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Abstract: The room-temperature abrasive wear resistance of Cr3C2/Ni3AI composite and Stellitel2 alloy cladding was 
investigated. Three kinds of tests, designed for different load and abrasive' size, were utilized to understand the wear 

behaviour of these materials. Under all three wear conditions, the abrasion resistance of Cr3C2/Ni3AI composite cladding is 

much higher than Stellitel2 alloy. In addition, the wear-resistant advantage of Cr3C2/Ni3Al composite is more obvious when 

the size of the abrasive is small. The relative wear resistance of Cr&/Ni3Al composite increases from 2.44 times to 6 times 

when the size of the abrasive decreases from 180pm to 5 0 ~ .  The good wear resistance of Cr3C2/Ni3AI composite cladding 

can be mainly attributed to the high hardness, large volume fraction of reinforcement, large reinforcement particles, and 

size distribution of reinforcement. 
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1. Introduction 
Nickel aluminide (Ni3Al) possesses superior 

oxidation and carburization resistances due to the 
formation of protective A1203 films, and interesting 
mechanical properties due to their ordered crystal 
structures. Furthermore, the high strength and work 
hardening ability of these alloys mean that they can 
perform well in a variety of wear environments. A 
number of laboratory studies have indicated that Ni3Al 
alloys have significant potential in critical wear 
appli~ations'"~~.In addition, Ni3Al is an excellent 
candidate for the matrix for intermetallic matrix 
composites. The slowed diffusion of the ordered lattice 
may reduce the formation and /or growth of any 
matridreinforcement reaction. Since the useful life of a 
metal matrix composite is limited by this reaction, the 
slowed diffusion of the intermetallic matrix may 
increase the life andor operating temperature of the 
composites f41. 

Metal matrix composites containing a high 
volume fraction of carbide, nitride, boride,or oxide 
particles are frequently the materials of choice for 

applications that require good wear resistance 15-71. For 
high temperature service in air, oxidation resistance 
and hot hardness of hard particle are the most important 
factors.Of course hard oxide particles such as A1203 or 
Y203 would not be affected by oxygen,but their bond to 
metal matrix is inferior to that of metal carbides f51. In 
metal carbides,chromium carbide is the most suitable 
for adding in metal matrix as hard particles for their 
very high hot hardness,excellent oxidation resistance 
and good wetting ability with metal matrix '*]. 

Surface modification techniques, which are 
regarded as effective methods to improve the wear 
resistance of materials, have been successfully applied 
to enhance the ability of components to resist the wear 
damage in recent years 19-101. With the characteristics of 
Ni3Al and chromium carbide, it is expected that the 
formation of chromium carbide reinforced Ni3AI 
matrix composite cladding would improve the wear 
resistance of the workpieces. This paper reports the 
investigations of the room-temperature abrasive wear 
resistance of this composite cladding. Stellite 12 alloy, 
the conventional high temperature wear resistant 
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materials, was chosen to compare with the composite 
for similar application with the composite. 

2. Experimental Procedure 
A new producing method has been designed to 

fabricate chromium carbide reinforced Ni3AI matrix 
composite. Firstly, a Ni-AI-Cr3C2 welding wire was 
fabricated by metal-powder-core technique. The 
advantage of this technique is easy to produce wires in 
large scale. In this approach, elemental powders and 
carbide powders of the correct composition are filled in 
a oickel strip and sealed and compacted by drawing 
through ;1 set of dies. Before filling powders, Cr3Cz, Al, 
and BFe powders were mixed together with 
appropriate amounts (see tablel). The particle diameter 
of all powders is about 200 b m. Secondly, the welding 
wires were welded on a nickel base superalloy DZ125 
surface by the manual gas-tungsten arc (GTA) welding. 
IJnder the effect of the physical heat of arc, Ni reacted 
with A1 to form Ni3A1. Cr3C2 was dissolved during 
welding. Most of [Cr] and [C] reacted to form 
chromium-riched M ~ C I  or MK3 phases except that a 
few dissolved into Ni3AI matrix. As a result, chromium 
carbide particles reinforced Ni3AI matrix composite 
was formed at welding layers‘”-’”. Stellite 12 alloy 
wires were also welded on DZ125 alloy surface by 
GTA welding for abrasive wear test comparison with 
NiJAl matrix composite. 

