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Abstract: The thermodynamic properties of the most important NaOH—NaAl(OH),—H,O system in Bayer process for alumina

production were investigated. A theoretical model for calculating the equilibrium constant of gibbsite dissolved in sodium hydroxide

solution was proposed. New Pitzer model parameters and mixing parameters for the system NaOH—NaAl(OH),~H,0 were yielded

and tested in the temperature range of 298.15-373.15 K. The results show that the proposed model for calculating the equilibrium

constant of gibbsite dissolution is applicable and accurate. The obtained Pitzer model parameters of B®(NaAl(OH),),
AP (NaAl(OH),), C®°(NaAl(OH),) for NaAl(OH),, the binary mixing parameter of (OH Al(OH),") for AI(OH),” with OH ", and the
ternary mixing parameter of w(Na'OH Al(OH),") for AI(OH), with OH and Na' are temperature-dependent. The prediction of the

equilibrium solubility of gibbsite dissolved in sodium hydroxide solution was feasible in the temperature range of 298.15-373.15 K.
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1 Introduction

The solubility isotherm of the Na,0O—Al,0O;—H,0
system at different temperatures is the research
foundation of the Bayer alumina production and phase
equilibrium, which plays an important role in the
industry of alumina production. The essence of the Bayer
process is that alumina hydrates dissolve and precipitate
alternately in the Na,O—Al,O;—H,O system under
different conditions. Unfortunately, notably conflicting
objectives between product quality and yield in
precipitation require a solution. The focus of this study,
therefore, is on the equilibrium solubility of gibbsite in
the concentrated NaOH solutions, which will facilitate
the research and development of new technologies for
reducing energy consumption and alumina production
cost.

Quantitative knowledge on the solubility of gibbsite
dissolved in Bayer liquors is essential for phase
equilibria and thermodynamic properties of hydrated
alumina in concentrated NaOH solution. The solubilities
of alumina hydrates dissolved in sodium hydroxide
solution were reported by RUSSELL et al [1], APPS and

NEIL [2], IKKATAI and OKADA [3], POKROVSKII
and HELGESON [4]. However, many researchers
attempted to develop the thermodynamic model of the
NaOH—-NaAl(OH),~H,0 system to conveniently obtain
series of solubility data, since the experimental data are
limited and hard to collect in the literatures. The model
studies can be divided into two categories. 1) The
thermodynamic models based on the physico-chemical
properties of the NaOH—NaAl(OH),—H,O system.
ZHOU et al [5] measured the osmotic coefficients at
313.2 K for the NaOH—NaAl(OH),—H,0 system with the
total alkali molality from 0.05 to 12 mol/kg and oy from
1.64 to 5.53, and obtained Pitzer model parameters by
regressing the data. KONIGSBERGER et al [6]
measured the isopiestic of mixed electrolyte solutions
involving sodium hydroxide and other components of
Bayer liquors at 323.15 K and 373.15 K following
Zdanovskii’s rule, and established a predictive
thermodynamic model based on Pitzer’s equations.
CAIANI et al [7] measured the apparent molar heat
capacities of aqueous alkaline solutions of aluminum ion
in excess NaOH at temperatures between 323.15 and
523.15 K in the total molality range of 0.3—1.7 mol/kg,
and also developed the parameters of the Pitzer ionic
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interaction model. MAGALHAES et al [8] measured the
specific heat capacities of aqueous NaOH/NaAl(OH),
solutions at total stoichiometric ionic strengths of up to 6
mol/kg at 298.15 K and verified the accuracy and
adaptability of Pitzer model. 2) Thermodynamic models
developed on the solubility data of gibbsite dissolved in
NaOH solutions. WESOLOWSKI [9] gave a set of
approximate values of pure electrolyte Pitzer model
parameters for NaAl(OH)4(aq) in the temperature range
of 273.15-373.15 K, as well as the mixing parameters
for AI(OH), with OH and OH + Na', by modeling the
solubility of gibbsite with the Pitzer ion interaction
treatment. LI et al [10,11] introduced the apparent
dielectric constant of sodium aluminate solution, and
then established a calculation model
coefficients according to Debye-Hiickel theory.

