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INFORMATION ON DEVELOPMENT AND CURRENT STATE OF TiO,
CLASSIFICATION

INFORMACE O VYVOJI A STAVU CLH KLASIFIKACE Tio,

PIKAL P.
Precheza a.s., Nabr. Dr. E. BeneSe 24, Prerov, petr.pikal@precheza.cz

Summary
European commission decided to classify TiO, as category 2 carcinogen by inhalation. This classifica-
tion is accompanied by several notes, which makes the situation rather obscure. TDMA and some other
stakeholder s effort has limited classification to only powder material containing TiO, and other materials
(solids, liquids) should be exempted. TDMA initiated several studies which should back our statement
that TiO, is harmless compound which do not pose any risk for workers, consumers and general public if
used in any predictable application and also issued the legal action against classification. I try to explain
what are the main issues in classification wording, how it should be implemented and what has to be still
resolved.

Key words
Carcinogenity, Inhalation, Aerodynamic diameter, TiO,

European commission decided to propose TiO, classification as inhalation carcinogen category 2 in
February 2020. In 18 months, all producers and consumers should change their documentation and their
procedures taking this into consideration. However, the added notes make the classification itself rather
difficult. Precheza, together with other TiO, producers oppose this classification, considers it inadequate
and issued legal action against it. This action does not have deferring effect, so producers and consumers of
TiO, has to act according to classification wording.

Classification is amended by 3 notes; notes V and W do not pose any substantial problem, but note
10 is quite problematic.

Note 10: The classification as a carcinogen by inhalation applies only to mixtures in powder form
containing 1% or more of titanium dioxide which is in the form of or incorporated in particles with aero-
dynamic diameter < 10 pm

Interpretation (unofficial)

Based on note 10 we developed interpretation what has to be classified. Figure 1 describes what has
to be classified.

* Liquid mixtures (paints) are not classified regardless of TiO, content.

* Solid materials are also not classified unless they are in powder form.

* Powder materials which do not have more than 1% of TiO, are not classified.
And here is the tricky part:

* If powder material has more than 1 % of TiO, it is necessary to measure acrodynamic diameter and
estimate if more than 1% is below 10 pm and if this part contain more than 1 % of TiO, based on total
material.

Stepwise approach illustrating what has to be classified is shown in the figure below.
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Fig. 1: Interpretation of CLH TiO, classification
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All TiO, producers and users has to be aware not only classification but also accompanying labelling.
Mixtures containing TiO, has to be appropriately labelled. The label on the packaging of liquid mixtures
containing 1 % or more of titanium dioxide particles with aerodynamic diameter equal to or below 10 um
(classified TiO,) shall bear the following statement:

EUH211: ,,Warning! Hazardous respirable droplets may be formed when sprayed. Do not breathe
spray or mist.*

The label on the packaging of solid mixtures containing 1 % or more of titanium dioxide (both classi-
fied or not classified) shall bear the following statement:

EUH212: ,,Warning! Hazardous respirable dust may be formed when used. Do not breathe dust.*

In addition, the label on the packaging of liquid and solid mixtures **not** intended for the general
public and not classified as hazardous which are labelled with EUH211 or EUH212, shall bear statement
EUH210.
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Aerodynamic diameter

The most problematic part of classification is the aerodynamic diameter requirement. It's easy to de-
termine this value in the air. Dust measurements at the workplace or workers' exposure measurements are
designed to determine the aerodynamic size of dust. However, any non-aerosol material must be reproduci-
bly converted to aerosol to perform such measurements. This also applies to the TiO, itself but no method
is proposed in the EC document.

Powder TiO, easily creates agglomerates that require considerable energy to disperse, well above the
energy generated by normal handling. The size of the produced aerosol particles will depend heavily on the
energy delivered and the cohesion properties of the powder material. To measure the dustiness of materials,
different procedures were developed based on sprinkling the powder material or rolling it in a special drum
and blowing the defined amount of air. The resulting aerosol is then measured in a variety of appropriate
ways, filters, cascade impactors, electrostatic-based devices or particle counters.

In particular, the method of aerosolisation using a rotating drum appears to be relevant to the hand-
ling of powdered TiO,. There are currently 3 standards in which a method of aerosolization by means of
a rotating drum is described. A basic overview of the methods is given in the table (Table 1). It can be seen
that while the two EN methods for workplace dust exposure do use drums of different diameters but the
amount of the air used in both methods is such that the air velocity in the device is the same. By contrast,
the DIN 55992 method of pigment dustiness has both, different drum dimensions and nearly three times
higher air velocity. It is to be expected that the results of these methods can thus differ considerably.

Tab. 1: Drum dimensions and air flow in methods used for workplace dust exposure or dustiness

evaluation
Diameter Length Air flow Air flow speed
Norm Drum o g
[mm] [mm] [L/min] [em/min]
EN 15051 big 300 230 38 25
EN 17199 both 170 230 11 25
DIN 55992 small 139 190 20 65

TiO, mixtures labelling and other aspects of classification

In addition to the classification itself, where it is still unclear how it will be done, the labelling of
mixtures is required. For liquid mixtures (most coatings), it will depend on whether they contain classified
TiO,. If not (less than 1% TiO, or any amount of non-classified TiO,) there is no need to label the mixture.
However, if paint contains a classified TiO, of more than 1% the EUH211 label is required and the EUH210
label if mixture sold to professionals and companies. Solid mixtures will require similar labelling, but as
there is not mentioned powder form, any solid mixture should be labelled if it contains above 1% of clas-
sified TiO,. Waste handling, toys, cosmetics, ecolabels and many other application areas TiO, will be also
influenced.

Based on TiO, classification reasoning from EC, hazard profile similar to TiO, extends to all poorly
soluble low toxicity substances. Any powder material therefore could be classified accordingly and any
TiO, substitute must logically be treated equally as TiO,.

10
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ORGANICKA POVRCHOVA UPRAVA PIGMENTU
ORGANIC SURFACE TREATMENT OF PIGMENTS

PINKOVA B.
Precheza a.s., Nabr. Dr. E. Benese 24, Prerov, blanka.pinkova@precheza.cz

Summary
Inorganic pigments are used in many different applications (paint, plastic, ...). In this project, we tested
different organic surface modification. We monitored mainly application properties.

Key words
Treatment, pigment, TiO,, Fe,O,.

Uvod

Anorganické pigmenty se pouzivaji v celé fadé primyslovych odvétvi, zejména pii vyrobé natérovych
hmot a plasti. Oxid titanicity, jako pigmentova titanova béloba, se dale vyuziva pii vyrobé papiru, ale
i v potravinafském a farmaceutickém primyslu. Pigmenty zelezité se pak predev$im vyuzivaji ve staveb-
nictvi (probarvovani betonu). Aby bylo mozno pokryt tak Siroké spektrum aplika¢nich oblasti je nutné,
aby byl pigment uréeny pro danou oblast pouziti vykazoval ur¢itou kvalitu. Napfiklad pigmenty uréené
pro potravinaiské ucely musi vykazovat vysokou Cistotu bez jakychkoliv doprovodnych piimési, pticemz
vysoky diraz je kladen na obsah tézkych kovti. Pigmenty ur¢ené pro venkovni pouziti musi vykazovat zase
vynikajici barevnou stalost. Ve vSech ptipadech je ale nutné, aby pigmenty vykazovaly i vynikajici zpraco-
vatelské vlastnosti. Z tohoto diivodu jsou pigmenty upravovany pomoci specifickych aditiv, diky nimz lze
dosahnout zlepseni pozadovanych vlastnosti (napf. smacivost v daném aplika¢nim prostiedi). Tyto Gpravy
1ze souhrnné oznacit jako organické povrchové upravy.

Organicka povrchova dprava

Pomoci vhodné organické povrchové Gpravy lze zajistit dobrou kompatibilitu pigmentu s danym apli-
kaénim prostiedim. Organické povrchové tpravy lze jednoduse rozdélit na hydrofilni, které se vyuzivaji
pii vyrobé natérovych hmot, a hydrofobni, jez jsou preferovany pii aplikaci pigmentu v plastech. Na trhu
je cela fada aditiv, ktera je mozno pouzit. V piipadé pigmentl Pretiox ¢i Fepren je ale dilezité, aby pouzité
aditivum bylo v souladu s platnymi legislativnimi pozadavky. Jedna se jednak o smérnici Evropské Unie
o pouziti latek v obalovém materialu pro potraviny, a jednak o smérnici uzivanou v USA = Food and Drug
Administration (FDA). Pokud je vSe v souladu postupuje aditivum do faze laboratorniho testovani. V této
fazi simuluje rozdilné mnozstvi pfidavku aditiva a dopad jeho pfidavku do optickych a zpracovatelskych
vlastnosti. Laboratofe Precheza a.s. disponuji n¢kolika riznymi laboratornimi mlyny, které umoziuji pti-
pravit vzorky v fadu par gramt az po nékolik kilogramii. Po vyhodnoceni laboratorniho testovani probiha
faze provoznich zkousek, které jsou realizovany v nékolika krocich tak, abychom byli schopni posoudit
dopad zavedeni nového aditiva do technologie. Roéné laboratofemi projde cca 20 vzorku, z tohoto mnoz-
stvi pak cca 2 prochazi do faze provozniho testovani.

Hydrofilni povrchova uprava

Pii vyrobé natérovych hmot je dulezité, aby pouzity pigment vykazoval dobré optické parametry
(barva, kryvost, popf. i dobrou barevnou svétlostalost). Nicméné, aby bylo mozno vyuzit v§ech jeho vlast-
nosti je nutné, aby se pigment v daném aplika¢ni prostiedi dobfe rozptylil= dispergoval. Obecné¢ plati, ze
titanova béloba bez anorganické povrchové Gipravy ma hydrofilni charakter (obr. 1).

11
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Obr. 1: Hydrofilni TiO,

I ptesto, ale existuji aplikace, v kterych je potfeba hydrofilni charakter pigmentu vice posilit, napt.
ptiprava vysoce koncentrovanych vodnych suspenzi. V ramci testovani byly pfipraveny vzorky s rozdilnou
hydrofilni organickou povrchovou tpravou a byl sledovan vliv organické povrchové upravy na reologické
vlastnosti 55% vodné disperze (pomoci Fordova vytokového poharku). Pro piipravu vzorku byl pouzit
roztiraci mlyn Pulverisette 2, vysledky jsou uvedeny v tabulce 1.

Prehled ptipravenych vzorku:
Vzorek A = organicka povrchova tiprava typu A.
Vzorek B = organicka povrchova tprava typu A v kombinaci s povrchovou upravou B.

Vzorek C = organicka povrchova tprava typu A v kombinaci s povrchovou upravou B (jina vyse).

Tab. 1: Hodnoceni fluidity S5 % suspenze

Vzorek A B C

Vytokovy ¢as (sekunda) neteCe 11 500

Z tabulky 1 je zfejmé, ze aby bylo dosazeno superhydrofilnich vlastnosti jako je tomu u vzorku B je
nutné, aby organické povrchova tprava byla kombinovana a ze je nutno udrzet urcitou vysi této organické
povrchové upravy. Piipravené vzorky byly analyzovany i pomoci termické analyzy (obr. 2).

Obr. 2: Zaznam vysledki termické analyzy
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Z pribéhu kiivek je patrné, ze prvni pik patii vodé (vlhkosti), druhy pak organické povrchové Gpraveé
A a posledni poté organické povrchové Gipravé B. V tabulce 2 jsou uvedeny hmotnostni ubytky u jednotli-
vych vzorku.

Tab. 2: Hmotnostni ubytek (vzorky A, B, C)

Vzorek A B C

Vlhkost 0,09 0,14 0,10
Organické Gprava A 0,25 0,13 0,16
Organicka uprava B - 0,24 0,16

Ze ziskanych vysledkt vyplyva, ze pomoci vhodné¢ zvolené kombinace organické povrchové upravy
a jeji vyse lze dosahnout vynikajicich vlastnosti.
Hydrofobni povrchova tiprava

Pigmenty urc¢ené pro pouziti v plastech se velmi ¢asto vyznacuji hydrofobnim chovanim ve vodném
prostiedi (obr. 3).

Obr. 3: Hydrofobni TiO,

Siroka fada pouzivanych technickych plastl vyZaduje, Ze pii vyrobé pigmenti nelze pouZit pouze
jeden typ organické povrchové upravy. V ramci vyroby titanové béloby se tak pouziva jina modifikace pro
pigment urceny pro polyethylen a polypropylen a jina pro polyvinylchlorid. V laboratofich Prechezy a.s.
probiha pravidelné testovani hydrofobizujicich aditiv. Pro pfipravu je vyuzivan poloprovozni mikronizér,
ktery umoznuje ptipravu vzorkt o velikosti 5 kg. Diky vétsimu objemu pfipraveného vzorku je mozné
vyhodnotit i zpracovatelské vlastnosti jako je parametr filtr index (obr. 4) a nasledné i index toku taveniny
(obr. 5). Pi tomto testovani byly sledovany rozdilné typy aditiv (barevné odlisené sloupce, pouzita aditiva
s oznacenim A az E) a rozdilna vyse jejich ptidavku (oznaceni vzorku 0,5 — 0,8 — 1,0).

Plati, ze ¢im niz§i hodnota parametru filtr index, tim lepsi zpracovatelské vlastnosti v plastu. Na dru-
hou stranu neplati, ze ¢im vyssi je pfidavek organické povrchové upravy, tim lepsi jsou vysledky, viz
aditivum B a D. Z obrazku 4 je zifejmé, ze zejména v piipadé aditiva D je nutné velmi striktné dodrzovat
vhodnou tiroven davkovani. Vzdy je nutné nalézt optimalni hladinu pfidavku.

V piipad¢ stanoveni indexu toku taveniny byla vyuzita metodika A/B. kdy neni znama objemova
hmotnost taveniny. S pomoci této metodiky 1ze jest¢ detailnéji analyzovat vliv organické povrchové Gpravy
na aplikacni vlastnosti. Je zfejmé, ze pii pouziti povrchové tpravy typu E lze dosdhnout velmi dobrych
aplikacnich vlastnosti.

13
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Obr. 4: Vliv organické povrchové upravy na parametr filtr index

Série RGX - Filtr Index v polyethylenu
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Obr. 5: Vliv organické povrchové ipravy na parametr index toku taveniny
Série RGX - Index toku taveniny (metoda A/B)
23,00

ITT (g/10min))

& % » &

8 8 8 8
]
|
I
I
|
|
]
|
|
|
|
|

15,00
K o A N N N N o° N N N NS NS
¥ ¥ ¥ ¥ : < 1Y o o o < < <
S K ® K » K3 K3 S @ & » K3 5
< 43 W 4 0 & 33 I I & & &
& & &© & < © & & & & & &
-
Zavér

V soucasné dob¢ je vétSina komeréné dostupnych pigmentti povrchové upravena pomoci piidavku
organického aditiva. Velmi Casto se pouzivaji polyalkoholy a jejich derivaty, silikonova chemie ¢i trietha-
nol amin, atd. [1]. V praxi je vzdy nutna uzka spoluprace mezi vyrobcem pigmentu a zakaznikem, tak aby
bylo mozno najit organickou Gpravu vhodnou pro danou aplikaéni oblast. Pfi hledani vhodné organické
povrchové tpravy je vzdy dilezité zajistit, aby nedoslo ke zméné optickych parametrii a aby byl zajistén
benefit ve zpracovatelskych parametrech.

Literatura
[1] Understanding Additives, Bodo Muller, 2010, p. 28-34
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ZKOUSENI ORGANICKYCH POVLAKU NA VYSKYT PORU
NIZKO NEBO VYSOKO NAPETOVA METODA

TESTING OF ORGANIC COATINGS FOR OCCURRENCE OF PINHOLES
LOW OR HIGH VOLTAGE METHOD

MINDOS L.
SYUOM s.r.0., U Meéstanského pivovaru 934/4, 170 00 Praha 7

Summary
In the case of organic coatings, the porosity cause a lower service life of the surface treatment. Voltage
tests are often performed for coatings that will be exposed to permanent immersion or deposited in the
soil. Low or high voltage methods where are used for the testing are specified in CSN EN ISO 29601.

Key words
Organic coatings, porosity, pinhole, voltage testing.

1 Uvod

V piipadé organickych povlaki jsou pory pfic¢inou nizsi Zivotnosti povrchové tGpravy. V téchto mis-
tech dochazi ke korozi podkladové oceli a nasledné k dalsimu poskozeni organického povlaku napt. podko-
rodovanim, odlupovanim vlivem vzniku objemné vrstvy koroznich produkti, apod. Celistvost organického
povlaku je spoleéné s tloustkou povlaku piimy ukazatel kvality ochranného povlaku a jeho ochranné uéin-
nosti proti vliviim vnéjsiho agresivniho prostredi. S tloustkou natéru tizce souvisi jejich porovitost a to tak,
ze obvykle s rostouci tloustkou povlaku klesa jejich porovitost. Porovitost také zavisi na druhu natérové
hmoty, pouzitych rozpoustédlech, technice nanaseni a podminkach pfi zhotovovani natéra.

