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MODERNI NATEROVE HMOTY PRO VRCHNI NATERY OCELOVYCH
KONSTRUKCI

MODERN PAINTS FOR TOPCOATS ON STEEL STRUCTURES

SIGMUND 1J.

Korozni inzenyr

Summary
During the last revision of the basic standards for corrosion protection of steel structures, which the ISO
12944 series forms and is adopted in the Czech Republic as CSN EN, were added to the ISO 12944-5
part the polysiloxane-based, polyaspartic and fluoropolymer paints. In the annexes to the standard, they
are then listed for use as topcoats instead of polyurethane paints. They are also cited in new standards
created for special purposes (eg masts and towers for wind turbines). In the article I present my previous
practical experience with these paints.

Key words
Polysiloxane coatings, polyaspartic coatings, fluoropolymer coatings, zinc silicate paints, epoxy mastic
paints, protective coating systems, steel structures.

V létech 2016 az 2019 byla provedena revize norem fady ISO 12944, které byly v CR zavedeny
v létech 2018 a 2019 jako CSN EN ISO 12944 Natérové hmoty — Protikorozni ochrana ocelovych
konstrukci ochrannymi natérovymi systémy — Cést 1 az Cast 8. Dale k nim byla ptidana Cést 9. Tato fada
norem tvoii zakladni normativni dokumenty pro navrhovani, zhotovovani a inspekce protikorozni ochrany
ocelovych konstrukei natérovymi systémy. Plati pro natirané povrchy novych konstrukei z uhlikovych oceli
se stupném zarezavéni A, B a C (ISO 8501-1), z oceli zarove zinkovanych ponorem (ISO 1461) a oceli
s zarové stiikanym kovovym povlakem (ISO 2063).

Norma CSN EN ISO 12944 Natérové hmoty — Protikorozni ochrana ocelovych konstrukci ochrannymi
natérovymi systémy — Céast 5: Ochranné natérové systémy zatfadila pro natéry ocelovych konstrukei do
kapitoly 6 Typy natéra nové dalsi, dfive neuvadéné vrchni natéry. Uvadim vytah:

6.2.5 Natérové hmoty pro polyurethanové natéry (PUR).

Existuje specialni typ PUR na bazi fluoropolymert. Natérové hmoty na bazi kopolymeri FEVE

(fluoropolymer/vinylether) jsou dvouslozkové. Pryskyfice v zakladni slozce je fluoropolymer

s volnymi hydroxylovymi skupinami, ktery reaguje s vhodnymi izokyanatovymi vytvrzovacimi

Cinidly.

6.2.6 Natérové hmoty pro polyaspartické natéry (PAS).

Pojiva v zakladni slozce jsou aspartaty s aminoskupinami, které reaguji s vhodnymi polyizokyanaty.

Lze je kombinovat s nereaktivnimi pojivy, napt. uhlovodikovymi pryskyficemi. Vytvrzovaci ¢inidlo

obsahuje alifaticky polyizokyanat.

6.2.7 Natérové hmoty pro polysiloxanové natéry (PS).

Polysiloxany jsou ¢aste¢né anorganické (s pouzitim silikonové pryskyfice) a ¢astecné organické

(s pouzitim modifikovanych pryskyfic, typicky akrylovych, akrylatovych nebo epoxidovych).

Mij ptispévek mohu s klidem oznacit jako Denikenovsky — tedy ,,vzpominky na budoucnost®. Tyka
se praxe s vyjmenovanym barvami v Ceské republice v dobach, kdy jesté¢ do norem pro protikorozni
ochranu ocelovych konstrukei ochrannymi natérovymi systémy zatazeny nebyly.

Prvné jsem byl seznamen s natérovymi hmotami epoxy polysiloxanovymi v roce 1996 u fy. AMERON,
a byly mi také nabidnuty vhodné natérové systémy vcetné cenovych nabidek. Pii technologickych
rozvahach a nakladovych kalkulacich, které jsem si provadél, se ukazalo, ze jsou technologicky vyhodné
anadkladové zcelakonkurence schopné s dosavadnimi srovnatelnyminaklady. Napt. natérovy systém 1x 75 um
Dimetcote 11 + 1x 125 um PSX 700 (etyl zinksilikat + epoxy polysiloxan) byl nakladové srovnatelny
s tehdy béznymi natérovymi systémy 80 um 2K-EP-Zn + 2x 80 um 2K-EP-EG + 80 um 2K-PUR, a to
diky podstatné nizsi pracnosti a casové naro¢nosti. Jako zékladni natér mohl byt pouzit i epoxymastic ve
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tloust’ce okolo 160 um. V USA jiz byly pouzivany, ukazalo se, Ze stabilita na povétrnosti a sluneénim osvitu
jsou asi 3x vyssi, nez nejlepsi barvy polyuretanové.

Brzy poté, v roce 1999 se s nabidkou akryl polysiloxanii piedstavila v CR i firma INTERNATIONAL.
Postupné mély siloxanové natéry v praxi ovéfeny a ve své vyrobé zavedeny nejen firmy AMERON (USA)
a INTERNATIONAL Protective Coatings (Vela Britanie), ale také firmy HEMPEL Marine Coatings
(Dansko), JOTUN (Norsko), REMBRANDTIN (Rakousko), CARBOLINE (USA) a ASTURLAK
(Spanglsko). Do projekti ocelovych konstrukei v CR se tyto barvy bohuzel nedafilo dostat.

Pfijednanich se zastupci firem mi byly v Iétech 2003 a 2004 nabidnuty k ovéteni i k zavedeni dvouvrstvé
natérové systémy s vyuzitim rtznych typt zakladnich natéri a vrchnich natéri polysiloxanovych, viz
tabulka:

z vrchni natér epoxy siloxanovy PSX 700

o 2 zéakladni natér zinkovy silikatovy Dimetcote 11

z E zakladni natér zinkovy epoxidovy Amercoat 68
< zéakladni natér epoxidovy mastixového typu Amerlock 400 Color, Al, GFA
= vrchni natér epoxy siloxanovy Hempaxane 55000

E: E zakladni natér zinkovy silikatovy Hempadur Galvosil 1571
= zakladni natér epoxidovy mastixového typu Hempadur Mastic 45889
Z vrchni natér epoxy siloxanovy Remoplast HS-SI 81

o E zakladni natér zinkovy silikatovy Remosil OM 101

z E zakladni natér zinkovy epoxidovy Remoplast EP ZINK
A zéakladni natér epoxidovy mastixového typu Remoplast HS 21
M Vrchni natér epoxy siloxanovy Eporane EPX

o é zéakladni natér zinkovy silikatovy Silcoat AFA 90

z E zakladni natér zinkovy epoxidovy Epozinc HS
2 zakladni natér epoxidovy mastixového typu Dampshield 2446

Ve spolupraci s pi. Doc. I. Podjuklovou CSc. (VSB-TU Ostrava) byla z nabidky zvolena fada
ochrannych natérovych systémt ode vSech firem. Jejich studium v ramci doktorské disertacni prace
VSB-TU Ostrava v létech 2004 az 2007 bylo ulozeno Ing. R. Siostrzonkovi. Zkousky natérovych systému

ptiznivé, do projektii ocelovych konstrukei je ovsem nebylo mozné prosadit.
Natérové hmoty na bazi fluorpolymerti nebo aspartamti v tu dobu nabizeny nebyly.

V roce 2004 se podatilo firmé¢ HEMPEL dostat do projektu silniéniho mostu na stavbé Silnice 1/48
Bélotin, a poté do vyroby natérovy systém 1x 75 pum Hempel‘s Galvosil 15702 + 1x 125 um HEMPAXANE
55000. Zakladni natér zinkovy etylsilikatovy dilensky, vrchni natér epoxysiloxanovy na stavbé, celkova
natérova plocha 18500 m?. Ocelové konstrukce mostu byla vyrobena a zakladni natér aplikovan v a.s.
VITKOVICE, smontovana, postavena a natfena vrchnim natérem byla na stavbé silnice R 48. Most byl dan
do provozu v srpnu 2007. Pteklenuje ficku Luha, rybnik Horni Bélotin a Zelezni¢ni trat’ Pferov — Bohumin,
délka levého mostu 581,40 m, délka pravého mostu 578,91 m. Toto feseni natérového systému je v CR
dosud jedinecné, jeho stav je v soucasné dobé¢ stale bezvadny.

V tu dobu se mi dostal do rukou projekt ocelové konstrukce velkého komeréniho centra pro Londyn,
s natérovym systémem 1x 80 um epoxymastic plnény zinkem + 1x 100 pm akryl polysiloxan. Pfislusné
natérové hmoty mély ve vyrobnim programu fa. INTERNATIONAL a fa. ASTURLAK. Vitéz soutéze vSak
protlacil zménu na klasicky 3x 80 um EP / PUR natérovy systém némeckého vyrobcee.

10
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V soucasné dob& ma firma ALLGARD Sternberk (zastoupeni firmy PPG v CR) podle TKP 19B
Reditelstvi silnic a dalnic CR schvalen natérovy systém 1x 60 um SIGMAZINC TM 68 SP + 1x 140 um
SIGMAFAST TM 278 + 1x 80 um PSX® 700. Jiné natérové systémy s vyuzitim vrchnich natéri na bazi
fluorpolymerii, polysiloxanti nebo aspartami dosud nejsou v CR schvalovany ani aplikovény.

Jesté bych se rad zminil o vrchnim natéru, ktery sice do této kategorie natérovych hmot nepatfi,
ale povazuji ho za vysoce vykonny moderni vrchni natér. V létech 2008 az 2010 byly v ramci vyvoje
pro Reditelstvi silnic a délnic ovéfovany rizné typy systémi protikorozni ochrany prikaznimi zkouskami
podle tehdy platnych Technickych kvalitativnich podminek TKP 19B, rev. biezen 2008. Do zkousek
byl zafazen také natérovy systém 1x 80 pm 2K-EP-Zn + 1x 100 um 2K-EP-Nano (epoxid formulovany
s obsahem nanocastic pro vrchni natéry). Ukazalo se, ze po ukonceni zkousek byl tento natérovy systém ve
shodé pozadavky TKP 19B a rovnocenny s tehdy béznymi natérovymi systémy (napi. 80 um 2K-EP-Zn +
2x 80 pm 2K-EP-EG + 80 pm 2K-PUR). Bohuzel, dalsiho uplatnéni nenalezl.

Vrchni natéry na bazi fluorpolymert, polysiloxanti nebo aspartami ma v soucasné dob¢ fada vyrobcet,
véetng eského, a ve svété se pouzivaji, napi. v Cing ve velkém méfitku. V fadé zemi Evropské unie se
k nim dosud ptistupovalo podle principu ,,nejsou v piedpisu => neexistuji. Ocekavam, ze tyto natéry
budou postupné ochotné ptijimany nejen odborniky v oboru povrchovych tprav a ochrany proti korozi, ale
iinvestory a projektanty ocelovych konstrukei, mosti, a obdobnych ocelovych staveb a vyrobku.

Literatura

[1] CSN EN ISO 12944-5 Natérové hmoty - Protikorozni ochrana ocelovych konstrukci ochrannymi
natérovymi systémy - Cast 5: Ochranné natérové systémy

[2] Siostrzonek, R. Studium vyvojové rady ochrannych natérii na badzi siloxanu. Ostrava, 2007.
Diserta¢ni prace. Vysoka Skola banska - Technicka univerzita Ostrava, vedouci prace Podjuklova J.
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APPLICATION OF RECYCLED ZINC IN ANTI-CORROSION COATING

SYSTEMS
APLIKACE RECYKLOVANEHO ZINKU V ANTIKOROZNICH NATEROVYCH
SYSTEMECH

ANTOS P!, DANA T2, HERMANKOVA Z.!, PROSEK T.!

1 VSCHT Praha, Technopark Kralupy, Namésti G. Karse 7/2, Kralupy nad Vitavou, 27801
2 COREZINC s.r.o0., Roudna 1, Roudna, 39201

Summary
The aim o this work is to prove that recycled zinc powder can replace commercial products from primary
raw materials, based on comparable properties o coatings systems prepared from commercial and
recycled zinc powders. For the preparation of zinc coatings, commercial types o zinc powders with
lamellar and isometric particle shape, and samples of recycled zinc powders Corezinc were used as com-
parative pigments. Epoxy ester binder, inorganic silicate binder and silicone-modified acrylate binder.
The physical — mechanical properties of individual coatings and their corrosion resistance (condesation,
NSST, SO,) were investigated.

Keywords
Lamellar zinc, isometric zinc, recycled zinc powder, coating, physical-mechanical properties, corrosion.

1 Uvod

Zinksilikatové natéry nebo povlaky, na bazi anorganického silikatového pojiva, patii spolecné
s organickymi natéry pigmentovanymi zinkem do skupiny tzv. zinkovych natérii s vysokym obsahem ko-
vového zinku 80-95 hm. % v netékavém podilu natéru. V nominalnich tloustkach suché vrstvy obvykle
60-90 pm jsou uréeny k dlouhodobé protikorozni ochrané ocelovych konstrukci v atmosférach o stupni
korozni agresivity C3, C4 a C5 (CSN ISO 9223).

Jako pojiva pro tyto typy natérii se pouzivaji pojiva s vysokou odolnosti nebo pojiva, ktera jsou
schopna reakce s kovovym zinkem. Jedna se anorganicka pojiva na bazi vodnich skel — alkalickych sili-
katt. Pouzivaji se pfedevsim kiemicitany draselné nebo lithné, ovsem pouziti sodného vodniho skla neni
vyjimkou, pfedevsim v dfivéjsich dobach. V téchto systémech je vyuzito schopnosti zinku vytvofit pii
styku s ocelovym povrchem katodickou ochranu. Pokud je dosazeno vodivého kontaktu mezi jednotlivymi
Casticemi zinku a ocelovym povrchem vytvari se elektricky ¢lanek Zn-Fe, v némz je ocel katodou a proto
nekoroduje. Pokud elektrochemicky ¢lanek funguje, dojde ke zvyseni hodnoty pH vody, ktera difunduje
natérovym filmem a pulsobi jak na ¢astice zinku, tak rovnéz také na ocelovy podklad. Z tohoto divodu je
nutno volit pojiva odolna v alkalickém prostfedi (v minulosti se uplatnil polystyren, chlorkaucuk, epoxido-
vé pryskyfice a vinylové kopolymery).

Organickou obdobou vodnich skel jako pojiva je ¢astecné hydrolyzovany ethylortosilikat (40 %
Si0,). Na rozdil od vodnich skel, které¢ jsou vodou feditelné, je ethylsilikat ve smési alkoholu (vétSinou se
pouziva isopropanol) a organickych rozpoustédel. Z chemicky odolnych organickych pojiv se pouzivaji
epoxidové pryskyfice a epoxyesterové pryskyfice, vyrobci kovovych pigmentl uvadéji ve svych smérmych
formulacich i pouziti jednokomponentnich polyurethanti vytvrzovanych vzdusnou vlhkosti.

Jako kovovy pigment se pouziva zinek. Ten muze byt ve dvou tvarové odlisSnych formach. Jako izo-
metricky pigment ve tvaru kuli¢ek, nebo lamelarni pigment ve formé malych diski. Pigmenty se od sebe
li$i pomérné vyznamné olejovym ¢islem — absorpci pojiva. Lamelarni pigmenty maji cca tietinové davko-
vani (po€itano hmotnostn¢).

Zinksilikatové natéry nebo povlaky, na bazi anorganického silikatového pojiva, patii spoleéné
s organickymi natéry pigmentovanymi zinkem do skupiny tzv. zinkovych natéra s vysokym obsahem ko-
vového zinku 80-95 % hmotn. v netékavém podilu natéru. V nominalnich tloustkach suché vrstvy obvykle
60-90 um jsou urceny k dlouhodobé protikorozni ochrané ocelovych konstrukei v zejména atmosférach
o stupni korozni agresivity C3, C4 a C5 (CSN ISO 9223).
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Aplikace zinkem plnénych zakladnich natérovych hmot na ocelové podklady je velmi G¢inna anti-
korozni ochrana, ktera se pouziva cca 50 let. Natéry na bazi sodného vodniho skla plnéné zinkem zacaly
byt pouzivany jiz ve 40. letech minulého stoleti v Australii, nejprve jako samovytvrditelné, ale protoze k
dostate¢nému vytvrzeni doslo az min. po 7 dnech a vytvrzeni silné zaviselo na pocasi, pfeslo se na tepelné
vytvrzovani. Prvni realizované akce byla ochrana vngjsi strany nadzemniho potrubi na vodu v okoli Sydney
(potrubi Woronova) a 400 km dlouhého potrubi mezi mésty Morgan a Whyalla v jizni Australii. Tfislozko-
va kompozice smési sodného vodniho skla o modulu 3,2, sufiku jakozto inhibitoru a kovového praskového
zinku se pfipravovala pfimo na stavbé a Stétcem nanasela na neotryskany, pouze kysele moteny, alkalicky
neutralizovany a zfedénou kyselinou fosfore¢nou pasivovany povrch. Po zaschnuti natéru se vytvrzeni
provedlo zahfatim vnitiku potrubi plynovym hofakem na teplotu 100-150 °C a po nékolika minutach doslo
prakticky k Gplnému vytvrzeni natéru. Je zajimavé, Ze jesté po 30 letech provozu byl povlak shledan se
zachovalou ochrannou funkei a prokorodovany bodové do cca 1 % plochy, a to pouze v mistech se snize-
nou tloustkou povlaku pod 38 um. Pozdgji bylo technologicky nevyhodné tepelné vytvrzovani nahrazeno
chemickym dodate¢nym vytvrzovanim, a jesté pozdéji byly zavedeny samovytvrzujici formulace na bazi
vodnich skel draselnych a lithnych, které za bézné teploty vytvrzuji 1épe nez sodna vodni skla [1,2].

2 Experimentalni ¢ast

2.1 Specifikace pojiv pro natéry

Jako pojiva byly pouzity epoxyesterova pryskyftice na bazi rozpoustédel WorléeDur D46 (60% roztok
sttedné molekularni epoxidové pryskyfice esterifikované smési mastnych kyselin), vodni lithné sklo (pti-
praveno v laboratofi) a SOLAKRYL BX (roztokova akrylatova pryskyfice obsahujici polybutylmetakrylat
rozpustény v xylenu).

2.2 Specifikace pigmentii

Jako referen¢ni materialy byly pouzity komer¢ni druhy zinkovych praska s izomerickym (Zinc Dust
VM-4P16, dale 1ZO) a lamelarnim (Blitz Zinkpulver Z2031, dadle LAM) tvarem ¢astic. Dale byly pouzity
vzorky recyklovanych zinkovych praski COREZINC. U vzorki zinkovych praskt bylo provedeno stano-
veni spotieby oleje, hustoty a KOKP.

2.3 Formulace a priprava ndtérovych systémii

Dispergace formulovanych natérovych hmot probihala v po dobu 45 minut pii 3000 ot./min. Nate-
rové systémy byly naneseny stiikanim tlakovou pistoli na sklenéné panely a na ocelové panely (rozméry
150 x 100 x 4 mm pro urychlené korozni zkousky, 150 x 100 x 0,8 mm pro fyzikaln¢ — mechanické zkous-
ky).

2.4 Fyzikalné — mechanické zkousky

U vzorkl natérovych hmot na ocelovych panelech byly provedeny fyzikalné- mechanické testy odol-
nosti, a to konkrétné stanoveni odolnosti natéru proti ideru (CSN EN ISO 6272), zkouska hloubenim (CSN
EN ISO 1520), zkouska ohybem pies cylindricky trn (CSN EN ISO 1519), zkouska tvrdosti natéru tlume-
nim kyvadla (CSN EN ISO 1522) a stanoveni piilnavosti natéru miizkovou metodou (CSN EN ISO 2409).

2.5 Zkousky korozni odolnosti

Ocelové plechy s nanesenymi zakladnimi natéry plnénymi zinkovym prachem a v nékterych pfi-
padech také s vrchnim natérem byly exponovany za podminek tfi normovanych koroznich zkousek. Pro
kazdou zkousku byly urceny tfi shodné vzorky o velikosti 150 x 100 x 4 mm.

Pii zkousce v neutralni solné mize (NSST) dle CSN EN ISO 9227 byly vzorky trvale exponovany
v prostfedi mlhy roztoku 5% NaCl pii teploté 35 °C. Kondenzaéni zkouska dle CSN EN ISO 6270-2 byla
provadéna pii 40 °C v atmosféfe nasycené vodni parou, kdy na vzorcich dochazi ke kondenzaci vody.
Zkouska odolnosti proti vihké atmosféie s obsahem oxidu sifi¢itého (Kesternichova zkougka) dle CSN EN
ISO 3231 je cyklicka zkouska, pfi které jsou povlakované panely exponovany v komorte, kam je nadavko-
vano 200 ml SO, a udrZovéna vysoka vlhkost (kondenza¢ni podminky) pti 40 °C po dobu 8 hodin. Tato faze
je nasledovana suSenim v laboratorni atmosféte po dobu 16 hodin.
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Na vzorcich pro NSST byly pred expozici pfipraveny fezy frézou z karbodu wolframu pomoci CNC.
Kazdy fez byl 50 mm dlouhy, 2 mm §iroky a umistény 25 mm od spodni a bo¢nich stran, Hloubka priniku
fezu do oceli byla ve vSech pfipadech mensi nez 100 pm.

Vzorky exponované v NSST a kondenzac¢ni zkousSce byly hodnoceny jedenkrat tydné. V souladu
s pozadavky normy CSN EN ISO 12944-6 byla hodnocena mira puchyfkovéani, prorezavéni, praskéni
a odlupovani.

3 Vysledky a diskuse

3.1 Specifikace pigmentii

Pigmenty byly specifikovany a byly stanoveny jejich hustoty a spotfeba oleje, a byla vypoctena
KOKP. Hodnota spotieby oleje u zinku COREZINC je hodnotou spiSe blizsi hodnoté pro izometricky
zinek. Hustota zinku COREZINC je v porovnani s komer¢nimi vzorky nepatrné niz$i. Hodnota KOKP pro
zinek COREZINC je opét blizsi hodnoté pro referencni zinek 1ZO.

Tab. 1: Specifikace zinkovych pigmenti

Pigment [g/Sll:)(()]tZe:))iag::llee‘liletu] Hustota [g/cm’] KOKP [%]
Zn 1Z0 6,5 7,13 67
Zn LAM 24 7,13 35

Zn COREZINC 10,58 6,62 57

3.2 Tvrdost zinkovych natérovych systémii

Hodnota tvrdosti u natérovych filmi s epoxyesterem rostla z poc¢atku velmi pozvolna. Na pocatku
méfeni (2. den) mél nejvyssi hodnotu tvrdosti izometricky zinek, lamelarni zinek a zinek COREZINC
mély tvrdost nizsi. Tvrdost 100. den byla téméf srovnatelna pro vzorek izometrického zinku (24 %) a zinku
COREZINC (22 %), lamelarni zinek mél tvrdost nizsi (15 %).

Hodnota tvrdosti u natérovych filmi s lithnym vodnim sklem byla u vSech vzorkd jiz 2. den vyssi
a v prab¢hu meéfeni rostla pozvolna. Na pocatku méfeni (2. den) mél nejvyssi relativni tvrdost vzorek
izometrického zinku (47 %), lamelarni zinek m&l hodnotu nejnizsi (23 %) a zinek PVI PULVERIZER mél
hodnotu o trochu vyssi nez zinek lamelarni (31 %). Relativni tvrdost 100. den byla nejvyssi pro vzorek izo-
metrického zinku (53 %). Hodnota pro lamelarni zinek (30 %) byla nizsi nez pro zinek COREZINC (40 %).

Hodnota tvrdosti u natérovych filmu se silikonakrylatem v pribéhu méfeni rostla pozvolna. Na po-
¢atku meéfeni (2. den) mély srovnatelnou hodnotu tvrdosti izometricky zinek (15 %) a zinek COREZINC
(15 %), lamelarni zinek m¢l hodnotu nejnizsi (6,5 %). Hodnota tvrdosti 100. den byla nejvyssi pro vzorek
lamelarniho zinku (26 %). Hodnoty pro izometricky zinek (23 %) a COREZINC byly téméf srovnatelné
(24 %).
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Tab. 2: Tvrdost zinkovych natérovych systémi

Oznadeni natérové Tvrdost filmu — kyvadlo Persoz [%]
hmoty 2. den 5. den 20. den 40. den 100. den
1ZO ES 6,04 7,19 10,97 14,14 24,34
LAM ES 3,03 4,91 6,13 7,64 14,96
COREZINC ES 3,93 5,16 6,44 10,55 22,12
1ZO VS 46,77 49,90 52,07 52,82 53,29
LAM VS 23,03 24,07 25,84 28,21 30,03
COREZINC VS 30,83 32,30 35,15 36,75 39,38
1ZO A 14,55 17,78 21,23 21,92 23,35
LAMA 6.47 16,11 23,11 24,44 25,89
COREZINC A 14,51 17,47 20,98 22,53 23,85

3.3 Fyzikdlné — mechanické zkousky

3.3.1 Odolnost natérovych systémii pri videru

Nejlepsi odolnost pii tderu se ukazala u lamelarniho zinku se silikon akrylatem (22,5 cm), méné
odolny byl vzorek zinku COREZINC se silikon akrylatem (17,5 cm). Natérovy film izometrického zinku
se silikon akrylatem byl z této fady formulovanych natérovych filma nejhorsi (7,5 cm). Hodnoty odolnosti
pfi uderu pro vzorky zinku s vodnim sklem byly pro vSechny tii vzorky srovnatelné (7,5 cm). Vysledky pro
vzorky zinku s epoxyesterem byly lepsi nez s vodnim sklem, hodnota pro lamelarni zinek a zinek CORE-
ZINC byly srovnatelné (15 cm), hodnota odolnosti pro izometricky zinek byla horsi (12,5 cm).

3.3.2 Odolnost natérovych systémii pri hloubeni

Jak je patrné z vysledku v tab. 3, nejvyssi hodnoty odolnosti pii hloubeni byly pozorovany pro epo-
xyesterovy natérovy film s lamelarnim zinkem (4,2 mm) a zinkem COREZINC (4,1 mm), hodnota pro
izometricky zinek byla nizsi (2,4 mm). Vysledné hodnoty pro natérové filmy s vodnim sklem a silikon
akrylatem mély podobny trend, nejlepsi odolnost mél v obou piipadech lamelarni zinek, o néco malo horsi
vysledek byl pozorovan u zinku COREZINC a nejhorsi odolnost byla pozorovana u izometrického zinku.

3.3.3 Odolnost natérovych systémii pii deformaci pred cylindricky trn

V epoxyesterové fadé vzorka byly deformaci ptes cylindricky trn nejméné odolné natérové hmoty
s izometrickym zinkem a zinkem COREZINC (16 mm), natérovy film s lamelarnim zinkem byl mirné
odolngjsi (13 mm). Ze vzorkl natérovych filmi s vodnim sklem byly nejodolnéjsi vzorky s lamelarnim
zinkem a zinkem COREZINC (16 mm), mén¢ odolny byl vzorek s izometrickym zinkem (20 mm). Nejmé-
né odolny natérovy film v silikon akrylatové fadé byl s izometrickym zinkem (13 mm), lep$i odolnost pfi
ohybu prokézaly natéry s lamelarnim zinkem a zinkem COREZINC (10 mm).

3.3.4 Odolnost natérovych systémii pri mrizkovém testu prilnavosti

U epoxyesterovych natérovych filmi bylo pozorovano pii miizkovém testu odolnosti jen nepatrné
poskozeni (do 5 % celkové plochy) u vsech tii vzorkl. Taktéz u vSech vzorku natérovych filmi se sili-
kon akrylatem bylo pozorovano nepatrné poskozeni (do 5 % celkové plochy). U natérovych filma s vod-
nim sklem bylo pozorované poskozeni jiz vétsiho rozsahu, pro izometricky zinek byla hodnota poskozeni
3 (poskozeni je vétsi nez 15 % a mensi nez 35 % celkové plochy). Pro lamelarni zinek a zinek COREZINC
byla hodnota poskozeni 2 (poskozeni je vétsi nez 5 % a mensi nez 15 % celkové plochy.
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Tab. 3: Fyzikalné mechanické zkousky zinkovych natérovych systémi

Oznaceni natérové O(ll:;lm;::l:’l/ﬁzm Odolnost Odolnost Prilnavost
hmoty n:i:)ér . ohybu [mm] hloubeni [mm] mrizka [st.]
1IZO ES 5/12,5 16 2,5 1

LAM ES 5/15 13 3,1 1
COREZINC ES 5/15 16 32 1
1ZO VS 5/1,5 20 1,1 3
LAM VS 5/7,5 16 1,4 2
COREZINC VS 5/7,5 16 1,3 2
1Z0 A 5/7,5 13 1,5 1
LAMA 5/22,5 10 23 1
COREZINC A 5/17,5 10 1,8 1

3.4 Zkousky korozni ochrany

3.4.1 Zkouska v neutralni solné mize (NSST)

Epoxyesterovy zakladni natér bez vrchniho natéru (vzorky ES) byl v NSST nejodolnéjsi v kombinaci
se zinkovym praskem COREZINC (408 h).

Vsechny natéry na bazi lithného vodniho skla (VS) v NSST selhaly béhem prvniho tydne (< 168h).
Silikon-akrylatové natéry v NSST také selhaly béhem prvniho tydne (< 168h).

Epoxyesterovy natérovy systém s vrchnim epoxidovym natérem (rozpoustédlovy) byl nejodolngjsi
v NSST v kombinaci s izometrickym a lamelarnim zinkem (1176 h), v kombinaci se zinkem COREZINC

byla odolnost nepatrné nizsi (896 h).
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Tab. 4: Vysledky zkousky v neutralni solné mlze (NSST)

Odolnost [hod.]
Znaceni Diivod selhani
Vzorek 1 Vzorek 2 Vzorek 3 Priumér
1Z0 ES <168 <168 <168 0 Prorezavéni
Ri5
COREZINC Puchyikovani
ES 408 408 408 408 4(S2)-5(S5)
Puchyikovani
LAM ES 408 <168 <168 136 2(S2), proreza-
véni Ri5
Prorezavéni
1ZO VS <168 <168 <168 0 RID_RI3
COREZINC Prorezavéni
Vs <168 <168 <168 0 RIS
Prorezavéni
LAM VS <168 <168 <168 0 RID_RI3
Puchyikovani
1ZO A <168 <168 <168 0 3(S2)
COREZINC A <168 <168 <168 0 Puchyfkovani
2(S2)
Prorezavéni
LAM A <168 <168 <168 0 Ril_RD
120 ES-TR 1176 1176 1176 1176 P mrl‘;zialwem
Prorezavéni
LAM ES-TR 1176 1176 1176 1176 RilRi3,
delaminace
1-2 mm
Prorezavéni
COREZINC Ril-Ri2,
ES-TR 1344 <168 1344 896 delaminace
1-2 mm

3.4.2 Vysledky kondenzacni zkousky

V kondenza¢ni zkousce byly vSechny epoxyesterové natérové systémy velmi odolné s dobou do se-
lhani pfes 3000 hodin. U vzorki s lamelarnim a izometrickym zinkovym prachem nedoslo k selhani ani
po 3528 hodinach.

