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The results of calculations of the distribution of impurities in the condensate obtained by condensation of vapor
into a solid phase in the process of evaporation of the “base-impurity” substance are presented at the values of the
equilibrium separation factor B, in the range of 0.001...10 and the values of the diffusion Peclet number (Pe) in the
range of 0.1...1-10%. One can see the influence of both parameters on the formation of the distribution: at given
values of B, and Pe, the condensates have larger or smaller areas with a uniform distribution of impurities. The
graphs of the averaged impurity concentration in the condensates are also presented depending on the degree of

distillation at the same values of B, and Pe.

INTRODUCTION

Distillation and sublimation (as well as directional
crystallization) are the main methods for obtaining high-
purity substances, and therefore there is an interest in
the theory and practice of evaporation refining [1-8].

In the general case, the refining of a two-component
substance during evaporation is described by a system
of equations with two parameters: the equilibrium
separation factor By and the Peclet number

Pe = wX / pD,

where w is the rate of evaporation of the substance from
a unit surface; D is the diffusion coefficient of the
impurity, p is the density of the substance; X is the size
factor of the evaporated material (for example, the
thickness of the material layer in the crucible and the
radius of the evaporated ball at sublimation) [4, 5, 8] -
Fig. 1.

An idea of the possible values of Pe for “base-
impurity” substances, when the base is a simple
substance, is given by the results of studies [6, 7]. Thus,
at the melting temperature of the base, the values of Pe
at X = 1 cm for most substances lie in the range from
almost zero to ~ 10° (for arsenic, under the indicated
conditions, Pe ~ 10°).

One of the issues of the theory and practice of
evaporative refining processes is the question of the
distribution of impurities in the condensate obtained
during the condensate of steam into the solid phase. The
equation for the distribution of impurities in the
condensate was derived [9]

Cu/Co=B(L-x/L)" %

where C is the impurity concentration in the condensate
at a distance x from the substrate; L is the final thickness
of the condensate; C, is the initial impurity
concentration; B is the separation coefficient. The
calculations assumed ideal mixing of the evaporated
liquid, so equation (1) was used — i.e., in fact, it was
assumed that Pe=0. For simplicity of calculations,
vapor condensation on a substrate, the area of which is

equal to the area of the evaporation surface, was
considered.

There is information about the experimental study of
the distribution of impurities in a solid condensate [10,
11] — but without discussing the role of diffusion of
impurities in the evaporated material in the formation of
the named distribution. Meanwhile, it is of practical
interest to know the distribution of impurities in the
condensate obtained by condensation of steam into a
solid phase, in the general case: taking into account the
diffusion of impurities in the evaporated material, i. e.,
at Pe>0.

The aim of the work was the calculation the
distribution of impurities in a solid condensate in a wide
range of values of parameters By and Pe to get an idea of
the effect of this parameters on the named distribution.

CALCULATIONS

The calculation of the impurity distribution in the
solid condensate was based on the technique developed
earlier for calculating the average impurity
concentration in the condensate [5]. As in the previous
study [9], for simplicity, the evaporation of the material
in the form of a flat layer in a cylindrical crucible with
vapor condensation into a solid phase on an unheated
flat crucible lid (with equal evaporation and
condensation surfaces and equal densities of the
evaporated substance and condensate) in vacuum was
considered.

RESULTS AND DISCUSSION

The results of calculations of the impurity
distribution in the condensate obtained during the
condensation of steam into a solid phase at various
values of B, and Pe are shown in the form of graphs in
Fig. 2. The graphs give an idea of the processes of
formation of condensates during the condensation of
steam into a solid phase. At certain values of 3, and Pe,
the graphs have larger or smaller sections with a
uniform distribution of impurities.
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Fig. 1. Dependence of C/C, on the degree of distillation g of the material
in the form of a flat layer during its one-sided evaporation in vacuum —
at different values of 8, and Pe (C, is the relative average impurity concentration in the condensate,
Co is the initial impurity concentration) [8]
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Fig. 2. Dependence of C,/C, on x/L in the condensate obtained by condensation of vapor into
a solid phase during one-sided evaporation of a flat layer of material in vacuum —
for various values of By and Pe (C, is the impurity concentration
in the condensate at a distance x from the substrate, C, is initial impurity concentration
in the evaporated substance, L is the final thickness of the condensate)
CONCLUSIONS entire evaporation process of the substance under

The graphs of the distribution of impurities in the consideration) and the values of the Peclet diffusion

- . 4 -
condensate obtained by condensation of vapor into a Eur’ﬂber (Pe) in the ranghe 0']}"'1 1.0 ' Th: |nhfluence 0;
solid phase in the process of evaporation of the “base- dpt _bpa_ram_e ters 02\ the .Orm?tlon fO t % Fr:am(re]
impurity” substance are presented for the values of the Istribution Is seen. At certain va Ues o B.O and €, the
equilibrium separation factor B, in the range of g_raphs have Ia_rger or smaller sections with a uniform
0.001...10 (assuming that By is constant throughout the distribution of impurities.

