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Oxide Dispersion Strengthened Ferritic Steels”
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Abstract

Corrosion tests with tellurium and iodine were conducted at 500,
600 and 700°C for 100 hours, to evaluate corrosion resistance to fission
products. Domestic oxide dispersion strengthened ferritic steel tubes
(13Cr-0.5Y203-0.5Ti-3W steel and 11Cr-0.25Y203-0, 5Ti-2W steel), high
strengthened ferritic/martensitic steel tube (1FK) and modified SUS316
stainless steel tube were tested.

The results were summarized as follows.

(1) 13Cr-0.5Y203-0.5Ti-3W steel was superior to and 11Cr-0.25Y203-0.5
Ti-2W steel and 1FK were inferior to the modified SUS316
stainless steel in corrosion resistance to tellurium at 700°C.

(2) It was recognized that corrosion resistance to tellurium improved
with chromium content at 500 and 600°C.

(3) All steel specimens had the highest weight losses at 600°C in the
corrosion tests by iodine. |

(4) 13Cr-0.5Y203-0. 5Ti-3W steel, 11Cr-0.25Y203-0.5Ti-2W steel and 1FK
vere inferior to the modified SUS316 satainless steel in

corrosion resistance to iodine at 600°C.
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Table

1 Chemical

Composition

Ry

C Si Mn P S Ni Cr Mo Co B N Cu Ti v W | ¥Y.Q0,| Nb*| As Al O Zr
sl
63DSA

B.R23 12.00 .57 2,7 | 0.5
{13Cr-8.5Y205-8.5T1-34)
63DSRB

2.1 11.28 .62 285 | (8,25
€ 11Cr-9.25Y;0,-2.5Ti-2W)
1FK

211 | a.@ | .50 | e.esz| a.e@3| B.oi| 11.26| B.47 | D.GAL 2.048 p.1e | 1.%8 .85
(7z3Hb /A )
6 1 MK

e.651| @.79 | 1.69 | B.038| @.e@3| 13.95| 16.48| 2.52 | <@.01 |0.0246| @.Ees| @.e2 | o.m81| B.ER2 8.259| 9,001 e.ees|@.0018 | @.B1
(HBSUSI18)

- RSUS3160EEE. Nb+Ta

Y3 (EEFITIE ot 2]




Table 2 Conditions of Corrosion Tests

¥ H | &=
wm| & H Te Iz
% BEi3ERN lg 4, 2Pa
O EEODSEH (28
13Cr-0. 5‘1203—6. 5Ti-3WEH
# X # 11Cr-0. 25Y202-0. STi-2WE#f
@ EBHRET =54 F/TNF 44 M (1 FK)
® HBSUS316HAE
ABRRE 500. 6008KT700°C
A ERIE R 100h
Table 3 Number of Corrosion Tests Specimens
B 8 A Te Iz
xEBHE - (] ¥ [E] B
BB EECO 500 | 600 | 700 | 700 | 500 ( 600 [ 700 | 600 [ 700
13Cr-0. 5Y203-0.5Ti-3% | 1 | 1 | 2 1] 1] 1 2
F& 11Cr-0. 25Y203-0. 6Ti=2¥ | 1 1 2 1 1 1 2
# 1FK 1 1 2 8 1 1 1 2 2
7]
WESUS3LE 1 1 2 3 3 3 2

CERART e, KBEBE100COEBD S B 1 ik, METEAKHA
- HEBEFE (BARA: 12
G : 2R b5 VWidedEH (1 FKOER) ZERICHER

CFEAF I . HEHERE. MBS USR0S Bk, AiRcEEsE&

Bagh : gEEM A 25 o - HER
-BAF 12 « RBREET00°C, ABRFERR. #5041 FKOEML, SMNUELERR

O RRHRHERA

BFMIcAVEY (ABIEBELEARRONGR, 5. AROXMOKER 3 tho & s
DERIDEWMELZS EFHENLD) '
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Table 4 Specimen’s Locations in the Quarz Tube at the Corrosion Tests by lodine

_Gz...

