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Резюме: Извършен е високотемпературен синтез на корундова и боркарбидна керамика. Определени са физикохимичните им 

показатели. Пригодността им, като компонент от системи за индивидуална защита е оценена чрез балистични тестове 
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Abstract: High-temperature synthesis of corundum and boron carbide ceramics was performed and the physical and chemical indicators of 

the obtained products were determined. Their suitability as a components of individual protection systems is assessed by ballistic tests. 
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1. Introduction
The contemporary security issues, both globally and regional-

ly, are linked to several factors: 

-the persistent presence of local conflicts of varying in-

tensity; 

- increase of the number of highly motivated and highly

aggressive terrorist groups that which go from anonymous acts to 

advertised direct attacks on civilians  population and objects 

related to national security; 

- a violent rise in organized crime, especially in the

post-Soviet space. 

These factors are interrelated and usually at least one of them 

is present in most critical situations. Against the security forces 

are now used not only pistols, but modern long-barreled guns 

with high striking capabilities against which the traditional de-

fenses are not effective. 

This calls for particular attention to be paid to the security 

of the army, the police and the other force structures in order to 

ensure safe functioning of critical infrastructure objects. The 

current task is to create reliable ballistic protection systems from 

affordable locally produced materials. The development and 

selection of new materials enables the realization of innovative 

solutions in this area. 

2. Current state of the problem
The basic requirements for textile materials used in the de-

velopment of protective structures are: low density to reduce the 

weight; high strength to increase resistance to destruction; high 

modulus of elasticity to reduce deformation [1, 2]. The most 

commonly used are fabrics of para-aramid high-modulus fibers: 

Kevlar (USA), Technora (Japan), Twaron (Netherlands), SVМ 

(Russia), Аrмоs (Russia). 

Composite ballistic protection materials are multi-component 

materials consisting of a continuous matrix and discrete reinforc-

ing material. The choice of matrix and of the reinforcing material 

determines the necessary combination of physico-mechanical, 

operational and technological properties. A special place in the 

group of composite materials for ballistic protection occupies 

those based on ultra-high molecular polyethylene. Unlike the 

aramids, they are not processed by weaving operations but are 

formed in the shape of sheets. High-modulus polyethylene fibers 

are commercially produced under the trade names of Dyneema 

(The Netherlands), Specta (USA), Techmilon (Japan), Espelen 

(Russia)  

Textile and composite armors are effective against low-speed 

bullets but cannot provide protection from armor-piercing high-

speed ammunition. That is why hybrid protective structures 

which include a frontal ceramic layer and a support lyre made of 

textile or of composite material are developed [3]. 

Ceramic armors are developed strictly for projectile resis-

tance with a high hardness and compressive strength combined 

with an advantage of lightweight. The need for lighter protection 

materials for use by the military has given merit to the use 

of ceramic armor materials. Ceramics offer an advantage over 

steel in weight reduction, and over all metals in impact energy 

absorption. Detailed studies of ceramic armors and the basic 

properties of ceramics are given in [4-8]. 

The main physico-mechanical characteristics of ceramics for 

ballistic protection are shown in Table 1 [9]. 

Table1: Physico-mechanical characteristics of different types of ceramics 

Material 

Density 

[kg/m3] 

Hardness 

[GPa] 

Modulus of 

elasticity 

[GPa] 

Bending 

strength 

[MPa] 

Crack 

resistance 

coefficient 

[MPa.m-1/2] 

Corundum 

AD85 
3420 9.4 221 296 3-4

Corundum 

1.AD998
3920 14.1 370 375 4-5

SiC 3200 24.5 460 570 5 

B4C 2500 25.5 460 410 4 

The most commonly used are high-purity corundum, silicon 

carbide and boron carbide, listed according to their increasing 

ballistic efficiency and price. Boron carbide is one of the hardest 

ceramic materials and is very suitable for use as a face layer in 

hybrid protective structures. Typical for it is that when hit by 

high-speed ammunitions, it behaves as a glass-like material, but 

this does not affect its excellent protective properties. The main 

reasons limiting its wide use are the high cost and the difficult 

manufacturing of products with complex geometry from it.  

