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ABSTRACT

The outcomes of studying epoxy-based composite materials supplemented with microsilica are provided in
the article. Microsilica was used as a filler. The samples were produced on the epoxy ED-20 basis
supplemented with 2, 5 and 10 mas. % of microsilica. The structure and size of finely dispersed filler
particles were defined. The obtained composites were tested for resistance to the effect of variable
temperatures, corrosive, and abrasion. The study outcomes proved that samples supplemented with 2% of
microsilica are more resistant to acid and alkali as well as to petrol than those ones supplemented with
25% of microsilica. Besides the amount of the filler from 2 to 10% doesn’t sufficiently affect the resistance
to variable temperatures. When microsilica is added to epoxy resin, it causes scuff resistance increase. The
conducted testing proved that the developed composite materials are resistant to the effect of variable
temperatures, corrosive, and abrasion. This enables to use these materials as coatings and anti-corrosion
protection during machine maintenance.
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Increasing demands to the quality and rate of

Introduction

Technology for applying hardening coating
including composite ones plays an important role
for upgrading farming machinery, as they
contribute to durability of individual elements,
parts, and entire machines during their
maintenance. Polymer composite materials are
used during machines maintenance for restoring
the size of worn-out parts, for filling cracks and
holes, for reinforcing threaded joints and stationary
fits, for anti-corrosion protection, for bonding parts
and materials, and also for parts production.

equipment repair operations require a wide range
of highly-efficient systems capable to restore metal
surfaces and different structures damaged from
wear, abrasion, blows and corrosion. In this
connection, production of composite materials
based on epoxy oligomers that are highly adhesive
to many materials is relevant and demanded in
practice in different spheres.

Polymer matrix for composite material is
chosen taking into account the conditions of
maintenance. Composite properties depend on the
matrix of polymer material. These properties are
resistance to corrosive, thermal resistance,
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strength, moisture resistance, as well as the
method of item production.

Epoxy binders take an important place in the
world industry due to their production output and
consumption level. They are widely used in
different fields of application [1-6]. At the same
time, they have some negative properties: high
fragility, fire risk, low resistance to climatic factors
[4-9].

One of the basic directions for development of
epoxy composites with improved operational
properties is to introduce different fillers into their
compositions (basalt, talcum, chromite, metallic
oxides, technogenic wastes from industrial
enterprises). The fillers enable to decrease cost
price of finished products considerably due to
decreasing the cost of expensive binders and to
impart different functional properties [2-9, 10].

Technogenic wastes from industrial enterprises
are often used as dispersed fillers of epoxy resins.
The authors of works [11-13] suggest to use fly ash
which is a by-product of coal combustion at
thermal power plants, as a filler for epoxy
composites. The filler content ranged from 10% to
50%. The conducted researches proved that when
fly ash is added into epoxy composite, tension
strength increased as the amount of the filler was
increased to the critical point (30%), and then
decreased considerably.

Composite  materials supplemented with
microsilica have improved strength characteristics
in comparison with polymer composites without
the filler [14]. Eastomers introduction into epoxy
resin increases their strength characteristics [15-
16]. Literature analysis proved that due to fillers
addition [17] into epoxy resin it is possible to
improve some of its parameters.

The goal of the research is to study the impact
of dispersed microsilica addition on chemical
resistance  of ED-20 epoxy-based polymer
composite material, as well as on abrasion capacity
and resistance to variable temperatures of ED-20
epoxy-based composite materials.

Experimental procedure

Epoxy-diane resin ED-20 (GOST 10587-84) was
used as a binder for the produced compositions, as
this resin is characterized by stability of dielectric
and physical and chemical properties. Along with
high thermal resistance, ED-20 is very fragile that
can be improved by introducing special modifiers
and solidifiers into composition.

Polyethylenepolyamine (TU 2413-010-75678843-
2012) produced by research and production
company “Astat” (Dzerzhinsk, Russia) was used as a
solidifier. It is intended for solidifying epoxy resins
at room and low temperatures under humid
conditions. Solidifier appearance is as follows: a
liquid, color is from light-yellow to dark-brown,
without mechanical impurities.

