
DEVELOPMENT OF TECHNOLOGY FOR MANUFACTURING PRODUCTS WITH 

HIGH MECHANICAL STRENGTH BASED ON ALUMINUM OXIDE 

РАЗРАБОТКА ТЕХНОЛОГИИ ИЗГОТОВЛЕНИЯ ИЗДЕЛИЙ С ВЫСОКОЙ МЕХАНИЧЕСКОЙ 

ПРОЧНОСТЬЮ НА ОСНОВЕ ОКСИДА АЛЮМИНИЯ 

Prof., Dr. Eng., Cor. Member of NAS of Belarus Ilyushchanka А.1, 2, Cand. Eng., Docent Kusin R.3,  

Head of the Lab. Charniak I.2, Res. Zhehzdryn D.2, Res. Ilyukevich A.2, Res. Basov N.4, Res. Bliznyuk L.4, Res. Petrochenko T.4 

State Research and Production Powder Metallurgy Association 1 - Minsk, Republic of Belarus 

State Scientific Institution “Powder Metallurgy Institute” 2 - Minsk, Republic of Belarus 

Belarusian State Agriculture Technical University 3 - Minsk, Republic of Belarus  

SSPA “Scientific and Practical Materials Research Center of NAS of Belarus” 4 - Minsk, Republic of Belarus 

Е-mail: alexil@mail.belpak.by, 19081877@mail.ru, irinacharniak@tut.by, varchavskaia@mail.ru, nil23niipm@tut.by, 

elkerm16@gmail.com, luyda@physics.by, tanya-petr@physics.by 

Abstract: The results of development of the technology for manufacturing samples of insulators made of alumina ceramic with an aluminum 

oxide content of up to 95% are presented. The maximum tensile strength of the produced insulators has been investigated. The structures of 

the chip of the ceramic insulator surface have been obtained. It is shown that a change in the aluminum oxide content by 8-10% leads to an 

increase in the strength properties of the product by 1.5 times. The developed technology can be used to produce high-strength dielectric 

products, for example, antenna rod insulators, applied in the field of electrical engineering, radio engineering and other industries. 
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1. Introduction
Alumina ceramic with Al2O3 content up to 95% has wide

application in various fields of engineering, electronics and other

areas of the national economy. In particular, it is used for

manufacturing various insulators [1-5]. In this regard, high

requirements on such ceramics are imposed concerning the

electrophysical properties: electrical strength, dielectric loss

tangent, density and tensile strength.

The manufacturers of alumina ceramics are dealing with complex

sintering processes. To obtain the highest mechanical strength of

such materials, it is necessary to sinter them in a strictly defined

temperature range, which depends on the characteristics of the

initial material and the technique of producing (molding) the

product [6].

Having regard to the above, the actual task is to develop a

technology for manufacturing products made of ceramic material

with increased dielectric and strength properties.

The purpose of this work was to develop a technology for

manufacturing products based on aluminum oxide, which have high

mechanical strength and high electrophysical parameters.

2. Method of procedure
To obtain a composite ceramic material, a wet mixing of the initial

material containing more than 80% Al2O3, SiO2, MgO and B2O3

was carried out for 12-14 hours. The powder then was dried and

granulated.

To obtain structural elements, which are parts of a complex

volumetric configuration, the isostatic pressing method was used

[7].

The pressed samples were sintered at a temperature of 1400-

1500 °C for 1-2 hours in air atmosphere. The insulators were then

sealed in metal fastenings and transferred for testing to determine

the minimum destructive force for tensile. Tests of ceramic rod

samples for tensile were carried out in the Test Center of the State 

Scientific Institution “Powder Metallurgy Institute” in accordance

with GOST 24409-80 [8] on the universal testing machine "Instron

1195" (England), and also at Gomel Radio Plant (Belarus).

Further studies were carried out on samples obtained from ceramic

insulators that had undergone tensile strength tests.

The samples for water absorption were tested in accordance with

GOST 26093-84 [9].

Investigation of surface morphology and determination of the grain

sizes of the phases of the studied ceramic materials was performed

using LEO 1455 VP scanning electron microscope of Karl Zeiss

company.