of activity

Despite of the wealth of experimental data for the
NaOH—-Al,O;—H,O system, few direct studies of the
equilibrium constant are available. Consensus has not
been reached completely on the values of equilibrium
constant, and there is no theoretical model to accurately
describe
equilibrium constants calculated from solubility data are
not exactly equal to the true ones. For example, the
calculated equilibrium constant  values by
WESOLOWSKI [9] agreed well with most of the
experimental values of RUSSELL et al [1], but they were
obviously greater than those of IKKATAI and OKADA
[3]. POKROVSKII and HELGESON [4] modeled all of
the previous experimental work and calculated the values
of equilibrium constant, which is equivalent to the
calculated mean value by ZHOU et al [5]. In this work,
the objective was to develop a thermodynamic model to

the equilibrium constant. Moreover, the

predict the behavior of gibbsite in highly aqueous
sodium hydroxide electrolytes solutions, and to provide a
theoretical basis of developing new techniques for
production. ~ Under
attempt to 1) develop a
thermodynamic model to describe the equilibrium
constant of gibbsite dissolved in NaOH solutions, 2)
determine Pitzer model parameters and mixing
parameters for the NaOH—NaAI(OH),—H,O system, and
3) assess the applicability of the model proposed.

industrial alumina these

considerations, we

2 General research thinking

It is known that the Bayer process can be considered
an industrial scale recrystallization of gibbsite in the
presence of various organic (e.g., oxalate, succinate,
acetate) and inorganic (e.g., carbonate, chloride, sulphate)
impurities. The composition and structure of aluminate
complexes in Bayer liquors have been investigated
intensively over the past 120 years. The majority of

published works reach the agreement that the pure Bayer
liquors consist only of three components [12]: H,O,
NaOH and dissolved AI(III). Several aluminate species,
such as Al(OH),, AlO,, AIO(OH),, Al(OH), -2H,0,
Al(OH)s*, AI(OH),", AI(OH), OH, ALO(OH)¢",
[AI(OH),]¢"” and NaAl(OH), have been postulated in the
literatures. According to the previous studies [13—15], it
is generally agreed that the tetrahedral aluminate ion
Al(OH), is the predominant species in sodium
aluminate solution of moderate concentration of 2—4
mol/kg below 373.15 K. Therefore, on the basis of the
possible equilibrium among the various species, the
actually existing species are Na‘, AI(OH), , OH and
H,O0 in an infinitely dilute sodium aluminate solution [5].
The dissolving reaction of gibbsite and
hydroxide solutions can be expressed as follows:
Al(OH); (cr) + NaOH(aq) = NaAl(OH), (aq)
The equilibrium constant, K, is

sodium

_ a*(NaAl(OH),)
K=—" " -"747
a? (NaOH)
_ 7’ (NaAI(OH),)-m(Na") - m(Al(OH),)
»*(NaOH)-m(Na*)-m(OH™)
_ 7’ (NaAI(OH),)- m(Al(OH);)
7*(NaOH)-m(OH")

(M

where
m = m(NaOH+NaAl(OH), )
=m(Al(OH)4)+m(OH") (2)
m(NaAl(OH),) = m(Al(OH), ) = my 3)
m(NaOH) = m(OH ™) = m(1 - ) 4)
Substitution of Egs. (2—4) into Eq. (1) yields

K = 7~ (NaAI(OH), )-my
7*(NaOH) - m(1- y)

(&)

Equation (5) is a concise expression that combines
the equilibrium constant with the molality of NaAl(OH),
and NaOH. Logarithmic transformation of Eq. (5) and
rearrangement yields

In[y(NaAl(OH),)] - In[y(NaOH)] =

In K+In m(1-y)—In my
2

Nowdays, Pitzer and the improved equations are the
most widely used models of aqueous electrolytes and the
results of Pitzer theory in studying thermodynamic
properties are satisfying. According to the ion-interaction
approach developed by Pitzer and coworkers [16], the
activity coefficient of the NaOH-NaAl(OH),~H,O
system is given by:

