
Study of the Effect of the Carbidation Process on the Properties of Tungsten Carbide Powder 

 

 

International Journal of Mechatronics and Applied Mechanics, 2023, Issue 14 87 

STUDY OF THE EFFECT OF THE CARBIDATION PROCESS ON THE 
PROPERTIES OF TUNGSTEN CARBIDE POWDER 

 
Allanazarov A.A.1, Primkulov B.Sh.1, Shakirov Sh.M.2, Pardayev T.U.3, Fayzullayev A.A.4 

1Termez Institute of Engineering and Technology, Uzbekistan 
2”Materials Science” department, Tashkent State Technical University, Uzbekistan 

3Yangiyer branch of Tashkent Chemical Institute of Technology, Uzbekistan 
4”Theoretical Mechanics, Theory of Mechanisms and Machines” department, Tashkent State Technical University, 

Uzbekistan 
Email: begali.bektemirov@tdtu.uz 

Abstract - The article presents a study of the effect of the carbidization process on the properties of 
tungsten carbide powder. The main properties of tungsten carbide (WC) powder include structure-
phase composition, grain size, particle size and shape, and bound and free carbon in the content. 
The quality of tungsten carbide powder is mainly determined by the tungsten carbide (WC) phase, 
its saturation with carbon, as well as the content of free carbon. Therefore, in our experimental 
study, the temperature of the carbidization process was carried out by determining the structure-
phase composition of tungsten carbide (WC) and the amount of bound and free carbon in it. 
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1. Introduction  
 
Currently, most enterprises and companies that 
manufacture mining machines and tools do not 
disclose the technologies they use. The physical and 
mechanical properties of the cutter tooth determine 
the cutting ability, bending resistance, service life, 
and durability of the cutters. In addition, the material 
chosen for the tooth has a great influence on the 
geometric shape of the machining tool, its size, and 
the type of material of the handle [1]. 

Hard alloys (VK4, VK6, VK6M, etc.) brands were 
used for the teeth of machining tools produced in 
Russian factories [2, 3] in the 70s of the last century, 
designed for machining steel and cast iron materials. 
However, according to the results of the tests 
conducted in mining conditions, it was found that 
some of them will fail due to rapid corrosion, and 
some will break quickly [4]. 

According to the results of trial studies on the use 
of various hard alloys, including diamond 
composites, for the teeth of mining tools, promising 
materials for machining tools are still tungsten 
carbide-based hard alloys. 

The choice of hard alloy material for making the 
teeth of various mining tools is based on their 
structural, physical-mechanical, and structural 
properties. In this case, in addition to impact, 
bending, and compressive forces formed in the 
process of cutting rocks, the tooth of the machining 
tool must also have bending-resistant properties, 
which are opposite to the abrasive properties of the 
rock [5-6]. 

According to the conclusion of the analysis, by 
using new technologies in the production of hard 
alloys by foreign manufacturers, it was possible to 
increase the strength of the material in bending and 
compression by 30-50%, by using large and very 
large tungsten carbide powders, they achieved an 
increase in the machining intensity and service life of 
the machining tool [7, 19]. 
 

2. Literature Review and Methodology 
 
The main properties of WC powder include 
structure-phase composition, granularity, particle 
size, and shape, as well as the amount of bound and 
free carbon in the composition. In the study of the 
effect of the temperature of the carbidization process 
on the properties of WC, Using the data given in [2, 
6], tungsten powders with a grain size of 5...6 μm 
were completely formed from the WC phase at a 
temperature of 1800 °C [8]. Based on this, we set the 
temperature of carbidization of tungsten powder 
with a grain size of 8.5...10.5 μm to 1900, 2000, 2100, 
and 2200 °C. 

The duration of the carbidization process is 
mainly determined by the grain size of the tungsten 
powder and the amount loaded into the furnace [9]. 

