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Membrane processes



SEPARATOR ARRANGEMENT

Single unit: Diameter = 1 ft, Length= 3 – 5 m



• Microfiltration

• Ultrafiltration

• Reverse osmosis

• Gas separation/permeation

• Pervaporation

• Dialysis

• Electrodialysis

Membrane processes



Characteristics of filtration processes

Process 

technology

Separation 

principle

Size range MWCO

MF Size 0.1-1μm -

UF Size,charge 1nm-100nm >1000

NF Size, charge, 

affinity

1nm 200-1000

RO Size, charge, 

affinity

< 1nm <200



Process 

technology

Typical 

operating 

pressure (bar)

Feed recovery 

(%)

Rejected species

MF 0.5-2 90-99.99 Bacteria, cysts, 

spores

UF 1-5 80-98 Proteins, viruses, 

endotoxins, 

pyrogens

NF 3-15 50-95 Sugars, 

pesticides

RO 10-60 30-90 Salts, sugars



DIALYSIS



Spiral wound module



Reverse osmosis
• Miscible solutions of different concentration

separated by a membrane that is permeable to
solvent but impermeable to solute. Diffusion of
solvent occurs from less concentrated to a more
concentrated solution where solvent activity is
lower (osmosis).

• Osmotic pressure is pressure required to equalise
solvent activities.

• If P > osmotic pressure is applied to more
concentrated solution, solvent will diffuse from
concentrated solution to dilute solution through
membrane (reverse osmosis).



Reverse osmosis

The permeate is nearly pure water at ~ 1atm. 

and very high pressure is applied to the feed 

solution to make the activity of the water 

slightly greater than that in the permeate. 

This provides an activity gradient across the 

membrane even though the concentration of 

water in the product is higher than that in 

the feed.



Reverse osmosis

• Permeate is pure water at 1 atm. and room
temperature and feed solution is at high P.

• No phase change.

• Polymeric membranes used e.g. cellulose
acetate

• 20 – 50 atm. operating pressure.

• Concentration polarisation at membrane
surface.



Water flux

Jw = cwDwvw (ΔP – Δπ)

RT           z

Dw is diffusivity in membrane, cm2 s-1

cw is average water conc. in membrane, g cm-3 (~ 0.2)

vw is partial molar volume of water, cm3g-1

ΔP pressure difference

R gas constant

T temperature

Δπ osmotic pressure

z membrane thickness



Js = Ds Ss (Δcs)

z

Ds diffusivity

Ss solubility coefficient

Δcs difference in solution concentration

Salt flux


