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Abstract
In present study, 4-(3-(2,3,4-trimethoxyphenyl) acryloyl) phenyl acrylate (AC-TMC) monomer was synthesized from the reac-
tion of trimethoxy-substituted hydroxy chalcone and acryloyl chloride in the presence of triethylamine. The polymerization of
AC-TMC was carried out by the free radical polymerization method at 60 °C. Monomer and polymer structures were confirmed
by FT-IR, 1H-NMR, 13C-NMR spectroscopy techniques. Polymer composites were filled successfully with Ag doped nano-
strontium apatite (Sr-Ag) and nano hexagonal boron nitride (h-BN). Characterization of polymer composites was accomplished
using FT-IR, XRD and SEM techniques. Thermal analyzes of polymer and polymer composites were performed in nitrogen
atmosphere using thermogravimetry (TGA) and differential scanning calorimetry analysis (DSC) techniques. The dielectric
properties of composites were investigated by impedance analyzer in a range of 1 kHz-1 MHz frequency at room temperature.
The results showed that with the increasing content of h-BN particles, the glass-transition temperature (Tg) of composites was
increased obviously. Moreover, the added h-BN fillers increased the thermal stability of polymer significantly. The dielectric
properties of polymer composite were enhanced by adding both Sr-Ag and h-BN fillers. The produced polymer composites can
find applications in orthopedic, dental implants and medical field as biomaterial.
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Introduction

Every year, millions of people suffer from insufficiency of the
ideal bone tissue resulting from bone trauma, injury, tumor,
aging, or bone-related diseases, also some people die of this
insufficiency [1]. Therefore, there is increasing interest in bio-
materials that provide bone formation and increase tissue for-
mation in tissue engineering, orthopedics and periodontics [2,
3]. Metallic materials such as titanium alloys, magnesium al-
loys, 316 L stainless steel and CoCrMo alloys are generally
used as implant materials. These materials generally have good
mechanical properties, but Young’ s modules are higher than

the human bone. For this reason, the implants are subjected to
higher load due to the stress shielding effect that occurs be-
tween the bone tissue surrounding and the implant surface.
This may result in more material loss in the implants and ad-
versely affects bone tissue development [4–6]. Also, nickel,
cobalt and chromium ions in these metallic implants can cause
allergies, and Cr and Co ions can bind to certain cellular pro-
teins within the body and induce oxidation and damage tissues.
Also, these ions can disrupt the biological functions of cells and
cause cell death and tissue damage. Although stainless steels
have good wear and corrosion properties in aqueous environ-
ments, chloride ions can corrode stainless steel and cause ma-
terial loss. Titanium and magnesium alloys have low wear re-
sistance. Besides, magnesium alloys are not very resistant to
corrosion. Due to the potential health risks of metallic bioma-
terials mentioned above, it is very interesting for researchers to
find new materials with good biocompatibility and no cytotox-
icity [6]. Biocompatible polymeric materials are an alternative
material to metallic and ceramic implants due to their advan-
tages such as having stress shielding effect due to their high
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modulus of elasticity, being easy to be manufactured, having
high shaping ability, being produced in desired sizes and
shapes, do not leaving unwanted foreign elements in the body,
can controlling their mechanical properties and degradation
characteristics [7–9]. Apatites are promising materials that al-
low the production of special materials with unique properties.
This is because it has a matrix with various chemical modifi-
cations. The general formula of the apatites is X10(YO4)6Z2. In
this formula, X (Ca2+, Pb2+ Sr2+, Ba2+, etc.) is a bivalent metal
cation, YO4 (YO4

3−, AsO4
3−) and Z (OH−, Cl− I−, Br−, F− etc.)

are a trivalent and monovalent anion, respectively. Apatites
have interesting physicochemical properties such as high sta-
bility, flexibility, stiffness and low solubility. In addition, it
allows many cationic anionic substitutions to be made without
any change in structure. For these reasons, apatites can be used
in many applications such as materials for nuclear wastes utili-
zation, sorbents, molecular magnets, biomaterials, luminescent
materials, anticorrosive agents and catalysts [10–12].

