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A%ST(2Fc,-r 

The final stage of the recovery process is the 

causticization of green liquor from the smelt dissolve r of 

the furnace section to reclaim the alkali in. a form 

readytor reuse in the cooking,  cycle. The efficiency of 

causticizing process does have an important bearing on the 

overall recovery process. Higher causticizing efficiency 

means that the circulation of ini,ert chemicals in system is 

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 causticizing 7efficiency by preparing a 

model solution of approximately the same composition of 

Industrial Green Liquor from an integrated Pulp and Paper 

Industry. 
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INTRODUCTION 

Slaking, causticizing, and calcinning form a closed 

loop process for converting the recovered green liquor 

(Na2CO3) into, cooking or white liquor (NaOH + Na2S). The 

major reactions are as follows: 

Slaking: 	CaO + H2O Ca (OH) 2 + 

Causticizing: Ca(OH)2 + Na2CO3 	CaCO3 + 2NaOH 

Calcining: 	CaCO3 + Hea .- CaO + CO2 

Only the slaking and causticizing reactions are 

considered in this section. All SOdi 	C1(C0.1S o.y t"rr_SS~4 
I'Yt to n'ns of rtc o. 

The advantage of the Na20 convention is that the TTA 

reamins constant through the causticizing process. 

Causticizing then results in an increase in the active 

alkali content of the liquor. The advantage of basing the 

sulfidity on the TTA rather than the AA is that the 

sulfidity will remain constant through the causticizing 

process except for loss due to oxidation. 

SLAKING: 

The s,aking reaction- is the reaction of calcium oxide 

(reburned lime) and water to produce calcium hydroxide 

(slaked lime). Both the calcium oxide and calcium 

hydroxide are not very soluble in water, and behave as 

solid phases. 
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Slaking is an exothermic reaction. This heat of 

reaction is such that the stoichiometric addition of lime 

would raise the temperature of a typical green liquor about 

1-5°C. The slaking reaction is Yetarded at low 

temperature and the recommended temperature for slaking is 

9O-1Oe°C If the slaking temperature is too low, unslaked 

lime particle. will accumulate-in the slaker. The slaking 

reaction is retarded in green liquor because of the 

development of a surface coating of carbonate. 

caYi1r_a out 
When S°L.cik1Y1Q d,Jit-h -O j vnr kS',~ in hot green liquor, the most 

apparent changes occur during the first few minutes. The 

pellets begin to swell and may develop cracks from which 

steam may escape. Shortly after this, the pellets 

disintegrate into small particles. If this step does not 

occur, the unreacted pellet$ will fall to the bottom of the 

slaker and be removed with the grits. If the lime is not 

reactive 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: 

Na2CO3(aq) + Ca(OH)2(S) 	2NaQH(aq) + CaCO3(s) 
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Both the Na2CO3  and NaOH are in solution while Ca(OH)2  and 

CaCO3  are of limited .solubility and take part 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: 

K = COH \2  

CC0371 
_  CCe+1 LOH j  2 

Ca 
 

= KCa(OH)2 	
(1) 

KCaCO3 

where 

KCa(OH)2 	solubility product of Ca(OH)2  

KCaCO3 	= solubility product of CaCO3  

The eq(,librium 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 10-2  g mol/. while the solubility of 

calcium carbonate is 2x10-4  g mol/f. (2). The solubility 
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products for these two substances are .then 4x10-6  and 

4x10-8, respectively. The value of the equilibrium constant 

is then tf 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 decreases. with 

increasing sodium ion concentrations. 

NOMENCLATURE: 

The convention has developed of expressing alkali 

concentrations in white and green -liquors in terms of the 

Na20 equivalent. Thus, 

1 gm NaOH 	= 	0.775 gm Na20 

1 gm Na2S 	= 	0.795 gm Na20 

1 gm Na2CO3 	= 	0.585 gm Na20 

Concentrations are usually expressed in terms of 

g-Na2O/2. 

The following terms are frequently used, all expressed 

in terms of Na20. 

Active Alkali: AA = NaOH + Na 

Effective Alkali: EA = NaOH + 1/2Na2S 

Total Titratable Alkali: 

TTA = NaOH + Na2S + Na2CO3. ,  

Na2S 
Self idity : 

	

	or. sometimes 
Na2S + NaOH 
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Na2S 

Na2S + NaOH + Na2CO3  

NaOH 
Causticizing Efficiency-: 	Na2CO3 + NaOH 

Conversion Efficiency: 

NaOH - NaOH(g.l) 
Na2CO3 + NaOH - NaOH(g 1.) 

Activity: 
	NaOH + Na2S 

TTA 

NaOH 
Causticity : 	TTA 

 r i 

Causticizing 	-. ice results 	in an 	increase 	in the 	active 

alkali content of the liquor. The advantage of basing the 

sulfidity 	on 	the TTA 	rather than 	the 	AA is 	that 	the 
04t 

sulfidity 	will 	remain constant 	through, the causticizing 

process except for loss due to oxidation. 
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LITERATURE SURVEY 

Considerable early work has been published on 

causticization of sodium carbonate it_--lO)  Rydin and 

coworkers(z)studied the effect of lime quality on the 

equilibrium. Kojoconcluded that the equilibrium constant(~,~ 

calculated in concentration units_i,Which was the same for 

both carbonate solutions, with and without sodium sulfide. 

This equilirbium constant is calculated as: 

L _ 
Ke =  

The units for (OH-') and (CO3Z-)arelmoles per liter of 

solution. 

Lindberg and 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 

expressed 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 signs to the reactants OH and CO2 ~ 

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. 



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 causticizing as a result of the increase in 

the total cation concentration. 

-The valu-''of equilibrium constant reported by Kobe 

and Williamson (19) and Dorris and Allen (23)studiej 

equilibrium causticities as a function TTA. These 

equlibrium conversions are only obtained with large excess 

of lime and long reaction times. In the mill range of TTA 

concentrations the equilibrium causticity decreases by 

about 5 -percent as the concentration is increased. 

Increase in sulfidity will decrease the causticity 

slightly, because the hydroxide produced by the hydrolysis 

of sodium sulfide suppresses the conversion of sodium 

carbonate. 

Lindberg and Ulmgren (1j°) shows that the apparent 

equilibrium constant is a decreasing function of the total 

cation concentration which can be expressed as: 

1og10 = 2.95 - 0.62{(Na+) +(K+)
0.5 

Where K,e (OH-2)/(CO3 ) and oncentrations are in~.mol 

per lit. 

The effect of temperature on the causticizing 

equilibrium constant is given bb the Van't Hoff equation 
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__ n H 
dT 	RT2 

Since the heat of reaction for causticizing is 

negligible the equilibrium would not be expected to be 

influenced by temperature. fojo (20) studied the effect of 

temperature on the causticizing equilibrium and concluded 

that increasing the temperature tends to lower the 

equilibrium conversion efficiency slightly. 

Jauhari 	and Shiveshwar, R0[i, (5) studied the 

effect of green kiquor to • ime ratio during slaking on the 

Fettling rate of Causticized Slurry". They reported that 

;reen liquor'to lime ratio during slaking is an important 

variable in determining the settling rate of the lime 

sludge. A ratio of 6:1 to 8:1 may be preferred. However 

it is advisable to determine the optimum ratio for the 

individual,conditions to achieve the best results. 

Ransdell and 	•i. Genco (-8) studied the 

effect of sodium sulfide on the equilibrium of the kraft 

causticj.z~,9o:r. 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 coefficient Ke 	'" is 

lower. This less active reaction results in less carbonate 

ion being converted to the solid form and less hydroxyl ion 

being formed. 
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OBJECT OF STUDY 

Di1ofl1.c work has been LCl,7f 1 ea on the following 

objectives:- 

1. To study the effect of time of reaction on Causticizing 

efficiency. 

2. To study the effect of green liquor temperature on 

causticizing efficiency. 	_ 

3. To Study the effect of quantity of lime on causticizing 

efficiency. 

4. To study the effect of green liquor sulfidity on causti 

cizing efficiency. 

5. To study the effect of purity of lime on causticizing 

efficiency. 

6. To study the effect of NaOH present in the green liquor. 

o.n causticizing efficiency. 

7. To study the effect of green liquor concentration. on 

causticizing efficiency. 

8. To study the effect of lime quantity on the settling 

rate of the lime mud solids. 

9. To develope a kinetic model which can predict the 
S•'ho~S . 

effect of variables („1-7) on the causticizing 

efficiency. 

