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プレゼンター
プレゼンテーションのノート
We consider that the corrosion rate of carbon steel is controlled by the sum of diffusion limiting current density of oxygen and hydrogen peroxide. The diffusion limiting current density ilim is described by this equation. N is reaction electron, F is faraday constant, D is diffusion coefficient, C is oxidant concentration in aqueous solution, d is the thickness of diffusion layer. The unknown parameters are diffusion coefficient and the thickness of the diffusion layer.


D :
@ 0,&H,0, Dk F 4k 7
02 HZOZ
4 80°C 50°C 25°C 4 80°C 50°C 25°C
10 _' T | T | T '_ 10 _' T | f | T ' ]
Y } b ) } v
7 - 7+ O Z2ppm -
6 T - 6 A 5ppm -
"o > 1 ~® T O 10ppm -
NE 4 - g 4 7
2 3 ~ 3
N o
-5 | | I | I -5 ] | 1 | 1
10 10
2.8 30 32 340° 2.8 30 32 34x10°
T /K T /K

D t1202) < Do) 50°CTIFH,O,DHLER R #F 0,7 0.84%
_ 3
D(o,) = 0.0130exp (~16:0x10%/ )

. 3
Di,0,) = 0.0068exp( 14.9 x 10 /RT)

1) Komatsu et al., “STUDY OF CORROSION RATE OF CARBON STEEL IN DILUTED ARTIFICIAL SEAWATER UNDER SIMULATED
IRRADIATION CONDITION”, Proceedings of ICONE-23, JSSME, May 17-21, 2015, Chiba, Japan (2015)


プレゼンター
プレゼンテーションのノート
Result of diffusion coefficient measurement. These figures shows the Arrhenius plot of diffusion coefficient. Left figure is oxygen and right figure is hydrogen peroxide. Diffusion coefficient of hydrogen peroxide was a little smaller than oxygen. Approximately 0.8 times at 50℃. Diffusion coefficient of oxygen and hydrogen peroxide were obtained as these equations.


(CAEA) BT PRTTR

80°C 50°C 25°C
- _l - S _
7 | O O i
6 O H202 7
5 i
= ——+¥
< o ]
2_ —
104 ” \ | ” 1 | ” 1 B
2.8x10 3.0x10 3.2x10 3.4x10

T /1K
0,EH,0, THELGELZR oL,
_ _ 1.9 x 103
6(02) — 6(1'1202) - 0.0170exp( ’ | /RT)

1) Komatsu et al., “STUDY OF CORROSION RATE OF CARBON STEEL IN DILUTED ARTIFICIAL SEAWATER UNDER SIMULATED
IRRADIATION CONDITION”, Proceedings of ICONE-23, JSME, May 17-21, 2015, Chiba, Japan (2015)
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プレゼンター
プレゼンテーションのノート
Result of thickness of diffusion layer measurement. This figure shows Arrhenius plot of the thickness of diffusion layer. Red symbol is diffusion layer for oxygen and blue symbol is that for hydrogen peroxide. From this figure, remarkable change was not seen between oxygen and hydrogen peroxide. Therefore the thickness of diffusion layer for oxygen and hydrogen peroxide was assumed to be same. And obtained to be this equation.
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4 M0 FD 1,0,) C 11,0, /
5

(0,) (H202)

DAITERERFEXZEEATHE, FTEEDLIITHED,
. _ 4
ijim = 3.0 X 103exp( 1.79x 10 /RT) Co0,)

+7.7 X 10%exp (_1'68 X 104/RT) C(H,0,)

L
iim = 3.7(C(o,) + 0.4Cy,0,y) at 50°C

<>
ﬁﬂ;ﬁﬁlgm [C(Oz)+0'4C(HzOz)] (at SOOC)



プレゼンター
プレゼンテーションのノート
Discussion about the calculation of diffusion limiting current density. Diffusion limiting current density can be described by this equation. Then put diffusion coefficient and thickness of diffusion layer into this equation, we obtained this equation. And at 50℃, it can be described as this equation. From this equation, corrosion effect of hydrogen peroxide is about 0.4 times lower than that of oxygen. So the corrosion test result was plotted versus CO2+0.4timesCH2O2. 
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1) Komatsu et al., “STUDY OF CORROSION RATE OF CARBON STEEL IN DILUTED ARTIFICIAL SEAWATER UNDER SIMULATED
IRRADIATION CONDITION”, Proceedings of ICONE-23, JSME, May 17-21, 2015, Chiba, Japan (2015)
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Test temp.: 50 °C
Test time: 500 h
SGV480
””””””””””””””””””””””””””””””””” m4.4 kGy/h
@0.2 kGy/h