(6)
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InK+lnm(l-y)—Inmy _
2

mB? (NaAl(OH), )+

N

_1_(1+a1m1/2)exp(—0!1m1/2ﬂ ﬂ(l)(N AI(OH),) +
I a 4

2[ 1= 1+ aym"?)exp(—aym" 2)]

- B? (NaAI(OH),) -
a,

m B0 (NaOH) —
2 [1 —(1+ ozlml/2 )exp(—alml/z)]

2
%

BY (NaOH) -

2[1-(1+ ml/z)exp(—a ml/z)
[ : il B (NaOH) +

2
a,

%mzC(D (NaAl(OH),) —%mZC(D (NaOH) +

(m—2my)6(OH™ AI(OH), )+

2
(-~ m’y)y (N OH” AI(OH),) (7

As shown in Eq. (7), there is a mathematical
relationship between the values of m and y on the
assumption that other items are fixed values. If the Pitzer
model parameters, mixing parameters for the system
NaOH—-NaAl(OH),~H,O and the equilibrium constant
for the dissolving reaction are known, we can calculate
the value of y for an appointed value of m at various
temperatures with  the computer.
Consequently, precise knowledge of the equilibrium
constant, Pitzer model parameters and mixing parameters
for the system NaOH—NaAl(OH),—H,O are essential for
prediction of the equilibrium solubility of AI(OH); in
concentrated NaOH solutions.

assistance  of

3 Calculation of equilibrium constant of
gibbsite dissolved in sodium hydroxide
solution

The usual ways [17—19] are to develop an empirical
equation to calculate a large number of systematic data
covering a wide range of temperatures, since the
measured data of equilibrium solubility are limited and
difficult to collect. In our early study [11], an empirical
equation for calculating equilibrium constant of gibbsite
dissolved in sodium hydroxide solution has been
proposed. It should be noted that our earlier paper had
some mistakes and lacked theoretical basis to some
extent. So it is necessary to develop an applicable and
efficient model for calculating the equilibrium constant

of gibbsite dissolution. The following extended Debye-
Hiickel equation reported by HELGESON et al [20] is
taken as the object of this study:

1/2
A2
lgy, =———————+bI (8)
l+aBY1
where
_ 1.8248x10° p''? )
- (gT)3/2
B - 50.291x10° p'’? (10)
Y (ET)I/Z

According to Eq. (1) and Eq. (8), the following
equation for the NaOH-NaAl(OH),—H,O system is
derived:

| m(Al(OH),)
m(OH™)

1 1
1+4(NaAl(OH),)B,I"*  1+4(NaOH)B, 1" -

lg K —2[b, (NaAl(OH),) - b, (NaOH) ]/ (11)

where d(NaOH)=3.31 A, d(NaAl(OH),)=3.595 A;
I=[m(Na"y+m(Al(OH), )+m(OH )]/2=m(Na"); 4, and B,
can be obtained through Eq. (9) and Eq. (10). As shown
in Eq. (11), providing the influence of pressure is
neglected, the term of Ig K can be expressed as a function
of  temperature, ) can the term of
[b(NaAl(OH);)—b,(NaOH)]. Thus, the right part of
Eq. (11) can be expressed as a function of temperature (7)
and ionic strength (/).

According to the general temperature-dependent
equations employed by PABALAN and PITZER [21],
and SIMONSON et al [22], the Pitzer model parameters
B, p, 2, C*) for NaOH and NaAl(OH), in mixed
aqueous electrolytes are applied to the following
algorithm:

f(T)=A4+ 4 /T+4InT+A4,T (12)

Accordingly, the equations of activity coefficient for
NaOH and NaAl(OH), transform into the temperature-
dependent expressions. Then, substitution of Eq. (12)

into Eq. (1) and rearrangement yield
Al(OH),

gk =1g™AODD e Lo irremTc,n)
m(OH™)

(13)
Substitution of Eq. (13) into Eq. (11) yields

[b,(NaAl(OH), ) - b, (NaOH)]/ =
[C+C,y/T+CyIn T+C,T1+ 4,17
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1 1
1+ 4(NaAl(OH),)B,I""*  1+4(NaOH)B,I'"?

