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Fig. 1 Experimental cell and measuring circuit
1 —Na*-B-ALL0;; 2 —DM-308 glass;
3 —Pb or Na,Pb,_,; 4 —Na;

5 —Mo wire; 6 —Standard resistance
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dE/dT= (0.241 03— 1.921 4x(Na)) 10 7,

(0. 043 33< x (Na) <0.086) (3)
dE/dT= (0.148 89— 0.849 13x(Na)) 10 %,
(0. 086 <x (Na) <0. 20) (4)
dE/dT= (0.057 191- 0.383 81x (Na)) 10" >,
(0.20 <x (Na) <0.40) (5)
dE/dT= (10.059- 25.488x(Na)) 10" °,
(0.40 <x (Na) <0. 48) (6)
dE/dT= (- 55.307+ 110.32x (Na)) 10" 3,
(0. 48 <x(Na) 0. 52) (7)
dE/dT= (62.429- 115.91x(Na)) 10" 3,
(0.52 <x(Na) 0. 54) (8)
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Table 1 EMF of Na/Na,Pbi_ , (liquid) cell

Cell No.  x(Na) '1;ngf;e‘"]?t/“§"‘ » Oh:"s v (f:“s vl eeNo x(Na '1;‘;?%%‘“";}“12‘”’ » :‘3 v (f:“s v
8 0.04333 607~ 636 428. 46 15. 844 4 0.5139 639~ 646 - 932.98  172.86
8 0.05160 618~ 639 426. 69 14.216 4 0.5218 638~ 647 - 1099.95  198.69
8 0.06776 605~ 637 426.95 10. 781 4 0.5269 634~ 637 - 659.88  132.02
8 0.07566 603~ 637 425.57 9.7515 4 0.5394 623~ 638 2502 - 7.6626
8 0.09110 598~ 637 424.78 6.6247 4 0.5514 621~ 643 207.16 - 6.1653
8 0.1207 603~ 640 413.18 5.6947 4 0.5628 618~ 642 209.70 - 7.7791
8 0.1418 595~ 640 419,62 2.4214 4 0.5739 606~ 635 204.29 - 8.0837
8 0.1877 585~ 638 412.87 - 1.1483 4 0. 5845 603~ 637 196.95 - 7.9258
8 0.2464 595~ 637 392.47 - 3.6128 4 0.5947 617~ 637 187.80 - 7.4790
8 0.2730 606~ 634 386.96 - 4.7681 4 0.6045 611~ 632 422,64 - 45.464
8 0.2981 587~ 636 375.08 - 5.9381 4 0.6140 628~ 639 403.45 - 42.522
5 0.3217 604~ 634 317.17 - 7.0966 4 0.6231 634~ 647 456.85 - 50.996
8 0.3441 596~ 636 358.70 - 7.8751 4 0.6319 639~ 647 496.35 - 57.225
5 0.3652 603~ 630 348.39 - 7.8980 9 0.8806 634~ 654 - 327.62  53.983
8 0.3852 602~ 637 339.11 - 8.8886 10 0.9001 632~ 648 - 14.159  4.4205
10 0.4020 627~ 633 284.48 - 1.4290 10 0.9168 620~ 643 - 7.0972  2.4787
4 0.4042 622~ 632 31141 - 8.0465 10 0.9228 613~ 642 - 3.4347  1.6507
4 0.4222 624~ 633 949.22 - 110.33 10 0.9311 598~ 642 - 4.9149  1.7093
4 0.4394 626~ 635 1033.28 - 124.27 1 0.9697 585~ 621 - 18.480  3.7065
4 0.4713 639~ 640 1375.23 - 178.70 6 0.9808 524~ 580  0.19011  0.24494
8 0.4861 629~ 638 1350.26 - 175.92 | 0.9878 610~ 632 - 1.0525  0.34389
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E(683.2K)= 0.59565- 1.380 7x (Na), a(Na)= x(Na) ¥(Na) (17)
(x(Na)= 0.043 33~ 0.083 0, H{(Na)= G(Na)+ TS(Na) (18)
Y= 0. 999) (11) &N )ﬁﬁ%ﬂaﬁ’ﬂ)ﬁi JER H 8 G(Na), ¥(Na),
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Table 2 Comparison between literature values and calculated values of Na/ Na, Pb;_ , (liquid) cell EMF,
activity coefficient ¥(Na), partial molar entropy S(Na) and enthalpy H (Na) for liquid Na,Pb;_ , alloys

x (Na) 0.02 0. 05 0.10 0.20 0.30 0. 40 0.50 0. 60 Source

577. 34 517.18 464.73 394. 40 331.18 266. 08 196. 70 131. 34 Ref. [ 12]
E(683.2K)/mV
568. 04 526. 62 469. 49 401. 37 333.25 265.13 197. 02 128. 89 Calculation