To fill polymer compositions, microsilica was
used («Tau-Ken Temir» Silicon Plant, Karaganda).
Microsilica is formed in the process of silicon alloys
(ferrosilicium) smelting. After oxidation and
condensation some silicon monoxide form
extremely small product in the shape of round
particles with high content of amorphous silica [14].

Microsilica in the amounts 2, 5, 10 mas. % was
added into epoxy resin and thoroughly blended for
5-10 minutes until uniform mass. Then the solidifier
was added (resin: solidifier ratio is 1:10) and
blended for 2 minutes. The resulted mass was
applied by several thin layers on substrate in order
to avoid bubbles in the samples. The check sample
was made without adding the filler. It was solidified
at room temperature for 24 hours. All the tests
were carried out on samples of steel substrate
70x150 mm in size. Coating thickness was defined
in compliance with ST RK GOST R 51694-2007.
(Coating materials. Definition of coating thickness).
Inaccuracy is + 2 um. Table 1 provides coating
samples thickness data.

Table 1 - Coatings thickness

Ne Sample name Thickness, um

1 ED-20 16

2 ED-20 + 2% of microsilica 18

3 ED-20 + 5% of microsilica 17

4 ED-20 + 10% of microsilica 18
Chemical and elemental composition was

defined on an x-ray fluorescent spectrometer
produced by PANalytical, model Axios Max (Rh
2.4kW). Filler surface morphology was studied with
scanning election microscope TM 3030 (Hitachi).
Filler particles size was defined with laser particle
size analyzer Mastersizer 3000 with attachment
Hydro MV (120 ml), water was used as dispersive
medium.

X-ray diffraction was measured with the X-ray
diffractometer SmartLlab produced by Rigaku
Corporation.  X-radiation source is x-ray tube Cu
Ka-radiation (1.54059). Current and voltage of the
tube are set at 50 mA and 40 kW respectively. One-
dimensional detector (D/teX Ultra, Rigaku) with
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filter KB. Step-and-shoot technology was used for
measurements under conditions that measurement
angles range is 20 = 5-90°, pace (A26) = 0,1°
scanning rate - 2°/min. Phases are identified by
comparing the obtained data with reference
database, the most complete one is maintained by
ICDD.

Samples resistance to corrosive impact was
defined in compliance with GOST 9.403-80 method
A. Decorative and protective properties [18] of
coatings are defined after the tests in acid solutions
(25% H,S04), alkalies (25% NAOH) and petrol.
Samples resistance to corrosive impact was defined
in compliance with GOST 20811-75 method A.
Samples resistance to variable temperatures impact
was defined in compliance with GOST 27037-86 in a
climatic chamber BINDER of MK series for testing
with heating and cooling in the range from -40°C
to +60°C for 60 minutes.

Discussion of the results

The researches enabled to find out that
microsilica mainly consists of Si, K, Ca, Fe oxides,
and contains a small amount of impurities such as
Mg, Mn oxides (Table 2).

Table 2 - Chemical composition of microsilica

Element Concentration Unit
Mg 3454 ppm

Si 39.677 %

K 0.294 %

Ca 0.857 %
Mn 204.8 ppm

Fe 0.126 %

"1ppm = 0.0001%

Fraction composition of microsilica is characterized
by biomodal distribution and represented by
particles from 0.1 to 100 um with average particles
size 2-6 um and 7-14 um (Figure 1), which is also
proved by SEM data (Figure 2).
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Figure 1 - Distribution of microsilica particles size

Figure 2 - SEM images of microsilica

It can be seen from Figure 2 that microsilica
particles have smooth surface and spherical shape.
The powder practically consists of loose
agglomerates of silicon with very low bulk density.

