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' Heats of Forr}uation of Solid Indium-Lead Alloys
By Hong-il Yoon and Ralph Huuo‘ren._

Department of Materials 501ence and En neering '
and ' :

Inorganic Materlalg Research Division, Lawrence Berkeley Laboratory

~ University of California
- Berkeley, Calif. 94720 .

B Abstract

Heats of formation of solid indium-lead alloys at 31 5°K were determined by

.

 liquid tin solution calorimetry. The alloys were found to form endothermically,

except, possibly, the (In) phase, where AH~ 0. Partial molar heats
of solution of indium and lead in tin were also determi.ned.

Introduction-

Indlum and lead f'orm wide - ranglnc solid solutlons in one’ another with

(1)

a smgle 1ntermeo1ate phase, B, as shown in Figure 1. The orysual _

~ structures of all three solid phases are based on the face-centered cubic »

structure of Pb, but for (In) the ¢ axis is elongated about 7. 6%, and for -

B, c is shortened by about 7%, making the two latter phaseé face-centered:‘_

(6}

tetragonal.

The thermodynarnic properties of the liquid pha,se are reasonably well

established, but solid heats of formation have been determined only by

2)

a quantitative differential thermal analysis method " which does not -

~ have high precision. It wasvtvherefore decided to measure heats of

- formation by iiqtlid tin solution calorimetry.

Experimental

The tin, lead, and indium used were all reported to be 99. 999% pure.



2
Nine 12-gram ‘samplcs‘ of 'indium -léad a11<_)ys were prepa-reci. : Weighcd .
Qﬁanﬁties Qf ﬁmetél wve.re"e r’nixled and sealvéd in borosilicate.glavss tubes |
c_f;ﬁt‘a.inixgg-an_ atmé_spll'lere of heliufﬁ pius 4% hydrogen. Melting was done
app.roximla.tely 20° higher than the quuidu's -te‘mpe‘:xlﬂature.' After melting,

e

.

the alloys Wére éhéken vigorbuély and que'nc_h.edbin ice Watef. No 1bs.s | o
in weighf dufing melting Was found.- Af{er cdld&vorking, -the alloyé were v
again .seallebdv in borosilicate glass tubes Jarid“hdm'ogeni‘éed f.ovl‘* sevefl aay’s o
at 10° to 1 5"_C below the so_lidus.. ‘F"ilingvs were take_ri_'_from Both ends of
each ingof, mvivxved" togetilér, and stram aﬁhe.e-lliedvhat 1(')O°C“ for ‘1 5} minuteé. l'-
X-ray diffréc{ion-.shov.fed the phases to Ibe homogeneous aﬁa to havé

lattice constants corresponding to their compositions.

(5)

The li<._1uidt' tin 'solti’;ion calérin1eter has I.Jeen"“descf.ibed pré:vious_iy,‘ so

a very brief des:cri_p'tion of the_methpd will suffice. | Abopi 500 mg of all oy -
ére d-roppéd' into the 'caldfimeter ,co‘n‘tainihg about 20b grh..f)_f Sn at ébgut :
650°K. .. From the me‘asuréd heat.éfféct is: s_ubtra.c__ted the Heat’e'ffects of
co‘rrespondi‘ngj a.rﬁoﬁnts '_c‘Sf -the ‘pure vcompone‘nt:s.f The ,résu'lt is 4the heat |

of fofmation of the. allc)y at the A.temp.eratureb i.'rc.>mbrwhich it is dfoppea;- in
't_‘h:i‘s.case 31 5°I.{.. : | |
Three to flve runs per day are made 'vin v'vthe‘calkorimetef.""Aftefv fou’r-days,
the célofiﬁ;eter is dismantled and va:..f‘x';_esh tin bath added. This is allowed S
to come to a steédy state in témper’atul:e.ove_r >th_e' Weékend and a secbnd : ‘ :
series beg:un.': Eéch day Qn.e‘of tﬁe':s.évrxd.ﬁleé Wés }'pure tirlxl,: 't;a.- éaliﬁfate- the
heat 'gapaé‘i-ty of the caiorimeter. A Smallincréésg.'of he.é’; caﬁécify aé the

amount of liquid metal increases proves the calorimeter is functioning



‘The experimental values of the heats of formation are given in Table 1

pfopérly’. Near the beginning of a series, _safnples of pur‘e Pb and pure In

‘are dropped;.al'so near the end, when the amount of dissolved material is

about 1.25 atbmic percent. The heat effecvts','-within experimental error,

'~ were independent of concentration.

- Subtracting the known heat contents of the pure liquid metals frbmvtheir

“heat e_*ffec.ts when dissolving in tin, one obtains the partial molar heats of

solution at 650°K: "

Pb

AH,, = 1402, 1410, 1419, 1420, 1406, 1393, 1436, 1391
AH__ = -188, -176, -149, -160, -171, -172, -163, -161

In

| Fro_rn which we obtain: -

_vAHPb,-650°K, g, = 1= 1410 (+11) call/gj—.ato_m,

AHIn,s50°K, x. =1

= -168 (+8) cal/g-atom R
Sn | S

The uncertainties are twice the standard deviation of the mean. ‘These

(3) (4)

values compare with 1360 and -203 cal/g-la'tom, -respectively,

found in the literature at near the same temperature.
(2)

and are plotted in Figure 2 along with the values of Heumann and Predel

calculated from liqui._d heats of formation and the heats of fusion of the

‘allloys measured by differential thermal va'nalysis. The agrée}nent is

-~

relatively good.

The present values are to be pfeferred, since liquid tin solution

calorimetry is known to be a more accurate method.
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TABLE 1

'Experimental Values of Heats of Formation at 650°K

!

(1-x)In, . +xPb

(s) (s) ~ ) %Py (s)
: : -

' be Phase - AH, experimental = AH, selected

0.10  (In) 43, -18, -5, -42  -0(36)
'0.20 - B 191, 199, 154, 188  190(x12)
0.30 -~ B 279, 257, 270 270(£12)
0.40 (Pb) - 306 -t 300(x12)

. 0.50 (Pb) 321, 296, 303 - 310(+12)
0.60 (Pb) 275 S 280(+12)
0.70  (Pb) 251, 241 | 250(+12)
0.80 - (Pb) 182, 193 . 1190(212)
0.90 (Pb) 63, 41, 107, 91 100(+12)

*The selected values were chosen from a plot of
AH versus x. . The uncertainties are twice the
standard deviation from the curve. ’
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- EGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
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.
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