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CLAIMS

1. A composite hydrophilic/hydrophobic membrane comprising a hydrophilic polyme
layer and a hydrophobic polymer layer comprising a fluorinated surface-modifying
macromolecule (SMM), wherein said composite membrane has

a) vapour flux of at least 10 kg/mz h at 10°C bulk temperature difference, at gffeed
temperature of 45°C and a permeate temperature of 35°C, and

b) criterion parameter (/i) of less than 1.

2. The composite membrane of claim 1, wherein said hydrophilic pgfymer layer
comprises polysulfone, polyether sulfone, polyetherimide polyvinyfdenefluoride or
cellulose acetate.

3. The composite membrane of claim 1, wherein said SMM jf poly(urethane
propylene glycol) or poly(urea dimethylsiloxane urethane),

4. The composite membrane of claim 3, wherein the S is poly(urea
dimethylsiloxane urethane) prepared using a two stegfpolymerization method
comprising a first polymerization step to form a polylirea pre-polymer from
4,4'methylene bis(phenyl isocyanate) (MDI} and ¢fo —aminopropyl
poly(dimethylsiloxane) (PDMS), and a second pblymerization step to end-cap the
polyurea pre-polymer by the addition of 2-(pegfluoroalkyl)ethanol (FAE).

5. The composite membrane according to£laim 4, wherein the ratio of
MDI:PDMS:FAE is about 2:1:2, about 3.2 or about 4:3:3.

6. The composite membrane of clainf 3, wherein the SMM is poly(urethane
propylene glycol) prepared using o step polymerization method comprising a
first polymerization step to form g/polyurethane pre-polymer from 4,4'methylene
bis(phenyl isocyanate) (MD!) gyfd polypropylene glycol (PPG), and a second
polymerization step to end-cgp the polyurethane pre-polymer by the addition of 2-
(perfluoroalkyl)ethanol (FA

7. The composite mempfane of claim 6, wherein the ratio of MDI:PPG:FAE is about
3:2:2.

8. A membrane digflillation system comprising a composite hydrophilic/hydrophobic
membrane accgyfling to claim 1.

9. The memfane distillation system of claim 8, wherein said hydrophilic polymer

1. The membrane distillation system of claim 10, wherein the SMM is poly(urea
dimethylsiloxane urethane) prepared using a two step polymerization method
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comprising a first polymerization step to form a polyurea pre-polymer from
4,4'methylene bis(phenyl isocyanate) (MDI1) and ¢, —aminopropyl

poly(dimethylsiloxane) (PDMS), and a second polymerization step to end-cap the
polyurea pre-polymer by the addition of 2- {perfluoroalkyt)ethanol (FAE).

12. The membrane distillation system of claim 11, wherein the ratio of
MDI:PDMS:FAE is about 2:1:2, about 3:2:2 or about 4:3:3.

13. The membrane distillation system of claim 10, wherein the SMM is
poly(urethane propylene glycol) prepared using a two step polymerizatign method
comprising a first polymerization step to form a polyurethane pre-polyfier from
4,4'methylene bis(phenyl isocyanate) (MDI) and polypropylene glyc#l (PPG), and a
second polymerization step to end-cap the polyurethane pre-polygfer by the addition
of 2-(perfluoroalkyl)ethanol (FAE).

14. The membrane distillation system of claim 13, wherein th€ ratio of MDI:PPG:FAE
is about 3:2:2.

15. The membrane distillation system of claim 8, whichfs a direct contact membrane
distillation system, a vacuum membrane distillation syStem, a sweeping gas
membrane distillation system or an air gap membrg#e distillation system.

16. The membrane distillation system of claim 18, which is a direct contact
membrane distillation system.

17. A method of manufacturing a composij€ hydrophilic’hydrophobic membrane
comprising a hydrophilic polymer layer gfid a hydrophobic polymer layer, said
method comprising the steps of:

(a) blending a host hydrophilic polyher with a fluorinated surface-modifying
macromolecule and a non-solvepgf additive in a solvent;

(b) casting the polymer blend£nd allowing the solvent to evaporate at room
temperature for a predeterngfned time; and

(c) immersing the cast fjfn produced in step (b) in water to allow gelation

wherein the method fyfther comprises maximizing porosity of the hydrophobic
polymer layer of the fomposite membrane, minimizing the thickness of the

r layer, and maximizing the thickness, the porosity, and thermal
hydrophilic polymer layer in order to generate the composite

polyejfier sulfone, polyetherimide polyvinylidenefluoride, cellulose acetate or a
mixjlire thereof.

