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Abstract. Current state of the Ukrainian
economy causes to resolve a range of questions
related to the improvement of production and
increase in the ecological safety of products,
including  paint-and-varnishes  materials, in
combination with ensuring high operational
properties of coatings based on them.

This questions can be solved by scaling up
production using eco-friendly powder coating. The
increase in popularity of powder coatings can be
explained by their environmental adequacy and
attractiveness from the perspective of the
environmental protection as well as high
effectiveness related to the possibility of obtaining
high quality protective and decorative coatings
with the high corrosion and chemical resistance as
well as controllable physical and mechanical and
dielectric characteristics during the one-layer
application.

The analysis of research results shows that the
effectiveness of use of metakaolin and talc as
fillers in the powder coating increases in
proportion to their content in the system. The
optimal area of the powder coating with
metakaolin and talc is limited to the additive in the
range of 20 to 30 % and polyester resin in the
range of 55 to 65 %. Using the mentioned range of
fillers in the powder coating contributes to the
decrease in the peeling width and metal corrosion
width and places the coating into atmospheric
corrosivity categories C3 and C4 according to ISO
12944-2:2017 having a high (H) lifespan from 15

to 25 years in accordance with DSTU ISO

2812044-1

In this case, one of the most common methods
of influence on properties of paint-and-varnishes
coatings is to create polymer composites by
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combining polyester raw materials with inorganic
fillers.
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INTRODUCTION

Corrosion construction activities using the
organic paint coatings became the most
common in practice thanks to the relatively
low cost of materials and their availability [1].
Main requirements for the coating are good
adhesion, impermeability to the aggressive
media, durability, technological effectiveness
of the repeated coating, cost-effectiveness
subject to the useful life. Despite their variety
and comparatively low cost, ordinary organic
paint coatings have one substantial defect,
namely, short useful life, which requires
construction materials to be often recoated;
this, in its turn, causes large expenses due to
the short overhaul life. However, the 60s of the
previous century have brought a new type of
paint coatings, that is, powder ones [2, 3].

With the strengthening of environmental
requirements and the need to adapt Ukrainian
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legislation on quality and safety of
construction materials to EU requirements, the
priority direction of development is to
minimize the negative impact of harmful
substances in their composition on consumer
health and the environment. This issue is
especially acute for goods of the paint and
varnish  industry using volatile organic
compounds [4, 5]. In recent years, the world
has paid considerable attention to the
environmental aspects of production and use
of paint and varnish materials, which has led
to a steady increase in production and use of
powder coating.

It should be noted that in Ukraine the
powder coating are also becoming more
common due to their environmental
friendliness by virtue of the absence of
harmful solvents, ease of use and storage, as
well as obtaining a durable coating [6].

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

The technology of use of decorative and
protective coatings based on powder coating
has many advantages compared to paints based
on liquid systems: powder coatings are
supplied to the construction plants already
finished and do not require to be prepared,
intermixed, stirred and the viscosity also does
not need to be regulated [7]. Powder coatings
can be easily disposed and recycled; thus the
economic efficiency of production increases.
Coatings manufacturing energy costs decrease
because of lack of solvents (no additional air
purification and handling equipment required,
decrease in energy costs). The full automation
of production becomes possible, which allows
decreasing the number of employees and
production areas as well as increasing
production capacities.

All  industrial powder coatings are
polydisperse systems, which are usually
characterized by the following range of
particle sizes varying from 5 to 60 pm for
thermosetting paints and from 5 to 350 um for
thermoplastic coating [8]. In the 90s of the last
century the production of thermoplastic
coating prevailed in the industry. However, at
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the beginning of the 21st century the
production of thermosetting powder coatings
increased drastically and makes up more than
80% of the total production of powder coating
materials today in various countries around the
world, which is evidence of their effectiveness
[9].

