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Research on Filler Design and Interface Microstructure for Brazing Y-TiAl Alloys
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[ABSTRACT] 7-TiAl alloy is a kind of intermetallic compound material with great application potential. It was brazed
by the designed filler as Ti—15.6Zr—11.0Cu—9.8Ni (mass fraction, %). The microstructure and element distribution of the
joint were analyzed. The microhardness and strength of the joint were tested. It was found that the diffusion of Al to the
interface was the main driving force for the formation of the interface. The Zr, Cu and Ni elements in the filler metal are
mainly concentrated in the center of the adjacent interface. Due to the coarse grain structure and the high hardness of the
grid structure, brazing fracture happened in the central part of the adjacent interface. Although there is a continuous Ti;Al
phase near the interface, its excellent plasticity and the moderate hardness were beneficial to transfer the force between the
matrix and the interface. Thus this phase was benefit for the toughness of the joint. The tensile strength of joint reaches to
517 MPa at room temperature, and the strength coefficient is 0.816,
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Fig.1 Microstructure morphology of the brazing interface and the
microstructure under fracture surface of joint (brazing process as
950 °C/60 min)
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Fig.2 Position of element composition at cross section of broken joint
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Table 1 Results of element composition analysis at cross section of broken joint (brazing process as 950 °C/60 min)
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Fig.3 Microhardness of local zones in joints

LK A R R AL GESE R AR AL U S, Al TG
F I AL AR HOS SR U E 28RS )

(2) Bt 1m0 & 3 SR — ) Hh B0 T 3% 2R 1 TLALZ,
Ti; Al AR V-TIAl BAT 847 (1) = R S8V BOZE S A
R I B N 1o IR R £ I LB 2 ) i P 1]
A A =Ry AR

(3) Wi XA T4 e o3, Stk 2 UMLK DL
B 85 2 v P P AR AR ZH U T4 22 R, EFRT R
Zr, Cu 1 Ni Jo & FEEPAESEE S rhO AL, 4T
BLTE & XA B X,

(4) $2 3 TRV 5 F s 3 5 LA 1Y S F e 3 42
I, AR TR R R R B . X E = IR T
TSR EEILF] 517 MPa, #R5 2%% 0.816,

Tl

& £ x W

[1] TETSUI T. Gamma Ti aluminides for non-aerospace

applications[J]. Current Opinion in Solid State and Materials Science,



PN
RESEARCH HI:%ICEI

1999, 4(3): 243-248.

[2] NODA T. Application of cast gamma TiAl for automobiles[J].
Intermetallics, 1998, 6(7-8): 709-713.

[31 #ikd, Bed i, mEh, 55 JeBEfias pRHRI R 2 119 4T
SREAR[I]. s il R, 2014, 57(20): 72-73.

JING Yongjuan, HOU Jinbao, YUE Xishan, et al. Brazing
technology of advanced aviation material and complex structure[J].
Aeronautical Manufacturing Technology, 2014, 57(20): 72-73.

[4] fR4F2F, #KAE, T2 L, % T, AIND & 4 M ET AR KB RTE 5Y
[7]. iz ISR, 2015, 58(1/2): 1-3.

SI Haoxue, JING Yongjuan, YUE Xishan, et al. Experimental
research on Ti,AINb alloy brazing[J]. Aeronautical Manufacturing
Technology, 2015, 58(1/2): 1-3.

[5] DONG H G, YANG Z L, YANG G S, et al. Vacuum brazing of
TiAl alloy to 40Cr steel with Tig,Ni,,Cu,,Zrg alloy foil as filler metal[J].
Materials Science and Engineering: A, 2013, 561: 252-258.

[6] REN H S, XIONG H P, CHEN B, et al. Vacuum brazing TiAl
to Ti;Al using two Ti-based filler metals[J]. Welding in the World, 2015,
59(5): 639-646.

[77 LIX Q,LIL, HU K, et al. Vacuum brazing of TiAl-based
intermetallics with Ti—Zr—Cu—Ni—Co amorphous alloy as filler metal[J].
Intermetallics, 2015, 57: 7-16.

[8] LIL,LIXQ,HUK, et al. Effects of brazing temperature and
testing temperature on the microstructure and shear strength of Y-TiAl
joints[J]. Materials Science and Engineering: A, 2015, 634: 91-98.

[9] CAIY S, LIU R C, ZHU Z W, et al. Effect of brazing
temperature and brazing time on the microstructure and tensile strength
of TiAl-based alloy joints with Ti—Zr—Cu-Ni amorphous alloy as filler
metal[J]. Intermetallics, 2017, 91: 35-44.