V kondenzacni zkousSce prokéazal natér na bazi lithného vodniho skla (VS) se zinkovym praskem
COREZINC vyznamné lepsi odolnost nez referencni systémy. Ani po 3528 hodinach expozice nedoslo
k poruseni natéru.

V kondenzaéni zkousce byly silikon akrylatové natéry se viemi zinkovymi prasky velmi stabilni.
Mirné kratsi dobu vydrzely vzorky se zinkovym praskem COREZINC.

Epoxyesterovy natérovy systém s vrchnim epoxidovym natérem (rozpoustédlovy) se vSemi vzorky
dosahl témét shodnych vysledku.
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Tab. 5: Vysledky kondenzaé¢ni zkousky

Odolnost kondenzace [hod.]
Znaceni Divod selhani
Vzorek 1 Vzorek 2 Vzorek 3 Priamér
170 ES 5928 6096+ - 6012+ P mrf{zi*lwem
COREZINC 3360 3360 3360 3360 Delaminace
ES 2 mm
LAM ES 6096+ 5928+ — 6012+
1ZO VS 168 168 168 168 Prorezavént
Ri3
COREZINC Prorezavéni
Vs 4872+ 3360 4872+ 4368+ Ri4
LAM VS 168 <168 <168 56 Prorezavént
Ri2
Prorezavéni
1Z0 A 3528 4200 3360 3696 Ri2—4, puchyi-
kovani 4(S2)
COREZINC A 3528 2688 2352 2856 Prorezavéni
Ril-Ri3
Puchytkovani
LAMA 3360 3360 3360 3360 4(S2)
Prorezavéni
1ZO ES-TR 1344+ 1176 1176 1232+ Ril, puchytko-
vani 0-3(S2)
LAM ES-TR 1344+ 1344+ 1344+ 1344+
Prorezavéni
COREZINC 1344 1344 1344 1344 Ril, delamina-
ES-TR
ce >2 mm
4 Zavér

Cilem této prace je prokazat, ze recyklovany zinkovy prasek miize nahradit komer¢ni produkty z pri-
marnich surovin, na zékladé srovnatelnych vlastnosti natérovych systému pfipravenych z komercnich
a recyklovanych zinkovych prasku. Z dosavadnich vysledki fyzikalné — mechanické odolnosti a korozni
odolnosti, 1ze konstatovat, ze toho cile u recyklovanych zinkovych prasku je realné dosdhnout.
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FORMULATION OF ANTICORROSIVE PAINTS WITH SYNERGISTIC
ACTION OF METALLIC ZINC AND MAGNESIUM-CONTAINING
PIGMENTS

FORMULACE ANTIKOROZNICH NATEROVYCH HMOT SE SYNERGICKYM
PUSOBENIM KOVOVEHO ZINKU A PIGMENTU S OBSAHEM HORCIKU
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Faculty of Chemical Technology, University of Pardubice, Studentskad 95, 53210 Pardubice,
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Summary
In this research work, the composition, concentration and efficiency of magnesium pigments in
an organic coating with a high content of metallic zinc were investigated.

Magnesium naphtalene-1,8-dicarboxylate and magnesium naphtalene-1,4,5,8-tetracarboxylate were
specifically used for this research work. Epoxy-ester resin of solvent type was selected as a binder for this
research work. Model anticorrosive paints consisting of this resin and containing different concentrations

of studied pigments were prepared. The organic coatings were studied at the pigment volume
concentration of tested magnesium pigments 1 %, 3 %, 5 %, and 10 % and at a constant ratio of
PVC/CPVC=0.60. Corrosion resistance of the studied organic coatings containing magnesium pigments
was studied by accelerated corrosion test and electrochemical technique.

Key words
Zinc, magnesium, coatings, corrosion.

Introduction

Protection of metals against corrosion using organic coatings is based on preventing or slowing down
electrochemical reactions taking place on the metal surface or at the interface of the organic coating and
the protected metal. Protection of metallic materials can be achieved by applying organic coatings to the
surface of metals. This method is the most used in practice for the protection of metallic materials, when
this method is related to the application of organic coatings, anticorrosive pigments and corrosion inhibitors
[1,2]. Powdered substances, most often of an inorganic nature, are used as anticorrosive pigments, where
these substances show corrosion-inhibitory effects after application to the binders of basic paints. The
degree of corrosion protection depends not only on the binder, but also on the pigments or corrosion inhibi-
tors. The group of inhibitory pigments includes pigments that are actively affected by various mechanisms,
not only barrier, but also electrochemical or chemical mechanism [2,3].

Zinc is one of the effective metallic electrochemically acting ,,sacrificial® pigments. The zinc metal
particles has been used for preparation of paints for many years due to the protection provided by the sa-
crifice of zinc dust and the barrier effect. [4,5] Paints containing powder zinc are widely used in a variety
of severe environments including shipbuilding, offshore platforms and industrial areas by virtue of their
unique property of protecting the metal even after instances of slight mechanical damage to the coating
Zinc-rich coatings can provide an active cathodic protection for steel substrates even if the existence of
mechanical damage in the binders during the its application. [6] In order to ensure zinc-rich coatings sup-
plying a longer sacrificial service, an outstanding electron transport circuit between zinc particles and the
metal matrix for galvanic action must occur. However, the presence of a heavy amount of zinc particles in
the coating results in many problems with high porosity, weak adhesion strength to the metal matrix and
poor surface leveling [7-9].

Experimental Part
Pigment Parameter Determination

Pigment density was determined using a Micromeritics AutoPycnometer 1340. Oil absorption was
measured by the ,,pestle-mortar method based on Czech Standard CSN 67 0531. The data was used to
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calculate the critical pigment volume concentration (CPVC). Elemental analyzes of the samples were me-
asured by standard procedures on a analyser (Fisons Instrument).

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 3.6-4.8 Pa.s, flow
time (DIN 53211-4 200) of 250 s, non volatile content, 1h/125 °C (DIN EN ISO 3251) 60 + 1 %.

Formulation and Preparation of the Organic Coatings

The synthesized pigments, along with spherical zinc (Conmet GmbH, Germany) were used to prepare
the organic coatings. The paints prepared from binder contained the pigments at pigment volume concent-
rations (PVC) of 1%, 3%, 5%, and 10%, with zinc powder at a constant ratio of PVC/CPVC = 0.60. The or-
ganic coating containing zinc only at a constant ratio of PVC/CPVC = 0.60, served as the reference coating.

The paints were prepared using a Dissolver type system at 3500 rpm/35 min. Once prepared, the
paints were applied to steel panels (standard S-46 low-carbon steel panels, Q-Lab Corporation, ISO Panel
Specifications: 1514 Section 3.5.4). The dry film thickness (DFT) was measured with a magnetic gauge
according to ISO 2808. An artificial vertical cut was made through the paint films for the accelerated corro-
sion 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 12944-6 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 salt spray atmosphere. The exposure of the samples in a testing chamber was performed in 12-h cycles.
The samples were evaluated after 1440 hours 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).

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 cm2), platinum as the coun-
ter electrode, and a saturated calomel electrode as the reference electrode was used. The sample was sub-
merged in 1M NaCl solution and polarized across the range from —10 mV EOC—1 to +10 mV EOC-1 at and
rate of 0.166 mVs-1. The resulting Tafel plots contained anodic and cathodic branches. All measurements
were carried out three times to check repeatability of the results.

Mechanical properties of the tested organic coatings

The Studied organic coatings were subjected to mechanical tests providing information on the tested
film elasticity and strength. Adhesion of the tested films to the substrate was assessed on cutting a lattice
into the films as per ISO 2409, by using a special cutting blade with cutting edges 2 mm apart. The impact
strength of the tested films applied to steel panels was determined by letting a 1000 g weight fall onto the
panels from different heights and recording the largest height (in cm) at which the film integrity remai-
ned undisturbed (ISO 6272). The tested film resistance to cupping was evaluated by measurement on an
Erichsen cupping tester. The result is the steel ball indentation depth (in mm) at which the film integrity
remained undisturbed, as specified in ISO 1520. The test aimed at evaluating the tested film resistance to
bending consists in bending the painted panels over mandrels of different diameter and recording the largest
diameter (in mm) at which the tested film integrity is disturbed, as specified in ISO 1519. The pull-off test
for adhesion was measured with COMTEST®OP3P (CZ). A circular target with a 20 mm diameter was ad-
hered to the sample by a two part epoxy adhesive. The measurement parameters were the following: tension
increased to 152 kPa.s™' and limit force of 15 kN. The test was done according to ISO 4624.
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Results and discussion

Pigment specification

The synthesized pigments were characterized and their exact mass, molecular weight and elemental
analysis were determined. The exact mass of magnesium naphtalene-1,8-dicarboxylate was 238.01 and
molecular weight this pigment was 238.48 while the exact mass of magnesium naphtalene-1,4,5,8-tet-
racarboxylate was 347.96 and molecular weight this pigment was 348.79. Densities and oil numbers of
tested pigments were determined too. The density of zinc was 7.14 g.cm® and CPVC of zinc was 67 %. The
density of magnesium naphtalene-1,8-dicarboxylate was 1.15 g.cm® and CPVC was 61 % while the density
of naphtalene-1,4,5,8-tetracarboxylate was 1.81 g.cm3 and CPVC was 67 %.

Tab. 1: Characteristics of the magnesium naphtalene-1,8-dicarboxylate

Magnesium naphtalene- Chemical Exact Mass Molecular Elemental Analysis
-1,8-dicarboxylate Formula Weight [g.mol] [%]
o
Q . C: 60.44
AN H:2.54
O O/Ms C,HMgO, 238.01 238.48 Mg:10.19
| 0:26.83

Tab. 2: Characteristics of the magnesium naphtalene-1,4,5,8-tetracarboxylate

Magnesium naphtalene- Chemical Exact Molecular Elemental Analysis
-1,4,5,8-tetracarboxylate Formula Mass Weight [g.mol'] [%]
(o] o
/° Q ™\ (1:{ 418'12 61
Mg\o O/Mo C, HMg, O, 347.96 348.79 Me: 13.94
0:36.70
o o
Tab. 3: Specification of the pigments
Pioment Density Oil absorption CPVC
s [g.cm’] [¢/100g] [%]
Zn_, 7.14 6.42 67
C,HMgO, 1.15 46.32 61
C HMg,0, 1.81 25.52 67

Results of the accelerated corrosion tests in a salt mist atmosphere

The results of the accelerated cyclic corrosion test in NaCl spray atmosphere are listed in Table 5
for tested organic coatings containing magnesium naphtalene-1,8-dicarboxylate, magnesium naphtalene-
-1,4,5,8-tetracarboxylate and spherical zinc. The steel panels coated with the paint films were exposed
to a salt fog atmosphere for 1440 hours, and blistering near a test cut and on the paint film surface was
evaluated. Subsequently, the paint films were removed from the panels and corrosion of the steel surface
was examined.

Blistering of the organic coating with zinc attained the 6MD level both on the film surface and in an
artificial cut made through the film. Where magnesium naphtalene-1,8-dicarboxylate at the pigment volume
concentration 1-5 % was present in addition, both the blister size on the surface (§M—8F) and the blister
frequency in the cut (8MD-8M) were lower than in the preceding case. Where magnesium naphtalene-
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-1,4,5,8-tetracarboxylate at the pigment volume concentration 1, 3 and 5 % was present in addition, both
the blister size on the surface (8M) and the blister frequency in the cut (SMD-8M) were lower than in the
case of an organic coating which contained only zinc. Also, corrosion in the metal base was 16 % in the
absence of magnesium pigments whereas it was mere 1-3 % if magnesium naphtalene-1,8-dicarboxylate
was present in addition at PVC = 5 and 10 %, respectively. Corrosion in the metal basewas 3 % if magne-
sium naphtalene-1,4,5,8-tetracarboxylate was present in addition at PVC = 10 %. Corrosion on the steel
panel surface beneath the film as well as corrosion in the test cut area decreased with increasing magnesium
naphtalene-1,8-dicarboxylate or magnesium naphtalene-1,4,5,8-tetracarboxylate volume concentration.
The highest corrosion resistance was detected for organic coating containing magnesium naphtalene-1,8-
-dicarboxylate at PVC = 10 % and zinc was only 1.5-2 mm.

Tab. 5: Corrosion test results for organic coatings containing magnesium naphtalene-1,8-dicarboxy-

late, magnesium naphtalene-1,4,5,8-tetracarboxylate and zinc (DFT =110 £ 5 pm)

Blistering Corrosion
Pigment l;:/;(]: Metal base In a cut Metal base In a cut

[dg] [dg] [%] [mm]

0 6MD 6MD 16 2.5-3

1 &M 8SMD 10 2.5-3

C,,HMgO, 3 8F 8M 3 225
5 8F &M 3 2-2.5

10 - 8F 1 1.5-2

0 6MD 6MD 16 2.5-3

1 &M SMD 10 2.5-3

C,,HMg,0, 3 8M 8MD 10 2.5-3
5 &M SM 10 2-2.5

10 8F SM 3 2-2.5

Fig. 1: Organic coating after 1440 h of exposure in a salt mist atmosphere: a) organic coating with
magnesium naphtalene-1,8-dicarboxylate at PVC = 10 %, b) organic coating with magnesium
naphtalene-1,4,5,8-tetracarboxylate at PVC = 10 %, c) right: organic coating containing zinc only
at a constant ratio of PVC/CPVC = 0.60

a) b) 9
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Results of the electrochemical method of linear polarisation

The results of the electrochemical method of linear polarization are listed in Tables 6 for tested organic
coatings containing magnesium naphtalene-1,8-dicarboxylate, magnesium naphtalene-1,4,5,8-tetracarbo-
xylate and spherical zinc.

For the organic coating with zinc, the polarization resistance was 7.96 x 10° Q and corrosion rate was
6.32 x 10® mm/year. For the organic coating containing of magnesium naphtalene-1,8-dicarboxylate at
PVC = 10 % with zinc, the polarization resistance increased to 1.80 x 10'° Q, while for the organic coating
containing of magnesium naphtalene-1,4,5,8-tetracarboxylate at PVC = 10 % with zinc, the polarization re-
sistance increased to 1.18 x 10'° Q. The corrosion rate decreased roughly by one order for organic coatings
containing of magnesium naphtalene-1,8-dicarboxylate (5.01 x 10~ mm/year) and magnesium naphtalene-
-1,4,5,8-tetracarboxylate (7.18 x 10” mm/year) at PVC = 10%. Hence, the corrosion resistance of such
organic coatings is higher than that of the reference coating containing only zinc.

Tab. 6: Results of the electronic measurement of linear polarization of the prepared coatings contai-
ning magnesium naphtalene-1,8-dicarboxylate, magnesium naphtalene-1,4,5,8-tetracarboxylate and
zinc in 1M NaCl, DFT =70 + 5 mm

B PVC .. B, B. R, =

[%] [mV] [mV] [mV] Q] [mm/year]

0 880 318 337 796 x 10° | 6.32% 10

1 -890 27.7 29.1 174 x 100 | 523x10°

C ,HMgO, 3 874 28.2 29.0 1.78 x 10 | 5.14x 10
5 -870 27.9 29.3 1.81 %10 | 5.05x 10"

10 -869 27.5 28.9 1.80 x 10" | 5.01 x 10°

0 880 31.8 337 7.96x10° | 1.32x 10

1 -886 273 285 118 x 10" | 7.56 x 10

C,,HMg,0, 3 882 28.7 28.1 1.19x 10 | 7.65x 10
5 880 27.1 284 118 x 100 | 752 %10

10 -872 26.6 26.3 L18x 10 | 7.18 x 10

Results of the mechanical properties of the protective organic coatings

Physico-mechanical resistance studied organic coatings was tested by standardised methods to deter-
mine the adhesion, elasticity and flexibility of the tested films. The results, listed in Table 4, demonstrate
that the tested organic coatings containing magnesium naphtalene-1,8-dicarboxylate and magnesium naph-
talene-1,4,5,8-tetracarboxylate reach especially at higher values of PVC higher mechanical resistance than
the reference coating containing zinc solely. The highest mechanical resistance was achieved by an organic
coating with a magnesium naphthalene-1,8-dicarboxylate content at PVC = 10%.
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Tab. 4: Results of the mechanical properties of the organic coatings containing magnesium
naphtalene-1,8-dicarboxylate or magnesium naphtalene-1,4,5,8-tetracarboxylate together with zinc,
DFT=65%+5pum

e P(YC Adhesion Bend test | Impact test Cupping sg:ﬂ;flf*
[%] test [dg] [mm] [em] test [mm] [MPa]

0 2 <6 90 6.12 2.36
1 2 <6 90 6.22 2.51

C,HMgO, 3 1 <4 > 100 7.11 2.57
5 1 <4 > 100 7.89 2.62
10 1 <4 >100 8.14 2.74
0 2 <6 90 6.12 2.36
1 2 <6 90 6.18 2.41

C, HMg,0O, 3 1 <4 > 100 7.06 2.47
5 1 <4 > 100 7.45 2.53
10 1 <4 >100 7.87 2.59

* Fracture type: cohesion in the coating > 95 %

Fig. 2: Photograph of the studied paint films and roller after the pull-off test: a) organic coating
with magnesium naphtalene-1,8-dicarboxylate at PVC = 10 %, b) organic coating with magnesium
naphtalene-1,4,5,8-tetracarboxylate at PVC = 10 %, c) right: organic coating containing zinc only
at a constant ratio of PVC/CPVC=0.60

a) b) )

Conclusion

The objective of this work consisted of determining the optimum volume concentration of tested
magnesium pigments added to the organic coatings as to reduce the zinc content while preserving the high
corrosion resistance. The corrosion resistance of pigmented organic coatings were studied by using an
accelerated cyclic corrosion test and by electrochemical method. It was found that this goal could be achie-
ved by formulation organic coating containing zinc particles and magnesium naphtalene-1,8-dicarboxylate
or magnesium naphtalene-1,4,5,8-tetracarboxylate at pigment volume concentration 10 %. The highest
anticorrosion efficiency was attained at magnesium naphtalene-1,8-dicarboxylate volume concentration
PVC = 10%. In conclusion, the tests gave evidence that the studied magnesium pigments in particular, are
capable of inhibiting corrosion effects in organic coatings to some extent. The anticorrosion action of stu-
died magnesium pigments is primarily based on the complexation properties of the compounds at the metal
(Fe)-organic coating—corrosion environment interface.
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OBJASNENI PRICIN RYCHLEHO KOROZNIHO NAPADEN]
TRAPEZOVE STRESNI KRYTINY S VRSTVOU ZAROVEHO ALUZINKU

EXPLANATION OF THE CAUSES OF RAPID CORROSION ATTACK
OF ROOFING WITH A LAYER OF GALVANIZED ALUZINC

MINDOS L.
SVUOM s.r.o.

Summary
A detailed laboratory investigation explained the real causes of premature corrosion of the roof cladding
based on trapezoidal steel sheet with a galvanized layer of Al-Zn-Si alloy coating. The acceleration
of the corrosion of the roof cladding can be attributed to the hydrogen charging of the steel in the sheet
during the pickling process before the thermal coating and the subsequent expansion of the recombinant
hydrogen in the process of forming the alloy coating layer.

Key words
Steel hydrogen charging, aluzinc coating porosity, roof cladding corrosion.

1 Uvod

V prubéhu nékolika poslednich desetileti se postupné zesiluje trend vyroby slitinovych kovovych
povlaki na ukor puvodné ,Cistych® kovovych povlaki, zejména zinkovych, at’ jiz galvanickych anebo
zarovych. Trend je pochopitelny a je ovliviiovan nejen ekonomickymi tlaky, ale také silné ,,ekotrendy*
— ¢imz se rozumi, Ze se o technickém zinku uvazuje jako o polutantu, jehoz mnozstvi unikajici z pramyslo-
vé zhotovenych kovovych povlaki je nutné omezovat.

Postupné byly vyvinuty slitinové kovové povlaky, z nichz se velmi ¢asto uplatiiuje slitinovy povlak
na bazi dvou hlavnich kovi, zinku a hliniku, doplnény o mald mnozstvi nekovi, napt. kiemiku. Producenti
téchto slitinovych povlakt uvadeéji odvazna technicka tvrzeni. Napt. pro komeréni Aluzinek, coz je slitina
Al-Zn-Si v hmotnostnim poméru cca 55 - 43 - 1,6 (zbytek do 100 % piipada na jiné piimési), se uvadi
2-6 krat vyssi korozni odolnost na venkovni atmosféte oproti Cistému zinkovému povlaku, a zaruka na
povétrnosti je udavana na 25 let.

Takto uvedena tvrzeni v technickém listu vyrobce zni velmi dobie a investor se mize bez obav roz-
hodnout zasttesit technické objekty ocelovym plechem s vySe uvedenou zarovou slitinou, a to bez dalSich
povrchovych tprav natéry, coz mu vyznamné snizi stavebni naklady.

Tento ptispévek popisuje selhani v rozsahlé oblasti povrchovych Gprav, kam zarové povlakovani patii.
Zarové povlakovani ocelovych plechti je primyslovy kontinualni proces s velmi vysokou roéni produkci
m2 povlakovanych plechti. Producenti zarové povlakovanych plechii jsou zodpovédni za jakost svého pro-
duktu, resp. jsou zodpovédni i za skryté vyrobni vady, které nejsou béznymi piejimacimi postupy odhali-
telné, a o to vice se neblaze projevi po instalaci na vnéjsi atmosféfe v ¢ase mnohem krat$im nez uvadénych
zarucnich 25 let. Pfispévek byl zpracovan na objasnéni rychlého prokorodovéani Aluzinku v pribéhu cca
1 roku na stfeSe hospodaiském objektu.

2 Popis experimentalnich metod

Pro objasnéni pficin rychlého pribéhu koroze aluzinkového slitinového povlaku byla na kusu trapé-
zového plechu (odebraného ze skladu) provedena urychlend korozni zkouska v atmosféte SO, a dile byla
provedena detailni mikroskopie povrchu konvexnich ohybt trapézového plechu a koneén¢ i mikroskopie
kolmého pfi¢ného fezu vrstvou aluzinkové slitiny na ocelovém podkladu.

V technickém listu vyrobce je korozni odolnost aluzinkového slitinového povlaku uvedena pro zkous-
ku v neutralni solné mlze. Tato korozni zkouska je pro povlaky s vysokym obsahem zinku svym zptso-
bem vyhodna, protoze korozni zplodiny zinku tvofici se v prostiedi solné mlhy jsou nerozpustné a maji
utésnujici ucinek pro porézni defekty v povlaku. Proto byla zvolena urychlend korozni zkouska Aluzinku
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v atmosféfe kyselé¢ho plynu SO, zamérné s tim poznatkem, Ze v prostredi SO, se tvoii jen rozpustné slouce-
niny zinku, resp. hliniku, takze pfipadna porozita slitinového povlaku nemize byt utésfiovana rozpustnymi
koroznimi zplodinami. I vizualné skryta porozita slitinového povlaku tak mtize byt odhalena tvorbou ¢erve-
nohnédych koroznich zplodin Zeleza, které prostoupi na povrch povlaku a budou snadno identifikovatelné.
Opticka mikroskopie na ohybech, resp. napfti¢ vrstvou Aluzinku doplni potfebné informace k objasnéni
pficin rychlé korozni degradace slitinového povlaku.

ey

Obr. 1: Stav trapézového stieSniho plasté po necelém 1 roce expozice na vnéjsi atmosféie

i~

2.1 Urychlena korozni zkouska v atmosfére SO,

Kazdy korozni cyklus sestaval z 8 hodin / 40 °C + 100 % R.H. + SO,, odvétrani a 16 hodin pii cca
23 °C pfi pozvolna klesajici vlhkosti vzduchu.

Obr. 2: Celkovy pohled na riiznou intenzitu koroze povlaku na konvexnim a konkavnim ohybu
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Obr. 3: Detail na rozdilnou rychlost korozniho napadeni slitinového povlaku v plose a v z6né kon-
vexniho ohybu

Obr. 4: Pohled na zcela rozdilny stupeii prokorodovani slitinového povlaku azZ k podkladové oceli
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2.2 Opticka mikroskopie povrchu slitinového povlaku na vypuklych (konvexnich) ohybech

Obr. 6: ZvétSeni na mikroskopu 50x, temné pole (TP). Zietelné rozevirani, resp. trhani slitinového
povlaku v misté konvexniho ohybu, kde doch4zi k jeho protaZeni

Xy

Obr. 7: VloZeni délkovych méFitek k trhlinam na konvexnim ohybu. Délka trhlin cca od 50 pm pres
500 pm, Siika trhlin cca 10-20 pm
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2.3 Opticka mikroskopie slitinové vrstvy pri zvétseni 200x, svétlé pole

Obr. 8-13 Slitinovy povlak na oceli je prostoupen mnoha defekty = tmavé plochy. Tmavé plochy
ve slitinovém povlaku jsou tvoreny poréznimi strukturami, které zpiisobil tlak unikajiciho vodiku
z ocelového podkladu. Vodik se do oceli dostal pii kyselém moreni ocelového plechu pied Zarovym

aluzinkovanim. P¥i kyselém moieni dochazi k rozpousténi Zeleza za uvoliiovani vodiku, ktery se
velmi dobi‘e rozpousti v krystalové mriZce Zeleza. P¥i ponoieni navodikovaného ocelového plechu

do aluzinkové taveniny dochazi za zvySené teploty k rekombinaci vodiku atomarniho na molekular-
ni a k jeho difuzi pres vrstvu aluzinku. Tlak rekombinovaného vodiku je zna¢ny a snadno pronika
zhotovenou vrstvou slitinového povlaku, ¢imz dochazi k jeho znehodnocovani, protoZe dochazi
k tvorbé poréznich struktur o nedefinovatelné porozité a neurcitelné pozici. Porézni struktury Alu-
zinku maji vyrazné vys$§i mérny povrch a podléhaji mnohem rychleji koroznim procestim.

200 pm

D PORASL MR TR 7 e RMACERSS

200 pm

200 pym

200 pm
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2.4 Opticka mikroskopie slitinové vrstvy pri zvétseni 400x, svétlé pole

Obr. 14-18: VEétsi detaily na slitinovou vrstvu Aluzinku s mnoha defekty, péry a mnohde i velmi
nizkou zbytkovou tloust’kou slitinové vrstvy. Tmavé plochy uvnitf vrstvy Aluzinku odpovidaji ne-
Zadoucim poréznim strukturam, které byly vytvoreny tlakem unikajiciho rekombinovaného vodiku
v procesu Ziarového povlakovani plechu.

3 Vysledky a diskuze

Pii mikroskopickém zkoumani kolmého pfi¢ného fezu vrstvou Aluzinku na 3 vzorcich vyfezu z ple-
chu nebylo nalezeno zadné misto, kde by aluzinkova slitinova vrstva neméla vyskyt poréznich (tmavych)
struktur. Aluzinkova slitinova vrstva na ocelovém plechu tak byla vyrobena se skrytou vyrobni vadou, jiz
je vysoka vnitfni porozita slitinového povlaku. Porézni slitinovy povlak je mnohem vice nachylnéjsi ke
korozi, a proto neni mozné, aby slitinovy povlak v tomto poréznim provedeni zajistil protikorozni ochranu
na vnéjsi atmosféie po dobu 25 let, jak je uvedeno v technickém listu.
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Vhodné zvolené urychlena korozni zkouska v atmosféte SO, také potvrdila porézni strukturu Zaro-
vého slitinového povlaku, a to tim, ze ve velmi kratké dobé po 5 koroznich cyklech doslo k zietelnému
pruniku koroznich produktll Zeleza na povrch slitinového povlaku, ¢imz bylo dvéma zcela nezavislymi
postupy potvrzeno, ze skryta vyrobni vada, jiz je ¢etny vyskyt poréznich strukur ve vrstvé zarového sliti-
nového povlaku je hlavni pfi¢inou velmi rychlé korozni degradace stie$niho plasté ulozeného na hospo-
daiském objektu.

4 Zavér

Z provedenych laboratornich zkoumani dodaného kusu trapézového plechu se slitinovym, zaroveé
zhotovenym aluzinkovym povlakem vyplynulo:

— hlavni pfi¢inou pied¢asného prokorodovani slitinového povlaku trapézového plechu je vysoka po-
rozita slitinového povlaku, ktera byla vytvotena jako skryta vyrobni vada pfimo v pribéhu procesu tvorby
slitinového povlaku na oceli,

— tuto skrytou vyrobni vadu neni mozné zjistit jinym zpusobem nez mikroskopickym zkoumanim
pfi¢ného fezu slitinové vrstvy,

— tvorba trhlin ve slitinovém povlaku na konvexnich ohybech je nezadouci a vypovida o nizké schop-
nosti aluzinkového povlaku vii¢i mechanické deformaci pii tvarovani plechu ohybanim, zejména na kon-
vexnich ohybech, kde dochazi k protazeni slitinové vrstvy,

— tvorba trhlin na konvexnich ohybech pfispiva vyznamné ke zkraceni doby prokorodovani slitino-
vého povlaku, i kdyz tato vada neni urcujici pro vysokou rychlost prokorodovani slitinového povlaku na
venkovni atmosfére.
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POLYMER COMPOSITES WITH CARBON BUCKYPAPERS: A NEW WAY
OF MODIFIED CARBON NANOTUBES APPLICATION

POLYMERNI KOMPOZITY S UHLIKOVYMI BUCKYPAPERY: NOVY ZPUSOB
VYUZITI MODIFIKOVANYCH UHLIKOVYCH NANOTRUBEK

ZIMA V., BOHACOVA M., OPRSAL J., ZETKOVA K., KOPECKA K.
SYNPO, akciova spolecnost, Pardubice

Summary
Buckypaper is a macroscopic aggregate of carbon nanotubes in the form of a thin film, which has

interesting properties due to its unique character. Buckypaper is highly electrically conductive and can
therefore be used as a flexible electrode for supercapacitors and lithium batteries or in electromagnetic
interference shielding. Thanks to its thermal conductivity, buckypaper can be used as a flexible non-me-

tallic heat sink for electronic components. Conductivity of the buckypaper can be changed by a modifi-
cation of the starting carbon nanotubes. Its mechanical properties might be improved by impregnation of

the prepared buckypaper films with a suitable polymer.