27

ISSN 1562-6016. Problems of Atomic Science and Technology. 2024. Nel (149)



REFERENCES

1. G.G. Devyatykh, Yu.E. Elliev. Glubokaya
ochistka veshchestv. M.: “Vysshaya Shkola”, 1990 (in
Russian).

2. Yu.l. Dytnerskii. Processes and apparatus of
chemical technology: Textbook for high schools / In two
books. P. 2. Mass exchange processes and apparatus.
M.: “Himiya”, 1995.

3. L.A. Nisel’son, A.G. Yaroshevski. Mezhfazovyye
koeffitsienty raspredeleniya. M.: “Nauka”, 1992 (in
Russian).

4. Yu.P. Kirillov, L.A. Kuznetsov, V.A. Shapo-
shnikov, M.F. Churbanov. Effect of diffusion on the
purification of substances by distillation // Inorganic
materials. 2015, v. 51, N 11, p. 1092-1097;

DOI: 10.7868/S002337X15100088

5. A.l. Zhukov, A.l. Kravchenko. Calculation of
sublimation with taking into account of diffusion of
impurity // Inorganic materials. 2017, v. 53, N 6,
p. 648-653; DOI: 10.1134/S0020168517060164.

6. A.l. Zhukov, A.l. Kravchenko. Temperature
dependence of the Peclet diffusion number in the
processes of sublimation of some simple substances //
Inorganic materials. 2021, v. 57, N 7, p. 753-759;

DOI: 10.1134/S0020168521070104.

7. A.l Kravchenko, A.l. Zhukov, O.A. Datsenko.
Temperature dependences of the Peclet number in
sublimation processes of simple substances // Problems
of Atomic Science and Technology. 2022, N 1, p. 13-16;
https://vant.kipt.kharkov.ua/

8. A.l. Kravchenko, A.l. Zhukov. Separation factors
and Peclet numbers in evaporation refining of elemental

substances near their melting point // Inorganic
materials. 2022, v. 58, N 8, p. 860-865;
DOI: 10.31857/S0002337X22080076

9. A.l. Kravchenko.  Equation  of  impurity

distribution in solidified distillate // Inorganic materials.
2007, v. 43, N 8, p. 916-917;
DOI: 10.1134/S0020168507080171.

10. LI Papirov, A.l. Kravchenko, A.l. Mazin,
A.V. Shiyan, V.D. Virich. Impurity distribution in a
magnesium sublimate // Inorganic materials. 2015,
v. 51, N 6, p. 563-565;

DOI: 10.1134/S0020168515060126

11. L1 Papirov, A.l. Kravchenko, A.l. Mazin,
A.V. Shiyan, V.D. Virich. Impurity distributions in a
magnesium sublimates // Problems of Atomic Science
and Technology, 2016, N 1, p. 21-22;
https://vant.Kipt.kharkov.ua/

Article received 23.01.2023

PO3PAXYHOK PO3IIOALTY JOMIIIOK Y TBEPJIOMY KOHAEHCATI
3 OBJIIKOM YHCJIA ITEKJIE

O.1. ’Kykos, O.1. Kpaguenko

[peacraBieHi pe3yabTaTi PO3PaxyHKIB PO3MOALTY JOMIIIOK Y KOHACHCATI, OTPUMAHOMY KOHJICHCAIII€I0 MapH B
TBepAy (a3y y npolieci BUIapOBYBaHHs PEUOBHHH «OCHOBA—OMIIIKa» MPU 3HAYCHHSIX PIBHOBAXKHOTO KoedilieHTa
noxiny B intepsami 0,001...10 i 3Hauennsx xudysiiiroro umcna Iexne (Pe) B intepsami 0,1...1-10*. Buamo Brums
000x mapameTtpiB Ha ¢popmMyBaHHS posmoniry. [Ipu 3aganux 3Ha4YeHHX Py 1 Pe B koHIeHcaTax € Outbmm abo MeHIT
IUISHKH 3 PIBHOMIPHUM PO3MOILUIOM A0OMImoK. Takoxk mpencTaBiieHi Tpadiku ycepeTHeHO KOHIICHTPAMii JOMIlTKH

B KOJICHCATI 3a THX XK€ 3HaueHb Py i Pe.
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