- - 475.97 403. 95 335.79 266.77 200. 52 139. 35 Ref. [ 15]
573.43 529. 05 464. 41 399. 08 333.74 268. 40 203. 06 137.73 Calculation

" E(700K)/mV

i Na, T00E) = = 0.00376 0.00620 0.0128  0.0301  0.0689  0.166 Ref. [ 15]
0.00372  0.00310 0.00453 0.00669 0.0132  0.0292  0.0690  0.170 Caleulation

S(Na, 700K) = = 9.812 2,039 - 2.750 - 5.747 - 6.446 - 6.086  Ref.[15]
[(Jomol K™Y g 548 13.987  6.173 - 2.020 - 5.663 -9.269 - 14.4 —7.252  Caleulation
H{Na, 700K) - = - 38511 - 37548 - 34325 - 29721 - 23860 - 17707  Ref.[15]
/(J=mol” ) - 41593 - 41264 - 40715 - 39618 - 36162 - 33974 - 28647 - 18212  Calculation

* Calculated from G (Na)
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Fig. 3 Variation of S(Na), H(Na)
in liquid NaPb alloys with x (Na)
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Table 3 Calculated formulae for S(Na),

H (Na) of liquid Na,Pb;_ , alloy
x ( Na) Calculated formulae
0.04333~ 0. 08594 g_(N a)= 23.256- 185.38 x(Na)
0.04333~ 0.21 H(Na)= - 41812+ 10968 x ( Na)

0. 08594~ 0.201 S_(N a)= 14.366- 81.929 x ( Na)
0.201~ 0. 398 g_(N a)= 5.1564- 36.063 x (Na)
0.21~ 0.399 H(Na)= - 47521+ 37861 x(Na)
0.398~ 0.481 9_(N a)= 970.52- 2459.2x(Na)
0.399~ 0.481 H(Na)= 574516- 1521226 x(Na)
0.481~ 0.520 ST(N a)= — 5336.4+ 10644 x (Na)
0.481~ 0. 52 H(Na)= - 3510510+ 6963726 x (Na)
0.52~ 0.5394 §(Na)= 6023.6- 11184 x (Na)
0.52~ 0.539

A{Na)= 3851443- 7182317 x (Na)
0. 5394~ 0. 595 S(Na)= - 7.2519%0. 67 x(Na)
0. 539~ 0. 595 A{Na)= - 45363+ 45251 x(Na)
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Fig. 4 Relationship between EMFs of

NagPbs(S)+ (L) two phase region and its

liquid component (vs sodium) and temperature

1) % T[NaPbs(S)+ L]
E=1.3038- 1.5488x10°° T,
(581~ 586 K) (19)
2) %F[NaPb(S)+ L]
E=0.83015- 9.2487x 10" * T,
(582.8~ 615.7K) (20)
3) X} F[NagPhs(S)+ L]
E=0.45410- 5.0662% 10 T,
(607~ 628 K) (21)
SR AR R ( T+ [T P A DX 43 % 1 e 2
T
1) XFF[NaPbs(S)+ & Pb AH(S)]
E=0.72646- 5.5389x 10" * T,
(534~ 570. 6 K) (22)
2) %F[NaPb(S)+ NaPbs(S)]
E=0.45737- 2.7829x 10" *
(508~ 566 K) (23)
3) X} F[ NagPhy(S) + NaPh(S)]
E=0.39972- 4.1658x 10" * T,
(599~ 602 K) (24)
7] LA 53K NaPbs, NaPbs, NagPbsNaPb B35 &
URSEN 580. 3, 576.5 Al 604 K, 55 SCHR AR AR N A
(580. 15, 573.15, 603.15 K)'* S w5847 .

3 it
Wi Na,Pbi_ ./ Na Hh B3 A — € H 078

NS x (Na) H&MEXR, FiEFHITHEA.
x (Na)7E0. 04~ 0. 6 JoHl N, WA 5 5 i BE K



510 &4 6 1] INEC, A BB B AR i Nar Ph & 2 R4 0 24 P + 881 -+

S_( Na), H(Na) 5 x (Na) Mt e /LMK R E [8] SUN Cheng-wen and CAO Yongxu. Determination on

Pb A8 5t . 2t 5 4A . NaPb 4b & W28 40 4y kb r= A 1 5 NaHg phase diagram by EMF method and its calculation

M, RWITRA G4 b AT A A 22 2% 4 ) 45 K A [J]. Acta Metallurgica Sinica ( English Edition), Series
1 . B, 1993, 6(4): 256- 262.

