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The influence of gravity on the distribution of concentration with height is considered for
binary systems near the critical point. The d mixture concentration gradient along the height
of the container is proportional to this height taken to the power 1/3 (for example, for an
He®—He! mixture near the liquid—liquid critical point, it should reach ~ 7% at a height of

~10 cm). There are grounds for assuming that in a liquid—vapor system this effect is con-
siderably greater. The possibility of separating mixtures by means of the hydrostatic effect

is considered.

A. density gradient along the height of a vessel
(the hydrostatic effectl 1) appears near the criti-
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cal point of a pure substance, owing to the unlimited leads, after elementary transformations, to a gen-

rise in the compressibility, and this effect exerts
a considerable influence on all the measured prop-
erties of the substance in the critical state. In
binary mixtures, the critical phenomena appear in
two cases: along the liquid—vapor critical equili-
brium curve of the solution (this curve is limited
in the p—T—c space by the critical points of the
pure components) and along the critical curve of
separation of the solution into two liquid phases
(this curve may have a break at a change in the
aggregate state, or it may continue without
1imitt?%7). In both cases, the compressibility of
the substance remains finite and the systems are
characterized in the same way by zero values of
the first two derivatives of the chemical potential
of each of the components with respect to the con-
centration:

(W)= (W) =0  (W)=>0 (1
(here and below, the primes denote the derivatives
with respect to c; at constant values of p, T).

We shall consider the effect of the force of
gravity on such a system. The condition of equi-
librium for each of the components of the mixture
in the gravitational field has the following form for
a system at constant temperature (dT = 0):

dwy = vidp + Migdh -+ py'dey = 0, (2)

where M; and v,; are the molecular weight and
the molar volume of one component and h is the
height of the liquid layer.

Equation (2), together with the condition of equi-
librium of a two-component system (Gibbs-Duhem
rule)

eral formula for the dependence of the solution
concentration on height:“j
Micy 4 Myc, ) gdh. (4)
vict + vaco

In the usually considered case of ideal solutions,
we have py ~ In ¢y and Eq. (4) reduces to the
barometric formula with the Archimedean correc-
tion.[?]

Near the critical state, the solution is probably
far from ideal and its equation of state can, fol-
lowing condition (1), be written in the form

' =1sB(c1 — 1)+ ... (5)
Here, B = (" )CT is the main quantity which gov-
erns the properties of the system in the region of
the critical point.

Substituting Eq. (5) into Eq. (4), integrating,

and retaining only the first non-zero terms with
cy — c?r, we obtain
€L 6T = [%(Mi"‘vi AZ::) (e — ho) ]h;

Moy = Mici© + Moco®r,  ver = 0161 + V2027,

- ui,dcl =( My—uv,

€T =1 — ¢°T, (6)

where the constant h;, determines the level at
which the critical conditions are realized. ! Al-

DIn the present work, as in['], we use the assumption that
the thermodynamic quantities near the critical point can be ex-
panded in series consisting of small departures of the para-
meters from the critical values. The singularity, detected at
the critical point of a pure substance, is such[®] that it does not
affect the expansions used in['] but alters only the numerical
values of the coefficients. We may expect that in the analogous
case considered here the assumption of the possibility of ex-
panding in series gives the correct result.
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lowance for the further terms in the expansion of
Eq. (6) gives a small correction, proportional to
(h _ h0)4/3/B4/3 .

Bearing in mind that the experimentally meas-
ured quantity is usually not the concentration of
the mixture but its density, and assuming, in the
first approximation, that the molar volumes of the
components of the mixture are additive

U == 011 + UacCy,

we may rewrite Eq. (6) for the molar volume in
the form
1
v — Ver = (01— 12) [%(Mi—viMcr)(h—ho)]h, (7)
Uer
Thus a considerable hydrostatic effect should be
observed in a binary system, in spite of its finite
compressibility.

We shall consider some conclusions which fol-
low from relationships (6), (7).

1. Due to the presence of the hydrostatic effect,
there is some distortion in the form of the experi-
mentally observed curve for coexistence near the
critical point in the coordinates T—cy. In the same
way as int13, the magnitude of the flattening Acy
of the ““hump’’ of the T(cy) curve is found to be

3 [6gH Mc,)]’h
[0 s M)

A01 =

(8)

Kohler and Ricel®] observed this flattening for
the system triethylamine—water at the liquid—
liquid critical point. The value of Ac; (at the
vessel height H of about 10 ¢cm and the critical
concentration given by ~ 0.930 molar fraction of
water) was found to be close to 0.03.

