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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 (HsPOa4) 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 um, 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 HsPO4 [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-nH20) was used to
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slow down the hardening reaction of zinc-phosphate cement and increase its strength. As a result,
cement strength is 100,6 MPa. Here % AIPO4-nH20=11,9, Zn0=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 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 a result, 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:
SiO2 — 41,98; Al203 — 3,06; Fe203 — 0,74; CaO — 40,92; MgO — 2,30; SO3 — 2,30; F — 1,5; P20s —
2,01; CaF2—4,5; CasP2 — 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 [Caz(Al,Mg,Si)Si203] d/n=2,87; 2,29. Differential 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

Elements | C ) F | Na | Mg | Al Si P S K Ca | Fe | Total

Weight, | 6,54 |42,44|2,22|0,29 1,39 1,62 |1355|0,88|0,46 |0,84 29,25 0,52 | 100
%
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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, (%):
SiO2 — 41,98; Al203 — 3,06; Fe203 — 0,74; CaO — 40,92; MgO - 2,30; SOs — 2,30; F — 1,5; P20s —
2,01; CaF2 —4,5; CasP2 — 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 (a-
Ca0-SiO2) d/n=4,26; 3,85; 3,32; wollastonite (3-CaO-SiO2) d/n=3,89; 3,05; and melilite
[Caz(Al,Mg,Si)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.
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MBIPBIIT-®OCPATTHI KOMIIO3UTTI HEMEHT OHAIPYTI'E APHAJIFAH ®OC®OP
KOXbIH 3EPTTEY

Tyiiin

Enimizne ctoMaronorus canachiHa KaKETTI IIEMEHTTEp OHAIpUTME I 5KoOHE OTapAbIH OapiIbIK TYpI IIeT
MEMJICKeTTEpIEH UMITOpTTananasl. Feimeivu Makanamga muHK (GocdarTel IEMEHT ady MYMKIHZITI )KOHE OFaH
KOChUIaThIH (hocop KOXKBIHBIH Kypambl 3eprrenai. Pocdop KOKBIHBIH KypamblHIa Ke3meceTiH ¢docdop
OKCHII MeH (DTOP OKCHIII KOMIIO3UITHSIIBIK IIEMEHT ay OaphIChIHAAa OCICEHASHIIPTIIT PETIHIE MAHBI3IBI POIT
arkapazabl. CoHbIMEH Kartap, (ochop KOKBIHBIH XHUMHSUIBIK KYpaMbl aHBIKTAJIBIN, OFAH PEHTICHO(A3aIbIK
xoHe auddepeHnranabl TEPMUSUIBIK Tajjaay >kacanisl. JuddepeHunanasl TepMUSIIBIK Tanaay OapbIChIHIA
920 °C-ta TICEeBNOBOJUIACTOHUTTHIH OK30TEPMIESUIBIK ocepi  Oaiikanmazpl. PacTopibl  ArmeKTpOHIBI
MUKPOCKOIMSUTBIK TaJlJlady HOTHIKECIHIE /e DIIEMEHTTEp aJaMHBIH JCHCAyJBIFbIHA 3WSH KEeNTIPEeTiH ypaH,
TOPUI )KOHE pajiuil TOPi3eC PaIUOHYKIUATEP IIH KOKTBIFBI aneneHal. Dochop KOKBIH CTOMATOIOTHSUTBIK
MBIpII QocdaTThl IEMEHT ally calachlHAa KOJJaHy AKOJOTHSIBIK MOCENelepAl IIemIyle FaHa eMec,
COHBIMEH Karap, KYHAipy TeMIiepaTypachlH TOMEHIETYTre, CTOMATOJIIOTHSUIBIK [IEMEHT OaFachlH ap3aHAaTyra
YKOHE MBIPHIII (hoc]aTThl IEMEHTTIH (YU3UKO-MEXaHUKAIBIK KACHETTEPIH KaKcapTyFa MYMKIHIIK Oeperi.

KiarTik ce3mep: docdhop Koxkbl, MBIpHII (pochaTThl EMEHT, MHKPOKYPBUIBIM, PaTuOaKTHUBTLIIK,
KOMTIO3HITUSITBIK, MaTeprall.
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NCCIIEAOBAHUE ®OC®OPHOI'O HIJIAKA JJIA ITPOU3BOACTBA IIUHK-
OPOCPATHOI'O KOMITO3UITMOHHOI'O HEMEHTA

AHHOTAUA

HeOGXOIII/IMBIe I CTOMATOJOTHHN LEMCEHTHI B Hamen CTpaHC HE IPOU3BOIAATCA, U BCE HUX BHJBI
UMIOPTUPYIOTCS W3-3a pyOexka. B HaydHOW crarbe HCClieIOBaHA BO3MOXKHOCTH IPOHM3BOACTBA
UMHK(OC(HATHOTO CTOMATOJIOTHYECKOTO IIEMEHTa M COCTaB J00aBisieMOro B Hero (ocopHOTo muIaka.
Oxcun docdopa n okcun ¢ropuaa, MPUCYTCTBYIONHE B (HOCHOPHOM IIIaKe, UTPAIOT BAKHYIO POJb B
KauecTBEe aKTHBATOPOB MpPHU TMPOU3BOJCTBE CTOMOTOJIOTHYECKOTO IeMeHTa. Kpome Toro, ObLT ompenencH
XUMUYEeCKHH cocTaB (ocOpHOro Mulaka, NPOBEACHB UX peHTreHoda3oBeli W AuddepeHnraIbHO-
TepMudeckuii  aHanmu3el.  llpm  auddepeHNMaTEHOM TEPMHUYECKOM  aHANW3€  ICEBJIOBOJUIACTOHUTA
sK30TepMHuIecKuil 3P dekT Habmomaercs npu Temmeparype 920 °C. AHanu3 3JIeKTPOHHONH MHKPOCKOITHU HE
BBISIBUJI OTIACHBIC PAJUOHYKIIUIBI, TAKUX, TAKUX KaK ypaH, TOPUI U pajiuid, KOTOPBIE SIBISIFOTCS AIEMEHTAMU,
BpeOHBIMH JUIL  370pOBbsl denoBeka. lcmomb3oBanue QochopHOro muiaka MOpU  HPOHU3BOICTBE
CTOMATOJIOTHYECKOT0 IUHK-(POCHATHOTO IEMEHTa TO3BOJHUT PEIIUTh MpoOJIeMy HWMIIOPTO3aMelIeHus,
9KOJIOTHYECKOW TpOOJIIEMbl pPErrHoHa, CHOCOOCTBYET CHH)KEHHIO TEMIIEpaTyphl OOXKHTa M CHIDKEHHIO
ce0ECTOMMOCTH CTOMAaTOJIOIMYECKUX LEMEHTOB, a TaKXkKe YAYUIIUTh (U3UKO-MEXaHHYECKHE CBOMCTBA [IUHK-
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¢dochaTHOro CTOMaTOIOTNYECKOTO LIEMEHTA.
KnwueBsie caoBa:  docdopHblii  muak, nuHKGoOchaTHBIH — LEMEHT, MHKPOCTPYKTYDa,

PaaAuOaKTUBHOCTD, KOMHOSHHHOHHBIﬁ MaTepuall.
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