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Abstract : Membrane technologies have been used frequently in industries, taking advantage of that it
is energy-saving and employable in relatively large scale. The fact that a non-mass separating agent 1s
used in mild conditions without phase change in membrane separation makes it a method of choice in the
recovery of biological materials. Recently, the development of noble separating modules has been solving
the inherent problems in membrane separation, the fouling and the concentration polarization. In addition,
membrane separation has broadened its applications from the conventional crude separation to the
purificational use by the advent of the new and functional membrane materials. The role of membrane
technologies is expected to be enormous in the production and recovery of biological products, considering
the excellent applicability of membrane in the fields of integrated separation and in-situ separation, the
two trends in modern bioseparation
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Table 1. Apparent Dimensions of Small Particles,
Molecules and Ions

Range of dimensions

Species (hm)

Yeasts and fungi 1000 ~ 10000
Bacteria 00~ 10000
Gil emulsions 100 ~ 10000
Colloidal solids 100 ~ 1000
Viruses 0 ~ 30
Proteins/polysaccharides (mol. wt 10~10) 2~ 10
Enzymes (mol. wt 10°~10) 2 ~ 5
Common antibiotics (mol. wt 300~1000) 06 ~ 12
Organic molecules (mol. wt 30~500) 03 ~ 08
[norganic ions (mol. wt 10~100) 02 ~ 04
Water (mol. wt 18) 02
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Table 2. Types and Characteristics of Widely Practiced Processes.

Separati Senaration Rejected Permeated Typical Examples
Pﬁara on Mztc)iramsm Feed Stream Species Species Transmembrane of Industrial
ocess (in Retentate) (in Permeate) Driving Force Use

Processing of
corn-stillage
streams,
concentration
. Low mole.-wt .
P . . Size* > 1,000A ; . of emulsions
€ y SUS Lp < 10+ 3 )
Microfiltration |  Sieving | Liquid or gas up to 200004 suspenc_hng_ gas p < 10-20 psi cell suspension
or hquid .
concentration,
bacteria and
particulate turbidity
reduction
Auto-paint
Tecovery,
microemulsion
. il removal
__ . . Size* > ~10A  Low mole.-wt . o ’
AN
Ultrafiltration |  Sieving Liquid up to 1000A solvent p < 50 psi bxomolf;cule
s and virus
separation from
aqueous
streams
. Size* > ~5A Solvent, ions,
- T T AG _
Dialysis am?l:zm%ion Liquid up 1o S0A - & microsolutes | Sma>JlOA Hemodialysis
N oo d (MoleWt : ~50 (<40 Daltons) cometimes primarily
to 10,000 Daltons) if £AG=0
Size* > 1A solvent HAp >> 0 Water
Reverse Sorption - (1A-10A) ) often to overcome desalination,
; e Liquid . ] (usually .
0SMOSIs ~diffusion microsolutes water) osmotic pressure, wastewater
and hydrated ions so, Ap-Art >0 treatment
Dehydration
Nhgroso]utes anfi solvent may be Alfugacity of D, of organic,
. rejected or passed. Preferential . streams and
. Sorption . . | set by feed liquid
Pervaporation ep Liquid permeation rate of A vs. B depends . removal of
~diffusion . e mole fraction and .
upon the relative solubilities and rmeate vacuum trace organics
diffusivities in the membrane % from aqueous
streams
Separation of
Microsolutes and solvent may be . . O/Ns, Hy/CH,
g A . Alfugacity of i), COy/CH,,
Gas and . rejected or passed. Preferential
Sorption - | usually egual to Hy/Ns, H/CO,
vapor e Gas or vapor | permeation rate of A vs. B depends .
. ~diffusion T partial pressure H:0/CH,, and
permeation upon the relative solubilities and ;
Y difference, Apx removal of
diffusivities in the membrane .
organic vapors
from air

* Cutoff size can be adjusted by membrane formation and post-treatment process.
T Ax is the osmotic pressure difference between feed and permeate streams.
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Fig. 2. Hollow fiber membrane module®] 54} %,

2.1. dYoirl(microfiltration, MF)
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T2 o|Folx itHl4l

Cellulose2:#19} B2 intravenous fluids ¥ ¥,
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A Sl AlgdETh o] BF9 BEL nitrocellulose,
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3.1. B¢&2l7]& (Integrated Separation
Technigues)
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limitations by :
1. film diffusion
3. binding kinetics

limitations by :
1. film diffusion
2. pore diffusion
3. binding kinetics
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32717k okel fouling Fol o AREch
Permeate fluxg Bojrg]n 99 retention EAL W
A7) 2918 EW ) WEWHA BACLE AL
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Sl 9@ et Fol g

O]EW} fouling @42 AMAE e 94
Brownian diffusion, convection % #|@ &9 u}
W, 5o BEFAY 3o e A7 2 QY
ot whrlol 9] electrostatic, &2 Foll tig A7 A
Asjojof dc} thEE-9 BPEATol vwH A5y
o7l wWEo LA TEAY oA AWEAA
(ionic surfactant)ell 2l XA 2 $3 HEHS
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spiral wound)® #}E]Fe BAF 5 E(cross flow)
W42 71&9 dead-end Azl vla fouling # A
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Coriolis 3 9HEE o] 83l YUr}E vtgmog
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B 7)E 75

2y

The use of (a) Dean or (b) Taylor vortices to minimize
the path length of particles along the membrane
surface, and to enhance mass transfer. After a few
millimetres, retained particles are lifted again towards
the feed bulk. This results in a large reduction of
concentration polarization.

Fig. 5. Dean, Taylor Vortices® %,
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