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MEASURING THE MELTING POINTS OF ALUMINUM

AND COPPER AT PRESSURES UP TO 18,000 KILOGRAMS
PER CERTIMETER

\

/ Following 1s a translation of an article

written by M. G. Gonikberg, G. P, Shakhovskoy

and V., P. Butuzov in Zhur, Fiz., Khim, (Jour-

nal of Fhysical Chemistryf, Vol. XXXI, No. 8, =

1957, pages 1,839-1,842, 7

Until recently, our Information on the effect of super
high pressure upcn the melting point of metals was limited to
the data obtained by Bridgemen /1,2/, who investigated certain
low-melting metals (potassium, sodium, lithium, rubldium, cae-
sium, mercury and gallium) at pressures up to 12,000 kilo-
grams per square centimeter and bismuth up to 17,000 kg/cm2e

Since 1953, the Institute of Crystallography, Acsde-
ny of Seciences USSR, has been conductlng Investigations on
the phase transformatlion of metals under conditions of super
high prescsure. The developed method for obtaining and measu-
ring a high tenperature inside a condult of a vessel under su-
per high pressure made 1t possible to widen the temperature
range &t the lnvestigation of the fuslon of metals under su=-
per high pressure /3/. The melting points of itin and lead at
pressure up to 34,000 kg/cm?/4/. ant ong, cadmium, tin and
thalllum atv pressures up to ,600 kg/cme /5/, and bismuth at
pressures up to 30,000 kg/cm® /6/ were measured. The above
measuremnents were conducted on metal specimens placed in a
heated crucible, in an lsopentane medium in a super high-
pressure intensiflier canal, The melting points of the abo-
ve-mentioned metals, with the exceptlion of bismuth, gallium
and antimony, rise with the pressure, In the case of bismuth
and gallium, the melting point drops only until the triple
point: alpha-phase-beta-phase-fusion is reached.

In the case of antimony, the lowering of the melting
poirt 1s observed during the entire pressure. interval under
investigation, :

Data on the measurements of the gélting pointa of ger-~
manium at pressures up to 180,000 kg/cm<, carried out, appa-

rently, in apgaratus for the synthesis of dlamonds, were pu-
blisheé in 1955 /7/. The germanium sample was placed into a



small grapbilte eylinder, which at the same time had the
functlion of the heating element. The pressure was deter-
miped with the aid of a callibratlion curve, pictted on the
polymorphic transformation points of bismuth, thallium,
caegium and barlum., 7The temperature was measured with a
plet inum-platinrhodiun thermocouple, It waa found that
the nmelting point of germanium ls reduced throughout the
pressure Iinterval, ;

Experimental Part

The present work sets forth the results of measuring
the melting points of aluminum and copper at temperatures
up to 18,000 kg/em2, To obtain temperatures above 6009C in
the intensifler canal in the 1sopentane medlum 1is difficult,
due to the fact that the isopentane cracks and the coke li-
bezited during this process closes the turn of the heating
coll. :

Therefore, on carrying out the tests which combine
super high pressure with high temperature, it 1s expedient
to apply gas as a& pressure transmitiing medium,

Along with the intensifier mentioned above /8/, two
- types ol apparatus, permitting the creation of super ﬁigh
gas pressure 1ln conjunction with high temperature, were de-
veloped at the Institute of Crystallography.

In the first of these, carbon diozide was the pres-
sure transmltting medium. It was used for the study of the
pressure and temperazture dependence of the polymorphlc trans-
formation of black phosphor /9/. In the second apparatus,
nitrogen or argon were used &as pressure transmitiing medila,
The conlcal high pressure vessel in thils apparatus is fed
by a device which permits the feeding of gas at pressures
up to 2,000 kg/cm?, and then cute off the contents of the
coneh canal from the gas supply system.

The pressure dependence of the melting point of alu-
minum and copper was determined in the apparatus of the se-
cond type. Pure aluminum (95.99 percent? and copper (99.
995 percent) were used 1n the investigations. A

A schematic dlagram of the intensifier canal 1ls
shovn in Figure 1. .

The aluminum sample was fused in a graphite crucible
(1) 10 millimeters in diameter and 14 millimeters high, pla-
ced within a heating element (2) of nichrome wire. To pre-
vent the graphite from closing the turns of the nichrome
coil, the crucible was separated from the latter by a thin
layer of mica, The melting point of aluminum under pressure

was mesa ed with th 1d of a differential atinurg-platin-
rhod umsgﬁermocouple ?3?. o prevent the "hoﬁ* Junctign of

the thermocouple from diffusing in the fused aluminum, the



Fig. 1. Schematic cross-section of the measuring
device inside the canal of a super high-pressure

vessel, -~
- SF —
w0
u# L "‘,IW‘
’ P
7 A
0
o0 s
au~,~“‘#
' .
&

Ny L 2w M8 B
P g fem*

Fig. 2. -Pressure dependénce of the melting point
of aluminum: '

l. 1in an argon atmosphere,
2. 1n a nitrogen atmosphere.
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former was placed in a thin 6ﬁhrtz Jacket (4) fastened to ™
the graphite crucible cover., The "cold" junction of the
thermocouple was deeply Iinserted into the electric lead-in

(5)e
(3) Its temperature was measured with the second thermo-

couple (6) introduced into the body of the electric lead~in
from outside, whereby the dlstance from the Jjunction of this
thermocouple to the "cold" Jjunctlon of thermocouple (3) did
not exceed six millimeters. To heat-insulate the furnace
from the walls of the cone's canal, all the free space in
the intensifier canal, with the exception of the upper part
there the piston was moving, was filled wilth a fine alumi-
mm oxide powder. .