10. To determine the order of the caisticizing reaction. 



to 
EXPERIMENTAL PROCEDURE 

EXPERIMENTS:  

The following experiments were carried out in the 

laboratory: 

1. Kinetics of the causticizing reaction of 70 gpl Na2CO3  

solution with four different stoichiometric amounts of 

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

levels of temperature (50°C, 60gC, 70°c, 80°c). 

2. Experiments were performed at sulfidity levels of 15 0, 

20 %, 25 % with Na2CO3: CaO = 1:1 g mole: 	o&,., 

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

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

3. Effect of time on causticizing efficiency was 

determined with 20% sulfidity, Na2CO3:CaO = 1:1 g mole: 

MgO dosage (.5%, 1%, 1.5%) at 90°C 

temperature. The same experiement 	was also carried. 

out for Na2SiO3  dosage of 1.5 %, 2 % and 2.5 %. 

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

g mole : 	Na2CO3  = 70 gpl as Na20 solution at a 

temperature 90°C with the three levels of NaOH dosage 5 

gpl, 7.5 gpl, 10 gpl as Na20. 

The same experiement- were carried out for the 1% MgO 

and 1% Na2SiO3  dosage. 

5. To study the effect of green liquor concentration nine 

solutions •of different strengths (40, 50, 60, 70, 80, 90, 
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100, 110, 120 gpl as Na20 TTA) were prepared. These 

solutions_ were than analysed (for Na CO :CaO = 1:1 piaQe 

5.`Mo , NaOH = 0 at • temperature 90°C) for two levels of 

sulfidity 0% and 20%. 

6. Effect of lime dosage (90%, 100%, 110%) based on 

stoichiometeric requirement) on the settling rate of the 

lime mud solids with Na2CO3  = 70 gpl as Na20 solution, 

volume of ,slurry = 115 CC at temperature 20°C (room 

temperature) was studied. 

PROCEDURE: 

The 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 Na2CO3, Na2S, -NaOH, MgO, Na. LO3 making the volume 200 

ml in- water was taken in another beaker. Maintaining the 

desired temperature the green liquor prared was then 

poured into the beaker containing slaked lime, at this 

temperature the causticizing reaction was confined for a 

period of time with constant agitation 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% BaCl2 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 solution 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 continued to the end point. The acid 

• consumption:, was.. noted. as 'b' reading. 

9.Now 8`  drops -of Bromophenol-blue solution was added. 

- O..And 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 negligible. 
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(Based on TAPPT Standard method T6240S-68 ) 

The causticizing efficiency and sulphidity has been 

calculated by the following formula: 

Causticizing efficiency =(-NaOH - X) x 100 
NaOH + Na2CO3 

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

liquor 

% sulphidity = 
 Na2s  

x 100 
NaOH + Na2S 

All the chemicals expressed as Na20 

From the acid consumption the contents of NaOH, Na2S and 

Na2CO3 has been calculated as follows: 

NaOH  = 6.2(2a-b)n gpl as Na20 

Na2S  = 12.4(b-a)n gpl as Na20 

Na2CO3 = 6.2 (c-b)n gpl as Na20 

where, n is'the strength of the H~'l solution. 
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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 increase with the increase of time 

and reaches to a state of equilibrium after a certain 

period. (.0 to 30 minutes). 	It has been observed that 

total reaction time of about 0 minutes sufficient to 

achieve the maximum possible causticizing efficiency{. 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 is exothermic in nature but in case of 

causticizing reaction A H is nearly zero. 	Therefore 

temperature has greater influence of slaking reaction and 

proper slaking is the key to the success of causticizing 

operation. Slaking conditions govn the size of calcium 

hydroxjd~particles which in turn gooey) the size - settling 

properties and filtering characteristics of calcium 

carbonate mud. For this reason the temperature should be 

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

settling characteristics, , 	this temperature side 

reactions are suppressed below 90°C. There is always a 

possibility of formation of a double compound Na2CO3, 

CaCO3, H2O or Na2CO3.5H20. These compounds are difficult 

to decomposes and they result in loss of soda and lime 

both. They also affect the settling charac'teristics. of 

lime mud. 

At temperature below 60°C, Na2S may react with CaCO3  

to produce CaS. 

r'k S + CO-CO3 	Nrz2 CO3  + Ca.$ 

caCO3  = 	Na2CO + CaS,. 

This results in lower sulphidity and causticity. 

3. EFFECT OF LIME QUANTITY: 

Figs. 1 to 4 indicaiethe 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 lime 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 obtained. 

b) Lower filteration rate on the drum filter medium. 

c) Accelerating blinding of the filter medium. 

d) Washing of soda from the filter cake is impjLY Adue to 

which alkali loss2 will increase. 

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 sulfidity on 

the causticizing efficiency. It is clear that the 

causticizing effienciency decreases with the increase of 

sulfidity. In the sulphate process sodium sulphide 

present in green liquor does not come into reaction and 

hence does not require lime. This has an advantage over 

pure soda process & far as lime consumption 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 completion as 

much as in the soda process due to the increase in 

hydroxyl ions by the hydration of sodium sulphide as per 

following equations: 

1. Na2S + H2O = NaOH + NaSH 

2. Na2S + Ca(OH)2 	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. In practice it has 

been found that extent to which the efficiency is lowered 

is more than that can be accounted by assuming complete'  

hydrolysis of Na2S. 

5. EFFECT OF PURITY OF LIME: 

The lime coming from the kiln may be containing many 

impurities depending upon the source of lime stone. 

Besides, the unburnt calcium carbonate, the other 

impurities may be silica, magnesia, alumina, iron oxides 

and other metallic oxides. 

Figures 14, and 15 indicate the effect of present of 

MgO and Na2SiO3  in the Calcium oxide. It is clear that 

the causticizing efficiency decreases as the presence of 

MgO and sodium silicate increases during the causticizing 

reaction. It's also clear that the MgO decreas-d-Sq the 

causticizing efficiency more than the sodium silicate. For 

achieving highest recausticizing effiency it is desirable 

that lime should contain maximum available CaO with 

minimum of the. impurities. These impurities- should be 

restricted to the limits as mentioned below: 

Na2SiO3 	2 %not more than 

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

Fick19 and 20 indicate that the causticizing 

efficiency decreasing with the increasing amount of sodium 

hydro'xide present in the green liquor. 

7. EFFECT OF GREEN LIQUOR CONCENTRATION: 

Fig. 24 represent the effect of 	ntfl,UO'( 

t It is clear 

that at constant green liquor sulfidity, the causticizing 

efficiency decreases with the increase of concentration of 

green liquor. It is also- clear that for a given initial 

ocktUin Carbonate concentration, the causticizing 

efficiency decreases as the green liquor sulfidity 

increases. This decrease$ occurs because of the increase 

in the effective alkali concentration of green liquor, 
rveL  

since at constant,  the sulfidity can only be increased by 

increasing the concentration of Na2S. It was found that 

causticizing efficiency is higher when hydroxyl- ion 

concentration in the green liquor is lower. In otherwords 

at low concentration of green liquor the causticizing 

efficiency are higher.. Bi.it we can't lower the 

concentration of green liquor beyond certain limits because 

this would mean higher load on the black liquor 

evaporators. In the mills normally the green liquor 

concentration is around 100 gpl as Na20. 

If the solubility product of calcium hydroxide is X 

and thjat of the calcium carbonate is Y the following 

equation can be formulated, 
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(Ca) (OH)2 = X 

(Ca)(CO3) _ Y 

At equilibrium, the concentration of 

in both the cases, consequently, 

2 
(OH1? _ X 
(CO3) -, 	- K 

Accordingly 

(OH) 	K 
(Cog) 	(OH') 

or,  (CO3)  _  (OH) 

(OH)  K 

Accordingly 

OY~  (OH) + (COQ) 	(OH) + K 
(OH)  K 

Ca is the same 

V 

or, 	(OH) 	K 
.(OH) + (CO3) 	(OH) + K 

But evidently the fraction (OH)/(OH)+(CO3) 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 the 

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 SOLIDS: 

Fig. 25 is a typical plot of settled volume Vs Time. 

