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COMPRESSIBILITIES OF NIOBIUM ALLOYS
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Abstract—The compressibility k¥ of two niobium alloys (those of niobium-molybdenum and niobium-
zirconium) has been studied as a function of the concentration of the added component. It is shown that
the variation of x could be interpreted in terms of a model formulated previously. The model allows the
determination of x at every concentration provided that at least two values of x are known.
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1. INTRODUCTION

The variation of the elastic constants of the Nb-Mo
and Nb-Zr alloys with temperature has been studied
[1-4] intensively and extensively in the last 20 years.
The object of the present work is to study the
variation of the adiabatic compressibility x of the
above two alloys as a function of the concentrations
of Mo and Zr added to Nb.

In a recent work [5] the variation of the compress-
ibility of the binary alloys Pb-Th and Mg-Li has
been interpreted in terms of a model previously
formulated by Varotsos and Alexopoulos [6]. Ac-
cording to this model, when » foreign atoms are
introduced in a crystal lattice which contains N atoms
the following relations hold:

V= Vot (N0 V) 1

KV =x°Vg+%(Kde+KOVu), @

where V, and V are correspondingly the volume of
the pure crystal (V,=N€,, €, the mean atomic
volume) and the volume of the alloy. »“ denotes the
difference of the atomic volumes between the host
and the impurity material, x° is the adiabatic com-
pressibility of the pure crystal, « that of the alloy and
k¢ is defined by

Relation (2) for small concentrations is written ap-
proximately:

d
x=x"+£v—(:c"~—x°). 3)

NQ,

If the plot of V' = ¥V(n/N) is a straight line, then
taking into account eqn (1) we conclude that v is
constant.

In this case, the linearity of the relation
kV =xV{n/N) from eqn (2) implies that k¢ is also
constant, i.e. independent of the concentration of the
alloy.

2. NIOBIUM-MOLYBDENIUM ALLOYS

Hubbell and Brotzen [2] have studied the adiabatic
elastic constants of pure Nb and Nb-Mo alloys, at
temperatures ranging from —190 to +100°C, with
various concentrations of Mb from 16.8 to 92.1%. If
x is the atomic concentration of Mo in Nb then from
the relation a/N=[x/(1-x)] {(x=n/n+N) we
could calculate n/N. The relation

n
m n
Nb+NmMo
. —
14

where my,, my, are the atomic weights of Nb and
Mo correspondingly and p the density of the alloy,
gives the volume V. The density p is determined
experimentally. Compressibility x is calculated from
the elastic constants [2}, C,, and C,,, by employing
the relation « = 3/(C,, + 2C,;). From Fig. | we sce
that the plot of ¥V = V(n/N) is linear with a correla-
tion factor c.f. = 0.999. From the slope of the above
line we find

Nvd=1.38 x 10~-°m>.
From Fig. 2 we can also see that the plot of xV as
a function of n/N is a straight line with c.f. = 0.99.

We find that

k=200 x 10" 2m*N~!

and
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Fig. 1. The plot of ¥ vs n/N for Nb-Mo alloys.

It is noteworthy that the variation of k vs n/N
(Fig. 2) is not linear except for low concentrations in
accordance with eqn (3).

Figure 3 exhibits the plot of k¥ =«k¥V(n/N) for
Nb-Mo alloys for another set of data [4] reporting
concentrations in range 0-15.33%. We find

k1=240x 1072 m?N-!

and

Kld

— =412
K:O

This value of x? differs from the previous calcu-
lated one by about 16%.

3. NIOBIUM-ZIRCONIUM ALLOYS

Zirconium, like Mo is completely soluble in
Nb and provides solid solutions for every concen-
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Fig. 2. The plots of k¥ vs n/N (@) and « vs n/N (A) for
Nb-Mo alloys (data from Ref. 3).
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Fig. 3. The plots of k' vs n/N (@) and « vs n/N (A) for
Nb-Mo alloys (data from Ref. 4).

tration of Zr. Walker and Peter[4] measured the
adiabatic elastic constants of Nb-Zr alloys for
concentrations of Zr ranging from 15 to 70%
at temperatures from 4.2 to 300 K. From Figs 4 and
S we see that the plots V=VFV(@®n/N) and
kV = kV(n/N) are straight lines with c.f. = 0.999. We
find

Nv?=3.18 x 10~ *m?

k=311 x 107 2m>N"!
and

k®=0.57.

We should notice that the linearity of ¥ = V(n/N)
and kV = xV(n/N) does not occur for all the alloys
formed from various metals. It will be very interest-
ing to know in which alloys and under what
conditions eqns (1) and (2) give linear plots. The
study of this question will be the subject of later
work.
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Fig. 4. The plot of ¥ vs n/N for Nb-Zr alloys.
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Fig. 5. The plots of x¥ vs n/N (@) and x vs n/N (A) for
Nb-Zr alloys.
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