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Evaluation on Safety of Stainless Steels in Chemical Decontamination Process with
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Due to commercialization of nuclear power, most countries have taken interest in decontamination process of
nuclear power plant and tried to develop a optimum process. Because open literature of the decontamination
process are rare, it is hard to obtain skills on decontamination of foreign country and it is necessarily to develop
proper chemical decontamination process system in Korea. In this study, applicable possibility in chemical
decontamination for reactor coolant pump (RCP) was investigated for the various stainless steels. The stainless
steel (STS) 304 showed the best electrochemical properties for corrosion resistance and the lowest weight loss
ratio in chemical decontamination process with immersion type than other materials. However, the pitting corrosion
was generated in both STS 415 and STS 431 with the increasing numbers of cycle. The intergranular corrosion
in STS 431 was sporadically observed. The sizes of their pitting corrosion also increased with increasing cycle

numbers.
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Table 1. Chemical composition of materials

Cr C Mn Si P S Ni
STS 1829 | 0.08 | 1.11 | 0.52 | 0.36 | 0.02 | 8.03
304
STS
415 12.540| 0.038 | 0.670 | 0.810 | 0.019 | 0.009 | 3.870
STS 1.25-
431 1517 | 0.2 1.00 | 1.00 | 0.040 | 0.030 750
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Table 2. Process on chemical decomposition of materials for RCP
. Concentration(g/ ¢ ) Applied Time
Process Chemical Name
1 Cycle 2 Cycle 3-5 Cycle | 1 Cycle | 2 Cycle | 3 Cycle | 4 Cycle | 5 Cycle
Oxidation HNO; 0.315 0.315 0.315 3 5 ) . |
Process KMnO, 0.610 0.610 0.610
Dissolution HNO; 0.718 0.718 0.718 5 5 ) . |
Process Oxalic Acid 1.202 1.202 1.202
. Oxalic Acid 0.713 0.576 0.403
Reduction Citric Acid 1.287 1.564 1.654 2 2 2 1 1
Process
LiOH 0.302 0.302 0.302
Applied 88°C
Temperature
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Fig. 1. Variation of polarization curves with increasing of number
of cycles for STS 304.

Table 3. Weightloss ratio for STS 304 specimen
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Fig. 2. Photos of weightloss specimens for STS 304.

After 1 cycle After 2 cycle After 3 cycle After 4 cycle After 5 cycle
Before 75.1581 75.0221 73.7424 75.2254 74.9778
After 75.1577 75.0196 73.7395 75.2206 74.9702
Difference 0.0004 0.0025 0.0029 0.0048 0.0076
Exposed area 103.3161 102.026 101.882 102.601 100.464
Weightloss ratio 0.00000387 0.0000245 0.0000280 0.0000467 0.0000756
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(a) After 1 cycle (b) After 2 cycle (c) After 3 cycle (d) After 4 cycle (e) After 5 cycle

Fig. 3. Surface morphology with cycle variation of STS 304.
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Fig. 5. Photos of weight loss specimens for STS 415.

(a) After 1 cycle (b) After 2 cycle

(c) After 3 cycle

(d) After 4 cycle

(e) After 5 cycle

Fig. 6. Surface morphology with cycle variation of STS 415.
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Table 4. Weight loss ratio for STS 415 specimen

After 1 cycle After 2 cycle After 3 cycle After 4 cycle After 5 cycle
Before 165.2097 166.6745 167.3177 166.3193 166.9953
After 165.1744 166.6096 167.1905 166.1772 166.8383
Difference 0.0326 0.0649 0.1272 0.1421 0.1570
Exposed area 75.40535 75.2472 75.495 75.01045 75.3046
Weight loss ratio 0.000432 0.000862 0.00168 0.00189 0.00208

14 .
STS 431
13 b —=—0Cycle | |
- 1 Cycle
Q
—a—2 Cycle
§ ol 1
g — _g,_“.,——"""’:'=
> 11f R o .
=~ st
& ol 4
c
LE)
k]
o
09 .
DS 1 1 1
10° 10* 10 10 10
Current density i/Acm
0.8 ——rrrrmy . rrry .
STS 431
—s—3Cycle
0e -
4 Cycle
(%) s—5 Cycle
£ sl
2
E 02 f
w
= 00f
€
[
8
02 =
04 1

Current density i/Acm’

Fig. 7. Variation of polarization curves with increasing of number
of cycles for STS 431.

