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I. Introduction 

High-oxide corundum and boron carbide ceramics  

The beginning of the production and use of Al2O3-based 

ceramics is considered to be 1905. At present, the corundum 

ceramics occupies the largest share of all other technical ceramics 

produced globally - about 40 %. Its application is for refractory 

products, in the vacuum technique, as constructive elements as well 

as for chemically resistant and electrically insulating products. Over 

the past decades due to its low cost, the high-oxide corundum 

ceramic products have been applied for protection against high-

speed kinetic and cumulative impacts on moving and stationary 

objects, as well as for the production of multilayer ceramic panels 

for personal protective armor vests. In general, the corundum 

ceramics plays an important role in modern science and technology. 

Areas of its application are constantly expanding as its properties 

are continually improving through the use of new production 

technologies. 

Corundum ceramics is a densely sintered polycrystalline 

structure. The feedstock is -Al2O3 (corundum). A basic 

requirement for the raw material is its high purity. The degree and 

constancy of impurities predetermines the purpose of the ceramics. 

Another requirement is a well defined sedimentary composition 

(finely milled feedstock), obtained without contamination during 

milling. Alumina powders with close particle size (mono fraction 

powders) are required for preparation of high-alumina corundum 

ceramics intended for special applications. In these cases chemical 

methods are used - chemical coagulation or sol-gel method. These 

methods are characterized by the advantage that they achieve a high 

dispersion, purity and activity of the ceramic powders, as well as 

homogeneity of the constituent masses, and hence of the resulting 

ceramics. Using these methods sintered materials can be obtained 

easily at low temperature. 

The direct use of corundum powder as a raw material for 

ceramics production is inappropriate since it is non-plastic. In order 

to obtain a product, the ceramic powder must acquire bonding 

properties, which is achieved by adding organic composition as a 

technological bond. Substances that act as a temporary bonds are 

called plasticizers. They give formability to the ceramic mass for 

fabrication of products and the mechanical strength of the material 

prior to firing and in the process of firing the bond burns without 

residue. Most often these are water-soluble organic binders such as 

polyvinyl alcohol and the like. In order to improve the wetting of 

the mineral components and to increase the surface activity of the 

organic bond, a small percent of surfactant is added - about 0.5 wt 

% of the amount of corundum. The most common surfactant is oleic 

acid (C17H23-COOH). 

Pure boron carbide products have an extremely wide range of 

physical, chemical and mechanical properties, which make them 

unmatched in many areas of technology. Their high hardness (the 

third after those of the diamond and cubic boron nitride), modulus 

of elasticity, sound velocity, and low relative weight allows it to 

occupy an important place in the construction of multilayer 

ceramic-polymer systems for protection against high-speed kinetics 

and cumulative impacts. 

In nuclear power plants, cylindrical profiles of boron carbide 

are used to regulate the course of nuclear reactions because they 

contain boron atoms 10B in which the capture of neutrons is 

extremely high. 

Nozzles for sandblasters, cutting and grinding tools and more 

are also produced from boron carbide. 

  Despite of the extremely high chemical resistance of 

boron carbide products to various aggressive environments, due to 

technological difficulties in the manufacturing of large-scale 

products for the chemical industry, they are not yet widely used. 

Currently, studies on the synthesis of pure boron carbide 

and the production of articles based on it have received much 

attention. Particular attention is paid to improving the method using 

hot pressing. 

  At present, a lot of attention is played in various smaller 

and larger countries to the research on the synthesis of pure boron 

carbide and the manufacture of articles on this basis. Particular 

attention is paid to refining the method of hot pressing. 

1. Requirements for corundum masses, preparation of 

press powders, forming methods of preforms and 

development stages      

As noted, high alumina corundum ceramic masses are non-

plastic and because of this their masses can be thermoplastic 

(paraffin bonding used) or semi-dry (if polyvinyl alcohol with 

surfactant - oleic acid as bonding is used). Prior to their production, 

the corundum (most commonly electrically melted) is grinded. 

