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In this study, the effect of mechanical alloying parameters, namely the effect of process control agent, ball-
to-powder weight ratio and milling duration, on the synthesis of Cu25W composite powder was investigated.
Planetary-type ball milling equipment was used to conduct mechanical alloying experiments. Stearic acid was used
as the process control agent in order to establish a balance between cold welding and fracturing. The optimum
amount of stearic acid was determined as a function of particle size and milling time at constant speed. By using
this optimum amount of process control agent, three different ball-to-powder weight ratio values were also em-
ployed, and the effect of ball-to-powder weight ratio on particle size and morphology of Cu25W composite powders
was investigated. The microstructural evolution of the milled powders was characterized using scanning electron
microscopy and laser diffraction analysis. The test results have shown that the morphology and particle size dis-
tribution of the milled powders change significantly depending upon the milling parameters. In addition, higher
ball-to-powder weight ratio values tend to lower the milling duration for the same amount of particle size reduction.
However, particle size reduction suffers beyond the maximal value of ball-to-powder weight ratio, especially in the
later stages of mechanical alloying.
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1. Introduction

Optimization studies enable scientists to find the op-
timal solution for a certain problem across a wide vari-
ety of disciplines [1–4]. For example, the optimization
of electrical contact materials for particular applications
is crucial for the reliable operation of relays and contac-
tors [5]. The performance of electrical contacts is mainly
affected by material transfer between contacts due to the
arc-erosion phenomenon. Material parameters, such as
composition and homogeneity of the powder mixture,
also play an important role in switching performance.
Hence, conventional powder metallurgy method is com-
bined with mechanical alloying (MA) technique to obtain
composites having fine and homogeneous dispersion of
refractory metals, such as tungsten and molybdenum,
within the matrix.

Composite materials are used in a wide range of ap-
plications [6–13]. A lot of work has been done towards
producing and evaluating the electrical performance of
contact materials [14–21]. However, the effect of MA pa-
rameters on the production of Cu25W contact material
has not yet been investigated in detail. Therefore, the
purpose of this study is to optimize MA parameters for
the production of this material. This study is of vital
importance to increase lifetime of the contacts.
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2. Experimental procedures

In this study, Cu (44 µm, 99% purity) and W (average
particle size (APS) of 12 µm, 99.9% purity) powders were
used as the matrix and the reinforcement materials, re-
spectively. Both powders (Fig. 1) were supplied by Alfa
Aesar Corporation. A planetary-type ball mill (Fritsch
Pulverisette 6) was used to carry out milling experiments
with a milling speed of 300 rpm and a ball-to-powder
weight ratio (BPR) of 10:1. W powders were added to
Cu powders in the amount of 25 wt.%.

Fig. 1. Morphology of as-received (a) Cu and (b) W
powders.

First, MA experiments were conducted to determine
optimum PCA content. For this aim, various amounts of
stearic acid (0, 0.5, 1, 2 and 3 wt.%) were added separa-
tely to powder mixtures. After determining the optimum
PCA content, several different MA tests were carried out
to define optimum BPR value. Following each test, with
BPR values of 5:1, 10:1 and 20:1, the powder samples
were withdrawn for particle size measurements by laser
diffractometry (Mastersizer 2000, Malvern Instruments).
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Morphological evolution of the powder mixture with the
increasing milling duration was also investigated by scan-
ning electron microscopy (SEM; Zeiss Evo LS 10).

3. Results and discussion

The average particle size (APS) values of the Cu25W
powder mixture with respect to PCA content and milling
duration are listed in Table I. The curves in Fig. 2 were
plotted using the APS values from this table.

It was found that particle size had generally decreased
with increasing milling duration. The minimum particle
size (0.726 microns) was obtained in the powders having
2 wt.% of stearic acid, after milling for 25 h. Cold wel-
ding dominates the fracturing of the powders having les-
ser amounts of stearic acid, especially at contents of 0.5
and 1 wt.%. Here, it should be also emphasized that the
amounts of stearic acid, larger than 2 wt.%, decrease the
number of ball-to-powder collisions and reduce the effi-
ciency of particle size reduction. By comparing the APS
values obtained from each experiment, optimum PCA
content is determined as 2 wt.%.

TABLE I

Average particle size values (d50, µm) of Cu25W powder
mixture as function of PCA content and milling duration.

