
MSOQG ra@GÊö 
SOLUBILITY OF BAYER LIQUOR IMPURITIES 

IN EVAPORATIVE CRYSTALLIZATION 

Eddie L. Schiller 

Reynolds Metals Company 
Corporate Research and Development 
Alumina and Chemistry Laboratory 

Bauxite, Arkansas 72011 
USA 

Equations have been developed to calculate the solubility 
of Na 2C0 ? and Na 2S0 4 in Bayer liquor during evaporative 
crystallization. The equations predict impurity equilibrium 
concentrations from the free Na+ ion concentration. The 
correlations are based on the liquor molality and assume the 
presence of uni-univalent ions in caustic solutions as 
proposed by Dewey. 
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Introduction 

This laboratory is engaged in the development of rigorous 
energy and mass balance mathematical models for operating 
Bayer plants. In addition to the usual unit operation 
descriptions, these models require mathematical descriptions 
of the properties of the Bayer plant liquors and of the 
chemical reactions and equilibria important to various sections 
of the plant. This paper presents results of a study of the 
equilibria involved in the removal by crystallization of a 
portion of the oxalate, sulfate, and carbonate impurities from 
the recirculating caustic liquor. 

Evaporative crystallization is commonly used in Bayer 
plants to remove a portion of the carbonate, sulfate and 
oxalate impurities from the liquor. The process typically 
involves evaporation of a fraction of the liquor stream from 
which the bulk of alumina has been crystallized. The liquor 
is evaporated to concentrations exceeding the solubility level 
of the impurities, which precipitate and are removed by 
filtration, centrifugation, etc. The residual liquor with its 
reduced impurity level is then returned to the plant stream. 

The purpose of this work is to provide mathematical 
relationships which enable calculation of the amount of 
impurity removed by evaporative crystallization. Since the 
precipitated salts comprise a mixture of crystals of several 
carbonate-sulfate compounds, equilibrium constants could not 
be determined for the individual salts. However, empirical 
expressions relating the equilibrium solubility of carbonate 
and of sulfate in solution to the free Na+ concentration were 
obtained. These expressions enable calculation of the carbo-
nate and sulfate concentration in the liquor after crystalli-
zation, from which the amount of carbonate and sulfate removed 
from a specified feed liquor can be calculated for various 
amounts of evaporation. No expression for oxalate was 
obtained due to analytical problems which will be resolved later. 

Experimental Expressions for Carbonate and Sulfate 

Empirical expressions for the equilibrium concentration 
of carbonate and sulfate in Bayer liquor were derived as 
functions of the free Na+ concentration. The equations are: 

(1) ln[NaC03-]=-2.6642(±0.053) x ln[free Na+] + 5.3677 (±0.17) 

(2) ln[NaS04
_]=-2.6069(±0.107) x ln[free Na+] = 4.2731 (±0.23) 

The crystalline phases of the salts precipitated from 
Bayer liquor or from comparable synthetic liquor by 
evaporative crystallization are Na sC0 5, Na 8C E0 4, Na eC0 3(S0 4) E, 
Na4C0gS04, Na 6(C0 s) ES0 4. The solids from each evaporative 
crystallization test comprised all of the above phases. 

The fit of the regression lines is shown in Figures 1 and 
2. The logarithm of the carbonate or sulfate concentration was 
regressed against ln[free Na+] and temperature. In both cases, 
the temperature coefficient was statistically insignificant. 
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Figure 2. Solubility of Na2S04 
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Calculation of the free Na + concentration is based on 
the theory of uni-univalent ion populations in concentrated 
caustic solutions as proposed by Dewey(l). This assumes _the_ 
presence of only mono-valent ions in solution (e.g., A102 ,ΟΗ , 
NaCOg", NaS04~, etc.). Thus, Na 2C0 s and Na 8S0 4 each 
contribute only one sodium ion to the total "free" Na + 

concentration. 

The solubility expressions were obtained by regression 
analysis of data from 29 laboratory evaporative crystallization 
tests along with literature solubility data. 

