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Table 1 Physical properties of pure ZrF]

Physical property Value
Crystal structure <862°T HCP
>862<C BCC
Melting point (C) 1852
Density (g/cm?) 6.5
Thermal conductivity (cal/<C €m s) 0.040
Specific heat capacity (cal/g -TC) (RT) 0.066
Young’s mudulus (kgf/mm?) (20<C) 9.9%103
Coefficient of thermal expansion (T ) 4.9%10°6 -
Thermal neutron absorption cross-section (barr) 0.18
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Fig.1 Close-up view of laser welding setup*é]
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Fig.2 Macrographs of weld bead: (a) overall view, (b) fusion zone, (c)
boundary of fusion zone and HAZ, (d) HAZ, and (e) base
metall*3!
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(e e RE, T ELYE S X HR RN 0.4%~0.5%11 Nb 7l
Ft—PoE. hERSANWR T HGEN S5 &R
MG Zr-4 45 4 FELF SRS R Sk I OU 4 R RN 5 ok
Refiszmy, 45 RFWIEIG 500 TRk 1.5 h AL
FRET P BEATHE I T 215, Refd B R4 s i ol
PERE . FAZE NRIRTST T Zr-4 &4 BT ARk i hr
fPERE AP ik Be, 25 R R BIEHEERT 5 AR = IR A
375 <T ¥y ifm v A 1 REBS A T-BEMA, ££ 360 <C #1400 <T
MIEE KPR, ARSI hIE BN, R AR vk
e, RHBUTIRE IR

SENERFRER T2 ES B REESES 4,
FENRBEE s rP I S B AR S B RIS P B b, I RIS
FHRH B-Zr #H, FIRESHIE L MERE. #lWn, Zhang 55
2R ST A4k 2 P RO e 2 Sk ROV T 35 R0 S
PhERE, RIS SRR RN, JRAEN BN,
Pk SN 4 iR, 1E 16.5mA, 300 mm/min [
RSN R Rk, EHAMRE SR N AR )R
ARG EERG . B-Zr FARA B a-zZr oA, B
A A 3 RSB WL A s ke, ER T BEAE AR A7 ALE ZrsFe A,
P Sk G DX R & DX LU BREMF XA BB 47 A ik i . FIE
A NI I T M5 A 4 25 oL RO e Sk I oW
LIRS B, 45 52 B B R AR A% rh o0 [ BE B 1V 1 K,
PR ) ARRE B TR, AR RSN, IR IX AR
oo/ 5 [RARH R, Hopm X HLUNHRERR Bra, BF
¥4 oZr+pNb AL . Parga 2 NRARESE T Zr-4 &4
PR Bk =B R, BREEERES A=
B, SRR IR AEIRRIEE, SRR THUMIERE S Zr-4
RO R P Sk, e Sk R A iR 7E A A IX 41 1)
BEMAL R AL, HAERGEIE X AR A 5 — 0l 2R H
— LI, JX R AR G AL R [ 1) B AL T5 (MU it

i LATR, TR ARIENE )58, RREEER,
IEIX o RS ITCRNFERBIFE, Bk, BN LE
WRIGME G £ I0ER . I Nb JoER A A EE S5 7 ik ik
HAREENIN S e . Bk W o-Zry o' S IRIRZH 2,
FHL AT I B-Zr. ZrsFe Al BNb ZEAHA AL . &)
JEESH, IR b o R R ot REA T REA IR
B3k,

Pl 3 (a)Zr-4 & SrAR AR BT REML AN (b) B0 2 L SRR 15 4% 24
Fig.3 (a) Zr-4 sheet held in place by fixture, and Close-up view of
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Fig.4 Butt welded joint of Zr-4 alloys: (a) the typical appearance of

the facade side and (b) the backside and the macrosections

obtained at (c) 15mA, (d) 16.5mA, and (e) 18mA[2
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Fig.5 Close-up view of TIG welding setup®!
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Fig.6 Macrograph taken using polarised light illumination showing
cross-sectional view of K-GTAW weld made with commercially
pure zirconiumt®4
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Zr-2 &4, 1 900-1200 T MIEFEIRE T, ARk NiZr,
A1 NITiZr %5 IMCs, HESLBOESRWE 7 s, 5I1)
SRS TTIA 365 MPa. Bai 45 ARSI Ages7CusrTiss §i Fi
EFIE Zr-4 #4, fE 780-930 T MIFERET, 4
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Fig.7 Microstructure of Zr-2/Ti-25Ni-15Nb/Zr-2 joint brazed at
900 <C for 600 s: (a) CBS image, (b) EBSD crystallographic
identification, and (c) element mappings of Nb, Ni, Ti, Zr[
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Fig.8 Sketch maps of the diffusion bonding processt2
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Fig.9 Sketch maps of the three stages of diffusion bonding process®¢
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Table 2 Different phases of hydrogenated zirconiumf%%!

Phase Chemical Hydrogen Crystal Space
formula content (at%) structure group
a Zr 0~5.93 HCP P63/mmc
B Zr 0~54.55 BCC Im-3m
5 ZrHis517 65.71 FCC Fm-3m
€ 62.96~ FCT 14/mmm
Y 50 FCT P42/n
C 33.3 Trigonal P3ml
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Fig.14 The effect of THP on Zr-4 joints via MD simulations: (a)

Partial enlarged structures of the Zr/Zr and ZrH2/ZrH: interfaces.

(b) Mean Square Displaceent (MSD) of vertical direction of the

Zr atoms in the Zr/Zr and ZrH2/ZrH; interfaces(%!
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A Review: Prospect on welding techniques of Zr Alloys

Bai Yujie, Li Yuanxing*, Zhu Zongtao, Chen Hui
(Key Laboratory of Advanced Technologies of Materials, Ministry of Education, School of Materials Science and Engineering, Southwest
Jiaotong University, Chengdu 610031, China)

Abstract: In recent years, clean nuclear energy has developed rapidly. Zr alloys are commonly used as fuel element cladding materials in
water-cooled nuclear reactions due to their good corrosion resistance and low neutron absorption cross-section. The nuclear fuel is usually sealed
in a Zr alloy envelope by welding, so its weld quality is particularly critical. The high heat input of traditional fusion welding leads to large
deformation, and the porosity and intermetallic compounds (IMCs) in the brazing process tend to damage the joint performance, and
low-temperature diffusion bonding of Zr alloys can avoid the above problems. Therefore, this paper analyzed the weldability of Zr and its alloys,
reviewed the research status of their welding technologies consisting of fusion welding, brazing, and diffusion bonding, briefly introduced two
kinds of pre-welding optimization methods, namely surface mechanical attrition treatment (SMAT) and thermo-hydrogen processing (THP) and
finally summarized and prospected their applications in low-temperature diffusion bonding of Zr alloys.

Keywords: Zr alloys; welding; joint performance; surface mechanical attrition treatment (SMAT); thermo-hydrogen processing (THP)
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