Key words

Carbon nanotubes, buckypaper, polymer film, conductivity.

Carbon nanotubes (CNTs) can be imagined as graphene layers convoluted into a form of seamless
cylinders with open or closed ends [1, 2]. There are basically two main kinds of CNTs: single-wall and
multi-wall carbon nanotubes, see Figure 1.

Fig. 1: Representation of a single-wall (SWCNT) and multi-wall (MWCNT) carbon nanotubes [3]

SWCNT MWCNT

| |
0.5to 1.5nm >100nm

Carbon nanotubes have many interesting properties, for instance high electrical conductivity (theo-
retical electrical conductivity of single-wall carbon nanotubes might achieve values a up to 107 S/m), and
a good thermal conductivity, comparable with copper [4]. Therefore, it is of great interest to employ these
excellent properties of the carbon nanotubes in polymer composites [5, 6]. The successful utilization of
CNTs in composite applications depends on their homogenous dispersion in the polymer matrix, which
is very often a difficult and tricky task [7-9]. Carbon nanotubes have a tendency to form agglomerates
during their incorporation into polymer matrices, which results in worsening of the mechanical, thermal
and electrical properties of their polymer composites compared to the theoretical values predicted for indi-
vidual CNTs. In order to solve these issues, CNT sheets, also known as buckypapers (BPs) have been used
to develop novel polymer nanostructured composites. BP can be defined as a free-standing porous mat of
entangled CNT bundles held together by van der Waals interactions [4].

The most common technique used for manufacturing BPs is a vacuum filtration. The procedure invol-
ves basically three steps. Firstly, a small amount of CNTs is ultrasonically dispersed in a solvent with the
assistance of a surfactant. This is followed by a vacuum-assisted filtration of a homogeneously dispersed
CNT solution. During the filtration, CNTs are deposited on the filter surface and form a thin membrane
(buckypaper) that can be removed from the filter after drying.

Buckypaper films as such have relatively low mechanical resistance. This can be substantially impro-
ved by preparing a composite of buckypaper with a suitable polymer without compromising the properties
(e.g., conductivity) of the starting material. The properties of the buckypaper can be changed by modifying

33



XIV. KONFERENCE PIGMENTY A POJIVA « 15.-16.11.2021

the starting carbon nanotubes, for instance by their oxidation or by introducing other suitable functional
groups for instance sulfophenyl groups. In this way, not only can the electrical conductivity of the final
buckypaper be increased, but also the affinity for the polymer, with which buckypaper is impregnated, can
be increased.

How the CNT modification influences electrical and mechanical properties of the prepared buckypa-
pers is shown in Figure 2.

Fig. 2: Influence of CNTs modification on electrical (conductivity) and mechanical (tensile modulus
and maximum stress) properties of the resulting buckypapers
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As follows from Figure 2, the electrical conductivity of BPs can be increased by a mild oxidation of
the starting CNTs (ox. CNT) while their sulfonation (sulfoCNT) leads to an improvement of mechanical
properties.

Mechanical properties can be further changed by impregnation of the buckypaper with suitable poly-
meric materials. We found that an isocyanate oligomer (NCO) developed in the SYNPO company can be
successfully used for such purpose, see Figure 3.

Fig. 3: The influence of impregnation by isocyanate oligomer (NCO) on electrical (conductivity) and
mechanical (tensile modulus and maximum stress) properties of the resulting buckypapers
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In all cases, the impregnation leads to a decrease of electrical conductivity. On the other hand, the
mechanical properties are greatly improved by impregnation, reaching the best values in the case of sulfo
modified CNTs.
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DEVELOPMENT OF POLYMER SYSTEMS FOR SURFACE TREATMENT
OF SIGNIFICANTLY EXPOSED SURFACES

VYVOJ POLYMERNICH SYSTEMU PRO POVRCHOVOU UPRAVU
VYZNAMNE EXPONOVANYCH PLOCH

OPRSALJ.!, ZETKOVA K.!, PUMMEROVA M.z, KUBAC L3, VOSICKY L.

1 SYNPO, akciova spolecnost
2 Centrum polymernich systémii, Univerzita Tomdse Bati ve Zliné

3 Centrum organické chemie
4 FORTES interactive, s.r.o.

Summmary
The issue of the spread of viruses is currently perceived as very serious and may be one of the main
sources of new difficult-to-treat diseases in the future. The latest pandemic shows that the only reliable
means against their spread is prevention. During the pandemic, various means of preventing physical
contact with contaminated objects have proven successful. However, this method is not sustainable in
the long run. In the period after the end of the pandemic, vigilance in this spirit will decline and it will
be necessary to ensure another long-term effective way of protection against the spread of pathogenic
microorganisms.

At present, there are already various antimicrobial modifications of polymers, which are mainly based
on additives using biocidal products authorized on the EU/EEA market in accordance with Directive
98/8/EC or the Biocidal Products Regulation (Regulation (EU) No 528/2012). However, the disadvantage
of these additives may be the need for higher dosages, on the one hand, or, on the other hand, the risk that
they may migrate from the polymer matrix and to come into contact with the human skin in an increased
extent.

The aim of the project is to design a polymer cover layer that will guarantee a long-term protection of
touch screens against the deposition of organic pollutants on their surface and will also act as a preven-
tion against the deposition of pathogenic microorganisms, especially bacteria and viruses. Touch screens

operates under direct contact with human fingers. It is therefore necessary to ensure high resistance of
their surface to mechanical stress, but, in addition, also to disinfectants, which are periodically applied to

them.

Key words
Touch screen, self cleaning, antiviral, antibacterial, anticovid, antimicrobial.

Supported by Technology Agency of the Czech Republic No. FW03010006, ,,Permanent protection of
touch screens to prevent the deposition of organic pollutants on their surface*
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FOTOAKTIVNI PERYLENOVE DERIVATY JAKO ADITIVA
PRO POLYMERNI MATRICI SE SAMOCISTICIMI VLASTNOSTMI

PHOTOACTIVE PERYLENE DERIVATIVES AS ADDITIVES FOR A POLYMER
MATRIX WITH SELF-CLEANING PROPERTIES

KUBAC L., CERNY J.!, BECVARIKOVA R.!, HRDINA R.2, ALAFID F.2, BURGERT L.,
PUMMEROVA M.3, PISTEKOVA H.3, SEDLARIK V.3, LISKOVA V.#

1 — Centrum Organické chemie s.r.o., Rybitvi
2 — Univerzita Pardubice, Fakulta chemicko-technologicka
3 — Univerzita Tomase Bati ve Zliné, Centrum polymernich systémii, Univerzitni institut
4 — Synthesia a.s., Semtin

Summary
Perylene derivatives, which show photoactivity when irradiated with light at a wavelength of 450 to
500 nm and show high stability even at temperatures around 300 °C, have been incorporated into
thermoplastics and polymer coating systems. In this selected polymer systems, these derivatives are able
to generate singlet oxygen upon visible light irradiation, thus providing the modified polymer surfaces
with self-cleaning properties and increased protection against microbial attack.

Key words
Photoactive polymeric system, perylenes, self-cleaning effect, singlet oxygen

Perylenové pigmenty (zakladni skelet viz obr. 1) vykazuji unikatni koloristické vlastnosti. Pfedev§im
vykazuji vysokou brilanci, stabilitu na svétle a vysokou odolnost pii vysokych teplotach [1]. Tyto vlastnosti
predurcuji jejich pouziti pro barveni plasti zpracovavanych pii vyssich teplotach, napi. polyamidi a pro
aplikace ve vypalovacich lacich. Pfedevsim pak druha zminéna aplikace ptinasi bohaté moznosti vyuziti v
automobilovém primyslu.

CHy

R=-CHj, oy, 5\/_/

X=Cl, Br

Vhodné substituované perylenové derivaty vykazuji polovodivé vlastnosti, které umoznuji jejich vy-
uziti v elektronickych aplikacich [2], pfedevs§im pro organické tranzistory [3], aditiva pro senzorové vrstvy
[4], ale i organické fotovoltaické systémy [5].

V ramci diskutované prace bylo rozpracovano pouziti perylenovych derivati jako fotoaktivnich adi-
tiv do polymernich matric. Pokud mluvime o organickych fotoaktivnich systémech, jedna se o jev, kdy
pisobenim viditelného svétla o definované vinové délce, v tomto piipadé 450 az 550 nm dochazi k exci-
taci molekuly perylenu [6], ktera kratkodobé prechazi do tripletového stavu, kde interaguje s molekulou
kysliku, ktera je v zakladnim uspofadani v tripletovém stavu. Pfi této interakci odchazi k pfenosu energie
z tripletového stavu perylenu na kyslik a z tripletového stavu se stava tzv. singletovy stav. Kyslik je v tomto
stavu velmi reaktivni a pisobi oxida¢né na organické polutanty i na nékteré typy mikroorganismu.

Meéfeni fotoaktivity bylo provadéno pomoci standardnich metod, které jsou v COC dlouhodobé vy-
uzivany:

— Stanoveni generace singletniho kysliku je provadéno pomoci méteni rychlostni konstanty k rozkladu

¢inidla 1,3-difenylisobenzofuranu v methanolu za osvitu definovanym svételnym zdrojem. Cim vy3§i hod-
nota k, tim je vyssi produkce singletniho kysliku a tedy fotoaktivita.
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— Stanoveni rozkladu modelovych organickych polutantti v roztoku, napt. kyseliny B-indolyloctové za
osvitu definovanym svételnym zdrojem.

— Stanoveni rozkladu modelovych organickych polutantl v tenké vrstve se provadi méfenim rychlosti
rozkladu fluorescenéniho salicylanu sodného.

— Stanoveni anitmikrobialni u¢innosti se provadi podle normy ISO 22196, Plastics — Measurement of
antibacterial activity on plastic surfaces, ktera je modifikovana pro ucely fotoaktivnich systému s vyzitim
definovaného zdroje zafeni.

Mefeni fotoaktivni Gc¢innosti vybranych perylenovych derivati, u kterych byla fotoaktivita identifiko-
vana jiz v praskovém stavu, bylo nasledné¢ provadéno v celé fadé aplikaci, ve vypalovacich lacich ur¢enych
pro strojirenstvi, vodoufeditelnych lacich, v riznych typech plast (polypropylen, polyamid, EVA, PET,
polykarbonat) a to jak ve formeé folii, tak ve formé tkanin. Perylen byl zapracovan do koncentratu polya-
midu, ktery byl nasledné pouzit pro piipravu mikrovlakna, ze které¢ho byla utkana puncoska.

Bylo zjisténo, Ze typ polymerni matrice zasadnim zptisobem ovliviiuje Groven fotoaktivity a schop-
nosti odbouréavat organické polutanty usazené na povrchu méfené¢ho materialu, jakoz i celkové antimikro-
bialni chovani. Bylo doporu¢eno optimalni uspotadani pro prumyslové aplikace. Byl vybran nejvhodnéjsi
derivat, ktery vykazuje vysoké stability na svétle i odolnost proti ptisobenim vysokych teplot. Byly doporu-
¢eny vhodné polymerni nosice a to jak pro oblast natérovych systémi, tak pro oblast plasti.

Vyroba fotoaktivniho derivatu byla ovétena v méfitku sklenéného poloprovozu, technologie jeho vy-
roby je pfipravena pro transfer do fadné vyroby. Bylo provedeno ovéfeni postup piipravy koncentratu po-
lyamidu s obsahem perylenového derivatu, ktery je vhodny pro pfipravu polyamidovych folii i pro vyrobu
polyamidovych vlaken.
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INFORMATION ON TiO, CLASSIFICATION STATE
AND POSSIBLE FURTHER DEVELOPMENTS

INFORMACE O SOUCASNEM STAVU V OBLASTI KLASIFIKACE TiO,
A MOZNEHO BUDOUCIHO VYVOJE

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

Summary
CLH Classification of TiO, and powder materials containing TiO, is active from October 2021. Only
materials which has more than 1 % of TiO, in particles with aerodynamic diameter lower than 10um have
to be classified. This article summarise effort made by TiO, producing companies to find suitable method
to correctly estimate this value and how to use it for plausible classification. The method should be
regularly available, reasonably standardised, generally accepted, reproducible and repeatable, correctly
discriminate various materials (not only pristine TiO,) and give directly amount of material below
suggested threshold 10 um. We found several methods but only Rotating drum method EN 15051-2 fulfils
more or less all above mentioned features.

Key words
Carcinogenity, Inhalation, Aerodynamic diameter, TiO,

European commission decided to propose TiO, classification as inhalation carcinogen category 2
in February 2020. All producers and consumers should change their documentation and their procedures
taking this into consideration till 1st October 2021. Most important note 10 says:

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 aerodynamic
diameter < 10 um.

The stepwise procedure how to evaluate what statement/labels should be used in SDS or on material
packing is summarised in following figure.

Fig. 1: Stepwise approach to estimate if material has to be classified or not. It is worth to mention
that if liquid contains not classified TiO, but is sprayed and the spray.
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Statements EUH210, 211 or 212 should be provided on liquid or solid mixtures containing classified
TiO, in amount greater than 1%. Detailed ECHA interpretation of classification together with some
examples is in [].

Each TiO, producer and consumer has to comply to the classification wording and has to act according
to the type of material he is producing. The problem is how to measure aerodynamic diameter of particles,
which are not clearly in aerosol state. This could be TiO, in sacks, powder coating containing TiO,, mortar
mixture with TiO,, liquid paints with TiO,. Each material should be evaluated according to intended
application. The paint which is sprayed and contains more than 1 % of TiO, should be tested if during
application droplets are smaller or bigger than 10 pm and if in smaller droplets is more than 1 % of total
TiO,.

But as TiO, producer, Precheza need to find out what method should be used to evaluate pure powder
TiO, and whether it falls within limits for classification or not. Clearly it contains more than 1 % of TiO,
but to evaluate if the material has aerodynamic particle size smaller than 10 pm one need to measure this
feature. This value has to be estimated in the air. Dust measurements at the workplace or workers® exposure
measurements are designed to determine the aerodynamic size of dust. There are plenty of methods which
could measure aerodynamic diameter in the air (SMPS, APS, ...). The tricky part is how to make aerosol
from the material in sack. If you ask people who measure aerosols, they say it is not possible and you never
get original aerosol once the material settles and is collected somewhere. But as this value is required, we
had to find some way how to perform analysis reproducibly having in mind all possible uses and also ma-
terials which only contain some TiO, pigment fraction.

We evaluated several options and as the method of choice we recommend EN 15051-2 []. This method
is one of the methods used to evaluate propensity of powder material to generate airborne particles during
handling procedures like pouring, conveying, bag emptying, packaging). The advantage of this method is
that it can without any modification provide value for thoracic part of generated dust, which is equivalent
to particles below 10um. It is widely recognised and accepted, the procedure is standardised and it is
commercially available and several independent labs are able to perform the analysis. Precheza together
with other TDMA (Titanium dioxide manufacturers association) members performed extensive study and
analysed several TiO, pigments and nanomaterials by different methods.

Primary particle size vs. Aerodynamic particle size

Primary particle size is (usually average) geometric diameter of single particle measured by various
methods. It could be calculated from measured distribution and its value depends on the way how the
distribution is expressed — number, volume, surface, intensity or other. Primary particles may also form
aggregates or agglomerates, which in many cases acts as single particles and are as such measured. The
aerodynamic diameter of a particle is defined as diameter of a sphere, whose density is 1 g.cm™, which
settles in still air at the same velocity as the particle in question. This velocity depends on various factors,
namely density of the particle - p, its aerodynamic diameter — d and air viscosity - # (g is gravity constant
and C is correction factor).

Knowing all these factors, one can estimate aecrodynamic diameter from the particle motion in the
air. It is clear, that particle diameters measured by techniques like electron microscopy, DLS or LD or
centrifugal sedimentation does not have much in common with aerodynamic diameter.

Primary particles are held together with strong forces which are schematically expressed in following
figure.
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Fig. 2: Diagram comparing size dependent strength of forces in agglomerates for particulate
materials, taken from book “Wet Granular Matter” from Prof. Dr. Stephan Herminghaus, 2013
and added with region of primary particle size of TiO, nano material (red) and TiO, pigment (blue
bar); Capillary forces are dominating all other forces and glue the particles to agglomerates, which
are additionally fastened by the large VAW interaction (large Hamaker constant of TiO,) in direct
particle contact areas;
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We therefore tested 11 TiO, materials with different primary particle size, different structure and
different surface treatment by several methods suitable to mimic how TiO, materials are handled during its
application. The results are compared in following table.

We also tested so called Venturi dispersion and laser diffraction measurement but the dispersion force
strongly influenced measured results. The material is mostly dispersed up to primary particles. Although it
could be considered as “worst case scenario” the dispersion method is not standardised, and it is closer not
to actual material handling but to the jet milling operations. Such milling operations are performed in close
compartments and are not performed by any customer during application.

It can be clearly seen, that TiO, is powder material producing only little amount of thoracic dust during
handling. Evaluated methods can distinguish between different TiO, materials. Results from 2 different
independent labs provide similar results as one can see in following figure.

Fig. 3: Comparison of two different labs results from dustiness measurement by EN 15051-2
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Tab. 1: Possible methods comparison for classification of TiO, in several samples chosen as repre-
sentative for TiO, production. Results show the fraction below 10 pm. EN15051-3 as well as DIN

55992-1 can be driven in a way to display similar results than EN15051-2.

. Modified EN
EN 150512 | Modified DIN b y50512 | 15051-3 Con-
Sample . 55992-1 Small . q
identit Type Rotating drum rotating drum Rotating drum tinuous drop
y ~ Lab1 [% wt.] g - Lab [% wt.] Lab 3
Lab 2 [% wt.]
[% wt.]
Gl-1 Nano 0.28 0.73 0.2697 0.001
G2-5 Nano 0.02 0.27 0.0634 0.003
G3-1 Pigmentary 0.01 0.03 0.0041 0.0001
G4 -19 | Pigmentary 0.01 0.03 0.0075 0.0015
G5-4 Pigmentary 0.01 0.10 0.0136 n.a.
G6-3 Nano 0.38 1.29 0.4951 0.021
G7-5 Pigmentary 0.08 0.04 0.0361 0.001
G8-2 Nano 0.61 0.73 0.5118 0.012
G9-5 Pigmentary 0.03 0.03 0.0047 0.001
Gl10-4 Nano 0.01 0.04 0.0049 0.001
E 171-E | Pigmentary 0.01 0.03 0.0070 0.008

Together with EN 15051-2 we also recommend EN 15051-3 and DIN 55992 but those two other
methods have to be slightly modified to provide results similar to suggested EN 15051-2 method, which
directly measures airborne particles generated by handling with aerodynamic diameter below 10 pm. Sug-
gested methods for evaluating dustiness of TiO, and TiO, containing materials are not simple and require
special equipment. But such equipment is available both in independent labs and as a commercial product.
Methods are suitable for wide range of materials and provide reasonable results.

Precheza, together with other TiO, producers consider the classification as inappropriate, not scien-
tifically backed, contradicted by epidemiological studies and dispute the classification at European court.
However, before the issue is resolved we had to comply with the directive. We let samples of all our pro-
ducts measured and all are below classification limit — more than 1% below 10 um aerodynamic diameter.

Literature

[17 https://echa.europa.eu/documents/10162/17240/guide_cnl _titanium_dioxide en.pdf/d00695e4-
e341-0a33-b0ac-bee35cb13867?t=1630666801979

[2] Workplace exposure - Measurement of the dustiness of bulk materials - Part 2: Rotating drum
method.
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FOTOKATALYZATORY S PRIDAVKEM CeO, PRO CISTENI OBTIiZNE
ODBOURATELNYCH ORGANICKYCH LATEK

PHOTOCATALYSTS CONTAINING CeO, FOR REMOVAL OF PERSISTENT
ORGANIC COMPOUNDS

BAUDYS M., RUSEK J., KRYSA J.

Department of Inorganic Technology, University of Chemistry and Technology Prague,
Technicka 5, 16628 Praha 6

Summary
This work deals with the modification of TiO, photocatalyst by various overlayers containing CeO, with
aim to increase surface hydrophobicity and thus enhance photocatalytic removal of persistent non-polar
compounds. The deposition of thin layers of CeO, by spray pyrolysis over the particulate TiO, photoca-
talyst layer improves the mechanical stability, however photoactivity is much lower than original layers
of pure TiO,. Modification of particulate TiO, photocatalyst layer by overlayer based on colloidal SiO,,
TEOS, TiO, particles and different cerium precursors was more promising. Such overlayers significantly
improved the mechanical properties of the resulting coating and at the same time increase photocatalytic
activity of non-polar herbicide monuron about 40%.

Key words
TiO,, Monuron, Acid Orange7, CeO,, spray coating.

Introduction

Titanium dioxide of anatase modification has been systematically utilized as promising photocatalyst
due to its chemical stability and high activity. Application of TiO, in environment protection consists main-
ly in air treatment with aim to improve quality of air in interior. Another application can be found in water
treatment as a special part of final cleaning to decompose persistent pollutants at lower concentrations,
which can not be easily removed by conventional biological processes.

This paper aims in the immobilization of TiO, particles in robust matrix based on rare-earth metal
oxides (especially CeO,) with expected high affinity to non-polar species resulting in the improvement
of efficiency in wastewater treatment. Rare-earth oxides are promising candidates for the fabrication of
hydrophobic surfaces. Many reports demonstrated their intrinsic hydrophobicity [1,2,3] on the other hand
another papers reported that rare-earth oxides are hydrophilic [4,5]. In this work composite TiO,/CeO,
layers were prepared by two methods, e. g. i) by doctor blading and ii) by spray coating of the suspension
containing TiO, and CeO, particles in binder based on colloidal SiO,. Such layers were characterized and
their photocatalytic activity determined.

Experimental

i) layers prepared by doctor blading

Different molar ratios of Ce(NO,), (Sigma-Aldrich) and TiO, P25 (Evonik) were used for the prepa-
ration of the thin film on soda lime glass plates. Also, pure CeO, and TiO, thin films were prepared. The
deposited films were dried at 60 °C and then calcined at 450 °C for 1 h to remove thickener (hydroxyethyl
cellulose, (HEC) and to transform precursor to CeO,.

i) layers prepared by spray coating of CeO, and TiO, nanoparticles in SiO, binder

TiO, P25 (Evonik) were dispersed in water to prepare suspension containing 240 g/ TiO,. Then ap-
propriate amount of nano CeO, (Sigma-Aldrich) particles were added to get molar ratio Ce/Ti (1:40).
Binder consisting of tetraethylorthosilicate, colloidal SiO,, and isopropanol as a solvent was mixed with
TiO, suspension containing TiO, and appropriate amount of CeO, nanoparticles. Whole mixture was than
diluted with n-propanol (1:1.35) and applied using 0.3 mm automatic airbrush system on soda lime glass
substrates.
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Results and discussion

Table 1 shows the contact angle values as a function of the molar ratio Ce/Ti. Surprisingly pure Ce
layer exhibit low contact angle about 25°. In the case of molar ratio Ce/Ti 0.5 and also in the case of bilayer
system TiO,-CeO, the contact angle increases up to 60 °C, further increase of Ce/Ti ratio has no significant
effect on the increase of contact angle which is about 42°. The films were then characterized by SEM and
XRD (Fig. 1). We can see that TiO, particles are present on the surface (see Fig. 1a). XRD patterns (see Fig.
1b) confirm the presence of crystalline TiO, (anatase and rutile) and CeO,.

Tab. 1: Water contact angles of the thin films prepared by doctor blade method

Molar Ratio Time between paste Time between paste
Ce/Ti preparation and Contact angle preparation and Contact angle
deposition* deposition*
Ce* 1h 25.2
0.5 1 day 61.8 1 week 61.2
0.5%%* lh 51.4 1 day 17.1
0.75 1h 28.8 1 day 9.3
1 1 day 42.9 1 week 25.6
* pure CeO?, ** bilayer system TiO,-CeO,

Fig. 1: TiO, films modified by CeO,, (a) SEM morfology for film with ratio Ce/Ti 0.5,
(b) XRD patterns of films of various Ce/Ti ratios (A-TiO, (anatas), C-CeO,, R-TiO,(rutil))

CelTi0.75
CelTi0.5
——CelTi1

©
=
N
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2 theta (°)

Fig 2 shows the concentration decay of Acid Orange 7 (AO7) on coatings prepared by doctor blading.
Contrary to pure TiO, coating, presence of CeO, (ratio Ce/Ti = 0.5) has significant effect on the decrease
of oxidation rate of AO7. This means that the rate of photocatalytic oxidation of AO7 is for TiO,/CeO,
coating much lower than for pure TiO, coating. This can be explained by blocking of TiO, active surface
by CeO, particles.

The next research was focused on application of nanoparticles of CeO, and TiO, (molar ratio 1:40) in
binder based on tetraethylorthosilicate and colloidal SiO,. Figs 3 and 4, illustrate the concentration decays
of dye Acid Orange 7 and herbicide Monuron, respectively, on TiO, layers prepared by drop-casting and
covered by overlayer containing CeO, and TiO, (1:40) in SiO, binder. From the concentration decay it re-
sults that the rate of photocatalytic oxidation of Monuron is higher than that of Acid Orange 7. The reason
is in the different structure of organic molecules responsible for the different the first step in photocatalytic
oxidation, in the case of AO7 is the break-up of azobond, in the case of monuron it is an oxidation of methyl
group on aromatic ring.
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In both case it is clearly visible that the modification of TiO, coating by an overlayer containing CeO,
particles does not result in a decrease in photocatalytic activity. In fact in the case of low soluble, non-polar
herbicide Monuron we can clearly see an increase of degradation rate for CeO, modified layers (about

40 % compared to pure TiO, layer. This indicates positive effect of the presence of cerium oxide in removal
of non-polar compounds.

Fig 2: Photocatalytic degradation of model azodye Acid Orange 7 on TiO, coatings prepared by
doctor blading in stirred batch photoreactor
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Fig 3: Concentration decay of Acid Orange 7 on TiO, layer prepared by drop-casting and covered
by overlayer containing CeO, and TiO, (1:40) in SiO, binder.
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Fig. 4: Concentration decay of Monuron on TiO, layer prepared by drop-casting and covered by
overlayer containing CeO, and TiO, (1:40) in SiO, binder.
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Conclusions

Two approaches of modification of TiO, layers by CeO, were investigated. The former was based on
the preparation of paste containing TiO, and Ce(NO,), and deposition by doctor blading. Although after cal-
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cination, cerium precursor was transformed to CeO,, prepared layers show almost negligible photocatalytic
activity. This is most probably due to the blocking of photoactive surface by cerium oxide particles. The
second approach was based on addition of CeO, and TiO, nanoparticles in binder based on tetracthylortho-
silane and colloidal SiO,. Such coating was used as an overlayer on pure TiO, particular layer prepared by
drop-casting. In the case of polar pollutant Acid Orange 7 modification by cerium oxide results in the same
photocatalytic activity while in the case of nonpolar pollutant Monuron a significant increase in the rate of
photocatalytic oxidation was observed.
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ULOHA FOTOKATALYTICKYCH NATERU VE SMART CITIES
THE ROLE OF PHOTOCATALYTIC COATINGS IN SMART CITIES

PROCHAZKA J.
FN-NANO s.r.o.

Summary
Smart Cities start with clean air, clean water, clean looks, a pleasant environment and energy savings.

Green Deal, decarbonization, etc. are today the political slogans that set the direction for the world.
However, it is essential that the objectives of these slogans be met by effective modern technologies, not
repressive bans.

Fortunately, technologies to improve the environment, such as photocatalysis, are now at hand, and
certainly no one wants to lower our living standards, for example by lowering the speed limit to 30 km/h,
paid city entry for cars, compulsory shared transport or mandatory purchases of emission credits of all

kinds. The only solution to environmental problems that bring prosperity are modern technologies!

Studies carried out over the last 15 years confirm that fifteen square meters of facades painted with
FN NANO® paint can easily compensate for emissions from the operation of one passenger car with
a diesel engine or three cars with a gasoline engine. At the same time, this facade remains clean thanks to
a self-cleaning surface, which prolongs its service life and saves money on its maintenance.

Key words
FN NANO® photocatalytic coatings, air purification, protective coatings, self-cleaning coatings, deconta-
mination, depollution, environmental applications, air cleaning, NO , ozone.

SniZeni tepelné zatéZe — ispora energie na klimatizaci

Nové technologie ve stavebnictvi, konkrétné zateplené systémy (ETICS) umoziuji vyrazné tspory
energie, ale tuto ekonomickou bilanci mohou jesté zasadnim zptisobem vylepsit dva faktory — vyssi odrazi-
vost tepelného zateni a uspory na udrzbu povrchii. Oba tyto faktory — vyssi odrazivost radiace a samocistici
schopnosti zajist'uji ochrané natéry FN NANO®.

Obr. 1: CRRC certifikat odrazivosti a vyzafovani tepelného zaieni FN NANO®2 natérové vrstvy
testované podle mezinarodnich metod ASTM C1549 a ASTM C1371

25 Rated Product ID #: 1350-0001

Initial _ Aged
Solar Reflectance 0.79 0.68*
Thermal Emittance 0.88 0.89*

The ratings above are subject to CRRC rating

gram conditions,

COOL ROOF . v
RATING COUNCIL ® requirements and limitations. Visit coolroo! for important

information and disclaimers about CRRC rating conditions,
requirements and limitations.

Jak je patrné certifikatu na obr. 1, pomoci nanonatéru FN NANO® Ize o 20 % snizit absorpci tepelné
radiace. To umoziuje zasadni Gspory energie. Navic ¢ast absorbované energie ve viditelné a UV oblasti
spektra natér prevadi misto na teplo na ekologicky efekt.

Ochrana proti UV zafeni

Fotokatalyticka vrstva natéra FN NANO® absorbuje kratké vinové délky a snizuje tak degradaci pod-
kladové barvy UV zafenim az 10000x (obr 2). Natér zaroven vyuziva tuto absorbovanou energii UV zateni
ke své aktivaci a zprostfedkovani mnoha dalsich ochrannych a ekologickych funkeci.
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Obr. 2: Adsorpce FN NANO® natéru v UV-VIS oblasti

UV zareni viditelné svétlo

prostupnost pro zareni/%

0

T T — T T T 1
200 300 400 500 600 700 800
vinova délka/ nm

Samocistici vlastnosti

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

Fotokatalyza TiO, je polovoditovy jev, kdy po absorpci fotont o urcité energii se na povrchu tohoto
polovodice n-typu vytvoii oxida¢né redukéni potencial o energii 3,2 eV. Jinymi slovy, povrch oxidu tita-
nicitého, ktery je aktivovan absorbovanou energii UV spektra s maximem 365 nm vlnové délky, vykazuje
elektronovy deficit o energii 3,2V (rovnice 1).

