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Influence of Fe( )/Fe( ) ratio in dummy corrosion product on the corrosion behavior
of carbon steel

(Research Document)

N.Taniguchi, T. Tateishi*, T.Nishimura** and S. Kawakami

Abstract

It has been reported that the corrosion of carbon steel is accelerated by a contact
with magnetite, which is a representative corrosion product in low oxygen environment.
It is important to clarify the corrosion mechanism in the presence of magnetite for
long term prediction of overpack corrosion. There are two possible cathodic reactions
in the presence of magnetite coupled with anodic reaction. One is reduction of Fe( )
in magnetite, and the other is hydrogen evolution reaction. If the former dominate the
cathodic reaction, corrosion acceleration will be stopped with the consumption of
Fe( ). However, if the latter is the main cathodic reaction, corrosion acceleration
is possible to be continued for a long time. In this study, corrosion rate and hydrogen
evolution behavior were investigated by immersion test of carbon steel in contact with
dummy corrosion product to contribute to understanding the corrosion mechanism. The
result of the test with changing the Fe( )/Fe( ) ratio in corrosion product indicated
that corrosion rates increased with increase in Fe( )/Fe( ) ratio, and rapid
acceleration was observed when Fe( )/Fe( ) ratio over stoichiometrical value of
magnetite(=2). The hydrogen evolution rate in the presence of dummy corrosion product
was several times larger than that without it, but it was not increased with increase
in Fe( )/Fe( ) ratio. According to this result, the severe corrosion acceleration
occurs when the corrosion product contains excessive Fe( ), and the main cathodic
reaction is Fe( ) reduction. Therefore, the severe corrosion by magnetite will be
stopped by the consumption of Fe( ).

Barrier Performance Group, Waste Isolation Research Division, Waste Management and Fuel
Cycle Research Center.

* Kobelco Research Institute, Inc.

** Kobe Steel, Ltd.
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2.1
SM400B C:0.14%, Si:0.19%, Mn:0.70%, P:0.015%, S:0.003%
2>3><20mm
1 10 21.2cm?2 30 63.6cm?2
#800
2.2
0.56M NacCl
1 40ml
2.3
(FesOas) FeO 3
Fe20s3 2.1 3 2
0.6g/cm?2
Fesz04 0.2g/cm?2
Fe30q4 99.9%
FeO 99.9%
v -Fe203 99%
2.4
TRU 2002
Taniguchi, 2002
2000-009898
0.1ppm
24
90 80
YAMACO G-2800
3 2 2.1
1 No.l1 FeO


jｙouhou8
テキストボックス
－  2 －


JNC TN8400 2003-049

3
2 JIS M 8213

JIS M 8212
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2.1
No g Fe(lll) | Fe(ll) | Fe(lll)/
. (%) (%) Fe(ll)
\V4 cm?2
FeO | Fez0q4
-Fe,O3
0 21.2 - - -
1 FeO 12.7 12.7 21.2 10.3 65.2 0.16
FeO+
2 3.0 9.7 12.7 21.2 38.0 35.0 1.09
Fes0O4
FeO+
3 1.2 11.5 12.7 21.2 43.6 29.1 1.50
Fes0O4
4-1 FeszO04 12.7 12.7 63.6 44.0 28.8 1.53
4-2 FeszO04 12.7 12.7 21.2 44.0 28.8 1.53
FesO4+
5 8.4 4.3 12.7 21.2 51.3 20.9 2.45
Y -Fe>03
6 Y -Fe>03 12.7 12.7 21.2 62.3 7.7 8.09
1-B FeO 12.7 12.7 0 10.3 65.2 0.16
FeO+
2-B 3.0 9.7 12.7 0 38.0 35.0 1.09
FesO4
FeO+
3-B 1.2 11.5 12.7 0 43.6 29.1 1.50
Fes04
4-B Fes04 12.7 12.7 0 44.0 28.8 1.53
Fe3O4+
5-B 8.4 4.3 12.7 0 51.3 20.9 2.45
Yy -Fe203
6-B | y-Fex0s3 12.7 12.7 0 62.3 7.7 8.09
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3.1
3.1 latm
3
Fe + 2H>0 - Fe(OH)2+H2 1
3 2 3.1
3 2 2 2
3 2
3.2
3.2
3 2 3.2 3
2
3.3 3 2
3 2 3.3 3 2
2 3
2 2
3 2 2
3 2
3 2 3
Fe(lll) 2mol
Fe 1mol 3.3 3 2
3 3
2
3.4 FeszO4
Taniguchi(2002)
3 2
153 2 Taniguchi(2002) 268 3
3.4 3.4
Taniguchi(2002) 1/3 1/6