According to it, the average duration of the 
carbidization process of tungsten powders with a 
mass of 1 kg and a grain size of 4..6 μm was 1.0...1.5 
hours. Based on this, we set the time duration of the 
process of carbidizing tungsten powder with a grain 
size of 8.5...10.5 to be 2 hours on average. 
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Figure 1: The graph of the diffractogram of samples 

carbidizing at different temperatures and for 2 hours; 
a – 1900 °C; b – 2000 °C; v – 2100 °C; d – 2200 °C 

 
We chose a hydrogen environment to carry out 

the carbidization process.  
We chose a hydrogen environment to carry out 

the carbidization process. Because it has a positive 
effect not only on the process of carbidization 
tungsten, but also on the service life of the 
carbidization furnace [1]. 

The quality of tungsten carbide powder is mainly 
determined by the WC phase and its saturation with 
carbon, as well as the amount of free carbon in it. 
Therefore, in the experimental study, we determined 
the temperature of the carbidization process by 
determining the composition of WC - structural 
phases and the amount of bound and free carbon in 
them. 

We investigated the influence of the carbidization 
process temperature on the structure-phase 
composition of WC powder at the range of 1900, 
2000, 2100, and 2200 °C. In this case, we set the time 
duration of the process as the same 2 hours for all 
temperatures.  

We analyzed the structure-phase composition of 
the samples that were carbidizing at different 
temperatures and for the same duration of time in 
Ultima IV - X-ray diffractometer (XRD). Therefore, 
we determined the phases present in the samples 
taken at each temperature. The bar diagram of the X-
ray obtained as a result of a qualitative 
radiostructure analysis carried out on each sample is 
presented in Figure 1 [10-14]. 

According to the results of qualitative X-ray 
structure analysis of the samples that underwent the 
carbidization process at different temperatures and 
the same duration of time and as a result of the 
carbidization process lasting 2 hours at a 
temperature of 1900 °C, (Fig. 1a) sample is 
composed of W - tungsten phase that has not 
reached carbidization, W2C - phase of lower tungsten 
carbide and WC - phase of higher tungsten carbide. 
As a result of 2000 °C and 2100 °C temperatures and 
carbidization process lasting 2 hours, the samples 
were composed of two phases W2C and WC, W phase 
was not detected in this sample (Fig. 1, b, v). 
However, they differed from each other in terms of 
intensity of W2C and WC phases. The sample 
carbidizing at 2200 °C for 2 hours is composed 
entirely of the tungsten carbide-high tungsten 
carbide phase. 

According to the obtained results, carbidization 
of tungsten powder occurred mainly depending on 
the rate of diffusion of carbon atoms from the rapidly 
formed tungsten carbide layer on the surface of the 
tungsten particle into the inside of the particle (Fig. 
1a). As the process temperature increases to 2000 
°C, the rate of diffusion of carbon atoms from the 
tungsten carbide phase layer into the particle 
increases, as a result, the carbon atom has reached 
the center of the particle, so there is no W-phase in 
the barcode diagram. This situation is also confirmed 
by the increase in the amount of the W2C - lower 
tungsten carbide phase compared to the WC - phase 
in the samples (Fig. 1b). By increasing the 
temperature to 2100 °C, the rate of carbon 
saturation of the W2C phase increased, and as a 
result, the amount of the WC phase in the sample 
began to increase (Fig. 1v). A further increase in 
temperature to 2200 °C ensured the carbon 
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saturation of the W2C phase in the center of the 
particles, however, the duration of the process time 
was not enough in the saturation of WC-phase with 
carbon, therefore, the amount of carbon in the WC 
phase was 5.64%. This shows that the complete 
carbidization of large-grained tungsten powder 
particles depends not only on the process 
temperature but also on the processing time. 
 

3. Results and Discussions 
 
Based on the above results of the carbidization 
process, to study the effect of the processing time on 
the structure-phase composition of tungsten carbide, 
we set the time duration of the carbidization process 
of the mixture consisting of tungsten and carbon 
powders to 3, 4, 5, 6 hours, and the temperature to 
2200 °C. 

