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Lead-Bismuth Transfer Behavior Preliminary Test in Liquid Sodium

( Research Document )

Jun-ichi SAITO*, Toshihide TAKAI*, Norihiko SAGAWA*, Shuji OHNO*,
Hirotsugu HAMADA*, Shinya MIYAHARA*

Abstract

The simplified secondary sodium cooling system utilized lead-bismuth eutectic as an
intermediate coolant has been selected one of candidate system for the “Feasibility Studies on
Commercialized Fast Reactor System (Phase I)”. The purpose of this study for the “FS (Phase
I1)” is to understand transfer behavior of lead-bismuth in liquid sodium by experiment. From
the experimental results the fundamental data are obtained for the feasibility evaluation of the
simplified secondary sodium cooling system. Twice experiments which trickles liquid
lead-bismuth into liquid sodium are carried out at 400°C. Following results are obtained.

(1) From the ICP analyses of L1-1 and L1-2 test, the lead concentration of sodium is higher
than the bismuth concentration. This shows that the amount of dissolution of lead into
liquid sodium was larger than that of bismuth. This result agrees with data of the previous
solubility data in Pb-Na and Bi-Na binary system in sodium. The solid black particles
observed in sodium contain a large amount of bismuth.

(2) Temperature of liquid sodium rises when the drops of liquid lead-bismuth are added into
liquid sodium. The total heating value calculated using temperature rises observed at
several parts in equipment is 137 kJ/mol-LBE on L1-2 test. This heat of reaction is
promising for leak detection of lead-bismuth into sodium.

(3) Many black solid products are observed in sodium taken from L1-1 and L1-2 test
apparatus. The reaction products taken from upper location in a sampling finger are very
fine and the size was 5 ~ 10pm. Those from lower location increase in size and the size
was 50 ~ 100pm.

(4) The EDX and XRD analyses show that the reaction products consisted of sodium and
bismuth, and the diffraction peaks of an intermetallic compound BiNas are detected,
indicating that the principal reaction product is BiNas compound. The diffraction peaks of
PbsNais compound are also detected by XRD. However they are not observed by SEM.

Based on the experimental and analyses results, transfer behavior model of

lead-bismuth in liquid sodium is proposed.

*Thermochemistry Safety Engineering Group, Advanced Technology Division, OEC
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WHIFICERT 2729, Na-Pb REBRLEYOERBIIDIZNEEZ NS, FIIR

® O e
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MEINBIFE. ZORIIDBL BB ENZ S,

PLEDHBERB ISR ENSBEIND T P TAFHOREAT ADOBITHEE TS
WTHB. ZOOM OB MNTITE T B0, SHE U KIS ERMDERT 2 O,
BN S TIXHBTTERR W,

WTHIZLTH, ZOBENSHRIBETT N T LAFOHDEBEMRENTH THBEEIE.
FRISEBEFT R O L—EARIAD 2 uReBRELEY (B2 BiNa,) Z2E L Twhwiudk
WEEZLNS, L. FRUDLABEN B0CLUTFICASZHEEIEIF M) LATOHD
BRREBETTS2D, TR ULA-SRORISERDORHEZETIHENS S BN
B, TDEEERT2LBHILEHELTIEN4A -6 2 IZRTF MU TLA—# 2 TRIRER
0. PbNaj . PbNa; . PbNa, . PbNa WMERE L TEZASEND., TNTNORAIIKRER
7 (Q03C~372C) Baniz®d, Bz lilZZEBEELEZ S NS, FI T, e E
ABETFTRITLUYTFOPONa s MEmRBERLPLTNEEZSEND, L. HEATAN
FThRUDLFIZRANWLEZERTHFT MY U ADOEREN 400CT—EBIZRENZDTHIL.
FTrUDL—-8 ) cREBEILEYORMAELDRD. TOEERELWEEZ NS,

4. 5 FRUITLA--EATXITREBEEILEYDER

FRBROBRNSG, TRITA-EARAD 2 TRORIGERNECHRBENE, =2
TIEF MU T LA——EATAILRSEREILEYDRIGERY & UTERT 5 IR D
WTEZD, 4.4 DBTEHETIVED 400CTHRE AT AN 3. bwt. $OFABRLHETIZF MU
UL -2 RSB EMOERIIBELNEEZSND. DXL, FERETEZIZES.
ST MU LOBEBEHFNTHS D DEHLEN, TR TA-B2TREBRLEY
BERLBWEETTII3 TREBRLAYDOERIIH L NWEEZ 515,

