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Z HISTORIE VYUKY A VYZKUMU POLYMERU NA FAKULTE
CHEMICKO-TECHNOLOGICKE UNIVERZITY PARDUBICE

FROM THE HISTORY OF POLYMER TEACHING AND RESEARCH AT FACULTY
OF CHEMICAL TECHNOLOGY OF THE UNIVERSITY OF PARDUBICE

SNUPAREK J., VECERA M.
UCHTPM, FCHT, Univerzita Pardubice

Centrem vyzkumu a vyuky makromolekularni chemie a technologie makromolekularnich
latek, technologie chemickych vlaken a textilni chemie je na Fakulté chemicko-technologické
Univerzity Pardubice je dnes Ustav chemie a technologie makromolekularnich latek. Pied né-
kolika roky jsme si pripomnéli 70 let od zalozeni chemického vysokého Skolstvi v Pardubicich
vroce 1950, které bylo po vice nez 40 let reprezentovano Vysokou §kolou chemicko-technologic-
kou a pred 30 lety v roce 1993 se jako Fakulta chemicko-technologicka stalo souc¢asti Univerzity
Pardubice. To je nepochybné vhodnou prilezitosti k pfipomenuti historie vzniku a vyvoje tohoto
pracovisté i téch, ktefi se o né zaslouzili. Polymerni materialy a chemie polymert byly studovany
na noveé zalozené vysoké Skole v podstaté od samého pocatku, nebot jiz v roce 1953 mohli stu-
denti vstupujici do ¢tvrtého rocniku studia volit tfi studijni sméry pfimo souvisejici s polymer-
nimi materialy: plastické hmoty, barvy a laky a syntetickd vldkna a zaroven i volné&ji souvisejici
obor chemicka technologie textilu.

Prvnim vedoucim katedry plastickych hmot, ktera zajistovala vyuku specializace technologie
plastickych hmot, se tehdy stal doc. Ing. Dr. Jan Mecii a zakladajicim ¢lenem této katedry byl i Zak
prof. Otto Wichterleho doc. Ing. Viadimir Cermdk, CSc., ktery vedl pozd&jsi katedru polymert
v letech 1990-91 a dale s katedrou uc¢inné spolupracoval i jako emeritni ucitel, a to az do polo-
viny roku 1999. Makromolekularni chemii tehdy pfednasel doc. Ing. Artur Stoy. V pocatku exis-
tence katedry plastickych hmot byla pozornost vénovana predev§im radikalovym polymeracim
a termosetim a vyuku zajiStovali i vyznacni externi odbornici (napf. technologii plastickych
hmot od roku 1955 prednasel Ing. Jaromir Stiupdrek, CSc. st.). Z hlediska fesené tématiky byla
velmi zajimavym obdobim prvni polovina 60. let, kdy byly na katedfe studovany Zieglerovy-Nat-
tovy katalytické systémy pro syntézu syndiotaktického polypropylenu koordinaéni polymeraci.
Tato problematika byla na katedie zavedena na zakladé dlouhodobé staze tehdejSiho jejiho pra-
covnika Ing. Jaroslava Sviba, CSc. u prof. Natty a predstavovala v té dobé velmi moderni smér.
Katedra v této dobé (od roku 1960) nesla nazev katedra technologie plastickych hmot a zajisto-
vala ve svych tfech oddélenich vyuku tfi specializaci (plastické hmoty, barvy a laky, chemicka
vlakna). Vedoucim katedry byl v tomto obdobi prof. Ing. Karel Friml, ktery byl pozdéji po uréitou
dobu soucasné i vedoucim katedry chemické technologie textilu.

Zakladatelem druhého studijniho sméru (specializace) katedry ndtérové hmoty byl prof. Ing.
Dr. Josef Rozan, ktery nastoupil na VSCHT v roce 1954. Prof. Rozan zalozil v Praze béhem
2. svétové valky Vyzkumny tstav natérovych hmot a polozil zaklady védeckého pristupu k feSeni
problematiky natérovych hmot u nas. Jeho pfichod na vysokou skolu, kde setrval 10 let az do od-
chodu do diichodu, byl vyznamny pro dlouhodobou orientaci katedry i nynéjsiho ustavu, nebot
ten je dodnes jedinym naSim vysokoskolskym pracovis§tém, kde je technologie natérovych hmot
prednasena a vyzkumné studovana.

O zalozeni tehdy zcela nového oboru syntetickych viaken se zaslouZzil doc. Ing. Frantisek Kebl,
DrSc. Vyuku této specializace zpocatku zajiStovala samostatna katedra technologie chemickych
vldken, pti jejimz vedeni a budovani doc. Kebl vyuzil bohaté zkuSenosti ziskané u firmy Bata, pfi
studijnim pobytu v USA i pfi zakladani vlaknafskych zavodi jako nového primyslového odvétvi



XV. KONFERENCE PIGMENTY A POJIVA « 7.-8.11.2023

v povaleéném Ceskoslovensku. Po smrti doc. Megéife v roce 1954 se doc. Kebl ujal vedeni obou
puvodné samostatnych kateder, které do roku 1960 existovaly pod nazvem katedra chemické
technologie makromolekuldrnich latek a textilu. Mezi 1éty 1965-1969 byl vedoucim katedry prof.
Ing. Karel Friml, poté kratce katedru vedl doc. Kebl, kdy také doSlo ke spojeni s jeho skupi-
nou technologie chemickych vlaken na katedru chemické technologie vlaknitych materialia. Tuto
nové vzniklou katedru vedl v letech 1970 az 1984 prof. Ing. dr. Frantisek Krejci, CSc. V letech
1984-1992 byl vedoucim katedry doc. Ing. Jaroslav RiiZicka, CSc. V letech 1992-1997 ka-
tedru vedl prof. Ing. Ladislav Kudldcek, CSc., ktery po dvé funkéni obdobi zastaval funkci rektora
VSCHT a posléze Univerzity Pardubice.

Pozdéji v roce 1966 bylo na zakladé dalsi reorganizace vyclenéno oddé€leni chemické tech-
nologie vlaknitych materialli, nazev katedry se zménil na katedru technologie makromolekulir-
nich latek a v roce 1967 se vedoucim katedry stal prof. Ing. Dr. Josef Mleziva, DrSc. Na vysokou
skolu prisel prof. Mleziva z Vyzkumného ustavu syntetickych pryskyfic a lakii v Pardubicich
(dnesni SYNPO a. s), kde pfedtim pracoval ve funkci vedouciho vyzkumu, a po jeho pfichodu
byla problematika katedry orientovana obdobné jako ve VUSPL na lakaiska pojiva, reaktoplasty
a kompozitni materialy, coz umoznilo jiz v tomto obdobi urcitou spolupraci téchto dvou praco-
vist a zejména uzkou vazbu na chemicky primysl, jmenovité na Spolek pro chemickou a hutni
vyrobu v Usti nad Labem. V oblasti védeckovyzkumné &innosti byla pozornost vénovana pie-
devsim alkydovym a epoxidovym pryskyficim a nenasycenym polyesterim. Problematika byla
studovana jak teoreticky, tak zejména se zaméfenim na realizaci vysledki v praxi. Katedie se
podafilo realizovat fadu vysledkll vyzkumu ve Spolku pro chemickou a hutni vyrobu i v aplika-
cich vyvinutych polymernich materialii v oblasti lepidel, tmelii, natérovych hmot, podlahovin
a skelnych laminatt. Dilezitou oblasti vyzkumu bylo hledani moznosti vyuziti vedlejSich pro-
duktid z vyroby cyklohexanonu a ethylbenzenu, jehoz vysledky byly rovnéz realizovany v praxi.

Na studium a syntézu novych lakafskych pojiv v oddéleni polymert navazovaly prace oddé-
leni natérovych hmot, které byly orientovany jednak na formulace, jednak na vyzkum vlastnosti
ochrannych natérti. Vyzkum byl zaméfen na typy natérovych hmot se specialnimi vlastnostmi
pro naro¢na pouziti. Po odchodu prof. Rozana do diichodu v roce 1966 navazali na jeho praci
doc. Ing. Jiri Toms, CSc. a doc. Ing. Jaroslav Jarusek, CSc., ktery jako absolvent prazské VSCHT
a zak prof. Wichterleho, u néjz béhem studia pracoval jako pomocna védecka sila, nejprve pra-
coval v primyslu natérovych hmot v podniku Barvy a Laky Kralupy a odtud presel v roce 1958
na VSCHT Pardubice. Oddéleni natérovych hmot pod jeho vedenim mélo trvalou spolupraci
s lakarskym primyslem. Doc. Jarusek pozdéji v letech 1987-1990 puisobil jako vedouci katedry,
kterou po roce 1990 pod nazvem katedra polymeri kratce vedl doc. Ing. Viadimir Cermdk, CSc.

V roce 1991 se stal novym vedoucim katedry prof Ing. Jaromir Siiupdrek, DrSc. ktery pfisel
na VSCHT z Vyzkumného tstavu syntetickych pryskyfic a lakt, nynéjsiho Synpo a.s. Pardubice.
Vedoucim katedry a pozdéji zfizeného Ustavu polymernich materidlii, byl od roku 1991 az do
roku 2008, v letech 1992-1999 byl soucasné prvnim dékanem Fakulty chemicko-technologické
nové vznikajici Univerzity Pardubice (1993). Studovana problematika pracovisté se tehdy rozsi-
fila o studium emulzni polymerace a syntézu disperznich pojiv pro ekologické, vodou feditelné
systémy a natérové hmoty a o studium novych typi kompozitnich materiald. Rozvijela se rovnéz
uzka spoluprace s UMCH AVCR a zejména se Synpo a.s. Pardubice, kde byla zfizena Spolecnd
laborator analyzy a hodnoceni polymerii vedena prof. Ing. Stépdanem Podzimkem, CSc., rozvijela se
spoluprace jak pri feSeni grantovych projekt, tak pfi vychové student zejména doktorského
studia. Byl ziskan ,nonrestricted” grant od firmy DuPont.

Po fadé zmén v administrativnim uspofadani pracovist na byvalé VSCHT, zabyvajicich se
makromolekularni chemii, riiznymi polymernimi materialy i textilni chemii, po dohodé¢ s tehdej-
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§im rektorem prof. Ing. Ladislavem Kudlackem, CSc. zfidil prof. Ing. Jaromir Siuparek, DrSc.
v roce 1997 Ustav polymernich materidlii, tajemnikem tstavu byl Ing. Miroslav Vecefa, CSc.

Ustav mél tii oddéleni:

Oddéleni syntetickych polymeru a pryskyfric,

Oddéleni natérovych hmot a organickych povlaki,

Oddéleni vlaknitych materiali a textilni chemie,

soucasti ustavu byla téz

Spole¢na laboratof analyzy a hodnoceni polymeru se Synpo a. s. Pardubice.

Ustav polymernich materidlii byl garantem vyuky makromolekularni chemie na fakulté
a vedle inzenyrl, specialisti v oborech Technologie vyroby a zpracovani polymeri a Vlakna
a textilni chemie, vychoval fadu doktorandl v oboru Technologie makromolekularnich latek
a byl hlavnim garantem akreditovanych habilitacnich obort fakulty Makromolekularni chemie
nym ustavem syntetickych pryskyfic a laki v Pardubicich, byla pro fakultni pracovisté velmi
vyznamna, nebot studenti na zakladé uzavienych dohod mohli vyuzivat odbornou knihovnu
této vyzkumné organizace a v ramci spolecného pracovisté si dopliovat praktické znalosti v ob-
lasti analyzy a hodnoceni vlastnosti polymernich materialfl. Rada vynikajicich odborniki Synpo
a. s. Pardubice ptsobila ve funkci Skoliteld specialistil pfi vychové doktorandt, dale jako clenové
komisi pro obhajoby a statni zkousky a néktefi plisobi na fakulté i jako externi pedagogové. Po-
dobné i v oblasti chemickych vlaken a textilni chemie tstav nadale spolupracoval s a.s. Ostacolor
Dvore Kralové i s dalSimi vyzkumnymi pracovisti vlaknafského a textilniho primyslu. Predni
odbornici téchto pracovist se dodnes podileji na vychové mladych inzenyrti a doktorandi. Ustav
poskytoval servisni sluzby v oblasti elektronové mikroskopie a hodnoceni plastli a kompozit-
nich materialti, vlaken a textilnich materiald a hodnoceni natérovych hmot, zejména ucinnos-
ti jejich korozni ochrany. UPM spolupracoval s akademickymi pracovisti, predevsim Ustavem
makromolekularni chemie AV CR a na zakladé hospodafskych smluv i s primyslovymi podniky.
Vzhledem k vybaveni fadou modernich pfistrojii v tomto obdobi se rozsah a moznosti téchto
spolupraci postupné zvySovaly. K nejvyznamnéjsim podnikiim v tomto obdobi pochopitelné pa-
tily Synthesia Semtin, Spolchemie Usti nad Labem, vétsina vyrobctl natérovych hmot a fada
textilnich podniki.

V druhé poloviné roku 2008 prevzal vedeni tustavu prof. Kalenda, ktery pripojenim katedry
celulozy a papiru vytvofil novou strukturu ustava. Nové vznikly tvar nazvany Ustav chemie
a technologie makromolekuldrnich latek dnes tvori tfi oddéleni:

Oddéleni syntetickych polymeri, vliken a textilni chemie,
Oddélenit ndatérovych hmot a organickych povlakii,
Oddeéleni dreva, celulozy a papiru.

Rozdéleni a oddé€leni vyuky technologie polymerti od vyuky technologie natérovych hmot
a zfizeni nového navazujiciho oboru doktorského studia Povrchové inzenyrstvi vedlo ke ztraté
akreditace oboru doktorského studia Technologie makromolekuldrnich ldtek a tim i ke ztraté moz-
nosti habilitace v tomto oboru na fakulté. Nahradnim oborem pro doktorandy chemie polymert,
vétSinou s tématy zaméfenymi na pojiva pro natérové hmoty a povrchové upravy, je dnes obor
Povrchové inzenyrstvi.



XV. KONFERENCE PIGMENTY A POJIVA « 7.-8.11.2023

Pedagogové dnesniho Ustavu chemie a technologie makromolekularnich latek, ktery
v souéasné dobé vede doc. Ing. David Vesely, Ph.D., dlouhou fadu let aktivné pracuji v Ceské
spolecnosti chemické, ve které jiz v roce 1968 zalozili Odbornou skupinu pro ndtérové hmoty,
pryskyrice a pigmenty. ktera je od roku 1992 ¢lenem mezinarodni asociace pracovnikd v tomto
oboru FATIPEC. Jako obnovitelé Spolku textilnich chemikii a koloristii, ptivodné zaloZzeného
jiz v roce 1908, pracovali do roku 1993 ve Svazu védeckotechnickych spolecnosti jako Odbornd
skupina pro vlakna a textilni chemii, po rozdé€leni statu opét obnovili Spolek textilnich chemikii
a koloristii. ktery je téz ¢lenem Mezindrodni federace spolkii textilnich chemikii a koloristii. Ustav
ve spolupraci s t€émito odbornymi skupinami organizuje kazdoro¢né dvé velké celostatni kon-
ference s mezinarodni ucasti: konference Nové poznatky v oboru ndtérovych hmot dne nahradily
kazdoroéné poradané konference Pigmenty a pojiva a dale konferenci pro textilni odbornou vefej-
nost - Celostdtni koloristickou konferenci. Dlouholeta védecka a technologicka prace pracovniki
predchozich kateder, Ustavu polymernich materialt i nynéjsiho Ustavu chemie a technologie
makromolekularnich latek je obsazena ve velkém poctu védeckych publikaci, udélenych patentt,
vyzkumnych zprav, skript, uebnich textti i kniZznich monografii i realizovanych vyrobkii a tech-
nologii i udélenych grantt.
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130 LET CHEMIE V PREROVE — MINULOST, PRITOMNOST,
BUDOUCNOST

130 YEARS OF CHEMISTRY IN PREROV — PAST, PRESENT, FUTURE

OSTRCIL M., PINKOVA B.

Precheza a.s., Prerov, marek.ostrcil@precheza.cz

Summary
This year, Precheza celebrated 130 years since the first steps to build a chemical factory in Prerov. From
that moment, production in our factory shifted from agricultural products to inorganic pigments.

Key words
Precheza, TiO,, titanium white, history, legislation.

MINULOST

Vroce 1894, tedy presné pred 130 lety, se na valné hromadé Hospodarského spolku kojetin-
sko - prerovského zacala psat historie chemické vyroby v Prerové. Pripravny vybor mél za ukol
prichystat zaloZeni tovarny na uméla hnojiva. O rok pozdéji se konala ustavujici valna hromada
s nazvem ,,Prvni moravska rolnicka tovarna akciova na soustfedéna hnojiva a lucebniny v Pre-
rové®. Za dalsi rok, tedy jiz v roce 1896, byla tovarna zkolaudovana a zahajena vyroba kyseliny
sirové a superfosfatu. Pracovalo zde 50 zaméstnancd.

Pted 1. sv. valkou se v tovarné zacal vyrabét fluorokifemicitan sodny a z odpadni viny a rost-
linnych semen se zacaly extrahovat technické tuky. Po nelehkém obdobi prvni svétové valky byla
v roce 1923 zahajena vyroba fermeze. Rozvoj tovarny zbrzdila hospodarské krize na pocatku
30. let, ale jiz v roce 1935 se vyrobni program rozsifil o vyrobu jedlych olejii a margarinu.
2. sv. valka znamenala zastaveni nékterych provozl (napf. superfosfat) a ostatni byly omezeny.

Po 2. sv. valce byla tovarna znarodnéna a v roce 1949 se prejmenovala na ,Lucebni zavody
Prerov”. Také byla ukoncena vyroba jedlych oleji a tukti. Hned po valce byla postupné zménéna
technologie vyroby kyseliny sirové z komorové technologie na kontaktni.

Vyroba titanové béloby byla prerovské chemicce nafizena Ministerstvem chemického pru-
myslu v roce 1957. V roce 1964 byla zahajena vystavba vyrobny a o 4 roky pozdéji byla vyroba
titanové béloby odzkousena, ale to jiz se firma jmenovala ,,Pferovské chemické zavody®, pozdéji
zaClenéna do Chemopetrolu. Za dalSich 5 let jiz kapacita vyroby titanové béloby dosahovala
20 kt.

K velkym zménam doslo po sametové revoluci - pfeména na akciovou spolecnost, zména
nazvu na PRECHEZA, a.s., privatizace, ukonceni vyroby primyslovych hnojiv, vznik dcefiné
spolec¢nosti Kemifloc, nové typy sadrovci, vyroba monosalu (monohydrat siranu Zeleznatého).
Od roku 1996 je Precheza a.s. soucasti holdingu Agrofert.

Od pocatku nového tisicileti probiha v Precheze a.s. neustala intenzifikace vyroby titanové
béloby a s ni spojenych provozl. Kapacita vyroby titanové béloby v roce 2003 dosahovala 41 kt
a dnes je to dokonce uz 62 kt.

PRITOMNOST A BUDOUCNOST

Precheza a.s. dnes dodava titanovou bélobu do natérovych hmot, plasti, papiru, stavebnich
materialli, farmacie i kosmetiky. Zelezité cervené sméfuji zejména do natérovych hmot a staveb-
nictvi.
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Precheza je jediny vyrobce titanové béloby v Ceské republice, ale jen necela 1/10 jeji pro-
dukce zustava na domacim trhu. Pfiblizné 70 % produkce pak sméfuje do zbytku Evropy. Asi
pétina pak do zbytku svéta. Z pohledu aplikaci pak naSe titanova béloba sméfuje z vice jak 1/3
do plasti a z druhé tfetiny do natérovych hmot. Zbylému objemu pak dominuji aplikace v potra-
vinarstvi, farmacii, kosmetice, papiru. Na vzestupu je pak segment nepigmentovych druht TiO,
- katalyza a nové UV absorbéry.

U zelezitych pigmenti vice jak 95 % prodejii sméfuje do Zapadni a vychodni Evropy mimo
Ruska, kam nevyvazime v disledku Ruské invaze na Ukrajinu. Tietim dominantnim produktem
Prechezy je siran Zeleznaty, ktery prakticky ze 100 % sméfuje na evropské trhy.

Pritomnost i budoucnost vyroby ovliviiuje vyznamné soucasny vyvoj v legislativé[1] :
a) antidumpingoveé fizeni na ¢inské TiO,,
b) Odvolani Francie u Evropského soudu ve véci povinného oznacovani TiO, jako potencio-
nalniho karcinogenu (H351),

c) genotoxicita TiO, pouzivaného jako barvivo v potravinafstvi E171,
d) REACH - vyhodnoceni vlastnosti a doplaujici studie pro registraci,
e) dalsi.

Podrobnosti k vyse uvedenym bodim budou detailnéji probrany v ramci prezentace.

REFERENCES
[1]  Pikal P., Legislativni situace TiO,, 2024.

JAK MUZE POLYASPARTOVA TECHNOLOGIE SPLNIT POZADAVKY
UDRZITELNYCH SPICKOVYCH APLIKACIH

HOW CAN THE POLYASPARTIC TECHNOLOGY MEET THE REQUIREMENTS
OF SUSTAINABLE HIGH END APPLICATIONS

GRAHL M.
Covestro Deutschland AG, AD Manager C&C, Distribution, michael.grahll@covestro.com

Summary
The polyaspartic technology is well-known for its fast curing, high durability and exceptional chemical
resistance in construction and corrosion protection applications. However, the technology failed to gain
a foothold into car refinishing and ACE applications, where the performance of the polyaspartic techno-
logy was not sufficient when it comes to gloss retention and color stability.

With the development of low FADEE products and new application concepts COVESTRO where able to
close the gap in performance to pave the way for new solutions into the car refinish and ACE market.
Additionally the low FADEE products, which < 0,1 % fumaric acid diethyl ester, improved the workplace
hygiene of polyaspartic products.

On COVESTRO s way to circular economy and the reduction of product carbon footprint the new

DESMOPHEN CQ NH portfolio will contain a specified amount of bio-based raw materials of 27%—38%
depending on grade, preparing the way for more sustainable coating solutions

Key words
Polyaspartic, 2k, fast curing, low VOC, efficiency, flooring, car refinish, ACE, sustainability, industrial
hygiene.
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FOTOKATALYTICKY AKTIVNI MATERIALY, JEJICH APLIKACE
V OCHRANE ZIVOTNIHO PROSTREDI A HODNOCENI UCINNOSTI

PHOTOCATALYTIC MATERIALS, THEIR APPLICATION IN PROTECTION
OF THE ENVIRONMENT AND EVALUATION OF THEIR EFFICIENCY

BAUDYS M., RUSEK J., KRYSA J.
Department of Inorganic Technology, University of Chemistry and Technology Prague

Summary
Semiconductor photocatalysis is based on the photogeneration of reactive species with high oxidation po-
tential, which can be applied in air or water treatment to remove stable organic pollutants. Actually, the
most studied photocatalyst is TiO, which is stable, non-toxic and reliable. The objective of this contribu-
tion is to summarize the applications of photocatalytic processes (self- cleaning surfaces, air cleaning)
and to mention standard methods of photocatalytic efficiency evaluation, which are included in the Certi-
fication program of the Czech Society of Applied Photocatalysis.

Key words
TiO,, photocatalytic activity, self —cleaning, air cleanin

INTRODUCTION

Photocatalytic behavior of titanium dioxide is known since 70s and is connected with two
researchers from Japan, Akira Fujishima and Kenichi Honda who published article [ 1] in which
the decomposition of water on rutile single crystal was observed.

