SBORNIK
VIil. KONFERENCE
PIGMENTY A POJIVA

CONFERENCE PROCEEDINGS
OF THE 8™ CONFERENCE ON
PIGMENTS AND BINDERS

2.-3. listopad 2015
November 2-3, 2015

Kongres hotel Jezerka, Seé, Ceska republika
Congress hotel Jezerka, Sec¢, Czech Republic

ORGANIZATOR/ORGANISER:
CHEMAGAZIN

L _N

KONFERENCE‘

PIGMENTY
A POJIVA

@

Ustav chemie a technologie makromolekularnich latek,

Fakulta chemicko-technologicka,
Univerzita Pardubice

www.pigmentyapojiva.cz






Vill. KONFERENCE PIGMENTY A POJIVA
2.-3. listopad 2015 » Kongres Hotel Jezerka, Se¢

THE 8™ CONFERENCE ON PIGMENTS AND BINDERS

November 2-3, 2015 ¢ Congress Hotel Jezerka, Se¢, Czech Republic



VIIl. KONFERENCE PIGMENTY A POJIVA « 2.-3.11.2015

Sbornik/Conference proceedings

VIIl. KONFERENCE PIGMENTY A POJIVA
THE 8™ PIGMENTS AND BINDERS CONFERENCE

Vydavatel/Editor:
CHEMAGAZIN s.r.o.

Védecky vybor/Scientific committee:
Dr. Ing. Petr ANTOS, Ph.D., EURING, EurChem - pfedseda
Prof. Ing. Andréa KALENDOVA, Ph.D.
Prof. Ing. Pavla ROVNANIKOVA, CSc.
Ing. Adolf GOEBEL, Ph.D.
Ing. Michal POLEDNO, Ph.D.
Mgr. Petr RYSANEK

Organizator/Organiser:

] CHEMAGAZIN s.r.0.,
Ustav chemie a technologie makromolekularnich latek,
Fakulta chemicko-technologicka, Univerzita Pardubice

Kontakt/Contact:

CHEMAGAZIN s.r.o.
Gorkého 2573, 530 02 Pardubice

V8echny pfispévky uvedené v tomto sborniku byly recenzovany Védeckym
vyborem konference. / All posts listed in this conference proceedings were
reviewed by the Scientific Committee of the conference.

ISBN 978-80-906269-0-4
© CHEMAGAZIN s.r.0., 2015



8™ CONFERENCE ON PIGMENTS AND BINDERS « 2-3/11/2015

Obsah/Content

A NEW PERSPECTIVE ON THE FUNCTIONAL PIGMENTS
HRDINA R., BURGERT L. . ..o e 8

MERENi OPTICKYCH VLASTNOSTi POVRCHOVYCH UPRAV V INFRACERVENE OBLASTI
SPEKTRA

MEASUREMENT OF OPTICAL PROPERTIES OF SURFACES AND COATINGS IN INFRARED
WAVELENGTH RANGE

HONNER M., HONNEROVA P. ..o 8-12

OPTICKE VLASTNOSTI TiO, PIGMENTU A JEJICH OVLIVNENi PROSTREDNICTVIM ZMEN
VE VELIKOSTI CASTIC
PIKAL P., PALOVA A. .o e e 13-16

INOVACE V ANORGANICKE POVRCHOVE UPRAVE TITANOVE BELOBY URCENE DO
NATEROVYCH HMOT

TITANIUM DIOXIDE WITH INNOVATIVE INORGANIC SURFACE TREATMENT FOR USING IN PAINTS
KOVARIKOVA L., OSTRCIL M. . . . . o e oo e e e e e e e e e e e e 17-20

ANTIFOULING TECHNOLOGY - USING TiO,, EFFICACY ASSESSMENT
TECHNOLOGIE PRO ANTIFOULING - VYUZITI TiO,, HODNOCENI UCINNOSTI

TRAVNICKOVA E., BLAHA L. .. ottt e e e 21-24
CHARAKTERIZACE FOREM TiO, POMOCi RAMANOVY SPEKTROSKOPIE
PASZTOR J., SECK., MUDRONOVA K., PIKALP.,KOVARP. ..., 25-26

FIRST BIO-BASED POLYURETHANE CROSSLINKER - HIGH PERFORMANCE ENABLED
BY NATURE
TOMCZAK R. . 27-28

ASYMMETRIC FLOW FIELD FLOW FRACTIONATION: AN EFFICIENT TOOL FOR DETAILED
STUDY OF THE MOLECULAR STRUCTURE OF PAINT EMULSION COPOLYMERS
FRAKCIONACE TOKEM V TOKOVEM POLI: UCINNY NASTROJ PRO DETAILNI STUDIUM
MOLEKULARNI STRUKTURY LAKARSKYCH EMULZNICH KOPOLYMERU

ZGONIH., PODZIMEK S., MACHOTOVA J. . ..ottt e e e 29-32

PIGMENTS BASED ON MOLYBDATES SURFACE TREATED WITH CONDUCTIVE POLYMERS
AND THEIR PROPERTIES IN ANTICORROSIVE COATINGS

PIGMENTY NA BAZI MOLYBDENANU S POVRCHOVOU UPRAVOU VODIVYMI POLYMERY

A JEJICH VLASTNOSTI V ANTIKOROZNICH V NATEROVYCH HMOTACH

HAJKOVA T., KALENDOVA A. . . oo oo e e e i 33-37

REPLACEMENT OF LEAD CHROMATE PIGMENTS
NAHRADA CHROM-OLOVNATYCH PIGMENTU
2K . 38

LATEXY NA BAZI MIKROGELOVYCH CASTIC S KOVALENTNE VAZANYMI RETARDERY
HORENI

LATEXES BASED ON MICROGELS WITH COVALENTLY LINKED FLAME RETARDANTS
RUCKEROVA A., MACHOTOVA J., ZARYBNICKA L., VECERA M., PROKUPEK L. .......... 39-40

INVESTIGATION OF THE EFFECT OF MOLAR MASS ON FILM-FORMING PROPERTIES

OF SELF-CROSSLINKING LATEXES

STUDIUM VLIVU MOLEKULOVE HMOTNOSTI NA FILMOTVORNE VLASTNOSTI SAMOSITUJICICH
LATEXU

MACHOTOVA J., PODZIMEK S., ZGONI H. ...ttt e 41-45




VIIl. KONFERENCE PIGMENTY A POJIVA « 2.-3.11.2015

STABILIZACE RZI NA ZELEZNYCH KOVECH PRiIPRAVKY NA SILIKATOVE BAZI
TREATMENT OF RUST CREATED ON FERROUS METALS BY THE SILICATE-BASED AGENTS

DENK K. e 46-58
TECHNOLOGIE VYSOCE UCINNYCH FOTOKATALYTICKYCH POVRCHU A JEJi PRAKTICKE
vYUZITi

SEFL P. o 59-65

SAMOCISTiICi NATER NA DREVO S FOTOKATALYTICKYMI CASTICEMI
SELF-CLEANING COATING FOR WOOD WITH PHOTOCATALYTIC PARTICLES
BENDAKOVA N., MILIC R., PODZIMEK 8. ...t 66-69

DEFECTS OF POWDER COATINGS APPLIED ON GALVANIZED STEEL DUE TO HYDROGEN
CHARGING OF STEEL o , o
DEFEKTY PRASKOVYCH POVLAKU NA ZAROVE ZINKOVANE OCELI VLIVEM NAVODIKOVANI

OCELI

MINDOS L. .. 70-73
THE REDDEST IRON OXIDE PIGMENTS EVER

SPIEGELHAUER S. ... .. s 74-80

CARBON BLACK PIGMENTS FOR COATING SYSTEMS
PIGMENTOVE SAZE PRO NATEROVE HMOTY
ZOUHAR D., KUMM R. e 81

EFFECTIVE FUNCTIONAL ADDITIVES FOR LOW TO ZERO VOC COATINGS

FUNKCNI ADITIVA PRO NATEROVE HMOTY S NiZKYM Cl ZADNYM OBSAHEM TEKAVYCH
ORGANICKYCH LATEK

IONESCU E. .« . . e e e e e e e e e e 81

ANTICORROSION EFFICIENCY OF ALKYD COATINGS CONTAINING POLYANILINE SALTS
ANTIKOROZNI UCINNOST ALKYDOVYCH POVLAKU OBSAHUJICICH POLYANILINOVE SOLE
KOHL M., KALENDOVA A. . ...ttt 82-87

THE INVESTIGATION PROPERTIES OF DIETHYL PHOSPHITE IN POLYANILINE BASE
DEPENDING ON THE PVC
NECHVILOVA K., KALENDOVA A. .. . s 88-92

OXOVANADIUM(IV) 2-ETHYLHEXANOAT A JEHO EFEKT NA ZASYCHANIi ALKYDOVYCH
PRYSKYRIC O RUZNYCH OLEJOVYCH DELKACH

OXOVANADIUM(IV) 2-ETHYLHEXANOATE AND ITS EFFECT ON DRYING ALKYD RESINS ABOUT
DIFFERENT OIL LENGHTS

PREININGER O., HONZICEK J., VINKLAREK J. .. ... ittt 93-96

TENKE FILMY JAKO FUNKCENIi VRSTVY
THIN FILMS AS FUNCTIONAL LAYER
HEJDOVA M., CERNOSKOVA E. . . oot e e e e 97-99

BIOLOGICKY ODBOURATELNE POLYMERY NA BAZI VYBRANYCH POLYOLEFINU
BIODEGRADABLE POLYMERS BASED ON SELECTED POLYOLEFINS
PUKOVA K., VECERA M., PROKUPEK L., LINHART K. . . . ... 100-101

ORGANICKE A ANORGANICKE POVLAKY S VYSOKYM OBSAHEM ZINKU
ORGANIC AND INORGANIC COATINGS WITH HIGH CONTENT OF ZINC
ANTOSOVA, B., RYSANEK, P., ANTOS, P., KALENDOVA, A. . .. ..o 102-110

SYNTEZA AKRYLATOVYCH HVIEZDICOVITYCH POLYMEROV AKO MODIFIKATORI
VLASTNOSTi ROZTOKOVYCH NATEROVYCH HMOT
BOHACIK P., PODZIMEK 8., SPACEK V. ... ...\ttt 103



8™ CONFERENCE ON PIGMENTS AND BINDERS « 2-3/11/2015

VYUZITi KAPALINOVE CHROMATOGRAFIE PRO STUDIUM CHEMICKE A MOLEKULARNI
STRUKTURY VYBRANYCH LAKARSKYCH PRYSKYRIC

UTILIZATION OF HIGH PERFORMANCE LIQUID CHROMATOGRAPHY FOR STUDY OF CHEMICAL
AND MOLECULAR STRUCTURE OF SELECTED LACQUER RESINS

KADLECOVA M., PODZIMEK 8. . .. e e e i 112-117
SELF-CROSSLINKABLE LATEXES WITH COVALENTLY LINKED FLAME RETARDANT
ZARYBNICKA L., MACHOTOVA J., VECERA M. . . ..o 118-121
ANTIDEGRADANTS APPLICATION IN THE POLYMERIC BINDER

NADVORNIKOVA Z., VECERA M. o o e e e e e e e 122-124

VPLYV MECHANICKEJ PREDUPRAVY OCELE NA KVALITU POVLAKU S OBSAHOM CaTiO,
IMPACT OF BASE MATERIAL MECHANICAL TREATMENT ON QUALITY OF ORGANIC COATING
CONTAINING CaTiO, ] . i )

GUZANOVA A., BREZINOVA A., LANDOVA M., DRAGANOVSKA D., KALENDOVAA. ..... 125-128

SEKUNDARNE ZNECISTENIE POVRCHOV PO MECHANICKEJ PREDUPRAVE TRYSKANIM
SECONDARY CONTAMINATION OF THE SURFACE AFTER MECHANICAL PRETREATMENT

BY BLASTING

GUZANOVA A., BREZINOVA J., KONCZ J., DRAGANOVSKA D., LANDOVA M. .......... 129-131

SYNTEZA AKRYLATOVYCH HVIEZDICOVITYCH POLYMEROV AKO MODIFIKATORI
VLASTNOSTi ROZTOKOVYCH NATEROVYCH HMOT

BOHACIK P., PODZIMEK S., SPACEK V. ...ttt e e e 132- 134
COMPOSITE FILLERS AND THEIR INFLUENCE ON EMISSIVITY

MAUER M., KALENDA P., HONNER M., VACIKOVA P. . . .. ..o 133
INZERCE / ADVERTISEMENT . . ... 136-150

SEZNAM UCGASTNIKU / LIST OF PARTICIPANTS . ..o\ttt 151-153




VIIl. KONFERENCE PIGMENTY A POJIVA « 2.-3.11.2015

ANEW PERSPECTIVE ON THE FUNCTIONAL PIGMENTS
HRDINAR., BURGERT L.
Faculty of Chemical Technology, University of Pardubice, Czech Republic

Summary:
The lecture will be focused on the new vision of the so-called functional organic pigments, namely organic
pigments with anti-corrosive effects, as well as antibacterial and antifungal properties. A new concept for water-
borne paints will be presented.

MERENI OPTICKYCH VLASTNOSTI POVRCHOVYCH UPRAV
V INFRACERVENE OBLASTI SPEKTRA

MEASUREMENT OF OPTICAL PROPERTIES OF SURFACES AND COATINGS
IN INFRARED WAVELENGTH RANGE

HONNER M.}, HONNEROVA P!

1 Nové technologie — vyzkumné centrum, Zapadoceskad univerzita v Plzni

Summary:

The contribution is focussed on analyses of optical properties of surfaces in infrared spectral range. Material
properties characterizing behaviour related to emission, absorption, reflection or transmission of thermal
radiation and their applications are shortly introduced in the first part. The main part of the contribution is

devoted to the methods for the measurement of optical properties of surfaces and coatings at room and elevated
temperature. The methods have been developed in New Technologies Research Centre at the University of West
Bohemia in Pilsen and they are offered for research cooperation.

Key words
Optical properties, infrared radiation, measurement, emissivity, reflectivity

1 Uvod

Optické vlastnosti povrchu materidlu charakterizuji chovani materialu viici elektromagnetickému zéafeni.
Schopnost materialu vydavat zafeni charakterizuje emisivita. Schopnost materialu odrazet, pohlcovat a propoustet
dopadajici zafeni charakterizuji odrazivost, pohltivost a propustnost. Uvedené vlastnosti materialu jsou zavislé na
vinové délce, teploté ¢i thlu a 1isi se v zavislosti na chemickém a strukturnim slozeni materialu a morfologii jeho
povrchu. Vyznamnou roli v tomto mohou hrat pouzité pigmenty a zékladni slozeni kompozitu povrchové vrstvy.
Infracervena (IR) oblast spektra je z pohledu povrchovych uprav a optickych vlastnosti zajimava v n¢kolika smé-
rech. Jedna se o pfenos tepla, technologie zpracovani materialti vyuzitim IR zdroji zafeni ¢i bezkontaktni metody
mefeni teplotnich poli.
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Schopnost povrchové upravy pohlcovat, odrazet a vyzatrovat teplo je dilezita v aplikacich, kdy je material
s uréitou povrchovou Upravou vystaven pusobeni zdroje tepla nebo sam teplo vydava. Vysledkem pusobeni za-
fivych tepelnych procest je pak dosazeni ur¢ité teploty povrchu, jejiz hodnota se v ustaleném stavu automaticky
nastavi tak, aby tepelné toky (ohfev a ochlazovani) byly v rovnovaze. Typickym piikladem jsou stavebni materi-
aly a jejich povrchové upravy vystavené plisobeni vnéjsiho prostiedi, tj. ohfevu pohlcovanim sluneéniho zareni
a ochlazovani vétrem a vlastnim tepelnym zafenim do okoli. Optickymi vlastnostmi, charakterizujicimi tento
proces, jsou odrazivost povrchové tpravy na vinovych délkach slune¢niho zafeni a emisivita povrchové upravy
na vinovych délkach umérnych teploté povrchu. Jinym ptikladem je pouziti povrchovych Gprav uvnitt zatizeni,
které slouzi ke konverzi a pfenosu tepelného zateni. Jedna se o riizné pece, kotle, vyméniky a podobné. Optickymi
vlastnostmi, které charakterizuji tento ¢asto vysokoteplotni proces, jsou pohltivost povrchové upravy na vinovych
délkach pusobicich spalin a emisivita povrchové Gipravy na vinovych délkach umérnych teploté povrchu.

Technologie zpracovani materialu vyuzitim bezkontaktniho ohfevu pomoci riznych zdrojii infracerveného
zafeni jsou vyuzivany jako vyrobni proces svafovani, tvarovani ¢i znaceni dilti. Jedna se o aplikace laserovych
technologii nebo infra¢ervenych trubicovych zatici. Optickou vlastnosti povrchové Upravy materialu, ktera cha-
rakterizuje tento proces, je pohltivost na vlnovych délkach pouzitého infracerveného zatice. Mtize se pfitom jednat
bud’ o ur¢ité vinové délky v piipadé lasert, nebo o urcita pasma vinovych délek v pripadé¢ IR zatict. U laserového
svafovani plastovych dila, které probiha uvnitf materialu mezi hornim opticky propustnym dilem a spodnim optic-
ky nepropustnym dilem, je dilezitou vlastnosti jesté propustnost materialu na vinové délce pouzitého laserového
zdroje.

Bezkontaktni metody méteni povrchovych teplot jsou zalozeny na principu detekce infracerveného zafeni,
které méfeny povrch vydava. Pouzivaji se k tomu pyrometry nebo termovizni kamery s infradetektory pracujicimi
v riznych pasmech vinovych délek. Tato spektralni charakteristika pfistroje odpovida oblasti teplotniho rozsahu,
pro ktery je méfici pfistroj urcen. Zakladnim pozadavkem uspésného vyuziti téchto bezkontaktnich metod méteni
teploty je znalost emisivity méfeného povrchu v pasmu vlnovych délek pouzitého méficiho piistroje, kterou ope-
rator pfistroje musi zadat do vyhodnocovaciho softwaru.

Zateni povrchu materialu v infracervené oblasti spektra je ovlivnéno jeho chemickym slozenim. Analyzou
spektralniho rozlozeni emitovaného, odrazeného ¢i propousténého zateni je mozné hodnotit procesy zmén a de-
gradace materialu, ke kterym dochazi v zavislosti na teploté.

Pracovisté vyzkumného centra Nové technologie na Zapadoceské univerzité v Plzni se specializuje na vyvoj
metod méfeni optickych vlastnosti materiall v infraéerveném oboru spektra. Zakaznikiim nabizi moznost zméteni
dodanych vzorkd. V pribéhu feseni projektu CENTEM byly vyvinuty metody pro méfeni vzorku za pokojové tep-
loty 1 pro méfeni vzorku v zavislosti na teploté. Cilem piispévku je piedstavit dvé tyto metody a nabidnout jejich
moznosti do spolupraci s pracovisti fesicimi problematiku riznych povrchovych tprav.

2 Metody méfeni IR optickych vlastnosti za pokojové teploty

Jedna se o metody méfeni spektralni odrazivosti a propustnosti materialti za pokojové teploty. Spektralni
emisivitu je mozné z vysledkt méteni nasledné vyhodnotit. Obé metody vyuzivaji FTIR spektrometr Nicolet 6700
s nastavcem v podob¢ integracni sféry. Lisi se uhel dopadu zafeni. Pro odrazivost je uhel dopadu 12°, v pfipadé
mefeni propustnosti dopadd zafeni na vzorek pod tthlem 0°. Méfeni probihaji vii¢i zlatému difuznimu standardu
odrazivosti nebo molybdenovému spekularnimu standardu odrazivosti.

Metoda pro méfeni odrazivosti (SNHRRT) je zalozena na dopadu zafeni z vnitiniho zdroje spektrometru na
vzorek (nebo standard odrazivosti) umistény na integracni sféte, odkud je vzorkem odrazeno opét do integracni
sféry. Vnitini povrch integracni sféry je opatfen vysoce-odrazivym zlatym povlakem, ktery zajist'uje odraz (roz-
ptyl) dopadajiciho zateni do vSech sméri, tj. do celé hemisféry. Zateni odrazené od povrchu vzorku (standardu) je
v integraéni sféfe nekolikrat odrazeno, dokud neunika detektorovym portem na detektor. Analyzovat lze propustné
i nepropustné objemové materialy a vzorky povlakd v oblasti pokojovych teplot.
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Obr. 1 — Princip metod méfeni optickych vlastnosti materialii v infracervené oblasti spektra.
(a) Schéma principu metody méfeni odrazivosti véetné fotografie integra¢ni sféry; (b) schéma principu
metody méieni propustnosti véetné fotografie sféry a uchyceni vzorku

V piipadé méfeni propustnosti (metoda SNHTRT), zafeni z vnitiniho zdroje spektrometru dopada na pro-
pustny vzorek umistény v nastavci pro méfeni propustnosti a vlozeny do vzorkového portu integraéni sféry. Pfimo
nebo difizné¢ vzorkem propusténé zareni dopada na otoc¢né zrcatko, které jej odrazi na difuzni standard odrazi-
vosti umisténym na integracni sféfe. Od povrchu standardu je zafeni odrazeno do integracni sféry. Zareni proslé
vzorkem a odrazené od povrchu standardu je v integracni sféfe nékolikrat odrazeno, dokud neuniké detektorovym
portem na detektor. Spekularni standard odrazivosti je pouzivan na misto difuzniho standardu v ptipad¢, ze je ana-
lyzovan podil pfimé a difuzni slozky propustnosti. Vyhodou integracni sféry je sbér zaieni propusténého vzorkem
do vsech sméri, coz umoziuje stanovit absolutni hodnotu propustnosti pro obecné libovolny vzorek (libovolnou
drsnost povrchu a rozptyl v objemu materialu).

Princip obou metod a fotografie integracni sféry jsou zobrazeny na obr. 1. Podrobnosti o metodach, spektral-
nim rozsahu, vystupech a pozadavcich na méfené vzorky jsou uvedeny v [1,2].

3 SNEHT metoda méfeni IR optickych vlastnosti v zavislosti na teploté

Metoda vyuziva jako detekéni systém FTIR spektrometr Nicolet 6700. Referenénim zdrojem zafeni je labo-
ratorni ¢erné téleso Omega BB-4A. Ohfev vzorku je realizovan 400 W vlaknovym laserem se skenovaci hlavou.
Pro méfeni povrchové teploty se vyuziva termovizni kamera FLIR A320 a termoc¢lankovy méfici systém Adam
4018. Usporadani méfici aparatury je uvedeno na obr. 2.

Obr. 2 — Aparatura pro méieni spektralni emisivity. (a) Schematické zobrazeni s optickou drahou pro
zaFeni vychazejici ze vzorku a dopadajici na detektor; (b) fotografie ohfevu vzorku a systému pro méreni
teploty bez optického boxu; (c) fotografie vnéjsiho pohledu na opticky box, skenovaci hlavu, spektrometr

a filtra¢ni jednotku
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Referenéni zdroj zafeni a vzorek jsou umistény vné spektrometru proti sobé. V poloviné vzdalenosti mezi
nimi je vlozeno oto¢né parabolické zrcadlo, které zajistuje sbér zafeni sttidaveé z obou zdroju pti zachovani shod-
né optické drahy. Sebrané zateni ze zdroje dopada pies externi port (mozno uzaviit motorizovanou clonkou) a
vzorkovy prostor (apertury) spektrometru na jeho detektor. Opticka draha je umisténa v optickém boxu, teplota
optického boxu je kontrolovana ve dvou mistech (v blizkosti skenovaci hlavy laseru pro ohfev vzorku a v misté
mezi vzorkem a termovizni kamery) neplastovanymi kalibrovanymi termoclanky.

Meéfeny vzorek je umistén v drzaku z keramické vlaknité izolace, ktery je uchyceny na optickou desku tak,
aby bylo mozné pomoci linearnich mikroposuvii a optické tycky zajistit jeho pfesnou pozici. Ohiev vzorku je rea-
lizovan vlaknovym laserem se skenovaci hlavou. Regulaci vykonu laseru je dosazeno pozadované teploty vzorku,
vhodnou volbou ¢asoprostrového pribéhu laserového paprsku po zadni strané vzorku pak homogenniho teplotniho
pole piedni strany vzorku.

Povrchova teplota vzorku je méfena nékolika metodami. Prvni metoda vyuziva termovizni kameru a refe-
renéni povlak se znamou efektivni emisivitou naneseny na polovinu kazdého vzorku. Dals$i metoda je zalozena
na kontaktnim méfeni teploty termoclanky pifivafenymi na povrch kazdého vzorku. Posledni metoda kombinuje
Christianseniv efekt s kontaktnimi a bezkontaktnimi systémy méfeni teploty.

Podrobnosti 0 metodé¢, spektralnim a teplotnim rozsahu, vystupech a pozadavcich na méfené vzorky jsou
dostupné on-line v [3] nebo [4].

4 Vystupy méfeni

Vystupem méfeni pomoci vySe uvedenych metod jsou spektralni prubehy piislusné optické vlastnosti pro
kazdou méfenou teplotu. Hodnoty jsou zobrazovany graficky pro cely méfeny spektralni rozsah, jako ptiklad na
obr. 3, nebo formou tabulky s hodnotami pro vybrané vinové délky, piiklad tab.1. Hodnoty méfené velic¢iny jsou
doplnény stanovenou nejistotou. Standardnim vystupem z méfeni je protokol, na kterém jsou uvedeny vSechny
dilezité informace o pouzité metod¢ a vysledcich méteni. Nameéfena data jsou obvykle predavana i v elektronické
podob¢ vhodné pro dalsi zpracovani.

Obr. 3 — Priklad grafického vystupu metod méfeni optické vlastnosti — odrazivosti za pokojové teploty
véetné nejistoty méreni

Tab.1 — Priklad tabulkového vystupu metod méieni optické vlastnosti — vycet hodnot odrazivosti pro
vybrané vinové délky

2 (um) 2 3,7 47 8,3 10 12,5 17,5 20

R, (%) 72,1 69,8 69,1 647 69.4 66,7 69.2 69,1
o,

‘”lix:( g“)’ 1.9 0,5 1,2 0,5 0,5 1,9 11,6 6,0
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5 Zavér

Metody SNHRRT, SNHTRT a SNEHT byly vyvinuty pro analyzu optickych vlastnosti materiala
a povrchovych uprav v infra¢erveném oboru spektra. Vyuzivaji FTIR spektrometr a dalsi piislusenstvi ke stano-
veni spektralnich a teplotnich zavislosti emisivity/pohltivosti, odrazivosti a propustnosti métenych vzorki. Postup
méfeni byl optimalizovan a vyzkouSen na vzorcich s ruznymi povrchovymi upravami. Vystupem méfeni jsou
krom¢ naméfenych hodnot vlastnosti i spektralni pribéhy nejistoty. Metody jsou ptipraveny pro analyzy dodanych
vzorkl a spoluprace s pracovisti fesicimi at’ uz vyvoj novych materialti nebo jejich vybér pro danou aplikaci.
Podrobnosti 0 metodach (princip, spektralni a teplotni charakteristiky, pozadavky na vzorky, ptiklad vystupu,
apod.) jsou uvedeny na strankach www.zcu.cz/opt.

Podékovani

Tento vysledek vznikl v ramci projektu CENTEM, reg. ¢. CZ.1.05/2.1.00/03.0088, ktery je spolufinancovan
z ERDF v ramci programu MSMT OP VaVpl, a v jeho navazujici fazi udrzitelnosti je podpofen projektem CEN-
TEM PLUS (LO1402) financovaného v ramci programu MSMT NPU 1.
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OPTICKE VLASTNOSTI TIO, PIGMENTU A JEJICH OVLIVNENI
PROSTREDNICTVIM ZMEN VE VELIKOSTI CASTIC
PIKAL P}, PALOVA A?

1 PRECHEZA a.s., Prerov
2 Vysoka skola banska — Technickd Univerzita Ostrava,
Fakulta metalurgie a materialového inzenyrstvi, Katedra chemie

Summary
Sulphate process is one of the two main ways for production of pigmentary TiO,. The key part of this technology
is calcination process as it directly influences one of the most important parameters for white pigment perfor-
mance — size distribution of primary particles. It can be performed at various temperatures and calcination
times. We performed laboratory calcination tests and found kinetic parameters describing particle growth.

Key words:
Particle size, pigment, anatase, reaction kinetics

Uvod

V sulfdtovém procesu vyroby pigmentové TiO, je jednim z velmi diileZitych ba zékladnich krokd kalcinace
v rotacni peci. Tato kalcinace probihd pii urcité teploté, kterd se v profilu pece méni a s dobou zdrzeni danou
otackami kalcinacni pece a jejim sklonem. Lze tedy kalcinacni proces v urcitych mezich ovlivnit pro dosazeni
optimalnich vysledki z hlediska optickych vlastnosti. Kromé teploty a doby kalcinace je mozné ménit i slozeni
kalcinovaného materialu, respektive ke kalcinovanému materialu ptidat piimési regulujici rast krystala [1]. Prv-
nim krokem k zjisténi vlivu ptimési bylo nalézt vhodny postup pro sledovani kinetiky rastu ¢astic, metod pro jejich
hodnoceni a vztahu velikosti ¢astic k optickym vlastnostem pigmentu.

Experiment

Vychozim materialem byla pasta TiO, vznikla vysrazenim ¢astic TiO, z roztoku titanylsulfatu z provozu Pre-
chezy. Vzorky byly odebirany ve spolecnosti Precheza a.s. dne 19. 8. 2014 mezi 8:00 a 8:30 hod. Bylo odebrano
asi 10 kg pasty pied kalcinacni peci kde probihala vyroba titanové béloby — typu anatas. Pasta byla nasledné
vysusena pii teploté v rozmezi 105—110 °C pfes noc, tj. ptiblizné 12 hod. VysusSena pasta byla pomleta na mlynku
Alpine UPZ 100, v nastaveném rezimu 8 000 ot/min, pro zajisténi jeji homogenity.

Zhomogenizovany prasek byl kalcinovan v poloprovozni muflové peci pii ménicich se teplotach v rozmezi
od 800-1050 °C. Pfi kazdé teploté byla do pece vlozena kiemicitanova miska s pomletou anatasovou pastou
o hmotnosti cca 50 g a poté byla prazena 1 hod pfi piislusné teploté. Vzorek byl vyjmut, teplota pece se zvysila
0 100 °C a opét byla vlozena dalsi kfemicitanova miska se vzorkem. Postup pro sledovani kinetiky ristu ¢éstic
byl podobny, pouze teplotni rozsah byl pouze 800-1000 °C a vzorky byly ponechany v peci rtiznou dobu od
15 do 360 minut.

Dalsim krokem zpracovani vzorki bylo druhé mleti, protoze v prub&hu kalcinace dochazi ke vzniku
aglomeratu a agregatt. Tentokrat byl pouzit mleci piistroj FRITSCH Pulverisette7 (rok vyroby 2001) — v rezimu
5 kuligek, 400 otacek, 15 minut. Po téchto technologickych operacich byl odebrany vzorek pfipraveny na analyzy
v piislusnych laboratofich, zkoumajicich optické vlastnosti a velikost €astic, na jejichz zakladé byla vyhodnocena
optimalni teplota kalcinace TiO, a kinetika riistu ¢astic.

Mgéfeni optickych parametri

Jednu z klicovych vlastnosti pigmenttl vyjadiuje barvivost, coz je schopnost zabranit prichodu svétla prostie-
dim, kde je pigment dispergovan. Obecné ji lze také definovat jako schopnost jednoho pigmentu zménit barevny
odstin jiného pigmentu. Ke stanoveni barvivosti je vyuzivano méfeni tzv. remisni kiivky Sedé pasty. Seda pasta
je pfipravovana z ¢erného materidlu — sazi, bilého pigmentu a Inéného oleje. Je nutné kompenzovat roztirani
a promenlivost surovin, proto se vyuziva porovnani se standardnim pigmentem. K vyhodnoceni slouzi systém
CIE, coz je Mezinarodni komise pro osvétleni, kterd zavedla systém barevného prostoru v X, Y a Z soufadnicich.
Ty jsou poté pifepocteny na parametry L*, a* a b*, které 1épe odpovidaji vizualnimu vjemu barevnych diferenci.
Pro bilé pigmenty jsou dostacujici jen dvé hodnoty, a to L* a b*, kde soufadnice L* znaci jas a podle hodnoty
AL* se odecte piislusna barvivost. Soutadnice b* odpovida barevnému podtonu, tedy rozmezi modré a zluté. [2]
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Meéreni velikosti ¢astic

Elektronova mikroskopie

Vzorek zkoumaného pigmentu byl nanesen na oboustrannou lepici pasku, prebytek prasku byl sklepnut
a umistén do komory mikroskopu. Rastrovacim elektronovym mikroskopem byly pofizeny fotografie o potieb-
ném zvéteni, na téch se poté ruéné méfily velikosti jednotlivych zrm [3]. Pro kazdy vzorek bylo zméfeno okolo
300-500 ¢astic. Po zméfeni jsme provedli vyhodnoceni kumulativni distribuéni kiivky [4] a stanovili hodnotu
ECD (Equivalent circular diameter — velikost kruhu se stejnou plochou jako ma naméfena ¢stice). V ptipadé TiO,
pigmentu je chyba minimalni protoze ¢astice jsou skoro izometrické.

XRD difrakce
XRD difrakei je mozné méfit velikost krystalickych domén — krystalitd. Velikost téchto domén ovliviiuje
sitku difrakéniho piku a lze ji vyhodnotit pomoci Scherrerovy rovnice.
K2
b= Bcos®

matickém zpracovani spektra Rietveldovou metodou.

Vysledky a diskuse

Vysledky meéfeni vzorkii pfipravenych pii zvySujici se teploté¢ a konstantnim case jsou shrnuty
v tabulce 1. Je patrné, ze optimalni barvivosti se dosahne nad teplotou 950 °C ale pii piekroceni teploty 1000 °C
dochazi opét k jejimu poklesu a soucasné ke zméné odstinu do zluta (poklesu modrého podtonu).

Tab. 1 — Vysledky méFeni optickych parametri a velikosti ¢astic pomoci elektronového mikroskopu

(SEM) a rozsifeni difrakénich linii (XRD) pro anatasovou pastu

800 900 15 48,6 0,1 -1,0 52 75,01
850 1120 14 50,9 0,0 0,8 72 93,05
900 1210 14 51,8 0,1 -0,8 62 120

950 1260 11 52,6 0,0 0,2 129 149,6
975 1300 5 53,3 -0,1 1,0 167 192,4
1000 1300 2 532 0,0 1,6 214 204,6
1025 1260 —4 52,6 0,1 2,8 233 221,1
1050 1140 —-11 51,1 0,4 43 315 231,9

Metoda méfeni ¢astic pomoci vyhodnoceni snimku z elektronové mikroskopie je zna¢né ¢asové naro¢na a
zejména u Castic mensich nez 50 nm je obtizné ji pouzit. Rozhodli jsme se pro analyzu kinetiky ristu ¢astic vyuzit
ne tak naro¢né méfeni pomoci XRD difrakce. Pfedem jsme si ale ovéfili, ze vysledky stanoveni velikosti ¢astic
elektronovou mikroskopii a XRD spolu koresponduji. Jak je patrné z obrazku 1 je tomu tak.
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Obr. 1 — Porovnani vysledki méfeni velikosti ¢astic pomoci elektronové mikroskopie a velikosti krystaliti
z XRD

Pii méfeni kinetiky ristu ¢astic jsme predpokladali, ze nase vysledky budou odpovidat publikovanym, a ze
rust ¢astic bude mozné popsat mocninnou funkei [1]

D=4

Ukazalo se vSak, ze urcita teplota umoziuje rust ¢astic pouze do dané velikosti a po jejim dosazeni se rist
krystal zastavi. Rust krystalt tak 1ze nejlépe popsat exponencialni funkci

D = A [B-exp(K 7)]

Kde parametr B se bliZi 1, parametr A je limitni velikost ¢astic a K je rychlostni konstantou. Parametry A

a K jsou zavislé na kalcinaéni teploté a to tak, ze zatimco limitni velikost ¢astic monoténné roste, tak rychlostni
konstanta se do teploty 900 °C p#ili§ neméni a zacne rist az od teploty 950 °C

Tab. 2 — Parametry kinetického modelu ristu krystali anatasu

800 56,0 -0,025
850 87,8 0,027
900 112,3 -0,020
950 203,5 0,037
1000 2187 —0,085
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Obr. 2 — Riist krystali anatasu s teplotou a dobou kalcinace

Prestoze limitni velikost krystall s teplotou stale vzrusta, je patrny skok mezi teplotou 900 a 950 °C, kdy
ziejmé dochazi ke zméné mechanismu ristu a tim k vyraznému zvyseni rychlosti ristu krystalil. Presné pfic¢iny
tohoto skoku se nam vsak nepodatilo definitivné stanovit.

Zavér

Rust krystald TiO, pii vyrob¢ pigmentu sulfatovym zptlisobem je zavisly na dob¢ a teploté kalcinace. Teplota
kalcinace rozhoduje o maximalni velikosti, které mohou krystaly dosahnout, bez ohledu na dobu kalcinace. Okolo
teploty 950 °C dochazi ke skokové zméné v rychlosti ristu krystall a v jejich maximalni dosazitelné velikosti. Ve-
likost krystalti (€astic) rozhoduje o optickych vlastnostech bilého pigmentu, ale je nezbytné vzdy zminit konkrétni
metodu, jakou byly ¢astice méteny.
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INOVACE V ANORGANICKE POVRCHOVE UPRAVE TITANOVE BELOBY
URCENE DO NATEROVYCH HMOT

TITANIUM DIOXIDE WITH INNOVATIVE INORGANIC SURFACE TREATMENT FOR
USING IN PAINT

KOVARIKOVA L., OSTRCIL M.

Precheza a.s., Prerov

Summary
Precheza a.s. has developed new inorganic surface treatment of titanium dioxide for using in paint. This new
type of inorganic surface treatment is characterized by high compact surface which causes low surface area and
low oil absorption value.

Key words
Titanium dioxide, paint, inorganic surface treatment, compact surface, oil absorption value

Uvod

Precheza a.s. je vyrobcem titanové béloby, v soucasnosti nejpouzivangjsiho bilého pigmentu. Titanova bélo-
ba se vyznacuje piedevsim vybornymi optickymi vlastnostmi a chemickou stabilitou. Pti vyrobé titanové béloby
v Precheze a.s. se vychézi ze sulfitového zplisobu ziskavani pigmentového TiO,. Vychozim materialem je mineral
ilmenit, coz je sm&sny oxid titanu a Zeleza. Ilmenit se nejdiive rozpusti v koncentrované H,SO, a z roztoku se
nasledné vysrazi TiO, ve formé hydratovaného gelu. Ten jiz musi mit pozadované vlastnosti, zejména co se tyka
velikosti ¢astic. Tento hydratovany gel se po zbaveni mate¢ného roztoku s obsahem zeleza a vybéleni kalcinuje
v rota¢ni peci. Podle impregnacnich piisad a teploty kalcinace je mozné ziskat dvé odlisné modifikace TiO, — ana-
tas a rutil. Anatas se vyznaCuje vysokou bélosti, ale také vyssi fotoaktivitou, tj. nizsi svétlostalosti. Jeho pouziti je
tedy zejména v interiérovych natérovych hmotach, potravinaistvi, kosmetice ¢i farmacii. Rutil na druhou stranu
nema tak vysokou bélost, ale ma vys$si barvivost a také svétlostalost. Diky tomu je vhodny i pro exteriérové apli-
kace.

Samotny kalcinat titanové béloby neni vhodny pro vSechny aplikace a je tieba ho povrchové upravit — anor-
ganicky, organicky nebo kombinované. Povrchova tprava vyznamné ovliviiuje mnohé vlastnosti koneéného pig-
mentu, které se pak mohou negativné projevit pii riznych aplikacich.

Vyznam povrchové tipravy titanové béloby

Anorganicka povrchova tiprava titanové béloby spo¢iva ve vysrazeni riznych oxidi na povrchu ¢astic titanové
béloby za uc¢elem zlepSeni jejich zpracovatelskych vlastnosti a povétrnostni odolnosti. Nejcastéji se na povrchu
Castic titanové béloby srazi oxidy hliniku, kiemiku nebo zirkonium.

Organicka povrchova tprava spociva v pokryti povrchu ¢astic titanové béloby vhodnymi organickymi ¢ini-
dly, které zlepSuji bud’to finalni zpracovani titanové béloby (mleci aditiva) nebo vyznamné ovliviwji zapracova-
telnost pigmentu do pojivového sytému. Pouzivana organicka ¢inidla mohou mit jak hydrofilni, tak i hydrofobni
charakter.

Pii kombinované povrchové Gpravé se nejdiive provadi ta anorganicka a po vysuSeni se na povrch ¢astic
titanové béloby nanesou organicka ¢inidla.

Kazdy z vyrabénych povrchové upravenych druht titanové béloby v Precheze a.s. je diky své kombinaci
anorganické a organické povrchové ipravy vhodny do riznych aplikaci. S ohledem na §ifku pouziti titanové bé-
loby v riiznych odvétvich primyslu neni mozné pro kazdou takovou aplikaci formulovat unikatni typ povrchové
upravy, ale je nutné hledat takova feSeni, aby zvolena formulace byla vhodna pro nékolik aplikaci zaroven. To
pochopitelné klade pozadavky na investice do vyzkumu povrchové tpravy titanové béloby.

Cilem této prace bylo najit optimalni zplsob pfipravy anorganické povrchové ipravy pomoci oxidt kfemiku
a hliniku tak, aby byly zlepSeny vlastnosti nasich produktii — zejména spotfeba oleje a velikost mérného povrchu.
Vysledkem celé¢ho vyzkumu mélo byt navrzeni vyroby titanové béloby s inovovanou anorganickou povrchovou
upravou, kterd by byla vhodna jak do vodnych, tak i rozpoustédlovych natérovych hmot.
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Anorganicka povrchova uprava

Jak jiz bylo napsano vyse, tak anorganicka povrchova uprava spoéiva ve vysrazeni oxidi, zejména hliniku,
ktemiku ¢i zirkonium, na povrchu Eastic titanové béloby. Proces srazeni téchto oxidd probiha ve vodném prostiedi
a podminky, za kterych se provadi, jsou klicové pro ziskani vrstvy daného oxidu s pozadovanymi vlastnostmi.
Zaroven je dulezita interakce jednotlivych vrstev oxidu a jejich morfologie.

Mezi kli¢ové podminky, které ovliviiuji charakter vysrazenych vrstev oxidu, patfi typ vychozi suroviny a jeji
koncentrace v roztoku, koncentrace ¢astic TiO, v suspenzi, ve které se povrchova tprava provadi, jeji pH v dobé
srazeni a naslednych krocich, koncentrace dalSich iontll v suspenzi, teplota v suspenzi, rychlost srazeni, mnozstvi
povrchové upravy a také potadi jednotlivych vrstev povrchové upravy.

Za zvolenych podminek je mozné ziskat vrstvy anorganické povrchové uprav, které se vyznacuji riznymi
vlastnostmi — kompaktnost ¢i porovitost, povétrnostni odolnost, spoteba oleje, velikost mérného povrchu. Mezi
zasadni vlastnosti patii také to, jak se povrchové upraveny material bude zpracovavat dale ve vyrobé. Povrchové
upravenou titanovou bélobu je nutné zbavit mate¢ného roztoku, ktery je vétsinou silné zasoleny po provedenych
povrchovych tpravach, a dostate¢né promyt. Dobré aplikaéni vlastnosti kone¢ného produktu mohou ¢asto dopro-
vazet problémy pii promyvani — pomalé promyvani, tixotropie, aj.

Z historickych i soucasnych literarnich a patentovych zdrojii vyplyva, ze cilem anorganické povrchové upra-
vy je ziskani co nejkompaktnéjsi vrstvy povrchové upravy, ¢imz je mozné ziskat pigment s nizkou spotiebou
oleje a velikosti mérného povrchu. Nalezeni optimalniho postupu pro pfipravu kompaktnich vrstev anorganické
povrchové upravy dnes patii mezi know-how kazdého vyrobce titanové béloby.

Podminky sraZeni vrstev oxidi

Jak jiz bylo napsano vyse, tak srazeni vrstvy pozadovaného oxidu zavisi na mnoha parametrech, které pak
ovliviuji finalni charakter povrchové vrstvy. Na nasledujicich nékolika pfikladech je uvedeno, jakym zptisobem se
méni charakter materialu s anorganickou povrchovou pravou vysrazenou pii odlisnych podminkach.