Grinding is often wet. Afterwards, the powder, with the required 

granulometric and sedimentary composition, is sieved (most often 

with vibratory sieves) and the iron impurities are removed by 

magnetic separation. The fractions are blended, plasticizer is added 

as per the technology of the respective product and the mass is 

homogenized. The material should be very well compacted after 

pressing. This is why the grain size distribution is essential to 

provide a maximum packing. Surfactants are also added which, in 

addition to being adhesive additive, play the role of a grain sealer, 

reducing friction between them and the mold. These additives are 

called lubricants. Prior to the addition of plasticizers and 

surfactants, the masses are crumbly, easily spreadable in layers with 

different density and do not "flow" well when filling the molds if 

not properly prepared. All this is avoided as the masses are 

aggregated into larger granules of approximately the same size and 

with round shape, which are durable, do not stick together and fill 

the mold well. The main method used for this purpose is spray 

drying. It is done after an initial homogenous mixing of the 

corundum powder with the organic binder and its humidification. 

The resulting material is injected in the direction of its movement or 

against it (counter-current) in the so-called spray dryers. 

The main idea in developing the present technology is to 

achieve specific composition and specific technical conditions for 

the production of corundum ballistic ceramics through the study of 

a number of corundum compositions. For this purpose the most up-

to-date information was obtained on the globally used ballistic 

ceramics and in particular of that based on corundum. A number of 

technological issues related to the preparation of corundum 
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compositions cwith a certain particle size were studied: the  addition 

different type and quantity of modifiers, the granulation and the 

molding methods - compacting by a hydraulic press, thermoplastic 

casting, slip casting, isostatic pressing, detonation pressing. The 

issue of the production of corundum ballistic ceramics was solved 

by the development of the technology.    

First, seven compositions with different Al2O3 content were 

prepared and experimented under laboratory conditions. The most 

promising was determined. Mixtures of the various corundum 

compositions according to the applied molding method were 

prepared. The densities, the temperature mode of firing, 

respectively the coefficients of shrinkage after firing, of the semi-

finished product after molding were determined in order to produce 

tools for the final products - square and rectangular plates with 

different thickness. Various physicochemical properties, such as 

final density, speed of sound passage, Poisson coefficient, bending 

strength, modulus of elasticity, relative share of the absorbed kinetic 

energy, hardness, etc. were examined of the various laboratory 

samples. 

The technological process of ballistic corundum ceramics 

production includes the following operations:        

1. Use of pure raw materials obtained by chemical 

methods. In this case Al2O3 powder. 

2. Dosage of the raw materials and weight mixing 

with additives. 

3. Preparation of a ceramic granulate,  

thermoplastic masses or dispersed aqueous 

colloid system. 

4. Forming of the obtained products. 

5. Drying and firing of the preform bodies. 

6. Mechanical processing if needed. 

7. Quality control of the obtained products. 

 

2. Standards referring to corundum ceramics properties        

The object of the technology is to achieve maximum protection 

of the corundum products, in particular plates with a maximum 

Al2O3content with, used as a front part of a multilayer ceramic-

polymer hard plate. The chemical composition of the ceramics 

corresponds well with the corundum ceramic used for electro 

technical purposes described in the International Standards "IEC" of 

the European Committee CENELEC. With the introduction of 

unified European regulations, these standards are already listed as: 

EN60672-1 "Specification for Ceramic and Glass Insulation and 

Materials, Part 1": Definitions and classification and EN60672-3 

"Specification for Ceramic and Glass Insulation and Materials, Part 

3": Materials. 

As an example, we list some of the most important indicators 

to be met by the best corundum ceramics containing Al2O3 ˃ 99 % 

of the group C799, namely: 

 porosity -  0.0%, 

 density ˃ 3.7 g/cm3, 

 bending strength ˃ 300MPa, 

 elasticity modulus 380 GPa. 

These values are minimal, each manufacturer guarantees in his 

technical specification additional and possibly better properties for 

his products. 

3. Standards related to the control of material 

characteristics (in this case the corundum ceramic tiles), 

defining the protective properties of the final product. 

There are various methods developed to determine the 

material’s properties, such as density, tensile bending and 

compression strength, hardness, impact strength, elasticity modulus, 

etc. Applicable for these purposes are EN ISO12680, EN658, 

ENV14186, EN1094, EN993 series standards. There are non-

standardized methods, known in the literature, to make an indirect 

assessment of the protective properties of the material under certain 

test conditions. 