The photocatalytic effect is based on absorption of light with higher energy than the band
gap energy of givensemiconductor photocatalyst, excitation of electrons and photogeneration
of species with high oxidation potential such as holes, hydroxyl radicals or super oxide radi-
cals. Although the most of photo induced species dissipated to heat, small portion is separated
and migrate to the surface of photocatalytic particle where they can participate in redox reacti-
ons [2]. The practical application of photocatalytic processes can be divided into three applicati-
on areas: i) self-cleaning surfaces which are after irradiation not to susceptible to soiling [3], ii)
air cleaning which removes the organic traces in interiors (such as aldehydes)[4], and iii) spe-
cialized water cleaning - decomposition of persistent compounds (residues of drugs, hormones,
dyes) dissolved in water [5]. It follows that photocatalytic processes can be applied to decom-
posed compounds in relative low concertation (units of ppm), on the other hand beside the UV
irradiation and photocatalytic surface no additional ingredients need to be added to the system
like in the case of Fenton’s oxidation. The objective of this contribution is to sum up various
applications of TiO, photocatalysis and also to mention the standard method of evaluation of the
photocatalytic efficiency which are included in certification program of the Czech Association
of Applied Photocatalysis.

SELF —-CLEANING SURFACES

Self-cleaning surfaces are prepared with the aim to limit the soiling and thus help to keep
the exterior clean. According to the form of TiO, we can distinguish self-cleaning glass in which
the TiO, is deposited by CVD method in the form of thin (20 nm) transparent layer [6]. Another
possibility is to disperse TiO, particles in cement based matrix [7] or polymer binder [8, 9]. As
a practical example of the use of photocatalytic concrete material can be mentioned church in
Rome consisting of concrete blocks made with white cement and TiO,. The disadvantage of the
TiO, based materials is that only a thin layer (unit of microns) is available for photocatalytic
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reactions and the majority of TiO, in the bulk of the material can not be utilised. In case of po-
lymer matrix some compromise between photocatalytic activity and stability of the matrix must
be taken into account. We need some sufficient photocatalytic activity but also some reasonable
durability of the coating which must be robust to endure photo oxidation reaction. It was found
that in the case of photocatalytic paints the full activity is developed after some time of UV expo-
sition. This is due to the partial degradation of polymer matrix and enrichment of active surface
to TiO, particles [10, 11].

Fig 1: Application of self-cleaning glass A:uncoated part, B: TiO, coated surface

In Table 1, there is summarized standard methodology according to Certification program
of the Czech Society of Applied Photocatalysis provided by the laboratory University of Che-
mistry and Technology (UCT) Prague. Water contact angle method is based on the application
of oleic acid on the tested surface and measurement of wettability depending on the time of
UV irradiation. After the application of oleic acid, the contact angle is relative high due to the
presence of fatty acid, after some time of irradiation due to the photocatalytic oxidation of oleic
acid, contact angle decreases. Another group of methods is based on the observation of color
change depending on the time of irradiation. The Rhodamine B method (UNI 11259) is suita-
ble for photocatalytic concrete. This method is based on the application of Rhodamine dye on
tested samples and measurement of color difference a* The Resazurin method is based on the
application of indicator ink consisting of Reasuring dye and glycerol. Glycerol acts as sacrificial
electron donor. To get optimal viscosity all compounds are dispersed in solution of hydroxy-
ethylcelulose. After irradiation of photoactive surface, the produced holes ale trapped by glycerol
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which is oxidized while the photogenerated electron are able to reduce Resazurin in the form
of Resorufin. This reduction is connected whith color change from blue to pink. The surface
of active layer containing Resazurin ink is regularly irradiated and recorded using hand held
scanner. Using appropriate graphical software, captured images were decomposed to basic color
component R, G and B. In Fig 3, there is shown the dependence of normalized red channel on
time, while in Fig. 4 there is shown the gradual color change of Resazurin ink on active sample
and also reference sample. In Fig. 3 it is visible that with increasing exposition time normalized
red channel increases, because the initial blue Resazurin is reduced to the form of Resorufin.
Photocatalytic activity is than expressed as the time which is needed to reach 90 % of overall
color change (Tb90).

Fig. 3: Dependence of normalized red channel depending on time of UV irradiation
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Fig .4: Self-cleaning glass with Resazurin ink (top) and reference glass without TiO, (bottom)
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Table 1: Summary of standard evaluation methods of self-cleaning properties provided by photoca-
talytic laboratory at UCT Prague

Criteria of evaluation

Self-cleaning
(degradation of
Rhodamine B)

UNI 11259

property standard excellent satisfactory
Self-cleaning (reduc- ) Ttb in the range 4-45 Ttb in the range
tion of Resazurin ink) 150 21066:2018 min (1,5-4)
color change higher | Color change higher

25 % after 4 hours, or
color change higher
than 50 % after 26
hours

than 30 % after 1
hour, or color change
higher than 50 %
after 4 h

Self-cleaning of
surface (water angle)

ISO 27448:2009

>water contact angle
30°° degrees

>water contact ang-
le10° degrees

AIR TREATMENT

One of the promising applications of semiconductor photocatalysis is removal of organic
traces in interiors. Typical interior pollutant is formaldehyde, which can be released from fur-
niture, and cause, in the long term, non specific symptoms which are called as thick building
syndrome. Photocatalytic material can be applied in the form of interior paint which is irradiated
by UV light, or TiO, can be applied on some porous structure and applied in air purifier.

Fig. 3: Application of interior photocatalytic

paint [13] Fig 4: Photocatalytic air purifier AceAir [14]

In table 2, there are summarized standard methods for evaluation of photocatalytic effi-
ciency of VOC removal provided by photocatalytic laboratory UCT Prague. All methods are
included in Certification program of the Czech Association of Applied Photocatalysis. The ISO
methods are based on the determination of removed amount of model pollutant in through flow
reactor. In the case of air purifiers the testing method is based on determination of concertation
decay of 4 VOC including 1 ppm of acetaldehyde, acetone, heptane and toluene. By measuring
of CO, evolution the level of mineralization can be calculated.

10
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Table 2: Summary of standard methods of evaluation of photocatalytic efficiency of VOC removal
provided by photocatalytic laboratory UCT Prague

Criteria of evaluation

val of formaldehyde

property standard excellent satisfactory
Air treatment - remo-
val of NOX ISO 22197-1:2007 0,5 umol/5 h >5 umol /5 h
Air treatment - remo-
2 > >
val of acetaldehyde ISO 22197-2:2011 0,20 umol/h 1 umol/h
Air treatment - remo- | g5 ) 19739017 0,20 umol/h >1 umol/h
val of toluene ’ U H
Air treatment - remo- | ¢y 97 40013 0,20 pumol/h >1 umol/h

Air purifiers - remo-
val of the mixture of 4

Minimum 90%
removal of VOC’s

Minimum 90%
removal of VOC’s for

VOCs (acetaldehyde, | CEN 16846-1:2017 for 24 hours - 1 m® | 4 hours - 1 m? cubic
acetone, toluene and .
cubic box box
heptane)

In Fig. 5 there is illustrated the concertation decay of 4 VOC including acetaldehyde, to-
luene, heptane and acetone in 1m3 according CEN 16846-1:2017. The testing device is put in
the chamber, and the mixture of 4 VOC is introduced in the form of liquid. After reaching sta-
ble initial concertation, the testing device is switch on and we can see that it comes to gradual
decrease of all VOC while the concertation of CO, increases due to the photocatalytic oxidation
of organic matter. After 250 min. all of organic is transformed to CO,. The theoretical amount
of CO, which is produced by mineralization of introduced organic is 26 ppm, which is in the
good agreement with measured CO, concertation 25 ppm.

Fig 5: Concentration decay of the mixture of 4 VOC in 1 m? testing chamber

200
time /min)
acetone @ heptane @ toluene

300 400

@ acetaldehyde
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Fig 6: Evolution of CO, produced by photocatalytic oxidation of mixture of 4 VOCs (acetalde-

hyde, acetone, toluene and heptane)
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CONCLUSIONS

Actually, various photocatalytic materials appear on the market with aim to either improve

air quality in interiors, or to reduce facede cleaning costs. On the other hand, commercial develo-
pment of photocatalytic materials involve the necessity of testing according to standard methods.
In the case of self-cleaning surfaces, the methods are based on the color change, which occurs
on the photocatalytic surface. Such methods can be also applied in situ outside the laboratory.
In the case of evaluation of efficiency of air purifiers more complex method has to be used, beside
the quantification of the amount of removed pollutant, also the formation of CO, as a proof of
photocatalytic oxidation have to be followed as a function of time.

[1]
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(3]

(4]

[51
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VYPOCET SPOTREBY NATEROVYCH HMOT
CALCULATION OF PAINT

SIGMUND J.

vejasi@seznam.cz

Summary
TFor the preparation of this article, I proceed from the methodology of more accurate calculation
of the consumption of paints, which I prepared and published on the pages of the journal Steel Structures
in 2000. It includes consistent respect for the construction of the real coating (covering the roughness
of the base, nominal thickness of the coating, dispersion in the thickness of the coating) and refining
the estimation of paint losses. The paper also includes tabulated data valid for different types of painted
surfaces and used technological procedures.

Key words
Methodology of refined calculation, consumption of paints, covering of roughness of the substrate,

variance in the thickness of the coating, refined estimation of losses.

Mnozi pracovnici z oborii zpracovani specifikaci, technologickych postupti, objednavek pro
natéry a obdobné povlaky, a také jejich zhotovovani z kapalnych natérovych hmot, nedovedou
spravné stanovit spotfebu natérovych hmot pro konkrétni dilo. Navic nam rostou nam novi,
mladi pracovnici, pro které je potfeba starsi uzZite¢né znalosti a informace opakovat. Rozhodl
jsem se oprasit svoje starsi materialy, a s ovéfenou metodikou vypocti Vas seznamit.

Pro pripravu tohoto pfispévku vychazim z metodiky zpiesnéného vypoctu, kterou jsem
pripravil a uvefejnil na strankach casopisu Ocelové konstrukce v roce 2000. Pozdéji jsem meto-
diku prednesl na IX. konferenci Ocelové konstrukce 2007 v Karlové Studance. Soucasné jsem
metodiku prednasel v kursech, poradanych a.s. Vitkovice a agenturou Sekurkon. Od roku 2011
ji pfednasim v kursu Korozni inZenyr pfi CVUT Praha jako soucast prednasky Protikorozni
ochrana staveb a objektli s mnoha kombinovanymi plochami a u¢inky.

V lonském roce jsem tento pfispévek prednesl na 19. Mezinarodnim odborném semi-
naii PROGRESIVNI A NETRADICNI TECHNOLOGIE POVRCHOVYCH UPRAV ve dnech
29. a 30. listopadu, konaném v OREA CONGRESS HOTEL Brno.

Zacnéme u toho, jak vypada natér. Na obrazku €. 1 je hypoteticky fez povlakem jednovrst-
vého natéru, zhotoveného na drsném podkladu, napf. na otryskané oceli. Co na tom obrazku
vidime:

1. Cast povlaku, ktera vykryva drsnost podkladu - tzv. mrtvy objem. (u nejvyssich piki drs-
nosti podkladu dosahuje tloustky ,,0“, zdanlivé nefunkcni, nezbytna nadspotieba).
2. Cast povlaku, ktera predstavuje definiéni tloustku povlaku - NDFT.

3. Cast povlaku, prekracujici definiéni tloustku - nadspotieba. Vzhledem k rozptylu ve
tloustkach povlaku je nevyhnutelna. Jsou-li definovany toleran¢ni meze i v zapornych
hodnotach (napf. ,,pravidlo 80-20%), mizZe byt i zaporna.

TotéZz mizeme rozsifit pro vicevrstvé nebo i kombinované natérové systémy a povlaky, pri-
slusnymi upravami (napf. drsnost predchazejiciho natérového povlaku je nulova).

14
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Obr. 1: Rez povlakem jednovrstvého natéru, zhotoveného na otryskané oceli

Jak vypada povlak é
Ztrity Vypocdet spotieby natérovych hmot u natéru
piestiikem

Ztraty
thuex . : manipuiacemi

Pro zhotoveni natérového povlaku je kromé spotieby natérovych hmot na popsanou skladbu
povlaku jesté nezbytné pripocist technologické ztraty, a to jak tzv. ztraty prestfikem, tak ztraty
vzniklé pfi dalSich nejriiznéjsich manipulacich. Spotiebu barvy je tedy mozné rozdélit na jednot-
livé podily, které lze samostatné vykalkulovat, a potom secist:

- zakryti drsnosti podkladu CSN ISO 19840 (mrtvy objem),

- idealni (teoreticky, zadouci, NDFT) natér,

- prekroceni predepsané tloustky natéru,

- ztraty prestfikem, ukapem apod.,

- a ztraty manipulacemi s natérovymi hmotami (zbytky v obalech, ve stfikacim zafizeni
a pracovnich pomickach, rozlité apod.).

U skutecného natéru lze v projektu (specifikaci) pfedepsat jmenovitou (nominalni)
tloustku natéru, nejnizsi pripustnou tloustku (dolni toleran¢ni mez) natéru, a nejvyssi pripust-
nou tloustku (horni toleran¢ni mez) natéru. Pfipadné jinou definici tloustky vrstev véetné meto-
diky méfeni a vyhodnoceni. Pro skutec¢né dilo 1ze o¢ekavat nerovnomérnosti v tloustkach vrstev,
v zavislost na tvaru a typu ocelové konstrukce (dale OK) nebo vyrobku, v zavislost na zru¢nosti
natérace nebo sefizeni strojniho zafizeni pro nastfik, jejich vycCisleni. Lze stanovit mrtvy objem
otryskaného podkladu nebo objem vsakly do poréznich podkladi.

Vzorec pro vypocet praktické spotieby barvy obecny tvar pak ma nasledujici tvar:

2Ra +tl.d.+ 1 ih.—td.
Sp[l/m2]= Sttl[lt/m2]>< a + +4x( )
tab . 1- fp — fin

15
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Kde pro jednotlivé symboly plati

Sp = vypocitana prakticka spotfeba barvy v It/
m? podle vstupnich udaji

S, = teoreticka spotfeba barvy v 1t/m? nebo
v kg/m? pro definiéni tloustku natéru
tl napf. jako

= tabelovany udaj vyrobce, nebo

“tab*’

= 1 : vydatnost teoreticka
(udaj vyrobce), nebo
=t : (10 . Vsus [%]),

kde Vsus je objem suSiny barvy jako tabelova-
ny udaj vyrobce, mize byt vypocten z
hmotnosti susiny barvy % m__a z husto-
ty barvy bar a hustoty fedidla red
podle rovnice Vsu$ [%] = 100 - ( bar : fe.) .
(100-%m_ )
,- = defini¢ni tloustka natéru v um (4daj
vyrobce) pro teoretickou spotiebu (vy-
datnost) barvy

tl.

tal

1/g = faktor tvaru povrchu natéru, pro kfizo-
vy natér, % pro natér v rovnobéznych
pruzich

tl., / tl., = tloustka min. / tloustka max.

budou dané zrucnosti pracovnika, technolo-
gickymi mozZnostmi

R, = drsnost podkladu v um (Ra = 1/6 Rz -
rozhodnuti TC 35/SC 12), plati (napf.)
= 10 um pro tryskani ocelovou drti
GP18,
= 0 um pro pfedchazejici natér nebo
nezdrsnovany Zarovy povlak zinku
= 6 um pro tryskani korundem a dir-
kem, nebo zdrsnény povlak zarového
zinku
=0,005. % por . tl_ v um pro podklad
zarové stiikaného Zn, Al a slitin (udaj
,hahradni“ pro tento vypocet),

kde % por je porovitost povlaku v %

tl . je tloustka povlaku v um

fp = faktor na propocet ztrat barvy technolo-
gickymi ztratami
= napf. pro nastfik airless 0,15 pro ple-
chy a tézké OK do 15 m?/t, 0,25 pro
bézné OK asi 25 m?/t, 0,40 pro lehké
OK a profilovy material asi 40 m?/t,
0,50 pro subtilni OK asi 60 m?/t, jako
jsou rosty, zebriky apod.,
= nastfik vzduchovy - zvysit o 20 az 30
% oproti nastriku airless
= 0,03 pro natér Sté€tcem a valeCkem

f;, = faktor na propocet ztrat barvy manipula-
cemi, obvykle 0,04

K vypocétim bude dale nezbytné znat:

. udaje vyrobcti natérovych hmot k jednotlivym natérovym hmotam (teoretické spotieby
nebo objemy / hmotnosti susiny, tuzici poméry, davkovani fedidel v zavislosti na zpa-

sobu nanaseni),

. vzorce pro spotiebu fedidel, pripadné dalSich pomocnych hmot,
. udaje z projektii / konstrukcnich feseni ke tvaru a typu OK a vyrobkaii,
. udaje vyplyvajici z technologickych moznosti zhotovitele a schopnosti jeho pracovniki.

Zde si dovoluji pripomenout, Ze neuvéritelné vysoky vliv na spotiebu natérovych hmot
ma tvar a slozitost konstrukce / vyrobku, a aplikacni pracovnik - rozliSuji (zde uvedené

hodnoty plati pro jednoduché plochy):

pan natéra¢ - dodrzi tloustku natéru v mezich tl  :tl =100 az 140 %,

natéra¢ - dokaze dodrzet tloustku natéru v mezich t, ot =100az 170 %,

mazal - placa to tam a pfekracuje toleranéni meze tl  : tl  nad 170 %.
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Udaje pro vypocet budou pievzaty z riiznych zdroji. Prokazatelné viechny nezbytné udaje
ma k dispozici pouze kvalifikovany a fadné informovany pracovnik zhotovitele (technolog, mistr
- podle organizacni struktury), a pouze ten je zptsobily provést divéryhodné vypocty. Blize viz
tabulka.

. Matematicky vyraz vyjadiujici teoretickou spoti‘ebu natérové hmoty na
St|l/m~ . - ox ve w4 P . ,
o 1 pm suchého vytvrzeného natéru pri tloust'’ce 1 pm — idaje poskytuje vyrobce
tl tab .

natérové hmoty.

Matematicky vyraz vyjadiujici podil natérové hmoty mezi horni a dolni defino-
/g x(el.h.~1l.d.) vanou tloust’kou, vyplyne z tvaru vyrobku, ze specifikace systému PKO
a z pouZzité technologie nanaseni.

] Matematicky vyraz vyjadiuje podil ztrat natérovych hmot prestiikem a mani-
- Jfo - fin . , e I .
pulacemi - vyplyne z tvaru vyrobku a technologickych moZnosti zhotovitele.

Pri v§i ucté, jak projektant / konstruktér dila, tak dodavatel natérovych hmot v§echny takové
informace nemaji, a jejich, byt i upfimna nabidka vypoctu / kalkulace miiZe byt pouze orien-
tacni, a nezavazna. Pro ukazku - rtiznost vysledkil vypoctu v zavislosti na zadanych parametrech
ukazuje nasledujici tabulka. Zakladni zadani pro tyto vypocty - stfedné tézka OK asi 25 m?/t,
nastfik airless (posledni vypocet subtilni konstrukce asi 40 m?/t). Zakladni natér NDFT 40 um
natérovou hmotou o mérné hmotnosti 2534 kg/m?, objem susiny 40 %. Spotfeba teoreticka 0,253
kg/m?. Spotfeba prakticka podle zadanych parametri - vidite ty rozdily?

* tl. nom. ISO, Ra 8 pm, toler. 80-120 % 0,500 kg/m?
* tl. nom. ISO, Ra 8 pum, toler. 80-150 % 0,553 kg/m?
* tl. nom. ISO, Ra 12 pm, toler.80-150 % 0,625 kg/m?
* tl. ,80-20, Ra 8 um, toler. 80-150 % 0,567 kg/m?
* jako predchozi, druha vrstva 0,424 kg/m?
* tl. min.,Ra 8 pm, toler. 100-170 % 0,624 kg/m?
* tl. min., Ra 12 pm, toler. 100-170 % 0,696 kg/m?
* tl. nom. ISO, Ra 8 pum, tétec 0,327 kg/m?
* tl. min., Ra 8 um, toler. 100-170 %, 40 m3/t 0,792 kg/m?

Jestlize zhotovitel ma velky podil opakovanych shodnych nebo podobnych vyrobki / kon-
strukci, a dobfe fungujici technologie, mlize pouzivat zjednodusené vypocCty, kde stale stejné
parametry budou zahrnuty do konstant. Uvadim priklady.

Zjednoduseny vzorec pro vypocet praktické spotieby pro natér podle pravidla ,,80-20%
S =(S,: tl.tab.) . 2R +1,19. tljm) (0,96 - f)
Plati za predpokladt, ze

. natér je definovan tloustkou jmenovitou [tljm] podle ISO 12944, tloustka jmenovita je
definovana smlouvou, projektem atd.

. natérac je zpusobily dodrzet tloustku natéru v mezich tl.d. : tLh. =100 : 170,

. méfeni tlousték natéru jsou vyhodnocovana podle pravidla ,,80-20“, z ¢ehoz vyplyne pro
vypocet spotieby natérové hmoty, ze tl.d. = 0,88 . tlj“l atl.h. =1,49. tljm

. ztraty natérové hmoty manipulacemi nepresahnou 4%,

. natér airless je proveden nastfikem / natérem prevazné v rovnobéznych pruzich,

. ostatni symboly shodné viz obecny tvar.
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Zjednoduseny vzorec pro vypocet praktické spotieby pro natéry definované tloustkou mini-
malni
§ =(S:tltab.) . 2R, +1,35.11  ): (0,96 - 1)

min

Plati za predpokladi, ze

. natér je definovan tloustkou minimalni [tl__ 1,

. natérac je zpisobily dodrzet tloustku natéru v mezich tl , : tl =100 : 170,

. méfeni tlousték natéru jsou vyhodnocovana v souhlasu s definovanou tloustkou minimal-
ni, pro vypocet spotfeby barvy plati, ze tl = 1,70 . tl

. ztraty natérové hmoty manipulacemi nepresahnou 4%,

. natér je proveden nastiikem / natérem pfevazné v rovnobéznych pruzich,

. symboly shodné viz obecny tvar.

Zjednoduseny vzorec pro vypocet praktické spotieby barvy pro velmi tenké natéry
Sp=(Sp,_ :tl ).(Ra+1,18. tljm) : (0,96 -fp)

teor teor
Plati pro natéry, jejichZ jmenovita tloustka nepfesahuje hodnotu 25 um. Vztahuje se na
dilenské zaklady ISO 12944, shopprimery, transportni natéry, svaritelné natéry, natéry na
ochranu ploch svarovych spojii apod. Specifikem natérd je skutecnost, Ze nezakryvaji plné drs-
nost podkladu a jejich povrch drsnost podkladu priblizné kopiruje. Vzorec plati za predpokladi,
7e

. natér je definovan tloustkou jmenovitou [tlij

. pokud je natér definovan tloustkou minimalni tlmin, pak plati tljrn = 1,14 tl__, pokud je
natér definovan tloustkou maximalni timax, pak plati tljm =067t .

. natér je zhotovovan ruc¢né nastfikem / natérem pievazné€ v rovnobéznych pruzich a naté-
rac je zpUsobily dodrzet tloustku natéru v mezich tl_ :tl =100: 170,

. tloustky natéru jsou vyhodnocovany samostatnym postupem,

. ztraty natérové hmoty manipulacemi nepresahnou 4%,

. symboly shodn€ viz obecny tvar.