(14)

Equations (13) and (14) are temperature-dependent.
As the molalities of AI(OH), and OH are fixed values
in the NaOH—NaAI(OH),—H,O system for a specific
temperature, the item of Ig[m(Al(OH), )/m(OH")] in
Eq. (13) is a constant. Furthermore, the second item in
the right term of Eq. (14) can also be expressed as a
constant. Equations (13) and (14) are then transformed
into Eq. (15) and Eq. (16), respectively

lgK=p +p,/T+psn T+ p,T (15)
by (NaAl(OH),) - bY (NaOH) =
Ps+ s/ T+ p;In T+ pT (16)

As shown in Eq. (15) and Eq. (16), the equilibrium
constant and the modified parameter b, are expressed by
the temperature-dependent equations. Substitution of
Eq. (15) and Eq. (16) into Eq. (11) and rearrangement
yield the final equation:
|, MCAIOH);)

m(OH™)

_2Av]1/2'

1 1
1+G(NaAl(OH),)B,I"*  1+4(NaOH)B, 1" -

D+ py/T+pyInT+ p, T~
[ps+ps/T+p; InT+ pT1I (17)

Equation (17) is a fitting equation corresponding to
equilibrium solubility data of gibbsite, where T is
absolute temperature (K), and p; is a fixed value which is
obtained by linear regressing. The fitting model has
definite theoretical basis which was tested and verified
by literature [11]. Furthermore, the new model obtained
is better than the previous one due to its brief and
improved characteristics. The fixed values of parameters
corresponding to Eq. (17) are obtained and listed in Table 1

Table 1 Fixed values of parameters of p; to pg in Eq. (17)

Parameter Value
P ~161.14950
P 4629.7868
D 26.695908
D4 —2.5588487x102
s —145.48317
Ps 4327.0340
P 24.842142
Py —3.5592409x1072

by linear regressing the selected solubility data in the
temperature range of 298.15-373.15 K [1, 9].

Then, the expression of the equilibrium constant of
gibbsite dissolved in sodium hydroxide solution in the
temperature range of 298.15-373.15 K is given as
follows according to Eq. (15) and Table 1.

lgK =—161.1495+4629.7868 /T +
26.6959InT —0.0256 T (18)

The values of equilibrium constant were calculated
at various temperatures according to Eq. (18), as shown
in Fig. 1. And the comparison between the calculated
values of Ig K and references data was made, as shown in
Fig. 2.

It is known that the equilibrium constant is mainly
influenced by temperature. The trends of equilibrium
constant in Fig. 1 show that the equilibrium solubility of
gibbsite increases with the increase of temperature in
the system NaOH-NaAl(OH),—H,O, indicating that
temperature adjustment is an effective measure to enrich
the caustic solution with a maximum of alumina in

0.7

*—Calculation value
0.6r

0.5F

0.4

0 1 1 1 1 1 1 1 1
290 300 310 320 330 340 350 360 370 380
Temperature/K

Fig. 1 Equilibrium constant of gibbsite dissolved in sodium
hydroxide solution

0
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Fig. 2 Comparison between calculated and reported data for

equilibrium constant of gibbsite dissolved in sodium hydroxide

solution
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digestion and to subsequently drive out a maximum of
alumina from the solution in precipitation. Figure 2
presents the calculated and reported data of equilibrium
constant of gibbsite dissolved in sodium hydroxide
solution. The comparison shows that the calculated
values agree well with most of the values of
WESOLOWSKI [9] and CHANG [23], indicating that
the fitting model is suitable and accurate to predict the
equilibrium constant of the dissolving reaction of
gibbsite. Details of value assignment can be found in the
original paper [11].

4 Development of Pitzer model parameters
and mixing parameters for NaOH-
NaAl(OH)s—H;0O system

Many researchers have proposed different methods
to calculate the temperature-dependent Pitzer model
parameters for the system NaOH—NaAl(OH),—H,O since
1970s. The binary and ternary mixing parameters are
also required by the ion-interaction model for calculation
of the mixing electrolytes. In the regression analysis, the
values of #?(NaOH) and f®(NaAl(OH),) are taken to be
zero as Refs. [9,21]. It was shown that the items of Pitzer
model parameters of NaOH are the opposite number of
that of Pitzer model parameters of NaAl(OH),in Eq. (7).
Therefore, the items of A”(NaOH), A (NaOH) and
C®(NaOH) must be ascertained in order to regress the
items of AYNaAl(OH),), A"(NaAl(OH),) and
C®(NaAl(OH),). Furthermore, the values of the binary
mixing parameter of G(OH AI(OH), ) and ternary

