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Measurement of Corrosion of Mild Steel in High
Temperature-Pressure Pure Water under Y-Irradiation
Akihisa SAKUMOTO and Masao GOTODA®
Division of Research, Takasaki Radiation Chemistry

Research Establishment, JAERI

(Received May 13, 1982)

Application of electrochemical measurement on the corrosion
behaviour of mild steel was examined in high temperature and
pressure pure water under Y-irradiation.

The large effect of Y-irradiation on the corrosion rate of
mild steel was observed in the early period of immersion.

X-Ray photoelectron spectroscopy (XPS) was used to determine
the composition of oxide film. It was found that the unknown
oxygen compound, OX, other than 02_ and OH , and graphite-like
substance on the surface were formed by Y-irradiation. It is
presumed that the mechanism of corrosion under Y-irradiation

is different from that without Y-rays.

Key words: Mild Steel, Corrosion, High Temperature-pressure

Pure Water, Y-Irradiation, Electrochemical Measurement,

Weight Loss Measurement, X-Ray Photoelectron

Spectroscopy, Oxide Film
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1 Flowsheet of corrosion testing apparatus in high temperature

- pressure pure water.

l: storage tank; 2: gas inlet; 3: circulating pump; 4: DO

meter; 5: blower; 6: high pressure injection pump; 7: heat
exchanger; 8: preheater; 9: autoclave; 10: mantel heater;

11: electrode holder; 12: °0
14: leak valve; 15: flow meter; l6: r-ray irradiation cell.

Co radiaticn source; 13: cooler;

{cl
JUI

Fig. 2 Holder of electrode.
1: polyimide; 2: jacket; 3: 1id of autoclave.
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(a)

Overvoltage or Current

(b)

Time

Fig. 3 Scheme of overveoltage for galvanostatic pulse.
{a): galvanostatic pulse; (b): overvoltage
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l |
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Relation between apparent polarization resistance of SUS
304, Rs’ and reciprocal of freguency of galvanostatic pulse,
1/f, at variocus conductivities.

Conductivity(usS/emi}: 1, 2.73; 2, 9.8; 3, 48.9; ¢, 107;
5, 417.

N

Rs (kfiscm?)
ID/

oL
10 o

1071 | i
109 101 102 103

Conductivity (uS/cm)
5 Relation between Ry and conductivity at various reciprocal

of pulse freguency.
Reciprocal of pulse frequency, 1/f: ¥, 1(f=1); & , 0.33

(f=3); Q@ , 0({f==}.
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Table 2 Average corrosion rate and constant K of mild steel
SS 41 at various conductivity

Run No 1 2 3 4 5 6 7
Imnersion time (h) 23.08 48.33 20.00 23.25 24.50 72.67 21.00
Conductivity (uS /cm) 2.07 2.63 3.5 1.65 462.0 467.2 340
Applied current ({ uA) 0.1 6.1 0.1 0.1 30 30 30
overvoltage (mV) 6.65 6.2 5.6 7.458 8.75 8.85 11.05
Corrosion rate (mdd} 38.7 26.0 21.9 62.0 165 144.0 154.8

R, (k2 -cn’) 210 164 121 266 0.85  0.84  1.13
R, (k8 -em?) 61.3  89.0 107.5 3B 0.3 0.36  0.37

K (mdd- kQ 'cmz) 2373 2311 2356 2356 56.1 53.5 57.7

DO (ppm) 1 1 1 2 air sat. air sat. air sat.

Conductivity was adjusted by Na,50,.

103
7
’ &
’
g A
o 102+ /
!
E ,
= O /’
10 I | 1
1073 10~2 10 1 109 10!

I/Rp (kS/cm?)

Fig. 6 Relation between average corrosion rate, v, obtained by
weight loss measurement, and reciprocal of pelarization
resistance of mild steel S§ 41.

A: air saturated; © : DO 1 ~ 2 ppm
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9 Relation between overvoltage of SUS 304 and applied current
density at 10 minutes of polarization in 85°% water.
total overvoltage;
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Fig. 10 Change of overvoltage of carbonyl iron as a function of
polarization time at various current densities in 25°%¢

of N2 saturated aqueous sclution.
2

Applied current density: {1}, 0.040 x 1078 A/em™; (2),
0.082 x 108 a/em?; (3), 0.16 x 1078 a/em?; (4), 0.39 x 10°

A/cmz.

6
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Fig. 11 Relation between overvoltage of carbonyl iron and applied
density at 10 minutes of polarization in 25°¢C of N,

saturated aqueous sclution.
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Fig. 12 Change of overvoltage of carbonyl iron as a function of
polarization time at various current densities in 85°C of

N2 saturated aqueous sclution.
Applied current density: (1}, 0.082 x 10-6 A/cmz; (2),

0.16 x 10°% a/em?: (3), 0.39 x 10°% A/em?; (4), 1.54 x 10°

A/cmz.
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Fig. 13 Relaticn between overvoltage of carbonyl iron and applied
density at 10 minutes of polarization in 85°C of N,

saturated aqueous solution.

O: M ora1? H * N solns

Table 3 Corrosion current density, icorr, and average
corrosion rate, v, of SUS 304 and of carbonyl
iron by various Tafel constants.

