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Passivation condition of carbon steel in bentonite/sand mixture
*Naoki Taniguchi, *Susumu Kawakami, **Mitsuo Morita
Abstract

It is essential to understand the corrosion type of carbon steel under the repository
conditions for the lifetime assessment of carbon steel overpack used for geological
isolation of high-level radioactive waste. According to the previous study, carbon
steel is hard to passivate in buffer material assuming a chemical condition range of
groundwater in Japan. However, concrete support will be constructed around the
overpack in the case of repository in the soft rock system and groundwater having a
higher pH may infiltrate to buffer material. There is a possibility that the corrosion
type of carbon steel will be influenced by the rise of the pH in groundwater. In this
study, anodic polarization experiments were performed to understand the passivation
condition of carbon steel in buffer material saturated with water contacted with
concrete. An ordinary concrete and a low-alkalinity concrete were used in the
experiment. The results of the experiments showed that the carbon steel can passivate
under the condition that water having pH>13 infiltrate to the buffer material
assuming present property of buffer material. If the low-alkalinity concrete is selected
as the support material, passivation can not occur on carbon steel overpack. The
effect of the factors of buffer material such as dry density and mixing ratio of sand on
the passivation of carbon steel was also studied. The results of the study showed that
the present property of buffer material is enough to prevent passivation of carbon
steel. )

* Barrier performance group, waste isolation research division
** nspection development corporation
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Figure 1-1 Time-series diagram of corrosion behavior of carbon steel overpack
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Figure 1-3 Passivation behavior of carbon steel in buffer material
having the dry density of 1.0g/cm’ and 1.6g/cm’ with changing the
carbonate/bicarbonate concentration
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pore water of buffer material in 0.1M carbonate/bicarbonate solution
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Table 2-1 Chemical composition of carbon steel specimen (wt%)
C Si Mn. P S
0.13 0.19 0.69 0.011 0.007

Table 2-2 The pH and the concentration of chemical species in water contacted

with cement paste powder for 10 days ( unit of concentration : mM)

Solution Concrete | pH Cl SO4” Na K Ca | HCO5/CO5~
Distilled water | OPC 12.6 | 0.0141 | 0.114 | 0.870 | 0.664 6.49 0.108
0.1IM NaHCO; | OPC 10.8 | 0.141 | 0.260 100 0.235 | 0.0374 91.7
0.1M Na,CO4 OPC 13.0 | 0.141 | 0.177 | 200 0.253 | 0.0125 91.7
Distilled water | HFSC | 10.9 | 0.0141 | 0.323 | 0.0783 | 0.0358 | 0.299 0.267
0.1IM NaHCO; | HFSC 9.7 0.141 | 0.573 100 0.166 | 0.0424 91.7
0.IMNa,CO; | HFSC | 11.7 | 0.141 | 0.354 | 200 0.128 | 0.0674 100

Table 2-3 Experimental condition of anodic polarization measurement of carbon steel in water

contacted with OPC and HFSC
. ‘ Dry density of buffer
Solution Concrete Temperature (K) material ( g/cm3)
Distilled water OPC 353 0
Distilled water OPC 353 1.6
Distilled water OPC 323 0
Distilled water orC 323 1.6
0.1M NaHCO4 OPC 353 0
0.1M NaHCO; OPC 353 1.6
0.1M Na,COs3 OPC 353 0
0.1M Na,COs; QPC 353 1.6
Distilled water HESC 353 0
Distilled water HESC 353 1.6
Distilled water HESC 323 0
Distilled water HFSC 323 1.6
0.1M NaHCO; HFSC 353 0
0.1M NaHCO; HFSC 353 1.6
0.1M NayCO4 HFSC 353 0
0.1M Nay;CO4 HFSC 353 1.6




JNC TN8400 2001-025

Table 2-4 A list of experimental condition of anodic polarization measurement of carbon steel in
buffer material with changing the dry density of buffer material and the sand mixing ratio

Dry density of buffer | Sand mixin .

materialty(g/cms) ratio (%) ® Sand No.3: No.5

0 1:1

10 1:1

30 1:1

0.5 50 1:1

70 1:1

- 100 i:1

0 1:1

10 1:1

30 1:1

1.0 50 1:1

70 1:1

100 1:1

0 1:1

10 1:1

0:1

30 1:1

1.6 1:0

50 1:1

70 1:1

100 1:1

0 1:1

10 1:1

30 1:1

2.'0 50 1:1

70 1:1

100 1:1
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Figure 2-1 Schematic appearance of the carbon steel specimen and the test
column used in anodic polarization measurement in buffer material
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Table 3-1 A list of experimental result of anodic polarization measurements of carbon steel in buffer
material saturated with water contacted with OPC and HFSC

