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Government. While this document is believed to contain correct information, neither the
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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The Heats of Formation of Sodium-Tin Alloys.

Raleigh L. McKisson and LeRoy A. Bromley

Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California

May 1, 1650

Abgstract

The new high-temperature calorimeter Was‘used to measure the heats of
formation of liguid sodium~tin alloys at 880°K. The AHf880 of the élloys of
cpmposition‘NaSh, Na;,1055n, and NEZSn are found to be =4.80 % 0e14, =486
t 0,04, and =403 * 0.08 kecal./g. atom alloy respectively. In addition to these
results, a curve of AHfSSO vse mole fraction sodium is bresented in Figure 1.

These values have beén qualitatively compared with those of other workers and

tend to agree with the values given by Kubaschewski and Seith(g), and to disagree

with thoge of Biltz and Méyer(S),
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Introdustbion

 The system sodium=tin was chosen for investigation in the newly developed

highwtemperature calorimeter described by McKisson and Bromley(ll)o The selec=
tion of this system was made principally because of the temperature involved,

since this ﬁembératnre, 600°C., is sufficiently high to adequately test the

_Operatien ef'*he ealorimetero However, the data reported in the 11terature for

s

the varloue ,alloys of sodium and tin dlffers markedly, and it was hoped that

tnie 1nu~sﬁ1gaﬁlon would help to fix the values of the heats of formatlon in»

+hls gsystem.

| Bﬁltz and Holvereehelt(A) in 1924 measured the heats of fommat on of sodiym- N

‘,+in alioys by a differential solubion method using a ferrlc chlorldeehydro~A

.LhLOTlu acld solvent and repor*ed the following Values in kllocalories per mole

_ﬁfer AHf at 298 K.s Na Sn, =21o,> NEZSn, =12.5 Na,Sn. 360; NaSn, =11l.; and

=34035 Na,Sn, m2Lo, Na

4 43

29
?hese values vere also listed by Blltz(B) in 1937 and by Bichowsky and

Rqesinikz) in 19363 these AH% are, in kilocalories per mole at 298 K° NQASn,

_Nasm” =185 Ih 1928, Biltz and Meyer( ) reported a renaleulated set of values.

, ;Sn3s =5603 NaSn, -16.; and NaSn,, 20, Kubaschewski

and Seith(g) in 1938, Knbascnewskl and Wittlg(lo) in 1941, and Kﬁbaschewski(s)

in 1942 reported a series of valuem for the heats of formatlon of sodium-tln '

Y loys from direet measuremente using a copperwblock calorlmetero These values,

in kilocalories per mole at 298 Ko, are NaASng ~14o4, NaZSn, w14°4, and NeSn,

12600 In 1948, Barber et 810( 1) report ?he results of a direet meaeurement

of the eompound NaSn in an induetlonmheated high-temperature calorimetero The

| «aiue given for the heat of formation of the llquid alloy at 8?3 Ko is =9o63

t VOAO k;lOuaLOTlES per mole° for the solid alloy at 298 Ko, ~10 6 £ 0.6

kllO@diOTISﬁ per moleo
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Operating Prgcedure

Preparation of Sampless

The preparation of the samples consisted of purifying the metals and
forming them into suitable shapes for use. Mallinkrodt analYticai reagent
sodium was used and samples were prepared in a dryAbox(é) using a molten sadium
scavenger to absorb any water vapor or oxygen present in the argon atmosphere.
The cfiterion for a satisfactory atmosphere was that no perceptible tarnishing
of the surface of a molten drop of sodium be noticed in two minutes. When
such an atmosphere was obtained, the sodium metal was trimmed of oxide and
bright pieees of sodium metal were melted in a clean molybdenum crucible..,The
sodium was cast to form cylindricai samples in an iron mold, and after weighing
inside the dry-box the samples were wrappad in 3" x 3"’x 0.002" pieces of tin
foil. The tin foil covering was satisfactory, since a weight gain of less than ‘
0.1 mge/hr. was found in three samples which were exposed to air for two days.
Spectrographic analysis of the prepared sodium indicated a purity of 99.:9+%. '

