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ZPUSOBY OVLIVNENI APLIKACNICH VLASTNOSTI TIO,
HOW THE APPLICATION PROPERTIES OF TIO, ARE AFFECTED

PINKOVA B.

Precheza a.s., blanka.pinkova@precheza.cz

Summary
Application area of TiO, is very wide. It is important to use specific grade of TiO, for different
applications. A lot of ways how to influnce the application parameters exist at this moment. This report is
focused on the suface treatment, specially of the surface treatment with alumina.

Key words
TiO,, surface treatment, application parameters

Titanova béloba se vyznacuje Sirokymi aplika¢nimi moznosti. Velmi ¢asto se vyuziva v plastech a nate-
rovych systémech, mimo to Ize TiO, vyuzit ve farmaceutickém a kosmetickém priimyslu, ¢i pfi vyrobé

katalyzatord nebo vyrobki s UV ochrannou funkci (opalovaci krémy ¢i specialni natéry zejména dreva).
Tato Siroka uplatnitelnost TiO, sebou pfinasi velké ndroky na kvalitu vyrobki pro jednotlivé aplikace,
kdy je nutné vétsinou kombinovat vhodné optické parametry s dobrou zpracovatelnosti. Ve vysledku je

nutné navrhnout vyrobek vzdy pro dané aplikaéni prostiedi. Je nutné vzit do vahy vhodnou krystalovou

strukturu (anatas/rutil), typ anorganické a organické povrchové upravy, intenzitu a zptisob mleti a spoustu

dalSich parametrii. Coz vede k existenci mnoho typii vyrobkii na bazi TiO,.

Pramysl natérovych hmot pfedstavuje jedno ze zakladnich a nejvétsich odvétvi prumyslové vyroby zpra-
covavajici titanovou bélobu. TiO, se vyznacuje vysokym indexem lomu (Tab. 1), vysokou kryvosti

a je chemicky neaktivni.

Tab. 1: Vybrané parametry TiO,

Typ Index lomu Hustota Kryvost
Anatas 2,5 3,83-3,9 vysokéa
Rutil 2,7 4,0-4,3 velmi vysoka

Velmi ¢asto, zejména u venkovnich natéru, je pozadovana i jeho vysoka povétrnostni odolnost. Toho je
velmi ¢asto dosahovano pomoci vhodné zvolené modifikace krystalové miizky a pomoci vhodné anorga-
nické povrchové Gipravy. Pro povrchovou upravu se velmi Casto pouzivaji latky na bazi oxidu kiemiku,
hliniku, fosforu ¢i zirkonu. Na obrazku 1 jsou pro ilustraci uvedeny fotografie z transmisniho elektrono-
vého mikroskopu ¢astice bez a s anorganickou povrchovou tpravou.

Obr. 1: Snimky z TEM zachycujici ¢astice TiO, bez a s anorganickou povrchovou upravou
(20 nm). Vlevo bez anorganické povrchové upravy a vpravo s anorganickou povrchovou upravou
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Céstice TiO, beza s anogganickou povrchovou tpravou se pak vyznacuji i odlisnym chovéni ve vodné
prostiedi, viz obrazek 2. Castice TiO,, které maji na svém povrchu vrstvu anorganické povrchové upravy
ve vodné prostiedi propadaji na dno kadinky s vodou za vzniku minimalniho zévoje. Kdezto pokud ¢as-
tice nejsou pokryty vhodnou anorganickou povrchovou tpravou vzniké vysoky zavoj. Tento jednoduchy
test slouzi jednak k posouzeni hydrofility a hydrofobity vzorku a jednak taktéz k ziskani rychlé informace

o pfitomnosti anorganické povrchové upravy.

Obr. 2: Chovani ¢astic TiO, bez a s anorganickou povrchovou tipravou ve vodném prostiedi. Vlevo
bez anorganické povrchové upravy a vpravo s anorganickou povrchovou upravou.

Charakter vzniklé vrstvy na ¢astici TiO, je velmi ovlivnén typem a mnoZstvim pouzité anorganickeé soli,
ale také teplotou, pfi které probiha reakce, ¢i rychlosti srazeni. Naptiklad jako zdroj hlinikovych slou-
¢enin je mozné pouzit bud’ siran hlinity (SAL), ktery reaguje s roztokem hydroxidu sodného, ¢i hlinitan
sodny (ALS), ktery je neutralizovan pomoci kyseliny sirové. Je ale mozné vyuzit piidavku kombinujiciho
jak hlinitan sodny, tak siran hlinity, kdy dochazi k jejich vzajemné neutralizaci [1].

V disledku pokryti povrchu TiO, pomoci sloucenin hlinfku dochazi ke zvétSeni poctu -OH skupin na
povrchu a to vede jednak ke zvySeni dispergovatelnosti TiO, a taktéZ se zvySuje mnozstvi aktivnich center
pro navazani vrstvy organické povrchové tGpravy.

Morfologie hlinikové vrstvy je velmi siln€ ovlivnéna podminkami srazeni, pfi¢emz nejdulezitéjsim
faktorem je hodnota pH pfi kterém probiha reakce. V laboratofi byly provedeny testy, kdy byly pouzity
rozdilné zdroje hliniku a pH bylo upraveno v riznych krocich vyroby:

1 .pH upraveno po celém nadavkovani uréen¢ho mnozstvi Al suroviny;

II. pH upravovano v prib¢hu davkovani Al suroviny.

Pfi téchto testech byl zaznamenan vyrazny vliv vedeni srazeci reakce na filtra¢ni a promyvaci charakte-
ristiky povrchové upraveného pigmentu, viz tabulka 2. Tyto informace jsou velmi dilezité zejména pro
posouzeni technické proveditelnosti v provoznim méfitku

10
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Tab. 2: Vliv zpasobu srazeni Al sloucenin na filtra¢ni a promyvaci charakteristiky
A B C D
SAL | SAL | ALS | ALS

Vzorek

Zdroj hliniku
Zpisob Fizeni pH I 1L L 11
Doba filtrace (min) 38 — 28 68 — 32

239 130 | 420 135

Doba promyvani (min)
22 26 28 34

Spotieba promyvaci vody (1)

U obou dvou pouzitych zdroji hliniku doslo pfi reakei vedené za fizeného pH k ziskani vyrazné lepsich
provozné zpracovatelskych parametrii. Jen pro ilustraci, v laboratofi jsou testy provadény na 4,5kg TiO,,
v provoznich méfitku se jedna fadové o desitky tun.

V praxi se ale kombinuji vrstvy riznych anorganickych aditiv a pomoci vhodné zvolenych podminek 1ze

ovlivnit napiiklad lesk, svétlostalost ¢i povétrnostni odolnost, tabulka 3.

Tab. 3: Aplikacni vlastnosti TiO, s rozdilnou anorganickou povrchovou tipravou [2], hodnoceno
v alkydovém natahu (PVC = 17°%)

Vzorek 1 2 3
1.vrtsva anorgan. PU 3% AlLO, 0,5% SiO, 0,5% SiO,
2.vrstva anorgan. PU - - 3% ALO,

Relativni vybarvovaci sila 98 98 107
Meérny povrch (m?/g) 11,1 8,0 13,1
20° lesk 77 66 77
60° lesk po 36 mésich* 12% 2% 10 %
Promyvaci &as (2 kg TiO,) 63 min “aiiso 57 min
*hodnoceno pii venkovni aplikaci

Po anorganické povrchové pravé je v drtivé vétSing piipadi ¢astice TiO, pokryta jesté vrstvou organické
povrchové upravy. Tato organicka povrchova uprava ma za cil zejména zlepsit zpracovatelské vlastnosti
pigmentu v dané aplikacni oblasti. Pro oblast plastii se velmi ¢asto pouzivaji aditiva na bazi silikont
(rtizné siloxany). V pfipadé natérovych hmot jsou to pak aditiva na bazi polyolil. Celosvétove se setka-
vame se stale se zpfisiiujicimi se legislativnimi pozadavky pouzitych aditiv pro organickou povrchovou
upravu. Jedna se zejména o omezeni pouziti trimethyolpropanu (TMP). V nasich laboratofi probéhla cela
fada testl k nalezeni vhodné ndhrady a momentalné jsme jiz ve fazi provozniho zkouseni.

11
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A PERFORMANCE COMPARISON OF EUROMINERALS PRODUCTS
AND BENCHMARK MINERALS BY REPLACING TIO,

POROVNANI VYKONU PRODUKTU EM A REFERENCNICH MINERALU
NAHRAZUJICICH TI0,

SKOCZYLAS-JANCZYK M.

euroMinerals GmbH, M.Janczyk@eurominerals.com

Summary

The titanium dioxide is the most important commercially available white pigment on the market today.

1t is chemically inert, has a high degree of optical stability and, because of its opacifying power, is an
essential part of most paint and coating formulations. However; it is also one of the most expensive and
price unstable component of the formulation what leads to widespread search for equivalents. There are
many different types (according to its origin, chemical composition, particle form, ect.) of products that

can replace part of titanium dioxide in formulation and therefore help to optimize it. Presenting our

comparative studies done with different euroMinerals products and other benchmark titanium dioxide

extenders we would like to show different possibilities and benefits of using euroMinerals products. In
making the comparison, we focused on the most important paramaters of the coatings, such as dry and

wet contrast ratio, scrub resistance, whiteness and brightness.

12
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SCHVALENE SYSTEMY PROTIKOROZNI OCHRANY PRO MOSTY
A OCELOVE KONSTRUKCE STAVEB REDITELSTVI SILNIC A DALNIC
APPROVED CORROSION PROTECTION SYSTEMS FOR BRIDGES AND STEEL
STRUCTURES OF THE ROAD AND MOTORWAY DIRECTORATE

SIGMUND J.

Korozni inzenyr, vejasi@seznam.cz

Souhrn / Summary
Protikorozni ochranu pro novou vystavbu mostii a ocelovych konstrukei staveb Reditelstvi silnic a dalnic
stanovuji Technické kvalitativni podminky (zkratkou TKP) staveb pozemnich komunikaci Kapitola 19
¢ast B Protikorozni ochrana ocelovych mostii a konstrukei. Pro rekonstrukce a opravy mostii a ocelovych
konstrukct pak plati Kapitola 19 c¢ast C shodnych TKP. Prispévek si klade za cil upozornit zdjemce, ze
prislusné TKP jsou volné k dispozici na strankdach www.pjpk.cz.

Anticorrosive protection _for new construction of bridges and steel structures of buildings of the Road and

Motorway Directorate is set by the Technical Quality Conditions (abbreviated TKP) of road constructions

Chapter 19 B ,, Anticorrosive protection of steel bridges and structures . For reconstructions and repairs
of bridges and steel structures, Chapter 19 C of identical TKP applies. The aim of the paper is to draw
the attention of those interested that the relevant TKP are freely available on the www.pjpk.cz website.

Klicova slova / Key words
Protikorozni ochrana mostti a ocelovych konstrukci, nova vystavba, rekonstrukce a opravy, Technické
kvalitativni podminky

Anticorrosive protection of bridges and steel structures, new construction, reconstruction and repairs,
Technical quality conditions

Technické kvalitativni podminky staveb pozemnich komunikaci TKP 19 B maji celkem 12
kapitol (19.B.1 az 19.B.12) a 11 priloh (19.B.P.1 az 19.B.P.11). Pro ucely tohoto pfispévku jako
vyznamné uvadim nasledujici ¢asti dokumentu TKP 19 B. Dokument TKP 19 C se v oboru
prislusnych pozadavki odkazuje na TKP 19 B:

19.B.1.8 Ochranné povlakové systémy - OPS.

19.B.3.5 Systémy tvorené natérovymi povlaky.

19.B.3.6 Systémy PKO tvofené duplexnimi povlaky (kombinované povlaky).
19.B.4.3 Prukazni zkousky.

19.B.P.7 Systémy PKO.

19.B.P.9 Priikazni zkousky.

V prezentaci tohoto prispévku pfislusné casti dokumentu TKP 19 B rozvedu.

The technical quality conditions for road constructions TKP 19 B have a total of 12 chap-
ters (19.B.1 to 19.B.12) and 11 annexes (19.B.P.1 to 19.B.P.11). For the purposes of this paper,
I mention as significant the following parts of document TKP 19 B. Document TKP 19 C refers
to TKP 19 B in the field of relevant requirements:

19.B.1.8 Protective coating systems - OPS.

19.B.3.5 Coating systems.

19.B.3.6 PKO systems consisting of duplex coatings (combined coatings).
19.B.4.3 Evidence tests.
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19.B.P.7 PKO systems.
19.B.P.9 Evidence Tests.

In the presentation of this contribution, I will elaborate on the relevant part of the docu-
ment TKP 19 B.
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NATEROVE SYSTEMY NA POZEMNI VOJENSKE TECHNICE ACR

COATING SYSTEMS ON GROUND MILITARY TECHNOLOGY
OF THE CZECH ARMY

JANCOVA. E.

Vojensky vyzkumny ustav s. p., jancova.e@vvubrno.cz

Summary
The requirements for coating systems for the protection of metal surfaces of ground military equipment are
specified by COS 801001, 6th edition, which introduces into the environment of the Czech Republic STANAG
4360, Ed. 3. The application area of coating systems is characterized by lifetime, type of painting work, type
of substrate and surface treatment, for internal and external surfaces of ground military equipment.
Depending on the function of protection against the influence of the surrounding environment and
operational use, coating systems are distinguished with climatic and corrosion resistance, climate and
corrosion resistance with masking effect,climatic, corrosion and chemical resistence and integral security
protection.

1 POZADAVKY NA KLIMATICKOU A KOROZNi ODOLNOST

Klimaticka odolnost pro stfedoevropské teritorium je vymezena dle MIL-HDBK-310 pro
klimatické kategorie C1 az A2 v rozmezi teplot okolniho vzduchu od -32 °C do +44 °C.

Tab. 1: Stupen korozni agresivity atmosféry

Stupen korozniagresivity atmosféry Korozni agresivita atmosféry
C1 velmi nizka
C2 nizka
C3 stiedni
C4 vysoka
C5 velmi vysoka
CX extrémni

Pozadované minimalni tloustky NS pro podklady z konstrukéni oceli a z hlinikovych slitin
uvadi tabulka 2. Jestlize neni v odiivodnénych pfipadech specifikovano jinak, tloustky NS by
nemély piesahovat 250 um.

Tab. 2: Pozadované minimalni tloustky natérovych systémi

i 1 o i Min. tloust’ky [pm]
Stl.lp'en korozn} ag*re Lokali Charakteristika namahani
sivity atmosféry*) zace NS ocel Al slitiny
3 interiér omezen piimy R?,mek korf)zmch Cinitelt 70 60
vnéjsi atmosféry
c4 exteriér pfimy vliv korozmc},l Ciniteldl vnéjsi 100 90
atmosféry
pod- ptimy vliv koroznich ¢initelti vnéjsi atmo-
Cs vozkova | sféry a pfimy ucinek abraze pii ostfiku z 130 125
cast vozovky

POZNAMKA: *) viz tabulka 1.
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2 POZADAVKY NA OPTICKE VLASTNOSTI VRCHNIHO NATERU
2.1 PozadavKky na barevny odstin vrchniho natéru

Tab. 3: Pozadavky na barevny odstin vrchniho natéru

Barevné souradnice a tolerance
Vrchni natér
Soustava X, Y, Z Soustava CIELAB
. Ba- Obch.
Lokali- revny | ozna- X, Yo X Y Z L* a* b* AE
zace ; . max
odstin ceni
. . | CSN
cerny 19999 0,3102 | 0,3281 | 4,30 | 4,55 | 5,01 | 25,40 | -0,17 | -0,64 3
podvozek s
khaki 5451(;; 0,3449 | 0,3585 | 842 | 8,75 | 7,24 | 35,50 | 1,07 7,38 1,5
., | CSN
khaki® 54509 0,3449 | 0,3585 | 8,42 | 8,75 | 7,24 | 35,50 | 1,07 7,38 1,5
exteriér — RAL
jednoba- bily™ 9016 0,3189 | 0,3377 | 80,97 | 85,76 | 87,20 | 94,21 | -0,66 | 3,38 3
revny
Gerve- | RAL ) 5008 10,3345 | 21,85 | 1342 | 4,84 | 43,39 | 50,58 | 31,18 | 3
ny 3020
zeleny | CSN 1 3460 1 03962 | 12,16 | 13,92 | 9,05 | 44,11 | 694 | 1504 | =
svétly | 51407
zeleny | CSN 1 3107 1 03554 | 721 | 801 | 733 | 34,01 | 3,74 | 448 | =9
» tmavy | 53307
exteriér — —
§ mas- hnédy CSN” 0,3514 | 0,3518 | 8,66 | 8,67 | 7,31 | 35,34 | 3,89 6,82 9
kovacim 2800
defor- CSN
magnim | MY | [gogn | 0:3102 | 0.3281 | 430 | 455 | 501 |2540 | -0,17 | -0.64 |
vzorem _ s
Zluto- .
piskovy | 20260 0,4053 | 0,3977 | 39,62 | 38,88 | 19,26 | 68,66 | 8,88 | 33,16
e RAL .
bily™ 9016 0,3189 | 0,3377 | 80,97 | 85,76 | 87,20 | 94,21 | -0,66 | 3,38 )

POZNAMKY:
+) Staré obchodni znaceni podle vzorkovnice barevnych odstinit CSN 67 3067, ktera byla zrusena bez né-
hrady. Nyni obchodni oznaeni v CR pidéluje akreditovana organizace po zadosti vyrobee o piidéleni Gisla
a jeho evidenci. Pro kontrolu kvality je rozhodujici soulad s uvedenymi barevnymi soufadnicemi etalont.
++) RAL 9016 vyhovuje i pozadavkiim STANAG 2835 (viz COS 108007) pro sezénni zimni bily matny
natér odstranitelny bez poskozeni spodniho maskovaciho natéru vodou nebo lihem.
*) Maskovani ochrannym zbarvenim povrchu s infracervenym a spektrozonalnim u¢inkem.
**) Barevny odstin pro ¢erveny kiiz sanitnich vozidel (viz COS 990501).
***Viz ¢l. 2.4
X,» Y, - Kolorita (chromati¢nost) NS, x=X/(X+Y+Z); y=Y/(X+Y+Z).
Y Faktor jasu NS, Y=k[o(L)y(X)d.
Soustava X, Y, Z a CIELAB - Soufadnice jsou definovany pro iluminant D 65/CIE 1964 (10°), geometrii
d/8°, pii vyuziti spektrofotometru typu GretagMacbeth ColorEye XTH.
AE_ - Maximalni dovolend odchylka pro kazdy odstin proti etalonu, vyjddfena v jednotkdch pro barevny
prostor CIE 1976 (CIELAB), AE = V(AL*)2 + (Aa*)? + (Ab*)? (vice viz tabulka 4).
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2.2 Pozadavky na Kkryvost a lesk
Kryvost pfi tloustce (100 £ 10) um suchého natéru musi byt min. 98 %.

Pro NS produkt urcenych k zajisténi obrany statu se pozaduje matny vrchni natér. Pfi-
pustné Cislo lesku barevnych odstinti stanovené dle CSN EN ISO 2813 pii geometrii méfeni
60° je max. 3, pfi geometrii méfeni 85° max. 8 (primérné hodnoty méfeni se nezaokrouhluji na
jednotky).

2.3 Pozadavky na maskovaci vlastnosti

Pro maskovaci u¢inek musi NS vyhovovat:
- barevnym odstinem, viz ¢l. 2.1,

- kryvosti a hodnotou lesku, viz ¢l. 2.2,
- spektralni charakteristikou, viz ¢l. 2.4,

- maskovacim deformac¢nim vzorem, viz ¢l. 2.5.

2.4 Pozadavky na spektralni charakteristiky

Spektralni reflektance barevnych odstinti maskovacich natéri musi odpovidat spektralnim
charakteristikam pozadi, pro které jsou urceny, v rozsahu vinovych délek 400 az 1200 nm. Pro
bily odstin je vymezen rozsah vinovych délek na 300 az 1200 nm. Tolerané¢ni pole spektralnich
charakteristik a maximalni dovolené odchylky AE pro barevné odstiny maskovaciho deformac-
niho vzorku se taxativné vymezuji v COS 108018. Spektrozonalni kritérium u odstinti zelenych
barev nesmi prevySovat hodnotu 1. V souladu se STANAG 4360 (AEP-64) se pozaduje na min.
2 roky stabilita kolorimetrickych vlastnosti vrchniho natéru.

2.5 Pozadavky na maskovaci deformacni vzory

Pozadavky na maskovaci deformacni vzor jsou uvedeny napt. v TTP nebo ve specifikaci da-
ného typu produktu uréeného k zajisténi obrany statu. Vybér a procentualni obsah jednotlivych
barevnych odstinti pro maskovaci deformacni vzor se provadi dle zvlastnosti barevného a jaso-
vého kontrastu s okolim nebo pozadim v pfedpokladaném prostoru pouziti vojenské techniky.
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Tab. 4: Fyzikalni a mechanické znaky kvality suchych natérovych systému

P.¢. | Hodnoceny znak kvality Metodika zkousky Pozadované hodnoceni
1 Vahled? vizulng zadné puchyfie, kratery, pory, trhliny
a jiné viditelné vady nebo nerovnosti”
CSN EN ISO/CIE
11664-1, CSN EN ISO
2 Barevny odstin" 1(311%341‘_126’ 62_8;\1 g ;\INI SETO\I/ vyhovuje Tabulce 3
ISO/CIE 11664-4,
CSN EN ISO 11664-6
Piipustné ¢islo lesku barevnych odstint

Lesk natéril) - 600, % stanovené dle CSN EN ISO 2813 pii

3 - 850 CSNEN IS0 2813 geometrii méfeni 60° je max. 3, pii
geometrii méfeni 85° max. 8.

Spektralni reflektance 9 -
4 (koeficient odrazu)"*" COS 108018 vyhovuje ¢l. 2.4
5 Tloustka, min."” CSN EN ISO 2808 vyhovuje ¢l. 1
6 Prllnavos-t k podkylladu ESN EN 1SO 2409 0 a% 1

a mezivrstvova" 0azl
7 Tvrdost kyvadlem" nebo CSN EN ISO 1522, min. 80 s
tvrdost vrypova? CSN EN ISO 1518-1 >1500 g
8 Ohyb pfes valcovy trn® CSN ENISO 1519 nepfipustné jsou praskliny nebo odlupo-
vani natéru
g | Odolnost proti hloubent | g\ 150 1520 min. 3 mm
(Erichsen)V
Zkouska CSN EN ISO 6272-1, o . R

10 nepiipustné jsou praskliny natéru

padajicim zavazim"

AEP-64, metoda 5

*) Defekty a intenzity zmén vzhledu natéri po zkouskéch se hodnoti dle CSN EN ISO 4628-2 az CSN
EN ISO 4628-6 a CSN EN ISO 4628-8.
**) Kontrolovany znak kvality jen u variant NS dle ¢l. 6.6.1.2 a ¢l. 6.6.1.4.
1) Rozmér vzorku (100 x 150 x 1) mm; postup dle CSN EN ISO 13076.
2) Rozmér vzorku (76 x 132 x 1) mm.
3) Rozmér vzorku (30 x 80 x 1) mm; hodnoceni pii zvétseni 10x.
Krome pot. €. 1 se pro kazdy hodnoceny znak kvality pozaduje min. 6 kust vzorku.

POZNAMKY:
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Tab. 5: Klimaticka odolnost suchych natérovych systémi

P.¢. | Hodnoceny znak kvality') | Metodika zkousky Nepripustné hodnoceni po zkousce
- - viditelné defekty”,
1 %ﬁﬁ}nriii?i‘;f‘tguﬁ' SN EN 60068-2-1 _ pfilnavost nad 1,
Y P - tvrdost pod 1200 g nebo 60 s
L , - viditelné defekty”,
2 Od"lno“kp,“;l“ puls"be“‘ CSN EN 60068-2-2 - ptilnavost nad 1,
vysokych teplot - tvrdost pod 1200 g nebo 60 s
.. . - viditelné defekty”,
3 | Odolnost proti " lisobeni SN 67 3098 - prilnavost nad 1,
zmen teplot - tvrdost pod 1200 g nebo 60 s
- po 240 h expozice
viditelné defekty”,
- po 1000 h expozice
. . x stupen puchytkovani dle
4 Odoh.lost pI:Otl vlhkosti - CSN EN I§O 6270- CSN EN 1SO 4628-2:
kontinualni kondenzaci 2, zkouska CH . o
velikost puchyikt nad 2,
hustota puchyikti nad 2,
- ptilnavost po 24 hnad 1,
- tvrdost pod 1200 g nebo 60 s
o CSN ENISO - Vi(viitelné defekty”,
5 Odolnost proti umélému 164742 . - prllnayqst naq 1,
starnuti Metoda A cyl’(lus 1l - optické charakteristiky mimo toleranéni
’ mez (AE_ 2,0)

POZNAMKY:

*) Defekty a intenzity zmén vzhledu natéri po zkouskach se hodnoti dle CSN EN ISO 4628-2 az CSN
EN ISO 4628-6 a CSN EN ISO 4628-8.
1) Rozmér vzorku (100 x 150 x 1) mm.
Pro kazdy hodnoceny znak kvality se pozaduje min. 6 kust vzorkda.

Tab. 6: Odolnost suchych NS v kapalnych prostiedich

Hodnoceny znak

ni motorového oleje?

