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Abstract: This paper researched on the effect of microstructure and properties of W-Cu
composites with adding Ni element. W-Cu composites with different contents of Ni element were
fabricated by powder mixing, and mechanical ball milling, and activated liquid phase sintering.
The microstructure, thermal conductivity, thermal expansion coefficient and hardness of
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composite materials were measured. The results showed that without the addition of Ni element,
W particles agglomerated to form closed pores and liquid Cu could not fill the pores, which lead
to the unbalanced distribution of W-Cu structure. With the increasing of Ni element, the W
particles grow and were coated with Cu. In particular, when the Ni content was increasing to 5%,
Cu presented a network structure, and the microstructure of the composite was uniform. In
addition, with the increase of Ni content, the density and the hardness of the composites increased,
and the thermal conductivity and the thermal expansion coefficient decreased.

Keywords: W-Cu composites; Activated sintering; Organizational structure; Physical properties
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Fig.1 SEM image of original powder (a) tungsten (b) copper (c) nickel
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Fig. 2 SEM image of W-Cu alloy with different Ni content at 1400 °C
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Fig. 3 XRD pattern of W-Cu composite and W-Cu-5%Ni composite
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Fig. 4 EDS of W-Cu-5%Ni composites (a) SEM (b) W (¢) Cu (d) Ni

2.2 Ni &EX W-Cu 5 BHERE R R

Bl 5 AN Ni S Bl BCE E SRR . B 5 R BUEH, W-Cu 41
LR SRR A NS B INEE B, AE NS SRS B 83.91%, 4 Ni
TN 5%IIAR] 95.59%. XU Ni & ERE S — e fREE Ll DR W-Cu &5 RS
BE X REPUNBEE Ni SR, W R Cu S [B]EVE A 98D, TR Cu Rk JIEA T,
W R ) BE N KB I RS B, A A AR AL R ST R R R k>, B K,
TERRZLEANE JE ) N RERAE Cu IIE 8, TR S H G50, BT DASCS & s 7t
W-Cu EAMEHOREZRE Ni &8RS H 2290V LA 2 304HV, HEAS Ni oE#R
=2 32.8%, XUt Ni JGEAT W-Cu 5 MEHAE B B RIEAEH . Ni JEXS W-Cu
A PPRE FE I ER TR DAVE 25T 808 B 3 AT Ni JGE X Cu AH M RS SR /E . W-Cu &



EMEFPIA NI TR G, — R, 5T W-Cu EEMEIBUERE, (R E SR K
BN AREE K . 53— T5TH, Ni TR B Cu AHH, T BRI PRI A A DT 325 5 s A M
A, LR W-Cu EE MR .

A
96 |  —®— Relative Density et - 300
A4 Hardness : &
o4
=2 280
B i
= 2
2% >
z A 260 T
2w} = g
ER: A = 4240 &
o S T
= i
86 - ~
- 220
84 - -
1 1 1 200
0 2 4

Ni content/wt.%
K5 AN Ni &8 W-Cu 2 & MRS S5 i
Fig. 5 Density and hardness of W-Cu composites with different Ni contents
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Fig.6 Thermal conductivity of W-Cu composites with different Ni contents
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Fig. 7 Thermal expansion coefficient of W-Cu composites with different Ni contents
3 45k

TEARRIISESS T, FRATRANUER BV 45 A 1S LA R 455 4% T AR Ni R &&= IN
W-Cu-Ni & &4k @it SEM M &t J5ik, W0 TAERINAFE & &1 Ni R FE &M
BRI SR 30 S AR B AR, T T Ni e S ER W-Cu & S A0RH P H 4 A A
PERERIRC AR . WSS RN T
1. FIFINURER B VA 45 A AR e g5 1T DL 4%t — Fl A 3 I AL S5 M F R 47 ) Mg

1] W-Cu S &ML @ X U A4S M B A MR Ni e INEN 5%8), W-Cu &

HMRHAZ BN E), B ARSI F 95.59% .

2. LM SRR Ni e RIEI R Cu M RIEEE W-Cu FLiE [AETR A, RN
Cu JE G MIREE#, HEMIf W-Cu BA PRI ZIS 5], xR Ni JGEX R AR
A AL AR .