Obr. 1 - Vliv pH pfi sraZeni SiO,
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Obr. 2 — Vliv teploty p¥i srdZeni SiO,

Obr. 3 — Vliv pH pfi sraZeni ALO,

Obr. 4 — Vliv teploty p¥i sraZeni ALO,

Z grafli je zfejmé, Ze je znaény rozdil v charakteru vrstvy SiO, a AL O, v zavislosti na pH a teploté v priibéhu
srdZeni na ¢ésticich TiO,.

Diky optimalizaci postupu srazeni bylo docileno zvyseni kompaktnosti anorganické povrchové upravy. Na
zakladé téchto vysledkt bylo mozné do vyroby zavést inovovany postup anorganické povrchové upravy pro ti-
tanovou bélobu rutilového typu uréenou zejména do natérovych hmot. Zména charakteru povrchové upravy je
dobfe patrna na nasledujicim obrazku, ktery srovnava povrchovou upravu materialu PRETIOX RG18, ktery byl
vyrabén pied zavedenim inovovaného postupu povrchové Gipravy, a materialu PRETIOX RGU vyrabéného novym
postupem.
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Obr. 5 — Porovnani kompaktnosti povrchové upravy typu RG18 a RGU

Tab. 1- Srovnani mérného povrchu a spoti‘eby oleje materiali RG18 a RGU

PRETIOX RG18 22-24 20-23
PRETIOX RGU 14-16 17-19
Zavér

Vyzkum anorganické povrchové tpravy, jehoz cilem bylo zoptimalizovani zptisobu srazeni oxidu hliniku
a kifemiku na casticich kalcinatu titanové béloby, umoznil zavedeni inovovaného zpisobu vyroby materialu
PRETIOX RGU s vyraznym zlep$enim aplikacnich vlastnosti, zejména mérného povrchu a spotieby oleje.

Dalsi vyzkum anorganické povrchové upravy v PRECHEZE a.s. se zaméfuje na zvySeni povétrnostni odol-
nosti nasich vyrobku.
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ANTIFOULING TECHNOLOGY
—USING TIO,, EFFICACY ASSESSMENT

TECHNOLOGIE PRO ANTIFOULING
— VYUZITI TIO,, HODNOCENI UCINNOSTI

TRAVNICKOVA E.'2, BLAHA L.!2

1 Ustav fyzikalni elektroniky, PiFF MU Brno
2 RECETOX, PiF MU Brno

Summary
The paper describes types and composition of biofouling and the necessity of using various antifouling coatings
and other biocidal agents. As biocides pose environmental hazard, development of various advanced coatings
(i.e. photocatalytic coatings) is needed. Conventional antifouling coatings are regarded as biocidal products
with its own legislation. There are established testing methods for these products. It will be necessary to develop
new testing methods for advanced coatings due to different mechanism of action. Some methods are already
available for photocatalytic coatings. There are also legal and methodological questions regarding nanomateri-
als as another possibility of advanced coatings.

Key words
Antifouling, coating, biocide, regulation, TiO,

Introduction

Fouling is the term describing an undesirable accumulation of material on surfaces submerged in water, whe-
re the material negatively affects the function of the product or equipment. Antifouling technology is the ability of
designed surfaces or coatings to prevent or mitigate the fouling. The fouling material can consist of inorganic or
organic matter such as various salts deposits or organic debris. If the material consists of living organisms (micro-
organisms, algae, plants, animals), the process is called biofouling (Fig. 1).

Fig. 1 — The ship hull fouled with algae (at the waterline) and animals [1]

Biofouling can be categorized according the size of organisms to macrofouling and microfouling. The for-
mer includes molluscs (Dreissena), tubeworms, crustacean such as barnacles (Balanus, Semibalanus), macroalgae
(Ulva). The latter includes bacteria, diatoms and microscopic algae.

It is also possible to distinguish freshwater and marine biofouling. While marine biofouling consist mainly of
macrofoulers, in freshwaters, algae are the main problem.

Concerning the terminology, microfouling and “natural biofilm” could describe the same material —i.e. slimy
layer consisting of bacteria, diatoms and microscopic algae attached on solid surface. The biofilm is described as
mono- or multispecies layer of microorganisms adhered on (some/solid) surface, creating extracellular polymeric
substance and posing cooperation. Different biofilms can also develop under different light conditions, i.e. photot-
rophic biofilms containing e.g. algae, cyanobacteria etc. or heterotrophic biofilms where light access is limited and
most of the microorganisms including bacteria, yeasts, microfilamentous fungi etc.
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Since biofouling can occur wherever water is present at least periodically, biofouling poses risk to a wide
variety of objects such as marine vessels, underwater constructions, heat exchangers, industrial equipment such as
piping in paper manufacturing, food processing etc. The undesired consequences of biofouling vary — higher fuel
consumption of ships, risk of contamination in food industry, pipes clogging, inefficiency of cooling or heating,
deteriorating the surfaces and constructions.

Conventional antifouling systems include various paints (with soluble or insoluble matrix, self-polishing pa-
ints) based on biocidal active substances that leach into the water and prevent organisms from attachment. Typical
active substances are tributyltin (banned completely from 2008), copper compounds, and some organic substances
(DCOIT, tralopyril, zineb etc.). These have dominantly been used for vessel coatings but there is a wide range of
various other active substances suitable for different applications.

All the current systems pose serious environmental hazards or the use of the above mentioned biocides often
require laborious and demanding interventions such as sanitary shutdowns of the technology. Therefore, further
research is needed regarding advanced coatings. Potential advanced materials include nanofabricated coatings
that may further be supplemented with natural biocidal substances (e.g capsaicin, special enzymes and proteins,
natural toxins), biomimetic coating materials, low (hydrophobic) or high (hydrophilic) surface energy materials
(hydrophobic — fluoropolymers, silicone; hydrophilic — zwitterionic molecules) or photocatalytic materials (ZnO,,
TiO,, also in nanoforms).

Legislation

In Europe, antifouling products are considered to be biocidal products and these are regulated by correspon-
ding Regulation (EU) 528/2012. According to the Regulation, biocidal product is defined as ,,any substance or
mixture, in the form in which it is supplied to the user, consisting of, containing or generating one or more active
substances, with the intention of (...) exerting an controlling effect on, any harmful organism by any means other
than mere physical or mechanical action. Regulation also defines ,,active substance® and ,,product®. ,,Product
means active substance in specific formulation containing the substance and coformulants. The active substance
must be assessed first. Then it is included in the list of approved active subtances, and it can be added into vari-
ous product formulations. Further, also the final product itself is also required to be assessed for its efficacy and
eventual hazards.. Regulation also classifies biocides in total 22 product-types, where antifouling products are the
product-type 21 [2].

Regulation defines antifouling products as ,,products used to control the growth and settlement of fouling
organisms (microbes and higher forms of plant and animal species) on vessels, aquaculture equipment or other
structures used in water™.

The Regulation includes general requirements on desired properties but there are no specific prescribed
tests in the Regulation to assess efficacy and/or adverse effects of biocidal products, including antifouling agents.
However, it is possible to use guidance documents for more detailed information. Guidance documents are pa-
pers published by competent authorities (ECHA, EFSA, EC, etc...) or working groups containing opinion/advice
regarding specific issues stated in legislation (i.e. number and quality of studies). They are not legally binding.

Guidance document published by European Chemical Agency (ECHA) in May 2014 considers four types of
fouling: marine, freshwater, brackish fouling, which are connected mostly with vessels operating; and aquaculture
fouling. According to the guidance document it is possible to use the same experimental design for both fresh- and
marine- fouling trials at specific conditions. Marine environment is generally considered to be more problematic
and materials suitable for marine applications are usually directly accepted also for freshwater. On the other hand,
opposite transfer from freshwater to marine applications is not accepted [3].

The guidance document contains also a note about proper testing methods and refers to methodologies de-
veloped by European Association of Paint Manufacturers (CEPE) Antifouling Working Group and by American
Society for Testing and Materials (ASTM). Most of these methods are aimed at problems with marine macrofou-
ling and assess leaching of the biocidal active substances.

Some of the current and newly introduced (advanced) solutions for antifouling coating cannot be easily
assessed by the recommened methods assessing biocide leaching, and therefore new testing approaches need to
be investigated.
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Development, assessment and inclusion of active substance is very expensive and time-consuming activity.
Accorging to Regulation, many studies are required, many of them are long-term, and should be performed under
Good Laboratory Practices (GLP). Specific procedures and communication with authorities may lower the overall
costs. In specific cases, certain chemicals having beneficial biological effects can be used in the antifouling formu-
lation, although they are not formally included among approved biocides.

TiO, in antifouling legislation

Among the new technologies developed to prevent biofouling, application of TiO, is explored. TiO, can be
used either as a bulk material or in various nanoforms or nanocomposites. TiO, as a bulk material is not considered
as biocide (according to Regulation) but there is still limited information and ongoing discussion about nanoTiO,
or nanocomposite formulations.

For nanomaterials as defined in Regulation, there are similar requirements as for conventional biocidal pro-
ducts. However, it is still a matter of discussion — how to properly assess and interpret the results from nanomate-
rial testing. NanoTiO, is not included among the biocidal active substances (in terms it is not assessed according
to the Regulation). The nanocomposite materials are not considered as biocides, because it is not clear which
materials should be included in the assessment [4]. However, each product or material is discussed case by case.
According to ECHA opinion from April 2014, product composed of nanoSiO, and nanoAg (specific nanocompo-
site structure) was considered as biocidal product [5].

In addition to the Regulation, coatings with TiO, have their own set of standards developed by International
Standard Organization (ISO). The set of standards concerning TiO, could be divided into 4 groups according to
the application:

e air cleaning (ISO 22197-X, where X ranges from 1 to 5),
« water cleaning (ISO 10676:2010),
* self-cleaning surfaces (ISO 10678:2010, ISO 27448:2009, ISO/CD 19810),...

« antifouling® surfaces that include antibacterial (ISO 27447:2009, ISO 17094:2014), antifungal (ISO
13125:2013) and antiviral testing (ISO 18061:2014), method for antialgal testing is under development (ISO/CD
19635).

Efficacy testing of antifouling coatings

The development of an active substance (active surface) includes three phases: screening tests in laboratory,
static raft testing, and field tests.

Screening in Vitro tests are typically performed with a single active substance, where effective/biofouling
inhibiting concentrations are derived (such as EC50). These tests include limited number of test organisms, which
are selected with respect to the actual expected use of the agent. Model target organisms often include critical
fouling species in the corresponding environment. It is assumed that single species used during the first in vitro
screening is representative. However, such a selection could be a critical point with respect to large numbers of
naturally existing microorganisms with highly diverse biological activities.

For advanced coating materials (based on designing specific topography, hydrophobicity, photocatalytic
effect etc.) EC50/effective dose cannot be determined because there is no leaching of any active substance. Thus, it
is necessary to use different methods than those conventionally recommended and to develop suitable experimental
designs for indivudual tests. For photocatalytic materials, ISO standards can be used with possible modifications.

The second stage is static raft testing of the developed formulations (painting, coating). Here, panels treated
with test paints/coatings (including negative controls and standards — i.e. positive control) are immersed for several
weeks/months in appropriate (representative) location. Often (if seasonal variations may play a role) the immer-
sion test covers the whole season. During the static raft testing, the percentual coverage of panels is observed,
and only the major types of fouling are assessed (i.e. slime, algae, animals). Detailed determination of biota is not
required within this step.

The third stage is field tests realized as patches or panels attached to the vessel/surface in real operational
conditions.
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Conclusions

TiO, in various forms is a promising material for antifouling coatings. There are established testing methods
for antifouling coatings regarded as biocides, but it will be necessary to modify current testing methods or develop
and adopt new ones for advanced coatings, where is not always possible to determine EC50. There is also a dis-
cussion regarding nanomaterials which were included in biocidal Regulation, but there are not sufficient evidence
to guide what kind of methods should be established.
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CHARAKTERIZACE FOREM TIO, POMOCI RAMANOVY SPEKTROSKOPIE
PASZTOR J., SEC K.}, MUDRONOVA K., PIKAL P2, KOVAR P?
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Summary
Ananatase and rutile are two polymorphs of TiO,, which are commonly used in paints. Due to their different
refractive indices they don't appear to have the same shade of white, which causes a serious problem in the paint
industry. Here we propose Raman spectroscopy as a useful tool for the exact, fast and relatively cheap method of
quantifying the ratio of the two polymorphs using the Omnic (TQ Analyst) software. We selected several spectral
bands that change noticeable with the varying anatase/rutile ratio.

Key words
Anatase, rutile, Raman spectroscopy, Omnic, TQ Analyst

Uvod

Oxid titanicity (TiO,) se v pfirodé€ vyskytuje ve tiech formach (rutil, anatas a brookit) a uméle piipraveny
TiO, oznaCovany jako titanova béloba mé Siroké pouziti jako barvivo v potravinafstvi, kosmetice ¢i jako pigment
do natérovych hmot. Jelikoz anatas a rutil (dva primyslové pouzivané polymorfy) maji vyrazné odlisné optické
vlastnosti [1] a jiz mala zména poméru jejich zastoupeni se projevi viditelnou zménou vlastnosti povrchu, je jejich
rozliSeni esencidlni nejen pro chemicky priimysl, ale také pro biomedicinské aplikace, kde je TiO, pouZivan napt.
pro vyrobu zubnich implantati. [2]

Ramanova spektroskopie je nedestruktivni metoda analytické chemie, ktera vyuziva neelastického rozptylu
zateni — Ramanova rozptylu. Ziskané spektrum je unikatni nejen pro kazdou chemickou latku, reaguje i na drobné
zmény v okoli molekul a je pomoci né¢j mozné rozlisit i jednotlivé polymorfy latky. [3] Na rozdil od infracervené
spektroskopie jsou v Ramanovych spektrech vyraznéjsi pasy spojené se zménou polarizovatelnosti a mén¢ vyraz-
né pasy spojené se zménou dipoélového momentu, a proto je tato metoda vhodna mimo jin€ i pro studium vzork
ve vodném prostiedi.

Experiment

Pro piipravu vzorkll danych koncentraci byly navazeny pfislusné podily Cistého anatasu a rutilu. Vzorky
byly poté homogenizovany roztiraciho stroje. Je vSak mozné, ze vychozi latky nebyly 100% cisté, a tak miize byt
uréeni koncentrace zatizeno systematickou chybou. Poté byla zméfena Ramanova spektra za pomoci spektrometru
DXR SmartRaman (Thermo Scientific). Zvolena excita¢ni délka byla 780 nm, pficemz vykon laseru byl 150 mW
(vzorky s obsahem rutilu do 20 %) a 30 mW (vzorky s obsahem rutilu v rozmezi 70-100 %). Aby byl omezen vliv
ptipadnych nehomogenit vzorku, byla méfeni provadéna za pouziti kmitajicitho paprsku v oblasti 55 mm. Pro
kvantitativni analyzu byla pouZita spektralni oblast 800-300 cm™.

Obr. 1 — Oblast méiena pomoci kmitajiciho laserového paprsku
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Vysledky a diskuse

Po navazeni vzorki a zméfeni jejich Ramanovych spekter byl v programu TQ Analyst (Thermo Scientific)
vytvofen kalibraéni model, ktery vyuZiva nejvice se ménici spektralni pasy v oblasti 800-300 cm™ tak, jak jsou
popsané v grafu ¢. 1. Z ngj je patrné, ze pro vysoké koncentrace anatasu je nutné snizit vykon laseru. Kalibra¢ni
model dosahoval presnosti 0,1 %, coz je rovnéz priblizna piesnost rentgenové difrakce, pfi méfeni Ramanovych
spekter 1ze vSak navic vyuzit nastavitelného rozkmitu laserového paprsku a ziskat tak data z oblasti az 5x5 mm,
¢imz se zabrani vlivu moznych nehomogenit vzorku.

Graf 1- Ramanova spektra ¢tyf riznych smési anatasu a rutilu

Zavér

Zjistili jsme, Ze metoda stanoveni zastoupeni jednotlivych polymorfi TiO, dosahuje presnosti rentgenové
difrakce. Je pravdépodobné, ze v piipadé ziskani exaktnéjSich dat o vzorcich by kalibracni modely dosahly jes-
té vetsi presnosti. Jelikoz je vSak Ramanova spektroskopie nepfimou metodou, je omezena moznostmi metody,
z které jsou ziskavana data pro kvantitativni analyzu.
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FIRST BIO-BASED POLYURETHANE CROSSLINKER
— HIGH PERFORMANCE ENABLED BY NATURE
TOMCZAK R.
COVESTRO
Sustainability is increasingly impacting on the purchasing decisions of customers, brand owners and consu-

mers. Bio-based polyols have existed, but up to now the limiting factor in developing bio-based polyurethanes has
been the crosslinkers.

Covestro has solved another part of the puzzle of how to develop more sustainable polyurethanes with the re-
lease of DESMODUR® eco N 7300. This is a new solvent-free aliphatic polyisocyanate and the first polyurethane
crosslinker on the market with a significant renewable content that has not come at the expense of performance.

This hardener can be potentially used for coatings, adhesives and any application where hexamethylene
diisocyanate (HDI) derivatives are used.

Fig. 1 — Covestro 2020 sustainability targets

Key benefits of DESMODUR® eco N 7300:

* 70% renewable carbon content** derived from non-fossilbased inputs, i.e., no direct competition with the
food chain.

« It significantly reduces the cradle-to-gate carbon footprint in comparison to HDI derivatives.

* Trimer based on a new aliphatic isocyanate pentamethylene diisocyanate (PDI), a revolutionary innovation
in polyurethane chemistry as it is the first diisocyanate in 30 years to be fully developed and scaled-up.

* Near drop-in for hexamethylene diisocyanate (HDI)-based trimers, i.e., reformulation requirement low.

* Same high performance standards as HDI derivatives, even though this product is based on biomass.

* Broader formulation flexibility than HDI-based products due to superior compatibility.
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Fig. 2 — Gloss and yellowing during weathering referring to SAE J 2527 in Auto OEM formulation

Applications:

* Coatings, adhesives and much more — you can potentially use Desmodur® eco N 7300 wherever HDI trimers
are used.

Specifications:

*~21.5% NCO

* ~ 9500 mPa/s at 23 °C

¢ 0.3 % PDI monomer

* 70 % renewable content**

* < Hazen

* Samples available as of August 2015. Not available commercially before 2016

** Value based on theoretical calculation (69 + 4 % renewable carbon, 14C measurement according to
ASTM-D6866 standard)
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ASYMMETRIC FLOW FIELD FLOW FRACTIONATION:
AN EFFICIENT TOOL FOR DETAILED STUDY OF THE MOLECULAR
STRUCTURE OF PAINT EMULSION COPOLYMERS

FRAKCIONACE TOKEM V TOKOVEM POLI: UCINNY NASTROJ PRO
DETAILNI STUDIUM MOLEKULARNI STRUKTURY LAKARSKYCH EMULZNICH
KOPOLYMERU

ZGONIH.!?, PODZIMEK S.?, MACHOTOVA J.2

1 SYNPO, a.s., Pardubice
2 University of Pardubice, Faculty of Chemical Technology,
Institute of Chemistry and Technology of Macromolecular Materials

Summary
Emulsion acrylic copolymers were analyzed by asymmetric flow field flow fractionation (A4F) coupled with
a multi-angle light scattering detector (MALS). A4F-MALS allows not only the determination of molar mass
distribution, but also provides deep insight into the molecular structure of emulsion acrylic copolymers
—namely it is the characterization of branching and molecular compactness. The work focuses mainly on the
core-shell copolymers. An interesting finding is that the shell is in the course of polymerization partially cova-
lently bonded to the core crosslinked with allyl methacrylate. The work further compares the results acquired by
means of A4F-MALS with those determined by traditionally used gel permeation chromatography (GPC). The
comparison of the two techniques reveals better separation efficiency of A4F for samples with high content of
fractions of molar mass higher than 10° g/mol.

Introduction

Theoretical background of A4F-MALS can be found for example in the book of abstracts of the last Confe-
rence and further in the papers. Acrylic emulsion copolymers are polymer materials usually containing high-molar
mass fractions of molar mass of 10°~10® g/mol, which are frequently branched. The experiments carried out so far
showed that A4F-MALS is a suitable method not only for the determination of molar mass distribution, but also
allows a deep insight into the molecular structure of the emulsion acrylic copolymers — mainly the identification
and determination of branching and molecular compactness. In contrast to usually used GPC the A4F method
eliminates the unwanted anchoring of the macromolecules in the pores of column packing and shear degradation
of high-molar-mass fractions.

Experimental

Core-shell latexes were prepared by emulsion polymerization. They were based on butyl acrylate and me-
thyl methacrylate. In some cases the core was crosslinked with allyl methacrylate. Instrumental equipment for
A4F-MALS can be found in reference 4. GPC measurements were carried out using two PLgel Mixed-C columns.
The detectors were identical with those in reference 4.

Results and Discussion

Comparison of molar mass distribution of two samples of core-shell latex of significantly different molar
mass distribution determined by A4F-MALS and GPC-MALS is in Figures 1 and 2. It is evident that for samples
of lower molar mass the two techniques provide almost identical molar mass distribution curves and the number
(Mn) and the weight (Mw) average molar masses, whereas for sample containing fractions with very high molar
mass GPC-MALS yields markedly higher Mn and lower Mw and the distribution curve is significantly narrower.
The shift of the distribution curve from GPC-MALS is in the area of lower molar masses due to the anchoring of
large highly branched macromolecules in the pores of column packing and thus their delayed elution at the end of
chromatogram, whereas in the region of high molar masses the shift towards lower molar masses is caused by the
shearing degradation of species with very high molar mass. A4F and GPC separations of core-shell copolymer are
compared in Figure 3. In case of GPC the molar mass decreases with increasing retention time, but at about 13.5
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min the plots upturns and the molar mass starts to increase. The increase of molar mass is due to the delayed elution
of branched macromolecules of very high molar mass which contaminate the macromolecules of lower molar mass
that are separated by steric separation mechanism. The separation in A4F channel is achieved by the flow without
the contribution of stationary phase, which eliminates the anchoring and thus the separation is according to the
molecular size over the entire molar mass region.

The anchoring of branched macromolecules in the pores also results in abnormal pattern of the conformation
plot (relation between the radius of gyration and molar mass). The conformation plots are used for the identificati-
on and characterization of branching. However, the U-shape of the conformation plot makes the characterization
of branching very difficult. In contrast, A4F yields the conformation plots without this artefact. Comparison of the
conformation plots obtained by the two methods is depicted in Figure 4.

Figure 5 shows molar mass versus retention time plots and RI fractograms of core-shell latex with the core
crosslinked with allyl methacrylate. The picture reveals that the sample consist of soluble macromolecules of mo-
lar mass of several hundreds of thousands g/mol, and highly compact structures of molar mass of =3.5 x 10 g/mol.
The high molecular compactness is evident from the comparison of molar mass and radius of gyration, the value
of which is in the given example around 65 nm. An interesting finding is that relative area of peaks corresponding
to soluble macromolecules and crosslinked structures is 11:89 %, whereas the fraction of shell in this sample is
60 %. This fact implies that the shell is during the second part of reaction partly covalently bonded to the core.

Fig. 1 — Cumulative distribution curves of core-shell latex determined by GPC-MALS and A4F-MALS

Mn (GPC-MALS) = 80 x 10° g/mol; Mw (GPC-MALS) = 300 x 10° g/mol
Mn (A4F-MALS) = 100 x 10° g/mol; Mw (A4F-MALS) = 330 x 10° g/mol

Fig. 2 — Cumulative distribution curves of core-shell latex determined by GPC-MALS and A4F-MALS

Mn (GPC-MALS) = 390 x 10° g/mol; Mw (GPC-MALS) = 1,30 x 10° g/mol
Mn (A4F-MALS) = 220 x 10° g/mol; Mw (A4F-MALS) = 2,59 x 10° g/mol
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Fig. 3 — Molar mass versus retention time plots and RI fractograms of core-shell latex determined by
A4F-MALS (a) a GPC-MALS (b)

a)

b)

Fig. 4 — Conformation plots of core-shell latex determined by GPC-MALS a A4F-MALS
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Fig. 5 — Molar mass versus retention time plot and RI fractogram of core-shell with core crosslinked with
allyl methacrylate. Ratio shell:core 60:40 %; relative peak areas 11:89 %

Conclusion

Traditionally applied GPC is unable to provide true molar mass distribution of high-molar-mass latexes even
in combination with MALS detection. The deviation from the correct molar mass distribution is both in the region
of lower as well as high molar masses. In the low-molar-mass region the deviation is caused by the contamination
of lower-molar-mass fractions with delayed large branched macromolecules, while in the region of very high
molar masses of the order of magnitude of several millions the error is due to the shearing degradation in GPC
columns. Besides the determination of molar mass distribution, A4F-MALS allows detailed characterization of
branching and estimation of the compactness of the super-molecular structures. The results of A4F-MALS indicate
that during the polymerization the shell is partly covalently bonded to the core.
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PIGMENTS BASED ON MOLYBDATES SURFACE TREATED WITH
CONDUCTIVE POLYMERS AND THEIR PROPERTIES IN ANTICORROSIVE
COATINGS

PIGMENTY NA BAZI MOLYBDENANU S POVRCHOVOU UPRAVOU VODIVYMI
POLYMERY A JEJICH VLASTNOSTI V ANTIKOROZNICH V NATEROVYCH
HMOTACH

HAJKOVA T., KALENDOVA A.

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

Summary
This work describes the properties of molybdate-based pigments which were synthesized and subjected to surface
treatment with 2 conductive polymers, viz. polyaniline phosphate (PANI) and polypyrrole phosphate (PPy), for
use in protective coatings. Conductive polymers are currently attracting considerable interest in a number of
sectors, among them the paint industry owing to their non-toxicity and high stability. Their oxidative and cataly-
tic properties induce passivation processes on the surfaces of the metallic substrates, similar to those induced by
compounds containing heavy metals. Owing to this, the new coating materials can be used to replace the toxic
chromate-based corrosion inhibitors.

Paints consisting of a solvent-based epoxy-ester resin as the binder and the above-mentioned molybdate/PANI/
PPY pigments were formulated and subjected to mechanical tests in order to assess the effect of the composite
pigment particles on the paints' mechanical resistance. Anticorrosion efficiency of the paints was also examined
in dependence on the type of particle surface treatment with the conductive polymer, chemical composition of the
pigment, and pigment volume concentration (PVC) in simulated corrosive atmospheres. The effect of the surface-
-treated inorganic composite pigments on the corrosion rate was investigated by using electrochemical tests and
accelerated corrosion tests. Pigments featuring a high anticorrosion efficiency (comparable to or higher than
that of the conventional zinc phosphate) were identified.

Keywords
Non-toxic pigment, molybdates, conducting polymers, treated pigments, coatings, anticorrosion efficiency

Introduction

Metallic materials have the tendency to get back to their lowest energy state. This thermodynamic rule is
responsible for the corrosion of the majority of metals used as structural materials. The driving force of corrosion
is the transfer of the metal to a more stable compound, in which it is present in nature. This is made possible by the
ability of the metal surface to enter into reactions with the components of the environment. If a direct reaction is
involved, the process is chemical corrosion, a phenomenon which occurs spontaneously on the majority of metals.
If a system of galvanic cells forms on the metal surface in contact with an electrolyte, where the sites with a higher
free energy/potential behave as an anode and the sites with a lower free energy/potential, as a cathode, the process
is electrochemical corrosion, a corrosion cell being formed. The extent of metal corrosion depends not only on
the metal's electrode potential but also on the pH of the aqueous solution [1]. For this reason, metals are coated
with organic coating materials that slow down the corrosion by a number of mechanisms. The organic coatings
containing chromate pigments, which used to be routinely applied in the past, exhibit an outstanding efficiency, the
toxicity of the chromate, however, is a serious shortcoming, and current research focusses on alternative materials
to replace them. Organic coating materials containing molybdate pigments seem to be a promising alternative.
Here the metal protection mechanism can be explained in terms of competitive adsorption. In a solution containing
chloride and sulphate, the molybdate anion is preferentially adsorbed on the steel surface to form a complex with
the ferrous ions. This complex is soluble and does not exhibit any inhibiting properties. It is only after oxidation
with atmospheric oxygen that the complex is transformed into a ferric complex, which is an efficient inhibitor [2].
Considerable attention has been also devoted to conductive polymers as efficient corrosion inhibitors recently.
The most important representative of conductive polymers is polyaniline (PANI), whose anticorrosion efficiency
is explained by the anodic protection mechanism. Iron is directly oxidised to ferric ions owing to the polyaniline's
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oxidation-reduction properties. The ferric passivation layers are insoluble and inhibit further propagation of the
corrosion process. Polypyrrole is a next representative of conductive polymers. The mechanism of its anticorrosion
effect is currently subject to study [3].

So, corrosion inhibiting pigments constitute an integral ingredient of anticorrosive coating materials. A line
of current research is concerned with pigments coated with a layer of a conductive polymer (CP) as potential
anticorrosion pigments. A very good approach for a number of applications consists in the formation of a com-
posite consisting of an inorganic pigment particle having a suitable chemical composition, which is coated with
a functional layer of a conductive polymer (pigment/CP). The advantages of such materials include the fact that
the structure responds to the surrounding medium. A binder pigmented with such particles is a composite material
exhibiting outstanding mechanical and chemical properties. Among nontoxic pigments with anticorrosion proper-
ties are molybdates which, as mentioned above, appear to be promising for the formation of a protective coating
system. If such inorganic carriers retain the properties of the CP, especially its conductive nature, and ultimately
exhibit the anticorrosion properties of both constituents, the materials will be highly prospective in anticorrosion
protection of metals. The objective of this work was to improve corrosion resistance and chemical resistance of
organic coating materials by using molybdate pigments whose surface has been treated with the conductive poly-
mers PANI and PPy, identify the optimum pigment composition for surface treatment with a CP, and identify the
pigment volume concentration in the coating material (paint) that is most efficient in protection against corrosion.

Experimental methods

The stoichiometric molybdate pigments ZnMoO,, SrMoO,, and Fe,(MoO,),, were prepared by high-tempe-
rature synthesis starting from molybdenum trioxide, which was reacted with ferric oxide, strontium carbonate and
zinc oxide as required with respect to the desired final product. The reaction product was milled, rinsed, filtered out,
and dried to constant weight. Now the pigments were subjected to surface treatment with the conductive polymer,
i.e. polyaniline (PANI) or polypyrrole (PP), in phosphoric acid solutions. The synthesis of polyaniline phosphate
and polypyrrole phosphate in acid solutions at room temperature is generally described by the equations shown in
Figures 1 and 2. Once prepared, the pigments were characterised by their physico-chemical properties, measured
standardized procedures. The degree of pigment surface coating with the conductive polymer was 50-60%.

Fig. 1 — Synthesis polyanilinphosphate [4]
Fig. 2— Synthesis polypyrrolphosphate [5]

The anticorrosion properties of the surface-modified pigments (ZnMoO,/PANI, SrMoO,/PANI,
Fe,(MoO,),/PANI, ZnMoO,/PPy, SrMoO, /PPy and Fe,(MoO,),/PPy) were examined after dispersing in a binder.
The model binder was a solvent-type epoxy-ester resin (trade name WorléeDur D 46, solvent: xylene, dry matter
content 60%) which is a constituent of commercial primers for metals. The critical pigment volume concentrations
(CPVC) — parameters whose knowledge is imperative for the formulation of paints — were calculated from the
oil consumption levels determined by the mortar-and-pestle method (CSN 70351) and from the densities of the
surface-modified pigments. The model paints were prepared by dispersing in a dissolver at the following pigment
volume concentrations (PVC): 1%, 5%, 10%, and 15%, while keeping the PVC/CPVC ratio constant at 50% by
using calcite CaCO; (the commercial product Omyacarb 5VA) as the inert filler. The conventional commercial
anticorrosion pigment Heucophos ZP — 10, which is zinc phosphate hydrate, was used at PVC 15% to serve as
a reference material for with respect to the anticorrosion properties of the paints investigated.
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The pigmented paint films were applied to standard steel panels (cold-rolled deep-drawing steel complying
with ISO 1514, Class 11 stainless steel) 15 cm x 10 cm x 0.1 cm size by using an application ruler. Three replicate
panels were prepared for each paint. The substrate for the surface hardness tests was glass 10 cm x 20 cm x 0.5 cm
size. A test cut 8 cm long was made into each dry paint film to serve as a standardized coating damage in the tests.

Examination of anticorrosion efficiency of the paints containing the pigments tested

The paints were applied to steel panels and the systems were examined by the linear polarization method,
which is used to monitor corrosion and is specifically designed to measure the polarization resistance.

The anticorrosion efficiency of the paints was also assessed by standardized tests in simulated corrosive
environments. Panels coated with the paints were subjected to an accelerated corrosion test in a neutral salt mist
atmosphere (a neutral 5% solution of sodium chloride (NaCl) in air sprayed in a salt chamber in accordance with
ISO 92 27) which imitates environments with enhanced chloride contents such as sea coast areas or salted roads
against snow and ice. Furthermore, an accelerated cyclic test was performed in a condensed moisture atmosphere
containing sulphur dioxide (SO,) (CSN ISO 32 31). This test examined the paint's resistance against the corrosion
effects of SO, and condensed moisture at an elevated temperature.

Results and discussion

The electrochemical method of linear polarisation

The objective of this measurement was to determine the spontaneous corrosion potential, polarisation re-
sistance, and corrosion rate on coated steel panels, which are parameters characterising the protective capacity of
paints. The paints with the pigments under study, i.e. Fe,(MoO,),, StM0O, and ZnMoO, at PVC = 1%, 5%, 10%,
and 15%, were compared to a reference paint containing the conventional zinc phosphate pigment (commercial ZP
—10) at PVC = 15%. The dry film thickness (DFT) was 50+10 um. The observed spontaneous corrosion potential
of the panel with the reference paint was —473 mV, polarisation resistance 3.107 Q, and corrosion rate 12 x 107
mm/year. Where polyaniline phosphate was used to modify the molybdate pigments, the spontaneous corrosion
potentials of the panels with the paints were all lower than as observed with the reference paint. The corrosion
rates for the paints at PVC = 1%, 5% and 10% were also lower than as observed with the reference paint. Where
polypyrrole phosphate was used to modify the molybdate pigments, the spontaneous corrosion potentials of the
panels with the paints were roughly at the level of the reference panel or slightly higher. A corrosion rate lower
than as found for the reference panel was observed with zinc molybdate at PVC = 1% and 5%, actually lower by 3
orders of magnitude, and with ferric molybdate at PVC = 1%, where the corrosion rate was 4 orders of magnitude
lower and the spontaneous corrosion potential was —56 mV.

Accelerated cyclic test in an atmosphere of neutral salt spray

The objective of the test where the coated panels were exposed to a salt mist environment was to assess the
extent of metal corrosion in the test cut and on the surface, blistering in the cut and on the paint film surface, and
overall anticorrosion efficiency of the paints. The dry film thickness was 100 +10 pm and the exposure lasted
1344 hours. For all the organic coatings tested, increase in the PVC level was accompanied by more pronounced
corrosion on the metal substrate surface and more abundant blisters on the paint film surface. The osmotic blisters
were due to the water-soluble substances present in the pigments. The anticorrosion efficiency reduction is due to
the poorer barrier effect of the organic coatings as the conductive polymer concentration is approaching the CPVC
limit. And if the barrier effect is insufficient, the aggressive environment can better penetrate through the paint film
and attack faster the initially protected metal substrate. The results of the accelerated corrosion test are in good
agreement with those of the electrochemical measurement. The highest overall anticorrosion efficiency was exhi-
bited by paints with the following pigments: zinc molybdate modified with polypyrrole phosphate, present at PVC
= 5% (anticorrosion efficiency 94, substantially better than as exhibited by the reference standard, viz. 59) and
strontium molybdate modified with polyaniline phosphate, present at PVC = 1% (overall anticorrosion efficiency
86). Hence, PVC within the range of 1% to 5% appears to work best as regards the corrosion protection of metals
by the paints. The high efficiency of the pigments in the salt mist environment attests to a suitable combination of
the pigment of the given chemical composition and the conductive polymer.
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Fig. 3 — Paint films with containing SrMoO,/PANI (PVC=1), a) original coating, b) corrosion changes of
paint film, ¢) corrosion changes of metal substrate

Fig. 4 — Paint films with containing ZnMoO,/PANI (PVC=5), a) original coating, b) corrosion changes of
paint film, ¢) corrosion changes of metal substrate

Tab. 1 — Anti-corrosion efficiency of pigmented paint films molybdates treated polyaniline phosphate
following 1400 hours’ exposure to a mist with NaCl (DFT = 115 £10 pm)

1% StMoO, /PANI 0 6M 0 1 0 83

5% SrMoO, /PANI 0 6M 0 0.01 83

10% SrMoO, /PANI 0 6MD 0 2 0 76

1% ZnMoO, /PANI 0 6M 0 0.8 0 85

5% ZnMoO, /PANI 0 6M 0 1 0.01 83

10% ZnMoO, /PANI 0 &M 0 1.3 0.01 81
DFT — dry film thickness [pum]
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Tab. 2 —Anti-corrosion efficiency of pigmented paint films molybdates treated polypyrrole phosphate
following 1400 hours’ exposure to a mist with NaCl (DFT = 115 £10 pm)

1% StMoO, /PPy 0 8F 0 2 0 87
5% SrMoO, /PPy 0 6MD 0 1 0.01 79
10% SrMoO, /PPy 0.1 6MD 0 2 0.03 76
1% ZnMoO, /PPy 0 4MD 0 2 0 75
5% ZnMoO, /PPy 0 6F 0 0.6 0 89
10% ZnMoO, /PPy 0.1 6MD 0 2 0.3 60
Zn,(PO,),.xH,0 0 6MD 0 0.03 76
DFT — dry film thickness [um]

Conclusion

Model coating materials consisting of an epoxy-ester resin and the surface-modified pigments tested were
prepared. The pigment volume concentrations (PVC) were 1%, 5%, 10%, and 15%. The anticorrosion efficiency
of the paints was assessed through standardized corrosion tests in simulated atmospheres and through electro-
chemical measurements. The investigation gave evidence of a good anticorrosion efficiency of the new pigments
whose surface had been modified with conductive polymers. In the linear polarisation tests, the pigments modified
with polyaniline phosphate were superior to those modified with polypyrrole phosphate. Where the pigments with
polyaniline phosphate were used at PVC = 1%, 5% and 10 %, the corrosion rate was lower than or comparable
to that of the reference standard. The absolutely best results both in the linear polarisation test and in the salt mist
test were obtained with the paint containing the strontium molybdate pigment coated with polyaniline phosphate,
present at PVC = 1%. Presumably, the anticorrosion protection effect of the pigments is due to the anodic metal
protection mechanism, i.e., the coating containing the conductive polymer may create a protective layer of metal
oxides on the metal surface, thereby preventing corrosion. Steel passivation is feasible if the surface potential and
pH of the aqueous medium are adequately high. Owing to their redox nature, the polyaniline coatings may give rise
to such a passivation state on the paint-steel interface. The paint potential shifts the steel surface potential towards
the potential of noble metals. Generally, corrosion on the steel surface was more pronounced as the pigment volu-
me concentration in the paint was increased, whereas the opposite trend, i.e. corrosion decreasing with increasing
concentration of the pigments modified with polyaniline phosphate was observed in the artificial cut. The latter
trend can be explained by depolarization3. This trend was not observed for the paints with the pigments modified
with polypyrrole phosphate, hence, the mechanism of action seems to be different and will be examined within
forthcoming studies. The pigments tested feature two basic assets: they are environmentally friendly and exhibit
their anticorrosion efficiency at low concentrations.
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REPLACEMENT OF LEAD CHROMATE PIGMENTS
NAHRADA CHROM-OLOVNATYCH PIGMENTU
1ZAK 1.

Synthesia, a.s., Pardubice - Semtin

Summary
Lead chromate pigments have been used as colorants mainly in the coatings and plastic industry since early
19 century because the performance / cost ratio was very interesting. But these pigments are highly toxic
substances containing lead and hexavalent chromium (CrVI). For this reason lead sulfochromate yellow (P.Y. 34)
and lead chromate molybdate sulphate red (PR. 104) have been included in Annex XIV of the REACH regulation
with effect from February 2012. This means that these pigments were banned from May 21, 2015 (so called
“sunset date”’) unless to authorisation. Both pigments were classified as carcinogenic (category 1B) and toxic
for reproduction (category 1A).

Consequently some manufacturers of pigments worked out alternatives for the replacement of lead chromate
pigments. Although a one-to-one replacement by individual pigment alternative is impossible, a combination
of inorganic and organic pigments can be used successfully as alternatives.

Indeed we can find alternative combinations without performance compromises but the prices are several times
as great as the market price of lead chromate pigments. Therefore, it is necessary to specify requirements
(product qualities) with regard to the final application. We can select alternatives according to scale of perfor-
mance (requested properties) — from “Pretty good” to “Super”. The final result is the combination of proper
pigments, where the organic pigment adjusts colour shade and strength and the inorganic pigment provides the
hiding power.

As alternative Synthesia recommends the combination selected organic pigments from its assortment with P.W. 6
or PY. 184. Selected and tested pigments are benzimidazolones (P.Y. 151, PY. 154, P.O. 36, P.O. 64), isoindoline
and isoindolinone (PY. 139, PY. 110), disazo condensation pigments (P.Y. 128, PY. 155, PR. 242), DPPs (P.R.
254. PR. 255) and antraquinone (PR. 177).

Alternative formulations were designed and tested for chosen RAL shades and custom shades for segment of

the industrial coatings and powder coatings. Final evaluation proved that it is possible to replace banned lead
chromate pigments by the combination of selected organic and inorganic pigments.

Key words
Lead chromate pigments, alternative, organic pigments, coatings
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LATEXY NA BAZI MIKROGELOVYCH CASTIC S KOVALENTNE VAZANYMI
RETARDERY HORENI

LATEXES BASED ON MICROGELS WITH COVALENTLY LINKED FLAME
RETARDANTS

RUCKEROVA A., MACHOTOVA J., ZARYBNICKA L., VECERA M., PROKUPEK L.

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

Summary
The paper deals with aqueous dispersions of functionalized microgel "core-shell" particles bearing in the

structure covalently incorporated flame retardants based on derivatives of cyclo-triphosphazene. The aqueous

dispersions were prepared by the semi-continuous emulsion polymerization of styrene, methyl methacrylate,
butyl acrylate, methacrylic acid, 2-hydroxyethyl methacrylate and allyl methacrylate. The latexes were used as
the main component of transparent coating systems cured using a commercial melamine-formaldehyde resin.

The advantages of these coating systems include low VOC content, transparency and safety properties,
especially in terms of flame retardancy.

Keywords
Emulsion polymerisation, core-shell latex, flame retardant

1 Uvod

Ptispévek pojednava o vodnych disperzich funcionalizovanych mikrogelovych &astic typu ,,core-shell,
v jejichz struktufe jsou kovalentné zabudovany retardéry hoteni na bazi derivati cyklo-trifosfazenu. Vodné dis-
perze byly pfipraveny technikou semikontinualni emulzni polymerace, kde jako vychozi monomery byly pouzity
styren, methylmethakrylat, butylakrylat, kyselina methakrylova, 2-hydroxyethylmethakrylat a allylmethakrylat.
Latexy slouzily jako hlavni slozka transparentnich natérovych systémut vytvrzovanych pomoci melaminoformal-
dehydové pryskytice. Pfednostmi téchto natérovych systému je nizky obsah t€kavych organickych latek, transpa-
rentni povaha a ochranné a bezpe¢nostni vlastnosti zejména z pohledu snizené hotlavosti.

Byly pfipraveny 2 fady latexovych systému s ¢asticemi typu ,,core-shell”. Jadro bylo zesitovano pomoci
allylmethakrylatu, popf. hexaallylamino-cyklo-trifosfazenu, obal ¢astice byl zesitovany pomoci fosfazenu ally-
laminu popf. pomoci hexachloro-cyklo-trifosfazenu. Derivaty fosfazenu mély kromé sit'ujici funkce plnit také
funkei retardért hoteni. U druhé fady vodnych disperzi byl misto monomeru methylmethakrylatu pouzit sty-
ren. Hexaallylamino-cyklo-trifosfazen byl v latexovych mikrogelech obsazen bud’ v obalu &astice nebo v jadie
i v obalu mikrogelovych &astic. Diky allylovym skupinim muize byt hexaallylamino-cyklo-trifosfazen radikalo-
vym mechanismem navazan do struktury polymerniho mikrogelu.