Rozméry, tvar a distribuce porti maji zna¢ny vliv na moznost pronikani korozniho prostredi k chra-
nénému kovovému povrchu. Pro soucasnou praxi plati, ze jakakoliv porovitost je nebezpecna pro zivotnost
natért, které zajist'uji protikorozni ochranu adheznim a bariérovym mechanizmem. Zkouska na vyskyt
poru se provadi v pozadovanych piipadech a to zejména pii expozici organickych povlakt v kapalnych
prostiedich nebo u konstrukei ukladanych v piidé. Porovitost natéru je vhodné kontrolovat vzdy u tloznych
a skladovacich zafizeni, jako jsou nadrze na kapalné agresivni tekutiny, nebo u ocelovych konstrukcich
ponofenych ve vodnych roztocich ¢i tekoucich vodach jako napf. jezové klapky apod. V téchto piipadech
nesta¢i pouha aplikace kvalitnich natérovych hmot pokro¢ilymi nanasecimi technologiemi, ale je zadouci
provedeni 100 % kontroly povrchu na vyskyt port ve vrstvé povlaku.

Napétové zkousky pro kontrolu celistvosti jsou pouzivany i u jinych typti povrchovych tprav jako
jsou smaltované povlaky, izolacni povlaky potrubi, elektroizolacni vrstvy apod.

2 Specifikace napét’ovych metod

Stanoveni porovitosti se provadi v zavislosti na tloust’ce povlaku nedestruktivni nizkonapét'ovou me-
todou pro malé tloustky natéru nebo vysokonapét'ovou metodou pro silnovrstvé povlaky. Zkousky porovi-
tosti 1ze provadét podle celé fady postupt, které jsou specifikovany riznymi technickymi normami, napt.:

. DIN 55670 Lacke und dhnliche Beschichtungsstoffe; Priifung von Lackierungen, Anstrichen

und dhnlichen Beschichtungen auf Poren und Risse mit Hochspannung,

. ASTM D5162 Standard Practice for Discontinuity (Holiday) Testing of Nonconductive Protective

Coating on Metallic Substrates,

. ASTM G62 Standard Test Methods for Holiday Detection in Pipeline Coatings,

. NACE RP 0188 Discontinuity (Holiday) Testing of new protective coatings on conductive sub-
strates.

Pristroj urceny pro detekci nenatienych mist ¢i porovitosti povlaku nizkonapétovou metodou ma

zkusebni sondu z korozivzdorné oceli, do které je mechanicky upevnéna houbicka s dostate¢nou nasa-

kavosti pro vodu. Na mokrou houbicku se pfivadi zkusebni nizké napéti 9 V nebo 67,5 V piipadné 90 V,
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a to v zavislosti na celkové tloustce zkouSeného organického povlaku. Vhodna rychlost pohybu sondy je
cca 0,3 m/s. V misté vyskytu poru pronikne voda k podkladu, uzavte se elektricky obvod a pfistroj indikuje
por svételnym a zvukovym signalem. Metoda je doporucovana pro povlaky s maximalni tloustkou do
500 um. Napi. metoda A podle ASTM D5162 je doporucovana pro povlaky s tloustkou 25 az 250 pm
a méfeni se provadi pii napéti niz§im nez 100 V. Uinnost metody lze zvysit pouzitim latek, které snizuji
povrchové napéti a usnadnuji prinik vody necelistvym povlakem k podkladové oceli — doporucuje se pro
povlaky s tloustkou kolem 500 um. V pfipadg, ze se provadi kontrola porovitosti u vicevrstvych natérovych
systémi v kazdé vrstve, neni vhodné pouzivat povrchové aktivni latky, které mohou negativné ovlivnit
kvalitu nanaSeni dal$i vrstvy.

Vysokonapét'ovy pfistroj — vysokonapétovy detektor (porozimetr) pro detekci portt v organickém
povlaku na vodivych podkladech ma zkusebni sondu, jejiz koncova ¢ast, ktera je v dotyku se zkousenym
povlakem je nejcastéji provedena jako draténa, mize vsak byt zhotovena i z vodivé pryze. Na zkusebni son-
du je ptivedeno vysoké napéti v jednotkach az desitkach kilovoltl a v ptipadé necelistvosti v povlaku dojde
mezi sondou a povlakem k preskoku vysokonapét'ového jiskrového vyboje, ktery je indikovan vizualné
a zaroven zvukovou signalizaci, ktera je vybavou pro hlu¢na primyslova prostiedi, kde by sluchem nebylo
mozné zachytit zvuk vyboje. Vyrabéji se porozimetry jak se stejnosmérnym tak i stiidavym zkuSebnim
napétim. Dle specifikaci vyrobct je metoda doporucovana pro povlaky s tloustkou nad 300 pm. Vhodna
rychlost pohybu sondy je cca 0,3 m/s. Pouziva se zkusebni napéti v rozsahu 1 az 30 kV. Zkousenim by
nemélo vzniknout zadné poskozeni povlaku. Napt. metoda B podle ASTM D5162 je doporucovana pro
povlaky s vyssi tloustkou a méfeni se provadi pii napétich od 900 do 20000 V. Typické hodnoty napéti
uvadéné v nékterych technickych normach jsou:

. pro povlaky se stiedni tloustkou 300 az 1000 pm je zkusebni napéti 5 V/um,

. pro povlaky s vysokou tloustkou nad 1000 pm je zkusebni napéti 10 V/pm (max. <20 kV).

Doporucend zkusebni napéti jsou uvedena v tabulce 1. Pro natéry na svarech je u vétSiny béznych
natérovych hmot doporuc¢ovano zkusebni napéti 5 V/um. Nekteti vyrobei natérovych hmot uvadéji dopo-
rucené zkuSebni napéti, napt. u povlaku Permacor 3326/EG se doporucuje maximalni napéti 4000 V pti
tloust'ce vrstvy 600—800 um a 5000 V pti 800—1200 um.

Tab. 1: Doporucena zkuSebni napéti pro VN zkousku podle typu povlaku

Povlak Specifikace Zkuﬁl(;?/l;linl:]apéti MaXim[il{l/li napéti
PUR EN 10290 8 20
EP — kapalny EN 10289 8 20
EP — praskovy NF A49-706 5 15
PP — 3 vrstvy NF A49-711 10 25

Vysokonapét'ova zkouska se provadi na suchych a vytvrzenych povlacich. Doporu¢ovana doba pro
vytvrzeni povlaku je minimaln¢ 10 dni pii teploté nad 15 °C a relativni vlhkosti vzduchu maximalné 80 %.

3 Vyhody a nevyhody napét'ovych metod v praxi

Nizkonapétova metoda — mokra zkusebni sonda.

Vyhody:

. malé rozméry a nizka hmotnost zkuSebniho pfistroje,

. dotyk sondy obsluhou pod nizkym napétim neptisobi rusive, obsluha se nelekne,
*  je mozné zkouset organické povlaky, které jsou na povrchu vlhké nebo mokré,

B je mozné zkouset elektrostaticky vodivé organické povlaky.
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Nevyhody:

houbicka musi byt trvale mokra aby plnila svou funkei,

rychlost tazeni mokré houbicky po povrchu povlaku se musi pfizpusobit tak, aby mokra houbic-
ka byla schopna dostatecné a rovnomérné zvlhcovat povrch povlaku,

obsluha s sebou musi nosit dostate¢né mnozstvi zkusebniho elektrolytu — vody,

povrch Cerstvé vytvrzenych organickych povlakti ma hydrofobni charakter a zkusSeni elektrolyt-
-voda Casto pory nepronikne a neni detekovéano vadné misto v povlaku

velmi obtizna pfesna lokalizace drobného defektu, protoze neni vidét vyboj a misto, kde byl
detekovan por je mokré,

obtizné oznacovani defektniho mista lihovym fixem, povrch se musi nejprve utfit. Oznacovani
defektl kiidou se nedoporucuje, protoze kiida se da snadno setiit a pfed opravnymi natéry je
nutné ji setiit, zadsadou je oznacit trvale, zfetelné a Cisté defektni mista pfed nanasenim oprav-
nych natér,

metoda neni vhodna pro 100 % ovétovani celistvosti povlaku pro vétsi plochy, nad 30 m?, meto-
da je pomala, malo efektivni, mokry proces.

Vysokonapétova metoda — sucha zkusebni sonda:

Nevyhody:

veétsi rozmeéry a vyssi hmotnost zkusebniho pfistroje,

dotyk obsluhy sondy pod vysokym napétim puisobi zna¢né rusivé, obsluha se muze leknout, pii
praci napi. ve vysokych nadrzich je zde vyssi riziko trazu,

neni mozné zkouset organické povlaky, které jsou na povrchu mokreé,

neni mozné zkouset organické povlaky, které maji snizeny mérny odpor, napt. elektrostaticky
vodivé tpravy povlaku.

Vyhody:

.

sucha sonda je trvale funkéni, neni zavisla na zkusebnim elektrolytu,

rychlost tazeni sondy po povrchu povlaku mize byt podstatné vyssi, plati, ze ¢im vyssi zkuSebni
napéti, tim vétsi dosah vyboje a tim rychlejsi mize byt posun sondy po povrchu zkouSeného
povlaku,

obsluha s sebou nemusi nosit zadny zkusebni elektrolyt — vodu,

hydrofobni charakter povrchu Cerstvé vytvrzenych organickych povlakii nema zadny vliv na
prunik vysokonapét'ového vyboje v misté defektu v povlaku,

velmi snadna a piesna lokalizace drobného defektu, protoze vysokonapétovy vyboj je ostie
ohrani¢eny a vizualné a akusticky velmi zietelny,

snadné a piesné oznacovani defektniho mista lihovym fixem, povrch je suchy,

metoda je rychla a efektivni a proto vhodna pro 100 % ovétovani celistvosti povlaku pro malé
i velké plochy.

V nasi praxi se vyskytlo mnoho piipadi, kdy celkova tloustka 2—3 vrstvého ochranného povlaku na
ocelové konstrukei byla v rozmezi 300-500 um a objednatel pozadoval 100 % kontrolu plochy na vyskyt
pori z divodl poskytovani zaruky na provedeni povrchové Upravy. Jednalo se ¢asto o plochy v rozpéti
100-350 m? opatiené rozpoustédlovymi natéry. Na zkouSenych plochach bylo mnozstvi hran a svarg.
U natéra zhotovenych béznymi nanasecimi postupy (valecek) bylo v priméru na 1 m? nalezeno 6,5 vady.
U kvalitn¢ zhotovenych natéru (airless) bylo v priméru na 1 m? nalezeno 0,4 vady. Znamena to 650 nebo
40 vad na 100 m?, které je tieba nalézt a oznadit. Pouziti nizkonapét'ové metody — mokré houbicky je
v podstaté nerealné, ma-li se zkouska provést na 100 % plochy a relativné rychle.
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Obr. 1: Optimélni vyuZiti nizkonapét’ové metody u mensich konstrukei, praskova NH
na Al zabradli

Obr. 2: Priimyslové nasazeni vysokonapét’ové metody: testovani 3-vrstvého povlaku hermetické
obalky barbotazniho Zlabu v JE Dukovany

Obr. 3: Detail vysokonapét'ové sondy — jemné, zvinéné médéné dratky, zajist'ujici kvalitni vodivost
a dobry kontakt s testovanym povlakem
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Tab. 2: Néktera doporudens zkuSebni napéti podle tloust’ky povlaku dle CSN EN ISO 29601

Tloust’ka povlaku Zkusebni napéti Tloust’ka povlaku ZkuSebni napéti
[nm] [kV] [nm] [kV]
do 500 2,3 pies 1900 do 2000 11,0
pies 700 do 800 4,0 pies 2600 do 2700 15,0
pies 900 do 1000 5,0 pies 3600 do 3700 20,0
4 Zavér

Existuje mnoho pfipadd, kdy je potieba otestovat 100 % velké plochy na vyskyt porti. Z nasich dlou-
hodobych zkuSenosti plyne, ze pouziti VN metody i pro povlaky o celkové tloustce méné nez 500 pm ma
své opodstatnéni a neni zcela nahraditelnd nizkonapétovou metodou — mokrou sondou. Piehnané obavy
z toho, ze vysoké napéti automaticky vytvaii v povlaku prirazy a tim celistvost povlaku znehodnocuje,
jsou liché.

Tab. 3: elektrické vlastnosti nékterych materiala

. Meérny elektricky odpor Dielektricka pevnost
Material [Qm] (KV/mm]
Vzduch zcela suchy - 4
Bakelit 10°-10" 10-25
Igelit (folie z m-PVC) 101 30
Polyethylen 10 40
Polystyren 101 50
Epoxidova pryskyfice 10"-10% 20-30
Sklo borokfemicité 10"-10% 10-20
Polytetrafluorethylen 10" 60
Slida 5-10" 70
Vosk vcéeli rafinovany 10" 10
Olej transformatorovy 10" 20-30

V tabulce 3 jsou uvedeny 2 zakladni parametry dielektrickych materialii, pouzivanych jako elektrické
izolanty. Z pohledu zkouseni povlaki vysokonapétovou metodou nas zajima dielektricka pevnost mate-
rialu. Dielektrickou pevnosti se rozumi odolnost materiali vici elektrickému poli. Dielektricka pevnost
je charakteristickou fyzikalni vlastnosti materialu a je vyjadiena takovym zkuSebnim napétim, pti kterém
nastane pruraz materialu. Muzeme snadno odvodit, ze limitni pevnost kvalitnich epoxidovych natéri pro
celkovou tloustku napt. 300 um bude rovna hodnoté 20 x 0,3 az 30 x 0,3 = 6 az 9 kV, tedy hodnoté napéti,
pii kterém nastane pruraz a celistvost povlaku bude narusena.

Podle doporuceni je povolené zkuSebni napéti rovno 300 um x 5V/um = 1500 V, tedy nékolikana-
sobné nizsi, piesné 6000/1 500 az 9000/1 500 = 4x az 6x niz$i nez prurazné napéti. Dle nasich zkusSenosti
opravdu plati, ze kvalitn¢ zhotovené, vyzralé a zejména dvouslozkové povlaky Ize kratkodobé pretizit Sx
vy$$im zkuSebnim napétim, nez je doporucené, aniz by doslo k prirazu povlaku. Z toho plyne, Ze pouzitim
doporucenych zkusebnich napéti 5 V/um pii provadéni vysokonapétové metody i pro povlaky s celkovou
tloustkou v rozsahu od 250 pm a vyse lze touto zkusebni metodou rychle, efektivné a bezpecné otestovat
kvalitu natérového systému.

19



XIIIl. KONFERENCE PIGMENTY A POJIVA « 3.11.2020

CHANGES IN PROPERTIES OF VENEER SURFACE TREATED WITH
A COATING SYSTEM INTENDED FOR OUTDOOR USE

ZMENY VLASTNOSTI POVRCHOVO UPRAVENYCH DYH NAVRHNUTYM
NATEROVYM SYSTEMOM UCENYM DO EXTERIERU

KUDELA J.

Department of Wood Science, Faculty of Wood Sciences and Technology, Technical University in Zvolen,
kudela@tuzvo.sk

Introduction
This work evaluates accelerated ageing effects on quality of tree-of-heaven wood surface finished with
a water-based coating system applied in several colour hues. This coating system has been adjusted for
surface treatment intended for outdoor exposure. There were studied colour stability, morphological
changes in surface of treated wood at accelerated ageing, through its roughness parameters. There
was also investigated the resistance of this wood against wetting with liquids and surface free energy
with its components. The results demonstrate that the coating system had a high resistance against
photo-degradation. Under the wet mode (UV radiation with rainfall simulation), some colour changes
were present, and the coating turned darker and more matt. On the case of darker lacquer hues, these
changes, however, were not immediately observable visually. The ageing induced a moderate increase in
roughness and it also enhanced the variability of the roughness parameters. Higher values of roughness
and waviness parameters were obtained perpendicular to the grain course. The experimental results
confirmed an appropriate water-resistance of the coating system tested. The contact angles occurring
during wetting with water exceeded 90°. The good resistance of the coating system against water is
supposed due to the low surface energy values with dominant disperse components. This ensured effective
protection for wood surface against water during ageing, and the overall stability of the system wood
solid-coating.

Key words
Surface treatment, wood, coating material, accelerated ageing, colour, roughness, wetting, contact angle,
surface free energy.

Introduction

Wood is a natural organic material. Due to its chemical structure, hydrophilicity and porosity,
degradation of wood is common in case of outdoor exposure in absence of protection against effects of
several radiation types, humidity, heat and emissions, acting in interactions. The first changes associated
with ageing process are manifested through colour alterations of wood caused by photo-degradation. Next,
the progressive wood surface degradation impairs its morphology, and the wood surface texture. The
changes in wood structure are responded by more changes in surface properties [1-4]. There is an urgent
need to find out the ways how to protect wood against these unfavourable influences. One of wood surface
protection methods is application of coating materials inhibiting UV penetration to lignin and other wood
constituents and, in such a way, preventing wood surface layers photo-degradation. It follows that the
surface treatment of wood planned for outdoor use is a highly demanding task. The current investigation
trends in area of ageing of wood, surface-treated with coating materials, are focusing on testing the stability
of coatings containing various nano-particles, organic and inorganic-based coating modification, wood
surface pre-treatment with plasma and similar [5-13].

The tests assessing the resistance of surface-treated wood against degradation caused by solar
radiation, rain water, emissions and similar factors are time-consuming. In laboratory conditions it is
possible to reduce this time, applying the accelerated ageing test.

Our main research objective was to study the accelerated ageing-induced effects on the discolouration
of wood surface treated with a water-based coating system. There were also followed changes in
morphological and physical characteristics of this surface.
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Experimental

Materials

Accelerated ageing was simulated on specimens prepared of 1.0 mm thick veneers of tree of heaven
(dilanthus altissima), the specimens size was 80 x 35 mm. The veneers were firstly coated with an
impregnation primer varnish Iruxil W-I, adjusted by adding fungicides and insecticides and micronized
pigments (iron oxides). The aim was to improve protection against negative UV radiation effects. The
primer varnish was applied in 9 colour hues (natural, pine, teak, oak, chestnut, walnut, dark walnut,
mahogany, ebony). The final coat was a transparent top varnish Iruxil WP-600 Natural, intended for
outdoor performance.