SEREBEULEYNERTAFELELTUTOZENEZ 5NS,

RBRRENENGS (MU D ATIZBIT2MOBBENMENES)

FTRIDLPOBEBEZEA S8 (EXTR) ENFTFINEES
INS5DFBOBETF NI TALA-H—EAYA I TREEMICEYMNERT DEREHENH
HEEZBND,

FIZIE. V=T RICERTREMERIET TS 75 MROI—=)V Ry T EDER
MEZRIRANWLU R EAR ANLBITEE T 2TMICBNWTERT I fEENE X 515,

4. 6 RINERYOEE

4.4 DERI D EFERRIGERMIS BiNa; W EZ 5nd LRz, 2T, W FEh=8t
ARADEARANTRT BiNay 2R L7z EEZ B A DOAHEEFET 5. BiNg, OHBEIR
3.7g/c EMEZINTWBEY OT, ZOEZANVWTEHET 3,

AR THTFTINZHMEATYZAOERZ 408 & U TBiNa, DEEZFHET S E 7. Jen® £72 5,
HREBOY > T 2T 74 H—ERINE 10m. £ 140mm TH D=8, KT len® &5,
BiNa; R &R - BE - IR L. > T T 74 U H—RNIZBICEZ o 2B AT N TR E S,
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EAERAETHE (72— X0) IKBFBF MY TLARICBITZHEAT ADOBITEE
ZEBHICHR TS IELEZENEL T, SEERENZEZHERL. HEAT R 2 Rk s
LTHIAT 3 ZRRERE TS > SO D =D DEBT —F 2 WELT-, Z0Ok
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() LI-1 EBRBLVLI-2BBBOT MY TAD [P I BIERNS, T RUTAFD
SHBEREATARELDBELL>TVS, DFED, F MUY ATOBMEIZSOL
MEARAXDHBZNZ ENDOND, INSIEBERKOF NI D A-BBLTF NI A
—EARZA2TLROBEMEDOHEERE—KT B, £z BREFRIZEATANF MY
T LRI RE S EENTNS,
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EEFNEHUERR#EIT. L1-28BRT 137 kI/nol-LBE TH-7=, ZDRELE
DODEEELT, HEATRAEFT NI ULADKRISERYV ORI I D RIGEBI VS, E
ARANTFT MUY LAHRICART ZRICECDBEMEANEZ 5ND, 25 DRBEITY
— RIS TE 2 AEEEN D 5,

() L1-1 BB IO LI-2 BB, > MU U AHRICEWERY (RISERY) NERans,
YTV TT4 2 H-—NORIGERYEBR LR, L8 T 5~10nn BEOHM
BPRTH B, TEHTIE0~100unEEDOKREITH S,

(4) EDX BV XRD 12K D RA AT OIER. KISERDOERERTHETFRITALAEEX
RATHO. BiNa; OEBRLEY TH B aleENE W, XRD 12X D PbNa,, DEHTE—
7RI NSA, SEMIZX o TIX PhNa i3BE I iz,
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R4 B A LFa—yy | VT et
FFY A (Na) | EE(ng) 915300 46349 6367 968016
wt. % 99. 4 98.9 98. 2 99. 33
At %  99.93 99. 88 99. 80 99. 93
&\ (Pb) EE (ng) 5852 475 114 6441
KR : w. 18 0. 66
at. % 0. 07 0. 07
2= (Bi) | E&E(mg) 87 113
W% b e e 0.01
- at. % 0. 001 . 0. 001
£EE (mg) 921239 46848 6483 974570
FRU A (Na) | EE (ng) 9
vt (50.76) ™ G.1p™ 0.3 R
at. % (53.06) ™! (22. 20) 2. 34 B
g (Po)  ER@: P L LA i
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at. % (3.39)"! (68. 95) ™2 7467 -
LEE (mg) 3417
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1 BUBIENZ W=, EDXIC & RE\ESE SO, flzAl 0. 43wt. % (0. 39at. %), Si 0.25wt.%(0.21at.%). Cr
0. 75wt. % (0. 35at. %) . Fe 13.92wt.%(5.99at. %) . Ni 0. 48wt. % (1. 53at. %) ¥ &4,

