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Effects of Cu’* and plasma electrolytic oxidation on
corrosion properties of zircaloy-4 alloy

CHENG Ying-liang, WU Fan

(College of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: The corrosion behavior of zicaloy-4 alloy in 0.5 mol/L NaCl+CuCl, solution and 0.5 mol/L Na,SO4+CuSO,
solution was studied by electrochemical methods, and the effect of the concentration of Cu*" on the corrosion behavior of
zicaloy-4 alloy was discussed, meanwhile, plasma electrolytic oxidation(PEO) was carried out on the zircaloy-4 alloy in
the electrolyte of 10 g/L Na,SiO5;:9H,0+10 g/L Nas,P,0,-10H,0, and the protection ability of the PEO coatings was
evaluated by potentiodynamic polarization curves. The results show that that Cu?" can shift the corrosion potential of the
zircaloy-4 alloy toward the positive direction and narrows the scope of the passive region on the polarization curves, as a
result, the resistance of the alloy to pitting corrosion decreases and the corrosion current density increases. In the solution
of Na,SO,, the addition of Cu** does not result in obvious pitting corrosion of the alloy, manifesting that the decrease of
the pitting resistance of the zircaloy-4 is the synergetic effect of Cu** and Cl". PEO treatment can greatly enhance the
pitting resistance of the zircaloy-4 alloy.
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Fig. 1 Variation of corrosion potential of zircaloy-4 alloy with
time in 0.5 mol/L NaCl solution with different Cu*"
concentrations: 1—0.2 mol/L; 2—0.15 mol/L; 3—0.1 mol/L;
4—0.04 mol/L; 5—0.03 mol/L; 6—0.02 mol/L; 7—0.005
mol/L; 8—0.002 5 mol/L; 9—1X 10" mol/L; 10—1X107
mol/L; 11—1X 107 mol/L; 12—0
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Fig. 2
zircaloy-4 and effect of Cu*"
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Fig. 3 Polarization curves of zircaloy-4 in 0.5 mol/L NaCl

solutions with different CuCl, concentrations

23 Zrd4 EEERE Cu*RER 0.5 mol/L Na,SO,

R R AR 1L B 2%

M 2.2 FEFFEATLAE Y, 80 Cu®' )5, £ 0.5 mol/L
NaCl i, Zr-4 £ 4 PR AR Ak 26 10 Bl Ak DX ) 45
B, RNESSGHERT RAE . AT T xRk
PEREM R R 2 Cu sl R 2 4E CL Lt 1EH
NREM, AR TERS CUEMLT Cu*'Xt Zr-4
BB AAT R BRI o

Kl 4 iR Zr-4 &SR IR EE CuSO, 1)
0.5 mol/L Na,SO, ¥ AL 2. AHR A Ak Hh
LRy 2T, Hoh 3Rl U e S SE RS MIE:
K3, MWE 4 B, B Co™ RIERIHR S, Zr-4 541
H e, H2, 5 NaCl Wi A H P,
KAl e 2 B ik #) 3.0 v BLE, {HATA R
LA BATIRBNAL AT, AaRA TR, SER 4G
He, RPER BT IR AT WL L. ASEE 45
R, B CUAEENAIET, Cu* B A T
Zr-4 G4 FL k.

35

= — Without CuSO,
* — 0.01 mol/L CuSO,
2.5L4— 0.1 mol/L CuSO,
v— 0.2 mol/L CuSO,

1.5}

0.5r

Potential (vs SCE)/V

1()I‘9 1()I‘8 16‘7 IOI‘6 lOI‘5 16'4 10I‘3 16‘2
Current density/(A+-cm™)

4 Zr-4 SRR IA R E CuSO4 /9 0.5 mol/L Na,SO,4

VAP AR A it 2

Fig. 4 Polarization curves of zircaloy-4 in 0.5 mol/L Na,SO4

solutions with different CuSO, concentrations
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Table 1 Parameters of polarization curves of zircaloy-4 in 0.5 mol/L NaCl solutions with different CuCl, concentrations

¢(CuCly)/(mol-L™) Pocy/V o/V Po—Pocp/V Jeon/ (Accm ?)
0 -0.608 0.345 0.953 2.97X1077

1X10°° —0.465 0.161 0.626 436Xx1077
0.005 -0.152 0.566 0.718 6.19X10°°
0.04 -0.092 0.327 0.419 7.34X107