P.¢. kvality Metodika zkousky NepFipustné hodnoceni po zkousce
i} [T -
1 Odolnost proti piisobeni | CSN EN ISO 2812-1, _Vlf?;;ﬁ:sss(:i?g?) ’
hydraulické kapaliny" AEP-64, metoda 7 P CAE 1.5 ’
. - viditelné defekty”,
y | Odolnostproti piisobe- | o b\ 190 2812-1 - piilnavost nad 1,

- tvrdost pod 1200 g nebo 60 s

Odolnost proti ptiso-
3 beni benzinu BA — 95N
a nafty NM — 549

CSN EN ISO 2812-1

- viditelné defekty”,
- pfilnavost nad ',
- tvrdost pod 1200 g nebo 60 s,

-AE_ 15"
4 Odfllint?is-tnl?tr)?;tl Il)gss?be' CSN EN ISO 2812-1, - viditelné defekty”,
fétum)};) AEP-64, metoda 1 - tvrdost vrypova pod 1000 g.
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- — .
Odolnost proti piso- | CSN EN ISO 2812-1, viditelné defekty”,

- D ")
5 beni uhlovodika" AEP-64, metoda 2 pfilnavost nad 17,
-AE 1,57
- viditelné defekty™,
Odolnost proti piiso- * - pfilnavost nad 17,
6 beni vody" CSN EN IS0 2812-2 - tvrdost pod 1200 g nebo 60 s,
-AE,_ 1,57
absorpce nad: <60 pg/cm? pro HD,
<12 pg /em? pro VX,
Lo . <12 pg /em? pro GD,
7 Odolnost natiru proti AEP-65 desorpce v 15min pod: <10 pg/cm? pro
BCHL™ HD

<I pg/cm? pro VX,
<I pg /cm? pro GD

Odolnost natérti proti - viditelné defekty”,
3 dekontaminaénimp o AEP-64, metoda 4, - pfilnavost nad 1+,
P polygonni testy4 -AE_ 27,

N,
stredkim - ¢islo lesku pod uhlem 60° vétsi nez 3

- viditelné defekty”,
- pfilnavost nad 17,
- koroze a delaminace nad 1,2 mm od fezu

Odolnost proti piiso-
9 beni tlumivého roztoku
chloridu sodného"

CSN EN 3212,
AEP-64, metoda 15a

Odolnost proti ptiso-

- - viditelné *)
10 beni kyselin® AEP-64, metoda 3 viditelné defekty
Odolnost proti nitkové x - viditelné defekty hodnotit dle CSN EN
1 korozi" CSN EN IS0 4623-2 ISO 4628-10, - ptilnavost nad 17
POZNAMKY:

*) Defekty a intenzity zmén vzhledu natéra po zkouskach se hodnoti dle CSN EN ISO 4628-2 az CSN
EN ISO 4628-6 a CSN EN ISO 4628-8.
**) Rozmér vzorki (50 x 50 x 1) mm, pocet kusu 80.
***) Kontrolovany znak kvality jen u variant NS s klimatickou, korozni a chemickou odolnosti a s
integralnim zabezpecenim ochrany
+) Méfena 24 h po zkousce.
++) Optické charakteristiky mimo toleranéni mez (AE ).
1) Rozmér vzorku (100 x 150 x 1) mm.
2) Rozmér vzorku (76 x 132 x 1) mm.
3) Rozmér vzorku (30 x 80 x 1) mm.

4) Provadi se u NS s klimatickou, korozni a chemickou odolnosti a s integralnim zabezpecenim
ochrany pouze pii zavadéni nové techniky do ACR na vzorcich o rozmérech (500 x 500) mm, tloustky
1 az2 mm.

Kromé zkousky ¢. 7 a 8 se na kazdy znak kvality pozaduje min. 6 kust zkuSebnich vzorku.
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Tab. 7: Korozni zkousky suchych natérovych systému

, . Nepripustné zmény
P. ¢ ZII;I;]? E\or;filg“ l\;[;::;;(l;a Podminky zkousky pri hodnovceni po
zkouSce
Tloustka Doba expozice « viditelné defekty,
natéru [um] [h] * koroze na plose,
do 70 336 . stuperjl puchytkovani
dle CSN EN ISO
71-130 720 4628-2:
Korozni * . v o
1 Zkouska v CSN EN nad 130 1000 velikost puchytki nad
, . 1SO 9227 2, hustota puchytkt
solné mlze”
nad 3,
* pfilnavost po 24 h
nad 1,
* koroze od fezu nad
1,5 mm
Tloustka Pocet cyklt « viditelné defekty,
natéru [um] zkousk * koroze na plose,
. « stupen puchytkovani
oot do 70 20 dle CSN EN SO
v y 71-30 30 4628-2:
2 kondenzacni CSN EN velikost puchyikit
komofe's | 1SO 3231 nad 130 42 o
pntsogl E,?Stl hustota puchytkt
2 nad 2,
* pfilnavost po 24 h
nad 1
POZNAMKY:

*) Vzorky na ocelovém podkladu jsou pro expozici opatieny jednoduchym fezem o délce 100
mm, na hlinikovych slitinach fezem v uspofadani do X nebo v uspotradani do L, $itka fezu 0,3
mm az 1 mm. Rozmér zkusebniho vzorku (100 x 150 x 1) mm. Doba expozice v neutralni
solné mlze se voli v zavislosti na tloust'ce NS.

Defekty a intenzity zmén vzhledu natér po zkouskéach se hodnoti dle CSN EN ISO 4628-2 az
CSN EN ISO 4628-6 a CSN EN ISO 4628-8.

**) Vzorky s natérovym systémem na kovovém podkladu nejsou pro expozici opatieny fezem,
s vyjimkou praskovych natérovych hmot. Rozmér zkusebniho vzorku (100 x 150 x 1) mm.
Doba expozice v kondenzaéni komote za pritomnosti oxidu sifi¢itého se voli v zavislosti na
tloust'ce NS.

Defekty a intenzity zmén vzhledu natér po zkouskéach se hodnoti dle CSN EN ISO 4628-2 az
CSN EN ISO 4628-6 a CSN EN ISO 4628-8.
+) Pro kazdy hodnoceny znak kvality se pozaduje min. 6 kusti zkuSebnich vzorku.
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Summary
The standard CSN EN ISO 12944 contains, among other things, information on binders and pigments
suitable for the formulation of anti-corrosion coating systems. [1] This paper focuses on organic binders
and pigments in terms of their chemical structure and compares the information contained in the standard
with the results of experimental study that focuses on mechanical and corrosion testing of selected bin-
ders and pigments.

Key words
Anti-corrosion coating, pigment, binder, corrosion test

INTRODUCTION

Corrosion of steel structures is a source of unwanted expenses, worsens the appearance,
but it is also a safety risk, so we make considerable efforts to supress it. The most common solu-
tion are organic coatings, which we use to provide the highest possible protection at the lowest
possible cost. Next we will look at specific binders and pigments. The standard names seven bin-
ders that can be used to formulate anti-corrosion coatings, they are following. Alkyds are linear
polyesters that dry by simple evaporation of the solvent and harden by airborne oxygen. They
can also form solid soaps by reaction with basic salts, e.g. Zn>* or Pb*". These can then affect the
properties of the coating.

Then there are acrylates, which are most often as waterborne dispersions and dry by purely
physical mechanisms. Since no chemical bond is formed, these coatings have poor mechanical
properties, but there are also various modified dispersions with improved mechanical strength
and resiliency. Due to the variability of acrylic and methacrylic acids, it is possible to prepare
binders with precisely defined properties.

Ethyl silicates are completely different from the previous two, because after curing we obtain
a purely inorganic matrix, which contains very stable silicon-oxygen bonds and is thus resistant
to UV radiation, high temperatures and oxidizing agents. However, drying is strongly dependent
on the moisture content of the atmosphere and on conditions of its environment in general.
During storage, hydrolysis occurs in the container and thus shortens the shelf life.

Epoxy resins are very common, these two-component binders use the high reactivity of
the oxirane ring for crosslinking and react with amines or thiols to form a densely crosslinked
structure. It is necessary to follow the dosage specified by the manufacturer, otherwise the coa-
ting may be overcured and the unreacted amine will remain in the coating. The other extreme is
under cured resin which forms a plastic substance. Aromatic rings present in the structure cause
reduced UV stability and these resins are therefore not suitable for use in topcoats.
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Another group are polyurethanes, these are either modified alkyds that use reactive diiso-
cyanate instead of phthalic anhydride to form the polymer chain and are thus more resistant to
UV radiation. However, the greatest use is in the field of two-component coatings. The curing
component is diisocyanate in combination with, for example, a polyester resin. The result is
a strongly cross-linked, chemically resistant structure which, unlike epoxy resin, is UV resistant.
However, the lightfastness of polyurethanes is determined by the type of diisocyanate used.

Polyaspartates are becoming increasingly popular. These are essentially polyurethanes, but
instead of polyester resin we use polyaspartic acid ester, or salt. In addition, we can modify
the polyaspartic acid with different esters and achieve better properties, like low viscosity, which
allows us to decrease the solvent content. [2]

The last type mentioned in the standard are polysiloxanes, which are very similar to zinc-
-ethyl-silicate, but the curing of polysiloxanes is done either by high temperature polycondensa-
tion or by the use of the already mentioned epoxy or diisocyanate hardening agents. Due to
the inorganic content, these coatings are stable at high temperature. [3]

The second important component of paints is pigment. The mechanism of action of
the anti-corrosion pigment is different for each group and depends on the chemical structure of
the pigment, the shape of the particles, but also the environment to which it is exposed. Tab. 1
shows the main groups of pigments in terms of their chemical structure. [4]

Tab. 1: Overview of basic types of anti-corrosion pigments according to their chemical structure

Pigment Chemical composition
Chemical Zn(PO,),.xH,0, (x=2-4)
Phosphates Structural Linear polyphosphates, cyclic tetraphosphates
Modified Zn,(PO,), (M0O)), . zH,0
Borates Ba0.B,0,.xH,0
Molybdenates CaMoO,, ZnMoO,
Siicaes f"zefl‘::;l" (Ca, Ba) (PO4) (Si0,), ,.zH,0
borosilicates (Ca,) (B,0, (Si0,), .zH,0
Metal oxides Simple ZnO, PbO, Pb,PbO,
Mixed ZnFe,0O,, CaFe,0,, Zn, Mg Fe O,
Metal powder Zn, Mg, Pb

Aluminum scales, glass scales, talc, Muscovite,
Wollastonite

Other pigments and corrosion inhibitors PbCN,, ZnCN,, PANLPPY

Non-isometric

Formulation and preparation of model coatings

Alkyd, epoxy and epoxy-ester resins were selected as binders. The pigments chosen were
TiO,, Zn,(PO,),-2H,0, Mg,[(OH),(S1,0,,)], powdered zinc and Pb,0, in volume concentrations
(PVC) of 30 %. The coatings were prepared using Dissolver. The mixture of pigments and binder
was dispersed for 30 min at 1500 rpm for a given arrangement and geometry of the stirred system
and volume of the dispersed mixture. The coatings were applied using a box-type application
ruler on glass and steel panels according to ISO 1514. After the coatings had dried and cured,
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the dry film thicknesses (DFT) were measured using a magnetic thickness gauge according to
EN ISO 2808 or a mechanical thickness gauge.

Mechanical properties of the tested organic coatings

The organic coatings were subjected to a series of mechanical tests which provided infor-
mation on their flexibility, strength, and adhesion. For the coatings, their resistance to bending
was determined (EN ISO 1519). The resistance of the tested coatings to cupping was evaluated
by measurement on an Erichsen apparatus (EN ISO 1520). The adhesion test was measured
with the COMTEST®OP3P (CZ). The adhesion of the tested coatings to the substrate was also
evaluated by making a grid using a special cutting knife with 2 mm spaced blades (EN ISO
2409). Cold rolled low carbon steel grade 11 panels (Q - LAB corporation) with dimensions
102x152%0.81 mm (S46), 76x152x0.51 mm (S36) and 51x102x0.51 mm (QD) were used for
the study.

Corrosion tests

Coatings were applied to steel panels with dimensions of 102x152x0.81 mm and subjected
to accelerated cyclic corrosion tests of a salt electrolyte spray test, resistance to condensation
and resistance to atmosphere containing SO,. Before the exposures, a vertical test cut was made
into the paint films using a cutting tool. The salt electrolyte spray test derived from ASTM
G85 A5 was performed in 12-hour cycles. The samples were exposed to a NaCl 0,5 % hm. +
(NH,),S80, 0,35 % hm. solution for 10 hours, dried for 1 hour, and allowed to condense moisture
at 40 °C for 1 hour. Resistance to a humid atmosphere containing sulfur dioxide was carried out
according to CSN EN ISO 3231. The test was performed in 24-hour cycles. In the first cycle, the
samples were exposed to humidity and the presence of SO, at a temperature of 38 °C for 8 hours.
In the second cycle (lasting 16 hours), the samples were dried at a temperature of 23 = 2 °C
and humidity lower than 75 %. During and after the 1440-hour long exposure, corrosion effects
in the paint films were evaluated according to ASTM D 1654-92, ASTM D 610-85, and ASTM
D 714-87 standards.

RESULTS AND DISCUSSION

Zinc phosphate exhibited high corrosion protection in both test cut and coated surface,
with surface corrosion not exeeding 0.3 % and blistering incidence at 8F in all corrosion tests.
Mechanical resistance reached maximum values in all tests. Here we can observe an excellent
synergy between pigment and binder and the concentration was also optimal, the highest prote-
ction ever was achieved in combination with epoxy resin where surface corrosion was zero and
no blistering was observed in a salt spray test.
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Fig. 1: Alkyd, zinc phosphate, moisture resistance, DFT = 85 + 10 um, 1440 h; epoxy-ester, zinc
phosphate, SO, environment, DFT = 85 + 10 um, 1440 h.

=

The zinc-pigmented paint films had one of the lowest corrosion resistance of the tested pig-
ments in salt spray test and moisture resistance test. In a salt spray test, 50-100 % of the surface
area in all binders was corroded after 1440 hours. This failure can be explained by the low PVC,
which was 57 wt.%. At this low concentration, the particles could not make conductive contact
and the cathodic and blocking mechanism could not take place. In contrast, we observe the best
corrosion protection in SO, environment. No occurrence of blisters and corrosion in the surface
area of maximum 0.3 %, see Fig. 2. An explanation may be that although electrochemical me-
chanism of protection was supressed, zinc can still dissolve and its alkaline corrosion products
neutralized the acidic SO,.

Fig. 2: Alkyd, zinc, SO, environment, DFT = 85 £ 10 um, 1440 h; epoxy-ester, zinc, salt spray,
DFT =85 + 10 um, 1440 h.

A ,\;!"»,4' i ‘x, f

r'

The highest corrosion resistance alongside zinc phosphate was found for minimum. In-
dependent of the environment, the corrosion rate was no more than 0.01 % of the surface.
However, the mechanical properties came out very poor and the lowest mechanical resistance
was for the alkyd coatings, which could be due to the formation of solid lead soaps with fatty acid
carboxyl groups, which have different mechanical properties. The minium filled alkyd coating
passed the bend test on a 16 mm mandrel and achieved a grade 3 in the grid test, which is the
worst of the tested coatings.
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Fig. 3: Epoxy, minium, salt spray test, DFT = 85 + 10 um, 1440 h; alkyd, minium, impact test,
height 25 cm, DFT = 65 £ 10 um.

The talc-pigmented coatings achieved maximum mechanical resistance values and the sur-
face corrosion was also low. However, corrosion in the test cut was high, up to 3.5 mm from
the centre of the cut. Here the reinforcing nature of the lamellar particles manifested, which
made the coating stronger and also extended the diffusion path of the corrosion media through
the film, but as it has no anti-corrosion properties, when a defect occurs, corrosion spreads
rapidly.

Fig. 4: Epoxy, talc, salt spray test, DFT = 85 + 10 um, 1440 h; alkyd, talc, impact test, height
100 cm, DFT = 65 * 10 um.

The last tested pigment was TiO,, which is not an anti-corrosion pigment and the test results
are consistent with this fact. The corrosion in the surface and in the test cut was high with sig-
nificant blistering. The corrosion in the cut reached up to 5.3 mm from the cut in the salt spray
test. The corrosion in the area ranged from 3-100 %. Mechanical tests also revealed considerable
brittleness and low adhesion of these coatings, see Figure 5.
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Fig. 5: Epoxy-ester, TiO,, moisture resistance, DFT = 85 + 10 um, 1440 h; Alkyd, TiO,, Impact
test, height 25 cm, DFT = 65 £ 10 um

When we compare the mechanical properties and corrosion resistance of the binders,
the epoxy resin stood out for its high adhesion, hardness and chemical and corrosion resistance.
In all environments, the corrosion rate of the unpigmented epoxy resin was no more than 0.03%
of the surface and no blistering occurred. Comparing the alkyd and epoxy-ester resin, Fig. 6
shows the higher chemical stability of the epoxy-ester resin, which also exhibits a higher adhesi-
on of 2.6 MPa compared to 0.8 MPa for the alkyd resin. [5]

Fig. 6: From left, unpigmented alkyd, epoxy-ester and epoxy resin, DFT = 85 + 10 um, 1440 h.
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Tab. 2: Corrosion evaluation results of model coatings for salt electrolyte spray test, DFT = 85
10 um, 1440 h.

Blistering Corrosion of | Corrosion
Binder Pigment In a paint film | Inatestcut | asteel panel | of a test cut
[dg.] [dg.] [%o] [mm]
- - 2MD 0.03 4.6
TiO, 8F 2F 3 53
. Zn,(PO4), 8F 4MD 0.3 3.0
Alkyd resin
Mg,[(OH),(Si,0,,)] 2M 4F 50 1.0
Zn 8D 8D 100 >10
Pb.O, - &M 0 1.0
- - 2F 0.1 0.6
TiO, - 2F 0.03 23
Epoxy-ester Zn,(PO,), - 4M 0 24
resin Mg,[(OH),(Si,0,,)] &M 2M 0.1 1.7
Zn 4MD 6M 100 >10
Pb.O, - 4M 0 1.3
- - 2F 0.03 1.9
TiO, - 4M 100 2.2
. Zn,(PO,), - 2MD 0 1.8
Epoxy resin
Mg,[(OH),(8i,0,)] - 2F 0.03 3.5
Zn &M 6F 50 2.6
Pb,0, - 2M 0 14
CONCLUSION

Epoxy-ester based coatings had better properties than alkyd coatings in many areas and
the standard does not mention them at all albeit it is an easy to apply binder with high adhesion
and chemical resistance. The binders and pigments mentioned in the standard are only the main
representatives and there are many options in the field of coatings. When selecting an anti-cor-
rosion system, we must consider not only the type and concentration of pigment, but also the
structure of the binder and pigment and their interaction with each other and with the substrate,
as well as the nature of the corrosive environment.
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POSSIBLE WAYS TO ACCELERATE CURING OF INORGANIC
SOLVENT-BASED ZINCETHYLSILICATE PRIMERS

MOZNOSTI URYCHLENI VYTVRZOVANI ANORGANICKYCH
ROZPOUSTEDLOVYCH ZINKETHYLSILIKATOVYCH NATERU

DENK K.
Pragochema spol.s r.o., Pratelstvi 550, Praha 10 - Uhfinéves, ekologie@pragochema.cz

Summary
Zincsilicate primers/inorganic zinc primers (IZP) with silicate binders and high metallic zinc content,
either solvent or water-based, are commonly used for long-term anticorrosion protection of steel structu-
res in severe atmospheres or other neutral environments. Among drawbacks of solvent-based types, rather
slow curing under topcoating, heavily dependent on atmospheric humidity, is often mentioned. In
the paper presented, the ways how to speed up their curing are summarized. A principally new way
through catalysis by salt cations contained directly in IZP is suggested and its both benefits and limitati-
ons discussed. Compared with uncatalysed IZP, preliminary results with a zinc salt dosage indicate ap-
preciable shortening of the curing process. Moreover, the zinc powder itself and its chemical composition,
granulometry and the shape of individual zinc particles will play a relevant role. It is indicated from
the preliminary tests that recycled zinc powder with higher zinc oxide content, wider particle-size distri-
bution curve and irregular non-strictly spherical particles, combined with zinc salt catalysis, will impart
faster curing as well as enhanced resistance against mud-cracking of IZP.

Key words
Inorganic zincethylsilicate primer, accelerated curing , MEK rub test, compatibility with organic topcoats,
zinc salt curing catalysts, atmospheric humidity

1 UVOD DO PROBLEMATIKY

Zinksilikatové natéry Ci primery (dale ZSN), at uz feditelné organickymi rozpoustédly ¢i
na vodni bazi, jinak téZ oznaCované jako anorganické zinkové natéry, patfi do skupiny povlakil
s anorganickym pojivem na bazi gelu kyseliny kiemiCité, a jsou urCeny k dlouhodobé antiko-
rozni ochrané ocelovych konstrukei v agresivnich atmosférach ¢i jinych neutralnich prostiedich
(pH 5,5-10) v nominalnich tloustkach 50-80 um, at uz jako samostatné vrstvy, nebo Castéji
jako primery v kombinaci s vrchnimi organickymi natéry s nezmydelnitelnym pojivem, jako jsou
epoxidy, epoxidehty, PUK, akrylaty, silikony, hybridni polysiloxany a chlorkaucuky. Soucasné se
vsak fadi i mezi natéry s vysokym obsahem elektrochemicky aktivniho kovového zinku jakozZto
antikorozniho pigmentu (obsah v netékavé sloZce natéru 80-95% vah.) spolecné se zinkovymi
natéry s organickymi pojivy, nejcastéji epoxidy, epoxiestery a jednoslozkové PU vytvrzované
vlhkosti. Ve svych uzitnych vlastnostech, narocich na aplikacni zafizeni i pozadavcich na pfi-
pravu povrchu pod natér vykazuji ZSN urcita specifika, mnohdy odlisna od natérd s organickymi
pojivy.

Pfi vytvrzovani ZSN se principialné€ jedna o sol-gel technologii, tj. prechodu kapalného
kfemicitého solu na pevny gel, resp. xerogel kyseliny kiemiCité s vyrazné porézni strukturou.
Celkovy proces vytvrzovani vSak kromé zasychani, tj. odpafeni rozpoustédel ¢i vody, nasledné
zahrnuje cely komplex chemickych reakci s atmosférickou vlhkosti (zejména v pripadé alkylsili-
katl) a/nebo s kyselymi slozkami i aerosoly chloridl v atmosféie (zejména v pripadé alkalickych
vodnich skel) za vzniku nerozpustného gelu kyseliny kfemicité a v neposledni fadé i reakce mezi
kfemicitym gelem a kovovym zinkem za vzniku gelu polysilikatti zineCnatych.

Pfi vytvrzovani rozpoustédlovych ZSN je solem a pojivem tetraethoxysilan TEOS
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Si(OC,Hj), ¢i jeho oligomer ethylsilikat 40, které v acidobazicky katalyzovaném procesu ucin-
kem atmosférické vlhkosti nejprve hydrolyzou pfechazeji na kyselinu kfemicitou Si(OH), a na-
sledné polykondenzaci silanolovych skupin -OH kyseliny kfemicité na vazby siloxanové -O-Si-O-
za vzniku kfemicitého gelu, viz nasl. zna¢né zjednodusena sumarni chemicka reakce

H katal

Si (OC2Hs)4 (kapalny sol) + 2hH20  ====> SiOn(OC2Hs)1q 1wy (nerozp. gel) + 4hC:HsOH (reakee 1),
OH katal

kde parametr h je stupen hydrolyzy TEOS v rozsahu 0-1 (0-100%), H+ prestavhuje kysele
a OH- zasadité katalyzovany proces. Vedlejsim produktem je etanol, ktery z natéru vytéka.

Vznik pojivového gelu zahrnuje 2 nasledné chemické déje, nejprve hydrolyzu ethoxy skupin
prekurzoru TEOS (reakce 2) a nasledné bud polykondenzace silanolovych skupin - OH mezi
sebou (reakce 3) anebo reakce mezi hydrolyzovanymi a dosud nezhydrolyzovanymi skupina-
mi TEOS (reakce 4), v obou pfipadech za vzniku polysiloxanovych vazeb v silikatovém gelu
(Et predstavuje skupinu ethyl)

| |

-Si—-OEt + H,O =—=> - Si-OH + EtOH (reakce 2)
| |
| | | |
-Si-OH + OH-Si- === - Si-0-Si- + H0 (reakce 3)
| | I |
| I I |
-Si-OH + EtO-Si ===> - Si- O-Si - + EtOH (reakce 4)

Dle reakce 1 je vytvrzeni rozpoustédlovych ZSN zptlisobeno aktivitou/parcialnim tlakem
vodni pary v atmosféfe. V praxi se ukazuje, Ze s rostouci relativni vlhkosti atmosféry (RV) nad
60% je proces vytvrzovani ZSN urychlovan v fadu hodin az dni, ale pfi RV < 40% muiZe trvat az
i né€kolik tydnd. Vliv teploty jiz neni tak jednoznacny - pfi nizSich RV pod 50% zvySené teploty
naopak vytvrzeni spiSe zpomaluji a nelze tedy negativni vliv nizké RV vzdy kompenzovat zvySe-
nou teplotou, jak bylo prakticky ovéreno [1].Ukazuje se tedy, Ze fidicim déjem v procesu vytvr-
zovani ZSN bude spiSe fyzikalni proces diftize, popf. i adsorpce a kapilarni kondenzace vodni
pary v porézni struktuie gelového pojiva nez nasledné vlastni chemické reakce. Dlouhé doby
vytvrzovani ovSem vadi zejména v pripadech kombinaci ZSN s organickym natérem, kdy tento
natér musi byt zhotoven az na témér dokonale vytvrzeny ZSN - v praxi je pozadovan stupen
vytvrzeni min. 4 dle otérového MEK testu [2]. VétSina vyrobcii rozpoustédlovych ZSN pozaduje
min. RV pro vytvrzovani 50%/20°C a pfi hodnotach min. RV60%/20°C uvadi dobu vytvrzeni
pozadovanou pod vrchni natéry min. 18-24 hod. Ale i pozadavek RV nad 60% je v béznych la-
kovnach ztézi dosazitelny, spiSe je zde opacna snaha prizplsobit mikroklima pro zkraceni doby
zasychani a vytvrzovani béZnych organickych natéri, tj. RV udrzovat pod 50% .

Pokud pfed nanesenim vrchniho natéru nedojde k vytvrzeni ZSN na pozadovany stupen 4
MEK testu a ZSN se v takovém stavu timto natérem zcela uzavre proti praniku vlhkosti, pak po
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urcité dobé muize v celych plochach dojit k samovolnému odlupu natérového systému v nevytvr-
zené vrstvé ZSN, viz obr. 1.

