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ABSTRACT  

Numerical investigation of the extraction process in a T shaped 

micro channel makes the model for the extraction proces, for 

increased extraction efficiency an enhanced mass transfer 

between the two phases. The extraction rate can be controlled 

precisely by adjusting operational parameters such as the flow 

rate and the flow rate ratio. Here the work studied the extraction 

of phenol from dodecane using water as solvent. Process is 

modelled and the extraction ratios are compared with the 

experimental data published by Okubo .et al [14]. Different 

modelling approaches attempted include pseudo mass transfer 

coefficient model (1D model) and two dimensional unsteady 

state diffusion model. IN pseudo mass transfer coefficient 

model a suitable value of mass transfer coefficient is chosen so 

as to match experimental results. Hence the model provides a 

method for predicting mass transfer coefficient. Two 

dimensional unsteady state diffusion models is comprehensive 

and considers diffusion in both directions. The diffusivities are 

calculated using the Wile Chang equation. Predictions of all the 

three models at different velocities are tabulated and compared. 
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1. INTRODUCTION 

Microfluidics:  As the name indicates this is a new area which 

is related to fluid properties inside a micro channel. It is the 

science and technology of systems that process or manipulate 

small (10–9 to 10–18 litres) amounts of fluids, using channels 

with dimensions of tens to hundreds of micro meters [7]. Now a 

day this area is very hot for researchers because which has the 

potential to influence subject areas from chemical synthesis and 

biological analysis to optics and information technology. 

Recently the area Microfluidics is related to Chemical 

Engineering, Mechanical Engineering Branches. As per the 

words of Anand[1], “Microfluidics is the manipulation and 

control of fluids in small scale, and has heralded a new age in 

science as evidenced by the rapid increase in the amount and 

quality of academic and industrial research output in this area in 

the recent times.” 

The property of a fluid flow through a micro channel is very 

different with the normal flow. The applications of this area are 

too vast and some of the applications are belongs to cartelistic 

reactors [2, 3], Tissue Engineering [4], Multiphase mixing and 

reaction [5], Blood Flow and the drug reaction [6], high-

throughput screening in drug development [9, 10], bio-analyses 

[11], examination and manipulation of samples consisting of a 

single cell [12, 13], and also in efficient heat sinks[8].  But one of 

the main applications of this field is the extraction process. The 

enhanced mass transfer and the increased extraction efficiency 

of the micro channel extraction process calls for the attention of 

scientists. 
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For extracting product materials to another phase, the parallel 

reactions can be used. The liquid - liquid extraction depends on 

the mass transfer flux, residence time and the area of liquid - 

liquid interface. So the slug regime is the best option for the 

extraction process and stratified flow also can be the best for the 

extraction process. The main aim of this study is to identify the 

advantage and disadvantage of liquid–liquid extraction using T 

channel stratified flow fluid operations using micro-reactors. 

2. EXPERIMENTAL 

Liquid–liquid extraction is a method to separate compounds 

based on their relative solubility’s in two different immiscible 

liquids. There are two steps in the extraction process. One is 

extracting useful substances from one phase to another and the 

second is separating the mixture into two phases 

Here we are considering, Okubo[14] et al’s work, the reaction 

between Water and Dodecane in a T micro-channel: 

The Y-shaped micro channel used is fabricated from glass. The 

micro channel was 400 micro m wide, 90 micro m deep and 

33mmlong. Dodecane  (Wako Pure Chemical Industries) with 

concentration 1000ppm phenol (Wako Pure Chemical 

Industries) was prepared. Extraction experiments were 

performed by feeding distilled water and 1000ppm phenol/ 

dodecane into the micro channel at the same flow rate. The 

concentration of phenol in water phase, Cw was measured by 

using UV– vis spectrometer (Multispec 1500, Shimadzu). 

Phenol has its typical peek at 270nm in water. The 

concentration of phenol was determined by the calibration curve 

method. Under the condition of above mentioned, the total flow 

rate was changed. The retention time was approximately from 

0.1 to 1 s. [14] 

 

3. MATHEMATICAL MODEL FOR 

EXTRACTION OF PHENOL 

Convection Diffusion Equation: As far as our case (extraction) 

is considered we have diffusion in both the directions but 

convection only in the flow direction. In the case of extraction 

the equation is simplified by the fact that there is no reaction 

taking place. Therefore the unsteady state convection diffusion 

equation reduces to 
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Streamwise boundary conditions:-(Danckwertz boundary 

conditions) 

 

 
 

 

Further the transverse diffusion term (second term) may be 

replaced by a pseudo mass transfer coefficient which accounts 

for net mass transfer between the phases .Resulting in a 1D 

models given below: 

 

 

Where, 

PCd=Cw is the equlibrium  relation 

3.1 Extraction Ratio 

Extraction ratio is an important measure of the 

efficiency of the extraction process. 
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the velocity profile (momentum equation) then substitute that 

velocity in the convection diffusion equation. 

