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MEASURIUG THE ~1ELTING :FOINTS OF ALUMnWM 
Al~D COPPER AT PRES:?URES UP TO 18, 000 KILOGRAL~S 

PER CENT Jl-rETER 

L Following is a translation" of an article 
written by "M. G. Gonikberg, G. P. Shakhovskoy 
and V. P. Butuzov in Zhur Flz. Khlm. (Jour
nal of PhysIcal Chemistry), Vol. XXXI, No.8, 
1957, pages 1,839-1,"842.J 

Until recently. our information on the effect of super 
high pressure upon the melting point of metals was lim1t"ad 1.0 
the data obtallled by BrI~eman /1,2/, who investlgated certain 
low-melting metals (potassium, sod1um, l1th1um, rubIdium, cae
Gium, mercury and gallium) at 'pressures up to 12,000 kilo"
grams per square centimeter and b1smuth up to 17.000 kg/om2• 

Since 1953, the Institute of Cryetallography, Acade-
my of Sciences USSR, has been condl1otir.g inTestigat1onl:l o"n 
the "phase tl~a.nsforrnatlon of meta.ls under conditions of super 
h1gh~ preseure. The developed method for obta1ning and "measu
ring a high temperature inside a conduit of a vessel under su
per high preBsure made it poss1ble to widen the temperature 
range at the Investi&ation of the fus10n of metals under su
per high pressure /3/. The

2
meltlng points of tin and lead at 

prensure up :to 34,000 kg/em L'!/ "antinJonY, cadm1um, tin and 
thallium at pressures up to ,~JOOO kS/cm2 /5/, and bismuth at 
pressures up to 30,000 kg/em /6/ were measured. The above 
measurements were conducted on metal specimens placed in a 
heated crucible, in an" isope~t~~e medium in a super hlgh
pressure intensifier canal~ The melting po1nts of the abo
ve-mentioned metals, with the exception- or "b1smuth, gallium 
and "antimony, rise with the pressure. In the case of b1smuth 
and gallium, the melting poL~t drops only until the triple 
point: alpha-phase-beta-phase-fusion 1s reaohed. 

In the ease of antimony, the lovering of the melting 
point is observed during the entire pressure. interval" under 
investigation. : . 

Data on the measurements of t~e melt1ng points of ger
manium at pressures up to 180,000 kg/cm~, oarried out, appa-
re!'l.tly t in apgara tUB for the synthesis of diam"onds, were pu
bliah,-3u 1n 19::>5 /7/. The germanium sample was placed 1nto a 
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small grs phite oy11nder, which at ~he same time had the 
function of the heating element. The pressure was deter
mined w1th the aid of a calibration curve, plotted on the 
polymorphic transformat10n pOints of b1smuth, thallium, 
caesium a.nd. barium. The temperature was measured with a 
P::f..at,1num":plat1nrhodium thermocouple. It was found that 
the melting point of gormanium 1s reduced throughout the 
pressure interval. 

Experimental Part 

The present work seta forth the results of measur1ng 
the melting points of aluminum and copper at temperatures 
up to 18,000 kg/cm2• To obtain temperatares above 600 0 0 in 
the intensifier canal in the 1aopentane med1um 1s d1t't1cult, 
due to the fact that the iBopentane cracks and the ooke ~i
berated dur1ng this process closes the turn of the heating 
c0-1l. 

Therefore, on oarry1ng out the tests wh1ch combine 
super high pressure w1th high temperature, it is expedient 
to apply gas as a pressure transm1tting med1um. 

Along with the intensifier men~1oned above /8/ ~vo 
. types of apparatus, perm1t~1ng the oreation of super ~h 
gas pressure in conjunct1on with high temperature, were de
·veloped at the Institute of Orystallography. 

In the first of these, oarbon dioxide was the pres
sure transmitting medium. It was used ~or the study of the' 
pressure and temperature dependence of the polymorphio trans
formation of black phosphor /9/. In the second apparatus, 
n1trogen or argon were used aapressure transmitting media. 
The conical high pressure vessel in this apparatus is fed 
by a device which permits the feeding of gas at pressures 
up to 2,000 kg/cm2, and then cuts off the contents ot the 
eoneb ~anal 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
oond type. Pure aluminum (99.99 percent) and copper (99. 
995 percent) were used 1n the 1nvestlgat1ons. . 

A schemat10 diagram of the 1ntensl!1er canal 1s 
shown in Figure 1. _ 

The alumL~um sample was tUBed in a graphite orucible 
(1) 10 millimeters in diameter and 14 millimeters high, pla
ced wl~~in a heating element (2) of nichrome Wire. To Pr6-
vent the graphite from closing the turns of the nichrome 
coil, the crucible wes separated from the latter by a thin 
layer of mica. The melting point of aluminum under pressure 
was meaSUl'ed w1th thfl ,1d Of a differential pt,at1num-platln
rhodlum thermocouple ~3). To prevent the "hot' Junction of 
the thermocouple from diffusing in the fused aluminum, the 
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Fig. 1. Schematic cross-section of the measuring J 

device inside the canal of a super high-pressure 
vessel. 
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Fig. 2.. ,Pressure dependence of the melt1ng po1nt 
of aluJlinum: 

1. in an argon atmosphere, 
2. in a nitrogen atmosphere. 
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.former t-l:lS placed in a thin qua.rtz Jacket (4) fa.stened to --: 
the graphite crucible cover. The "cold ll junction of the 
thermocouple was deeply inserted into the electric lead-in 
(5). 