The bar stock tin used was obtained from the Americén Smelting and Refining
Co.; the foil was obtained from the Reynolds Metals Co. The bar stock was
merely cut with a cleaned bolt-cutter and the pieces used directly. The foil
was cuﬁ.to size, weighed, and usea as wrappers'fof the samples. The tin samples
used in the heat capacity additions were made by casting molten tin from the
bar stock in pyrex test tubes and machining off the surface to give a clean
samplee vSpectrographie analysis of the bar stock tin indicated a purity of
99.94%, the principle impurity being a trace of lead. Spectrographic analysis
of the foil indicated a purity of 99.9+%, the principle impurity being a trace

of irone
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Temperaturs Adjustments
The seﬁond phase of the Operatlon consisted of adJusting the temperature
'of ‘the eaiormmetero The prepared samples were puf 1nto the sample ﬂhamber 1n
the afternoon prior t the day on which the run was to be madeo The gas flows
were turned on (at a low raue) and the eomofo dellvered to the main heatlng
unit by uhe Verlde and set as elo ¢ a8 poe31b1e to give the dealred equilibrium
temperabure9 and all eontrols were turned off. o o
‘ On the mernirg of a run, the 1nert gas flows were turned up to dellver

about 0,05 £to>/min. of argon, and about 0,02 f’teB/mlno of helium, the control
system was turned on and the temperature of the bath was adjusted as requlred
(usually only a few degrees). When the temperature had reached the desired

level, and had remained there for a halfuhour, the system was considered in

‘ad justment.

vMeesureneﬁta

o The measurement rober con31sted of reoording the temperatures of the

_ reaetlon erueible mel the two tln bath thermocouplesg and the sample chamberom
The sample was transferred to the d1Spenser tube (with the hellum flow turned
up to about 0010 ftQB/mino) and a final check on the reaction eruelble tempera=
ture was madeo The tlmer was started when the sample was egeeeed 1nto the melt
and temperefures (eomofo?s) were read on the Leeds and Northrup Portable -

_Preeision Potentlometer as rapldly as pOpSibleo These eomofo“s were recorded,

| together with e eorresponding tlmeso ThlS reﬂord was then compared with the

» trace of the temperature V8o tlme from the Leeds and Northrup M1 TOmax and if

there was a gap in the Potentiomeher data, the Micromax traeing was used to

provide supplementary data.
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Calculations

The calculations were made as outlined in detail by McKisson and'Bromley(ll).
Iﬁ brief, the method consists of using the temperaturewﬁime éurve from thé addi-
tion of an inert material to find the heat capacity and the cooling-rate
parameters of the system. Once these quantities ére known, one cén'calculate
the M"gq-function" which gives the rate of heat loss (or gain) from the crucible
system in cal./min. as a function of the temperature difference between thé

crucible and the cavity. By plotting this function vs. the time, ohe graphi-

cally integrates for the heat liberation of an addition.

Summary of Experimental Results

Six runs Wefé completed, yielding fifty-eight ihdividuél measurements. One
entire run, consisting of eleven additions, was discarded because the stirring
ﬁas inadequate. In addition, seven other additions were discarded; five because
of stirring rate, and two because of obvious experimental error. Thus forty
additions were_usable,‘yielding forty individual measurements. Of‘thesé, twelve
were for,ﬁhe eo@position NaSn, six for the cbmposition Nal°lo58n,‘and four for
the'compésition NQZSn, These three averages are plotted in Figure 1 together
with the other eighteen results. The phase diagram shown below the curve of
experimental results is taken from Hansen(7)o Table 1 shows the serial number,
the reactiqn for which the heats were determined, the temperature of the reaction,
the heat (calories) measured in the g vse. & plot, the AHRX'in calories for the
{sothermal reaction at the quoted temperature, and the”AHf of the product of the
reaction in kcal/g. atom alloy were applicable. )