3. BEE NiGEREGEMEN, W-Cu EEMEEEH 83.91%H N3 95.59%, H#JE H 229HV 2
FE 304HV, FANRE T RS RGP, REK R SR 8.93x10°K" Wb =
8.54x10°K ",

22 3Lk :

[1] LIND,HANIJS,KWON Y S, HA S, BOLLINA R, PARK S J. High-temperature compression behavior of
W-10 wt.%Cu composite[J]. International Journal of Refractory Metals & Hard Materials, 2015, 53:87-91.

[2] ZHOU Qiang, CHEN Peng-wan. Fabrication of W—Cu composite by shock consolidation of Cu-coated W
powders[J]. Journal of Alloys and Compounds, 2016, 657:215-223.

[31 SHI Xiao-liang, YANG Hua, WANG Sheng, SHAO Gang-qin, DUAN Xing-long, XIONG Zhen, WANG
Tian-guo. Characterization of W-20Cu ultrafine composite powder prepared by spray drying and
calcining-continuous reduction technology[J]. Materials Chemistry & Physics, 2007, 104(2-3):235-239.



[6]

[10]

[11]

[12]

[13]

[14]

[15]

JOHNSONJ L, PARK S J, KWON Y S, GERMAN R M. The Effects of Composition and Microstructure on
the Thermal Conductivity of Liquid-Phase-Sintered W-Cu[J]. Metallurgical & Materials Transactions. Part A,
2010, 41(7):1871-1871.

HAMIDI A G, ARABI H, RASTEGARI S. Tungsten—copper composite production by activated sintering
and infiltration[J]. International Journal of Refractory Metals & Hard Materials, 2011, 29(4):538-541.
LW, EHE, M P, BRER. W-15Cu B35 2R S IRAERE AT [I]. BRI & HAR, 2009,
27(6):438-441.

JIANG Guo-sheng, WANG Zhi-fa, HE Ping, CHEN De-xin. The reasearch on the property of thermal
conductivity of W-15Cu heat sink[J]. Powder Metallurgy Technology, 2009.

ZHOU Zhang-jian, DU Juan, SONG Shu-xiang, ZHONG Zhi-hong, GE Chang-chun. Microstructural
characterization of W/Cu functionally graded materials produced by a one-step resistance sintering
method[J]. Journal of Alloys and Compounds, 2007, 428(1-2):0-150.

PINTSUK G, SMID I, DORING J E, HOHENAUER W, LINKE J. Fabrication and characterization of
vacuum plasma sprayed W/Cu-composites for extreme thermal conditions[J]. Journal of Materials Science,
2007, 42(1):30-39.

MANESHIAN M H, SIMCHI A. Solid state and liquid phase sintering of mechanically activated W—20 wt.%
Cu powder mixture[J]. Journal of Alloys & Compounds, 2008, 463(1-2):0-159.

DORE F, MARTIN C L, ALLIBERT C H. Apparent viscosity of W—Cu powder compacts during sintering[J].
Materials Science & Engineering A (Structural Materials:, Properties, Microstructure and Processing), 2004,
383(2):390-398.

KINGERY W D, NARASIMHAN M D. Densification during Sintering in the Presence of a Liquid Phase. II.
Experimental[J]. Journal of Applied Physics, 30(3):307.

BOLLINA R, GERMAN R M. Heating rate effects on microstructural properties of liquid phase sintered
tungsten heavy alloys[J]. International Journal of Refractory Metals & Hard Materials, 2004,
22(2-3):117-127.

HWANG K S, HUANG H S. Identification of the segregation layer and its effects on the activated sintering
and ductility of Ni-doped molybdenum[J]. Acta Materialia, 2003, 51(13):3915-3926.

X OEF, W, SEEE, ERM, EEE, BUL, EK, b, 4R BOUE. 9PKEBIE S8
KRIH & R FIRGEAT W C[I). FE &8 ST & 42, 2014(5):34-38.

