Research Paper http://dx.doi.org/10.7733/jnfcwt.2014.12.3.199

Crevice Corrosion Properties of PWR Structure Materials Under
Reductive Decontamination Conditions

A2 NA 7= T2 554 5S4

Jun-Young Jung"?, Sang Yoon Park'™, Hui Jun Won', Wang Kyu Choi', Jei Kwon Moon', and So Jin Park?
'Korea Atomic Energy Research Institute, 111 Daedeokdaero 989, Yuseong-gu, Daejeon, Korea
2Chungnam National University, Dachakro 99, Yuseong-gu, Daejeon, Korea

[-4{

8
el T, el 47 ez 98974 111
sy ahir, o) el A £ dohE 994

(Received August 26, 2014 / Revised September 22, 2014 / Approved September 30, 2014)

Crevice corrosion tests were conducted to examine the corrosion properties of HYBRID (HY drazine Base Reductive metal
Ion Decontamination) which was developed to decontaminate the PWR primary coolant system. To compare the corrosion
properties of HYBRID with commonly existing decontamination agents, oxalic acid (OA) and citric oxalic acid (CITROX)
were also examined. Type 304 Stainless Steel (304 SS) and Alloy 600 which are major components of the primary coolant
system in Pressurized Water Reactor (PWR) were evaluated. Crevice corrosion tests were conducted under very aggressive
conditions to confirm quickly the corrosion properties of primary coolant system structure components which have high
corrosion resistance. Pitting and IGA were occurred in crevice surface under OA and CITROX conditions. But localized
corrosion was not observed under HYBRID condition. Very low corrosion rate of less than 1.3x10 pm/h was observed
under HYBRID condition for both materials. On the other hand, under OA condition, Alloy 600 indicated comparatively
uniform corrosion rate of 4.0x10 wm/h but 304 SS indicated rapid accelerated corrosion in lower case than pH 2.0. In
case of HYBRID condition, general corrosion and crevice corrosion were scarcely occurred. Therefore, material integrity
of HYBRID in decontamination of primary coolant system in pressurized water reactor (PWR) reactor was conformed.
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2.1 Crevice A @A ¥ 9 A|gA] F)

71 r R dAHAlES T8 T8 A= 304 SS
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BANES SPatet, 7 Al dAe] 278 Table 19 Ve
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AlE]3L @) o}, Shan(8] 52 Hare) 2|3} crevice former

Table 1. Chemical condition for corrosion test

Decontamination

Agent Typical Formulations pH T,C Time,h

0.07M N,H, + 0.5mM

HYBRID Cu (pH=3.0) 1.76~3.5 95 20
9.03mM oxalic acid” +

CITROX 18.29mM Citricacid ~ 1.76~3.5 95 20

(pH=3.0)
15.84mM Oxalic
OA acid'(pH=1.8) 1.76~3.5 95 20

*Oxalic Acid Dihydrate
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Fig. 1. Crevice corrosion test specimen configuration.
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Table 2. Chemical composition of corrosion test specimens
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(a) Alloy 600 (b) 304 Stainless Steel

Fig. 2. Surface appearance of (a) Alloy 600 and (b) 304 SS after
corrosion test under various decontamination conditions.

HYBRID CITROX OA
= - .2 o p BN

Fig. 3. Optical photographs of Alloy 600 and 304 SS after crevice
corrosion test under various decontamination conditions.

Chemical composition C Si Mn P S Ni Cr Fe Cu Al Ti Co
304 Stainless steel, wt% 0.05 <1.00 <2.00 0.04 0.03 10.00 18.00 bal. - - - -
Alloy 600, wt% 0.02 0.14 0.30 0.008  0.0006  75.95 15.17 8.19 0.22 0.32 0.28 0.84
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Fig. 4. Optical photographs of crevice (a) inner surfaceand (b) outer
surface of Alloy 600 after corrosion test under OA conditions.
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Fig. 6. Corrosion rates of Alloy 600 and 304SS after corrosion test under
various decontamination conditions.
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Fig. 7. SEM photographs and EDX measurements of Alloy 600 after
crevice corrosion test under (a)HYBRID, (b) CITROXand (c) OA;
Numbers are the points of chemical analysis by EDX(Table 3).
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Table 3. Chemical composition of the corroded under various decontam-
ination agents for Alloy 600 specimen(Analyzed point is in Fig. 7).

0,
Decontamination  Analysis Element Atom.C [at. %]

Agent Point Ni Cr Fe o C
HYBRID 1 7549  16.58 7.93 - -
CITROX 2 7551 1654 796 - -

3 75.02  16.79 8.19 - -
OA
4 1429 270 2.08 56.78  24.14

El Atom. C [at. %]

(o] 55.97

C 28.87

Fe 1144

Ni 3.73
Total 100

Fig. 8. SEM photographs and results of chemical analysis for the
powder on Alloy 600 after crevice corrosion test under OA;
(a) 1X, (b) 1000X and (c) 5000X.
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Fig. 9. Surface appearance of (a) Alloy 600and (b) 304SS after corrosion
test under OA of various pH conditions.

Fig. 10. Optical photographs of Alloy 600 and 304 SS after corrosion
test under OA of various pH conditions.
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ig. 11. SEM Photographs of Alloy 600 after corrosion test under OA Fig. 12. SEM photographs of 304 SS after corrosion test under OA
solution of pH = (a) 1.8, (b) 2.0 and (c) 3.0. solution of pH = (a) 1.8, (b)2.0 and (c) 3.0.
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Fig. 13. Surface appearance of (a) Alloy 600 and (b) 304 SS after
corrosion test under HYBRID of various pH conditions.
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Fig. 14. SEM photographs of (a) Alloy 600 and (b) 304 SS after
corrosion test under HYBRID solution of pH = 1.8.
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Fig. 15. Effect of pH on corrosion rate of Alloy 600 and 304 SS after
corrosion test under (a) OA and (b) HYBRID solution.
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