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General approach to consideration of impurities distribution at phase transformation
from phase with ideal mixing is offered. It is based on using the equations of distillation
refining with substitution of corresponding coefficients of distribution.

ITpemmaraercss 00OOIEHHBIN MOAXOJ K PACCMOTPEHMIO pacIIpeaesieHus mpumeceil mpu ¢a-
30BBIX IIpPeBpallleHUsAX u3 (ashbl ¢ UAEAJBHLIM IIepeMeIlnBaHMEM, OCHOBAHHBLIN HA IIPUMEHEe-
HUAU YPaBHEHUU JUCTHJIIAIMOHHOTO PAMOUHUPOBAHUSA IIPU IIOJCTAHOBKE B HHUX COOTBETCTBYIO-
miero KoaduiimerTa Mex(asoBoro pacipemeieHusd.

As it is known a distribution of impuri-
ties between equilibrium phases is used in
technologies of obtaining high pure materi-
als, in particular in crystallization and dis-
tillation refining. The equilibrium between
crystal and liquid is used under crystal-
lization, while the equilibrium between liq-
uid and gas is used under distillation refin-
ing. The theory of these processes has been
developed and large scope of related experi-
mental data has been accumulated [1-9].
The parameter that describes the concentra-
tion of impurity in phases that are in equi-
librium is coefficient of interphase distribu-
tion K. The coefficient is calculated as ratio
of concentrations of components in phases:
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where C4 and C,’ are concentrations of com-
ponent A in the first and second phases corre-
spondingly at the phase equilibrium; Cg and
Cp' are the same values for component B.
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where C; and C, are concentrations of im-
purity in the first and second phases corre-
spondingly at the phase equilibrium. It
should be noted that K depends on condi-
tions of the phase equilibrium.

Historically, crystallization and distilla-
tion methods of substances division were de-
veloped independently one from another
that was reflected in separate publication of
monographs related to these different meth-
ods or in separate description of the methods
in different chapters of such monographs. In
the literature equations describing these two
methods are different and even coefficients of
interphase distribution for the two processes
have special names: distribution efficient &k
for crystallization process and separation fac-
tor a for distillation process.

Recently it was noticed that crystal-
lization and distillation refining can be de-
scribed by similar equations — with substi-
tution in equations of corresponding coeffi-
cient of interphase distribution £ at
crystallization and o at distillation [10-13].
On the basis of this similarity a new refin-
ing method has been developed — zone dis-
tillation method as distillatory analogue of
zone recrystallization [14].
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At the same time the distribution of impu-
rities under other phase transformations may
be considered too. Today the existence of 6
aggregate states of substance it is recognized:
crystal, liquid erystal, liquid, gas, plasma and
quantum-mechanical state — Bose-Einstein
condensate. Many phase transformations start
from the good mixing phase that leads to idea
about a possibility of general approach devel-
opment to describe these transformations.
The aim of the current work was to develop
the general mathematical description of the
impurities distribution between phases under
different phase transformations.

Let’s consider in general a transforma-
tion of the first phase in the second one
under conditions of ideal mixing in both
phases. Derivation of equations of impuri-
ties distribution between such phases will
not differ from derivation of known equa-
tions of distillation refining [1, 3, 4]. As a
result the general equations may be pre-
sented as the following:

1- 1- G2/G0)K (1)
2 0
K-1
C,/Cq = (GI/GO) , (2)

where C is initial concentration of impu-
rity, C; and C, are concentrations of impu-
rity in the first and second phases, corre-
spondently, G, is initial mass of material,
G, and G, are masses of the first and sec-
ond phases, correspondently; K is a coeffi-
cient of interphase distribution. (It should
be noted that equations (1) and (2) were
derivated in assumption of small concentra-
tion of impurity.) If the second phase is
solid state and the moving of impurities in
it is difficult the equation (1) gives aver-
aged value of impurity concentration in
solid phase [11, 12]. Processes with transi-
tion of matter in solid phase is realized usu-
ally with conduct solidification of matter
and production of crystal with elongated
form or solid condensate with elongated
form (at conduct crystallisation of liquid
[1-3, 6—-9] or at distillation with condensate
pulling [10, 13], correspondently). In the
crystal or condensate the distribution of im-
purities along its length is described by
equation:

