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INFLUENCE OF SILICON OXIDE AND DIABASE POWDERS ON THE
DEGREE OF CRYSTALLIZATION AND CHEMICAL STRUCTURE OF A
POLYMER (UHMWPE) COATING PRODUCED BY THE METHOD OF
GAS THERMAL SPRAYING

Abstract. The polymer coating layer was obtained by adding SiO, powder and
diabase to the composition of ultra-high molecular weight polyethylene and spraying
it with a gas flame. The effect of mineral additives on the chemical composition and
phase transition of the obtained coatings was explained by the methods of X-ray
phase and infrared spectral analysis. X-ray phase analysis showed that the polymer
consists of an orthorhombic network, peaks (110) and (200), characteristic of the
polymer, appear, the intensity of the line (110) of the phase in the initial pure state
of the polymer coating reached 14000; decreased to 2500, with an increase in the
amount of continuous SiO, to 40%, it can be seen that the intensity of the polymer
lines decreased to 2000, on the contrary, the intensity of the lines of the hexagonal
lattice (101) SiO, increased from 500 to influence on the intensity of polymer
lines. In general, analyzing the lines of the diffraction pattern, it can be seen that
the polymer melts up to 200 °C, and given the fact that SiO,, as an individual
mineral substance, melts at a very high temperature, it was proved by analyzing
the literature and experiments confirming the absence of phase exchange between
the polymer and the mineral powder consisting of SiO,. It has been established that
spraying with the addition of 10-40% silicon oxide to the polymer composition, the
absence of mutual phase exchange between the polymer and the mixture added to
it does not significantly affect the crystalline structure of the coating and the degree
of crystallization, the degree of crystallization is (64 £ 3)%. The results of the study
of the infrared spectrum showed that the chemical structure of the polymer coating
with the addition of SiO, in an amount of 10-40% does not change, compared to the
original polymer (UHMWPE). This showed that the SiO, did not adversely affect
the chemical structure of the polymer and that the polymer did not degrade, when
it sprayed with a gas flame.
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KPEMHMI OKCHUII MEH JINABA3 YHTAFBIHBIH
TI'ABOTEPMUAJIBIK TO3AHAAY 9IICIMEH AJIBIHFAH IIOJIMMEP
(AKMIID) ’KABBIHHBIH KPUCTAJIJAHY JOPEXKECIHE )KOHE
XUMUAJIBIK K¥PbIJIBIMBIHA 9CEPI

