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Two body abrasive wear behaviour of a zinc-aluminium alloy - 10% Al2O3 composite was
studied at different loads (1–7 N) and abrasive sizes (20–275 µm) as a function of sliding
distance and compared with the matrix alloy. The wear rate of the composite and the
matrix alloy has been expressed in terms of the applied load, abrasive size and sliding
distance using linear factorial design approach. The study suggests that the wear rate of
the alloy and composite follow the following relations:

Yalloy = 0.1334− 0.0336x1 + 0.0907x2 + 0.0219x3 − 0.0296x1x2 + 0.0274x2x3 − 0.0106x3x1

− 0.0201x1x2x3

Ycomp = 0.0726− 0.028x1 + 0.062x2 + 0.03x3 − 0.024x1x2 + 0.028x2x3 − 0.016x3x1

− 0.014x1x2x3

where, x1, x2 and x3 are the coded values of sliding distance, applied load and abrasive size
respectively. It has been demonstrated through the above equations that the wear rate
increases with applied load and abrasive size but decreases with sliding distance. The
interaction effect of the variables exhibited a mixed behaviour towards the wear of the
material. It was also noted that the effect of load is less prominent for the composite than
the matrix alloy while the trend reversed as far as the influence of the abrasive size is
concerned. C© 2001 Kluwer Academic Publishers

1. Introduction
Zinc-aluminium alloys have emerged as excellent sub-
stitutes to many ferrous and non ferrous alloys for dif-
ferent engineering applications because of their excel-
lent castability, light weight and superior mechanical
and wear properties [1–6]. However, one of the major
limitations of these alloys have been deterioration in
mechanical and tribological properties at temperatures
above 100◦C [7, 8]. The alloys have also been found
to suffer from abrasion caused by entrapped particles
in related applications. The problem of deterioration
of the above mentioned properties has been suggested
to be reduced through microstructural modifications of
the alloys by adding high melting elements like Ni, Si
etc. [9, 10]. Incorporation of hard second phase (SPPs)
particles in the alloy matrix to form composites has
also been reported to be more beneficial in this con-
text [7, 11, 12]. The particles not only impart excel-
lent abrasion resistance but also improve elevated tem-
perature properties of the zinc-based alloys [13–19].
The abrasive wear behaviour of alloys containing hard

SSPs greatly depends on factors like (i) nature, shape,
size, hardness and rake angle of the abrading particles;
(ii) nature, shape, size, hardness, volume fraction and
distribution of the second phase particles (SSPs) in the
matrix; (iii) properties of the matrix; (iv) nature of dis-
persoid/matrix interfacial bonding; and (v) experimen-
tal conditions such as abrasive size, applied load, sliding
speed and sliding distance [13, 15].

It has been reported that the extent of plastic deforma-
tion in the subsurface regions depends on the abrasive
size as well as on applied load [14, 15, 20–22]. Fur-
ther, high load and coarse abrasive size (coarser than
dispersoid phase) may result in lower wear resistance
of zinc-aluminium alloy - silicon carbide composite as
compared to the matrix alloy [22].

Abrasive wear rate is expressed in terms of hardness
and applied load by the following relation [23]:

W = K εdeffP

εcoefH
(1)
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whereK - wear coefficient defined as the probability
of formation of wear particles,P - applied load,H -
material hardness,εdeff - strains at which asperities
undergoing plastic deformation andεcoef - strains asso-
ciated with crack growth within asperities. The equa-
tion suggests that not only the hardness, but also the
plastic deformation and fracture toughness (εcoef) of a
material influence the wear behaviour. The material re-
moval mechanism during abrasive wear has also been
explained on the basis of fracture toughness, plasticity
and friction [24]. It is reported by several investigators
that wear rate of a material also varies with load, sliding
distance and abrasive size [20–22]. However, attempts
made to correlate wear rate with the combined effect
of these factors are limited [25]. Further, no informa-
tion exists in this regard as far as zinc-based alloys/
composites are concerned. The abrasive wear rate of
aluminium composite and matrix alloy in terms of load
and abrasive size following a factorial design approach
has been predicted by Mondalet al. [25]. However, this
study did not consider the effect of sliding distance on
wear behaviour whereas the wear rate depends on slid-
ing distance considerably. Available information sug-
gests that it is possible to assess quantitatively the influ-
ence of each of the above variables (load, abrasive size
and sliding distance) separately or in combination on
the wear rate by deriving some emperical equations in-
volving statistical analysis of the recorded data through
factorial design of experiments.

