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Microstructure and properties of
tungsten/steel joint brazed with Ni-based foil-type filler

LIU Wen-sheng, LIU Shu-hua, MA Yun-zhu, CAI Qing-shan, LIU Hao-yang, YU Qiang, WU Lei

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: A brazing process, using a rapidly solidified Ni-based foil-type filler, was performed to investigate the joining
of tungsten and steel with/without an interlayer Ni-Cu at 1150 C for 30 min. The cross sectional microstructure, element
compositions and microhardness distribution of the joint region were analyzed by scanning electron microscopy (SEM),
electron probe microanalysis (EPMA) and nano-indenter, respectively. The tensile strength of the joints was measured by
mechanical tests, and then the microstructure and element compositions of the fracture were analyzed. The results
indicate that the tensile strength of the as-bonded W/Ni-Cu/FS joints (300 MPa) is much higher than that of the as-bonded
W/ES joints. Both W/FS and W/Ni-Cu/FS joints appear a brittle fracture mode and fracture in tungsten matrix which is
close to the interface. The micro-hardness analysis of joint interface reveals that solid solution strengthening effect and
the generation of brittle compounds are responsible for an increasing micro-hardness in inter-diffusion layer between the
filler and W.

Key words: tungsten; steel; vacuum brazing; Ni-based foil-type filler; microstructure; mechanical property; micro-
hardness

B RHASEA RIS s m I
Tty ARV AR T A B 45— RV ek Re, DRI
ez T A R R SRS A T, andE
IR AR A A2 FERRI )0 SR, 425 [ e
WAF A BIING  ARU S v G RN e FBE R A5 ke i

EE&MB: EFAREIFIEE T IIH (50774098)
s HER: 2014-04-08; 1EiTHHA: 2014-06-23
BIEEE:

{1 VLN T pE s PRI X, BRI FH ARG R
ARG T B (AR (L e 6 2 3 Ak — T E AR ) i 4 1
JREER O B AR K4 85 (1w =3400 C, tes=1500
COMHZERER, ME LUK ARG s Al 20344 . H,
B0 AR B (1 1% A AT R AT R B AR O,

Higkk, #9%, {4 b 0731-88877825; E-mail: zhuzipm@csu.edu.cn



3052 A G A R

2014 412 H

TR T AR RE DL, IR, LS AT
PHURALE, BAT RGNS« 2B ReR s
RN 2RV AR A e T AR,
PSR RH P B BT I R B 2K
GIAER IR P A KR AR N ST, HI953k I 25
Pege, " ENE RSP EECBIA TR, HESE N
FEFIPEREN . KBRS, AIER R AR
(A IR AL R R, Tl rp )2 R A TR
SR AR R 0 5 5 S AR N T o A5/ A AR
BRI TR DER A BT, ok
IR, SRR e A PR =Y e I P ok T/
PR ROWT SR D A, SCHREEAT IS, s PERER
AN A e SIS U OCHE, DA, E5/E0 AR
BRI 5 HAT HEE ) B R SRS H B {E

BT R EA BUR AR . I R AR LA
TAhtE B s BEM L BT A S e, HL
BALEPRIR AT S VG 5 80 1 A AE BER A
o N R ANET AR . D, AR IEH
BRI ETREBEA T 45 /80 B H/A— 5 </A (R B T A 5
56, WFFUES/AN S R 5 B AN ET AR Sk 10 S Pl 2 20
RO K5k RE, AT SLAERIRL], 89 v I J= s
TR FRREVEREROE M, Ay B/ AN 12 1) B I SR fIL B i ik
fifto

WAL N 99.95% (5t 74, 1 [R) I A A s %
BRI (Fe-17 Crll it Z&V)FI N T d 16 mmX
13 mm 1 d 16 mmX 14 mm [KEAAE. RHIERE N
30 pm ) Ni-7Cr-5Si-3B S0 A RN TR, 5L S0
SEFRHAHLE, SO ERR ko oA —, B
A NS I e S sh e AR, AT R
rh/bi Si JCE M B ICE A RERS AT RS S a IR 44
A, SR B IRE AR . BRI AT R BT 45
Wil 1 s . HIE 1 AT, BT SRR BRI RUAE 950
Chiftio R HME—405400 7 5N 500 um, 4l
JEE A w(Ni+Cu)=99.9% (W(Ni)=80%).

BRFIEARRE R R 1000 5 AR 404 BE
WUCE T ARERTCK SR A TG UE 15 mine A B
TSRS R AT RL R AN (LI 2(a)) AN/
BT RLAR—4 G G rh ) 2R AT RL 2 AN (LK 2(b))
B EEHL T 2L he &6 b b AT i AT

PR T2 M2 &l 3 P o SE TR TR 42 400 °C,
PRl 10 min i, BRZ PR 72l R as ek &5 5]

20

15F

Heat flow/(W-g™")

_5_

0 200 400 600 800 1000 1200
Temperature/C

B 1 BERUETRY DSC ik
Fig. 1 DSC curve of Ni-based amorphous foil
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Fig. 2 Schematic diagrams of assembled cross-section for

brazing specimen: (a) W/FS; (b) W/Ni-Cw/FS
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Fig. 7 Elemental maps from EPMA analysis of W/FS brazing joint
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Table 1 Scanning results of elemental EPMA concentration
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Table 2 Scanning results of elemental EPMA concentration

in Fig. 6
Mole fraction/%
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Fig. 8 Elemental maps from EPMA analysis of W/Ni-Cu/FS brazing joint: (a) FS/Ni-Cu interface ; (b) Ni-Cu/W interface
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Fig. 11 Macro fracture morphology of tensile sample
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Fig. 12 Fractural morphologies of brazing joints: (a) W/FS; (b) W/Ni-Cu/FS
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Fig. 13 XRD patterns of fracture surfaces in brazing joints: (a) W/FS; (b) W/Ni-Cu/FS
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