Accelerated Ageing

The accelerated ageing was simulated in a xenotest Q-SUN Xe-3-HS. The ageing conditions in the
xenon test chamber followed the standard ASTM G 155. The ageing mode was set ,,wet™ simulating wood
exposition to both UV and rain (Tab. 1).

The radiation intensity was 0.35 W-m™2 with a radiation wave length of 340 nm, following the
Standard. This value corresponds to the mean annual value for the temperate zone. The accelerated ageing
cycle consisted of two steps, covering altogether 120 min. The ageing process represented 250 cycles, 500
hours in total (Tab. 1).

Tab. 1: The ageing parameters set according to the Standard [14] ,,wet mode”

Radiation Black panel Air Relative air Time
Step Mode intensity temperature temperature | humidity )
[W/m?] [°C] [°C] (%] )
1 Radiation 0.35 63 48 30 102
) Radiation + water 035 63 43 90 18
spraying

Measuring of coating film thickness

The coating system consisted of two layers. The first was a primer varnish containing pigments, the
upper layer was a transparent top varnish. The thickness of individual lacquer layers was measured with an
ultrasonic thickness measuring device PosiTector 200 pre-set for measuring two layers from 13 to 100 pm,
On each specimen, the thickness was measured at three different spots.

The colour space coordinates CIE L*a*h* were measured on all specimens, before the ageing and
during the ageing process. The measuring equipment was a spectro-photometer Spectro-guide 45/0 gloss
manufactured by BYK — GARDNER GmbH. The discolouration extent was expressed through the total
colour difference DE, calculated according to the equation

AE = (AL +Aa+Ab,) M
kde AL* =L, L, #))
Aa*=a,—a, 3)
Ab*=b,—b, ).

Note: the ,,2° means the colour value after wood surface irradiation, the index ,,1° denotes the
referential value measured on the wood surface before the ageing process.

Measuring of surface roughness

The roughness and waviness profiles of wood surface finished with the discussed coating system were
scanned with a Surfcom 130 A. The roughness was measured parallel to and perpendicular to the grain, at
two measuring spots in the two anatomical directions, in each specimen. The sampling length was 2.5 mm;
the evaluation length was 25 mm. There were investigated two basic roughness parameters — arithmetic
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mean deviation of the roughness profile (Ra) and the maximum height of the assessed profile (Rz). In both
ageing regimens, the roughness parameters were measured before the ageing and after 500 ageing hours.

Measuring of contact angle

The surface treated specimens were wetted with two liquids — diiodomethane (apolar) and redistilled
water (polar-apolar). Equally as the roughness measuring, the surface wetting was also measured twice:
prior the starting and after the finishing of the ageing process. We used a goniometer Kriiss DSA30 Standard
with an accessorial software DSA3 for drop shape analysis. The drop was applied in a volume of 0.0018 ml.
Then, a camera scanned the drop’s shape parallel to the grain, for 60 seconds.

Determining of surface energy

The surface free energy of surface treated wood y, was calculated using the adjusted equation by [15].
The surface free energy of surface treated wood was determined separately for wetting with water and for
wetting with diiodomethane.

The disperse and polar components of the surface free energy y,* and y,> were calculated according to
[16], based on contact angle values and based on the acknowledged values of disperse and polar component
of surface free energy y, ¢ and y,". The final surface energy values were calculated according to [17]. The
results of surface free energy obtained in this way were compared with the results obtained by methods
described in [18, 19].

Results and Discussion

Coating thickness

The average thickness values for the particular coating layers, the total thickness of the applied coating
system, together with other relevant statistical characteristics are in Tab. 2. The coating system thickness
ranged from 50 to 60 pm, without significant changes associated with ageing. The varnish neither got
thinner nor separated from the wood substrate. Moderate differences among the measured values could be
due to the varying lacquer thickness on the different veneer specimens. The age-related role of the coating
thickness has not been identified unequivocally.

For surface treatment of dimensionally unstable wood products, there should be used thin-
layered systems (20—-30 pm), exclusively. In the case of more stable product, the medium-layered
(30—60 pum) systems are viable, too.

Tab. 2: Coating thickness on specimens intended for wet and dry ageing mode

lZz;ircascttttriissttiicci;l Layer 1 Layer 2 Total thickness
Average [pum] 25 33 58
Standart deviation [um] 3.8 3.5 5.6
Measuring set size 90 90 162

Colour and gloss change

The influence of ageing on colour change of veneers treated with several colour hues was evaluated
with the aid of two-way analysis of variance. There has been confirmed that all the rwo factors tested
(ageing time, hue applied in surface treatment) were significant through inducing changes to the colour
space expressed by the coordinates L*, a*, b*. Significant influence of interactions among these factors has
been confirmed, too. The values of colour coordinates L* a* b* measured on wood surface treated with
coatings of nine colour hues and ageing in wet mode are listed in Fig. 1.

The coordinate L* values decreased with the ageing time, which means that the specimens darkened
gradually. Tis was especially typical for light-coloured coating systems (pine, natural, teak, oak) — Fig. 1a.
The coordinate a*, particularly in lighter-hued specimens imitating pine, teak and mahogany decreased
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moderately with time, shifting towards to green. Contrarily, in the case of oak, this coordinate increased
(Fig. 1b). The coordinate b * moderately decreased for all hues, shifting towards blue. Figure 1¢ manifests
that b* decrease was steeper in case of pine, natural tree of heaven, oak and teak hue (Fig. 1c). Ebony and
dark walnut did not manifest observable changes.

Fig.e 1: Influence of accelerated ageing associated with rain simulation on the colour space coordi-
nate values L*, a*, b* and on the total colour difference AE

a) b)
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The total colour difference change induced by accelerated ageing is in Fig. 1d. The figure gives
evidence that the light-coloured hues had lower success in their colour stability. In the case of the hue
,pine®, the highest degree of the six-degree scale for expressing the discolouration extent according to [20]
was attained as early as after 50 hours. With progressing ageing, this change was growing continually up to
the end of the ageing process. In the case of several other colour hues (natural tree of heaven, oak, teak), the
total colour difference AE values after finishing the ageing process were between the degrees five and six.
This means that the colour change was substantial, up to a completely new colour. The remaining five dark
hues at the end of the ageing process exhibited the total difference AE values corresponding to the degree
three of the comparison scale (colour change detectible with a high-quality filter). The discolouration
attained after ending the whole ageing process (500 hours) for particular colour hues is in Fig. 2.
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Fig. 2: Colour hues used in the specimen surface treatment, before and after the accelerated
a geing process
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Qualitatively similar results for spruce wood treated with various hues can be found in [21]. The
major ageing-induced colour changes were observed after 50—100 hours, which well corresponds to [5].
The results confirmed that the coating system modification with nano-particles on inorganic base was an
effective protection against UV radiation; and, according to [5, 22], this modification has better results than
modifications on organic base.

500 hours

In general, the tested specimens maintained their original gloss. After the ending of the accelerated
ageing process (500 hours), the tested coating systems were found somewhat matter. Nevertheless, the
gloss degree was within the range ,,semi glodss” [23] equally before and after ageing. OLLSON et al. [8]
suggest that this minuscule gloss change reflects a very moderate coating degradation.

Coating system roughness

The morphology of wood surface finished with the studied coating system was assessed through
roughness parameters Ra, Rz measured parallel and perpendicular to the grain, before and after accelerated
ageing. The results are summarised in Fig. 3. After 500 h ageing, there was observed an increasing trend in
roughness. The increase was most conspicuous in case of parameter Ra perpendicular to the grain. At the
same time, there increased variability of roughness parameters values parallel to the grain (Fig. 3).

KUDELA and THRACKY [4] show that under the same ageing conditions, wood roughness in
untreated wood significantly increases. This means that the relevant surface treatment was high resistant
against degradation effects induced by UV radiation and water in their mutual interaction. Simultaneously,
the surface treatment protected the wood surface against these degradation effects. In our case, the
roughness variability was not as obvious as reported by van den BLUCKE [24] who investigated roughness
parameters variability in five surface treatment types subject to 200 ageing cycles.
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Fig. 3: Accelerated ageing effects on roughness parameters

@

Parallel to the grain Perpendicular 190 | Parallel to the grain Perpendicular

12 to the arain to the arain
g ER: @
2 8 2
T 4 & 40

! L=

0 500 0 500 0 500 0 500
Accelerated ageing time (hours) Accelerated ageing time (hours)

Contact angle

The specimens surface treated with the coating system tested was found resistant against water, which
is evident from the contact angle values beyond 90°. Consequently, the coating system guaranteed effective
protection for wood surface against water during ageing. The average contact angle values O and O (at

the moment of application and after 60 seconds of wetting) together with other statistical characteristics
are in Tab. 3.

The results show that during wetting with water, the contact angle values exceeded 90° during the
whole wetting process. This ascertains the high resistance of the surface treatment against water. After
500 accelerated ageing hours, the contact angle values ranged within 80°-85°. Enhanced wetting may be
supposed due to micro-fissures propagating from the substrate into the coating, as the result of transverse
buckling of the veneers. The coating, as such, however, maintained water-resistant even after the ageing.

Tab. 3. Basic statistical characteristics of the contact angle values at the moment of application
— 0, and after 60 s water-wetting process — @, in surface treated wood before and after accelerated
ageing

Water Diiodomethane

Basic
statistical
charac. | Before After Before After Before After Before After
ageing ageing ageing ageing ageing ageing ageing ageing

Contact angle 6, Contact angle 9 Contact angle 9, Contact angle 9,

x(°) 93.9 84.8 91.6 80.9 68.2 59.4 63.6 58.7
s (°) 1.8 4.8 1.8 52 3.0 3.0 2.9 3.0
n 36 36 36 36 36 36 36 36

Wood wetting with the test apolar liquid (diiodomethane) was more conspicuous than with water,
compelled by interactions among unsaturated apolar forces occurring during the initial phase of the wetting
process, mostly immediately after the first contact between diiodomethane and the substrate [17]. The
average contact angle values ranged from 63° to 68°. After 500 h ageing, the diiodomethane contact angle
values showed decrease analogically to the water contact angle values (Tab. 3).

Qualitatively similar values were obtained by [5]. These authors investigated the accelerated ageing
effects on water-wetting of pine wood surface treated with two types of acrylate coats. SAHA et al. [6]
investigated pine thermo-wood coated with polyurethane-acrylate coat containing CeO, nanoparticles. The
contact angle values obtained by these authors after artificial ageing were higher than the original ones,
however, in all cases significantly lower than 90°.

The wetting of surface-treated wood is modified due to wood surface degradation caused by ageing

[5, 6]. In our case, the contact angle changes were small, which provides evidence for minimum degradation
of the coating tested.
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Tab. 4: Surface free energy y, and its compponents y.* and y.? for solid coating before and after
accelerated ageing

Before ageing After 500 ageing hours
2 » a » Determined
s s s s ’s ’s according to
[mJ.m?]
26.70 2391 2.79 33.82 28.95 4.87 [17]
26.3 23.90 2.40 34.40 28.90 5.50 [18,19]

The surface free energy values of the lacquer were very low, corresponding to the surface free energy
of coating materials in liquid phase [25, 26]. Namely these low surface free energy values backed up the
reduced wetting of the coating applied.

Conclusion

Having considered the accelerated-ageing-induced effects, simulating outdoor conditions, on
properties of specimens surface treated with the tested coating system, we may derive the following
conclusions.

The colour changes provided evidence that the coating system used was appropriately resistant against
photo-degradation. During the ageing, certain colour changes were visible primarily in light-coloured
specimens. These changes, however, were hardly visible in darker speecimens.

Darker hues showed better colour stability compared to the lighter ones. The former, containing
more micronized pigments, iron oxides, were more effective in protecting the wood surface against the
UV-induced effects.

The ageing induced moderate increase in roughness, enhancing, in such a way, variability in roughness
parameters. In all cases, the higher roughness parameters were recorded perpendicular to the grain.

The experimental results of wetting of surface-treated specimens with specific liquids have confirmed
that the tested coating system was resistant against water. This ensured effective protection for wood
surface against water impact during ageing, and the overall stability of the system wood solid-coating was
well preserved.
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Introduction
This work evaluates the influence of accelerated ageing on particular visual properties of spruce wood
coated with a colourless polyurethane lacquer recommended for the surface treatment of wood products
intended for use in indoor conditions. During a 500 hour accelerated ageing process, there were
inspected colour and gloss changes on surface treated native spruce wood and in spruce wood pre-treated
with a pigmented stain At the same time, there was examined the protective capacity of the UV absorber
admixed into the coating material. The experimental results suggest that in all the cases, the accelerated
ageing significantly contributed to the photo-degradation of the surface treated spruce wood. The tested
surface treatment modes differed in their capacity to protect the wood surface against photo-degradation
in indoor conditions. The lowest colour stability was observed in the case of surface treatment with
the original polyurethane lacquer without any purpose oriented protective cures against UV radiation
impacts. Admixed UV-protective substance and pigment stain significantly retarded the photo-degradation
of the surface treated spruce wood nevertheless, this protection was not absolute.

Key words
Spruce wood, surface treatment, polyurethane lacquers, UV absorber , colour stability, gloss.

Introduction

The surface layers of wood exposed to outdoor conditions are progressively degraded due to the
impacts of different radiations, moisture, heat and pollutants acting in mutual interactions [1]. One of
the ways how to protect the wood surface against external influences is surface treatment (ST) with
appropriate coating materials. The exterior environment may exert substantial negative impacts on the
surface treatment quality itself. The first symptoms of degradation of wood surface treated with coating
materials are observable on the surface treatment quality, primarily on the changes in the visual properties
such as colour and gloss [1-3].

The current research on ageing on wood surface treated with coating materials is focused on the
improvement of the colour stability of the wood-coating system. This measure consists of purpose-oriented
modification of the substrate as well as of the coating material with nanoparticles, bothorganic as well as
inorganic [3—7]. The primary interest of these authors concerns outdoor conditions, however, conditions in
the interior are relevant, too [8, 9]. The UV radiation in interior is not such intensive than in exterior, but its
effects cannot be neglected. The ST quality in manufacturing indoor furniture and musical instruments is
required to meet the most severe criteria. In this context, it is also necessary to assess the colour stability for
the specific ST modes used for surface treatment in furniture intended for indoor use [8, 9].

The primary aim of this work was to evaluate the UV radiation impacts during accelerated ageing
process simulating indoor conditions on changes in visual properties (colour and gloss) in spruce wood
coated with a colourless polyurethane lacquer with purpose-oriented protection against UV radiation. There
was also inspected the alterations in outlook properties of spruce wood pre-treated with a pigment stain.
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Material and Methods

The experiment was carried out on spruce wood specimens sized 100 x 50 x 10 mm (length x width
x thickness). The specimens were divided into four groups, by five in each. The first group was treated
with a two-component colourless polyurethane lacquer (PUR in the following text). This lacquer, used
for surface treatment of indoor furniture, exhibits a good mechanical and chemical resistance. The second
group was surface treated with the same lacquer, however, with and added benzotriazole UV radiation
absorber (PUR*). The other two groups were first surface-treated with a pigment stain, then one group was
finished with PUR, the other with PUR*. Approximately one third of the irradiated area in each specimen
was covered with aluminium foil (Fig. 1), which enabled to assess the discolouration after finishing the
ageing process.

Fig. 1: Surface-treated specimens in the xenotest box

The specimens with surface treated in this way were exposed to accelerated ageing in a xenotest
Q-SUN Xe-3-HS. The regimen used simulated the outdoor conditions when the material is exposed to
radiation but protected from rain (Tab. 1). The indoor conditions were provided with Q-window Filters
simulating the light in interior supplied by the day light from the exterior. Table 1 illustrates the accelerated
ageing cycle consisting of two steps, with a total performance time of 120 minutes.

In accordance with the standard [10], the radiation intensity was set to 0.35 W-m at the wave length
of 2 = 340 nm. These values correspond to the average radiation intensity for the temperate zone. The
temperature chequed on a black panel reflects the maximum temperature value on the surface. The set air
temperature accelerates the modification of surface properties. The colour changes were inspected after 50,
100, 200, 300, 400 and 500 hours. On each specimen, the colour was measured at ten spots, so the total
number of measurements for each surface ST mode was 50.

Tab. 1: The ageing parameters set according to the Standard [10]

Radiation Black panel Air Relative air Time
Step Mode intensity temperature | temperature humidity [min.]
[W/m?] [°C] [°C] [%] )
1 Radiation 0.35 63 48 30 102
5 Radiation- _ _ 18 N 13
free

The colour space coordinates CIE L*a*b* were measured on all specimens, before the ageing and
during the ageing process. The measuring equipment was a spectro-photometer Spectro-guide 45/0 gloss
manufactured by BYK — GARDNER GmvH. The discolouration extent was expressed through the total
colour difference DE, calculated according to the equation

AE = (AL, +Aa,+Ab,) M
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The gloss of coated surfaces was measured with a gloss-meter micro-TRI-gloss by BYK — GARDNER
GmvH, under angles of 20°, 60° and 85°. The gloss evaluation was pursued following the Standard [11].
The number of gloss value measurements for each ST type was 30.