Among the apatites, calcium orthophosphates are the
most commonly used biomaterials due to their high bio-
activity and biocompatibility. Among the calcium ortho-
phosphates, synthetic apatite, which is frequently used es-
pecially in dental and orthopedic fields, is hydroxyapatite
(HA) with the formula Ca10(PO4)6OH2 [11–13]. This is
because their chemical and structural properties are similar
to bone and teeth. In addition, it has important features
such as the ability to improve cellular functions,
osteoconductive and osteoinductive potentials and biocom-
patibility [14, 15]. Strontium is an element with similar
properties as calcium and has properties such as biocom-
patibility, stability and non-radioactive, and almost all of
the strontium in the total human body is found in the
human skeleton. Strontium has the ability to reduce bone
loss, strengthen bone, improve the growth of osteocytes
and prevent the absorption of osteoclasts, as well as the
ability to play an important role on bone tissue by spread-
ing to bone remodeling areas [16, 17]. Numerous re-
searches have been conducted on the synthesis of hy-
droxyapatite and strontium doped hydroxyapatites and

their properties such as biocompatibility, dielectric and an-
tibacterial properties. However, researches on pure and
doped strontium apatites are limited and have become in-
teresting in recent years by researchers [17–24]. The bio-
compatibility, antibacterial, optical and dielectric properties
of apatites can be changed by dopants such as Ag, Eu, Er,
Zn, Ce, C, W, Li and Y ions [25–29]. Due to its superior
antibacterial properties, biocompatibility, non-toxicity at
low concentrations and low volatility, silver (Ag) is an
important dopant for apatites to be used as biomaterials
[30]. Nanomaterials are used in biomedical applications
such as implants, prostheses, disease treatments, imaging
and diagnosis. Since apatites in the human body are found
in nano-size, nano-sized apatites are one of the best bio-
active and biocompatible materials for hard tissue repair
and regeneration. The nanoscale facilitates the effective
interaction of biomolecules, shows significant affinity for
bone and enamel, and improves specificity and sensitivity.
In addition, it provides high surface area and is more
biocompatible since it is resorption more homogeneously
by osteoclates [31–34]. Nano sized apatites can be pro-
duced with different methods such as sol-gel, hydrother-
mal, wet chemical, solid state reaction, sonochemical,

Scheme 1 Synthesis of AC-TMC
monomer
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Fig. 1 FT-IR spectrum of AC-TMC monomer

194    Page 2 of 13 J Polym Res (2020) 27: 194



hydrolysis, emulsion, mechanochemical, combustion and
pyrolysis [12, 17, 32, 35]. The hydrothermal process has
advantages such as high crystallinity, speed, quality and
the ability to change crystal phases, particle size and mor-
phology by changing process parameters (such as pH,
temperature, pressure and time) [14, 36].

The chalcone compounds, which are natural and syn-
thetic compounds and members of flavonoid family. Such
compounds having a ketovinyl group have been among
the natural compounds that have gained importance in
recent years due to their various biological activities
[37]. Some chalcone compounds were determined to have

showed a powerful cytotoxic activities [38]. Chalcones
molecules have shown intense pharmaceutical activity, in-
cluding antinociceptive, antimicrobial, antifungals and
anti-inflammatory effects [39, 40].

Studies have reported synthetic chalcones exhibiting prom-
ising properties in the inhibition of inflammatory enzymes and
have also shown inhibitory action on the activation of mast
cells, neutrophils and macrophages, important mediators of
inflammation, inter-fering in the formation of bone tissue [41].

Hexagonal boron nitride (h-BN) has become an attractive
material in many engineering applications in recent years
because of its superior thermal properties, good mechanical

Fig. 2 a) 1H-NMR and b) 13C-
NMR spectra of AC-TMC
monomer
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properties, lubricity, low electrical conductivity, high corro-
sion resistance, chemical stability and good biocompatibility
[6, 42, 43]. Since bone is a dielectric material, it is very
important to determine the dielectric properties in order to
increase the biocompatibility of implants in biomaterial ap-
plications. Determination of dielectric properties plays an
important role in the development of biomaterials for bone
tissue engineering since it is desirable that the dielectric
properties of the implants are similar to those of human
tissues and bone marrow [28, 44, 45].

In this work, we prepared the new acrylate polymer and its
composite using Sr-Ag and different concentration of h-BN
nanoparticles. The morphological and structural characterization
of polymer composites were investigated by FT-IR, SEM and
XRD. The effect of concentration of Sr-Ag and h-BN nanopar-
ticles on the the glass transition temperature and thermal stability
of the polymer matrix was examined by TGA and DSC. In
addition, the dielectric and electrical properties of polymer com-
posites were examined by an impedance analyzer.

