https://doi.org/10.46813/2026-161-023

UDC 54.058+621.039.341

ON EVAPORATION REFINING OF A SUBSTANCE
CONTAINING ISOTOPES

A.l. Kravchenko
National Science Center “Kharkiv Institute of Physics and Technology”, Kharkiv, Ukraine
E-mail: krwchnko@gmail.com

Attention is drawn to the fact that sublimation or distillation refining of a substance with monoisotopic base and
with impurities in the form of isotopes of the same chemical element occurs with different efficiency for these
impurities due to the dependence of not only the separation factor but also the Peclet diffusion number on the atomic
mass of the isotope. The possibility of cases in which one of these isotopes is a low volatile impurity and the other is
a highly volatile impurity. In the case where the base of a substance consists of isotopes and contains one
monoisotopic impurity, then the refining of such a substance is characterized by the separation coefficient and the
Peclet number, which depend on the atomic masses and concentrations of all components and change during the
evaporation process. It is noted that the presence of isotopes in a substance should also be reflected in the results of

its crystallization refining.

INTRODUCTION

Evaporative refining (sublimation and distillation)
are among the main methods for obtaining high-purity
substances [1-3], and recently, in connection with the
interest in isotopic engineering, substances consisting of
isotopes or containing isotopes have begun to be
included in the list of substances being refined [4-9].

There is a method for calculating evaporative
refining (primarily sublimation: in the absence of
convective and/or mechanical mixing of the evaporating
material) — with a separation factor o and a Peclet
diffusion number

Pe=X2,
D

as two process parameters (v is the linear speed of
evaporation surface; D is the diffusion coefficient of
impurity; X is the dimensional factor of the evaporated
material), with a strong dependence of Pe on the process
temperature [10—13]. Examples of the dependence of
the condensate purity on the degree of distillation g for
different values of By and Pe are shown in Figure [13]
(Cy is the initial concentration of impurity, and C is the
average concentration of impurity in condensate;
Pe =0, if the mixing is ideal).

Using the Langmuir equation, it was shown that the
separation factor (as the ratio of the concentrations of
the impurity in the vapor and the evaporated material
near the evaporation surface) can be represented as
follows [2, 14, 15]:

Bo = ubi (ﬂ)l/Z’
Yp \M;

where p; and p are vapor pressures of pure components
at process temperature; y; and y are the activity
coefficients of components and M; and M are the atomic
masses of the impurity and base, respectively. At the
same time, a peculiarity of the evaporation of a
substance consisting of two isotopes with atomic masses
M, and M, was noted: the process occurs at yi =7 =1
and p; = p with a temperature-independent separation

B = (Mo/M))"?,

i.e., it was noted that there is a fundamental possibility a
separation of isotopes in evaporative processes [14, 15].
(According to reference data on the values f atomic
masses of isotopes, the ratio of the smaller mass to the
larger has a value from 0.5 (for protium and deuterium;
B = 0.71) and 0.85 (for lithium isotopes; = 0.92) to
0.95 and even closer to 1 for isotopes of many other
elements with = 0.97 or closer to 1).

The aim of the work was to consider the evaporative
refining of a material containing isotopes, taking into
account the diffusion of impurities in the evaporated
material.

ANALYSIS OF EVAPORATION
OF MATERIAL CONTAINING ISOTOPES

If a substance contains two impurities in the form of
isotopes with atomic masses M, and M, of the same
chemical element, and the base of the substance has an
atomic mass M, then the refining of such a substance is
characterized by separation factors Boi1 =
(yipi/yp)(MIM1)'™ and Box = (yipilyp)(M/M>)'?, where pi
and p are vapor pressures, and vi, and y are activity
coefficients of the impurity and base, respectively (with
a simple ratio Boi/Po2 = (Ma2/M;)'?), - and by the Peclet
numbers Pe; = Xv/D; and Pe, = Xv/D,, where D; and D,
are the diffusion coefficients of impurities. In the
general case, D # D», since M| # M.

If a base of substance consists of isotopes with
atomic masses M, and M, of the same chemical element
(with concentrations C; and C, correspondently) and
contains impurities with atomic mass M;, then the
substance has an average atomic mass

M = CiMa+CoMy
Mq+M,
which determines the separation coefficient of the base
and impurity

B}

Bo = (ypilyp)(M*/M;) "
and Pe is determined by M, M,, M; and by
concentrations of all components.
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Dependence of C/Cy on g at different 5y and Pe
in a evaporation refining with a flat
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RESULTS AND DISCUSSION

Thus, due to the inequalities Bor # Bo2 and Pe; # Pey,
evaporation refining of a substance occurs with different
efficiency for the impurities in question.

