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Abstract; Lead-lithium alloys are of great interest for practice as the advanced materials to be used in
new technique, nuclear energetics. and so forth. Terefore, study on the physico-chemical proper-
ties of the latter is of major significance. An snalysis of the available literature shows that there are
a few works, devoted to study of Pb-Li alloys densities. However, temperature dependence of the
density p(T), and its temperature coefficient

K=do/dT for eutectic alloy were obtained by either extrapolation of the density data up to the
eutectic alloy’s composition, or calculation method. There is a certain discrepancy amounting to as
high as 4% , while the allowable error in the density measurements is less than 0. 5%. The discrep-
ancy between the results for the temperature coefficients of density amounts to 80%.

In this work we present the cxperimental data on the temperature dependence of Phy 4 Lis. 17 eu-
tectic alloy's density in the temperature range 520K to 643 K, The alloys were prepared using Pb
and Li with 99. 999% and 99, 8% contents of the basic elements, respectively. We use the im-
proved device, which permits to get the results with error less than 0. 15%. The results of 115
measurements of density in 520K to 643K temperature range were processed by the least-square
method. Density polytherm of Phby s Lis s eutectic alloy is deseribed by linear equation

(T :_9507. 89-0. 79813(T-508) , kg/m*,
where T is the absolute temperature by K. Mearsurement error was 0. 12% at 95% reliability.
Discrepancy in the temperature coefficient data was 1. 08 %.

Thus, the temperature dependence of the Pb-Li eutectic alloy density was studied by the pre-
cise two-capillary method. The obtained results may be recommended as the most reliable reference
data,
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Lead-lithium alloys are of great interest for practice as the advanced materials to be used in new tech-
nique, nuclear energetics, and so forth . However, the properties of the alloys with lithium are not
studied well enough due to their high chemical activity. Therefore, it is necessary to study in detail the
physico-chemical properties of the latter, such as density, surface tension, wettability of the construction
materials by them and so on, Especially, it is important to know the properties of the liguid eutectic lead-
lithium alloy.

There are no the experimental data on the temperature dependence of the Phg; Liy; eutectic alloy density
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in the literature,

The concentration dependence of the Pb-Li alloy’s density was studied in the singlc work only ™7, how-
ever, the nearest to eutectic alloy’s composition among the investigated alloys is Pb+ 20% (at. fraction) of
Li.

Using the experimental results by *!, the equation for the temperature dependence of the Py, L1y, lig-
uid alloy density has been obtained by extrapolation method in [5];

p(Ty=9518—0.71(T—508), (1

where T and p are measured by K and kg/m®, accordingly; T.. =508 K.

Approximating the results of [7], an equation {or the temperature dependence of Pb-Li eutectic alloy’s
density was given in [ 6], .

plT)=9495—0,695(T—T.. ) . 2)

The density value of the eutectic alloy by eq. (2) is less by 24 kg/m® that given by eq. (1). In [8] the
equation for the eutectic alloy’s density polytherms, obtained according to the additivity law, has been sug-
gested, However, there is a considerable deviation of the concentration dependencés of the physico-chemical
properties of this alloy from the additivity law, due to the well-known geometrical and electrochemical ine-
quality of the atoms of the Pb-Li alloy comﬁonents [9]. For example, an appréciable negative deviation
from the additivity law for the concentration dependences ol density, p(x), of Pb-Li alloy has been found in
[4].

Analysis of the available literature on the subject reveals there are only approximate values of the eu-
tectic alloy’s density, and a discrepancy between values of temperature coefficients of density data amounts
to 30%. So, the precise measurements of the temperature dependence of the Pb-Li eutectic alloy’s density
are & highly actual problem. _ ‘

In Table 1, the most essential results on the te.mperature dependence of the eutectic Pb-Li alloy’s den-

sity are given.

Table 1 Literature data on the temperature dependence of the eutectic Pb-Li alloy’s density

Temperature dependence of the density

Authors

(T =P"‘_3%(T_ T ) s kg/m?

