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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 SiO2 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 SiO2 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) SiO2 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 0C, and given the fact that SiO2, 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 SiO2. 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 SiO2 in an amount of 10-40% does not change, compared to the 
original polymer (UHMWPE). This showed that the SiO2 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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КРЕМНИЙ ОКСИДІ МЕН ДИАБАЗ ҰНТАҒЫНЫҢ 
ГАЗОТЕРМИЯЛЫҚ ТОЗАҢДАУ ӘДІСІМЕН АЛЫНҒАН ПОЛИМЕР 

(АЖМПЭ) ЖАБЫННЫҢ КРИСТАЛДАНУ ДӘРЕЖЕСІНЕ ЖӘНЕ 
ХИМИЯЛЫҚ ҚҰРЫЛЫМЫНА ӘСЕРІ

Аннотация. Ультра жоғары молекулалық салмақты полиэтилен құрамына 
SiO2 ұнтағы және диабазды қосып, оны газжалынды тозаңдау арқылы полимерлі 
жабын қабаты алынды. Алынған  жабындардың  химиялық құрамымен 
фазалық өзгерісіне минералды қоспалардың әсері рентген-фазалық және 
инфрақызыл спектрлік талдау арқылы түсіндірілді. Рентген-фазалық талдау 
полимердің орторомбылы тордан тұратындығын көрсетті, полимерге тән (110) 
және (200) шыңдары пайда болды, полимердің бастапқы таза жабын күйіндегі 
фазаның (110) сызығының интенсивтілігінің 14000-ға дейін жеткендігін, 
құрамына 10-20%-ға дейін SiO2 қосқанда интенсивтілігі 2500-ға дейін 
азайды, жалғасты SiO2–дің мөлшерін 40%-ға дейін арттырғанда полимердің 
сызықтарының интенсивтілігі 2000-ға дейін төмендегенін, керісінше SiO2-
дің гексагоналды торының (101) сызықтарының интенсивтілігі 500 ден 2000 
ға дейін өскендігін көруге болады. Дифрактограмма сызықтарына қарай 
отрып кремний оксидінің интенсивтілігінің мөлшерінің артуы полимердің 
сызықтарының интенсивтілігіне айтарлықтай әсер ететіні анықталды. Жалпы 
бұл дифрактограмма сызықтарына талдау жасап қарай отрып, полимердің 
200 ◦С-қа дейін еріп балқып кететіндігін көруге болады, ал SiO2 жеке минерал 
зат ретінде өте жоғары температурада балқыйтындығын ескеріп салыстырып, 
полимермен SiO2 оксидінен тұратын минерал ұнтақ арасында фазалық алмасу 
жүрмейтіндігіне әдебиеттік талдаулармен эксперементтер арқылы далелдедік. 
Полимердің құрамына 10-40%-ға дейін қосымша кремний оксидін қосып 
тозаңдау, полимермен оған қосқан қоспа арасында өзара фазалық алмасу 
жүрмейтіндігі, жабынның кристалдық құрылымына және кристалдану 
дәрежесіне айтарлықтай әсер етпейтіні яғни кристалдану дәрежесі (64±3) % 
мөлшерінде екені анықталды. Инфрақызыл спектрлі зерттеу нәтижелері 10-
40% мөлшерінде SiO2 қосылған полимер жабынының химиялық құрылымын 
бастапқы полимермен (СВМПЭ) салыстырғанда өзгермейтіні анықталды. Бұл 
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SiO2 оксидінің полимердің химиялық құрылымына кері әсер етпейтінін және 
полимер газжалынмен тозаңдау кезінде бұзылуға ұшырамайтынын көрсетті.

Түйін сөздер: өте жоғары молекулалық полиэтилен (UHMWPE), газоте
рмиялық тозаңдау, фаза, кристалдылық, SiO2 ұнтағы.