AHHOTanMs. YIB6Tpa )KOFapbl MOJIEKYJIAIBIK CATMaKTHI MTOJIMATHIIIEH KYpamMblHa
SiO, yHTarblkoHe 11abasibl KOCBIIL, OHBI Fa3KajlbIH/Ibl TO3aH1dy aPKBLIBI TOIMMEDPITi
aObIH Ka0aThl aJbIHIBI. AJIBIHFAH KAOBIHIAPIBIH  XUMUSIIBIK KYPaMbIMEH
(azanblK e3repicine MUHEpaIJbl KOCMAaJIaplblH dcepi peHTreH-(a3anblK KoHE
MH(PPAKBI3BUI CIIEKTPIIIK Talaay apKbUIBI TYCIHAIpUIAl. PeHTren-gasansk Tanmay
MTOJTUMEPIH OPTOPOMOBLIBI TOP/IAH TYPATHIHABIFBIH KOPCETTI, momumepre ToH (110)
xoHe (200) mbIHIAPHI Tai1a O0MIbL, TOJMMEP/IiH OaCTaNKbI Ta3a )KaObIH KYHiHICT]
¢dazanbiH (110) cb3bIFbIHBIH WHTEHCUBTLUTITIHIH 14000-Fa JeiiiH KETKEH/IITiH,
KypambiHa 10-20%-ra nediin SiO, xockawma wuHTeHCHBTiNri 2500-ra nmeiin
a3amael, KaJIFacThl SiOZ—z[iH meuiepin 40%-ra JeiiH apTThIpFaHa TOTUMEPIiH
CBI3BIKTapbIHbIH MHTeHCUBTLIIN 2000-Fa neiiin Temennerenin, xepicinme SiO,-
JiH rekcaroHay sl TOpbIHbIH (101) chI3bIKTapbIHBIH MHTEHCHBTLIITT 500 nen 2000
Fa JeHiH eckeHmiriH kepyre Oomansl. [udpakrorpamMma ChI3BIKTApBhIHA Kapai
OTPBITT KPEMHHI OKCHJIiHIH WHTEHCHUBTLUIITIHIH MOJIICPiHIH apTybl MOIUMEPIiH
CBI3BIKTAPBIHBIH HHTEHCUBTUIITIHE Al TAPIILIKTAl oCep €TeTiHI aHBIKTaIbI. JKambl
Oyl nudpakrorpaMma ChI3bIKTaphiHA TaJldy jKacar Kapad OTpBII, MOJUMEpPIiH
200 *C-ka meiin epin OanKbIN KETETIHAINH Kopyre 0onapl, an SiO, xKeKe MUHEpa
3aT PeTiHJIe OTe JKOFAphI TEMIIepaTypajia OalKbIATHIH/IBIFBIH €CKEPIIT CATBICTHIPHIIL,
nonuMepmen SiO, OKCHIIHEH TYPaThIH MUHEDPAJl YHTAK apachin/ia (ha3alblk anmacy
KYPMEHTIHIrHE 9JIeOUETTIK TalAayIapMeH SKCIIEPEMEHTTEP apKbUIbI TAJICIICITIK.
Homumepain kypambraa 10-40%-ra AeifiH KOCBIMIIIA KPEMHHN OKCHIIH KOCBHITI
TO3aHJIay, TTOJTMMEPMEH OFaH KOCKaH KOCIa apachlHAa e3apa (hazalblK anMacy
KYPMEHTIHITI, KaObIHHBIH KPUCTAJIJBIK KYPBUIBIMBIHA KOHE KPUCTAIAHY
JIOpEKECIHE alTapIIbIKTal ocep eTIEHTIHI AFHU KpHUCcTaiaany aapexeci (64+3) %
MOJIIepiHAe eKeHl aHBIKTaIAbl. MHGPAKBI3bUT CIIEKTPITi 3epTTey HoTHxkenepi 10-
40% memmmepinze SiO2 KOCBUIFaH MOJUMED KaObIHBIHBIH XUMUSIIBIK, KYPBUTBIMBIH
Oacrankpl nonmumepmer (CBMIID) canpicThipranaa e3repMeiiTini aHbIKTanbl. by
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SiO2 OKCHJIIHIH TIOJMMEP/IiH XUMHUSIIBIK KYPBUIBIMBIHA KEP1 ocep €TICHTIHIH JKoHE
MOJIUMED Ta3KaIBIHMEH TO3aH 1ay Ke3iHJe Oy3blIyFa YIIbIpaMaiThIHbIH KOPCETTI.

Tyiiin ce3nep: ete xorapsl Monekynanbik nommdTiwien (UHMWPE), razore-
PMHUSIIBIK TO3aH/Iay, (pa3a, KpUCTATABLIBIK, SiO, YHTAFbL.

M. Ckakos, H. Kanraii, M. Hypu3unosa, b. Tysk6aeB, M. BasinauHoBa”

«Boctouno-Kazaxcranckuil ynuecurer umenu Capcena AMaHX0I0Ba», YCThb-
Kamenoropck, Kazaxcran.
E-mail: shohmanova m@mail.ru

BJIMAHUE OKCUJA KPEMHUSA U ITOPOLIKA JIMABA3A HA
CTEIIEHb KPUCTAJUIM3ALIUU U XUMHUYECKYIO CTPYKTYPY
HOKPBITHUSA TIOJIUMEPOM (CBMIID), IOJYYEHHBIM METOJ10OM
I'ASBOTEPMUYECKOI'O HAIIBIJIEHU S

