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Membrane Separation Processes

—As an Alternative to Conventional Separation Processes——

Ho Nam Chang
Department of Chemical Engineering,
Korea Advanced Institute of Science and Technology,
P.O. Box 150 Chongyang-ri, Seoul, Korea
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Table 1. Typial Membrane Separation Processes Name

‘ Fe(;(i Driving

force Products Pr1nc1p1e of Senarat101 Practxcal Example
1. Gaseous Diff. Gas Pressure ‘gases dlfference in rates of | concentration of U ’35F flO"n
Gradient Knudsen on surface diffusion; natural UF;
through a porous barrier \’
. !
2. Gas Gas Pressure gases different solubilities and ! purification of hydrogen hy
Permeation gradient - transport rates through | means of palladium barriers
membratce ‘
- ]
3. Dialysis Liguids canc Liguids diffe | Recovery of NaOH in
gradient transport through ’ rayon manufacture artificial
K membrane (no bulk flow) ' kidneys
4. Electrodial- Liguids trical Lizuids tendency of anionic - Desalination of blakish
ysis ‘ Field ' membranes to pass only " waters
' (Ion Exch- anions, etc.
ange Mem
bnanes)
5. Osmosis salt osmotic  two tendency to achieve uniform| suggested for focd
solution  pressure liquids pressures removes water dehydration
Jdifferences from more dilute solution
8. Reverse Liguid pressure  ©wo liguid different combined solubi- | sea water desalination
Osmosis solution gradient solution lities and diffusivities of
spscies in membrane
7. ultrafiltration Liquids  pressurz two liquid different permeabilities wastewater treatment;
containing gradient phases depending on sizes of protein concentration
large molecules to be separated

|
imolecules
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Table 2. Typical Osmotic Pressures

Compound concentration  Osmostic pressure

(mg/{) (moles/{) {atm at 25°C)
NaCl 35,000 0.6 27.07
NaCl 1,000 0.0171 0.77
NaH; COs 1,000 0.0119 0. 87
Naz SO4 1,000 0. 00705 0.41
Mg SO, 1,000 0.00831 0.24
Sucrose 1,000 0.00292 0.71
Sucrose 282,000 0.825 26.64
Dextrose 1,000 0. 09555 0. 136
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Fig. 2. A' Schematic Reprsentation of the Isother-

mal Transport Properties of Membranes
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Fig. 3. Various Types of Membrane Modules
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(2) Prism Separator Process

Monsanto Chemical Company ol 4] 3] Zoi] 7]
ukgle] 1977 o] T & 2091 A-galekAld T
28 sl sbEA g ARgsla gtk Fad
24348 Ry, Petrochemical Synthesis
Hydrogenator Purge, Ammonia Purge, Hyd-
rodesulfurizer Purge, Methanol Purge, FCC
Absorber Offgas, Gasoil Hydrofiner Purge I
Al A A4xcl, #Amg Fig. 44 Ammonia
Purge Gasol| 4 H, & 3435l TAL g F
i glvh. Feed gas 2% 6.1% H., 22% N,
17% ¢ E3}7t27) E¢l7}s Permeate gas &
+ 400 psigell A 86% H: 8% N, 6% E3t7t~
7F 3 g5 e 2974 Product stream o2 1
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2] = Feed ¢} Permeate gas stream 4] ¢}#
z}-oﬂ 38t 7}&7) hollow fiber & %3l &
g, ol No,Hi,CH & Es&me] 3
-4%]—021 2el=A =d, 5§ H.O,H;He 5
3}8}= CHy, N: 52 A3 F33t
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Fig. 4. Monsanto’s Prism Process (hollow fiber
type)
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(4) Electrodialysis Frocess
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Fig. 5. A Schematic Diagram of Electrodialysis Separation (NaCl case)
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(5) Liguid Membrane Process

Fig. 6ol g o] 43 sllE AlAYE R
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(6) Ultrafiltration Process
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Fig. 6. An Example of Liquid Membrane Process
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i8¢ pore membrane o 7 Adtixlsle &
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o7 239 377} pore size By} =H 100%
retention 53 Ao AR whx oA =7l
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(7) Reverse Osmosis Process
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ate membrane o] salt rejection property = %
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Fig. 7. A Schematic Comparison of Normal Me-
mbrane (A) vs. Loeb-Sourirajan Asymme-
tric Membrane: solute



A& #|4s], Food Processing, pulp and
paper industry 5 ¥ 3Hi ceo53 vk
Reverse Osmosis = =] %% cellulose acetate
membrane 6] AF-&= x| =k porous membrane ol
o} F o & B FF salt rejecting membrane
< casting 3k¢] rejection property & %33
flux = =A sH& “composite membrane” =} po-
rous tubee] humic acid, hydrous zircoium
oxide acrylic acid 5¢ A A e A A
4 g o6 L AALA e AL B
X “dynamic membrane”% Auks o} %go]
#uks] of T gt Reverse Osmosis + m-
embrane separation process & Al FE7}F
o e AgHE e FHelmz el $Ed 4
F-o] e} A ool w2 gk

3. B E#ol RHEF ;R
%H e sierd 246l @ AT, B A
dar AT, Al zdel a3t T, 1K
"LH%Q] 2] A & (polarization, gel formation)
o] = AT, el 38l gk ATEel B 7

2ol B FaT ATeokeh AT
Table 3 )= Reverse Osmssis & [ Al 2
| AeHE nia BES ueFL gled
Hﬁﬁ 240 B el wRse B 2w
spetd 4do] wol LAk =R @ AL
B, o EEH cellulose acetate of] A =
functional groupel] methacrlyate, benzoate,
propionate, butyrate & Aggto 2a Y

Table 3. Various Polymers used for Reverse Os-

mosis CA = cellulose

Cellulose CA

Cellulose Acetate CA + CTA
Polyamide CAM (methacrylate)
Polyurea CAB(benzoate)
Polyfuran CAP (propionate)
Polyether CAB(butyrate)
Fluoropolymer

Polyvinyl Alcohol
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