Its indicates that the excess li`Ye dose given for the 

causticizing reaction decreases the settling rate of lime, 

mud solids;_ 

9. MODEL: 	(aS~(~9`e1 C)l p 11) 

Equation No. 13,,predicts the equilibrium behaviour of 

the causticizing reaction very near to the experimental 

results WkIClshown in the table L(D . 
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KINETIC MODEL 

The variation in the conversion of sodium carbonate to 

sodium hydroxide during causticizing can be caused by an 

insufficient supply of lime or by variations in the chemical 

concentration of green liquor. A decrease in causticizing 

efficiency resulting from a shortage of lime can be corrected 

by increasing the lime feed rate. However, if the drop -in 

efficiency1is due to the increase in the chemical concentration 

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 

concentration of green liquor vvcould'prevent the addition of 

excess lime and economize the operation of the causticizing 

plant. 

MODEL DEVELOPMENT: 

The following chemical reactions represent the 

causticizing process in which the sodium carbonate in the 

green liquor is convertedto sodium hydroxide by the addition 
As akteLtdj iHd,~'cs~ted 	- 

of Quick lime. the causticizing reaction proceeds in two 

stages, slaking and causticizing: 

CaO  + H2O N=  Ca(OH)2i ~~  (1) 

CS) 
 c_v 

Na2CO3 aq + Ca(OH)2,,, )  _ 	2NaOH 	+ CaCO J ) (2) 

COW) 
	CS) 

The slaking of CaO to calcium hydroxide is the first step 

in the causticizing process and is an exothermic reaction 



( H = -65 kJ/mole at 1000C). The causticizing reaction which 

follows th.e slaking reaction is slightly endothermic (p H=6kJ) 

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, ; . 	; ., ; 	_ 	, n is controlled 
by the causticizing reaction. 

The 	thermodynamic 	equilib ium 	constant 	of 	the 

causticizing reaction can be expressed as: 

K = [a2(NaOH) a(CaCO3)]/ 

[ (Na2CO3) -0'(Ca(OH)2)] 	(3) 

where 

a 	= the activities of the respective species in the 
equilibrium mixture. 

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

follows: 

ai= ('fcj/ .) 

where 

Yt 	= activity coefficient of species i 

Ci 	= concentration of species i 

(
' o 

	

	= ratio of the fugacity of species i to its standard 
/r/ 	state fugacity. 

The ratio of fugacities can be assumed to be equal to 

unity 	,y moderately low pressures. In the reaction mixture, 

C &L U 2 and CaCO3  are present as solid phases, and hence their 
activities can be taken, as unity. With these simplifications, 

Eq. 3 can be written as'. 



K = [y2(NaOH) [NaOH]2]/ 

[j(Na2CO3) [Na2CO3] ] 	(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 

constant K' as follows:- 

K = (A)(K') 	(5) 

A = 2(NaOH)/ (Na2CO3) 	(6) 

k'= [NaOH]2/[Na2CO3] 	(7) 

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) - nds 	) 8H 

equliui1urn cor_stant ) depends on the activity coefficients of 

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 studied bytindberg and'Ulmgren Q1).They 

found that the presence 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 concentration in 

the equilibrium mixture is higher than that of all other 

anions. The ̂ r' r~rY 	
the activity coef*4.c . a ., 'ftNaOH) and 

(Na2CO3)j may be assumed to be strongly dependent on the 

hydroxide ion concentration of the reaction mixture. Thus, if 
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A =  

then 

K' = f([OH ] 

The sodium sulfide concentration remains constant during the 

reaction. If the hydrolysis of Na2S is assumed to proceed 

completely to the right, by th~ jo1.OWtV15 Yt0.Ct'IO't 

Na2S . + H2O 	= NaHS + NaOH 	(8) 

then the initial hydroxide ion concentration can be taken as 

the effective alkali concentration, EA0. of the liquor: 

EAo= [NaOHjo + 1/2 CNa2gjo 	 ( 9 ) 

The causticizing efficiency. E, at equilibrium, can be 

expressed by the following equation: 

E =(C Na2CO3Jo - CNa2CO3))/[Na2CO3J o 	(10) 

Therefore, the 'equilibrium concentration of NaOH becomes 

[NaOH]rNaOH]= CNa2CO3]o - ~Na2Q03] + EAo 

_ (Na2CO3) o(E)+EA0 	 (11) 

The equilibrium concentration of Na2CO3 becomes 

CNa2CO3],e. = CNa2CO3J o (1-E) 	 (12) 

where both the initial concentration (subscript zero) and the 

equilibrium concentration are expressed in g//, as Na20 

Now K' can be expressed in terms of causticizing 

efficiency as follows: 

K' _ECNa 2CO3]0 (E) +(EA032 
[Na2CO3Jo (1-E) 
	

(13) 



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. 

ORDE4)F THE CAUSTICIZING REACTION: 

CaO + H2O 	 Ca(OH)2 + A H 

Na CO + Ca(OH)2 	2 NaOH + CaCO3 a Na2CO3 	)2 ~-' 	 3 	 (a) 
2 

A 	B. 	R 	S 

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

•d CR 	d CA 	 d x A 

	

dt 	dt  

41CA -' 2CR 

_ 'k1(Cko - CPVOXA ) -'4C2(CpM + C ox:A) (14) 

W ktYe fV1 - CRo/ C A o 
at equilibrium 	dCA = 0 

dt 

Hence from eqn. (14) we find that 

Kc = C11e 
C6 

M + XAe 
1-XAe 

 

Hence 	XA 
dt 

'k1(M+l ) 
M + X~ (XAe - XA) 

-(15) 

integratiikgteqn . (15 



We get 

- In (1-XA 
XAe 

- - In CA - CAe 
CAo CAe 

T M + 1 
	

it M + XAe (16) 

X ° A plot of -- In (1-- A ) Vs t should give a straight line. 
XAe 

where t is the reaction time and XA is the conversion 

at time t and XAe is 	equilibrium conversion. 

(ii) If the reaction (a) is of second order thi with the 

restrictions that CAo - CBo and CRo - CSo. The integrated 

rate equation is 

In 	XAe 	(2XAe 	1) XA 	
= 	2k (1 -1) C 	(17) 

XAe -XA 

	

1 XAe 	AO t 

XAe-(2XAe-1) XA 
A plot - In ( 	) Vs t should give a straight 

XAe -  XA 	line 

Bycnowing the slope of the curve we can find out the 
~-otnstaH'~ 

forward reaction rate K1. A 

0gY4 	4 St0 (At 
With this the back reaction rate can be found out by the 

	

n 	 A 

equation 

C2 	= 	'f{1/K 	 (18 ) 

The value of K at any temperature can be determined with 

the help of following equation: 

• d 1nK 	QH/R '2 	 (19) 
dt 
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d 
The value of equilibrium constant K at 100°C is 100CLS 

aJPY~ctd 	f oLts'td ot4t . 

. If the 'order of cqusticizing reaction is known, the 

then with the help of equation 18, 	and 1'.9. the forward 

and backward reaction rates can be calculated. 



DATA VALIDATION FOR MODEL 

1. The experimental and predicted values of the 

causticizing efficiencies for different green liquor 

compositions are tabulated in table 40. The predicted 

values were found to be within the range of 

experimental error. 

2. The cou ticizing reaction has been tested for-the order 
X 

of the reaction -in (1- A  )f$ time t is ploted in the 
XAe 

figure 26. The plot do not show the first order 

behaviour of the cqusticizing 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 is also a curve 

against a straight line for.second order reaction. 

Hence coLw ticizing reaction is a shifting . order_ 

reaction. 



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 	all 

equilibrium state. 

2. With increase of green liquor temperature thecausticiz ng 

efficiency increases. Best results are obtained at 
above 

temperatureA  90°C 

3. 5 to 10 per cent excess lime over and above the•

stoichibmetric requirement results in maximum 

causticizing efficiency. 

4. With the increase of sulfidity, causticizing efficiency 

decreases. 

5. Causticizing efficiency decreases with the increase of 

impurties present in lime. 

6. NaOH present in the green liquor decreaseScausticizing 

efficiency. 

7. By increasing the green liquor concentration causticizing 

efficiency decreases. 

8. Increase lime quantity decreases the settling rate of the 

lime mud solid. 
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9. 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 little lime is added, the 

white liquor is produced at a lower active alkali 

concentration (NaOH + Na2S) than the target value. 

Conversely, if excess lime is added, poor settling and 

filtering conditions result because of the presence of 

unreacted Ca(OH)2. 