Obr.1: Samovolny odlup natér. systému ve vrstvé nedostatecné vytvrzeného ZSN
primeru + vrchni epoxid

2 ZPUSOBY URYCHLENI VYTVRZOVANI ZSN

Mozné zpusoby, jak v praxi urychlit vytvrzeni ZSN principialn€ zahrnuji celkové navyseni
vlhkosti prostfedi, zapracovanim silné hygroskopickych prisad ¢i katalyzator( pro zkraceni doby
gelatinace do formulace ZSN a v neposledni fadé pak i ovlivnéni vlastni kinetiky polykonden-
zace/gelatinace zménou , resp. navySenim hodnoty pH. prostfedi Pfi nadmérném urychleni v§ak
uvedené zpusoby, kromé plsobenim zvySené vlhkosti atmosféry/ovlhéenim povrchu, zvysuji
sklon k nezadoucimu praskani vrstvy pii nadmérnych tloustkach (,bahenni praskani“). Je proto
tieba stanovit kompromis mezi pozadavkem na dobu vytvrzeni a horni toleran¢ni mezi tloustky,
kdy jesté nedochazi k popraskani vrstvy.

2.1 ZvySeni vlhkosti prostredi

Z vlastni zkuSenosti 1ze ucinit zavér, ze vyrazného urychleni vytvrzeni v béznych lakovnach
1ze dosahnout nékolikerym postfikem do nelepivého stavu zaschlého ZSN vodou (popf. i s ma-
lym pfidavkem smacedla) tak, aby celkova doba ovlhéeni zaschlého povrchu ZSN byla alespon
5 hod/20°C a po této dobé Ize jiz bez problémii nanaSet na suchy povrch ZSN organické natéry.
Mensi dily opatfené ZSN lze i do vody po uvedenou dobu ponorit. Protoze v Cerstvé zaschlé
a dosud nevytvrzené vrstvé ZSN jsou pfevazné jest€ nezhydrolyzované ethoxy skupiny -OC H,,
které zpusobuji zpocatku hydrofobni htife smacivy povrch, je vhodné ke zlepSeni smacitelnosti
pridat do postfikové vody trochu saponatu. Pri zvySeni teploty postfikové vody na 35-40°C lze
dobu ovlh¢eni povrchu ZSN zkratit na cca 3-4 hod. K urychleni vytvrzeni mtize udajné prispét
i voda pfitomna jako rozpoustédlo ve vodou feditelnych (VR) natérech a navic i jejich obvykle
mirné zasadita reakce (pH az 9), pokud jsou aplikovany jako nasledna vrstva. V [3] je doporuco-
van postup, kdy po zaschnuti ZSN (do 1 hod po naneseni) je nejprve aplikovan VR akrylatovy
primer v bézné tloustce suché vrstvy 50 um a udajné jiz po 12 hod je mozné nanést vrchni roz-
poustédlové alkydy, epoxidy ¢i PU, takze i uéinkem samotnych VR natért je dosazeno uréitého
zkraceni doby vytvrzovani. Podobné zavéry kladného vlivu VR natértl na bazi styrénakrylato-
vych disperzi pro urychleni vytvrzovani byly zjistény i ve SVUOM pii testovani kombinaci ZSN
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+ VR natér, napf. kombinace ZSN + V 2076 Diskor ¢i V 2066 Bakrylex) v koroznich zkouskach
Cista kondenzace a neutralni solna mlha.

2.2 Hygroskopickeé prisady ve formulaci ZSN

Nekteré specialni prisady obsazené v ZSN, resp. v jeji kapalné slozce u 2-slozkové formu-
lace, typicky soli ¢i malo tékava organicka rozpoustédla, mohou byt silné hygroskopické a mohou
adsorpci Ci kapilarni kondenzaci v porézni vrstvé xerogelu zadrzovat dostatecnou vlhkost nutnou
kurychlenému vytvrzeni ZSN iv atmosférach o RV << 50%. Z organickych rozpoustédel vykazuji
takové ucinky nékteré glykolétery, propylen karbonat, predevsim pak dimethylsulfoxid (DMSO)
[4]. Je demonstrovan ucinek DMSO pro urychleni vytvrzeni 2-slozkového zinkethylsilikatového
natéru Interzinc 22 (fa. Paint International) ve velmi suché atmosfére (RV 20%/25°C), pridavek
DMSO bud samotny nebo v kombinaci s pfidavkem vody, viz tab. 1[4]. Stupen vytvrzeni hod-
nocen otérovym MEK testem dle ASTM D4752, stupen 0 - zcela nevytvrzeno, stupen 4 - témér
dokonale vytvrzeno, pricemz st. 4 je pozadovan pod vrchni organické natéry.

Tab. 1: Vliv dodate¢ného pridavku DMSO/vody na urychleni vytvrzeni ZSN

Doba expozice ZSN pri20% RV/25°C 3 hod 5 hod 7 hod 22 hod
Interzinc 22 bez hygrosk. prisady a vody st. 0 st. 0 st. 1 st. 3
+ 4% DMSO st. 3 st.3-4 | st.3-4 st. 4

+ 4% vody st. 0 st. 2-3 st. 3 st. 3-4
+4% DMSO + 4% vody st. 3 st. 3-4 st. 4 st. 4

Z tab. 1 je patrny vyrazny vliv hygroskopického rozpoustédle DMSO - zatimco ZSN Inter-
zinc 22 bez ptisady nedosahne pozadovaného stupné vytvrzeni 4 ani po 22 hod, tak pridavek 4%
DMSO, popft. 4% DMSO + 4% vody zpusobi dostatecné vytvrzeni jiz po cca 5-7 hod. Je rovnéz
ziejmy urcity synergicky uc¢inek DMSO a vody/atmosférické vlhkosti, ale v mensi mife i samotny
ucinek dodate¢né pridané vody . Obsah DMSO nelze zvySovat neomezené - pii koncentraci nad
8% a soucasné RV > 30% jiz idajné dochazi k bahennimu praskani vrstvy.

2.3 Urychleni vytvrzeni ZSN posunem pH prostredi

Navrzeny zptisob feSeni vyrazného urychleni vytvrzeni ZSN vychazi z kinetiky procesu
gelatinace |/ polykondenzace solu kyseliny kiemiCité v zavislosti na hodnoté pH. Polykonden-
zacni reakee silanolovych skupin -OH kyseliny kfemicité Si(OH), obsazené v pfedhydrolyzo-
vaném solu TEOS/ethylsilikat 40 probihaji rozdilnou rychlosti v zavislosti na pouzitém kataly-
zatoru - v kyselém prostiedi pfi pH 2-3 relativné pomalu, ale v rozmezi pH 5 - 8 pak vyrazné
rychleji. Aby byla zajiSténa dostate¢na stabilita kapalné pojivové slozky ZSN obsahujici pred-
hydrolyovany TEOS/ethylsilikat 40 a tim i jeji co nejdelsi skladovatelnost, musi byt formulovana
v kyselém prostiedi o pH 2-4. Naproti tomu po naneseni vrstvy ZSN je vySSi stabilita naopak
nezadouci a pro vyrazné urychleni vytvrzeni je naopak vhodné posunout pH do vyssich hodnot
nad 5. Obecna zavislost doby gelatinace, resp. stability solu kyseliny kfemiCité v zavislosti na
hodnoté pH je znazornéna na grafu, viz obr. 2 [5]. Graf znazoriuje i urychlujici vliv neutralnich
soli (NaCl) v mirné zasaditém a vliv fluoridi (HF) v silné kyselém prostfedi na kinetiku gelace,
a dale i oblast vzniku stabilnich aniontd kyseliny kfemicité (HSiO - a Si032', tj. rozpustnych alka-
lickych silikati/polysilikatt v siln€ alkalickych prostiedich), ale tyto vlivy nejsou pro dany pfipad
objasnéni principu urychleni vytvrzeni rozpoustédlovych ZSN az tak podstatné.
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Obr. 2: Obecny kvalitativni prabéh zavislosti stability/gelacni doby solu kyseliny kiemicité (svisla
osa) na hodnoté pH (vodorovna osa) [5].
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Zavislost vykazuje jedno maximum pii pH cca 2, coz je izoelektricky bod (IEB), ve kterém
Castice solu vykazuje nulovy naboj a relativni stabilitu (metastabilitu). Tato pomérné tizka oblast
pH 1,5-3 odpovida relativné stabilnimu solu TEOS v pojivové slozce ZSN a je takto nastavena
pridavkem kyselého katalyzatoru jiz pfi vyrobé. Pod IEB nese Castice kladny a nad IEB naopak
zaporny naboj. Posunem hodnoty pH solu do kladnych hodnot nad IEB do intervalu 5-8 do-
jde pridavkem vhodného alkalického katalyzatoru ke sniZeni stability solu a polykondenzaci,
ktera se projevi agregaci a rlistem castic. NavySeni hodnoty pH ve vrstvé jiz pravé naneseného
ZSN dodatecnou alkalizaci vhodnym pfipravkem aplikovanym natérem ci postfikem Ize docilit
vyrazné€jSiho urychleni procesu vytvrzovani ZSN prakticky nezavislym na teplotné-vlhkostnim
komplexu okolni atmosféry a dokonce i pfi velmi nizkych RV pod 30%. Méfenim bylo skutecné
prokazano [6], Ze rychlostni konstanta polykondendenzacni reakce ethylsilikatu TES 40 v pro-
stiedi o pH 8-9 (katalyzator amoniak) je o 2-3 fady vyssi nez v silné kyselych prostfedich o pH
2 (katalyzator HCI), coz tedy dokazuje vyrazné vyssi rychlost vytvrzovani pojiva ZSN v mirné
zasaditém prostredi.

Pokud ma mit pfipravek kromé urychleni vytvrzovani ZSN i utésnujici funkci, musi
kromé vhodné alkalie obsahovat i disperzi organického polymeru. Pfipravkem tohoto typu, ktery
v jedné operaci vyrazné urychli vytvrzeni ZSN na pouhé 3-4 hod pri RV 30-40%/20°C a sou-
Casné utésni jeho porézni strukturu (rovnéz nezbytné pod vrchni natéry), je pripravek Penetral
(vyrobce Pragochema). Dil¢i vysledky testovani jeho ucinnosti viz [7].

2.4 Katalytické pusobeni kovovych kationtu

Bylo experimentalné ovéfeno, Ze nékteré kovové kationty mohou vyrazné ovlivnit reakéni
kinetiku dil¢iho procesu polykondenzace/gelatinace TEOS (viz reakce 3 a 4), a to jak jeho urych-
leni (kationty Li*, Na*, Mg?', Ca*, Pb*, Zn*, Ce*), tak naopak i jeho zpomaleni (Cu?**, AI*")
[8.9]. Dale byl Zn** ve formé ZnCl, testovan jako potencialni korozni inhibitor v sol-gel antiko-
roznich povlacich na bazi TEOS i dalSich organofunkénich silanti na oceli [ 10]. Bylo zjisténo, Ze
pfi koncentraci max. 1% ZnCl, (vztazeno na celkovy obsah SiO, ve formulaci) se zlepsi nejenom
ochranna funkce sol-gel povlaku v porovnani se stejnym povlakem, ale bez ZnCl,, ale soucasné
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se vytvari i vice kompaktni gelova vrstva zjisténa pozorovanim AFM i elektronovou mikroskopii
FESEM. Pri vyssich koncentracich nez 2% vSak naopak se ve vrstvé objevuji trhlinky, stava se
propustnéjsi a jeji ochranna funkce se pfi porovnani s nemodifikovanou sol-gel vrstvou snizuje
[10]. Presné vymezeni koncentrace ZnCl, ve formulaci ZSN je tedy dosti kritické.

Ucinek ZnCl, jakozto katalyzatoru pro urychleni vytvrzeni ZSN je stale jesté testovan na
organicky modifikované 2-slozkové zinkethylsilikatové natérové hmoté Pragokor Metal E (vy-
robce Pragochema), pficmz ZnCl, je davkovan do jeji kapalné slozky. Zatim provedené zkousky
potvrzuji zavér v praci [10], tj. Ze koncentraci katalyzatoru je nutno pomérné pfesné stanovit,
protoze pri jejim nartistu dochazi sice k urychleni vytvrzeni, ale snizuje se odolnost proti pras-
kani vrstvy pfi zvySenych tloustkach a bude tedy tfeba jesté nalézt vhodny kompromis. Pfi kon-
centraci ZnCl, 4% (vztazeno na obsah SiO, z TEOS) bylo zjisténo vyrazné zkraceni doby vy-
tvrzeni za podminek RV 30-40%/25°C ze 140 hod (bez katalyzatoru) na pouhych 24 hod. Ale
snizila se ponékud odolnost vrstvy natéru proti praskani, tzn. ze koncentraci katalyzatoru bude
nutno jesté snizit. Tendenci k praskani vrstvy lze v§ak ovlivnit nejenom typem ucinného kataly-
zatoru vytvrzeni a vymezeni jeho koncentrace, ale soucasné i volbou vhodného typu praskového
zinku v ZSN (viz kap. 3)

3 VLIV ANTIKOROZNIHO ZINKOVEHO PIGMENTU
NA VYTVRZENI ZSN

Vliv zinkového pigmentu na vytvrzeni byl sledovan v ZSN Pragokor Metal E s 2 vy-
razné€ odliSnymi typy zinkového prachu, a to co do velikosti Castic, jejich distribuci a tvaru ¢astic
i chemického slozeni:

1)Lakarsky praskovy zinek kvality Superfine VM-4P16 (vyrobce U.M.Industrial Products
Belgie) primérna velikost ¢astic 3,3 um, parametr D, 3,5-4,8 um, D, max. 16 um, spotfeba
oleje 6,5 g/100 g, obsah ZnO max. 3,5%, pH vodniho vyluhu 4% suspenze 7,5-8.

2)Praskovy zinek vyrobeny z recyklovaného produktu, oznaceni FZNP10 (vyrobce fa. Co-
rezinc), primérna velikost ¢astic 10 pm, parametr D, 10 um, spotfeba oleje 10,6 g/100 g, pH
vodniho vyluhu 4% suspenze 8,5-9,2 (ze sedliny suspenze se uvoliiuji bublinky plynu, pravdépo-
dobné vodiku), prepocteny obsah ZnO 4,5-5%, vzorek dodan od fy. Radka.

Ponékud vyssi hodnota pH vyluhu u recyklovaného zinku Corezinc FZNP10 je pravdépo-
dobné dana vyssim obsahem alkalicky reagujiciho ZnO. Vzhledem k vy$simu obsahu ZnO ma
zinek Corezinc tmavsi zbarveni. Zinek Corezinc také vice zahuStuje NH, coz je samoziejmé
dano vyssi spotiebou oleje, takze NH je pro aplikaci nutno vice nafedit. VySsi spotieba oleje je
u zinku Corezinc dana vyrazné nepravidelnymi nekulovymi ¢asticemi (viz dale). V1iv obou zin-
kovych prachtl na rychlost vytvrzeni na stupen 4 MEK testu pro NH Pragokor Metal E obsahu-
jici katalyzator ZnCl, (konc.4%/obsah SiO,) a bez katalyzatoru, za podminek RV 30-407%/25°C,
uvadi tab. 2.

39



XV. KONFERENCE PIGMENTY A POJIVA « 7.-8.11.2023 « PREDNASKY

Tab. 2: Doby vytvrzeni ZSN Pragokor Metal E na st. 4 (MEK test) s katal. ZnCl2/bez katal.
a s prask. zinkem VM-4P16 vs. Corezinc FZNP10, za podminek RV 30-40%/25°C.

Typ Zn prachu v ZSN VM-4P16 Corezinc FZNP10
ZSN bez katalyzitoru 120-140 hod > 144 hod
ZSN s katal. ZnCl, (konc.4%/Si0,) 24 hod 16-20 hod
Sklon k praskani vrstvy ZSN vysoky nizsi

Z tab. 2 je patrny vliv typu zinku na doby vytvrzeni - zinek Corezinc FZNP10 samotny
ponékud prodluzuje dobu vytvrzeni, ale naopak za pritomnosti katal. ZnCl, ji zkracuje. Zfejmé
jde o synergicky efekt katalyzatoru ZnCl, + ZnO, pfitomném v zinku Corezinc ve vyssi koncen-
traci nez v zinku VM-4P16. Divod neni zcela jasny, ale jedna z mozZnosti vysvétleni se nabizi
jako reakce ZnCl, + ZnO v silné koncentrovanych vodnych roztocich za vzniku kyselého silné
hygroskopického cementu na bazi oxychloridl a hydroxichloridl zine¢natych [11.12], které pak
pusobi jako urychlovace vytvrzeni.

Ukazuje se, ze tvar, velikost a distribuce ¢astic zinkového prachu ovliviiuje i odolnost proti
bahennimu praskani vrstvy ZSN pfi nartstu jeji tloustky - zinek Correzinc o §irsi distribu¢ni
ktivce velikosti ¢astic (vEtsi rozptyl velikosti Castic) a predev§im s ¢asticemi nepravidelného ne-
kulového tvaru zpusobuji vyssi odolnost proti praskani nez je tomu u zinku VM-4P16 s celkové
mensimi ¢asticemi, uzsi distribucni kiivkou a témér pravidelnym kulovym tvarem castic, rozdil
viz snimky SEM (obr. 3).

Obr. 3: Mikrosnimky SEM porovnani tvaru a velikosti castic zinkového prachu VM-4P16 (vlevo)
a vpravo zinkového prachu z recyklovaného produktu Corezinc FZNP 15 (pro porovnani velikosti
¢astic vzit v avahu razna meéritka na obou snimcich).
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4 ZAVER

Na zakladé vlastnich praktickych zkuSenosti i zatim provedenych testi 1ze formulovat tyto
Zavery:

- Relativné dlouhé doby vytvrzovani (dny az tydny) rozpoustédlovych zinkethylsilikatovych
natéra v atmosférach lakoven o nizké relativni vlhkosti RV < 50% je tfeba chapat jako urcity pro-
blém, a to zejména v obvyklych pfipadech pozadavku nasledného prekryti organickymi natéry,
a proto je zadouci tyto doby pokud mozno zkratit.

- Nejbéznéjsim zplisobem je nékolikery postiik vodou ZSN zaschlého do nelepivého stavu,
¢i ponor ve vodé v pripad€ mensSich dild, s prisadou cca 0,1% saponatu pro zlepSeni smacivosti,
tak, aby doba souvislého ovhlceni povrchu/ponoru byla 5-6 hod/20°C. Pfi zvySenych teplotach
posttikové vody (35-40°C) je mozno uvedené doby jesté dale zkratit na cca 3-4 hod.

- Snizeni doby vytvrzeni ZSN na dobu nékolika hodin je rovnéz mozné posunem hodnoty
pH z kyselé do slabé alkalické oblasti pH 6-8 alkalizaci povrchu, tj. postfikem/natérem zredé-
nymi roztoky (fadové max. desetiny % !) slabych tékavych alkalii, napf. nékteré t€kavé aminy Ci
amoniak. Na tomto principu funguje i pripravek Pragokor Penetral (vyrobce Pragochema), ktery
soucasné umozni i utésnéni povrchu ZSN v jedné operaci.

-V pfipadé vyuziti katalyzatori nékterych kovovych kationtii (napf. Zn*") je mozno tyto
zabudovat jiz do formulaci ZSN, a neni tedy nutna operace navic jako je tomu pfi dodatecném
postfiku, ale bude nezbytné pomérné presné vymezit koncentraci katalyzatoru jako kompromis
mezi protichidnymi pozadavky na urychlené vytvrzeni a zvySenym sklonem k bahennimu pras-
kani vrstvy. V této oblasti vyvoj neni zatim ukoncen.

- Jak se ukazuje, 1ze rychlost vytvrzeni ZSN ovlivnit uréitym zptisobem i volbou zinko-
vého prachu jakozto aktivniho antikorozniho pigmentu. Zinek vyrobeny z recyklovanych surovin
Corezinc FZNP 10 se zvysenym obsahem ZnO sice v porovnani s lakafskym zinkem VM-4P16
sice ponékud snizuje rychlost vytvrzeni pokud pouzit bez katalyzatoru Zn?, ale za pfitomnosti
tohoto katalyzatoru naopak vytvrzeni vyrazné urychluje. Ziejmé zde jde o synergicky ucinek
ZnO obsazeny v zinkovém prachu a katalyzatoru ZnCl,. Siroka distribuéni kiivka velikosti Gastic
a zejména jejich nepravidelny tvar pak, pfi porovnani s lakarskym zinkem, zvySuji odolnost proti
bahennimu praskani vrstvy ZSN.
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Summary
Photocatalytic active materials containing TiO, can be applied as so-called self-clearing or easy-cleaning
surfaces, which are after UV irradiation not to susceptible to soling, and due to the combination of photo-
catalytic effect and photoinduced hydrophobicity help to keep exteriors of buildings clean (facade paints,
photoactive glass). Important is also the effect of inactivation of the growth of microorganisms, which
prevents biodeterioration of building materials. Another possible application of TiO, photocatalysis is the
improvement of air quality either in interiors (degradation of VOC such as formaldehyde and acetalde-
hyde) or also in the exterior especially in the close of road construction with heavy traffic (removal of
NO ). The objective of this contribution is to summarize potential applications of photocatalytic materials
and methods of determination of their efficiency. Besides commercial materials, also highly promising
lab-scale materials such as TiO, nanotubes were discussed.

Key words
TiO,, photocatalytic activity, TiO, nanotubes

INTRODUCTION

The application of photocatalysis in the protection of the environment can be divided
into two main areas. First is easy cleaning surfaces containing photoactive TiO, which are not
susceptible to soil and thus help to keep the exteriors of buildings (facade, windows) clean [1].
The second area is based on the cleaning of water [2] or air [3] using some active irradiated
element containing TiO, photocatalyst.

Other than those mentioned applications is the research in the field of water splitting [4]
with the aim to produce green hydrogen as an energetic vector.

Commercial widespread of photocatalytic materials involves the necessity to determine
photocatalytic activity according to standard methods. In the case of air treatment, we have
various ISO standards (dealing with removal of NO,_ (ISO 22197-1), removal of acetaldehyde
(ISO 22197-2), removal of toluene (ISO 22197-3) and removal of formaldehyde (ISO 22197-4)
[5]. These standards are suitable to determine the photocatalytic efficiency of gaseous pollutants
removal on test pieces with dimensions 5x10 cm. To determine photocatalytic efficiency of air
purifiers, it is suitable to use EN 16846-1. This standard is based on the degradation of the mix-
ture of 4 VOCs in 1 m’ test chamber.

In order to evaluate and standardize photocatalytic materials Czech Association of Applied
Photocatalysis (CSAF) was founded in the Czech republic [6]. CSAF is professional association
of legal entities, which have to certify photocatalytic products according to standard methods.
CSAF protects and organises the certification process but due to the independency and objecti-
vity the testing is conducted in independent laboratories (which are established by universities).
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Measured data are then assessed by an independent evaluator (an expert in the field of photoca-
talysis) and evaluated whether the used methodology corresponds to the standard. Bellow (Table
1) there is illustrated standard measurements, which is provided by UCT Prague.

Table 1: Standard of determination of photocatalytic efficiency of VOC’s removal which
is provided by UCT Prague

Criteria of evaluation .
property standard excellent satisfactory
Removal of NO_ 1SO 22197-1:2007 0,5 pmol/5 h >5 umol /5 h
Air treatment - acetalde- | 1 551975901 >0,20 pmol/h >1 pmol/h
hyde
Air treatment - toluene 1SO 22197-3:2012 >0,20 umol/h >1 pmol/h
Air "eat"l'fy‘:;eforma'de' ISO 22197-4:2013 >0,20 pmol/h >1 umol/h
CEN 16846- Minimum 90% removal | 90% removal of VOC’s
Air purifiers of VOC’s for 24 hours | for 4 hours — 1m? cubic
1:2017 -
— 1m® cubic box box

The objective of the current contribution was to illustrate the techniques of determinati-
on of photocatalytic activity, which are available at the Laboratory of photocatalysis at UCT
Prague. The use of individual methods is illustrated on TiO, nanotubes which seem to be promi-
sing photocatalytic material [7].

EXPERIMENTAL

The experimental setup of ISO 22197 methodology is illustrated in Fig. 1. The concentra-
tion of test gas is provided by two mass flow controllers, calibration gas is diluted using synthe-
tic air to get total flowrate 11/min (removal of acetaldehyde), 3 dm?*/min (removal of NO_ and
formaldehyde) and 0.5 m?® (removal of toluene). Output analysis is given by chemiluminescence
NO_ analyzer, or gas chromatograph equipped with FID detector (VOC’s). FID detector could
be equipped with a Jetanizer Pt nozzle, which enables hydrogenation of CO, to methane which
is than detectable. TiO, nanotubes were prepared by anodization of Ti foil. More experimental
details are given in paper [7].
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Fig. 1: Experimental setup according ISO 22197
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Fig. 2: Scheme of the photoreactor
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RESULTS AND DISCUSSIONS

Fig. 2 shows SEM image of the TiO, nanotubes surface. The inner diameter of the na-
notubes is about 100 nm with the wall thickness about 7nm. Fig. 2 shows the concentration
dependence of acetaldehyde and hexane on the TiO, nanotubes sample (SEM image illustrated
in Fig 3). We can see that by using acetaldehyde according to ISO 22197-2 we get a relatively
high conversion about 70%. At such high conversion, the rate of photocatalytic reaction could
be affected by mass transfer, thus, we replaced acetaldehyde with hexane, which is more difficult
to photocatalytically oxidise, the second reason is that it contains 6 carbon atoms which after
oxidation get a higher amount of CO, (which is better detectable). We can see that in the case
of hexane, the conversion drops to 19%

Fig 2: TiO, nanotubes - thickness of the layer 4;,un

Besides the determination of the concentration of degraded compounds, investigation
of the level of mineralization and thus the amount of produced intermediates is also crucial.