pH at room temperature
- Temp. O: Passivation
Solution Concrete ®) ot Pore water | @ General
solution, of buf.fer somosion
pH(sol) material,
pH(buf)
Results of this study
Distilled water OPC 353 12.6 9.7 @
Distilled water opPC 323 12.6 9.0 ®
0.1M NaHCOs OPC 353 108 8.6 @
0.1IM NazCOs oprC 353 13.0 10.6 o
Distilled water HFSC 353 10.9 8.6 L
Distilled water HEFSC 323 10.8 8.4 o
0.1M NaHCO; HFSC 353 9.7 8.6 )
0.1M Na,COs3 HESC 353 11.7 10.0 9
Results of previous study [2]
0.1M NaHCO3/NayCO4 - 353 0.1 8.2 L
0.1M NaHCO3/Na;CO; - 353 9.5 8.4 ®
0.1M NaHCO3/NayCOs - 353 10.6 8.8 )
0.1M NaHCO3/Na;COs; - 353 11.3 9.2 ]
0.1M NaHCO3/Na;COs3 - 353 . 12.9 10.6 @]
NaOH - 353 11.6 8.9 o
NaOH | - 353 13.0 10.3 9
NaOH - 353 13.2 11.6 O
0.1M NaOH+0.1M | (Simulated
KOH+ pore water [ 353 13.4 12.5 O
0.002M Ca(OH), of OPC)

Distilled water HFSC 353 10.9 8.0 ®
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Table 3-2  Alist of experimental results of anodic polarization measurement of carbon steel in
buffer material with changing the dry density of buffer mateyial and the sand mixing ratio

pH at room temperature |O: Passivation
Dry density | Sand mixing | Ng.3 - Pore water @®: General corrosion
(gom®) |ratio (%) | NO5 | TSt | ey g, |A: Transient of
solution, | . .1 | passivationand general
pH(sol) pH(buf), corrosion
0 - 10.61 8.8 A
10 11 10.44 94 O
30 1. 1] 1052 9.7 O
0> 50 [q.94] 1014 9.7 o
70 1. 1| 1016 9.7 O
100 |q. 41| 1044 10.0 O
0 - 10.19 9.2 ®
10 11| 1060 9.7 ®
30 1. 4] 1010 9.0 A
1.0 50 1. 1| 1065 9.7 ®
70 1. 1| 1065 9.2 O
100  |4q.4| 1014 10.0 O
0 - 10.50 9.0 9
10 1 -1 10.42 8.8 ®
1:0 10.44 8.6 ]
30 1 - 1| 1028 88 °
1.6 0 1| 1028 8.8 ®
50 1. 1| 1053 9.0 o
70 1. 1| 1026 92 A
100 |4 . 4| 1057 10.0 ®
0 i 10.49 88 ®
10 1 -1 10.42 9.0 9
30 |q.4| 1042 8.8 ®
20 6 |q1.41| 1045 100 ®
70 1. 1| 1054 100 | )
100 |4 . 1| 1046 10.0 O
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Figure 3-1 Anodic polarization curves of carbon steel in simple
solution (distilled water + OPC) and in buffer material
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Figure 3-2 Anodic polarization curves of carbon steel in simple
solution (distilled water + HFSC) and in buffer material
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Figure 3-3 Anodic polarization curves of carbon steel in silnple
solution (0.1M NaHCO, + OPC) and in buffer material
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Figure 3-4 Anodic polarization curves of carbon steel in simple |
solution (0.1M NaHCO, + HFSC) and in buffer material
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Figure 3-5 Anodic polarization curves of carbon steel in simple
solution (0.1M Na,CO, + OPC) and in buffer material
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Figure 3-6 Anodic polarization curves of carbon steel in simple
solution (0.1M Na,CO, +HFSC) and in buffer material
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Figure 3-7 Passivation behavior of carbon steel in buffer material
and the relashionship between the pH of test solution and those in

pore water of buffer material.
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Figure 3-8 Anodic polarization curves of carbon steel in

0.5g/cm’-buffer material with changing the sand mixing ratio.
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Figure 3-9 Anodic polariZation curves of carbon steel in

1.0g/cm’-buffer material with changing the sand mixing ratio.
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Figure 3-10Anodic polarization curves of carbon steel in
1.6g/cm’-buffer material with changing the sand mixing ratio.
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Figure 3-11 Anodic polarization curves of carbon steel in 1.6g/cm’-buffer
material with changing the mixing ratio of No3-sand and No.5 sand
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Figure 3-12 Anodic polarization curves of carbon steel in
2.0g/cm’-buffer material with changing the sand mixing ratio.
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Figure 3-13 Passivation behavior of carbon steel in buffer material with
various dry density and sand mixing ratio.
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Figure 3-14 Relationship between dry density and sand mixing ratio for
satisfying the design requirements.
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Figure 3-15 Revised diagram of passivation behavior of carbon steel in
buffer material.
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