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Solubility of Metallic Elements in LBE under Extra Low Oxygen Potential
- JFY2001 Joint Research Report -

Hiroyuki SANO®*, Toshiharu FUJISAWA*
Tomohiro FURUKAWA™, Kazumi AOTO™

Abstract

Lead-Bismuth eutectic alloy (LBE) has been considered as a prospective coolant
for a fast-breeder reactor. However a corrosion of the structural material is
anticipated when it is used at the similar temperature as sodium coolant. In this
study, solubility of major metallic elements in LBE is measured under extra low
oxygen potential. The interactive effect of those elements on the solubility is also
to be examined.

Based on the results of JF'Y2001, measurements of the solubility of iron in LBE at
1273 K were conducted where the partial pressure of oxygen was controlled by
using two equilibrium methods: the oxide equilibrium method and the gas
equilibrium method. Analytical condition of oxygen content in LBE was also
determined. Several solubility data were obtained. However it was not yet
enough to do thermodynamic consideration.

From the above results, following subjects were extracted for JFY2003 study.

D To accumulate the solubility data of iron and oxygen in LBE and to consider
them thermodynamically.
@ To obtain the solubility data of the other composition element of stainless steels

and to evaluate mutual influence of them.

* Research Center for Advanced Waste and Emission Management, Nagoya
University
** Advanced Material Research Group, Advanced Technology Division, O-arai

Engineering Center, Japan Nuclear Cycle Development Institute
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Effect of tin, nickel or platinum addition on the oxygen analysis of lead
and bismuth at 1873K.

Effect of extraction temperature on the oxygen analysis of lead and
bismuth.

Relation between measured oxygen mass and theoretical one.

Schematic illustration of the experimental apparatus for the oxide
equilibrium method.

Schematic illustration of the experimental apparatus for the gas
equilibrium method.

Relationship between oxygen content and iron content in LBE measured
by the oxide equilibrium method.

Relationship between oxygen content and iron content in LBE measured

by the gas equilibrium method at 1273 K.
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1. IZL®IZ

ARDEFFEOREIEAFTHY, U EZRRELTWS, Z0oBURYIVE
FRHRCEEETOT) 0.7% LOFELRWVWHEDRERTH Y, AIRERIETEL R
BRATWBI, DX SWEERY I VEREADHEAT I EDERI N OB mEE
FEFETHY, RBETIE, EFARBOWSZEAENLHEEHF (L%, FBR &
B9 ~BITT B L EERERE LTVEY,

BB A 7 VBRZEEE TIX, SERL 11 £E LY FBR ¥ 7 VO RR{LERIERER
Bk L, Pb-Bi &E4& (L%, LBE LIKT) Z2&HEM & T3 FRNREFERSD
—2 &L LTHEITF b, LBE i%, 7 F) UAICHE_RBAREL, £, KPERED
RISHEMENZ L2 h, 2IRMHARPAERBRRF VAT L EBET D ENAREL
7B, TDORME, 77V MNRUMEEETOIHRELLT, TR ULLEBTS LEE
EThdZ LITERT IR LORES, 7MY v AHAFEAZOERBEEZRE L
BEDOHH AL THEIOBRICET3BEERET Oh T3,

PED X5 72ERH 0, KFETIE, (DEBEREEFRT %V F LBE FIZBIT 5%
BEEBTREOVRMERENE, BLUQSSIMBEESETRALOBEMERMEIC
BRIETHERENEL BRI LT, FEEDOEV LBE FO&BLREOBMET —
FBACETAMELVEERE LV ER L TV 5, FEEREIT, 8K—8B bR O T %27
R L7=BRSEFSEICEY, 673 KIZBIT 5 LBE OSKBEMEREEZIT o728, ERR
MHRRNT L3 X UK ORIRELAD bEMRE T — 5 2T 313 E b ARMo T, =
DOxtF L LT, OLBE FOBRBEOERFEEZMITAIZ L, OERTHIZ LI
RT3 REHEEOEBHENRHE SN, BRACBVWTERELZAEL, ThH
BISIRMAI~T T u—FF3 2L, QRAN A% AVWEBESEHEC X 2 EMREAED
TV, T—FORTROTVCRBREOR LZRD Z &, PET LI,