Zjednoduseny vzorec pro vypocet praktické spotieby barvy pro natéry zhotovované automatic-
kym nastiikem

S = Sp,,,, s tl,,) - (R +1,11. tljm) : 0,81

Plati pro shopprimery a transportni natéry, které budou zhotovovany automatickym stfi-
kacim zafizenim, a jejich jmenovita tloustka nepresahuje 25 um. Nezakryvaji plné drsnost pod-
kladu, jejich povrch ji pfiblizné kopiruje. Plati za predpoklada, ze:

teor

. natér je definovan tloustkou jmenovitou [tljm],

. pokud je natér definovan tloustkou minimalni [tl . ], pak plati, ze tljm =1,08 .t . pokud
je definovan tloustkou maximalni [tl . ], pak plati, Ze tljm = 0,77 . tlmax.,

. natér je zhotovovan automatickym nastfikem zafizenim, zafizeni je zpusobilé dodrzet
tloustku natéru v mezich tl _ :tl =100 : 140,

. méfeni tlousték natéru jsou vyhodnocena samostatnym postupem,

. ztraty natérové hmoty manipulacemi nepiesahnou 4%,

. ztraty natérové hmoty prestfikem nepfesahnou 15%,

. symboly shodné viz obecny tvar.
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Vypocty sice nejsou formulovany pro vypocet spotreby fedidel, pfipadné jinych se zhotovo-
vanim natérl souvisejicich hmot. Lze je v§ak snadno dopocitat. Samoziejmé, obecny vzorec lze
zjednodusit i pro jiné opakované postupy, pokud jejich parametry lze stanovit.

Z vypoctu praktické spotieby natérové hmoty a z udaji vyrobce o obsahu VOC v natérovych
hmotach lze velmi objektivné prognozovat ocekavané emise VOC v natérovém systému, a rovnéz
mnozstvi tuhych odpad.

Co s tim v§im pak provede natérac, to je samoziejmé jiZ mimo rozsah tohoto prispévku.
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SELHANI NATEROVEHO SYSTEMU STRIPOVACI KOLONY
COATING SYSTEM FAILURE OF STRIPPING COLUMN

MINDOS L.
SVUOM s.r.o.

Summary
The study clarifies the sequence of causes that led to the rapid failure of a two-layer coating system
of a stripping column based on epoxy high solids sealant and high solids coating. Color visualization
of the interface with a different pH value was advantageously used to estimate the rate of penetration
of the water phase through the layers of the coating system.

Key words
high solids epoxy coating, specific corrosion environment of stripping column, internal porosity
of coating layers, color visualization on the pH interface.

1 UVOD

Stripovaci kolona je pojem spiSe neznamy bé€zné verejnosti a mize vyvolavat usmévny, ale
mylny dojem, spojovany s Santanovymi praktikami. Struc¢né feceno je stripping, tedy stripovani
proces, kterym jsou z kapaliny odhanény proudem prochazejiciho plynu tékavé latky. Pro tento
ucel lze pouzit vzduch, koufové plyny, obsahujici az 10 % CO, (které Ize proto pouZit soucasné
pro neutralizaci alkalickych slou¢enin nebo okyselovani vody) a vodni paru. Proces stripovani
probiha ve stripovacich véZich, kde dochazi ke kontaktu mezi kapalnou (1) a plynou (g) fazi. Ve
stripovaci koloné je tedy zcela specifické, zesilené korozni prostredi, dané Casto zvySenou teplo-
tou az k bodu varu vody, velmi vysokou relativni vlhkosti a také pritomnosti riiznych plynd, napf.
amoniaku a sulfanu, kterych je potfeba se stripovanim zbavit, coz byl tento studovany pfipad.

Z uvedeného je zfejmé, ze korozni podminky uvnitf stripovaci kolony jsou velmi naro¢né,
a takovym podminkam v trvalém provozu stripovaci kolony mohou odolat jen vysoce profesio-
nalni natérové hmoty, formulované prevazné na bazi dvouslozkovych epoxidovych a vysokosu-
Sinovych materiald.

V této studii bylo provadéno laboratorni zkoumani velkych kust vzorkti dvouvrstvého naté-
rového systému Belzona, odebraného z vnitfnich prostor stripovaci kolony poté, co doslo k jejich
predcasnému selhani. Presnéji feceno, doslo k uplnému podkorodovani a odtrzeni dvouvrstvého
natérového sytému od podkladové tryskané oceli vnitiniho plasté stripovaci kolony. To znamena,
ze nedoslo k oddé€leni ani porusSeni mezi vrstvou tmelu Belzona 1511 a natéru Belzona 1593, ale
k uplnému odtrzeni celého ochranného dvouvrstvého natérového systému vlivem koroze otrys-
kané oceli a nasledné delaminace (odtrZeni) celého dvouvrstvého ochranného natérového sys-
tému od zkorodované oceli.
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2 POPIS EXPERIMENTALNICH METOD

Obr. 1: Celkovy pohled na vnitini stranu odtrzeného NS s vrstvou koroznich produktu zeleza.

Cerny odstin = Fe O,, tmavé cervenohnédy odstin = Fe,O,.

Obr. 2: Detailni pohled na vnitini stranu vrstvy tmelu Belzona 1511, puvodné priléhajici k trys-
kané oceli vnitiniho plasté stripovaci kolony. Lze nalézt vysoké mnozstvi velkych pora zabudova-
nych ve vrstvé tmelu na rozhrani tmel / tryskana ocel. Pory jsou dost velké na to, aby je ani tlusta
cervenohnéda vrstva koroznich produktu Zeleza nepiekryla.

Obr. 3: Fotografie sikmého fezu vrstvami NS. Spodni svétla ¢ast NS - vysokosusinovy tmel
Belzona 1511, zietelna linie rozhrani, horni ¢ast NS s nacervenalym odstinem vysokosusinovy
natér Belzona 1593. Co je nepiipustné, je zjisténi, ze obé vrstvy NS jsou prostoupené vysokym

mnozstvim poru.
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Obr. 4: Mikroskopicky pohled na sikmy ez NS. Zvyraznéni obrovského mnozstvi pori v celém
NS, s jasnou linii rozhrani mezi spodni vrstvou tmelu Belzona 1511 a vrchnim natérem Belzona

1593. Pri podrobnéjsim zkoumani Ize nalézt mnozstvi mist s propojenim dvou i vice pora. 25x SP.

Obr. 5: Zaméreni hloubky difazni fronty 1 % roztoku HCI napfi¢ vrstvami NS, 4 dny / 90 °C.
50x TP.

Obr. 6: Zaméreni hloubky difazni fronty 1 % roztoku HCI napri¢ vrstvami NS, 8 dni / 90 °C.
50x TP.
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Obr. 7: Zaméreni hloubky difazni fronty 1 % roztoku HCI napri¢ vrstvami NS, 12 dni / 90 °C.
50x TP.

Obr. 8: Zaméreni hloubky difuzni fronty 1 % roztoku HCI napri¢ vrstvami NS, 16 dni / 90 °C.
50x TP.

3 VYSLEDKY A DISKUZE
Odhad doby priniku vlhkosti natérovym systémem Belzona pfi 90 °C:

zaméiené hloubky priniku okyseleného vodného roztoku do nitra vrstev NS byly zpraco-
vany do grafii, provedeno prolozeni kfivkou druhého radu a zpétné dopoctena data, za kolik dni
dojde k priniku vody vrstvou natérového systému 1000 um tlustou pfi teploté 90 °C.

Obr. 8: Postup difuzni fronty vodného roztoku 1% HCI pii 90 °C natérovym systémem Belzona
(data z min. zamétenych hloubek pruniku)

y=1,0313x?- 9,325x + 183

Hloubka priniku okyseleného roztoku (m)
&
g

°
-
®
5
=
&
&

Doba ponoru NS v okyseleném roztoku (dny)
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Obr. 9: Odhad doby priniku vlhkosti celym natérovym systémem Belzona pri 90 °C (data ze
spojnice trendu pro min. zamérené hloubky)
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Na zakladé diftiznich dat (minimum) lze odhadnout, Ze za podminek stripovani 90 °C a vy-
soké relativni vlhkosti doslo k priiniku vody vrstvami NS az k povrchu tryskané oceli pfiblizné za
37 dni trvalého provozu stripovaci kolony. S tim souvisi i ta skutecnost, Ze vodu, resp. vodni paru
doprovazely plynné slozky obsazené v kyselych vodach, tedy amoniak a sulfan, z nichz sulfan je

Pozn.: pri pripravé vzorkii pro laboratorni zkoumdni byly kusy delaminovaného NS nej-
prve cistény od koroznich produktii Zeleza, poté brouseny a nakonec lestény. PFi cisteni a brouse-
ni vrstev NS byl vZdy citit vyrazny, specificky pach po sirnych ldtkdch, coZ nasvédcuje o priniku
a zakotveni urcitého mnoZstvi sulfanu v interni porézni strukture NS.

Na zakladé difuznich dat (maximum) lze odhadnout, ze za podminek stripovani 90 °C
a vysoké relativni vihkosti, doslo k priniku vody s obsahem NH, a H,S vrstvami NS az k povrchu
tryskané oceli, jiZ za cca 34 dni trvalého provozu stripovaci kolony.

Obr. 10: Postup difuzni fronty vodného roztoku 1% HCI pii 90 °C natérovym systémem Belzona
(data z min. zaméfenych hloubek priniku)
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Obr. 11: Odhad doby priniku vlhkosti celym natérovym systémem Belzona pii 90 °C (data ze
spojnice trendu pro min. zamérené hloubky)
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Hloubka priiniku vody (um)

0 2 4 6 8 10 12 1% 16 B8 20 2 2 2% 28 30 32 34 36 38 40
Doba préiniku vihkosti celym nétérovym systémem pfi 90 °C (dny)

4 ZAVER

Z provedenych laboratornich zkoumani dodanych delaminovanych kust natérového sys-
tému Belzona 1511 + Belzona 1593 Ize za hlavni pfi€inu pred¢asného selhani povrchové upravy
prohlasit, ze vrstvy zhotoveného natérového systému obsahovaly vysoké az velmi vysoké mnoz-
stvi port, coz silné zredukovalo bariérovy ochranny mechanismus, a v diisledku toho za podmi-
nek specifického vnitiniho korozniho prostfedi stripovaci kolony muselo dojit k intenzivnimu
podkorodovani ochranného natérového systému Belzona a k naslednému odtrhavani velkych
kust povrchové upravy od povrchu vnitiniho plasté stripovaci kolony.
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VLIV DRSNOSTI POVRCHU NA OCHRANNE VLASTNOSTI
ZINKOVYCH SHOP PRIMERU NA OTRYSKANE OCELI

EFFECT OF SURFACE ROUGHNESS PROFILE ON THE CORROSION
RESISTANCE OF ZINC-RICH SHOP-PRIMERS ON BLASTED
STEEL SUBSTRATE

DENK K.

Pragochema spol. s r.o., Praha-Uhiinéves

Abstract
Surface abrasive blasting of metallic substrates under some protective paints is a very common practice
of surface cleaning which enables to enhance several times their corrosion resistance and lifetime of the
paints compared with the ordinary manual/mechanical surface cleaning. Excessive surface roughness
might, however, cause a spot corrosion on the peaks of the surface profile not enough covered with the pa-
int in the case of very thin coatings such as prefabrication primers (shop-primers) which are applied on.
Two types of commercially available zinc-rich shop-primers applied on steel substrate, on the one hand
with organic/epoxiester binder and the other zincsilicate one, were tested in an accelerated corrosion
test and their corrosion resistance assessed in dependence of increased surface roughness after abrasive
blasting. The obtained results proved there is excellent corrosion performance of the zincsilicate type,
much superior to the organic one, and irrespective on the substrate roughness profile, even at the rough-
nesses above 100 um, while, for the organic type, the corrosion resistance falls strongly with a higher
substrate surface roughness.
Abrazivni tryskani kovii pod ochranné natéry je bézny zpiisob cisténi povrchu ke zvyseni korozni odolnosti
a zZivotnosti natéri nékolikandsobné v pororovnadni s pouhym rucnim ¢i mechanizovanym ocistenim
povrchu. Nadmérnd povrchova drsnost podkladu vsak v pripade relativné tenkych povlakii a nateri,
Jjako jsou napr. shop primery, miize zpusobovat jejich prokorodovani v misté pikii drsnosti profilu. Byly
testovany 2 typy komercné dostupnych zinkovych shop primeri, jednak s organickym pojivem (epoxies-
ter) a jednak s anorganickym (zinksilikat) v urychlené korozni zkousce na ocelovém podkladu s rostouct
povrchovou drsnosti po tryskani. Zatimco u zinksilikatového typu shop primeru nedoslo k prokorodovani
nateru ani pri nadmeérnych drsnostech podkladu nad 100 um, tak u organického typu byl zaznamendn
vyrazny narist koroze pri zvySené drsnosti.

Key words
Corrosion resistance, abrasive blasting, surface roughness, surface profile, zinc-rich prefabri-
cation/shop primer, accelerated corrosion test.

1. UVOD

Dilenské zakladni natéry/primery (v dalS§im textu oznacované jako DZP), v anglosaskych
textech nékdy oznacované jako ,shop primers“, ale presnéji nazyvané “prefabrication primers”
nebo téz “preconstruction primers”, vytvareji skupinu antikoroznich natérii, které jsou ve velmi
tenkych vrstvach nanaseny na Cerstvé otryskané ocelové konstrukéni prvky (plechy, profily),
aby je v ¢asové omezeném intervalu chranily pred koroznim napadenim [1]. V obecném pojeti
DZP nenahrazuji zakladni natér predepsaného natérového systému, ale obvykle se stavaji jeho
soucasti. Vyuziti DZP je predev§im tam, kde je tfeba zajistit do¢asnou ochranu vétsiho mnoz-
stvi otryskanych typizovanych ocelovych profilii/plecht pfi jejich skladovani pred montazi do
vétSich konstrukénich celkd na stavbé, napf. v lodnim pramyslu (lodénice). Natérové hmoty pro
DZP musi vykazovat tyto vlastnosti:

. Musi byt stiikatelné (obvykle zpisobem ,,airless”) v nominalni tloustce suché vrstvy (dale
oznacované NDFT) 15-25 um.
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. Musi velmi rychle zasychat, protoze nanasSeni této natérové hmoty nasleduje bezprostred-
né po odstiedivém zpisobu tryskani v téZe automatické lince, ve které se ocelové profily
pohybuiji rychlosti 1-3 m/sek. Casovy interval mezi zhotovenim natéru a dalsi manipulaci
s natfenymi profily je obvykle 3-10 min, takze natér musi zaschnout do manipulovatelné-
ho v této dobé. Pro urychleni zasychani se n€kdy DZP nanasSeji na ocelové profily/plechy
predem vyhraté v téZe lince na teplotu 30-35°C.

. DZP nesmi v uvedenych nizkych tloustkach nepfiznivé ovliviiovat kvalitu svarl (zejména
s ohledem na mozné zvyseni jejich porozity) a pfi pozdéjsSim svafovani a Fezani plame-
nem natfenych profilii nesmi byt pfekroceny stanovené hygienické normy pfi uvolnovani
plynnych zplodin. Z téchto diivodu je obvykle vyzadovana certifikace pouzitého DZP od
prislusnych zkuseben.

. Je vyzadovana dostatecna mechanicka odolnost DZP pfi nasledné manipulaci s natie-
nymi dily, napf. doprava na valeCkovém dopravniku ¢i magnetickym jefabem.

. Ochranna funkce DZP po dobu skladovani natfenych profili do jejich montaze na
stavbé je v atmosférach o stupni korozni agresivity C2-C4 [2] obvykle vyzadovana po
dobu 3-12 mésict.

. DZP musi byt kompatibilni s naslednym predepsanym natérovym systémem.

Natérové hmoty pro DZP vykazuji sniZeny obsah netékavého podilu (25-35% obj.) a rela-
tivn€ vysoky obsah VOC (cca 650 g/1). Jako pojiva se pouzivaji alkydy, polyvinylbutyral, epoxid,
epoxiester, akrylat a silikat s riznymi antikoroznimi pigmenty, v pfipadé epoxidii a anorganic-
kych silikat nejcastéji se zinkovym prachem, které rovné€z vykazuji nejvyssi ochrannou funkci
a vzhledem k vyssi teplotni odolnosti oproti organickym pojiviim i niz§i rozsah poskozeni natéru
pri svarovani ¢i fezani plamenem. V pripadé€ zinksilikatl se v posledni dobé jako DZP uplatiiuji
i vodou reditelné typy, viz napf. Interplate Zero, fy. International/Akzo Nobel [3].

Cilem této prace bylo ovéfit a porovnat ochrannou funkci 2 typt komeréné dostupnych
DZP na otryskaném ocelovém podkladu o riizné drsnosti, vytvofeném riiznymi abrazivy, v labo-
ratorni modelové zkousce imitujici vliv primyslove znecisténé atmosfére studenych/velmi stude-
nych makroklimatickych pasem.

2 VLIV DRSNOSTI PODKLADU NA OCHRANNOU FUNKCI NATERU
OBECNE

Tryskaci material (abrazivo) lze obecné podle velikosti Castic rozd€lit na ostrohranné
(typ oznacovany G) a zakulacené (typ S), dale podle velikosti ¢astic na jemné (cca 0,2-0,7
mm), stiedni (0,7-1,2 mm) a hrubé (1,2-2 mm) a podle materialu jako kovové (ocelové drt€¢ G
a granulaty S) a nekovové (dfive nejcastéji kfemicity pisek - v soucasné dobé z ekologickych di-
vodl pouze podminéné pouzitelny, dale hnédy ¢i bily korund, tavna struska, zirkonoxid, pfirodni
granat, karbid kifemiku aj.). Za jinak stejnych podminek vétsi Castice abraziva o vyssi kinetické
energii zpusobuji vyssi vyslednou drsnost povrchu po tryskani, pficemz ostrohranna abraziva
(G) vykazuji ponékud ,,ostfejsi“ povrch nez zakulacena (S). Jako tryskaci material se pro odstfe-
divé tryskani v lince prednostné uplatiuje zakulacené kovové abrazivo typu S (ocelovy granulat)
¢i ocelovy sekany drat, nebo ve smési s ostrohrannym abrazivem, oproti Cisté ostrohrannym
abrazivim typu G (ocelova drt), které vice poSkozuji metaci kola tryskaciho zafizeni, ¢imz se
snizuje jejich Zivotnost.

Vysledny profil drsnosti povrchu po tryskani je charakterizovan parametry [4]: R - stfedni
aritmeticka tichylka profilu, R - nejvétsi vyska nerovnosti profilu a R - primérna hodnota vy-
Sek nerovnosti z 10 bodd, viz obr. 1. VSechny parametry jsou vztazeny k zakladni Cafe, tj. stfedni
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aritmetické Cafe profilu, ktera rozdéluje skuteény profil tak, Ze soucty ploch profilu nad i pod
touto Carou, jsou v rozsahu zakladni délky po obou jejich stranach stejné.

Obr.1: Drsnost povrchu - zakladni pojmy a definice parametri R , R a R ., empiricky vztah
meziR aR :R =cca(1,2-1,3).R.

Scratch test ISO 1518-1
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Zaplnéni profilu po otryskani natérovou hmotou je zndzornéno na obr. 2 - nejprve je nutno
vyrovnat drsny profil (tzv. mrtvy objem natéru) a teprve nad vrcholky profilu se uvazuje pre-
depsana nominalni tloustka suché vrstvy natéru (NDFT). Spotieba natérové hmoty pfi stejné
NDFT bude otryskaném povrchu vzdy v zavislosti na jeho drsnosti vys$§i nez na povrchu hlad-
kém (netryskaném) [5].

Obr. 2: Znazornéni ,,mrtvého mnozstvi/objemu“ natéru na otryskaném povrchu ocelové kon-
strukce - vySrafovana plocha zna¢i profil otryskaného podkladu, DFT - nominalni tloustka prede-
psaného natérového systému.
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Cislo tvrdosti tu!

Na hrubé otryskaném povrchu o drsnosti R, > cca 70 um vytvori teprve druha az treti
vrstva natéru (pfi pfedpokladané suché tloustce 1 vrstvy cca 30-40 um) dostateEnou celkovou
tloustku, ktera dostatecné prekryje vrcholky otryskaného profilu, viz obr. 3. Pokud je tloustka
nizsi (1. vrstva) dochazi k v misté vrcholkd profilu k prokorodovani natéru [6].
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Obr. 3: Jednotlivé natérové vrstvy (1 vrstva cca 30-40 pum) na otryskaném povrchu schématicky:
1)(vysrafovana plocha) - otryskany podklad, 2) - 1. vrstva, 3) - 2. vrstva, 4) - 3. vrstva, 5) - 4.
vrstva natéru.
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Kdysi davno (60. léta min. stoleti) vydal SVUOM G.V. Akimova smérny pfedpis doporude-
nych hodnot drsnosti podkladu pod rtizné kovové i nekovové povlaky pouzivanych ve strojiren-
stvi. Pro organické povlaky v max. tloustce 70 um urcené pro PKO ocelovych konstrukci byla
doporucena max. drsnost ocelového podkladu R = 6,3 um (odpovida Rz cca 40-50 um) [7].

Dale bylo zjisténo, ze samotné zakladni natéry o tloustce 30-40 um tehdy pigmentované
zinkchromatem vykazovaly pfi expozici ve venkovskych i méstskych atmosférach vyrazné snizeni
ochranné funkce na podkladech o vyssi drsnosti (R = 85-100 pm) po tryskani ocelovym ost-
rohrannym (G) i zakulacenym abrazivem (S) a v korozni zkouSce neutralni solna mlha byla tato
limitni drsnost jesté nizsi (R = 50-60 um) [8].

Bylo ovéfeno empirické pravidlo, Ze pro natéry o celkové NDFT < 80 um by max. drsnost
podkladu vyjadfena parametrem Rmax méla priblizné byt

R <2/3 x NDFT natéru (rovnice 1)

ma;

a opacné pii dané drsnosti R by min. celkova tloustka natéru NDFT méla byt

max

NDFT natéru > 3/2 x drsnost podkladu "R (rovnice 2)

X

Toto pravidlo se spiSe uplatnovalo zejména dfive (do 80. let minulého stoleti), kdy se
k ochrané ocelovych konstrukci predepisovaly celkové tenci natérové systémy se zakladnim
natérem na bazi sufiku ¢i zinkchromatu (v soucasnosti z ekologického hlediska jiz nepri-
pustné) o NDTF v zavislosti na stupni korozni agresivity atmosféry v rozsahu 60-150 um a pro
jejich predpokladanou ochrannou funkci max. 5 rokd. Po zavedeni systému norem pro korozni
ochranu ocelovych konstrukei natéry dle CSN EN ISO 12944, kdy se piedepisuji natérové sys-
témy o vyrazné€ vyssi NDFT (160-300 um) je tato podminka prakticky vzdy splnéna. Jedinou
vyjimkou mohou byt pravé DZP nanasené v tloustkach 15-25 um, jejichZ ochranna funkce
vzhledem k jejich relativné malé tloustce mtze byt na drsnosti povrchu znac¢né zavisla. V [6] je
obecné konstatovano, ze pouze v piipadé DZP s obsahem kovového zinkového pigmentu (,,zinc-
rich“ organické i anorganické - zinksilikatové) je vliv drsnosti vzhledem k k jejich pfedpokla-
danému elektrochemickému mechanismu ochrany na jejich ochranné vlastnosti zanedbatelny.