Table 2 Pitzer model parameters for NaOH at different temperatures

mixing parameter of w(Na'OH Al(OH),), which are
usually taken as fixed values by researchers [9], are
limited and applied to only low concentrations. Precisely,
the mixing parameters are taken as the object of
regression to testify the influence of the ion-interaction.
In the following calculation, Pitzer model parameters for
NaOH reported by PABALAN and PITZER [21], as
shown in Table 2, are first adopted in this study.

When the Pitzer model parameters for NaOH and
the equilibrium constant for the dissolving reaction are
known, the Pitzer model parameters for NaAl(OH), and
the mixing parameters can be regressed by solving
Eq. (7). The results are listed in Table 3.

As shown in Table 3, the Pitzer model parameters
for NaAl(OH),, fY(NaAl(OH)4), f"(NaAl(OH);) and
C®(NaAl(OH),), are temperature-dependent, which was
proved by CAIANI et al [7]. The mixing parameters of
O(OH AI(OH); ) and w(Na'OH AI(OH),) are also
temperature-dependent, as shown in columns 6 and 7 in
Table 3. This is different from that reported by
WESOLOWSKI [9] where the values of mixing
parameters of 9(OH Al(OH), ) and y(Na OH Al(OH),")
were regarded as a constant of 0.014 and —0.0048 in the
temperature range of 273.15-373.15 K, respectively. As
the ion-interaction is of electrostatic force with the
characteristic of  temperature-dependence, the
temperature-dependent binary and ternary mixing
parameters obtained are reasonable. The results were
tested in Ref. [24] which determined the temperature-
dependent y;; functions based on the solubility data and
the previously determined values for 6; at 298.15 K.

T/K SONaOH) SD(NaOH) AP (NaOH) C®(NaOH)
303.15 9.4002813x107 0.26357682 0 3.1238742x10°°
313.15 9.6972971x1072 0.28338930 0 2.2692658x107
333.15 9.7787128x10 0.32070632 0 1.0197577x107°
343.15 9.6078778x10 0.33937468 0 5.8825466x10*
353.15 9.3386274x107 0.35848738 0 2.5513338x107*
363.15 9.0022380x10 7 0.37817811 0 —1.2423894x10°°
373.15 8.6262766x107 0.39846147 0 -1.9983881x107*

Table 3 Pitzer model parameters for NaAl(OH), and mixing parameters at different temperatures

/K pONaAl(OH),) SY(NaAl(OH),) AP(NaAl(OH),) C®(NaAl(OH);) 6(OH Al(OH);) w(Na'OH Al(OH),)
303.15  —1.6020938x107"  4.5736746x1072 0 3.0103296x1072  3.0241822x107"  —3.9196806x10
313.15  —1.6396165x10"  6.2031183x10™" 0 2.5178395x107%  1.8246309x10"  —5.3981041x107
333.15  —1.9462710x107"  3.2822470x10"" 0 3.6543745x1072  3.6119943x107"  —2.7432205x107
343.15  —7.6236022x107%  3.2646225%107" 0 2.1816426x107%  1.9496882x10""  —1.0131680x1072
353.15  —1.4006312x107"  1.8533800x10"" 0 5.0425622x1072  4.4412598x107"  —5.1293991x107
363.15  —6.3984484x1072  1.8760612x10™" 0 3.9588945x1072  4.4099751x107"  —9.0926850x10
373.15  —3.7742869x10°  2.5808232x10"" 0 238433021072  2.4205154x10""  —1.5809806x107
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When the Pitzer model parameters for NaOH and
NaAl(OH),, the binary mixing parameter and ternary
mixing parameter are known, all the items of Eq. (7) can
be obtained except m and y. Therefore, y can be
calculated by solving Eq. (7) with the given value of m
by iterative method. The calculated equilibrium
solubilities of the NaOH—NaAl(OH),~H,O system at
various temperatures are plotted in Fig. 3. Furthermore,
the solubility curves can be obtained by Lagrange
interpolation method at other temperatures.