. The method of claim 17, wherein said SMM is poly(urethane propylene glycol) or
poly(urea dimethylsiloxane urethane).
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20. The method of claim 17, wherein the non-solvent additive is y-butyrolactone or
ethanol.

21. The method of claim 17, wherein the solvent is N,N-dimethylacetamide or 1-
methy1-2- pyrrolidinone.

22. A method of optimizing the MD performance of a

composite hydrophilic’hydrophobic membrane comprising a hydrophilic gélymer
layer and a hydrophobic polymer layer comprising a fluorinated surface/modifying
macromolecule (SMM), said method comprising the steps of:

(a) maximizing porosity of the top hydrophobic layer of the compgfite membrane;

(b) minimizing the thickness of the top hydrophobic layer of thg composite
membrane; and

(c) maximizing the thickness, the porosity and the thermgf conductivity of the bottom
hydrophilic layer, wherein the composite membrane hggfi) vapour flux of at least 10
kag/mzh at 10°C bulk temperature difference, at a feegftemperature of 45°C and a
permeate temperature of 35°C, and ii} criterion pargfeter (f) of less than 1.

23. A composite hydrophilic/hydrophobic membyanecomprising a hydrophilic polymer
layer and a hydrophobic polymer layer comprpfing a fluorinated surface-modifying
macromolecule (SMM), wherein said compgéite membrane has a criterion parameter
(fi) of less than 1.

24. A method of manufacturing a compbsite hydrophilic/hydrophobic membrane
comprising a hydrophilic polymer layg#r and a hydrophobic polymer layer, said
method comprising the steps of:

(a) blending a host hydrophilic golymer with a fluorinated surface-modifying
macromolecule and a non-soffent additive in a solvent;

(b) casting the polymer bighd and allowing the solvent to evaporate at room
temperature for a predefrmined time; and

(c) immersing the cgét film produced in step (b) in water to allow gelation wherein the
method further copfprises maximizing porosity of the hydrophobic polymer layer of
the composite myfmbrane, minimizing the thickness of the hydrophobic polymer
layer, and maxy#nizing the thickness, the porosity, and thermal conductivity of the
hydrophilic pglymer layer in order to generate the composite membrane with a
criterion pgfameter (f;) of less than 1.

25. A mfthod of optimizing the MD performance of a composite

hydrgghilic/hydrophobic membrane comprising a hydrophilic polymer layer and a

hydyOphobic polymer layer comprising a fluorinated surface-modifying
dcromolecule (SMM), said method comprising the steps of:

(a) maximizing porosity of the top hydrophobic layer of the composite membrane;
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(b) minimizing the thickness of the top hydrophobic layer of the composite
membrane; and

(c) maximizing the thickness, the porosity and the thermal conductivity of the boyom
hydrophilic layer, wherein the composite membrane has a criterion parameter #:) of
less than 1.
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CLAIMS

1. A composite hydrophilic/hydrophobic membrane pdsing a hydrophilic polymer layer
and a hydrophobic polymer layer comprising a flnated surface-modifying macromolecule

(SMM), wherein said composite membrane has

a) vapour flux of at least 10 kgfmh at 10°C bulk temperature difference, at a feed

temperature of 45°C and a permeate temperaturg°af, and
b) criterion parametefif of less than 1

whereinsaid composite membrane has a flux and a morphatoggeived to maximize said
flux, said morphology being conceived by compilimgthematical parameters representing a
thickness, a porosity density and a thermal comdtictof said hydrophobic layer, and a
thickness, a porosity density and a thermal comdtycof said hydrophilic layer, wherein said

morphology is conceived in accordance with the fdem

v

[k, +k,(-2))+ Bmﬁ,(:—’;) AH

Tw

fi= ke +k(1-¢,)

wherefi reflects said morphology

2. The composite membrane of claim 1, wherein bgdtophilic polymer layer comprises

polysulfone, polyether sulfone, polyetherimide pahylidenefluoride or cellulose acetate.