Experimental and materials

Synthesis of trimethoxy-substituted hydroxy
chalcone (TMC)

The trimethoxy-substituted hydroxy chalcone compound was
synthesized according to the ClaisenSchmidt condensation
procedure [46].

Synthesis and characterization of 4-(3-(2,3,4-
trimethoxyphenyl) acryloyl phenyl acrylate)
monomer (AC-TMC)

AC-TMC monomer was prepared according to the procedure
in the previous literature research [47]. Fort this purpose 1 g

(3.18 mmol) TMC and 0.34 g (3.50 mmol) triethylamine were
dissolved in THF and placed in the reaction flask and cooled
to 0–5 °C with an ice bath. Then, 0.31 g of acryloyl chloride
was diluted with THF and added dropwise in the reaction for
30 min. The salt formed in the reaction was filtered. The
solvent was removed and taken up in the dichloromethane
phase and washed three times with 5% NaOH solution.
MgSO4 was added to the organic phase, which was allowed
to stand overnight, then filtered and all solvent removed. The
product was obtained as a yellow viscous liquid. Synthesis
reaction of AC-TMC is shown in Scheme 1. The infrared
(FT-IR) spectra of monomer was performed in the range of
4000–400 cm−1 on a Perkin-Elmer SpectrumOne FT-IR spec-
troscopy. The NMR spectra were measured by AVANCE III
400 MHz Bruker NMR spectrometer. Around 20 mg sample
was dissolved in 500 μL deuterium solvents (d-choloroform)
for NMR analysis. The FT-IR spectrum and 1H - 13C NMR
spectra of AC-TMC are shown in Figs. 1 and 2, respectively.
The important signals for structure of monomer are summa-
rized following as:

FT-IR (NaCl window) υmax (cm −1): 3066 (C=C-H
stretching on aromatic ring), 1742 (ester C=O stretching on
acrylate group), 1660 (ketone C=O stretching in chalcone
group), 1632 (C=C stretching in vinyl group).

1H-NMR (CDCI3, δppm): 3.91–3.97 (12H –OCH3 pro-
tons), 6.07 and 6.65 (cis and trans proton respectively on vinyl
group), 6.35 (-CH proton on vinyl group), 6.76 and 8.11(cis
and trans proton on chalcone group), 7.30–8.03 (aromatic
protons).

13C-NMR (CDCI3, δppm): 56.12,60.97,61.47 (metoxy car-
bons), 189.67 (ketone carbon on chalgone group), 164.08 (es-
ter carbonyl carbon on acrylate group).

Polymerization of AC-TMC monomer

The homopolymerization of AC-TMC was performed at
60 °C in the presence of tetrahydrofuran using dicumyl per-
oxide (DCP) as initiator. 1 g monomer, 0.01 g DCP and THF
were mixed in a polymerization tube. The polymer tube was
placed in an Oil bath at 60 °C. After 24 h, the polymerization
mixture was cooled to room temperature. The synthesized
homopolymer was precipitated in ethyl alcohol and polymer
was filtered. The yellow color homopolymer was dried under
vacuum at 40 °C. The FT-IR spectrum and 1H - 13C NMR
spectra of P(AC-TMC) are shown in Figs. 3 and 4, respective-
ly. The important signals for structure of polymer are summa-
rized following as:

FT-IR (NaCl window) υmax (cm −1): 3062 (C=C-H
stretching on aromatic ring), 1755 (ester C=O stretching on
acrylate group), 1662 (ketone C=O stretching in chalcone
group).

1H-NMR (CDCI3, δppm): 0.81–2.35 (3H-main chain pro-
tons), 3.91 (12H –OCH3 protons), 6.07 and 6.65 (cis and trans
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Fig. 3 FT-IR spectrum of P(AC-TMC)
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proton respectively on vinyl group), 6.03–8.26 (aromatic and
olefinic protons on chalcone group).

13C-NMR (CDCI3, δppm): 56.10,60.93,61.47 (metoxy car-
bons), 189.25 (ketone carbon on chalgone group), 172.98 (es-
ter carbonyl carbon on acrylate group), 31.02 and 41.12 (-CH2

and –CH carbons on the main chain, respectively). Scheme 2.

