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TE: NIEE Zr-4 AP USSR, I RGEEARE, SRR FEEE R Nb Hr1a]27E 760 °C/30 min/7 MPa 4%/ F 9l
Bz Ze-4 A4, ST T Nb HR1Z A SR B x2Sk U AL SUR R R s . 455, 7R HGE B A b, Amad
Zr FINb JFLFAHEY BOE R (Zr, Nb) B ST 802, By #0255 R 82 5B B3 N2 AANEE, 23T Nb MilAY
Y HUZ HIEL B Zr(Cr, Fe), Ml Zr(Fe, Nb), 25 —AHBIA B, 7F 760 °C 51, Zr-4 & & B IEY USRS L PP B U 75
MPa, F77E R A E B X, RN Nb A (8] )2 ] 8 4w AL 45 & 3, 2L PURsm BEA 5] 450 MPa, 4223k Huh s B Fb s i
KB Nb ] 2 E A8 NRA TR, 7R3N 20 um HRZEHER K, 533184 450 MPa #1 13. 1%, B2 & il Zr-4 43
A (20 pm) 557284 FEY BUZ (50 pm F1 80 pm). Zr-4 G4& 4 HUREELTEZ T 400 °C, 10.3 MPa B #ZES G, ¥ U2
KA SIS, JE PR e Kk # 108,39 pm, Sk BUHISR TS M R RS 415 MPa fi1 5. 1%, WiZd oy B e 25
T4k, Wr 1 1 &3 Zr(Fe, Nb), AH.

BIFRA: (1) KA Nb H[a] 25T Zr-4 A4S0y HoE .
() HF T HRZE A R RT3k DA 2L 122 RE DL 8 e BE () R )

KR POEUE; Zr-4 G4 Nb hEZ; ik GE
FEHES: TG 453.9 XERFRIRAD: A doi: 10. 12073/j. hjxb. 20230720001

Microstructures and properties of Zr-4 alloy diffusion bonding joint with
Nb interlayer

WANG Ruiping', XIAO Zonglin’, YANG Xu', WANG Zeming’, WANG Ying', YANG Zhenwen'

(1. Tianjin Key Laboratory of Advanced Joining Technology, Tianjin University, Tianjin, 300354, China; 2. Nuclear Power
Institute of China, Chengdu, 610041, China)

Abstract: To improve the strength of Zr-4 alloy diffusion bonding joints and reduce the effective bonding temperature, different
thicknesses of Nb interlayer were used for the Zr-4 alloy diffusion bonding at 760 °C/30 min/7 MPa. The effect of the Nb interlayer
and its thickness variation on the microstructures and properties of the joints was investigated. During the diffusion bonding
process, the diffusion layer was formed by the mutual diffusion of Zr and Nb, which was composed of (Zr, Nb) solid solution, and
its thickness was constant with the increase of the Nb thickness. Secondary phases of Zr(Cr, Fe), and Zr(Fe, Nb), were observed in
the diffusion layer near the Nb interlayer. The tensile strength of the joints was only 75 MPa at 760 °C and many unbonded areas
existed. The tensile strength and elongation of the joints decreased slightly with the increase of Nb thickness, and reached the
maximum of 450 MPa and 13. 1%, respectively, with the 20 um Nb interlayer. The fracture position was changed from the Zr-4
matrix (20 pm) to the diffusion layer (50 pm, 80 um). After superheated steam corrosion of 400 °C and 10.3 MPa, obvious
corrosion occurred at the diffusion layer of the Zr-4/Nb/Zr-4 joint. The maximum corrosion depth was 108.39 um, and the tensile

strength and elongation of the joints decreased to 415 MPa and 5. 1%. The Zr(Fe, Nb), phases were found on the fracture surface.

s HH#A: 2023 - 07 - 20
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Highlights: (1) Nb interlayer was used to achieve the diffusion bonding of Zr-4 alloy.

(2) The effects of the Nb interlayer and its thickness on the microstructure, mechanical properties, and corrosion

behavior of the joints were investigated.

Key words: diffusion bonding; Zr-4 alloy; Nb interlayer; corrosion behavior
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Table 1 Chemical composition of Zr-4 alloy
Sn Fe Cr Zr
1.5 0.2 0.1 i
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A N BRI BERR OB T BE 10 min, DL BRI

137

11.0

(b) BUEE (mm)

(a) ZEML A

B 1 yEENERRERRREINETEE
Schematic of the diffusion bonding assembly and
location of test samples. (a) assemblies; (b)
location of the test samples

Fig. 1
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7000 H, BJE F 2.5 pm B9HEEFIMO 28 26 1H TC R
IR, T FHTPRE s ek, X850 2 B0 A T I 2548

(a) 760 C

(b) 780 C

FESEATIE Il kiR R 45% HNO; + 15% HF +
40% H,0. RHEH T 5 (SEM, JISM-7800F)
) T HICSR H - ARk r A O 4 Sk SR T A 41
HEATWLEE, 35 SR O 2 2 rh & A Y D5 FE R T4
i W ARCBE I A 1 X IR RIS 43 (EDS) #E4T
T5E

2 R R

21 Zr-4 AEETHETHE

K 2 NARIBECE Zr-4 &4 Y sk
WA 2. v LUE B A AL R Y B2, BAE
760 °C T FHIAAFAE RS AT DB, S EE G 38
K. BB D HO R T, PO AR B X, Y
TEE L F 800 °C B, A4S A K AF, ToH W AR E %
X3k, (B AEAE—SEALT, L Zr-4 &4 2 /02T
800 °C LA A RESIL AL 1) B AF45 4.

