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‘CALCULRTION OF THE ThS-U AND ThS Ti PHASE DIAGRAMS
Leo Brewer i

Radiation Leboratory and Department of Chemistry -
University of California, Berkeley, California

June 1957
ABSTRACT

The thermodynamic quantities necessary for the calculation of the ThS—Ti

and Th-U phase diagrams are estimated and‘the.phase diagrams calculated.

It is of interest to determine if it is possible to calculate the phase
diagrams of systems consisting of metals and refraetory ceramic materials.

In carrying out these calculations, two simplifying assumptions will be made.

. It will be assumed that the AC_ of fusion can be neglected and that the entropy

P

of mixing of liquid ThS and liquid metals is ideal. The first aesumption‘will

not introduce any serious error. The error introduced by the second
assumption is unknown, as no pertinent data exist for systems of the type being
considered here. However, the error inﬂroduced should not affect the order

of magnitudé of the calculations.

Unfortunately, the heats of fusion are unknown for all of the substances
under consideration. To estimate these quantities, the entropy of fusion will
be taken as 2 e.u. per gram atom. As the melting point of uranium is lh06qv;
the heat‘of fusien will be taken as 2800 calories'per gram atom. The melting
poinﬁ'of Ti is 1933°K, and its heat of fusion will be taken as 5900 calories
per gram atom. The meltlng point of ThS is estimated to be around 2800° K
yielding a heat of fusion of 11,200 calories per mole.

If XThS is the equilibrium molefraction of Ihs in the liqﬁid'metal
saturated_by solid ThS, then AF = O for the following reaction:

ThS(s) = ThS(solution in liquid metal, XThS)° , (1)

This change in state is profitably considered in two steps,
ThS(s) = ThS(1), | . (2).
ThS(1) = ThS(sclution in liguid metal, X, .)- (3)

.

ThS

For reaction (2), oF° = 11,200 - 4 T calories on the basis of the above

agsumptions. To evaluate.the free-energy chenge’for reaction.(B), we find

it useful to consider the following reactions that add,up to the reaction
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corresponding to reaction (3) if the solubility of ThS is not large: . .

b ‘I‘hS(l) +~-M(l) = MS(1) 4 Thll)y 0 o - v (l‘)
MS(l) MS(dllute 'solution in liquid metal,, M), S ::(5)
Th(l) . Th{dilute solution. An llquld metal,:. M) L ;a‘i__w(é)

By comparlson;ofﬁthe'stabll;t;esﬁof;muo,vUO,,and_ThO and of other compounds
of Ti}~U,gandﬁTh,l~onegcannestimate-AHQ_values:for-reaction;(A).-»Fromrthe phase
diagrams for the Th-Ti and Th-U systems,2_Qne_can;estimate,Aﬁ_values,for reaction
(6). Finally, one must estimate the M value. for reaction (5).. The combination
of these values.yields-around AH .= 35,000 calories for reaction (3) for either
the U-or . Ti- systems, with an uncertainty, of at least 5 kilocalﬁ:"Forjthe 4§~°?
reaction (3), we;pbtain;ééﬂsﬂaRiln«XghS,gOn-the-basis”of‘ldeal_entropywof_mlging
and the assumption that ThS molecules.would not exist as such in the metal melt.
The Thiand 'S atoms or-ions would:surely . be free in'this,SQlutiQPi'oThﬂﬁ‘er;v;
re&ttion:(5},iwe;obtain AF¢=;555000r+:RTanvX;Hsan By combination.of the free-
energy equations ~for  reactions ; (e)pandt(ﬁ),‘wegqbtain;forﬂreactiQQ (1), OF = ...
11,200 - 4T+ 35,000 + RT -In X = 0, where X

ThS ThS
of ThS. .in uranlum,or,tﬁtanlumkllquldor,Thiswequat@on,would‘beiyalid_onlyﬁlf;ﬁﬁ

is the equilibrium solubility

XThS'werevsmallr -For:larger. values -of the solubility, one would have to take
into account-deviations from Henry's Law.  The -equation can be condensed to,.

obtain ln X w = 2/R-~-23,100/RT.. At 2500°K, | Xopg = 2% 10 At 2000 K Xgys =

8 x 10 30 At the eutectic between Ti and ThS at 1930 K, the solubllity of ThS in
Ti is calculated to be a mole fraction of 6 x 10 30 At the eutectic between U
and ThS at lhO5OK, the solubility of ThS is calculated to be 8 x lO—h for XThSo
This corresponds to 0.01% by weight of .sulfur.: There are no experimental data.
for comparlson w1th these calculatlonsoﬁf x ' _ N . ’
' Any results obtalned from analyses of castlngs would not be comparable as

. EEN I

_ castlng experlments would not be expected to yleld equillbrlum resultso” If the

icru01bles are porous and not well 51ntered, there may be partlcles of crucible
materlal suspended 1n the'metalo, If the cru01bles are dense and the castlng :
tlme short the melt may‘be con51derably undersaturatedo To obtaln rellable‘J
solubllltles, one would want to work at as high a temperature as p0351ble in t
order to have an appre01able qolublllty to measureoi One would have o guard N
agalnst temperature gradlents that would result in solutlon of the cruC1ble‘)#
at one point of contact with the melt and precipitation elsewhere. Because

of this source of error, one might have to use some filtering technique to

insure removal of suspended particles.



. ThS in liquid U or Ti would be calculated to be a mole fraction of 4'x 10
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It is of interest to note that these calculations indicate that the
solubility of ThS in liquid Ti or U does not change very rapldly with temperatureo
There is only a forty-fold increase in solubllity in going from 1405 to 2500 Ko
In view of the uncertainties of the gstimates that were necessary in these
calculations, the true values might be as much as twice as large or as low as

one-fifth as large as the calculated values. However, the calculations should

‘be of the correct order of magnitude.

If one carries these‘calculations up to higher temperatures, where the
solubility of ThS becomes larger and mekes reasonable estimates of the extent
of deviation from Henry's lLaw, one calculates that there will be a miscibility
gap above the melting point of ThS with liquid metal in equilibrium with -
liquid ThS. At 3550°K, the atmosphefic boiling point of Ti metal, liquid Ti
and liquid ThS should still be immiscible. However, liquid U and liquid ThS
should have become miscible at the atmospheric beiling point of liquid U. ‘At
the highest temperature at which solid ThS could conceivably have enough
strength to be used as a container for the liquid metals, the solubility og
This small a solubility should not reduce the vapor pressures of the metals
appreciably and one should be able toe readily boil these metals from ThS

cruciﬁles~at-reduced pressures and temperatures approaching 2700°K.

REFERENCES

(1) Leo Brewer, Chem. Revs. ég; 1 (1953). ‘See also papers by Brewer and by
Brewer; Bromley, Gilles; and Lofgren in National Nuclear Energy Serie"s,‘\‘foi° 19B;
edited by L. L. Quill (McGraw-Hill Book Co., No Ys, 1950) and in National Nuclear
Energy Series, Vol. lhB edited by G. T. Seaborg and J. J. Katz (McGraw-Hill Book
Coo, N. Y., 1949), as well as paper to be published in National Nuclear Energy
Series, Vol 12.

(2) H. A. Saller and F. A. Rough, Compilation of Y. S. and U. K. Uranium and
Thorium Constitut;onal‘Diagrams (First Edition), BMI-1000, June 1, 1955.