UV +TiO, — TiO, (h+e) 3,2eV (€))]

Vlivem této nerovnovahy dojde pii kontaktu s organickymi latkami k vytrzeni elektronu z jejich va-
zeb a na misto rozbité vazby se v molekule okamzité vaze vzdusny kyslik, ¢imz se organické latky rychle
mineralizuji az na molekuly H,0 a CO,.

Kromé ptimého preskoku elektronu a rozbiti vazby, ktery je dominantni, existuji v pfitomnosti vody
slabsi vedlejsi paralelni jevy, prosttedkované OH* radikaly.

Oxidacni reakce: (2

h*+H,0 — H' + «OH

2h++2H,0 -2 H++H0,

H,0,— 2 *OH

Redukéni reakee na povrchu TiO,: 3)

e +0,— 0,

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

HOOH — HO- + *OH

Pokud bychom pouzili zjednodusené pfirovnani, jev fotokatalyzy se podoba horké plotynce, kde pii
kontaktu s jejim povrchem probihé proces oxidace organickych latek, ale neni na rozdil od plotynky inici-
ovany teplem, ale svétlem. Tento polovodicovy efekt je na rozdil od Gcinkti chemickych oxidancnich latek
zcela nevycCerpatelny.

Vysledek tohoto efektu je ziejmy z obr. 3. Cernozelené povlaky mikroorganismi na fasadach jsou vét-
§iné z nas velmi dobfe znamé (obr. 3 vlevo) a pii revitalizaci kontaminované fasady neexistuje jednoduché

feseni, které by zarucilo jeji dlouhodobou ochranu. V posledni dekadé se vsak naskyta nechemické feseni
jak uchovat fasadu dlouhodobé ¢istou — Funkéni fotokatalytické nano natéry FN NANO® (obr. 3 vpravo).
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Obr. 3: Kontaminovana zateplena sténa po 7 letech, s levou polovinou porostlou plisnémi a pravou
polovinou chrinénou svrchnim fotokatalytickym natérem

Tento natér dokaze vsak daleko vice nez odrazet teplo a Cistit povrch fasady — umi odstranovat jedy
z ovzdusi.

Cidténi vzduchu od exhalaci a kompenzace civiliza¢nich dopadi

Béhem poslednich patnacti let let jsme uspésné demonstrovali dlouhodobou funkei fotokatalytickych
funkénich natértt (FN NANO®) pro velmi u¢innou ochranu povrchi proti $pin€ a mikroorganismiim a pro
efektivni ekologické ¢isténi vzduchu od exhalatl z prumyslu a dopravy.

Podle Gidaji ministerstva zivotniho prostiedi Zije na tizemi se zhorsenou kvalitou ovzdusi 51 % oby-
vatelstva CR a toto teritorium predstavuje 22 % rozlohy CR. V poslednich 7 letech byly uzékonény nové
imisni limity, zavazné v celé EU a fotokatalyza je jedinou levnou technologii, ktera pomuze tyto limity také
plnit. International Agency for Research on Cancer (IARC), soucast World Health Organization (WHO),
klasifikovala v kvétnu 2012 spaliny z dieslovych motort jako karcinogeni pro ¢lovéka (Group 1). Direk-
tiva EU 1999/30/ES zaroven pozaduje vyrazné snizeni emisi oxidu dusiku a to jiz od ledna 2010 ve vsech
¢lenskych zemich EU. SniZeni povolenych koncentraci benz(A)pyrénu ve vzduchu pod 1ng/m? reaguje na
jeho vysokou nebezpecénost.

Velmi podstatnou funkci fotokatalytického povrchu je jeho schopnost ¢istit vzduch od toxickych latek
a snizovat tak zneCiSténi vytizeného prostredi.

Nati'ené budovy — pieména v zafizeni pro dekontaminaci vzduchu

Fotokatalyticky natér FN NANO® nejenom prodluzuje Zivotnost fasady a chrani ji pred za$pinénim,
ale zaroven u¢inné plni ekologickou funkci pro dekontaminaci ovzdusi.

Pred sedmi lety byly oSetfeny zvukové bariéry u frekventovaného silni¢niho méstského okruhu v Pra-
ze na Barrandové , kde vlivy pocasi a exhalatti z dopravy degraduji a $pini bézné povrchy, zatimco, tyto
fotokatalytické plochy ziistavaji stale Cisté.

Po dvou letech zde ovéfoval UFCH J. Heyrovského AVCR ti¢innost téchto ploch pro dekontaminaci
vzduchu s vysledkem, Ze je prakticky nezménéna oproti plivodnimu stavu a snizovani imisi NO_ve vzdu-
chu pfi jeho kontaktu s aktivni plochou dosahuje ptes 50 % (obr. 4).
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Obr. 4: Méfeni ubytku NO_ pfi kolizi vzduchu s fotokatalytickou plochou zvukovych bariér na
Barrandové po dvou letech vystaveni vlivu pocasi a dopravy
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Vysledky této prace Dr. Radka Zouzelky a ing. Jitiho Rathouského byly publikovany v prestiznim
odborném Casopise Applied Catalysis B: Environmental 217 (2017) 466-476 pod nazvem ,,Photocatalytic
abatement of NO_ pollutants in the air using commercial functional coating with porous morphology*.
Prace byla vysoko cenéna i proto, ze autofi poskytuji i modelové kalkulace uréené pro projektany a archi-
tekty, které jim umoziuji zapracovat fotokatalytické plochy do environmentalnich bilanci pfi konkrétnich
urbanistickych projektech.

Prace ma zasadni charakter i z diivodi, Ze se nedrzi striktné pouze ISO 22197-1 metody laminarniho
poudéni NO a jeho konverze na NO,, ale popisuje i srovnani podle navrzené normy CEN v turbulentnich
podminkdch. Tato prace vyjastiuje celkovou bilanci NO, (rovnice 4) kdy uvadi, Ze vSechny molekuly oxidu
dusnatého béhem relativné kratké doby piejdou ve vzduchu na oxid dusicity. Dale je tato prace vyjimecna,
protoze se poprvé vénuje chovani NO, na TiO, fotokatalytickém povrchu.

NO (hv, TiO,)— (NO,)ads. + H,0 — HNO, or NO,". 4

Byl u¢inén naprosto zasadni objev, Zze NO, se adsorbuje na fotokatalytick¢ vrstvé ve stejné mite jako
NO. Z toho plyne feSeni pro odstranovani oxidt dusiku z ovzdusi, konkrétné je co nejrychleji zoxidovat
a adsorbovat na natéru. V druhém kroku se vlhkost se postara o udrzeni stale vysoké ucinnosti fotokataly-
tickych natért.

Podobné lze s vysokou u¢innosti Ize na aktivnich pochach také likvidovat ozon.

Obr. 5: Porovnani icinnosti fotokatalytického povrchu FN NANO® pii odbouravani ozénu p¥i
riznych relativnich vlhkostech vzduchu
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Tento graf ukazuje na vynikajici pouzitelnost fotokatalytickych natérd FN NANO® pro dekontaminaci
vzduchu v praxi. Pro dekontaminaci vzduchu, stejné jako pro ochranu povrchi hraje kritickou roli ué¢innost
natérii a je dobré zminit, Ze dnes existuje nezavisly certifikaéni program Ceské spole¢nosti pro aplikovanou
fotokatalyzu, ktery tyto vlastnosti dokaze zhodnotit pomoci mezinarodnich norem a nezavislych expertt.

Jeden metr ¢tvereéni fasady natiené fotokatalytickym natérem (FN NANO®) dokaze dekontaminovat
ptes 3 miliony kubickych metrii vzduchu roéné a vy¢istit tak dostatek vzduchu za den, kolik spotfebuje
jeden ¢lovek k dychani za cely rok.

Ochrana povrchii a zivotniho prostfedi pomoci multifunk¢nich natért pfinasi nové kvality a moznosti,
které pomahaji zlepsit kvalitu naseho zivota, stejn¢ jako zmirnit civiliza¢ni dopady na zivotni prostiedi.

Fotokatalyza je zatim jedina technologie, ktera dokaze vycistit milion kubickych metri vzduchu za

méné nez 20 korun a zaroven se investice na pofizeni fotokatalytickych ploch mnohonasobné vrati uspora-
mi nakladi za energii a jejich udrzbu. Staci vzit stétec do ruky.

VYZKUM VYUZITI FOTOKATALYTICKYCH NATERU PRO CISTENI
OVZDUSI

RESEARCH INTO THE USE OF PHOTOCATALYTIC COATINGS FOR AIR
PURIFICATION

SEFL P.
Advanced Materials — JTJ s.r.o., Kamenne Zehrovice, Czech Republic

Summary
One of the main obstacles to the mass use of photocatalytic air decontamination technology not only in
interiors, but also in solving environmental problems with air pollution, is the absence of a quantitative
methodology for determining the efficiency of air purification. The project “Utilization of optimized
photocatalytic nanocomposites for the removal of harmful substances from the air”, which has been
implemented by Advanced Materials-JTJ s.r.o. in cooperation with the J. Heyrovsky Institute of Physical
Chemistry of the ASCR is focused on research in this area. The main issues addressed in the project are:
1) design and construction of a unique test apparatus for determining the degradation of air pollutants
using a photocatalytic process and orientation experiments. 2) research of the optimal composition of
the material for photocatalytic air purification and testing of its practical applicability. 3) systematic
experimental research of removal of individual pollutants and their mixtures from flowing air using photo-
catalysis and data analysis. 4) construction and verification of the function of an experimental station for
determining the efficiency of the photocatalytic process in air purification.

Key words
Air purification, environmental technology, photocatalysis.
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OZONE DISPOSAL USING PHOTOCATALYSIS
LIKVIDACE OZONU POMOCI FOTOKATALYZY

DUCHACEK T., MARTINIAKOVA 1.
Advanced Materials — JTJ s.r.0., Kamenne Zehrovice, Czech Republic

Summary
This work is focused on the removal of pollutants, especially ozone, from the air using photocatalytic
coating. Ozone is one of the most dangerous pollutants, due to its high toxicity to all living organisms. In
this work, we focused on examining the process parameters, especially the effect of humidity, which plays
an important role in the removal of ozone (and other molecules) and the effect of UV irradiation intensity.
UV radiation is used to activate photocatalysis. Therefore, the same radiation that causes the formation
of ozone could help with its degradation.

1t is clear from the results that higher humidity negatively affects the photocatalytic process — it has an
inhibitory character mainly at higher ozone concentrations. An interesting finding is that even at low light
intensities (0.25 mW.cm™) a plateau is formed, and the conversion does not change significantly with
increasing the intensity.

Key words
Photocatalysis, photocatalytic coating, ozone degradation.

Introduction

Ozone is an environmental air pollutant along with others such as nitrogen oxides and particulate mat-
ter. While ozone itself can cause health troubles, it can also react with other chemicals found in a multitude
of products to lead to other potentially toxic substances such as formaldehyde. Despite proponents for its
use and the potential applications, toxicity can occur even at environmental levels and may be related to
cardiac, respiratory, and neurologic events. Ozone is mainly formed by photolysis of NO, by solar UV ra-
diation. However, UV also serves to activate photocatalysis, so the same radiation that causes the formation
of ozone could help with its degradation.

There are many parameters affecting the efficiency of photocatalysis. Among the most important we
can find air humidity and UV-A irradiation intensity. Humidity can play an important role in the photocata-
lytic reaction process because it affects the surface mechanisms of photocatalytic reactions and thus affects
the degradation of gaseous pollutants. In interior applications, it is important to know the threshold value of
light intensity at which sufficient efficiency is achieved in the degradation of pollutants. The intensity of the
UV radiation determines the formation of ozone, which is formed during the day. Photocatalytic technology
makes it possible to eliminate these ozone emissions.

In our study, we focused primarily on the effect of these parameters on ozone removal in laboratory
conditions, using various relative air humidity (0, 50 and 100 %) or UV-A intensity (0.05 to 5.00 mW.cm™?).
All tests were carried out with an initial concentration of ozone of 100 ppbv which can be regularly found
outdoors on sunny days. The experimental results have shown that the FN2 photocatalytic coating can
effectively degrade ozone even under very harsh conditions for photocatalysis such as 100% humidity or
irradiation intensity of 0.05 mW.cm™.

Later on, we also tried how it works in real conditions, where all the parameters are always changing,

by placing our reactor outdoors. Evaluating the impact of single parameters is rather challenging, however,
the ozone degradation effect of the FN, coating is indisputable.

Results and discussion

All laboratory measurements were performed under ISO 22197 standard conditions adapted to the
needs of ozone measurement (concentration of 100 ppbv was selected, variable humidity and irradiation in-
tensity respectively). The samples were applied to a glass substrate using airbrush, weight of 1 mg.cm™ was
reached. Two different photocatalysts were compared, Evonik Aeroxide P25 (P25), considered a reference
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standard in the world of photocatalysis, and the commercial coating FN NANO® 2 (FN2).

The first series of measurements focused on the effect of air humidity on the photocatalytic ozone
depletion. Three different humidity values were selected for the measurement, 0% and 100% as the extreme
values and 50% in the middle between them. In Figure 1 we can see the measurement curves for both used
photocatalysts at individual humidities. At first sight, there is a clear difference between them. While FN2
has a similar course at all humidities, P25 shows a noticeable activity decrease with increasing humidity.

Fig. 1: Dependence of O, conversion with input concentration of 100 ppbv on irradiation time at
individual humidity for functional coating: a) FN2 and b) P25
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The removal values for individual humidity are recorded for both photocatalysts in Table 1. There we
can see another interesting fact, at the 0% humidity the results for both photocatalysts are the same, the
difference is manifested only when the humidity is increased. In both cases, the behaviour worsens with
increasing humidity, as expected, but only in one case is the worsening really striking. Thus we can say, that
FN2, unlike P25, shows very good efficiency in ozone depletion no matter what the humidity is.

Tab. 1: Photocatalytic removal of ozone in the air stream of various relative humidity. Inlet ozone
concentration 0.1 ppmv with irradiation intensity 1 mW.cm™

Relative humidity [%] FN2 Removal [%] P25 Removal [%]
0 42 42
50 40 29
100 33 13
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Fig. 2: Reaction rate constants of photocatalytic ozone abatement over FN2 and P25 coatings with
dependence on the irradiation intensity
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In the second series of measurements, the dependence on light intensity, specifically UV-A radiation,
was measured in the same way as the dependence on humidity in the previous series. Similarly, as in the
previous case, extreme values of intensities were chosen, 0.05 mW.cm2, which corresponds to very cloudy
weather, and 5 mW.cm™? representing strong sunlight. Several other values between the mentioned two
were chosen. All the selected values, including the measured removal percentages for each of the photo-
catalysts, are listed in Table 2. Here we can observe an interesting trend as well, namely that the intensity
of UV radiation hardly matters. It is beautifully illustrated in Figure 2, where we can see the values of the
rate constants depending on the light intensity for both photocatalysts. In both cases, after an initial steep
increase, the values for intensities higher than 0.25 mW.cm™ are almost constant. However, for each of the
intensities, FN2 removes ozone significantly better than P25.

Tab. 2: Photocatalytic removal of ozone in the air stream with various irradiation intensity. Inlet
ozone concentration 0.1 ppmyv at the relative humidity of 50 %

UV irradiation intensity [mW.cm] FN2 Removal [%] P25 Removal [%]
0,05 32 15
0,25 37 27
0,50 40 29
1,00 38 28
1,50 42 22
5,00 39 29

The final measurement was performed in real outdoor conditions on Legerova street, which is one of
the most polluted not only in Prague. For this measurement a reactor of dimensions 1x1x0.05 m consisting
of an acrylic fagade board, painted with a functional coating FN2 according to the producer’s instructions,
and UV-permeable plexiglass ensuring adequate airflow was prepared. A hole for measurement was drilled
into the centre of the board. A hose was led through the hole so that air could be sucked into the analyser
from the surface. Another hose was led next to the board for sucking air from the ambient environment and
thus without photocatalysis. This reactor allows hybrid measurement on the border of laboratory samples
and the real house fagade. The whole construction is shown in Figure 3.
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Fig. 3: The measuring board construction

Due to the fact, that only one ozone analyser (Horiba APOA-370) was available, to ensure the rele-
vance of the obtained data, the measurements were performed alternately from the active area of the board
and from the ambient air. 20 minutes was chosen as a suitable time interval for individual measurements.
For the graphical presentation of the results, one 40minute section was selected (Fig. 4), first 20 minutes
were measured on the active surface of the board and next 20 minutes from the ambient air. The difference
between the two sections is clearly visible, approximately 80 % of the total amount of the ozone present
was removed on the active surface.

Fig. 4: Example from outdoor measurement. The beginning shows pollutant concentration in the
photocatalytically active area, after 20 minutes it was switched to an inactive area
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Conclusion

The first objective of this measurements was to prove that ozone can be photocatalytically degraded.
This has been proven more than well.

Assessment of parameters essential for photocatalysis, air humidity and UV radiation intensity, fol-
lowed. The effect of humidity proved to be significant, especially in the case of P25, where, in contrast to
FN2, was a very significant decrease of activity with increasing humidity. The FN2 photocatalyst removed
ozone very well at all humidities. On the other hand, the light intensity does not matter very much, even at
a very low intensity of 0.25 mW.cm 2 approximately 30% of ozone is depleted by P25 and even 40% when
using FN2. Practically the same values are valid for all the intensities up to 5 mW.cm 2. We can therefore
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say that the elimination of ozone when using FN2 photocatalyst reaches high values even in very unfavou-
rable conditions, in the favourable ones the values are even higher.

It is always important to put the results obtained in the laboratory into practice. Therefore, the measu-
rement on the facade simulating board was performed outdoors. Even better results than in the laboratory
were obtained there, it was probably caused by the lower input ozone concentration. However, the results
are excellent and the removal of more than three quarters of the amount of ozone passed through the active
area is a result definitely worth of paying attention to.
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COMPARISON OF PURE TiO, (P25) WITH FN NANO® AND OTHER
PHOTOCATALYTIC COATINGS

POROVNANI CISTEHO TiO, (P25) S FN NANO® A JINYMI
FOTOKATALYTICKYMI NATERY

MARTINIAKOVA 1.
Advanced Materials — JTJ s.r.o., Kamenne Zehrovice, Czech Republic

Summary
This study was focused on the comparison of the most used standard Degussa (Evonik) P25 with
photocatalytic coatings FN NANO® and others commercial photocatalytic paints. Solely P25 in the

form of powder is known for its high efficiency in various photocatalytic reaction systems, but with the
impossibility to use in real applications. FN NANO® coatings represent a special system that can connect
TiO, nanocrystals on its surface so that their efficiency is maximized. Most of the experiments showed that
the FN NANO® coating achieved higher performance, either in its effectiveness in degrading various air
pollutants or in its durability, as well as in its better reaction selectivity. All experiments were measured

under modified ISO conditions with defined concentration and air flow. Three groups of pollutants were
tested, namely: NO, VOC, O,. It was shown that the use of commercial FN NANO" coatings open a new

green way for remediation of environment.

Key words
Photocatalysis, photocatalytic coating, Degussa (Evonik) P25, air purification, FN coatings.

1 Introduction

The most used and most comparable photocatalyst based on TiO, is Degussa (Evonik) P25. It is
widely used due to its relatively high level of activity in many photocatalytic reaction systems. Due to this
property, P25 was used de facto as a standard photocatalyst [1].

The disadvantage of P25 as well as other powder photocatalysts is their impossibility of use in real
applications. For usability in real conditions, the incorporation of particles into a suitable binder system is
essential.

Coatings are mainly applied on surfaces for decorative, protective or functional purposes, but in most
cases, it is a combination of these. The term “functional coatings“ describes systems which possess, besi-
des the classical properties of a coating (i.e., decoration and protection), an additional functionality. This
additional functionality may be diverse and depend upon the actual application of a coated substrate [2].

There are many photocatalytic coatings on the market that have different effectiveness in removing
pollutants in the air. However, the advantage of the FN NANO® technology is the use of a special patented
binder, which is permeable to air and can connect TiO, nanocrystals on its surface so that their efficiency is
maximized, and they fulfil their cleaning functions.

In our study, we focused on comparing the P25 standard with our photocatalytic coating. Different
pollutants or process parameters were compared.

2 Experimental and Methods

The overall experimental setup is shown in Fig. 1. An ISO standard reactor was used, which is characte-
rized by laminar flow without agitation or diffusion along the flow (Fig. 1). The free volume of the reactor
was 80 cm?® (5 x 32 x 0.5 cm) and the linear velocity of the flowing gas was 0.2 m.s™'. Spatial velocity and
spatial time are given in Tab. 1. Prior to the photocatalytic experiment itself, the pollutant of interest was
always absorbed on the surface of the photocatalyst in order to reach an equilibrium state (i.e. to prevent the
loss of nitrogen oxides and acetaldehyde due to adsorption during the photocatalysis measurement). Thus,
the measured degradation of pollutants was caused solely by photocatalysis, not by physical adsorption on
the surface.

57



XIV. KONFERENCE PIGMENTY A POJIVA « 15.-16.11.2021

Fig. 1: Experimental setup of a plug flow reactor for photocatalytic testing of flowing air containing
low concentrations of pollutant
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3 Results and discussion

Several process parameters that influence the behavior of photocatalytic reactions were tested in the
laboratory. The two most important — humidity and light intensity are discussed in this study. Nitrogen
oxides and acetaldehyde were tested and several experiments with ozone were also performed. However,
this is the subject of further research.

Comparison of P25 and FN2 and the role of humidity

In case of acetaldehyde the explanation of the observed trends is that at higher relative humidity the
surface becomes wet, in the case of high humidity (75-100 %) probably to the surface covered with a thin
film of water. In the case of acetaldehyde, moreover, the product of decomposition is water, which repre-
sents its further benefit to the system. This result show inhibition of the photocatalytic reaction.

For the FN2 photocatalyst, in the case of NO degradation, higher reaction rates were achieved com-
pared to P25. The highest values were reached at 25 % humidity. With higher humidity, the same trend was
observed as with acetaldehyde, that higher relative humidity results in lower efficiency of NO degradation
and its conversion to other products (NO, and NO ). The lowest efficiency of NO degradation was de-
monstrated for 100 % humidity and it can be observed that during the experiment there was a continuous
slight decrease in the concentration of degraded NO up to the stationary phase. NO, degradation proceeded
differently for P25 and FN2. A drastic decrease in efficacy was observed for P25 at a humidity of 25 %,
while only a gradual decrease was observed for FN2. However, it has also been confirmed that the higher
the humidity, the worse the efficiency.
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Fig. 2: Dependence of three different molecules with input concentration of 1 ppmv on humidity for
functional coating: a) P25 and b) FN2
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Comparison of P25 and FN, and the role of light intensity

In the case of commercial coating FN NANO®, the reaction rate constant increased with irradiation
intensity, reaching plateau at ca. 300 pmol per square metr in one hour. On such plateau, the FN NANO®
coating rate constant was much higher compared to that of P25, even though the amount of titanium dioxide
in the FN NANO® coating was about 13 % lower.

Regarding adsorption of pollutant on photocatalyst surface, a significant decrease of K constant values
with increasing intensity was observed for FN NANO® coating (Fig. 2A). The reason is a high reaction rate
of adsorbed NO molecules with reactive oxidation species (ROS) formed during light absorption. Intensity
of 0.25 mW per square centimeter seems as the threshold-value above which both constants did not depend
on the intensity.

Fig. 3: Reaction rate and adsorption constants of photocatalytic NO_abatement over FN2 (2A) and
P25 (2B) coatings [3]
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4 Conclusions

From the research presented, a general conclusion follows that the FN, coatings exhibited high per-
formance in the removal NO_ (modelled by NO), VOC (modelled by acetaldehyde) pollutants, even at
rather low intensity of irradiation. This observation is of major importance for the real application of these
coatings as low irradiation intensities are often encountered in the praxis.
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It was shown that the use of commercial FN NANO® coatings open a new green way for remediation
of environment.
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NEW DEVELOPMENTS IN ADDITIVES CLEANING THE PATH FOR
FORMULATING HIGH PERFORMANCE WATERBORNE INDUSTRIAL
AND PROTECTIVE COATINGS

BIELEMAN 1J.
Patcham EU BV, www.patchamltd.com

Summary
Sustainability and meeting newest regulatory demands for offering coating materials with lowest environ-
mental impact are main driving forces for product development in our industry. Water borne or solvent
free coatings have been extensively used for architectural coatings for decades already and more recently
also for industrial applications.

This paper highlights typical differences in performances of solvent-based vs solvent-free systems. Main
differences are related to differences in effect of the diluent on surface tension and speed of evaporation.

Additives play a key role in equalizing the differences, still maintaining -or better improving- coating
performance attributes. Patcham is involved in sharing technologies and ideas, supporting paint manu-
facturers in finding successful solutions. Practical examples of waterborne coating formulations, used for
protective and industrial applications, will be highlighted. Furthermore, concepts for the development of
Sfull ranges of no-VOC colorants for in-plant resp. for POS tinting purposes.
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HODNOCENI{ VELIKOSTI PRIMARNICH CASTIC TITANOVE BELOBY
EVALUATION THE SIZE OF PRIMARY PARTICLES OF TITANIUM WHITE

OSTRCIL M.

Precheza a.s., Nabr. Dr. E.BeneSe 24, Prerov, marek.ostrcil@precheza.cz

Summary
New European legislation assumed that the food colour E171, which is titanium dioxide in the form of
anatase, could only be added to foods when such material will not contain more than 50 % of primary
particles smaller than 100 nm. Today, this assumption has already undergone significant change, with
debate over a total ban on the use of the additive E171 in food. Food titanium dioxide is also used in
cosmetics and pharmacy, and it is foreseeable that stricter quality requirements for titanium dioxide
will also affect these areas of use, including technical use. That will lead not only to a change in the
properties of food anatase, but also to the need to correctly assess the mean size of the primary particles
at the manufacturer and thus also at the customer. This work compares different methods of evaluating
the size of primary particles of anatase in comparison with the evaluation of the size of primary particles
from images taken by electron microscopy.

Key words
TiO,, E171, Primary particle size distribution, Nanomaterial, Electron microscopy

Uvod

Nova evropska legislativa pfedpokladala, ze potravinaiské barvivo E171, kterym je oxid titanicity ve
formé anatasu, se bude moci do potravin pfidavat jen tehdy, pokud max. 50 % primarnich ¢astic bude do
velikosti 100 nm. Dnes jiz tento predpoklad doznal zna¢né zmény a diskuse se vede nad uplnym zakazem
pouzivani aditiva E171 v potravindch. Divody pro tento striktni zdkaz vychazi nejen z oznaceni TiO, jako
potenciondlniho inhala¢niho karcinogenu, ale i z nemoznosti vyloucit genotoxicitu TiO,. Tento krok neni
podlozen zadnymi relevantnimi védeckymi studiemi a jedna se spise o politické nez védecké rozhodnuti.
Stejné jak na TiO, jako potencionélni inhala¢ni karcinogen lze pohliZet také na viechny praskové materialy,
jak bylo vyjadieno v doporuc¢eni RAC.

Pouzivani TiO, v potravinich je paradoxné velmi omezené. Vyjma nékolika mélo oblasti ve vyrobé
cukrovinek se aditivum E171 prakticky jiz nepouzivd. Naopak odvétvi farmacie a kosmetiky se bez TiO,
neobejdou a pti hodnoceni kvality TiO, vychazi z podobnych kvalitativnich norem jako u potravinaiského
TiO,. Osud pouzivéani TiO, v téchto odvétvich je prozatim velkou nezndmou, ale Ize ptedpokladat, ze i zde
dojde ke zptisnéni jeho pouzivani. Uplny zékaz pouzivani TiO, si vSak v kosmetice a farmacii lze jen stézi
predstavit. V téchto odvétvich jsou na pigmenty kladeny vysoké naroky nejen z pohledu vybarvovaci/kryci
schopnosti, ale také z pohledu chemické odolnosti.

Z pohledu technického (nepotravinafského) TiO, urceného pro vyrobu natérovych hmot, pro
vyrobu plastti, do gumarenského a dal$ich odvétvi prumyslu 1ze predpokladat, ze zdkaz jeho pouzivani
v potravinafstvi bude mit dopad také na jeho pouzivani v technickych oborech, zejména u plasti ¢i
natérovych hmot ur¢enych pro kontakt s potravinami.

V této souvislosti i Precheza a.s. jako vyznamny producent TiO, drzi krok s vyvojem legislativy a trhu
a hleda cesty, jak v takovém piipadé zdkaznikiim nabidnout materiél, ktery bude vyhovovat v§em pravnim
a technickym pozadavkim. S timto souvisi i moznost vyroby anatasu, ktery bude spliiovat pozadavek na
minimalni stfedni velikost primarnich ¢astic. Kromé nezbytné zmény technologie vyroby anatasu by si tato
zména vyzadala také rychlé a spolehlivé hodnoceni stiedni velikosti primérnich ¢astic.

Teorie

Pii vyrobé titanové béloby je klicovym procesem pro velikost primdrnich ¢astic proces kalcinace.
Pfi ni z hydratovaného amorfniho oxidu titani¢itého krystalizuje nejdfive anatas, nizkoteplotni modifikace
TiO, a pti vysSich teplotach rutil, vysokoteplotni modifikace TiO,.
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Obecné je rychlost krystalizace a velikost vznikajicich krystali zavisla mimo jiné na teploté a dobég,
po kterou mohou krystaly rust. S velikosti krystalii, primarnich ¢astic, uzce souvisi pigmentové vlastnosti
titanové béloby.

V soucasné dob¢ nejptesnéjsi a vSeobecné uznavanou metodou pro hodnoceni velikosti primarnich
¢astic je hodnoceni snimki ¢astic z elektronového mikroskopu. Na snimcich se oznaci jednotlivé Castice
a naslednym statistickym zpracovanim se vypocitaji pozadované parametry.