Thc pin-on-disk test was employed to determine 
the abrasion resistance of h e  composite and stellitel2 
allay. The pins with 6mm diameter machined from 
welded layers were abraded on A1203 paper under a 
certain load. The thickness of the clad layers was 6mm. 
The rotational speed of disk is 60rpm. The run track of 
pins is hpirality and linear speed is unconstant. Each 
test was run for distance of 16.4m. The present 
experiment was designed as three tests to evaluate the 
effect of load and abrasive’ size on the wear resistance 
of  two materials cladding, as shown in Table 2. After 
cach test, the weight loss of the sample was measured 

‘rahlel Chemical composition of Ni-AI-Cr3C2 welding Wire 
___- 

cr3c2 Al BFe Ni 
. - - - ___ - 

wt% 25 10 0.1 74.5 

Table 2 Wear conditions designed in this experiment 

Numrner of test I I1 III 
Loadkg 3.7 3.7 4.8 

Abrasive’ size 50 180 180 

I P  m 

then the results of the wear tests, averaged from three 
data points obtained, were calculated as a relative wear 
resistance with follow equation: 

e ,=AW$AW, 
AW,: Weight loss of Stellite 12 alloy 
AW,: Weight loss of testing samples 
The microstructure and worn surfaces of clad 

layers were observed by scanning electron microscopy 
(SEM). 
3. Results and Discussion 

The surface microstructure of Ni3AI matrix 
composite cladding (see Fig.la) shows that Cr3C2 
particles with various sizes are dispersed in Ni3Al 
matrix uniformly. The size of larger ones is about 30pm 
and the size of smaller ones is about 2pm. The 
microstructure of the stellite 12 cladding (see Fig.lb) 
shows a typical uniform equaxed to columnar dendritic 
microstructure. The dark area between the dendrite arm 
spacing consists mainly of eutectoid with higher Cr, W 
and Si content and chromium-riched M7C3 carbide 
precipitates. The average size of M7C3 particle is 
smaller than 5 u m. Fig.2 illustrates abrasive wear 
comparison of the Cr3Cz/Ni3A1 composite and 
Stellite12. The results demonstrated that 

I )  Under all three testing conditions, the wear 
resistance of Cr3C2/Ni3A1 composite is much better 
than that of stellite12. The relative wear resistance of 
Cr3C2Mi3Al composite is 2.44-6 times higher than that 
of stellite 12 alloy. 

2) Larger abrasive particles and higher 
load resulted in more wear for both two materials. 

Especially, the size of the abrasive affected wear 
resistance of two materials more seriously. In addition, 
the wear-resistant advantage of Cr3C2/Ni3Al composite 
is more obvious when the size of the abrasive is small. 
The relative wear resistance of Cr3Cz/Ni3AI composite 
increases from 2.44 times to 6 times when the size of 
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Fig.2 Abrasive wear comparison of Cr&JNiAl composite and Stellitel2 under different testing conditions (a) wear mass loss 

(b) relative wear resistance 

the abrasive decreases from 180pm to 50pm. 
The room-temperature hardness of abrasive 

particle A1203 is HV2070 that is higher than that of 
both Cr3Cfli3Al composite (HRC52) and Stellitel2 
alloy (HRC47). So, this wear test belongs to hard 
two-body abrasive wear. Damage and material removal 
occur as a result of plowing and cutting of the material 
surface. The worn surface of the two materials under 
different testing conditions, as shown in Fig.3 and 
Fig.4, is different apparently. The wear scars of 
Stellitel2 alloy cladding are very deep, more defined 
and continuous. The chromium-riched M7C3 particles 
were all ploughed out. Otherwise, the wear scars of 
Cr3C2/Ni,Al composite cladding are much shallower 
and discontinuous. The major portion of the Cr3C2 
particles was not extracted from the matrix even if 
suffers large abrasive abrading. The good wear 
resistance of Cr3C2/Ni3A1 composite cladding can be 

mainly attributed to the high hardness, large volume 
fraction of reinforcement, large reinforcement particles, 
and size distribution of reinforcement. 