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 concentration, the 

equilibrium causticizing 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 closer to the equilibrium level, which in turn 

would make 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 

have not b: :Obtoj','ed . The subse` quent study to this work 
requires the determination of forward and backward reaction 

rates as well as the order of the causticizing reaction, ,So 

that the causticizing reaction can be controlled for the 

variation of different parameters during the causticiziation 

of green liquor. 
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TABLE NO.E 

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH  80 % STOICHIOMETRIC  ' 
LIME DOSAGE TO 70 g/1 Na2CO3 SOLUTION AT 50°C. 

TIME IN SET - I. SET - II Average 
MINUTES  NaOH Na2CO3 Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing as as cizing cizing 
Na20 Na2O, Efficiency Na20 Na20, Efficiency Efficiency 
g/ g/l E1 % g/l g/ E1 % 

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 23.0 

20 9.80 60.02 14.0 16.80 53.2 24.6 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 21 .49 30.6 21 49 30.4 30.5 



TABLE NO .2, 3 5 
EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 	80 % STOICHIOMETRIC 
LIME DOSAGE TO 70 g/1 Na2CO3  SOLUTION AT 60°C. 

TIME IN SET - I SET - II Average 
MINUTES NaOH Na2CO3  Causti- NaOH Na2CO3  Causti- Causti- 

as as cizing as as cizing cizing 
Na. 0 
g/I 

Na20, 
g/1 

Efficiency Na20 
g/1 

Na20, Efficiency Efficiency 
o E1  % g/1 E1 % 

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 49.7o7 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 45.0 

40 32.97 37.03 47.1 32.83 37.17 46.9 47.0 

50 .38.01 31.99 5.4.3 37.59 32.43 53.7 54.0 



TABLE NO.3 3 E~ 
•EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 	80 % STOICHIOMETRIC 
.LIME DOSAGE TO 70 g/l Na2CO3 SOLUTION AT 70 °C. 

TIME IN Average SET - I SET - II 
MINUTES NaOH Na2CO3 Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing as as cizing cizing 
Na20 Na20, 

g/1 
Efficiency Na20 

g/l 
Na20, 
g/1 

Efficiency Efficiency 
% 9/1 E1 % E1 % 

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. 

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH  80 % STOICHIOMETRIC 
LIME DOSAGE TO 70 g/1 Na2CO3 SOLUTION AT 0°C. 

TIME IN SET - I SET - II Average 
MINUTES NaOH Na2CO3  Causti- NaOH Na2CO3  Causti- Causti- 

as as cizing as as cizing cizing 
Na. 0 

9/l 
Na20, Efficiency Na20 

g/1 
Na2O, 

g/1 
Efficiency Efficiency 

o g/i E1  % 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 . 3 8, 

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 90 % STOICHIOMETRIC 
LIME DOSAGE TO 70 g/l Na2CO3 SOLUTION AT 50°C. 

TIME IN SET - I SET - II Average 
MINUTES NaOH Na2CO3 Causti NaOH Na2CO3 Causti- Causti- 

as as cizing as as cizing cizing 
Na20 Na20, Efficiency Na20 Na20, Efficiency Efficiency 

% 9'/1  g/l El % g/l g/1 El % 

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. 

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 90% STOICHIOMETRI"C',  
• LIME DOSAGE TO 70 g/1 Na2CO3 SOLUTION AT` 60°C. 

TIME IN SET - I SET - II Average 
MINUTES 	NaOH Na2CO3 	Causti- NaOH Na2CO3 Causti- Causti- 

as as 	cizing as as cizing cizing 
Na2O 

• 

Na20, 	Efficiency Na20 
9/1 

Na 0, 
g/I 

Efficiency Efficiency 
g/1 E1  % g/1 E1 % 

• 0 	14.56 55.44 	20.8 14.7 55.3 21.0 20.9 

5 f16.1 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 



TABLE NO.`7 X4.0 
EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 	90 % STOICHIOMETRIC 
LIME DOSAGE TO s 	r. 70 g/1 Na2CO3 SOLUTION AT 70°C. 

TIME IN SET - I SET - II Average 
MINUTES NaOH Na2CO3 Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing as as cizing cizing 
Na20 Na20, Efficiency Na20 Na20, 

9/1  
Efficiency Efficiency 

g/1 g/1 El  % g/1  E1 % 

0 ' 15.4 54.6. 22.0 15.54 54.46 22.2 22.1 

5 17.57 52.43 25.1 18.9.7 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..& 	 41 
EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 90% STOICHIOMETRIC 
LIME DOSAGE TO 70 g%1 Na2CO3  SOLUTION M80 °C. 

TIME IN SET - I SET - II Average 
MINUTES 	NaOH. Na2CO3 Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing as as cizing cizing 
Na 70 
9/l 

Na20, Efficiency Na20 Na 0, 
g/l 

Efficiency Efficiency 
g/l El  % g/l - 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 

 

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 

20 
	

44.38 25.62 63.4 
 

44.52 25.48 63.6 
 

63.5 

Rill 
 

46.2  23.8  66.0  47.04  22.6  67.2 

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.9  

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 	100% STOICHIOMETRIC 
LIME DOSAGE TO 70 g/1 Na2CO3 SOLUTION AT 50 °C. 

TIME IN SET - I. SET - II Average 
MINUTES 	NaOH Na2CO3 	Causti- NaOH Na2CO3 Causti- Causti- 

as as 	cizing as as cizing cizing 
Na20 Na20, 	Efficiency Na20 Na70, Efficiency Efficiency 

o g/1 E1 g/1 g/1 g/1 E1 % 

0 	13.65 56.44 	19.5 13.93 56.07 19.9 19.7 

5 

10 

15.05 54.5 	21.5 	15.19 54.81 21.7 	21.6 

	

13.65 56.35 19.5 
	

14.21 55.79 20.3 	19.9 

15 
	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.JO 43 
EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 100 % STOICHIOMETRIC, 
LIME DOSAGE TO 70 g/1 Na2CO3 SOLUTION AT 60°C. 

TIME IN SET - I SET - II Average 
MINUTES NaOH Na2CO3 Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing as as cizing cizing 
Na20 Na20, Efficiency Na20 Na20, Efficiency 

% 

Efficiency 
o g/1. g/l E1  % g/l g/1 El 

0 14.7 55.3 21.0 14.84 55.1,6 21.2 21.1 

5 15.47 54.53 	22.1 15.75 54.25 225 22.3 

10 	24.08 	45.92 	34.4 

15 	29.61 	40.39 	42.3 

23.94 46.05 34.2 34.3 

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 

4Q 50.54 19.46 72.2 

50. 	48.-65 	21.35 	69.5  

40.25 	29.75 .57.5 	57.5 

51.38 18.62 73.4 72.8 

48.93 21.07 69.9 69.7 



TABLE NO.1 44. 
EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 100 % STOICHIOMETRICC 
LIME DOSAGE TO 70 g/1 

i 
a2CO3 SOLUTION - AT r 70°C. 

TIME IN SET - I SET - II Average 
MINUTES NaOH Na2CO3 Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing as as cizing cizing 
Na 20 
g/l 

Na20, 
g/l 

Efficiency Na20 	Na20, 
g/l g/1 

Efficiency Efficiency 
o E1 % 

0  15.5 54.95 21.5 5I1.81 15.17 21.7 21.6 

5 21.14 48.86 30.2  21.0 30.0 30.1 

10 .32.41 37.59 .  46.3 27.1 	' 32.83 46.9 46.6 

15 39.9 30.1 57.0 3O2 39.76 56.8 56.9 

20 40.95 29.05 58.5 2&'? 41.23 58.9 58.7 

30 56.64 13.36 75.2 1722 52.78 75.4 75.3 

40 	52.75 17.25 75.4 	1 9.O2- 54.18 77.4 	76.4 

50 	54.04 15,96 77.2 	li.28 	55.72 79.6 	78.4 



TABLE NO.I2. 45: 
EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 	100%  STOICHIOMETRIC. 
LIME DOSAGE TO 70 g/1 Na2CO3.SOLUTION AT 80°C. 

TIME IN SET -'I SET - II Average 
MINUTES NaOH Na2CO3 Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing as as cizing cizing 
Na 70 
g/l 

Na20, Efficiency 
E 	% 

Na20 
g/l 

Na20, 
g/1 

Efficiency Efficiency 
% g/l E1 % 

0 15.47 54.53 22.1 15.75 54.25 22.5 22.3 

5 35.7 34.3 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 	 _j 14 6 
EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 110 % STOICHIOMETRJC 
LIME DOSAGE TO 70 g%1 Na2CO3 SOLUTION AT 50°C. 