The thermosetting powder coating contains
of five key components: polymer resin,
hardener, pigments, functional additives and
fillers [10]. In general, the polymer resin and
hardener play a key role in ensuring necessary
mechanical characteristics and lifespan of the
powder coating. But exactly the right choice of
the filler allows regulating such functional
coating properties as hardness, glance, flexural
and impact strength, elastic modulus,
permeability and corrosion [11]. Since fillers
for the powder coating are imported from
abroad, the research [8] found that using
Ukrainian-made silicate fillers in the powder
paint allows obtaining a coating with
controllable  physical and  mechanical
characteristics as well as increasing its
corrosion resistance. The most unique feature
of such fillers is that they have hydroxyl
groups playing a defining role during the
interaction of fillers with thermosetting
oligomers.

Therefore, the purpose of this paper is to
determine a role of silicate fillers in the form
of metakaolin and talc on the formation
properties of coating based on powder coatings

THE PURPOSE OF THIS WORK

The purpose of this paper is to determine
the influence of metakaolin and talc on the
corrosion resistance of coatings based on
powder coatings and to optimize their
compositions.

MATERIALS AND METHODS OF
RESEARCH

The powder coatings consisted of the
following components: film-forming
component, filler, pigments, functional additives.

The carboxylated polyester resin Crylcoat
2618-3 by Alnex has been used as a film-
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forming component. It is also necessary to use a
structure-forming hardener together with the
carboxylated polyester resin. In this paper we
have used the hardener in the form of Primid
XL-552 by EMS-Giriltech.

Titanium dioxide K-2190 by Kronos has been
used as a white pigment. The agent Resiflow
PV88 of 1 % of the powder coating mass by
Estron chemical has been used as a rheological
additive. Benzoin of 0.6 % of the powder
coating mass by Estron chemical has been used
as a degassing agent.

Research methods. The role of silicate fillers
in the form of metakaolin and talc in the
corrosion resistance of the coating based on
powder coating has been studied in the following
sequence:

1. The powder coating of various
compositions has been applied on steel plates
Ct3 (150x60 mm in size), whereby it has been
used in the form of metakaolin in the filler. The
powder coating has been applied by electrostatic
method according to 1ISO 1514:2016 using the
spray gun Start 50.

2. The powder coating has hardened on
sample plates in the polymerization oven at 200
°C within 10 min.

3. The corrosion resistance of decorative
and protective powder coatings using silicate
fillers has been studied in the salt spray chamber
with the condensation of 5 % of the sodium
chloride (NaCl) water solution on the surface of
samples within 720 hours at 35 °C according to
ASTM B-117. The average peeling and
development of metal corrosion after testing
have been determined according to the method
DSTU ISO 4628-8:2012.

RESEARCH RESULTS

The composition of the powder coating has
been prepared by mixing together dosed raw
materials in  wheel-type mixers and
homogenizing the mixture (at 80...120 °C) in
thermostatic  screw  mixers  (extruders),
pressing the pasty mixture out the extruder,
cooling it and breaking to pieces with special
mills.

The content of the polyester resin (50 — 70
%), filler in the form of metakaolin or talc (0 —

30

40 %) as well as pigment in the form of
titanium dioxide (10 — 20 %) have been
selected as variation factors in the
compositions of the powder coating above 100
% of the composition mass. Results of
corrosion resistance tests for decorative and
protective powder coatings are shown in the
Fig. 1, Fig. 2.

Research results show that adding silicate
fillers in the form of metakaolin and talc to the
composition of the powder coating allows
increasing corrosion resistance in general by
decreasing the peeling width and metal
corrosion width in comparison to the control
composition. The effectiveness of use of
metakaolin and talc depends on their content
and polyester resin and pigment costs.

Adding metakaolin of 40 % to the
composition of the powder coating contributes
to the decrease in the peeling width from 18.25
mm (control composition) to 3.63 mm and in
the metal corrosion width from 13.75 mm
(control composition) to 4.2 mm when having
polyester of 50 % and titan of 20 %. After the
increase in the polyester resin in systems to 65
% when having metakaolin of 40 % the
decrease in the peeling width to 2.75 mm and
in the metal corrosion width to 2.6 mm is
observed compared to the control composition.
After the decrease in the pigment in the form
of titanium dioxide to 10 % (Fig. 1) when
having metakaolin of 40 % the peeling width
and the metal corrosion width are 3.4 mm and
3.8 mm, respectively, while the peeling width
and metal corrosion width in the control
composition are 18.25 mm and 13.75 mm,
respectively.

