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Phase transformations during the doping of zinc chloride and
silver nitrate into calcium phosphates

This article shows the results of a study on a biocomposite material based on calcium phosphate doped with
ZnCl and AgNOs;. Calcium phosphates are mainly used in dentistry and orthopedics due to their excellent bi-
ocompatibility, osteoconductive properties and similarity to the inorganic components of human bone. The
main objective of the study is to investigate the morphology, elemental and phase composition, and physico-
chemical properties of the obtained material. The test material is obtained in the form of a suspension and
subjected to ultrasonic treatment. The microstructure and phase composition of the obtained biocomposites
are studied by SEM, XRD, FTIR methods. It is possible to obtain dicalcium phosphate dihydrate (DCPD) by
the presented methods, and the results demonstrate a partial replacement of calcium atoms by zinc atoms. X-
ray phase analysis shows that Ca(HPO,) (H,0), phases as well as CaZn, (PO,),(H,0), and AgClI phases were
formed during the reaction. Fourier transform infrared spectroscopy revealed that the obtained samples con-
tain the groups HPO,? and PO,3, with the group PO,? replacing the group CO4% The biocomposite materials
could be of great interest in the biomedical field, including the development of coatings that prevent or delay
the development of bacterial biofilm.

Keywords: biocomposite material, calcium phosphates, morphology, Ag-doped, hydroxyapatite, bioactivity,
biocompatibility, osteoconductive.

Introduction

Currently, biomaterials are an area of great interest in medicine, especially new biomaterials with
osteoinductive properties and a bactericidal effect [1]. The fact is that during surgery, there is a risk of bacte-
rial infection. In the event of septic inflammation of the tissues that come into contact with the implant, bac-
teria can adhere to the surface of the implant and form a biofilm [2]. This leads to the development of “im-
plant-associated infections”, which are one of the main complications of orthopedic surgery. Such infections
must be treated with systemic antibiotics, which are not always effective because there is another problem -
antibiotic resistance of microorganisms [3]. One of the ways to solve these problems is to create materials
that have antibacterial properties in addition to biocompatibility.

Silver nanoparticles are effective in treating wounds and ulcers. Currently, antimicrobials containing
silver nanoparticles are widely used [4]. It has been shown that AgNO; demonstrates significant antibacterial
activity against various types of bacteria, both Gram-positive and Gram-negative: Salmonella, Staphylococ-
cus, and Pseudomonas, etc. [5]. In the works of the authors Qiuju Zhou et al. it has been reported that
AgNO;-doped nanocomposite microparticles showed good cytocompatibility and effective antibacterial
activity against Gram-negative E. coli and Gram-positive S. aureus [6]. Zinc ions also show an antibacterial
effect. In addition, trace elements of zinc are present in human bone tissue and stimulate the process of
osteoinduction and play an important role in the human immune system [7].

The use of biocomposite materials with antimicrobial activity based on calcium phosphates in medicine
is promising because human bone tissue is a natural nanocomposite material [8, 9], in which hydroxyapatite
nanoparticles (HA) are embedded in collagen fibrils and contain microelements, such as Si, Fe, Zn, Cu, I,
Ag, etc., which affect bone tissue, its formation and properties. As an inorganic bone component, HA
nanoparticles have excellent biocompatibility, osteoconductivity, and are widely used as a basis for bone
tissue engineering, as well as a material for coating implants [10,11].

Calcium phosphates was mainly used in dentistry and orthopedics as dental fillers, coatings for titanium
dental implants, as bone substitutes, and for bone reconstruction and regeneration, due to their excellent bio-
compatibility, osteoconductive properties, and similarity to the inorganic constituents of human bone [12—
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16]. This work is devoted to the synthesis and comprehensive study of a biocomposite material based on cal-
cium phosphate doped with ZnCl and AgNOs.

Experimental

The suspension based on calcium phosphate was obtained by dissolving CaCl, 2H,0: Na,HPO, 12H,0
in distilled water in the ratio of 1:2. The solution was mixed in a ball mill for 60 min. ZnCl, AgNO; were
added to the resulting suspension in different ratios (Table 1). The resulting solution was subjected to ultra-
sonic treatment for about 40 minutes. The solution was mixed again in a ball mill for 40 minutes. Then the
solid fractions were separated by centrifugation and dried at room temperature. The resulting composite ma-
terial was analyzed using analytical equipment.