As shown in Fig. 3, the molality of NaAl(OH),
increases rapidly with increasing the temperature and
alkali concentration in Bayer liquors. The value of
m(NaAl(OH),) at higher temperature is greater than that
at lower temperature, and the extent of increase in
m(NaAl(OH),) is more obvious at higher temperatures.

alalaikakiks

0.8

0.4

m(NaAl(OH),)/(mol*kg™)

m(NaOH)/(mol-kg™)

Fig. 3 Equilibrium solubility for NaOH-NaAl(OH),—H,O
system at different temperatures

5 Assessment of model applicability

The equilibrium solubilities for gibbsite dissolution
were predicted in a relatively wide range of caustic soda
concentrations of 0—6 mol/kg at different temperatures in
order to testify the precision of the new Pitzer model
parameters and mixing parameters. The predicted data
were compared with the reported experimental ones [1,
9], as shown in Fig. 4.

Figure 4 shows that good agreement reaches at
different temperatures, indicating that the developed
model is suitable and accurate to predict the equilibrium
solubility of gibbsite dissolved in sodium hydroxide
solution. Furthermore, it is necessary to make a
comparison between the predicted data of this work and
the reported data of references which were not used for
developing the Pitzer model parameters and mixing
parameters. Combined with the data in Table 2 and Table
3, the Pitzer model parameters for NaOH and NaAl(OH),
and the mixing parameters were calculated at 323.15 K
by Lagrange interpolation techniques (shown in Tables 4
and 5). Thus, the corresponding equilibrium solubilities
of gibbsite dissolution can be obtained at 323.15 K by
iterative method with the help of computer, as shown in
Table 6.

Table 4 Pitzer model parameters for NaOH at 323.15 K
AO(NaOH) AO(NaOH) SP(NaOH) C®(NaOH)
9.7380050x1072 3.0204781x10"" 0 1.6445118x107°

Table 5 Pitzer model parameters for NaAl(OH), and mixing parameters at 323.15 K

B®(NaAl(OH),)  V(NaAl(OH);)  AP(NaAl(OH),)

C®(NaAl(OH);) 6 (OH AI(OH),) w(Na'OH Al(OH),)

—-1.7929438x107" 4.7426827x107" 0

3.0861070x107 2.7183126x10™" —1.6415155x1072

Table 6 Comparison of calculated gibbsite solubility data according to several activity coefficient models over a range of molality of

total alkali at 323.15 K

T/K m m(NaAl(OH),)P!  m(NaAl(OH),)®  m(NaAl(OH),)'  m(NaAl(OH))W  m(NaAl(OH),)™
323.15  0.10000 0.01264 0.01336 0.01181 0.01374
323.15  0.50220 0.06389 0.06655 0.06844 0.06349 0.07391
323.15  0.51430 0.06547 0.06941 0.07013 0.06511 0.07580
323.15  1.01900 0.13372 0.1426 0.1429 0.1353 0.1577
323.15  1.27060 0.16988 0.1715 0.1810 0.1718 0.2005
323.15  3.04500 0.47172 0.4976 0.4963 0.4649 0.5464
323.15  6.00000 127118 1.331 1.262 1.490
323.15  8.00000 2.43432 2.260 2.304 2.695
323.15  10.0000 3.50657 3.590 4.023 4.573

m(NaAl(OH))!™ is calculated with our Pitzer model parameters and the equilibrium constant of the dissolving reaction given by this work; m(NaAl(OH),)™ is
the experimental gibbsite solubility data taken from WESOLOWSKI [9] and RUSSELL et al [1]; m(NaAl(OH)4)™ is calculated with the Pitzer model
parameters [16] and the equilibrium constant of the dissolving reaction given by WESOLOWSKI [9]; m(NaAl(OH))! is calculated with the ZHOUs Pitzer
model parameters [5] and the equilibrium constant of the dissolving reaction given by APPS and NEIL [2]; m(NaAl(OH),)'*! is calculated with the ZHOU’s
Pitzer model parameter [5] and the equilibrium constant of the dissolving reaction given by WESOLOWSKI [9].
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Fig. 4 Comparison between model-predicted and reported solubility of gibbsite at different temperatures: (a) 303.15 K; (b) 313.15 K;

