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The equations for comparison of refining efficiency by distillation and Czochralski
crystallization have been derived. It has been shown that for some systems being purified
(for example, at purification of cadmium from zinc, cadmium from arsenic, sulfur from
arsenic) distillation may be either more effective or less effective than Czochralski crystal-

lization, depending on the product yield.

BriBegensl ypaBHeHUSA s CpaBHEHUS 9(DMEKTUBHOCTHA AUCTHJIISIMOHHOTO M KPUCTAJJIN-
sanuonuoro (mo Yoxpaabckomy) paduHupoBauusi. IIoKasaHo, 4TO AJsT HEKOTOPHIX PadUHU-
pyeMbIX cucTeM (Hampumep, AJs OUMCTKU KaIMHUsS OT [IUHKA, KaJAMHUS OT MBIIIbAKA, CEPHI OT
MBIIIbAKA) AUCTUJISANUSI MOMKET ObIThb Oosee shdeKTuBHOM mau meHee s(hPeKTUBHON, ueM
KpucTaaausdanus 1mo JYoxpasbCKoOMy, B 3aBUCHMOCTH OT BBIXO/A MIPOAYKTA.

Properties of modern functional materi-
als are defined by their purity to a great
extent. Distillation and crystallization are
the main methods in production of high pu-
rity substances, and to combine those meth-
ods is reasonable for achievement of best
results [1]. There is a selection problem of
one or another method for effective purifi-
cation of a specific system. The aim of this
investigation is to compare the efficiency of
distillation and Czochralski ecrystallization
purification methods.

To solve that problem, let us use the
simplified equations for calculation of dis-
tillation at low impurity concentration [2]
and conclusion from the work [3] that dis-
tillation and Czochralski crystallization are
described by identical equations (at corre-
sponding substitution in equations the sepa-
ration factor o at distillation by distribu-
tion coefficient % at crystallisation and vice
versa) at low impurity concentration if in-
terphase distribution coefficients are not
differing from unity strongly.

For distillation:

— the impurity concentration in conden-
sate, C;:
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where Cq is the initial impurity concentra-
tion; G, and G, the condensate mass and
the initial material mass, respectively;

— the impurity concentration in the cru-
cible residue, Cy:
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where G is the crucible residue mass.

For Czochralski crystallization:

— the impurity concentration in the

crystal, C,.:
k
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where G, is the crystal mass;
— the impurity concentration in the cru-
cible residue, Cj:

c, (G, k-1 4)
Co (Go)
where G4 is the crucible residue mass.
Depending on the values of coefficients
o and k, the condensate (at o < 1), crystal
(at £ < 1) or crucible residue (at o > 1 and
k > 1) may form the purified product. To
compare the efficiency of distillation and
Czochralski crystallization purification, let
the ratios below be considered:
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(selecting one thereof depending on what is

the purification product) or, in the general-
ized form, the ratio:

c, CY' ¢
where C, and C, are the impurity concen-
tration in the distillation or crystallization
product, respectively. This ratio shows how
many times the impurity concentration in
the distillation product is lower than that in
the crystallization product.

Let the processes be compared at the
same product yield G/Gy: G = Gy, if the
product is a condensate; G = G, if the
product is the crucible residue at distilla-
tion; G = G, if the product is a crystal; G =
G, if the product is the crucible residue at
crystallization. Combining formulas (1)—(4),
we get formulas for calculation of relative
efficiency:

1) at o<1 and £ <1 (the distillation
product is a condensate, the crystallization
product is a crystal)
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2) at > 1 and £ > 1 (the refining prod-
ucts are crucible residues)
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Table 1. Relative efficiency C,/C, depend-
ing on o and k&

o and k values C,/Cy
a<l,k<l,a<k >1
a<l,k<l,oa>k <1
a>1,k>1,a<k <1
a>1,k>1, 0>k >1

a<l, k>1 >1 or <1, depending

on G/G,
a>1, k<1 >1 or <1, depending
on G/G,
Co (a)° (6)
g

3) at o<1 and k> 1 (the distillation
product is a condensate, the crystallization
product is the crucible residue)

&
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C, . . G o’
4

4) at a>1 and k <1 (the distillation
product is the crucible residue, the crystal-
lization product is a crystal)

k
1- [1 _ Gﬁj (8)
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The consideration results of equations
(5)—(8) are summarized in Table1l (at
C,/C, > 1, the distillation is more effective
than crystallization).

