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Primary Factar

Affecting Separation

USEFUL RANGES OF VARIOUS SEPARATION PROCESSES
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Figure 1. Useful ranges of various separation processes



Table 1. Methods of manufacture of synthetic membranes

Frocess Materials
Phase inversion by Polymers
Solvent evaporation Cellulose acetate, polyamide
Temperature change Polypropylene, polyamide
Precipitant addition Polysulfone, nitrocellulose
Stretching sheets of partially Polymers : PTFE
crystalline polymers
Irradiation and etching Polymers : polycarbonate, polyester
Molding and sintering of fine-grain Ceramics, metaloxides, PTFE,
powders Polyethylene
POLYMER SWELLING AGENT SOLVENTS
CASTING DOPE/SOLUTION
CASTING MACHINE SPINNERETTE
ANNEALING
WET STORAGE

Figure 2. Schematic of general procedure for manufacture of membranes
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Table 2. Application areas of microfiltration

Industry Applications
Fermentation Sterilization and removal of microparticles in liquid or gas transfusion
filter set, hemocyte/serum separation, purifications of surgical water
Electronic Removal of microparticles from ultrapure water, purifications of

chemicals and solvents

Food and beverage | Purification of edile oils, beverage, draft beer and wine

Others Removal of microparticles from solvents and oils, water purifiers for home
used, purification of condensed water at nuclear plants
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Table 3. A number of organic and inorganic materials for microfiltration

Class Materials

Hydrophobic Polytetrafluoroethylene(PTFE, Tefion)
Poly{vinvlidene fluoride)}(PVDF)
Polypropylene(PP)

Hydrophilic Cellulose esters

Polycarbenate(PC)
Polysuifone/poly{ether sulfone) (PSIPES)
Polyimide/poly{ether imide) (PI/PEI)
Aliphatic polyamide (PA)

Ceramic Alumina{AlLO,)
Zirconia(Zrd,)
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Table 4. Application areas of ultrafiltration

Industry Applications

Fermentation Production of sterilized or pyrogen-free water concentration/
purification of enzymers, production of vaccines, purification of
fermented liguors

Medical Filter- type artificial kidney
Electronic Purification of ultrapure water
Automobile Recovery of electrodeposition paints

Food and beverage | Clarification of fruit juices, production of unrefined spirits, removal of
dregs from soy sauce
Others Purification of colloid and emulsion




Table 5. Typical ultrafiltration membrane materials

Class Materials

Polymeric Poly(vinylidene fluoride)

Cellulosics(e.g. cellulose acetate)
Polysulfone/poly(ether sulfone)/sulfonated polysulfone
Polyimide/poly(ether imide) (P/PEI)

Aliphatic polyamide (PA)

Polyacrylonitrile (and related  block-copolymers)
Polyclefins/halogenated polyolefing

Palystyrenes

Ceramic y-Alumina/ c-Alumina

Zirconia(Zr(},) /stainless steel or zirconia/carbon
Boresilicate glass

Pyrolyzed carbon
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Table 6. Selected applications of reverse osmosis

Class Applications
Desalination Seawater and brackish water
Electronic Purification of ultrapure water
Wastewater treatment Industrial and municipal wastewater, textile wastewater,

electroplating wastewater, pulp and paper wastewater
MNanofiltration applications in | Textile, pulp and paper, electroplating, dye manufacturing, food
wastewater treatment processing, hazardous wastewater
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Table 7. Characteristics of selected reverse osmosis membranes

Membrane material Commercial " Flux Rejection
and manufacturer name Module Conditions (efd) J(%)
[Cellulose acetate]
uop 500ppm, 8Mpa 19.4 98
(smonics 815PR T 2000ppm, 2.9Mpa | 0.456L/5° 20
3158R S 2000ppm, 2.9Mpa | 0.280L/s* 90
DDS CA990 ] 2000ppm. 4Mpa 41.3* g0
CA999 2000ppm, 4Mpa 11.8° 9§-993
Toray SC-3000 1500ppre, 5Mpa 7.37 96
[Cellulose diacetate and triaceiate] 5
DDs CA 865pp 2300ppm, 3Mpa 50.2 26~34
CA9G0pp 2500ppm, IMpa 41.3 55~65
CAS995pp 2500ppm, 4Mpa 236 >04
[Cellulose triacetate]
Envirogenics 5000ppm, 4.1Mpa 4.9 98
[Cellulose acetat butyraie] PF
Universal water 5000ppm, 4.1Mpa 14 >99
{Aromatic polyimide] PF
Du pont B-9 3000ppm, 2.8Mpa | 0.055L/s a3
B-1¢ HF 5000ppm, 5.2Mpa 0.197L/s gg
[C;‘i’fﬁl '}‘gfd aromatic polyamide] | £ 25 sw3omR 35000ppm,5.5Mpa | 12,1 99.5
DDS HR98 5 2500ppm, 4Mpa 44.3 98.5-.99.5
Osmonics 411 HR (PA) PSF 2000ppm, 1.6Mpa | 0.079L/s o8
[P?\}ft‘t’c"“ylalc"h"'(TFC) ] NTR-729HF 150000pm, 0.99Mpa| 32 92
NTR-739HF 5 15000ppm, 3.99Mpa a5
] 3
[Aﬁlt;zlkﬂ polyamide/polyurea] NTR-7197 5000ppm, 4.1Mpa | 56.5° 98.5
UJTC-40HF 5 1500ppm, [.5Mpa 6l1.5 90
S
[Cfr‘;j;’inked polyether(potyfuran)} PEC-1000 35000ppm, 5.5Mpa | 8.59 9997
5
[Con(sssr—,lmked polyethylenimine] NS100 5000ppm, 4.1Mpa 971 99
North Star NS200 PF 5000ppm, 4.1Mpa 6.69 a7
_ . PF
[Cross-linked polypiperadine amids] NF-40 2000ppm, 1.6Mpa 25 4 45
Film Tec NTR-7250 S 2000ppm, 2.0Mpa 75 20
Mitio S

* PF-plate & frame membrans, 3-spiral wound module, T-tubular membrane, HF-hollow fiber maodule

* Pure water flux



Table 8. Ultrapure water for the electronics industry (Integrated circuits and sensitive surfaces)

Procedure 1

Level of
procedure 2

Level of

Lavel of
Procedure 3

Resistivity Greater than 18MQ.cm at 25°C
FH 6.5 to 7.5
Temperalure 20°C + 1°C
Evaperature reuslidue 1 05 0.95
{max, mg.l™!)
Silicon(Si) . 0.02 0.02 0.01
{(max, mg.1™
Sodume(Na) 0.01 0.01 0.005
{(max, mg.1™
Metailic and
metallc?idal i%npurities. 0.05 0.05 0.01
each impurity
(max, mg.l™D
Organic matter_{]TOC) 1 0.25 0.05
{max, mg.]™)
Particulate Mermbrane Class 0 (NAS ~ _
Contamination, 1638)
max. Oplical 40,000 per 1 dia, 1,000 per 1 100 per 1
counler 2 0.bum dia, > 0.5pm dia, > 0.5pm
Microorganisms
{number of | 37°C/24h 40 10 1
colonies per
100ml) 22°C/72h 300 K10 3
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Figure 3. Treatment line for the electronics industry
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Figure 4. Schematic diagram of manufacturing pure water for flushing water in pharmaceutical

industry
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