XRD analysis. The crystallographic structure investigation was performed by the PANalytical
X'PertPro diffractometer. The detector diffraction aperture is 100 um, anode material - Cu/K-Alpha
1,54060A.

FTIR analysis. The functional groups study was carried out by PerkinEImer Spectrum BX Fourier
transform infrared spectrometer. Spectra were recorded over the range 4000-400 cm-1 at 1 cm-1 resolution.

SEM analysis. Surface morphology was performed on the JSM-6390LV microscope with the INCA
Energy Penta FET X3 energy dispersive microanalysis system at 20 KV acceleration voltage. The chemical
elements distribution analysis was performed in the selected area.

Table 1
Concentrations of ZnCl, AgNO;
Samples AgNO; ZnCl
1 1,5% 3,5%
2 2,5% 2,5%
3 3,5% 1,5%

Results and Discussion

According to the results of X-ray phase analysis (Fig. 1), all samples were found to contain dicalcium
phosphate dihydrate (DCPD) (Brushite) Ca(HPO,) (H,0), phases, as well as CazZn, (PO,4),(H,0), and AgCI
phases. ICSD databases were used in the analysis of the obtained data. The main phase is Ca(HPO,)(H,0),,
which crystallizes in a monoclinic unit cell, and the results show that there is a partial replacement of calci-
um atoms by zinc atoms, and AgCl synthesis also occurred in the reaction. From a comparison of the diffrac-
tion patterns (Fig.1) of the obtained samples, a change in the shape of the diffraction lines with an increase in
the zinc concentration is visible. This is probably due to deformation in the crystal lattice and a decrease in
the size of nanocrystals of zinc-substituted samples.
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Figure 1. X-ray diffraction patterns of the obtained samples.
* Ca(HPO,) (H,0), (ICSD codel6738), ® Cazn, (PO,),(H,0), (ICSD code 040146), A AgCI (ICSD code 64734).

The surface morphology of the samples was studied (Fig. 2) using a scanning electron microscope
(SEM) with INCA analysis. Analysis results illustrate that the samples have similar surface morphology.
This indicates that for the samples, the introduction of zinc atoms into the crystal lattice of dicalcium phos-
phate dihydrate does not change the materials morphology. Images show that these samples have calcium
phosphate agglomerates and calcite grains. According to the INCA analysis data (Fig. 2d), we can conclude
that white inclusions belong to the AgCl crystals. Our supposition is also proved by XRD analysis data,
where the peaks of AgCI (ICSD code 64734) are clearly shown. However, it is difficult to identify certainly
because INCA and XRD integrate signals from the material.

Figure 2. SEM image of samples (a — sample 1; b — sample 2; ¢ — sample 3, d — EDX analysis of the sample 1)

Table 2
Elemental composition of the obtained samples, all results in weight %
Samples O Na Ag Zn Cl Ca P Ca/P
Sample 1 | 58.7+1.38 0 9.3+4.5 8.39+3.4 2.6+0.2 11.18+2.5 9.02+1.6 1.23
Sample 2 55+1.6 1.25 5.58+2.8 5.94+3 2.3+0.13 16+1.07 13.8+0.68 1.16
Sample 3 60+2.1 1.28+0.11 | 8.44+1.6 | 1.35+0.22 | 2.2+0.09 | 14.076+0.46 | 11.65+0.46 12

From the results of INCA analysis (Table 2), the average Ca/P ratio in Sample 1, Sample 2, and Sample
3is1.23, 1.16, and 1.2, respectively. It can be seen that with an increase in Zn concentration, Ca concentra-
tion decreases, which could indicate a partial replacement of calcium atoms by zinc atoms, which is con-
firmed by X-ray diffraction analysis.
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Figure 3. FTIR spectra of the synthesized samples (a — sample 1; b — sample 2; ¢ — sample 3)

In the IR spectra (Fig. 3) of the investigated samples, high-intensity groups of modes in the range of
987.8 and 1061.5 cm™ were observed, which belong to the PO,*- complex. The vibrational modes at 1038.3
cm should be attributed to the asymmetric stretching mode (v3) of the P—O bond and bending vibrations of
the PO,® groups. In addition, vibrational modes in the range of 792, 873 and 1212 cm™ can be observed in all
samples belonging to the HPO,* group. The vibrational modes in the range of 653 and 3485 cm™ can be at-
tributed to the group OH. Low-intensity vibrational modes at 1508 and 1648 cm-1 show that the PO,* group
is replaced by the CO3* group, which is due to the absorption of CO, from the atmosphere during synthesis
[17]. In spite of doping with Ag and Zn ions, the relative intensity of CO, modes on all samples remained
almost constant. When comparing the spectra, the samples doped with Ag and Zn ions show a gradual slight
broadening and shift of the absorption bands due to an increase in foreign ions.

