
Filter 



Filtration is a separation process in which a solid-liquid mixture called  

the feed (or the suspension) is forced through a porous medium on 

which the solids are deposited or in which they are entrapped. The 

porous medium which allows the liquid to go through while retaining the 

solids is called the filter. The retained solid is called "the residue" or "the  

cake". The clarified liquid is called "the effluent" or the "filtrate".  

Types of filtration 



Mechanisms of filtration 

Pressure and vacuum filtration  



Filter Press 

A filter press consists of a series of horizontally arranged vertical  filter elements, 

each consisting of a frame within which the cake can be  accumulated 

sandwiched between filter medium on either side. Each filter medium is 

supported on a plate which has grooves to allow easy collection of the filtrate. 

The "press" refers to the external structure which provides the necessary force to 

seal each filter element and  supports the plate and frame assembly. 



Operation of plate and frame filter press 





 

Pressure leaf filter 

A pressure leaf filter consists of a number of rectangular basic filtration  

units (also called leaves) connected together in parallel by means of  

flexible hose or a rigid tube manifold 



Membrane 



• In 1963, the first application of FS membranes 
in analytical chemistry was successfully 
described by Hoch and Kok who used 
semipermeable membranes made by 
polyethylene and Teflon as interface (inlet) to 
mass spectrometer for continuous sampling of 
gases dissolved in liquid samples 



A membrane is a thin semi-permeable barrier which can be used 
for the  following types of separation:  
1. Particle-liquid separation  
2. Particle-solute separation  
3. Solute-solvent separation  
4. Solute-solute separation  
 
 
Membranes are available in three basic forms:  
1. Flat sheet membrane  
2. Tubular membrane  
3. Hollow fibre membrane 



Symmetric and asymmetric membranes  



The types of synthetic organic membranes: 

a. porous polypropylene (PP) and 

b. nonporous silicone rubbers (normally composed of 
polydimethylsiloxane (PDMS)) 

In a FS- or HF-MMLLE (microporous membrane liquid–
liquid extraction), system, the membrane is used as a 
miniaturised barrier between two phases, one of them 
organic, filling the membrane pores (thus making it 
nonporous) and one side of the membrane, and the 
other phase is the aqueous sample on the other side of 
the membrane. 



• Due to its multidisciplinary character of 
membranes, this technology, employing  

a. Flat Sheet (FS) 

b. Hollow Fibre (HF) 



Porous Membranes 

• unique suitability and performance for analyte 
extraction, 

• in terms of high porosity that can enhance 
mass transfer, 

• compatibility and  

• stability when used with wide range of organic 
solvents 



Classification of membrane processes 



Transport Mechanisms 

• Passive Transport 

– moves molecules 

along a concentration 

gradient 

– no cellular energy 

required 

• Active transport 

– moves molecules 

against a 

concentration gradient 

– requires cellular 

energy 



Passive Transport Mechanisms 

• Diffusion: the movement 

of a substance from 

higher concentration to 

lesser concentration 

• Osmosis: the diffusion of 

water (solvent) across a 

membrane 

– influenced by total solute 

concentration 



                  Facilitated       

                 Diffusion 
• Involves transport 

proteins moving a 
solute along a 
concentration gradient 

• May be specific 

• May be saturated 
(can only work so 
fast) or inhibited 

• Assist the physical 
process of diffusion 



Diagram of the principle of osmosis. Left: before osmosis; 

right: after osmosis. 



• Dialysis is the removal of low molecular 
weight solute molecules or ions from a 
solution by their passage through  a 
semipermeable membrane driven by a 
concentration gradient. The same process 
of osmosis can take place with solute 
molecules or ions and it is called dialysis. 



• Many commercial membranes are available. 
Visking (sausage casing), collodion, 
cellophane, and cellulose are common. 
Spectra/Por uses cellulose esters or 
regenerated cellulose. These are prepared 
to have a wide range of cutoff  values from 
1,000 to 300,000. Commercial dialysis 
tubing is not always pure and should be 
cleaned for exacting work.  



Dialyzer tubing 



Active Transport: Pumps  

• Moves solute uphill and requires energy 

• Always requires transport proteins 

• Major factor that allows the cell to regulate 

the concentration of solute within the cell 

• May result in an imbalance of solute 

across a membrane that the cell can utilize 



Electrochemical Gradient 
• The difference in voltage across a membrane 

resulting from electrogenic pumps is called 
membrane potential 

• This electrical force affects the transport of 
charged solutes 

• Cations are favored because interior of cell is 
usually negative compared to the outside 

• Resulting Electrochemical Gradient affects ion 
transport: 
 electrical = membrane potential 
 chemical = concentration gradient 



Electrodialysis 

Although both neutral molecules and ions pass 
through a membrane based on concentration 
differences, it may be  possible to hasten the 
process for ions by applying a voltage  to the 
system, using a cathode on one side of the 
membrane and an anode on the other. In 1869 
Maignot and Sabetes used a three-compartment 
system with the sample in the center 
compartment and membranes serving to make 
the inner compartment. This was found to work 
fairly well and was and is used to desalt biological 
preparations.  



