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ABSTRACT:  In this current research work, a detailed parametric study has been reported  

for the Lactic Acid (LA) extraction from the aqueous solution through Emulsion Liquid Membrane (ELM). 

A designed ELM loaded with tri-n-octyl amine (as a carrier), oleyl alcohol (as a membrane modifier), 

cyclohexanone (to reduce water co-transportation), hexane (as a diluent), sodium carbonate  

(as an internal stripping phase reagent), and span 80 (as an emulsifying agent) was formulated  

and prepared through mechanical agitation mode. The effect of operating conditions of various 

process parameters affecting the LA extraction efficiency through ELM was examined and elucidated 

in detail. The results have shown that more than 95±1.5% of LA were successfully extracted within 

20 min at the optimum conditions of 0.05 [M] LA concentration, 2000 rpm emulsification speed,  

2.0 (v/v) treat ratio, 4% (v/v) span 80 concentration, 1.0 (v/v) phase rati, 200 rpm stirring speed, 

 0.25 [M] stripping phase concentration (𝑁𝑎2𝐶𝑂3), 2% (v/v) cyclohexanone, 1 [N] sulphuric acid 

concentration, and TOA concentration: 10 %(v/v). Hence, it could be concluded that these optimized 

ELM constituents as well as optimized ranges of various desired process parameters may be considered 

for efficient ELM formulation and LA extraction.  
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INTRODUCTION 

 Recently, the demand for “Lactic Acid” (LA) is 

gaining momentum due to the continuous rise in its 

industrial applications. LA is an eco-friendly product as it 

is obtained from fermentable sugars of renewable 

resources [1-3]. LA is non-volatile, odorless, and mildly 

acidic in taste beside other food acids [4]. LA is applicable 

to both food (as an acidulant, preservative, buffering agent, 

pH regulator, and for mineral fortification of staple food 

products) and various non-food industries (such as 

cosmetic (as a moisturizer) and pharmaceutical (for 

making parental solutions) industries, so as to produce 

chemicals (oxygenated) as plant growth regulators and 

special chemical intermediates) [5-7]. Although it can be 

produced by either chemical synthesis or biologically by 

LA fermentation currently, most of the LA worldwide is 

produced by bacterial fermentation process [3, 8]. The 

chemical synthesis route resulted in an impure racemic 

mixture of L & D-(lactic acid) while the biotechnological 

process resulted in optically pure LA used for 

biodegradable polymer Poly Lactic Acid (PLA) [9]. The 

growing demand of LA (market value (in 2020): 2.7 billion 

Doller and compound growth expectation (during 2021-

28): @ 8% per year) particularly for environment-friendly 

PLA to replace the non-biodegradable plastics has led the 

global hunt for economical production of the LA [10, 11]. 

Downstream processing (purification/separation/ recovery) 

of LA is known as the expensive step of the LA production [12]. 

Continuous efforts are made by various researchers for the 

economical separation and purification of LA by exploring 

various methods [12, 13]. Previously, there were various 

methods [Precipitation [14], adsorption [15], extraction with 

niosomes and microfiltration [16], and reactive extraction [17] 

which had been effectively used for LA separation and 

purification. These techniques have some disadvantages 

such as high operating expenses and cause secondary 

environmental problems. Hence, an effective way for 

extracting low concentrations of LA ions must be 

developed. Such issues have led to the consideration  

of the Emulsion Liquid Membrane (ELM) technology  

as an option which is the most economical separation 

technology [2, 18]. Since the inception of this technique by 

Dr. Norman Li in 1968, it has been explored for its  

many applications in different fields of chemistry, 

chemical & biochemical engineering, and environmental 

sciences [19, 20].  

ELM offers several advantages over the conventional 

separation processes like low extractant/solvent inventory 

requirement, low energy, high interfacial mass transfer area 

per unit volume, high permeability rate through membrane 

phase, simultaneous solute extraction and stripping within 

a single-step, high-efficiency, and simple operation [21-23]. 

It involves only chemical energy as a driving force and is 

usually not constrained by the phase equilibrium [20, 24].  

In ELM, the oil phase acts as a membrane phase that has 

surfactants, extractants/ carriers, and organic diluents  

as its constituents [25]. It surrounds the aqueous stripping 

phase as the homogenization of both phases leads to the 

formation of water-in-oil (W/O) type emulsion. The 

dispersion of this water-in-oil (W/O) emulsion in the stirred 

aqueous external feed phase having solute gives rise  

to water-in-oil-in-water (W/O/W) type double emulsion 

system and hence, the oil phase separates the aqueous 

external feed phase and internal stripping phase [24, 26]. 

