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Investigation of the current 
state of isostatic graphite 
production technology

Проаналізовано основні етапи сучасної технології виробництва високодисперсного ізостатич­
ного графіту. Встановлено особливості та можливі напрямки її удосконалення на підприємствах 
України. Розглянуто основні фактори, що визначають попит на ізостатичний графітовий 
матеріал. Спрогнозовано подальше зростання більш ніж на 5 % щорічного обсягу виробництва 
ізостатичного графіту на світовому ринку, особливо в країнах Східної Азії.
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1.  Introduction

Graphite materials are widely used in various industry 
fields due to unique combination of mechanical, chemical, 
thermal and physical properties. The material is used in 
metallurgy, energetics, engineering, on military-industrial 
complexes, during the manufacturing of fire-resistant mate-
rials, electrical machines and facilities, paint, rechargeable 
batteries, heaters etc.

Both natural and artificial graphite materials are used 
in industry. Artificial graphite is remarkable by its high 
clearness and is divided into various types based on its 
manufacturing method, the sphere of usage and application 
conditions. Isostatic graphite is a separate unique type of 
graphite materials which differs from other types of artificial 
graphite with better physical properties and its isotropy 
in the whole structure. The composites made from this 
material are similar to steel by its strength parameters. But 
it also possesses high electrical and thermal conductivity. 
Some industries practically cannot operate without graphite. 
For instance, electrodes from isostatic graphite in electrical 
discharge machines make it possible to achieve a significant 
increase in the accuracy of metal processing  [1].

Isostatic graphite is a fine grain graphite which is ob-
tained during the high pressure by the method of isostatic 
pressing. This material is used for product manufacturing 
of complex shapes with a high surface finish. Due to the 
needs of steel industry, isostatic graphite is used for mak-
ing permanent molds, melting crucibles, continuous cast 
dye, hoppers, chutes etc.  [2]. In the electrical field this 
material is used for elements of electronic tubes, containers 
for semiconductor, nets for rectifiers with mercury anodes. 
Isostatic graphite is an essential structural material for 
nuclear power reactors, solar photovoltaic cells etc.

The development of isostatic graphite production tech-
nology is conducted by leading manufacturers on the market 
of artificial graphite production since the 60-s of the last 
century. In the CIS countries and, particularly, in Ukraine 
domestic manufacturers became interested in this promising 
area after 2006, that is in the period of the rapid growth 
of the global photovoltaic industry. Such rapid development 
led to a lack of prospective graphite materials in the world 
market for the artificial graphite production [3]. Since that 

time the leading manufacturers have become engaged in 
the continuous expansion of isostatic graphite range and 
improving the technology of its production.

Under these circumstances, research and improvement 
of isostatic graphite production technology is clearly an 
urgent task.

2. �T he object of research and its 
technological audit

The object of research is the process of isostatic graphite 
production and the prospects for its further development 
in the world.

Nowadays isostatic graphite is quite popular material 
that is in great demand in the photovoltaic industry and 
is indispensable in semiconductors production. This can 
be explained by the unique properties of this type of 
graphite, which is characterized by high values of strength, 
heat resistance, electrical conductivity and uniformity of 
physical properties.

However, isostatic graphite production requires careful 
raw materials preparation, the usage of powerful specia
lized pressing equipment, the usage of accurately designed 
heat treatment modes etc. Ultimately, this leads to high 
prices of finished isostatic graphite in comparison to other 
types of graphite materials.

3. T he aim and objectives of research

The objective is to study the process of gradual pro-
duction of isostatic graphite material and determine the 
level of demand for products with fine-dispersed material 
on the world market.

To achieve the stated objective, the following tasks 
should be performed:

1.	 Identifying the main stages of isostatic graphite 
production and holding its detailed analysis.

2.	 Expanding overseas production technology features 
of isostatic graphite and identifying the opportunities for 
its improvement in Ukraine.