*2 BUBIENZ W=, EDXIC & 0 RREEESH. flzCr 0. 48wt. % (1.53at. %), Fe 0.27wt.%(0.79at. %) # &4,
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£3—4 YoV T T4 —RLEHESDED

T ) U LDOSHRER

R B2 Na Bi Pb
PE01-0
|
| Tmg 75. 5 0. 03 1.0
Uyt 9 98.6 0. 04 1.3
at. % 99. 8 0. 004 0.1
PEO1-1
| mg 800. 5 0. 64 10. 3
wt. % 98.6 0. 08 1.3
at. % 99. 8 0. 009 0.1
PEO1-2
l
me 679. 7 0.17 25. 6
wt. % 96. 3 0. 02 3.6
at. % 99. 6 0. 003 0.4
PE01-3
l
me 705. 7 0. 38 39. 1
wt. % 95. 6 0. 05 4.3
at. % 99. 5 0. 006 0.5
PE01-4
T e 741, 4 0. 91 19.4
| Wt 9% 97. 4 0. 03 2.6
at. 9 99.7 0. 003 0.3
PEO1-5
| ng 659. 3 0. 27 3.3
wt. % 99. 5 0. 04 0.5
at. % 99. 9 0. 005 0.1
PE01-6
l
[ e 672. 9 0. 08 2.7
Wt % 99. 6 0.01 0. 4
{ at. % 100.0 0. 001 0.0
PEO1-7
I
| mg 634. 0 0.10 6. 4
W % 99. 0 0. 02 1.0
} at. % 99. 9 0. 002 0.1
PE01-8
f
| mg 705. 6 0. 22 4.9
Wt % 99. 3 0. 03 0.7
At % 99.9 0. 003 0.1
PE01-9
!
T g 693. 1 0.11 7.9
Wt % 98.9 0. 02 1.1
Ut % 99. 9 0. 002 0.1

36




JNC TN9400 2003-057

PRI Pb
I 1131 s
a QNG
K (F Y D A)

) ——
S
T
I
Section © |G
No. 4!
3h-----------|
ZLIIIIIIIIIIIIIIIIIIIIII
1I-IIIIIII---IIIIIIIIII-J
0
0 20 40 60 80 100
[ at.% ]

K3—3 HorFV T 7400 H—8 BLE KBEEOSHRER

37



JNC TN9400 2003-057

Pb
1 ? TSR
_ a S
KBR (TR T L)
. ! _
9‘ é ‘
® L---------.-..l
! L---...-.-.----l
6 § §
]
Section = |
No. 4
]
3
I
2
]
O
I
° |
0 20 40 6 0 80 100

M3—4 YrFYv 740 H—8 B KEBROZHFR

38



JNC TN9400 2003-057

Section
No.

—__ & Sl (5 LHHEDED)
KEE (F R U 2

Y —————
-
! —
T
T =
* —
° _
2 _
|
0 e —
0 5 0 e 60 80 100

[ at. % ]

M3—-5 HorFYrI74oH—8 2& (FOHEEE)
KSR DL AT E R

39



(=
Z
O
—
Z
©
N
o
o
N
o
o
@
o
a1
\l

BEE3—2 oAV T T4 HT—HNDOF LY Wmff\\’iﬁﬁ@ Lz XOBEORIE(LL-1 3#ER)