The hybrid protective structures consist in principle of a top 

layer with maximum hardness and high resistance against pene-

tration which destroys partially or completely the armor-piercing 

ammunition and a back layer retaining the fragments of the de-

molished ceramics and the ammunition.  

In Fig. 1 is shown schematically a hybrid protective structure 

and the mode of action of the armor-piercing ammunition [10]. 

Fig 1 Diagram of a hybrid protection structure. 
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Russian sources give the following features of hybrid protec-

tion structures providing protection against a Dragunov sniper 

rifle firing 7.62mm B-32 armor-piercing bullet: 

- Corundum/polyethylene backing - surface density of 

42 ÷ 46 kg/m2, thickness of 19mm. 

- Boron carbide/polyethylene support - surface density 

of 34 ÷ 36 kg/m2, thickness of 20 mm. 

The Institute of Metal Science, equipment, and technolo-

gies “Acad. A. Balevski”   with Center for Hydro- and Aerody-

namics at the Bulgarian Academy of Sciences has been working 

in the field of research and development of security systems for 

individual protection, in particular hybrid structures, including 

ballistic corundum and boron carbide ceramics, for many years. 

As a result of this research were obtained the materials, which 

were tested to assess their effectiveness against armor piercing 

ammunition, and were obtained the results, presented in the 

paper. 

 

3. Experimental studies 
2.1. Materials 

2.1.1. Ballistic ceramics 

Corundum ceramic was obtained by cold isostatic pressing at 

127.5MPa, followed by isothermal roasting at 1580°C for 2h. 

Boron carbide ceramic was obtained by isostatic hot pressing 

at 200MPa and isothermal hold at 2000 oC for 1h. 

The average physicochemical properties of the ceramics used 

are given in Table 2. 

 
Table 2: Characteristics of the ceramics 

Material 

Density 

 

[kg/m3] 

Rockwell 

hardness 

HRA 

 

Modulus of 

elasticity 

[GPa] 

Bending 

strength 

[MPa] 

Crack 

resistance 

coefficient 

[MPa.m-

1/2] 

Sound 

velocity 

[m/s] 

AL2O3 3890 85 385 301 4 10335 

B4C 2500 95 460 409 5 12000 

For the testing of both materials are made plates with dimen-

sions 50x50x8mm and 50x50x10mm. 

 

2.1.2. High-modulus polyethylene Dyneema 

Ultra-high molecular polyethylene Dyneema HB25 was used. 

The product is designed to produce solid ballistic protection 

elements. The surface density of the material is 127-134 g/m2. 

Bundles of cut sheets are pressed using a 400-tonne press. The 

technological process, which includes pre-heating of the molds, 

heating of the Dyneema packages, maximum permissible tem-

perature and change of pressure and temperature is according to 

the manufacturer's instructions. Finally the plates are cut to its 

final dimensions of 250x300x10mm using water cutting. 

 

2.1.3. Auxiliary materials 

Sikabond-T polyurethane adhesive Sika is used to glue the 

tiles and to pack the samples. Kevlar textiles are used for bandag-

ing. 

 

2.2. Test samples 

The two types of ceramic tiles shown in Fig. 3 are glued to a 

back layer of Dyneema and are packed with Kevlar fabric. The 

general appearance and structure of the sample is shown in Fig-

ure 2. 

 

 
Fig.2 Diagram of a test sample. 

 

The characteristics of the test samples are shown in Table3. 

 

 

                     
         a.Plate made of  corundum              b. Plate made of boron carbide 

Fig. 3 Plates for ballistic ceramics with dimensions 50x50x8(10) mm. 

