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The Densities of Liquid Tin, Lead, and Tin-Lead Alloys
H. R. Thresh, A. F. Crawley, and D. W. G. White

The densities of liquid tin, lead, and Sn-Pb alloys
have been measured over a range of temperature
above the liquidus. In all cases, data can be ade-
quately represented by an equation of the lype
p =a + bT. For pure tin, the values of a and b are,
respectively, 7.139 and 7.125 X 10™*, and for pure
lead, 11.060 and 12.220 X 10™*. At constant tempera-
ture, molar volumes in the Sn-Pb system vary line-
arly with composition.

DU‘RING the course of a long-term program at the
Department of Energy, Mines and Resources, Ottawa,
Canada, the densities of liquid tin, lead, and Pb-Sn
alloys were studied. The work reported herein draws
on two sets of results independently achieved by
Thresh, on the one hand, and by Crawley and White,
on the other.

EXPERIMENT

The method and apparatus were originated by
Thresh and have been described in detail in Mines
Branch reports.?

In operation, the 14 cu ¢m graphite pycnometer is
put in the furnace as shown in Fig. 1 after a machined
charge has been placed inside the pycnometer and the
lid screwed down. The dimensions of the charge are
such that, upon melting, a small excess of liquid metal
is discharged through the capillary hole to displace
the weighted float above. When the pycnometer has
been equilibrated at the experimental temperature, the

Table I. Constants in Equatian p=a+bT
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Tin, wt pct a bx 107
0 11.060 12,220
10 10.490 11.582
20 9.956 10.481
30 9.497 10.109
32.5 9.383 9.762
40 9.079 9,708
48.75 8.697 8.688
50 8.671 8.761
60 8.321 " 8.690
62.5 8.229 8.652
70 7.995 8.443
83 7.603 7.760
85 7.543 7.775
100 7.139 7.125
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float chamber is swept to one side by twisting shaft F
and in so doing establishes a known volume of liquid
metal. Upon freezing, this metal is weighed.

In making and measuring the volume of the pycnome-
ter, precision machine shop techniques are used.
Dilatometric specimens are made with each pycnome-
ter in order to determine the anisotropic coefficients
of thermal expansion of the graphite used. With all
sources of experimental error accounted for, it is es-
timated that density can be measured with this appara-
tus to about +0.05 pct.

RESULTS

In one set of data, the densities of 99.999 pct Sn, of
99.997 pct Pb, and of a series of Sn-Pb alloys made
from the same metals were measured over a tempera-
ture range of about 100°C above the melting point or
liquidus temperature. In the second set of data, densi-
ties were measured from the melting point or liquidus
temperature to a temperature of about 520°C. In all
instances, however, the change of density with change
of temperature could be represented accurately by a
straight line. This applied even in the case of alloys
with compositions in the vicinity of the eutectic point,
for which results over a temperature range of 300°C
degrees or more were produced.

Particular examples of the data are the densities
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Fig. 1—Densitometer and graphite pycnometer.
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of pure tin and lead presented in Figs. 2 and 3.
Because the data plot linearly, they may be repre-
sented by equations of the type:

p=a+bT

where
p is the density in grams cm™?,
a and b are constants, and
t is the temperature in °C.

Values of the constants a and b for pure tin and
pure lead as well as for a number of Sn-Pb alloys
are listed in Table I. The values were obtained from
a computer regression analysis of the experimental
data.

In Fig. 4 the densities of Sn-Pb alloys are plotted
at their liquidus temperatures,’ and in Fig. 5 other of
the data have been recalculated to yield two isother-
mal plots of molar volume against composition.

Equations to these plots, one at 350°C, the other at
550°C, are given in conjunction with Table II.

Table I1. Molar Volumes of Lead-Tin Alloys as a Function of Composition

at 350° and 550°C
350°C 550°C
Tin, wt pct Tin, mol pct Molar Volume Molar Volume
0 00.000 19.489 19.947
10 16.245 19.122 19.570
20 30.382 18.805 19.224
30 42.796 18.520
32.5 45.667 18.449 18.854
40 53.784 18.264
48.75 62.413 18.108 18.492
50 63.579 18.046
60 72.364 17.857
62.5 74.826 17.788 18.184
70 80.289 17.681
83 89.499 17.459 17.836
85 90.819 17.443
100 100.000 17.228 17.593

Equations relating molar volume, V,,, and com-
position, Ng,, in mol pct tin:

350°C: Vy, = 19.488 —0.02259Ng,
550°C: V,, = 19.945 — 0.02353Ng,

DISCUSSION

Tin. In Fig. 2, the density of tin is plotted as a
function of temperature. Here, results of the present
work are compared with data published since 1960.*”"
Except for the results of Kirshenbaum and Cahill®
it is evident that agreement is good at temperatures
just above the melting point, and although the data
diverge they remain within 0.2 pct at 500°C.

Extended comparisons with previous work are to be
found in papers by Kirshenbaum and Cahill® and es-
pecially by Lucas.’

Lead. In Fig. 3, for pure lead, a comparison is made
between the density vs temperature data determined in
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Fig. 3—Density of lead vs temperature.

the present work and the results of others® '° published
in the past 10 years. Here, there is agreement be-
tween all data within +0.2 pct at temperatures in the
vicinity of 500°C, changing to a spread of +0.3 pct at
temperatures just above the melting point.

In the paper by Kirshenbaum, Cahill, and Grosse,®
much of the previous work on the density of lead is
listed.

Tin-Lead Alloys. As Fig. 4 shows, a plot of den-
sity at the liquidus temperature against composition
for a series of Sn-Pb alloys yields a smooth curve.
The shape of the curve responds primarily to the de-
pendence of density on composition but embodies also
a density-temperature component arising from the
form of the Sn-Pb liquidus.
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Similar work on Sn-Pb alloys has been done be-
fore by Arpi,'' Fisher and Phillips,'® and Toye and
Jones.'® The first is a pioneer work, which now ap-
pears to be inaccurate. The last embodies spurious
inflections with experimental origins and, while the
work of Fisher and Phillips agrees closely (with ours)
at the liquidus temperature, their results are not as
self- consistent when recalculated at higher tempera-
tures.'*

In Fig. 5, the present data replot as straight lines
on axes of molar volume vs mol pct tin. Thus, at
all concentrations, the partial molar volumes of tin
and lead are equal to their molar volumes.

For its implications of ideal behavior, this result
should be compared with the most recent supple-
mentary thermodynamic data from Hultgren et al.*®
which gives, for example, a value of 327 + 30 cal per
g-atom for the integral heat of mixing of a 50 at. pct
solution at 1050°K.
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