3 ZKUSEBNI METODIKA A PRIPRAVA ZKUSEBNICH PANELU

Byly testovany 2 rozpoustédlové typy DZP s vysokym obsahem zinkového prachu, jednak
jednoslozkovy s organickym epoxiesterovym pojivem S 2357 (vyrobce Barvy a laky), jednak
2-slozkovy anorganicky se silikatovym pojivem (ethylsilikat) Dimetcote 210 (vyrobce Ameron/
PPG). Oba typy jsou certifikované jako DZP - Dimetcote 210 jako svafovatelny shop-primer
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v tloustkach suché vrstvy 15-25 um (certifikat Det Norske Veritas a Lloyd Register) a S 2357
se udajné do tloustky 25 um da svafet elektrickym obloukem i bodové (certifikit Ceského
svafeCského ustavu) a v suché tloustce 25-30 pum poskytuje korozni ochranu jemné otryska-
né oceli za normalnich povétrnostnich podminek po dobu 6 mésicti [10]. Natérova hmota
S 2357 obsahuje v netékavém podilu natéru cca 85% vah. zinkového prachu (odpovida cca 83%
vah. kovového zinku) a Dimetcote 210 cca 90% vah. zinkového prachu (odpovida cca 84-88%
kovového Zn).

Zkusebni panely testovanych natérti rozméri 100 x 150 x 1,5 mm ze zastudena valcova-
ného ocelového plechu byly zhotoveny béZnym pneumatickym stfikanim v tloustce suché vrstvy
20-30 um na povrchu jednak pouze odmasténém bez dal§i mechanické upravy, a jednak i rucné
otryskaném ocelovou drti (G), ocelovym granulatem (S), hnédym korundem HK 63 a ocelovym
sekanym dratem €. 15 o rtizné velikosti Castic abraziva. Tloustky suché vrstvy obou natéra byly
méfeny nedestruktivné magnetickym tloustkomérem na hladkém netryskaném ocel. plechu. Vy-
sledné parametry povrchu po tryskani stanovené profilomérem Hommeltest viz tab. 2.

Tab. 2
Parametr profilu povrchu dle [4] v um Charakteristika drsnosti
Tryskaci prostredek povrchu dle [11] pro typ
oznaceni R, R R abraziva ostrohranné (G) ¢i
zakulacené (S)
GIZO/IG?lOO smes 3 39 31 jemna G
G50 5 65 51 jemna az stredni G
G25 14 135 108 hruba G
S70 4 48 40 stfedni S
S170 5 53 44 stiedni S
HK63 5,0 65 50 jemna az stiedni G
sekany drat ¢. 15 18 138 109 hruba G
povrch netry%kflny, 15 147 117
pouze odmastény

K posouzeni ochranné funkce obou testovanych DZP v misté poskozeni byly natéry opatie-
ny svislymi rezy k podkladu.

Pro posouzeni korozni odolnosti a ochranné funkce byly oba DZP exponovany v modelové
cyklické korozni zkouSce imitujici u€inek velmi studenych makroklimatickych oblasti s primy-
lovym zneciSténim oxidem sifi¢itym. Rezim jednoho 48hodinového cyklu zkousky: kondenzace
vodni pary s oxidem sifi¢itym dle [9] po dobu 24 hod + termostat +50°C 8 hod + mrazici box
-15°C 16 hod. Priblizné porovnani této zkousky ve vztahu k realné expozici: 10 cykld zkousky
odpovida korozni rychlosti zinkového povlaku vzniklého ponorem v taveniné 4 um/rok, tj. cca
rocnimu plisobeni primyslové atmosféry o stupni korozni agresivity 4 (atmosféra silné agresivni)
dle [12]. Bylo provedeno 10 cykla (480 hod) této zkousky.

4 VYSLEDKY ZKOUSKY A JEJICH ZHODNOCENI
Vysledky po 10 cyklech (480 hod) korozni zkousky obou DZP s rostouci drsnosti povrchu
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R, po tryskani povrchu ostrohrannymi abrazivy (G) - ocelovou drti jsou zdokumentovany na

obr.4as.

Obr. 4: Zavislost korozniho napadeni DZP Dimetcote 210 na rostouci drsnosti podkladu R,
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Obr. 5: Zavislost korozniho napadeni DZP S 2357 na rostouci drsnosti ocelového podkladu R,
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Porovnani korozni odolnosti Dimetcote 210 vs. S 2357 na povrchu tryskaném jednak zaku-
lacenym abrazivem S170 (drsnost podkladu R = 44 um), jednak tryskaném korundem HK63
(drsnost podkladu Rz = 50 um), viz obr. 6.

Obr. 6: Porovnani korozni odolnosti Dimetcote 210 (2 levé panely) vs. S 2357 (2 pravé panely) na
ocelovém povrchu tryskaném zakulacenym abrazivem - ocelovym granulatem typu S a ostrohran-
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Porovnani korozni odolnosti Dimetcote 210 vs. S 2357 na povrchu otryskaném ocelovym
sekanym dratem ¢.15, o stejné drsnosti podkladu R, = 109 pm, viz obr. 7.

Obr. 7: Porovnani korozni odolnosti Dimetcote 210 (vlevo) vs. S 2357 (vpravo) na povrchu otrys-
kaném sekanym dratem ¢. 15 typu G

Ze vsech snimku je patrné, Ze S 2357 bez ohledu na drsnost podkladu celkové vykazuje
nizsi odolnost proti podkorodovani v misté fezu nez Dimetcote 210. Bélavy nalet vytvofeny ne-
rozpustnymi koroznimi produkty kovového zinku, ktery se vyskytuje vylu¢né na povrchu Dimet-
cote 210, je pouze povrchovy jev a nepronika dale do hloubky natéru. Korozni odolnost, resp.
doba do prvnich pfiznaki prokorodovani obou natéri bude kromé drsnosti podkladu rovnéz
zavisla i na korozni agresivité atmosféry, ve které budou natéry exponovany, tj. v jakém pro-
stiedi budou otryskané ocelové dily opatiené témito natéry ve funkci DZP skladovany. Tuto dobu
nelze na zaklad¢€ provedené korozni zkouSky presnéji stanovit - ta slouzi pouze k porovnani
a posouzeni obou natérti na podkladech o rizné drsnosti povrchu vytvorené riznymi tryskacimi
prostiedky.

Zinksilikatovy natér Dimetcote 210 vychazi z této zkousky z hlediska mozného prokorodo-
vani natéru v misté vrcholkli nerovnosti profilu jako jednoznacné lepsi nez epoxiesterovy S 2357,
a to i pfi znacné vysokych drsnostech Rz nad 100 pym. U natéru S 2357 1ze jako limitni drsnost,
kdy jesté nedojde k prokorodovani, pfiblizné stanovit R 50 um. Ackoli oba natéry obsahuji
v netékavém podilu témér stejny podil aktivniho kovového zinku, je vyrazné vyssi ochranna
funkce Dimetcote 210 zfejmé zptsobena vyssi mirou pusobeni elektrochemického ochranného
mechanismu (katodicka ochrana) nez je tomu u natéru S 2357.

5.ZAVER
Na zaklad¢ provedené korozni zkousky lze odvodit:

. Zinksilikatovy primer Dimetcote 210 ve funkci DZP celkové vykazuje vyssi ochrannou
funkci proti prokorodovani v plose i podkorodovani v okoli vrypu, a to nezavisle na drs-
nosti povrchu i pouzitém tryskacim prostredku, nez je tomu u epoxiesterového S 2357.

. Ochranna funkce Dimetcote 210 proti prokorodovani v mistech vrchold nerovnosti profilu
Je zajisténa i pfi nadmérnych drsnostech R nad 100 um, kdy tento parametr drsnosti je
dokonce cca 4x vyssi nez vlastni nominalni tloustka suché vrstvy natéru (NDFT 20 um) !

. U primeru S 2357 lze za limitni hodnotu drsnosti podkladu, kdy jesté nedojde k prokoro-
dovani natéru, povazovat hodnotu R cca 50 um, tj. 2x vyssi nez NDFT natéru 20 um.
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STUDIUM VLASTNOSTI POLYAKRYLATOVYCH LATEXOVYCH POJIV
S OBSAHEM POLYPYRROLU PRO PRiPRAVU ANTIKOROZNICH
VODOUREDITELNYCH NATEROVYCH HMOT

STUDY OF THE PROPERTIES OF POLYACRYLATE LATEX BINDERS
CONTAINING POLYPYRROLE FOR THE PREPARATION OF ANTI-CORROSION
WATER-BASED COATINGS
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Faculty of Chemistry and Technology, University of Pardubice, Studentska 95, 53210 Pardubice,
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Summary
The subject of this work was the study of the properties of heterogeneous polyacrylate latexes with
different polypyrrole (PPy) content, which were prepared by semi-continuous emulsion polymerization
using a ,,one-pot “* synthesis strategy. During this synthesis, both the emulsion polymerization of acrylate
monomers and the oxidative polymerization of pyrrole took place simultaneously in one reactor. Polya-
crylate latexes were prepared with the content of incorporated PPy particles 0, 0.2, and 0.4 wt. % (based
on the theoretical PPy content relative to the acrylate polymer). For the prepared latex binders, a basic
characterization of their properties was carried out, and colloidal stability was determined. Furthermore,
the effect of the incorporated PPy component on the physical-mechanical properties and corrosion
efficiency of the resulting paint films was investigated using a series of standardized tests. The anti-corro-
sion efficiency of polyacrylate coating films was evaluated using a cyclic corrosion test in an atmosphere
containing neutral salt fog and the electrochemical technique of linear polarization. Based on its proper-
ties and anti-corrosion effectiveness, polyacrylate latex with a PPy content of 0.2 wt. % was found to be
the optimal binder for anti-corrosion water-based systems.

Key words
Polyakrylate latexes, polypyrrole, emulsion polymerization, anti-corrosion water-based coatings

INTRODUCTION

The paints and coatings industry is one of the most regulated industries in the world.
In the last 40 years, increasingly higher requirements have been placed on paint manufacturers
to introduce such technological procedures and products that would have a minimal effect on
both health and the environment. In addition to reducing air emissions, attention is also focused
on the sustainability and safety of new products and technologies. For these reasons, water-based
paints are a high-quality, sustainable, and ecological option that meets both European (BPD
- Biocidal Products Directive) and American (EPA - U.S. Environmental Protection Agency)
regulations. [1-3] Binders based on synthetic latexes are widely used nowadays to produce wa-
ter-soluble ecological paints. Acrylate dispersions are industrially produced on a large scale by
the emulsion polymerization technique, representing an environmental and easy-to-implement
method of preparing water-soluble latex coatings with favorable properties. [4-6] Polyacrylate
latex binders are suitable for a wide range of surfaces. They are also characterized by a low
price, excellent resistance to weathering and UV radiation, transparency, chemical resistance,
and quick drying at room temperature. [7,8] In addition, polyacrylates usually do not react with
pigments and fillers, which allows them to be easily dispersed in a latex binder. [9]

Anti-corrosion protection using organic coatings is ideally based on a synergistic effect be-
tween substances slowing the rate of corrosion reactions, i.e., anti-corrosion pigments and other
components of protective coatings. One possible way to prepare ecological coatings is by using
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conductive polymers, which increase the anti-corrosion resistance of the organic coating by me-
ans of passivation reactions in the anodic and cathodic places of the metal surface. [10-12]
Undoubtedly, an important representative from the group of conductive polymers is polypyrrole,
which is characterized by high intrinsic conductivity, easy preparation, environmental stability,
and availability of the starting monomer. Polypyrrole can be prepared by chemical oxidation
polymerization in the form of a polycation with delocalized charges, where its resulting con-
ductivity depends primarily on the synthesis conditions (choice of oxidizing agent, reaction
temperature, concentration of the starting monomer and surfactant) [13-16].

A significant disadvantage of polypyrrole is its rigid nature caused by the presence of in-
tramolecular and intermolecular bonds, which significantly impair its solubility in common sol-
vents and also its dispersibility in organic paints. [17, 18] In order to improve the processability
and utilization of polypyrrole, oxidative polymerization carried out in the emulsion radical poly-
merization mode was investigated. Very few reports have been made on the use of polypyrrole in
latex protective coatings, with a focus on anti-corrosion performance, which was the motivation
for this research.

EXPERIMENTAL PART

Synthesis

Heterogeneous polyacrylate latexes with a polypyrrole content of 0; 0.2, and 0.4 wt. %
(based on the fraction of acrylate monomers), ,,one pot* synthesis strategies were prepared,
where both the emulsion radical polymerization of acrylate monomers and the oxidative poly-
merization of pyrrole took place simultaneously. Methacrylic acid (MAA), methyl methacrylate
(MMA), and butyl acrylate (BA) in a ratio of 44/45/51 were used as the starting monomers, and
ammonium peroxodisulfate was used as the reaction initiator. The given synthesis took place at
a polymerization temperature of 85 °C under an inert nitrogen atmosphere. In the beginning,
distilled water and an emulsifier were introduced into the reaction vessel with a stirrer. After
heating the filling of the reaction vessel to the polymerization temperature, the reaction initiator
was then added to the reaction vessel, and at the same time, the first emulsion of acrylate mo-
nomers consisting of distilled water, initiator, emulsifier and MAA, MMA, and BA. Monomers
were dosed into the reaction vessel drop by drop for 60 min. Then, the reaction mixture was
left to stir at a polymerization temperature of 85 °C for 15 minutes. At the same time, a second
emulsion of acrylate monomers (distilled water, initiator, emulsifier and MMA, BA, and MAA)
and pyrrole solution (distilled water and pyrrole) was prepared in the emulsification flask. The
second monomer emulsion and the pyrrole solution were then simultaneously dosed dropwise
into the reaction vessel for a further 60 minutes. Then, the reaction mixture was allowed to stir
at a polymerization temperature of 85 °C for 120 min to complete the polymerization process.
The resulting latex was then cooled to a temperature of 25 °C under constant stirring and under
an inert nitrogen atmosphere and poured into a prepared PE bottle.

Basic characterization of polyacrylate latexes

Immediately after synthesis, the coagulum content of the prepared latexes was determined
according to the EN ISO 64 9008 standard, and conversion and solids content according to
ISO 3251. Furthermore, the pH was measured using a pH meter FiveEasy FE20 (Mettler-To-
ledo, Switzerland) according to ISO 787-9 and the minimum film-forming temperature using
the MFFT-60 device (Rhopoint Instruments, UK) according to ISO 2115. The glass transition
temperature (Tg) was determined by differential scanning calorimetry (DSC) on a Pyris 1 DSC
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instrument (Perkin-Elmer, Waltham, MA, USA). The measurements were performed under
an inert (nitrogen) atmosphere at a heating rate of 10 °C/min from -50 °C to 120 °C. The pro-
cedure was repeated three times for each latex sample for all determinations, and the resulting
value was calculated as an arithmetic mean.

Preparation of paint film samples for testing

The prepared heterogeneous polyacrylate latexes were applied to glass and steel panels ac-
cording to ISO 1514 using a set of applicators (Zehntner GmbH Testing Instruments, Sissach,
Switzerland) with slit sizes of 150 and 200 um at 23 £2 °C and humidity 50 £5% according to
ISO 1514 to test their physical-mechanical and anti-corrosion properties. Low-carbon cold-rol-
led steel panels (Q-Lab Corporation, Cleveland, OH, USA) were used to test the anti-corrosion
properties. An S-46 panel was used for the cyclic corrosion test, and a QD-24 panel was used for
the electrochemical linear polarization technique. After drying, the dry film thickness (DFT) of
the coatings was measured using a three-point thickness gauge (Schut-20, Schut Geometrische
Meettechniek BV, Groningen, The Netherlands). To test the morphology and structure of latex
films containing different amounts of polypyrrole, free-standing films were prepared by casting
and drying the latexes in silicone molds at 23 £2 °C and a relative humidity of 50 +5%.

Structure and morphology of coatings

The topography of polyacrylate coating films containing different amounts of polypyrrole
was studied using a scanning electron microscope LYRA 3 (Tescan, Brno, Czech Republic)
in secondary electron mode. The topographies of the coating films were monitored on fracture
surfaces that were prepared in a liquid N, environment. Prior to testing, loose coating films were
coated with a 20-25 nm thick layer of gold using SCD 050 (Balzers). The chemical structure
of the prepared latex polymers was studied using Fourier transform infrared spectroscopy. Infra-
red spectra were measured using a Thermo Nicolet NEXUS 870 FTIR spectrophotometer with
a DTGS TEC detector (ThermoFisher Scientific, USA) with a carbon ATR attachment in the
range from 3500 cm™' to 650 cm™'.

Determination of anti-corrosion properties of coating films

The corrosion resistance of polyacrylate latex paint films was determined using a cyclic
corrosion test in an atmosphere with neutral salt fog and the electrochemical method of linear
polarization. The cyclic corrosion test procedure was modified and derived according to the ISO
9227 standard, and the measurement was performed in a corrosion test chamber (SKB 400 A-
-TR-TOUCH, Gebr. Liebisch GmbH & Co. KG, Bielefeld, Germany). Before testing, all coating
films were provided with a test cut according to the ISO 12944-6 standard. The total exposure
time was 144 hours. During and after the exposure, the corrosion manifestations of the paint
films and steel substrates were evaluated according to the relevant standards (ASTM D 610-85
and ASTM D 714-87). Spontaneous corrosion potential (E, ), slopes of Tafel lines (B, and ),
current density (I, ), polarization resistance (Rp), and corrosion rate (v ) were measured using
the linear polarization electrochemical method. Determinations were made on test samples that
were placed in an electrochemical cell consisting of a 3.5 M NaCl electrolyte solution, a working
electrode (the tested sample), a reference saturated calomel electrode, and a platinum counter
electrode. After the stabilization of the spontaneous corrosion potential, the linear regions of
the polarization curves were subsequently evaluated, and the values of the polarization resistan-
ces and corrosion rates were subsequently calculated.
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DISCUSSION AND RESULTS

Basic properties of latexes

The characteristic properties of the heterogeneous polyacrylate latexes are summarized
in Table 1. Immediately after synthesis, the coagulant content was determined, the conversion
was calculated, and the solids content was determined for all prepared latexes. While for latexes
L_,,and L .. the values were close, the latex sample L__ , synthesized with the highest
dose of pyrrole showed an increase in coagulum content and a decrease in solids, which indicates
a decrease in colloidal stability during synthesis. Latex L __ , also showed a significantly lower
value of monomers conversion, probably due to the significant consumption of the initiator
(ammonium peroxodisulfate) during the oxidative polymerization of pyrrole. The pH values of
individual latexes measured immediately after synthesis ranged from 2.1 to 1.6. The decrease in
pH was due to the decomposition of ammonium peroxodisulfate in water and its reaction with
pyrrole to form sulfuric acid as a by-product, which led to an increase in the ionic strength of the
dispersion medium. DSC analysis of the prepared heterogeneous polyacrylate latex loose paint
films revealed only one detectable glass transition corresponding to the polyacrylate matrix.
The glass transition corresponding to the component of polypyrrole particles was not detected,
probably due to the low content of the polypyrrole phase. Tg values increased slightly with incre-
asing polypyrrole content and ranged from 0.5 to 4.4 °C. The MFFT of latexes in both alkaline
and acid forms ranged from 7.3 to 11.8 °C, which means that all polyacrylate latexes were able
to form a coating film even at room temperature.

Tab. 1: Basic characteristics of prepared polyacrylate latexes

Conversion | Coagulum Solids Tg MFFT1 MFFT?
Latex pH
[%] [wt. %] [wt. %] [°C] [°C] [°C]
acid 0 99.7 0.3 2.1 0.1 39.2 0.5+0.2 7.8+0.1 | 7.3%0.1
acid 0.2 97.8 0.5 1.8 0.1 38.5 32404 | 10.2+0.2 | 8.2+0.3
acid 0.4 66.5 1.7 1.6 £0.1 29.7 44+05 | 11.8+0.5 | 8.4+0.4

Morphology and chemical structure of latex paint films

Using scanning electron microscopy, the morphology and distribution of the polypy-
rrole component in loose paint films were studied. Micrographs of cryofracture of coating films
in alkaline form revealed, in the case of coatings L | .~ and L . . most likely composite
submicron both isolated and aggregated polyacrylate particles coated with a layer of polypyrrole.
(Based on the assumption that the initial pyrrole monomer polymerized only in an aqueous solu-
tion or on the surface of polyacrylate particles.) The size of these composite particles increased

slightly with increasing content of the polypyrrole component in the system.
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Fig. 1: Fracture surface topography of the polyacrylate latex coating films: (a) L
(b) L

alkali _(®
alkali _0.2° (c) Lﬁalkali _04°

Spm

The structure of loose coating films containing polypyrrole components was studied using
FTIR spectroscopy. The infrared spectra of a polyacrylate coating film without polypyrrole con-
tent and a coating film prepared from L . latex were compared. Infrared spectra were re-
corded in the region of 3500 to 650 cm™.. In the spectrum of the paint film prepared from latex
L i o Dands with local maxima at 3226 cm™' (corresponding to the valence vibration of the
NH group) and a peak at 1619 cm™' (corresponding to the deformation vibration of the NH
group) were observed, indicating the presence of a polypyrrole component, which in the case of
a coating film without the polypyrrole component, they were not observed.

Fig. 2: FTIR spectrum of the polyacrylate latex coating films: (a) L (b) L

alkali _0° alkali _0.4°

1721

a)

b)

1500
‘Wavenumbers (cm-1)
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Corrosion resistance of latex paint films

Polyacrylate paint films with DFT = 90 £10 um applied to steel panels were subjected to
a cyclic corrosion test in a neutral salt fog environment for 144 hours, where corrosion manife-
stations were subsequently evaluated. The results after 144 hours of exposure are summarized in
Table 2. The anti-corrosion efficiency of non-pigmented coating films in both alkaline and acidic
forms was compared, and the influence of the polypyrrole component was examined. Coating
films prepared from latexes in alkaline form showed higher anti-corrosion efficiency compared
to coatings prepared from latexes in acidic form. They have been shown to have lower corrosion
in test cuts and a lower tendency to corrode on the surface of the paint films. The highest anti-
-corrosion efficiency was achieved by the coating film made of latex L ., which had no blis-
ters either in the area or in the test section, and the corrosion on the surface of the coating film
was a minimum of 0.03 %. Comparable results were also achieved by the paint film made from
latex L acid 0.2° where no blisters were observed either on the surface of the paint film or in the test
section, and the corrosion of the steel substrate was also minimal (1 %).

Tab. 2: Anticorrosion efficiency of non-pigmented coatings determined by cyclic corrosion test
in a 5% salt spray atmosphere (DFT = 90 £10um) and electrochemical linear polarization
technique (DFT = 60 +5um).

