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Abstract 

 

This study predicts the performance of kraft lignin extraction using emulsion liquid membrane (ELM) 

from pulping wastewater using boundary breakage model. The model was developed based on the 

previous study with some modifications and assumptions. Therefore, in developing kraft lignin 
extraction model, it will consider emulsion globule approach and the emulsion swelling and breakage 

during the ELMs process.  It was found to be numerically stable and reliable in predicting the behavior 

of kraft lignin extraction using ELM for long duration of time.  MATLAB software was used to predict 
the performance of ELM on extracting kraft lignin from pulping wastewater based on the model 

developed. At optimum condition, the simulation prediction result was found to have a small deviation 
with the experimental data on extraction efficiency. The model was computed with some parameter 

effects including initial feed concentrations; treat ratio and agitation speed, which demonstrated that the 

prediction results were in agreement with the theoretical study of ELM. The data instills confidence in 
the model as a useful prediction model on kraft lignin removal by ELM process in pulping industry.  

 

Keywords: Emulsion liquid membrane; kraft lignin extraction; boundary breakage model, Pulping 
industry 

 

© 2015 Penerbit UTM Press. All rights reserved. 

 

 
 
 
1.0  INTRODUCTION 

 

Lignin is the main constituent that is responsible for the colour 

effluent in pulp industries. It is a natural amorphous polymer 

normally derived from the wood structure of higher plants. It 

acts as a binding agent to hold cells together. Annually, 

approximately 60 million metric tons of lignin are generated as 

a waste in the pulp industry alone [1]. Unfortunately, it has been 

identified as the sixth largest polluter industry discharging high-

strength wastewater that is not only a serious aesthetic problem, 

but also hinders the algal and aquatic plant productivity by 

limiting light transmittance [2]. 

  Hence, various techniques have been investigated to 

remove the lignin compound from the effluent. The treatment 

methods include precipitation [3] and coagulation, 

electrocoagulation [4], activated sludge treatment [5], 

ultrafiltration [6-8], reverse osmosis [9], electrolysis, and 

ozonation. At present, the most popular and oldest treatment 

methods are precipitation and coagulation. Some of the inherent 

disadvantages of these methods are time consuming, expensive, 

tedious, requires handling of a large amount of sludge, corrosive 

and non-eco-friendly. Thus, industries are looking for 

competing alternative technologies that eliminate all the 

mentioned disadvantages [10]. 

Liquid membrane technologies have been proposed as 

alternatives to the conventional treatment processes [11-13]. 

ELM was invented about 40 years ago [14]. It has been 

successfully studied for removal and recovery of various solutes 

from wastewater including organic compounds such as alcohol 

[15], phenolic compounds [16], phenylenediamine [17] and 

benzimidazole [18], dyes [19] and acetic acids [20], metal  ions 

such as zinc[21], lead [22], chromium [23], and silver [24, 25]. 

  ELM is a simple technique that combines the extraction 

and stripping steps in a one-step process. Water in oil (W/O) 

emulsion is formed by mixing two immiscible liquids where the 

internal aqueous phase encapsulated in the membrane oil phase 

and stabilized by surfactant. Then, this emulsion will be 

dispersed into the external phase and form water in oil in water 

(W/O/W) emulsion. In the present paper, simulated pulping 

wastewater is the external phase to be treated. The main 

advantages of the ELM process are large mass transfer area, 

capable of applying carrier-mediated transport and able to treat a 

variety compound in short time, which resulted in a high degree 

of effectiveness [26]. However, liquid membrane permeation is 

usually accompanied by the occurrence of some non-idealities 

such as swelling and breakage of emulsion.  

  In order to get a reliable mathematical formulation of ELM 

valid for long time periods, the breakage rate and the swelling of 
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the globules have to incorporate into model which was harder to 

solve. The model was developed based on study of Biscaia et al. 

