavku na docileni ptivodnich vlastnosti produktu, jeZ TiO, obsahoval.

Dalsi informace o portfoliu a aplikacich je mozno ziskat na www.precheza.cz, respektive od pracovnikil
Technického servisu a.s. Precheza.
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IS THERE ANY SCIENTIFIC REASONING FOR TiO, CLASSIFICATION?
EXISTUJI VEDECKE DUVODY PRO KLASIFIKACI TiO,?

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

Summary
French authority sent a proposal to ECHA for TiO, classification as inhalation carcinogen cat.1B. This
proposal was refused with more than 500 statements during public consultation and only 7 statements were
in agreement with the proposal. After close evaluation, the presented studies can be divided to animal and
human. Only animal studies with excessive and prolonged exposition to TiO, dust provided some tumor
indication. All human studies led to conclusion that there is no cancer relation to TiO, exposition. Although
scientific evidence indicates clearly that TiO, is harmless, RAC committee recommends to classify it as the
inhalation carcinogen cat.2. We, as TiO, producer are ready to take place in any reasonable study which can
encourage rebuttal of this decision.

Key words
Carcinogenity, TiO,, Inhalation, Epidemiological, ECHA
Introduction

White TiO, pigment discovery was made about 100 years ago. In a short time, titanium white pigment
gained momentum and started to replace all known white pigments. The reason for that is its excellent opacity
and hiding power, about twofold higher than the next follower, ZnS.

Table 1: White pigments overview

Pigment Tinting strength Hiding power [ft*/1b] Refraction index
Chalk 1.55
Lead white 100 15 2.00
ZnO 200 20 2.03
Lithopon 400 44
ZnS 540 58 2.37
TiO, 1150 115 2.55

Worldwide titanium white pigment production is nowadays above 6 mil.tons per annum. During almost
100 years around 300—500 mil.tons were produced. It is used in many applications mainly paints, plastics and
paper. Above its excellent pigmentary properties TiO, absorbs UV light and this feature can protect paint or
plastics against UV induced deterioration if pigment particles are properly covered by inert protective layer.
This same phenomenon (UV light absorption) is used in sunscreen where particles of rutile TiO, are usually
smaller than 100 nm. This decrease of particle size is accompanied with decrease in visible light scattering
while UV absorption is enhanced as more particles can be placed into the same volume of cream. Main use of
various TiO, forms and structures are summarised in Table 2.

Table 2: Summary of main TiO, application areas

Form Structure Main applications
Pigment Rutile Paints, plastic, paper
Pigment Anatase Paints, plastic, paper

Nano Rutile Cosmetics

Nano Anatase Catalysts
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Although there is no sign of any negative issue during almost 100 years of TiO, extensive use, French
authority ANSES (ANSES — Agence nationale de sécurité sanitaire de I’alimentation, de 1’environnement
et du travail) sent to ECHA the proposal for harmonised classification and labelling. In this proposal
ANSES suggested to classify TiO, as an inhalation carcinogen cat.1B. Such classification would have de-
trimental effect not only on TiO, pigment production in Europe but more importantly on any downstream
users — paint, plastic, paper industry, cosmetics and numerous smaller applications. Due to waste legislation,
any material with more than 0.1% of TiO, (which is almost anything, due to TiO, omnipresence in natural
materials) would be classified as hazardous waste and could not be recycled. After this proposal, more than
500 comments from all kinds of stakeholders were sent to ECHA most of them questioning and challenging
this proposal. Only 7 comments were in favour to French proposal, almost exclusively from member state
authorities, similar to ANSES.

Animal studies

ANSES proposal covers all aspects of toxicology and all possible routes of administration. From all
covered fields, only inhalation route was indicated as producing carcinoma in laboratory animals. Authors
evaluated 8 laboratory studies which are summarised in Table 3. One can clearly see that positive results
(results in which lung tumors emerged) can be found only in studies with extreme dose connected with long
term exposition and only in rats. Other animals do not manifest such results. The extreme dust concentration
from first study can be observed only in volcanic eruptions and/or industrial disasters. Together with prolon-
ged exposition it is totally unrealistic scenario. The visibility in such conditions could be computed [1] and
for 250 mg/m? the visibility is below 20 m. None of the mentioned studies comply with OECD guidelines for
inhalation toxicity testing.

Table 3: Animal studies overview

Lee (1985) — extreme dust concentration (up to 250 mg/m?), inhalation, rats, 2 years, 6 hours a day, 5 days
in week — positive

Heinrich (1995) — high concentration (over 10 mg/m?), rats and mice, inhalation, 2 years, 18 hours a day,
5 days in week — positive rats, negative mice

Muhle (1995) — reasonable concentration (5 mg/m?), rats, inhalation, 2 years, 6 hours a day, 5 days
a weeku — negative

Thyssen (1978) — high concentration (15 mg/m?), inhalation, rats, 12 weeks, 6 hours a day, 5 days a week
— negative

Rehn (2003) — instillation, reasonable dose (1.2 mg/animal), 90 days — negative

Pott (2005) — instillation, high dose (120 mg/animal) + Tween80, 2.5 years — positive

Xu (2010) — instillation in combination with positive carcinogen DHPN, high dose (50 mg/animal),
16 weeks, — positive

Yokohira (2009) — instillation in combination with positive carcinogen DHPN, reasonable dose
0.5 mg/animal — negative

Human studies

Several human studies (Table 4), both epidemiological or case control studies was quite recently perfor-
med. All of them with similar outcome —no relation of TiO, exposure to any kind of carcinoma or standardised
mortality. Some studies cover quite long period of exposition with average 30 years. Due to measures which
are employed at TiO, production plants concentration during exposition was lower than that used in animal
studies. Workers in TiO, producing plants are group of people exposed to TiO, dust much regularly and in
higher concentration than general public so if there is no risk for them the risk for general public is far lower..
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Table 4: Human studies overview

Boffeta (2001) — 1923 persons, 857 confirmed lung tumours, 533 healthy subjects, 533 subjects with other
tumours — no correlation between tumours occurrence and TiO, exposition

Ramanakumar (2008) — 2748 persons, 1236 confirmed lung tumours, 1512 without tumours — no corre-
lation between tumours occurrence and TiO, exposition

Chen and Fayerweather (1988) — 1575 persons working in TiO, production sites, exposition 0-20 mg/m®,
- no correlation between tumours occurrence and TiO, exposition, no fibrosis

Fryzek (2004) — 4241 persons, exposition 1-6 mg/m?, standardised mortality and lung tumours monito-
red, SM same as expected in common population no correlation between tumours occurrence and
mortality with TiO, exposition

Boffeta (2004) — 15017 workers in 11 european companies producing TiO,, time span 27-47 years
(altogether 371067 person-years), exposition 0.1-5 mg/m?, average 1.98 mg/m?’, slightly increased lung
carcinoma mortality (1.23) — differs according to country from 0.76 in Finland to 1.51 in Germany),
no correlation between tumours occurrence and TiO exposition

Ellis (2012) — not mentioned in ANSES proposal [2], 5054 workers i TiO, production (USA), followed in
period 1935-2006, average observation time 29 years, 145151 person-years, mortality comparable to
USA average, no correlation between TiO, exposition and mortality from any cause

Discussion and conclusions

Results suggests that rats are overly sensitive to dust exposure and develop lung cancer due to lung over-
load readily (http://www.ecetoc.org/report2/species-differences-and-mechanisms-of-lung-tumour-formati-
on-in-rats/relevance-of-lung-overload-for-humans/). This was confirmed several times and it is known that
outcome from animal studies are often misleading (http://www.pcrm.org/research/healthcare-professionals/
research-compendium/an-examination-of-animal-experiments; Animal models of stroke: are they relevant to
human disease? doi: 10.1161/01.STR.21.1.1 Stroke. 1990;21:1-3), . Animal studies were even used to prevent
identification of cigarette smoke as carcinogenic [3]. (cit. “There have been many such experiments here and
abroad, and none have been able to produce carcinoma of the lung in animals.”). Only extensive human epi-
demiological data found clear relation of cigarette smoke exposure and lung cancer.

Although published data seems to be clearly against any TiO, categorisation RAC decided to recommend
that TiO, should be classed to inhalation carcinogen category 2. Such classification if implemented could be
problematic not only to TiO, producers but maybe in much greater extend to our customers. Some legislation
already enforced in EU will trigger immediate consequences for TiO, use and TiO, containing waste disposal.
During RAC meeting several issues were raised, not all RAC members were favourable to classification and
more importantly TiO, mode of action was suggested to be the same as in other PSLT (poorly soluble low
toxicity) particles, which opens door to classify any dust material.

We are ready to cooperate in any reasonable research which could address TiO, carcinogenity to close
data gaps perceived by some stakeholders and RAC committee members to either confirm or rebut this sug-
gestion to classify TiO,.
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COMPOSITE PHOTOCATALYST BASED ON TiO, - ACTIVE CARBON
KOMPOZITNI FOTOKATALYZATORY NA BAZI TiO, — AKTIVNI UHLI
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Summary
Composite photocatalysts based on TiO, — active carbon (AC) are promising materials for pollutant removal
due to the combination of high adsorption ability of AC and photocatalytic activity of TiO,. The objective of
this work was to determine the influence of the TiO /AC fraction on the photocatalytic efficiency of pollutant
removal in gaseous (using standard ISO methods) and liquid phase. It was observed that the composite pho-
tocatalyst TiO ,-AC exhibits a synergistic increase of pollutant removing ability which can be demonstrated
on removal of NO_from the gaseous phase. In the case of pure TiO,, under UV irradiation the concentration
of inlet NO decreases but the concentration of NO, (in fact more toxic than the initial NO) increases. This is
caused by the accumulation of HNO, on the surface of TiO, which reacts with NO to NO,. Composites
TiO,-AC exhibit much higher resistance to nitric acid accumulation compared to pure TiO, due to the
significantly higher surface area (460 m’/g) in relation to pure TiO, (45 m’/g).
Key words
TiO,, active carbon, photocatalysis

Introduction

Semiconductor photocatalysis represents a promising method which can be applied in various cleaning
application (removal of dyes, volatile organic carbon (VOC)) or in the form of self-cleaning surfaces which
are not susceptible to soiling (typical facade paints containing photoactive TiO,). This paper is focused on
the preparation and characterization of composite photocatalysts containing TiO, — active carbon (AC) which
combine high surface area of the active carbon and photocatalytic activity of TiO,. Photocatalytic activity
of prepared materials was tested via removal of an aqueous pollutant — the azodye Acid Orange 7 in a batch
photoreactor and also via removal of gaseous pollutants using ISO standard methods.

Experimental part

Composite photocatalysts of various ratios of commercial TiO, P25 (Evonik) and Active Carbon, (Penta
Chemicals) were prepared as follows. In the first method, a suspension with 2.5 g/dm*® of TiO, and the corre-
sponding amount of active carbon (AC) was prepared to obtain samples with different AC/TiO, ratios from
7-70% [1]. The second method of preparation is based on hydrothermal treatment of suspensions of TiO, and
AC using NaOH (1.5 mol/dm®) as a mineralizer. The hydrothermal treatment was performed at 150 °C and a
pressure of 50 bar for 12 hours [2].

Photocatalytic activity was determined according to standard ISO methods (ISO 22197-1 removal of
NOx and ISO 22197-2 removal of acetaldehyde). Photocatalytic activity was also determined using a stirred
batch photoreactor using Acid Orange 7 as a model compound. From the powder material, particle layers were
prepared (using a sedimentation method) with a constant amount of TiO, (0.5 mgTiO,/cm?).

Results and discussion

XRD, BET and particle size characterization

According to XRD, the phase composition of photocatalyst prepared by the mixing method, or by the
mixing method with subsequent hydrothermal treatment corresponds to a composition of original P25 photo-
catalyst consisting of ~75% of anatase and ~25% of rutile. Thus the hydrothermal treatment has no influence
on anatase/rutile composition. XRD patterns of photocatalysts containing 37% of AC prepared by mixing
method are shown in Fig. 1.
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Figure 1: Diffraction patterns of a photocatalyst containing 37% of AC, prepared by mixing of P25
and AC; lines (A) and (R) correspond to anatase and rutile, respectively
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Results of specific surface area are summarized in Table 1. Pure TiO, exhibits a surface area of about 45
m?/g. Pure active carbon exhibits a very high surface area: the value of specific surface area using a BET iso-
therm was measured to 1 730 m?/g. The external surface obtained from the t-plot was about 1000 m?/g. From
Table 1 it is clear that the increase in the content of AC in the material results in the direct increase of specific
surface area. For the materials containing a lower amount, 13-23% the measured specific area corresponds to
the theoretical value (calculated from the percentage of AC and the surface area of pure active carbon). In the
case of materials containing higher amounts of AC, the measured values of BET surface area are significantly
lower than the theoretical values.

The crystallite size of anatase in all samples containing TiO, P25 was calculated using the Scherrer
equation as =~ 20 nm and this value was the same even after the hydrothermal treatment. Particle size of P25 in
aqueous suspension measured by laser diffraction (MasterSizer 300) is = 1 pm which means that primary TiO,
particles (crystallites) form in water big agglomerates. In the case of active carbon the particle size in aqueous
suspension is =~ 60um. The particle size of composite material P25 — AC was in the range of 15-50 um, with
increasing ratio of AC particle size shifting to larger values

In the case of active carbon the particle size in aqueous suspension is ~ 60um. The particle size of com-
posite material P25 — AC was in the range of 15-50 um, with increasing ratio of AC particle size shifting to
larger values.

The SEM images of pure active carbon is illustrated in Fig. 2a. We can see particles about 20-50 pm,
which is close to values obtained from the MasterSizer. After mixing with TiO, we can see (Fig.2b) that acti-
ve carbon is in most cases covered with small particles of TiO, P25 (about 50-100 nm). These particles are
forming big agglomerates, thus the particle size obtained by the MasterSizer is much higher (about ~ 1 pm).
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Table 1: Values of specific surface area measured using BET isotherm for samples with various AC

Sample BET Sg [m?%g]
pure TiO, P25 45
pure active carbon 1732
mixing method TiO,-AC 13 % 226
mixing method TiO,-AC 23 % 340
mixing method TiO,-AC 37 % 460
mixing method TiO,-AC 50 % 608
mixing method TiO,-AC 70 % 697
mixing method with subsequent hydrothermal treatment TiO,-AC 23 % 400
mixing method with subsequent hydrothermal treatment TiO,-AC 37 % 643
mixing method with subsequent hydrothermal treatment TiO,-AC 50% 868
mixing method with subsequent hydrothermal treatment TiO,-AC 70% 1216

Figure 2a: SEM images of pure active carbon
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Photocatalytic activity in the gaseous phase

An example of determination of photocatalytic activity using NO,_ removal for particle layers containing
pure TiO, P25 and TiO,-37%AC is illustrated in Fig. 3a and 3b, respectively. After starting UV irradiation, the
inlet concentration of NO decreases while the concentration of NO, increases. This is due to the accumulation
of HNO, on the photocatalytic layer which reacts with the NO to NO,. This can potentially lead to a steady
state when the amount of NO removal is given by the rate of NO, production. In the case of pure TiO, (Fig.
3a), we can see that the amount of NO, formed during UV exposition is higher than in the case of composite
containing TiO,-37%AC (Fig. 3b). Thus the total amount of removed NO_ (equal to the difference between
the amount of removed NO and formed NO,) is higher for TiO,-AC. This indicates that the presence of active
carbon in the composite suppresses the accumulation of HNO, on the photocatalyst surface. The comparison
of the amount of removed NO and produced NO,, respectively, during one hour of UV exposition is shown
in Fig. 4.

Figure 3a: Dependence of NO_concentration during photocatalytic experiment — layer containing
pure TiO,-P25
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Figure 3b: Dependence of NO_concetration during photocatalytic experiment — layer containing
composite TiO,-37%AC
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Figure 4: Comparison of removed NO and formed NO, on samples with various amounts of AC
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In the case of removal of acetaldehyde, no significant differences between the efficiency of pure TiO,
photocatalyst and TiO,~AC composite photocatalyst was observed. All photocatalysts exhibit a high conversi-
on of acetaldehyde removal (about 70%). An example of acetaldehyde removal is shown in Fig. 5. The content
of TiO, in all the composite photocatalyst (CP) layers was the same (0.5 mg TiO,/cm?). The content of AC was
7,13 and 37 % of the total mass of photocatalyst. After reaching a stable initial concentration of acetaldehyde
(by the pass mode) the test gas was introduced to reactor chamber (without UV light) for checking the rate of
adsorption on tested layer. We can see in Fig.5 that the adsorption is not significant, and after few minutes the
concentration reaches the initial value. When UV irradiation is switched on there is a strong decrease of the
acetaldehyde concentration caused by the photocatalytic reaction. When the UV irradiation is switched off
the concentration of acetaldehyde reaches again the initial value of 5 ppm. In Fig. 6 the removed amount of
acetaldehyde is shown. We can see that for a photocatalyst material containing 7% of AC, the photocatalytic
activity is slightly higher but with further increase of AC the photocatalytic activity slightly decreases. This
means that the addition of active carbon has no positive influence on the removal efficiency.

Figure S: Time dependence of acetaldehyde concentration during photocatalytic experiment
(composite photocatalyst TiO,- 37%AC)
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Figure 6: Comparison of removed amount of acetaldehyde for photocatalysts containing various
amounts of AC
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Photocatalytic activity in the liquid phase

Photocatalytic activity was also determined using in aqueous phase the model azodye Acid Orange 7
(AO7). At first adsorption isotherms was determined using various initial concentrations from 1.10% to 1.10°
mol/dm?®. The amount of powder was always 5 mg. Adsorption isotherms for samples with various ratios of
active carbon are shown in Fig. 7. It can be concluded that pure TiO, exhibits very little adsorption. With
increasing AC amount the adsorption capacity increases. Thus in measurements of photocatalytic activity also
parallel measurements of adsorption must be included to distinguish between concentration decrease caused
by adsorption and photocatalytic activity.

Figure 7: Adsorption isotherms for composite photocatalysts containing P25 and various amounts
of AC
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An example of concentration decay during adsorption and photocatalytic experiment on particle layers
is shown in Fig 8. Photocatalytic activity of composite photocatalysts is compared with layers containing pure
TiO, P25 material. We can see that both layers containing TiO, — AC exhibit strong adsorption of the azodye
which is higher in the case of samples containing TiO,-50% AC. After subtraction of adsorption we can see
that the concentration decay due to the photocatalytic oxidation is very similar in the case of TiO,-37%AC
and the layer containing pure TiO, P25 (the apparent first order kinetic constant in case of TiO,-37%AC was
calculated to 1,81.10 min™', in case of pure TiO, layer it was little bit higher 2,5.107 min™").

On the other side in the case of composite TiO,-50% AC, after subtraction of adsorption, the photocata-
lytic oxidation rate is much smaller (k=5.10"* min™').
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This means that the higher amount of AC blocks the particles of the photocatalyst. We can conclude that
in contrast to the gaseous phase experiment, with AO7 /water, strong adsorption occurs which is more signi-
ficant than the photocatalytic activity.

Figure 8: Concentration decay of AO7 on the particle layers
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Conclusions

Photocatalytic activity of various TiO,-AC materials was investigated using removal of NO_and ace-
taldehyde in gaseous phase and removal of an azodye in liquid phase. The presence of active carbon has
a positive influence on the removal efficiency of NO,. Due to the high surface area the produced amount of
NO, is lower compared to pure TiO, and thus the removed amount of NO_ is higher. In the case of Acid Oran-
ge 7 degradation, layers containing active carbon exhibit high adsorption capacity, and thus the overall AO7
disappearance rate is higher than the degradation of AO7 on pure TiO,.
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Summary
Iron oxide (a-Fe,0,) is a promising photoanode material for either photoassisted water electrolysis or
photoelectrochemical (PEC) oxidation of water pollutants. This paper deals with the preparation of

a-Fe,0/TiO, bilayer films with the aim of minimising their low stability in acidic media and thus improve

the PEC efficiency. Bi-layers of TiO, and a-Fe,O, were prepared on conductive fluorine doped tin oxide

(FTO) glass by subsequent deposmon of i) o~ Fe O layers prepared by high-power impulse magnetron
sputtering (HiPIMS) followed by annealing at 650 750 °C and ii) TiO, (sol-gel method using dip-coating).
The influence of annealing tempereature and hematite layer thickness on the composition and photoelectro-

chemical performance was evaluated.

Key words

a-Fe,0,, TiO,, film, photoelectrochemical evaluation

1 Introduction

Titania (TiO,) and hematite (a-Fe,O,) have potential applications as semiconducting photoanodes for
either hydrogen production via photoassisted water electrolysis or photoelectrochemical (PEC) oxidation of
water pollutants. The advantages of TiO, are its low price, high stability and nontoxicity. However, only a very
small part of sunlight (4%) is absorbed. Iron oxide (a-Fe,0,) has a favourable band gap (2.0-2.2 eV), which
allows absorbing a substantial fraction of the solar spectrum, resulting in the theoretical maximum power con-
version efficiency of 27%. But there are also limitations, e.g. the nonideal position of hematite’s conduction
band, which is too low for spontaneous water reduction, and its low stability in acidic media. The latter can be
minimised by coverering it by a thin titania film.

Hematite semiconducting Fe,O, thin films have already been deposited by reactive high power impulse
magnetron sputtering (HIPIMS) [14] A pure iron target was reactively sputtered in an Ar + O, gas mixture.
Dense hematite Fe,O, thin films with n-type conductivity and high photocurrents in a junction w1th an alkaline
electrolyte (up to = 1 mA/cm? at 100 mW AM1.5 spectrum) were obtained by this technique. The HIPIMS
mode of magnetron discharge excitation was responsible for the high ionization degree of sputtered particles,
high ion flux to the substrate during the working pulse and, simultaneously, low heating flux to the substrate.
Due to the back attraction of ionized sputtered particles to the target the deposition rate of HIPIMS magnetron
is usually lower than in case of DC magnetron systems [5, 6].

Since only a small thickness (20-100 nm) of Fe,O, hematite semiconductor films is usually needed due
to the short diffusion length of carriers, the HIPIMS technology is perspective for this application. The aim of
the present work was the preparation of bilayer a-Fe,0,/TiO, thin films on FTO substrate. The influence of an-
nealing tempereature and a-Fe,O, layer thickness on the composition and photoelectrochemical performance
of such photoanodes was evaluated.

2 Experimental

Film deposition

All films were prepared on conductive fluorine doped tin oxide (FTO) glass (TCO22-15, Solaronix,
Switzerland).
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Table 1: List of all sample types. Fe,O, was deposited by HIPIMS and TiO, by the sol-gel process
using dip coating. 1 dip corresponds to a thickness of 65 nm TiO,. All annealing was done for 30 min.

1*t layer 2" Jayer

Type Thickness Annealing Type Thickness Annealing
TiO, 65 nm 650 °C - - -
TiO, 65 nm 750 °C - - -
Fe O, 20 nm 750 °C - - -
Fe,O, 40 nm 750 °C - - -
Fe,O, 100 nm 750 °C - - -
Fe,0, 20 nm 650 °C - - -
Fe,0O, 40 nm 650 °C - - -
Fe O, 100 nm 650 °C - - -
Fe,O, 20 nm 650 °C TiO, 65 nm 650 °C
Fe,0, 40 nm 650 °C TiO, 65 nm 650 °C
Fe O, 100 nm 650 °C TiO, 65 nm 650 °C

Single a-Fe,0, films were prepared by reactive high-power impulse magnetron sputtering method
(HIPIMS) described previously [4]. HIPIMS deposition employed a metallic target of pure iron (99.995 %,
Plasmaterials) with outer diameter 50 mm and an Ar-O, atmosphere as working gases mixture in an ultra-high
vacuum (UHV) reactor continuously pumped down by a turbo-molecular pump providing the base pressure of
107 Pa. Glass substrates were carefully cleaned before deposition. The working gases were fed to the reactor
with the flow rates of 30 sccm (standard cubic centimeters per minute) and 12 sccm corresponding to argon
and oxygen, respectively. The depositions were carried out at room temperature under an operating pressure
of 1 Pa. The pulsing frequency of HiPIMS discharge was 66 Hz with the “ON” time of 100 ps and the maxi-
mal current density achieved in a pulse of = 5 Acm [4]. This corresponds to 100 A per pulse and an average
discharge current of 670 mA. Three deposition times were applied, 20 min, 40 min and 100 min to reach
a film thickness of 20, 40 and 100 nm, respectively. Deposited films were calcined at 650 or 750 °C for 30 min.

Single TiO, films were prepared using titanium(IV) isopropoxide (97 %, Sigma-Aldrich) as precursor,
absolute ethanol and ethyl acetylacetate (99 % p.a. Fluka) as solvent and nitric acid (p.a. 65 % Penta) as cata-
lyst as reported previously [7]. 11.6 ml of absolute ethanol (p.a. Penta) was added dropwise under stirring to
8 ml of titanium isopropoxide. 11.6 ml of absolute ethanol was mixed with 2.75 ml of ethyl acetylacetate
and 0.2 ml of nitric acid was added to the isopropoxide mixture. The prepared sol was stirred vigorously for
24 hours. FTO glass was dip-coated with a TiO, sol (withdrawal speed 60 mm/min). Deposited films were
calcined at 500 °C for 1 hour or 650 (750) °C for 30 min. The thickness of such layers was around 65 nm.

Bi-layers of TiO, and o-Fe,0, on FTO glass were prepared as follows: a-Fe,O; layer deposition by
HiPIMS followed by annealing at 650 °C (30 min) then TiO, deposition using the sol-gel method and
dip-coating followed by annealing at 650°C (30 min.).

Characterization

The structural, morphological and optical properties of the deposited films were determined using X-ray
diffraction (X'pert Philips MPD with a Panalytical X'celerator detector using graphite monochromized Cu-Ko
radiation (wavelength 1.54056 A), field emission scanning electron microscopy (FE-SEM, Hitachi SEM FE
4800), UV-Vis absorption spectroscopy and optical microscopy (Axio Scope Al, Zeiss).

Photo-electrochemical measurements were performed under light from a solar simulator (150 W Xe
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arc lamp (Newport) with AM1.5G filter, irradiance 1 sun (100 mW/cm?) or monochromatic LED irradiation
(360-620 nm) using a three electrode arrangement in a three compartment glass cell. An aqueous solution
of NaOH was used as electrolyte. a-Fe,O, on FTO glass was used as photoanode, platinum sheet as cathode
and Ag/AgCl as reference electrode (0.196 V vs. SHE). The exposed photoanode area (1 cm?) was defined
by Teflon tape. The electric contact was made by pressing stainless steel to the upper part of FTO layer, not
covered by a-Fe,O,.

Linear voltammetry was carried out with a sweep rate of 5 mV/s under periodical (5 s light/5 s dark)
front side illumination of the electrolyte/electrode interface (“EE”, through the electrolyte). The photocurrents
were measured using a Voltalab10 PGZ-100 potentiostat (software VoltaMaster 4). The starting potential was
around —0.5 V (Ag/AgCl), sweeping was positive towards the end potential in the range 0.7- 1.0 V (vs. Ag/
AgCl). If not specified, the irradiation was from the electrolyte/electrode interface (EE) but for selected films
also irradiation from the substrate/electrode interface (SE) was used.

3 Results
3.1 HIPIMS hematite films, influence of annealing temperature and layer thickness.

Figure 1: XRD patterns of an as-deposited (lower trace) and an annealed (750 °C, upper trace)
HIPIMS film on an FTO glass substrate.
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The as-deposited HIPIMS film is not crystalline. There are no visible diffraction lines for hematite, only
lines corresponding to SnO, (29 = 26.59°, 33.89°, 37.97° and 42.65°) are present. After calcination at 750 °C
the most intensive band of hematite (35.6°) is apparent.

It has been well accepted in literature that hematite can be doped by tin due to thermal diffusion from the
FTO substrate. It was recently shown that the temperature of 450 °C was not sufficiently high to initiate the
Sn diffusion and its incorporation into the hematite lattice [8]. The minimum annealing temperature used was
around 650 °C, and the optimum was around 750 °C. Calcination above 750 °C may result in the shrinking
of the hematite layer and its partial incorporation into the FTO layer as observed previously for 800 °C [9], as
well as warping of the glass substrate.

Increase of the calcination temperature to 750 °C results in an increase in photocurrent but not similarly
for all thicknesses. The highest increase is for thickness 100 nm (about 160 %) while for 40 and 20 nm it is
about 60 and 30 %, respectively. This can be explained by insufficient Sn doping at 650 °C where the Sn
concentration in the hematite film (especially in the part far from the FTO/hematite interface) is low. But after
anneling at 750 °C, due to the increased diffusion rate of Sn, the level of Sn doping increases and especially
the Sn concentration in the hematite close to the hematite/electrolyte interface. Hematite films annealed at 750
°C were studied in detail and the results using two irradiation directions are shown in Table 2.
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Figure 2: Linear voltammetry with irradiation by solar simulated light (100 mW/cm?) in 1 M NaOH;
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Figure 3: Photocurrent density of hematite electrodes in 1 M NaOH at a potential of 0.5 V (Ag/AgCl),
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Table 2: Hematite films annealed at 750 °C, Photocurrents at 0.5 V (Ag/AgCl), solar simulator

(100 mW/cm?)
Photocurrent, [pA/cm?]
Thickness Fe,0, i(SE)/i(EE) % 1-T at 400 nm
EE SE
20 445 365 80 0.6461
40 380 265 70 0.8625
100 270 132 50 0.9631

EE- irradiation from the electrolyte/electrode interface
SE — irradiation from the substrate/electrode interface
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The decrease of photocurrent with an increase of layer thickness has been observed already before [3]
and is connected with the short diffusion length. Sn doping by diffusion from the FTO substrate can compens-
ate it but not homogeneously throught the bulk of the film. The photocurrents for the SE irradiation are lower
than for EE irradiation. This is again due to the low minority carrier diffusion length: carriers formed far away
from the semiconductor / electrolyte interface recombine before reaching the space charge region — especially
in thicker electrodes.

3.2 Bi- layer hematite/TiO,

Bi-layer structures were prepared in two steps. At first o-Fe, O, layers (thickness 20, 40 and 100 nm) were
deposited by HIPIMS and then annealed at 650 °C. Then TiO, layer was deposited by dipcoating and again
annealed at 650 °C. The XRD patterns of the TiO,, hematite and bi-layer film is shown in Fig. 4. Thickness of
hematite film was 100 nm, thickness of TiO, film was 65 nm.

Figure 4: XRD patterns of TiO, film on FTO (T), Fe,O, film on FTO (F) and bilayer Fe,O,/TiO, film
on FTO (FT). All films annealed at 650°C.
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Single TiO, films consist of anatase, single iron oxide films consist of hematite. Bilayer film contains
peaks of both hematite and anatase. No other phases could be found. Peaks at 37.664 ° (TiO,) and 37.969 °
(Sn0,) overalaps and cannot be used for the identification of TiO,. Similar diffractograms were obtained
for bilayer films of different hematite layer thickness. SEM pictures show the dense aspect of the HiPIMS
hematite layers, with well developed grains. An overlayer of sol-gel processed anatase adds a homogeneous
skin to the hematite.

The shape of chopped polarization curves is for single hematite and bilayer hematite/TiO, very similar.
The values of photocurrent are compared in Table 4. In all cases, the photocurrent for bi-layer a-Fe,0,/TiO,
prepared by subsequent single film deposition (involving annealing) is higher than for single hematite layers.
This due to the fact that the TiO, layer itself is photoactive, i.e. absorbing light in the UV which is contained
in the output of the solar simulator. The highest increase is for the bilayer consisting of hematite of thickness
100 nm, which gives the lowest photocurrent of the 20 — 40 — 100 nm series, for reasons enumerated above.
Comparing the measured photocurrent for a bilayer a-Fe,O, /TiO, electrode with that calculated as a sum of
the photocurrents for single hematite and TiO, layers, the difference depends on the thickness of hematite.
For hematite films of 20 and 40 nm the resulting bilayer exhibits a lower photocurrent than the calculated
one, about 10 and 20 %, respectively, but for hematite of thickness 100 nm the situation is opposite and the
resulting bilayer exhibits about 35 % higher photocurrent than that calculated. The reason for this effect is yet
not entirely clear.
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Table 4: Comparison of photocurrents for single and bilayer films, all annealing was done at 650 °C.
EE irradiation, 1 M NaOH, potential 0.5 V vs. Ag/AgCl. solar simulator (100 mW/cm?).

Photocurrent, [nA/cm?|
Thickness /nm i i i i Difference
Single Single Bilayer Bilayer calculated [nA/cm?]
hematite TiO, measured (sum of single films)
Fe,0,, 20 335 - 405 440 -35
Fe,0,, 40 235 - 275 340 —65
Fe,0,, 100 105 - 285 210 +75
TiO,, 65 - 105 - - -

4. Conclusions

Hematite films on FTO substrates, calcined at 650 or 750°C show increased photoelectrochemical re-
sponse due to doping of hematite by Sn diffusion from the substrate. The photoresponse decreases with incre-
asing thickness from 20 to 100 nm due to incomplete doping of the bulk. In bilayer hematite/TiO, films, only
hematite and anatase phases are detected. The photoresponse (solar simulator) of a bilayer hematite/TiO, film
is higher than that for the single hematite film which is due to the contribution of TiO, layer (absorbing UV
present in the solar spectrum). The measured photocurrent for a bilayer o-Fe,O, /TiO, electrode was compared
with that calculated as a sum of the photocurrents for single hematite and TiO, layers. For hematite films of
lower thickness (up to 40 nm) the resulting bilayer exhibits a lower photocurrent than the calculated one, but
for hematite of thickness 100 nm the situation is opposite.
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UFI-KOD (PRILOHA VIII NARIZENI CLP) - CO NAS CEKA?

BURESOVA B.
SBLCore s.1.0.

Shrnuti
UFI-kdd je jedinecny identifikator sloZeni smési podle prilohy VIII narizeni CLP. Zahrnuje informace
o0 smési, jeji nebezpecnosti, véetné obsazenych slozek, a dale informace o predkladateli, véetné telefonniho
Cisla a emailové adresy. Tyto informace jsou ddle vyuzivany ,,uréenymi subjekty “, pricemz v Ceské republice
Jje timto subjektem Toxikologické informacni stiedisko. Vygenerovany UFI-kod je nutné uvadét do bezpec-
nostniho listu a na etiketé smeési.
Povinnost generovani UFI-kodu se tvkd pouze dovozcii a naslednych uzZivatelil, kteri uvdadéji na trh smési,
pricemz pro urcitd pouZiti jsou stanoveny rizné, avsak zavazné, terminy:
*od 1.1.2020 pro spotiebitelské pouZiti,
e od 1.1.2021 pro profesiondlni pouziti,
* od 1.1.2024 pro primyslové pouZiti,
V pripadé, Ze smési jiz byly oznameny do registru CHLAP pred uvedenymi daty pro specificka pouziti, mo-
hou dovozci a nasledni uzivatelé vyuzit prechodného obdobi a UFI-kod vygenerovat nejpozdéji do 1.1.2025.
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THE POSSIBILITIES OF INFORMATION SEARCHING REGARDING
THE FULFILLMENT OF LEGAL OBLIGATIONS FOR SVHC AND OTHER
SUBSTANCES USED IN PAINTS, COATINGS AND BINDERS

MOZNOSTI HLEDANI INFORMACI Z HLEDISKA PLNEN{
LEGISLATIVNICH POVINNOSTI U SVHC A JINYCH LATEK
POUZIVANYCH V BARVACH, POVLACICH A POJIVECH

ASRESAHEGNOVA Z.
Medistyl, spol. s r.o.

Vyroba, dovoz, pouzivani ¢i jen pouha distribuce chemickych latek, smési a pfedméti sebou piinasi
spoustu legislativnich povinnosti. V piipadé SVHC a jinych latek pouzitych v barvach, povlacich, pojivech
a v podobnych chemikaliich tomu neni jinak a nékdy je tfeba vyvinout zna¢né Usili, aby bylo vie legislativné
v potadku. SVHC jsou latky mimotadné nebezpecné a jejich pfitomnost v dodavanych vyrobcich miize vést
k povinnosti zadat o povoleni pouziti dané latky, povinnosti dodrzovat podminky omezeni dané latky, povin-
nosti oznamovat tyto latky ¢i informovat odbératele. U ostatnich latek mize byt nutné fesit povinnost jejich
registrace nebo ,,jen* zpracovat bezpec¢nostni list. U biocidnich vyrobkt pouzivanych napt. ke konzervaci ba-
rev plati také n&které dal$i povinnosti. Pfi plnéni legislativnich pozadavki je ¢asto tfeba dohledavat potrebné
informace v odbornych zdrojich. K tomuto u¢elu mohou slouzit védecko-technické databaze v databazové siti
STN. Na rozdil od vetejné dostupnych zdroji zde l1ze naformulovat dotaz formou kli¢ovych slov ptesné na
miru. STN v sobé zahrnuje vice nez 100 databazi mimo jiné toxikologickou databazi RTECS nebo nejlepsi
databazi z oblasti chemie, Chemical Abstracts.
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CONTROL OF SURFACE PROPERTIES OF TRANSPARENT WATERBORNE
LACQUERS BASED ON ACRYLIC LATEXES

RIZENI POVRCHOVYCH VLASTNOSTI TRANSPARENTNICH VODOU
REDITELNYCH LAKU NA BAZI AKRYLATOVYCH LATEXU

MACHOTOVA J.!, CERNOSKOVA E.2, RUCKEROVA A.', PUKOVA K.}
1 Ustav chemie a technologie makromolekularnich latek FCHT, Univerzita Pardubice
2 Spolecna laboratoi chemie pevnych latek Ustavu makromolekuldrni chemie AV CR a Univerzity Pardubice
3 Ustav environmentdlntho a chemického inzenyrstvi FChT, Univerzita Pardubice

Summary
The use of polymeric materials as protective coatings has become an integral part of surface protection and
different types of synthetic polymeric coatings have been developed. Among them, fluorinated polyacrylate
latexes with special surface properties, good adhesion to matrices and especially environmental protection
value have attracted the increasing attention. It is well known that during the film-forming process of latexes
with fluorine-free acrylic core and fluorine-containing acrylic shell, the shell preferentially migrates to the
surface to minimize the interfacial energy and endows the materials with excellent surface properties. On
the contrary, the core assembles in the bulk and provides materials with good adhesion to the substrate.
However, the fluorine groups can migrate to the inside of latex films when the environment surrounding the
latex film changes, such as being immersed into water. This phenomenon leads to decrease of some proper-
ties of fluorinated latex films, such as water-resistance. If the fluorinated groups are fixed on the surface of
films, this problem might be resolved. In this study, core-shell latexes comprising copolymerized perfluore-
thyl groups in particle shell were prepared by the semi-continuous non-seeded emulsion polymerization of
2,2, 2-trifluorethyl methacrylate, methyl methacrylate, butyl acrylate and methacrylic acid as main mono-
mers. The effects of pre- and post-coalescence crosslinking on coating hydrophobicity were investigated with
respect to temperature and relative humidity changes during the film-forming process. The pre-coalescence
crosslinking of latex particles was achieved by copolymerizing allylmethacrylate during the synthesis. For
the post-coalescence crosslinking, diacetone acrylamide was copolymerized into the shell layer of latex
particles to provide sites for subsequent reaction with adipic acid dihydrazide. The results confirmed theore-
tical predictions and described empirically the effects of crosslinking, temperature and relative humidity on
hydrophobicity and water sensitivity of fluorine-containing coatings.
Key words
Emulsion polymerization, fluoropolymer, keto-hydrazide crosslinking, hydrophobicity
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DIGITAL SOLUTIONS FOR MEASUREMENT, COMMUNICATION
AND VISUALIZATION OF MATERIAL SURFACE APPEARANCE

TAC — TOTAL APPEARANCE CAPTURE ... ZACHYTTE MATERIALY
S NEPREKONATELNYM REALISMEM

MATUSKOVA L.
X-Rite Europe GmbH

Summary
Appearance of a product is a key attribute when considering purchasing the product. Control of a color
quality should therefore be an integral part of any production where color plays an important role.
However, an overall look is much more than just color. It is a visual feeling we get when perceiving
an object. Perception includes not only the color, but also size, structure, gloss and transparency or
opacity of the product. Traditionally, capturing and virtual rendering of material’s appearance has been
time-consuming manual process. Accurate measurement of physical materials through TAC provide a digital
presentation of a visual appearance without the need for manual editing. From pigments with special effects
to synthetic fabrics, it is now possible to capture and communicate features of physical appearance such as
color, shine and texture, digitally capturing unrivaled realism in 3D designs.

Key words
Appearance, Color, Measurement, Perception, Digital, Capture

Beyond color is appearance, beyond color measurement is Total Appearance Capture.

Today we’re talking about an innovative solution to a problem we’ve identified by talking to industrial
designers, visualization experts and marketers around the globe. There’s a need for speed in design, especially
when it comes to time to market. Consumer preferences are more demanding than ever before and changing
faster and faster. Companies that can keep up will stand out in this increasingly competitive market. But this
places immense pressure on the shoulders of designers and development teams.

Traditionally, design has been a very manual process that still relies on estimations and the need to
exchange physical prototypes with teams that might be scattered around the globe. One particular part of the
process has been painfully slow — and that’s the ability to virtualize materials used in a product. There have
been improvements and innovations over time, such as CAD tools, the Cloud and the ability to develop ren-
derings through 3D printing.

But there’s still a need to take accurate physical appearance characteristics and migrate them into the
digital world.

That is where our Total Appearance Capture solution comes in, also known as TAC. It’s an innovation
that speeds up the process of meeting consumer expectations across a variety of industries, and as I mentioned,
we developed it by talking with designers and individuals involved in the supply chain.

We believe it’s the last hurdle to fully digitize workflow and get products to market faster, so we’re
thrilled to reveal it here today.

Let’s consider a typical product design workflow. This could be an automotive, but also any other indus-
try will face similar challenges.

Typically it starts with a material supplier. They have to maintain large physical sample libraries of their
materials. Managing these libraries is quite complex as you have to add new materials and remove materials
which are no longer available. Doing this for one location is already a complex job, but managing multiple
locations or libraries at a customer is really quite painful. Besides this, making a material sample available for
a designer takes some time. Mailing a sample from Europe to the US takes a week before the designer can get
his hands on the material. In addition, there are costs for producing the samples and the logistics around that.

By digitizing material appearance managing a digital library becomes quite easy and the information
becomes instantly accessible from any design place in the world.
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For the designer on the other hand, digital materials have the benefit that he can play with them in his
CAD environment right away. Instead of looking at a small piece of fabric he can see the material on his
design visualization.

To see how materials interact with each other you don’t have to build always an expensive physical
prototype. You can simulate the look and interaction of materials within a virtual prototype which simulates
accurately the real world. This helps with the internal communication, but also to give a feedback to the ma-
terial supplier on changes and improvements.

In many industries, the marketing materials are generated in parallel to the product development. Quite
often materials get recreated by 3D artists for different tools and applications. The results often vary depen-
ding on the skills of the 3D artist and the complexity of the material. Quite often people waste a lot of time
to create 3D materials in an artistic process and end up with different results in the configurator, the beauty
shots and the commercial.

Last, but not leas, trends to bring virtual reality to the show rooms call for digital materials as well.
Accurate virtual materials will also help here to create the perfect product experience.

Before I go deeper, we should talk about what “material appearance” really means. It’s much more than
just color or a picture. It’s the complete perceptual experience.

