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Table 1. €& T3] H2 NLeF

No. Type Examples
(O Various RO and Ion Exchange Membrane
O Introduction of Hydrophilic groups into
Polymer Chain
A) Nonion Group :
— OH, —I\Q——CONHZ, etc.
] Hydrophilic commercial and
synthesized membranes o
=
N\, +7 x> I
N N
B) Cation Group : / \ "2~ X
C) Anion Group :
-503-, -CO0O~, -0SO3-
A) Copolymerization
B) Blending
5 Introduction of Hydrophilic C) Plasma, Electron Beam and Gamma Ray

group into Hydrophobic membrane Initiated Graft Polymer

D) Plasma polymerization onto Hydrophobic
Substrate
3 Hydrophilic-Hydrophobic Mosaic Membrane
Block membrane

Table 2. €58 Y LEA FHFULY &g 25

Ethanol Separation | Permeation
. . Temperature
Material in feed () factor rate
(wt%) a Q(kg/m' - hr)
Crosslinked PVA j¢5) 80 9,500 0.01
Poly(hydroxy methylene) 95 60 >8,950 0.013
N-methoxymethylated Nylon-3 50 20 200 0.25
Poly(vinylacetate)composite 95 20~50 60~110 —
Chitosan(crosslinked with HzSO4) 90 60 6,500 0.1
Poly(allyl-ammonium)chloride ~90 40 100 0.07
Sulfonated polyethylene Cs’ 85.4 26 725 0.152
Na’ 84.4 26 671 0.080
CMC(0.8DS, Na') 30 30 2,430 0.052 "
Alginic acid(crosslinked with Co®) 90 60 5,000 0.15

1) Permeation rate: kg mil/m’ - hr
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Table 3. ZEAEHMEE o] &35 44 Fosda

Ethanol Temperature Separation | Permeation
Blends in feed f)%) factor rate
(wt%) @ Q(kg/m’ * hr)
PAN/PVP 9.6 20 321 1.82
Cellulose nitrate
/Poly(methyl acrylate) % 30 633 0.002
PAA/Nylon-6
(Tonically crosslinked) 80~90 15~35 30~170 0.01~0.03
PV A/Polystyrene sulfonic acid
Ba” % 60 1,870 0.12
Al 9%5 60 1,500 0.08
PVA/Poly(ethylene glycol) 95 65 135 10
Table 4. 2HZEE o] &3 &8 F3}FEY
. - Separation | Permeation
I'runk | Ethanol |Temperature
Monomer olymer | in feed C) factor rate Q
b @ (kg/m - hr)
N-vinylpyrrolidone PTEE | 95.6wt>% 25 29 22
N-vinylpyrrolidone PTEE | 9%vol% 55 60 " 2.03 ¢
4-vinylpyridine PTEE | 96vol% 55 66 " 08 ?
styrene PTEE 47vol% 25 41" 1.25 ¢
(sulphonation) 71ivol% 2 44" 09 ?
dimethylaminoethylmethacrylate PE 90vol% 20 33 0.15
N-vinylpyrrolidone PVF, 80wt% 70 7 0.8
4-vinylpyridine PVF; | 80wt% 70 8 0.67
4-vinylpyridine/CHat PVF; 80wt% 70 73 1.0
Acrylic acid PAN 80wt% 70 9 16
Acrylic acid/K’ PAN 80wt% 70 866 34

1) o is based on volume concentration

2) Permeation rate: £/m' -« hr
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Table 5. PVAA 9] €58 F35¢at
Ethanol T " S " Permeation
Membrane Crosslinking in feed emf;r)a ure fzz:or? 12n rate Q
(wt%) (kg/m’ - hr)
Dense thermal 95.1 150 20 —
Dense
ki ~90 4 ~ —
(biaxially oriented) | " noW" 9 0 220
Dense unknown 60~95 70 50~230 —
Dense thermal 20~90 40 20~40 —
maleic acid 30 80 1,400 0.04
Composite maleic acid 95 80 9,500 0.01
(GFT membrane) formaldehyde 90 70 50 1.0
fumaric acid 80 80 350 0.2
N-methylstyryl-
Composite pyridinium group 88.9 — 9 0.69
(photochemically)
h hylated
Composite methoxy methylated | g4 & 1,408 0.132
melamine
1) Vapor-permeation method
Table 6. 71 EAA @& Fap3ddt
Ethanol T ¢ S . Permeation
Membrane in feed emz)%r)a ure fZi:: 12" rate Q
(wt%) (k¢/m’ - hr)
oo 50 70 89 2.85
lze_aczeéylatxon 99%,(H3F) 75 70 152 L34
Bt 95 70 5.4 0.84
Deacetylation 73%,(DMF) 80 35 177 0.14
dried on a filter paper 92 35 1,240 0.006
90 40 31 0.123
N 0,
Deacetylation 99% 956 0 17 0.065
Crosslinked with glutaraldehyde(GAC) 50~90 40 > 2,000 —
Ionized Chitosan CH3COOH 90 60 1234 0.40
(deacetylation 98%) HCl 90 60 593.1 0.21
H,S504 90 60 1,040 0.16
non-ionized 90 60 355 0.35
Tonized by H2SOq4 90 60 6.500 0.10

(Degree of ionization > 90%)
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Table 7. TEAANAA €54 B3

A

ul- o}

ofN

(Sasakura)

