Rare Metal Materials and Engineering
Volume 45, Issue 9, September 2016
Online English edition of the Chinese language journal

Available online at www.sciencedirect. com

ScienceDirect

Cite this article as: Rare Metal Materials and Engineering, 2016, 45(9): 2258-2262.

Mechanical Behavior and Microstructure of WCu Alloy

under Hot Compression

Wang Yanlong®, Wang Bao’e?,

Wu Shasha,

Wang Junbo®,  Liang Shuhua?®

! Xi'an Polytechnic University, Xi’an 710048, China; > Xizang Minzu University, Xianyang 712082, China; ® Xi’an University of Technology, Xi’an

710048, China

Abstract: Considering the application of WCu alloy at elevated temperature, hot compression was applied on WCu alloy and W
skeleton to analyze the microstructure and mechanical behaviors at different temperatures and strain rates. The results show that the

stress-strain behavior of WCu alloy is affected mainly by the temperature. The sintering necks disappear mostly after hot

compression. The plastic flow of WCu alloy appears at 300 <C while W particles are mostly homogeneous approximately at 900 <C.
In addition, the strength of W skeleton declines slightly at high strain rate, while round grains and cracking appear at the substructure

of W particle under different strain rates.
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Applied as high voltage electrical contacts, high
temperature mold and shaped charge liner, WCu alloy usually
works under large compression deformation at elevated
temperature™™!. However, the mechanical properties of partial
WCu alloy decline, which affect the reliability of the entire
component due to the inner damage during hot compression.

The deformation of WCu alloy has been studied more in
recent years. After plastic deformation at room temperature,
microstructures of WCu alloy was observed and localized
deformation was mostly homogeneous but heterogeneous
deformation occurred in some regions®. The quasi-static
deformation behavior of WCu alloy caused by volume fraction
and particle size was studied by M. Korthzuer et al . Severe
plastic deformation by high-pressure torsion at different
temperatures on WCu alloy causes a strong refinement of W
particles™. Though the tungsten and copper based composites
under hot compression were more studied®, the damage
behaviors and mechanism of WCu alloy under hot
compression have not been revealed effectively™,

The main objective of the present paper is to bridge
between the hot compression experiment and the mechanical
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behavior of WCu alloys. The microstructure was analyzed to
reveal the mechanism of damage that will benefit the design
and reliability of the material.

1 Experiment

WCu alloys used for hot compression in this study were
fabricated by infiltrating the copper phase into a tungsten
skeleton which was sintered from tungsten powder (purity of
99.8%, size of 4~6 pm) at a hydrogen atmosphere in a
sintering furnace. 0.9 wt% activated sintering element Ni
powder was added into pure tungsten powder. The nominal
mass fraction of tungsten and copper was 70% and 30%,
respectively. Due to the melting and splash of copper phase,
only tungsten skeleton was prepared for hot compression at
1100 <C. After annealing, the materials were fabricated.

The hot compression experiments were implemented with
Gleeble3500 thermal-mechanical simulator. Specimens were
prepared with diameter 6 mm and height 9 mm firstly and then
welded with a thermocouple to measure the temperature, as
seen in Fig.la. Deformation of 60% was applied on the
specimens at different elevated temperatures with the heating
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rate of 10 <C/s and then held for 5 min followed by water
quenching at 20 <C for about 3 s. The WCu alloys were tested
with the temperature of 300, 900 <C and strain rate of 1.0 and
5.0 s, while the temperature of 1100 < was applied on the
tungsten skeletons with the same strain rate. The hardness of
WCu alloy was tested by MH-3 Vickers hardness tester, the
electrical conductivity of WCu alloy was measured with D60K
conductivity meter, and the microstructure of the materials was
observed by Quants FEG 450 scanning electron microscope.

After hot compression, plastic deformation appeared
obviously on WCu alloy which changed from cylinder to
drum shape, while the tungsten skeleton was crushed
completely, as shown in Fig.1b and 1c.

2 Results and Discussion

2.1 Mechanical and electrical behavior of WCu alloy

The stress-strain  behavior of WCu alloy during hot
compression are shown in Fig.2. The strengths of compression
for WCu alloy decline with the increase of temperature. The
ultimate strength is only 185 MPa at 900 <C, and 522 MPa at
300 < compared with 574 MPa at room temperature under
static compression, yet the stress-strain curves are affected
hardly by the strain rate partly because of the dominate role of
tungsten skeleton. However, the plastic deformation of WCu
alloy is varied by both of the temperature and strain rate, as
seen in Fig.3. The cross section expansion rate increases with

the increasing of temperature while it decreases with the
increasing of strain rate.

