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Abstract—Copper based composites reinforced with WC and Ti
particles were prepared using planetary ball-mill. The experiment
was designed by using Taguchi technique and milling was carried out
in an air for severa hours. The powder was characterized before and
after milling using the SEM, TEM and X-ray for microstructure and
for possible new phases. Microstructures show that milled particles
size and reduction in particle size depend on many parameters. The
distance d between planes of atoms estimated from X-ray powder
diffraction data and TEM image. X-ray diffraction patterns of the
milled powder did not show clearly any new peak or energy shift, but
the TEM images show a significant change in crystalline structure of
corporate on titanium in the composites.
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I. INTRODUCTION

YNTHESIZING of especid materia that can combine

high electrical conductivity, thermal conductivity and high
melting point and good wear resistance reacquire a specia
technique. Mechanica aloying using ball milling is one of the
most promise techniques to synthesize an aloy from materia
that are immiscible or when the melting temperature vibration
of the component is very high such as copper and tungsten.
Copper-tungsten exhibits total absence of solubility in both
solid and liquid state. Mechanica alloying as a solid state,
non-equilibrium process can be beneficia to the processing of
such an immiscible system with the added features of
refinement of structure. Raghu, et al [1] synthesize an ultrafine
Cu-W microcomposite structure by mechanica aloying using
ball milling. The milling behavior was found to depend on the
composition, milling time and milling atmosphere. Li, et a [2]
applied the thermo-mechanical method to produce W-Cu
composite powder by applying high temperature oxidation,
short time high-energy milling and reduction. The results
show that "the oxygen content of W-Cu composite powder
decreases with the increase of milling time, while the specific
surface of final powder increases with the milling time".
Baikalova and Lomovsky [3] investigate Cu-W-C system
using high-energy ball milling and then annealing at 820-
940°C in an argon atmosphere.
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The results of the milled Copper matrix with the
composition of W50C50 show that with high tungsten content.
W2C was obtained as the dominating product. Meanwhile,
Low tungsten content led to the enhancement of WC in the
products. Grain size of carbides and copper was less than 0.5
mm.

Many other nanocomposite material was synthesized using
high energy ball milling. An amorphous of Cu-Ti and Cu- Zr
was successfully synthesized by Hen [4]. The structure and
thermal behavior of these alloys show that the replacement of
Ti by Zr will enhance the amorphization rate. "These may be
atributed to a more negative mixing enthalpy by adding
zirconium to the Cu-Ti system, providing a larger chemical
driving force of solid state reaction". Sebo, et a [5] aso
studied the iinfluence of Ti and Zr in Cu matrix on the shear
strength between Cu-Ti and Cu-Zr alloys and carbon rod (or
fiber). The results showed that the interface between carbon
fiber with Cu-Ti alloys and Cu-Zr aloys can be controlled by
controlling the amount of titanium and zirconium in Cu-Ti and
Cu-Zr dloys.

Al-Cu-WC system mechanically aloyed in a high energy
milled for 1 h, 2 h, 3 h and 5h milling duration by [6] . The
mechanical aloyed powder were sintered under inert Ar
atmosphere at 650 °C for 4 h. The 5 h milled powder showed
that the decomposition of WC after 450°C led to the
formation of AlI12W intermetallic, which provided high
strength composites.

Feng, et a [7] mention that a decrease in the ball milling
time will improve the efficiency of mechanica aloying, and
prevent the formation of amorphous phase. Meanwhile, the
compressibility and sintering behavior is directly related to the
properties of milled powder. Gan and Gu [8] studied the
relation between powder morphology of the milled powder
and compressibility of Cu/SICp under cold compaction. The
results showed that the density of composites decrease with
increasing milling time. With increasing milling time, the
dendrite copper powder becomes flattened and then changed
to spherical composite powder. The morphology and
hardening effects during ball milling have important influence
on compressi bility of the powders'.

This research work focused on synthesizing and
characterization of a new EDM tool electrode material
prepared by using planetary ball milling.

I1.METHODOLOGY
Powder was being characterized before and after milling to
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experiment was designed based on L8 Taguchi orthogona
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array as shown in table 1. The selected variahiesralling
time, tungsten carbide weight present and theititarweight
present. The experiment was conducted using plgnégll
milling in a dry air and the ball to powder massasfixed at

10:1. The milled powder characterized using the esam

equipment. Powder was characterized for as milladigbes
size, Particle size, particles shape and for arssipte new
metastable phase.