It is to note the conditions a <1, £>1
and a > 1, k£ <1 when distillation is more
efficient or less efficient than crystal-
lization, depending on G/G. Tables 2 and 3
that relate to some values of a and % (at
a<1l,k>1and a>1, k& <1, respectively)
illustrate the nature of this dependence
(values C,/C,> 1 are in bold). It is seen
that an interval of G/G{ values may exist in
the systems to be refined where distillation
is more efficient than crystallization.

The calculation results of relative effi-
ciency C,/C, for some real systems using
the reference data [4] are shown in Table 4.
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Table 2. Relative efficiency C,/C, depend-
ing on yield G/Gy at a <1, k> 1

Table 3. Relative efficiency C,/C, depend-
ing on yield G/Gyat o> 1, k<1

G/Gy C,/C, at different o and & G/Gy C,/C, at different o and &
o=1/4,la=1/2 |a=1/4, |a=1/2 k=1/4,k=1/2,|k=1/4, |k =1/2,
k=2 k=2 k=4 k=14 o=2 o =2 o=4 oa=4
0.1 0.4 0.2 0.004 0.002 0.1 2.6 5 250 500
0.2 0.7 0.4 0.03 0.02 0.2 14 2.3 35 67
0.3 1.1 0.6 0.1 0.05 0.3 0.9 1.8 11 20
0.4 1.3 0.7 0.2 0.1 0.4 0.8 14 5 9
0.5 1.6 0.9 0.4 0.2 0.5 0.6 1.2 2.5 4.6
0.6 1.8 1.0 0.6 0.4 0.6 0.6 1.0 1.6 2.9
0.7 1.9 1.1 0.9 0.5 0.7 0.5 0.9 1.1 1.9
0.8 1.9 1.2 1.2 0.7 0.8 0.5 0.9 0.8 1.3
0.9 1.9 1.2 1.5 1.0 0.9 0.5 0.8 0.7 1.0

Table 4. Relative efficiency C,/C, for some systems

G/G, C,/C, at different o and &
Based substance: Cd, Based substance: Cd, Based substance: S,
Impurity: Zn Impurity: As Impurity: As
o=2, k=0.22[4] o =25, k=0.002 [4] o =30, k= 0.4 [4]

0.1 2.6 ~-10%1 ~103°

0.3 0.9 ~1011 ~1015

0.8 0.5 0.8 396

0.9 0.5 0.06 1.0

0.95 0.5 0.02 0.5

It is seen that for cadmium refining from
zine, cadmium from arsenic, sulfur from ar-
senic, the using of distillation is reasonable
with yield not more than 0.3, ~0.8 and
~0.9, respectively. If higher yield values are
desirable, the crystallization purification is
reasonable.

So, using the developed equations, it is
shown that for some systems to be refined,
distillation may be either more effective or
less effective than Czochralski ecrystal-
lization, depending on product yield. It is
reasonable to take into account the results
obtained when designing the refining tech-
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nologies based on distillation and Czochral-
ski erystallization.
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IlopiBHAHHA AUCTHIAALIAHOIO Ta KPHCTAJI3aIiMHOTO
pacdinyBaHHA

O.1.Kpaséuenko

Busegeno piBHAHHSA Iy HOPiBHAHHSA e(EKTHUBHOCTI AHUCTUIANINHOrO Ta KpHCTAJi3a-
wifinoro (8a Yoxpanbcbkum) padimysauus. I[lokasano, 1o nisd AessKUX CHCTEM, 110 padiHy-
IOThCs (HAIPUKJIAL, [IPU OUYHUINEHHI Kaamiioo Big mumHKy, Kagmioo Big muni’siky, cipkm Bix
MUII’IKY), TUCTUJISALisS MOKe OyTu Oinbmr edeKTUBHOIO UM MeHII e(heKTHBHOMI, HilK Kpuc-
Tanxisamis 3a YoxpaiabChbKUM, 3aJIEIKHO Bil BUXOLY IIPOAYKTY.
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