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Abstract: To simplify the preparation process and prepare ultrafine WC powder, a certain amount of As element was 
added to the ammonium paratungstate precursor. The mechanism of As in the preparation process of ultrafine WC powder 
by nitridation−carbonization method was systematically discussed. The results show that when the carbonization 
temperature was 1400 °C, the nitridation temperature increased from 500 to 600 °C, and the As content increased from 
0 to 0.3 wt.%, the average particle size of the prepared WC powder decreased from 2.23 to 0.22 μm, and the particle 
uniformity was significantly improved. The As element in the nitrided product was in the form of W2O3(AsO4)2, which 
was easily enriched or distributed between the two phases on the surface of the nitrided products (NH4)0.42WO3 and WN, 
hindering the growth of WC grains during the carbonization process. Consequently, ultrafine WC powder was prepared. 
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1 Introduction 
 

Ultrafine-grained WC−Co cemented carbide 
has excellent properties such as high strength, high 
hardness, special wear resistance and fracture 
toughness. It is widely used in cutting tools, mining 
machinery and corrosion-resistant parts [1−5]. The 
grain size and uniformity of WC in ultrafine 
WC−Co cemented carbide are not only related to 
the sintering process, but also depend on the 
particle size and uniformity of WC powder. 
Therefore, preparing ultrafine WC powder with 
good dispersion and uniform particles is the key 
technology to obtain high-performance ultrafine 
WC−Co cemented carbide [6−10]. 

In the traditional production process of WC 
powder, ammonium paratungstate (APT) or 
ammonium metatungstate (AMT) is mainly used as 
raw material. WC powder was obtained by calcination, 

hydrogen reduction and carbonization. The phase 
transition stage is APT→(NH4)xWO3→WO3→ 
WO2.9→WO2.72→WO2→W→W2C→WC [11−13]. 
In the process of hydrogen reduction of tungsten 
oxide (WOx), due to the presence of H2, volatile 
WO2(OH)2 will be generated when tungsten and its 
oxides contact with water vapor. The homogeneous 
reduction reaction of WO2(OH)2 with H2 occurs 
after volatilization, and the generated reduction 
products are deposited on the nucleated tungsten 
grains, thereby promoting the growth of tungsten 
powder particles [14−16]. Studies have shown that 
the direct reduction−carbonization method can be 
used to prepare WC powder with a primary particle 
size of submicron or even nanometer [17−20]. 
STANCIU et al [21] milled tungsten oxide and 
carbon black for 48 h to obtain WC powder with 
particle size of 20−30 nm, and the time can be 
shortened to 30 h by high-energy ball milling. 
However, this method is inefficient and not suitable 
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for large-scale industrial production. MA and  
ZHU [22] fully milled WO3 and graphite, and then 
calcined at 1215 °C to obtain ultrafine WC powder 
with a particle size of 169 nm. Unfortunately, the 
lower carbonization temperature will lead to the 
abnormal growth of WC grains in the subsequent 
preparation of WC−Co cemented carbide. In 
addition, the reduction−carbonization of tungsten 
oxide using gas carbon sources such as CH4, CO, 
CO + CO2 or CH4 + H2 is also an effective method 
for preparing ultrafine tungsten carbide [23−26]. 
However, since the gaseous reduction carbonization 
agent and tungsten oxide in the static reaction 
system cannot be fully contacted, the obtained 
product is prone to carbon-deficient phase W2C, so 
it is unsuitable for industrial production. These are 
the problems existing in the actual production of 
ultrafine tungsten carbide. 

On the other hand, among the many impurity 
elements in scheelite, arsenic (As) content is high, 
usually in the form of AsO4

3− and HAsO4
2− [27,28]. 