* Size

* Color

* Texture

* Gloss

* Opacity

Capturing these effects digitally was a challenge in the past. But that’s not the case with TAC.
Now, digitization of the supply chain is as real and as accurate as possible.

Let’s have a look what total appearance really means. It is a cross product of five things:
Material: Composition, Physical Properties, Optical Properties

Geometry: Size, Shape

Scene: Direct/indirect lighting, Lighting color, Surround, Object proximity

Perceptual Transformations: Contrast Sensitivity, Tone-mapping, Adaption, Context (it makes a diffe-
rence if you look at the object under office lighting or a daylight)

Viewer: Distance & Angle (viewer or the camera who looks at the object from certain angles and distance)
So, in more detail, what’s the technology behind TAC? How exactly is a material virtualized?
1. Select your material sample. In this example, we chose a basketball material.

2. Place it in the TAC Scanner where multiple cameras capture the material from a variety of angles using
different types of lighting. Then the information has to be communicated through the software which is called
Pantora digital material HUB.

Revolutionary technology for three-dimensional scanning of complete optical properties of the sample
using a multi-dimensional mathematical model BTF (Bidirectional Texture Function) respectively BRDF.

Benefits:

* Ability to create databases with extremely realistic representations of any materials for their subsequent
use in design.

* Capturing all the variables which are characteristic for a given material, including gloss, texture and
metallic effects. There is no need for another computer designing.

* High color fidelity as well as the option to clothe a digital object with a scanned material in any shade.

» Compatibility with multiangle spectrophotometer MA98 allowing to combine the scanned texture ma-
terial containing effect pigments with exact spectral characteristics as well as their specific BRDFdata.
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What do you get out of it? The Total Appearance Capture solution gives you:

* Realistic and accurate scanning through the creation of customized materials as well as systematic
appearance-based quality control.

* Better material capture with simplified maintenance of material libraries and simplified logistics for
digital samples.

All of that results in:

* Reduced time to market because you’ve got more accurately rendered marketing materials.
* Time and cost savings. You’ll have the ability to cost-effectively explore different materials.
* Reduced waste in product because you’re minimizing the need to create physical samples.

* Improved marketing communications for your team and the customer with accurate renderings. Plus,
your e-commerce and showroom will be improved by true realism.

Figure

FINAL RESULTS: BTF RENDERING
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KOLORISTIKA A KOLORIMETRIE V PRAXI OPRAVARENSKYCH
AUTOLAKU

COLORISTIC AND COLORIMETRY IN REPAIR CARPAINT PRACTICE
KOSTAL M.
Summary

This technical text describes how can be repairs of damages to vehicle paint systems practically solved
through the knowledge and tools of coloristic and colorimetry.

Key words
Coloristic, kolorimetry, repairs, vehicle, paint systems

Specifi¢nost oboru povrchovych uprav vozidel

Obor znamy jako AUTOLAKY, ptedstavuje technologickou $picku povrchovych iprav a ma proto sva
specifika, kterd se promitaji i do terminologie. Pro pojmenovani materiald, postupt a jevi je proto nutna
nadstavba terminologie obecné, ktera je definovana Gtyijazyénou technickou normou CSN EN ISO 4618
,.Natérové hmoty — Terminy a definice®. Existuje fada osvédc¢enych zasad, postupi a pomticek, ktera skolené-
mu koloristovi nebo autolakyrnikovi (pfevazné rekvalifikovanému z jiného oboru) usnadnuji zvladnuti v§ech
situaci tohoto pomérné slozité¢ho oboru.

Vybrané terminy k danému tématu

vyjadiuje specifické vlastnosti v ném se vyskytujicich materialt, technologii a jevii. Odvozenymi terminy jsou
AUTOLAKOVNA, AUTOLAKYRNIK.

Koloristika je nauka o barevnych vjemech, charakteristice barev.

Kolorimetrie je nauka zabyvajici se popisem, méfenim nebo porovnavanim barevného projevu vnima-
ného svétla, zalozeném vedle jasu zejména na spektralnim skladani vin riznych vinovych délek (frekvenci)
v oblasti viditelného svétla. Piislusné hodnoty se zjiSt'uji zrakem (vizualni kolorimetrie) nebo fyzikalnimi
Cisly (fyzikalni kolorimetrie).

Kolorista je specialista, ktery se zabyva koloristikou nebo kolorimetrii (v kancelafi, laboratofi, zkusebné,
autolakovng).

Etalon neboli kontrolni desticka (z ocelového plechu nebo specialniho papiru) slouzi k nastiikani vzorku
vrchniho laku a je opatfena ¢ernym pruhem nebo ¢ernobilou Sachovnici (nanasime tolik nastéikovych vrstev,
az dojde k jejich zakryti, ¢imz zajistime plnou sytost barevného odstinu).

Vzorkovnice je soubor valeckovanych nebo ruéné stiikanych map nebo karet (ze specialniho papiru).

Svétlo je viditelna Gast elektromagnetického zateni. Clovék vidi barevné spektrum (rozsah vinovych
délek ve vakuu od 390 do 760 nm); sousedni zafeni vnima jako teplo (IC-vlevo) nebo na n&j jeho kiize reaguje
opalenim (UV zafeni-vpravo).

Termin barva se v oboru AUTOLAKY pouziva pouze pro oznaceni primarnich, sekundarnich a terci-
arnich barev spektra. Nasledn¢ se pouzivaji terminy barevny odstin (barevny kod) nebo barevny pododstin
(jeho varianta). Tato kategorizace umoznuje jednodussi orientaci a zabezpecuje jednoznacnost v komunikaci
vzhledem k jejich zna¢nému mnozstvi.

Technologicka vrstva (TV) ndatérové hmoty (NH) je vrstva 1 druhu NH (napf. plnice), kterd se sklada
z nasttikovych (natérovych) vrstev.

Nastrikova (natérova) vrstva (NV) tvoii €ast (vyjimeéné celou) technologické vrstvy. Existuje nékolik
jejich druhi, zajistovanych hlavné riznou rychlosti posunu stiikaci pistole (mokra neboli plna, polosucha
a sucha neboli zaprach; posledni dvé maji vyznam pouze pii nanaSeni vrchnich lakd).

Koloristicka vrstva NH (KV) je technologicka vrstva nebo jeji ¢ast, ktera ovliviiuje finalni barevny efekt
(k nim patii tonovany plni¢, podstiikova vrstva vrchniho laku, vrchni lak, tonovany bezbarvy kryci lak).
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Vrchni lak (VL) je technologicka vrstva, ktera nejvyraznéji ovliviiuje finalni barevny efekt, at’ uz tvoii
finalni vrstvu nebo je kryta bezbarvym krycim lakem; zname VL systému SOLID (tzv. jednovrstvé) a typu
BC (tzv. dvouvrstvé).

Bezbarvy kryci lak (BKL) tvoii — pokud je pouzit — vzdy finalni vrstvu natérového systému. Jednou ze
znamek kvality BKI je jeho ¢irost (pokud je nazloutly, mize ménit barevny odstin a pak je potieba provést
korekturu receptury). Cim vétsi je tloustka technologické vrstvy BKL, tim tmavsi je vysledny barevny efekt
vrchniho laku.

Rozstrik je nanaSeni vrchniho nebo bezbarvého kryciho laku za pomoci specialnich piisad nebo fedidel,
které je charakterizovano pozvolnym pfechodem nové nanaseného vrchniho nebo bezbarvého kryciho laku do
stavajiciho v misté jeho opravy (,,do ztracena“). Dochazi pfitom ke spojeni uvedenych technologickych vrstev
a pozvolnému piechodu barevného odstinu, aby tak misto opravy bylo nerozeznatelné od stavajiciho okolniho
povrchu. Provadi se v dilu samotném nebo s pfesahem do dilu vedlejsiho, a to zpravidla na svislych plochach
karosérie (resp. jejich svislych dili).

Pocet barevnych kédu a jejich variant u opravarenskych autolaki

Od roku 1913 byla registrovana existence cca 180 tis. barevnych kodu (pfi¢emz kazdy z nich ma své
,Jjméno®) a 1,7 mil. jejich variant (to znamena v priméru téméf 9,5 variant na 1 barevny odstin). Napf.
k barevnému kédu (BK) SKODA 1001 (slonové kost) bylo podchyceno 9 variant a k nejslozit&jsimu BK
(PEUGEOT) existuje cca 170 variant (mnohdy vyrazné&ji odlisnych granulaci, barevnosti a jasem). Pri¢iny
tohoto stavu jsou rizné. Vyrobci autolakil pro bézné pouziti v praxi nabizeji na internetu cca 60 tis. aktualnich
(,;aktivnich®) receptur. Tuto databanku pribézné rozsiiuji o nové barevné odstiny, pficemz nejstarsi z nich
soucasné piefazuji do receptur ,,pasivnich®, které 1ze obdrzet na vyzadani. Malo se vyskytujici barevné od-
stiny fesi autolakovny pomoci spektrofotometru s ptipadnym doténovanim nebo vytvorenim individualnich
receptur. Slozitéjsi piipady pak s distributory vyrobct autolakd.

Zakladni znalosti koloristy a autolakyrnika

Koloristé nebo finalni autolakyrnici by méli znat posloupnost slozeni spektra barev, primarni a sekundar-
ni barvy, zakladni principy michani barev (svétly-aditivni nebo pigmenty-substraktivni), identifikace barev-
nych kodu a jejich variant, porovnavani shod barevnych odstinti, tonovani.

Technika stFikani

Finalni autolakyrnik musi navic znat a zvladnout techniku nanaseni nasttikovych vrstev vrchniho laku,
ktera patii k zakladnim faktorim spravného finalniho barevného efektu (granulace, barevnosti, jasu). Jestlize
se jednovrstvé vrchni laky SOLID u vSech vyrobci autolakti nanaseji ve dvou mokrych (,, plnych*) nastri-
kovych vrstvach, u vrchnich lakt BC dva z téchto vyrobctl pouzivaji systém jedné polosuché, druhé mokré
a treti suché nastrikové vrstvy, ktera jisti kone¢ny barevny efekt (spravné polozeni zrn nebo eliminaci pfipad-
nych ,,fleki” u komplikovangjsich receptur) vrchnich lakt BC; ostatni vyrobci autolaki pouzivaji k nanaseni
iu BC-vrchnich lakd dvé ,,pIné* nastiikové vrstvy.

Technologie rozstfiku

Vzhledem k velikému mnozstvi vyskytujicich se barevnych kodu a jejich variant se povazuje za Gispésné fe-
Seni, kdyz se podafi najit pro opravu vrchniho laku recepturu, jejiz vysledny efekt je akceptovatelny alespon ,,na
rozstfik* (viz ,,Vybrané terminy k danému tématu‘), ktery se preventivné provadi i vzhledem k tomu, ze autola-
kyrnici v ramei své technologické discipliny a svych dovednosti v mnohych pfipadech dosahuji riiznych efekti.

Casté mystifikace
K mystifikacim, které se zel Casto zvefejiuji a vnaseji do mnozstvi informaci chaos, patri tvrzeni, ze:
— smichanim 3 primarnich barev vznika Cerna — ve skutecnosti je to tmave kalna hnéda barva,

— na pravém kraji barevného spektra je Cervena primarni barva — ve skute¢nosti se jedna o barvu purpu-
rovou (magentu),

— spektrofotometr je dokonalejsi nez lidské oko,
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— receptura, kterou nabizi spektrofotometr jako nejlepsi feseni (tj. s nejmensim AE) je pro pouziti nej-
vhodnéjsi; to vSak vétSinou neplati, protoze ,,0ko* vybere jako nejvhodnéjsi nékterou recepturu z dalsiho
potadi (tfebas vhodnou alespoii k doténovani).

Zikladni parametry barevného odstinu (,,1+3%) a jejich priority

Barevni odstin ma 3 zékladni parametry, které jsou lenény podle svych priorit: barevnost, tmavost/svetlost,
cistota/kalnost. U metalickych a perletovych barevnych odstinti je pted tyto parametry ptifazen dalsi — granulace
(velikost zrn), ktery ma pred vyse uvedenymi vétSinou piednost. Jaky to mé prakticky vyznam? Jestlize mame
k dispozici n¢kolik receptur (at’ uz k nim existuji ru¢né stiikané karty nebo autolakyrnikem nastiikané etalony),
které se nékterym z uvedenych parametra blizi nasi pfedloze (tj. vrchnimu laku vozidla v misté jeho opravy),
vybereme si vétsinou ten, ktery se nejvice blizi granulaci (u metalickych a perletovych barevnych odstinti) nebo
barevnosti (u barevnych odstini ostatnich, tzv. UNI). Dalsi parametry se dolad’uji snaze.

Zakladni principy identifikace barevného odstinu

Pfi porovnavani ru¢né stiikané karty vzorkovnice nebo etalonu s piedlohou (tj. s vrchnim lakem vozidla
v misté jeho opravy), musime dbat na dodrzeni téchto zakladnich zasad:

— absolvovat ocni test, ktery nam potvrdi, ze nase o¢i maji plnou rozliSovaci schopnost,

— absolvovat $koleni koloristiky a kolorimetrie mj. i z toho divodu, aby se nase o¢i staly ,,trénované*
a dokazali jsme v plné mife vyuzivat jejich schopnosti,

— mit obleceni barevnostné nejlépe Sedé (aby pfi porovnavani barevnych odstinii nedochéazelo k jejich
zkresleni odrazem),

— pfed porovnavanim pomoci brusné pasty a utérky odstranit ,,patinu* (nanos exhalatl) a odhalit tak
ptvodni barevnostni podobu vrchniho laku,

— porovnavani provadét v polostinu (vnéjsi prostredi) nebo za pomoci simulatoru denniho svétla (vnitini
prostiedi),

— porovnavani provadét systémem ,,FLIP-FLOP* (kartu vzorkovnice nebo etalon nata¢ime od vodorov-
né ke svislé poloze — zejména u metalickych a perletovych vrchnich laku).

Kvalita a ténovani plnic¢i

Kvalitni plni¢ zajist'uje vhodny podklad pro vrchni lak a musi byt mj. pfiméfené nasdkavy, aby neodsa-
val z nanaseného vrchniho laku barviva (tim by mohlo dojit ke zkresleni barevného odstinu).

Toénovani plni¢a pestrymi pigmenty je uz historii a provadi se vyjimeéné (pouze v oduvodnénych piipa-
dech). Tim je vylou¢eno nevhodné zasahovani do jejich skladby z toho vyplyvajici riziko moznych defektq.
Soucasnym trendem je tonovani nepestrymi pigmenty ve $kale od bilé barvy k ¢erné ptes rizné stupné Sedé.
Existuji dva systémy vyrobci natérovych hmot — fada n€kolika pfedem natonovanych plnica v uvedené skale
nebo si autolakyrnik podle odkazu v ptedpisu urcité receptury vrchniho laku ptidava ¢erny plni¢ do plnice
bilého. Ruzna stadia této Skaly zajist'uji efektivné kryvost vrchniho laku pod pfislusnymi tseky barevného
spektra (od bilé pod purpurou barvou k ¢erné pod barvou fialovou).

Databanky barevnych kédii a receptur

Vyrobci autolaktt maji své databanky barevnych kodii a receptur vazané na:

— vyrobce vozidel a jejich modely,

— fleetové parky vozidel (napt. armadni, Coca-cola, Ceska posta ...),

— standardy barevnych stupnic (napf. RAL, PANTONE ...),

— rucné stiikané karty vzorkovnic.

Dva systémy koloristiky a kolorimetrie
Vyrobci autolakll pouzivaji dva zdakladni systémy:

— systém databanky barevnych kodi, jejich variant a pfislusnych receptur ¢lenény piedevsim podle vy-
robci vozidel; pro snazsi orientaci je doplnén valeckovanymi vzorkovnicemi a pomérné malym poctem ru¢né
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stiikanych karet (u tohoto systému neni vétsinou ,,co s ¢im“ srovnavat a hlavnim voditkem pak jsou pouze
symboly, uvedené na jednotlivych recepturach). Tento systém je proto vhodny doplnit spektrofotometrem,

— systém databanky barevnych kodu, jejich variant a ptislusnych receptur ¢lenény podle vyrobci vozidel
a podle ¢isel velkého mnozstvi (cca 20 tisic) ru¢né stiikanych karet, ¢lenénych na skupiny podle barevného
spektra (tj. napf. karty zacinajici osmickou patfi do oblasti ¢ervenych barevnych odstini); pro rychlou orien-
taci systém obsahuje také jednoduché véaleckované vzorkovnice. Uvedeny pocet karet je potvrzenim skutec-
nosti, ze pigmentové baze se vyznacuji stalou koloristickou kvalitou v kazdé jejich vyrobni Sarzi (tj. pokud
autolakyrnik zvlada techniku a zru€nost pti nanaSeni vrchnich lakd, je zajisténa shoda receptury s pfislusnou
kartou). U tohoto systému nemusime znat ¢islo barevného kddu, protoze feSeni mizeme pomérné rychle najit
v napf. v oddéleni modrych metalickych karet. Tento systém je mozny kombinovat se spektrofotometrem, ale
to je vétsinou neefektivni, protoze jeho aplikaci ¢as neusetiime. Ucinnost tohoto systému je 83-93% a pouziva
se pouze u dvou prémiovych znacek autolaki.

Poznamka: je paradoxni, ze autolakyrnici se mnohdy piiklanéji k dodavatelim pouzivajicim prvni sys-
tém, protoze ten druhy — i kdyz dokonalejsi — okamzit¢ odhaluje poruSeni jejich technologické discipliny
(umoziuje na dalku posuzovat, jestli autolakyrnik neudélal chybu pii michani nebo nanaSeni VL) a vyzaduje
preciznost pii vyhledavani a zpétném zafazovani karet do kartotéky a uchovavani jejich Cistoty. Autolakyrnici
prevazné neradi nesou zodpoveédnost a vyhovuje jim pfenaset ji na distributory a vyrobce autolaktl.

Pomiicky koloristiky a kolorimetrie

Databanka barevnych kodii a jejich variant (viz vySe).

Databanka receptur, na nichz jsou formou piktogramti uvedeny potiebné udaje (napf. zlutd metaliza
s tendenci do oranzova, svétlejsi, hrubsi zrno, bezolovnata, nutné pouziti Sedého plnice stupné v kombinaci
15% cerna/bila), které slouzi k usnadnéni orientace pfi volbé nejvhodnéjsich receptur pro nastiikani kontrol-
nich etalont v pfipadech, kdy k receptufe chybi ru¢né stiikana karta.

Zobrazeni jednotlivych pigmentovych bazi ve formé map s vérnym zobrazenim jednotlivych aktualnich
pigmentovych bazi jako pomicka usnadiujici tonovani barevnych odstint.

Barevné kruhy s nazornymi navody, jak jednoduse fesit pomoci konkrétnich aktualnich pigmentovych
bazi tonovani (barevnost, Cistota/kalnost).

Spektrofotometry riznych vyrobnich znacek, které poskytuji vyrobci autolakd, jsou vybaveny prislus-
nymi SW na vyhleddvani standardnich a tvorbu upravovanych a individuélnich receptur ve vazbé na jejich
aktudlni sortiment pigmentovych bazi. Pievazné se pouzivaji tfi-tthlové, ale existuji i 3, 5 i vice-uhlové. Za-
vadi se i kombinace s makro-snimky, pomoci kterych lze 1épe identifikovat metalické a perletové struktury.
Jsou dobrymi pomocniky, ale at’ uz je jejich troven jakéakoliv, je nutné zhotovovat kontrolni etalony a hledat
nejlepsi feSeni alespon ,,na rozstiik™ — pfi vyhodnocovani etalont je ale kone¢nou instanci vzdy lidské oko,
pokud je prostiednictvim $koleni a nasledné praxe ,trénované* a samoziejmé pokud je bez vad, coz je potieba
otestovat. Ve své dvacetipétileté praxi jsem potkal pouze jednoho autolakyrnika, jehoz o¢i mély poruSeny
barvocit. Idedlnim feSenim je kombinace spektrofotometru s rozsdhlym systémem ru¢né stiikanych karet,
umoziujici rychla feSeni a usporu materialu a ¢asu (neni potieba stiikat etalony).

Vzorkovnice valeCkované nebo rucné stiikané.

Sortiment a kvalita pigmentovych bazi

Dilezitou slozkou koloristiky a kolorimetrie je kvalita a pocet pigmentovych bazi (PB), pomoci kterych se
formuluji receptury. Tzv. prémiovi vyrobci autolaki, kteti jsou homologovani pro vyrobni a opravarenske lin-
ky vyrobci vozidel a jejich subdodavatelii nebo pro autorizované servisy, maji rozsahlé databanky barevnych
kodt a jejich variant. Aby je mohli postihnout a dale aktualizovat, maji v sortimentu potiebny pocet pigmento-
vych bazi, ktery se pro povrchové tipravy osobnich vozidel pohybuje min. kolem 110 (z toho cca 29 pro vrchni
laky SOLID a 83 pro vrchni laky BC, z toho 23 specialnich perletovych bazi pro extrémni barevné odstiny).
Napt. vrchni metalické laky, které aplikovaly nebo aplikuji vyrobei automobilii s vyuzitim cca 150 velikosti
a tvard metalickych zrn, vyrobci opravarenskych autolakl imituji pomoci osmi velikosti zrn (obdélnikového
a ¢ockovitého tvaru).

Znamkou kvality je, ze zdravotné a ekologicky Setrnéjsi bezolovnaté pigmentové baze, které nahradily
kryvéjsi olovnaté, maji dobrou kryvost ve prospéch materialovych a ¢asovych uspor.
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Dalsim faktorem kvality je, Zze systém obsahuje u primarnich barev dvojice pigmentovych bazi (koncent-
rované a dekoncentrované), které umoziuji michat vrchni laky pfevazné uz od 0,1 litru a také v piipadé potieby
receptury snadnéji tonovat. Pokud tato dualita v systému chybi, je minimalni michané mnozstvi mnohdy az od
0,5 litru, coz vede k tomu, Ze autolakyrnik mala poskozeni neopravuje systémem SPOT, ale zbyte¢né piestiikava
cely dil nebo dokonce dill vice a nemala ¢ast zbytkovych vrchnich lakt jde do likvidace nebo na fusky. Promita
se to pak zbyte¢né do penézenek zakaznikil, ekonomiky autolakoven, pracovniho prostiedi a ekologie.

Pokud v systému jsou specialni perletové baze, je mozné po malych mnozstvich michat i extrémni ba-
revné odstiny, které se dosahuji mj. i pétivrstvé syntetické pigmenty o velikosti 0,1 pm, které dopliuji klasické
pigmenty perletové. Pokud v systému tyto pigmentové baze chybi, autolakovna si musi kupovat pomérné
drahé hotové namichané vrchni laky v baleni 0,5 az 1 litr,(opét ke svému neprospéchu)

Problematika obmén pigmentovych bazi

U vyrobcu autolakdl dochazi obCas ke zménam v sortimentu pigmentovych bazi, které se pouzivaji
k michani receptur vrchnich lakid (at’ uz jsou umistény v michacich zatizenich nebo v regalech). Vedou je
S tim souvisi i nutnost zmén receptur, které vyvolavaji odchylky od receptur ptivodnich — zejména, kdyz jich
je nutno najednou zménit vice (neni dostatek ¢asu na kontrolu a doladéni v konfrontaci s etalony receptur,
které byly ptepocteny prostiednictvim spektrofotometrit). Citlivé je to hlavné u systému vazanych na ruéné
stiikané karty vzorkovnic a vyvolava to nutnost jejich dolad’ovani (zde je totiz u viech autolakoven mozné
,,€0 s ¢im™ porovnavat).

Toénovani

Existuji pfipady, ve kterych je potfeba recepturu tonovat piimo ve zkusebné distributora nebo piimo
v autolakovné. Slozité pfipady je vSak potfeba fesit ptimo s koloristickymi laboratofemi vyrobet autolak
(podle dodanych vzorki, pievazné dila karosérie-napf. z nich vystiizenych ¢asti, vicek nadrzi PHM).

Pokud technologicky systém obsahuje dualni pigmentové baze (koncentrované/dekoncentrované), je to-
novani snaz$i (ubiram/ptidavam vice dekoncentrovanych kapek PB). Navic dovoluje michani vrchnich lakt
v minimalnich mnozstvich (uz od 0,1 litru).

Zdkladni zasady tonovani:

— pouzivame veskeré pomucky koloristiky,

— nejprve si provedeme jednoduchou analyzu receptury, kterou chceme upravovat (napt. ¢ernd/bila, cer-
vena/zlutd=oranzova, hrubé metalické zrno),

— pii Gprave konkrétni receptury pracujeme pouze s pigmentovymi bazemi v ni obsazenymi (ptidavame/
ubirame),

— svétlost/tmavost upravujeme pomoci ubirani/pfidavani pigmentovych bazi bilé/Cerné (mimo Cerve-
nych barevnych odstint, kde tuto funkei plni PB ¢ervené); v nekterych ptipadech i pomoci ubirani/ptidavani
metalickych nebo perletovych PB,

— barevnost nebo ¢istotu/kalnost upravujeme ubiranim/ptidavanim ptislusnych pigmentovych bazi podle
schématu na barevném kruhu.

Zavér
Z vyse uvedenych informaci je ziejmé, ze:

— technologie autolaktl na cesté svého historického vyvoje nasly fadu osvédéenych postupt ke kvalitnim
opravam poskozeni nebo defektl vrchnich lakd,

— efektivnost opravy poskozeni nebo defektli vrchnich lakti Ize provadét s riznymi stupni efektivity
(spotfeby Casu, energii a materialu).

Dalsi podrobnosti budou zfejmé pii PP-prezentaci na konferenci doplnéné barevnymi vyobrazenimi
nebo v ramci piipadné diskuze.

41



X. KONFERENCE PIGMENTY APOJIVA « 6.-7.11.2017

MECHANICAL AND ANTICORROSION PROPERTIES OF ORGANIC
COATINGS CONTAINING SURFACE-TREATED TALC PARTICLES
DEPENDING ON THE DOPANT TYPE

MECHANICKE A ANTIKOROZNI VLASTNOSTI ORGANICKYCH POVLAKU
OBSAHUJICI POVRCHOVE UPRAVENE CASTICE MASTKU V ZAVISLOSTI
NA TYPU DOPANTU

NECHVILOVA K., KALENDOVA A.
University of Pardubice, Faculty of Chemical Technology, Dep. of Organic coatings and paints,
Studentska 95, 523 10 Pardubice

Summary
Based on previous reaserch (K. Nechvilova, A. Kalendova, The investigation properties of diethyl phosphite
in polyaniline base, pp. 88—92; The 8th CONFERENCE ON PIGMENTS AND BINDERS, November 2—3,
2015 Congress hotel Jezerka, Sec¢, Czech Republic), presented work is focused on surface-treated pigment
base on laminated silica conductive polymer (PANI). H PO, was used as a primer dopant of PANI chain,
diethyl phosphite (DEPH) was used as a secondary dopant which served for reprotonation of PANI salt.
PANI surface layer improved paint film adhesion, physico-mechanical and anticorrosion properties of orga-
nic coatings. Talc particles were coated by conductive polymer on 10, 20 and 30 wt%. Epoxy-ester resin was
used as a binder. Surface-treated pigments were then applied into this resin on 1, 5 and 10 vol%
concentration. These basic coatings were applied on glass and steel panels where physico-mechanical
destruction tests were made by standard. Corrosion properties were afterwards tested in an industrial
enviroment containing sulfur dioxide and 100% relative humidity for 504 hours. Corrosion defects were eva-
luated by ASTM standards after exposition: blistering, corrosion under the paint. The result of the work was
to find the most effective paint film based on mass and volume filling with a conductive polymer depending
on the type of dopant the resultant organic coating was not allowed to lose adhesion after wetting, it had to
prevent blistering and corrosion penetration of the metal substrate.

Key words
Talc, diethyl phosphite, reprotonation, anticorrosion properties

Introduction

Surface protection of steel and steel products against corrosion from the surrounding environment is
a prerequisite for efficient use of the material [1]. The share of atmospheric corrosion in the factors contribu-
ting to steel degradation is over 80 percent. Among feasible methods to protect steel materials from corrosion
is providing the material with an organic coating containing anticorrosion pigments [2]. Such coatings are
under constant supervision by health protection authorities because the pigments may be toxic and/or poten-
tially harmful. With a view to avoiding such hazardous anticorrosion pigments, some scientists have been
focussing on conductive polymers as organic coating ingredients imparting the paints anticorrosion properties
[3]. Good anticorrosion provisions can suppress corrosion or prevent it altogether, thereby reducing the cost
of repair/replacement of the corroded materials [4].

The conductivity of polymeric materials is a result of a chain of partial processes. In conductive poly-
mers, adjacent carbons that are present in the sp? hybridized state are interconnected by sharing one valence
electron in the centre of the bond in the p_ orbital. All the p, orbitals are interconnected to form a molecule in
which the delocalized orbitals alternate periodically. Electrons in the delocalized orbitals exhibit a high mobi-
lity, and if the material is doped by using an oxidative reaction, some of the electrons start moving. The conju-
gated p-orbitals give rise to a one-dimensional electronic band in which the electrons are mobile provided that
the orbital is partly empty. An inorganic or organic acid can serve as the dopant. Conductive polymers are not
conductors in the sense attached to inorganic conductors. Actually, the term semiconductors would be more
appropriate. The conductivity of the undoped conjugated polymers is very low, 107'° to 10®* S/cm [5]. They
include, e.g. cis-polyacetylene, polythiophenes, polyethylene and the polyaniline base. Each doping level
increases the electrical conductivity by 0.1 S/cm. Fully doped, some materials might attain conductivities as
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high as 10 kS/cm. Conductivity is a property that is responsible not only for the material’s physical properties
but also for its chemical properties [6—11]. A correlation has been established between the electrical conducti-
vities of reprotonated bases and the pH level of the protonation medium. A high acidity (pH<1) is required for
efficient reprotonation, i.e. for attaining conductivities higher than 10 S/cm. Negligible or nil conductivity
increase (<10~* S/cm) has been found for media with pH>3. Where strong acids are involved, the conductivity
often decreases at high acid concentrations despite the high acidity (pH<0). This is so because protonation
of the secondary amine groups on the polyaniline (PANI) chain as well as of the imine nitrogens takes place,
whereby the electrical conductivity is adversely affected, presumably due to a reduction in the number of
conjugated bonds in the chain or due to generation of polaronic charge carriers [12, 13].

Diethyl phosphite is the diester of phosphonic acid. This acid dissociates only to the second degree in
aqueous solutions [14]. Diethyl phosphite is a novel, unexplored material in the domain of paints, its use with
PANI as a secondary dopant has not been described so far. Interactions between this diester and PANI have
been studied by Sedénkovi et al., who pointed to the fact that no proton capable of providing direct interac-
tion with the PANI chain exists in diethyl phosphite. In fact, the phosphite molecule is bonded to the PANI
segments through P--HN and POH:-N hydrogen bonds. Although the acid hydrogen atom in the phosphite
OH group is not completely transferred to the imine nitrogen in PANI, the POH-N distance being 1.81 A, the
PANI salt can be considered partly protonated. This is borne out by the fact that the (P)O-H covalent bond is
weaker and longer (1.00 A) here than in the isolated phosphite molecule (0.97 A) [15].

Experimental

Surface treatment silica pigment by polyaniline

Polyaniline salt was prepared by standard oxidation of 0.2M aniline phosphate with 0.25M ammonium
peroxodisulphate in an aqueous medium at room temperature. Than silicate powder was added in volume to
be obtained surface layer on 20 wt.% and 30 wt.%. The reaction was accompanied by colour changes, from
dark blue to the final dark (emerald) green. The final substance was filtered out, rinsed with acetone and dried
in air than in dryer (60 °C). The surface layer was checked by DTA analysis (heating 5 °C/min). This was
designation as primary doping. The solids were subsequently converted to polyaniline base in 1 M ammonium
hydroxide, and dried at room temperature in air and then over silica gel. The PANI base was suspended in
diethyl phosphite without using any organic diluent or water. After 24 hours, the solids were collected on a
filter, washed with ethanol, and dried in air, and then over silica gel. This was designation as secondary doping.

Sample marking

Talc pigment stands on the first place (except anticorrosion pigment diethyl phosphite which was pre-
pared by secondary doing). It follows polyaniline chain (PANI) and a type of dopant. H,PO, is primary do-
pant; diethyl phosphite is secondary dopant. PANI chain and dopant are divided by a dash “ — “.The weight
coverage is shown at the last position in the formula. Generic formula: Talc/PANI-dopant-percent by weight
of coverage.

Characterization of pigment powders

The basic pigment properties were determined pycnometrically (CSN ISO 787-10). The critical pigment
volume concentration (CPVC) was determined via linseed oil consumption per 100 g of the pigment (CSN
ISO 787-5) by the pestle-and-mortar method as per CSN 67 0531. The CPVC value served to set up a concen-
tration series. Silicates/PANI pigment particle morphology and shapes were examined on a LYRA3 TESCAN
(Czech Republic) electron microscope. Matter soluble in hot water (W, ) and in cold water (W, ) was also
determined per CSN EN ISO 787-3 and 787-8, respectively. The pH and specific electric conductivities ()) of
a 10% aqueous extract of the pigment powder were measured during 28 days as per CSN EN ISO 789-9 and
CSN EN ISO 787-14. The suspension was filtered, and a clean and pre-weighed steel panel was submerged
in the filtrate for 10 days, after which the panel was removed from the extract and the corrosion loss (K ) was
measured.

Paint formulation and preparation

The paint systems were formulated on computer program FORMUL. As a binder was used epoxy-ester
resin on solvent-type (WorléeDur D46, Worlée Chemie, Germany). The model paints were prepared by adding
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the pigment to the binder and homogenizing the system. The pigment volume concentration (PVC) in the paint
was 1 % and 10 %. The paints were pre-prepared on a dissolver and dispersed in a laboratory bead mill at
3000 rpm for 45 minutes. Before applying to panels, Nuodex Combi (mix of salts Co/Ca/Zr from Huntsman,
Germany) was added at 0.1 wt.% as a siccative Than the paints were applied to glass and low-carbon steel
panels where physico-mechanical tests were done.

Characterization of paint films by physico-mechanical tests

The physico-mechanical properties of the paint films were determined by subjecting the films to mecha-
nical and destructive stress according to ISO standards 2409, 6272, 1519, and 1520.

Determination of resistance to humid atmospheres containing sulphur dioxide (ISO 3231)

The corrosion test was performed on steel panels 150 mm x 100 mm x 0.9 mm size, coated with the paint
films. A test cut 8 cm long was made through each paint film as per EN ISO 12944-6 by cutting tool (ISO
2409). The samples were exposed to the sulphur dioxide mist with 100% condensed moisture environment
during 504 hours, and the corrosion effects were evaluated as per EN ISO 4628-2 to 4628-5 after terminating
the exposure. The parameters measured included blistering on the paint film surface (ASTM D 714-78),
degree of metal corrosion on the test cut (ASTM D 1654-92) and degree of corrosion of the metal surface
(ASTM D 610-85).

Results

Tables 1 and 2 show the characterization of pigment powders and the coating films prepared therefrom,
which have been evaluated according to the respective standards. Figure 1 illustrates the thermogravimetric
measurement performed for the total determination of the organic fraction in the pigment mixture. The SEM
images in Figures 2a and 2b illustrate the real shape and coverage of the particles of talc with the conductive
polymer layer.

Discussion

The physico-mechanical and anticorrosion properties of the powdered pigments synthesized and of the
paint films containing them were measured in dependence on the pigment volume concentration (PVC), on the
weight fraction of talc coating with the conductive polymer and on the doping type. When talc was used, only
the barrier mechanism of substrate metal protection played a role and the highest anticorrosion efficiency sco-
re in an SO, environment (ESOZ) at the optimum PVC = 10% was 81 on the 0-100 scale: the corroded fraction
of the metal substrate area was 1%, corrosion in the test cut was 1 mm, the paint film blistering score was 8F
and the test cut blistering score was 8M. While the E,,, score was the same if diethyl phosphite (PANI-DEPH)
was used as the anticorrosion pigment, no blistering occurred in the test cut, the metal surface corroded frac-
tion was higher, viz. 16%, and corrosion in the test cut was mere 0.3 mm.

The aim of the present work was to combine the two materials into a single coating system so as to
increase the E¢ = score. This intention was also compared with respect to the conductive polymer (PANI salt)
content on the silicate particle surface, i.e. the weight coverage.

When secondary doping with diethyl phosphite was used instead of primary doping with phosphoric
acid, the oil number per 100 g of pigment and hence, the density, were lower (Table 1). This implied a smal-
ler specific surface area of the emerging pigment particle, thus hindering adsorption of substances from the
surrounding corrosion environment of SO, that might penetrate along the surface of the particles as far as
the substrate metal. This fact brought about favourable reduction of the degree of metal substrate corrosion
from 16% to 0.1-0.01%. In order to minimize the steel panel surface corrosion, the pH of aqueous extracts
of the pigment powders had to lie near the neutral region, with an electrode potential about —700 mV. At
that moment, the barrier mechanism of protection was augmented with the steel substrate cathode protection
mechanism, which had initially been present in the acid pH region. Adequate reduction of the emeraldine
salt to leukoemeraldine, with the co-existence of the anionic dopant of the PANI chain which then formed a
Fe(OH),/Fe,O, mixture, occurred even at a low PANI salt content in the system. Such substances are capable
of forming complex compounds with PANI, to fill any pores in the paint film and prevent penetration of the
additional corrosive medium to the substrate. In an environment with SO,, low-pH sites would form due to
the presence of sulphuric acid which would promote substrate metal corrosion. Based on the W, and W
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Table 1: Characterization of pigment powders and paint films

PANIT
POWDERS FILMS
Tale/PANI- otk ) ) )
-dopant-wt.% P Abs. CPVC® X pH W200 | W1009 pH K 9
[efen] linseed -l day 28 | day 28 [%] [%] day 28 [‘;']
oil [Sfem] | [] ’ ° -] o
[g/100g]
Talc
PANI-DEPH 1.32 102 41 1.2E-3 2.65 3.5 4.8 3.34 57
Talc/PANI-
“H,PO,-10wt.% 2.53 79 32 57E-2 | 2.56 3.5 4.1 6.71 16
Talc/PANI-
“H,PO,20wt.% 2.36 107 27 1.2E-1 2.20 7.2 8.4 5.28 24
Talc/PANI-
“H,PO,30wt.% 2.16 123 25 1.7E-1 2.07 10.2 11.3 4.90 27
Talc/PANI-
DEPH-10wt.% 2.47 66 36 2.0E-3 4.18 0.7 1.0 4.90 74
Talc/PANI-
DEPH-20wt.% 2.25 88 31 5.1E-3 4.53 22 24 6.18 30
Talc/PANI-
DEPH-30wt.% 2.40 83 35 5.8E-3 4.48 2.8 3.0 6.13 18
a) Critical pigment volume concentration calculated by linseed oil consumption
b) Conductivity value of the powder pigments in aqueous extracts, in 28 days
¢) pH value of the powder pigments/paint films in aqueous extracts, in 28 days
d) Determination of water soluble matter for pigments (CSN EN ISO 787-3 and 787-8)
e) Corrosion losses of steel panels submerged in aqueous extracts of the free paint films, in 38 days

Figure 1: The thermogravimetric curves of surface treatment talc pigment
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Table 2: Corrosion in the SO, containing chamber after 504 hours

Composition of the PAINT Blistering Corrosion
FILMS Pyc Adhesion E0

Pigment/PANL-dopantwtve | | tet | tesent | aren | esten | KT
Talc 10 M 8F 1 1 0 81
PANI-DEPH 10 6F - 16 0.3 0 81
Talc/PANI-H,PO,-10wt.% 10 8F - 0.3 0.5-1 0 92
Talc/PANI-H,PO,-20wt.% 10 &M - 0.03 | 1.0-1.5 1 84
Talc/PANI-H,PO,-30wt.% 1 6M - 0.03 0.5-1 0 89
Talc/PANI-DEPH-10wt.% 10 6MD - 0.01 1 0 82
Talc/PANI-DEPH-20wt.% 5 &M - 0.01 0.5 0 86
Talc/PANI-DEPH-30wt.% 10 M - 0.01 | 0.3-0.5 0 90

f) Anticorrosion efficiency of industrial atmosphere — arithmetic average of the evaluation numbers

Figure 2: SEM view (HV: 5.0 kV; View field: 20.0 pm; WD: 9.04 mm) a: Talc/PANI-H,PO -20wt.%; b:
Talc/PANI-H,PO -30wt.%

data, the Talc/PANI-DEPH system (secondary dopant) was more stable and temperature changes did not bring
about so appreciable disproportionation or deprotonation of the PANI chain. Also, the metal weight loss per
unit area is 1/3 to 1/4 that observed with the Tale/PANI-H,PO, system as in the case of primary doping. The
metal weight loss was one-half that observed with the DEPH pigment. Secondary surface treatment of the
talc was beneficial as regards the total quantity and rate of the extracted dopants in the aqueous system. By
contrast, Talc/PANI-H,PO, as the primary dopant exhibited a higher ion mobility and electron exchange in the
aqueous system, due to which the weight loss per unit steel surface area was higher. On the other hand, though,
they contributed to the corrosion protection of the substrate metal. This protection was rather efficient from the
short-time perspective but not from the long-time perspective because in the long run, “oversaturation” (“cho-
king”) of the system took place and the system degraded on its own due to excessive electron exchange. The
primary dopant conductivity was at the level of 10~ at pH 1.89. Secondary doping with PANI-DEPH brought
about conductivity reduction to 10~ at pH 2.65 (Day 28). Surface treatment with the Talc/PANI-H,PO, system
preserved the conductivity 10~ while increasing the pH to 2.2. Secondary doping with Talc/PANI-DEPH also
preserved the conductivity level (conductivity remained unaffected by talc) but pH increased to 4.5 (depen-
ding on the weight coverage type). The organic component content of the pigment system was determined
by TGA, providing the total polyaniline fraction in weight percent (Fig. 1). The particle shapes and surface
patterns were examined on an electron microscope (Figs 2a and 2b).
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Where the surface treatment was examined with respect to the weight coverage parameter, the lowest oil
number was observed for Talc/PANI-H,PO,-10wt.% and was found to increase with increasing amount of the
conductive polymer on the particle surface. The same patterns were observed for the critical pigment volume
concentration (CPVC). The lowest filling was possible for the lowest weight filling (10 wt.%), which also atta-
ined the highest E,,, score (92), whereby it became the most efficient combination of the substances tested for
the primary dopant. No blisters occurred on the paint film at PVC = 10 % and they were classed 8F in the test
cut with respect to their size and number. Only the extent of corrosion in the cut was 0.5—-1 mm (Table 2). The
issue of a higher occurrence of corrosion in the cut did not exist with the Talc/PANI-H,PO,-30wt.% system at
PVC =1 %. Larger blisters, however, were present (6M). The oil numbers were higher, and poorer paint film
adhesion to the steel substrate was feasible. Therefore, the PANI-DEPH secondary dopant was examined. This
dopant exhibits opposite trends. The density and oil number decreased with increasing weight filling. Those
physical properties of the PANI-DEPH-based pigments were mirrored in the resulting CPVC level, where the
overall system had to be filled to lower values. The Talc/PANI-DEPH-30wt.% system at PVC = 10 % provided
the best results. Its E,, score was 90, the corrosion reduction in the cut to 0.3—0.5 mm being the most marked
feature. Secondary doping with PANI-DEPH was used owing to its outstanding adhesion, as was the case with
phosphoric acid as the primary dopant. Rather than complex bond formation, adhesion occurred through a
host of hydrogen bonds between a phosphite molecule and the PANI chain. Secondary doping brought about
a synergistic effect of the silicate pigment talc, residual primary phosphoric acid, partial back-transition to the
polyaniline base and the action of the diethyl phosphite itself.