Byly formulovany dvouslozkové natérové systémy na bazi vodné disperze a melaminoformaldehydové
pryskyftice (MF) tak, aby byly dosazeny optimalni vlastnosti natérovych filmi. Hydroxylové skupiny v obsazené
v 2-hydroxyethylmethakrylatu nasledné¢ umoznovaly reakci s pfidanou MF pryskyfici. Vytvrzovani pomoci MF
pryskyfice probihalo 24 hodin pfi laboratorni teploté a nasledné 3 hodiny pfi 130 °C. U vytvrzenych natérovych
filmt byla zméfena tvrdost a lesk. Natérové filmy byly umistény do QUV panelu a vystaveny UV zafeni po dobu
300 hodin, coz odpovida jednomu roku starnuti natérového filmu na povétrnosti. U natérovych filmu byla zjis-
tovana hoflavost méfenim v konickém kalorimetru. Pfi méfeni byly sledovany veliCiny jako celkové mnozstvi
uvolnéného spalného tepla, celkova spotieba kysliku, mnozstvi uvolnéného koufe, maximalni primérné mnozstvi
uvolnéného tepla.

2 Vysledky a diskuze

Pomoci metody 31P NMR bylo prokazano, ze byly oba druhy derivati fosfazenu navazany do struktury mi-
krogelové ¢astice. U natérovych filmu z latexii, které osahovaly v jadfe ¢astice zabudovany hexaallylamino-cyklo-
-trifosfazen, doslo ke ztraté lesku i tvrdosti ptfipravenych natéra. VSechny vytvrzené natérové filmy dosahovaly
maximalni chemickou odolnost proti ptisobeni methylethylketonu (MEK). Tyto natérové filmy také dosahovaly
maximalni odolnost proti padajicimu zavazi, pfi zkousce ohybu na valcovém trnu i hloubeni.
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V piipadg, ze byly pfi tvorbé natérovém filmu pouzity latexové ¢astice, jejichz jadro bylo zesit'ovano pomoci
hexaallylamino-cyklo-trifosfazenu, doslo béhem spalovani k vyraznému poklesu mnozstvi uvolnéného spalného
tepla a mnozstvi koufe, naopak se spotiebovalo vétsi mnozstvi kysliku v porovnani s latexovymi ¢asticemi, jejichz
jadro bylo zesitované pomoci allylmethakrylatu. Tyto faktory ukazuji na retarda¢ni uéinek hexaallylamino-cyklo-
-trifosfazenu pii hofeni.

3 Zavér

Pomoci semikontinualni emulzni polymerace se podafilo ptipravit vodné disperze mikrogelovych ¢astic typu
,core-shell“. Do struktury jadra byl zabudovan hexaallylamino-cyklo-trifosfazen, ktery se kromé situjici funkce
projevil také jako retardér hofeni. Hexachloro-cyklo-trifosfazen se podafilo zabudovat do obalu mikrogelovych
astic. Z latext zesiténych pomoci melaminoformaldehydové pryskytice byly ptipraveny natérové filmy, které
vykazovaly vyborné optické a mechanické vlastnosti. Latexy vnasely do natérovych povlakt flexibilitu, houzev-
natost a diky derivatu fosfazenu i snizenou hoflavost, zatimco MF jako sit'ujici slozka zajistila natéram tvrdost
a chemickou a tepelnou odolnost. Diky snizené hotlavosti v disledku kovalentné zabudovanych derivati trifosfa-
zenu jsou tyto natérové filmy vhodné zejména pro ochranu pfedméti, které se nachazi v prostredich se zvySenym
rizikem pozaru.




THE 8™ CONFERENCE ON PIGMENTS AND BINDERS ¢ 2-3/11/2015

INVESTIGATION OF THE EFFECT OF MOLAR MASS ON FILM-FORMING
PROPERTIES OF SELF-CROSSLINKING LATEXES

STUDIUM VLIVU MOLEKULOVE HMOTNOSTI NA FILMOTVORNE
VLASTNOSTI SAMOSITUJICICH LATEXU

MACHOTOVA J., PODZIMEK 8.2, ZGONI H.>!

1 Univerzita Pardubice, Fakulta chemicko-technologicka, Ustav chemie a technologie makromolekularnich latek
2 Synpo, akciova spolecnost, Pardubice

Summary
The influence of molar mass of the shell layer of latex particles having core-shell morphology on film-forming
and final coating properties of self-crosslinking latexes was investigated. Structured latex particles were pre-
pared by the semi-continuous non-seeded emulsion polymerization of methyl methacrylate, butyl acrylate and
methacrylic acid as main monomers. The particle core was slightly crosslinked (using a constant amount of allyl
methacrylate as a comonomer) to prevent the copolymers forming the core phase from migration into the shell
phase. For interfacial crosslinking, diacetone acrylamide was copolymerized into the shell layer of latex par-
ticles to provide sites for subsequent reaction with adipic acid dihydrazide. The molar mass of copolymers for-
ming the shell layer was systematically varied by isooctyl 3-mercaptopropionate chain transfer agent included in
the synthesis of each of the shell layers and the molar mass distribution was determined using the size exclusion
chromatography technique. Fundamental properties of latexes and cast films were systematically compared. The-
se properties included minimum film-forming temperature, pendulum hardness, stress-strain properties as well as
the characterization of water absorption. The results confirmed theoretical predictions and described empirically
the effects of molar mass of the shell layer copolymer on decreasing the minimum film-forming temperature and
influencing the end-use properties of coatings as well.

Keywords
Emulsion polymerisation, core-shell latex, diacetone acrylamide

1 Introduction

The incorporation of crosslinking chemistry in waterborne coatings is recognized to provide a particularly
effective means of enhancing the mechanical strength, chemical stability, and solvent resistance of the final film [1,
3]. Recently, a system based on the reaction of a carbonyl pendant group on the dispersed polymer backbone with
a diamine, especially where the diamine is the adipic acid dihydrazide (ADH), has been the subject of increased
interest [4—11]. This chemistry, termed the keto-hydrazine reaction, offers the advantage of fast, ambient-tempe-
rature crosslinking in functionalized acrylic latex, when the dihydrazide is incorporated in the aqueous phase of
the latex. Among the carbonyl functionalized monomers, diacetone acrylamide (DAAM) has attracted the most
significant attention [12—-13].

The molar mass and its distribution can strongly influence many of physical properties of an emulsion coating
polymer (glass transition temperature, gel content, extent of polymer chains inter-diffusion during the coalescen-
ce period) [14]. In order to possess increased final coating properties, a balance between chemical crosslinking
and polymer chain mobility resulting in sufficient inter-diffusion and entanglement of polymer chains during the
particle coalescence stage has to be maintained [15]. By introducing the self-crosslinking chemistry in emulsion
polymers, the physical and chemical integrity of latex films is enhanced, while the film formation process may
be complicated. As a result, a precise control of latex copolymer particles structure from the point of view of the
molar mass and its distribution is particularly important in the case of self-crosslinking latexes. By varying the
molar mass of emulsion copolymers, desired film properties like hardness, or minimum film-forming temperature
can be tuned. To the best of our knowledge, no investigations on the dependence of molar mass on film-forming
and fundamental coating properties of self-crosslinking latexes were performed. This lack of information has
motivated this present work.
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2 Materials and methods

2.1 Materials

Self-crosslinking latexes investigated in this research work were synthesized of methyl methactrylate
(MMA), butyl acrylate (BA), methacrylic acid (MAA), diacetone acrylamide (DAAM), and allyl methacrylate
(AMA). All the monomers were purchased from Roehm (Germany). Disponil FES 993 IS (BASF, Czech Repub-
lic) was used as a surfactant and ammonium persulfate (Lach-Ner Company, Czech Republic) was utilized as an
initiator of the polymerization reaction. Isooctyl 3-mercaptopropionate (Sigma-Aldrich, Czech Republic) served
as a chain transfer agent (CTA). Adipic acid dihydrazide (ADH) was utilized as the crosslinker and was purchased
from Sigma-Aldrich, Czech Republic. Tetrahydrofuran (THF, Sigma-Aldrich, Czech Republic) was used as the
SEC carrier. All the chemicals were utilized as received without any further purification.

2.2 Latex preparation and characterization

Water dispersions of structured microgel particles were synthesized comprising a variable content of acrylic
monomers. The core/shell weight ratio of the samples was 2/3, which means a shell thickness about 26 % of the
particle diameter. The nature of acrylic monomers forming core and shell phases was chosen to achieve a calcu-
lated Tg (using the Fox equation [16]) of approximately 6-8 °C. A slight cross-linking inside the latex particle
core was introduced by a controlled amount of AMA. The level of isooctyl 3-mercaptopropionate CTA included
in synthesis of each of the shell layers was systematically varied. The shell layer included a constant amount of
DAAM repeat units to provide ketone carbonyl functionalities for interfacial crosslinking by reaction with ADH
added during latex formulation. To improve the colloidal stability of latexes and to ensure the acid catalysis of
keto-hydrazine crosslinking reaction, carboxyl functionalities were introduced into the structure of core and shell
layers by copolymerization with a constant amount of MAA into all the prepared copolymers.

The latexes were produced in a 700 ml glass reactor by the semi-continuous non-seeded emulsion polyme-
rization under nitrogen atmosphere at 85 °C. This procedure ensured relatively homogeneous latex particles of
statistical copolymers. The reactor charge was put into the reactor and heated to the polymerization temperature.
Then the monomer emulsion was fed into the stirred reactor at feeding rate about 10 ml/min in two steps (1. core
preparation, 2. shell preparation). After that, during 2 hours of hold period the polymerization was completed. The
latex was cooled to room temperature and filtered to remove any coagulum. The pH was adjusted to 8.5 with am-
monia solution. To produce self-crosslinking latexes of structured microgel particles, a 10 wt.% aqueous solution
of ADH, in the amount corresponding to the molar ratio ADH:DAAM = 1:2, was added to the aqueous core-shell
microgel dispersion with agitation.

The minimum film-forming temperature (MFFT) was measured using the MFFT-60 instrument (Rhopoint
Instruments, UK) according to ISO 2115. The MFFT is defined as the minimum temperature at which a film cast
from the polymer dispersion becomes continuous and clear.

2.3 Molar mass determination

The values of average molar mass and molar mass distribution curves of shell copolymers were determined
using the SEC technique. An instrumental setup consisted of a set of two PL gel Mixed-B 300 x 7.5 mm columns
(Agilent, USA), a HELEOS MALS photometer and an Optilab rEX refractive index (RI) detector (both Wyatt
Technology Corporation, USA). Both detectors operated at 685 nm. THF was used as the mobile phase. Samples
of latexes without ADH were injected as solutions in THF in the volume of 100 pnL and the concentration of about
0.2 w/v %. The data acquisition and processing were carried out by ASTRA 6 software (Wyatt Technology Corpo-
ration, USA). The MALS data were processed using Berry light scattering formalism.

2.4 Coating preparation and evaluation

The coating films with a wet thickness of 120 pm were cast on glass and metallic panels by drawing the self-
-crosslinking latexes using a blade applicator. No coalescing solvents were used. After curing at room temperature
(23 °C) for 1 month, the resulting films were evaluated for their hardness, impact resistance and chemical resistan-
ce. The dry film thickness was determined using a three-point instrument (BYK-Gardner, Germany) in the case of
films prepared on glass panel, thickness of specimen on metallic panels was measured by the Sauter TE 1250-0.1
F Digital Coating Gauche (Sauter, Germany). The hardness of test films was measured by the pendulum hardness
tester with “Persoz” pendulum (BYK-Gardner, Germany) following CSN EN ISO 1522. The impact resistance
was evaluated according to CSN EN ISO 6272 using the Elcometer 1615 Variable Impact Tester (Elcometer Instru-
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ments, UK) and the chemical resistance was determined by methyl ethyl ketone (MEK) rubbing following ASTM
D 4752. All experiments were carried out at room temperature (23 +1 °C).

For evaluating and comparing the stress-strain behaviour and water absorption, specimen were prepared
by pouring the latexes into a silicone mould. Films were air-dried at room temperature (23 °C) for a month. The
stress-strain studies were done on MTS-4/M universal testing machine (Sintech — MTS System Corporation, USA)
according to CSN EN ISO 527-3 at a tension rate of 10 mm/min at 23 °C. The specimen size used for the tensile
tests was 50 x 5 x 0.75 mm’. Five specimen of each sample were tested and tensile moduli were obtained from
the initial linear part of the stress-train curve. The water absorption by the latex films was measured by immersing
samples in distilled water at 23 °C. The water absorption, A is given by A = 100(w,— w,)/w,, where w, is the sample
weight before immersion and wt is the sample weight after immersion in water during given time. The swollen
films were carefully removed from water, and water from the film surface was removed by touching the polymer
with a filter paper. For each sample, three specimens of the approximate dimensions 20 x 20 x 0.75 mm® were
tested and averaged values of the results were collected as a function of time.

3 Results and discussion

Latexes with negligible amount of coagulum (0.1-0.8 %) were synthesized by the semi-continous non-see-
ded emulsion polymerization process with varying levels of chain transfer agent in shell layer compositions and
were stable for over 6 months. The results showed that the MFFT values were shown to be influenced significantly
by the content of CTA in the shell layer of latex particles (more precisely by the molar mass of the shell copoly-
mer), a demonstration is given in Fig. 1. As expected, decreasing the molar mass of shell copolymers resulted in
a drop in MFFT values. This phenomenon can be explained by higher mobility and plasticization effect of low
molar mass copolymer molecules leading to enhanced coalescence at lower temperatures.

The effect of molar mass of copolymers forming the shell layer of structured acrylic microgels on final
coating properties of self-crosslinking latexes is presented in Table 1 and Fig. 2. It should be noted that all the
self-crosslinking latexes of core-shell microgels were able to form high-quality transparent films at ambient tem-
perature and dry film thickness of the coatings was approximately 40 pm. It was found that all the investigated
coating properties were influenced significantly by the molar mass of the shell layer of latex particles. As expected,
the mechanical properties and MEK resistance of latex films were deteriorated with lowering the molar mass of
shell copolymers, whereas the water uptake of the coating films (after 70 days-long immersion) increased. The
probable reason of the fall of mechanical properties lies in the plasticizing effect of low molar mass shell copoly-
mers explained by the enhancement of the number of polymer chains ends. The decrease in MEK resistance and
strain at fracture (expressed through the length of stress-strain curves) may be apparently associated with the drop
in number of chain entanglements due to shortening the polymer chain length. The enhanced coalescence of latex
particles caused by favored inter-diffusion of low molar mass shell copolymers was manifested by the results of
water absorption.

Fig. 1 — Dependence of minimum film-forming temperature of self-crosslinking latexes on weight average
molar mass of shell copolymers.
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Tab. 1 — Comparison of final properties of coating films cast from self-crosslinking latexes differing in
molar mass of shell copolymers

3,300 37 25 39.8 12.5+2.0 20.6 £0.7 40.2
604 34 25 39.6 11.7+1.4 18.0 £1.7 42.6
57 29 20 355 7.7+0.7 13.1£1.8 90.5
27 27 18 31.9 55+1.8 8.6£1.1 151.5
18 23 14 27.6 4.1+0.7 5.4+0.6 188.0

Fig. 2 — Dependence of coating properties: tensile strength (1), impact resistance (2), pendulum hardness
(3), and water absorption (4) on weight average molar mass of shell copolymers. Properties expressed in
rel. % are related to corresponding properties of the coating films cast from the self-crosslinking latex
containing 0 wt.% amount of CTA in the shell copolymer.

4 Conclusions

The aim of the present study was to explore the film-forming and final coating properties of self-crosslin-
king latexes in relation to molar mass of the copolymer forming shell layer of structured acrylic microgels. The
strategy was to have structured particles composed of an internally crosslinked core (to prevent the copolymers
forming the core phase from migration into the shell phase) and a shell layer comprising DAAM repeat units (to
provide for interfacial crosslinking by reaction with ADH added during latex formulation). The molar mass and
its distribution of the copolymer forming the shell phase was gradually reduced with different amounts of isooctyl
3-mercaptopropionate included in the synthesis of the shell layers. The results confirmed theoretical predictions
and described empirically the effects of molar mass of the shell layer copolymer on decreasing the minimum film-
-forming temperature and influencing the end-use properties of coatings as well.
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STABILIZACE RZI NA ZELEZNYCH KOVECH PRiPRAVKY
NA SILIKATOVE BAZI

TREATMENT OF RUST CREATED ON FERROUS METALS
BY THE SILICATE-BASED AGENTS

DENK K.
Pragochema spol.s r.o., Praha

Summary
The paper first discusses the causes of rusting and the distinct features of the rust created on the steel structures
and, further, use of the acid tannin-based rust convertors to enhance the protection performance of the rust
being created. Regarding some drawbacks of the current tannin-based rust convertors (slow curing, deep
staining of the rust treated as well as facades below by its run-down), a new type of solvent-borne silicate rust
modifying agent was formulated on the principle sol-gel technology and tested in comparison with a tannic
acid-based rust convertor for the barrier protection function against active corrosion. It was found out in the
laboratory tests that the silicate-based rust non-staining type outperformed considerably the tannin one in fixing
rust capability against its run-down and barrier protection behaviour.

Key words
Corrosion, steel structures, rust components, rust convertors, tannin, ethylsilicate, sol-gel, gel cracking, barrier
protection function, rust fixing, rust staining.

1 Uvod

Pfi navrhovani protikorozni ochrany ocelovych konstrukei (dale OK) je vSeobecné znamo a ovéfeno praktic-
kymi zkuSenostmi, Ze natéry/natérové systémy aplikované na kovoveé ¢istém povrchu, dosazitelném pouze abra-
zivnim otryskanim ¢i méné ¢asto motfenim v kyselinach (v ptipadé mensich konstrukénich dilt ¢i prvki), vykazuji
pfi stejnych nominalnich tloustkach suché vrstvy az nékolikanasobné delsi ochrannou t¢innost nez na povrchu
zarezlém a pouze ru¢né o€isténém. Piesto vSak tryskani nelze Casto z ruznych divodi realizovat — je sice v terénu
proveditelné, ale technicky i ekonomicky naro¢né a musi byt provadéno v obdobi bez atmosférickych srazek a pti
teplotach tryskaného povrchu min. 3 °C nad rosnym bodem — pii vyssich vlhkostech je Cerstvé otryskany aktivni
povrch rychle znehodnocovan bleskovou korozi. Proto se jeho provadéni vétsinou omezuje na dilenské podminky
nebo, pokud je to v terénu nezbytné, pouze na teplejsi ro¢ni obdobi. Proto v terénnich podminkach se zkorodované
OK (napt. elektrovodnych stozari) Cisti pod natéry mechanicky, ¢imz se sice odstrani nepfilnavé vrstvy koroznich
produkti, ale nikoli spodni vrstva rzi ptilnava k podkladové oceli, ktera ov§em obsahuje hlavni podily korozné
stimulujicich soli (viz dale). Dalsi uvadéné divody proti tryskani jsou: znaény (aZ dvojnasobny) nartst nakladu,
snizena piistupnost nékterych OK/konstrukénich prvka a potencionalni nebezpeci deformace ¢i perforace histo-
ricky cennych tenkosténnych, obvykle kovaisky tepanych dila Casto jiz tak znaéné zeslabenych letitou korozi.

Cela problematiky natéri na zkorodovany povrch zahrnuje 2 roviny, dané jednak zdrsnénym povrchem
i vlastnim charakterem nekompaktnich a mikroporéznich koroznich produkti bez ohledu na jejich sekundarni
zneCiSténi a jednak jejich postupnou kontaminaci koroznimi stimulatory (sirany, chloridy, dusi¢nany) vznikajici
plsobenim atmosfér znecisténych oxidem sifi¢itym (v piipadé primyslovych atmosfér), dale aerosoly chloridi
(z ptimotskych atmosfér a dale i sezonné z posypovych soli k zajisténi sjizdnosti komunikaci v zimnim obdobi)
a kone¢né 1 oxidy dusiku pochazejicich z intenzivni dopravy. Akumulaci téchto rozpustnych soli, pfedev§im ve
spodni pfilnavé vrstve rzi, se vytvaieji podminky pro vznik osmotickych puchyit v naslednych natérech, které mo-
hou ve vyznamné mife znehodnotit jejich ochrannou funkei. Navic zkorodovanim dochazi i k ur¢itému zdrsnéni
podkladu a podobné jako na otryskaném povrchu, zejména u tencich natéra, k mistnimu snizeni jejich efektivni
tloustky a schopnosti prekryt vrcholky nerovnosti ¢astic koroznich produkti.

Dalsim moznym zpsobem zhotoveni natéri na ruéné o€istény povrch OK bez nutnosti kompletniho odstrani
rzi je aplikace tzv. stabilizatorti ¢i modifikatort rzi, které se objevuji na trhu zhruba od 60. let minulého stoleti.
Tyto kysele reagujici (hodnota pH 1,5-3) tekuté nizkoviskozni ptipravky na vodni bazi obsahuji jako u¢inné sloz-
ky polyhydroxiaromatické slouceniny, nej¢astéji pfirodni tanin a kyselinu fosfore¢nou, event. i filmotvornou sloz-
ku (vodni disperze organickych polymeru) a jejich ucinek spociva v chemické vazbé kationt zeleza do relativné
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nerozpustnych chelati a fosfati. Urcitou nevyhodou téchto stabilizatorti byva dlouha reakéni doba pro dosazeni
neutralni reakce zkorodovaného povrchu (v zavislosti na vlhkosti atmosféry nékolik dni az tydnt), protoze az po
této dobé je mozno zhotovit natéry. Dal$im omezenim muize v urcitych pfipadech byt i tmavé zabarveni tanato-
vych komplexd, které jsou pii ptisobeni atmosférickych srazek ¢asteéné vymyvany a stékaji na okolni fasady, kde
vytvaii z estetického hlediska nezadouci a obtizné odstranitelné skvrny. Stabilizatory rzi nejsou obvykle urceny
k samostatné finalni upraveé ruéné o¢isténého povrchu OK, nybrz penetraci do mikroporézni struktury rzi a chemic-
kou reakci s nékterymi jejimi slozkami maji vytvofit vhodny kompaktni podklad pod nasledné natéry ke zvyseni
jejich ptilnavosti a tim i ochranné funkce v porovnani s natéry aplikovanymi pfimo na zarezly povrch. Myslenka
vyuziti stabilizatort rzi jakozto levngjsi alternativy ke kvalitni tpravé povrchu pod natéry byla a zfejmé i nadale
zUstane, zejména mezi laickou vefejnosti, velmi lakava a to i navzdory tomu, ze praktické zkuSenosti s témito
ptipravky nejsou viibec jednozna¢né a mimo jiné zavisi i na typu pouzitého natéru, slozeni a tloustce zbytkové
rzi. Proto vSeobecné nejsou doporu¢ovany zejména v agresivnich atmosférach [1, 2] a ze stejného diivodu nebylo
jejich pouziti implementovano ani do soucasné platnych technickych piedpisti a standardu jako jedna z moznych
variant k Gipravé povrchu OK pod natéry, viz napf. [3].

Cilem této prace bylo laboratorni testovani uzitnych vlastnosti piipravku na jiné bazi, a to organicky modi-
fikovaného gelu kyseliny kiemiCité a s obsahem organickych rozpoustédel, ktery by jako jedina a finalni uprava
zarezlého povrchu podstatné neménil vzhled upravené rzi, fixoval zarezly povrch stavebnich konstrukénich prvki
ze zeleznych kovt proti stékani rzi a zneCisténi okolnich fasad, zvysil ochranné vlastnosti stavajici vrstvy rzi
a pokud mozno byl i vhodnym podkladem pod nasledné natéry.

2 Vznik a sloZeni rzi na Zeleznych kovech

Na rozdil od nékterych nezeleznych kovi (Zn, Cd, Pb, Cu), kdy reakcemi s atmosférickymi stimulatory
koroze oxidem sifi¢itym a chloridy se vytvareji kompaktni a stabilni hydroxisoli (zasadité¢ uhli¢itany, sirany a
chloridy) s ochrannymi vlastnostmi, nevznika pii atmosférické korozi zeleza rez plosné rovnomérnymi reakcemi
a v dusledku toho ma vyrazné heterogenni skladbu, a to jak v samotné vrstvé tak i v jejim plosném rozlozeni.
Zatimco u uvedenych nezeleznych kovi se v soustavé naslednych reakei koroze stava nejpomalej$im, tj. fidicim
d¢jem, rozpousténi vzniklych ochrannych vrstev, stimuluji atmosféricky SO, a CI' priibéh koroze nelegované oceli
a litiny zcela odlisnym mechanismem, kdy (v piipadé¢ dominantniho zne¢iSténi atmosféry SO,) primarn€ vznikly
siran zeleznaty se soustfed’'uje plo§né nerovnomeérné do tzv. siranovych hnizd a korozni rychlost Zeleznych kovu je
pak prevazné zavisla na jejich cetnosti a plo$ném rozloZeni. Koroznimi produkty Zeleza jsou vedle Fe,O, (magne-
tit) zejména precipitaty oxidohydroxidu zelezitych FeOOH, a to jak v amorfni formé, tak i nékolika alotropickych
modifikaci a a y, popt. i ff a 9, které vsak, s vyjimkou vytvofenych na tzv. nizkolegovanych patinujicich oceli, viz
dale) postradaji ochranné vlastnosti. Vznik rzi je schématicky znazornén na obr. 1 [4].

Obr. 1 — Schématické znazornéni reakci vzniku rzi na Zeleznych kovech v kapce solného roztoku
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Pii plisobeni atmosfér. SO, je tento dalsimi oxida¢nimi slozkami atmosféry (NO,, H,0,, O,, O,) nejprve

oxidovan (reakce 1) za vzniku siranovych aniont, které dale stimuluji rozpousténi zeleza pii anodickém dé&ji (dil¢i
reakce 2-5):
SO, +2%+ 0O, (aq) = SO (reakce 1)
Fe +H,0 =Fe(OH),, + H" +¢ (reakce 2)
Fe(OH),, + SO,> =FeSO, + OH + ¢ (reakce 3)
FeSO, = Fe*" + SO,* (reakce 4)
Fe?* +2H,0 = FeO(OH) + 3H* + & (reakce 5)
Zakladni katodickou reakei pti atmosférické korozi je redukce kysliku:
2H,0 + O, +4 ¢ = 40H (reakce 6)

Stimulaéni G¢inek siranovych iontl se tedy projevi v jejich katalytické funkci anodického korozniho déje
(j. snizeni jeho aktivacni energie). Siran zeleznaty vznikajici v reakci 3 se plosn¢ nerovnomérné akumuluje na
anodickych mistech ve vySe zminénych siranovych hnizdech. Schematicky je vliv atmosférického oxidu sifi¢itého
na korozi zeleza znazornén na obr. 2 [5].

Obr. 2 — Mechanismus atmosférické koroze Zeleza v atmosféie s oxidem siFi¢itym

Jednotlivé faze vzniku nerozpustnych slozek rzi 1ze jinak znazornit timto schématem (reakce 7):

kde x mize nabyvat hodnot 01, v daném piipadé amorfniho oxihydroxidu cca 0,4.

Alotropicka pfeména v pevné fazi:

Y-FeOOH (s) => a-FeOOH (s), AG®,, =12 — (- 5) = =7 kJ.mol™ [6] (reakce 8)

Amorfni oxidohydroxid Zeleza piedstavuje metastabilni (pfechodny) stav pfi alotropické preméné y-FeOOH
=> 0-FeOOH, zatimco a-FeOOH je konecny a nejvice stabilni produkt atmosférické koroze Zeleza (AG®,,, je za-
porna, viz reakce 8) s nejnizsi rozpustnosti (~10-'° umol Fe/l pii hodnoté pH 7), ktera mize byt az o nékolik fadu
nizsi nez rozpustnost lepidokrokitu [7].

Podobnym katalytickym mechanismem pfi anodickém rozpousténi Zeleza pisobi i chloridy, které jsou pii-
tomny ve formé aerosolti zejména v ptimoiskych atmosférach.
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3 ZvySeni ochrannych vlastnosti rzi legovanim oceli

Slozeni uhlikovych a vétsiny nizkolegovanych oceli prakticky neovliviiuje korozni odolnost v atmosférach.
Vyjimkou jsou pouze tzv. nizkolegované patinujici oceli (dale NPO) se zvysenou odolnosti proti atmosférické
korozi s obsahem synergicky pisobicich legur Cr, Cu, Ni, Si a P, popf. i Mn v thrnném mnozstvi do cca 5%, na
kterych se v prub&hu nékolika let vytvoii kompaktni vrstva rzi s ochrannymi vlastnostmi. Tyto oceli vykazuji ve
vnéjSich atmosférach, s vyjimkou atmosfér extrémné vlhkych a zne€isténych, pii vhodném konstrukénim uspo-
fadani umoznujici stiidavé ovlh¢ovani a vysuSovani povrchu, az trojnasobné vyssi korozni odolnost v porovnani
s béznymi uhlikovymi ocelemi, pticemz tloustka kompaktni vrstvy koroznich produkti vytvotena za stejnou dobu
expozice v témze prostiedi je obvykle niz§i u NPO nez u uhlikovych oceli. Zakladnimi vlastnostmi ochranné rzi
— patiny jsou vyS$§i kompaktnost, niz§i poréznost a vy$si obsah amorfni faze a snizeni ¢i dokonce az tiplné vy-
mizeni siranovych hnizd. Pro uhlikové i NPO plati, ze korozni produkty vzniklé pii atmosférické korozi jsou
co do slozeni v obou piipadech v zasadé identické a obsahuji jako hlavni slozky magnetit, lepidokrokit, goethit
a amorfni oxidohydroxid zelezity FeO (OH), , . Na rozdil od uhlikové oceli vSak bylo prokdzano [8[, Ze ochranné
vlastnosti NPO jsou pfedevsim uréeny vnitini kompaktni vrstvou koroznich produktt pfiléhajici k oceli, ktera se
pfii expozici na atmosféfe vytvoii béhem nékolika let alotropickou pteménou puvodniho lepidokrokitu na goethit
pies metastabilni amorfni FeO (OH), , , viz reakéni schéma 7. Tato ochranna vrstva je vytvofena agregaty goethitu
o primarni velikosti krystalki max. 10 nm (nanokrystaly), zatimco u uhlikové oceli byly zjistény vyrazné vetsi
krystaly rzi (fadoveé stovky nm) ze smési goethitu a lepidokrokitu a navic jsou patrny i trhlinky o rozmérech pod
1 pm v samotné vrstvé rzi [8], viz obr. 3. Pomoci SEM (obr. 3) bylo tedy prokazano, ze krystalky lepidokrokitu
jakozto hlavni slozky vnéjsi vrstvy patiny na NPO i celkové vrstvy rzi vytvorené na uhlikové oceli maji az fadové
vetsi rozméry nez nanokrystalické ¢astice goethitu ve vnitini ochranné vrstvé patiny na NPO.

Obr. 3 — SEM mikrosnimKy [8] po expozici na atmosféie 26 rokii: a) porézni vnéjsi vrstva patiny NPO
obsahujici prevazné lepidokrokit o primérné velikosti ¢astic 0,5 pm, b) vnitini kompaktni vrstva patiny
NPO tvorena sférickymi agregaty nanokrystali goethitu o velikosti ¢astic do 10 nm, c) necelistva vrstva
rzi postradajici ochrannou funkci vytvoiend na uhlikové oceli sloZena z relativné vétSich Castic ze smési

lepidokrokitu a goethitu s patrnymi trhlinkami a dutinami

Ve vnitini ochranné vrstvé patiny u NPO byl navic zjistén zvyseny obsah Cr (kolem 3%) a dale i Cu a P,
které inhibuji rast krystald a zptisobuji rovnomeérnéjsi priabeh korozniho déje, a to zejména v pocatenim stadiu
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pti vytvareni ochranné patiny (do nékolika let). S rostouci velikosti krystalti rzi vytvofené na uhlikovych ocelich
zjevné roste i velikost porti ve vrstveé a tim se snizuji i jeji bariérové ochranné vlastnosti.

U NPO se piedpoklada, ze lepidokrokit, jakozto hlavni slozka piivodné vzniklé nekompaktni a porézni vrstvy
1zi (viz obr.3a), se béhem dlouh¢ doby expozice (min. 10 roki) pfeméni pfes metastabilni amorfni FeO (OH),,
na vnitini kompaktni a stabilni vrstvu patiny vytvofené z nanokrystalického goethitu (obr. 3b), ktera zpisobuje

zvysenou korozni odolnost téchto oceli proti atmosférické korozi.

4 Stabilizatory rzi na bazi komplexotvornych latek

Nejrozsifengjsim zptisobem stabilizace rzi na zeleznych kovech je vazani iontu Fe?* do relativné neroz-
pustnych komplext v kyselém prostredi (pH 2-3) za ptitomnosti alkoholl k usnadnéni penetrace do vrstvy rzi.
K tomuto ucelu se vyuzivaji ve vodé rozpustné polyhydroxiaromatické slouc¢eniny (pyrokatechin, pyrogalol, kyse-
lina galova) obsahujici min. 2 hydroxiskupiny v o-poloze, nej¢astéji vSak pfirodni tanin v koncentraci obvykle do
10%. Chelatové vazby s ionty Fe** uvolnénymi reakci koroznich produkti v kyselém prostiedi a naslednou oxidaci
vzdu$nym kyslikem na Fe** se vytvoii dle nasledujiciho schématu (obr. 4):

Obr. 4 — Vznik tanatovych komplexi s Fe: a) monokomplex, b) biskomplex

Vzniklé tanatové komplexy maji vyrazné tmavomodré zbarveni.

Pro dosazeni kysel¢ho prostiedi se nejéastéji pouziva kyselina fosforecna v koncentraci obvykle do cca 15%,
ktera zajistuje nejen rozpusténi koroznich produkti na Fe?', ale souc¢asné (pii konc. do 15%) se kromé tanatového
komplexu vytvaii konverzni vrstva nerozpustného amorfniho vivianitu

Fe, (PO,), . 8H,0 bélavého az namodralého zbarveni, podobné jako u tzv. zeleznatého fosfatu [9]. K chemic-
kym reakcim se rzi tak dochazi ke konkurenci mezi obéma u¢innymi slozkami, tj. taninem a kyselinou fosfore¢-
nou. Pii vyssich konc. kyseliny fosforecné se sice urychli reakce se rzi, vznikaji v§ak nezadouci rozpustné hydro-
genfosfaty a dihydrogenfosfaty Fe, které obvykle vyzaduji nasledny oplach vodou k jejich odstranéni z povrchu,
a to zejména v piipadé naslednych natért. Pii koncentraci kyseliny fosfore¢né nad 30 % vznikaji popraskané
¢ernohnédé vrstvy na bazi dihydrogenfosfati zcela nevhodné pod nasledné natéry (obr. 3).

Kromé koncentrace taninu a kyseliny fosfore¢né zavisi vyrazné ti¢innost téchto typi stabilizatori i na tloust-
ce zbytkové pfilnavé vrstvy rzi (tj. po mechanickém odstranéni vrchni nepfilnavé vrstvy) a jejim stafi, coz obvykle
dale urcuje pomémé zastoupeni jednotlivych slozek rzi, tj. magnetitu, lepidokrokitu a goethitu. Bylo zjisténo
[9,10], ze jak tanin, tak i obvykle pfitomna kyselina fosforecna reaguje nejsnaze s lepidokrokitem a nejpomaleji
tj. nejméné reaktivni korozni produkt (viz vyse). Na mladsich a tencich vrstvach zbytkové rzi (tloustka do
cca 50 um a stati do nékolika let) s vyssim podilem lepidokrokitu bude tedy taninovy stabilizator rzi Iépe fungo-
vat nez na tlustych a starych rzich (tloustka nad 100 pm a stafi nad 10 roki) s vys$sim podilem méné reaktivniho
goethitu.

Ochranna funkce taninovych stabilizatord rzi, jakozto samostatné Upravy zkorodovaného povrchu, neni
obvykle pfi expozici na povétrnosti piili§ vysoka a spiSe se predpoklada jako vhodny podklad pod néasledné na-
téry, které vSak musi byt aplikovany az po dosazeni pfiblizné¢ neutralni reakce povrchu (pH vyluhu 7), coz mtize
v zavislosti na teplot¢ a vlhkosti atmosféry byt nékolik dnl az tydnd, jinak hrozi vznik osmotickych puchyit
v natéru. Pro svoji korozné-inhibi¢ni funkci se tanatovani, jakozto samostatna a findlni a konzervacni Gprava
siln¢ zkorodovanych historickych a archeologickych zeleznych artefaktt, dale uchovavanych ve vnitinich a popf.
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i klimatizovanych prostorach, velmi osvédcilo v restauratorské praxi [11].

Tanatovanim zarezlého povrchu piipravky s vysokym obsahem kyseliny fosfore¢né (min. 30 %) se chemic-
kou reakci s lepidokrokitem vytvoii amorfni leskla a kompaktni vrstva tanatti Fe, ktera vSak obsahuje mikrotrh-
linky, viz obr. 5b [10].

Obr. 5 — SEM mikrosnimky[10]: a) zbytkova vrstva rzi bez tipravy stabilizatorem,
b) po tipravé stabilizatorem (3% tanin + 30% Kyselina fosfore¢na)

a b

Shrnuti vlastnosti stabilizatorti rzi s i¢innymi slozkami tanin + kyselina fosforecna:

* Vrchni natéry musi byt naneseny az na dokonale zreagovany chemicky neutralni povrch (pH 6-7), jinak
mozny vznik osmotickych puchyit v naslednych natérech!

* Relativné dlouha reakéni doba (dny az tydny) — zejména pro ,,staré™ a tlustsi méné reaktivni vrstvy rzi.

« U tlustSich vrstev rzi je G¢innost stabilizatoru obvykle omezena pouze na povrch vrstvy.

* Zména barevného odstinu a vzhledu vrstvy rzi (temny odstin).

« Pti aplikace bez vrchnich natérii a expozici na povétrnosti mozné nezadouci zabarveni fasad ¢i jinych
materiall stékajicimi tanatovymi komplex. slouceninami.

* Bez vrchnich natéri obvykle nizka ochrannd G¢innost pii expozici na povétrnosti.

5 Vyvoj stabilizatori rzi na bazi gelu kyseliny kiremicité

Snaha alespon ¢astecné eliminovat nékteré nedostatky taninovych stabilizatori rzi a pfitom zvysit ochran-
nou funkci jiz vytvofené souvislé vrstvy koroznich produktii na uhlikové oceli ¢i litin€, podobné jako je tomu
u NPO, vedla k vyvoji nového typu kapalného nizkoviskézniho piipravku na rozpoustédlové bazi pod oznacenim
Silgel Stabil s u¢innou slozkou tetraethoxysilanem (TEOS) resp. jeho oligomerem ethylsilikatem 40 a pfidavkem
ur¢itého mnozstvi organické pryskyfice. Piipravek snadno penetruje do mikroporézni struktury rzi, kde se kysele
katalyzovanou hydrolyzou a polykondenzaci ti¢inkem atmosférické vlhkosti vytvoii tuhy nerozpustny gel, resp.
xerogel kyseliny kiemicité se schopnosti tyto pory utésnit. Proces vzniku kiemicitého gelu 1ze znazornit sumarni
a znacn¢ zjednodusenou reakci — acidobazicky katalyzovanou hydrolyzou a polykondenzaci TEOS za vzniku
xerogelu kyseliny kiemicité (v reakci pro zjednoduSeni uveden jako oxid kfemicity SiO,) a ethanolu, ktery z gelu
vytéka (reakce 9):

(reakce 9)

Dil¢i reakee vytvrzeni gelu: hydrolyza ethoxy skupin na skupiny hydroxylové ~OC,H; => —OH a nasledna
polykondenzace a zesit'ovani za vzniku siloxanovych vazeb a primarnich ¢astic gelu

2 — Si-OH => — Si-O-Si- a jejich dalsi agregace za vytvofeni vysledné gelové struktury.

Principielné jde o vytvafeni gelové vrstvy technikou sol => gel, kde prekursorem je TEOS (kapalny sol
TEOSu prechazi na pevny kiemicity gel).



VIIl. KONFERENCE PIGMENTY A POJIVA « 2.-3.11.2015

Na rozdil od stabilizujciho u¢inku taninovych stabilizatort vazbou iontl Zeleza ze rzi do nerozpustnych che-
latd a fosfatti bude v tomto ptipadé spise dominantni funkci gelu utésnéni port ve stavajici vrstvé rzi a tim zvyseni
jeji bariérové ochranné funkce. Ale i zde lze v disledku opaénych naboju piedpokladat uréitou vazbu kladnych
Fe?" ionth do struktury kiemicitého gelu se zapornym nabojem, coz by v disledku mohlo branit plosnému $ifeni
siranovych hnizd a tim byt i jednou z pfi¢in vyrazného snizeni korozni rychlosti v porovnani se rzi neupravenou.
Treti pfedpokladanou funkci kiemicitého gelu je vytvofit podminky k zabranéni starnuti a krystalizace amorfniho
oxidohydroxidu Fe pfi jeho pfeméné na goethit (viz reakéni schéma 7 pii pfeméné koroznich produktd), tj. aby
na uhlikovych ocelich vznikla rez srovnatelného ochranného ué¢inku jako na NPO, kde vznik a stabilizaci amorf-
niho oxidohydroxidu Fe podporuji legury Cu, P, Si, Ni a Cr. [12]. V ptipad¢ uhlikovych oceli se pfedpoklada
kladny u¢inek amorfniho kiemicitého gelu pfi vzniku zadouciho amorfniho oxihydroxidu Fe a zvyseni jeho stabi-
lity, coz je mozné pouze v mirné kyselém prostiedi daném kyselou katalyzou silikatového stabilizatoru (hodnota
pH = 2-3). Zvyseni stability amorfniho oxihydroxidu Fe pak zpomaluje nezadouci alotropickou preménu lepi-
dokrokitu na stabilngjsi goethit (reakce 8), protoze goethit na uhlikovych oceli, na rozdil od NPO oceli, vytvaii
pti atmosférické korozi vrstvu rzi sloZzenou z hrubsich krystall (¢astic) a na rozdil od amorfniho oxihydroxidu Fe
postrada bariérové ochranné vlastnosti (viz obr. 3c).

Pfi kyselé katalyze (pH = 2—3) probiha sumarni reakce 9 relativné pomalu — v zavislosti na relativni vlhkosti
a teploté atmosféry a Cetnosti vyskytu atmosférickych srazek tydny az mésice. Po tuto dobu v disledku stale pti-
tomnych nezreagovanych ethoxy skupin —~OC,H; si timto zplisobem upravena rez zachovava hydrofobni charakter
a leskly povrch, a teprve postupné ptisobenim atmosférické vlhkosti lesk ztraci a stava se pro vodu smacivou.
Pivodnim zdmérem vyuzitelnosti silikatového stabilizatoru bylo kromé samostatné finalni Gpravy rzi i vytvofeni
vhodné upravy pod natéry (teprve pozdéji se ukazalo, ze to neni vhodny zptsob, viz kap. 7) a zde nesmacivy
povrch by mohl byt prekazkou pro aplikaci natéri, a to zejména vodoufeditelnych. V takovém piipadé by pak
bylo nezbytné dosahnout koneéného vytvrzeni gelové vrstvy a tim i jeji hydrofilizace v dostate¢né kratké dobé
(do nékolika hodin po zaschnuti do nelepivého stavu). Urychleni vytvrzeni by se provedlo naslednou aplikaci
silné kyselého kapalného tixotropniho ¢inidla (pH = 0,5-1,5) s dostate¢nou smaceci schopnosti povrchu dale (dale
oznaceni pfipravku jako Urychlovac), ktery by se v mokrém stavu nechal pusobit po dobu nékolika hodin. Po
dokonalém oplachu vodou a vysuseni by pak bylo mozno ihned nanaset vodoufeditelné natéry. Vliv zmény pH pii
pusobeni Urychlovace na stabilitu pfipravku Silgel Stabil a potazmo i na rychlost vytvrzeni vzniklé gelové vrstvy
je patrny z obr. 6 [13].

