
Journal Bulletin of Stomatology and Мaxillofacial Surgery, Vol. 19 No. 2 

 
Hakobyan A, Vanyan N, Zulumyan A, Eranyan M, Saghatelyan L. Comparative characteristics of crystalline oxide 

ceramics at various stages of the technological process. Bulletin of Stomatology and Maxillofacial Surgery. 2023;19(2):90-

94. doi: 10.58240/1829006X-2023.19.2-90 

 90 

 

 

 

CRYSTALLINE OXIDE CERAMICS AT VARIOUS STAGES OF THE TECHNOLOGICAL 

PROCESS COMPARATIVE CHARACTERISTICS OF THE TECHNOLOGICAL PROCESS 

 

Hakobyan Anna,1 Vanyan Nvard,2 Zulumyan Anna,3 Eranyan Mery,4 Saghatelyan Lilit 5 

 
1 Lecturer, Department of Prosthodontics, Yerevan State Medical University after M. Heratsi, Armenia  
2 Associat professor, Department of Prosthodontics, Yerevan State Medical University after M. Heratsi, Armenia 
3 Associat professor, Department of Prosthodontics, Yerevan State Medical University after M. Heratsi, Armenia  
4 Lecturer, Department of Prosthodontics, Yerevan State Medical University after M. Heratsi, Armenia  
5 Lecturer, Department of Prosthodontics, Yerevan State Medical University after M. Heratsi, Armenia  

 

*Corresponding author: Hakobyan Anna; Lecturer, Department of prosthodontics, Yerevan State Medical 

University after M. Heratsi, Armenia;  

Phone: (+374) 91 42 54 76 

e-mails: anushik-76@mail.ru  

 

Received: Feb. 15, 2023; Accepted: Mar. 14, 2023; Published: Apr. 15, 2023 

 

 

 

Keywords: zirconium dioxide, crystalline oxide ceramics, technological stages of ceramics production, aluminium 

oxide 

 

 

Intraduction 
 

Ceramic is a biocompatible and inert material and has 

a high degree of intraoral stability. Therefore, they can 

be safely used in the oral cavity. However, ceramics 

are brittle and break easily.1 

Most high-performance ceramic products are based on 

oxides, nitrides, carbides and borides of high purity 

with a carefully controlled composition. High 

performance ceramics can be divided into two main 

categories; structural and functional ceramics. Typical 

structural ceramics - aluminum oxide (Al2O3), 

zirconia (ZrO2), silicon nitride (Si3N4) and silicon 

carbide (SiC). However, Ceramics based on Al2O3, 

ZrO2 and SiC also often used as functional ceramics. 

Other functional ceramics of technological interest are 

barium titanate (BaTiO3) and lead zirconate titanate 

(Pb(Ti,Zr)O3). To combat this weakness, ceramics are 

usually particle-reinforced, supported by metal, or 

made exclusively from polycrystalline material. 

All-ceramic materials clearly have quality 

characteristics through biocompatibility, mechanical 

strength, low heat transfer and consistently high 

aesthetics.2 

Ceramic materials exhibit creep deformation at 

temperatures above about half their melting point. 

Abstract 

The article discusses research about microstructure of crystalline oxide ceramics at stages of the 

technological process. It is proved that the introduction of stabilizing substances into the composition of 

oxide ceramics leads to homogenization of the basic substance and to smoothing between crystal 

contacts. This leads to hardening of the ceramic.   
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Non-contact 3D scanning and digital computer 

modeling with subsequent milling are not only 

adapted to friction surfacing, but also provide high 

accuracy of the edge section of the carcass material. 

Various clinical studies prove the optical stability of 

all-ceramic systems, a high level of biological and 

functional indicators.3 

Polycrystalline zirconium oxide, which does not 

contain glass, is a reliable and effective innovative 

system that allows obtaining clinically stable results 

with minimal complications. Improved material 

strength, improved aesthetics and high 

biocompatibility give zirconia ceramics great 

potential for use in a wide range of promising clinical 

applications.4 

Microstructural changes of polycrystalline oxide 

porcelain occur at all stages of the technological 

process, be it chemical synthesis, grinding, cleaning 

from mixtures, introduction of stabilizing additives, 

pressing or firing. 

Moreover, the physical-mechanical profile of these 

glasses (strength, resistance to bending) is determined 

not only by the crystal structure, but also by the phase 

transformation under loading.5-9 

Electron microscopic studies will provide clinically 

important data on the microstructure of polycrystalline 

oxide porcelains, which will clarify the optimal limits 

of the technological process of material processing 

and will improve the clinical efficiency of all-ceramic 

structures.10-16 

 

Objectives 
 

To evaluate the microstructure of polycrystalline 

oxide glasses at different stages of the technological 

process. 

 

Materials and methods 
 

According to the chemical and structural composition, 

we have identified four types of materials under study: 

unrefined, without stabilizing additives, zirconium 

dioxide: 

• pressed polycrystalline zirconium stabilized with 

yttrium 

• alumina from a natural deposit 

• extruded aluminum oxide (99.5% Al2O3) 

The study was carried out using a Pictoval 

microscope, the studied materials were magnified 

3500 times. 

