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ABSTRACT

- Kraut and Kennedy (1966) have proposed & new melting
law at high pressures wherein the melting temperature in
degree centigrade at & glven pressure is a linear funotion
of the room-temperature compression ASV/VO at the same
pressure. The proportionality constants in thelr equations
are determined empifioally. In this present endeavor it 1is
shown that the Increase in melting temperature ABTZ at a

given pressure is a linear function of the product of the

‘ "roomotemperature compression ASV/VO at the same pressure

and the absolute melting temperature at ordinary pressure,
The proportionality constants in the present case have
been calculated from simple thermodynamic considerations.

The agreement between the calculated and the experimental

values of these constants is quite good. The proposed law

is given by _
P .
= PN +
ATm = (AV‘f-L /X &ﬁf}(AV/VO)P )
where Avf, AHf and £ are volume change on fusion,
"latent heat of fusion and molar volume respectively at

v ‘vordinary pressure and X is the averaze roon-temperature

~oompressibility.
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I. INTRODUCTION

Kraut and Kennedy (1966) have proposed an empirical

 -me1ting.1aw'at high pressures. It is shown by thgg ﬁhatsthgtff

the melting temperature in degree centigrade at a 'glven

\pressure 1sia linear function of the room=-temperature com=
pression ZSV/VO at the same pressure. Thelr result is re=-
produced in fig. 1. It must be noted that although their
.finding is indeed very interesting and quite useful in
>‘ extrapolating experimental data, the very empirlical nature

- of thevlaw does not permit any prediotions in the absence of
 fiboth high-temperature and high-pressure'data. The loss of
generallity of thelir law stems from the rather unfortunate
choice of centigrade rather than the absolute thermodynamic
temperature scale, It 1s the purpose of this article to show
that if Kraut and Kennedy's (1966) law is reformulated in
terms of absolute temperature then a general law of melting

at high pressures can be obtained which does not oontainv
any empirical constant.

II. METHOD

If the absolute melting temperature at a gilven high

P
pressure is written as Tm and the melting temperature at

ordinary room=pressure as Tg, then
P P 0
ATmz (Tm - Tm) -vooocooiuocooo.oo.oooaaoaoo {1)
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4
where'lsz ié the increase in melting temperature at a
. pressure P (hig@er than room-pressure). Let the room~tempreature
compression at é pressure P be (ASV/VO)P. By plotting ALT: |
versus (ASV/VO)? s & straight line of the form

P , 0 .
ATm =2 CTm (AV/VO)P @00 000000000 G000060000D0O (2)

is obtained for different values of pressufa P, Using
Bridgman's (1948) room-temperature compression data and '
Newton, Jayaraman and Kennaay s (1962) melting point data

. for alkali metals we plot 43T versus Tm (z&v/v ) as shown
in fig. 2. From fig. 2 we have

T (Li) = o 55T (zxv/vo)P.........1............ (3)

BOHO

(Na) 166 (AV/VO)PQ-OQG.ooooo'o.ooooooooo (Ll')

P(K) = L60T2( AT/ ) ereriesirineeennns (5)

’UB'\:IE!'US"U

T_(Rb) = .1.75T;(zxv/vo)P......................'(6)
Similarly for the noble metals Cu, Ag and Au, we plot

-ASTi from the high-temperature data of Cohen, Klement and

:Kennedy (1966) and (AV/VO)P from the room~temperature daté
of Bridgman (1949) as shown in fig. 2. And for theu:t metals

o ﬁa}have (from fig. 2)

Ami<cg)‘= 3,967 f;mv/vo)P RN 2
P 0 o X
ATm(Ag) =526 m(&V/VO)P oo-ooeocof«uoaotooovsw(s:‘
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P '.‘— 0 ,
ATm(Au)-— B.lZTm(Av/VO)P t2 06 60800000006 0e600806 (9)

\

Now in order to calculate the constant C in eqn.(2)
we proceed as follows, From eqn.(2) '

P 0 0 _
Tm b Tm = C 'I.‘m(VO ." V)/VO OOOOOOOQQ'QQOOOOOOOQO (10) .

