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Corrosion Behavior of Zirconium Alloy
in Nitric Acid Solution Containing Oxalic Acid
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Abstract: In this work, the process operation conditions of metal materials used in the evap-
oration and concentration process of the mother liquor after plutonium oxalate precipitation
was simulated, and the corrosion behavior of zirconium alloy plate and its welded samples in
the mixed oxalic-nitric acid was studied according to the requirements of GB/T 4334. 3-2000.
The corrosion rates were obtained by weighing method, the corrosion morphology of metal
surface was observed by scanning electron microscope, and the concentrations of metal ions
in the corrosion solutions were determined. The results show that the corrosion rates
acquired by simulating corrosion tests are relatively low. The maximum corrosion rates of
zirconium alloy are 0. 001 0 g/(m?® « h) for plate and 0. 000 7 g/(m” * h) for weld, which are
independent on the temperature and nitric acid concentration, and less than the values for
stainless steel. Based on these results, we can understand why Zr-702 was selected as the
material of evaporation and concentration equipment for the mother liquor of plutonium
oxalate precipitation in the French reprocessing plant.
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Table 1 Chemical composition of zirconium alloy
w/ %
FE S
Cr Fe Hf N O H Zr
B4 0.1 0. 24 <o0.1 0. 008 0.001 7 0.13 0.001 2 Hefk
Zr-3 FRUERE <0.2 <4.5 0.05 0. 025 0.16 0. 005 >99. 2

(1) Wb 4 - 35 5 Al = e, S U0 R CRE
AL 300 mm X 50 mm X4 mm,
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8.0 mol/L, FIgue BF 0. 1 mol/ L, J& Bk (103 °C),
B5 hAMINREER 50 %0 o HH RE R A6 % A5 44 T I IR
HEHE . % GB/T 4334. 3-2000 [ J5 35 47
JE e S g, A S M 48 h, 3L 5 B T ol R AR IS
AT A de AR BP0 1A
1.3.2 RAETFE

(1) 3 3o 45 41 H B8 U0 4% 4 Ja 3% T 1) S ok JE
A GEI RN T PR ET S RO R A .

(2) FRa 6 ol A 5 4 8 0RE 0 T i L 3R A5
SR B L O R Y R R R



340 KAk 2E 5 U A 2 43
(3) i 2 h A P 4 B B T = 0.004
VAL IC 2R Pl At 16 & 0.000 @%
NI 25 -0.004
2 HRE5E S
%—0.008
2.1 #H£EEWMREEEEMER gé—o.mz 1 : . y g
2.1.1 FEREEM T2 M a THSCRLs R Xt JA 38 ¥
B G AT a T2 &R 0T ih 52 86 . B bt K HE B 7 1.@ — Zr2.A— Zr3.
P A 3 A AT EES  r BlARIe ol Zr-1.2.3 K Y — ZrH 1. 4— ZrH 2. p— ZrH3

ZrH-1.2.3, ®1 5 A~ 5 56 J& A 04 6 il 2k (&L 1
2)WT UL B G A HOBE VAR B4 S A7 R i TR B8 —
BERAF . SERE B SARHE a 500 T B s 3
FEZ BB TE R B B A A A S il Ry
—0.000 27 g/(m* « h), 85 A 4 B4 5 ol ok R Ry
—0.000 18 g/(m” « h), &5 J5 46 % di nl A, 52
Bt SR RS BE 0.1 mg 1Y HL 7 K iE A7 FR i,
M7 S B AR ik 3 A5 19 0% o A8 Ak JE A 7 0. 1 mgiis
FEL 0% B+ Joe 28 4 B 4 AR 1 R0 BT 1Y) A TR R
UG IR E K 0. 1 mg, FBLAT LAHIE 45 & &
RHE a 5 PRI P S 56 o AR WA & A ik, &%
G d B IR AE 2 D0 S 5 R L 3 TEE SR
SROGSE S AT B Wl & 1 BT AE  — B B A e
MRS Z ] a Z RS I SEM B /R F
3. & 3 A SEM W8 ok & B
i RS AT a LR AT B R
T 2 JE ik BE 77

(a)

2.1.2 RERENSIR T £ 40 b FIOSRLE 4
B AT B2 B o T P b o e
TRFE A5 M1 A5 A B e O 8 o
BEE 1 B 39 30+ 25 45 105 bl 5 S T 40 O
FEM 5 ARSIk BB T (L 0. 4 mg. R
TR B £ AU R P 10 5 ok 543 31
0.001 0 g/(m* « h) 1 0. 000 7 g/(m? « h) ., #i 1k

FRE A (b)) — B . (0
K3 B S el KR EE T a 0B S Y SEM R A

Fig. 3 SEM morphology of zirconium alloy plate and its welded sample after corrosion test condition a
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Fig. 1 Corrosion rates of zirconium alloy plates and

welded samples under corrosion test condition a
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Fig.2 Average corrosion rates of parallel samples
of zirconium alloy plates and welded samples

under corrosion test condition a
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Fig. 4 Corrosion rates of zirconium alloy plates and

welded samples under corrosion test condition b
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Fig. 5 Average corrosion rates of parallel samples
of zirconium alloy plates and welded samples

under corrosion test condition b
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Fig. 7 Corrosion rates of zirconium alloy plates and