Obr. 1: Snimek ze SEM

Vyhodnoceni snimkiéi SEM je nicméné velmi ¢asové narocné a Precheza a.s. nedisponuje vlastnim
elektronovym mikroskopem a spolupracuje s Regionalnim centrem pokrocilych technologii a materiala
pti Univerzité Palackého v Olomouci. Céastice na snimcich ze SEM se musi pracn& ruéné zakrouzkovat za
dodrzeni specifickych pravidel.

Pro fizeni vyroby je tak dlouha doba pro vyhodnoceni vzorkl zcela nevyhovujici a bylo tieba tedy
hledat adekvatni ndhradu této analyzy, ktera bude poskytovat vysledky v fadu hodin a s vysokou piesnosti,
tzn. dobrou korelaci s naméfenymi hodnotami stiedni velikosti primarnich ¢astic ze snimki SEM.

Za timto ucelem byly vytipovany analyzy, které se v Precheze a.s. standardné provadi pfi mezioperaéni
a vystupni kontrole a maji souvislost s velikosti ¢astic a hodnocenim pigmentovych vlastnosti.

Vysledky stanoveni velikosti primarnich ¢astic ze snimkti SEM byly porovnany s vysledky hodnoceni
velikosti Castic laserovou difrakei (LD) a dynamickym rozptylem svétla (DLS), velikosti krystalovych
domén pomoci XRD, barevného podtonu a SFM2.

Vysledky a diskuse

Celkove byla stfedni velikost primarnich €astic stanovena u 16 vzorkd anatasu ziskaného riznymi
kalcina¢nimi rezimy v provoznich podminkach. Pouze linearni korelace dal$ich naméfenych parametrti
se stfedni velikosti primarnich ¢astic jsou zachyceny v nasledujici tabulce. Linearni, exponencialni
i logaritmické korelace poskytovaly srovnatelné vysledky.
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Tab. 1
dso, dso,, dso0, .., Podtén | SFM2
Korelaéni koeficient R 0,5424 | 0,5622* 0,9445 0,8994 | 0,9109

Determina¢ni koeficient R 0,2942 | 0,3161* 0,8920 0,8009 0,8297

* hodnota korelace pocitand z 10 hodnot

Kritickd hodnota korela¢niho koeficientu R pro 16 naméfenych hodnot pii dvoustranném 95%
intervalu spolehlivosti ma hodnotu 0,497 (resp. 0,632 pro 10 hodnot). Z této skutecnosti vyplyva, ze
kromé¢ méfeni velikosti ¢astic pomoci LD jsou vSechny korelace vyznamné a relevantni. Nejlepsi korelace
bylo dosazeno mezi méfenim stfedni velikosti primarnich ¢astic a méfenim velikosti krystalovych domén
pomoci XRD. Velmi dobré korelace poskytuje i méfeni podtonu a SFM2.

Spatné nebo zcela nevyhovujici korelace pii méfeni velikosti ¢astic pomoci LD a DLS vychézi ze
skute¢nosti, ze tyto metody neméii velikost primarnich Castic, ale zejména agregati a aglomeratl, tedy
sekundarnich ¢astic.

Obr. 1: Zavislot velikosti krystalovych domén (XRD) na stiedni velikosti primarnich ¢astic
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Obr. 2: Zavislot velikosti ¢astic (LD) na stiedni velikosti primarnich ¢astic
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Vysledky méfeni potvrdily souvislost podtonu s velikosti primarnich ¢astic. Tato skutecnost
jednoznaéné stanovuje, ze v piripadé vyroby materialu s vyssi velikosti primarnich ¢astic bude takovy
material Zlutsi, protoze pokles podtonu znamena posun po ose b* systému CIE Lab ke zlutym barvam. Nelze
tedy vyrabét titanovou bélobu s vetsi stiedni velikosti primarnich ¢astic bez zvyseni zlutosti pigmentu.

Porovnanim ¢asové narocnosti jednotlivych analyz lze dovodit, ze hodnoceni velikosti krystalovych
domén umoznuje velmi pfesné vyhodnoceni stfedni velikosti primarnich ¢astic ve velmi kratkém case ve
srovnani s metodou krouzkovani ¢astic na snimcich SEM.
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Tab.: Casova naroénost jednotlivych méieni

Meéfeni stiedni velikosti primarnich ¢astic (SEM) cca 2 dny
Meéfeni velikosti ¢astic DLS a LD cca 30 minut
Meéfeni velikosti krystalovych domén cca 10 minut
Méfeni SFM2 cca 30 minut
Méieni podténu cca 30 minut

Zavér

Srovnanim nékolika metodik hodnoceni velikosti ¢astic a pigmentovych vlastnosti vyplynulo,
ze nejlepsi korelace mezi stfedni velikosti primarnich ¢astic ze snimkti SEM bylo dosazeno pii méteni
velikosti krystalovych domén pomoci XRD. Tato analyza je soucasn¢ také Casové nendrocna a muze
byt s uspéchem vyuzita pfi mezioperacéni kontrole pro fizeni vyrobniho procesu i pro vystupni kontrolu
vyrabéného pigmentu. Dobrych vysledkt bylo dosazeno i v piipadé hodnoceni podtonu nebo SFM2.

Potvrdila se skutecnost, ze ptipadny pozadavek na zvyseni velikosti primarnich ¢astic titanové béloby
bude mit dopad i do optickych parametri pigmentu, konkrétné ke zvySeni zlutosti.
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PIGMENTS & BINDERS PRODUCTION, QUALITY CONTROL WITH
THE LASER DIFFRACTION

KONTROLA KVALITY VYROBY PIGMENT A POJIV POMOCI LASEROVE
DIFRAKCE

CHROMY J.

Atest SP z.o.0. (www.atestlab.cz)

Summary
Presentation is dealing with the control of the production process of pigments and binders. The lecturer
explains the principle of the laser diffraction and describes the design of the sensor. The proper disper-
sion of products as the crucial factor for reliable results is mentioned as well. Presentation describes the
measurement at the laboratory and the process environment. All modes: manual off-line, automatic
at-line in the laboratory as well on-line and in-line at the production line are discussed. Evaluation of
powder coatings and TiO, primary particles size and the essential parameters calculated from the particle
size distribution are presented too.

Key words
Particle size, distribution, powder quality.

STATISTICAL ANALYSIS OF MICROPARTICLES USING FTIR
AND RAMAN MICROSCOPY

STATISTICKA ANALYZA MIKROCASTIC POMOCI FTIR A RAMANOVY
MIKROSKOPIE

MATOUSEK D., NEUMAN J.

Optik Instruments s.r.o. (www.optikinstruments.cz)

Summary

FTIR and Raman microscopy are powerful techniques used for analysis of chemism with spatial

resolution in micrometer range. With new technologies — e.g. Focal-Plane-Array detector it is possible
to reach even sub-um spatial resolution. Thanks to the combination of such techniques with image-

processing software functions and powerful computers able to process large data sets, it is nowadays

possible to collect a very large chemical maps with unmatched lateral resolution, automatically
detect and evaluate particles and combine chemical distribution characteristics together with the size

distribution. This predestine FTIR and Raman microscopes for powerful analysis of size and chemism of
particle materials (e.g. pigments, pharmaceuticals, microplastics and many others).

Key words
Microparticles, particle analysis, FTIR, Raman, microscopy, particle statistics, chemical mapping,
chemical imaging, FPA detector.
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KOMBINACE RAMANOVY SPEKTROSKOPIE A DALSICH TECHNIK
PRO PRUMYSLOVOU ON-LINE ANALYZU I LABORATORNI APLIKACE

COMBINATION OF RAMAN WITH OTHER TECHNIQUES FOR THE ANALYSIS
OF POLYMERS, PIGMENTS AND BINDERS

SEC K.

Nicolet CZ s.r.o. (www.nicoletcz.cz)

Summary
The flexibility of a two new types of Raman spectrometers (iXR and DXR3 Raman microscope) was
described via several real examples of combining Raman with different analytical methods. The possibi-
lities of using of these combined analytical methods were demonstrated in process and laboratory condi-
tions. Raman was combined with: infrared spectroscopy, polymer modulation, rheometry, XPS/ARXPS,
AFM and SEM/EDS techniques.

Key words
Raman spectroscopy, microscopy, FTIR spectroscopy, Rheometry, polymers, XPS, ARXPS, SEM, EDS.

1 Uvod

Rostouci naroky na kvalitu vstupnich surovin a vystupnich produkti v kombinaci s legislativnimi
naroky v mnoha vyrobnich odvétvich (farmacie, potravinafstvi, automobilovy primysl, recyklace plasti
atd.) vedou k hledani novych analytickych metod a zplsobu jejich implementace do provozu. Jednim z
dusledk je velky nartist vyuziti tzv. kombinovanych metodik, kdy se dvé a vice rozdilnych analytickych
technik spojuji pro ziskavani informaci ze stejného bodu vzorku, a samoziejmeé idealné pfimo v provoznim
fetézci. Dostavame tak paralelné hned nékolik dopliujicich se informaci kvalitativniho i kvantitativniho
charakteru, diky kterym lze snadnéji kontrolovat a optimalizovat proces vyvoje a kontroly vyroby.
V nasledujicim textu je stru¢né popsano nékolik modernich pfikladii kombinaci riznych analytickych
technik s Ramanovou spektroskopii.

2 Ramanova spektroskopie a mikroskopie: stru¢na teorie

Ramanova spektrometrie je moderni analyticka metoda zaloZena na tzv. Ramanové jevu (Ramanové
rozptylu). Prochazi-li svételny paprsek néjakym prostiedim, je urcita jeho ¢ast absorbovana, ¢ast projde
beze zmény a ¢ast je rozptylena. Predstavme si svételny paprsek dopadajici na molekulu latky. Je-li srazka
dokonale pruzna, svétlo se rozptyli beze zmény vinové délky (Rayleightiv rozptyl). Je-li srazka nepruzna,
dojde k rozptylu (zméné sméru Sifeni svétla) a soucasné se zméni vlnova délka tohoto svétla. Tato zména
je pochopitelné kvantovana. Pokud je dopadajici svétlo monochromatické, bude ve spektru rozptyleného
zateni urcity pocet Car (past), jejichz vinova délka bude ve srovnani s pivodni vinovou délkou mirné
posunuta. Zdrojem ,,budiciho monochromatického zateni (obvykle ve viditelné oblasti spektra) byva laser.
Ramantv rozptyl v zavislosti na dané vinové délce zateni se detekuje a zaznamenava a vysledkem je tzv.
Ramanovo spektrum. Pro jednotlivé pasy se pak vzilo oznaceni Ramanovy linie (obr. 1).
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Obr. 1: Princip Ramanovy spektroskopie
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Poloha Ramanovych linii podava informaci o druhu vazanych atomt a o vazbach v molekule a jejich
intenzita je tmérna koncentraci dané slozky (vazby) v méfeném vzorku. Ramanovo spektrum muze tedy
slouzit jak ke kvalitativni analyze (pfifazovani pasu vibracim molekul, porovnavani s databazemi spekter),
tak kvantitativni analyze. Lze pozorovat Cista rota¢ni a vibra¢né-rotaéni Ramanova spektra, jez pfedstavuji
protéjsek tzv. absorpénich spekter ve stiedni a blizké infradervené oblasti (IR a NIR spektroskopie), popt.
v oblasti viditelné (VIS spektroskopie).

2.1 Infracervena spektroskopie s Fourierovou transformaci (FT-IR)

Ramanova a infracervena (FT-IR) spektroskopie jsou komplementarni techniky analyzy latek.
Ruizné typy molekul maji z hlediska polarizovatelnosti ¢i dipélového jevu riznou odezvu v molekularnich
spektrech obou téchto technik, a proto je k zevrubnému vyzkumu optimalni ziskat spektra jak Ramanova,
tak infracervena. V posledni dobé doslo k intenzivnimu vyzkumu a inovacim v oblasti vlaknové optiky
a materiald tzv. ATR sond (Attenuated Total Reflection) pro on-line FT-IR analyzu kapalin a praskovych
smési. Zatimco Ramanova spektroskopie je vysoce efektivni i pii méfeni spekter smési pies sklenéné,
plastové a dalsi typy oballi, FT-IR spektroskopie je o tuto moznost ochuzena. V praxi lze ov§em elegantné
vyuzit pravé zminénych specializovanych ATR sond s vlaknovou optikou, které lze do procesu vyroby ¢i
vyzkumnych reaktori ponofit, a ziskavat tak data on-line s rychlosti stovek spekter za minutu. Ramantiv
spektrometr Ize do sestavy implementovat také pomoci vlaknové optiky nebo jednoduseji métenim pies sklo
¢i jiné materialy. Prikladem mutze byt farmaceuticky vyzkum, kde Ize on-line sledovat mnohastupiiovou
vyrobu lé¢iv, a to i za extrémnich teplot, tlakd, pH ¢i v prostiedich, kde pH nelze definovat. S vyhodou lze
vyuzit maly a lehky (10 kg) FT-IR spektrometr Nicolet iS5 s pfislusenstvim pro pfipojeni vlaknové optiky
(obr. 2) v kombinaci s modernim Ramanovym spektrometrem iXR (obr. 3).

Obr. 2: FT-IR spektrometr Nicolet iS5 Obr. 3: Procesni Raman iXR
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2.2 Definované mechanické namahani vzorkii: Polymer Modulator™

Aplikace tzv. step-scan FT-IR spektrometrie pro reo-optické studie polymeri je relativni novinkou
v oblasti védeckého vyzkumu polymernich materialti riznych typt.. Méfeni asové zavislosti spektralnich
zmén ve vzorcich polymert napf. béhem modulace zafeni a soucasném namahani vzorku pfinasi spoustu
novych a uziteénych informaci o struktufe a chovani materiali. Kromé transmisnich infraervenych
spekter 1ze béhem modulace polymeru méfit soubézné i Ramanova spektra, napf. pomoci vlaknové optiky.
Prislusenstvi Polymer Modulator™ (obr. 4) tak poskytuje pohodlny, komer¢né dostupny nastroj pro
kombinaci spektroskopickych méfeni a ,,stresovych testi* polymernich materialt.

Obr. 4: Polymer Modulator™ (http://www.appl-tech.com/)

2.3 Reometrie

Reometrie se zabyva obecnymi mechanickymi vlastnostmi latek, vztahy mezi napétim, deformacemi
arychlosti deformace, a z toho zejména u kapalin vyplyvaji dalsi hydrodynamické vztahy. Reologie je obor
mechaniky zabyvajici se deformaci a tokem latek vlivem napéti, které na néj pisobi, velmi ¢asto naptiklad
vztahem mezi teplotou a viskozitou zkoumané kapaliny. Kombinace Ramanova spektrometru iXR
a rotaniho reometru HAAKE MARS (obr. 5) tak umoziuje béhem jednoho experimentu ziskat informace
nejen o chemickych zménach zkoumaného vzorku, ale soub&ézné i o vlivu teploty na viskozitu vzorku, a to
az v rozsazich od —150 do 600 °C. U viskoelastickych materialti pak podava tato kombinovana metodika
extenzivni informace o mechanickém i chemickém chovani vzorku vystaveného dynamickému zatézovani.

Obr. 5: Kombinace Ramanova spektrometru iXR a rota¢niho reometru HAAKE MARS
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Prikladem této kombinované techniky je vyzkum polymernich materiald, jako je HDPE (high density
polyethylene). Fazové ptechody, kterymi jsou v pfipadé polymert zejména tani a krystalizace, lze pii
pouziti této techniky on-line korelovat i se zménami v fetézci molekuly polymeru. Na obr. 6 je porovnani
vytezu Ramanovych spekter polyetylenu pii dvou riznych teplotach: 22 °C (polokrystalicky stav) a 170 °C
(amorfni stav).

Obr. 6: Porovnani vyfezu Ramanovych spekter polyetylenu pii dvou riiznych teplotach
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Zatimco spektrum ziskané pii pokojové teploté ma ostré a intenzivni pasy korespondujici s vibracemi
vazeb C-C a CH,, spektrum naméfené pii vy$si teplot€ popisuje roztaveny vzorek pouze Sirokymi vibracemi.
Pomoci ploch past takto namétenych spekter pii raznych teplotach (zejména vibrace 1416 cm™) Ize velice
jednoduse kvantifikovat krystalinitu HDPE (stupen krystalinity). Krystalinita je podil krystalického obsahu
ve struktufe polymeru, ktery je zavisly nejen na strukturnich podminkach makromolekuly, ale také na
podminkach jeho zpracovani (zejména rychlosti chlazeni taveniny a typu pfisad) a méa zasadni vliv na
hustotu, pevnost, pruznosti a tvrdost polymerd. Hodnotu krystalinity 1ze velmi dobie korelovat se vSemi
ziskanymi reoskopickymi vlastnostmi zkoumanych polymertt a zjistovat napiiklad piesny okamzik
prechodu materialti (cross-over point). Kromé analyzy polymert ma tato kombinovana technika Ramanovy
spektroskopie a reometrie obrovské vyuziti i ve farmaceutickém (hojivé masti), kosmetickém (krémy,
masti) a potravinaiském primyslu (napf. analyza falsifikati medu atd.).

2.4 Rentgenova fotoelektronova spektroskopie (XPS, ARXPS)

Rentgenova fotoelektronova spektroskopie (XPS: X-ray photoelectron spectroscopy) je jiz desitky
let vyuzivana metoda pro kvalitativni a kvantitativni prvkovou analyzu pevnych latek. Dava odpovéd’ na
tii hlavni otazky: jaké prvky jsou v povrchové vrstvé vzorku, v jakém jsou stavu a v jakém mnozstvi se
na méfené ploSe nachazeji. Principem této metody je tzv. fotoelektricky jev, za jehoz vysvétleni a popsani
vroce 1921 ziskal Nobelovu cenu Albert Einstein. Fotoelektricky jev (¢i fotoefekt) je fyzikalni jev, pii
némz jsou elektrony uvoliiovany z obalu atomu a emitovany (vyzatovany) z latky v dusledku absorpce
elektromagnetického zafeni (zde rentgenového zafeni) latkou. Emitované elektrony jsou oznacovany jako
fotoelektrony a jejich emise se oznacuje jako fotoelektricka emise (fotoemise). Vysledkem méfeni je pak
fotoelektronové (¢i XPS) spektrum se specifickymi spektralnimi ¢arami — piky. V téchto spektrech jsou
pozice pikii jednozna¢nym specifikem jednotlivych prvki a jejich intenzita (vyska, plocha) pak parametrem
kvantitativniho obsahu daného prvku. Moderngjsi variaci je pak tzv. thlové zavisla fotoelektronova
spektroskopie (ARXPS: angle resolved X-ray photoelectron spectroscopy), kde lze provadét nejen analyzu
chemického slozeni povrcht latek, ale i méteni XPS spekter z vétsich hloubek materiali ¢i ptimo provadét
specifické méteni hloubkovych profilii.
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Obr. 7: Kombinace Ramanova spektrometru iXR a ThetaProbe ARXPS

Implementaci Ramanovy a ARXPS spektroskopie (obr. 7) tedy ziskame velmi mocny nastroj:
kombinaci molekularni spektroskopie (architektura molekul, polymorfie, krystalové struktury atd.)
a prvkové spektroskopie (kvantitativni a kvalitativni analyza obsahu jednotlivych prvku). Ptikladem
vyuziti této kombinace technik mize byt analyza v praxi velmi ¢asto pouzivanych mineralnich latek, které
se vyskytuji v mnoha polymorfnich variacich: uhli¢itanu vapenatého a oxidu titani¢itého. Prvni z nich
(CaCO,) se v ptirod¢ nachazi ve tiech odliSnych formach: Kalcit, Aragonit a Vaterit. Ve vSech ptipadech
se jedna o latky s odlisnou krystalickou strukturou a termodynamickou stabilitou, nicméné stejnym
chemickym vzorcem. V praxi se nejcastéji jedna o smés Kalcit/Aragonit, napf. u moiskych mekkysu, kde
je vzajemny pomér téchto polymorfii v ulitach zavisly na teploté mote, tlaku, slanosti vody atd. Situace
s oxidem titaniCitym (aktualné¢ v podstaté nejzkoumanéjsi anorganickou latkou ve vyzkumu povrchi
a nanovrstev) je velmi podobna, v pfirodé se vyskytuje ve dvou polymorfnich variacich: Rutil a Anatas,
kde se v praxi ¢im dal Castéji spiSe nez ¢isté polymorfy pouzivaji jejich definované smési. Nicméné stale

V piipadé¢ CaCO, je pomoci ARXPS spekter evidentni (obr. 8), Ze rozliSeni mezi jednotlivymi
polymorfy je velmi naro¢né, ne-li nemozné, XPS vsak poskytuje excelentni nastroj analyzy Cistoty téchto
latek, kdy lze po ziskani a zméfeni spekter Cistych standardti hledat a kvantifikovat jakékoli necistoty.

Obr. 8: ARXPS spektra polymorfii CaCO, Aragonitu a Kalcitu
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Na druhou stranu Ramanova spektroskopie (obr. 9) jakozto metoda molekularni analyzy dokaze
z principu velmi rychle (v fadu vtefin) odlisit, o jaky polymorf se jedna (plati pro vSechny polymorty
uhli¢itanu vapenatého). Kalcit, Aragonit a Vaterit vykazuji posuny vibraci CO, skupiny a rozdilné
miizkové (tzv. ,lattice) vibrace v oblasti pod 400 cm™'. Poméry t&chto vibraci lze také velmi dobfe vyuZit
pro kvantitativni analyzu jednotlivych polymorfi. Oproti ARXPS ma ov§em Ramanova spektroskopie
relativné nizkou mez detekce, proto je problematické jeji vyuziti pro studium kontaminaci v uhli¢itanu
vapenatém (slouceniny arsenu, zeleza atd.)

Obr. 9: Ramanova spektra polymorfii CaCO, Aragonitu, Kalcitu a Vateritu
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U polymorfu oxidu titani¢itého (rutil a anatas) dochazi k podobné situaci, jedinym rozdilem je jesté
intenzivnéjsi unikatnost Ramanovych spekter jednotlivych forem (obr. 10).

Obr. 10: Ramanova spektra polymorfi TiO, — Anatas a Rutil
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2.5 AFM (Mikroskopie atomdrnich sil)

Ramanova spektroskopie a mikroskopie atomarnich sil (AFM: Atomic Force Microscopy) jsou
komplementarni metody podavajici informaci o povrchu zkoumanych materiali. Ramanova spektroskopie
(resp. mikrospektroskopie), pomoci méfeni molekularnich vibraci, podava informace o chemickém slozeni
a morfologii daného materialu. AFM pak informuje o strukturalnich a topografickych vlastnostech povrchu
materialu v jednotkdch nanometrti. Spojeni Raman-AFM je tedy logickym feSenim pro materialové
inzenyrstvi, popi. dalsi obory zkoumajici povrchy riiznych materialii. Zatimco Ramanova spektroskopie
podava informace o slozeni povrchu materialti s velmi vysokym rozligeni (cca 0,5 mikrometru), AFM
poskytuje zejména presny nano-topograficky profil povrchu. Dle typu AFM mikroskopu Ize také soubézné
ziskavat informace o fazovych ptrechodech, viskoelasticité, magnetickych vlastnostech, elektrostatickych
vlastnostech, adhezi, kapacitanci, elektrochemickych vlastnostech atd. Ramaniv spektrometr iXR lze
spojit s jakymkoli komeréné dostupnym AFM mikroskopem.

2.6 SEM/EDS (Skenovaci elektronova mikroskopie, elektronové disperzni spektrometr)

Ramanova spektroskopie v kombinaci s elektronovou mikroskopii (¢asto oznacovano jako ,,Raman-
SEM Correlative Microscopy*) je v posledni dobé velmi ¢astou analytickou technikou pro detailni popis
materidli riznych typt. Skenovaci elektronova mikroskopie (obr. 11) umoziiuje vizudlni mapovani
materidll se zvétSenim do nano zobrazeni az 300 000x; pokud se zkombinuje navic jesté s tzv. EDS detekei,
pak je vysledkem kromé vysoce rozliSenych zobrazeni povrchu materiald i jejich velmi pfesna prvkova
analyza, tj. mapa rozlozeni jednotlivych chemickych prvku.

Obr. 11: Quattro ESEM mikroskop + UltraDry EDS Detektor

V kombinaci s Ramanovym mikroskopem lze ziskat jesté molekularni mapu a vSechny tyto informace
zkombinovat do jednoho vysledného obrazu. Informace o prostorovych vztazich, obsahu jednotlivych
minerald, polymorfismu a chemickych podrobnostech lze tak generovat praveé korelaci snimkit SEM-EDS
s obrazy Ramanovy mikroskopie.

Priklad vyuziti je na obr. 12 a 13: EDS detekce ukazuje na pfitomnost titanu, hliniku a kiemiku.
Ramanova mikroskopie (DXR3 Raman Microscope) poskytuje ovSem dalsi stupen informaci a ukazuje
na presné umisténi kiemene (modrd), ortoklasu (zelend), amfibolu (zlutd) a albitu (Cervend). VSechny tyto
informace 1ze pak spojit v software do jednoho 3D obrazu a pracovat s nim pomoci ezt riznych typt,
otacet ho, porovnavat s jinymi obrazky atd.
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Obr. 12: Priklad pouZziti Raman-SEM korelativni mikroskopie
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Obr. 13: Jednotliva ziskana Ramanova spektra (DXR3 Raman Microscope)
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3 Zavér
Na nékolika pfikladech byla popsana flexibilita nového typu Ramanova spektrometru iXR a nového

Ramanova mikroskopu DXR3. Demonstrovany byly moznosti vyuziti kombinovanych analytickych
technik s Ramanovou spektroskopii v provoznich i laboratornich podminkach.
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BINDER SOLUTIONS SUITABLE FOR A SUSTAINABLE
ARCHITECTURAL COATINGS INDUSTRY

RESENI POJIV VHODNYCH PRO UDRZITELNY PRUMYSL
ARCHITEKTONICKYCH NATERU

TIEMEYER C.
WACKER Chemie AG, Germany

Summary
The latest binder developments for a sustainable coatings industry are presented. The introduction
of the powder paint concept will help to eliminate biocides, minimize logistics costs and reduce waste.
The use of renewable raw materials lowers the CO, footprint of architectural coatings. Such solutions can
be created using either the C14 or the mass balance approach.

Key words
Architectural coatings, sustainability, powder paint, renewable raw materials.

Concerns about the environmental impact of industrial products and their processes have been
growing steadily over the last decade. In line with the United Nations’ Sustainable Development Goal
(SDQ) 13, society needs to take urgent action to combat manmade phenomena such as pollution or climate
change and their impacts.

Long-term exposure to biocides can harm human health and lead to severe allergic reactions. For this
reason, the European Union is imposing ever stricter limitations on the use of biocidal chemicals, creating
a need for biocide-free architectural coatings. By introducing the powder paint concept (see Figure 1)
in-can preservatives can be avoided completely. Additionally, waste (e.g. from plastic buckets or left overs)
can be significantly reduced and logistical aspects improved (e.g. shelf life or weight reduction).

Fig. 1: The Powder Paint Concept

Powder
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manufacturers manufacturers
(i) Liquid (i) Powder (ii) Powder
paint paint paint

.

End consumers

Since carbon dioxide is a proven greenhouse gas, its emission and accumulation in the atmosphere
is directly linked to climate change. While the entire economy needs to be decarbonized, the chemical
industry must move away from fossil raw materials while keeping an eye on economic considerations.
Understanding petrochemical value chains is key to unlocking potential solutions. Today, WACKER is pro-
posing two approaches based on different biobased raw materials suitable for architectural coating binders.

First, biobased acetic acid can be produced from a byproduct of the wood industry. This biobased
acetic acid has the same chemical properties as its fossil counterpart. Therefore, WACKER is able to use
this raw material as a direct drop-in for the standard reaction processes. The end products are manufactu-
red in accordance with the third-party certified biomass balance approach and show identical technical
performance when compared to their equivalents based on fossil raw materials (see Figure 2). Therefore,
this method makes it possible not only to reduce the overall carbon footprint of a product but also to avoid
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specific investment costs for both binder and paint producers, who are transitioning toward an industry that
consumes fewer fossil resources.

Fig. 2: Production process of VAE dispersions utilizing renewable raw materials based on the mass
balance approach
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The second approach is based on modifying a standard vinyl acetate-ethylene dispersion with starch
to create a C14-detectable raw material. The selected starch is sourced as a side-product from the agroche-
mical industry. It is recovered from wastewater and treated to improve its chemical properties to make it
suitable for architectural coating applications.

PASQUICK® TECHNOLOGY: SPEED-UP YOUR PAINTING OPERATIONS
TASIC S.

Covestro

Summary
Pasquick® stands for a polyaspartic technology, fast drying 2K system based on the reaction of
an aliphatic polyisocyanate and an aspartic acid ester, which is an aliphatic secondary diamine.
The overall reactivity of the aspartic acid esters can be influenced by changing the degree of steric
hindrance, enabling the design of polyaspartic coatings tailored to the needs of the different coating
applications.

Beside very fast curing and improved productivity of standard painting operations, Pasquick® technology
go hand in hand with sustainability as significantly reduces VOC emissions, complaining with relevant
European VOC and indoor air quality requirements, while maintaining the highest quality standards and
long-term performance of standard 2K PU aliphatic coatings.

This presentation will introduce you to Pasquick® technology, main products and Covestro’s most recent
developments of aspartic acid esters with low residual fumaric acid diethylester (FADEE) content
(Desmophen® NH LF) as well as aliphatic polyisocyanates with low (<0,1%) residual monomer content
(Desmodur® ultra N).
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STUDIUM SYNTEZY ,,NEAPOLSKE ZLUTI*
STUDY OF THE SYNTHESIS OF THE NAPLES YELLOW

DOHNALOVA Z.!, LUXOVA J.!, SULCOVA P.!, SEFCU R.2, ANTUSKOVA V2

1 Department of Inorganic Technology, FCHT, University of Pardubice
2 National Gallery in Prague

Summary
The paper deals with preparation and characterisation of yellow historical pigment that has used in
artist paints. There are several reasons why to prepare the historical pigments again. One of the aims is
authentication and assigning the probable date to a work of art. To identify the specific type of pigment
used in a work of art, it is important to know its main characteristics. Naples yellow is generally known
as the pigment of chemical composition Pb,Sh,0., but its phase composition is much more complicated.
Therefore, the presented work is focused on synthesis of two main phases detected in Naples yellow, i.e.
Pb,Sb,0, and PbSbh,0. The pigments were prepared by solid state reaction at high temperature in range
600-1000 °C. The phase composition of the products is strongly influenced by the heating rate and dura-
tion at a given temperature. Also, composition of initial reaction mixture significantly changes the phase
composition of the products. All prepared samples were characterised by X-ray diffraction analysis, by
Raman and infrared spectroscopy. The colour parameters L*, a*, b* and particle size distribution of the
powders were evaluated.