In industrial production, As is generally used as a 
harmful impurity element and is removed [29]. 
However, the previous research results of our 
research group showed that nano-W powder with 
uniform particle size, ultrafine WC powder and 
ultrafine WC−Co cemented carbide with excellent 
performance can be prepared by adding a certain 
amount of As element to APT through the 
calcination, hydrogen reduction, carbonization and 
sintering [30,31]. Since As can provide the 
nucleation core for the nucleation of W powder in 
the hydrogen reduction process of tungsten oxide, 
whether As can also refine WC powder in the 
process of direct preparation of WC powder by 
nitridation−carbonization method has not been 

reported at home and abroad. 
In this work, single phase or multiphase 

tungsten compounds ((NH4)xWO3, WN, etc.) 
containing As were prepared by nitridation− 
carbonization method. The effects of As on the 
phase composition of (NH4)xWO3 and WN and the 
mechanism of WC powder refinement during 
nitridation−carbonization were studied. In this 
method, ultrafine WC powder with uniform particle 
size can be prepared by only two steps of nitridation 
and carbonization using APT as raw material.   
The addition of As in raw materials provides a 
theoretical basis for eliminating the impurity 
removal process in the tungsten metallurgy process. 
 
2 Experimental 
 
2.1 Sample preparation 

Figure 1 shows the schematic diagram of the 
preparation process of ultrafine WC powder. Firstly, 
0.3 g As was dissolved into 65−68 wt.% nitric acid, 
and then 99.7 g APT (purity >99.9%, mean particle 
size ~37.5 μm) was added to the nitric acid solution 
containing As, fully stirred and then placed in a 
vacuum oven for drying treatment. The temperature 
was set to be 80 °C and the time was about 12 h. 
The dried APT precursor containing As was placed 
in an agate mortar for grinding and crushing 
treatment, and then packed with an alumina crucible 
and placed in a tube furnace. Ammonia gas was 
introduced into the furnace for nitridation treatment, 
and the nitridation temperature was 500 or 600 °C 
to obtain the nitrided product. The nitrided products 
at different temperatures were carbonized according 
to the corresponding stoichiometric ratio, and  
then mixed by a planetary ball mill. The uniformly 

 

 
Fig. 1 Schematic diagram of preparation process of ultrafine WC powder 
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mixed composite powders were carbonized in a 
high temperature tube furnace, and Ar gas was 
introduced into the furnace as a protective gas.  
The ultrafine WC powder was prepared by 
carbonization at 1400 °C for 2 h. 
 
2.2 Characterization 

The chemical phases of nitridation and 
carbonization products were studied by X-ray 
diffractometer (XRD, PANalytic, EMPYREAN). 
The equipment used a copper target (Cu Kα), and 
the accelerating voltage and current were 40 kV  
and 40 mA, respectively. The morphology and 
microstructure of the samples were characterized 
using an analytical field emission scanning electron 
microscope (FESEM, Nova Nano SEM 450 FEI), 
an energy dispersive spectrometer (EDS, INCA 
energy 250 X-max 50 Oxford Instruments) and a 
high-resolution transmission electron microscope 
equipped with energy dispersive (HRTEM, 
JEM−2100F JEOL). The size distribution of WC 
particles was measured by Nano Measurer software. 
 
3 Results and discussion 
 
3.1 Nitrided powder 

Figures 2(a) and (b) show the XRD patterns of 
the APT and APT−0.3%As precursors after 
nitridation at 500 and 600 °C in NH3 atmosphere, 
respectively. The nitridation products of APT and 
APT−0.3%As were both (NH4)0.25WO3 (JCPDS No. 
73-1084), and there were almost no diffraction 
peaks of other phases when the nitridation 
temperature was 500 °C. This indicated that the 
phase formed by nitridation of APT and 
APT−0.3%As at 500 °C in NH3 atmosphere was 
(NH4)0.25WO3 single phase, and the diffraction peak 
of the second phase containing As was not detected 
in the nitridation product of APT−0.3%As. This 
was because the addition of As in APT−0.3%As 
was only 0.3 wt.%. Furthermore, some As was 
volatilized in the form of gaseous As2O3 during 
heating [31], so the content of As remaining in 
(NH4)0.25WO3 cannot be detected. The diffraction 
peak of the product was obviously broadened when 
the nitridation temperature was 600 °C. Through 
phase analysis, it was found that the nitridation 
products of APT and APT−0.3%As mainly contained 
WN (JCPDS No. 65-2898) and (NH4)0.42WO3 
(JCPDS No. 42-0451). Through comparing the 