(c) 343.15K; (d) 353.15 K

As shown in Table 6, the equilibrium solubility is
also well predicted for the gibbsite dissolved in caustic
soda solution at 323.15 K, confirming the reliability and
applicability of the model proposed in this study. The
method employed in this work provides a theoretical
basis to study the behavior of components in sodium
aluminate solution and may be extended to the similar
systems of uni-univalent electrolytes.

6 Conclusions

1) The equilibrium constant of gibbsite dissolved in
sodium hydroxide solution in the temperature range of
298.15-373.15 K can be obtained by the equation:
lg K=—161.1495+4629.7868/T+26.6959In 7-0.0256T.

2) The obtained Pitzer model parameters of
SO(NaAl(OH),), fV(NaAl(OH);) and C®(NaAl(OH),)
for NaAl(OH);, the
6(OH Al(OH), ) and the ternary mixing parameter of
w(Na'OH Al(OH), ) are all temperature-dependent.

3) New parameters allow the -calculation of
equilibrium solubility of gibbsite in concentrated NaOH

binary mixing parameter of

solutions in the temperature range of 298.15-373.15K.

List of symbols

a(NaAl(OH),)—Activity of NaAl(OH)4;

a(NaOH)—Activity of NaOH;

y(NaAl(OH),)—Activity coefficient of NaAI(OH)y;

y(NaOH)—Activity coefficient of NaOH;

m(Na")y—Molality of Na', mol/kg;

m(Al(OH), )—Molality of AI(OH), , mol/kg;

m(OH )—Molality of OH, mol/kg;

y—Solute mass fraction of NaAl(OH),, %;

6(OH Al(OH); ) — Binary mixing parameter for
Al(OH), with OH ;

w(Na'OH Al(OH), ) — Ternary mixing parameter for
Al(OH),” with OH and Na;

a1, op—Universal parameters, (kg/mol)
(kg/mol)"? and «,=8 (kg/mol)"?;

b,—Extended-term parameter;

12
/, where a,;=2

Z.—Charge of cation;

Z—-Charge of anion;

d—Tonic size parameter of electrolyte, A;
I—lonic strength, mol/kg;

A,—Debye-Hiickel solvent parameter, (kg/mol)"?;

B,—Debye-Hiickel solvent parameter, kg"?/(mol"*-cm);
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T—Absolute temperature, K;

&—Dielectric constant of H,O;

p—Density of H,0, g/cm’;

A—Constant;

C—Constant;

pi—Constant;

AP(NaOH), f(NaOH), f*(NaOH), C*(NaOH)—Pitzer

model parameters for NaOH;

B(NaAl(OH),), AV(NaAl(OH)y), B*(NaAl(OH),),
C®(NaAl(OH),) — Pitzer model parameters for
NaAl(OH),.
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i OE. AW IEEEA AL A R T R TR NaAl(OH),~NaOH-H,0 1A%, I = /KA T A8
VR ) B NP R B PR, 345 R NaAL(OH), BT (1) Pitzer B8 2401 NaOH-NaAl(OH),—H,O &%
IR G S HOR BN 298.15~373.15 K)o F BRI Z 4506 NaAl(OH),~NaOH-H,0 & FR AT & FH 1% 45
Mro 45 BRI KR A R85 = /K AR VA S I 1) S48 038 L MERA ) LA 5 NaAI(OH), Y Pitzer
KA 248 pONaAl(OH),) « AP(NaAl(OH),) F1 C®(NaAl(OH)y), AIOH), 5 OH ) — & T H 1 H = %
6(OH Al(OH), ), LLK& AI(OH), 5 OH I Na'f) =B FHHAEH S5 y(Na OH AIOH), )Y 5L Uil
71 298.15~373.15 K I, Pl = 7K A v T~ Sl S A0 M s o 1) ~ BT R B 2 mIAT 1Y o
KR Pitzer BEMY; HERBAV KB CPEEE AL VTR
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