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The separation of short chain olefin/paraffin pairs like ethylene/ethane and propylene/propane is a hot 

topic in chemical industry. The common technology is cryogenic distillation, but adsorption and espe-

cially membrane permeation processes would be much more energy-efficient. However, the existing 

polymers do not allow the fabrication of powerful membranes for the olefin/paraffin separation. 

Since the olefin molecules ethylene and propylene are slightly smaller than the corresponding paraffins, 

molecular sieve membranes with a pore size exact between the olefin and paraffin molecules could be 

applied. At first sight, MOFs are the disruptive material that could allow the construction of such mo-

lecular sieve membranes. However, MOFs show the effect of framework flexibility with no sharp mo-

lecular sieving effect. Therefore, theoretical calculations predicting the membrane selectivity turned out 

as difficult. 

The poster will discuss the applicability of the 1st Fickian Law to predict gas separation through a MOF 

membrane based on independent experimental data. The flux density of component A is described by  

𝑗𝐴 = −𝐷𝑇𝐴  
𝜕𝑐

𝜕𝑥
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with jA as the flux density in mol of A per time and area, DTA is the transport diffusivity of A, and ∂c/∂x 

is the concentration gradient of component A across the membrane. As a rough estimate, we substitute 

the concentration gradient for the concentration difference over the membrane divided by the thickness 

of the membrane. Further, due to the presence of vacuum or a sweep gas on the permeate side of the 

membrane, the concentration of A at the desorption side of the membrane is considered zero. 

Thus, the selectivity of the membrane is the ratio of the fluxes A and B acc. to (1), 
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To predict the selectivity of a membrane, we need independent data for the transport diffusivities DTA 

and DTB as well as adsorption data cA and cB. Infrared microscopy is an excellent novel method to de-

termine transport diffusivities [1]. The following table shows that the MOF membrane of structure type 

ZIF-8 should be very promising in propylene/propane separation but not suitable for the ethylene/ethane 

separation. Experimental permeation studies at room temperature on supported ZIF-8 membranes have 

exactly found this prediction. 

Ethylene Ethane Propylene Propane 

DT from ref. [2] in m2/s 

c at 1 bar in mmol/g 
410-11 

1.5 from [3] 

110-11 

2.3 from [3] 

210-13 

4.2 from [4] 

410-16 

4.5 from [4] 

Predicted selectivity acc. (2) 2.6 470 

Measured selectivity 2.4 from [5] > 200 from [6] 
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