Blistering Corrosion
R P P T I B
[dg.] (mm] [MQ] | [mm/year]
[dg.] [%] [%]

L .o 8F M 2.5-3 1 1 0.18 2.49x10*
L oios - - 1-1.5 0.3 1 0.85 1.31x10
L os M 8F 1-1.5 10 10 0.24 2.94x10*
L o M - 1-1.5 3 1 0.84 1.36x10
L ion - - 0.5-1 0.03 0.03 0.98 1.14x10
L ios 8F 8F 0.5-1 1 0.3 0.82 1.35x10

The corrosion resistance of non-pigmented paint films with DFT = 60 +5 ym was also
evaluated by the electrochemical technique of linear polarization. Using this technique, the pola-
rization curves of individual paint films were measured until the spontaneous corrosion potential
(E,,,) stabilized. Then, the linear region (Tafel region) on the curves was evaluated, by extrapo-
lation of which the corrosion current density (,, ) was calculated, and then the corrosion po-
tential (Rp) and corrosion rate (v, ) were calculated. The parameters of corrosion potential and
corrosion rate are shown in Table 2. The highest value of polarization resistance was achieved by
the paint film prepared from latex L . ., which reached a value of 0.98 MQ and also showed
the lowest value of corrosion rate (1.14x10* mm /year). Comparable values were also achie-
ved by the coating film prepared from latex L , ,,, which reached a value of 0.85 MQ and, at
the same time, showed a low value of the corrosion rate (1.35x10-* mm/year). The anti-corrosion
efficiency of the given systems with built-in polypyrrole components also influenced the proven
redox properties and conductivity of polypyrrole.
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CONCLUSION

The text described research focused on the synthesis and testing of new polyacrylate latexes
containing electroactive polypyrrole particles using the semi-continuous emulsion radical poly-
merization technique using the ,,one pot“ synthesis strategy for the production of stable binders
for water-based coatings. Polyacrylate latexes were synthesized in different amounts of polypyr-
role, which were obtained by polymerization of pyrrole in dosages of 0, 0.2, and 0.4 wt. % (based
on the acrylate monomer fraction). It was found that latexes synthesized using 0.2 wt. % dose
of pyrrole showed sufficiently high colloidal stability and favorable basic characteristics, while
latexes prepared using 0.4 wt. % doses of pyrrole showed lower colloidal stability based on the
determination of conversion, coagulum, and solids. Coating films prepared from latexes contai-
ning a polypyrrole component were also tested using FTIR spectroscopy and scanning electron
microscopy. The anti-corrosion properties of heterogeneous polyacrylate latex films were tested
using a cyclic corrosion test in a neutral salt fog environment and using a linear polarization
electrochemical technique. The results showed that latexes synthesized at 0.2 wt. % dosage of
pyrrole had favorable coating properties and protective performance, while latexes synthesized at
higher dosages of pyrrole (0.4 wt.%) showed impaired film-forming properties as well as reduced
corrosion resistance of coating films.
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ZLEPSENI VODEODOLNOSTI LATEXOVYCH NATEROVYCH FILMU
IMPROVEMENT OF WATER RESISTANCE OF LATEX COATING FILMS
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2 Katedra obecné a anorganické chemie FCHT, Univerzita Pardubice

Summary
Common latex coatings suffer from poor water resistance, which often limits their practical application.
This contribution reports on the preparation of polyacrylate latexes using various approaches to tune the
water resistance, wettability, and surface properties of their coating films. The mutual effects of anionic
surfactant type (polymerizable and non-polymerizable), fluorinated monomer copolymerization, intra- or
interparticle covalent crosslinking (due to allyl methacrylate copolymerization and a keto-hydrazide
reaction, respectively), and ionic crosslinking (provided by nanostructured ZnO additive) were studied.
The polyacrylate latexes were synthesized through a two-step semicontinuous emulsion polymerization of
2,2, 2-trifluoroethyl methacrylate, butyl acrylate, methyl methacrylate, and methacrylic acid as the basic
monomers. The fluorinated monomer was incorporated into the second-step polymer (at a content of 30
wt.% based on the second-step monomer feeds). The addition of surface-untreated powdered nanostructu-
red ZnO was performed during the second step of latex synthesis, resulting in stable latexes comprising
dispersed nanosized additive in the content of ca 0.9—1.0 wt.% (based on solids). The water resistance,
wettability, and surface properties of the coating films were evaluated with a focus on water absorption,
water whitening, water contact angle, and surface topography using atomic force microscopy. It was
determined that the application of the polymerizable surfactant improved coating adhesion and water
resistance, but it wasn 't able to ensure high water resistance of coatings. Highly water-resistant coatings
were obtained provided that covalent intra- and interparticle crosslinking together with ionic crosslinking
were employed in the coating composition, forming densely crosslinked latex films. It was also found that
highly water-resistant and hydrophobic coatings that possessed a self-healing ability were prepared, pro-
vided that the polymerizable surfactant and the fluorinated monomer were involved in the latex synthesis,
along with the intra- and interparticle covalent crosslinking. Moreover, coatings comprising nanostructu-
red ZnO additive displayed significant antibacterial activity and improved solvent resistance.

Key words
Emulsion polymerization, polymerizable surfactant, keto-hydrazide reaction, water whitening,
hydrophobicity.
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SCREENINGOVA METODA ANALYZY DEGRADACE OCHRANNYCH
ORGANICKYCH NATEROVYCH SYSTEMU POMOCI METODY
SEM-EDS S POTENCIALEM POUZITI PRI OSETROVANI
HISTORICKYCH BETONOVYCH KONSTRUKCI

SCREENING METHOD FOR DEGRADATION ANALYSIS OF PROTECTIVE
ORGANIC COATING SYSTEMS BY SEM-EDS WITH POTENTIAL FOR USE
IN THE TREATMENT OF HISTORIC CONCRETE STRUCTURES

ZABLOUDILA., TEJ P.

Klokner Institute, Czech technical university in Prague

Summary
This paper investigates the degradation of coating systems applied to historic concrete bridge structures,
utilizing Energy Dispersive X-ray Spectroscopy (EDS) as a key analytical method. Historic concrete
bridges are exposed to various environmental stressors, leading to the deterioration of protective coatings
over time. Understanding the degradation mechanisms of these coatings is crucial for preserving
the structural integrity and extending the lifespan of such bridges

Key words
Historic concrete bridge structures, coating systems, degradation, degradation analysis, SEM,
EDS,

1 INTRODUCTION

Historic concrete bridges are invaluable cultural and engineering heritage assets, often
representing significant milestones in civil engineering history. However, these structures are
subjected to various environmental stresses, including moisture, freeze-thaw cycles, carbona-
tion, and chloride ingress, which can compromise both their durability and aesthetic qualities.
Coating systems have emerged as one of the most effective strategies to protect these structures
while maintaining their historical significance.

2 CHALLENGES IN PROTECTING HISTORIC CONCRETE
STRUCTURES
Concrete bridges, especially those built in the early 20th century, were constructed with

materials and techniques that often lack the durability of modern equivalents. Deterioration
in historic concrete bridges commonly occurs due to:

a) Carbonation: The reaction of carbon dioxide in the atmosphere with hydrated cement
compounds leads to the lowering of pH, which accelerates steel reinforcement corrosion.

b) Chloride Attack: The ingress of chlorides, particularly in coastal or de-icing salt environ-
ments, leads to corrosion of embedded steel, further damaging the concrete matrix.

c) Freeze-Thaw Cycles: Water ingress followed by freezing and thawing can cause cracking
and spalling in concrete structures.

d) Moisture Ingress: Water penetration can lead to chemical reactions, such as alkali-silica
reactions (ASR), and freeze-thaw damage, further weakening the structure.

These factors contribute to the necessity of protective measures such as coatings to extend
the lifespan of historic concrete bridges.
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3 TYPES OF COATING SYSTEMS FOR CONCRETE PROTECTION

There are several types of coating systems available for the protection of concrete brid-
ges. These coatings must not only offer physical protection but also preserve the aesthetic and
structural qualities of the historic structures.

3.1 Acrylic Coatings [1-4]

Acrylic coatings are widely used due to their excellent UV resistance, breathability, and ease
of application. These coatings create a flexible and permeable barrier that allows moisture vapor
to escape while preventing liquid water penetration. Acrylic coatings are often chosen for their
aesthetic qualities, as they can be pigmented to match historic concrete.

Advantages: Good UV stability, easy to apply, color variety, environmentally friendly.

Disadvantages: Lower chemical and abrasion resistance compared to other systems.

3.2 Epoxy Coatings [5-8]

Epoxy coatings provide high chemical resistance and excellent adhesion to concrete surfa-
ces. They form a hard, impermeable barrier that protects against moisture, chloride ions, and
aggressive chemicals. Epoxy coatings are commonly used in industrial applications and areas
exposed to high chloride levels, such as coastal bridges.

Advantages: High durability, chemical resistance, strong adhesion.

Disadvantages: Poor UV resistance, leading to potential yellowing or chalking when expo-
sed to sunlight.

3.3 Polyurethane Coatings [9-10]

Polyurethane (PU) coatings offer excellent resistance to abrasion, UV light, and harsh en-
vironmental conditions. They are highly elastic, making them suitable for bridges experiencing
significant thermal expansion or contraction. Polyurethane coatings also provide a high level
of aesthetic finish, which is particularly important for preserving the visual appeal of historic
bridges.

Advantages: UV and weather resistance, flexibility, high durability.

Disadvantages: More complex application process, relatively expensive.

3.4 Silane/Siloxane Water Repellents

Silane and siloxane-based coatings are hydrophobic treatments that penetrate the concrete
surface and create a water-repellent layer without significantly altering the appearance of the
structure. These materials do not form a surface film but reduce water absorption while allowing
the concrete to breathe.

Advantages: Non-film-forming, maintain the original appearance, excellent water repellency.

Disadvantages: Limited protection against aggressive chemicals, may require reapplication
over time.

3.5 Elastomeric Coatings

Elastomeric coatings are flexible, waterproof coatings designed to bridge cracks and wi-
thstand the dynamic movement of structures. These coatings are ideal for protecting historic
concrete bridges that may experience shifts due to traffic loads or thermal expansion. They
provide long-term protection by preventing moisture ingress into cracked areas.
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Advantages: High elasticity, crack-bridging capacity, water resistance.

Disadvantages: Requires precise application, potential for dirt accumulation on the surface.

4 CONSIDERATIONS FOR SELECTING COATING SYSTEMS

When selecting a coating system for historic concrete bridges, several factors must be taken
into account:

a) Historic Preservation Standards: The selected coating should not compromise
the aesthetic and historical integrity of the structure. Color, texture, and finish should be
chosen to match the original appearance of the bridge.

b) Environmental Conditions: The local environment plays a key role in determining the
most suitable coating. Coastal bridges, for instance, require coatings with high chloride
resistance, while bridges in urban areas may need enhanced protection against carbona-
tion.

c) Compatibility with Existing Materials: The coating should be compatible with the existing
concrete and any previous repairs or protective measures. In some cases, testing may be
required to ensure the coating adheres properly and does not react negatively with the
concrete.

d) Durability and Maintenance: Long-term durability is a critical consideration. Coating sys-
tems should have low maintenance requirements, especially for historic bridges where
access may be

limited. Some systems may require periodic reapplication to ensure continued protection.

5 DESCRIPTION OF EXPERIMENTAL METHODS
Energy Dispersive Spectroscopy (EDS)

EDS is an analytical method based on detecting characteristic X-rays produced by
the interaction of an electron beam with the surface of the sample under investigation. From
the energies of the photons generated in this way, an EDS spectrum is obtained, from which
the individual elements present in the sample and their quantities, i.e., the chemical compositi-
on, can be determined. Subsequently, an electron with higher energy from the outer shell enters
this location, and the energy difference is released in the form of X-ray radiation. This radiation
has a characteristic spectrum based on the atom that generated it, allowing for the analysis
of the composition of the sample excited by the energy source. The position of the signal (peak)
in the X-ray spectrum identifies the element present, while the signal intensity correlates with the
concentration of the given element.

As mentioned, the electron beam provides sufficient energy to eject electrons from the core,
causing X-ray emission. Information about the composition down to the atomic level can be ob-
tained by adding an EDS detector to an electron microscope. When scanning the electron probe
across the sample, characteristic X-rays are emitted and measured; each recorded EDS spectrum
is mapped to a specific location on the sample.
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Fig. 1: Overall view of the JEOL JSM-IT200 InTouchScope™ electron microscope setup used in
the study.

6 RESULTS AND DISCUSSION

A total of 7 samples (D1-D7) taken from the concrete structure were analysed. These
samples were analysed for the condition of the coating system using Fourier transform infrared
spectrometry.

By this method, it was found that samples D 1-D4 were covered with an already significantly
degraded layer of the organic binder-based coating system.

For samples D5-D7, the presence of an organic binder-based coating system was confirmed.

The samples were then analysed on a JEOL JSM-IT200 InTouchScope™ scanning electron
microscope with an EDS detector from Ray Spec Ltd (Fig. 1 and Fig. 2).
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Fig. 3: EDS spectrum of sample D1 (horizontal axis keV)
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Fig. 4: EDS spectrum of sample D2 (horizontal axis keV)
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Fig. 6: EDS spectrum of sample D4 (horizontal axis keV)
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48

Fig. 7: EDS spectrum of sample D5 (horizontal axis keV)
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Fig. 8: EDS spectrum of sample D6 (horizontal axis keV)
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Interpretation of data measured by SEM-EDS analysis:

The SEM-EDS method is preferably used to distinguish the nature of the analyzed i.e.
it is possible to analyse whether the material contains inorganic organic compounds.
A significant marker for assessing the presence of organic molecules is the intensity of the
carbon signal in the spectrum (Fig. 3-9, carbon marked in red).

From the measured data it is possible to observe a low signal intensity belonging to the
atom of carbon in samples D1-D4 (Fig. 3-6). This fact implies and confirms the data
obtained by FTIR, namely that the coating is present in a residual layer that no longer
performs its barrier capacity.

For the samples labelled D5-D7 (Fig. 7-9), the signals are significantly more intense

demonstrating the presence of an organic coating.
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7 CONCLUSION

The SEM-EDS method showed the presence of a layer containing organically bound carbon
on the face of samples D1-D7. Samples labelled D1-D4 have a significantly lower signal intensi-
ty corresponding to carbon atoms than samples D5-D7. On the basis of this fact, it can be stated
that the content of binder base is significantly reduced in samples D1-D4. Samples D5-D7 do
not show evidence of this absolute degradation. This contribution focuses on the application
of Energy Dispersive Spectroscopy (EDS) to evaluate the degradation of coating systems on
historic concrete bridges. EDS offers precise elemental analysis of the coating layers, detecting
changes in the chemical composition that result from environmental factors and material aging.
The study provides insights into the deterioration of organic binders, pigments, and protective
coatings. These findings contribute to the development of improved conservation techniques for
preserving the structural integrity and appearance of historic concrete infrastructure.
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POROVNANI OSVITOVYCH SIMULACI, ROZDIiLY, DOPADY, ANALYZA
KOLAPSU NATEROVEHO SYSTEMU 2K - PUR

COMPARISON OF THE IRRADIANCE SIMULATIONS, DIFFERENCES,
IMPACTS, ANALYSIS OF COLLAPSE OF PAINT SYSTEM 2K — PUR

JANCA O., HOLUSAR.

Zkusebni laborator ¢. 1105.2 akreditovand CIA o.p.s. dle CSN EN ISO/IEC 17025:2005; Vyvoj formulaci
PUR barev a QC natérovych hmot/Akrylmetal; SYNPO akciova spolecnost, S. K. Neumanna 1316, 532 07
Pardubice- Zelené Predmeésti (www.synpo.cz, www.akrylmetal.cz)

SOUHRN

Vyklad a celkové porovnani urychlenych osvitovych zkousek pomoci ultrafialovych a xe-
nonovych zafivek doprovazenych klimatickymi zménami teploty a vlhkosti. Vliv spekter, me-
chanismy degradac¢nich pochodl doprovazené zménami barevnosti, lesku, kiidovanim ¢i me-
chanickym namahanim. Dopady na realné pouzivané natérové systémy. Pojednani o kolapsu
natérového systému vlivem sluneéniho zafeni a navrzeni adekvatni ochrany.

UVOD

Technologie a vyzkum natérovych systému jde neuprosné kupredu, jsou kladeny neustale
vétsi pozadavky na odolnost, jak ochranou proti korozi jako takovou, tak proti zménam pohle-
dového razu.

Jak se ale dopracujeme co nejdrive k vysledku, zda nami navrZzeny natérovy systém (dale
NS) obstal ve zkouSce proti neuprosnym povétrnostnim vliviim, jako je zejména slunce, teplo,
dést? Odpovédi jsou zafizeni, které dokazi v laboratornich podminkach urychlené simulovat
nejvlivnéjsi faktory degradace povétrnosti s osvitem. Jedna se o simulaci pod UV a XENON
zafivkami.

PODSTATA METOD

Zminéné metody reprezentuji urcitou ¢ast spektra, ¢i soubor spekter, kterym je vystavovan
zkouseny NS spolu s vlivy teploty a vlhkosti v cyklické podobé.

Prvni z nich je zkouska: Stanoveni odolnosti pod UV lampami (CSN EN ISO 4892-3 pro
plasty a jiné materialy, CSN EN ISO 16474-3 pro natérové hmoty). Zkouseni je provadéno na za-
fizeni Q-UYV (firma Q-LAB). Jedna se o metodu simulace kratké vinové délky emisniho spektra
UV zafeni, ktera je zodpovédna za notnou Cast degradacnich pochodi NS ¢i obecné polymer-
nich latek. Na UV zafeni reaguji zejména fetézce pojiva, které dodanou energii vibruji, bavime
se zejména o nenasycenych ¢i konjugovanych vazbach, coz poté zpusobuje rozklad a kiidovani
NS. Vybojka je v provedeni bud UV-B (313 nm), coz je silné degradacni zafeni dopadajici na
povrch s obsahem 1% (slune¢niho zareni), proto je vhodna pouze pro rychlé ovéfeni stability NS
malo odpovidajici redlnému prostfedi. Nejpouzivanéjsi vybojkou je tedy pravé cast spektra UV-A
(340 nm), ktera nejvérohodnéji simuluje realné slunce s max. intenzitou pfi 340 nm, viz obr. 1.
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Obr. 1: Porovnani intenzit UV-A a UV-B ¢asti spektra se slunecnim svitem
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(www.q-lab.com/documents/public)

Pii testu vSak nejsou vzorky vystaveny pouze osvitu, nybrz dal§im degradacnim faktortim,
které dohromady tvori velice silny synergicky efekt.

Teplota obecné urychluje veskeré reakce a pochody, véetné téch degradacnich, proto je pro
vérnou simulaci nutno striktné dodrzet teplotu predepsanou. Dalsim vyznamnym faktorem je
samotna vlhkost, napomaha hydrolyze, vzniku puchyrkl a to zejména zavisi na dobé ovlhceni
povrchu. Je nutno vSak brat v potaz, jestli je vinikem vlhkost ve formé desté ¢i napf. rosa. Ovlh-
¢eni rosou, Cili zkondenzovani vzdusné vlhkosti pfi rannich teplotach prekrocenim rosného
bodu zptisobuje na povrchu predmétu silnou adsorpci a tim dochazi k dlouhému ovlhceni pod-
efekt a tim je termalni Sok. Mechanicka eroze je zptusobena Cisticim efektem pfi stékani kapek
vody po povrchu.

Obr. 2: Ukazka jednotlivych slozek zareni

600 nm
Yellow|

100 nm 200 nm
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Samotna zkouska pracuje v tzv. dennim a no¢nim cyklu. Pro NS je 4 h osvit pfi normované
intenzité (W/m?.nm) za nizké relativni vlhkosti (RH, bez regulace) pfi 60 °C, poté nasleduje
noéni cyklus bez svitu UV lamp s kondenzaci vlhkosti (100% RH) pfi zvySené teploté 50°C,
popis zafizeni viz obr. 3. Expozice vlhkosti v zafizeni je mozna dvéma zpusoby. Kondenzace
vlhkosti (simulace rosy) nebo postfikem z trysek (simulace desté), Q-UV s tryskami se pouziva
predevsim pro stfeSni NS, kde ma dést dulezité opodstatnéni.

Obr. 3: Schéma zarizeni Q-UYV, vcetné realné podoby, vzorki a ttrob

Base Cabinet

Dalsi zkouskou simulace osvitu je: Expozice umélému zareni xenonové vybojky (dle CSN EN
IS0 4892-2, 16474-2). Tato metoda, podstatné mladsi nez UV zkousky, je vérnou simulaci slunec-
niho svitu. UV zkouska vypovi mnoho, avSak dokaze simulovat vérohodné€ slunce pouze do hori-
zontu 340 nm potazmo 360 nm (viz obr. 1). Slunecni zafeni obsahuje ale dalsi ¢asti spektra, coz
je oblast viditelného svétla, to co registruje lidské oko (VIS) a také cast infracerveného svétla -
tepla (blizka IC). Bylo také zjisténo, ze VIS + IC oblast mohou znamenité ovliviiovat degradaéni
pochody a rozklady ¢asti NS, zejména s obsahem svétlo-nestabilnich pigmentt ¢i jinych slozek.

Obr. 4: Schéma a samotné zarizeni Q-SUN se vzorky
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Zkouska je provadéna na zafizeni Q-SUN od stejné firmy. Je mozno exponovat i 3D dily,
na rozdil od Q-UV (pouze panely 15 x 7,5 cm). Zafizeni ma vice variaci, véetné mnozstvi filtrti
pro upravu zareni (denni svétlo, okenni sklo, extended UV atd.). Nejvice pouzivany filtr je pravé
od Kalahari testu s nizkou vlhkosti, pies Florida test s vysokou vlhkostni az pres nejpouzivanéjsi
test pro stfedni Evropu, kde cyklus trva 2 hodiny: 1 h 42 min je osvit pfi 60% RH a necelych
40 °C (je tedy vhodny i pro citlivé materidly na vlhkost jako barviva, tkaniny atd.) s naslednou
18 min fazi s osvitem a postfikem vysoce ¢isté DI vody, simulujici jak ovlhéeni materialu, ter-
malni Sok tak mechanické namahani destém, s naslednym zahfatim povrchu spojenym s de-
sorpci vody, coz je spojeno s adheznim namahanim povlaku.

Obr. 5: Porovnani Q-SUN zareni a sluneéniho svitu
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(www.g-lab.com/documents/public)

OBECNE ZHODNOCENi METOD

Zminéné zkousky jsou dosti rozdilné, i kdyZ to tak na prvni pohled nevypada. Q-UV simu-
Iuje 1épe ovlhceni materialu (to je spojeno s vétsim koroznim namahanim) a je vhodnéjsi pro
NS, kde mize byt moznym kolapsem systému pravé UV zareni, proto se Q-UV pouziva hlavné
pro prvotni zjisténi, zda NS je odolny vlhkosti a UV, je vSak pravdépodobné, ze se venku na
slunci bude chovat diametralné odlisn€. Pokud mame NS, u kterych chceme deklarovat napfi-
klad zaruku zakaznikovi na svétlo-stalost, stabilitu na slunci a povétrnosti nebo naopak jsou
v NS obsazeny pigmenty, Ci jiné slozky sensitivni jak na vlhkost tak dalsi slozky svétla, je xenon
test jasnou volbou.
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POROVNANI TESTU NA REALNYCH SYSTEMECH

Nazorny priklad rozdilnosti jednotlivych zafizeni lze vidét na nasledujicich NS s fluo-
rescencnimi pigmenty odstinu RAL 3024. Vzorky byly exponovany v Q-UV po dobu 1500 hodin
s nasledujici upravou povrcht viz obr. 6.

Obr. 6: Odolnosti svétlo-nestabilnich pigmenta v Q-UV testu
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Pfi neosetfeni povrchu lakem doslo k rapidni degradaci za velice kratky ¢as (modrd), pfi
pouziti komeréné dostupného transparentniho laku byla degradace zpomalena avsak stale s neu-
spokojivym vysledkem jiz bez ztraty lesku (zelena), uspokojivy vysledek prineslo az pielakovani
UV stabilnim 2K-PUR lakem fady Akrylmetal (AE = 2,9)

Na druhou stranu dikaz jak jsou tyto svétlo-nestalé fluorescencni pigmenty rozkladany
dalsimi slozkami sluneéniho zafeni, jako VIS a blizka IC, dokladaji hodnoty zmén barevnosti
AE = 8,6 po 3 h v XENON testu, i pfes fakt, ze byly prelakovany stejnym UV stabilnim 2K-PUR
lakem viz obr. 7.

