@ e
| WMWWMMWWWWW

JP0650398

MERTRAHLERES® (LBE) FIRXWTICEIT SR
— W SEERRREHFHETHRERATARD
ODS-AISHDTHERTEICEIT SEAF —

(X FEFHR)

Research Work for Utilizing Technology of the Lead-Bismuth Eutectic
—2" Report: Research on Corrosion Resistance of ODS-Al Steels in High Temperature

Lead-Bismuth Eutectic under Oxygen Concentration Control —

(Joint Research)

=)\ A OBRT BE £8 KT R
Tomohiro FURUKAWA, Yoshihisa NISHI*, Kazumi AOTO and |zumi KINOSHITA*

KRR F N R T LT FEFEERPT
MRS I IV — 7

Advanced Material Technology
Advanced Nuclear System Research and Development Directorate

June 2006

Japan Atomic Energy Agency | B RIRFNIAFFEFRERE




A VR — b GEARTIHRBERERE S RERTIT L Cv 2 IEERBEE T,
AL 8~ b O E 13— HWART - H8 - BB 2BAITRCBIHVADET SV,
T319-1195 KIRIRARETER R g+ (975 4R 2-4
HAR T /DTS EBATERAS ST R s R Se B i R
Tel.029-282-6387, Fax.029-282-5920

This report is issued by Japan Atomic Energy Agency irregularly.

Inquiries about the copyright and reproduction should be addressed to :
Intellectual Resources Section,
Intellectual Resources Department
2-4, Shirakata-shirane, Tokai-mura, Naka-gun, Ibaraki-ken, 319-1195, JAPAN
Tel.81 29 282 6387, Fax.81 29 282 5920

OH AR F /I BT RS, Japan Atomic Energy Agency, 2006




JAEA-Research 2006-037

ghe 2w 2464 (LBE) FI I B 45158
— BIWmIRBRRRERE THE A2 O ODS-Al SO R MIZE 2% —
(L RFE)

H AR 72 B R AR
WHARIFRF 3327 LAFFERFE M FBR (ERMER T~ = b
I EEL, W BT, HE fLH. KT RS

(2006 £ 4 B 3 A=)

V% 14 4EC, MEENE S P RAFFREETEMNATBOE A B AR T/ SC B s g (4 RE, £
IRBE A7 VB R AR 1S, SR A A A SR A I B T LR s AR L, ZOHT
FAE A~ A BT i EUF AR Ot B MG AT FR A R T T,

ZORFFRIE 2 DOERIC XSS, B— ISR T, 650°C DBER IR EHIEE B fht A~ A
IBWCEBIFREEMEHERM 0—2Ths 12 7 blOE AR E R L7, LT, &k
IR 28R D71 (Cr) D 5SDENT OV TIRETL T,

A HIWFZETIX, LBE HCOMEMEN _EICRBHIFFESNETAI=T A (AD) BLD Cr @
WIn& %z B 7B b4/ #ieRql (ODS) #ilZ %t 212, 650°C DEEF R IR EHIEF Bt A~
HIZRT, 4,000 REE ECOEARERE EiE Lz, ZORER, R TIE, Crifilc Lot & Mo
M LR BN T3, Al ZERIMULTZZE THEIRIEIC Al BRE BT S, ENICED R
AN ML ST YIRS LoV A

AEFFEEL, () B RAFFEETE B AR F AR B g & O LR 28I Fe DN TERM LS
DTHD,

REEFZEBE o 7 — (BEAE) : T311-1393 IRUEIRBIIRHRER K YERT 5K BT 4002

% () B RAERT R BRI SERT



JAEA-Research 2006-037

Research Work for Utilizing Technology of the Lead-Bismuth Eutectic
— oM Report: Research on Corrosion Resistance of ODS-Al Steels in High Temperature
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In 2002, the Japan Atomic Energy Agency (past organization name: Japan Nuclear Cycle
Development Institute) was made a contract with the Central Research Institute of Electric
Power Industry on the research work for utilizing technology of the lead bismuth eutectic. In the
contract, research on corrosion of FBR materials in high temperature lead bismuth eutectic was
performed.

