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Table 1 Chemical composition of titanium-based filler metals

(Wt%)
Specimen Ti Zr Cu Ni Sn
Ti-Zr-Cu-Ni 37.5 37.5 15 10 0
Ti-Zr-Cu-Ni-5Sn 37.5 37.5 12.5 7.5 5

Ti-Zr-Cu-Ni-1.5V ~ 37.5 37.5 14.25 9.25 1.5

LR EFRASHORET R, B R 4R RF JE J A 4T 45 1 O3 [ 4T
Bl A RIS, FREL0.05£0.001 g T RHIEET FE 56
F BTG L R BRI AN 10 mmx8 mm , B it A7 42 R I
BZEmiR AR . RAREIETZSH 8
15 “C/min FH %2 300 C, ffif# 30 min—10 ‘C/min FHfk 2
750 C—5 C/min FHE 2 EFEIRE 900,930,950 C, 537l
{33 5.15.35 min— LA 5 “C/min ¥ 1 2 300 ‘C— B4
£ EW . RHE M T 8 f 8 (scanning electron
microscope, SEM) & IC 7 1 fg i 4% (energy dispersive
spectrometer, EDS) 73 #7452 3k J 1 2 24 Je LA X ke, 42
Ly R iR 6 1% GB/T 11363-2008" A 56 B 5K 33547, i1
3 254 0.5 mm/min, & IR B8R FE 25 3R 3 AN 2GR
AR FIIE.
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ATCE 50 A1 (B 10 B I D AT LLE Y, FeAH 2 A
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JEU, B Bk SR AN R BT B AR R IR UG 3R 4k 1)
B i, 7 B AR A 2R E B m B N IX P, ik
JETR AN G ()95 N 2 R A B T M Sk ) 2 PR e I E
fekr. 2N Ti-Zr-Cu-Ni. Ti-Zr-Cu-Ni-5Sn . Ti-Zr-Cu-Ni-
1.5V 3 B 4T BHE 950 “C/15 min Al Ti-Zr-Cu-Ni-1.5V 4Tk}
7£930 C/15 min L2 FEFIR TA2 K& &8k AL &=
U B . 0K 2a~2c, Ti-Zr-Cu-Ni. Ti-Zr-Cu-Ni-5Sn.
Ti-Zr-Cu-Ni-1.5V £F BFHE 950 “C/15 min 1. 2 F 515 TA2

Bl 1 TA2 8k & 4T3k SEM [ J2 EDS J6 K [ 4341
Fig.l1 SEM images (a—b) of TA2 titanium alloy brazed joint; EDS element mappings corresponding to Fig.1b (c—f)
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Table 2 EDS analysis results of different points marked in Fig.1b
Point Content/at% Content/wt%

Ti Zr Cu Ni Ti Zr Cu Ni
1 59.93 11.68 20.43 7.96 50.33 18.69 22.78 8.20
2 79.81 11.13 4.56 4.50 70.88 18.84 5.38 4.90
3 89.97 6.12 3.03 0.87 84.29 10.93 3.77 1.00
4 95.37 4.04 0.59 0.00 91.84 7.41 0.75 0.00
Viewing plane of Fig.1b 90.93 5.21 2.69 1.17 85.89 9.38 3.38 1.36

100 pm
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Fig.2 Diffusion distances of interface elements in TA2 titanium alloy brazed joints after holding for 15 min: (a) Ti-Zr-Cu-Ni (950 °C), (b) Ti-Zr-
Cu-Ni-5Sn (950 °C), (¢) Ti-Zr-Cu-Ni-1.5V (950 °C), and (d) Ti-Zr-Cu-Ni-1.5V (930 °C)
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Fig.3 Relationships between the tensile strength of TA2 titanium alloy brazed joints and the composition of filler metals under different

conditions: (a) 900 °C/15 min and (b) 930 °C/15 min
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Fig.4 Relationships between the tensile strength of TA2 titanium

alloy brazed joints and brazing temperature
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Fig.5 Relationships between the tensile strength of TA2 titanium

alloy brazed joints and holding time
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Fig.6 Tensile fracture morphologies of TA2 titanium alloy brazed joints
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Fig.7 Schematic diagram of metallurgical reaction at the brazing interface of TA2 titanium alloy with Ti-Zr-Cu-Ni-Sn/V filler metals
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Modification Mechanisms of Sn or V Elements on Brazing Interface of
TA2 Titanium Alloy

Liu Quanming', Xiao Junfeng', Tang Wenshu', Gao Song', Zhai Chunhua®, Huang Qing’,
Niu Chenhui’, Su Xinmin’, Li Dong’, Su Tong”
(1. Xi’an Thermal Power Research Institute Co., Ltd, Xi’an 710054, China)
(2. Huaneng Nanjing Gas Turbine Power Plant Co., Ltd, Nanjing 210034, China)
(3. Huaneng International Power Jiangsu Energy Development Co., Ltd, Nanjing 210015, China)

Abstract: Brazing technology is an important method to realize structural integrity of gas turbine components. There is a lack of highly mature
Ti-based filler metals and the corresponding brazing technology in China. The effects of Ti-Zr-Cu-Ni filler metal composition and brazing
processes on the interface structure and tensile properties of TA2 titanium alloy brazed joints were studied. Modification mechanisms of Sn or V
elements on the brazing interface were discussed. The results show that the thicknesses of embrittlement layer and intergranular infiltration zone at
the brazing interface are obviously reduced by adding Sn or V elements and decreasing brazing temperature. The strengthening phase formed by
adding 1.5wt% V or 5wt% Sn leads to an increase in the tensile strength of the brazed joint. The increase in brazing temperature leads to
intensified metallurgical reactions at the interface and the formation of various hard and brittle phases, resulting in an increase in the tensile
strength of the joint, but the tensile strength decreases with prolonged insulation time. The fracture surfaces of the filler metal, interface bonding
layer, and the matrix exhibit brittle, cleavage-like, and ductile fracture morphologies, respectively. Sn is combined with Ti and Zr to form
strengthening phases such as Ti,Sn,, TiSn,, and Zr,Sn,, while V is combined with Ni to form strengthening phases such as Ni,VZr,, NiV, and
Ni,V, all of which lead to an increase in the tensile strength of the brazed joint. V combined with Ni slows down the diffusion of Ni element into
titanium alloy and regulates the metallurgical reaction at the brazing interface.
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