HOoEE
2 B K oE a9 ZEH A
= Ca’ﬂ@@@@@@ :
© @ @ @ ® ®
A | ABRIEEL (700°C) I F —1 I F — 2 I F — 3 I F— 14 I F -5 1 F -8
Bl | HBRIEE 2 (5060°C)O I S —1 I A -1 I B -1 I s — 2 I F—-17 18-3
E I ABRIEZFEF 3 (600°C) 18— 14 I A — 2 I B — 2 I S -5 I F— 8 1 S—6
2 | ABIEF4 (700°C) 1 s — 7 I A— 3 I1 B -3 I S -8 I F—9 1sS-29
I A — 1. 18Cr-0.5Y203-0.5Ti-3W
I B— 1. 11Cr-0.25Y203-0.5Ti-2W
I F— 1. 1 FK
I S—1, +« «: ®ESUS 316




Table & Appearance of Cladding Specimen’'s Outer Surface Reacted with Te

_08_

A REE A
weos oM (°C) ' B # =
500 TA-2 XRoOoBTVWESE
13Cr-0.5Y203-0. 5Ti~-3¥W 600 TA-3 ﬁ@ﬁ& *BOEG
T00 TA-4 KRB 5 EE
TA-5 RO »H 2 R2B
500 TB-1 PRI ROH 2 EEB
11Cr-0.25Y203-0.5Ti-2W 808 1B-2 ﬁg@@;:~g~g§g@¢w§ LoTuw?
(00 TB-3 XiRoH2EE
TB-4 KR DS 3 EE
500 TF-1 PR RtRDH B EE
600 TF-2 B '
1 FK -
00 TF-3 KRG WHEKER
TF-4 KRBT VWVERR
500 TS-1 B s
600 TS-2 RO BZ2FE
WRSUSS3 16 00 TS-3 PRREIRDOH:LIERBE
TS-4 DO RRND D BEERE
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Table 6 Weight and Outer Diameter Changes of Cladding

Specimens Reacted with Te

e 5 3 AREeE | & H BEE (g) EHAE Can)
a ) % B | XRhy | SAB 2 SERE | RBR% =

500 TA-2 7.0525 7.0529 ] 0.0004 T.507 7.508 0.001
600 TA-3 7.0684 | 7.0686 | 0.0002 T.506 T.5017 0.001

13Cr-0.5Y203-0.5Ti-3W
700 TA-4 T.0481 7.0518 1 0.0037 7.504 5. 508 0.004
TA-5§ T.062171 7.0298 | 0.0027 7.497 T.500 0.003
500 TB-1 T.1241 7.1254 | 0.0013 7.503 T.505 0.002
600 TB-2 7.1309 7.1316 | 0.0007 7.503% T.507 0.004

“11Cr-0.25Y203-0. 5Ti-2W
700 TB-3 T.1173 7.1282( 0.0109 7.503 7.513 0.010
TB-4 7.14017 7.1499( 0.0092 T7.504 7.512 0.008
500 TF-1 7.1831 T.1846 1 0.0015 6.855 6.856 0.001
L FK 600 TF-2 7.1889 7.18971 0.0008 6.856 6.856 0.000
700 TF-3 7.18412 7.1858 0.0018 6.858 6.857 0.001
TF-4 7.1%16 7.1931 1 0.0015 6.855 6.855 6.000
500 TS-1 6.3491 6.3495 ] 0.0004 6.551 6.549 -0.002
600 TS-2 6.3701 6.3707 | 0.0006 6. 554 6.553 -0.001

BB S US 316

700 TS-3 6.3666 6.3678 | 0.0012 6.552 6. 551 -0.001
TS-4 6.3699 6.3711 [ 0.0012 6.552 6.552 0.000




Table T Attack Depths of Cladding specimens Reacted with Te

AEBREE |5 BEES (uw
M
¢ | 5| O @ ® @ |¥ B
500 TA-2 114 135 130 130 127
13Cr-0. 5Y205-0. 5Ti-3W 600 TA-3 - 123 121 125 114 122
700 TA-5 188 191 190 196 191
500 TB-1 160 208 179 185 183
11Cr-0. 25Y203-0. 5Ti-2¥ 600 TB-2 257 213 194 211 219
700 TB-4 298 331 259 207 274
500 TF-1 135 214 223 189 190
1FK 600 TF-2 279 216 202 280 244
700 TF-4 323 232 279 349 296
500 T§-1 79 72 58 11 71
(B S U S 316 600 TS-2 104 98 105 107 103
700 TS-4 271 279 264 212 212
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Table 8 Results of Corrosion tests by Iz