[10] SONG X G, CAO J, CHEN H Y, et al. Brazing TiAl
intermetallics using TiNi—V eutectic brazing alloy[J]. Materials Science
and Engineering: A, 2012, 551: 133-139.

[11] SONG X G, CAOJ, LIU Y Z, et al. Brazing high Nb containing
TiAl alloy using TiNi—Nb eutectic braze alloy[J]. Intermetallics, 2012, 22:
136-141.

[12] JING Y J, XIONG H P, SHANG Y L, et al. Design
TiZrCuNi filler materials for vacuum brazing TA1S alloy[J]. Journal of
Manufacturing Processes, 2020, 53: 328-335.

[13] JINGYJ, GAO X Q, SUDY, et al. The effects of Zr level
in Ti-Zr—Cu-Ni brazing fillers for brazing Ti-6A1-4V[J]. Journal of
Manufacturing Processes, 2018, 31: 124-130.

[14] JING Y J, YUE X S, GAO X Q, et al. The influence of Zr
content on the performance of TiZrCuNi brazing filler[J]. Materials
Science and Engineering: A, 2016, 678: 190-196.

[15] JINGYJ,SUDY, YUE X S, et al. The development of high
strength brazing technique for Ti-6Al1-4V using TiZrCuNi amorphous
filler[J]. Materials Characterization, 2017, 131: 526-531.

BIEE : WK, SR, L, F2 2 A s U Jm A AT
SESEIN e s ¥ N TIPS

(Vg *x*x)

(L% 91 1)

SRR A SR I W72 5 | Ul AL i O ik as &
FePRAE PR

S & X Wk

[1] ek, #X e, X058, 4. i) A ss 2540 1 m P REVARL &2 &
BEEHER ). iz iR, 2013, 56(15): 66-69.

GAO Yanqiu, ZHAO Long, LIU Qiang, et al. High performance VARI
composite technology for aviation structure[J]. Aeronautical Manufacturing
Technology, 2013, 56(15): 66—69.

[2] RS, MRETE, (= 8, S AR S SRR 2 K =
i\ AR A B S E I ()], BORF TR, 2018, 46(11): 25-36.

HAN Zhenyu, MEI Haiyang, FU Yunzhong, et al. Research progress
on preform forming and microstructure of 3D braided composites[J].
Journal of Materials Engineering, 2018, 46(11): 25-36.

[3] J512%, XMIRIE, 22008, 55, = 4egm2UE AR Y B E
R[], AR AR R4, 2002, 28(5): 563-565.

LU Zixing, LIU Zhenguo, MAI Hanchao, et al. Numerical prediction
of strength for 3D braided composites[J]. Journal of Beijing University of
Aeronautics and Astronautics, 2002, 28(5): 563—565.

[4] FOULADI A, JAFARI NEDOUSHAN R. Prediction and
optimization of yarn path in braiding of mandrels with flat faces[J]. Journal
of Composite Materials, 2018, 52(5): 581-592.

[5] RMEW], dl, BhR R, 5 T FFRAIRE W R T2
LA G B S ], AR AR O 2 (1 SR B2 1), 2019, 45(3):
425-430.

WU Xiuke, MENG Chuo, YAO Lingling, et al. Analysis of braiding
process and mandrel ’s traction trajectory based on homogeneous coordinate
transformation[J]. Journal of Donghua University (Natural Science), 2019,
45(3): 425-430.

[6] CHIXF, LIQY, YAN H X, et al. Robot trajectory optimization
control of braiding for three-dimensional complex preforms[J]. Journal of
Engineered Fibers and Fabrics, 2021, 16: 155892502110432.

[71 MENG Z, YAO L L, BU J Q, et al. Prediction method for offset
compensation on three-dimensional mandrel with spatial irregular shape[J].
Journal of Industrial Textiles, 2021, 50(8): 1205-1224.

(8] EMEW, 4R, Al 55, JE T o2 Uni R IO B M 2 h s iZ
AR EUA BINARILT]. 2581741, 2015, 36(9): 28-33.

WANG Xiaoming, ZOU Ting, LI Chaojing, et al. Predicting model for
braiding angle based on initial braiding height and take-up speed[J]. Journal
of Textile Research, 2015, 36(9): 28-33.

[9]1 SCIAVICCO, SICILIANO L. Modelling and control of robot
manipulators[J]. Measurement Science and Technology, 2000, 11(12): 1828—
1829.

BIEE : PRokik, B, WL BT o e dEfsEoR AL/ W
— k.
(Digh * %)

2024455675 S8 M) - ML TIEEEA 109



