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ABS T RALT

The final stage of the recovery process 1is the

causticization of greeﬂ liguor from the smelt disso;z?*F of
the furnace section to reclaim the alkali in. a form
readﬁ{pr reuse in the cooking' cycle. The efficiency .of
causticizing process does héve an important bearing on the
overall recovery -process. Higher causticizing efficiency
meéns that the circulation of inﬁert chemicals in system 1is

reduced which directly influences the economy and

efficiency of the recovery process.

An attempt has been made in this work to study how the
factors affect causticizihg wefficiency by preparing a
model solution of approximately 'thé same composition of
Iﬁdustrial Green Liquor from an integrated Pulp and Paper

Industry.
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INTRODUCTION

SLaking, causticizing, and calcinning form a closed

4
loop process for converting the recovered green 1liquor

i

)
B

(Na,CO5) into cooking or white liquor (NaOH + Na,S). The

major reactions are as follows:

sfaking: Ca0 + H,0=>Ca(OH), ¥ Heat

Causticizing: Ca(OH), + Naj,CO3== CaCO3 + 2NaOH
Calcining: CaCO3 + Heat = CaO + CO,

Only the slaking &and causticizing reactions are

considered in this section. R Sodium chemicads axe expPressed
m tevyms of Na,0.

The advantage of the Na,O convention is that the TTA
reamins constant through the causticizing process.
Causticizing then results in an increase in the active
alkali content of the ligquor. The advantage of basing the
sulfidity on the TTA rather than the AA 1is that the
sulfidity will remain constant through the causticizing

process except for loss due to oxidation.

SLAKING:

The sfaking reaction is the reaction of calcium oxide
(reburned 1lime) and water to produce calcium hydroxide
(slaked 1lime). Both thé calcium oxide and calcium
hydrbxide are not very soluble in water, and behave as

solid phases.



Slaking is an exothermic reaction. This heat of
reaction is such that the stoichiometric addition of 1lime
would raise the témperature of a typical green ligquor about
1-5°C. The slaking reaction is Yetarded at low
temperature and the recommended temperature for slaking is
40-{00°C If the slaking temperature is too low, unslaked
lime particle will accumulate-in the slaker. The slaking
reaction 1is retarded 1in green liquor because of the

development of a surface coating of carbonate.

cavvred out
Whenm S"f.a.kmg With Z£wme is, in hot green liquor, the most

apparent changes occur dufing the first few minutes. The
pellets begin to swell and may develop cracks from which
steam may escape. Shortly after this, the pelléts
disintegrate into small particles. If this step does not
occur, the unreacted pellefswill fall to the bottom of the
slaker and be removed with the grits. If thellime is not
reactivé enough, the exothermic slaking process will not
proceed fast enough and the heating rate will not be

sufficient to disintegrate the particle.

CAUSTICIZING:

The causticizing reaction begins in the slaker and is

completed in the causticizers. The reaction can be written

as:

Na,CO3{(aq) + Ca(OH),(S) == 2NaOH(ag) + CaCOj3(s)
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Both the Na,CO; and NaOH are in solution while Ca(OH), and
CaCO3 are of 1limited . solubility and take éart in the
reaction essentially as solid phases. CaCO3 is more
insoluble than Ca(OH)2 and this is what drives the reaction
to the right. The heat of reaction for the causticizing
reaction itself is quite small. The temperature rise that

occurs in slaking and causticizing is from the slaking

reaction and not the causticizing reaction.

The causticizing reaction does not go to completion,
but instead approaches equilibrium. This equilirbium can

be described by the following equation:

gk = lon 32  _ (catt] [onT]2

(co5™) catt co3”
- KCa(OH)2

S (1)
Kcaco, ‘ ’

where

K = 'solubility product of Ca(OH)

ca(OH), 2
KCaCO3 = solubility product of CaCOj

The equilibrium constant, K, can be estimated from the
solubilities of calcium hydroxide and calcium carbonate.
At a temperature of 100°C, the solubility of calcium
hydroxide in water is 1072 g mol/f while the solubility of

calcium carbonate is 2:»{10—4 g mol/E (2). The solubility



products for these two substances are then 4)(10—6 and

4x10_8, respectively. The value of the equilibrium constant

is then of the order of 100. This means that equilibrium
conversion efficiencies will tend to be of the order of
90%. The value of the equilibrium constant decreaseg§ with

increasing sodium ion concentrations.

NOMENCLATURE :

The convention has developed of expressing alkali
concentrations in white and green ligquors in terms of the

Na2O equivalent. Thus,

1 gm NaOH 0.775 gm Na.,O

2

1 gm NayS 0.795 gm Na,0

1 gm Na,COj3

0.585 gm Nas0

Concentrations are wusually expressed in terms of

g—NaZO/ﬂ.

The following terms are frequently used, all expressed

in terms of Na,O.
Active Alkali: AA = NaOH + Naég

Effective Alkali: EA = NaOH + 1/2Na.S

2

Total Titratable Alkali:

TTA = NaOH + Nazs + Na2C03‘

Na25 T+ NaOH or. sometimes

Suffidity:




Na,S + NaOH + NaCO3

NaOH
Causticizing Efficiency: Na2c03 + NaOH

Conversion Efficiency:

NaOH - NaOH(g.l.)
Na2CO3 + NaOH - NaOH(g.l.)

A NaOH + Na,S
Activity: _

TTA
C s NaOH
Causticity : TTA
$ALL GO = L 1 Lae ,_"_j—i.,
. 3 ey RN el S e TRY o S e ‘(::‘7:9’
Causticizing ! = results 1in. an increase 1in the active

alkali content of the liqﬁor. The advantage of basing the

sulfidity on the TTA rather than the AA 1is that the
, out :

sulfidity will remain constant through, the causticizing

process except for loss due to oxidation.



LITERATURE SURVEY

Considerable early work has been published on
causticization of sodium <carbonate éh%lQ) Rydin and
~coworkers@g)studied the effect of 1lime gquality on the
equilibrium. Kojéf%oncluded that the equilibrium constant(Ke
calculated in concentration units Which was the same for

both carbonate solutions, with and without sodium sulfide.

This equilirbium constant is calculated as:
= (OH/TCOT2
Ke = (O /[co3 ’]

The units for (OH”) and (CojZ)aregmoles per liter of
solution.

Lindberg'énd Ulmgre%n, ( 11 ) determined the effects
of the major variables of concentration, composition, and
temperature on the causticization equilibrium. The
theoretical equilibrium constant for the reaction was
expreésed in terms of activity coefficients. The activity
coefficients were assumed to be independent of the solution
composition, provided the concentrations of inert cations
Na and K. with opposite ;igné to the reactanfs OH and Cd§2’
concentration. They concluded that the cation
concentration was the parameter‘of greatest influence on
the magnitude of the equilibrium constant and that

temperature had little effect.

aird o o B - I, dacea

el s o ile ..o ing emcirice] zguetio.



The presence of hydrosulfide (HS) had no effect on the equi-
librium constant but was shown to have a slight effect on
the degree of cauéticizing as a result of the increase in

the total cation concentration.

-The valueSof equiiibrium constant reported by Kobe
and Williamson (19).wand Dorris and Allen(@3) studied
equilibrium causticitiés as a function TTA. These
equlibrium conversions are only obtained with large excess
of lime and léhg reaction times. .In the mill range of TTA
concentrations the equilibrium causticity decreases. by
about 5 .percent as the concentration is increased. _ _i
Increase in sulfidity will decrease the causticit&
slightly, because the hydroxide produced by the hydrolysis
of sodium sulfide suppresses +the conversion of sodium

carbonate.

Lindberg and Ulmgren (1%) showed that the apparent
equilibrium constant is a decreasing function of the total

cation concentration which can be expressed as:

109, gKe= 2+95 = 0.62{Na+) +(k+} ">
' Where Ke= (0H"2)/(Cc03”~") and oncentrations are in?mol

per lit.

The effect of temperéture on the causticizing

equilibrium constant is given b$ the Van't Hoff equation



ddik _  4H
dT RT?2

Since the heat of reaction for céusticizing is
negligible +the equilibrium would not be expected to be
influenced by temperature. gojo (20) studied the effect of
temperature on the'causticizing equilibrium and concluded

that increasing the temperature tends to 1lower the

equilibrium conversion efficiency slightly.

Jauhari . and Shiveshwar, k.M. (5) studied the
€ffect of qreen fiquor to £ime yatio during slaking on the
fettling rate of Causticized Slurry". They reported that
g§reen liquor to lime ratio during slaking is an important
variakble in determining the settling rate of the lime
sludge. A ratio of 6:1 to 8:1 may be preferred. However
it 1is advisable to determine the optimum ratio for the
individuairgénditions to achieve the best results.

Ransdell énd - 1. Genco (8) studied the
effect of sodium sulfide on the equilibrium of the kraft
_caustichqp933 reaction. They found that sulfidity has
an effect on the equilibrium coefficient- Ke - - .. With
sulfide ion added to green liquor, the reaction is somewhat
suppressed, and the equilibrium coefficieﬁt Ke © ¢ . 1s
lower. This less active reaction results in less carbonate

ion being converted to the solid form and less hydroxyl ion

being formed.



OBJECT OF STUDY

‘m;l}gﬁﬁgérwork'has been;f%é@ﬂﬁgi on the. following

objectives: -

1.

To study the effect of time of reaction on Causticizing

efficiency.

To study the effect of green liquor temperature on

causticizing efficiency.

To Study the effect of quantity of £ime on causticizing
efficiency.

To study the effect of green ligquor sulfidity on causti

cizing efficiency.

T'0o study the effect of purity of lime on causticizing

efficiency.

To study the effect of NaOH present in the green liquo;

on causticizing efficiency.

To study the effect of green liquor concentration. on

causticizing efficiency.

To study the effect of lime gquantity on the settling

rate of the lime mud solids.

To develope a kinetic model which can Apredict the
Sme's
effect of variables (1-7) on the causticizing

efficiency.

10. To determine the order of the causticizing reaction.
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EXPERIMENTAL PROCEDURE

EXPERIMENTS:

The following experiments were carried out 1in the

laboratory:

1.

5.

