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Petroleum Coke – Size and shape analysis for improved conductivity 
of electrodes 
Instrument: CAMSIZER P4 
 
 
 

Introduction 

In the metal Industry monitoring of the raw material for electrodes 
is exceptionally important to increase the quality of the finished 
product. With the aid of the CAMSIZER P4 many customers in this 
sector have been able to improve their production processes. 
Petroleum coke is the solid residual material left after petroleum 
refining. As green coke, the carbon content is 80-95%, calcination 
produces a porous, black solid with a carbon content of 98-99.5% 
(Fig. 1). This calcined petroleum coke is used primarily as a raw 
material for electrodes, which are especially required in the 
aluminium, steel and titanium smelting industry. In order to obtain 
high-quality stainless steels and aluminium, arc discharges are used 
in which a high current from several graphite electrodes passes 
through the material to be melted. The electrodes and particularly 
the nipples that are used for the screwed joints of the continuously 
fed-in electrodes must satisfy high quality demands with respect to 
their electrical conductivity and their thermal and mechanical 
resistance.   
Monitoring the ground petroleum coke, the raw material for the 
electrodes, is particularly important as both the particle size and 
shape of the ground material considerably affect the quality of the 
finished product.  

In order to meet the high demands, the particles need to be needle-
shaped and oriented in the preferred direction during the extrusion 
process. Needle-shaped petroleum coke particles help to improve 
the strength of the electrodes. However, the required shape 
analysis of the particles cannot be carried out by analytical sieving 
nor (effectively) by microscopy as this only covers a few particles 
with a low statistical certainty and is very time-consuming and thus 
economically unattractive. 
 

 
Fig 1.: Calcinated petroleum coke 
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Solution: CAMSIZER P4 

The unique measuring setup of the CAMSIZER P4 – two digital cameras 
as an adaptive measuring unit – improves and optimizes particle 
characterization by dynamic image analysis (Fig. 2). Therefore, it is 
possible to measure a wide range of particles from 20 μm to 30 mm with 
high accuracy, without any hardware modifications. The sample is 
conveyed into the instrument by a vibratory feeder where the particles 
fall through the measurement field. During the measurement procedure 
the two digital cameras perform different tasks. The basic camera (CCD-
B) records large particles, the zoom camera (CCD-Z) records the small 
ones. The contact-free optical measurement is carried out in real time 
and simultaneously obtains all the required information about particle 
size and particle shape. The CAMSIZER P4 is suitable for all free-flowing, 
pourable bulk materials and can therefore be used to measure petroleum 
coke. Usually, this material has a very wide distribution from below 
100µm to several millimetres. The wide measuring range of the 
CAMSIZER P4 is therefore particularly advantageous for the analysis of 
petroleum coke. 
  

Fig. 2: The CAMSIZER P4 dynamic image analyzer 
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CAMSIZER P4 size range and sieve correlation 

The CAMSIZER P4 can measure petroleum coke of different grades without any hardware modifications. The time of analysis is usually 5 
minutes, for extremely wide distribution, sometimes measurement time of up to 10 minutes might be necessary. The examples in Fig. 3 show 
the results of five different samples of petroleum coke. The smallest particles are around 100 µm, the largest more than 20 mm. The 
CAMSIZER P4 results are in good agreement with sieve analysis. This is important as many product specifications are based on sieve data. 
Thus, these specifications can remain unchanged when the transition to image analysis is made. 
 

  
Fig. 3: Five different samples of petroleum coke measured with a CAMSIZER P4, cumulative distribution Q3. The size range is from 100 µm 
to more than 20 mm (left). This shows the versatility of the CAMSIZER P4. The results are in great agreement with sieve analysis, as shown 
in the diagram on the right. The purple curve is the CAMSIZERP4 result, the black asterisks represent the results of sieving.  

 
CAMSIZER P4 size and shape measurement 

The results obtained from the particle size and shape analysis of three different petroleum coke samples are presented below.  
Sample A is the untreated starting material which was divided into a representative part-sample using a rotary sample divider. 
Sample B was ground in a roller mill. 
Sample C was processed in an impact mill. 
All three samples were measured by the CAMSIZER P4. Figure 4 shows the volume-based frequency distribution q3(x) of the untreated sample 
(orange) and the distribution of the samples from the roller mill (green) and impact mill (blue). The positions of the maximum values in the 
plot reflect the size of the particles that occur most frequently in the respective samples. The particle size range of the original sample 
(orange) is 1.5 mm to 5 mm. The sample that was ground with the impact mill (blue) has a high particle fraction at about 2.3 mm as well as 
a high dust fraction at about 200 μm. Grinding the sample in the roller mill is clearly the better alternative because the maximum value shows 
a high fraction of particles at 1.1 mm (green) and a significantly lower dust fraction. 
 

Fig. 4: Size (left) and shape (right) analysis of three petroleum coke samples. Sample A is the original material (orange), sample B has been 
processed in a roller mill (green), sample C in an impact mitt (blue) 

 
With the CAMSIZER P4 the determination of the particle size and shape is carried out simultaneously. A great variety of particle shape 
properties such as roundness, convexity, symmetry or width/length ratio can be analyzed in the process. Depending on the application, one 
or more particle shape properties can be observed and evaluated. For the samples that have been ground by two different mills, the particle 
shape analysis provides additional information. The illustration in Fig. 4 (right) shows a comparison of the original material and the ground 
samples. The parameter SPHT of the particles is plotted as the abscissa (x-axis), round particles have a SPHT value of 1. The more needle-
shaped the particles, the lower the SPHT value. SPHT is calculated from the ratio of the area of the particle projection and its perimeter. The 
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volume fraction of the sample that does not exceed a given SPHT value is shown as the ordinate (y-axis). The illustration can be interpreted 
as follows: the untreated sample (orange) shows a volume fraction of 75% for which the SPHT value is smaller than 0.8. The remaining 25% 
are rounder. If the roller mill is used (green), the roundness remains unchanged in comparison with the original material, the curves are 
almost identical. This means that the needle-shaped character of the petroleum coke structure has been completely retained by the roller 
mill. In contrast, if the impact mill is used (blue) the particle shape property SPHT is changed and rounder and more compact particles are 
produced. In this sample a fraction of 47% has a roundness below 0.8; 53% of the sample are rounder. This confirms that the roller mill 
provides better results than the impact mill. The chief advantage of the above presentation is that the user can check both qualitatively 
and quantitatively whether and to what extent certain particle shape properties are altered by the grinding process. Such results help to 
decide which mill is best suited for the grinding of the sample material.  
 
 
 

CAMSIZER P4: Benefits at a glance 
 

 Non-destructive measurement 

 Analysis of wide distributions 

 Results comparable to sieve analysis 

 Great reproducibility: identical results at different sites 

 Short measureing time, usually < 5 minutes 

 Easy to use, maintenance free 

 Suitable for laboratory and production environment 

 Autosampler available for further automation 

 Analysis of particle shape 

 Analysis of mixtures  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For further information please contact us at: 
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