AnHoTamusi. B cocTaB CBEpPXBBICOKOMOJCKYISIPHOTO IOJUATHIICHA ObLI
nobasnen mopomok SiO, u uabas, a TaKkKe TOMYYEH CIOH IMOJTUMEPHOIO
MOKPBITHSI TIyTEeM €ro Ta30MbUIeBOTO HAaNbUICHHWS. BiusHHE MHHEPaIbHBIX
npuMeceil Ha (pa3oBoe U3MEHEHHE XMMHUYECKOTO COCTaBa MOyIEHHBIX TTOKPHITHN
OOBSICHSJIOCh PEHTreHO(a3HbIM M HH(PPAKPACHBIM CIEKTPAIBHBIM aHATH30M.
PenTren-ga3oBbiii aHaIu3 MoKas3al, 4TO MOJIUMEP COCTOUT U3 OPTOPOMOMYECKON
pemmeTku, oopazosanuck nuku (110) u (200), 9TO HMHTEHCHUBHOCTH JTUHUHU (Pa3bl
(110) B MCXOIHOM COCTOSIHMHM YHCTOTO MOKPHITHS TonuMepa aocturia 14000, c
nobasiieHuEM SiO2 10 10-20% k cocTaBy MHTEHCUBHOCTH YMEHbIIHIACH 10 2500,
nponomxanmuchk. [Ipu yBemmuenun 10 40% MOXHO yBUACTH, YTO HHTCHCUBHOCTD
JMHUN nonuMepa cHuzuiack J0 2000, a MHTEHCUBHOCTD JIMHUM TeKCaroHaJlbHOU
pemetku (101) SiO,, nao6opor, ysenuuunack ¢ 500 xo 2000.

YCTaHOBIICHO, YTO YBEIUYCHUE BEJIMUYMHBI HHTCHCUBHOCTH OKCHA KPEMHHUS B
3aBUCHMOCTH OT JIMHUH TU()PAKTOrPaMMbI CYIIIECTBEHHO BIUSICT HA UHTEHCUBHOCTh
JTUHUHA monuMepa. B 1emoM, mpoaHaiIn3upoBaB 3TH AUQPPAKTOTPAMMHBIE JTHHUH,
MOXKHO YBUAETb, uTO noiaumep miasutcs go 200 °C, a SiO2 KaK OTIEJIbHOE
MUHEPaJIbHOE BEIIECTBO, IJIABUTCS MPU OYCHb BHICOKUX TEMIIEPaTypax, CPaBHUIN
C MOJIUMEPOM Ha IIPEJIMET TOT0, UTO (ha30BbId 0OMEH MEKY IMOPOIIKOM MUHEpaa,
cocrosimero u3 okcuaa SiO,, HE TPOMCXOAUT. YCTaHOBJIEHO, YTO B COCTaB
nonumMepa BKIOUeHO A0 10-40% AOMONHUTENBRHOTO OKCUAA KPEMHHUSI, B3aUMHBIN
($azoBbIii OOMEH MeXIy I00aBKOW K HEMY C TOJIMMEPOM HE MPOUCXOJIHUT,
YTO CYIIECTBEHHO HE BIUACT HA KPUCTALINYCCKYIO CTPYKTYpPY TOKPBITHS H
CTETIeHb KPUCTAJUTM3AIHH, T.€. CTeTeHb Kpuctamm3anun (64+3)%. Pesymbrarst
WCCIeIOBaHUN MH(PAKPACHOTO CIIEKTpa MOKa3ald, YTO XMMHUYEeCKas CTPYKTypa
HOJIMMEPHOTO NOKPLITHA ¢ 1o0aBienreM SiO, B konmudectse 10-40% He nsmensercs
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IO CpaBHEHUIO ¢ UCXoAHBIM noauMepoM (CBMIID). Dto mokasaiio, 9To OKCHI SiO2
HE OKa3bIBACT HETaTMBHOIO BIHSHHUS Ha XUMHUYECKYIO CTPYKTYpPYy MOJIMMEPA U HE
MOJIBEPIKEH Pa3pyIICHUIO IIPU PACIIBUICHUH [TOJUMEPa T'a30BbIM OaJLIOHOM.

KiaroueBble cioBa: CBEPXBBICOKOMOJICKYISIpHBEIN mommdTwieH (CBMIID),
ra3oBO€ HambLICHHE, (Pa3a, KPUCTAIIMYHOCTD, TOPOIoK Si0,.

