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Abstract

The cements required for dentistry are not produced in our country, and all their types are imported from
abroad. The scientific article examines the possibility of producing zinc phosphate dental cement and the
composition of the phosphorus slag added to it. Phosphorus oxide and fluoride oxide present in the phosphorus
slag play an important role as activators in the production of dental cement. In addition, the chemical
composition of the phosphorus slag was determined, their X-ray phase and differential thermal analyses were
carried out. In the differential thermal analysis of pseudowollastonite, the exothermic effect is observed at a
temperature of 920 °C.
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Introduction

Not a single type of cement used in dentistry is produced in Kazakhstan. Our country is forced
to import this type of composite material from across the border. For the last 10 years, composite
materials necessary for the dental industry have been supplied to Kazakhstan from countries such as
Germany, USA, Russia, China, Switzerland, France, Great Britain, Japan, and South Korea [1].
According to the UN, the countries that export dental cements to Kazakhstan are Germany - 54%,
USA - 14%, France - 8%, Switzerland - 7%, Russia - 5% and other countries - 12% [2].

Dental materials are composite materials that harden when mixed with a special liquid and are
used for temporary tooth restoration, pulp protection, cavity filling, sedation or isolation, as well as
cementing of removable prostheses. In modern dentistry, according to the international classification,
there are 8 types of cements, which include:zinc phosphate, zinc-eugenol, silicate, polycarboxylate;
silicophosphate; glass ionomer, bactericidal, polymeric.

Zinc-phosphate cement is a material that hardens when reacted with an aqueous solution of
phosphoric acid (H3POs) and consists of 90% zinc oxide powder (ZnO), 10% magnesium oxide
powder (MgO). When powder and liquid are mixed, an exothermic reaction occurs, resulting in the
formation of water-insoluble zinc phosphate. Cement setting time is from 2,5 to 8 minutes, film
thickness — 20 pm, water-cement ratio — 0,5, working time after hardening — 5 minutes,
compressive strength — 104 MPa, tensile strength — 5,5 MPa (Vishakha, 2020). Cement does not
irritate the pulp of the tooth, quickly neutralizing H3PO4[4].

The chemical composition of zinc-phosphate cement includes ZnO, MgO, etc. The powdery
components of the oxides are mixed according to their chemical ratio and fired in an electric furnace
at a temperature of 950-1300 °C for 4-6 hours. The burnt semi-finished product reacts with
orthophosphoric acid, resulting in a reaction [5]. Aluminum phosphate (AIPO4-nH>0) was used to
slow down the hardening reaction of zinc-phosphate cement and increase its strength. As a result,
cement strength is 100,6 MPa. Here % AIPO4-nH,0O=11,9, ZnO=372, H3P04=50,9 .

Currently, scientists around the world, including John Fisher, Stephen Schwartz, Benjamin
Palmer, Lee Howe, and John Hodson, are working on developing new formulations of zinc phosphate
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cement and improving their properties [6].

In our research work, we consider the possibility of using phosphorous slag to obtain a binding
material, fully suitable for zinc-phosphate cement with high stability, strength of adhesion over time,
low wear, physico-chemical resistance, high physico-mechanical indicators and high remineralization
properties.

Elements P and F, contained in phosphorus slag, play an important role in the composition of
zinc-phosphate cement. The inclusion of phosphorus slag in zinc-phosphate cement increases cement
strength, water resistance and resistance to atmospheric influences. In addition, phosphorus slag is a
production waste and can be obtained at a low price [7].

Zinc phosphate is introduced into cement by activating phosphorous slag. That is, there are
thermal, alkaline, acid, mechanical and mixed methods of activation of phosphorus slag. Mechanical
activation is the most effective among them. In the process of mechanical activation, phosphorus is
enriched by grinding slag particles in a ball mill.

As aresult, the implementation and full-scale study of phosphorus slag as an additional additive
in the production of zinc-phosphate cement is relevant. In this scientific article, the slag of the "New
Zhambyl Phosphorous Plant" located in the city of Taraz is considered as the main object [8].

Results and discussion

Chemical, X-ray phase, differential thermal, and dosimetric analysis of the slag of the Zhana-
Zhambyl Phosphorus Plant LLP was conducted. Chemical analysis was performed using a modern
XRF Axios FAST multi-element spectrometer located in the central laboratory of the
Shymkentcement Plant JSC.