144

®3—5 VUFVTTLH—

FLERDIRIE DT RER

®3—6 VTV ITT4UH—

JEDER DFRIE D5 HTiE R

(L1-1348%) (L1-13%8R)
A4 L Na Bi Pb Total At BAL Na Bi Pb Total
PE01-0CS | #&%I % (mg) PEO1-OPS | #faxt £ (mg) | 0.23135 | 21.305 12. 21 33. 74635
wth wt% 0. 69 63. 13 36. 18 100. 00
at% at% 5. 89 59. 64 34. 47 100. 00
PE01-1CS | #faxt & (mg)_ | 0. 6868 294. 2 99.84 | 394 7268 PE01-1PS | #fxi= (mg) | 0.1727 34. 24 30.725 | 65.1377
wt% 0,17 74.53 25. 29 100. 00 wt%h 0,27 52.57 47. 17 100. 00
at% 1.56 73.34 25. 10 100. 00 ath 2.35 51. 26 46. 39 100. 00
PE01-2CS | #axt & (mg) | 0. 508 249. 4 45. 69 295. 598 PEO1-2PS | #EXI & (mg) | 0. 14355 | 33.245 20. 8 54. 18855
wt% 0.17 84. 37 15. 46 100, 00 wt% 0. 26 61, 35 38. 38 100. 00
. at% 1. 54 83. 11 15. 36 100. 00 at%h 2. 35 59. 87 37. 178 100. 00
PE01-3CS . ffaxf= (mg) | 0.4444 | 223.5 36.21 | 260. 1544 PEO1-3PS | #ext & (mg) | 0.12115 | 36.46 | 23.625 | 60.20615
L wth 0.17 85. 91 13. 92 100. 00 wt% 0. 20 60. 56 39. 24 100. 00
—at% 1.53 84. 64 13. 83 100. 00 at% 1. 79 59. 39 38.81 100. 00
PE01-4CS | #axtE (mg) | 0.5579 | 258.1 60, 8 319. 4579 PE01-4PS | #fxi = (mg) | .0.29475 | 38.535 23 61, 82975
wt% 0. 17 80..79 19. 03 100, 00 wth 0. 48 62, 32 37. 20 100. 00
at% 1.56 79.54 18. 90 100. 00 at% 4,16 59. 83 36.01 100. 00
PE01-5CS | #exf & (mg) | 0.636 219 73.31 292. 946 PE01-5PS | #&xI & (mg) | 0.13435 | 29 08 26.43 | 55.64435
wt% 0.22 74.76 25. 03 100. 00 wt%h 0.24 52. 96 47. 50 100. 00
at%h 1.94 73.31 24. 75 100. 00 at% 2.14 51. 05 46. 80 100. 00
PE01-6CS | ffaxf & (mg) | 0.9253 | 270.4 78.69 | 350.0153 PEO1-6PS | X B (mg) | 0.1549 | 32.47 19.59 52. 2149
- wt%h 0. 26 71. 25 22. 48 100. 00 wt% 0. 30 62. 19 37. 52 100. 00
- at% 2.35 75. 49 22.16 100. 00 at% 2. 63 60. 54 36. 84 100. 00
PE01-7CS | fExT & (mg) | 0.9152 248 64.67 | 313.5852 PEO1-7PS | Xt E (mg) | 0.1372 | 33.485 | 17,315 | 50,9372
Cwth 0. 29 79..09 20, 62 100, 00 wt% 0. 27 65. 74 33,99 100. 00
 ath 2. 59 77.13 20. 29 100. 00 at% 2. 39 64. 15 33. 46 100. 00
PE01-8CS | #aXI & (mg) | 1. 046 277.5 79.75 358, 296 PEO1-8PS | #faxi® (mg) | 0.0812 | 27.085 | 19.205 | 46,3712
T wth 0. 29 71. 45 22. 96 100, 00 wt%h 0.18 58. 41 41. 42 100. 00
. at% 2. 59 75.52 21. 89 100. 00 at% 1. 56 57. 39 41. 04 100. 00
PE01-9CS | #axt & (mg) | 2.045 251. 9 68. 75 322. 695 PE01-9PS | #faxi® (mg) | 0.1536 | 32.53 19. 01 51,6936
wth 0. 63 78. 06 21, 30 100. 00 wth 0. 30 62. 93 36. 77 100. 00
at% 5.47 | 74,13 20. 40 100. 00 at% 2. 63 61. 26 36. 11 100. 00

LS0-€00Z 0076NL ONC



[A%

R3—T7 YTV TT740H— EETOREOSTER
(L1-1548%)

AoEH BAfL Na Bi Pb Total

PEO1-0 | #Exi&= (mg) | 0.23135 | 21.305 12. 21 33. 74635
L wt% 0. 69 63. 13 36. 18 100. 00
at% 5. 89 59. 64 34. 47 100. 00

PEO1-1 | fExt&E (mg) | 0.8595 | 328.44 | 130.565 | 459.8645

L wth 0,19 71. 49 2830 100, 00
at% 1. 67 70.19 28. 14 100. 00

PEO1-2 [f@xrE (mg) | 0.65155 | 282.645 | 66.49 | 349. 78655
wt% 0.19 80. 80 19, 01 100. 00
at% 1.67 79. 48 18. 86 100. 00