Conclusions

The results of X-ray diffraction contributed to the following conclusions: It is possible to obtain
dicalcium phosphate dihydrate (DCPD) by the method presented in this work; There is a partial replacement
of calcium atoms by zinc atoms; All samples of dicalcium phosphate dihydrate (DCPD) (brushite) contain
Ca(HPO,) (H,0), phases as well as Cazn, (PO,),(H,0), and AgCl phases.

The SEM study outlined that the specimens have similar morphology. Calcium phosphate agglomerates
are observed on the surface, as well as crystalline AgCI inclusions 1-2 um in size. The INCA analysis
demonstrated that with an increase in Zn concentration, Ca concentration decreases, indirectly confirming
the partial replacement of calcium atoms by zinc atoms.
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According to IR spectroscopy, the obtained samples contain the HPO,? and PO,* groups, with the PO,

group replaced by the CO4? group. The results of a comprehensive study provide information for a better un-
derstanding of the processes that occur during the synthesis of biocomposite materials.
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A.H. Carunyrymap, A. Typasioexyisl, 1. Joragkun, A.Jl. Ilorpe6Hsk,
H. Kanraii, A. CagubexoB

MbIpbIi XJIOPUII MEH KYMiC HUTPATHIH KAJbIHH
docharrapbina Kocy ke3iHjaeri ¢ga3ajbik e3repicrep

Maxkanana ZnCl xone AgNO; KocblUIFaH Kajibluid (ocharel HeriziHaeri OMOKOMIIO3UTTIK MaTepHaIbIHBIH
3epTTey HOTIDKeNepi KepcerinreH. bBuoyiineciMuiniri MEH OCTEOKOHIYKTHBTI KacHETTepi J>KoHE amaMm
cyiekTepiHiH OefopraHMKaIbIK KOMIOHEHTTEpiHEe YKCACTBIFBIHAH KalbIMi (ocdaT Herizinmeri Gnokommo-
3UTTHl MaTepuaiap, CTOMATOJIOTUsI MEH OpTONenusaa KeHIiHEH KOJJaHbUIAAbL AJBIHFAaH OMOKOMIIO3UTTIH
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MHKPOKYPBUIbIMBI MeH (azanbik Kypambel COM, POA, UK-Dypbe omicrepimen 3eprrenai. JaibiHaanran
CBIHAK MaTepHajibl CYCIIEH3Us PETiHIE AJBIHABI JKOHE YIbTPaABbIOBICTHIK OHICYACH OTTi. 3epTTeyAiH Heri3ri
MaKCaThl aJIbIHFaH MaTepUaJIbIH MOP(OIOTHACHIH, 3JIEMEHTTIK jkoHE (ha3asiblK KypaMblH, COHAal-aK Gu3nka-
XUMISUIBIK KaCHETTEepiH 3epTTey. AJBIHFAH HOTIDKeIepre Colkec, YCHIHBIIFAH 9Jic OOWBIHIIA AUTHAPAT IH-
kansruiipocharer (JIKD/]) amyra GomaTeIHIBIFEL, COHBIMEH KaTap HOTIDKeIep Kb aTOMIapbIHEIH MBI-
PBII aTOMIAapbIMEH iIIiHapa aJMacTHIPBIIATHIHIBIFE KepceTireH. PeHTreHdasamblk Tanmay HOTHXKeNepi
6oiipraina peakius Oappiceinga Ca(HPO,) (H,0), dasanapsl, conpaii-ak CaZn, (PO4)2(H,0), xone AgCl
dasanaps! naiina GomFamsr anbikTanas. MK criektpockonus oxiciMen ameran yirinepae HPO, sxone PO,
TONTApBI Gap eKEHIIri AHBIKTAIFaH, COHBIMEH Katap PO42 10651 CO5” TOOBIMEH aIMaCKAHBIH GaiikayFa 6o-
nagpl. BHOKOMMO3UTTIK MaTepuangap OMOMEIWIMHA CalachlHAA YJKEH KbI3BIFYIIBUIBIK TYABIPYBI MYMKIH,
COHBIH ilIiHAEe OAKTEpUSIIBIK OMOIUICHKAHBIH JaMybIH OOJIBIPMAaiTHIH HeMece OasynaTaThlH >KaObIHOApAbl
aziprey.

