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Membrane ProcessesMembrane Processes

Membrane: barrier, selective.

- Appreciable 
energy savings

- Environmentally 
benign

- Clean technology 
with operational ease

- Greater flexibility in 
designing systems.
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with operational ease

- Replaces the 
conventional processes

- Produces high quality 
products

designing systems.

Uses: Waste water treatment, separation of biological active components, 
refining of oils, gas separation ….
Membrane fabrication: Solvents, pollutants wastes.



Legal ContextLegal Context

Human health impactHuman health impact
Ecosystems impactEcosystems impact
Greenhouse gas productionGreenhouse gas production
Global warmingGlobal warming

Green production Green production 
processesprocesses
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Most recent European Environmental Law: Most recent European Environmental Law: 

REACHREACH (November 17(November 17thth 2005)2005)

The industries must prove the nonThe industries must prove the non--toxicity toxicity 
of their materials.of their materials.



Green Green SolventsSolvents

Non toxicNon toxic

Substitution of dangerous materials Substitution of dangerous materials 
by green materials.by green materials.

Non toxicNon toxic
Non volatileNon volatile
From renewable resourcesFrom renewable resources

Green Green 
SolventsSolvents§§

§§ P. T. AnastasP. T. Anastas, ACS Symposium Series 819, American Chemical Society, , ACS Symposium Series 819, American Chemical Society, 
Washington DC. 2002, pp. 1Washington DC. 2002, pp. 1--9.9.
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SolventSolvent LD50LD50 Vap. PressureVap. Pressure RisksRisks

CyclohexaneCyclohexane
Oral rat 12.7 g/kgOral rat 12.7 g/kg

Oral mouse 0.8 g/kgOral mouse 0.8 g/kg
96.8 mmHg at 2096.8 mmHg at 20°°CC MutagenMutagen

DMSODMSO Oral rat 14.5 g/kgOral rat 14.5 g/kg 0.42 mmHg at 200.42 mmHg at 20°°CC Mutagen/TumorigenMutagen/Tumorigen

AcetoneAcetone Oral rat 5.8 g/kgOral rat 5.8 g/kg 181 mmHg at 20181 mmHg at 20°°CC Highly flammableHighly flammable

Green solventsGreen solvents

ChloroformChloroform
Oral rat 1.2 g/kgOral rat 1.2 g/kg

Oral mouse 0.08 g/kgOral mouse 0.08 g/kg
158.3 mmHg at 20158.3 mmHg at 20°°CC Mutagen, teratogenMutagen, teratogen

NMPNMP
Oral rat  3. 9 g/kg Oral rat  3. 9 g/kg 
Skin rabbit  8 g/kgSkin rabbit  8 g/kg

0.5 mmHg at 250.5 mmHg at 25°°C  C  
NoneNone

Ethyl lactateEthyl lactate
Oral rat 5 g/kgOral rat 5 g/kg

Oral mouse 2.5g/kgOral mouse 2.5g/kg
5 mmHg at 305 mmHg at 30°°CC NoneNone

Methyl lactateMethyl lactate Oral rat 2 g/kgOral rat 2 g/kg 2.6 mmHg at 202.6 mmHg at 20°°CC NoneNone
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Phase inversion Phase inversion ProcessProcess

Polymer +      Polymer +      
solventsolvent ++
porogenporogen

NonNon--solvent of the solvent of the 
polymer, miscible polymer, miscible 
with the with the solventsolvent
on dope solutionon dope solution

((Solvent Solvent must must 
solubilize solubilize 
polymer and polymer and 
porogen)porogen)

LiCl, PVPLiCl, PVP
NMP, DMF, DMSO, acetone, cyclohexane, chloroform…NMP, DMF, DMSO, acetone, cyclohexane, chloroform…
Cellulose acetate: water treatment membranes, from renewable materials.Cellulose acetate: water treatment membranes, from renewable materials.

Dope solutionDope solution

Casting on a Casting on a 
glass plateglass plate

Immersion on a Immersion on a 
coagulation bathcoagulation bath

Flat sheetFlat sheet
membranemembrane

April 22April 22--25, 200825, 2008 Innovation for Sustainable Production 2008Innovation for Sustainable Production 2008

on dope solutionon dope solutionporogen)porogen)

Waste



1: polymer solution

2 : bore liquid 12

Pumps

Heat exchanger

Phase inversion Phase inversion Process: Hollow Fiber FabricationProcess: Hollow Fiber Fabrication

Spinneret

Coagulation bath

"Polymer solution" tube

Hollow fiber
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This is a schema of this process based on LGC Pilot. Here are two tanks: the first one contains the polymer solution the second one the bore liquid. Theses two liquids are pumped heated and extruded using the spinneret. A schema of the spinneret is represented on the left and a photograph a LGC spinneret is shown on the right.
The spinneret is composed of two concentric capillaries. The polymer solution is extruded in the external capillary and the bore forming fluid is pump into the internal capillary. Basically, the bore fluid is used to prevent the collapsion of the liquid tube under the capillary forces but it can also play a role during the phase separation.
Finally, the polymer solution tube is immersed in a non solvent where the coagulation step occurs to obtain the hollow fibre.



