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ABSTRACT  
 
In industry, when an operation of separation, concentration, purification or sterilisation is necessary, 
the membrane processes can be applied.  Into the food industry, the tangential process is used for 
many sectors (milk, gelatine, vinegar, juice, wine...)  
Other fields are also concerned with these processes among which, master of suspension 
concentration before an evaporation or drying stage, the recycling of fluids (worn water), the 
treatment of the fluids for the recovery of particle products  (pigments)…etc.  
This work is a contribution to the study of the tangential micro filtration of the suspensions and the 
protein solutions on the one hand and, adsorption solid/liquid phenomenon, on the other hand.   
 
The flow of a solvent through a porous environment as during an operation of filtration is generally 
modeled by the Darcy law [ 2 ]:  
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where QP is the flow of filtration, SF filter surface, J the density  flux of filtration (also called speed 
of permeation), PTM   the trans-membrane pressure, µ p the  viscosity of the permeat and Rm the  
intrinsic hydraulic resistance of  the membrane. In the case of a solution or a suspension equation (1) 
is replaced by [1,6,7]: 

J = 
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µ.Rh  
with   Rh = Rm + Rc       
where Rh is the hydraulic resistance (or total) of the filtering ambient, .i.e. the sum of the membrane 
resistance Rm, and  the resistances to the transfer Rc which is due to various mechanisms implying a 
reduction of the perméat flow, following the  introduction of solutions, which can be defined as  
follows [ 8,9 ]:  Rc = Rg + Rs + IH  
with     
  Rg:  gel resistance (concentration polarization) [ m -1 ]  
  Rs:  resistance due to particles deposition on the membrane surface.   
  IH:  resistance due to particles deposition inside the pores 
 The value of Rh, in a tangential filtration, depends also on: the speed, the size of the particles, the 
trans-membrane pressure, the physicochemical ambient (pH, ionic force)…. etc.   
In a first approach, the retention rate should depend essentially on the relative size on the molecules 
and pores.  For a cylindrical membrane and a Newtonian fluid in a turbulent mode, the transfer 
coefficient K at the membrane-solution interface is estimated in general starting from the number of 
Sherwood.  Several correlations are proposed for its determination [14,15]. The simplest Deissler 



relation let to write:    
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D
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In the film theory, the overestimation of the concentration at the level of the boundary layer Cm 
[16], show filtration flows lower than in reality.  The use of the Nakao relation enables us to have 
more correct evaluation of the K coefficient, and consequently of the limit filtration flow Jlim.  
Cm can be calculated by the following relation:   

C m - C F
C 0 - C F

 = exp (
J lim
K

 )
      

where, CF and Co are the solution concentrations in the permeat and the in the main solution. 
 
The micro filtration installation is represented on figure 1, and is composed essentially of a 
volumetric pump with membranes Hydra-Cell (Wanner), which provides a proportional flow to the 
rotation speed. At the exit of this element, a stainless steel membrane holder is found (M), followed 
by a valve punch (NV) to allow precise adjustment of the trans-membrane pressure.  A storage tank 
containing the liquid to be filtered, is used on one hand to supply the pump  and on the other hand to 
collect the retentat and possibly the filtrate.  The tank contains a cooling coil of the liquid to work 
under isothermal conditions.  At the exit of the pump, the installation is composed of a safety valve 
(SV), to limit the pressure in case of obstruction or bad control of the punch valve.  
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Figure 1:  Unit controls micro filtration  

A mineral membrane of diameter of pore 0,2 µm porous diameter was used, a protein solution  
(β-lactoglobuline 10mg/l concentration) and a suspension of active coal which variable   
concentration.   
The micro filtration of products alone (ultra pure water, activated coal, protein) has lead to a better 
understanding of the role of each component in the process of separation.  The adsorption of 
proteins with an active coal powder has been studied afterwards in a micro filtration loop in an 
agitated cell.  
Experimental studies of the influence of the hydrodynamic parameters (trans-membrane pressures, 
tangential speed), composition of the suspension and/or solution (concentration) were necessary to 
determine the performances and the effectiveness of the operation.   



Globally, the results obtained show the importance of the ionic force in the fluid and the existence of 
strong interactions between membrane and solvent on the one hand, and membrane and protein, on 
the other hand.  
The application of models for the formation of filling phenomenon opposed to the transfer of 
material and the isotherm adsorption are proposed.  The conformity of the test results with classical 
laws (tangential filtration) predictions confirm the validity of the models and the established 
experimental protocol.   
The study of the filtration of the suspension of active coal has shown that the main cause of the flow 
fall is the instantaneous filling deposition (cake). The total resistance of material transfer is the sum 
of the external, the polarization and the proper membrane resistances.  
 The micro filtration tests with the β-lactoglobuline solution increase quickly the internal and the 
external filling via the deposition of a gel layer on the membrane walls.  The over estimation of the 
concentration limit led us to the application of the Nakao equation in order to have a better idea on 
the theoretical transfer coefficient.  The obtained results were close to the experimental values, 
which were determined by the graphic method (film theory).   
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