3.	 Setting the level for further development of world 
production of isostatic graphite materials and other ma-
terials based on it.
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4. �R esearch of existing solutions  
of the problem

As a result of analysis of published data, it was found 
out that isostatic artificial graphite is obtained during 
several stages, namely  [4–11]:

–	 pitch preparation and coke milling;
–	 coke and pitch mixing while heating the mixture;
–	 forming, cooling and chopping formed coke and pitch  
composition;
–	 pressing the crushed powder into billets under high 
pressure in special isostatic presses;
–	 firing blanks prepared at the temperature of 800–
1300 °C;
–	 burned carbon products graphitization at the tem-
peratures up to 3000 °C;
–	 graphite blanks processing to obtain the final product.
It was also established that the isostatic graphite is  

rather popular in photovoltaic industry in solar cells production 
which undergoes rapid development since 2006  [3,  12,  13]. 
This developing trend requires the usage of the new high-
purity isotropic graphite brands and, therefore, new pro-
duction technologies.

Thus, the results of analysis enable to conclude that 
the detailed description of isostatic graphite technology is 
protected by the leading foreign manufacturers producing  
graphite products. Therefore, research and records of the  
available information necessary for the development of the 
production area of new and promising structural graphite  
and products based on it can be considered as an ex-
tremely urgent task.

5.  Methods of research

Methods of synthesis, analysis and systematization of 
the information available in the public domain and as-
sociated with the production of products using isostatic 
graphite were used to solve this problem.

Methods of statistical data were used for construction of 
the averaged dependence on basic mechanical properties of 
some of the most common examples of foreign fine-grained 
graphite brands and isostatic graphite production trends.

6. R esearch results

6.1.  Analysis of the current state of isostatic graph-
ite production technology. It is well-known that isostatic 
graphite production process begins with the preparation 
of raw materials, namely, crushing filler that is a coke of 
different nature and training «matrix – binder» that is 
usually coal tar pitch  [11].

Shale [5, 7], oil [6], pitch coke [1, 8, 9] and coke breeze 
mixture of different nature are used as a filler [8]. Needle 
coke is practically not used as relatively high anisometric 
particles are formed after the crushing process, but this 
coke allows to obtain high-density material with a low 
coefficient of thermal expansion (CTE) [1].

There is a one-component technology for isostatic 
graphite based on pitch mesophase obtained by special 
heat treatment of pitch coal. Powder of this material is 
viscous and does not require any binders in structural 
graphite production. As a result, the products obtained 
from mesophase pitch powders have high isotropy, physical 
and mechanical properties [14].

The filler undergoes grinding in order to obtain fractions 
with an average grain size of 30–150  μm for fine grained 
marks or graphite to 1–30  μm for ultra fine brands. As 
a result of analysis of the products on the basis of the 
following isostatic graphite companies:

–	 SGL  Carbon (Germany);
–	 Mersen (France);
–	 Toyo Tanso (Japan);
–	 GrafTech (USA);
–	 JSC  «NIIgrafit» (Russia).
It was found out that fine grained isostatic graphite 

with average grain size of 10–20  μm is currently most in 
demand on the international market. It is also important to 
note that ultra fine grinding carbon fillers with a particle 
size of about 1  μm are achieved by mechanical energy of 
15  kJ/g. With the particle size decrease from 30  μm to 
1  μm, grinding energy goes up by more than three orders 
of magnitude [1]. It also leads to lower perfection degree of 
the crystal structure of carbon fillers. The material destruc-
tion to a particle size less than 1  μm reduces the ability 
of its graphitization [15]. This fact shows the impossibility 
to use this material as filler for artificial graphite produc-
tion, at least if there is a necessity to obtain material with 
high thermal and electrical conductivity.

It is also important to choose a size distribution of the 
filler so that during one work cycle it would be possible to 
get graphite blanks with the apparent density of 1700 kg/m3. 
Such optimization in some cases makes it possible to increase 
the apparent graphite density obtained with 150 kg/m3 and 
receive finished products from fine-grained graphite without 
additional technological cycles «impregnation – firing»  [1].

