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2.  

3.  

4.  

5.  

6.  

A composite hydrophilic/hydrophobic membrane comprising is a hydrophilic polymer 

hydrophilic polymer layer and a hydrophobic polymer layer comprising-a fluorinated surface- 

mo• 	•ng macromolecule (SMM), wherein said composite membrane has 

a vapour flux of at least 10 kg/m2  h at 10°C bulk temperature difference, at a feed 
. 	. 	, 	. 

temperature o 4 °C'and a permeate temperature of 35°C, and 	_ 

• 11)criterio • parameter (f) of less than 1. 

The composite membra 	of claim 1, wherein said hydrophilic polymer 

layer comprises polysulfone, 	olyether sulfone, polyetherimide polyvinylidenefluoride or 

cellulose acetate. 

The composite membrane of claim 1, w - rein said SMM is 

poly(urethane propylene glycol) or poly(ur• 	dimethylsiloxane urethane). 

The composite membrane of claim 3, wherein the 	MM is poly(urea • 	• 

dimethylsiloxane urethane) prepared using a two step 	olymcrization method comprising a first 

polymerization step to form a polyurea pre-polymer from 	4'methylene bis(phenyl isocyanate) 

(MDI) and a,a) -aminopropyl poly(dimethylsiloxane) (PDMS 	and a second polymerization step 

to end-cap the polyurea pre-polymer by the addition of 2-(perfluo .alkyl)cthanol (FAE). 

. 	. 	. 	 — 
The composite membrane according to claim 4, wherein the ratio of , 

. 	. 

MDI:PDMS:FAE is about 2:1:2, about 3:2:2 or about 4:3:3. 

The composite membrane of claim 3, wherein the SMM is 

poly(urethane propylene glycol) prepared using a two step polymerization method co. prising a 

first polymerization step to form a polyurethane pre-polymer from 4,4-methylene bis(ph- yl 

isocyanate) (MDI) and polypropylene glycol (PPG), and a second polymerization step to en. 	a p 

the polyurethane pre-polymer by the addition of 2-(perfluoroalkyfiethanol (FAE). 
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. The composite membrane of claim 6, wherein the ratio of MDT:PPG:FAE is about 3:2:2. 

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

i embrane according to claim 1. 	 . 

9.  The • - mbrane distillation system of claim 8, wherein said hydrophilic polymer layer 

comprise, 	• lysulfone, polyether sulfone, polyetherimide polyvinylidenefluoride 

or cellulose .. etate. 

10.  The membrane • 'stillation system of claim 8, wherein said SMM is 

poly(urcthane prop,  cne glycol) or poly(urca dimcthylsiloxane urethane). 

11.  The membrane distillati. 	system of claim 10, wherein the SMM is id morphology is 

poly(urca dimethylsiloxane ur. bane) prepared using a two step polymerization method 

comprising a first polymerization 	ep to form a polyurea pm-polymer from 4,4'methylene 

bis(phenyl isocyanate) (MDI) and et,co 	minopropyl poly(dimethylsiloxane) (PDMS), and a 

second polymerization step to end-cap the 	olyurea pre-polymer by the addition of 2- 

(perfluoroalkyl)etbanol (FAE). .. 	.. 	 .. 	' 

12.  'The membrane distillation system of claim 11, where • die ratio of 

'MDI:PDMS:FAE is about 2:1:2, about 3:2:2 or about 4:3. 

13.  The membrane distillation system of claim 10, wherein the SM 1 is 

poly(urethane propylene glycol) prepared using a two step polyme 	ation method comprising a 

first polymerization step to form a polyurethane pre-polymer from 4,4 • ethylene bis(phenyl 

isocyanate) (MD1) and polypropylene glycol (PPG), and a second polyme 	ation step to end-cap 

the polyurethane pre-polymer by the addition of 2-(perfluoroalkyl)ethanol (FA . 

