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Chromium carbide based cermets are perspective materials to use in aggressive and abrasive conditions. Present paper 
considers the impact wear properties of chromium carbide based cermets with different chemical compositions  
(10 wt % – 50 wt % of Ni). The investigated chromium carbide based cermets were produced by a novel method reactive 
sintering and reference materials using chromium carbide powders produced by indirect and direct synthesis. The impact 
wear resistance of chromium carbide based cermets depends on binder content and cermets producing technology. The 
wear resistance increases in increase of binder content. Better wear resistance exhibited cermets made by using 
chromium carbide powder produced by indirect synthesis. The wear mechanism was investigated by SEM images of 
worn surfaces of cermets. 
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1. INTRODUCTION∗

Cr3C2
 – Ni cermets are perspective materials to operate 

in corrosive and abrasive environments [1 – 6]. Main dis-
advantages of these cermets are their relatively low 
mechanical properties and wear resistance mainly because 
of their coarse-grained structure (the carbide grain size is 
usually over 4 µm).  

The impact wear behaviour of different materials and 
coatings is investigated in [7 – 9].  

In impact wear conditions multiphase materials exhib-
ited the optimal wear resistance. Multiphase materials as 
cermets combined softer matrix dispersed with extremely 
hard grains. Chromium carbide based cermets are 
perspective materials for special applications such as high 
temperature or corrosive environments and in situations 
were high corrosion-abrasion resistance is required simul-
taneously [4, 10]. At the same time there is a lack of 
information about the impact wear behaviour of chromium 
carbide based cermets. 

The aim of present paper was to investigate the impact 
wear resistance and wear mechanism of chromium carbide 
based cermets, made by different technologies.  

2. MATERIALS AND EXPERIMENTAL  
The investigated chromium carbide based cermets 

were fabricated at Tallinn University of Technology by a 
new technology – reactive carburizing sintering [11]. 
Reference cermets were produced using chromium carbide 
powders made by indirect and direct synthesis [12]. The 
ball milling of chromium carbide and nickel powders in 
case of chromium carbide produced by indirect synthesis 
were carried out for 160 hours.  

The cermets are composed of chromium carbide grains 
in a metal binder with the mean grain size about 2 μm for 
reactive sintered cermets and about 4 μm for cermets, 
produced by conventional technology. Typical micro-
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structures of chromium carbide cermets made by different 
methods are exhibited in Fig. 1. 

Impact wear tests were carried out in experimental 
impact wear tester DESI, described in [13]. The principal 
scheme of impact wear tester is shown in Fig. 2. 15 kg of 
granite abrasive was used in tests; the granite abrasive 
fraction was 4 mm – 5 mm. The tests were carried out at 
the velocity of about 60 m/s and the estimated impact 
angles were about 90°. 

The blocks were finished to a surface roughness of 
about 1 μm prior to each test. Each specimen was weighed 
before and after the testing with an accuracy of 0.1 mg. 

Weight loss was converted into the volumetric wear 
rate.  

The worn surfaces were observed with a scanning 
electron microscope JEOL JSM 840A to investigate the 
impact wear mechanism. 

3. RESULTS 

3.1. Impact wear rate 

The volumetric wear rate for chromium carbide based 
cermets with different chemical compositions is shown in 
Fig. 3. The volumetric wear rate increases in increase of 
binder content. The bulk hardness of cermets decreases and 
the wear rate increases when binder content increases. 
Cermets made by using chromium carbide produced by 
indirect synthesis with lower binder content exhibited 
better wear resistance. In average, the cermets made by 
reactive sintering and by using chromium carbide made by 
direct synthesis exhibited comparable wear resistance. 

3.2. Wear mechanism 
The detailed mechanism of the impact wear 

mechanism of chromium carbide based cermets has not 
been studied yet. 

The wear mechanism of chromium carbide based 
cermets was investigated analysing SEM images of the 
worn surfaces. 
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      a               b                           c 

Fig. 1. Microstructure of Cr3C2 – 20 % Ni cermets depending on cermets producing technology: a – direct synthesis, b – indirect 
synthesis, c – reactive sintering 

 
Fig. 2. Principal scheme of the impact wear test device [13] 

0,0

0,4

0,8

1,2

1,6

2,0

2,4

2,8

10 15 20 25 30 40 50

Binder content, wt%

Vo
lu

m
et

ric
 w

ea
r r

at
e,

 m
m

3 /k
g

Direct synthesis
Indirect synthesis
Reactive sintering

 
Fig. 3. Impact wear rate of chromium carbide based cermets with different chemical composition and made by different techniques 
 

The wear mechanism for cermets made by  
different technologies is similar. The worn surfaces of 
Cr3C2 – 10 % Ni cermets are shown in Fig. 4. The worn 
surface of material is covered with tracks where the granite 
abrasive particles are pushed into the material surface 
(Fig. 4 , a). Abrasive particles penetrate into the material 
and deform plastically the binder phase and, at the same 
time, damage the carbide network and carbide grains. The 
binder phase is removed from the impact track to the edges 
of the track where the walls are formed; some of the binder 

phase is wiped out from the surface (Fig. 4 , b). The 
carbide network is crushed; some of the carbide grains are 
fractured or removed from the surface (Fig. 4, c). The parts 
of the carbide network are squeezed onto the walls of 
binder. During the wear process some of the granite 
abrasive particles is crushed and the formed granite dust 
damage thematerial surface locally; it penetrate into 
surface deform the binder phase plastically or remove it 
from the surface (Fig. 4 , a).  
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Fig. 4. Worn surface of Cr3C2 – 10 % Ni cermet 

The SEM images of the worn surfaces of  
Cr3C2 – 30 % Ni cermet are shown in Fig. 5. The wear 
mechanism for high binder content cermet observes the 
same behaviour as for low binder material, the plastic 
deformation of the binder phase, the forming of the walls 
and the crushing and removing of weak carbide network 
and carbide grains. 

 
a 

 
b 
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Fig. 5. Worn surface of Cr3C2 – 30 % Ni cermet 

4. CONCLUSIONS 
1. The impact wear behaviour of chromium carbide 

cermets made by different technologies was 
investigated. 

2. The impact wear resistance depends on the chemical 
composition (binder content) and on the cermets 
producing technology; volumetric wear rate increases 
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in increase of the binder content and decrease of the 
bulk hardness, better wear resistance for low binder 
content materials exhibited cermets made by using 
chromium carbide produced by indirect synthesis. 

3. The impact wear mechanism of the investigated 
materials concluded in plastic deformation of binder 
phase and the concurrent crushing of carbide network 
and carbide grains, during those processes some of the 
material is removed from the surface. 
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