Conclusion

This work used talc, a common filler, as a carrier silicate matrix to adsorb a partial layer of the conductive
polymer. The initial anticorrosion properties of talc were improved by the newly synthesized polyaniline salt.
The anticorrosion efficiency score (0—100) increased to above 90: the effect of the primary dopant, phosphoric
acid (PANI-H,PO,), brought about decrease in the number and size of blisters on the paint film surface and
elimination of blisters from the test cut. The secondary dopant, diethyl phosphite (PANI-DEPH), contributed
additional corrosion reduction in the test cut. A suitably formulated paint system with Talc/PANI-DEPH-
-30wt.% in an epoxy-ester resin at PVC = 10 %, completed with an inert filler of the CaCO, type, may be used
to completely protect a steel panel from a corrosive medium including SO, fog.
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THE INFLUENCE OF POLYANILINE BENZOATE ON THE CORROSION
INHIBITION EFFICIENCY OF ZINC-FILLED ORGANIC COATINGS

VLIV POLYANILIN BENZOATU NA KOROZNE INHIBICNI UCINNOST ZINKEM
PLNENYCH ORGANICKYCH POVLAKU

KOHL M., KALENDOVA A.
Faculty of Chemical Technology, Institute of Chemistry and Technology of Macromolecular Materials,
University of Pardubice, Studentska 95, 53210 Pardubice, Czech Republic.

Summary
The aim of this work was to evaluate the effect of polyaniline benzoate on the corrosion inhibiting efficiency
of organic coatings pigmented with zinc. For this, polyaniline benzoate was synthesized and, together with
the zinc, characterised. The parameters whose knowledge is necessary for an appropriate formulation of
the pigmented organic coatings were determined. Epoxy-ester resin-based paints containing the pigments
examined were then formulated and applied to steel panels. The paint films' physico-mechanical resistance
was tested by standardised methods to determine their adhesion, elasticity and flexibility. Furthermore, the
organic coatings' anticorrosion efficiency was assessed by the cyclic corrosion test in a neutral salt fog
atmosphere and in an SO -containing atmosphere. The highest mechanical and anticorrosion resistance was
attained with the organic coating containing the pigment (i.e. polyaniline benzoate) at a volume concentra-
tion of 15%.
Key words
Conductive polymers, polyaniline benzoate, coating, corrosion

Introduction

Organic coatings pigmented with zinc dust are used mainly owing to the zinc's ability to act as a "sacrifi-
ced" electrode in the system. This, however, requires zinc to be present at a high volume concentration [3, 4],
ensuring electrical contact between the zinc particles themselves and between the zinc particles and the subs-
trate metal being protected. In contact with a corrosive medium, such coatings provide first what is referred to
as cathodic protection, during which the zinc corrosion products fill the coating's pores, make them leaktight
and reduce the protective coating's conductivity. As a result of this conductivity reduction, the electrochemi-
cal protective mechanism is transformed into the barrier mechanism. This is active protection, because the
electrochemical cathodic protection mechanism is restored if the coating is disturbed [4—7]. Stringer and strin-
ger standards governing the use of zinc-pigmented organic coatings are being adopted. Also, high-zinc coa-
tings are not very resistant to mechanical damage, and zinc sedimentation in the binder due to its high density
poses a problem when storing the pigmented paints [8, 9]. For those and other reasons, approaches aimed to
reduce the zinc content in the coatings are currently studied. The use of conductive polymers is an option [10].

A number of papers describe the potential of conductive polymers in steel protection against corrosion.
Among potential conductive polymers, polyaniline (PANI), specifically its conductive species (emeraldine
salt), is being studied most extensively [10, 11].

Studies have shown that emeraldine salt of PANI is able to protect steel by stabilizing the potential of
iron in passive region by forming protective passive layer. Other studies have provided direct information on
the redox process occurring in the PANI coatings. Other studies have shown that the formation of iron-dopant
complex also passivates steel [12]. The effect of the dopant type has also been examined by using phosphoric
acid, hydrochloric acid and sulphonic acid. The dopant type has been found to affect the anticorrosion pro-
perties of the protective organic coatings pigmented with the polyaniline salt. Since benzoate is a good iron
corrosion inhibitor, polyaniline benzoate was prepared in the present work and used as the pigment in the
organic coatings tested [13, 14].

Experimental part

Preparation of polyaniline benzoate
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Polyaniline was obtained by oxidative polymerization of aniline in H,PO, using ammonium peroxodi-
sulphate. The synthesized polyaniline was dedoped by dispersing and stirring in 1 M NH,OH for 12 h. The
dedoped polyaniline was filtered and dried. Redoping of polyaniline was made by dispersing the polyaniline
to dilute benzoic acid and stirring for 12 h. The polyaniline benzoate (PANI-BENZ) was filtered and washed
with distilled water and dried in oven at 60 °C for 2 h.

Specification of the pigments

2 % suspension of the polyaniline benzoate in redistilled water was then prepared and values of pH and
conductivity were followed for 28 days. The critical pigment volume concentration (CPVC) of the pigments
was calculated from the density determined using Autopycnometer Micromeritics 1320 and oil absorption
was determined according to the Czech State Standard (CSN) 67 0531 using the "pestle — mortar" method.
Parameters are given as arithmetic averages within 10 measured values. Determination of particle size and the
distribution of pigment particle size were identified by means of Mastersizer 2000 (Malvern, Instruments Ltd.,
UK) that is able to measure the distribution of particles sized from 0.01 to 2000 um.

Formulation and preparation of organic coatings

The description binder WorléeDur D 46, is a short oil epoxy ester based on conjugated drying fatty
acids. It is used in air-drying and stoving finishes with outstanding adhesion, rapid drying and good chemical
resistance. Organic coatings were prepared by combining zinc metal with polyaniline benzoate, using the
pigment volume concentrations (PVC) 1, 5, 10, 15 % and zinc metal volume concentration (PVC) 67 %. To
compare the results obtained with polyaniline benzoate an organic coating containing only zinc metal (at
PVC = 67 %) was prepared. Organic coatings were dispersed using a Dissolver-type equipment at 3000 rpm
for 30 minutes. Once prepared, the paints were applied to steel panels (standard S-36 low-carbon steel panels,
Q-Lab Corporation) and the dry film thickness (DFT) was measured with a magnetic gauge as per ISO 2808.
An artificial vertical cut was made through the paint films for the accelerated corrosion tests. The vertical test
cut in the organic coating was 80 mm long and 0.5 mm deep and was made in accordance with CSN EN ISO
129446 by using a cutting tool complying with ISO 2409 (tool for single cuts).

Mechanical properties of the paints

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

Corrosion test procedures

The steel panels coated with the organic coatings were subjected to accelerated cyclic corrosion tests in
2 different environments. In an NaCl spray atmosphere with steam condensation (ISO 9227), to which the
panels were exposed for 720 hours; in an SO, atmosphere with water condensation (ISO 6988), to which the
panels were exposed for 1440 hours.

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.

Results and discussion

Pigment specification

The basic characteristics of polyaniline benzoate and zinc are listed in Table 1. The critical pigment
volume concentrations (CPVC) of the two pigments were calculated from the density and oil absorption
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data. Knowledge of the CPVC is a prerequisite for good formulation of the pigmented organic coating.
Aqueous 2% (w/w) suspensions of the pigments were prepared in redistilled water pH 6.50 + 0.01, con-
ductivity 1.5 pS.cm™, and their pH and conductivities were measured in 28 days. The polyaniline benzoate
suspension exhibited a pronounced pH decrease to 2.25 and conductivity increase to 15.7 mS/cm, which is
explained in terms of a mechanism based on polyaniline benzoate deprotonation [15]. No appreciable pH or
conductivity change was observed in the zinc suspension.

Table 1: Characteristics of the pigments

Sample Density Oil absor. CPVC s Conductivity?® | Particle size
P [g/em’] [¢/100g] [%] P [mS/cm] d, [pm]
Zinc 7.14 6,4 67 6,58 3,1x10° 5.20
PANI-BENZ 1,31 53,5 57 2.25 15.7 4.81

Results of the mechanical properties of the protective organic coatings

The organic coatings' physico-mechanical resistance was tested by standardised methods to determine
the adhesion, elasticity and flexibility of the paint films. The results, listed in Table 2, demonstrate that the
coatings containing polyaniline benzoate exhibit a higher mechanical resistance than the reference coating
containing zinc solely. And the resistance of the coatings to the cupping test increased with increasing polya-
niline benzoate volume concentration in the system.

Table 2: Results of the mechanical properties of the organic coatings containing polyaniline benzoate
together with zinc metal, DFT = 60 + 10 pm

PVC, isenz Adhesion test Bend test Impact test Cupping test
[%] [dg] [mm] [em] [mm]
0 2 <6 95 3,90
1 1 <4 > 100 4,22
5 1 <4 >100 4,46
10 1 <4 >100 4,84
15 1 <4 >100 5,28

Evaluation of accelerated corrosion tests

Accelerated corrosion tests are designed to intensify the corrosion aggressiveness factors (temperature,
humidity or moisture, corrosive component concentration) while preserving the corrosion process mechanism.
The accelerated corrosion tests were used to measure the corrosion resistance of the various paint films.

Accelerated corrosion tests in a salt mist atmosphere

The steel panels coated with the paint films were exposed to a salt fog atmosphere for 720 hours, and
blistering near a test cut and on the paint film surface was evaluated. Subsequently, the paint films were remo-
ved from the panels and corrosion of the steel surface was examined. The results are listed Table 3. Blistering
was observed with all of the paints. The number and size of the blisters were lower as the polyaniline benzoate
volume concentration in the paint was increased: this applies to the pain film surface as well as to the test cut
area. And the same dependence was found for corrosion of the steel panel surface and the test cut area — both
were less and less marked as the polyaniline benzoate volume concentration in the paint was increased, see
the photographs in Figure 1. The panel coated with the reference organic coating and subjected to the acce-
lerated corrosion test in the salt fog atmosphere exhibited the presence of red rust (iron corrosion products)
in comparison to the paint containing polyaniline benzoate at PVC = 15%. This polyaniline benzoate volume
concentration, PVC = 15 %, provided the highest system resistance to the test environment.

51



X. KONFERENCE PIGMENTY APOJIVA « 6.-7.11.2017

Figure 1: Photographs of the cuts in the organic coatings following the accelerated corrosion test in
the salt fog atmosphere

Reference organic coating containing zinc at a volume concentration PVCZn = CPVCZn

Organic coating with polyaniline benzoate (PVC = 15%) and zinc

Table 3: Results of the corrosion tests performed in a salt mist chamber for coatings after 720 h of

exposure, DFT =85+ 10 pm

PVC,, \sinz. Blistering GONEOSion
[%] Metal base [dg] In a cut [dg] Metal base [%] In a cut [mm]

0 4D 6D 50 2,0

1 4 MD 6 MD 33 422

5 6 MD 6 MD 16 17

10 8 MD 8 MD 10 1,5

15 8M 8 MD 3 12

Accelerated corrosion tests in atmosphere with SO,

The steel panels coated with the paint films were exposed to an atmosphere with SO, for 1440 hours,
and blistering near the test cut and on the paint film surface was evaluated. Subsequently, the paint films were
removed from the panels and corrosion of the steel surface was examined. The results are listed Table 4. No
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blisters were found on the surface or in the test cut area of any of the paint films with polyaniline benzoate.
The reference organic coating exhibited blisters of the lowest degree in the test cut area. Corrosion on the steel
panel surface beneath the film as well as corrosion in the test cut area decreased with increasing polyaniline
benzoate volume concentration: the highest corrosion resistance to the test environment was observed at PVC
= 15%.

Table 4: Results of the corrosion test performed in a condenser chamber filled with the atmosphere
containing SO,. The coated panels were exposed for 1440 hours, DFT = 85 + 10 pm

PVC Blistering Corrosion

PANI-BENZ.

[Yo] Metal base [dg] In a cut [dg] Metal base [%] In a cut [mm]
0 - 8F 1,0 1,0
1 - - 0,3 1,0
s ) - 03 0.8

10 - - 0,1 0,8

15 - - 0,1 0,7

Role of polyaniline benzoate in the zinc-containing protective coatings

A high zinc volume concentration is required for organic coatings pigmented with zinc dust to provide
anticorrosion protection to the substrate metal. Such conditions ensure conductive contact between the zinc
particles themselves and between the zinc particles and the substrate steel. If this is met, the paint provides
corrosion protection against the corrosive medium. Later, this protective mechanism is transformed into the
barrier mechanism. In the present study the zinc content of the system was step by step reduced and made up
for with polyaniline benzoate which, owing to its conductivity, was supposed to ensure contact between the
zinc particles also in the systems with lower zinc contents. Moreover, it has been found by other researches
that polyaniline benzoate in organic coatings can transform to leucoemeraldine, and this process is accompa-
nied by the release of benzoate anions (Equation 1), which can form insoluble iron benzoate to fill pores in
the paint film [16, 17].

[PANIY* (C4H5€007), ]+ nye — [PANI, + nyCeHsC00~ 1)

Conclusion

The aim of this work was to evaluate the mechanical and corrosion properties of coatings containing
polyaniline benzoate and zinc. The mechanical tests gave evidence that the presence of polyaniline benzoate
in the zinc-containing coatings brings about improvement of the coatings' mechanical resistance. The me-
chanical properties were the better the higher the polyaniline benzoate PVC in the system. The corrosion re-
sistance was also better if polyaniline benzoate was present in the zinc-pigmented organic coating. Generally,
corrosion resistance improved with increasing PVC: this applies both to the test in the atmosphere with SO,
and to the salt fog atmosphere. The highest mechanical resistance and anticorrosion efficiency was attained at
polyaniline benzoate volume concentration PVC = 15%.
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PROBLEMATIC PROTECTIVE EFFICIENCY OF 1ICOMPONENT
CEMENT-POLYMERIC ELASTIC MEMBRANES IN PERMANENT
IMMERSION

PROBLEMATICKA OCHRANNA UCINNOST 1KOMPONENTNICH
CEMENTO-POLYMEROVYCH ELASTICKYCH MEMBRAN V TRVALEM PONORU

MINDOS L.
SVUOM s.r.o.

Summary
The low protective ability of one-compound cement-polymeric elastic waterproof membrane against liquid
water penetration in permanent immersion conditions was proved by this study in two independent
experiments. The results are very important for application in civil engineering, especially for protection
of concrete structures exposed in immersion conditions.

Key words
Cement-polymer waterproofing membranes, blisters, failure, water penetration

Introduction

Civil engineering sector used cement-polymeric compositions very frequently for protection of concrete
structures, mainly for protection of concrete against direct influence of water. The application of these com-
positions is easy in preparation; subsequently it is ecological friendly, because the solvent and also the har-
dener is practically always water. The technical datasheets these compositions are given high resistance e.g.
against CO,, which is very required due to protection of concrete against carbonization, very good resistance
against freezing temperature, ability to bridge cracks and other parameters. The rate of water penetration in
liquid phase is express in kg / m? x h® units; at < 0.1 values the usage of composition is declared as protective
also for permanent immersion in water.

The experimental verification in permanent immersion conditions was done for used one-compound
cement-polymeric waterproof composition which failure after application as surface treatment for concrete
fire-pool. The measured data were statistically treated.

Figure 1
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Figure 2

Experimental methods

For testing of protective properties of waterproof membrane against liquid water the membrane was
created on porous substrate by brush application in one layer with thickness ca 1400 to 1700 um. Preparation,
application and curing of waterproof membrane was done exactly according to recommendation in Technical
datasheet of producer. On surface of cured layer of waterproof membrane the plastic cell was stick, into which
water was lit containing intensive red-violet pigment, high soluble in water. The waterproof membrane was
exposed to liquid water containing pigment at 23 + 2 °C temperature for 316 days. After this period the wetting
of the cross-section was made and the membrane was finished, the surface was washed by water and dried.
Sample was broken, the cross-section was made and photo documentation was record under microscope with
measurement of membrane thickness and depth of liquid coloured water penetration.

In the second electrochemical experiment the protective ability of waterproof membrane against liquid
water penetration was tested, but on steel substrate, on which the waterproof membrane was applied by the
same way, by brush in one layer in different thickness. On surface of cured layer of waterproof membrane
the plastic cells were again stick, which were filled by 0.05M of water solution. After filling of membrane by
water solution the measurement of total potential of system was started in 1 minute intervals. The measuring
electrode was tungsten electrode and working electrode was steel substrate. After relative short periods of im-
mersion of membrane in water solution (4-25 days, directly according to membrane thickness); the significant
changes of total potential were indicated, which showed the water solution penetration until to steel substrate.

Results and discussion

Figs. 3 and 4 document the liquid water penetration by membrane layer after 316 days of wetting. White
cote shows the total thickness and red one shows the depth of liquid water penetration.

Figure 3
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Figure 4

Wetting experiment with soluble pigment as indication marker evidently proved, that the waterproof
membrane is not able to efficiently protect against liquid water penetration in permanent immersion conditi-
ons.

Graphs 1-5 very good illustrate relative direct dependence between thickness of waterproof membrane
and immersion periods, after which the water solution penetrates until steel substrate. In any case the electro-
chemical experiment only in definitely shorter periods verified previous wetting experiment with coloured
water, and it is that waterproof layer is penetrated by liquid water in short periods of 4-25 days according to
applied thickness.

Graph 1: Membrane - brush paint, steel substrate, DFT 1062 £ 215 p
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Graph 3: Membrane - brush paint, steel substrate, DFT 1849 + 189 n
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Graph 4: Membrane - brush paint, steel substrate, DFT cca 2500 p
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Graph 5: Membrane - brush paint, steel substrate, DFT cca 3000 p
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Performed study proved that cement-polymer compositions which have many application advantages,
but they have also one ground disadvantage — i.e., significantly problematic protection against liquid water
penetration in long-term immersion conditions. Study shows that even applied thickness of waterproof mem-
brane highly over recommended 2000 pm, could not protect against liquid water penetration in long-term
period. All cases of total penetration of liquid water through whole waterproof membrane thickness without

respect to applied membrane total thickness occurred till 25 days after membrane immersion.
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FORMULATING UNIVERSAL PIGMENT CONCENTRATES
FORMULACE UNIVERZALNICH PIGMENTOVYCH KONCENTRATU

BOUWMAN R.
CLiQ SwissTech B.V.

Summary
Modern universal pigment concentrates for decorative systems are gaining more and more importance on
the European paint market. These waterbased concentrates can be applied in both aqueous and
non-aqueous decorative paints helping to reduce stock keeping units and amount of required in-shop
tinting machines.

The presentation will guide the formulator through the development process for universal pigment
concentrates that provide maximum tinting strength and compatibility. Different ways to choose the most
appropriate dispersing & wetting agents as well as humectants and rheological additives, also considering
the requirements for environmental labels like Eco-Label, Blue Angel etc., will be demonstrated in
a practical way.
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POWDER RHEOLOGY OF NANOCRYSTALIC PARTICLES
PRASKOVA REOLOGIE NANOKRYSTALU

KULAVIAK L.}, PENKAVOVA V!, RUZICKA C.M.}, PUNCOCHAR M.!, ZAMOSTNY P2, GROF Z2,
STEPANEK F., SCHONGUT F.*
1 Institute of Chemical Process Fundamentals, Czech Academy of Sciences
2 Department of Organic Technology, University of Chemistry and Technology Prague
3 Department of Chemical Engineering, University of Chemistry and Technology Pragu

Summary
Pigments are mostly nanometric powder of anisometric particles providing complex rheological behaviour.
The interparticle forces of grains (> 100 um) are based on direct contact, which is mainly influenced by the
particle size and shape. On the other hand powder (< 4 um) and especialy nanometric powder (< 100 nm)
is influenced mainly by electrostatic charges and by moisture (respectively by the liquid and solid bridges
forming). However the morphology affects the surface area and thus the distribution of surface charge and
the moisture content on/in single particle. Last but not least, it is also good to know the history of the pow-
der, i.e. the effect of aging and the memory of the powder on the strength of the material. The nanometric
powder TiO, was chosen as a demonstration material and measuring device was FT4 powder rheometer:

Key words
FT4 Powder rheometer, TiO,, moisture, electrostatic charging, powder history, powder stability
and flowability
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EFFECT OF PLASMA JET MODIFICATION ON POWDER ADDITIVES
SEDIMENTATION

VLIV UCINKU PLAZMOVYCH TRYSEK NA SEDIMENTACI PRASKOVYCH ADITIV

VORAC Z., PHAKOVA B., KOROUS M., DVORAKOVA E., ALBERTI M.
Department of Physical Electronics, Faculty of Science, Masaryk University,
Kotlarska 267/2, 611 37 Brno, Czech Republic

Summary
Suspensions of activated carbon, carbon black, TiO, and PVDF in water were treated by atmospheric pres-
sure plasma jet. The effect on surface wettability and the sedimentation rate of these compounds was tested.

Key words
Plasma jet, powder additives, sedimentation, wettability

Introduction

Plasma treatment is one of the widely used methods for improvement of certain materials properties.
Plasma treatment leads to surface oxidation, releasing polymer chains and the formation of chemically reacti-
ve sites. Plasma treatment of thermoplastic polyurethane powder was used for improving the bonding perfor-
mance when polymer was used as an adhesive [1]. More significant modifications of the chemical composition
of the surface can be achieved by adding precursors to the discharge. For example, Bormashenko and Grynyov
used oxygen and nitrogen low-pressure plasma for Lycopodium particles modification, which transformed
lycopodium powder from hydrophobic to hydrophilic [2]. The possibility of wettability enhancement and
sedimentation reduction was tested for activated carbon suspension in water [3].

Experimental

Plasma

Radiofrequency plasma device operating at 13.56 MHz using applied power of 200 W arranged the mo-
dification of powder samples. 0.5 g of powder was mixed with 25 ml of distilled water. The suspension was
plasma treated for 10 minutes while stirring. The materials in suspension were exposed to the discharge with
afterglow region out of the glass tube with an internal diameter of 4 mm. Managed argon flow rate was 4 sccm.

Sedimentation

The rate of powder sedimentation was determined directly after plasma treatment visually by measuring
the distance of the column of the floating particles from surface in time.

Results

The plasma treatment enhanced the TiO, sedimentation rate although it is significant even for pristine
powder. Within 3 minutes all TiO, particles were settled on the bottom of the tube.

The experiments with activated carbon and carbon black exhibited the same tendencies. Plasma treated
carbon sediments slower, however in the reference sample a small number of particles remain floating in
suspension for several tens of minutes. This may be due to the increased ability of the untreated surface to
retain air. In both cases, the height of the floating particles column was approximately double in plasma treated
sample in comparison with the reference sample.

Naturally hydrophobic PVDF powder, despite of density 1.78 g cm™, floats on the surface. Even when
the non-treated powder was stirred intensively, it did not allow water suspending of the PVDF. After the plas-
ma treatment, the PVDF powder dispersibility increased considerably.

Conclusions

The experiments showed the improvement of PVDF dispersibility in water. In the case of activated car-
bon and carbon black, sedimentation rate decreased. The opposite effect on sedimentation rate was observed
for TiO, powder.
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VYUZITI GLUKANU V NATEROVYCH HMOTACH

USAGE OF GLUCAN IN COATINGS

VLASAKOVA J., MILIC R.
Synpo,akciova spolecnost, Pardubice, Ceskd republika

Summary
Glucan dispersions have been specially developed to the increasing of lacquer-technical properties of
environmentally friendly coatings. Matting effect of this glucan dispersion is comparable with existing new
generation of matting agents. This product has several very important advantages. It can be used as a mat-
ting agent, but due to addition in paint formulation also further properties are positively affected, especially
drying and development of hardness of film.

Key words
High solids alkyd, Co-free drier, matting agent

Souhrn

Glukan je polysacharid slozeny z opakujicich se molekul glukozy. Miize byt nevétveny i rizné rozvétve-
ny. Pro testovani byl pouzit 1,3 glukan. Bylo pfipraveno nékolik typl glukanovych disperzi, které obsahovaly
5 hm. % glukanu a rtizna dispergacni ¢inidla. Témito glukanovymi disperzemi byla modifikovana bila naté-
rova hmota na bazi rozpoustédlové alkydové pryskyfice s obsahem specialnich aditiv umoziujici ¢aste¢nou
nahradu rozpoustédla vodou a také lak na bazi vodou feditelné alkydové disperze. Piidavek glukanové dis-
perze do natérové hmoty ¢inil 10 az 40 hm. %, tj. 0,5 az 2 hm. % glukanu. Do laku byla glukanova disperze
pfidavana ve ¢tyfech riznych pomérech 1:1, 2:1, 3:1 a 5:1. Obsah glukanu se pohyboval mezi 0,8 a 2,5 hm. %.

Sledovan byl vliv na lakai'sko-technologické a optické vlastnosti natérové hmoty a laku.

Pridavkem glukanové disperze bylo urychleno zasychani, byla zvySena tvrdost hodnocenych filma.
Mimo téchto vlastnosti byl testovan vliv ptidavku glukanové disperze na lesk. Bylo potvrzeno, ze glukanovou
disperzi Ize pouzit jako ekologické matovadlo.

Metody hodnoceni natéri

Prakticky kazdy organicky povlak musi kromé dalSich parametrii vykazovat soubor ¢tyf hlavnich tech-
nologickych vlastnosti povlaku. Jedna se o tloustku, tvrdost, vla¢nost povlaku a jeho pfilnavost k podkladu.
Piiprava natérovych hmot a jejich hodnoceni bylo provadéno podle CSN EN ISO norem a pracovnich postupt
SYNPO.

Zhotoveni zkusSebnich natérti nanasecim pravitkem: Pracovni postup SYNPO, vypracovany na zakladé
zrusené normy CSN 67 3049.

Zkouska povrchového zasychani: CSN EN ISO 1517.

Zkouska zasychani natért: Pracovni postup SYNPO, tiprava CSN EN ISO 3678.
Zkouska tvrdosti natéru tlumenim kyvadla: CSN EN ISO 1522:2006.

Stanoveni tloustky natéru: CSN EN ISO 2808.

Stanoveni odolnosti vodé: CSN EN ISO 2812-3.

Stanoveni nasakavosti: ASTM D 5229.

Stanoveni lesku: CSN EN ISO 2813.

Specifikace hodnocenych systémii a dalSich surovin

Bila natérovda hmota WB1

Formulace obsahuje dva typy rozpoustédlovych alkydovych pryskyfic na bazi sdjového oleje, dispergac-
ni prostiedek, rheologické aditivum, rutilovou titanovou bélobu, prostiedek proti $kraloupovani, sikativ a také
aditivum umoziiujici ¢asteénou nahradu rozpoustédel vodou.
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Viskosita (Brookfield, SSA 27/100, 23 °C) = 855 mPa.s
OKP = 13,3 0bj.%

Susina = 45,4 hm.%

Vodouieditelnd disperze AD1

Vodny roztok alkydu na bazi vysychavého rostlinného oleje, pro zakladni a jednovrstvé systémy, rych-

leschnouci a odolny v exteriérech.

Susina = 44-46 hm.%

Olejova délka =27 %

Viskosita = 20-160 mPa.s

Cislo kyselosti = 6,5-7,2 mg KOH/g

Glukanova disperze GL 40
Obsah glukanu = 5 hm.%

Obsah fluorovaného surfactantu = 1 hm.%

MAI — matujici ¢inidlo, oxid kiemicity bez povrchové upravy, velikost castic 9,5 um
MA2 — matujici cinidlo, oxid kiremicity srdzeny, velikost castic 9,5 um

Fe-sikativ — sikativ na bazi zeleza, pro rozpoustédlové i vodou reditelné systémy

Davkovani sikativu 0,5 hm. % na susinu pojiva
BYK 020 — odpéniovac, davkovani aditiva 0,3 hm. % na celkovou navazku
Vysledky experimentii a diskuze

Zasychani natérovych hmot obsahujicich glukanovou dispersi GL 40
Bila natérova hmota WB1 zasychala do stupné I (proti prachu) za 3 hodiny, do stupné II (na dotyk) za 6

hodin, uplné proschnuti filmu (stupeii IV) bylo dosazeno za méné nez 1 den. Diky ptidavku glukanové disper-

ze

GL 40 bylo zasychani do vSech stupiiti zkraceno o 1 hodinu (Tab. 1).

Tab. 1: Vliv glukanové disperze na zasychani bilé natérové hmoty WB1

WB1
MnozZstvi glukanu [hm. %] 0 0,5 1 1,5 2
Stupen I 3 2 2 2 2
Zasychani [hod] Stupen 11 6 5 5 5 5
Stupen IV 724 7 7 7 7
Tloust’ka [pm] Po 28 dnech 40 40 40 40 40

Vodou feditelna alkydova disperze v kombinaci s Fe-sikativem zasychala do stupné I za 1,5 hodiny,

béhem jedno dne do stupné II, ale uplné proschnuti filmu nebylo dosazeno po celou dobu hodnocenti, tj. po 28
dnech. Diky vy$simu pfidavku glukanové disperze do vodoufeditelné disperse AD1 (1,65 a 2,5 hm.% gluka-
nu) bylo zasychani do stupné II a IV vyznamné zkraceno (Tab. 2).
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Tab. 2: Vliv glukanové disperze na zasychani alkydové disperze AD1

AD1
Mnozstvi glukanu [hm. %] 0 0,83 1,25 1,65 2,5
Stupeii I 1 1 1 1 1
Zasychani [hod] Stupen 11 24 24 24 5 5
Stupen IV >672 >672 >672 48 48
Tloust’ka [um] Po 28 dnech 40 40 40 40 40

Tvrdost filmii obsahujici glukanovou disperzi

Tvrdost filmu bilé natérové hmoty WB1 v ¢ase postupné naristala ze 40 na 72 s. Mnozstvi glukanové
disperze v natérové hmoté¢ WB1 mélo vliv na tvrdost filmi. Diky niz§im ptidavkim glukanu (0,5-1hm. %)
do WBI byla tvrdost filmi vyssi ve srovnani se systémem bez ptidavku glukanové disperze. Naopak vyssi
koncentrace glukanu (1,5 a 2 hm. %) v natérové hmoté¢ WB1 negativné ovlivnily tvrdost filmu (Tab. 3).

Tab. 3: Vliv glukanové disperze na tvrdost filmi bilé natérové hmoty

WB1
MnoZstvi glukanu [hm. %] 0 0,5 1 1,5 2
1 40 47 49 46 45
Tvrdost po dnech 7 57 69 67 53 53
[s] 14 64 74 69 52 53
28 72 80 69 57 57
@)

Tloustka filmu 28 40 40 40 40 40

[rnm]

Tvrdost filmu alkydové disperze AD1 obsahujici Fe-sikativ v ¢ase postupné nartistala z 51 na 80 s. Pfi-
davek glukanové disperze GL 40 mél vliv na tvrdost filmd. Se zvySujicicm se obsahem glukanové disperze,
tvrdost filmu postupné nartstala. Diky 2,5hm.% pfidavku glukanu, byla tvrdost po 28 dnech téméi dvojna-
sobna (Tab. 4).

Tab. 4: Vliv glukanové disperze na tvrdost filmu alkydové disperze AD1

AD1
Mnozstvi glukanu [hm. %] 0 0,83 1,25 1,65 2,5
1 51 62 75 86 81
Tvrdost po dnech 7 61 81 85 113 127
sl 14 77 82 96 117 132
28 80 88 98 128 144
Tloustka filmu 28 35 35 35 35 35
[nm]

Lesk filmii obsahujici glukanovou dispersi

Lesk filmu bilé natérové hmoty WBI1 byl piidavkem glukanové disperze GL 40 vyznamné ovlivnén. Jak
je patrné z tabulky 5, matovaci efekt nardstal s naristajicim mnozstvim glukanové disperze GL 40 v natérové

na dalsi sniZeni lesku vliv.
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Tab. 5: Vliv glukanové disperze na lesk bilé natérové hmoty WB1

WB1
Mnozstvi glukanu [hm. %] 0 0,5 1 1,5 2
Lesk 84,7 55,9 39,6 21,8 21,0

Ukinnost glukanové disperze jako matovaciho ¢inidla byla porovnana se dvéma komeréné dostupnymi
typy matovacich ¢inidel. Pro srovnani byla vytipovana matovaci ¢inidla nové generace, které maji dle vyrobce
vynikajici matujici i¢inek. Porovnan byl vliv stejné koncentrace matovaciho ¢inidla na hodnoty lesku (Graf 1).

Graf 1: Lesk filmi obsahujici komer¢éné dostupna matovaci ¢inidla
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Matovaci efekt naristal se zvySujicim se obsahem glukanové disperze GL 40 také v alkydové disperzi
ADI. Nejnizsi lesk byl dosazen pfidavkem 2,5 hm. % glukanu (Tab. 6).

Tab. 6: Vliv glukanové disperze na lesk bilé alkydové disperze AD1

AD1
MnozZstvi glukanu [hm. %] 0 0,83 1,25 1,65 2,5
Lesk 95,7 74,0 77,4 67,5 38,2

Byl testovan také vliv dvou vytipovanych komeréné dostupnych matovacich ¢inidel na lesk alkydové
disperze ADI. Tato aditiva jsou ve formé prasku, béhem homogenizace s alkydovou disperzi bylo nutné po-
uzit odpénovac. Bylo testovano n€kolik typt odpénovaci, jako optimalni byl vybran BYK 020 v koncentraci
0,3 hm. % na celkovou navazku. Pfidavek matovacich ¢inidel nemé¢l vliv na zakladni lakafsko-technologické
vlastnosti laku, tj. na zasychani a tvrdost laku. Pokles lesku nebyl ve srovnéni s vlivem glukanové disperze
na lesk tak vyrazny (Tab. 7).

Tab. 7: Lesk filmu obsahujici komer¢né dostupna matovaci ¢inidla

AD1
Koncentrace matovacich ¢inidel
(hm. %] 0 01|02 (03](05]| 10| 15| 20 | 25
Lesk MA1 95,7 191,8 91,2 | 88,9 | 86,5 | 75,6 | 81.1 | 80,4 | 50,7
Lesk MA2 95.7 | 87,4 | 81,4780 | 753|748 | 774|751 | 67,8
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Kromé zakladnich lakatsko-technologickych a optickych vlastnosti filmi, byl sledovan vliv pfidavku
glukanové disperse na nasakavost filmu. Natérové filmy obsahujici polarni skupiny jsou schopny adsorbovat
molekuly vody z okolni vlhké atmosféry nebo pii ponoteni do vody. Prestoze glukanova disperze obsahuje
polarni skupiny, nasékavost filmu bilé natérové hmoty WB1 se nezvysila (Tab.8). K mirnému nartstu nasaka-
vosti doslo vlivem ptidavku glukanové disperze GL 40 do alkydové disperse AD 1 (Tab. 9).

Tab. 8: Vliv pFidavku glukanu na nasakavost filmu bilé natérové hmoty WB1

WB1
Mnozstvi glukanu [hm. %] (1} 0,5 1 1,5 2
Nasakavost [%] 2,8 2,6 2,3 2 2,1

Tab. 9: Vliv pridavku glukanu na nasikavost filmu alkydové disperze AD1

AD1
MnoZzstvi glukanu [hm. %] 0 0,83 1,25 1,65 2,5
Nasakavost [%] 2,5 2,6 2,6 3,3 3,9

Viiv pridavku glukanové disperze na viskozitu a susinu

Vzhledem k tomu, Ze glukanova disperze GL 40 obsahuje 5 hm. % glukanu, mélo mnozstvi glukanové
disperze vyznamny vliv na susinu natérové hmoty. Velice dilezitd je vSak skuteCnost, ze piestoze susina
natérové hmoty postupné, diky pfidavku glukanové disperze, klesala, viskozina natérové hmoty prubézné
nartistala (Tab. 10). Glukan tedy pisobi jako efektivni rheologické aditivum.

Tab. 10: Viskosita a suSina testovanych natérovych hmot

WB1
MnozZstvi glukanu [hm. %] 0 0,5 1 1,5 2
Viskosita [mPa.s] 1050 1135 1230 1320 1415
Susina natérové hmoty [%] 454 439 39,3 37,1 35,1

Zavér

Pridavek glukanové disperze GL 40 do bilé natérové hmoty WBI1 nebo do vodou feditelné alkydové
disperze AD1 mél vyznamny vliv na optické vlastnosti té&chto vybranych hmot. Z vysledkd vyplynulo, ze
glukanové disperze jsou srovnatelné u¢inné s vynikajicimi matovacimi ¢inidly na bazi oxidu kiemicitého.
Piidavek glukanové disperze dale vyznamné ovlivnil lakafsko-technologické vlastnosti laku a bilé natérové
hmoty jako je zasychani a nabéh tvrdosti. Glukan zde pusobi také jako efektivni rheologické aditivum. Dalsi
vyhodou je velmi jednoduché zapracovani do natérového systému bez nutnosti pouzivat dali aditiva ¢i slo-
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POWER ULTRASONICS FOR THE DISPERSION OF PIGMENT
FORMULATIONS AND COATINGS

ULTRAZVUKOVY SONIFIKATOR FY HIELSCHER PRO PRIPRAVU PIGMENTU
NATEROVYCH HMOT

DALECKY J.
Pragolab s.r.o.

Summary
For the formulation of colors, paints and coatings, particle size, particle distribution and their
functionalities are of particular interest since these characteristics are responsible for specific decorative
and functional properties of the pigment formulation.

Especially nano-sized particles offer high tinting / color strength as well as a favorable glossing finish
among the decorative aspects. Resistance (e.g. against scratches or UV radiation), conductivity, microbial
inactivation or antistatic properties are functional, which can be achieved by the incorporation of functiona-
lized nano particles.

In the production of novel color and coating formulations, special nano-sized metal oxides, such as TiO, and
ZnO or alumina, ceria, silica, and nano-particulted pigments have been proven to be extremely promising
components.

Conventional devices such as high-shear mixers, high-pressure homogenizers or colloid and disk mills do
not deliver sufficient power to separate nanomaterials into individual particles. Particularly for substances
in the range of a few nanometers to a_few micrometers, the use of high power ultrasonics has been proven
as a highly efficient and effective technique to break agglomerates, aggregates and even primary particles.
High power ultrasound waves generate intense shear forces in liquids, so that particle size is reduced to
sub-micron and nano range.

Ultrasonic milling and dispersing is highly effective and efficient. Ultrasonic flow cell reactors are capable
to process even highly viscous pigment pastes easily, e.g.for the preparation of highly concentrated batches
(master batches).

Hielscher Ultrasonics’industrial processors are powerful and reliable systems for the processing of particle
slurries in batch and inline. Hielscher Ultrasonics’ product range covers lab, bench-top and industrial
ultrasonicators for the efficient and reliable production of pigment pastes, coating and polymer
formulations. The brand new ultrasonic system SonoStation features ultrasonic processors, a tank (hopper),
stirrer and pump for the very easy and comfortable preparation of pigment batches. As a complete
production unit, the SonoStation makes the implementation of ultrasonic processing even easier.

Key words
Ultrasonic dispersion, ultrasonic milling, nano particles, pigments, paint formulation
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PIGMENTS AND BINDERS FROM THE POINT OF VIEW
OF MOLECULAR SPECTROSCOPY

PIGMENTY A POJIVA Z POHLEDU MOLEKULOVE SPEKTROSKOPIE

SEC K.
Nicolet CZ s.r.o.

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

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

Interesting new method is also LIBS (Laser-induced breakdown spectroscopy) in form of handheld spectro-
meter. This unique method offers fast quantitative and qualitative elemental analysis of pigments, binders
and other additives (cadmium, iron, titan etc.)
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NEW POSSIBILITIES OF VIBRATIONAL SPECTROSCOPY ON
A FIELD OF PIGMENT ANALYSIS

NOVE MOZNOSTI VIBRACNI SPEKTROSKOPIE V OBLASTI ANALYZY
PIGMENTU

MATOUSEK D., NEUMAN J.
Optik Instruments s.r.o., Purkyiiova 127, Brno, Czech Republic

Summary
The paper presents applications of advanced instrumentation in a field of pigment analysis. First example
shows, that by means of IR spectroscopy it is possible to measure in the spectral range from 6.000 cn™
down to 50 cm™ in one step and consequently distinguish pigments more precisely. Second one reveals new
fluorescence mitigation mechanism, which is able to generate good-quality Raman spectra even from those
samples, that were immeasurable in past. Third application example shows further inspection of heteroge-
nous pigments. In that case, it is advantageous to combine vibrational spectroscopy with optical microscopy.
Then the distinction of every single component can be done simply and effectively.

Key words
FT-IR, Far-IR, Raman, vibrational spectroscopy, vibrational microscopy

Introduction

Generally, the vibrational spectroscopy includes two complementary techniques — Infrared and Raman
spectroscopy. Due to proven advantages (non-destructiveness, minimal sample preparation, little time con-
sumption) are these methods considered as conventional for qualitative as well as quantitative analysis of
pigments [1]. But on the other hand, these techniques can exhibit some difficulties during evaluation — e.g.
insufficient sensitivity of infrared spectroscopy in case of inorganic pigments, fluorescence in Raman spectro-
scopy and low spatial resolution when measuring heterogenous samples.

Experimental

Most common way of pigment identification consist of comparison of infrared spectra from unknown
sample with spectra of already measured samples e.g. in spectral library. Inorganic pigments are formed
by heavier atoms, and therefore have characteristic bands below standard Mid-IR (MIR) region (4000—400
cm™). From this point of view, it is contributive to use FTIR spectrometer with spectral range broaden into
Far-IR (FIR) region. Analysis of pigment was carried out with BRUKER VERTEX FM R&D spectrometer
in configuration with broadband beamsplitter and room temperature wide-range DLaTGS detector. By means
of this configuration it is possible to measure pigments on ATR diamond crystal in range of 600050 cm™, in
one step without need of exchanging optical components during measurement. Despite chemical difference
of three pigments (venetian red/ white lead, chrome yellow/CaCO,, dark ice/white lead), infrared spectra on
figure 1 shown considerable correlation in MIR region. On the contrary, FIR region exhibited much higher
selectivity, which can be utilized for more sensitive identification of pigments or even exploring of single
components in mixture. [2]

In Raman spectroscopy, the fluorescence of samples have been essential problem. The intensity of light
emitted by fluorescence is by several grades higher than inelastically scattered Raman signal. With the new
SSE™ (Sequentially Shifted Excitation) algorithm patented by BRUKER, it is possible to mitigate fluores-
cence effectively. The procedure is based on changing of excitation energy of laser which leads to shifting of
Raman signal. On the contrary — fluorescence from its principle remains on same energy levels. Shifted signal
is then separated from the stationary one. [3]

Sample of kaolin (KREMER 5825) was measured by BRUKER Raman Handheld spectrometer BRA-
VO. Raw spectra of exhibit substantial fluorescence which was simply mitigated by SSE™ algorithm. Such
spectra were compared to standard benchtop FT-Raman spectrometer MultiRAM with 1064 excitation wave-
length. Results show high-quality fluorescence-free spectra, even comparable with benchtop instruments. This
feature predestine BRAVO for in situ noninvasive analysis of pigments.
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Figure 1: Examples of pigment spectra measured with the VERTEX FM functionality and the dia-
mond ATR accessory: venetian red/ white lead (top), chrome yellow/CaCO, (middle), dark ice/white
lead (bottom) pigments [2]
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Figure 2: Raman spectra of Kaolin (KREMER 5825) measured with BRAVO (red and blue) and the
FT-Raman spectrometer MultiRAM (black) [4]

BRGKER
[

without fluorescence
mitigation SSE™

NN N~ B0

FT-Raman @ 1064 nm

Raman intensity (arb. units)

300 500 700 900 1100
L Raman shift (cm-1) Y.

