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H 1. Application Areas of Microfiltration

¥ 3. Application Areas of Ultrafiltration

Industry Applications Industry Applications
Fermentation |Sterilization and removal of microparticles in li- Fermentation |Production of - sterilized or pyrogen-free water,
quid or gas transfusion filter set, hemocyte/serum concentration/purification of enzymers, production
separation, purifications of surgical water of vaccines, purification of fermemted liquors
Electronic Removal of microparticles from ultrapure water, Medical Filter-type artificial kidney
purifications of chemicals and solvents Electronic Purification of ultrapure water
Eeoggr:;g Purification of edible oils, beverage, draft beer Automobile Recovery of electrodeposition paints
and wine .. . )
. . . Food and Clarification of fruit juices, production of unrefi-
Others Removal of microparticles from solvents and oils, beverage ned spirits, removal of dregs from soy sauce
water purifiers for home used, purification of con- . i .
Others Purification of colioid and emulsion
densed water at nuclear plants

& 2. A Number of Organic and Inorganic Materials for Microfiltra-
tion

Class Materials

Polytetrafiuoroethylene(PTFE, teflon)
Poly(vinylidene fluoride) (PVDF)
Polypropylene (PP)

Cellulose esters

Polycarbonate(PC)
Polysulfone/poly(ether sulfone) (PSf/PES)
Polyimide/poly(ether imide) (P1/PEI)
Aliphatic polyamide(PA)

Alumina(Al,O3)

Zirconia(ZrO,)

Hydrophobic

Hydorphilic

Ceramic

Hoe MzE F 9o, ¥ uEte 4ERQZ &
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8 2 1, E o sugar f 9
z = 1A o=

3@ 1. Application ranges of various membrane processes.
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¥ 4. Typical Ultrafiltration Membrane Materials

Class Materials

Poly(vinylidene fluoride)
Cellulosics(e. g. cellulose acetate)

Polysulfone/poly(ether sulfone)/sulfonated
polysulfone

Polyimide/poly(ether imide)

Aliphatic polyamide(PA)

Polyacrylonitrile(and related block-copolymers)
Polyolefins/halogenated polyolefins

Polystyrenes

y-Alumina/a-alumina

Zirconia(ZrOq)/stainless steel or zirconia/carbon
Borosilicate glass

Pyrolyzed carbon

Polymeric

Ceramic
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F 5. Selected Applications of Reverse Osmosis

Class Applications

Desalination Seawater and brackish water

Electronic Purification of ultrapure water

Waste water | Industrial and municipal wastewater, textile wa-
treatment | greyater, electroplating wastewater, pulp and pa-

per wastewater

Nanofiltration | Textile, pulp and paper, electroplating, dye ma-
applications . . te-
in wastewater nufacturirig, food processing, hazardous wasf
treatment water

H 6. Characteristics of Selected Reverse Osmosis Membranes

Wl AE, Qdze Bu 7EYe Bt 59 g we
A7Ee] A gk olo) whe AT, ALY T
2548 PIN e AMEE §ATe) F3NeE 7
2N A $29 F2L Haslshs 59 L) A
T ek

23 Y AtFgt

JaEure B2 S5gsas Bxoz o §5
o] AFEQH(SF 28 kg/em®) & Tt ALESFR L 50~60
kg/cm?eh, Aol Aol ©sl, HMEATY olre
2&50 AZ 5 PN EoloA 0|85 T Yon(E
5),87% ze)o) Mgz o= olMHo|ET Byt ohlg} 1
A5 A TERT) AEE)e) ol2Hch, EF A