Dielectric measurements of ceramic insulators based on alumina 

were carried out at a frequency of 1 MHz using E7-20 immittance 

device. Open porosity was investigated on polished samples using 

Olympus GX 41 optical microscope. Experimental data was 

processed using Autoscan 2500 Studio software. 

3. Experimental
Ceramic insulators were made of powders with different alumina

contents (more than 83% and more than 90%) for research and tests.

Ceramic half-finished products were pressed in the State Scientific

Institution “Powder Metallurgy Institute” using the isostatic pressing 

technique on ISPR.1 isostat with an elastic shell. The appearance of 

the unit is shown in Figure 1. 

Fig. 1 The appearance of the unit of isostatic pressing of ISPR.1 

In order to make the required shape of the insulator, a pressing tool 

was developed and manufactured. It was a structure consisting of a 

shape-generating steel rod and a polyurethane membrane in the form 

of a pipe. The assembly of the tool was fixed with flanges. The 

drawing of the shape-generating rod of the tool is shown in Figure 2 

and the appearance of the tool for isostatic pressing is shown in 

Figure 3. 
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Fig. 2 The drawing of the shape-generating rod of the tool for 

pressing insulators  

 

 
 

Fig. 3 The appearance of the tool for isostatic pressing 

 

The prepared charge was poured into the cavity of the tool. The tool 

was then installed in the isostatic pressing unit and pressed at a 

pressure of 100 MPa. The appearance of the pressed insulators is 

shown in Figure 4. 

 

 
 

Fig. 4 The appearance of the pressed ceramic insulator based on 

aluminum oxide 

 

Ceramic insulators made of powder with an aluminum oxide 

content of more than 83% were tested at the Test Center of the 

State Scientific Institution “Powder Metallurgy Institute” on the 

universal testing machine "Instron 1195". The testing machine is 

shown in Figure 5. The maximum tensile strength of such samples 

was 4900-5880 kg. 

 

 
 

Fig. 5 Universal testing machine "Instron 1195" 

 

Ceramic insulators made of powder with an aluminum oxide 

content of more than 90% were presented for testing at Gomel 

Radio Plant. The maximum tensile strength of these samples is in 

the range of 6200-10800 kgf. 

The test results showed that with increasing alumina content in the 

samples, the maximum breaking force is increased. It was found that 

a change in the content of aluminum oxide does not lead to an 

increase in the tensile strength. 

A ceramic insulator with the highest strength properties (with a 

maximum tensile strength of 10800 kgf) was chosen for further 

investigations. 

Investigation of the microstructure was carried out on the fracture of 

a ceramic sample produced after testing for an insulator rupture. The 

results of investigations of the microstructure are shown in Fig. 6. 

 

 
a) 

 

 
b) 

 

 
c) 

Fig. 6 The microstructure of the ceramic rod fracture formed after 

the tensile tests with a maximum tensile strength of 10800 kgf: 

а) ×1000; b) ×3000; c) ×5000 
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In the presented photographs of the microstructure, it can be seen 

that the ceramics consist of dense-packed prismatic grains. The 

processing of the experimental data, carried out with the help of 

Autoscan 2500 Studio software, showed that the main grain size is 

3-4 μm. 

The grain size distribution is relatively uniform. This ensures a 

good packing density and, correspondingly, the density of the 

ceramic as a whole. 

The electrophysical properties of ceramics samples based on 

aluminum oxide are presented in Table 1. 

 

Table 1. Electrophysical properties of ceramics based on Al2O3 

Property Value 

Relative dielectric permittivity, ε 9,4±0,5 

Dielectric loss tangent, tg δ Max. 0,0005 

Porosity, % 5,5 

Water absorption, % 0,015 

 

The developed technology can be used to produce high-strength 

dielectric products used in the field of electrical engineering (for 

example, for the production of antenna rod insulators (Figure 7)), 

radio engineering and other industries. 

 

 
 

Fig. 7 Antenna rod insulator with a minimum breaking strength of 

more than 5000 kg 

 

4. Conclusion 
As a result of the work carried out, it was found that the strength 

properties of the products are affected by the amount of aluminum 

oxide in the content of ceramic material. The change in the content 

of aluminum oxide by 8-10% leads to an increase in the strength 

properties of the product by 1.5. 

Based on the obtained results, a technology was developed for the 

manufacture of products made of alumina ceramic, which has high 

dielectric and strength characteristics.  
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