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Abstract. The article concerns with the mechanism of carbon black granules 
formation during wet granulation by adding a special liquid binder additive to the 
dusting carbon black. The research describes a design of a vertical type laboratory 
granulation unit consisting of a drive, tripod, and frame. The main element of the 
frame is a shaft with pins mounted on it. As a result, we developed a methodology 
for conducting the experiment. The article provides a graph of the dependence of 
bulk density and power on the time of the process. It determines the following stages 
of the granulation process: wetting of dusting carbon black, granulation transition, 
stage of intensive granulation changes, stabilisation of granulation changes.  
In industrial granulators every stage has a distribution in accordance to the 
apparatus length. All these stages have different power characteristics. 
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Introduction 

Granulation is one of the most effective ways of compacting powdered materials. It is 
widely used in transport, mining, and construction engineering [1, 2]. This process is one of the 
most important stages in the production of carbon black (CB). Due to it CB commercial form 
is obtained – spherical granules with a diameter of 0.5-2.0 mm [3]. 
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Carbon black is a dark-colored powder formed in the gas phase during thermooxidation 
or thermal pyrolysis of hydrocarbon raw materials. It accompanied by the decomposition of 
hydrocarbons into carbon and hydrogen under the high temperature. The main consumer of CB 
is the tire and rubber industries; CB is used as an active filler, especially in synthetic rubbers [4-9]. 

Currently, high-speed granulators with a rotating finger shaft are used in industry to 
produce granules by wet granulation method [4, 10-15]. It concerns with the introduction of 
binder component aqueous solution into the dusting CB. 

Research problem statement 

However, the widespread use of the granulation method does not provide improving the 
quality of commercial technical specifications. Moreover, there is no appropriate theory of wet 
granulation, and the mechanism of granule formation. Therefore, it is almost impossible to 
improve the efficiency of granulators, reduce the consumption of water and the binder 
component, increase the uniformity and quality stability of the resulting granular product in 
terms of bulk density, strength characteristics of granules, and granulometric composition. 
Identifying the mechanism of granule formation will address the problems mentioned above 
and improve the quality of finished products. 

Materials and methods 

To identify the mechanism of CB wet granulation and provide the formation of CB wet 
granulation theory, a pilot unit was developed. The scheme is shown in Fig. 1. 

 
1 -drive; 2 -tripod; 3 -laboratory granulator; 4 -pin flexible coupling; 5 -shaft; 6 -pipe for feeding the binder 
solution; 7 -top cover; 8 -frame; 9 -fingers; 10 -paddle agitator 
Fig. 1. Scheme of the laboratory unit 

The following fixed parameters were adopted: 
• CB – N660 in dusty form; 
• the ratio of the binder additive solution to the dusting CB is 120 ml/100 g; 
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• the concentration of the aqueous solution of the binder additive is 0.2% by weight; 
• the rotation speed of the mixer is 400 rpm; 
• the gap between the frame and the rotor fingers is 2 mm. 
For the initial dusting CB of the N660 grade, the bulk density was determined in 

accordance with the method [10] and was 146 kg/m3. 

Experimental Part 

We loaded 100 g of dusting CB into the granulator; the granulator rotor is placed inside 
the frame and fixed with clips on the top lid; 120 ml of a binder additive solution of a given 
concentration is poured into the frame; the agitator is turned on and the time from the start of 
operation is set. After the set time the motor is switched off; the rotor is taken out; the obtained 
product is poured into a metal tray and sent for drying in a drying chamber at a temperature of 
120 °C for 24 h. After drying for the obtained product, a bulk density in accordance with the 
methods is determined [4, 10-15]. 

CB samples were run at 5-second intervals for the duration of the granulation process up 
to the moment of stabilisation of the product bulk density – further at 10-second intervals. 
For the purpose of statistical data processing, 3 samples were prepared for each time interval. 
The arithmetic average of the results of determining product bulk density corresponding to a 
certain duration of the process was taken as the result of measuring the parameters for 3 
samples. 