According to the chemical and mineralogical composition, phosphorus slag (%) consists of:
Si02 — 41,98; ALO3 — 3,06; Fe2O3 — 0,74; CaO — 40,92; MgO — 2,30; SOz — 2,30; F — 1,5; P2Os —
2,01; CaF; —4,5; Ca3P2 — 0,3. The amount of glassy phase in the composition is 90-95%.

X-ray phase analysis of phosphorus slag was carried out at the Scientific Research and Testing
Center “SAPA” of the South Kazakhstan University by M. Auezov. The X-ray diffraction pattern of
phosphorus slag is shown in Figure 1.
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Fig. 1. X-ray of phosphorus slag

As a result of X-ray phase analysis, the following minerals were identified in the phosphorus
slag: pseudowollastonite (a-CaO-SiO2) d/n=4,26; 3,85; 3,32; wollastonite (3-CaO-SiO2) d/n=3,89;
3,05; and melilite [Cax(Al,Mg,S1)S1203] d/n=2,87; 2,29. Diftferential thermal analysis (DTA) was used
to study the physicochemical changes occurring in phosphorus slag. The derivative of phosphorus
slag is shown in Figure 2.
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Fig. 2. Derivatogram of phosphorus slag

The DTA curve of phosphorus slag revealed a deep exothermic effect with a maximum at
920°C. The effect process begins at a temperature of 870°C, which indicates the presence of
pseudowollastonite mineral in phosphorus slag. The amount of glass phase with a disordered structure
in phosphorus slag is 95-98%. With increasing temperature, a slight loss of mass is observed (TG
curve) due to the removal of a small amount of adsorbed water.

The structure of phosphorus slag was analyzed by scanning electron microscopy using a JEOL
JSM-6490LV device in the regional testing laboratory of the engineering profile "Constructive and
Biochemical Materials". Electron-microscopic energy dispersive microanalysis is shown in Fig. 3.

Fig. 3. Raster electron-microscopic energy dispersion microanalysis of phosphorus slag

As a result of scanning electron microscopic analysis, no radionuclides such as harmful
radioactive elements U, Th, Ra and their derivatives were found in the phosphorus slag. Also, no
toxic, heavy metal elements Zn, Cu, Pb, Be were found, zinc phosphate is recommended for use as
an additive in the production of cement.

Table 1. Elemental composition of phosphorus slag

Element | C o F | Na | Mg | Al Si P S K Ca | Fe | Tota

S 1
Weight, | 6,5 (424 |22 (02 |13 |16 |13,5 [0,8 |04 [0,8 |[292 |0,5 |100
% 4 4 2 9 9 2 5 8 6 4 5 2
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The study of the actual effective activity and radioactivity of radionuclides contained in the
phosphorus slag was carried out in the "Radiology" laboratory of the National Expertise Center in
Shymkent using the "DKG-02U Arbitr" radiometer-dosimeter.

Conclusion

1. For the first time, the use of phosphorus slag in the production of zinc phosphate cement will
be implemented.

2. The chemical and mineralogical composition of phosphorus slag was determined, (%): SiO>
—41,98; Al,0O3 — 3,06; Fe2O3 — 0,74; CaO — 40,92; MgO — 2,30; SOz — 2,30; F — 1,5; P>Os — 2,01;
CaF; —4,5; CazP; — 0,3. The amount of glassy phase in the composition was 90-95%.

3. As a result of X-ray phase analysis, the phosphorus slag contained pseudowollastonite (o-
Ca0-Si0;) d/n=4,26; 3,85; 3,32; wollastonite (B-CaO-SiO;) d/n=3,89; 3,05; and melilite
[Cax(Al,Mg,S1)Si203] d/n=2,87; 2,29 were detected.

4. As a result of scanning electron microscopic analysis, no radionuclides such as harmful
radioactive elements U, Th, Ra and their related particles were found. Also, toxic, heavy metal
elements Zn, Cu, Pb, Be were not found, zinc phosphate is recommended for use as an additive in the
production of cement.