The literature carbonate solubility tests used in the 
analysis were conducted with the following types of solutions: 
(1) NaOH (2.2-30%) and Na 2C0 3; (2) NaOH (2.2-30%), 
Na 2s0 4 (0.5-3.1%), and Na 2C0 3; (3) NaOH (8.7-18.6%), NaCI 
(1.7-15%), and Na 2C0 g; and (4) NaOH (8.8-18.6%), NaCI 
(1.7-14.8%), Na 2S0 4 TO.4-2.3%) and Na 2C0 3. 

The sulfate solubility tests used from the literature 
were conducted in these solutions: (1) NaOH (8.7-18.6%) and 
Na 2S0 4; (2) NaOH (8.7-18.6%), NaCI (3-17.3%), and Na 2S0 4; 
(3) NaOH (8.6-19.5%), Na 2C0 s (1.1-4.0%), andNa 2S0 4; and (4) 
NaOH (8.9-18.3%), NaCI (1.9-17.3%), Na 2C0 g (0.2-4.0%), and 
Na 2S0 4. Temperatures ranged from about 50 to 120°C. 

Both synthetic and Bayer plant liquors were used in the 
evaporative crystallization tests, with resulting NaOH and 
NaA102 concentrations ranging from about 11.9-16.3% and 
7.9-20.7%, respectively. The ranges of impurities in the 
evaporation test liquors are: (1) Na 2C0 3, 0.9-3.6%. (2) 
Na 2S0 4, 0.3-2.7%; (3) NaCI, 0-10%; and (4) Na EC a0 4, 0-0.38%. 
Temperatures of the tests ranged from about 111 to 124°C. 

The regression of the carbonate data contained 68 
literature points from three experimenters (Hostalek (2), Green 
and Frattali (2), and Itkina (3)). Good agreement was found 
among the three sets of data and with the evaporative 
crystallization data, except for a few cases where NaCI was 
present as a solid phase as well as Na 2C0 3 (3). Carbonate 
solubility was substantially lower under these conditions. 
These data were not included in the regression, since the 
NaCI concentration was far outside the range typical of Bayer 
liquor. 

The regression of the sulfate data contained 18 
literature solubility points by Itkina. Data by Green and 
Frattali diverged at the higher concentrations and was not 
consistent with the results of Itkina or the evaporative 
crystallization tests. 

The total molality (which is numerically equivalent to 
the free Na + concentration) of the liquors used in the 
correlations range from about 4.5 to 15. Liquors from the 
evaporative crystallization tests comprise the upper range of 
molalities (~8.5 to 15) and extend the range of the literature 
carbonate and sulfate data as seen in Figures 1 and 2. 
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DISCUSSION 

An apparatus consisting of a 600 ml teflon beaker, rubber 
stopper, reflux condenser, and condensate draw-off tube was 
used in the laboratory tests. Heat and agitation were supplied 
by a hotplate with magnetic stirrer. The liquor was boiled 
at atmospheric pressure and allowed to evaporate by removing 
condensate from the system. Each test then was allowed to 
reflux overnight to equilibrate. The resulting slurries were 
vacuum filtered and the liquor diluted to ensure its stability 
for subsequent analysis. Solids were washed with "Reagent 
Alcohol", dried at 110°C, ground and analyzed by wet assay 
and x-ray diffraction. 

Feed liquors consisted of synthetic and actual Bayer 
plant liquors having about 6% NaOH, 2% Na sC0 3 and 6% NaA102, 
concentrations typical of feed to a plant evaporative 
crystallizer. The synthetic liquors were spiked with Na 2S0 4 

NaCI, and Na 2C 20 4 to obtain a range of concentrations; some 
of the Bayer liquors were also spiked to obtain higher than 
typical amounts of these salts. The overall range of 
starting concentrations for these impurities are: (1) Na 2s0 4, 
0.87-2.05%; (2) NaCI, 0-2.8%; (3) Na 2C 20 4, 0-0.4%. 

Several evaporation tests were run with each feed liquor 
in order to span the range of soda concentrations normally 
encountered in the discharge liquor in plant operations. 
Analyses of the 29 test liquors are presented in the 
Appendix. 
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