Carbonyl iron

Tempera?gg? Ba Be Rp ) icorr R v
(k@ -+cm®)  ( pyA/cm™)}  (mdd)

25 0.12 0.12 180 0.145 0.36
85 0.12 0.12 18.8 1.39 3.5
25 0.085 0.16 180 0.134 0.34
85 0.085 0.16 18.5 1.28 3.2

| sus_304

| 25 0.12 0.12 _ — —
85 0.12 0.12 250 0.104 0.26
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Fig. 14 Change in polarization of mild steel SS 41 with polarization
time in 250°C water.

6 2

Applied current density: 61.4 x 107~ A/cm“; DO: 216 ppb;

flow rate: 0.9 1l/hr.
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Fig. 15 Change of n or i/n as a function of corrosion time, teorr’
for a solution containing 50 mg/1l of chromate.ll)
i,6.2 x 10-6 A/cm2, t_=10 sec, v=15.9 mdd.
The peint P on the (1/ %)~ ¢ curve indicates the mean

corr
value of 1/ N, which is proportional to the average corrosion

rate, V. The point Q on the n - tcorr curve indicates the
value of polarization, n .
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Fig. 16 Relation between n and v for mild steel in neutral solution.ll)
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Fig. 18 Scheme of log n, - £ curve.
Slope: -1/2.3-Cd'Rp.
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Fig. 19 Scheme of n - t curve for Tafel constants in coulostatic
method.
ﬂ1 - n2 = nz - n3 = An < 10 mV.
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Fig. 20 Scheme of temperature in

solution as a funection of time.
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Fig. 21 Relation between weight loss and time in removal of surface
film on mild steel by aquecus 10 % HCl - 2 % propargyl

aleohol solution in 70°C.
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Fig. 22 Change of weight loss as a function of corrosion time.
@ : DO 2 ppm, 25°%c: A : air saturated, 21°%;: ©O: air
saturated, 25OC; O: air saturated, 30%.

o)

]

E

1>

-~ 200

<5}

3

s

| 5

el

o

n

o

—

s 100

(&)

@ 4

o

(1]

—

Q

-

<

0 1 ] 1 i i I 1
0 20 40 60 80
tcorr (hr)

Fig. 23 Relation between average corrosion rate and corrosion time.
l: air saturated, 3OOC; 2: air saturated, 250C: 3r air
saturated, 21°c; 4: DO 2 ppm, 25%%.
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Fig. 24 Change of l/Rp as a function of immersicn time in 250°¢C

water.
DO: 60 ppb; Flow rate: 0.4 l/hr.
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Fig. 25 Change of 1/R as a function of temperature at DO 60 ppb
under Y~irradiation.
Dose rate: 1.3 x lO5 rad/hr.

Q: 0.74 1/hr; ® : 4.5 1l/hr.
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Fig. 26 Change of l/Rp as a function of dissolved oxygen after
150 hr immersion in 250°C water under Y-irradiation.
Dose rate: 1.3 x lO5 rad/hr; flow rate: 0.9 1l/hr.
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Fig. 27 Change of l/Rp as a function of flow rate at various
temperature. DO: 60 pph.
o0: 65°C; @: 65°C, with y-ray; A: 160°C; A: 160°%¢c, with
y-ray; B: 250°¢, with y -ray.



JAERI — M 82 — 055

Table 4 Average corrosion rate of mild steel S5 41
after 48 hr immersion in 250°C water with
and without y-ray.

Temp.O Pressure, Do Y*-Ray A

{ Q) {Kg/cm™) {ppb) {mdd)
250 535 5 ne 15.3
250 55 5- yes 22.5
250 55 60 no 11.8
250 55 60 yes 24.0
250 55 100 no 14.75
250 55 100 yes 18.75
250 55 200 no 27.75
250 55 200 yes 24.5
250 55 300 ne 22.0
250 55 300 ves 27.25

Table 5 Average corrosion rate of mild steel SS 41
after 96 hr immersion in 250°C water with
and without y-ray.

Tempé Pressure2 DO Flow rate Y-Ray ¥
{ ~¢C) {Kg/cm*®) {ppb) {1/hr) (mdd)
190 25 5 1.3 no 13.9
190 25 5 1.3 yes 22.2
250 55 5 1.3 no 16.1
250 55 5 1.3 yes 18.6
250 55 60 1.4 no 15.6
250 55 60 1.4 yes 14.2
250 55 100 1.4 no 18.2
250 55 200 1.3 no 17.7
250 5% 200 1.2 ves 17.9
250 55 300 1.3 no 15.5
250 55 300 1.3 ves 18.6
250 55 - 700 0.75 yes 18.8
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Average dissolution rate, vy {mdd)
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] |
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0 ] !

" Fig. 28 Relation between average dissolution rate and dissolved
oxygen at 48 hr immersion in 250°C water.
@®: Y-ray irradiated; Q : not irradiated.
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530 535
Binding energy (eV)

Fig. 33 Deconvelution of XP spectra of O ls electrons for oxide

film formed in 250°C water.
A: y-ray irradiated; B: not irradiated.
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