Key words
Naples yellow, historical pigment, lead antimonate yellow, Pb,Sb.O..
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INFLUENCE OF La, O, NANOPARTICLES ON THE PROPERTIES OF
ACRYLATE LATEX

VLIV NANOCASTIC La,0, NA VLASTNOSTI AKRYLATOVEHO LATEXU

STEINEROVA D.!, KALENDOVA A.!, MACHOTOVA J.!, WOLFF-FABRIS F.

1 Institute of chemistry and technology of macromolecular materials, Faculty of chemical technology,
University of Pardubice, Studentska 573, 532 10 Pardubice, Czech Republic
2 European Centre for dispersion technologies, Weifsenbacher Str: 86, 95100 Selb, Germany

Summary
This paper deals with the simple preparation of an environmentally friendly binder for sanitary interior
applications, namely polymeric acrylate dispersions (latex) containing La,O, nanoparticles as functional
components to achieve antimicrobial properties, but also to improve physical and mechanical properties
and chemical resistance. The incorporation of uncoated powdered nanoparticles was performed during
the synthesis by a two-step emulsion polymerization technique to obtain latexes containing 0.5-1.3%
La,0, nanoparticles relative to the monomers. The properties of this new latex binder were compared
with the properties of a reference system (without nanoparticles) synthesized by the same route. The
results revealed that the new latexes containing lanthanum nanoparticles provided coating films with
increased resistance to solvents and water bleaching, which at the same time have significant antimicro-
bial activity against all tested bacterial and fungal strains. The results of all tests provided evidence of the
superiority of polymer dispersions with lanthanum nanoparticles over the reference system (without nano-
particles), while the useful properties increased with increasing concentration of La,0, nanoparticles.

Keywords

Water-based paint, self-crosslinking acrylate latex, nanoparticle La,O,, antimicrobial coating

Introduction

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

Acrylate latex paints are probably the most common commercially produced polymeric colloids
[2, 3], mainly due to their easy preparation and modification. In addition, they are characterized by low
toxicity and flammability, high resistance to atmospheric conditions, fast drying at room temperature and
compatibility with a wide range of surfaces, such as metals, plastics or wood. An equally important advan-
tage is good usability for the target customer, thanks to easy washing with water (before curing) and low
odor. Thanks to these properties, they have become very popular despite their typical shortcomings, such
as the formation of flash corrosion, low resistance to high and low temperatures or solvents and water and,
as already mentioned, these paints are sensitive to biodegradation by bacteria and fungi while in the can,
or later as an applied paint film, which often limits their applicability [4-6]. However, these shortcomings
can be reduced by using nanoparticles, which provide a new approach to the development of antimicrobial
materials, which can further favorably affect the structural properties of the coating film [7, 8].

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

Experimental part

Raw materials for latex preparation

The latexes were prepared from monomeric methyl methacrylate (MMA), n-butyl acrylate (BA),
methacrylic acid (MAA) and diacetone acrylamide (DAAM) supplied by Sigma-Aldrich, Prague, Czech
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Republic. Adipic acid dihydrazide (ADH, active substance content >98%; Sigma-Aldrich, Prague, Czech
Republic) served as the crosslinking agent; Disponil FES 993 (anion-active surfactant based on sodium po-
lyglycol ether sulphate; BASF, Chrudim, Czech Republic), as the emulsifier; ammonium persulfate (active
substance content >99.9%; Lach-Ner, Neratovice, Czech Republic), as the initiator; and nanostructured
La,O, (particle size <100 nm; Sigma-Aldrich, Czech Republic) with no surface treatment, as the antimicro-
bial and antifungal ingredient of the latex.

Synthesis of latexes

Acrylate latexes were prepared by the technique of semi-continuous emulsion radical polymerization.
The detailed composition of the monomers making up all the latexes was: 86 g MMA, 106 g BAand 8 g
MAA dosed in the first phase and 78 g MMA, 104 g BA, 8 g MAA and 10 g DAAM dosed in the second
phase. The latexes were prepared in a glass reaction vessel under a nitrogen atmosphere at a polymerizati-
on temperature of 85 °C according to the procedure shown in Table 1. The monomer emulsion was then
added dropwise to the stirred reactor (approximately 2 mL/min) in two steps, between a 15-minute pause
was allowed. When all the emulsion was added, the system was allowed to react for another 120 minutes
to complete the polymerization process. (The temperature of the reaction vessel was maintained at 85 °C
throughout the synthetic process.)

Tab. 1: Composition of the polymerization system

Reactor Feed [g] 1. Phase [g] 2. Phase [g]
Water 140.0 150.0 250.0
Disponil FES 993 1.0 14.8 14.8
Ammonium 0.8 0.8 0.8
persulphate
Monomers - 200.0 200.0
MeO nanoparticles* - - 2-7
* For latexes with 0.5 % -2¢g,1%-4g,1,5% -6 ga 1,75 % - 7 g MeO nanoparticles

Determination of self-crosslinking latexes

The coagulate and coarse impurity contents of the latexes were determined by sieve analysis accor-
ding to CSN 64 9008; pH was measured with a Mettler Toledo FiveEasy FE20 pH-meter (Merck KGaA,
Darmstadt, Germany); the minimum film-forming temperature (MFFT) was determined by using a MFFT-
60 instrument (Rhopoint Instruments, East Sussex, UK) according to ISO 2115; the storage stability of
latexes was performed in mode: 1. 50 °C after 2 months; 2. 25 °C after 2 years. The evaluation was per-
formed using the Zeta potential and the particle size by the dynamic light scattering (DLS) method on
a Zetasizer Nano ZS (Malvern Panalytical, Malvern, UK) and the In-Can antimicrobial efficiency of the
self-crosslinking dispersions was tested by using Preventol® Dipslides (LANXESS Deutschland GmbH,
Cologne, Germany). The In-Can Preservation test of antimicrobial efficiency consisted of submerging the
agar part of the DipSlide into the latex for 10 s, followed by incubation at 30 °C for 120 h. The result was
evaluated by using standards.

Determination of coating films

The physical-mechanical properties were evaluated by the crosslink density on samples which were
immersed in toluene at 35 °C for one week. The sample was then withdrawn, rapidly blotted with gauze and
weighed to obtain a swollen weight of the sample. Equations using Flory and Reihner’s theory were used
to calculate the crosslink density. The hardness of the coating films was evaluated according to CSN EN
ISO 1522 — Paints and varnishes — Pendulum damping test; Persoz type pendulum (3034M001 pendulum,
Elcometer Instruments GmbH, Aalen, Germany). The mechanical properties (mechanical resistance) of the
coating films were assessed according to CSN EN ISO 6272-2 — Paints and varnishes — Rapid-deformation
(impact resistance) tests, viz. through measurements on an Elcometer 1615 variable impact tester (Elcome-
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ter Instruments GmbH, Aalen, Germany). Chemical resistance of the coating films was assessed according
to ASTM D-4752-10 — rubbing test with methyl ethyl ketone (MEK).

The optical properties of coating films were evaluated by the gloss of coating films cast on glass panels
coated with black matte paint (RAL 9005) was determined by a micro TRI-gloss p instrument (BYK-Gard-
ner, Wesel, Germany) using a gloss-measuring geometry at 20° according to CSN EN ISO 2813 and the
transparency and water whitening of dried coating films was evaluated by light transmission (measuring the
transmittance at the wavelength 500 nm) using a ColorQuest XE Spectrometer (Hunterlab, VA, US). Initial-
ly, transparency measurements were performed and then the coating films were immersed in distilled water
for 48 hours at RT, then measurements were immediately performed on the exposed areas of the coating
film. The extent of water whitening W'is given by W= 100(7, - T,)/T,, where T, is the sample transmittance
before distilled water exposure and Tt is the sample transmittance after performing the immersion test.

The antimicrobial efficacy of the coating films was evaluated by using a method ISO 22196 to de-
termine the antibacterial efficacy and their antifungal effectiveness of coating films on a wooden substra-
te was further determined using a modified method ASTM D5590. Three bacterial strains were used for
antimicrobial tests, namely Staphylococcus aureus (S. aureus, CCM 4516), Escherichia coli (E. coli, CCM
4517) and Klebsiella pneumoniae (K. pneumoniae, CCM 4425) and two fungal strains, namely Penicillium
chrysogenum (P. chrysogenum, CCM 8034) and Aspergillus brasiliensis (A. brasiliensis, CCM 8222). All
the microbial strains were provided by the Czech Collection of Microorganisms (Masaryk University, Brno,
Czech Republic).

Results and discussions

Determination of self-crosslinking latexes

The characteristic properties of all prepared latexes are given in Table 2. As can be seen from the
results, the concentration of embedded La,O, nanoparticles affects the protruding properties of the latex. It
was found that with increasing content of nanoparticles there is an increased formation of coagulate, proba-
bly due to hydration of nanoparticles to form insoluble lanthanum hydroxide and dissociated OH and Me**
ions, which led to increased ionic strength of the dispersion medium, ie. agglomeration of latex particles.
The presence of dissociated ions is also evidenced by the increasing pH value. From MFFT measurements,
it was found that all samples formed a paint film at room temperature. The results of InCan testing provided
evidence of the antimicrobial efficacy of acrylate latexes containing lanthanum dioxide nanoparticles. Whi-
le the reference latex (without nanoparticles) showed the presence of bacteria at a density of 1 x 10° cfu/mL
and high yeast coverage, the nanoparticle latexes suppressed (reduced) the growth of microorganisms with
increasing concentration, with microbicidal efficacy reaching only the highest nanoparticle concentrations
used. Although the exact mechanism of antimicrobial protection of metal oxide nanoparticles has not yet
been fully elucidated, lipid peroxidation, the formation of reactive oxygen species or the presence of metal
cations destroying enzymes of microorganisms are expected.

Tab. 2: Characteristics of latexes differing in content of embedded nanoparticles

Nanoparticle loa- | Coagulum MFFT InCan stability
Sample ding in coating film content pH °C] Bacteria Fungi
[wt.%] [wt.%] [cfu/mL] [deg.]
L, 0 0.1 2.12 8.1 1% 10° Heavy
L ososw 0.5 0.3 5.27 10.7 1 x 10 Moderate
La203-1% 1 0.6 5.71 11.9 1000 Light
La203.1.5% 1.5 1.0 5.85 14.4 <1000 None

Due to the risk of premature crosslinking of the latexes already during storage due to the presence
of inorganic nanoparticles, which resulted in the presence of an increased coagulate content, testing of the
stability of the latexes during storage was performed. Particle size and Zeta potential were evaluated before
storage (on the same day of synthesis) and after storage: after 2 years at RT. The measurement results are
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shown in Table 3. From the measurement results it is clear that the particle size was not significantly affec-
ted by both the presence of nanoparticles and storage and the Zeta potential indicates that the presence of
nanoparticles at the lowest concentration resulted in increased system stability, which gradually decreased
with increasing concentration of nanoparticles. At the highest concentration of nanoparticles used, the Zeta
potential value was comparable to the value of latex without nanoparticle content. As well as the particle
size, the Zeta potential was not significantly affected during storage and based on these results, it can be
stated that all latexes can be considered stable in the long run.

Tab. 3: Results of storage stability testing

Sample Same day of synthesis After 2 years at RT
Particle size [nm] | Zeta potential [mV] | Particle size [nm] | Zeta potential [mV]
L, 125.5+£2.0 -39.0+ 1.7 123.7+2.8 -382+1.3
L, 03050 92.7+0.7 —47.1+14 92.7+1.1 —443+1.5
1a203.1% 117.7+1.4 -43.8+0.8 117.8+ 1.0 -433+1.0
1193+ 1.7 -39.0+0.8 119.0+ 1.5 -38.0+ 14

La203-1.5%

Determination of coating films

Although metal oxide nanoparticles were primarily used as antimicrobial additives, their effect on the
structural properties of the paint film was also investigated. Nanoparticles of sparingly soluble metal oxides
have the potential to act as crosslinking agents providing ionic interfacial crosslinking, which significantly
affects the properties of the resulting coating film. For this reason, the level of crosslinking was examined
using the average molecular weight between the crosslinking nodes (M ). As can be seen from the results,
the nanoparticles provided effective crosslinking agents and the crosslink density increased as expected
with the nanoparticle concentration, as shown in Table 4. A comparison of the surface hardness of the coa-
ting films showed that further increased with increasing concentration of nanoparticles, which is probably
due to the superior effect of ionic interfacial crosslinking over hydroplasticization, which is related to lower
impact resistance, as the degree of hydroplasticization of the carboxylic emulsion copolymer is likely to
affect mechanical resistance. The chemical resistance of coating films was evaluated using the MEK test,
which found that with increasing concentration of nanoparticles increases resistance to MEK, which is
probably due to increased network density due to ionic bonding between metal cations and carboxyl groups
of polymer chains, as discussed above.

Tab. 4: Comparison of physical-mechanical and chemical properties

Sample Mc Surface hardness | Impact resistance | MEK r?sistance
[g/mol] [%] [em] [strikes]
L, 76,532 + 556.2 29.7+0.9 10 35+7
L vososs 26,186 + 545.3 37.5+0.8 20 58+5
La203-1% 20,456 +343.2 40.0+0.9 15 178+ 19
La203.1.5% 12,863 +340.2 415+14 15 213 +20

The results of the optical properties and water bleaching are shown in Table 5. All the prepared coating
films were highly transparent and showed a high gloss without the presence of defects. Due to the high
transparency and gloss of the coating films, it can be assumed that the nanoparticles were indeed present
in the coating film at the nanoscale, ie. without a significant amount of agglomerates of the respective
nanoparticles. Due to the poor water resistance of acrylate latex coatings, water bleaching testing has also
been performed, as increasing the crosslink density is a suitable tool for improving the water absorption re-
sistance. From the measurement results it can be seen that water bleaching decreases with the concentration
of nanoparticles, while latexes containing nanoparticles above 1 % show a very high resistance to water
absorption and thus bleaching of the coating.
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Tab. 5: Comparison of optical properties of coating films

Sample Gloss [GU] Transparency Water whitening
[Yo]* [%]* [rel. %]
Lo 79.9+0.5 89.5 48.8 455
LLa203-0.5% 78.0+£0.2 90.1 54.5 39.5
LLa203-1% 77.3+0.3 90.6 78.8 13.0
LLa203-1.5% 77.6+0.2 89.6 87.6 22
* Transmittance measured at 500 nm

Testing showed that the antimicrobial properties increased with increasing concentration of nanopar-
ticles, with the highest concentration used to achieve biocidal properties, as shown in Table 6. In contrast,
the nanoparticle-free coating showed no antimicrobial effect on all strains tested. Although the exact me-
chanism of antimicrobial protection of metal oxide nanoparticles has not been fully elucidated, lipid pero-
xidation, formation of reactive oxygen species or the presence of metal cations destroying MO enzymes are
expected. Based on these results, it can be stated that lanthanum dioxide nanoparticles at a given particle
size and concentration can be used as an effective antimicrobial additive.

Tab. 6: Antimicrobial properties of coating films

. . Antibacterial properties Antifungal properties
ample
P S. aureus E. coli K. pneuminiae P. chrysogenum A. brasiliensis
L, 0 0 0 0 0
| 20 20 0 20 20
La203-1% 50 80 30 80 80
La203-1.5% 100 100 100 100 100
Conclusion

This work deals with the study of water-based acrylate latexes with increased antimicrobials, physi-
cal-mechanical and chemical resistance due to embedded nanoparticles of lanthanum dioxide. The addition
of lanthanum dioxide nanoparticles during process emulsion polymerization has proven to be an effective
tool for introducing ionic crosslinks into latex polymers without compromising the gloss and transparency
of the coating. Due to the increased crosslink density, the coatings also showed higher hardness, mechanical
resistance, chemical resistance and resistance to water bleaching. In addition, lanthanum nanoparticles have
been shown to provide antimicrobial activity both in liquid latex (InCan stability) and in the coating film.
Thus, lanthanum dioxide nanoparticles function as an ionic and antimicrobial additive, providing hygienic
coatings resistant to water and solvents, suitable for the protection of various materials.
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Summary
A set of perylene dyes containing quaternary nitrogen was prepared. The prepared dyes were found to
produce singlet oxygen when irradiated with visible light. Cotton was dyed with these cationic dyes
and coloristic properties such as colour fastness to washing and light fastness were determined. The
antimicrobial activity of the coloured samples was also determined, both in the dark and when irradiated
with visible light.

ANTIMICROBIAL TREATMENT OF FIBERS
- DICHTUNG UND WAHRHEIT
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Summary
The possibilities of performing antimicrobial treatments of fibers, both hydrophilic and hydrophobic, are
generally shown on the physicochemical basis and on examples. The lecture analyzes the problem and
pitfalls that accompany these technologies.
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CURING OF POLYESTER RESIN: COMPARATIVE STUDY
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Summary
Curing of unsaturated polyester resin (UPR) is a free radical polymerization including transformation
from the liquid state into the rigid structure. If the curing process proceeds at ambient temperature,
accelerator and initiator need to be added. As initiators are used organic peroxides, for example
methylethylketone peroxide (MEKP). Accelerators, particularly complexes of transition metals, are
effective in decomposing of peroxides, which serve as sources of free radicals [1].

Commonly used Co-accelerator (cobalt (II) carboxylates) was classified as a potential

Carcinogen 1B [2]. This is the reason, why it is important to replace Co-accelerator for the sustainable

future of polyester resins.

In our study, we are focused on potential accelerators based on iron. Formulation were tested in com-
mercial system UPR/MEKP. As tested compounds, commercial and synthetized iron complexes were used.
The activity of iron-based accelerators was investigated by determination of gelation time and exothermic

behaviour in tested system. Their results were comparing with Co-accelerator. Kinetic behaviour during
the curing process was monitored by Real-Time NIR spectroscopy. Temperature of glass transition was
determined by using thermomechanical analysis.

All tested accelerators proved to be capable of catalysing the curing process of unsaturated polyester

resin.
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DEVELOPMENT OF ECOLOGIC DRY BLEND ADHESIVES FOR PAPER
PRODUCTS

VYVOJ SYPKYCH EKOLOGICKYCH POJIV PRO PAPIROVE VYROBKY
— STABILITA SYPKE SMESI

SOLNY T.
Brno University of Technology, Faculty of Chemistry

Summary
Dextrin adhesives are suitable ecologic product for the replacement of PVOH/Ac adhesives in industrial
production of paper products such as spiral winded paper tubes, corrugated paper products and edge
protectors. When optimizing the composition of such dextrin adhesive using suitable developed additives,
the content of the dextrin can be reduced up to 30% compared to current solutions. In advance, major
reduction of boron compounds such as borax is obtained together with reduced costs of the transport
without water content.

The development in the project TRIO reg. no. FV40379 is summarised with discussion of the usage of
developed additives composition in wood and paper industry.

Key words
Adhesives, ecology, PVOH/Ac, borax, dextrin.
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DEVELOPMENT OF WATER-RESISTANT LATEX COATINGS: EFFECTS
OF CROSSLINKING AND REACTIVE EMULSIFIER

VYVOJ VODE-ODOLNYCH LATEXOVYCH NATERU: VLIV SITOVANI
A REAKTIVNIHO EMULGATORU

MACHOTOVA J., KALENDOVA A.

Ustav chemie a technologie makromolekularnich latek FCHT, Univerzita Pardubice

Summary
The present work deals with the development of acrylic latexes providing high-performance water-
resistant coatings. For this purpose, mutual effects of anionic emulsifier type (ordinary and reactive),
covalent intra- and/or inter-particle crosslinking (introduced by allyl methacrylate copolymerization
and keto-hydrazide reaction, respectively) and ionic crosslinking (provided by nanostructured ZnO
additive) were investigated. The latexes were prepared by the standard emulsion polymerization of
methyl methacrylate, butyl acrylate and methacrylic acid as main monomers. The addition of surface-
untreated powdered nanostructured ZnO was performed during latex synthesis, resulting in stable
latexes comprising dispersed nanosized additive in the content of cca 0.9—1.0 wt. % (based on solids).
The coating performance with emphasis on water resistance was evaluated. It was determined that the
application of the reactive emulsifier improved coating adhesion and water-resistance, but it wasn 't able
to ensure high water-resistance of coatings. Highly water-resistant coatings were obtained provided
that covalent intra- and inter-particle crosslinking together with ionic crosslinking were employed in the
coating composition, forming densely crosslinked latex films.

Keywords
Latex, crosslinking, keto-hydrazide reaction, reactive emulsifier, ZnO nanoparticles, water resistance,
water whitening

Introduction

Development of ecological coatings has attracted particular interest in coating and paint industry,
where acrylic latex binders are of particular interest due to their favorable properties, such as low cost,
resistance to atmospheric conditions, ease of preparation, modification, and pigmentation. However, they
have the disadvantage of water sensitivity of coatings, which often limits their practical application in
high-performance products. Therefore, the improvement of water resistance of acrylic latex-based coating
films is highly challenging and should be addressed preferably already in the synthesis phase of an acrylic
emulsion polymer.

One approach to enhance the properties of latex coatings including the water resistance is the
employment of intra-particle and inter-particle covalent (chemical) crosslinking chemistry in emulsion
polymers [1]. The intra-particle covalent crosslinking, usually introduced by copolymerizing multi-
functional monomers such as divinylbenzene, ethylene glycol dimethacrylate or allyl methacrylate
(ALMA), often provides rigid latex particles and results in deteriorated film-formation [2]. The inter-
particle covalent crosslinking refers to a chemical reaction designed to occur between adjacent latex
particles during film formation. As reflected by number of publications and patents, there has been an
increased interest in one-pack acrylic coating compositions curable at room temperature [3]. Among these
materials, self-crosslinking systems based on keto-hydrazide crosslinking reaction have been shown to
be particularly effective. Diacetone-acrylamide (DAAM) with adipic acid dihydrazide (ADH) is the most
favored combination used in the self-crosslinking latexes [4]. The most remarkable feature of the keto-
hydrazide crosslinking reaction is fast curing at room temperature, providing minimal consumption of
energy during processing and easy applicability in case of recoating substrates.

Apart from the covalent crosslinking, the improved protective properties of latex coatings can be
achieved by ionic (physical) inter-particle crosslinking which occurs in the interfacial zones between
adjacent latex particles, through ionic dipolar interactions [1]. In the case of carboxylated latexes, the ionic
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crosslinks are generated between carboxylic groups on the surface of latex particles in the presence of
salts and oxides of multivalent metals [5]. Among the suitable ionic crosslinking additives, ZnO, typically
in the form of aqueous dispersion of small particles, has been reported in the relevant literature as an
effective crosslinker of latex-based rubbers and coatings [6]. As ZnO has a limited water solubility, it
neutralizes (ionizes) carboxylated latexes in the wet state and cures them upon drying. Recently, nanosized
ZnO has been presented in the connection with ionic crosslinking of latex coatings leading to a pronounced
improvement of coating protective properties, such as water and solvent resistance, anticorrosion protection,
and mechanical resistance [7-9].

Another tool, being recognized to be effective in the improvement of water resistance of latex coating
properties, is the utilization of reactive emulsifiers in the process of emulsion polymerization [10]. In the
case of coating films made of latexes synthesized using conventional emulsifiers, the emulsifier molecules,
adsorbed on the surface of latex particles, can desorb easily, and migrate through the film forming
aggregates, which leads to increased penetration of water. The small and mobile emulsifier species may
also migrate to the air-film interface affecting gloss of the coating film or to the film-substrate interface
deteriorating adhesion [11]. By using the reactive emulsifiers that become covalently attached to the latex
particles, the emulsifier desorption and migration problems were avoided or at least minimized [12].

The present paper deals with the preparation and evaluation of acrylic latexes suitable for water-
resistant high-performance coating applications. While studying the optimal and highly effective latex
composition, we concentrated on mutual effects of various unconventional strategies, namely, (i) the
emulsion polymerization performed using a reactive emulsifier, (ii) employing the covalent inter-particle
crosslinking based on the keto-hydrazide crosslinking reaction, (iii) introducing the covalent intra-particle
means of a nanostructured ZnO additive, being incorporated in the course of the polymerization process.
The latex coating performance with emphasis on water resistance was evaluated and mutually compared.

Experimental

Materials

Latexes were synthesized of methyl methacrylate (MMA), butyl acrylate (BA), methacrylic
acid (MAA), allyl methacrylate (ALMA) and diacetone acrylamide (DAAM). All the monomers were
purchased from Sigma-Aldrich (Czech Republic). Disponil FES 993 (BASEF, Czech Republic) was used as
the conventional anionic emulsifier. HITENOL AR-10 was used as the reactive anionic emulsifier and was
kindly supplied by DKS Co. Ltd. (Japan). Table 1 presents the main characteristics of the emulsifiers used in
this work. Ammonium persulfate (Penta, Czech Republic) was utilized as the initiator of the polymerization
reaction. Adipic acid dihydrazide (ADH) was utilized as the covalent crosslinking agent and was purchased
from TCI Europe (Switzerland). Surface-untreated nanostructured ZnO (NanoGard®™) having the average
particle size in the range of 40—100 nm was used as the ionic crosslinking additive and was purchased from
Alfa Aesar (Germany). All the chemicals were utilized as received without any further purification.

Preparation and characterization of latexes

Four series of acrylic latexes differing in the covalent crosslinking strategy were synthesized by
a two-step non-seeded emulsion polymerization comprising a variable content of acrylic monomers (see
Table 1). The detailed recipe of emulsion polymerization is presented in Table 2. The proportions of acrylic
monomers forming latex particles were chosen to achieve a calculated Tg (using the Fox equation) of
approximately 5 °C, so that film-formation was kept even in the case of the densely crosslinked latex films.
Every series contained four latex samples which were synthesized using the same types and proportions of
acrylic monomers; two samples always being prepared with a conventional (non-reactive) emulsifier (samples
labelled D) and two samples being synthesized using a reactive emulsifier (samples labelled H) that contains
reactive double bonds which can copolymerize with acrylic monomers. The amounts of the emulsifiers were
designed to maintain the same surface-active matter weight concentration in both types of latex samples.
Moreover, one of the D-labelled samples and one of the H-labelled samples were synthesized by a standard
synthetic route, while the rest two samples (labelled D_ZnO and H_ZnO) comprised nanostructured ZnO as
the multifunctional additive, being incorporated during the polymerization process of the 2" step polymer.

87



XIV. KONFERENCE PIGMENTY A POJIVA « 15.-16.11.2021

The content of nanostructured ZnO was 1 wt. % with respect to the total monomer feeds. The way and
experimental procedure of nano-ZnO addition were based on our recent experience [7,8].

Tab. 1: Monomeric compositions of latexes differing in the covalent crosslinking strategy, emulsifier
type and the application of nanostructured ZnO additive

Composition of monomer feeds (g)
Sample MMA/BA/MAA/DAAM/ALMA Emulsifier type NZL‘:::;‘S;;:?
1% step 2" step
Series 1: No covalent crosslinking
D, 18.5/30/1.5/0/0 18.5/30/1.5/0/0 non-polymerizable no
H, 18.5/30/1.5/0/0 18.5/30/1.5/0/0 polymerizable no
. 18.5/30/1.5/0/0 18.5/30/1.5/0/0 non-polymerizable yes
| 20 18.5/30/1.5/0/0 18.5/30/1.5/0/0 polymerizable yes
Series 2: Inter-particle covalent crosslinking
D, 18.5/30/1.5/0/0 16.5/29.5/1.5/2.5/0 | non-polymerizable no
H, 18.5/30/1.5/0/0 16.5/29.5/1.5/2.5/0 polymerizable no
s 20 18.5/30/1.5/0/0 16.5/29.5/1.5/2.5/0 | non-polymerizable yes
S 70 18.5/30/1.5/0/0 16.5/29.5/1.5/2.5/0 polymerizable yes
Series 3: Intra-particle covalent crosslinking
D, 18/30/1.5/0/0.5 18.5/30/1.5/0/0 non-polymerizable no
H, 18/30/1.5/0/0.5 18.5/30/1.5/0/0 polymerizable no
D, .o 18/30/1.5/0/0.5 18.5/30/1.5/0/0 non-polymerizable yes
— 18/30/1.5/0/0.5 18.5/30/1.5/0/0 polymerizable yes
Series 4: Intra- and inter-particle covalent crosslinking
D, 18/30/1.5/0/0.5 16.5/29.5/1.5/2.5/0 | non-polymerizable no
H, 18/30/1.5/0/0.5 16.5/29.5/1.5/2.5/0 polymerizable no
D, 0 18/30/1.5/0/0.5 16.5/29.5/1.5/2.5/0 | non-polymerizable yes
H, . 18/30/1.5/0/0.5 16.5/29.5/1.5/2.5/0 polymerizable yes

In the Series 1, no covalent crosslinking was introduced into latex polymers. In the Series 2, the

composition of latex samples was designed to provide covalent inter-particle crosslinking based on the keto-
hydrazide crosslinking reaction. For this purpose, a constant amount of DAAM (5 wt. % with respect to 2™
step monomer feeds) was incorporated into the 2™ step polymer to introduce ketone carbonyl groups into
latex polymers for the subsequent interfacial covalent crosslinking by the reaction with ADH added during
latex formulation. The Series 3 was represented by latexes employing covalent intra-particle crosslinking,
which was achieved by introducing a constant amount of ALMA (1 wt. % with respect to 1st step monomer
feeds) in the 1* step polymer. In the Series 4, the latexes were designed to provide both covalent inter-
and intra-particle crosslinking by copolymerizing DAAM and ALMA in the same manner as described
above. In the case of all series, carboxylic functionalities (in a relatively high content, considering standard
acrylic latex coating compositions) were incorporated into the structure of the 1% and 2™ step polymers by
copolymerizing MAA (3 wt. % based on total monomer feeds) for three reasons: (i) stabilization of latex
particles, (ii) acid catalysis of the keto-hydrazide covalent inter-particle self-crosslinking reaction, (iii)
enabling of the ionic crosslinking via Zn** cations.
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The latexes were produced in a 500 mL glass reaction flask under a nitrogen atmosphere at
a polymerization temperature of 85 °C. The reaction flask charge (consisting of distilled water, initiator
and the respective emulsifier, see Table 3) was put into the reaction flask and heated to the polymerization
temperature. The monomer emulsion was consequently dosed into the stirred reaction flask at a dosing rate
of about 2.5 mL/min in two steps (1* polymer synthesis, 2™ polymer synthesis), while a 15 min-long period
between the two dosing steps was kept. The polymerization was then completed, during the 2 hours of the
hold period.