In view of the above, the present study aims to de-
velop a regression equation for (i) assessing the high
stress abrasive wear rate of a zinc-aluminium alloy-
Al2O3 particle composite vis-a-vis the matrix alloy as
a function of the variables like sliding distance, load
and abrasive size, (ii) comparing the effect of each vari-
able and their interaction on the wear rate of each of
the material, and (iii) assessing the extent of deviation
of theoretically calculated values of wear rate over the
experimentally observed ones.

2. Experimental
2.1. Material
The zinc-based alloy (Zn - 37.2% Al – 2.5% Cu – 0.2%
Mg) was dispersed with 10 wt.% Al2O3 particles (size
75–150µm) to synthesize the composite by a liquid
metallurgy route using the vortex technique. The com-
posite melt was cast in the form of 6 mm thick, 120 mm
diameter disc using cast iron moulds. The matrix al-
loy was also processed under identical conditions for a
comparative study. Metallographically polished speci-
mens were etched with diluted aqua regia and examined
under scanning electron microscope.

2.2. Abrasive wear tests
High-stress abrasive wear tests were performed on met-
allographically polished rectangular specimens (size:
40× 35× 4 mm3) using a suga (Japan) make abrasion
tester (Model: NUS 1; Japan). Fig. 1 shows a schematic
view of the high stress (two body) abrasion test appa-
ratus. The SiC particles, embedded on an emery paper
and fixed on a 50 mm diameter and 12 mm thick alu-

Figure 1 A schematic view of the high stress (two body) abrasion test
apparatus.

minium wheel with the help of a double sided tape
was used as the abrasive medium. The samples were
loaded against the abrasive medium with the help of a
cantilever mechanism. The specimens experienced to-
and-fro motion against the abrasive particles while the
abrasive wheel also changed its position by the time
the specimens completed one cycle (corresponding to
a sliding distance of 0.065 m). This enabled the sam-
ples to encounter fresh abrasive particles (in each cy-
cle) prior to traversing 400 cycles (corresponding to
a sliding distance of 25 m). Beyond this distance, de-
graded abrasive came in contact with the specimen sur-
face in succession. Abrasive wear tests were conducted
for 400, 800, 1200, 1600 and 2000 cycles, correspond-
ing sliding distances being 25, 50, 75, 100 and 125 m
respectively. A range of applied loads (1–7 N) and abra-
sive sizes (23–275µm) were employed while sliding
velocity was fixed at 0.04 m/s for carrying out the tests.
The specimens were ultrasonically cleaned with ace-
tone prior to and after the wear tests. Weight loss of the
specimens was measured using a Mettler micro balance
for computing the wear rate.

2.3. Factorial design of experiments
A factorial design of experiment of the typePn [25, 26]
was used in the present study where ‘n’ corresponds to
the number of factors and ‘P’ stands for the number
of levels. In this design,n= 3 (i.e. sliding distance,
applied load and abrasive size) andP= 2 (i.e. upper
and lower levels of each variable). Thus the minimum
number of trial experiments to be conducted for each
material is 23= 8. If wear rate is represented byY, the
linear regression equation for these experiments could
be written as

Y = a0+ a1x1+ a2x2+ a3x3+ a4x1x2+ a5x2x3

+a6x1x3+ a7x1x2x3 (2)
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wherea0 is the response variable (wear rate) at the base
level (i.e. at the sliding distance of 75 m, load of 4 N
and abrasive size of 149µm); a1, a2, a3 are coefficients
associated with each variablex1 (sliding distance),x2
(applied load) andx3 (abrasive size); anda4, a5, a6, a7
are interaction coefficients betweenx1 andx2, x2 and
x3, x1 andx3, andx1, x2 andx3 respectively within the
selected levels of each of the variables.

The positive value of ‘Y’ from Equation 2 denotes
weight loss while its negative value indicates weight
gain. Further, the positive value of any of the coeffi-
cients suggests that the wear rate of material increases
with their associated variables while their magnitude
indicates the weightage of each of these factors or their
interaction towards the wear rate of the material.x1,
x2 andx3 in the equation are the coded values of slid-
ing distance, applied load and abrasive size. The coded
value for a particular variable is defined as follows:

Coded Value= base value− selected value

|base value− value corresponding to lower or upper level|

The procedure for calculating each of the above men-
tioned coefficients in Equation 2 has been reported else-
where [25, 26].