Results and Discussion

The three-way variance analysis confirmed that all the three factors investigated (ageing time, coating
material type, surface pre-treatment) and their interactions had significant effects on changes in the colour
coordinates L* a* b* and the total colour difference AE.

The colour measurement results also confirmed that the applied polyurethane lacquer was not perfectly
colourless. This lacquer, applied onto the surface of native spruce wood (without preliminary treatment),
shifted the original wood surface colour to yellowish. Nevertheless, this alteration is not substantial from
the viewpoint of the final user, as the spruce wood colour variability follows primarily from the variable
structure and texture as well as the variable proportions of early and late wood

The lightness of unstained spruce wood finished with the lacquers PUR and PUR* decreased in both
cases with progressing ageing (Fig. 2a). Fig. 2a shows that more distinct lightness variation was obtained
in the case of the polyurethane lacquer without UV absorber.

The coordinate a* values in the wood surface treated with the PUR lacquer increased with time up to
the end of the experiment. This means that the coordinate ¢* was shifting moderately towards red. In the
case of PUR*, the a* values moderately decreased in the initial phases of ageing, then followed an increase,
but less steep compared to the PUR lacquer (Fig. 2b). Qualitatively similar course was also observed
for the b* coordinate, with the values shifting to yellow with progressing time (Fig. 2c). Again, more
distinct change was detected in the case of the polyurethane lacquer without UV absorber. As the result of
these colour coordinates changes, the surfaces covered with coating materials were getting more and more
saturated, with a darker yellow-brown hue compared to the referential specimens (Fig. 3). The changes in
the colour coordinates L* a* b* were also responded by the total colour difference AE (Fig. 2d). In the
case of the ST with the lacquer PUR, the value of 12 was attained as early as after 100 ageing hours, which,
according to the six-degree scale reported in [12] means the degree six corresponding to the complete new
colour compared to the original.

Fig. 2: Impact of UV radiation time in accelerated ageing process on colour coordinates
L*, a*, b* and on total colour difference AE
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In the case of spruce specimens with the surface treated with the lacquers PUR and PUR*, applied after
the pre-treatment with the pigment stain, the changes in the colour coordinates L*, a* b* were qualitative
different from the unstained surface. Fig. 2a shows that the lightness in the stained surfaces, both finished
with the lacquers PUR and PUR*, increased with increasing ageing time, with the steeper increase observed
in the case of the PUR lacquer without UV absorber. The a* values were decreasing. The difference in this
coordinate was the highest between the polyurethane lacquer without UV absorber and the lacquer with
absorber (Fig. 2b). The b* values were increasing (Fig. 2¢). These changes in colour coordinates induce
on one hand the changes in the original colour hue, with lowering the saturation, which means that the
specimens became insipid. The associated total colour difference variation is illustrated in Fig. 2d. In the
case of the lacquer PUR, the total colour difference reached the degree six after 400 ageing hour, which is
much more than in the case of the unstained surface. As for the PUR* lacquer, even 500 ageing hours were
not enough to attain the degree four (colour change visible with using a filter of medium quality).

Fig. 3: Colour of spruce wood surface coated with polyurethane lacquers PUR and PUR* before
and after radiation in accelerated ageing process

Surface PUR | PUR* PUR
Original

After 500
radiation
hours

Comparing these results with the unstained surface, we may conclude that the pigments added into
the finish lacquer had significant inhibiting effect onto the surface colour change in the stained surface. The
positive effect of pigments has also been documented by [13, 14].

In both cases, the protective agent admixed into the polyurethane lacquer significantly inhibited the
photo-degradation by the UV radiation, nevertheless, this inhibition was not complete. The colour changes
of surface treated spruce wood may first of all be the results of the wood surface photo-degradation on its
own, as has also been confirmed in [10] and of the fact that the photo-degradation of different wood species
coated with the same lacquer exhibited differences related to the species [8]. The role of the species is
important. The colour changes in surface treated beech wood were more pronounced compared to spruce,
in the case of oak wood, the reverse was observed. The results suggest that the light-coloured wood species
respond to UV radiation more sensitively. Slower photo-degradation of oak wood may be supposed due
to presence of extractives, with qualities and quantities different from spruce wood. The important role of
extractives has been pointed to at [15, 16].

The gloss variation during ageing is illustrated in Fig. 4. Despite differences in the gloss grade between
the particular surface treatment types, all the values measured under the three measuring angles were within
the category of matt surface treatment delineated by the standard [11]. For this reason, the Fig. 4 presents
only the values measured under the angle of 85°. A very moderate decrease in gloss was observed after 50
ageing hours, thereafter, the trend did not change substantially any more. As the gloss change according to
[2] is caused exclusively by the coating degradation, we may conclude that in our case, this degradation was
found negligible even after 500 ageing hours.
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Fig. 4: Gloss change during accelerated ageing, measuring angle 85°
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Conclusions
The results obtained and their analysis allow us to draw the following conclusions:

In all the cases, the UV radiation in indoor conditions had negative impacts on the colour stability of
the surface treated spruce wood.

The surfaces coated with the colourless transparent polyurethane lacquer, both stained and unstained,
exhibited significant colour changes after 500 hours of UV radiation acting during the accelerated ageing
process. The surfaces without pre-treatment turned darker and yellowish, the surfaces treated with the
pigment attained lighter hue compared to original.

The UV absorber supplied into the solvent-based lacquer decelerated the whole ageing process
significantly, nevertheless, the original colour had not been preserved completely. The pigment stain had
positive effects on the photo-degradation process.

In all the cases, the tested surface treatments retained almost perfectly their original gloss.

Acknowledgment: This work was supported by the Slovak Research and Development Agency under
the contract No. APVV-16-0177.
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ZINKOVE BARVY V PRAXI
ZINC COATINGS IN PRACTICE

SIGMUND J.
Korozni inzenyr, Sadova 968, 768 24 Hulin, vejasi@seznam.cz

Souhrn - Summary
Zinkové barvy behem jiz vice nez stoletého vyvoje dosdahly rozmanitych viastnosti i praktického vyuZiti.
Kombinace riiznych velikosti a tvarii zinkovych castic s riiznymi organickymi i anorganickymi pojivy
prinesly rozsahlou radu natéri jedno i vice vrstvych pro pouziti v ochrannych nebo funkcnich systémech,
uplatijicich se na ocelové vyrobky a konstrukce. Prispévek predklada prehled hlavnich pouziti zinkovych
barev v jednovrstvych a vicevrstvych povlacich a systémech.

Jednovrstvé natéry — mezioperacni a transportni natéry, svaritelné dilenské zaklady, kontaktni plochy
Sroubovanych trecich spojii, plochy ve styku s betonem u sprahovanych ocelobetonovych konstrukci,
povrchy v ponoru v morské vode, povrchy pod tepelnymi izolacemi.

Vicevrstvé natéroveé systémy — pro vystaveni tézké atmosférické korozi, do ponoru ve vodach podzemnich,
povrchovych i morskych, do rady energetickych, chemickych nebo biologickych prostredi, pro vystaveni
vysokym teplotam, pro vystaveni korozi v piidé, pro specialni certifikované systémy.

Kli¢ova slova - Key words
Zinkov¢ Castice angularni a lamelarni, zinkové nanocastice, pojiva epoxidova, epoxyesterova, polyureta-
nova, silikatova a silikonova, povlaky funkéni, povlakové systémy ochranné, zkouseni a certifikaty.

Uvod
zity v Hamburku ve své u¢ebnici Anorganicka chemie, jejiz prvni vydani pochazi z roku 1931. Za tuto dobu
prosly vyvojem, kdy byly formulovany a ovéfovany barvy na bazi riznych velikosti a tvart zinkovych
¢astic s riznymi organickymi i anorganickymi pojivy. Vystupem takového vyvoje se z nich staly rozmanité
produkty, pouzivané pro rizné technické a technologické ucely. O nich bude tento piispévek.

Jednovrstvé natéry - barvy pro svaritelné dilenské zakladni natérové hmoty

Jsou to zinkové barvy na bazi rychle vysychajicich / vytvrzujicich pojiv, obvykle epoxidovych nebo
silikatovych. Pouziti pfevazné v automaticky pracujicich linkach na upravu zakladniho materialu (ocelové
plechy, profilové tyce a dalsi) s tryskacim strojem, stiikaci kabinou, vysouSeci komorou a pribéznymi
dopravniky, obvyklé tloustky natéru 15 az 30 um, rychlost zasychéani / vytvrzovani do stavu k manipulaci
a stohovani do 10 az 15 minut. Blizsi Gdaje viz ISO 12944-5, piiloha F.

Tyto barvy jsou aktualni zejména v prumyslu lod’aiském, do ostatnich obori (ocelové konstrukce
apod.) pfili§ nepronikly. Tato technologie je v lod’aiském primyslu pod ostrym dohledem pojistovacich
spoleénosti. Ty si u vyrobcu lodi, pokud tuto dilenskou ochranu materialti pouzivaji, vynucuji jednak ové-
feni technologie zejména svafovani piisnymi zkouskami (vystupem zkouseni je certifikat), jednak pravi-
delnou dozorovou ¢innost pii vyrobé.

Natéry svafitelnymi zakladnimi barvami, pokud nejsou v priibéhu vyrobniho procesu piili§ posko-
zeny, mohou po o€isténi zistat jako soucast celého natérového systému, avsak jejich tloustka se do naté-
ru nezapocitava. Interval pro pielakovani je u nich obvykle neomezeny, pokud by pfesto bylo nebezpeci
jakychkoliv potizi, voli se jejich odstranéni. V piipadé vétsiho rozsahu poskozeni byvaji odstrafiovany,
obvykle otryskanim.

Jednovrstvé natéry — mezioperacni a transportni natéry

Pokud jde o ptepravni a meziopera¢ni natéry otryskaného zakladniho materialu nebo rozpracovanych
dilenskych polozek, plati to, co je uvedeno u barev pro svafitelné dilenské zakladni natérové hmoty. Ugin-
nost ochrany proti korozi u takového natéru v béznych podminkach se pocita asi ptl roku, pokud je vsak
skladovan v chranéném prostiedi, mize byt pfimétené delsi.

34



XIl. CONFERENCE ON PIGMENTS AND BINDERS « 03/11/2020

Pokud jde o pfepravni a skladovaci natér hotovych vyrobkt, muze byt tloustka natéru povysena az
ke 40 pm, a to podle podminek pii preprave, skladovani a montazi. Pokud je pouzita lodni pteprava pies
oceany, nelze pocitat s ucinnosti ochrany proti korozi delsi, nez jsou 4 az 6 mésici. Takto jsou opatfovany
natéry zejména soucasti potrubi, plynovych zasobniki, kotll, nadrzi atd. Kone¢né upravy po ukonceni
montaze mohou byt rizné — zadné pro vyrobky, které budou opatieny tepelnymi izolacemi nebo vystaveny
vysokym teplotam, mohou byt vypaleny, mohou byt opatieny dal$imi natéry (silikonovymi pro vysoké
teploty, akrylatovymi, epoxidovymi nebo polyuretanovymi pro vystaveni ve vnitinich nebo venkovnich
podminkach).

Pokud budou transportni natéry pozdgji opatiovany vrchnimi natéry, je nutné u epoxidovych barev
zohlednit omezeny interval pro prelakovani natéru. U silikatovych barev obecné je interval pro pielakovani
neomezeny.

Jednovrstvé natéry — kontaktni plochy Sroubovanych tfecich spoji

Sroubované tieci spoje jsou pouzivany zejména u t&zkych ocelovych konstrukci a mostii. Nosné sily
mezi spojovanymi soucastmi jsou zprostiedkovany tienim mezi specialné upravenymi styénymi plochami
kontrolovanym utazenim specialnich vysokopevnostnich sroubt, a dosahuji vyssich hodnot, nez je u béz-
nych Sroubovanych spoji. Moderni Giprava styénych ploch je zaloZena na zhotoveni specialniho natéru na
peclivé otryskanych styénych plochach. Jako natéry jsou v Evropé pouzivany pievazné zinkové barvy se
silikatovym anorganickym nebo organickym pojivem, ve Spojenych statech vSak byly ovéteny i zinkové
barvy na bazi epoxidovych nebo polyuretanovych pojiv.

Aby projektant mohl na ocelové konstrukci pouzit Sroubované tieci spoje, musi znat zaru¢ené hod-
noty soucinitele tfeni, piipadné i deformace prokluzu. To znamena, ze musi byt provedeno zkouseni na
zkusebnich t&lesech, napi. podle EN 1090-2 Pfiloha G (normativni) Stanoveni souéinitele tieni (v CR také
CSN 73 1495 Sroubové tieci spoje ocelovych konstrukei).

Zkouska je piisna, provadi se na predepsanych zkusebnich télesech, a jeji podminkou je dodrzeni
v§ech parametru tieciho spoje, to znamena tvar a velikost sty¢né plochy, provedeni a iprava otvort pro
spojovaci Srouby, pouzity specialni spojovaci material (Srouby, matice, podlozky) véetné piedepsaného
utahovaciho momentu, vyrovnani a otryskani styénych ploch, barva pro zhotoveni tfeciho povlaku véetné
zpusobu naneseni a vytvrzeni, tolerance ptipustné tloustky, zaruka konstantnich vlastnosti barvy. Nedodr-
zeni pozadavku je nepfipustné, rizikem je destrukce ocelové konstrukce. Vystupem zkouseni je certifikat.

Pro informaci — kvalitni zinkové barvy, formulované pro toto pouziti, vykazuji koeficient tieni p
v hodnotach 0,5 az 0,7 a prokluz okolo 0,1 mm.

Jednovrstvé natéry — kontaktni plochy u spirahovanych ocelobetonovych konstrukei

V soucasné dob¢ jsou sprahované ocelobetonové konstrukce oblibené zejména u projekti silni¢nich
nebo zelezni¢nich mostu, ale i lavek pro pési a podobné. Vyhodou je zjednoduseni a zlevnéni stavby,
a rovnéz zvyseni Gnosnosti stavebnich dilci. Technologie spiazeni oceli s betonem je realizovana obvykle
pomoci sprahovacich trni pfivafenych k ocelovému podkladu, ktery je posléze zalit betonovou smési.
Tento ocelovy podklad byva obvykle otryskan a opatfen natérem zinkovou epoxidovou barvou ve tloust'ce
okolo 50 um. Nosné sily mezi oceli a betonem jsou pienaSeny spiahovacimi trny.

Zde je nutné vysvétleni. Thned po zaliti natfené plochy betonovou smési cementové mléko rozpousti
v barve zinek, jeho ioty reaguji se silikaty a zabuduji se do vytvrzeného betonu. Soucasné uvolnéné struk-
tury v organicke siti barvy se zaplni vytvrzovanym betonem a vytvoii tésné pfilnavou vrstvu na ocelovém
povrchu. Ochranu ocelového povrchu proti korozi pfevezme alkalické prostiedi vytvrzeného betonu.

Jednovrstvé natéry — povrchy v ponoru v moi'ské vodé

Ocelové objekty, ulozené v moiské vode, pokud u nich neni ptedpokladana velmi vysoka zivotnost,
byvaji Casto opatiovany proti korozi tlustym jednovrstvym natérem barvy zinkové silikatové. Obvyklym
pozadavkem na piipravu podkladu je otryskani ostrohrannym abrazivem na vysokou ¢istotu Sa3 a hruby
kotvici profil. Pfedepisovana tloustka byva 100 az 125 pm, coz je blizko horni kritické tloustky natéru, nad
niz nastava riziko bahenniho praskani natéru, vyzaduje to proto precizni praci zhotovitele natéru.
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Pro vysvétleni — moiska voda vzdy obsahuje ve stopovych mnozstvich fadu organickych i anorganic-
kych latek, které dovedou natér zinkovou silikatovou barvou utésnit, takze vykazuje vysokou a dlouhou
odolnost proti korozi. Bohuzel, pro vody podzemni a povrchové to neplati.

Jednovrstvé natéry — povrchy pod tepelnymi izolacemi

Ocelové objekty tepelné izolované, jako jsou kotle, vymeéniky, potrubi a armatury, jsou béhem provozu
chranény proti korozi tim, ze jejich povrchy jsou vysuSeny. Ochrana proti korozi ziskava na vyznamu
v okamziku, kdy je jejich provoz prerusen (letni odstavky z provozu, planované odstavky a revize, udrz-
barské prace atd.). Tepelné izolace jsou Casto nasakavé a pii odstavce z provozu z nich prechazi vlhkost
na ocelové povrchy, které bez ptiméfené ochrany budou korodovat. Vhodnou ochranou proti korozi jsou
jednovrstvé zinkové silikatové natéry ve tloust'ce okolo 50 um.

Pro tyto natéry plati totéz, co je uvedeno u mezioperacnich a transportnich natéra.

Jednovrstvé natéry — spreje pro opravu nekvalitné provedeného Zarového zinku

Toto jsou barvy na bazi specialnich jednoslozkovych vysychavych pojiv, plnéné zinkovym prachem
a specialnimi sklenénymi vlockami. Nastfiky dosahuji nizkych tlousték okolo 20 pm, a spise slouzi pro
zamaskovani povrchovych vad zarové pozinkovanych vyrobki v tavening pii inspekcich a prejimkach. Jak
se v ¢ase na povétrnosti povrch zinku vyviji, takto upravené povrchy stale vice vystupuji jako skvrny. Pod
kombinované (duplexni) natéry se piili§ nehodi.