Synthesis and characterization of Ag doped nano-
strontium apatite

The production and characterization of nano-strontium apatite
used in this study was previously presented by a researcher in
our team at different doping rates and this nano powder was

Fig. 4 a) 1H-NMR and b) 13C-
NMR spectra of P(AC-TMC)
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chosen for use in this study since it is closest to the stoichio-
metric ratio of apatite. The production and characterization of
silver-doped nano strontium apatite used in the present study
are described in detail below [48].

A total of 0.1 M Acros organics brand Sr(NO3)2 and
Sigma-Aldrich brand AgNO3 were dissolved in 30 ml of dis-
tilled water with a [Ag] / [Sr + Ag] molar ratio of 11% and was
stirred with magnetic stirrer at room temperature for 30 min.
Fluka analytical brand 0.06 M H9N2O4P was dissolved in a
separate beaker which contains 30 ml of distilled water and
stirred same procedure. The mixture containing H9N2O4P P
was dropwise slowly into the first mixture while stirring con-
tinuously and was stirred together with magnetic stirrer at
room temperature for 30 min. Using ammonia solution, pH
was adjusted to 10 and the final solution was stirred at room
temperature for 10 min and then ultrasonicated for 30 min.

The final solution was dropwise to hydrothermal autoclave
and then put in to hydrothermal reactor. Hydrothermally treat-
ment was done in Fytronix Electronic Company brand PID
controlled hydrothermal device at 180 °C for 12 h. The aque-
ous mixture was filtered and produced precipitates were
washed with distilled water a few times and dried at 60 °C
for 5 h. Finally, the synthesized nano-strontium apatite parti-
cles were ground in a mortar and named Sr-Ag. The phase
analysis of synthesized nanoparticles was done by Rigaku D/
Max 2200 diffractometer at CuKα (λ = 1.5406 Å) radiation,
the scan range from 2θ = 2 to 80°, scan rate of 6°/min. Under
25 mA and 35 kV current. The chemical compositions and
morphologies of synthesized nanoparticles were determined
by energy-dispersive X-ray spectroscopy (EDS) and Zeiss
Sigma 300 field brand Emission scanning electron micro-
scope (FE-SEM), respectively. When the XRD graph of the

Scheme 2 Polymerization of
AC-TMC

Fig. 5 XRD analysis result of Sr-Ag nano particles Fig. 6 FE-SEM images of Sr-Ag nano particles (75.00 KX)
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synthesized silver doped nano strontium apatite is examined,
it is seen that it is in good agreement with current literature
studies and is well match with JCPDS card no.33–1348
(Fig. 5). As it seen in Fig. 6, the synthesized particle sizes
were in nanoscale range and in nano rod like form.
According to the EDS analysis results the (Sr + Ag)/P atomic
ratios of Ag doped nano strontium apatite particles are 1.66
and very close to stoichiometric ratio of apatite (1.67).

Preparation of polymer/Sr-Ag/BN composites

To prepare P(AC-TMC)/Sr-Ag/BN composites, 10% by mass
from the Sr-Ag nanoparticles and increasing amounts (2%, 4%,
8%, 10%) from the h-BN nanoparticles were used. The required
amount of P (AC-TMC) and nanoparticles in the determined
proportions were dispersed in an excess of tetrahydrofuran with
an ultrasonic homogenizer for 4 h. Then all of the solvent was
removed and dried under vacuum at 40 °C for 24 h.

Fig. 7 FT-IR spectra of P(AC-
TMC)/Sr-Ag/BN composites
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Results and discussion

Characterization of P(AC-TMC)/Sr-Ag/BN composites

The FT-IR spectra of Sr-Ag, h-BN nanoparticles and compos-
ites with different h-BN amounts are seen in Fig. 7. The peaks
observed at about 1368 cm−1 and 819 cm−1 in pure h-BN are
the characteristic peaks of h-BN [49–51]. These types of
peaks also observed in composites at about 1371 cm−1 and
815 cm−1. The broad band observed at about 3445 cm−1 in Sr-
Ag and at about 3468 cm−1 in composites are ascribed to H2O

molecules in the apatite particles [52, 53]. The band at about
1600 cm−1 in Sr-Ag and composites correspond to H2O mol-
ecules in the apatite particles [52, 53]. The band observed at
about 1438 cm−1 in Sr-Ag and composites is ascribed to CO3