3. The composite membrane of claim 1, wherein &M is poly(urethane propylene

glycol) or poly(urea dimethylsiloxane urethane).

4. The composite membrane of claim 3, wherein thBMSs poly(urea dimethylsiloxane
urethane) prepared using a two step polymerizatethod comprising a first polymerization
step to form a polyurea pre-polymer from 4,4'meghgl bis(phenyl isocyanate) (MDI) angb-
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aminopropyl poly(dimethylsiloxane) (PDMS), and @aed polymerization step to end-cap the
polyurea pre-polymer by the addition of 2-(perflo@lkyl)ethanol (FAE).

5. The composite membrane according to claim 4 revhehe ratio of MDI:PDMS:FAE is
about 2:1:2, about 3:2:2 or about 4:3:3.

6. The composite membrane of claim 3, wherein tMMSis poly(urethane propylene
glycol) prepared using a two step polymerizatioethrod comprising a first polymerization step
to form a polyurethane pre-polymer from 4,4'methglebis(phenyl isocyanate) (MDI) and
polypropylene glycol (PPG), and a second polyméonastep to end-cap the polyurethane pre-
polymer by the addition of 2- (perfluoroalkyl)etltdiFAE).

7. The composite membrane of claim 6, wherein &tie of MDI:PPG:FAE is about 3:2:2.

8. A membrane distillation system comprising a cosifg hydrophilic/hydrophobic

membrane according to claim 1.

9. The membrane distillation system of claim 8, sehe said hydrophilic polymer layer
comprises polysulfone, polyether sulfone, polydthele polyvinylidenefluoride or cellulose
acetate.

10. The membrane distillation system of claim 8,emdn said SMM is poly(urethane

propylene glycol) or poly(urea dimethylsiloxanethiane).

11. The membrane distillation system of claim 1Oherein the SMM is poly(urea
dimethylsiloxane urethane) prepared using a twp ptdymerization method comprising a first
polymerization step to form a polyurea pre-polyrfrem 4,4'methylene bis(phenyl isocyanate)
(MDI) and a,m-aminopropyl poly(dimethylsiloxane) (PDMS), andexagnd polymerization step
to end-cap the polyurea pre-polymer by the addibio?- (perfluoroalkyl)ethanol (FAE).
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12. The membrane distillation system of claim 1herein the ratio of MDI:PDMS:FAE is
about 2:1:2, about 3:2:2 or about 4:3:3.

13. The membrane distillation system of claim 1(Mevein the SMM is poly(urethane
propylene glycol) prepared using a two step polyma¢ion method comprising a first
polymerization step to form a polyurethane pre-pwy from 4,4'methylene bis(phenyl
isocyanate) (MDI) and polypropylene glycol (PPG)da second polymerization step to end-cap
the polyurethane pre-polymer by the addition ofp@rfluoroalkyl)ethanol (FAE).

14.  The membrane distillation system of claim 13ewein the ratio of MDI:PPG:FAE is
about 3:2:2.

15. The membrane distillation system of claim 8,iclhis a direct contact membrane
distillation system, a vacuum membrane distillatiepstem, a sweeping gas membrane

distillation system or an air gap membrane digidlasystem.

16. The membrane distillation system of claim 1%jiok is a direct contact membrane

distillation system.

17. A method of manufacturing a composite hydraptiydrophobic membrane comprising
a hydrophilic polymer layer and a hydrophobic potyrfayer, said method comprising the steps

of:

(@) blending a host hydrophilic polymer with a fiumated surface-modifying macromolecule

and a non-solvent additive in a solvent;

(b) casting the polymer blend and allowing the sotvto evaporate at room temperature for

a predetermined time; and

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

method generates the composite membrane with Purafiux of at least 10 kg/fmh at 10°C
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bulk temperature difference, at a feed temperaitil5°C and a permeate temperature of 35°C,

and ii) criterion parametefi) of less than 1,

whereinsaid composite membrane has a flux and a morphatoggeived to maximize said
flux, said morphology being conceived by compilimathematical parameters representing a
thickness, a porosity density and a thermal comdtictof said hydrophobic layer, and a
thickness, a porosity density and a thermal comdtyciof said hydrophilic layer, wherein said

morphology is conceived in accordance with the fdem

[k, +k,(-2))+ Bmé,(d—”) AH,
ar ),

ke, +k (1-¢,)

fi=

wherefi reflects said morphology

18.  The method of claim 17, wherein the host hybdilagppolymer is polysulfone, polyether

sulfone, polyetherimide polyvinylidenefluoride, lcdbse acetate or a mixture thereof.