The Cr3CdNi+4l composite and stellite12 alloy 
are multiphase materials formed of a metallic matrix 
reinforced by a dispersion of hard particles. For these 
materials, it is known that the hard reinforcement 
mainly bears the wearing force, while the matrix binds 
the reinforcement, accommodates deformation and 
absorbs impact energy, thus reducing the probability of 
reinforcement fracture. A proper combination of 
hardness and ductility/toughness should result in 
higher resistance to wear. Many experimental studies 
have showed that there must be an optimal volume 
fraction of the reinforcement, which provides the 
optimal balance between hardness and ductility ‘I3-l4’. 

When the volume fraction of reinforcement exceeds 
the critical value, the material becomes brittle and 
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fracture more easily, leading to a decrease in the wear 
resistance. However, if the volume fraction of 
reinforcement is smaller than the critical value, there 
are no enough hard particles in the matrix to withstand 
the wearing force. As a result, the wear resistance 
would also be low. For different multiphase materials, 
the critical volume fraction may vary. 30%-35% was 
considered as the critical volume fraction for most of 
multiphase Previous work has reported 
that the volume fraction of carbides of stellite 12 is 
about 18% ' I6 ' .  Compared with stellite 12 alloy, 
Cr3C?/Ni3AI composite has larger volume fraction of 
carbides (about 22%). The volume fraction of these 
materials should be lower than their critical volume 
fraction. So, The larger volume fraction of carbides 
results in higher hardness and better wear resistance. 

The room-temperature hardness of Cr3C*/Ni3Al 

composite cladding is HRC52, which is higher than 
that of Stellitel2 alloy(HRC47). Hardness of a 
multiphase material determines the penetration depth 
of abrasive particles, and therefore an increase in 
hardness of composite could reduce abrasive wear [15]. 

The size of reinforcement particles can influence 
the wear behaviour of a composite. As suggested, 
larger reinforcing particles are more effective in 
protecting the matrix and the corresponding total 
interfacial area is smaller, which may help to reduce the 
probability of interfacial failure between the matrix and 
the reinforcement. A composite reinforced by larger 
particles may require a higher load to develop cracks 
and delaminate a substrate layer "'I. For a composite 
reinforced by homogeneously dispersed small 
reinforcement particles, the small particles are easier to 
plough out, which might act as abrasive to further 
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increase the abrasion rate [18'. In addition, small 
reinforcement particles have relatively larger total 
interfacial area, which could lead to a higher 
probability of interfacial failure. Compared with 
Stellite 12 alloy cladding, the wear scars of 
Cr3C2/Ni3A1 composite cladding are much shallower 
and discontinuous, which can be mainly attributed to 
larger size of the reinforcement particles. The coarse 
carbides particles can lower the volume wear rate by 
dislodging the abrasive particles from the paper. 

In addition to those factors, the size distribution of 
reinforcement particles in Cr3C~/Ni3Al composite may 
also largely influence wear. The larger particles mainly 
withstand the wearing force and the small dispersed 
particles preferentially strengthen the matrix so that it 
would be more difficult for the abrasive to abrade the 
relatively softer matrix. Since the average mechanical 
properties of the matrix can be adjusted by adding 
small dispersed particles, an optimal balance between 
the overall hardness and ductility could be achieved, 
thus resulting in superior tribological proper tie^"^]. 
4. Conclusions 

(1) The pin-abrasion wear test showed that the 
abrasion resistance of Cr3C2/Ni3Al composite cladding 
is much higher than Stellitel2 alloy at room 
temperature. In addition, the wear-resistant advantage 
of Cr3C2/Ni3A1 composite is more obvious when the 
size of the abrasive is small. The relative wear 
resistance of Cr3C2/Ni3A1 composite increases from 
2.44 times to 6 times when the size of the abrasive 
decreases from 1 8 0 p  to 5 0 ~ .  

(2) The worn surface of the two materials under 
different testing conditions was different apparently. 
The wear scars of Stellitel2 alloy are very deep, more 
defined and continuous. The chromium-riched M7C3 
particles were all ploughed out. Otherwise, the wear 
scars of Cr3C2/Ni3A1 composite cladding are much 
shallower and discontinuous. The major portion of the 
Cr3C2 particles is not extracted from the matrix even if 
suffers large abrasive abrading. 

(3) The good wear resistance of Cr3C2/Ni3Al 
composite cladding can be mainly attributed to the high 
hardness, large volume fraction of reinforcement, large 

reinforcement particles, and size distribution of 
reinforcement. 
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