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The major objectives of this review paper are: to emphasize the aspects concerning Roumanian contribution during the last few 
decades on different manufacturing processes of carbon materials & products and to reveal the application of petrographic researches 
in case of carbon materials. Some representative carbon materials were sampled as: raw materials, intermediary and end products, 
with a special reference to the optical properties determined by their structural composition and texture. In the carbon materials 
manufacturing, the physical-chemical characteristics that depend on the type of optical properties (petrographic composition) of the 
raw materials and processing parameters, prove a great impact on the products performances.  

 
 

INTRODUCTION∗ 

Worldwide, the number of the carbon forms 
which are used at present in different industries is 
rather high, most of them being derived from the 
fossil fuels. On the international and national level, 
the industry of carbon materials includes a wide scale 
of amorphous products, baked and graphitized, with 
various uses in different industries: steel electrodes, 
chlorosodic electrodes, cathode blocks and anodes for 
the aluminium industry, Söderberg paste, carbon 
blocks and refractory for the blast furnaces, fuel cells, 
isolating carbon materials, graphite brushes, nuclear 
graphite, carbon fibres, others. The quality of these 
products must answer to some complex thermo-
chemical, mechanical and electrical stresses, having 
an increased degree of corrosion and irradiation in 
different environments. 

The industries which mainly request carbon 
products are the steel and aluminium making 
industries. For the production of special steels, 
through the oil industry have been developed the 
delayed coke (through the delayed coking process 
of pitch residues at about 475oC) used for the 
                                                           
∗ Corresponding author: tel.: +40 21 220 56 00, fax: +40 21  

electrodes making which can transport electrical 
(thermal) energy into crucibles. The aluminium 
industry, the biggest carbon user at present utilizes 
anodes to supply electrical energy into the cell of 
electrolysis for the production of aluminium by the 
reduction of alumina. The common technological 
production flows of steel electrodes and anodes 
involve the obtaining of a green mixture by the use 
of petroleum coke and binder. For the 
manufacturing of graphite electrodes the petroleum 
coke is of premium quality, called needle coke, and 
the binder pitch is in an amount of about 20% wt. 
The electrode is formed by extrusion which is then 
baked at almost 850oC. In some cases the baked 
electrodes are impregnated with pitch and rebaked 
to increase their density. During baking the binder 
pitch turns to pitch coke. The electrodes are further 
heated at about 3000oC to form graphite. In the 
case of anodes the petroleum coke is mixed with 
an amount of 15% wt. pitch. 1-3 

The composition and structure of the carbon 
materials, as a result of raw materials and 
manufacturing processing, are responsible for their 
characteristics. Finally, the physical-chemical 
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structure of the products offers the corresponding 
properties needed in the utilization processes. 
These properties are: mechanical and thermal 
strength, thermal and electrical conductivity 
(resistivity), elasticity, reactivity, resistance to 
chemical aggressive agents, which during 
utilization could provide damages.  

The research methods used for characterization 
involve: elemental analyses, chemical catalytically 
oxidation, reduction, hydrogenation, IR spectroscopy, 
NMR, ESR, X ray, optical and scanning microscopy, 
others. A wide utilization has been proved by the 
non-destructive methods offered by the petrographic 
research. In the present paper, we consider the 
petrographical research of the carbon materials as 
the  “carbo-petrography” that refers to all carbon 
materials with more than 95% C in their composition. 
These materials include: graphite, charcoal, coke, 
electrographite, graphite steel electrodes and their 
parent carbon materials, carbonic paste, blocks and 
anodes. 

The two major objectives of this study are: to 
emphasize the aspects concerning Romanian 
contribution during the last few decades on 
different manufacturing processes of carbon 
materials & products and to reveal the application 
of petrographic researches (optical microscopy) in 
case of carbon materials. 

TECHNOLOGICAL IMPROVEMENTS 
DEVELOPED FOR MANUFACTURING 

OF CARBON MATERIALS 

The Romanian researchers approached the most 
different problems of carbon discipline, as: high 
quality pitches for the steel electrodes making and 
carbon products for the steel industry (graphite 
electrodes, nipples, anodes, carbon blocks). 4 

Taking into account the above considerations, 
one of the main tasks of the Romanian research 
teams was to determine the rising of the separation 
yields of the recovered by-products and to improve 
their quality. The results on the tar separation can 
be summarized as: tar quality improving by some 
technological measures such as: the establishing of 
the optimal thermal and hydraulic distribution in 
the upper part of the ovens; 4 the rising of tar 
separation yields from the coke oven gas, in 
cooling – condensing installation, by the increasing 
of the thermal exchange in the primary water 
coolers; 4,5  the improving of the raw tar quality by 
supplementary processing steps (gravitational 
separation; filtration, centrifugation, organic 
diluents addition, etc.). 