Interconnection of vibrational spectroscopy with optical microscopy becomes more and more popular.
With this technique, it is possible to look directly at the spot of interest and measure tiny areas e.g. to distin-
guish different particles or do the chemical mapping. [S] Maximum spatial resolution of such techniques is
summarized in table 1.

71



X. KONFERENCE PIGMENTY APOJIVA « 6.-7.11.2017

Table 1: Lateral resolution of vibrational microscopy techniques

Technique Lateral resolution [pm]
FTIR microscopy 5-10
FTIR imaging (Focal Plane Array detector) 0.5-5
FT-Raman microscopy 9
Dispersive Raman microscopy 1

Unknown sample was analyzed by dispersive Raman microscope Senterra II. Chemical mapping shown
presence of three different compounds in mixture. Only one was analyzed as a pigment ~TiO,. Distribution of
TiO, in mixture can be seen in figure 3.

Figure 3: Chemical map of unknown mixture. Spots with higher concentrations of TiO, are displayed
in purple/yellow colors. Library search results are shown on right side.

RS

Spectrum from image

Library spectrum:
Anatase (TiO2)

PP T T T T T T T T TR . _
20 40 60 &0 100 g I, N—
431.27-364.91 weanls [um]

Conclusion

Vibrational spectroscopy and microscopy are relevant techniques for responsible chemical analysis of
pigments, even when we talk about more demanding applications. New challenges bring in innovated instru-
mentation and brand-new solutions in this field.
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CURING OF HIGH-SOLIDS ALKYD BINDERS BY COBALT-BASED DRIER

VYTVRZOVANI VYSOKOSUSINOVYCH ALKYDOVYCH PRYSKYRIC
KOBALTNATYM SIKATIVEM

CHARAMZOVA 1!, HONZICEK J.!, VINKLAREK J 2
1 University of Pardubice, Faculty of Chemical Technology, Institute of Chemistry and Technology
of Macromolecular Materials, Studentska 573, 532 10 Pardubice, Czech Republic
2 University of Pardubice, Faculty of Chemical Technology, Department of General and Inorganic
Chemistry, Studentska 573, 532 10 Pardubice, Czech Republic

Summary
High-solids alkyd resins as environmentally-friendly systems are popular topic of research in recent years.
Low solvent emission (VOC) makes them an attractive alternative for industrial applications. The cure
process is caused by autoxidation and the rate is accelerated by driers.
Cobalt 2-ethylhexanoate is most active oxidative drier used in industry. Curing and drying high-solids alkyd
resin based on TOFA and DCO was characterized by drying times according
to ASTM D5895-03 and relative film hardness. The developments in chemical changes during chemical
curing on the alkyd films were studied by FTIR-ATR spectroscopy. Experimental thickness profiling was
studied by ATR technique at the coating/ATR crystal interface.

Key words
High-solids alkyd resins, cobalt 2-ethylhexanoate, FTIR spectroscopy, tall oil fatty acid, dehydrated castor
oil

Introduction

High-solids alkyd resins modified by tall oil fatty acids (TOFA) and dehydrated castor oil (DCO) are
used in modern industry due to their durability, fast-drying properties and low content of volatile organic
compounds (VOC) [1]. Generally, drying of alkyd coating includes physical and chemical processes. Phy-
sical drying corresponds to solvent evaporation, which is for high-solids alkyds negligible [2]. Chemical
drying is caused by autoxidative reactions. The mechanism of autoxidation reactions has been extensively
studied on model compounds (methyl oleate, ethyl linoleate, methyl linoleate, methyl ricinoate, 3,6-nonadie-
ne, 2,5-heptadiene, etc.) using various experimental methods (infrared spectroscopy with Fourier transform,
nuclear magnetic resonance, Raman spectroscopy, size exclusion chromatography, mass spectrometry, etc.)
[3,4,5]. However, kinetic parameters obtained from these model systems cannot be applied to real systems
where the kinetic parameters of autoxidation reactions are affected many factors, such as polarity, including
composition itself. Significant difference appears during oxidation. The model compounds give oligomers
while the cross-linked network is formed in real alkyd [4]. Furthermore, studies on real alkyd systems showed
that cross-linking is not homogeneous in the whole layer and depends on film thickness [6]. Curing and drying
of high-solids is very specific but their common signs are longer time of curing, tendency to form surface
defect and cured films are softer than for solvent-borne systems.

The aim of this study is determination of drying activity for high-solids system cured with cobalt-based
drier. The rate of autoxidation reaction will be estimated by infrared spectroscopy. The attention will be given
to effects of film thickness to performance of cobalt-based drier.

Experiment

Materials and Chemical

Solventless alkyd resin based on tall oil fatty acids (TOFA) and dehydrated castor oil (DCO)
CHS-ALKYD TRI 841 (TRI841; long oil length, acid value = 10 mg KOH/g) was supplied by Spolchemie.
The commercial drier cobalt(II) 2-ethylhexanoate solution (Co, 65 wt. % in mineral spirits) was supplied by
Sigma-Aldrich. Thinner S 6006 Aromafree was supplied by Severochema.

All reported metal concentrations are given in wt.% based on dry matter of the alkyd resin.
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Preparation of Test Coatings

Co was treated with 100 pl of toluene. Immediately after dissolution, it was treated with 5.00 g of
TRI841 and vigorously stirred for 2 min to get a homogenous mixture. Finally viscosity was reduced by thin-
ner to 80 wt.% of dry matter of the alkyd resin. Mixture was vigorously stirred for 2 min again and degassed in
ultrasound bath (3 min in degas mode). The test films were prepared by frame applicators with different slots
(38 and 76 pm for measurements of drying time, 90 and 150 um for measurement film hardness, and 25, 50,
100 and 150 pm for kinetic experiments).

Determination of Drying Times

The drying performance has been determined using a Drying Time Recorder (BYK) according to ASTM
D5895-03 and under standard laboratory conditions (7 = 23 °C, rel. humidity = 50%). The instrument is
a straight-line recorder equipped with hemispherical-ended needle (D = 2 mm). The films were cast on clean
glass strips (305 x 25 x 2 mm) using frame applicators of 38 and 76 pm gaps. The needle was placed in
horizontal direction at the beginning of the wet film and equipped with 5 g weight. The straight-line groove
formed during 24 h was used for the estimation three drying stages of given formulation. The first period of
film drying (¢ = 0-)) includes solvents evaporation and chemical reaction causing subsequent solidification.
This stage is reached when film stops flowing behind needle and pear-shape deformed film appears (see Fig.1.,
set-to-touch time). During the second period needle gives bold and uninterrupted line revealing the glass sub-
strate. Sol-gel transition proceeds this tack-free time (z = 7,-7,). The needle starts to climb over the film in the
third stage (dry-through time, ¢ = 7,~7,). It also tears the layer and lefts wrinkled and distorted edge of groove.
After 7,, no visible mark is observed on the film [7].

Figure 1: Groove development in time according to ASTM D5895-03
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Determination of Relative Film Hardness

Film hardness development was monitored using a Pendulum Hardness Tester (Elcometer) with Persoz
type pendulum in conformity with ISO 1522 under standard laboratory conditions (7 = 23 °C, rel. humidity
= 50%). The method is based on registering the number of pendulum swings it takes before the amplitude of
the pendulum is damped to a certain extent [8]. Test films were cast on glass plates (100 x 200 x 4 mm) using
frame applicators of 90 and 150 um gaps and their properties were measured within 100 days. The measured
values were related to the hardness of a glass standard (limit value of the pendulum test) and expressed as
relative hardness. The error in determination of surface hardness was estimated to be 0.5%.

Time-resolved Infrared Spectroscopy

The infrared spectra of alkyd coatings were measured on a FTIR spectrometer iS50 (Nicolet) in the range
0f 4000-500 cm™" with resolution of 2 cm™ (64 scans per spectrum) under standard laboratory conditions (7=
23 °C, rel. humidity = 50%). Infrared spectra obtained by ATR technique (built-in all-reflective diamond crys-
tal) were registered every 5 min. Formulations were casted by frame applicator on plate, where the sample has
intimate contact to the ATR crystal. As the top surface of ATR crystal lays 20 um above the sampling plate, the
wet coating on the crystal was always 20 um thicker than the gap of the frame applicator used. Collected series
of the spectra were integrated in area 3025-2990 cm™ using fixed two-point baseline at 3025 and 2990 cm'™
[vs(cis-C=C-H)]. Rate coefficients (%, ..) Was obtained from logarithmic plot of integrated area vs. time as
the steepest slope. The error in determination of &, was less than 10 % (three independent measurements
for each run). Induction time (IT) for each dependence was estimated from the logarithmic plots graphically
as intersection of horizontal line at 4.605 and tangential line extending the curve after knee point. Last value

74



X. CONFERENCE ON PIGMENTS AND BINDERS - 06-07/11/2017

determined from this plot was time (¢ ,), when the curve decreases to 50% of initial intensity. The intensity
of band at 989 cm™ (cis-trans conjugated C=C—H wagging) was determined as the height of the band at this
wavenumber using baseline fixed at 998 and 957 cm™'. Maximum of this plot was defined by time Looni The
intensity of v(O—O—H) was determined by integration in area 3550-3200 cm™' using fixed two-point baseline
at 3985 and 3120 cm™.

Results and Discussion

Drying Activity of Cobalt 2-ethylhexanoate

The drying activity of Co were examined in solventless alkyd resin TRI841 synthetized mostly from
tall oil fatty acids (TOFA), dehydrated castor oil (DCO) and pentaerytritol (see Fig. 2). It is widely used for
penetrates and topcoats for metal and wood surfaces. Special uses like reactive diluent for solvent borne to
drop viscosity and VOC levels [2, 9].

Figure 2: Typical structure of high-solids alkyd resin based on linoleic and dehydrated ricinoleic fatty
acid
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Solubility and better miscibility of cobalt-based drier with alkyd resin was supported by addition of small
toluene amounts. Viscosity of binder was reduced by addition of slow thinner to optimal application concent-
ration — 90 wt.% of dry matter content. This addition ensures better levelling casted layer and improvement of
film-forming properties. Optimal metal concentration was established to 0.06—0.01 wt.% range in dry matter
content. The aim was to study the influence of the applied layer thickness on the drying time and the film
hardness and determining the tendency for defect formation.

Table 1: Drying times (7)* relative hardness (H

rel

)’ obtained for alkyd formulations of different

thickness
Film thickness 38 pm 76 pm
Drier / conc. T, T, 7, T, T, T, H 00 | Hegoa
[wt.%] [h] [h] [h] [h] [h] [h] [%] [%]
Co/0.06 0.9 3.9% 6.9 0.9 4.9* 14.0 11.7 24.9
Co/0.03 1.6 1.8 3.1 1.6 5.4% 10.9 9.7 21.1
Co/0.01 4.1 4.7 6.0 4.1 5.6 10.4 8.2 17.7
* 7, is set-to-touch time; 7, is tack-free time; z, is dry-hard time. b H_, ., 18 relative hardness after 10 days;
H,_ 04 1 final relative hardness reached after 100 days. *Needle tears the polymeric skin instead of lea-
ving the groove and revealing the glass substrate with straight edges.
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Drying times of system contained cobalt 2-ethylhexanoate/ toluene/ TRI841/ thinner S6006 were esti-
mated in two sets of experiments with different wet thicknesses (38 and 76 pm) using mechanical recorder.
Generally, set-to-touch times (z,) were comparable for the same concentrations due to same initial oxygen
concentration (see Tab. 1). The tack-free time (z,) characterized by sol-gel transition and dry-through time (z,,
end of chemical reactions) were affected by thickness, longer for 76 pm. At high concentrations, rapid surface
drying and consequent preventing the oxygen diffusion below the polymeric skin caused longer dry-through
times (z,). The differences between dry-through times (z,) of 38 and 76 um layers are much smaller at lower
concentrations because the drying of the layer is more homogenous. Rapid formation of polymeric skin on
the film surface was evidenced in higher thickness (76 pm) for 0.06 and 0.03 wt.% Co. At lower thickness
(38 um), it appears only at 0.06 wt.% Co. In the second stage (¢ = 7,—,), needle of the drying recorder should
leave groove revealing the glass substrate with straight edges, but in this case when the polymer was formed
so fast, needle teared the skin and rolled the film till the needle skipped it.

Development of relative hardness in time was measured for coatings of 90 pm wet thickness. Dried films
were flat and clear with dry thickness about 32 um. Within first few days the relative hardness of the coatings
rises fast. After ten days of drying, the coating reaches about 10% hardness of glass standard. Final hardness
obtained after hundred days of drying varies around 20%. The value of relative hardness rises with increasing
concentration. The tendency to form visual defects was checked on coatings of 150 pm wet thickness. At
concentrations 0.06 and 0.03 wt.%, Co formed orange peel on the film. Considerably smaller wrinkling was
observed at metal concentration 0.01 wt.%.

Time-resolved FTIR Spectroscopy

The kinetics of autoxidation process was investigated by time-resolved infrared spectroscopy using ATR
technique. The developments in chosen areas reflects chemical changes on the alkyd films cured by Co. De-
creasing dependence of band assigned to isolated cis-double bonds [vs(cis-C=C—H)] measured at 3008 cm™'
(see Fig. 3) is caused by hydroperoxide formation as initial autoxidation process, which can be considered
as a pseudo first-order reaction. The logarithmic plot of this dependence shows linear curve up to about 50%
of substrate conversion. The value of rate coefficient (k) decreases with concentration while the time
when the maximal rate coefficient is observed (¢, ), induction time (IT) and half-life of the reaction increase
(see Tab. 2).

Table 2: Kinetic parameters (—kCH’m“, t 1T, tw“j_) at the beginning of the autoxidation process and
half-life of the process (¢, ,)
Drier / conc. _kCH,maxc tmaxc I tumj.e tu/z, 50pm f
[wt.%] [h™] [h] [h] [h]
Co/0.06 1.00 1.0 0.6 1.0 1.4
Co/0.03 0.76 1.9 1.1 1.8 2.0
Co/0.01 0.38 5.9 4.2 5.8 6.3

¢ maximum oxidation rate constant (k) observed at drying time ¢ ; ¢ induction time (IT) has been
determined graphically as the intersection of tangential lines extending the curve before and after the knee
point; ¢ drying time in which the band of J. , has reached maximum; " time when the 50% of substrate is

reacted

The initial autoxidation reactions are very fast for 0.06 wt. % Co (—kCH_maX =1.0h™, IT=0.6 h). However,
at this concentration, overdose effect has appeared (see Fig. 3). High concentration of catalyst (0.06 wt. % Co)
causes that air-oxygen is consumed much faster than it is diffused into the alkyl layer. It results in deviation

from linearity in the logarithmic plot shown in Figure 3 (right).
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Figure 3: Time dependent integral plots of the band at 3008 cm™ for formulation Co/ TI841 in linear
(left) and logarithmic scale (right) in range of concentrations 0.06-0.01 wt.% in dry matter content
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Intensity of the band 989 cm™ assigned to cis-trans conjugated double bonds was measured in time and
the dependence is shown in Fig. 4. First part of this curve increases due to hydroperoxide formation, which is
connected with appearance of conjugated double bonds system. The maximum on the curve (tcmiug) characteri-
zes the end of extensive alkyd oxidation. After this time the addition of the radicals on the conjugated double
bond system predominates. The value of 7 . is dependent on concentration. In the range 0.06-0.01 wt.% Co,
it increased with decreasing concentration. After  oiug the intensity of the band at 989 cm™ decreases due to
addition of radicals (Re, RO, ROO¢") to conjugated double bond system. In contrast to previously reported
studies, performed on alkyd resins modified with soybean oil or tall oil fatty acids [10,11], the final value of
absorbance is considerably lower than the initial one. It is due to nature of TRI841 that contains conjugated
double bonds in its structure due to modification with dehydrated castor oil.

Figure 4: Developments of the bands at 989 cm™ (left) and at 3200-3550 cm™' (right) in time for for-
mulation Co/TRI841 in range of concentrations 0.06-0.01 wt.% in dry matter content
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The autoxidation process further causes development of bands in area 35503200 cm™' those were as-
signed to the O—H stretching bands of hydroperoxides and other compounds containing hydroxyl groups such
as alcohols, carboxylic acids and water molecules formed during hydroperoxide decomposition. Unfortunate-
ly, the vibration modes of individual species could not be separated because they are very broad and overlap-
ping. Development of the O—H stretching bands, shown in Figure 4, well correlates with rate of autoxidation
process and could be used for estimation of induction time (IT). At concentration 0.06 wt.% Co, deceleration
of the autoxidation process after the initial stage is clearly observable, similarly as in development of the band
at 3008 cm™! (cf. Fig. 3).

The study of thickness influence to rate of autoxidation process was measured for 0.06 wt.% Co/TRI841
system. This concentration showed high overdose effect in drying using mechanical recorder so this experi-
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ment should explain the reason. ATR technique is suitable for monitoring the thickness effect on polymeric
layer because it records spectra from thin layer at the coating/ATR crystal interface. The measured depth
of penetration is common for all measurements (2 pm at 1000 cm™). Measurement of system 0.06 wt.%
Co/TRI841 in 5 um wet thickness can be considered as examination of polymeric skin formed on the top of
casted layer. On the other hand, remaining measurements (30, 80 and 130 um wet thickness) characterizes
the rate of autoxidation process in different depths of casted layer. Deviation from linearity appeared for 30
um wet thickness at ~50 % conversion, for higher thicknesses occurs much earlier. The half-life time is still
detectable for 80 pm wet thickness (7, soum = 152 h), while 7,,, 30um is reached after 20 hours. In summary,
these measurements proved that the rigid polymeric skin is formed on the top surface of the alkyd layer that
prevents diffusion of air-oxygen onto deeper layers.

Figure 5: Time dependent integral plots of the band at 3008 cm™! (left) and at 3200-3550 cm™ (right)
for formulation 0.06 wt.% Co/T1841 of different thickness
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Conclusion

This study describes drying and curing of high-solids alkyd resin in different thickness. Drying times
and relative hardness evaluation was provided using standard test methods. The kinetics of autoxidation pro-
cess was determined by FTIR-ATR spectroscopy. These experimental methods conclusively confirm that
Co/TRI841 formulation is highly prone to rapid formation polymeric skin of surface casted layer.
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EVALUATION OF THE ANTIMICROBIAL ACTIVITY OF WATER-BORNE
AND POLYURETHANE SOLVENT-BORNE COATING MATERIALS FOR
WOODEN FURNITURE ACCORDING TO COMMON AND NEWLY
INVENTED TESTING METHODS

HODNOCENI ANTIMIKROBIALNI AKTIVITY VODOU REDITELNYCH
A ROZPOUSTEDLOVYCH POLYURETANOVYCH NATEROVYCH HMOT
URCENYCH PRO DOKONCOVANI POVRCHOVYCH UPRAV DREVENEHO
NABYTKU PODLE BEZNE POUZIVANYCH METOD A NOVE VYVINUTE METODY

POLASKOVA H., TESAROVA D.
Faculty of Forestry and Wood Treatment Department of Furniture, Design and Habitat,
Mendel University in Brno, Brno, Zemédelska 1, 61300 Czech Republic

Summary
The strong antimicrobial effect of a dry-film of acrylic water-borne coating materials for wooden furniture
was proven in this study. The reduction of more than 4 logarithmic orders of bacteria after 24 h of contact
with a coating material was confirmed for Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneu-
moniae, Staphylococcus aureus, and Enterococcus faecalis. An antifungal effect against Aureobasidium
pullulans, Penicillium funiculosum, Cladosporium cladosporoides, and Aspergillus niger was discovered.
Although water-borne coating systems are considered to be environmentally friendly, the antimicrobial acti-
vity of in-can preservatives remained effective even after the formation of a dry-film. The release of
antimicrobial substances (preservatives) from the finished dry-film can be dangerous, especially in the case
of wooden toys or products for children. An antibacterial effect from the polyurethane solvent-borne coa-
tings was not proven. The agar diffusion plate test, JIS Z 2801 (2012) and EN 15457 (2015) were used for
the evaluation of the antimicrobial effect under wet conditions. Moreover, a new test method for
the evaluation of the antibacterial activity was created, which better reflects real contamination under dry
conditions. This method is based on the contamination of talc particles by bacterial spores of Bacillus subti-
lis, which simulates dust particles contaminated by airborne bacteria. An antibacterial effect for
water-borne and polyurethane solvent-borne coating materials tested according to this new dry method was
not proven.

Key words
Water-borne coating materials; Polyurethane solvent-borne coating materials; Antimicrobial effect;
Biocides; In-can preservatives; Wet bacterial contamination; Dry bacterial contamination

Introduction

There has been a trend over the last few years towards the use of environmentally friendly, healthy, and
safe coating materials for interior wooden furniture. Producers are making an effort to substitute solvent-borne
coating materials that have high VOC levels with high solid or water-borne coating materials that have low
VOC levels (Désor et al. 1999; Rijckaert et al. 2001; Athawale and Nimbalkar 2011). Water-borne coating
materials are generally considered to be environmentally friendly and safe, but they also provide the appro-
priate moisture conditions for microbial growth and contain many components that could act as a source of
nutrients for microorganisms (Bravery 1988; Makarewicz et al. 2011). During the manufacture and storage
of coating materials, bacteria, molds, and yeasts can cause viscosity loss, gassing, malodor, pH drift, visible
surface growth, loss of corrosion inhibition, and other undesirable effects (Davison 2003). After application,
the dry film may be also infected with microorganisms, resulting in the disfigurement and breakdown of the
coating (Gillatt 1998). If a water-borne coating material in a wet-state is unprotected by biocides, which are
effective against bacteria and fungi, then it is prone to microbial contamination and spoilage (Downey 1995).
Solvent-borne coating materials do not typically require this type of protection. This means that although
water-borne coating materials do not contain harmful solvents, they must be treated with biocides because of
in-can preservatives (Lindner 2001; Wallstrom and Hoffmann 2001; Kohler et al. 2011; ECHA 2016). The
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most common biocides are isothiazolone (IT) and formaldehyde donor (FD) biocides (Davison 2003). This
article studies these coating materials, which are frequently used for wooden furniture, from a microbiological
point of view.

Regulation (EU) No 528/2012 (2012) distinguishes between “biocidal products” and “treated articles”.
Simply, a “biocidal product” is any substance used with the intention of destroying, deterring, rendering
harmless, preventing the action of, or otherwise exerting a controlling effect on any harmful organism by any
means other than mere physical or mechanical actions (Regulation (EU) No 528/2012 2012). If a product has
only been treated with a biocide, but does not have a primary biocidal function, it is a “treated article (ECHA
2016). Biocides used as in-can preservatives for water-borne coating materials fall into the Product-type 6,
which are preservatives for products during storage, according to Regulation (EU) No 528/2012 (2012). The
water-borne coating material is considered to be a “treated article”, which means that a biocidal function
should not be expected.

Recently, the antimicrobial treatment of various products has become a global concern. Many studies
have focused on the improvement of the antimicrobial characteristics of daily-used products or equipment.
This treatment should be safe ecologically for humans. Water-borne coating materials are considered to be
non-toxic, environmentally friendly, and safe. They are commonly used as finishing for wooden toys and
products for children, which are subject to Directive 2009/48/EC (2009). The task of this study was to find
answers for the following questions: How safe are water-borne coating materials? Does the antimicrobial
effect of in-can preservatives remain active after the formation of a dry-film?

Miscellaneous microbial life in the air can cause serious health problems. Ubiquitous airborne microbes
and cell fragments combined with byproducts of cellular metabolites in liquid droplets are a natural part of
the air. Additionally, there are viruses, bacteria, and fungi floating on dust particles in the air (Schleibinger
et al. 2004; Stetzenbach et al. 2004). Pathogenic microorganisms can cause infectious diseases, respiratory
disorders, and other allergic, inflammatory, and toxic responses (Buttner et al. 2002; Stetzenbach et al. 2004).
Germs such as Pseudomonas aeruginosa, Staphylococcus aureus (MRSA), Clostridium difficile, and Acineto-
bacter spp. are among the most dangerous germs that are responsible for hospital-acquired infections (HAIs)
(Ducel et al. 2002; Dancer 2014; Khan et al. 2015). Therefore, the antimicrobial treatment of furniture, which
will inhibit the microbes in the air of interior spaces, is necessary.

There are two basic methods for testing the antimicrobial activity of various surfaces. The first is based
on the determination of whether or not antimicrobial substances are being released from the sample to the
surroundings, and the second is based on the incubation of microorganisms on the sample surface and the
comparison of the number of microorganisms at the beginning of testing to the number after a certain in-
cubation time (usually 24 h). Both methods are performed under wet conditions, which does not reflect real
situations very well. Furniture is usually contaminated by dust, other dry particles, or small liquid droplets that
evaporate very quickly, all of which can carry microorganisms. Unfortunately, no testing method simulating
these dry conditions has been previously published. In this article, a method for testing samples under dry
conditions will be described.

Experimental part
Materials

Coating materials

Commercially available acrylic water-borne and polyurethane solvent-borne (two components) glossy
coating materials for wooden furniture were used. The coating materials were applied in one layer on filter
paper, done according to the producer’s instructions, and were dried 7 days prior to the experiments under
standard atmospheric pressure with a relative humidity of 45 + 5% and temperature of 23 + 2 °C.

Tested germs

The following tested bacterial germs were used: Escherichia coli (CCM 4517), Staphylococcus aureus
(CCM 4516), Enterococcus faecalis (CCM 4224), Pseudomonas aeruginosa (CCM 1961), Bacillus atrophae-
us (subtilis) (CCM 4624), and Klebsiella pneumoniae (CNCTC 6120). The following tested fungal strains
were used: Aspergillus niger (CCM 8155), Aureobasidium pullulans (CCM 8182), Penicillium funiculosum
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(CCM E-161), and Cladosporium cladosporoides (CCM F-348). The microorganisms were obtained from the
National Institute of Public Health (Praha, the Czech Republic) and Czech Collection of Microorganisms
(Brno, the Czech Republic).

Media for cultivation and dilution of microorganisms

Nutrient broth, plate count agar (PCA) for bacterial cultivation, malt agar for fungal cultivation, and
tryptone water for dilution (HiMedia Laboratoires Pvt. Ltd., Mumbai, India) were all used. Each medium was
sterilized in an autoclave at 121 °C for 15 min. The agar plates were prepared according to standard micro-
biological techniques.

Test Standards

The qualitative agar diffusion plate test, a routine testing method for the determination of diffusion of
antibacterial substances from the samples to the agar, and quantitative JIS Z 2801 (2012) were used for the
evaluation of antibacterial activity. The standard EN 15457 (2015) was used for the determination of the
resistance to fungal growth

Methods

Antibacterial activity — agar diffusion method

Five mL of agar contaminated with various tested bacteria were spread evenly over the sterile agar sur-
face. Afterwards, the samples were placed on the contaminated agar, and the Petri dishes were cultivated for
24 h. After that, the growth of bacteria under and around the sample was evaluated.

Antibacterial activity - JIS Z 2801 (2012)

The bacterial suspension was directly inoculated on the sample surface. The tested bacteria (inoculum)
were adjusted to a concentration of 1 x 10° to 3 x 10° CFU/mL by a McFarland nephelometer (Erba Lachema
s.1.0., Brno, the Czech Republic). Nutrient broth, after it had been diluted 500 times (for Escherichia coli and
Klebsiella pneumoniae) or 10 times (for Staphylococcus aureus, Enterococcus faecalis, and Pseudomonas
aeruginosa) with water, was used for the preparation of the inoculum. The inoculum, 0.15 mL, was pipetted
onto all of the tested samples (size 30 x 30 mm), which were then placed in sterile Petri dishes and covered
with polyethylene foil (size 25 x 25 mm). Immediately after inoculation, the tested samples were washed
with 10 mL of tryptone water. The number of bacteria (at 0 h) was determined by the plate count method, i.e.
a method in which the number of bacteria is calculated by counting the number of colonies according to a ten-
-fold serial dilution. One mL of each dilution was pipetted into a Petri dish, and approximately 15 mL of PCA
were poured into the dishes and mixed. The same procedure was performed after incubating the samples for
24 h at 35 °C in a thermostat. Each sample was tested three times. The average values were given in the final
tables of the results. After incubation of the Petri dishes for 24 to 48 h, the number of bacteria in 1 mL (¢, in
CFU/mL) was counted. The final number of bacteria (M) was calculated according to Eq. 1:

M=c,.10(1)
where M is the number of bacteria per specimen (CFU), ¢, is the bacterial concentration obtained by the

plate count method (CFU/mL), and 10 is the volume of the shake-out medium (mL). All values of uncertainty
were calculated with the assumption of a normal distribution (P = 68.3%).

Antibacterial activity — action against dry microbial contamination

Talc particles (Koltex Color s.r.o., Mnichovo Hradiste, the Czech Republic, 95% of particles sizes are
< 15 pm) were contaminated by bacterial spores of Bacillus subtilis. Washed bacterial spores prepared in
a 96% ethanol solution were added to sterile talc. The final concentration of the contaminated talc was 5 x 10°
to 8 x 10° spores per 1 g of talc. The testing inoculum was prepared by adding 0.4 g of contaminated talc to
5 mL of 96% ethanol. This ethanol talc suspension was diluted 10 times in ethanol. Of this diluted suspension,
0.2 mL were used as a testing inoculum, which was homogenously spread over the sample (30 x 30 mm). The
ethanol was then allowed to evaporate. Afterwards, the samples were incubated for 24 h at 25 °C. The number
of bacteria (at 0 and 24 h) was determined by the plate count method, like for the previous method. All values
of uncertainty were calculated with the assumption of a normal distribution (P = 68.3%). The fungal spore
suspension was inoculated directly on the specimens and agar. The tested fungal spore suspension in distilled
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water was adjusted to a concentration of 10° spores/mL by a Biirker counting chamber (Paul Marienfeld
GmbH & Co.KG, Lauda-Konigshofen, Germany). Of each fungal suspension, 0.4 mL were homogenously
spread on the agar, on which tested samples had been placed. The Petri dishes were incubated at 29 °C for 7,
14, and 21 d. After this time, the growth of fungi on and around the sample was evaluated.

Results and discussion
Evaluation of the Antibacterial Activity

Agar diffusion plate test

The antibacterial testing of the acrylic water-borne coating material itself, without any other applied
antimicrobial treatment, showed very interesting results. The agar diffusion plate test (Table 1) confirmed
a good antibacterial effect against Klebsiella pneumoniae and Staphylococcus aureus. However, an antibacte-
rial effect on Gram-negative Pseudomonas aeruginosa, one of the most dangerous pathogens responsible for
HAISs, was not proven. For comparison purposes, the polyurethane solvent-borne coating material was tested
under the same conditions. An antibacterial effect was not proven for this coating. Additionally, a water-borne
coating material without applied in-can preservatives used for storage of the final product was tested. An anti-
bacterial effect was also not determined for this coating according to this testing method.

Table 1: Antibacterial Activity of the Coating Materials Tested According to the Agar Diffusion Plate
Test Water-borne coating material

Water-borne coating Water-borne coating Polyurethane
material material without solvent-borne coating
in-can preservatives material
Bacterial growth assessment under the sample
Klebsiella pneumoniae Only some restricted Moderate Moderate
CNCTC 6120 colonies Insufficient effect Insufficient effect
No 1Z*
Good effect
Stapyhylococcus aureus None Moderate Moderate
CCM 4516 No 1Z* Insufficient effect Insufficient effect
Good effect
Pseudomonas Slight Moderate Moderate
aeruginosa Insufficient effect Insufficient effect Insufficient effect
CCM 1961
* 1Z — inhibition zone around the sample

The agar diffusion plate test is a qualitative method. When bacteria do not grow under or around the
sample, which is the inhibition zone (IZ) that appears around the tested sample, it means that antimicro-
bial substances are being released from the sample. This method is used in practice, e.g. for the evaluation
of the activity of antibiotics. These results indicated that the in-can preservatives of the water-borne coating
materials still have an antibacterial effect under wet conditions, even after the formation of a dry-film.
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Figure 1: Growth of Klebsiella pneumoniae under and around the water-borne coating material
(under microscope, magnification 40x)
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Figure 2: Growth of Staphylococcus aureus under and around the water-borne coating material
(under microscope, magnification 40x)
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Figure 3: Growth of Pseudomonas aeruginosa under and around the water-borne coating
(under microscope, magnification 40x)

Bacterial growth around the sample

—

-

Interface between the sample
and surroundings of the sample

7

Bacterial growth under the sample

84



X. CONFERENCE ON PIGMENTS AND BINDERS - 06-07/11/2017

JIS Z 2801 (2012)

The water-borne and polyurethane solvent-borne coating materials were tested according to the quan-
titative Japanese test method JIS Z 2801 (2012) in order to find out how bacteria survive on the surface of
the samples under wet conditions. This method simulates a situation in which the samples are covered with
contaminated liquid. All of the testing methods used in laboratories for the evaluation of antimicrobial activity
use a bacterial liquid suspension to inoculate samples with bacteria. This is not a very realistic method because
the liquid enables antimicrobial substances to be in better contact with the bacteria. In reality, it is not usual for
the liquid medium to be between the surface and microbes for several hours.

Table 2: Results of the Antibacterial Activity of the Water-Borne Coating Material Tested According
to JIS Z 2801 (2012)

Pseud as Klebsiell Escherichia Staphylococ- | Enterococcus
aeruginosa pneumoniae coli cus aureus Jfaecalis
CCM1961 CNCTC 6120 CCM 3954 CCM 4516 CCM 4224
CFU/sample | (2.8+0.6) x 10* | (2.5+0.4) x 10* | (2.1+0.2) x 10* | (1.940.2) x 10* | (1.7+0.2) x 10*
Oh
CFU/sample <10 <10 <10 <10 <10
after 24 h

Table 3: Results of the Antibacterial Activity of the Water-Borne Coating Materia Without In-Can
Preservatives Tested According to JIS Z 2801 (2012)

Pseudomonas Kiebsiella Escherichia Staphylococ- | Enterococcus
aeruginosa pneumoniae coli cus aureus faecalis
CCM1961 CNCTC 6120 CCM 3954 CCM 4516 CCM 4224
CFU/sample | (2.6+0.5) x 10* | (2.6+0.3)x 10* | (2.3+0.2) x 10* | (1.740.2) x 10* | (1.6+0.2) x 10*
Oh
CFU/sample <10 <10 <10 <10 <10
after 24 h

Table 4: Results of the Antibacterial Activity of the Polyurethane Solvent-Borne Coating Material
Tested According to JIS Z 2801 (2012)

Pseudomonas Kilebsiella Escherichia Staphylococ- | Enterococcus
aeruginosa pneumoniae coli cus aureus faecalis
CCM1961 CNCTC 6120 CCM 3954 CCM 4516 CCM 4224
CFU/sample | (2.7£0.6) x 10* | (2.3+0.5) x 10* | (2.5£0.5)x 10* | (2.0+£0.2) x 10* | (1.6+0.2) x 10*
Oh
CFU/sample | (8.2+0.9) x 107 | (2.6+0.2) x 107 | (1.9+0.8) x 107 | (1.2+0.3) x 107 | (1.8+0.5) x 107
after 24 h

Currently, these types of water-borne coatings are considered to be non-toxic, environmentally friendly,
and safe. However, these results revealed that the water-borne coating material, which was not treated with
any additional antimicrobial substances other than the in-can preservatives, surprisingly showed a noticeable
influence on the bacterial growth (Klebsiella pneumoniae, Escherichia coli, Staphylococcus aureus, Pseudo-
monas aeruginosa, and Enterococcus faecalis) (Table 2). This was caused by the biocidal preservatives in the
coating materials, which penetrated the surroundings from the sample and killed the bacteria. Samples without
final in-can biocides were also tested. The same results obtained in the previous method were observed (Table
3). The reason for this was that the components themselves used for water-borne coating materials (e.g. bin-
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ders) are treated with biocides for their protection. Although the biocides did not penetrate the surroundings
from the sample, as in the case of the in-can preservatives (results in Table 1), bacteria inoculated on the sam-
ple surface were still killed by the antimicrobial substances used for the preservation of binders or coalescents.

Water-borne coating materials meeting the requirements for this type of product are used as the final
treatment for wooden toys and wooden furniture for children because they are regarded as not harmful. These
results confirmed that when in contact with a wet environment (e.g. saliva or sweat), the preservatives are
released and could be dangerous, especially to children. Finally, it should be noted that the dry-film of the wa-
ter-borne coating material tested according to the “wet test” JIS Z 2801 (2012) caused a 100% reduction in the
tested bacteria (Table 2 and 3), while the dry-film of the polyurethane solvent-borne coating material caused
no reduction in the bacteria (Table 4). Bacteria grew very well on the surface of the polyurethane solvent-bor-
ne coating material, which meant that no harmful antimicrobial substances were released from the samples.

Action against dry microbial contamination

The tests described above are all based on wet conditions in which bacteria are cultivated on the sample
surface. Table 5 shows the results of a new testing method under dry conditions, which simulates real conta-
mination by dust particles. The results of all three samples were comparable. Neither the water-borne nor the
polyurethane solvent-borne coating materials significantly reduced the number of bacterial spores, which are
very resistant. Taking into consideration the results of both testing methods, dry and wet, biocides used as in-
-can preservatives are effective only under wet conditions. These results indicated there is a serious problem
for products that are in contact with liquids, such as toys for children, because biocides are allowed to diffuse
from the coating materials to the mouth of a child via saliva or through sweat on the hands.

Table 5: Results of the Antibacterial Activity of the Water-Borne and Polyurethane Solvent-Borne
Coating Materials Tested According to the Dry Bacterial Contamination Method

. Water-borne coating Polyurethane
Water-borne coating . . A
. material without solvent-borne coating
material . . o
in-can preservatives material

CFU/sample 0 h
CFU/sample after 24 h

(3.240.4) x 10?
(2.6+0.3) x 10?

(3.4+0.4) x 10?
(2.8+0.4) x 10?

(3.5£0.4) x 10?
(2.740.3) x 10?

Evaluation of the Antifungal Activity
EN 15457 (2015)

The results of this test are expressed in Table 6. The polyurethane solvent-borne coating material did
not exhibit any effect against fungal growth. The mix of tested fungi completely covered the polyurethane
samples after 7 d (Fig. 5). In contrast, only 25% of the surface of the water-borne coating material samples
was covered after this time (Fig.4). Even after 3 weeks, the fungal growth on the dry-film of the water-borne
coating material samples only covered 80% of the surface.

Table 6: Results of the Antifungal Activity of the Water-Borne and Polyurethane Solvent-Borne
Coating Materials Tested According to EN 15457 (2015)

Sample Fungal growth* after | Fungal growth* after Fungal growth* after
8 7d 14d 214
Water-borng coating 25% 70% 80%
material
Polyurethape solven't- 100% 100% 100%
-borne coating material

Sfuniculosum

* mix of Aspergillus niger, Cladosporium cladosporoides, Aureobasidium pullulans and Penicillium
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Figure 4: Water-borne coating material after 7 d (EN 15457 2015)

Figure S: Polyurethane solvent-borne coating material after 7 d (EN 15457 2015)

Conclusions

1. Water-borne coating materials with in-can biocidal preservatives have an antimicrobial effect, even
after the formation of a dry-film. A 100% reduction in bacteria was observed for Pseudomonas aerugino-
sa, Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, and Enterococcus faecalis, which were
tested according to the method JIS Z 2801 (2012). Additionally, an antifungal effect against Aspergillus niger,
Penicillium funiculosum, Aureobasidium pullulans and Cladosporium cladosporoides was observed. These
results confirmed that there was a release of antimicrobial substances from the dry-film under wet conditions.
This is a serious problem, especially in the case of wooden toys or products for children.

2. The polyurethane solvent-borne coating material had no antimicrobial effect against the bacteria and
fungi after the formation of a dry-film.

3. A new testing method was presented for the evaluation of antimicrobial activity under dry conditions
that simulated real contamination of furniture. An effect was not proven for both of the coating materials tested
with this dry contamination method.
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VODOU REDITELNE SAMOSITUJICI POLYMERNI DISPERZE
S BIOCIDNIM UCINKEM

WATERBORNE SELF-CROSSLINKING POLYMER DISPERSIONS
WITH BIOCIDAL EFFECT

MACHOTOVA J.', RUCKEROVA A.', KALENDOVA A.!, PEICHALOVA M.
1 Ustav chemie a technologie makromolekularnich latek FCHT, Univerzita Pardubice
2 Katedra biologickych a biochemickych véd FCHT, Univerzita Pardubice

Summary
The aim of the present work was the development of eco-friendly one-pack waterborne coating composi-
tions based on acrylic latexes using keto-hydrazide self-crosslinking chemistry. The coating compositions
contained ZnO nanoparticles (without any surface modification) which were incorporated into latex during
the synthesis carried out by the semi-continuous emulsion polymerization technique. Methyl methacrylate,
butyl acrylate and 2,2, 2-trifluoroethyl methacrylate were used as the main monomers. The latex storage
stability and coating performance were evaluated with respect to biocide effect and ZnO nanoparticles
presence. It was found that the technique of ZnO nanoparticles incorporation in the course of emulsion
polymerization provided stable self-crosslinking polymer dispersions exhibiting antimicrobial effect at a
significantly low ZnO content. All the prepared polymer dispersions showed a long-term stability, flash rust
resistance, chemical resistance, flexibility and transparency of coatings. Coatings containing 1.3—1.8 wt. %
of ZnO nanoparticles exhibited an antimicrobial effect against the tested bacteria (Staphylococcus aureus,
Pseudomonas aeruginosa and Escherichia coli). These polymer dispersions can find applications as water-
borne binders of biocidal paints or transparent antibacterial varnishes for interior and exterior protection
of various substrates, especially in public places like hospitals, medical centers, schools and hotels, where
microbiological safety is needed.

Keywords
Emulsion polymerization, keto-hydrazide crosslinking, zinc oxide, nanoparticle, biocide

Uvod
Na vlastnosti natérovych povlaki jsou kladeny ¢im dal vétsi naroky, pficemz vliv na zivotni prostredi,
bezpecnost, zdravotni aspekty a snizovani nakladl jsou hlavnimi prioritami. Vodou feditelné koloidni poly-

merni disperze (tzv. latexy) vyrabéné emulzni polymeraci jsou ekologicky nezavadné a piedstavuji slibnou
alternativu k rozpoustédlovym natérovym hmotam. Jejich syntéza je technologicky na velmi vysoké arovni.