Notes

Jauch U, , Haase G, , Karcher
V., Schulz B,
(131, 1983

Calculations by Coen V. [6]
by [7], 1985

Calculations by G. Kuhlborsch
and F, Reiter [5] by experi-
mental results of [4], 1984

Kalinin G, M. , Sidorenko A.
V., Uchtinov A, G. et al
(143, 1991

per =10, 6001 =122X 10" T) yg/em’
2ip =10, 45(1 =161 X107 ), g/em’
p(T)y=8595, 3—1, 682(T— T, ) . kg/m®

p(TIX10 *=9485—0, 695(:—235C)
(T =9495—0. 695{T—T., ) . kg/m’

pUT) X 107" =9519—0, 710¢2—235C )
(T =9518—0, 710(T— T, ), kg/m’

for =10,69¢(1—80X 107 ) ,g/cm’
P5 =10, 47(1—110X 10 D), g/ e’
oCTIP =0884.9—1, 152(T— T, ), kg/m®

Method of immovable drop.
508<C T<C 625, Measurements

error is 5 %

Approximate equation

Approximate equation

Gamma-method,

Measurements error is 1%
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Temperature dependence of the density

Authors do Notes
D =a, _dT( T T..).kg/m’

Kinllov P. L., Deniskina N.

B p(TIX 1079 =9482—1, 145(z—235C ), kg/cm’ Calcutation by the additivity
B. Calculations by the additiv- ]
. p(TYY =9482—1. 145(T-T,, ), kg/m" law
ity law [8], 2000
Kirillov P. L., Deniskina N. . i
’ pup CT) =9449—0., 849(T—T.. )  kg/m’ Analysis of the literature data

B [8], 2000

Note: 1) eguations derived by us using the data given in the above mentioned works

In this work we present the experimental results on the temperature dependence of the Py Li;, eutectic
alloy’s density, as it is the most interesting alloy for practice 1'"!, The measurements were performed in the
520K to 643 K témperature range in steps of 3 to 4 degrees, The eutectic alloy was prepared under 10 Pa
vacuum condition using the high purity components, such as 99, 999% (mass fraction) of Pb and 99, 8%
_ (mass fraction)of Li. The temperature measurements error was less than 0. 03%. '

In the present work we used a completely soldered two-capillary vacuum pycnometer, graduated using
a high purity Hg with density equal to py, =(13. 545884+ 13%107°) g/em*"')

The density measurements error did not exceed 0. 15%. Description of the device, the measuring cell
and the technique of preparing the samples were given in ‘' We obtained more than 80 density values of
the liquid Pbg; Lij; eutectic alloy. In Table 2, we present a part of the experimental results, obtained in the
studied temperature range,

The experimental data on the p(T) was processed by the least-square method and it was found that
they are well described by linear equation:

pCT)=19507. 89—0, 79813(T—508), &)
where p and T are expressed by kg/m’ and K, respectively. ‘

Table 2 Temperature dependence of the Phy,Li,r entectic alloy’s density

Ne. T-K o/ (kg + m™) No. T/K o/ kg - m™) Nao. " T/K e/ (kg » m*)
1 520.08 4501, 32 11 584. 88 9446, 71 21 622. 69 9416. 38
2 526.02 9495, 25 12 591.05 9441.71 22 625. 00 9414, 64
3 533. 80 5490, 08 i3 594. 51 9441, 64 23 627, 32 9412, 68
4 540,03 9485, 10 14 598, 77 9435, 56 24 629. 63 9411.01
3 546. 62 ' 5478, 81 15 602, 62 943221 25 631.17 8409. 84
6 552. 64 9473.62 16 605.71 9430. 08 26 632.72 9408, 68
7 558. 06 9471. 62 17 608, 80 9426, 76 27 635.03 3406, 59
8 - 564. 00 9462, 34 18 611. 88 9425, 05 28 638,12 9404. 18
9 572,40 9458, 42 19 615,74 9422, 10 29 639, 66 9402, 98
10 580. 24 5449_98 20 620, 37 9418. 26 30 641, 98 9401, 11
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It is may be concluded from the data by Tables 1 and 2 there is an appreciable divergence between our
and the_ literature results. The average yalue q-f the Pbg, Lij; alloy density at eutectic temperature by litera-
ture date is (9579.2 ( 107, 3) kg/m’® vv.}ith the mean relative error of about 1. 12% ., while that for the tem-
perature coefficients of density by Table 1 data is about 3024, As it was above mentioned, our results on the
Pby, Li;; alloy’s density are well described by linear equation (3). The eutectic alloy’s density value is equal
to (9511.12(14, 27) kg/m® at 508 K with relative grfor about of 0. 15%. The measurements error of the
temperature coefficients of density was 1%.’

Thus, the temperature dependence of the liqud Pb Li eutectic alloy’s density was studied using the
precise two capillary pycnometer method and the high purity samples . In our opinion, the experimental re-
sults obtained by us are more precise ones compared with the available literature data, and may be recom-

mended as the reference data,
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