It was found out that the packing density of the filler 
is defined by the size of the largest and smallest particle 
sizes. The bigger the difference the higher packing density 
is achieved. Fig. 1 shows the dependence of the maximum 
volume fraction of the filler on the ratio of particle size 
limits δmin/δmax in polydisperse filler. Anisometry of the 
particles in the circumstances is a negative factor that 
reduces packing density  [1]. Fig.  2 shows the results of 
theoretical calculations of determination the optimum filler 
size distribution for δmax = 100  μm [16].

For the systems, providing maximum packing density, 
the amount of binder is given by the free volume, that 
is the value  (100–Pf), as shown in Fig.  1.

For example, coal tar pitch preparation can be made 
using controlled heat treatment up to the temperature of 
630 °C [8] or by adding up to 1.5 % of fine-dispersed carbon 
special supplements while mixing and heating the mixture:

–	 complex phenols and phenyl phosphates [5];
–	 fullerenes and fullerites [7];
–	 nanodisperse carbon [7,  9];
–	 expanded natural graphite, etc. [9].
Such preparations allow to increase the physical, chemi-

cal and technological characteristics of the coke and pitch 
mixture that is highly important at different stages of 
artificial graphite production. It also allows to create 
a  spatial structure, which makes it possible to increase 
the technological properties of the final product.

After components preparation is completed, they are 
thoroughly mixed while heating to the temperature which 
is much higher than the pitch softening temperature. This 
coke and pitch composition mainly consists by 60–72 % (by 
mass) of the filler and by 28–40 % (by mass) of the binder 
material [1,  5,  6,  9].
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Then the resulting mass is cooled to am-
bient temperature, crushed, milled and then 
we eventually get the moulding powder of 
the required fraction.

Isostatic pressing process takes place at 
normal temperature in isostatic presses using 
liquid substance which on all sides evenly 
compresses the moulding powder prepared by 
pressure value 40–200  MPa [5,  8,  9,  17,  18]. 
This process allows to obtain a graphite ma-
terial with higher bulk density, low porosity 
and high hardness.

After that pressed blanks undergo heat treat-
ment, firing at the temperature of 800–1300 °C  
and graphitization at the temperatures up to 
3000  °C. After the firing process the blanks 
are impregnated with the binder if necessary 
and then stage of firing repeats again. In the 
process of heat treatment, the blanks decrease 
in volume and become more condensed [19]. 
The value of volumetric shrinkage depends 
on the basic way and the choice of filler 
content in the volatile and may reach up to 
50 % of the original volume of the pressed 
material [17–20].

As a result of the above actions, fine par-
ticle isostatic graphite is obtained, which is 
characterized by the following physical pro
perties (according to s.  c.) [4]:

–	 specific electrical resistance – 10–15  µΩ ⋅ m;
–	 thermal conductivity – 70–140 W/(m ⋅ K);
–	 CTE (up to 200 °С) – 3 ⋅ 10–6–5 ⋅ 10–6 K–1, den-
sity  – 1.7–1.9  g/cm3.
The strength of isostatic graphite depends on the 

average grain size [1]. Fig.  3 shows the dependence of 
modulus of elasticity and strength characteristics of va
rious types of structural graphite on the average grain 
size of the filler adduced to the material values with 
zero porosity. The information available in public access 
regarding the properties of 100 most popular brands of 
foreign examples of highly grained graphite of the fol-

lowing manufacturers was used to build data 
dependencies:

–  GrafTech Int. (USA) [21];
–  SGL  Carbon (Germany) [22];
–  Mersen (France) [23];
–  Toyo Tanso (Japan) [24];
–  Ibiden Co. (Japan) [25].
With the grain size drop we can see that 

fine graphite CTE increases. It is related to the 
crystals growth leading to the thermal expansion 
of graphite [16]. In addition, the temperature 
at the oxidation start in air varies is increased 
from 400 °C to 500 °C, which is caused by the 
decrease of the average pore size [16,  26]. By 
adding boron as a modifier, the increase of the 
temperature at the oxidation start can be achieved 
in air to 700 °C and CTE can be reduced below 
10–6  K–1 [27].