Liquid membrane processes  

Liquid membrane processes involve the transport of solutes across a thin  

layer of a third liquid interposed between two miscible liquids. There are  

two types of liquid membranes:  

1. Emulsion liquid membranes (ELM)  

2. Supported liquid membranes (SLM)  

They are conceptually similar but different in their engineering.  

Emulsion liquid membranes are multiple emulsions of the  

water/oil/water type or the oil/water/oil type 





Instrumentation 



Flat sheet tangential flow module 

Feed Retentate

Permeate

Permeate

Membranes

•Similar plate and frame filter press 

•Alternate layers of membranes, support 

screens and distribution chambers 

•Used for microfiltration and ultrafiltration 

 



Spiral flow membrane module 

•Flat sheet membranes are fused to form an envelop 

•Membrane envelop is spirally wound along with a feed 

spacer 

•Filtrate is collected within the envelop and piped out 

  



Tubular membrane module 

Feed
Retentate

Pe rmeate (flows radially)

•Cylindrical geometry; wall acts as the membrane 

•Tubes are generally greater than 3 mm in diameter 

•Shell and tube type arrangement is preferred 

•Flow behaviour is easy to characterise 

   



Hollow fibre membrane module 

•Similar to tubular membrane module 

•Tubes or fibres are 0.25 - 2.5 mm in diameter 

•Fibres are prepared by spinning and are potted within the module 

•Straight through or U configuration possible 

•Typically several fibres per module 

 



Applications 



Stirred cell 

Membrane

Stirrer bar

Permeate/filtrate

Nitrogen/compressed air

Magnetic stirrer

Feed

Pressure gauge

Permeate

collection

chamber

•Research and small-scale manufacturing 

•Used for microfiltration and ultrafiltration 

•Excellently suited for process development work  



The stir bar-assisted MMLLE device 



Porous PP HF (A), silica capillary (B), cyanoacrylate glue (C), short piece of 
PTFE tubing (D), Tefzel ferrule (E), a 1/16 i.d. 0.75-mm PTFE tube (F), and 0.33-
mm i.d. PTFE tubing (G). 



• An alternative miniaturized solvent-minimized 
sample preparation approach to complement 
SPME appeared in the middle-to-late 1990s; 
liquid-phase microextraction (LPME) utilizes only 
a small amount of solvent (low microliter range) 
for concentrating analytes from aqueous 
samples. 
 

• In LPME, extraction normally takes place into a 
small amount of a water-immiscible solvent 
(sometimes referred to as the acceptor phase) 
from an aqueous sample containing analytes 
(donor phase). In the simplest form, the acceptor 
drop is held at the tip of a microsyringe needle 
and is directly 



Principle of (a) three- and (b) two-phase LPME. 



A hollow-fibre liquid-phase microextraction 
system 



The fibre-in-tube liquid-phase microextraction 
device 



A semi-automated set-up of the hollow-fibre 
liquid-phase microextraction 



An illustration of the dynamic hollow-fibre liquid-phase microextraction 
steps. (a) HF filled with organic solvent is immersed in aqueous sample, (b) 
the organic solvent is withdrawn inside the syringe needle, where the solvent 
is not shown in it and (c) the organic solvent inside the needle is released into 
the HF. 



Left side (first vial): a schematic diagram of the hollow-fibre liquid-phase microextraction 
(HF-LPME) device. Right side (vials A, B and C): a schematic diagram of the automated 
HF-LPME steps. (A) Filling of extraction solvent; (B) agitation; (C) withdrawing the solvent 
into syringe and injection to GC 







Membrane Chromatography 
((Concepts and Applications 



2006 



Adsorption and chromatographic separations are traditionally carried out  

using packed beds. 

 

 Some of the major limitations or disadvantages of  

using packed beds are:  

 

1. High pressure drop across packed beds  

 

2. Increase in pressure drop during operation  

 

3. Packed bed blinding by biological macromolecules  

 

4. Dependence on intra-particle (or pore) diffusion for solute transport  

 

5. Difficulty in scaling-up  

Comparision with packed bed and membrane chromatography: 







1. Affinity binding  

 

2. Ion-exchange interaction 

 

* Hydrophobic interaction Size exclusion based separation        

    using membrane beds has not yet been feasible.  

Mechanisms of separation in membrane chromatography 





Advantages: 
  

1. Low process time  

 

2. Low process liquid requirement  

 

3. Possibility of using very high flow rates  

 

4. Lower pressure drop(very low bed height to diameter ratio) 

 

5. Less column blinding  

 

6. Ease of scale-up  

 

7. Fewer problems associated with re-validation (if a disposable 

membrane device is used)  



Based on the membrane geometry, three types of 

membrane absorbers are used:  

 

 

       flat sheet 

 

 

  

 

 

 

 



radial flow  



hollow fiber 



Applications: 

 



Membrane proteins 

 
 

1. Removal of unbroken cells from the cell lysate by low speed 

centrifugation (20 min at 10,000 g).  

2. Isolation of the membrane particles from the supernatant by 

ultracentrifugation (60 min at >100 000 g).  

3. Washing of the membrane particle to remove all soluble 

proteins.  

4. Solubilization of protein from the membrane particles by a 

mild detergent.  (detergent: protein ratio = 1:10) 

5. Phosphate buffers(0.1M-0.5M), 5-50% glycerol helps. 

(http://www.ls.huji.ac.il/~purification) 























Questions and Comments? 