[9] SUN Cheng wen( #M3L) and CAO Yong xu( B WK%1).

[ REFERENCES] e AT R S B AL 22 46 [ J]. Chemical Reagent( f67%

WAl , 1991, 13(5): 311- 314.
[ 1] Porter B and Feinleib M. Determination of the activity of ) (3)
[10] Fray D J and Savory B. Measurement of the activity of

sodiunr lead alloys at high temperature [ J]. J Elec
trochem Soc, 1956, 103(5): 300- 303.

[2] Lamprecht G J. A Study of the solubility of metals in liq

sodium in sodium-lead alloys by use of B- alumina []].
J Chem Thermodyn, 1975, 7: 485- 491.

. . . [11] Matsunaga S, Ishiguro T and Tamaki S. Thermody-
uid sodium ( 2): the system sodium-lead [ J]. J Phy

Chem, 1968, 72(5): 1439- 1441, namic properties of liquid Na-Pb alloys [ J]. J Phys F:

Met Phys, 1983, 13: 587- 595.

[3] Hubberstey P and Castleman A W Jr. Thermodynamic
[12] Ttoh M and Kozuka Z. lon selectivity of beta alumina

properties of solutions of group 4 metals dissolved in liquid
sodium [J]. J Electrochem Soc, 1972, 119: 963- 966.

[4] Hansen M and Aderko K. Constitution of Binary Alloys
(2nd) [M]. New York: MoGraw-Hill Book Co Inc,
1958. 997- 1000.

[5] Baker H, Okamoto H, Henry S D, et al. ASM Hand-
book, Metal Handbook, Vol. 3: alloy Phase Diagram
[M]. Materials Park, Ohih: ASM International, 1992:
2. 301.

[6] SUN Cheng-wen( #/ L) and GUO Zhur kun( Z8HLE) .
MgO #3258 B4 AL FH T [J]. Journal of the
Chinese Ceramic Society (f: /R £ 2% ), 1981, 9(4):
444- 449,

[7] Nafe H and SUN Cheng-wen. Electronic conductivity of

during the coulometric titration [ J]. J Electrochem Soc,
1988, 135(9): 2238- 2242.

[13] SUN Chengwen( #hi ), GUO Zhu-kun ( Z8HL )
and CAO Jirdi( # f£5%). Nal BALO;I Na,Hg,_,
A HL AR 5T PR 1 R B R0 B R 5 b O BE IR
[J1. Journal of Applied Sciences( N H B} 2% 2% 4R) ,
1983, 1(1): 43- 48.

[14] SUN Chengwen( #hH3L) and CAO Yongxu( & Bk
#). Nal BALOsl Na,Hg_ (M2 it i 50 % 1 Ul
AT [J]. Journal of Applied Sciences( N H Bl 2%
AR, 1994, 12(3): 287- 294.

[15] Huligren R, Desai P D, Hawkins D T, et al. Selected
values of the thermodynamic properties of binary alloys
[J]. American Society for Metals, Novely, OH, 1973:
1177- 1181.

MgO-doped Na beta alumina —a re-evalution [ J]. Solid

State Ionics, 1996, 86— 88: 773- 778.

Thermodynamic properties of Na-Pb alloys by

using a sodium beta- alumina

SUN Cheng-wen, CHEN Shen, YANG Zhrzhou
(Shanghai Institute of Ceramics, Chinese Academy of Science, Shanghai 200050, P.R. China)

[Abstract] EMFs of forty-two Na/Na,Pb,_ ,(x = 0. 043 33~ 0. 987 8) cells were measured by using a Nal Na*-B-AL O3
Na, Pbi_ , solid electrolyte cell. The EMF and its temperature coefficient of the Na/Na,Pb,_ , (liquid), activity coefficient of the
sodium in Na,Pb,_ ., sodium partial molar entropy S(Na) and partial molar enthalpy A ( Na) were also calculated as a function of
x(Na). For the liquid Na/ Na,Pb_ , cell, the linear relationship between dE/dT, S(Na), H(Na) and x (Na), respectively, were
deflected at x (Na)= 0.083, 0.20, 0.39, 0.48, 0.52 which correspond to the rich lead phase, NaPby entectic point, NaPb-NaPbs
entictic point and NaPb compound analogous to transformation of phase region in the NaPb system. The results indicate that chemr
cal complex exist in the molten Na, Pb,_ , near the temperature of liquids line in NaPb phase diagram. The molting temperatures of
Na Ph alloys and entectic temperatures of NaPb,, NaPh-NaPbs and NaPb-NasPhg have been determined from the dependence of the

cell EMF on component and temperature.

[Key words] sodium betaalumina; solid electrolyte; sodium-lead alloy; thermodynamic function
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