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The variation in the conversion of
sodium carbonate to sodium hydrox-
ide during eausticizing can be caused
by an insufficient supply of lime or by
variations in the chemical concentra-
tion of green liquor. A decrease in
eausticizing efficiency resulting from
a shortage of lime can be corrected by
increasing the lime feed rate. Howev-
er, if the drop in efficiency is due to
the increase in the chemical concen-
tration of green liquor, the addition of
excess lime serves no purpose. A
model that could predict effectively
the maximum attainable causticizing
efficiency for a given chemical con-
centration of green liquor could pre-
vent the addition of excess lime and
economize the operation of the caus-
ticizing plant.

Our objective was to develop a
working model for the causticizing
reaction that could be used to quantify
lime charge and earbonate conversion
as a function of green liguor compo-
sition. Fundamental knowledge about
the principles governing the caustic-
izing reaction is valuable in under-
standing the factors that affect the
extent of the reaction and could lead
to better methods for control of the
process.

Model development

The following chemical reactions
represent the causticizing process in
which the sodium carbonate in the
green ligquor is converted to sodium

1. Equilibrium constant K as a function of
equilibrium hydroxide ion concentration {99°C)

hydroxide by the addition of quick-
lime. The ecausticizing reaction pro-
ceeds in two stages, slaking and
causticizing:

CaO(s) + HyO——— Ca(OH)z(s) (1)
Na2C0saq + Ca(OH)yy ——

——

2 NaQHgg + CaCOsq @

The slaking of CaO to caleium hydrox-
ide is the first step in the causticizing
process and is an exothermie reaction
(AH = -65 kJ/mole at 100°C).* The
causticizing reaction which follows
the slaking reaction is slightly endo-
thermic (AH = 6 kJ/mole at 100°C).*
The two reactions are reversible and
heterogeneous in nature. Since the
rate of slaking is much higher than
the rate of causticizing, the overall
rate of the reaction is controlled by the
causticizing reaction.

The thermodynamic equilibrium
constant of the causticizing reaction
can be expressed as:

*Lindberg, H. and Ulmgren, P., J. Pulp Paper
Sei. 9(1xTR7(1983).
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K = [23(NaOH) * &(CaC0s)]/
(8 (N2;C05) * & (Ca(OH))] 3)

where

i = the activities of the respective
species in the equilibrium

mixture.

The activity of a substance in & mix-
ture can be expressed as follows:

& = (n OIS
where
i = activity coefficient of species ¢
C; = coneentration of species 4
(/%) = ratio of the fugacity of species 4

to its standard state fugaecity.

The ratio of fugacities can be assumed
to be equal to unity for moderately low
pressures. In the reaction mixture,
Ca(OH), and CaCQs are present as
solid phases, and hence their activities
can be taken as unity. With these
simplifications, Eq. 3 can be written
as

K =[vANaOH) * [NaOH)?)/
[v(NazCOj3) * [Naz00s]e) (4)

where the subscript e indicates the
equilibrium for the concentration of
species 7. K can also be expressed as
a product of two terms, A and the
stoichiometric equilibrium constant
K’ as follows:

K=(A}K) &

A =2 (NaOH)/ v (Na,CO,) (®)

K’ = [NaOH]?/ [Na:COs). (7

At a given temperature, the value of
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2. Causticizing efficiencies predicted by the modet for different initial
Na,CO; concentrations, at constant effective alkali

3. Causticizing efficiencies predicted by the model for different Na,CO;
concentrations, at constant sulfidity

Sulfidity

0%

K is constant, and the value of K’
depends on the value of A. Thus, the
value of K' (referred to as the equil-
ibrium constant) depends on the
activity coefficients of these two
species, which depend on the concen-
tration of all the species in the equil-
ibrium mixture.

The presence of inert electrolytes
(like sulfate, thiosulfate, chloride, and
hydrosulfide) and their interactions
have been studied by Lindberg and
Ulmgren*. They found that the pres-
ence of these inert anions had no
appreciable effect on the value of K'.
This absence of effect may be due to
the fact that the hydroxide ion concen-
tration in the equilibrium mixture is
higher than that of all other anions.
Therefore, the activity coefficients, v
(NaOH) and vy (Na,COs), may be
assumed to be strongly dependent on
the hydroxide ion concentration of the
reaction mixture. Thus, if

A=f({OH)
then
K’ =f([OH))

The sodium sulfide concentration
remains constant during the reaction.
If the hydrolysis of NasS is assumed
to proceed completely to the right, by

