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Study on Corrosion Test Techniques in Lead Bismuth Eutectic Flow
- Joint Research Report in JFY2002 -

Minoru TAKAHASHI ~ and Hiroshi SEKIMOTO *
Abstract

The evaluation of corrosion behaviors of core and structural materials in lead bismuth
eutectic is one of the key issues for the utilization of lead bismuth eutectic as a coolant of the
primary loops of lead bismuth cooled fast breeder reactors (FBRs) and the intermediate heat
transport media of new-type steam generators of the sodium cooled FBRs. The purpose of the
present study is to establish corrosion test techniques in lead bismuth eutectic flow.

The techniques of steel corrosion test and oxygen control in flowing lead bismuth eutectic,
and the technologies of a lead bismuth flow test at high temperature and high velocity were
developed through corrosion test using a lead bismuth flow test loop of the Tokyo Institute of
Technology in JFY2002.

The major results are summarized as follows:

(1) Techniques of fablication, mount and rinse of corrosion specimens, measurement method of
weight loss, and SEM/EDX analysis method have been establishied through lead bismuth
corrosion test.

(2) Weight losses were measured, corrosion and lead bismuth-adhered layers and eroded parts
were observed in two 1000 hr-corrosion tests, and the results were compared with each
other for twelve existing steels including ODS, F82H and SUH-3.

(3) An oxygen sensor made of zirconia electrolyte structurally resistant to thermal stress and
thermal shock was developed and tested in the lead bismuth flow loop. Good performance
has been obtained.

(4) An oxygen control method by injecting argon and hydrogen mixture gas containing steam
into lead bismuth was applied to the lead bismuth flow loop, and technical issues for the
development of the oxygen control method were extracted.

(5) Technical measures for freezing and leakage of lead bismuth in the flow loop were
accumulated.

(6) Technical measures for flow rate decrease/blockage due to precipitation of oxide and
corrosion products in a low temperature section of the lead bismuth flow loop were
accumulated.

(7) Electromagnetic flow meters with MI cable electrode type and tubular electrode type were

tested in the lead bismuth loop, and the performances were compared with each other.

" Research Laboratory for Nuclear Reactors in Tokyo Institute of Technology
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MOFEIRY 7 ~D Ar-3%H, W ADEERE AL, MErDOEBIZIVAL—
TR AESEDH AR T HEHMTL T,

iv) ZLCHEURBIIEDRY VT H I AREIAH BT FREBEITo7, K&
AIRIIF TR NIRIBE 400°C, Ar-3%H, &2 400ml/min T 6 FFfE.
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7299 0.5L/min DHEELRoTz, 400°CHBEORBITIIRER L BT RO -T228,
MAEL3 B EEE~NBE0.15/min (EEHEL,
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JE - BHRAEMT 21/min OFEH B AABELIFLN2D o7,

() BHRAEHOBEBELHRLTB UL ERREZITVRYURKRIEMBRIEBLN,

(4) RRZ L IEH T ETIZEEE DI TRV TR RN A~ 2 FE & 2.41/min (Z[E]
&R,
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(5) #o7F7 (400°C) DERE A< AHZ Ar-3%H, H 2% 400 ml/min T 20 FFREIMGA A EA
PRASREBELZ, EBIERALV—TICHEATRAE RELBEREZ T EZAK
0.21/min Fi &ML=,

(6) AL AV REIBRITTREE TS 7 BRI EHEE Ar-3%H, /2% 200 ml/min T 15 &
MREAA BT EITH 0.21/min WAL, L —T%FEIEDHFMIT/ERLE,

(7 M EOBERELHCRERILC, BARES 31/min GRREFELn/sec) $TH
Bz, ,

(8) TEBRERMEE (FIRER 400°C) ., MEASRLT U —2 BB TELRLKHEENRBIIHAL
IEIF LR AEREBICHT-D T, BN THAZEE LR R, PHRERNLHY
AT APFERUO TRBRIERNOREEBE T IE 250°CTRL U %1707z, A A<
%180 CTF¥+—YL400°CETHIBL, 4~5 FFFERIY, iRX 7 —F T H 7/
EEET—RIAE A RER L Ui, ZO#EER 3 BTl R RBBEORE
WCRERWEN RO,