The formulas of Krichevskif and Khazanovat’
make it possible to estimate the value of B for a
solution from the data on the specific-heat discon-
tinuity ACp ¢, and from the form of the boundary

curve T (cy) near the critical point. Using the
results of the experimental studies (cf.[%%) of
the triethylamine—water mixture, we obtain
B=(2 -5) x 10* J.mole!? «( mol. fraction)3. Then
we find from Eq. (8) that Acy= 0.025 — 0.03.

Thus, the hydrostatic effect explains quite
satisfactorily the flat part of the T (c¢;) curve,
obtained by many workers, without using any
additional assumptions of the type employed in
Mayer’s theory.[103 2

2Rice['"] denies the influence of the hydrostatic effect on
the form of the curve representing coexistence in a binary mix-
ture on the basis of the erroneous application of the formulas
for ideal solutions to a systemnear the critical state. This has
lead to the lowering of the values of the characteristic inhomo-
geneity parameter ¢ 'dc/dh by four orders of magnitude.

A similar explanation is obtained for the re-
sults of Zavalin et al.,t12J which show the pres-
ence of a strong hydrostatic density effect at the
liquid—vapor critical point of the hexane—octane
system [B & 5 J.mole™!- (mol. fraction)® at
Ccer ® 0.5] and the benzene—propyl alcohol sys-
tem [B & 15 J-mole™!- (mol. fraction)® at
cer ® 0.5]. We note that the value of the quantity
B for the liquid—vapor system is 3—4 orders of
magnitude lower than the corresponding values for
the liquid—liquid system.

2. We may expect the hydrostatic effect to be
detected in an investigation of a He®—He* mixture
near the critical stratification point (T = 0.84°K;
c; = 0.63 He®). We shall estimate the possible re-
duction in the concentration of He® in the mixture
at a vessel height of 10 cm. Using the values of
ACp,c, taken from (53] and the form of the T (c;)
curve taken from {14, we obtain
B = 50—90 J.mole~!- (mol. fraction)®. Then Ac,
= 0.06—0.075, i.e., the effect is quite considerable.
It is possible that the observation of this effect
will yield information on the problem of the rela-
tive positions of the A-curve and the phase-
stratification curve near the critical point of the
mixture.

3. We note that the appearance of a concentra-
tion gradient of components along the vessel height
represents a separation effect. For the case of
the He®—He! system considered above, we obtain,
at a column height of 10 cm and taking the upper
half of the mixture enriched in He®, a separation
coefficient @ = 1.05 near the critical concentra-
tion. Separating the fractions and then varying
temperature and pressure in such a way as to re-
main on the critical curve, we can make the proc-
ess of separation repetitive and continuous. Thus
we can approach the critical points of the pure
components along the critical liquid—vapor curve,
i.e., we can separate the mixture completely.

From the law of corresponding states (cf. t1%J),
the quantity B is very unlikely to be proportional
to a combination of the critical parameters with
the right dimensions:

(9)

B ~ ST /Ci,cr3~

Then the separation coefficient (at each step we
remove half the mixture) would almost cease to
depend on the concentration, in accordance with
Eq. (6), and would become constant over the whole
critical curve, except for the regions close to
¢y =0 and ¢y =1, where o — 1 should tend to
Zero.

Unfortunately, the values of B are known only
for the liquid-liquid case, which does not provide
the same opportunities for separation. ( For
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He3—He™, the critical concentration, for example,
is practically independent of pressure.[m:1 ). How-
ever, we have seen above that in the liquid—vapor
system this quantity is in all cases not greater
than that for the liquid—liquid system and this
means that the hydrostatic effect will not be less
in the liquid—vapor system. This is confirmed

by direct measurements. [ 12

Thus, a 50% mixture of He® and He! could be
definitely separated completely in 15 steps. Con-
versely, from the separation of the mixture we
can estimate parameters in Eq. (6). There are
grounds for assuming that the real separation co-
efficient (i.e., @ — 1) is several times larger
than the coefficient calculated in Sec. 2 above.

Finally, we note that the effect may be increased
greatly by centrifuging (then instead of g in Eq.
(6) we have the acceleration w’r). Usually, cen-
trifuging is inefficient in isotope separation be-
cause the back diffusion impedes the separation.
However, at the critical point not only is the effect
amplified, but the diffusion also stops. In fact, as
shown by Krichevskil and Tsekhanskaya,[”] at the
critical point of a binary system the diffusion de-
creases sharply due to the condition (p{)€Y'=0
and consequently there will be practically no diffu-
sion equalization of the concentration, which would
impede the separation.

This method should be particularly effective in
the separation of heavy isotopes with similar criti-
cal parameters and high initial concentrations in
the original mixture (Ar, Xe, Hg, etc.,).

In conclusion, the authors have much pleasure
in thanking I. R. Krichevskil for valuable discus-
sions and N. S. Rudenko for his interest in this
work.
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