The final stage of isostatic graphite produc-
tion is a mechanical processing of graphite blanks 
and, if necessary, a thermal treatment can be 
also performed.

6.2. Prospects of world isostatic graphite material produc-
tion. Nowadays the leading manufacturers of the artificial 
construction graphite are [28]:

–	 GrafTech Int. (USA);
–	 Graphite India (India);
–	 HEG (India);
–	 JSC Energoprom Management (Russia);
–	 Nippon Carbon Co. (Japan);
–	 SEC Carbon (Japan);
–	 SGL Carbon Group (Germany);
–	 Showa Denko Carbon Inc. (USA);
–	 Ibiden Co. (Japan);
–	 Mersen Group (France);

 

Fig. 1. Dependence of maximum volume particle of the filler on particle size 
correlation δmin/δmax in polydisperse fillers [16]

 

Fig. 2. Theoretical function value of particles division by size providing maximum 
packing density [16]

a

 

b

Fig. 3. Dependence on average size filler grains: a – strength boarder;  
b – elastic modulus for various artificial graphite brands
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–	 Poco Graphite Inc. (USA);
–	 Toyo Tanso Co. (Japan);
–	 Schunk Group (Germany).
The development of photovoltaic industry, growth in 

production of semiconductors, improvement of EDM tech-
nology increase the demand for isostatic graphite [3, 12, 13]. 
It also makes the above companies expand the range of 
products and improve production technology. The current 
world production of isostatic graphite is about 120  kt/a 
and still continues to grow [3].

As a result of analysis of available data, it was found 
out that in the next few years the significant increase in 
world production of isostatic graphite is expected over 5 % 
annually (Fig. 4). Under these circumstances, the greatest 
production growth is expected in China (Fig.  5), which 
is over a quarter of the total world isostatic graphite 
production [3].

 

Fig. 4. Global isostatic graphite production tendency [3]

 

Fig. 5. Isostatic graphite production tendency in China [3]

This growing tendency of graphite material production 
contributes to the development of new isostatic graphite 
production technologies in Ukraine. As a result, it will 
enable Ukrainian producers to compete with foreign com-
panies in the production of fine-dispersed graphite brands.

7. SWOT analysis of research results

Strengths. The strength of this study is the proof of 
principle opportunities and prospects of isostatic graphite 
production on Ukrainian market of graphite products. 
Experience of Ukrainian manufacturers in carbon and 
graphite products allows to develop quickly and introduce 
new technology with the opportunity to compete with 
global producers.

Weaknesses. The weak point of isostatic graphite manu-
facturing process is a complicated phased manufacturing 
technology, which requires:

–	 significant human and energy resources;
–	 use of specialized powerful crush and bale equip-
ment;
–	 development of rational treatment modes etc.

As a result, this affects the high price of the final 
product.

Opportunities. Opportunities for further research re-
lated to improve of the process technology in isostatic 
graphite production:

–	 development of equipment and rational modes of 
grinding, mixing and pressing of coke and pitch com-
positions using available Ukrainian brands of coke 
and pitch;
–	 experimental studies of full-stage heat treatment of 
pressed billets to reduce the specific consumption of 
electricity to produce the finished product.
Threats. The lack of fully developed competitive produc-

tion technologies of isostatic graphite threatens its future 
development in Ukraine. In addition, the introduction of 
industrial production of solar photovoltaic cells based on 
graphene [29, 30] may lead to significant overall slowdown 
in world isostatic graphite production.

