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Relation of Thinning Rate and Characterization of The Oxide Film Formed in
Flow Accelerated Corrosion of Carbon Steels
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Pipe wall thinning is one of the important degradation phenomena taking place in the nuclear power plant. Major
mechanism of the mainly pipe wall thinning is Flow Accelerated Corrosion (FAC), where chemical process plays
the primary role. But mechanism of FAC is not yet fully understood. Especially characteristics of oxide film
formed in FAC is not well known although oxide film property would be strongly related to thinning rate in FAC.
The main objective of this work is finding characteristics of oxide film and examining a relationship between
film characteristics and FAC rate. FAC experiments were conducted for carbon steels for high pressure service
(JIS G 3455) which have different Cr contents and pH. For investigation of microscopic defect structure, it was
found that Transmission Electron Microscope (TEM) observation using Fresnel contrast is useful. As a result of
observation, the oxide layer which formed on the specimens was consisted of porous and compact oxides in
nanometer-scale and it was indicated that thinning rate had close relation to the thickness of compact oxides.
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Table.1 Chemical composition of the specimens

Fe C Si Mn P S Cu Cr
CS0 | Bal. | 0.16 | 0.23 0.7 0.024 | 017 | £0.20 0.003
CSO1| Bal. | 0.15 | 0.23 | 0.69 | 0.024 | 0.17 | <0.20 | 0.014
CS04| Bal. | 0.15 | 0.23 | 0.69 | 0023 | 0.17 | <0.20 | 0.043
GSl1 Bal. | 0.15 | 0.24 | 0.69 | 0.023 | 0.17 | £0.20 0.1
CS4 | Bal. | 0.15 | 0.23 | 0.68 | 0.024 | 0.17 | £0.20 0.42
CS10| Bal. | 0.15 | 0.23 0.7 0.023 | 0.16 | £0.20 1.01

Table.2 Condition of FAC experiments

Flow rate 3.0m/s
pH 7.0,9.07,9.36
Dissolved oxygen <3 ppb
Temperature 150 °C
Pressure 1.5 MPa
Test time 325h
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Fig.1 Relationship between Cr content and thinning rate
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Fig.3 TEM cross-sectional image of oxide layers,
pH9.36, CS10 (magnification x50k)
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Fig.4 TEM cross-sectional image of oxide layers,
pH7.0, CS0 (magnification x50k)

3.2 pH & Cr EEEHNBLRIEICRIZTTHIR

T e VIR DIE S &3 HI L7-1%, Cr A &L DR
R FE L DT b D% Figs 12, pH &G LEIEDIE
SORRE £ & OB D% Fig6 (1, Figs ORIRE
S OREFERIPHIL, FHE U7 2B LER DR S DR
EEBIMEZF LTV D, Figs OFEENS Cr A EN
REL 2% & & HITHE RV EIRDIE S AR E <720 |

F7- Figb OFERN G, pH 3@ 785 Z L2 Lo THi
BB VEIRDIE S 3K E < 72 DA T D,

800
B —e—pH9.36
B 500 { |~&-pHOOT
E_. —& pHI.Q
SE 400 -
e
g%
v
€3
=% 200
(=]
L5 R | R postupe
0 +—====5=== T T
0.001 Q01 0.1 1 10

Cr contnet [wt%]

Fig.5 Relationship between Cr content and thickness of

compact oxide layer
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Fig.6 Relationship between pH and thickness of compact

oxide layer
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Fig.7 Relationship between thickness of compact oxide

layer and thinning rate
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Fig.8 Cr profile of oxide layers, pH9.36, CS10
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Fig.9 Cr profile of oxide layers, pH7.0, CSO

Tabl3. Summary of EDX analysis result

pH | Speciment Cr enrichment Cr-enriched location
CS0 X -
cs04 o Outermost surface of
porous oxide layer
7.0 Outermost surface of
porous oxide layer and
cs10 o Apart of outermost surface
of compact oxide layer
CS0 Not analyzed
907 CS04 X
cs10 o Outermost .surface of
porous oxide layer
CS0 Not analyzed
CS01 X - @
9.36 |cs04 o Outermost surface of
porous oxide layer
cs10 o Outermost §urface of
porous oxide layer
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