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Abstract. One of the most promising directions of modern materials science is the search for methods of improving
the biocompatibility properties of metals used in implantology, which will allow to reduce the percentage of
rejection of implants by the living organism. Therefore, it is promising to use processing methods to change
the state of the surface of metals due to surface modification, which includes the method of plasma electrolytic
oxidation. The main goal of this work was to develop a technological process for obtaining coatings with higher
biocompatibility compared to the base metal due to the introduction of natural components into the coating. The
presence of elements in biocoatings and their quantity was determined using a scanning electron microscope (SEM)
and energy dispersive X-ray spectroscopy (EDS), which allowed for targeted analysis of the surface of the samples.
The elemental composition of coatings synthesised on the basis of titanium alloy in alkaline electrolytes based
on KOH, liquid glass of calcium hydroxide, sodium polyphosphate and sodium pyrophosphate with the addition
of hydroxyapatite and diatomite was researched in the work. A direct relationship between the composition of
the electrolyte and the Ca/P ratio was established. It has been proven that biocoatings synthesised in alkaline
solutions by the PEO method satisfy the conditions of biocompatibility. It has been established that in an
environment containing alkalis and phosphates, coatings are synthesised for which Ca/P=1.21.The introduction of
hydroxyapatite into the electrolyte leads to an increase in the Ca/P ratio to a value of 1.28,and an increase in the
concentration of the electrolyte and the addition of diatomite increases this ratio to a value of 1.57. The obtained
results establish the possibility of a wide range of regulation of the Ca/P ratio in the biocoating

Keywords: elemental analysis; biocompatibility; chemical properties; synthesis modes; coating composition

Introduction

Titanium alloys are utilised for fracture fusion and
splicing, as well as for knee, hip, and shoulder pros-
thesis. J. Jakubowicz (2020) described that high bio-
compatibility is due to the ability of titanium to form a
protective oxide layer on its surface in a fraction of a
second, thanks to which it does not corrode and does
not release free metal ions that can cause pathologi-
cal processes around the implant, and the tissues sur-
roundingtheprosthesisremainfreeofmetalions.T.Hana-
wa (2022) note that the PEO coating ontitaniumalloysis
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characterised by high bioactivity and biocompatibility.
They developed a new graphical method for evaluat-
ing the porosity of PEO oxide films, which helps predict
their bioactivity. O. Povstyanoy et al. (2024) describe in
his works the effective use of coatings with a wide range
of porosity. Y. Gu et al. (2018) point out that the main
disadvantages of titanium alloys are poor machinabili-
ty, high coefficient of friction, relatively low modulus of
elasticity, and for implantology, resistance to marginal
corrosion, low chemical activity and low adhesion.These
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facts can lead to bone resorption around them. M. Fa-
zel et al. (2019) pay attention to the prospect of using
compositions with antimicrobial properties of the sur-
face of materials in implantology. An effective method
of preventing this effect is the preliminary application
of a bactericidal layer to the surface of the material.

J. Zhou et al. (2019) pointing on possible solution
to this problem is superficial surface modifications that
improve osseointegration of implants or reduce bacte-
rial infection. Considering the above the use of com-
positions with antimicrobial properties in bone plastic
is promising. N.Y. Imbirovych et al. (2023) examine the
plasma-electrolytic oxidation (PEO) technique as a pos-
sible means of improving light alloy’s surface charac-
teristics. They found that as a result of a 4-fold increase
in the concentration of electrolyte components and the
addition of diatomite (20g/l), the coating synthesis pro-
cess is stabilised and coatings with higher roughness
(3-4 times) and porosity (1.9 times) are formed com-
pared to coatings synthesised in an electrolyte without
diatomite. T. Li et al. (2022) investigated PEO coatings
corrosion properties synthesised on titanium alloys.
The authors established that the change in the corro-
sion state is influenced by the coatings structural flaws
and porosity caused by the peculiarities of the techno-
logical process. F. Malekmohammadi et al. (2020) deter-
mined the influence of nanoparticles on the thickness
of PEO coatings. They observed that, in contrast to the
coating that was synthesised in PEO electrolyte con-
taining cerium (I11) chloride, the nanostructured cerium
dioxide/titanium composite formed from functions as a
barrier to porosity growth from nitrate salt during the
PEO process. It also shows improved corrosion resist-
ance in 0.1 M HCl solution at ambient temperature and
stronger impedance resistance at lower frequency.

