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By analogy with distillation refining of a flowing liquid, the possibility of refining by pulling
a crystal from a melt stream is considered. The technological parameters of the named processes
are (in addition to the effective separation coefficient) the evaporation rate or crystallization
rate, respectively, and the evaporation surface area or crystal cross-section, respectively, and the
flow of refined substance. The fundamental possibility of implementing continuous crystalliza-
tion refining using a thin layer of melt to increase the purification efficiency is noted.
Keywords: distillation, crystallization, refining.

IIpo padinyBanusa qucruisnieo ad0o Kpucrasiisaiieio y npoecax 3 IIOTOKOM Pevo-
BUHH, o padinyersca. O.1. Kpasuenxo.

3a aHaJoTi€en 3 JUCTUIAIINHNUM padiHYBAHHSIM IIOTOYHOI PIIUHU, POSTJISHYTO MOMKJIUBICTH
padinyBaHHI BUTATYBAHHAM KPHCTasa 3 IOTOKY POSILIABY. TexHOIOTIYHUME TapaMeTpamMu
Ha3BaHUX Hpouecua e (Rle ed)eKTHBHoro Roe(bluleHTa Homny) MIBUIKICTD BUIIAPOBYBAHHA
abo I_TIBI/I,ILRICTL KpI/ICTaJnsaLul Bl,ELl'IOBl,ILHO 1 IJI0INa TOBEPXHI BUIAPOBYBAaHHsS abo Iepepisy
KpHCTaa, Bl,LI;HOBlL[HO a TaKOK IOTIK pevyoBHHH, 110 padiHyerbes. BimsmaueHo mpuHImMmoBa
MOSKJIMBICTE 3O1MCHEHHS 0e3MepepBHOTO KPHUCTAII3AIIHHOrO padiHyBaHHS 3 BUKOPHUCTAHHSIM,

JUIST TTTBUIIEHHS e(PEeKTUBHOCTI OYUINEHHS, TOHKOI'O IIapy PO3ILIARBY.

1. Introduction

Distillation and crystallization are the main
methods of obtaining high-purity substances.
The theory of these refining methods has been
developed (the similarity of their mathematical
description 1s noted) and extensive experience
has been accumulated in their application [1-9]
—including the creation of industrial continuous
distillation apparatus [10], in which the refin-
ing process can be carried out using a thin layer
of the refined substance, 1.e. with increased re-
fining efficiency. There are three known factors
that determine the efficiency of refining [8, 9]:
the separation coefficient, the product yield g
(the ratio of the mass of the condensate to the
initial mass of the distilled substance or the part
of crystallized material) and the Peclet number
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Pe = X(v/D), where v is the velocity of the phase
separation surface, D is the diffusion coefficient
of the impurity in the refined material, X is the
size factor of the material, the role of which in
processes with a flow of the refined substance is
played by the thickness of the flow. In general,
using the effective separation factor, the depen-
dence of the refining efficiency on g (or on the
fraction of the residue r = 1 - g) is described by
the equations

c._1-(1-g)
C, g
and
Cr — rﬂfl ,
CO
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where C, and C, are the average concentrations
of impurity in condensate or in crystal and in
the residue, respectively, C is the concentra-
tion of impurity in the starting material, and 8
is the effective separation factor for distillation
or the effective distribution coefficient for crys-
tallization (commonly referred to as k) [6-9].
Meanwhile, the possibility of creating a
crystallization analogue of continuous distilla-
tion has not been considered. Consideration of
this possibility was the purpose of this work.

2. Product yield in the processes
with flow of refined liquid

Scheme of crystallization process with a
flow of refined liquid is shown in Figure. (It is
possible to grow a crystal with a rectangular
cross-section using Stepanov’s method [4].) The
Figure 1 can also be considered as a scheme of
a continuous distillation process if we consider
that a stationary capacitor, and not a crystal, is
depicted above the liquid flow.

In the processes under consideration, the
flow @ of the refined substance in a certain sec-
tion partially evaporates from the surface with
area s, turning into condensate, or partially
crystallizes by pulling a crystal with a cross-
sectional area s.

In the distillation process under consider-
ation

where w is the rate of evaporation of a sub-
stance from a unit surface per unit time.

In the crystallization process under consid-
eration (taking into account that w = pv, and as-
suming that the density of the crystal is equal
to the density p of the melt)

pVs
Q b
where v is the crystallization growth velocity.

3. Results and discussion

The yield g (and the refining efficiency C/C)
in the processes under consideration is deter-
mined by the values of s and . The values of
w, v, s and @ must be such that the constraint
g <1 1s not violated.

It is not difficult to establish the flow rate
V of the refined liquid at the entrance to the
evaporation or condensation region. If the flow
has a cross-sectional area S, then g can be rep-
resented as:
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Fig. 1. Scheme of pulling a crystal from a melt
stream

<\i
i)
n|»

or
v
vV S

for distillation and crystallization correspon-
dently, from where V can be found for given
values of the other quantities. And if the flow
in the crystallization process has a rectangular
cross-section of height A and width H, and the
crystal has a rectangular cross-section with di-
mensions [ and H in the directions along and
across the flow, respectively, then

| »

g:

(The formula for g for distillation with a rectan-
gular evaporation surface has a similar form.)

Obviously, an uneven distribution of impu-
rities in the transverse direction along the melt
flow can form in the crystal (similar to how an
uneven distribution of impurities is formed
along a crystal obtained by normal directional
crystallization [4]). In this case, the value of
C/C, should remain constant in both the dis-
tillation and crystallization processes under
steady-state conditions.

The considered crystallization method of re-
fining allows for processes to be carried out us-
ing a thin layer of the substance being refined
— to increase the efficiency of refining.

4. Conclusion

By analogy with distillation refining of a
flowing liquid, the possibility of refining by
pulling a crystal from a melt stream is consid-
ered. It is shown that the efficiency of refining
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in these processes is determined (in addition to
the effective separation coefficient) by the val-
ues w or v, respectively, and the evaporation
surface area or crystal cross-section, respective-
ly, and by a flow of refined substance (or by the
relations w/V or v/V and s/S). The fundamental
possibility of implementing continuous crystal-
lization refining using a thin layer of melt to
increase the purification efficiency is noted.
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