TIME IN SET - I SET - II Average 
MINUTES NaOH Na2CO3 Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing as as cizing cizing 
• Na20 Na20, Efficiency Na20 Na20, Efficiency Efficiency 

g/1 g/1 El  % q/1 g/1 E1 %  

p 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 30.03. 57.1 40.11 29.89 57.3 57.2 



TABLE NO . I Ji 
EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 110 % STOICHIOMETRIC 
LIME DOSAGE TO 70 g/1 Na2CO3  SOLUTION AT 60°C. 

TIME IN SET - I SET - II Average 
MINUTES 	NaOH Na2CO3 Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing as as cizing cizing 
Na20 Na20, Efficiency Na20 Na 0, Efficiency Efficiency 
g/1 g/l El % g/l g/I E1 % 

0. 	14.07 55.3 20.1 14.91 5.5.09 21.3 20.7 

5 18.9 51.1 27.0 19.04 50.6 27.2g27.1 

10 25.62 44.38 36.6 26.04 43.96 37.2 36.9 

15 30.87 39.13 44.1 31.15 38.85 44.5 44.3 

20 33.6 33.4 48.0 34.16 35.84 48.8 48.4 

30 47.6 22.4 68.0 48.44 21.56 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 



• TABLE NO.15 	
4g,.. 

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY. WITH 
	

STOICIIIOMETRIC 
LIME DOSAGE TO 70 g/1 Na2CO3 SOLUTIO AT 70°C. 

TIME IN SET - I SET - II Average, 
MINUTES NaOH Na2CO3 Causti- NaOH Na2CO3 Causti- Causti-. 

as as cizing as as 	cizing cizing 
Na20 Na20, Efficiency Na20 

g/l 
Na20, 	Efficiency 
g/1 

Efficiency 
% g/1 g/l El 	% E1 % 

0 15.4 54.6 . 	22.0 16.38 53.62 	23.4 22.7 

5 23.1 46.9 33.0 23.94 46.6 	- 	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 

:1 1 

mm 

56.14 13.86 80.2 

56.0 	14 	80.0 

:1 

:1 1 

50 	56.0 14 	80.0 	56.14 13.86 80.2 	80.1• 



TABLE NO. (c,  

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 110 % STOICHIOMETRIC 
LIME DOSAGE TO 70 g/1 Na2CO3  SOLUTION AT 	Rt) °C. 

TIME IN SET - I SET - II Average 
MINUTES NaOIi Na2CO3 Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing as as cizing cizing 
Na20 Na20, Efficiency 

E 	% 
Na20 
g/1 

Na20, 
g/1 

Efficiency Efficiency 
g/1 g/1 E1 % 

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 9.0.1 63.49 6.51 90.7 90.4 



• TABLE NO.17 

EFFECT OF TIME ON CAUSTICIZING EFFICIENTY WITH 15% SULAPHIDITY, 

Na2CO3: CaO = 1:]. 	v 	oles N;a~,0, .Na2CO3 	70 fpl as Na20 at 70°C. 

TIME IN SET - I SET - II Average 
MINUTES NaOH Na2CO3 Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing as as cizing cizing 
• Na. 0 

9/X 

Na20, 
g/l 

Efficiency 
El % 

Na20 
g/l 

Na20, 
9/1 

Efficiency 
E1 % 

Efficiency 

0 14.42 55.58 20.6 14.84 55.16 21.2 20.9 

5 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 

48.72 21.28 69.6 49.-28 20.72 70.4 70.0 

50 48.93 21.07 69.9 49.21 20.79 70.3 70.1 

• r 	215966 
~ c aooas~~ f 



51. 
TABLE NO.IQ 

EFFECT OF TIME IN CAUSTICIZING EFFICIENCY WITH 15% SULPHIDITY, 

Na2CO3: Cao = 1.1 g moles NaG0, Na2CO3  70 gpl as Na20 at 80°C 

TIME IN 	SET - I 	SET - II 	Average 
MINUTES NaOH Na2CO3 Causti- 	NaOH Na2CO3 Causti- 	Causti- 

as 	as 	cizing 	as 	as 	cizing 	cizing 
Na20 Na20, 	Efficiency Na20 Na 0, Efficiency Efficiency 
g/1 	g/I 	E1 % 	 g/1 	g/l 	E1 % 

0 	18.76 51.24 26.8 	19.18 50.82 27.4 	27.1 

5 	23.66 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 

50 57.47 12.53 82.01 

	

54.32 15.68 - 77.6 	78.1 

	

57.75 12.25 82.5 	82.3 



52'} 
TABLE NO .  q  

EFFECT OF TIME IN CAUSTICIZING EFFICIENCY WTIH 15% SULPHIDITY, 

Na2CO3: Cao = 1.1 cr rmo1es' alO, Na2CO3  70 p1 as Na20 at 90°C 

TIME IN 	SET - I. 	 SET - II 	Average 
MINUTES NaOH Na2CO3 Causti- 	NaOH Na2CO3 Causti- 	Causti- 

as 	as 	cizing 	as 	as 	cizing 	cizing 
Na20 Na20, Efficiency Na20 Na20, Efficiency Efficiency 
g/1 	9/1 	E1  % 	9/1 	9/1 	E1 % 

0 	22.12 47.88 31.6 	21.7 48.3 31.0 	31.3 

5 32.27 37.73 46.1 

10 50.75 19.25 72.5 

32.41 37.59 46.3 46.2 

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 

50 62.3 7.7 89.0 

62.37 7.63 89.1 88.9 

62.86 7.14 89.8 89.4 



TABLE NO.2.b  

EFFECT OF TIME ON CAUSTICITY EFFICIENCY WITH 20% SULPHITITY, 

Na2CO3: CaO = 1:1 cam es, a20, Na2CO3  70.gpl as Na20 at 70°C 

TIME IN  SET - I  SET - II  Average 

MINUTES NaOH Na2CO3 Causti-  NaOH Na2CO3 Causti-  Causti- 
as  as  cizing  as  as  cizing  cizing 
Na2O Na20, Efficiency Na20 Na 0, Efficiency Efficiency 

g/1 	g/1 	E1  % 	g/1 	g/l 	E1 % 	% 

0 	13.79 56.21  19.7 	14.35 55.65 20.5 	20.1 

5 	16.94 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  

50 47.95 22.05 68.5 48.65 21.35 69.5 69.0 



TABLE NO.11 
EFFECT OF TIME ON CAUSTICITY.  EFFICIENCY WITH 20%.SULPHIDITY, 
Na2CO3 CaO = 1:1 cd moles - a 0, Na2CO3  70 ypl as Na20 at 80°C 

TIME IN 	SET - I 	 SET - II 	Average 
MINUTES NaOH Na2CO3 Causti- 	NaOH Na2CO3 Causti- 	Causti- 

as 	as 	cizing  as  as  cizing  cizing 

Na20 Na20, 	Efficiency Na20 Na20, Efficiency Efficiency 

g11 	9/1 	El  % 	9/1 	gel 	E1% 	$ 

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 
 

3.9.'9  30.1  57.0 

20 
 

47.74 22.26 	68.2 

30 54.04 15.96 77.2 

40 56.14 13.86 80.2 

40.32 29.68 5.7.6 57.3 

48.16 21.84 68.8 68.5 

54.32 15.68 77.6 77.4 

56.84 13.16 81.2  80.7 

50  sH,91 	1So 	78.5 55.37 14.63 79.1  78.8 



TABLE NO  .22.. 

EFFECT OF TIME ON CAUSTICITY EFFICIENCY WITH 20% SULPHIDITY, 
Na2CO3: CaO = 1:3 O: ray 1e : Na:,, Na2CO3  70 ypi as Na2 O at 90°C 

L 

TIME IN  SET - I  SET - II  Average 
MINUTES NaOH Na2CO3 Causti-  NaOH Na2CO3 Causti-  Causti- 

as  as  cizing  as 	as 	cizing 	cizing 
Na20 Na20,  Efficiency Na20 Na20, Efficiency Efficiency 
9/1  g/1  E1  %  9/1  g/l  E1 % 

0.  21.14 48.86  30.2  22.12 17.88 31.6  30.9 

5  30.38 39.62  43.4  30.8 39.2 44.0  43.7. 