X.Yang et al. (2019) imply that one aspect of the PEO
technique is the ability to modify the electrolyte and
working substance composition to regulate the mechan-
ical and physical characteristics of coatings. To increase
the biocompatibility of implants, it is important to form
porous coatings with increased roughness on the sur-
face. V. Subha et al. (2023) modified the surface of tita-
nium alloys with diatomaceous earth. They showed that
the introduction of diatomaceous earth particles leads
to an increase in the mechanical and thermal proper-
ties of titanium alloys. Diatoms are naturally occurring
silica and could be a potential source of silicon for the
electrolyte used in the PEO method. That is why there is
great interest in introducing such a natural component
into the structure of oxide coatings on a titanium alloy.

The purpose of this work is to modify the surface of
titanium alloys by applying coatings with high porosity
and antimicrobial properties to their surface.

Materials and methods

In this work, a combination of SEM and EDS was
used to investigate the elemental composition of the
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coatings produced on the surface of titanium alloys.
With the help of SEM analysis, was got a qualitative
image of the coatings. Under a microscope, specimens
of Grade 5 titanium alloy were shaped like cylinders,
measuring 25 mmindiameterand up to 10 mm in thick-
ness. The goal used EDS was research composition of
coatings that are synthesised into various electrolytes
such as: 20 g/l KOH+20 /L liquid glass+20 g/l sodium
pyrophosphate+20 g/l sodium polyphosphate+20 g/l
diatomite, 5 g/l KOH+5 g/l liquid glass+5 g/l sodium
pyrophosphate+5 g/l sodium polyphosphate+5 g/l hy-
droxyapatite and 5 g/l KOH+5 g/l liquid glass+5 g/l
sodium pyrophosphate+5 g/l sodium polyphosphate.
The current density from the anode to the cathode
(la/Ic) was equal to 5/5 A dm?2 The time of the PEO
process was 10 min.

Titanium alloys of Grade 2 and Grade 5 were used
in the work. The coating was synthesised by the PEO
method in the anode-cathode mode, where the sam-
ple was the anode and the bath with the electrolyte
was the cathode. The IMPELOM installation, which
works in alternating anode-cathode mode, was used
as a power source. The current is applied alternately
to the anode and cathode. Spark discharges that re-
sult from the current flowing through the sample in
the electrolyte solution guarantee a high temperature
in the surrounding area. Temperature influences the
introduction of electrons into the oxide layer at the
spark plug locations. ). Jovovi¢ et al. (2012) studied the
temperature of the plasma channel and noted that it
varies from 4000 K to 33000 K. These thermodynamic
circumstances cause electrons to be injected into the
oxide layer from the electrolyte.

The synthesis of coatings on titanium alloys was
carried out in three environments: 5 g/l KOH+5 g/l lig-
uid water (L.g.)+5Ca(OH),+5 g/l Na,P,0.+5 g/l Na,P,O,,,
5 g/l KOH+5 g/l Lg.+5Ca(0OH),+5 g/l Na,P,0+5 g/l
Na,P,0,,+1 g/l HPA and 20 g/l KOH+20 g/l L.g.+20 g/l
Ca(OH),+20 g/l Na,P,0,+20 g/l Na,P,0,,+20 g/l dia-
tomite. The ratio of current densities and processing
time for all the studied systems were the same, re-
spectively: la/lc=5/5 A/dm?, t= 10 min. A Phenom XL
scanning electron microscope (SEM) with automatic
measurement, equipped with a backscattered electron
detector (BSED) and 3D roughness reconstruction, was
used to analyse the coatings that were manufactured in
various modes.Additional Elemental Mapping and Line
Scan software allows for further elemental distribu-
tion analysis. The technique of energy dispersive spec-
troscopy (EDS) analyses the X-ray radiation produced
by electrons from an electron beam interacting with a
sample.Combination of SEM and EDS makes it possible
to assess the surface of the studied samples in detail
and determine their elemental composition. Samples
of Grade 5 titanium alloy, which were viewed under a
microscope were cylindrical in shape, measuring
25 mm in diameter and up to 10 mm in thickness.