This work was composed of two stages. In the first stage, corrosion test of high chromium
martensitic steel, which was one candidate material for structures of advanced fast reactor, was
performed in oxygen controlled lead bismuth eutectic at 650°C. Effect of chromium on corrosion
in the lead bismuth eutectic was estimated.

In this second research, corrosion test of oxide dispersion strengthened ferritic steels whose
chemical compositions of chromium and aluminum were differed has been performed in the lead
bismuth eutectic for up to 4,000 hours. As the results, although chromium effect on corrosion has
not been observed, good corrosion resistance by aluminum oxide formation on the surface has been

obtained.

Keywords: Lead Bismuth Eutectic, Corrosion, ODS Steel, Fast Breeder Reactor, Liquid Metal

This work has been performed as a joint research with the Central Research Institute of Electric
Power Industry

% : Central Research Institute of Electric Power Industry
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Table 1 Chemical Compositions of ODS-AI Steels

s RS (91%) HEE
[ Si | Mn P S Ni{Cr|. Mol W Al ]| Ti Y [ N Y0, | Ex. 0
K1 [0.05]0 041] 006 [<0.005/0.002] — |18.37] — | 0.29(<0.01]0.280.29| 0.16 |0.014] 0. 368]0.082
K2 || 0.04 {0.033] 0.06 {<0.005{0.002{ — 113.64] - 1.6514.1210.28 | 0.30 | 0.17 | 0.0091] 0.381}0.089
K3 {1 0.08 0.033{ 0.06 [<0.005]0.002y — {16.00] = 1.82 14531 0.2810.290.17 |0.006)0.368]0.092
K4 [ 0.09 {0 039} 0.06 {<0.005/0.002] — 18.85] — 1.83 146110281023 0.160.005]0 368]0.082
K5 1 0.10 {0039 0.07 {<0.005{0.002; — (2205 — | 1.80]|455]0.27(0.28/0.14]0.005}0.356]0.064
Table 2 Chemical Composition of 12Cr steel (Heat No. N2)
(wt.%)
C Si Mn P S Cu Ni Cr
0.11 0.26 0.64 0.016 0.002 1.03 0.39 10.87
W Mo \ Nb Al sol N total B
1.86 0.31 0.20 0.054 0.001 0.064 0.0034
Table 3 Chemical Composition of 316FR (Heat No. BS)
(wt.%)
C Si Mn P S Ni Cr Mo
0.01 0.47 1.05 0.026 0.001 12.31 17.58 2.46
Co N C+N
0.06 0.10 0.11
Table 4 Test conditions
R RRHA | HARY | POT | IBEE | BARERE B 65
4 (C) (Wt%)
%~ | 04/05-0 | 1987 A 650 3x107 K1 | K2 | K3 | K4 | K5
i 8 h B 650 1x10° | K1 | K2 | K3 | K4 | K5
| 04/05-1 | 3952 A 650 3x107° Kl | K2 | K3 | K4 | K5 | BE—Ho
1] 2 h B 650 2x10° | K1 | K2 | K3 | K4 | K5 | #kfeatBr
=1 05/01-0 | 99%h B 650 6x10°° K1 | K4 | N2 | B8 -
# 2
I | 05/05-0 | 1030 B 650 5x107° K1 | K4 | N2 | B8 -
# 7 h
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Fig.1 Corrosion apparatus in lead-bismuth eutectic

HERT (06X @ 1.5%x21)

TPRYF(SUS)
FIVEFI4T MoTA¥
(—EOREBRTWIA Y EEA)

| Specimens |

v

(a) before exposure (b) right photo: after 2000h of exposure

Fig.3 Specimens Holders set in corrosion apparatus
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Fig. 7 Temperature record during the 3" run
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Fig. 8 Oxygeh concentration in LBE during 3" run
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Fig. 11  Observation results of ODS-Al steels exposed in LBE containing 3 X 10° wt% of
oxygen at 650°C for 2,000h and 4,000h
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Fig. 12  Observation results of ODS-Al steels exposed in LBE containing 2 X 10° wt% of

oxygen at 650°C for 2,000h and 4,000h




JAEA-Research 2006-037

: e
g &8
E E
L L
) (]
0 o0
& 2
2 ES
g o
& &
o) [
£ £
%] 19}
0 [m]
m w
Region A Region B

