BAERMHSIRE
RARE METAL MATERIALS AND ENGINEERING

DOI: 10.12442/j.issn.1002-185X.20240416.

Sn =X V JLERX TA2 Sh & E TR R IR IR 5

A, HAREL BLHL FHaal,

BAL? HR?2 FRES FHRS

(1 PHZATHFBA R AT, BRPG P9% 710054)

(2 tEfE

HIRPLRBEERAR], 1175 Ml 210034)

(3 EREE PR VL REIRTFF R A BR AR, 1175 Fal 210015)

W OB HAEBARRLIBARI SN T BN E TR, EARANKEFR EHFRETIZEERZ, R
Ti-Zr-Cu-Ni £FRH 2 S AT AR T 20 TA2 B & &P T S MR R A PR RE O B2 0, R3T T AR 51 Sn 5LV TRk &
SATIRFUH RIS . R, SRR SN Sn 8V SRR ACER IR, AEETIE ST B Ak 2R R0 N X 11
JEREVR . AFREFREIN 1.5 wt.% V 505 wt.% Sn TR SRAAR T BUT AR EE SR R NSRRI K . BRI T i 51 R S IHI VA 4 R R
TRIFTE A2 FREREAR, BUSResk R R, (B R SR BRI TR TN PR FUEZS & R AR R O 4 ) 2
DUt RABEAFERRE. Sn 5 Tiv Zr R TizSns. TieSns. ZrsSns 2552 46AH, V 5 Ni B NisVZra. NiVs. NigV &
SRACAR, ) SBHSLR MR V5 NI S, WE N GEAEEThY B AR R E &R

FER TA2 (k&4 FEUAETHR; Ti-Zr-Cu-Ni-Sn/V 4Tkl hrfhimes,; S

FEESERS: TG454 XEARINAD: A

XEHS: 1002-185X(2017)07-072?-0?

ISR SE LR RSN, RER. ThRK. 4
JE. Wlshtksg. rTEESSFHENS, ez
T Tk, B HE . a e a1k ARz S,
TE IR REEH UL O IR S FEESE) . B0, R
BNAZAR Ffaf B R RGBS T R ARAE S, 5 B
gr. B, M. WiRAEEE, TRER TSGR
UREAT %24 IR B H AR R R IRI 2 4 1 &
TP, WMEREKM FAdr, PERRIGERA, FERT
Mai. ATHHBE AR IR EAS & it v (R AN £ g il i
BRI (1) 20 %o ST R4 A 2 SR S5 40 e BE 4 (1 B
TR, H&EBEREMR. EERRA. B S
R, Hwk TISRE KM 2804 X
BEAHRIEAEE ERIRIH AR BN A IMR AL
JEANL . B A S OB A R 2 R AR & & &,
ERIET R 1 ORI S% 5 BR A S S A 1 B AT 1) 1 i SR )
(2301, (H H Fif 5 P B R R AT R SO ST L2
BZ, FEEOUAR. FFAEMER . B RS iy,
BRI FRAE SR IR A8 5 A0 (4 ) B 52 1A% KR
il o ARSCR A U BRI AT RHETIE TA2 KB4, HB/RET IR
ek S A RFE R TR B BT N, AR IR IR B
PRI (8] FRIZH 23 0 B Sk b A v R 1) s e A
RHERRE R SIN Sn B8RV TR TA2 ER& 517 5 1 1)

[reA=E: R

TFENLEE
ORI R R

SEG R KL FH B AL (d BT ST B R A ) TA2 £k
G4, B ESMEREE S B AR 883 °C, 5k
AR SN 500 mm X500 mmX2 mm (KX 5 X
JE, WA RO RERAS H RS 30 mm X 10
mm X2 mm R S AL L 2H 23R 7 2 e ik
F . & H Ti-Zr-Cu-Ni £F L £k & 4 S i g = 22 02
YT Ti-Zr-Cu-Ni A& REFRHAIN Sn J6 R K UK 5
FHFEBEARER RN S8, Voot Rkl R L R TG &)
JS7 I 50 ST S B E S5 R0, SR B i S AR R AT
¥}, HIFE 37.5Ti-37.5Zr-15Cu-10Ni &4 %At 1, 739
VRIM Sn BE V FFREMC Cu. Ni & &, DABRREF RN & 4
SRR TRAR RS, $RTHEFIRHCRREE, SRR
SR 1 iR

