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Fundamental Thermochemistry Research on the Lead-Bismuth Eutectic
Dissolution Behavior in Sodium

- Solubility Measurement Test for Lead-Bismuth Eutectic in Sodium -
Suguru TASHIRO*
Abstract

In the “Feasibility Studies on Commercialized Fast Reactor System”, the new
concept of utilizing lead-bismuth as an intermediate coolant is proposed for
simplification of secondary sodium cooling system. In this study, the solubility of the
lead-bismuth eutectic in the liquid sodium was measured by using J-shaped capsule
within the range of the temperature from 150 to 600°C, for the purpose to
understand the dissolution behavior.

As the result of the experiment, the followings were clarified.

1. The solubility of lead in the liquid sodium-lead-bismuth system is expressed as a
function of temperature in the form, log S=4.77-1858/T(K), in the range of
250-150C.

2. The solubility of bismuth in the liquid sodium-lead-bismuth system is expressed
as a function of temperature in the form,

log 854.99-3449/T(K), in the range of 600-300°C,
log $=0.211-611/T(K), in the range of 250-150C.

3. The XRD analyses of the residue in the experiments indicated that the principal
reaction products are BiNas and PbsNais.

4. Based on the experimental and analyses results, the model of the dissolution
behavior in liquid sodium are proposed for the lead and bismuth which are the

elements of the lead-bismuth eutectic.

* Visiting Research Fellow, Thermochemistry Safety Engineering Group,
Advanced Technology Division, O-arai Engineering Center

(Assistant, Department of Mechanical Engineering, Ibaraki University)
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195CTIBATENEAVWTEREZBELUEER. & Tw. YOBBEEZFEDOIEN
SO, FEICBIELREZ 3 AT —FDINSTIFNNIWI ENGho 7z,

3. 5 FRUDLREATADEMBERIERER
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FNENORETCRABICAIELRE 3 SOT—FYEONTYFIINEL, BEEOH ST
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VERERERBE TH, 7 U DA EBRRESEEL T I B SV T I E-
F RUTABEORISERMICONWT XRD 2RV THHFEF-72. K 3-T~[ 3-12
W XBIERR QR R AT, M XRERSRED (B> M) OMHE. MEmicimE
FAE 00) ThHb.
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4. 1  FRUYA-BBEIVF NI A-EARASTREBENERBREE &
FRUTA—BBIOF MU TLERAY AR OEREBRO LB

FEINTVEFRITLA-BBLIUOF MU A-EAIZAZLROTNENDOHE
fREmR Y CARBEROLERTI DI, JHATENEZRAWTTF N UL—ES
FUF PN LA—EARASTRIIDOVWTERERERBEZfT > . K 4-11I2ZN5 0D
HEAEF LHTRT. I NI LARORBIOEAR ADEMEEZRL. BH#O
BEOEHEICHLTT LY ATOy bLERKRREZRT. IFOARERBRTHE SN
F MU ARROBREANTRRER. @R U ARXBTHESNEFT NUTLFER
T ADEMENERBERTH S, AT OHE LOFERBITIT M) UL - ShOERFER
log S=6. 1097-2636/T K) 2R L. HHEFOZEADERIZF MU T L - EAT ADERE
EE T, BEHTIZ log $=5.67-4038/TK . 20 CREOKEBH TIT log
§=2. 15-2103/TK) &RBZEMNHEENTVWE Y, ZNEF NI TL-EATAZLR
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LU, F U A—BBEOF NI LA - EARAZTRDTNTNOEMRE R
DIHEIHE L, TORDIAEBROBENE LKA LELEZZEEE2EAZLTNTNOE
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£2-2 FRUULAHBEATRAOEREANERRE N
FTrUDA [BEXTR [#REXRTXR

Capsule R S DEE RIFEERE RIEER

No. (c) (h)
(g) (g) (wt%)