The synthesis of latexes added with nanostructured ZnO was conducted modifying the above-described
procedure. At first, a finely dispersed ZnO aqueous dispersion was prepared by adding nanostructured ZnO
to water that was designed for the preparation of 2" step monomer emulsion. To facilitate the fragmentation
of aggregates formed by ZnO primary nanoparticles, a proper dispersion process using a SilentCrusher
M disperser (Heidolph, Germany) at 14,000 rpm was carried out for 20 min followed by 1 h long
ultrasonication. The fine nanostructured ZnO aqueous dispersion was then gently mixed with monomers,
emulsifier and initiator designed for the preparation of the 2™ step monomer emulsion (using a stirrer at low
speed for 3 min). In the end, the resulting 2" step monomer emulsion with nanostructured ZnO was dosed
to the reaction flask immediately at a dosing rate of about 2.5 mL/min.

The latex pH was consequently adjusted to 8.5 with ammonia solution. Finally, an aqueous solution
of ADH consisting of 1.25 g ADH and 11.3 g water was added to the latex samples of Series 2 and 4 with
agitation.

Tab. 2: Recipe of emulsion polymerization by using different emulsifiers and nanostructured ZnO

additive
T Reaction flask charge 1% step n.lonomer 2" step l.nonomer
[g] emulsion [g] emulsion [g]
Water 35.0 47.5 72.5
Disponil FES 993 0.24 3.7 3.7
HITENOL AR-10 0.07 1.1 1.1
Ammonium persulfate 0.2 0.2 0.2
Monomers - 50.0 50.0
Nanostructured ZnO - - 1.0

Preparation and characterization of free-standing films

The free-standing films were prepared by pouring and drying the latexes in silicone moulds. The
samples were first air-dried at room temperature (RT, 23 + 1 °C) for a month and then vacuum-dried at
30 °C for 2 weeks. The wet thickness of the free-standing films was approximately 0.7 mm. The free-
standing films were used for the investigation of the degree of crosslinking and water absorption of latex
films.

The degree of crosslinking introduced into latex polymers was evaluated according to crosslink
density. The crosslink density was evaluated from swelling experiments performed on dry gel polymer
samples (around 0.2 g) which were immersed in toluene at 50 °C for one week. At the end of the immersion
period, the sample was removed, rapidly blotted with tissue, and transferred to a weighing bottle to obtain

the swollen weight of the sample. Equations (1—4), employing the theory of Flory and Rehner [13], were
used to calculate the average molecular weight between crosslinks (M) and the crosslink density (expressed
as moles of crosslinks per cm® of a polymer network), as given in the following:

__VipplpP-¢/2] |

Me = ~[In(1-@)+ p+ x$?] M
_ Wppos

(p N Wpps+Wspp (2)
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\%
X=034+ 22(5, — 6,)° ©)

Crosslink density = py /M, (C))

where 7, is the molar volume of toluene (106.3 cm*/mol); pp is the density of polymer that was
calculated to be 1.103 g/cm?® for the BA/MMA/MAA (60/37/3 by weight) copolymer from 1.06, 1.18 and
1.015 g/cm? for poly(BA), poly(MMA) and poly(MAA), respectively; ¢ is the volume fraction of the gel
polymer in the swollen gel; w, and W_are the weight fractions of the gel polymer and solvent (toluene)
in the swollen gel, respectlvely, p, is the density of solvent (0.8669 g/cm?); y is the polymer and solvent
interaction parameter; d, is the solubility parameter of polymer that was calculated to be 9.135 (cal/cm?)'?
for the BA/MMA/MAA (60/37/3 by weight) copolymer from 9.0, 9.3 and 9.8 (cal/cm?)" for poly(BA),
poly(MMA) and poly(MAA), respectively]; and ¢, is the solubility parameter of toluene, 8.9 (cal/cm?)"2.

Preparation and characterization of coatings cast on glass substrates

Liquid latexes were applied onto glass panels using a blade applicator. The thickness of the wet
coatings was 120 pm. The coatings were air-dried at RT and relative humidity of 45 = 5 % for 7 days.
The coating films were evaluated for their gloss, transparency, solvent resistance, adhesion, and water
whitening. The dry coating thickness was measured using a three-point instrument (BYK-Gardner,
Germany). The gloss of coatings was evaluated by a microTRI-gloss p instrument (BYK-Gardner,
Germany) using a gloss-measuring geometry at 60°. Coatings cast on glass panels coated with black matte
paint (RAL 9005) were used for gloss measurements. The transparency of the coatings was evaluated
by light transmission (measuring the transmittance at the wavelength 500 nm) using a ColorQuest XE
Spectrometer (Hunterlab, USA). The solvent resistance was tested by methyl ethyl ketone (MEK) rubbing
following ASTM D 4752. The adhesion of coatings was evaluated by means of the pull-off test according to
ISO 4624 using an Elcometer 510 Automatic Adhesion Tester (Elcometer Instruments, UK). All the above-
mentioned experiments were carried out at RT.

The water whitening of coatings was evaluated by measuring the change in transmittance at a fixed
wavelength (500 nm, near the green light that is most sensitive to the human eye) using a ColorQuest XE
Spectrometer (Hunterlab, USA). The coatings were immersed in distilled water at RT for 24 h, followed
by the immediate measurement of the transmittance of the exposed coating film area. The extent of water
whitening (W) was calculated according Equation (5).

=100(T, - T)/T,, 5)

where 7| is the coating sample transmittance before immersion in distilled water and 7, is the sample
transmittance after immersion in distilled water for 24 h.

Results and discussion

Degree of crosslinking

The degree of crosslinking introduced into latex materials was evaluated. Results of crosslink density
(depicted in Fig. 1) confirmed that he most densely crosslinked polymer network was formed in the case
of latex polymers of the Series 4, employing both inter- and intra-particle covalent crosslinking. A high
level of crosslinking was determined also for samples of the Series 3 that were crosslinked by ALMA
copolymerization. However, even the polymers of the Series 1 (without any proposed crosslinking strategy)
provided a certain level of crosslinking; minor in the case of the sample D1 and significant in the case of
the sample H1. The presence of crosslinked structures in these samples can be explained by inter-molecular
chain transfer reactions to polymer because of BA copolymerization [14]. The comparison of corresponding
samples differing in the emulsifier type revealed that a higher degree of crosslinking was always detected
for the H-labelled polymers, which suggests a higher molar mass of polymers prepared using the reactive
emulsifier. When comparing ZnO added and blank samples of the same composition, it is evident that
additional crosslinks were introduced into latex polymers due to ZnO addition. We assume that carboxylic
functionalities on the particle surface and those buried in the particle interior were probably involved in
ionic bonding, providing ionic inter- and intra-particle crosslinks. At this stage, it should be mentioned that
the ionic intra-particle crosslinks are believed to have proceeded already during the polymer synthesis after
dosing the nanostructured ZnO into the reactor.
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Fig. 1: Crosslink density (expressed as moles of crosslinks per cm® of a polymer network) of
coating films based on latexes, differing in the covalent crosslinking strategy, emulsifier type and
nanostructured ZnO addition
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The properties of coatings differing in the covalent crosslinking strategy, emulsifier type and
nanostructured ZnO addition are presented in Table 3. The thickness of dried coatings draw-downed
on glass substrates was about 50 um. All the prepared coatings exhibited a high gloss and transparency
without any pronounced difference. Therefore, we can assume that no significant desorption, migration and
aggregation of emulsifier molecules and ionic species at the film-air interface occurred (the risk considered
especially for the coatings comprising the conventional emulsifier). When comparing MEK resistance of
coatings, the results indicated that the solvent resistance wasn't increased markedly by covalent intra- or/
and inter-particle crosslinking. On the contrary, ZnO additive introducing ionic crosslinks was shown to
be a very effective tool for obtaining a high solvent resistance. The coating samples D, ,  and D4 _ZnO
even passed the MEK test without failure, which was in all probability caused by the combination of ionic
and covalent inter-particle crosslinking. The results of the MEK test revealed as well that the D, -labelled

coating samples exhibited a higher MEK resistance in comparison with the corresponding H , -labelled
coating samples. This finding may be related to the enhanced molar mass and rigidity of the H-labelled
latex polymers (prepared by the reactive emulsifier). As ionic crosslinks between carboxylic groups and
zinc ions are supposed to be formed to some extent already during the synthesis of the emulsion polymer,
we can assume that more rigid latex particles composed of longer polymer chains linked to each other by
ionic bonds (intra-particle crosslinks) were formed in the case of the H , -labelled latexes (resembling the
covalent intra-particle crosslinking by ALMA copolymerization). As the result, a porous film structure was
apparently formed due to deteriorated particle deformation and suppressed polymer chain inter-diffusion,
allowing the solvent molecules to penetrate more easily inside the coating. This effect can be observed
more distinctly in the case of a poor MEK resistance for coatings of the Series 3, composed of ALMA-
crosslinked latex particles.
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Tab. 3: Properties of coatings cast on glass substrates

Sample Thickness Gloss 60° Transpat;ency MEK resistal.lce
[pm] |GU] [%] [number of strikes]
Series 1: No covalent crosslinking
D, 584 +38.1 80.5+0.2 90.1+0.3 10.3£0.6
H, 63.2+73 85.1+0.1 90.2+0.3 12.3+0.6
D o 61.5+6.2 85.5+0.1 89.6+ 0.4 210.4+19.2
| 20 488 +5.4 852+0.2 90.0£0.3 1332+ 15.1
Series 2: Inter-particle covalent crosslinking
D, 51.8+7.8 85.0+0.3 91.0+0.2 11.8+1.5
H, 58.6+6.3 85.2+0.1 90.2+0.4 18.7+0.6
D, ,. 552+6.7 86.0+0.1 89.9+0.2 above 300 *
H,,., 60.5+7.0 85.4+0.3 90.7+0.3 213.7+18.2
Series 3: Intra-particle covalent crosslinking
D, 61.9+5.5 843+0.2 91.1£0.3 8.0+1.0
H, 585+73 84.0+0.1 90.6+ 0.4 10.7 £ 0.6
2 20 65.0+£6.7 81.5+0.4 90.5+0.2 1023 +2.4
H,,, 53.5+4.9 84.3+0.1 90.6+0.3 23.1+4.7
Series 4: Intra- and inter-particle covalent crosslinking
D, 57.5+6.8 852+0.1 91.1+0.2 294+4.6
H, 48.1+8.5 85.5+0.2 90.2+0.3 24.6£6.0
D, .. 457+9.7 85.6+0.1 89.8+0.3 above 300
H,,, 56.5+6.1 84.9+0.1 90.6+0.3 236+ 14
* Transmittance measured at 500 nm.
** Maximum evaluative value (representing the best property).

In addition, the adhesion of the coatings to a glass substrate was evaluated (see Fig. 2). Focusing on
the emulsifier type, results confirmed that the use of the reactive emulsifier provided an improved adhesion
of coatings, as has been expected. This effect can be attributed to the covalent attachment of emulsifier
molecules on latex particles surface, disabling their desorption and migration at the substrate-film interface.
When comparing the coating adhesion in terms of the covalent crosslinking strategy, the best adhesion
to the glass substrate was detected for the coatings of the Series 2 (inter-particularly crosslinked by the
keto-hydrazide reaction). The reason is probably related to the presence of additional polar functionalities
incorporated into the molecular structure of latex coatings by the keto-hydrazide crosslinks which together
with pendant carboxylic groups on polymer backbone provided secondary interactions between acrylic
polymer chains and the glass substrate. This effect was also manifested in the case of coatings of the Series
4 and explains their enhanced adhesion in comparison with the corresponding coatings of the Series 3. The
weaker coating adhesion of the Series 4 in contrast to Series 2 can be attributed to the fixation of polymer
chains by ALMA crosslinking, which hindered the orientation of polar functionalities towards the film-
substrate interface during film-formation. Focusing on the effect of ZnO addition causing further polymer
chain fixation by ionic crosslinks, the coatings added with nanostructured ZnO were surprisingly found to
provide significantly improved adhesion in comparison with the corresponding coating samples without the
ZnO additive. The improvement of coating adhesion can be explained by ionization of carboxylic groups by
dissolved zinc hydroxide, which resulted in stronger secondary interactions and bonding to glass substrate.
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Fig. 2: Adhesion (expressed as pull strength) of coatings based on latexes, differing in the covalent
crosslinking strategy, emulsifier type and addition of nanostructured ZnO

9
oD-labelled sample

OH-labelled sample
mD_Zn0O-labelled sample
H_ZnO-labelled sample

8 4

Pul strength (MPa)
w

LB e e

Series 1 Series 2 Series 3 Series 4

Water resistance of latex coating films was evaluated in terms of water absorption (i.e., water uptake)
and water whitening (symbolized by decrease in transmittance). It was evidenced that water resistance of
latex coatings can be enhanced markedly by introducing crosslinking [3,8]. The improved water resistance
is usually attributed to the enhanced stiffness of crosslinked polymer, which restricts the influx of water
and does not allow water domains to grow. In the case of water whitening, it is believed that only water
domains exceeding a certain size within the film are responsible for the water whitening effect (light of
longer wavelengths becomes more strongly scattered as the domains grow larger). Therefore, latex films
composed of densely crosslinked polymers, after being exposed in water, usually exhibit low water uptake,
and contain smaller water domains, therefore they are observed less cloudy to the human eye. On the
contrary, the non-crosslinked or slightly crosslinked latex films generally suffer from high water swelling
and pronounced water whitening.

The results of water absorption and water whitening measurements are demonstrated in Figs. 3 and
4, respectively. It is obvious that similar trends can be observed for both experiments. Focusing on the
covalent crosslinking strategy, the assumptions were fulfilled; the higher the crosslink density (see the
results presented in Fig. 1), the increased water resistance of coating films. As expected, the coatings
of the Series 1 without any covalent crosslinking were the most water sensitive, while the most densely
crosslinked coatings of the Series 4, combining intra- and inter-particle covalent crosslinking, were shown
to be the most water-resistant in terms of both water uptake and water whitening. When comparing the
results from the point of view of the emulsifier type, the coatings comprising the reactive emulsifier always
provided higher water resistance, which is in all probability related to smaller interstitial areas (filled only
with initiator-based salts) in contrast to larger interstices (filled also with desorbed emulsifier molecules)
in the case of the conventional emulsifier-based coatings, leading to decreased osmotic pressure (as the
main water penetration driving force) and suppressed influx of water. Regarding the ZnO addition, it can
be stated that the coating films added with nanostructured ZnO displayed increased water resistance in
comparison with the corresponding blank coatings (without ZnO additive), which corresponds to increased
crosslink density due to the contribution of ionic bonds. However, this claim was contradicted by the
results of water absorption of the H , -labelled samples of the Series 1 and 2 that exhibited higher water
absorption in comparison with the blank samples of the same composition. The conflict between results can
be explained by the dissolution of a certain portion of nanostructured ZnO, providing a higher amount of
ionically charged inorganic components, trapped in interstices between coalesced latex particles. It should
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be noted at this point that the latexes of the Series 4, namely the samples H,, D, , ;and H, , were found to
provide highly water whitening resistant coatings, which was caused by the occurrence of intra- and inter-

covalent and ionic crosslinking, resulting in a highly dense polymer network.

Fig. 3: Water absorption into coatings based on latexes, differing in the covalent crosslinking
strategy, emulsifier type and addition of nanostructured ZnO. The water absorption was measured
after 30-days-long immersion in distilled water at RT.
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Fig. 4: Water whitening of coatings, expressed in terms of transmittance decrease. The water
whitening was evaluated after 1-day-long exposition of coatings cast on glass panels in distilled
water. Transmittance values were measured at 500 nm.
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Conclusions

The present study is devoted to the development of latex-based water-resistant acrylic coatings suitable
for high-performance applications. To decrease the water sensitivity of coating films, we investigated the
combined effects of covalent crosslinking (ALMA-based intra-particle and/or keto-hydrazide-based inter-
particle), emulsifier type (non-polymerizable and polymerizable), and ionic crosslinking (nanostructured
ZnO additive). The addition of nanostructured ZnO, carried out during the process emulsion polymerization,
was proved to be an effective tool for introducing ionic crosslinks into latex polymers without deteriorating
coating gloss and transparency. Inter- and intra-particle ionic crosslinks were in all probability formed via
surface and interior carboxylic functionalities and Zn** ions. The results of water resistance testing (focused
on water absorption and water whitening) confirmed that coatings comprising the reactive emulsifier
exhibited improved water resistance in contrast to the conventional emulsifier-based coatings, probably
due to the presence of smaller interstitial areas (filled only with initiator-based salts), leading to decreased
osmotic pressure and suppressed influx of water. It was further proved that introducing of the covalent
crosslinking provided increased water-resistance of coatings, the higher the crosslink density, the more
water-resistant coating. In addition, the ZnO additive was also shown to introduce improved water resistance
of coatings, which corresponds to increased crosslink density due to the contribution of ionic bonds. Highly
water-resistant coatings were formed regardless of the emulsifier type in case of a concurrent employment
of three crosslinking strategies, namely the keto-hydrazide crosslinking, the ALMA copolymerization and
the ZnO-based ionic crosslinking. Nevertheless, the application of the reactive emulsifier was shown to
improve significantly coating adhesion, apparently due to the covalent attachment of emulsifier molecules
to latex particles, disabling their desorption and migration at the substrate-film interface. Moreover, the
ZnO addition was shown to provide pronouncedly improved MEK resistance. It can be concluded that
environmentally friendly coating binders using nanostructured ZnO in the role of ionic additive were
developed, providing water-and solvent-resistant coatings, suitable for the protection of various materials.
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CHEMICKY POHLED NA NORMU CSN EN ISO 12944-5
ISO 12944-5: A CHEMIST'S TAKE ON CORROSION PROTECTION

BULDRA R., KOHL M., KALENDOVA A.

Univerzita Pardubice, Fakulta chemicko-technologicka,
Ustav chemie a technologie makromolekuldrnich latek

Summary
1SO 12944 is one of the most important international standards in terms of corrosion protection of steel
structures. This review focuses on explaining the weather resistence of binders by examining their chemi-
cal structure. It is important to keep in mind, that the corrosion properties and resistence are determined
by this structure, and can be estimated by examining critical points of the structure. While there are some
exceptions, it is very useful to know these points.

The knowledge of chemical structures, reactivity and properties combined with recommandations given
by ISO 12944-5, is the key to designing well-performing and long-lasting coating systems. This short
review shall introduce the basic concepts of determining UV resistance of binders, since it is one of the
most discussed problems.

Key words
Coatings, paints and varnishes, ISO 12944, UV resistance.

Uvod

Jednim z nejdulezitéjsich cilii korozniho inzenyrstvi je predchazeni vzniku koroze oceli, respektive
ocelovych struktur a konstrukci. Norma CSN EN ISO 12944 se touto problematikou podrobné zabyva, pii-
¢emz definuje fadu faktord ovliviujici kvalitu natéra a jejich odolnost. Jsou definovany jak stupné ptipravy
podkladu, tak i stupné agresivity korozniho prostredi. Na zakladé¢ téchto definic jsou pak v paté ¢asti normy
popsany vhodné natérové systémy s ohledem na jejich odolnost vii¢i koroznimu prostiedi a vhodnost pro
danou korozni kategorii. Norma tak do jisté miry slouzi jako jakysi manual pro korozni inzenyry, kteii se ji
mohou fidit pti navrhu natérovych systému.

Chceme-li vSak navrhovat kvalitni natérovy systém, ktery vydrzi desitky let bez vyraznych zmén,
musime se na doporucenti, které ndm norma poskytuje, divat mimo jiné i z chemického uhlu pohledu. Blize
se budeme vénovat predeviim chemické struktuie typickych natéri na bazi pojiv, které norma CSN EN ISO
12944-5 popisuje, nebot’ prave z chemickeé struktury pojiva mizeme vycist klicové vlastnosti natéru. Mezi
tyto patii mimo jiné i chemicka odolnost, odolnost vii¢i vlhkosti, a odolnost viici UV zafeni.

Pojiva

Norma CSN EN ISO 12944-5 tadi natéry do 7 skupin na zékladé jejich chemické podstaty. Patii mezi
né nasledujici typy natéru: alkydy, akrylaty, ethylsilikaty, epoxidy, polyuretany, polyaspartaty, a polysi-
loxany. VSechna pojiva jsou vhodna a vyuzivana pro natéry ocelovych konstrukei, pficemz ne vSechna
jsou vhodna pro agresivngjsi typy korozniho prostiedi. Nasledujici odstavce nabizi podrobnéjsi pohled na
strukturu vybranych nejpouzivanéjsich pojiv pro natéry oceli.

Alkydové pryskyfice (AK)

Alkydové pryskyfice jsou polyestery, které vychazeji z polykarboxylovych kyselin a polyalkoho-
1, pfi¢emz alespon jedna slozka musi byt troj a vicefunkéni. Vyssi funkénost vychozich latek zpuisobuje
rozvétveni az zesitovani struktury, coz odlisuje alkydy od linearnich polyestert. V praxi se pak nejéastéji
setkavame s tzv. modifikovanymi alkydy, které ve své struktufe obsahuji ¢ast mastné kyseliny. Oleje, re-
spektive mastné kyseliny s dlouhymi alifatickymi fetézci zlepsuji filmotvorné vlastnosti povlaki, a zaroven
slouzi jako sit'ujici slozka natéru. Obecna struktura alkydu modifikovaného mastnou kyselinou (v tomto
ptipadé kys. linolovou) je znazornéna na obrazku 1.
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Obr. 1: Obecna struktura modifikovaného alkydu
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Podivame-li se na strukturu takového alkydu, mizeme vidét hned n€kolik problematickych mist, které
mohou vlivem povétrnostnich vlivli pisobit degradaci natéru.

Prvnim faktorem, zptsobujici degradaci alkydu vlivem UV zafeni je aromaticky kruh na ftalanhyd-
ridové ¢asti molekuly. Aromatické polymery obecné obsahuji mista se zvySenou elektronovou hustotou.
Tato mista jsou pak nachylna k excitaci kratkovinnou slozkou slune¢niho svétla — jsou tzv. UV absorbu-
jici. Pfi absorbei UV zateni dochazi k excitaci delokalizovanych elektronti v aromatickém kruhu. Tento
zvyseny energeticky stav je nestabilni, a je tedy nutné zbavit se piebytku energie. Jednou z vyznamnych
cest deexcitace je energeticky prenos na jinou molekulu, pfipadné roztrzeni excitované vazby, ke kterému
dochazi tehdy, nemuze-li se excitovana molekula zbavit energie jinou cestou (tepelnymi vibracemi, emisi
hv, Ramanovymi vibracemi).

Stejny jev nastava u karbonylovych skupin. C=0 skupina je UV aktivni, a jeji rozpad mize vyvolat
Stépeni slabych vazeb (napf. esterové vazby). Nutno dodat, ze UV aktivita vyvola vznik radikalt, a tim
padem sekundarni autooxidaci polymernich fetézctl, ktera vede k dalsimu poskozeni natéru. Produkty roz-
padu polymert pak vedou k vyssi absorpci UV zafeni, vznika tedy jakysi autoakceleracni efekt starnuti
polymeru vlivem UV zafeni.

Na obrazcich nize lze pozorovat degradaci silikon-alkydového povlaku po expozici UV zafeni, tzv.
kiidovani, kdy se zdegradované ¢astice pojiva zdrzuji na povrchu, a zptisobuji tak zmatnéni vzhledu po-
vlaku. Jedna se o jeden z nejcastéjsich problému natérti obsahujicich aromaticky kruh ve své struktufe.

Obr. 2: Degradace pojiva (alkyd-silikon). Horni zleva: 1) Vysokopigmentovany natér pi‘ed expozici
UV; 2) Natér po expozici UV zafeni, vlivem silné pigmentace lze pozorovat defekty spojené s vystu-
povanim pigmentu na povrch. Dolni zleva: 3) Nizkopigmentovany natér pied expozici UV;

4) Nizkopigmentovany natér po expozici UV, je patrné zmatnéni povrchu vlivem rozpadlého pojiva,
pigment vSak nevystupuje na povrch — nedochazi k tvorbé patrnych defekti.

500 pm
—
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Dalsi otazkou, kterou se u natérovych hmot mizeme zabyvat, je odolnost vii¢i vodé a chemikaliim.
Z tohoto hlediska posoudime strukturu tak, ze se pokousime nalézt mozna reaktivni mista ve struktute. Patii
mezi né dvojné vazby, éterové vazby, atomy dusiku a siry a podobné. Oproti UV stabilité, kdy je pisobicim
degradantem pronikajici zafeni, v§ak musime uvazovat skute¢nost, ze pro uskuteénéni reakce musi dojit
ke kontaktu reagujici skupiny polymeru s reaktantem vné&jsiho prostredi. Muze tak dojit k pfipadu, ze
i pies zastoupeni reaktivnich center je polymer natolik sesitény, Ze nedojde k proniknuti reaktantu do vniti-
ni struktury, a polymer tak vykazuje dobrou chemickou odolnost.

V ptipadé odolnosti viiéi vodé a vlhkosti uvazujeme podobné jako pii stanoveni chemické odolnosti
polymeru. Zde uvazujeme hydrofobitu/hydrofilitu, ktera ptfimo vyplyva ze struktury. V pfipadé¢ alkyda tak
muzeme uvazovat pievazujici hydrofobitu vychazejici z nepolarniho fetézce mastné kyseliny, ktery je navic
sesitovany. Tato sit’ pomérné uc¢inné odpuzuje vodu, a nedochazi tak k vyrazné degradaci pojiva pii kon-
taktu s vlhkosti. Dale v§ak musime uvazovat obsah vodorozpustnych slozek, jako naptiklad zmekcovadel
¢i aditiv, které mohou byt pii delsi expozici vyplavovany z natéru, ¢imz muze dojit k zasadnim zménam
vlastnosti natéru.

Akrylaty (AY)

Natéry na bazi akrylatd jsou velmi rozsifené zejména ve formé vodné disperze. Jejich popularitu
muzeme piifadit poméru cena/vykon, dobré UV stabilité¢ a odolnosti natér. Jednou z nejpodstatnéjsich
vyhod akrylatovych disperzi je vSak pravé skute¢nost, ze jako rozpoustédlo slouzi voda — nemusime tak
fesit bezpecnostni opatieni souvisejici s uzivanim tékavych rozpoustédel. Natéry jsou tak dobfe vyuzitelné
napiiklad pro aplikace v interiérech, a jsou zpravidla vyuzitelné i pro natéry détskych hracek.

Z chemického hlediska se jedna o vinylové polymery, vzniklé radikalovou polymerizaci akrylato-
vych monomert (kys. akrylova a jeji derivaty). Pro natérové hmoty jsou zpravidla vyuzivany kopolymery
vychazejici ze dvou a vice monomert, doplnéné o dalsi aditiva. Film vznika fyzikalnim mechanismem,
tj. odpafenim rozpoustédla a koalescenci dispergovanych ¢astic.

Obr. 3: Poly(2-hydroxyethyl-metakrylat)

OH

n

Takto vzniklé filmy (téZ nazyvany latexy) maji vybornou odolnost vici povétrnosti, UV zafeni,
a dobré ptilnavosti. Dilezitym faktorem udavajicim vysledné vlastnosti filmi je velikost ¢astic, a mimo jiné
i mnozstvi a typ pouzitého emulgatoru pii emulzni polymeraci.

Ethylsilikaty (ESI)

Ethylsilikatové pryskyfice se vyuzivaji zejména k ochrané kamennych a betonovych staveb. Z hledis-
ka chemie se jedna o polysiloxanovou strukturu, ktera obsahuje ethylskupinu v postrannim fetézci. Vzhle-
dem ke skutecnosti, ze pojivo neobsahuje aromaticka jadra, a zaroven hlavni fetézec tvoii velmi odolna
-Si-O- struktura, jsou tato pojiva velmi odolna vici povétrnosti. Ethylsilikatové zakladni natéry urcené
k povrchové ochrané oceli jsou vytvrzovany reakei pojiva s praskovym zinkem.

Epoxidové pryskyrice (EP)

Velmi rozsifenym typem natéri vyuzivanym jako ochrana ocelovych konstrukei jsou dvojslozko-
vé epoxidové natéry. Typicky se jedna o produkty alkalické kondenzace epichlorhydrinu s bisfenolem-A.
Reakei vznika dvojfunkéni fetézec obsahujici dveé epoxyskupiny a dvé benzenova jadra.
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Obr. 4: Struktura dianové epoxidové pryskyrice
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Reakce muize probihat dale za vzniku vysokomolekularnich latek, produkty mohou byt piipadné sit'o-
vany celou skalou latek — epoxyskupina je velmi reaktivni. Typickymi situjicimi slozkami jsou polyaminy,
polythioly, anhydridy, ale i napt. aduktivni tvrdidla vznikla reakci EP pryskyfice s prebytkem polyamini.
Typ tvrdidla a jeho mnozstvi ma vliv na vzhled a vlastnosti natéru. Nizkomolekularni polyaminy se na-
ptiklad davkuji v 10 % piebytku epoxidového ekvivalentu, a to z toho divodu, Ze polyaminy nebyvaji
stoprocentni. Vys$§i nadbytek tvrdidla je vSak nezadouct; pfi pretvrzeni natéru dochazi k prudkému zhorseni
vlastnosti povlaku. Z divodu pohodIngjsi kontroly davkovani vytvrzujici slozky byla zavedena aduktivni
tvrdidla. Ta vzhledem k vysoké molekulové hmotnosti pryskyftice obsahuji nizky relativni podil vytvrzuji-
cich aminoskupin; pfi mirném predavkovani tvrdidla je do systému zaneseno pouze zanedbatelné mnozstvi
aminoskupin oproti stejnému piedavkovani napt. nizkomolekularnim polyaminem. Nize vidime srovnani
povlaki vytvrzenych diethylentriaminem (DETA), a aduktivnim tvrdidlem v rznych pomérech.

n

Obr. 5: Epoxidové povlaky s riznym pomérem tvrdidla. Horni zleva: 1) Dianova epoxidova prysky-
Fice tvrzena diethylentriaminem v poméru 1:0,29. 2) Dianova epoxidova pryskyfrice tvrzena aduk-
tivnim tvrdidlem v poméru 10:4. Dolni zleva: 3) Dianova epoxidova pryskyfice tvrzena aduktivnim
tvrdidlem v poméru 10:5. 4) Dianova epoxidova pryskyfice tvrzena aduktivnim tvrdidlem
v poméru 10:6.

