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X 1. Current Commercial Producers of Pervaporation
Systems®

Primary application

Organization (Membrane)
GFT Dehydration of liquid organics
(Poly(vinyl alcohol) composites)
MTR Organic recovery from wastewaters
(Silicon)
Lurgi Dehydration of liquid organics

(Poly(vinyl alcohol) composites)
Dehydration of vapor
(Poly(vinyl alcohol) composites)
Tokuyama Soda |Dehydration of IPA

(Chitosan)

Kalsep Dehydration of liquid organics
(Ion exchange composites)
Hoechst Celanese | MeOH/MTBE

(Cellulose acetates)

E 3. Extraction of Volatie Organic Solutes from Ag-
ueous Solutions by Pervaporation Through Organophilic
Membranes®

Membrane materials
Organic mixtures : Researchers

Mitsui Dehydration of liquid organics
(Poly(vinyl alcohol) composites)
Separex MeOH/MTBE

E 2. Dehydration of Organic Liquids by Pervaporation
Through Hydrophilic Membranes®

Natural and synthetic rubber scuprophane
hydrocarbons : Brun
ethanol : Brun, Wijmans, smolders, Nguyen
chlorinated solvents : Brun, Wijmans, Naguyen
ether, ketones, esters : Brun, Wijmans, Naguyen
Silicons and silicone rubber
alcohols : Baker, Zhu chang Luo, Sumeatsu, Smol-
ders
ether, ketones, esters, chlorinated solvents : Baker
Polyvinylidene fluoride(PVFy3)
ethanol : Ishihara
ketones : Imperial chemical industry
Synthetic ion-exchange membranes
alcohols : Mochizuki, Reineke, Uragami
Styrene-acrylate copolymers
ethanol : Yoshikawa
Miscellaneous

Membrane materials
Organic mixtures : Researchers

Cellulose, regenerated cellulose, cellophane,
cuprophane
ethanol : Schwob, Huang, Le Blanc, Nagy, Sue-
matsu
ether, ketone, esters, amides : Le Blanc, Neel
Poly(vinyl alcohol)-based membranes
ethanol : Neel, Huang, Elyassini, Tusel, Hirotsu,
kraetz
Polyacrylates and acrylic copolymers
ethanol and alcohols : Ishihara , Suzuk, Ogata
Polyamides
alcohols : Suzuki
ketones : Imperial chemical industry
Ion-exchange polysaccharides(carboxylmethyl
cellulose, alginic acid, chitosan-sulfate)
alcohols : Mochizuki , Reineke, Uragami
Synthetic ion-exchange membranes
ethanol : Neel , Francois, Ellinghorst, Ogata
alcohols : Cabasso, Huang
Grafted polymers or copolymers involving MN-
vinylpyrrolidone or vinylpyridine
alcohols : Aptel, le Blanc, Yamada
ether, ketones, esters, amides : Aptel, Le Blanc
Miscellaneous

alcohols ; Mulder, Smolders, nagy
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H 4. Separation of Organic Liquid Mixtures by Pervap-
oration®

H 5. Pervaporation Membranes for the Separation of
Polar/Non-polar Solvent Mixtures

Membrane materials
Organic mixtures : Researchers

Polyetheylene and polypropylene membranes
olefins, aromatics, saturated hydrocarbons : Bin-
ning, Choo, Huang, Fels, Stelmaszek, Nagy
alcohols/saturated hydrocarbons : Choo, Nagy
alcohols/aromatics : Carter
isomeric aromatics(xylenes) : Choo, Baddour
isomeric alkanes : Binning, Choo

Butadiene-acrylonitrile copolymers and syn-
thetic rubbers
olefins, dienes, aromatics, saturated hydro-
carbons : Brun, Vasse

Aromatic polyimides
olefins, dienes and aromatics from alkanes : Perry

Synthetic ion-exchange membranes
olefins, dienes, aromatics/alkanes : Nomura
alcohols/alkanes ; Huang

Cellulose derivatives
olefins, dienes, aromatics/alkanes : Lee
isomeric xylenes : Smolder, Mulder, Lee

Grafted polymers or copolymers containing N-
vinylpyrrolidone or vinylpyridine units
alcohols/alkanes : Aptel, Shimidzu
chlorinated solvents/alkanes, ethers, ketones:
Aptel

alcohols/ketones, esters : Aptel, Shimidzu

Organic mixtures
Membrane materials
Methanol/aliphatic hydrocarbon
poly(vinyl alcohol) ; Nafion ; alloy of phosphonate
polymer with cellulose acetate
Methanol/aromatic hydrocarbon
cellulose triacetate ; polyethylene; polypropylene;
nitrile rubber
Methanol/methyl tert-butyl ether’®37-%
cellulose acetate ; Nafion ; poly(vinyl alcohol)
Ethanol/aliphatic hydrocarbon®4-4
poly(vinyl alcohol) ; cellulose acetate ; polyethyl-
ene ; polyester, natural rubber ; ethylene-vinyl ace-
tate copolymer ; and natural rubber-methyl meth-
acrylate graft copolymer
Ethanol/aromatic hydrocarbon
polyphenylquinoxaline ; polyfluorosulfonic  acid ;
natural rubber ;
Iso-propanol/hydrocarbon
poly(vinyl alcohol) ; polyethylene ; polypropylene
Butanol/toluene®
polypropylene
Acetic acid/aromatic hydrocarbon®
polypropylene
Acetone/hexane
polyethylene ; vinylidene chloride-vinyl chloride
copolymer

28-31

32-36

36,44-46

29,33,36,47,48

42
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* Nafion : copolymer of polysulfonyl fluoride vinyl
ether and poly(tetrafluoro ethylene).
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H 6. Pervaporation Membranes for the Separation of
Aromatic/Aliphatic Liquid Mixtures