The solute molecules from the external feed phase get 

transported selectively across the membrane phase by 

facilitated (due to the formation of carrier solute complex) 

or/and unfacilitated (in the absence of carrier) transportation 

mechanism and diffuses across the interface of membrane-

internal stripping phase to get stripped out by reacting with 

the reagent present in the internal stripping phase forming a 

product which cannot permeate backward through 

membrane phase [22, 23]. The transportation rate and 

selectivity of solute across the membrane phase can be 

enhanced by selecting the suitable extractant making it 

useful to be utilized for extracting solutes of low 

concentrations [27, 28]. Finally, the separation of the oil 

phase from the stripping aqueous phase takes place enabling 

the recovery of the enriched solute from the stripping phase 

[29]. In this current study, a detailed investigation on the 

effects of various operating parameters viz. type of internal 

reagent and its concentration, type of diluents, extractant 

concentration, surfactant concentration, phase ratio, treat 

ratio, agitation speed, oleyl alcohol as the membrane 

additive, and sulphuric concentration in external phase on 

LA extraction through ELM was performed. The main goal 

of this work is to elucidate the parametric effect of key 

process parameters and study the feasibility of various ELM 

constituents (hexane, span 80, tri-n-octyl amine, sodium 

carbonate, cyclohexanone, and oleyl alcohol) for LA 

extraction from aqueous solution through ELM. 
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 EXPERIMENTAL SECTION 

Reagents  

All the chemicals (such as span 80, tri-n- octyl amine 

(TOA), cyclohexanone, lactic acid, n-hexane, n-heptane, 

kerosene, oleyl alcohol, sulphuric acid, sodium carbonate, 

etc.) used during this present study for experimental 

investigations were analytical grade (HPLC grade for 

HPLC analysis) and were used without any further 

purification. These were procured from Hi Media 

Laboratories Pvt. Limited, Mumbai (India), Merk India Ltd., 

Mumbai (India), Fluka Goldie Chemika-Biochemica, 

Mumbai (India) and Sigma Aldrich (USA). Lactic acid 

solutions of the desired concentration [mentioned in Table 1] 

were prepared by dissolving LA in de-ionized water to obtain 

an external aqueous feed phase. The stripping phase solution  

of the desired concentration [mentioned in Table [1] was 

obtained by dissolving the stripping reagent in de-ionized 

water.  

 

W/O Emulsion preparation  

The membrane phase was prepared by mixing Span 80 

as a stabilizer, tri-n- octyl amine (TOA) as a carrier, and 

cyclohexanone (to reduce water co-transportation) in 

diluent i.e., hexane at 200 rpm for 2 min using a magnetic 

stirrer. Then the emulsion was prepared by mixing the 

stripping reagent with the membrane phase. Stripping 

reagent of desired concentration was added dropwise with 

requisite (v/v) internal to organic phase ratio and was 

stirred at 2000 rpm using a four-blade impeller stirrer for 

20 min at room temperature (25 ± 2 °C) to form a stable 

Emulsion Liquid Membrane (ELM). Then emulsion  

was transferred to the settler after washing the emulsion 

with excess deionized water to wipe out the internal 

reagents attached to the surface of the emulsion (if any) 

and stored for an hour to check its stability and for its 

further utilization for extraction.  

 

Extraction process 

The Lactic Acid (LA) extraction was carried out  

in a 250 mL capacity glass batch reactor at 25±2°C 

temperature with a variable speed [50-2000 rpm] four 

bladed agitators which was charged with ELM (20 mL) 

and to which aqueous external feed phase was added 

according to the desired treat ratio [as mentioned in Table 

1 and stirred well at the particular agitation speed for the 

appropriate time. Samples from the stirred batch reactor 

during the course of run at different time intervals (5 mins) 

were drawn using a syringe. The external phase samples 

were separated from the emulsion phase by filtration using 

a filter paper (Brand: Whatman) for LA concentration 

measurement. The experiments were performed in 

triplicates and are represented by an error in each Figure. 

In Fig.1, the ELM formulation and method of preparation 

have been elucidated for LA extraction through ELM.  

 

Experimental conditions  

The experimental conditions and ELM constituents 

influencing the extraction of LA such as surfactant 

concentration, extractant concentration, LA concentration 

in external phase, stripping phase concentration, type 

of internal phase reagents, stirring speed, phase ratio, 

treatment ratio, and diluents type. Oleyl alcohol  

(as a membrane modifier) concentration and H2SO4 

concentration in an external phase were also studied. The 

range and fixed values of process parameters for LA 

reactive extraction through ELM have been mentioned  

in Table 1.  

 

Analytical method 

The LA concentration measurement in the external 

aqueous feed phase was examined by the HPLC method 

[30] employing Shimadzu LC 2010 CHT (Shimadzu 

Corporation, Kyoto, Japan) equipped with a low-pressure 

quaternary gradient pump along with the dual-wavelength 

UV-Visible detector and column i.e., C18 oven. The LA 

extraction efficiency was calculated using the equation:  

LA extraction efficiency  η
ext

= 
CIF0 -CIFτ

CIF0

×100                          (1) 

Where 𝐶𝐼𝐹0 is the LA concentration in the external 

aqueous feed phase initially at time t = 0, and 𝐶𝐼𝐹𝜏 is the LA 

concentration in the external aqueous feed phase after  

the extraction by contacting the aqueous phase with  

the ELM at elapsed time t = τ.  