For the optimization of the tar distillation at 
Hunedoara and Galaţi Steel Plants, were suggested 
changes and completions, such as: the proper 
filling of distillation columns, the rising of the 
thermal support and the number of the columns, 
with operation flexibility. 6,7 The main purpose, 
with the impact on the maintaining of the normal 
operational conditions of the distillation columns, 
was to obtain a higher quality binder pitch for the 
steel electrodes industry. The researches developed 
during 1970-1982 were finalized with the 
development of an original procedure – ICEM 
procedure – for coal tar pitches thermal treatment. 
It consisted in the obtaining of the required 
characteristics needed by a proper binder used for 
electrodes and anodes making, in Slatina Steel 
Electrodes Plant.8-12 A method for the continuous 
checking of coal tar pitch quality on processing 
was established, by viscosity determination on 
different temperatures versus coal tar pitch 
softening point. 13 

Concerning the improving of the electrodes 
pitch cooling and packing, of the pitch and 
petroleum binders (with high softening point) used 
as caking agents in the coal blend, ICEM 
elaborated and experimented, on pilot level, an 
original procedure for centrifugal granulation in 
order to obtain spherical grains, unadherent during 
storing and transporting.14   

The carbon products industry lies between 
some important economical and strategically 
sectors. On the one hand, it beneficiaries by raw 
and auxiliary materials from petrochemistry 
(petroleum coke and oils), cokemaking industry 
(pitch and metallurgical coke), and mining industry 
(anthracite). On the other hand, it is the supplier of: 
graphite electrodes for the electric steel plants, 
carbon blocks for blast furnaces and aluminium 
industry, Söderberg paste for carbide and iron 
alloys industries and, other small products with 
higher characteristics, necessary in most of the 
industries (electrotechnics, mechanical engineering, 
aeronautics, nuclear, transports, etc.), in Figure 1. 

The development of graphite electrodes 
manufacturing is a natural consequence of the 
growing of the electric steel production.4 The 
rising tendency of the electric steel production 
(around 30% from the total steel production) is not 
only the result of the technological improving 
including its performances, but also of a continuous 
rising of electrodes quality with a decrease of the 
specific consumption in the last 30 years from  
5-6.5 kg/t to 1-2 kg/t.  
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In Romania the carbon products manufacturing 
started after 1955 by putting into practice a section in 
Carbochim Cluj plant, having a working capacity of 
maximum 3,000 t/year electrodes of Ø300 mm and 
100-150 t/year of Ø10 mm and of batteries cells. The 
rising of the electrodes supply through subsequent 
industrial development, determined the building in 
1972, at Slatina works, of a new electrodes plant 
which had more stages of development. Thus, until 
1984 the working capacity was of 47,000 t/year 
graphite electrodes of Ø 600mm, in 1985 being 
started a new capacity of 20,000 t/year graphite 
electrodes. In Slatina works, except the making of 
graphite electrodes, carbon blocks production for 
blast furnaces and cathodes blocks for aluminium 
electrolyses (almost 10,000 t/year), chlorosodic 
electrodes (2,500 t/ year) and Söderberg paste 
(23,000 t/year) have been provided as well. Having 
as experimental base the section from Carbochim 
Cluj plant, the researches made on the industrial lots 
during 1967-1972 led to the establishing of the 
production industrial blends and of the technological 
parameters, this way preparing the new capacity from 
Slatina works. 15-17 

In the last decades, following the rising of 
qualitative performances of the graphite electrodes, 
the research activity was developed for the 
improving of the technology in the stages of 
thermal treatment (rebaking – graphitization) as 
well as for the introduction of the supplementary 
ovens of impregnation-rebaking steps.16,18,19 To 
satisfy the continuous increasing of the ultra high 
power (UHP) electrodes supply, the researches 
were done mostly for the selection of the raw 
materials, obtaining a binding pitch at the 
qualitative level of an imported pitch and, 
especially, the development of the program for 
making the needle coke at Dărmăneşti refinery. 
The researches for needle coke making, the lots of 
electrodes produced at Slatina and experimented 
for the electric steel production during 1979-1984, 
determined a constant evolution of UHP electrodes 

quality, with remarkable results in the diminishing 
of the specific consumption (on steel product) from 
12-16 to 8 kg/t. 4, 9, 20, 21 