Table 2 consists of a summary of the various combinations of the direct

determinations of Table 1. Table 2 shows a serial mumber, the combination of
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Table 1

Summary of Direct Measurements

: A : S ' AH of
Serial R o : Reactioh o g _ ‘Tempe q - .8 plot MMpy Prggucts
. — » S °Ka cale cal. keal./z. atom
1 0,138 Na + 0.0185 Sn + 1.2553 sn _-) 1.274 Nao o Sn 864 -1242¥10F 1951874 -1.385%7%
20,1348 Na + 0.018_5 Sn + 1.274 Nag 106 Sn —> 14292 Na 209 sp_ : 866 -689%10%  -1408%5%
30,1348 Na + 0.0185 Sn + 1.292 Na . 209 Sn —> 1311 Nag 309 . 866 -698%10%  -1417%5%
4 001348 Na + 0.0135 Sn + 1.311 Nag 309 Sn = 1329 Nay o Sn 866 ~504*108  -1223%,.2%
5 041348 Na + 0,085 Sn + 1329 Naj , oo Sn > 1348 Nag,500 Sn 866 ~369%10%  -1088%4.1%
6 01348 Na + 0.0185 Sn + 1.348 Na 500 Sn == 1,366 Nao 592 S 866 =561%10%  -1280%4.5%
T 001348 Ta + 0.0185 Sn + 10366 Nay .o, Sn—=> 1.385 Nag ggy Sn 866 -431¥108  -1150%%
8 001348 Na + 0.0185 Sn + 1.385 Nag gaq Sn =3> 1.404 Nag 7¢g Sn 866 ’,34052“-10% =1124%4%
9 0.1348 Na + 0.0185 Sn + 1404 Na 7 5n <> 10422 Nag g3 Sn 866 424410 -1143%%
10 0.1348 Na + 0.0185 Sn + 1o422 Nag,g53 Sn -3 1e44l Nag 935 g 866 -312%10%  -1031%3%
11 . 0.11i3 Na # 0.0185 S*n'+__1,z_.41 Na-o.-gj',j Sn > 1,459 NaSn . 866 -308%10% - =920%3.5%
12 0.1348 Na + 0.0185 Sn + 10459 N‘aS’ﬁ ==% 17.478.-Na1 675 Sn 867 -218%10%  =937%2.5%
13 0.1348 Na + C.0185 Sn + 1,478 Nay og 51 —> 14496 Nay 150 Sn 866 -5310%  <T72%2%
14 0.1343 Na + 0.0185 Sn + 1.496 Na .156 Sn _), 14515 Nay 530 Sn 866 -32t10% =751%2%

-11-
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Table 1 (cont.)