4. Market study at home and abroad for supplying the 

necessary raw materials for regular production. 

The market study for the supply of the necessary raw materials 

is consistent with the stages of production of high alumina 

corundum ceramics, namely in the following order: 

4.1.The worldwide suppliers of 99.99% pure aluminum oxide 

with a defined sedimentary and granular composition or of 

granules with a defined chemical composition for dry pressing, 

are as follows: 

 company Martinswerk - Germany, 

 company Nabaltek - Germany, 

         -   company Alkoa - USA. 

For this purpose, inquiries were made to the respective 

suppliers, and we received their offers as follows: 

- Nabaltek has submitted a quotation for pure 

aluminum oxide as well as ready-made 

granulate brand KMS96 and brand NM9620; 

- Martinswerk submitted an offer for MR70 / S 

ready-made granulate. 

4.2. Preparation of alumina oxide press powder for 

isostatic pressing. 

The market for suppliers of alumina with a 99 % content and 

average grain size of 5 microns was studied. 

We received offers from the suppliers  quoted in item 5.1, as 

follows: 

       Nabaltek has provided an offer for alumina oxide brand 

ND313. 

       Martinswerk provided an offer for alumina oxide brand 

MR52.      

To improve the physico-mechanical properties and to 

reduce the sintering temperature, a market study of suppliers of 

magnesium and other oxides was required. We have sent a request 

for offer to the firm May Chem from the Netherlands. 

         For improvement of the parameters of the finished product 

related to liquefiers and plasticizers, a request for offer was sent to 

the companies Zchimmer and Schwarz from Germany. The German 

company has offered the following brands: Dolapix PC67 and 

OptaPix PAF2.        

 

5. Development of semi-dry, impulse and detonation pressing 

molds. 

1.1. Development of  semi-dry pressing mold 

The study concerns a press tool for hydraulic press DORST 

TPA 50/2 designed for pressing ceramic plates made of alumina-

based ceramic material with dimensions 50 x 50 x 8 mm and 50 x 

50 x 10 mm. 

5.1.1.Description of the equipment 

It is an instrument consisting of a mold, a top and a 

bottom punch and connecting elements. The following materials are 

defined for making the basic elements of the instrument taking into 

account the specifics of the ceramics dry pressing.        

 mold – body of hard metal – Ceratizit 

H40S/HIP, 

 top and bottom punch – steel Х12 thermally 

treated to the necessary hardness, 
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 connecting elements – steel С45. 

The dimensions of the connecting elements are tailored with 

the DORST TPA 50/2 automatic press adapter. The dimensions of 

the molding parts are defined as follows: by performing a 

technological trial using the same press at similar technological 

parameters but with another pressing tool to determine the 

compressibility coefficient of the ceramic granulate. This 

coefficient determines the dimensions of the raw body or of the 

shaping parts of the finished bodies.        

 

1.2. Development of equipment for impulse and blast 

compression. 

These equipment was not designed for a specific product of 

definite dimensions but only for model samples to determine the 

effect of this compression on the physico-chemical and mechanical 

characteristics of the finished product without pursuing a long-term 

use. 

6. Manufacture of proper size rubber molds for isostatic 

(hydrostatic) pressing. 

The manufactured rubber molds are for isostatic pressing of 50 

x 50 x 8 mm and 50 x 50 x 10 mm preform ceramic plates. This is 

done by the following scheme: 

6.1. Calculation of the dimensions of the green plate of the 

respective composition with a compression coefficient of 

~ 1.166, which means that the preliminary dimensions 

should be 58.3 x 58.3 x 9.32 mm and 58.3 x 58.3 x 11. 66 

mm respectively. 