Organic mixtures
Membrane materials
Benzene/cyclohexane3l3437.51-66
polyethylene; polypropylene ; neoprene rubber ; cel-
lulose acetate ; cellulose acetate butyrate ; modified
cellulose acetate butyrate; alloys of phosphonate/
phosphate polymers with cellulose acetate
Benzene/other paraffins®®485267-70
NBR and SBR; polyethylene ; polyethylene grafted
with polystyrene ; cellulose acetate butyrate ; eth-
ylene-carboxylic acid copolymer
Benzene/olefins®!
alloy of phosphonate polymer with cellulose ace-
tate
Toluene/paraffins
neoprene rubber ; polyethylene ; polyethylene gra-
fted with polystyrene ; polyurethane ; cellulose ace-
tate butyrate ; modified ethyl cellulose
Ethylbenzene/ethylcyclohexane®
modified poly(vinylidene fluoride)

29,35,56,60,71-74
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E 7. Pervaporation Membranes for the Separation of
Mixtures of Aliphatic Hydrocarbons

H 8. Membrane Separation of Olefins/Paraffins :
Permeabilities and Selectivities

Membrane materials
Organic mixtures
Polyethylene ®%27L75-77
hexane / heptane ; hexane / octane ; cyclohexane /
heptane ; cyclohexane/neohexane ; heptane/iso-oc-
tane
Cellulose acetate butyrate’®
heptane / iso-octane; 1-hexene / hexane; cyclo-
hexene/cyclohexane
Ethyl cellulose and modified ethyl cellulose®®7®
heptane/iso-octane; ethyl cyclohexane/iso-octane
Alloy of phosphonate polymer with cellulose ace-
tates®!
cyclohexene/cyclohexane
NBR79,80
1,3-butadiene/iso-butene
Aromatic polyimide81

1,3-butadiene/trans-2-butene
* P(AA-St): copolymer of  2-hydroxy-3-(diethy!-
amine)propyl methacrylate with styrene.
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Polymeric | dition | Permeability | Selectivity
membrane

PDMS +49 35T ethene : 3200 0.8
vol% silica | 69-690 kPa | ethane : 4000 )

. . ethene: 205
Polyisoprene 25C cthane: 168 1.2
Polyphenyl- . ethene: 140

eneoxide 20c ethane: 32 44
. ethene: 116
50C ethane: 65 178

* Permeability : 107% cm*(STP)-cm/cm?-s-cm Hg.

X 9. Pervaporation Membranes of Aromatic Cg Iso-
mers Through Commercial Polymer Films®?

Organic p-xylene/o-xylene, p-xylene/m-

mixtures xylene, p-xylene/ethyl benzene
Membranes |Polyethylene, 125A101, DuPont
Teflon* FEP, 200A, DuPont
Polyimide, Kapton*, 100H, DuPont
Poly(vinyl fluoride), Tedlar*,

100AG30UT, DuPont
Cellulose acetate, 100CA-43, DuPont
Nylon, Allied Chemical, Capron™® 77C
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E 10. Pervaporation Membranes for the Separauon
of Aromatic Isomers

Organic mixtures
Membranes
Cs-isomers*53-83
polyethylene ; cellulose acetate butyrate ; modified
poly(vinylidene fluoride) ; P(HEA-HEMA)** and
modified P(HEA-HEMA)
Benzene/toluene®
poly(ethylene terephthalate)
Toluene/o-xylene™
nitrile rubber
Styrene/ethyl benzene
ethylene-carboxylic acid copolymer ; alloy of phos-
phonate polymer with cellulose acetate ; poly
(phenylene oxide), and Nafion
* Binary or ternary mixtures of o-, m-, and p-xylene
and ethyl benzene.
** Copolymer of 2-hydroxyethyl acrylate and 2-
hydroxyethyl methacrylate.

31,52
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Pervaporation on Debutanizer Sidedraw
& 4. Methods of integrating pervaporation mem-

branes in the recovery of methanol from the MTBE
production process, 37389091

H 11. Energy Reguirment of Distillation versus a Disti-
lation/Pervaporation Hybrid Process'!”

Distillation Distﬂlatior}/
System (kJ/mole) Pervaporation
(kJ/mole)
Ethanol/Water 290 192
Isopropanol/ Water 395 154
Styrene/Ethylbenzene 315 267
Propylene/Propane 308 188
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E 12. Pervaporation Membranes for the Separation of MTBE/Methanol Mixtures

28,30,38,39,95-109

Feed . Flux Temperature
Membrane (MeOH %) Separation factor (¢/m*hr) (c)
PVA 5~30 3~4 240~320 45
PVA/PAA
~ ~9 0~
(20 wt% PV A 88% hydrolyzed) 20 57~65 1,440~2,054 30~50
Nafion417 32~53 25 380 RT
PSS/ A103 Mg(27.5 mol%) 5~14.3 | 35,000~25,000 3~55 25
Polycrystalline silicate on porous stainless steel 516 9~3 11.000~135001  30~50
support : ) ,
Ceramic silica(silica . deposited on y-alumina 9~155 18.7~5.9 40.8~375 35
membrane) ) ) ’ ’ )
Cellulose acetete/CAHP(30 wt% CA) 5~20 190,000~175 51~1,440 30
Krict-1
(PIC based on chitosan) 25 155~ 3,100~1,900 50
Krict-2
(PIC based on sodium alginate) 25 323~ 1,827~306 50
Belgeg g AlgsHe EN|EYFHH 7IA EY)ERY Yegs AANE ATE Fd3on,

%, 9, Walsha o] $4% Eelolvj=eteg
o183l C, Bara B e Relol ta a7
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