[27] and Othman [28] with some modifications and 

assumptions. Swelling occurs during the prolonged contact with 

the feed stream, leading to the change in the volume of emulsion 

and internal phase results in dilution of the stripping phase and 

consequent enlargement of globules. Hence, the membrane 

breakage happens and the concentrated solute in internal phase 

spill out into the external phase. This mathematical model of 

transport phenomenon in ELM system has been developed 

based on the below assumptions by considering the breakage 

and swelling of emulsion: 

i. The size of both globules and internal droplets are 

spherical and uniform in size and distribution that can be 

expressed as Sauter mean diameter. 

ii. The internal aqueous phase droplets are immobilized by 

sufficient amount of surfactant and thus there is no 

internal circulation inside the globule 

iii. The extraction by non-facilitated transport and diffusion 

of complexes itself without carrier is negligible. 

iv. There is no coalescence and re-dispersion of emulsion 

globules. 

v. The chemical reaction rate is much faster than diffusion 

within the globule. Thus local reaction equilibrium 

applies throughout the globules. 

vi. The distribution coefficient at the external interface 

between external and membrane phases is equal to that 

at the internal interface between membrane and internal 

phases. 

vii. The external phase is well mixed. Mass transfer 

resistance in this phase is restricted to the external 

boundary layer surrounding the globules. 

viii. The internal mass transfer resistance is negligible 

since it is so small in size of the droplets. 

ix. The process is isothermal at perfect mixing and all 

physical properties are constant during extraction. No 

loss of complex and carrier to the aqueous phases is 

considered. 

x. The pH value is remaining constant throughout the 

process in the external aqueous phase.  

xi. The number of (W/O/W) emulsion globules remains 

constant although swelling and breakage of the droplets 

are considered. The membrane breakage is assumed to 

occur at the outermost droplets of the globules. Hence, 

the film of membrane (insoluble in the aqueous phase) 

that covers these outermost droplets will not resist and 

will break but the number of globules still remains 

constant over time. 

  The objective of the present study is to predict the 

performance of kraft lignin extraction by ELM and compared 

with experimental results to test the validity of model. 

 

1.1  Extraction Mechanism of Kraft Lignin 
 

The mechanism of carrier facilitated transport extraction and 

stripping process of kraft lignin (KL) by Aliquat 336 is shown in 

Figure 1. It is a cationic extractant in the chloride form. Prior to 

the extraction reaction, Aliquat 336 is transformed into the 

bicarbonate form in a certain ratio by contacting the membrane 

solution containing Aliquat 336 with stripping solution that 

contains NaHCO3 as shown by Equation (1). 

 

AQ+Cl- + NaHCO3 ⇔ AQ+HCO3
- + Cl- + Na+     (1) 

 

During the extraction process, KL is transferred in its anionic 

form by a driving force resulting from the gradient of other 

anionic counter-ions between the two aqueous phases.  KL ion 

chemically reacts with the carrier to form the KL-carrier 

complexes, AQKL on the external interface as illustrated by 

Equations (2) and (3).  

 

Feed-membrane side reaction: 

AQ+Cl- (org)+ KLNa(aq)⇔ AQKL(org) + NaCl(aq) (2) 

AQ+HCO3
- (org)+ KLNa(aq) ⇔ AQKL(org)+ NaHCO3(aq) 

      (3) 

Then, these complexes diffuse through the liquid membrane to 

the internal interface. In the presence of NaHCO3, the following 

reaction is expected to take place at the membrane phase on the 

stripping solution side. 

 

Stripping-membrane side reaction: 

 

AQKL(org)+ NaHCO3(aq) ⇔ KLNa(aq) + AQ+HCO3
-(org)

      (4) 

 

 
 

Figure 1  Mechanism of facilitated transport of kraft lignin 

 

 

2.0  EXPERIMENTAL 

 

2.1  Chemicals and Reagents 
 

Extractant tricaprylylmethylammonium chloride (Aliquat 336) 

was obtained from Acros. Sorbitan monooleate (Span 80) as a 

nonionic surfactant and 2- ethyl-1-hexanol as a modifier were 

obtained from Fluka (Buchs, CH). Kerosene as a diluent was 

procured from Sigma (St. Loius, MO, USA). Sodium 

bicarbonate (NaHCO3) as a stripping agent was obtained from 

Merck (Darmstadt, Germany). Kraft lignin was procured from 

Sigma. All chemicals and reagents used were of analytical 

reagent grade. 

 

2.2  Emulsion Preparation and ELM Extraction 

 

10 mL of emulsion was prepared with 1:1 ratio of organic phase 

to aqueous internal stripping phase. The organic phase consisted 

of surfactant (Span 80), extractant (Aliquat 336), modifier (2- 

ethyl-1-hexanol) and diluent (kerosene). It was homogenized 

using Heidolph Silent Crusher M Emulsifier at the speed of 

12,000 rpm for 5 min while the stripping agent (NaHCO3) was 

added dropwise to form a stable milky white primary emulsion. 