0

where Vo > V. Since ‘I‘g and V_  are constants for a gilven
element, differentiating eqn.(10) with respect to pressure P

QD /AP = (=C TO AT )(AV/R)  eerenrnrnenensees (11)
: m : m 0

We note from fig.2 that eqn.(10) holds for the entire

pressure range from zero pressure up to 40 XB or higher, and

- the slope is continuous throughout. Thus we could choose a

| pressure P_ such that Pl = (PO + @) and a-~—>0, le., a pressure -

very c¢lose to the room=pressure PO. Since
-1/V0 (dV/dP) r-"x .aooo.-oooo.'ooo&,o'ocnwcoo (12)

where X 1s the compressibility of the solid, in the first
approximation we could substitute the compressibllity at

300°K. Thus
, 0
d.T /dp = CXT cooo-.'otuooooo-uotciott..ooo.(lB)
m yir
But from the well known Clapeyron's squation

dT /dP I= TO (AV /AH) OB OO0 OOSOEOEDOODE0 SR (:LLI')
m m T T .
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where A;Vé and, zka are the volume change and latent heat of
fusion respectively at the normal melting point. The wvolume

change on fusion is generally expressed as a fraction

AN = R Y/ T P ¢ E)

where J?.l and J:LS are the molar volumes of the liquid and
the solld respectively at the nelting point. Thus the
experimental volume change of fusion must be multiplied by
the molar volume of the solid at the melfing point; In the
first approximation JQ;S at the melting point can be replaced

by the room-temperature molar volume L2 . From eqns.(13),

(14) and (15)
C =AVf~Q—/;X‘AHf 0.0.noo.oltoooooooolooootoo (16)

Thus from eqns.{2) and (16) the new melting law at high

- pressures could be written as

P o
ATm = (AVf-Q./XAHf) Tm (AV/VO)P 9eco0o0e000 (17)

III. RESULTS AND DISCUSSION

In table 1 the calculated values of C from eqn.(l6)
are compared with the corresponding values from fig.2. In
the case of Li the disagreement between tThe calculated and
the experimental value of the slope is greatest. It must be

.. noted that in table 1, the value of A&Vf is written within
‘:parenthesis indicating that this value is probably less

':'accurate. If .for Li the volume change of fusion is ek
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7

as 1.,1% 1nstead'bf 1l.6% then an almost exact agreement
between the calculated and the experimental values 1s
obtained. Considering the approximations 1nvolved and the
uncertainties in the.values of z;vf as pointed out by
Kubaschewski (1949) the agreement seems to be quite

satisfactory.
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Table 1,

Comparison of the experimental and the calculated

values

of

the constant C.

Also shown are the selected

values of the relevant physioal parameters used in
this calculation.

DI VAT

Element

.!2_

cm? per
gm.aton

X

om?/dyne

-12
x10 1

Av,
%

A&Hf
Cal. per
gm,atom

Slope C

Experimental [{Calculated

i
Na |
X
Rb

cu

Ag
- Au

13.0%
.
23.7
15.5°
56,2°

?.6010
10,9697
10,7892

8.32°7¢

C
13'63
27, 63
36, 39

e
0.725
0.965°

e
0.573

(1.6)f

a

*“l2.st

. £
2-55

T
2.50

460"
b

5.23
b

5.56

7175

627
5362
540

g
g
g
3118%

f
2730

T
3060‘

0.82
1.66
1.78
1.74

0.55
1.66
1.60

1.75

3.70
5.11
8.18

3.96
5.26
8.12

# Value at the melting point. .
( ) Indicates probably less accurate value.

a. Mott and Jones (1958).

b. Cohen, Klement and Kennedy (1966).

¢. Bridzman (1948).

d. Bridgman (1958).

e. Bridguman  (1949).
£. Smithells (1955).
g. Hultgren, Orr, Anderson and Kelley (1963).
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FIGURE CAPTIONS

Flg. 1. Melting temperature in degree centigrade versus

Fig. 2.

isothermal compression at roou-temperature in

alkalil metals. The points on the graph are at
5 KB pressure intervals starting from zero

pressure (After Kraut and Kennedy, 1966).

Change in melting temperature at a pressure P
versus the product of the absolute melting
temperature at ordinary pressure and the isothermal

room=~temperature compression at the pressure P.For

the alkali metals the pressure range is 0 to 40 XB

and for the noble metals.0 to BO'KB. The’points on

the graph are at 5 KB intervals.
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