6.2 Calculation of the mold 

a) Internal diameter of the mold  

Considering that the coefficient of compaction at 1,300 

bar is Kcom ≈ 1.3 and that the square plates dimensions of 58.3 x 

58.3 x 9.32 mm and 58.3 x 58.3 x 11.66 mm may fit in a circle with 

a diameter 90 mm, the internal diameter of the mold must be ꞊ 90 x 

1.3 ꞊ 117 mm. Considering that a further 10-13 mm are required for 

the preform to become a right-sized cylinder after machining, the 

required internal diameter of the mold must be 130 mm.        

b) Length of the mold 

Thicknesses of one plates are 9.3 mm and 11.66 mm 

respectively. Four mm for preliminary machinig and 5 mm for 

cutting of a single plate (this is the thickness of the turning knife) 

should be added to these dimensions. The required length of the 

green body becomes at least 230 mm for 12 plates 8 mm thick and 

10 plates 10 mm thick. Considering that the coefficient of 

compaction is approximately 1.3 for isostatic pressing, and the 

sleeve is closed with rubber stoppers at 40 mm depth, the required 

length will be 380 mm. The thickness of the mold’s wall is 10 mm. 

Two molds are needed for full loading of the isostatic press.         

 

7. Injection molding 

7.1.Preparation of a technological binder and a thermoplastic 

slip. Forming of details. 

 

5.65% bees wax is added to 1 kg of hard paraffin. The two 

materials are placed in a vessel and heated in water bath at 80 ÷ 90 ° 

C to melt and are homogenized. The resulting binder is poured into 

metal molds and, after cooling and curing, is stored for further 

application for preparation of thermoplastic slip. This is done by 

placing in a heated water bath at 80 ÷ 90 ° C the preliminary 

cleaned from the binder quantity (16.5%) and waiting for it to melt. 

The alumina mixture is added in small portions under continuous 

stirring with a propeller stirrer. 

After the entire material is added in the heated water bath, the 

stirring continued for another 15-20 minutes. The resulting slip is 

aged for 2-3 hours in an electric dryer at a temperature of 65-80 ° C, 

then poured as a thin jet in suitable metallic molds. The casting is 

stored in a clean and dry place. The details are molded by hot 

casting under pressure from 1 to 3 atmospheres in metallic molds. 

The working temperature of the slip varies in the range 60 ÷ 75 ° C. 

After casting the products and hardening the slip, the mold is 

opened and the items are removed very carefully. Exerting an effort, 

such as pressure or tension on the product before it has solidified, is 

not desirable as it may result in deformation. 

7.2. Removing the technological binder  

The removing of the technological binder is carried out in the 

temperature range of 50 - 1050оС in an electric resistance furnace. 

The products are placed in high-alumina saggers and filled with 

adsorbent. As an adsorbent is used Al2O3 with a grain size of 40 ÷ 

50 microns. The rate of the temperature rise is as follows: 

 50 ÷ 200оС – 10оС per each 8 hours, 

 200 ÷ 300оС – 25оС per hour, 

 300оС – holding for 3 hours, 

 300 ÷ 450оС  - 25оС per hour, 

 450 ÷ 1050оС – 100оС per hour. 

After the furnace is cooled down, the items are removed 

and cleaned with compressed air. Their final firing is carried out by 

placing them on refractory plates in a high-temperature electric 

furnace, at a temperature determined for each composition in the 

temperature range 1550-1650 ° C. 

Only samples for physico-chemical and mechanical tests were 

produced by the presented technology. 

7.3. Compression of ceramic products by explosion 

For this purpose, a metal mold with a punch is used in which 

a certain amount of press powder is placed. The compression is 

carried out in a blast chamber, the explosive being placed around 

the punch. The disruptive explosive has a “pyromex” density with 

detonation velocity of D = 7,200 m / sec and density Ro = 1.48 g / 

m3. The explosion is carried out by an EAMN - 25 detonator. 

The parameters of the blast on the punch are: 

 

 Initial speed Uo  = 2,900 m/sec, 

 speed of the particles produced by the 

explossion Uf = 1,823 m/sec, 

 density of the explosion products ρf = 1,980 

kg/m3, 

 speed of sound in the explosion products df = 

5,377 m/sec, 

 pressure of the wave front рf = 0.131.1011 Ра, 

 ratio between the pressure of the wave front and 

the pressure on the punch рf/р1 = 1.31.106 Ра. 

It is determined experimentally that for the same 

explosive the detonation velocity D, [m/sec] and the specific energy 

of blast transformation depend on the density of the charge ρо.     

