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We have previously recorded / 1 / that during the
separatlon of isotopes by the chemical exchange method
according to the reaction:

N¥H, ) + NUHNOypy, 2 NUHg () + NIFHNO,, (1)

an important part is played, together with the nature of
the packing, by its external surface determined by the
geometrical dimensions of the separate elements of the
packing. It was pointed out that the separation of iso-
topes improves with the drop of the partial pressure of
amnonia gas in the column. In addition to this it was
pointed out that simultaneously with the decrease of par-
tial pressure of ammonia gas by the introduction of nitro-
gen ~ there occurs an increase in the linesl rate of flow
of ammonia into the system. A supposition was expressed
that the increase in the rate of flow apparently also
influences the effectiveness of the separation of the
isotopes.

The question of the influence of the rate of flow
of componénts in the exchange reaction (1) on the separa-
tion of nitrogen isotopes, judging by the published data,
has not been sufficiently investigated. There are des-
criptions of results of some of the unsystematic experi-
ments by Urey, Hoffman, Thode and Fox / 2_/ conducted
with various rates of admission of the solution, from
which it is impossible to draw a well-defined conclusion
-eoncerning the role played by the rate of flow during the
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chemical separation of the nitrogen isotopes.

A definite effect on the separation of isotopes is
exerted by the tempernture at which the process of sepa-
ration takes place. An increase in the temperature leads
on the one hand to the decrease of the constant of the
equilibrium of the reaction (1) and on the other hand
leads toward decrease of solubility of the ammonia gas in
‘the solution of ammonia nitrate and of the constant of
the equilibrium of the reaction: '

N¥H iy + N4H ) = N4Hy o + N*Hy(ps, (2)
taking place simultaneously with the first reaction. If
the first effect will result in the decrease of the coe-
fficient of a single-stage separation, the lasttwo on the
‘contrary will result in the increase of this coefficient.
Owing to this it is possible to expect the presence of an
optimum temperature in the process under comnsideration.
There are few factg published in connection with the prob-
lem. ‘In work / 2_/ it was shown that the coefficient of
'separation observed_at room temperature is higher than at
60° C. Nakane / 3_/ arrived at the conclusion that the
optimum temperature is 10° C. »

The problem of this work is to clarify the rela-
tionship between the separation of isotopes of nitrogen
and the rate of flow of resgents and the temperature in
the column,

The effect of rate of

flow., The investigation was

conducted in an installation
which only the length of the
220 em.). The separation of
with a packing of passivated
the shape of small trihedral

previously described, in
column was changed (%o
isotopes was accomplished
nichrome wire prepared in
prisms of 3 mm. The intake

rate of the nitrate of asmmonia solution was varied from

2 to 8 ml/min,

The temperature of weter delivered to the

external jacket of the column wes varied from 20 to 80° C.
The total pressure in the systen (this pressure is equal
4o the sum of the pressure of ammonia and steam) was

1 atmosphere., Figures 1 - 3

show kinetie curves of the

geparation of isotopes of nitrogen obtained for three
intake speeds of the salt solution: 2, 5 and 8 ml/min.
Each speed was investigated at 20°, 40°, and 80° C.
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Relationship between the coefficient of enrich-
ment and the time, at 20° G and various rates of
solution inteke: 1 - 2 ml/min.; 2 - 5 ml/min.;

3 - 8 ml/min.

Relationship between the general coefficient of
enrichment and the time at 40° C. and at various
rates of the solution intake. The designations
are the same as in Fig. 1.

Relationship between the general coefficient of
enrichment and the time at 80° C. and at various
rates of solution intake. The designations are
the same as for Fig. 1.

Relationship between the time required to reach a
gstable condition and the solution intake rate,
with the column at different temperatures:

1 - 20°; 2 - 40°; 3 - 80° C. The point, encircled
with dotted lines, was arrived at by extrapolation.
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An enalysis of the kinetiec curves indicates that the
greatest enrichment at all temperaztures (under the condi-
tions of cur experiment) was obtained at an intake rate of
the szolution at ¥ nl/min. During this time the attainment
of the stationary state was decreasing correspondingly with
the increase of the intake rate of the solution (Fig. 4).
We were not successful in conducting experiments at a
greater rate with the utilized packing because at the rate
of 10 ml/min. the column became flooded. This can be ex-
plained by the great speed of the flow of the forming
armonia gas (100 1l/hours or 1l cm/sec.) which offered
great resistance to the salt solution flow., At intake
rates of the solution less than 2 ml/min., it was diffi-
cult to regulate its constancy in relation to time. Iso-
tope analysis of the samples, taken at different times
from the liquid phase in this case, would be a subject of
great fluctuation, because of the short duration of fluc~
tuations / 4~/ in particular because of the fluctuation of
the flow rate.