Results

The chemical composition of the coating created by
plasma-chemical reactions is crucial for guaranteeing
the coating’s biocompatibility. This depends on the
base on which the coating is synthesised, alloy grade,
and electrolyte components. For the development of
coatings characterised by high biocompatibility, a nec-
essary condition is that the composition of the coatings
is as close as possible to bone. Bone consists of miner-
als, organic substances and water (Fig. 1). Therefore, the

organic
components
30%
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working electrolytes were saturated with phosphates
and calcium salts. Thus, polyphosphate is an inorganic
polymer, which, due to its biocompatibility and low tox-
icity, is a biomedical compound of hydroxyapatite, the
main component of bone tissue. To saturate the elec-
trolyte with calcium components, calcium hydroxide
was introduced into the working environment, which
is soluble in water and loses moisture at temperatures
above 580°C, turning into calcium oxide.

ILEE]
substances 60%

Figure 1. The components that make up a bone

Source: developed by the author

Diatomite is a non-metallic clay mineral, the main
chemical composition of which is amorphous silica
(80-95%), which consist small amounts of montmoril-
lonite, kaolinite, quartz and other clay impurities and
organic substances. In an aqueous solution (electro-
lyte) in the presence of alkalis KOH or Ca(OH),, a neu-
tralisation reaction occurs:

Si0,+2KOH— K, 0(Si0,)+H,0; (1)

Si0,+CaOH,—CaSiO,+H,0. )

Asaresult,potassiumand/or calciumsilicatesare for-
med. Due to its high porosity, diatomite has good absorp-
tion. In addition, diatomite has antibacterial properties.

To establish the biocompatibility of coatings, the
Ca/Pratioisused,whichinhydroxyapatite Ca,[OH(PO,).]
(the main component) is 1.67. M. Tzaphlidou (2005)
shows that there is a small variation in the Ca/P ratio
between the bones of men and women between the
ages of 15 and 55.In adults (from 21 to 120 years old),
the Ca/P ratio in bones is 0.79...1.65%. For children,
this ratio slightly increases. In general, the difference
varies within 0.34...2.14%. So, elemental analysis of
bio-coatings makes it possible to establish the inter-
action of the sample surface with the components of
the electrolyte and understand the reactivity under
thermodynamic conditions. Therefore, the amount of
phosphorus and calcium in the electrolytes used in
this work was first determined.

Electrolytecomposition5g/LKOH+5g/lr.s.+5Ca(0OH),+
+5 g/l Na,P,0.+5 g/l Na,P,O,, contains phosphorus:

n= 3

SE

The content of phosphorus in sodium polyphos-
phate, which is contained in this electrolyte, was
calculated in the amount of 5 g/l. The volume of dis-
tilled water in the bath is 20 liters, therefore, sodium
polyphosphate is contained in the electrolyte 100 g.