The emulsion must be freshly prepared each time prior to the 

experiments.  
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The primary emulsion was dispersed into an agitated vessel 

containing pulping wastewater (100 ppm of kraft lignin) with 

the appropriate treat ratio. The mixture was agitated at 250 rpm 

for 10 min. In order to obtain the optimum conditions in the 

extraction of emulsion liquid membrane, one variable was 

changed whilst the other conditions remained constant, which is 

listed in Table 1. Subsequently, the samples were quickly 

introduced into a separating funnel and left for phase separation 

within 15-30 min until the two layers of aqueous and emulsions 

were clearly separated. The sample of treated aqueous solution 

at the bottom was carefully separated from the emulsion, and the 

concentration was measured. All measurements were carried out 

in triplicate, and all data presented were averaged values. The 

extraction performance of the ELM was measured using 

Equation (5).  

 

Percentage of Extraction,  

E =
[Kraft Lignin]i−[Kraft Lignin]f

[Kraft Lignin]i
x 100  (5) 

Where, [Kraft Lignin]i is the initial concentration of kraft lignin 

in the feed phase (mg/L). [Kraft Lignin]f is the final 

concentration of kraft lignin in the feed phase (mg/L). 

 

 

3.0  RESULTS AND DISCUSSION 

 

3.1  Mass Transfer Model 

 

Based on the assumptions and transport mechanism by reaction 

on Equations (2) and (4), the governing equations for the 

extraction processes are :  

 

i. Mass balance of solute in the external phase: 

V3
dCA3

dt
= −kOC

3(V1+V2)

R
 (CA3 − CA3

∗) + kBCA1V1 (6) 

 

Where, CA3 is the concentration of KL in the external phase 

(mg/l), CA3
* is the concentration of KL in the external phase at 

the external-membrane interface (mg/l), CA30 is the initial 

concentration of KL in the external phase (mg/l), kOC is the 

external mass transfer coefficient (m/s), V1 is the volume of 

internal phase (ml), V2 is the volume of membrane phase (ml), 

V3 is the volume of external phase (ml), R is the radius of an 

emulsion globule (m), kB is the rate of leakage and CA1 is the 

concentration of KL in the internal phase (mg/l). 

 

ii. Mass fluxes at the external-membrane interface 

 

  At the interface of the external-membrane, there is no 

accumulation of the solute at the interface. Thus, the flux of 

mass transfer outside the external-membrane interface is equal 

to the flux of mass diffusion inside the external-membrane 

interface was shown in Equation 7. The concentration of solute 

in external phase, CA3 is greater than that on external-membrane 

interface, CA3
*. The driving force to overcome external film 

resistance is the gradient of these two concentrations.  

 

N(4πR2)DeC (
∂CC

∂r
)

r=R
= N(4πR2)koc(CA3 − CA3

∗)  (7) 

 

Equilibrium: CC
* = mCA3

* 

 

Where, N is the total number of emulsion globules ,R is the 

radius of an emulsion globule, Dec is the effective diffusivity of 

complex in emulsion phase (m2/s), CC is the concentration of 

complex at the external-membrane interface (mg/l), kOC( CA3-

CA3
* ) is the flux of mass transfer outside external-membrane 

interface, DeC (
∂Cc

∂r
)

r=R
is the flux of mass diffusion inside 

external-membrane interface and m is the extraction distribution 

coefficient.  
 

iii. Mass transfer of carrier and complex within emulsion 

globules 0≤ r≤ Ri. 

 

  The mass balance equations of the carrier B and the 

complex C in the region of 0≤r≤Ri within the emulsion drop are 

expressed by the effective diffusivities of complex and carrier, 

Dec and DeB in Equations (8) and (9). 

 

 
∂CC

∂t
=

(V1+V2)i

V2
Dec (

1

r2

∂

∂r
(r2 ∂CC

∂r
)) −

S′rs

V2
  (8) 

∂CB

∂t
=

(V1+V2)i

V2
DeB (

1

r2

∂

∂r
(r2 ∂CB

∂r
)) +

S′rs

V2
  (9) 

 

Where, V1 is the volume of internal phase (ml), V2 is the 

volume of membrane phase (ml), V1+V2 is the total volume of 

emulsion (ml), CC is the concentration of complex at the 

external-membrane interface (mg/l), CB is the concentration of 

carrier at the external-membrane interface (mg/l), Dec is the 

effective diffusivity of complex in emulsion phase (m2/s), DeB is 

the effective diffusivity of carrier in emulsion phase (m2/s), rs is 

the rate of stripping and S’ is the internal interfacial area 

between membrane and internal droplets (m2). 