(a)

(b)

Figure 2 Optical micrographs of the ZA37-10 Al2O3 composite show-
ing (a) distribution of dispersoid phase in the alloy matrix and (b) dis-
persoid/matrix interfacial bonding.

3. Results
3.1. Microstructure
Fig. 2 shows the microstructural features of the com-
posite. Reasonably uniform distribution of dispersoid
particles (Al2O3) may be seen in Fig. 2a while defect
free dispersoid/matrix interfacial bonding may be seen
in the magnified micrograph (Fig. 2b).

3.2. Abrasive wear behaviour
Fig. 3 represents the wear rate of the samples as a func-
tion of travel distance at different applied loads and for
various abrasive sizes. It is noted that the wear rate of
composite is less than that of the alloy irrespective of
applied load and abrasive size. Furthermore, it may be
noted that wear rate of these materials decreases with
sliding distance and increases with applied load and
abrasive size. However, the combined effect of these

parameters on the wear rate can not be understood from
such type of plots. Hence, these data are subjected to
factorial design with an aim to establish an emperical
relation for wear rate as a function of applied load, slid-
ing distance and abrasive size.

Figure 3 Wear rate as a function of sliding distance at different applied
loads and abrasive sizes.
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TABLE I Levels ofeach factor and their coded values

Variables

Sliding Applied Abrasive
Sl. Factor Levels Distance (m) Load (N) Size (µm)
No. Coded Values x1 x2 x3

1 Upper level 125 7 275
(Coded value) (+1) (+1) (+1)

2 Base level 75 4 149
(Coded value) (0) (0) (0)

3 Lower level 25 1 23
(Coded value) (−1) (−1) (−1)

TABLE I I The value of individual variable with their coded value
and wear response in each trial

Sliding Appled Abrasive
Wear Rate (m3/m)Trial Distance (m) Load (N) Size (µm)

No. x1 x2 x3 Yalloy Ycomp

1 +1 (125) +1 (7) +1 (275) 0.192 0.112
2 +1 (125) +1 (7) −1 (23) 0.133 0.054
3 +1 (125) −1 (1) −1 (23) 0.044 0.006
4 −1 (125) −1 (1) −1 (23) 0.049 0.011
5 −1 (25) +1 (7) +1 (275) 0.358 0.275
6 −1 (25) −1 (1) +1 (275) 0.041 0.018
7 +1 (125) −1 (1) +1 (275) 0.03 0.006
8 −1 (25) +1 (1) −1 (23) 0.22 0.0099

Values in the parenthesis are the actual values of the experimental
parameters.

TABLE I I I Matrix design for calculating regression coefficients

Sl.
No. x1 x2 x3 x1x2 x2x3 x3x1 x1x2x3 Yalloy Ycomposite

1 +1 +1 +1 +1 +1 +1 +1 0.192 0.112
2 +1 +1 −1 +1 −1 −1 −1 0.133 0.054
3 +1 −1 −1 −1 +1 −1 +1 0.044 0.006
4 −1 −1 −1 +1 +1 +1 −1 0.049 0.011
5 −1 +1 +1 −1 +1 −1 −1 0.358 0.275
6 −1 −1 +1 +1 −1 −1 +1 0.041 0.018
7 +1 −1 +1 −1 −1 +1 −1 0.03 0.006
8 −1 +1 −1 −1 −1 +1 +1 0.22 0.099

Upper, lower and base levels of the variables along
with their coded values are shown in Table I. The fac-
torial design of experiments and the values of response
variables corresponding to each set of trials are repre-
sented in Table II. The matrix design for calculating
each of the coefficients in Equation 2 for the specimens
is mentioned in Table III.

After calculating each of the coefficients of Equa-
tion 2, the final linear regression equation for the wear
rate of the alloy and composite can be expressed as
follows:

Yalloy = 0.1334− 0.0336x1+ 0.0907x2+ 0.0219x3

− 0.0296x1x2+ 0.0274x2x3− 0.0106x3x1

− 0.0201x1x2x3 (3)

Ycomp= 0.0726− 0.028x1+ 0.062x2+ 0.03x3

− 0.024x1x2+ 0.028x2x3− 0.016x3x1

− 0.014x1x2x3 (4)

Figure 4 Wear rate as a function of sliding distance showing the com-
parison between the theoretical and experimental values.