To determine the level of mineralization the concentration of CO, can be followed
as you can see in Fig 4. After start of UV irradiation, the concentration of Cb2 increases. From
the stoichiometric equation (eq 1) the level of mineralization (eq. 2) can be calculated. In case
of acetaldehyde the level of conversion (70%.) corresponds to level of mineralization (70%)
which indicates that all acetaldehyde is transformed to CO,, without forming a byproducts.
On the other hand the level of hexane conversion is about 19% but the level of mineraliza-
tion is slightly lower about 16% indicating that 84 % of degraded hexane is mineralized to CO,
and the remaining 16 % is degraded to intermediates (various hydrocarbons)
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Fig. 3: Concentration decay of acetaldehyde and hexane on TiO, nanotubular layer
(thickness 4 um),
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Fig. 4: CO, evolution during photocatalytic experiments on TiO, nanotubular layer
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CH,+90,-6CO,+6H,0 (eq. 1)
mineralisation = 100 - ¢cCO, _  /cCO, . (eq.2)
cCO, theoretical=C0-N__ (eq. 3)

CONCLUSIONS
It was demonstrated that in some cases the modification of the standard ISO method is

necessary. If the activity of the sample is too high (conversion higher than 70%), acetaldehyde
can be replaced by a less degradable compound (hexane). Using GC-FID equipped with Pt Jeta-
nizer , it is possible to calculate the level of mineralization which is the crucial parameter in the
assessment of photocatalytic performance.

Acknowledgements: The authors would like to thank the Grant Agency of the Czech Re-

public (project number 21-27243S) for financial support. This work was also supported by the
grant of Specific university research — grant No A2_FCHT_2020_123.
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SAMOCISTENI POVRCHU POMOCI FOTOKATALYZY - EKOLOGICKA
OCHRANA BUDOV A JINYCH POVRCHU

SURFACE SELF-CLEANING BY PHOTOCATALYSIS — ECOLOGICAL
PROTECTION OF BUILDINGS AND OTHER SURFACES

DUCHACEK T., MAGYAR P.

Advanced Materials — JTJ s.r.0., Kamenne Zehrovice, Czech Republic,
tomas.duchacek@advancedmaterials1.com

Summary
With the development of nanotechnology comes modern solutions for architecture and civil engineering in
the form of new utility properties for the protection of outdoor surfaces. Photocatalytic products bring
a higher standard in long-term protection against biological degradation, while the self-cleaning function
prolongs the beautiful appearance or ensures its restoration in case of renovations.

Surfaces are also protected from UV degradation and require almost no maintenance. In contrast,
sunlight becomes an ally in protecting buildings and other surfaces.
Effective photocatalytic products also come with another significant benefit of in the form of purification
of the air both indoors and outdoors.

In addition, all these properties are easily measurable and comparable thanks to the ISO standards
system. Everyone can thus verify the functionality of a given product and choose the most suitable one.

Key words
Smart coatings, photocatalytic coatings, sustainability, self-cleaning, air-cleaning

Od prvopocatkd architektury bylo cilem architektii vytvafet stavby nejen uzitné, ale
i krasné. K udrZeni dlouhodobé krasného vzhledu se snazili pouZzivat riizné typy materialt
s rliznymi povrchovymi upravami, s cilem dosahnout velké odolnosti vii¢i povétrnostnim vliviim.
Stejné cile vzdy méli i napfiklad sochafi s pozadavkem na dlouhotrvajici krasny vzhled jejich
vytvord. V neposledni fad¢é kazdy majitel jakékoliv stavby ¢i pozemku ma snahu udrzovat svij
majetek co nejkrasnéjsi a idealné€ bez nekonecné udrzby. K tomu v§emu velmi napomaha rozvoj
nanotechnologii.

Pokud se k dobrym vlastnostem pouzitého materialu pfida i schopnost samocisténi po-
vrchu, vznikne idealni bezidrzbova stavba. Fotokatalyza umoznuje tento sen realizovat. Kromé
zachovani vzhledu novych staveb lze ochranit i povrchy starsi ¢i jiZ napadené. Pomoci fotokata-
lyzy lze chranit i pamatky a dlouhodobé zachovat jejich vzhled i po renovaci.

Obr. 1: Socha sv. Frantiska je kazdym rokem intenzivné milovana ptaky a diky blizké morusi
jejich ,,darky“ maji silnou barvici schopnost. Bez ohledu na to se povrch vzdy vycisti.

N ;
Z '% pred aplikaci
¥

'V ;
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Jak to v praxi funguje? Staci dostatek denniho svétla, které fotokatalytickému povrchu do-
dava energii k tomu, aby se jeho samocistici funkce aktivovala. Pfi dobrych fotokatalytickych
produktech neni ani potfeba pfimé slunce a samocisténi funguje i na stinnych mistech. Ve slunec-
nim svétle je obsazena vlnova délka UVA (365 nm), coz je ta vinova délka ze spektra UV, ktera
je pro prirodu i Clovéka nejvétsim prinosem. Da se fict, ze fyzikalni jev fotokatalyza je malinko
darem z nebes. Kromé energie slunce nepotiebujeme pro aktivaci této funkce nic dalsiho, kazdy
povrch natfeny fotokatalytickym produktem tak miZze neomezené vyuzivat benefity fotokatalyzy.

Jednim z omezeni pfi zavadéni novinek je typicka lidska vlastnost - nevéficnost. Kazdy
si chee vie né&jak otestovat, vyzkouset, pripadné dolozit testy. Casto je realita takova, Ze i kdyz
budete mit spoustu certifikatli a nezavislych védeckych studii, kazdy si chce vyzkousSet jakékoliv
vlastnosti nového/neznamého produktu sam. Cim lepsi vlastnosti se produktu pFipisuji, tim vétsi
je nedavéra v jeho ,,zazracné“ vlastnosti. Proto je cilem ukazat netradi¢ni (Obr. 1) aZ extrémni
typy aplikaci (Obr. 2) fotokatalytického produktu FN NANO® na rtiznych povrsich ve venkov-
nim prostfedi. Praktické ukazky vétSinou priblizi, respektive zvysi diivéryhodnost marketingo-
vych tvrzeni.

Obr. 2: Aplikace FN NANO® piimo na napadenou fasadu, jen po vrsek zabradli (jak ukazuji
Sipky). Postupem c¢asu se fasada kompletné vycistila.
7

Praha, Zbraslav

10/2019 - t&sné pied aplikaci FN NANO —
odetfeno bez myti, od trovné zébradli dol 04/2023 - 3,5 roku po o3etieni

Fotokatalytické produkty maji i dalsi uzitné vlastnosti, mezi které patfi:
+  Cisténi vzduchu v exteriéru i v interiéru

*  Prevence prenosu nakaz

. Ochrana povrchii pred degradaci UV zafenim

*  Dlouhodoba tcinnost fotokatalytického povrchu

»  Natéry odrazi solarni radiaci a snizuji tak zahfivani povrchu

Vlastnosti fotokatalytickych produkt zavisi na jejich ucinnosti. Pro ovéfovani ucinnosti
slouzi ISO normy. V Ceské republice navic vznikla jedna z prvnich fotokatalytickych asociaci
(Ceska spoleénost pro aplikovanou fotokatalyzu - CSAF) k tomu, aby certifikovala produkty
v tomto rychle se rozvijejicim odvétvi a pomohla zavadét na trh jen produkty, které splnuji po-
zadovana kritéria kvality.
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Technologie pro zdravé a cCisté prostredi

Funkéni nanonatér FN NANO®
Vynikajici pro dlouhodobou ochranu venkovnich povrchii

v Aktivni a dlouhodobd ochrana proti napadeni mikroorganismy, usazovdni
Spiny a degradujicim ucinkiam UV zdreni

v Vysoce oxidacni povrch se super silnym samocisticim efektem aktivovanym
slunecnim svitem

Vysokd prodysnost a paropropustnost
Dobrd odstranitelnost a obnovitelnost bez poruseni povrchu

ve

DileZity vedlejsi ucinek: anti-graffiti a anti-sticker efekt

AN N RN

Certifikovdno pro beton, zdivo a minerdlini podklady (napr. Zula, piskovec,
kamen)

v 10 let garance funkcnosti u svislych povrchii

Zed po deseti letech v silné znecisténém prostiedi
Powrcholetfery b&nymi  Neoletfery  Povrch oletfeny
BV funk¥nim nét&rem FN®

- samotisticimi nétéry
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FN-NANO s.r.o., 273 01 Kamenné Zehrovice 23, IC: 050 79 233 www.fn-nano.com
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NATURAL FILLERS FOR LONG-LASTING CORROSION PROTECTION
PRIRODNI PLNIVA PRO DLOUHODOBOU OCHRANU PROTI KOROZI

REITER S.
HOFFMANN MINERAL GmbH, Susanne. REITER@hoffimann-mineral.com

Summary
Outlook on the various possibilities of using a natural and functional filler in water-based anti-corro-
sion coatings. DTM formulations, primer as well as primer-surfacer based on different binders will be
presented. A summary of the newest results in storage stability, adhesion and corrosion resistance tests is
also included. Producing environmentally friendly and long-lasting anti-corrosion coatings for a world
that lasts longer.

RHODOLINE® WA 2830 E : HIGH PERFORMANCE ADDITIVE TO
IMPROVE SCRUB, WATER AND BLOCK RESISTANCE
IN WATERBORNE PAINTS

RHODOLINE® WA-2830E-ECOLABEL, APE-FREE, LOW-VOC A LOW-SVOC
DISPERZNI & KOMPATIBILIZACNI CINIDLO PRO VNITRNI I VNEJSI vODOU
REDITELNE NATERY

KACZMAREK A.
Solvay SA, josef.martinek@azelis.com

Summary
This dispersing/ wetting and compatibilizer agent provides a superior water, scrub and block resistance
in final paint. This makes it ideal for all PVC systems. In addition, Rhodoline® WA-2830F offers improved
color acceptance, prevents rub out issues, color floating and can reduce the amount of TiO, without
affecting the opacity. With this unique combination of properties, Rhodoline® WA-2830E can also
minimize formulation costs. The product can be easily handled and there is no need to dilute it. Solvay is
concerned about the environment, therefore this product is label free and Ecolabel.
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REDUCED COMPLEXITY, IMPROVED PERFORMANCE
IN WATERBORNE FORMULATIONS: INHERENTLY MATTE ACRYLICS
AND CATIONIC FUNCTIONALITY WITHOUT COMPATIBILITY ISSUES

GYGERF.

Zschimmer & Schwarz, f.gyger@zschimmer-schwarz.com

Using a proprietary process, Zschimmer & Schwarz offers an inherently matte acrylate
polymer. After drying, a film with low gloss, high flexibility, excellent stability and, above all,
excellent transparency is formed. The time- and labour-consuming incorporation of solid matting
agents is eliminated, making the formulation much simpler, more stable and more economical.

The IPN technology (interpenetrating polymer network) of Zschimmer & Schwarz involves
two different ionic structures in the same polymer network at a neutral pH value. These polymers
form cationic functionalities during drying, providing excellent tannin, stain and dye blocking
without the compatibility problems common to cationic polymers.

This talk outlines how these innovative polymer technologies benefit applications in gra-
phic arts or wood coating, meeting the increasingly demanding requirements of modern coating
formulations.

Key words
Waterborne acrylic polymer, Inherently matt, Stain blocking primer, Tannin blocking primer, Wood
coatings
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STUDY OF THE EFFECT OF ALTERNATING CLIMATIC CONDITIONS
AND MECHANICAL LOADING ON THE STRENGTH PROPERTIES
OF JOINTS BETWEEN CAST EPOXY RESIN AND SOLID WOOD

STUDIE VLIVU STRIDANI KLIMATICKYCH PODMINEK
A MECHANICKEHO ZATIZENI NA PEVNOSTNI VLASTNOSTI SPOJU MEZI LICI
EPOXIDOVOU PRYSKYRICI A MASIVNIM DREVEM

PACAS P., TESAROVA D., KOVARIK R., PAUL D.

Mendelova univerzita v Brné, Lesnickad a drevarska fakulta, Ustav designu a nabytku, Brno

petr.pacas@mendelu.cz

Summary
This paper deals with the effect of climatic environmental conditions on the strength properties

of the bond between casting epoxy resin and solid wood. Tests were carried out on specimens exposed

to different climatic conditions. Normal conditions (temperature 25 °C; humidity 30 %), extreme conditi-
ons (temperature 50 °C; humidity
90 %) and aging simulations (alternating temperatures from -30 °C to +50 °C). Subsequently, the effect
of these conditions on the tensile strength of the cast joint and on the impact toughness values was investi-
gated. Furthermore, the adhesion and cohesion properties of the joint were investigated. The aim
of the paper was also to evaluate how the addition of additives in the form of pigment and wood dust

affects the quality of

the conversion of the cured cast epoxy resin structure. The results of the paper provide useful information
on the suitability of using parts created by casting epoxy resins over solid wood.

Key words
strength properties of the joint, climatic conditions, aging, temperature alternation, casting epoxy resin,
impact toughness, tensile strength, meranti, oak,

INTRODUCTION

Wood has been the main material for furniture for centuries, but recently there has been
there has been a significant shift in the industry towards new materials and technologies that
make it possible to create unique and unusual pieces of furniture. One of these innovative ma-
terials is composite, which combines cast epoxy resins with solid wood. While this trend origi-
nally originated overseas and has gained popularity among woodworking enthusiasts, it has now
spread to Europe and has taken hold in medium and large enterprises in the furniture industry.

The use of cast epoxy resin in conjunction with solid wood in the manufacture of furniture
elements requires careful adherence to correct procedures and, in particular, surface preparation
of the material to ensure quality cohesion. However, despite the growing popularity of these
materials, there is still a lack of sufficient research investigating the behaviour of these joints in
different environments and during ageing.

This paper presents the results of experimental measurements that aim to fill this know-
ledge gap and provide insight into the behaviour of the bond between epoxy resin and solid wood
under different climatic conditions and over an extended period of time.

Epoxy resins in the furniture industry

Research on joints between cast epoxy resin and solid wood is finding its way into
the domestic market. Studies show that increasing the width of these joints negatively affects
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their flexural strength, while the optical and mechanical properties of the joint are subject
to changes in response to temperature fluctuations. Softer and more porous woods perform
better. Epoxy resins are becoming increasingly popular in the furniture industry, particularly
in the creation of coffee tables, desks and storage furniture. It should be noted, however, that
the entire production process is more costly and time-consuming than traditional methods,
which is reflected in the price of the final product. [1] [2] [3]

Epoxy resins

Epoxy resins are man-made polymeric materials that fall into the category of reactoplasts.
This term refers to substances that contain more than one epoxy (oxirane) group in their mo-
lecules, which are groups with high reactivity. This reactivity allows interaction with various
substances and the formation of solid macromolecular products. Due to these properties, epoxy
resins find wide use as adhesives, potting compounds, laminates and varnish resins. No by-pro-
ducts are formed during the curing process and only minimal shrinkage of the material occurs.
The cured products have excellent adhesion to metals, glass, ceramics and especially wood. Epo-
xy resins are known for their excellent chemical and electrical insulating properties, which re-
main constant over a wide temperature range. They also demonstrate high resistance to alkalis,
acids and solvents. [4] [5] [6]

Effect of climatic conditions on polymer substances

Fluctuations in humidity and temperature have the potential to significantly affect
the curing process of materials used in casting and can adversely affect the internal structure of
the polymer. Improper storage of material components can cause degradation of these compo-
nents, causing deterioration and changes in properties during the curing process and in the final
cured product.

In addition, the materials are sensitive to environmental changes, which can result in modi-
fications of dielectric properties, acceleration of corrosion and the development of dimensional
changes in the polymers, leading to internal stresses and the occurrence of cracks. Changes
in polymer crystallinity can also affect the aging process of the material and associated ozone
diffusion and oxygen into the material. [7] [8]

Modifications

Polymer modification is carried out by various techniques, including the addition of fil-
lers, pigments and plasticizers to the epoxy resin matrix, to improve toughness, flame retar-
dancy and thermal stability. The current trend is to incorporate modifying agents not only to im-
prove epoxy resins for casting, but also to promote sustainability and waste treatment. [9] [10]
One recent study investigated the modification of epoxy resin-based polymer systems using car-
bon fibers derived from recycled hemp fibers, presenting previously unexplored possibilities.
While maintaining the desired properties, cost-effectiveness and the development of affordable
and cost-effective fillers are also important factors. [11] [12] Part of this paper focuses directly
on the modification of casting epoxy resins, where the addition of additives (0.05% addition of
synthetic mica-based pigment and oak wood dust) on the conversion quality of cured casting
epoxy resin is investigated.
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METHODOLOGY

Used materials

The experiment was carried out with VEROPAL UV Plus 100 epoxy casting resin. This
system is mixed in a weight ratio of 100:40 (100 epoxy resin; 40 hardener). The woods used were
oak (average moisture content of the samples 13.48%) and meranti (average moisture content
of the samples 11.29%). In addition, the additives used in the quality of the conversion were oak
wood dust and SYMIC C604 mica-based pigment powder. The additives were dosed at a ratio
of 0.05 %.

Samples

The specimens were prepared by first casting larger formats (20x90x420 mm for the tensile
test; 10x90x420 mm for the impact toughness test), which were cut into smaller formats

(10x20x90 mm for the tensile test; 10x10x90 mm for the impact toughness test) suitable for
measurement on other instruments after curing. An exception was made for the specimens for
the conversion quality test, which were cast directly into moulds with a corresponding shape of
(@ 80x12 mm. The samples were always transported with one mixed batch of casting material.

Measurement methodology

To study the effect of the environment, the samples were divided into three different groups
and subjected to different climatic conditions. The first group was stored for 21 days under
normal climatic conditions with an average temperature of 24 °C and relative humidity of 30%.
The second group was exposed to extreme climatic conditions for 21 days at a high humidity
of 90 % and a temperature of 50 °C. The third group was subjected to a test according to standard
CSN 91 0279, which involved 30 cycles of exposure of the samples to a temperature of -30 °C for
1 hour, followed by transfer to normal climatic conditions for 15 minutes and finally placement
in an oven at 50 °C. [13]

The mechanical tests themselves were carried out according to the principles of the relevant
standards. Thus, the tensile test was carried out directly according to CSN EN 205 (668508)
and CSN EN 1465 (668510). The impact strength test was based on the principles of ISO 179.
And the conversion quality of the cured epoxy resin was tested according to CSN EN ISO 2815
(673072). [14] [15] [16] [17]

RESULTS AND DISCUSSION

Influence of climatic conditions in the ultimate tensile strength test

In this paper, an analysis of the tensile strength of the joint between casting epoxy resin
and wood was performed to evaluate the effect of different climatic conditions on its durability.
The results are presented in figures with graphs including statistical evaluation.
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Fig. 1: Graph of the 95% probability interval of the measured values of ultimate tensile strength
for meranti
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Fig. 2: Graph of the 95% probability interval of the measured values of ultimate tensile strength
for meranti
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Figures 1 and 2 present us that for the meranti tree species, statistically significant differen-
ces were found between normal and extreme conditions. This is a decrease in ultimate tensile
strength for the specimens exposed to extreme climatic conditions. On the other hand, the effect
of alternating temperatures after thirty cycles did not have a significant effect on the tensile
strength properties of both wood species.

Influence of climatic conditions in impact toughness testing

The objective of the impact toughness test was to determine how the joints between
the epoxy resin and solid wood resist mechanical energy. The test was performed on thirty
specimens, and the results will be presented in a statistical format, similar to the previous test.
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Fig. 3: Graph of the 95% probability interval of the measured impact toughness values for meranti
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Fig. 4: Graph of the 95% probability interval of the measured impact toughness values for oak
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From the data shown in Figures 3 and 4, it can be concluded that neither the change
in climatic conditions nor the change in temperature had a significant effect on the impact tough-
ness values for individual trees.

Connection qualities for the ultimate tensile strength test

The results shown in the following figure illustrate the quality of the connection, focusing
on the discovery of defects in the form of adhesive or cohesive failure.
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Fig. 5: Evaluation of connections in terms of detection of defective connections in tensile testing
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Figure 5 shows that a higher incidence of defective connections is observed in joints with
meranti. Mostly under extreme conditions.

Connection qualities for the impact toughness test

The next figure shows the results that focus on link quality assessment. The main objective
was to identify potential deficiencies associated with failures in adhesion or cohesion properties.

Fig. 6: Evaluation of connections in terms of detection of defective connections in tensile testing
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From the results presented in Figure 6, it can be determined that specimens exposed to nor-
mal climatic conditions are less susceptible to the formation of defects in the joint. In contrast
to the ultimate tensile strength test, a higher percentage of failure in the cohesive properties can
be detected.

Evaluation of the conversion quality test

The aim of the laboratory experiment was to evaluate the effect of the addition of pig-
ment or other additives on the conversion process of the epoxy resin structure during curing. At
the same time, the effect of the chosen additives on the final structure of the material was ana-
lysed.
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Fig. 7: Statistical analysis of variance data for the effect of chemicals and time on the quality of
cured casting epoxy resin
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The results presented in Figure 7 show the statistically evaluated results of the conversion
quality test. It can be determined that the addition of the selected additives improves the conver-
sion of the cured casting epoxy resin, thus making it more resistant to chemical attack.

CONCLUSION

The aim of this study was to investigate how climatic conditions affect the properties of
the solid wood - cured epoxy resin joint. Based on the results obtained, it can be concluded that
extreme climatic conditions (temperature 50 °C; humidity 90 %), negatively affect the strength
of the joint in both tested woods. However, no significant differences were observed in the aging
simulation with temperature fluctuations between +50 °C and -30 °C compared to normal cli-
matic conditions.

The impact toughness test showed no significant differences between the wood species in
response to different environments. However, a higher percentage of defective joints was ob-
served in oak, which was due to extreme climatic conditions that caused polymer degradation
and wood swelling. Despite these defects, the joint strength remained acceptable.

The addition of a synthetic mica-based pigment to the epoxy resin positively affected
the quality of the cured structure and surpassed the quality of wood dust.

Overall, it can be concluded that the type of compound under investigation is suitable
for use in the furniture industry, provided the correct working procedures are followed. It is
also important that appropriate surface treatments are used to minimise the negative effects of
the external environment and to prolong the life of the products.
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Abstract
This paper focuses on investigating the durability characteristics of a composite material formed
by combining epoxy casting resins and solid wood, while analyzing the effect of surface treatments
and their durability. In this paper, the response of this material to various external factors including
mechanical wear, water vapour exposure and the effect of temperature alternation are investigated.

Key words
Epoxy resin, surface treatment, durability, contact angle, SEM analysis, micro scratching, water vapour,
temperature alternation.

INTRODUCTION

In the field of materials research and engineering, composite materials based on epoxy
casting resins and solid wood have become an object of increased interest. This group of mate-
rials offers promising applications due to their unique combinations of properties that combine
aesthetic properties with exceptional mechanical characteristics.

Research into the durability properties of these composite materials is becoming increa-
singly urgent, as their durability and reliability are key factors in deciding their use in a wide
range of applications. This work focuses on the durability of epoxy casting resin and solid wood
composite material to various external influences such as mechanical damage, water vapour and
temperature alternation effects.

The aim of this work is to provide a deeper understanding of the resistance mechanisms
of this material and to identify strategies for its improvement through surface treatments. The re-
sults of this analysis should contribute to the improvement of composite materials, which could
enhance their potential for use in demanding engineering and design applications.

APPLICATION OF EPOXY RESINS IN FURNITURE INDUSTRY

Epoxy resins, due to their important mechanical properties such as high strength
and resistance to chemical aggressors, find extensive use in the furniture and design industry.
These characteristics enable epoxy resins to produce surfaces that are smooth and non-porous,
which is particularly crucial for furniture components such as tables, desks and cabinets where
long-term durability and resistance to damage are essential. In addition, epoxy resins have
the ability to be colour matched and moulded into different shapes and designs, enabling them
to meet the demanding aesthetic and functional requirements of the furniture industry.
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The synergy with solid wood and other materials results in unique and durable composite mate-
rials that are widely used in the furniture and design industries. Thus, it can be concluded that
epoxy resins are an outstanding material for furniture manufacturing due to their significant
mechanical properties and ability to create smooth surfaces.

The main properties of epoxy resins include:
. Low emission of volatile products during the polymerisation reaction.

¢ Flexibility in the choice of monomers and comonomers, allowing a wide range
of products with different properties, from low Tg rubbers to high Tg materials.

e The possibility of using and combining different polymer chemistries suitable for spe-
cific processing needs.

e Very low shrinkage during polymerisation, reducing the risk of cracking or deforma-
tion of products.

¢ Very high adhesion to different surfaces due to the polar groups present in the struc-
ture.

ANALYSIS OF THE RESISTANCE CHARACTERISTICS OF EPOXY
RESINS TO EXTERNAL INFLUENCES.

Epoxy resins are an important element in the field of polymeric materials with a wide range
of applications. Their ability to withstand external influences plays a key role in determining
their durability and performance.

. Effect of water vapour on permeability: Water vapour can affect the strength
and structure of epoxy resins. Investigating water vapor absorption and its effect on the material
is essential to detect potential problems.

. Mechanical wear: Micro scratches and mechanical wear are common in many appli-
cations. The analysis focuses on the behaviour of epoxy resins during these processes and how
to improve their durability.

. Resistance to thermal stress: Epoxy resins are subjected to alternating temperatures,
which can cause thermal stresses. This paper discusses their thermal stability and the factors that
affect their resistance to temperature changes.

«  Contact angle: contact angle plays a role in the adhesion of epoxy resins to different
surfaces. Its analysis is key to understanding the interactions between resins and different mate-
rials.

The following types of resistances selected, have the potential to degrade or degrade
the epoxy. These investigations are key to identifying potential risks and issues that could lead
to complaints in furniture manufacturing.

SURFACE FINISH OF EPOXY RESIN AND SOLID WOOD
COMPOSITE

Composite materials composed of wood and polymer epoxy resins require a specific surface
treatment. This treatment serves as a polymer matrix between the composite and its surrounding
environment, allowing the two to interact effectively. When applying such a treatment to furni-
ture elements, it is important to consider both protective and visual aspects. The key objective
is to ensure that the composite material can withstand external influences, namely mechanical
abrasion and indentation, chemical and physical factors and the effects of changing environ-
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mental humidity.

The purpose of the protective function of the coating is to enhance its:

. Resistance to mechanical abrasion and indentation.

»  Resistance to chemical and physical factors (water, chemicals).

*  Changing environmental humidity.

*  Exposure to sunlight, UV radiation and heat.

. Resistance to dry and moist heat and cold liquids.

