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Evaluation of cladding inner surface corrosion of

ferritic stainless steel

Masanobu MIYAKE

Abstract

The present report describes the results of studies
performed as a part of research on the evaluation of cladding
inner surface corrosion of ferritic stainless steel during
a peridd of February-March, 1988.

In the present study, corrosion tests of ferritic steel
with iodine vapor and tellurium vapor have been performed in
the temperature range of 500-800°C for 2-40 hours.

Results obtained are summarized as follows:

1} Weight loss of ferritic steel was observed after reaction
with iodine wvapor, resulting from formation of volatile
corrosion products. The corrosion was found to obey
linear rate law. The corrosion rate was the maximum at
600°C, and increased with iodine wvapor pressure. The
corrosion resistance to iodine wvapor was inferred to be
lower for ferritic steel than for austenitic steel.

2} After reaction with tellurium vapor, increase in weight
of ferritic steel specimen was observed, which is
attributable to telluride formation. The corrosion
obeyed parabolic law. At a lower temperature, the
corrosion resistance to tellurium vapor appears to be
slightly lower for ferritic steel than for austenitic
steel, however, at a higher temperature, the corrosion
resistance of ferritic steel was almost the same as that

of austenitic steel.

Work performed by Osaka University under contract with Power
Reactor and Nuclear Fuel Development Corporation,

PNC Liaison: Takashi Namekawa (Fuel and Material Devision,
Alpha-Gamma Section)

*: Department of Nuclear Engineering, Faculty of Engineering,
Osaka University
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tH 1= Fe Cr Ni  Mn Mo C Si P S
1Cr-1Mo Ba¢ 7.09 0.16 0.51 1.06 0.091 0.10 0.004 0.003
9Cr-tMo  Ba¢ 8.96 0.08 0.51 1.05 0.089 0.10 0.004 0.004
11Cr-1Mo Ba 10.98 0.08 0.51 1.03 0.090 0.10 0.005 0.004
13Cr-1Mo Baz 12.94 0.08 0.51 1.02 0.086 0.11 0.006 0.004
SUS304L Baz 18.49 9.97 1.02 — 0.019 0.59 0.031 0.011
SUS316L. Baf 17.36 12.13 1.34 2.12 0.018 0.59 0.030 0.008

R SUS3164) Bag 16.50 13.74 1.74 2.50 0.047 0.92 0.003 0.004

¢00-88 G096CL-ONd
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y et = I V. L R
®)-1 AVREEHRBRBOHEENEERVE

A | aUFRESD (Torr)| BE (C)| BRI (h) | EERYE (mg/cm?)

Fe 0.002 600 20 5.7

0.005 600 20 12.2

0.01 500 10 9.1

| 600 1.75 4.0

4 4.0

10 3.1

15 30.0

20 33.0

40 31.4

650 20 69.8

700 10 12.5

20 51.9

750 20 31.5

800 20 2.8

0.02 600 20 48.7

0.05 500 10 51.8

10 21.7

600 9 8.8

4 14.4

7.5 35.3

10 51.9

650 20 119.8

700 2 8.0

750 20 73.3

800 20 19.3

0.1 600 20 88.3

0.2 600 20 139.7



JOLIS
テキストボックス
PNC-TJ9605 88-002


PNC-TJ9605 88-002

£2-2 AVEEERBEONLENEEHS B

S8 |3UERED (Torr)| iBE (CC) | B (h) | EBESE (mg/cm?)
Cr 0.002 600 20 3.0
0.005 600 20 6.5
0.01 600 20 17.2
- 700 20 - 9.4
800 20 2.5
0.02 600 - 20 34.2
0.05 900 10 —1.8
600 2 7.8
4 15.7
10 25.9
20 57.6
650 20 58.5
700 10 23.0
750 20 41.8
800 20 17.6
0.1 600 20 40.0
0.2 600 20 23.6
Ni 0.02 600 20 0.4
0.05 500 20 4.5
600 20 2.3
650 20 1.8
700 20 1.0
0.1 600 20 5.0
0.2 600 20 3.4
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wmE ("C)

® M [39%REHN (Torr) BEHEE (mg/cm3eh)
Fe 0.002 600 0.3
0.005 600 0.6
0.0t 500 1.9
- 600 1.4
650 3.5
700 1.9
750 1.6
800 0.1
0.02 600 2.4
0.05 500 5.1
600 4.9
650 6.0
700 4.0
750 3.7
800 1.0
0.1 600 4.4
0.2 600 7.0
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3A7%EH (Torr)

B (C)

BREE (mg/cmé'h)

0.002
0.005
0.01

0.02
0.05

600
600
600
700
800
600
500
600
650
700
750
800
600
600

0.2

Ni

L Ol O
O O =
G N

o O

600
500
600
650
700
600
600

oo OO0 OO O = N0 NN WUN O =D O D
PN RN = o e N OQOIN O O — WO W MN N — 1 O W
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%4-| IVREERBEOZFLAROERRD B
AM | IVRRES (Torr)| IBE (CC)| B/ (h) | EBRYE (mg/cm?)
/Cr-1Mo 0.05 500 20 15.0
600 4 18.6
20 62.1
700 20 51.5
9Cr-1Mo 0.005 500 20 13.8
600 20 16.8
700 20 7.8
0.01 600 20 19.9
0.05 600 4 17.4
| 20 12.6
11Cr-1Mo 0.05 600 4 12.7
’ 20 59.1
13Cr-1Mo 0.005 500 20 10.5
600 20 17.5
700 20 9.7
0.01 600 20 29.2
0.05 500 20 6.8
600 2 8.5
20 67.6
700 20 45.8
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ECW o AYFES (Torr) | BE (CC) | BE (h) |EERSE (mg/cm?)
SUS304L 0.05 500 20 4.2
600 4 7.1
20 31.5
700 20 24 .4
SUS3I6L 0.005 500 20 1.6
600 20 5.5
700 20 5.0
0.0f 600 20 5.1
0.05 600 4 5.3
20 15.3
5 SUS316 & 0.05 600 20 14.3
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PNC-TJ9605 88-002