 

Table 3: Test samples 

S
am

p
le

 Dimen-

sions 

 

[mm] 

Ceramics 
Dyneema 

Total 

mass 

 [kg] 

Areal 

density 

[kg/m2] Mass 

 [kg] 

Thick-

ness 

[mm] 

Mass 

[kg] 

Thick

ness 

[mm] 

Corun-

dum 

250x300

x19 

2.234 8 0.545 8 3.250 40.3 

Boron 

carbide 

250x300

x19 

250x300

x21 

1.500 

1.875 

8 

10 

0.545 

0.675 

8 

10 

2.516 

2.900 

33.50 

38.67 

 

2.3. Ballistic tests 

The tests were conducted in the Ballistic testing laboratory of 

the Institute for perspective defense research at the Bulgarian 

Ministry of Defense according to the requirements of NIJ Stan-

dard–0101.04 with ammunition 7.62х54R B-32.  

The test results for corundum are shown in Table 4. 

 
Table 4: Results of the ballistic tests of corundum ceramics with thickness of 
8mm 

Shot 

No. 

 

Perforation of the test sample 

Results 
Ceramics 

Padding of  

Dyneema 

Back packing of 

Kevlar 

Footprint 

depth 

 [mm] 

1 yes no no 40 pass 

2 yes no no 43 pass 

3 yes no no 39 pass 

4 yes no no 45 pass 

5 yes no no 44 pass 

6 yes yes yes - fail 

7 yes yes yes - fail 

The test results for boron carbide are shown in Table 5 and Ta-

ble 6. 

 
Table 5: Results of ballistic tests of boron carbide ceramic with thickness  

of 8 mm 

Shot 

No  

Perforation of the test sample 

Results 
Ceramics 

Padding 

of  

Dyneema 

Back packing of 

Kevlar 

Footprint 

depth 

 [mm] 

1 yes no no 40 pass 

2 yes yes no 40 pass 

3 yes no no 43 pass 

4 yes yes no 43 pass 

5 yes no no 445 pass 

6 yes no Н no е 43 pass 

7 yes yes yes - fail 

Table 6: Results of ballistic tests of boron carbide ceramic with thickness  

of 10 mm 

Shot 

No  

Perforation of the test sample 

Results 
Ceramics 

Padding 

of  

Dyneema 

Back packing of 

Kevlar 

Footprint 

depth 

 [mm] 

1 yes no no 40 pass 

2 yes yes no 43 pass 

3 yes no no 40 pass 

4 yes yes no 41 pass 

5 yes no no 40 pass 

6 yes no no 43 pass 

7 yes no no 44 pass 
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4. Results and discussions 
Corundum ceramics: of the total 7 shots produced, there are 

two complete perforations of the sample after the fifth shot. 

Boron carbide ceramics:  

- for the  8mm thick test sample of the total 7 shots 

produced, there is one complete perforation of the 

sample after the sixth shot; 

- for the 10 mm thick test sample of the total 7 shots 

produced, no perforation is observed. 

Obviously, after each hit, changes in the structure and proper-

ties of the materials accumulate, leading to a deterioration of their 

protective qualities. The issue of sustainability against multiple 

hits is not fully understood. In addition to the number of shots, 

there is no clarity about time interval between the individual hits. 

Several years ago, studies have been conducted in the United 

States to specify this indicator and incorporate it in the NIJ Stan-

dard-0101.04 standard, but so far there are no concrete results. 

The average depth of the footprint in the plastic block is 42mm, 

which meets the requirements for the degree of blunt trauma. 

The conducted preliminary tests have shown that protection 

against the ammunition used is provided by 17 mm armor steel 

with an areal density of 133.5 kg/m2. The mass effectiveness of 

tested samples is: 

-for the corundum sample with thickness of 8mm: 3.31; 

-for the boron carbide with thickness of 8mm:  3.98 

-for the boron carbide with thickness of 10mm: 3.45. 

 

5. Conclusions 
The results obtained show that boron carbide possesses better 

protective properties than corundum, both in multiple hit resis-

tance and mass effectiveness. Both types of ceramics can be used 

in personal protective equipment, and the choice depends on the 

specific weight and price constraints 
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