EDS Intensity
Low <G====>>High

Fig. 13 Observation results of ODS-Al (K1 heat) exposed in LBE containing 3X10° wt% of

oxygen at 650°C for 4,000h
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Fig. 14 Observation results of ODS-Al (K1 heat) exposed in LBE containing 2 X 10° wt% of

oxygen at 650°C for 4,000h
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Fig. 15 Observation results of ODS-Al (K2 heat) exposed in LBE containing 3 X 10° wt% of
oxygen at 650°C for 4,000h
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Fig. 16 Observation results of ODS-AI (K2 heat) exposed in LBE containing 2X10° wt% of
oxygen at 650°C for 4,000h S
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Fig. 17 Observation results of ODS-Al (K3 heat) exposed in LBE containing 3 X 10° wt% of

oxygen at 650°C for 4,000h
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Fig. 18 Observation results of ODS-Al (K3 heat) expdsed in LBE containing 2 X 10 wt% of

oxygen at 650°C for 4,000h
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Fig. 19 Observation results of ODS-Al (K4 heat) exposed in LBE containing 3 X 10° wt% of

oxygen at 650°C for 4,000h
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Fig. 20 Observation results of ODS-Al (K4 heat) exposed in LBE containing 2 X 10 wt% of

oxygen at 650°C for 4,000h
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Fig. 21 Observation results of ODS-Al (K5 heat) exposed in LBE containing 3X10° wt% of
oxygen at 650°C for 4,000h
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Fig. 22 Observation results of ODS-Al (K5 heat) exposed in LBE containing 2X10° wt% of
oxygen at 650°C for 4,000h



JAEA-Research 2006-037

BSE image
BSE image

EDS Intensity
Low <===P> High

S0P
100 316FR a1 Bsai00th

Region A Region B
Fig. 23 Observation results of 316FR exposed in LBE containing 6X10° wt% of oxygen at
650°C for 1,000h
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Fig. 24 Observation results of 12Cr-steel exposed in LBE containing 6 X 10°° wt% of oxygen at
650°C for 1,000h
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Fig. 25 Observation results of ODS-Al(K1 heat) exposed in LBE containing 6 X 10 wt% of
oxygen at 650°C for 1,000h
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Fig. 26 Observation results of ODS-AI(K4 heat) exposed in' LBE containing 610" wt% of
oxygen at 650°C for 1,000h
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Fig. 27 Observation results of 316FR exposed in LBE containing 5X10° wt% of oxygen at
650°C for 1,000h
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Fig. 28 Observation results of 12Cr-steel exposed in LBE containing 5 X 10° wt% of oxygen at
650°C for 1,000h
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Fig. 29 Observation results of ODS-AI(K1 heat) exposed in LBE containing 5X10° wt% of
oxygen at 650°C for 1,000h
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Fig. 30 Observation results of ODS-Al(K4 heat) exposed in LBE containing 5X10° wt% of
oxygen at 650°C for 1,000h
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Fig. 31 Observation results of 316FR exposed in LBE containing 6X10° wt% of oxygen at
650°C for 1,000h (2)
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Fig. 32 Observation results of 316FR exposed in LBE containing 5X10° wt% of oxygen at
650°C for 1,000h (2)
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Fig. 33 EPMA results of ODS-Al steels exposed in LBE at 650°C for 4,000h (COMP image)
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Fig. 34 EPMA results ef ODS-Al steels exposed in LBE at 650°C for 4,000h (Element: Al)
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Fig. 35 EPMA results of ODS-Al steels exposed in LBE at 650°C for 4,000h (Element: Cr)
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Fig. 36 EPMA results of ODS-Al steels exposed in LBE at 650°C for 4,000h (Element: O)
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Fig. 37 EPMA results of ODS-Al steels exposed in LBE at 650°C for 4,000h (Element: Fe)
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Fig. 38 Observation results of ODS-Al (K2 heat) exposed in LBE containing 3 X 10° wt% of
oxygen at 650°C for 4,000h (Part 2)
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