 

Reaction mechanism of LA transportation  

ELM is characterized by interfacial extraction/ 

stripping reactions and transport kinetics which play  

a major role during the encapsulation of low-concentration 

solute molecules from the feed phase. The LA is 

transported from the external aqueous feed phase 

through the membrane phase through coupled facilitated 

(due to the presence of carrier, i.e., TOA) transportation  
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Table 1: Experimental conditions and hold values for the LA extraction through ELM 

Experimental Conditions for LA Extraction through ELM 

S. No Process Parameters Range Units 

  Low (−) High (+)  

1 LA concentration 0.05 0.50 [M] 

2 Na2CO3  concentration 0.15 0.30 [M] 

3 Span 80 concentration 3 8 %, v/v 

4 Extractant concentration 0 15 %, v/v 

5 Phase ratio (IP: OP)a 1/2 2/1 v/v 

6 Treat ratio (EP: MP)a 2/1 4/1 v/v 

7 Stirring speed 100 300 rpm 

8 Oleyl alcohol (as a modifier) concentration 0 7.5 %, v/v 

9 H2SO4 concentration in external phase 0 2 [N] 

10 Internal phase reagents Na2CO3 , NaOH, NaCl, and NH4OH 

11 Types of diluents n-hexane, n-heptane, and kerosene 

Hold Values of ELM Parameters 

12 Extraction temperature 25±2 °C 

13 Emulsification time 20 min 

14 Emulsification speed 2000 rpm 

a IP-Internal Phase; OP- Organic Phase; EP- External Phase; MP-Membrane Phase 

 

 

Fig. 1: Schematic diagram of ELM formulation and preparation for LA extraction 

 

In the membrane phase to the internal stripping phase 

where it is accumulated after reacting with the internal 

reagent (sodium carbonate) molecules. It can be elucidated 

through the series of many unit processes:  

i.Dissociation of LA in the bulk of feed phase as lactate 

ion and hydrogen ion.  

ii.Transportation of lactate ion as well as un-dissociated 

(HLA) LA from feed phase bulk to stagnant layer of 

feed phase surrounding the w/o emulsion.  

iii. In the Diffusion of lactate ion and undissociated LA 

through the stagnant thin layer and interfacial reactions 

between the charged species of LA and carrier at the 

outer interface, i.e., between external-membrane phase 

to generate LA-carrier complex.  

iv. Diffusion of LA-carrier complexes across the 

membrane phase towards the stripping phase due to 

concentration gradient.  

v. Stripping reaction of LA- carrier complex with the 

internal reagent molecules at the inner interface i.e., 

between membrane-stripping phase. 

vi. Back diffusion of the carrier (TOA) through  

the membrane phase towards the outer interface 

owing to the concentration gradient.  

While assuming that only the undissociated part of LA 

is extracted by carrier (TOA) in ELM process, the reaction 

mechanism can be depicted by Eqns. (2), (3) and (4). The 
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transportation of LA from feed phase to the membrane 

phase during the ELM process can be related to the 

formation of LA-TOA complex in the membrane phase as 

if one molecule of the acid (HLA) react with one molecule 

of the amine (R3N).  

HLA ⏟  
(External phase)

+ R3N⏟
(Membrane phase)

↔ R3N:HLA⏟      
(Membrane phase)

                       (2) 

LA got stripped itself in the vicinity of the membrane-

stripping interface from the LA-TOA complex loaded 

organic phase due to the stripping reaction using Na2CO3 

stripping solution as  

2R3N:HLA⏟      
(Membrane phase)

+    Na2CO3 ⏟    
(Stripping phase)

   → 2NaLA ⏟    
(Stripping phase)

+ (R3NH)
2
CO3⏟        

(Membrane phase)

          (3) 

and finally, the amine carbonate complex formed as above 

will diffuse back to the feed-membrane phase interface due 

to concentration gradient where it will be dissociated into 

water and carbon dioxide and regenerating free amine in 

membrane phase for further formation of LA-TOA 

complex as 

(R3NH)
2
CO3⏟        

(Membrane phase)

→ 2R3N⏟  
(Membrane phase)

+ H2O+CO2⏟      
(Feed phase)

                      (4) 

 

RESULTS AND DISCUSSION 

Experimental results of effect of various process 

parameters are provided in the form of extraction 

percentages and are presented in Fig.s 3-13. From the 

previously published results/findings it was found that 

hexane (used as a diluent) and sodium carbonate (used as 

a stripping agent) are best suitable for extracting low 

concentrated LA from feed phase. This outcome 

confirmed the ability of hexane and sodium carbonate  

to extract LA through ELM. Therefore, Hexane and 

sodium carbonate are selected for the ELM organic phase 

formulation in this work. To obtain the highest LA 

extraction through ELM, the optimum process conditions 

of the influencing process parameters are needed.  

The detailed discussions on each process parameter are 

appropriately elucidated.  

 

Effect of various types of stripping agents   

The stripping agent has a key role during the extraction  

of solute molecules through ELM process. Hence, the 

appropriate assortment for the right internal/stripping 

agent is of great importance in order to reach the highest 

possible extraction of LA from aqueous solution. 

Generally, the solute molecules complexed by amines  

can be stripped from the protonated amine by the removal 

of a proton using neutral or alkaline solutions [31, 32]. 