It should be noted that adding metakaolin of
20 % (Fig. 1) when having titanium dioxide of
10 % and resin from 45 to 65 % contributes to
the smallest peeling width of 2.13 mm and to
the low metal corrosion width of 1.38 mm,
while the control system (without metakaolin)
has the peeling width of 18.25 mm and the
metal corrosion width of 13.75 mm. The
corrosion resistance of coatings increases as a
result of participation of metakaolin functional
groups in the formation of strong interfacial
relationships between the surface of the filler
and molecules of the polymer matrix, which
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specifies the formation of the dense structure
of the coating and increases operational
properties of the material, respectively.

According to the results of testing, it has
been established that developed compositions
of the powder coating with the silicate filler in
the form of metakaolin with its content from
20 to 30 % can be placed into the high
atmospheric ~ corrosivity  category = C4
‘Industrial and coastal areas with the moderate
salt content’ according to ISO 12944-2:2017
having a high (H) lifespan from 15 to 25 years
in accordance with DSTU ISO 12944-1, which
confirms their high effectiveness.

When using the filler in the form of talc in
the polyester powder coating (Fig. 2) it has
been established that adding it in the quantity
of 10 % contributes to the decrease in the
peeling width from 1825 mm (control
composition) to 14.2 mm, whereby the
decrease in the metal corrosion width from
13.75 mm to 9.8 mm is also observed. The
increase in the talc content to 20...30 % in
powder systems allows decreasing the peeling
width to 10.37 mm and the metal corrosion
width to 8.4 mm. After the increase of the talc
content to 40 % the partial increase in the
peeling width to 14.5 mm and in the metal
corrosion width to 10.7 mm is observed;
however, these values have decreased by 28 %
and 35 %, respectively, compared to the
control composition.

Thus, developed compositions of the
polyester powder coating with the silicate filler
in the form of talc of 20 % can be placed into
the moderate atmospheric corrosivity category
C3 “‘Urban and industrial atmosphere,
moderate pollution with sulfur dioxide; coastal
areas with the low salt content’ according to
ISO 12944-2:2017 having a high (H) lifespan
from 15 to 25 years in accordance with DSTU
ISO 12944-1, which also confirm their
effectiveness.
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Fig. 1. Isoparametric diagram of change in the
metal corrosion width using metakaolin in powder
coating
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Fig. 2. Isoparametric diagram of change in the
metal corrosion width using talc in powder coating

CONCLUSIONS

Thus, a study was conducted on the fire and
bioprotection of paper and products made of it
with an impregnating composition that can
effectively protect against fire and biological
degradation  without compromising the
aesthetic and performance characteristics of
these materials, taking into account modern
environmental requirements. According to the
research results, we have obtained eco-friendly
paint-and-varnishes coatings of high corrosion
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resistance based on powder coating containing
silicates as a filler in the form of metakaolin
and talc. Using the mentioned range of fillers
in the powder coating contributes to the
decrease in the peeling width to 2.13 mm and
metal corrosion width to 1.38 mm after testing
in the salt spray chamber with the
condensation of 5 % of the sodium chloride
water solution and places obtained coatings
into atmospheric corrosivity categories C3 and
C4 according to ISO 12944-2:2017, which
creates  conditions  for using  these
compositions in the context of the excessive
corrosivity.
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EdexTnBHICTE BUKOPHCTAHHS MOPOIIKOBHUX
NMOKPUTTIB AJI 3aXHCTY MeTaJIeBUX KOHCTYKIIii