S

3 H BEEE (mg/ecm?«h)
/Cr-1Mo 0.05 500 0.8
600 3.2
‘ 700 2.6
9Cr-1Mo 0.005 500 0.7
600 0.8
700 0.4
0.01 - 600 1.0
0.05 600 3.4
11Cr-1Mo 0.05 600 3.0
13Cr-1Mo 0.005 500 0.5
600 0.9
700 0.5
0.01 600 1.5
0.05 500 0.3
600 3.4
: 700 2.3
SUS304L 0.05 500 0.2
600 1.6
700 1.2
SUS3I6L 0.005 500 0.1
600 0.3
700 0.3
0.01 600 0.3
0.05 600 0.8
R SUS316#1 0.05 600 0.7
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£6 TFINVEESBREBEOHSENEEENE
Wl = BE (C) B (h) | EEENE (mg/cmz)

Fe 500 20 117.3
600 ) 107.8
10 159.7
20 223.4
40 327.8
700 20 273.6
800 20 189.6
Cr 500 20 19.4
600 5 9.9
10 10.8
20 16.1
40 21.2
700 20 52.2
800 20 - 145.6

Ni 500 20 88.9
600 5 59.7
10 110.8
20 155.1
40 223.3
700 20 337.4
800 20 —_—
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ECR = mE (C) k ((mg/cm?)?/h)
Fe 500 6.88%x10°
600 2.65%10°
700 8.74%10°3
800 1.80%x103
Cr 500 1.88%10
| 600 1.15%10
700 1.36%10%
| 800 1.06X10°
Ni 500 3.95%10%
600 1.24%10°3
- 700 5.69X10°
800 —
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xK8 TINEEBRBREBEDAT/LATIOEEENE

E S | BE (C) BFRE (h) EEHEME (mg/cm?)
9Cr-1Mo 600 20 143.5
13Cr-1Mo 500 20 41.0
600 5 42.7
10 56.6
20 82.8
42.25 123.0
700 20 129.4
800 20 81.7
SUS304L 600 20 —
SUS31I6L 500 20 23.3
600 20 —
700 20 134.8
800 20 108.5
o R SUS316 £ 600 16 52.0
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=9 XFULREADTIVIVE

mE ((C)

k ((mg/cm®)?/h)

9Cr-1Mo

600

1.03%10°

13Cr-1Mo

500
600
700
800

8.41%10
3.55 X102
8.37 X10%
3.34%10%2

SUS304L

600

SUS316L

500
600
700
800

2.71X10

9.09X102
5.89%102

600

1.69X%10%

ot B SUS316 #
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10
O "18Cr-1Mo X
A QCP-TMO | x
[0 SUS3i6L o X
X Fe
® Ni X
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00
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10~

Cor'.r'osion rate (mg/cm?h)

0.05 0.01 Torr
Fe O
Cr A A
Ni [

i ] i !
500 600 700 800
Temperature ((C)
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Corrosion Rate (mg/cm?-h)

O 0.05 Torr
A 0.005 Torr
10§
F -
J,e TCfilsl;,(I:or-iMo 13Cr-TMo Gr
| Jl1Cr-1Mg SUS316L
o ? S ? isu5304|_ o)
| | |:
! | !
| |
! 1
F ! A |
A b
A |
|
} \
A ‘
0.1 ' L G

Cr
Fe+Cr (%)

F AYREBEEEDOSSHER&EME
(600°C)
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13Cr-1Mo SUS3I16L

6 AVRBERRENDATULAFAORESEMEE
0.005 Torr,600°C, 20h
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Pressure (Torr)
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Pressure (Torr)

Saturation Vapor

Pressure

[ |

AN =0.05 Torr

tl

100

NG 0.01 Torr
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500 600 700 800
"Temperature ("C)
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e Thermocouple

Furnace 1
™ Specimen
/Tellurium

@ Furnace 2

7 9
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O Fe
A Cr o/
O Ni

© 13Cr-1Mo

(AM/S)? (10%(mg/cm®)?)
(AM/S)* (10%(mg/cm®)?)

0

210 3I0 410

| Time (h)

10 TIWNVEEREREBEOHMEERU AT LA
NDESEMEOREREKEE (600°C)

0
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Corrosion rate ((mg/cm?®)?/h)

10%

O 500°C
Fe - A 600°C
[1 700°C
< 800°C
Cr
9Cr‘—1:|V|0 13lcr___ 1Mo SU:5316L
10° | A 6 A o
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Corrosion Matrix Corrosion Layer Matrix Corrosion Layer Matrix
| Layer | | |

L
H50um
Te Fe Te
Ni
Fe Cr - Ni

A12 FANEAERREOHEBOMESEMER
(600°C, 20h)
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l Corrosion Layer

Matrix Corrosion Layer ‘ Matrix

#

L
o P a—’\._r‘o".'\.ﬁ AN’

13

13Cr-1Mo

T IVIVES

(13Cr-1Mo : 600°C 20h, SUS316L : 500°C 20h)

SUS316L

SERE DAT VL ARDETESEME R
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