We analyzed the structure-phase composition of 
the samples that underwent the carbidization 
process at the same temperature and for different 
durations of time in the Ultima IV - X-ray 
diffractometer (XRD). Then, we determined the 
qualitative and quantitative X-ray structural phase 
analysis and the amount of bound and free carbon in 
the samples taken at each time. 

A barcode of the X-ray pattern obtained as a 
result of qualitative X-ray structure analysis of the 
sample carbidized at a temperature of 2200 °C and 
for 3 hours is presented in Fig. 2. 

X-ray structure-phase analysis of the samples 
that underwent the carbidization process at the 
same temperature and for different times showed 
that at a temperature of 2200 °C and during the 
carbidization process that lasted for 3 hours, 1 kg of 
the mixture consisted entirely of the WC-phase, the 
amount of bound carbon in the phase was 6.0%. The 
sample with the carbidization process lasting 4 
hours also consists only of the WC phase, and the 
amount of bound carbon in it is 6.12%. The amount 
of carbon bound in the WC phase did not exceed 
6.12% in the samples where the carbidization 
process lasted for 5 and 6 hours. 

 

 
Figure 2: Barcode of X-ray pattern of sample 

carbidizing at 2100 °C and for 3 hours 
 

The obtained results showed that the carbon 
content of the WC-phase was 6.12% in samples 
carbidizing for 5 and 6 hours at a temperature of 
2200 °C, and they were the same. In our opinion, the 
carbon diffusion rate into the center of the powder 
particles was significantly reduced due to the 
saturation of the WC-phase on the surface of the 
powder particles with carbon during the carbidizing 
process that lasted for 4 hours [15-16]. 

We conducted chemical analyses on the number 
of free carbons in the samples that underwent the 
carbidizing process for different periods. The 
amount of carbons determined in carbidizing 
samples for different times are presented in Table 1. 
 

Table 1. The results of the analysis for the 
determination of the amount of carbon in the 

carbidizing samples at a temperature of 2200 °C and 
for different times 

Carbon, % 

Duration of the carbidization 
process time, hour 

3 4 5 6 

Bonded 
carbon, Cb 

6,0 6,12 6,12 6,12 

Free 
carbon, Cf 

0,13 0,03 0,03 0,03 

Cb + Cf  6,13 6,15 6,15 6,15 

 
According to the results of the analysis of the carbon 
content of the samples, (Table 1) the amount of free 
carbon in the carbidizing samples for 4, 5, and 6 
hours was the same at 0.03%. However, we obtained 
0.02% more than the initial carbon content of the 
samples. In our opinion, the main reason for this is 
that the carbon powder included in the sample is 
always under the chemical influence of hydrogen: 

2222 HCNС =+                                        (1) 

The gas formed in this chemical reaction reacts 
with tungsten as follows: 

                                   (2) 

In the range of these two chemical reactions, at a 
temperature of 2200 °C, not only the carbon powder 
in the powder mixture react with hydrogen, but 
graphite added to the powder mixture and graphite 
atoms on the walls of the graphite tube of the 
furnace also participate in this process. Because at a 
temperature of 2200 °C, graphite in contact with 
tungsten powder has the same activity as carbon 
powder [6]. Therefore, it is natural that tungsten 
powders differ in the amount of carbon involved in 
the carbidization reaction and those that did not.  

The carbidizing sample for 6 hours came out of 
the furnace with the tungsten carbide powder 
particles stuck together, unlike the other samples 
carbidizing for 3, 4, and 5 hours (Figure 3). 
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Figure 3: Samples carbidizing at a temperature of 

2200 °C and for 6 hours 
 

According to the results of the study of the 
influence of the time duration of the carbidizing 
process on the structure-phase composition of 
tungsten carbide, the structure-phase composition of 
the samples taken at a temperature of 2200 °C for 4, 
5, and 6 hours fully meets the requirements of TU 
48-19-265 (Cb 6,0...6,12; Cf < 0,1) in terms of the 
amount of bound and free carbon.  