PCA content Milling duration [h]
[wt.%] 0.5 1 4 10 16 25

0 27.771 32.743 32.760 17.225 9.366 6.964
0.5 26.911 23.869 28.296 26.096 25.130 21.462
1 20.490 38.544 26.239 16.646 15.947 9.792
2 24.401 25.190 12.765 7.290 1.933 0.726
3 25.679 27.038 22.286 13.394 6.463 1.775

Fig. 2. Particle size variation of Cu25W powder mix-
ture as a function of PCA and milling duration.

The APS values of the Cu25W powder mixture with
respect to BPR value and milling duration are listed in
Table II. The curves in Fig. 3 were plotted using APS

Fig. 3. Particle size variation of Cu25W powder mix-
ture as a function of BPR and milling duration.

values from this table. As can be seen from Fig. 4, pow-
der particles exhibit different morphology with increasing
BPR value and milling duration.

Fracturing of powder particles is flattening them due to
the increase in cold welding at a BPR of 5:1 (Fig. 4a, d, g
and j). Therefore, flake morphology lasts even after 25 h
(Fig. 4m). However, with the increase in BPR value, frac-
turing (size reduction) continues repeatedly throughout
the milling period. Thus, a more homogeneous disper-
sion of W reinforcement particles in the Cu matrix was
achieved at a BPR of 10:1, owing to balance between
cold welding and fracturing (Fig. 4b, e and h). As can
be seen from Fig. 4e and f, high BPR values (10:1 and
20:1) promote fracturing after 4 h of milling duration.

With continued milling up to 16 h, the efficiency of
particle size reduction was very high at a BPR of 20:1
(Fig. 4c, f and i). 16 h of milling duration (Fig. 4k
and l) may be referred as the point of intersection (ap-
prox. 1.8 µm). However, after this critical point, further
reduction in particle size was only achieved at a BPR of
10:1 (0.726 µm).

On the other hand, the increment in particle size may
be attributed to the increase in cold welding, due to the
increasing amount of grinding balls at higher BPR va-
lues. Therefore, optimum BPR value was determined to
be 10:1. When comparing each milling experiment, the
powder morphology was different at various BPR values,
namely it was flaky at 5:1 (Fig. 4m), equiaxed at 10:1
(Fig. 4n), and flaky plus semi-equiaxed at 20:1 (Fig. 4o).
Besides, the powder yield decreases beyond the optimal
BPR value.

TABLE II

Average particle size values (d50, µm) of Cu25W powder
mixture as function of BPR and milling duration.

Milling duration (h)
BPR 0.5 2 4 7 10 16 25
5:1 27.356 25.363 26.116 27.394 27.792 18.158 7.459
10:1 24.401 24.789 12.765 11.502 7.290 1.933 0.726
20:1 24.500 24.300 15.479 6.408 3.247 1.789 2.692
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Fig. 4. Morphology of the Cu25W powder mixture, milled with different BPRs for various values of milling duration;
(a,b,c) 0.5 h, (d,e,f) 4 h, (g,h,i) 7 h, (j,k,l) 16 h and (m,n,o) 25 h.

4. Conclusions

According to MA experiments with different PCA con-
tents, particle size generally decreases with increasing
milling duration. The minimum particle size (0.726 mi-
crons) was obtained in the powders having 2 wt.% of ste-
aric acid, after milling for 25 h. Cold welding dominates
the fracturing in the powders having smaller amounts of
stearic acid, especially with a content of 0.5 and 1 wt.%.
Excess amounts of stearic acid decrease the number of
the ball-to-powder collisions and the efficiency of parti-
cle size reduction. Therefore, optimum PCA content is
determined to be 2 wt.%.

Plastic deformation and agglomeration are observed in
the powder mixture milled with a BPR of 5:1, whereas
size reduction becomes apparent at higher BPR values.
In addition, higher BPR values tend to lower the milling
duration for the same amount of particle size reduction.
However, particle size reduction suffers beyond the max-
imal value of BPR, especially in the later stages of MA.
The rate of size reduction increases with increasing BPR
value up to some extent (16 h). Hence, the optimal value
of BPR is determined to be 10:1. The powder morpho-
logy is different at various BPR values, namely it is flaky
at 5:1, equiaxed at 10:1, and flaky plus semi-equiaxed
at 20:1.
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Excessive or prolonged milling durations cause some
of the powder charge to become stuck to the inner walls
of the vial due to the increase in temperature and due
to cold welding, especially at a BPR of 20:1. This situ-
ation counteracts the further reduction in particle size.
Besides, the powder yield is decreased beyond the opti-
mal BPR value and milling time. Therefore, the powders
should not be milled longer than 25 h.
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