2

− [24, 54]. The small peak at about 878 cm−1 in Sr-Ag and
composites is ascribed to HPO4

2− phase [24, 55]. The small
absorption band at about 623 cm−1 in Sr-Ag and composites is
ascribed to OH− ions [24, 52, 56]. The peaks observed from
about 1010 cm−1 to about 1078 cm−1 in Sr-Ag and composites
are ascribed to 3 stretching vibration of PO4

3− [17, 52, 53].
The band at 947 cm−1 in Sr-Ag and composites are ascribed to

Fig. 9 FE-SEM images of a) h-BN (10.00 KX), b) polymer (10.00 KX), c) P(AC-TMC)/Sr Ag/BN 2% (10.00 KX), d) P(AC-TMC)/Sr- Ag/BN 4%
(10.00 KX), e) P(AC-TMC)/Sr-Ag/BN 8% (10.00 KX) and f) P(AC-TMC)/Sr-Ag/BN 10% composites (10.00 KX)
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1 bending vibration of PO4
3 – [17, 52]. The band observed

from about 555 to about 592 cm−1 in Sr-Ag and from about
555 to about 595 cm−1 in composite are the characteristic of
the 4 bending vibration of phosphate (PO4

3−) [52, 53, 55, 56].

Fig. 10 The TGA curves of
P(AC-TMC)/Sr-Ag/BN
composites

Table 1 The thermal properties
of P(AC-TMC)/Sr-Ag/BN
composites

Sample Tg (°C) Tinitial (°C) T%50 (°C) Residue (%)

P(AC-TMC) 98 285 530 12

P(AC-TMC)/Sr-Ag/BN 2% composites 104 312 550 20

P(AC-TMC)/Sr-Ag/BN 4% composites 110 325 572 24

P(AC-TMC)/Sr-Ag/BN 8%composites 118 338 586 27

P(AC-TMC)/Sr-Ag/BN 10%composites 124 350 612 31

Fig. 11 The DSC curves of
P(AC-TMC)/Sr-Ag/BN
composites
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The XRD patterns of synthesized polymer and P(AC-
TMC)/Sr-Ag/BN composites are seen in Fig. 8. XRD analysis
results support FT-IR results and characteristic h-BN peaks
observed at about 2θ = 27° (002) and 42° (100). These results
also in good agreement with previous literature researches [51,
57]. Again, the intensity of h-BN peaks increased with the

increase in the reinforcement rate. This indicates that the in-
crease of the crystalline of polymer composites and the com-
posites were successfully reinforced with h-BN [58]. Also
characteristic strontium apatite peaks clearly seen in XRD
patterns, which corresponding to (210), (211), (300), (222),
(321) and (402) planes. According to the FT-IR and XRD
results, it was seen that Sr-Ag and h-BN were successfully
reinforced to the polymers. FE-SEM images of produced
polymer and composite particles are shown in Fig. 9. Sr-Ag
and h-BN nano particles are successfully combined with poly-
mer. In this case, it proves that the filling was carried out
successfully. Again, it is seen that fibrous structures are
formed in filled polymer composite samples.

Thermal properties of P(AC-TMC)/Sr-Ag/BN
composites

Thermal analyzes of polymer and polymer composites were
performed in nitrogen atmosphere using TGA and DSC tech-
niques. Shimadzu TGA-50 and DSC-50 models were used for
TGA and DSC analyses, respectively. TGA analyses were
recorded at a heating rate of 10 °C/min from room temperature
to 700 °C, while DSC analyzes were recorded at a heating rate
of 20 °C/min from room temperature to 200 °C.

It shows significant effects on the thermal properties of
composite materials prepared by adding inorganic fillers to
polymers. TGA curves of P(AC-TMC)/Sr-Ag/BN composites
are given in Fig. 10. The decomposition temperatures varied
from 285 °C to 350 °C. It has been reported that the decom-
position temperatures of natural mammoth and elephant bones
are around 302 and 307 °C. The residue of the mammoth and
elephant bones at 700 °C are 58% and 62%, respectively [59].
The TGA thermograms of P(AC-TMC) and composites clear-
ly indicate that the decomposition temperature increases with
adding Sr-Ag/BN. This may be due to better interaction and
interface compatibility between P(AC-TMC) and Sr-Ag/BN
fillers [60]. The results were summarized in Table 1. Also, the
thermal degradation curves of pure polymer and composites are
quite similar. This similarity shows that fillers do not significantly
change the thermal degradation mechanism of the polymer.

