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Fig. 1. Schematic Diagram of Osmosis and Reverse Osmosis.
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Table I.

Differences between Reverse Osmosis or

Hyperfiltration and Ultrafiltration.

Reverse Osmosis

Ultafiltration

Size if solute retained

Molecular weig-
hts generally less

Molecular weig-
hts generally

than 500 to 1000| over 1000
OSMOTIC pressure of [Important, over | Generally
feed solutions 1000 psi negligible

Operating pressure

Great than 100 psi
up to 2000 psi

10 to 100 psi

Membrane
Nature of membrane
retention

diffusive trans-
port barrier; possi-
bly molecular
screening

Molecular

screening

Chemical nature of
membrane

Important in
affecting trans-
port properties

Unimportant in
affecting trans.

port properties
so long as proper
pore size and

pore size distibu=-
tion are obtained
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Table ll. Semipermeable Membrane Selection with

Solute Separation; f

Membrane solute separation, f
Polyvinyl alcohol 0. 05~0. 07
Ethyl cellulose —_

Nylon —_
Cellophane 0. 003~0. 004
Polystyrene —

Saran —

Cellulose acetate 0.92
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Fig. 2. Four Types of Commercial modules made of
Cellulose Aceate.

J.KIChE, Vol.10, No.3, June 1972



96

wEe £ 22 R0k FA39 A4 sl
3—_% A 1}A] stainless steel 9] casing #to.2 wjZd o},

A 53 pde 3iges Fdvsbl 9o,

<F1g 2-c>E R AAE 1~294 B39 B
2.2 casting AW FFo] urHute XYFzolm
2 Aaz d %«] gy 2L g4 HoeR su
pporter & H & £ 2 48¢ A I

<Fig. 2-d>% 34 <4 237](shell and tube heat
exchanger)9} ¥ & F22A A7 25~250 ym A=
ol hollow fibre & 44714 BohEs RolA FES
epoxy A2 B tube sheet & wHET hollow
fibre & F3A% A% Eto] tube sheet 4% ¥ &
Sohel sgoz Aol A5 <Fig 2-c S d>elA
tubular module &) FZ9} hollow fibre & F2%= 27|
o #olrt eyt RE WH-E 0.25 um 2] dense film
o]z 92 porous structure 24 FTEAHo] glod
< Fig. 3>-& scanning electron micrographof 2|3k
hollow fibre 8] F+% & vtebll Aojr} ¥®

Aol A =M AR P& 283 ZE ROA
As Z7+ A8 gA ol A field test & Bz A 43}
H A% gl

Scanning electron micrograph of the group XM
fiber of Amicon Corp., 132X

Fig. 3.

2% geist 848 2%
e g9 A2 3 SdEFele o Sl
iz A7 #A, L4 AFSH 4z e o 2 ¢y
AP & &9 AeiFd &eist HFee A o
&0z 13T old Rl AT FH =T Ko}

siatas M 102 H3E 19728 63

o AE AFE wed AR ASEA AL BS
of Fdgel 338 A 9§40 49 enn
w FAAZe g ol FF L& ARG st

=

7t

rlr

& 99 P9 Aolol sk wFHS FA 5ol
SRR

T~k 24 ®
£ BAHR FAAg adelAT BA 5 &
29 C19F L E $49 FF A5 K4 @

o FFo] A £ FEe] AC Y Foz .§£/‘15‘1
o},

J=K,-4C @
ARz, ur$wel 45 (selectivity of a membrane)
T Juw J R $4 FFAE(solute passage; SP)o] 93]
Al ARsEd £4 FAERDE Y9 959 £4

Fxo A FHAAF] £ T vl2A A
Fkol =
Sp— Concentration of solute in permeate )

Concentration of solute in feed

o] &4 BIx F3 2ol &4 B x(solute se-
paration or solute rejection; £)2] D}-E— EAYol = 3}
o g8 BHEW & oile 2ol AW Aoz

Conc. of solute in feed—conc. of solute

f= conc. of solute in feed
in permeate Xa,— X s
o -1-SP) @
o A7k e Aoleh fi F2 wFske Aol 2

gk ol ZFAbslE Sourirajan 59 EEoA AL
z glem SPE A AFoA zolx & x|
$olz 5L Faio] ek

mass = . _
[Etime) (area)] 9 AdE M LEF BANE

(DR 39 K, & 95uts] S0l bz 34 3o 5
2

Ju=A-(4P—4x) )
2 2 4 3%, A4 AR ¢ S99 Fhe
A%2A WFFY AFE specify 3 FE FH
Z7t Hld J., J, R gk 9814 AA =
(5) A19] AZE solute transport parameter (Daz/Ko)
oz e B3 ol & ¢ ek

