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Fig.1 Microstructures of C18150 copper alloy (a) and commercial

sintered pure tungsten (b)
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Fig.2 Schematic illustration of HPT processing with floating cavity (a) and W-CuCrZr-W stacked sample (b)
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Fig.3 Microstructures of tungsten samples at the center with 10 (a), 15 (b) and 20 (c) turns of HPT processing; grain size distribution (d)
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Fig.4 Microstructures of tungsten samples at the 4 mm away from center with 10 (a), 15 (b) and 20 (c) turns of HPT processing; grain size

distribution (d)
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Fig.5 Microstructures of CuCrZr samples at the center (a~c) and 4 mm away from center (d~f) with 10 (a, d), 15 (b, €), and 20 turns (c, f)

Be K T4, I WICU/W HE B iR A8 5 72
AR AR AR JG IGO0, 08 00 R AR SRR A okE
FRE R A BIYI 0L, 1X 54045 20 B HPT AR 72 i)
BN ARG SR B A P45 & 2 b gL 4745 B
NGIR
2.2 (SEEESN

Bl 6 NANIEZAF N AT S T 4b ) XRD K
o AT HT SR R B R EYART A B bee dig S5
AR feo S MIHR, AR I A J0 B A
A, ROPESHTEL VT ST R H AR T 2 5 R kAR [ 2
RBECEEE . R, TRURIES SRS A4 44
TS IESS MBS S5 A ISR, Ui BATE & R % (1 78
HRAE T AR AR B AR O

(110

[
A1) | e I *[Cu(200)

v(211 w‘220)
(. 00) Cu(3ll) e

.LC 20) Initial W
Initial CuCrzr
HPT 10 turns
HPT 15 turns
LooL L L L L L L Lo/ ./ HPT 20 turns

30 35 40 45 50 55 60 65 70 75 80 85 90
Bragg Angle, 260/(°)

Intensity/a.u.

|
NN
—t— =

K6 AR B TE AR XRD B
Fig.6 XRD patterns of W/CuCrZr composite samples with different

turns of HPT processing
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Fig.7 Micro-strain and crystallite size (a) and dislocation density (b) of the samples with different turns of HPT processing
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Fig.8 SEM images of W/CuCrZr composite samples with 10 (a), 15 (b) and 20 (c) turns of HPT processing
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Fig.9 EDS line scanning analysis of W/CuCrZr composite samples with 10 (a), 15 (b) and 20 (c) turns of HPT processing
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Fig.10 Microhardness distribution around the bonding interface after different HPT revolutions: (a) tungsten and (b) CuCrZr
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Microstructure and Microhardness Evolution of W-Cu Composites Prepared by
High-Pressure Torsion

Wang Xue, Wang Mingming, Jiao Aofei, Chen Guangging, Xue Kemin
(Hefei University of Technology, Hefei 230009, China)

Abstract: Based on the traditional high-pressure torsion process and the introduction of floating die technology, a high pressure torsion (HPT)
process for tungsten and copper alloys with high performance differences was developed. High performance tungsten copper composite materials
with good interface bonding were obtained at 300 °C and 1.5 GPa. The effects of grain refinement and dislocation accumulation on interfacial
element diffusion and microhardness during large shear deformation were analyzed by X-ray diffraction (XRD), optical microscope (OM) and
scanning electron microscope (SEM). The results show that with the increase of HPT turns and torsion radius, the equiaxed coarse grains of
tungsten are elongated and refined to streamline shape with the average size of (9.042) um after 20 turns and the dislocation density increases to
3.4x10% m, which is 2.9 times higher than that of the initial sample due to the shear deformation. The grain refinement of copper is almost
saturated, and equiaxed ultrafine grains with the average size of about 0.3~1.5 um are obtained within 20 turns of HPT processing. The dislocation
density keeps dynamic equilibrium at about 2x10™ m™ due to the dynamic recrystallization caused by large shear strain. The high-density grain
boundaries and dislocations produced by large shear deformation promote the mutual diffusion of tungsten and copper at the interface. With the
increase of HPT turns from 10 to 20, the diffusion depth of tungsten and copper increase from 1.2 and 2.9 pum to 1.6 and 6.2 um respectively.
Under the effect of grain refinement and dislocation accumulation, the microhardness HV of tungsten and CuCrZr alloy is significantly enhanced
to (5737.3%352.8) and (1225439.2) MPa, respectively.

Key words: tungsten-copper composites; high-pressure torsion processing with floating cavity; microstructure evolution; element diffusion;

microhardness

Corresponding author: Xue Kemin, Ph. D., Professor, School of Materials Science and Engineering, Hefei University of Technology, Hefei

230009, P. R. China, E-mail: xuekm0721@sina.com


https://link.springer.com/content/pdf/10.1007%2Fs11837-016-1820-6.pdf
https://www.sciencedirect.com/science/article/pii/S2352492819317520
https://www.sciencedirect.com/science/article/pii/S2352492819317520
https://www.sciencedirect.com/science/article/pii/S0921509315002841
https://www.sciencedirect.com/science/article/pii/S0921509315002841
https://onlinelibrary.wiley.com/doi/full/10.1002/adem.201800642
https://www.sciencedirect.com/science/article/pii/S0167577X16307959
https://www.sciencedirect.com/science/article/pii/S0921509320307711
https://www.sciencedirect.com/science/article/pii/S0921509320307711
http://www.rmme.ac.cn/rmme/ch/index.aspx
https://www.scientific.net/MSF.783-786.2635
https://onlinelibrary.wiley.com/doi/full/10.1002/mawe.201900052
https://onlinelibrary.wiley.com/doi/full/10.1002/mawe.201900052
https://www.sciencedirect.com/science/article/pii/S0263436815302213
https://www.sciencedirect.com/science/article/pii/S0263436815302213