AH of -

0.0185 Sn + 0.5198 Nao‘.5‘35‘ Sn —> 0.5383 Nao 775 Sn

-

Serial 'Reéc;t:;ibh Temp. q ==Ag plot OBy Products
_ _ S Ko cale zale  kcale/g. atom
15 0.0739 Na # 0.0739 Sn —> 0.0739 NaSn 882 | +95%9% ;679t2% | =4,5§¢§°5%
16 000?39 Na + 0.0739 Sn —> 0.0739 NaSn 881c5 W39 T30%2%  -4.04%2%
17 0.0739 Na *-0.0739:Sn:=%> 0.0739 NaSn 881.5  +65t9%  ST0Bt2E  =4.T9%2%
18 0.0739 Na + 0;0?39 Sn —> 0.0739 NaSn 881 +2729% =?46i2% =5.05%2%
19  0.1391 Na ¢ 0.0i85 Sn +"o,§263 NaSn =3 09448 Naj 1574 Sn 8815 -22350%  -993t2.5%
20 | 0.0739 Na # 0.0739 S + 0:9448 Na, o7, S0 = 1.0187 Fay ;18 Sn 88105 +224%9%  -551%4%
21 0.0739 Na + 0.0739 Sn + 1.0187 Nay 390y Sn —p 1.0926Nay 4,0, Sn 88103 +86%9%  -694%2%
22 00739 Na + 0.0739 Sh + 1.0926 Naj 1102 Sn —>> 11665 Nag ;039 Se 881.5  +88%0%  -688%2%
23 0.0870 Na + 0.0435 Sn =3 0.0435 Na,Sn - 887 149474 516538 -3.95t3%
24, 0.0870 Na + 00435 Sn—3 0.0435 Na,Sn 885 SLITETE -545t2.1% ~4.18%2.5%
25  0.0870 Na + 000435 Sn =3 0.0435 Na,Sn 885 A1394TR  -52442.5% ~4.0212.T5
2?3 10,0870 Na + 0.0435 Sp —» o,,.pz;35 Nazén_ o '884 CHL4ATE -518%2.5%  -3.97%2.7%
27 0.1391 Na + 0.0185 Sn + 0;48,.27VSn ~> 0.5013 ;Naoozﬁ Sn 885 -726t7% ‘=149!;i‘_3-e5% | -2.33%4%
28 0139 Ba + 0.0185 Sn + 0.5013 Tagppy Sn —p 0.5198 Nay ;s Sn 884  -63857%  -139583.26
29  0.1391 Na + ’ 885.5 470N aiz32i2,7%‘-:

689~T400
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Table 1 (conta)

' . AH AHp of
Serial Reaction Temp. q -.@ plot AFRx Product
‘ ‘ 7 °Ke cale cals kcal./g. atom
30 0.,1391 Na + 0.0185 Sn + 0.5383 Nao 775 5B _m>o. 569 Nao 999 Sn 885.5 -206X7%  -966%2.0% '
31 0.0739 Na + 0.0739 Sn —> 0.0739 NaSn o 887.5  +50ETE - <T23%1.6% - <4+89%2.1%
32 00739 Na + 0.0739 Sn —3 0.0739 NaSn ) 888 %2_;,7%  ST19%166% 7 =4.87%2.1%
33 0.0739 Na + 0.0739 Sn -===a 0.0739 NaSn | 888 +5017% ~T22%1.6% ~4e8912:1% -
34 0.0774 Na + 040774 Sn —) 0.0774 NaSn 878.5  4BLE10F  -728%2%  ~4.T1%2.4%
35  0.0774 Na + 0.0774 Sn —p 0.0774 NaSn . S | 878 $50E10% ~T50E1.TH  =4e91t2.2%
36 0.0774 Na + 0.07T4 Sn — 0.0774 NaSn _, 877 455108 T5FL.TH  -4.87%2.2%
37 0,074 Na + 0.0774 Sn —» 0.70774 NaSn ' , 878 +105210% =703i2.é% =4,e54%27% -
38 0.0774 Na + 0.0774 Sn —» 0.0774 NaSn | . | L g78.5  +11TELOR -693t2.4% «=4.48_i_2.9%
39 0.1304 Na + 0.0185 Sn +1.040 NaSn —> 1.058 Na, ;0¢ Sn 879 2234108 -9392.5%
40 0.01T4 Na + 0.0774 Sn + 1.058 Nay 106 —> 10136 Nay, o0 Sn 878 +10910%  ~705%2.3%