Introduction. Ultra high molecular weight polyethylene (UHMWPE) is
a polyethylene resin (gum) with a high degree of polymerization. Its molecular
weight is (from 3 to 8*%10° g/mol), about ten times more than high molecular
weight polyethylene (HDPE) resins (Maksimkin et al., 2013). UHMWPE polymer
materials have the highest wear resistance and impact resistance. Along with these
characteristics, UHMWPE polymer has a low coefficient of friction. In addition,
UHMWPE has weak water absorption, good chemical and corrosion resistance,
biocompatibility and stability in the body. Its average crystallinity is about 45%
(Zhang et al., 2015).

In recent years, high energy ball mills include re-mixing, crushing and
recombination of powder particles (Forster et al., 2019; Tai et al., 2012). This
mechanical method is widely used for metallic systems, but recently Smith et al.
(Pelto et al., 2019; Khasraghi et al., 2015).

have been extensively studied using polymer blends because the combination
of shearing, stretching, tearing and cold bonding (welding) of the polymer powder
results in chain breakage or hydrogen evolution, which can lead to the formation
of free radicals. This ensures the mixing of immiscible polymers. Castricum et al.
(Lucas et al., 2011). observed in their work possible physical, chemical changes in
polyethylene glycol after mechanical grinding and indicated that with increasing
grinding time, the proportion of the monoclinic crystalline phase also increases.
In general, two main types of polyethylene lattice are shown: orthorhombic and
monoclinali. The orthorhombic lattice is the most common. This is a cube, each
of its axes has a different length and the angles formed by adjacent faces are 90°
(An, Y., Bao et al., 2013). The monoclinic lattice is a metastable phase formed
from orthorhombic lattices under conditions of tension and deformation. It may
be present in small amounts in commercial samples, from 5 to 10% (Zhao et al.,
2017). Increasing the temperature by 60—70°C transforms the polymer back into the
orthorhombic form (An, Y., Bao et al., 2013). Kiho et al. (Doucet et al., 2013), after
Seto et al. (Zhang et al., 2019). studied the phase transformation of polyethylene.
They suggested that phase transformation is one of the most important types of
deformation and that under certain conditions it takes precedence over other plastic
deformation processes. It is also assumed that the monoclinic phase is formed from
the orthorhombic phase, in which a reversible process occurs without diffusion.
The most noticeable diffraction of the orthorhombic phase is approximately 21.5°,
which corresponds to the (110) plane and interplanar distance (d=4.13 A), and
23.9°, which corresponds to the (200) plane and interplanar distance (d=3, 72)
(Khalil et al., 2016). (Melina et al., 2016; Khalil et al., 2019; Melina et al., 2010).
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In the course of the study, X-ray phase analysis of the UHMWPE polymer in
the initial powder state and after mechanical activation using a ball mill showed
that in the powder state it has an orthorhombic network consisting of (110) and
(200) vertices, and a small number of monoclinic network lines appeared after
mechanical activation. According to the results of research by scientists, it can be
seen that there is little information on the effect of mineral additives introduced
into the UHMWPE polymer on the structural-phase change and the degree of
crystallization of the resulting coatings, as well as on the effect of additives on the
formation of the amorphous and crystalline structure of the polymer after thermal
spraying, which requires further research. research. Therefore, the purpose of this
work was to study the effect of silicon oxide and diabase powders on the degree
of crystallization of a polymer (UHMWPE) coating obtained by thermal spraying
using X-ray phase and infrared spectral analysis.

Materials and methods. For spraying UHMWPE polymer powder, a gas-
thermal spraying method was used. The size of the UHMWPE polymer powder was
160-180 um. The average grain size of SiO2 is 40-60 microns, diabase is used as
additional mineral additives (chemical composition: 49% SiO,; 15,7% Al,0,; 9,3%
Ca0; 7,7% FeO; 5,9% MgO; 4% FeO,; 2,8% Na,O; 1,5% TiO,; 0,3% P,0; 0,3%
MnO; 0,9% K,0). The average granule size was 20-40 pum. Steel 3 was chosen as
the material of the bed. The chemical composition of the steel corresponds to STST
380-2005( https://otlivka.info/articles/stal-st3-po-gost-380-2005/).