М. Скаков, Н. Кантай, М. Нуризинова, Б. Туякбаев, М. Баяндинова*

«Восточно-Казахстанский унивеситет имени Сарсена Аманжолова», Усть-
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ВЛИЯНИЕ ОКСИДА КРЕМНИЯ И ПОРОШКА ДИАБАЗА НА 
СТЕПЕНЬ КРИСТАЛЛИЗАЦИИ И ХИМИЧЕСКУЮ СТРУКТУРУ 

ПОКРЫТИЯ ПОЛИМЕРОМ (СВМПЭ), ПОЛУЧЕННЫМ МЕТОДОМ 
ГАЗОТЕРМИЧЕСКОГО НАПЫЛЕНИЯ

Аннотация. В состав сверхвысокомолекулярного полиэтилена был 
добавлен порошок SiO2 и диабаз, а также получен слой полимерного 
покрытия путем его газопылевого напыления. Влияние минеральных 
примесей на фазовое изменение химического состава полученных покрытий 
объяснялось рентгенофазным и инфракрасным спектральным анализом. 
Рентген-фазовый анализ показал, что полимер состоит из орторомбической 
решетки, образовались пики (110) и (200), что интенсивность линии фазы 
(110) в исходном состоянии чистого покрытия полимера достигла 14000, с
добавлением SiO2 до 10-20% к составу интенсивность уменьшилась до 2500,
продолжались. При увеличении до 40% можно увидеть, что интенсивность
линий полимера снизилась до 2000, а интенсивность линий гексагональной
решетки (101) SiO2, наоборот, увеличилась с 500 до 2000.

Установлено, что увеличение величины интенсивности оксида кремния в 
зависимости от линий дифрактограммы существенно влияет на интенсивность 
линий полимера. В целом, проанализировав эти дифрактограммные линии, 
можно увидеть, что полимер плавится до 200 ◦С, а SiO2 как отдельное 
минеральное вещество, плавится при очень высоких температурах, сравнили 
с полимером на предмет того, что фазовый обмен между порошком минерала, 
состоящего из оксида SiO2, не происходит. Установлено, что в состав 
полимера включено до 10-40% дополнительного оксида кремния, взаимный 
фазовый обмен между добавкой к нему с полимером не происходит, 
что существенно не влияет на кристаллическую структуру покрытия и 
степень кристаллизации, т.е. степень кристаллизации (64±3)%. Результаты 
исследований инфракрасного спектра показали, что химическая структура 
полимерного покрытия с добавлением SiO2 в количестве 10-40% не изменяется 
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по сравнению с исходным полимером (СВМПЭ). Это показало, что оксид SiO2 
не оказывает негативного влияния на химическую структуру полимера и не 
подвержен разрушению при распылении полимера газовым баллоном.

Ключевые слова: сверхвысокомолекулярный полиэтилен (СВМПЭ), 
газовое напыление, фаза, кристалличность, порошок SiO2.

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*106 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 
monoclinalі. 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°С 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 Å), 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).



157

Reports  of the Academy of Sciences of the Republic of Kazakhstan

 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 µm. The average grain size of SiO2 is 40-60 microns, diabase is used as
additional mineral additives (chemical composition: 49% SiO2; 15,7% Al2O3; 9,3%
CaO; 7,7% FeO; 5,9% MgO; 4% FeO3; 2,8% Na2O; 1,5% TiO2; 0,3% P2O5; 0,3%
MnO; 0,9% K2O). The average granule size was 20-40 µm. 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 
µm, sand with a grain size of approximately 60-80 µm 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 (λ = 1.541 Å) 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). 

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).

(1)
Sc - crystal area (above halo); Sam - area of the amorphous part (under the halo).
The total degree of crystallinity of the polymer, %, is calculated by the formula.

(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 Cu2O (111), (200) showed the
appearance of lines. X-ray phase analysis of coatings obtained after thermal spraying with the addition of 10
to 40% SiO2 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% SiO2 is added to the composition, the intensity decreases to 2500, with an increase
in the amount of continuous SiO2 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) SiO2 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 2000C from this diffraction pattern, while SiO2 melts at very high temperatures, it has verified
experimentally and literature analyzes that there is no phase exchange between the polymer and SiO2.

(1)

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

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).