Substituting the coded values of the variables for any
experimental condition in Equations 3 and 4, the wear
rate of the matrix alloy and composite can be calculated.
Table IV shows the calculated values along with the ex-
perimental values in different experimental conditions.
By comparing theoretical and experimental values from
Table IV, it can clearly be observed that theoretical val-
ues differ from the experimental values within±10%.
Once again the calculated values of wear rate along
with the experimental values at different random exper-
imental conditions were plotted as a function of sliding
distance in Fig. 4. It is also evident from this figure that
the calculated values are in close proximity with the ex-
perimental ones. These facts suggest reasonably good
reliability of the equations to predict the wear rate of
the samples within the selected experimental domains.

4. Discussion
In two body abrasion, the abrasive particles are rigidly
fixed on an emery paper/cloth against which the spec-
imen surface moves. As a result, the abrasive particles
cannot move freely or change their position against the
specimen surface during the tests. This results in most
efficient load transfer from the abrasive medium to the
specimen surface. As a consequence, high stress condi-
tion is created in this mode of wear and the individual
abrasive particle penetrates into the specimen surface
to the same depth irrespective of the nature of the mi-
croconstituents present in the material [27]. However,
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TABLE IV Results of random experiments and its corresponding theoretical values

Variables
Wear Rate (m3/m)

Sliding distance (m) Load (N) Abrasive. Size (µm)
Exp. No. x1 x2 x3 Yalloy Ycomp

1 100 (0.5) 3 (−0.33) 65 (−0.67) 0.0894 (0.0838) 0.0319 (0.044)
2 100 (0.5) 3 (−0.33) 40 (−0.865) 0.0822 (0.0822) 0.0288 (0.035)
3 50 (−0.5) 3 (−0.33) 65 (−0.67) 0.098 (0.105) 0.0452 (0.057)
4 50 (−0.5) 3 (−0.33) 40 (−0.865) 0.974 (0.102) 0.039 (0.045)
5 100 (0.5) 5 (0.33) 65 (−0.67) 0.139 (0.126) 0.055 (0.048)
6 100 (0.5) 5 (0.33) 40 (−0.865) 0.124 (0.122) 0.049 (0.042)
7 50 (−0.5) 5 (0.33) 65 (−0.67) 0.161 (0.158) 0.078 (0.077)
8 50 (−0.5) 5 (0.33) 40 (−0.865) 0.136 (0.150) 0.063 (0.067)

Values in the parenthesis are coded values of the experimental parameters and calculated wear rates from linear regression equations.

the depth of penetration is a function of several factors
[16–25] like applied stress, rake angle of the abrasive
particles and relative hardness and size of the abrasive
with respect to that of the dispersoid particles as well
as on overall hardness of the specimen surface. The
depth of penetration increases with increasing abrasive
size, rake angle and effective stress on the abrasive.
These result in increasing cutting efficiency of the abra-
sive particles. On the contrary, increasing hardness of
the test materials produces a reverse effect in view of
the resistance offered by the surface against the pene-
trating action of the abrasive particles [21]. In the case
of the presence of hard second phase particles in the
alloy matrix (i.e. composite), the reinforced hard par-
ticles reduce the extent of penetration of the abrasive
particles on the specimen surface thereby protecting the
softer matrix surrounding the hard second phase [28].
Even if the abrasive penetrates into the softer matrix,
the hard second phase particles offer resistance against
the movement of the penetrated abrasive on the spec-
imen surface. Thus, the composite attains lower wear
rate than the matrix alloy [13–15]. However, this trend
is maintained as long as the dispersoid phase is retained
by the alloy matrix. Such a situation is favoured when
the depth and width of groove made by the abrasive
particles are smaller than the size of the dispersoid par-
ticles. Thus, the effect of dispersoid towards reduction
in wear rate becomes more effective when the abrasive
size are smaller than the size of the dispersoid [13, 14,
20, 21]. On the contrary, when the tests are conducted
against abrasive particles coarser than the dispersoid
phase there is a greater possibility of scooping out or
fracture/fragmentation of the dispersoid phase by the
(coarser) abrasive particles causing the composite to
suffer from higher wear rate than that of the matrix
alloy [13, 14, 20, 21]. However, in the present exper-
imental domain, the composite exhibited higher wear
resistance than the matrix alloy despite of using coarser
abrasive size than the dispersoid phase even at higher
applied load. This could be attributed to stronger inter-
facial bonding between the dispersoid/matrix interface
as well as greater capacity to hold the dispersoid phase
by the matrix (Fig. 2b). Further, the hardness of alu-
mina dispersoid is relatively lower than that of the SiC
abrasive causing formation of finer alumina fragments
which are easily picked up in the matrix portion of the
wear surface of the composite. This would facilitate the
formation of thicker, stable and harder composite layer

