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Research on Corrosion Behavior of Zr702 Alloy Welded Joints in Boiling Nitric Acid
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(1. China Nuclear Power Engineering Co., Ltd., Beijing 100840, China)
(2. Xi’an Rare Metal Materials Institute Co., Ltd., Xi’an 710016, China)

Abstract: The stress corrosion, electrochemical corrosion, uniform corrosion behaviors and failure mechanism of Zr702

alloy joints welded using tungsten inert gas (TIG) were investigated in 8 mol/L boiling nitric acid. The results show that the

grains in the fusion zone and heat affected zone (HAZ) of Zr702 alloy welded joints undergo coarsening after welding. The

residual tensile stress generates in HAZ, which is reaching 179.68 MPa and 134.94 MPa in parallel and perpendicular to the

weld seam, correspondingly. The uniform corrosion rate of Zr702 alloy welded joint is 50% higher than the base material,

because that the residual stress in HAZ can induce alloy dissolution corrosion. Under the action of tensile stress, the passive

film on the surface of Zr702 alloy welded joint cracks along the direction perpendicular to tensile stress, exhibiting obvious

cleavage fracture characteristics, resulting in increasing stress corrosion sensitivity of the joints and a risk of stress

corrosion cracking.

Keywords: Zr702 alloy; welded joint; nitric acid; stress corrosion cracking; spent fuel reprocessing

A [ 5K 775 Je LA HL D 32 1) AT R 8277 i RE U )
RN, ZRRE BB ARG R T IRERE, &
Kb B V2 R TR Rt A5 21 7 B %7 . Z RK
Fa A B SC Ba K AL Tl . R R
PERR R K% e TS A IR AR IR T v, 0 S i o P TR ke
FORHR T i R,

WS HEA: 2024-04-14

BEETH: HExEREEEERITE (52203383,12205242) ;
EE AR EEEm EEBTE (2023M742821) 5 Bk
PG48 B AL J 2RI (2023KIXX-095) 5 Bk
it L ERFE (2023BSHGZZHQYXMZZ24)

WBIEES: MW (1975—) , B, E% TR,

FER LG Tk AN 5 AN 76 20 B R B A R S T ke, B
I N T K G A RV R A5 o AR, HTE m AL
PEBS T R B I R A 55 r DR A7 T o IS e o - 250
PSR R, RS T BB AT, kA e E
B SRR B ph A B 2 B AR S i vtk me, 23
THEFEN )2 R IR R 7 REM R TAE.

HA I KK Ti-5Ta & 4 K& E NI &K Ti3s A4,
TEZ JARLIG A BEOCBE  #5 B389 31 7 R H . SEEFF R
1 R60702 #5 &4 BA ML T ik B 4r i /)% %
A BRI b IR OB T, R D Z R S AL
R REEM RIS H AT, FREZ R G R E R
fif 28 S5 B A B I i Zr702 &4 (PR R60702) 1E



£ N s =
30 Titanium Industry Progress 41 &

NEEm AR SR, B A SRR S AR A U
WERARN & FHS M, AR 5
RN B MIFH (SCC) MG, R T HEZ MK
e Ak FEATUASR 1) 33— 45 R S

HHT, £ Zr702 & 4 08 34 L TE 9 I i B2 v g
PAT MBI B OB . KUk, R T AR ER
R4 (TIG) Zr702 & &R 8 Sk A DL S 2 3k ik
IR %of A v s i 1 P A S R kPR 5 R Tk R,
AT A RE ), FE AT R BNLER, DL Z Rk
J bR B B i A AR L SIS KO AN IR HE T
1 X I

PR REA Y 3 mm BB S B Ze702 & 4l
M, BLERL NS YS/T 887—2013 hy i B3k 1
ERZr2 842 ( ¢2.4 mm) , BEM RIEZ AL Ik
1 7R o SRR R - LN T 60° /I3 11, F1 B 1 %8¢
J FH R R T 34 o R B A S AR TR B B AR
INTE, JEEEHLR N 100~110 A, FEHEHLE N 10~15 V.
REE R, KM 99.999% M Al E AT R 16
BRI ) = R RY, AR E N 20~30 L/min.