In order to study and analyze the effect of milliragiables
(milling time, tungsten carbide content and titaniwveight
present) on the as milled powder homogenizationnéied
particles size and final particle size achieved rhilling
process, the following three equations used. Tha sum of
square of all variables is calculated by using &quoal, the
total sum of software and the percentage contobutif each
variable calculated by using equation 2 and 3 rspy.[9].

Kk & T2
I
N*n " N*n

i=1

SS =

(1)
SS =SS + Sy Sk S (2)
SSe ¥ S5 + SSorr + SSoror =100%

s s s s @)

Where: The parameters levels is k, N is the totahber of
run, n the number of replication; i§ the total sum of response
at ith level and Tis the total sum of responses.

TABLE |
L8 TAGUCHI ORTHOGONAL ARRAY DESIGN AND RESPONSES
Milling wcC Ti milled particles nanosize
Time(h) (Wt. %) (Wt. %) size (um) particle (nm)
5 20 5 20C 15C
5 20 5 10¢ 70
5 40 10 80 12C
5 40 10 10C 11C
10 20 10 11C 50
10 20 10 17¢ 15C
10 40 5 14C 90
10 40 5 60 25C

Ill.  PROCEDURE FORPAPER SUBMISSION

A. Effects of milling time on as milled particle size and
nanoparticle size achieved.

Figure 1 shows that the most effective variablestiom
milled powder particles size is tungsten carbidé ganium.
However, the contribution of milling time on as led
particles size is negligible. The as milled paeickize
decreases by increasing tungsten carbide anduitanthis
can be related to the increase in brittleness l@deduction in
copper content. During milling, copper encloses #meall
tungsten carbide and titanium by elastic defornmatind cold
welding leading to a bigger particle size. Thisrmas clear in
SEM images.

Figure 2 shows the effect of milling time becomés t
dominant parameter in particle size reduction fedd by
tungsten carbide content. This is an expected trémdause
the energy source of particle size reduction is ithpact
energy of milling. This energy depends mainly omation

speed and milling time. The high contribution ohgsten
carbide can be referred to the hardness of tungsaepide
particles.
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Fig. 1 Percentage contribution and main effectganiables on “as
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Fig. 2 Percentage contribution and main effectgaoiables on
particle size reduction

B. Microstructure of Cu-WC-Ti composite

Figure 3 Figure 3 (A, B and C) show the SEM imagfethe
as received copper, tungsten carbide on titaniuwdpos. The
average particle size is 5um for the rounded cod®rm for
the agglomerated tungsten carbide (less than 1pma $ingle
particle and 20 pm titanium. Agglomeration of tulegs
carbide is due to the high surface energy of spalicles
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and 4(A) is different because of a difference amoof
copper (ductile) and tungsten carbide (brittle)teats.

Same phenomenon can be seen from images of expésime
5- 8 (A). Generally, as milling time increase the railled
particles size decrease. The increase of the temgsirbide
amount is due to the erosion of ball and bowl.

On the other hand, the higher magnification imggeast B)
show that 5 and 10 hours milling time achieve tleefgrt
homogenization. The reduction of particle size hg ball
milling process is a function of milling time, milly energy.
For all experiments under all conditions, the piatisize
s e e tungsten reductions achieved are in the range of 100 narrem&his

result shows that the reduction in particle sizebbl milling
is limited by ball size and components. See [10]

Figure 3 FESEM images of;

(4) Rounded copper particles

(C) Titarium powder particles

Fig. 3 SEM imaged of A) cpper, (B) tungsten cdeband (C) C.X-Ray analysis
Figure 5 below show the x-ray data profile of tkeaived

powder and the ten hours milled Cu+20% WC+10%Tiafte
milling ( Exp-5). After milling, most of the low tensity
peaks disappear and FWAHM increases. This distortian
be explained by the effect of perfect homogeniratio
nanosize and the formation of amorphous structatethis
level, the interference of elemental peaks andottekground
will increase the error during estimation the tiiegks of
crystal.
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Fig. 4 SEM imaged of EXP-1, EXP-4, EXP-5 and EXBtéhe “as : = :
milled powder” at (100-50000) magnification o= A DR
Figure 4is the SEM of the as milled powder at Gafld 50k : cu W @
. . o . . = WC Wwe 1149 101
magnifications. The low magnification images takershow S oo1 i
the effect of milling variables on as milled pae size and E;ﬂ ] |
higher magnification images taken to show the effet p— i \
milling variables on particle size reduction and B 1IN TR )
homogenization. The results show that as milletigles size

not only depends on copper content as mentiondibrebut ~ Fig- 55 X-Ray diffraction pattern of the (A) copp¢B) tungsten
also on milling time. carbide, (C) titanium, and (D) experiment five