finally leading to less wear of the composite than matrix
alloy even at higher load and coarser abrasive size.

Another factor affecting the wear behaviour is travel
distance. In the present study, the degraded abrasive
came in contact with the specimen surface in succes-
sion of a travel distance of 25 m. Under these cir-
cumstances, the cutting efficiency of the abrasive de-
teriorated gradually with the sliding distance through
increase extent of capping, clogging, attrition and
shelling as discussed elsewhere [29, 30]. Accordingly,
the wear rate decreases with sliding distance. The ex-
tent of reduction in the wear rate with distance is less
in the case of the composite over that of the matrix
alloy (Figs 3 and 4) in view of more severe degrada-
tion of the abrasive medium with sliding distance when
the abrasives move over the alloy due to higher degree
of capping and clogging. As relatively finer microcut-
ting chips are produced and the matrix is plastically
constrained, chances of capping and clogging of the
abrasive is relatively less in the case of composite.

A comparison of the coefficienta0 for the com-
posite and matrix alloy demonstrates that at the base
level (i.e. load: 4 N, abrasive size: 149µm and slid-
ing distance: 75 m), the wear rate of the composite
(0.0726× 10−11 m3/m) is lower than that of the alloy
(0.1334× 10−11 m3/m). This behaviour is in line with
the trend observed under various experimental condi-
tions and has been explained earlier.

The coefficient (a1) associated with sliding distance
(x1) is noted to be negative for both kinds of the spec-
imens. This suggests that the wear rate decreased with
increasing traversal distance and could be explained on
the basis of the experiments conducted in this study and
degradation of abrasive media with sliding distance as
stated earlier. Here the abrasive medium completes one
rotation after every 400 cycles. As a result, after 400 cy-
cles, used abrasive comes in contact with the specimen
surface. Accordingly, its cutting efficiency is reduced
with increasing sliding distance beyond the first 400
cycles due to aforesaid reasons.

The predicted wear behaviour of the samples has
been found to lie close to that of the experimentally
observed ones. For example, the coefficientsa2 anda3
associated with the applied load (x2) and abrasive size
(x3) were found to be positive which indicate that wear
rate increases with load and abrasive size (Figs 3 and 4)
and decreases with sliding distance. The calculated val-
ues of wear rate for alloy and composite at 3 N and 5 N
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load with the experimental values under these loading
conditions at 65µm abrasive size are plotted in Fig. 4.
It demonstrates close proximity between the theoretical
and experimental values.

It may be noted from Equations 3 and 4 that load
has more adverse effect on the wear rate irrespective
of the material. Further, it has been observed that the
depth of penetration of the abrasive into the specimen
surface increases with increase in abrasive size caus-
ing the cutting efficiency of the abrasive to increase.
But, at the same time, number of abrasive particles at
specific surface area reduces with increase in abrasive
size. As a result the over all effect of abrasive size
towards material removal is less significant as com-
pared to that of applied load on the wear rate. As far
as the effect of load is concerned, the depth of pen-
etration is likely to increase with increase in applied
load. This is in view of the fact that the abrasive par-
ticles are rigidly fixed on paper or cloth and the load
is effectively transferred from abrasive to the speci-
men surface. However, the effect of load is noted to
be more severe in the alloy while that of abrasive size
may be more severe in the composite. Furthermore, the
extent of clogging and capping decreases with increase
in abrasive size which is expected to be more effective
for the matrix alloy. It may also be noted that there is
a greater chance of blunting and shelling of abrasives
while abrading the composite thereby reducing the cut-
ting efficiency of the abrasives due to the presence of
hard second phase. The possibilities of these phenom-
ena may be increasing with increase in applied load.
Under higher applied load there is a greater possibility
of fracture and fragmentation of the dispersoids which
results in the removal of the dispersoid particles from
the matrix resulting in higher wear rate. However, at the
same time some of the broken dispersoid particles are
picked up at the wear surface and again protect the sur-
face from excessive wear. This phenomena is possible
when the test is conducted against finer abrasive. If the
abrasives are coarse enough to produce wear grooves
wider than these fragmented dispersoids or the origi-
nal dispersoid, then these particles are removed easily
resulting in higher wear rate of the composite. If, the
applied load is increased, the effective stress on the in-
dividual second phase particles increases and above a
critical value these particles fracture/fragment. That is
why the effect of abrasive size and the interaction ef-
fect of abrasive size and load is more severe for the
composite than that observed in the alloy.