#1 6.0153 4.0073 40. 0 600 500
$2 6.0408 4.0156 39.9 600 700
$3 6.0298 4.0322 40. 1 600 1000
#4 6.0089 4.0126 40. 0 600 1000
#5 6. 0046 4. 0047 40. 0 600 1000
£6 6. 0142 4. 0149 40. 0 600 1000
§7 6. 0057 4.0008 40. 0 500 1000
#8 6.0028 4.0016 40. 0 500 1000
#9 6. 0035 4. 007 40. 0 500 1000
$10 6.0054 4.0024 40. 0 400 1000
#11 6.0034 4.0002 40. 0 400 1000
#12 6. 0024 4.0007 40. 0 400 1000
$13 5.9995 3.9987 40. 0 300 1200
$14 5.9991 3.9994 40. 0 300 1200
#15 6.0016 4.0019 40. 0 300 1200
#16 6.0006 4.0015 40. 0 200 1600
$17 6.0019 4.0004 40. 0 200 1600
$18 5.9998 4.0005 40. 0 200 1600
$19 6.0021 3.9998 40. 0 150 2000
#20 6.0016 3. 9997 40. 0 150 2000
#21 5.9997 3.9997 40. 0 150 2000
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£2-3 FTHRIUITLHAEATARSD TR EEORKEEILORABS G
FRUSA MMEXAXTR |RERATR
Capsule RERE REESRB
FIEE KER NDEEL
No. (c) (h)
Na (g) (g) (wt%)
$1 6. 0153 4. 0073 40. 0 600 500
#2 6. 0408 4. 0156 39. 9 600 700
#3 6.0298 4.0322 40. 1 600 1000
4 6. 0089 4.0126 40. 0 600 1000
#5 6. 0046 4. 0047 40. 0 600 1000
#6 6. 0142 4.0149 40. 0 600 1000
£2-4 BEBEHIZBIA TN TLBHHREAITARDTTRED
BREAERABRSEMH
FRUSL |[#MERTR | AERATR
Capsule / REBEE GRERM
KTEE | FEE ODE=EH
No. (°c) (h)
(g) (g) (wt%)
#22 6.9993 | 1.2361 15.0 195 2270
#23 7.0027 | 1.2362 15.0 195 2270
#24 7.0006 | 1.2357 15.0 195 2270
#25 7.0003 | 0.7772 10.0 150 2270
#26 7.001 0.7772 10.0 150 2270
#27 7.0017 { 0.7767 10.0 150 2270
#28 7.0006 | 2.9998 30.0 250 1600
#29 7.005 3.0013 30.0 250 1600
#30 7.001 2.9997 30.0 250 1600
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25 FRUDLHBHOBRBEANEABRSH
FrUD L & Mmoo ‘
Capsule REEE BRFRHME
FEE |FTE=E |EELH
No. (°c) (h)
(g) (g) (wt%)
#34 7.2 0.7997 10.0 195 1800
#35 7.2002 |0.8004 10.0 195 1800
#36 7.2007 10.8002 10.0 195 1800
26 FRUTLPEATAOERENEXBRSLHE
FrY)DL |ERXRTR | EXTR
Capsule RERE BFRHME
FEE KEE ODEEL :
No. (°c) (h)
(g) (g) (wt%)
#31 8.0003 0.008 0.1 195 1800
#32 8.0006 0.0081 0.1 195 1800
#33 8.0008 0.0081 0.1 195 1800
#37 7.2002 0.8005 10.0 500 1000
#38 7.2005 0.8005 10.0 500 1000
#39 7.2006 0.8008 10.0 500 1000
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£ 2-T BEOIR AWM EFT AT EINOERERE KM
FrUSA |[RERTR |[BHEXTR
Capsule B R DEE i REEE REBH
o () (g) (wt%) e "
#5 6. 0046 4. 0047 40. 0 600 1000
$8 6.0028 4.0016 40. 0 500 1000
1 6.0034 4.0002 40. 0 400 1000
14 5.9991 3.9994 40. 0 300 1200
C¥17 6. 0019 4.0004 40. 0 200 1600
#20 6. 0016 3.9997 40. 0 150 2000
£ 2-8 XBEEHAROAESE
X ESHE X #8745
5 IR Cu T — &l E & 10° ~90°
% & 1. 54056A A F v 26/6
oA A—F | HEIFA—F | TUTHEE|0.02°°
BERE 40kV AF vy oHEE 2° /min.
BEEIR 35mA EHMAU v b 1.00°
BE AU v b 1. 00°
ZHA) v b 0. 15mm
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£2-9 EEHITEINZAVWETFTRITLFD
WEATABBREANEABPORENMBIERABRSH
FRUDL | SAERTR |SBRERXTR
Capsule BRERE GEHME
FEE FTEE NDEEL
No. (°c) (h)
(g) (g) (wt%)
T1 6.9994 3.0007 30.0 250 770
T2 6.9998 3.0007 30.0 250 770
T3 7.0003 3.0003 30.0 250 770
*£9-10 BEHI BN E3XBEEABRSE
w®E HIE HE&E
XEBEREESE | (R HEHXER BEFTHXRBRER
RF-300EGM
HE & BB B 900mmn
BE LG 280kV, 5mA. 1. 0min.
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£3-1 FRPIITLHAREATAROS TZEEOREZEZI Lo BRER
FRUYA | AERTR | AERTX DFRER | PFER | PHFER
Capsule RIFERE | RIZIEH
FIEE REE |DEEL FrUYA E7A) EXTX
No. (’c) (h)
(g) (g) (wt%) (wt. %) | Pb(wt. %) (wt. %)
# 6. 0153 | 4. 0073 40.0 600 500 69. 7 20. 7 9.6
#2 6. 0408 | 4. 0156 39.9 600 700 66. 4 21. 6 12.1
#3 6. 0298 | 4.0322 40. 1 600 1000 RO | RO | RO
t4 6. 0089 | 4. 0126 40.0 600 1000 64. 1 21. 7 14. 2
#5 6. 0046 | 4. 0047 40.0 600 1000 67.7 21 11.3
#6 6.0142 | 4.0149 40.0 600 1000 66. 3 20. 1 13.6
1 02 : 1 T 1 ] I ] ] 1) ] l ] :
- 600°C ]
~ i .
- 5 o] o B J
=
- A
1 TA A
10: YA -
i - ;
& o h
o | -
R O:Pb 4
i A:Bi 1
0 t 1 i L I (] 1 (] I 1
10 :
0 500 1000
®¥FER (h)
K3-1 FRhUTDLHBHDILBER D THEFDHEEATZAD