100g _
;2 = 0.9804 mol. 4)

mol

n(P) =

The amount of phosphorus in sodium pyrophos-
phate is equal to:

n(P)=2n(Na,P,0,); (5)

m(P) _ 200g
266-L " 266-L
mol

= 0.7519 mol. (6)

Therefore, 1.7323 mol of all phosphorus is contained
in this electrolyte. The amount of calcium in Ca(OH), is:

100 g

mol

Therefore, the Ca/P ratio in the electrolyte
is 0.5 g/l KOH+0.5 g/l rs+0.5Ca(OH),+0.5 g/l Na-
.P,0.+0.5 g/l Na,P,O,, according to calculations is
1.3514/1.7323=0.7801. Based on the ratio of current
densities la/lk=5/5 A/dm?, Figure 2 presents the ele-
mental analysis results of the coatings produced in
the electrolyte of 5 g/l KOH+5 g/l r.s.+5Ca(OH)2+5 g/l
Na,P,0.+5 g/l Na,P.O,,. The results were obtained us-
ing a scanning electron microscope. According to the
presented elemental analysis, coatings were obtained
that contain the largest amount of oxygen (69.72 at.%),
which is released from water, which in turn is ionised in
the place of intense spark formation (or arc discharge
plasma) (Table 1).

n(Ca) = 1.3514 mol. (7)
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Figure 2. Elements in the coating synthesised on a titanium alloy (a);
arrangement of elements present on the surface of the coating synthesised (b)

Note: synthesis mode: 5 g/l KOH+5g/l L.g.+5Ca(OH) *5 g/l Na ,P,0,+5 g/l Na,P

Source: developed by the author

0,, la/Ic = 5/5 A/dm? t = 10 min

618

Table 1. Quantitative content of elements in the coating synthesized in the electrolyte

59/l KOH+5 g/l L.g.+5Ca(OH) *+5 g/l Na P,0 +5 g/l Na PO

la/Ic = 5/5 A/dm? t=10 min

18

Element Symbol Atomic Conc. Weight Conc.
0 69.72 51.28
Ca 8.18 15.07
Ti 4.97 10.94
Si 7.50 9.69
P 6.74 9.60
Na 2.38 2.51
K 0.51 0.91

Source: developed by the author

It should also be noted that in a sufficient electro-
lyte, the potassium content becomes:

100
n=ig

39m

= 2.57 mol. (8)

Comparing the amount of calcium in the electro-
lyte with the amount of potassium, a value of 1.9 was
determined, which represents a larger proportion of
potassium ions. However, elemental analysis showed
that the coating contains 16 times more calcium ions
than potassium, which is explained by the higher water
solubility of KOH. In turn, Ca ions are heavier and less
soluble in water, and therefore, being in the bounda-
ry region, they are introduced into the surface, thereby
modifying it. Studies of the phasing of the PEO pro-
cess have established that the system, which does not
contain calcium hydroxide, but only consists of KOH
and liquid glass in the weight equivalent of 5 g/l each,
requires a voltage of approximately 40 V to ensure
the process of stable synthesis of the titanium alloy’s
surface oxide layer, while to ensure the synthesis of a
bio-coating in an electrolyte containing KOH, sodium
silicate (liquid glass) and Ca(OH),, respectively, 5 g/l, the
system requires an increase in the operating voltage,
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which ensures uniform growth of the oxide on the sur-
face to a value of 140V, which on 100 times more than
the coating synthesis in an electrolyte with a lower
concentration.

Thus, this fact indicates that the system needs a
larger reserve of energy to ensure the state to which
the system tends according to the principle of Le Chat-
elier-Brown (Gibbs, 1878), who proved that every sys-
tem tends to balance. A slightly different effect was
obtained when analysing the content of sodium ions
in the electrolyte and in the coating synthesised in
it. According to calculations of the amount of sodium
ions in the electrolyte, the following was found: so-
dium ions are contained in liquid glass, which is so-
dium silicate Na,O(SiO,)n, sodium pyrophosphate,
and sodium polyphosphate. Therefore, n(Na) (liquid
glass)=4.35mol, n(Na) (Na,P,0,)= 1.07 mol, n(Na) (Na-
«P.0,,) = 1.45 mol. Its total amount in the working elec-
trolyte is 6.87 mol. While the coating of sodium ions
contains only 2.38 at.%. Sodium dissolves quite well in
water. However, comparing the obtained values of the
amount of such components in the electrolyte and in
the coating as potassium and sodium, it can be noted
that the potassium in the coating is 5 times less than
in the electrolyte, and the amount of sodium deposited



on the modified surface by the PEO method is almost
three times smaller.