LIU Shu, XIE Jing-pei, MA Dou-qin, WANG Feng-mei, WANG Ai-qin, LI Ji-wen, WANG Wen-yi, SUN
Hao-liang, WANG Wei, CHENG Guang-yao. Preparation and Sintering Behavior of Nanometer Tungsten
Copper Composite Powder [J]. Rare Metals and Cemented Carbide, 2014 (5): 34-38.

EEE, KFER, BAAE. M REE S S HFAESMED. AR AY S TR, 2018,
47(03):15-20.

WANG De-zhi, ZHANG Yu-qing, DUAN Bai-hua. Molybdenum-copper composites prepared by microwave
infiltration [J]. Nonferrous Metals Science and Engineering, 2018, 47 (03): 15-20

DONG Long-long, AHANGARKANI M, CHEN Wen-ge, ZHANG Yu-sheng. Recent progress in
development of tungsten-copper composites: Fabrication, modification and applications[J]. International
Journal of Refractory Metals & Hard Materials, 2018, 75: 30-42.

ZHENG Ling-ling, LIU Jin-xu, LI Shu-kui, WANG Guo-hui, GUO Wen-qi. Investigation on preparation and
mechanical properties of W—Cu—Zn alloy with low W—W contiguity and high ductility[J]. Materials &
Design, 2015, 86:297-304.

QIU Wen-ting, PANG Yong, XIAO Zhu, LI Zhou. Preparation of W-Cu alloy with high density and ultrafine

grains by mechanical alloying and high pressure sintering[J]. International Journal of Refractory Metals and



[20]

[21]

[22]

(23]

[24]

[25]

Hard Materials, 2016, 61:91-97.

LI Zhi-gang, JIA Cheng-chang, SUN Lan, HE Yun-tao, FAN Shi-min. Pressure sintering of W-15wt.%Cu
alloys prepared by mechanical alloying as a subsequent densification treatment method[J]. Rare Matels, 2006,
25(2):124-128.

g, WHER, Ak, INESE, EEE, BEE, ERM. BKLZX W-20%Cu EEHRHL ST
REMIRZMALT]. FORHAARREEA, 2015, 36(4):34-38.

LIU Shu, XIE Jing-pei, LI Ji-wen, SUN Hao-liang, WANG Ai-qin, MA Dou-qin, WANG Feng-mei. Effect of
annealing process on microstructure and properties of W-20% Cu composites [J]. Journal of Materials and
Heat Treatment, 2015, 36 (4): 34- 38.

JOHNSON J L, GERMAN R M. Phase equilibria effects on the enhanced liquid phase sintering of tungsten-
copper[J]. Metallurgical Transactions A (Physical Metallurgy and Materials, Science), 1993,
24(11):2369-2377.

LI Yuan, ZHANG Jian, LUO Guo-qiang, SHEN Qiang, ZHANG Lian-meng. Densification and properties
investigation of W-Cu composites prepared by electroless-plating and activated sintering[J]. International
Journal of Refractory Metals and Hard Materials, 2018, 71:255-261.

ML, JUERE, BEBE, B M8, Fe uRXS Cu/ W IRNEIRAT ) A0 SR E I SEmA (D], P EAA (iR
%, 2009(1): .

YANG Xiao-hong, FAN Zhi-kang, LIANG Shu-hua, XIAO Peng. Effect of Fe Element on Wetting Behavior
and Interface Characteristics between Cu/W[J]. Journal of Chinese Nonferrous Metals, 2009 (1) :.

IMEE, M8, ZEEAE, JEER. TR Co X CwW [RNEWRIEMRZmIT]. #a 4@ kS TIE, 2008,
37(12):2134-2138.

SUN De-guo, XIAO Peng, LIANG Shu-hua, FAN Zhi-kang. Effect of element Co on wettability between
Cu/W[J]. Rare Metal Materials and Engineering, 2008, 37 (12): 2134-2138.

CHEN Ping-an, LUO Guo-qiang, SHEN Qiang, LI Mei-juan, ZHANG Lian-meng. Thermal and electrical
properties of W—Cu composite produced by activated sintering[J]. Materials & Design, 2013, 46:101-105.