Kinetics of the causticizing reaction of 70 gpl Na2C03

solution with fouf different stoiéhiometric amounts of

oo

lime (80 %', 90 %, 100 %, 110 %) was studied at four

levels of temperature (50°C, 609c, 70°cC, 80°C).

Experiments were performed at sulfidity levels of 15 %,
20 %, 25 % with Na2C03= Ca0 = 1:1 g mole:g‘_%bﬂﬁé_.i_‘

Na2CO3 = 70 gpl at three levels of temperature (70°C,

80°C and 90°C). for the reaction kinetics.

Effect of.- time on causticizing efficiency was
determined with 20% sulfidity, Na CO3:CaO = 1:1 g mole:*

2
ngaje; > Mg0 dosage (.5%, 1%, 1.5%) at 90°cC

temperature. The same experiement was also carried.

out for Na28i03 dosage of 1.5 %, 2 % and 2.5 %.

Reaction kinetics was studied for the Na2CO3:CaO = 1:1

70 gpl as Na,O solution at a

g mole :jQWW&§. Na.,CoO 5

2773
temperature 90°C with the three levels of NaOH dosage 5
gpl, 7.5 gpl, 10 gp; as Na,O.
The same experiementg- were carried out for the 1% MgO
and 1% Na

28103 dosage..

To study the effect of green liquor concentration nine

solutions of different strengths (40, 50, 60, 70, 80, 90,



100, 110, 120 gpl as Na20 TTA) were prepared. These
solutions were than analysed (for Na,CO,:Ca0 = l:llﬁﬁmoféi:

g.'Y_n’O'?Q,NaOH = 0 at temperature 90°C) for two levels of

sulfidity 0% and 20%.

6. Effegt of lime dosage (90%, 100%, 110%) Dbased on
stoichiometeric requirement) on the éettling rate.of the
lime mud solids with Na2CO3 = 70 gpl as Na20 solution,
volume of \élurry = 115 ccC at temperature - 20°C  (room

temperature) was studied.

PROCEDURE :

Tﬁe water bath was maintained at a desired
temperature. Lime.(according to theoritical requirement)
was taken in a 500 ml beaker and added 50 ml of water and
the beaker was put into the water bath for slaking reaction
for half an hour with constant agitation with the help of a
glass rod. 'At the same time a solution of required amounts

of Na,CO,, Na,S5, NaOH, Mgo, Naﬁgh&s nmkiﬁg the volume 200

ml in water was taken in another beaker. Maintaining the
desired temperature the green liquor pﬁ%ared was then
poured 1into ‘the beaker containing slaked 1lime, at this
temperature the causticizing reaction was confined for a
period of time with constant égitatiqn with the help of a
mechanical agitator. At different time periods a sample of
the solution was taken out. The liquor obtained after the
different causticizing reaction times was analysed by the

following procedure:-
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1. 5 ml of clear liquor was pipetted out and taken in.a

200 ml. conical flask.

2. Then the solution was diluted with 30 ml of distilled

water.

3. Now 20 ml of 20% BaC12 solution was added.

4, And Titration was done immediately with 0.5 ©NHC1
using 8 drops of thymolphthalein as an indication.

The consumption of acid was noted down as 'a' reading.

5. Now 5 ml of neutralized formaldehyde solutioﬁ was

added to the solution and kept for half minute.

6. Titrated upto a faint blue colour. appear.

.7. Added 8 drops of phenolphthalein for getting a sharp

end point.

8. Titration was cgntinued to the end point. The acid
consumPti&ﬁfwas noted_as 'b!' reading.

ow 8f6£§§sjof4Bromophenol—blue solution was added.

‘ wib;Add completed the titration by running the burette.’

The acid consumption was noted as 'c¢' reading.

CALCULATIONS:
It has been assumed that the water evaporated

during experiments is hegligible.
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(Based on TAPPI Standard method T6240S-68 )
The causticizing efficiency and sulphidity has been

calculated by the following formula@é

_{(NaOH - X) x 100
NaOH + Na,CO5

Causticizing efficiency

where, X is the amount of NaOH already present in green

liquor

] Na
% sulphidity = 25

" x 100
NaOH + NaZS o

All the chemicals expressed as NajO

From the acid consumption the contents of NaOH, Na,S and

Na,COj3 has been calculated as follows:

NaOH = 6.2(2a-b)n gpl as Nay0
Naj,S = 12.4(b-a)n gpl as Nay0
NapCO3 = 6.2 (c-b)n gpl as NajyO

where, n is’thelstrength of the H{1l solution.



14

EXPERIMENTAL RESULTS AND DISCUSSION

Experimental results have been given in the tables
(1-40) and figures (1-27). The following are the result

of the experiments:

1. EFFECT OF TIME OF REACTION:

Fig. (1-4, 7-9, 14, 15, 19, 20) indicates that the
causticizing efficiency incréase with the increase of time
and reaches to a state of equilibrium after a certain
period. (20 to F0 minutes). It has been observed that
total reaction time of about B0 minutes - sufficient to
achieve the maximum possible causticizing efficienc{. A
further increase in time there is no significant change in

the causticizing efficiency as can be seen from the -graph.

2. EFFECT OF TEMPERATURE:

Experimental results indicates that the causticizing
efficiency increaseswith the increase of temperature. The
slaking reaction 1s exothermic in nature but in case of
causticizing reaction AH 1is nearly zero. Therefore
temperature has greater influence of slaking reaction and
préper slaking is the key to the éuccess of causticizing
oéeration. Slaking conditions gogin the size of calcium
hydraxjéeparticles which in turn goveyy the size settling
properties and filtering charaé?%eristics of calcium
carbonate mud. For this reason the temperature should be

kept as highas possible with due regard to safety. It has

i, 4
P
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been found that good slaking takes place if the

temperature are above 90°C.

The best temperature for ' causticizing reaction has
been found to be 95°C where' the lime ‘mud produced has good

settling characteristics at: this temperature side

)
reactions are suppressed below 90°C. There is always a
possibility of formation of a double compound Na,CO5.,

CacCo H.,O or Na CO3.5H O. These compounds are difficult

37 T2 2 2
to decomposed and they result in loss of soda and 1lime
both. They also affect the settling charadakeristics_of

lime mud.

At temperature below 6O°C)Na28 may react with CaCOq
to produce CaS.

NayS + CaCOgz == Na,COg + Cas$

¥a,S + caCo, = Na?:CO.% + CaS.

This results in lower sulphidity and causticity.

3. EFFECT OF .LIME QUANTITY:

Fige 1 to 4 indicatethe effect of lime quantity’
on the causticizing reaction. It is observed that 5 to 10
percent of the excess lime over and above the'
'stoichiometric requirement must be supplied for obtaining
best result. Still higher quantities of 1lime do not
increase the recausticizing efficiency rather they
deteriorate the performance of the clarification equipment

and causes: -
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a) Higher turbidities in the white liquor obtaingd.

b) Lower filteration rate on the drum filter medium.

c) Accelerating biinding of the filter medium.

d) Washing of soda from the filter cake is imp@jﬁfﬂdue to
'which alkali lossa. will incréase.

e) Cake moisture runs higher which again accounts for the

alkali losses.

4. EFFECT OF SULFIDITY:

Figs 7, 8 and 9 indicate the effect of sulfidiﬁy on
the causticizing 'effigiency. It is «clear that the
causticizing effienciency decreases with the increase of
sulfidity. In the sulphate process sodium sulphide
preseht in green liquor does not come into reaction and
hence does not require lime. This haé an advaﬁtage over
pure soda process a§ far as lime consumptién for the total
active alkali available for cooking the fibrous raw
material is concerned. However, sodium sulphide present
does not allow the reaction to proceed to éompletion as
much as in the soda process due to the increage in
hydroxyl ions by the hydration of sodium sulphide és per
following equations;

l. Na,s + H,O = NaOH + NaSH

2 2

2. Na,s + Ca(OH), _ CaS +-2NaOH

The molar solubility of calcium sulphide is about
six times than that of calcium hydroxide and therefore the

second reaction is not likely to take place unless the
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sulphide concentration is very high. 1In practice it has
been found that extent to which the efficiéncy is lowered
is more than that can be accounted by assuming complete’

“hydrolysis of Na,S.

2

5. EFFECT OF PURITY OF LIME:

The lime coming from the kiln may be containihg many
impurities depending upon the source of lime stone.
Besides, the unburnt calcium carbonate, the other
impurities may be silica, magnesi&, alumina, iron oxides

and other metallic oxides.

Figures 14, and 15 indicate the effect of present of

MgO and Na SiO3 in the Calcium oxide. It is clear that

2
the cahsticizing efficiency decreases as the presence of
MgO and soaium silicate increases during the causticizing
reaction. I¥s also clear that the MgO decreas€gg the
causticizing efficiency more than the sodiumrsilicate. For
_achieving highest recausticizing effiency it is desirable
that lime should confain maximum available CaO with
minimum of the. impurities. These impurities- should be
restricted to the limits as mentioned below:"

Na25i03 2 %not more than

MgO 1% not more
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6. EFFECT OF NaOH PRESENT IN THE GREEN LIQUOR:

Fige 19 and 20 indicate that the causticizing
efficiency debreasing_with the increasing amount of sodium

hydro wxide present in the green liquor.

7. EFFECT OF GREEN LIQUOR CONCENTRATION:

Fig. 24 represent the effect of {§§EE§“;EZ§@ﬁQ.;)

that at constant green liquor sulfidity, the capsticizing
efficiency decreases with the increase of céncentration of
green liquor. It is also clear that for a given initial
ﬂgéjiﬂﬁal Carbonate concentration,  the causﬁicizing
_efficiency decreases as the green liquor sulfidity
increases. This decreases occurs because of the increase
in the effective alkali concentration 6f green liquor,
" since at constaJafgﬁgi%E&fidity can only be increased by
increééing the concentration of Na,5. It was found that .
causticizing efficiéncy is higher "when hydroxyl . ion
concentration iﬁ the green liquor is lower.. In otherwords
at low concentration of green .liquor. thé causticizing
efficiency are Thigher. =~ But we «can't lower the
goncentration of green liquor beyond certain limits becausé
this would‘_mean higher 1load on the black iiquor

evaporators. In the mills normally the green 1liquor

concentration is around 100 gpl as Nazo.