Laser particle size analyzer data shows that 9
pMm microsilica particles volume ratio is 90% (Figure
3).
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Figure 3 - Distribution of microsilica particles size

According to XRF data, microsilica is
represented by two structures: Fe,O; - 88% and
SiO2 - 12% (Figure 4). XRF of particles showed that
they have orthorhombic lattice structure.
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Figure 4 - X-ray diffraction pattern of microsilica (XRD)

One of possible application areas of the
developed compositions is automobile industry
where materials are affected by different
aggressive factors: high temperatures, moisture,
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coldness, freeze-thaw temperatures, chemical
agents (acid, alkaline solutions in the compound of
cleaning means etc.).

So it was critical to study resistance of the
developed materials to the impact of variable
temperatures, corrosive and abrasion. To study
chemical resistance, samples were dipped into 25%
solutions of H,S04, NaOH and petrol at temperature
(20+£2) °C for 24 hours. The following characteristics
were defined as resistance criteria for the tested
epoxy coatings: the change of bond strength of
coating to metal, appearance and kind of samples
damage. Testing of resistance to corrosive showed
that the samples supplemented with 2% of
microsilica are more resistant to acids and alkalies
impact in comparison with the check sample
(Figure 5).

a) b)

Figure 5 - Epoxy resin samples supplemented with
microsilica after holding in 25 % solutions for 24 hours:
a) NAOH (left-to-right 0, 2, 5, 10%),

b) H2SO4 (left-to-right 0, 2, 5, 10%)

After holding the samples in petrol for 24 hours
there were no visible changes in them. When they
were examined, surface staining and splotches
were recorded. (Figure 6).

Figure 6 - Epoxy resin samples supplemented with

microsilica after holding in petrol for 24 hours
(left-to-right 0, 2, 5, 10%)

Table 3 provides the results of epoxy resin

chemical resistance indexes. Epoxy resin has
different mass content of filler. Coating thickness
reduction wasn’t found out after corrosive impact.

Table 4 provides the results of coating

resistance to abrasion indexes and indexes of
resistance to epoxy resin variable temperatures
impact. Epoxy resin has different mass content of

filler.

Table 3 - Indexes of chemical resistance of epoxy resin with different mass content of filler

Chemical resistance

Epoxy resin Resistance to static effect at | Resistance to static effect at Resistance to static effect
Ne name t = (20+2)°C for 24 hours in t = (20+2)°C for 24 hours in at t =(20+2)°C for 24 hours
25% solution H2504 25% solution NAOH in petrol
1 ED-20 Surface dimmed, splotches Valid flaking is observed on Splotches are hardly

are observed

edges no more than 10 mm,
surface dimmed

observed, surface dimmed

2 ED-20 + 2%
of microsilica

Splotches are observed,
surface dimmed

Splotches are hardly

observed, surface dimmed,
valid flaking is observed on
edges no more than 10 mm

Surface dimmed, splotches
are observed

3 ED-20 + 5%
of microsilica

Splotches are hardly
observed, surface dimmed

The sample surface became
dull, the defect of porosity
and coating flaking has been
found out

Splotches are observed,
surface dimmed

4 ED-20 + 10%
of microsilica

Splotches are observed,
surface dimmed

Surface dimmed and became
dull, coating flaking is
observed

Splotches are observed,
surface dimmed
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Table 4 — Indexes of coating resistance to abrasion and resistance to variable temperatures impact of epoxy resin with different

mass content of filler

Ne Epoxy resin name Coating resistance to Resistance to variable temperatures impact
abrasion
1 ED-20 Brightness and colour variations, flaking from the surface
0.056 at temperature from (40+2)°C below zero up to (60+2)°C
above zero (for 60) minutes haven’t been found out
2 ED-20 + 2% of microsilica Brightness and colour variations, flaking from the surface
0.044 at temperature from (40+2)°C below zero up to (60+2)°C
above zero (for 60 minutes) haven’t been found out
3 ED-20 + 5% of microsilica Brightness and colour variations, flaking from the surface
0.052 at temperature from (40+2)°C below zero up to (60+2)°C
above zero (for 60 minutes) haven’t been found out
4 ED-20 + 10% of microsilica Brightness and colour variations, flaking from the surface
0.036 at temperature from (40+2)°C below zero up to (60+2)°C
above zero (for 60 minutes) haven’t been found out