SBROBELLUTIZR~NS,
(D) BRNV—7EHRORREBI A MY HEEO T
WEH 3000 BROBERRBRIZLD V—TREHOBEH OBEFPETLTVELE
ZbNB, INFTOEBRREREZLLBEREOHETMMET VN — T OESME R T
BE1HD, -, RBR., EUIBRAR LV THOBEERDBIOBILDIZLIHEES
B REDPOHEFMTHHELDHD,
(2) BHAL 7T HEOREBBLIOMBROR 7 OB HOFE
BEERDBIUBILHOHEEEOTMIZLVBRO BN T REELTFRIL, 4%,
BRARICIGERTHELEZ TETORMEFMToLERHD, o, BERED
UEBRIE BRI A ADMEER . RERZELMI RV, BRAR 7 ORBHRLIC
LBWERARL)NICEY, R 7 ERA TR AL UEEERTHH LI ZLbRETT 5%
ERHD, IHIZ, BRER T USNDOR TR (BRIR 7, TRV 7R 75%) ofE A
HLERIZAN, TNOEROR T OEREERELREFTTHILNKETHD,

5. SMERTARBHBRELN 2)
5.1 #E
AT AEREREBEOEMH AV BRI ERHE, EERE ISR T ORI

ERRELE 2 SN EMBEFICIAREEHDOREKEELRU, T2 TEMEROEE
ERTDEBRRBEHOKBEIToT,

_19_.



JNC TY9400 2003-003

5.2 HREBHABEHOHEE

UTORT 2 BEOU R BB EHEZEIEL, it A ABREREBICHREL:,
O EMEHOZELIRELT, Fa—T7 EBBA BRI ES (Fig.5.1()
@ HEAEIIEBTRREL T M —7 VBB BREGE B3t (Fig.5.1(0))

Fa—7 BT, MEENDAERE (N 16.1mm, AE 2.8mm) ZERYHL ., FDOREIC
BEHEZELALBRE THD, BENEHE R R TREEL, £SO 2<% BiLsy
LHTETEMRICBWTEMIBTAE U e dEE X T,

MI =7 VEITIT, M (A E 45° ) OEHMIZEZ 1 pm O FH&AYFEZ0 kizn
DU LAFEHE LT SUS316 MO EARSHR (B 0.75mm) &, BRE FIEEDAYX & LM EIC
LTz ML 7 —7 /v (BBE AR 3.2mm) MIZTHAL, BREMERE T w7397 C(ERS:
U, BIERAE 13x10°/C)TEETIRE Lo TND, ZH T AL CEBERIZER
AL R AP L BERBITHERESNTVWADT, MBRETRETIRENOEERET
BLENTE, TERANBIPT LAY ENTVWAD TERE T ICBRILDATERIN T, Bt
B2 BB 2 T2, FEHBRTRMI I —7 VBN LLEBHEZRY HE 5, BEFRK
DI=DITKARER (RERFEE 5-0.181T) Z AV RE —BRREBZENIMNL TV3,

0.3 ERAMHORRE BHRERT DML

2 MEOEMREEHORBER IR JNORE A ARER TEELERTEES
DHAEBEDBHEERDDFETIToM, BRF 7 NOE A< RIEE T REIEIZ, [EE
Fr LT ANV EDRSEENET AMENORALD T 2720, IAL T BIC ) £ 2
VABRBEILEFHEL TR EIZHVW, it 2<v2% 250°COBETHEL, 250°C THRER
Ex{To77,
MEFORIEFIEIKROLEBYTHA,
L. Noba—F—(aza—F—) BEEREH. AT Ury T ERETH, 2ma—
F—IlEEERFTREL., 20%., ERREHBERET 12207,

. 7993 7RO 1 ~VIIETOFRIELFEURIEETT, 727120, DOF T FE T
B 250°CIZERET B,

M. REVVEO LI 7R ETT 5L REL <A SRS BT B0 TV-2 250,
ERh7 W —% kDB,

V. [RFVIEEE T EIEERFETS,

V. a=a—X—0RGEEEL. V-2 2N EEICEE T3,

VI REVASAVED L 707 ETERCANY T Y4y F CRBORIEL B 5,

VIL  #RELVASAED M SV 7 OB ERBIAMN Y4y F 2 1k 5, BRI, V-2 &
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VIIL
IX.

X.