I CAEEL, BRAMFEEHELT S L & HIZ, LBE OSKBEME»®mIRRICE
WTB M EREE R b IS BRI BV TEFRERRAIE L., AREETIE, Zh
EFTI/ONAET—F R O5CIZZEDOFMIZOVWTRET 5,
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2. BESN

21, oWEH

FFFEICBNT, ERCBRBELZEET I LIIEETHD, BRI HELLT
i, BRI TINE TR DEBIIXH LEROH D, FEHT A @M — R
WIREZ V2 BHE, Z 5, ~Y U ARGRF T, BEHHBICER 25 L Cm L,
R BRI & UGS S8, REFOBRE —BILKRET A L LTHEL, ORI
RINED SRRREZRET 25O THD, FETIIOMRK, OMHEE, RESR
BRERTLIIRETHLENRD D, T2 TET, ZhETORREZ L LI, LBE 0f
MRS T 3 BhRHF 72 & NCHIHBIREEICOW TS L2, 238, RO ICHET B BT,
REREICTBR LB E E2ICBRE L TR SERD 5, REETABRFEII R E
T, BREOBMAB b & bBROFLESB T OBRRBEREBNOBIC TR
HTHY, FEICHECTHOFDRFETH I Iy ¥ —F 4 7iIck 2RBEEEIEE
AFFEIZBNTHEA L,

2.1.1. BIBREIDEE

HHIREE % 1873 K L {RIZE®, LBE ARUCHEA L TV A HIROKLRE, kR ez <
REACTHRAOBELToTe, BRM E LTI, 2%, =yrA, B&EAL, R
PHIA T 2BIRROEN LR B2 B &, BRIMEBERZHE L, 2% Fig. 11IT5R
o, TARATRALBIZERF L LTRAXERAWL ZDOEASR 0.6 EEITBNT,
MIEOMHEN b oL bEL, DORELTWB I LR™S05B, LizdoT, BIRA L
LTRRZEBEL, ENVFRERTH 06D EIICHMT24&82RALE, 2B, U
BOBFHIZ DRBEEZRAWTITo 72,

21.2. WMEEEORE

MHEEIZOWT, 1473 K, 1673 K, 1873 K, 2073 KD 4 AR Lz, "R
% Fig. 21377, ZHh &Y, MBRENEL 25 I onBRmHEIENT 52, ¥z
B2V TETHT N v I A THIEBHOERFBEOTENL ), HHEIRD L,
L7z ->T, fIRE L LTIX 1873 K 28 L=,
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22. REROMES

IRETORMNCL Y SWRBEHSILI-OT, Fhib LITREREIER L, 4
%), BARIBE 1 mass ppm DEEUEREZ AVREBROIERZRATN, SITREDE
ENPLHEYLREREEONRPoRk, TI T, ZOHEBERBEN—XLLT, b
PUDFFELETRO PbO (99%EH) HDHVME BieOs (FIEE 999 %) ZHEERSL
ERBERRL, FhEREEEEREE LT, REREZER L7, Fig 3IZ/ER LK
BEREEALT, B L EEEERANORIME L ERECBEKRETT, Zhiy, v
THhORBHIOVWTHIEE 1 ORGRERBEIELNE, ZD3 b, fid BiOsk &
B L72BBHZ W T, RO LBE ICHBESEL LB E ZE X 550 T, ARE
HEEOEE LBE FOMEREFERICANSZ LT L,

PLEX Y, BEREMSTEEL LTI, BFIL LTAX (BEALE TR 0.6), HHIEE
1118783 K & LT, BMRORIEERITI Z &I LT,



JNC TY9400 2003-002

3. REAZE

3.1. BERSEZOHM

FESEEEDEERTIX, EBRICHEFEF T LBE 2®HEM & L THW A BEO4 AR

(673 K~973 K) £EE L TITo722, HIEBEEMENZ 212X 5 RISHEE OF B

Ry, FHEZEORRIEE CHoT, T THEEIR, HEEEL Y FEERRICBWVT
BREUEZITY, 0T —F% b LICHERBER~T o —FT5Z ik, @
EEREFBRICLEILICEY, BESEOHIEL LT, ZhE TF> TWB LY
& SRHTHRIC K DB LR DMz, CO/CO IBE N A BMEMA LI KMFEHEEIC X -
THITOZLAFRELRED, MBEDOFEICLVBRBEAER2IT- 2,

