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‘Vapor Pressure of Thalliiim and
Activity Measurements on Liquid Silver-Th_allium Alloys

by the Torsion Effusion Method:

Pierre J. Desre/,vDonalvd T. H_awkihs, and Ralph Hultgren .

IITh.is, paper repor?s jthe résulté ovaa study of the IiQLlid Ag~-TIl systiem
‘55’ th'é»tc‘n‘;sior.x effusipﬁ miethod. The method has been. discussed in detail.
préviéusiy? aﬁ_ci ywil}l be Qﬁly briefly summarized h‘efe.' >Thve; Salliple is
Contamed in a ceil \';hiéh is suspended‘on a torsioﬁ wire. Vapors effu%
sing‘ frbm orific.evs‘on opp_c;site sides_df t»‘hAe cé’ll exert a forque__oﬁ thev
;_vife. .The toréﬁe i.s.‘re].ated to the'vépor i);'essnlre by ﬂne”following

relation:

 2D¢

p = '
- fiaiq;+132,9,

where D.is the torsi_dn constarﬁqf the wire, ¢ the angle of torqge, £ énd'.
i, _th_e‘cfo'rr_e‘ction fact:or:s determined by Fre.emaﬁ ah.d Se_arcyz‘ to éécourﬁ '
fo'ir'or.ifi,cevllen:gth, _alv énd a, the areas of the_ (.)rif.i.ces.," and A andbqg the
dis.tancés o'f thve"orifivcevs‘fvrgm the axié of rotation. ‘By usmg the same B

cell for pure thallium and the élloy,it follows that

s = PTl-, alloy _ ¢T1 ,alloy
- H ; PTJ ,i_pur_e o11 , pure

‘so that most systematic errors are eliminated in determining the activities, -

[N
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EXPERIMENTAL
99. 9994% T1 was obtained from the American Smelting and Refining
'Co, and 99.999% Ag was obtained from Cominco American, Inc. Seven '

'»Ag:”-#lealloys, ranging in composition from x, . = 0.33 to 0.90, were E

. 1‘1
prepared by melting together weighed amounts of the pure metals in
sealed{'evacuated i’y’c‘br tubes and quenc_hing the nlelfs in.‘\v‘a‘ter‘. f T
The app'gratus and graphite‘ cells were the same as. those used by
Hawkins and _Hu‘ltgrena in their ‘vstudy of the Pb-Sn system.
RESULTS
Ten me‘as_urements were made on pure"l‘]. in the temperature rangé
- 931°- 996°K, and the results are presented in Table I. Values of AH:’:zgs' |
were calculated using tabulatedv Gibbs (free) energy functions. 4 No -

° . on temperature or orifice size was found, indicating

dependence of AH
. . . : V,298

that equilibrium was attained.

. Data for the Ag-T1 alloys are shown in Table II. Values were

. . , . XS
smoothed with respect to composition by a plot of A@Tl_ vs le, where .
XS ‘ aTl | « 2 '
AT, =RTfn — . o Tag
T1 ’ . ’ .
DISCUSSION

The value AHz’ ‘

998 435204100 calories i)er g-atom for pure

thallium (95% uncertainty limit) is in exc"éllsent agreement with previous
investigations.

In the AgTl system, this study shows positive deviations from _

Raoult's Law. at all compositions. Figure 1 gives the phase diagram
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' ac"cofding to"Ha’msén';5 and Figure 2 presents the activity values measured |
in this 'study as well ‘as those from emf measuremehts at. 950°K by
 Terpilowski; Kuhﬁys and Slaby. 6 _.The e_mf’dafa were extr_;apolated'té
975°K from the-ir.temper'atu‘r'e coéffiéient 'measurer’ineﬁts. - Values of thvi.s
inve-stigaﬁ-on scéft’er le-sj:s than‘the emf _.vailu_és aﬁd show, o.n.th’e av‘er.age,
greater deviations from»idéaliiy.

= ‘V—é]iues ‘of Aéfg were calculated by Gibl_)S—Duﬁem integration. _ ‘Thev
'consta'nvt of integration was calculated from the phase diagram and the
assumption of.Raéult'.S' Law in the srﬁall (7 éts_ -%) solid so]_ution. range.”
_Thé stan‘dérd state haé b‘e.en taken to be supercooled liquid silver, f(.)r,‘
which it is assumed that ASm = 2. 31 Céloxf?_es per degree per g-atom,
independent Qf ‘(empera‘tu.re.v Table III gii’es the resuitingl smoothed

values. It is interesting to note thata, approaches the Raoult's Law )

_ Ag
‘value approximately at thé liquidus boundary. Terpilowski, Kundys,.

and _Slaby6 found a éim'ilar_ behavior.
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TABLE 1.

Vapor P ressure of ‘Thallium

<.

T, °K P, 10" %atm. AHY, 298
S cal per g-atom
931 . 34.341 43521
938 40. 584 43519
. 943, - 43.394 43616
954 58.379 43533
962 72. 740 © 43459
974 90.535 43548
976 99.276 43449 .
980 102,71 43551
990 133.93 43454
996 146,73 43517
, Averag¢z§Hv’298-43520(i10Q)
' . (95% uncertainty limit)}-

TABLE II.

Vapor Pressure of Ag-Tl Alloys at 975°K

= ) — XS
P, alloy, 107 atm. AG oy
, S o - | cal per g-atom

0. 33 53.07 - 1041
0.4 '58. 50 » . 857
0.5 67.80 - 711
0.6 73.35 510
0.7 717.39 i 315
0.8 . 81.65 1860
0.9 . 86.33 . - 40

o




" TABLE IIL

Propertics of Liquid Alloys at 975°K -

(1 -X)Ag(E ) +xT1

Ag“Z ) " Ag(in alloy)

= T1(in alloy)

()

(2)

='Ag1—xTHX(1)

Tl : ,
(2) (£) , » _ ,
x ¥ (¢ a .
T AG | ACpg 86 Ag TAg &1 T
i cal per g-atomj cal per g-ato cal per g-atom. o

0.35 - 899 - 816 - 1052 0.657 1.010 0.581 | 1.660
0.4 - 921 - 920 - 922 0.622 1 1.037 0.621{ 1.553
0.5 - 875 - 1117 - 633 0. 562 1.124 0.722 | 1.443
& 100) (£ 100) (£ 100) ( (£0.03) 1 (£0.06) | (£0.04) 1(£0.08)

0.6 - 809 - 1302 ~ 480 . 0.511 1.277.{ - 0.781}1 1.301{
0.7 - 714 - 1501 - 376 0.461 } 1.536 |  0.823{ 1.176
0.8 - 577 - 1796 - 272 0.396 1.979 0.869| 1.086
0.9 - 397 - 2497 - 164 - 0,276 2.756 1 0.919| 1.021
1.0 0 - 0 - 0.000 4,242 1.000{ 1.000

878LF-T¥DN
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 Figure 1.
Figure 2.

.. Respect to Liquid 'Thallium and Sup,elv‘c‘oole,.d Liquid Silver. :
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List of Figure Capti__on:s.
Ag-Tl Phlas.'e Diagram.

Acti\}ity"Valu_es for Liquid Ag-Tl Ailoys at 975“‘1{ with
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