K-1
C/Cy=K(1-x/L) ~, (3)
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Fig. Scheme of the process with the phase

transformation gas-plasma: I — container;
2 — electrode (catode); 3 — electrode (anode).

where C is initial concentration of impurity, x
is distance from the beginning of the crystal or
condensate, L is length of it, C is concentra-
tion of impurity on distance equal x; K = k for
crystallization processes [1, 3, 6-9] and K = o
for distillation process [10, 13].

As an example of general approach to
examination of impurities distribution at
phase transformations let’s consider the
phase equilibrium gas-plasma. A possible
scheme of device in which gas and plasma can
be in phase equilibrium is shown on Fig. Gas
is contained in chamber 1 with volume V.
Part of chamber 1 is situated between elec-
trodes 2 and 3. Under certain conditions
(gas pressure and electrical voltage) in vol-
ume v between electrodes the plasma is
formed while in the remainder of chamber I
no ionized gas is contained. Since volume v
is not separated hermetically from the re-
siduary volume of chamber 1, plasma and
gas are in dynamic equilibrium and redistri-
bution of impurities between gas and
plasma occurs.

Considering that densities of gas and
plasma are equal let’s transform equations
(1) and (2) to more convenient form:

b

K
11 -v/Vy
Ca/Co = v/V

K-1
CI/COZ(V_U/V) ’

where Cj is initial concentration of impu-
rity, C5 is concentration of impurity in
plasma, C; is concentration of impurity in
no ionized gas that is in equilibrium with
plasma, v/V is volume part of plasma,
(V-v)/V is volume part of no ionized gas, K
is a coefficient of interphase distribution at
the phase equilibrium gas-plasma (K de-
pends from conditions of equilibrium). Con-
centration of impurities in gas and in
plasma is determined by volume parts of
gas and plasma phases and by value of K
coefficient. Impurities with K > 1 have
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more probability to transfer to plasma while
impurities with 0 < K <1 the most likely
transfer to gas. The values of coefficient K
for impurities at the phase equilibrium gas-
plasma are not known. They may be deter-
mined experimentally for given conditions
of the equilibrium. The task of calculation
of these coefficients on known -charac-
teristics of components may be formulated.

Thus, equations (1)—(3) allow analyzing
not only phase transitions liquid-crystal and
liquid-gas but also other phase transforma-
tions. Using equations (1)—(3) phase transi-
tions with participation of liquid crystals
may be considered; equations (2) and (3)
may be utilized in study of surface coating
processes by plasma methods, and equations
(1) and (2) may be useful in research of
transformations related to quantum-me-
chanical phases (superfluid liquid, Bose-Ein-
stein condensate). The distribution of impu-
rities at transition from one crystal phase
in other one can not described by equations
(1)—(3) because diffusion velocity of atoms
in crystal phases is small.

Literature data about the values of inter-
phase distribution coefficient in the first
place related to the equilibrium crystal-liq-
uid and in the second place to the equilib-
rium liquid-gas. For example the mono-
graph [5] contains the values of coefficient
k for 540 systems of elementary substances
basis — impurity and the values of coeffi-
cient a for 70 systems (significant differ-
ence in quantities of values 2 and o perhaps
connected with the different application of
crystallization and distillation refining).
Impurities distribution at other phase trans-
formations either is not studied or there is
scanty information. Thus, the purification
of some liquid crystals (LC) by zone melting
with estimation of distribution efficient % is
known (at number of known LC more than
several hundred thousands) [15]. It should
be noted that LC undergoes two phase
transformation under the change from liq-
uid to crystal state (liquid-LC and LC-crys-
tal) and every transformation is charac-
terized by own value of interphase distribu-
tion coefficient. The phase change
liquid-gas can be used for improvement of
LC distillation purification [16].
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Thus, it is possible the general mathe-
matical description of impurities distribu-
tion at phase transformations from phase
with ideal mixing. This description is based
on using the equations of distillation refin-
ing with substitution in the equations the
corresponding values of distribution coeffi-
cient. Such approach can be effective for
improvement existing technological proc-
esses with high-clean substances or for de-
velopment new ones.