References
1. Abdurakhmanov, A.l.,, & Kurbanov, O.R. Prosthetic Dentistry. Materials and Technologies:
Textbook (3" revised and enlarged edition). Moscow: GEOTAR-Media, 2016. — 352 p.
2. Analysis of the Dental Services Market in Kazakhstan in 2018-2022, Forecast for 2023-2027. -
Moscow. Available at: https://marketing.rbc.ru/research/43058/ (accessed December 2023).
3. Andreeva, N.A. Chemistry of cement and binding agents: Textbook / N.A. Andreeva, 2011. - 67
C.
4. C.-K. Park A., M.R. Silsbee B., D.M. Roy B. Setting reaction and resultant structure of zinc
phosphate cement in various orthophosphoric acid cement — forming liquids. Cement and concrete
research, 1998, 28, 1, 141-150. https://doi.org/10.1016/S0008-8846(97)00223-8
5. Jabri M., Mejdoubi E., EI Gabi M., Hammouti B. Optimization of hardness and setting of dental zinc
phosphate cement using a design of experiments // Arabian Journal of Chemistry. — 2012. — Vol. 5, — Iss. 3, —
P. 347-351. https://doi.org/10.1016/j.arabjc.2010.09.004
6. Romanenko, A.A., Buzov, A.A., Polovneva, L.V., Chuev, V.P. Zinc-phosphate cements — new
possibilities for fixation in modern dentistry. Part 1. Physico-mechanical characteristics //
Restoration. — 2019. — No. 3. — P. 10-15.
7. Yermekov M.T., Rozhkova O.V., Sandibekova S.G., Tolysbayev Ye.T., Vetyugov A.V., Turbin
O.A., Belenko E.V. Storage of the industrial waste of the mining and smelting industry of Kazakhstan,
landfills arrangement, efficiency and operational features // News of the National Academy of
Sciences of the Republic of Kazakhstan Series of geology and technical sciences. — 2020. — Vol. 6. —
No. 444. — P. 83-89. https://doi.org/10.32014/2020.2518-170X.134
8. Yessimov, B.O., Adyrbayeva, T.A., Zhakipbayev, B.Ye. X-ray Mineral ldentifier by V.l
Mikheev: Methodical Guidelines for Universities. — Shymkent: South Kazakhstan State University,
2012. - 164 p.

10


https://marketing.rbc.ru/research/43058/
https://doi.org/10.1016/S0008-8846(97)00223-8
https://doi.org/10.1016/j.arabjc.2010.09.004
https://doi.org/10.32014/2020.2518-170X.134

Oymycmix Kazaxcman 2vinvim Kapuwicol - Becmuux nayxu FOocnoeo Kazaxcmana - South Kazakhstan Science Herald
Ne3 (31) 2025

A. Aoayaun’, B. Taiimacos, A.E. Kyanasikosa, 5.5, Omipanues
PhD noktopantsl, M. Oye30B ateiaaarsl OHTycTik Kazakcran yuusepcureti, [lsiMkent, Kasakcran
TexHuKa FRUTBIMIAPBIHBIH TOKTOPRI, ipodeccop, M. Oye30B ateinaarsl OHTYCTIK KaszakcTan yHUBEpCHTETI,
[IsimMkenT, Kazakcran
PhD noxrtopantsl, M. Oye3oB areiHaarsl OHTYCTIK Kazakcran yauBepcureri, [lIsimkenT, Kazakcran
PhD gokropantsl, M. Oyes3oB atbiaaarbl OHTYCTiK Kasakcran yausepcuteti, IIsimkent, Kazakcran
“Koppecnonaent aropsi: aidana_gkz@mail.ru

MBIPBIIT-®OCPATTHI KOMIIO3UTTI HEMEHT OHAIPYT'E APHAJIFAH ®OC®OP
KOXbIH 3EPTTEY

Tyiiin

Emimizne ctomaronmorus canackiHa KaXXETTi EMEHTTEp OHAIPIIMENH I )KoHe oNapAblH OapIbIK TYpi meT
MEMIICKETTEpACH UMNopTTanaabl. FeutbiMu Makanaga UHK GochaTrTel HEMEHT aly MYMKIHJIT JKOHE OFaH
KocbuTaThiH (pocop KOXKBIHBEIH Kypambl 3eprreni. Pocdop KOKBIHBIH KypamblHAa KesaeceTiH (ocdop
OKCH[II MEH (DTOp OKCHII KOMITO3UIIHSUIBIK, [IEMEHT ally OapbIChIHA OCJICEHISHAIPTIN PETiHIE MaHBI3IBI PO
arkapanasl. CoHpIMeH Kartap, Gpochop KOXKBIHBIH XHMHUSIIBIK KYpPaMbl aHBIKTAIBIN, OFaH PEHTTEHO(A3aIbIK
xoHe nuddepeHIHnanabl TePMUSUIBIK Tannay xacanapl. JuddepeHumanapl TepMUsIBIK Tanaay OapbIChIHAA
920 °C-ta TICEeBIOBOJUIACTOHUTTHIH OK30TEPMILUIBIK ocepi Oailikamazpl. PacTopimel  3nmeKTpOHABI
MUKPOCKOMISUTBIK TaJJay HOTHXKECIHJE 1€ JJIEMEHTTEp aJaMHBIH JCHCAyIbIFbIHA 3USH KENTipeTiH ypaH,
TOPUH KOHE paJMid TIPi3AEC PAAHMOHYKIUATEPAIH KOKTBIFbI AajeiacH . Pochop KOKBIH CTOMATOIOTHSIIBIK
MBIPBIII (pocGhaTThl LEMEHT ally cajlachlHA KOJAaHy SKOIOTUSIIBIK Maceseep i Melyie FaHa eMec, COHBIMEH
Karap, KYWIipy TeMmmeparypachlH TOMEHAETYI'e, CTOMAaTOJOIHMSJIBIK LIEMEHT OarachblH ap3aHIaTyFa >KoHe
MBIpBII (hocaTThl HEMEHTTIH (PU3NKO-MEXaHUKANIBIK KACUETTEPiH )KaKcapTyFa MYMKIHIIK Oepei.