diffraction peak intensity, it can be found that the 
main phase in the nitridation product of the control 
sample was WN, while the content of (NH4)0.42WO3 
was less. The strongest peak diffraction intensities 
of WN and (NH4)0.42WO3 in APT−0.3%As nitridation 
products were similar. 
 

 
Fig. 2 XRD patterns of APT and APT−0.3%As at 
different nitridation temperatures: (a) 500 °C; (b) 600 °C 
 

Figure 3 shows the SEM morphologies and 
EDS analysis results of the products prepared by 
APT or APT−0.3%As after nitridation at 500 and 
600 °C. The nitrided product of APT at 500 °C is 
(NH4)0.25WO3. The microstructure of the powder is 
shown in Fig. 3(a). It can be seen that the 
morphology and particle size of (NH4)0.25WO3 are 
similar to those of APT raw material. The particles 
are mostly cubes or polyhedrons with smooth 
surface. However, due to the decomposition of APT 
during the calcination process, a large amount of 
ammonia and water vapor were produced, resulting 
in cracks on the surface. The particle size of 
(NH4)0.25WO3−As powder shown in Fig. 3(b) is 
significantly reduced, and the particle surface is 
more porous. Figure 3(c) shows the morphology of  
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Fig. 3 SEM images and EDS results of calcined products of APT and APT−0.3%As at different temperatures: (a) APT 
at 500 °C; (b) APT−0.3%As at 500 °C; (c) APT at 600 °C; (d) APT−0.3%As at 600 °C; (e) EDS result of Area 1 in (b); 
(f) EDS result of Area 2 in (d) 
 
the products (WN and (NH4)0.42WO3) of APT 
nitrided at 600 °C. Compared with the nitrided 
product (NH4)0.25WO3 at 500 °C in Fig. 3(a), the 
particle size of the nitrided product at 600 °C 
decreases. This is because the decomposition of 
APT is a process of continuous water loss, 
ammonia loss and volume shrinkage. Therefore, 
with the increase of calcination temperature, the 
particle size of the product decreases. By observing 
the cracks on the surface of the particle, it was 
found that the number and width of cracks on the 
surface of the particle increase in Fig. 3(c). This   
is due to the release of more water vapor and 

ammonia during the decomposition of APT with 
increasing temperature, resulting in serious 
cracking on the surface of the particle. Similarly, 
the particle size of the nitrided product of 
APT−0.3%As at 600 °C in Fig. 3(d) is also 
significantly reduced, and there are many pores on 
the surface of the powder particles, which is 
conducive to the rapid escape of water vapor and 
ammonia during the thermal decomposition process, 
and can also accelerate the diffusion of carbon 
atoms in the subsequent carbonization process. 

Figures 3(e) and (f) show the element analysis 
results of Areas 1 and 2 in Figs. 3(b) and (d), 
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respectively. It was found that the oxygen content in 
the product was 18.50 wt.% when the nitridation 
temperature was 500 °C, and the oxygen content in 
the product was reduced to 8.15 wt.% when     
the calcination temperature increased to 600 °C 
because part of (NH4)0.25WO3 was converted to WN 
with the increase of temperature. Due to the 
decrease of oxygen content in the product, the mass 
fractions of N and W elements in the corresponding 
Area 1 increased compared to those in Area 2. In 
addition, the presence of As was detected in Areas 1 
and 2, but the content of As in Area 2 was lower 
than that in Area 1. The reason is that with the 
increase of nitridation temperature, the content of 
As volatilized from gaseous As2O3 increases, 
resulting in the decrease of As content. 
 