Phase Inversion and Green MaterialsPhase Inversion and Green Materials

MaterialMaterial
Water Water 
SolubleSoluble

Solvent Solvent 
SolubleSoluble

Solubilizes Solubilizes 
cellulose cellulose 
acetateacetate

NaturalNatural
Suitable for Suitable for 

green green 
membranes?membranes?

MethylMethyl

LactateLactate
üüüüüüüü -- üüüüüüüü üüüüüüüü YESYES

Ethyl Ethyl 
lactatelactate

üüüüüüüü -- üüüüüüüü üüüüüüüü YESYES

S
O
L
V
E
N
T lactatelactate

NMPNMP üü -- üü ûû NONO

DMSODMSO üü -- üü ûû NONO

PVPPVP üü üü -- ûû NONO

LiClLiCl üüüüüüüü üüüüüüüü -- üüüüüüüü YESYES

CaClCaCl22 üüüüüüüü üüüüüüüü -- üüüüüüüü YESYES
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Phase Phase inversioninversion and Green Materialsand Green Materials

Methyl lactateMethyl lactate

Ethyl lactateEthyl lactate

Green solvents must Green solvents must 
solubilizesolubilize the the 
polymerpolymer and the and the 
porogenporogen

Green solvents must Green solvents must 
be be misciblemiscible with the with the 
coagulation bath coagulation bath 
(currently (currently waterwater))

Ethyl lactateEthyl lactate

CaClCaCl22 and LiCland LiCl

Cellulose acetate Cellulose acetate 
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Biodegradable Biodegradable 
and naturaland natural

From From 
renewable renewable 
raw materials raw materials 
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MembraneMembrane
MWCO MWCO 

(PEG, kDa)(PEG, kDa)

Pure water Pure water 
permeability at 20permeability at 20°°C C 

(Lh(Lh--11mm--22barbar--11))

Pressure Pressure 
at break at break 
(bar)(bar)

16% cellulose acetate, LiCl16% cellulose acetate, LiCl 3535 177177 4.54.5

20% cellulose acetate, LiCl20% cellulose acetate, LiCl 2020 2323 33

20% cellulose acetate, CaCl20% cellulose acetate, CaCl22 1515 1313 >>5>>5

10kDa<UF<500kDa10kDa<UF<500kDa



ResultsResults

20% Cellulose acetate 
6% CaCl2
Solvent: Methyl lactate
Pores < 0.1 µm

20% Cellulose acetate
6% LiCl

16% Cellulose acetate
6% LiCl  
Solvent: methyl lactate
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6% LiCl
Solvent: methyl lactate

20% Cellulose acetate
3% LiCl
Solvent: ethyl lactate

20% cellulose acetate
3% CaCl2
9% water
Solvent ethyl lactate
Pores ≈ 0.1 µm



GreenGreen--solvent Recovery / Water Recyclingsolvent Recovery / Water Recycling

Reverse osmosis

Concentrate
600 Lhr-1m-2

0.9 g/L

Green-solvent/
Water

5570 Lhr-1m-2

P= 20 bars
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0.9 g/L

Permeate
7.1 Lhr-1m-2

0.16 g/L
Rejection 82.2%

0.9 g/L

Membrane OSMONICS 
SEPA CF DS3SC



GreenGreen--solvent Recovery / Water Recyclingsolvent Recovery / Water Recycling

Bendjama, Z. PhD Thesis INPL 1993.Bendjama, Z. PhD Thesis INPL 1993.
M.K.Djebar et al, J. Membr. Sci. 146 (1998) 125M.K.Djebar et al, J. Membr. Sci. 146 (1998) 125--133.133.

Water

Pervaporation

Water/ester
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Ester (ethyl acetate)

Water/ester

0.06%

90%

PDMS Membrane



ConclusionsConclusions

- Ultrafiltration cellulose acetate Ultrafiltration cellulose acetate membranesmembranes were obtained were obtained 

only by using only by using natural and biodegradable materialsnatural and biodegradable materials. . 

-- CaClCaCl22 used as porogen produced membranes resistant to used as porogen produced membranes resistant to 

pressure higher than 5 barspressure higher than 5 bars..

-- Reverse osmosisReverse osmosis has been proved to be a good technique has been proved to be a good technique 
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-- Reverse osmosisReverse osmosis has been proved to be a good technique has been proved to be a good technique 
to to recyclerecycle waterwater from process. from process. Pervaporation Pervaporation could be an could be an 
ideal technique for ideal technique for greengreen--solvent recuperationsolvent recuperation..

-- Fabrication of green ultrafiltration membranes can be Fabrication of green ultrafiltration membranes can be 
easily implementedeasily implemented on industry together with greenon industry together with green--solvent solvent 
recuperation in actual facilities.recuperation in actual facilities.



Prospects Prospects 

-- Encouraging results. Encouraging results. 

-- We will try to improve the dope solution to We will try to improve the dope solution to 

obtain membranes with high permeability, and obtain membranes with high permeability, and 

resistant to pressure. A low MWCO would be resistant to pressure. A low MWCO would be resistant to pressure. A low MWCO would be resistant to pressure. A low MWCO would be 

desirable.desirable.

- Fabrication of hollow fiber membranes.Fabrication of hollow fiber membranes.

--Tests with other natural materials.Tests with other natural materials.
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MembraneMembrane
ElaborationElaboration
TeamTeamDr. Lahitte

Dr. Aimar Dr. Remigy
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