Effect of Temperature. The study of the effect of
temperature on the separation of nitrogen isotopes was
conducted in the interval of temperatures from 10 to 80° C.
with the intake rate of the solution at 2 ml/min, and in
the interval of 20 - 80°, with corresponding rates of 5
and 8 ml/min. We obtained five kinetic curves (Fig. 5)
for rates 2 ml/min. (one curve each at 10°, 20°, 40°, 60°
end 80°) and three curves for rates 5 and 8 ml/mln. (at
20°, 40° and 80°, Figs. 6, 7). As is apparent from the
figures, the greatest enrichment in our experiment was
reached at 20°. With the increase of the temperature up
to 40° the enrichment diminishes during all intake rates
studied by us, but above 40° it starts increasing. Aes a
result of this, with solution intake rates of 5 and 8
ml/min. and temperatures of 80° the value of balanced
conmon coefficients of seperation becomes almost equal to
the corresponding values for 20°, The relationship ob-
served by us can be explained, apparently, by a compensa-
tion of two factors causing a contrasting influence during
the increase of the temperature on the value of the coef-
fiecient of separation. This decrease of the equilibrium
constant in the equation of isotope exchange (1), leads
to the decrease of the coefficient of a single-stage
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separation, on the one hand, and to the reduction of the
height of the theoretical plate due to the increase of
tt.2 evchavze rata on the other hand. From the spectro-
scopic data we calculated the eguilibrium constant of
the reation.

NBH; (ry + NUHY ) S NUH oy + NS, (3)
For 10°, 20°, 40°, and 60° the corresponding values for

¥ were 1.0%69; 1.,035; 1.032 and 1.030. The value for K
for 80° obtained by extrapolation was equal to 1.028,

e 7+ 2 X 8 ¥ X {hour
Fig. 5. Relationship between the general coeffi-
cient of enrichment and the time at
V = 2 ml/min., and at various temperatures:
1 - 10°; 2 -« 20°; 3 - 40°; 4 - 60° and
5 - 80° C.
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Fig. 6. Relationship between the general coeffi-
cient of enrichment and the time at V =
ml/min. and various temperatures: 1 - 20°;
2 - 40°3 and 3 - 80° C.



Fig. 8.
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Relationship between the general coeffi-
cient of enrichment and the time at

V = 8 ml/min., and various temperatures:
1- 20°3 2 ~ 40° and 3 - 80° C,
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Relationship between the time required for
a stationary state and the time at various
speeds of solution intake into the column:
l -2 mnl/min, 2 = 5 ml/min; 3 - 8 ml/min.

The point encircled with dotted lines was

arrived at by extrapolation.

On the other hand, with the increase of the tempe-

rature the constant K' of the exchange reaction (2) also
decreases, as does the solubility of ammonia gas in the

gsolution of ssalts.

According to the half-empirie formula:

a=K—(K—K}M, (4)

submitted by Kirshbaum and his coworkers / 5_/ this leads
to the increase of the coefficient of a single-stage :
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separation. Here K and K' are constants of the equili-
brium of the exchange reactions (3) and (2), and M is a
noler vart of the dissolved ammonia ges in the solution,
equal to:

- INHe],
[NHdl, + [NHFT, (5)

We made no attempt to determine the mclar part of
dissolved smmonia gas in the solution of ammonia nitrate
under the working conditions_of our installation, but
from the published data / 6_/ it is known that in the
balanced conditions this part differs little from the
solutiblity of ammonia ges in water. Because of this, and
on the basis of indirect data on the sharp decrease of the
solubility of ammonia gas in aqueous solution with the
increase of the temperature, it is possible to admit as =
proved supposition that there is some compensation for a
in Formula (4) because of the diminishment of M. It is
apparent from Fig. (5) that the value of the common coef-
ficient of enrichment at 10° C. through the entire lengtn
of the curve (up to the state of equilibrium which occurs
after 44 hours) is smaller than corresponding values at
20°, This fact can be partizlly explazined by reduction in
the speed of the solubility of ammonium nitrate, which
under equal conditions leads to reduction of the coeffi-
cient of a single-stage separation (2). Owing to a lessen-
ing of the solubility of ammonium nitrate we were forced to
use a 50% solution at 10° whereas in all other experiments
we used a 60% solution of NH4HO .« The relationship bet-
ween the time necessary for reazhing a stationary state
and the temperature is shown in Fig. 8. The curves indi-
cate that at all speeds and temperatures investigated by
us, the value of this time diminishes with the increase of
the temperature.

Conclusions

1. The effect of the rate of flow and the tempera-
ture on the separation of nitrogen isotopes was investi-
gated in a column with a packing under the conditions of
counterflow.




2. It was shown that the time for reaching a
stationary state diminishes with the increase on the rate
of the flow and the temperature.

3. It was discovered thet under the conditions of
our work there exists an optimum rate of flow (the input
of the solution and, correspondingly, the return of ammo-
nia into the column) at which the greatest separation of
the nitrogen isotopes occurs.

4, It wgs Tound that the common coefficient of
the separstion of isotopes diminishes with the increase
of the temperature from 20 to 40 (at all flow rates inves-
tigated by us), and afterward increases proportionately
to the increazse of the temperature. Such a relation can
be explained by the change of the coefficient of enrich-
ment, because of the simultansous change of the tempera~
turé congtant of the balence of the exchange reactions,
taking place in the column and also by the speed of the
exchange and the molar part of the dissolved ammonia gas.

Entered 6 August 1956

Moscow Btete University
imeni M. V. Lomonosov
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