3.2 Carbonized powder 

According to the analysis of the above 
experimental results, Table 1 describes the phases 
corresponding to the products prepared by 
nitridation at 500 and 600 °C in NH3 atmosphere 
with APT or APT−0.3%As as raw materials. The 
WC powders prepared by direct carbonization of 
four kinds of nitrided products are shown in Table 1. 
In order to facilitate the distinction of WC prepared 
by direct carbonization of different nitrided 
products, they are named as the form in Table 1. 
 
Table 1 Comparison of phases of calcined products at 
different temperatures and nomenclature of carbonized 
products 

Precursor 
Calcination 
temperature/ 

°C 

Product 
after 

calcination 

Product 
after 

carbonization 

APT 500 (NH4)0.25WO3 WC-500 

APT− 
0.3%As 500 (NH4)0.25WO3− 

As 
WC− 

As-500 

APT 600 WN +  
(NH4)0.42WO3 

WC-600 

APT− 
0.3%As 600 

WN−As + 
(NH4)0.42WO3− 

As 

WC− 
As-600 

 
Figures 4(a−d) show the XRD patterns of WC 

obtained by direct carbonization of the nitrided 
products of APT and APT−0.3%As at 500 and 
600 °C, respectively. After comparative analysis,  
it was found that only the diffraction peak of   
WC (JCPDS No. 51-0939) was detected in the four 

nitrided products directly carbonized at two 
different temperatures, and no W2C phase was 
detected, indicating that (NH4)0.25WO3 and 
(NH4)0.42WO3/WN can be completely carbonized at 
1400 °C for 2 h. The diffraction peaks corresponding 
to each crystal face of WC are sharp, indicating that 
the WC particles have good crystallinity. No As- 
containing phase was detected in the diffraction 
patterns of WC−As-500 (Fig. 4(b)) and WC−As- 
600 (Fig. 4(d)). The reason is that the amount of As 
added in the precursor APT was only 0.3 wt.%. As 
volatilized in the form of gaseous arsenic oxide 
during subsequent nitridation and carbonization, 
and the final residual As content in WC-As-500 and 
WC-As-600 was low, which was difficult to achieve 
the accuracy of the X-ray diffractometer. 
 

 
Fig. 4 XRD patterns of WC powders obtained by 
carbonization of different calcined products: (a) WC-500; 
(b) WC−As-500; (c) WC-600; (d) WC−As-600 
 

Through Fig. 4, it was found that the addition 
of As element has no effect on the phase 
composition of the product after carbonization. In 
order to reveal the influence of As on the growth of 
WC grains, the grain size of each WC sample was 
calculated by using the Debye−Scherrer formula, as 
shown in Eq. (1): 
 

cos
KD

B
λ
θ

=                              (1) 
 
where D is the average grain size in the direction 
perpendicular to the crystal plane; K is the Scherrer 
constant; λ is X-ray wavelength, 0.154 nm; B is the 
full width at half maximum (FWHM) of the 
measured sample diffraction peak, which needs to 
be converted to radian (rad); θ is the Bragg 
diffraction angle [32]. 
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In Fig. 5, the grain sizes of WC-500, 
WC−As-500, WC-600 and WC−As-600 are 57.7, 
47.0, 53.3 and 41.2 nm, respectively. It was found 
that the grain size of WC−As-500 was significantly 
smaller than that of WC-500, similarly, the grain 
size of WC−As-600 was also smaller than that    
of WC-600. This shows that As has a significant  
 

 

Fig. 5 Average grain size histogram of different WC 
powders calculated by XRD patterns 

inhibitory effect on the growth of WC grains during 
the direct carbonization of (NH4)0.25WO3 or 
(NH4)0.42WO3/WN to prepare WC powder. 