Obr. 6 — Obecna zavislost stability solu SiO,/gela¢ni doby kyseliny kiemicité na hodnoté pH [13]

Piedhydrolyzovany roztok TEOSu se stava solem oxidu kiemicitého, proto i pro ptipravek Silgel Stabil
kvalitativné plati zavislost stabilita/gelacni ¢as — pH na obr. 6. Kysele katalyzovany piipravek Silgel Stabil je
formulovan na hodnotu pH = 2-3 do tzv. isoelektrického bodu (v grafu vyznaceno jako IEB), coz je hodnota pH,
kdy ¢astice solu SiO, nesou nulovy néboj. V IEB jsou stabilita solu/gelacni ¢as relativné vysoké a polykondenzace
za vzniku siloxanovych skupin (viz dil¢i reakce 9) probiha naopak pomalu, coz je vyhodné pro jeho skladovani
pripravku v hermeticky uzavienych obalech po dobu v fadu mésicti. Upravou pH pripravku, at’ uz smérem k niz-
§im hodnotam (pH = 0-2, ¢astice solu nesou kladny naboj) ¢i naopak vyssim (pH = 3—7, zaporné nabité ¢astice)
se vzdy snizi jeho stabilita, ale na druhé strané se urychli proces polykondenzace vedouci k zesitovani a vytvrzeni
gelu.
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Pro urychleni vytvrzeni a rychlého dosazeni hydrofilniho povrchu gelu byl ptipravek Urychlovaé formulovan
tak, aby po aplikaci na zaschlou vrstvu xerogelu piipravku Silgel Stabil zptsobil posun pH pravé do kyselejsi
oblasti na pH v rozsahu 0,5-1,5. Naopak, uprava pH gelu do vyssich hodnot (pH 4-7) se piili$ neosvédeilo, pro-
toze timto zptisobem upraveny gel vykazoval vyssi nachylnost k praskani a odlupovani pii zvySenych tloustkach
vrstvy.

Vliv Urychlovace na vzhled ptivodné lesklé hydrofobni gelové vrstvy vzniklé dvojnasobnym nanosem pii-
pravku Silgel Stabil na silné zarezlou ocel i jeho u¢inek pro zlepseni smacitelnosti povrchu je patrny z obr. 7.

Obr.7 — Zkorodovany povrch oceli upraveny piipravkem Silgel Stabil: a) horni ¢ast bez piisobeni Urych-
lovade (viz leskly povrch) a spodni ¢ast po puisobeni urychlovace cca 2 hod (povrch zmatni), b) horni ¢ast

bez Urychlovace nesmacitelna vodou a na spodni ¢asti patrné zlepSeni smacitelnosti stejného povrchu po
pusobeni Urychlovacde

a b

Vliv stabilizatoru Silgel Stabil (2x nanos §tétcem) na zvySeni ochrannych vlastnosti upravené rzi je patrny
z otiskli aktivované ferroxylové zkousky (1% roztok K,Fe(CN), + 3% NaCl), viz obr. 8. V misté prokorodovéni
jsou na otisku patrné modré stopy berlinské modii. V horni ¢asti snimku je otisk neupraveného zkorodovaného
povrchu (slepy pokus), ve stiedni ¢asti otisk rzi upravena stabilizatorem Silgel Stabil a ve spodni ¢asti otisk rzi
upravené stejnym stabilizatorem + piipravkem Urychlovac.

Obr. 8 — Vysledky aktivované ferroxylové zkousky stabilizatoru Silgel Stabil (2 spodni otisky) oproti
slepému pokusu —neupravené rzi (horni otisk)

TEOS i ethylsilikat 40 vykazuji velmi dobrou pfilnavost a kompatibilitu zejména ke kiemenu a proto se jiz
dlouhodobé pouzivaji jako pojivo piskovych forem pro piesné odlévani kovil ve slévarenstvi. V pamatkové ochra-
né se vyuzivaji komeréné dostupné piipravky , které funguji jako konsolidanty je zpevnéni povrchu piskovcovych
stavebnich konstrukci a soch [14, 15] a dokonce byly s tspéchem pouzity i pfi restaurovani historickych omitek
s obsahem kfemicitého pisku [16]. V soucasné dobé, s ohledem na schopnost precipitace kiemicit¢ho gelu
v poérech a jejich utésnéni aniz se vyznamné snizi propustnost pro vodni paru, se jevi jako vhodna povrchova
uprava zelezobetonovych konstrukei ke snizeni jejich navlhavosti, rychlosti karbonatace i difize chloridi [17].
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Ale ani k upravé vrstvy koroznich produkti na OK neni myslenka vyuziti pfipravkd na bazi TEOS zcela
nova [12, 18-20]. V letech 1980-81 byly v tehdejsim SVUOM Praha provadény pokusy tpravy rzi na nelegované
uhlikové oceli kiemicitym gelem organicky nemodifikovanym a byla zjisténo vyrazné snizeni ustalené korozni
rychlosti (az desetinasobné) u oceli s upravenou rzi v porovnani s neupravenou zkorodovanou oceli pii expozici
na tehdejsich koroznich stanicich Praha-Letiany, Usti n. Labem a Kasperské Hory [12]. Pokusy modifikace rzi
gelem kyseliny kiemicité (pfedhydrolyzovanym ethylsilikatem 40) byly provadény na pfipravenych modelovych
rzich kontaminovanych siranem Zeleznatym v plo$né koncentraci 5000 mg.m? exponovanych jednak ve vlhké
neznecisténé atmosfeére (95% relativni vlhkosti) po dobu 3 mésicii a jednak i 1 rok na byvalych atmosférickych ko-
roznich stanicich Praha-Letiiany, Usti n. Labem a Kagperské Hory. Pomoci IC spektroskopie bylo prokazano [12],
ze silikatem upravené vrstvy koroznich produktti obsahuji podstatné méné slozky a-FeOOH v porovnani s neupra-
venymi koroznimi produkty, coz by potvrzovalo ptedpoklad, ze gel kyseliny kiemicité brani starnuti a krystalizaci
amorfniho oxyhydroxidu Fe. Dale bylo ovéfeno, ze Giprava rzi gelem kyseliny kiemicité brani vzniku a plosnému
Sifeni siranovych hnizd, coZ bylo zjistovano autoradiograficky za pomoci radioaktivniho izotopu siry 3S.

U povlaki vytvofenych z anorganickych gelti dochazi pii vysychani a vytvrzovani gelové vrstvy ke vzniku
trhlinek v diisledku zaniku kapilarnich sil, pficemz nachylnost k praskani a velikost trhlin obecné roste s tloustkou
vrstvy. Trhlinky v gelové vrstvé snizuji jeji mechanickou odolnost proti abrazi i bariérovou ochrannou funkci.
V praxi se ukazalo, ze u jakkoli nemodifikovanych anorganickych gelt vzniklych napt. z TEOS ¢i ethylsilikatu 40
dochazi k praskani vrstvy jiz pii tloustkach fadové desetiny pm, max. pak 1 pm [21, 22] a Ize tedy zhotovit povlaky
v této max. tloustce. Naproti tomu, modifikaci organickou pryskyfici lze v zavislosti na jeji koncentraci v gelové
vrstvé zvysit horni toleran¢ni mez tloustky bez vyskytu trhlin az na nékolik pm, coz plati i pro pfipravek Silgel
Stabil. Trhlinky jsou u tlustsich povlaku (tzv. bahenni praskani), napf. zinksilikatovych natért, patrny jiz pouhym
okem (viz obr. 9), zatimco u ten¢ich povlakt v fadu um teprve pod mikroskopem pfi zvétSeni min. v fadu desitek.

Obr. 9 — Trhliny — ,,bahenni praskani* organicky nemodifikovaného zinksilikatového natéru p¥i tloust-
kach vrstvy nad 130 pm, patrné pouhym okem

Obr. 10 — Trhlinky na nékterych mistech ve vrstvé stabilizatoru 2 x Silgel Stabil aplikovaného na rzi
v tloust’ce suché vrstvy Fadové pm po expozici 7 dnii v korozni zkouSce ¢ista kondenzace, snimek z optic-
kého mikroskopu p¥i zvétSeni cca 80x

6 Ochrann ucinnost silikatového stabilizatoru Silgel Stabil

Ochranna u¢innost stabilizatoru Silgel Stabil, a to jednak ve verzi bez nasledné aplikace Urychlovace (ozna-
¢eni SilGel), jednak po pusobeni Urychlovaée (oznaceni upravy SilGel U), byla provedena v porovnani s jed-
nim typem komer¢né vyrabéného kyselého taninového stabilizatoru (pH 1,5) s G¢innymi slozkami ptirodni tanin
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(obsah 8%) a kyselinou fosfore¢nou (12%) oznaceného jako TAN a tzv. slepym pokusem, tj. stejné¢ mechanickym
zpusobem upravenou 1zi, ale bez jakékoli dalsi tpravy (oznaceni SLEP). Pfi upraveé vzorku rzi byly provedeny
vzdy 2 nanosy stabilizatorl $tétcem a v piipadé SilGel U navic i jeden nanos Urychlovace (zhotoveni po zaschnuti
stabilizatoru SilGel a pisobeni po dobu cca 2 hod) a poté dikladny oplach vodou k dosazeni neutralni reakce
povrchu. Pro piipravu zkusebnich vzorkd byly pouzity silné zarezlé ocelové plechy s vyrazné dilkovym charak-
terem vrstvy rzi, které byly pfed nanosem stabilizatorii mechanicky o€istény draténym kartac¢em na stupenn DSt2
(CSN EN ISO 8501-1) a otieny suchym hadrem. Charakteristika zkorodovaného povrchu pro piipravu zkugebnich
vzorki byla nasledujici:

» mnozstvi nepfilnavé rzi odstranitelné okartacovanim 19 g/m?
» mnozstvi zbytkové pfilnaveé rzi 255 g/m?
* piiblizna tloustka prilnavé zbytkové vrstvy rzi 100-120 um
* obsah chloridd ve rzi 40 mg/m?
* obsah sirant ve rzi 550 mg/m?
* stari rzi neznamé, odhad nékolika desetileti
* lokalita vzniku rzi areal chemického zavodu Pragochema

Pro posouzeni ochranné funkce vyse uvedenych stabilizatort rzi byly provedeny tyto laboratorni zkousky:

a) Korozni zkousSka v kondenzacni komore bez znecisténi dle [23] po dobu 168 hod. Vysledky zkousky jsou
fotograficky zdokumentovany, viz obr. 10.

Obr. 10 — Vzhled vzorkii exponovanych v korozni zkousce kondenzaé¢ni 168 hod

U SilGel U vznikl na povrchu jakysi Sedavy nalet, coz je zpiisobeno popraskanim vrstvy a vznikem stiratel-
nych Supinek — je patrné pii pozorovani optickym mikroskopem jiz pti zvétSeni 30x. Je tedy zfejmé pii porovnani
variant SilGel a SilGel U, ze pisobeni Urychlovace nepiiznivé ovliviiuje kvalitu gelové vrstvy.

Nevyhodou vizualniho hodnoceni vzorkl exponovanych v korozni zkousce je to, Ze jen obtizné l1ze rozlisit
rez ze stavajiciho zarezlého povrchu a novou pii aktivni korozi vzniklou rez. Proto byla jesté provedena tzv. fer-
roxylova zkouska na indikaci aktivni koroze, kdy filtra¢ni papir namoceny do roztoku 1% roztok K Fe(CN), + 3%
NaCl byl ptitisknut na povrch vzorku, tak aby pod nim nevznikly vzduchové bublinky, ponechan cca 10 minut a po
sejmuti byly v misté aktivni koroze patrny na papiru modré body nebo plosky berlinské modte, z jejichz cetnosti
a velikosti lze usuzovat na miru aktivni koroze, viz obr. 11 (u variant SilGel, SilGel U a TAN pro 1 exponovany
vzorek uvedeny vzdy 2 otisky — rub a lic).

Obr. 11 — Otisky ferroxylové zkousky pro detekci mist aktivni koroze
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U var. SilGel jsou korozni plosky velmi malé, ale ¢etné, zatimco u SiGelU jsou Cetnéjsi spiSe vétsi plosky.
Pokud ptedpokladame, ze k aktivni korozi dochazi pouze v mistech poruseni celistvosti povlaku, lze z otisku
ferroxylové zkousky lze usuzovat na velikost trhlin a jejich ¢etnost. Var. SilGel U vykazuje tedy vétsi trhli-
ny, které se projevi az samovolnym odlupovanim vrstvy, zatimco var. SilGel s mens§imi trhlinkami si i pfi leh-
kém mechanickém namahani (otéru hadrem) zachovava svoji celistvost (viz obr. 10). Ochranna funkce var. TAN
s nejvyssi Cetnosti koroznich bodl vykazuje nejnizsi ochrannou funkci a dokonce jesté niz$i nez neupravena
vrstva rzi u var. SLEP.

b) Modelova zkouska schopnosti stabilizdatorii zabranovat uvoliiovani rzi vzniklé pii aktivai korozi a tim
i zhodnoceni jejich bariérové ochrannych vlastnosti — trvaly ponor zarezlého a stabilizatorem upraveného povrchu
v demi vodé po dobu 22 dnti (528 hod), odbér vzorkt lazné v pravidenych ¢asovych intervalech a stanoveni obsahu
Fe metodou AAS a sledovani rychlosti nartstu konc. Fe ve vodni lazni a pfepocet na jednotku exponované zarezlé
plochy, viz obr. 12. Ve zkousce lze souc¢asné posoudit i fixa¢ni funkei stabilizatoru zabranit nezaddoucimu stékani
rzi z povrchové upravenych ocelovych ¢i litinovych stavebnich prvki na okolni fasady.

Obr. 12 — Uspoiadani modelové ponorové zkousky fixa¢ni schopnosti stabilizatori proti uvoliiovani ionti

Zeleza — vzhled vyluhii po ukonéeni zkousky (528 hod ponoru): kadinky oznacené 1 a 3 — iiprava rzi stabi-

lizatory SilGel, 2 a 4 — stabilizatory SilGel U, 5 — taninovy stabilzator TAN, 6 — slepy pokus bez upravy rzi
SLEP

Obr. 13 — Vysledky ponorové zkousky — ¢asova zavislost naristu koncentrace Fe uvolnéné pri aktivni
korozi zarezlych povrchi exponovanych ve vodni lazni: SilGel - silikatovy stabilizator, SilGel U — silikato-
vy stabilizator + Urychlovaé, SilGel N - silikatovy stabilizator s obsahem povrchové organicky modifi-
kovanych nanotastic SiO, (velikost primarnich ¢astic 20 nm, mérny povrch 150 g/m?, obsah v pFipravku
2,6%), SilGel NU - silikatovy stabilizator s obsahem nanoéistic SiO, (2,6%) + Urychlovag, TAN — tanino-
vy stabilizator, SLEP — slepy pokus.

7 Shrnuti a zavéry
Na zaklad¢ obou provedenych zkousek lze formulovat tyto praktické zavéry:

* Nové naformulovany piipravek Sil Gel Stabil (odpovida testované var. SilGel) je mozné v 1-2 nanosech
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zhotovenych nejlépe §tétcem vyuzit ke zvySeni ochrannych vlastnosti jiz vytvotené rzi proti aktivni korozi jako
samostatna uprava bez nutnosti vrchnich natérti. Aplikace ptipravku na povrch zbaveny nepfilnavé rzi mechanicky
v 1 az 2 nanosech, pfi¢emz pocet nanosi bude zaviset na tloustce zbytkové rzi — u rzi o tloust'ce do cca 50 um
postaci jeden nanos, u tlustsich vrstev pak dva nanosy.

* Nejlepsi schopnost pro fixaci rzi, tj. nejnizsi rychlost naristu koncentrace iontll Fe pfi aktivni korozi pii
trvalém ponoru vzorki stabilizatorti ve vodni lazni vykazuje z testovanych typ SilGel (viz obr. 13). Nejhorsi se
naopak ukazuje stabilizator TAN, ktery zcela postrada schopnost fixace rzi.

* Pridavek nanocastic SiO, v silikdtovych stabilizatorech (var. SilGel N a SilGel NU) nezvysil fixacni schop-
nost piipravku na rez a tim i jeho bariérové-ochrannou funkei (obr. 13).

* Na rozdil od taninového typu TAN, silikatovy stabilizator SilGel bez nasledného pisobeni Urychlovace
vytvrzeni prakticky nezabarvuje ani jinak neméni vzhled upravené rzi (viz porovnani var. SilGel a TAN, obr. 10).
Avsak pfi nasledné aplikaci Urychlovace se jiz v n€kterych ptipadech mize projevit nerovnomérné zabarveni rzi
do Sedivého odstinu zplisobené trhlinami ve vrstvé a samovolnym odlupovanim povlaku ve formé drobnych volné
ulpénych Supinek gelu patrné uz pouhym okem, viz obr. 10. Vznik trhlinek v tlustsich vrstvach (aplikace SilGel 2x
Stétcem) je patrny i u var. SilGel (bez nasledného ptisobeni Urychlovace). Na rozdil od vrstev SiGel U (s naslednou
aplikaci Urychlovace), avSak trhlinky zde nejsou viditelné pouhym okem, ale az pod mikroskopem pii min. 30x
zvétSeni. Vznik takovych trhlinek ve vrstve sice nesnizi mechanickou pevnost gelového povlaku (povlak ztistava
i v misté¢ vyskytu trhlinek soudrzny a neodlupuje se samovoln¢), mize vSak dojit ke snizeni jeho bariérove-
-ochranné funkce. Pfi hodnoceni bariérové-ochranné funkce gelovych povlakii tedy neplati pro jejich tloustky
zasada ,,¢im vice tim Iépe®, jako je tomu napf. u organickych povlaki, nybrz je nutno respektovat maximalni horni
toleran¢ni mez tloustky, aby bylo zabranéno praskani vrstvy.

* Na rozdil od var. TAN, kdy princip inertizace volnych ionti Fe?* spo¢iva v chemické reakci za vzniku
nerozpustnych chelati Fe, pusobi silikatovy stabilizator SilGel spise jako utésiiova¢ mikroporu ve stavajici vrstvé
rzi a — za predpokladu, Ze nedojde k popraskani vrstvy gelu pfi nadmérnych tloustkach vrstvy — vykazuje i jako
samostatna uprava rzi uréitou bariérové-ochrannou funkei.

* Protoze dominantni funkce silikatového stabilizatoru SilGel nespociva v chemické reakei se rzi, jako je
tomu u taninovych stabilizatort typu TAN, nebude zfejmé jeho u€innost tak ovlivnéna stafim rzi a jeji tloustkou
(viz diskuse v kap. 4)

* Urychlova¢ vytvrzeni iniciuje vznik trhlinek v gelové vrstvé SilGel, které se projevi jako Sedivy nalet (viz
var. SilGel U, obr. 10), a tim zptsobi ur¢ité snizeni jeji bariérové ochranné funkce (viz otisky ferroxylové zkousky
var. SilGel vs. var. SilGel U).

* Zkousky kompatibility organickych natéra se rzi upravené piipravkem SilGel zatimnepiinesly ocekavané
vysledky — oproti natérim zhotovené piimo na neupravené rzi vykazuji vyrazné snizeni pfilnavosti, hodnoceno
miizkovym fezem dle CSN EN ISO 2409.

Pokud jde o pipravek SilGel Stabil, nabizi se tyto moznosti jeho vyuziti:

* Vyrazné snizeni dalsi rychlosti koroze jiz zarezlych ocelovych dilti pouzivanych bez ochrannych povlaku
a/nebo fixace zarezlého povrchu proti stékani rzi a nezadouciho znec¢istovani okolnich fasad koroznimi produkty.

» Stabilizace vrstvy rzi na zeleznych kovech v piipadech, kdy je pozadovano zachovat pivodni vzhled za-
rezlého povrchu, napt. u nékterych historickych kovaisky zhotovenych artefakti.

* Alternativni pouziti se nabizi ke stabilizaci a fixaci patiny vznikajici na nizkolegovanych patinujicich oceli
pti vytvareni jejich ochrannych vlastnosti jesté v poc¢ate¢nim stadiu (do nékolika let).
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TECHNOLOGIE VYSOCE UCINNYCH FOTOKATALYTICKYCH POVRCHU
A JEJI PRAKTICKE VYUZITI
SEFL P.
Advanced Materials-JTJ

Summary
The second generation of photocatalytic coatings is based on using a new type of binder. This significantly
increases the usable photoactive surface of the photocatalyst and thereby significantly increases the photocataly-
tic activity of the coating layer. By making the coating is created highly efficient photocatalytic surface.
Its effectiveness is approaching the pure photocatalytic activity of the photocatalyst.

Surfaces that achieve at least 30 percent or more of photocatalytic activity of pure photocatalyst are capable
of highly efficient purification of air and water from hazardous substances, odors and microorganisms. They
also let you create areas with permanent disinfection function against which the microbes are unable to develop
resistance. They exhibit an exceptionally strong self-cleaning ability which fully prevent the deposition of
atmospheric dirt and algae and fungi on the surface of buildings in the horizon of decade or more.

The representative of second generation of photocatalytic coatings are products of Advanced Materials-JTJ.
They have a brand FN.

Key words
Advanced Materials-JTJ, FN coatings, photocatalysis, highly efficient photocatalytic surface, air purification,
self-cleaning effect, disinfection, nanotechnology

Uvod

Veédecko-technicky rozvoj piinasi nové druhy materialtl a technologii, které nam poskytuji nové kvality
a zcela nové moznosti v nejriznéjSich oblastech lidské ¢innosti. Pomérné novou skupinou jsou i technologie
a vyrobky zalozené na vyuziti fotokatalyzy.

Fotokatalyza, ktera je fazena mezi fotochemické procesy byla systematicky prozkoumana a popsana az
v sedmdesatych letech dvacatého stoleti japonskym profesorem A. Fujishimou.

Nejbézné&ji vyuzivanym fotokatalyzatorem je nanokrystalicky anatas (forma TiO,). ,,Jednou ze specifickych
vlastnosti nanokrystalického anatasu je fotokatalyticka aktivita anatasu umoznujici degradovat na povrchu jeho
nanocastic, pusobenim ultrafialového zateni za pokojové teploty, veskeré organické struktury, véetné mikroorga-
nismu.. Nakonec dochazi k jejich uplné oxidativni mineralizaci, tedy pieméné na jednoduché anorganické slouce-
niny (vodu, oxid uhli¢ity a pfislusné mineralni kyseliny). Tyto déje jsou zalozeny na pohlcovani svételnych kvant
polovodi¢ovou elektronovou strukturou anatasu, coz vede ke vzniku dvojic kladnych a zapornych naboju. Ty se
na povrchu nanocastic transformuji na vysoce reaktivni radikaly, které nasledné atakuji veskeré organické latky a
mikroorganismy obsazené v okolnim vodném roztoku popt. plynné fazi. Tim je zahajen sled jejich degrada¢nich
reakci vedouci nakonec az k neskodnym mineralnim produktim.

Druhou vyznamnou vlastnosti anatasu je jeho fotokatalyticky indukovana superhydrofilita. Neozaieny po-
vrch anatasu ma, podobné jako je tomu u jinych oxidd kovii, hydrofobni charakter. Vysrazena vodni para na ném
tvoii oddélené kapicky, které rozptylujici svétlo, a tim vytvareji neprihlednou vrstvu. Plisobenim ultrafialového
zateni se vSak povrch anatasu stava siln€ hydrofilnim, vodni kapicky se spoji a vytvori na ném dokonale prihledny
molekularni film, po kterém dalsi voda snadno stéka [1].

Objev fotokatalyzy oteviel moznost vytvareni materiali a technologii, které budou svételnou energii vyuzi-
vat k ¢isténi vody a vzduchu a pro povrchy se samocistici a permanentni desinfekéni funkei. Efekty, které nové
objeveny jev nabizel, se rychle staly inspiraci pro védce a inzenyry, ktefi se snazili vyuzit vlastnosti nanocastic
TiO, pro praktické aplikace v konkrétnich vyrobcich a technologiich.

Fotokatalytické produkty prvni generace

Od konce osmdesatych let se jiz na trhu zacaly objevovat (zejména v Japonsku) prvni produkty s fotokata-
lytickym efektem. Slo piedevsim o natérové hmoty, jejichZ slozkou byl prachovy nanokrystalicky TiO, (anatas).
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Nasledn¢ se na trhu objevily i dal3i fotokatalytické materialy vyuZivajici fotoaktivni TiO,: keramika, sklo a beton
a také folie a textilie (devadesata leta a prelom stoleti). Tato prvni generace fotokatalytickych produkti vsak do
zna¢né miry zaostala za prvotnimi nadSenymi pfedstavami o praktické vyuzitelnosti fotokatalyzy. Byly sice foto-
maly celkovy povrch nanokrystalii fotokatalyzatoru na némz mohla u téchto produkti probihat fotokatalyticka
reakce (vyuzitelny fotoaktivni povrch).

Typickym piikladem jsou fotokatalytické natérové hmoty se silikatovou matrici. Vétsina nanokrystalti foto-
katalyzatoru je v nich obalena silikatovym pojivem a jen povrch nékterych z nich je otevien pro pfistup vzduchu
a ultrafialového zafeni (viz obr. 1).

Obr. 1 — Fotografie z elektronového mikroskopu: silikatové pojivo v natérové vrstvé obaluje vétSinu
nanokrystali fotokatalyzatoru

Takové pojivo fakticky redukuje vyuzitelny fotoaktivni povrch natérové vrstvy. Fotokatalyticka Gc¢innost
v dusledku toho dosahuje u fotokatalytickych natérovych hmot prvni generace obvykle jednoho az dvou pro-
cent fotokatalytické ucinnosti €istého fotokatalyzatoru. Mala velikost vyuzitelného fotoaktivniho povrchu a tim
i pomérné nizka fotokatalyticka G¢innost se vztahuje i k dal$im fotokatalytickym produktim prvni generace jako
je beton, keramické dlazdicky, sklo a textilni materialy. Produkty s nizkou fotokatalytickou G¢innosti sice maji
schopnost ¢istit vzduch a vodu, likvidovat mikroorganismy a vykazuji samocistici vlastnosti, ale tyto efekty jsou
velmi limitované. Jejich prakticka vyuzitelnost pro skute¢né ucinné ¢isténi vzduchu a vody je proto problematicka.

Fotokatalytické produkty druhé generace

Obecné 1ze fici, ze ¢im veétsi ma konkrétni material vyuzitelny fotoaktivni povreh, tim je fotokatalyticky ucin-
néjsi a tim je také schopen G¢inngji Cistit vzduch, vodu, likvidovat mikroorganismy a zajistovat samocistici funkci.
Cestou ke zvySeni fotokatalytické u€innosti konkrétniho materialu je vyvinuti takové matrice, kterd maximalizuje
vyuzitelny fotoaktivni povrch nanokrystalti fotokatalyzatoru. Produkty, které spliuji tuto podminku oznacujeme
za fotokatalytické produkty druhé generace.

Prikladem jsou fotokatalytické natérové hmoty s oznacenim FN® (FN), které vyvinula a jiz Sestym rokem
dodava na trh Ceska spole¢nost Advanced Materials-JTJ. Fotografie z elektronového mikroskopu ukazuje vysoce
porézni mikrostrukturu FN natérové vrstvy, v niz jsou nanokrystaly TiO, koncentrovény na povrchu ¢lenitych
houbovitych utvard mineralniho pojiva, kde jsou pevné ukotveny. Zde jsou dobie ptistupny vzduchu i ultrafia-
lovému zafeni (3D pordzni morfologie mineralni natérové vrstvy s povrchovym ukotvenim fotokatalyzatoru).
Jeden metr ¢tvereéni plochy, opatiené FN natérem, obsahuje typicky 500 m? fotoaktivniho povrchu nanokrystalt
fotokatalyzatoru.
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Obr. 2 — Fotografie z elektronového mikroskopu: mikrostruktura natérové vrstvy vytvorené FN

Povrchy oSetfené témito natéry vykazuji mnohonasobné vyssi fotokatalytickou Gi¢innost pii ¢isténi vzduchu
a vody od organickych (i nékterych anorganickych) latek, nez je tomu u konkurenénich natérovych hmot, které
vyuzivaji silikatovou nebo sol-gel matrici. Natér s oznacenim FN®3 dosahuje témér ucinnosti ¢istého fotokataly-
zatoru.

Obr. 3 — Porovnani fotokatalytické uc¢innosti produktii na sou¢asném trhu
(na zakladé testi podle ISO 22197-1 a 22197-3; 2011)

Technologie vysoce u¢innych fotokatalytickych povrchi

Fotokatalytické produkty druhé generace pfinaseji technologii vysoce u¢innych fotokatalytickych povrchi,
jejiz fotokatalyticka ucinnost se piiblizuje ucinnosti Cistého fotokatalyzatoru. Povrchy, které dosahuji alespon
30 a vice procent fotokatalytické Gc¢innosti Cistého fotokatalyzatoru jsou schopny vysoce G¢inné ¢istit vzduch
i vody od nebezpecnych latek, zapachu a mikroorganismu, umoziuji vytvaret plochy s trvalou desinfekéni funkei,
proti niz si mikroorganismy nejsou schopny vytvofit odolnost. Vykazuji mimotadné silnou samocistici schopnost,
ktera pln¢ zabranuje usazovani atmosférické $piny a ristu fas i plisni na povrchu budov v horizontu deset i vice
let. Pro provoz technologie v interiérech je nutno zajistit aby byl fotokatalyticky povrch vytvofeny FN aktivovan
ultrafialovym svétlem, které do mistnosti muze pronikat jako slozka denniho svétla okny, nebo je dodavano umeé-
lym zdrojem UV zafeni (zativka nebo LED). V exteriéru dodava dostate¢né mnozstvi ultrafialového zateni Slunce.

Uplatnéni v interiérech

Technologie vysoce u¢innych fotokatalytickych povrchi vytvairenych FN natéry (FN povrch) dosahuje ty-
picky ucinnosti dekontaminace vzduchu od 50 % polutantii pfi jediném kontaktu svétlem aktivovan¢ho FN po-
vrchu se vzdusnou masou. Ma Siroké uplatnéni ve zdravotnickych zafizenich, Skolach, domacnostech, hotelich,
restauracich, kancelafich i primyslovych provozech a chovech zivo¢ichti. Obecné slouzi v interiérech budov jako
spolehliva, nizkonakladova cisticka vzduchu, kterd je schopna nahradit investi¢né i provozné nakladné tradi¢ni
technologie zejména tam, kde je vzduch nutno ¢istit od relativné nizkych koncentraci skodlivin nebo zapachu. FN
povrch zaroven likviduje vSechny mikroorganismy, které s nim pfijdou do kontaktu. Tim snizuje, v prostorech,
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kde je aplikovan, i koncentrace bakterii a virti a zmensuje riziko ptenosu nakaz. FN povrch je technologii, ktera
komplexné zkvalitiiuje vnitini prostiedi v budovach. Pro dosazeni vysoké kvality vzduchu ve vnitinim prostiedi
budov je vhodné doplnit technologii FN povrchu jednoduchou, spolehlivou a tspornou ¢istickou vzduchu, ktera
ma ionizator a snizuje prasnost s pomoci elektrostatickych filtri a samoziejmé zajistit vétrani, aby se predeslo
hromadéni CO,.

Technologie FN povrchi je dnes uplatnéna ve stovkach domacnosti v matetskych a zakladnich Skolach,
zdravotnickych zafizenich domovech seniortl, v hotelech, kuchynich a restauracich, na toaletach i v praimyslovych
provozech v Ceské republice, na Slovensku, ve Spanélsku, Irsku, Velké Britanii, v Cing, USA, Kanadg, Novém
Zélandu a v mnoha dalSich zemich.

Velmi perspektivni je uplatnéni technologie FN povrchi v nemocnicich. FN natéry se zde aplikuji predevsim
na povrchy, které nejsou pravidelné desinfikovany (napt. strop). Pravé na takovych povrSich se mohou vyvijet
odolné kmeny bakterii, které pisobi nozokomialni infekce. Aktivovany FN povrch velmi G¢inné likviduje jakou-
koli bakterii. Nejenom ze ji zabije, ale jeji mrtvé télo i dokonale rozlozi (spali) tak, ze po ném nezistanou zadné
zbytky. Uplatnéni FN natérti v nemocnicich vytvaii dalsi ¢lanek systému hygienickych opatieni, ktery mtize vy-
znamné prispét ke snizeni rizika vzniku a pfenosu nebezpecnych nemocni¢nich nakaz.

Uplatnéni technologie FN povrchli v domécnostech, ve Skolach a na pracovistich v oblastech se snizenou kvali-
tou ovzdusi vytvati v interiéru budov zdravejsi prostfedi a tim snizuje nemocnost lidi, ktefi v ném pobyvaji. FN natéry
jsou vyuzivany lidmi trpicimi alergiemi, protoze snizuji koncentrace alergenti v mistnostech, kde jsou aplikovany.

Obr. 4 — Peking, CLR — nejvétsi a nejmodernéjsi spalovna odpadi v Asii (veliny i vlastni provoz spalovny

jsou vybaveny FN natéry a systémem UV osvétleni — technologie vyrazné redukuje zapach spojeny
s provozem spalovny)

Obr. 5 — Praha, CR- Uplatnéni FN natéri jako technologie pro eliminaci pachu z jidla v kuchyni

Obr. 6 — Praha, Nemocnice Motol — détska hematologie — uplatnéni FN natéru ve zdravotnickém zarizeni
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Obr. 7 — CR, Ostravsko, Paskov — Matei‘ska Skola — uplatnéni FN pro vytvoieni zdravéjsiho vnitiéniho
prostiredi pro déti v oblasti se Spatnou kvalitou ovzdusi. Dlouhodobé sledovani nemocnosti podle metodiky
hygienickych stanic CR dokladuje sniZeni nemocnosti déti v obdobich zvySeného vyskytu respiraénich
nikaz typicky o 30-50 %

Uplatnéni v exteriéru

Nejbéznéjsim uplatnénim technologie FN povrchl v exteriéru je vytvareni samocisticich povrchi zdi fasad
a stfech, na kterych se neusazuje atmosféricka Spina a nerostou na nich fasy ani plisné a zistavaji dlouhodobé
zcela Cisté.

Tak jako u jinych skupin vyrobkd, jsou i mezi natérovymi hmotami zna¢né rozdily v kvalité¢ — v tom jak
ucinné a jak dlouho jsou schopny plnit ulohy, ke kterym jsou urceny. To plati i pro natéry deklarujici samocistici
funkci. Pominu-li ty, u kterych je deklarace samocistici schopnosti pouhym marketingovym trikem, plati u kaz-
dého vyrobku to, ze se samocistici funkce v disledku vlivii vnéjsiho prostiedi a starnuti materialu postupné osla-
buje.

Prakticky vSechny natéry zalozené na vyuziti hydrofobniho efektu nedokazou zabranit zanaSeni povrchu $pi-
nou, ale pouze tento proces zpomali. Hydrofobita totiz v obdobi, kdy neprsi, nedokaze zamezit pfilepeni lepivych
slozek $piny na povrch natérové vrstvy. Smyti takové Spiny je pak jiz obtizné i s pouzitim tlakové vody. Erozivni
povétrnostni vlivy a rozkladné plisobeni UV zafeni pak postupné oslabuji 1 hydrofobni efekt.

Samodistici u¢inek natérovych hmot vyuzivajicich fotokatalyzy je zavisly na tom jaka je fotokatalyticka
ucéinnost konkrétniho natéru (rozdily mezi jednotlivymi produkty mohou byt i vice nez stonasobné) a piirozené
ina tyto natéry pusobi eroze v dusledku povétrnostnich vlivi. U prvni generace natérovych hmot s pojivovou ma-
trici na bazi silikatu nebo sol-gel, ktera ma nizkou fotokatalytickou G¢innost, plati, ze jejich samocistici schopnosti
pouze zpomaluji zneéisténi povrchu, nedokazou ho vSak zastavit.

Vysoce u¢inny fotokatalyticky povrch, ktery vytvareji FN natéry, je schopen dlouhodobé (i desitky let) neje-
nom pln¢ eliminovat usazovani atmosférické Spiny, ale také efektivné brani ristu fas a plisni a navazné i lisejniku
a mechu. Efekt muze byt ve vnéjsim prostiedi ukoncen pouze odstranénim natérové vrstvy (napf. sedfenim nebo
dlouhodobym piisobenim eroze) nebo jejim piekrytim jinym materidlem (napf. natérem), ktery zamezi piistupu
svételné energie. Vyrobcee poskytuje, diky mimofadné i¢innému fotokatalytickému efektu svého materialu, na tuto
funkei (pro svislé plochy) desetiletou garanci, kterou navazné poskytuji svym zakaznikim i certifikované firmy,
které se aplikaci FN zabyvaji.

Hlavni vyhody pouziti FN:

* oSetieny povrch se dlouhodobé (na svislych plochach deset i vice let) nezanasi atmosférickou Spinou
aneportista fasami, plisnémi, mechy a liSejniky. Spina, fasy a plisn¢ jsou proaktivné likvidovany fotokatalytickym
efektem. OSetieny povrch zlstava zcela Cisty,

* §pina neni schopna proniknout do podkladu a hloubkové ho penetrovat,

» zaschla natérova vrstva je inertni a chemicky nereaguje s podkladem,

* natérova vrstva je vysoce paropropustna a umozinuje podkladu ,,dychat*,

* plna samocistici funkénost natérové vrstvy se da snadno obnovit provedenim nového natéru,

* natér lze snadno odstranit mechanickymi prostiedky (karta¢ a voda) bez pouziti chemie aniz by doslo
k poskozeni podkladu.
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Obr. 8 — Praha, Barrandov — prezenta¢ni a testovaci sténa FN povrchu. Na sténé byly zamérné ponechany
nékteré plochy bez oSetieni FN natérem. V podminkach silné znecisténého vzduchu automobilovym pro-
vozem (denné zde projede 30—40 tis. automobilii). Plochy bez ochranného FN povrchu rychle tmavnou
v disledku usazovani atmosférické Spiny

Obr. 9 — Nédhrobni deska — teraso-nati'eno FN®1- tésné po provedeni natéru (2011)

Obr. 10 — Nahrobni deska — teraso-natieno FN®1- po dvou letech (2013)
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Obr. 11 — Néahrobni deska — teraso-nati‘eno FN®1-po ¢tyiech letech (2015)- hrob vlevo

Obr. 12 - Villa Bianca I (Praha 6) — obklad — mramor, o$etieno FN®1 (2012)

Technologie FN povrchi je v soucasnosti, diky vysoké t¢innosti, pfi ¢isténi vzduchu, prakticky jedinym
prostiedkem, ktery je schopen (pokud by byl pouzit masové a s preferenci mist s koncentrovanym zne¢isténim)
u¢inné snizovat koncentrace imisnich latek rozptylenych ve vzduchu velkych mést a primyslovych aglomeraci.

Jak prokazali ing. Jifi Rathousky a Mgr. Radek Zouzelka z Ustavu fyzikalni chemie J. Heyrovského AVCR
ve své nejnoveéjsi studii, eliminace Skodlivin z ovzdusi pomoci FN natéri je vhodna nejenom pro molekuly
organickych latek, ale také pro oxidy dusiku (NOx). Vysledky méfeni jednoznacné dokladaji, ze vysoce ucinny
fotokatalyticky povrch vytvofeny FN natéry radikalné snizuje jak koncentrace NO, tak i NO, v laminarnim i tur-
bulentnim proudéni vzduchu, pfi riznych koncentracich a vlhkosti a to nejenom v pocatecnim, ale i dlouhodobé
ustaleném stavu.

Pro konkrétni podminky prazského Smichova (lokalita Andé&l) vychazi, podle zminéné studie, Ze 1 m? fasady
domu, natiené FN nétérem, odstrani za jeden rok z ovzdusi 0,3 kg NOx (NO + NO,). Jde o pIné odstranéni v dii-
sledku navazani oxidu dusiku rozptylenych ve vzduchu do kyseliny dusi¢né a navazné do dusi¢nant.
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SAMOCISTICI NATER NA DREVO S FOTOKATALYTICKYMI CASTICEMI
SELF-CLEANING COATING FOR WOOD WITH PHOTOCATALYTIC PARTICLES
BENDAKOVA N.!2, MILIC R.2, PODZIMEK §.!2

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

2 Synpo, akciova spolecnost, Pardubice, nela.bendakova@synpo.cz

Summary
This paper deals with preparation of photocatalytic composite material which is used in organic coating for
wood. The composite material provides cleaning and antimicrobial properties. Different carriers were used
for treatment with titanium dioxide or zinc oxide. Photo-effectiveness of the composite material was evaluated
with degradation of the azo dye Orange Il. Formulations were prepared from blend of acrylic and alkyd binder.
Coatings with photoactive particles were exposed in QUV chamber. A degradation of binders was monitored by
change of gloss. Electron scanning microscope was used for detailed close-up particles or coatings.

Key words
Photo-catalysis, TiO,, ZnO, Orange II, QUV, electron scanning microscope

Uvod

Z hlediska legislativy je vyvijen ¢im dal tim vétsi tlak na minimum toxickych latek, v tomto ptipadé snizo-
vani mnozstvi biocidll v natérovych hmotach. To vede k hledani alternativnich moznosti pro zvyseni trvanlivosti
a odolnosti natért. Jednou z moznosti je pouziti fotokatalyzatort. Fotokatalyzatory 1ze pouzivat opakované, aniz
by to mélo vyznamny vliv na jejich u¢innost, oproti tomu organické biocidy se ¢asem vycerpaji. Je obecné znamo,
ze fotokatalyzatory maji nezadouci u¢inky na organické povlaky diky vzniku vysoce reaktivnich radikalt vytvore-
nych fotokatalytickou reakei s kyslikem, které je mohou poskodit. Pojivo odolné proti degradaci fotokatalyzatory,
napiiklad silikatové, neni vhodné pro aplikace na dievo. Integrace fotokatalyzatoru do organického povlaku navr-
zeného v patentu (EP 2373748A1) vsak nabizi feSeni.

Oxid titanicity a oxid zine¢naty jsou polovodice s podobnymi fotokatalytickymi vlastnostmi. Vlivem svétla
o vlnové délce krat$i nez 385 nm dochézi k aktivaci TiO,. ZnO pohlcuje UV zifeni o vinové délce kratsi nez
370 nm. Siika zakédzaného pasu uréuje minimélni energii svétla potfebnou k tomu, aby bylo mozné excitovat
elektrony z valen¢niho do vodivostniho pasu. Pro oxid titani¢ity ve formé anatasu a oxid zine¢naty je tato energie
3,2 eV. Fotokatalyticky u¢inek obou oxidi je ovlivnén velikosti, tvarem ¢astic, mérnym povrchem a spektralnimi
vlastnostmi. V pfitomnosti vody jsou u obou oxidii generovany vysoce reaktivni hydroxylové radikaly, které¢ ata-
kuji organicky substrat. Mezi vyhody téchto katalyzator patii vysoka fotokatalyticka aktivita, nizka cena, stabilita
ve vodnich systémech a nizka toxicita pro zivotni prostiedi.

Popis experimentalnich metod

Nosice s fotoaktivnimi vrstvami byly pfipraveny dvéma metodami: mokrou depozici a sol-gel procesem.
Metodou mokré depozice byl na povrch nosice navazan titanat, ktery byl hydrolyzovan na TiO,. Po vysuSeni takto
upravenych nosi¢li nasledovala kalcinace. Pomoci sol-gel metody a nasledné kalcinace byly pfipraveny tenké
vrstvy TiO, a ZnO. Tim vznikla anatasova forma TiO, a aktivni forma ZnO.

Sitka zakazaného pasu upravenych nosici byla méfena pomoci spektrofotometru Shimadzu UV 2600 v re-
zimu méfeni od 200-1400 nm s kalibraci na BaSO,. K analyze byla pouZita spektra odrazivosti. Vysledkem je
hodnota energie potiebné pro piechod z valen¢niho do vodivostniho pasu v eV (tabulka 1).

Uinnost nosict s fotoaktivni vrstvou byla porovnana pomoci degradace vybraného azobarviva. Azobarvivo
Oranz II (CAS 633-96-5) bylo fotolyzovano v 0,0014% vodném roztoku s upravenymi nosi¢i na Petriho miskach
pomoci UV zafeni nizkotlakych fluorescenc¢nich Hg vybojek (Blacklight BL 350). Tyto zdroje poskytuji UV zafeni
mezi 315 nm a 400 nm s intenzitou 4,8 mW.cm™ ve vzdalenosti 15 cm. Katalyticka G¢innost na povrchu uprave-
nych nosic¢t s TiO, a ZnO byla sledovéna ibytkem absorbance pii odbarvovani Oranze II. Absorbance roztoki
byla métena spektrofotometricky pifi vinové délce 485 nm.
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Pro natérovy systém byla zvolena kombinace alkydového a akrylatového pojiva. Byly piipraveny laky
s obsahem 10 obj. % upravenych ¢stic a pro srovnani s 0,2 obj. % anatasové formy TiO, (Hombicat N100, CAS
13463-67-7). Natéry byly piipraveny aplikatorem se $térbinou 150 um. Odolnost na povétrnosti byla sledovana
urychlenym starnutim natérd v QUV komoie (QUV/solar eye Weathering Tester, Q-Panel Lab Products, GB)
s fluorescenénimi lampami s energii zaieni 0,48 W.m.nm pfi vlnové délce 310 nm. Degradace laku byla sledo-
vana méfenim lesku (Micro-gloss-master, Sheen, GB). Lesk 60° byl méfen pted a po expozici 3, 7, 14, 21 a 28
dni v QUV komote.