We analyzed the grain size of the samples 
carbidized at a temperature of 2200 °C and for 4, 5, 
and 6 hours by the sedimentation method. We 
illustrated the results of the analysis by drawing a 
graph of the relationship between the size of the 
powder particles and the amount of particles. 

The sample powders carbidizing for 4 hours at 
2200 °C came out of the furnace with partial 
adhesion to each other. It was easily crushed in a 
mortar and turned into a complete powder, and its 
granularity was determined by the sedimentation 
method. A graph of the grain size of the carbidizing 
sample at 2200 °C and 4 hours is presented in Fig. 4. 
According to the obtained results, the particle size 
distribution of sample powder, carbidizing at a 
temperature of 2200 °C and for 4 hours is 
significantly different from the particle size 
distribution of the tungsten powder used as raw 
material (Figure 4). For example, tungsten powder 
did not contain particles smaller than 6 μm in size, 
but tungsten carbide sample powder did, while the 
amount of 6...7 μm particles in tungsten powder is 
3%, and its amount in tungsten carbide sample 
powder is 25%. In addition, if the tungsten powder 
contained particles of 10...11 μm - 12%, 11...12 μm - 
3%, in the tungsten carbide sample powder, they are 
10 μm - 1% and there are no particles larger than 11 
μm [20-21].  
 

 
Figure 4: Particle size distribution of the sample 

powder carbidized at a temperature of 2200 °C and 
for 4 hours, determined by the sedimentation method 

To study this situation more closely, the 
morphology of the sample powder carbidized for 4 
hours at a temperature of 2200 °C was studied using 
an electron microscope "Jeol JEM 2100" (Japan) 
(Figure 5). 

 

 
Figure 5: Image of sample powder carbidized at 2200 

°C and for 4 hours. a – x 2000; b – x 3000  
 
It can be seen from the x2000 and x3000 

magnified images of the sample powder carbidized 
at 2200 oC and for 4 hours during the carbidization 
process (Figure 5, a), in which the particle size 
distribution is very close to the distribution of 
tungsten carbide powder particles in the graph 
presented in Figure 4. Some of the particles in the 
powder with a size of 8-10 microns have cracks. In 
addition, very small particles with a size of 1...4 μm 
have sharp corners [10,12]. 

In our opinion, the carbidization process of large 
particles in tungsten powder continues until the last 
minute, in this case, there are differences in the rate 
of diffusion of carbon in the edge regions and central 
regions of the particle, which creates internal tensile 
stresses along the size of the particle, because the 
edge regions initiated the transition to the crystal 
lattice of the WC - phase, and the central regions are 
late in the transition from W2C to WC - crystal lattice, 
as a result, large particles break down into smaller 
particles [17-18]. 

 

 
Figure 6: Particle size distribution of the sample 

powder carbdized at a temperature of 2200 °C and for 
5 hours determined by the sedimentation method 

 
The sample powders carbidizing at 2200 °C and 

for 5 hours came out of the furnace with partial 
adhesion to each other. It was crushed in a mortar 
and turned into a complete powder, and its 
granularity was determined by the sedimentation 
method (Figure 6). 
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According to the obtained results, We found that 
the particle size distribution of sample powder 
carbidizing at a temperature of 2200 °C and for 5 
hours is close to the particle size distribution of the 
tungsten powder used as raw material. For example, 
if tungsten powder does not contain particles 
smaller than 6 μm in size, there are no particles 
smaller than 5 µm in the sample, if the amount of 
6...7 μm particles in tungsten powder is 3%, its 
amount in sample powder was 7%. In addition, if the 
tungsten powder contains 30% of particles with a 
size of 8...9 μm, their amount in the sample is 33%. 
However, it is not the same as the granularity of 
tungsten powder. 