Figure 6 shows the SEM images of WC 
powders prepared by direct carbonization of 
different nitridation products. Figures 6(a) and (b) 
show the morphologies of WC-500 and WC− 
As-500 obtained by carbonization of (NH4)0.25WO3 
and (NH4)0.25WO3−As with APT and APT−0.3%As 
at 500 °C, respectively. It is found that the  
WC-500 (Fig. 6(a)) powder particles are coarse and 
agglomerated obviously. The agglomeration of 
WC−As-500 (Fig. 6(b)) powder particles is slightly 
weakened. There are many smaller primary 
particles that are not agglomerated, but there are 
also many coarse secondary aggregates around the 
small primary particles. Figures 6(c) and (d) show 
the morphologies of WC-600 and WC−As-600 
obtained by the carbonization of (NH4)0.42WO3/WN 
and (NH4)0.42WO3/WN−As nitrided by APT and 
APT−0.3%As at 600 °C, respectively. At low 
magnification, WC-600 powders are agglomerates 
with a size of tens of microns. At high magnification, 

 

 
Fig. 6 SEM images of WC powders obtained by carbonization of different calcined products: (a) WC-500;          
(b) WC−As-500; (c) WC-600; (d) WC−As-600 
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the coarse WC-600 aggregates are composed of 
many fine particles with a size of several hundred 
nanometers. There are many pores between the fine 
WC primary particles in some coarse aggregates, 
forming a loose and porous structure. The bonding 
force between the particles of this structure is weak 
and it is easy to break during ball milling. In 
Fig. 6(c), there are also some dense WC aggregates 
formed by the polymerization of fine WC primary 
particles. This dense structure has strong binding 
force and is difficult to break. The WC−As-600 
(Fig. 6(d)) powders are almost all loose porous 
ultrafine WC particles, and the powder uniformity 
is excellent. This shows that when the nitridation 
temperature is 600 °C, the nitrided products of 
(NH4)0.42WO3 and WN can significantly refine the 
size of the WC primary particles, and the addition 
of As element is beneficial to weakening the 
agglomeration between the WC particles, so as to 
obtain ultrafine WC powder with uniform particle 
size and satisfactory dispersion. In addition, the 
inductively coupled plasma (ICP) detection data 
show that the As contents in the products 
WC−As-500 and WC−As-600 are 0.0093 wt.% and 
0.0047 wt.%, respectively, which are much lower 
than the addition amount in the precursor APT, 
indicating that As will volatilize in a gaseous form 
during the nitridation and carbonization processes. 

Figure 7 shows a histogram of the average 
particle size of different tungsten carbides. The 
average particle sizes of WC-500 and WC−As-500 
are 2.23 and 1.36 μm, respectively. The average 
particle size of WC-500 is coarse, and most of the 
primary WC particles merge and grow through 
grain boundary migration during high temperature 
carbonization, resulting in obvious coarsening of 
WC particles. The average particle size of 
WC−As-500 decreases, indicating that the addition 
of As element can hinder the growth or merging of 
WC−As-500 particles. When the nitridation 
temperature increased from 500 to 600 °C, the 
nitrided products of APT and APT−0.3%As 
changed from single-phase ((NH4)0.25WO3) to 
two-phase ((NH4)0.42WO3 and WN). The average 
particle sizes of WC-600 and WC−As-600 prepared 
by direct carbonization of APT and APT−0.3%As  
at 600 °C are 0.43 and 0.22 μm, respectively. 
Compared with WC-500 or WC−As-500 powders, 
the average particle sizes of WC-600 and 
WC−As-600 decreased significantly. Not only the 

average particle size of WC−As-600 is smaller than 
that of WC-600, but also its dispersibility is reduced 
and the powder uniformity is significantly 
improved. It is further explained that As element 
can refine WC particles to prepare ultrafine WC 
powder with prosperous uniformity. 
 

