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Liquid membrane?

 Liquid membrane
— Dissolution / desorption behavior of gases

through the liguid
* Pressure difference

— Using the reversible reaction with liquid
* Facilitated transport of gas species and solute
 Concentration difference

— Liquid is held in the membrane pores by

capillary forces
« Immobilized liguid membrane (ILM)
or supported liquid membrane (SLM)
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Figure 1. (a) for gas separation
(b) for liquid separation
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Figure 2. Scheme for facilitated of gaseous molecules by a carrier through a membrane

(A) liquid membrane with a mobile carrier
(B) solid membrane with afixed carrier




Characteristic of SLM ( | )

 Advantages

— High separation (facilitated transport)

— Low capital, operating, and energy costs

— Fewer moving parts resulting in lower

maintenance

— Compact and modular hollow—fiber devices

provide high mass transfer area




Characteristic of SLM (1)

 Limitations of SLM

— Loss of extractant by solubility in mobile feed

and strip solutions

« Volatilization of the solvent in the pores of the

membrane

— Pressure differential across the membrane
exceeding capillary forces holding the liquid

— Progressive wetting of the support pores by
surface—active carrier molecules




Stabilization of SLM ( | )

 Hollow—fiber contained liguid membrane
(HFCLM)

— Microporous hydrophobic hollow fibers
— A gas mixture flows on one side of the fiber
while aqueous solution flows on the other side

— Gas/liquid interface is immobilized at each
gas—filled pore mouth on the liquid side of the
fiber

— Through the immobilized, both gas absorption
and stripping can occur
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Stabilization of SLM ( | )

— Operation condition of the SLM
* Pressure of the liguid solution should not exceed the
bubble point or entry pressure

» Exceeding the critical value, wetting the pore

 The gas pressure must be lower than the liquid
pressure

» To prevent bubbling and maintain a stable
gas/liquid interface




Stabilization of SLM ( | )

— Advantages of the HFCLM permeator
* Fiber wall defects lead only to a loss of membrane
liquid through the fiber lumen.

— Feed does no leak into the permeate gas

Gas humidification is unnecessary for a pure liquid

Membrane liquid replenishment is automatic and easy

The hollow—fiber porosity and the pore tortuosity do
not influence the gas flux in general

High membrane surface area per unit permeator
volume and low effective liquid membrane thickness




Modes of Operation of a HFCLM Permeator
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Figure 5. Four separation modes of purification of biogas using the HFCLM permeation

Hydrophobic MHF : non—wetting organic membrane liguid
Hydrophobic MHF : wetting organic membrane liguid
Hydrophilic MHF : organic or agueous membrane liquid




Stabilization of SLM (1)

« Double—layer liguid membrane
— The top layer is a conventional supported

liquid membrane

« Polytetrafluoroethylene(PTFE)
 Hydorphilic and CO?2 selective liquid

— The bottom layer highly hydrophobic

microporous membrane

— This construction enable the liuid membrane
pressure condition of over 200 kPa.




Support micropoorous membrane
( Hydrophilic-treated PTFE membrane,

Feed side Pore size 1 ym, Thickness= 35 um)

CO2 selective and hydrophilic

liquid
Permeate side ( DGAor TEG)

Hydrophobic microporous membrane
(Durapel membrane, Pore size=0.1 £m)

Figure 6. Supported liquid membrane placed on a hydrophobic microporous membrane




Stabilization of SLM (III')

« SLM with convective flow of solution

— Improvements of SLM
 Loss of membrane solvent by evaporation
 Unstable against the transmembrane pressure

« Difficulty of preparing very thin membranes

— Bulk flow liquid membrane

« Membrane liquid is supplied to the feed side
« And is forced to permeate through a membrane

« The membrane liquid is not held stationary
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Figure 7. Concept of gas transport accompanied by convective flow of membrane liquid




Stabilization of SLM (III')

— A hybrid of membrane separation and gas

absorption
 The feed side of the module has a function of a gas
absorber
 The Capillary and hollow fiber play the role of the

packing in the packing tower

— Advantages of BFLM

* Higher efficiency than conventional SLM
— The permeation rate increases by molecular diffusion
and also by convection
* Easily replaced by a new membrane solution or can
be regenerated
« The membrane surface in each side is covered with a
thin layer of the memlbrane




lonic liquid as a liguid membrane

 The characteristic of ILs

— Negligible vapor pressure
 Loss of solvent does not limitation of SML
— (hydrophobic or hydrophilic) and hygroscopic

* Using the hydrophobic or hydrophilic support
membrane is useless

 Feed gas contained water influence to the liquid

— Solubility with CO2

* |t is possible to improve the solubility and selectivity
by changing the alkyl group and anion

— |Ls as a solvent




lonic liquid (T =40°C)
[bmim][PF]

[Csmim][PF]

[bmim][NO]

[Comim][BF,]




What have to do?
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