SR B2 H UG R o5 iR AR R AT R R B,
LEUNEISRAGHORET AL, D 4RATT B LA T A5 T 0% R T
b A S e . FREX 0.05 +0.001 g 4T RHEAT /56
F, AT BRI CA 10 mm X 8 mm, e A5 R FE
R & miE B g, BAREIRE T ZSH08:
15 °C/min FHE % 300 °C, f#i 30 min—10 °C/min F+i

BEETH: ExARBSHIEESED (WHS 52304385), B:ii dEAwf & iHRITH B (WHS 2024GX-YBXM-214), BG4 HIRE#
FAE R RITH % B (TWiH % 2023-JC-QN-0478), HEEAEERIFIHINE (TiHS HNKJI20-H42), [EFEREER SEAEH T H 7% i

(T H 5 HNKJ22-H16)

{EHEIN: x40, B, 1988 &4, it Mg TAEIN, P2 TR AR A BRA SRS A HLE AR SR, Bt %2 710054, H1i: 029-82102346,

E-mail:liuquanming1988@126.com



Wi A RS TR A

% 750 °C—5 °C/min FHR Z4FIEIREE 900 °C. 930 °C.
950 °C, 3 HI{#iE 5 min. 15 min. 35 min—LA 5 °C/min
AHZE 300 C—FEY AR ER. KRHAMETRME

(Scanning Electron Microscope, SEM) K Bt 5 I it 14X

(Energy Dispersive Spectroscopy, EDS) 43 #74% Sk F i 21
SR H X 4y, e Sk b Al aE B K 58 i% GBIT
11363-2008M15H G ZORBEAT, {7y 0.5 mm/min,
SRR R E 45 Ry 3 AN ROAIGAA 1T I ME

F 1 MRS RIS (wt%)

Table 1 Chemical composition of titanium-based filler metals

Specimen Ti Zr Cu Ni  Sn
Ti-Zr-Cu-Ni 375 375 15 10 0
Ti-Zr-Cu-Ni-5Sn 375 375 125 75 5

Ti-Zr-Cu-Ni-1.5V 375 375 1425 925 15
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Atomic Conc. at.% Weight Conc. wt.%
Site

Ti Zr Cu Ni Ti Zr Cu Ni

Pointl  59.93 11.68 2043 7.96 5033 18,69 2278 8.20
Point2  79.81 1113 456 450 70.88 1884 538 4.90
Point3  89.97 6.12 3.03 087 8429 1093 3.77 1.00
Point4 9537 4.04 0.59 000 9184 741 0.75 0.00
Plane5 9093 521 2.69 117 8589 938 3.38 1.36

1 TA2 Bh& R SEM+EDS M4
Fig.1 SEM+EDS test results of TA2 titanium alloy brazed joint
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Fig.2 Diffusion distance of interface elements in TA2 titanium alloy

brazed joints
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Fig. 3 The relationship between the tensile strength of TA2 titanium

alloy brazed joints and the composition of filler metals
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Fig.4 The relationship between the tensile strength of TA2 titanium

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

alloy brazed joints and holding time
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Fig.6 Tensile fracture morphology of TA2 titanium alloy brazed

joints
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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®
(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. Huanneng 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 compositions and brazing
processes on the interface structure and tensile properties of TA2 titanium alloy brazed joints were studied in detail. 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 were obviously reduced by adding Sn or V elements and decreasing brazing temperature. The strengthening phase
formed by adding 1.5 wt.% V or 5 wt.% Sn to led to an increase in the tensile strength of the brazed joint. The increase in brazing temperature led
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 exhibited brittle, cleavage like, and ductile fracture morphology, respectively. Sn combined with Ti and Zr to form
strengthening phases such as Ti2Sns, TisSns, and ZrsSns, while V combined with Ni to form strengthening phases such as NisVZrz, NiVs, and Ni2V,
all of which led to an increase in the tensile strength of the brazed joint. V combined with Ni to slow down the diffusion of Ni element into
titanium alloy and regulate the metallurgical reaction at the brazing interface.

Key words: TA2 titanium alloy; vacuum brazing; Ti-Zr-Cu-Ni-Sn/V filler metals; tensile strength; interface modification
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