@ Crimson Publishers
Wings to the Research

ISSN: 2578-0255

AMMS |z

*Corresponding author: Allakhverdov
GR, State Scientific-Research Institute
of Chemical Reagents and High Purity
Chemical Substances-National Research
Centre, Kurchatov’s Institute, Russia

Submission: g May 31, 2019
Published: g4 July 09, 2019

Volume 3 - Issue 2

How to cite this article: Allakhverdov GR.
Thermodynamics of the Separation of In-
organic Substances During Crystallization
from Electrolyte Solutions. Aspects Min
Miner Sci.3(2). AMMS.000557.2019.

DOI: 10.31031/AMMS.2019.03.000557.

Copyright@ Allakhverdov GR, This
article is distributed under the terms of
the Creative Commons Attribution 4.0
International License, which permits
unrestricted use and redistribution
provided that the original author and
source are credited.

Mini Review ‘ 8 ‘
D@

Thermodynamics of the Separation of Inorganic
Substances During Crystallization from Electro-

lyte Solutions
Allakhverdov GR*

State Scientific-Research Institute of Chemical Reagents and High Purity Chemical Substances-
National Research Centre, Kurchatov’s Institute, Russia

Abstract

A new method for calculating the separation factor in the processes of crystallization of the inorganic
substances from aqueous solutions is proposed. The calculated values of the separation factor are in good
agreement with the experimental data. As the initial data for the calculation are used the solvent activity
data in binary saturated solutions of the impurity and major components.
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Introduction

When crystallization from solution is used to obtain pure inorganic substances, the
degree of purification of the major component in the most important range of trace impurity
concentration can be characterized by the limiting separation factor. This parameter K, can be
represented is the limit of the rate of the component concentrations in phases coexisting in
equilibrium:

where the subscript i and m refer to the impurity and major component, respectively;
y is the mole fraction of the impurity or major component in the solid phase, and x is the
relative concentration, which proportional molality of the component in the liquid phase,
x=vm/W, v-stoichiometric coefficient of the electrolyte, m-molality, W-number of moles of
the solvent per kilogram (W=55,51 for water). This paper presents a theoretical estimate
of characteristics of interaction between components in mixed electrolyte solutions and
calculation of separation factors for the purification of inorganic substances by crystallization.

Theory

According to the Nernst distribution law, under phase equilibrium conditions the
thermodynamics separation factor K can be defined as
KO _ S, L;
T T (2)
where S and L the activities of components in the solid and liquid phases, respectively. K
retains its meaning at any relationship between components, including the limiting case of
pure components. Taking the activity of pure components in the solid phase to be unity, the

Eq.(2) can be represented as the followin%
o L

where L’ and L_° are the activity of the impurity and major component in their saturated
binary solutions. Comparing Eqgs.(2) and (3) and taking into account that, at trace impurity
levels, L_-L_° for x>0, we can write following relation:
S, _ L'

S, L

i i

where L, is the activity of the impurity component in the mixed solution. For x>0, to a
good approximation this parameter can be represented in the form:
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L=L Z ........................... (5)
where L is the activity of the impurity component in its
isopiestic binary solution having the same solvent vapor pressure
as the mixed solution. Combining Eqs.(4) and (5) and substitution
S=yf, where f is the activity coefficient of a component in the solid
phase, we obtain
YuSwm _ Lioxm
3f Ly, (6)
Comparing Egs (1) and (6) and taking account that, under the
condition in question, we can take f =1, we finally have

where f is the activity coefficient of the impurity component in
the solid phase. Relation (7) is similar to the Ratner equation [1],
with the distinction that liquid-phase interaction is represented
here in explicit form as the ratio of the impurity activities in
different solutions.

Thus, we are led to the important conclusion that K, is fully
determined by the properties of the impurity component in the
host component: in a solid phase, by f,, and in a liquid phase, as
the ratio of the activity in its saturated solution to the activity
in a binary solution isopiestic to a mixed solution or, in the case
under consideration (for x,-0), isopiestic to saturated solution
of the major component. The activity coefficient of the impurity
component f can be calculated using known methods for estimating
the interaction of solid solution components [2-4], so below we
consider the possibility of theoretical calculation of the ratio (L°)/
(L;"). According to statistical model of electrolyte solutions [5] the
relationship between the activity coefficient of the solute and the
osmotic coefficient of the solution can be represented in the form

where Z is the partition function of the solution. By potentiating

this relation and limiting it to the linear representation of the
exponent, we have

L e

z z

In concentrated solutions, the main contribution to the partition

function is made by the process of hydration of electrolytes, so we

can use the total ratio
_dlnZ

where h is the hydration number of electrolyte, a is the activity
of solvent. Using the decomposition the partition function Z in
Taylor series by the solvent activity degrees and being limited by
the linear term, we obtain approximation

where h is the hydrate number of the electrolyte in an infinitely
diluted solution. Using approximation

px=—Ina=-In(l-(1-a))=1=a .coeevuvvrrrnu... (12)

and combining Egs.(9) and (11), activity of component L can be
represented in the form:

L =In(xy) =In(px) =1 Z =01~ @)~ h @ oo (13)

Using Eq.(13), the ratio of the electrolyte activities in a binary

solution at different water activities can be determined as
L’ 1-q;
L B D (14)

i

and Eq.(7) can be transformed to its final form

K = f ol (15)

il-a,
where a, and a_ are the solvent activities in binary saturated
solution of the impurity and major component, respectively.

Discussion

Thus, Eq.(15) allows separation factor to be calculated
from available data for binary solutions of a major component
and impurity. The (table 1) show compliance of the calculated
and experimental data on the example of aqueous solutions of
potassium salts with various impurity. The impurity component
is written after the major component. The experimental K, and
a_ ,a values are borrowed from [6-9]. Consider systems where
interaction between their components can be neglected and f can
be taken to be unity. Given the definition of solvent activity, the
separation factor can then be represented as

_ B-B_Iy(B-P)/R,

1

" h-P,
where P is the vapor pressure of the pure solvent, and P,
and P_ are the vapor pressures over binary saturated solutions
of the impurity and major component, respectively. Therefore,
the equilibrium separation factor increases with decreasing
vapor pressure over the binary saturated impurity solution. This
result can be used in the general case as a first approximation for
estimating a priori the purity of a major component in terms of
various impurities.

Figure 1: Separation factor for the crystallization of potas-
sium salts from aqueous solution at 298 K.

System a_ a, h, f Ki(calc) | K/(meas)
KCl-NaCl | 0.843 | 0.753 | 2.56 | 1.2x10° | 2.3x10° | 1.7x10°
KCI-RbCl | 0.843 | 0.751 | 2.14 | 3.4 5.5 9.1
KBr-RbBr | 0.808 | 0.785 | 2.49 | 2.5 2.9 2.4
KI-Rbl 0.686 | 0.761 | 2.25 1.7 1.12 0.98
KNOMg(- | 924 | 0529 | 4.08 1 31.2 28.6
NO,),
KNO:-Co(- | 924 | 0.491 | 4.14 1 40 33.3
Nos)z
KNO.-Cul- | 924 | 0348 | 362 1 66.7 55.6
NO,),
KNO-AIC | 5924 | 0.602 | 522 1 27.8 27.8
NO,),
Conclusion

A new method for calculating the separation factor in the
processes of crystallization of the inorganic substances from
aqueous solutions is proposed. Moreover, only data of binary
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solutions of the major and impurity components (solvent activity in

saturated solutions, or vapor pressure over solutions) can be used

as the initial data for the calculation, without using experimental

data for mixed solutions. The calculated values of the separation

factor are in good agreement with the experimental data.
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