Z mikroskopickych fotografii epoxidového povlaku je patrné, ze povlak tvrzeny DETA nevyhovuje,
povlak je m&kky a obsahuje velké mnozstvi defekt. Pii pouziti aduktivniho tvrdidla pak neni patrny rozdil
pii davkovani 10:4 a 10:5, az pii davkovani 10:6 je patrné zvyseni vyskytu defektll. Tento princip je tedy
pti davkovani tuzidla velmi vyhodny, nebot’ neni tieba navazovat presné.

U dianovych epoxy systéml muzeme pozorovat, podobné jako u ostatnich pojiv obsahujicich aro-
maticky kruh, vyrazné kiidovani povlaku vlivem expozice vici UV zafeni. Vzhledem k vysokému aroma-
tickému podilu je tato degradace pojiva velmi vyznamna, a je hlavni pfi¢inou nevhodnosti téchto systému
pro svrchni natéry.
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Obr. 6: Epoxidové povlaky po 360hodinové expozici vii¢i UV a vodé v QUV komore. Horni zleva:
1) Dianova epoxidova pryskyfice tvrzena diethylentriaminem v poméru 1:0,29. 2) Dianova epoxido-
va pryskyfice tvrzena aduktivnim tvrdidlem v poméru 10:4. Dolni: 3) Dianova epoxidova prysky¥ri-

ce tvrzena aduktivnim tvrdidlem v poméru 10:5.

500 pm
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Z vyse uvedenych fotografii dianovych epoxidl vidime vyrazny vliv tvrdidla a jeho davkovani na
kiidovani vyslednych povlakt. Nejhorsi vlastnosti z hlediska odolnosti vi¢i kiidovani ma povlak tvrzeny
diethylentriaminem, povlaky vytvrzené diethylentriaminem vykazuji vyssi odolnost, ptficemz plati, ze se
snizovanim relativniho zastoupeni aromatické slozky roste odolnost viici UV zateni az do davkovani 10:5.

Polyurethany (PUR)

Polyurethanova vazba je tvorena dusikem a karbonylovou skupinou, coz mize byt z hlediska dlou-
hodobé odolnosti polymeru problematické. Mimo to muzeme zminit vlastnosti analogické k epoxidovym
pryskyficim — velmi Casto jsou PUR pryskyfice vyrobeny z aromatl, diraz musime klast i na spravnou vol-
bu vytvrzovadla. Tzv. maskované polyurethany jsou vyuzivany v polyurethanovych vypalovacich natérech.

Polyaspartaty (PAS)

Natéry na bazi polyaspartat jsou typicky uzivané jako svrchni natéry plechovych stiech a ostatnich
ocelovych konstrukei. V jejich struktufe je ¢etné zastoupeni oxoskupiny, jeji vliv na povétrnostni odolnost
natéri je vsak minimalni.

Polysiloxany (PS)

Odolnost téchto natérd je dana zejména povahou substituenti na postrannim fetézci. Hlavni fetézce
jsou tvofeny velmi pevnou vazbou -Si-O-, vedlejsi skupiny jsou typicky uhlovodiky, moznosti jsou vSak
siroké a neni vyjimkou pouzivani napiiklad fluorovanych siloxant. Pii pouziti fenylovanych silikont sice
mirné snizujeme UV odolnost, ale roste teplotni stabilita polymeru. Tyto natéry jsou ¢asto vytvrzovany pii
vysoké teploté, uplatnéni tak nachazi jako vypalované natéry. Klicovou vlastnosti polysiloxant je jejich
hydrofobicita.

Ostatni faktory ovliviiujici odolnost povlaki

Z hlediska odolnosti povlaki vii¢i koroznimu prostiedi, chemické a mechanické odolnosti, a UV
zateni je krom spravné volby vhodného natérového systému dulezité i spravné zvoleni technologie nana-
Seni povlaku. Norma CSN EN ISO 12944-5 se mimo jiné vénuje i tloust'ce filmu (minimélni a maximalni
tloustka filmu), vzdjemné kompatibilité vrstev natérového systému, a filmotvorné teploté. Pti dodrzeni
téchto parametri jsou eliminovany budouci problémy s piilnavosti natéru, odolnosti vi¢i korozi, a progre-
sivnim zhor§ovanim mechanickych vlastnosti natérového systému.
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Zavér

Pfi navrhovani natérovych systémut urcenych pro ocelové konstrukce je velmi dilezité dodrzovani
platnych norem a technologickych postupti. Nicméné musime téz brat na védomi mikrostrukturu zvole-
nych pojiv a slozek jednotlivych natéri, nebot’ je to praveé chemické slozeni natérovych hmot, které udava
vlastnosti vysledného ochranného povlaku. Znalost chemie pojiv a vnimani natérovych hmot "chemickyma
o¢ima" je tedy velmi uzite¢nou pomuckou pii vybéru slozek natérovych systémd, kterou by mél kazdy, kdo
tyto systémy navrhuje, diikladné znat a aplikovat.

Literatura

[1] CSN EN ISO 12944-5: Natérové hmoty — Protikorozni ochrana ocelovych konstrukei ochrannymi
natérovymi systémy — Cést 5: Ochranné natérové systémy. Datum G&innosti 07/2020

[2] MLEZIVA, Josef a Jaromir SNUPAREK. Polymery - vyroba, struktura, viastnosti a pouZiti. 2.
preprac. vyd. Praha: Sobotéles, 2000. ISBN 80-85920-72-7.

[3]1 A. SCHWEITZER, Philip. Paint and Coatings: Applications and Corrosion Resistance. ISBN
1-57444-702-5.
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XIV. KONFERENCE PIGMENTY A POJIVA « 15.-16.11.2021

NEW THERMOCHROMIC COATINGS FOR HIGH TEMPERATURES
NOVE TERMOCHROMNI NATEROVE HMOTY PRO VYSOKE TEPLOTY

DRZKOVA M.!, PANAK O.!, VYNUCHAL J.2, GOTZMANN R.2, LISKOVA V2 VALTR J 2,
ALAFID F.!, HRDINA R.!

1 University of Pardubice, Faculty of Chemical Technology
2 Synthesia, a. s., Semtin

Summary
Paper presents thermochromic coatings utilising aggregachromic colourants with different commonly

used polymer coatings. Prepared thermochromic coatings based on melamine-formaldehyde or epoxide
resins show the irreversible colour change and can be used for visual indication that the monitored tem-
perature exceeded a limit above 150 °C, either immediately or later in time and with a possibility of time

dependence, while thermochromic coatings based on silicone resins show the partly reversible colour
change with almost linear dependence on temperature to 350 °C and thus can be used for indication of

the current temperature.

Key words
Thermochromic polymer coating, aggregachromic colourant, reversibility, temperature indicator.

This work was supported by the Ministry of Industry and Trade of the Czech Republic (programme
TRIO, project FV30048).



XIV. CONFERENCE ON PIGMENTS AND BINDERS + NOVEMBER 15-16, 2021

PREPARATION AND USE OF MICRONIZED ZINC PHOSPHATE IN
"ENVIRONMENTALLY FRIENDLY'" PRETREATMENT OF METALLIC
SURFACES

PRIPRAVA A VYUZITI MIKRONIZOVANEHO FOSFORECNANU ZINECNATEHO
PRI “ENVIRONMENTALLY FRIENDLY” PREDUPRAVE METALICKYCH
POVRCHU

ZABLOUDIL A., POKORNY P., KOLISKO J.

Klokner institute, Czech Technical University in Prague

Summary
Protection of metal parts against corrosion damage is one of the most comprehensive areas of industrial
chemistry. Currently, a wide portfolio of methods is known, which aim to protect the surface from corro-
sive stimulators, especially atmospheric moisture, aggressive substances, and molecular oxygen. One of
the frequently used methods is the so-called phosphating (conversion surface treatment usually under the
coating system). The key and very often used phosphating process is the so-called tricationic phosphating.
Dypically, baths containing zinc dihydrogen phosphate mixed with other cations, such as Zn’**, Co’,
Ni*t, Mg**, and others, are used. The presence of the above-mentioned heavy metals determines the for-
mation of a high-quality coating, which can further be used as an anticorrosion base for the application
of coating systems.

In particular, cobalt and nickel ions are classified as environmentally problematic and emphasis is placed
on their elimination from industrial cycles. One of the possible procedures appears to be the use of sur-
Jface activation based on micronized zinc phosphate (u-Zn (PO ) ,2H,0). The “Top-down” approach was
chosen for the preparation of this form, where the so-called varnish pigment (an anticorrosion pigment
with primers significantly produced on a global scale) is used as the starting raw material. The aim of the
study is to find the optimal dispersion conditions with the possibility of application in the Czech Republic
(use of ultrasonic baths, fine mechanical grinding (ball, planetary, and jet mills), use of dispersing chemi-
cals, etc.).

Key words
Zinc phosphate, micronization, environmentally friendly, corrosion, phosphating baths.

This work was supported by the Grant Agency of the Czech Technical University in Prague, grant
No. SGS21/143/0OHK1/2T/31.
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Atest Sp. z o.0.
ul. Malikéw 146B
25-639 Kielce / POLAND

Kontakt v Polsku:
www.atest.pl

t: +48 41 34573 24
m: atest@atest.pl

Kontakt v Ceské Republice
a na Slovensku: ==
www.atestlab.cz- AT
t. +420 608 180 680

m: kontakt@atestlab.cz

Soukroma spole¢nost Atest s.r.o. byla zalozena na zacatku roku 1994, jako spolecnost
specializujici se na servis méficiho zafizeni. Na konci 90. let spole¢nost oteviela také
obchodni oddéleni a zahdjila spolupraci s pfednimi vyrobci laboratorniho vybaveni. Na
polsky trh jsme uvedli pfistroje na méfenf velikosti ¢astic Sympatec, dale také vyrobky
Retsch a Precisa.

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

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

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

V soucasné dobeé se nase spole¢nost specializuje také na prodej a servis nastroji pro
analyzu velikosti a tvaru &astic, tedy sita a prosévaci stroje.

Dodavame zafizeni pro pfipravu vzorkd, napfiklad:
« Mlyny, drtice
- Délice vzorkd
- Laboratorni lisy a lisovaci sady
- Pfistroj pro charakterizaci prasku

Nabizime také:
- Tepelnd zafizenf: topné desky, susicky, laboratorni pece
- Termogravimetricka zafizenf: TGA, susici vahy, pece s vaZicim systémem
- Vahy, vahové testy
-+ pH metry, konduktometry, teplomeéry, kyslikoméry
- Laboratorni vybaveni jako: vodn{ destila¢ni pfistroje, magnetickd michadla,
ultrazvukoveé vodni 1dzné, tfepacky
« Ptkelimky




praqolab

Turbiscan Lab - stabilita disperzi

NEXTA DSC600
- diferencialni skenovaci
kalorimetr

UIP2006hdT
OfzA0
HAAKE VTi0Q [=]

www.pragolab.cz

plynova dwomatografie pﬁpravavzoﬁmelemta'mfN\lALY’ZAdddmdﬂtie analyza powrchll
separaéni techniky bvs REOLOGIE GC temperace
UV-VIS spektrometrie GCMS lyofilizétory BET
MIKROSKOPIE «oncentrétory  (HNSO analyza analyza  Gastic AAS HIPLC hmotnostni SPEKTROMETRIE
centrifugy ICP-MS SERVIS termicka analyza XPS widefield

TEXTURA spotfebni materidl NMR automatické dévkovani IGC TOC analyza RVC
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SPOLCHEMIE

je ryze ceskou chemickou firmou
evropského vyznamu.

0d roku 1856 nepretrzité inovujeme, vyrabime

a vyvazime vysoce kvalitni chemickeé produkty
do celeho sveta.
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Spolec¢nost PRECHEZA a.s.
je vyznamny evropsky vyrobce
vysoce kvalitni titanové béloby

a dalsich anorganickych pigmentu.

S nagimi pigmenty Nase produkce splfiuje pFisné

kvalitatiwji p,)oiaglavvk){
se setkavate denné e S
na kazdém kroku

Stavebni pramysl

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

RECYCLING PRODUCTS

Spole¢nost COTTEX Trade s.r.o. je vyrobcem zinkového prasku a pigmentd, vyznamnym dodavatelem zinkovych
surovin, polotovard a produktd. 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 $rotéi vznikajicich pramyslovou ginnosti na tzemi nejen Ceské Republiky a Slovenska,
okolnich statl v EU, ale také asie. Spojujeme na$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 véetné 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
feeni. Jsme ekonomicky silnou a stabilni firmou, a proto mizeme nabidnout na$im zékaznikim vyborné podminky,
véetné rychlych dodavek zinkovych surovin a produktd, fixace cen dle potfeb zakaznika, skladového vybaveni k
ukladani odpad, odvozU Srotu a odpadu, to vSe viastni svozovou technikou a v pozadovanych terminech.

“Prodej zinkovych surovin a produkti” 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
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COTTEX Trade s.r.o. 5
Sidlo / Head office: Prazska tf. 1146, 370 04 Ceské Budéjovice, CZ

FeAL Provozovna / Plant: Roudna 1, 392 01 Roudna, CZ
www.cottex.cz
EUREAUVERS Martin Wojtéch: +420 734 253358 Tomas Daria: +420 603 833 508

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




FTIR A RAMANOVA SPEKTROMETRIE (>
PRO ANALYZU PIGMENTUAPOJIV ~ SF325R

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

* Rychla analyza, minimalni
Uprava vzorku

« Kvalitativni i kvantitativni
analyza

 Dostupné knihovny pigmentd,
lakd, pojiv aj.

* Kontrola chemického slozeni
jednim klikem

* Dostupné i vyssi fady
pristroj pro FIR a NIR oblast

FTIR a Ramanovy mikroskopy
pro chemické mapovani priénych fezu, vrstev, mikroéastic aj.

* Sledovani distribuce latek Automatizovany FTIR
a homogenity mikroskop LUMOS I

* Analyza defektd, inkluzi,
vrstevnatych material(l atd.

* Prostorové rozliSeni az 500 nm

* Snadna analyza necistot
v praskovych materidlech

. , e Ramaniv
* Automatizované mapovani R&D mikroskop
vétsich ploch (napf. pricnych = SENTERRA I
fezd) ;

Optik Instruments

}BTIK

DISTRIBUTOR
INSTRUMENTS

o< o
BRQgsR www.optikinstruments.cz




RAMANUV MIKROSKOP NICOLET DXR3

Disperzni Ramanlv mikroskop Nicolet DXR3 je pfristroj uréeny pro aplikace
vyzadujici vysoké prostorové rozliSeni, jednoduchost pripravy vzorkd a vyuziti
silnych strdnek Ramanovy mikroskopie. Byl vyvinut specidlné pro analytiky,
techniky a védce, kteri presné védi, jakou informaci chtéji, ale nemaji ¢as ani
touhu se stat specialistou na Ramanovu spektroskopii, a taky pro experty
hledajici lepsi odpovédi rychlejsSim zplsobem. Hlavnimi vyhodami tohoto
unikatniho pristroje jsou:

» Autoexpozice a autofokus - jako u digitalnich fotoaparatdl. Jiz Zzadné hledani
optimalnich parametrli a méreni metodou , pokus - omyl*

» 3D vizualizacni software, Particle Analysis funkce pro analyzu mikroplastl
atd.

 Prostoroveé rozliseni 540 nm v osach X a Y, hloubkové rozliseni cca

1,7 mikrometrd (osa Z)

* Vice nez pét rlznych excita¢nich laserd pro optimalni ziskdni spektra
obtiznych vzork{

» Regulator vykonu laseru pro staly dodavany vykon laseru na vzorku
 Patentovany systém rychlé automatické justaze pro maximalni vykon

* Rychla, automaticka mnohobodova kalibrace pro jistotu v identifikaci
vzorkd: DynaCal automaticka kalibrace osy X

» Patentovany systém rychlé automaticke justaze pro maximalni vykon

» Kompatibilita s mnoha kvalitnimi mikroskopickymi dily znacky Olympus.
 Laserova bezpecnost tridy 1 - nejsou potreba zadné Upravy pracovisté

e Kompletni balicek DQ/IQ/OQ/PQ valida¢nich protokolti + CFR 21 part 11
compliance

* Moznost automatické polarizace

* Moznost propojeni s celou fadou dalsich analytickych technik

- A NICOLET CZ
A A

MOLECULAR SPECTROSCOPY
www.nicoletcz.cz



Applied Chemicals International Group

Technical Service is our Success

Additives and specialty chemicals
for the paint, coatings, adhesives,
plastics, building materials and
many other industries

Defoamers
For agueous and solvent-based systems

Powder Additives
Defoamers, anti-shrinking agents, wetting and dispersing agents

Thickeners and Rheology Additives
Acrylic and polyurethane based products

Wetting and Dispersing Agents
Special types for every pigment and filler type

Pigments and Fillers
Inorganic and organic fillers, pigments and pigment preparations

Mineral Flame Retardants
Aluminiumtrihydrate based products

Agricultural Products
Organic soil improvement additives

acat.com chem | } | tech

Applied Chemicals Austria, Wolfgang Pauli-Gasse 3
A-1147 Wien, T +43 1 979 3473 0, office-wien@acat.com
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\j > high performance pigments

Synthesia, a.s., SBU Pigments & Dyes, Czech Republic i
Phone: +420 466 823 741, Fax: +420 466 823 608, e-mail: pigments@synthesia.eu synthes'a
www.synthesia.eu Chemistry for the future



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 zkuS$ebni 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




Ravago

CHEMICALS

Distributorsky segment

Natérové hmoty

Allnex
o ___ Akrylatové pryskyfice SETALUX, MACRYNAL
Alkydy SETAL, RESYDROL
a nex Aminové pryskyfice SETAMINE
TSI Hydrofobni polyoly SETATHANE
Pryskyfice modifikujici rheologii SETAL, SETALUX, SETAQUA
Nenasycené polyesterové pryskyfice ROSKYDAL
Vodou feditelné polyoly a akrylatové disperze SETAQUA, UCECRYL
Aditiva pro dispergaci, rozliv, odpénéni, susidia ADDITOL, MODAFLOW
Epoxidové pryskyfice a tvrdidia BECKOPOX, BECKOCURE
Epoxy estery DUROXYN
Vodou feditelné polyurethanové disperze DAOTAN
adalii ...
Vencorex Samoemuilsifikované polyisokyanaty EASAQUA
Alifatické isokyanéty (biuretové, trimery, nizkoviskozni) TOLONATE
reaktivni rozpoustédio TOLONATE X FLO 100
Huntsman Epoxidové pryskyfice (na bazi bis A, F, A/F) kapalné, pevné, v roztoku ARALDITE
HURNTSIVIAIN  Epoxy fenol novolaky ARALDITE EPN
e ——_EpOXidova reaktivni rozpoustédia ARALDITE DY
Enviching lives through iNNOVaION  7yrjdia pro epoxidové pryskyfice ARADUR
Tvrdidla pro epoxidové pryskyfice pro nizké teploty ARACOOL
West&Senior LTD n Ténovaci pigmentové pasty (epoxy, polyurethan, polyester, PVC) FASTINT
m Monopigmentoveé preparace; RAL odstiny
Vliegenthart Oleje
Rostlinné (ricinové, Inéné, fepkové, sojové, tungové apod.)
Hotové vyrobky k prebaleni (odstrafiovae barev, PUR Eistice apod.)
Organometal Sikativa/Susidla ORGANO
Zn, Ca, Co, Zn, Sr, Mn, Susidlové smési ORGANO MIX
' MEKO ANTISKIN
. ORGANOMETAL odperiovace (na bazi minerainich olejt) ANTIFOAM
e Dispergatory DISPORGAN
Organicka rheologicka Ginidia pro rozpouStediové a bezrozpoustedio systemy
Lehmann&Voss (derivaty ricinového oleje, polyamidy a jejich smési, polyolefiny) LUVOTIX
icka 4 ginidla pro é a vodné systémy LUVOGEL
Pasty (aditiva pro praskové barvy) LUVOTIX
Lehmann&VOSS&CO. Leh&ena plniva (silikaty, aluminium silikaty apod.) OMEGA-SPHERES, TRI-SPHERES, OMEGA-SIL
Roquette Derivaty $krobu pro pramyslova lepidia TACKIDEX
Derivaty $krobu pro stavebni chemii POLYSORB
ROQUETTE Kyselina glukonova a jeji derivaty
FP Pigments
l p pigment Easte&né& nahrazujici titanovou bélobu
PIGMENTS
S+A Blackwell S+ A Blackwell DELAPHOS
— Antikorozni pigment (zinkfosfat)
Shamrock Mikronizované prasky, vosky (PE, PTFE SST, FluoroSLIP
SHAMROCK Cisté, smési, v oleji, ve vodé FluoroSPERSE, AquaFLON, HydroCER
=—————pfh=———— Textury, matovadia Cera SPERSE, EverGLIDE, Texture, TexMATTE
Sovitec S.A. ‘Sklenéné kulicky (odraz, protiskluz, odolnost k poskrabani)

Sklenéné kuli¢ky 20 a 40 um
Sklenéné kulicky 3 a 5um

MICROPERL
OMICRON

amnoho dalsich ...

Ravago Chemicals Czech Republic s.r.o.

Udolni 212/1 Praha4 14700

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




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

Dissolver MasterMix®

Horizontal Disk Mill Discus®



TOMASOVA LEA s.ro.

pramyslova zarizeni

ozsahlé portfolio produktl pro
primyslovou filtraci kapalin od
renomovaného  vyrobce, firmy
EATON Filtration.

Nabizime efektivni feseni pro Sirokou
skalu filtracnich aplikaci. Diky special-
nim filtracnim materialdm a techno-
logiim jsme schopni pokryt rozmezi
jemnosti od mikrofiltrace az po
hrubou filtraci, a to i pfi extrémnich
procesnich podminkach.

svickovd filtrace

SAMOCISTICI FILTRFL 110
Kompaktni mobilni jednotka automatického samocisticiho filtru
s integrovanym membranovym cerpadlem.

« rychld a snadna filtrace sSarzi

« uzavieny filtra¢ni systém

« jemnost filtrace volitelné 50 - 500 um

« vhodné pro filtraci barev na vodni i rozpoustédlové bazi

Filtrovana barva je hnana dovnitf filtracniho kose, jehoz povrch je
pribézné cistén dvéma stérkami. Zachycené castice jsou strhovany
na dno filtra¢ni nadoby, odkud jsou pravidelné odstranovany skrz
vypoustéci ventil. Tok produktu pres filtracni jednotku do vystupniho
zasobniku je zajistén membranovym cerpadlem.

Tomdsovd Lea s.r.o. Na Okrouhliku 1781 CZ-53003 Pardubice

Tel. +420 466 650 876 office@tomasovalea.cz www.tomasovalea.cz
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NORDMANN

Vas dodavatel surovin pro natérové hmoty.

POJIVA

=  Epoxidové pryskyfice

= Epoxidova tvrdidla i pro velmi nizké teploty
= Vodou feditelné alkydové emulze

= Melamin-formaldehydové pryskyfice

= Fenolické pryskyfice

PIGMENTY

= Organické pigmenty

=  Antikorozni pigmenty

=  Granulované a mikronizované chipsy
= Hlinikové pigmenty a pasty

»  Perletové pigmenty

ADITIVA

= Dispergacni aditiva a smacedla
= Tixotropni aditiva

= Odpénovace

= 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
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C.H.Erbsloh

byl

Specialty Chemicals and Industrial Minerals

Product Overview
Coatings & Adhesives

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

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

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

Chemical Distribution
Since 1876



POLYchem

Aditiva
O BYK
Additives & Instruments ° Odpéﬁovaée
e Dispergdatory a smacedla
e Rozlivova aditiva
e Rheologickd aditiva

@ Pojiva
ALBERDINGK BOLEY
e Akrylatové disperze

e Polyuretanové disperze
e Hybridni systémy

RUDOLF

@Engmusp Hydrofobizacni aditiva a pojiva
) Extendery TiO2

Nouryon Inicidtory polymerace

corob Ténovaci automaty a misice

color to life

A\ POLYchem Composite CS, s.r.o. | 617 00 Brno-Trnita | Skrobérenska 482/4|
N\, www.polychem-group.com
Phone +420 545 321201 Mail office.cz@polychem-group.com




Hledame nového spolupracovnika na pozici
T h Obchodné technicky zastupce.
O r S o n Dalsi informace poda Ing. Trachta
Chemical otakar@thorson.cz mobil: +420 602287560

Seznam zastoupeni pro Ceskou republiku a Slovensko:

T
AFCONA AFCONA ADDITIVES - aditiva pro natérové hmoty

additives

[DENNKKINA - | DENKIN - karboxymethylceluléza  NOVE !!

DENIZLI KIMYA SANAYI VE TICARET A.S

PO.INT.ER — aminova tvrdidla pro epoxidové systémy
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/i},fp INTERCHIP — pigmentové preparace na bazi pevnych
—& polymerd — chipsy NOVE !!

. _ ilig4 E 11
Rlanlon ) RIANLON - UV stabilizatory NOVE 1!

Fast & Fluid — stroje pro ténovani natérovych hmot

e

a Oliver & Batlle — zafizeni pro vyrobu natérovych hmot

CABO CABO - primyslové a laboratorni mixéry NOVE !!

Group

ar‘ichemie@ Arichemie — pigmentové preparace

o BICCS - ténovaci systém priamyslovy

PROTEC (Dérken Coatings GmbH & Co. KG)
Profesionalni tonovaci systémy

NCS Colour — barevny management

Trust Chem - organické pigmenty

Rohrig — pfirodni Stipana Zula

Pardam — nanovlakna

MILTONIA - firemni vzorkovnice
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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



POVRCHY STAVEB MUZEME SNADNO PREMENIT v CISTICKY OVZDUSi

Jeden m? plochy vycisti za den
tolik vzduchu,

Vytvorené povrchy s technologii FN NANO® jsou chranény pred UV zarenim a diky fotokatalyze
se stavajici samocisticimi. Neusazuiji se na nich Zadné mikroorganismy ani 3pina a perma-
nentné Cisti vzduch od skodlivin a jed( rozptylenych v ovzdusi. S pomoci fotokatalyzy je az
40% ucinnost eliminace skodlivin pfi jediném kontaktu vzduchu s fotokatalytickym povrchem.

® 1 m?je plocha, kterd vycisti kazdoro¢né 3.000.000 m? vzduchu.

® 1 m? plochy vycisti za 1 den tolik vzduchu, kolik potfebuje 1 ¢lovék na 1 rok.

® 15 m? plochy vycisti vzduch od skodlivin, které vyprodukuje osobni dieselovy
automobil za jeho cely zZivot.

Natéry odrazi solarni radiaci s a¢innosti az 80 % a snizuji tak zahfivani povrchu o 20

az 30 %. V podminkach globalniho oteplovani tak pomahaji v 1été ochlazovat mésta.
Fotokatalyticky efekt je permanentni, nevycerpatelny a nesldbne s ¢asem. VSechny ochranné
funkce jsou zachovany po celou existenci natérové vrstvy.

The Country

FN NANO® fotokatalyticky natér umoznuje ekologii a ekologickou >
‘ For The Future

zodpovédnost v praxi. Vyuzijme potencial této fotokatalytické tech-
nologie pro dekontaminaci ovzdusi.

Technologie pro zdravé a cisté prostredi www.fn-nano.com




Chrante vnitrni prostory
a bakteriemi

Antibakterialni fotokatalytické natéry FN NANO® jsou certifikovanou,
léty ovérenou a nejucinnéjsi ekologickou technologii 21. stoleti pro
dlouhodobou prevenci a ochranu pfed pandemickymi situacemi virového
puvodu. Je dllezité ochranit vnitini prostory vsude tam, kde je vysoka
koncentrace lidi a zlepsit jejich ovzdusi. Jsou jimi predevsim nemocnicni
a zdravotnicka zarizeni, Skolky a skoly, ale také ¢ekarny, urady, konferencni
mistnosti a saly, ndkupni centra, kancelare i méstska hromadna doprava.

Nano natéry aplikujeme nejcastéji na stropy, pfipadné i na stény.
Fotokatalyza pak na jejich povrchu dokaze vyrazné snizit vyskyt vird,
bakterii a az 20x rychleji odstranit jedovaté vypary z nadmérného uzivani
dezinfekci a 0zénovani.

Maéame zde ¢eskou patentovanou technologii.

ve

Pojdme se spolecné ucinné chranit.

Vstupujete do prostor, A
e které jsou dlouhodobé chréngny

& pred viry, bakteriemi, alergeny ¢
a plisnémi. Nase interiéry jsou

e osetieny nanonatéry FN NANO®.

> N »

T .%? s

U O
OSHRANA OCHBANA S)CHRANA ®
PRED VIRY PRED PRED PACHY

A PLISNEMI BAKTERIEMI A ALERGENY

Technologie pro zdravé a cisté prostredi... www.fn-nano.com



3P-CHEM s.r.o.

Areal Sprava a udrzba komunikaci
P.O.BOX 31

267 01 Kralav Dvir - Popovice

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

VAs spolehlivy partner v oblasti doddvek chemickych
specialit pro vyrobu natérovych hmot, vyrobu tmelq,
lepidel a plastikafsky pramysl.

Ve dllezité najdete na:

www.3p-chem.cz

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

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

Struktura sortimentu nabizenych surovin:

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

Struktura sortimentu technickych obalii:

Kovové obaly — lakovky, kovové lahve, kanystry, védra, hoboky a sudy - Plastové obaly
— kanystry, soudky, dézy - Sklenéné obaly — Iékovky, lahve pro potravinaisky primysl

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

Vice na nasich internetovych strankach WWW.3P-CHEM.CZ
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ASOPIS PRO CHEMICKO-TECHNOLOGICKOU

A LABORATORNI PRAXI

PROMYSLU A L PRAXE — WWW.
F _ Sl JTIT\T\\"/7 . | [ | E= |
ROCNIF

TEMA VYDANI: PEVNE A SYPKE LATKY
Priprava a charakterizace Vliv teploty na sorpéni
hnédych NIR pigmentu kinetiku vlhkosti

R ~ v mikrokrystalické celuléze
Vybér spravného mleciho
systému pro pigmenty Alternativni Feseni pruznych
nebo jejich zpracovani spoju potrubi a kompenzatord
Inovativni pouZiti Vyvoj éeského chemického
ultrazvuku pfi vyrobé pramyslu v obdobi pandemické
barev a natérl krize Covid-19

W ™
LJV SS| STANDARD;PROVASIEEABORATOR

ZASILANY ZDARMA V CR A SR
VICE NEZ 4000 CTENARU

ON-LINE VERZE NA INTERNETU




, ‘."\9 /*\v L"
WP D

ISBN 978-80-906269-6-6




