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Microstructure and Properties of Induction Brazing of TC4 Titanium
Alloy/316L Stainless Steel Joint
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Abstract: To reduce the cost of filler metals and the manufacturing process for brazing titanium
alloy and stainless steel, a study was conducted on the induction brazing of TC4 titanium alloy
and 3161 stainless steel using Cu-Mn-Ni filler metal and low-cost argon protection. The feasibili-
ty of this approach was investigated based on wettability, joint microstructure, and mechanical
properties, and the characteristics and mechanism of the interfacial reaction were examined. The
results show that the filler metal exhibited excellent wettability with the contact angles of 8°, 12°
and 6°, 7° on the surfaces of TC4 titanium alloy and 316L stainless steel, respectively., The
brazed joint’s microstructure was observed to consist of TC4/(a—+ ) Ti/BTi/(BTi+ Ti,Cu) +
Ti,Cu/FeTi/yFe/316L after being brazing at a low temperature of 900°C and 930°C for one mi-
nute. At a higher temperature of 960°C for one minute, the microstructure was composed of
TC4/Ca+p) Ti/BTi/BTi+ (BTi+ FeTi)/FeTi/yFe/3161.. With increasing brazing temperature,
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the shear strength of the joint initially increased and then decreased. The maximum shear

strength of 155 MPa was obtained at 930 °C for 1 minute. Fracture analysis indicated that the

316L stainless steel side was the weak area of the joint, with fractures occurring between the Fe-

Ti diffusion layer and the adjacent Ti,Cu at 900 °C and 930 °C, or within thicker and harder FeTi

diffusion layer at 960 C.

Keywords: induction brazing; titanium alloy; stainless steel; microstructure; shear strength
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Table 1 Chemical composition of base alloys

JF 8 Y%
B HF - :
Cr Ni Mo Mn Al \Y% Ti Fe
316L 16.74 10.26 2.26 1.20 0.03 gy
TC4 6.05 3.92 4xit




510 1

ERRE G TCA SR A 4 5 316 L AN M RN AT A7 3k IR 2R 5 Mk ik 155

KR FEAH ] Cu-Mn-Ni &7 BHEF 02 TC4 4k & 4
5 316L NN AT AT M, = AR GB/T 11364
2008 , 7E K 15 2R FH A2 % 35 DT f X BE B 00 1 0
B B TC4 BhA 4 A 3161 A5 891 44 i T sl )
SR 15 mm X 15 mm X 3 mm /DRI AE, 2 )5
FH1 000 # Bb AT B B M4 R R 1l e 5 B F K &
figt rf 8 RIS UE 10 min, HL 0.1 g 57 R E FAHCIREE
L RnW = AR A R = T VAR L T S
o, G EE A ORI IS ] 43500 2 1 000 C AT T min,
3 o N BRI 1 2% 5 B A R B 4 AR WL
ST A ZLLATH X B A B I R

ET BRI R AT R TR T TC4 5kA 4 il B 5 R 465
BB Z BT AN 1 BT . 4 R R 5T
BB 5 AR B B 2 BT 7 R T A5 8 B D, TS A
T B GRS ACHE S I IR I L 8 B AT R
B S5 R — e i), e b R AT RIRE T o
4 900,930 F1 960 °C , A HR A 1E] & 1 min,

TC4

BT TR R R 2 IR

Fig. 1 Schematic diagram of brazing sample
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Fig. 2 Schematic diagram of brazing device
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Fig. 3 Schematic diagram of shear test apparatust"
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Fig. 4 Wettability results by sessile drop test
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Table 2 EDS point scanning results of points in Fig. 4
o7 : AR HE W AR
Ti Fe Cu Mn Cr Ni Si Al A%

A 69.7 10. 6 7.4 1.6 7.1 3.6 BT1

B 52.7 19.4 16. 2 3.6 5.4 2.7 BTi+ Ti, Cu
C 66.7 13.2 7.0 2.2 7.5 3.4 BTi

D 4.0 56.9 27.7 11.4 (Cu,yMn)

E 2.8 15.2 35.2 1.3 26.5 19.0 v(Mn, Si)

F 45.9 3.8 18.4 14.9 8.0 9.0 aFe+7v(Fe,Mn)
G 46. 4 5.0 18.9 11.5 11.5 6.7 aFe+7v(Fe,Mn)
H 51.2 5.8 18.5 13.2 11.3 aFe+7v(Fe,Mn)
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Fig. 5 Microstructure of brazed joint at 930 °C for 1 min
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Table 3 EDS point scanning results of points in Fig. 5

¥\ U
(A AR
Ti Fe Cu Mn Cr Ni Al \Y%
A 90.5 8.0 1.5 oTi
B 81.7 3.8 1.7 1.0 8.5 3.3 RTi
C 76.5 1.0 6.0 3.0 1.8 8.0 3.7 RTi
D 66. 2 3.2 14.5 5.8 0.7 2.6 7.0 BTi+ Ti,Cu
E 49.7 7.8 23.0 7.2 1.0 4.7 4.7 1.9 Ti,Cu
F 37.9 32.0 8.0 4.4 5.5 8.0 2.9 1.3 FeTi
G 3.4 64.7 1.7 26.4 3.8 YFe

N HR G BT AR I R X 4 Sk LU R L TR 6 A
B 70300 5 7 PR AR I E] R 1 min, £F X2 EE S 900
1960 “C Ik B9 BSE R LUES . £ 4 FIk 5
Sy 6 M 7 A s E) EDS Mg 2R . I
6 Ca) FARAG B AT LA MG 25 5T 42 3 O 900 °C
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Fig. 6 Microstructure of brazed joint at 900 °C for 1 min
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Table 4 EDS point scanning results of points in Fig. 6
JEE IR 538/ %
o7 & FH T AH
Ti Fe Cu Mn Cr Ni Al \%

A 68. 2 2.0 8.9 7.9 1.7 7.9 3.4 BT1

B 60.0 3.0 18.2 6.6 4.0 5.7 2.5 BTi+ Ti, Cu

C 51.2 7.0 23.9 6.0 1.0 5.4 4.0 1.5 Ti, Cu

D 40.0 32.0 10.0 6.6 5.4 4.0 2.0 FeTi

E 3.4 64.7 1.7 26.4 3.8 vFe

500 um

(a) =43k (100 £

(b) 4T 4% 7.0 X 38 (1 000 175
B 7 EFEEE 960 CFARIE 1 min #2523k 1Y B A2

Fig. 7 Microstructure of brazed joint at 960 °C for 1 min
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Table 5 EDS point scanning results of points in Fig. 7

\ R B N

o7 - - 00 AH

Ti Fe Cu Mn Cr Ni Al A\

A 52.8 17.8 10. 6 4.3 3.2 4.6 5.0 1.7 BTi+FeTi
B 63.2 9.3 6.0 3.8 3.5 2.5 6.0 2.2 BTi
C 41.1 32.7 4.8 3.0 8.4 5.3 3.7 1.0 FeTi
D 2.5 64. 2 1.5 23.8 5.7 1.3 1.0 vFe
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Fig. 8 Microhardness distribution of joints at different

brazing temperatures for 1 min
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Fig. 9 Shear strength of joints at different brazing

temperature for 1 min
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Fig. 10 Fracture morphology of brazed joints at different

brazing temperature for 1 min
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