. Resistance to alternating heat

MATERIALS USED

During the experiment, composite materials with dimensions of 30 mm x 150 mm x 300
mm, consisting of epoxy casting resin and solid wood, were prepared and verified. These ma-
terials were shaped into a sinusoidal pattern to analyse the stress concentration at the joints.
Significantly, four different types of surface treatments were applied to these materials. Table 1

shows the characteristics of the wood species used for the composite.

Tab. 1: Characteristics of the wood species used for the preparation of the composite.

Name Latin name Mark Density (kg.m) Humidity (%)
Ash Fraxinus L. JS 670 8+ 10
Mahogany Mahagoni S. MAH 700 8+10
Walnut Juglans L. OR 660 8+10

Tab. 2: Characteristics of the epoxy resin used to prepare the composite.

Component substance

Chemical formula / type

Density g cm™)

Epoxy resin

4,4¢-Isopropylidendiphenol

1,205 - (20 °C)

Hardener

POLYOXYPROPYLENEDI-
AMIN

0,948 - (20 °C)

Tab. 3: Characteristics of the coatings used.
Component substance Mark Type
Waterborne epoxy varnish AQUA EPOXY Two component
‘Water-based varnish AQUA Single component
Polyurethane varnish PUR Single component
Nano polyurethane lacquer NANO PUR Two component
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EXPERIMENTAL PART

Contact angle:

In this study, contact angle measurements were made on the surface of the composite ma-
terial. This measurement was performed using two different liquids: water and diiodomethane.
The contact angle measurement allowed to evaluate how the surface treatment affects the inte-
raction between the liquid and the surface of the material. Contact angle measurements with
a polar liquid can provide information on the hydrophobic or hydrophilic properties of the epoxy
surface treatment and its ability to resist moisture. On the other hand, measurements with diio-
domethane can show how the coating reacts to a liquid with different properties.

Fig. 1: Contact angle measurement of epoxy resin and surface finish
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Comment: the blue colour represents the liquid water when measuring the contact angle
and the orange colour represents diilodomethane.

Fig. 2: Determination of the contact angle of epoxy resin and surface finish (Kudela, 2023)
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SURFACE STRUCTURE OF THE MATERIAL - SEM ANALYSIS

In this study, the composite material, consisting of solid wood and epoxy resin, was subjec-
ted to a thorough SEM (Scanning Electron Microscopy) analysis. This analysis was carried out
in order to image and examine the surface of the composite material in detail. The SEM enabled
high resolution images of the surface to be obtained, which allowed variations in the surface
structure, defects, roughness and morphology of the material to be identified and analysed.

Fig. 3: SEM analysis of composite material. (Kovarik, 2022)

TEMPERATURE CHANGING

This test was conducted based on a thorough analysis of how extreme temperature fluctu-
ations affect a composite material composed of epoxy resin and solid wood. The main objective
was to evaluate in detail the effect of these extreme temperature conditions on the physical and
mechanical characteristics of the material.

During the experiment, the samples were subjected to cyclic temperature changes
from extremely low values (-30 °C) to high temperatures (+50 °C), simulating a wide range
of climatic conditions. The responses of the composite to these conditions, namely potential
deformation, adhesion problems or changes in surface finish, were closely monitored over 40
cycles.

Fig. 4: Micro deflection at alternating temperatures of epoxy resin with different types of surface
treatment.
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Fig. 5: Determination of gloss at changing temperatures of epoxy resin with different types
of surface finish.
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EPOXY RESIN RESISTANCE TO WATER VAPOUR

The water vapour resistance of the composite surface treatment was tested in accordance
with EN 438-2. After exposure to water vapour for 60 minutes, a 7 cm long crack was found
at the bond between the cured resin and the solid wood. This crack is deep and indicates signi-
ficant damage to the surface and material. The uncoated composite was also tested, and micro
cracks were observed after exposure to water vapour.

Fig. 6: Visual representation of sample damage after steam exposure. (Tesarova, 2020)

Fig. 7: Visual representation of sample damage after steam exposure in an uncoated sample (mag-
nification 236x). (Kovaiik, 2023)
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MICRO SCRATCHING

The measurement of the surface resistance to micro scratches was carried out using
a Martindale instrument. The gloss was determined before and after scratching on a composite
consisting of epoxy resin and a growing material, with a polyurethane varnish finish. The results
show that the unfinished surface of the composite is very susceptible to micro-scratching com-
pared to the polyurethane varnish coated composite. Thus, the use of a suitable surface trea-
tment significantly improves the micro scratch resistance of epoxy resin. These results confirm
the main idea of surface treatment. The best resistance was observed for the polyurethane coa-
ting.

Fig. 8: Difference in gloss determination delta A - micro scratch tests for composite without surfa-
ce treatment and with polyurethane surface finish.
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EVALUATION AND DISCUSSION

The aim of our study was to comprehensively investigate the resistance of a composite
material based on epoxy resin and solid wood to extreme temperature changes. The main pur-
pose was to analyze how this extreme temperature variation affects the physical and mechanical
characteristics of the material, and thus to investigate its overall stability and durability. The tests
carried out involved cycling temperatures from extremely low to extremely high values, aiming
to simulate the different climatic challenges that a composite material may face in real condi-
tions. The aim was to monitor the material‘s response to this temperature change and analyse
the effect of this change on its properties.

Extreme temperature variations have the potential to cause deformation of the compo-
site. Increasing temperature results in softening of the epoxy resin, which can cause dimensio-
nal changes in the material. This effect is particularly significant when the material is exposed
to high temperatures for extended periods of time, such as during transport in hot climates.
Furthermore, we observed a negative effect of extreme temperatures on the surface finish
of the composite. This condition can lead to loss of surface gloss and aesthetic properties.
This is of particular importance in cases where the appearance of furniture or composite parts
is a key consideration.

The selection of suitable surface finishes is essential to protect the material from the ad-
verse effects of changing temperatures. The use of surface treatments such as polyurethane
lacquer contributes to the composite‘s greater resistance to micro-scratches and keeps its surface
in optimum condition.
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CONCLUSION

The selection of appropriate surface treatments becomes a key factor in maintaining
the composite‘s resistance to adverse thermal effects. The use of quality finishes such as polyu-
rethane varnish can minimize the detrimental effects of temperature changes and maintain the
aesthetics of the material.

The results are key to a deeper understanding of the behaviour of this composite material
and can be used to develop more effective surface finishes to improve it. This work offers a pro-
mising contribution to the development of engineering and design applications of this material.

Overall, the paper provides important insights for industrial and furniture applications
of the composite material. The development of optimal surface treatments and preventive measu-
res can ensure the long durability and stability of the material, which is of particular importance
for the furniture industry.
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FAILURE OF THE SURFACE TREATMENT OF BAKING SHEETS
SELHANI POVRCHOVE UPRAVY PECICICH PLECHU

MINDOS L.
SVUOM s.r.o., mindos@svuom.cz

Summary
The study clarifies the sequence of causes that quickly resulted in the formation of undesirable defects in
the surface treatment of baking sheets. Defects in the surface finish gradually increased and their number
constantly increased until it became impossible to use baking sheets in the process of baking dough, be-
cause the surface of the sheets was exposed due to the defects and thus the anti-adhesive properties were
lost, and the baked products could not be easily removed from the sheets.

Keywords
Baking sheets, non-stick surface treatment, Teflon filler, blistering defects, abrasive corundum blasting,
abrasive stuck in the base metal, AIMg3 alloy.

1 UVOD

Pecici plech je pojem znamy Siroké vefejnosti. Lze fici, Zze téméf kazdy se s néjakym typem
peciciho pripravku setkal, resp. mé€l moznost ho pouzit. Namatkou miizeme zminit z historie
napi. keramické glazurované pecici formy, pozdéji litinové, ty lepsi opét glazurované, pozdéji
zelezné, resp. ocelové bez nebo s glazurou, z novéjsi historie sklenéné, a nakonec z tenkého oce-
lového plechu potazeného anti-adheznimi, tedy nepfilnavymi povrchovymi upravami, nejcastéji
na bazi silikonovych a pozdéji polyfluorovanych organickych povlaki.

Je ziejmé, Ze rozdil mezi pouzitim pecicich pfipravkii v domacnosti a pouzitim v primys-
lové praxi (baker industry) je obrovsky, a to zejména z hlediska odolnosti nepfilnavych povlaki
vici opakovanému otéru, odéru, ometani, zakladani tésta, tedy vii€i celkovému poctu vyrobnich
pekarenskych cykli. Proto jsou nepfilnavé povlaky casto formulovany na bazi polyfluorovanych
organickych polymert, specificky modifikovanych at uz pevnymi nebo kapalnymi aditivy.

V uvedené studii bylo provadéno laboratorni zkoumani pfedcasné poskozenych pecicich
plecht, s povrchou tpravou zhotovenou tfemi vrstvami z kapalnych natérovych hmot aditivova-
nych jemné dispergovanymi ¢asticemi Teflonu (PTFE) a velmi tenkymi lamelarnimi slidovymi
Casticemi. Kapalna pojivova baze natérovych hmot byla deklarovana pro pouziti az do trvalych
provoznich teplot 250 °C.

Nosny material pecicich plecht byla slitina AIMg3 z divodu vysoké tepelné vodivosti, nizké
hmotnosti a dostate¢né tuhosti, pficemz tloustka plechu byla 2 mm a plech byl proveden jako
husté dérovany, s primérem otvort 2 mm. Pfiprava plecht pred 3-vrstvym lakovanim byla pro-
vedena diikladnym tryskanim korundovym abrazivem, bilym korundem. Z hlediska pfeupravy
plecht tryskanim a aplikaci specialnich typta tepeln€ odolnych natérovych hmot a provedeni 3
vrstev natéri bylo oéekavano, Ze povrchova uprava (PU) bude slouzit po poZzadovanou dobu cca
12 mésica.
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2 POPIS EXPERIMENTALNICH METOD

Obr.1: Postupna delaminace antiadhezni povrchové upravy = ztrata funkcénosti peciciho plechu.

Svétlé plochy odpovidaji mistim, kde doslo k delaminaci
povrchové Upravy od tryskaného povrchu AIMg3.

Obr. 2: Vybér vzorku z mist s relativné malo delaminovanou povrchovou upravou peciciho plechu
pro optickou mikroskopii kolmého fezu vSemi vrstvami povrchové upravy plechu.
TTRERTY Iz‘l“" T . l W ‘.“ A TRV LA ‘ 0] B LUGKRPOIG DYFoars A 1
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Obr. 3: Multicetny vzorek kolmého vybrusu pro optickou mikroskopii defekti v PU plechu.

Obr. 4: Experimentalni provedeni ditkazu AP iontii prostupujicich pies 3 vrstvy PU peciciho
plechu.

Zavazi 2'kg ~

Petriho miska
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3 VYSLEDKY A DISKUZE

Obr. 5: Experimentalni potvrzeni priniku ionta AI** pies 3 vrstvy povrchové upravy plechu.
Vlevo cervené kruhové otisky ve filtra¢nim papiru, jez odpovidaji obnazenym hranam na otvorech
v plechu; vpravo povrchova tuprava plechu s vyvolanou barevnou reakci na koroznich produktech
hliniku. Intenzivné ¢ervena barva = kovokomplexni sloucenina alizarinu s Al*3 ionty.

Obr. 6: Pozice a pocet barevné probarvenych defekti, tj. mist, kde doslo k pruniku koroznich pro-
dukta hliniku od podkladového materialu napii¢ vSemi vrstvami natéru. 100x, temné pole (TP).

i

\E] ploée 2080 um x 1390 pm = 2 08 mm
nalezeno 201 Proba\rvenych defektu
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Obr. 7: Pii malém zvétSeni 25x je dobre viditelné, ze trhliny v povrchové upravé, ¢ervené pro-
barvené, vznikly nezavisle na sméru kartacovani plechu. Drobné skrabance je mozné zretelné
rozlisit ve sméru shora dolu. Zaroven je dobre viditelné, ze povrchova tprava okolo otvori nebyla
vice poskozena nez plochy mezi otvory. To vSe svédci o nevyznamném vlivu kartacovani plechu na
povrchovou upravu.

Obr. 8: Zvétseni 50x, jina pozice. Velmi zietelné viditelny mnohacetny vyskyt ¢ervenych ploch,
odpovidajicich koroznim produktim hliniku. A opét nenalézame zadnou vzajemnou korelaci mezi
vyskytem cervenych ploch a svisle smérujicich drobnych Srabancu po kartacovani plechu, jez se
pouziva na produkeni lince k odstranéni zbytki soli, maku, seminek, drobkt apod. po upeceni
tésta.
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Obr. 9: Objasnéni rozporu mezi namétenou tloustkou 3-vrstvého NS a predéasnym selhanim PU
vlivem koroze povrchu AIMg3 plechu a nasledné tvorby trhlin v PU a jeji delaminace, a to
v dusledku zaseknutych ostrohrannych ¢astic korundu v povrchu AIMg3 plechu, které byly
neucinné piekryty 3 vrstvami natérovych hmot s piisadami teflonové disperze pro zajisténi antiad-
heznich vlastnosti.

ni nejvétsi castice korundu neni zadna
NS je otevien pro prinik vihkosti do
itra NS a k tryskanému povrchu Al plechu.

‘ B velké Gastice Korundu v 18sné

‘ blizkosti zptsobily vznik velkého
porézniho defektu pod obéma
casticemi korundu.

‘ 110 ym

Na délce 110 pm nalezeny 4 zaseklé
castice korundu o rtzné velikosti.

70 pm.,

i |

‘("|Na délce 70 pym nalezeny 3 velké zaseklé &astice korundu.]
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Obr. 10: Rozbor kolmého fezu 3-vrstvym natérovym systémem se zaseklym ostrohrannym korun-
dovym abrazivem a ojedinély nalez drobného vrypu na povrchu po mnohamési¢nim kartacovani.

6ta 4 pm vymezuje zbytkovou tloustku NS
ad ostrym vrcholem korundové &astice.

Zaméreni osamélého defektu, ktery by mozZna mohl odpovidat mechanickému poskrabani
povrchu. Sitka cca 11 pm, hloubka pouhé 3 um. Je jasné, Ze tento defekt nemohl mit Zadny
vazny vliv na poskozeni povrchové Gpravy peciciho plechu.
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4 ZAVER

Hlavnimi pfi¢inami pfed¢asného selhani povrchové upravy pecicich plechii, ktera byla pro-
vedena jako 3-vrstvy natérovy systém zhotoveny na ostrohranné tryskaném povrchu AIMg3 ple-
chu, bylo vysoké mnozstvi ¢astic ostrohranného korundu zaseknutych do povrchu plechu, a tyto
ostrohranné Castice nebyly ani po prelakovani 3 vrstvami piekryty dostatecné silnou ochrannou
vrstvou, ktera by mohla uéinné€ branit priniku vlhkosti a soli z vlhkych tést pokladanych na
povrchovou upravu plechu v kontinualnim cyklickém vyrobnim procesu peceni potravinovych
produktti.
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ZINC RECYCLING AND THE USE OF CIRCULAR ZINC POWDER IN
LOW-CARBON BASIC ANTI-CORROSION PAINTS

RECYKLACE ZINKU A VYUZITI CIRKULARNICH ZINKOVYCH PRASKU
V NIZKOUHLIKATYCH ZAKLADNICH NATEROVYCH HMOTACH

DANAT.
COREZINC s.r.0., tomas.dana@corezinc.com

Summary
The aim of this presentation is to demonstrate the recycling of zinc and to compare that recycled zinc
powder can replace products made from primary raw materials. COREZINC circular zinc powders pro-
duced by the process of material utilization of zinc waste demonstrated very good properties in basic anti-
-corrosion coatings, which achieved comparable and, in some parameters, better properties compared to
the use of primary zinc as an input raw material. Circular zinc powders should achieve a neutral carbon
footprint, and the base anti-corrosion paints produced subsequently can be labeled as a low-carbon
products. This should not only bring economic benefits in terms of customer interest in sustainable base
anti-corrosion coat products, but especially contribute significantly to the protection of the environment in
the area of climate.

Abstrakt
Cilem této prezentace je demonstrovat recyklaci zinku a porovnat, ze recyklovany zinkovy prasek muze
nahradit produkty vyrobené z primarnich surovin. Cirkularni zinkové prasky COREZINC vyrobené
procesem materialového vyuziti zinkového odpadu prokazaly velmi dobré vlastnosti v zakladnich antiko-
roznich natérech, které v ramci testl dosahly srovnatelnych a v n¢kterych parametrech i lepsich vlastnosti
ve srovnani s pouzitim primarniho zinkového prasku jako vstupni suroviny. Cirkularni zinkové prasky
by mély dosahovat neutralni uhlikové stopy a nasledné vyrobena zakladni antikorozni barva mtize byt
oznacena jako nizkouhlikaty produkt. To by mélo pfinést nejen ekonomické vyhody z hlediska zajmu za-
kazniki o udrzitelné produkty zakladnich antikoroznich natérovych hmot, ale zejména vyznamné prispét
k k ochran¢ zivotniho prostfedi v oblasti klimatu.
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STUDYING ANTI-CORROSION EFFICIENCY
AND PHYSICAL-MECHANICAL PROPERTIES OF THE 1K
POLYURETHANE COATING SYSTEM BY EXPERIMENTING WITH
DIFFERENT TYPES OF ZINC PIGMENTS, CONDUCTIVE POLYMERS
AND MICRO GLASS BUBBLES IN VARIABLE CONCENTRATION

STUDOVANI ANTIKOROZNI UCINNOSTI A FYZIKALNE-MECHANICKYCH
VLASTNOSTI 1K POLYURETANOVEHO NATEROVEHO SYSTEMU S RUZNYMI
TYPY ZINKOVYCH PIGMENTU, VODIVYCH POLYMERU A SKLENENYCH
MIKROSFER PRI ROZDILNYCH KONCENTRACICH

RAYCHA'Y.!, MAREK ]2, KOHL M.!, KALENDOVA A !

1 Faculty of Chemical Technology, University of Pardubice, Studentska 573, CZ-532 10 Pardubice, Czech
Republic.
2 RADKA spol. s. r.o. Pardubice, Na Luzci 706, 53341 Lazné Bohdanec, Czech Republic.

yashraycha5@gmail.com

Summary
The article discusses about analysing performance of 1K moisture cured polyurethane coatings formu-
lated with different kinds of Inorganic fillers, anticorrosive pigments, conductive polymers and glass
bubble. Resins were used to develop polyurethane coatings. The mechanical resistance of the prepared
films was evaluated from the results of mechanical tests. The anticorrosive efficiency of the prepared films
was evaluated from the results of corrosion tests SST and humidity.

Key words
1K Polyurethane, metallic zinc pigment, conductive polymers, polyaniline, micro glass bubble.

Introduction
Studying ways to preserve metal structures from corrosion is necessary because there is a 2.5 trillion

USD economic loss due to corrosion worldwide [1]. It is thought that 15 to 35% of corrosion loss could
be restored by using corrosion protection techniques. Coating the metallic structure to extend its working
life is one of the most popular methods of corrosion protection. When it comes to important metallic con-
structions like pipelines, ship hulls, bridges, statues, and wagons, anticorrosive coatings are a must-have.
The best features of a two-coat or three-coat steelwork protection system are combined in a polyurethane

system, which also increases manufacturing output. One recent innovation is moisture-cured 1K polyu-
rethane coatings, which are well-liked right now for their strong anticorrosion defense and simplicity of

application because they don‘t need complicated application procedures. [2, 3]

1K moisture cure due to its superior mechanical qualities, such as abrasion resistance, che-
mical resistance, light resistance, and others, is one of the innovative and advance coatings.
Additional anticorrosive properties of coatings can be enhanced by incorporating various pig-
ments and additives in these binders. Most widely used pigment for anticorrosive coatings is zinc
pigment. Zinc pigment provides excellent resistance to corrosion, mechanism of action of zinc
pigments is sacrificial, electrochemical and barrier. [4, 5] To obtain optimum protection usually
it is noted that zinc concentration in the coatings is kept around 50-70% by weight. However,
there are various economic and environmental cons associated with use of high volume of zinc
in coatings. Therefore, current study focuses on partial replacement of zinc with innovative and
advance smart materials like conductive polymers and micro glass bubbles. Various study shows
that by adding small dosage of conductive polymers in zinc rich coatings, concentration of zinc
can be reduced by keeping overall performance of coatings intact. [6, 7] Additionally micro glass

86



XVI. CONFERENCE ON PIGMENTS AND BINDERS « NOVEMBER 6-7, 2023 « LECTURES

bubble are also materials that can be used in zinc rich coatings to reduce the concentration of
zinc and get more effective anticorrosive coatings.

The moisture cured 1K Polyurethane direct-to-metal coating features durable UV stability
and low VOC content and long-lasting anti-corrosive protection and excellent mechanical pro-
perties for up to many years [8]. Moisture cured urethane coatings are solvent-borne 1K formu-
lations that cross-link by reaction of isocyanate resins with atmospheric moisture. They can cure
at temperatures as low as 0 degrees. Such coatings are based primarrily on isocyanate terminated
resins made from polyethers by reacting terminal hydroxy group with excess polyisocyanate. To
minimize the amount of unreacted diisocyanate, the resin is prepared utilizing an equivalent
ratio of NCO to OH that is less than 2:1. [9]

Fig. 1: Reaction of MCU. [9]

0O +H,0 — N Lo
A L OH AR

THE GOALS OF STUDY

Currently, protective coating which is a three-coat system of zinc-rich primer/epoxy/po-
lyurethane paint is widely used. However, these conventional 2K systems with one base and
one hardener have complicated application techniques which makes these coatings inconveni-
ent for all the applications. Thus, new advance coatings systems with moisture cured 1K po-
lyurethane gives advantage over this problem and its widely used. This 1K systems eliminate
the need of hardener to cure the film, so painting a steel overpass can be completed easily without
need of specific application instruments. When application specifications are followed, moisture
cured PUR systems can reduce labour as well, increasing worker productivity and decreasing
the overall cost of coating applications [10]. This article discusses about analysing performance
of 1K moisture cured polyurethane coatings formulated with different kinds of Inorganic fillers,
anticorrosive pigments, conductive polymers and glass bubble. Resins were used to develop po-
lyurethane coatings. The mechanical resistance of the prepared films was evaluated from the
results of mechanical tests. The anticorrosive efficiency of the prepared films was evaluated from
the results of corrosion tests SST and humidity.

Overall whole study can be classified in three parts.

Part 1 - Evaluation of anticorrosive property of moisture cured 1K polyurethane coatings
by incorporation of two different types of metallic zinc pigments.

Part 2 - Evaluation of anticorrosive property of moisture cured 1K polyurethane coatings
with zinc pigment by incorporation of two different types of conductive polymers.

Part 3 - Evaluation of anticorrosive property of moisture cured 1K polyurethane coatings
with zinc pigments by incorporation of two different types of conductive polymers and micro
glass bubbles.

Raw materials used were as follows.
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Tab. 1: Details of different raw materials used to formulate 1K polyurethane coatings.

Type Material
Resin Aromatic polyisocyanate prepolymer
Inorganic Filler Baryte (BaSO,)

1. Zinc pigment type 1

Pigments —
2. Zinc pigment type 2

1. Polyaniline — H,PO,
2. Polyaniline — PTSA
Speciality fillers Micro glass bubbles

Conductive Polymers

BINDER FOR PAINTS

Aromatic polyisocyanate prepolymer based on diphenylmethane diisocyanate (MDI). It is
suitable for the formulation of high solids, one component polyurethane topcoats and primers
and solvent less coating materials. This resin is a suitable binder for formulation of moisture
cured systems.

MICRO GLASS BUBBLE

Micro glass bubble are engineered hollow glass spheres made from water-resistant and che-
mically-stable soda-lime borosilicate glass. Glass bubbles are water and oil resistant, providing
better utility in underwater applications. Additionally, they are non-combustible and non-porous,
so they do not absorb resin; and their low alkalinity makes this product compatible with most
resins while providing a stable viscosity and a long shelf life. glass bubbles are a superior alterna-
tive to many conventional fillers and additives such as silicas, calcium carbonate, talc, clay and
other materials used in demanding applications. These low-density spheres are used in a wide
range of industries to reduce part weight, lower costs and enhance product properties - making
them more reliable and affordable. The glass bubbles have isostatic crush strengths of 3,000 psi
with a minimum of 90% survival. This general purpose microspheres offer very good strength-
-to-density ratio.

CHARACTERISTICS OF PIGMENT AND FILLERS

Physical characteristics of pigments are shown in Table 2. Density was determined using
Autopycnometer Micromeritics 1340 and oil absorption was determined according to the Czech
State Standard (CSN) 67 0531 using the ,,pestle - mortar® method. Thereafter critical pigment
volume concentration (CPVC) was calculated by using density and oil absorption of pigments.
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Tab. 2: Details of properties of different pigments and fillers.

. Density oil a‘b-
Pigments [g.cm] sorption CPVC
[g/100g]
Baryte 4.48 9.8 68
Zinc pigment - 1 6.82 7.0 65
Zinc Pigment - 2 7.09 7.0 65
Polyaniline-phosphate 1.53 61.7 49
Polyaniline-P-toluene sulfornic acid 1.41 74.3 47
Micro glass bubble 0.30 - -

Fig. 2: SEM images of a) zinc type 1 b) zinc type 2 c) micro glass bubble d) PANI-Phos
e)PANI-PTSA

d)

EXPERIMENTAL PART

Preparation of polyaniline polymers by oxidative polymerisation

Aniline is oxidized by ammonium peroxodisulphate in an acidic media (Phosphoric acid
H,PO,) to produce PANI-H PO,. The reaction (exothermic) occurs in air at room tempera-
ture. 250 ml of 0.25 M ammonium peroxodisulphate (Merck) was dissolved in distilled water,
and 250 ml of 0.2 M aniline (Merck) was diluted in 0.8 M phosphoric acid. After combining
the two solutions, the resulting liquid underwent a mechanical stir for 60 minutes. The initially
colorless reaction liquid turned blue during the polymerization process before finally taking on
the PANI-H,PO, green hue. The mixture for the reaction was then left overnight.

Using a buchner funnel to filter off the PANI-H,PO, precipitate that resulted, the product
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was then washed with diluted phosphoric acid and acetone. PANI-H,PO, powder was created
and dried for 24 hours in air and subsequently in an oven at 60°C.