PE01-3 [ HaxiE (mg) | 0.56555 | 259.96 | 59.835 | 320. 36055
L wt% 0.18 81,15 18. 68 100. 00
at% 1.58 79. 88 18. 54 100. 00

PEO1-4 | #@&xt& (mg) | 0.85265 | 296.635 | 83.8 | 381. 28765
wt% 0. 22 77. 80 21. 98 100. 00
at% 1. 99 76. 27 21. 73 100. 00

PEO1-5 | #ExrE (mg) | 0.77035 | 248.08 | 99 74 | 348.59035
wt% 0. 22 71,17 28.61 100. 00
at% 1.97 69. 75 28. 28 100. 00

PEO1-6 | #faxi& (mg) | 1.0802 | 302.87 98,28 | 402, 2302
wt% 0. 27 75. 30 24. 43 100. 00
at% 2. 38 73.55 24. 07 100. 00

PEO1-7 | f&xtE (mg) | 1.0524 | 281.485 | 81,985 | 364.5224

wt% 0.29 77. 22 22. 49 100,00

at% 2. 56 75.32 22.12 100. 00

PEO1-8 | #ExfE (mg) | 1.1272 | 304.585 | 98.955 | 404.6672
owth 1 0.28 75. 27 24, 45 100. 00
] ath | 2.47 73. 46 24. 07 100. 00

PEO1-9 '#ExtE (mg) | 2.1986 | 284.43 | 87.76 | 374.3886
L wth 0. 59 75. 97 23. 44 100. 00
| at% 5. 09 72. 39 22. 53 100. 00

LS0-€00Z 0076NL ONC
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K3—8 HREBOFEMLOLENLZT M) v LATOETROSHER LOFEEEHE (LI-2KB)

R4 HBAR LT 2t — [
FRrY LA (Na) | EE(mg) 1038926. 8 531921. 1
Wt % 99.3 99. 5
at. % 99.93 99. 88
" ¢ (Pb) EE (ng) 6723. 06 1749. 15 e S
7k¥ff‘«§ wt. % 0.6 IKIEE & Rt % 7 BE LTz
s at. % 0.07 0.11 &%@% %3’%%
EAwA (Bi) | EE(mg) 421. 765 920. 92
at. % 0. 001 0. 006
£HE (mg) 1046071. 625 534591. 17
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£3-9 PrrYLrST L H—mLgo Xo 10 YT Y T T 4 I RDE

] /\ ¥ . = O)

T RY G ROZTRR (L1-2RR) F Y U AOSHRER (L1-238)
A4 | BL | Na Bi Pb REA | BN | Na Bi Pb
PE01-0C | mg/1 PEO1-0P | mg/l

1 | 1
| mg | mg
| wt. % L owt. %
at. % ' at. %
PEO1-1C | mg/1 | 1424 0.4 9.0 PEO1-1P | mg/1 | 1305 0.4 2.4
1 0.1 0.1 0.1 1 0.1 0.1 0.1
mg | 142.4 | 0.04 0.9 mg | 130.5 | 0.04 0.2
“wt.% | 99.3 10.03 0.6 wt.% | 99.8 | 0.03 0.2
at.% | 99.9 10.003 | 0.1 at.% |100.0 [0.003 | 0.0
PE01-2C | mg/1 PEO1-2P | mg/1
1 1
mg mg
| wt. % | wt.%
at. % at. %
PE01-3C | mg/1 PE01—3P| mg/1
1 .
mg | mg
wt. % I wt. %
at. % at. %
PE01-4C | mg/1 PEO1-4P | mg/1
1 1
| mg mg
I wt. % wt. %
at. % at. %
PEO1-5C | mg/1 | 1496 0. 4 15.2 PEO1-5P | mg/1 | 1128 0.4 0.7
|1 0.1 0.1 0.1 1 0.1 0.1 0.1
mg | 149.6 | 0,04 1.5 I mg | 112.8 | 0.04 0.1
wt.% | 99.0 | 0.03 1.0 Pwt.% [ 99.9 | 0.04 0.1
at.% | 99.9 10.003 | 0.1 [ at.% [ 100.0 [0.004 | 0.0
PE01—6C| mg/1 PE01—6Pi mg/1
1 1
.....mg I8
| wt. % i wt. %
| at.% I at. %
PE01-7C | mg/] PEO1-7P | mg/]
L] ol
....mg o
| wt. % Cowt. %
at. % Loat. %
PE0O1-8C | mg/1 PE01—8P% mg/1
1 : 1
....ng ..
L wt. % L wt. %
at. % o at. %
PE01-9C | mg/1 | 1629 0.4 | 28.0 PEO1-9P . mg/1 | 1361 0. 4 6.0
| 1 0.1 0.1 0.1 ] 0.1 0.1 0.1
Tmg 1162.9 | 0.04 2.8 mg | 136.1 i 0.04 0.6
wt.% | 98.3 1 0.02 1.7 Twt.% 1 99.5 1 0.03 . 0.4
| at.% | 99.8 0.003 | 0.2 Cat.%  99.9 1 0.003 . 0.0