Skenovaci elektronovy mikroskop TM3000 (Hitachi) s rentgenovym spektrometrem pro prvkovou analyzu
v programu Quantax70 byl pouzit pro sledovani vzhledu upravenych ¢astic a povrchu natéru pied a po expozici
UV zafeni.

Vysledky a diskuze

Piipravené fotoaktivni nosice jsou charakterizovany v tabulce 1. Na ¢asticich s TiO, upravenych sol-gel me-
todou je vidét struktura ,,zil“ (Obr. 1), oproti tomu ¢astice se ZnO maji na povrchu ,,zrnicka® (Obr. 2). Na obrazku 3
a4 jsou na zaklad¢ prvkové analyzy ukazky upravervlych ¢astic E s TiO, a ZnO, kde stfedné Seda barva znazoriiuje
Si (substrat nosice) a svétla az bila bud’ Ti nebo Zn. Sitka zakdzaného pasu nosicl s tenkou vrstvou TiO, nebo ZnO
se pohybuje kolem hodnoty 3,2 eV tak, jako tomu je u fotokatalyzatord bez nosi¢t, kromé plnych ¢astic D, kde je
pro iniciaci vzniku radikald nutna energie 3,49 eV.

Tab. 1 — Charakteristika fotoaktivnich nosi¢i upravenych vrstvou TiO, a ZnO

A 0,5 20 3,26 3,13
B 0,6 16 3,27 3,11
C 11 11 3,29 3,18
D 2,5 4 3,49 3,13
E 2,5 10 3,28 3,17

Obr. 1 — Castice C upravené TiO,gel Obr. 2 — Castice A upravené ZnOgel
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Obr. 3 — Cistice E upravené TiO,gel Obr. 4 — Castice E upravené ZnO

Bylo zjisténo, ze Oranz II spliiuje za danych podminek model heterogenni fotokatalyzy, jelikoz neni foto-
lyzovana bez pouziti fotoaktivnich nosi¢i. Na obrazku 5 jsou uvedeny doby ozafovani jednotlivych typi nosi¢u
v zavislosti na poklesu absorbance o 50, 75 a 99 %, kdy dochazi témét k uplnému odbarveni roztoku barviva.
Z obrézku je ziejmé, Ze nosice s vrstvou ZnO jsou G¢innéjsi nez s TiO,. To je mozno vysvétlit riznym slozenim
a velikosti nosi¢u a také strukturou a specifickym povrchem fotoaktivnich vrstev a rozdilnymi spektralnimi vlast-
nostmi. Nosice s TiO, maji riiznou fotokatalytickou uc¢innost v zdvislosti na pouzité metodé¢ piipravy tenké vrstvy.

Obr. 5 — Pokles absorbance v zavislosti na ¢ase ozafovani pro jednotlivé typy nosici

Ztrata lesku po expozici v QUV komote kvantifikuje degradaci natéru. V zadném ze vzorkd nebylo po 28
dnech expozice pozorovano kiidovani. Byl vybran nosi¢ A (duté ¢astice) a D (pIné Castice) s ipravou TiO,*! nebo
ZnO#!. Bylo potvrzeno, Ze anatas s pramérnou velikosti ¢astic 2 pm u natérové hmoty (NH) rozrusi strukturu po-
jiva po expozici UV zafeni, coz bylo provazeno nejvyznaméjsim poklesem lesku (obr. 6). U natéri s upravenymi
fotoaktivnimi ¢asticemi vétsi velikosti byl zjistén mensi pokles lesku.
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Obr. 6 — Normalizované hodnoty lesku 60° po expozici v QUV komoi‘e

Obrazek 7 ukazuje natér s upravenymi ¢asticemi A pred osvitem v QUV komote a vpravo po osvitu 21 dni.
Vétsina Castic je pied osvitem pokryta natérem, ale po osvitu dojde k degradaci pojiva na ¢asticich a tato obnazena
fotoaktivni vrstva miize pisobit na organické polutanty. Pojivo okolo ¢astic neni osvitem vyznamné poskozeno.
Pokud je do natéru pfidan pouze anatas s praimérnou velikosti ¢astic 2 pm, dojde po 21 dnech v QUV komote
(obr. 8) k naruseni struktury povrchu laku oproti neexponovanému vzorku vlevo.

Obr. 7 — Formulace s 10 obj.% €astic A s TiO,* pied osvitem (vlevo), po osvitu (vpravo)

Obr. 8 — Formulace s 0,2 obj. % ¢astic TiO, pred osvitem (vlevo), po osvitu (vpravo)

Zavér

Hlavnim cilem bylo navrhnout organicky natérovy systém, ktery je odolny proti UV zafeni a ma samogistici
vlastnosti diky fotokatalytickému tG¢inku. Do formulace byly zavedeny inertni mikronové Castice obalené TiO, ve
formé anatasu nebo ZnO, s tloustkou vrstvy v nanometrech, pfipravené riznymi metodami. Skrz modifikované
Castice nemuize pronikat svétlo, tim nedochazi k degradaci pojiva na spodni ploSe ¢astic a ty tak ztistavaji ukotveny
v natéru. Takovy povlak méa samocistici vlastnosti, ale degradace pojiva je minimalni.

Ptiprava fotoaktivni vrstvy metodou sol-gel 1épe vyhovuje pro vybrané typy nosic¢u. Slozeni celé fromula-
ce véetné upravenych Castic bylo optimalizovano z hlediska mechanickych a lakaiskych vlastnosti. Vyhodou je
trvanlivost fotoaktivnich ¢astic, degradace organickych polutantll bez pouziti biocidt, jistou nevyhodou je, ze
systém dobfe funguje pouze za dostatku svétla.
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DEFECTS OF POWDER COATINGS APPLIED ON GALVANIZED STEEL DUE
TO HYDROGEN CHARGING OF STEEL

DEFEKTY PRASKOVYCH POVLAKU NA ZAROVE ZINKOVANE OCELI VLIVEM
NAVODIKOVANI OCELI

MINDOS L.
SVUOM s.r.0.

Summary
This case study presents defects not associated with the actual hot-dip galvanizing process itself but with the
additional coating procedure. A multi-coat system of hot dip galvanizing and powder coating is relative
frequently used type of surface treatment for various products. In powder coating many various defects forming
pinholes or bubbles are a common problem. There are many reasons for this defect. This paper presents failure
analysis methodology and the step-by-step approach to the particular case study.

Key words
Hot-dip galvanizing, powder coating, pinholes, bubbles, hydrogen charging of steel

Introduction

Hot-dip galvanising is economic way of corrosion protection for wide number of household and industrial
steel products. The industrial application of galvanized steels and galvanized steel with paint coatings dates to the
half of 19" century. In common practice there are used two basic types for paint coating application:

« traditional (liquid) paints — the great development came with the progress of chemical industry (phenol
formaldehyde resin discovery — 1910, nitrocellulose production — 1920, alkyd resins production 1930),

* powder coatings used in industrial application longer than 30 years.

The yearly average increase of powder coating application is ca 7-9 % in the last 15 years in the world. The
choice of thermoset PC has a lot of advantages interesting for applying firms:

1) powder coating is immediately prepared for application,

2) they reduce the health risks for paint shop workers,

3) the cured coating has very good properties,

4) they do not contain thinner, do not release VOC emission into air.

Applied coatings melt at higher temperature when the chemical reaction occurred together with polymeri-
zation leading to curing and forming hard coating. These coatings are used for decorative and protective industrial
applications. In case of decorative coatings the thickness varies in range 20-80 pum. For functional thermoset
coatings there are required coating thickness from 60 um to 80 um [1]. The powder coatings are mostly applied
in paint shop by electrostatic spraying. Other methods cover immersion into fluid bed and tribo technology appli-
cation. Applied coatings are then cured at temperature 160-220 °C for period ca 15-30 minutes. Higher tempera-
ture allows running of powder and its adhesion to metal’s surface. After cooling the powder coating forms hard,
resistant and uniform coating.

The powder coatings require suitable and careful preparation of surface. Similar as at traditional (liquid)
paints” application the maximum care must be given to surface cleanness and anchoring profile is important, too.
Type and level of surface preparation are significant affected by surface conditions and substrate type, type of
contamination and requires for final products. The principles of preparation of metallic surfaces are:

— removal of impurities including salts, welding spatter, mill scale, grease, oils, etc.,

— forming of surface guarantee required coating adhesion,

— achievement of uniform condition of substrate surface.

The shape of products is significant for powder coating application. Mainly for electrostatic way of application
the product shape must be consider so the sheltered areas without coating do not occurred.
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Experimental methods

Steel panels with dimensions 950 x 1770 x 4.5 mm were galvanized, pre-treated by layer of iron phosphate
and the finally the layer of powder coating was applied. There was found significant amount of defects in the form
of pores, cavities, small craters (Fig. 1).

Fig. 1 — The amount of defects in powder coating layer - pores, cavities, craters

The measured powder coating thickness on panels was relative high — see Table 1. The measurement was
performed by non-destructive method by gauge tool Dualscope MP 40 with dual probe EDX 10 pro measuring the
individual values of thickness of zinc coating and organic coating in the same point. The calibration was done on
associate etalon of galvanized L-profile by calibrate foils. The local thickness of zinc coating in range 90-140 um
and powder coating in range 220-380 pum was estimated on cross section of panel.

Tab. 1 — Thickness of coatings on steel panel

1 organic 50 221 305 198 16,2
zinc 76 82 68 3,3
2 organic 50 241 423 189 34,7
zinc 71 81 59 52

The thickness of zinc coating is in accordance in requirements of standard EN ISO 1461 for steel substrates
with wall thickness 4.5 mm. The thickness of powder coating is over the recommended values (according to stan-
dard EN 13438 the minimal thickness value is 60 pm, according to powder coating supplier the minimal thickness
value is 70-80 pum).

There were taken samples from panel and performed a lot of microscopic evaluations to found the primary
reason of defects. Analysis of defects” forming reason obtained both macroscopic and microscopic evaluation of
surface and layers of both coatings. This approach enables to obtain the basic information about development of
defects. It was necessary to evaluate both coatings (powder and zinc coatings) individually and also the boundary
between organic coating and galvanized substrate. There were made samples of cross sections for evaluation of
coating system by light optical microscope. The cross sections were recorded in magnitude in range from 10x to
1000x.

Results and discussion

In Fig. 2 there are selected images of surface of powder coating with defects. The regular circle defects”
average varies between 300 and 600 pum. It is necessary to distinguish between the type of identified defects. The
pores with circle shape were generated by expanded gas. The same reason leads to forming of craters as sunken
areas created after ruptured bubbles which did not have time to heal. The shape of these defects is specific, it has
the same primary reason and it is different from e.g. blisters created as the result of moisture penetration on the
coating/substrate boundary. The zinc corrosion products usually formed under such blisters and the defects” shape
is very unregularly. The amount of bubbles respectively caverns with circle shape and different sizes non-uni-
formly distributed in powder coating layer were found through whole thickness of powder coating layer (fig. 3).
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Fig. 2 — Defects (craters) on outside (surface) of powder coating layer

Fig. 3 — The defects” appearance from inside of powder coating layer

After removing of powder coating there were found defects on galvanized surface in the shape of craters and
cavities (fig. 4). Detailed microscopic evaluation of zinc layer shows that the primary reason of defects is in this
zinc layer obtaining a lot of craters and cavities (fig. 5). There were found also foamed structures of metallic zinc
(fig. 6). The defects in powder coating layer just following these ones in zinc coating layer (fig. 7).

Fig. 4 — Pores and craters in zinc coating layer

Fig. 5 — Details of pores and cavities in galvanized zinc layer opened into powder coating layer
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Fig. 6 — Foamed layer of galvanized zinc

Fig. 7 — The carry-over of defect from galvanized zinc layer into blue coloured powder coating layer
(closed pore (left) and open pore (right))

Probably reasons of defects forming in surface treatment of steel panels:

— the hydrogen created during the pickling of rusted and mill scaled steel surface and absorbed into steel ma-
trix. Recombination and release of hydrogen occurred just at ambient temperature but it taken long time because it
depends on temperature. This means that significant hydrogen amount may release from steel during galvanizing
procedure and also during the baking of powder coating. Gaseous hydrogen expanded, leaks through soft zinc
layer to the surface and creates there cavities, craters, foam as was proved by microscopic analysis.

— the similar defects in powder coating layer may be caused also the residual moisture in capillaries of foamed
zinc coating. The surface of galvanized steel is wetted during phosphatising bath procedure and water trapped in
capillaries can be removed only after long-term drying. This capillary bonded water is removed just at higher tempe-
ratures above 130—150 °C, so up to procedure of melting and starting of crosslink of powder coating layer [2]. Defects
caused by high pressure of water vapour released from capillaries in zinc coating cannot be excluded, too.

Conclusion

Combined (duplex) surface treatment system created by galvanized zinc coating and powder coating is the
type of surface treatment giving protective and decorative properties of products for 25 years period. Any defects
in surface treatment reduce its corrosion and decorative quality.

The hydrogen ingress of steel may be easily occurred during the cleaning of scaled steels by acid pickling
and hydrogen absorbed in steel may release and create defects both in zinc layer and powder coating layer during
subsequent thermal procedures. In presented study it was proved that defects formed in zinc and powder coating
layers after application of powder coating on galvanized steel due to expansion of released hydrogen. The micro-
scopic analysis was performed to identify the reason of the defects. Defect analysis gives answer to question why
defects formed, how they progress and what possibilities may prevent of repeated occurrence of this problem.

This study was prepared with financial support of Ministry of Industry and Trade of Czech Republic in the
frame of project MPO — IF 3/2015.
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[2] E.G. Belder, H.J.J. Rutten, D.Y. Perera, Cure characterization of powder coatings, Progres in Organic
Coating, Volume 42, Issues 3—4, 2001, p.142-149
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THE REDDEST IRON OXIDE PIGMENTS EVER
SPIEGELHAUER S.
LANXESS Deutschland GmbH, Germany

Introduction

Bright, yellow shade red iron oxides can be synthesized in a number of ways. The predominant manufactu-
ring route is the Penniman process which is primarily used in China. The quantity of pigment produced by the
Penniman process accounts for almost 1/3 of the total global market for synthetic iron oxide pigments. In the
following presentation, several possible production routes are described and we will focus on a new modified
version of the Penniman red process which can be used to achieve a highly saturated red iron oxide with a yellow
undertone. Several options to control the Penniman production process will be discussed with the aim of reaching
targeted color values. Comparisons between Penniman reds and bright, saturated reds from alternative manufactu-
ring processes will be discussed.

Influencing factors for Penniman build up

Iron oxide red pigments are produced globally by 4 major production processes. In the ,,Laux Process™ nitro-
benzene reacts in a redox reaction with cast iron. The reaction can be con-trolled to produce all colors, including
red. However, only the production of yellow and black Laux iron oxide pigments is used commercially. The latter
is subjected to a further calcination step under oxidizing conditions to produce red iron oxide pigments. The prin-
ciple raw materials for the ,,Precipitation Process™ are iron salts, such as iron sulphate or iron chloride, derived
from various sources. Precipitation is performed by adding caustic soda in the presence of air as the oxidizing
agent. To ensure a uniform color development a suitable iron oxide seed is added. This technique also applies to
the ,,Penniman Processes™ where steel reacts with nitric acid in the presence of air. The pigment growth is carried
out by the reaction of iron with oxygen in the presence of iron nitrate. Finally, the Copperas process uses iron
sulphate which is roasted under oxidizing conditions. All four processes pose specific challenges when it comes
to achieving sustainable, resourcefriendly production. They also have their strengths and weaknesses regarding
the target color space. A new modified Penniman process is able to reach an optimum of saturation and brightness
without compromising in terms of sustainability, energy efficiency or water conservation.

Fig. 1 — Industrial FeO production processes (simplified display)

The Laux process offers a wide color range with particular strength in medium and bluish red color shades.
The relatively hard consistency of the primary particles has its most positive effect in grades with large particle
diameters. The strength of the Copperas and Penniman red grades lies in their bright, yellowish color space, which
can only be achieved to a limited extent by the Laux process. Medium red tones can be obtained with both the
Laux process and precipitation. The Copperas process currently offers the opportunity to prepare pigments with
the highest development of bright yellow shade reds. Recent research has therefore aimed at achieving this color
space by employing the Penniman process.
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Fig. 2 — Iron Oxide Red made via the Penniman and Laux process with limited access to bright saturation

The Penniman Red process is made in several steps. Raw materials for this process are iron in the form of
steel, nitric acid, water in the form of steam and air. To achieve defined and clean shades it is necessary to grow the
particles around a defined seed. During all the production steps by products like NOx gases or ammonium nitrate
are emitted and must be taken into consideration for a sustainable process. The simplified animation shows the
growing of the pigment particle. In the first step Fe*” adsorbs on the seed surface under the regeneration of nitric
acid followed by the oxidation with oxygen. The generated nitric acid attacks the iron and NO gas and NH*" is
formed. The Fe* is adsorbed at the surface and the cycle starts again. The formation of NO and NO, is detecta-
ble as brownish gas. Our development work surprisingly revealed that, in addition to the known nitrogen oxide
emissions, significant quantities of laughing gas (nitrous oxide, N,0) are formed. Nitrous oxide is an extremely
critical greenhouse gas — 300 times more potent in its effects than carbon dioxide, which already enjoys notoriety.

Fig. 3 — Iron oxide made via the Penniman process: Growing up from seed

Looking at the color properties of bright yellowish iron oxide reds made by the Penniman process in China,
it is possible to draw conclusions about the pigment build-up curve. The displayed Penniman grades are all on a
similar build up curve. The yellow points and the red triangles represent the color properties of various crude iron
oxides before processing. For color determination the materials have been milled on a laboratory scale. It is clear
that in both full shade and reduction the red component (a*) and the yellow component (b*) do not reach the color
space of a red iron oxide pigment made by the Copperas process which is shown as black square in the graph.
We have intensively analyzed many different commercially available samples from the red market to learn more
about the limitations of the process. After analyzing these Penniman red products, we developed ideas on how to
extend the typical Penniman Red color space. After extensive research and more than 1000 Penniman red trials
we were able gain a very deep understanding of the process, the mechanism and how to control the typical color
development curve of the process.
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Fig. 4 — The color development curve of the traditional Penniman Red process can be presumed from
commercially

Through the experience gained from the various Penniman pretrials we succeeded in the determination of the
influencing factors which have a direct effect on the pigment build up. In the case of bright yellow shade red iron
oxide pigments it is thus possible to widen the color development curve to reach higher a* and b* color values.
Furthermore, through specific measures, the build up curve can be precisely stopped at the desired color shade to
enable a number of targeted color spaces to be achieved.

Fig. 5 — The color development curve of the traditional Penniman Red process can be presumed from
commercially available red iron oxide products

The influencing factors are complex and need to be applied in the right way and at the right dosage. Raw ma-
terial selection and the seed quality is of fundamental importance. Besides that, the control of the reaction progress
and the reaction conditions must be coordinated. No single factor is decisive, a combination of different factors
will result in the highest pigment quality.

Fig. 6 — New Red process defined different influencing factors to control the pigment build up and thus the
color development




THE 8™ CONFERENCE ON PIGMENTS AND BINDERS ¢ 2-3/11/2015

Narrow particle size distribution typically leads to a color development curve which reaches higher a* va-
lues. A precondition for this is a wellcontrolled pigment growth which significantly increase the brightness and
chromaticity.

Fig. 7 — For color development curve with higher chromacity particles appear more even

Coloristic of New Red Pigments

For the evaluation of pigment performance in paints and coatings, bright yellow shade iron oxide reds from
various manufacturing processes were selected. The representative sample from the New Red Penniman process
was designated as ,,Pigment 6 New Red*. Two commercially available pigments from the Penniman Process were
also used. In the above table the color properties in a midoil alkyd with ,,Pigment 1 Copperas® as reference are
displayed.

Fig. 8 — Selected bright shaded yellows for comparison trials

In both full shade and reduction (1:5 with TiO,) ,,Pigment 6 New Red* shows the highest red values (a*). It is
noticeable that pigments from the different manufacturing processes do not show consistent red values (a*) in full
shade and reduction. High red values in full shade often give low values in reduction and vice versa.
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Fig. 9 — New red pigment with higher reddish cast compared to bright red pigments from the market

The differences on the b* axis are even more pronounced. The illustration shows ,,Pigment 6 New Red* as
reference. In both full shade and reduction, all other pigments tested showed a significant shift towards blue. In
reduction the level was up to 5 units.

Fig. 10 — ,,Pigment 6 New Red* with oustanding yellowish cast in reduction compared to bright red
pigments from the market

The draw down comparison of ,,Pigment 6 New Red“ and ,,Pigment 1 Copperas“ in a midoil alkyd system
shows the outstanding performance of pigments made by the new Penniman technology. Taking ,,Pigment 1 Cop-
peras‘ as reference, the yellow component (b*) in full shade is higher by 1 unit for ,,Pigment 6 New Red* whereas
the red component (a*) remains unchanged. Additionally a slightly lighter appearance develops.

In reduction, the drift towards a more yellow cast with respect to ,,Pigment 6 New Red* is more pronounced.
The yellow component (b*) increases by 5 units. Coupled with an increase of the red component (a*) by approx.
1 unit ,,Pigment 6 New Red* surpasses the color properties of all current Penniman and Copperas iron oxide pig-
ments available in the market.

The extraordinary color development can be predicted by just looking at the pure pigment powder. On the
left side ,,Pigment 6 New Red“ made using the new modified Penniman process is shown. The right side shows
Pigment 1 made by the Copperas process.
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Fig. 11 — New Red Pigments with oustanding chromacity superior to existing Iron Oxide Red pigments
from the market accessable

The diverging color spaces are due, among other things, to differences in the particle morphology and particle
size distribution. The exact color parameters cannot, however, be predicted using a direct correlation with the par-
ticle morphology or particle size distribution. Light, yellowish red pigments tend to exhibit a smaller particle size
and an especially narrow particle size distribution, while darker red pigments are significantly larger. Due to light
scattering, the size of the primary particles exert an influence on the chromaticity, tinting strength and opacity. The
interaction of visible light in the wavelength range from 380 to 780 nm and particles reaches an optimum if the
particles are in the magnitude of half the wavelength of the absorbed light. In the case of red iron oxide pigments,
this optimum is at a particle size of 250 to 300 nm. Above and below this level, tinting strength and hiding power
drop significantly. ,,Pigment 6 New Red“ contains a high amount a fine particles in the optimum particle size
range. The determination of the particle size distribution by means of the laser diffraction method is an indirect
method that calculates the values from a formula that contains, among other things, the complex refractive index
for hematite. The refractive index is not yet sufficiently defined and distinctive. Therefore, the values should be
interpreted only comparatively. The measurement is related to the particle volume, i.e. larger particles are repre-
sented disproportionately.

Fig. 12 — New Red with high amount of particles with ideal pigment size

Characterization of New Red Pigments

Another important feature for the characterization of iron oxides is their ability to be incorporated at high
loadings without affecting the viscosity course. The final system should follow an approximate Newtonian flow
behavior which is an advantage in enabling greater versatility during production.

To determine viscosity, the pigments were incorporated in a universal pigment concentrate with a pigment
content of 61,5 %. The measurement was carried out by means of a cone/plate viscometer. ,,Pigment 6 New Red*
shows an approximate Newtonian flow in the low shear range up to 2000 s* whereas the ,,Pigment 1 Copperas®
is inconsistent.



VIIl. KONFERENCE PIGMENTY A POJIVA « 2.-3.11.2015

Fig. 13 — Viscosity behavior in a universal pigment concentrate

Dispersibility of a pigment in a paint system is influenced by the number of aggregates and agglomerates in
the pigment and by the forces holding the larger particles together. The nature of the forces could be Van der Waals
forces like in the example of carbon black, hydrogen bridges as in the case of organic pigments or electrostatic
forces in the case of inorganic pigments. The forces acting between particles are larger the smaller the particles are.
Dispersibility is also influenced by the forces acting on the particles caused by the dispersing equipment. These
forces are defined by the type of equipment and the viscosity of the mill base. The particle size of the pigments
and the forces holding the particles together are given by nature. But the number of aggregates can be influenced
by the pigment manufacturer by the intensity of milling. The quality of dispersion can be clearly illustrated by
a photographic means. The white dots on the grinding gauge images represent protruding particles after 15 minutes
dispersing with a high speed dissolver. The scaling ranges from 0 to 100 pm.

The grind values of ,,Pigment 6 New Red* lie in the same dimension as ,,Pigment 5 Laux*. All other tested
pigments showed an increased particle occurrence in the range 40-80 pm.

Fig. 14 — Easy dispersibility by using New Reds from the modified Penniman process

Conclusion

With the new Penniman technology we succeeded in reaching highest saturation ever seen for iron oxide red
pigments.

All this made possible by discovering the major influencing factors for the Penniman reaction. The New Red
types are characterized through:

* surpassing levels of red (a*) and yelow (b*) component,
« excellent performance in paints and coatings systems,
« uniform shaped particles,

* very narow particle size distribution.
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CARBON BLACK PIGMENTS FOR COATING SYSTEMS
PIGMENTOVE SAZE PRO NATEROVE HMOTY

ZOUHAR D.!, KUMM R.2

1 Grolman s.r.o.
2 Orion Engineered Carbons S.A.

Summary
The presentation shows basic principles of carbon black pigments. Structure of the pigment particles and carbon
black manufacturing methods are described. Influence of particle size, structure and surface oxidation on colori-
metric values and dispersibility is shown. Principles of specialty “Easy to disperse” and conductive grades are
presented.
Key words
Pigment, Carbon Black, Orion, Conductive Black, Dispersibility

EFFECTIVE FUNCTIONAL ADDITIVES FOR LOW TO ZERO VOC COATINGS

FUNKCNI ADITIVA PRO NATEROVE HMOTY S NiZKYM CI ZADNYM OBSAHEM
TEKAVYCH ORGANICKYCH LATEK

IONESCU E.
SOLVAY NOVECARE

Summary
In the last decades, the market share of waterborne coatings gain more and more interest versus the solvent-borne
formulations, the main driver being the conversion to a more environmental-friendly medium, reducing also
VOC content of waterborne formulations. Under those circumstances was noticed a reduction or
elimination of glycols and volatile coalescent from formulations, requesting the same or superior performan-
ces of those low-VOC coatings compared with the high-VOC predecessors. As an answer to those technical
requirements, two functional additives were developed: the Freeze-Thaw additive (Rhodoline FT 100E) — which
targets the improvement in freeze/thaw stability of low to zero-VOC binders and latex paints and the OTE addi-
tive (Rhodoline OTE) — targets the increase in open time of low to zero-VOC binders and latex paints, without
compromising overall film performance.

Key words
Freeze-thaw stability, open-time evaluation, color-acceptance
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ANTICORROSION EFFICIENCY OF ALKYD COATINGS CONTAINING

POLYANILINE SALTS
ANTIKOROZNI UCINNOST ALKYDOVYCH POVLAKU OBSAHUJICICH
POLYANILINOVE SOLE

KOHL M., KALENDOVA A.

Faculty of Chemical Technology, Institute of Chemistry and Technology of Macromolecular Materials,
University of Pardubice, Czech Republic.

Summary
Polyaniline salts, which fall in the class of conductive polymers, find use in many branches of science and

technology. Owing to their easy preparation, non-toxicity and high stability, they are also of interest in the for-
mulation of organic coatings. The aim of this work was to assess the effect of polyaniline salts on the mechanical
and corrosion properties of alkyd coatings. The polyaniline salts were prepared by oxidative polymerization of
aniline using ammonium peroxodisulphate as the oxidative reagent. The polymerization process was conducted

in an acid medium, using phosphoric acid, sulphuric acid or hydrochloric acid as the doping acid. The polya-

niline salt density and oil number values were determined and the critical pigment volume concentration was
calculated. Subsequently, the polyaniline salts were used in alkyd coatings at pigment volume concentrations 0,
1%, 5%, 10% and 15%. The organic coatings were subjected to an accelerated cyclic corrosion test in order to

assess their anticorrosion efficiency.

Keywords
Conductive polymers, polyaniline salt, organic coating

1 Introduction

Recently, conductive polymers have received considerable attention. Among the important conductive po-
lymers are polyaniline, polythiophene and polypyrrole [1]. Owing to their properties and reasonable preparation
costs, such materials have become popular in many branches of science and technology, where the feasibility
of using them as substitutes for common metals or other inorganic materials has been studied. Many papers
describing their properties as a basis for new uses have been published [2]. Other conductive polymers, such as
poly(phenylenediamine), have been investigated to this end as well [3].

Polyaniline (PANI) can be prepared in five different forms (Fig. 1) which differ in their oxidation state,
chemical structure, color, stability and electrical properties. One of the polyaniline species, green protonated eme-
raldine (polyaniline salt), is electrically conductive, appreciably more than conventional polymers and nearly as
much as semiconductors [4, 5]. The structure of the conductive polyaniline species includes an anion, which coun-
terbalances the positive charge of the chain. The anion is derived from the acid used in the protonation process. The
acid type and concentration affect polyaniline salt conductivity. Both mineral and organic acids can be used for
protonation [6, 7]. Recent studies have focused on chemical synthesis [8], chemical stability [9—11] and electrical
conductivity [12—15] of the various polyanilines.
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Fig. 1 — Polyaniline forms [16]

Polyaniline has a potential for advanced applications owing to its outstanding ecological stability, easy pre-
paration and reversible acid/base doping/dedoping chemistry [17]. Polyaniline can be subjected to an oxidation-
-reduction reaction during which it gains or loses electrons from the surrounding environment; this property may
potentially be exploited of in coating materials (paints) by providing enhanced corrosion protection to the base
material [18-23]. The mechanism of metal passivation may be due to the redox catalytic effect of PANI. As indic-
ted in Fig. 2, iron is directly oxidised to a ferric state, where ferric oxide is formed and acts as a passivating layer.
This direct oxidation process is accelerated by PANI by providing ferric rather than ferrous iron, which is water
soluble. The oxidation power of PANI is characterised by the type of doping agent [23, 24].

Fig. 2 — Schematic description of the catalytic passivation of iron by PANI [22, 23]

2 Experimental methods

2.1 Synthesis

The polyaniline salt synthesis route is based on the equation shown in Fig. 3. The synthesis started by prepa-
ration of 250 ml of a 0.2 M aniline solution in a 0.8 M solution of an acid, i.e. phosphoric acid (H,PO,), sulfuric
acid (H,SO,), hydrochloric acid (HCI). A 0.25 M solution of ammonium peroxodisulfate (250 ml) was also pre-
pared. Both solutions were mixed and and stirred for 60 min. The polymerization process was accompanied by a
color change. After 24 hours, the polymerization product was separated by filtration on Buchner funnel and rinsed
with a dilute solution of the acid that was used for synthesis, followed by acetone. The rinsed product was allowed
to dry in air for 24 h and then dried at 60 °C in a drier. Five polyaniline salt types were thus prepared: PANI-H,PO,,
PANI-H,SO,, PANI-HCL
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Fig. 3 — Oxidative polymerization of aniline [16]

2.2 Specification of the pigments employed

The critical pigment volume concentration (CPVC) of the pigments was calculated from the density (deter-
mined using Autopycnometer Micromeritics 1320) and oil absorption (determined according to the Czech State
Standard 67 0531 using the ,,pestle — mortar* method) [24].

2.3 Formulation and preparation of organic coatings

The binder for the organic coatings was an alkyd resin whose technical data are shown in Table 1. The organic
coatings contained the polyaniline salts at pigment volume concentrations (PVC) 0 %, 1 %, 5 %, 10 %, and 15 %.
Organic coatings were dispersed using a Disolver-type equipment at 4,000 r.p.m. for 40 minutes.

Tab. 1 — Technical data of the alkyd resin serving as the binder

CHS — Alkyd S 471x60, Spolchemie a.s., Usti nad Labem,
Czech Republic

Soybean-based air-drying medium oil alkyd resin, supplied as a 60 %
(low-viscosity) solution in xylene, oil length 47 %

Density: 1.01 g.cm™
Acid number: <6 mg KOH/g
Viscosity: 0.8-1.7 Pa.s (25 °C)
Dry matter: 60 %
Solvent: xylene

2.4 Corrosion test procedures

Accelerated corrosion tests are based on the intensification of the effects of natural forces that have a decisive
influence on the protective properties of the paints, their degradation, and primarily on the extent of corrosion un-
der the paint film on a protected base. The accelerated corrosion tests were carried out in three types of corrosion
atmosphere: a corrosion test in an SO, atmosphere with water steam condensation, and a corrosion test in an NaCl
atmosphere with water steam condensation. The first test paints were applied on the steel panels — size 152 mm x
102 mm x 0.8 mm (Standard low-carbon steel panels S-46, Q-Lab Corporation) by an applicator with a 250 um
slit. The second layer was put on steel plates using a 200 pm applicator after drying the first coat. The dry film
thickness (DFT) was measured using a magnetic gauge in accordance with ISO 2808. To test the anticorrosive
efficiency, a test cut (about 7 cm) was made at the bottom of all paints.

The degree of blistering on the surface of the coatings (ASTM D 714-78), the degree of corrosion at the test
scribe (ASTM D 1654-92) and the degree of steel surface corrosion (ASTM D 610-85) were evaluated after the
exposure in the corrosive environments.

2.4.1 Accelerated cyclic corrosion test in an atmosphere of SO, with water condensation (1ISO 6988)

The exposure of the samples in a testing chamber was performed in 24-h cycles: 8 h of exposure to SO, at
a temperature of 35 °C followed by exposure to the condensation of humidity for a period of 16 hours and at a
temperature of 21 °C. The condition of the samples was evaluated after 1632 h of exposure.

3 Results and discussion

3.1 Pigment specification

The basic parameters of the polyaniline salts are provided in Table 2. The densities of the salts were within
the range of 1.37-1.57 g.cm™. The relatively low densities suggest that the sedimentation rate in organic coating
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materials will not be high. This hypothesis was verified experimentally by a 120-day storability/stability test du-
ring which the samples were kept at room temperature. No gel formation or appreciable viscosity change in the
organic coating materials was observed during the test. The CPVC values of the polyaniline salts lay within the
range from 27.9 % to 30.5 %. The CPVC depends on density and on the oil absorption, the latter providing indirect
information on the pigment's specific surface area, particle size distribution and porosity. Knowledge of the CPVC
is a prerequisite for appropriate formulation of the pigmented organic coating material.

Tab. 2 — Densities, oil absorption and CPVC levels of the polyaniline salts

Polyaniline salt ge:;:_?i Oi[lgzﬁ);(o]rgpfi]on C[IZ/\O/]C
PANI-H,PO, 1.47 £0.02 152 28.9
PANI-H,SO, 1.48 £0.02 159 27.9

PANI-HCI 1.37 £0.02 153 30.3
* Parameters are given as arithmetic averages within 5 measured values

3.2. Accelerated cyclic corrosion test

Data describing the organic coatings' resistance against atmosphere with SO, are included in Table 3. The
exposure time was 1632 hours. Four different corrosion effect types were examined in dependence on the PVC. No
appreciable differences were observed between organic coatings pigmented with different polyaniline salts. This
implies that the dopant type has no appreciable effect on the corrosion test result.

Tab. 3 — Results of the corrosion test performed in a condenser chamber with a content of SO, for coatings
after 1632 h of exposure, DFT =90 £10 pm

PVvC Blistering Corrosion
Sample [%] Metal base In a cut Metal base In a cut

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

0 - 8D 0.03 2-3

1 - 8MD 0.01 1-2

PANI-H,PO, 5 - 8MD 0.01 1-2
10 &M &M 0.03 0.5-1
15 &M 8F 0.1 0-0.5

0 - 8D 0.03 2-3

1 - 8MD 0.01 1-2

PANI-H,SO, 5 - &M 0.01 0.5-1
10 - &M 0.03 0.5-1
15 &M 8F 0.1 0-0.5

0 - 8D 0.03 2-3

1 - 8MD 0.01 1-2

PANI-HCI 5 - 8MD 0.01 1-2
10 - &M 0.03 0.5-1
15 &M 8F 0.1 0-0.5

* All the parameters are given as arithmetic averages within 5 measured values
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‘While no blisters on the film surface emerged in test with the non-pigmented organic coating, blisters were
observed near the test cut. The resulting test cut corrosion occupied a distance of 2—-3 mm from the cut. The occur-
rence of blisters in the test cut and hence, the test cut corrosion diminished with increasing PVC of the polyaniline
salts in the organic coatings, to make as little as 0—0.5 mm at the highest PVC tested, i.e. PVC = 15%. The results
of the test cut corrosion in the accelerated corrosion test bear out the catalytic passivation mechanism at the metal/
coating interface. However, blisters on the film surface are formed at this PVC, inducing increased corrosion on
the panel surface. This anticorrosion efficiency reduction can be explained in terms a decrease in the barrier effect
if the organic coating contains the polyaniline salt at a high concentration. In fact, if the barrier effect is reduced,
the aggressive medium can penetrate more easily through the film and attack the coated substrate. The barrier
effect reduction has also been observed within other studies examining the anticorrosion efficiency of conductive
polyaniline species [25].

4 Conclusions

The objective of this work was to assess the effect of the pigment volume concentration and polyaniline salt
type on the corrosion properties of organic coatings containing pigments of that type. In an accelerated corrosion
test, the corrosion efficiency depended on the PVC, whereas the polyaniline salt type did not affect that parameter
appreciably. The corrosion efficiency was higher (exceeding that of the non-pigmented coating) especially at poly-
aniline salt volume concentrations within the 1% to 10% range. The anticorrosion efficiency decreased slowly as
the PVC was increased above the 10% level. The mechanism of catalytic passivation at the metal/coating interface
is borne out by the test cut corrosion data obtained from this accelerated corrosion test.
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Summary

The topic of diethyl phosphite (DEPH) is absolutely new and unexplored in the field of paints. The aim of this
object is a primary characterization of this material and an assessment concentration range with different value

PVC of pigment. Individual particles of polyaniline base was coated with a DEPH layer then it was applied in
model paint films as a corrosion inhibitor. A solvent-based epoxy-ester resin was used as a binder for the organic
coating investigated. Examined model paints were applied to steel and glass panels where were their resistance
to physico-mechanical test such as mechanical strength, hardness and adhesion. Organic coatings were exposed

to various kinds of corrosive environment. The evaluated parameters were corrosion evidences of which were

determined by a complex anticorrosion efficiency of the coating system.

Key words
Diethyl phosphite, polyanilin, organic coating

Introduction

Corrosion protection of materials is an issue which has been addressed by human society for many many
years. Metal surfaces are protected from corrosion by applying various coating materials. The binders, inorganic
and organic pigments contained in the coating materials and the paints themselves are subject to constant research,
development and innovations with a view to making them environmentally friendlier and improving their proper-
ties and anticorrosion efficiency [1]. Conductive polymers of the polyaniline (PANI) type have been known for
more than 30 years and are finding application as ,,plastic semiconductors®. Their efficiency is due to the conjuga-
ted double bonds system in the PANI chains, providing electron exchange between an organic coating containing
a PANI component and the substrate metal [2, 3]. Furthermore, the coating material consists of an organic binder
containing a dispersed pigment powder, which is selected in dependence on the desired efficiency of the whole
system. The present work is devoted to the properties of organic coating materials where the 3 major compo-
nents are important: an epoxy-ester resin as the binder and the pigment powders — PANI as a conductive species,
viz. an emeraldine salt, and in combination with diethyl phosphite (DEPH). Diethyl phosphite (C,H,0),P(O)
H, a phosphorous acid derivative, is a colourless water-soluble compound which finds use, for instance [5, 6],
as a reductant but is an entirely new and unexplored material in the paint industry. The diethyl phosphite—PANI
combination opens up an entirely new area for research and potential application. It is feasible to assume that this
combination may be used in coatings for active protection of metals by chemical and electrochemical mechanisms.

Experimental

Preparation of polyaniline base

Polyaniline was prepared by standard oxidation of 0.2 M aniline hydrochloride with 0.25 M ammonium
peroxydisulfate in aqueous medium at the room temperature [2]. The solids were subsequently converted to po-
lyaniline base in 1 M ammonium hydroxide, and dried at room temperature in air and then over silica gel. The
PANI base was suspended in diethyl phosphite without using any organic diluent or water. After 3 days, the solids
were collected on a filter, washed with ethanol, and dried in air, and then over silica gel. Pigment DEPH/PANI was
prepared by Academy of Science.

Pigment specification

The DEPH/PANI pigment was prepared and characterised by using a Micrometric 1320 AutoPycnometer
(reading with a precision to 3 decimal places) as per CSN EN ISO 787-10, and by measuring linseed oil consump-
tion per 100 g of the pigment (CSN EN ISO 787-5) by the mortar-and-pestle method (CSN 67 0531) in order to
calculated the critical pigment volume concentration (CPVC). The particle shape was examined on a JEOL — JSM
5600 electron microscope. This was sufficient for the starting tests.
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Now, a model paint series containing the pigment at volume concentrations PVC = 1%, 3%, 5%, 10%, 15%,
and 17% was formulated. The pH and specific electric conductivities of a 10% aqueous extract of the pigment
powder were measured during 4 weeks as per CSN EN ISO 789-9 and CSN EN ISO 787-14. The suspension was
filtered, and a clean and pre-weighed steel panel was submerged in the filtrate for 17 days, after which the panel
was removed from the extract and the corrosion loss (Km) was measured.

Formulation and preparation of the paints

A solvent-based epoxy-ester resin (WorléeDur D46, Worlée Chemie, Germany) was used as the binder. The
model paints were prepared by adding the pigment at volume concentrations PVC = 1%, 3%, 5%, 10%, 15%, and
17 % and homogenising the system. A bead mill was used for dispersing the material at 3000 rpm for 45 minutes.
Nuodex Combi (0.1 wt.%) was added as a siccative. Two reference standards were also used: the non-pigmented
epoxy-ester resin itself and a paint containing polyaniline at PVC = 5%, prepared in hydrochloric acid. The paints
were applied to glass and steel panels.

Physical-mechanical properties of the paint films

Paint films were tested by destructive test to flexibility, elasticity, total resistance of the paint film. These tests
were made on steel panels size 102 mm x 60 mm x 0.9 mm. Film thickness was measured with a type magnetic
thickness gauge according to ISO 2808.

Paint film adhesion measured by the cross-cut test method (CSN ISO 2409)Depending on the film thickness
was used special cutting knife with the blades 2 and 3 mm apart. The grid square, defined area, was made up to the
substrate. The grid was assessed on the 05 scale, 0 denoting the highest resistance.

Paint surface hardness measured on a pendulum system by Persoz and Konig (CSN ISO 67 3076)

The relative surface hardness was measured, on the pendulum apparatuses by Persoz and Konig, towards
glass standard repeatedly during 82 days.

Impact resistance measured by the falling weight test (CSN ISO 6272)

The weight of 1 000 g was allowed to fall on the averse and reverse of the paint film. The height was evalu-
ated by which not to damage paint film.

Resistance to indentation measured on an Erichsen apparatus (CSN 1SO 1520)

This test examines paint film resistance to the indentation of a steel ball 20 mm in diameter. The result of this
cupping test is the smallest indentation depth, in mm, at which the paint film is damaged.

Resistance to bending over a cylindrical mandrel (CSN 1SO 1519)

The result of this test is the largest mandrel diameter (in mm) on which the paint film suffers damage.

Accelerated corrosion tests

The accelerated corrosion tests were conducted on steel panels size 152 mm x 102 mm x 0.8 mm. A cut (7
cm long) was made through the film to the substrate. These effects of corrosion were evaluated after removing the
paint films of individual corrosive environments (according CSN EN ISO 4628-2 to 4628-5): blisters on the film
surface (ASTM D 714-78), corrosion in the test cut (ASTM D 1654-92) and corrosion of the steel substrate after
removing the paint film (ASTM D 610-85).

