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Membrane

Membrane-based proses 
sebagian besar adalah rate 
governed. Intinya pada
perbedaan perpindahan
komponen/species melalui
membrane

Pemisahan tercapai karena membrane memiliki
kemampuan untuk memindahkan suatu komponen
dari campuran di feed lebih mudah dari komponen
lain.



Tujuan proses pemisahan dengan membrane :

• Konsentrasi : produk adalah di retentate

• Pemurnian/purification : tergantung dari pengotor yang ingin
dihilangkan sehingga produk bisa retentate atau permeate 

Membrane



• Membrane merupakan “the heart” 

• In membrane processes, it can be considered as perm-selective 
barrier or interface between two phases



• Parameter dari performance /kinerja membrane 
adalah : a) selectivity dan b) flow through the 
membrane (laju aliran).

• The term flow through membrane : Flux or 
permeation rate.

• Flux :  the volume flowing through the 
membrane per unit area and time.
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Δµ (chemical potential)





Table konversi flux



Membrane material



Membrane material

















UF digunakan untuk : 





NF digunakan untuk : 



Dialysis
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Osmotic pressure model
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• Membrane methods of separation are modern techniques which could reduce capital investment, operating cost and process safety. 

• Separation of binary gas mixtures is an important unit operation in a large number of industries to recover valuable gases and enable 
pollution control. 

• Such separations are currently undertaken by conventional technology viz., cryogenic distillation, adsorption on solid surface and solvent 
absorption. Now membranes are increasingly finding application for gaseous separations and have exhibited tremendous potential. 

• Large scale gas permeators have already been employed in industrial sectors in the US and some European countries. 

• Membrane technology could compete as well as compliment conventional separation techniques due to its multidimensional character, 
which involves rapid mass transfer rate and high selectivity towards a specific gas. Inherent advantages of membrane gas separation 
process are as follows: 

Simplicity of operation and installation. 

 Feasibility under mild conditions, for eg. air separation can be carried out at lower pressure and ambient temperature rather than extreme 
conditions in cryogenic distillation. 

 Smaller footprint and flexibility of operation due to compactness of modules with huge reduction in consumption of electricity and fuel.

 No extra agents are required as compared to corrosive and polluting amine solvents in absorption process. 

 Continuous mode of operation with partial or complete recycle of retentate/permeate. 

 Possibility of integration with other separation units to constitute effective hybrid processes for achieving improved economy and desired 
purity levels. 

 Membranes can be “tailored” to adapt to a specific separation task. 

Gas separation



Gas separation







Theory of gas permeation

• The driving force for gas separation is partial pressure gradient which is the 
product of total pressure and mole fraction. 

• Most membranes used for gas separation are non-porous (Porous polymer 
membranes have a pore size ranging from 0.5 to 10 μm ). 







• Knudsen‟s diffusion principally takes place in membranes with a pore 
diameter in the range of 50-100Å .

• Knudsen‟s diffusion occurs in a porous membrane, whose pore sizes are 
smaller than the mean free path of the gas molecules .

The mean free path is the average distance traveled by a 
moving molecule between collisions.

λ=(d1+d2+d3+d4) / 4



• Molecular sieving is primarily based on the precise size exclusion and shape discrimination 
amongst various gas molecules by the micropores of < 7Å in diameter.



• Transport of gases through nonporous polymeric membranes is usually described by solution–diffusion 

mechanism 

• Consists of three steps, (a) sorption of preferential permeate (solubility) at the upstream surface of the 

membrane, (b) activated diffusion through the membrane and (c) desorption at the downstream side. 

• Solution-diffusion mechanism is driven by a difference in thermodynamic activities existing across the 

membrane and interacting forces working between membrane material and permeating molecules. 

• Permeability (P) is the capability of a membrane to permeate gas molecules: 
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