 

iv. Mass balance of solute and bicarbonate ion in the 

internal phase 

 

V1
dCA1

dt
= S′rs − CA1

dV1

dt
− kBCA1    (10) 

V1
∂Cs1

∂t
= −

3V1

Rmu
rs     (11) 

 

Equilibrium: CA1 = qCC
 

 

Where, V1 is the volume of internal phase (ml), CA1 is the 

concentration of KL in the internal phase (mg/l), q is the 

stripping distribution coefficient and Rmμ is the radius of 

emulsion droplets (m). 

 

Initial and boundary conditions are expressed respectively as 

below: 

 

Initial conditions: 

For t=0:  CA3 =CA30     CA1=0 

For t=0, 0≤r≤Ri: CC= 0, CB= CB
0, CA1=CA1

0, CS1 =CS1
0 

 

Boundary conditions: 

For t≥0, r=0: 
∂CC

∂r
=

∂CB

∂r
= 0 ; CC= finite, CB= finite  

For t≥0, r=Ri:   

−DeB (
∂CB

∂r
) + ϕ1

2

3rs = DeC (
∂CC

∂r
) + ϕ1

2

3rs  

= kb(CB|r=Ri − CB|r=R) = kC(CC|r=R − CC|r=Ri) = rf|r=R
 

      (12) 

Where, kb and kc are the mass transfer coefficients of B and C 

in the peripheral thin oil layer respectively, CB
0 is the initial 

concentration of carrier at the external-membrane phase (mg/l), 

CA1
0 is the initial concentration of KL in the internal phase 

(mg/l), CS1 is the concentration of stripping agent in the internal 

phase, CS1
0 is the initial concentration of stripping agent in the 

internal phase and 𝜙1is the volume ratio of the internal phase in 

the emulsion drop. 
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3.2  The Swelling and Breakage Effect 

 

The volume change of external phase and interfacial area were 

changed with the swelling and the breakage rate of the droplets. 

The transient superficial area and volume of N spherical 

(W/O/W) emulsion globules as a function of the emulsion 

globule radius is shown in Equations (13) and (14).  

 

NS(t) = 4πNR2(t) = 3
V1(t)+V2

R(t)
= 3 (

V1
o+ V2

Ro
3 ) R2(t) (13) 

V3(t) =  V1
o + V2 + V3

○ − (
V1

o+ V2

Ro
3 ) R3(t)  (14) 

 

Where, S is the outer interfacial area of globules (m2), N is the 

total number of emulsion globules, R is the radius of emulsion 

globules (m), Ro is the initial radius of emulsion globule (m), V1 

is the volume of internal phase (m3), V2  is the volume of 

membrane phase (m3) and V3 is the volume of external phase 

(m3). 

  The breakage constant (kB) is included to account for the 

interfacial area of the internal droplets and the number of 

droplets in Equation (15). The change of interfacial area of the 

emulsion globules is depicted in Equation (16). 

 
dn(t)

dt
= −kBn(t)      (15) 

S′(t) =
3

Rmu

√V1
oe−kBt [(

V1
o+ V2

Ro
3 ) R3(t) − V2]

23

   (16) 

 

  The kb value was studied by Nakashio et al., [29] which is 

range from 10-5 to 10-6 by sufficient amount of Span 80. The 

swelling occurred during which the radius of the emulsion liquid 

membrane was expanding. The rate of change of the radius 

depends on the average concentration of kraft lignin, carrier and 

stripping agent of in the system. Equation (17) displays the 

formula for change of radius. The transient volume of internal 

phase was developed in Equation (18). 

 
dR

dt
= kOCVH2o

{g1[CA1 + Cs1] − g3[CA3 + Cs3]}   (17) 

dV1

dt
= 4πR2kOCVH2o

{g1[CA1 + Cs1] − g3[CA3 + Cs3]} (18) 

 

Where, kOC is the external mass transfer coefficient (m/s), VH20 

is the partial molar volume of water (m3 /kmol), g  is the osmotic 

coefficient, CS1 is the concentration of stripping agent in the 

internal phase (mg/l), Cs3 is the concentration of stripping agent 

in the external phase (mg/l), Rmμ is the radius of emulsion 

droplets (m). 

  The above set of equations is non-linear partial difference 

equations (PDEs). Some equations were too complicated to 

solve analytically. Therefore, numerical methods were applied 

to transform the PDEs to ordinary differential equations 

(ODEs). Thus, after simplification, all equations were solved 

simultaneously using MATLAB software by built in ode45 

function. 