In comparison to the coefficients associated with sin-
gle variable, the interaction coefficients of different
variables towards the wear rate are also quite signifi-
cant. Earlier we have already noticed that the coefficient
associated with load and abrasive size is positive while
that with distance is negative. This suggests sliding dis-
tance to be more effective than load and abrasive size in
controlling the wear behaviour of the samples. The in-
teraction coefficient between load and sliding distance
is negative for the composite as well as the matrix al-
loy. It emerges that processes like the shelling, capping,
clogging and work hardening become more effective at
longer sliding distances with increasing combined ef-

fect of load and sliding distance and hence results in
lower wear rate of the specimens.

The interaction coefficient between abrasive size and
load is positive for both the varieties of samples. This
clearly indicates that the combined action of load and
abrasive size causes more damage to the specimen
surface. This may be attributed to the fact that under
high load and coarser abrasive size, cutting efficiency
of the abrasive increases and causes the formation of
wider and deeper wear grooves. However, this effect is
relatively high in the case of composite. This could be
attributed to greater chances of fracture/fragmentation
and removal of hard dispersoid from the composite sur-
face under the combined action of coarser abrasive and
higher applied load.

The interaction coefficient between abrasive size and
sliding distance is noted to be negative for both the
alloy and composite. This signifies that the effect of
abrasive size is less predominant than that of the slid-
ing distance. Effects of the parameters on the wear be-
haviour of the samples can be explained as earlier. The
possibility of clogging, capping, shelling and blunt-
ing of abrasive may not be varying significantly with
the abrasive size. But, the possibility of these facts in-
creases quite significantly with sliding distance. As a
result, the wear rate decreases due to interaction of abra-
sive size and sliding distance. In the case of compos-
ite, this effect is more negative. This may be due to
higher degree of shelling and blunting of abrasive due
to the presence of hard dispersoid in it. Additionally,
the clogged and capped material along with the coarser
abrasive does not move for longer duration, rather they
are released from the abrasive media after a very short
duration.

Above equations thus describe the influence of each
of the variables and their combined effects on the
abrasive wear of the matrix alloy and composite in
qualitative as well as in quantitative manner. The study
suggests that one must take into consideration the in-
teraction effects of all the variables to predict the wear
response of the samples. In other words, this model en-
ables to predict the wear behaviour of the samples as a
function of load, abrasive size and sliding distance with
fairly good level of confidence.

5. Conclusions
• Factorial design of experiment may be an impor-

tant tool for describing two body abrasive wear
behaviour of zinc-based alloy and composite in
terms of different experimental variables like ap-
plied load, abrasive size and sliding distance. It
is also helpful to understand the individual and
combined effects of the parameters on the wear
response of the samples.
• The established equations clearly demonstrate that

composite exhibited higher wear resistance than
the base alloy within the selected experimental
domain.
• The effect of load was more severe for composite

as compared to that of the matrix alloy, whereas the
effect of abrasive on the wear rate of the composite
was noted to be relatively less with respect to that
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of the alloy. However, the wear rate of the samples
increased with increasing load and abrasive size.
• The wear rate of the specimens decreased with in-

creasing sliding distance. The rate of reduction in
wear rate with sliding distance was more in the
composite as compared to the matrix alloy.
• Interaction effects of the variables was quite con-

siderable with respect to the effect of individual
variables. Mixed effects of the interaction of the
variables were also noticed. Interaction of abrasive
size and sliding distance caused more wear rate of
the matrix alloy but helped to reduce the wear rate
of the composite. Similar behaviour was noticed
for the combined effects of load, abrasive size and
sliding distance.
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