Aniline is oxidized by ammonium peroxodisulphate in an acidic media (para-toluene sulfo-
nic acid) to produce PANI-PTSA. The reaction (exothermic) occurs in air at room temperature.
250 ml of 0.25 M ammonium peroxodisulphate (Merck) was dissolved in distilled water, and
250 ml of 0.2 M aniline (Merck) was dissolved in 0.3 M para-toluene sulphonic acid. After
combining the two solutions, the resulting liquid underwent a mechanical stir for 60 minutes.
The initially colorless reaction liquid turned blue during the polymerization process before fi-
nally taking on the PANI-PTSA green hue. The mixture for the reaction was then left overnight.

Using a Buchner funnel to filter off the PANI-PTSA precipitate that resulted, the pro-
duct was then washed with diluted phosphoric acid and acetone. After 24 hours, the resultant
PANI-PTSA powder was dried for 24 hours in air and subsequently in an oven at 60°C.

Fig. 3: Reaction of aniline to polyaniline

NH;

4n é + 50(NH,),S;0, 20HA_ {un'=©=nu'—©——m‘—©—m‘—©}r ;A
n

+50 HaS0, + 50 (NH,),S0,

Preparation of paints and organic coatings

Coatings were prepared in dissolver at 1300-1500 rpm, glass beads were used as grinding
medium. Usuall time for grinding paint was 40 mins. Coatings were applied to steel and glass
panels and further investigated for mechanical and corrosion properties. The coating materials
were applied using a box application ruler to glass and steel panels according to the ISO 1514
standard. After drying of the coating films, the dry film thicknesses (DFT) were measured using
a magnetic thickness gauge according to ISO 2808.

Preparation of polyurethane coatings by only zinc pigments

In Part 1 of the study, coatings were formulated by using two different types of zinc pigment.
Usual formulation includes - 21% Resin, 7% Filler, 70% pigment, 2% additives. There was total
two batches were prepared which are as follows:

P1B1 - Zinc Pigment 1 70% P1B2 - Zinc Pigment 2 70%

Preparation of polyurethane coatings by zinc pigment and conductive polymers (CP)

In Part 2 of the study, coatings were formulated by using zinc pigment and two different
types of conductive polymers. Usual formulation includes - 22% Resin, 13% Filler, 60-62%
pigment, 1-3% CP and 2% additives. (CP 1 is polyaniline PANI-H,PO, and CP 2 is polyaniline
PANI-PTSA).

There was total ten batches prepared which are as follows:

P2B1 - Zinc 62% CP1 1% P2B6 - Zinc 62% CP2 1%
P2B2 - Zinc 61% CP1 2% P2B7 - Zinc 61% CP2 2%
P2B3 - Zinc 60% CP1 3% P2B8 - Zinc 60% CP2 3%
P2B4 - Zinc 50% CP1 1% P2B9 - Zinc 50% CP2 1%
P2BS5 - Zinc 50% CP1 2% P2B10 - Zinc 50% CP2 2%
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Preparation of polyurethane coatings by zinc pigment, conductive polymers and micro glass
bubble

In Part 3 of the study, coatings were formulated by using zinc pigment, two different types
of conductive polymers and micro glass bubble. Usual formulation includes - 22% Resin, 13%
Filler, 34% pigment, 1-2% CP, 2% Glass bubble and 2% additives.

Batch prepared which are as follows:
P3B1 - Zinc 34% Glass bubble 2% CP1 1% P3B3 - Zinc 34% Glass bubble 2% CP2 1%
P3B2 - Zinc 34% Glass bubble 2% CP1 2% P3B4 - Zinc 34% Glass bubble 2% CP2 2%

Application of coatings

Steel and glass panels were applied by use of applicators having varying WFT. usually coa-
ting on steel panels were applied with DFT 100um and on glass with DFT 70um. The coating
materials were applied using a box application ruler to glass and steel panels according to the
ISO 1514 standard. After drying of the coating films, the dry film thicknesses (DFT) were mea-
sured using a magnetic thickness gauge according to ISO 2808.

Mechanical properties of the coatings

Several performance tests were carried out to check the mechanical properties of diffe-
rent coating films. The physical-mechanical quantities indicate the flexibility, elasticity, and the
strength of the paint film. These tests provide a basis for studying the mechanism of action of
protective organic coatings. The physico-mechanical evaluation was carried out after application
on steel panels - size 100 mmx50 mmx0.5 mm (Standard low-carbon steel panels QD-24, Q-Lab
Corporation). The dry film thickness (DFT) was measured with a magnetic gauge according to
ISO 2808.

For the mechanical properties of paint films, elasticity and strength were analyzed. ISO
2409 describes cutting a lattice into the film using a special cutting blade with cutting edges 2
mm apart for the adhesion test. The impact strength of the paint films applied to steel panels was
determined by letting a 1000 g weight fall onto the panels from different heights and recording
the largest height (in mm) at which the film could bare the impact without damage (ISO 6272).
An Erichsen cupping test was used to test the paint film’s resistance to cupping. The result was
the steel ball indentation depth (in mm) at which the film integrity remained undisturbed, as
specified in ISO 1520. The elasticity of paint film was examined by the mandrel test, in which
the panels were bent over mandrels of different diameters. The largest diameter up to which
the film remained intact was measured, as specified in ISO 1519.

Corrosion test procedures

Environmental influence on the paints is studied by various corrosion tests where the at-
mospheric conditions are intensified. Film degradation, and primarily the extent of corrosion
under the paint film on a protected base are studied. The accelerated corrosion test was carried
out in an NaCl atmosphere with water steam condensation (ISO 9227). The first test paints were
applied on the steel panels - size 152 mmx102 mmx0.8 mm (Standard low-carbon steel panels
S-46, Q-Lab Corporation) by an applicator with a 300-um slit. The dry film thickness (DFT) was
measured with a magnetic gauge according to ISO 2808.

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

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

RESULTS AND DISCUSSION

Results of the mechanical properties of coating systems

The results of physico-mechanical tests are given in Table 3 and Table 4. Results of hardness
and degree of adhesion is mentioned as per standard ISO 1522 and ISO 2409 respectively. Ad-
hesion is excellent of almost all the coatings whereas the hardness is different. It is observed that
as zinc concentration is kept high, hardness is also sufficiently higher.

Tab. 3: Mechanical properties of the polyurethane coatings DFT= 70 £ 5 um.

Batch Cross cut test Hardness Konig 28
[dg. / % of area removed] Days [sec]*
Zinc Pigment 1 70% 2/15 190
Zinc Pigment 2 70% 3/35 94
Zn 62% + CP1 1% 5/65 103
Zn 61% + CP1 2% 1/5 110
Zn 60% + CP13% 1/5 107
Zn 62% + CP2 1% 1/5 85
Zn 61% + CP22% 1/5 69
Zn 60% + CP2 3% 1/5 97
Zn 50% + CP1 1% 1/5 110
Zn 50% + CP1 2% 1/5 106
Zn 50% + CP2 1% 1/5 109
Zn 50% + CP2 2% 1/5 112
Zn 34% + CP1 1% + glass bubble 2% 1/5 115
Zn 34% + CP1 2% + glass bubble 2% 1/5 98
Zn 34% + CP2 1% + glass bubble 2% 1/5 120
Zn 34% + CP2 2% + glass bubble 2% 1/5 119
*Standard: Measurement of hardness for standard glass panels in Konig hardness was 250 sec.
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Tab. 4: Mechanical properties of the Polyurethane Coatings DFT = 70 * 5 um.

— “ment | teml | test tmm
Zinc Pigment 1 70% > 10 Fail 5
Zinc Pigment 2 70% 39 Fail 5
Zn 62% + CP1 1% 43 Fail 5
Zn 61% + CP1 2% 3.8 Fail 5
Zn 60% + CP1 3% 3.6 Fail 5
Zn 62% + CP2 1% 7.8 Fail 5
Zn 61% + CP2 2% 7.1 Fail 5
Zn 60% + CP2 3% 43 Fail 5
Zn 50% + CP11% 7.0 20 5
Zn 50% + CP1 2% 7.7 30 5
Zn 50% + CP2 1% 7.3 75 5
Zn 50% + CP2 2% 8.0 40 5
Zn 34% + CP1 1% + glass bubble 2% 8.3 100 5
Zn 34% + CP1 2% + glass bubble 2% 9.0 100 5
Zn 34% + CP2 1% + glass bubble 2% 7.9 75 5
Zn 34% + CP2 2% + glass bubble 2% 9.4 100 5

ISO 6272 describes impact testing, ISO 1520 describes cupping test and ISO 1519 shows
flexibility tests of coatings. Results described in table 4 shows that, coatings with high concentra-
tion of zinc fails in impact test, while Zn% 50 and 34 gives sufficient impact resistance. In terms
of flexibility, all the coatings give excellent results. Cupping test gives variable results for all the
coatings where coatings with glass bubbles, has higher cupping resistance as compared to other
coatings.

Assessment of the accelerated corrosion tests

The results of this corrosion test performed for the individual paints in a chamber with salt
mist after 480h of exposure are given in Table 5. From the results occurrence of blistering was
slightly observed on the organic coating. Another evaluated phenomenon was the corrosion in
the cut. The last corrosion phenomenon to be evaluated was the corrosion on the steel panel.
In terms of overall performance, it was observed that coatings with glass bubbles gives proper
protection from corrosion with zinc 34%. Corrosion on the surface was observed only 10% and
no blisters were observed in the cut of the coatings. This provides effective basis of using glass
bubbles in the protective coatings. Whereas all other coatings performed poorly.
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Tab. 5: Results of the corrosion tests performed in a salt mist chamber for coatings after 480 h of
exposure DFT =100 = 5 um.

Batch Blisters in Blisters in Corrosion in
cut [dg.] surface [dg.] surface [%]
Zinc Pigment 1 70% 6F 4MD 16
Zinc Pigment 2 70% 6F 2D 50
Zn 62% + CP11% 4D 2D 33
Zn 61% + CP1 2% - 2D 16
Zn 60% + CP13% - 2D 16
Zn 62% + CP2 1% - 2D 50
Zn 61% + CP2 2% 4M 2D 33
Zn 60% + CP2 3% - 2D 33
Zn 50% + CP1 1% 4M 4D 16
Zn 50% + CP12% 4D 2D 10
Zn 50% + CP2 1% - &M 33
Zn 50% + CP2 2% &M 8MD 33
Zn 34% + CP1 1% + glass bubble 2% 2F &M 3
Zn 34% + CP1 2% + glass bubble 2% 4F &M 10
Zn 34% + CP2 1% + glass bubble 2% - 2D 10
Zn 34% + CP2 2% + glass bubble 2% - 2D 10

Fig. 4: Results of salt spray after 480 h. a) Zinc 70%, b) Zinc 60% CP1, c) Zinc 50% CP1 1%,
d) Zinc 50% CP1 2%
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Fig. 5: Results of salt spray after 480 h. a) Zinc 70%, b) Zinc 60% CP2 1%,
¢) Zinc 50% CP2 1%, d) Zinc 50% CP2 2%

Fig. 6: Results of salt spray after 480 h. Coatings with 2% micro glass bubble. a) Zinc 34% CP1
1%, b) Zinc 34% CP1 2%, ¢) Zinc 34% CP2 1%, d) Zinc 34% CP2 2%

(@) () © @

The results of this corrosion test performed for the individual paints in a chamber with
condensation after 480h of exposure are given in Table 6. Humidity test data shows different
results as compared to salt spray. Coatings with higher dosage of zinc has superior resistance to
moisture penetration as compared to coatings with lower dosage of zinc (micro bubbles).
However, the difference is not largely evident.
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Tab. 6: Results of the corrosion tests performed in a Humidity chamber for coatings after 480 h
of exposure, DFT =100 = 5 um.

Batch Blisters in surface [dg.] | Corrosion in surface [%]
Zinc Pigment 1 70% - 10
Zinc Pigment 2 70% - 1
Zn 62% + CP1 1% - 0.1
Zn 61% + CP1 2% - 0.1
Zn 60% + CP1 3% - 3
Zn 62% + CP2 1% - 0.1
Zn 61% + CP2 2% - 0.3
Zn 60% + CP2 3% - 0.3
Zn 50% + CP1 1% - 1
Zn 50% + CP1 2% - 1
Zn 50% + CP2 1% 8F 3
Zn 50% + CP2 2% 8F 3
Zn 34% + CP1 1% + glass bubble 2% 6F 10
Zn 34% + CP1 2% + glass bubble 2% 8MD 10
Zn 34% + CP2 1% + glass bubble 2% - 3
Zn 34% + CP2 2% + glass bubble 2% - 0.3
CONCLUSION

This study focuses on developing and analyzing moisture cured 1K polyurethane coatings
with use of different commercially available zinc metallic pigments, conductive polymers and
micro glass bubble. The results of accelerated corrosion tests- Salt Spray and Humidity demon-
strate the following.

From Part 1 of experiments, observing the results of different metallic zinc pigment types
it can be concluded that zinc pigment type 1 showed excellent corrosion efficiency both in Salt
spray test and Humidity chambers after 480 hrs as compared to zinc pigment type 2.

From Part 2 of experiments, observing the results of different batches it can be concluded
that by comparing standard coating with 70% zinc and coatings with 50% zinc with 2% CP1, it
was observed that coatings with 50% zinc and 1-2% Conductive polymers PANI-PHOS, gives
higher resistance to corrosion conditions and protecting metal in Salt spray test and Humidity
chambers after 480 hrs. So, it can be stated that zinc concentrarion in coatings can be effectively
reduced by adding conductive polymers.

Part 3 of experiments, focuses on further reduction of zinc by incorporating advance and
specialized fillers known as glass bubbles. Observing the results of different batches, it can be
concluded that by comparing standard coating with 70% zinc and coatings with 34% zinc and
2% Glass bubble and 1% CP1, it was observed that coatings with 34% zinc with 1% Conductive
polymers PANI-PHOS and 2% glass bubble, gives higher resistance to corrosion conditions and
protecting metal in salt spray test and Humidity chambers after 480 hrs. So, it can be stated that
zinc concentration in coatings can be reduced to half by adding conductive glass bubble and
conductive polymers.
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ARE YOU READY TO CLOSE THE LOOP FOR PAPER FOOD
PACKAGING? THE WAY TO COMBINE HIGHER BARRIER
PERFORMANCE WITH FULL RECYCLABILITY OF PAPER PACKAGING
AT LOWER CARBON FOOTPRINT

JSTE PRIPRAVENI UZAVRIT SMYCKU PRO PAPIROVE OBALY POTRAVIN?
ZPUSOB, JAK SPOJIT VYSSI BARIEROVY VYKON S PLNOU
RECYKLOVATELNOSTI PAPIROVYCH OBALU PRI NIZSI UHLIKOVE STOPE

YEROMA B.

Ogranak Covestro (Slovakia) Services s.r.o., boris.yeroma@covestro.com

Summary
The fast pace of modern life has made food and beverage packaging essential for all of us. Sadly, most
food packaging still uses unsustainable materials such as composites of extrusion polymers like PE, or
laminated structure such as aluminium, which are difficult or even impossible to recycle economically.

To mitigate this challenge, COVESTRO has designed a water-borne dispersion resin called Decovery®
CQ 6010 for printed coatings that delivers high MVTR barrier properties and excellent fat and grease
resistance. With application rates of 5-10 gram per sq.m only, such coatings can effectively replace PE la-
minated films and ALU laminates in some cases. At the same time, paper packaging coated with Decovery
CQ 6010, remains 100% re-pulpable and recyclable.

In addition, Decovery® CQ 6010 contains ca. 37% of carbon from renewable sources which enables it
to deliver significantly lower carbon footprint comparing with ‘virgin’ PE and other dispersion coatings
totally derived from fossil carbon.
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BEZ SMACENI NENI DISPERGACE — URCOVANI SMACIVOSTI
PRASKU
NO DISPERSING WITHOUT WETTING — DETERMINING THE WETTABILITY
OF PARTICLES

CERNIK M.

Uni-Export Instruments, s.r.o., mc@uniexport.co.cz

Summary
Povrchova energie a kontaktni uhly jsou zasadni parametry pro predpovidani dispergovatelnosti ¢astic.
Youngova rovnice urcuje vztah mezi kontaktnim vihlem a povrchovou energii. Povrchova energie se déli
na polarni a disperzni slozku, z nichz kazda popisuje vliv jiného druhu sil. V prezentaci jsou uvedeny
priklady povrchového napéti tavenin riiznych polymeri a povrchovych energii sazi véetné polarnich
a disperznich slozek a predpovéd’ dispergovatelnosti grafitu v téchto taveninach. Dalsim prikladem je
porovnani dvou vzorkii oxidu kiemicitého s riiznymi povrchovymi vlastnostmi. V zavéru prezentace je
predstavena metodika Washburn direct, coz je modifikovand Washburnova metoda pro snadnéjsi a pres-
néjsi uréovani kontaktnich vihlii véetné konfidencnich intervalu.

Key words
Disperze, smacivost, povrchova energie, povrchové napéti, Washburn
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NOVEL RHEOLOGY MODIFIER PROVIDING HIGH
PSEUDOPLASTICITY FOR OPTIMAL FILM APPEARANCE

NOVY REOLOGICKY MODIFIKATOR, KTERY POSKYTUJE VYSOKOU
PSEUDOPLASTICITU PRO OPTIMALNI VZHLED FILMU

NARITA K.

Kusumoto Chemicals, Ltd., 1-11-13 Uchikanda Chiyoda-ku Tokyo, 101-0047 Japan,
narita-kzk@kusumoto.co.jp

Abstract
Rheology control is one of the key technologies in coatings, there are various types of rheology modifiers
commercially available, but polyamide-based rheology control additives is distinguished by unique visco-
sity flow behavior and sustainable approaches. This article gives new viewpoints of rheology by focusing
on high-low shear viscosity and rheology behavior during initial stage of drying process in Water-Borne
systems. Optimal rheology control improves not only basic properties such as anti-sagging and anti-sett-
ling, but also coating film appearance by improving orientation of effect pigments. This article explains
how polyamide-based rheology control additives improve appearance of final coating from points of
rheological view through case studies in acrylic-urethane metallic coating and matting silica formulated
matte coating.

Key words
Rheology control, polyamide-based wax, pseudoplasticity, anti-sagging, anti-settling, orientation of effect
pigments, metallic coating, matte coating, sustainability

1 INTRODUCTION

Rheology control technology is one of the most vital technologies in coatings. Their fun-
damental functions are to prevent sagging and pigment settling. On top of that, optimal use of
rheology control additives(RCA) improves coating appearance without negative impact on pro-
perties. In the global market, a wide variety of materials, regardless of inorganic or organic, are
being used as a rheology control additive, and most of them utilize intermolecular interactions
such as hydrogen bonds to function as RCA. Compounds containing amide groups, urethane
groups, urea groups, etc. are often used in RCA due to their strong hydrogen bonding power.
The polyamide-based rheology control additive which is composed of bio-based fatty acids and
diamines has been one of the most universal solutions regardless of the market. More, it is rece-
iving attention again as a sustainable material in recent years.

Amide-wax is the market leader of solvent-borne and solvent-free systems because of excel-
lent anti-sagging, and anti-settling, minimal impact on coating properties. But amide wax used
in solvent-borne and solvent-free systems has a hydrophobic structure, and it is difficult to adapt
it to water-borne systems. Therefore, low molecular weight amide polymer having an anionic
hydrophilic group is used as a Poly Amide Rheology Control Additive (PARCA) for water borne
systems.1)

PARCA is composed of two parts, hydrophobic amide-bonding and hydrophilic carboxylic
acid. Polyamide exists in clusters in water due to hydrophobic interaction and hydrogen bonding.
The small clusters interact each other or with particles(pigment/emulsion) and build thixotropic
network structure.

PARCA can make network structure mainly by themselves and hardly affected from volume
fraction dependency of other dispersing particles. Therefore, there is no significant decrease
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in pseudoplasticity due to dilution unlike Alkali Swellable Emulsion (ASE). Because PARCA
imparts strong pseudoplasticity by the network structures, it gives excellent anti-sagging and
anti-settling effect, and allows for easy application by spray, roller, brush etc. compared to Hyd-
rophobic Ethoxylated Urethane (HEUR). PARCA can impart stronger pseudoplasticity than
a modified EVA copolymer wax emulsion (EVA wax) in water-borne systems as same as in
solvent-borne systems. In the comparison with other types of RCAs, PARCA is positioned as
“low thickening, high pseudo-plasticity”. PARCA may not be optimal solution just for thickening,
but high pseudoplasticity of PARCA can expand the possibility of coatings systems by giving
mentioned properties.

In order to select suitable one, critical factor to determine the performance of PARCA is
the amount of co-solvent formulated in the systems. Depend on it, compatibility of PARCA
with systems may vary. Several types of PARCA are already prepared for rapidly advancing
water-borne markets, which can cover co-solvent rich systems to sustainable co-solvent less sys-
tems. Types of co-solvent should also be taken into account for selection.

All of properties of PARCA is exclusively originated from unique rheological behavior. The
viscosity curves of a urethane dispersion with some RCAs are demonstrated as Figure 1-1. The
additives were added so that the viscosity at a shear rate of 0.1 s*! was approximately 1000
mPa-s. PARCA provided high “low-shear” viscosity without increasing “high-shear” viscosity,
while HEUR, ASE and EVA wax increased both “low-shear” and “high shear” viscosity, which
means PARCA can prevent anti-sagging and anti-settling at low-shear, at the same time, ensure
easy-application at high shear. And the difference between the pseudo-plastic type and Newto-
nian type of HEUR was small with this system, and even with ASE and EVA wax, which had
a relatively strong pseudoplasticity imparting effect, their shear thinning property were smaller
than that of PARCA.

Rheology modifier which can bring strong pseudoplasticity is a game-changer particularly
for spray coating systems. Low high-shear viscosity of PARCA improve atomization, when paint
is applied with air spray. At this time the paint is atomized into finer droplets during spray appli-
cation, finer droplets make coating surface smooth. Afterwards when the droplets are applied on
the surface, the condition turns into “Low-shear” condition.. To improve appearance, it is needed
to suppress sagging of the wet film and the movement of the pigments by increasing the viscosity
of wet film. In solvent-borne systems, this viscosity rise on air-spray coating is realized mainly by
the change of solid content due to solvent volatilization, but in the case of water-borne systems,
the change of solid content is small because of low volatility of water. Therefore, RCA which
bring stronger pseudoplasticity is vital in water-borne systems to improve appearance of the film.

In addition, even in non-metallic systems, these properties of PARCA significantly contri-
butes to anti-sagging and anti-settling properties while keeping workability of application as well.
On the other hand, a sharp increase in viscosity within small difference of solid content impairs
the flowability and deteriorates the leveling property. Water volatilization depends on temperatu-
re and humidity in the spray booth. Especially in the Asian region, the temperature and humidity
vary widely by area and season, and it is necessary to control the condition of spray booth and
it becomes big issue for reduction of carbon dioxide emissions because of its tremendous electri-
city requirement.

Figure 1-2 shows the relation between viscosity at shear rate 0.1s™! and non-volatile con-
centration (NV). All of ASE, HEUR, and EVA wax showed a large viscosity increase of paint
through the initial stage of NV change, such as from 35% to 40%, which represents the early pro-
cess of drying. On the other hand, PARCA showed the moderate increase in viscosity through
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the same range. These results indicate that PARCA can be expected to make the surface of coa-
ting film smooth by keeping the flowability of wet film during the drying process.

Here, two contradictory demands, flowability and pseudoplasticity, should be satisfied at
the same time to get smooth surface. This can be achieved by controlling flowability and pseu-
doplasticity through the whole drying process with PARCA. Therefore, PARCA is attracting
a lot of attention in the field of metallic coatings, thanks to its well-balanced flowability and
pseudoplasticity.

Fig. 1-1: Viscosity curve in Urethane system
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2 RESULT AND DISCUSSION

Case study in water-borne acrylic coating

Before showing novel properties of PARCA in metallic coating, general characteristics are
shown in self cross linking acrylic wood coating, which is also one of the core markets PARCA
can help. Main binder is acrylic emulsion 93.64 parts + Matting silica 0.65 parts, butyl glycol
is used as solvent. PARCA is incorporated by high speed dissolver for 15min at 1500 rpm. As
figure 2-1 to 2-3 shows, anti-sagging and anti-settling were prevented perfectly since PARCA im-
parted out-standing shear-thinning, pseudoplasticity. In addition to them, PARCA did not impair
transparency of film as lower controlled molecular weight.

Fig. 2-1: Anti-settling test after 7dasys at 50°C, FC#4 27sec.

BLANK PARCA ASE  Urethane

Fig. 2-2: Anti-Sagging test

BLANK  PARCA ASE  Urethane

Fig. 2-3: Transparency of films

BLANK  PARCA ASE Urethane

Case study in acrylic urethane metallic coating

A series of RCAs were tested in the acrylic urethane metallic coating system. Test results
are shown below as Figure 3-1. The viscosity curves of paints are shown in Figure 3-2. Applying
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viscosity was adjusted at 25 seconds viscosity in Ford cup No.4 (25°C). While PARCA shows
excellent pseudoplasticity, ASE and EVA wax show smaller pseudoplasticity. HEUR showed
Newtonian flow in the region of “Low-shear” .

The anti-settling properties of these paints are also evaluated. The paint with PARCA
showed excellent anti-settling property because of its high viscosity in “Low-shear” region. The
paints with ASE and EVA wax showed small sedimentation in bottle during storage but did not
cause hard caking of pigments, while the paints with HEUR made hard caking as same as Blank.

Fig. 3-1 :Anti-settling test, upper is initial, lower is after 2 weeks at 40°C

BLANK PARCA1 PARCA2 PARCA3 Acrylic Urethane Urea Polyamide EVA

Fig. 3-2 :viscosity curve in metallic coating

Figure 3-2 : viscosity curve in metallic coating
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The films with a series of RCAs were subjected to 3D laser microscope to measure their
surface smoothness as Figure 4. PARCA could impart the highest pseudoplasticity to the system
among these RCAs. Thanks to this pseudoplasticity, it imparted excellent atomization proper-
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ties, suppressed excessive movement of aluminum pigments in the wet film and as the results it
achieved highest flip-flop property to the film.