XI.

XIIL.

X1IIL

BL, 2=a—F —DiiEFr k) 5,

BIERME, VT HE, BRI EFNEEL L& TS,

BUHERA<A%E L LSVETHEEL, V~VIO#REE, "LV THEZEX TS, 6
EIREDIRT, (*)

V-1Z22BIZL, KRIZ V-3 2HERERRERL T3,

7Ty S BEREFLFIE TN —TEE RS,

J—=NMIBRE LT — 0L BB EHEENCHTHEREDOKEERE R
ERAN ,
BONTREREMBROEREL AWT, HIEBROEERFERBLU Y~
DF —FZRVIAH T —Ful— (CADAC21) DR EEEZEET D,

(K)NANVTDORHEZRKELTHORLVUVEENBWE AN HD, 61/min L EOFES H TR
AU RO EBIEEZTTD,

1.
2.

[aRS 7 E% 0.16MPa, ¥ 7% 7 FE% 0.30MPa IZFREL . FEE1TD,
WAL LU ARNVELED, F T E 7D Ar H AL, #7807 [ RS
VY EIZRRSED, Z0LE, RFATA XTI,

PSNNVT V-2 REURBEICL FLUaAT, ZOR, FU I I RLIERS VY
EREFRTDINC, F T EZoII Ar FRAO %, ERZ 71 Ar TRADO LG
BNTUAELATI,

2 MEOEMKEENOMEBERER RS Fig.5.2 ITRT, ¥-. BRRESEEAHLEEL
O EfE% Fig.5.3 17T, U EORERERBRERN O, MI 7 —T L EA T DEBBDOIGE
WA RL BEACEERFEELIZEALRL TV NI RIS, TITHEATADRE
BIEIZIE Ml 7 —TNEATOBBBELERTHILEL, 12720, ZOZAT DLDIL LR
BOAYXNPEE A ARIBHLIH A, BOREKFHEZ R TEBE206NS,

5.4 RIFFIERBROBHAEF O

% 2 A RER (1000 FREfE) CHEAL-H RE BRI B OMEREZF DD, FEIZK
HEEREBETORSRHEIC, AL XAv2% 180 C TRV — I RELEREITo T
ERAR T HIINEEY 68V, BIf% 21A LT,

T OREDOERR EFH R FAMEL BT EFHNHAE A RAREDREHE /%L Fig.5.4 IR

T
o)

(ii)

(iif)

ERBEBTHEICRITAHE A ZRBEN 250CH5 400 CIZETREFOHE
BT REOEEMERLE,

SNE R RIRER 400°CH—EILF 2L, RABRELECHRBAERZFT X
2720 TR BLEDD 15 R HITA 21/ min ZRL— BT,

ZD%, A AT B EE 400°CHD 250°CETHRTSERE, BEDKRTIZLE
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BoTHELBD LT,
ZOEIREERE T RICRTHBSED TR, RREERRE &RV THERH
FERBRIIEEERFELTTIERD 0T,

.5 BREREFT OEHBIERH

ZOH M =7 NEIBHRREHOBBELZFLOLOIIZHRL, BUOMERESZ{To7-
BRD, SA A AT BL B EHEEHEDBMGEEY R T Fig.5.5 1077, ZOF —F 3 EA
ZBRDSERRICIRLTEY, MEFHOMEIIRGF THILHW T80, BIRERHYE
DIREFHIERREL T THOTHS,

5.6 45

FHFRIZEVE O RBELNT,

(D MI =7 NBILF 2—TBID 2 BEO B ESORERERELITV M 4 —7
NEAT DBEBEDIRENEN B, @EHDEERFHELIZLALRZL TN SN D
W21, ZDFZAT DHEDITEIREBD AV R A AFZBEBELUI- B S, BORERK
TR FRTEELONS,

(2) SR A= 2% 180°CTHRBRN— I T L, ERAR TEIINEE 68V, EF 21A CHEE
2170t TDRER Ml r—7 NEIEREF B R AR BT R REEE 250CH 5
400°CETHIEFBEA L., AL R RIBES 400CO—EITREDE, BTRFHEEDLESHMIZ
BALT 15 RERIRRRE K 21/min O—EIZio7z, FDH, $AE A< RIBES 400°CH5
250 CETHRTSEDE, BEOKRTIZLEZS> THRELRA L,

