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Preparation of Cu-W-TiC composites and
its hot deformation characteristics
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Abstract: The (Cu/50W)-3%TiC and Cu/50W composites were prepared by spark plasma sintering (SPS) method. The
microstructure, microhardness, electrical conductivity, density and relative density of the two composites were analyzed
and measured, respectively. The plastic deformation characteristics at elevated temperature and microstructure changes of
the composites were investigated by a Gleeble—1500D thermal simulator at 550-950 | strain rate of 0.01—1 s ' and total
strain of 0.4. The results show that the comprehensive properties of the (Cu/50W)-3%TiC composite with 33%TiC
addition are as follows: relative density of 98.7% microhardness of 113HV,, and electrical conductivity of 61.4%IACS.
The true stress—true strain curves of the composites have typical characteristics of dynamic recrystallization. The peak
stress increases with the decrease of deformation temperature and the increase of strain rate. The constitutive equations of
the (Cu/50W)-3%TiC and Cu/50W composites were established, respectively.

Key words: Cu-W-TiC composite; hot deformation; dynamic recrystallization; flow stress; spark plasma sintering

(1

21 (ITER)
(PEC)™

(51101052) (14IRTSTHN007)
2014-12-22 2015-04-12

0379-6562735 E-mail: bhtian007@163.com



2446

2015 9

(-2 W-Cu
[9)

(11 gps
[11-13]
SPS( )
Cu/50W  (Cu/50W)-3%TiC

Gleeble—1500D

0
1
99.9%(
)Cu 38 um 99.9%(
W 48 um 99.9%(
) TiC 38 um CeCly
Ce
(14-1e] CeCls SPS
1
SPS—30
30 MPa 900 100  /min
10 min
GB/T 5586—1989
GB/T
4340-1999b HVS-1000

D60K

1 Cu-W

Table 1 Chemical composition of Cu-W composites
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Table 2 Properties of Cu-W composites

Mass fraction/%

Cu w TiC

Composite
CeCly

Cu/50W 50 50 0 0
(Cu/50W)-3%TiC 48.3 48.3 29 0.48

Composite Density/ I;:iztiltvj Hardness, Conductivity
P (gem ) 7 Y HV,  (IACS)%
o
Cu/50W 11.84 96.7 88 66.5
(Cuw/50W)-3%TiC 11.45 98.7 113 61.4
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1 SEM

Fig. 1 SEM images of as sintered W/Cu composites: (a)

Cu/50W; (b) (Cu/50W)-3%TiC

TiC
CeCly 600
2 (Cw/50W)-TiC
TiC 2
TiC Cu
TiC Cu
2.2 -
3 Cu/50W  (Cu/50W)-3%TiC
3 _
3
[18] 1)
2)

2 (Cu/50W)-3%TiC SEM  TiC

Fig. 2 SEM images of as sintered (Cu/50W)-3%TiC
composites(a) and TiC surface distribution of as sintered

(Cu/50W)-3%TiC composites(b)
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Fig. 3 True stress—true strain curves of Cu/50W((a), (¢), (¢)) and (Cu/50W)-3%TiC((b), (d), (f)) composites at different strain rates
during hot compression deformation: (a), (b) £=0.01 s "; (¢), (d) £=0.1s"; (e), (N =15
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Table 3 Parameter values and hot deformation activation energy of Cu/50W and (Cu/50W)-3%TiC composites

Composite o n K A O/(kJ-mol™)
Cu/50W 0.01283 6.2036 3.165155 9.701><10° 131.62
(Cu/50W)-3%TiC 0.01182 7.4501 2.062903 4.967><10° 194.36
4 Cu/50W  (Cu/50W)-3%TiC
Table 4 Constitutive equations of Cu/50W  (Cu/50W)-3%TiC composites
Composite Constitutive equation
Cu/50W £=9.701x10°[sinh(0.012830)]°%% . exp[—131.63/(RT)]

(Cw/50W)-3%TiC &=4.967x10°[sinh(0.011825)]74°! - exp[—194.36 /(RT)]
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