(i

T AT B3 pittinge AT A A EAYTE -3l
53 Agsto]l Bt & pittinge] AEHUETS &1 &
Atk I F 4 Ao ZellA I AdFo] Hrd W E o]
|8 AAF o2 YEF W, pitting?] 4= A& AT
223l 5 AtolF Fofli= &allikE- ¥} pittingo] 217 = HA
ol A AJH Q] o] AFEQITE weba STS 4159
Algel tiaiA= i SEAES 28 3 A AlEHS &
o] ol & R o7 o) ¥t o} g0 g
< Cry} Mo9] $teko] z+2} 12.54 wt%, 0.67 wt%= 7}

¥ rE‘: (o
OO

>
§9

172

A3 Ni B3+ STS 3049] H]&l 3.87 wt% = ARl v]x]~]
Sl R HFa vuo] Adujd ez HAushA] Kt vy,

C9 a2 0.038 wt%= STS 3049 v|wsle] 50% A%
AL ks 7HE Aoz SHETE AAF o % STS 415
o] 74 Nizt Mog] o] 242} 50%0] v A7) £3}7]°]
(e *&”M" jollA] el R sjute) A whgol
A ow s 2y WEow Alndt” STS
4159] 7-%+= STS 3040l Blato] AT 9] o] Kk
AAsiohE AMES & vk AIFA dAE] Al ofwl
g} &5 F7kellA Cro] ®has} Addste] YAlelA CrasCstt
= Cr &3lEo] &AM Cr APSE FAdste] el
ulelo] P Agato] Falo] wAely|E drk vl2w
AP EAIG A& 8 AH1E] 272 pittingell ti$t A
S AN 7| = J_/,\_t Cra} Mo Zo] uh!®

Fig. 7 3}l 330l M 2] STS 431 Alsef wigh &
340l 0 /\}01%01 *1 A g g2 112V 4EE
ek o, e 34 1.15~1.25 Vel WelelA] )
AP ehfo] S o] nlge] Bk ARUES
ERATE 1~2 Aol 2ol A 1.06 V AR 719 fale i
AANE Ve oY, FARREEE 2 Alol2e] H7}
1 Afol gl Blate] Z7kalgh o] - 3 Al 2Nt 7
3] H/klxﬂ_lq‘— BlH}eko 7 Xio]'ol'oﬂ ou:] N;{JE
7l om, R Aol A9) STkl met AR
o] A" Aol ﬂraﬂiiﬁ} ThA] 4 Alo] &3 5 Al E &
o] 28] Aslshz = Hol T3
% =M, 5 Al EellM = &
A" difo] #EH T 34k
] df&—: A713k8rA Q1 =<t

o

—

i

g o Eeld gaike &
4 AlJU 7} Aol wistel] k=
O R = A9 frafsto] -
P Aol s A o glom, vad Aol

O

NEE P
Table 5 STS 431 FA7 Al g 2} Alo] 2

kel ) Gt g E 0ol Gk 1 Aol

2 EE 5 354x107 e’ 2719E tha B AAS

ST masE

CORROSION SCIENCE AND TECHNOLOGY Vol.10, No.5, 2011



EVALUATION ON SAFETY OF STAINLESS STEELS IN CHEMICAL DECONTAMINATION PROCESS WITH IMMERSION TYPE OF REACTOR COOLANT PUMP FOR NUCLEAR REACTOR

Table 5. Weight loss ratio for STS 431 specimen

After 1 cycle After 2 cycle After 3 cycle After 4 cycle After 5 cycle
Before 175.0287 174.5939 173.0659 175.3717 173.2724
After 174.9922 174.5530 173.0214 175.3220 174.2163
Difference 0.0365 0.0409 0.0445 0.0497 0.0561
Exposed area 103.2008 102.7785 102.9318 103.4698 103.3353
Weight loss ratio 0.000354 0.000398 0.000432 0.000480 0.000543
(b) After 2 cycle (d) After 4 cycle

(e) After 5 cycle

Fig. 8. Surface morphology with cycle variation of STS 431.
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