2

If the solubility product of calcium hydroxide is X

IS

and thfat of the calcium carbonate is Y the following

equation can be formulated,



(ca) (OH)2 = X

(Ca)(coaj -y

At equilibrium, the concentration of

in both the cases, consequently,

-
(OH), X
(co3) . ¥ = K
Accordingly
(OH)  _ X

co3) — T (oH)

or, (coz) = _ (OH)
(OH) h K
Accordingly
oY,  (OH) + (c03) (OH) + K
(oH) - K
or, (oK) o K
. (OH) + (c03) (OH) + K

19

*Ca 1is the same

But evidently the fraction (Oﬁ)/(Oﬁ)+(C6§) is nothing else

than causticity. Consequently the causticity drops with

increasing concentration of the hydroxyl ions or, may be

more practically expressed with increasing concentration of

the caustic soda.

‘This is of interest from two points of view. 'As thé

concentration of hydroxyl ions hinders the progress of the

causticizing reaction from the point of view of demand for

lime, it is uneconomical to drive the causticity of the

white liquor higher than 82-85 %.
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8. EFFECT OF LIME QUANTITY ON THE SETTLING RATE OF THE

LIME; MUD SOLIDSs
Fig. 25 is a typical plot of settled volume Vs Time.
Its indicates that the excess liwe dose given for the

cauéticizing reaction decreases the settling rate of lime,

mud solids;:

9- MODEL: (asgivenon Pagery)
Equation No. 13,.predicts the equilibrium behaviour of

the causticiiing reaction very near to the experimental
e .
resultsbhichshown in the tablelo.
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- KINETIC MODEL

The variation in the conversion of sodium carbonate to
sodium hydroxide during caﬁsticizing can be caused by an
insufficient supply of lime or by variations in the chemical
concentration of green liquor. A decrease 1in causticizing
efficiency resulting from a shortage of lime can be corrected
by increasing the lime feed rate. However, if the drop 'in
efficiencylis due to the increase in the chemical concentration
of green liquof,. the .addition of excess lime serves no
purpose. A model that could predict effectively the maximum
attainable causticizing efficiency for a given chemical
concentration of green liquor wvcould')prevent the addition of
excess lime and economize the operation of the causticizing

plant.

MODEL DEVELOPMENT:

The following chemical reactions represént “the
causticizing process in which the sodium carbonate in the
green liquor is .converted to sodium hydroxide by the addition

As adready indicated

of quick 1lime., the 'causticizing reaction proceeds in two

stages, slaking and causticizing:

Ca0 _ + Hy,0 T== Ca(OH) 5 ., (1)

(® ®

NapCOg, ., + Ca(OH)p o, = 2NaOH . + CaCOgpcy (2)
(2% & (a2 (&

The slaking of CaO to calcium hydroxide is the first step

in the causticizing process and is an exothermic reaction



(6H = -65 kJ/mole at 100°C): The causticizing reaction which
“follows the slaking reaction is slightly endothermic QQH=6RJ)
per 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
- causticizing, -« LTt game W L ¢nvis'controiled

by the causticizing reaction.

The thermodynamic equilib¥ium  constant of the

causticizing reaction can be expressed as:

K = [az(NaOH) a(CaCO3)]/

[MNayc03) PMcalon),)] | (3)
where
a = the activities of the fespective species in the

equilibrium mixture.

The activity of a substance in a mixture can be expressed as r

follows:
ap = O cffp/42.)
where '
}1: = activity coefficient of species i
Ct1 = concentration of species 1

{e/° = rat{io of the fugacity of species i to its standard
( ') state fugacity.

The ratio of fugacities can be assumed to be equal to

unity agf‘moderately low pressures. In the reaction mixture,

C&{ég‘l’iand CaCO; are present as solid phases, and hence their

activities can be taken as unity. With these simplifications,

Eq. 3 can be written as®-



K = PTZ(NaOH) [NaOH]12%1/

[\ﬁNa2C03) [NapCO3] 1 (4)

Where the subscript e indicates the equilibrium for the
concentration of species i. K can also .be expressed as a
product of two terms, A and the stoichiometric equilirbium

constaqt K' as follows:~- -

K = (A)(KY) (5)
A = 2(NaOH)/ (Na,CO3) . (6)
k'= [NaOH]2/[NayCOs3] )

At a given temperature, the value of K is constant, and the
value of K' depends on the value of A. Thus, the value of K'
(referred) to as the equilibrium constant) =t ends 1 as  ne
equ .iprium corstant) dependé on the activity coefficientsiof.

these two species, which depend on the concentration of all

the species in all equilirbium mixture.

. The presence of inert electrolytes (like sulfate,
thiosulfate, chloride, and hydrosulfide) and their
interactions have been studiéd bﬂ%indberg and'Ulmgren(ﬁlThey
found that the presence of' these 1nert -an;ons had no
appreciéble effect on the value of K'. This absence of effect
may be due to the fact that the hydroxide ion concentration in
'the equilibrium mixture is higher than ‘that of all other

anions.. The¥e¥0¥e the activity coefﬁ@%&%%@%v T}NaOH) and

)’(Na2C03{9 may be assumed to be strongly dependent on the

hydroxide ion concentration of the reaction mixture. Thus, if



A= £([OH] )
then

K' = £f([OH"] )
The sodium sulfide concentratioﬂ remains constant during the
reaction. If the hydrolysis of Nazs is assumed'to proceed

- completely to the right, by the -S-o,MoW'WIj veaction:®

NayS . + H,0 = NaHS + NaCOH (8)
then the initial hydroxide ion concentration can be taken as

the effective alkali concentration, EAy. of the liquor:

EA,= [NaoH), + 1/2(NanS), - (9)

The causticizing efficiency. Q’ at equiliibrium. can be

expressed by the following equation:

E =({ Naxc03), - {NayCoz)e)/{Naycos], (10)

Therefore, the equilibrium concentration of NaOH becomes

(waoH], = (Na,c03], - (Na®03)e + EA, |
| = (NapC03) o (E)+EA, » (11)

The equilibrium concentration of Na;CO3 becomes

{Na2CO3]£ = CN62C03]0(1-E) (12)
where both the initial concentration (subscript zero) and the

equilibrium concentration are expressed in g/R., as Nazo'

Now K' <can be expressed in terms of causticizing

~efficiency as follows:

g ={fNayco3)g (E) +{EA, ) |
[NayC04), (1-E) (13)




/ 5/ |
e

P,

Knbwing the initial effective alkali concentration, the
sodium carbonate concentration of green liquor, and the
functional dependence of K' on (Oﬁ)f_) the causticizing
efficiency can be calculated from Egq. 13 by an iteraﬁive

procedure.

ORDERDOF THE CAUSTICIZING REACTION:
- X g * 3

Ca0O + HyO = Ca(OH)2 + A H

A

1 :
Na,CO3 + Ca(OH)zf 2 NaOH + CaCO3 (a)
2 .
A B. R S

(1) If the reaction (a) is of first order than

dt dt o
= 4‘1CA _&ZCR

= k1 (Chy = Cac¥a) - K2(CpoM + Cipxip)  (14)
" Wheye M= CrofCaoc '

at equilibrium dCp L 0

dt

Hence from egn. (14) we find that

KC = Cﬁe — M + XAe _ 4<l
Che 1-Xpe ' X,
d
Hence Xa - 'ﬁiifiii (Xae = Xa) {15)

Integratﬁﬂ?qn. {15)

S



Dj
(op)

‘We get
- 1n (l—Eé ) = - 1n Sa - CAQ
Xae Cao~ Cae
M+ 1 ' ‘ .
WX, K1t (16)

o)

. , : X .
A plot of - ln(l—xA ) Vs t should give a straight line.

Ae '

where t is the reaction time and Xa islthe conversion

at time t and Xp, isr.> equilibrium conversion.

(ii) If the reaction (a) is of second order thgn with the
restrictions that Cp, = Cg, and Cgp,y = Cg,- The integrated

rate equation is

1n XAeV' (2Xpe = 1) Xp = Zkl (l -1) ¢ (17)

Xpae —Xa Xae A0 t

Xpo-(2Xpo-1) X
Ae Ae 2 ) vs t should give a straight

A plot - 1n ( =
Xpe A line

)
B§vnowing the slope of the.curve we can find out the

_ Constawl
forward reaction rat%\Kl.

. wavd constant
With this the backﬂreaction rate can be found out by the
equation .
'kz' = ‘kl/K . (18)

The value of K at any temperature can be determined with

the help of following equation:

~d 1nK - AH/RTE . (19)
dt



27
The value of equilibrium constant K at 100°C is lOOQS

afveady found out.

If the 'order of cqust1c121ng reaction is known, the
then with the help of equation 18, and Ig. The forward

and backward reaction rates can be calculated.



DATA VALIDATION FOR MODEL

The  experimental and predicted values of the
causticizing efficiencies for different green 1liquor
comp&sitions are tabulated in Table 40. The predicted
values were found to be within the range of

experimental error.

" The causticizing reaction has been tested for  the order

X : :
of the reaction -1n (1- ié_)ﬁs time t is ploted in the
Ae
figure 26. The plot do not show the first order
behaviour of the causticizing reaction as it is a curve

against a straight line for the first order behaviour

of the reaction. In Fig. 27 the test has been made for

~the second order behaviour. This 1is also a curve

against a straight line for .second order reaction.
Hence causticizing reaction is a shifting . order

reaction.



"\
'@éigl

CONCLUSION

The following conclusions have been made with the

present study.

1.

Causticizing efficiency increases with the increase in
reaction time. and after a certain time it reaches to an

equilibrium state.

With increase of green liquor temperature thecausticizing

efficiency increases. iBest results are obtained at
above_

temperature, 90°C, ~

.2 to 10 per cent excess lime over and above the

stoichiometric requirement results in maximum

causticizing efficiency.

With the increase of sulfidity) causticizing efficiency

decreases.

Causticizing efficiency decreases with the increase of

impurties present in lime.

NaOH present in the green liquor decreasescausticizing

efficiency.