Obr. 7: Porovnani Q-UV a Q-SUN (XENON) na vzorcich NS s fluorescen¢nimi pigmenty

3 h Q-SUN (XENON)
AE = 8,6

1500 h Q-UV
AE = 2,9

Porovnani metod bylo provedeno také na svétlo-stalém NS LV AKZ 421 s odstinem RAL
9005 (produktova fada Akrylmetal), 1éta provéreného praxi. Exponovani vzorkii v obou testech
po dobu 2000 h mélo jedinou otazku. Jaka je korelace mezi jednotlivymi metodami? Pro svétlo-
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-stale NS jsou metody zdanlivé podobné, pokud vSak chceme deklarovat zaruku a zjistit oprav-
dovou odolnost ,venku” je nutné zvolit XENON test z divodu dalSich slozek zafeni, teploty
a vlhkosti s termalnim Sokem, ktery odhali nasledné nekvalitu NS ¢i chybku napf. v technologii
lakovani. Exponované vzorky prosly testy s minimalni ztratou lesku (do 10 jednotek) a AE < 1,
viz obr. 7-8.

Obr. 7: Porovnani Q-UV a Q-SUN (XENON) na vzorcich svétlo-stalych NS

Q-uv
AE=0,6

Obr. 8: Porovnani hodnot Q-UV a Q-SUN (XENON) na vzorcich svétlo-stalého NS LV AKZ 421
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ANALYZA KOLAPSU JEDNOVRSTVEHO NS 2K-PUR

Ke zkouSeni NS (,,jednoSichtovky”) 2K - PUR RAL 6019 byla prizvana zkuSebna s ukolem
zjistit pfic¢inu kolapsu sytému, ktery jiZ po par tydnech na povétrnosti a slunci vykazoval max.
stupen kiidovani s absenci lesku, viz obr. 9.
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Obr. 9: Nékolika tydenni vystaveni NS (kolaps) na povétrnosti v provozu

Vzorky byly dle prani exponovany v Q-UV testu po dobu 500 hodin s cilem zjistit pfi-
¢inu. Jiz po 264 hodinach NS vykazoval neuspokojivé vysledky se ztratou lesku vétsi nez 80%
s AE > 5. Po 500 h, kdy byl test ukoncen, NS nevykazoval jiz ani naznak ptivodniho RAL odstinu
s kompletni ztratou lesku a AE > 10, viz obr. 10.

Obr. 10: vzorky analyzovaného NS po 264 h (vlevo) a 500 h (vprave) Q-UV testu

V dalsi casti byla analyzovana natérova hmota a NCO-tvrdidlo, metodou FT-IR (ATR)
a titracné€. Byl zjistén obsah 16,48 % NCO skupin odpovidajici béZn€ pouzivanému komerénimu
tvrdidlu Desmodur N75 viz obr. 11.

Obr. 11: FT-IR analyza pouzitého tvrdidla
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Nasledné bylo zjiSténo, Ze pouzité pojivo je na bazi styren-akrylatového polyolu, které s vys-
$im obsahem styrenu neni vhodné pro venkovni aplikace. Nenasycené vazby aromatického jadra
siln€ vibruji a zptisobuji kiidovani se znacnou degradaci NS. Pravé styren je nejlevnéjsi slozkou
akrylatovych pojiv, a s jeho rostoucim obsahem se rapidné sniZuje cena pojiva pro vysledny NS.
Takto vznikly povlak disponuje tvrdosti, ale zaroven vyraznou kiehkosti povrchu s velice omeze-
nou povétrnostni odolnosti. FT-IR spektrum NS je zobrazeno na dalSim obrazku.

Obr. 12: FT-IR analyza pouzitého NS
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Pfi objasnovani priciny kolapsu zkouseného systému byl do UV testu vlozen komparacni
vzorek 2K - PUR barvy uréeny pro natéry kovovych povrchi s antikoroznim, plnicim a deko-
rativnim ucinkem (,,jednoSichtovka”) LV AKZ 519 RAL 6019 (produktova rada Akrylmetal).
U komparaéniho NS, po 500 h UV testu, nedochazelo ke ztraté lesku ani barevnosti s AE <0,7.
Porovnani na obr. 13.

Obr. 13: UV test systému kolaps (nahore) a srovnavaciho NS LV AKZ 519 (dole)
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ZAVER

Obé¢ porovnané zkousky UV i XENON maji své opodstatnéni, vyhody i nevyhody. Pokud je
material degradovan prioritné¢ UV zafenim a je citlivy i na ovlhceni povrchu je vhodnéjsi UV test,
jelikoz dopadové % UV-A zarfeni je vyssi. V pripadé ze chceme NS ozkouset komplexné a bude
exponovan na povétrnosti, ¢i potfebujeme védét odolnost z diivodu dolozZeni zaruky na vyrobek
je XENON test lepsi volbou, je komplexnéjsi, vérnéji simuluje prostiedi ,venku” s moznosti
exponovani 3D tvaru dilct (coz u UV testu nelze). Je vhodny rovnéz pro latky citlivé na vlhkost,
jelikoz umi regulovat RH uvnitf testovaci komory, navic pritomna postfikova voda simuluje te-
pelné Soky s mechanickym namahanim desté.

Analyza testovaného NS odhalila pficiny kolapsu. Byl uspésné navrzen adekvatni NS spliu-
jici pozadavky zakaznika na danou odolnost na slunci a povétrnosti. Je to ukazkovy piiklad toho,
Ze nahlizet pouze na ekonomickou stranku véci pii volb€ NS se silné nevyplaci.
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SYNTHESIS OF BIO-INSPIRED HIGH SOLID HYDROXYLATED
ACRYLIC CASTOR OIL-MODIFIED RESIN WITH APPLICATIONS T
O TWO-COMPONENT POLYURETHANE COATINGS

ORTELLI M."'?, DUCATI M.!, BELLOTTI M.S.!, LUCARELLI C.?
1. Lechler S.p.A., Chemicals Laboratory, Via Cecilio 17, 22100, Como, Italy, moreno.bellotti@lechler.eu

2. Universita degli Studi dell’Insubria, Science and High Technology Department, Via Valleggio 9, 22100,
Como, Italy, mortelli@uninsubria.it

Key words
Resin, Bio-based, Polyol, Castor oil, Isobornyl derivatives.

In recent years, many efforts have been dedicated to the development of new film forming
agents originated partially or totally from renewable resources; acrylic resins are one of the most
important classes of such materials and several bio-based monomers are available for their syn-
thesis as well as bio-based solvents for their thinning.

In this study, the development of partially bio-based high solid hydroxylated acrylic oil-
-modified resin used for two-component polyurethane coatings is presented. Fossil-based raw
materials were substituted with bio-based alternatives that are commercially available on a large
scale such as castor oil and isobornyl derivatives'. Properties of polyol and the derived coatings
(crosslinked with a PDI bio-based polyisocyanate hardner?) were determined and measured:
polyols were characterized by the determination of %Cbio ( 14C)?, acid number, hydroxyl num-
ber, glass transition temperature and refractive index, viscosity (dynamic and kinematic), color
and molecular weight. Coatings were characterized by the determination of mechanical pro-
perties, such as hardness, elasticity and impact resistance, and the measurement of optical pro-
perties such as gloss, haze, distinctness of image (DOI) and weathering resistance. The results
showed that the properties of the bio-based polyol and coatings met the requirements and were
comparable to the properties of the synthetic counterpart, hence this newly developed partially
bio-based and high solid hydroxylated acrylic oil modified resin can replace the synthetic polyol.
From this work, it is clear that the actual supply chain already allows the development of bio-
based and environmentally benign coatings.
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POROVNANI MECHANICKYCH VLASTNOSTI OCHRANNYCH
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COMPARISON OF THE MECHANICAL PROPERTIES OF PROTECTIVE
SYSTEMS BY DIFFERENT TEST METHODS
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Summary
Practical comparison of the mechanical properties of different types of surface treatments used in reality
on a steel substrate. Focusing on hardness and abrasion tests with an effort to find out if there are con-
nections between individual methods.

Key words
Painting system (PS), surface treatment, mechanical tests, hardness, abrasion, scratch, LV CC, KTL,
correlation.

SOUHRN

Praktické porovnani mechanickych vlastnosti riznych druhti realné€ pouzivanych povrcho-
vych uprav na ocelovém substratu. Zaméreni na zkousky tvrdosti a abraze se snahou zjistit zda
existuji spojitosti mezi jednotlivymi metodami.

UvVOD

Metodika zkouseni povrchovych tuprav (dale PU), jejich vlastnosti, odolnosti, se neu-
stale rozviji, posouva a zdokonaluje. Mechanické vlastnosti, zejména tvrdost, 1ze méfit riznymi
postupy s riznymi vysledky. Existuje ale néjaka spojitost napfic metodami pro dany typ PU?
Tvrdost dle Buchholze je vysoka, mame jistotu Ze bude PU odolna i ve zkousce Scratch testem
nebo odéru abrazivem? Nékolik PU bylo takto zkouseno a vyhodnocovano riiznymi metodami
s naslednym porovnanim.

PREHLED PU A PRIPRAVA PRO TESTOVANI

Pro ucel této prace byly vybrany vrchni natérové systémy z produktové fady Akrylmetal,
které se 1iSi svymi vlastnostmi a pouzitim. Dale byla do testu zahrnuta komeréné dostupna félie
pouzivana k polepu automobili a kataforézni epoxidovy povlak, jenz byl vybran jako srovnavaci
standard. Detailni popis testovanych povlaki je uveden v tabulce ¢.1.

Jako pokladovy substrat byl zvolen ocelovy plech, typ S-46 (Q-Lab Corporation) o rozméru
150 x 100 x 1 mm. Na ocelovy podklad byl aplikovan vzduchovym stfikanim plni¢ LV PL 370
v suché tloustce (DFT) cca 80-90 m. Po obrouseni plnice byla nasledné aplikovana testovana
povrchova uprava v DFT cca 70-80 m. Takto pfipravené povrchové upravy byly pred vlastnim
méfenim plné vytvrzeny. Pouze kataforézni povlak (dale KTL) byl aplikovan pfimo na ocelovy
substrat, na konverzni vrstvicku tri-kation fosfatu (Zn, Ni, Mn), v DFT cca 40 m. Aplikace
plnice pod finalni povrchovou tupravou byla zvolena z diivodu testovani na realnych systémech
a potlaceni samotného vlivu velmi tvrdého ocelového substratu.
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Tab. 1: Informace o testovanych PU

Typ PU Popis Pouziti Vyrobce
1K fyzikaln€ zasychajici Pro lakovani interiovych
1K- VP 402 natérova hmota, plnéna plastovych dili Synpo
L1 Typ Oracal 951, odstin , e
Folie Oracal RAL 3000 K polepu dopravnich prostiedki Oracal
2K polyuretanova naté- Antikorozni natérova hmota na
LV AKZ 411 | rova hmota, antikorozni, ocelové podklady, vhodna na Synpo
plnéna a UV odolna stupen korozni agresivity C3
) Jako vrchni transparentni vrstva
2K polyuretanovy s vysokou odolnosti na povétr-
LV CC 100 transparentni lak, leskly, y .. op , Synpo
. nosti a UV stabilitou, pramyslové
elasticky e
pouziti
) Jako vrchni transparentni vrstva
2K polyuretanovy s vysokou odolnosti na povétr-
LV CC 220 transparentni lak, lreskly, nosti a UV stabilitou, pouZiti Synpo
vysoce odolny .
Vv automotive
2K polyuretanovy Jako vrchni transparentni vrstva
transparentni lak, leskly, s velmi vysokou odolnosti vii¢i
LvcC250 vysoce odolny s Nano mechanickému poskrabani Synpo
upravou a vyssi UV stabilitou
Jako vrchni natér kovovych
. . a plastovych predméti vhodné
LV EM 020 2K polyugzgia(rllf)vy email, predevsim pro Upravu karoserii Synpo
Y dopravnich prostfedki a kvalitni
primyslové lakovani
Jako vrchni natér kovovych
2K polyuretanovy email | a plastovych predmétii s vysokou
LV EM 050 s Nano upravou, leskly odolnosti proti poskrabani Synpo
a odéru
Epoxidovy KTL natér na | Vysoce odolny antikorozni natér
EP KTL vrstvé tri-kation fosfatu, | s pouzitim pfedev§im v automo- | Electropoli
RAL 9005, pololesk tive primyslu
METODIKA TESTOVANI

Pro testovani uréenych PU byly voleny nejbéznéjsi zkousky pro méfeni tvrdosti s pfidanou
zkouskou odolnosti v odéru. Provedeny byly nasledujici zkousky viz. tabulka ¢. 2.

62



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

Tab. 2: Prehled provedenych testu

Mérena velicina/

Zkouska Norma Popis BT

povrchova i kohezni
tvrdost Newton (N)
+ poskozeni

Scratch tfast (odolnost CSN EN ISO 1518-1 Zatlz'en} hr,otu“v N
proti vrypu) ktery ,Skrabe“ PU

Tuzka rtizné tvrdosti | povrchova i kohezni
Tvrdost tuzkami CSN EN ISO 15184 | se zavazim ,Skrabe“ tvrdost, tuzka dané
PU pohybem vpied | tvrdosti + poskozeni

povrchova i kohezni

Vryp pomoci hrany .
Tvrdost dle Buchholze | CSN EN ISO 2815 | se zévazim po dobu | -/rdost mm délky
30s vrypu prevedeny na
jednotky tvrdosti
Tvrdost na kyvadle CSN EN 1SO 1522 Doba tutlumu kyvu Povrchova tvrdost
(Persoz) kyvadla v % k referentu

Odér pomoci abraziv- | povrchova i kohezni
CSN EN ISO 7784-2 nich kol po 1000 tvrdost, Am obrou-
cyklech, 1 kg zavazi sené PU

Odolnost v odéru
(Taber)

Zkouska Scratch testem simuluje bézné poskrabani a vznik defektu predmétem s vysokou
tvrdosti se §pickou (roh, hrana predmétu, nliz, ty¢), ke kterému muze dojit ve vyrob€, pfi mani-
pulaci ¢i bézném pouzivani uzivatelem. Zavazi je volitelné na skale od 50g (0,5 N) az po 2000g
(20 N), které zatézuje 1 mm kulicku z kalené oceli. Pohyb po PU je plynuly po celé sifce testo-
vaného panelu. PU byly vyhodnocovany okamzité a nasledné po 24 hodinach, kdy doslo k ur¢ité
regeneraci povlaku. Vysledkem je tedy sila zavazi v Newtonech (N), ktera jesté nezptisobi defekt
v PU (Scribe - S) trvaly i po regeneraci. Vysledky jsou vyjadfeny @ - bez defektu, /S - viditelny
defekt, ktery je vratny regeneraci, S - scribe - trvaly povrchovy vryp do PU, P - penetrace skrze
PU na podklad. S rostouci silou roste i tvrdost PU.

Zkouska tvrdosti pomoci tuZek ma zjistit obdobné vlastnosti PU jako Scratch test. Tuzka
rizné tvrdosti (17 tfid tvrdosti od nejmékci (6B) po nejtvrdsi (9H)) s kolmou hranou atakuje
PU, na kterou pusobi zavazi 750 g na koleckach. Poskozeni je rovnéz hodnoceno ihned a po 24h
regeneraci. Vysledkem je oznaceni tuzky, kdy jesté nedoslo k S - scribe poskozeni po regeneraci.

Zkouska tvrdosti dle Buchholze provéiuje povrchovou i kohezni tvrdost PU. Ocelové ko-
le¢ko s ostrou hranou (120°) je po dobu 30s zatizeno pod zavazim 500g na PU. Délka vrypu
se méfi pod magnifikaci v milimetrech. Dané délce vniku odpovida hodnota tvrdosti dle Buch-
holze. S rostouci délkou vrypu klesa tvrdost PU.

Zkouska tvrdosti pomoci kyvadla (model Persoz) provéruje zejména povrchovou tvrdost po-
vlakil. Na vzorek PU je posazeno kyvadlo na dvou kulickach z lesténé oceli, které jsou rozkyvany
s max. uchylkou, a pocita se doba utlumu v sekundach do minimalniho vykyvu. Jako standard
byl zvolen ¢isty ocelovy substrat, pouzity pro aplikace PU. Sekundy ttlumu jsou v % vztaZeny na
tvrdost standardu.

Jako posledni zkouska, ktera striktn€ neméfi tvrdost ale kombinaci riiznych vlastnosti, byla
pouzita odolnost v odéru na Taberové pristroji. Dvé abrazivni gumova kola zrnitosti CS-10 se
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otaci proti sobé pod zavazim 1000 g a obrusuji tak PU, ktery se rovnéz otaéi. Vysledkem je rozdil
v miligramech (Am) na pocatku a po 1000 cyklech odéru.

U véech testovanych PU byly zméfeny jednotlivé vrstvy a celkova tloustka DFT v um po-
moci magnetické indukce viz tabulka ¢.3.

DISKUSE VYSLEDKU

Vysledky vSech zkousek byly prepocCitany na % vaéi referentnimu povlaku KTL. Ve
zkousce Scratch testem dosahovaly nejlepsich vysledki PU: LV CC 250 a LV EM 050 s hodnotami
11 N, coz odpovida 122,2 % referen¢niho vzorku KTL. Tyto topcoaty (CC 250 a EM 050) jsou
vysoce sitované s obsahem anorganickych nanocastic, které prispivaji vysoké povrchové tvrdosti
a odolnosti proti scratch testu, odéru atd. Naopak nejnizsi tvrdosti disponovala PU: Folie Oracal
s hodnotou 4 N, a tedy tvrdosti 44,4 % viéi referentu. Z grafu je rovnéz patrné, ze PU: LV CC
100, 220, LV EM 020, 050 a LV CC 250 s KTL maji velice podobnou odolnost ve Scratch testu.
Odchylky mohou byt zptisobeny subjektivnosti vyhodnoceni + 1 N.

Obr. 1: Graf ¢. 1: Vysledky Scratch testu
Scratch test I1SO 1518-1

13 H 1K-VP 402

m Félie Orakal ( polep auta )

WLV AKZ 411

9 mLVCC100

mLVCC220

sila (N)

ORr NWA U O N ®

LV EM 020

WLV EM 050

mLVCC250

. EP KTL
PU
Hodnoty tvrdosti zkouskou tuzkami ukazaly obdobné vysledky jako v predchozim testu.
Nejvyssimi hodnotami disponovaly PU: LV CC 250 a KTL s tvrdosti 4H, coz je 100 % referentu.
Porovnatelné hodnoty diky subjektivnosti (+ 1 tvrdost) mély i PU: LV AKZ 411, LV CC 100,
220 a LV EM 020, 050 s tvrdosti 3H a 91,7 % referentu. Opét nejnizsich hodnot dosahla Folie
Oracal s tvrdosti HB s 58,3 % k referentu.

Obr. 2: Graf ¢. 2: Vysledky tvrdosti tuzkami

Tvrdost tuzkami ISO 15184

m 1K-VP 402
m Félie Orakal ( polep auta )
mLVAKZ411

m LV CC 100
mLVCC220
LV EM 020
=LV EM 050

Cislo tvrdosti tuzky

mLVCC250
EP KTL
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Dalsim provedenym testem je tvrdost dle Buchholze, ktera provéfila povrchovou a hlavné
kohezni tvrdost povlakii. Tato zkouska je dost odliSna oproti Scratch testu, ¢i tuzkam jelikoz se
zavazi nepohybuje a hrot tak namaha cGastice PU staticky nikoli dynamicky. Nejvice se sloZeni
natérového filmu projevilo u PU: LV AKZ 411, ktera disponovala nejvyssi tvrdosti a to hodno-
tou 111 coz je 122 % tvrdosti k referenénimu povlaku KTL. Je to zejména zplsobeno Casticemi
plnice, které jsou v tomto povlaku pfitomny. Castice na sebe piisobi smérem dolti a odolavaji tak
hlubsimu vrypu zkuSebniho hrotu. Nejnizsich tvrdosti dosahovala opét Folie Oracal s hodnotou
<59, coz je < 64,8 % referentu.

Obr. 3: Graf ¢. 3: Vysledky tvrdosti dle Buchholze
Tvrdost dle Buchholze ISO 2815 w63
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PU EP KTL

Zkouska tvrdosti kyvadlem provéfuje zejména povrchovou tvrdost a reflektuje také tvrdost
substratu v pfipadé, Ze se jedna o PU s nizkou DFT. Nejvyssi hodnotu tvrdosti mél referenéni
vzorek PU KTL, ktery je hladky s vysokou tvrdosti. V tomto pfipadé byl do hodnot ¢asteéné
promitnut i vliv ocelového substratu, jelikoz se KTL aplikuje v praxi rovnou na tvrdy substrat
nebo na tvrdou metalizaci Zn, Zn/Ni. Samotné testované PU rovnéz disponuji vyssi tvrdosti pfi
aplikaci rovnou na sklenény panel bez plnicové vrstvy. Hodnoty tvrdosti na realn€ pouzivanych
systémech byly obdobné u PU: LV AKZ 411, LV CC 100, 220, LV EM 020, 050 a LV CC 250
s hodnotami 42,1-51,2 % vici ocelovému podkladu a 50,7-61,6 % vici KTL referentu.

Obr. 4: Graf ¢. 4: Vysledky tvrdosti kyvadlem
Tvrdost kyvadlem I1SO 1522
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Posledni zkouskou, ktera neni otazkou pouze tvrdosti, ale kompaktnosti a mechanické odol-
nosti povlaku, je odolnost proti odéru v Taberové pfistroji. PU, které disponovaly dobrymi tvr-
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dostmi v predeslych testech, ukazaly dobrou odolnost i v odéru. Nejniz§im hodnotam odért do-
spély PU s anorganickymi nanoéasticemi LV EM 050 a LV CC 250 s vysokou hustotou vytvrzené
sité pojiva. Hodnoty Am 27,2 a 27,1 mg / 1000 cykld, odpovidaji 107 a 107,4 % KTL referentu.

Piekvapivou odolnost v odéru méla Folie Oracal s dobrou kohezni pevnosti a 74,6 % vici
referentu KTL. Naopak nejvyssi probrouseni bylo v pfipadé PU 1K-VP 402, ktera se probrousila
na substrat jiz po 900 cyklech. Hodnota 121,9 mg naméfena u PU LV AKZ 411 byla dokonce
vy$si, avSak k probrouseni k substratu nedoslo, majoritni vliv na tuto odolnost mély 2 faktory:

1) Pojivo, které je sitovano tvrdidlem jako 2-komponent, PU 1K-VP 402 je, jak nazev napo-
vida, 1-komponentni fyzikalné zasychajici povlak, s nizsi odolnosti a tvrdosti.

2) Obé PU jsou plnény, co znatelné snizuje kompaktnost matrice v odéru. Jakmile je povlak
probrousen skrze povrch, rychle ztraci soudrznost.

Obr. 5: Graf ¢. 5: Vysledky odolnosti proti odéru

Odolnost v odéru (Taber) ISO 7784-2

140 l
120 16,2

121,9 = 1K-VP 402
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mlLVvCC220

wLVEM 020

Am obrus (mg) /1000c

mLVEM 050

wLVCC250

EP KTL

*pozn: PU 1K-VP 402 je srafované z diivodu, Ze doslo k probrouseni k substrdtu jiz po 900 cyklech

Vysledné hodnoty PU ve vsech testech byly vztazeny ke KTL referentni PU a vyjadieny
v procentech. V pripadé zkousky tvrdosti pomoci tuzek, byla kazdé tuzce prirazena Ciselna
hodnota vzestupné s rostouci tvrdosti (6B = 1; 9H = 17). Z grafu ¢.6 je patrné, Ze obdobnou
odolnost jako KTL maji PU: LV EM 050 a LV CC 250 a to 100 a 102 % referentu, coZ je exce-
lentni vysledek i pres fakt, ze prispévek tvrdosti substratu u KTL ve zkousce kyvadlem byl dosti
vysoky. Nejnizsich hodnot dosahla PU 1K-VP 402 z diivodi vysokého plnéni, pouze fyzikalniho
zasychani a nizké hustoty vytvrzené sité pojiva. Souhrnné vysledky zkousek PU jsou uvedeny
v prehledné tabulce €. 3.