Results and discussion

A series of model paints containing DEPH/PANI at PVC = 1%, 3%, 5%, 10%, 15%, and 17 % was prepared,
and the paint that was most resistant to a selected aggressive environment was identified by laboratory tests. The
results were compared to those obtained with the reference paints, i.e. the non-pigmented epoxy-ester resin and a
paint containing the polyaniline salt at PVC = 5%, prepared in hydrochloric acid in order to use the same conditi-
ons of preparation of the PANI base. The results are presented in Tables 1 and 2.
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Tab. 1 — Properties of the test paint films and pigment powders

DEPH/PANI
1 16.5 10.9 100 182 | 4.55 | 4.05 | 5.45 14 57 67 49.3
3 33.1 23.4 99 159 | 5.52 | 391 | 5.15 5 53 42 62.0
5 21.6 15.4 99 191.5 | 573 | 3.68 | 532 7 64 46 69.6
10 17.9 14.5 97 311 | 6.03 | 334 | 534 7 140 75 67.0
15 16.7 17.6 94 161.5 | 6.03 | 3.17 | 472 7 230 131 54.3
17 17.9 16.1 93 1935 | 595 | 3.16 | 5.28 7 234 130 53.1
Pigm. - - - - 432 ] 2.65 | 4.82 489 1160 597 96.2
Comperative coating of HCI/PANI
HCI/P | 347 242 92 3125 | 6.02 | 3.16 | 439 15 119 73 56.9
Pigm. - - - - 1.46 | 1.45 | 1.59 381 19850 12840 | 254.4
Non-pigmented epoxy-ester resin
w 34.4 24.9 100 1745 | 3.62 | 336 | 522 92 195 232 48.5
R.H,0 - - - - 432 ] 2.65 | 4.82 489 1160 597 96.2

Relative surface hardness of the paint films was measured during 82 days. The highest hardness, 34% rela-
tive to the glass standard, was observed for the reference materials — HCI/PANI and the epoxy-ester resin itself.
In the pigmented paint series, the surface hardness was highest at PVC = 3%: in fact, the hardness was affected
by the resin itself at PVC < 3%, and by the effect of the pigment particles, which made the paint film softer, at
PVC > 3%. The same patterns were observed during hardness measurements by the methods of Persoz and Konig.
Increasing DEPH/PANI content deteriorates slightly the paint's overall physico-mechanical properties (OPMR)
but the relative values were never below 92%. Limiting was the result of the drop test applied to the reverse side:
the films were damaged by the weight drop from 50 cm as the PVC was approaching the critical limit (CPVC).
The best levels, 99% to100 %,were achieved at PVC = 1%, 3%, 5 % and, of course 0% (the non-pigmented epoxy-
-ester resin itself); the level was 97 % at PVC = 10 %, at which the highest tearing-off force, F =311 N, had to
be applied to detach the paint film from the substrate. The pH and electrical conductivity levels of aqueous extracts
of the paint films and of the pigment powders were measured during 21 days. On day 21 the suspensions were
filtered, and clean and preweighed steel panels were submerged in the filtrates and left there for 17 days. After the
exposure the panels were removed, cleaned with a pickling solution and weighed again. The results were used to
calculate the corrosion losses relative to those in redistilled water (R. H,0O — pH 7.3-7.6). The pH values of the
DEPH/PANI pigment itself in the baseline state and on day 21 were 4.32 and 2.65 respectively. After submerging
the steel panel, the pH returned ultimately (on day 38) back to 4.82. The system with the HCI/PANI reference
pigment was highly acid because the pigment was present in its conductive form — the pH lay within the range of
1.4-1.6 throughout the entire measuring period. The initial pH levels differed as much as 2 units in the DEPH/
PANI concentration series but approached one another on day 21, when all of them lay within the narrower range
of pH 3.16-4.05 depending on the deprotonation of the PANI base. The pH increased by 1 to 2 units after sub-
merging the steel panels into the extracts; the increase correlated with the corrosion losses, which increased up to
PVC = 5% and decreased again at higher pigment concentrations. The lowest value, K = 49.3%, was observed
at PVC = 1%. The non-pigmented resin provided a similar value. The results were very similar for the more pig-
mented paint films. Both DEPH and PANI as pigments are conductive. Their conductivity remained preserved in
the paint films. The maximum conductivity (S) was observed on day 21, after submerging the steel panel into the
extract, the conductivity decrease due to electron exchange and formation of corrosion products.
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Tab. 2 — Evaluation of corrosion tests

DEPH/PANI
56 36 46 73
3 70 36 53 76
94 64 79 89
10 88 78 83 90
15 48 82 65 79,5
17 84 70 77 85
Comperative coating of HCI/PANI
HCVPANI | 45 | 77 | 61 | 76,5
Non-pigmented epoxy-ester resin
W | 39 | 39 | 39 | 69,5

The paint films were exposed to the corrosive environments of a salt mist (CSN ISO 92 27) and of a mist with
SO, (CSN ISO 32 31), with condensed moisture in both environments. The samples were exposed for 1344 hours
in the salt chamber and for 1368 hours in the SO, chamber. The following parameters were evaluated: blistering of
the paint film surface and of the film in an artificial cut made in the film, corrosion of the substrate metal surface
beneath the film, and corrosion in the cut. Each parameter was assigned a score number, and the arithmetic mean
of the scores represented the paint film's overall anticorrosion efficiency (AE). The paint that was best resistant to
the NaCl mist contained DEPH/PANI at PVC = 5%. The occurrence of blisters on the paint film surface decreased
with increasing PVC, as did the occurrence of blisters in the cut. No specific trend with respect to the PVC can be
identified for corrosion on the substrate metal surface. In fact, the particle distribution in the film would have to be
considered. The films containing the pigment studied were superior to the reference materials, i.e. the binder with
the HCI/PANI pigment and the bare resin. In other words, the pigment provided better anticorrosion protection
to the substrate metal. In the test using the SO, mist, the samples with PVC = 1% and 3 % were inferior to the
reference materials, because of too low a participation of electron exchange in the PANI base, which was present
in an amount that was insufficient to passivate the damaged surface. Hence, the use of so low pigment concentra-
tions is not advisable. The degree of blistering decreased with increasing PVC. Blister were absent from the cut at
PVC = 5% and 10 %. Corrosion of the metal surface was nearly identical, lying within the ASTM interval (3—16),
except for PVC = 10%. The data from the two corrosion environments were combined and averaged to obtain
the paint's overall anticorrosion efficiency (OAE). The best result was obtained for the paint with PVC = 10%,
followed by PVC = 5%. The same applies to the combined anticorrosion efficiency CAE, which is the arithmetic
mean of OAE and OPMR. All the model paints containing DEPH/PANI except that with PVC = 1% possessed
higher CAE values than the reference coating materials.

Conclusion

Model coating materials containing the new pigment DEPH/PANI were prepared and their basic properties
examined. A series of paints containing the pigments at concentrations PVC = 1%, 3%, 5%, 10%, 15%, and 17%
was set up and the paint system that exhibited the best results both in physico-mechanical tests and in anticorrosion
tests was sought and identified. It is the paint containing the pigment at PVC = 10% (KAU = 90%), followed by
PVC = 5%. In this range of PVC = 5%-10% the film exhibits good adhesion, does not peel off, even if exposed
to corrosion environments. The paint films exhibit lower surface hardness values, thereby becoming tougher and
more plastic. Forthcoming study will focus on the mechanism of the anticorrosion protection provided by the paint
films.
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Summary
Alkyd resins modified with polyunsaturated fatty acids (e.g. linoleic acid, linolenic acid) are able to provide
polymeric film without addition of any curing agents but this process is generally very slow. Therefore, the use of

catalysts, so-called driers, is necessary for acceleration of the drying process and improvement of the physical
properties of resulting polymeric film. Commercially used cobalt-based driers, e.g. cobalt(Il) 2-ethylhexanoate

(Co-Nuodex), belong to the most powerful drying agents. However, pronounced toxicity of cobalt(ll) com-
pounds stimulate a legislative pressure on the paint-producing industry to replace them with less toxic agents.
Oxovanadium(1V) 2-ethylhexanoate was established as a new primary drier for alkyd-based paints. The series
of experiments has demonstrated an excellent drying activity toward solvent-borne alkyd resins of different oil

length at considerably lower metal concentration than optimal for commercial cobalt(ll) 2-ethylhexanoate.

Key word
Alkyd, vanadium, cobalt, autoxidation

1 Uvod

Na vzduchu schnouci pojiva jsou ve velké mife pouzivany v modernich organickych povlacich. Pfitomnost
dvojné vazby v jejich molekule umoziiuje reakcei se vzdusnym kyslikem. Vysledkem této reakce je vznik pevné-
ho trojrozmérného filmu. Tato reakce se nazyva oxopolymerace nebo také autooxidace[1]. Alkydové pryskytice
zaujimaji podstatnou ¢ast produkce na vzduchu schnoucich natérovych hmot. Jejich zasychani je vsak pomérné
dlouhé, a z toho divodu je nutné do téchto pojiv pfidavat katalyzatory pro urychleni zasychani. Tyto katalyzatory
se nazyvaji sikativy[2, 3]. V soucasné dob¢ jsou nejpouzivanéj$imi sikativy slouceniny kobaltu jako napiiklad
kobalt(II) 2-etylhexanoat (Co-Nuodex). Nicméné prokazana toxicita kobaltnatych sloucenin[4, 5] stimuluje le-
gislativni tlak na nahrazeni tohoto sikativu v natérovych hmotach netoxickymi alternativami. V soucasné dobé
jsou znamé vysoce aktivni sikativy na bazi manganu [6, 7] nebo Zeleza [8—10], ale i pfes to hledani novych
ekonomicky vyhodnych a vysoce G¢innych latek stale probiha. Nas vyzkum zacal se slouCeninami vanadu a to
konkrétn€ s VO(acac), a jeho derivéty. Tyto ltky jsou za urcitych podminek aktivnéjsi nez kobaltnaty sikativ
a také jejich toxicita je zanedbatelna [11, 12]. Nevyhodou téchto sloucenin je jejich relativné nizka rozpustnost
v alkydové pryskyfici coz omezuje jejich pouziti. Proto jsme se v dalsi fazi vyzkumu zaméfili na rozpustnéjsi
slouc¢eninu vanadylu a to komplexu s kyselinou 2-etylhexanovou (obr. 1). Sikativa¢ni aktivita tohoto komplexu
byla testovana na raznych alkydovych pryskyficich. Ziskané vysledky byly srovnany s komerénim kobaltnatym
sikativem Co-Nuodex (obr. 1).

Obr. 1 — Chemicka struktura pouzitych sikativi

2 Experimentalni ¢ast
2.1 Pouzité materialy a chemikalie
Komer¢ni kobaltnaty sikativ Co(1I) 2-ethylhaxanoat (Octa-Soligen Cobalt 10 in D60, Co-Nuodex) byl dodan
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firmou Borchers GmbH, antioxidant Exkin (meko) byl dodan firmou Servo Delden. Jako pojivo byly pouzity 4
alkydové pryskyfice: CHS-Alkyd T501 WXS55 (T50, alkyd o stiedni olejové délce modifikovany talovym olejem,
¢islo kyselosti=8 mg KOH/g), CHS-Alkyd S401X55 (S40, alkyd o kratké olejové délce modifikovany sojovym
olejem, ¢islo kyselosti=7 mg KOH/g), CHS-Alkyd S471X60 (S50, alkyd o stiedni olejové délce, modifikovany
sojovym olejem, ¢islo kyselosti=7 mg KOH/g), CHS-Alkyd S621W60 (S60, alkyd o dlouhé olejové délce modi-
fikovany sojovym olejem, ¢islo kyselosti=6 mg KOH/g). Koncentrace kovu je udavana v hm. % na susinu pojiva.

2.2 Méreni doby zasychani

Sikativacni aktivita studovanych komplext byla stanovovéana pouzitim pfistroje BYK Drying Time Recorder.
Zatizeni je vybaveno jehlami s kulovitym hrotem. Tato jehla je tazena po celé délce testovaciho skla (zatizena 5g)
za standardnich laboratornich podminek (teplota 23°C a relativni vzdu$na vlhkost 50%). Modelové filmy byly
pfipraveny pomoci krabicového pravitka (tloustka mokrého filmu byla 76 um). Stopa, kterou jehly zanechavaly
na modelovém filmu, byla pouzita pro stanoveni doby zaschnuti.

2.3 Méreni povrchové tvrdosti

Vyvoj tvrdosti modelového filmu, poskytuje informace o sikativaéni aktivité v delsim ¢asovém horizontu.
Mg¢feni bylo provadéno na kyvadle Persoz (Elcometer Pendulum Hardness Tester) v souladu s normou ISO 1522.
Principem metody je méfeni poctu kyvi kyvadla do doby, nez je amplituda utlumena z 12° na 4°. Cim je mode-
lovy film tvrdsi, je zaznamenavan vyssi pocet kyvi. Na ocisténé a odmasténé sklenéné desky (20 cm x 10 cm)
byl nanesen film pomoci krabicového pravitka se $térbinou 150 um (tloustka mokrého filmu). Tvrdost filmu byla
meéfena po dobu 100 dni. Naméfené hodnoty byly vztazeny k poctu kyvii na sklenéném standardu a vyjadieny jako
relativni tvrdost v procentech.

3 Vysledky a diskuze

Sikativa¢ni aktivita byla studovana na ¢tyfech rozpoustédlovych alkydovych pryskyficich: stiedni alkydova
pryskytice modifikovana talovym olejem (T50) a na tiech alkydovych pryskyticich modifikovanych sojovym ole-
jem o kratké, stiedni a dlouhé olejové délce (S40, S50 a S60). Pro stanoveni sikativaéni aktivity byly pfipraveny
modelové filmy které obsahovaly 0,1; 0,03; 0,01 a 0,005 hm.% V na susinu pojiva. Pro porovnani byly pfipraveny
filmy, které obsahovali komer¢ni kobaltnaty sikativ Co-Nuodex o koncentracich 0,1; 0,06 a 0,03 hm.% Co na
susinu pojiva. Naméfené vysledky jsou prehledné uvedeny v tabulce 1.

Pro alkyd T50 byly nalezené ¢asy zasychani a vysledné relativni tvrdosti srovnatelné s komerénim kobalt-
natym sikativem. Jako optimalni se jevi koncentrace 0,03 hm. % vanadu na susinu pojiva, kdy celkova doba
zaschnuti byla stejna jako u kobaltnatého sikativu o koncentraci 0,1 hm. %. Stejné tak i povrchova tvrdost byla
srovnatelna. Dlouhé doby zasychani byly nalezeny pouze u mnohem nizsich koncentraci (0,01 a 0,005 hm. %)
coz je dobfe patrné z celkovych ¢asti zasychani, které presahly 20 hodin. Povrchova tvrdost pro tyto systémy vSak
byla jen nepatrné nizsi. Pro koncentraci 0,1 hm. % V byla celkova doba zaschnuti také velmi kratka, ale oproti
koncentraci 0,03 hm% nebyl tento ¢as vyrazné nizsi. Také u povrchové tvrdosti nebyla zaznamenana vyrazné vyssi
hodnota v porovnani s koncentraci 0,03 hm % V. V piipadé pryskyfic modifikovanych sojovym olejem (S40, S50
a S60) byla sikativacni aktivita VO-oktoatu velmi vysoka a v nékterych systémech byla jeho u¢innost podstatné
vy$§i nez t¢innost kobaltnatého sikativu. Rozsah vhodnych koncentraci VO-oktoatu je velmi zavisly na olejové
délce alkydu. V ptipadé kratkého alkydu S40 se jako optimalni rozmezi jevi 0,05-0,005 hm. % V na susinu pojiva.
V navrhovaném koncentraénim rozsahu nebyla celkova doba zaschnuti delsi nez 10 h a povrchova tvrdost se po-
hybovala v rozmezi 59,5-49,9 %. Pii pouziti vyssi koncentrace byl jiz systém piesikativovan coz je dobie patrné
z prodlouzeni ¢ast t1 a 12. Aktivita VO-oktoatu v alkydové pryskyfici S50 je velmi podobna aktivité v alkydu
T50. Také u tohoto alkydu byly nejlepsi vysledky dosazeny u koncentrace 0,03 hm.%. Hlavni rozdil je ten, ze pii
koncentraci 0,1 hm.% jsou jiz patrné naznaky piesikativovani, kdy doslo k prodlouzeni celkové doby zaschnuti.
V piipadé dlouhého alkydu S60 se rozmezi idealni koncentrace posunulo do vyssich hodnot 0,1-0,03 hm. %. V
tomto rozmezi byly naméfeny kratké doby zaschnuti, ale povrchova tvrdost byla nizsi nez u ostatnich alkydu a to
okolo 37 %. Tyto hodnoty jsou srovnatelné s filmem, ktery obsahoval kobaltnaty sikativ (39,4 %). Ze ziskanych
vysledku se tedy jako idealni koncentrace pro viechny 4 testované alkydové pryskyfice jevi 0,03 hm% vanadu na
susinu pojiva. Z toho divodu byly dalsi méfeni provadény prave s touto koncentraci.
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Tab. 1 — Doby zasychani (1) a relativni tvrdost (H, ) alkydovych filmii s obsahem VO-oktoatu
a Co-Nuodex o riznych koncentracich

- T50 >24 >24 4.6 41.7
0,1 0,5 3,2 23,0 57,0
0,03 L5 45 23,3 55,9
0,01 VO-oktoat/T50 0,3 22,9 18,9 49,1
0,005 5,2 22,6 14,9 41,1
0,1 3,4 4,5 23,4 60,6
0,06 Co-Nuodex/T50 4,8 10,6 22,9 59,5
0,03 6,5 13,2 22,1 52,5
- S40 >24 >24 6,8 457
0,1 2,8 10,5 34,0 60,1
0,03 0,9 2,2 30,6 59,5
0,01 VO-oktoatS40 0,7 3.9 28,9 54,1
0,005 3,5 6,9 28,0 49,9
0,1 5,5 7,6 25,9 61,2
0,06 Co-Nuodex/S40 2,7 6,9 353 58,5
0,03 5,5 15,4 35,8 57,4
- S50 >24 >24 2.4 33,8
0,1 1,6 5,5 28,6 56,4
0,03 1,5 33 25,0 54,1
0,01 VO-oktoatssy 41 14,3 18,7 478
0,005 16,6 23,1 17,0 443
0,1 5.2 6,7 20,7 54,1
0,06 Co-Nuodex/S50 7,7 9,5 20,6 53,7
0,03 19,2 24,0 22,4 49,8
- S60 >24 >24 2,4 18,8
0,1 0,7 1,8 17,9 45,1
0,03 VO-oktoat/S60 1,2 2,1 13,4 37,2
0,01 2,5 14,2 9,6 30,2
2|, faze zasychant, ® celkova doba zaschnuti, ¢ relativni tvrdost po 10 dnech, ¢ relativni tvrdost po 100 dnech

Pro ptiblizeni se realnym systémim byla provedena méfeni s metyletylketoximem (meko) jako antioxi-
da¢nim aditivem. Ziskané vysledky z méfeni doby zasychani a povrchové tvrdosti jsou uvedeny v tabulce 2.
Tyto vysledky ukazaly, ze meko jen nepatrné ovliviiuje pisobeni VO-oktoatu jako sikativu. Téméf pro viechny
modelové systémy byly pozorovany lehce kratsi Gasy zasychani 11 a 12 stejné tak i tvrdost po 10 dnech dosaho-
vala vy$8ich hodnot. Jedinym negativnim efektem meko byla nizs§i finalni tvrdost n€kterych systému. Nicméné
i tyto systémy dosahovaly podstatné vyssich tvrdosti nez filmy, které neobsahovaly sikativ. Naméfené hodnoty
naznacuji, ze meko zabranuje vzniku pevné tenké vrstvy na povrchu filmu a tim tak zlepsuje diftzi kysliku a tim
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i prosychani filmu v po¢atecnich stadiich.

Tab. 2 — Efekt meko na sikativaéni aktivitu VO-oktoatu®

VO-oktoat/T50/meko 1,8 5,4 28,7 57,1
VO-oktoat/S40/meko 0,5 1,8 32,0 50,7
VO-oktoat/S50/meko 1,2 32 25,6 47,0
VO-oktoat/S60/meko 0,8 4,0 16,1 33,0
2 experiment byl provadeén s koncentraci 0,03 hm.% vanadu na susinu pojiva
a koncentrace meko byla 0,2 hm. %, ° viz tabulka 1.

4 Zavér

Tato prace dokazala velmi vysokou sikativacni aktivitu VO-oktoatu. Pfi koncentraci 0,03 hm. % na su-
Sinu pojiva je jeho aktivita v riznych rozpoustédlovych alkydech podobna komerénimu kobaltnatému sikativu
Co-Nuodex pii koncentraci doporucené dodavatelem (0,1 hm. %). Na rozdil od ptedchozi studie se slouceninami
VO(acac)2 [11], aplikace VO-oktoatu neni limitovana jeho rozpustnosti, jelikoz byl pfipraven jako roztok v ky-
selin¢ 2-etylhexanové a byl velmi dobfe misitelny se vSemi pouzitymi alkydy. Pro pfiblizeni chovani VO-oktoatu
v realnych systémech byly pfipraveny filmy, které obsahovali antioxidant meko. Z vysledki je velmi dobie patrné, ze
meko ma jen velmi maly vliv na pisobni vanadylového sikativu a neomezuje tak jeho pouziti do natérovych hmot.
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Summary
Thin films are now increasingly used in many technologies. They used in manufacturing electronic components,
creating a hard surface tips of the various instruments and surfaces resistant to wear. The thickness of the thin
films ranges from several nanometers to several hundred micrometers. It can say that in almost every real appli-
cation surfaces are covered with a thin layer, either intentionally or deposited adsorbed from the environment.
All the layers affect the mechanical and surface properties for micro and nano-scale.

Key words
Thin film, spin coating, sputtering

1 Uvod

Za tenky film je povazovan vzorek o tloust’ce v fadu jednotek mikrometrli (obvykle i méné), ktery byl nane-
sen na vhodnou podlozku (substrat). Takovy tenky film ziskava specifické vlastnosti oproti objemovym vzorkiim
stejného slozeni napt. vyssi elektricky odpor, ale také zvyseny vyskyt strukturnich poruch v krystalové miizce [1].
Zakladnimi specifikacemi tenkych filmi jsou dobra adheze na podlozku, rovnomérnost tloust’ky, absence dér atd.

2 Fyzikalni metody p¥ipravy tenkych filmi

Pro ptipravu tenkych filmt metodami fyzikalni depozice pies plynnou fazi (PVD — physical vapour depositi-
on) je spole¢nym znakem depozice vzorku bez chemické reakce na cesté mezi zdrojem a substratem. Tyto metody
Ize dale rozdélit na metody termické napafovani a naprasovani. [2].

2.1 Termické naparovani

2.1.1 Vakuové — termické naparovani

Podstatou vakuového napafovani je rychla kondenzace par napafovaného materialu na podlozce — substratu.
Je tak zamezeno vzniku energeticky vyhodnéjsiho krystalického stavu. Tato technika je naro¢nd na parametry
vakua vzhledem k zavislosti stiedni volné drahy ¢astic na tlaku. Je také nutné zajistit Cistotu substratu a vhodnou
rychlost napafovani. Zakladnimi parametry tenkych filmu, jak jiz bylo feceno, jsou homogenita a rovnomérnost.
To je zajistovano systémy rotujicich drzaka substrati. Mezi nejb&éznéjsi patii: plocha deska, kopule, buben a pla-
netarni systém (obrazek 1). Posledné jmenovany se sklada ze tii rotujicich kopuli nebo péti rotujicich desek nad
zdrojem deponované latky. Tyto drzaky vzorkl vykonavaji béhem vlastniho napafovani dvoji rotaci — kolem své
osy a zaroven rotuji jako celek nad odpafovaci lodickou. Tato metoda zajist'uje idealni polohu substrati vici zdroji
a dosahuje se s ni nejlepsi homogenity vrstvy (1 %). Na kvalitu finalni vrstvy ma vliv i rychlost napafovani [1].
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Obr. 1 — Planetarni systém s tiemi rotujicimi kopulovitymi drzaky substrati [1]

Zdroj deponovaného materialu (objemovy vzorek skla) je ulozen v tantalové lodicce do centra tohoto systé-
mu a zahfivan nejcastéji v odporové spirdle ze zaruvzdorn¢ho materidlu (W, Mo). Cely systém vakuové naparo-
vacky vypada tak, jak je schematicky naznaceno na obrazku 2.

Obr. 2 — Vakuova napafovacka: 1-zvon, 2-drzak substratu, 3-méfeni tloust’ky, 4-okénko, 5,7,10-stit, 6-za-
vora, 8-vzorek, 9-sbérnice, 11-transformator, 12-vakuova pumpa [1]

2.1.2 Metoda mzikového naparovani

Jinak také nazyvana metoda ,,flash“ je v podstaté modifikované vakuové napatovani. Jedna se o to, ze napa-
fovany material je do napafovaci podlozky (lodi¢ky) dopravovan v malych davkach v pravidelnych intervalech.
Vyrazné se tak zamezi frakénimu odpatrovani jednotlivych prvki z napafovaného materialu, a proto je tato metoda
idealni pro napafovani viceslozkovych systému. V idealnim ptipadé je vzorek predehiivan na vysokou teplotu,
a proto se ihned po styku s odporovou spiralou vypatuje. To piispiva k tomu, ze v idealnim pfipadé maji vzorky
naprosto totozné slozeni jako napatfovany objemovy vzorek [2].

2.1.3 Naparovani se zahrivanim svazkem elektronu

Tato metoda se oznacuje jako elektron beam evaporation method (EBE method). Od odporového napatrovani
se lisi tim, ze kineticka energie — v podobé vysokoproudého elektronového svazku je dodavana do horni ¢asti
napafovaného materialu. Druhym rozdilem je to, ze lodicka je chlazena vodou a odpafovana latka s ni v podstaté
nereaguje, takze ji neni potieba ménit [1].

2.1.4 Naprasovani

Jedna z nejbéznéjsich metod uzivanych pro ptipravu tenkych vrstev. Jeji vyhody spoéivaji v lepsi adhezi vrst-
vy k substratu, v moznosti ptipravit tenké filmy z vysokotajicich materiala a slitin a v neposledni fadé¢ je depozice
mozna na vetsi plochy. Princip spo¢iva v odebirani naprasovaného materialu z ,,teréiku® na katodé a jeho prenaseni
plazmou na anodovy ,ter¢ik*.

3 Chemické metody pripravy tenkych filmi

Tyto metody spocivaji v chemické depozici ptes plynnou fazi (v anglicke literatuie oznacovany jako CVD
metody). Jsou zalozeny na principu tepelného rozkladu tékavych reaktanti nebo jejich reakei s jinou slou¢eninou
v plynné fazi nebo na vyhiivaném substratu. Produkt takové reakce se pak uklada na substrat v podob¢ tenkych
filma [1].
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3.1 Termicka CVD

U této metody dochazi po termické iniciaci (odporovy, vysokofrekvenéni ohfev, infracervené zafeni) k reakci
plynnych sloucenin v tésné blizkosti nebo pfimo na vyhfivaném substratu za vzniku tenkych filmi. Vyhodou této
metody je hlavné jeji reprodukovatelnost a vyroba Cistych a dobie pfilnavych tenkych filmi. Existuje velké mnoz-
stvi metod s termickou aktivaci a déli se podle tlaku vzduchu, pfi kterém se tenké filmy pfipravuji (od APCVD
- atmosferic pressure CVD az po UHVCVD - ultra high vacuum CVD) [1].

3.2 Nandseni z roztoku

Touto metodou se ptipravuji tenké filmy nejen z chalkogenidu ale i naptiklad polymerové povlaky (polymer +
tékavé rozpoustédlo), ochranné kovové povlaky — bezproudovym pokovovanim (poniklovani), maceni v tavening
roztoku (pozinkovani, pocinovani), eletrolyticka depozice katodickych/anodickych vrstev a dalsi.

3.2.1 Metoda spin — coating

Podstatou této metody piipravy tenkych filmi je naneseni materialu, ze kterého chceme TV vytvofit, v podo-
be roztoku v tékavém rozpoustédle na substrat. Poté se substrat se vzorkem odstiedi v centrifuze po definovanou
dobu pfi definovanych otackach [3;4]. Vrstva vznika diky radialnimu proudéni kapaliny v dusledku rotace. Tak se
vytvoii tenka vrstva roztoku, ze kterého se postupné odpatuje tekavé rozpoustédlo. V posledni ¢asti pfipravy by
se méla vrstva jesté vytemperovat pii zvysené teploté, aby se odpafily zbytky rozpoustédla. Existuje zde spous-
ta faktort, které zasadné ovliviwji kvalitu pfipravené vrstvy a to: typ rozpoustédla, viskozita roztoku, slozeni
rozpusténého vzorku, rychlost otacek, doba odstied’'ovani, doba temperace a jiné. Tato metoda je pouzivana jiz
velmi dlouho a to hlavné z diivod jeji technické nenarocnosti, nebot’ se provadi za atmosférického tlaku. Je hoj-
né pouzivana v mikroelektronice pfi piiprave tenkych filmi polymerid na kiemikovych destickach, dale pak pii
mikrolitografii atd. [5;6].
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BIOLOGICKY ODBOURATELNE POLYMERY NA BAZI VYBRANYCH POLY-
OLEFINU

BIODEGRADABLE POLYMERS BASED ON SELECTED POLYOLEFINS
PUKOVA K., VECERA M., PROKUPEK L., LINHART K.

Univerzita Pardubice, Ustav chemie a technologie makromolekuldrnich latek

Summary
The work deals with degradable polymers, more particularly polyolefins containing natural a polymer compo-
nent which accelerates microbial decomposition and thus shortens the time of degradation of the polymer mixtu-
re in the environment. The tested mixtures were composed of the most frequently used polyolefins (polyethylene
and polypropylene) containing starch and polylactic acid, respectively, in the concentration of 2, 5, and 10 wt.
% in the mixture. Specimens were prepared and subjected to simulated weathering. The rate of degradation for
both types of mixtures was measured and evaluated by standard analyzes and tests.

Keywords
Polyolefins, starch, polylactid acid, biodegradation, polymer aging

1 Uvod

V soucasné dob¢ je téméf kazdy ctvrty vyrobek na polymerni bazi. Vznikla situace nabada k celosvétovému
feseni najit takovy material, ktery ma nejen vlastnosti polymeru, ze kterého byl vytvoren, jako je pevnost, tvrdost,
houZevnatost a dostatecna trvanlivost. Rovnéz by mél mit i vlastnosti ptirodniho polymeru a to schopnost se ve
spravném prostiedi, které zajistuji mikro-makroorganismy, vlhkost, UV zafeni a jiné faktory rozlozit na latky,
které jsou pfirod¢ vlastni a maji zde pfirozeny kolob&h. Splnéni viech vyse popsanych pozadavku, které jsou na
vyrobek kladeny, dosahujeme zvolenim spravného poméru mezi zakladnim polymerem a jeho degradabilni sloz-
kou. Jednotlivé vzajemné poméry slozek jsou nasledné testovany a sledovany po nékolik let ve vyzkumu, nez je
nalezen jejich idealni pomér pro dokonalé uziti vyrobku.

2 Popis, priprava a degradace vzorku

Vzorky byly vytvofeny z polyethylenu (HDPE) a polypropylenu (PP), které jsou jedny z nejuzivanéjsich
polyolefinti. Z nich byly vytvofeny smési se Skrobem a kyselinou polymlécnou, jako rozlozitelnou slozkou, o po-
stupnych koncentracich 0, 2, 5 a 10 %. Polymerni smési polyolefinti a rozlozitelné slozky byly homogenizovany
(extruder W&D ZDS-K28) a metodou vstiikovani (vstfikovaci lis NEO80) byly vyrobeny desti¢ky a normovana
téliska. Vzorky byly podrobeny umélému starnuti v QUV — panelu pfi 340 nm po dobu 440 a 726 hodin a byla
zméfena tvrdost dle Brinella.

3 Vysledky a diskuze
Vysledky tvrdosti jsou uvedeny jako prumeér v jednotkach HK/5/15,6/60 a jsou uvedeny na obrazku 1. a 2.

Obr. 1 — Vzorky s obsahem Kkyseliny polymlééné
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Pridavek kyseliny polymlécné se u obou polymert projevil zvySenim tvrdosti.

Cisty polyethyelen vlivem UV zateni mirné ztvrdl, ale s obsahem kyseliny polymléené tvrdost klesa. Degra-
dace se zejména projevila pifi nizsi dob¢ starnuti, delsi pisobeni UV zafeni se u polyethylenu s mensim obsahem
PLA projevil mirnym ztvrdnutim.

Polypropylen je sam osob¢é nachyInéjsi na degradaci UV zafeni, proto je i pokles tvrdosti vyraznéjsi a line-
arné€jsi nez u polyethylenu. Vyznamny skok poklesu tvrdosti je patrny u 10% koncentrace PLA a i pii delsi dobé
osvitu se tvrdost snizila, ale uz jen minimalné¢, vyrazny skok nastal po kratsi dob¢é ozareni.

Obr. 2 — Vzorky s obsahem $krobu

Obsah skrobu se neprojevil na tvrdost polyethylenu, ale u polypropylenu se s naristem koncentrace skrobu
zvysila tvrdost materialu.

S dobou expozice tvrdost u vzorku na bazi polyethylenu narostla téméft linearné, oproti vzorkiim s PLA, kde
ve vétsing piipadi poklesla. U ¢istého polyethylenu nebyl zaznamenan vyznamnéjsi posun tvrdosti v zavislosti na
dobé osvitu v QUV - panelu.

Cisty polypropylen a vzorek s nizkou koncentraci skrobu po 440 hodinach osvitu v QUV — panelu ztvrdl, ale
delsi doba expozice se jiz projevila poklesem tvrdosti, ktera byla stale vyssi nez u poc¢ate¢nich vzorkd. S nariistem
koncentrace piirodniho polymeru tvrdost po expozici klesa v zavislosti na dobé osvitu.

4 Zavér

Ptipravené smési polyolefinii byly podrobeny urychlenému starnuti v QUV — panelu po dobu 440 hodin a
726 hodin. Zmény tvrdosti se u obou typt vzorki projevily vyraznéji u osvitu 440 hodin v QUV — panelu, nez u
expozice 726 hodin v QUV — panelu, po této dobé¢ starnuti nebyl tak radikalni posun hodnot, v porovnani s nizsi
dobou expozice. U polyethylenovych smési bylo pozorovano zna¢né navyseni tvrdosti materialu. P¥idavek skrobu
do obou typt smési se projevil nejen v tvrdosti materialu, ale i v barevném odstinu. Kyselina polymlé¢na se pro-
jevila jako lepsi biodegradabilni slozka nez skrob.
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ORGANICKE A ANORGANICKE POVLAKY S VYSOKYM OBSAHEM ZINKU
ORGANIC AND INORGANIC COATINGS WITH HIGH CONTENT OF ZINC
ANTOSOVA, B.1, RYSANEK, P2 ANTOS, P.t, KALENDOVA, A 2

1 Vyzkumny tistav anorganické chemie, a. s., Usti nad Labem
2 Ustav chemie a technologie makromolekularnich latek, FCHT, Univerzita Pardubice

Summary
Zinc silicate coatings or coatings based on inorganic silicate binder, together with organic coatings with zinc
pigment, belong to the group of zinc coatings with high content of zinc metal, the content of zinc is approxima-
tely 80-95 weight % in non-volatile proportion of the coating. This work was focused on study of chemical and
physico-mechanical properties of coatings pigmented with zinc metal, and on their resistance after exposition to
various types of corrosion tests. Anticorrosive pigments — zinc metal particles — were used in two forms with dif-
ferent shape — isometric spherical particles and lamellar particles, which differed their oil number and morpho-
logy. As the binders were selected alkali silicates solutions — water glass of the following types: potassium water
glass R25 (silicate modulus 3.7), sodium water glass R132 (silicate modulus 3.45), lithium water glass (silicate
modulus 6.5) and tetraethylorthosilicate (TEOS 40). As chemical resistance organic binders were used: epoxy
resin Beckopox VEH 2390w/75MP, epoxy-ester resin Duroxyn VAX 6127w/47WA and silicone resin Lukosil 130.
Anticorrosive properties of the prepared coatings were tested using condensation chamber, salt chamber and
chamber with SO, with water vapour condensation, and also using Machu-Schiffman test. The highest resistance
was found out for the coating based on silicone with bead zinc. Formation of osmotic blisters was found out only
for the coatings based on epoxy resin. The influence of used binder to the physico-mechanical properties of the
coatings was not determined. To increase the adhesion of the coating, the substrate had to be blasted using grid
sand.

Key words
Zinc rich paints, silicate paints

Uvod

Aplikace zinkem plnénych natérovych hmot na ocelové podklady je velmi G¢inna antikorozni ochrana, ktera
se pouziva cca 50 let. Vysoky obsah zinku v natérovém filmu zajistuje vodivy kontakt mezi ¢asticemi zinkového
prachu a ocelovym podkladem. Natér chrani v pocateéni fazi elektrochemickym mechanismem, po vzniku koroz-
nich produktil a uté€snéni poru filmu ptechazi elektrochemicky mechanismus v bariérovy mechanismus. Zinkem
plnéné zakladové natérové hmoty se formuluji na rizné pojivové bazi. Z pojiv na bazi kiemicitych sloucenin se
pouzivaji jak organické slouceniny (ethylsilikat), tak i anorganické slouceniny — alkalické silikaty popf. jejich
smési. S ohledem na vzajemnou chemickou reaktivitu kovového zinku s vodou i alkaliemi jsou komeréné dostupné
vodoufeditelné zinksilikatové natéry dodavané vétsinou jako dvouslozkové — jedna slozka je kapalna a obsahuje
vodni sklo a druha praskova obsahuje zinkovy prach. V piipadé ethylsilikatu je pojivo stabilizovano ptidavkem
hydroxidu alkalického kovu nebo alkoholatem sodnym, pfip. je pouzita kombinace ethylsilikatu a alkyltitanatu.
Pojivem pro antikorozni natérové hmoty mohou byt epoxidové nizkomolekularni pryskyfice nebo roztoky stredné
molekularnich epoxidovych pryskytic v organickych rozpoustédlech. Natéry zhotovené na jejich bazi se vyznacuji
vybornou pfilnavosti, vla¢nosti, vysokou tvrdosti a dobrou odolnosti proti uéinkiim chemickych vlivii. Vzhledem
k silicimu trendu ochrany zivotniho prostiedi se do popiedi dostavaji epoxidové vodou feditelné systémy, které
maji fadu vyhod. Nizky obsah organickych rozpoustédel, vynikajici ptilnavost i k lehkym kovum, velmi dobra
soudrznost mezi jednotlivymi vrstvami, moznost aplikace na vlhky povrch a pfijatelnost z hlediska zivotniho
prostiedi. Mezi nevyhody lze uvést nizs$i chemickou odolnost, relativné kratkou dobu zpracovatelnosti a omeze-
nou moznost barevnych odstini. Dispergovatelnosti ve vodé lze u epoxidovych pryskyfic dosahnout emulgaci
nebo chemickou modifikaci. Dal$im testovanym typem pojiva byla epoxyesterova pryskyfice. Estery epoxidovych
pryskytic s mastnymi kyselinami vysychavych i nevysychavych oleju patii mezi velmi rozsifena pojiva pro na-
térové hmoty na epoxidové bazi. Vyznacuji se rychlym zasychanim, dobrym protvrzenim a vybornou pfilnavosti
na kovy a plasty. Nékteré jejich vlastnosti (chemicka odolnost, mechanické vlastnosti) 1ze vylepsit vypalovanim
estertt bud’ samotnych nebo v kombinaci s aminopryskyticemi. Diky vynikajicim vlastnostem se pouzivaji pro
formulace natérti na automobily a zakladni natérové hmoty. Silikony neboli silikonové pryskyfice, které byly
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také zkouseny, jsou organicko-anorganické polymery, u nichz jsou kifemikové atomy spojeny kyslikovymi atomy
a zbylé valence jsou vazany na uhlovodikové zbytky ve formé methyl nebo fenyl skupin. Pfipravuji se nejcastéji
hydrolyzou alkyl- nebo aryl- silant, ziskavanych zpravidla pfimou syntézou z alkyl- nebo aryl- chloridi a elemen-
tarniho kiemiku s médi jako katalyzatorem za teplot 250 az 450 °C. Silikonova pojiva maji dobrou odolnost proti
vysokym teplotam, klimatu a dobte odolavaji chemické korozi. Jsou-li plnény tepelné stalymi pigmenty, odolavaji
po nékolik hodin vysokym teplotam. Silikonové lakové filmy vykazuji vynikajici separa¢ni vlastnosti. Vytvrzené
silikonové pryskyfice ve formé lakovanych filmi i laminati trvale odolavaji teplotam 180 az 200 °C, kratkodobé
snesou az 300 °C. Pfi vyssich teplotach dochazi k odbourani organickych skupin a ke kiehnuti.

Tab. 1 — Typické vlastnosti povlaki s vysokym obsahem zinku

Korozni odolnost Wnikajici Wynikajici Velmi dobra Velmi dobra
Vrchni natér Uspokojivy Dobry Velmi dobry Velmi dobry
Pfilnavost Velmi dobra Velmi dobra Dobra Dobra
SoudrZnost Uspokojiva Uspokojiva Dobra Dobra
Kvalita povrchu Uspokojiva Dobra Velmi dobra Dobra
Bahenni praskani Dobré Ne tak dobré Velmi dobré Velmi dobré
Svatfovani Wynikajici Wnikajici Uspokojivé Spatné
Rezéni Wnikajici WWnikajici Uspokojivé Spatné
Otér Wnikajici Wynikajici Velmi dobry Velmi dobry
Pruznost Omezena Omezena Dobra Uspokojiva
Skladovatelnost (mésice) 9 6 12 12
Wytvrzovani 5 dni 12 hodin 7 dni 7 dni
Zpracovatelnost (hodiny) 5 8-12 24-48 6
Bod vzplanuti >100 °C <23°C 25-35°C >100 °C
geﬁicra/tellg‘isct 2h/8h 12h/24h 1,5h/2h 2h/3h
Chemicka odolnost Vynika6j_1'(1:1'0p fi pH Vynik?%pﬁ pH Nepouziva se Nepouziva se
Teplotni odolnost 400 °C 400 °C 120 °C 120 °C
VOC g/l 0 470 420 140
Obj. % pevné faze 75 60 60 55
Tolerance vysoké vlhkosti Velmi dobra Whikajici Uspokojiva Velmi dobra
Odolnost proti vodé Velmi dobra Velmi dobra Wynikajici Velmi dobra
g‘ig!)'ﬁteg{ o Vynikajici Wnikajici Velmi dobré | Velmi dobra
Uspokojiva. Potieba Dobra. Musi
poveas | DA | Dot b | g | et
zaschnuti. zaschnuti.
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Experimentalni ¢ast
Jako pojiva pro natérové hmoty byly pouzity:
Roztoky alkalickych kfemiéitant — vodni skla nasledujiciho typu:
* draselné vodni sklo R25 (silikatovy modul 3,7),
* sodné vodni sklo R132 (silikatovy modul 3,45),
« lithné vodni sklo (silikatovy modul 6,5),
» tetracthylortosilikat (TEOS 40).
Epoxidova pryskyfice Becopox VEO 2390w/75MP
Epoxyesterova pryskyfice Duroxyn VAX 6127w/42WA
Silikonova pryskyfice Lukosil 130

Antikorozni pigmenty — ¢astice kovového zinku byly pouzity ve dvou tvarové odlisnych formach — isomet-
rické kulové Castice a lamelarni ¢astice lisici se olejovym ¢islem a svou morfologii:

BLITZ Zinkpulver Z 2031 (Benda-Lutz Werke GmbH, Rakousko)

« stfedni velikost ¢astic 7,0-13 pm
* hustota 7,13 g.cm?
* olejové ¢islo 24 g.100g™
Zinc Dust VM-4P16 (Union Miniere Industrial Products, Belgie)
« stiedni velikost ¢astic 3,5-4,8 um
* hustota 7,13 g.cm™
* olejové ¢islo 6,5 g.100g™

Ve formulacich natérovych hmot bylo pouzito 70 % hmotn. isometrickych ¢astic zinku nebo 20 % hmotn.
lamelarniho zinku. Na kvocient 90 % byly natérové hmoty naplnény barytem a mastkem, u epoxyesterovovych
natérovych hmot to byl vapenec a mastek. Jako dispergator byl vyuzit hexametafosfore¢nan sodny u alkalickych
silikatt, pro silikatovou pryskyfici to byla Metasperse 67 a pro epoxidovou a epoxyesterovou pryskyfici byl pouzit
Additol VXW 6208. Po dispergaci byly natérové hmoty naneseny valeckem na otryskané ocelové panely v tloust'ce
30-50 um pro testovani antikoroznich a mechanickych vlastnosti a na sklenéné desky pro zméteni tvrdosti filma.
Zkousky byly provedeny tiikrat vedle sebe a vysledky byly zprimérovany.