By increasing the green liquor concentration)causticizing

efficiency decreases.

Increase lime quantity decreaseg the settling rate of the

lime mud solid.



No combination. of excess lime or changes in operating
conditions can result in a conversion greater than the
equilibrium conversion. To avoid using too much lime,

most mills operate at 5-10 per cent below the equilibrium

condition. However, when too 1itt1é lime is added, the
white liquor is produced' at a lower active alkali
cqncentration (NaOH + Nazs) than the target value.
Conversely, 1if excess lime is added, poor settling ana
filtering conditions result becau;e of the presence of

unreacted Ca(OH)z.

If the green liquor concentration varies from time

" to time, a fixed dosage of lime may cause too much liming

or too 1little 1iming,'depending on the composition of
green 1liquor. Better <causticizing control <can Dbe
achieved with- - the on 1line measurement of green liquor

concentration in combination with a causticizing model.

Kﬁowing' the green liguor <concentration, the
equilibrium causticizing efficiency can be predicted with
the help of the developed model. A feed forward control |
mechanism can be used tq regulate the supply of lime,
based on the qﬁantity of lime required for equilibrium
conversion. This control would result in operating
conditions closer to the equiiibrium level, which in turn
would ﬁake the operation of the causticizing plant more

stable and economical.



FUTURE SCOPE OF THE STUDY

In the present study the order of the causticizing
reaction and the forward and backward reaction rates could
haye xﬁﬁ:kfeaobtaiwed. The subsé?quent study to this work
requires the determination of forward and backward reaction
rates as well as the order of the causticizing reaction, B0
.that the causticizing reaction <can be controlled for the
variation of different parameterg during the causticiziation -

of green liqudr.



- 10.

11.

12.

13.

14

15.

16.

7

ml\

'3

REFERENCES

Roth Rock'Jr., C.W., Tappi, vol. 41,(6) 24/a, June 1958.

Pavlick, F.G., Mcbherson, John, Tappi Vol.41,(6) 203-10A
June, 1958. .

Britt, K.W. Handbook of Pulp and Paper Techhology.
Reinhold Publishing Corporation New York, 1964.

MacDonald, R.G., Pulp and Paper Manufacture Vol.l,
Pulping of Wood McGraw Hill Book Co. New York,
1969.

Jauhari, M.B., ‘Shiveshwar, R.M) Ippta, Oct. Nov. and Dec.
1973, Vol.X No. 4. :

Llewe M. Bingham and Peter A. Angev1ne Tappi November 1977

Vol. 60 No. 11.

Leonard A. Lewko and Brian Blackwell, o« © L& 521 Tappi
Journal,octobey 199] . L

John C}Ransdell and Joseph M.Genco'Graduate aésistént
and Professor of Chemical engineering, Deptt. of Chemical
Engineering, University of Maine, Orono; Mc.01l 39

August 1991 Tappi Journal.

N.K.Mehra, September :-%J, Vol.62, No.9.Tappi Journalli9i9.

Chandarana, D.P., Reddy, M,.V. Shyukla, A.P. Jivendra,
Bihani, B.L. IPPTA Vol. 19, No.2 June, 1982.

Lindberg.H., and Ulmgfeh. P., J.Pulp Paper Sci.9%(1)
TR-7, 1983. :

/
Lindberg, H. and Ulmgren, P. 1985 International
Recovery Conference Proceedings, TAPPI PRESS..
Atlanta, P.329.

Daily,C.M. and Genco. J.M. Thermodynamics of the

kraft causticizing reaction, paper presented ‘at the 1986
AIChE Meeting, Session No.8l1, Advances in Chemical
Recovery, Technology, Part II, AIChE, New York,1986.

Daily,C.M. and Genco. J.M., Thermodynami¢ model of
the kraft causticizing reaction. J.Pulp Paper Sci.
Paper. 1991.

Pitzer, K.S.J. Physical Chemistry 77(2):268, 1973.

Pitzef, K.S. and Mayokrga, G.J., Physical Chemistry
77(19): 2300(1973).



17.

18.

19.

20.

21.

22 .

23

.1974.

/ B
(33
A O 2D g

Pitzer, K.S. and Kim. J.J}Am.Chem. Soc.96(18):5701,

Kinzer, K., Proc. IUPAC/EUCEPA Symposium on Recovery of
Pulping Chemicals, P. 279, 1968.

Kobe, K.A. and Wilkinson, J.A., Ind.Eng.Chem.45(2)
307, 1968.

Kojo, M., Pulp Paper 54(11): 174, 1980.
Campbell, A.J., Pulp Paper Can., 82(45378/ 1981,
Redin, 8.5 Hagdunel, P- andl Mattsow € ., Svensk papperstidu
gol2) : 54 UUPY) .
Doynis . Gm and AMen , L-H . Notes Hoa1ad) kvaft ﬂw)gm?
opevakions et inaN Tappt fress,



TABLE NO.|

'347
" EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 80 g STOICHIOMETRIC
- LIME DOSAGE TO 70 g/1 Na,coq SOLUTION AT 5 °C. .
TIME IN . SET - I. SET - II Average
MINUTES = NaOH Na,COj Causti- NaOH Na2CO3 Causti- Causti-
-as ‘cizing as cizing cizing
Na,0 Nay0, Efficiency Nay0 Na 0, Efficiency Efficiency
i q/1 E) 3% g/l f Ey % %
0 13.65  56.35 19.5 14.35  56.65 20.5 20.0
5 "14.49 55,51 20.7 14.77 55.23 21.1 20.9
10 15.33  54.67 21.9 15.47 54.53 22.4 22.1
15 16.31  53.69 23.3 15.89  54.11 22.7 C23.0
20 9.80 60.02 - 14.0 16.80 53.2 24.6 0 19.3
30 18.00  52.0  25.7 ©17.01  52.99 24.3 . 25.0
40 " 18.2 51.8 26.5 19.60  50.4 28.5 27.5

50 210 49 30.6 21 49 30,4 - 30.5




TABLE NO.Y.

35

Nmgs

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 80 % STOICHIOMETRIC

LIME DOSAGE TO 70 g/1 Nazggq SOLUTION AT 60 °C.

Average

TIME IN SET - I SET - II
MINUTES NaOH Na2C03 Causti- NaOll Na2C03 Causti- Causti-
as as ‘cizing as as cizing cizing
Na,0 Na,O0, Efficiency Najy0 Na,0, Efficiency Efficiency
g/f g/l Ey % g/l g/f Ey ¢ %
0 14.07  55.93 20.1 14.35 55.65 20.5 20.3
5 16.59  53.41 23.7 17.01  52.99 24.3 24.0
10 20.23  49.707 28.9 21.77 48.23 31.1 30.0
15 20.65 49.35  29.5 21.49  48.51 30.7 ©30.1
20 29.96  40.04  42.8 31.64 38.35 45.2 44.0
- 30 31.43 38.57 44.9 31.57 38.47 45.1 145.0
40 32.97  37.03 47.1 32.83  37.17 46.9 - 47.0
50 38.01  31.99 54.3 37.59  32.43 53.7 54.0




TABLE NO.3 | | 36
Y A

“EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH _g( $ STOICHIOMETRIC
TIME DOSAGE TO 70 g/1 Na,C03 SOLUTION AT 70 °C.

TIME IN SET - 1 SET - II Average

MINUTES NaOH Na,CO3 Causti- NaOH Na,CO3 Causti- Causti-
as  as cizing as as cizing cizing
Na,O Naj0, Efficiency Najy0 Na%O, Efficiency Efficiency
ot o1 E o/1 o/t B e s
0 14.49  55.51  20.7 14.77 55.23 21.1 20.9
5 17.99  52.01 25.7 17.01  52.9  24.3 25.0
10 21.84  48.16 31.2 22.54  47.46 32.2 31.7
15 25.69  44.31  36.7 25.13  44.87 35.9 36.3
20 27.58 42.42  39.4 27.16  42.84 38.8 39.1
30 37.66  32.34 53.8 38.08  31.92 54.4  54.1
40 42 28 60.0 42.28 27.72 60.4 60.2

50 - 42.14  27.86 . 60.2 42.14  27.86 60.2 60.2




TABLE NO./ , | (87

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 80 % STOICHIOMETRIC
LIME DOSAGE TO 70 g/1 Na,CO3 SOLUTION AT _80°C.

TIME IN SET - T ' SET - IT Average

MINUTES NaOH Na,CO3 Causti- NaOH . Na,CO5 Causti-  Causti-
as as cizing as as cizing cizing
Na,O0 Na,0, Efficiency Naj0 Nafo, Efficiency Efficiency
g/f g/l Ey % g/l g/ E1 % %
0 14.7  55.3  21.8 14.7  55.3 21.4 21.6
5 '21.07 48.93 30.1 21.35 48.65 30.5 30.3
10 28.63  41.37 40.9 27.37  42.63 39.1 40.0
15 33.95  36.05 48.5 34.65 34.65 49.5 49.0
.20 44,24 25,75 63.4 45.36  24.64 64.8 64.1
30 45.15  24.85 64.5 45.88 24.15 65.5 65.0
40 ' 46.83  23.17 . 66.9 °  46.97 23.03 67.4 67.2

50 48.44 21.56  69.21-  48.16 21.84 68.8 69.1




TABLE NO. L | 38

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 90 % STOICHIOMETRIC
LIME DOSAGE TO ?0 g/l Na,C0O5 SOLUTION AT 50°C.

. TIME IN SET - I : SET - II Average

MINUTES NaOH NayCO3 Causti- NaOH Na,CO3 Causti- Causti-
as as cizing as as cizing cizing
Na,0 Naj0, Efficiency Na;0 . Na,0, Efficiency Efficiency
g/i g/l E; % g/l g/% E1 % %

0 14.14  55.86  20.2 . 14.42 55.58 20.6 20.4

5 15.05 54.95 21.5 14.63 55.37 20.9 21.2

10 15.26 54.74 21.8 15.82 54.18 22.6 22.2

15 16.1 53.9 23.0 16.1 53.9  23.0 23.0

20 16.8 53.2 24.0 11.34 58.66 10.2 20.1

30 . 20.23 49.77 28.9 22.91  48.09 31.3 30.1

40 - 21 49 30.0 22,4  47.6  32.0 31.0

50 25.2 44.8 36.0 . 27.3 42,7 39.0 37.5




TABLE NO.(,
' ' ' L Dt
EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH _ 90% STOICHIOMETRIC’
- LIME DOSAGE TO 70 g/1 Na,CO; SOLUTION AT’ 60°C.