RE & RFFRR OB R
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Solubility Weasurement of Sodium lodtde in Sod va-Stoinless S!eel Systems
:ua of the 2nd Int. Seminer on Liquid Metal Systems. po. 321~
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%£3-2 FRMUDLAFREARADOEREANEABOERANE &
= i =Y
FRUDA | BERTR | BERTR SEER | SRR | HFES
Grsule | mm | zmm |omew |oon | RERE)  ea| w E2T
No. c) (h)
(g) (g) (wt%) (wt. %) (wt. %) (wt. %)
#1 | 60153 | 40073 | 400 600 | 500 69.7 20.7 9.6
#2 | 60408 | 40156 | 39.9 600 | 700 66.4 21.6 12.1
#3 | 60208 | 40322 | 40.1 600 | 1000 | kHH | RAH | RmHH
#4 | 60089 | 40126 | 400 600 | 1000 | 64.1 21.7 14.2
#5 | 6.0046 | 4.0047 | 400 600 | 1000 | 67.7 21 11.3
#6 | 60142 | 40149 | 400 600 | 1000 | 66.3 20.1 13.6
#7 | 60057 | 4.0008 | 400 500 | 1000 | 76.6 19.7 3.8
#8 | 6.0028 | 4.0016 | 40.0 500 | 1000 | 77.7 18.8 35
#9 | 60035 | 4007 | 400 500 | 1000 | 75.1 21.1 3.8
#10 | 6.0054 | 40024 | 400 400 | 1000 | 77.5 21.8 0.7
#11 | 60034 | 40002 | 400 400 | 1000 | 956 4.3 0.1
#12 | 60024 | 4.0007 | 400 400 | 1000 | 78.1 21.3 0.6
#13 | 59995 | 3.9987 | 400 300 | 1200 | 77.4 225 0.1
#14 | 59991 | 3.9994 | 400 300 | 1200 | 77.3 22.6 0.1
#15 | 60016 | 4.0019 | 400 300 | 1200 | 77.2 22.6 0.2
#16 | 6.0006 | 4.0015 | 40.0 200 | 1600 | REFEE | MEFE | MEFEE
#17 | 6.0019 | 4.0004 | 40.0 200 | 1600 | RFEFAE | BEREE | BIEFEE
#18 | 59998 | 4.0005 | 40.0 200 | 1600 |MEFAE | METE | WEFE
#19 | 60021 | 3.9998 | 40.0 150 | 2000 |MEFEE | MEFE | BEFLE
#20 | 6.0016 | 3.9997 | 400 150 | 2000 |MEFEE | MEFEE | MEFEE
#21 | 59997 | 3.9997 | 400 150 | 2000 |REFE: | WEFE | MEFLE
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% 3-3 (EEHE (300CHRHE) OF MY TLFHEAITAD
HFRENERBROEBABTEILLESIWTER
FRUSL | AFRTR | IERTX SIER | o ER | fTER
Capsule RIFRE | RIFHERM .

