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CLAIMS

[CLAIM 1]
A method for designing a composite hydrophilic/hydrophobic membrane comprising a
hydrophilic polymer layer, a hydrophobic polymer layer and fluorinated surface-modifying
macromolecules (SMM) so that the formula
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satisfies the formula
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,where f; reflects the morphology of the composite membrane,
where

kg is thermal conductivity (W m™ K™ ) of gas,

&t IS porosity (%) of hydrophobic top-layer,

k: is thermal conductivity (W m™ K™ ) of hydrophobic top-layer,
B is net DCMD permeability (kg m?s™* Pa™),

d¢ is hydrophobic top-layer thickness (um),

p is Partial vapour pressure of water (Pa),

T is absolute temperature (K),

T is absolute mean temperature (K),

AHv is latent heat of vaporization (kJ/kg),

kw is thermal conductivity (W m™ K™*) of water,

& 1S porosity (%) of hydrophilic sub-layer, and

ks is thermal conductivity (W m™ K™ ) of hydrophilic sub-layer,
in order to improve the permeate flux by increasing the hydrophilic layer thickness while the

total membrane thickness is kept constant.
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[CLAIM 2]

The method as claimed in claim 1, wherein said hydrophilic polymer layer is selected from the
group consisting of polysulfone, polyether sulfone, polyetherimide, polyvinylidenfluoride and
cellulose acetate.

[CLAIM 3]
The method as claimed in any one of claims 1 to 2, wherein said fluorinated surface-modifying
macromolecules (SMM) consist of oligomeric fluoropolymers synthesized using polyurethane

chemistry and tailored with fluorinated end-groups.

[CLAIM 4]
The method as claimed in any one of claims 1 to 3, wherein said SMM is selected from the group

consisting of poly(urethane propylene glycol) and poly(urea dimethylsiloxane urethane).

[CLAIM 5]

The method as claimed in claim 4, wherein said SMM is a poly(urethane propylene glycol)
prepared using a two step polymerization method comprising a first polymerization step to form
a polyurethane pre-polymer from 4,4'methylene bis(phenylisocyanate) (MDI) and polypropylene
glycol (PPG), and a second polymerization step to end-cap the polyurethane pre-polymer by the
addition of 2-(perfluoroalkyl)ethanol.

[CLAIM 6]
The method of claim 5, wherein the ratio of MDI:PPG:FAE is 3:2:2.

[CLAIM 7]

The method as claimed in claim 4, wherein said SMM is a poly(urea dimethylsiloxane urethane)
prepared using a two step polymerization method comprising a first polymerization step to form
a polyurea pre-polymer from 4,4'methylene bis(phenylisocyanate) (MDI) and o,0-Aminopropyl
poly(dimethyl siloxane) (PDMS), and a second polymerization step to end-cap the polyurea pre-

polymer by the addition of 2-(perfluoroalkyl)ethanol (FAE).
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[CLAIM 8]
The method as claimed in claim 7, wherein the ratio of MDI:PDMS:FAE is 2:1:2, 3:2:2 or 4:3:3.

[CLAIM 9]
The method as claimed in any one of claims 1 to 8, wherein said composite membrane has a

vapour flux of 50kg/m? h at 60°C feed temperature, or higher.

[CLAIM 10]

A method of manufacturing a composite hydrophilic/hydrophobic membrane comprising a
hydrophilic polymer layer and a hydrophobic polymer layer, said method comprising the steps
of:

(@) blending a host hydrophilic polymer with fluorinated surface-modifying macromolecules
(SMM) and a non-solvent additive in a solvent;

(b) casting said hydrophilic polymer blend and allowing said solvent to evaporate at room
temperature for a predetermined time; and

(c) immersing said cast film produced in step (b) in water to allow gelation, wherein the

composite hydrophilic/hydrophobic membrane is designed so that the formula
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,where f; reflects the morphology of the composite membrane,
where

kg is thermal conductivity (W m™ K™ ) of gas,

gt IS porosity (%) of hydrophobic top-layer,

ki is thermal conductivity (W m™ K™ ) of hydrophobic top-layer,
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B is net DCMD permeability (kg m?s™* Pa™),

d¢ is hydrophabic top-layer thickness (um),

p is Partial vapour pressure of water (Pa),

T is absolute temperature (K),

Tm is absolute mean temperature (K),

AH, is latent heat of vaporization (kJ/kg),

kw is thermal conductivity (W m™ K™) of water,

& 1S porosity (%) of hydrophilic sub-layer, and

ks is thermal conductivity (W m™ K™ ) of hydrophilic sub-layer,

in order to improve the permeate flux by increasing the hydrophilic layer thickness while the

total membrane thickness is kept constant.

[CLAIM 11]

The method of manufacturing a composite membrane as claimed in claim 10, wherein said host
hydrophilic polymer comprises at least one of polysulfone, polyethersulfone, polytherimide,
polyvinylidenefluoride and cellulose acetate.

[CLAIM 12]
The method of manufacturing a composite membrane as claimed in any one of claims 10 to 11,
wherein said SMM is selected from the group consisting of poly(urethane propylene glycol) and

poly(urea dimethylsiloxane urethane).

[CLAIM 13]
The method of manufacturing a composite membrane as claimed in any one of claims 10 to 12,
wherein said non-solvent additive is selected from the group consisting of y-butyrolactone and

ethanol.

[CLAIM 14]
The method of manufacturing a composite membrane as claimed in any one of claims 10 to 13,
wherein said solvent is selected from the group consisting of N,Ndimethylacetamide and 1 -

methyl -2 -pyrrolidinone.