TIME IN " SET - I SET - II ~ Average

MINUTES ' NaOH NaZC03 Causti- NaOH Na2C03 Causti- Causti-
as as ‘cizing as as - cizing clzing
Na,0  Na,y0, Efficiency Naj0 NafO, Efficiency Efficiency
g/f g/l Ey % g/1 g/ Ep % %

0 14.56  55.44  20.8 14.7  55.3  21.0 20.9

5 " 16.1 53.9 - 23.0 16.31  53.69 23.3 23.1

10 10.9°  51.1 27.0 19.39 © 50.61 27.7 27.3

15 23.45  46.55  33.5 23.31  46.69 33.3 33.4

20 24.01  45.99  34.3 24.51  45.43 35.1 34.7

30 32,83 37.17  46.9 33.04  36.96 47.2 47.0

40 40.39  29.61  57.7 40.67 29.39 58.1 57.9

50 40.18 . 29.82  57.4  41.02 28.98 58.6 58

R)



TABLE NO. e
1 ‘ ' L:Q'O

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 90 % STOICHIOMETRIC
LIME DOSAGE _TO 70 g/l Na,CO3 SOLUTION AT _7(°C. '

TIME IN SET - 1 SET - II Average

MINUTES NaOH Na,CO3 Causti- NaOH Na2C03 Causti- Causti-
as as cizing- as cizing cizing
Na,0 Nay0, Efficiency Naj0 a,0, Efficiency Efficiency
g/i g/l Ey % g/1 % E] 3% $
0 15,4 54,6 22.0  15.54 54.46 22.2 22.1
5 17.57  52.43  25.1 18.97  51.03 27.1 26.1
10 25,13 44.87 35.9 26.53 43.47 37.9 36.9
15 30.1 39.9 43.0 . 30.8 39.2 44.0 43.5
20 32.41  37.59 "46.3 32.06 37.94 45.8 46.1
30 42 28 60.0 42,14 +27.86 60.2 60.1
40 42.69 27.51 60.7 42,77 27.23 61.1 . 60.9

50 48.09 21.91 68.7 47,18 22.82 67.4 68.1




TABLE NO.§ _ AL
XA

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH _90% STOICHIOMETRIC
LIME DOSAGE TO 70 g/1 Na,CO; SOLUTION AT 80 °C. ' :

- TIME IN SET - 1 SET - I1I Average

MINUTES NaOH. Na2CO3 Causti- - NaOH N32CO3 Causti- Causti-

as ‘cizing as cizing cizing

Na,0 Na,0, Efficiency Naj0 a,0, Efficiency Efficiency
% g/l Ey % g/l f "E1 % %

0 15.47  54.53  22.1 15.47 54.53 22.1 22,1
5 23.1 46.9 33.0 23.24  46.76 33.2 33.1
10 28.77  41.23  41.1 29.33 40,67 41.9 41.5
15 39.62  30.38 56.6 40.6 29.4 58.0 57.3
éo 44.38  25.62 63.4 44,52 25.48 63.6 63.5
30 46.2 23.8 66.0 47.04 22.6 67.2 66.6
40 56.54  19.46  72.2 50.96 19.04 72.8 72.5

50 51.45  18.55 73.5 '51.87 18.13 74.1 - 73.8




TABLE NO.q N - 4)2 |

" EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 1003 STOICHIOMETRIC
LIME DOSAGE TO 70 g/l Na,CO3 SOLUTION AT 50 °C.

TIME IN SET - I SET - II Average

MINUTES NaOH Na,CO3 Causti- NaOH  Na,CO; Causti- Causti-
as as cizing as as cizing . ¢izing
'Na%o Na,O0, Efficiency Na,0 NafO. Efficiency Efficiency
9/ q/1 B % g/l g/ Ey] % 3

-0 13.65 56.44 19.5 13.93 56.07 19.9 19.7

5 15.05 54.5 21.5 15.19 54.81 21.7 21.6

10 13.65 56.35 19.5 14.21 55.79 20.3 19.9

i5 17.99 52.01 25.7 . 17.99  52.01 25.7 25.7

20 18.41  51.59  26.3 19.81  50.19 28.3 27.3

30 22.61  47.39 32.3 23.03  46.97 32.9 32.6

40 30.66  39.34 43.8 29.96 . 40.04 42.8 43.3

50 31.36°  38.64  44.8 31.5  38.5 45.0 44.9




TABLE NO.[oO | 43

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 100 $ STOICHIOMETRIC,
LIME DOSAGE TO 70 g/1 NapCO3 SOLUTION AT 60°C. ,

TIME IN SET - I . - SET - II Average
MINUTES NaOH Na,CO3 Causti- NaOH Na,CO3 Causti- Causti-
as as cizing as as . cizing cizing
Na,0 Najy0, Efficiency Najy0 Na,0, Efficiency Efficiency
g/f. g/l E; % g/l g/f E] % %
0 14.7  55.3  21.0 14.84  55.16 21.2 21.1
5 15.47 54.53 . 22.1 15.75  54.25 22.5 - 22.3
10 24.08  45.92 34.4 23.94  46.05 34.2 34.3
15 29.61  40.39  42.3 29.89  41.11 42.7 42.5
20 34.44  35.56 49.2 34.86 35.14 49.8 49.5
30 . 40.25  29.75  57.5 40.25 29.75 .57.5 57.5
40 50.54  19.46  72.2 51.38 -18.62 73.4 72.8

50. 48.65 21.35 69.5 . 48.93 ,'21107 69.9 69.7




TABLE NO. || 4 q

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 100 % STOICHIOMETRIGJ
LIME DOSAGE TO 70 g/l Nazcg, SOLUTION AT 70 °C. o

TIME IN SET - 1 ) SET - II - Average
MINUTES NaOH Na,CO5 Causti~- NaOH Na,CO3 Causti- Causti-
as as cizing as as cizing cizing
. Na,0 NayO0, Efficiency Nazoé_aﬂa O, Efficiency Efficiency
g/f g/1 Ey % g/l g/% B 3 L
0 15.5 54.95 21.5 5481  15.17 21.7 21.6
5 21.14  48.86  30.2 43 21.0  30.0 30.1
10 ~ 32.41  37.59  46.3 3717  32.83 46.9 46.6
15 39.9 30.1 57.0 3024 39.76 56.8 56.9
.20 40.95  29.05 58.5 2897 41.23 58.9 58,7
30 56.64 13.36  75.2 722 52.78 75.4 75.3
40 52.75  17.25  75.4 19.82 54,18 77.4 76.4
50 54.04  15.96 77.2

428 55.72 79.6 78.4




TABLE NO.|2. 45 -

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 100% STOICHIOMETRI&'_
LIME DOSAGE TO 70 g/1 Naz_(_:93.SOLUTION AT gp°C.

TIME IN SET - I ' ‘ SET - II Average
MINUTES NaOH  Na,CO4 Causti- NaOH Na,CO3 Causti- Causti-
' as as cizing as as cizing cizing

Na,0 NayO, Efficiency Nay0 NafO' Efficiency Efficiency
g/f g/1 Ey % g/1 a/ E] % %
0 15.47  54.53  22.1 15.75  54.25 22.5 22.3
5 35.7 34.3 7 51.0 36.12 33.88 51.6 51.3
10 51.92  18.08 74.2 52.67 17.33 75.2 74.7
15 56.0 14 80.0 56.56 13.44 80.8 80.4
20 57.47 12 82.1 58.03  11.97 82.9 82.5
30 58.1  12.53  83.0 58.1  11.9  83.0 83.0
40 60.02 9.8 86.0 60.34 9.63 86.2 ©86.1

50 60.2 9.8 86.0 © 61.18 8.82 87.4 86.7




TABLE NO.{3

o~

(46)

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 110 % STOICHIOMETRIC

LIME DOSAGE TO 70 g/1 Na,CO5 SQLUTION AT 50°C.

TIME IN SET - I SET - II ' Average

MINUTES NaOH Na2C03 Causti- NaOH Na2CO3 Causti- Caugtl-
as as cizing as as cizing cizing
Na,0 Na,O0, Efficiency Naj0 Na%O. Efficiency Efficiency
g/% g/1 Ey 3 g/l g/ Ey % %

0 13.37  56.63 19.1 13.93  56.07 19.9 19.5

5 16.59  53.49  23.7 17.15  52.25 24.5 ° 24.1

10 20.3 49,7 29.0 '20.72 49.28 29.6 29.3 .

15 24.78  45.22 35.4 25.34  44.66 36.2 35.8

20 25.2 44.8 36.0 25.2 44.8  36.0 36.0

30 35.84  34.16  51.2 36.26 33.74 51.8 51.5

40 37.17  32.83 53.1 37.24  32.76 53.2 53.1

50 39.97° 57.1 40.11 29.89 57.3 57.2

30.03.




TABLE NO.[4 4??

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 110 % STOICHIOMETRIC
LIME'_DOSAGE TO 70 g/1 Na,CO43 SOLUTION AT 60°C.

TIME IN SET - I SET - II ‘Average
‘MINUTES NaOH  NapCO3 Causti- NaOH  Na,CO3 Causti- Causti-

as as -cizing as as cizing cizing
Na,0 Na,0, Efficiency Nay0 Na,0, Efficiency Efficiency
g/%, q/l ‘Ey 3 | g/l g/% E] 3 %

0. 14.07 55.3i 20.1 14.91  55.09 21.3 20.7

5 18.9 51.1 '27.0 19f04 50.6  27.2427.1

10 25.62  44.38  36.6 26.04 43.96 37.2 ©36.9

is 30.87  39.13 44,1 31.;5 38.85 {4.5 | 44.3

20 33.6  33.4 48.0 34.16 35.64 .8 48

30 47.6.. 22.4 68.0 - 48.44 2056 69.2 - 68.6

40 .‘ 50.05 19.95  71.5 49,77  20.23 71.1 71.3

50 34.6 15.4 78.0 54.6 15.4 78.0 78.0




":';.EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 1710% STOICHIOMETRIC

TABLE NO.|§5

48

. LIME DOSAGE TO 70 g/1 Na,CO; SOLUTION AT _70°C.