V soucasnosti jsou predmétem zvyseného zajmu jednoslozkova reaktoplasticka pojiva na bazi tzv. samo-
situjicich latexti [1-5]. Zavedenim sit'ovani 1ze uspésné piekonat nedostatky béznych vodnych polymernich
disperzi, jako jsou nizka odolnost vi¢i rozpoustédlim, lepivost povrchu pii vyssich teplotach a kiehkost
pii nizkych teplotach. Mechanismus sitovani v ptipadé samosit'ujicich latexd je nejcastéji zaloZen na reakci
karbonylové skupiny, ktera je soucasti polymernich latexovych Eastic, a diaminu, rozpusténého ve vodné
fazi latexu. Jako monomer nesouci karbonylovou funkéni skupinou je nejvice pouzivan diacetonakrylamid,
zatimco diaminem je nej¢astéji dihydrazid kyseliny adipové. Vyznamnou pfednosti tohoto tzv. keto-hydrazi-
dového post-sitovani je schopnost probihat velmi rychle i pfi béznych teplotach. Tato sit'ujici reakce je kysele
katalyzovana, tudiz probiha ve vyznamné mife az po vytékani alkalizaCnich ¢inidel pfitomnych v natéro-
vém systému. Zaroven se jedna o dehydratacni reakci, jejiz rovnovaha je posunovana smérem k vyslednym
produktim vlivem ztraty vody. Diky tomu je mozné pfipravit stabilni jednoslozkovy natérovy systém, kdy
sitovani zac¢ina probihat az po aplikaci natérového filmu vlivem vytékani neutralizaénich ¢inidel a odpafeni
velké ¢asti vody.

Poptavka po antimikrobidlnich natérovych hmotach ve svété neustale roste. Ocekava se vyznamny rist
spotieby specialnich natérovych hmot v nemocnicich, skolach nebo v provozech vyrab&jicich lé¢iva a po-
traviny. Oxid zine¢naty v podobé& nanocastic patii mezi slouceniny, které jsou vyuzivany také kvili svym
biocidnim uéinktim. Vzhledem k tomu, ze zinek a jeho slouceniny jsou charakterizovany jako nebezpecné
zavadné latky, vysoce toxické pro vodni prostiedi, je velmi zadouci snizovat jejich koncentraci pfi zachovani
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pozadovanych ochrannych vlastnosti natérti. Ptiprava antimikrobialnich natérovych hmot zpravidla spociva
v pfidavku biocidni latky do polymerniho pojiva az po dokonéeni po jeho syntézy [6,7]. V ptipadé v ptipadé
lakd na bazi vodou feditelnych polymernich disperzi a nano¢astic oxidu zineénatého muze tento postup vést
ke ztraté transparentniho charakteru natérd, zejména pokud je vyzadovana vétsi tloustka natérového filmu.
Rovnéz jsou pro zachovani biocidniho G¢inku pouzivany znaéné vysoké koncentrace oxidu zine¢natého az
2,5 hm. % (vztazeno na celkovou hmotnost natérové hmoty), coz piedstavuje riziko ekologické zatéze
v diisledku uniku zinku.

Cilem této prace bylo vytvotit ekologické jednoslozkové vodou feditelné reaktoplastické pojivo se sni-
zenym obsahem oxidu zineénatého, vyznacujici se antibakterialnim G¢inkem, dlouhodobou skladovatelnosti,
zvysenou rychlosti zasychani, chemickou i mechanickou odolnosti, snizenym sklonem k bleskové korozi
kovového podkladu, vysokym leskem a transparentnosti natéru.

Popis experimentalnich metod

Materialy

Pro pfipravu vodou feditelnych samosit'ujicich polymernich disperzi byly pouzity tyto monomery: n-bu-
tylakrylat (BA), kyselina methakrylova (KMA) a diacetonakrylamid (DAAM). Monomery byly zakoupeny
od Sigma-Aldrich (CR) stejn& jako situjici ¢inidlo — dihydrazid kyseliny adipové (ADH). Jako emulgator
byl pouzit Disponil FES 993 (BASF, CR), jako inicidtor slouzil peroxodisiran amonny (Henkel, CR). Jako
biocidni latka byl pouzit nanostrukturni ZnO (Alfa Aesar, Némecko).

Syntéza a charakterizace samositujicich polymernich disperzi

Byly pripraveny 3 fady samosit'ujicich disperzi core-shell polymernich ¢astic na bazi MMA a BA jako
hlavnich monomert, li§icich se koncentraci TFEMA v obalové vrstvé polymernich ¢éstic a obsahem nanocas-
tic ZnO ve vodné fazi. Detailni slozeni polymera¢niho systému, emulznich kopolymera véetné obsahu ZnO ve
vodné fazi je uvedeno v tabulkach 1 a 2. Z divodu umoznéni samosit'ujici reakce s ADH byly do polymerni
struktury obalové vrstvy latexovych Castic zavedeny karbonylové skupiny pomoci kopolymerace komono-
meru DAAM. Zastoupeni monomert bylo zvoleno tak, aby se teplota skelného pfechodu vsech vyslednych
kopolymert pohybovala okolo 2 °C.

Technologicky postup vyroby samositujicich vodnych disperzi obsahujich core-shell polymerni ¢astice
a nanocastice ZnO byl nasledujici. Do reakéni nadoby byly postupné pfedlozeny reakéni slozky podle recep-
tury uvedené v tabulce 1. Nejprve byla do reakéni nadoby predlozena destilovana voda, emulgator a inici-
ator. Po dosazeni polymeraéni teploty 85 °C bylo ve tfech krocich spusténo piikapavani emulze monomert
(1. syntéza jadra latexovych ¢astic po dobu 60 min, 2. dopolymerace po dobu 15 min, 3. syntéza obalové
vrstvy latexovych €astic po dobu 60 min). Nanoc¢astice ZnO byly inkorporovany do vodné disperze ve fazi
syntézy obalové vrstvy latexovych &astic tak, Ze nejprve byly dispergovany v destilované vodé obsahujici
emulgator. Dispergace byla provadéna pomoci dispergatoru T18 digital ULTRA TURRAX (IKA Works, Né-
mecko) pfi 14000 rpm po dobu minimalné 20 minut. Takto byla vytvofena vodna suspenze nanoc¢astic ZnO,
do niz byly pfidany monomery uréené pro utvoreni obalu latexovych ¢astic. Michanim vznikla monomerni
emulze obsahujici nano¢astice ZnO, ktera byla davkovana do reakéni nadoby. Po dokonéeni piikapu emulze
monomerd obsahujici nano¢astice ZnO byl reakéni systém ponechan dopolymerovat po dobu 120 minut.
Obsah susiny polymernich disperzi byl 40 hm. %. pH disperzi bylo upraveno na hodnotu 8,5 pomoci 10%
vodného roztoku amoniaku. Samosit'ujici vodné disperze vznikly smichanim s 10% vodnym roztokem ADH
v mnozstvi odpovidajicimu molarnimu poméru DAAM:ADH = 2:1.

U pripravenych samosit'ujicich disperzi byl stanoven obsah koagulatu, zdanliva viskozita pomoci visko-
zimetru Brookfield LVDV-E (Brookfield Engineering Laboratories, Anglie) a minimalni filmotvorna teplota
(MFET) pomoci pfistroje MFFT-60 (Rhopoint Instruments, Anglie). Byla také hodnocena koloidni stabilita
samosit'ujicich disperzi sledovanim pifipadného vzniku aglomerati nebo nartistu viskozity béhem vystaveni
disperze puisobeni teploty 50 °C po dobu 60 dni.

Priprava a hodnoceni natérovych filmii

Pripravené samosit'ujici vodné disperze byly aplikovany na sklenéné a ocelové panely (tloustka mok-
rého filmu 120 pm) a do silikonovych forem (tloustka mokrého filmu 1200 pm). Natérové filmy byly po-
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nechany vysychat v klimatizované mistnosti pfi teploté 23 °C po dobu 30 dni. Poté byly natéry testovany
z hlediska tvrdosti dle Persoze na kyvadlovém pfistroji Automatic 500 (BYK-Gardner, Némecko), odolnosti
viéi pusobeni methylethylketonu (MEK) dle ASTM D 4752, mechanické odolnosti (zkouska hloubenim dle
CSN EN ISO 1520 a zkouska padajicim zavazim dle CSN EN ISO 6272), lesku pomoci leskoméru Micro TRI
Gloss (BYK Gardner, Némecko) pii geometrii 60 ° a odolnosti vii¢i bleskové korozi podle stupnice ASTM
D 610. Rovnéz byl sledovan podil nanocastic ZnO v natérovych filmech pomoci stanoveni obsahu popela
dle CSN EN ISO 3451-1 a obsahu Zn pomoci metody emisni spektrometrie s indukéné vazanym plazmatem
(ICP-OES).

Tab. 1: SloZeni polymeracniho systému

Nasada do reaktoru

Voda 350 g
Disponil FES 993 03g
Peroxodisiran amonny 02¢g

Emulze monomerii (jadro):

Voda 475¢
Disponil FES 993 IS 73g
Peroxodisiran amonny 04¢g
Monomery 100 g
Emulze monomerii (obal):

Voda 75¢
Disponil FES 993 IS 73¢g
Peroxodisiran amonny 04¢g
Monomery 100 g

Dale byly hodnoceny antibakteridlni uc¢inky néatérovych filmi. Byla sledovana odolnost natért vaci
bakteriim Staphylococcus aureus CCM 2022, Pseudomonas aeruginosa CCM 3955 a Escherichia coli CCM
3954 na zakladé hodnoceni procenta narastu bakterii na povrchu natéru. Bakteridlni suspenze z 24 hodino-
vych kultur testovanych bakterii byly pfipraveny ve fyziologickém roztoku tak, aby stupen zékalu odpovidal
0,5 stupni McFarlandovy zékalové stupnice (1,5 . 10® cfu/ml). Postupnym desitkovym fedénim byla suspenze
5x nafedéna a z tohoto fedéni bylo 0,1 ml suspenze rozetieno L-hokejkou na povrch BHI agaru. Na zivné
médium byly poté sterilné umistény ¢tverce filtra¢niho papiru s testovanym natérem a Petriho misky byly
inkubovany 24 v termostatu pii 37°C. Po inkubaci bylo vyhodnoceno procento nartstu bakterialnich kolonii
na testovaném c¢tverci. Poté byl hodnocen i narist bakterii po otisknuti natéru na sterilni zivnou ptdu v Petriho
misce. Procento nartstu bylo vyjadieno vzhledem ke kontrolnimu vzorku, ktery pfedstavoval filtraéni papir
bez natéru, ktery byl inkubovan stejnym zpisobem. VSechny analyzy byly provedeny v dubletu.

Vysledky a diskuze

Vlastnosti samositujicich vodnych disperzi

Byly ptipraveny samositujici vodné polymerni disperze, liSici se slozenim polymernich &astic a obsa-
hem nanocastic ZnO ve vodné fazi. Z tabulky 2 je patrné, ze v piipadé vSech 3 fad polymernich disperzi se
zvySoval obsah koagulatu s rostoucim ptidavkem nanocastic ZnO inkorporovanych béhem syntézy disperze.
Lze tedy konstatovat, ze pfitomnost nanostrukturniho ZnO tedy vedla k poklesu koloidni stability disperzi bé-
hem jejich syntézy, zatimco dlouhodoba stabilita disperzi pfitomnosti ZnO ovlivnéna nebyla, protoze vSechny
samosit'ujici disperze nevykazovaly béhem dlouhodobého pusobeni zvysené teploty sklon k houstnuti nebo
k tvorbé aglomeratll. Rovnéz se ukazalo, Ze s rostoucim ptidavkem nanocastic ZnO doslo ke zvySeni viskozi-
ty 1 hodnot MFT samosit'ujicich disperzi. Tento jev byl v kazdé fad¢ disperzi nejvyraznéjsi u vzorki A2, B2
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a C2, obsahujicich teoreticky 2 hm. % ZnO (vztazeno na polymerni slozku disperze) a souvisi pravdépodobné se
vznikem komplexnich vazeb mezi Zn** ionty a karboxylovymi skupinami vdzanymi na polymernich fetézcich.

Tab. 2: SloZeni a charakteristické vlastnosti samosit'ujicich vodnych polymernich disperzi liSicich se
koncentraci TFEMA v obalové vrstvé core-shell polymernich ¢astic a obsahem nanodastic ZnO ve
vodné fazi

Nasada monomert [g] Obsah
Vzo- TFEMA/MMA/BA/KMA/DAAM/ZnO koagulitu | | okodta | MET
rek [mPa.s] [°C]
Jadro Obal [7e]
Rada A: Polymery bez obsahu TFEMA
A0 0/21/26,5/2,5/0/0 0/20,5/26/1/2,5/0 0 9,4 9,2
Al 0/21/26,5/2,5/0/0 0/20,5/26/1/2,5/1 0,6 354 11,2
A2 0/21/26,5/2,5/0/0 0/20,5/26/1/2,5/2 1,1 53,8 14,0
A3 0/21/26,5/2,5/0/0 0/20,5/26/1/2,5/3 4,5 34,4 11,8
Rada B: Polymery s 20% obsahem TFEMA v monomerni nésadé tvofici obal &astic
BO 0/21/26,5/2,5/0/0 10/12/24,5/1/2,5/0 0 9,3 7.8
Bl 0/21/26,5/2,5/0/0 10/12/24,5/1/2,5/1 0,2 13,7 11,5
B2 0/21/26,5/2,5/0/0 10/12/24,5/1/2,5/2 2,1 17,7 14,6
B3 0/21/26,5/2,5/0/0 10/12/24,5/1/2,5/3 47 33,6 13,3
Rada C: Polymery s 40% obsahem TFEMA v monomerni nasadé tvofici obal &astic
Co 0/21/26,5/2,5/0/0 20/3,5/23/1/2,5/0 0,5 7.4 79
Cl1 0/21/26,5/2,5/0/0 20/3,5/23/1/2,5/1 22 15,0 9,0
C2 0/21/26,5/2,5/0/0 20/3,5/23/1/2,5/2 34 178,9 15,0
C3 0/21/26,5/2,5/0/0 20/3,5/23/1/2,5/3 5,7 93,9 9,6

Vlastnosti natérovych filmi

Vybrané lakatské vlastnosti pfipravenych natérovych filmt jsou shrnuty v tabulce 3. Studované samo-
situjici latexy tvofily pruzné a pevné natéry, které¢ vykazovaly vysoky lesk a transparentni povahu bez po-
vrchovych defekti. Lze tedy usuzovat, ze ZnO byl v natérech pfitomen ve formé izolovanych nanocastic
a nikoli jejich aglomerati (o velikosti v fadu um). Zaroven se ukazalo, ze zvySujici se obsah nanoc¢astic ZnO
nezpusobil vyrazny pokles lesku ani mechanickych vlastnosti vyslednych natéri. Navic bylo pozorovano
vyznamné zvySeni odolnosti vi¢ci MEK u vSech natérovych filmt s obsahem nanocastic ZnO, coz souvisi
s existenci komplexnich vazeb, jak jiz bylo uvedeno vyse. Také bylo zjisténo, ze pfitomnost nanocastic ZnO
vedla ke zvyseni odolnosti vii¢i bleskové korozi (viz obr. 1), obzvlasté u natéri s nizkym obsahem nanostruk-
turniho ZnO (A1 a Cl).

Rovnéz byla sledovana realna koncentrace nanocastic ZnO v natérovych filmech pomoci stanoveni obsa-
hu popela a obsahu Zn metodou ICP-OES (tab. 4). Vysledky obou metod spolu vzajemné souvisi a potvrzuji,
ze s rostoucim obsahem nanocastic ZnO vnasenych do disperzi béhem jejich syntézy (viz tab. 2) nedochazi
k umérnému nartstu realného obsahu ZnO ve vysledné disperzi a tudiz i natérovém filmu. Jak jiz bylo zmi-
néno diive, pfitomnost nanocastic ZnO béhem syntézy zpiisobila zvySenou tvorbu koagulatu bohatého na
ZnO, coz pravdépodobné souvisi se vznikem komplexnich vazeb mezi polymernimi ¢asticemi nesoucimi
karboxylové skupiny a zine¢natymi ionty. Snaha o inkorporaci zvySenych mnozstvi ZnO pfi syntéze polymer-
ni disperze se tedy jevi neefektivni z divodu zvySenych ztrat emulzniho polymeru i nanostrukturniho ZnO.
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Tab. 3: Vysledky hodnoceni natérovych filmi na bazi samosit'ujicich vodnych disperzi obsahujicich

nanoc¢astice ZnO

Vzorek g:)l:‘;l: L:sk Tvrdost zgj:ii Hloubeni ocli\gllr:nl(fs " Koroze

o (%] (%] emy | 1mml = [%]
A0 0 70,1 37,0 > 100 >10 23 100
Al 1 67,5 30,0 > 100 >10 121 50
A2 2 72,1 31,0 >100 >10 >300 33
A3 3 69,7 32,2 > 100 >10 >300 16
BO 0 60,8 40,3 >100 >10 36 100
Bl 1 73,9 37,1 > 100 >10 >300 50
B2 2 75,7 35,3 >100 >10 >300 33
B3 3 71,5 41,0 > 100 >10 >300 16
Co 0 72,7 32,6 >100 >10 30 100
Cl 1 68,6 24,5 > 100 >10 >300 50
Cc2 2 67,8 24,5 > 100 >10 >300 33
C3 3 65,9 29,7 > 100 >10 >300 16

* Teoreticky obsah nanostrukturniho ZnO v natérovém filmu.

Tab. 4: Koncentrace nanoc¢astic ZnO v natérovych filmech stanovena pomoci obsahu popela
a obsahu Zn z ICP-OES analyzy

Teoreticky obsah | Obsah ZnO dle Obsah Zn dle Efektivita inkor-
Vzorek ZnO Stanoveni popela ICP-OES porace ZnO
[hm. %] [hm. %] [hm. %] [%]
A0 0 0,0 0,0 -
Al 1 0,8 0,5 80
A2 2 1,4 0,9 70
A3 3 1,6 1,0 53
BO 0 0,0 0,0 -
Bl 1 0,9 0,6 90
B2 2 1,4 0,9 70
B3 3 1,5 1,0 50
Co 0 0,0 0,0 -
Cl 1 1,0 0,6 100
C2 2 1,3 0,8 65
C3 3 1,8 1,2 60

Antibakterialni piisobeni natérovych filmii

V neposledni fad€ byl posuzovan antibakterialni u¢inek natérovych filmi v souvislosti s realnou koncen-
traci nanocastic ZnO. Z tabulky 5 vyplyva, ze v piipadé hodnoceni nartistu bakterii na povrchu natéru vykazo-
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valy nejvyssi odolnost natéry A2, B2 a C2 obsahujici pfiblizné 1,4 % ZnO a to bez ohledu na slozeni emulz-
niho polymeru. Nizky baktericidni u¢inek byl zjistén také u vSech typu natérovych filmi bez pfitomnosti ZnO
s vyjimkou Escherichia coli, kde byl zaznamenan vysoky antibakterialni efekt. Velmi slabé antibakterialni
pulsobeni bylo sledovano pro vechny testované druhy bakterii i u natért s ptibliznym obsahem ZnO 0,8-1,0
%. V piipadé¢ sledovani antibakterialniho Gi¢inku v misté otisku natérového filmu doslo v zavislosti na rostouci
koncentraci nano¢astic ZnO ke zmenSeni plochy nartstu bakterii. Lze konstatovat, Ze natéry na bazi samo-
situjicich disperzi obsahujicich minimalné 1,3 % nanostrukturniho ZnO vykazuji bakteriostaticky G¢inek.

Tab. 5: Antibakterialni u¢inek natérovych filmi vici Staphylococcus aureus, Pseudomonas aeruginosa

a Escherichia coli

Teoreticky Narust na natéru [%] Nariust po otisku natéru [%]
Vzorek obsah ZnO
[hm. %] S. aureus | P. aeruginosa | E. coli | S. aureus | P. aeruginosa | E. coli
A0 0,0 100 100 25 100 100 100
Al 0,8 95 90 100 100 90 95
A2 1,4 55 85 70 90 80 70
A3 1,6 70 90 75 90 95 90
BO 0,0 70 100 20 100 100 100
B1 1,0 100 100 100 100 100 100
B2 1.4 50 80 80 60 90 90
B3 1,5 80 90 80 85 95 90
Co 0,0 100 100 20 100 100 100
Cl 0,9 100 100 100 100 100 100
C2 1,3 60 95 90 65 85 90
C3 1,8 95 90 85 85 95 90

Zavér

Hlavni naplni prace byl vyvoj a studium ekologickych jednoslozkovych vodou feditelnych polymer-
nich disperzi vyuzivajicich keto-hydrazidové post-sitovani a obsahujicich nanocastice oxidu zine¢natého.
Inkorporace nanocastic ZnO probihala ve fazi syntézy polymerni disperze provadéné pomoci techniky semi-
-kontinudlni emulzni polymerace. Bylo zjisténo, Ze inkorporaci nanocastic ZnO pfi syntéze 1ze pfipravit sta-
bilni samosit'ujici polymerni disperze vykazujici antibakterialni efekt i pti vyrazné nizké koncentraci biocidni
latky. VSechny pfipravené disperze vykazovaly dlouhodobou stabilitu a skladovatelnost, rychlé zasychani,
odolnost proti bleskové korozi, chemickou odolnost, pruznost a transparentnost natéri. Natéry obsahujici
1,5 hm. % nanocastic ZnO vykazovaly nejlepsi biocidni u€inek vuci testovanym bakteriim (Staphylococcus
aureus, Pseudomonas aeruginosa a Escherichia coli). Tyto polymerni disperze mohou nalézt pramyslové
vyuziti jako vodou feditelnd pojiva natérovych hmot nebo transparentni laky s antibakteridlnim ucinkem,
vhodné pro interiérové natéry riznych typt podkladi, zejména ve vefejnych prostorach vyzadujicich mik-
robiologickou nezavadnost, jako jsou nemocnice, 1é¢ebny dlouhodobé nemocnych, penziony, hotely, Skoly.
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VANADIUM-BASED DRIER SUITABLE FOR ALKYD PAINTS
SIKATIV NA BAZI VANADU VHODNY PRO ALKYDOVE NATEROVE HMOTY
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University of Pardubice, Studentska 573, 532 10 Pardubice
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Summary

Alkyd resins are the most important binders for air-drying paints but their drying mechanism is relatively

slow. The drying process can be accelerated by driers. Preferably complexes of transition metals, which
exhibit an energy-undemanding single-electron redox transition, can be used as driers. Cobalt-based driers
are the most common and highly active. However, these compounds exhibit carcinogenic effects. Because of
that reason, there is demand to find less toxic or nontoxic driers. A vanadium-containing compound appears
to be a suitable alternative. The drying times were measured for the comparison of the drying activity of the
commercial driers VP 0132 and Co-Nuodex in solvent-borne alkyd resins of different oil lengths. It has been
found that vanadium-based alkyd formulations have a high efficiency at lower metal concentrations than the

cobalt driers.

Key words:
Alkyd, autoxidation, drier, vanadium, cobalt

Introduction

Alkyd resins are yellowish to brown binders of air-drying coatings. Unmodified alkyd resins are pro-
duced by the reaction of polyalcohols with polycarboxylic acids, where one of the reagents has to be at least
tri functional another one at least two functional [1]. To improve chemical-physical properties, such as film-
-forming capability or solubility, alkyd resin can be modified with various substances. The most important
and most used are modifications, which uses fatty acids of semi-drying oils (Figure 1), which are cheap and
available from renewable sources. The resulting alkyd resins are dried by autoxidation, which is a process
when double bonds of fatty acids react with air oxygen to form a three dimensional network of the coating
film. Naturally, this process is very slow but certain chemical substances, so called driers, can increase the rate
considerably [2]. The most common, commercially available, driers are cobalt complexes. However, these
compounds exhibit carcinogenic and genotoxic effects. Thus, there is an effort to replace them with less toxic
or non-toxic driers [3,4]. The compounds with vanadium seem to be an alternative for cobalt driers due to their
low overall toxicity [5]. The following post is focused on the comparison of drying activity of cobalt-based
drier (Co-Nuodex) with vanadium-based one (VP 0132). The series of test films with various metal concent-
ration were prepared to evaluate optimal dosage of appropriate metal.

Figure 1: The typical structure of alkyd resin modified by soybean oil [2]

Experimental

Methods and material

The commercial available drier VP 0132 was supplied by Borchers, cobalt(Il) 2-ethylhexanoate
(Co-Nuodex) was supplied by Sigma-Aldrich. Solvent-borne phthalic-type alkyd resin modified with soybean
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oil CHS-Alkyd S 401 X 55 (S401; short oil length, acid value = 7 mg KOH/g), CHS-Alkyd S 471 X 60 (S471;
medium oil length, acid value = 6 mg KOH/g) and CHS-Alkyd S 622 N 60 (S622; long oil length, acid value
= 6 mg KOH/g) were supplied by Spolchemie. All reported metal concentrations are given in wt.% based on
dry matter of the alkyd resin.

Preparation of test coatings

The tested drier (VP 0132, Co-Nuodex) and 5.00 g of appropriate alkyd resin (S401, S471, S622) was
vigorously stirred for 2 min to get a homogenous mixture and degassed in ultrasound bath (3 min in degas
mode). The glass substrates were washed in base-bath and before use the remaining traces of impurities were
carefully removed by washing with chloroform. The films were prepared on purified glass substrate using
frame applicators with 76 pm gap.

Determination of drying times

The drying measurements was determined using a Drying Time Recorder (BYK) according to ASTM
D5895-03 and under standard laboratory conditions (7= 23 + 2 °C and relative humidity = 50 + 5%). Drying
Time Recorder is a straight-line recorder equipped with hemispherical-ended needle (D = 2 mm). The films
were prepared by using frame applicator of 76 um gap on clean glasses (305 x 25 x 2 mm). Needles were
placed at the beginning of the wet films and were loaded with 5 g weights. The weights increase the pressure
applied to the film, which take account of depth drying of the alkyds. These needles formed the straight-line
groove during 24 hours. Two drying stages — tack free time (,) and total drying time (z,) were evaluated from
the groove of each given formulation (Figure 2). The tack free time (z,) of film drying represent evaporation of
solvents and sol-gel transition. The needle gives bold and uninterrupted line. The second stage — total drying
time characterize climbing of the needle over the film. It tears the layer and lefts a ragged groove. After z,, no
visible mark is observed on the film.

Figure 2: Evaluation of drying times 7, and 7,.
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Results and discussion

Drying activity of VP 0132

The evaluation of drying activity of Co-Nuodex and VP 0132 was performed on solvent-borne alkyd
resins modified with soybean oils S401, S471 and S622, which are widely used in industry as a binder for
economical primers and anticorrosive coatings.
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Table 1: Drying times of test coatings

Metal conc. [wt.%] Formulation 7, [h] 7, [h]
0.1 0.15 10.00
0.06 0.15 7.77
0.03 VP 0132/S 401 0.23 5.38
0.01 0.23 3.46
0.005 0.38 4.46
0.1 5.5 7.6
0.06 Co-Nuodex/S 401 2.7 6.9
0.03 5.5 15.4
0.1 0.15 9.38
0.06 0.23 7.85
0.03 VP 0132/S 471 0.31 6.08
0.01 0.38 2.08
0.005 0.38 7.62
0.1 0.5 6.5
0.06 Co-Nuodex/S 471 22 6.9
0.03 8.7 11.5
0.1 0.38 4.85
0.06 0.38 2.00
0.03 VP 0132/S 622 0.38 1.77
0.01 0.23 14.85
0.005 0.62 19.46
0.1 3.4 13.2
0.06 Co-Nuodex/S 622 5.0 12.7
0.03 18.5 19.6

The coatings with drier Co-Nuodex were prepared using a range metal concentrations varying from 0.03
to 0.1 wt.% (Table 1) as recommended by the producer for comparative studies of drying activity. Based on
these drying measurements the ideal concentration for industrial use was found to be 0.06 wt.%. of cobalt for
all used alkyd resins. In case of the alkyd resins S401 and S622 the total drying time z, increases at higher
concentration (0.1 wt.%) which is caused by weak overdose effect. In contrast, for alkyd resin S471, there
was no overdose effect observed at this metal concentration. However, almost doubled cobalt concentration
(0.06 wt.% — 0.1 wt.%) lead to decrease in z, time only by ~3% which is negligible improvement of drying
properties. Since cobalt concentration lower than 0.06 wt.% shows longer tack free time 7, as well as total-dry
time t,, one may consider only higher concentrations as relevant for coating application.

The drying activity of the VP 0132 was determined using series of test films with various concentrations
of metal (0.005-0.1 wt.%, for further information see Table 1). This drier stands out due to very short tack
free time (z,) in given range of concentrations, when all times 7, are shorter than one hour. With increasing
concentration these times z, are shortened, also for overdosed systems.

For alkyd resins S401 and S471, the shortest total-dry time was found at vanadium concentration of
0.01 wt.%. Thus, this is an optimal concentration for industrial use. However, very good drying activity was

98



X. CONFERENCE ON PIGMENTS AND BINDERS - 06-07/11/2017

observed in the concentration range from 0.005 to 0.06 wt.%, when this drier is usable for application. The
times 7, do not exceed eight hours. For the alkyd resin $622, optimal concentration is 0.03 wt.% at it exhibits
the shortest values z,. For application, the drier could be used for application in the range of concentrations
0.03 to 0.1 wt.%. At lower concentrations, the times 7, exceeds 12 hours.

In summary, the described coating study clearly shows that VP 0132 exhibit higher drying activity at
lower concentrations then Co-Nuodex. The main advantages of vanadium-based drier are very fast sol-gel
transition even at low concentrations as evidenced from low values of 7, and lower sensitivity to dosage, be-
cause this drier shows good drying activity in a wide range of concentrations.

Conclusions

This study revealed very good drying activity of VP 0132 in solvent-borne alkyd resins modified with
soybean oil. As evidenced by series of the test films, the optimal metal concentration of VP 0132 is much
lower (0.01 for S401 and S471, 0.03 wt.% for S622) than for Co-Nuodex (0.06 wt.%). Even with this lower
vanadium concentration, the tack free time 7, and total-dry time are considerably shorter for every used mo-
dified alkyd resin, leading to faster overall curing. The aforementioned drying-activity study clearly shows
that the vanadium-based drier VP 0132 dominates over cobalt-based Co-Nuodex due to greatly higher drying
activity.
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VYUZITI VODIVYCH POLYMERU V NATEROVYCH HMOTACH
USAGE OF CONDUCTIVE POLYMERS IN PAINT

VLASAKOVA J.!, ZOUBEK M2
1 SYNPO, akciova spolecnost, Pardubice

2 CVUT Praha

Summary
Anti-corrosion paint based on epoxy dispersion was modified by dispersion containing PEDOT. The
influence of the addition of conductive polymer on increasing of the anticorrosive effectiveness of paint was
monitored. Physical and mechanical properties of selected coatings were tested. In the next stage, the coa-
tings were examined by accelerated corrosion test. The positive influence of the addition of the conductive
polymer on increasing of the anticorrosion efficiency of the paint was confirmed.

Key words
Conductive polymers, protective coatings

Souhrn

Bézna polymerni pojiva pouzivana v natérovych hmotach jsou izolanty a elektrostatické nabijeni po-
vrchové upravenych ploch neni mozné ovlivnit, zvlasté za sucha. Z téchto divodi vzristaji pozadavky na
provedeni natérti s vodivymi vlastnostmi. Rizna aditiva zaji$tujici vodivost natéri se do receptur pouzivaji
uz delsi dobu. Lze pouzit elektricky vodiva plniva na bazi hliniku, médi, niklu, zinku a stfibra. Vyznamnymi
faktory, které ovliviiuji jejich vyuzitelnost, je odolnost proti korozi, poddajnost a specifickd hmotnost. Dalsi
moznosti jsou polymery, které jsou schopny vést proud, jsou nazyvany polymery s vlastni vodivosti nebo také
vodivé polymery. Vodivé polymery jsou tvofeny systémem konjugovanych dvojnych vazeb. Kromé konjuga-
ce je dalsim nezbytnym pfedpokladem elektrické vodivosti piitomnost nositeli naboje, které zprostiedkova-
vaji jeho transport po fetézci. Ty vznikaji procesem nazyvanym dopovanim. Do této skupiny patii polyanilin,
polypyrrol, polythiofen a jeho derivaty a celou fadu dalSich polymert, jejichZ pocet se neustale rozsifuje. Nas
vyzkum byl zaméfen na vyuziti vniting elektricky vodivého polymeru PEDOT.

Metody hodnoceni natéri

Prakticky kazdy organicky povlak musi kromé& dal$ich parametrt vykazovat soubor ¢tyt hlavnich tech-
nologickych vlastnosti povlaku. Jedna se o tloustku, tvrdost, vlaénost povlaku a jeho ptilnavost k podkladu.
Piiprava natérovych hmot a jejich hodnoceni bylo provadéno podle CSN EN ISO norem a pracovnich postupii
SYNPO.

Zhotoveni zkusebnich natéri nanaSecim pravitkem: Pracovni postup SYNPO, vypracovany na zakladé
zrugené normy CSN 67 3049

Zkouska povrchového zasychani: CSN EN ISO 1517

Zkouska zasychani natéra: Pracovni postup SYNPO, tiprava CSN EN ISO 3678
Zkouska tvrdosti natéru tlumenim kyvadla: CSN EN ISO 1522:2006

Stanoveni tloustky natéru: CSN EN ISO 2808

Piilnavost — miizkova zkouska: CSN EN ISO 2409:2009

Korozni zkousky v umélych atmosférach — zkouska solnou mlhou: CSN EN ISO 9227
Stanoveni odolnosti vlhkym atmosféram s obsahem oxidu sifi¢itého: CSN EN ISO 3219
Chemicka odolnost: CSN EN ISO 2812-3

Méeni vodivosti: Dle postupu CVUT Praha
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Mgéfeni vodivosti postup CVUT Praha

Ke stanoveni vnitiniho elektrického odporu povlakt bylo pouzito zatfizeni Tespo 1. Jedna se o zafizeni
umoziujici méfeni ptimou dvoubodovou metodou. Vystupem z méfeni je Ciselny udaj 0-1999, ktery lze
nasledné prevést pomoci prevodniho vztahu nebo prevodni tabulky na hodnotu elektrického odporu povlaku.
Prevodni vztah pro pouZitou sondu a zafizeni: R = 59,2.106 (1999/udaj — 1). Hodnota 59,2 je konstanta sondy,
ktera se u jednotlivych pfistroji mize lisit. Rozsah méfitelnych hodnot se pohybuje v rozmezi 104 — 1011 Q.
Pomoci tohoto zafizeni 1ze méfit i na valcovych plochach, pokud je polomér zaktiveni mensi nez 20 mm. Pfi
méfeni je nutné dbat na spravné dotlaceni sondy na povrch povlaku. Natérové hmoty byly naneseny aplikéato-
rem Baker (WFT 120 um) na sklo.

Specifikace hodnocenych systémii a dalSich surovin

* CK-NH 1 — Vodou feditelna antikorozni natérova hmota na bazi epoxidové disperze, bez obsahu vodi-
vého polymeru, slouzi jako standard pro hodnoceni zmény vodivych vlastnosti.

* CK-NH 2 — Vodou feditelné antikorozni natérova hmota na bazi epoxidové disperze obsahujici vodivy
polymer v poméru 1:1 s pojivovou bazi, vodivy polymer pfidan po dispergaci.

* CK-NH 3 — Natérova hmota obsahujici vodivy polymer v poméru 1:1 s pojivovou bazi, vodivy polymer
ptidan po dispergaci spole¢né s dal$im aditivem VA 1 na zvySeni vodivosti.

* VA 1 — kvarterni amoniova slou¢enina

* VP | — vniting elektricky vodivy polymer, PEDOT. Susina = 2,07 %

VYSLEDKY EXPERIMENTU A DISKUSE

Byla pfipravena fada 2K antikoroznich natérovych hmot na bazi vodou feditelné epoxidové disperze.
Jako srovnavaci antikorozni pigment byl vybran fosfore¢nan zineénaty, ktery patéi mezi pigmenty s chemic-
kym ptsobenim a komplexotvornymi vlastnostmi. Formulace dale obsahuje rheologické aditivum, dispergac-
ni aditivum, odpénovac, surfaktant, inhibitor bleskové koroze, biocid, plnivo, isopropanol a tvrdidlo na bazi
v suiné natérové hmoty) byla vybrana pro hodnoceni vlivu ptidavku vodivého polymeru VP 1. Testovany
byly ¢tyfi koncentrace VP 1 (30, 50, 100 a 150 %hm./pojivo). Slibné vodivé filmy, byly dosazeny pouze diky
pridavku vysokych koncentraci vodivého polymeru, tj. 100 a 150 %hm. /pojivo. Vodivy polymer VP 1 byl do
natérové hmoty vmichan po dispergaci.

U téchto vybranych natérovych hmot byly vyhodnoceny zakladni lakaiské vlastnosti (doba zasychani
natérd, tvrdost kyvadlem) a chemicka odolnost natéru. Dale byla testovana antikorozni Gi¢innost po expozici

Vodivost nateéri

Vytvrzeni natér probihalo 24 hodin volné na vzduchu a nasledné 24 hodin pii 40 °C. Samotné méfe-
ni vodivosti povlakt probihalo tyden po aplikaci dle popsané¢ho postupu. Pro jednotlivé hodnoty uvedené
v Tabulce 1 bylo provedeno statistické vyhodnoceni pro stanoveni hodnoty vnitiniho elektrického odporu po-
vlakdl. Pro odhad stfedni hodnoty byl pouzit median. Z tabulky 1 je patrny vyrazny narust vodivosti pfedev§im
vlivem ptidavku vodivého polymeru VP 1.
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Tab. 1: Vniti'ni elektricky odpor povlaki

Oznateni NH CK-NH 1 CK-NH 2 CK-NH 3
Meéfeni 1 0,0 1915 0,1
Meéfeni 2 0,0 1920 0,1
Méfeni 3 0,0 1924 0,1
Meéfeni 4 0,0 1928 0,1
Méfeni 5 0,0 1929 0,1
Méfeni 6 0,0 1929 0,1
Méfeni 7 0,0 1932 0,1
Méfeni 8 0,0 1933 0,1
Méfeni 9 0,0 1934 0,1
Meéfeni 10 0,0 1941 0,1
X 0,0 1929 0,1

Odpor [Q] - 2,15.10° 1,18.10"2

Zasychani natérovych hmot obsahujicich vodivy polymer VPI

Antikorozni natérova hmota na bazi epoxidové disperze CK-NH 1 zasychala do stupné I (proti prachu)
za 45 minut, do stupné II (na dotyk) za 1,5 hodiny, uplné proschnuti filmu (stupenn IV) bylo dosazeno za
2 hodiny. Diky ptidavku vodivého polymeru VP 1 v kombinaci s aditivem VA 1bylo zasychani do stupné¢ IV
prodlouzeno o hodinu (Tab. 2).

Tab. 2: Vliv vodivého polymeru VP 1 na zasychani natérové hmoty

Oznaceni NH CK-NH 1 CK-NH 2 CK-NH 3
Obsah VP 1 [hm. %] - 100 100 + VA1
Stupen I 0,75 0,75 0,75
Stupen 11 1,5 1,5 1,5
Zasychani [hod]
Stupen 111 1,5 1,5 2,5
Stupen IV 2 2,5 3
Tloust’ka [pm] Po 28 dnech 50 50 50

Tvrdost filmii obsahujici vodivy polymer

Tvrdost filmu natérové hmoty CK-NH 1 v ¢ase postupné nartstala ze 116 na 206 s. P¥idavek vodivého
polymeru do natérové hmoty nemél na vyvoj tvrdosti filmli vyznamny vliv. Tvrdost filmu po 28 dnech se

pohybovala kolem 200 s (Tab. 3).
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Tab. 3: Vliv vodivého polymeru na tvrdost filmi natérové hmoty

Oznadeni NH CK-NH 1 CK-NH 2 CK-NH 3
Obsah VP 1 [hm. %] - 100 100 + VA1
1 116 111 102
Tvrdost po dnech 7 188 170 151
[s] 14 191 178 181
28 206 198 202
Tloust’ka filmu [pm] 28 50 50 50

Prilnavost natéri
Prilnavost natérd je souhrnem sil, kterymi je natér zakotveny k povrchu natfeného podkladu.

Je zavisla nejen na druhu a kvalité natérové hmoty, ale také na podkladu. Zkouska pfilnavosti byla
provedena miizkovym fezem. Vechny hodnocené filmy mély vynikajici pfilnavost ke kovovému podkladu.

Chemicka odolnost

Pro hodnoceni chemické odolnosti byla vybrana ¢tyfi ¢inidla — voda, etanol, aceton a benzin Natural
95. Natéry byly hodnoceny po 1 a 24 hodinach od puisobeni téchto ¢inidel. Pidavek vodivého polymeru do
natérové hmoty neovlivnil chemickou odolnost hodnocenych natérovych hmot. Nejvice se projevil tcinek
acetonu, jiz po 1 hodinovém plsobeni byly na povrchu filmu silné viditelné znacky a struktura povrchu byla
nepatrné zménéna. Naopak nejmensi vliv mél benzin Natural 95, po 1 dnu byly na filmu lehké zmény barvy.
Pusobeni vody po 1 hodiné nezpisobilo zadné viditelné zmény, po 24 hodinach byla struktura povrchu zna¢né
zménéna.

Hodnoceni v solné a siricité komore

Urychlené korozni zkousky jsou zalozeny na zintenzivnéni ucinku pfirodnich vlivi, které maji rozho-
dujici vliv na ochranné vlastnosti natéru, jejich degradaci a ptedevsim rozsah koroze pod natérovym filmem
na chranéném podkladu. Byly provedeny zrychlené korozni testy ve 2 typech koroznich atmosfér: korozni
zkouska za ptitomnosti SO, s kondenzaci vodni pary a korozni zkouska za pritomnosti NaCl s kondenzaci
vodni pary.

Doba expozice vzorkll natérovych filmi v solné i v sific¢ité komote byla 28 dni. Béhem této doby byly
testované natéry nékolikrat vyhodnoceny (po 3, 7, 14 a 28 dnech) podle standardni zkusebni metody pro
vyhodnocovani tvorby puchytkil u natéru, prorezavéni, praskani, olupovani a delaminace a koroze v okoli
fezu. Celkova doba expozice byla vybrana s ohledem na vznik dostate¢nych rozdili v korozni odolnosti jed-
notlivych vzorkd. Tabulky 4 a 5 obsahuji hodnoceni natéri po 7 a 28 dnech po expozici v komorach. Celkova
antikorozni u¢innosti byla vyhodnocena podle stupnice Heubach.

Tab. 4: Hodnoceni po expozici v sifi¢ité komore

Oznaceni NH CK-NH 1 CK-NH 2 CK-NH 3
Obsah VP 1 [hm. %] - 100 100 + VA1
Osmotické puchyiky 2MD/2D 8D/2D 8D/2D
Koroze v Fezu [mm] >0,5/1 >0,2/>0,5 >0,2/>0,5

Koroze podkladu [%] 16/50 10/20 10/33
CAU [stupnice Heubach] 46,6/28,3 55/36,6 55/33,3

Z hlediska odolnosti vii¢i tvorbé osmotickych puchyikd vykazovala nejvyssi uc¢innost antikorozni naté-
rova hmota bez ptidavku vodivého polymeru, pouze vSak po 7 denni expozici v sitiité komote. Po 28 denni
expozici byla tvorba puchytki stejna u vSech hodnocenych natérovych hmot.
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Pridavkem vodivého polymeru natéry vykazovaly lepsi odolnost proti korozi podkladu. Celkova antiko-
rozni Gi¢innost (CAU) po 28 dnech piisobeni v sificité komoie byla zvysena z 28,3 na 36,6 (stupnice Heubach).