Vicevrstvé natérové systémy — pro vystaveni atmosférické korozi

Je zde cela fada variantnich feseni, souhrnné jsou pfedmétem normy EN ISO 12944-5, a podle korozni
agresivity prostiedi uvedeny v tabulkach B.2 a C.1 az C.5. Dalsi typy natérovych systémi maji ve svych
dokumentech velci zakaznici, tyto jsou obvykle podminény provedenim zvlast’ predepsanych zkousek.

Pozornému ¢tenafi zcela ur€ité neunikne, ze tabulky uvadéji jako rovnocenné ochranné natérové sys-
témy jak se zakladnimi barvami zinkovymi, tak se zakladnimi barvami, které zinek neobsahuji. Vysvétleni
spo¢iva v tom, Ze hlavni ochrannou funkci je bariérova ochrana celym natérovym systémem. Skutecna
aktivni ochrana zinkové barvy proti korozi je kratkodoba, pfi ni se zinek rozpousti, vycerpava, ale vrstvu
zakladni barvy utésnuje, ¢imz ji méni na ochrannou bariéru.

Dovoluji si upozornit, ze zminéné utésiiovani probihd pouze v prostiedich, ktera neobsahuji latky,
které by rozpustény zinek prevadély do roztoku a odplavovaly, sem patii mnohé kyseliny, alkalie a latky
prevadéjici zinek do rozpustného komplexu (amoniak, huminové kyseliny a dalsi). V takovych prostiedich
nelze zinkové barvy pouzivat.

Naopak, vyhodu poskytuji zinkové zakladni barvy v takovych natérovych systémech, které mohou byt
vystaveny mechanickému poskozeni (otloukani kameny, Skrabanim, narazy atd.), ponévadz maji schopnost
vyznamn¢ zpomalit podkorodovéani natérového systému v poskozenych mistech.

Uvedené tabulky v normé nezahrnuji zinkové barvy na bazi epoxyesterovych pojiv, které byly diive
Casto pouzivany, tyto 1ze s omezenim pfifadit k barvam alkydovym.

Vicevrstvé natérové systémy — do ponoru ve vodé, pro uloZeni v pudé

Také zde je cela fada variantnich feSeni, souhrnné jsou rovnéz predmétem normy EN ISO 12944-5,
a jsou uvedeny v tabulkach B.5 a C.6. Rovnéz zde tabulky uvadéji jako rovnocenné ochranné natérové
systémy jak se zakladnimi barvami zinkovymi, tak se zakladnimi barvami, které zinek neobsahuji. Vysveét-
leni je shodné jako v predchozim ptipadé vystaveni atmosférické korozi. Shodna jsou rovnéz tam uvedena
omezeni.

Tady upozoriiuji na skuteCnost, ze na ocelovych objektech, které jsou umistény na vodnich tocich
a byvaji vystaveny silnym mechanickym uéinkiim (narazy, odirani, turbulence, kavitace atd.), jako jsou
vodni elektrarny, jezy, ptistavni zafizeni, zdymadla, kanalové mosty apod., Casto natérové systémy se zin-
kovymi barvami selhavaji, ponévadz pti vysokém obsahu zinku v barvé nelze zajistit jejich vysokou ko-
hezni pevnost. Poskozené natéry se pak loupou koheznim lomem ve vrstvé zinkového zakladniho natéru.
Také zde maji velci zakaznici dalsi typy natérovych systémt, obvykle podminénych provedenim zvlast
predepsanych zkousek.
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Vicevrstvé natérové systémy — do chemickych nebo biologickych prostitedi

Tak, jak lze definovat témér bezpocet prostiedi, vyznacujicich se chemickymi nebo biologickymi
ucinky, tak lze definovat rovnéz mnozstvi natérovych systém, které jsou do takovych prostiedi predepiso-
vény. Casto jsou podmifiovany velmi piisnymi zkouskami — pro zem&délstvi a potravinaisky pramysl, pro
prepravu a skladovani pitné vody a potravin, pro specialni chemické a farmaceutické provozy, pro tézbu
ropy a ropny priamysl, pro jadernou energetiku, a dalsi.

Pouziti zinkovych barev je v mnoha piipadech vylouceno z divodi zabranéni znecisténi a znehod-
noceni potravin, pitné vody, krmiv a 1é¢iv, z divodi mozné kontaminace chemickych vyrobku a ptipravku
zinkem, dale z divodi nedostate¢né odolnosti zinku v prostiedich kyselych, alkalickych, pfevadéjicich zi-
nek do rozpustného komplexu atd. Nehodi se do prostiedi, ktera se vyznacuji silnymi mechanickymi uéinky
otloukanim nebo obrusem, napf. zasobniky a sila tuhych materialti, potrubi pro prepravu kapalin a plynt
obsahujicich tuhé ¢astice, dopravni systémy u t&zby stavebnich hmot, rud a dalsich materiald.

Vicevrstvé natérové systémy — pro vystaveni vysokym teplotam

Plati pro zafizeni v horkych provozech zZelezaren a ocelaren, reaktory a spojovaci potrubi v chemic-
kych provozech a rafineriich, kotle, tepelné vymeéniky a potrubi v elektrarnach a teplarnach, a dalsi. Zde
se velmi Gspésné uplatiiuji zinkové silikatové natéry, s jejichz odolnosti 1ze pocitat az do asi 450 °C, tedy
prakticky do teploty taveni zinku. Oproti silikonovym barvam nevyzaduji vypalovani, ale Ize je doplnit pro
zlepSeni vzhledu vrchnimi silikonovymi néatéry.

Zajimavy je pohled na pouziti zinkovych silikatovych natérti v rafineriich ropy. Nebezpe¢i pozara
v téchto zafizenich je vysoké, a pokud pozar nastane, zinkovy silikatovy natér to sice vypali, ale kiemicita
kostra natéru zlstava a po hrubém ocisténi je ji mozné piimo piekryt novym natérem.

Dalsi informace jsou uvedeny v ¢asti jednovrstvé natéry — povrchy pod tepelnymi izolacemi.

Vicevrstvé natérové systémy — pro specialni certifikované systémy

Stru¢né byly ¢asteéné zminény jiz v pfedchazejicich ¢astech piispévku. Jde o systémy protikorozni
ochrany a systémy s definovanymi jinymi funkénimi pozadavky, které jsou stanoveny specialnimi normami
nebo technickymi podminkami mezinarodnich organt (jaderna energetika, tézba ropy a plynu v mofi, vyro-
ba vojenské techniky apod.), statni legislativy (silnice a dalnice, Zelezni¢ni a vodni cesty apod.) a velkych
korporaci a firem (automobilky, lodénice, elektrarenské spolecnosti, tézba a zpracovani ropy atd.). Vzdy je
nutno poditat s provedenim zvlast’ predepsanych zkousek a certifikaci. Pohled na zinkové barvy je v téchto
ptipadech rizny, nékdy jsou upfednostiiovany, v jinych ptipadech opomijeny nebo az odmitany, hodné
zavisi na mistnich zvyklostech.

Pouzivané typy zinkovych barev

V uvedeném vyctu uplatnéni jsou zinkové barvy dosud prevazné formulovany se zinkovymi ¢asticemi
angularnimi, pfic¢emz Castéji jsou pozadavky na jejich vysoky az velmi vysoky obsah (nad KOKP). Barvy
s niz§im obsahem zinku (pod KOKP) jsou v8ak pro fadu specialnich pouziti velmi vyhodné a mnozi vyrob-
ci je nabizeji jako vyhodnou alternativu. Barvy se zinkovymi ¢asticemi lamelarnimi, pfestoze maji velmi
dobré vlastnosti, jsou malo pozadovany. Barvy se zinkovymi nano¢ésticemi jsou sice vyvinuty, avSak pies
zjevné vyhody bézného uplatnéni dosud nenalezly.

Pokud jde o pojiva pro zinkové barvy, u jednotlivych piipadt byly citovany. Pfevazné jsou pouzivana
pojiva epoxidova a silikatova, mén¢ Casto polyuretanova a epoxyesterova. Jiné typy pojiv jsou vyjimecné
a bézni vyrobci barev je témér nenabizeji.
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STUDY OF CORROSION RESISTANCE OF ZINC PIGMENTED ORGANIC
COATINGS CONTAINING OTHER TYPES OF PIGMENTS

STUDIUM KOROZNI ODOLNOSTI ZINKEM PIGMENTOVANYCH
ORGANICKYCH POVLAKU S OBSAHEM DALSICH TYPU PIGMENTU

KOHL M., KALENDOVA A.
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Summary
The aim of this research work was to study the anticorrosion effects of organic coatings containing carbo-
nised polyaniline and zinc. Carbonised polyaniline was prepared by carbonisation in an argon
atmosphere and carbonisation was carried out at 650 °C for 12 hours. Epoxy-ester resin of solvent type
was selected as a binder. Model organic coatings consisting of this resin and containing different con-
centrations of carbonised polyaniline were prepared. The organic coatings were studied at the pigment
volume concentration of the carbonised polyaniline 1 %, 5 %, 10 %, and 15 % and at the critical pigment
volume concentration of zinc dust 67 %. Corrosion resistance of the prepared organic coatings was
examined through an accelerated corrosion test in a salt spray atmosphere and electrochemical technique
linear polarisation in 1M NaCl solution.

Key words
Zinc, carbonised polyaniline, coating, corrosion.

Introduction

Organic coatings with high zinc metal content are used because of their high corrosion resistance. The
protective effect of organic coatings pigmented with zinc is based on a cathodic protection mechanism,
owing to the position of zinc in the electrochemical metal series or the difference between the potentials of
zinc and the protected metal, i.e. steel. Zinc is a common metal with a negative standard electrode potential-
-more negative than that of iron. The cathodic mechanism can play a protective role only if the zinc particle
content of the coating is adequately high, i.e. so high that the zinc particles are in mutual contact and in
contact with the steel substrate [1-3]. This condition, however, is met only during the first stage of contact
with the corrosive medium. As the protective mechanism is acting, the pores in the coating get sealed with
the zinc corrosion products, such as zinc oxides, zinc hydroxide, and basic zinc carbonates. The zinc metal
particles soon get wrapped in the zinc corrosion products, where the electric conductivity of the paint film
decreases and the cathodic protection mechanism is hindered (the cathodic protection mechanism is trans-
formed to the barrier protection mechanism). The neutralisation and filtration mechanisms are involved as
well [3-6].

For environmental and economic reasons options are looked for aiming at reducing the content of zinc
in these films [6, 7]. One of the options is using a combination of zinc with conductive polymers. Conductive
polymers were the center of attention in the last years. Conductive polymers are substances that have
a conductivity similar to semiconductors [8—11].

Such polymers owe their conductivity to the regular alternation of single and double bonds (conju-
gated double bonds) in the molecules. The presence of movable charge carriers providing charge transport
along the conjugated chain is another prerequisite for electrical conductivity [12]. It has been demonstrated
that the conductivity can also be increased by carbonisation of the conductive polymers (specifically poly-
aniline) under an inert gas (argon, nitrogen). During the first carbonisation stage, conductivity drops due to
the release of the dopant and polyaniline salt transformation to the polyaniline base. However, additional
temperature increase is accompanied by conductivity increases up to a level exceeding the initial conducti-
vity of the polyaniline salt due to the formation of cross-linked cyclic hydrocarbons [13, 14].
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Experimental part

Specification of the binder for coatings

A solvent-based epoxy—ester resin was used as the binder. The following is a description of the binder:
a 60% solution of a medium high molecular weight epoxy resin esterified with a mixture of fatty acids of
dehydrated ricin oil and soy oil, trade name WorléeDur D 46, acid number 4, viscosity of 2.5-3.0 Pas, flow
time (DIN 53211-4 200) of 250 s.

Synthesis of carbonised polyaniline

Polyaniline phosphate was prepared by oxidative polymerisation of aniline in acidic medium (diluted
phosphoric acid). Ammonium peroxodisulphate was used as an oxidant. Preparation of carbonised poly-
aniline was performed with polyaniline phosphate, which was de-doped by dispersing and stirring in 1M
NH,OH. De-doped polyaniline was subjected to carbonisation in an argon atmosphere. Carbonisation was
carried out at 650 °C for 12 hours.

Specification of the pigments

The critical pigment volume concentration (CPVC) of the spherical zinc and carbonised polyaniline
was calculated from the density determined using Gas Pycnometer AccuPyc II 1340 and from oil absorption
determined according to the Czech State Standard (CSN) 67 0531 using the ,,pestle — mortar* method.

Formulation and preparation of organic coatings

The formulation of organic coatings was made after the specification of pigments. Epoxyester resin
of solvent type was selected as a binder. Carbonised polyaniline and zinc were used as pigments. Volume
concentration of Carbonised polyaniline were 1, 5, 10, 15 % and volume concentration of zinc was 67 %.
Dispergation of the formulated organic coatings took place in a Dissolver during 40 minutes at 4000 r.p.m.
Organic coatings were applied to steel panels using an applicator with a slit. 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
100 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).

Corrosion test procedure

The organic coatings were applied to steel panels and subjected to an accelerated cyclic corrosion test
in NaCl + (NH,),SO, spray atmosphere. The exposure of the samples in a testing chamber was performed
in 12-h cycles. The samples were evaluated after 720 h of exposure. The corrosion effects after completion
of the test were evaluated ISO standards (ASTM D 1654-92, ASTM D 610-85). The method classifies the
osmotic blisters according to their size, designated by figures of 2, 4, 6, and 8 (2 denotes the largest size
and 8 the smallest size). Information on the frequency of occurrence is given. The highest occurrence of
blisters is designated as D (dense), and the others are designated as MD (medium dense), M (medium), and
F (few) [15].

Electrochemical test procedure

Furthermore, the organic coatings were subjected to the electrochemical test of linear polarisation
by using a VSP-300 multichannel potentiostat/galvanostat (Bio-Logic, France). A corrosion cell having a
three-electrode geometry with the coated sample as the working electrode (1 cm?), platinum as the counter
electrode, and a saturated calomel electrode as the reference electrode was used. The sample was submer-
ged in 1M NaCl solution and polarized across the range from —10 mV EOC™' to +10 mV EOC™' at and rate
of 0.166 mVs™". The resulting Tafel plots contained anodic and cathodic branches. All measurements were
carried out three times to check repeatability of the results.
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Results and discussion

Pigment specification

The pigments were specified and their densities and oil numbers were determined. The density of zinc
was 7.14 g.cm’® and CPVC of zinc was 67 %, while the density of carbonised polyaniline was 1.53 g.cm?
and CPVC of carbonised polyaniline was 28 %. The mean carbonised polyaniline particle size was 4.3 pm
and the mean spherical zinc particle size was slightly higher 6.1 um.

Tab. 1: Characteristics of the pigments

e Density Oil absorption CPVC Particle size
[g.cm’] [g/100g] [%] [pm]
o 7.14 6.42 67 6.1 £0.1
PANI-CAR 1.53 156.53 28 43+0.1

Accelerated corrosion tests in a salt mist atmosphere

The results of the accelerated cyclic corrosion test in NaCl + (NH,),SO, spray atmosphere are listed in
Table 2 for organic coatings containing carbonised polyaniline and spherical zinc.

Blistering of the coating with spherical zinc attained the 6MD level both on the film surface and in
an artificial cut made through the film. Where carbonised polyaniline at the volume concentration 10 %
and 15 % was present in addition, both the blister size on the surface and the blister frequency in the cut
were lower (8M) than in the preceding case. Also, corrosion in the metal base was 33 % in the absence
of carbonised polyaniline whereas it was mere 3 % if carbonised polyaniline was present in addition at
PVC, xicar = 35 10 and 15 %, respectively. Corrosion in the cut of the coating with spherical zinc was
invariably 0.6 mm while the corrosion in the cut of organic coating containing carbonised polyaniline at
PVC = 15 % and spherical zinc was only 0.2 mm.

The paints with spherical zinc and carbonised polyaniline were superior to the standard paint without

carbonised polyaniline. The highest corrosion resistance was observed with the paint containing carbonised
polyaniline at PVC = 15 %.

Tab. 2: Corrosion test results for organic coatings containing carbonised polyaniline and spherical
zinc (DFT =90 £ 10 pm)

PVC, Blistering Corrosion
[%] ) Metal base In a cut Metal base In a cut
[dg] [dg] [%] [mm]
0 6MD 6MD 33 0.6
1 6M 6M 10 0.5
5 6M 6M 3 0.5
10 SM 8M 3 0.4
15 SM 8M 3 0.2

Results of the electrochemical method of linear polarisation

The results of the electrochemical method of linear polarization are listed in Table 3 for the organic
coatings containing of carbonised polyaniline and spherical zinc.

For the coatings with spherical zinc, the polarization resistance was 8.86x108 Q and corrosion rate
was 1.05 x 10”7 mm/year. For the organic coatings containing of carbonised polyaniline at PVC = 10 % and
15 % with spherical zinc, the polarization resistance increased to 3.34 x 10° Q and 5.93 x 10° Q, respecti-
vely. The corrosion rate decreased roughly by one order of carbonised polyaniline to 2.76 x 10® mm/year
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and 1.57 x 10® mm/year, respectively. Hence, the corrosion resistance of such organic coatings is higher
than that of the reference coating containing spherical zinc.

