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Fig.l Assembly diagram (a) and bonding process (b) of diffusion bonding
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Table 1 Composition of etching solution

Etching solution Concentration before ~ Concentration after

component corrosion/mol-L™ corrosion/mol-L™
HNO, 3.50 3.50
Ru 2.60x107 2.15%107
F 1.38x10™* 1.37x10™*
Ccr 8.40x107° 8.40%x107°
Br 1.20x10* 1.20x10*
I 7.25x10° 7.22x10°

Acicular structure

+ 18
\ 2 um

K3 #£900 C-30 min-10 MPa T. Z S ¥ T 3515 1] Zr/Ta 2 3k SEM
RS IR AY I ON

Fig.3 SEM image of the interface structure of Zr/Ta joint obtained

under the process parameters of 900 °C-30 min-10 MPa (a) and

enlarged view of the rectangle area marked in Fig.3a (b)
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Table 2 Chemical composition of marked points in Fig.3b (at%)

Point Ta Zr Main phase
1 3.10 96.90 o-Zr
2 30.14 69.86 Ta, a-Zr
3 25.07 74.93 Ta, a-Zr
4 18.85 81.15 o-Zr
5 29.77 70.23 (Zr,Ta)
6 92.51 7.49 Ta

M 52T A0 B A 1) (Zr, Ta) B AR H 2 H T Ta & 255, A
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R FE Ze AR RIS EE R B 10k, B B K #RE TR
B 5 573 — 7 TG B2 B v TG 3R HROCSE R 24, T B 22 1
& B E Y, — 2 5 kR PR JE H RS
TP T i, 4 B 04 i IR o B A, A 4542 3k AR 98
P W7 24 BT 75 (1) S Aar A2 /0N, 22 o (R 3R W IR0 FH 3 e
SRR PRAK . B 20 LR E 7 900 C e B i Tt
FE1 I PRI

880 ‘C I, I BE A AR I 8] K85 B0 1 HiORn S i
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da fIT7R, 3F By 82 35 — AR B A, 8V S5 4T A
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AEAEARNEA BRBA, Bk BT U138 5/, XN 143 MPa. B

B4 ARMREERE T Zr/Ta %3k IR ZH 21
Fig.4 Microstructures of Zr/Ta diffusion bonding joints obtained under different temperatures: (a) 880 °C; (b) 900 °C; (c¢) 920 °C
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Fig.5 EDS line scan results of the joint interface obtained under different temperatures: (a) 880 °C; (b) 900 °C; (c) 920 °C
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Fig.6 Shear strength and diffusion layer thickness of diffusion

bonding joints obtained under different temperatures
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TEYHUZ TIX 30N SE I 11 D0 3 2 030 2, % X 3
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IS AFAE R o AR A X3, DR W 18RS 2 . 900
920 °C #3711 2 i m] 0 82 B K YE FE B U)W s R, 2
FRDUCNVEMEW R, BT EDS A4 R A D900
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Fig.7 Fracture morphologies on the Zr side of joints bonded under different temperatures: (a) 880 °C; (b) 900 °C; (c) 920 °C
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Table 3 Chemical composition of marked points in Fig.7 (at%)

Point Ta Zr Main phase
1 6.19 93.81 o-Zr
2 53.67 46.33 Ta, a-Zr
3 6.19 93.81 (Zr,Ta), o-Zr
4 18.85 81.15 a-Zr
5 4.77 95.23 (Zr,Ta)
6 5.44 94.56 o-Zr

B0, 3k v B i v, Ta & K, 3 AR R T [ A 4K
w7 B SR A

of B & 432 Sk B 0 0BT 11 XRD & % (& 8) AT LL R I
880 C 4% 3k W7 [ R [ a-Zr T W 42 W 3 , (Zr, Ta) [ 5 14
Xof L PR 1R 05 55 o i A U BE TE i (Zr, Ta) [ V4 442 XRD AT
SRR Sy SR FE R K, o-Ze TS VAR 23 SR BE IR /N o EBIIE T
IR BE TR T AR LR a-Ze F1(Zr, Ta) 23 A5 S N 5155
B2 5. DU 802 b TIX P S0 10 X 3 i )2 354>
DR 8 DX 35, A ) A R X R e 1 i
LRy A 35 50, ARAIE S X AR SR S . i BUZ Bl
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3.5 [EIHAIRNE
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N EE P O HR R AT S A Sk ST A AT DU IR
PP 250 e 8 o IR e e sl A2 S ok R S
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900 °C# HeE Sk i ¥ B2 B IR phoT 2L, X BER
KL RWUE M. 920 CHek I BEM 2R 15 1l 5 900 C
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WA B B T A G DL R — S5 Rl s oo R BT T
SRR AW, IX EE A GRS AN J65 ok , 76 4292 JE b s e
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Fig.8 XRD patterns of the Zr side fracture of joints bonded under

different temperatures
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Fig.9 Original morphologies (a, c¢) and fully immersed corroded
morphologies (b, d) of the joints obtained under 900 °C (a—b)
and 920 °C (c—d)
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Table 4 Fitting parameters of polarization curves for the joints
welded at 900 and 920 °C for 30 min

Joint 900 °C 920 °C
I,/A-cm? 4.5491x10 1.2012x107
E,/V 0.10284 0.18801
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Fig.10 Electrochemical test results of the joints welded at 900 and 920 °C: (a) polarization curves; (b) Nyquist plots; (¢) Bode plots
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Effect of Bonding Temperature on Interfacial Microstructure and
Properties of Zr/Ta Diffusion Bonded Joints

Zhao Zicheng', Gao Yu’, Liu Zhongliang®, Hu Xiwen’, Li Qianru', Niu Shiyu', Yang Zhenwen', Wang Ying'
(1. Tianjin Key Laboratory of Advanced Joining Technology, School of Materials Science and Engineering,
Tianjin University, Tianjin 300350, China)
(2. China Nuclear Power Engineering Co., Ltd, Beijing 100840, China)

Abstract: Zirconium alloys have garnered significant attention and widespread application in the nuclear industry due to their exceptional
corrosion resistance and low thermal neutron absorption cross-section, particularly in dissolver equipment for highly corrosive environments. This
study investigated the diffusion bonding interface microstructure between Zr-3 alloy and refractory metal tantalum as well as their mechanical
properties. The effect of diffusion bonding temperature on the shear strength of zirconium/tantalum joints was examined. Additionally, the
interface structure and fracture surface morphology of the joints were analyzed, and a preliminary study on the corrosion resistance of the joint
was conducted. Results show that the typical interface structure of the joint is Zr/a-Zr+f-(Zr, Ta) solid solution/Ta, with the thickness of the
diffusion layer increasing gradually as the bonding temperature rises. The shear strength of the joint initially increases and subsequently decreases
with rising temperature. Under the bonding conditions of 900 °C-30 min-10 MPa, the joint strength reaches its maximum value of 385 MPa, with
the fracture surface exhibiting mixed fracture characteristics. Furthermore, the zirconium/tantalum diffusion bonding joint demonstrates excellent
corrosion resistance.
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