The size of the matte material is 70x70x2 mm, the roughness of the initial
surface is 0.12 microns. The surface of the mat was sandblasted and chemically
cleaned for 5-7 minutes. To increase the average roughness of the dried mat to 4.2
um, sand with a grain size of approximately 60-80 pm was used.

X-ray phase analysis of the polymer was performed on an Xpert PRO PANalytical
(Philips Corporation, Amsterdam, The Netherlands). During the study, a voltage of
40 kV and a current of 30 mA were applied to the anode copper tube, as well as
Cu-Ka (A= 1.541 A) radiation in the range from 15 to 35 degrees, the shooting step
was 0.02, and the counting time was 0.5 s/step. The phase analysis of the obtained
lines of the diffraction pattern was carried out using additional programs HighScore
Plus and Mach 3.

The powder method is most suitable for polymers. To obtain an X-ray pattern,
a monochromatic beam of R-rays is directed to a polycrystalline sample (powder).
When the beam meets the crystal, the orientation of which with respect to the
incident radiation satisfies the Wulf-Bragg law, diffraction occurs from each system
of equally oriented planes. The X-ray pattern is obtained in the form of concentric
circles (rings) fixed by a photographic film located perpendicular to the incident
beam behind the sample. X-ray diffraction analysis gives an idea of the structure of
a polymer material and its change under the influence of various factors associated
with processing conditions: temperature, load, orientation, etc. Control of the
polymer structure in the technology of its production makes it possible to choose
the optimal conditions for the synthesis of polymers with desired properties. In the
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course of exposure to the polymer, one can immediately obtain information about
phase transitions and conformations of macromolecules.

Diffraction of R-beams at small angles makes it possible to judge the structural
ordering in the arrangement of macromolecules and their parts in the region of
short-range and long-range order, the density of amorphous interlayers and the
imperfection of crystalline structures.

The degree of crystallinity (DC) characterizes the proportion of completely
densely ordered molecules in relation to disordered molecules, i.e. the ratio of the
crystalline and amorphous phases in the polymer (relative degree of crystallinity),
%, is calculated by the formula (Igolinskaya et al., 2008).

DC === .100 (1)

S, - crystal area (above halo); S_ - area of the amorphous part (under the halo).
The total degree of crystallinity of the polymer, %, is calculated by the formula.

s s
pDC==% 100 = —%—.
Se Se+ S

100 (2)

The chemical composition and structure of polymers were studied using an
infrared Fourier spectrometer (FTIR-801 Simex Russia) with a wavelength of 450-
4700 cm-1, a resolution of 1 cm-1, at t=25+ 1°C.

Results and discussion. (Jing Hana, et al., 2013) in a research work, UHMWPE
polymer was sprayed with the addition of graphene nanoparticles up to 0.15-
1%, a comparative X-ray phase analysis of the obtained sample showed that
flame spraying did not cause a significant change in the chemical composition of
UHMWPE polymer, however, with the initial raw material powders, the amount
of the added mixture increased , it is noted that the relative intensity of the peaks
relative to the (110) and (200) planes in the coatings is significantly reduced, while
the addition of graphene nanoparticles to the UHMWPE polymer caused a slight
change in the degree of crystallization. (Wang et al., (2021) conducted a comparative
X-ray phase analysis of the coating obtained by adding 0-2% graphite oxide to the
UHMWPE polymer and noted that the (110) and (200) peaks of the UHMWPE
polymer decreased in intensity with an increase in the amount of graphite oxide.
(Tao et al., 2021) In a research work, high-density polyethylene (HDPE) was
added to UHMWPE polymer by changing its density, and a comparative X-ray
phase analysis of the obtained sample showed that (110) and (200) lines (peaks) of
UHMWPE polymer lattice, it is said that this improves the mechanical and strength
properties. In (Feng, et al., 2021) X-ray phase analysis of Cu oxides obtained by
electrodeless deposition on the surface of UHMWPE polymer showed that lines
(110) and (200) (peaks) of UHMWPE polymer appear, and copper oxide CuO (11—
3) and Cu,O (111), (200) showed the appearance of lines. X-ray phase analysis
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of coatings obtained after thermal spraying with the addition of 10 to 40% SiO,
powder to polymer powder, based on literature reviews, is shown in Fig. 1. below.
X-ray phase analysis showed that the polymer consists of an orthorhombic network,
peaks (110) and (200) characteristic of the polymer appear, the intensity of the line
(110) of the phase in the state of pure polymer coating reaches 14000, and when
5-15% Si0, is added to the composition, the intensity decreases to 2500, with an
increase in the amount of continuous SiO, to 40%, it can be seen that the intensity
of the polymer lines decreased to 2000, on the contrary, the intensity of the lines of
the hexagonal lattice (101) SiO, increased from 500 to 2000 (Fig. 1). It can be seen
from this diffraction pattern that an increase in the amount of silicon oxide has a
significant effect on the intensity of polymer lines. But taking into account the fact
that the polymer melts up to 200°C from this diffraction pattern, while SiO, melts
at very high temperatures, it has verified experimentally and literature analyzes that
there is no phase exchange between the polymer and SiO,.
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UHMWEE coating | UEIMWPE + Si0; (10%)