The experiments done lately concerning the 
improving of the blends structure and of 
technological parameters by mixing, impregnation, 
rebaking and graphitization and also by the 
modernization of the equipments for processing 
and controlling the raw material and technology, 
showed a new qualitative growing step, realized by 
the specific consumption of 3-4 kg/t steel. 4, 22-25 

The researches’ contribution was decisive in the 
assimilation of the bytronconic nipples production 
and, of the carbon blocks for the rebuilding of the 
high capacity blast furnaces or those used in 
aluminium industry.26,27 At the same time, because 
the only petroleum coke calcination capacities 
were integrated in the carbon products plants from 
Slatina and Titu, some researches were made for 
the improving of the calcinated petroleum coke 
quality and the decreasing of the specific 
consumption. 28-30 

Regarding the obtaining of some small carbon 
products (graphite bars for synthetic diamonds, 
pantographs for electric locomotives, mechanic 
sealing devices, and safety membranes) were 
elaborated and partially developed on the small 
production capacity at ICEM, Carbochim Cluj and 
Slatina works. 4, 31, 32 

STRUCTURAL COMPOSITION AND 
TEXTURE OF CARBON MATERIALS 

The interesting and useful results brought by coal 
petrography on the international and national level 
opened a large area of industrial applications. 1-3, 33-40 

Romanian scientifically researches enriched and 
developed by the use of optical microscopically 
methods, opened a new opportunity throughout the 
carbon products structure and texture investigation, in 
Table 1-5 and Figures 2-4.  

Fig. 1 – Photograph of various carbon products manufactured  
using carbon materials. 
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Table 1 

Petrographic composition of needle petroleum coke by optical texture, (vol.%) 

No.      Optical texture type                     1 2 
1. Anisotropic units    

- large fibrous, L/l<20a 

- fine fibrous, L/l20b  
- large floral, >10µm  
- fine floral, < 10µm                                 

87.4 
40.2 
18.0 
15.8 
13.4 

96.0 
56.0 
9.0 

20.0 
10.5 

2. Anisotropic mosaic 
- coarse, >5µm 
- medium + fine, 1-5µm  
- punctiform                                              

12.5 
2.2 
9.1 
1.2 

4.0 
1.7 
1.9 
0.4 

aL-length; l-width, bL/l, frequently=30-40 
 
 

Table 2 

Petrographic composition of coke from different coal – tar pitches by optical texture, (vol.%) 

Pitch coke 1 2 3 4 5 

Pitch, KS, ºC 83 85 84 95 80  

QI, % 11.6 13.5 12.5 3.4 0.3 
Texture type  
     Anisotropic: 
- punctiform 
- small and medium 
 mosaic           
- needle-likea: 
 fibrous, floral, 
 flow-mosaic 
- coarse mosaic 

100 
39.0 
45.2 

 
14.3 

 
 

1.5 

100 
44.3 
32.4 

 
18.2 

 
 

5.1 

100 
31.0 
25.2 

 
33.3 

 
 

10.5 

100 
9.5 

38.4 
 

36.8 
 
 

15.3 

100 
3.0 

11.3 
 

75.5b 

 
 

10.2 
                           asize is smaller than in a needle coke; blike the needle coke texture 

 
 

  Table 3 

Average structural composition of carbon paste, carbon blocks and steel electrodes, (vol.%) 

Structural components Carbon 
paste 

Carbon blocks 
(green) 

Backed 
blocks 

Backed steel 
electrodes 

Anthracite 
Electrographite 
Petroleum coke 
Pitch coke 
Oil coke 
Binding pastea 

35-50 
8-25 

0.2-0.3 
- 
- 

25-36 

35-50 
10-27 

0.2-0.4 
- 
- 

25-40 

30-40 
10-30 
0.5-3 
0.5-2 

0.5-1.5 
10-20 

- 
- 

63-73 
11-12 

0.5-0.8 
- 

Carbonaceous substance 85-90 87-95 65-70 (80) 75-85 
SC/Bb 1.5-2.6 1.4-27 2.5-4.5 5.7-6.4 
Porosity (µm) 
<0.1 
0.1-0.2 
0.2-0.4 
0.4-0.6 
>0.6 

 
3-5 
3-9 
2-4 
1-3 

0.5-2 

 
2-5 
2-8 

0.2-2 
0.2-1 
0.2-1 

 
8-10 
5-15 
2-4 
1-3 

1.5-4 

 
9-12 
3-8 
2-5 

0.5-2 
0.4-1 

Total porosity 
(cracks included) 10-15 5-13 25 (20)-35 15-25 

atar pitch+electrographite fines; bsolid components / binding paste 
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Table 4   

Structural compozition of baked anodes                                                       

Structural components Binder: coal-tar pitch Binder paste: 
pitch + electrode waste 