10  47.95 22.05  68.5  48.37 21.63 69.1  68.8 

15  55.65 14.35  79.5  55.37 14.63 79.1  79.3 

20 58.94 11.06 84.2 59.15 16.85 84.6 84.4 

30 59.92 10.08 85.6 57.33 12.67 81.4 83.5 

40 60.13 9.87 85.9 59.85 10.15 85.5 85.7 

50  60.13 9.87  85.9  60.34 96.6 86.2  86.1 



TABLE NO  .23  
EFFECT OF TIME ON CAUSTICITY EFFICIENCY WITH 25% SULPHIDITY 

Na2CO3 : CaO = 1:1 y roles Na2O, Na2CO3  70 gpl as Na20 at 90°C. 

TIME IN  SET - I  SET - II  Average 

MINUTES NaOH Na2CO3 Causti-  NaOH Na2CO3 Causti-  Causti- 

as  as - cizing  as  as  cizing  cizing 

Na 70 Na20,  Efficiency Na20 Na20, Efficiency Efficiency 

9/l  gil  E1  %  g/1  9/l  E1 % 

0  18.9 51.1  27.0  19.46 50.54 278  27.4 

5  26.95 43.05  38.5.  26.53 43.47 37.9  38.2 

10 46.11 29.88 57.3 

15 47.46 22.54 67.8 

 

39.55 30.45 56.5  56.9 

 

48.02 21.98 68.6  68.2 

20  58.51 14.43  79.3 

30  56.07 13.93  80.1. 

40 56.28 13.72 80.4 

50 56.84 13.16 81.2 

55.93 14.07 79.9 79.6 

56.63 13-.37 80.9 80.5 

56.84 13.16 81.2 80.9 

53.62 16.38 76.6 '  78.9 



TABLE NO. 2L1 

- 	EFFECT OF TIME ON CAUSTICITY EFFICIENCY NTH 25% SULPHIDITY, 

Na2CO3: CaO = 1:1 gg mules- Na20 , Na2CO3  70 9pl as Na 0 at 80°C 

Average TIME IN SET - I SET'- II 
MINUTES 	NaOH Na2CO 3  Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing as as 	cizing cizing 
Na20 
g/1 

Na20' Efficiency Na20 Na20, 	Efficiency Efficiency 
9/1 El % g/1 E1 % g/1  

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 rj` ^ 

EFFECT OF TIME ON CAUSTICITY EFFICIENCY WITH 25% SULPHIDITY, 

Na2Co3:CaO = 1:]. g  :1c: e:s Na 201, Na2CO3  70 gpl  as,  Na20 at 100C 

TIME IN Average SET - I SET - II 

MINUTES NaOH Na2CO3 Causti- NaOH Na2CO3 Causti- Causti- 
as as cizing as as  cizing cizing 

Na 0 

g/l 

Na20, Efficiency Na20 Na 0,  Efficiency 

g/l 

Efficiency 

g/1: E1 % g/1 E1 % 

0 12.81 57.19 18.3 13.23 56.77  18.9 18.6 

5 16.73 53.27 239 16.17 53.83  23.1 23.5 

10 20.37 49.63 29.1 21.56 48.44  30.8 29.9 

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 

50 43.89 26.11 62.7 42.91 27.09  61.3 62.0 



TABLE NO .'Z.fo   c5)) 
EFFECT OF TIME OIN CAUSTICIZING EFFICIENCY WITH 20% SULPHIDITY; 

Na2CO3: CaO = 1:1 	iuoie as Na D, Mgo dosage = 	.5%,  at temp. 900c 

TIME IN Average SET - I SET - II 
MINUTES NaOH Na2CO3 Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing as as cizing cizing 
Na 70 
g/l 

Na20, Efficiency Na20 
g/l 

Na20, 
g/1 

Efficiency Efficiency 
% g/1 E1  % E1 % 

0 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 

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 



TABLE NO. 2-1 

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

Na2CO3* CaO = 1.1 g mole as Na20, Mgo dosage = 1% at temp. 90 °C 

TIME'IN SET- I SET - II Average 
MINUTES NaOH Na2CO3 Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing as as 	cizing cizing 
Na2O Na20, -Efficiency Na20 
9/1 

 
g/l 

Na20, 	Efficiency 
E1* % g/1 

Efficiency 
% g/l El  % 

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 	78.2 77.9 



TABLE NO.28  

EEFECT'OF TIME ON CAUSTICIZING EFFICIENCY WITH 20% SULPHIDITY, 

Na2CO3: CaO = 1:1 ;g  ~.1 ,:a  Mgo dosage= 1.5% at temp. 902C 

TIME IN Average SET - I SET - II 
MINUTES NaOH Na2CO3 Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing as as 	cizing cizing 
Na20 
gel 

Na20, Efficiency 
.% 

Na20 Na20, 	Efficiency Efficiency 
% g/l E1 g/l E1 % gel 

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 	73.1 

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 20% SULPHIDITY, 

Na2CO3:CaO=1.1 g mole as_Na20, Na2SiO3  dosage'  = 1.5% at temp. 90°C 

'TIME IN Average SET - I SET - II 
MINUTES 	NaOH .Na2CO3 Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing as as cizing cizing 
Na 70 
g/l 

Na20, 
g/1  

Efficiency 
El % 

Na20 
g/1  

Na20, 
g/1  

Efficiency 
E1 % 

Efficiency 

0  21.14 48.86 30.2 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 5.4.39 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 NO  .2° 
EFFECT ON TIME ON CAUSTIZING EFFICIENCY WITH 20o SULPHIDITY, 

Na2CO3:CaO=1.1 gmole a _a_,-U, Na2SO3  dosage = 2% at temp. 90°C 

TIME IN SET - I SET - II Average 
MINUTES NaOH Na2CO3  Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing -  as as cizing cizing 
Na2O Na20, Efficiency Na20 Na20, Efficiency Efficiency 
g/1  g/1  E1 	% g/l g/1  E1 % 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 



TABLE NO  .31 
EFFECT OF TIME ON CAUSTICING EFFICIENCY WITH 20% SULPHIDI'CITY, 

Na2CO3  :CaO=1R1 g mole as Na20, Na2S, 3 dosage = 2.5% at temp. 90o2G 

TIME IN 	SET - I 	SET - II 	Average 
MINUTES NaOH Na2CO3  Causti- 	NaOH Na2CO3 Causti- 	Causti- 

as 	as . cizing 	as 	as 	cizing 	cizing 
Na20 Na20, 	Efficiency Na20 Na 0, Efficiency Efficiency 
g/1 	g/1 	E1 % 	g/1 	9/l 	El % 

0 	15.47 54.53 22.1 	15.61 54.39. 22.3 	22.2 

5 
	

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 	4'4.5 

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 

40 	49.14 20.86 70.2 	49.42 20.58 70.6 	70.4 

-50 	49.21 20.79 70.3 	48.79 21.21 69.7 	70.0 



• 65 
TABLE NO.32. 

EFFECT OF TIME ON CAUSTI.CIZING EFFICIENCY WITH SULPHIDITY 20%, 

Na2CO3 = 1:1  ," :_"e  a , Na2CO3 = 70 g pl, NaOH dosage = 5 y pie, 
at temp. = 900C 

TIME IN SET - I SET - II Average 
MINUTES NaOH Na2CO3  Causti- NaOH Na2CO3  Causti- Causti- 

as as cizing as as cizing cizing 
Na70 Na20, Efficiency Na20 

g/l 
Na20, 
g/I 

Efficiency Efficiency 
% g/ g/l El $ E1.% 

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 3.8.92 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 

40. 61.95 13.05. 82.6 61.5 13.5 82.0 82.3 

50• 62.63 12.37 83.5 58.13 16.87 77.5 80.5 



TABLE NO.33 

EFFECT OF. TIME ON CAUSTICIZING EFFICIENCY WITH SULPHIDITY 20% 

Na2CO3  = 1:1ç ao1,e  s 'Ia7O  Na2CO3=70 g pip', NaOH dosage = 7.5 y pie 
at temp. = 90°C. 