AL TEEEOFRBEIZOWTIY, MEEOREETEREATHB LD, I T,
CO/COBAH AN (D) 2FIA LeKHEEEICSWTR~NS, SHFEREE
T, #HRTHERTIEPBRILLRVWREELBRETZZLAMETHB, OV, FiIE
DERERLBNTROQ L VB ONIEEBRSE L W RO TH LN DBESENEVE
TRITNERLR, E, CO/COz BANADREITERERMEL, BFEICEEES
ERHHTEAHEATHILERD B, Lo T, EREHIEIULDOZ L2EZELT
BE Lk,

2C0O(g) + O2(g) = 2C0:(g) €)
log(Po, / atm) = 2log(Peos/ Poo) - 2.95 x 10471 / K1) + 8,99 17
2Fe(s) + Oa(g) = 2FeO'(s) 2

log(Po, / atm) = -2.76 x 10471/ K?) + 6.76 [

32, B TE&E
KEBRIEEIX 1073 KB LR 1273 K TITV, BRI EHRIBEIZLLTO 2 &£:TiF- 72,
ZfF(A) - Fe—FeO &, log(Po,/ atm) = -19 at 1073K, -15 at 1273 K (gktita % A
W, 758 LBE & Fe—FeORER Ly P ET ATV EREICBWTRIGSE3,)
A B) : Fe % BEBRISELRMEZRLY, TAT U FEREKICEW THHEEARICT
LBE 2L, HLRISS®3,)
Fig. 412 EBEEE O %573, $18) LBE OSRELIINEER & R D F 1 T 1,
#9156 g @ LBE & &HQA)DFEITIEH D1 UDIER L TRV - Fe—FeO B~V v b
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ZgktR (0.D. 10 mm, LD. 8 mm, L.60 mm) KHRELE, BRTOERTH I
D, 8 EATZAORFELERE L, RRIZL2 LBE 0BRXREH D, HROES
Rz, FIERDBEICRRE LLEREFRFORAEHICHREEREEy L, T4
VEBST (4.98x 106Nm3s?! (200 ml/ min)) I CHEMEHRF LT, PIEDOKHBZ &I
HBZIERBRY L, ~V VAT RAEREDTRAMEAMEER &, FRED LBE
FHEEERL, FIEOEENICH Lz, e, VEIZL L TRV y +® XRD
S bITo 7,

3.3 SKARTE&E

EEIREIT 1273 K, BFESEHIESHEIL CO/COz = 25 (log(Po, / atm) = -17) &
L7z,

Fig. 5 \CEBREBOEMMK 2 RY, FIEOHRICTIE LK 25 ¢ © LBE Z g

(0.D. 25 mm, ID.23mm, L.60mm) IZFEL, 1273 KIZfREF L=ERIEHUF DO
WEREEIRIZE Y b LTz, CO/CO:2 IBRAN A ZFTEDRAHITR S X 5 1T EFHT THI
L, +RICEASELLOZAHIKRE T, FiERmRFE L, £0%, HRER
BFEAMLIRYHLAY YAH ALY BBEE S, ERH%EO LBE 2E BRI
L, FIEDERSITICH LT,
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4. HERBIUE=E

41. BiLMTEEE

Fig. 6 |1~ LBE F OBRIRE & SkIREOBROBREEE(LE 73, Y, @0 1273 K,
AAD 1027 KEFRL, BEBRYNEMH(A) : Fe—FeO %%, AKENEME®B): Fe Rk
£T., ¥, &7y MEOKEIIREERFE (b 2R,

1273 KIZBIT DRIFEND 5, MGEHFE bBRFEEICELTWE b0 LB LB,
L7ehi»> T, 1273 K, log(Po, / atm) = -15 23317 5 LBE OSIEMEE L LT 170=15
mass ppm, BRBFMEEE LT 41E£2 mass ppm 3, TAI U FEKTICBIT 5 LBE
DOERPERERE & LT 105+ 15 mass ppm, BERIAAEE & LT 26+2 mass ppm BRENFH
Bohlc, Thbid, XERINC X 28EEFAFEE (1273 K @ 460 mass ppm) L HAR3 &K
VWMEE 2o T,

RIZ, 1073 KIZBIT HRBIEERD L, FHEB)TIXEHEIES&E 2053 L 51K
HOENBH, WTHORMICONT b RSERIANED > 720, TEIEORRIITE
Lrbrote, 28, RMFAD 12 h ORFRREN ML ENTEL 2o TWB DI, 4547
RDOIRLEBX LR, REHEROBR» SFONMBA Lo, LEB-T,
1273 KIZRIT 2BEELEZBR LT, LY ERFERS S & EEEELHERT 5 LER
»5,