The experiment was conducted in the vertical position of the granulator. This approach 
to the implementation of the experiment simulates the process in each individual zone of the 
horizontal apparatus. Indeed, the process time for the vertical position conditionally 
corresponds to the length of the horizontal granulator. Moreover, the implementation of the 
process in a vertical position avoids the formation of stagnant zones in the granulator. 

Results and Discussion 

The graph in Fig. 2 clearly demonstrates the stages of the granulation process. Each stage 
is characterised by individual dependences of bulk density on process duration. They can be 
described as close to linear ones. 

At the first stage of the process (up to 35 s inclusive), there is a linear increase in the bulk 
density of the material. The dependence of the current load on the agitator at the beginning of 
this stage is also characterised by a linear increase with reaching a plateau at the end. After the 
rotor stops, a multiphase system is observed at each point of the first stage – dusty CB with the 
potential presence of small-sized "germ" granules, an interphase layer consisting of waterlogged 
CB, and an aqueous solution of a binder additive, indicating the further proceeding of the 
wetting process. 

At the second stage (from 35 to 40 s) of the process, the effect of a "granulation transition" 
is observed – the system inside the granulator completely transits into a single-phase 
(granule-like) state with an increased number of large fragments (Fig. 3). This effect shows the 
end of the wetting process – the aqueous solution of the binder additive completely passes into 
the associated state. 
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The dependences of the current load on the agitator and the bulk density of the material 
in this area indicate the abrupt and short-term nature of this transition. One of the explanations 
for the "granulation transition" is the achievement of a critical content of small-sized "germ" 
granules in the mass of the material. The use of the existing method of analysing the granulation 
composition does not allow us to determine the content of such granules – sieves are clogged 
with a large amount of dusty CB. Therefore, it is necessary to develop a special method for 
analysing the granulation composition with an emphasis on determining the content of small 
granules with a high content of dusty CB. 

 
Fig. 2. The dependence of the bulk density of the samples and the current load on the agitator on process duration  

 
Fig. 3. Changing the structure and shape of the granular mass at the second stage of the process 

The effect of the "granulation transition" is also confirmed by a sharp increase in the 
current load on the agitator, resulting from a sharp increase in the resistance of the material 
during the transition to a granular form. 
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However, detailed examination of the granulation mass obtained at 40 c shows the 
structure of large fragments as the clumped granules of smaller sizes. 

At the third stage (from 40 to 55 s) of the process, there is a decrease in the intensity of 
bulk density increase. Provided the wetting process is completed in stage II, the change of this 
characteristic together with the increase of lustre on the granule surface indicate the processes 
of granule compaction and grinding, redistribution of granulometric composition through the 
destruction of larger fragments, and reduction of the average diameter (Fig. 4). The observed 
increase in the current load on the agitator in this time interval is due to a change in the 
characteristics of granules subjected to fracture, abrasion, and grinding. As the process 
proceeds, progressively less uncompacted brittle granules remain in the system. The sources for 
such changes are increasingly stronger granules, requiring more energy to deform if the 
intensity of granulation redistribution within the system is maintained. 

 
Fig. 4. Changing the structure and shape of the granular mass at the second stage of the process 

The final stage IV is not definitively interpreted. On the one hand, the value of the bulk 
density, according to the approximating line, increases as the process proceeds. On the other 
hand, this increase does not exceed the convergence value for the standard method for 
determining this indicator. The current load on the agitator is reduced to the stabilisation of 
this indicator from 95 C. The absence of significant visual changes in the material (Fig. 5), 
changes in bulk density and current load on the agitator indicates stabilisation of the system 
inside the granulator. Therefore, the intensity of granulation changes is significantly reduced. 

 
Fig. 5. Changing the structure and shape of the granular mass at the IV stage of the process 
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Conclusions and Recommendations 

As a result of the conducted research, the process of granule formation occurs in four 
stages as follows: 

1. Wetting of the dusty CB. 
2. Granulation transition. 
3. The stage of intense granulation changes. 
4. Stabilisation of granulation changes. 
In industrial granulators every stage has a distribution in accordance to the apparatus 

length. All these stages have different power characteristics. 
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