] . - RBREE R M| EEEl | EEBER
BRI pLaiH (°C) % 5| (mg) {mg/cm?) s
IF-1 -30.4 13.8 AR E &
IF-2 -26. 4 12.0 BRELOD
. IF-3 -25.5 1.5 | PAfRHERR
[l 1FX 100 1F-4 -26.9 12.1 F—%
IF-5 -29.3 13.3
IF-6 -34.6 15.5
500 1a-1 -17.1 7.1
13Cr-0. 5Y203-0. 5T1i-3W 600 1A-2 -87. 2 27. 1
700 1A-3 -65.2 27.1
500 1B-1 -21.9 9.2
11Cr-0. 25Y203-0. 5Ti-2W | 600 1B-2 -76.3 31. 5
700 [B-3 -74.2 $0. 1
500 IF-17 -32.3 14. 6
1FK 600 IF-8 -68.2 30. 9
. 700 1F-9 -25.0 11.3
CI I1s-1 -7.6 3.6 | BEF—7
500 1s-2 -7.9 3.7
1S-3 -8. 5§ 4.0 |BEF—25
15-4 -18.3 .1 | BEF-—2
WHEHSUS3G 600 1S-5 -18.1 8.9
1S-6 -20. 2 9.5 BEF—4
18-1 -17.1 8.3 BEF—4
700 15-8 ~16.3 (]
15-9 -23.6 11.2 | BEF—2
Ia-4 | -109.1 45.3
13Cr-0. 5Y205-0. 5Ti~3W 700 1A-5 | -110.0 45. 5
¥ 5 - 45. 4
IB-4 | -100.5 43.1
110r-0. 25Y203-0. 5Ti-2W | 700 IB~5 | -102.7 43.5
o — 43.3
IF-12 | -113.3 51.2
Bofhe 600 [F-13 | -112.1 51. 1
I FK E B - 51.2
[F-10 | -71.8 32. 5
700 IF-11| -72.3 32.9
B - 32.17
is-12| -70.5 33.2
WA SUSIE 700 1S-13 | -70.4 33. 6
E o - 33.4

Y A 2RRH. 210, 258 (IFKD6RF) ARCRAR
Bigh « GERARlIC BB (2 A RHCRER)
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Table 9 Attack Depths of Cladding Specimens Reacted wigh Iz

] RBAE | % 8 EREs (gn)
HEH
CH & 5 |BAME| BR/NME | F9HE
500 1A-1 27 11 22
13Cr-0.5Y205~0. 5Ti-3¥ 600 1A-2 82 68 14
700 1A-3 80 76 18
500 1B-1 33 21 29
11Cr-0.25Y205-0. 5Ti-2W | 600 1B-2 93 83 87
700 IB-3 86 79 83
500 IF-17 48 31 38
1 FK 600 IF-8 90 81 86
700 IF-9 50 33 43
500 | IS-2 15 2 8
HESUSB16 600 15-5 35 19 28
700 15-1 i3 29 38

IVHRKEIBIBROES, KT LIERABFEROAT VWL, £, HA@EL
bEAETA 0T, BARsR, AERLE (TOoRE-FEBREOES) %

Yo
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Corrosion Test Specimen with Tellurium.

Figure 1
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Heating Block for Corrosion Test.

