s 2 At 8| x|

J. Corros Sci. Soc. of Korea
Vol. 25 No. 3, September, 1996
(AT=8)

H3E LYo A Zircaloy-49] ZHRA AgAd nx=
Aro]2Fqe] ¥

of ¥ F-A 8 N-2 @ .z 9 5
LEELMEDIEEL RSP R TN

Effects of Nitrogen Implantation on the Resistance to Localized Corrosion of
Zircaloy-4 in a Chloride Solution
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*Korea Atomic Energy Research Institute

The influences of ion dose and substrate temperature on the resistance to loca-
lized corrosion of nitrogen-implanted Zircaloy-4 are examined in terms of
potentiodynamic anodic polarization tests in deaerated 4M NaCl solution at 80<C.
Nitrogen implantations into the Zircaloy-4 were performed under conditions of
varying the ion dose from 3x 10'” to 1.2Xx10'® jons/cm? and of maintaining the
substrate temperatures repectively at 100, 200, and 300C by controlling the cur-
rent density of ion beam.

The resistance to localized corrosion of Zircaloy-4 was significantly increased
with increasing the ion dose when implanted at substrate temperatures above 200
C. However, it was not almost improved by implantation at 100C. Specifically,
the pitting potential increased from 350mV (vs. SCE) for the unimplanted to val-
ues of 900 to about 1400mV (vs. SCE) for the implanted alloy depending on the
nitrogen dose. This significant improvement in the resistance to localized corrosion
of the implanted Zircaloy-4 was found to be associated with the formation of
compound layers of ZrO,+ZrN during the implantation. The galvanostatic
anodization tests on the nitrogen-implanted Zircaloy-4 in 1M H,SO,4 at 20°C dem-
onstrated that an increase in the ion dose and also in the substrate temperature in-
creased the thickness of the compound layer of ZrO;+ ZrN, and hence increased
the pitting potential of the alloy. The low resistance to localized and general cor-
rosion of the alloy implanted at 100°C was attributed to the increase in surface de-
fect density and also to thinner implanted layer compared with those formed at
higher temperatures.
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Table 1. Chemical
Zircaloy-4 used

Sn Fe Cr 0 Si Zr
1.24 0.21 | 0.11 0.13 | 0.008 bal.

compositions(wt% ) of

dAle] AHFUEE 233 7)P(substrate) I
H 2% £ 100, 200, 300 CE W3IA A},

22 BA A

A4 o] 23U Zircaloy-49] ZHRA A3
e ol 23Ydd NHe FIFRIANILS Fild
SR FFEF FHozRE A9 (pitting
potential )& &R 3ld Hrlslg. FITEIT 4
H2 1L £%e9 multineck flaske] o]&z¢]%)
ANAE AedFoe, gdan EdFozs

2zt wgdIy ¥Izzd A F(saturated
calomel electrode, SCE)& A3l ZA39g
o AREE £92 30C2 4M NaCl ol 22
A7t AT Ao =28 F 0.5mV/sec?)
FALEE HYAE AAAY 2 Age &9
o AAE EBogo MAE FEI AAS AH
oA &3t

2.3 L7435 AlY
(Galvanostatic Anodization Test)
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Fig. 1. Anodic polarization curves of Zircaloy-4 im-
planted at 100°C with various nitrogen doses.
Tested in deaerated 4M NaCi at 80 7.
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Fig. 2. Anodic polarization curves of Zircaloy-4 im-

planted at 200°C with various nitrogen doses.
Tested in deaerated 4M NaCl at 80C.
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Fig. 3. Anodic polarization curves for unimplanted
Zircaloy-4 and nitrogen implanted Zircaloy-4 with
various nitrogen doses at 300C. Tested in
deaerated 4M NaCl at 80 C.
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Table 2. Effects of substrate temperature during
nitrogen implantation and ion dose on the pitting
potential of Zircaloy-4 in deaerated 4M NaCl solu-
tion at 80°C

Pitting potential (mVgcp)

Dose .
(ions/cm?) Substrate temperature(C)
100 200 300 B
unimplanted 350
3x 107 370 901 900
6x10'7 334 1058 991
1x 108 883 1286 1386
1.2x10'8 416 1394 1423
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Fig. 4. AES depth profiles of Zircaloy-4 implanted
with various nitrogen doses at 300C.
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Fig. 5. XRD patterns of Zircaloy-4 implanted with
various nitrogen doses at 300C.
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Fig. 6. XRD patterns of Zircaloy-4 implanted

with 6x 10!7 N ions/cm? respectively at 100°C
and 300¢C.
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Fig. 7. SEM micrographs showing the pits formed
on Zircaloy-4 after anodic polarization test in
deaerated 4M NaCl at 80°C. (a) Unimplanted and
(b} nitrogen implanted Zircaloy-4.
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Fig. 8. Schematic diagrams for the processes of
pitting corrosion in nitrogen implanted Zircaloy-4.
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Fig. 9. SEM micrographs showing occurrences of
pitting corrosion of Zircaloy-4 after anodic polari-
zation test in deaerated 4M NaCl at 80°C. The
substrate temperature during the ion implantation
was (a) 100 and (b} 200°C.
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Fig. 11, Effect of ion doses on the anodization
voltage of nitrogen implanted Zircaloy-4 at a con-
stant current density of 50pA/cm? in 1M H,S0,
solution 20C.
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Fig. 12. Anodization curves for the unimplanted
Zircaloy-4 and nitrogen implanted Zircaloy-4 with
dose of 1.2x 10'® ions/cm? repectively at 100°C
and 300°C. Tested in 1M H,S0O, 20C.
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