Summary of Combinatiéns of Direct measurements

Ta‘ple 2

Serial Combination Réaction ‘Tempo AHRx Pro ugi
_ . °Ko gale keal./g. atom
a 1 and 2 0,269 N+ i- 292 Sn—>1.292 Tag po0 Sn 865 3ISFLL 2150455
42 1 th;ﬁ 3 b.z,w, I\Ta‘ + 1 311 Sn. ,;% 1311 Nag, yq9 Sn 865 =4T176X160  =2.783%4%
43 1 thra 4 005392 Yo+ 1 329 S‘n - 1. 329 Nag_, o SB 866 =59_99£168 3621037
44 1 thru 5 0.6740 Na + 1,348 Sn 4 1°3.43 Naqy 500 Sn 866 =7087%173 =30505%3%
45 1 thru 6 08088 Na + 10366'sn —> 1,366 Na,_ 592 Sn 866 ~83673182 . =3.847%3%
46 1 thru 7 0.9436 Na + 1o 385 Sn —> 1.385 Nao, 681 866 =9517¥187 =4 .088%2.5%
‘z;? 1 thru 8 ',‘_i-.'cﬂsz, Na-'# 1,404 Sn —> 1.404 Ve 768 Snr | 866 éloﬁuxwz =4,0287%2%
48 ‘1 thru 9 0'2‘.‘132' Na + 1.422 Sn —> 1.422 Nao 853 S 8_66 . _;117841198 4o LT2%2%
497' 1 thru 10 L 3480 Na.’+ 1. 441 Sn —> Le4dl Naoa%s 866 azéslfstzoi =0 59622%
50 1 thru 11 .4593 Na + 10459 Sn —% 16459 N”aSn 866 137354203 =4.707%2%
51 1 thru 12 1.5941 Na -+ 1.478 Sn —> 1.478 Nay crg Sn 867 =14672%205  -4.T78%2%
52 1 thra 13 17289 Na + 1,./,96 Sn —> 1496 Way 56 Sn 866 -15444%205  -4.T89%2%
53 1 thru 14 .864 Na +1. 515 Sn —-} 1.515 Nal 230 Sn 866 C=161952206. . =4eT94%2%

689-TH00



Table 2 (cont)

Sefial c,ombination Ré'action Tempo ~  ABRy Pﬁﬁgugf E
, ’ ‘ I °Ke cale. kcg;_;:_[gg. atom
5, Zlemd28  0.2182 Na 0.598 Sn — 0.5198 Nag o5 S1 8%4e5 288968 a._séi;zlez
5t 2T thru 29 - 0.4173 Na + 0.5383 Sn —2 0.5383 Nao.775 Sn 885 =4121t76 “4‘313i2j1% g
56 27 thru 30  0.5564 Na + 0.5569 Sn —> 0.5569 Nag ggg Sn 885 -5087%78 ~4+51%2%

57 63 and 19 1.0654 Na + 0.9448 Sn —> 0.9448 Naj g7, S0 88l.6  -9876%259 : =4+913%3%
58 63,19, and 20 1.1393 Na + 10187 Sn ~> 1.0187 Nai 11gp Sn 88Le6 10427260 =4.8323%
59 - 63,19 thru 21 . 1.,é132 Na + 1.0926 Sn = 1.0926 Noy 5900 Su  88l.6 =111211'260 :‘ 4°8g_3i37;
60 63, 19 -thru 22 1.2871 Na + 1.1665 Sn — 1.1665 May 033 S0 8816  -11805£260 =4.8i313i
61 :;63 and 39 1.1704 Na + 1.0585 Sn —) 1.058 Naleldé Sn  881.  -10013t291 = -4.898t3%
62 63, 39, and 40 1.2478 Na + 831, | 4875 3%

1 =11618%291

689-THON
-G T~
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items iﬁtTabieé“iée;d 3 which are used, the resulting reaction, the temperature
of the resulting reaction, the AH in calories at the high tempereture of the
reaction shown, and the AHp in kcalo/ge atom of the product ofjthevreac#ion
where applicables | | " |
Table 3 consists of a summary of the avereged values for the AHp of those
alloys for which multiple determinations were madee .Table 3'shews‘e serial
number, the combination of serial numbers from Table 1 and Table 2 from which
the average was computed the average temperature, and the average AHf of the

product in keal./g. atom allay.