Taniguchi(2002)
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3.5 Fe(l1l)
Fe(l1l)
Fe Fe(lll)
Fe(l1l)

3.5 Taniguchi(2002)

Taniguchi(2002)
Fe(l11)/Fe(l1)
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ml
No.
mm/y
ml/m2 'y
cm?2
7.3 7.3 4.6><103 0.0015
0 21.2 -
8.1 8.1 5.2><108 0.0017
1 21.2 0.16 78.3 9.2 1.8><104 0.0056
65.0 11.2 2.1><104 0.0069
2 21.2 1.09
63.0 9.2 1.8><104 0.0056
45.0 11.3 2.2>104 0.0069
3 21.2 1.50
46.0 12.4 2.4><104 0.0076
30.0 16.0 1.0><104 0.0034
4-1 63.6 1.53
38.0 23.0 1.5><104 0.0039
20.0 5.6 1.1><104 0.0034
4-2 21.2 1.53
21.0 6.4 1.2><104 0.0039
11.2 8.5 1.6><104 0.0052
5 21.2 2.45
9.4 6.7 1.3><104 0.0041
6.1 6.1 1.2><104 0.0037
6 21.2 8.09
5.0 5.0 9.5%<103 0.0030
1-B 0 0.16 69.1 - - -
2-B 0 1.09 53.8 - - -
3-B 0 1.50 33.7 - - -
4-B 0 1.53 14.0 - - -
5-B 0 2.45 2.7 - - -
6-B 0 8.09 0.0 - - -



jｙouhou8
テキストボックス
－  8 －


JNC TN8400 2003-049

g
No.
g mm/y
cm?2
0 212 24.3843 24.3603 0.0240 0.0019
' 24.2098 | 24.1867 0.0231 0.0019
1 21.2 0.16 9.2263 9.2086 0.0177 0.0043
9.3553 9.3059 0.0494 0.012
2 21.2 1.09
9.2771 9.2278 0.0493 0.012
9.2756 9.2278 0.0478 0.012
3 21.2 1.50
9.2440 9.1904 0.0536 0.013
24.2060 24.1253 0.0807 0.0065
4-1 63.6 1.53
24.1846 24.0996 0.0850 0.0069
8.1641 8.1369 0.0272 0.0066
4-2 21.2 1.53
8.0622 8.0401 0.0221 0.0054
9.2502 8.8846 0.3656 0.089
5 21.2 2.45
9.2770 8.8580 0.4190 0.10
9.1771 8.6785 0.4986 0.12
6 21.2 8.09
9.2988 8.8646 0.4342 0.11
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3.3 3
No.
mm/y
cm?2
0 21.2 - - - -
1 21.2 0.16 0.28 -0.01 -
1.09 0.10 0.023
2 21.2 1.09
1.12 0.07 0.018
1.59 0.05 0.0081
3 21.2 1.50
1.52 0.12 0.021
2.00 0.04 0.0015
4-1 63.6 1.53
1.92 0.12 0.0048
2.03 0.01 0.0015
4-2 21.2 1.53
1.97 0.07 0.0083
2.12 0.37 0.038
5 21.2 2.45
1.96 0.53 0.057
4.44 3.39 0.076
6 21.2 8.09
5.18 2.65 0.053
1-B 0.16 0.27 - -
2-B 1.09 1.19 - -
3-B 1.50 1.64 - -
4-B 1.53 2.04 - -
5-B 2.45 2.49 - -
6-B 8.09 7.83 - -

10
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3.4
(mmly)
(g/cm?)

0.2 0.0065 0.0032
' 0.0069 0.0047

99.9% 1.53
0.6 0.0066 0.0034
' 0.0054 0.0039
0.2 0.022 0.0055
Taniguchi ' 0.024 0.0069

95% 2.68
(2002) 0.6 0.031 0.0085
' 0.037 0.0096
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+

Fe(111)

Fe-111 +VH mm/y

0.15 @ FeO, Fe0,, Fe0,
[] Fe304 (Taniguchi, 2002)
V. +V =V .
Fe-lll H W
0.1+ -
. 4
- |
0@ 1
0.05} [ ¢ ]
o |
D l:\ D -
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0.05 0.1 0.15
, V. mm/y
3.5
Fe(111)
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Taniguchi, 2002
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