It is known that there are differences in the diffusion
coefficients of isotopes of the same chemical element.

24

Usually Dy < D, if M| > M,. Thus, at room temperature,
for >C and 'C in carbon materials, as well as for 28Si
and ?°Si in silicon materials, Di/D, = 1.2 (according to
data from ChatGPT). Then Pey/Pe; has the same value
1.2 for the same pairs of isotopes — while the modulus
of deviation of (M/M)"? or (M/M,)"? from 1 in many
cases has a value ~ 0.01. The value of Di/D, (and
accordingly  Pe»/Pe;) increases with increasing
temperature [11, 12].

If My < M, < M, then Boz < [301 < 1 and Pe, < Pe;
(Figure. 1). If M1 <M < M-, then Bo; <1 and Bo> > 1, i.e.
the substance contains both a low-volatile impurity and
a highly volatile impurity (see [16]).

If the base of a substance consists of isotopes and
there is an impurity, then M* and, as a consequence, o
(as well as Pe) change during the evaporation process.

A remark can also be made about crystallization
refining. The effective separation coefficient in these
processes is determined by the Burton-Prim-Slichter
equation [1-3], which contains the diffusion coefficient
D of impurity in the refined substance. And since D of
an isotopic impurity depends on its atomic mass, the
presence of isotopes in the refined substance should be
reflected in the result of crystallization refining.

CONCLUSIONS

Taking into account two parameters (Bo and the
Peclet diffusion number), the evaporative refining of
some substances containing isotopes is considered and
the following features of their refining are revealed.

If a substance has a monoisotopic base and contains
two impurities in the form of isotopes of the same
chemical element, then the refining of such a substance
occurs with different efficiency for these impurities due
to the dependence of not only the separation coefficient,
but also the Peclet diffusion number on the atomic mass
of the isotope. It is possible that one of these isotopes is
a volatile impurity, and the other is a non-volatile one.

If the base of the substance consists of isotopes and
contains one monoisotopic impurity, then the refining of
such a substance is characterized by the separation
coefficient and the Peclet number, which depends on the
atomic masses and concentrations of all components
and change during evaporation.
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ITPO BUITAPHE PA®IHYBAHHS PEHUOBUHU, AKA MICTUTbD I130TOIIN
O.1. Kpaguenko

3BepHYTO yBary Ha Te, o cyoOmiMariiine abo TUCTHIAIIHE padiHyBaHHSI PEYOBHHHU 3 MOHOI30TOITHOIO OCHOBOIO
Ta 3 JOMIIIKAMH y BHUIVISIII 130TOIMIB OXHOTO 1 TOTO X XIMIYHOTO €JIEMEHTa BiAOYBAETHCSA 3 Pi3HOIO €(hEKTUBHICTIO
JUISl [IUX JIOMIIIOK — BHACHIJOK 3aJIeKHOCTI HE TUIBKM KoedilieHTa noxity, ane i nudysiiiHoro uncna Ilekne Bin
aTOMHOI MacH i30Tomy. Bin3HaueHO MOXJIMBICTh BHNAJKIB, Y SKHX OJAWH i3 HUX 130TOMIB € JIETKOJETIOYOI0
JIOMIIIIKOIO0, @ IHIIMHA — BaKKOJIETIOUOI. Y pasi, KOJIM OCHOBAa PEUYOBHHU CKIIAAAETHCS 3 130TOIMIB 1 MICTHTH OIHY
MOHOI30TOITHY JOMIIIKY, pagiHyBaHHS Takoi peYOBUHH XapaKTEpU3YEThCs KoedillieHToM mofiny ta yucioM [leke,
SIKi 3aJeXarh BiJl aTOMHMX Mac Ta KOHIICHTpAIlii yCiX KOMIIOHCHTIB Ta 3MIHIOIOTHCS Y BHITAPHOMY IPOLECI.
3a3Ha4eHo, 10 MPUCYTHICTh 130TOMIB Y PSYOBUHI Ma€ BiIOMBATUCS TAKOX i HA PE3yJIBTaTaX WOTO KPUCTATI3aIIiHOTO
padinyBaHHS.
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