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APPLICATION OF HYDROSTATIC PRESSURE AND SHOCK WAVE DATA 
TO THE THE OR Y OF COHESION IN METALS 

E. S. FISHER; M. H. MANGHNANI, AND K. W. KATAl-iARA 

Hawaii Ills titute of Geophysics, Ulliversity of Haw aii 
HOIlO /U/U , Ha wai i 96822, US.A. 

The parameter Kt - dK/dP (where K 1s isoth ermal or ad iabatic bulk modulus)ls usefu l 1n 
analy~ing interatomic forces or interactions. A mode l I s presented th at Is useful in predict­
ing K values in certain close- packed and other metallic structures. K Is assumed to consist 
of t~o ~dditive components: KF' the free-electron Fermi gas component, and KSR. the inter­

atomic short-range r e pulsive component derived from 8 Born-Mayer approximation. At infinitely 
larg e molar volumes, only Kp 15 important a~d K' should approach a value of 5/3. With decreas­
ing molar volume, the KSR contribution of K increases thr ough the relation: K~R - KSR(B+I)I 
3KT , where KT is isoth e rmal bulk mo dulus, B is the "hardness " parameter in the Born-Mayer exp res­
sion for the energy of intera tomic r ep ulsion; and the r at io KSR/KT 1 s assumed to vary with 1/0. 
where Q. 1 s the initial mo lar volume. The K v a lu es from the ultrasonic and shock wave data for 
metals have been selectively used to compa re with the above mode l. It is shown th at the data for 
the close-packed metal st ructur es , h.c.p. a nd f.c.c., a r e reasonably consistent with the mode l, 
~hereas the limited data for b.c.c. transition metals indicate that K' for this group 1a 
iu{luenced by electron band structure and other contributions to the elastic moduli. 

Introduction 

An analysis of the data for the 
pressure derivatives of bulk modulus, 
K' = dK/dP = ( aK / ap )T as P-+-O (K denotes 
both isoth er ma l and adiabat ic modulus), 
shows that for purely i onic solids the 
ultra sonic value of this parameter seldom 
varies from its range of 4 to 6, and that 
for a g iven s tructur e the parameter va lue 
shows no sys t ematic relationship to unit 
cell volume (for example, in alkali 
h a lides). In oxides and simple silicates, 
which are partly ionic and partly cova ­
l e nt, K ' tends to increase with decreasing 
density at constant mean atomic weight 
[1] . 

The conclusions reached from a Bor n 
model treatment of the data for ionic 
compounds of NaC l- struct ur e type (which 
include some oxid es ) a re that the varia­
tions of dK/dP are primarily a function of 
the repulsive parameter, n, which is 
derived from a l/rn type of int e ratomic 
repul sive potential [ 2 ] and whic h i s 
numerically related to the repulsive p a r a ­
meter, B, in the Bo rn-Mayer form of the 
potenti a l for ion-core interactions. 

In contrast to ionic solids, meta ls 
show a wider variation in values of dK/dP, 
ranging approximately from 3 to 7. In 
addition, the reported dK/dP va lu es for 
metals appear to increase co ntinuously 
with decreasing molar volum e ( see Figure 
1). The purpose of this paper is to s how 
that most of the data are ind eed consis­
t e nt with a model for the bulk mod ulus 
which contains two components: a free 

' electron Fermi gas component, and a Born­
Mayer interatomic repulsive component. 
This simple tr eatment shows that the two­
component mode l i s a r easonab ly good 
physical mod e l for th e cohesive forces 
in f.c.c. and h.c.p. metals, but may not 
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be valid for the b.c.c. tran s ition metals 
where the electron band s tructure energy 
~akes an important contribution to the 
e l astic moduli. 

Data 

The val u es of K~ = dKT/dP that we have 
used in this study and which are plotte d 
in Fi g ure 1 were obtained from direct 
ul tr aso nic measurements that appear in the 
literature [3-13) or from recent unpub ­
lished me as ur emen t s as noted in Tab l e 1. 
In this survey we wer e somewhat se le ctive 
and did not include al l the unpublished 
values . Excluded are certain f . c . c . 
metals (for example, Zn, Cd, and Pb) with 
very high K' values. These metals have 
high com pressibility, a nd it is r e g arded 
that anoma lous properties and experimenta l 
errors may h ave contributed to atypica l 
K' values. 

In addition to the ultrasonic data, we 
have relied to some extent on K~ values 
derived from shock wave data uS1ng the 
second order Birch-Murnaghan equatio n 
[13] : 
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where KT 
o 

is th e initial bulk modu lus, P 

i s th e hydrostatic pressure, and n = 

v(a)/V(p) is the r a tio of initial volume 
at pressure P. Since KT is known, 

o 
3 K (713 P- Z T n 

o 
4 + ( 2 ) 

ca n be calc ulat ed a t each (P, n) point 
along the Hugoniot; the (P, n) point s 
along the Hu gonio t are sufficient l y c lose 


