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INVESTIGATION OF THE CURRENT
STATE OF ISOSTATIC GRAPHITE
PRODUCTION TECHNOLOGY

IIpoananizosano ocHosHi emanu cyuachoi mexnoiozii 6UpoOHUYMEA BUCOKOOUCTEPCHOZ0 130CMaAMUY -
1020 zpaghimy. Bcmanosneno ocooausocmi ma MONCAUGT HANPAMKU i YOOCKOHALEHHA HA NIONPUEMCNEAX
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mamepian. Cnpozino3zosano nooaivue spocmanns 6invul wixe na 5 % wopiunozo o6cszy eupobnuymea
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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. The ohject 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. The aim and ohjectives 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. Research of existing solutions
of the prohlem

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. Research resulis

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 pm for fine grained
marks or graphite to 1-30 pm 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 «Nllgrafit> (Russia).

It was found out that fine grained isostatic graphite
with average grain size of 10—20 pm 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 pm are achieved by mechanical energy of
15 kJ/g. With the particle size decrease from 30 um to
1 um, 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 pm 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/m? 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 &yin/Omax 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 8,,,=100 um [16].

For the systems, providing maximum packing density,
the amount of binder is given by the free volume, that
is the value (100-Py), 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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Fig. 1. Dependence of maximum volume particle of the filler on particle size
correlation &,;,/Omay in polydisperse fillers [16]
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Fig. 2. Theoretical function value of particles division by size providing maximum

packing density [16)

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 puQ - m;

Strength, MPa

Elastic modulus, GPa

[SS T o]

— thermal conductivity — 70-140 W /(m - K);

~ CTE (up to 200°C)
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- -

- 3-10%-5.106 K1,

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
1076 K1 [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.

100

10
Average grain size of filler, pm
o Flexural strength

© Compressive strength

—_—

o g o o e o o e e o
|
1 [ ]
!
T

IOO
Average grain size of filler, um

b

Fig. 3. Dependence on average size filler grains: a — strength boarder;
b — elastic modulus for various artificial graphite brands

6.2. Prospects of world isostatic graphite material produc-

tion. Nowadays the leading manufacturers of the artificial

construction graphite are [28]:

den- -

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

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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HCCNEAOBAHHE COBPEMEHHOrO COCTOAHHA TEXHONOIHHK
NPOM3BOACTBA H30CTATHYECKOrD 'PAPHTA

TIpoanamnaupoBanbl OCHOBHBIE ATAIBI COBPEMEHHON TEXHO-
JIOTUU TIPOM3BOJICTBA BBICOKOUCIIEPCHOTO M30CTATHYECKOTO Ipa-
ura. YcraHoBiaeHb 0COGEHHOCTH U BO3MOKHBIE HAIPABJEHIS €€
COBEPINEHCTBOBAHUS HA TPEANPUITHSAX YKpanHbl. PaccMOTpeHb!
OCHOBHBIE (DaKTOPbI, KOTOPbIE ONPEIE/SIOT CIIPOC HAa M30CTATH-
yecknil rpadutoBbiii MaTepuas. CrHporHO3WPOBAH JATbHEHIIHIT
poct Gosee 4eM Ha 5 % €KETOTHOTO OObeMa MPOM3BOACTBA M30-
CTaTUYECKOTO rpaduita HA MUPOBOM PBIHKE, OCOOEHHO B CTpaHax
Bocrounoit Azun.
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EFFECT OF SURFACE ROLLING ON

MECHANICAL PROPERTIES OF Ti-Al
SYSTEM ALLOY

Hasedeno pesynvmamu 0b6pobku nosepxnui inmepmemanionozo cniagy Ti—Al memodom npoxamiu
poauxamu. [Ipoxamky poruxamu 30iticnrosaru npu sycurii 350 H. Bunpobysanns na emomy npogoou-
JUCy npu Kimnamuii memnepamypi npu wacmomi 60 Iiy. Bcmanosaeno, wo nicis npokamxu nogepxHi
ponuxamu emomna miynicmo cnaagy Ti-45A1-5Nb (am. % ) nideuwurace na 4 %, 3 675 do 700 Mlla.
Ioxasano, w0 nosepxnesa npokamka 3MEHUYE ULOPCMKICTb NOBEPXHI.

Kmaovogi cnosa: npoxamxa nosepxiui poiuxkamiu, inmepmemanioni cniasu, cnaasu cucmemu Ti—Al,

BMOMHI MPIUUHU.

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 (y-TiAl-based alloys) alloys. Interest in
this group of materials is based on a unique combination:

— high melting point (1460°C);

— low density (3.8-4.0 g/cm®);

— 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 y-TiAl alloys in the temperature
range t=600-850°C, depending on the structural state,
can exceed all existing structural materials [1—4].

2. The ohject 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
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