Glass transition temperatures (Tg) of the homopolymer and
composites were examined by DSC in the temperature range
of 0–200 °C. The Tg of the polymer, which reflects the ability
of movement of the chain or side groups. The glass transition
temperatures of composites consisting of polymer and inor-
ganic particles may increase or decrease depending on various
interactions between them [61].

The h-BN additive have a significant effect on the glass
transition temperature of P(AC-TMC). The glass transition
temperature of pure P(AC-TMC) was measured as 98 °C.
As shown in Fig. 11, the glass transition temperature increases
from 104 °C to 124 °C due to the increase in the amount of h-
BN in the composites. The h-BN additive has been found to be
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P(AC-TMC)/Sr-Ag/BN composites
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significant effect on the glass transition temperature of P (AC-
TMC). The segmental mobility was significantly reduced with
the addition of h-BN, and this behavior means an increase in
Tg [62]. The increase in the glass transition temperature of the
P (AC-TMC)/ Sr-Ag/BN composites was also interpreted as a
result of effective connections between the polymeric chains
and the Sr-Ag/BN surface [63].

Dielectric properties of P(AC-TMC)/Sr-Ag/BN
composites

For dielectric characterization of polymer composites, sam-
ples were formed into pellets under 5 bar pressure. The
dielectric properties polymer and composites were measured
in the frequency range 100 Hz-20 kHz at room temperature
by HIOKI IM3536 LCR meter. The dielectric properties of
P(AC-TMC)/Sr-Ag/BN composites were measured in the
frequency range 1 kHz-1 MHz at room temperature and
shown in Fig. 12 comparatively. Dielectric properties play
an important role in identifying electronic materials. Low
dielectric constant and dielectric loss values in electronic
materials shorten the signal transmission time and reduce
heating [64]. It can be clearly seen from Fig. 12a that the
dielectric constants of the P(AC-TMC)/Sr-Ag/BN composite
series decrease slightly with increasing the frequency and
gradually increase with increasing the percentage of Sr-Ag/
BN fillers. It has been reported that the dielectric constant
of natural bones determined using the LCR meter is around
8 [65]. The dielectric constant of P(AC-TMC) and P(AC-
TMC)/Sr-Ag/BN 10%composites increased from 6.68 to
32.26, respectively. The results were summarized in
Table 2. The first reason for the increase in the dielectric
constant is thought to be the interaction between Sr-Ag/BN
particles and the polymer matrix, and the second reason is
the increase in the density of chemical groups on the sur-
face depending on the percentage of h-BN fillers in the
composite. These situations increase the interface polariza-
tion and thus the dielectric constant [51]. Dielectric losses
of polymer composites decrease with increasing frequency
Fig. 12b. The similar behavior was reported in previous
research on polymer composites [66]. The decrease in the
dielectric loss value with increasing frequency may result
from a leakage current produced by applying a considerable

voltage to the surface of the composite [58]. The frequency
dependence of AC conductivity of P(AC-TMC)/Sr-Ag/BN
composite series at room temperature is shown in Fig. 12c.
AC Conductivity increases with increasing frequency. Due
to the effect of the applied electric field, charge accumula-
tion occurs in the composite material [67]. This event in-
creases polarization [68].

Conclusions

Ag doped nano-strontium apatite and nano hexagonal boron
nitride particles were filled new acrylate polymer well.
Produced composites absorption bands are appointed to hex-
agonal boron nitride, carbonate group, vibrations due to the
phosphate group absorbed water of apatite and structural OH
group. The diffraction peak intensities of hexagonal boron
nitride increased with increasing reinforcement ratio. The re-
sults showed that with the increasing content of Sr-Ag and h-
BN particles, the glass-transition temperature (Tg) of compos-
ites was increased obviously. Moreover, the added h-BN
fillers increased the thermal stability of polymer significantly.
The dielectric properties of polymer composite were enhanced
by adding both Sr-Ag and h-BN fillers. The reason of increas-
ing in the dielectric constant is thought to be the interaction
between Sr-Ag/BN particles and the polymer matrix, and the
density of chemical groups on the surface depending on the
percentage of h-BN fillers in the composite. Such polymer
composites can be used in the manufacture of implants and
biomaterials.
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