() MIT—7 NEIREHOEEIIRF CHHLHM TEDD, BEESHREORESHT
EREREE R,

U EDRERDOIROBENE Z NS,

(1) REMOERZICHBEREEEZRILWVERKES DBENLETHS,

(2) BREBERO AT FETIIAYFBBE CIIREEICRERSE fé%a"é‘t&)?:-—7‘
FATEBHREFORELEEBIZANS,

Q) BERMEHUANOHER(F—r v, BEE, TVT742R) OB EHORBLMT
LERHD,

6. BbHYIc

AR 14 RO, R TERZER TR TERRANCB 1T B8R < 2 MBI ARERE
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BEAVWEMBESFRRIZLY ., (a) S8 OREE A LA~ XA FRICBIT A EERARF
. (b) Vighéh B R~ XHFOBRRFIEEN. BILTC)REIE. EiEe v A~ A TTEIEAER
EEBICOWTHRF LT, UTIE 2 ENDHE 5 EOKREDR S,

F2EDER

(1) SCM420 & F82H & NF616 D EEHR KM KEL, SUS316 & STBA28 |ZIEEHEMERL
7= (55 2 EIRER. 28 3 HRER).

(2) SCM420 X EFRED THRDIZIBEERKDITIN/NE, LMD BT T HAl
THEMRUEE O FTEEMER DS (5 2 BRER) .

(3) SCM420 & F82H XL e —T a2 Z U7z (58 2 [BIRRER) . F82H i3 ER k43 B
LR Wi m o —Var %R0, SCM420 IXREICE RBIRHREING LY 2+
ABBBALE, to—2al IRARET, tu—Val il BARDOBMERENLDF
BEDSE I Do 7= (5 3 BB AR .

(4) SUS316 % F&& HCM12, SUS316, STBA28 IXEEAESLHRLOIXEENEINL, KT
BHEVHOIXEENEA UL (F 3 BERRER).

(5) BT AT %4<E&Er ODS, F82H, NF616, HCM12, HCMI2A TIZREIZE AR
FtEBEBRLE L AT SRR P LMLz (852 BIRER) . SUS316 13577 27
VEEEROMEITHE—, AR AT ADMAERBEBL . Fe DEIGBETEMLIE
BELERLE- (2 BRR),

(6) BRBEEHRL OV BRBRANEV(E I ERR) . & 2 BEARKR TIX ODS, F82H,
NF616 |2 R BT RONARA 7245 3 BIEARR CIIERBIB RSN,

%3 BEOFEH

(1) BEREES
AT A< REBNA— 7T & DBRBEESERROBEN D, WBAMRRETORE
ERFREEIZEZ & BHELD BB, SRBFEEORRRILETH S, BERET
DHRER IS 272 DITIE, AL AT ZADRENNS S RERABIZ L DMBERTF Vv
N ORRERBANEV IR (Ky MNRBER, MA—7) 2AVTRRET I LE
BdH5,

(2) BRSRVREEHIAIE
K3 KERRE N ADKE AL X DBMBREFMIL, v A< 2TicRELEx
AR LT, BB TRERES RISTARERD S, 2, REALEFNCRIL
YINERE LRKEEL BT AERERD B, T TEE, V—TIENAA RRTA VERT
BEEDBVSAEIFA L, BEREFOEEA N AL NAFE & BRI DB E &
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HTDI LTI MEATAPRRREL—EICRO L 5 T 2BRBEHHOMRE
FHEALETH B,
Q) BRV—TARREEEDOFTM
BREARERELITORVES, BRIV —TAOBRITELH LU T REIZHTH
L, T HEB HOEER BN DI RDETRDTHEBE L OND, AL A AHERE
EORL &ML, BRBENEAZITDRVWEEOERIHIO R0 & BB
REEZRETOILERDD,

%4 BORER

(1) BREEIZIAINEATRADERE FEREST--O, ZOROBBIZLVEIE Rw R
BRNL —TEEIRLD, 7T PEAZ N HZE O Vo ZIZIREAEL T, IRIRTEE Y
RB|UEIALT=,