TIME IN SET - I SET - II Average
MINUTES NaOH Na,CO3 Causti- NaOH  Na,CO3 Causti- Causti-.
as cizing as as cizing cizing
Na,0 Nay0, Efficiency Naj0 NafO, Efficiency Efficiency
g/f g/1 Ey 3 g/l q/ Ey % %
0 15.4 54.6 . 22.0 16.38  53.62 23.4 22.7
5 23.1  46.9 33.0 23.9%  46.5  34.2 33.6
10 32.83.  37.17 46.9 31.85  38.15 45.5 ° 46.2
15 38.78  31.22 55.4 39.2 30.8  56.0 55.7
20 44,38  22.52 63.4 44.94  22.6  64.2 63.8
30 56.0 14 80.0 56.14 13.86 80.2 80.1
40 56.0 14 80.0 56.0 14 80.0 80.0
50 56.00 14 80.0 56.14 13.86 80.2 80.1




TABLE NO.[( . - 49/

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 110 ¥ STOICHIOMETRIC
LIME DOSAGE TO 70 g/l Na,CO3 SOLUTION AT gap °C.

TIME IN SET - I SET - II Average

MINUTES NaOH NapCO3 Causti- NaOllT Na,CO3 Causti- Causti-
as as cizing . as as cizing .cizing .
Na,0 Najy0, . Efficiency Naj0 Na%o. Efficiency Efficiency
9/% g/l Ey § g/l q/ E] % %
0 15.47  54.53 22.1 16.31  53.69 23.3 22.7
5 35.7 34.3 51.0 36.4 33.6  52.0 51.5
* 10 49.0 21 70.0 49.0 70.0 70.0
15 55.79. 14.21 79.7 55.93 14.7  79.9 79.8
20 54.6 . 15.4 ° 78.0 54.74 15.26 78.2 78.1
30 63.98 6.02  91.4 64.26 5.74 91.8 91.6
40 63.14 6.86 90.2 62.86 7.14 89.8 90.0

50 63.07 6.93 90:1 63.49 6.51 90.7 90.4




TABLE NO.|7

50

EFFECT OF TIME ON CAUSTICIZING EFFICIENTY WITH 15% SULAPHIDITY,

Na,C03: Ca0 = 1=l'§LW@i@5_Nﬁ2rOﬂ-N32C°3 70 $pl as Na20 at 70°C1

TIME IN . SET - I SET - II Average

MINUTES NaOH Na,CO3 Causti- NaOH Na,CO3 Causti- Causti-
as as ~ cizing as as cizing cizing
Na,0 NayO, Efficiency Naj0 NafO. Efficiency Efficiency
9/3 g/1 E, 3 q/1 q/ E; % %

0 14.42 55.58 20.6 14.84 55.16 21.2 20.9
18.96 54.04 22.8 16.38 53.62 23.4 23.1

10 21 49 30.0. 21.56 48.44 30.8 30.4

15 23.45 46.55 33.5 23.73 46.27 33.9 33.7

20 27.23 42.77 38.9 27.79 42.21 39.7 39.3

30 37.45 32.55 53.5 37.87 - 32.13  54.1 ~ 53.8

- 40 48.72 21.28  69.6 49.28 - 20.72  70.4 70.0
50 1 48.93 21.07  69.9 49.21 20.79  70.3 70.1

245966
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TABLE NO.|8

EFFECT OF TIME IN CAUSTICIZING EFFICIENCY WITH 15% SULPHIDITY,

o
Na,CO3: Cao = 1.1 ¢ moles_Na%G. Na,CO4 70 $pl as Na20 at 80°C

TIME IN CSET - I 'SET - 11 Average

MINUTES NaOH Na,CO5 Causti- NaOH Na,CO5 Caugti- C§u§t1—
as ‘as cizing as as cizing cizing
Na,0 Najy0, Efficiency Naj0 NafO. Efficiency Efficiency
g/i q/1 El % g/l q/ Ey % 3

0 18.76 51.24 . 26.8 19.18 50.82  27.4 27.1

5 123.66 46.34  33.8 24.36 45.64  34.8 34.3

10 27.44 42.56 39.2 27.72 42.28  39.6 39.4

15 35.49 34.51 56.7 '36.19 33.81 51.7 51.2

20 45.85 24.15  65.5 46.13 23.87  65.9 65.7

30 54.81 15.19 78.3 54.53 15.47 77.9 78.1

40 54.95 15.05 78.5 24.32 15.68 - 77.6 78.1

50 57.47 12.53 82.01 57.75 12.25 -82.5 82.3




22"
, TABLE NO.|q , e
EFFECT OF TIME IN CAUSTICIZING EFFICIENCY WT;H 15% SULPHIDITY,

-Na2C03: Cao = 1.1 @ moleS”.Nagﬁ, Na2C03 70 ggﬂ.as Nazo at 90°c

" TIME IN SET - I. SET - II Average
MINUTES NaOH Na,CO3 Causti- NaOH Na,CO3 Causti- Causti-
as as cizing- as as cizing cizing
Na,0 Naj0, Efficiency Naj0 - NafO. Efficiency Efficiency
g/i g/l E; % g/l q/ E) 8 %
0 22.12 47.88 31.6 ©21.7 48.3 31.0 31.3
5 32.27 37.73 46.1 32.41 37.59 46.3 46.2
10 50.75 19.25  72.5 51.03 18.97 72.9 72.7
15 ' 56.7 13.3 81.0 57.12 12.88 81.6 81.3
20 61.67 8.33 88.1 62.23 7.77 88.9 88.5
30 - 60.62 9.38 86.6 - 61.04 8.96 87.2 86.9
40 62.09 7.91  88.7 -  62.37 7.63 89.1 88.9

50 62.3 7.7 89.0 62.86 7.14 89.8 89.4




TABLE NO.26
EFFECT OF TIME ON CAUSTICITY EFFICIENCY WITH 20% SULPHITITY,

Na,CO4: Ca0 = 1:1 ¢ 'moles, Nazo, Na,CO; 70.gpl as Na,0 at 7q°c
TIME IN SET - I SET - II Average
MINUTES NaOH NayCO3 Causti- NaOH Na,CO3 Causti- Causti-
as as cizing as as cizing cizing
Na,0 Na,0, Efficiency NajyO Na,0, Efficiency Efficiency
g/i q/1 E; § g/l g/f E] 3% $
0 '13.79 56.21 19.7 14.35 55.65 20.5 20.1
5 ;6.94 53.06 24,2 17.22 52.78 24.6 24 .4
10 20.86 49.14 29.8 21.56  48.44 30.8 30.3
15. 27.37 42.63 39.1 27.09 42,91 38.7 38.9
20 30.24 39.76 43.2 30.66 39.34 43.8 43.5'
30 35.63 34.37 50.9 36.05 33.95 51.5 51.2
40 48.02 21.98 68.6 48.44 21.56 69.2 68.9°
50 47.95 22.05  68.5 48.65 69.0

21.35 69.5
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TABLE NO.2 | —
EFFECT OF TIME ON CAUSTICITY EFFICIENCY WITH 20% SULPHIDITY,
o = . 3 . e (0}
Na2CO3‘ Ca0 = 1:1 Cj.mC_);.c'%_S‘-I‘esz-, NaZCO3 70 ypl as Nazo at 80%C
TIME IN SET - I 'SET - II Average
MINUTES NaOH Na,CO3y Causti- NaOH Na2CO3 Causti-  Causti-
as - as cizing as cizing cizing
Na,0  NayO, Efficiency Naj0 a»0, Efficiency Bff1c1ency
g/f g/l Eq % g/l f E] % .3
0. 17.01 52.99 24.3 17.43 52.57 24.9 24.6
.5, 23.24 46.76  33.2 23.1  46.9 33 33.1
10 34.16 35.84 46.8 33.32  36.68 47.6 47.2
15 39.9  30.1 57.0 40.32  29.68 57.6 57.3
20 47.74 22.26 68.2 48.16 21.84 68.8 68.5
30 54.04 15.96 77.2 54.32 15.68 77.6 77.4
40 56.14 13.86 80.2 56.84 13.16 81.2 80.7
50 S4ql IS0 785 55.37  14.63 79.1 78.8




TABLE NO.22

1

30

EFFECT OF TIME ON CAUSTICITY EFFICIENCY WITH 20% SULPHIDITY,

Na2CO3} Ca0 = 1:1 gf@?leﬁ EazC, Na2CO3 70 gpl as NayO at 90°C

TIME IN SET = I SET - II . Average

MINUTES NaOH Na,CO3 Causti- NaOH Na,CO3 Causti- Causti-
as as cizing as as cizing cizing
Na,0 Na,0, Efficiency Na,0 NafO, Efficiency Efficiency
9/% g/l E; % g/l q/ E] % %

0 21.14 48.86 30.2 22.12 17.88 31. 30.9

5 30.38  39.62 43.4 30.8  39.2  44. 43.7

10 47.95 22.05 68.5 48.37 21.63 69. 68.8

15 55.65 14.35  79.5 55.37  14.63 79. 79.3

20 58.94 11.06 84.2 59.15 16.85 34. 84.4

59.92 10.08  85.6 57.33  12.67 81, 83.5
40 60.13 9.87 85.9 59.85 10.15 85, 85.7
50 9.87 85.9 60.34 96.6 86. 86.1

