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" On the other hand, a reliable description for equilibrium
Introduction

characteristics of the mixed hydrogen isotope in metals is
necessary to the design and optimization of the chromato-
graphic separation of the hydrogen isotopes. For this end,
separation factor (ayg-p) is often applied to describe the
hydrogen isotopic partition between the gas and solid phases,
and thus reflects the hydrogen isotope effects [15]. In another
aspect, since hydrogen isotope effects can be fundamentally
reflected by the difference in the equilibrium pressures of
protium and deuterium, it can be assumed that ay_p is closely
related to the difference in the equilibrium pressures. For
instance, Wicke and Nernst [16], Trentin et al. [17] and Luo

The hydrogen isotope effects in metals can be used for sepa-
ration of hydrogen isotopes. So far, only palladium has been
employed in the large-scale separation due to its remarkable
hydrogen isotope effects [1]. However, the application of
palladium is limited by its relatively high cost. Recently, in-
verse isotope effects were observed in TiVCr alloys [2,3], and
their good hydrogen storage properties have been reported
widely [4—14]. It is thus expected that TiVCr alloys can be
promising in the hydrogen isotopes separation.
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et al. [18] have proposed models that relate ay_p to the ratio of
equilibrium pressures (Rp) of single isotope Pd—hydrogen
systems. Unlike Pd—hydrogen systems, the «-phase in
TiVCr—hydrogen systems contains larger hydrogen amount
[3,19], and the equilibrium pressures in the plateau region
(e—7 coexisting) are not constant [3—8]. It is therefore doubtful
that the models derived for Pd—hydrogen systems [16—18] can
be applied in TiVCr—hydrogen systems.

In this work, the previous models [16—18] were discussed
and the distinctive equilibrium properties of TiVCr—hydrogen
systems were considered. Subsequently, a simple model
relating ay_p to Rp of single isotope TiVCr—hydrogen systems
was formulated. The predictions of the model were also
compared with the measurements of ayp values for
Tip3V.4Cro3—hydrogen systems at different temperatures,
herein verifying the inverse isotope effects of Tip3V4Cros
alloy [3].

Models relating ay_p to the equilibrium
properties of single isotope Pd—hydrogen
systems

In this work, ay_p is defined as:

Xp (Y ly
e = 22 (Y & §¥io) "
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Here, Xy = Hs/(Hs + Ds), Xp = Ds/(Hs + Ds). Hg and Ds are the
number of protium and deuterium atoms in the lattice,
respectively. Yy,, Yp, and Yup are the mole fraction of H,, D,
and HD in the gas phase, respectively. In this section, the
previous models [16—18] were summarily reviewed, and some
new insights were also introduced.

Review
When hydrogen isotope molecules dissolve in the lattice, the
molecules will dissociate to atoms,

H, < 2[H] (2)

D, < 2([D] (3)

In the same time, there is reaction of homomolecular isotope
exchange (HMIE) in the gas phase,

When reaction (2) reaches equilibrium, the chemical potential
of H; is equal to that of [H]. This leads to

g, = 2u5 (5)

Here, uf and uf; are the respective chemical potential of H,
and [H]. They can also be written as

p,]g_[z = pug, +RT In(ay,) (6)

iy = 1 + RT In(ar) %)

Here, ay, and ay are the activity of H, in the mixed gas phase
and H in the solid phase, respectively,

ay, = PeqYHz (8)

P®? indicates the total equilibrium pressure of a mixed H-D
system in palladium. If Raoult's law is employed, and
hydrogen in the «-phase is neglected, we have

ay = XH (9)

From egs. (5)—(9), we obtain

X2
o o __ H
W%, —2u% =RTIn <PeqYHZ> (10)

As to pure protium

YHZ = XH = 1 (11)

Ped = Pl (12)

Here, P! indicates the equilibrium pressure in the plateau
region for PdH, system.
From egs. (10)—(12), we have

PYy, = PRIX}, (13)
Similarly
PYp,, = PRIX3 (14)

Moreover, the equilibrium constant (Kyp) of reaction (4) is
given as

(P#9Yyp)? (PeYyp)?
Kup = = 15
TP (PeaYy,PeaYp,)  PRIPRIXAX3 (15)
Then
P*Yp = 1 /Kup (P;jpgj)xHxD (16)

By inserting equations (13), (14) and (16) into equation (1), we
have

p = RP2RX+— vKup /Re (17)

2 + Rxv/KupRe
Here, Rp = Pii} /P, Rx = Xu/Xp.

Luo et al. [18] supposed that the approximation of Raoult's
law was unreasonable in the plateau region because of the
large hydrogen amount in the solid phase. They then
employed the isotope activity coefficients, vy and vp,

ay = ’YHXH and dp = 'YDXD (18)

They also supposed that vy = vp, since H and D occupy sites
with similar surroundings within the Pd lattice. Hence, they
have

W vuXn _ Xu (19)
ap  vpXp Xp

Based on this idea, they obtained the same results as
Trentin's [17], i.e., equation (17). Since the model given by
Trentin et al. [17] is also the same as that by Wicke and
Nernst [16], therefore, the models [16—18] are identical with
each other.
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