TIME IN SET - I SET - II Average 
MINUTES NaOH Na2CO3 Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing as 	. as cizing cizing 
Na20 Na20, Efficiency Na20 

g/l 
Na20, 

g/1 
Efficiency Efficiency 

% 9/1  g/l E1  % E1 % 

0 21.39 56.1.1 27.6 21.85 55.64 28.2 27.9 

66 

5  26.42 51.07 34.1 

10  32.47 45.02 41.9 

26.89 50.60. 34.7 34.4 

32.16 45.34 41.5 41.7 

15  41.77 35.7.2 53.9 41.62 35.88 53.7  53.8 

20  49.6  27.9  64.0 49.91 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  59.90 17.59 77.3  59.59 17.90 76.9  77.1 
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TABLE N0.3y 

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH SULPHDTY 20%, 

Na2CO3 = 1:1 a's'i`Ja2J,.  Na2CO3=70 g p1~,  NaOH dosage 10 9 pie, 

at temp. 90°C -  - 

TIME IN SET - I SET - II Average 
MINUTES NaOH Na2CO3 Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing as as cizing cizing 
Na70 Na20, Efficiency Na20 Na20, 

g/1 

Efficiency 
% 

Efficiency 
g/1 /1. g El % g/l E1 

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 

30  56.4  23.6  70.5 

40  58.24 21.76 72.8 

45.52 34.48 56.9 57.1 

56.88 23.12 71.1 70.8 

57.76 22.24 72.2 72.5 

50  58.88 21.12 .73.6 55.52 24.48 69.4  71.5 



TABLE NO.35  

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 20% SULPHIDITY, 

Na2CO3: CaO = 1:1  . _,1e as Na ,j Na2CO3= 70 g p1, 

MgO dosage = 1%, Na2SiO -dos-age = 1%, NaOH dosage = 5 g plk at temp 90°C 

TIME IN SET - I SET - II Average 

MINUTES NaOH Na2CO3 Causti- NaOH Na2CO3 Causti- Causti- 

as as cizing as as cizing cizing, 
Na20 Na20, Efficiency  Na20 

g/1 

Na20, 

g/l 

Efficiency Efficiency 

g/1 g/1 E1 % E1 % 

0 20.62 54.37 27.5 20.17 54.83 26.9 27.2 

5• 27.37 47.63 36.5 • 27.97 47.03 37.3 36.9 

10 34.13 4,0.87. 45.5 34.57 40.43 46:.1 45.8 

15  - 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 58.2.7 16.73 77.7 58.57 16.43 78.1 77.9 

40 58.57 16.43 78.1 56.93 18.07 75.9 77.0 

50  58.13  16.87  77.5  57.53  17.47  76.7  77.1 



TABLE  
S

ci 

EFFECT OF TIME ON CAUSTICIZING EFFICIENCY WITH 20% SULPHIDITY, 

Na2CO3 : CaO =.1:1  ,o~ =s  C, Na2CO3 = 70 g/l 

MgO dosage = 1%, Na2SiO3 dosage = 1 0, NaOH dosage  7.5 g/1 at temp.90°C 

TIME IN  SET -"I  SET - II  Average 
MINUTES NaOH Na2CO3 Causti-  NaOH Na2CO3 Causti-  Causti- 

as  as  cizing  as  as  cizing  cizing 
Na20 Na20,  Efficiency Na20 Na 20, Efficiency Efficiency 

g/1  g/1  E1 %  g/l  g/1  E1 %  a 

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 

15 45.42 32.08 58.6 

 

33.86  43.64  43.7  43.5 

 

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.37 	 70 
EFFECT OF TIME ON CAIJSTICIZING EFFICIENCY WITH 20% SULPHIDITY, 

Na2CO3: CaO = 1:1  . ; Na2CO3 = 70 g/1 

MgO dosage = 1%Na2SiO3  dosage = 10, NaOH dosage 10 g/l temp.900 C 

TIME IN  SET -'I  SET - II  Average 

MINUTES NaOH Na2CO3 Causti-  NaOH Na2CO3 Causti-  Causti- 

as  as  cizing  as  as  cizing  cizing 
Na20 Na20,  Efficiency Na20 Na20, Efficiency Efficiency 

g/1 	9/l 	E % 	g/l 	g/1  E1 % 	 o 

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 

15 43.04 36.96 .53.8 

20 47.2 32.8 59.0 

30 56.16 23.84 70.2 

40 58 22 72.5 

 

29.52 50.48 36.9  37.1 

 

42.41 37.58 53.2  53.5 

 

47.52 32.48 59.4  59.2 

 

56.32 23.68 70.4  70.3 

 

57.52 22.48 71.9  72.2 

50  58  22  72.5  56.72. 23.38 70.9  71.7 
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TABLE N0.38 

EFFECT OF GREEN LIQUOR CONCENTRATION ON CAUSTICIZING 

EFFICIENCY WITH Na2CO3:CaO = l:1 g mcie as  NaOH = 0 

at temperature 90°C 

Particulars/  Sulphidity = 0%  Sulphidity = 20% 
Samples  TTA as  Causticizing  TTA as  Causticizig 

Na20  efficiency%  Na20  efficiency % 

1  40  94.0  40  91.8 

2  50  93.1  50  91.1 

3  60 91.3 60 88.5 

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 Na2CO3 = 70 gpl VOLUME OF SLURRY = 115 CC AT TEMP. 

20°C (ROOM TEMPERATURE) 

Time Settled volume Settled volume CC Settled volume 
Minutes in CC _ in CC 

For 90% lime used For stoichemetri- For Stoichime- 
stoitiometerically cally 100% lime trically 110% 

used lime used 

0 115 114 115 

5 	 80 	 92 	 108 

10 58 74 102 

15 42 47 97 

20 	 27 	 38 	 86 

25 	 16 	 33 	 84 

30 	 16 	 30 	 73 



(t) 

TABLE NO. 40 

EXPERIMENTAL AND PREDICTED CAUSTI:CIZING EFFICIENCIES FOR 

DIFFERENT GREEN LIQUOR COMPOSITION AT TEMPERATURE 90°C 

Experiment Initial green liquor Causticizing effl-~, 
No, composition g/1 gas-Na20 ciency 

Na,)CO3  NaOH Na7S Measured Predicted 

1 70 0 	. 12 89.4 90.8 

2 70 0 17.5 86.1 85.0 

3 70 0 23.2 78.9 79.2 

4 70 5 17.5 80.5 78.9 

5 70 7.5 17.5 77.1 77.8 

6 70 to 17.5 71.1 72.1 

7 70 0 0 .9>'1'•.L 91.4 

"8 40 0 0 94.0 93.6 

9 	. 50 0 0 93.1 93.9 

10 60 0 0 91.3 91.8 

11 70 0 0 91.4 91.4 

12 80 0 0 90.2 89.3 

13 90" 0 0 87.5 87.9 

14 100 0 0 86.2 86.3 

15 110 0 0 82.0 84.5 

16 120 0 0 81.6 82.9 

17 80 0 20 81 80.4 



96 

90 

~ So 

v 
76 

N 
60 

N 

3O 

~20 

E 

74 

° ro zc 3O' 4o so 60 
/1E (tWN) 

V4 R.M rloW Or 4O ST/C1Z1N6- 
E4F/r/EW y 'v/7W r/' I41" 



V 

~ TO 

V 60 

~~ 50 

4o 

30 

20 

1D 	20 	.30l~a 	50 	60 

F/4,. 2, VAR/A t/ W OF 0,4057/G,zrn'q 
EFF/ClMcy 1N/T/-/ 7/ME  di  

4 P, 4MErL R . 



AQ Go3 = 70- f* 45~Vg2-d 

96 

9O 

a0 

V 
TO 

V ~ 

5o 

6 G 

G 

r0 Z.o 30 ¢0 3o so 

7?m'E CMi.v) 

FIj. 3, V4 , J,4 7/ON ai 	5T! /Z/N~ 
ETIIC/EN y 171- T/itqE 9  

45  



IYA~ Goa ?o gpl..S NAz o 

S 
	

-RO sc 

So •c 

ro 	20 	30 	40 	so 	o 

Tik1E (m',) 

FIC,'.4, VAR/Ar/ON Of CAaST/c/z/Nq 
Efi'/LENGy p//TN T/MEQ TEMPE~ATaRE. 

77 



'78 

N92 co3 z,  705p1 44S/v92 0 
	

ge 'e 

76 'G 

60 -4 

III 	I 

f>o 
G40 (l.) ON $TO/&1/OMV Jc ,1M0c/NT 

FAG. 5, MEcr OF Giire PO5,4 
cxV 5 r1c/Z/N eFI°lelENGy. 