Tab. 3: Results of the electronic measurement of linear polarization of the prepared coatings
containing carbonised polyaniline and spherical zinc in 1M NaCl, DFT = 65 + 10 mm

PVCPANI-CAR corr. corr. Rp corr.
[%] [mV] [nA] €] [mm/year]
0 —948 7.14 x 10°° 8.86 x 10° 1.05x 107
1 —945 5.67 x 10°° 1.12 x 10° 8.38 x 10°*
5 —941 3.12x10° 1.99 x 10° | 4.61 x 10
10 —937 1.87 x 10 3.34 x 10° 2.76 x 107
15 -934 1.06 x 10° | 5.93 x 10° 1.57 x 10°%
Conclusion

The objective of this work consisted of determining the optimum concentration of carbonised poly-

aniline added to the organic coatings as to reduce the zinc content while preserving the high corrosion re-
sistance. It was found that this goal could be achieved by formulation organic coating containing spherical
zinc particles and carbonised polyaniline at pigment volume concentration 15 %, when this organic coating
achieved the high corrosion resistance.
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NAHRADA KADMIOVANI NATEROVYMI SYSTEMY
NA BAZI Zn A Zn/Al MIRKOLAMEL

REPLACEMENT OF CADMIUM PLATING WITH INORGANIC COATING
SYSTEMS BASED ON Zn AND Zn/Al MICROFLAKES

STEINER V.|, MESZAROS M.!, MELICHAR J.!, BOHACEK J 2
1 SVUMa.s., 2 NACE Global s.r.o.

Summary
Electrolytically deposited cadmium coatings provide a set of advantageous properties such as corrosion
protection and sliding properties. However, due to their toxicity and increasing pressure of legislation,
manufacturers are intensively looking for a replacement of cadmium coatings. One of the alternatives
may be coatings based on Zn and Al micro-flakes, which are environmentally friendly and provide
excellent corrosion resistance. Their properties can be further modified by the addition of fillers or by the
use of topcoats. The following paper describes the properties of coatings based on Zn and Al micro-flakes,
the mechanism of substrate protection, the results of current testing, and the outlook for future testing.

Key words
Micro-flakes, coatings, cadmium, replacement, corrosion, protection.

Uvod

Kadmiovani je elektrolyticky vylouceny protikorozni povlak, poskytujici Siroku $kalu vyhodnych
vlastnosti, jako je dobra korozni odolnost, tepelna vodivost, pajitelnost a kluzné vlastnosti, které jsou vy-
uzivany predevsim pii aplikaci na spojovacich materialech. Avsak kvuli své toxicité (karcinogenité) je
kadmiovani v soucasné dobé schvaleno pouze pro pouziti v letectvi a vojenské technice. Kvuli silicimu
tlaku evropské legislativy (REACH) hledaji vyrobci jeho adekvatni nahradu.

Jednou z velmi zajimavych a ekologicky Setrnych alternativ mohou byt povlaky na bazi zinkovych
nebo smésnych zinko-hlinikovych mikrolamel, které mohou poskytovat soubor vlastnosti vedouci k nahra-
dé stavajici technologie kadmiovani.

Charakterizace povlaki

Povlaky jsou tvofené rozptylenymi mikrolamelami Zn a Al v anorganickém titanosilikatovém pojivu,
které se po naneseni na povlakovanou soucast dale vytvrzuji pfiblizné pii 220 °C. Povlaky vykazuji prede-
v§im velmi dobrou korozni odolnost zptisobenou katodickou ochranou mikrolamel, které jsou v povlaku
orientovany rovnobézné s chranénym podkladem a dochazi k jejich prokladani. To vytvaii zaroven barié-
rovy efekt proti vnikani kapalnych a plynnych latek, ktery je umocnén pojivovou mezivrstvou. Vysledné
vlastnosti povlaku mohou byt dale modifikovany zakomponovanim vhodnych plniv do basecoatu (napt.
k docileni kluznych vlastnosti) nebo pouzitim vhodného topcoatu.
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Obr. 1: Snimek vrstvy povlaku s mikrolamelami [1]

Dalsi prednosti této technologie je, ze béhem procesu povlakovani se nevyviji zadny vodik, ktery
by mohl byt absorbovan povlakovanou soucasti. Dosavadni elektrolyticka aplikace kadmia na soucasti
z vysokopevnostni oceli zpusobuje velké riziko difuze vodiku do soucasti, které musi byt nasledné odvo-
dikovany. Pfi neelektrolytické aplikaci povlakt na bazi Zn/Al mikrolamel rizika spojena s tzv. vodikovou
kiehkosti odpadaji.

Povlaky mohou byt nanaSeny pneumatickym nebo elektrostatickym stfikanim, namacenim nebo pa-
tentovanou technologii DipSpin, kterou SVUM a.s. disponuje.

Tloustka povlaku zavisi na mnozstvi aplikovanych vrstev a pouziti topcoatu. Vysledna tloustka se
pohybuje od 6 um do 30 um. Technologie je tedy vhodna pro pouziti i na spojovaci materialy se stoupanim
zavitu min. | mm (>M6).

Hlavni vyhody technologie

. Ekologické feseni — neobsahuji zakazané ani omezené latky.

. Vysokd korozni odolnost, odolnost v atmosférach obsahujici SO, a NO_, odolnost viici
provoznim kapalinam, rozpoustédlim, kyselym a alkalickym latkam.

. Absence rizika difundace vodiku do chranéné soucasti.

. Siroka moznost aplikace — ocel, korozivzdorna ocel, litina, Al, Mg a jejich slitiny.

. Siroka moznost zptisobu aplikace (namacent, stiikani, DipSpin).

. Moznost modifikace vyslednych vlastnosti pfidanim plniv.

. Standardné odstiny stiibrosedé a ¢erné, moznost ostatnich barev.

ZkousKky povlaki

V ramci projektu FW01010017 NAPOLET bylo zahajeno aktivni testovani povlaktl ve spole¢nosti
SVUM as.

Byla provedena zkouska neutralni solnou mlhou (NSS) podle normy ISO 9227, které byly podrobeny
jak samotné basecoaty, tak i povlaky s krycimi topcoaty. Nutno dodat, ze korozni odolnost systému je znac-
né zavisla na kvalité pfedupravy povrchu zkusebnich plecht.

Pii testovani bylo dosazeno odolnosti az 2000 h v NSS bez znamek Cervené koroze. Této odolnosti
dosahovaly i n¢které samotné basecoaty, kde byla patrna pouze tzv. bila koroze. Pfi pouziti topcoatu byla
u nekterych vzorkil zvysena odolnost natolik, ze po 2000 h v NSS nevykazovaly zadné viditelné zmény.
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Obr. 2: Basecoat pred expozici (vlevo) a po 2000 h v NSS (vpravo) [2]

V ramci projektu budou provedeny dalsi zkousky a testovani makroskopickych a tribologickych vlast-
nosti povlaku diky tribometru NANOVEA, jenz je souéasti vybaveni laboratoii SVUM a.s. Dale budou
provedeny porovnavaci zkousky se vzorky s kadmiem se zamérem Uspésného nalezeni jeho adekvatni
nahrady.
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ZINC AND CHROME FREE ANTI-CORROSIVE PIGMENTS
ANTIKOROZNI PIGMENTY BEZ OBSAHU ZINKU A CHROMU

KUSYND.!, LALAS V.?

1 Radka International spol.s.ro. Pardubice
2 Banner Chemicals Group UK

Summary
The paper deals with the testing of two types of anti-corrosion pigments without Zinc and Chromium,
intended for use in water management systems. Anti-corrosion pigments have been tested in various
designs for one-component water-borne anti-corrosion paints. Various combinations of terms with
pigment data have been tested in combination with several types of special dispersants for water-borne
anti-corrosion coatings in the future. These combinations were tested by anti-corrosion tests in a solar
chamber and a condensation chamber. Through various combinations of terms, anti-corrosion pigments
and dispersants, we have tracked several variants of anti-corrosion paints with a stability of at least
12 months.

Key words
Zn and Chrome free anti-corrosive pigments, PIGMENTAN, Green technologies, water borne
anticorrosive coatings, Patcham dispersing additives.

1 Introduction

Anti-corrosion pigments without Zinc and Chromium are mainly produced in solvent anti-corrosion
coating systems several times and are also gradually beginning to be promoted for various types of water
tanks. Anti-corrosion pigments of the PIGMETNAN series, used for the purpose of replacing commonly
used anti-corrosion pigments with the size of Zn.

PIGMENTAM anti-corrosion pigments are products that are based on special complexes of magne-
sium oxy-aminophosphate, which is a unique technology. Also contains a reservoir of excess magnesium.
Allows suppression of the cathodic reaction in addition to the anodic suppression and passivating proper-
ties.

PIGMENTAN has developed two types of anti-corrosion pigments for water-soluble anti-corrosion
paints. PIGMENTAN MX, which is used as a substitute for anticorrosive pigments based on zinc phosphate
and low-cost anticorrosive pigments. The second product is PIGMENTAN EA, which is used for applicati-
on in special water-borne anti-corrosion coatings.

For all type of testing were used 3 types of PATCHAM dispersants of the Pat Add DA series were used
for testing. It was used as a binder for testing the compatibility of anticorrosive pigments and dispersants

several types of water-soluble binders based on acrylate, styrene-acrylate dispersions and two types
of modified alkyd binders.

2 Conclusion

Based on our testing and monitoring for 12 months, several stable versions of combinations of pig-
ments, dispersants with different types of binders were found in all prepared samples of anti-corrosion
paints.
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Reviewe stability of AC paints after 1yeal

» 1K WB ANTICORROSION PRIMER, PVC

» PIGMENTAN EA, DOSAGE 5%+0,3%KTP

» PIGMETNAN MX, DOSAGE 6%

» 5 TYPES STYREN - ACRYLIC DISPERSION

» 1 TYPE ACRYLIC DISPERSION

» Not compatible with 2types wb alkyds

» Dispersing additive - PATCHAM,
Pat Add DA 603LV, Pat Add DA 817

» Flash rust additive - LABEMA, Emado

PIGMENTAN EA
Anticorrosion efficiency
Salt and Humidity Chamber

PIGMENTAN MX
Anticorrosion efficiency
Salt and Humidity Chamber

For stable versions of anticorrosion paints with different combinations of pigments, dispersants with
different types of binders, the actual results of testing anticorrosion efficiency for individual combinations
with both types of anticorrosion pigments PIGMENTAN EA and PIGMENTAN MX were presented.
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MORE SUSTAINABLE SOLUTIONS FOR WOOD COATINGS
UDRZITELNEJSI RESENI PRO NATERY DREVA

TEJADAR.E.!, TASIC S.?

1 Covestro SL, Spain
2 Ogranak Covestro Slovakia Services s.r.o., Serbia

Summary
Latest developments for wood coatings will be introduced, all of them aiming to offer high-performance
and at the same time more sustainable solutions. On the one hand, new products will be presented which
contain renewable raw materials: polyisocyanates and polyurethane dispersions (physical drying and UV
curing). On the other hand, a new hardener will be introduced that allows 2K waterborne
polyurethane systems to be as fast as the standard solvent borne PU. In summary, more efficient solutions
allowing the same performance with reduced environmental footprint.

Key words
Wood, polyurethane, UV, 2K, polyisocyanate, bio-based, sustainability, efficiency.

Inttroduction

The industrial wood coatings market, which represents 5% of the global industrial coatings market
[1], is still dominated by 2K solvent-borne (SB) polyurethane technology [2], due to the combination of
high mechanical and chemical resistance, a unique balance of flexibility and hardness and very fast drying,
which enables high productivity.

Sustainability is becoming more important and this comes with the increasing need for alternatives
to reduce VOCs in coating applications. Water-borne (WB) based solutions with lower VOC are already
available on the market:

* 1K polyacrylate (PAC) systems, with in general fast drying but low performance.
* 2K WB high-performing systems with slower drying compared to the standard systems.

* WB UV curable systems, giving the highest productivity, but the need of investment in UV curing
lines.

In the recent years efforts are being carried out to further reduce the carbon footprint of the coatings by
introduction of raw materials coming from renewable sources. The challenge is to develop those products
without sacrificing the performance, as after all, durability is also contributing to sustainability.

In this presentation different solutions in that direction will be introduced (see Fig. 1). All of them
enable high performing materials. Some of them used raw materials coming from renewable sources [3-5];
others offer solutions that reduce the energy consumption needed for the drying of the system [6,7], contri-
buting in both cases to a reduction of the C-footprint.

Fig. 1: Novel sustainable solutions for wood coatings

a Q
Z 3 = i

£ Q = Ie
& i =~ = i =
SB Hardener bio WB Hardener bio PUD bio UV PUD bio

Bio-based, 1K with Bio-based, fast drying
2K performance No hazard pictogram

Lower carbon footprint than petro-hardeners Fast curing
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PATCHAM’S SOLUTIONS FOR PROBLEM FREE TINTED WATER
BASED SYSTEMS

RESENI SPOLECNOSTI PATCHAM PRO BEZPROBLEMOVE TONOVANE
VODOU REDITELNE SYSTEMY

CHAKRABORTY S., PATEL B., BIELEMAN J.
Patcham FZC

Summary
Patcham is a leading supplier of coating additives, a main application is for formulating tinters and
colorants as well as for optimizing performances such as colorant compatibility, color development and
long-term stability of paints.

This article reviews various successful trouble shooting cases in optimizing color development, paint
stability, formulating APE-free paints and colorants, using Pat-Add additives technologies.

Key words
Low VOC, APEO free wetting agent, solving color development issues on tinting, water based tinters.

1 Introduction

Recent developments in additives technologies enable to formulate paints meeting actual demands
on market requirements such as for quality, availability and legislative issues. Examples are the use of
additives for formulating concentrated pigment dispersions (tinters, colorants), or nonionic wetting agents
for replacing APE-based products.

A main challenge is in the paint formulation process reaching optimum color development, a term
referring to color uniformity in the tinted paint or coating. Poor color development means risk of pigment
floatation, rub-up issues, inhomogeneous color and further performance problems such as poor gloss, opa-
city, shelf stability.

Patcham offers solutions to avoid (or cure) paint performance shortcomings: the portfolio Pat-Add
additives for waterborne, solvent-borne and solvent-free systems.

2 Surface active agents

A main part of the additives is part of the group of ,,surface active agents*, also referred to as surfa-
ctants. For instance, Pat-Add DA 202: nonionic wetting agent, used in dispersion paints and various other
waterborne systems [1].

Surfactants are compounds that lower the surface tension of a liquid, the interfacial tension between
two liquids, or that between a liquid and a solid.

Surfactants are usually organic compounds that are amphiphilic, meaning they contain both hydro-
phobic groups (,.tails“) and hydrophilic groups (,,heads®). Therefore, a surfactant molecule is characterized
as containing both a water insoluble (or oil-soluble component) and a water-soluble component.

2.1 Characterization and Properties of Nonionic Surfactants

Non-ionic surfactants [2] are not ionized in aqueous solution, because their hydrophilic group is of
a non-dissociable type, such as ether (polyethylene glycol), ester, or amide. A large proportion of non-ionic
surfactants are made hydrophilic by addition a polyethylene glycol chain to a hydrophobic alcohol. Alkyl
phenol ethoxylates (APEs) have been successfully applied in the coating industry for a number of applicati-
ons. This includes the use as pigment wetting agent, freeze-thaw stabilizer and emulsifier.

APE, Alkyl Phenol Ethoxylate is presented, using following general formula:
C H, CH,/(OCH,CH,) OH

m- T 2m
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Fig. 1. Schematic representation of APE nonionic surfactant: left alkyl phenol tail, right, polyethy-
lene glycol moiety

W<

The amphipathic nature of the APE molecule, containing a hydrophobic alkyl phenol and a hydrophi-
lic ethoxylate group, implies that APE has surfactant properties.

2.2 Environmental and toxicity concerns of APE

APE, Alkyl Phenol Ethoxylate, is listed as potential endocrine disrupter, as it exhibits characteristics
similar to the naturally occurring human hormones estrogen. In Europe this has resulted in a ban on the use
of alkyl phenol ethoxylate in domestic applications.

Concern has also been expressed regarding the aquatic toxicity of APEs. APEs are degraded relati-
vely easily by a shortening of the ethoxy-chain. However, the by-products formed such as alkyl phenol
and its mono and di-ethoxylate, metabolize very slowly, if at all, under anaerobic conditions and therefore
accumulate in the digested sewage sludge. APE has a high acute toxicity to aquatic organisms such as fish,
mussels, crayfish and algae.

More stringent classification and labeling rules for APE furthermore discourage the usage in consumer
and industrial fields of application.
2.3 Alternatives to APE-based non-ionic surfactants

APE based wetting agents have been replaced successfully with aryl-free nonionic, such as based
on fatty alcohol ethoxylate. In various applications this is successfully done, for instance for applications
such as emulsifier for the preparations of cosmetic emulsions or during emulsion polymerization process.
However, is usually not successful in paint formulations.

This is explained by the functionality of the aryl group in APE: the aromatic ring contributes to adhe-
sion onto solid substrates such as pigment.

Best results have been achieved, using APE-free alternatives, designed with polar or dipole functiona-
lity in the hydrophobic part of the molecule.

Examples of applying this technology is in APE-replacements as offered by Patcham:

Fig. 2: Pat-Add DA 202. Tri-Master Structure for the hydrophilic moiety for optimal pigment
wetting and stability.

Alkyl Phenol free hydrophobic backbone

Pat-Add DA 202: APE-free nonionic wetting agent, but showing similar or improved pigment wetting
and stabilization features as to APE-based nonionic. First choice replacing APE-based non-ionic in paints.
Applicable in all typical PVC-ranges, so low up to high PVC-dispersion paints. Long list of success stories
in formulation of dispersion paints and colorants. Low foaming, superior exposed paint film water and
scrub resistance.

Enables easy replacement process: is typically used in paints at a 1: 1 ratio to APE-based nonionic.