The high density of the samples obtained after the explosion 

compaction and their incredibly high increase in strength, despite 

the instantaneous impact of the pressure, shows the perspective of 

using this method to obtain preforms from of any technical 

ceramics. 
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8. Essence of the isostatic pressing  

The essence of the method is based on the following: the 

granulate is packed in the rubber molds and vibrates with them, then 

it is placed in cylinders filled with liquid (water emulsion, glycerin 

or oil). A pump system creates pressure in the liquid around the 

sleeve in the cylinder with a value of up to 2,000 MPa - in our case 

1300 MPa. The granulate is pressed from all sides by the impact of 

the liquid on the rubber mold. An irregular cylindrical preform with 

uniformly distributed density and isotropic texture is obtained. The 

duration of the hydrostatic (isostatic) compression process depends 

on the size of the preforms and lasts for few minutes. Typical for 

this method is that there is no friction of the press powder on the 

mold’s walls. It is compressed from all sides, producing a uniformly 

dense preform without the presence of layers or sections of different 

density. The densification is 35-39 % better in comparison with the 

classic automatic hydraulic press method, which results in an 

increase rate of solid-phase reactions during the firing process at the 

same temperature and reduces the shrinkage of the articles. In this 

sense, the method is more energy efficient. Due to the short 

movement of the high pressure there are profound changes in the 

structure of the crystalline substances. 

 

8.1 Essence of the conventional molding method 

The conventional molding method is the most common one. 

Articles from all masses regardless of their chemical and mineral 

composition can be produced by it. Density depends exclusively on 

the ratio, amount and size of the individual powder fractions and on 

the pressure and the molding conditions. The density of the bulk 

material upon free backfilling depends on the size, shape, particle 

size distribution, state and the structure of the particles. To obtain a 

dense package, the most suitable is a multi fraction composition 

with a maximum particle size of less than 1 μm. Numerous studies 

are known concerning the particle size distribution and particle size 

of the material. Practically granulates are produced in the form of a 

press mass, which regulates pressing. The essence of the process is 

based on the following: low moisturized powdery granulate of 

Al2O3 with particle diameters less than 1 μm and modifiers with 

plasticizers are poured in the mold. Then the mass is pressed by a 

punch at one side (one-sided matrix) or by two punches moving 

oppositely (two-sided matrix). The pressure can be applied 

continuously during the entire compression process (one-stage 

compression) or with steps (stepped pressing). The continuation of 

the steps is of the order of a second or parts of a second. Stepped 

pressing is preferred as it helps the equalization of the pressure and 

the removal of the air from the mold. After the final pressing, the 

articles are pushed out of the die and the compression cycle is 

completed. By this method different samples of different 

compositions can be formed at different pressures. 

8.2. Essence of the impulse compaction  

This method is based on the effect of pulsating forces 

multiplied by value, with magnitude of up to a maximum of 

100,000 tons at values of impulse body displacement up to 10 mm. 

This is achieved by means of a power pulse generator, a machine 

for transforming constant forces and moments into pulsating ones. 

The generator is implemented on a purely mechanical basis. It 

consists of a shell and impulse body, and in the cavity between 

them is a built-in bar mechanism, in which the circular joints and 

rod arms are replaced with segmental shoulders and joints. By this 

replacement, it is possible to obtain a large area of the press bearing 

and the dimensions and the mass of the power impulse generator 

can be reduced many times.   

According to the described scheme, samples were pressed in 

the mold, giving extremely high physical and mechanical indices.      

 

8.3 Sintering synthesis of test specimens obtained from 

different compositions at various methods and compression 

pressures  

The corundum is difficult to sinter. The diffusion mechanism, 

including the recrystallization process, depends on the temperature 

and duration of firing, dispersity of the corundum, the activity of the 

crystalline chemical status of the material, the initial density of the 

green product, the presence of impurities or specially introduced 

modifiers, and last but not least the gas environment. The maximum 

grain size of Al2O3 capable of solid-phase sintering must not exceed 

3 - 5 μm. We use finely dispersed Al2O3 - up to 1μm. During the 

sintering process, recrystallization of the dispersed corundum 

ceramics occurs, which is of great importance for increasing or 

decreasing the size of the crystals, which affects the different 

properties. During our studies we achieved a crystal size of 1.2 to 

2.5 μm, average 1.75 μm. The degree of perfection of the corundum 

crystal lattice also has a very strong influence on the firing 

temperature and the degree of sintering. The crystalline grid of 

electro fused corundum has a high degree of lack of  defects and 

therefore, with identical dispersity, the articles made from it without 

the use of modifiers are much more difficult to sinter than those 

obtained from technical Al2O3. 