 

Results and Discussion 
 

The following criteria for the evaluation of the 

microstructure of polycrystalline oxide glasses are 

based on research: 

• phase homogeneity 

• structural saturation with crystals 

• placement of crystals 

• type of crystal borders 

 

This method allows not only to obtain a visual image 

of the microstructure, but also to determine the density 

of the investigated material. 
 

 
 

Picture 1. Dioxide of unrefined zirconium without 

stabilizing additives 

 

Phase heterogeneity is observed. Multiple 

conglomerates are present. 
 

 
 

Picture 2. Pressed polycrystalline zirconium, yttrium 

stabilized 

 

The homogeneity of the phases is obvious, the 

structure of the material is homogeneous, the crystals 

have a distinct ovoid shape. 
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Picture 3. Aluminum oxide from natural deposits 

 

Phase inhomogeneity is present, the amount of 

aluminum oxide crystals is small, a disproportionate 

local clustering of crystals is observed. Crystals do not 

have a specific shape. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Picture 4. Pressed aluminum oxide (99.5% Al2O3) 

 

A pronounced phase homogeneity, homogeneous 

microstructure is observed. Aluminum oxide crystals 

have an elongated shape. The boundaries of the 

crystals are smooth, without sharp touches. 

It is obvious that the absence of stabilizing additives 

in the zirconium dioxide material will not contribute 

to the ordered crystal microstructure in case of firing 

and pressing. 

Chemically synthesized aluminum oxide has the 

ability to undergo transformational changes at various 

stages of compression and firing, when oval crystals 

become elongated. In that process, internal energy is 

generated, which ensures the stability of the crystal 

structure.  

Expressed homogeneity of phases, homogeneous 

microstructure is observed. Aluminum oxide crystals 

have an elongated shape. The edges of the crystals are 

even, without sharp strokes. 

From the above, we conclude that the stabilizing 

additives regulate the arrangement of the crystals, 

excluding the pointed contacts of the crystals, thereby 

ensuring the evenness and phase homogeneity of the 

arrangement of the crystals. 
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ԲԱԶՄԱԲՅՈՒՐԵՂԱՅԻՆ ՕՔՍԻԴԱՅԻՆ  ՃԵՆԱՊԱԿԻՆԵՐԻ ՍՏԱՑՄԱՆ ՏԵԽՆՈԼՈԳԻԱԿԱՆ 

ԳՈՐԾԸՆԹԱՑԻ ՏԱՐԲԵՐ ՓՈՒԼԵՐԻ  ՀԱՄԵՄԱՏԱԿԱՆ ԲՆՈՒԹԱԳԻՐ 
 

Հակոբյան Աննա,1 Վանյան Նվարդ,2 Զուլումյան Աննա,3 Երանյան Մերի,4 Սաղաթելյան Լիլիթ 5 
 

1 Երևանի Մ. Հերացու անվան պետական բժշկական համալսարանի Օրթոպեդիկ ստոմատոլոգիայի 

ամբիոնի դոցենտ, Հայաստան 
2 Երևանի Մ. Հերացու անվան պետական բժշկական համալսարանի Օրթոպեդիկ ստոմատոլոգիայի 

ամբիոնի դոցենտ, Հայաստան 
3 Երևանի Մ. Հերացու անվան պետական բժշկական համալսարանի Օրթոպեդիկ ստոմատոլոգիայի 

ամբիոնի դասախոս, Հայաստան 
4 Երևանի Մ. Հերացու անվան պետական բժշկական համալսարանի Օրթոպեդիկ ստոմատոլոգիայի 

ամբիոնի դասախոս, Հայաստան 
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5 Երևանի Մ. Հերացու անվան պետական բժշկական համալսարանի Օրթոպեդիկ ստոմատոլոգիայի 

ամբիոնի դասախոս, Հայաստան 

 

Ամփոփում 

Հոդվածում քննարկվում է տեխնոլոգիական պրոցեսի տարբեր փուլերում օքսիդ կերամիկական 

զանգվածների միկրոկառուցվածքի ուսումնասիրությունը։Հաստատվում է, որ կայունացնող նյութերի 

ներմուծումը օքսիդ կերամիկայի բաղադրության մեջ հանգեցնում է բազային նյութի համասեռացման և 

միջբյուրեղային շփումների հարթեցման՝ դրանով իսկ դրականորեն ազդում է օքսիդային կերամիկայի 

ամրության բնութագրերի վրա: 
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Резюме 

В статье обсуждается исследование микроструктуры оксидных керамических масс на различных этапах 

технологического процесса.Обосновывается,что введение в состав оксидной керамики стабилизирующих 

веществ приводит к гомогенизации основного вещества и сглаживанию межкристаллических контактов, тем 

самым положительно сказываясь на прочностных характеристиках оксидных керамик. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