The results provided in Table 4 indicate that
appearance changes of epoxy resin samples with
different mass content of fillers were not found out
during their examining after variable temperatures
impact: coating on the substrate is even, there is no
flaking from the substrate, no visible defects and
cracks. The test on coating resistance to abrasion
showed that the samples supplemented with 2% of
microsilica are mostly resistant to abrasion.

Conclusions

As it can been seen from the obtained data,
after corrosive impact the samples supplemented
with 2% of microsilica got the best indicators of
preserving appearance and change of bond
strength of coating to metal. Besides the amount of
the filler from 2 to 10 mass % is insufficiently
reflected in the resistance to variable temperatures

impact. When tests were completed, appearance
changes weren’t observed during epoxy resin
samples examination after variable temperatures
impact: homogeneous mass, coating on the
substrate is even, there is no flaking from the
substrate, no visible defects and cracks. When
microsilica is added into epoxy resin, it causes the
improvement of resistance to abrasion.

Thus, microsilica usage as a filler enables to
produce epoxy materials with good chemical
resistance, with high resistance to abrasion and
variable temperatures impact.
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MuKpokpemHesem Kocnanapbl 6ap anoKcMATi Waiblpnap HerisiHgeri

KOMMNO3ULUANBIK MaTepuangapabliH, KacueTtepiH septrey

CepeknaeBa M.A., Kokaesa ll.A., Huas6ekosa P.K., Kapabi6aii C.

C. CelipynnuH ameiHdarbl Kazak AepomexHuKasnslK YHusepcumemi, Hyp-CyamaH K, KazakcmaH

TYWIHAEME

MaKanaga 3nOKCUATI Wanblp HerisiHAeri KOMMO3ULMAIbIK MaTepuangapapl 3epTrey HaTukenepi

KenTipinreH. TONTbIPFbIW peTiHAe MUKPOKpeMHe3em KongaHbinapl. Yarinep 3/[-20 anoKcuaTi Wwakibip
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KypambiHa 2, 5, 10 mac. % MUKpPOKpeMHe3emM KOCYy apKbl/ibl Kacanabl. ¥CaK AMCMIepCTi TONTbIPFbIW

Makana kengi: 29 mayceim 2021 6enweKTepiHiH, KypbiAbiIMbl MEH e/nwemaepi aHblKTangbl. ANblHFAaH KOMMO3WLUMANAp aybicrnabl
CapantamagaH eTTi: 16 winge 2021 TemnepaTtypara, arpeccuMBTi OpTafa KaHe YMKenicke Tesimainikke Tekcepingi. 3epTrey HaTtvkenepi
Kabblnganabl: 06 mameiz 2021 KepceTKeHaeW, 2% MUKPOKpemMHesem Kocnanapbl 6ap yarinep 25% KbIWKbIA MEH CINTiHIH, acepiHe,

COHAa-aK b6eH3UHHIH, acepiHe Te3imai. Byn kafmanaa TOATbIPFLIWTLIH, Menwepi 2-aeH 10 mac. %
6onfaHAa alHbIManbl TemMnepaTypaHblH, acepiHe, Te3iMAiNiKKe alTap/ibikTal acep eTnenai. InokcuAaTi
WwalblpFa KpemMHe3emai eHrisy yiKenic TesimainiriH apTTbipagbl. OTKIi3iNreH cblHaKTap a3ipaeHreH
KOMMO3MLMANBIK, MaTepUanaapablH aybicnanbl TeMnepaTypafa, arpeccusTi opTaFa, YilKenic acepiHe

Te3iMAINIriH KepceTTi, 6yn onapapl MalMHaNapAbl KeHAey KesiHae KabblH aHe Koppo3uaFa Kapchbl
KOpFaHbIC peTiHAe nakganaHyra MyMKiHAK 6epeai.