 

8.4. Investigation of the physico-mechanical properties of the 

obtained corundum ceramics  

 

Experimental corundum ceramic samples of different 

compositions obtained by the above-described formation methods, 

at different compaction pressures and sintered at specified 

temperatures and duration of the isothermal temperature retention 

are studied and a number of physico-chemical indicators are 

determined. The results are analyzed and plates with dimensions 50 

x 50 x 10 mm - 20 pcs and 50 x 50 x 8 mm - 20 pcs are produced at 

industrial conditions, corresponding to the conditions of the 

preparation of the best samples. An excerpt of the best results is 

presented in Table 1. 

 

Table 1.  An excerpt of the physico-mechanical properties of 

corundum ceramics, obtained by different forming (pressing) 

methods 
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II. Boron carbide ceramics  

1. Materials and influence of their properties on the quality 

of the boron carbide products.  

The properties of boron carbide products depend on the 

properties of the starting material (boron carbide powder) and the 

production technology. The properties of the powder are 

structurally sensitive and depend on the porosity, shape and size of 

the grains, their orientation, the type and amount of impurities, as 

well as their volume distribution. In addition, boron carbide has a 

phase-varying composition that depends on the ratio of components 

B and C. Boron carbide is produced in a number of countries - 

USA, Germany, Russia, China and others. For now, China is the 

largest producer of B4C and at the lowest price. The purest В4С is 

produced in the US and Germany, but at a very high price. 

The quality of the products, as noted, depends on the purity of 

boron carbide and the molding and sintering technology. Assuming 

that hot pressing is the best technology for a given sedimentary and 

chemical composition of B4C powder, the question arises as to 

which factor determines cost and how to improve it. Generally hot 

pressing is performed in rigid graphite molding equipment in an 

argon or vacuum environment. Regardless of the quality of graphite 

and the atmospheric conditions, the molding equipment breaks 

down and pollutes the surface layer of the articles changing the B:C 

ratio. 

In view of the unlimited number of suppliers of different 

chemical and chemical compounds, our task was to buy ready-to-

use powder from B4C and to focus on the main part of the 

technology- molding, temperature regime and clinkering of the 

products. 

When developing our technology, we use boron carbide, 

bought from Thermo Fisher - Germany, accompanied by a 

Certificate of analysis of the boron carbide 99 +% product. The 

product has the following composition presented in the following 

table: 

Table 2 Certificate of analysis of the boron carbide 99 +% 

product 

 

Particle size -325 mesh 

Boron Carbide 99.01 % 

Total Boron + Carbon 99.75 % 

Total Boron 78.41 % 

Free Boron 0.09 % 

Boron Anhydride 0.12 % 

Boron  Compound 78.32 % 

Total Carbon 21.34 % 

Carbon Compound 20.69 % 

Iron 0.10 % 

 

  

2. Factors influencing the production of B4C-based 

products 

The process of molding of preforms from B4C is one of the 

most important. To a great extent it determines very important 

properties of the sintered products, especially the mechanical 

strength. Various molding methods have been developed which are 

also applied to other ceramic materials. Compaction in steel molds, 

isostatic pressing, hot-pressing with simultaneous sintering, slip 

casting (thermoplastic and in the form of aqueous dispersion colloid 

systems) are widely used for the forming of products from high 

melting point powders. The latter two methods are very rarely used. 

Forming in metal molds is primarily for modified boron carbide 

compositions. It is widespread and productive. Isostatic pressing 

produces good results but is economically ineffective. Top quality 

products are produced by hot pressing with simultaneous sintering, 

but they are very expensive and are used for special purposes only. 