FEE | TEE OEELL FRUD L £ EXATX

No. ‘ (°c) (h)
(2 (g (wt%) (wt.%) (wt.%) (wt.%)

#22 6.9993 | 1.2361 15.0 195 2270 93.42 6.49 0.1
#23 7.0027 | 1.2362 15.0 195 2270 93.46 6.42 0.1
#24 7.0006 | 1.2357 15.0 195 2270 92.97 6.46 0.5
#25 7.0003 | 0.7772 10.0 150 2270 97.57 2.35 0.07
#26 7.001 0.7772 10.0 150 2270 97.22 2.5 0.28
#27 7.0017 | 0.7767 10.0 150 2270 97.63 2.33 0.04
#28 7.0006 | 2.9998 30.0 250 1600 82.74 17.06 0.2
#29 7.005 3.0013 30.0 250 1600 83.47 16.48 0.05
#30 7.001 2.9997 30.0 250 1600 83.79 16.1 0.11
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BE[C]
1 00 ; 65;0 4'50 2|50 15|0 ;
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#3-4 FRUDLAPRMOBMEMNEABRORBAET LILFETTHR

FRUDL R o SWER | SRR
Capsule B REBE | RIEER
KEE |TEE | EEH FrUDL £n
No. °c) (h)
(g (g) (wt%) (wt.%) (wt.%)
#34 7.2 |0.7997| 100 195 1800 92.68 7.32
#35 7.2002 | 0.8004 | 10.0 195 1800 93.05 6.95
#36 | 7.2007 |0.8002| 10.0 195 1800 93.02 6.98
AE[C]
650 450 250 150
1 00 E [ | | 3
10¢ =
= i i
- IF 3
= 2 3
# 0 1k .
8k : E
I :
0. 01 3 E
- | A : Pb(Na-Pb) .
0. 001 = -
0. 0001 ' ' '
1 2 3
1000/T K"
B 3-5 FhUDTLAPFHROERE (195TC)




" JNC TN9400 2005-041

£3-5 FJPMITALAPEASRADEREMNEAXABOERNST &

LD ER
FrYHL | BERATR | EXTR
Capsule RERE | REEH | oWER | SWHER
KTEE TEE OEEH
No. (°c) (h) Na(wt.%) | Bilwt%)
(g () (wt%)
#31 8.0003 | 0.008 0.1 195 1800 99.987 | 0.013
#32 8.0006 | 0.0081 0.1 195 1800 99.991 0.009
#33 8.0008 | 0.0081 0.1 195 1800 99.992 | 0.008
#37 7.2002 | 0.8005 10.0 500 1000 95.83 4.17
#38 7.2005 | 0.8005 10.0 500 1000 96.06 3.93
#39 7.2006 | 0.8008 10.0 500 1000 95.98 4.02
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