=
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A(110)
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s 20 25 30 35 15 a0, as. an - L]
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Figure 1. X-ray diffraction pattern of the polymer in the initial state of the coating and after thermal
spraying with the addition of SiO,

Table 1 shows the curve of the degree of crystallization after spraying of the
initial pure polymer coating with the addition of from 10 to 40% SiO, to it. It
can be seen from the figure that the addition of one more additive to the polymer
composition does not significantly affect the degree of its crystallization, also it can
be seen that the degree of crystallization of the coatings is (64 + 3)% on average,
and it is possible to change its physical and mechanical properties by adding other
minerals to the polymer.

Table 1. Degree of crystallization after dusting with addition of SiO, mineral admixture to the

polymer composition

Sample name Initial pure UHMWPE + |UHMWPE + | UHMWPE + | UHMWPE+

polymer coating | SiO, (10%) |[SiO,(20%) |SiO,(30%) |SiO, (40%)
Degree of 67+6 60+2 60+3 67+5 64+4
crystallinity (%)
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Sample name

Initial pure
polymer coating

UHMWPE +
Si0, (10%)

UHMWPE +
Si0, (20%)

UHMWPE +
Si0, (30%)

UHMWPE+
Si0, (40%)

Degree of

67+6

60+2

60+3

67+5

64+4

crystallinity (%)

Clear 200
20% Si0,
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o 30% Si0y
40% Si0
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Figure 2. IR spectral analysis of UHMWPE/SiO,

The IR characteristics of the powder (UHMWPE) and coating (UHMWPE+SiO,)
samples provide additional information on the effect of additives. As shown in fig.
2, all samples show absorption peaks associated with C—H at 2932, 2856, 1476,
and 728 cm’!, corresponding to antisymmetric methylene stretching, symmetric
methylene stretching, methylene vibration, and angle-changing methylene vibration,
respectively. (Samad, M.A. et al., 2021) Minor absorption peaks at 3340 cm™ may
be due to the hydroxyl group (-OH) or water absorbed by the samples. The band
marked at ~1472 cm is the absorption peak of C-C bonds, which characterizes
the structure of UHMWPE. Absorption peaks in the range 1750-1600 cm™ may
indicate stretching vibrations of C=0 groups (Fejdys et al., 2016). This may be
due to the reaction of a small amount of polymer (UHMWPE) with atmospheric
oxygen during sample preparation. It is noted that in the IR spectra there are no
significant changes or shifts of the main peaks for the initial powders and coatings
after spraying, which indicates that, despite the observed changes in their properties,
UHMWPE does not undergo significant thermal degradation during the formation
of the coating.

Conclusion. It has been established that after spraying by adding 10-40% SiO,
to the UHMWPE polymer, there is no mutual phase exchange between the polymer
and the mixture added to it.
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It has been established that spraying due to the injection of an additional
additive into the polymer composition does not have a significant effect on the
crystal structure of the coating and the degree of crystallization, the degree of
crystallization is (64 + 3)%.

The results of the study of the infrared spectrum showed that the chemical
structure of the polymer (UHMWPE) coating with 10-40% SiO, does not change
in comparison to the original polymer (UHMWPE). This showed that SiO, does not
adversely affect the chemical structure of the polymer and that the polymer does
not degrade during flame spraying.
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