(1)
Sc - crystal area (above halo); Sam - area of the amorphous part (under the halo).
The total degree of crystallinity of the polymer, %, is calculated by the formula.

(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 Cu2O (111), (200) showed the
appearance of lines. X-ray phase analysis of coatings obtained after thermal spraying with the addition of 10
to 40% SiO2 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% SiO2 is added to the composition, the intensity decreases to 2500, with an increase
in the amount of continuous SiO2 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) SiO2 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 2000C from this diffraction pattern, while SiO2 melts at very high temperatures, it has verified
experimentally and literature analyzes that there is no phase exchange between the polymer and SiO2.

(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 Cu2O (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% SiO2 
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% SiO2 is added to the composition, the intensity decreases to 2500, with an
increase in the amount of continuous SiO2 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) SiO2 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 2000C from this diffraction pattern, while SiO2 melts
at very high temperatures, it has verified experimentally and literature analyzes that
there is no phase exchange between the polymer and SiO2.

Figure 1. X-ray diffraction pattern of the polymer in the initial state of the coating and after thermal spraying with the addition
of SiO2

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% SiO2 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 SiO2 mineral admixture to the polymer composition
Sample name Initial pure polymer 

coating
UHMWPE +
SiO2 (10%)

UHMWPE +
SiO2 (20%)

UHMWPE +
SiO2 (30%)

UHMWPE+
SiO2 (40%)

Degree of 
crystallinity (%)

67±6 60±2 60±3 67±5 64±4

Figure 2. IR spectral analysis of UHMWPE/SiO2

The IR characteristics of the powder (UHMWPE) and coating (UHMWPE+SiO2) 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-1, corresponding to antisymmetric methylene
stretching, symmetric methylene stretching, methylene vibration, and angle-changing methylene vibration,

Figure 1. X-ray diffraction pattern of the polymer in the initial state of the coating and after thermal 
spraying with the addition of SiO2

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% SiO2 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 SiO2 mineral admixture to the 
polymer composition

Sample name Initial pure 
polymer coating

UHMWPE +
SiO2 (10%)

UHMWPE +
SiO2 (20%)

UHMWPE +
SiO2 (30%)

UHMWPE+
SiO2 (40%)

Degree of 
crystallinity (%)

67±6 60±2 60±3 67±5 64±4
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Sample name Initial pure 
polymer coating
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UHMWPE +
SiO2 (20%)

UHMWPE +
SiO2 (30%)

UHMWPE+
SiO2 (40%)

Degree of 
crystallinity (%)

67±6 60±2 60±3 67±5 64±4

Figure 1. X-ray diffraction pattern of the polymer in the initial state of the coating and after thermal spraying with the addition
of SiO2

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% SiO2 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 SiO2 mineral admixture to the polymer composition
Sample name Initial pure polymer 

coating
UHMWPE +
SiO2 (10%)

UHMWPE +
SiO2 (20%)

UHMWPE +
SiO2 (30%)

UHMWPE+
SiO2 (40%)

Degree of 
crystallinity (%)

67±6 60±2 60±3 67±5 64±4

Figure 2. IR spectral analysis of UHMWPE/SiO2

The IR characteristics of the powder (UHMWPE) and coating (UHMWPE+SiO2) 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-1, corresponding to antisymmetric methylene
stretching, symmetric methylene stretching, methylene vibration, and angle-changing methylene vibration,

Figure 2. IR spectral analysis of UHMWPE/SiO2

The IR characteristics of the powder (UHMWPE) and coating (UHMWPE+SiO2) 
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-1, 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-1 may 
be due to the hydroxyl group (-OH) or water absorbed by the samples. The band 
marked at ~1472 cm-1 is the absorption peak of C-C bonds, which characterizes 
the structure of UHMWPE. Absorption peaks in the range 1750-1600 cm-1 may 
indicate stretching vibrations of C=O groups  (Fejdyś 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% SiO2 
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% SiO2 does not change 
in comparison to the original polymer (UHMWPE). This showed that SiO2 does not 
adversely affect the chemical structure of the polymer and that the polymer does 
not degrade during flame spraying.
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