The amount of silicon is related in the following
way. The number of silicon ions in the electrolyte is:

n= = 3.57 mol. 9)

According to the carried out elemental analysis, its
amount in the coating is 7.50 at.%. Unlike sodium and po-
tassiumions,siliconis presentin the base of the produced

1

0
168.310 counts in 136 seconds

a
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metal, which is why its abundance in the coating has in-
creased.From the obtained result, it was established that
the coating mainly contains oxides, which upon interac-
tion with the titanium matrix form TiO, in various crys-
tal modifications. The resulting titanium-based ceramics
also contain a sufficient amount of calcium and phos-
phorus, the ratio of which in the coating is Ca/P=1.21.

The results of research into the elemental compo-
sition of coatings in hydroxyapatite environments are
shown in Figure 3.

Figure 3. Elements in the coating synthesised on a titanium alloy (a);
distribution of elements on the surface of the coating synthesised (b)

Note: synthesis mode: 5 g/l KOH+5 g/l L.g.+5Ca(OH),+ 5 g/l Na ,P,0 +5 g/l Na P .0, +1 g/l HPA, la/Ic = 5/5 A/dm?, t= 10 min.

Source: developed by the author

Already from the obtained spectrogram, an increase
in the number of potassium elements. Following a
quantitative examination of the calcium and phospho-
rus contents in the hydroxyapatite working electrolyte,
it was discovered that in the salt Ca(OH),:

100 g

n(CaOH,) = 10+162+12 (;2)

= 1.3514 mol. (10)
The calcium content in the electrolyte with hy-

droxyapatite is 1.5506 mol. In the coating, its content
is 706 at.% and 12.87 wt.% (Table 2). Furthermore, by

comparing the calcium and phosphorus contents of the
coating that formed in the electrolyte with and with-
out hydroxyapatite, it was found that the phosphorus
content increased to 7.17 at.% against 6.74 at.% in the
electrolyte that has 0.2 mol more calcium due to the in-
troduction of hydroxyapatite, while the calcium content
in the coating decreased by approximately 1 at.%. At
the same time, the phosphorus content in the electro-
lyte without hydroxyapatite is 5.37 mol,and in the elec-
trolyte containing HPA is 5.97 mol. Calculations showed
that the Ca/P ratio in these coatings is 1.28.

Table 2. Quantitative content of elements in the coating synthesised in the electrolyte
59/l KOH+5 g/l 1.g.+5Ca(OH) +5 g/l Na ,P,0 +5 g/l Na PO, +1 g/l HPA, la/Ic= 5/5 A/dm?, t=10 min

Element Symbol Atomic Conc. Weight Conc.
0 68.12 49.53
Ti 5.95 12.95
Ca 7.06 12.87
P 717 10.09
Si 5.62 717
Na 4.05 423
K 1.24 221

Source: developed by the author
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Analysis of the elemental composition of coat-
ings that were synthesised in the composition elec-
trolyte 209/LKOH+20g/l1.g.+20g/L Ca(OH),+20g/l Na-
,P,0,+20g/tNa,P0, + 20g/l diatomite for 10 minutes

0 1 2
103.071 counts in 90 seconds

a

is presented in Figure 4. The presence of oxygen
ions under this regime is 61.61 at.%, while a slight
decrease in oxygen ions in the coating is observed
(Table 3).

Figure 4. Elements in the coating synthesised on a titanium alloy (a);
distribution of elements on the surface of the coating synthesised (b)
Note: synthesis mode: 20 g/l KOH+20g/! L.g.+20Ca(OH),+20 g/l Na P,0,+20g/! Na,P.0,+20g/! diatomite, la/Ic= 5/5 A/dm’ t= 10 min.

