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Fig.l Schematic diagram of thermal cycling in brazing
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Fig.3 Macrograph of brazed joint welded at different temperatures:
(a) 880 °C and (b) 910 °C
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Fig.4 OM images of brazed joint welded at different temperatures: (a) 880 °C and (b) 910 °C
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Fig.5 SEM image of brazed joint welded at different temperature: (a) 880 °C and (b) 910 °C
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Fig.6 Microstructures of zone I (¢, d), zone II (b, e) and zone III (c, f) in brazed joints welded at different temperatures: (a—c) 880 °C and
(d-H910°C
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5 78.3 8.3 7.6 5.8 Eutectoid structure
6 96.1 1.0 1.8 1.1 o-Ti

TEAE R B IR AR )7 B 2HZL, S SR IX 3k 2 14 3 RETE 4
W B, i A SR SR AT S L= ) A0 43 A 7E o 1) K g
MR o-Ti ; BRI RE B AG 28 AT S R AR e T #6472 AL FK
ta-Ti 5 A 62 7R 88 46 &Y (Ti, Zr),(Cu, Ni)4H
BRI SRR 2

R T ETFE 910 ‘CRF, Ti JC & M1 a AHEA A N B
FH 5 iy % 45 K4) H 1 25 hep 45 K4 11K 25 1 bee 25 R 3678
5453 Ti T &R 9 B R B A [ B il B 1 T st ] 1
ZrCu Ni TG & ik — B9 #0330 7 4% IR R
EFRENE R, W 6d At s . BT BRI B, B-Ti b
SRR E B Cu Tt ENINI TR . (EIRER S RN
HIYIA , A AR, p-Ti D BT E R Ky 8L, ¥ 2
1R BEAE ELIE A NEDIR o-TiH, AR Cu NI TC &R AE 7
A LA ) B-Ti HR AR A 0 A o BEE IR I — D BR AR, 3
R B-Ti AT HLUEEAR I B o-Ti+(Ti, Zr),(Cu, Ni)
B FEAT LR, AT &% (T, Zr),(Cu, Ni)iB AN £ a-Ti "7,

Intensity/cps

100 200 300 400 500 600
Distance/pm

0

A E - B — P - T B 5 155 0 5 35, Bk R AP Rl ]
REVB N B a-Ti di T4 TE B it (R N0, LA ot 5 4
K, unk 6e 6f T

880 C NI Bk S G R A A E L € 7 Firos
HURBEMEAFRRENEERNR, L Tion RS
AT T B B BUZ B B AR TERR R EF R 43 A A
XD o Zr Cu MINI TG ERAE BEM Hh & 245 H BERf vh
Zr CHE MR T Cu NI T EY HUE B RIF. XEK N
R B AN, 43 7 BGZ B 59 L FF R 823K Zr . CuNi
TCERY A A EH T Ze M TE AR RS ST &,
Ti\Zr 76 3 °J 7E UM 55 [ AH o T8 PR B3, DS BEA A Ze
JCFEANET CuNi TR Y BUE LB R, (H5 1L
[EI, BT Ze 7242 KT TisCu Ni R 7242, Ly it
BRI R, 3 7 #A2 slxt FLom ZU 00 e A
XPECRPY, S8 Ze U R Y BUORE B SZ P B R K, 8] 7
W Zr TR IR BERRBE TR IESE T IX— IR .

910 C NEFIRIESL ST 70 3R A A H L 8 Fo
FHEE T 880 C REFRESL, S ou R A N5y, B Rk
Hl Ze JC R SR G AF 2R . Cu FINIAE B-Ti
() [ % B K, e AT RE 8 S8 L B OIS Bl B B2 VA R 21 B-Ti
B, FEA RIS RR S, M IR R — e R R, S
43 CuNi JCER [ B-Ti ¥ R AE TR, B f—art(Ti, Zr),
(Cu, Ni)o [FIF, i CuNi JCEAE a-Ti 175 fift B2 it i
5 P 30 3 48 AR 77 9k /), 5 75 Cus Ni It 3 B 28 PA(TH, Zr),
(Cu, ND)& B &P 8T T R BZ (D 58§z

17 880 C N AR FH TR 7 A0
Fig.7 Elemental distribution at the interface of brazed joints welded at 880 °C: (a) SEM image; (b) EDS line scaning; and elements
mappings of Zr (c), Ti (d), Cu (e), Ni (f)
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Fig.8 Elemental distribution at the interface of brazed joints welded at 910 °C: (a) SEM image, (b) EDS line scaning; and elements

mappings of Zr (c), Ti (d), Cu (e), Ni (f)
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Fig.9 Tensile strength of joints at different brazing temperatures
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Fig.10 Fracture morphologies of brazed joints welded at different temperatures: (a) 880 °C, (b) enlarged view of Fig.10a; (c) 910 °C, (d) enlarged

view of Fig.10c
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Fig.11 Vickers hardness of brazed joints
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Microstructure and Mechanical Properties of Vacuum Brazed TA1 Joints with TiZrCuNi
Filler Metal
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Abstract: Ti-10Zr-10Cu-10Ni powder was used as a brazing filler for vacuum brazing of commercial pure titanium TA1 at 880 °C for 30 min and
910 °C for 30 min. Following this, interface microstructure and performance analyses were carried out on two sets of distinct brazed joints. The
results show that the microstructure of the two sets of joints is made up of TAl+acicular a-Tit+eutectoid (a-Ti+(Ti, Zr),(Cu, Ni)+ residual filler/
TAL The Zr elements are scattered in the eutectoid structure, residual filler and acicular a-Ti, while the Cu and Ni elements are mostly distributed
in the eutectoid structure and residual filler. The mechanical properties of the two types of brazed joints differ significantly. When exposed to of
brazed joint, the tensile strength of brazed joint at room temperature is around 174 MPa. The room temperature tensile strength rises to around 491
MPa when it is subjected to 910 °C. The hardness of the material exhibits a progressive rise from the base material to the welding center. At
910 °C, the greatest recorded hardness (HV) is around 2842 MPa, while at 880 °C, the maximum hardness (HV) reaches 3724 MPa. The
mechanical difference between the two joints is mostly caused by the separation of Zr element, which create a brittle, layered intermetallic
compound. Fracture analysis of the specimens reveals that the cracks in both sets of interfaces propagate along the weld seams. The fracture
surface at 880 °C exhibits cleavage fracture characteristics, while at 910 °C it demonstrates a ductile fracture mode.

Key words: TA1; vacuum brazing; TiZrCuN:i filler metal
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