TyiliH ce3pep: dnoKcuATI Walblp, MUKPOKPEMHe3eM, TONTbIPbIIFAH KOMMO3MLMANBIK MaTepuan,
XUMUANBIK TO3IMAINIK, KOMNO3UUMANBIK MaTepuan, arpeccusTi opTa, YKesic, KabbiH.
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UccneposaHue CBOMCTB KOMNO3ULUUNOHHDbIX MaTepunasioB Ha OCHOBe SNOKCUAHDbIX
cmon C AOGaBKOﬁ MUKPOKpemMHesema

CepeknaeBa M.A., Kokaesa IlN.A., Huas6ekosa P.K., Kapapbi6aii C.

Kasaxckuli AepomexHuyeckuli YHusepcumem umeHu C. CeligpynnuHa, Hyp-CyamaH, KazaxcmaH

AHHOTALUMUA

B cTaTbe npuBeaeHbl pe3ynbTaThl UCCNEA0BAHMI KOMMNO3ULMOHHbBIX MaTepManoB Ha OCHOBE 3MOKCUAHOM
cMosibl. B KauecTBe HamonHWUTENA UCNONb30BaNM MUKpOKpemHesem. O6pasupl 6bian M3roToBeHbl UX
anokcuaHo cmonbl 3[-20 ¢ pobasneHnem 2, 5 u 10 mac. % MUKpoKpemHesema. OnpepeneHbl
CTPYKTYpa M pasmepbl YacTUL, Me/IKOAMUCNEePCHOro HanonHutens. [lonyyeHHble KOMMo3uuuu

Moctynuna: 29 uroHa 2021 nccnefoBasuM Ha YCTOMUYMBOCTb K BO3AEWCTBUIO MEpPEMEHHbIX TeMnepaTyp, arpeccuBHbIX cpes U
PeueH3nposaHue: 16 urona 2021 MPOYHOCTM K WCTUPaHWIO. Pe3yabTaTbl MCCNEA0BaHMI MOKasanu, 4Yto obpasupl ¢ gobaskamu 2%
MpuHATa B Nneyatb: 06 aseycma 2021 MWKpOKpeMHe3ema bonee CTOMKM K BO3AEUCTBUIO 25%-HbIX KMCAOTbI U LLENOYN, a TaKXKe K OelCTBUIO

6eH3nHa. Mpu 3TOM KOAMYECTBO HanosHuUTena oT 2 Ao 10% mac. HecywecTBeHHO OTpakaetca Ha
YCTOMYMBOCTU K BO3AEMNCTBMIO NEepeMeHHbIX TeMnepaTyp. BeeageHne MUKPOKpeMHe3ema B SMOKCUAHYHO
CMOAY NPUBOAMUT K POCTY CTOMKOCTU K UCTUPAHUIO. MpOoBEAEHHbIE UCMbITAHUA NMOKas3ann ycToMYnBOCTb
pa3paboTaHHbIX KOMMO3WULMOHHbLIX ~MaTepuanoB K BO3AEMCTBUMIO MEPEMEHHbIX TemnepaTtyp,
arpeccuBHbIX Cpea, CTOMKOCTM K UCTUPAaHWIO, YTO AaeT BO3MOMKHOCTb WMCMO/b30BaTb WMX B KayecTse
NOKPbITUM U aHTUKOPPO3UOHHOM 3aLUUTbLI MPU PEMOHTE MaLUWH.

Kntoyesbie cn08a: snOKCMAHAA CMOMA, MUKPOKPEMHE3EM, HAaNONHEHHbI KOMMO3ULMOHHbBIV MaTepuan,
XMMUYECKan YCTOMYMBOCTb, KOMNO3ULIMOHHBIN MaTepuan, arpeccMBHan cpesa, UCTUpaHue, NOKPbITUe.
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