The hardness and electrical conductivity of WCu alloy are
also affected by the temperature and strain rate after hot
compression, as seen in Fig.4. Compared with the original HV
hardness 2.57 GPa and electrical conductivity 29.5%IACS, both
of the hardness and electrical conductivity of WCu alloy
decrease with the increasing of temperature, especially under
the lower strain rate load. Therefore, we conclude that the
temperature plays a major role in the variety of hardness, while
the electrical conductivity is affected by the strain rate mainly
especially at 300 <C.

2.2 Microstructure of WCu alloy after hot compression

The microstructure of WCu alloys after hot compression is
shown in Fig.5, in which the dark region is covered with copper
phase and the rest is constructed with tungsten skeleton. With
the large plastic deformation, lots of sintering necks are broken
off and tungsten particles are separated each other mostly;
however, the tungsten particles do not crack and there is no
obvious difference at the strain rate of 1 and 5 s™. The plastic
flow of copper phase is exhibited with the distribution of
tungsten particles and any sintering necks hardly appear
perpendicular to the direction of plastic flow at 300 <C, and the
orientation of most tungsten particles deflect along the plastic
flow, as shown in Fig.5a and 5b. The tungsten particles are
mostly homogeneous at 900 <C, as shown in Fig.5c and 5d. This

Fig.1 Specimens of WCu alloy for hot compression (a), after hot compression (b), and tungsten skeleton after hot compression (c)
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Fig.2 Stress-strain curves of WCu alloy during hot
compression
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Fig.3 Cross section expansion rate of WCu alloy after hot
compression
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is the results of the dynamic recovery and recrystallization of
copper phase so that no obvious deflection of tungsten particles
appear at higher temperature!™. It is also found that the tungsten
particle fragmentation during hot compression follows the
fractal distribution and demonstrates a multi-fractal behavior™.
2.3 Mechanical behavior of W skeleton under hot
compression

Considering of the almost useless on strength of WCu alloy
with the melting copper phase at elevated temperature, hot
compression behaviors of tungsten skeleton were studied at
1100 <C. Compared with the WCu alloy, the strain rate begins to
affect the mechanical behavior of tungsten skeleton a little
during hot compression, as shown in Fig.6. The strength of
tungsten skeleton under 1 s™ is higher than that under 5 s™,

Microstructures of WCu alloy after hot compression with different temperatures and strain rates: (a) 300 /1 s7, (b) 300 €/5 5™,

(c) 900

<T/1 5% and (d) 900 /5 5™
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while the two stress-strain curves are similar and little plastic
deformation is found.

The fracture morphologies of tungsten skeleton after hot
compression at 1100 <C are exhibited in Fig.7. Smooth and
small grains distribute throughout every tungsten particle on the
fracture surfaces under the strain rate of 1 s, and cracks appear
on the tungsten particles under the strain rate of 5 s™, as shown
in Fig.7a and 7c, while the internal morphology is still
inter-crystalline cleavage fracture of tungsten particles™, as
shown in Fig.7b and 7d. The features of fracture surfaces are
ascribed to the interfaces activity of tungsten grains at elevated
temperature, and faceted boundaries are replaced by the round
grains of tungsten particle substructure because of the activated
sintering™ ™. The sintering necks become disconnected slowly
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Fig.7 Morphologies of W skeleton after hot compression at 1100 <C: (a) fracture morphology, 1 s™; (b) internal morphology, 1 s*;

(c) fracture morphology, 5 s™; (d) internal morphology, 5 s*

under the strain rate of 1 s* so that activated sintering takes
place on tungsten grains, cracks and ductile tear appear at the
interfaces of tungsten grains under higher strain rate of 5 s™.
The mechanism of fracture of tungsten skeleton will be studied
further more later.

3 Conclusions

1) The stress-strain behaviors of WCu alloy under hot
compression is mainly affected by the temperature compared
with the strain rate. The strength of W skeleton declines under
the higher strain rate load at elevated temperature.

2) The strength, hardness, electrical conductivity of WCu
alloy after hot compression decrease with the increase of
temperature, especially under the higher strain rate. Damage
appears at WCu alloy under large deformation.

3) Plastic flow appears at the WCu alloy during hot
compression at 300 T for the plastic deformation of copper
phase, and the tungsten particles are mostly homogeneous at
900 <C because of the recovery and recrystallization of copper
phase. The deformation and fracture of W skeleton at 1100 <
are attributed to the activity of grains interfaces.
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