On the other hand, if the viscosity in “Low-shear” region is too high, the flowability may be
impaired and the smoothness may be deteriorated due to the excessive increase in viscosity du-
ring drying process. Although PARCA imparted high viscosity in “Low-shear” region, it did not
give negative impact to the smoothness of the coating film. It means that PARCA could achieve
both improving orientation of the metallic pigments(table 1) and smooth surface. Howeyver, it
was difficult to achieve both with other additives at the same time. There was no other RCAs that
can achieve high Flop Index comparable to PARCA without deterioration of leveling.

Fig. 4 :3D scanned image
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Tab. 1: Flop Index

Products F.IL
Blank 13.9
PARCA 1 22.7
Acrylic(ASE) 18.3
Urethane 19.5
Urea 15.8
EVA 20.6

Case study in matte coating

PARCA improves not only the orientation of aluminum, but also the matting effect of the
film. The test data in acrylic matte coating is evaluated. Figure 5 is based on a self-cross linkable
acrylic dispersion resin and they were applied on polycarbonate test panels by air spray. Combi-
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nation of matting silica and PARCA improve matting effect. It is supposed that the reason of this
improvement is that PARCH suppressed sedimentation of matting silica it the wet film. There-
fore, the same matting effect can be obtained with reduced silica content if PARCA is added
to the paint. The reduction of matting silica further suppressed its aggregation and improved
surface leveling of the film.

Fig. 5 :Film appearance of matte coatings

.
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Silica 1.5% Silica 1.5%+PARCA Silica 1.0%+PARCA

3 CONCLUSION

Polyamide-based rheology control additives are characterized in excellent pseudoplasticity
and moderate viscosity increase during initial stage of drying in water-borne systems. These
properties meet requirements for water-borne coatings, from anti-sagging and anti-settling due
to high low-shear viscosity, and to maximize orientation of effect pigments due to controlled
balance of flowability and suspension of pigments in proper way. As shown, minimal negative
influence on coating film such as transparency should also be remarked.

4 REFERENCE
[1] Naganuma, Welt der Farben 6, 10 (2007)
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AKTUALNI A BUDOUCI ZMENY V CHEMICKE LEGISLATIVE
CURRENT AND FUTURE CHANGES IN CHEMICAL LEGISLATION

HERMANOVA L.
SBLCore

Summary
Cilem prednasky je uvést posluchace do problematiky zmén v chemické legislativé. Primdrnim tématem
Jjsou zmény z hlediska formdtu bezpecnostniho listu na zdakladé narizeni 2020/878 a oznamovaci po-
vinnosti z hlediska prilohy VIII narizeni CLP. Oznamovaci povinnost je v ramci prechodného obdobi
postupné prendsena do portdlu spravovaného evropskou agenturou ECHA (PCN portal). Spolecné s PCN
portdlem je stanovena povinnost priradit nebezpecnym produktiim UFI kod, ktery je povinnou soucasti
etikety.

Problematika je propojena s vyuzitim a predstavenim systémovych ndstroju, kterymi je IUCLID, spravo-
vany evropskou agenturou, a software SBLCore na tvorbu a spravu bezpecnostnich listii.
V zavérecné casti prispevku jsou posluchaci seznameni s budoucimi zménami v legislativé, které se tykaji
novych kategorii nebezpecnosti z hlediska endokrinnich disruptorii, PBT a vPvB latek, rozsireni seznamu
alergennich vonnych latek a zmen v priloze XVII narizeni REACH.
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DERIVATY ROSTLINNYCH OLEJU JAKO MONOMERY PRO EMULZNI
POLYMERACI

DERIVATIVES OF VEGETABLE OILS AS MONOMERS FOR EMULSION
POLYMERIZATION

KOLAR M.!, MACHOTOVA J.!, PODZIMEK S$.!, HONZICEK J.!, KNOTEK P, HAJEK M.3

1 Ustav chemie a technologie makromolekularnich latek FCHT, Univerzita Pardubice
2 Katedra obecné a anorganické chemie FCHT, Univerzita Pardubice
3 Katedra fyzikalni chemie FCHT, Univerzita Pardubice

st51413@student.upce.cz

Summary
Acrylated methyl esters of higher fatty acids derived from rapeseed, camelina, and linseed oil were
synthesized through transesterification, epoxidation, and subsequent acrylation. Methyl methacrylate and
butyl acrylate were copolymerized with various amounts of bio-based derivatives (5-30 wt. %
in monomer mixture) to obtain polymeric latexes for coating applications. Successful emulsion polymeri-
zations with up to 25 wt. % of the bio-based derivatives were performed with low coagulum (below 2 %)
and high monomer conversion (around 95 %,). The incorporation of bio-based derivatives into polymeric
latexes was confirmed with infrared spectroscopy. Asymmetric flow field flow fractionation coupled with
a multi-angle light scattering was used to analyze the synthesized copolymers in terms of their molar
mass distribution. The results revealed that copolymerizing the bio-based derivatives resulted
in ultra-high molar mass nanogel fractions formed because of multi-acrylated ingredients derived
from polyunsaturated fatty acids. The phenomenon of nanogel formation became more pronounced
for the linseed oil-based derivative. Evaluated coating properties showed that latexes comprising
the bio-based derivatives provided increased water repellence (about 10° higher water contact angles
were achieved for all bio-based coating compositions in contrast to a reference latex). Moreover, latexes
comprising chemically modified oils in the content of 25 and 30 wt. % provided water whitening-resistant
coatings, making the bio-based derivatives promising candidates for replacing petroleum-based mono-
mers in the production of sustainable latex coatings..

Keywords
Rapeseed oil, linseed oil, camelina oil, emulsion polymerization, molar mass, water whitening
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STUDY OF THE PROPERTIES OF ACRYLATE LATEXES DEPENDING
ON THE CONTENT OF POLYPYRROLE PARTICLES

STUDIUM VLASTNOSTI AKRYLATOVYCH LATEXU V ZAVISLOSTI NA OBSAHU
POLYPYRROLOVYCH CASTIC

BOSTIKOVA K.', KOHL M., KALENDOVA A.!, HOLECEK T.?, DVORAK 0.2, HAJKOVA K 2
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Summary

The thesis deals with the study of polyacrylate latexes in which polypyrrole particles (PPy) were incorpo-
rated in the phase of latex polymer synthesis and the possibilities of their crosslinking, with a focus on la-
texes crosslinked at room temperature since it is necessary to improve or modify the mechanical, thermal
and chemical properties of acrylate latex-based coatings. The mechanism of keto-hydrazide crosslinking

was based on the reaction of a carbonyl group, which was part of the polymer latex particles, and dia-
mine dissolved in the aqueous phase of the latex. Diacetonacrylamide was used as the monomer bearing
the carbonyl functional group, and adipic acid dihydrazide was used as the diamine. Latexes were prepa-
red by semi-continuous emulsion polymerization using a ,,one-pot " synthesis strategy in which emulsion

polymerization of acrylate monomers and oxidative polymerization of pyrrole were carried out in one
reactor to prepare polyacrylate latexes containing 0, 0.2, 0.4 and 0.6 wt.% of incorporated PPy particles

(based on the theoretical PPy content relative to the acrylate polymer). The latexes were characterized,
and the efficiency of incorporation of polypyrrole particles into the colloidal system was determined. Fur-
thermore, the effect of PPy particles on the physico-mechanical and chemical resistance of coating films
was studied using a series of standardized tests. Last but not least, the influence of protective latex paint

films on antimicrobial performance was studied.

Keywords
Self-crosslinking polyacrylate latex, polypyrrole, emulsion polymerization

INTRODUCTION

Current developments in the field of coatings technology and production are focused on
the development of safe products using safe technological processes leading to the maximum
reduction of solvent emissions into the atmosphere. [1] For this reason, latex-based coatings
and binders, which are aqueous colloidal polymer dispersions prepared by emulsion polymeri-
zation techniques, are gaining in interest. [2] Acrylic latexes are used to produce paints that have
a very good tolerance to wood, metal, and plastic substrates. The indisputable advantage of wa-
terborne acrylic latex-based coatings is their fast drying, resistance to UV radiation weathering,
and good chemical and mechanical resistance. [3,4] However, the disadvantages of this type of
coatings are their higher sensitivity to moisture, when water diffusion into the coating occurs,
reduced adhesion of the coating to the underlying surface, the formation of flash corrosion, high
brittleness at low temperatures, low resistance to scratching and stickiness at higher ambient
temperatures. [5,6] One possibility to solve these shortcomings is the introduction of crosslin-
king, thanks to which latexes become reactoplastic materials characterized by higher mechanical
and chemical resistance [6]. During the chemical crosslinking process, two polymer chains are
linked by primary or secondary bonds to form a three-dimensional network that is formed at
a certain concentration of crosslinks. Another important parameter for crosslinking is the functio-
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nality of the crosslinking agent, which must be greater than a value of 2. [7] Keto-hydrazide type
crosslinking involves the reaction of the carbonyl group of diacetone acrylamide (DAAM) and
a diamine, which is usually adipic acid dihydrazide (ADH), dissolved in the aqueous phase of
the latex. The final product of this crosslinking reaction is an imine, an enamine, or a mixture
of the two. [8] The advantages of keto-hydrazide crosslinking are the rapid reaction progress at
laboratory temperature and the single component composition. The resulting coating is characte-
rized by high gloss, good adhesion, excellent chemical resistance, reduced film brittleness at low
temperatures, and tack at elevated temperatures. However, the disadvantage of this cross-linking
type is the increased water absorption into the coating films due to the presence of hydrophilic
keto-hydrazide bonds [9].

In efforts to replace toxic inhibitory pigments containing lead and chromium compounds,
the use of conductive polymers, including polypyrrole (PPy), appears to be an option. Polypy-
rrole is used, for example, with polyurethane dispersion in the treatment of surfaces against
corrosion. Incorporating this conductive polymer into latex offers a way to prepare new envi-
ronmentally friendly coatings for the protection of metallic materials. [10,11] Polypyrrole is
a conducting polymer composed of nitrogen-containing five-ring heterocyclic monomers linked
together via and carbon. Important properties of polypyrrole include simple preparation,
strong electrical conductivity, and environmental stability, which predispose it to many appli-
cations. [12,13] Polypyrrole can be prepared by chemical or electrochemical synthesis from
the corresponding monomer or its salt. By both methods, the polymer is prepared in the form
of a polycation with delocalized charges. In order to maintain electroneutrality, the delocalized
nobody on the polymer chain is compensated by the anions present. [ 14] The synthesized poly-
pyrrole can be converted to a colloidal form in the presence of another polymer in the reaction
mixture. Thus, it is possible to synthesize colloidal dispersions of conducting polymers as ana-
logs to polymer latexes. [15,16]

EXPERIMENTAL PART

Materials

Methacrylic acid (KMA), methyl methacrylate (MMA), n-butyl acrylate (BA), and diace-
tone acrylamide (N-(1,1-dimethyl-3oxobutyl)acrylamide, DAAM) from Sigma Aldrich, Czech
Republic, as well as the crosslinking agent adipic acid dihydrazide (ADH) were used as starting
compounds for the synthesis of waterborne acrylate binders. The emulsifier used was an anionic
tenside based on alkyl polyethylene glycol sulfate, trade name Disponil FES 993 from BASF,
Czech Republic. Ammonium peroxodisulfate from Lach-Ner s.r.o., Czech Republic, was used
as an initiator.

Polymer binder synthesis

Polyacrylate latexes were prepared by a semi-continuous emulsion polymerization technique
using a ,,one-pot“ synthesis strategy in which emulsion polymerization of acrylate monomers
and oxidative polymerization of pyrrole were carried out in one reactor to prepare polyacrylate
latexes containing 0, 0.2, 0.4 and 0.6 wt.% of incorporated PPy particles. To enable the self-
-crosslinking reaction with adipic acid dihydrazide (ADH), carbonyl groups were introduced into
the polymeric structure of the latex particles by copolymerization with diacetone acrylamide
(DAAM).

113



XV. KONFERENCE PIGMENTY A POJIVA « 7.-8.11.2023 « PREDNASKY

The latexes were prepared at a reaction temperature of 85 °C in a four-necked reaction flask
equipped with an agitator, a cooler, and an inert gas supply (N,). 120 g of distilled water and
1 g of the emulsifier Disponil FES 993 were introduced into the reaction vessel, and stirring was
started. Then distilled water (120 g), Disponil FES 993 emulsifier (14.6g), ammonium peroxo-
disulfate initiator solution (0.8 g (NH,),S,0, in 30ml of water) and a monomer stock consisting
of n-butyl acrylate (120 g), methyl methacrylate (74g) and acrylic acid (6g) were submitted to
the emulsification flask. A white emulsion of monomers was formed by stirring. After homoge-
nization of the emulsion in the emulsification flask, the initiator was added to the reaction ves-
sel, and the addition of the monomer emulsion was started while stirring the reaction mixture.
The time of the emulsification was 90 minutes. After completion of the monomer emulsion addi-
tion, the temperature of the reaction mixture was maintained at 85 °C for 15 min.

An emulsion of monomers forming Polymer II (120 g of distilled water, initiator solution,
14.6g of emulsifier, and a handle of monomers - 74g of MMA, 120g of BA, and 6g of KM A) was
prepared in an emulsification flask using a similar procedure. In parallel, a solution of pyrrole
was submitted to a flask with a controlled effluent. The emulsion of monomers II was formed
in the emulsification flask by stirring, and then the parallel addition of monomer emulsion and
pyrrole solution was started. The time for the addition of both components was 90 minutes.
After completion of the addition, the temperature of the reaction mixture was maintained at
85 °C for 5 minutes. Meanwhile, a solution of initiator (1.4 g (NH,),S,0, in 30 mL water) was
submitted to the emulsification flask, which was dosed into the reactor. The temperature of
the reaction mixture was then maintained at 85 °C for 100 min. The resulting latex was cooled to
25 °C in the reaction vessel under an inert atmosphere with constant stirring. Finally, the latex
was filtered and stored in a PE bottle.

Characterization of acrylic latexes with different concentrations of polypyrrole particles

After the synthesis, 1.5 g of ADH in a 10 wt. % aqueous solution was added to the selected
DA AM-containing latexes. Immediately after synthesis, the coagulum content of all acrylate
binders was determined according to CSN 64 9008, the dry matter content according to CSN
EN ISO 3251, and the pH according to ISO 787-9 at 23 + 1 °C using a FiveEasy FE20 pH meter
(Mettler-Toledo, Switzerland). All acrylic binders were further characterized in terms of appa-
rent viscosity according to ISO 2555 (64 0346). A Brookfield LVDV- E rotational viscometer
(Brookfield Engineering Laboratories, USA) was used for the measurements, and the minimum
film-forming temperature MFFT was determined according to ISO 2115 using the MFFT-60
instrument (Rhopoint Instruments, UK).

Preparation of non-pigmented paint films and free films.

The prepared polyacrylate latexes were applied to 200x100x5 mm glass panels at a tem-
perature of 23 = 2 °C and relative humidity of 50 £ 5 % using a 120 um slit ruler. Under the
same conditions, the prepared non-pigmented paint films were left to condition under selected
standard conditions according to EN 23270. To determine the antimicrobial properties, free
films were created by pouring the coating into a 100x50%2 mm silicone mold in which the coa-
tings were left to condition for seven days under the same standard conditions. After this time,
the free films were removed from the substrate and transferred to a vacuum dryer, where they
were left to dry to a constant weight. Prior to actual antimicrobial testing, the free films were
exposed to UV light for 20 min.
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Physico-mechanical properties and chemical resistance of coating films

The thickness of the paint films was evaluated according to the CSN EN ISO 2808 stan-
dard on glass panels using a three-point mechanical thickness gauge (BYK-Gardner, Germany).
The relative surface hardness of the coating films was also evaluated using a Persoz pendulum
(Elcometer Instruments GmbH, Germany). Determination of the wetting angle or contact angle
and surface free energy were carried out on a KRUSS-DSA30 droplet shape analyzer. The Ow-
nes Wend Rabel Kaaeble (OWRK) method was used for the measurement. This measurement
used two liquids, one polar (distilled water) and one non-polar (diiodomethane) of 5 ul vo-
lume. The instrument dispensed the liquid onto the test surface, followed by a direct analysis of
the contact angles and derivation of the free surface energy results. The gloss of latex films was
also evaluated according to CSN EN ISO 2813. Gloss of coating films was measured using
micro-TRI-gloss (BYK-Gardner, Germany) with geometry of 20°, 60° and 85°. The chemical
resistance of the unpigmented paint films was evaluated by methyl (ethyl) ketone resistance test
according to ASTM D 4752-10.

DISCUSSION AND RESULTS

Properties of acrylic binders

The characteristic properties of the prepared waterborne acrylic binders containing PPy
particles are given in Table 1. The results showed that with increasing PPy particle content in
the polymerization system, the coagulum content increased, indicating a decrease in
the colloidal stability of the latexes during synthesis. At the same time, a slight decrease in pH
and a slight increase in viscosity and MFFT were observed in the prepared latexes with increa-
sing PPy particle content. The pH values of individual latexes gradually decreased in the range
from 2.22 to 1.56. The decrease in pH was probably due to the reaction of (NH,),S,0, with
water to form sulfuric acid. This side reaction led to an increase in the ionic strength of the dis-
persion medium with increasing (NH,),S,0, loading, resulting in the aforementioned increase in
coagulum content. The viscosity of the prepared latexes increased with increasing PPy content,
which was due to the ionization of carboxyl groups, which led to the enrichment of latex par-
ticles with water, thus increasing the viscosity. Some of the prepared latexes were alkalized with
10% ammonia solution, and the viscosity and MFFT were measured for these alkaline samples.
The measured MFFT values ranged from -0.5 to 2.5 °C.
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Tab. 1: Characteristic properties of waterborne acrylic binders prepared with different PPy
particle contents.

PPy Coa- Dry
Latex particle gulum pH' pH? matter Viscosity MFFT
content content [-] [-1 content [mPa-s] [°C]
[hm. %] [%] [%]
0 0.12 2.17 8.55 39.07 12.24 0
MMA/BA 0.2 0.16 2.14 8.54 41.13 16.74 0
/KMA 0.4 0.28 1.78 8.50 40.07 12.78 -0.4
0.6 1.34 1.55 8.50 36.32 25.61 -0.4
0 0.28 2.15 8.51 39.03 12.00 -0.5
MMA/

BA/ 0.2 0.17 1.81 8.51 40.52 15.36 -0.4
KMA/ 0.4 1.51 1.65 8.53 40.37 19.38 0.4
DAAM

0.6 1.74 1.57 8.50 37.32 21.62 0
0 0.11 222 8.50 38.87 16.68 2.5
MMA/

BA/ 0.2 0.34 1.82 8.52 39.92 18.18 2.5
KMA/ 0.4 1.08 1.70 8.52 39.38 23.92 22
TFEMA

0.6 1.11 1.56 8.52 35.42 25.09 1.5
Note: 'pH of latexes measured immediately after synthesis
pH of latexes after alkalization with 10 % ammonia solution

Properties of non-pigmented paint films

In all cases, the paint films tested achieved very good appearance properties. They were
haze-free, particle-free and had a smooth, smooth surface without bubbles or cracks. In terms
of optical properties, the coating films showed high gloss in all cases, regardless of the PPy par-
ticle content, however, there was a slight decrease in gloss with increasing PPy particle content
and the values did not change significantly with time. The relative surface hardness was mea-
sured on glass panels and ranged from 15-21%. The surface hardness did not change signifi-
cantly with distance, only increasing slightly with increasing PPy particle content. At the same
time, the coating films achieved high resistance to MEK, which was probably related to the exi-
stence of complex bonds between PPy particles and carboxyl groups bound to the polymer chain.
All acrylate latexes were also applied to wooden test bodies and the contact angle and surface
energy were measured on them, given that the adhesion of microorganisms and subsequent
biofilm formation is closely related to the surface energy of a particular substrate. The surface
energy was calculated from the combination of contact angles of two liquids: water-diiodo-
methane. The results of the evaluation of wettability, and the resulting surface energy, are shown
in Table 2. Microorganism adhesion is known to be minimal in the surface energy range of
20-30 mN/m. For this reason, the aim of this measurement was to find out whether the latexes
prepared by us provide coatings with a surface energy found in this range of surface energy even
under different ambient conditions (in terms of relative air humidity). The surface energy of
the tested acrylate latexes ranged from 29.55 to 40.06 mN/m. From the values obtained, it can
be concluded that inserted PPy particles do not significantly affect the surface energy of acrylic
latex coatings.
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Tab. 2: Surface free energy values of acrylic paint applied to a wooden substrate.

Latex PPy particle content | Disperse Polar Surface free energy
[hm. %] [mN/m] [mN/m] [mN/m]
0 32.09 6.50 38.59
MMA/BA 0.2 27.07 5.32 32.39
/KMA 0.4 25.93 6.77 32.71
0.6 27.30 9.47 36.77
0 32.35 3.78 36.13
MMA/

BA/ 0.2 30.76 3.60 34.36
KMaA/ 0.4 31.17 5.53 36.70
DAAM

0.6 37.16 2.90 40.06
0 24.06 5.49 29.55
MMA/

BA/ 0.2 28.23 6.77 34.99
KMA/ 0.4 25.85 3.74 29.58
TFEMA

0.6 27.67 1.74 29.42
Spruce - 45.10 25.32 70.43

Fig. 1: Wettability values of acrylic paint on a wooden base. Two liquids diiodomethane (blue) and
water (red) were used.
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CONCLUSION

The subject of the thesis was the development of ecological water-soluble acrylic binders in
which polypyrrole particles (PPy) were included in the synthesis phase of the latex polymer and
the possibilities of their cross-linking. Acrylate binders were prepared using the semi-continuous
emulsion polymerization technique, while the incorporation of PPy particles into the binder
took place during the latex synthesis phase. All coating films were found to achieve good visual
properties, high gloss and high chemical resistance, with relative surface hardness values ranging
from 15 to 21%. The surface of the tested paint films was hydrophobic with surface free energies
ranging from 29.55 to 40.06 mN/m. In connection with the increased tendency to coagulate for-
mation during synthesis with an increasing content of PPy particles, latexes with a PPy particle
content of 0.2% appear to be optimal.
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Vas dodavatel surovin pro natérové hmoty.

POJIVA

= Epoxidové pryskyfice
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STYRENE-FREE UNSATURATED POLYESTER RESINS FROM

PET WASTE
BEZSTYRENOVE NENASYCENE POLYESTEROVE PRYSKYRICE
7Z ODPADNIHO PET

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

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

david.rubes@student.upce.cz

Summary
In this study a waste polyethylene terephthalate (PET) was used as a feedstock in a synthesis of unsatura-
ted polyester resins. The PET was glycolyzed by diethylene glycol (DEG) in various ratios. These glycoly-
sates were then used with itaconic acid to synthesize an unsaturated polyester with acid value under
50 mg KOH/g, which correlates to number molar weights above 2000 g/mol. Various reactive diluents
(RD) like methyl methacrylate, dimethyl itaconate (DMI), dibutyl itaconate and butyl methacrylate were
used to obtain a wide range of properties. Styrene analogues were prepared too, in order to compare them
with commercial styrenic resins. Viscosity of uncured resins was in an approximate range of
190-3000 mPa.s. Cross-linking of resins was done by redox initiation system. Mechanical properties were
tested. The largest ultimate tensile (85,4 MPa) and flexural (161,4 MPa) strength was achieved in system
with 40 wt% DMI as RD. The yield strength (131,3 MPa) in compression was also the highest for DMI.
This process of preparing resins is a promising way to recycle PET waste, as the obtained materials have
very good mechanical properties while they use environment-friendly reactive diluents.

Keywords
Unsaturated polyester resin, itaconic acid, styrene-free, PET, recycling, green reactive diluents
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NEW VANADIUM BASED DRIER IN AIR-DRYING PAINTS

NOVY SIKATIV NA BAZI VANADU V OXOPOLYMERACNE ZASYCHAJICICH
NATEROVYCH HMOTACH

FOLTYN T., HONZICEK J., RUBES D.

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

tomas.foltynl@student.upce.cz

Summary
The study is focused in finding good alternative for cobalt based driers in alkyd resins because of envi-
ronmental and health concerns. Currently, manganese carboxylates are used instead of cobalt driers, but
they do not have great drying performance when used alone. Another option is iron based drier, which
has great performance, but it is expensive. In this study, drying properties of a new vanadium compound
developed in our laboratory were studied on series of solvent-borne alkyd resins and high-solid binders.
Commercial cobalt 2-ethylhexanoate (Co-Nuodex) and iron-based catalyst (OXY-Coat) were used as
a reference. Catalytic activity of the vanadium compound was followed by B.-K. drying recorder, which
recorded drying time, and by Persoz pendulum test, which recorded relative hardness. Colorimetry test
using CIELAB system was also performed. On selected alkyd paints, tensile strength test was performed.
These tests have shown that vanadium based drier is more effective than commercial cobalt based drier.
Vanadium catalyst achieved shorter drying times in low concentrations and higher relative hardness.
Colorimetry tests have shown that the vanadium based drier is coloring paints only when higher concen-
tration is used.

Keywords
Alkyd resins, vanadium, iron, cobalt, siccative, relative hardness, drying time, CIELAB
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SYNTHESIS AND APPLICATION OF ORGANIC PIGMENTS
CONTAINING MAGNESIUM BASED ON AZODYES FOR
ANTI-CORROSION COATINGS

SYNTEZA A APLIKACE ORGANICKYCH PIGMENTU S OBSAHEM HORCIKU
NA BAZI AZOBARVIV PRO ANTIKOROZNI NATEROVE HMOTY

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

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

Summary
As part of the work, the effect of organic and inorganic pigments containing magnesium cation on

the properties of zinc and titanium white pigmented organic coatings based on epoxy ester resin was stu-
died. For this study, five types of organic pigments were synthesized, where azo dyes were used as starting

raw materials for their preparation, and three types of inorganic pigments with magnesium content. In

the work, the influence of the individual types of studied pigments on the mechanical properties
and on the anti-corrosion efficiency of individual organic coatings was studied, with the use of indivi-
dual pigments at values of PVC = 1, 3, 5 and 10%. Standard mechanical tests, cyclic corrosion tests
and electrochemical linear polarization techniques were used to study these properties.