R1 2702 EE UM REERLZ ERZ2 LFEHT (w/%)
Table I Chemical composition of Zr702 alloy base material and

supporting welding wire ERZr2

Zr Hf  Fet+Cr C H (0] N

Zr702  Bal. 1.94 0.044 0.006 0.0013 0.131 0.017

ERZr-2 Bal. 096 0.121 0.014 0.0011 0.144 0.004

KH HF . HNO; il H,O fRFILL A 2:9:9 FIIR AR
W Ze702 & a RN, SR E OGS B AEE (SOPTOP
ICX41M) SHRE S EAT B A 52 . 5% 4% N 790 B A
NG (BN-SM200) N AR RS, Hi ik Fe
RN 205 mmX 20 mm X 3 mm, FREEEN 20 mm.
K RE R MR IGE AL (UMT-510X) 347 % i Hir i vk
REMAR . 2 BIAE iR KR (112 °C) 1 8 mol/L 3 1 i
B, SR A8 AR A R AL (SSRT) M iR 1
IR U A, R D) InER DT 18 S 5L T W SPAT, RS
PR, NAERN 107 s, RHERBE T B
(Hitachi SU3500) W %<7 KI5

HLALZE I B %A CorrTestTM CS300 AL 2% T
PEul, e =ik R, Hralee, s E A Ag/AgCl
QRIEMA KCLEW ) 3 BIE N TAE AR 6 i)
MM, TEEMMRERTRN 1 e’ 2R
R B U7 R R o 2R I & i 4% B GB/T
1034—2008 Fr #E#EAT, JE KA R SR 24 mmX

18 mmX3 mm, JEATN 8 mol/L i hil B2 ¥4 ¥ »
BN (110+1) °Co &g A iH A

R=(8.76x10*AW)/(AxT x D)

A R OAEMEZE, mm/a; AW IREENE BT S R
B2, gi ARNRFERETER, cm®; T AR (A,
h; DN Zr702 &%, 6.51 glem’. JEhE R4
SERORH 2 A S .

HRE 1 P, SR E L & R 52 P ma X 1)
BRARRL ). MR, B e e AR AR g m X AL B
MARAE, SRJEAE RN AL O TR — /gL, FL)E
BT 24 1 JEOR 40 B 7 2 7 AR — E I RAR, ] i
ML BH 22 AR R AR e, 849 /0 A fE PR 22 B L R R
AR, AR A DL RS S5t . Wl 00, 45040
90° 3 M7 Ial R NAR,  Horh RiAEAE 0077 1a) AT TR 4%,
45° J 90° 7 RIS & 0°J7 [l R B e o 87 g N 78 Ak
AX SR B 1) FRAT 5 T 4 g AR B, AR 4 A G 3L
775 JRER TS H TR P A R 4 IS S AR SRR 20

O0LD

;.
/"

. L.
M

=~

o~

-

i Strain in three
M! directions .

Zr702 weld
seam

*T90TD

Strain
rosette

B BALENGE Zo702 A &R Heli Sk i mi X AR AR B )
MRS B RoR B
Fig.1 Actual photo and schematic diagram of measuring residual
stress in heat affected zone of Zr702 alloy welded joint

using blind hole method
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Fig.2 Microstructure of Zr702 alloy welded joint cross section
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Table 2 Chemical composition of Zr702 alloy welded joint

Zr Hf Fet+Cr C H O N

Bal. 1.68 0.086 0.008 0.0015 0.132  0.022
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Table 3 Calculation results of stress, strain and 6 angle at the

HAZ of weld seam

Omi/MPa  Gpa/MPa 0/(°)

&0 &45 €90

-257 —147 —96 128.11 186.51 20.13
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Fig.4 Photo of tensile fracture specimen (a) and fracture
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of Zr702 alloy in boiling nitric acid
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Fig.7 Slow rate tensile curves of base material (a) and welded joint (b) of Zr702 alloy
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Fig.8 Slow rate tensile fracture morphologies of Zr702 alloy welded joint in different environments:

(a, b) high temperature air; (c, d) boiling nitric acid
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