8.  Conclusions

1.	 It was established that the scheme for artificial iso
static graphite includes:

–	 crushing and grinding filler;
–	 mixing it with a binder and getting coke and pitch 

composition;
–	 coke and pitch composition grinding into moulding 

powder;
–	 forming blanks by isostatic pressing;
–	 burning in the recovery or neutral medium to the 

temperature of 800–1300 °C;
–	 graphitization at the temperature of 2500–3000 °C.
2.	 The features of isostatic graphite production tech-

nologies that promote energy efficiency and make it possible 
to improve the physical and mechanical characteristics of 
the starting material. These features include:

–	 choice of components and their composition for coke 
and pitch mixture;
–	 adding special modifiers;
–	 optimization of particle size distribution of the filler;
–	 setting the pressure for pressing moulding powder;
–	 choice of blanks thermal processing modes etc.
3.	 Further growth in global demand is predicted for 

isostatic graphite materials and products based on it, which 
is more than 5 % of the annual global volume of produc-
tion. The leading country in isostatic graphite production 
is China.
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Исследование современного состояния технологии 
производства изостатического графита

Проанализированы основные этапы современной техно-
логии производства высокодисперсного изостатического гра-
фита. Установлены особенности и возможные направления ее 
совершенствования на предприятиях Украины. Рассмотрены 
основные факторы, которые определяют спрос на изостати-
ческий графитовый материал. Спрогнозирован дальнейший 
рост более чем на 5  % ежегодного объема производства изо-
статического графита на мировом рынке, особенно в странах 
Восточной Азии.
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Effect of surface rolling on 
mechanical properties of Ti–Al 
system alloy

Наведено результати обробки поверхні інтерметалідного сплаву Ti–Al методом прокатки 
роликами. Прокатку роликами здійснювали при зусиллі 350 Н. Випробування на втому проводи­
лись при кімнатній температурі при частоті 60 Гц. Встановлено, що після прокатки поверхні 
роликами втомна міцність сплаву Ti-45Al-5Nb (ат. %) підвищилась на 4 %, з 675 до 700 МПа. 
Показано, що поверхнева прокатка зменшує шорсткість поверхні. 

Ключові слова: прокатка поверхні роликами, інтерметалідні сплави, сплави системи Ti–Al, 
втомні тріщини.

Berbova-Bushura O.

1.  Introduction

Development of aviation technology, especially turbine 
construction, has put forward ever-increasing demands on 
structural materials. Therefore, development of new alloys 
that can work at elevated temperatures, and search for 
new combinations of elements that improve heat resistance 
and high-temperature strength, still attracts the attention 
of researchers.

Today, one of the most important trends in the de-
velopment of new metal materials with a high level of 
mechanical properties at temperatures of 600–800 °C is the 
creation of Ti–Al  (γ-TiAl-based alloys) alloys. Interest in 
this group of materials is based on a unique combination:

–	 high melting point  (1460 °С);
–	 low density  (3.8–4.0  g/cm3);
–	 high heat resistance and creep resistance at elevated 
temperatures;
–	 high resistance to oxidation.
The specific modulus of elasticity of these alloys is 

higher than that of titanium and nickel by 50–70 %, and 
this difference remains at elevated temperatures. According 
to the specific strength of γ-TiAl alloys in the temperature 
range t = 600–850 °C, depending on the structural state, 
can exceed all existing structural materials  [1–4].

2. �T he object of research and  
its technological audit

The object of research is the surface roller burnishing, 
since for intermetallic alloys of the Ti–Al system, the ef-

fect of this hardening method on mechanical properties 
has not been fully studied so far.

Surface roller burnishing is a method of surface treat-
ment of a material, in which the following effects are 
possible  [5–7]:

–	 Reduction of surface roughness;
–	 Occurrence of residual stresses of the first kind;
–	 Increase in microhardness.
A schematic diagram of the surface roller burnishing 

is shown in Fig.  1  [8].

 
Fig. 1. Schematic diagram of the surface roller  

burnishing (F – rolling force, N)

In the case of this surface treatment, cold harden-
ing, polishing and the occurrence of compressive stresses 
in the upper layer occur simultaneously. Together, these 
three physical effects increase fatigue resistance and re-
duce or completely prevent the formation of cracks in 
stress corrosion.

When rolling the surface, the rollers are pressed against 
the surface of the processed material, which leads to plastic 
deformation in the surface zone. As a result of deforma-
tion, the structure of the surface layers of the material 