The author thanks colleagues from KPTI
V.S.Voitsenya, V.V.Chebotaryov and V.I.Golota
for useful consultations on plasma physics
and technique and I.I.Papirov for support
in the work.

References

1. G.G.Devyatykh, Yu.E.Elliev, Introduction to
the Theory of Fine Purification of Substances,
Nauka, Moscow (1981) [in Russian].

2. S.S.Gorelik, M.Ya.Dashevskiy, Material Sci-
ence of Semiconductors and Dielectrics, Met-
allurgiya, Moscow (1988) [in Russian].

3. A.I.Belyayev, Physical and Chemical Founda-
tions of Purification of Metals and Semicon-
ductors, Metallurgiya, Moscow (1973) [in
Russian].

4. A.I.Kravchenko, in: Probl. Nucl. Sci. Engineer.,
Ser. Nuclear Physics Investigations (Theory
and Experiment) (1990), v.1, p.29.

5. L.A.Nisel’son, A.G.Yaroshevskii, Interphase
Distribution Coefficients, Nauka, Moscow
(1992) [in Russian].

6. A.Ya.Nashel’skii, V.I.Mevius, Vysocochistyye
Veshchestva, 1, 5 (1994).

7. Crystallization from Melts: Reference Issue,
ed. I.Bartel, E.Burig, K.Hayn, L.Kuhard,
Metallurgiya, Moscow (1987) [in Russian].

8. R.A.Laudise, The Growth of Single Crystals,
Prentice-hall Inc., Englewood Cliffs, New
Jersy (1970).

9. W.G.Pfan, Zone Melting, J.Willey and Sons,
Inc., New York, London, Sydney (1966).

10. A.I.Kravchenko, Inorgan. Mater., 43, 916 (2007).
11. A.I.Kravchenko, Funct. Mater., 16, 101 (2009).
12. A.L.Kravchenko, Inorgan. Mater., 46, 91 (2010).

13. A.I.Kravchenko, in: Probl. Nucl. Sci. Engi-
neer., Ser. Vacuum, Pure Materials, Super-
conductors (2008), v.1, p.18.

14. A.I.Kravchenko, Pat. Ukraine 47601, (2010).

15. V.A.Molochko, S.V.Krynkina, Z.A.Chernaya,
R.A.Lidin, Vysokochistyye Veshchestva, 5,
141 (1987).

16. A.I.Kravchenko, Pat. Ukraine 58356 (2011).

Functional materials, 18, 3, 2011



A.I.Kravchenko |/ Impurities distribution at ...

Illoxo po3moainy momimox npu ¢GazoBUX
nepeTBOPOBaHHAX 3 (pa3u 3 imeaIbHUM
nepeMilryBaHHAM

O.1.Kpaséuenko

ITpononyeTbea ysaragbHUY MiAXi OO POSIIALY POBIOAINY HOMilIOK npu (asoBuX Iepe-
xozmax 3 (hasu 3 ifeaJbHUM IepeMilTyBaHHAM, AKWUI 3aCHOBAHUH Ha 3acCTOCYBaHHI DiBHAHB
IucTUAANiiHOTO pad)iHyBaHHA IIpPU IIiJCTAHOBIII B HUX BifgmoBigHOro KoedimienTy mimkdaso-
BOT'O POBIIOAiNY.
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