Ocelové panely s nanesenymi vzorky natérovych hmot byly testovany v kondenza¢ni komote po dobu 1200
hodin, solné komote po dobu 400 hodin a v komoie SO, s kondenzaci vodni pary po dobu 240 hodin. Zrychlené
korozni zkousky chemické odolnosti byly provedeny podle Machu a Schiffmana v roztoku obsahujicim 5% NaCl,
0,5% kyseliny octové a 0,1% H,O,. U vzorkil byly provedeny celkem 3 cykly ve vySe uvedeném roztoku pii
teploté 37 °C + 8 hodin na vzduchu pfi laboratorni teploté. Vzorky byly umistény v klimatiza¢ni komote Feutron
zaru€ujici pozadovanou teplotu. Po ukonéeni kazdého cyklu byl posouzen stav natéru (prokorodovani, osmotické
puchyfte a koroze v fezu). Po sejmuti natéru v horkém 20 %-nim hydroxidu sodném s praskovym zinkem bylo
posouzeno podkorodovani natéru. Vyhodnoceni bylo provedeno podle pfislusnych norem:

« Prokorodovani — CSN EN ISO 4628 — ¢ast 3,
« Koroze v fezu — CSN EN ISO 4628 — ast 8,
« Podkorodovani — CSN EN ISO 4628 — &ast 3,
« Osmotické puchyiky — CSN EN ISO 4628 — st 2.
Korozni a mechanické zkousky byly provedeny v souladu s nize uvedenymi normami:

+ CSN EN ISO 4628 — Natérové hmoty — Hodnoceni degradace natérti — klasifikace mnozstvi
a velikosti defektl a intenzity jednotnych zmén vzhledu,

« CSN 03 8131 — Korozni zkougka v kondenza&ni komofte,
« CSN ISO 9227 — Zkouska v mlze neutralniho roztoku chloridu sodného,
+ CSN EN ISO 6988 — Zkouska oxidem sifi¢itym s kondenzaci vlhkosti,
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« CSN 67 3087 — Laboratorni zkousky Gi¢innosti natérii na kovech - Zrychlena ponorové zkous-
ka odolnosti natért proti podkorodovani (postup dle Machu a Schiffmana)

+ CSN EN ISO 2409 — Natérové hmoty — Miizkové zkouska,
+ CSN EN ISO 1520 — Natérové hmoty — Zkouska hloubenim,
+ CSN EN ISO 1519 — Natérové hmoty — Zkouska ohybem na valcovém trnu,

+ CSN EN ISO 6272 — Natérové hmoty — Zkousky rychlou deformaci (odolnost proti uderu)
— Cast 1: Zkouska padajicim zévazim, velka plocha tiderniku,

+ CSN EN ISO 1522 — Natérové hmoty — Zkouska tvrdosti natéru thumenim kyvadla,
« CSN 73 2577 — Zkouska pridrznosti povrchové tpravy stavebnich konstrukei k podkladu,
« CSN EN ISO 2802 — Natérové hmoty — Stanoveni tloustky natéru.

Vysledky a diskuze

V tabulce 2 je provedeno vyhodnoceni ponorovych zkousek dle Machu a Schiffmana. Zkouska se vyzna-
Cuje znanym chemickym atakem zkouseného povlaku. Na natér puisobi kyselé, oxidacni prostiedi s obsahem
solanky, vyznamny vliv ma i zvysena teplota. Jediny povlak, ktery vydrzel vSechny tfi cykly, byl povlak na bazi
epoxyesterové pryskyfice, a to jak plnény kuli¢kovym, tak i lamelarnim zinkem a povlak na bazi silikonové prys-
kyfice plnény lamelarnim zinkem. Natér silikonové pryskyfice s kulickovym zinkem nejevil znamky poskozeni
po prvnim cyklu, po druhém a tietim cyklu se objevily korozni produkty zinku a zeleza. Dalsi odolny povlak je
povlak pojeny vodou feditelnou epoxidovou pryskyfici plnény lamelarnim zinkem, ktery beze zmény vydrzel dva
cykly, po tretim cyklu se objevily malé puchyte po celé plose zkouseného panelu a povlak byl z jedné Etvrtiny
stupné prokorodovani. Z natérti na bazi tetracthylortosilikatu byl odolnéjsi natér plnény lamelarnim zinkem. Po-
kud bychom srovnali pojiva od nejodolnéjsiho k méné odolnym je poradi nasledujici: epoxyesterova pryskyfice >
silikonova pryskyfice > epoxidova pryskyfice > tetracthylortosilikat > vodni skla. U povlaki na bazi vodnich skel
je obtizné stanovit poradi, ur¢ité mirné rozdily jsou patrné po prvnim cyklu, po druhém a tietim cyklu se rozdily
stiraji. Povlaky plnéné lamelarnim zinkem vykazuji vyssi odolnost nez povlaky pInéné kulickovym zinkem.

Znaceni: KZn — kulickovy zinek, LZn — lamelarni zinek, EE — epoxyesterova pryskyfice, SON — silikonova
pryskyfice, VSD — vodni sklo draselné, VSL — vodni sklo lithné, VSS — vodni sklo sodné, TEOS — tetraethylorto-
silikat, EP — epoxidova pryskyfice.
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Tab. 2 — Vyhodnoceni zkousky dle Machu-Schiffmana

EEAKZn Lic Beze zmény Beze zmény Beze zmény
Rub Beze zmény Beze zmény Beze zmény
EE+LZn Lic Beze zmény Beze zmény Beze zmény
Rub Beze zmény Beze zmény Beze zmény
Lic Beze zmény KP ZnaFe 25 % KP Zn a Fe 50 %
+
SON+KZn Rub Beze zmény KPZnaFe25% KP Zn a Fe 50 %
SON+LZn Lic Beze zmény Beze zmény Beze zmény
Rub Beze zmény Beze zmény Beze zmény
o .
; 0 Algr,ozkl(l)r:gzvano 100 % prokorodovano 100 % prokorodovano
Lic 0,1 % opryskéno KP Zn a Fe KP Zn a Fe
0
VSD+KZn ’ 1 % opryskano 10 % opryskano
50 % prokorodovano 100 % prokorodovano 100 % prokorodovano
Rub KP Zn a Fe KP Zn a Fe KP Zn a Fe
1 % opryskano 0,1 % opryskano 0,1 % opryskano
o .
Lic 10 % prokorodovano 25 % prokorodovano » A]Igoé(:;oggvano
VSD+LZn KPFeaZn KPFeaZn
100 % ztrata ptilnavosti
Rub & p
Beze zmény KPZn 100 % podkorodovani
; 30 % prokorodovano 60 % prokorodovano 80 % prokorodovano
VSLIKZ Lic KP Zn a Fe KP Zna Fe KP Zna Fe
n
Rub 30 % prokorodovano 60 % prokorodovano 80 % prokorodovano
KP Zn aFe KP Zn a Fe KP Zn a Fe
Lic 50 % prokorodovano 75 % prokorodovano 90 % prokorodovano
KP Zn a Fe KP Zn a Fe KP Zn a Fe
VSL+LZn
Rub 50 % prokorodovano 75 % prokorodovano 90 % prokorodovano
KP Zn a Fe KP Zn aFe KP Zn a Fe
o .
) 75 % puchyie M . 0(1)9)? /‘; fﬁ:ifgvzno 100 % ztrata prilnavosti
Lic 10 % prokorodovano ’ pKP Fe 100 % podkorodovani
EP+KZn KP Fe o .
5 % puchyie S 5 % puchyie M 20 % puchyfe M
50 % prokorodovano
Rub 10 % prokorodovano 50 % prokorodovano KP Fe
KP Fe KP Fe
Lic Beze zmény Beze zmény 100 % puchyte S
EP+LZn 25 % prokorodovani
Rub Beze zmény Beze zmény 25 % prokorodovéni
Li 100 % podkorodovano 90 % prokorodovano 90 % prokorodovano
TEOSHKZ Ic 10 % opryskano KP Zn a Fe KP Zn a Fe
n
Rub 100 % podkorodovani 90 % prokorodovano 90 % prokorodovano
Opryskano KP Zn a Fe KP Zn a Fe
o .
Lic P KP Zn a Fe 100 % podkorodovano
o s KP Zn aFe 50 %
TEOS+LZn 1 % opryskano ol .
Rub KP Zn o Ztrata ptilnavosti
KPZnaFe 30 % 100 % podkorodovani
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; 100 % podkorodovano 100 % podkorodovano 100 % podkorodovano
VSSHKZ Lic 10 % opryskano 25 % ztrata prilnavosti 100 % ztrata ptilnavosti
n
Rub 100 % podkorodovano 100 % podkorodovano 100 % podkorodovano
opryskano Ztrata prilnavosti 100 % ztrata pfilnavosti
, 100 % podkorodovano
Lic KP Zn KP Zn a Fe KP Zn a Fe
VSS+LZn
Rub KP Zn KPZnaFe 100 % podkorodovano
KP Zn a Fe
Puchyie: L — velké, S — malé, M — stfedni, KP — korozni produkty

Fyzikalné-mechanické vlastnosti jsou do zna¢né miry ovlivnény typem pouzité¢ho pojiva. Povlaky na bazi
anorganickych silikatl se vyznacuji nizsi prilnavosti a kiehkosti, z tohoto diivodu se doporucuje silikatové po-
vlaky nanaSet na otryskany kovovy podklad. Piehled dosazenych hodnot fyzikalné-mechanickych vlastnosti je
uveden v tabulce 3. Odolnost uderu byla u vSech zkousenych natérti shodna a to maximalné dosazitelna. Odolnost
hloubeni v Erichsenové pfistroji byla dle ocekavani nizka, vyssi hodnoty byly dosazeny u natéri pojenych orga-
nickou pryskyfici. Hodnoty odolnosti v ohybu jsou rozkolisané a nelze z nich vycist néjakou souvislost. Hodnoty
pfilnavosti jen vyjimecné presahuji jeden megapascal a do urcité miry jsou ovlivnény homogenitou otryskani ko-
vového podkladu. Adhese hodnocena miizkovou zkouskou se pohybuje od nuly do dvou, coz je piijatelna turoven.
Tvrdost povlaki byla méfena kyvadlem proti sklu a pohybuje se cca mezi 20 az 50 procenty.

Tab. 3 — Fyzikalné-mechanické vlastnosti

EE/KZn 10 100 6 29,7 0,65 2
EE/LZn 9 100 6 20,5 1,09 1
SON/KZn 2 100 15 24,6 0,39 1
SON/LZn 4 100 5 283 0,85 0
VSD/KZn 3 100 12 50,4 1,10 1
VSD/LZn 2 100 20 45,7 0,39 0
VSL/KZn 2 100 15 52,6 0,93 2
VSL/LZn 10 100 5 18,1 0,91 0
EP/KZn 3 100 8 43,2 1,16 0
EP/LZn 10 100 5 19,1 0,28 0
TEOS/KZn 4 100 15 49,1 0,90 1
TEOS/LZn 4 100 8 25,2 0,66 2
VSS/KZn 2 100 25 33,7 0,74 0
VSS/LZn 3 100 8 353 0,60 0

V kondenza¢ni komote byly ocelové panely s povlaky exponovany po dobu 1200 hodin. Osmotické puchyie
se objevily pouze u natéri pojenych epoxyesterovou a epoxidovou pryskyfici (s lamelarnim zinkem) a kupodivu
i u natéru z draselného vodniho skla s lamelarnim zinkem. Silikatové povlaky jsou hodné poérovité a osmotické
puchyfte ve vétsing piipadu nevznikaji. Nejvyssi odolnost projevily povlaky pojené silikonovou pryskyfici, nasle-
dované epoxidovou pryskyfici a tetracthylortosilikatem. Za nimi nasleduji povlaky z vodniho skla sodného, vod-
niho skla lithného, epoxyesterové pryskyfice a vodniho skla draselného. Povlaky z anorganickych silikati se vy-
znacuji vys$$im prokorodovanim a niz§im podkorodovanim, zpiisobenym pravdépodobné alkalickou reakci vyluhu
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pojiva. Vliv tvaru zinkovych ¢astic neni patrny a nelze vysledovat n€jaky trend, o trochu lepsi se zdaji byt povlaky
s kuli¢kovym zinkem.

Tab. 4 — Kondenza¢ni komora po 1200 hodinach

EE+KZn Ri 1 (S1) Ri 2 (S1) 4-82 4-S2 5 5 0,6
EE+LZn Ri 0 Ri 0 2-82 3,5-S3 2,3 2,7 2.2
SON+KZn Ri 0 Ri 0 0 0 0,7 0,7 0,1
SON+LZn | Ri0,33(S2) | Ri0,33(S2) 0 0 03 0,7 0,1
VSD+KZn Ri 3 (S2) Ri 2 (S2) 0 0 5 47 0,3
VSD+LZn Ri 4 (S5) Ri 2 (S5) 4-S4 4-84 4 33 0,1
VSL+KZn Ri 2 (S2) Ri 4 (S4) 0 0 43 5 0,5
VSL+LZn Ri5(S5 | Ril,3(S5) 0 0 5 1,7 12
EP+KZn Ri2(S2) |Ril,7(S2.5) 0 0 13 2,3 0.2
EP+LZn | Ri0,33(S2) Ri 0 33-82 | 3382 2.3 2.3 1.2
TEOS+KZn | Ri 0,67 (S1) Ri 0 0 0 0 0 0.8
TEOS+LZn | Ri5(S5) | Ri2,7(S2) 0 0 5 5 5
VSS+KZn | Ri33(S3) | Ri4(S5) 0 0 13 3 0,1
VSS+LzZn | Ri2,7(S3,7) | Ri 3.3 (S4,7) 0 0 2,3 3 0,1

V solné komofte byly ocelové panely testovany po dobu 400 hodin. Osmotické puchyie byly patrné pouze
u povlaku z epoxyesterové pryskyfice plnéné kulickovym zinkem a to pouze na lici a u povlaku z draselného
vodniho skla. V solné komote jsou panely zatézovany zejména z licni strany a tak na rubové strané doslo k pro-
korodovani pouze u obou povlaki s lithnym vodnim sklem a u povlaku s epoxidovou pryskyfici plnénou kuli¢-
kovym zinkem. Odolnost povlakti z pohledu pojiva klesa v potadi: silikonova pryskyfice > tetraethylortosilikat =
epoxyesterova pryskyfice > vodni sklo draselné = epoxidova pryskyfice = vodni sklo sodné > vodni sklo lithné.
Povlaky bez znamky korozniho napadeni byly dva: natér ze silikonové pryskyfice plnény kulickovym zinkem
a povlak z tetraethylortosilikatu plnény rovnéz kulickovym zinkem. Povlaky plnéné kulickovym zinkem vykazo-
valy o trochu vyssi ochrannou G¢innost ve srovnani s povlaky plnénymi lamelarnim zinkem.

V komofte s oxidem sifi¢itym a povSechnou kondenzaci vody byly ocelové panely testovany po dobu 240
hodin. Nejvyssi odolnost vykazaly povlaky ze silikonové pryskyfice a epoxidové pryskyftice. Nasledujici poradi
pojiv je: epoxyesterova pryskyfice > tetracthylortosilikat > lithné vodni sklo > vodni sklo sodné > draselné vodni
sklo. Povlaky plnéné kuli¢kovym zinkem vykazovaly o trochu vyssi ochrannou uéinnost ve srovnani s povlaky
plnénymi lamelarnim zinkem.
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Tab. 5 — Solna komora po 400 hodinach

EE+KZn Ri1(S2,7) Ri 0 5-S2 0 3,7 0 2,0
EE+LZn Ri 2 (S4) Ri 0 0 0 17 0 5.9
SON+KZn Ri 0 Ri 0 0 0 0 0 0
SON+LZn | Ri3,3(S5) | Ri0,67(S2) 0 0 2,3 0 14,3
VSD+KZn | Ri 1,7 (S2,7) Ri 0 0 0 5 0 2,0
VSD+LZn | Ri0,67 (S4) Ri 0 4,7-83 5-S3 2,7 0,33 1.9
VSL+KZn Ri4(S4) | Ri23(S4) 0 0 5 2,7 11
VSL+LZn Ri5(S3) | Ri2.3(S2) 0 0 5 3 47
EP+KZn | Ri3,7(84,7) | Ril(S3) 0 0 5 33 3,0
EP+LZn | Ri2,3(S33) Ri 0 0 0 4 1.3 44
TEOS+KZn Ri 0 Ri 0 0 0 0 0 0
TEOS+LZn | Ri3(S4) Ri 0 0 0 5 5 45
VSS+KZn | Ri4,3(S5) Ri 0 0 0 5 33 14,7
VSS+LZn | Ri2,7(S3) Ri 0 0 0 5 1 6,0

Tab. 6 — Komora SO, s kondenzaci vodni pary po 240 hodinéch.

EE+KZn Ri 1 (S1) Ri2 (S1) 3,7(83) | 4(s3) 0.2
EE+LZn Ri 0,67 Ri 1 (S2) 0 0 0,5
(S2.5)
SON+KZn Ri 0 Ri 0 0 0 0,1
SON+LZn Ri 0 Ri 0 0 0 02
VSD+KZn | Ri5(S3.7) | Ri5(S4) 5(S4) 5(S4) 0,5
VSD+LZn Ri5(S4) | Ris57(S4) | 1,7-84 | 53-S4 5(S4) 5(S4) 0,4
VSL+KZn | Ri2(S3,7) | Ri2(S3,3) 0 0 2(837) | 2(s3.7) 02
VSL+LZn Ri 5 (S5) Ri 5 (S5) 0 0 5(S5) 5(S5) 14
EP+KZn Ri 0 Ri 0,67 (S3) 0 0 0 0 0,1
EP+LZn Ri 1 (S2) Ri 2 (S3) 0 0 0 0 2.6
TEOS+KZn Ri 0 Ri 0 0 0 0 0 0,1
TEOS+LZn | Ri5(S5) Ri 5 (S5) 0 0 5(S5) 5(S5) 20
VSS+KZn | Ri5(S2,7) | Ri5(S3) 0 0 5(827) | 5(83) 04
VSS+LZn Ri 5 (S5) Ri 5 (S5) 0 0 5(S5) 5(S5) 20
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Zavér

Byly testovany natérové hmoty bohaté plnéné zinkem o rtizném tvaru ¢astic. Byl pouzit zinek lamelarni
(destickovy) a kulickovy zinek (isometricky). Mira plnéni (OKP) byla upravena dle olejového &isla. Povlaky byly
zkouseny v kondenzaéni a solné komoie a v komote s oxidem sifi¢itym s povSechnou kondenzaci vodni pary.
Pokud shrneme vysledky ze vSech tfech komor je mozno ochrannou uéinnost povlaku podle typu pojiva rozdélit
do ¢tytech skupin se zhruba stejnou t¢innosti ve skuping:

1. Silikonova pryskytice

2. Epoxidova pryskyfice, tetracthylortosilikat

3. Epoxyesterova pryskyfice

4. Vodni sklo sodné, vodni sklo lithné, vodni sklo draselné

Povlaky pInéné kulickovym zinkem vykazovaly o trochu vyss§i ochrannou u¢innost ve srovnani s povlaky
plnénymi lamelarnim zinkem.
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SYNTEZA AKRYLATOVYCH HVIEZDICOVITYCH POLYMEROV AKO
MODIFIKATORI VLASTNOSTI ROZTOKOVYCH NATEROVYCH HMOT
BOHACIK P!, PODZIMEK §.'2, SPACEK V.

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

2 Synpo a.s, Pardubice

Praca je zamerana na pripravu hviezdicovitého poly-(izobutyl)metakrylatu s roznym poc¢tom ramien po-
mocou Group Transfer Polymerization (GTP). Hviezdicovité polyméry je mozné pripravit' viacero postupmy:
arm-first, core-first, a coupling-onto synthesis. V tejto praci bol pouzity postup arm-first. Budt studované rozto-
kové vlastnosti pripravenych hviezd, hlavne vplyv poctu ramien na exponent Mark-Houwinkovej rovnice. Fyzi-
kalne vlastnosti hviezdicovitych polymérov a ich spravanie ako unimolekularne micely im dava moznost’ vyuzitia
v mnoho aplikaciach ako aditiva do motorovych olejov, disperganty v kozmetike, potencionalne nosice lie¢iv
alebo na upravu viskozity a vlastnosti naterovych hmot.
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VYUZITI KAPALINOVE CHROMATOGRAFIE PRO STUDIUM CHEMICKE
A MOLEKULARNI STRUKTURY VYBRANYCH LAKARSKYCH PRYSKYRIC

UTILIZATION OF HIGH PERFORMANCE LIQUID CHROMATOGRAPHY FOR STUDY
OF CHEMICAL AND MOLECULAR STRUCTURE OF SELECTED LACQUER RESINS

KADLECOVA M.1, PODZIMEK §.1,2

1 Univerzita Pardubice, Fakulta chemicko-technologicka, Ustav chemie a technologie makromolekuldarnich
latek, Pardubice, st27128@student.upce.cz
2 Synpo a.s., Pardubice

Summary
The aim of this work is the characterization of selected new and traditional binders using various techniques
of liquid chromatography. High performance liquid chromatography coupled with mass spectrometry
(LC-MS) and gel permeation chromatography (GPC) were used to analyze polyglycidol and epoxy resins based
on bisphenol A.

Key words
Liquid chromatography, characterization, epoxy resins, polyglycidol

1 Uved

Polyglycidol je pomérné novy material, mezi jehoz hlavni vyhody vyuziti patii zejména jeho vysoka funke-
nost a s tim souvisejici velmi dobra reaktivita. Z toho diivodu byla studovana jeho struktura ve spojeni s moznym
vyuzitim v lakafskych aplikacich. Ptitomnost velkého poctu hydroxylovych funkénich skupin umoziuje dalsi
upravy, kterymi lze cilené ménit vlastnosti materialu [1-3]. Dal$im charakterizovanym materialem byly epoxidové
pryskyfice na bazi bisfenolu A. Jedna se o tradi¢ni materialy, ale neni mnoho informaci o jejich analyze pomoci
LC-MS. Prace je zaméfena na identifikaci hlavnich i vedlej$ich komponent [4, 5].

2 Vysledky a diskuze

Jako prvni byla provedena analyza polyglycidolu pomoci hmotnostniho spektrometru (viz. obr. 1), kdy byly
vybrany vhodné ioniza¢ni podminky, za kterych byl nasledn¢ material podroben LC-MS.

Obr. 1- MS spektrum polyglycidolu v médu pozitivni elektrospray ionizace

V hmotnostnim spektru Ize identifikovat jednotlivé oligomery do polymeracniho stupné dvacet s vrcholem
distribuce pfi polymera¢nim stupni osm. Nasledna LC-MS analyza byla provedena v moédu HILIC [6], kde doslo
k caste¢né separaci do polymeracniho stupné jedenact, ale ve srovnani s piedchozi analyzou tato technika ne-



THE 8™ CONFERENCE ON PIGMENTS AND BINDERS ¢ 2-3/11/2015

poskytla zadné vyhody. Tietim krokem bylo vyuziti derivatizace polyglycidolu fenylisokyanatem za vzniku
uretantl [7] a nasledna analyza pomoci gelové permeaéni chromatografie. Na obr. 2 je uveden chromatogram
derivatizovaného polyglycidolu s vyuzitim refraktometrického detektoru a na obr. 3 je znazornéna diferencialni a
integralni distribu¢ni kiivka derivatizovaného polyglycidolu.

Obr. 2 — Chromatogram derivatizovaného polyglycidolu

Obr. 3 — Diferencidlni a integralni distribu¢ni kiivka

V tabulce 1 jsou uvedeny pfislusné priméry molarni hmotnosti: M -Ciselny, M, -hmotnostni a z-pramér. Bylo
provedeno pét stanoveni pro pét riznych derivatizaci.

Tab. 1 — Priméry molarni hmotnosti

1 1670 2690 4280

2 1680 2740 4470

3 1710 2810 4570

4 1690 2750 4450

5 1630 2640 4560
Pramér = SD 1680 + 30 2730 = 60 4470 + 120

Z vysledkd je patrné, ze derivatizace je dobfe reprodukovatelna. Z dat ziskanych pomoci gelové permeac¢ni
chromatografie byl vypocten vrchol distribuce pii polymera¢nim stupni jedenact. Z pfedchozich analyz a ptislus-
nych dat vyplyva, Ze se jedna o oligomer s polymera¢nim stupném v fadech jednotek az nékolik desitek s vrcholem
distribuce pfiblizné pii polymera¢nim stupni deset.

Dalsim tkolem byla charakterizace epoxidovych pryskyfice na bazi bisfenolu A, jejichz struktura je znazor-
néna na obr. 4.



VIIl. KONFERENCE PIGMENTY A POJIVA « 2.-3.11.2015

Obr. 4 — Struktura epoxidové pryskyrice na bazi bisfenolu A

n=0,1,2,3,...

K analyze byly vyuzity techniky MS, LC-MS a kapalinové chromatografie ve spojeni s detektorem diodo-
vého pole (DAD, Diode Array Detector). Nejprve byla provedena analyza pomoci hmotnostniho spektrometru
a byly vybrany vhodné ioniza¢ni podminky. Na obr. 5 A je znazornéno spektrum ziskané za takovych ioniza¢nich
podminek, kdy ma vétsi intenzitu monomer diglycidyletheru bisfenolu A (DGEBA) a na obr. 5 B za podminek,
kdy vice ionizuje dimer a trimer DGEBA.

Obr. 5 A — MS spektrum epoxidové pryskyrFice za optimalnich ioniza¢nich podminek pro monomer
diglycidyletheru bisfenolu A
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Obr. 5 B — MS spektrum epoxidové pryskyfice za optimalnich ioniza¢nich podminek pro dimer a trimer
diglycidyletheru bisfenolu A

Zatéchto ionizacnich podminek byla nasledné provedena LC-MS analyza. Ziskané chromatogramy epoxidové
pryskyfice na bazi bisfenolu A CHS-EPOXY 530 jsou uvedeny na obr. 6 Aa 6 B.

Obr. 6 A— LC-MS chromatogram epoxidové pryskyfice za optimalnich ioniza¢nich podminek pro mono-
mer diglycidyletheru bisfenolu A

Obr. 6 B— LC-MS chromatogram epoxidové pryskyfice za optimalnich ioniza¢nich podminek pro dimer
a trimer diglycidyletheru bisfenolu A
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Pro porovnani je na obr. 7 uvedena i analyza pofizena pomoci detektoru diodového pole.

Obr. 7 - UV chromatogram epoxidové prysky¥ice

Poméry m/z odpovidajici jednotlivym analyzovanym n-meriim a nejcastéjsi adukty, které je mozné pozorovat
ve spektrech, jsou uvedeny v tab. 2.

Tab. 2 — Poméry m/z odpovidajici jednotlivym n-merim a nejéastéjsi adukty, které je mozZno pozorovat ve

spektrech
Monomer (n = 0) 340 358 363 379
Dimer (n=1) 624 642 647 663
Trimer (n=2) 908 926 931 947
Tetramer (n = 3) 1192 1210 1215 1231

Na obr. 6 A a B odpovidaji témto n-mertim DGEBA piky s reten¢nimi ¢asy: 4,89 min pro monomer, 14,87 min
pro dimer, 18,62 pro trimer. Po pfiblizeni je viditelny i tetramer s retenénim ¢asem 24,23 min. Na obr. 6 A se pred
monomerem eluuje neznamy pik s retenénim ¢asem 2,62 min, jehoz hmotnostni spektrum je znazornéno na obr. 8.

Obr. 8 — MS spektrum neznamého piku s reten¢nim ¢asem 2,62 min.
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Ve spektru 1ze pozorovat amonné, sodné a draselné adukty, odpovidajici hmota neznamého piku je rovna 358.
Monomer ma piislusny pomér m/z = 340. Diference od monomeru je tedy +18, coZ je charakteristické pro otevieni
epoxidového kruhu vodou. Analogicky toto miizeme pozorovat i u dimeru a neznamého piku s t = 13,39 min
a také u trimeru a neznamého piku s t, = 16,67 min na obr. 6 B. Identifikace ostatnich minoritnich pikii je soucasti
soucasného vyzkumu.

3 Zavér
GPC po derivatizaci umoziiuje charakterizaci molekularné hmotnostni distribuce polyglycidolu. LC-MS lze
pouzit k detailni identifikaci hlavnich i vedlejsich komponent epoxidovych pryskyfic na bazi bisfenolu A.
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SELF-CROSSLINKABLE LATEXES WITH COVALENTLY LINKED FLAME
RETARDANT
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Summary
The paper describes the development of transparent one-component coating systems based on the core-shell
acrylic aqueous dispersions prepared using emulsion polymerization technique. A flame retardant based on the
derivative of phosphazene was covalently incorporated into the structure of the latex particles. The advantages
of these coating systems include: zero content of volatile organic compounds, protective and safety features
especially from the viewpoint of flammability and also the ability to form chemical links due to keto-hydrazine
crosslinking reaction which takes place after the application of a paint coating at ordinary temperatures. These
coating systems were tested in terms of their film-forming properties, chemical resistance, mechanical characte-
ristics and flame retardation.

Key words
Self-crosslinkable latex, flame retardant

Introduction

Currently, an increasing interest in exploiting of waterborne polymer coatings is related to the growing pres-
sure on environmental protection, especially the need to comply with legislation restricting the volatile compounds
(VOC) and emissions related to the use of solvent-based polymer coating systems. The aqueous colloidal polymer
dispersions, i.e. latexes are used in many applications such as adhesives, additives for paper, paints and cosmetics,
synthetic rubbers, floor polishes and sealants. The colloidal polymeric particles can be prepared to exhibit a desired
morphology, composition, particle size distribution, surface groups and a molecular weight [1].

Coating systems based on conventional latexes have a relatively poor water resistance and unsatisfactory
hardness, which limits their practical use in many areas. When introducing a chemical crosslinking into water-
-based paints, an increase in mechanical strength, chemical stability and solvent resistance of a final film is usually
achieved. Recently, the subject of increased interest attracted self- crosslinkable latexes wherein the networking
mechanism is based on the reaction of a carbonyl group which is part of the polymeric latex particles and dihyd-
razide, dissolved in the aqueous phase of latexes [2—5]. This keto-hydrazine crosslinking reaction proceeds very
quickly at normal temperatures. It is acid catalyzed and takes place during film formation after volatilization of
alkalizing agents (see Fig. 1).

Phosphazenes were discovered in the 30s of the last century and nowadays a wide variety of application
in everyday life is known. A series of derivatives was evolved from the basic hexachloro-cyclo-triphosphazene.
Phosphazenes have excellent heat resistance; therefore they find particular application as flame retardants [6].
The aim of this work was to develop a stable one-component transparent coating system excelling in reduced
flammability which is based on the core-shell acrylic latex containing a covalently linked derivative of hexachloro-
-cyclo-triphosphazene.
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Fig. 1 — Scheme of keto-hydrazine crosslinking reaction occurring during film-formation; the reaction
between hydrazine groups present in the adipic acid dihydrazide and keto groups derived from copolyme-
rized diacetone acrylamide

Results and discussion

The prepared self-crosslinkable latexes (Table 1-2) were applied to glass and steel panels (wet film thickness
120 microns) and silicone forms (wet film thickness 1.200 mm). Paint films were allowed to dry in a climatic room
at 23 °C for 30 days. Then they were tested by destructive testing of mechanical resistance (grid adhesion test
according to DIN EN ISO 2409, bending test on a cylindrical mandrel according to DIN EN ISO 1519, cupping
test according to DIN EN ISO 1520 and falling weight test according to DIN EN ISO 6272). Additionally, a gloss
of paint films was determined using a gloss-meter Micro TRI Gloss (BYK Gardner, Germany) at 60° geometry,
hardness was measured according to CSN EN ISO 1522 using the Persoz Pendulum Automatic device 500 (Tesla,
Czech Republic), flammability was evaluated by oxygen index (LKC) according to ISO 4589-2. The water ab-
sorption by the latex films was measured by immersing samples in distilled water at 23 °C. The water absorption,
A is given by A = 100(W-W,)/w,, where w, is the sample weight before immersion and w, is the sample weight
after immersion in water during given time. The swollen films were carefully removed from water, and water from
the film surface was removed by touching the polymer with a filter paper. For each sample, three specimens of
the approximate dimensions 20 x 20 x 0.75 mm® were tested and averaged values of the results were collected as
a function of time.
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Tab. 1 — Composition of monomer feeds for the preparation of self-crosslinkable latexes with flame
retardant present in the shell layer of latex particles.

A/A 49/49/2/0/0 49/51/2/0/5
A/B 49/49/2/0/0 41.95/50.95/2/0,1/5
A/C 49/49/2/0/0 41,9/50.9/2/0.2/5
A/D 49/49/2/0/0 41.8/50.8/2/0.4/5
Where: MMA — methyl methacrylate, BA — butyl acrylate, KMA — methacrylic acid, DAAM - diacetone
acrylamide

Tab. 2 — Composition of the polymerization system

Water 80¢g
Disponil FES 993 IS 05¢g
Ammonium persulfate 04¢g

Water 75¢
Disponil FES 993 IS 73g
Ammonium persulfate 04¢g
Monomers 100 g

Water 75¢g
Disponil FES 993 IS 73¢
Ammonium persulfate 04¢g
Monomers 100 g

The self-crosslinkable aqueous dispersions of latex particles were prepared, containing a phosphazene flame
retardant covalently linked into the structure of polymer chains. All latexes showed negligible content of coagulum
and were stable for over 6 monhts. The particle size of the core was about 130 nm, while the particle size of the
core-shell particle was in the range between 155.6—172.7 nm, both in the case of dispersions of particles containing
different flame retardant amount in the core phase and in the case of dispersions containing flame retardant in the
shell phase. It can be stated that there were prepared latex particles with core-shell structure whose size was not
affected by the presence or quantity of phosphazene the latex particle. Furthermore, it was found that the copoly-
merized derivative of phosphazene affected the MFT of the aqueous dispersions.

Conclusion

The one-component coating systems based on core-shell acrylic aqueous dispersions have been prepared
using emulsion polymerization technique. Flame retardants based derivative of phosphazene were copolymerized
into the structure of latex particles. It was found that the studied coating systems showed a transparent nature,
favorable mechanical properties, improved chemical resistance to water and are currently being tested in terms
of their flammability. The advantages of these coating systems include zero VOC content, as well as the ability to
form chemical links due to keto-hydrazine crosslinking reaction which takes place after the application of the paint
coating at ordinary temperatures.
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ANTIDEGRADANTS APPLICATION IN THE POLYMERIC BINDER
NADVORNIKOVA Z., VECERA M.

Ustav chemie a technologie makromolekuldrnich latek, Univerzita Pardubice, Pardubice, Czech Republic,
zuzana.nadvornikova@seznam.cz

Summary
This paper deals with the stabilization of polymers by covalently bound antidegradants. Most manufacturers of
additives stabilize their products by adding stabilizers which may be eluted from the matrix during application,
causing faster degradation of the producs. This is not only environmentally unfriendly, but also uneconomical.
In this case we focused on the stabilization of stabilizer covalently bonded over the functional group. Prepared
systems are characterized by selected analytical and thermal methods, 1H and 13C NMR, gel permeation chro-
matography. Furthermore, the systems were subjected to accelerated aging conditions in QUV panel, and then
measured by a spectrophotometer, and hardness, gloss, adhesion and thickness were also measured.

Key words
Antidegradants, polymers, stabilizers

Introduction

Low molecular weight antidegradants used to protect polymers from environmental effects (heat, light, oxy-
gen) can be washed out of the matrix or evaporate in a challenging environment — especially at higher temperatu-
res — This causes a decrease in their concentrations, and thereby reduce the effectiveness of stabilization, and also
leads to environmental contamination. The stabilized polymer systems exposed to weathering usually undergo
photooxidation and termooxidation, causing unwanted chemical changes (degradation). Degradation results in the
loss of their useful properties [1, 2].

Antidegradants protect polymer from variously initiated oxidation. They can be classified as antioxidants,
light stabilizers, antiradiants, flame retardants and metal deactivators. Antistatics and biocides belong to specific
antidegradants. In this article, particular attention will be given to antidegradants preventing thermo-oxidative
degradation, so called antioxidants and antidegradants preventing photo-oxidation degradation, so called Light
stabilizers and UV stabilizers.

The light stabilizers are substances which strongly absorb UV — radiation and convert it into harmless ra-
diation of lower energy level than what would attack the polymer. Beside strong absorption in the desired area,
important for UV — stabilizers is the fact that the stabilizer is thermally and chemically stable. Based on the effect
UV — stabilizers can be divided into:

1. UV absorbers, which include e.g. substituted derivatives of 2-hydroxybenzophenone, and — benzotriazole,
2. quenchers of excited states — e.g. various nickel chelates and

3. radical scavengers.

Very important UV — stabilizers are sterically hindered piperidine derivatives, so-called HALS (hindered
amine light stabilizers), which during the degradation process are oxidized to nitrooxides which act as radical
scavengers. That formes alcyloxyamines, which then regenerate nitrooxides in the reaction with peroxoradicals in
Denisov's cycle (Figure 1) [5, 6].




THE 8™ CONFERENCE ON PIGMENTS AND BINDERS ¢ 2-3/11/2015

Fig. 1 — Denisov’s cycle [6]

The concentration of low molecular weight commercialy added antidegradants decreases with time mainly
due to extreme conditions such as high temperatures, exposure to liquids that cause leaching or evaporation or me-
chanical stress. This reduces their effect, it can be prevented by increasing the molar weight of antidegradants. The
disadvantage is that it can only be prevented to a certain amount only and also the price of the product is increasing.
The active substance may be attached to a macromolecule using two types of synthesis:

1) polymerization of low molecular weight derivative antidegradant bearing suitable polymerizable group,
e.g. vinyl group, or its copolymerization with the other monomer or

2) connecting the low molecular weight antidegradant to a preformed polymer chain by suitable chemical
reaction. One macromolecule may carry multiple substituents, decreasing the vapor pressure and thus its ability to
diffuse through the polymer matrix.

Type 1) is used for the incorporation of monomers bearing e.g. UV absorbers, antioxidants or radical sca-
vengers on the basis of HALS to the polymer chains. Antidegradants bound in this manner may have a maleimide
structure, vinyl structure or norbornene structure attached as polymerizable functional group. Certain polymeriza-
ble bearing vinyl group antidegradants are commercially available.

In process step 2) the presence of reactive groups is used, which can be suitably adapted to connect molecules
of antidegradants, it is called grafting of polymer. If the added molecule of antidegradant contains a thiol group, it
can be easily added on a hanging vinyl group by radical mechanism by using a radical initiator. Another possibility
for preparing the polymeric stabilizer is the use of a liquid and hydrogenated liquid rubbers having pendant vinyl
groups. The vinyl group canbe used fora multistage polymer-analogous reaction at the end of which to a stabilizer
or HALS-type antioxidant, respectively their combination is connected 7.

Results and discussion

Commercially available high impact polystyrene (HIPS) from Croatian company Dioki group — DOKI PO-
LISTIREN 485, containing about 10 wt. % of butadiene units, of which units of the type 1,2 is about 4 wt. %, is
stabilized by low molecular weight antidegradants by the manufacturer already. These stabilizers and other additi-
ves have been removed by triple precipitation into methanol. To the purified polystyrene UV stabilizer HALS was
bounded in a multi-step reaction. (Figure 2).
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Fig. 2 — The structure of high impact polystyrene with covalently bonded stabilizer

Thus prepared stabilized polymer was characterized by elemental analysis, referred in Table 1, gel permeati-
on chromatography, by determining the iodine value. Coatings were prepared (CSN 67 3049), which were sub-
jected to accelerated aging in a QUV panel (ASTM D 4587). Coating of the individual systems are transparent
and have been compared with coatings of commercially supplied polymers from the manufacturer as well as
with paints, purified from the added additives. Depending on the time the painting were being measured using a
gloss-meter Micro TRI Gloss (BYK, Gardner, Germany; ISO 2813), resistance of the coating by a grid method
was determined (ISO 2409), hardness was measured according to CSN EN ISO 1522 using an automatic device
pendulum Persoz 500 (TESLA, Czech Republic). Further the coatings were measured using a spectrophotometer
and compared to the value of yellowness (CSN 67 3067).

Tab. 1 — The results of elemental analysis and iodine numbers of various degrees of polymerization

HIPS 91,9 8,1 X X 27,8

HIPS + HEMA 89,2 8,3 X 2,5 22,7

HIPS + HEMA + IPDI 88,3 8,1 0,3 3,3 223

HIPS + C, H, NO 86,6 8,1 1,2 4,1 21,5
Conclusion

Covalently stabilized polymer was prepared by multistage polymerization and it has been subjected to
accelerated aging in a QUV panel. Values monitored versus time were compared with the commercially supplied
additively stabilized polymers and with commercially available polymers without additives. In comparison to the
addition — added stabilizers the covalent-bonded stabilizers are better in the longer terms. The stabilized polymers
have a longer service life, improved mechanical and optical properties and do not release dangerous substances
into the environment.
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VPLYV MECHANICKEJ PREDUPRAVY OCELE NA KVALITU POVLAKU
S OBSAHOM CaTiO,

IMPACT OF BASE MATERIAL MECHANICAL TREATMENT ON QUALITY
OF ORGANIC COATING CONTAINING CaTiO,
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Summary
The article assesses the impact of the base material surface pretreatment before application of paints based on
CaTiO3. As pretreatment method was chosen abrasive grit blasting with three kinds of blasting abrasives: brown
corundum, steel grit and steel shot. There were realized corrosion test in corrosion chamber, adhesion pull-off
and cross-cut tests with aim to determine the suitability of surface treatment.

Key words
Organic coating, abrasive blasting, adhesion

Uvod

Organické povlaky st najpouzivanej$im sposobom ochrany povrchov v strojarstve a to vdaka ich jednodu-
chej aplikacii a ekonomickej vyhodnosti. Z toho dovodu existuje velké mnozstvo typov organickych povlakov
pre rézne pouzitie. Ich hlavnou ulohou je zabezpecit’ ochranu konstrukcie pred koréznym napadnutim. Korézno —
inhibi¢né pigmenty su neoddelite'nou siicastou antikoréznych naterov. V oblasti vyskumu a vyvoja sa pozornost’
venuje najmé vyvoju netoxickych antikoréznych pigmentov, ktoré by nahradili pigmenty na baze olova a chromu.
Prispevok pojednava o hodnoteni adhézie povlaku na baze metylsilikonovej Zivice, pigmentovanej perovskitom
(CaTiO,) a s plnivom CaCO,. Cielom prispevku je poukdzat’ na to, ze okrem formulécie naterovej hmoty sa na jej
zivotnosti a uéinnosti podiel’a aj spravna preduprava zakladného materialu pred jej aplikaciou.

Metodika experimentu

Zakladny material pre hodnotenie predipravy povrchov a aplikdciu povlakov bola pouzita neuslachtila kon-
Struk¢na ocel’ S235JRG2. Rozmery vzoriek urcenych na predipravu a aplikaciu povlakov bol 100 x 50 x 2 mm.

Preduprava povrchu bola realizovana pneumatickym tryskanim. Boli pouzité tri druhy tryskacich pro-
striedkov — hnedy korund, ocel'ova drvina a ocelovy granulat. Zrnitost' hnedého korundu a ocel’'ovej drviny bola
0,9 mm a zrnitost ocelového granulatu bola 0,6 mm. Vzorky boli obojstranne otryskané pri tlaku vzduchu
0,6 MPa, uhol tryskania bol 75°.

Po otryskani a ofuku stla¢enym vzduchom bolo stanovené zaprasenie o€istené¢ho povrchu metédou snimania
samolepiacou paskou podl'a STN ISO 8502-3.

Na povrchoch po tryskani bola hodnotena drsnost’ v zmysle normy STN EN ISO 4287 dotykovym profilome-
rom Mitutoyo SJ-301 parametrami Ra (stredna aritmeticka odchylka profilu) a Rz (maximalna vyska nerovnosti
profilu).

Nanasanie povlaku bolo realizované striekacou pistolou HVLP (High Volume Low Presure). Konzistencia
naterovej hmoty bola upravena xylénom. Pracovny tlak pri striekani bol 0,3 MPa.

Hrubka povlakov pocas striekania bola kontrolovana meracim hrebefiom a po vytvrdeni magnetickym hrtb-
komerom.