D;scuggion

An examination of Table 1 will show that the heats found in the q - O'plots
for the same reaction vary widelyo For the twelVe dlrect determinatlons of the
composition NeSn, these values average +898 cal /hol. with an average deviation
of 267 cal. /hola or 30% - This greatly exceeds the maximum probable error ‘
(¥30%) estlmatedo However, for the four direct determlnatlons of the composi-
tion Na,Sn, the q - ) plot values average +3148 cal /hol. with an average '
deviation of 230 calo/holo\or To3%. This is of.the order of the estimated
probable e:for. o | ’ |

Thevceuse ef‘the very large prebable error above canhot be pesitively’
determined, but‘one factor Which.would.have a‘merked effect on these‘quantities
is the stirring rate, or more particulariy, the extent’io.which unifermity_of
composition and temperature was attained. The deVelopeent of the'equations
used is based on a uniform temperature in the reaction erﬁeible, aﬁd the entire
Run 1 was discarded because its results deviated markedly from those of the

later runs. Since the stirring rate in Run 1 was about 250 RPM, and the rate



Table 3

Summary of.Averaged Val

ues
éeriéi .}Combination' © " Reaction Temﬁo ’AHf of Prodﬁ@t

o _ _ e : . - : kcaiolgo. atom
| 63 Aveo of 15, 16, 17, 18, Na + Sn —$ NaSn 881.6 =4,s795%0.143 av. deve

31, 32, 33, 345 35, | o
, 36, 37, and 38.
| 64 Ave, of 23 s 24y 25, 2Na + Sn —> Nazsn 885.3 fAeOBiood?S ave deve
 and 26, : | | ) | | 1,
.65 Ave. of 57, 58, 59, 60,  1.105 Na + Sn —» Naiolos_ Sn 881, 4, 0859 0,036 av dev;

61, and 62 e
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was inereased td5$ZbG;ﬁPM in the later runs (which gave better agreement), the
slower stirring was assumed to be the cause of the poor results in Run 1. It
is possible that the stirring rate,.although high, in the NaSn additions was‘
not always effective in maintaining a upiform temperature and composition in
the crucible. Although the 30% deviati&n is 1arge, its effect on the ﬁifimaﬁe
result is minimized by the fact that the total heat effect is —9590 calories
which means thé# the inaccurate meaéurement involves less than 10% of the total
heat effect. This is because the q - & plot measures the heét for the reaction:
cold sodium plus cold tin yield hot alloy; and more heat is required to heat
the rTeactants up to the high temperature (10490 cal.), than is liberated in
the reaction (9590 cal.), therefore there is a net heat absorption by the cruciblé.
The heat capacities of tin and sodium are‘knOWn to about'l% so that the large
error in the q = © plot heat is absorbed in the final result.

The only data on the sodium~-tin system taken at high témperature was that
of Barber et alo(l) The other values bj Biltz and Holverscheit(A); Biltz and
Meyer(5), Bi1t2(3), Bichowsky and Rossini(®), Kubaschewski and Se1th(9),

Kubaschewski and Wittig(lo)

s and Khbaschewski(8), arg‘reporﬁed at room tempera~-
ture (298°K.). Table 4 lists all the avéilablé valuéslfér’ﬁhe heats -of formation
of sodium~tin alloys, the temperature of the measurement, and the refefeﬁces

The results at high temperatﬁre check very well with:thqse‘of Bafbér
et alo(l). A quantitative comparison betweeﬁ the resulfs:of this research and
the other wvalues shown in Table 4 is possible onlj if the heats of fusion and
heat capacities are known for all the alloys and the elements. Since this data
data is not awaiiable for the alloys, only a qualitative coﬁparison is possiblé.
Such a comparison can be made by solving for the various combinations of heat