We performed the morphology of the sample 
powder carbizided at a temperature of 2200 °C and 
for 5 hours using an electron microscope (Figure 7). 

It can be seen from the x2000 and x3000 
magnified images of the sample powder carbidizing 
during the carbidization process at a temperature of 
2200 °C and for 5 hours (Figure 7, a), in which the 
particle size distribution is very close to the tungsten 
carbide powder particle size distribution in the 
graph presented in Figure 6. Most of the particles 
with a size of 6...9 μm in the sample powder were 
formed by the aggregation of small particles. There 
are no cracks in the particles with a size of 10...11 
μm. 

In our opinion, as a result of internal stress, the 
1...7 μm fragmented particles of large powders 
heated for 5 hours and grew to 8...10 μm. In addition, 
some of the particles with a size of 9...11 μm are 
completely carbidized without disintegration. 

 

 
Figure 7: An image of sample powder carbidizing at 

2200 °C and for 5 hours 
 

Because the 5-hour process at a temperature of 
2200 °C ensured that the internal stress of large 
powders was small. 

We took the sample powders carbidized at a 

temperature of 2200 °C and for 6 hours, fully 

sintered. It was not crushed in a mortar, therefore, 
the sample was crushed in a laboratory ball mill for 
an hour. It is completely powdered in a ball mill. The 
technological procedure of grinding the sample in a 
ball mill is presented in Table 2. 

 
Table 2. The technological procedure of grinding the carbidizing sample in a ball mill at a temperature of 2200 

°C and for 6 hours 

Working 
capacity 

Diameter of 
grinding balls 

The number of 
balls  

The mass of 
the sample 

Number of 
rotations, rpm 

The time of 
grinding, hour 

10 l 15 mm 1/3 1 kg 45 2 

 
The grain size graph of the sample carbidizing for 

6 hours at 2200 °C is shown in Figure 8. 

According to the obtained results, we found that 

the particle size distribution of the sample powder 

carbidized for 6 hours at 2200 °C and milled for 2 

hours is close to the particle size distribution of 

tungsten powder used as raw material (Figure 8).  

For example, if tungsten powder does not contain 

particles smaller than 6 μm in size there are no 

particles smaller than 8 µm in the sample (excluding 

1...7 µm powders from grinding in the mill), if the 

amount of 9...10 μm particles in tungsten powder is 

30%, its amount in sample powder was 30%. 

However, in contrast to tungsten powder, in sample 

powders, particles with a size of 10...11 μm made up 

35%, 11...12 μm - 20%. 

An image of sample powders carbidizing at 
2200°C and 6 hours in a ball mill for 2 hours is 
presented in Fig. 9. 

It can be seen from the x800 and x3000 
magnification images of the carbidization process of 
the sample powder carbidizing for 6 hours at 2200°C 

and milled in a ball mill for 2 hours (Figure 9, a), in 
which the particle size distribution is very close to 
the tungsten carbide powder particle size 
distribution in the graph presented in Figure 8. Most 
of the particles in the sample powder are formed by 
the aggregation of small and medium-sized particles. 
There are no cracks in the particles with a size of 
10...11 μm. 

 

 
Figure 8: Particle size distribution of sample powder 

carbidized at 2200 °C for 6 hours determined by 
sedimentation method 
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Figure 9: An image of sample powder carbidizing for 6 

hours at 2200 °C and. a – x800; b – x3000 
 

In our opinion, as a result of internal tension in 
the early stages of the process, 1...7 μm fragmented 
particles of large powders stuck together for 6 hours 
and grew to 10...13 μm. In addition, some of the 
particles with a size of 9...11 microns remained 
intact during the process. We can consider that the 
powder with a size of 1...8 μm in the sample powder 
was formed as a result of grinding 1...2% of the 
particles in a mill, because they have sharper angles 
than other particles. 