The electro motlve force of both thermocouples wag
measured with two potentiometers of the PP-1 type. The pres-
sure in the internsifier canal was measured by a manganin ma-
nométer coil mounted on the electric lead-in (7). The resis-
tance of the manganin coll was measured by a type MVL-47 re-
slstance bridge., The measurements of pressure and tempera-
ture were carried out within an accuracy of % 100 kg/em® and
¥ 20C respectively.

The experiments on the melting of aluminum under pres-
sure were carried out in nitrogen and argon media (in view
of the possibility of a reactlon between the aluminum and ni-
trogen with the generatlon of nitride), The measurements
are presented in Figurs 2., From Figure 2, it 1s evident that
the melting point ¢f aluminum rises linearly with the pres-
gure in thé argon and nitrogen medis,

To obtain a higher temperature at the determination of
the pressure dependence of the melting point of copper, the
nichrome coll was replaced by one made of tungsten, and the
quartz jacket was replaced by a steel “pocket” with a four-
millimeter thick wall to prctect the "hot™ junction of the
thermocouple. The over-all scheme and method of computatiin
remained unchanged,

In these tests, nitrogen served as a pressure trans-
mitting medium, The results of the measurements are present-
ed in Figure 3, The accuracy of measurementis of temperature
in the 1,050 - 1,250° range is estimated at % 50C, Within
the limits of experimental error the melting point of alumi-
nun and copper rise linearly with the pressure. For alumi-
num the value of dT/dP amounts to 6.3 X 10-3 gegrees x cm2
kg, end for copper it amounts to 4.6 x 10-3 degrees x cm2/kg,

Consideration of Results

F. E, Simon and his collaborators /10/ suggested the
following equation to express the pressure dependence of the
melting point of substances:



N P _:;' \e¢ ;
i"=G;)“1- . (1)

where P =~ pressure, T and Tg =-- melting point in OK at P
pressure and atmospheric pressure respectively, <X &nd ¢ ==
constants, For nonpolarized substances, the value & proved
to approach 1n magnitude the so-called internal pressure, de-
termined by the evaporation energy of a substance ( )

'¢8 l-y" ’ (2)

where V -- volume of the liquid. The value ¢ for these subs-
tances was between 1 and 2. Thus, for argon ¢ = 1,16 /11/,
for helium 1.554 /12/ and for nitrogen - 1,775 /11/. At ¢ = 1,
the melting point should rise linearly with the pressure.

With the rise of ¢ the melting curves T - P decline from the
straight line towards the pressure axis, Simon /13/ mede an
attempt to apply equation (1) to the melting of alkali metals,
by utilizing the data obtained by Bridgemen /1/. It appeared
that for them the value ¢ amounts to 3.8 to 4.8. In the mean-
time, all the attempts to calculate the value ¢ on the basis
of various equations of the state of liquids and solids (see
/14-16/) ended up with 1 < ¢ < 1,5. Apparently, in the case
of the fusing of metals, Simon's equation must be considered
to be empirical, '
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Fig. 3. Pressure dependence of the melting point
of copper. Points -~ results of separate experiments,

Calculations show that in the case of fusing of lead
and tin /4/ the values of ¢ amount to approximately 2.5 and
4.0 respectively. It should be noted, however, that the

]



values « and c are very susceptible to extremely slight
variations of the melting curve; therefore, thelr determi-
natlon by the melilng curves 1s performed with very low
accouracy.

The melting curve of thellium is also bent towards
the axis of pressures /5/. In the case of copper and alu-
minum, and caedmium and zinc as well /5/, the pressure de-
pendence of the melting point can de expressed ~--within
the limits of experimentsl exrror -- by a straight line. .
. It is to be hoped that the further accuaulation of -
experimental dats on the melting of metals under pressure
will provide a theoretlecal explanation for the observed
laws, and will link them with the characterisztics of metsal
constitution.

Conclusions 5
1. The melting points of aluminum and copper have been de~
termined in an inert gas atmosphere at pressures up to 18,
000 kg/cm?, It wes found that within the limits of experi-
mental error the melting points of these metals rise linear-
ly with the pressurs. '

2, The applicability of Simon's equation to the melting
points of metals at higkh pressures has besn discussed.
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