Petroleum coke 
Pitch coke 
Oil coke 
Wastea 

Anthracite 
Binder pasteb 

63-68 
4-8 

0.5-1.5 
1.5-4.0 
0.1-1.0 

- 

60-61 
0.5-1.5 
0.7-1.1 
1.0-2.0 
1.5-2.0 
12-14 

Carbonaceous substance 4-8 78-80 
Porosity (mm) <0.1 

0.1-0.2 
0.2-0.4 
0.4-0.6 

>0.6 

14.2-16.2 
6.1-8.0 
3.0-3.2 
1.7-1.8 
0.8-1.0 

10-12 
5-6 
1-3 
1-4 
0-1 

Total porosity 
(cracks included) 25-31 20-22 

  aPetroleum coke + anthracite + electrographite; bPitch coke + waste fines 
 

 Table 5 

Pore size distribution on the baked, impregnated and rebaked electrodes 

Porosity, mm Backed electrode,% Impregnated rebacked electrode,% 
< 0.05 

0.05-0.1 
0.1-0.2 
0.2-0.4 
0.4-0.4 
> 0.6 

20 
23 
28 
18 
8 
3 

26 
35 

28.5 
8.0 
2 

0.5 
 

This approach involved graphite, coal 
carbonization products: as charcoal, metallurgical 
coke, graphite electrodes for electric steel 
manufacture and their parent carbon materials, 
carbon paste, blocks and anodes. 

In the frame of these studies must be included the 
researches on different types of coal-tar pitch used as 
binder and impregnation material, together with their 
coke structure and texture. All of the researches 
offered the opportunity to observe and establish the 
structure and texture evolution during thermochemi-
cal and mechanical processes corresponding to the 
specific manufacturing technologies. They permitted 
to obtain valuable information on different 
productions steps, giving the possibility to improve 
processing technology, in order to enhance the 
carbon products performances. 

Following the high volume of experiments and 
analyses carried out on a wide of representative 
samples, the paper highlights the most 
representative, original and interesting ones. These 
are presented quantitatively - by size and 
repartition on different fractions - and qualitatively 
- as structural type and texture - being correlated 
with native petrographic constituents and the 
technological parameters. 

The petrographic characteristics for some raw 
materials are given as average values in Table 1-3, 
and for baked anodes, in Table 4. The photomicro-
graphs of typically petroleum coke, coal-tar pitch 
coke, are shown in Figures 2,3, and of carbon 
products (green, baked and graphitized electrodes) in 
Fig. 4. The study of optical texture of two needle 
petroleum cokes shows the optical structure varying 
from mosaic to needle structures, depending on the 
parent raw material (Table 1). Coke resulting from 
five coal-tar pitches having quinoline insoluble (QI) 
between 11.6-13.5% is made of punctiform (31.0-
44.3%) and small and medium mosaic (25.2-45.2%) 
with a low percent of flow domains (Table 2). Cokes 
from pitches having a low QI (0.3%) give a large size 
and very homogeneous optical texture, being mainly 
composed of needle domains (75.5%). It is 
interesting to notice the relationship between the 
content of QI and the development of the anisotropic 
texture. The structural composition of carbon paste, 
blocks and steel electrodes of different origin were 
explained in terms of their structural composition 
established by the industrial supplier (Table 3). The 
binding paste was used on the author’s 
recommendation to achieve a better structural bond 
between blend components that determined the 
electrodes mechanical strength (Table 3).  
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Fig. 2 – Photomicrographs of some raw materials used on carbon materials & products manufacturing, polarized light, oil immersion, 
nichols, 250x. (A). Grain of petroleum coke calcinated by fluidization with typical round shapes. (B). Petroleum coke with a large fibrous 
leaf-like texture. (C). Petroleum coke with a mixed fibrous and leaf-like texture. (D). Aspect of petroleum coke with a leaf-like texture to 
fibrous. (E). Coal-tar pitch coke with punctiform and small size mosaic anisotropy. (F). Fibrous, flow and medium size anisotropic pitch coke 
derived from filtered pitch, free of QI and benzene insoluble (BI). (G). Pitch coke with flow and coarse mosaic anisotropy, derived from an 
impregnation filtered pitch. (H). Calcinated anthracite with pyrocarbon buds (centre). (I). Microstructure aspect of natural graphite of Ceylon. 

