W47 % o511 30
2018 4F 11 A

BAEERMBSIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.47, No.ll
November 2018

93W/Ni/Mol £k H%F B T LI AURIRI R

oM, FER, KOE, TAMH, K

7%, TRIKH

CRBCEETORS: MR AR BOoR B X E s se s =, Wb il 430070)

B E: AHSSFELBARN 93W/NI/Mol HEATFL A3 USR8, F BT 1) 3 SR 0 R B2 R AE AR BB Sk 1y ) 24 Mk e, %
T5EE IR AN Sk W7 VAR B oW G5 R EAT RALE A3 BT . S5 R R, JRBR ST 800 CHY, JEE A miA LN, JEEaR A
T 800 CIN, SR SR RAF o T F R Sk B BT D B RE B A ST R BE AT S S8 T U BEAG, TEARIRIR AN 800 CIN 4k
SREEIKA 100.2 MPa. SRR EACT 800 CH, IR F IR A4 BUE BUE /& RBORAE ST 800 CH, Ni/Mol 5t
T 75 & MoNi =il )8 42 J8 Ak &1, B AR BE Sk 45 A Bk . 93W/NI/Mol 243 Sk ) T 4 i 3 3 B 4% A 7E Ni/Mol

eI

K 93W A& Mol A §HURE: &8 TInLEe4

REESES: TG146.4'11 XEkFRIRED: A

(O AP RS c it
XEHS: 1002-185X(2018)11-3536-06

&E S HME A SRR . R A
R EN PR S AR AR, M) N AL
N P N 5 s B = R SN /1 o8 | N D V8 - W e
U, A S A SRR, AT BAFE 4 R
Ha&H5HEGSS MR RERE, FEEAT L R A
& S5HA SRS N, WIS R 4
JE R RIS . B HYE TRBE)E, 1%
R4 A 3422 M1 2620 °C, i BEAEM Y m I E R
A GEk B AT AR, AN Pd 5. Ti $EA Ni-Mo &4
figrp ) R S S A S, BRI E B E
HIE B SR RO S AR B R e, A
HHG 55 B SRR RN, L1
BUR A BUIRIE RUA A S, B Sk I M RE RO AN
Al Ni HAE R, HHEREOE S, R Ni
SEAE ) 2 4R 3% 93W 5 Ta. Mo 5 Cu, #R1FHE LT
WL, WG T AR R R, R
ek g8,

SEBCTITRS EOR (PAS) 454 T 48 1%
oy BN SRS — 4, THEIRGE . BRR b4
TP RN R e 45 T ), A A5 T % R A 30
AR AN TR D - S S A S Tk NIVAE R s o
MORHES:, IR AR SRR AWM, SRR R
P N KRG 93W &4 Mol &4 Wit
FORG, B IR R 2, SR A B S

YgFs BER: 2017-11-04

el H AR (PAS) il 46 ME 15 42 )8 93W 5 Mol ¥ U B2
ek, BAUEHAR XA NS JE Ni PR 21 93W 5
Mol ¥ IR 23 3k WA s W S ) 4 P R S i)

1 % I

KHMEESY 93W 45 Mol &4, IREME
I B I3 1 s . A= Ni 96(99.99%, e
THORSE A @25 mm X 30 pm.

M KL DIEG 93W 545 Mol &4Vl
@25 mm X 8 mm [¥]45: &8 157 o RS 55 1 B AR A 45
FM R, B 2R M5 T B AR 2 e A= s I 600#
800#. 1200#. 1500#. 2000#. 2500#[) SiC fb 4% = -
REARI, B — DR J i AR, I R AR T R
TARFLRR B2 2 oRe b IR) 2 N 9B 25004 19 20 4000 96 v & 1
I, ZERR AN KATEEK) 93W. Mol Al Ni
S8 R RON Sl AT R G U, UE J A AR T AR 1 ) ik
VHZE T AR ROR LA S ) =R AL B2 Je 4%
TPy 2 G 22 vy o A AR AR, RN AR RS T A R A
#%(Ed-PAS, HA), Jiti 0l ) (0 02 8 B HEAT SR 8
A AR B A B ik 107 Pa J5 o T8 IR T K b 3R
S NRAN O = B | 2N 7 D W A S = T B
WRER. BEREIEDEZ L2800 B
JE 650~1000 °C . fE#H J; 20 MPa. ff it It 8]
15 min.