(c) 800 C
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Fig. 2 Microstructures of Zr-4 alloy diffusion bonding joints at different temperatures. (a) 760 C; (b) 780 C; (c) 800 C
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(c) Fm e AL
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Fig. 3

Interface microstructures of Zr-4/Nb/Zr-4 diffusion bonding joint with 80 um Nb interlayer. (a) low magnification

microstructure of the joint; (b) microstructure of one side of the joint; (c) high magnification microstructure of the

Zr-4/Nb interface
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FEl 3(b) SRS i — D9 2 A m 4 21, T L& 3R
P HUZ 5 MIX X 2 MRS, B Ze-Nb AHE
AENTEY BRI T AU AL 2SI B B-(Zr, Nb) [EiF
K, FERHI FE P B-(Zr, Nb) R84 728 a-Zr
Nb, [KIIX AT LA BT K (4 B-(Zr, Nb) FEAA A %
JREER o-zr H71; TIX R B-(Zr, Nb) B4k, &
T DX A A7 8 Kk v K B0k, H EDS 45 4 iR
F 3(c) oK o Uk v Fe D0 & B, DA
Zr(Cr, Fe), il Zr(Fe, Nb),'"” 4545 — 1 (SPPs), & 3

H A S AL A 2% 2. 1K 4 SRR R R B 1)
Nb H1[f] )2, 7E 760 °C/7 MPa/30 min T. B8 F "
OEAE Ze-4 B33 04k BME 2R 531,
AT LU 4 102 R R I v 8] J2 58 B2 i 3 i B A AN
A ZEA R FAREGE F T, IX A 3771 (Zr,
Nb) M, XA a-Zr B sk, Zr TR SR
XA, HIXAAAE Fe fl Cr TR IMRERE, XEH
TAEMAL B B-(Zr, Nb) 1 Fe Fll Cr JC % [H 35
i, HAFTE S 250 AR s 4.

®2 BE3IBZRHLERS (EFIE, %)

Table 2 Chemical composition of the points labeled in Fig. 3

o7 Zr Nb Fe Cr Sn Yt
1 61.04 25.53 9.88 2.27 1.26 a-Zr
2 71.31 21.92 4.53 1.63 0.59 (Zr, Nb)
3 69.58 24.22 3.00 1.58 1.62 (Zr, Nb)
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Fig. 4

Influence of Nb interlayer thickness on interface microstructures and content profiles of Zr-4/Nb/Zr-4 diffusion

bonding joints. (a) interface microstructures of 20 um interlayer; (b) interface microstructures of 50 ym interlayer;
(c) interface microstructures of 80 um interlayer; (d) content profiles of 20 um interlayer; (e) content profiles of 50
um interlayer; (f) content profiles of 80 ym interlayer
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Fig. 5 Influence of Nb interlayer thickness on tensile
properties of Zr-4/Nb/Zr-4 diffusion bonding joints
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Fig. 6 Nb interlayer assisted diffusion bonding of Zr-4
joints facture morphologies (20 pm). (a) low
magnification fracture morphology; (b) high
magnification fracture morphology
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Fig. 7 Nb interlayer assisted diffusion bonding of Zr-4
joints facture morphologies (50 pm). (a) low
magnification fracture morphology; (b) high
magnification fracture morphology on b area; (c)
high magnification fracture morphology on c¢
area; (d) high magnification fracture morphology
ond area
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Fig. 8 Nb interlayer assisted diffusion bonding of Zr-4
joints microstructures before and after corrosion
(50 um) .(a) before corrosion; (b) after corrosion
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Fig. 9 Nb interlayer assisted diffusion bonding of Zr-4
joints cross-section microstructures after corrosion
(50 ym). (a) low magnification microstructure; (b)
high magnification microstructure
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Table 3 Chemical composition of the points labeled in Fig. 8 and Fig. 9

{8 Zr Nb 0 Fe Cr Sn LYz
1 36.05 4.85 56.30 1.88 0.43 1.44 710,
2 58.40 11.62 27.18 1.49 0.77 0.54 Zr, ZrO,, NbO,
3 1.82 44.41 52.77 0.57 0.42 0.00 Nb, Nb,Os, NbO,
4 60.89 8.60 27.49 1.11 0.58 1.34 Zr, ZrO,, NbO,
5 34.81 6.55 56.71 0.84 0.53 0.55 Zr0O,, NbO,
6 9.39 23.62 63.62 2.60 0.59 0.18 Zr, ZrO,, NbO,
7 76.13 9.13 12.41 0.52 0.45 1.35 VAE-IN
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Fig. 10

Nb interlayer assisted diffusion bonding of Zr-4 joints facture morphologies after corrosion (20 uym). (a) low

magnification morphology; (b) high magnification fracture morphology on b area; (c) high magnification fracture
morphology on c area; (d) high magnification fracture morphology on d area; (e) high magnification fracture
morphology on e area; (f) high magnification fracture morphology on f area
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