(2) AL A= RDBERIZB W TERKTE R 6/min DHHEENREBLN T, B ERAMNE
E-EFEHE T 21/min OFEFFHABELIELN2Do77,

() BREMET OERBLH MERBALKR ERRE TV R YRR ESRSELNE,

(4) BRF LV IEZ T E I EFEE DT TRL BTV B RN A AT & 2.4]/min IZH
BXHET,

(B) F7HL 7 (400°C) DEAE A~ ZHNZ Ar-3%H, H A% 400 ml/min C 20 BEREIMIA LSRN
EASREZBILELE, EBIRERALV — T ICHE AT RERELBERE T2 LI5HK
0.21/min FEEDHEMLTZ,

(6) SAE A AE BRI TREE TR Y L 7 EIZE#E Ar-3%H, 5 A% 200 ml/min T 15 &
FREIAATEDTREITR 0.2/ min PP L, —T2BAEIEDHFMIERLEZ,

(D) LA EDBRERREZFBCIFEREL T, AT ED 31/min (FREXEFEHE Lm/sec) TTEIE
L7,

(8) FEERBAA (BIRES 400°C) ., MESRLT Y —ZBBIL TELLHENSAMIZEAL
EIEEERHAEBREBICM- 70T, BRI HAEBELE R, DRERBOEHE
AR APBRLUIZDO TRRSERPOIRELZETSH 250°CTRL U EfTo7z, A A< R
% 180 CTFr—TLA00°CETHIEL, 4~5 BFRBRIE, iRy 7—F 727/
EEET—RIZHEATRERL LI, ZOBES 3 BEfTol- B R 2B R B AEOHE
IZREREEN RO, ‘

%5 BEOMER
(D ML 7 —TNBEeF 2—T B0 2 BEOBHMAREHORERERREITV M r—7
NEAT DEBBDOIEEED B, BENDBEBRFHEDIZEALRL TN LD
DoTe, ZOZALTDHDITEMEBDAYF NP A A PIZEMR LI BE . BOREK
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TFHERTEEILNS,

(2) A A< 2% 1B0CTHRBNAL—TICHREL, BRERTHIINERE 68V, EHE 21A THEER
7ol TOHKR Ml r—7 NV EIBRKEEHR TR EIISRE AR EL 250CH0
400°CETHEFREIL, AL ARBEE 400CO—EIZHR DL, BRMELELINC
BALT 15 BREREER 21/min D—EIZRoTz, FDH, $hE A< RBEE 400°CHD
250 CETHETIEDE BEOCETIZLIZB > THRELE D L,

(3) MI r—7NEFEHOERIIRIFTHALH B C&, ERERBEOREFHITERE
e EER LT,

HHEE

KFFROEITIZ BNV EE LEBHERMK CuRIRKRERE). A)IIZEKRR
K GEEIARKRERAE). EEERK RTXAXKERE), PHERK (RIXIEEE
i&ffi, NDF). Dr. Suizheng Qiu (H[EH, AEIEKRF). $HAER (GuRIKHEX
BHER), THER (TRIKKMAXEHER)., REEER (RIXER). 4H#
B=K (RIAHEE). YCICHEFEENBAZE K. BJIERTE ). =F&T
* BB, BB A I NVBEARBEOSMICRHEZERELE T,
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Table 2.1 252 EERRBRART OTLREKS

No | Material Cr Mo W Mn y Nb Si Others
1. 0.9 0.15 ~ 0.6 ~ ~ 0.15 _
10 | SCH420 -1.2 -0.3 -0.9 -0.35
0.29Ti
2 0DS 11.72 - 1.99 - - - - -0. 23Y203
-0. 18Y
' 0.01Ti
3 F82H 7.70 1.94 0.16 0.16 0.11 0. 01Cu
0.3 0.25
4 | STBA26 9 1 0.43 043
5 | SIBA28 8.6 1.0 - 0.4 0.2 0.08 0.4 -
6 NF616 8.8 0.3 19 0.5 0.2 0.07 0.3 -
7 HCM12 12.1 1.1 1.0 0.5 0.3 0.09 0.3 -
8 | HCM12A 12.0 0.3 1.9 0.5 0.2 0.05 0.3 0.9Cu
o | sosae | D[ 2 - 0.2 - - 0.1 | 10-14Ni
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Test piece

2mm,

10mm

One set

15mm

AERATR
RBRA (@K 1#)