O No irradiation

INTGA—F BITEH
mE 50°C
AERAM  RFH (SGV480)
Bk 20015 F B K
In Air (closed) In N, (N, flow) ELREFE:  SOORTH
O, & A& N,73— (5ml/min)
REX 200, 4400 Gy/h

2) J.Nakano et al., Journal of Nuclear Science and Technology, 51 (7-8), 977-986, (2014)
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[H,0,] after 100h (mol/l)

0.00014
Test temp.: 50 °C = ==Calc. H202_Air-closed ® Meas. H202_Air-closed
0.00012 Test time: 100 h = « (Calc. H202_N2-flow B Meas. H202_N2-flow
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0 0.00005 0.0001 0.00015 0.0002 0.00025 0.0003

calculated {[O, ]+0.4 x [H,O,]} after 500 h (mol/l)
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Cooling
Condenser 10 Logger
Thermocouple
" e
Saturated
calomel
3 lectrode
0.7
Type 316L Stainless steel — rlj) Type 316L &S
06 80Co Gamma-ray A ? Electrode
AA
—~ 0.5 & Heaterf” \ ‘
L J
T I “a
(If) 0.4 Separable flask%
> e .
= 0.3+ | ——— |
-
8§  02r —
Q 01 INDA—=Z FRITEH
" ||—=®— Non-Irradiation ‘HEF. o
e e B 30. 60, 80°C
|- 750Gy/h = - o
01 ~>— 5kGy/h | | lffnigﬁj:ll_*j ATV I/Z’ﬂﬂ (31 6L SS)
0 20 40 60 80 100 Bk 105 & FRimK
Temperature (°C) SHERFFM] . 5% 105 ($9140n) LI E

RER 200, 750, 2000, 5000 Gy/h
SHEEM fEMHOALEE

3)C.Kato et al., “Effects of Gamma-Ray Irradiation on Spontaneous Potential of Stainless Steel in Zeolite-Containing Diluted Artificial Seawater”,

Proceeding of 17th International Conference on Environmental Degradation of Materials in Nuclear Power Systems — Water Reactors, August 9-
12, 2015, Ottawa, Ontario, Canada
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Potential (V-SHE)

07 /—FER, THERKETOEREE (1)

: >\\\

1x106 Alcm? (REKRFIHEIELZEVLERTE)
@57 /—KREFR; O, +4H" + 4e- = 2H,0 (E0;1.23 V-SHE)

H,0, + 2H* + 2e" = 2H,0 (E,:1.77 V-SHE)
T EEBELL(E,,); NernstO X TEH
RT RT

Eeq = Eo +—In([0-][H*]")  Eeq = Eo + ——=In([H,0,][H*]*)

Tafel slop(B); O,:  0.19" x (T/T,) V/decade
H,0O,: 0.20" x (T/T,) V/decade

021

00
-0.2 .

750 Gy/h|, assaannnns -
-0.4 GOOC
—0.6... Ips
-08H— reduction reaction of O,
" || == reduction reaction of H,0, |

-1.0

107 10° 10’ 10° 10°
Current density (A/cm2)

4 [*measured at TO(600C)]

&?@%lﬁ: (Io);

10

HY—R Gt E = O.: FAT—RDINGA—=E3 T T4 KYRE

5x10710 A/lcm? GCREIREFEEIZLGEWLERTE)

E = E,q + B{logyo I —logyg o} H,0,: O,E%E LLVERTE

— nFDC/5

Liim

KREDILFERS; 0.05cm ({R7E)
R R, XBMEZ R A

1) Komatsu et al., “STUDY OF CORROSION RATE OF CARBON STEEL IN DILUTED ARTIFICIAL SEAWATER UNDER SIMULATED
IRRADIATION CONDITION”, Proceedings of ICONE-23, JSSME, May 17-21, 2015, Chiba, Japan (2015)
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