58



JNC TN9400 2003-057
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€9

R3—12 YAV TrT700H— FLEOREDSHRER RK3—13 YUV Tr700H— BOEOBREDOSHESR
(L1-23X8%) (L1-2848%)
b4 Bl Na Pb Total B4 LA Na Bi Pb Total
PE01-0CS | 4% & (mg) PE01-0PS | & (mg)
wt% wt%
at% at%
PE01-1CS | #&xt & (mg) 7.1 92.7 22. 7 122. 5 PE01-1PS | #faxt & (mg) 2.6 23. 6 21. 2 47. 4
wt 5. 80 75. 67 18. 53 100. 00 wt% 5. 49 49.79 44.73 100. 00
at% 35. 83 51. 46 12. 71 100. 00 at%h 34. 44 34.39 31. 16 100. 00
PE01-2CS | f&% & (mg) PE01-2PS | #xI & (mg)
wt% wt%
at% at%
PE01-3CS | j#&xf & (mg) PE01-3PS | #&XI & (mg)
wt% wt%
at% at%
PE01-4CS | fEXT & (mg) PE01-4PS | ##x & (mg)
wt% wt%
at% at%
PE01-5CS | #faxt = (mg) 1.2 89. 9 19. 4 110.5 PEO1-5PS | f@&xf & (ng) | 17.4 28.4 19. 2 65
L wt% 1. 09 81. 36 17. 56 100. 00 wt% 26. 77 43. 69 29. b4 100. 00
_ at% 9. 06 74. 68 16. 25 100. 00 at% 76.81 13. 79 9. 40 100. 00
PE01-6CS | #axI & (mg) PEO1-6PS | #aX} & (mg)
; wt% wt%
; ath ath
PE01-7CS | f&%t & (mg) PE01-7PS | #aXf & (mg)
E wt% wt%
; at% at%
PE01-8CS | f&xI & (mg) PEOL-8PS | &8I & (mg)
wit% wt%
at% at%
PE01-9CS | ffaxf & (mg) 3.5 73.1 20. 7 97.3 PE01-9PS | #ExIE (mg) 2 23, 2 20. 2 45. 4
wt% 3. 60 75.13 21, 27 100. 00 wt% 4, 41 51.10 44, 49 100. 00
at% 25. 29 58. 11 16. 60 100. 00 at% 29. 44 37.57 32. 99 100. 00
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®£3—14 Vo7V TT7400H—

(L1-2385BR)

EETOEREDO SRR

Eataga

LA

Na

Bi Pb

Total

PE01-0

#axt & (mg)

wt%

at%

PEO1-1

9.7 116. 3 43.9

169. 9

W 68, 45 TTBE 84

100. 00

at%

35. 45 46. 75 17. 80

100. 00

PEO1-2

Haxt = (mg)

wth

at%

PEO1-3

Haxt = (mg)

wt%

at%

PEO1-4

at%

PEO1-5

18.6 118.3 38. 6

175. 5

10. 60 67,41 21. 99

100. 00

at%

51.382 36. 25 11.93

100. 00

PEO1-6

at%

PEO1-7

at%

PEO1-8

at%

PEO1-9

HEXT & (mg)