Fig.2.1 SRR OELREFIE

Table 2.2 3§ 3 EBRRRRBA OTRES

Cr Mo L Mn v Nb Si DAt
HCM12A 12.0 0.3 1.9 0.5 0.2 | 0.05 0.3 0.9Cu
SUH3 10. 39 0.72 - 0.49 - - 1.90 -
STBA26 9 1 - 0.30.43| - - 0.25 0.43 -
NF616 8.8 0.3 1.9 0.5 0.2 | 0.07 0.3 -
SUS430 18 - - 1 - - 0.75 -
SUS405 | 11.5 14.5 - - 1 - - 0.15 0.35 0. 01A1
SUS316 16 18 2-3 - 0.2 - - 0.1 107 14Ni
0. 01Ti
F82H 7.70 - 1.94 0.16 0.16 - 0.11 0. 01Ca
0. 29Ti, 0. 23Y203
0DS 11.72 1.99 0. 18Y
SCM420 0.91.2 |0.150.3 - 0.6 0.9 - - 0.15 0.35 -
HCM12 12.1 1.1 1.0 0.5 0.3 | 0.09 0.3 -
STBA28 8.6 1.0 - 0. 4 0.2 | 0.08 0.4 -
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Table 2.3 553 EEERBRARA OTE

DHCM12A

@SUH3 (BSTBA26 @NF616 ®SUS430
E & (um) 2.3 2.3 2 2.3 2
HE (um) 15 15 15 15 15
€ (om) 30 30 55 10 55
: ®SUs405 (DSus316 ®F82H @0DS DSCM420
EZ () 2 2.3 2.3 2.3 2
3% (um) 15 15 15 15 15
%€ (mm) 10 30 10 10 55
@SUS430 HCM12 @SUs316 @STBA28
EE (mm) 2 2.3 2.3 2.3
% (um) 15 15 15 15
#¢ (mm) 10 10 10 10
One set
A
e
) ®
BHh F
I ]
> AT A4
Fig. 2.2 FEHIOERLRIEBRA
Table 2.4 FEHIDEWN
QiEL | @RV | QFLHE
HCM12 Ra=1.49 | Ra=9.06 | Ra=7.23
SUS316 Ra=1.60 | Ra=7.33 | Ra=8. 36
STBA28 Ra=2.41 | Ra=7.15 | Ra=3.70

1
BFF9FES Ra= % [lreos
0
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Table 2.5 BB OEE L B BB OEH

(em®)
RBRA OHEFE 12
RE RV F— DTS 171
RRAEF+EBRH A F— 183
bR T 397
(¥ TE 550mm DA
WERTIV¥) v 0E 144
(¥&TE 550mm DHFE)

Pb-Bi washer

(Made of SUS3O4) Working temperature:200°C
Washing liquid:Na(sodium)

outlet

No gas
inlet

Metal sheathed E
heater .

AN

i Thermocouple

006

Glass wooll

400
Front view Side view

Fig. 2.3 HBRA OUEREE
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10-L 1000 |
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[ I I Y VU e e e e — e am
A o

_____________ . e ®_ ]

\ ’ E

=) >
1B(Sch10) 8_H- s6 S _ll-s6
650 —V—-‘IJ 275 ——[ 75

Fig.2.4 RRAF OLEHESR

=T B ML =B AR
W —ZRBEREICEATD

TR EFRFEREITEAL.

S

200°CETMEEITD

S+ %E200°CTIONERERL . B
RILE—%FEY ., SRERTREEET , 2D

TIEZ2E#EYRT

BEBATRLT—Do, BEBRA
ZRYHLTEBRAE ZS)

S -

U THREETS

Fig. 2.5 BRBRAF D7V Y X 28EFIE
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I OREDEE °E
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C I:
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SE E
0

b) EEOEE g E

S )
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3
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distance( ¢ m)
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Fig.2.8 SCM420 MM - WHEE L WiH O TTERS SRR (55 2 B EHER)
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(a) HEBRAFNVI—ZEY PLL
FIORENEH

counts
]
[]

distance( ¢ m)
I I 1 | | | |
Fe

counts

[NEAERIEN]

J_ e _L . ‘_J [
20 40 60 R0
distance( 1 m)

o

counts
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distance( v m)

(d SEMiICXAWEEESE EDXIZX
BT DRGSR
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