Tab. 5: Hodnoceni po expozici v solné komore

Oznadeni NH CK-NH 1 CK-NH 2 CK-NH 3
Obsah VP 1 [hm. %] - 100 100 + VA1
Osmotické puchyiky 2D/2D 8D/2D 8D/2D
Koroze v Fezu [mm] 1/1-2 >0,1/>0,3 >0,1/>0,4

Koroze podkladu [%] 33/50 33/33 33/33
CAU [stupnice Heubach| 33,3/25 38,3/36,6 38,3/36,6

Tvorba osmotickych puchytki byla stejna u v§ech hodnocenych natérovych hmot. Diky ptidavku vodi-
vého polymeru natéry vykazovaly lepsi odolnost proti korozi podkladu. Celkova antikorozni u€innost po 28
dnech piisobeni v solné komofie byla zvySena z 25 na 36,6 (stupnice Heubach).

Zavér
Antikorozni natérova hmota na bazi epoxidové disperse byla modifikovana dispersi s obsahem PEDOT.
Byl sledovan vliv pfidavku vodivého polymeru na zvySeni u€innosti antikorozni natérové hmoty. Formulace

natérové hmoty a jeji piiprava probéhla v SYNPO Pardubice, méfeni vodivosti bylo provadéno na CVUT
Praha.

Pro komplexni hodnoceni byly vybrany tfi natérové hmoty s riznym obsahem vodivého polymeru
v kombinaci s dal$imi aditivy ovliviiujicimi vodivost natérové hmoty.

Byly testovany fyzikalné-mechanické vlastnosti vybranych natérovych hmot, mezi které patii odolnost
ohybu, uderu, hloubeni a pfilnavost ke kovovému podkladu.

V dalsi etapé byly povlaky zkoumany pomoci urychlenych koroznich zkousek v solné a sifi¢ité komote.
Byl potvrzen pozitivni vliv pfidavku vodivého polymeru na zvySeni antikorozni u¢innosti natérové hmoty.
Podékovani

Tento piispévek vznikl v ramci feseni projektu TE02000011 — Centrum vyzkumu povrchovych tprav za
finanéni podpory TACR.
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VYVOJ MOLEKULOVE HMOTNOSTI STYREN-AKRYLATOVYCH
A METHYLMETHAKRYLAT-AKRYLATOVYCH EMULZNICH KOPOLYMERU

DEVELOPMENT OF THE MOLECULAR WEIGHT OF STYREN-ACRYLATE
AND METHYLMETHACRYLATE-ACRYLATE EMULSION COPOLYMERS

VALKAR.!, MACHOTOVA J.', PODZIMEK §.'?
1 Univerzita Pardubice, Fakulta chemicko-technologickd, Ustav chemie a technologie
makromolekularnich latek, Pardubice
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Summary
The work deals with the preparation of acrylic copolymers via emulsion radical polymerization and
development of the average molecular weight of styrene- n-buthylacrylate, styrene-ethylacrylate;
methylmethacrylate- n-buthylacrylate and methylmethacrylate-ethylacrylate copolymyers determined by
asymmetric flow field-flow fractionation (A4F) with multi-angle light scattering detector (MALS).

Keywords
Emulsion radical polymerization of acrylates, molar mass, A4F-MALS.

1 Uvod

Emulzni polymerace je velmi dulezitym primyslovym procesem pro syntézu koloidnich disperzi poly-
mernich ¢astic neboli latextl. VéEtsina primyslové vyrabénych latexti jsou kopolymery, které poskytuji pro-
dukty s rozliénymi vlastnostmi a pouzitim. Produkty emulzni polymerace nachazeji velké uplatnéni v oblasti
natérovych hmot, a to z divodu snahy o snizeni podilu organickych rozpoustédel a sniZeni emisi organickych
tékavych latek (VOC) do ovzdusi. Problematice emulzni polymerace se vénuje cela fada autort, kteti se
zabyvali vlivem riznych faktorti na kinetiku polymerace a vlastnosti pfipravenych latexd, at’ uz se jednalo
o kopolymery ¢i homopolymery. Jelikoz je emulzni polymeraci pfipravovana cela fada materialti s rozdilnym
sloZzenim a vlastnostmi, je velmi obtizné stanovit obecna pravidla, ktera by platila pro vSechny monomery,
iniciatory, emulgatory a také podminky polymerace.

Pfi emulzni radikalové polymeraci n€kterych akrylati dochazi k inter- a intramolekularnim pfenosovym
ma veliky vliv na vysledné vlastnosti latexd, jejich molekulovou hmotnost, koloidni stabilitu vodné polymerni
disperze, a proto je pro polymerni primysl syntetizujici polymery emulzni radikalovou polymeraci velmi
dulezité pochopeni déju, které béhem polymerace probihaji [1,2].

Prenosové reakce jsou reakce, pii kterych se prenasi radikal (respektive ristové centrum) z rostouciho
fetézce na molekulu latky vhodné chemické struktury pfitomné v polymeracnim systému [3]. Pfenosem ak-
tivniho centra z ptivodniho radikalu na jinou molekulu, popfipadé¢ jinou ¢ast téhoz radikalu, vznika novy typ
radikalu a ptivodni aktivni centrum zanika. Pfenosova reakce je vzdy spojena s vyménou atomu, nejcastéji
atomu vodiku. Pfi¢inou existence pienosovych reakci na polymer je v pfipadé polyakrylatd pfitomnost vo-
dikového atomu na terciarnim uhliku v polymernim fetézci [1,2,4,5]. Na obrazku 1 jsou uvedeny strukturni
vzorce monomer( ethylakrylatu (EA) a n-butylakrylatu (BA) s vyznacenym terciarnim uhlikem. Pro snizeni
Cetnosti pfenosovych reakei pii radikalové polymeraci akrylatovych monomert 1ze vyuzit akrylatd s nevétvi-
cim monomerem, v tomto piipadé se styrenem (ST) a methylmethakrylatu (MMA). V ptipadé¢ ST, ktery také
obsahuje terciarni uhliky, nebyl prokazan ptenos atomi vodiku [2].
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Obr.1: Strukturni vzorce EA a BA s vyznacenymi terciarnimi uhliky
o] o
Hzc@ cZ H,C @cf
O-CH, 0-C4H,

2 Experimentalni ¢ast K

2.1 Pouzité chemikalie

syntéze vodnych koloidnich disperzi polymernich ¢astic (latextl) byl pouzit ST, MMA (jako nevétvici
monomery), EA a BA (jako vétvici monomery) a také kyselina methakrylova (KMA), pro zvyseni koloidni
stability pfipravenych latexti. VSechny monomery byly dodany firmou Sigma Aldrich. Jako emulgator byl
pouzit Disponil FES 993 firmy BASF, k iniciaci polymerace byl pouZit peroxodisiran amonny (NH,),S,0,
vyrobce Lach-Ner. Pro inhibici polymerace byl pouzit hydrochinon firmy Sigma Aldrich. Dale byl pouzit
tetrahydrofuran jako rozpoustédlo a mobilni faze pro A4F — MALS.

2.2 Syntéza latexii

Latexy byly pfipraveny semikontinualni emulzni polymeraci (pod inertni atmosférou N, a za stalého
michani). Polymerace probihala pfi teploté 85 °C. Emulze komonomeru byla davkovana automatickym dav-
kovaéem (slozeni emulznich komonomeri je uvedeno v tab. 1). Polymeraéni smés byla davkovana 180 minut.
Po skonceni pfikapavani monomerni emulze byla teplota reakéni smési udrzovana na 85 °C po dobu 120
minut. Po uplynuti této doby byl vznikly latex za neustalého michani ochlazen v reakéni nadobé pod inertni
atmosférou na teplotu 25 °C.

2.3 Hodnoceni pribéhu emulzni polymerace

Pro studium priibéhu emulzni polymerace byly odebirany v uréenych ¢asovych intervalech vzorky late-
xu o pfiblizné hmotnosti 1 g. V kazdém sledovaném okamziku polymerace byly odebrany vzorky pro stano-
veni hmotnostné& stfedni molarni hmotnosti (Mw) vznikajicich emulznich kopolymerti metodou A4F-MALS.
Béhem prikapavani monomerni emulze do polymera¢niho reaktoru (celkova doba davkovani byla 180 minut)
byly odebirany vzorky v intervalech 30, 60, 120 a 180 minut od zah4ajeni pfikapavani fizeného automatickym
davkovacem. Po ukonceni ptikapu monomerni emulze byly béhem dopolymerace odebrany vzorky v interva-
lech 240 a 300 minut od zah4jeni davkovani. Odebrané vzorky byly okamzité zvazeny na analytickych vahach
a inhibovany pomoci 1 kapky ethanolického roztoku hydrochinonu o koncentraci 5 mg/ml.

3 Vysledky a diskuze

Hlavnim pfedmétem této prace bylo studium vyvoje molarni hmotnosti styren-akrylatovych a methyl-
methakrylat-akrylatovych kopolymeri, pozornost byla zaméfena zejména na vliv podilu ST a MMA jako
nevétvicich komomomera z hlediska molekulové hmotnosti vznikajicich a finalnich kopolymeri EA nebo
BA. U vsech vzorkd odebiranych béhem ptikapu emulze komonomerti dochazi k postupnému ristu hodnot
Mw. Po dokonéeni prikapu dochazi u viech odebranych vzork k mirnému sniZeni hodnot Mw. Pro lepsi pte-
hled je na obrazcich 2-5 je zobrazen vyvoj Mw vzorkd odebranych béhem polymerace.

Z obrazki je patrné, ze hmotnostné stiedni molarni hmotnost emulznich polymert se mirn€ snizuje po
dokonéeni davkovani komonomerti do reaktoru. Tento pokles hodnoty Mw je nejzietelngjsi u latexd ST/BA
5/93, ST/BA 10/83, ST/BA 75/23, MMA/EA 5/93, MMA/EA10/83 a EA 98. U ostatnich latext také docha-
zi ke snizeni hmotnostné stfedni molarni hmotnosti po dokonceni davkovani komonomeri, avSak snizeni
Mw je méné vyrazné. MoZznym vysvétlenim poklesu hodnot Mw je, Ze v posledni fazi polymerace vznikaji
polymerni fetézce s molarni hmotnosti o jeden nebo dva fady niz$i nez je molarni hmotnost polymernich
fetézci vzniklych po dokoneni ptikapu emulze komonomert. Z tohoto déivodu klesaji hodnoty Mw. Pokles
muze byt zpusoben tim, ze pfi dopolymeraci (240-300 minut) je v latexovych ¢asticich vyrazné nizsi pomeér
koncentrace monomeru ku iniciatoru, nebo se jedna o efekt snizené pohyblivosti monomeru ve zbotnalé late-
xové polymerni ¢astici popfipadé o kombinaci obou efekti, jejichz vysledkem je vznik kratSich polymernich
fetézcl, které se podilely na poklesu pramért Mw.
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Tab. 1: SloZeni emulznich kopolymeri a sloZeni nasady komonomeri je v tomto pofadi: MMA/ST/

EA/BA/KMA
Vaorek MMA/ ST/ EA/ BA/ KMA
[mol. %] [hmot. %] [g]

EA 98 0,0/ 0,0/ 98,0/ 0,0/ 2,0 0,0/ 0,0/ 98,3/ 0,0/ 1,7 | 0,0/ 0,0/ 147,4/ 0,0/ 2,6

BA 98 0,0/ 0,0/ 0,0/ 98,0/ 2,0 0,0/ 0,0/ 0,0/ 98,6/ 1,4 0,0/ 0,0/ 0,0 147,9/ 2,1
MMA 98 98,0/ 0,0/ 0,0/ 0,0/ 2,0 98,3/ 0,0/ 0,0/ 0,0/ 1,7 147,4/ 0,0/ 0,0/ 0,0/ 2,6
ST 98 0,0/ 98,0/ 0,0/ 0,0/ 2,0 0,0/ 98,3/ 0,0/ 0,0/ 1,7 | 0,0/ 147,5/ 0,0/ 0,0/ 2,5
MMA/EA 5/93 5,0/ 0,0/ 93/ 0,0/ 2,0 5,0/0,0/93,3/0,0/ 1,7 | 7,2/0,0/139,9/0,0/2,9
MMA/EA 10/88 10,0/ 0,0/ 88/ 0,0/ 2,0 10,0/ 0,0/ 88,3/ 0,0/ 1,7 | 15,0/ 0,0/ 132,4/ 0,0/ 2,6
MMAV/EA 25/73 25,0/ 0,0/ 73,0/ 0,0/ 2,0 | 25,1/0,0/ 73,2/ 0,0/ 1,7 | 37,6/ 0,0/ 109,8/ 0,0/ 2,6
MMA/EA 50/48 50,0/ 0,0/ 48/ 0,0/ 2,0 50,1/ 0,0 48,2/ 0,0/ 1,7 | 75,2/ 0,0/ 72,2/ 0,0/ 2,6
MMA/EA 75/23 75,0/ 0,0/ 23/ 0,0/ 2,0 75,2/0,0/23,1/0,0 1,7 | 112,8/0,0/ 34,6/0,0/ 2,6
MMA/ BA 5/93 5,0/ 0,0/ 0,0/ 93,0/ 2,0 4,0/ 0,0/ 0,0/ 94,7/ 1,3 | 6,0/ 0,0/ 0,0/ 142,0/ 2,0
MMA/BA 10/88 10,0/ 0,0/ 0,0/ 88,0/ 2,0 | 8,0/ 0,0/0,0/ 90,6/ 1,4 | 12,1/0,0/ 0,0/ 135,9/2,0
MMA/BA 25/73 25,0/ 0,0/ 0,0/ 73,0/ 2,0 | 20,9/0,0/0,0/ 77,8/ 1,4 | 31,2/ 0,0/ 0,0/ 116,7/ 2,1
MMA/BA 50/48 50,0/ 0,0/ 0,0/ 48,0/ 2,0 | 44,2/0,0/0,0/ 54,3/ 1,5 | 66,3/0,0/0,0/81,5/2,2
MMA/BA 75/23 75,0/ 0,0/ 0,0/ 23,0/ 2,0 | 70,6/0,0/0,0/27,7/1,7 | 105,9/ 0,0/ 0,0/ 41,6/ 2,5
ST/EA 5/93 0,0/ 5,0/ 93,0/ 0,0/ 2,0 0,0/5,2/93,1/0,0/ 1,7 | 0,0/7,8/139,6/ 0,0/ 2,6
ST/EA 10/88 0,0/ 10,0/ 88,0/ 0,0/ 2,0 | 0,0/ 10,4/ 87,9/0,0/1,7 | 0,0/ 15,6/ 131,8/ 0,0/ 2,6
ST/EA 25/73 0,0/ 25,0/ 73,0/ 0,0/ 2,0 | 0,0/25,8/72,5/0,0/1,7 | 0,0/ 38,7/ 108,7/ 0,0/ 2,6
ST/EA 50/48 0,0/ 50,0/ 48,0/ 0,0/ 2,0 | 0,0/51,1/47,2/0,0/1,7 | 0,0/ 76,7/ 70,8/ 0,0/ 2,5
ST/EA 75/23 0,0/ 75,0/ 23,0/ 0,0/ 2,0 | 0,0/75,9/22,4/0,0/1,7 | 0,0/ 113,9/ 33,6/ 0,0/ 2,5
ST/BA 5/93 0,0/ 5,0/ 0,0/ 93,0/ 2,0 0,0/ 4,1/ 0,0/ 94,5/ 1,4 | 0,0/ 6,2/ 0,0/ 141,8/2,0
ST/BA 10/88 0,0/ 10,0/ 0,0/ 88,0/ 2,0 | 0,0/ 21,5/ 0,0/ 90,3/ 1,4 | 0,0/ 12,5/ 0,0 135,4 2,1
ST/BA 25/73 0,0/ 25,0/ 0,0/ 73,0/ 2,0 | 0,0/21,5/0,0/ 77,1/ 1,4 | 0,0/32,2/0,0 115,7/ 2,1
ST/BA 50/48 0,0/ 50,0/ 0,0/ 48,0/ 2,0 | 0,0/45,2/0,0/ 53,4/ 1,4 | 0,0/ 67,7/ 0,0/ 80,0/ 2,3
ST/BA 75/23 0,0/ 75,0/ 0,0/ 23,0/ 2,0 | 0,0/ 71,5/ 0,0/ 26,9/ 1,6 | 0,0/ 107,2/ 0,0/ 40,5/ 2,3
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Obr. 2: Vyvoj Mw vzorki obsahujicich EA s riiznym obsahem nevétviciho komonomeru MMA b&hem
polymerace
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Obr. 3: Vyvoj Mw vzorki obsahujicich EA s riiznym obsahem nevétviciho komonomeru ST béhem

polymerace
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Obr. 4: Vyvoj Mw vzorki obsahujicich BA s riiznym obsahem nevétviciho komonomeru ST béhem

polymerace
MMA/BA
: M M
10 4 Y —_— -
2
. " *naase
= = hAMASBA 593
'
L -
¥
L}
- - * - *
10 f - » - MMABA 7523
T . aa o
T r +
10¢ 30 60 90 120 150 180 210 2480 270 300

Doha polymerace [min]

108



X. CONFERENCE ON PIGMENTS AND BINDERS - 06-07/11/2017

Obr. 5: Vyvoj Mw vzorki obsahujicich BA s riiznym obsahem nevétviciho komonomeru MMA b&hem

polymerace
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Je diilezité upozornit na skute¢nost, Ze hodnoty My u vzorkl obsahujicich pouze EA a BA jsou velmi vy-
soké, coz je z diivodu intermolekularnich pfenosovych reakci, jak bude podrobné&ji uvedeno v dalsim textu. Pti
porovnani vzorkl obsahujicich 98 mol. % EA a 98 mol. % BA odebranych v uréenych intervalech polymerace
je velmi vyrazny rozdil v hodnotach Mw. Tak naptiklad, hodnoty Mw a vzorku odebraného ve 30. minut& (od
zahajeni pfikapu emulze komonomerti) obsahujiciho 98 mol %. BA jsou cca pétkrat respektive Ctyfikrat vyssi
nez v piipadé vzorkl obsahujicich 98 mol. % EA a odebranych ve stejny ¢as. ZvySovani primérné molarni
hmotnosti s rostoucim podilem EA a BA v kopolymeru lze vysvétlit existenci intermolekularnich pfenosovych
reakei, které vedou ke vzniku vySemolekularni vétvené polymerni struktury. To vypovida o vyssi Cetnosti
intermolekularnich pfenosovych reakci na polymer a moznym vysvétlenim tohoto jevu je velikost butylové
skupiny monomeru BA. Diky vétsi velikosti butylové skupiny (oproti ethylové skupiné obsazené v EA) do-
chazi k oddaleni polymernich fetézcl a tudiz i zvySeni pfistupnosti terciarniho uhliku na polymerni kostte,
ktery je citlivy na pfenosové reakce

Srovnani poklesu hmotnostné stfedni molarni hmotnosti vSech vzork kopolymerti odebranych po
300 minutach polymerace je uveden v tabulkach 2 a 3. Porovnanim hodnot M w vzorkd, které obsahuji 98
mol. % EA nebo 98 mol. % BA, s hodnotami M w vzorkli obsahujicich 93 mol. % EA nebo 93 mol. % BA
a 5 mol. % nevétviciho komonomeru ST je vidét prakticky stejny vliv obsahu ST na priméry molarnich hmot-
nosti vzorki obsahujicich EA nebo BA. Naptiklad u vzorku ST/BA 5/93 doslo k vyraznému snizeni hodnot
Mw ve srovnani se vzorkem BA 98. Obdobné tomu bylo i v piipadé v piipad& vzorku ST/EA 5/93. Tomuto
jevu se vénuji i Plessis a kol. [3], ktefi zaznamenali podobné chovani v pfipadé emulzni polymerace BA
a ST. Tento jev autofi vysvétluji stérickou objemnosti styrenovych jednotek navazanych na polymerni fetézec,
které znepristupiiuji terciarni uhlik, ktery je centrem pfenosovych reakci, ¢imz je zabranéno pienosovym
reakcim na polymer. V pfipadé kopolymerace EA nebo BA s MMA byl zaznamenan postupny pokles hodnot
Mw emulznich kopolymerd.
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Tab. 2: Pokles hmotnostné stiedni molarni hmotnosti kopolymeri MMA, ST a BA po dokon¢eni

polymerace
Vzorek Al;zk[l;: | Vzorek A;:’k[l‘;: 1
EA 98 0,0 EA 98 0,0
MMA/EA 5/93 16,2 ST/EA 5/93 98,0
MMA/EA 10/88 23,6 ST/EA 10/88 98,2
MMA/EA 25/73 61,8 ST/EA 25/73 98,8
MMA/EA 50/48 61,8 ST/EA 50/48 98,6
MMA/EA 75/23 99,6 ST/EA 75/23 98,6

Tab. 3: Pokles hmotnostné sti‘edni molarni hmotnosti kopolymeri MMA, ST a BA po dokon¢eni

polymerace
Vzorek Al_;:,k[l‘;: | Vzorek A;::}k[l‘;: !
BA 98 0,0 BA 98 0,0
MMA/BA 5/93 26,9 ST/BA 5/93 98,3
MMA/BA 10/88 46,8 ST/BA 10/88 99,1
MMA/BA 25/73 47,4 ST/BA 25/73 99,6
MMA/BA 50/48 83,9 ST/BA 50/48 99,8
MMA/BA 75/23 99,5 ST/BA 75/23 98,6

Na obréazcich 5 a 6 je zobrazen u¢inek podilu MMA nebo ST na My odebranych vzork methylmethakry-
lat-akrylatovych a styren-akrylatovych kopolymerti po dokonceni polymerace. Je vidét, ze podil ST 5 mol. %
velmi vyrazné snizuje hodnoty M w u obou typil akrylatovych kopolymerd. V piipadé rostouciho ptidavku
MMA je pokles pramértt M w u obou typii akrylatovych kopolymerd postupny, vyrazngjs§i pokles M w byl
zaznamenan az pii podilu MMA 25-50 mol. %.

Obr. 5: Zavislost Mw vzorki obsahujicich EA na obsahu nevétvicich komonomeri MMA nebo ST po
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Obr. 6: Zavislost Mw vzorki obsahujicich BA na obsahu nevétvicich komonomeri MMA nebo ST po
dokoncdeni polymerace

BA

M, [g.mol’|

Podil nevErviciho komonomers [mal, %]

4 Zavér

Ukolem této prace bylo studium priibéhu emulzni polymerace styren-akryldtovych a methylmethakrylat-
-akrylatovych kopolymeri. Celkové bylo pfipraveno 28 latextl, které se skladaly z EA, MMA, BA, ST a KMA
v rizném molarnim podilu. Metodou A4F-MALS byl uréen vyvoj stfednich molarnich hmotnosti vzorkt
odebranych v ur¢enych intervalech béhem polymerace. Ze ziskanych dat se prokazal vliv intramolekularnich
ptenosii béhem polymerace komonomert s vysokym podilem EA a BA, tedy latek obsahujici terciarni uhlik.
Tyto pfenosové reakce zapficinily vétveni makromolekul vedouci k dosazeni vysokych molarnich hmotnosti.
Dale byl popsan vliv ST a MMA na &etnost vzniku prenosovych reakci a tudiz na hodnoty Mw. Ukazalo se,
ze uz podil 5 mol. % ST v nasadé komonomeril v podstaté zastavuje pienosové reakce vedouci k vétveni
polymernich fetézcti a k nariistu molarni hmotnosti produktii. Podobného u¢inku v ptipadé methylmethakry-
latovych kopolymeri bylo dosazeno az pii podilu MMA 25-50 mol. %.
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SYNTHESIS OF STAR POLYMERS APPLICABLE AS FILLER FOR
POLYURETHANE COATINGS BY IONIC POLYMERIZATION

SYNTEZA HVEZDICOVITYCH POLYMERU PRO POLYURETHANOVE NATERY
POMOCI IONTOVE POLYMERACE

BOHACIK P.!, PODZIMEK S."?, SPACEK V.2, BANDZUCH J.2, MACHOTOVA J.!, KADLECOVA M.!
1 University of Pardubice, Faculty of Chemical-technology, Institute of Macromolecular Substances and
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Summary
Star polymers were prepared by ionic polymerization. As the star core polyols served e.g.: tri-methylol
propane (TMP), pentaerythrythol (PETP) and dipentaerythrythol (DPETP) and the star arms were built up
from e-caprolactame, lactide in different ratios of both components. Coatings based on TMP have often
anti-slip properties high gloss but lower hardness. On the contrary, coatings based on PETP and DPETP
have high hardness, but no anti-slip properties.

Key words
Ionic Polymerization, Polyurethane Coatings

Introduction

Star polymers are branched molecules containing multiple arms connected at central core that have
unique properties compared to their linear analogues [1,2]. The first report about this configu-ration was made
in 1948 by Shaefgen and Flory [3] Star polymers are interest because they provide most of the properties of
high molecular weight materials at lower viscosity than linear materials.

The selectivity of ionic polymerization is due to the very strict requirements for stabilization of anionic
and cationic propagating species. lonic polymerizations, especially cationic polymeriza-tions, are not as well
understood as radical polymerizations because of experimental difficulties involved in their study. In ionic
polymerizations are usually use inorganic initiators. Is difficult to obtain kinetic data because ionic polyme-
rizations proceed at very rapid rates and are extremely sensitive to the presence of small concentrations of
impurities and other adventitious materials. The rates of ionic polymerizations are usually greater than radical
polymerizations. Anionic sys-tems are not more reproducible because the reaction components are better
defined and easily purified [4].

Mark-Houwink plot provides information about molecular structure. Generally, polymer mol-ecules in
the thermodynamically good solvents have the exponent a from about 0.65 to about 0.75, and in the theta
solvent 0,5 [5 The exponent a of the Mark-Houwink equation decreases with increasing degree of branching.
Typical feature of randomly branched polymers is decreasing slope of the Mark-Houwink plot towards the
higher molar masses. In the ultimate case of the star-like branched molecules the exponent reaches the value
of 0. In addition, the knowledge of in-trinsic viscosity and molar mass allows the calculation of hydrodynamic
radius and of the root mean square (RMS) radius (also called radius of gyration) using the Flory-Fox and
Ptitsyn-Eizner equantions [5,6].

Size Exclusion Chromatography (SEC) based on entropic separation is typically used for the analysis
of polymers. SEC is often used for polymerization kinetics studies, investigation of pol-ymer degradation
and ageing, determination of low-molar-mass additives in polymers and char-acterization of oligomers [5,6].

Branching polymers have attractive properties e.g. reduce molecular size, inhibition of poly-mer crys-
tallization (branching discourages the chain from fitting closely together, the structure is amorphous and have
relatively large amount of empty space). Branched molecules can be of var-ied structures e.g. stars, randomly
branched polymers, combs, dendrimers and hyperbranched polymers [5].

Experimental Part and Discussion

For characterization was used A4F-MALS from Wyatt Technology Corporation with Isocratic pump
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(Agilent 1100 Series, Agilent Laboratories), Auto sampler (Waters 717 Plus, Waters Corpo-ration), MALS
detector (DAWN HELEOS, Wyatt Technology Corporation) and RI detector (Op-tilab TrEX, Wyatt Techno-
logy Corporation). Concentration of prepared samples were 3 mg/ml and injected amount were 100 puL in each
sample. Was used long separation canal with 350 um spacer with 5kDa regenerated cellulose membrane and
channel temperature 25 °C. Channel-flow was | mL/min, cross-flow gradient from 3 to 0.16 mL/min over 20
minutes, isocratic at 0.16 mL/min over 10 minutes and cross-flow off over 5 minutes. A4F-MALS was used to
determinate apparent molecular weights M and M_, molecular weight distributions, M_/M_ of polymers sam-
-ples (D). For acquire data for reaction kinetics was used Size Exclusion Chromatography (Alli-ance Waters
2695, Waters USA), with polystyrene standards in Tetrahydrofurane (THF) and col-umns Agilent Plgel Mixed
C 300 x 7.5 mm. The viscosity was determinate by Brookfield vis-cometer (Brookfield CAP 2000/C6/100
rpm/25 °C). Gloss was measured by TRI GLOSS BYK, Gardner in three angle of measurement geometry
20°, 60°and 85°.

e-caprolactame (CAPA,99%), 1,1,1-Three(hydroxymethyl)propane (TMP,98%), catalyst Tin(II)
2-ethylhexanoate (92.5-100%), 3,6-Dimethyl-1,4-dioxane-2,5-dione (LAC) and isopho-rone diisocyanate
(IPD1,98%) were obtained from Sigma Aldrich. These chemicals were used without further purification.

For the synthesis star polymers was used typical laboratory glassware. All equipment was dried at
150 °C for 4 hours, next the equipment was dried under nitrogen. The reaction was run under a positive pres-
sure of nitrogen. All chemicals were dried by molecular sieves 3 A. The synthesis was run in two steps, for 6
hours in 130°C. Then heat up to 160 °C till AV was below 5 mg KOH/g. In one 500 mL four necked flask with
positive nitrogen pressure is charged polyol (e.g. TMP), CA-PA/LAC and catalyst. Every 30 min we were took
samples of reaction mixtures, for checking reactions kinetics.

The coatings were prepared on glass panels with dimensions 150 x 100 mm by applicator ruler with slit
100 pm. Prepared coatings were cured in oven in 80 °C during 120 min. Polyurethane coatings were based
on star polymers and isophorone diisocyanate. Dibutyl tin laurate (DBTL) was used in 1% solution in methyl
ketone like catalyst. Prepared coatings were tested by tests widely used in coatings industry, e.g. pendulum
hardness (Perzos pendulum), micro hardness (UHL, VMH-002VM).

The experiment is in Table I, where is summarized core-forming polyols, arms forming chemi-cals, de-
termined molecular averages, polydispersity and AV OH mg/g. The synthesis of star pol-ymers has decrease of
AV OH mg/g. This decrease is targeted, because we anticipated change of coatings properties with decreasing
R-OH groups in arm chain. For different R-OH groups was used CAPA, LAC with different ratios of both.
This different rations results in decrease of reactive R-OH groups in polymer arm and change properties of
prepared coatings. In first group based on Buthan-1,4-diol is possible star named by star-like polymers or
pseudo star polymers. Because core is based on two functional monomers, and resulting “star” polymers is
linear. On the contra-ry the polymers based on TMP, PETP and DPETP has three, four and six reactive OH
groups — arise three, four and six arm polymer star.

The polymer “star” based on Buthan-1,4-diol have dispersity from 1.20 to 2.00, usually dispersity is
lower, but still this dispersity is in normal lane. In prepared star polymers based on TMP, PETP and DPETP is
dispersity from 1.14 to 1.61, this dispersity is better than dispersity in Buthal-1,4-diol based polymers.

Molecular averages Mn and Mw is gradually increasing with higher amount of star forming monomers.
This effect is based on longer arms on the star’s polymers and higher number of star arms.

In the Figure 1 is compare of hardness prepared coatings with the stars based on Buthan-1,4-diol and
TMP, coatings were cured by IPDI in oven during 120 min. Hardness was measured seven days after curing.
Thus, coatings are soft and have anti-slip properties, but coatings based on Star 5, 9 and 2 was after curing
gluey. These coatings aren’t useable in painting industry. On the contrary coatings made from Star 1, 2, 3, 4, 6,
7, 8, and 10 have after curing anti-slip proper-ties, but these coatings are soft and doesn’t gluey and have high
gloss (high gloss is up for 60 in geometry of measured 60 °, below number 60 is coating matte). One of more
possibilities how utilize anti-slip properties is use thus coatings e.g. coating on the floor in shower or in the
pool. Gluey coatings are possible use like industry glue, or mixed them with another type of polyol and ano-
ther type of isocyanate substances for change properties. In the next time, will be this route tested and thus po-
lymer stars will be mixed with another type of oligomers (polyol) for change viscosity and coatings properties.
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Table 1: Characterization of star polymers prepared by ionic polymerization

Sample Molecular averages [g/mol] Viscosity | AV OH Star | Arm Made
name M, M, D [mPa.s] [mg/g] core from
Star 1 613 734 1.20 532 143.5 Bu-diol CAPA
Star 2 937 1,123 1.20 1,022 135.7 Bu-diol | CAPA/LAC
Star 3 1,715 2,373 1.38 1,800 105.6 Bu-diol | CAPA/LAC
Star 4 4,578 7,536 1.65 32,810 37.9 Bu-diol | CAPA/LAC
Star 5 8,586 17,738 2.00 123,000 12.6 Bu-diol | CAPA/LAC
Star 6 1,833 2,270 1.24 1,520 146.3 TMP CAPA
Star 7 2,668 3,560 1.33 5,515 84.5 TMP CAPA/LAC
Star 8 3,077 4,152 1.35 6,170 71.5 T™P CAPA/LAC
Star 9 4,131 5,713 1.38 20,285 54.4 TMP CAPA/LAC
Star 10 8,547 12,260 1.43 100,350 21.5 TMP CAPA/LAC
Star 11 1,609 1,829 1.14 1,475 213.1 PETP CAPA
Star 12 1,939 2,167 1.15 669 142.1 PETP CAPA
Star 13 3,672 4,782 1.30 9,870 83.1 PETP | CAPA/LAC
Star 14 5,504 7,608 1.38 36,070 56.5 PETP | CAPA/LAC
Sar1s | 8393 | 14154 16 | 295 | PETP | CAPA/LAC
Star 16 2,276 2,724 1.20 78,900 181.4 DPETP | CAPA/LAC
Star 17 4,018 5,223 1.30 16,125 107.2 DPETP | CAPA/LAC
Star 18 5,685 7,257 1.28 61,950 71.8 DPETP | CAPA/LAC
Star 19 9,829 14,010 1.43 61,540 44.5 DPETP | CAPA/LAC
Star 20 10,344 16,620 1.61 136,600 32.5 DPETP | CAPA/LAC

* This sample was measured in 60 °C, because the sample started crystalize few minutes after syn-thesis

Figure 1: Compare of the hardness prepared coatings based on Buthan-1,4-diole and TMP
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In the Figure 2 is compare of hardness prepared coatings with the stars based on PETP and DPETP,
coatings were cured by same way as coatings based on Buthan-1,4-diol and TMP.

Figure 2: Compare of the hardness prepared coatings based on PETP and DPETP
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Conclusion

Molecular averages and index of polydispersity were measured by A4F-MALS. The slopes of the Mark-
-Houwink plots prepared star polymers were closed to zero which confirms very com-pact molecular structure.
Reaction kinetics was determined by SEC and yield of all reaction was about 99.5%. Were prepared coating on
glass panels from synthetized star polymers cured by IPDI. Some prepared coating has been useable in shower
or pool for their anti-slip properties. In some gluey coating is, may be possible change their properties by
another type of polyol, this way will be tested. Thus, prepared coatings have hardness from 1.4 to 2.5 N/mm?.

Coatings based on PETP and DPEPT are have high hardness from 75 to 180 N/mm?, without one sample
Star 16 based on DPETP core. Coating made from Star 16 was softy, matte and gluey. Another once coatings
were gloss and hard.
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ANTICORROSIVE PROPERTIES OF ORGANIC COATINGS WITH
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Summary

The effect of magnesium powder on the properties of organic coatings filled with zinc was studied. Paints

pigmented with zinc and containing magnesium at its volume concentrations 1%, 3%, 5%, 10% and 15%
were used. The properties of the paints containing magnesium and lamellar or spherical zinc were examined

by using standard mechanical resistance tests. Substitution of a fraction of the zinc metal with magnesium
was beneficial to the paints’ anticorrosion properties, the paints exhibited a higher resistance than the paints

containing zinc metal solely. The best corrosion inhibition results in a salt fog medium were obtained with

the paint containing magnesium powder at a 1% volume concentration.

Key words
Zinc, magnesium, organic coating, corrosion

Introduction

Protection of metals against corrosion remains a very pressing issue also in this century. Among the ap-
proaches to anticorrosion protection is the use of organic coatings containing anticorrosion pigments providing
chemical and electrochemical reactions between the anticorrosion pigment, substrate metal and the binder, thus
forming protective coatings preventing the corrosive medium from penetrating to the metal surface. [1] Efforts
to eliminate toxic materials from industrial paint systems are made for environmental protection reasons. Econo-
mic considerations, i.e. the prices of the paint ingredients, also play a role in the formulation of industrial paints.
Actually, the new fillers and pigments are usually more expensive that the conventional materials. Developments
in the paint pigment domain are aimed at improving the efficiency of non-toxic anticorrosion pigments and
shifting their effects closer towards the old, toxic but very efficient pigments. One of the directions is aimed at
developing pigments combining several anticorrosion mechanisms, e.g. the mechanical, electrochemical and/or
chemical mechanisms. This is a very promising trend in the development of highly resistant paints, although the
more and more stringent environmental standards and legislation must be respect. [2]

Currently, zinc metal is frequently used as the anticorrosion pigment for highly demanding anticorrosion
protection. At the same time, though, efforts are made to reduce the zinc content of the paint, mainly for
environmental but also for economic and technological reasons. The present work strives to find a suitable
pigment (and its concentration in the material) to substitute a fraction of the zinc pigment while preserving or
enhancing the paint’s anticorrosion efficiency and improving its physical properties.

Zinc was used in paints for the first time in 1840, not owing to its electrochemical properties as an anti-
corrosion pigment but owing to its high covering capacity. The zinc particles have either a spherical shape or
a lamellar shape [3]. Since zinc powder enters electrochemical reactions with ferrous materials, it is frequently
used as an anticorrosion pigment to play the role of what is called a sacrificed anode. The zinc action mecha-
nism is explained in electrochemical terms as cathodic protection of iron-containing metals. This mechanism
is employed in practice by using zinc powder and, to a lesser extent, magnesium powder [4]. Paints contai-
ning zinc powder at concentrations close to the critical concentration (critical pigment volume concentration,
CPVC) protect the ferrous metal through an electrochemical reaction in the cathodic region. A high concent-
ration of this pigment is necessary in order to attain electrical conductivity between adjacent particles as well
as between the pigment particles and the substrate metal. Such a paint film is also highly porous, capable of
absorbing the penetrating solutions.
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Figure 1: Corrosion changes on the surface of a spherical zinc-containing paint film following exposu-
re to a humid environment

L)

a) magnification 8000x b) magnification 4000x

The electrochemical action of paints containing zinc particles is not identical with the action of zinc me-
tal layers obtained by spraying molten zinc onto the steel substrate. If an organic binder-based paint is applied
to a substrate, crosslinking (setting) reactions occur in the paint layer, and a highly crosslinked film emerges.
A fraction of the zinc particles does not remain bare any more, some zinc particles are coated by the binder.
Resistivity of the coating is thereby increased to such an extent that its electrical conductivity is lower than as
required for the electrochemical protection mechanism to play a role [5]. In fact, electrical conductivity of the
pigmented film depends on the zinc particle concentration (pigment volume concentration, PVC) in the paint
(its binder). The highest electrical conductivity is attained in systems in which the zinc particle concentration
is 92-95 wt.%. So, the binder concentration in such systems is mere 5-8%, which is insufficient for attaining
the physico-mechanical properties required of paints intended for application to metallic surfaces: paint film
adhesion, impact resistance and resistance in the cupping test are too low. Efforts to reduce the zinc content
of organic coatings intended for ferrous metal surface protection (made especially for environmental and
economic reasons, as mentioned above) lead to trends consisting in zinc substitution with other pigments.
Conductive polymers, inorganic pigments, fillers and combinations of zinc with different particle shapes are
widely studied for this purpose [6]. Carbon (graphite) based pigments also constitute a solution. Conductive
metallic pigments and conductive polymers are promising as well. Magnesium powder has been successfully
used as an anticorrosion pigment on aluminium owing to its high electrochemical activity, which also plays
a role on iron-containing metallic surfaces. Magnesium in a paint system exhibits good anticorrosion proper-
ties, which can be ascribed to cathodic protection and subsequent barrier protection mechanisms. The problem
is that the magnesium particles are highly active and the corrosion products accumulate rapidly around them
and dissolve them, whereupon the cathodic protection mechanism fails soon. The magnesium corrosion pro-
duct, Mg(OH),, is not stable in water at pH < 10.5 (Equation 1), has a relatively free structure, and barrier
protection is insufficient compared to zinc-rich paints.

Mg (s) + H,0 — Mg(OH), + H, M

Although such paints can be used outdoors, they frequently display blisters in the presence of NaCl. Cor-
rosion is lower in the presence of CO, because of the formation of carbonates (MgCO, . H,0, see Equations 2
and 3), which play a beneficial role in anticorrosion protection.

Mg(OH), <> Mg* + 20H" 2)

Mg* + CO,(ag) + 2 OH — MgCO, + H,0 3)

Although the carbonates formed outdoors due to the presence of CO, form a protective layer, this pro-

tection is inefficient because of the presence of high humidity, pH, concentration of salts and the relatively
limited concentration of CO,, so magnesium may be treated by immersion in carbonic acid.

If not treated, paint films with magnesium form blisters nearly instantly due to hydrogen production
during the formation of the corrosion product Mg(OH),. Carbonates on their own are unable to prevent cor-
rosion, the presence of elementary magnesium particles is vital for cathodic protection. In fact, both should
be present in order to attain the optimum corrosion protection. Aluminium substrates can be protected by
using zinc-filled paints combined with pure magnesium powder. The density of zinc is higher than that of its
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corrosion products, and the presence of voluminous corrosion products is beneficial because they thicken the
coating, thereby preventing ion transport through the paint layer. This can be achieved with magnesium, who-
se corrosion products possess a higher density that magnesium itself. Magnesium provides cathodic protection
to aluminium alloys while zinc has better handling and application properties.

Experimental part

Characterization of pigments

Pigment density was determined by using a Micromeritics AutoPycnometer 1320. Oil absorption was
measured by the ,,pestle — mortar” method based on Czech Standard CSN 67 0531. The data were used to
calculate the critical pigment volume concentration (CPVC). The mean particle size was determined on a
Mastersizer 2000. The basic properties of the pigments are summarised in Table 1.Microphotographs of the
pigment particles were obtained on a JEOL-JSM 5600 LV electron microscope (Japan). The resulting micro-
graphs used to follow the shape and the surface structures are shown in Figure 2.

Table 1: Characteristics of the pigments

Pigment Densi.ty 0il abso.rption CPVC Particle size
[g.cm”] [g/100g pigment] [%] [m]
Mg 1.78 40.6 56 12.1
Zn 7.09 7.6 63 5.2
Zn, 6.36 19.9 42 13.2

Figure 2: Scanning electron micrographs: a) spherical zinc, b) magnesium, c¢) lamellar zinc

Paint preparation

Paints containing magnesium at its volume concentrations 1%, 3%, 5%, 10% and 15% were prepared.
Spherical or lamellar zinc was added to complete the overall pigment volume concentration to its critical level
(CPVC). A solvent-type epoxy-ester resin served as the binder. The paints were applied to Class 11 steel pa-
nels by means of an application rules having a 200 um slot. The dry film thickness (DFT) was measured with
a magnetic thickness gauge as described in ISO 2808.

Mechanical properties of the paints

The paints were subjected to tests providing information on the paint film elasticity and strength. Surface
hardness of the paint films was also measured, viz. with a Persoz pendulum system in accordance with ISO
1522. Adhesion of the films to the substrate was assessed on cutting a lattice into the films as per ISO 2409,
by using a special cutting blade with cutting edges 2 mm apart. The paint film resistance to cupping was eva-
luated by measurement on an Erichsen cupping tester. The result is the steel ball indentation depth (in mm) at
which the film integrity remained undisturbed, as specified in ISO 1520.