The essence of the pressing process is in obtaining preforms with 

definite shape by reducing the volume of boron carbide powder 

used by exertion of pressure resulting in increased contact between 

the particles. In the free fill state the contact area between the 

powder particles is very small. In the initial stage of compaction, 

the particles are moved and fill the empty spaces, and thus increase 

the area of the contacts. Deformation begins to occur at the points 

of contact where the pressure is transmitted. Gradually, these 

contacts begin to appear in small groups of particles and finally 

throughout the volume of compressed powder. As a result, the 

powder particles begin to deform plastically if the temperature is 

high or broken into small pieces if if the temperature is low. 

Compaction of powders by pressure is a complex process that 

depends on the properties of the pressed material and of the 

particles and on the manner and conditions of the pressing. Before 

compression of powders of difficult-to-melt compounds such as 

B4C, plasticizers are added to obtain the necessary molding 

plasticity. Rubber dissolved in gasoline, bakelite dissolved in 

alcohol, polyvinyl alcohol and the like are used as plasticizers. The 

plasticizers are mixed and homogenized with the powder and then 

the plasticized material is granulated. It should be noted that the 

plasticizer facilitates compression, but adversely affects the quality 

of the product, as it enters the gaps, closes the air and limits the 

possibility of obtaining high-density products. This requires that the 

minimum required amount of plasticizer should be  determined 

experimentally, depending on the pressing method. There are two 

technologies that we have studied and are using in our practice to 

obtain B4C products. One involves the compression of a modified 

B4C based composition with 99% purity plasticized with gasoline-

dissolved rubber into a metal die using a hydraulic press, and the 

other is isostatic pressing of preforms  with the same composition 

and with reduced plasticizer content followed by machining until 

raw materials are obtained before sintering. These technologies are 

described in detail above for the production of high alumina 

corundum ceramics. Thus, 50 x 50 x 10 mm and 50 x 50 x 8 mm 

tiles of boron carbide ceramics were obtained. In order to avoid 

labor-intensive machining after isostatic pressing, the articles are 

first compressed into a metal die in a hydraulic press and then are 

placed in thin-walled elastic cuffs and pressed isostatically to 

eliminate structural differences in the raw material volume, which 

are the main reason for deformation of the products during the 

sintering process. The heat treatment was performed in a high 

temperature furnace in argon medium. The articles are placed in a 

closed box made of high-density graphite covered with B4C powder 

of the same composition as the test pieces. The high temperature 

heat treatment time is 30 min at 2,250°C. The physico-mechanical 

parameters of the obtained boron carbide ceramics are shown in 

Table 2. 
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Table.3. Physical and mechanical parameters of boron carbide 

ceramics obtained by hydraulic pressing and isostatic additional 

pressing 

№  1 1 

Composition  2 3 

Forming method  3 Hydraulic pressing 

Р = 10 MN/m2 

Sintering time and 

pressure 

 4 Isostatic additional pressing 

2,250 оС, 1/ 2h 

Initial density 

(after forming) 

ρо, 

g/sm3 

5 12.30 

Relative share of 

density after 

forming in respect 

to the theoretical 

density of pure 

corundum В4С 

% 6 35.60 

Final density after 

sintering 

ρ, g/sm3 7 2.47  

Transmission of 

the speed of sound  

Vi, m/s 8 12,490 

Bending strength σi, МРа 9 430 

Modulus of 

elasticity 

Е, GPa 10 395 

Relative share of 

absorbed kinetic 

energy 

DE, 

Jm2/kg 

11 72 

Knoop Hardness HRC 12 14 GPа at a load of 1,000g  

Poisson's 

coefficient 

µ 13 0.19 

 

 

III. Conclusion 

In conclusion, we can summarize that a literature and marketing 

study was conducted on the standards and raw materials for the 

production of corundum and boron carbide ceramics. In-depth 

information is presented on the indicators that must be met by both 

types of ceramics related to the production of materials with desired 

properties. The constructive developments for molds and the 

production of rubber bellows for isostatic pressing are presented. 

The physico-mechanical parameters of corundum and bocarbide 

ceramics compositions have been studied and described, and the 

best values are presented in a table. 
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