Also, excellent performance in gloss dispersion paints, low PVC systems.
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Fig. 3: Effect of Pat-Add DA 202 (left, right is NP 10) in dispersion paint: optimizing paint stability,
color acceptance, avoiding separation

After 24 hours Storage After 30 days Storage

3 Pat-Add DA 301-Compatabilizer

To eliminate the existing issue of color floatation — Pat-Add DA 301- is used in the base paint formu-
lation; it is successfully used in waterborne as well as solvent-borne bases.

Pat-Add DA 301 is a Universal Compatibilizer for paints and colorants to optimize color develop-
ment. It exhibits extremely strong wetting efficiency.

Due to its exceptionally strong dispersion and stabilization capabilities, it can be post added to floccu-
lated systems to restore and recover proper dispersion and color properties.

Fig. 4: Working mechanism of Pat-Add DA 301

Working mechanism of PAT-ADD DA 301
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Rub up is defined as an optical effect, demonstrating color differences between rubbed and non-rub-
bed parts in a paint film.

Rub up is caused due to different mobility of pigment particles which is in turn caused due to large
difference in particle size and in the state of dispersion between the bases and the colorants.

4 Pat-Add DA 603LV — Specially designed HMYV based polymer for defect free colorants

Pat-Add DA603LYV is a low VOC, polymeric, HMV based, APEO free wetting and dispersing additive
for waterborne pigment dispersions, architectural and industrial paints, and printing inks.

Pat-Add DA603LYV is specifically designed for the preparation of concentrated aqueous dispersions of
Inorganic pigments, hydrophilic organic pigment or hydrophilic carbon black.

Patcham’s innovative HMV (High Molar Volume) Technology is a specially designed polymer with
higher volume per mass as compared to conventional high molecular weight dispersing agents. The higher
volume results in a thicker adsorbed layer around the pigments which increases resistance to attractive
forces, hence enhances stability of pigment dispersion.

Pat-Add DA 603LV shows wide compatibility in various resin systems. Due to this reason, pigment
dispersions developed with Pat-Add DA 603LYV are suitable for tinting in all type of waterborne application
and also both Resin minimal as well as Resin free types of pigment concentrates can be developed using
Pat-Add DA 603LV.

Tab.: Guideline Formulations In plant tinters based on Pat-Add DA 603LV

Pigment PV 23 PY 74 PO 13 PG 7 PB15:3 | PR122 | PR112
Solid on pigment
(SOP) 12 3 10 9 9 15 12
% by weight
Water 25.0 20.0 25.0 25.0 25.0 20.0 30.00
PEG 300 15.0 15.0 15.0 15.0 15.0 15.0 15.00
In can biocide 0.3 0.3 0.3 0.3 0.3 0.3 0.30
Pat-Add DAGD3 |, 3.0 7.0 75 75 7.0 750
LV
pH neutralizer 0.5 0.5 0.5 0.5 0.5 0.5 0.50
Pat-Add AF 11 0.2 0.2 0.2 0.2 0.2 0.2 0.20
(defoamer)
Pigment 30.0 50.0 40.0 45.0 45.0 25.0 35.00
Letdown
Pat-Add AF 11 0.2 0.2 0.2 0.2 0.2 0.2 0.2
(defoamer)
Pat-Add Rheol
100 (Rheology 0.5 0.5 0.5 0.5 0.5 1.0 0.5
modifier)
Water 21.3 10.3 11.3 5.8 5.8 30.8 10.8
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Conclusion

Patcham’s package for WB tinted systems includes:

« Pat-Add DA 202 — Wetting agent to increase color development and control color floatation.
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* Pat-Add DA 301 — Compatiblizer, corrective measure for bases which shows rub-up or floatation
issues on tinting.

* Pat-Add DA 603LV — Wetting and Dispersing agent for WB system, for high loading of colorants
and minimal rub up.
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HYGIENIC LATEX COATINGS WITH NANOSTRUCTURED ZnO
AND MgO AS ANTIBACTERIAL ADDITIVES

HYGIENICKE LATEXOVE NATERY S NANOSTRUKTURNIM ZnO
A MgO JAKO ANTIBAKTERIALNIMI ADITIVY

MACHOTOVA J., KALENDOVA A., STEINEROVA D.

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

Summary
Health and safety conditions of human life continue to draw public attention, resulting in a growing
demand for the production of hygienic coatings. These coatings are usually formulated to incorporate
active ingredients assisting in the deactivation of biocontamination. Hygienic coatings can therefore play
an important role in restricting the spread of microbiological contamination and finding an application
in the protection of objects and surfaces not only in hospitals and healthcare facilities, but also in places
of everyday life. This paper deals with a facile fabrication of environmentally friendly hygienic coatings
based on acrylic latex comprising embedded inorganic nanoparticles originating from nanostructured
ZnO and MgO, respectively, in the role of antibacterial agents. The incorporation of surface-untreated
powdered nanostructured oxides into the latex was performed during the latex synthesis carried out by
a two-step emulsion polymerization technique. With this technological approach, latexes comprising
dispersed inorganic nanoparticles in the content of ca 0.5-1.1 wt. % (based on solids) were successfully
prepared. For obtaining high-performance coating films, keto-hydrazide self-crosslinking chemistry was
introduced into latexes. The antibacterial efficiency of the coatings was evaluated with respect to the type
and concentration of incorporated nanoparticles. It was determined that all the latex coating composi-
tions containing inorganic nanoparticles exhibited a long-term storage stability and provided smooth
transparent coating films of enhanced solvent and water resistance due to the combination of covalent
and ionic interfacial crosslinking. The latex films displayed significant antibacterial activity, which was
more pronounced with the increased content of nanoparticles. It was also found that the addition

of nanostructured MgO enabled significant savings of a commercial biocidal additive while maintaining
a high antibacterial efficiency.

Keywords
Self-crosslinking latex, biocidal additive, nanoparticle, zinc oxide, magnesium oxide.
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USE OF PHOTOCATALYTIC COATINGS FOR AIR PROTECTION:
INFLUENCE OF THE INTENSITY OF INCIDENT UV-A RADIATION
ON THE REACTION RATE OF PHOTOCATALYTIC PROCESS
IN THE COATING LAYER OF FUNCTIONAL COATING FN®2

VYUZITI FOTOKATALYTICKYCH NATERU PRI OCHRANE OVZDUSI: VLIV
INTENZITY DOPADAJICI UV-A ZARENI NA RYCHLOST FOTOKATALYTICKEHO
PROCESU V NATEROVE VRSTVE FUNKCNIHO NATERU FN®2

7ZOUZELKA, R.'2, MARTINIAKOVA, 1.'2, MUZIKOVA, B.!, ADAMEC, S.!, RATHOUSKY, J.!

1 Advanced Materials-JTJ s.r.o., Kamenne Zehrovice, Czech Republic
2 J. Heyrovsky Institute of Physical Chemistry of the CAS, center of Innovations in the Field
of Nanomaterials and Nanotechnologies, Prague, Czech Republic

Summary
We have developed a simple model which enables to determine the efficiency of the photocatalytic tech-
nology for the removal of gaseous pollutant in the interior. The input parameters of this model include the
volume of the closed space, the surface area of the coated walls, the intensity of illumination (UV-A) and
the pollutant concentration. The model is based on the Langmuir-Hinshelwood kinetics, which includes
the reaction rate (k) and Langmuir adsorption constants (K), whose dependence on the illumination
intensity was experimentally determined. For modeling the photocatalytic process at illumination intensi-
ties above 0.25 mW-cm™, no significant error is caused, if the dependence of k and K on the intensity is
neglected. The efficiency of photocatalytic coating FN*2 significantly exceeds the highly active industry
standard Aeroxide TiO, P25.The outcomes of the modelling show that coating the walls by the FN*2 paint
and using low intensity of illumination very fast decrease of the pollutant concentration was achieved,
even if only the ceiling was covered with the paint. Specifically, for a model closed space room, the high
efficiency of the used photocatalytic coating FN*2 secures a rapid removal of pollutant, even if in this
case only the 100 m? ceiling is painted in comparison with the total surface area of the room of
320 m?. This is very important from a practical point of view, where it is technically easy to provide
ceiling lighting. In the case of side walls or floors, this solution is technically more complicated.

Fig.: The decrease in the gaseous pollutant concentration in a closed space due to the photocatalytic
FN®2 paint coated on all walls except the floor (left graph) and on only the ceiling (right graph)

104 0.10 mW em2 104 ——0.10 mWem?
I ——0.25mWem? 0.25 mWem?
2 \
_oadl 0.50 mW om _osdl| 0.50 mWem?
5 ! 1.0 mWem? g 1.0 mwWem?
S ——1.5mWem % \ ——1.5mWem?
g 08 G 064 1\
> = \
> = \
\ \
02 \ 02
AN
00 \K'\ v T T T 00 —
0 30 60 % 120 150 180 0 30 60 % 120 150 180
Time / minute Irradiation time / minute
Keywords:

FN® photocatalytic coatings, air purification, decontamination, depollution, environmental applications,
air protection, UV-A radiation, photocatalytic process, efficiency of photocatalytic coatings.
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ANTIBAKTERIALNI NATEROVA TECHNOLOGIE FN NANO®
V SYSTEMU INTEGROVANE PREVENCE OCHRANY VEREJNEHO
ZDRAVI

ANTIBACTERIAL COATING TECHNOLOGY FN NANO® IN THE SYSTEM
OF INTEGRATED PREVENTION FOR PROTECTION OF PUBLIC HEALTH

PROCHAZKA J., SEFL P.
Advanced Materials-JTJ s.r.o., Kamenne Zehrovice, Czech Republic

Summary
Kill the virus! This is the motto of the time and even experts in the field of epidemiology and hygiene see
a clearly high potential against epidemics and pandemics of viral origin in the photocatalysis and coating
system FN NANO®. Thanks to the photocatalytic effect, the film has very strong antibacterial properties.
Due to its high porosity, it effectively captures aerosol microdroplets from the air, in which viruses and
bacteria are carried by the air. The trapping power is up to 30 % of the particles in a single contact of air
with the FN NANO® surface. Microorganisms trapped in the coating structure are effectively eliminated
by the physical forces of the semiconductor photocatalytic effect. Viruses are destroyed almost immedia-
tely upon contact with the light-activated surface of FN NANO®, when the proteins of their envelope and
thus their ability to penetrate cells are destroyed. Subsequently, the virus is quickly eliminated.
As a result of this antibacterial effect, the concentration of microorganisms in the interior and thus the
risk of transmission of the disease are rapidly reduced.

Key words
FN® photocatalytic coatings, air purification, decontamination, depollution, environmental applications,
air protection, UV-A radiation, photocatalytic process, efficiency of photocatalytic coatings, preventive
protection, against diseases.

Uvod

Zabit virus! To je heslo doby a i odbornici v oboru epidemiologie a hygiena vidi ve ve fotokatalyze
a natérovém systému FN NANO® jednozna¢né vysoky potencial proti epidemiim a pandemiim virového
pavodu. Ten ma diky fotokatalytickému efektu velmi silné antibakterialni vlastnosti. Diky vysoké porosité
uéinné zachycuje ze vzduchu mikrokapénky aerosolu, v nichz jsou unaseny vzduchem viry a bakterie.
Ukinnost zachytu je az 30 % &astic pii jediném kontaktu vzduchu s FN NANO® povrchem. Mikroorga-
nismy zachycené ve struktufe natérové vrstvy jsou ucinné likvidovany fyzikalnimi silami polovodi¢ového
fotokatalytického jevu. U virti dochazi prakticky okamzité pii kontaktu se svétlem aktivovanym povrchem
FN NANO® k likvidaci proteint jejich obalu a tim ke zni¢eni jejich schopnosti pronikat do bunék. Nasledné
je virus velmi rychle plné eliminovan a rozlozen. V disledku tohoto efektu je rapidné snizovana koncent-
race mikroorganismu v interiéru a tim i riziko pfenosu nakazy.

Antibakteridlni vlastnosti fotokatalyzy — vyuZitelnost v praxi v boji s pandemiemi virového
pivodu

Vyuzitelnost fotokatalytickych natért FN NANO® nespo¢iva jenom v posileni antibakterialniho efektu
s tradi¢ni desinfekei, ale znamena i rychlé odstranéni téchto Skodlivych par silnych oxidantti po jejich
vypotiebovani ze vzduchu. Kratké shrnuti poukazuje na zasadni vyhody fotokatalyzy jako dopliiku k dnes
pouzivanym metodam:

. byl potvrzen antibakterialni Gi¢inek natérti s obsahem nanocastic oxidu titani¢itého na silné kon-
taminovanych plochach. Natéry TiO, ptisobi dlouhodobg,

. nanocdstice TiO, spolu se vzdusnou vlhkosti a O, za piitomnosti UVA zéfeni maji v natéru
vysoky oxidacni efekt 3,2 eV prevysujici fluor, 0zén, kyselinu peroxyoctovou, peroxid vodiku
i chlorové piipravky,
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. antimikrobialni fotokatalytické U¢inky jsou moznym doplikem dezinfekce u nakaz Sitenych
vzdusnou cestou,

. fotokatalytické natéry na sténach a stropech piisobi dlouhodobé. Infekéni agens hyne po pfimém
styku s natéry vlivem cirkulace vzduchu v mistnostech. Méfenim podle vyhlasky 6/2003 Sb.
1ze prokazovat jejich podil na celkovém snizeni poctu mikroorganismutl v prostiedi definované
Cistoty.

Obr. 1: Zavéry testit ZUOVA s FN NANO® natéry, presentované RNDr. E. Pazdziorou na
konferenci preventivni mediciny ukazuji cestu jak se jednoduse branit virovym pandemiim

Antivirové ucinky fotokatalyzy

Antimil iink * Za zcela zasadni pokladame cilené vyuZzivani
nanoé&astic oxidu titani¢itého antivirovych Gginka fotokatalyzy pfi
a askali jejich GEelného vyuZivani epidemiich nebo pandemiich v prostorach se
2vyienou kumulaci lidi.
* Rada publikovanych studif doklad4 Gcinnost
RNDY. Erich Pazdziora, CSc. fotokatalyzy TiO, na viry chiipky A/HIN1 nebo
A/H5N1.

Zdravotni dstav se sidlem v Ostravé

Kompozitni vrstva fotokatalytického natéru ucinné zachycuje, nejriznéjsi mikroorganismy, které na
této vrstveé fotokatalyza promptné zabiji a rozklada jejich zbytky na neskodné mineralné latky. Po zachytu
jsou bakterie a viry izolovany a nemohou se mnozit. Na pln¢ mineralnim povrchu jim chybi potrava a tak
i ve tmé populace mikroorganismii postupné uhyne. Fotokatalyticky efekt za pfitomnosti svétla tento thyn
maximalné akceleruje, takze lze vidét napiiklad snizeni koncentrace modelového viru az o 5 logaritmic-
kych fadu za jednu hodinu.

Obr. 2: Srovnani velikosti mikroorganismi na FN NANO® filmu

Vedlejsi efekty desinfekénich prostiredki

Dnes povinné masové pouzivané desinfekce sice zajistuji bezpecnost proti virim a bakteriim, ale
zaroven vytvareji sekundarni problém — $kodlivé az nebezpecné znecisténi vzduchu parami odpafenych
desinfekcei. Vyhodou kombinovaného systému je rychlé odstranéni téchto par ze vzduchu a celkové ozdra-
véni prostredi. Jak bude demonstrovano, podle ISO metod na jednotlivych latkach lze pocitat s rychlosti
eliminace t&chto molekul desinfekei ptiblizné 30% pii dotyku vzduchu s aktivni plochou.

Systém preventivni ochrany

Asociace nanotechnologického primyslu CR a Ceska spole¢nost pro aplikovanou fotokatalyzu usi-
Iuji o rozsifeni zakona o ochrané vetejného zdravi 258/2000 Sb. o vyuziti technologii, coz zékon zatim
neumoznuje (https://www.youtube.com/watch?v=rP2ikE9nSYk) a nabidly vlad¢ integrovany systém pre-
vence, skladajici se z mnoha technickych a technologickych feSeni zvySujicich biologickou bezpecnost
vnitfnich prostor na troven, kdy se §ifeni pandemie dokaze prakticky zastavit.
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COBALT REPLACEMENT IN ALKYD-BASED PAINTS

NAHRADA KOBALTU V NATEROVYCH HMOTACH NA BAZI ALKYDOVYCH
PRYSKYRIC

HONZICEK J.!, CHARAMZOVA 1.!, VINKLAREK J 2

1 Ustav chemie a technologie makromolekuldrnich latek, Fakulta chemicko-technologickd,
Univerzita Pardubice, Studentskad 573, 532 10 Pardubice, Jan.Honzicek@upce.cz

2 Katedra obecné a anorganické chemie, Fakulta chemicko-technologicka, Univerzita Pardubice,
Studentska 573, 532 10 Pardubice

Summary
This work summarizes recent developments in the field of replacement of cobalt carboxylates in the
air-drying paints. The screening of catalytic activity involves a series of transition metal complexes.
Standard mechanical tests have been performed on formulations of commercial solvent-borne alkyd
resins of medium and long oil-length, on high-solid binders and on modified resins. In case of promising
vanadium, manganese and iron based driers, kinetics of the autoxidation process, responsible for the
chemical drying, has been investigated by time-resolved infrared spectroscopy. The effect of film thickness
on the autoxidation process has been investigated by the use of attenuated total reflectance technique.