9.5 96. 3 40. 9

142. 7

wt%

5785 67 48 T8 66

100. 00

at%

26. 66 51. 35 22. 00

100. 00
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RS Pb
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RPN N N
K&LBE Pb
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F4—1 BREEENLEHLEVL TV T 74 0 T—NOREBE
(L1-2388%)
Tag No. ZAE (J/K) BRARIBEZ(C) FEE (])
TE20 2.53 14.3 36. 18
TE21 2.53 16.1 40. 73
TE22 2.53 16.1 40. 73
TE23 2.53 15. 4 38. 96
TE24 2.53 14.4 36. 43 o
TE25 2.53 13.9 35. 17
TE26 2.53 13.4 33.90
TE27 2.53 12.2 30. 87
TE28 2.53 11.4 28. 84
TE29 2.53 11.4 28. 84
TE30 2. 53 11.2 28. 34
TE31 2.53 10.0 25. 30
TE32 4.70 7.6 35. 72
RAEEE 35. 06 440. 01
®4—2 BREEENLEHLERREARAOREE
(F YU LAREZEICEH) (L1286
Tag No. E#AE /K B ARIBEZ(C) FEE (])
TE33 458. 4 -2.3 -1054.3
TE34 611.3 -2.2 -1344.9 -
TE35 611.3 19.5 11920. 4
TE36 611.3 11.9 7274.5
TE37 489. 5 10.7 5237.7
HREEE 22033. 3
F4—3 BREEENLEHLUZRRABAOHEIE
(S EEIREE 2 BB H) (L1-2348R)
Tag No. BREJ/K BARIBEZE(C) FHEE ()
TCO6 101.9 0.1 10. 2 ~
TCO7 1426. 2 4.3 6132.7
TCO8 1279. 1 11.1 14198. 0
I E 20340. 9
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FA4—4 BEREEENSEHLEV IV T T4 0 T—AORRE

(L1-15RER)
Tag No. BRE(J/K) BRRIBEZ(C) HEE(])
TC09 35. 06 8.8 308. 5
R EE 308. 5
#£4-5 BRRNEBEENLEHUCHAREENOXERE
(MNEEEELZREIZEH) L1-138)
Tag No. #RE (/K BRIBEZCC) ZEE (])
TC06 101.9 1.3 132.5
TCO7 1426. 2 11.8 16829. 2
TCO8 1279. 1 13.7 17523. 7
RIEAE 34485, 3
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Bi-Na Phase Diagram
Weight Percent Sodium
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% Ref  Applied Chemistry of the Alkali Metals
Pagell8 Hans U. Borgstedt Cherian K. Mathews

600 500 400
100 6505§§0 /a0 5/ 350 300 250 200 150
10 %— log §"% = 6.1097-2636/T(K) *rf ==
1 o
- 5
3+
5 _ v X ref
log §*% = 2.15-2103/T(K) *r
B 01
Rék:
Lo
B
0.0 = —
log S™* = 5,67-403!
0.001
0.0001
05 1 15 2 25 3
1000 T(K)
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Pb-Na Phase Diagram

Weight Percent Sodium
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&

YTV T T4 H—BRUORREBNORARZHE T 5ROZMOMARRITONT
B9 s, M, AFRCHEATEIAT VLV AEBETST MUY LAOYHEEIZNTO®ED TH

%

AT > L A FhrUDUL
HEE (g/cn’) 1.73 0. 86
ez (1/8 K 0. 62 1. 29

1. 2TV T T4 2 H—BEHOREE

(D 2ria(l) LI1-2BBROELETHERM

ATV ABEDEER
Wous = Vsus ¥ 055

= ((1.2/2 0.4 + ((1.2/2) =(1.0/2) 9% 7x1.0)%7. 73

=6.17 g
FRUDTLDEER :
Wi = Via ¥ 04
= (1.0/2) ** 7«1 0%0. 86
=0.68 g
o al(l) DREE:
Qgpr = Was * Cgps t Wyp * Gy

4.70 1/K

@ 'r2ar@~13 LI-2EBROBLETHERM)

AT VAEDEE :
Wsis = Vaus % 0 55

2.67 g
FRIDLDEER :
Wio = Ve ¥ 0
= (1. 0/2) % 7rx]. 0%0. 86
=0.68 g

6.17 % 0.62 + 0.68 * 1.29

a2 ~(13) OREE .