Source: developed by the author

Table 3. Quantitative composition of the coating’s components made in the electrolyte
20 g/l KOH+20 g/! L.g.+20Ca(OH),+20 g/l Na P,0,+20 g/l Na,P,0,,+20 g/l diatomite, la/Ic = 5/5 A/dm?, t= 10 min

Element Symbol Atomic Conc. Weight Conc.
O 61.61 419
Ca 13.95 23.36
Ti 7.82 15.64
Si 7.65 8.98
P 6.62 8.57
Na 2.35 2.26

Source: developed by the author

It is also worth noting that the coating synthesised
in these modes consists of almost twice as much calci-
um with an almost unchanged amount of phosphorus.
This effect confirms the fact of higher absorption of
coatings synthesised in an electrolyte with diatomite.

The biocompatibility of coatings generated in
an electrolyte of 20 g/l KOH+ 20 g/l L.g.+20Ca(OH),+
+20 g/l Na,P,0,+ 20 g/l Na,P,0,+ 20 g/l diatomite
is evaluated by analysing the ratio of Ca/P elements,
which is 1.57.

Figure 5. The coating synthesised in the electrolyte

209/l KOH+20g/1 L.g.+20g/! Ca(OH),+20g/! Na PO, +20g/! Na,P,0,+20g/! diatomite
Source: developed by the author
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This result is the most acceptable for the condi-
tions of biocompatibility.As Figure 5 illustrates, the ad-
dition of diatomite to the electrolyte causes coatings
with increased porosity and roughness to form on the
titanium alloy’s surface.

Discussion

The properties of the surface of materials have a deci-
sive influence on the working properties of the prod-
uct. L. Markashova et al. (2019) indicate the modifica-
tion of the metal surface with metal-ceramic coatings
by spraying. Studies were conducted into the structur-
al-phase state of cumulative-detonation sprayed coat-
ings. The dislocation density of these coatings is found
to be uniformly distributed in their matrix, the sub-
structures are significantly dispersed, and a nano-sized
strengthening phase is formed. V. Korzhyk et al. (2024)
determined the regularities in the interrelation be-
tween the strength and crack resistance characteristics
of functional metal-ceramic coatings on metal parts
and their structural and phase properties, taking into
consideration the structural requirements that pro-
vide the necessary combination of strength and crack
resistance properties. Is relevant to study the factors
and reasons behind how technological modes of the
processing method (PEO) affect specific product at-
tributes, specifically the material’s surface layer under
study. The authors researched the mechanism of for-
mation of hydroxyapatite coating on Grade 5 titanium
alloy under combined treatment. It is noted that this
treatment aids in the expansion of the hydroxyapatite
phase, which leads to an increase in the biocompatibil-
ity of the surface of the titanium alloy.

A. Azmat et al. (2023) believe that modification of
the titanium alloy surface can significantly affect the
process and quality of osseointegration. P. Pesode &
S. Barve (2021) note that the biological aspect of the
interaction of the vitality of the organism’s tissue with
the non-biological environment depends on the mod-
ification of its surface, for example, extending the ox-
ide film’s thickness, giving the surface of the material
roughness and texture. X. Li et al. (2018) found that
coatings obtained under potentiostatic conditions show
better wear resistance. They found that the wear rate
of such coatings is approximately 10 times lower than
that of galvanostatic coatings due to the formation of
low porosity coatings, because when the size of the mi-
crodischarges can be controlled in the potentiostatic
mode. L. Maj et al. (2024) determined the electrolyte’s
influence, electrical modes on the microstructures and
composition of the resulting layers. In their work, the
authors discussed in detail the properties of the ob-
tained coatings and gave examples of their applications.

M. Molaei et al. (2021) highlight the importance of
figuring out why specific coating qualities are impact-
ed by PEO technology modes. The authors discovered
that enhancing solutions with specific sized particles
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can help PEO coatings perform better. The addition of
ZrQ, particles to the electrolyte was found by the re-
searchers to have a good influence on mechanical and
chemical properties, including resistance to oxidation
of PEO oxide coatings formed on titanium and its al-
loys, biological processes, wear and corrosion.