Therefore, various kinds of internal phase agents (NaOH, 

Na2CO3, NH4OH, and NaCl) were tested (as shown in 

Fig.3) during the stripping process for the LA extraction 

from the LA loaded organic solution. The stripping 

reaction at the membrane-stripping interface depends on 

the stripping phase composition. It plays an important role 

in the extraction/encapsulation of solute transported from 

the feed solution during the ELM process.  

Although in the preliminary experiments, sodium 

carbonate solution had been utilized as internal stripping 

phase, the effect of other alkaline substances as stripping 

reagent in the stripping phase solution for the extraction of 

LA were also examined. As evident from Fig.3, findings 

elucidated that more than 95 % of LA was effectively 

stripped out from the LA loaded organic phase. Such 

phenomenon can be discussed in terms of the basicity 

effect which has reduced in this trend: NaCl < NaHCO3 < 

Na2CO3 < NaOH. Principally, the stripping behavior of 

internal phase agents enhances proportionally with their 

basicity. According to this trend, NaOH is known as the 

strongest base, and it is able to produce the large chemical 

potential among the organic and aqueous stripping phase 

[32]. But in the case of sodium carbonate, two sodium ions 

are available which means high affinity of the sodium ion 

to complex with the LA molecule from the LA-extractant 

complex. It also favors the high decomplexation  

of the LA-TOA at the organic-stripping interface. The 

extraction efficiency of the different stripping reagents 

follows the order as Na2CO3>NaOH>NaCl>NH4OH as 

evident from Fig.3. Several research studies were also 

reported in literature regarding the use of sodium 

carbonate as internal phase reagent [33-35]. Therefore, 

considering the above observations of Fig.3, it was concluded 

to use Na2CO3  as a suitable stripping reagent in the w/o/w 

system for obtaining high LA extraction.   

 

Effect of various types of diluents    

The performance of many liquid membrane systems 

depends on the appropriate selection of the organic 

diluents. Generally, these different diluents (n-hexane,  

n-heptane, and kerosene) were applied to change the 

physical properties of the extraction system (such as 

viscosity, density, and surface tension) for separating out  
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Fig. 2: Schematic representation of the LA reaction mechanism during its extraction through ELM 

 

 
Fig. 3: Effect of stripping reagents on LA extraction efficiency 

through ELM. [Experimental conditions: LA concentration: 

0.05 [M]; emulsion volume: 20 mL; treat ratio: 2 (v/v); 

emulsification time: 20 min; Span 80 concentration: 4% (v/v); 

phase ratio: 1.0; stirring speed: 200 rpm; stripping phase 

concentration (𝑵𝒂𝟐𝑪𝑶𝟑): 0.25 [M]; TOA concentration: 10 % 

(v/v); diluent: n-hexane] 

 

 
Fig. 4: Effect of diluents on LA extraction efficiency 

through ELM. [Experimental conditions: LA concentration: 

0.05 [M]; emulsion volume: 20 mL; treat ratio: 2 (v/v); 

emulsification time: 20 min; phase ratio: 1.0; stirring speed: 

200 rpm; stripping phase concentration (𝑵𝒂𝟐𝑪𝑶𝟑): 0.25 [M]; 

span 80 concentrations: 4 (% v/v); TOA concentration:  

10 % (v/v)] 

the interacted product. Till date, various organic 

diluents (such as toluene, n-heptane, n-hexane, 

kerosene, and Escaid 100) were used as diluents [34]. 

The presence of the diluent may affect significantly the 

extraction ability of the tertiary amines based extractant 

due to polar nature of diluents favoring the formation of 

hydrogen bonds and ion-pairs which further increases 

the diffusion rate of the complex [36]. To evaluate  

the extraction efficiency of these organic diluents, 

experiments were performed at optimum conditions  

of various process parameters and the results are shown 

in Fig. 4. n-Hexane as diluent in the membrane phase 

had shown better LA extraction efficiency than n-heptane 

and kerosene (Fig. 4). The viscosity of individual 

diluent is a major contributor towards the overall 

viscosity of the membrane phase. The order of viscosity 

of used diluents is n-hexane (0.202±0.012 mPa s) < n-heptane 

(0.386±0.025 mPa s) < kerosene (1.381±0.033 mPa s).  

The large viscosity of the membrane phase causes 

increase in the thickness of the membrane phase and 

further decreases the permeability of the membrane for 

the solute [37]. It was observed that the different 

diluents had shown different LA extraction efficiency 

after 20 min experimental extraction time as: n-hexane 

(95±1.5%) > kerosene (90±1.4%) > n-heptane 

(82±1.1%). Hence, for this current LA extraction 

through ELM, n-hexane was selected as the most 

convenient diluent.  