  
A       B 

   
C       D 

  
E       F 

  
G       H 

                                                                                                                                                                        10 µm 

                               I                                
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Fig. 3 – Macrostructures (A-C) and microstructures of intermediate (D-G) and final (H-K) carbon products, polarized light, oil 
immersion, nichols, 250x. (A). Sample of a baked electrode. (B). Sample of a graphitized electrode. (C). Sample of a baked cathode. 
(D). Aspect of a petroleum coke with calcination cracks. (E). Pitch coke filling the pores of petroleum coke, in a baked electrode. (F). 
Calcinated anthracite of a baked cathode. (G). Pitch coke filling the pores of a fusinite, in a baked electrode. (H). Needle petroleum 
coke, in a baked electrode. (I). Structural changes by graphitization of needle petroleum coke, in a graphitized electrode. (J). Pitch 
                 coke in a double impregnated baked electrode. (K). Pitch coke in a double impregnated graphitized electrode. 
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Fig. 4 – Photomicrographs of some carbon products, polarized light, oil immersion, nichols, 250x. (A). Calcinated anthracite 
grains well embedded during impregnation of a carbon block. (B). Microstructure aspect of compactness by impregnation and 
rebaking of a cathode. (C). Anode microstructure with waste grains of carbon blocks, compacted by the binder paste. (D). 
Graphite brush with copper impregnation (white). (E). Blast furnace carbon block. (F). Graphite brush with waste carbon block 
                                                                            grains and copper impregnation. 

 
The carbon paste and green blocks can be 

compared, both having 35-50% anthracite, 
between 15-20% electrographite, and 0.2-0.3% 
petroleum coke. The proportion of pores < 1 µm 
are relatively low. The microscopically research 
shows the whole structural composition (including 
the petroleum coke porosity) and the compactness 
differences between carbon paste and the green 
products. The differences could be generated by 
the small homogeneity during the dosing and 
mixing technological phases. In case of the green 

products the porosity is given mainly by the 
anthracite fissuration porosity. During a correct 
mixing process, which depends on the paste 
characteristics, the fissures will be filled in.  

Another type of baked carbon products are the 
anodes for aluminium industry. Their petrographic 
composition as well as of cathode blocks, depend 
on the grain size distribution of the blended solids 
and the quality of the binding material (Table 4). 
Generally, the raw materials consist of calcinated 
petroleum coke as basic component and anodes 

     
                                     A                B 

     
C       D 

            
E       F 

                                                                                                                                                                        10 µm 
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wastes, the binder material being the coal-tar pitch. 
The nature and the thermal treatment of pitch leads 
to variable coke structures and binding 
characteristics. The use of unprocessed pitch 
involves the total porosity increasing, especially in 
case of a coarse size of the waste material. Fine 
grinding (almost 50% from the total amount) gives 
the possibility to create a binding paste that, on 
wastes utilization decreases the porosity and 
increases the baked anodes strength. In this case, 
and because anodes are not graphitizable, the pitch 
quality could be less harmful. The impregnation of 
the baked electrodes involves the rising of density 
by the decrease of total porosity up to 10% after 
the 1-st impregnation and up to 20% after the 3-rd 
impregnation. The pore size distribution reveals a 
high concentration of small pores, corresponding 
to petroleum coke, and the degassing during 
rebaking of the impregnation pitch (Table 5 and 
Figure 4). Depending on the pitch characteristics, 
as well as the impregnation efficiency and 
rebaking conditions, the aspect of the pores filled 
by pitch coke, clearly shows that manufacturing 
technology can be monitorized by petrographic 
research.  

Except the chemical-technical analyses necessary 
for the selection of the representative samples, the 
most of the investigations have been carried out on 
carbon samples optical characteristics. For the 
quantitative and qualitative determination of 
different types of carbon materials, were used 
average samples prepared as granular blocks or as 
solid blocks cutted on the electrode diameter. The 
method of preparing the samples and determining 
microstructure characteristics and composition 
followed ISO. 

The extended petrographic study for all carbon 
samples was carried out using a binocular optical 
microscope type MC1, under reflected natural light 
(RL), glycerine immersion and 125-375x 
magnification. Pyrogenated samples were studied 
under polarized light (PL), with partial or total 
crossed Nichols. For every block there were 
considered minimum 500 points. The photomicro-
graphs were taken with an Exakta-Varex camera. 
The intermediate and final carbon samples, as 
almost the raw materials, were collected from the 
corresponding sections of the industrial plants.  

During all the technological phases of the 
carbon materials manufacturing processes - raw 
materials selection and preparation up to the end 
use products quality control, the optical 
microscopy offers the possibility of monitoring and 

improving the technology steps and finally, the 
carbon products quality.  

This paper represents a summary of theoretical 
and practical information that reveal the importance 
and necessity of petrographic study application in 
the field of classical carbon materials and products. 
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