 
Fig. 7 Average particle size histogram of different WC 
powders based on SEM images 
 
3.3 Refining mechanism of ultrafine WC powders 

Figures 8(a) and (b) show the TEM images  
of (NH4)0.42WO3/WN and (NH4)0.42WO3/WN−As 
composite powders prepared by nitridation of 
precursor APT and APT−0.3%As at 600 °C in NH3 
atmosphere, respectively. It can be seen that the 
(NH4)0.42WO3/WN powder is coarse, while the 
(NH4)0.42WO3/WN−As composite powder is a 
typical nanocrystalline aggregate with fine and 
uniform particle size. In order to clarify its phase 
composition and structure, the powders in the 
micro-area were selected for electron diffraction. 
The diffraction patterns showed polycrystalline 
diffraction rings, indicating that the powder 
structure in the micro-area was polycrystalline. The 
polycrystal diffraction rings were calibrated. It was 
found that the corresponding phases of the two 
groups of diffraction rings were both WN, and the 
corresponding WN crystal planes from inside to 
outside were (111), (200), (220) and (311). The 
diffraction ring of (NH4)0.42WO3 was not detected in 
the selected regions of Figs. 8(a) and (b). Possibly 
due to the low content of (NH4)0.42WO3 in the 
micro-area, the brightness of the diffraction ring 
was darker or partially overlapped with the 
diffraction ring of the WN phase. 
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Fig. 8 TEM images and polycrystalline diffraction 
patterns of (NH4)0.42WO3/WN (a) and (NH4)0.42WO3/ 
WN−As (b) 
 

To reveal the distribution of (NH4)0.42WO3/WN 
and As-containing phases, the (NH4)0.42WO3/ 
WN−As composite powder was analyzed by   
high resolution transmission electron microscopy 
(HRTEM). In Fig. 9, the crystal plane d1=0.2059 nm, 
which belongs to the (200) crystal plane of WN. 
The crystal planes d4=0.2382 nm, d5=0.2385 nm 
and d6=0.2387 nm are close to the standard crystal 
plane spacing d=0.2384 nm corresponding to the 
(111) crystal plane of WN, so d4, d5 and d6 are 
judged to be the (111) crystal plane of WN. 
Similarly, d3=0.1890 nm, corresponding to the  
(004) crystal plane of (NH4)0.42WO3. The three 
crystal planes d2=0.2392 nm, d7=0.2446 nm and 
d8=0.2185 nm correspond to the (303), (113) and 
(521) crystal planes of W2O3(AsO4)2, respectively. 
W2O3(AsO4)2 is distributed between WN and 
(NH4)0.42WO3 particles, which can effectively 
hinder the growth of WC particles during 
carbonization. In addition, (NH4)0.42WO3 is 
distributed between WN particles, which separates 
WN particles well. Similarly, WN also has an 
isolation effect on (NH4)0.42WO3. This phase 
distribution of WN and (NH4)0.42WO3 will form a 
good barrier effect in the subsequent direct 
carbonization of WC. 

 

 
Fig. 9 HRTEM images of (NH4)0.42WO3/WN−As 
 

Figure 10 shows the process of preparing WC 
powder by direct carbonization of different nitrided 
products based on the above experimental results. 
Figure 10(a) describes the direct carbonization 
process of the product (NH4)0.25WO3 obtained by 
nitrided APT at 500 °C. After ball milling, the 
surface of (NH4)0.25WO3 is wrapped by carbon 
black. Carbon atoms diffuse from the surface to the 
interior of (NH4)0.25WO3 particles, NH4