Adhézia povlakov k substratu bola merana odtrhovou skiiskou, ktora je pre naterové latky definovana nor-
mou STN EN ISO 4624. Adhézia povlaku je vyjadrena napétim, ktoré je podielom t'ahovej osovej sily potrebne;j
na odtrhnutie povlaku pripevneného vhodnym lepidlom k protikusu s definovanou plochou. Limitujtci faktor pri
tejto skuske je kohézia lepidla. Adhézia povlakov bola hodnotena aj skuskou mriezkovym rezom v zmysle normy
STN EN ISO 2409.

Koroézna odolnost’ povlakov bola stanovena pomocou zrychlenych laboratornych testov na skusobnych vzor-
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kach s rezom. Skiisobné natery boli testované dvoma sposobmi — stanovenim odolnosti voéi ¢istej vlhkej atmo-
sfére (EN ISO 6270) s celkovou dizkou trvania testu 504 hodin a stanovenim odolnosti voéi kvapalindgm ponorom
(STN 67 3087). SkSobny chemicky roztok mal nasledovné chemické zlozenie: NaCl (50 g), 30% H,O, (5 ml)
a 100% CH,COOH (10 ml) a destilovana voda (1000 ml). Cyklus zahffial ponorenie vzoriek v roztoku pri teplote
37 °C po dobu 16 hodin, kondicionovanie na vzduchu pri teplote 23 °C po dobu 8 hodin. Cyklus sa opakoval trikrat
v celkovom ¢ase 72 hodin.

Na vyhotovenie skusobnych naterov bola pouzita experimentalne pripravena naterova hmota, kde pojivom
je metylsilikonova Zivica, pigment s obsahom 12 0bj.% je CaTiO, — Perovskit (oxid titani¢ito vapenaty) a plnivo
je Omyacarb 2VA.

Vysledky experimentalnych merani

Vzhlad otryskanych vzoriek mézeme vidiet' na obr. 1. Dosiahnuté hodnoty drsnosti pre jednotlivé tryskacie
prostriedky st uvedené v tab.1.

Obr. 1 — Otryskané vzorky a) bez ipravy b) hnedy korund c) ocel’ova drvina d) ocel’ovy granulat

Tab. 1 — Vysledky merania drsnosti otryskanych vzoriek

Bez upravy Hnedy korund Ocelova drvina | Ocelovy granulat
11 49 5,52 3,46
7,16 39,53 37,92 23,51

Najvyssie hodnoty drsnosti dosahoval povrch otryskany ostrohrannym TP s vys$Sou tvrdost'ou — ocel'ovou dr-
vinou. Najniz$ia drsnost’ bola zaznamenana pri pouziti granulatu s mensou zrnitost'ou. Povrch po pouziti gul'atych
abraziv je tvoreny gul'ovymi vrchlikmi. Vysledky stanovenia mnozstva a vel’kosti prachovych ¢astic na o¢istenych
povrchoch st uvedené v tab. 2.

Tab. 2 — Stanovenie mnoZstva a velkosti prachovych ¢astic

Bez tpravy Hnedy korund Ocel'ova drvina | Ocel’ovy granulat
1 5 4 3
1 2 2 1

Zo stanovenych vysledkov vyplyva, ze pri uprave povrchu hnedym korundom je povrch otryskaného materi-
alu najviac zne€isteny prachovymi ¢asticami pochadzajiicimi zo Stiepenia jeho zin. Nekovové tryskacie prostried-
ky st nachylnejsie na drobenie a $tiepenie pri naraze na substrat nez kovové tryskacie prostriedky, ¢o potvrdzuje
aj vykonany test.

Hribka nateru CaTiO, sa pohybovala v rozmedzi 135158 um. V tab. 3 si uvedené namerané hodnoty
odtrhovej sily a adhézia neexponovanych povlakov pri roznych typoch predupravy, v tab. 4 st uvedené odtrhové
sily a adhézia povlakov exponovanych v Cistej vlhkej atmosfére. V tab. 5 su uvedené odtrhové sily a adhézia po-
vlakov exponovanych ponorom.
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Tab. 3 — Odtrhové sily a adhézia neexponovaného povlaku

Bez upravy Hnedy korund Ocelova drvina | Ocelovy granulat
307 1914 2209 1718
0,43 3,9 4,5 3,5

Tab. 4 — Odtrhové sily a adhézia povlaku exponovaného v ¢istej vlhkej atmosfére

Bez tpravy Hnedy korund Ocel’ova drvina | Ocel’ovy granulat
250 1669 2307 1276
0,35 34 4,7 2,6

Tab. 5 — Odtrhové sily a adhézia povlaku exponovaného ponorom

Bez tpravy Hnedy korund Ocelova drvina | Ocel’ovy granulat
440 1816 2405 1669
0,62 3,7 49 3.4

Adhézne porusenie povlaku sa najéastejSie vyskytovalo pri preduprave podkladu ocelovym granulatom.
Z uvedenych vysledkov vyplyva, ze povlaky aplikované na odmasteny substrat bez mechanickej predupravy
nie su v substrate zakotvené, stykova plocha medzi povlakom a substratom je mala, povlaky maju nedostatocna
adhéziu. Zdrsnenie povrchu substratu zlepsuje adhéziu povlakov. V tab. 6 st uvedené vysledky mriezkovej skiisky
povlakov po aplikécii povlakov a po expozicii v koréznych podmienkach.

Tab. 6 — MrieZkova skuska neexponovanych povlakov

Bez tpravy Hnedy korund Ocel’ova drvina | Ocel’ovy granulat

0,43 39 45 3,5

Povlaky aplikované na povrch bez Gipravy nie su do substratu mechanicky zakotvené, povrch je prilis hladky,
kontaktna plocha medzi povlakom a substratom je mald. Zdrsnenie povrchu ostrohrannym tryskacim prostriedkom
vyrazne zvySuje adhéziu povlaku. Z vysledkov vyplyva, ze na predupravu ocelového substratu pred aplikaciou
uvedenych povlakov je mozné odporucit’ ostrohranné tryskacie prostriedky, nakol’ko poskytuju ostré zaseky vhod-
né na mechanické zakotvenie povlakov, kym gulaty tryskaci prostriedok dava povrch s odtlackami gul'ovitého
tvaru bez ostrych zasekov. To sa prejavuje aj nizSou adhéziou pri mriezkovej skuske. Hnedy korund je bezné
abrazivo, ktoré sa pouziva na zdrsnovanie a Cistenie povrchov aj pod ziarovo striekané povlaky s vel'mi vysokou
dosahovanou adhéziou. V tab. 7 a 8 je uvedeny vzhl'ad skusobného rezu povlaku po expozicii povlakov v konden-
zacnej komore a po ponore v skiSobnom roztoku.
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Tab. 7 — Korézna skiska v kondenza¢nej komore

Bez tpravy Hnedy korund Ocel’ova drvina | Ocel’ovy granulat

Vplyv predipravy substratu sa na podkorodovanie povlakov v okoli rezu po expozicii v Cistej vlhkej atmo-
sfére vyrazne neprejavil. Pri agresivnej$ej forme kordznej skusky povlakov ponorom sa vsak ukazalo, Ze najvécsie
podkorodovanie v okoli rezu bolo u neotryskanych vzoriek, najlepsiu odolnost’ mali povlaky na otryskanom po-
vrchu ocel'ovou drvinou.

Zaver

Prispevok mal za ciel’ poukézat’ na vyznam Cistoty a morfologie povrchu pripraveného na aplikaciu organic-
kych naterovych hmot. Z testovanych tryskacich prostriedkov je z hl'adiska dosahovanej adhézie mozné odporucit’
na predupravu ocel'ovych substratov najmé ostrohranné abraziva, hnedy korund alebo ocel'ovu drvinu. Tie vytva-
raju na povrchu morfolégiu vhodni na mechanické zakotvenie nasledne aplikovanych povlakov. To prispieva k ich
adhézii, znizuje riziko odlupovania povlaku, a tiez riziko podkorodovania pri mechanickom naruseni sudrznosti
povlakov. Pred aplikaciou povlakov na oCisteny povrch je vSak potrebné venovat’ naleziti pozornost’ ocisteniu
otryskanych povrchov stlacenym vzduchom, pricom sa minimalizuje podiel vol'ne prilnutych ¢astic pochadzaji-
cich zo samotného abraziva.
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SEKUNDARNE ZNECISTENIE POVRCHOV PO MECHANICKEJ
PREDUPRAVE TRYSKANIM

SECONDARY CONTAMINATION OF THE SURFACE AFTER MECHANICAL
PRETREATMENT BY BLASTING

GUZANOVA A., BREZINOVA J., KONCZ J., DRAGANOVSKA D., LANDOVA M.

Katedra strojarskych technologii a materidalov, Strojnicka fakulta, Technicka univerzita v Kosiciach

Summary
The article discusses the issue of the application of blasting agents for pretreatment of surfaces before applying
protective coatings. Studied were selected secondary effects of selected blasting agents. Also for the secondary
surface contamination selected substrates was used method of measuring surface reflectance, the method
of assessment of surface cleanliness adhesive tape qualitative analysis of monitoring the presence of abrasive
particles means a quantitative analysis of the amount of the particulates blasting agent.

Key words

Uvod

Technologia tryskania patri do skupiny mechanického opracovania povrchu zéakladného materialu, ktorého
nastroj — tryskaci prostriedok (d’alej len TP), vyvolava pri dopade v jeho povrchovych vrstvach kvalitativne zme-
ny, pri om vznika charakteristicka morfologia povrchu. Pri dopade TP na otryskavany zakladny material vznikaja
kvalitativne premeny oboch zi¢astnenych subjektov. V praxi sa technoldgia tryskania vyuziva v Sirokom rozsahu.
Typickymi aplikaciami tryskania su odokovinenie, odhrdzavenie, zdrsnenie povrchu, hladenie povrchu, tvorba
vhodnej morfoldgie povrchu zdrsnenych valcov pre matovanie plechov, prediprava povrchu pod povlaky anor-
ganické a organické, dekorativna Giprava povrchu, odstranovanie starych naterov, spevitovanie povrchu, zvysenie
unavovej a kor6zno-unavovej pevnosti, iprava zvarov a ich okolia, a pod. Povrch, vytvoreny tryskanim, pri opako-
vanom zat'aZeni akumuluje plastickti deforméciu. Cistota otryskaného povrchu je délezitym faktorom ovplyvnenia
vzhl'adu otryskaného povrchu. Necistoty na otryskanom povrchu su tvorené zvyskami okovin, kovovymi Castica-
mi, ktoré vznikli oterom alebo triestenim zin TP, pripadne vtlaéenim zaseknutych zin TP do povrchu zakladného
materialu. Ddsledkom znecistenia povrchu méze byt’ zaprasenie povrchu substratu pri pouziti jednorazovych trys-
kacich prostriedkov (vysokopecna troska, mineralne TP), ktoré sposobujil vznik deliacej vrstvy medzi povlakom
a substratom. To ma za nasledok znizenie adhézie povlaku k zakladnému materialu. [1, 2] Predkladany prispevok
sa zaobera hodnotenim znec€istenia ocel'ovych povrchov po mechanickej prediprave tryskanim.

Metodika experimentu

Pri experimentalnych pracach boli pouzité tri druhy materidlov a to zliatina hlinika (AW 1050 A). Jej che-
mické zlozenie je Al > 99,5 %, Cu < 0,05 %, Fe <0,4 %, Si<0,3 %, Ti < 0,05 %, Zn < 0,07 %, ostatné¢ < 0,03 %.
Tvrdost materidlu je 44 HV pri zatazeni 196,1 N a Case zatazenia 10 s. (d’alej len material 1). Druhym materidlom
bola ziaruvzdorna ocel’ (x5 Cr Ni 1810) C < 0,07 %, Cr 17-20 %, Ni 8-10 %, Mn <2 %, P < 0,045 %, S < 0,03 %,
Si <1 %, tvrdost’ materialu je 190 HV pri zatazeni 196,1 N a Case zat'azenia 10 s. (d’alej len material 2) a zia-
ruvzdornd ocel’ (x15 Cr Ni Si 2520) C < 0,2 %, Cr 24-26 %, Ni19-22 %, Mn < 1,5 %, P < 0,045 %, S < 0,03 %,
Si <1 %, tvrdost’ tohto materialu je 158 HV pri zatazeni 196,1 N a Case zatazenia 10 s. (d’alej len material 3).
Rozmery skuSobnych vzoriek boli 100 x 30 x 2 mm.

K realizacii experimentalnych prac boli zvolené 'ahké tryskacie prostriedky hydrogenuhli¢itan sodny (d’alej
len NaHCO,), sypna hmotnost NaHCO, bola p_ = 1250 g.dm™. Druhym tryskacim prostriedkom bola sklenena
balotina, sypna hmotnost’ balotiny bola p. = 1500 g.dm™. Pouzity tlak tryskania bol 0,7 MPa, vzdialenost’ dyzy od
povrchu zakladného materialu bola 200 mm. Znegistenie povrchu bolo hodnotené na zaklade merania odrazivosti
svetla od otryskaného povrchu. Daliou metddou pre hodnotenie &istoty otryskanych povrchov bola metéda sni-
mania lepiacou paskou (STN EN ISO 8502-3). Sluzi na posudzovanie ¢istoty povrchu ocelovych podkladov pred
aplikaciou naterovych latok a na stanovenie prachu na ocel'ovom povrchu pred aplikdciou naterov.
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Vysledky experimentilnych prac
Na zaklade uvedenej metodiky bolo hodnotené sekundarne znecistenie tryskanych povrchov. Vysledky me-
rania odrazivosti st zobrazen¢ na obr. 1.

Obr. 1 — Odrazivest’ povrchu zakladnych materialov

ridlu 2 dosiahol najvyssiu hodnotu odrazivosti povrchu pri pouziti NaHCO,. V zavislosti na ¢ase je mozné konsta-
tovat’, ze pre material 1 a 2 sa odrazivost’ povrchu znizovala s pribudajicim ¢asom. Na druhej strane v zavislosti
od pouZitého TP je zrejmé, ze vysSie hodnoty vykazoval zakladny materiél pri pouziti TP NaHCO,.

V stlade s metodikou hodnotenia Cistoty povrchu pomocou lepiacej pasky boli zhotovené fotografické snim-
ky lepiacich pasok, na ktorych boli viditeI'né zachytené necistoty z otryskaného povrchu. Z tychto snimok bolo
nasledne ur¢ené mnozstvo prachovych Castic a ich trieda velkosti podl'a STN EN ISO 8502-3.

Obr. 2 — Necistoty zachytené na lepiacej paske
Cas tryskania 5s Cas tryskania 20s

TP Balotina TP Balotina

NaHCO, NaHCO,
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Tab. 1 — MnoZstvo prachovych &astic po tryskani balotinou a NaHCO,

Material 1 2 4 1 4
Material 2 3 3 3 4
Material 3 3 4 3 3

Obr. 2 — MnoZstvo prachovych €astic po tryskani balotinou a NaHCO,

Z vyse uvedeného je zrejmé, ze mnozstvo prachovych Castic stanovené podla STN EN ISO 8502-3 pre
materidl 1 bolo nizSie pri pouziti balotiny. Pri pouZiti TP NaHCO, dosahovalo mnoZstvo prachovych castic stupent
4. Material 2 vykazoval pri pouZiti balotiny taktieZ niz8ie hodnoty prachovych castic ako pri pouziti NaHCO,.
V pripade materialu 3 boli vyssie hodnoty prachovych €astic pri pouziti TP balotiny. Uvedend skutocnost’ zodpo-
veda kvalite materialu TP a zakladného materialu, predovsetkym tvrdosti.

Zaver

Z vysledkov je mozné konstatovat’, ze balotina nespdsobuje sekundarne znecistenie, je preto mozné odporu-
¢it’ tento TP ako kone¢nt predtpravu povrchu. TP NaHCO, nie je vhodny na kone¢nti predipravu kovového po-
vrchu tryskanim, pretoze vznika sekundarne znecistenie povrchu. Po naneseni povlaku by vznikla deliaca vrstva
medzi povlakom a zdkladnym materidlom, ¢o moze znizit' kvalitu aplikovanych povlakov. Odstranit’ neziadiucu
vrstvu je mozné oplachom povrchu materialu s pridavkom inhibitorov korézie. Prispevok vznikol v ramci riese-
nia projektu VEGA 1/0600/13 — Vyskum a vyvoj progresivnych kompozitnych povlakov a vrstiev pre inovacie
strojarskych vyrobkov.
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SYNTEZA AKRYLATOVYCH HVIEZDICOVITYCH POLYMEROV AKO
MODIFIKATORI VLASTNOSTI ROZTOKOVYCH NATEROVYCH HMOT
BOHACIK P.}, PODZIMEK S.'2, SPACEK V.2
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Summary
This work is focused on the preparation of star-like polymers based on polyisobutyl methacrylate with different
number of arms. These polymers were prepared by Group Transfer Polymerization (GTP). Star-like polymers are
defined as macromolecules that have linear polymeric arms and central core. The synthesis of a star polymers is
classified into one of three methods: arm-first, core-first and coupling-onto synthesis. In this work, arm-first syn-
thesis was used. Star-like macromolecules can be used e.g. as additives in motor oils, dispersants in cosmetics
industry, for the drugs delivery transfer, and for the viscosity modification of coatings.

Key words
Star-like polymers, GTP polymerization, Mark-Houwink equation

Uvod

Préca je zamerana na pripravu hviezdicovitého polyizobutylmetakrylatu s roznym poétom a dizkou ramien.
Hviezdicovité polyméry je mozné pripravit tromi cestami: arm-first, core-first a coupling-onto synthesis [1].
V tejto praci bola pouzitd metdda arm-first. U pripravenych hviezdicovitych polyméroch budua studované rozto-
kové vlastnosti, hlavne vplyv poctu ramien na exponent Mark-Houwinkovej rovnice. Hviezdicovité polyméry sa
spravaju ako malé nanocastice, ¢o im dava moznost’ vyuzitia v mnoho aplikaciach ako aditiva do motorovych
olejov, potencionalne nosice lieciv, Uiprava viskozity a vlastnosti naterovych hmét [2-4]. Hviezdicovité polyméry
boli pripravené metédou Group Transfer Polymerization (GTP).

GTP polymerizicia

GTP polymerizacia je ,,kvazi-ziva“ oxyanionova polymerizacia, predovSetkym uréena pre kontrolovanu po-
lymerizécie a,  — nenasytenych karboxylovych kyselin. Polymerizacia je iniciovana pomocou silyl ketén acetalov
a nukleofilnych katalyzatorov. GTP bolo objavené Websterom a jeho tymom v DuPont Experimental Station in
Wilmington, Delaware medzi rokmi 1970-1980. V prvych rokoch od objavenia bol mechanizmus polymerizacie
zalozeny na hypotéze kovalentného (neiéonového) mechanizmu, podla tedrie ze, polymérny retazec je chraneny
trimetylsilylovou skupinou ktora, reakciu iniciovala cez transfer na nasledujuci monomér. Experimentalne data
ukazali, ze GTP prebicha oxyanionickym mechanizmom (disociativny GTP mechanizmus) s enolatom ako aktiv-
nym centrom. Ale nedavny objav katalyzy GTP pomocou N-heterocyklickych karbénov nabural teériu disociativ-
neho GTP mechanizmu. V prvych rokoch prevladal asociativny a disociativny mechanizmus GTP polymerizacie.
Disociativny mechanizmus je zalozeny na tvorbe enolatov ako aktivnych centier. Schéma disociativneho a aso-
ciativneho mechanizmu je na obrazku 1.
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Obr. 1 — Mozny mechanizmus GTP polymerizacie, asociativny a disociativny mechanizmus [7]

GTP ma vela atributov klasickej zivej anidnovej polymeryzacie, vratane moznosti pripravy blokovych ko-
polymérov, kopolymérov zakonéenych funkénou skupinou, priprava polymérov otvorenim kruhu (epoxidovej
skupiny). Pomocou GTP je mozné pripravit’ relativne jednoducho polyméry o molekulovej hmotnosti priblizne do
20000 g/mol a o polydisperzite 1,1-1,6.

GTP polymerizacie najlepsie funguji s meta/akrylatovymy monomérmy, s funkénymi skupinami vhodnymi
pre dalsie reakcie [5-7].

Syntéza hviezdicovitého poly-(izobutyl)metakrylatu a jeho charakteristika

Pre pripravu hviezdicovitého polyizobutylmetakrylatu bola pouzita metéda arm-first. Syntéza bola spravena
v tetrahydrofurane (THF) ako rozpust'adle, za katalyzy tetrabutylamonium acetatu (TBAAc), a s pouzitim iniciatoru
trimetylsilylketén acetalu (TMSKA). Syntéza prebiehala pod inertym plynom — argénom. Mnozstvo iniciatoru
bolo vypo&itané na prislugni dizku ramien tj. 4000 g/mol. Najprv boli pripravené ramena, a tie boli zosietované
pridavkom etylénglykoldimetakrylatu (EGDMA) do vyraznejSieho narastu viskozity. Reakcia bola ukoncend pri-
davkom metanolu.

Po priprave hviezdicovitého polyizobutylmetakrylatu bol produkt prezrazany a zmerany na Gélovej Per-
meacnej Chromatografii (GPC). Meranie pomocou GPC nie je mozné povazovat’ za presné, lebo kolony boli
Standardizované na polystyrénové standardy. Pouzité kolony boli od firmy Agilent PLgel Mixed-C, 300 x 7,5 mm,
o velkosti ¢astic 5 um. Napln je styrén-divinylbenzénovy gél. Velkost' porov v absolatnych jednotkach vyrobca
neudava, je udana pisomnym oznacenim C, kolony separuji v rozmedzi molekulovych hmotnosti 200-2x 10° g/mol.

Hviezdicovity polyizobutylmetakrylat bude merany aj asymetrickou frakcionaciou tokom v asymetrickom
tokovom poli s viac uhlovym rozptylom svetla (A4F-MALS) v spojeni s on-line viskozimetrom.

Prehl’ad syntetizovanych hviezd

V tabul’ke 1 je uvedena modelova rada hviezdicovitého polyizobutylmetakrylatu s ramenamy o dizke teore-
tickej dizke 4000 g/mol, s réznym pridavkom EGDMA. Ciselne strednd relativna molekulova hmotnost’ ramien
sa pohybuje v rozmedzi 4300-5300, o priblizne zodpoveda teoretickému vypoétu dizky ramien. Hmotnostne
stredna relativna molekulova hmotnost’ sa pohybuje v rozsahu 5100-7900. Tento rozdiel je spdsobeny tym ze,
hmotnostne stredna relativna molekulova hmotnost’ (1\7IW) a Z-priemer molekulovej hmotnosti (IVIZ) st citlivé na
frakcie o vysokej molekulovej hmotnosti a ¢iselne strednd relativna molekulova hmotnost’ (M,) je citliva na frak-
cie o malej molekulovej hmotnosti, preto hodnoty M, sa vyrazne nelisia. Postupné zvySovanie obsahu EGDMA
sa prejavilo rastom molekulovych hmotnosti M, a M, u pripraveného hviezdicovitého polyizobutylmetakrylatu.
Obsah EGDMA bol postupne zvySovany od 1,4 g po 2,5 g. Pri obsahu EGDMA nad 2,5 g doslo k gelacii produktu.
Obsah EGDMA rastie postupne od PBH1 po PBH9.
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Tab. 1 - Modelova rada hviezdicovitého poly-(izobutyl)metakrylatu s ramenamy o dizke teoretickej dizke
4000 g/mol, s roznym pridavkom EGDMA

PBH1 5036 7486 6820 1,32 18198 46451 74098
PBH2 5346 7902 7325 1,18 8033 10429 14182
PBH3 4267 7718 7974 1,15 56487 198943 437620
PBH4 4839 5565 6212 1,12 69238 88988 122072
PBHS 4556 5097 5683 1,26 50319 62488 78793
PBH6 5258 5924 6605 1,13 101268 160627 268933
PBH7 5356 6744 9514 1,32 78023 99873 131992
PBHS8 4930 5777 7030 1,30 82745 119968 11092
PBHY9 5206 7150 7882 1,25 94078 465179 181114
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This paper deals with the possibility to influence emissivity of an inorganic composite by changing the filler
composition. These composites can also be used in power-producing equipment and can increase the efficiency of
this type of equipment thanks to high emissivity. Development of system which will provide a very high emissivity
(0.90-0.99) within a short wavelength range is the intention of our project. Spectral zone in IR band (1.5-6.4 pm)
is interesting in furnaces with operational temperature 7001200 °C. For example lining materials usually have
emissivity of 0.20-0.40 in this spectral zone, steel has emissivity of 0.50—0.70. This provides sufficient area for
emissivity improvement by the developed surface films [1-5]. Chromium Oxide is active ingredient which is
contained in basic formula of BG HitCoat®. Also other active ingredients (Iron powder, Kaolin, Silicon Carbide,
Boron Carbide, Boron Nitride and Aluminum Nitride) were built in matrix of the composite. Thermal stability up
to 900 oC was analyzed.

High Temperature Pulse Laser (HTPL) method was applied for measurement of total emissivity. It was evalu-
ated from time flow of surface temperature and heat flux in the course of specimen cooling. High-efficiency diode
laser was used for heating, surface temperature was measured by contactless Si probe. Radiant flux was scanned
by wideband analyzer unit.

Furrier Transform Infra-Red (FTIR) Spectroscopy method was applied for measurement of spectral emissi-
vity. Laser beam was used for heating. Spectral dependence of surface film radiation was measured in comparison
with reference film (layer of Cr203 sprayed at each specimen) as well as reference film in comparison with black
body. These tests demonstrated that filler composition is able to influence emissive properties in range of short IR
wavelength (1.5-4.0 um) within 0.7-1.5 times (against the reference).

Calorimetric loops with various coatings were used for operating measurement of heat flux properties. They
were tested in operation equipments in chemical and power industries.

Both laboratory and operating tests demonstrated that filler composition is able to influence emissive proper-
ties. Materials with high emissivity can influence heat flux properties and increase efficiency of the equipments.
The absorbed energy will re-emit through furnace atmosphere and will not heat it up again however it will heat up
super heaters (reactive tubes) more effectively.
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FT-Raman mikroskopie

Vice na www.nicoletcz.cz
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Vice nez 20 let uspésny dodavatel
chemickych produkti, tonovacich systému a
stroju pro pramysl natérovych hmot

Seznam zastoupeni pro Ceskou republiku a Slovensko:

AFCONA ADDITIVES - aditiva pro natérové hmoty

ASCOTEC - antokorozivni aditiva

PO.INT.ER — aminova tvrdidla pro epoxidové systémy

PICASSIAN - pojiva pro vodou feditelné natérové hmoty,
pro tiskarské a UV tvrditelné barvy
LAIEX — emulze a kopolymery pro rGizna pramyslova
odvétvi

suroviny

‘0
X~
=

£

]
<
(]

MAFLON - fluoropolymery

Fast & Fluid — stroje pro ténovani natérovych hmot

Oliver & Batlle — zafizeni pro vyrobu natérovych hmot

X-rite — spektrofotometry

Arichemie — pigmentové preparace

BICCS — ténovaci systém prumyslovy

PROTEC Systempasten GmbH — ténovaci systém deko

NES NCS Colour — barevny management

Trust Chem — organické pigmenty

Roéhrig — Stérky a pisky z tvrdych hornin nejvyssi kvality

Larand HGS — duté sklenéné kulicky

>
&=
s
o
(]
(=%
(%]

Pardam — anorganicka a polymerni nanovlakna

AVISON - cisté chemikalie a syntetické latky

THORSON CHEMICAL Praha s.r.o., Cernosickd 145, CZ-155 31 Praha 5

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

SPECIALTY CHEMICALS

BIESTERFELD SILCOM s.r.o.

Spolecnost byla zalozena v roce 1992 jako Silcom s.r.o. V roce 2002 se pfipojila
k mezinarodni spolecnosti Biesterfeld Spezial Chemie GmbH (soucast koncernu
Biesterfeld AG) a byla pfejmenovana na Biesterfeld Silcom s.r.0. Pfipojenim
k nadnarodni skupiné se vyrazné rozsitilo portfolio dodavatel( a tim i sortiment
produktt doddvanych na &esky a slovensky trh prostfednictvim spoleénosti
Biesterfeld Silcom. Na Slovensku pUsobi dcefinnd firma, Biesterfeld Silcom
Slovakia s.r.o0.

Spolecnost se od svého zaloZeni zabyva dovozem chemickych surovin
a specialnich chemikalii. Kromé vlastnich dodavek chemikalii
zajistujeme také technické poradenstvi. Disponujeme sklady

v Cechach i na Slovensku a diky tomu jsme schopni zajistit
optimalni logisticky servis.

Na ceském a slovenském trhu zastupujeme vice nez 60 vyznamnych
svétovych vyrobcli a dodavame suroviny do fady primyslovych odvétvi
(vyroba polymerd, stavebnich a natérovych hmot, chemikalie pro textilni,
kozedélny a papirensky primysl, vyroba kosmetickych, &isticich, dentdlnich
a farmaceutickych pFipravkd, pro gumarenstvi, vyrobu polyuretanovych pén
a pro fadu dalsich aplikaci). Dodavame taktéz hotové chemické pripravky
- produkty urcené pro primé uziti v Siroké Skale odvétvi (elektronika
a elektrotechnika, energetika, strojirenstvi, nastrojarstvi a prototypova
vyroba, automobilni primysl a vyroba ostatnich dopravnich prostredk
v¢. letadel, vyroba kompozit{, stavebnictvi, ...).

Kompletni informace o portfoliu nasi spolecnosti naleznete na
www.bisi.cz

Biesterfeld Silcom s.r.o.
Tel +420-241 490 231
Fax +420-241 490 094

Mobil +420 602 383 660
petr.novak@bisi.cz
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Dodavatel surovin a aditiv pro natérové hmoty.

POJIVA

=  Epoxidové pryskyfice a tvrdidla

= Vodou feditelné alkydové emulze

=  Melamin-formaldehydové pryskyfice

=  Blokové kopolymery styrenu, isoprenu a butadienu
=  Fenolické pryskyfice

PIGMENTY

=  Antikorozni pigmenty — fosfore¢nan zine¢naty, lamelarni Zn
=  Organické pigmenty

= Hlinikové pigmenty a pasty

=  Nerezové pigmenty

=  Perletové pigmenty na bazi syntetické slidy a skla

ADITIVA

= Inhibitory bleskové koroze

=  Kapalné organické inhibitory koroze
= Pyrogenni oxid kfemicity

=  Mikronizované PE vosky

=  Promotéry adheze

=  Molekulova sita

= Uhlikova vlakna

PLNIVA

= Kalcinované a propirané kaoliny
= Mastek

Nordmann, Rassmann Czech Republic s.r.o., Pekarfska 12, 155 00 Praha 5
Tel: 724 076 165, e-mail: mp@nrc-czech.cz
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The

next Generation
in Wet Grinding!

NETZSCH Agitator Bead Mill AtpHa®

New modular machine platform for three grinding systems:

= Discus — The revolutionary, universal useable disk grinding system

= Zeta® — The grinding system for operation in the circulation or multi-passage mode

= Macro — The new peg grinding system for highest power input in passage operation
Ergonomic design for best user comfort

Setting new standards in terms of flexibility, user friendliness and efficiency

NETZ5CH

NETZSCH-Feinmahltechnik GmbH
SedanstraBe 70

95100 Selb

Germany

Tel.: +49 9287 797-0

Fax: +49 9287 797 149

www.netzsch.com/alpha



Praqoab

HAAKE Viscotester iQ)
rotacni reometr

Objevte
rozdil.

OCENENY EXPONAT VELETRHU

pragolab.cz/viscotesteriq



Univerzita Pardubice

Centrum transferu technologii a znalosti (CTTZ)

Jednotné kontaktni misto pro zajemce o spolupraci s univerzitou z podnikového a pramyslové-
ho sektoru.

Co miZzeme nabidnout komerénim partnerim?

* predstavime aktudlni technologie k licencovani

* vyhledame védecké partnery na univerzité pro smluvni vyzkum

* nabizime vyuziti vyzkumné, vyvojové a laboratorni kapacity univerzity

* zajiStujeme pravni ndleZitosti pro smluvni vyzkum a nastaveni Gc¢inné ochrany dusevniho
vlastnictvi

* poskytujeme odborné konzultace v oblasti transferu technologif

Cinnost CTTZ v ¢&islech za rok 2014:

* 14 mil. K¢ byl objem spoluprace s podniky za rok 2014

* prres 32 mil. K¢ z projektl aplikovaného vyzkumu vztazeno na rok 2014 a Univerzitu Pardubice

* 400 zakazek v ramci spoluprice na tvorbé a prenosu inovaci s aplika¢ni sférou s vice nez 200
subjekty

* 300 revidovanych smluv

* 1000 poskytnutych konzultaci v oblasti transferu technologii

* 24 poradanych akci na téma ochrany dusevniho vlastnictvi, komercializace a podpory podnika-
ni, pres 600 Ucastnikd

Kontaktujte nas:

Centrum transferu technologii a znalosti
Univerzita Pardubice

nam. Cs. legii 565

530 02 Pardubice

https://vav.upce.cz/

Tel +420 466 037 533

E-mail cttz@upce.cz
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PRECHEZA a.s. ma vice nez stodvacetiletou
tradici, zejména ve vyrobé anorganickych
chemickych produktd. Je vyznamnym
evropskym vyrobcem a dodavatelem anor-
ganickych pigmentd, jednim ze tFi vyrobcd
titanové béloby v ramci zemi CEFTA.

Clever choice

Spolecnost PRECHEZA nabizi:
Titanovou bélobu PRETIOX

e anatasové typy - jemné mleté pro primysl natérovych hmot i stavebnictvi, specialni
druhy pro kosmetiku, farmacii a potraviny

e rutilové typy - povrchové upravené i neupravené, mikronizované i jemné mleté pro témeér
vSechny typy natérovych hmot, specialni typy se zvySenou odolnosti, specialy pro plasty

¢ anatasova suspenze - s obsahem 65% pigmentu pro primou vyrobu malifskych barev

a barveni papiroviny

Zelezité pigmenty FEPREN - ¢ervené, hnédé, Zluté, zelené, €erné

Jemné mleté a granulované pro vyrobu natérovych hmot, plastd, pro probarvovani betonové
stresni krytiny, zamkové dlazby a dalSich betonovych vyrobkd, pro pripravu omitkovych smési

let s vami
years with you

| & PRECHEZA 120

PRECHEZA as.
nabr. Dr. Edvarda Benese 1170/24 | 750 02 Prerov | Ceska republika

Tel: +420 581 252 388 | Fax: + 420 581 253 830
CLEN KONCERNU #§ AGROFERT E-mail: sales@precheza.cz | www.precheza.cz
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OUR AMONG

COLOURS
WIN...

PENGUINS

Wild colours Versal®
HP REDS & HP YELLO\I\/S > high performance pigments

Synthesia, a.s., SBU Pigments & Dyes, Czech Republic =
Phone: +420 466 823 741, Fax: +420 466 823 608, e-mail: pigments@synthesia.eu Synthesia
www.synthesia.eu Chemistry for the future
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SEZNAM UCASTNIKU
LIST OF PARTICIPANTS

Platny k 25.10.2015 / Valid to 25/10/2015

ANTOS Petr
ANTOSOVA Barbora
BACHLER Marco
BAJER Miroslav
BANDZUCH Jan
BEDNAROVA Klara
BENDAKOVA Nela
BERAN Frantisek
BEZKOCKA Karel
BLAHUSIAKOVA Alexandra
BOHACIK Peter
BORYSEK Petr
BOTLIK Robert
BOUDA Michal

BROZ Michal
BRUNA Petr
CABICAROVA Martina
CAGAN Peter
CANEV Michal
CADKOVA Petra
CERNY Michal
CESAKOVA Lenka
CIHAK Martin

DENK Karel
DOLECEK Josef
DRAPELA Jii
DRDOVA SKODOVA Jana
DYGRYNOVA Kvéta
EMINGEROVA Radka
FOJTIK Jaroslav
FROSOVA Dana
FRYAUF Vladimir
GERGEL Peter

GIBA Josef

GOEBEI Adolf
GOLDA Jan
GONSIOR Kamil
GOTZMANN Radek
GUBOVA Jarmila
HAJKOVA Tereza
HAJKOVA Méria
HANKA Pavel
HAVRANEK Jii
HENYCH Vladimir
HONNER Milan
HONNEROVA Petra
HRDINA Radim
HROMADKO Miroslav
CHLOSTOVA Lenka
CHVOJKA Martin

CHEMAGAZIN s.r.o.
Vyzkumny Gstav anorganické chemie, a.s.
Allnex

Severochema, druzstvo pro chemickou vyrobu, Liberec

SYNPO, a.s.

Technicky a zku$ebni ustav stavebni, s.p.
SYNPO, a.s.

STACHEMA CZ s.r.o.

Lucebni zavody a.s. Kolin

3U s.ro.

Univerzita Pardubice

Synthesia, a.s.

Polychem composite CS

Preciosa a.s.

STACHEMA CZ s.r.o0.

3P-CHEM s.r.o.

Radka spol. s 1. 0. Pardubice
Pointner & Rothschadl Ges.m.b.H.
Omya s.r.o.

Technicky a zkusebni tstav stavebni, s.p.
HET spol. s r.o.

PPG Deco Czech a.s.

Radka spol. s r.o. Pardubice
Pragochema s.r.o.

PARZLICH s.r.o0.

VITON s.r.o.

HET spol. sr.o.

Stachema CZ s.r.o.

Stachema CZ s.r.o.

Detecha, chemické vyrobni druzstvoi
Radka spol. s r.o. Pardubice
Fryauf FilMix s.r.o.

Lanxess Central Eastern Europe
Preciosa a.s.

Precheza a.s.

SPECION, s.r.o.

Orion Engineered Carbons GmbH
Synthesia, a.s.

KORA as.

Univerzita Pardubice

Synpo, a.s.

Radka spol. s r.o0. Pardubice
Stachema CZ s.r.0. Kolin

Vodni sklo a.s.

Zapadoceska univerzita v Plzni, Nové technologie — vyzkumné centrum
Zapadoceska univerzita v Plzni, Nové technologie — vyzkumné centrum

Univerzita Pardubice
Synthesia, a.s.
Synthesia, a.s.
SVUM as.
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IONESCU Elena

1ZAK Jan

JAKES Petr

JANDA Pavel
JEHLAROVA Eva
JELINEK Josef
KADLECOVA Michaela
KAFAR Marek
KALENDOVA Andréa
KLIMOVIC Michal
KOHL Miroslav
KOLAROVA Eva
KONCZ Juraj
KONVICKA Zdengk
KOSINOVA Veronika
KOSIKOVA Helena
KOZINOVA Lenka
KRAL Josef
KREJCIKOVA Stépanka
KRIVANEK Jifi
KUBINAK Rastislav
KUDROVA Andrea
KUMM Rotraut
KUSYN Daniel
KUTLIK Jozef
KYSUCAN Petr
LANDOVA Mariana
LEJDAR Erhard
LISKOVA Vlasta
LOUCKA Pavel
MACHACKA Vladislav
MACHOTOVA Jana
MARECEK Petr
MARTINEK Josef
MATOUSKOVA Monika
MATYS Jakub

MAUER Milan
MESZAROS Michal
MIKSA Daniel

MILIC Richard
MINARIKOVA Jana
MINDOS Lubos
MOTYCKA Ale§
MUDRONOVA Katefina
NADVORNIKOVA Zuzana
NAVRATIL Dugan
NECHVILOVA Katefina
NEJEZCHLEBOVA Ladislava
NEMCOVA Dana
NOVAK Jifi

NOVAK Petr

OSTRCIL Marek
OTAHAL Roman
PALLICH Martin

SOLVAY NOVECARE
Synthesia, a.s.

Momentive Performance Materials a.s.
AceTrade, s.r.0.

Precheza a.s.

AUSTIS vyroba s.r.o.
Univerzita Pardubice

Pointner & Rothschddl Ges.m.b.H.
Univerzita Pardubice

Pragolab s.r.o.

Univerzita Pardubice
Kolatova Eva

Technicka univerzita v KoSiciach
Precheza a.s.

Synthesia, a.s.

Brenntag Slovakia s.r.o.
STACHEMA CZ s.r.0.
ECT,s.t. 0.

Radka spol. s r.o. Pardubice
Thorson Chemical Praha, s.r.o.
Azelis Slovakia, s.r.o.

Vodni sklo a.s.

Grolman s.r.o.

Radka spol. s r.o. Pardubice
Radka spol. s r.o. Pardubice
Ravago Chemicals Czech Republic s.r.o.
Technicka Univerzita KoSice
Preciosa a.s.

Synthesia, a.s.

RADKA Pardubice a.s.
Synthesia, a.s.

Univerzita Pardubice

LANIK s.r.o.

Azelis Czech republic

VITON s.r.0.

Azelis

BG SYS HT s.r.o.

SVUM ass.

Habich GmbH

Synpo, a.s.

Synthesia, a.s.

SVUOM Praha s.r.o.
AceTrade, s.r.o.

Nicolet CZ s.r.o.

Univerzita Pardubice
Rokospol a.s.

Univerzita Pardubice

Azelis

STACHEMA CZ s.r.o.
Detecha, chemické vyrobni druzstvoi
Biesterfeld Silcom s.r.o.
Precheza a.s.

Brenntag CR s.r.o.

Brenntag CR s.r.o.
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PATROVSKY Josef
PIKAL Petr
POLEDNO Michal
PRAZAK Milan
PREININGER Ondej
PRCHAL Radek
PROCHAZKOVA Eva
PROKUPKOVA Petra
PRIKRYL Jan
PUKOVA Katefina
PYTEL Martin
RATAJSKY Petr
RESCH Petr

RIEDELMAJEROVA Adriena

ROT Jan
RUCKEROVA Adéla
RYSANEK Petr
SLAPNICKA David
SLIZ Jaroslav

SLUKA Tomas
SOUKUP Ondej
STRNADKOVA Daniela
SZNAPKA Patrik

SEC Karel

SEFL Pavel

SIDLO Petr
SINDELAR Jan
STEFANOVOVA Eleonora
TOMCZAK Robert
TORMA Petr
TRAVNICKOVA Eva
TUMA Zdengk
VALASEK Pavel
VALEK Jaroslav
VECERA Miroslav
VESELY Pavel
VIDLAKOVA Katefina
VITACKOVA Elena
VLASAKOVA Jarmila
VODNANSKY Jan
VOCHYAN Lubomir
VOKAC Jaroslav
VYKYPELOVA Alice
WIDZISZ Richard
ZARYBNICKA Lucie
ZATLOUKAL Mojmir
ZELENKA Petr
ZGONI Hedvika
ZOUHAR David
ZOUHAROVA Anna
ZSIGO Martin

Vepco

Precheza a.s.

Nordmann, Rassmann Czech Republic s.r.o.
Labimex CZ s.r.o.

Univerzita Pardubice

Vodni sklo a.s.

Kittfort Praha s.r.o.

Synpo, a.s.

Precheza a.s.

Univerzita Pardubice

Synthesia, a.s.

Rokospol a.s.

Fryauf FilMix s.r.o.

CHEMOLAK a.s.

MB - SVING s.r.0., divize Chemie, Green Square Ri¢any
Univerzita Pardubice

VUAnCh as.

Estrella Es-Press spol. s r.o.
Lankwitzer CR, Spol. s.r.o.

3M Cesko spol. s.r.o.

Spolek pro chemickou a hutni vyrobu a.s.
Radka spol. s r.o. Pardubice

BASEF s.r.o. Praha

Nicolet CZ s.r.0.

Advanced Materials-JTJ s.r.o.
3P-CHEM s.r.o.

Lankwitzer CR, Spol. s.r.o.
CHEMOLAK a.s.

Covestro

3P-CHEM s.r.o.

Masarykova Univerzita Brno
Colorlak, a.s.

Precheza a.s.

Severochema, druzstvo pro chemickou vyrobu, Liberec
Univerzita pardubice

Lucebni zavody a.s. Kolin
Precheza a.s.

STACHEMA CZ s.r.0.

SYNPO, a.s.

Ravago Chemicals Czech Republic s.r.o.
Allnex

PPG Deco Czech a.s.

Synthesia, a.s.

Azelis Czech republic

Univerzita Pardubice

BASEF s.r.o. Praha

RADKA Pardubice a.s.

SYNPO, a.s.; Univerzita Pardubice
Grolman s.r.o.

Arkemas.r.o.

Brenntag Slovakia s.r.o.
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