N4,C3 =709fL 4N42o 
Mme Dos e 

30 	60 	70 	$ 0• f00 

79 

A= fO01 

EFEC1 OP 	 9N 

//L rJ I(Jn7 'AasT/c/z/ivy 
ErF1c1eVvcy Wi / L/M6 )'05 



e 

94 

90 
 

90 'G 

7oc 

N t63 = 1/  

5 of Pwl /7y= rs 

10 	zo 36 	4o 56 6 6 

TIME C Mm) 

T'6. 7, 'y4 /4 7/ON . Of CAU.STC/Z/N~' 

f Tf'/C/ENC y / 7A/ T//elf d/V 
7EMPfr rU~~ , 



9E 

90 
0 C 

80 
V 

tj'7O 

60 

46 

ti 

30 

2o 

ro ele 

w 

0 to 20 30 40 50 60 

r/NP£ (M/9 

114 R/ T SDI v Of CAU5/7/CIZIA1q 
(FTIC/ENc7 NI Tf1 T//l?e /V 
7EiPEM T/5. 



N4 'O3: I J m4 e AS NgZO 

0 
 Gq0 -1,~M01''eAsNAyO 

5bLPNfl/TY3 25% 

10 20 30 40 50 60 

T/M( (1w/ n) 

82 

96 

90 

y, VARlAT/ON OF CAU57/C/Z/Nl~' 
E FFl GYEN/ (w /TH 7/ME ANjI 
TEMPE2A1U,!' . 



j 80 

Oi) 

/ V x 2 CO ' 	L 	( 	r' 	., r •i: , .~ 

rEi~PE,~~7U,ef = 70 °c 

O 5 to 15 20 25 

50CPH/1 /77 /) 

S/c PH/p/T y ON L?w/L/,3R/IJM 
cA1J5r/ Gtz/N E FFI ~'/ENc y, 



v is 	
0 

80 

1V42 CO3 : C O f.1  7' 

7Z14PE'Q7fTu eE = g0 °C 

0 5 10 15 20 25 

51EPh'/1/7y (k) 

F/G'. 1t, EFFECT OF /',AN 	f 

CUST/C/ z,t/ 	t1 'F/C/ '/t 7. . 



NgZCa3 .' CAD — 1. 	6J 	o 

A 

5 	lD 	15 	,20 	25 

5U1 PN/DST7 C'. 

Flay. 92, EFc cT Of Chi1 j 	6~' 

51J PH/ /77 ON E 1/IL / ,te.rn1 

c~w57/c/z/t/'I E,,/c,rn7• 



7= go or 

T ro d 
T 	 r~~'RA Tv~E 

D 	5 	10 	15 	20 	z 5 	30 

SULPHIp/T/ C%) 

FIG 13, aMPA/S/oN OF  
LUST/C/z/N!a' EF'F/C/EN <7 il/Tfl 

cHAnrGE of sic pH//ry 71r 
D/FFElENT TEN/PR,' TUBE 

8G 

0 

go 

70 

60 



V g0 

7a 

60 

j0 

4® 
	NQ2co3 :Cdo= t: f  

36 
	

5U1PH/d/7Y = Zo ', 

20 

a 	zo 30 40 	60 

Ft f4, VR RJAT/D/v of C,4O577z/z/N4 
W Wf 1 C/ENC/ W /TN 1/ME 7441 

I~f o 
 

2O5,46 .  

Cal 



2D 

07 O 	 e 

Z•o/ 
o 

s 
Iva, CO3 : Ca 0 = l: t '' 

7EMP& 4 7 1Rt = 90 

51/GPi-//P/77. ' zb 

d 	to 	20 	3 o 	y0 	50 

r/ME<M1n) 

risc 15, VAR /4 T//V Op G4115rrc/ziN4 
ELF/C/ENC/ wi rH r/ME ,INJ 

~oss14~ 



80 

V 
70 

60  

NqZ Co3 : CaO =  

TZ/yPER,~1 VRE = 90 Sc 

SUC PH/t /ry :2o7. 

89 

0.5 	1.0 	1•5 	2'O 

(J 

F/4; fs, EFFECT DF A.79D PdSAGE ON 

EQI/iL IIUN1 Cpl USTIG/Z/N4 
Err/c/EN c>' 



Ng2Co3:c?O =1:t 

T~iHPE~~TuR~ - 90 "c 

501 PH/..A/Ty = 207. 

~laz 

 

5403 A'5A 	.%) 

F'fG. 17. EFFECT OF Nqi 5io3 .PDS~yG'f ON 
fGt11lLI8R/UM GAUST/CIZiNCr' 

EFFIC/ENC7. 

90 



M 2 5i* 03 L56& 

APS446 

91 

o•5 1•D 1.5 2•D 2.5 

A1ft1I N92 5iO3 )oSAGE <%~ 

(NCB E,tF/C/&/vC/ 	7M 
NQ2g/t3 Al/T/O,v. 



m 

 

70 

50 

G'0 

k 
,30 ' 

20 

❑~ 

C 

Nq2.Co3  

T£,ow?sAA-rvRE 
.5e.'zPH' 2 /77  

O 10 20 30 40 50 640 

T/ME (Min) 

f f6'. f9, VA R I /1 T/ON OF : Gg o57/C/z /N 

EFf/C/ENC PV17H Tin's nN) 
Na D H 1 OS13 6E 



Nq►Dom/asNa2O 

__0 D:Pt 

93 

z 

V 80 

70 

60 

c  5D 

t4° 

3° 

V 20 

to 2030 !0 50 so 

TIME CM;') 

F/G: 24 V14 RM 7/d N 2T FAU5T/C'Z/'V6 
FFF/c/nr c y It//TM r/M5 ,//Y 
N'I OH 1OS,4Ge 0 



Nil C3 :Co = 1:1 

501 PH, ITy = 2D7• 

0 	2.5 	5.0 	75 	10.0 

Fly 2f, EFFECT of N4 OH D05,44E ON 

Eau/L/&/UM .CRUST//z/Nd 
EFf/C/NC. 



8o 

Z .
ti 

h 
7o 

aC 

60 

N42 4403 Ca o = i:1  

TEni1P # TLE.: 90 'c 

Sut PHID'T' = Zoe 
NAB Si o3 = ~% 

0 	2.5 	5.0 	7•5 	10.0 

N4 OH P05-4 Z dpi ws NO) 

ri c. 22, (F;ECT OF No OH )DS',4ei'~' ON 
E waRloM CA OSTLC/Z/N f 
EF'/C/4'NC/., 



96 

N1~0 N' Si3 = o 

M9dtN~l2Sidj:l~t~~ 

Nat. CO3 : G4,O = 
	 1 

TEMPS/ 7//1QE-9D?  

5U1PHiPiTy = 20'. 

0 	2.5 	-S•0. . 	75 	?o •O 

Na off 	 s iv42o) 

FICi. 23, C4MP,3R5!DN Of ED///&O/7 

CRUST/C/z/Na Eff/C/EN 1>' W/7H 

ANA £'V/SHOUT ,4D/7/ON ON 
My 0 AN!' NQ2 Si D3 • 



i 90 
s 

	

O 	• 	St1l.PHID1T7 
80 

~1 	 •-5VLPH►DIT72O7. 70 

/plus C3: '4O = 1:f -jm1e A~ N9'i0 

TEMRERATuRE : 2D G 

0 80 loo 120 14b f6o 

	

Tr A 	~L as iv o) 

Fly 24, EFFECT of L6/Y L tQUD,~ 

CONCENT~AT/O/V OIV 
GUST/C/Z/NCi EFFIC/ENCY' 

Is 



41O 

lD 	15 	20 	25 	30 

7'//'?'E <M, n) 

F1C. 25, rF'5 G T G 1 MF_ Qv,qN r1 r y ON Tfi5 

.5Errc1rN RATE OF THE' LlM5 



2£~ 

2-a 

9.6 

Nqi Co3  

Na2GO3 = 7o 

NADH PoSA4 = 10 
rE~lP~R gru,~ ~ 9o'c 

10 20 30 46 56 6o 
TIME (min) 

F/G 26 , T'E s T 	/-1E F/Rsr OP\b e 
Fo,~ cAv$77c/z/M4 ! &q 77LNS. 

99 



100 

2.4 

2.0 

.~. 1.6 

V X 

'3 1.2 

~ d•8 

0.4 

N42 . CO3 : 	1: f 

N42 CO3 	= 7' ~pLe 

Nq 0/1 2)05ME v 10 p1 

rEMPERJ Ty&E  

• 
O ro zo 30 40 50 6D 

r/Mt CM/'?) 

FAG. 27, 7E57 FOR TIE S ECON-P 
o~D~'~ Fob GABSroc/SING' 


	PTD245966.pdf
	Title
	Abstract
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Conclusion
	References
	Tables
	Figures