Obr. 6: Graf ¢. 6: Celkové porovnani PU [ KTL

Porovnani celkovych tvrdosti
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Tab. 3: Vysledky PU jednotlivych testi

| Seratch | ... . Kyva- 1000 oder | PFL | DFT | DFT
PU N) Tuzky | Buchholz | dlo % P i plni¢ | -lak | - celkova
k oceli [um] [um] [um]
1K VP 116,2
402 8 H 63 30,3 (9000) 88 55 143
Folie 4 HB | <59 8,3 39 80 71 151
Oracal
LVAKZ |, 3H 111 47,9 121,9 79 71 150
411
wee |, 3H 83 46,2 48,7 81 81 162
100
LV CC
0 9 3H 77 42,1 374 84 75 159
LVEM | 3H 87 456 36,5 84 62 146
020
LV EM
050 11 3H 87 51,2 272 73 82 155
LV CC
250 11 4H 95 477 27,1 87 73 160
EPKTL | 9 4H 91 83,1 29,1 - 4 4
ZAVER

Byly pfipraveny realné pouzivané PU na identické plnicové vrstvé (pravé kvili simulaci real-
ného systému) a ty nasledné testovany riznymi metodami tvrdosti a odolnosti v odéru. Vysledky
byly vztazeny na komeréné pouzivany epoxidovy povlak KTL. Cilem bylo predikovat vlastnosti
z jednotlivych zkousek mezi sebou. Hodnoty tvrdosti, zejména pomoci kyvadla, reflektuji vSak
tvrdost substratu, pokud se jedna o PU s nizkou DFT jako bylo v pfipadé KTL referentu. Vy-
sledky zkousek pro obdobné 2K-PUR povlaky jsou korelovatelné, coz zreteln€ vysledky méreni
dokazuji. Problém nastava u plnénych systémt s nizsi hustotou vytvrzené sité matrice, jako je
v pripadé 1K-VP 402 a LV AKZ 411, a také jestli se jedna o 1K ¢i 2K systém. Zvlastnim pfipa-
dem byla Folie Oracal, ktera disponovala nizkou tvrdosti ve vSech testech, av§ak odolnost proti
odéru méla diky elasti¢nosti a kompaktnosti polymerniho filmu uspokojivou az prekvapivou.

Predikovat vlastnosti nelze napfi¢ véemi druhy PU, av§ak u podobnych systém to 1ze. Po-
kud bude znama hodnota napf. z technického listu ¢i od zakaznika, Ze tvrdost tuzkou je 4H,
systém bude 2K-PUR a neplnény na ukor hustoty pojivové sit€¢, mizeme s dostatecnou jistotou
predpokladat, Ze i hodnoty dalSich testli obdobnych vlastnosti budou obdobné.
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POROVNANI UCINNOSTI ANTIKOROZNICH PIGMENTU NA BAZI
AMINO-FOSFATOVYCH A FOSFATOVYCH KOMPLEXU

COMPARISON OF THE EFFICIENCY OF ANTI-CORROSION PIGMENTS BASED
ON AMINO-PHOSPHATE AND PHOSPHATE COMPLEXES

MAREK J., KUCHTA P.
Radka spol. s. r. o. Pardubice, jiri.marek@radka.eu, petrkuchta@radka.eu

Summary
In the field of protection of metal surfaces from corrosion, a number of different pigments are used, which
differ in their effectiveness and ecological properties. One of major anti-corrosion pigment groups are
phosphates. This presentation focuses on the comparison of three different phosphate anti-corrosion pig-
ments: magnesium oxy-amino phosphate, calcium-strontium phosphate and zinc molybdenum phosphate.
The aim is to compare their differences in anti-corrosion efficiency and environmental impacts.

Key words
Corrosion protection, Zinc phosphate, Anti-corrosion pigments, Ecological pigments, Greeen chemistry.
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POVRCHOVA UPRAVA KOMPOZITNICH DILCU VZNIKLYCH
SPOJENIM MASIVNIHO DREVA A LICi EPOXIDOVE PRYSKYRICE

SURFACE TREATMENT OF COMPOSITE PARTS CREATED BY JOINING SOLID
WOOD AND CASTING EPOXY RESIN

PACAS P.!, TESAROVA D.!

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

Summary
This paper focuses on surface preparation prior to surface finishing for finishing appropriate surface fi-
nishes on composite epoxy resin and solid wood materials to enhance their aesthetic and functional value.
The effect of sanding, the effect of plasma, and the effect of dry snow spraying on the quality of finishes
finished with different binder-based coatings were verified by examining different surface preparation
methods.

Key words
Surface finishing, solid wood and epoxy resin bonding, surface preparation, FTIR analysis, dry ice/snow,
oak, olive, walnut, ash, dry snow.

INTRODUCTION

In recent years, composite materials based on epoxy casting resins and solid wood have
become an important subject of research in the field of materials engineering due to their unique
combination of aesthetic and mechanical properties. This work focuses on the development and
optimization of surface treatments for these composite materials to improve their resistance to
external influences such as mechanical damage, water vapor and temperature variations. The
research includes the study of the physical-mechanical, aesthetic, durability and chemical proper-
ties that affect the application of these materials, especially in the furniture industry.

Specifically, the paper will focus on the effect of the variation of the cured surface when
using different surface preparations before finishing on the effect of different surface treatments
on increasing the utility and aesthetic properties of products made of this material.

Epoxy resins in the furniture industry

This material allows you to create a strong and stable connection with solid wood with
unique properties that traditional materials cannot provide.

Although epoxy resins are becoming increasingly popular in the furniture industry, their
application also presents challenges, namely:

. the strength of joints with solid wood can decrease as the width of the joint layer increa-
ses, especially when the material is exposed to temperature fluctuations. Better results are
often achieved by using softer and more porous woods, which allow the resin to penetrate
the wood structure better,

. furniture production using epoxy resin tends to be more time and cost intensive. [1] [2]
[3]
Effect of surface preparation on joint strength

Proper wood surface preparation is key to achieving a strong and durable joint solid wood
to epoxy resin bond. It contributes significantly to the strength properties of the joint, and the
quality is influenced not only by the type of wood or resin, but also by the consistency of the
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preparation steps. First, the surface must be thoroughly cleaned of dust, oils and other impurities
that could interfere with adhesion. [1] [2] [3] [4]

Surface roughness is also an important consideration - a surface that is too smooth will limit
the adhesion of the resin, while one that is too rough can lead to a weakened bond. Research
has shown that roughness around P80 gives the best results in joint shear strength. [5] [6] [7]

Another factor is the time that elapses between grinding and resin application; the longer
the delay, the lower the strength of the resulting joint. The moisture content of the wood also
plays an important role - wood that is too wet can impair adhesion. The recommended moisture
content for this type of joint is in the range of 8-10% [8].

An innovative approach to increase adhesion is plasma surface preparation, which promo-
tes the formation of functional groups and improves resin adhesion by chemical reactions on the
wood surface. This process also removes any dirt or moisture from the wood surface, which can
further strengthen the strength of the joint. [9]

Another innovative method of surface preparation is the use of dry ice, which is proving
to be an effective alternative to traditional cleaning techniques. Dry ice, created by the desubli-
mation of carbon dioxide (CO,) at temperatures below -80 °C, has unique properties that make
it ideal for effective cleaning. Unlike conventional ice, dry ice does not melt but directly subli-
mes, which means that it transforms back into a gas on contact with the surface. This property
significantly reduces the formation of waste material, as it does not leave a liquid residue after
application. Another benefit of dry ice is its bacteriostatic properties, which inhibit the growth
of microorganisms. [10]

As part of the cleaning process, dry ice is applied using a nozzle where the cleaning medium
is blown in at high air velocities, often exceeding the speed of sound. The impact of the dry ice
particles at -80 °C causes the dirt on the surface to cool rapidly, causing it to become brittle and
reduce adhesion to the substrate. This phenomenon, known as thermal shock, facilitates the re-
moval of dirt without the need for abrasive action. Simultaneously with the rapid cooling, intense
sublimation of dry ice also occurs, causing an increase in the volume of CO, and the creation of
high internal tension. This combination of processes effectively removes contamination without
creating abrasive waste, which is particularly advantageous for surface-sensitive materials. [11]

Surface treatment of epoxy resin and solid wood composite

Surface treatment of epoxy resin composite materials and solid wood plays a vital role in
ensuring the quality and durability of the surface of these products. This finish not only protects
the material from environmental influences, but also serves an aesthetic function, contributing
to prolonging the life of furniture and joinery products [12].

A suitably selected surface treatment promotes the long-term durability of the composite,
which leads to higher durability of the epoxy resin and the wood. This treatment is tailored to
specific appearance and protection requirements, ensuring that the quality of the products is
maintained and increasing their resistance to adverse environmental influences. To achieve this,
a variety of materials and processes are, used to match the conditions to which the product will
be exposed. [13]
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METHODOLOGY

Materials used

The experiments were conducted with two types of casting epoxy resins from a foreign
manufacturer, which are designed for casting larger volumes and are mixed in the ratio of 1 part
epoxy resin (A) and 2 parts hardener (B). The preparation instructions for both systems are
similar for the preparation of the casting compound and its subsequent application, where the
manufacturer's instructions were followed exactly. The curing time for both systems is 5 days at
23 °C.

Oak, Ash, Olive and Walnut were also used for the test specimens. All the woods worked
with had a moisture content between 8 and 10%.

The selection of coatings included a large range of systems from leading European manu-
facturers, representing waterborne, solventborne, oilborne and UV-cured coatings.

Samples

The samples were prepared to a size of 33 x 150 x 300 mm and cast in a PP mould. After
curing, the moulds were exaggerated and sanded successively with P180 and P240 roughness.
The selected coatings were then applied.

In the case of dry ice or snow coating, sanding was omitted. When the most suitable condi-
tions were first verified on the individual samples, a combination of dry snow spraying at 6 bar at
a volume of 30 kg per 1 hour was selected.

Measurement methodology

A series of tests were chosen to determine the quality of the coatings themselves or the
effect of surface preparation on the surface quality of the cured casting epoxy resin. These were
carried out according to the principles of the relevant standards. The physical and mechanical
properties of the epoxy casting resin surface and surface treatments were examined:

. Measurement of surface roughness according to EN ISO 4287 (014450).

. Determination of the hardness of the coating by micro hardness tester according to EN
ISO 2815 (673072).

. Determination of adhesion by grid test according to EN ISO 2409.
. Artificial ageing test EN 927-6 (672010).
. Analysis of the effect of surface preparation with dry snow. [14] [15] [16] [17]

RESULTS AND DISCUSSION

Surface roughness measurement resultss

The test examined the surface roughness after application of the coatings on individual trees
and the cured epoxy casting resin itself.
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Tab. 1: Surface roughness of surface finish to substrate - wood

Paint marking Material | Ra [um] | Rz [um] | Rq[um] | Material | Ra [pm] | Rz [um] | Rq [um]
Oil-wax_01 Olive 1,48 9,78 1,81 Walnut 1,18 7,37 1,48
Water-driven_01 Olive 0,93 5,01 1,15 Walnut 3,94 21,66 5,02
Water-driven_02 Olive 0,73 4,51 0,92 Walnut 1,95 11,36 2,34
Water-driven_03 Olive 3,19 19,8 4,21 Walnut 2,57 17,29 3,28
Water-driven_04 Olive 0,53 3,4 0,67 Walnut 1,68 9,05 1,98
Solventborne polyurethane_01 Olive 0,74 471 0,95 Walnut 1,03 229 1,76

Solventborne polyurethane_02 Olive 1,43 9,78 1,81 Walnut 1,03 6,12 1,31

Solventborne polyurethane_03 Olive 0,9 4,04 1,07 Walnut 1,63 8,58 1,98

Solventborne polyurethane_04 Olive 1,43 8,33 1,81 Walnut 1,82 17,03 2,37

Solventborne polyurethane_05 Olive 1,26 7,74 1,59 Walnut 1,03 229 1,76

Solventborne polyurethane_06 Olive 1,4 9,82 1,79 Walnut 081 0,835 1,05
UV cured_01 Olive 0,56 3,73 0,76 Walnut 0,57 2,48 0,67
UV cured_02 Olive 0,55 2,28 0,67 Walnut 1,62 8,85 1,96

The table presents the results of the surface roughness of the different coatings on the tested
wood species. We observe the highest values of roughness on the sample Water-driven_03, then
the lowest on Water-driven_04 and Solventborne polyurethane_06.

Tab. 2: Surface roughness of surface finish to substrate - wood

Paint marking Material | Ra [um] | Rz [um] | Rq [um] | Material | Ra [um] | Rz [um] | Rq [um]
Oil-wax_01 Oak 1,48 9,78 1,81 Ash 1,01 6,09 1,29
Water-driven_01 Oak 1,2 6,23 1,47 Ash 0,73 513 0,95
Water-driven_02 Oak 2,1 9,76 2,49 Ash 1,63 7,36 1,97
Water-driven_03 Oak 3,19 19,8 4,91 Ash 3,21 15,79 3,91
Water-driven_04 Oak 0,53 34 0,67 Ash 0,46 2,85 0,57
Solventborne polyurethane_01 Oak 0,9 4,9 1,09 Ash 0,8 5,16 1,06
Solventborne polyurethane_02 Oak 1,2 6,23 1,47 Ash 0,73 513 0,95
Solventborne polyurethane_03 Oak 0,75 3,64 0,89 Ash 0,47 1,76 0,53
Solventborne polyurethane_04 Oak 0,75 3,64 0,89 Ash 0.47 1,76 0,53
Solventborne polyurethane_05 Oak 1,34 9,37 1,78 Ash 1,84 13,57 2,57
Solventborne polyurethane_06 Oak 0,51 3,05 0,63 Ash 1,89 11,21 2,34
UV cured_01 Oak 0,49 2,47 0,6 Ash 1,68 6,28 1,97
UV cured_02 Oak 1,39 5,26 1,6 Ash 0,89 3,5 1,06

As in the previous table, we observe the highest roughness values for Water-driven_03.
The lowest values are then observed for UV cured_01 and Solventborne polyurethane_04.
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Tab. 3: Surface roughness of surface finish to substrate - epoxy

Paint marking Material | Ra [pm] | Rz [um] | Rq [pm]
Oil-wax_01 Epoxy 0,84 3,87 1,02
Water-driven_01 Epoxy 0,71 5,35 0,93
Water-driven_02 Epoxy 0,61 3,93 0,75
Water-driven_03 Epoxy 1,79 11,28 2,22
Water-driven_04 Epoxy 0,53 3,43 0,68
Solventborne polyurethane_01 Epoxy 0,63 3,66 0,77
Solventborne polyurethane_02 Epoxy 0,73 4,22 0,93
Solventborne polyurethane_03 Epoxy 0,71 4,96 0,92
Solventborne polyurethane_04 Epoxy 048 28 0,59
Solventborne polyurethane_05 Epoxy 0,63 3,66 0,77

Solventborne polyurethane_06 Epoxy - - -

UV cured 01 Epoxy 0,62 3,28 0,76
UV cured_02 Epoxy 1,97 5,73 2,22

In terms of surface roughness of the coatings on cured epoxy resin, we observe the same
trend as for wood, namely that the Water-born_03 sample reaches the highest roughness.
The lowest then and Solventborne polyurethane_04.

Results of the determination of the hardness of the paint with a micro hardness tester

This chapter presents the results of measuring the hardness of the paint with a micro hard-
ness tester.

Tab. 3: Determination of hardness of surface treatments on solid wood and epoxy - Buchholz

Depth of deflection of the surface finish to the substrate [mm]
Paint marking Oak Ash Walnut Olive Epoy
Along Across Along Across Along Across Along Across -

Oilwax_01 0,021 0,017 0,027 0,019 0,029 0,011 0,015 0,015 0,009
Water-driven_01 0,016 0,026 0,017 0,024 0,017 0,025 0,015 0,014 0,006
Water-driven_02 0,019 0,014 0,023 0,041 0,017 0,014 0,016 0,016 0,007
Water-driven_03 0,03 0,029 0,031 0,039 0,02 0,028 0,018 0,02 0,012
Water-driven_04 0,014 0,009 0,01 0,012 0,01 0,01 0,005 0,009 0,006

Solventborne polyurethane_01 0,008 0,01 0,014 0,009 0,009 0,008 0,009 0,009
Solventborne polyurethane_02 0,011 0,03 0,01 0,009 0,01 0,009 0,009 0,008 0,012
Solventborne polyurethane_03 0,015 0,013 0,013 0,01 0,01 0,009 0,01 0,008 0,006

Solventborne polyurethane_04 0,009 0,01 0,011 0,009 0,0012 0,009 0,009 0,007
Solventborne polyurethane_05 0,023 0,014 0,025 0,013 0,009 0,053 0,008 0,008 0,005
Solventborne polyurethane_06 0,021 0,013 0,015 0,013 0,012 0,009 0,008 0,01 0,006
UV cured_01 0,013 0,011 0,011 0,011 0,011 0,014 0,009 0,009 0,014

UV cured_02 0,025 0,015 0,013 0,011 0,016 0,014 0,014 0,014
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From the results in Table 3 we can conclude that the epoxy resin as a substrate has a positive
effect on the hardening of the coatings. Furthermore, as in the previous tests, we observe the
worst results for the Water-borne_03 coating.

Results of adhesion determination by grid test

The following chapter will describe the results of the adhesion determination by the grid test
for individual coatings and surfaces..

Tab. 3: Determination of the adhesion of the surface treatment to the substrate

Rating level based on the standard
Paint marking Oak Ash Walnut Olive Epoy
1. ition | 2. ition | 1. ition | 2. ition | 1. ition | 2. ition | 1. iion | 2. ition | 1. ition | 2.
Oil-wax_01 0 0 0 0 0 0 0 0 0 0
Water-driven_01 0 0 0 0 0 0 0 0 0 0
Water-driven_02 0 0 0-1 0-1 0 0 0-1 0-1 0 0
Water-driven_03 01 0 0-1 0 0 0 0 0 01 0-1
Water-driven_04 0 0 0 0 0 0 0 0 01 0-1
Solventborne polyurethane_01 0 0 0 0 0 0 0 0 01 0
Solventborne polyurethane_02 0 0 0 0 0 0 0 0 0 0
Solventborne polyurethane_03 0 0 0-1 0-1 0 0 0 0 0 0
Solventborne polyurethane_04 0 0 0-1 0 0 0 0 0 0 0
Solventborne polyurethane_05 0 0 0 0 0 0 0 0 0 0
Solventborne polyurethane_06 0 0 0-1 0-1 0 0 0 0 0 0
UV cured_01 0 0 0 0 0 0 0 0 0 0
UV cured_02 0 0 0 0 0 0 0 0 0 0

According to the table, the Water-driven_03 coating is again the worst. We can also say that
the selected coatings have worse adhesion to ash in the first coat, a similar trend is observed with
the adhesion of the coatings to epoxy resin.

Artificial ageing test results

In this test, the UV resistance of the cured epoxy resin was verified before the surface trea-
tment was applied.

Fig. 1: Surface roughness of epoxy resin before and after artificial ageing

Scratch test 1ISO 1518-1

W 1K-VP 402

u Félie Orakal ( polep auta )

mLVAKZ 411

mLVCC100

mLVCC220

sila (N)

®LVEMO020

WLV EM 050

mLVCC250

EPKTL

PO

The picture shows that aging affects the surface roughness of the cured casting epoxy resin.
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Analysis of the effect of surface preparation with dry snow

The chapter focuses on the analysis of the results of dry snow surface preparation, where the
results from FTIR analysis and microscopic images will be described and presented.

Fig. 2: FTIR analysis of the cured casting resin surface (blue - no surface preparation, green - dry
Snow)
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Figure 2 shows that surface preparation with dry snow has an effect on the final surface
properties of the cured epoxy resin.

Fig. 3: Microspot view of the surface of cured casting epoxy resin after exposure to dry snow
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Figure 3 presents a view of the cured casting epoxy resin after surface preparation with dry
snow, where significant changes in surface texture can be seen.

CONCLUSION

The results of this study show that the aging process significantly affects the surface of
cured casting epoxy resin, which has an impact on its aesthetic and protective properties. Of
the coatings tested, Water-borne_03 showed the worst results, while the cured epoxy resin made
an overall positive contribution to the hardness of the coatings. Surface preparation using dry ice
showed a significant effect on the resulting structure of the cured resin, particularly in changes
in surface roughness, which can be of major importance for subsequent coating applications.
These findings may contribute to the optimisation of procedures for the preparation and trea-
tment of materials resulting from the joining of epoxy resin and wood.
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OF SPRUCE WOOD
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Summary
The paper deals with the mechanical properties and adhesion of standard and modified surface finishes
on spruce wood, intended into exterior. Modified surface finish was created by the same coating materials
as a standard surface finish, but it contained an interlayer with microcapsules. The machanical properties
of the surface finishes was assessed according to the film hardness and impact resistance. The adhesion
of surface finishes was assessed according to the tests, the Cross-cut test, and the Pull-off test before
and after two years of exposure. The interlayer with microcapsules had no impact on the surface hardness
of the surface finishes on spruce wood. The modified surface finish on spruce wood showed low impact
resistance at a low drop height. It was more fragile and under the impact resistance test the cracks were
formed in it. The adhesion of the standard and modified surface finishes to wood, tested according to
the Cross-cut test, was the same or minimally different. On spruce wood, the Pull-off test for adhesion
determined cohesion of wood surface layers. The adhesion of the standard and modified surface finishes
to spruce wood, tested according to the Pull-off test, after exposure in exterior showed lower adhesion
than to be before exposure.

Key words
Adhesion, hardness, impact resistance, modified surface finish, spruce.

Drevo sa pouziva na vyrobu nabytku a inych stavebno-stolarskych vyrobkov. Urcité vyrobky
s pouzivané v interiéri, niektoré v exteriéri. Exteriérovy nabytok sa vyraba z roznych drevin,
makkych (ihlicnatych) alebo tvrdych (listnatych). Obvykle z ihliénatych sa pouZiva smrekové
a borovicové drevo, z listnatych drevin sa do exteriéru najviac pouziva teakové alebo dubové
drevo. Spomenut¢ ihlicnaté dreviny su menej odolné v exteriéri ako tvrdé listnaté dreviny, preto
potrebuju vacsiu starostlivost. Dolezité je dbat o ich povrchovt upravu, ktora zabezpeci ochranu
dreva [1]. V exteriéri je vhodnejSie pouzivat povrchové upravy s pigmentom (pigmentované
alebo lazury).

VonkajSia pigmentovana povrchova tprava je urCena na ochranu dreva, estetické zvyrazne-
nie produktu a prekrytie podkladu. Poziadavky na vonkajsiu upravu dreva st kladené hlavne na
odolnost voci poveternostnym vplyvom. Vo svete sa vyskum realizuje pomocou transparentnych
a pigmentovanych povrchovych uprav. ,,Pre prediZenie Zivotnosti dreva a zachovanie jeho prirod-
zeného vzhladu sa stal vel'mi dolezity vyskum a vyvoj transparentnych naterov s minimalnym
mnozstvom $kodlivych latok” [2].