14.  The membrane distillation system of claim 13, wherein the ratio of 

MDI:PPG:FAE is about 3:2:2. 
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15. The membrane distillation system of claim 8, which is a direct contact• 

membrane distillation system, a vacuum membrane distillation system, a sweeping gas . 

membrane distillation system or an air gap membrane distillation system. 

16. Them 	bran distillation system of claim 15, which is a dircct contact' 

membran• distillation system. - 	-- 

17. A method of m 	ufacturing a composite olymer with fluorinated surface-modifying 

hydrophilic/hydroph bic membrane comprising a hydrophilic polymer layer and a hydrophobic 

polymer layer, said metimd comprising the steps of: 

(a) blending a ho• hydrophilic polymer with a fluorinated surface-modifying 

macromolecule and a non-solven additive in a solvent; 

(b) casting the polymer b 	nd and allowing the solvent to evaporate at room 

temperature for a predetermined time; an. 

(c) immersing the cast film produ 	d in step (b) in water to allow gelation 

wherein the composite membrane has D y .our flux of at least 10 kg/m2 h at 10°C bulk 

temperature difference, at a feed temperature of 45°C 	. and a permeate temperature of 35°C, 

and ii) criterion parameter (h) of less than 1. 

18. , The method of claim 17, wherein the host hydrophilic polymer i 

polysulfone, polyether sulfone, polyetherimide polyvinylidenefluori. -, cellulose acetate or a 

mixture thereof. 

19.  The method of claim 17, wherein said SMM is poly(urethane propylene 

glycol) or poly(urea dimethylsiloxane urethane). 

20. The method of claim 17, wherein the non-solvent additive is y-butyrolactonc or ethanol. 
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21. The method of claim 17, wherein the solvent is N,N-dimethylacetamide.  • . 

or 1-methyl-2- pyrrolidinone. . 

22. , A m hod of optimizing the MD performance of a composite 	ydrophilic/hydrophobic 

hydrophili 4 ydrophobic membrane comprising a hydrophilic polymer layer and a hydrophobic 

polymer layer c 	prising a fluorinated surface-modifying macromolecule (SMM), said method 

comprising the step of: 

(a) maximiz ,g porosity of the top hydrophobic layer of the composite membrane; 

(b) minimizing t e thickness of the top hydrophobic layer of the composite 

membrane; and 

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

hydrophilic layer, 

wherein the composite membrane ha i) vapour flux of atleast 10 kg/m2 h at 10°C bulk 

temperannediffcrence,.at a feed temperature of 	°C and &permeate temperature of 35°.c, and 

ii) criterion parameter (W el less than t 

23.  : A composite hydrophilic/hydrophobic membrane compris I g a hydrophilic 
_ 	 . 

polymer layer and a hydrophobic polymer layer comprising . 	uorinated surface-modifying 

macromolecule (SMM), wherein said composite membrane has a riterion parameter (fi) of less 

than 1. 

24. A method of manufacturing a composite hydrophilic/hydrophobic 

membrane comprising a hydrophilic polymer layer and a hydrophobic polyme 	ayer, said 

method comprising the steps of: 

(a) blending a host hydrophilic polymer with a fluorinated surface-modifyi 

macromolecule and a non-solvent additive in a solvent; 

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

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

wherein the composite membrane has a criterion parameter (f•) of less than 1. 

25.  ; 	A method of optimizing the MD performance of a composite 

hydrophilic 	ydrophobic membrane comprising a hydrophilic polymer layer and a hydrophobic 

polymer layer comz.rising a fluorinated surface-modifying macromolecule (SMM), said method 

comprising the stcps o 

(a) maximizing 	orosity of the top hydrophobic layer of the composite membrane; 

(b) minimizing the 	ickness of the top hydrophobic layer of the composite 

membrane; and 

(c) maximizing the thiclmes 	the porosity and the thermal conductivity of the bottom 

hydrophilic layer, 

wherein the composite membrane has a • terion parameter (T) of less than 1. 
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CLAIMS 

1. A composite hydrophilic/hydrophobic membrane comprising a hydrophilic polymer 
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/m2 h at 10°C bulk temperature difference, at a feed 
temperature of 45°C and a permeate temperature of 35°C, and 

b) criterion parameter (fi) of less than 1. 