Kinrrik ce3mep: dochop Koxkbl, MBIpsIT QocharTel IEMEHT, MUKPOKYPBUIBIM, PaJHOAKTUBTLIIK,
KOMTIO3UIUSITBIK MaTepHal.
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HNCCIEJOBAHUE ®OCP®OPHOI'O IIJIAKA JJIsA TPOU3BOACTBA LHHIUHK-
DOOCPATHOI'O KOMIIO3UITMOHHOI'O HEMEHTA

AHHOTAIUSA

HeoOxoaumple 11l CTOMATOJNIOTMH IIEMEHTHI B HAIIEW CTpPaHe HE TMPOM3BOASITCA, M BCE WX BUJBI
HMIIOPTUPYIOTCS HW3-3a pyOexka. B HayuyHoil crarbe HCCleIOBaHa BO3MOXHOCTb IPOM3BOACTBA
MHK(GOCHATHOTO CTOMATOJIOTHYECKOIO IEMEHTA U COCTaB 100aBisieMoro B Hero gocdoproro mutaka. Okeu
dbocdopa n oxcua (ropuaa, mpUCyTCTBYOIMUE B POCPOPHOM IIIAKE, UTPAIOT BAXKHYIO POIb B KaueCTBE
AKTUBAaTOPOB TIPH MPOU3BOJICTBE CTOMOTOJIOTHIECKOTO IleMeHTa. KpoMe Toro, OB onpenesicH XUMHISCKUI
coctaB (hochopHOTO 1IIaKa, MPOBEACHBI MX PEHTIeHO(a30BbIH U AU PEpEeHIIHATLHO-TEPMUYCCKUN aHATU3bI.
[pu muddepeHnManbHOM TEPMHYECKOM aHalM3€ IICEBIOBOUIACTOHMTA 3K30TepMUYeckuii 3ddekr
HaOmonaercs npu Temneparype 920 °C. AHanu3 3IEKTPOHHOW MHKPOCKOIIMM HE BBISIBIJI OIACHBIE
PaTuOHYKIWIBI, TAKUX, TAKUX KaK YpaH, TOPUHA W Paguii, KOTOPBIC SIBISIFOTCS DJIEMEHTAMH, BPESIHBIME IS
370pOBbsl YenoBeka. Mcmons3oBanue (ochopHOro nmiaka mpu MpoOU3BOACTBE CTOMATOIOTHYECKOTO ITHHK-
(hocaTHOTO IIEeMEHTa ITO3BOIUT PEIIUTH POOIEeMY UMIIOPTO3aMEIIECHHS, IKOJIOTHIESCKON MTPOOJIEMBI PETHOHA,
CrOCOOCTBYET CHIDKEHHUIO TEMIIEpaTyphl OOXKWTa ¥ CHIDKCHHIO CEO0ECTOMMOCTH CTOMAaTOJIOTHIECKUX
IIEMECHTOB, & TaKXe YIy4IIUTh (PUIUKO-MEXaHHUECKUE CBOMCTBAa NUHK-POC(HATHOTO CTOMATOIOTHYECKOTO
LIEMEHTA.
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KiroueBsle ciioBa: pochopHbIi HITak, TMHKPOCHATHBIN IEMEHT, MUKPOCTPYKTYPa, PaJHOaKTHBHOCTb,
KOMIIO3UIIMOHHBII Marepual.
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