Onecw Jlacmiska

Axotanisa. CyJacHWII CTaH PO3BHUTKY EKOHOMIKH
VYkpaiH OOyMOBITIOE BHIIMIEHHS HW3KW aKTYaIBHIX
MIUTaHb, TIOB’SI3aHMX 3 YOCKOHAICHHSIM BHpPOOHHIITBA
Ta ITiJBUIIICHHSIM PiBHSI €KOJIOTTYHOT OE3TeKH MPOTYKLIL,
30KpemMa JlakohapOOBIX MarepiaiiB, y MOEAHAHHI 13 3a-
0OE3MeYCHHSIM BUCOKHX CKCILTyaTalliiHIX BJIACTUBOCTEH
TIOKPUTTIB Ha X OCHOBI. BUpIMTH 11e MUTAaHHS MOXXHA
3a PaxyHOK PO3IIMPEHHS BUPOOHMIITBA 3 BHKOPHCTaH-
HSM EKOJIOTIYHO YFICTOrO TOPOIIKOBOTO (hapOyBaHHS.
3pocTaHHsI TOMYISIPHOCTI MOPOIIKOBUX (hapd MOKHA
TIOSICHUTH 1X €KOJIOTIYHOFO BiTOBIAHICTIO Ta TPUBAOIH-
BICTIO 3 TOYKH 30py 3aXHCTy HABKOJMIIHBEOTO CEpenio-
BHIIIA, & TAKOK BUCOKOI ©()eKTHBHICTIO, ITOB’SI3aHOO 3
MOMJIMBICTIO OTPUMAaHHS BHCOKOSIKICHMX —3aXHCHO-
JIEKOPATHBHUX TIOKPUTTIB 3 BHCOKOIO KOPO3IMHOIO Ta
XIMIYHOIO CTIHMKICTIO, @ TAKOK KOHTPOJILOBaHI (Pi3HKO-
MEXaHIUHI Ta JICICKTPUYHI XapaKTEPUCTHKH TPH OJTHO-
IapOBOMY HaHECEHHi. AHai3 Pe3yJIbTaTiB JIOCHi[DKEHb
TIOKa3ye, MO eeKTUBHICTh BUKOPHCTAHHS METaKAOJHY
1 TAJbKy SIK HATIOBHIOBAYiB Y TIOPOIIKOBOMY TOKPHUTTI
3pOCTaE MPOIOPLINHO iX BMiCTY B cucteMi. OnTimManbHa
IUIOIIA TIOPOIIKOBOIO TIOKPUTTSI METAKAOJIHOM 1 Talb-
KoM oOMeskeHa JiobaBkoro B aianaszoni Bix 20 1o 30 % i
noJtiepipHOI0 CMOJIOKO B Jiaria3oHi Bix 55 10 65 %. Bu-
KOPHCTAHHS 3a3HAYCHOTO DSy HAIMOBHIOBAYiB Y IIO-
POIIKOBOMY TIOKPHTTI CHpHSi€ 3MEHIICHHIO MIMPUHU
BI/IIAPOBYBAHHS Ta IIMPHUHK KOPO3ii MeTay Ta BifHO-
CHTB TIOKPHTTS JIO KaTeropiii arMochepHoi KOpo3iiHOCTI
C3 ta C4 3riguo 3 ISO 12944-2:2017 3 Bucoxum (H)
TEPMIHOM CITy>k0H Bi 15 mo 25 pokis 3rigno 3 JICTY
ISO 12944-1. TIpu 1bOMy OJJHHM i3 HAWIIONIMPEHIIINX
METOJIIB BIUIMBY HAa BJIACTHBOCTI JIakO(apOOBUX TIOK-
PHUTTIB € CTBOPEHHS TOMIMEPHUX KOMIIO3HTIB IUIIXOM
MOEMHAHHS TOJTie()ipHOi CHUPOBHHM 3 HEOPraHiYHAMH
HaITOBHIOBAYaMH.

Ku11040Bi ci10Ba: MOpoIKoBe TOKPUTTS, TAIbK,

METaKaoJliH, TOJiMep, CTIHKICTh 1O KOpO3ii,
IIMpUHA  BIAIIAPOBYBaHHsS, MIMPUHA  KOpO3il
MeTay.
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