3.2 Adjacent flow of two immiscible 

fluids and its model 

Consider two immiscible, incompressible fluids 

flowing in z direction in a horizontal thin slit of length L and 

width W under the influence of a horizontal pressure gradient. 

 The fluid flow rates are adjusted so that the slit is half 

filled with fluid1 (the more dense phase) and half filled with 

fluid2 (the less dense phase). [15]      

 

Fig 1: Adjacent flow of two immiscible fluids 
[15]

 

A differential momentum balance leads to the following 

differential equation: 

This equation is obtained for both phase1 and phase2. On 

integration, the equation becomes: 

 

 

 

Boundary conditions  
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Therefore  

Substituting Newton’s law of viscosity, we get 

   

 On integrating, we get 

  

  

   

The 3 integration constants can be determined from the 

following boundary conditions: 

1. At   x=0  ; 

2. At   x=-b ;  

3. At   x=+b ; 

On applying these boundary conditions, we get 

1. 

2. 

3. 

Therefore, 

 

  

 The resulting velocity profile is given by [15]:  

    (5.15) 

 

 

4. RESULTS 

4.1 Pseudo mass transfer coefficient model for 

Extraction of Phenol: 

 Using the pseudo mass transfer approach extraction 

ratio vs velocity flow for different km are plotted. On reducing 

the km values, it is found that the experimental data matches 

with the calculated data at km=0.001. 
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Fig 2: Predicted Vs experimental extraction ratio for 

different Km 

 4.2 Plug velocity profile 

 Assuming that both the fluids have same velocity ud = 

uw = 0.0003, extraction ratio is found out by calculating the 

concentration at different grid points.  

 

Fig 3 Concentration grids 

The liquid is flowing from 0 to 10 in x direction. Upper (red) 

portion represents the dodecane concentration and the lower part 

gives the concentration of water. Sudden jump in the dodecane 

concentration shows the discontinuity arises in that area. Let the 

number of grids taken in x direction be 10 and that in y direction 

be 11. 

Table 1: Concentration distribution for pseudo mass 

transfer approach: 

 

Calculated extraction ratio=.28 

Experimental extraction ratio=.118 

4.3 Results for two dimensional mass 

transfer approach 

Velocity profile obtained by solving the momentum equation is 

inserted into the convection mass transfer equation to obtain the 

new concentration distribution. 

 

Fig 4: Concentration distribution for 2-D mass 

transfer approach. 

Here the liquid is flowing from 0 to 10 in x direction. Upper 

(red) portion represents the dodecane concentration and the 

lower part gives the concentration of water in the figure 4.  

The number of grids taken in x direction is 10 and that in y 

direction is 11. 

 

Table 2: Concentration distribution for 2-D mass 

transfer approach 

Extraction ratio calculated=0.136; 

Extraction ratio experimental=0.118; 

Therefore, the calculated value for two dimensional mass 

transfer approaches shows more matching than that of pseudo 

mass transfer approach with the experimental data. Hence better 

accuracy is expected with the incorporation of velocity profile 

into the convection diffusion equation.  
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4.4 Comparison of data: 

Table 3: Comparison of predictions with experimental 

Velocity Experimental 
Pseudo Mass 

Transfer 
Model 

Two 
Dimensional 

Unsteady 
diffusion 

model 

0.00028 0.118 0.1534 0.136 

0.0004 0.0668 0.0848 0.082 

0.00045 0.0795 0.077 0.078 

0.00057 0.0445 0.0622 0.0604 

0.000818 0.0541 0.0502 0.0532 

0.00123 0.035 0.0382 0.0343 

 

 

Fig 5: Comparison of the experimental data with model 

predictions. 

5. CONCLUSION 

The work done here concludes that, (1) Assumption of a plug 

velocity profile is insufficient and leads to large variation form 

experimental values. (2) Model involving the Pseudo mass 

transfer coefficient is simpler and demands less computational 

power. (3) Variation in predictions of both the models with flow 

velocities follow similar pattern. However, the predictions of the 

two dimensional diffusion model are closer to the experimental 

data but, at the expense of a higher computational requirement. 
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