Keywords
Organic pigment; inorganic pigment; magnesium; spherical zinc; epoxy ester coatings

INTRODUCTION

Corrosion inhibitors are substances that, when added in small quantities to a corrosive envi-
ronment, can reduce the corrosion attack on metals by their physical-mechanical action, without
significantly affecting the composition of the given environment. [1,2] Corrosion inhibitors are
used in paint materials mainly to protect the metal substrate from electrochemical atmospheric
corrosion under the paint film. Electrochemical corrosion with the help of corrosion inhibi-
tors and anti-corrosion pigments can be prevented in several ways, which include influencing
the anodic or cathodic reaction, adsorption of the inhibitor on the metal surface and the sub-
sequent formation of a protective layer, by reducing the permeability and porosity of the given
coating and by improving the wetting of the paint film surface and adhesion. [3] The current
development of new protective systems is influenced by a number of requirements, the most
important of which are their safety, soundness with respect to the environment, sustainability
and low costs. [4] The current development of new non-toxic and at the same time effective
anti-corrosion pigments cannot be considered finished for many reasons. One of these reasons is
the progress in the technology of polymer binders for paint materials, which, in order to ensure
maximum protective effectiveness, require a pigment that ensures problem-free application, espe-
cially with regard to the drying mechanism and properties of the binder. [5,6,7]

EXPERIMENTAL PART

The synthesis and characterisation of studied pigments

As new types of pigments, with expected corrosion-inhibiting properties for applications
in anti-corrosion coatings, magnesium complexes and salts were synthesized. The synthesis of
complex-forming pigments consisted in a diazo-coupling reaction to form azo compounds (azo
dyes), to which MgCl, was then added in a molar ratio of 1:1 to form the resulting pigments.
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The mixed oxide-based inorganic pigment was prepared by high-temperature synthesis in
the solid phase and adjusted by grinding, washing, and drying to the form necessary for ap-
plication in the binder of paint materials. The chemical composition of the newly synthesized
organic pigments was determined, and the morphology of the pigment particles was identified
using SEM. The studied pigments were subjected to measurements of typical parameters, such
as oil number and density, which are necessary to calculate the critical volume concentration of
the pigment (CPVC).

Specification of the binder for coatings

A solvent-type epoxy ester resin binder was used for the preparation of paint materials. Bin-
der specification was as follows: Oil - 40 %, EP-Resin - 60 %, Colour DIN ISO 4630, Gardner
- max. 10, Acid value DIN EN ISO 2114: max. 4 [mgKOH/g], Viscosity, Rheometer, 23 °C, C
60/2, 50 s: 3.6-4.8 Pa-s'. To ensure drying of the coating film, Nuodex combi APB siccative was
used, which was dosed in the amount recommended by the manufacturer of the given binder.
The binder in the form of a coating film was characterized using infrared spectroscopy.

Formulation and preparation of model paints

Model paints containing organic and inorganic pigments and spherical zinc were formula-
ted and prepared at pigment volume concentration, PVCPig. =1, 3, 5 and 10% and PVC/CPVC
= 0.60 (Zn). Paints were prepared using a dispersing device of the dissolver type. The mixture
of pigments and binder was dispersed for 40 min at 3500 rpm under the given conditions of
the arrangement and geometry of the mixed system and the content of the dispersed mixture.
The resulting paints were applied using an applicator with slit to steel and glass panels. After
drying, dry coating thicknesses (DFT) were measured using a magnetic thickness gauge. For the
work, cold-rolled panels of low-carbon steel class 11 from the manufacturer Q LAB were used.

Mechanical properties of the paints

The mechanical properties of the studied organic coatings were studied based on the proce-
dure specified in the following standards. ISO 2409 Cross-cut test, ISO 6272 Rapid-deformation
(impact resistance) tests, ISO 1520 Cupping test, ISO 1519 Bend test (cylindrical mandrel)
and ISO 4624 Pull-off test for adhesion.

Laboratory cyclic corrosion test

The aim of the accelerated corrosion tests is to expose the organic coating in laboratory con-
ditions to the increased effects of a corrosive environment such as high humidity, temperature,
UV radiation or an increased concentration of corrosive substances (e.g. Cl-ions or SO,). Epoxy
ester coatings were applied to steel panels with dimensions of 102x152%0.81 mm, which, after
30 days of conditioning, were subjected to a cyclic corrosion test in an atmosphere of neutral
salt fog according to a modified procedure taken from the CSN EN ISO 9227 standard. The test
was carried out in 12-hour cycles. The organic coatings were exposed to 5% NaCl solution for 10
hours, then dried for 1 hour and then allowed to condense moisture for 1 hour at 40°C.

Evaluation of samples after corrosion test

Following standards describes evaluation of corrosion in the sample after corrosion tests.
ASTM D714-87 standard test method for evaluating degree of blistering of paints and ASTM D
610-85 method for evaluating degree of rusting on painted steel surfaces.
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Electrochemical technique of linear polarization

The electrochemical technique of linear polarization was chosen to determine the pola-
rization resistance and current density. The determination was carried out in electrochemical
cells, which are composed of a working electrode, which consists of the tested sample, a re-
ference electrode (saturated calomel electrode) and a counter electrode (platinum electrode).
Tested samples of a precisely defined area were exposed to 1M sodium chloride electroly-
te for 12 h, during which the spontaneous corrosion potential was measured. After 12 h of
exposure, polarization curves were measured using the electrochemical technique of linear
polarization with subsequent evaluation of the linear section of these polarization curves in
the vicinity of the corrosion potential. Determination of the polarization resistance is based on
theassumptionthatthemiddlepartoftheresultingpolarizationcurveofthecorrosionsystemislinearin
the immediate vicinity of the corrosion potential and intersects the axis of zero current density
at a certain angle. The polarization resistance corresponds to the reciprocal of the slope of
the linear extrapolation line.

RESULTS AND DISCUSSION

Specifications of pigments and binders

Five organic pigments based on magnesium complexes and salts, which differed in structure
and chemical composition, and three inorganic pigments containing magnesium were prepared
for testing. For each pigment, the density and oil number necessary to calculate the critical
volume concentration of the pigment were determined. The morphology of the tested pigments
was investigated using scanning electron microscopy. The individual shapes of the pigments are
shown in the photomicrographs (Figure 1 and Figure 2).

Tab. 1: Specification of organic pigments based on magnesium salts and complexes

Chemical Content of Mg Oil absorption Density CPVC
formula [%] [g/100g] [g-em]
C,HMgO, 10.46 46.3 1.15 61
C, HMg,O, 12.17 25.5 1.81 67
C, H, MgN. O, 4.14 459 1.38 59
C,H MgN.O, 5.09 56.8 1.37 54
C,H1,MgN,O, 432 75.8 1.41 46

Fig. 1: SEM micrograph of organic pigments containing magnesium: a) C, , HMgO,,
b) C14H4Mgzos’ <) C34H26MgN806’ d) CstlsMgNaos’ e) CZSHlsMgN406
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Tab. 2: Specification of inorganic pigments

| T | i
MgO 48.1 3.01 36
MgFe,0, 13.3 442 61
Ca-Mg-HPO, 37.5 2.72 48
Zn 66.0 6.97 66

Fig. 2: SEM micrograph of inorganic pigments: a) MgO, b) MgFe,O,, ¢) Ca-Mg-HPO,, d) Zn,
e) TiO,

b) 0 d) 8)

For the epoxy ester resin, the spectrum was measured using the infrared spectroscopy tech-
nique. In the given spectrum, a wide band of valence vibration of OH groups (hydroperoxides,
alcohols, carboxyl groups) was found at 3590-3280 cm. In the region 3000-2809 cm’!, bands
of CH vibrations of aliphatic fatty acid chains were found. Moderately intense bands at 1740
and 1235 cm are typical for the presence of ester groups (valence vibrations C=0 and C-O).
The intense band at 1181 cm™ is due to the presence of ether bonds.

Fig. 3: FTIR spectrum of epoxy ester resin
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Results of cyclic corrosion test in neutral salt spray and linear polarization electrochemical
technique

Organic coatings with DFT = 100 £ 10 um were exposed to neutral salt fog for 1440
hours and their corrosion changes were subsequently evaluated. Of the organic coatings conta-
ining spherical zinc, the highest anti-corrosion efficiency was achieved by the paint films with
the pigment C, H, MgN_O,, at PVC = 5 and 10%, in which no blisters appeared in the surface
of the paint film, the blisters in the test section were rated as 6M, and the corrosion in the se-
ction ranged in the range of 1.5-2 mm. At the same time, these organic coatings also showed
the highest values of polarization resistance (2.49-10'° and 2.5-10'° Q). Furthermore, from
the epoxy ester coatings containing inorganic pigments, the highest anti-corrosion efficiency
was achieved by coating films with MgO pigment at PVC = 5 and 10%, which did not con-
tain any blisters in the surface of the coating film, the blisters in the section were rated 4M,
and the corrosion in the section was in the range of 2-2.5 mm. These coating films also achieved
high values of polarization resistance (2.14-10'° and 2.21-10'° Q). At the same time, most orga-
nic pigments containing magnesium pigments achieved a higher anti-corrosion efficiency than
the coating with zinc alone.

Tab. 3: Epoxyester coatings with the content of selected tested pigments after exposure in
a neutral salt fog atmosphere. DFT = 100 + 10 um and polarization resistance values from linear
polarization measurements. DFT = 50 £ 5 um.

Blistering s q . Polariza-

On the film Blistering Corrosion Corrosion tion

Pigment PVC In the cut | Metal base | In the cut .

area (dg] (%] - resistance

[dg] [
1 6F 4M - 3-3.5 2.21-10"
C H. MsN.O 3 - 4M - 3-3.5 2.32-10%
e 5 - 6M - 1.5-2 2.49-10"
10 - 6M - 1.5-2 2.50-10"°
1 - 4M - 2-2.5 2.08-10"
3 8F 6M 0.03 2-2.5 1.80-10'°

MgO

5 - 4M - 2-2.5 2.14-10"
10 - 4M - 2-2.5 2.21-10"
Zn - - 2MD 0.3 5-5.5 8.60-10"

Results of mechanical properties of coating films

Epoxyester coatings containing spherical metal zinc or titanium dioxide containing tested
magnesium pigments applied to steel panels achieved high mechanical resistance in all cases, as
all organic coatings withstood bending over a 4mm mandrel and a 1000g impact from a height of
1 meter, without any damage has occurred to them. There was also no cracking of the paint film
when determining the resistance to pitting. All organic coatings showed a high adhesion grade of
0, which was maintained after exposure in the corrosion chamber and did not decrease as much
as the non-pigmented coating films. Thus, the synthesized pigments do not ,deteriorate” the
excellent properties of the epoxy ester resin.
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CONCLUSION

The aim of this work was to study the mechanical and anti-corrosion properties of newly
synthesized organic magnesium pigments based on complexing compounds and salts, as
well as inorganic pigments containing magnesium cations. It is evident from the first results
that the tested magnesium-containing pigments have a favorable effect on the properties of
the epoxy ester binder and the mechanism of their action can be fully developed in it, consisting in
the formation of a complex-forming compound at the interphase interface between the steel
panel and the paint film. Corrosion test results showed that the newly synthesized pigments
showed synergistic effects in zinc-pigmented epoxy ester coatings and are therefore able to ef-
fectively inhibit corrosion in paint films. This statement was also supported by the results of
the cyclic corrosion test in a neutral salt fog environment and the linear polarization electroche-
mical technique, which correspond to each other.
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PHOTOEMISSIVE POLYMER COATINGS PREPARED BY EMULSION
POLYMERIZATION

FOTOEMISIVNI POLYMERNI POVLAKY PRIPRAVENE EMULZNI
POLYMERACI

MACHOTOVA J.!, TYDLITAT J.2

1 Ustav chemie a technologie makromolekularnich latek FCHT, Univerzita Pardubice

2 Ustav organické chemie a technologie FCHT, Univerzita Pardubice

Summary
Photoemissive polymers are very attractive materials today. They combine favorable properties of poly-
mers, such as relatively affordable production, processing and mechanical properties, and a luminescent
effect. There are plenty of these materials, which are currently most commonly used in the areas of photo-
voltaics, LEDs, or various sensors. Given that considerable demands are placed on the ecological nature
of the final products and the technological processes by which these products are obtained, the emulsion
polymerization technique was chosen for the preparation of photoemissive polymers, the product of which
is an aqueous polymer dispersion, the so-called latex. As part of this work, film-forming latexes based
on styrene/butyl acrylate and methyl methacrylate/butyl acrylate copolymers were synthesized and stu-
died, in the structure of which an emissive compound based on a triphenylamine-pyridine derivative was
incorporated. The influences of the concentration of the chromophoric compound (0.005-0.1 wt.%
in the monomer batch) on the polyreaction conversion, the colloidal stability of the latexes,
and the molecular weight of the copolymers were evaluated. The effectiveness of incorporating
an emission derivative was also assessed. It was found that for latexes based on styrene/butyl acrylate
copolymer, the conversion and colloidal stability decreased significantly with increasing concentration
of the emissive compound, while latexes based on methyl methacrylate/butyl acrylate copolymer were
stable at all tested concentrations of the chromophore derivative and also achieved high conversion.
At the same time, it was confirmed that the emissive derivative was covalently bound to the copolymer
chain, without its presence significantly affecting the molecular weight of the copolymers. At all tested
concentrations
of the emissive derivative in the copolymer, the latexes provided transparent coatings emitting visible
radiation under UVA and UVB irradiation, which offers the possibility of their use in the field of safety
coatings with sensory properties.

Keywords
Photoemissive polymer, emulsion polymerization, safety coating
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COMPARATIVE STUDY OF GRINDING PROCESSES USED
IN THE PREPARATION OF ENVIRONMENTALLY-FRIENDLY
ACTIVATION BATH CONCENTRATES

SROVNAVACI STUDIE MLECICH POSTUPU POUZITELNYCH K PRIPRAVE
KONCENTRATU AKTIVACNI LAZNE SETRNE K ZIVOTNIMU PROSTREDI
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1 Klokner Institute of the Czech Technical University, Solinova 7, Prague 6 — Dejvice, 160 00,
Czech republic
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708 00, Czech republic
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dkarla.cech.barabaszova@ysb.cz

Keywords
Dispersion, zinc phosphate, micronization, environmentally friendly, corrosion, phosphating baths,
planetary mill, vibrating disc mill, jet mill, heavy metals, cobalt, nickel, phosphating

Abstract
Corrosion is a spontaneous reaction between a material, often a metal, and its surroundings. This
process leads to deterioration of the material. The protection of metal objects against unwanted corrosion
is a key issue in the chemical industry. There are several corrosion prevention methods which aim to
create a protective barrier between the metal surface and corrosive stimulators. Such methods most often
include surface modifications, barrier coatings and paint systems. At the beginning of 20th century, the
tri-cationic phosphating method was developed. This newly established corrosion prevention method is a
type of conversion coatings and today, it is commonly used in many industries. The process of tri-cationic
phosphating can be divided into two main steps — the activation step and the phosphating step. The acti-
vation step plays an important role in this process as it can determine the qualitative and quantitative na-
ture of the resulting phosphate layer. However, this process is burdened by the use of heavy metals, such
as nickel and cobalt. This study concerns the first innovation phase of this process and compares different
grinding methods. Their optimalization of these methods leads to the development of an effective grinding
process that would be used in the preparation of novel, heavy metals free activation concentrates.

Graphic abstract
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THE IMPACT OF ULTRASONICALLY ASSISTED S10, NANOPARTICLE
SYNTHESIS ON WOOD MODIFICATION

VLIV ULTRAZVUKOVE ASISTOVANE SYNTEZY NANOCASTIC SIO, NA UPRAVU
DREVA

PAUL D.'"*, TESAROVA D.!8

“Mendel University, Czech Republic, xpaul@mendelu.cz
bMendel University, Czech Republic, daniela.tesarova@mendelu.cz

Abstract
Wood exhibits several drawbacks, such as its vulnerability to decay, tendency to absorb moisture,
and proneness to dimensional instability. Several techniques for wood modification have been devised to
mitigate these issues and enhance the durability of wood products while promoting eco-friendly resource
utilization.

Our research seeks to develop in-situ Silicon dioxide (SiO,) nanoparticles to enhance the hydrophobic
properties of wood. Initially, we conduct wood sample modifications without employing ultrasonica-
tion, and subsequently, we repeat the modification process with ultrasonication. Our study highlights the
critical role of ultrasonic waves in enhancing the hydrophobic characteristics of wood during SiO, nano-
particle impregnation. Ultrasonication substantially impacts increasing hydrophobicity, leading to
Ithe formation of a superhydrophobic wood surface with an approximate 150° contact angle, all while
preserving the primary particle attributes. The findings reveal a significantly elevated contact angle and
a more uniform distribution of nanoparticles in wood samples that undergo modification with ultrasoni-
cation compared to those that do not.

To summarize, the promising potential of using ultrasonic waves in revolutionizing wood modification
depicts exciting opportunities for advancing wood modification techniques and their wide-ranging appli-
cations.

In summary, the compelling prospects of harnessing ultrasonic waves to transform wood modification
offer a wealth of exciting possibilities for advancing the field of wood modification techniques and broa-
dening their applications.

Key Words
Ultrasonic wave, Nanoparticle, Wood modification.
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as Siiames | CAS — speciality natérovych pfisad

MANUFACTURING
& EXPORT

@ PO.INT.ER — aminova tvrdidla do pro epoxidové systémy

Rianlon>

RIANLON - UV stabilizatory a absorp¢ni Cinidla

Chemické produkty

DURBAX — PAXL polyfunkéni aziridinova zesitovadla

Trust Chem — organické pigmenty

TRUST CHEM EUROPE B.V.

>
‘;C: ar‘ichemie@ Arichemie — pigmentové pfipravky
£ N
D /'//' ” | INTERCHIP - pigmentové pfipravky — chipsy
o N
ARQ" ARON Universal - fluorescenéni pigmenty
& Fast & Fluid — davkovace barev, mixéry, tfepacky
Spolecnost procesniho inZenyrstvi a vyrobce stroja
Oliver & Batlle — vyroba stroju pro barvy
Gmupn BO CABO - priimyslové a laboratorni mixéry
DORKEN PROTEC (Dorken Coatings GmbH & Co. KG)
) COATINGS profesionalni ténovaci systémy

e

NCS Colour — management barev

énovani a
vzorniky

MILTONIA — na miru vyrobené vzorniky a prospekty

ROHRIG®
Spec. . Rohrig granit® GmbH
produkty vysoce kvalitni tvrdé mineralni odstépky a pisek
granit
THORSON CHEMICAL Praha s.r.o Tel.: +420-257 923 529

Cernosickd 128, CZ-155 31 Praha Email: info@thorson.cz



WA SPOLCHEMIE

UDRZITELNA
BUDOUCNOST".

...DIKY INOVACIM
od roku 1856

www.spolchemie.com
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HP REDS
& HP YELLOWS

> 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



Biesterfeld

N ]

BIESTERFELD SILCOM s.r.o.

Spolec¢nost byla zaloZzena v roce 1992 jako Silcom s.r.o. V roce 2002 se pfipojila k
mezinarodni spole¢nosti Biesterfeld Spezial Chemie GmbH (soucast koncernu Biesterfeld
AG) a byla pfejmenovana na Biesterfeld Silcom s.r.o. Pfipojenim k nadnarodni skupiné se
vyrazné rozs$ifilo portfolio dodavatell a tim i sortiment produktd dodavanych na Cesky a
slovensky trh prostfednictvim spole¢nosti Biesterfeld Silcom. Na Slovensku plsobi dcefina
firma, Biesterfeld Silcom Slovakia s.r.o.

Spolecnost se od svého zaloZeni zabyva dovozem chemickych surovin a specialnich
chemikalii. Kromé vlastnich dodavek chemikalii zajiStujeme také technické poradenstvi.
Disponujeme sklady v Cechach ina Slovensku a diky tomu jsme schopni zajistit optimalni
logisticky servis.

Na cCeském a slovenském trhu zastupujeme vice nez 60 vyznamnych svétovych
vyrobcl a dodavame suroviny do fady primyslovych odvétvi (vyroba polymer(, stavebnich a
natérovych hmot, chemikalie pro textilni, koZedélnya papirensky primysl, vyroba
kosmetickych, ¢isticich, dentalnich a farmaceutickych pfipravkd, pro gumarenstvi, vyrobu
polyuretanovych pén a pro fadu dalSich aplikaci). Dodavame taktéZ hotové chemické
pfipravky - produkty uréené pro pfimé uziti v Siroké Skale odvétvi (elektronika a
elektrotechnika, energetika, strojirenstvi, nastrojarstvi a prototypova vyroba, automobilni
primysl a vyroba ostatnich dopravnich prostfedkl vé&. letadel, vyroba kompozit,
stavebnictvi).

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

www.bisi.cz

3 iSi <, o N Biesterfeld
B’ s’ ) Biesterfeld Silcom s.r.o.




Distributorsky segment

Ravago 4 4
gt Natérové hmoty
Allnex
o Akrylatové pryskyfice SETALUX, MACRYNAL
’I Alkydy SETAL, RESYDROL
a nex Aminové pryskyfice SETAMINE
Hydrofobni polyoly SETATHANE
Pryskyfice modifikujici rheologii SETAL, SETALUX, SETAQUA
Nenasycené polyesterové pryskyfice ROSKYDAL
Vodou feditelné polyoly a akrylatové disperze SETAQUA, UCECRYL
Aditiva pro dispergaci, rozliv, odpénéni, susidla ADDITOL, MODAFLOW
Epoxidové pryskyfice a tvrdidia BECKOPOX, BECKOCURE
Epoxy estery DUROXYN
Vodou feditelné polyurethanové disperze DAOTAN
adalsi....
Vencorex [ ] Samoemulsifikované polyisokyanaty EASAQUA
\Ie ncore )( Alifatické isokyanaty (biuretov, trimery, nizkoviskozni) TOLONATE
reaktivni rozpoustédio TOLONATE X FLO 100
Huntsman Epoxidové pryskyfice (na bazi bis A, F, AIF) kapalné, pevné, v roztoku ARALDITE
m Epoxy fenol novolaky ARALDITE EPN
e — EpOXidOVA reaktivni rozpoustédia ARALDITE DY
Enriching lives through innovation 1y igia pro epoxidove pryskyfice ARADUR
Turdidla pro epoxidové pryskyfice pro nizké teploty ARACOOL
[West&Senior LTD Ténovaci pigmentové pasty (epoxy, polyurethan, polyester, PVC) FASTINT
Vliegenthart Oleje
Rostlinné (ricinové, Inéné, Fepkové, sojové, tungové apod.)
Hotové vyrobky k prebaleni (odstrafiovage barev, PUR &istite apod.)
Organometal Sikativa/Susidia ORGANO
Zn, Ca, Co, Zn, Sr, Mn, Susidiové smési ORGANO MIX
l_ Dispergétory DISPORGAN
., ORGANOMETAL odpsiovace (na bézi mineralnich oleji) ANTIFOAM
‘Grganicka Meologicka Gimdia pro rozpouSISdloVE 8 bezrozpousiEdio Systemy
Lehmann&Voss (derivaty ricinového oleje, polyamidy a jejich smési, polyolefiny) LUVOTIX
i ginidia pro avodné systémy LUVOGEL
Pasty (aditiva pro praskové barvy) LUVOTIX

LehmannaVoss&Co. @

Leh&ena plniva (silikaty, aluminium silikaty apod.)

OMEGA-SPHERES, TRI-SPHERES, OMEGA-SIL

Technology Co., Ltd.

titanova béloba (sulfatovy proces)
titanova béloba (chloridovy proces)

[Roquette Derivaty $krobu pro primyslova lepidia TACKIDEX
Derivaty $krobu pro stavebni chemii POLYSORB
ROQUETTE Kyselina glukonova a jeji derivaty
FP Pigments o
F p pigment Easteéné nahrazujici titanovou balobu

PIGMENTS
Shandong Jinhai
Titanium Resources b

S+A Blackwell

Antikorozni pigment (zinkfosfat)

Shamrock Mikronizované prasky, vosky (PE, PTFE) SST, FluoroSLIP.
SHAMROCK  Cist smesiv ol ve vods FluoroSPERSE, AquaFLON, HydroCER
% Textury, matovadia Cera SPERSE, EverGLIDE, Texture, TexMATTE
S+A Blackwell DELAPHOS

amnoho dalSich ...

Ravago Chemicals Czech Republic s.r.o.

Udolni 212/1 Praha4 147 00

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




9 Celanese

The chemistry inside innovation”

The new powerful combination
of emulsions and powders

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

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

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

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

For more information please visit celanese.com
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..TECHNDLOGIE CISTENI A PREDUPRAVY POVRCHU“

Bins: /Mﬂt., /’/ //

MODERNI LINKY PRO ZINKOVANI A ZINEK-NIKL
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- ROSNY BOD U KOVOVYCH POVRCHU
A VHODNA VOLBA PROSTREDKU DOCASNE OCHRANY

www.povrchari.cz
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CASOPIS PRO CHEMICKO-TECHNOLOGICKOU

A LABORATORNI PRAXI

AKTUALNI z PROMYSLU A L PRAXE — WWW. cz
P o \ B | e T YA S /e A A o 90 |
ROGHIK 0 2029)
TEMA VYDANI: PEVNE A SYPKE LATKY
Katalyzatory a jejich Uloha Vyuziti kulovych mlyna
v technologiich pfispivajicich k provadéni chemickych
k dosazeni klimatické neutrality reakci bez pouziti rozpoustédel
Vyuziti upotiebenych Extruze dekorativni
rostlinnych oleji z doma ti kosmetiky
pro vyrobu pokrocilych paliv FTIR a Ramanova
Jak globalni megatrendy mikroskopie: Pokrocilé
méni chemické strojirenstvi mozZnosti akvizice
- a délaji ho cool a interpretace dat

ZASILANY ZDARMA V CR A SR
VICE NEZ 4000 CTENARU

ON-LINE VERZE NA INTERNETU
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