Corrosion test procedures

The steel panels coated with the organic coatings were subjected to accelerated cyclic corrosion test: in

118



X. CONFERENCE ON PIGMENTS AND BINDERS - 06-07/11/2017

an NaCl spray atmosphere with steam condensation (ISO 7253), to which the panels were exposed for 720
hours.

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.

Results and discussion

Mechanical properties of the organic coatings

All the paint films provided good results in the cross-cut test, the film adhesion score was 1. Also, all
the paint films exhibited a high mechanical resistance in the cupping test, the maximum value was 10 mm.

In the surface hardness measurements, paints films with spherical zinc were superior (hardness was
~10% higher) to films with lamellar zinc. Presence of magnesium in the paint brought about surface hardness
decrease, which was the more pronounced the higher the PVCMg level. This effect was observed for paints
with spherical as well as lamellar zinc.

Corrosion properties of the organic coatings

The results obtained after subjecting the steel panels coated with the paint films to an accelerated cyclic
corrosion test in a salt fog atmosphere are listed in Tables 2 and 3. The highest corrosion resistance was atta-
ined with the paints containing magnesium at a 1% volume concentration. Such paints were superior to the
conventional magnesium-free paints with respect to their corrosion resistance.

Table 2: Corrosion test results for organic coatings containing Mg and spherical zinc
(DFT =80 + 10pm)

T Blistering Corrosion
% ]M £ Metal base Metal base In a cut
[dg] [%] [mm]
0 6D 10 0.1
1 8D 1 0,1
3 8D 3 0,1
5 8D 10 0.5
10 8D 10 0.6
15 8D 16 1.5

Table 3: Corrosion test results for organic coatings containing Mg and lamellar zinc
(DFT = 80 = 10pm)

e Blistering Corrosion
[% ]M £ Metal base Metal base In a cut
[dg] (%] [mm]

0 4D 3 0.1
1 6D 3 0.1
3 6D 10 0.2
5 6D 10 0.4
10 4D 16 0.6
15 4D 16 0.6
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Conclusion

This work was devoted to the effect of magnesium powder on the properties of zinc-containing organic

coatings. Addition of magnesium had no adverse effects on the paint films’ mechanical properties. All the pa-
int films exhibited a high mechanical resistance. Substitution of a fraction of the zinc powder with magnesium
resulted in a higher anticorrosion efficiency of the paints. The best results in an accelerated cyclic corrosion
test in a salt fog environment were observed for the paint film containing magnesium at a 1% volume con-
centration.
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1 Faculty of Chemical Technology, Institute of Chemistry and Technology of Macromolecular Materials,
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Summary
The anticorrosion efficiency and the effect of the polyaniline in organic coatings pigmented with zinc were
examined in this work. The anticorrosion properties of epoxy-ester resin based paints containing spheri-
cal zinc which was partly replaced with a polyaniline salt or polyaniline base at various pigment volume
concentrations (PVC) were studied. The paint film samples were subjected to mechanical resistance tests.
Evidence was gained of a beneficial effect of the conductive polyaniline species on the protective properties
of the zinc-pigmented organic coatings.
Key words
Polyaniline, zinc, conductive polymer, corrosion.

Introduction

High-zinc coatings work on the sacrificed anode principle, where zinc acts as the anode which is pre-
ferentially dissolved while the steel substrate acts as the cathode, which is thus protected from the corrosion
effects. This effect of the electrochemical mechanism can be enhanced by extending the zinc-containing paint
system with a conductive polymer improving the conductive contact between the zinc atoms and the steel
substrate [1].

Conductive polymers include a system of conjugated double bonds: this is what makes the material
conductive. Conductivity can be increased by what is called “doping”. This method can increase conductivity
very substantially, by several orders of magnitude, to attain the level of some semiconductors. Aniline is one
of the prominent conductive polymers: it is non-toxic, features outstanding adhesion to the substrate metal,
and acts as a corrosion inhibitor [2].

The protective mechanism acting in paints containing zinc and a conductive polymer is anodic by nature.
Polyaniline on an intact surface shifts the potential of the metal to the passivation region where the corrosion
current is lower. If the coating is disturbed, the polyaniline salt (PANI-ES) reacts with free electrons to trans-
form to the non-conductive polyaniline base (PANI-EB) [3, 4]. Zinc metal reacts with the corrosive medium
to form a passivating layer called white rust, which is able to mend minor coating defects, whereby the
electrochemical protective mechanism is transformed to the barrier protective mechanism, which is capable
of protecting the metal surface further on [2].

Trihydrogenphosphoric acid, giving rise to the polyaniline salt, was used in this particular case to increa-
se conductivity. The non-conductive polyaniline base was obtained by reaction with an ammonium hydroxide
solution. The polyaniline salt doped with trihydrogenphosphoric acid increases the organic coating’s adhesion
to the steel substrate and contributes to the creation of the protective layer at the metal/coating interface [5]. If
the polyaniline base is used, a highly alkaline system emerges, leading to passive oxide formation [6].

Experimental part

Synthesis of polyaniline phosphate

The synthesis started by preparation of 250 ml of a 0.2 M aniline solution in a 1 M 250 ml of 0.2 M
aniline (Merck) was dissolved in 1 M phosphoric acid and 250 ml of 0.25 M potassium peroxodisulphate
(Merck) was dissolved in distilled water. The two solutions were mixed and the resulting liquid was stirred
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mechanically for 60 minutes. The resulting PANI-H,PO, precipitate was filtered off using a Buchner funnel,
and the product was washed with dilute phosphoric acid and with acetone. The resulting PANI-H,PO, powder
was dried for 24 hours in air and subsequently in an oven at 60 °C.

Polyaniline base preparation

Polyaniline phosphate was mixed with a 1 M ammonium hydroxide solution and the whole was stirred
for 6 hours. Next day the system was filtered through a Buchner funnel and the solid polyaniline base was
rinsed with acetone and dried at 60°C.

Characterization of pigments

Pigment density was determined by using a Micromeritics AutoPycnometer 1320. Oil absorption was
measured by the "pestle — mortar" method based on Czech Standard CSN 67 0531. The data were used
to calculate the critical pigment volume concentration (CPVC). The mean particle size was determined on
a Mastersizer 2000. The basic properties of the pigments are summarised in Table 1.

Table 1: Characteristics of the pigments.

St Densi_t}y 0Oil abso‘rption CP;VC Particle size
[g.cm”] [¢/100g pigment] [%] [1m]

Zn 7.14 6.50 67 5.24
PANI-ES 1.53 42.07 59 8.20
PANI-EB 1.31 53.52 57 7.30
Paint preparation

Epoxy-ester resin based paints containing zinc and the polyaniline species were formulated for anti-
corrosion efficiency testing. The paints were pigmented with the polyaniline salt or polyaniline base at
PVC =5%, 10%, 12.5% and 15%, and spherical zinc was added so that the concentration of solids in the paint
was invariably 67 vol.%. A reference material containing zinc at PVC = CPVC (critical PVC) = 67%. The
paints were applied to steel panels and glass panels by means of a ruler. The dry film thickness (DFT) was
measured with a magnetic thickness gauge according to ISO 2808.

Mechanical properties of the paints

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

Corrosion test procedures

The steel panels coated with the organic coatings were subjected to accelerated cyclic corrosion test: in
an SO, atmosphere with water condensation (ISO 6988), to which the panels were exposed for 2880 hours.

The degree of corrosion at the test scribe (ASTM D 1654-92) and the degree of steel surface corrosion
and the degree rusting on the paint (ASTM D 610-85) were evaluated after the exposure in the corrosive
environments.

Results and discussion

Physico-mechanical resistance of the paint films

All the organic coatings containing the polyaniline ingredient exhibited a higher overall mechanical

122



X. CONFERENCE ON PIGMENTS AND BINDERS - 06-07/11/2017

resistance than the reference organic coating containing zinc alone. The highest mechanical resistance levels
were attained with the systems with polyaniline phosphate at PVC = 10% and 15%. This improvement was
due to the trihydrogenphosphoric anions improving paint adhesion to the substrate metal [7]. In the adhesion
test, all of the paints with polyaniline phosphate exhibited adhesion score 0, whereas the paints with the polya-
niline base exhibited adhesion score 1. The results of the physico-mechanical tests and the overall mechanical
resistance values are listed in Table 2.

In the paint film surface hardness tests, the paints with spherical zinc and the polyaniline base exhibited
higher hardness levels than the paints with polyaniline phosphate. The lowest hardness data in 60 days were
obtained for the paints with spherical zinc and polyaniline phosphate at PVC = 10% and 15 %, which also
attained the highest overall mechanical resistance.

Table 2: Mechanical properties of the organic coatings containing PANI-EB and PANI-ES,
pigments with zinc metal, DFT =75 £+ 10 pm

PVC Adhesion test | Cupping test Impact test Overa.ll
st mechanical
[Yo] [st.] [mm] [em] .
resistance
PANI-ES
12.5 0 4.05 6 57
15 0 5.47 7 60
> 1 3.80 4 51
10 1 3.01 4 43
PANI-EB
15 1 3.20 6 50
Zn 67 I 3.40 2 28

Evaluation of accelerated corrosion tests

All the paints pigmented with the polyaniline salt and the polyaniline base exhibited a higher total anti-
corrosion efficiency than the paints containing spherical zinc solely. The best results were obtained with the
paints pigmented with the polyaniline salt, specifically at PVC = 12.5%. The polyaniline salt improves anodic
protection against corrosion, within which the polyaniline salt is transformed to the base. This mechanism is
absent if the polyaniline base is used as the ingredient, and so the system’s total anticorrosion efficiency is
lower. The data are listed in Table 3.
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Table 3: Results of the corrosion test performed in a condenser chamber with a content of SO, for
coatings after 3072 hours of exposure, DFT =120 = 10 pm

PVC Adhesion Rusting Corrosion Corrosion Total a'ntl-
Sample (%] —— On the Metal base In a cut corrosion
g ’ paint [%] [%] [mm] efficiency
5 1 0.03 3 0.5 80
10 1 0.01 0.1 0 93
PANI-ES
12.5 1 0.01 0.03 0 95
15 1 0.01 0.1 0 93
5 1 0.01 0.3 1 85
10 2 0.01 0.1 0.5 86
PANI-EB
12.5 2 0.01 0.03 1 86
15 1 0.01 0.1 1 88
Zn 67 2 50 33 0 51
Conclusion

The effect of the presence of a conductive polyaniline salt or a non-conductive polyaniline base in

a zinc-containing organic coating on the coating’s corrosion protection properties was examined. The pigment
volume concentration was 5%, 10%, 12.5% or 15%. A paint pigmented with spherical zinc at a volume con-
centration equal to this pigment’s critical volume concentration served as the reference system. The organic
coatings pigmented with the polyaniline salt exhibited higher overall mechanical resistance levels than those
pigmented with the polyaniline base: they displayed better adhesion to the steel substrate, were more elastic
and better resistant to mechanical stress and, at the same time, improved anodic protection of the steel subs-
trate. The highest overall mechanical resistance levels were attained with the organic coatings pigmented with
the polyaniline salt at pigment volume concentrations 10% and 15%. The highest anticorrosion efficiency was
obtained with the organic coating pigmented with polyaniline phosphate at pigment volume concentration
12.5%.
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Summary
The most common method of protecting metallic materials is the application of organic coatings based on
the anticorrosion paints: a sufficiently efficient anticorrosion coating can be made only of a binder that
is little permeable by liquids and gases. By the suitable pigmentation not only permeation of the medium
can be hindered or at least retarded, and the pigment is thus able to protect the metallic substrate against
the corrosion. The development and application of efficient coating systems are restrained by a number of
factors, the major ones being their environmental impacts and financial aspects. The majority of available
nontoxic pigments provide roughly the same level of protection; however, the efficiency of none of these are
close to that of the toxic chromate pigments. The use of anticorrosion pigments whose particles possess a
non-isometric shape is an interesting approach. Such pigments in paints provide a high barrier protection,
and adhesion of the paint to the substrate is also improved, meaning that the particles help to slow down
corrosion processes acting on the substrate.

Keywords
Ferrite, organic coating, corrosion, nonisometric particle

Introduction

The most common method of protecting metallic materials is the application of organic coatings based
on the anticorrosion paints: a sufficiently efficient anticorrosion coating can be made only of a binder that is
little permeable by liquids and gases. By the suitable pigmentation not only permeation of the medium can
be hindered or at least retarded, and the pigment is thus able to protect the metallic substrate against the cor-
rosion [1]. The use of anticorrosion pigments whose particles possess a non-isometric shape is an interesting
approach. Such pigments in paints provide a high barrier protection, and adhesion of the paint to the substrate
is also improved, meaning that the particles help to slow down corrosion processes acting on the substrate.
Fig. 1. shows schematically the effect of nonisometric pigment particles on the physical properties of the paint
films, consisting in an improvement of the mechanical properties of the films, reduction of the rate of diffusion
through the films, and protection of the binder against UV radiation [2]. Every property of a pigmented paint
is at its optimum at a specific pigment concentration; this applies particularly to the physical and anticorrosive
properties [2]. So it is possible to identify a pigment concentration at which a specific property is at its best or
at which the overall anticorrosive efficiency is at its maximum [3].

Figure 1: Pigment particles with a lamellar morphology in the coating film
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Experimental

The contribution is a presentation of the properties of anticorrosion paints based on organic binders used
in metals protecting formulations in combination with some laboratory developed pigments. The aim of the
work was to formulate paints containing environmentally friendly pigments and to test their anticorrosion ef-
ficiency by laboratory corrosion tests and by mechanical tests of the paint films coated on metallic substrates.
Ferrospinels (Zn-Mg-Fe) differing in the primary particle shapes were synthesized and added as pigments to
a paint formula, and the paints containing them at various volume concentrations (5 %, 10 %, and 15 %) were
investigated with respect to their anticorrosive properties (Figure 2). The core shell pigments containing ferric
oxide and non-isometric particles of layered silicates were also prepared.

Figure 2: Morphology of the particles of tested pigments (SEM): A Mg, .Zn  Fe O, lamellar, B)
Mg, ,Zn  Fe,O, acicular
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Results and discussion

Effect of the pigments on the physico-mechanical properties of the organic coatings

The paint film was never disturbed when bent over the mandrel 4 mm in diameter (ISO 1519). No defects
were observed on the films after the test hammer was dropped from the largest height, i.e. 100 cm (ISO 1520).
Good results were also obtained for all of the pigments in the cross-cut test, any defects were negligible and
nearly all of the films scored 1 in this test (ISO 2409). The only pigment for which defects were observed on
the lattice (particularly at higher PVC levels) was the core-shell pigment D (mixed Mg-Zn-Fe oxide/kaolin),
and so the films scored 2. The films gave very good results also in the cupping test, no film disturbance was
observed with a magnifying glass after the body penetration to an § mm distance. The paint film resistance in
this test was PVC-dependent, viz. so that the resistance against penetration decreased slightly with increasing
PVC. Pigment A4 (isometric Mg, ,Zn, JFe,0,) was an exception in this respect. Obtained results demonstrate
that the highest resistance against the test body penetration was obtained with pigment B having needle-sha-
ped particles (acicular Mg, ,Zn  Fe O,), viz. 9.5 mm at PVC = 5%. Good results were also obtained with the
core-shell pigment E (mixed Mg-Zn-Fe oxide/talc), where the film was disturbed at 9.4 mm. All of the paint
films exhibited very good overall physico-mechanical resistance, only the paints with the core-shell pigment
D (mixed Mg-Zn-Fe oxide/kaolin) provided poorer cross-cut test at high PVCs.

Results of the corrosion — chemical resistance test by immersion after Machu and Schiffinan

The results are summarized in Table 1. The panels coated with the paint were exposed to 4 cycles of the
films chemical resistance test by submersion. The coated panels were subjected to four cycles of the immersi-
on test. The test resulted in the formation of large blisters on all of the paint films examined (Table 1). The best
resistance against blistering was observed for the paint containing the core-shell pigment D (mixed Mg-Zn-Fe
oxide/kaolin) and was higher at higher PVC levels: a few large blisters only were observed on the paint film
surface at PVC = 15% (score 2F). Equally good resistance was exhibited by the films pigmented with the other
core-shell pigment, i.e. pigment E (mixed Mg-Zn-Fe oxide/talc). Once again, this resistance increased with
increasing PVC. The paint film with pigment C (lamellar Mg, ,Zn, Fe,O,) exhibited more abundant blisters
(score 2M). Again, resistance to blistering increased with increasing PVC. Still more abundant blisters (score
2MD) were observed on films of the no pigmented binder. And the lowest resistance against blistering was
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Table 1: Corrosion effects after the immersion test after Machu and Schiffman (4 cycles);
DFT = (75 £10) pm

Paint film Steel panel
Metal Anticorr.
. PVC 4 .
Pigment [%] T::Jlscskz‘eiss Blistering Corrosion surface efficiency
- [g] in cut [mm] corrosion EH,0,
" (%]
A 5 7 2D 1.0-2.0 33 30
Mg,,Zn, FeO, 10 8 2D 2.0-3.0 3 43
Isometric 15 9 2MD 2.0-3.0 3 50
B 5 2 2MD 1.0-2.0 3 50
Mg, ,Zn, Fe,O, 10 2 2M 2.0-3.0 3 57
acicular 15 6 2MD 2.03.0 3 50
c 5 4 2M 1.0-2.0 3 60
Mg, ,Zn, Fe,O, 10 2 2M 2.0-3.0 0.1 65
lamellar 15 4 2F 2.0-3.0 0.03 73
D 5 5 2M 2.0-3.0 3 57
Mg-Zn-Fe mixed 8 2F 2.0-3.0 1 67
oxide/kaolin
15 9 2F 1.0-2.0 0.03 73
E 5 7 2M 3.0-5.0 3 53
Mg-Zn-Fe mixed 10 8 2F 2.0-3.0 3 63
oxide/tale 15 9 2F 2.0-3.0 1 67
5 7 2D 2.0-3.0 16 33
F
hematite Fe,0, 10 9 2D 2.0-3.0 33 27
15 9 2D 1.0-2.0 33 30
Non }?lgmented 9 >MD 3 3 50
paint film

exhibited by the paint containing the reference pigment F (hematite Fe,0,) at any of the concentrations used.
The surface was nearly completely covered with large blisters (score 2D). The results with pigment A (isomet-
ric Mg, ,Zn, Fe 0, atlow PVC levels were similar.

Subsequently the paint films were removed and the bare metal panels were examined. The degree
of corrosion was lowest on the panel previously coated with the paint containing pigment C (lamellar
Mg, ,Zn, Fe,0,) and was the lower the higher the PVC level: the steel panel surface corrosion was very low
indeed (0. 03%) at PVC = 15%. Slightly poorer protection was provided by the paint films with the core-
-shell pigment D (mixed Mg-Zn-Fe oxide/kaolin). Once again, the protective properties were better at higher
pigment concentrations. The steel panel surface corrosion was most marked on the panels previously coated
with the paint containing the reference pigment F (hematite Fe,0,). Here, corrosion increased with increasing
PVC. The corrosion effects on the steel panels can be seen in th 2. This figures demonstrates that the metal
surface of the panel that had been coated with the paint containing the reference pigment F at PVC = 15%
was corroded to an appreciable extent, this corrosion copying the osmotic blisters on the paint film (33%).
The paint with pigment C, on the contrary, protected the metal from corrosion efficiently. A very low degree
of steel surface corrosion (0.3%) can also be seen on the panel that had been coated with the paint containing
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the core-shell pigment D at PVC = 15%.The best overall anticorrosive protection was provided by the core-
-shell pigment D (mixed Mg-Zn-Fe oxide/kaolin). The paint containing this pigment at high PVC exhibited
the highest resistance to blistering and adequate metal protection against corrosion. Pigment C (lamellar
Mg, ,Zn, JFe,0),) also protected the metal beneath the film well, the paint film resistance to blistering, however,
was not so good. On the contrary, the paint with the core-shell pigment E (mixed Mg-Zn-Fe oxide/talc) was
fairly resistant to blistering but metal surface corrosion was more marked. The findings can be generalized
as follows: the core-shell pigments provided the best protection against paint film blistering. The protective
effect of the core-shell pigments and of the lamellar pigment C increased with increasing PVC. The pigments
with nonisometric particles did not provide adequate protection in this test if present at low concentrations The
overall anticorrosive efficiency was calculated for all the paint films tested. The results demonstrate that the
barrier effect of the film plays a key role in this test. This was very good for the paint with pigments D (mixed
Mg-Zn-Fe oxide/kaolin) and C (lamellar Mg, ,Zn, Fe,0,), which provided the highest overall anticorrosive
efficiency (Eyp,0,=73) at PVC=15%. Very good results were also obtained with the paint containing the core-
-shell pigment E (mixed Mg-Zn-Fe oxide/talc).

Figure 2: Photographs of the tested paint films (before removing paint) Paint with: a) pigment F
(hematite Fe,0,) at PVC= 15% (left); b) pigment C (lamellar Mg, ,Zn , Fe,0) at PVC = 15% (middle);
¢) pigment D (mixed Mg-Zn-Fe oxide/kaolin) at PVC = 15% (right)

a) b) ©)

Resistant to the highly aggressive medium of this test is a paint with a pigment that enhances paint film
adhesion, reinforces the film, and neutralizes the acidic corrosive medium diffusing through the film, i.e.
a pigment with lamellar particles and providing a rather high pH.

Conclusion

The morphology the pigment particles plays a major role in the paints’ anticorrosive properties. This
is due to the barrier effect to substances penetrating through the organic film. Furthermore, the aggressive
substances in the penetrating medium come in closer contact with the ferrite particles, which may result in
neutralization of the former. The results of mechanical test give evidence that owing to their morphological
properties, the pigments tested do not detract from the mechanical resistance of the alkyd resin based paints.
It was described the ability of the nonisometric pigments to create the barrier effect and to increase the paint
film's adhesion to the substrate that played the major role with respect to the anticorrosive efficiency. Acetic
acid together with hydrogen peroxide exerted an oxidative effect on the binder while the chloride ions along
with the acid system initiated corrosion of the substrate. The best anticorrosive efficiency in this test was
exhibited by the core-shell pigments D (mixed Mg-Zn-Fe oxide/kaolin) and E (mixed Mg-Zn-Fe oxide/talc)
and also by pigment C (lamellar Mg, ,Zn, Fe,0,). Those pigments may find application e.g. in primers for
steel structures in the chemical industry, specifically for acidic or oxidative environments.

128



X. CONFERENCE ON PIGMENTS AND BINDERS - 06-07/11/2017

References
[17 A. Kalendova, D. Vesely, P. Kalenda, Properties of paints with hematite coated muscovite and talc
particles, Applied Clay Science, 2010, 48, p5S81-588.

[2] N.M. Ahmed, M.G Mohamed, M.R. Mabrouk, A.A. ELShami, Novel anticorrosive pigments based
on waste material for corrosion protection of reinforced concrete steel, Construction and Building
Materials, 2015, 98, p388-396.

[3] H. Vakili, B. Ramezanzadeh, R. Amini, The corrosion performance and adhesion properties of the

epoxy coating applied on the steel substrates treated by cerium-based conversion coatings, Corrosion
Science, 2015, 94, p466—475.

129



X. KONFERENCE PIGMENTY APOJIVA « 6.-7.11.2017

STUDY OF THE ANTICORROSIVE PROPERTIES OF PAINTS WITH
PIGMENTS SURFACE TREATED BY POLYPARAPHENYLENEDIAMINE

STUDIUM ANTIKOROZNI UCINNOSTI NATEROVYCH HMOT S OBSAHEM
PIGMENTU POVRCHOVE UPRAVENYCH PPDA

HAJKOVA T, KALENDOVA A.
Faculty of Chemical Technology, Institute of Chemistry and Technology of Macromolecular Materials,
University of Pardubice, Studentska 95, 53210 Pardubice, Czech Republic

Summary
The paper deals with study of the corrosion inhibiting and physical properties of organic coatings
containing pigments with a layer of a conductive polymer based on polyparaphenylenediamine PPDA.

Tested molybdates and tungstates were prepared and modified with a layer of the conductive polyparaphe-

nylenediamine. An epoxy-ester resin used as the binder, and the surface modified pigments were evaluated at
volume concentrations PVC =1 %, 5 %, 10 %, and 15 %.

The coatings were tested corrosion tests in laboratory conditions. The zinc phosphateortophoshate pigment
served as a reference pigment for the anticorrosion efficiency assessment. Physico-mechanical tests gave
evidence of an outstanding mechanical resistance of the paint films. The pigments prepared were found to

impart a very good anticorrosion efficiency to the paints.

Key words
Organic coating, anticorrosion pigment, molybdate, tungstate, conductive polymer

Introduction

Anticorrosion pigments include materials that are actively engaged in the paint film lifetime extension
[1-5]. Many of the compounds are toxic or not entirely harmless/environmentally friendly. Lead and chromi-
um based pigments used to be routinely used in traditional oil paints, paints based on modified alkyd resins
and other solvent-type paints [6]. Roughly 40 years ago, efforts started to be made to remove toxic materials
from workplaces and the environment, including toxic substances serving as pigments in corrosion protection
paints. Although less environmentally harmful, current new anticorrosion pigments are less efficient than the
traditional anticorrosion pigments [7].

Oxidic compounds of some metals, e.g. molybdenum and tungsten, themselves contribute to the anticor-
rosion effect of paints to which they are added as ingredients [6]. Molybdates and tungstates at low concent-
rations are good corrosion inhibitors for cold-rolled steel [8]. In some cases, molybdates and tungstates are as
efficient corrosion inhibitors as chromates or nitrites. Mo pigments are not as sensitive to the presence of chlo-
ride and sulphate ions as chromates. The pigments affect not only the anticorrosion properties of the coating
materials but also the physico-mechanical properties of the coating films [5]. Roughly three decades ago, new
materials with immense potential applications were discovered: they are conductive polymers, whose electric
conductivity is so high that it approaches that of some metals. A wide range of conductive polymers, such
as polyaniline, polypyrrole and poly(p-phenylenediamine), have Polyacetylene, polyaniline and polypyrro-
le are among the conductive polymers that are investigated most. Their electric conductivity distinguishes
them from other polymers, which is due to the presence of conjugated double bond systems in them [9, 10].
Poly(p-phenylenediamine) (PPDA) can be readily prepared by chemical or electrochemical oxidation of phe-
nylenediamine. Its electric conductivity is several orders of magnitude lower than that of polyaniline, and so
it is classed among non-conductors. Although conductivity is important, it is not the sole parameter for appli-
cation of conductive polymers. Polymers derived from phenylenediamine have been studied to an increasing
extent lately and can find applications in biomedical branches, where aniline or its oligomers cannot be used
because of their toxicity [11, 12].
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Experimental

Laboratory preparation of pigments for conductive polymer testing

The effect of pigment surface treatment with polyparaphenylenediamine phosphate (PPDA) on the anti-
-corrosion properties of organic coatings, was tested on pigment particles that differ in their structure, chemi-
cal composition. Pigments that are well suited for treatment with conductive PPDA were selected based on
previous work. Six pigments were synthesised in the laboratory for testing and for investigating their anti-
-corrosion properties in coating materials (paints) [7].

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

Laboratory preparation of pigments modified with a surface layer of polyparaphenylenediamine
phosphate (PPDA)

The pigment was suspended in p-phenylenediamine solution in ortho-phosphoric acid and ammonium
peroxydisulfate. It is an oxidative polymerization. Were formed the pigment particles coated with the PPDA.
The pigment particle morphology is illustrated by scanning electron micrographs (SEM) [13] for the surface
modified molybdates and tungstates. The micrographs were taken in the secondary electron imaging (SEI)
mode.

Organic coating formulations containing the pigments and preparation of test samples of the paint films

All coating materials were model formulations, i.e., they contained no additional fillers or additives that
might affect appreciably the formulations’ efficiency. The pigment volume concentration (PVC) was inva-
riably 1%, 5%, 10% and 15%.

Laboratory corrosion test

The cyclic corrosion test in a NaCl solution spray environment [7] was derived from ISO 7253. The paint
films were exposed to the mist of a 5% NaCl solution at 35 °C for 10 hours (1st cycle stage), followed by 1
hour of water condensation at 40 °C (2nd cycle stage) and 1 hour of drying at 23 °C (3rd cycle stage). The
outcome was evaluated following 1440 hours’ exposure. The following parameters were evaluated to assess
the corrosion effects in the tests: site and frequency of occurrence of blisters on the paint film, degree of cor-
rosion of the metallic substrate surface and degree of corrosion of the substrate near the cut [14]. Methods as
per ASTM D 714-87, ASTM D 610, and ASTM D 1654-92 were used. The total anti-corrosion efficiency was
obtained based on the arithmetic mean [15].

Results and discussion

Composite pigment particle structure and morphology

The structure and chemical composition of tungstate and molybdate pigments were analysed by X-ray
diffraction (XRD) and X-ray fluorescence analysis (XRF). The results of the XRD analysis of non treated
pigmetns gave evidence that the required molybdate/tungstate structure had been attained, some pigments
contained traces of the starting WO,/MoO; (the unreacted starting oxide). The pigment particle morphology
is illustrated by scanning electron micrographs for the molybdates and tungstates and for the surface modified
molybdates and tungstates in Figure 1. The micrographs were taken in the secondary electron imaging (SEI)
mode. The composite pigments had a tendency to form clusters. The particles of the initial pigments had
a regular nodular shape, which remained unaffected by surface treatment with conducting polymers. The
pigments whose surface had been modified with the conductive polymers contained clusters of particles of
the conductive polymers [16].

Exposure of the paint films in the atmosphere with the mist of a neutral NaCl solution

Surface modification of the pigments with the conductive polymer PPDA appeared to provide better
overall anticorrosion efficiencies at low PVC (PVC = 1% and 5%), levels than the untreated pigments at low
PVC levels. The highest overall anticorrosion resistance was observed with the following pigments: SrMoO,/
PPDA (PVC = 1%, ENaCl = 94%); ZnWO,/ PPDA (PVC = 1% and 5%, ENaCl = 93%); SrWO,/ PPDA
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(PVC = 1%, ENaCl = 93%); StWO,/ PPDA (PVC = 1%, ENaCl = 90%); ZnMoO,/ PPDA (PVC = 1%, ENaCl
=90%); S'WO, (PVC = 1%, ENaCl = 90%); ZnWO, (PVC = 1%, ENaCl = 90%). On the other hand, the
untreated pigments provided a higher overall anticorrosion resistance with all the samples tested than the

Figure 1: Morphology of tungstates particles with PPDA as observed by SEM (magnification 7000 x)

a) S'WO, b) S'WO,/ PPDA

Table 1: Results of accelerated corrosion tests of the paints containing the untreated pigments in the
NaCl mist atmosphere (exposure 1344 hours, DFT =100 = 10 pm)

£ Substrate metal
Paint assessment
assessment
Degree C . Calculated
orrosion . '
Pigment P}' Cl oo blistering ASTM D in the cut Surface anticorrosion
7 corrosion efficiency
714-87 AT n
ASTM D E. %]
Near Film 1654-92 P
the cut surface [mm]
! 2F - 0-0.5 0.01 9
3 2F - 0.5-1 0.01 38
SrWo,
10 2F - 0-0.5 0.01 88
15 2F 4F 0-0.5 03 79
! 2F - 0-0.5 0.01 90
3 2F - 0-0.5 0.1 29
SrMoO,
10 6F 6F 0-0.5 03 e
15 - 2F 0-0.5 0.3 86
1 2F - 0-0.5 0.3 86
> - 0-0.5 16 75
ZnWO,
10 2F 4F 0-0.5 3 I
15 2F - 0-0.5 0.01 88
! 4F 2F 0-0.5 0.1 82
5 - 6F 0 3 38
ZnMoO,
10 - 6F 0-0.5 1 %9
15 - 6F 0-0.5 3 86
Zn (PO ),xH,O 15 2M sM 2.0-2.5 3 61
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standard reference pigment (ENaCl = 61%). This does not apply to the pigment modified with the conductive
polymer PPDA: at PVC = 15%, all the samples exhibited a lower overall anticorrosion resistance than the
samples with the reference zinc phosphate pigment (ENaCl > 61%).

The results of the accelerated corrosion test in which the steel panels coated with the pains were exposed
to a salt mist atmosphere for 1344 hours are included in Tables 1 and 2.

Table 2: Results of accelerated corrosion tests of the paints containing the composite pigments with
surface layer PPDA in the NaCl mist atmosphere (exposure 1344 hours, DFT = 100 + 10 pm).

9 Substrate metal
Paint assessment
assessment
PVC Degree Corrosion £: aft?lz::;tseign
Pigment 9 of blistering ASTM D in the cut Surface :
Pl 714-87 ASTM D corrosion efficiency
ASTM D E\q [%]
Near Film 1654-92 )
610-85
the cut surface [mm]
1 8F - 0-0.5 0.1 93
5 8F - 0-0.5 1 90
SrWO,/PPDA
10 2M 4M 0.5 0.3 71
1 - - 0 3 94
SrMoO,/PPDA
10 2F aM 0 1 7
15 2M 2MD 0-0.5 33 48
1 - OF 0 0.1 93
5 ‘ - 0.5 3 93
ZnWO, /PPDA
10 6MD - 0.5 10 74
15 2M 2MD 0-0.5 33 48
1 8F - 0-0.5 1 90
ZnMoO,/ 5 8M - 0-0.5 0.1 88
PPDA 10 aF ™M 003 3 74
15 M 2MD 0-0.5 16 58
Conclusion

Molybdates and tungstates were prepared and coated with a layer of the conductive polymer poly(p-phe-
nylenediamine) phosphate (PPDA), whereby composite pigments (pigment / conductive polymer) possessing
anticorrosion properties were obtained. The pigments were added to paints, which were subsequently applied
to a steel panel. The pigment whose surface has been modified with the conductive polymer should exhibit the
properties of the latter and hence, ensure iron passivation, i.e., anticorrosion protection. This is explained in
terms of a mechanism which is similar to that operating with polyaniline [17, 18]. The paint films with no con-
ductive polymer exerted the barrier effect of the anticorrosion pigment alone. The pigments modified with PPDA
appeared to provide the best results, particularly at relatively low volume concentrations (PVC = 1% and 5%).

In conclusion, the surface modification improved the overall anticorrosion resistance of the pigments.
However, the results do not allow us to decide whether molybdates provide better anticorrosion protection than
tungstates, whether the reverse is true, or whether the efficiency of the two pigment types is roughly the same.
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POLYURETHANE BINDERS AND ADHESIVES USING RECYCLED
POLYURETHANE WASTE

POLYURETHANOVA POJIVA A LEPIDLA VYUZIVAJICI RECYKLOVANE
POLYURETHANOVE ODPADY

BERAN R.
University in Pardubice, Czech Republic

Summary
Object of this study is preparation and evaluation of polyurethane binders and adhesives using polyurethane
foam waste recycled by physical or chemical methods.

About 10 million tons of polyurethane foams are manufactured yearly worldwide for miscellaneous appli-
cations such as flexible foams for upholstered furniture, automotive, textile and packaging industries and
or rigid foams for construction industry where foams work perfectly as efficient heat insulation of sandwich
building panels, or in electronics and appliance industry for heat insulation too.

Polyurethane waste is difficult to incinerate safely because toxic nitrogen oxides or hydrogen cyanide is
released. Land filling is ineffective method due to voluminous waste character. There is certain possibility
to remanufacture the flexible foam wastes as rebound crumbled foam using PUR binder, but use of rebound
PUR foam is limited. It is reason why recycling method of polyurethane is studied with focus on preparation
of polyurethane binders and adhesives.

Physical recycling by method of micro-milling is suitable especially for rigid PUR foams due to their higher
glass transition temperature. Result of micro-milling on two-roll calender mill is free-flowing powder with
particles size under 50 microns and with very high reactivity surface. Chemical activity enables easy
build-in to the new PUR foam matrix.

Activity of micro-powder was studied in conventional 1K PUR adhesive for wood bonding. It was observed
that addition of 10 % of this recycled polyurethane increased the mechanical strength of the bond for 20 %.

Key words
Polyurethane, foam waste, aminolysis, glycolysis, recycling, milling, calender, powdering, 1K PUR, 2K
PUR, polyurethane adhesive, polyurethane binder, diisocyanate, polyol

Beside of physical recycling also chemical decomposition of PUR waste was used. New and efficient
aminolysis agent g-caprolactam is used in presented study. In short term decomposition reaction one-phase
product is obtained featuring subsequent high reactivity with isocyanates. Resulting polyol is tested as
a component of 2K PUR adhesive. Currently, maximally 20% of virgin polyol can be replaced with recycled
polyol. Application of recycled polyol gives some differences compared to virgin polyol, mainly some autoca-
talytic effect causing faster crosslinking reaction and also changes of adhesive film hardness. Recycled polyol
presents higher OH number above 250, higher functionality above 2.5 and lower molecular weight below
1000 g/mol resulting stiffer adhesive film.

Both process of aminolysis using e-caprolactam and physical recycling and use of these materials for
new polyurethane binders are matters of further studies and research by Institute of Chemistry and Technolo-
gy of Macromolecular Materials by University in Pardubice and also in cooperation with Czech Agricultural
University in Prague.

1 Introduction

Polyurethane foam is material based on addiction polymer of diisocyanate and polyol. Because PUR
foams form crosslinked network, it is not easy to dissolve them in solvent directly and use them simply as
a part of adhesives or binders. For study of recycled PURs usability were two methods selected: physical
recycling (micro-milling) and chemical depolymerisation (aminolysis). Although the product of micro-mil-
ling is the same polymer as in original foam, it is micronized down to particles with diameter about 20
micrometres. Chemical decomposition leads to mixture of original polyol, excess of decomposition agent and
substituted carbamates, coming from nitrogen containing part of macromolecules.
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While micro-milling is more suitable for rigid PUR foams with high glass transition temperature 7'g, the
chemical recycling is easier for less crosslinked flexible foams.

Both types of recycled foams were built in the model polyurethane adhesive or binder respectively.
Micro-powder was evaluated on one-component PUR prepolymer used for wood bonding and chemically
recycled polyol from flexible foam was combined with two-component PUR binder for mineral aggregate
binding. In this study the influence of recycled material dosage on mechanical properties of bonded composite
is evaluated.

2 Physical recycling

Two roll calender for micro-milling at ambient temperature was selected. During first milling phase the
material is deformed as elastic or plastic matter and its temperature arises. Repeated milling a mechanical
depolymerisation comes and splitting the polymeric bonds. Flexible material becomes brittle and then it is
spontaneously crumbled to the free flowing powder with particle size about 20 micrometres, as it is shown
on Fig. No.l.

Figure 1: Rigid PUR powder with diameter about 20 microns (Source: CZU, Improvement of Joints
Bonded with PUR Adhesives Modified by PUR Recycled Particles Stépan Hysek, Piemysl Sedivka,
Martin Bohm, Ondi'ej Schonfelder, Rudolf Beran, 2017)

Rigid foam contains high part of carbamate bonds. The particles” surface after mechanical depolyme-
risation is highly reactive with expected presence of hydroxy- and or amino- groups. These reactive centres
allow the chemical incorporation in polyurethane binder.

3 Chemical recycling

Many chemical depolymerisation of polyurethane foam wastes are described already, working especially
with glycols, acids, water steam, diamines, hydroxides and other reagents. In this study, for fast depolymeri-
sation the e-caprolactam was used. At basic catalysis the cycle is open first and aminocaproic salt then acts as
the aminolysis agent:

o]

NH  CalOH):
—_—

T

Ca (0-CO-[CH;)s-NM;); (Calcium eminocaproate)

Aminolysis results to mixture of original polyol, substituted carbamate and excess of aminocaproate.
The aminolysis product is dark single phase liquid. All components of this mixture are highly reactive with
diisocyanates thanks to active hydrogen content.
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4 One-component PUR adhesive formulation

For testing of physically recycled rigid foam the one-component PUR adhesive was selected. It is
a polyurethane prepolymer with excess of isocyanate reactive groups. Adhesive is prepared by reaction of
poly-(4,4-diphenylmethandiisocyanate) and polyether polyol with molecular mass about 3000 g/mol. This
model prepolymer was subsequently combined with physically recycled rigid foam in doses 5, 10 or 15%
(wt.) and such prepared adhesive composition was used for beech test specimen bonding. These tests were
carried out in CZU Praha.

Performed measurements showed an increasing of shear tensile strength at dosage of 10% of recycled
micro-powder for 20% compared with adhesive without recycled material.

Table 1: Shear tensile strength (1K PUR adhesive with content of physically recycled rigid foam)

Dosing of recycled material [% wt.] 0 5 10 15
Shear tensile strength [MPa] 4.0 32 4.8 4.5

Figure 2: Surface of 1K PUR adhesive containing 10% of micronized rigid PUR powder (Source:
CZU, Improvement of Joints Bonded with PUR Adhesives Modified by PUR Recycled Particles
gtépén Hysek, Pfemysl Sedivka, Martin Bohm, Ondi‘ej Schonfelder, Rudolf Beran, 2017)

5 Two-component PUR binder formulation

Model two-component binder consist of polyol part based on polyether triol with molecular weight
3000 g/mol and OH number 48 mg KOH/g, and DBTL catalyst. Isocyanate part is presented by poly-isocyana-
te on MDI basis (4,4,-diphenylmethandiisocyanate). This binder in stoichiometric ratio was used for binding
of light porous mineral aggregate Liapor for manufacturing of mineral-polymeric composite. In experiments,
subsequently, the virgin polyol were replaced with chemically recycled polyol according to chapter 3. There
was found out that it is possible to replace up to 20% of virgin polyol weight with the recycled polyol without
significant change of mechanical properties of the composite according to standard CSN EN 196-1.

Table 2: Strength of beams 40x40 x 160 mm in pressure by bending (2K PUR binder containing
chemically recycled PUR flexible foam)

Dosing of recycled material [% wt.]

0

5

10

20

Strength in pressure by bending [MPa]

1.64

1.72

1.61

1.33
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6 Conclusions

This study of incorporation of recycled foam PUR wastes in to PUR binders is not finished and clo-

sed. Current results showed real possibility for using both physically or chemically recycled foam wastes in
application area of bonding or binding. Reactivity of both types’ recycled PUR foams is sufficient for reliable
built-in to the new polyurethane polymeric binder matrix. Experience showed that it is possible to grind rigid
PUR foams to micro-powder at ambient temperature with two-roll calender. On the other hand, flexible foams
with lower glass transition temperature 7g and lower crosslinking rate undergo rather chemical decomposi-

tion.

Binders based on aromatic polyisocyanate and polyether polyols exhibits good processing properties as

alone or with additions of recycled PUR foams up to 15% (relevant for physical recycling in 1K PUR adhesi-
ve) or up to 20% respectively (as replacement of polyol dosage in 2K PUR binder).
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BIODEGRADABILNI POLYMERNI SYSTEMY NA BAZI D-GLUKOZY
D-GLUCOSE BASED BIODEGRADABLE POLYMERIC SYSTEMS

PUKOVA K.}, MACHOTOVA J.2, MIKULASEK P.!, RUCKEROVA A2
1 Ustav environmentdlniho a chemického inZenyrstvi, Univerzita Pardubice
2 Ustav chemie a technologie makromolekularnich latek, Univerzita Pardubice

Summary
Nowadays, the consumption of polymeric material is constantly increasing. The recycling of polymers
from natural raw materials has been the subject of numerous studies, and the final biodegradability of the
resulting polymer product is emphasized in particular. Not only these trends lead us to devepment of fully
degradable polymer dispersions based on polyvinyl acetate being partly hydrolyzed to polyvinyl alcohol
with incorporated monosaccharide units. Latex preparation was performed by emulsion polymerization with
sodium carbonate which provided a basic medium throughout the reaction. Sugar molecules in the presence
of inorganic salts were converted into a reactive endiol form that was capable of participating in radical
polymerization with vinyl acetate monomers. The aim of the research was to find the ideal ratio of sugar
units in the polyvinyl acetate chain, thereby improving biodegradation primarily in the soil environment, but
also to optimize the synthesis process and thereby ensure the stability of the resulting dispersion.

