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Fig.1 Microstructure (a) and XRD pattern (b) of ZrC,-W composite
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Table 1 Chemical composition and possible phase of each spot
marked in Fig.1a (at%)

Spot w Zr C Possible phase
A 0.40 32.41 67.19 ZrC
B 96.86 3.14 — W(s,s)

PRSP EEUAT B . ¥ Ti-50Ni EFRME R, TP 4R
SUIRTFT 5 BJEE B 4 100 pm (998 15 B3R 5 4T RHBON
PR 88 P VG 20 min JFWRT, $%E 2a BTos AT 3
B, B i o 2 4 AR ON B2 Bl 5X 107 Pa [ B
TR AT R . AR R T, AR N 3 kPa
(1 77 o

FRAERERE A, B 2GLL 20 C/min 3 R THE &
1000 C, FLL 10 C/min FEEFHE S 1200 C, R
i 10 min J5 LA 10 °C/min BIERETHE 2 AW, R
it 10 min J5 L5 “C/min IE AR 2 400 °C, )a
B 20 2 Sl R R T ESHCR W 5 MR
B, K 2b s, KM Instron-5967 B 5 GERTRHRA K
BUREAT 2 3k B9 U0 B2 Ak, Sk s & o 0.5
mm/min . K H 1 i B F B 74 B (SEM, MERLIN
Compact, Zeiss) & fE 5 { (EDS, Octane Plus, EDAX)X}
BT 2 Sk ST 1R oW 4 23 LA K B DT 1 T 3k AT W
%, K X B AT HHU(XRD, DX2700)%F F 1 7 4 3k
TR AT, 100 IS =)

b
3 kPa a Sample P

N

S

| g :

20 2

2 ETRECR AT KA BT DA R R
Fig.2 Schematic of the assembling brazing parts (a) and shear

test experiment (b)
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Fig.3 BSE images of typical interfacial microstructure of the

brazed joint (1340 ‘C/10 min)
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Table 2 Chemical composition and possible phase of each

spot marked in Fig.3b (at%)
Spot Mo Ti Ni w Zr C

Possible phase

A 724 211 25 1.5 25 — Ti-Mo
B 4.0 246 548 25 141 — TiNi3
C 579 188 53 155 25 — Mo-Ti-W
D 0.9 419 518 17 37 — TiNi
E 1.3 42 57 844 44 — W(s,s)
F 04 489 13 0.6 3.7 45.1 (Ti,Zr)C
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Fig.4 XRD pattern of the brazing seam (1340 °C/10 min)
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Fig.5 Interfacial microstructure of the brazed joints at different
temperatures: (a) 1300 C, (b) 1340 °C, (c¢) 1400 °C, and
(d) 1460 C
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Fig.6 Effect of brazing temperature on shear strength
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Fig.7 BES images of cross-section (a, ¢) and fracture
morphology (b, d) after shear test: (a, b) 1340 C;
(c,d) 1460 C
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Table 3 Chemical composition and possible phase of each
spot marked in Fig.7 (at%)
Spot Mo Ti Ni W Zr

Possible phase

A 949 1.5 1.9 1.0 0.7 Mo(s,s)
B 693 153 8.1 4.1 3.2 Ti-Mo
C 82 259 530 15 114 TiNi;
D 852 9.7 1.8 3.0 0.3 Ti-Mo
E 1.5 189 767 1.3 1.6 TiNi;
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Interfacial Microstructure and Properties of TZM Alloy and ZrC,-W Composite
Joints Brazed Using Ti-50Ni Filler
Han Guihai'?, Zhao Hongyun', Song Xiaoguo', Long Weimin®, Shen Yuanxun®, Wang Meirong', Feng Jicai '
(1. State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001, China)

(2. Institute of Oceanographic Instrumentation, Qilu University of Technology (Shandong Academy of Sciences), Shandong Provincial
Key Laboratory of Ocean Environmental Monitoring Technology, National Engineering and Technological Research Center of Maine
Monitoring Equipment, Qingdao 266001, China)

(3. State Key Laboratory of Advanced Brazing Filler Metals and Technology, Zhengzhou Research Institute of Mechanical
Engineering, Zhengzhou 450001, China)

Abstract: Vacuum brazing of TZM alloy and ZrC,-W composite was achieved by Ti-50Ni (at%) brazing alloy. The interfacial
microstructure of the joints was characterized using SEM, EDS and XRD. In addition, the effect of brazing temperature on interfacial
microstructure and joining properties of TZM/Ti-50Ni/ZrC,-W brazed joints was also investigated. Results show that the typical interfacial
microstructure of the brazed joints is TZM/Ti-Mo+TiNiz+Mo-Ti-W/TiNi+TiNiz+W(s,s)+(Ti,Zr)C/ZrC,-W. As the brazing temperature
increases, more and more Ti and Ni elements in molten brazing alloy diffuse into the base materials, which in turn broaden the brazed
joints. At the same time, the grain size gradually increases and the grain boundary becomes smoother. Shear strength increases first and
then decreases with the brazing temperature increasing. Reliable brazed joints with average shear strength up to 146 MPa is achieved when
brazing at 1340 °C for 10 min.

Key words: vacuum brazing; TZM alloy; ZrC,-W composite; Ti-50Ni filler; interfacial microstructure; mechanical property
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