Kinm ce30ep: GMOKOMIIO3HUTTI MaTepuai, Kanblui (ocdarsl, MOPGOIOrHs, THAPOKCHAIIATUT, JIETUPIICHIeH
Ag, OMONOTHSIIBIK OENICCHIUTIK, OMOCOMKECTIK, OCTEOKOHTYKTUBTLITIK.

A.H. Carunyrymap, A. TypasiGexyisl, [. Jloragkun, A.Jl. Ilorpe6Hsk,
H. Kanraii, A. CagqubexoB

da3oBble NpeBPALICHUs NIPH JONNHPOBAHNH XJIOPHAA HMHKA
U HUTpaTa cepedpa B ¢pocharbl KaJIbLUA

B cratbe moka3aHbl pe3yIbTaThl HCCIEIOBAHHIS OMOKOMIIO3UTHOTO MaTepuaia Ha OCHOBE (ocdaTa KambIus,
nonmupoBanHoro ZnCl u AgNOs;. @ocdars! Kaablys HAXOIAT MIMPOKOE IIPUMEHEHHE, 0COOEHHO B CTOMATO-
JIOTUH U OPTOIIENINH, M3-32 MX IIPEBOCXOJHON OMOCOBMECTHMOCTH, OCTCOKOHIYKTHBHBIX CBOMCTB M CXOJICTBA
C HEOpPraHMYECKUM KOMIIOHEHTOM KOCTed denoBeka. MUKpPOCTPYKTYpY M (ha30BBIii cOCTaB MOITYyYEHHBIX OHO-
KOMITO3UTOB HccienoBaimu Meronamu COM, POA, UK-Dypee. Mccnenyemplii MaTepral ObLT TOTYYCH B BUIC
CYCIIEH3MH W TOABEPTHYT YIBTPa3BYKOBOW 00paboTke. OCHOBHOH IETbI0 MCCIIENOBAaHHS OBUIO M3YyUeHHE
MOP(}OJIOTHH, 3TTEMEHTHOTO U ()a30BOT0O COCTaBa, a TAKXKe (HU3NKO-XHUMHIECKUX CBOMCTB MOTYYEHHOTO MaTe-
puana. CoriacHO pe3yibTaTaM, BO3MOXHO TOJydeHHe aukanbimiidochara aurugpata (JKD/) mo npen-
CTaBJICHHOH METOAMKE, KPOME TOTO, PE3YJIbTAaThl IIOKA3bIBAIOT, YTO MPOHCXOJUT JACTUIHOE 3aMEIICHUE aTo-
MOB KaJIbIIMsl aTOMaMu IuHKa. [1o pe3ympraTam peHTreHo(ha30BOro aHaan3a ObBUIO YCTAaHOBJIEHO YTO, B XOJ€
peakiuu obpaszoBanuck ¢aszsr Ca (HPO,) (H,0),, a taxxe CaZn, (PO4)(H,0), u AgCl. Merozom UK-
CIIEKTPOCKONHH J0Ka3aHO, YTO IOJyYeHHBIE 00pa3Lbl COAEPKAT TPYIIIBI HPO,*u PO, KpOMe€ TOT0, MPOUC-
XOJIUT 3aMelLlEHUe IPYIIIbI PO rpymnnon CO3%. BHOKOMIIO3HTHBIE MaTepHabl MOTYT MPEACTABIATh 0OJIb-
IO MHTepec B 0071acTH OMOMEAMIMHBI, BKIIOYasl pa3paboTKy MOKPBHITHH, MPEAOTBPAILAIONINX WM 3aMe/i-
JSIOIUX pa3BUTHE OaKTepHaIbHON OHOTIICHKH.

Kniouesvie cnosa: OGNOKOMIO3UTHEI MaTepuan, (ocdar kampuus, MOPQOIOTHs, THIPOKCHANIATUT, JIETUPO-
BaHHBIN Ag, OMOJIOrHYecKast aKTHBHOCTb, OMOCOBMECTUMOCTb, OCTEOKOH/IYKTUBHOCTb.
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