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

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

4. The composite membrane of claim 3, wherein the SMM is 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(phenyl isocyanate) (MDI) and ace —aminopropyl 
poly(dimethylsiloxane) (PDMS), and a second polymerization step to end-cap the 
polyurea pre-polymer by the addition of 2-(perfluoroalkypethanol (FAE). 

5. The composite membrane according to claim 4, wherein the 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 the SMM is 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(phenyl isocyanate) (MDI) and polypropylene glycol (PPG), and a second 
polymerization step to end-cap the polyurethane pre-polymer by the addition of 2-
(perfluoroalkyl)ethanol (FAE). 

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

8. A membrane distillation system comprising a composite hydrophilic/hydrophobic 
membrane according to claim 1. 

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

10. The membrane distillation system of claim 8, wherein said SMM is poly(urethane 
propylene glycol) or poly(urea dimethylsiloxane urethane). 

11. 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) (MDI) and aa —aminopropyl 
poly(dimethylsiloxane) (PDMS), and a second polymerization step to end-cap the 
polyurea pre-polymer by the addition of 2- (perfluoroalkyl)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 polymerization method 
comprising a first polymerization step to form a polyurethane pre-polymer from 
4,4'methylene bis(phenyl isocyanate) (MDI) and polypropylene glycol (PPG), and a 
second polymerization step to end-cap the polyurethane pre-polymer by the addition 
of 2-(perfluoroalkyl)ethanol (FAE). 

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

15. The membrane distillation system of claim 8, which is a direct contact membrane 
distillation system, a vacuum membrane distillation system, a sweeping gas 
membrane distillation system or an air gap membrane distillation system. 

16. The membrane distillation system of claim 15, which is a direct contact 
membrane distillation system. 

17. 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: 

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

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

(c) immersing the cast film produced in step (b) in water to allow gelation 
wherein the method further comprises maximizing porosity of the hydrophobic 
polymer layer of the composite membrane, minimizing the thickness of the 
hydrophobic polymer layer, and maximizing the thickness, the porosity, and thermal 
conductivity of the hydrophilic polymer layer in order to generate the composite 
membrane with i) vapour flux of at least 10 kg/m2 h at 10°C bulk temperature 
difference, at a feed temperature of 45°C and a permeate temperature of 35°C, and 
ii) criterion parameter (fi) of less than 1. 

18. The method of claim 17, wherein the host hydrophilic polymer is polysulfone, 
polyether sulfone, polyetherimide polyvinylidenefluoride, cellulose acetate or a 
mixture thereof. 

19. 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-
methyl-2- pyrrolidinone. 

22. A method of optimizing the MD performance of a 
composite hydrophilic/hydrophobic membrane comprising a hydrophilic polymer 
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 composite membrane; 

(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 bottom 
hydrophilic layer, wherein the composite membrane has i) vapour flux of at least 10 
kg/m2 h at 10°C bulk temperature difference, at a feed temperature of 45°C and a 
permeate temperature of 35°C, and ii) criterion parameter (fi) of less than 1. 

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

24. 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: 

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

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

(c) immersing the cast film produced in step (b) in water to allow gelation wherein the 
method further comprises maximizing porosity of the hydrophobic polymer layer of 
the composite membrane, minimizing the thickness of the hydrophobic polymer 
layer, and maximizing the thickness, the porosity, and thermal conductivity of the 
hydrophilic polymer layer in order to generate the composite membrane with a 
criterion parameter V) of less than 1. 

25. A method of optimizing the MD performance of a composite 
hydrophilic/hydrophobic membrane comprising a hydrophilic polymer 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 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 bottom 
hydrophilic layer, wherein the composite membrane has a criterion parameter (fi) of 
less than 1. 