0.15 -0.083 0.345 0.428 5.50X107*
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Table 2 Parameters of polarization curves of zircaloy-4 in 0.5

mol/L Na,SOy solutions with different CuSO,4 concentrations

¢(CuSO4)/(mol-L™) Pocy/V Jeon/ (Accm?)
0 —0.541 2.66X107
0.01 -0.012 2.98%X107
0.1 -0.023 1.46X107°
0.2 -0.032 4.99%x107°
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Fig. 5 Potential—time curves of PEO coatings for 10 min and
zircaloy-4 substrate in 0.5 mol/L NaCl solutions with different
Cu*" concentrations: 1—PEO coating/0.5 mol/L NaCl; 2—PEO
coating/0.5 mol/L NaCl+1 X 10 mol/L CuCly; 3—PEO
coating/0.5 mol/L NaCl+0.1 mol/L CuCl,; 4—Substrate, 0.5
mol/L NaCl
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Fig. 6 Polarization curves of PEO coating for 10 min and
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substrate of zircaloy-4 in 0.5 mol/L NaCl solutions with
different Cu®" concentrations: 1—Zr-4 substrate/0.5 mol/L
NaCl; 2—PEO coating/0.5 mol/L NaCl; 3—PEO coating/0.5
mol/L NaCl+1 X 107 mol/L CuCly; 4—PEO coating/0.5 mol/L
NaCl+ 0.005 mol/L CuCly; 5— PEO coating/0.5 mol/L
NaCl+0.1 mol/L CuCl,; 6—Zr-4 substrate/0.5 mol/L NaCl+0.1
mol/L CuCl,

M 6 Je3% 3 B, &0k PRO AbHEAE, 1RK
FEPE B T AamMPUEmEE s, A% cu®'f 0.5
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%. Y Cu WEILF] 0.1 mol/L J5, £ PEO AbFH [
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Table 3 Parameters of polarization curves of PEO coatings for 10 min and zircaloy-4 substrate in 0.5 mol/L NaCl solutions with

different CuCl, concentrations (Fig.6)

Condition Poc/V o/V Jeon/ (Accm?)

Zr-4 substrate/0.5 mol/L NaCl —0.608 0.345 2.97X1077

PEO/0.5 mol/L NaCl 0.168 - 9.08Xx107"°

PEO/0.5 mol/L NaCl+1 X 10"® mol/L CuCl, 0.077 - 3.49%x10°%
PEO/0.5 mol/L NaCl+0.005 mol/L CuCl, —0.150 - 2.88X1077
PEO/0.5 mol/L NaCl+0.1 mol/L CuCl, -0.072 1.693 1.46X10°°
Zr-4 substrate/0.5 mol/L NaCl+0.1 mol/L CuCl, -0.091 0.761 4.91%107°

T HARKE 2R TH G 0 X I D m PR AR B 6 ok, P
T A T BB IES . K 7(b)rI WL, FE R T
R AT EIES . B 7(c)% T PEO JBZE7E 0.5
mol/L NaCl " [ il Ak i 425256 58 i Jm e, ol LU
EE S TS AT R DR 50 B (BB I AR B A i e 4100 2% 1
HAZAE 2.2 V BLE). B 7(d)fis AR T PEO )2

Bl7 Zr4 542K PEO AbHE 10 min (FIEZEMNAL
ih £ S 45 AU (RS

Fig. 7 Surface morphologies of zircaloy-4 alloy and
PEO coatings with 10 min after polarization curve tests:
(a), (b) Morphologies with different magnifications of
zircaloy-4 substrate after polarization test in 0.5 mol/L
NaCl solutions; (c) Morphology of PEO coating after
polarization test in 0.5 mol/L NaCl solution; (d), (e)
Morphologies of coating and pit after polarization test
of PEO coating in 0.5 mol/L NaCl+0.1 mol/L CuCl,
solution

7t 0.5 mol/L NaCl+0.1 mol/L CuCl, %tk ik
SEEGSERUR MBS W 6 AT %N, ZMZeE 1.693 V
HIRFL B AT, AHRHAE I 7(d)rr, ZERE 12 10
SR T — AL, HIBOUEFILE 7(e).

MARAL I TR S50 25 Rk, PEO AL PR 425
T Zr-4 G4 L ERE . (HALEE 10 min /) PEO &



1622 A G A R

201246 H
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Fig. 8 Comparison of polarization curves of PEO coatings for

10 min and 60 min in 0.1 mol/L CuCl,+0.5 mol/L NaCl

solution

B 9 7f 10 g/L Na,SiO39H,0+10 g/L NayP,0,-10H,0 % il
H AL FE 60 min ) Zr-4 754 PEO 524 1) 2 TR TE 30
Fig. 9 Surface(a) and cross section(b) morphologies of PEO
coating formed on zircaloy-4 in 10 g/L Na,SiO;-9H,0+10 g/L
Na4P,0;-10H,0 solution for 60 min
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3 i
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Zr-4 A ER . WAk g 4 LW,
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2) 1£ 0.5 mol/L BRI, Cu® VR A
Ber W B, Ze-4 A PILAE R R
Cu® Rl CIFE[RIE F R 45 L

3) B LR A AL AL BE(PEO) BE 5 K I 1 42 v
Zr-4 H 4L ER ) .
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