Membrane material Commercial .. Flux Rejection
and manufacturer name Module* Conditions (gfd) (%)
[Cellulose acetate]
uop - T 500ppm, 8Mpa 194 98
Osmonics 815PR S 2000ppm, 2.9Mpa 0.456L/s* 90
815SR S 2000ppm, 2.9Mpa 0.280L/s? 90
DDS CA 990 - 2000ppm, 4Mpa 413 )
CA 999 - 2000ppm, 4Mpa 11.8° 98~99.5
Toray SC-3000 S 1500ppm, 1.5Mpa 7.37 96
[Cellulose diacetate and triacetate]
DDS CA 865pp - 2500ppm, 3Mpa 50.2 26~34
CA 960pp - 2500ppm, 3Mpa 413 55~65
CA 995pp - 2500ppm, 4Mpa 236 >04
[Cellulose triacetate]
Envirogenics - PF 5000ppm, 4.1Mpa 49 98
[Cellulose acetate butyrate]
Universal water - PF 5000ppm, 4.1Mpa 14 >99
[Aromatic polyamide]
Du Pont B-9 HF 5000ppm, 2.8Mpa 0.055L/s 93
B-10 HF 5000ppm, 5.2Mpa 0.197L/s 99
[Cross-linked aromatic polyamide]
Film Tec FT-30-SW30HR-8040 S 35000ppm, 5.5Mpa 121 99.5
DDS HR 98 PF 2500ppm, 4Mpa 443 98.5~99.5
Osmonics 411 HR(PA) S 2000ppm, 1.6Mpa 0.079L/s 98
[Polyvinylalcohol(TFC)]
Nitto NTR-729HF S 15000ppm, 0.99Mpa 32 92
NTR-739HF S 15000ppm, 0.99Mpa - 95
[Aryl-alkyl polyamide/polyurea]
Nitto NTR-7197 S 5000ppm, 4.1Mpa 56.52 98.5
UTC-40HF S 1500ppm, 1.5Mpa 61.5 90
[Cross-liked polyether(polyfuran)]
Toray PEC-1000 S 35000ppm, 5.5Mpa 8.59 99.92
[Cross-liked polyethylenimine]
uop NS100 PF 5000ppm, 4.1Mpa 9.71 99
North Star NS200 PF 5000ppm, 4.1Mpa 6.69 97
[Cross-liked polypiperadine amide]
Film Tec NF-40 S 2000ppm, 1.6Mpa 25.4 45
Nitto NTR-7250 S 2000ppm, 2.0Mpa 75 50

*PF-plate & frame membrane, S-spiral wound module, T-tubular membrane, HF-hollow fiber module

2 Pure water flux
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1% 2. Structure of cross-linked polyamide.
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8% 3. Recommended reverse osmosis membrane structure for
chlorine resistance.
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B 7. Coefficients of Permeability. of Various Polymer Membranes to Gases

Permeability coefficient [cm3(STP)cm/em?s cmHg] X 100

Membrane
Temp.(C) He H, CO, 0, Na Poy/Py Pco,/P,

Poly(dimethylsiloxane) 25 230 - 3240 605 300 2.02 10.8
Poly(4-methy! pentene) 25 100 - 93 32 8.0 40 116
Natural rubber 25 237 90.8 99.6 17.7 6.12 2.89 16.3
Ethyl cellulose 25 534 113 15 30 5.0 226
Poly(2,6-dimethylphenylene

oxide) 25 75 15 443 3.39 16.9
Poly(tetrafluoroethylene) 25 12.7 49
Polyethylene, d=0.922 25 493 12.6 2.89 0.97 298 13.0
Polystrene 20 16.7 10.0 201 0.32 6.28 313
Polycarbonate 25 19 80 14 0.30 4.67 26.7
Buty!l rubber 25 8.42 5.2 1.30 0.33 394 15.8
Acetyl cellulose 22 136 043 0.14 3.07
Polypropylene, biaxially

oriented 27 18 0.77 0.18 428 10
Polyethylene, d=0.964 25 114 3.62 041 0.143 2.87 25.3
Poly(vinyl chloride), 30%

DOP plasticized 25 140 13.0 37 0.60 0.20 30 18.5
Nylon 6 30 0.53 0.16 0.038
Poly(ethylene phthalate) 25 11 0.6 0.15 0.03 0.006 5.0 25
Poly(vinyliene chloride) 25 0.08 0.029 0.005 0.001 5.0 29
Polyacrylonitrile 25 0.55 0.0018 0.0003
Poly(vinyl alcohol) 20 0.0033 0.0005 0.00052
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X 8. Selected Applications of Gas Separation

Gases Applications
0y/Ny Inert gas, Oxygen enrichment
Hy/Hydrocarbon Refinery, Hy recovery
Hy/CO Syngas ratio adjustment
Hy/N, Ammonia purge gas treatment
COy/Hydrocarbon Natural gas treatment

HyO/Hydrocarbon Natural gas dehydration
Hy/Hydrocarbon Sour gas treatment
He/Hydrocarbon He separation

He/N, He recovery
Hydrocarbon/Ar Hydrocarbon recovery
50,5, NOo/Ar Pollution control
H,0/Air Air Dehumidification
H;0/Alcohol Alcohol dehydration

E 9. Water Permselective PV Membrane for Water/Ethanol Sepa-
ration

Feed

Fi -
Temp. | ethanol | Selecti- ux | Develo

(wt%)
[Water permselective]
PVA with maleic acid/
PAN composite 80 95 9500 | 0.01 GFT
K salt treatment CMC/ Dow

8

PAA polymer alloy 90 4100 | 006 | chem.

Chitosan sulfate/PAN
hollow fiber composite| 60 95 2700 | 038 | BPRA*

Polyioncomplex PAA/

PAN composite 70 95 3310 | 169 | BPRA
Polyhydroxymethylene | 60 95 8950 | 001 | BPRA
Alginic acid cobalt 60 93 78700 | 0.10 | BPRA
[Ethanol Permselective]

PDMS — 20 10 | 0.05 20

PMSP — 10 30| 190 21

Polystyrene-polyfluoro
alkylate copolymer
composite - 8 45 | 0.05 22

* BPRA is an abridgment of “Research Association for Basic Poly-
mer Tech.” in Japan.