 

Effect of sodium carbonate concentration   

Stripping phase concentration plays a vital role in the 

transport of solute from external phase to stripping phase 

through ELM [22]. The effect of sodium carbonate 

concentration was determined to know about the reaction  
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Fig. 5: Effect of stripping reagent concentration in stripping 

phase LA extraction efficiency through ELM. [Experimental 

conditions: LA concentration: 0.05 [M]; emulsion volume: 20 

mL; treat ratio: 2 (v/v); emulsification time: 20 min; Span 80 

concentration: 4 % (v/v); phase ratio: 0.5; experimental 

extraction time, 10 min; stirring speed: 200 rpm; TOA 

concentration: 10 %(v/v); diluent: n-hexane]  

 

 
Fig. 6: Effect of surfactant span 80 concentrations on LA 

extraction efficiency through ELM. [Experimental conditions: 

LA concentration: 0.05 [M]; emulsion volume: 20 mL; treat 

ratio: 2 (v/v); emulsification time: 20 min; phase ratio: 1.0; 

stirring speed: 200 rpm; stripping phase concentration 

(Na
2
CO3): 0.25 [M]; TOA concentration: 10 % (v/v); diluent: 

n-hexane] 

 

capacity between the stripping agent and LA-TOA 

complexes. Na2CO3 concentration of the stripping solution 

for the LA extraction was varied at different concentration 

levels from 0.15 to 0.3 [M] as described in Fig.5. LA 

extraction efficiency increases with an increase in stripping 

reagent concentration (<0.25 [M]). It may be due to the 

larger reaction potential of Na2CO3 at higher initial 

concentration with the LA. It causes a higher hydrogen ion 

difference to re-extract the LA from the LA-organic complexes 

due to the differences of sodium ion concentration in the feed 

phase and external phase.   The other feasible reason is that 

the high stripping concentration tends to yield large number 

of internal molecules which further improves the degree  

of the decomplexation of LA-extractant [32]. The hydrogen ion 

difference will be higher for minimum LA concentration [38]. 

For higher Na2CO3 concentration (>0.25 [M]), LA 

extraction efficiency tends to decrease irrespective of LA 

concentration. This may be attributed to the reason that the 

increased amount of Na2CO3 in the stripping phase 

decreases the difference of densities and increases  

the emulsion viscosity which further creates a hinderance  

to mass transfer process [37].  

Moreover, high Na2CO3 concentration increases the pH 

of stripping phase due to which the problem of osmotic 

swelling may occur under a high pH difference between the 

external phase and the stripping phase. This process of 

osmotic swelling further leads to the transportation of water 

from the external phase to the internal phase causing an 

increase in the internal emulsion volume, which in turn 

decreases the area for mass transfer for LA extraction [39].  

In addition, difference in ionic strength between external  

to internal phase led to internal phase volume increasing 

which further promotes excess emulsion leakage [37]. There 

are also the chances that sodium carbonate may start reacting 

with the surfactant causing thus decrease in the emulsion 

stability [40].  

 

Effect of surfactant concentration 

A stable ELM needs an appropriate amount of 

surfactant. Both small concentration (renders the 

membrane weak) as well as large concentration (creates 

larger diffusional resistance) of surfactant have a problem 

in emulsion stability. ELMs are normally unstable in 

nature and to make them stable and to avoid coalescence 

of dispersed drops, a certain amount of surfactant must be 

added [34, 40]. The variation in the extraction efficiency 

during the extraction of LA from aqueous external phase for 

various non-ionic surfactant i.e., span 80 (sorbitan 

monooleate) concentrations (3% - 8%, v/v) has been depicted  

in Fig.6. An increase in extraction efficiency had been found 

with the increase in the surfactant concentration (3% - 5%, v/v). 

The membrane breakage ratio usually declines with 

 the rise in span 80 concentration. The extraction efficiency 

was reduced at low surfactant concentration due to this 

small amount of span 80 may not be able to cover the 

membrane interface completely. The insufficient surfactant 

also promotes the formation of bigger  
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Fig.7: Effect of LA concentration on LA extraction efficiency 

through ELM. [Experimental conditions: Emulsion volume: 20 

mL; treat ratio: 2 (v/v); emulsification time: 20 min; Span 80 

concentration: 4% (v/v); phase ratio: 1.0; stirring speed: 200 

rpm; stripping phase concentration (𝑵𝒂𝟐𝑪𝑶𝟑): 0.25 [M]; TOA 

concentration: 10 % (v/v); diluent: n-hexane] 

 

emulsion droplets, as high surface tension hinders adequate 

emulsion droplets dispersion [42, 43]. 

Though the stability of the emulsion has been observed 

to be increasing with the increase in surfactant 

concentration (> 5% v/v), but a negative effect on LA 

extraction efficiency (%) had been observed. This may be 

due to the fact that high surfactant concentration results in 

high interfacial occupancy of the surfactant generating 

higher interfacial resistance leading to a decrease in the LA 

extraction at the external phase-membrane phase interface 

[41]. Moreover, it also increases the interfacial viscosity 

causing a decrease in the movement of inner droplets 

within the emulsion globule [37]. This means that the span 

80 concentration in the membrane phase is a key parameter 

affecting both the stability of W/O emulsion and LA 

extraction efficiency of W/O/W emulsion. Based on the 

above observations and the results obtained as presented in 

Fig.6, 4% (v/v) of span 80 concentration has been accepted 

as the appropriate surfactant concentration to form the 

stable W/O emulsion and effective extraction efficiency  

in total harmony with each other.  