G. Montes-Hernandez & F.Renard (2020) note that
integration with bone tissue can be improved and en-
hanced by the presence of bioactive materials on the
surface,which also include calcium phosphate-contain-
ing materials. The authors research identifies unique
chemical pathways to help better explain the creation
of amorphous calcium phosphate phases and their
subsequent transition into brushite or hydroxyapa-
tite nanocrystals under abiotic circumstances. These
paths have relevance in both natural settings and a
wide range of technology applications. I. Zglobicka et
al. (2019) think that diatom frustules are ideal mod-
el systems for manufacturing materials and gadgets
using biomimicry. They used nano-X-ray computed to-
mography (XCT) to non-destructively visualise the di-
atom Didymosphenia geminata’s frustule structure. The
authors’ biomimetic strategy serves as a proof of con-
cept for upcoming advancements in production scaling
based on the unique characteristics of microorganisms.
The research of M. Ghobara et al. (2024), showed that
diatom frustules are characterised by a high ability to
absorb the environment due to a highly porous struc-
ture. They determined through a combined theoretical
and experimental approach their mechanical prop-
erties, such as Young’s modulus, which was estimat-
ed at 31.8 GPa. Research results obtained by L. Li et
al. (2019) indicate the promotion of early osteogenesis
and osseointegration of porous surfaces. They point
out that this kind of structure might promote early in
vivo bone integration and strengthen the link between
implants and bone.V.Subbotina et al. (2022) research of
a synthesised coating on an aluminium alloy makes it
possible to determine the impact of adding hexameta-
phosphate to an alkaline silicate electrolyte on coating
thickness. The thickness formation rate, according to
the authors, is 0.9 uym/min when hexametaphosphate
is present and 0.7 um/min when it is not. Regarding the
phase composition, no discernible impact was found. It
was discovered that adding aluminium sodium alumi-
nate-silicate electrolytes up to 13 g/l had an impact on
the phase composition of the coating but had no dis-
cernible effect on the coating’s thickness.

Therefore, the experimental studies of the
above-mentioned authors made it possible to reason-
ably develop new bioenvironments for the synthesis of
coatings characterised by high biocompatibility.

Conclusions

It was feasible to determine from the analysis of the
content of PEO coatings synthesised in three differ-
ent electrolytes that the addition of diatomite to the
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electrolyte produces a highly developed surface and
positively affects the composition of the produced
coating. Taking into account the conditions of surface
compatibility, the Ca/P ratio was calculated in all syn-
thesised coatings. The obtained results show that the
introduction of hydroxyapatite into the composition
of the electrolyte makes it possible to increase such
a ratio from the value of 1.21, which is set for the
coating synthesised in the electrolyte without hy-
droxyapatite, to the value of 1.28. Increasing the elec-
trolyte concentration and adding diatomite instead of
hydroxyapatite leads to an increase in the Ca/P ratio
to 1.57. The broad development of coatings formed on
a titanium base by plasma-electrolytic oxidation was
established with the aid of scanning electron microsco-
py. As a result, a significant number of pores of various
sizes were discovered on the coatings final surfaces.

Therefore, in further research, it is important to deter-
mine the size of these pores and identify their presence
in the coating layer, as well as their type. The obtained
results will make it possible to predict the time of osseo-
integration of the synthesised coatings by PEO method in
vivo, and the combination of the results obtained in this
work will open the possibility of regulating a wider range
of predicted properties of biocoatings on titanium alloys.
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Mopudikauia noBepxHi TATAaHOBUX CMNaBiB CUHTE30M NOKpUTTIB MeTogom MNMEO
B NTY)KHUX eNeKTPOoiTax, HACUYEHNX fiaTOMITOM