60.13




TABLE NO.2.3 S

| 56
EFFECT OF TIME ON CAUSTICITY EFFICIENCY WITH 25% SULPHIDITY
Na,CO3 : Ca0 = 1:1 3 moles Nazo,;Na2CO3 70 gpl as Na,0 at 90°c
TIME IN : SET - 1 | SET - I1 Average
MINUTES NaOH Na,CO3 Causti- NaOH Na,CO5 Causti-~ Caugti— .
- as as -~ cizing - as as cizing cizing .
Na,0 Naj0, Efficiency Naj0 NafO. Efficiency Efficiency
g/i g/1 Ey % ‘ g/l g/ E; % LI :
0 18.9 51.1 27.0 19.46  50.54 27.8 27.4
5 26.95 43.05 38.5 26.53  43.47 37.9 38.2
10 46.11 29.88 57.3 39.55 30.45 56.5 56.9
15 47.46 22.54 67.8 48.02 21.98 68.6 ‘ 6872
20 58.51 14.43 79.3 © 55.93 14.07 79.9 79.6
30 56.07 13.93 80.1 56.63 13.37 80.9 - 80.5
40 56.28 13.72  80.4 56.84° 13.16 81.2 - - 80.9

50 56.84 13.16 81.2 53.62 16.38 76.6 78.9
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TABLE NO. 2.4

— EFFECT OF TIME ON CAUSTICITY EFFICIENCY WTH 25% SULPHIDITY,
Na,CO,: Ca0 = l:1 y moles Na,0 , Na,COy 70 gpl as Na O at 80°C

2773

TIME IN SET - I SET - II Average
MINUTES NaOH Na,CO4 Causti- NaOH Na2CO3_Causti- Causti-
as as cizing as as cizing cizing
Naio Na,0, Efficiency Naj0 Na,0, Efficiency Efficiency
g/ g/l E; 3 g/l g/f E] % 3
0 17.22 52.78  24.6 16.8  53.2  24.0 24.3
5 21.98 48.02 31.4 21.84 48.16 31.2 - 31.3
10 25.83 44.17 36.9 . 25.69 44.31 36.7 36.8
15 30.24 39.76 - 43.2 ~ 30.66 39.34 43.8 43.5
20 37.94 32.06 54.2 38.64 31.36 55.2 54.7
30 47.53 22.47 67.9 ' 48.09 21.91 68.7 68.3
40 48.02 21.98 68.6 48.58 21.42 69.4 69.0

50 48.65 21.35 69.5 49.49  20.51 70.7 -70.1




TABLE NO.2.5 ‘éﬁi

EFFECT OF TIME ON CAUSTICITY EFFICIENCY WITH 25% SULPHIDITY,

Na,C03:Ca0 = 1:1 g moles Na,0I, Na,CO; 70 gpl as Na,0 at 700C
TIME IN SET - I SET - 11 Average
MINUTES NaOH Na,CO4 Causti- NaOH Na,CO5 Causti- Causti-
as as cizing as as cizing cizing
Na,0 Naj0, Efficiency Najy0 Na,0, Efficiency Efficiency
g/i q/l. E; 8 q/l g/f Ep % ]
0 12.81 57.19 18.3 - 13.23  56.77 18.9 18.6
5 16.73 53.27 23.9 16.17 53.83 23.1 23.5
10 20.37 49.63 29.1 21.56  48.44 30.8 299
15 . 22.05 47.95 31.5 22.89  47.11- 32.7 32.1
20 24.15 45.85 34.5 23.87 46.13 34.1 34.3
30 . . 32.83 37.17 46.9 33.11  36.89 47.3 47.1
40 36.28 33.74  51.8 36.96 33.04 52.8° 52.3

20 43.89 26.11 62.7 42.91 27.09 61.3 62.0




. TABLE NO.2.G | .89
EFFECT OF TIME OIN CAUSTICIZING EFFICIENCY WITH 20% SULPHIDITY,

Na CO3.-CaO = 1:1 g ol e as Nz,0, Mgo dosage'= .5% at temp. 90%¢

TIME IN SET - I _ SET - I1 Average

MINUTES NaOH Na,Co3 Causti- NaOH Na2C03 Causti- Causti-

as cizing as cizing cizing
Na,0 NajyO0, Eff1c1ency Na,0 a,0, Efficiency Efficiency

I ot E s o ot B s 3

o 20.86 49.14 29.8 21.28 48.72 30.4 30.1

5 25.9  44.1  37.0 26.18  43.82 37.4 37.2

10 32.62 37.38 °  46.6 33.04 36.96 47.2 46.9

15 41.65 28.35  59.5 42.35 27.65 60.5 60.0

20 . 46.41 23.59 66.3 46.55 23.45 66.5 66.4

30 52.15 17.85 74.5 52.71 17.29 75.3 74 .9

40 55.65 14.35 79.5 - 56.07 13.93 80.1 79.8

50 57.33 12.67 81.9 56.91 13.09 81.3 81.6




TABLE NO.2Q7

EFFECT OF TIME ON CAUSTICIZING‘EFFICIENCY WITH 20% SULPHIDITY,

Cao

78.

Na2C03: = 1.1 ¢ mcle as Na,0, Mgo dosage = 1% at temp. 90
TIME IN SET - I SET ~ II Average
MINUTES NaOH Na,CO4 Causti- NaOH Na,CO5 C§u§t1- , C§u§t1—
as as cizing as as cizing cizing
Na,O0 Nay0, “Efficiency Naj0 NafO, Efficiency Efficiency
g/f g/1 E; 3 g/l g/ Ey 2
0 19.67 56.33 28.1 19.95  50.05 28.5 28.3
5 23.17 46.83 33.1 23.73  46.27 33.9 33.5
10 28.21 41.79 40.3 28.63  41.37 40.9 40.6
15 -37.24 32.76 53.2 37.52  32.48 63.6 53.4
20 43.12 26.88 61.6 42.56 27.44 60.8 61.2
- 30 50.4  19.6 72.6 50.54  19.46 72.2. 72.1
40 53.13 16.87 75.9 52.85 17.15 75.5 - 75.7
50 54.32° 15.68  77.6 54.74 15,26 2 77.9
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TABLE NO.238 : e

EEFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 20% SULPHIDITY,

' - : ' o
NaZCO,: Ca0 = 1.1 g wmyl- as Na . . Mgo dosage = 1.5% at temp. 90=C

TIME IN . SET - I ~ SET - II Average

MINUTES NaOH NayCO3 Causti- NaOH Na,CO3 Causti- Causti-
as as cizing as as cizing cizing
Na,0 Na,O, Efficiency Na,0 Nafo, Efficiency Efficiency
g/i g/l E; % g/l g/ E] % $
0 18.41 51.59 26.3 ~19.25  56.75 27.5 26.9
_ 5 20.86 49.14 29.8 21.14 48.86 30.2 30.0
10 25.55 44.45 36.5 25.69 44 .31 36.7 36.6
15 -~ 33.25 36.75 47.5 33.67 36.33 48.1 47.8
20 39.48 30.52 56.4 40.18 29.82 57.4 56.9
30 47.32 22.68 67.6 47.04 22.96 67.2 67.4
40 51.1 18.9 - 73.0 51.24 18.76 73.2 173.1

50 50.4 19.6 72.0 50.68 19.32 72.4 72.2.




. TABLE NO.2.q

EFFECT OF TIME ON CAUSTIZING EFFICIENCY WTH 203 SULPHIDITY,
Na,C04:Ca0=1.1 g mole aSﬂNa?O, Na SiO3 dosage: = 1.5% at temp. 90°C

2 2
" TIME IN SET - I . SET - II | . Average

MINUTES NaOH Na,CO5 Causti- NaOH Na,CO0j3 Causti- Cau§ti—
as as cizing " as as cizing cizing
Na,0 Najy0, Efficiency Naj0 NafO, Efficiency Efficiency
g/f g/l Ey; % g/l g/ Ey % %

0 '21.14 48.86 130.2 21.7 48.3 31 30.6

5 28.49 41.51 40.7 28.63 41.37 40.9 40.8

10 37.38 32.62 53.4 37.8 . 32.2 54 53.7

15 41.3 28.7 59.0 41.86 28.14 59.8 59.4

20 44.94 25.06 64.2 45.5 24.5 65 64.6

30 54.39 15.61 77.7 - 54.53 15.47 77.9 77.8

40 54.95 15.05 78.5 54.39 15.61 77.7 78.1

50 - 54.39 15.61 77.7 54,81 15.19 78.3 78.0




TABLE N0.3d

EFFECT ON TIME ON CAUSTIZING EFFICIENCY WITH 20% SULPHIDITY,

Na2CO3:CaO=l.lVgg@g}g%ﬁ%j§é§ﬁj Na2803 dosage = 2% at temp. 90°C

TIME IN SET - I | SET - II Average

MINUTES NaOH Na2C03 Causti- NaOH Na2C03 Causti- Causti-

as cizing as cizing cizing

Na,0  Na,O, Efficiency NajO a0, Efficiency Efficiency
g/i g/l E; % . g/l i Ep % 3

0 - 18.83 51.17 . 26.9 18.69 51.31  26.7 '26.8

5 24.99 45.61 35.7 25.13 44.87 35.9 35.8

10 32.76 37.24 46.8 32.34 37.66  46.2 46.5

15 35.42 34.88 50.6 35.84 34.16 51.2 50.9

20 40.32 29.68 57.6 40.88 29.12 58.4 '58.0

30 49.35 20.65 70.5 48.79 21.21  69.7 70.1

40 '51.87 18.13  74.1 52.01 17.99  74.3 74.2

50 52.57  7.43 75.1 52.85 17.15 75.5

75.3




_;Iya

40

Ll . TABLE NO.3|

-EFFECT . OF TIME ON CAUSTICING EFFICIENCY WITH 20% SULPHIDICITY,

Na'CO :Ca0=1:1 g mole as Nazo, N§2$§3 dosage = 2.5% at temp. 9OOZQ
TIME IN SET - I R SET - II Average
MINUTES NaOH Na,CO3 Causti- NaOH Na,CO; Causti- Causti-

as as cizing as as cizing cizing
Na,0 Na,O, Efficiency Nas0 Na,0, Efficiency Efficiency
g/i g/l Ej % g/l g/i El % %
0 15.47 54.53 22,1 15.61 54.39. 22.3 0 22.2
19.25 50.75 27.0 18.97 51.03 27.1 . 27.3
10 26.6 43.4 38 26,74 43.26 38.2 38.1
15 30.87 39.13  44.1 31.43 38.57  44.9 44.5
20 38.22 31.78 54.6 38.78 31.22 55.4 55.0
30 46.39 23.66  .66.2 46,9 23.1 67 66.6
49.14 20.86 70.2 49,42 20.58 70.6 70.4
49.21 20.79 70.3 48.79 21.21 09.7 . 70.0
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. TABLE NO.32.
EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH SULPHIDITY 20%
Na2CO3 = 1:1 - '»le a .1 NayCoy = 70 g pl? NaOH dosaye = 5 g ple,
at temp. = 90°C. _' -
TIME IN - SET - I ‘ SET - II Average .
MINUTES NaOH Na,CO; Causti- NaOH Na2C03 Causti- Causti-
' as cizing ' as cizing cizing
Na,O Na,O0, Efficiency Naj0 Na 0, Efficiency Efficiency
i q/1 Ey % g/1 f E] % 3
0 22.35 52.65  29.8 ©22.05 52.95  29.4 . 29.6
5 27.83 47.17 37.1 28.13 46.87 37.5 37.3
10 36.08 38.92  48.1 36.3  38.7 48.7 48.4
15 42.75 32.25 57 . 42.9 32.1 57.2 57.1
20 52.13 22.87 - 69.5 51.37 23.63  68.5 69.6
30 | - 57.83 - 17.17 77.1 58.13 16.87 77.5 77.3
10 61.95 13.05. 82.6  61.5 13.5  82.0 82.3