25 EnE gy}

19509 742 f71E8E2 Faot S 93 gy
22 S/, AEdA, F& ¥ 4 AzviEamgye] A}
SHUTE 28y olE B ) Ve R ExEwuts
o]-&3h= FAol #Ao] Koty on, 1950t) Zo) n|2g)
Binningo] 11 82}utg o] g3le] §71EFHES Hals Ae
AFeg dAle AY 2E valelA 7z 2 28 477}
&3] Jysa Qo

Ashs 198611 £ GFTAA ogte 248 =

97



HEuute] Aqlslel AFstgen, MTRAMINE L H¥
E28E 2% §7)4WE Relske 3RS A
ok, AgHow AL mow v {UV/H7] EFE
Fgle o}y Aoz g A 3o, Air Produ-
ctsAte} Texacortoll A #E3] A5 Urh

251 0etE +=8%9 £

At Fgdo] gpiE]d] o7 AFT ATE A4t
= Zgu|dgE, Zeoladzaued 2 JJQuEaso)
F2 AEER ok B8 M93os RaA F glE
GEL 90%0l 2] NehE-& Ersle] nEk EE-S A
Qs W BEFoln, AT LEE Fo) AolH o)]E]—
& FEAT o] Ak oEE 890 FHL EE S

H 10. PV Separation Results of Acetic Acid and Pyridine from Wa-
ter

Feed Selecti- Flux '{p:rr:- Refer-
Membrane (Wt% ) (g/m?
solute) vity hr) ture enee
©

[Acetic acid/water]

Nylon 6/PAA 755 69.5 43 15 23
PVA/PVP 90 2.8 800 25 24
PVA/PEI 90 20| 1400 25 24
PVA/PAA 90 17.5 300 25 24
Crosslinked PVA 90 205 | 420 75 25
P1 80 5500 330 70 26
PC 80 260 430 70 26
PAI 80 800 440 70 26
Neosepta CM-1 80 10 440 40 27
Neosepta CM-2 80 11.5| 220 40 27
Selemion AMV 80 45| 830 80 28
Selemion CMV 80 4 330 80 28
Nafion 324 80 4 1700 80 28
PSF(S03) 94 16 - 24
[Pyridine/Water ]

PERVAP 1000 20mol% | 13.1| 328 40 29
NAN-ARC-90-1 19mol%| 389 1180 40 29
GFT 59 273 330 40 30
Treated GFT 59 1438 140 40 30
RAI 1010 59 8.8 | 3850 40 30
PEA 59 22| 1500 40 30
PESS 59 6.1 930 40 30
Nafion 59 3.7 680 40 30

PAA=poly(acrylic acid), PS=polystyrene, PAN = polyacrylonitrile,
PVA=poly(vinyl aicohol), PEI=polyethyleneimine, PVP=poly(2-
vinyl pyrrolidone), PI=polyimide, PC= polycarbonate, PAI=polya-
mideimide, Neosepta CM-1/CM-2=cation exchange membranes
from Tokuyama Soda, Selemion AMV = polytetrafluoroethylene-NH3
* from Asahi Chemical, Selemion CMV = polytetrafluoroethylene-
COO from Asahi Chemical, Nafion= polytetrafluoroethylene-SO5
from Du Pont, GFT=PVA composite membrane from GFT, Treated
GFT, crosslinked GFT, PAI 1010=poly(tetrafluoroethylene-co-sty-
rene sulfonic acid), PEA=polyethylene grafted with acrylic acid,
PESS=IPN of polyethylene and sulfonated poly-styrene-co-divinyl-
benzene.
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H 11. PV Results of Halogenated Organic Compounds from Wa-
ter

Membrane Tr::::- Conc. in  Separa- Flux Refer-
feed tion [g/m?hr] ence
[pm]
[ Chloroform1
NBR 194 0.04[wt%] 19000 117 31
SBR 30 001 11.1 0.013 32
PVDMS 147 001 560 1.570
PVDF 46 0.01 9.2 0.048
PDMS 23 001 194 0.052 33
Si/imide 8 011 446 140 34
Zeolite filled 38  5.6(ppm) 165 473 35
PTMSP
[1,1,2-Trichloroethane]
BA-AA 0.17[wt%] 485 15.7X10* 36
HDPE-g-BA 0.09 758 380 37
[1,2-Dichlorothane ]
PTFE 5.6(ppm) 84 7.48 38
[Chlorobenzene]
PE(irradiated) 94(ppm) 1237 245 33
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