Haranis IM6ipoBny

KaHampat TexXHIYHUX HayK, OOLEeHT

JIyubKMn HauioHanbHWUI TEXHIYHNI YHIBEPCUTET
43018, Byn. JlbBiBCbKa, 75, M. JlyLbK, YKpaiHa
https://orcid.org/0000-0001-8276-6349

AHoTauif. OoHMM i3 NepcneKTUBHMUX HaMpPSAMKIB Cy4aCHOro MaTepiaso3HaBCTBA € MOLWYK METOAIB MOKPALLEHHS
B/JIaCTMBOCTEW B6iOCYMICHOCTI MeTanis, SKi BUKOPUCTOBYHKOTLCS B iMMIAHTONOrI, WO A03BOMMUTbL 3MEHLUUTU BiACOTOK
BIATOPrHEHHS IMMNAHTATIB XXMBMM OpraHiaMoM. TOMy NepCnekTMBHUM € BUKOPUCTAHHS MeToniB 0Opobku ans
3MiHM CTaHy MOBEpXHi MeTaniB 3a paxyHOK MoBepxHeBOi Moamdikauii, 4O SKMX HANeXuTb MeTon Mia3MOoBOro
€NeKTPONiTUYHOrO OKCMAyBaHHS. OCHOBHOK MeTOK [AaHoi poboTu OGyna po3pobka TeXHOMOriYHOro npolecy
OTPUMaHHS NMOKPUTTIB 3 MiABULLEHOI BIOCYMICHICTIO MOPIBHSAHO 3 OCHOBHMM METasIoM 3a PaxyHOK BBELEHHS [0
cKnapy NOKpUTTS MPUPOLHUX KOMMOHEHTIB. HasBHICTb eneMeHTIB y 6ionoKpUTTAX Ta iX KifbKiCTb BU3HAYeHO 3a
[LOMOMOroK pacTpoBOro enekTpoHHoro Mikpockona (SEM) Ta eHeproamcnepciiHOi peHTreHiBCbKOi cnekTpocKonii
(EDS), wo no03BONMNO NPOBECTU MPULINBHWIA aHaNi3 NOBepXHi 3pa3kiB. Y pobOTi AOCNIAKEHO eNeMeHTHUI Cknag
NMOKPUTTIB, CUHTE30BAHMX HAa OCHOBI TUTAHOBOIO CMJAaBYy B NYXXHUX efekTponitax Ha ocHosi KOH, pigkoro ckna
rigpokcmay Kanbuito, nonipocdaty Hatpito Ta nipodocdaty HATPiO 3 AOAABAHHAM riAPOKCMANATUTY Ta AiaTOMITY.
BcTaHOBNEHO NpAMY 3aneXHICTb MiX CKIaLOM enekTponiTy Ta cnieeigHoweHHaM Ca/P. [loBeneHo, wo 6ionokputTs,
CMHTE30BaHi B NY>XHUX po3umHax MeTtopom [1EO, 3a/0BONbHAKOTL YMOBM BiocyMicHOCTI. BcTtaHoBneHo, wo B
cepenoBMLLi, ke MiCTUTb yru Ta pocdaTtH, CUHTE3YTbC NOKpUTTS, anga akux Ca/P = 1,21. BeeneHHsa B enekTponit
rifpoKC1anaTuTy Npn3BoAmTb A0 306inbleHHs cniseigHoweHHs Ca/P oo 3HaveHHs 1,28, a niaBULLEHHS KOHLEHTpaLii
€neKTpoNiTy Ta A0AABaHHA AiaTOMITy 30inblye Le cniBBiAHOWEHHS A0 3HavyeHHs 1,57. OpepxaHi pesynbraTy
CBigYaTh NPO MOXJIMBICTb LUIMPOKOTO Aiana3oHy peryntoBaHHs cnisgigHoweHHs Ca/P y 6ionokputrs

Knio4oBi cnoBa: efneMeHTHUIA aHani3; 6i0CyMiCHICTb; XiMiYHi BNAaCTUBOCTI; PEXMMU CUHTE3Y; CKNAL MNOKPUTTS
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