5o~ 62.63 12.37  83.5 58.13 16.87 77.5 '80.5




- EFFECT OF- TIME ON CAUSTICIZING EFFICIENCY WITH SULPHIDITY 20%

TABLE NO.33

66

Na,CO, = 1:1 9 wle ‘= Na.0 Na co =70 g ply, NaOH dosage 7.5 gy ple
2 g 12 EpY Naxtls
- at temp. = 90°¢C.
 TIME IN . SET - I | SET - II Average
MINUTES NaOH MNa,CO3 Causti- NaOH  Na,COj Causti- C§u§ti€
as as cizing " as . as cizing cizing
Na,0 ' Na,0, - Efficiency Naj0 Na%O, Efficiency Efficiency
g/i g/1 E; g/1 g/ E; 3 ¥
0 21.39 56.11  27.6 '21.85 55.64 28.2 27.9
5 26.42 51.07 34.1 26.89 50.60 . 34.7 34.4
10 32.47 45.02 41.9 32.16 45.34 41.5 41.7
‘15 41.77 35.72  53.9 41.62 35.88  53.7 53.8
20 49.6 27.9 '64.0 49.21 27.59 64.4 64.2
30 57.35 20.15  74.0 57.82 19.68  74.6 74.3
40 59.21 18.29 76.4 59.52 17.98 76.8 76.6
50 ©39.90 17.59 77.3 59.59 17.90 76.9 77.1



EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH SULPHDTY 20%,

TABLE NO.34

67

Na,CO, = 1l:1° "2 as‘Ma,u, Na,C0,=70 g plg, NaOH dosage 10 g ple,

2273 : 2% T3

at temp. 90°C - = ‘

TIME IN SET - 1 ) SET - 1II Average

MINUTES NaOH Na,CO5 Causti- NaOH Na,CO3 Causti- Causti-
as’ as cizing as as cizing - cizing
Na,0 Naj0, Efficiency Naj,O0 Na,0, Efficiency Efficiency
g/i g/l E; % g/l g/i Ey] % %

0 21.12 58.88 26.4 20.8 59.2 26.0 26.2

5 24.24 55.76 - 30.3 23.92 56.08 29.9 30.1

10 29.28 50.72  36.6 29.76 50.24  37.2 36.9

15 37.12 423.88  46.4 37.44 42.56  46.8 46.0

20 45.84 34.16 57.3 45.52 34.48 56.9 57.1

30 56.4  23.6 70.5 - 56.88 23.12 71.1 70.8

40 58.24 21.76  72.8 57.76 22.24 72.2 72.5

50 58.88 21.12 6 55.52 24.48 69.4 71.5

.73,
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TABLE NO.3G

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 20% SULPHIDITY,
Nay,CO3: Cal = 1:1° ole as Na,u NanCO3= 70 g pl%, '

Mgo dosage = 1%, NaySi0 -dosage = 1%, NaOH dosage = 5 g pl§ at temp 90°¢C

TIME IN SET - I SET - II Average
MINUTES NaOH NayCOg3 Causti- NaOH Na,CO3 Causti- C§u§t1—
as as cizing as as  cizing cizing
Na,0 Na,0, Efficiency Naj0 NafO' Efficiency Efficiency
g/i g/l .. Ey % g/1 g/ Ey L %

0 20.62 54.37 27.5 ©20.17 54.83  26.9 27.2
s 1 27.37  47.63  36.5 - . 27.97 47.03 37.3 36.9
10 . 34.13  40.87  45.5 34.57  40.43  46.1 45.8

TR 49.12  25.88  65.5 48.67 26.33  64.9 65.2
20 - 53.85 21.15  71.8 53.4  21.6 71.2 71.5

30 58.27 16.73  77.7 58.57 16.43  78.1 77.9

a0 58.57  16.43  78.1 56.93 - 18.07 75.9  77.0

27750 58.13  16.87  77.5 57.53  17.47  76.7 77.1




EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 20% SULPHIDITY,

Cal

=.1:1

oz

TABLE NO.3¢

as oo

Na2CO3

bY

Mgo dosage = 1%, Na28i03 dosage = 1 %, NaOH dosage 7.5 g/1 at temp.90°C

TIME IN SET -1 SET - II . Average

MINUTES NaOH Na2C03 Causti- NaOH Na2C03 Cau§t1— C§u§t1—
as as cizing as as clzing cizing
Na,0 Na,O, Efficiency Naj0 NafO. Efficiency Efficiency
glf g/1 E; 3 g/l g/1 E] 3% %

0. 19.68 57.82 25.4 19.84 57.66 25.6 .25.5

5 25.96 51.54 33.5 25.49 52.01 32.9 33.2

10 33.55  43.94  43.3 33.86  43.64 43.7 43,5

15 45.42 32.08 58.6 45.10  32.40 58.2 58.4

20 51.84  25.66 66.9 51.38 26.12 66.3 66.6

30 57.89 19.61 74.7 58.20 19.30 75.1 74.9

40 58.44 19.06  75.4 57.82 19.68 74.6 75.0

50 57.58  19.92  74.3 57.89  19.61  74.7 74.5




TABLE NO.27

70

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 20% SULPHIDITY,

Na,CO3: Ca0 =

Mgo dosage = 1%NaySi0; dosage = 1%,

l:1 .

P Na2CO3

70 g/1

NaOH dosage 10 g/1 Eemp.90°C

SET - II Average

56.72 .

TIME IN SET -1 ' _ :
MINUTES NaOH NayCO3; Causti- NaOH Na,CO3 Causti- C§u§t1—
as as cizing as as cizing cizing
Na,0 Najy0, Efficiency Naj0 Nafo. Efficiency Efficiency
of  of E 3 i ot B b
0 19.28  60.72  24.1 19.76  60.24 24.7  24.4
5 . 23.04 56.96 28.8 22.72  57.78 28.4. " 28.6
10 29.84 50.16  37.3 29.52  50.48 36.9 37.1
15 43,04 36.96 53.8 42,41 37.58 53.2 53.5
20 47.2 32.8 59.0 47 .52 32.48 59.4 59.2
30 56.16  23.84 70.2 56.32  23.68 70.4 70.3
40 58 22 72.5 57.52 22.48 71.9 72.2
50 58 22 72.5 23.38  70.9 71.7




TABLE NO.38

71

EFFECT OF GREEN LIQUOR CONCENTRATION ON CAUSTICIZING

EFFICIENCY WITH NapCO3:Ca0 =

at temperature 90°C

l:lug-mole as wa,. NaOH = 0

Particulars/ Sulphidity =

Sulphidity

Samples TTA as Causticizing TTA as CZugg?cizig
Nazg efficiency% Na»0 efficiency %
1 40 94.0‘ 40 '91.8
2 50 93.1 50 91.1
3 60 91.3 60 88i5
4 70 91.4 70 87.6
5 80 90.2 80 86.3
6 90 87.5 90 82.7
7 100 - 86.2 100 81.0
8- 110 82.0 110 76.1
9 120 81.6 120 75.3




TABLE NO. 39
EFFECT OF LIME DOSAGE ON THE SETTLING RATE OF THE LIME MUD
SOLIDS WITH Na,CO3 = 70 gpl VOLUME OF SLURRY = 115 CC AT TEMP.

20°C (ROOM TEMPERATURE)

Time Settled volume CC  Settled volume Settled volume
Minutes in CC in CC
For 90% lime used For stoichemetri- For Stoichime-
stoitiometerically cally 100% lime  trically 110%

uggd ) ' lime used
0 115 114 : | 115
5 ~ 80 92 | 108
10 58 74 102
iS 42 47 ) 97
20 27 38 : 86
25 16 33 84

30 16 . 30 73




73
TABLE NO. 40

EXPERIMENTAL AND PREDICTED CAUSTICIZING EFFICIENCIES FOR

" DIFFERENT GREEN LIQUOR COMPOSITION AT TEMPERATURE 909C

Expériment Initial green liquor Causticizing effi-
No. - composition g/1 as Nay0 ciency
— Naycozf NaOH NEVE Measured Bredicted
1 70 0 . 12 89.4 90.8
2 . 70 0 17.5 . 86.1 85.0
3 70 0 23.2 8.9 79.2
- 70 5 17.5 " 80.5 78.9
5 A 70 7.5 17.5 77.1 77.8
6 70 Y6 17.5 7.1 72.1
770 o 0 914 91.4
g 40 0 0 940 93.6
~9 . 50 0 0 93.1 93.9
10 60 0 0 91.3 91.8
1170 0 0 91.4 91.4
12 80 0 0 90.2 89.3
13 | 90 0 0 87.5 87.9
14 | 100 o - 0 86.2 86.3
15 110 0 o 82.0 84,5

16 120 0 0 81.6 82.9

17 80 0 20 81 80.4

b,
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