Figure 2
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Figure 3
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Apparatus for Corrosion Test with lodine.
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Figure 4 Longitudinal Distribution of Attack Depths by Tellurium on
13Cr-0.5Y203-0.5Ti-3W Cladding. (TA-4 Specimen)
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Figure 5 Longitudinal Distribution of Attack Depths by Tellurium on

11Cr~0. 25Y205-0. 5Ti-2W Cladding. (TB-3 Specimen)
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Figure 6 Longitudinal Distribution of Attack Depths by Tellurium on
1FX Cladding. (TF-3 Specimen)
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Figure 7 Longitudinal Distribution of Attack Depths by Tellurium on
Modified SUS316 Cladding. (TS$-3 Specimen)
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Figure 8 Micrographs of Longitudinal Cross Section for 13Cr-0.5Y203~-

0.5Ti-3¥W Cladding reacted with Tellurium. (TA-4 Specimen)
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Figure ¢ Micrographs of Longitudinal Cross Section for 11Cr-0. 25Y2032-

0.5Ti-2¥ Cladding reacted with Tellurium. (TB-3 Specimen)
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Figure 10 Micrographs of Longitudinal Cross Section for 1FK Cladding

reacted with Tellurium. (TF-3 Specimen)
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Figure 11 Micrographs of Longitudinal Cross Section for Modified SUS316
Cladding reacted with Tellurium. (TS5-3 Specimen)
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Figure 12 Relationships between Temperatures and Attack Depths by Tellurium.
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B ES TA-2

Figure 13 Micrographs of Transverse Cross Section for 18Cr-0.5Y203-0.5Ti-3% Cladding reacted with Tellurium at 500°C. (TA-2 Specimen)
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Figure 14

[ 2mm L 0.2mm |
B & FIVIV
A ERE 600°C
o w EEODSEH
T (13Cr-0. 5Y20s-0. 5Ti-3W)
AAEZ TA-3

Micrographs of Transverse Cross Section for 13Cr-0.5Y203-0.5Ti-3% Cladding reacted with Tellurium at 600°C.

(TA-3 Specimen)
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Figure 15 Micrographs of Transverse Cross Section for 13Cr-0.5Y202-0.5Ti-3W Cladding reacted with Tellurium at 700°C. (TA-5 Specimen)
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Figure 16 Micrographs of Transverse Cross Section for 13Cr-0.5Y202-
0.85Ti-3% Cladding reacted with Tellurium.
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Figure 17 Micrographs of Transverse Cross Section for 110r-0.25Y203-0.5Ti-2¥ Cladding reacted with Tellurium at 500°C. (TB-1 Specimen)
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Figure 18 Micrographs of Transverse Cross Section for 11Cr-0.25Y20s-0.5Ti-2¥ Cladding reacted with Tellurium at 600°C. (TB-2 Specimen)
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Figure 19 Micrographs of Transverse Cross Sectio

n
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for 110r-0. 25Y203-0. 5Ti-2% Cladding reacted with Tellurium at 700°C. (TB-4 Specimen)
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Figure 20 Micrographs of Transverse Cross Section for 1ICr-0.25Ys03-

0.5Ti-2W Cladding reacted with Tellurium.
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Figure 21 Micrographs of Transverse Cross Section for IFK Cladding reacted with Tellurium at 500°C. (TF-1 Specimen)
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Figure 22

Micrographs i
p of Transverse Cross Section for 1FX Cladding reacted with Tellurium at 600°C. (TF-2 Specimen)
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Figure 23 Micrographs of Transverse Cross Section for IFK Cladding reacted with Tellurium at 700°C. (TF-4 Specimen)
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Figure 24 Micrographs of Transverse Cross Section for 1FK Cladding

reacted with Tellurium.
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Figure 25
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Figure 26 Micrographs of Transverse Cross Section for Modified SUS816 Cladding reacted with Tellurium at 600°C. (TS-2 Specimen)
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Figure 27 Micrographs of Transverse Cross Section for Modified SUS316 Cladding reacted with Tellurium at 700°C. (TS-4 Specimen)
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Figure 28 Micrographs of Transverse Cross Section for Modified SUS316

Cladding reacted with Tellurium,
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d Elemental Analysis by EPMA

Scanning Electron Micrograph an

Figure 30
for 13Cr-0.5Y205-0.5Ti-3W Cladding reacted with Tellurium at

600°C. (TA-3 Specimen)
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Figure 32 Scanning Electron Micrograph and Elementzl Analysis by EPMA

for 11Cr-0.25Y203-0.5Ti~2¥ Cladding reacted with Tellurium at

700°C. (TB-4 S i
( pecimen) 66 -



Figure 33 Scanning Electron Micrograph and Elemental Analysis by EPMA
for IFK Cladding reacted with Tellurium at 700°C.
(TF-4 Specimen)
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Figure 3% Relationships between Temperatures and Weight Losses by lodine.
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Micrographs of Transverse Cross Section for 13Cr-0.5Y202-0.5Ti-3% Cladding reacted with

lodine at 540°C.