+ is gradually 
decomposed, and oxygen atoms gradually combine 
with C to form CO or CO2 with the increase of 
temperature. After the phase transition process of 
W→W2C→WC, all (NH4)0.25WO3 is transformed 
into WC. In this process, the adjacent particles in 
the system are the same phase (NH4)0.25WO3 with 
the same structure. As a result, the carbonization 
process of the same phase is the same under high 
temperature conditions. Moreover, WC particles are 
easy to form sintering necks and grain boundaries 
during and after the carbonization. Migration occurs 
to merge and grow grains, thus forming coarse 
secondary particles. Figure 10(b) shows the direct 
carbonization process diagram of (NH4)0.42WO3/ 
WN composite powder obtained by nitridation APT 
at 600 °C. (NH4)0.42WO3 and WN are evenly 
distributed. (NH4)0.42WO3 belongs to the hexagonal 
structure, while WN belongs to the face-centered 
cubic structure. Their lattice constants are also 
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Fig. 10 Schematic diagrams of WC particles growth during direct carbonization of different calcined products:       
(a) (NH4)0.25WO3 after calcination of APT at 500 °C; (b) (NH4)0.42WO3/WN after calcination of APT at 600 °C;      
(c) (NH4)0.42WO3/WN−As after calcination of APT−0.3%As at 600 °C 
 
different, which is difficult to form a coherent or 
semi-coherent interface. The difference between 
their carbonization processes hinders the migration 
and growth of WC particles through grain boundary 
and reduces the growth rate of WC particles, so   
as to achieve the refinement of WC preparation. 
Figure 10(c) shows the direct carbonization process 
diagram of (NH4)0.42WO3/WN−As composite powder 
obtained by nitrided APT−As at 600 °C. As element 
exists in the form of W2O3(AsO4)2 on the surface or 
inside of (NH4)0.42WO3 and WN particles. On the 
one hand, the W2O3(AsO4)2 particles distributed 
inside the WC particles can form internal stress 
during the carbonization process, so that the WC 
particles are broken. On the other hand, the 
W2O3(AsO4)2 particles distributed on the surface 
can further inhibit the growth of WC particles by 
hindering the diffusion of carbon and the growth of 
adjacent WC particles, and finally the ultrafine WC 
powders were prepared. 
 
4 Conclusions 
 

(1) The products of precursor APT and 
APT−0.3%As nitrided at 500 °C in ammonia 

atmosphere were both (NH4)0.25WO3, while the 
products nitrided at 600 °C were (NH4)0.42WO3 and 
WN composite powders. At the same nitridation 
temperature, the particle size of (NH4)0.25WO3 or 
(NH4)0.42WO3/WN containing As was obviously 
smaller than that without As. 

(2) Compared with the direct carbonization of 
(NH4)0.25WO3 single phase, the average particle size 
of tungsten carbide prepared by direct carbonization 
of (NH4)0.42WO3/WN composite powder was 
significantly reduced, and the average particle size 
of WC was reduced from 2.23 to 0.43 μm. The 
reason is that the (NH4)0.42WO3/WN composite 
powders are evenly distributed and the two phases 
are separated from each other, which hinders the 
migration and coalescence of WC grains through 
grain boundaries during carbonization. 

(3) The addition of As element further 
promotes the refinement of WC powder. As exists 
in the form of W2O3(AsO4)2 in the (NH4)0.42WO3/ 
WN composite powders and is easily enriched on 
the surface of (NH4)0.42WO3 and WN or distributed 
between (NH4)0.42WO3 and WN phases. During the 
carbonization process, it further hinders the merger 
and growth of WC grains. 
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砷在氮化−碳化法制备超细碳化钨粉过程中的细化机理 
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摘  要：为了简化工艺制备超细 WC 粉末，在伸钨酸铵前驱体中添加一定量的 As 元素，采用氮化−碳化法系统研

究As在超细WC粉制备过程中的作用机理。结果表明，当碳化温度均为1400 ℃，氮化温度从500 ℃升高到600 ℃，

As 含量从 0 增加到 0.3% (质量分数) 时，所制备的 WC 粉平均粒径从 2.23 μm 减小到 0.22 μm，颗粒均匀性显著提

高。As 元素在氮化产物中以 W2O3(AsO4)2 的形式存在，且容易在氮化产物(NH4)0.42WO3 和 WN 表面富集或分布于

两相之间，阻碍碳化过程中 WC 晶粒的长大，从而制备超细 WC 粉。 

关键词：砷；超细 WC 粉；均匀性；细化机理；氮化；碳化 
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