Key words
Air-drying paints, vanadium, manganese, iron, primary drier.
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Mn(acac), AS A SICCATIVE FOR AUTOXIDATION PROCESS
OF ALKYD RESINS

VYUZITI Mn(acac), JAKO SIKATIVU PRO VYBRANE ALKYDOVE PRYSKYRICE

MATUSKOVA E.!, HONZICEK J.!, VINKLAREK J.2

1 Institute of Chemistry and Technology of Macromolecular Materials, Faculty of Chemical Technology,
University of Pardubice
2 Department of General and Inorganic Chemistry, Faculty of Chemical Technology,
University of Pardubice

Summary
Alkyd resins modified by fatty acids are well-established paints due to a high content of renewable feed-
stocks and low cost. Process of chemical drying is based on autooxidation mechanism. The protracted
drying of alkyd resin is usually catalysed by primary driers. Nowadays, cobalt(Il)carboxylates are still
one of the most used.

Behaviour of manganese(Ill) acetylacetonate was studied on several solvent-borne and high-solid alkyd

binders as an alternative to carcinogenic cobalt drier. Alkyd formulation were prepared in concentration

range 0.1-0.01 wt. % of manganese. Measurements of manganese complex were compared with drying
activity of cobalt dryer.

Manganese complex shows satisfactory performance in the whole range, opposite to cobalt with undesi-
rable effect in higher concentrations. Kinetics parameters of autooxidation process were measured by
FT-IR/ATR technique.

Based on the results, drying activity of manganese(Ill) acetylacetonate seems to be the same or even
better than cobalt(1l) carboxylates.

Key words
Manganese complex, autooxidation, siccative, alkyd resin.
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COMPLEX ONE-STEP ANALYSIS OF PAINT COMPOSITION IN MIR-THZ
SPECTRAL RANGE

KOMPLEXNI JEDNOKROKOVA ANALYZA SLOZENI BAREV VE SPEKTRALNIM
ROZSAHU MIR-THZ

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

Summary
FTIR spectroscopy is an analytical technique, that is widely used in the field of pigments and binders. In
addition to research and reverse engineering, quality control in production of such materials is important.
Due to multicomponent character of these materials, tools for identification of every component are
necessary. Medium infrared spectral range (MIR) is not covering all possible vibrations of inorganic ma-
terials. This drawback is usually solved by manual change of spectrometer parts, resulting in prolonged
time of analysis.

This work focuses on application of technical innovation for complex one-step analysis of chemical com-
position (BRUKER FM), without the need of manual change of spectrometer parts.

Key words
Infrared spectroscopy, medium and far infrared spectral range, BRUKER FM, chemical analysis of paints.
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ANALYSIS OF PIGMENTS BY FAR INFRARED SPECTROSCOPY: FT-FAR

ANALYZA PIGMENTU POMOCI VZDALENE INFRACERVENE
SPEKTROSKOPIE: FT-FAR

SEC K.

Nicolet CZ s.r.0., sec@nicoletcz.cz

Summary
Methods of vibrational (molecular) spectroscopy (especially Raman and infrared spectroscopy)
are non-destructive methods of analysis that use inelastic scattering of radiation (Raman spectroscopy)
and absorption of infrared radiation (infrared spectroscopy: FT-IR). These two most commonly used
methods are complementary. Obtained vibrational spectra are unique not only for each chemical substan-
ce, spectra also react to small changes in the vicinity of molecules and it is possible to use them to distin-
guish individual polymorphs of substances. Vibrational spectroscopy and microscopy play an irreplace-
able role in, among other things, the analysis of pigments and binders, where many of its advantages are
widely used. Main focus of this paper is to highlight the benefits of infrared microscopy in the far region
of the spectrum (FT-FAR): especially spectral regions 350-20 cm™'. This method has often been neglected
in the past due to problematic instrumentation and the unavailability of commercial libraries. However,
modern FT-IR spectrometers and microscopes (such as the Nicolet iS50) overcome these problems. This
presentation briefly describes the theory of FT-FAR spectroscopy, instrumentation and differences from
classical infrared spectroscopy, especially on several practical examples: analysis of the composition
of modern cardboard papers, modern paintings and analysis of the composition of pigments of ancient
works of art. Some substances widely used in industry tend to occupy more crystal structures, so-called
polymorphs, in nature and in production. These have different optical properties, which is
ssential for some industrial applications (like titanium dioxide, calcium carbonate, etc.). Another common
application example in the field of pigments and binders FT-FAR microscopy is the detection of various
inorganic polymorphs, like calcium carbonate.

Key words
FT-IR, FT-FAR, spectroscopy, microscopy, anorganic pigments, spectral libraries of pigments and binders.
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FT-IR, FT-FAR, FT-NIR a FT-Raman
spektrometr iS50

Spektrometr Nicolet iS50 ma Spickové méfici parametry -
rozliSeni mensi nez 0,09 cm* a rozsah méfeni 27 000 - 20 cm'*.
Jeho diamantovy ATR krystal je umistén mimo tradi¢ni vzorkovy
prostor. Spektrometr je mozné pouzit rovnéz pro FT-Ramanovu
mikroskopii @ umoznuje meérit az do FAR-IR bez profukovani Ci
vakua. Optické komponenty pristroje se méni automaticky podle
meéreného rozsahu, ke spektrometru Ize navic dokoupit Sirokou
Skalu inteligentniho prislusenstvi. Cely systém je ovladan
vyspélym, uzivatelsky privétivym softwarem.

A NICOLETCZ
A A

MOLECULAR SPECTROSCOPY

www.nicoletcz.cz
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DLOUHA ZIVOTNOST | SPICKOVY VYKON | SIROKA NABIDKA PRISLUSENSTVi | JEDNODUCHE OVLADANI

Prenosné FTIR i Ramanovy spektrometry

pro rychlou kontrolu kvality a identifikaci latek

* Nedestruktivni techniky Pfenosny FTIR
spektrometr ALPHA Il

* Rychld analyza minimalni
Uprava vzorku

« Kvalitativni i kvantitativni
analyza

 Dostupné knihovny pigmentd,
lakd, pojiv aj.

« Kontrola chemického slozeni
jednim klikem

FTIR a Ramanovy mikroskopy pro chemické mapovani

vrv s

priénych Fezu, vrstev, mikroéastic aj.

* Sledovani distribuce latek Automatizovany FTIR
a homogenity mikroskop LUMOS

* Analyza defekt(, inkluzi,
vrstevnatych materiald atd.

* Prostorové rozliseni az 500 nm

* Snadna analyza necistot
v praskovych materialech

* Automatizované mapovani
vétdich ploch (napf. vybrusd)

Ramantv
R&D mikroskop
SENTERRA Il

%—I—l K DwR Optik Instruments
BRUKER H
T ) www.brukeroptics.cz




praqolab

DVS Adventure

dynamicka sorpce vodnich par,
rozpoustédel a plynu

FT4 Powder Rheometer
praskova reologie

VASCO particlesize analyzer

analyza velikosti nanoc¢astic

UlP2000hdT

ultrazvukova sonifikace

HAAKE VTiQ

reologie kapalin a polotuhych latek

www.pragolab.cz



Trust NETZSCH Solutions for the Paints &
NETZ5CH Coatings Production

Ad RN,

For the paints and coatings industry we offer a broad range of service and equipment

Analyzing your actual production process
Technological trainings for your staff

Conducting the individual test with your product
Selection the most efficient equipment like Dis-
solver, online disperser, bead mills, grinding beads
Refurbishment of used equipment

Engineering of the complete production lines
AFTERSALES Support

NETZSCH

NETZSCH- Feinmahltechnik GmbH

SedanstraBe 70
95100 Selb | Germany

Tel.:+499287 7970
info.nft@netzsch.com
www.netzsch.com/qgd
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LABIMEX CZ Liebisch »BINDER

LABORTECHNIK Best conditions for your success
www.labimexcz.cz

info@labimex.cz Q -LAB

TESTOVACI KOMORY

PRO ENVIRONMENTALNI ZKOUSKY V LABORATORICH

a <= korozni solné a

kondenzacni komory
%ﬂ truhlové a skrinové komory
‘ objemy 300,400, 1000, 2000 litrt
(S Liebisch J jednoucelové i kombinované

testy lakovanych povrchu

komory pro slunecni =

simulace xenonovym

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

<= UV testery

ultrafialovym zarenim
testy natérovych hmot, plasta, textilu

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

ZKUSEBNIi PANELY

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

Pro zkousky korozivity

LABIMEX CZ s.r.o.

CR: Ing. Milan Prazak SR: Ing. Jozef Maco
Poradenstvi, dodavky, instalace, Pocernicka 96 Rakol uby 697
zaskoleni, servis zarucni a pozarucni, 108 00 Praha 10 916 31 Kodovce
kalibrace zajist'uje: prazak@labimex.cz ingjozefmaco@gmail.com
00420 241 740 120 00421 327 798 346

00420 602 366 407 00421 910 970 699
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Chemikadlie a chemické speciality
pro stavebnicvi a primysl barev a lakt

Disperzni pojiva
Redispergovatelna pojiva
Pryskyfice

Elastomery

Sitovadla a tvrdidla

Pigmenty a plniva

Rozpoustédla

OQ = M A Smacedla

Dispergdtory

Tenzidy

www.ogema.cz
9 Reologické modifikatory

marketin ogema.cz
9@cq Koalescenty

radim.srubar@oqema.cz Odpéfovace

+420 597 485 910 Hydrofobni aditiva
+420 605 235 457 Matovadla
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FEPREN

Available as micronized
powder red grades:

TP303M, TP200M

FIELDS OF APPLICATION

Paints & Coatings

automotive coatings, coil coatings,
corrosion protection, decorative
paints, emulsion paints, industrial
coatings, powder coatings, roof tile

coatings, wood coatings

Plastics

polyolefins and PVC floorings,
injection moulding, extrusion moul-
ding, compression moulding, rolling,

casting, lamination, foaming, etc.
Raw material

for preparation Complex Inorganic
Colour Pigments (CICPs)

Iron Oxide Micronized Pigments

MAIN CHARACTERISTICS

High chemical purity

Excellent dispersibility

Stable colour shade

Colour shade dispersion stability
Superior lightfastness
Outstanding heat stability

PRECHEZA a.s.

nabF. 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
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DYCHEJTE DOMA
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produkt, cesky patent
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RECYCLING PRODUCTS

Spole¢nost COTTEX Trade s.r.o. je vyrobcem zinkového prasku a pigmentd, vyznamnym dodavatelem zinkovych
surovin, polotovard a produktt. Zabyvame se dodavkami zinku a jeho slitin v riiznych formach prevazné v segmentu
povrchovych Uprav, pro tlakové nebo odstedivé liti a chemicky pramysl. Jednim z hlavnich zaméfeni je také zpracovani
veskerych zinkovych odpadti a $rotéi vznikajicich pramyslovou ginnosti na izemi nejen Ceské Republiky a Slovenska,
okolnich statl v EU, ale také asie. Spojujeme na$e zkuSenosti s neustalymi investicemi do inovativnich technologii
zpracovani zinku, vyzkumu a vyvoje novych produktd, vyroby zinkovych produktd za pouZiti recyklovanych surovin,
logistiky i moderniho vybaveni. Jsme certifikovanou spoleénosti die CSN EN 1SO 9001:2016 a CSN EN 1SO
14001:2016.

Provozujeme vlastni Centrum pramyslového vyzkumu, vyvoje a inovaci vcetné piné vybavené laboratore,
zaméfené na zpracovani zinkovych odpadd a vyvoj recyklovanych produktd. Chceme byt preferovanym partnerem
nasich zakaznikl, kterym muzeme nabidnout dlouhodobou a perspektivni spolupraci, véetné environmentalnich
feSeni. Jsme ekonomicky silnou a stabilni firmou, a proto mizeme nabidnout na$im zakaznikim vyborné podminky,
véetné rychlych dodavek zinkovych surovin a produktd, fixace cen dle potfeb zakaznika, skladového vybaveni k
ukladani odpad, odvozU Srotu a odpadu, to ve viastni svozovou technikou a v pozadovanych terminech.

“Prodej zinkovych surovin a produktu” Vykup zinkovych odpadui“

SHG 99,995%Zn cylindry - zinkové anody Tvrdy zinek, zinkovy popel, zinkové strusky
SHG 99,995%Zn produkty - koule, ingoty, desky Zinkové stéry, zinkovy prach a popel, Ulety
Zinkové slitiny pro tlakové liti ZL5, ZL3, ZL2 Zinkové nastfiky a prach z termické metalizace
Zinkovy prasek, zinkové pigmenty Zinkové anody a katody, zinkové koule, abrazivo
Zinkové metalizaéni draty (praméry od 1,2mm —4,76mm) Zinkova péna a strusky zinkovych slitin

ZnAl metalizacni draty (prdméry od 1,2 mm — 4,00 mm) Zinkové odpady z tlakového liti, nalitky, zmetky
Zinkové produkty pro zinkovny a galvanovny Pokovené a lakované zinkové odpady
Legované slitiny a kovy (Ni, Bi, Sn, Pb, Al, aj.) Zinkové plechy nové i staré, titanzinkové plechy
Ostatni produkty obsahujici primarné Zn Veskeré rafinacni zinkové odpady a zinkovy $rot

COTTEX Trade s.r.o. 5
Sidlo / Head office: Prazska tf. 1146, 370 04 Ceské Budéjovice, CZ

190,5001% Provozovna / Plant: Roudna 1, 392 01 Roudna, CZ
www.cottex.cz
PUREAVERTAS Martin Wojtéch: +420 734 253 358 Tom4s Défia: +420 603 833 508

email: martin.wojtech@cottex.cz email: tomas.dana@cottex.cz
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NORDMANN

Vas dodavatel surovin pro natérové hmoty.

POJIVA

= Epoxidové pryskyfice

*= Tvrdidla pro velmi nizké teploty

= Vodou feditelné alkydové emulze

= Melamin-formaldehydové pryskyfice
=  Fenolické pryskyfice

PIGMENTY

= Organické pigmenty

= Antikorozni pigmenty

= Anorganické pigmenty a pasty
= Hlinikové pigmenty a pasty

= Perletové pigmenty

ADITIVA

= Dispergacni aditiva a smacedla
= Tixotropni aditiva

= QOdpénovace

= Koalescenty

= Molekulova sita

= Sikativa

= Organické inhibitory koroze

=  Promotéry adheze

= Vodiva uhlikova vldkna

S

Nordmann, Rassmann Czech Republic s.r.o.

Tel: 724 076 165, e-mail: info-cz@nordmann.global




Coatings Adhesives

C.H. Erbsloh takes pride in promoting and selling specialty products from
renowed suppliers in Europe and Overseas to its customers in the coatings,

adhesives, inks, construction and sealant industries.

Raw Materials

Carnauba Wax
Hydrocarbon Resins
Nitrocellulose
Photocatalytic Titanium Dioxide
Polyester Resins

Polyols

Polyurethane Dispersions
Polyvinyl Butyral
PTFE-Dispersions
PTFE-Micropowders
Reactive Diluents

Silanes

Silicone Resins

Titanates

Vinyl Resins

Zirconates

Tamara Pavlovova
Area Sales Manager
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www.lel-group.com

The Art of Distribution.
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Additives

Adhesion Promoters
Antioxidants

Anti Popping Additives
Anti Shrink Additives
Biocides

Coalescing Agents
Conductivity Additives
Corrosion Inhibitors
Coupling Agents
Dispersing Agents
Emulsifiers

Flame Retardants
Flash Rust Inhibitors
Foam Control Agents
Hardeners
Hydrophobic Additives
Ink Gellants

Leveling Agents

Metal Catalysts
Plasticizers

Rheology Additives
Rust Converter

Siliconeadditives and -oils
Single Wall Carbon Nanotubes

Stain Inhibitors
Thickeners
Waxes

Wetting Agents

P
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Pigments and Fillers

Aluminiumpastes

Anti Corrosive Pigments
Bariumsulfates
Bentonites

Carbon Black Pigments
Clays

Kaolins

Lithopones

Pigment Extenders
Pigment Pastes
Pyrophyllites

Talc

Tinting Systems
Titanium Dioxide
Wollastonites
Zincsulfides




Thorson

Chemical

Vice nez 20 let Uspésny dodavatel
chemickych produktd, téonovacich systéma a
strojti pro primysl natérovych hmot

Seznam zastoupeni pro Ceskou republiku a Slovensko:

RFCONR

additives

AFCONA ADDITIVES - aditiva pro natérové hmoty

DENIZLI KIMYA SANAYI VE TICARET A.$

DENKIN — karboxymethylceluléza NOVE !!

PO.INT.ER — aminova tvrdidla pro epoxidové systémy

Chemické
suroviny

nterchip

Sy

INTERCHIP - pigmentové preparace na bazi pevnych
polymer( — chipsy NOVE !!
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RIANLON — UV stabilizatory NOVE !!

Fast & Fluid — stroje pro ténovani natérovych hmot
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;E Oliver & Batlle — zatizeni pro vyrobu natérovych hmot
©
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%pn BO CABO - primyslové a laboratorni mixéry NOVE !!
a richemie@ Arichemie — pigmentové preparace

BICCS — ténovaci systém primyslovy

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

NCS Colour — barevny management

Trust Chem - organické pigmenty

Réhrig — ptirodni Stipana Zula

Pardam - nanovlakna

>
=
s
o
(]
Q.
(%]

MILTONIA - firemni vzorkovnice

ARON Universal - fluorescenéni pigmenty NOVE !!

AVISON - Cisté chemikalie a syntetické latky

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

Tel.: +420-257 923 529, +420-257 923 589

Fax: +420-257 921 821 E-mail: info@thorson.cz
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