£z, FHFADOERRAEDON Ly b%E XRD IKTHITLERER, L HIC&E Fe &
FeO 2RO O, FEBGIZBWTIMHREN O OBRBEOHEMBIZLALAD L
NN e, WTRIZBWTHBESEIIFIHIATWZbnEEX 6N 5,

42. TAETEE

Fig. 71 LBE FOBMRRE & SKREDOBRORKELE T T, IPOERETIL, &
HROMTEISEWE S 2 (@), REIOFLESZREl (A) & LTETROBE
Z&RL, RIFH LBE X7, £, &7y MOFEIIREERZRT,
PREFFFAD ShiZB W T, MREFIESINTWS LEZ bh, BRI EERE
DHERIZIZE > TWRY, £z, B FEIEORR LT S &, BRISEDEVS
HTREZT>TVEDT, BREBEMES R Z LB TRHISHhB R, ARERITFNE
HEIZR>TWD, Ledo>T, BRTIRAFECOHET —F 28T 5 IZ3ELR
Mol



JNC TY9400 2003-002

581X, TERZOREROLDO LY REFHORRE T, BELEOCHBERIEL
TR TV APDHEREZITIMBERS B EEZILND, £, HROEXRTIIVWTH
DHFEIZBW TS, LBE FIELBROMFEEMSETNWELD, BRAFNEREE
TRTHEYVHEREE LWRETOBRMBENSER TE 2V, £I T, [ABTHEET
i, SHRERAVWTIRBROAZEMSELIRERLIT-o TS,
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5. BbYIc

ERHEFEFE OWMEAM & L TERM L 22> T3 LBE I22oWT, BIEBERF VYL
TRBITHEELBTRFORMEFETMOERMZL LT, LBE OSEMERE
TR TR DS EEEE AV TEBESEREE L, 1273 K& Hhi e Lz
BIRIRIZ BN TIT 272, ¥7%, LBE HOBERE DS HFIEIC SV TR 217
W, BRBEOWTRIEEZTESL LT, TOREE, B TFEEICBOCIRERET —2 24585
NID, [EFEEECTIIERET — 2 B3I EL R 1oz, X7, BRET — 21
FNEDICBRETH DD, BABNICERTHZLIITERP o,

UEDZ &b, SBIXET, BRACBOWTERELREL, Fhib LIicEEa
NT T —=FFEHECBNT, T—F WEPEICRN DT, BAIZTF— 2 2 EHEL,
MROERIBETIZRIT 5 LBE OSKBEHE L BN FMERTE 2L, ROCIKERD
DRRZH LT, ATV VAFOETEEBRTROBBEIE, BLUOKTERLOBER
BRI RIETHERETFEEITo T L,
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Effect of tin, nickel or platinum addition on the oxygen analysis of lead
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1. Thermocouple 2. Gas Outlet
3. Brass Frange 4. Alumina Tube
5. Iron Crucible & Cover 6. Specimen
7. Electric Resistance Furnace 8. Alumina Reaction Tube
9. Mullite Pedestal 10. Gas Inlet
Fig. 4 Schematic illustration of the experimental apparatus for the oxide

equilibrium method.
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1. Thermocouple 2. Gas Inlet
3. Brass Frange 4. Alumina Tube
5. Iron Crucible 6. LBE Specimen
7. Electric Resistance Furnace 8. Alumina Reaction Tube
9. Magnesia Pedestal 10. Gas Outlet
Fig. 5 Schematic illustration of the experimental apparatus for the gas

equilibrium method.
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Fig. 6 Relationship between oxygen content and iron content in LBE measured

by the oxide equilibrium method.

._.15_



JNC TY9400 2003-002

60 I LA e a—
a, || M Initial 4h _
2“ 50 A : Inside ®
2 | @: Outside ]
& 40 .
~
2 ‘ Sh@ggn
Dﬂ 30+ _
"g B _
*g 20+ A ]
O " 4h i
S 10f .
= i i
Oh
O ] . l I | ] ]
200 400 600 800
Oxygen Content , C, / mass ppm
Fig. 7 Relationship between oxygen content and iron content in LBE measured

by the gas equilibrium method at 1273 K.
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