Odolnost povrchovej tpravy voci poveternostnym vplyvom nie je jedinou vlastnostou, ktora
rozhoduje o kvalite. Mnohé¢ vlastnosti - vizualne, chemické, odolnostné, fyzikalno-mechanické
- informuju o tom, ako sa bude povrchova uprava spravat pocas pouzivania. Dolezitou fyzikalno-
-mechanickou vlastnostou exteriérovych povrchovych uprav je prilnavost. Vo viacerych pracach
sa skumali vplyvy typu povrchovej upravy, Casti dreva, vlhkosti, drevokaznych hub, starnutia
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a predupravy povrchu na prilnavost [1,3-14]. Povrchové upravy vytvorené naterovymi latkami
boli hodnotené podla vzhladu a fyzikalno-mechanickych vlastnosti [3,5,15-22]. Na zvySenie
ochrany dreva a povrchovej upravy je mozné natery modifikovat. Naterové latky, alebo samotné
natery mozu byt modifikované nano-technologickymi produktmi [2,23-28].

Predlozena praca sa zaobera bielou pigmentovanou povrchovou upravou urcenou do exte-
riéru. Povrchova tprava obsahovala modifikovani medzivrstvu s mikrokapsulami. Sledoval sa
vplyv modifikovanej medzivrstvy na vybrané mechanické vlastnosti a adhéziu povrchovej tipravy
na smrekovom dreve po dvojroCnej expozicii starnutia.

POPIS EXPERIMENTALNYCH METOD

Podkladovy material

V experimente bolo pouzité smrekové drevo (Picea abies L.). Rozmery skusobnych telies
boli 250 mm x 80 mm x 20 mm a obsah vlhkosti bol 8 % + 2 %.

Povrch skusobnych telies bol bruseny podla odporucani uvedenych v technickych listoch
naterovych latok. Skusobné telesa boli povrchovo upravené zo vSetkych stran nizkotlakovym
striekanim.

Naterové latky

Boli vybrané nasledovné biele pigmentované naterové latky na vodnej baze, na povrchovi
Upravu rozmerovo stabilnych prvkov, okien, exteriérovych dveri a nabytku do zimnych zahrad
aj exteriéru:

o Zakladna naterova latka - ochranna impregnacia na baze zmesi alkydovych a akrylatovych
Zivic s dobrou krycou schopnostou; s u¢innou latkou (B,P,W) - 0,8 % (0,8 g/100 g) jod-
propinylbutylcarbamat (IPBC) a 0,4 % (0,4 g/100 g) tebuconazol.

¢ Modifikovana naterova latka - vytvarajuca medzivrstvu na baze akrylatovych disperzii
s nizkym obsahom rozpustadiel, obohatena o mikrokapsule na uzavretie trhlin spésobe-
nych poveternostnymi vplyvmi alebo poSkodenim.

* Pigmentovana vrchna naterova latka - na baze akrylatovych disperzii s vynikajicou odol-
nostou voéi poveternostnym vplyvom.

Boli vytvorené dva typy povrchovej upravy:

« Standardna povrchova tprava - 1 nater biely zakladny (priemerna hrubka naterového filmu
100 um v mokrom stave) a 1 nater vytvoreny bielou pigmentovanou vrchnou naterovou
latkou (150-180 um v mokrom stave).

* Modifikovana povrchova uprava - 1 nater biely zakladny (100 um v mokrom stave), 1 nater
vytvoreny modifikovanou medzivrstvou (150-180 um v mokrom stave) a 1 nater vytvore-
ny bielou pigmentovanou vrchnou naterovou latkou (150-180 um v mokrom stave).

Mechanické vlastnosti povrchovych uprav boli stanovené pred expoziciou (K) a prilnavost
bola stanovena pred aj po dvoch rokoch expozicie (2) v exteriéri.

Hrubka naterového filmu

Hrubka naterového filmu sa stanovila po jeho vytvrdnuti a klimatizovani (20+2 °C, 60+ 5 %)
pocas 7 dni. Na stanovenie hrubky naterového filmu boli pouzité dve metody:

* Destruktivna metoda - pomocou pristroja SuperPig SP 1100.

* Nedestruktivna metdéda - pomocou ultrazvukového pristroja PosiTector 200.
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Tvrdost filmu

Tvrdost naterového filmu bola stanovena ceruzkovym testom podla normy STN EN ISO
15184 (2012) [29]. Vo vysledkoch testu bola tvrdost naterového filmu uvedena Cislom ceruzky,
ktora poskriabala povrch (tab. 1). Testovanie povrchu sa zacinalo najméksou ceruzkou - €. 1.

Tab. 1: Stupne tvrdosti naterového filmu

Cislo ceruzky 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13
Tvrdost ceruzky | 3B [ 2B | B |HB| F | H |3H |4H | 5H | 6H | 7H | 8H | 9H

Odolnost proti narazu

Odolnost proti narazu povrchovych uprav bola stanovena podla normy STN EN ISO 6272-
2 (2011) [30]. Merala sa stopa po naraze a poskodenie povrchovej Upravy v mieste stopy po
naraze. Poskodenie sa hodnotilo subjektivne podla tab. 2.

Tab. 2: Odolnost proti narazu: stupen a vizualne hodnotenie

Stupen Vizualne hodnotenie

1 Ziadne viditelné zmeny

Ziadne trhliny v povrchu a stopa po néraze je za idealnych podmienok pozorova-
nia nepatrne viditeIna

Lahké trhliny na povrchu, obvykle jedna alebo dve kruhové trhliny okolo miesta
narazu, trhliny nemusia vytvarat uplnu kruZnicu len obvodové tseky

Tazké trhliny obmedzené na stopu po naraze

Trhliny siahaju mimo stopu po naraze, odprsknutie nateru

Testy prilnavosti
Prilnavost naterovych filmov k drevu bola stanovena odtrhovou skuskou (Pull-off) podla

normy STN EN ISO 4624 (2016) [31] a skuskou mriezkovym rezom (Cross-cut) podla normy
STN EN ISO 2409 (2013) [32].

Na odtrhovu skusku bol pouzity testovaci stroj PosiTest AT-M (Qualitest, Kanada). Malé
kovové terciky s priemerom 20 mm boli prilepené na povrchovu upravu pomocou dvojzlozkovej
epoxidovej zivice (Pattex Repair Epoxy). Po 24 hodinach vytvrdzovania pri teplote 20 °C a rela-
tivnej vlhkosti vzduchu 60 % boli okolo prilepenych terc¢ikov ru¢nou frézou narezané kruznice,
aby sa zabranilo §ireniu porusenia mimo testovanu plochu. Rychlost tahu bola 1 mm/min az do
oddelenia ter¢ika od povrchu. Po kazdom teste bolo porusenie plochy pod ter¢ikom vyhodnote-
né vizudlne pomocou stereo-mikroskopu LEICA MZ 9,5 so zvdcSenim 4x.

Skuska mriezkovym rezom bola vykonana nasledovne: mriezka bola prerezana cez naterovy
film na smrekovom dreve pod 45° uhlom k drevnym vlaknam. Prilnavost naterového filmu bola
klasifikovana podla tabulky 3. Obrazky (tab. 3) su prikladmi prieéneho rezu v ramci kazdého
kroku klasifikacie. Uvedené percenta vychadzaju z vizualneho hodnotenia podla obrazkov.
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Tab. 3: Vyhodnotenie plochy s mriezkovym rezom

Klasifikacia 0 1 2 3 4 5
Povrch plochy
priecneho rezu,

z ktorej doslo
k odlupovaniu.

15% -
35%

35% -

<5%
3% 65%

Ziadne 5% - 15% >65%

VYSLEDKY A DISKUSIA

Hrubka naterového filmu

Hrubka naterového filmu bola stanovena dvomi metoédami (deStruktivna, nedestruktivna,
tabul'ka 4.) a vysledky boli veI'mi podobné. Vyraznejsi rozdiel bol zaznamenany len pri Standard-
nej povrchovej uprave (destruktivna metoda 138 um; nedestruktivna metoda 108 pum). Tento
rozdiel moze byt spdsobeny tym, Ze ak sa meria deStrukénou metodou, impregnovana cast dreva
je zahrnuta do hrubky naterového filmu. Pri ultrazvukovej nedestruktivnej metode sa tieto po-
vrchové vrstvy pravdepodobne nezapocitavaju do hrubky filmu, ale su stale sucastou podkladu.

Poznat hrubku naterového filmu nie je potrebné len na urcenie prilnavosti mriezkovym
rezom, ale hrubka ovplyvnuje aj kvalitu povrchovej upravy. Autori [33,34] sa zamerali na fak-
tory, ktoré ovplyvnuju hribku naterového filmu v priemyselnej vyrobe; pretoze vplyv hrubky na
kvalitu je vyznamny.

Tvrdost filmu

Tvrdost povrchu naterového filmu je vyjadrena stupnom, ktory zodpoveda ceruzke, ktora
poskriabala povrch ako prva (tab. 4).

Tab. 4: Hrubka a stupen tvrdosti naterového filmu

Hrubka naterového filmu [um]
L . Stupen tvrdosti
Povrchova uprava Metoda néterového filmu
Destruktivna Nedestruktivna
Standardna 138 108 6
Modifikovana 218 206

Oba typy povrchovej tpravy na dreve vykazovali tvrdost filmu 6, z Coho mozeme usudit, Ze
tvrdost povrchovej tipravy modifikovana medzivrstva neovplyvnila. Vysledky v tejto praci st po-
dobné tvrdeniam [ 3], Ze vysSia tvrdost povrchu nemusi poskytovat vyssiu odolnost proti narazu,
ale tvrdSi povrch moze byt krehkejsi.

Odolnost povrchovej upravy proti narazu

Bol zmerany priemer stopy po naraze a poSkodenie povrchovej upravy bolo subjektivne
hodnotené podla tabulky 5. Modifikaciou povrchovej tipravy sa nezvySila odolnost proti narazu
v porovnani so Standardnou povrchovou upravou. Na smrekovom dreve vykazovala modifiko-
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vana povrchova uprava nizku odolnost proti narazu uz pri vyske padu 50 mm. MdzZeme konsta-
tovat, ze modifikovana povrchova uprava je menej odolna ako standardna povrchova tprava. Je
krehkejsia a preto na nej skor vznikaju trhliny.

Oba typy povrchovej upravy pri maximalnej vyske padu 400 mm mali odolnost proti narazu
stupen 5. Trhliny sa vytvorili v povrchovej iprave mimo stopy po naraze. (obr.1) Toto zistenie
ukazuje, ze Standardna aj modifikovana povrchova uprava na smrekovom dreve su nachylné na
tvorbu trhlin pri krupobiti alebo pri mechanickom poskodeni skalkami. Ucelom medzivrstvy je
uzavrief mikrotrhliny vzniknuté pri starnuti povrchovej Uipravy v exteriéri.

Tab. 5: Stupen poskodenia a priemer stopy po naraze

Povrchova uprava Padova vyska [mm] a stupen poskodenia
10 25 50 100 200 400
Standardna @ mm 1 2 2 3 5
0 1 3 4 5 5.5
Modifikovana @ mm 1 2 3 3 4
0 2 4 4.5 5 6

Obr. 1: Povrchové upravy: a) Standardna, b) modifikovana; po skaske odolnosti proti narazu pri
padovej vyske 400 mm vykonanej pred expoziciou; vyhodnotené vizualne pomocou stereo-mikro-
skopu (so zviacsenim 4 x)

Scratch test ISO 1518-1

13 m 1K-VP 402
12 1
m Félie Orakal ( polep auta )
11
10 mLlVAKZ411
9
8 mLVCC100
z
~ mLVCC220
= 6
@
5 WLV EM 020
4
3 mLVEM 050
2
mLVCC250
1

Odolnost naterového filmu proti narazu do urcitej miery stupa s jeho zvysujucou sa hriibkou
[15,35]. V nasom pripade mal naterovy film modifikovanej povrchovej upravy vacsiu hrubku ako
Standardna povrchova Uprava a tato skutocnost tiez potvrdzuje vyssie uvedené tvrdenie. Autori
[3] tvrdia, Zze odolnost povrchovej Upravy proti narazu je vyrazne ovplyvnena typom povrchovej
upravy. To znamena, Ze je ovplyvnena vSetkymi zlozkami pritomnymi v naterovom filme. Potvr-
dili to aj nase vysledky; modifikovana medzivrstva mala vplyv na odolnost povrchovej upravy
proti narazu.

Pril'navost naterového filmu stanovena mriezkovym rezom

Prilnavost stanovena mriezkovym rezom bola vyhodnotena podla tab. 3. Prilnavost modi-
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fikovanej aj Standardnej povrchovej upravy k smrekovému drevu bola pred expoziciou stupen 2
(obr. 2). Po dvojrocnej expozicii v exteriéri prilnavost stanovena mriezkovym rezom dosahovala
na modifikovanej povrchovej uprave stupen 2, ale na Standardnej povrchovej tiprave uz stupen 3.

Obr. 2: Povrchové upravy: a) Standardna, b) modifikovana; po skuske mriezkovym rezom pred
expoziciou; ¢) Standardna, d) modifikovana; po skuske mriezkovym rezom po dvojro¢nej expozicii
v exteriéri; vyhodnotené vizualne pomocou stereo-mikroskopu (so zviac¢senim 4 x)

Tvrdost tuzkami ISO 15184

m 1K-VP 402

m Félie Orakal ( polep auta )
WLV AKZ411
mLVCC100

m LV CC 220

LV EM 020

LV EM 050

LV CC250
EP KTL

Cislo tvrdosti tuzky

PO

Pril'navost naterového filmu stanovena odtrhovou skuskou

Pri stanoveni prilnavosti odtrhovou skuskou dochadza k poskodeniu v systéme ,drevo -
naterovy film - kovovy terCik“. Vyhodnotenie poSkodenia bolo vykonané vizualne pomocou
mikroskopu pri 4-nasobnom zvacseni. Na obr. 3 a) je znazornené poskodenie na Standardnej po-
vrchovej Uprave a na obr. 3 b) na modifikovanej povrchovej uprave pred expoziciou. Vo vsetkych
pripadoch (pred aj po expozicii) poSkodenie mozno povazovat za kohézny zlom v povrchovych
vrstvach dreva. Odtrhnutie drevnych vlakien od povrchu v niektorych pripadoch dosahovalo viac
ako 45 % plochy pod ter¢ikom.

Velky vyznam vplyvu povrchovej tipravy na prilnavost uvadzaju [2,3,5,13]. Podla vysledkov
prace [3] bol typ naterovej latky dolezitym faktorom, ktory vplyva na prilnavost, hribku a iné
mechanické vlastnosti naterového filmu. Vysledky pril'navosti povrchovej tipravy na smrekovom
dreve nedokazali tvrdenia potvrdit ani vyvratit, lebo pri odtrhovej skiske doslo k poskodeniu
povrchovych vrstiev dreva, teda ku kohéznemu zlomu dreva, nie k adhéznemu zlomu.

Obr. 3: Povrchové upravy: a) Standardna, b) modifikovana; po odtrhovej skuske pred expoziciou;
vyhodnotené vizualne pomocou stereo-mikroskopu (so zviacsenim 4 x)

Tvrdost dle Buchholze ISO 2815 = 1KVP 402

120
110
100
20 -
80 -
70 -
60
50

m Félie Orakal ( polep auta )

WLV AKZ 411

mLVCC100

mLVCC220

WLV EM 020

Tvrdost Buchholze

30
20
10

=LV EM 050

LV CC 250
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Odtrhovou skuskou boli namerané hodnoty, ktoré nemézeme vnimat ako adhéziu natero-
vého filmu. Je to pravdepodobnejSie kohézia impregnovanej povrchovej vrstvy dreva. Predpo-
kladame, Ze adhézia je vacSia ako namerana kohézia povrchovych vrstiev dreva. Podla normy
namerané hodnoty budeme nadalej nazyvat prilnavostou. Na obr. 4 vidime, Ze mensSia prilna-
vost pred expoziciou bola namerana na modifikovanej povrchovej uprave ako na Standardnej
povrchovej uprave.

Obr. 4: Pril'navost naterového filmu stanovena odtrhovou skiskou standardnej aj modifikovanej

povrchovej upravy (K - pred expoziciou, 2 - po dvoch rokoch expozicie v exteriéri)

Tvrdost kyvadlem 1SO 1522

83,1 m Félie Orakal ( polep auta )

90,0
80,0
70,0
60,0
50,0
40,0
30,0
20,0
10,0

m1K-VP 402

LV AKZ411

mLVCC100

mLVCC220

=LV EM 020
=LV EM 050

mLVCC250

% tvrdosti (k ocelovému panelu)

EP KTL

PO

Modifikovana povrchova uprava mala v porovnani so Standardnou mensi rozptyl hodnot
prilnavosti, naco poukazuje smerodajna odchylka 1,08 (tab. 6) standardnej povrchovej upravy.
Po dvoch rokoch expozicie v exteriéri sa prilnavost oboch povrchovych tprav vyznamne zmen-
sila. Na modifikovanej povrchovej tiprave prilnavost klesla o 37 % a na Standardnej o 28 %.

Tab. 6: Pril'navost pred a po expozicii

Prilnavost Povrchova uprava
[MPa] Modifikovana Standardna
Cas expozicie
[rok]
Priemerna
hodnota

0 (XK) 2 0 (K) 2

4,86 3,06 5,57 4,00

Smerodajna

odchylka 0,18 0,68 1,08 0,18

ZAVER
Z vysledkov vlastnosti testovanych povrchovych tiprav mozno vyvodit nasledovné zavery:

» Tvrdost povrchu naterového filmu bola rovnaka na modifikovanej aj Standardnej bielej pig-
mentovanej povrchovej uprave. Modifikovana medzivrstva nezvysila povrchovu tvrdost
naterového filmu.

* Odolnost naterového filmu proti narazu pri maximalnej vyske padu 400 mm bola rovnaka

na modifikovanej aj Standardnej povrchovej uprave. Pri vyske padu 200 mm bola modifi-
kovana povrchova uprava porovnanim so standardnou menej odolna a bola krehkejsia.

» Modifikovana povrchova uprava mala podobnu prilnavost ako Standardna povrchova tupra-
va a po dvojrocnej expozicii v exteriéri prilnavost oboch povrchovych uprav vyznamne
klesla.
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STABILITA BIELYCH PIGMENTOVYCH NATEROV APLIKOVANYCH
NA SMREKOVOM DREVE (PICEA ABIES) POCAS PRIRODZENEHO
STARNUTIA

STABILITY OF WHITE PIGMENT COATINGS APPLIED TO NORWAY SPRUCE
(PICEA ABIES) DURING NATURAL WEATHERING

VIDHOLDOVA Z., SLABEJOVA G., SVOCAK J.

Technical university in Zvolen, Faculty of Wood Sciences and Technology, zuzana.vidholdova@tuzvo.sk

Summary
This paper compares the resistance of pigment coatings applied to Norway spruce (Picea abies) during
5 years natural weathering. The white pigment coating system for wood was used in the form of a stan-
dard surface treatment (as a two-layer system) or in a modified form with a special middle layer that con-
tains microcapsules with a self-healing effect (as a three-layer system). The change in colour and gloss
was measured and visual changes at the top surface of wood samples were evaluated. The colour values
(lightness L*, redness + a*, yellowness + b*) were expressed in the CIELAB system. Overall, the colour
stability of modified surface finish on Norway spruce was higher than that on standard surface finish.
The colour and gloss of the coating changed most significantly during the first year of exposure
to the weather. The results point to the practical possibility of increasing the service life of the wood-coa-
ting system by using a system with microcapsules with self-healing action.

Key words
Colour, gloss, self-healing coating, spruce, surface finish, weathering.

PRIPRAVA NENASYCENYCH POLYESTEROVYCH PRYSKYRIC
Z KYSELINY 2,5-FURANDIKARBOXYLOVE

PREPARATION OF UNSATURATED POLYESTER RESINS FROM
2,5-FURANDICARBOXYLIC ACID

FOLTYN T., HONZICEK J., PODZIMEK §., RUBES D.

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

Summary
This study is focused on using more environmentally friendly chemicals in synthesis of unsaturated poly-
ester resins. Current resins are prepared from petroleum-based chemicals like maleinanhydride, phtalic
acid and styrene as reactive diluent. In this study new resins were prepared using 2,5-furandicarboxylic
acid as replacement for phtalic acid with itaconic acid and dimethylester of itaconic acid used as binding
agents. Viscosity testing on Hoppler rheo viscometr was performed on resin as well as gel permeation
chromatography on undiluted polyester. Testing specimens were prepared from these resins and its me-
chanical properties were tested using universal testing machine.

Key words
Unsaturated polyester resin, itaconic acid, GPC, universal testing machine.
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Summary
This study deals with ionic liquids consisting of organic cations and anionic oxidovanadium(IV) complex
stabilized by ethylenediaminetetraacete (edta) and its congeners. They were characterized by analytical
methods including elemental analysis, mass spectrometry and ICP-OES spectroscopy. Their catalytic
activity was established on ring-opening copolymerization of epoxy resin with cyclic anhydride.
The curing process was followed at elevated temperature by NIR spectroscopy and electron paramagnetic
resonance.

Key words
Vanadium-based catalyst, epoxy resin, cyclic anhydride.
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ITAKONATOVANY LNICKOVY OLEJ JAKO EKOLOGICKY SETRNY
MONOMER PRO EMULZNI POLYMERACI

ITACONATED CAMELINA OIL AS AN ENVIRONMENTALLY FRIENDLY
MONOMER FOR EMULSION POLYMERISATION
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Summary

Emulsion polymerisation is a widely used technique for various applications, such as the synthesis of

bulk polymers and latex coatings. A plethora of monomers can be used in emulsion polymerisation, but
the vast majority are petroleum-based. The ongoing search for more environmentally friendly options has
vielded several promising alternatives. Acrylated oils and their derivatives are one of them; however; this
option involves the use of acrylic acid, which is also petroleum-based. Furthermore, acrylic acid is highly

corrosive and harmful. In this work, our objective is to replace acrylic acid in the synthesis of plant oil
derivatives to make this procedure more ecological and also to remove the disadvantages arising from its
harmful potential. Monomethyl itaconate was synthesised by esterification of itaconic acid with methanol.

Epoxidised camelina oil was prepared using transesterification and epoxidation of camelina oil.

The epoxidised camelina oil and monomethyl itaconate reaction was further performed, yielding a came-
lina oil derivative, named the itaconated methyl ester of camelina oil. Methyl methacrylate, butyl acry-
late, and methacrylic acid were copolymerised with various amounts of itaconated methyl ester of came-
lina oil (5-30 wt. % in the total monomer mixture) to obtain polymeric latexes. Successful emulsion poly-
merisation with high monomer conversion and low coagulum content was performed. The incorporation
of the itaconated methyl ester of camelina oil into the polymer backbone was proven by infrared spectro-
scopy. Furthermore, molar mass analysis was performed using asymmetric flow-field flow fractionation
coupled with a multiangle light scattering detector. The formation of high-molar-mass nanogel fractions
was revealed as the result of the presence of multiitaconated fractions, derived from polyunsaturated fatty
acids from camelina oil. The coating properties of the prepared latex copolymers were further studied.
1t was revealed that the latexes comprising the itaconated methyl ester of camelina oil have increased
resistance to water whitening; thus, the incorporation of the oil derivative makes the coatings not only
more environmentally friendly, but also has a positive effect on their properties. These findings suggest
that itaconated derivatives of plant oils may be an attractive alternative to petroleum-based monomers
in the synthesis of water-resistant latex coating binders.

Key words
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