=2 71
Polyelectrolyte Type Examples Reference
(O Nafion (Showa Denko, Japan) JP59-4904182
O Polyacrylic Acid (BP, UK) JP61-502804A
Synthetic Polymer O SulfonaFed Ion-Exchange Membrane JP59-102404A
(Asahi, Japan)
. (O Sulfonated Ion-Exchange Polyatkene USP-4728429
Polyanion (Cabasso, US.A)
Synthetic O CMC/PAA Blend (Dow, US.A) JP60-120104A
+ O Alginic Acid / Vinyl Polymer JP63-1234A
Polysaccharide (Sasakura, Japan)
Polysaccharide | O Alginic Acid, CMC, etc. (Dow, US.A) JP60-129104A
Poly(4-vinyl pyridine) containing 2~30%
Synthetic Polymer| Poly(acrylonitrile) copolymer JP61-259707A
(Tokuyama Soda)
Polycation Synt+het1c Chitosan-Vinyl Polymer Blend or Copolymer IPB2-4407A
Polysaccharide (Sa )
Chito: i ith metal i
Polysaccharide san coordinated with ons JP6L-287407A

Table 8. GFTAL olaix dA o] 45 258 FHFLHAN

Pervaporation operation

No. of plants

Ethanol dehydration
Betheniville sugar refinery, France (150,000 1 d D)
Provins sugar refinery, France (30,000 1 d H
Smaller plants (1,000-12,0001d ")

Isopropanol dehydration
Production capacity ranging from 5000 to 15,000 1 g

Dehydration of ethylacetate (1,000-6,0001d "

Dehydration of ethers (tetrahydrofurane, dimethoxyethane)
Production capacity ranging from 2,000 to 6,000 1 d !

Dehydration of ketones (6,000 1d Y

Dehydration of other organic solvents
Production capacity ranging from 750 to 15,000 1 d !

Multipurpose plants (integrated systems)

Total number of operational units

6
3

33

+25 pilot plants (4m' surface area membrane each) installed to test the applicability of
the technique to potential fractionation problems
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Table 9. The sort of conventional treatment technics of organic
halogenated pollutant in waste matters
Recovery/Reuse Treatment Destruction
Evaporation Dechlorination Incineration
Carbon adsorption
Biological Molten salt
Distiliation UV/Ozonation Plasma arc
Chlorinolysis Wet air oxidation Advanced electric
reactor
Air stripping Supercritical water Lime/cement kiln
Solvent extraction coincineration
Table 10. PV separation resuits of chloroform from water
Membrane Thickness Conc. in Conc. in  Separation  Flux Reference
(m) feed permeate factor (g/mhr)
NBR 194 0.04(wt%)  88.4(wt%) 19000 11.7 6
SBR 305 0.04 86.5 16000 55
PVDMS 30 0.01(wt9%)  0.111(wt%) 11.1 0.013 7
PVDF 66 0.01 0.088 838 0.355
PDMS 147 0.01 5.304 560 1.570
ECN 46 0.01 0.092 9.2 0.048
Si/imide 23 0.01 0.194 19.4 0.052
HDPE-g-EA 23 0.12(wt%)  9.90(wt%) 93 180 8
HDPE-g-BA 8 0.11 33.1 446 140
PTFE 14.8(ppm)  82.0(ppm) 55 2000 9
Silicone rubber 0.973 184 189 272
PTMSP 0.908 214 237 31.3
Zeolite filled PDMS 30 250(ppm) 1000 10
PTFE 38 5.6(ppm) 16.5 4.73 1
10.0 115 8.13
21.0 6.76 13.33
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Table 11. PV results of trichloroethylene from water through rubbery

polymer membranes

Membrane Separation Perme‘ability
factor (m'/s)

Fluorocarbon elastomer 230 1x10"
Polyacrylate rubber 440 7x10 "
Polyurethane 430 3x10 "
Epichlorohydrin terpolymer 1380 72%x10 "
NBR(38)(Nitrile butadiene rubber(38% AN)) 2000 33x10"
NBR(28) 2690 4x10 ™
NBR(18) 11000 12x10 "
NBR(0) 36000 38%10 ¥
PDMS(Polydimethylsiloxane) 17500 54x10°
Polychloroprene 30000 68x10 "
Polyoctenamer 59000 27%10 "
Ethylene-propylene terpolymer 320000 27x10 "
Table 12. Removal of 1.1.2-trichloroethane from water

Conc. in Conc. in Separation Flux
Membrane feed permeate ?actor (g/m'hr) Reference
BA-AA 0.170(wt%)  45.2(wt%) 485 157%x10"* 4
LaMA-AA 0.193 81.4 2264 6.52x10"
tert-BA-AA 0.182 1.47 8.20 3.76%10 "
CHA-AA 0.186 5.46 310 2.17x10 "
BeA-AA 0.201 178 108 5.05%10 "
HDPE-g-BA 0.09(wt2) 39.5(wt%) 758 380 8

Table 13. Capital

and operating costs of a 20,000-gal/day PerVap

system to remove 1.1.2-trichloroethane from wastewater

Item Cost($)
Capital cost 155,000
Operating cost per year 22,800
Depreciation at 15% 15,500
Labor(10% of capital) 15,000
Module replacement(3-year life) 60,000
Total cost per year 113,300
Operating cost per 1,000 gal feed 18.8
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Table 14. PV results of halogenated organic compounds from water

Conc. in feed Separation Flux

Solvent Membrane (ppm) factor (g/mthr) Reference
1.2-Dichloroethane PTEE 5.6 84 7.48 1
75 8.0 11.01
30.2 6.2 24.94
PSF 25 468 155.03 1
50 3.24 216.69
75 2.64 267.30
CCl4 PDMS 27.3 6100 (NRe=200) 14
hollow fiber 22.8 10300 (Nge=350)
26.0 15800 (Nge=670)
Chlorobenzene PE(irradiated) 94 1237 245 16
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