 

Effect of lactic acid concentration  

The effect of LA concentration, in the range of 0.05 [M] 

to 0.5 [M], was examined. In Fig. 7, the results have been 

elucidated. At a low LA concentration of 0.05 [M]  

in the feed phase, it was observed that the LA extraction 

efficiency was high i.e., 95 % whereas ahead of 0.05 [M] 

of LA concentration, it had resulted in decrement in LA 

extraction efficiency. The plausible fact was that the region 

of outer interface becomes saturated more quickly with  

the solute molecules. So, the LA complex compounds 

permeate very gradually through the membrane phase, and 

this occurs due to large mass transfer resistance developed 

by high LA concentration [18].  

The extraction efficiency was found to decrease with 

the increase in LA concentration. This can be explained 

with the reference to consideration of advancing front 

model for ELM such that as the LA concentration  

in the feed phase increases, internal droplets in the peripheral 

region of emulsion got saturated more rapidly causing 

increase in the length of the diffusional path through the 

emulsion globule, generating the necessity of more 

stripping reagent [44, 45]. Hence, mass transfer resistance 

in the membrane phase becomes important for high values 

of LA concentration whereas, for low values of LA 

concentration, external mass transfer is rate controlling. 

Therefore, it is clear that the LA extraction efficiency  

was dependent on the molecular diffusion in the system. 

The LA extraction efficiency was found to 95±1.5 %  

as observed from the above Fig.. This result indicates  

the effectiveness of ELM based separation technique.  

 

Effect of extractant concentration 

Extractant concentration has a great impact on ELM 

and acts as a vehicle to separate the solute ions across the 

ELM [18]. It affects the ELM performance by promoting 

the rate of diffusion of solute ions. The extractant  

(tri-n- octyl amine (TOA)) used in this present work makes 

a LA-carrier complex (as described in reaction 

mechanism, Fig. 2) at the outer interface (as discussed in 

Fig. 2) and efficiently encouraged the diffusion of solute 

ions through the ELM. This phenomenon was then 

followed by the release of LA ions at the inner interface 

(as discussed in Fig.2) in the internal phase [18, 46].  

The effect of carrier concentration (0-15% v/v) on the LA 

extraction percentage has been shown in Fig.8. During this 

set of experiments, extraction efficiency had been observed 

to increase with the increase in extractant concentration in 

the membrane phase.  

Since extractants provide high distribution 

coefficient due to their tendency to form ion pair 

association of the alkyl ammonium cation with the acid 

anion [47]. It may be also due to increase in number  

of extractant molecules taking part in the transportation 

of LA ion in the ELM process. Increasing the extractant 

concentration in membrane phase had led to enhancement  
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Fig.8: Effect of extractant (TOA) concentration on LA 

extraction efficiency through ELM. [Experimental conditions: 

LA concentration: 0.05 [M]; emulsion volume: 20 mL; treat 

ratio: 2 (v/v); emulsification time: 20 min; Span 80 

concentration: 4% (v/v); phase ratio: 1.0; stirring speed: 200 

rpm; stripping phase concentration (𝑵𝒂𝟐𝑪𝑶𝟑): 0.25 [M]; TOA 

concentration: 10 %(v/v); diluent: n-hexane]  

 

 
Fig. 9: Effect of phase ratio on LA extraction efficiency 

through ELM. [Experimental conditions: LA concentration: 

0.05 [M]; emulsion volume: 20 mL; treat ratio: 2 (v/v); 

emulsification time: 20 min; stirring speed: 200rpm; stripping 

phase concentration (𝑵𝒂𝟐𝑪𝑶𝟑): 0.25 [M]; span 80 

concentration: 4 (% v/v); TOA concentration: 10 %(v/v); 

diluent: n-hexane] 

 

in extraction efficiency but the rate of enhancement  

was declined when the extractant concentration was above 

the threshold limit (>10%, v/v). Another possible reason is 

that with the increase in carrier concentration, membrane 

wall thickness increases causing a decrease in diffusion 

coefficient due to more diffusional resistance to LA ion 

diffusion [36, 48]. Higher content of extractant also 

increases viscosity leading to the formation of larger 

globules causing a decrement in mass transfer area and also 

supporting permeation swelling causing dilution of the 

aqueous stripping phase resulting in a reduction in driving 

force which affects negatively the extraction efficiency [43]. 

Recently published work reported that the excess of free carrier 

was not given any improvement in LA extraction efficiency [45]. 

 

Effect of phase ratio 

The volume ratio of stripping solution to membrane 

solution is known as phase ratio. It plays an imperative role 

in ELM process. The variation in the stripping solution 

volume fraction not only changes the emulsion properties 

but also leads to an increment in the extraction capacity  

of the emulsion. In order to get a stable emulsion, 

homogeneous distribution of emulsion droplets in the 

aqueous phase, the phase ratio must be optimized [18, 43]. 

LA extraction efficiency increases with an increase  

in phase ratio from low level [0.5-1 (v/v)] because more 

proportion of internal stripping phase was available for 

encapsulation of large no. of LA molecules. 

Moreover, the membrane thickness also got reduced 

causing a reduction in mass transfer resistance in 

membrane phase. Further, increase in the phase ratio 

causes a decrease in the LA extraction efficiency [23].  

