
First test of Membranes
To measure the permeability of CO2, C2F6 and SF6
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- Polyimide Hollow Fiber Membrane

https://ube.com/ube/en/contents/chemical/separation/gas_separation_membrane.html

- Ceramics membrane



How does a membrane work?

2 types of membranes:
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Organic Inorganic

Polymeric or macromolecules (Polyimide)

→ High permeability 
→ Operate on a solution-diffusion model

Ceramic, zeolite

→ High thermal and chemical stability in comparison to 
polymers 
→ High selectivity 
→ Separation by diffusion in micropores  

Reference: Basic Principles of Membrane Technology, Marcel Mulder  
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Methods:

→ Time-Lag method: (Gas placed on one side of a membrane,other side is a closed vacuum volume
Gas permeates → pressure increases over time)

- Calibration with single gas : SF6 and C2F6 
- Mixture of CO2 / C2F6 

→ 2 PT sensors (one at the input and one on the buffer)

Calculation: 

- dp/dt (hPa/min) : the rate of change of the pressure in the permeate side with time

- Flow (L/h)

- Permeability (Barrer) 

- Permeance (Q) 

Reference : Review on Testing Methods for Permeability and Selectivity Measurements of Polymeric Membranes, Yousef Alqaheem
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- SF6 (ceramic membrane)

- Permeability increases as the initial pressure increases
- Low permeance if GPU ~ 1 : GPU < 0.2

Reference: Fabrication of high-quality SSZ-13 zeolite membranes for efficient SF6 recovery, Wen Bo et al.
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- C2F6 (UBE membrane)

- Changed the value of the active area → GPU has changed
- Low flow even if the initial pressure increases → The permeability of C2F6 is very low (GPU ~ 0)
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- Mixture of CO2 and C2F6

- The permeate pressure increases with the CO2 feed flow → indicating an increase in CO2 through the 
membrane. 



Week 14 (ceramic membrane)
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- The permeance of SF6 and N2 are the same.
→ Problem 
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Week 14 (ceramic membrane)

Selectivity calculation: S = 
PN2/PSF6

1.65

Based on paper: SN2/SF6 = 2.28 

Cause: - Leaks 
- O-ring
- Membrane

at atm pressure



Week 14 (UBE membrane)
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- Low permeance GPU < 0.3 for SF6 and GPU < 3 for N2



Week 15
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- Permeance GPU < 8 for CO2

- Low permeance GPU < 0.7 for R134a



Week 15
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Week 17 (UBE membrane)
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- Continuous measurements

→ Calculate the flow on the retentate and the 
volume on the permeate.

→ Efficiency calculation for CO2, N2, R134a, 
SF6, argon

→ ≠ input pressure: 700 mbar, 1.5, 2.5, 3.5 barg

→ Feed flow: 20 L/h 

Flow 
meter

PT 
sensors

PT 
sensors

Flow 
meter



Week 17 (UBE membrane)
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Permeate pressure (green)

Feed pressure (yellow)

- Efficiency is approximately 100% at pressures between 0.7- 3.5 bar.
- No significant dependence on input pressure observed.

CO₂ membrane permeate-side efficiency 



Week 17 (UBE membrane)
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N₂ membrane retentate-side efficiency 

Feed pressure (yellow)

Permeate pressure (green)

- Efficiency is between 50-70% at pressures between 0.7- 3.5 bar.



Week 17 (UBE membrane)
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SF6 membrane retentate-side efficiency 

Feed pressure (yellow)

Permeate pressure (green)

- Efficiency is 100% at pressures between 0.7- 3.5 bar → SF6 doesn't pass through the membrane.



Week 17 (UBE membrane)
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R134a membrane retentate-side efficiency 

Feed pressure (yellow)

Permeate pressure (green)

- Efficiency is 100% at pressures between 0.7- 3.5 bar → R134a  doesn't pass through the membrane.



Week 17 (UBE membrane)
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Argon membrane retentate-side efficiency 

Feed pressure (yellow)

Permeate pressure (green)

- Efficiency is between 50-25% at pressures between 0.7- 3.5 bar.