Jo= Dam (1—;{—}&‘—’) . (PzXAz—anAa>

Ro . (6A)




XAz"‘XA ;> (6 B )

=k p:(1—Xa2) lﬂ(m
A 99 wHET Mol &4 A9 Fa AT
Dy $29] 4d—ubFute] st Fulju] K& &
g & Duy/KéE solute transport parameter .4
4w A& specify 3h9 &40 H3¢H 4
Aol wFee) Fzd BASY BFL AALAA
Y 24 Froe F3HQ FAAd FF wFH 4

s
Feed Solution ———ea——e= ',—"
_,—" \—Mombvan

Fig. 4. Membrane Process flow Schematic.

Permeate

Solute Solution °’“b’°"9 ) Permeate
B
Flow Direction of ;,:.::::::,:,:,.
Solute Solution "2:'.:0:020: g:_ N,
K a0 —
— N, BREORORY o
PRI
X 0020305652 X,
{1
2%

High Pressure:P

- N,

[

bountary Membrane
layer Thickness
Thickness

Fig. 5. Concentration Distribution in the Boundary
Layer ond the Membrane.

5% Dau/Ko 24 wn¥ & A"
(68) 2 (6BYRE oldztede <Fig. 4>9%
<Fig. 5>7} =go] et

Table Nl. Various Applications of the Reverse Osmosis or the Ultrafiltration

Major category

Systems

References

Sea water desalination

19A, 19B, 19Q

Water Reuse and Brackish water desalination 194, 19C
Waste Water Treatn.ent Biological sludge dewatering 16
Metal hydroxide sludge 16
Electroplating waste 16
Domestic and hospital waste 19D, 19E
Ethyleneglycol-water 19F
Chemical Industry Propyleneglycol-water 19F
Caustic soda-viscose 4
Spent acid from metallurgical liquors 5
Enzyme removal 19G
Food Processing Industry Sucrose-water 19H
Protein from soy-whey 5
Concentration of egg white 191
Concentration of maple sap 19]
Medical and Pharm. Industry Water from urine and wash water 19K, 19L
Concentration of antibiotics 19M
Urea-water 9
Helium-methane separation 19N
Gas Separation Nitrogen-ethylene separation 19N
Oxygen-nitrogen separation 19N
Sulfur dioxide-nitrogen sep. 19N
Carbon dioxide-oxygen sep. 19K
Ammonia-nitrogen-hydrogen 19N
Petroleum Industry Toluene from naphtha 190
Fractionation of cracked gasoline 190
Others Removal of radicactive contaminants 19P
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Table IV. Comparison with other Desalination Processes
Effluent Effect of feed
Commercial Pretreatment concentration concentration on
Process availability requirements range, ppm* operating costs
Flash distillation All sizes Deaeration, antifoam, 50-70, 000 Slight
scale control
Falling-film distillation All sizes Deaeration, scale control 100, 000 Slight
Vapor compression distillation 1 MM gal. /day and Deaeration, scale control 50-75, 000 Slight
smaller
Electrodialysis All sizes Scale control, prevention 2-10, 000 High
of membrane fouling
Vacuum freezing 2 MM gal. /day and Deaeration 50-70, 000 Moderate
smaller
Reverse omosis Small unit Scale control, protection 2-10, 000 Moderately high
of membranes
Solvent extraction None Prevention of emulsions, 2-10, 000 Moderately high
loss of solvent
Hydrate None Prevention of loss of 2-10, 000 Moderately high

solvent

*Effluent concentration using sea water feed for distillation processes, brackish water for solvent processes, and sea

water for vacuum freezing.
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(a) 6000 ppm to 500 ppm by reverse osmosis
(b) 3000 ppm to 500 ppm by electrodyalysis
(c) 3000 ppm to 1000 ppm by reverse osmosis
(d) 1700 ppm to 500 ppm by electrodalysis

Fig. 6. Estimated desalination costs verses plant capacity.
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