NasS + HyO—NaHS + NaOH  (8)

then the initial hydroxide ion concen-
tration can be taken as the effective
alkali concentration, EA,, of the
liquor:

EAo=[NaOH), + 1/2[Na;Sh (9)
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The causticizing efficiency, £, at
equilibrium can be expressed by the
following equation:

E= ([NazCOsk - [NaoCOsL} /
{Nazc()s]o (10)

Therefore, the equilibrium concentra-
tion of N2OH becomes

[NaOH]. = ((Na,COs)o - [NaxCOs)e) + Bdo
=[NasCOsh (E) + EA, (11)

The equilibrium ecncentration of
Na;COs becomes

[NazCOg). = [Na:COsk® (1- E)  (12)

where both the initial concentration
(subscript zero) and the equilibrium

concentration are expressed in g/L, as
N 3,20.

Now K' can be expressed in terms
of causticizing efficiency as follows:
([N2;,CO:zk * (E) + EdoP
[NazCOs)s * (1 - E)

FIOH T (13)

K =

Knowing the initial effective alkali
concentration, the sodium carbonate
concentration of green liquor, and the
functional dependence of K’ on [OH,,
the causticizing efficiency can be
calculated from Eq. 13 by an iterative
procedure,



Results

Based on the experimental results, the
equilibrium constant K’ is a linear
function of the equilibrium hydroxide
ion concentration (Fig. 1). The con-
stant ean be represented by the follow-
ing equation;

K'=2600- 16 [OH ]

Combining Egs. 13 and 14, the final
form of the model can be expressed
as:

(14)

(Naz:COsh * B+ EAoP/
[[NazCOsh * (1-E)]

= 2600~ 16 [OH] (15)

where concentrations are expressed in
g/L, as Nag0.

The experiments were carried out
 at 99°C using green liquor prepared
with reagent grade Nz;C0s; NaoS,
and NaOH, Preliminary experiments
have shown that excess lime had no
effect either on the causticizing effi-
ciency or on the equilibrium compo-
sition. The reaction reached a state of
equilibrium after 2.5 h. The reactions
were carried out for a period of 3 h,
and the liguor samples were anaiyzed
according to TAPPI T 624. .

The experimental and predicted
values of the causticizing efficiencies
for different green liquor composi-
tions are tabulated in Table I. The
predicted values were found to be
within the range of experimental
error. The experimental data show
that the causticizing efficiency de-
creases with increasing concentra-
tions of Na,COQ;, NaOH, and Na:S in
green liquor. An inerease in the
hydroxide ion conecentration, due to
the increase in effective alkali, sup-
presses the conversion of Na,COs to
maintain the value of K.

Figure 2 shows the predicted equil-
ibrium causticizing efficiency as a
function of initial Na;COs concentra-
tion, at a constant concentration of
effective alkali.

Figure 3 shows the effect of initial
NazCO; on the predicted equilibrium
causticizing efficiency, at constant
green liquor sulfidity. For a given
initial Na,COs concentration, the
predicted causticizing efficiency de-
creases as the green liquor sulfidity
increases. This decrease occurs be-
cause of the increase in the effective
alkali concentration of green liquor,

since at constant [Na;COs)p, the sulfid- |

ity canonly be increased by increasing
the concentration of NagS.

The curves illustrated refer to
equilibrium conditions. No combina-
tion of excess lime or changes in
operating conditions can result in a
conversion greater than the equilibri-
um conversion. To avoid using too
much lime, most mills operate at 5~
10% below the equilibrium condition.
However, when too little lime is
added, the white liquor is produced at
a lower active alkali concentration
(NaOH+ Na,S) than the target value.
Conversely, if excess lime is added,
poor settling and filtering conditions
result because of the presence of
unreacted Ca(OH),.

If the green liquor concentration
varies from time to time, a fixed dosage
of lime may cause too much liming or
too little liming, depending on the
composition of green liquor. Better
causticizing control can be achieved
with the on-line measurement of green
liquor concentration in combination
with a causticizing model.

Knowing the green liquor concen-
tration, the equilibrium ecausticizing

efficiency can be predicted with the
help of the developed model. A feed-
forward control mechanism can be
used to regulate the supply of lime,
based on the quantity of lime required
for equilibrium conversion. This
control would result in operating
conditions eloser to the equilibrium
level, which in turn would make the
operation of the causticizing plant
more stable and economical.
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