This may be owing to the fact that there may be an increase 

in the internal droplets size causing a reduction in the 

interfacial contact area between the emulsion and feed 

solution. Further, it started dominating the effect on mass 

transport with respect to the thinning of membrane phase 

which continues with the increase of phase ratio. Low 

value of phase ratio causes a reduction in the hold-up of 

the stripping phase, i.e., the emulsion globules which 

decreases the interfacial area of mass transfer and also 

decreases the capacity of the stripping phase for trapping 

LA simultaneously [28, 29]. From the literature it  

was reported that the phase ratio less than 1 gives poor 

results. As a result, the phase ratio of 1.0 (v/v) was selected 

as the best one for further study.  

 

Effect of treat ratio  

Treat ratio (volume ratio of external phase to emulsion 

phase) is known as one of the key process parameters  

in ELM based separation process. It controls the interfacial 

mass transfer of LA ions. In general, a high treat ratio  

was suggested for ELM process aiming to minimize  

the size of the equipment and economy of the ELM 

process. The effect of treat ratio on LA ion extraction has 

been elucidated in Fig.10, which illustrates a negative 

effect on the LA extraction efficiency as the distribution  

of the emulsion globules becomes broader hence leading  
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Fig. 10: Effect of treat ratio (ψ) on LA extraction efficiency 

through ELM. [Experimental conditions: LA concentration: 

0.05 [M]; emulsion volume: 20 mL; treat ratio: 2 (v/v); 

emulsification time: 20 min; span 80 concentration: 4% (v/v); 

phase ratio: 1.0; stirring speed: 200 rpm; stripping phase 

concentration (𝑵𝒂𝟐𝑪𝑶𝟑): 0.25 [M]; TOA concentration: 10 % 

(v/v); diluent: n-hexane]  

 

 
Fig. 11: Effect of w/o/w stirring speed on LA extraction 

efficiency through ELM. [Experimental conditions: LA 

concentration: 0.05 [M]; emulsion volume: 20 mL; treat ratio: 

2 (v/v); emulsification time: 20 min; Span 80 concentration: 4% 

(v/v); phase ratio: 1.0; stripping phase concentration 

(𝑵𝒂𝟐𝑪𝑶𝟑): 0.25 [M]; TOA concentration: 10 % (v/v); TOA 

concentration: 10 %(v/v); diluent: n-hexane] 

 

to increment in the distance between the emulsion  

globules [49]. With the increase in treat ratio up to 2 (v/v) 

had resulted in an increase in LA extraction efficiency. It 

may be due to an increase in the number of emulsion 

globules per unit external phase volume causing an 

increment in the membrane surface area as well as in ELM 

transport capacity [28, 50]. At the treat ratio <2 (v/v), the 

removal of LA per unit emulsion volume is somewhat low 

due to improper mixing of phases because of a higher 

proportion of the viscous emulsion phase. This has also 

caused an increase in emulsion total viscosity leading  

to increase in the globules size resulting in the membrane 

thickening which resists the LA transportation [42, 24]. 

Hence, it is not preferred from an economical view [38]. 

The other plausible reason may be due to the presence of 

lesser number of emulsion globules (i.e., reduction in 

surface area) for LA encapsulation [24]. Consequently, 

poor extraction efficiency (%) was recorded due to less 

availability of membrane surface.  

It may be due to the large space between the emulsion 

globules which means a decrement in the available 

interfacial area per unit volume of the feed solution [49]. 

Hence to conclude, according to Fig.10, maximum 

extraction efficiency (95±1.5%) after 20 min of extraction 

has been yielded at treat ratio of 2 (v/v). So, it is worth 

mentioning that membrane phase volume holds the key  

to control the extraction efficiency of emulsion system 

over the external aqueous phase volume [40].  

 

Effect of stirring speed 

In a mechanically mixed batch extractor, a high mixing 

speed encourages high mass transfer rate though, shear 

exerted may break the ELM during the extraction process 

[28]. Therefore, there is a pertinent need to find out the 

optimum mixing speed which provides uniform 

distribution of globules in the external feed phase as well 

as large LA extraction efficiency. The effect of stirring 

speed was examined in the range of 200 to 300 rpm. The 

results were presented in Fig 11. This Fig. illustrates that 

the LA extraction efficiency increases significantly with  

the increase in the agitation speed from 100 rpm to 200 rpm. 

Since the LA extraction efficiency depends upon the 

surface area of the globules available for mass transfer 

which increases with the increase in speed. The increase in 

agitation speed decreases the size of emulsion globules  

and hence results in increment in reaction surface [51]. 

With the further increase in the agitation speed (beyond 

200 rpm), the extraction efficiency was found to decrease. 

This may be attributed to the hydrodynamic instability of 

the emulsion at the higher speed.    

At higher agitation speed, the osmatic swelling 

increases due to water co-transport causing emulsion 

breakage and consequently results in poor extraction.  