19. The method of claim 17, wherein said SMM isyfunlethane propylene glycol) or

poly(urea dimethylsiloxane urethane).

20.  The method of claim 17, wherein the non-sohagltitive isy-butyrolactone or ethanol.

21.  The method of claim 17, wherein the solveritl,§-dimethylacetamide or 1- methyl-2-

pyrrolidinone.

22. A method of optimizing the MD performance ot@mposite hydrophilic/hydrophobic
membrane comprising a hydrophilic polymer layer arfuydrophobic polymer layer comprising
a fluorinated surface-modifying macromolecule (SMBBid method comprising the steps of:

(a) maximizing porosity of the top hydrophobic lay¢ the composite membrane;

(b) minimizing the thickness of the top hydropholaiger of the composite membrane; and
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(c) maximizing the thickness, the porosity and thermal conductivity of the bottom
hydrophilic layer, wherein the composite membraas f vapour flux of at least 10 kgfrh at
10°C bulk temperature difference, at a feed tentpezaof 45°C and a permeate temperature of

35°C, and i) criterion parametdr)(of less than 1

whereinsaid optimization is conceived in accordance withformula:

v

d
[k,&, +k,0-2)]+ Bm(s,(ﬁ) AH

Ty

Ji= ke +k(1-2,)

wherefi reflects morphology of the composite membrane.

23. A composite hydrophilic/hydrophobic membranepdsing a hydrophilic polymer layer
and a hydrophobic polymer layer comprising a flnated surface-modifying macromolecule

(SMM), wherein said composite membrane has a witgrarameterfi) of less than 1,

whereinsaid composite membrane has a flux and a morphatoggeived to maximize said
flux, said morphology being conceived by compilimathematical parameters representing a
thickness, a porosity density and a thermal comdtictof said hydrophobic layer, and a
thickness, a porosity density and a thermal comdtyciof said hydrophilic layer, wherein said

morphology is conceived in accordance with the fdem

ke, +k,0-2)]+ 3,5,("—”) AH,
: dr ),

ke, +k,(1-5,)

f =
wherefi reflects said morphology
24. A method of manufacturing a composite hydraptmydrophobic membrane comprising

a hydrophilic polymer layer and a hydrophobic podyrfayer, said method comprising the steps
of:

(a) blending a host hydrophilic polymer with a ftumated surface-modifying macromolecule

and a non-solvent additive in a solvent;
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(b) casting the polymer blend and allowing the entvto evaporate at room temperature for

a predetermined time; and

(c) immersing the cast film produced in step (bwiater to allow gelation to generate the

composite membrane with a criterion paramdtgiof less than 1,

whereinsaid composite membrane has a flux and a morphatoggeived to maximize said
flux, said morphology being conceived by compilimathematical parameters representing a
thickness, a porosity density and a thermal comdtictof said hydrophobic layer, and a
thickness, a porosity density and a thermal comdtycof said hydrophilic layer, wherein said
morphology is conceived in accordance with the fdem

[kgs, +k,(1-¢, )]+ B,ﬁ,(:—’;] AH,

Tw

Ji= ke +k(1-¢,)

wherefi reflects said morphology

25. A method of optimizing the MD performance ot@mposite hydrophilic/hydrophobic
membrane comprising a hydrophilic polymer layer arftydrophobic polymer layer comprising
a fluorinated surface-modifying macromolecule (SMBBid method comprising the steps of:
€) maximizing porosity of the top hydrophobic lay¢ the composite membrane;

(b) minimizing the thickness of the top hydropholaiger of the composite membrane; and

(c) maximizing the thickness, the porosity and thermal conductivity of the bottom

hydrophilic layer, wherein the composite membraag # criterion parametdr)(of less than 1

whereinsaid optimization is conceived in accordance withformula:

[k, +k,(-2))+ B,,&,(d—pJ AH,
ar ),

fi= ke, +k,(1-¢,)
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wherefi reflects morphology of the composite membrane