capacities and heats of fusion which are required to convert the high tempefa-

ture data to the low temperature datas Any result requiring absurd values of
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Table 4
Heats of Formation of Sodium-Tin Mloys
Coméound AHf
or keale/ - Temp. 4
Composition gs atom °K. Remarks References
NaSn, 5o 298 | (4)
6.7 298 (@), (3, (5)
- -3.65£0.25 880 from curve, Figure 1. This research .
NaSn =545 298 (4)
'“ 80 298 (2), ), (5)
6. room - (8)5(9),.(10)
L =503 0e3 298 Este. value (1)
=4, e 062 873 }Récalculated value (1)
=4 «80%0.1/ 882 ‘This research
ﬁal.io53n 'a4.86#0.04 881 This ?eéearch
4503 =51 298 @)
-8 298 (2), (3), (5)
=/, 66520, 3 880 Est. from curve, Fig.\l This research
ﬁézsﬁ,, 4o 298 )
=Te 298 (2), (3), (5)
=/e8 room (8), (9), (10)
-4.03iqo08 885 This research
‘Na,Sn =42 298 (4)
- 298 (2), (3), (5)
249 298 (8), (9), (10)
L =245%045 g0 Este from curve, Fig. 1 This research
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heat capacity and/or heat Of'fusiom cannot be considered compatible with the
results presented here. The limits considered acceptible for the liquid alley
heat capacity are from 7 4o 10 cal./deg. g. atom; for the entropy change in
mel*ingg 1.5 to 30, @otto/g. atom; and for the solid alloy heat capa01ty, 6 to
calo/aego go auemo' USlng these erit erla, and starting w1 th the, values of
: Hf880 read from Figure 1, cme can readiiy find the range of values of AHf 98.-
.whi@h arevecmpatibﬂee For NéSnQ these limits f@f AHfz?é are from =2.8 %o
=5.7 keale/go atome For NaSrg the limits are from‘=4 3 to =?o7 keal. /go atome
Forvmél&Sn39 the limits are from =4.2 to =7.4 kcale/g. atome For Nazsn? the -
limits are from =306 to =609 keal./go atom. For N'a4Sn9 the limits are from =262
to =503 keale/ge atomo
A comparison of the limits noted above with the data of Table 4 shows that
all of the values of ‘Biltz and Hdlverqgh61@(4>, are within the compatible range,

,'8)

that all the values of Khbaschewaki and Kﬁbaschewski and_co»wbrkers‘g)f (10)

are near the @ea@er Qf the cmmpatlble range, that the estimated value of Barber

(1) for NaSn is in the compatible range, bub.that the values répérted by

et al.
Bichowsky and R&ssini(z}g ﬁho reviewed the work of Bil&zﬁ3)9:and,Bilt¢ and
Meyer(ﬁ), are highefitﬁaﬂ the upper compatible iimit&a Tﬁiéé‘althbﬁghtnéﬁ éon_
clusive, is evidenqevindi@atingithat,the revised‘daﬁag ﬁiﬁh_which'Biltz énd Meyer
recalculated the expefimenbal resulbs of’Biitzfand Hélverécheit9 was ihcorrect,

~ and further, it ten&s to support the walues of Kubaschewski, REC

Gonglusionk,
Heaﬁg of  formation of sodium-tin alloys have'beeh measured in the new high-
temperature calorimeter at 610°C. (SSO@KO), and the results tend ﬁQ support the
. ~valueg originally reported’by Kuba@chew ski and Seith&9)04 A sﬁmmaff'of the heaﬁs

of formation found in this research appear in Tabl@ 5o

This work was. performed under the auspi@es of the Atomic Energy Commission.



Table 5

Heats of Formation of Liquid Sodium-Tin Alloys

Composition éHf88O

NaSn2 =365 T 025 kéal./g, atom
NaSn -4+80 * 6014 kcal;/g. atom
Na1.105'sn | 4,086 t 0.04 keal./go atom
Na 48n3 <4065 t 003 kéal./g. atom
Nazsn ~003 = 0,08 kcaio/g. atom 

NaASn («=2+5 £ 0.5) kcal./g. atom
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