Key words
Emulsion polymerization, biodegradable latex, D-glucose

Uvod

Vyroba filmt z konvenénich latexovych povlaki je zalozena pifedev§im na koalescenci termoplastickych
polymernich ¢astic. Kvalita koalescence uréuje konecné mechanické vlastnosti filmu. Koalescence je vysled-
kem fyzikalniho propojeni polymernich ¢astic. [1]

Tato prace se zaméfuje na vyvoj ekologickych latextl zalozenych na polyvinylacetatu (PVAc) a D glu-
kozy. [2] Potencialni aplikace muize byt napi. enkapsulace [3] postupné uvoliiujicich hnojiv nebo ekologické
lepeni papiru. Biologicky rozlozitelné obaly polymernich hnojiv 1ze rozdé€lit na zakladé povahy piirodniho
nebo syntetického polymeru na hydrolyzované hydrofilni polymery a hydrolyzované hydrofobni polymery.
[4] Existuje obecna shoda, ze hydrolyzované polymery jsou biologicky odbouratelngjsi nez nehydrolyzované
kvili rozdilim v biodegradaci a mechanismech uvoliovani zivin. [5] Na zakladé vyse uvedeného rozdéleni
mohou byt mezi hydrolyzované polymery zahrnuty latexy na bazi sachar6zy a polyvinylacetatu z ¢asti zmy-
delnéné na polyvinylalkohol. Z literarniho priizkumu je zfejmé, zZe emulzni polymery s kovalentné vazanymi
cukrovymi jednotkami, které se pouzivaji pro enkapsulaci hnojiva s fizenym uvoliiovanim, dosud nebyly
publikovany. [6]

Obvykla aplikace polyvinylacetatového latexu je lepeni dfevénych a papirovych podkladi. Existuje je-
den problém s recyklaci odpadnich papiri — pfitomnosti lepivych sloucenin, které jsou pievazné tvofeny
z velké ¢asti organickymi lepidly, véetné styren-butadienovych kaucukd, akrylati a polyvinylacetatu. Kdyz
je odpadni papir obsahujici takové lepidlo zvlaknén, lepidlo v ném obsazené je rozlozeno na ¢astice 0,05 az
0,5 mm, tzv. ,stickies”. Tyto Castice v recyklovaném papiru snizuji jeho kvalitu a zplsobuji také vypadky
papirového stroje. Pro ¢isténi papirenskych stroji se pouzivaji rozpoustédla, ktera jsou nebezpeéna pro zivotni
prostiedi. [7] V ptipadé pouziti polyvinylacetatového polymerniho lepidla obsahujiciho kovalentné spojené
jednotky sachardzy se tento problém mize vyhnout. Tento druh papirového lepidla vykazuje dobrou rozpust-
nost ve vodg¢, a proto by mély byt lepené spoje zcela rozpustény v praci vodé béhem procesu zvlakinovani
papiru bez rizika tvorby koagulatu nebo zne¢isténi odpadnich vod. [8]

Syntéza latexd byla provedena za pouziti emulzni polymerace [9] v alkalickém médiu. Kvili alka-
lickému prostfedi mohou cukry piechazet do reaktivni formy endiolu [10, 11], ktera je schopna podilet se
na radikalové polymeraci s monomerem vinylacetatu diky pfitomnosti dvojné vazby uhlik-uhlik (obr. 1).
Béhem polymerace alkalicka hydrolyza acetatovych skupin vede také k tvorbé vinylalkoholovych jednotek
v polyvinylacetatovém fetézci (obr. 2), které podporuji rozpustnost vysledného polymeru ve vod¢ a zajist'uje
biologicky rozklad. [12, 13]
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Obr. 1: Schéma tvorby endiolové formy D-glukézy
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Jako hlavni monomer pro piipravu vodnych polymernich disperzi byl pouzit vinylacetat (VAc) zakoupe-
ny od spole&nosti Sigma-Aldrich (Ceské republika). Polyvinylalkohol, komeréné dostupny jako Mowiol 4-88
(Sigma-Aldrich, Ceska republika) byl pouzit jako ochranny koloid pii ptipravé latexi, které vedly ke stabilité
vzniklych polymernich &astic. Bezvoda D-glukéza ziskana od spole¢nosti Lach Ner (Ceska republika) byla
pouzita ke zvySeni degradace mikroorganismy. K tipravé pH béhem polymerace byl uhli¢itan sodny zakoupen
od spole¢nosti Lach-Ner (Ceské republika).

Priprava vodnych polymernich disperzi

Latex polyvinylacetatu s kopolymerovanym proménnym obsahem D-glukézy byl pfipraven emulzni
polymerizaci [14] D-glukdza je rozpustna ve vodé a zavadi se do polymerniho systému jako vodny roztok.
Vodné médium béhem polymerace bylo upraveno na pH 8-9 uhli¢itanem sodnym. Jednoduché sacharidy mo-
hou vytvaret endiol v alkalickém prostfedi, které pak mohou reagovat s monomery vinylacetatu ve vodném
prostiedi radikalnim mechanismem. Jedna se vSak pouze o zjednodusenou piedstavu o probihajici reakei,
protoze nabizi také moznost vytvareni dvojitych vazeb v degradaci cukru v alkalickém prostiedi a nasledné
moznost reakce téchto degradovanych produkti s vinylacetatem. Aby byla zajisténa koloidni stabilita latexti
béhem polymerace, byl pouzit polyvinylalkohol (PVA) k zabranéni koagulace latexovych ¢astic misto kon-
venéniho aniontového emulgatoru. [9, 15]

Latexy byly pfipraveny v inertni atmosféfe dusiku v 700 ml sklenéném reaktoru pii polymerizacni tep-
loté 50 °C s pouzitim iniciatoru peroxidu vodiku. 1,2 g iniciatoru peroxidu vodiku, 2,5 g uhli¢itanu sodného,
10 g polyvinylalkoholu a vybrané mnozstvi D-glukdzy (tabulka 1) bylo rozpusténo ve 150 g vody. Po zahtati
reaktoru pii polymerizacni teploté se do reaktoru pfida vodna monomerni emulze sestavajici ze 150 g vody,
1,2 g iniciatoru peroxidu vodiku a 66 g vinylacetatu rychlosti 1,29 ml/min. Polymerace probiha pti 50 °C po
dobu 5 hodin. Obsah pevnych polymert ¢inil pfiblizné 40 % hmotnostnich. Obsah D-glukézy ve vychozim
monomeru je uveden v tabulce 1.
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Tab. 1: Zastoupeni D-glukézy na pocatecni obsah monomeru

Sample Vinyl Acetate [g] D-glucose [g]
PO 66 0.0

PG 10 66 6.6

PG 25 66 16.5

PG 50 66 33.0

PG 100 66 66.0

Charakterizace vodnych polymernich disperzi

Primérna velikost ¢astic polymeru ve vodné fazi byla ziskana dynamickym rozptylem svétla (DLS).
Toto méfeni bylo provedeno na pfistroji Brookhaven 90 Plus Partical Size (Brookhaven Instruments, USA)
a pobihalo pfi laboratorni teploté. Koncentrace polymerni disperze byla pfiblizné 0,05% hmotn. Zeta poten-
cial byl méfen za pouziti stejného piistroje. Minimalni teplota vytvateni filmu (MFFT) byla méfena pomoci
ptistroje MFFT-60 (Rhopoint Instruments, UK) v souladu s normou ISO 2115. MFFT je definovana jako
minimalni teplota, pti které nanesena polymerni disperze vytvaii kontinualni film bez defekti. Obsah po-
lyvinylacetatu v emulznim kopolymeru, ktery je ve vodé jako nerozpustna polymerni frakce, byl stanoven
extrakei v destilované vodé po dobu 24 hodin v Soxhletové extraktoru. Pfiblizné 1 g vysuSeného vzorku byl
navazen do extrakéni patrony. Po extrakci byla patrona i se vzorkem vysuSena pii teploté 75 °C po dobu 6
hodin, ochlazena pfes noc v exsikatoru a obsah nerozpustného polyvinylacetatu byl vypocitan z pocatecni a
koneéné hmotnosti naplné, za pfedpokladu, ze nerozpustna ¢ast polymeru zistane v patroné.

Vysledky a diskuse

Latexy polyvinylacetatu s kopolymerovanym proménlivym obsahem D-glukézy s minimalnim mnoz-
stvim koagulatu (0,4-2%) byly pfipraveny metodou emulzni polymerace. VSechny pfipravené polymerni
disperze byly stabilni zhruba dva tydny, proto jsou tyto disperze vhodné pro rychlou spotiebu. Latexy byly
hodnoceny vzhledem k jejich velikosti ¢astic ve vodné fazi, obsahu Zeta potencialu, viskozity a obsahu po-
lyvinylacetatu vzhledem ke koncentraci D-glukozy. Tyto charakteristiky jsou uvedeny v tabulce 2. Vysled-
ky DLS ukazaly, ze velikost latexovych ¢astic byla ovlivnéna mnozstvim D-glukdzy v latexu, coz zvySuje
velikost Castic se zvySujicimi se mnozstvimi D-glukézy. Naméfené hodnoty potencidlu Zeta se pohybovaly
v rozmezi —7,3 az —3,9 mV. Tyto vysledky vykazuji nizkou stabilitu disperzi a tim vysvétluji relativné rych-
lou koagulaci systému béhem skladovani za laboratornich podminek. Na druhou stranu, polymerni systémy
obsahujici cukerné jednotky mély nizsi viskozitu. VSechny syntetizované latexy vykazovaly hodnoty MFFT
blizké 0 °C, coz sveéd¢i o dobrych vlastnostech tvorby filmu. To 1ze vysvétlit piitomnosti vyssich mnozstvi
nizkomolekularnich polymernich frakei, které plastifikuji polymer ve fazi koalescence latexovych cCastic.
Obsah polyvinylacetatu v emulznim polymeru vyznamné poklesl zvy$enim mnozstvi D-glukézy v latexu. Lze
predpokladat, ze béhem emulzni polymerace v pfitomnosti D-glukdzy dochézi k signifikantnimu zmydelné-
ni acetatovych skupin stejné jako k poklesu molekulové hmotnosti, coz vede k tvorbé nizkomolekularnich
polymert a oligomernich produktti (obr. 3). Tento jev popsal Takasu a kol. [2] ktefi diskutovali o biologické
rozlozitelnosti emulznich kopolymert na bazi polyvinylacetatu a derivata cukru.

141



X. KONFERENCE PIGMENTY APOJIVA « 6.-7.11.2017

Obr. 3: Zac¢lenéni D-glukézy do polymerniho Fetézce tvoreného vinylacetatovymi a vinylalkoholovymi

jednotkami
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Tab. 2: Vlastnosti biodegradovatelnych latexii na bazi polyvinylacetatu a D-glukézy

St gla:ltli:l;:z: Zeta potentio- Viscosity PVAc content MFFT
e e nal [mV] [mPa.s]* [%] [°C]
PO 187.9 5.1 105.6 52.1 0.4
PG 10 204.8 —6.2 57.2 36.8 0.2
PG 25 469.1 -7.3 383 12.7 0.6
PG 50 586.7 —4.9 29.8 4.6 0.9
PG 100 803.1 -3.9 234 3.7 1.5
Zavér

Latexy na bazi polyvinylacetatu a D-gluk6zy byly piipraveny emulzni polymeraci jako vodnou dis-

perzi, o které 1ze ocekavat, ze povedou k rychlejSimu mikrobidlnimu rozkladu. Béhem syntézy byly pouzity
jednoduché a ekologické vychozi materialy. Zeta potencial a velikost ¢astic polymeru v disperzi byli méfeny
dynamickym rozptylem svétla. Tyto metody potvrdily nizkou stabilitu latexu, proto je tento latex vhodny pro
rychlé zpracovani. Tyto vodné disperze mohou nalézt svou aplikaci jako lepidla pro papir, ale také jako baleni
hnojiv s fizenym uvoliiovanim.
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MECHANICKE PREDUPRAVY ZINKOVYCH POVRCHU A POROVNANI
NATEROVYCH HMOT PRO DUPLEXNI SYSTEM

MECHANICAL PRETREATMENT OF ZINC SURFACE AND COMPARISON
OF COATING MATERIALS FOR THE DUPLEX SYSTEM

HYLAK K., KUDLACEK J., KREIBICH V., SVOBODA J.
CVUT'v Praze, Fakulta strojni, Ustav strojirenské technologie

Shrnuti

Z hlediska dlouhodobé protikorozni ochrany jsou duplexni systémy stale vhodnou volbou ochrany ocelovych
konstrukct a pri spravné zvoleném technologickém postupu predstavuji z ekonomického hlediska jedno z nej-
efektivnejsich reseni. Tento clanek se zabyva experimentdalnim vyzkumem v oblasti navrhu a kontroly kvality
duplexniho systému, kde bylo hlavnim cilem nalezeni optimalni mechanické predupravy zinkového poviaku
nandseného ponorem a dale vybér a porovnani natérovych hmot pri tvorbé duplexniho systému.

Klicova slova
Protikorozni ochrana, duplexni systém, lehké tryskani, sweepovani, tryskaci prosttedky, polyuretan, epoxid,
korozni zkousky.

Duplexni systém

Duplexni systémy jsou systémy rozdilnych chemickych vlastnosti skladajici se nej¢astéji z zarove zinko-
vaného povlaku ponorem a povlaku natérovych hmot. Tato kombinace povlakl poskytuje ocelovému substra-
tu vysokou protikorozni ochranu i v oblastech s nejvy$sim stupném korozni agresivity prostiedi. Pro dosazeni
takto vysoké protikorozni ochrany je nutné dodrzovat spravné technologické postupy, jako je napiiklad pred-
uprava hladkého povrchu zinku a vhodné zvoleni zakladni natérové hmoty. [1]

Zivotnost a degradace

Pii expozici okolniho prostiedi se slozkami ochranného filmu natérové hmoty mutze dojit k nékolika
zpusobum transportu pronikajiciho prostfedi filmem a k naslednym reakcim, jak uvnitf, tak i na povrchu filmu.
Mezi tyto vlivy lze zaradit:

« difuzi v okoli inertnich i reaktivnich pigmenta,

» vliv hustoty makromolekularni sit¢ na fyzikalni proces difuze,
« vliv chemickych reakei probihajicich uvniti filmu,

* tvar pigmentovych ¢astic a jejich velikost,

* vliv teploty na difuzni i reakéni pochody uvnitf filmu. [2,3]

Zivotnost duplexniho systému je zavisla pfedeviim na bariérové ochrang, kterou tvoii pravé natérovy
systém, proto je vhodné dbat na spravnou volbu natérovych hmot i samotnou aplikaci natéru.

Experiment

V ramci vyzkumu byla jako preduprava zinkového povlaku nanaseného ponorem zvolena technologie
lehkého tryskani s rozdilnymi tryskacimi prosttedky, viz tab. 1, ktera by méla zajistit vhodné podminky pro
mechanickou pfilnavost. Pro porovnani efektivity opracovani povrchu a celkové kvality duplexniho systému
byly vybrany natérové hmoty od dvou vyrobci. Natérovy systém byl nasledn€ analyzovan fyzikalné-mecha-
nickym zkousenim (pfilnavost, tloustka, metalografie) a dale urychlenou korozni zkouskou v neutralni solné
mlze.
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Tryskaci prostiedky a natérové hmoty pouzité v experimentu

Tab. 1: Tryskaci prostfedky pouZité v mechanickych pfediipravach

Tryskaci prostiedek Zrnitost Vystupni tlak trysky [MPa]
Hnédy korund F40 0,25
Korozivzdorna ocelova drt’ CrH30 0,4
Zinkovy sekany drat 0 0,4 mm 0,35
Bézna ocelova drt’ G80 0,3

Nateérovy systém od spolecnosti COLORLAK:
* Zakladni natér: S 2318 Epax, (epoxid, objem pevnych latek 70-76 % hm.)
* Vrchni natér: U 2060 Axapur, ( akryluretan, objem pevnych latek 70 % hm.)

Nateérovy systém od spolecnosti JOTUN (ATRYX):

+ Zakladni natér: Jotacote universal, (epoxid, objem pevnych latek 70-74 % hm.)

* Vrchni natér: Normadur 65 HS, (polyuretan, objem pevnych latek 63—67 % hm.)

Vysledky experimentu

Vystupem z experimentu je kvalitativni zhodnoceni natérového systému s navaznosti na predipravu zin-

kového povrchu. Nize v grafech 1 a 2 1ze pozorovat pevnostni charakteristiky natérového

systému, které

byly hodnoceny metodou odtrhu (CSN EN ISO 4624) a metodou miizky (CSN EN ISO 2409). Jednotlivé
natérové filmy byly nanaSeny pneumatickym zptisobem.

Graf 1: Stanoveni prilnavosti natérového systému Jotun (modry), Colorlak (¢erveny),

tloust’ka NS 130 pm, [1]
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Systém Jotun vykazoval po dobu zkouseni na zinkovém povlaku zna¢né vysokou pfilnavost a to i na
vzorkach, které nebyly lehkym tryskanim upraveny. Lze pfedpokladat, Ze zakladni natérova hmota ma velice
dobrou chemickou pfilnavost se zinkem a adhezni muistek je znacné vysoky. Pfi porovnani hodnot odtrhové
pevnosti v MPa tryskaného a netryskaného vzorku jsou v pfilnavosti evidentni malé rozdily. Odlisnosti na-
staly pfi hodnoceni charakteru lomu, vzorky, které byly mechanicky pfedupraveny lehkym tryskanim, mély
charakter lomu pouze ve vrstvach natér, coz o netryskanych vzorkach tvrdit nelze. Vzhledem k odkryti zin-
kového povlaku pii odtrhu télesa (adhezni lom mezi podkladem a prvni vrstvou) u netryskanych vzorku, 1ze
predpokladat, ze odtrhové napéti je limitni a vyssi hodnoty nelze dosahnout ani v pfipad¢, ze by natérové
vrstvy jevily vyssi pevnostni charakteristiky.

145



X. KONFERENCE PIGMENTY APOJIVA « 6.-7.11.2017

Systém Colorlak vykazoval po celou dobu zkouseni znatelné nizsi pfilnavost nez systém Jotun. I v tomto
ptipadé se ukazalo, Ze vzorky které byly mechanicky upraveny lehkym tryskanim, vykazuji lom ve vrstvé za-
kladniho natérového filmu. U netryskanych vzorkt dochazelo k ¢asteénému odkryti zinkového povrchu. Tato
skutecnost ukazuje na fakt, ze v pfipadé zvySeni pevnostnich charakteristik pojiv natérovych vrstev, hodnoty
odtrhovych napéti tryskanych vzorktl znatelné zvysi.

Dalsim kritériem pro hodnoceni kvality duplexniho systému byly urychlené korozni zkousky v neutralni
solné mlze, které by mély do jisté miry piiblizit chovani natérového systému v silné koroznim prostiedi, viz
obrazek 1.

Obr. 1: Vzorek 0131.3 vlevo, expozice 480 hod., vzorek 0131.3 uprosti‘ed, expozice 1700 hod., vzorek
0131.3 vpravo po odstranéni natéru a vyhodnoceni delaminace, podkorodovani, tryskano korozi-
vzdornou drti, NS Jotun, [1]

Po expozici v solné mlze se zprvu (po 240 hod.) zacala v misté fezu objevovat bila rez, ktera byla dale
doplnéna postupnymi puchyfi (po 480 hod.) s iniciaci taktéz v misté fezu. Tento jev byl pozorovan az do konce
koroznich zkousek (1700 hod.), kdy pod puchyti bylo nedefinovatelné korozni prostfedi vlivem koncentrace
solné mlhy. Pod puchyfi vznikla tmavé mista, viz obr. 2, ktera se stala pfedmétem pro hodnoceni podkorodo-
vani natérového systému. Pouziti rozdilnych tryskacich prostiedkt pii prediprave se v tomto piipade ukazalo
takika beze zmény. Zminéné jevy byly pozorovatelné u obou natérovych systému (Jotun, Colorlak) s tim
rozdilem, Ze systém Colorlak celoplo$né jemné napuchytkovatél (po 1000 hod.), coz se negativné projevilo
na samotné pfilnavosti po koroznich zkouskach, viz graf 2. Systém Jotun nebyl nijak zasazen celoploSnym
puchytkovanim, coz prokazuje dobré hodnoty pojiva natérového systému proti propustnosti nezadoucich 1a-
tek.

Obr. 2: Detail snimku vzorku v misté podkorodovani NS a ztmavnuti zinkového povrchu, [1]
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V ramci koroznich zkousek a jejich vyhodnoceni probéhl také test ptilnavosti a porovnani natérovych
systémi, ktery by mél odhalit negativni vlastnosti pojiva vii¢i propustnosti par a celkové degradaci v silné

koroznim prosttedi, viz graf 2.

Graf 2: Porovnani hodnot odtrhovych pevnosti zkusebnich vzorki po expozici 1700 hodin v neutralni
solné mize (Jotun modry, Colorlak ¢erveny), tloust’ka NS 130 pm, [1]

Porovnani odtrhové pevnosi NS po expozici v solné mlze
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Natérovy systém Jotun i pies expozici v solné mlze zachoval béhem zkouseni pfilnavosti ochrannou
vrstvu zakladniho natéru, ¢imz se da predpokladat vysoka odolnost proti ztraté adheze.

Natérovy systém Colorlak je v tomto ohledu hor$i. Vlivem jeho vys$si propustnosti par ke chranénému
povlaku doslo k tvorbé bilé rzi, ktera nasledné natérovy systém nadzvedla a velice zménila samotnou adhezi
mezi natérem a chranénym zinkovym povrchem, viz obr. 3. Takto snizena adheze je pro dlouhodobou Zivot-
nost duplexniho systému nepfijatelna. Dle technickych listi od vyrobce Colorlak je také uvedeno, Ze natérové
systémy nejsou vhodné pro pfimy styk s vodou, coz miize byt jeden z hlavnich diivodi, pro¢ natérovy systém
Colorlak ztratil adhezi se zinkovym povlakem.

Obrazek 3 — Porovnani detailu pfi hodnoceni pFilnavosti po koroznich zkouskach (1700hod.),
Colorlak vlevo — 1,34 MPa, tryskiano hnédym korundem, Jotun vpravo — 12,18 MPa, tryskano

hnédym korundem, [1]
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Zavér

Vyhodnoceni experimentalni prace mélo nékolik hledisek. Prvnim z nich bylo zjistit efektivitu pfedupra-
vy povrchu Zarového zinku nanaSeného ponorem v zavislosti na nékolika pouzitych tryskacich prostfedcich, a
to sice s hodnoticim kritériem pfilnavosti organického natérového systému. V této fazi se ukéazalo, ze vsechny
natérové systémy maji vyhovujici pfilnavost i na netryskaném povrchu a vyhovujici chemickou vazbu se zin-
kovym povlakem, pokud ovsem doslo k odtrzeni zkusebniho télesa pti hodnoceni pfilnavosti, témét vsechny
netryskané vzorky mély odkryty zinkovy povlak. Naproti tomu vSechny tryskané vzorky mély po odtrzeni
zkusebniho télesa jesté alespon zakladni natér chranici zinkovy povrch.

Dalsim zkoumanym parametrem byla degradace a adheze natérovych systému pii zrychlenych koroz-
nich zkouskach v neutralni solné mlze. Natérové systémy v misté fezu byly oteviené pro vnikajici solnou
mlhu, ktera se zde zacala kondenzovat a vytvaiet puchyte v bezprostiedni blizkosti fezu a to u obou systémd.
Pod puchyii se zacala kondenzovat kapalina a nastala reakce se zinkovym povlakem a podkorodovani naté-
rového systému. Vystupem koroznich zkousek bylo také stanoveni pfilnavosti. Natérovy systém Colorlak
vlivem $patné odolnosti proti propustnosti par zacal ztracet adhezi vlivem tvorby bilé rzi, ktera zapficinila
celoplosné puchytkovani (u vSech vzorki) a ztratu pfilnavosti se zinkovym povlakem. Natérovy systém od
spole¢nosti Jotun jevil v tomto sméru opaéné vlastnosti a pfilnavost byla i po koroznich zkouskach vyhovujici.
Fakt, ze natérovy systém Jotun odolaval propustnosti par, je dan jeho chemickym slozenim a doporuéenim dle
technickych listl pro pfimy styk s vodou, jak u zakladniho, tak u vrchniho natéru.

Ze zavéru experimentl 1ze pro tvorbu duplexniho systému jednoznaéné doporucit lehké tryskani zinko-
vého povlaku hnédym korundem a korozivzdornou chromovou drti ve spojeni s natérovym systémem Jotun,
ktery vykazuje vyhovujici vlastnosti v pfimém styku s parou a vodou, coz mtize byt brano, jako jeden z dule-
zitych parametrii pro dlouhodobou zivotnost duplexniho systému. [1]
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EVALUATION OF DRYING TIME DURING FILM FORMATION OF FAST
DRYING ORGANIC COATINGS USING MECHANICAL RECORDER

OVERENI DOBY ZASYCHANI METODOU S POUZITIM MECHANICKEHO
ZAZNAMU PRUBEHU ZASYCHANI PRO RYCHLESCHNOUCI NATEROVE
HMOTY

ZOUBEK M., KUDLACEK J.!, MALA R.!, MATAS F.
CVUT'v Praze, Fakulta strojni, Ustav strojirenské technologie
2 Viton, s.r.o.

Summary
The poster deals with the experimental comparison of evaluation methods of the time of coatings hardening
using the mechanical recording method according to CSN EN ISO 9117-4 (ASTM D5895 / A) with
commonly used procedures according to CSN 67 3052.

Key words
Drying Time Recorder, short drying time, fast drying paint, laboratory testing
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WATER BASED COATINGS WITH IMPROVED FLAME STABILITY
DUE TO PHOSPHAZENE DERIVATE APPLICATION

VODOU REDITELNE NATERY SE ZVYSENOU ODOLNOSTI PROTI HORENI
V DUSLEDKU POUZITI DERIVATU FOSFAZENU

RUCKEROVA A., MACHOTOVA J., PUKOVA K., KALENDOVA A.
Institute of Chemistry and Technology of Macromolecular Materials, Faculty of Chemical Technology,
University of Pardubice, Studentska 573, 532 10 Pardubice, Czech Republic

Summary
In this study the properties of a novel flame retardant based on halogenphosphazene derivative and its
application in waterborne coatings based on acrylic latexes was investigated. Latexes of functionalized
core-shell particles bearing in the structure hexaamino-cyclo-triphosphazene molecules were prepared by
the semi-continuous non-seeded emulsion polymerization of methyl methacrylate, butyl acrylate, and
methacrylic acid as main monomers. For intra-particle crosslinking, glycidyl methacrylate was copoly-
merized into the shell layer of latex particles to provide reaction sites for covalent linking of hexaamino-
-cyclo-triphosphazene during the latex synthesis. The increasing concentration of hexaamino-cyclo-tri-
phosphazene in emulsion copolymers was found to enhance the crosslinking density of latex particles.
The incorporation hexaamino-cyclo-triphosphazene did not affect transparency, flexibility, toughness and
adhesive properties of resulting coatings. Moreover, the presence of the flame retardant decreased water
sensitivity and increased the flame stability of coatings in terms of reduced total heat release, decreased
amount of released smoke and decreased maximum average rate of heat emission, which indicated a slower
flame spread during the material combustion.

Key words
Emulsion polymerisation; Core-shell latex; Flame retardant; Phosphazene; Cone calorimeter
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hmot, 1 vyzkumna spole¢nost, 3 dodavatelé
surovin, resp. oball. Pfidruzenymi &leny jsou
1 vydavatel odborného ¢asopisu, 2 chemické
univerzity, 1 Ustav chemické univerzity, Cech
malifl a tapetart a 2 asociace z pfibuznych
obord.

Clenska zakladna predstavuje cca 70%ni
podil na trhu natérovych hmot vyrobenych
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We offer a comprehensive product portfolio of speciality

additives and chemical materials.
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Nordmann, Rassmann

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

POIIVA

» Epoxidové pryskyfice a tvrdidla

= \odou feditelné alkydové emulze

= Melamin-formaldehydové pryskyfice

=  Blokové kopolymery styrenu, isoprenu a butadienu
= Fenolické pryskyfice

PIGMENTY

=  Antikorozni pigmenty

* Organické pigmenty

= Anorganické pigmenty a pasty
* Hlinikové pigmenty a pasty

= Perletové pigmenty

ADITIVA

* Dispergaéni aditiva a smacedla
= Tixotropni aditiva

=  Qdpénovade

= [Koalescenty

=  Molekulova sita

= Sijkativa

*  Organické inhibitory koroze

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

Biesterfeld

Spolecnost byla zalozena v roce 1992 jako Silcom s.r.o. V roce 2002 se pfipojila k
mezinarodni spole¢nosti Biesterfeld Spezial Chemie GmbH (soucast koncernu Biesterfeld
AG) a byla pfejmenovana na Biesterfeld Silcom s.r.o. Pfipojenim k nadnarodni skupiné se
vyrazné rozsifilo portfolio dodavateld a tim i sortiment produktld dodavanych na cesky a
slovensky trh prostfednictvim spolec¢nosti Biesterfeld Silcom. Na Slovensku puUsobi dcefinna
firma, Biesterfeld Silcom Slovakia s.r.o.

Spole¢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
vyrobcu a dodavame suroviny do fady primyslovych odvétvi (vyroba polymer(, stavebnich a
natérovych hmot, chemikalie pro textilni, koZedélnya papirensky primysl, vyroba
kosmetickych, disticich, dentalnich a farmaceutickych pfipravk(, pro gumarenstvi, vyrobu
polyuretanovych pén a pro fadu dalSich aplikaci). Dodavame taktéz hotové chemické
pfipravky - produkty urCené pro pfimé uziti v Siroké Skale odvétvi (elektronika a
elektrotechnika, energetika, strojirenstvi, nastrojarstvi a prototypova vyroba, automobilni
primysl a vyroba ostatnich dopravnich prostfedkd v¢. letadel, vyroba kompozitd,
stavebnictvi).

Kompletni informace o portfoliu nasi spoleCnosti naleznete na webovych strankach

www.bisi.cz
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Grolman
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BRSAe: & Rothschadl

Chemilkaiieh Produktions- und Handelsges.m.b.H,

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

KONTAKT:
* PETER CAGAN
Office: 2500 Baden / Wienerstrasse 89
= +43 (0)664-4340265

oy +43 (0)2252-82870-14

D Peter.Cagan@poro.eu

* ELISABETH O’'CONNOR

Office: 5020 Salzburg / Miinchner Bundestrasse 121

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

D elisabeth.oconnor@poro.eu
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SOLUTIONS

THE SCIENCE IN BETTER BRANDS"™

MITSUI&CO

PLIOLITE®
Resins

Hydro=
RROTES PLIOLITE®

s o o Speciatty s PLIOWAY®



SYSTEMY PRO KONTINUALNiIi MERENi PROCESNICH VELICIN

KONTAKTNi A BEZKONTAKTNi MIKROVLNNE MERENI
VLHKOSTI

Harrer&Kassen

Siroké pouziti ve dvouslozkovych systémech, z nich? jednim je
voda. Vlhkost, Koncentrace, Susina, Hustota, Konzistence, TS.

M-Sens2
Pro kontinualni méreni vlhkosti-Snekové dopravniky.

BEZKONTAKTNi ON-LINE MERENI NIR

Harrer&Kassen

NIR spektrofotometr pro presné méreni obsahu vody, bilkovin,
tukt a dalSich organickych latek. Mozné detekovat aZ Ctyfi latky
najednou.

URCENI PRUTOKU SYPKYCH MATERIALU

SolidFlow, MaxxFlow, DensFlow, SlideControl

Méfeni pratoku tuhych hmot dopravovanych v kovovych
potrubich.

MERENI RYCHLOSTI PEVNYCH CASTIC V POTRUBI

SpeedFlow
Kontinualni méFeni rychlosti pevnych ¢astic.

DETEKCE PRACHU

ProSens, Dusty
Pouzitelny ve vsech kovovych potrubich. Detekce protrzenych
filtraénich vakd, méFeni koncentrace praskd v plynu.

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

MERICi SKENOVACI RAMY VYUZIVAJICi RADIACNI,
LASEROVA A OPTICKA CIDLA

ProControl

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

DETEKCE VAD A NECISTOT MATERIALU PLOSNYCH
MATERIALU

Dr.Schenk

Kamerovy systém na detekci optickych vad a necistot materialu.

DETEKCE VAD A NECISTOT MATERIALU
0oCs
Kamerové systémy na sledovani pfimési, vad a necistot materialu.

MERENI RYCHLOSTI, DELKY, PRUTAHU

Elovis

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

BEZKONTAKTNI MERENI TLOUSTKY PRUSVITNYCH
MATERIALU

Lumetrics

Rychlé a pfesné méreni tloustky prasvitnych materialt (folie, sklo,
trubicky, hadi¢ky). Uréeni tloustky jednotlivych vrstev materidlu.

Fuchs
MéFeni tloustky prasvitnych materidld.

Instruments s.r.o.
Méfici a regulatnd pristroje

OBJEKTIVNi MERENI BAREVNOSTI

Hunterlab

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

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

LMT
vysoce presné fotometry, kolorimetry a goniometry.

KONTROLA VLASTNOSTi NATEROVYCH HMOT

Zehntner TI

Mnoho zajimavych pfistroju a nastroju pro kontrolu mechanickych
vlastnosti natérovych hmot. Leskoméry, grindometry, nanaseci
pravitka, tloustkoméry, retroreflektometry.

DETEKCE UROVNE HLADINY V NASYPKACH

ProGap

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

1ZOTOPICKE MERENi UROVNE HLADINY A HUSTOTY

RGI

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

MERENi OBJEMOVE HMOTNOSTI SYPKYCH MATERIALU
Dens M
Kontinualni uréeni objemové hmotnosti prasku nebo granuli.

ZJ)ISTOVANI CHEMICKE A MECHANICKE CISTOTY VODY

Process Instruments - kontinudlni méreni a analyza vody
Analyza volného chléru, monitorovani celkového chléru, analyza
chlordioxidu, monitorovani ozénu, méreni rozpusténého kysliku,
monitorovani nerozpusténych latek, méreni zakalu, analyza pH,
analyza ORP, fizeni davkovani polymeru, monitorovani biofilmu,
online vodivost, méfeni poétu ¢astic, monitorovani filtru,
monitorovani usazenin.

PRUTOKOMERY, MERENI UROVNE HLADINY

BM

Radarové a ultrazvukové méreni vysky hladiny kapalin v nadrzich a
pevnych latek v silech. PFilozné ultrazvukové pritokoméry.

Goerlich
Magnetickoinduéni pritokomeéry do potrubi, Zlabl a kandld.

DETEKCE KOVU

Fortress Technology
Detektory Zeleznych, nezeleznych a nerezovych kovu a ne€istot.

PROPUSTNOST MATERIALU
Mocon
Propustnost materialii vodni pary, CO».

Ohonuni 2326, 544 01 Dwvir Kralové n.L., Czech republic, weww polz c2

tel.-+420 B02Z 649 663, e-mail: palzfipolr c2




prag

DVS Adventure

FT4 Powder
Rheometer

VASCO particlesize analyzer

UIP2000hdT
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www.pragolab.cz

HAAKE VTiQ

plynova dhromatografie pmravavzodmelerT'\en'BmlANALYZAModm S0 analyza povrchll
separacni techmky pvs REOLOGIE OM( 3 e GC temperace

_ - UV-VIS spektrometrie GC-MS Iyofiizatory 2 BET Vo
Nmmmlsmmy C}-iNSOanatyza andyza CGastic AAS HPLC hmotnosini SPEKTROMETRIE
centrifugy 1z= ICP-MS SERVIS termicka analyza 21t mond XPS widefield

TEXTURA spotfebni materidl INIMR 775 automatické davkovani iGC TOC analyza RVC



POLYchem

Polychem composite CS s.r.o.

Spolehlivy partner v oblasti natérovych hmot a kompozitnich materialt




TESTOVACIi KOMORY

PRO ENVIRONMENTALNiI ZKOUSKY V LABORATORICH,
TESTY POVRCHOVYCH UPRAV A MATERIALU

KOROZNI SOLNE
A KONDENZACNI
KOMORY
- i
o v, = & iy
i
Ly
=

F_*.*- truhlové a skiifiové ko
« objemy 3002(07 1000, 2000 lit

« jednoucelove i kombinované
é regulace vlhkosti
razovani vzorkd

KLIMATICKE A TEPLOTNI
KOMORY, SUSARNY

sah -70°C aZ +1 C
98% re& stl,

ory bez chlazenl aZ 300'\‘!.
y 56-7 o
s SV Nl h.‘r

Liebisgl-f

LABORTECH

W

KOMORY PRO SLUNECNi
SIMULACE XENONOVYM

SVETLEM

« s pevnou zkus$ebni plochou
« nebo otoénym karuselem,
« regulace osvitu, teploty

a relativni vlhkosti

+ INDOOR a OUTDOOR zkousky

ZKUSEBNi PANELY

« Ocelové, valcované, brousené
« Hlinikové (slitinové)
« Fosfatované/chromatované

pro testy natérovych hmot,
galvanickych povrchd, eloxu,
otéru, zkousky korozivity

Q-LAB

UV TESTERY
ULTRAFIALOVYM
ZARENIM

« regulace os
kondenzac

PRODEJ, ZASKOLENI,
SERVIS ZARUCNI
A POZARUCNI,
KALIBRACE ZAJISTUJE:

LABIMEX CZ s.r.0.

Na Zamecké 11, 140 00 Praha 4
tel: + 420 241 740 120
fax: +420241 740 138
info@labimex.cz

www.labimexcz.cz

>BINDER

Best conditions for your success



Vice nez 20 let uspésny dodavatel

T h 0 r S 0 n chemickych produkti, tonovacich systémti a

Chemical strojti pro primysl natérovych hmot

Seznam zastoupeni pro Ceskou republiku a Slovensko:

AFCONA AFCONA ADDITIVES - aditiva pro natérové hmoty
L > 'hﬁmt uralyne | NATURALYNE - karboxymethylceluléza NOVE !!
o £ 2
= c>> O PO.INT.ER — aminova tvrdidla pro epoxidové systémy
v =
5 a ,-l*;‘:'-, INTERCHIP - pigmentové preparace na bazi pevnych
- polymerti — chipsy NOVE !!
o _ age_ 2 - 11
Rianl OD RIANLON - UV stabilizatory NOVE !

Fast & Fluid — stroje pro tonovani natérovych hmot

”

Oliver & Batlle — zafizeni pro vyrobu natérovych hmot

vz,

zarizenli

CcCABO CABO - priimyslové a laboratorni mixéry NOVE !!

Group

arichemi E® Arichemie — pigmentové preparace
* BICCS — tonovaci systém primyslovy
PROTEC PROTEC Systempasten GmbH — ténovaci systém deko
ﬂ NCS Colour — barevny management
@ Trust Chem - organické pigmenty
:ﬂiﬂ

y

Réhrig — pfirodni Stipana Zula

@ Larand HGS — duté sklenéné kulicky

>
=
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o
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“m@ MILTONIA - firemni vzorkovnice

An@" ARON Universal - fluorescenéni pigmenty NOVE !!

m AVISON - Cisté chemikalie a syntetické latky

THORSON CHEMICAL Praha s.r.o0., 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



DISTRIBUCE PRO CESKOU A SLOVENSKOU REPUBLIKU

@ Polyuretany pro formulace natérovych hmot, lepidel
@ Pojiva alkydova, polyesterova

@ Epoxidové systémy

@ Susidla, akceleratory, katalyzatory

@ Aditiva, vosky

@ PlIniva, antikordzni pigmenty

@ Silikony

@ Pigmentové preparace

DISTRIBUCE POUZE PRO SLOVENSKOU REPUBLIKU

ccves(m‘

SAPICI S’

NOWVA

ﬁ? BB RESINS.
EEGLE
=
v:echno
VB
ORIKAST=e

@ Anorganické a organické pigmenty, pigmentové preparace

@ Disperze akrylatové, styrenakrylatové, vinylacetatové

@ Specialni syntetické pryskyfice

@ Titanova béloba

@ Biocidy
Technicka podpora CZ/SK Obchodni zastupce pro SK
Ing. Josef Patrovsky Ing. Jarmila Gubova

Mob. +420 603222344 Mob. +421 917606100
patrovsky@kora.sk gubova@Kkora.sk

LANXESS

chemical innovations

TRONOX
LANXESS

Energizing Chemisiry.

Obchodni zastupce pro CZ
Bohdan Jelinek

Mob. +420 720075401
jelinek@kora.sk



SAFICALCAN

innovative solutions

Spolecné to ostatnim natreme!

Safic-Alcan - distributor
specialnich chemikalii

a materiald pro vyrobu
natérovych hmot, zpracovani Kontakt:

o v L0 Michal Dusek
plastu a p_ryze' PUR_sys:temu, e-mail: michal.dusek@safic-alcan.cz
formulaci kosmetickych tel.: +420 733 379 023

a farmaceutickych pfipravkd. [ Www.safic-alcan.cz




)4 X-rite PANTONE®

BRING YOUR-COLOR
TO THE HIGHEST LEVEL

X-Rite Pantone: Your global resource for all your color communication
throughout the supply chain from inspiration to production.

Visual Products: Color standards ensure product consistency and quality. A reliable color
measurement system provides critical benchmarks that enable your entire supply chain to monitor
product color for maximum reliability and effectiveness.

Software Solutions: We offer a full range of software and services to increase the value and utility of
your instrument investments.

Color Services: Our goal is to provide the very best color training and services customized exactly to
your needs from a time, content and budget perspective.

Contact us today for more information at www.xrite.com
Lucie Matuskova

+420 724 533 117, +420 517 332 331
LMatuskova@xrite.com

COLOR AS YOU IMAGINED IT www.xrite.com | www.pantone.com

X-Rite is either a registered trademark or trademark of X-Rite, Incorporated in the United States and/or other countries. PANTONE®, PantoneLIVE and other Pantone trademarks are the property of
Pantone LLC. All other trademarks or registered trademarks are the property of their respective owners. © X-Rite, Inc. 2017. All rights reserved. ~ L10A-076-EN (10/17)




3P-CHEM s.r.o0.

Areal Sprava a udrzba komunikaci
P.O. BOX 31

267 01 KralGv Dvir - Popovice

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

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

Vse dUlezité najdete na:

www.3p-chem.cz

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

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

Struktura sortimentu nabizenych surovin:

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

Struktura sortimentu technickych obalii:

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

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

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



1 20 let tradice v oblasti vyroby
chemickych anorganickych vyrobk

& PRECHEZA

VYZNAMNY EVROPSKY VYROBCE . E35E
A DODAVATEL ANORGANICKYCH PIGMENTU

pro natérové hmoty, plasty,
papir a kosmetiku

pro natérové hmoty
a pro barveni stavebnich
materiald

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

www.precheza.cz
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