Its temperature was measured with the second thermo
couple (6) introduced into the body of the electric lead-in 
from outside, whereby the distance from the junct10n of this 
thermocouple to the IIcold II .1unction of thermocouple (3) did 
~ot exceed six milllmeters. To heat-lnoulate the furnace 
from the walls of the conels canal, all the free space in 
~he intensifier canal, with the exception of the upper part 
Ihere the pistOZl 'Was lllO·Ving, was tilled with a fine aluml
n'.lm oxide pO\'lder. . 

The electro motive force or both thermocouples was 
measured with two potentiometers of tho PP-1 type. ·The pres
sure in the lnteD.slfler canal was measured by a mangan1n ma;~ 
nometer coll mounted on the electric lead-in (7). The resis
tance of the manganin coll was meaau~d by a type MVL-47 re
·slstance bridge. The measurements of pressure and temp~ra
ture were carried out within an accuracy of ± 100 kg/cm and 
± 20 0 respectively. . 

The experiments on the melting of aluminum under pres
sure were oarried out in nitrogen and argon media (in view 
of the possibility of a reaction between the aluminum and n1-
trogen with the generation of nitride). The measurements 
are presented in Figure 2. From Figure 2, it is evident that 
the melting point of aluminum rises llneaI'ly with the pres
sure in the argon and n1trogen media. 

To obtain a higher temperature at the determination of 
the pressure dependence of the meltinS point of copper, the 
nlchro~e call was replaced by one made of tungsten, and the 
qua.rtz ja.cket wa.s replaced by a . steel "pocket" with a four
millimeter thlclt wall to protect the "hot II junction of the 
thermocouple. The over-all scheme and method of computati1n 
remained unchanged. 

In these tests, nitrogen served as a pressure trans
mitting medium. The results or the measurements are present
ed in Figure 3. The acouracy of measurements of temperature 
in the 1,050 - 1,2500 range is estimated at ± 50C. W1thin 
the · 1L~lts of experimental error the melting point ot alumi
num and copper rise linearly with the pressure. For alumi
num the value of dT/dP amounts to 6.3 x 10-3 degrees x cm2J 
kg, and for copper it amounts to 4.6 x 10-3 degrees x cm2/kg. 

Cons1deration of Results 

F. E. Simon and his collaborators /10/ suggested the 
following equation to express the pressure dependence of the 
melting point of substances: 
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P ( T \c: ._;- = 1'. -; - - 1. (t) 

where P .,.- pressure, .T and To -- . melting point in oK 'at P 
pressure and atmospheric pressure respectively, ~ and c 
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 ( ) 

). - R'i' 
CIt -= V (2) 

where V volume of the liquid. The value c for these subs-
tances was between 1 and 2. Thus, tor argon c = 1.16 /11/, 
tor helium 1.554 /12/ and for . nitrogen - 1.775 /11/. At c = 1, 
the melting ' point should rise linearly wlththe pressure~ 
With the 'rise ot c the melting curves T - P decline trom the 
straight line towards the pressure axis. Simon /13/ made an 
attempt to apply equation (1) to the melting ot alkalI metals, 
by utilizing the data obtained by Br1dgeman /1/. It appeared 
that tor them the value c amounts to 3.8 to 4.8. In the mean
time, all the attempts to calculate the value c on the basis 
of various equations ot the state of liquids and solids. (see 
/14-16/) ended up with 1 ~c ~ 1.5. Apparently, in the ' case 
of the tusing ot metals, Simon's equation must be considered 
to be empirical. 
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l' "1-F-~ -Pig. 3. Pressure dependence of the melting pOint -

of copper. Points -- results of separa~e experiments. 

Calcula tions show that· in the case of fusing ot lead 
and tin /4/ the values of c amount to approximately 2.5 and 
4.0 respectively. It should be noted, however, that the 
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values fA. and c are very Bu~~ept1ble to extremely slIght 
variations of the melting curve; therefore, their determi
nation by the melt1ng curves is performed with very low 
acouracy. 

The mel t1ng curve of tb.e.lllum is also bent towards 
the axis of pressures /5/. In the case of copper and alu
minum. and cadm1um and zinc as .we11 /5/, the pressure de
pendenoe ot the melting point can be expr6Bsed --vlth~ 
the limits of experl~ental error -- by a straIght line. 

• It is to be hoped that tne further accumulation ot 
experimental data on the melting of metals under pressure 
wIll provide a theoret1oal explanation tor the observed 
laws, and vill link them with the characteristics of metal 
constitution. 

Oonolusions 

1. The melting points of aluminUlll and copper have been de
termined in an inert gas atmosphere at pressures up to 18 t 
000 kg/cIl2 • It vas found that wi thin the l1mi ts of experi
mental error the melting points ot these metals rise linear-
11 with the pressure. · . 

2. The applioability ot Slmon'B equatIon to the .elting 
points of metals at high pressures has bean discussed. 

InstItute of Crlatallo~apby 
Academy of Sclenceo USSR. 
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