(1A-1 Specimen)
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Figure 38
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Micrographs of Transverse Cross Section for 13Cr-0.5Y205-0.5Ti-3% Cladding reacted with lodine at 600°C. (1A-2 Specimen)
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Micrographs of Transverse Cross Section for 13Cr-0.5Y203-0.5Ti-3% Cladding reacted with lodine at 700°C.

(1A-3 Specimen)
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Figure 40 Micrographs of Transverse Cross Section for 13Cr-0.5Y202-

0.5Ti-3W Cladding reacted with lodine.
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Figure 41

Micrographs of Transverse Cross Seetion for 11Cr-0.25Y203-0.5Ti-2WCladding reacted with lodine at 500°C. (iB~l Specimen)
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Figure 42 Micrographs of Transverse Cross Section for 11Cr-0.25Y203-0.5Ti-2W Cladding reacted with lodine at $00°C. (IB-2 Specimen)
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Figure 43 Micrographs of Transverse Cross Section for 110r-0.25Y203-0.5Ti-2% Cladding reacted with lodine at 700°C. (IB-3 Specimen)
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Figure 44 Micrographs of Transverse Cross Section for 11Cr-0.25Y203-

0.5Ti~2W Cladding reacted with Jodine.
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Figure 45 Micrographs of Transverse Cross Section for IFX Cladding reacted with lodine at 500°C. (IF-7 Specimen)
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Figure 46 Micrographs of Transverse Cross Section for 1FK Cladding reacted with lodine at 600°C. (IF-§ Specimen)
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Figure 47 Micrographs of Transverse Cross Section for IFK Cladding reacted with lodine at 700°C. (IF-9 Specimen)
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Figure 49 Micrographs of Transverse Cross Section for Modified SUS316 Cladding reacted with lodine at $00°C. (1S-2 Specimen)
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Micrographs of Transverse Cross Section for Modified SUS316 Cladding reacted with [odine at 600°C. (15-5 Specimen)
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Figure 51 Micrographs of Transverse Cross Section for Modified SUS316 Cladding reacted with lodine at 700°C. (1S-8 Specimen)
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Figure 52 Micrographs of Transverse Cross Section for Modified SUS316

Cladding reacted with lodine.
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Figure 53 Micrographs of Transverse Cross Section for 13Cr-0.5Y203~
0.5Ti-3¥W Cladding reacted with lodine at T700°C.
(i14-4 Specimen)
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Figure 54 Micrographs of Transverse Cross Section for 11Cr-0. 25Y203-

0.5Ti~2W Cladding reacted with lodine at 700°C.

(IB-4 Specimen)
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Figure 55 Micrographs of Transverse Cross Section for 1FK Cladding

reacted with lodine at 600°C. (IF-12 Specimen)
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Figure 56 Micrographs of Transverse Cross Section for 1FK Cladding

reacted with lodine at 700°C. (IF-10 Specimen)
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Figure 57 Micrographs of Transverse Cross Section for Modified SUS318

Cladding reacted with lodine at 700°C. (IS-12 Specimen)
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Figure 58 Scanning Electron Micrograph and Elemental Analysis by EPMA

for 13Cr-0.5Y203-0.5Ti-3% Cladding reacted with lodine at

600°C. (IA-2 Specimen)
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Figure 59 Scanning Electron Micrograph and Elemental Analysis by EPMA

for IFK Cladding reacted with lodine at 600°C.

(IF-8 Specimen)
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Figure 60 Scanning Electron Micrograph and Elemental Analysis by EPMA

for 1FK Cladding reacted with lodine at 700°C.

{IF-9 Specinmen)
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Figure 63 Relationships between Cr Content and attack Deptihs
by Tellurium.
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