 

3.3  Model Parameters Estimation 

 

All parameters required for the prediction can be classified into 

three categories. They are: (1) physical and chemical properties; 

(2) operating conditions; (3) diffusivity and mass transfer 

coefficient. The physical and chemical parameters were based 

on the experimental conditions as well as empirical correlations. 

Parameters were obtained from certain equations available 

include effective diffusivity, mass transfer coefficient, emulsion 

globules diameter, equilibrium constant, forward and backward 

extraction constant and distribution coefficient. These 

independently evaluated parameters were then incorporated into 

the mathematical models. Each parameter was calculated based 

on specific equation. The estimated value for each parameters 

and experimental parameters was listed in Table 1. 

 
Table 1  Typical modeling parameters 

 

Experimental parameters Value 

Initial Volume of internal phase, V1
0 5ml 

Volume of internal phase, V1 5ml 

Volume of membrane phase,V2 5ml 

Treat Ratio, TR 0.2 (1:5) 
Initial concentration of KL in the external 

phase,CA3
0 

100ppm 

Initial concentration of KL in the internal phase, 
CA1

0 
0ppm 

Initial concentration of stripping agent in the 

internal phase, CS1
0 

0.1M  

Initial concentration of carrier,CB
0 0.007M 

Treat ratio, TR 1:5 

Equilibrium Constant and Relative 

Diffusivities 

 

Effective diffusivity of complex in the 

membrane phase(m2/min), 𝐃𝐞𝐜 
7.968𝑥10−6  

Mass transfer coeeficient (m/min), koc 0.069 
Rate of breakage, kb(1/min) 1 x 10-5 
Φ1 : volume ratio of the internal phase in the 

emulsion drop  

0.5 

Φ2: volume ratio of the emulsion to total 
volume of phases  

0.0166 

Radius of emulsion droplets, Rmμ 1.48x 10-6m 

Radius of emulsion globules, R 5x10-4m 
m: external distribution coeeficient 97.96 

q: stripping distribution coefficient 0.98 

Rate of extraction, re (mg/L.min) 23.73 
Rate of stripping, rs (mg/L.min) 23.73 

Equilibrium constant, Keq 290.87 
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3.4  Validation of Model 

 

The validity proposed model was investigated by comparing the 

results between experimental data and simulation results at 

optimum condition. These results will show the model reliability 

for kraft lignin extraction from pulping wastewater. The 

experimental results for kraft lignin removal by ELM, expressed 

in terms of CA3/CA30 and time, are compared with the prediction 

results in Figure 2. 

 

 
 

Figure 2 Comparison between experimental data and model prediction 

(Experimental conditions [Span 80] = 3% (w/v), feed phase = 100 ppm 
kraft lignin solution, [Aliquat 336] = 0.007M, [NaHCO3] = 0.1 M) 

 

 

  The simulation results describe that the kraft lignin was 

extracted rapidly at the first 2 min and become stable after 3 min 

of extraction. However, there is slower extraction rate on 

experimental work which reaches equilibrium at 5 minutes. At 

15 min of extraction there is slightly lower of extraction in 

experimental data. This may also due to the random errors 

which are from instrument or manual behavior in the 

experiments. From the results, the deviation was found to be 

2.59%. This indicated that the computed model is compatible 

with the experimental results in removal of lignin using ELM.  

The standard mean deviation below 5% was acceptable also 

reported by Reis and Carvalho [30]. The small differences 

between the theoretical and experimental results may be due to 

errors in estimating the effective diffusivity. Besides, the 

polydisperse properties of the dispersed emulsion phase that 

neglected in this model may be one of the reasons in deviation. 

The model formulated in this work was emphasized by 

estimation of parameters by experimental independently or 

correlation equation, and there is no curve-fitting is required. 

The good agreement between the theoretical results and the 

experimental data instills confidence in the model as a useful 

prediction model for the analysis and interpretation of 

subsequent batch experimental results with some parameter 

effects. 

 

3.5  Modelling Results on Parameters Effect  

 

3.5.1  Effect of Initial Concentration of Kraft Lignin 

 

The concentration gradient of kraft lignin in external and 

internal phase is the driving force for the extraction process. The 

initial concentration of kraft lignin was varied from 100 to 

500ppm. The effect of initial concentration of kraft lignin on 

extraction rate is depicted in Figure 3. 