Qspo-13 = Waps * Cops + Wy ¥ Gy

2.53 1/K

2.67 x 0.62 + 0.68 * 1.29

( (1.2/2) %(1.0/2) B * 7«1 0)*7.73
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B) B2TU YT 4 P A—RhOBER (LI-] RBROBRTHER)
Qg = Qg + Qspr-i3*12

4. 70 + 2.53 % 12

35. 06 J/K

2. HBRBERESROHMEE (FMITLAKERLVER)

TR AKBEZECHBREENORAEZENT 5, ZOXRFETIET MU U LRKE
£ 0 LOHRBRARFOAAEBIIESL., HBRESF A7 LVA#) BIFMIULELRETDH
HERET D, 2B, KRR THWTWS 2Bschlls BEEEDERIL 39. 8g/cm &§ 5,

(1) &HBrsdEm (V1)

ATV AEDEE :

Wos = Wys (8/cm) % h (cm)
39.8 % 9
358.2 ¢
FTRIDLADER :

Wie = Vka ¥ 0

(5. 49/2) 2 7w%9%0. 86

183.2 g

AERASHE (V1) OREE -

Qv = Wsgs * Cgus + Wy *

308.2 % 0.62 + 183.2 % 1.29
458. 4 1/K

(2) HBREZER (V2~V4)
ATV AEDER :
Wos = Wgys (8/cm) % h (cm)
=39.8 % 12
= 477.6 g
FRIVLADER :
Wo = Vio %0,
(5. 49/2) %% 7 %12%0. 86
244.3 g
HMBRABRE V2~V4) OBEE .
Qrvp-s = Wsgs ¥ Cgys + Wy * Gy
477.6 * 0.62 + 244.3 * 1. 29
611.3 1/K

(3) FABRA &0 (V5)
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ZOFR TRV T a—dFNEENTNS, ATV AMOERIIEKILDZD, EHIE
TH I0gZftHEICHERA L. £z, TR TABRIIE S 3. 5en DML U TEHET 5.
ATV AEDEER :
Wos = Wops (g/cm) % h(em) + Wy + Wiy
30.8 * 7.5 + 110 + ( (1.2/2) *=(1.0/2) ) % 7+5) 7. 73
421.9 g
FTRITLDEER :
W = Via ¥ 0,
= ((5.49/2) * w*7.5 + (5.49/2) ™ 7x3.5%1/3 + (1.0/2) ** 7w*0.5) *0.86
= 176.7 g
RERAERE (V5) OREE -
Qris = Wus * Cgps + Wiy * Gy
=421.9 % 0.62 + 176.7 % 1. 29
= 489.5 J/K

3. ABRAEREMOMEE EREBEMEELVER)

I TREBRASOBRRREZECHBREENOMEEZEN TS, ZOFFHETIES b
DO LBEHE D EORBRESEFHOMERBIIELRL, dBEE AT LVAH) BFhUTA
EFRIRTH 5 ERET 5. 2B, FRBRTHWTWS 2Bschlls EBEDERIT 39. 8g/cm &9

%o
(1) FABRAERMR (LE6)
ATV AEDER :
Wous = Wgys (8/cm) * h (cm)
=39.8 % 2
=79.6 g
FTRUTLDEE :

Vo = Ve ¥ 0

(5. 49/2) *x 7 x2%0. 86

4.7 g

REBRASE (L3 OBREE .
O = Wsps ¥ Cgys + W ¥ Gy

79.6 * 0.62 + 40.7 % 1.29
101. 9 I/K

2) SBRESEF (FHE0)

ATV AEDEER :
Wses = Wsys (8/cm) * h (cm)
= 39.8 % 28
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= 1114.4 g
FTRITLDEE :
W = Ve *0p,
(5. 49/2) “ 7 *28%0. 86
570.0 g
mBRARIE (FE) ORAE :
Qo = Wsus * Cops + Wy ¥ Gy
1114.4 % 0.62 + 570.0 % 1. 29
1426.2 1/K

Q) HBRAESEE (TH)
ATV AEDER :
Wos = W (8/7cm) * h (em) + Wy + Wiy
39.8 % 23 + 110 + ( (1.2/2) *=(1.0/2) ) % 7%5)*7. 73
1038.8 g
FTRITADEERE :
Wi = Ve ¥ 0y,

= ((5.49/2) * 723 + (5.49/2) * 7#3.5%1/3 + (1.0/2) ** w#(0.5) *0. 86
=492.3 g

RRERE (TH) DARE .

O = Wgs * Cgys + Wya ¥ Gy

1038.8 % 0.62 + 492.3 % 1. 29
1279.1 /K

UEDYTYTT 4 2 H—BROBBERORABOHAERREANT, RREZS
595,