The five hours milled particles size of Experimed(#\)
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D.TEM micrograph

The periodical structure included in TEM micrograph
experiment 5 is limited to localized points, ane #structure
becomes more amorphous. The d-spacing after miitind0-
hour ranges from 5 to 14 A. This variation canéferred to |
the stored energy of the amorphous, and some rabtast §
phase is created. This is agreed with the work dpnalam
[11].

1 S

Fig. 6 TE

M micrograph of “as received” Cu powder

Fig. 9 TEM micrograph of “as mille” Cu-20%WC-5%Tilled for
10 hours in closed air

Fig.7TEM micrograph f -received tungsten algowder
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IV. CONCLUSION

The effects of milling condition on the microstructure of
Cu-based composites reinforced with WC and Ti particles
prepared by ball milling were studied and the following points
can be concluded.

Milled particles size mainly depended on composition
especiadly the ductile copper. Meanwhile, particle size
reduction not only depends on milling time but also depends
on the mechanical properties of the component.

SEM analysis confirms the results concluded from the
stetistical anadysis aso reveal that the find particle size
achieved by five and ten hours milling time is same. more
copper content leads to bigger milled particles size and longer
milling time leads to the small as milled particles size.

X-Ray analysis show that after milling, most of the low-
intensity peaks of copper, tungsten carbide and all titanium
peaks disappear. The peaks detected for copper and tungsten
carbide didn't show any energy shifts.

TEM analysis revedled that the final structure shows
amorphous structure than crystalline structure.  Little
periodica structure appears inside the amorphous structure,
but the periodicity is different from that of the e emental
powder. This can be referred to the effect of stored energy and
also to the presence of metastabl e phase.

REFERENCES

[1] T.Raghu, et a., "Synthesis of nanocrystalline copper-tungsten alloys by
mechanica aloying,” Materials Science and Engineering A, vol. 304-
306, pp. 438-441, 2001

[2] Y. Li, et a., "Properties of W-Cu composite powder produced by a
thermo-mechanical method," International Journal of Refractory Metals
and Hard Materials, vol. 21, pp. 259-264, 2003.

[3] Y.V.Bakalovaand O. |. Lomovsky, "Solid state synthesis of tungsten
carbide in an inert copper matrix," Journal of Alloys and Compounds,
vol. 297, pp. 87-91, 2000.

[4] Z.Hen and et al., "Synthesis and stability of amorphous Cu 60 Ti 40-x
Zr x aloys by mechanical alloying,” Journa of Physics: Condensed
Matter, vol. 5, p. 477, 1993.

[5] P. Sebo, et al., "Influence of Ti and Zr on the bond strength between
carbon rod and Cu-Ti and/or Cu-Zr aloys,” Journa of Materials
Science, vol. 35, pp. 503-507, 2000.

[6] A. Evirgen and M. L. Ovegoglu, "Characterization investigations of a
mechanically aloyed and sintered Al-2 wt%Cu alloy reinforced with
WC particles," Journal of Alloys and Compounds, vol. 496, pp. 212-217,
2010.

[71 P. Feng, et a., "Mechanicaly activated reactive synthesis of refractory
molybdenum and tungsten silicides," International Journal of Refractory
Metals and Hard Materials, vol. 26, pp. 173-178, 2008.

[8] K. Gan and M. Gu, "The compressibility of Cu/SiCp powder prepared
by high-energy bal milling," Journal of Materials Processing
Technology, vol. 199, pp. 173-177, 2008.

[9] B.E.-H.a D.M.ROY, SERVICE DESIGN FOR SIX SIGMA / A Road
Map for Excellence: John Wiley & Sons, Inc, 2005.

[10] S. D. JM. Guilemany, J. Nin, and J.R. Miguel, "Study of the Properties
of WC-Co Nanostructured Coatings Sprayed by High-Velocity
Oxyfuel," Journal of Thermal Spray Technology, vol. 14(3), p. 7, 2005.

[11] S. N. Alam, "Synthesis and characterization of W-Cu nanocomposites
developed by mechanical aloying," Materials Science and Engineering:
A, vol. 433, pp. 161-168, 2006.

1726