The emulsion breakage also got induced due to an increase 

in shear on the emulsion phase with the increase  

in the agitation speed [29, 52]. The best ELM performance  

was obtained at 200 rpm along with the uniform 

distribution of globules in the external phase.  
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Fig. 12:  Effect of oleyl alcohol as the membrane additive on 

LA extraction efficiency through ELM. [Experimental 

conditions: LA concentration: 0.05 [M]; emulsion volume:  

20 mL; treat ratio: 2 (v/v); emulsification time: 20 min; Span 

80 concentration: 5% (v/v); phase ratio: 1.0; stirring speed:  

200 rpm; stripping phase concentration (𝑵𝒂𝟐𝑪𝑶𝟑): 0.25 [M]; 

TOA concentration: 10 %(v/v); diluent: n-hexane] 

 

 
Fig. 13: Effect of H2SO4 concentration on LA extraction 

efficiency through ELM. [Experimental conditions: LA 

concentration: 0.05 [M]; emulsification time: 20 min; 

emulsification speed: 2000 rpm; emulsion volume: 20 mL; treat 

ratio: 2 (v/v); Span 80 concentration: 4% (v/v); phase ratio: 1.0; 

stirring speed: 200 rpm; stripping phase concentration (𝑵𝒂𝟐𝑪𝑶𝟑): 

0.25 [M]; TOA concentration: 10 %(v/v); diluent: n-hexane] 

 

Effect of oleyl alcohol concentration in the membrane phase 

Oleyl alcohol as the solvent or diluent frequently used 

during the extraction of carboxylic acids [53]. LA  

had been partitioned favorably into oleyl alcohol because 

of their high physical solubility in amphiprotic organic 

solvent. While LA was found little solubilized in a polar 

aprotic inert organic solvent such as n- hexane [37].  

The oleyl alcohol concentration was varied from 0 to 7.5 % (v/v) 

to examine the effect on LA extraction efficiency and  

the results have been presented in Fig. 12. In order to improve 

the LA extraction efficiency, oleyl alcohol was used 

 Table 2: Optimized values of various process parameters of LA 

extraction using ELM 

S.No. Process Parameters Optimum Values 

1 LA concentration 0.05, [M] 

2 Na2CO3  concentration 0.25 [M] 

3 Span 80 concentration 4% (v/v) 

4 TOA concentration 10 % (v/v) 

5 Phase ratio 1, v/v 

6 Treat ratio 2, v/v 

7 Stirring speed 200 rpm 

8 Internal phase reagent Sodium carbonate 

9 Diluent n-hexane 

 LA extraction efficiency (%) 95±1.5% 

 

as the membrane phase additive so as to improve partitioning 

of LA into the membrane phase. The extraction efficiency 

increases with the increase in oleyl alcohol concentration  

in the membrane phase. But keeping in view the emulsion 

stability aspect, it had been found that < 7.5% (v/v) is  

the best option for the use of oleyl alcohol in the membrane 

phase to achieve the enhanced extraction as elucidated  

in Fig 12.  

 

Effect of sulphuric acid concentration in external phase   

The extraction efficiency increases marginally with 

an increase in sulphuric acid concentration from 0.1 to 

1.0 [N] (Fig. 13) due to with the increase of sulfuric acid 

concentration, pH of aqueous solution decreases which 

further increases the rate of the complex (tri-octyl 

amine-lactic acid) formation, depends on the H+ 

concentration in the external phase. However, slight 

reduction in the extraction efficiency was recorded as 

the H2SO4 concentration increases to 2.0 [N]. Higher 

H2SO4 concentration may cause osmotic pressure 

gradient between the phases across the membrane phase 

leading to emulsion swelling which may results 

enhancement in dilution of internal loaded reagent 

droplets [19]. The surfactant properties as a stabilizer 

got badly affected due to highly acidic pH causes 

destabilization of the w/o emulsion and hence, the greater 

chances of emulsion breakage [54]. The obtained results 

for LA extraction efficiency (%) under optimized values 

of the various process parameters for LA extraction 

using ELM have been shown in Table 2.  
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CONCLUSIONS 

This current research work mainly focuses on attaining 

the high LA extraction through ELM from the aqueous 

solution.  The appropriate selection of diluent and 

stripping agent played an important role during the LA 

extraction through ELM. It is evident that the application 

of hexane and sodium carbonate during ELM formulation 

appropriately succeeded in extracting LA from the 

aqueous solution. LA extraction efficiency strongly 

depends on the various process parameters which have 

been elucidated in detail in this study. Various process 

parameters that are optimized through which maximum 

extraction (%) of LA was attained are: LA concentration: 

0.05 [M], span 80 concentration: 4% (v/v), phase ratio:  

1.0 (v/v), treat ratio: 2 (v/v), stirring speed: 200 rpm, TOA 

concentration: 10 %(v/v), Na2CO3concentration: 0.25 [M], 

2% (v/v) cyclohexanone, and diluent: n-hexane. Under 

optimal process conditions of various process parameters, 

% LA extraction efficiency reached the maximum i.e., 

95±1.5% using the ELM-based separation technique.  

It should be concluded that the ELM process having 

hexane as diluent, TOA as extractant, and sodium 

carbonate as stripping agent has shown a high potential 

application for the LA extraction from aqueous solution.  
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