welded samples under corrosion test condition ¢
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Fig. 6 SEM morphology of zirconium alloy plate and its welded sample after corrosion test condition b
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Fig.8 Average corrosion rates of parallel samples
of zirconium alloy plates and welded samples

under corrosion test condition ¢
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SEM morphology of zirconium alloy plate and its welded sample after corrosion test condition ¢
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Table 2 Corrosion variation of zirconium alloy plate under different corrosion conditions
B JE AR/ (g e m= 2 e ho ) qzw;g%i@g%/
F—FH HAH H=1M S5 0 J 9 EELE ] (gem™?+h™H
a 0.001 3 0. 000 0 0. 000 0 0.002 7 —0.002 7 0. 000 3
b 0.003 1 0. 000 0 0.002 2 —0.001 8 0.001 3 0.001 0
c —0.001 3 0. 000 0 0.000 7 0. 000 7 —0.000 7 —0.000 1

3 EEE SR AN A i A 1R R A0 kg

Table 3 Corrosion variation of zirconium alloy welded samples under different corrosion conditions

- JEME A/ (g e m™2 « h™h) $ﬂ)§fﬂiﬁ%/
M %A o = A 55 04 J 40 EEELE Y] (gem?-h™D
a 0. 000 0 0.001 8 0. 000 0 0.001 4 —0.002 3 0. 000 2
b 0.001 4 —0.001 4 0.003 7 —0.001 4 0.001 4 0. 000 7
c ~0.002 0 0. 000 0 0.001 4 0. 000 0 0.000 0 ~0.000 1
2.3 MBS SH VR o3 A B B A ol ) P L . =R

TE 5 R R (14 Y TR 8 b 80 o A o 1) JER e 5
T A I R U R LR R S A T
Hh L IR A O L L O TR R k9 ) A
P YR L 23 HE N TR A B e I 9 AT R T

AE T A A3 1 T A W B a B0 -
R B 2.5 mol/L, HERHJE 0.1 mol/L;b.c K
Ay REBR M 8.0 mol/L, FLER Mk & 0.1 mol/L,
X TR e T ok YA VR PR O S AR IS VR BE 1Y 0 A 2
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RPN 4o X B A G4 TR s 3N Ze
BT R MREE R I A K 5. R 5 TR
BN Zre W BE R AR ARG B I i T R &
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Table 4 Determination of ion concentration in corrosion solution

. o/(mg+ L™1)
JE& ot ¥
Fe Cr Ni Ti Ta Zr
a il 0. 87 0. 16 .09 <20.01 <0.01 <0. 01
b.c M 2.6 0.49 0. 25 0. 006 <C0. 005 <20. 005
#5 BEESHBEMGER T Zr B 7RISR ot
Table 5 Test results and analysis of Zr ion concentration in solution after periodic corrosion of zirconium alloy

JB TR e 0de (ZD) /(mg « L™1) Mo (Z1r) /mg JB TR odet (Zr)/(mg « L™1) Mot (Zr) /mg
Zr-al 0.03 0.01 ZrH-al 0.02 0.01
Zr-a2 0.01 0. 00 ZrH-a2 0.01 0. 00
Zr-a3 0.02 0.01 ZrH-a3 0.01 0. 00
Zr-ad 0.01 0. 00 ZrH-a4 <0.01 0. 00
Zr-ab 0.01 0. 00 ZrH-a5 0.01 0. 00
Zr-bl 0.019 0.01 ZrH-b1 0.025 0.01
Zr-b2 0.014 0.01 ZrH-b2 0.013 0.01
Zr-b3 0.01 0. 00 ZrH-b3 0. 007 0. 00
Zr-b4 0.01 0. 00 ZrH-b4 <20. 005 0. 00
Zr-b5 <20.01 0. 00 ZrH-b5 <0.01 0. 00
Zr-cl 0.036 0.01 ZrH-cl 0.026 0.01
Zr-c2 <0. 01 0. 00 ZrH-c2 <20.01 0. 00
Zr-c3 <0.01 0. 00 ZrH-c3 <0.01 0. 00
Zr-cd 0. 01 0. 00 ZrH-c4 <0.01 0. 00
Zr-c5 <£0.01 0. 00 ZrH-c5 <20.01 0. 00
3 & #® (2) 40 P B0 M L 40 J 8 1 MR R 0 A 4

AU B R B T B U % R e A L AR A
GB/T 4334. 3-2000 3R . JF e 1 & 50 R A fil§ IR V4%
TN B B AR FIVAR P £ JE8 o sk AR AF 5 445 31 LA
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(1) B SE B0 2% 15 R & 5 45 4% 10 Tl ke ot Jg
o S A S ARG A 014 B < AR 1R B T 2
Pl AR 2 0y 0.001 0 g/(m® « h) s SRR 0 B K
FJE i AR 2 0.000 7 g/(m” « b)), B AR e
TR JBE A A AN S8 T A £ S 3 %

REY A G TER U R IR AR WA AR E T
PUBMAPEREIL S B 0T 3161 A5 (R 4 1
A58 UL R E I 7 A W A6 A% U 0 ol R Dy
0.068 6 g/(m” « h)) . WL Tk E G AL B
LR I A A TR AR B A Ze-702 BERHI SR

Ja 8 TARATY 5 45 & 5 TR BE IR 7 e 4 B4 10
TN TG RS 3 B8 e RIS A il L) RS ok 45 52 5
B0 VA 4 VR DR R R R YRR R R A B s
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