  From this finding, the higher feed concentration gives the 

lower extraction efficiency. The maximum extraction efficiency 

that achieved at 100 ppm, 500 ppm, 1000 ppm and 1500 ppm of 

feed concentration were 95%, 93%, 86%, 76% respectively. It is 

noticeable that most amount of solute was extracted from feed 

solution with 100 ppm of feed concentration. The kaft lignin 

concentration in real pulping wastewater was fluctuated and 

depends on their pulping manufacturing stream. When the initial 

kraft lignin concentration increases, the length of diffusional 

path through the emulsion globule increases, since the internal 

droplets in the peripheral region are saturated more rapidly by 

lignin ion. Thus, more stripping agent is required to give a larger 

capacity of the emulsion for extraction. The complex must 

diffuse through the membrane phase to the more inner region of 

the drop to release lignin in the internal phase.  

 

 
 

Figure 3  Effect of initial concentration of kraft lignin on KL extraction 

by model prediction 

 

 

3.5.2  Effect of Treat Ratio 

 

The volume ratio of emulsion phase to external phase plays 

crucial role in the treatment of effluents. Its variation cannot be 

random, because it is necessary to guarantee that the NaHCO3 

concentration that present in the internal phase is high enough to 

react with the external phase which is the kraft lignin solution. 

Figure 4 shows the effect of treat ratio on the extraction rate of 

KL by ELM.   

  The effect of volume ratio of emulsion to external phase to 

degree of extraction was enhanced by the increase of volume 

ratio. In addition, the extraction rate was faster by increase of 

volume ratio. At treat ratio 1:5, the maximum extraction reached 

at 2 min of extraction. However at treat ratio 1:20, it reached 

maximum of extraction at 5 min which is slower than higher 

treat ratio. The increase of volume ratio means more emulsion 

present as a whole towards external phase. Thus, the total 

number of emulsion globules increases and subsequently 

interfacial area between the external feed and emulsion phase 

increase. The capacity of internal phase for trapping lignin 

increased simultaneously. Hence, the mass transfer rate 

increased which enhance the degree of extraction and stripping.  

In addition, the amount of external phase increase cause the 

emulsion could not disperse well. Higher stirring speed should 

be used to enhance the dispersion. This is supported by 

Kumbasar and Sahin [31] that the extraction rate was increased 

with the increasing of treat ratio. Regarding to the point of view 

of industry, emulsion used must be considered very well to 

ensure the process to be economically feasible. Minimum 

volume of emulsion is preferred to treat large amount of 

wastewater. However, extraction efficiency should be 

considered as well. 
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Figure 4  Effect of treat ratio on KL extraction by model prediction 

 

 

3.5.2  Effect of Agitation Speed 

 

The power intensity delivered to the extractor from agitation 

plays a vital role in ELM process. The size of emulsion globules 

strongly depends on the mode and power of the mixing.  

Previous works had revealed increasing the level of agitation 

would increase the number of smaller globules while interact 

with aqueous solution [26, 32]. Figure 5 show the effect of 

agitation speed on kraft lignin extraction rate by ELM. 

  From the figure, the extraction rate increases as the 

agitation speed increases from 50 rpm to 250 rpm. At low 

agitation speed, larger emulsion globules are formed and 

produce less area for mass transfer. The extraction kinetics 

performs slower due to thicker boundary layer at interface of 

emulsion globules and stripping phase. The mass transfer 

coefficient (kOC) increases with increasing of agitation speed. 

This is because at constant emulsion phase volume, the total 

mass transfer area increase as the globule size decrease that 

result in the increase in the total number of emulsion globules. 

However, further increase in the agitation speed to 300 rpm 

occured no increase in the degree of extraction. This result 

elucidate that 250 rpm was enough for the extraction process.  

Too vigorous mixing will cause high possibility of membrane 

breakage and concentrated solute will leak from the internal 

phase and eventually cause reduction of extraction efficiency 

which is undesirable. This was in agreement by Chakraborty et 

al. [33] that the sauter mean diameter of emulsion globules 

increase with increase of agitation speed from 500 to 700 rpm 

which resulted in higher extraction efficiencies. 

 

 
 

Figure 5  Effect of agitation speed on KL extraction by model 

prediction 

4.0  CONCLUSION 

 

The model was successfully solved numerically and analytically 

using MATLAB software. At optimum condition, the simulation 

prediction result was found to have a small deviation with the 

experimental data on extraction efficiency. The model was 

computed with some parameter effects including initial feed 

concentration; treat ratio and agitation speed, which 

demonstrated that the prediction results were in agreement with 

the theoretical study of ELM. The data instills confidence in the 

model as a useful prediction model on kraft lignin removal by 

ELM process in pulping industry.  
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