To evaluate the dynamics of tungsten carbide 
powder grain formation during the carbidization 
process of tungsten powder at a temperature of 
2200 °C and at different times, all the obtained 
samples were combined into a single graph (Figure 
10). 
 

 
Figure 10: Dynamics of grain formation of sample 

powder carbidizing at a temperature of 2200 °C and 
for different times; 1 – Tungsten; 2 – 4 hours; 3 – 5 

hours; 4 - 6 hours 

According to a study on the effect of carbidization 
process time on tungsten carbide grain size and 
particle size and shape, The grain size of the 
tungsten carbide powder is formed in the following 
order, depending on the grain size of the initial 
tungsten powder and the duration of the process: 

- During the first 3-4 hours of the process, large-
sized (d ≥ 8 μm) particles are broken into 1-6 μm 
particles as a result of crystal changes and internal 
stresses that occur in tungsten powder particles; 

- During the 4...5 hours of the process, particles 
with a size of 7...8 μm combine with small particles of 
1...5 μm and grow to a size of 9...11 μm; 

- within 5...6 hours of the process, tungsten 
carbide powder interparticle solid-phase diffusion 
sintering takes place; 

- The shape of tungsten carbide powder particles 
depends on the duration of the carbidization process 
(4...5 hours), over time, the shape of the powder 
changes from edged to edgeless. 

We measured the microhardness of the samples 
subjected to the carbidization process for 4, 5, and 6 
hours at 2200 °C and using a PMT-3 microhardness 
measuring device in 50 g loads according to the 
instructions given in GOST 9450-76 on specially 
prepared micro samples. The micro-sample 
prepared for determining the microhardness of 
powder samples and the micro-images taken during 
the determination of the microhardness of the 
particles in it are shown in Fig. 11. 

 

 

 
a – unetched; b – etched 

Figure 11: Microstructure of particles carbidizing for 
5 hours at 2200 °C  
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According to obtained results, we found that the 
microhardness of particles with a size of 8…10 μm in 
the sample powder, which was carbidizing for 4 
hours at 2200 °C, is higher than the microhardness 
of the powder particles of the sample carbidizing for 
5 and 6 hours at 2200 °C. 

 
Table 3. Microhardness of powder particles of samples 

carbidizing for different times at 2200 °C  

The size 
of the 
particle, 
mkm 

Load, 
gr 

Time duration of the 
carbidization process, hour 

4 5 6 

Microhardness, GPa 

8....10 50 23,856 23,536 23,476 

 
In our opinion, the particles in the sample 

powder carbidizing for 4 hours have defects in the 
internal crystal structure compared to the powder 
particles carbidizing for 5 and 6 hours. As a result of 
the carbidization process lasting 5 and 6 hours, the 
diffusion of atoms in the body of the powder 
particles resulted in a slight decrease in the defect 
level of the particles. 

During the analysis, the determined and 
calculated results of powder particles in each sample 
are presented in Table 3. 

 

4. Conclusions 
 
It was determined that the temperature required to 
obtain carbide powders composed of tungsten 
carbide phase by the synthesis method of pure 
elements from a mixture of tungsten and carbon 
powders with a grain size of 8.5...10.5 μm is 2200 °C. 

It was determined that the amount of free carbon 
decreases by 0.03% when obtaining WC powders 
from 1 kg of raw materials for 4 hours by the 
synthesis method of pure elements from a mixture of 
tungsten and carbon powders with a grain size of 
8.5...10.5 μm. 

The influence of the duration of the process on 
the grain size of tungsten carbide powder obtained 
by the synthesis method of pure elements from a 
mixture of tungsten and carbon powder with a grain 
size of 8.5...10.5 μm was determined. 

The obtaining technology of WC powders with 
5...7, 8...10, and 11…12 µm grain sizes in average by 
the synthesis method of pure elements from a 
mixture of tungsten and carbon powder with a grain 
size of 8.5...10.5 µm was developed. 
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