EEWH: HKAREEEES (51572208, 51521001); Hldb4 AARILEAIHRAATH (2016CFA006); &5 # A2 RHHT 5 18 HRIC“111”

&I (B13035); 24 TF#UE SR & 35 4:(6141A02022209)

TEZ®T: e M, L, 1992 44, L4, RN TREMBIEAIEARERE SRS, Wik I 430070, H1: 027-87168806,

E-mail: earthrm@126.com



25 11 3] Be MESE: 93W/Ni/Mol 3k K55 & 7l Y BUS BT

*3537 ¢

Fz 1 93W 71 Mol BILZER S
Table 1 Chemical composition of 93W and Mol (w/%)

Material W Mo Fe Ni Ti \%
93W Bal. <0.02 3 4 <0.01 <0.01
Mol <0.02 Bal. <0.02 <0.01 - <0.01
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Fig.1 Shear strength of 93W/Ni/Mol joints bonded at different
bonding temperatures (P=20 MPa, =15 min)
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Fig.2 Microstructures of 93W/Ni/Mol joints at different bonding temperatures: (a) 650 ‘C, (b) 800 C, (¢) 850 C, and (d) 1000 ‘C

(P=20 MPa, =15 min)
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Fig.3 Microhardness of 93W/Ni/Mol joints bonded at different
bonding temperatures (P=20 MPa, =15 min)
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Fig.4 XRD patterns of 93W/Ni/Mol fracture surface: (a) 93W
side and (b) Mol side (P=20 MPa, =15 min)
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Fig.5 Microstructures of 93W/Ni/Mol fracture surfaces: (a) 800 ‘C, 93 W side; (b) 800 C, Mol side; (c) 850 C, 93W side; (d) 850 C,
Mol side (P=20 MPa, =15 min)
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Table 2 Elemental composition and phase of the selected zone

1~6 in Fig.5
Element content/at%
Zone Phase
w Mo Fe Ni
1 - 3.70 - 96.30 Ni (ss, Mo)
2 - 88.40 - 11.60 Mo (ss, Ni)
3 - 74.90 - 25.10 Mo (ss, Ni)
4 71.30 - 7.28 21.42 W (ss, Ni, Fe)
5 146 4492 372 4990  MONi(ss, W,
Fe)
6 - 78.53 - 21.47 Mo (ss, Ni)
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Fig.6 Schematic illustration of the interlayer appearing process:

(a) solid solution forms and (b) MoN:i particles appears
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Interfacial Microstructure and Mechanical Properties of 93W/Ni/Mo1l Joints by Plasma
Activated Diffusion Bonding

Rao Mei, Luo Guoqiang, Zhang Jian, Wang Chuanbin, Shen Qiang, Zhang Lianmeng
(State Key Laboratory of Advanced Technology for Materials Synthesis and Processing,
Wuhan University of Technology, Wuhan 430070, China)

Abstract: Refractory metals 93W and Mol were bonded with Ni interlayer by plasma activated sintering. The influence of bonding
temperatures on the microstructures, elemental distributions across the interfaces and mechanical properties of 93W and Mol joints was
investigated. And fracture mechanism of joints was also analyzed. The results show that pores occur at the interface of 93W/Mol when the
bonding temperature is below 800 °C. However, when the bonding temperature is above 800 °C, the interface is satisfying. Shear strength
of 93W/Ni/Mol joints firstly increases and then decreases with the rising of bonding temperature, and the maximum strength (100.2 MPa)
of the joint is obtained at 800 °C. Solid solutions are formed at the 93W/Ni and Ni/Mol interfaces when bonding temperature is above 800
°C, while MoN!i brittle phase appears at Ni/Mo1 interface which reduces the bonding strength of joints. Fracture failure mainly occurs at
Ni/Mo diffusion interfaces.

Key words: 93W alloy; Mol alloy; diffusion bonding; plasma activated sintering; microstructure; mechanical properties
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