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History of RO membrane

Year Events
1959 | @Reid & Breton : o
Demonstration of desalination
capability of cellulose acetate film
19@5} | ©Loeb & Sourirajan : UCLA
o Development of asymmetric cellulose
acetate reverse osmosis membrane
1965 | ©Riley,Lonsdale :
Elucidation of asymmetric CA
membrane structure and proposal of
solution-diffusion transport model.
1966 | ©Francis : Nevtn Skay
Cellulose acetate thin film composite
membrane concept
1972 | ©John Cadotte : North Star
Interfacially synthesized thin film composite R&D Institute
membrane NS-100 (PEI + TDI)
1978 | ©John Cadotte : Filmtec
Fully aromatic polyamide thin film composite .
n{);n—lfl»)rrane
1982 | ©Filmtec (J. Cadotte) R : 98%
Marketed "FT-30" FLUX : 25 GFD
(988 | Osw 'mu‘lwu h'\\wk«‘"v - |
1992 | @Dow
i Lost right of US patent 4,277,344 in lawsuit
by Hydranauctics and Fluid-systems
1994 | SAEHAN: R : 99%
Developed TFC type RO membrane. FLUX : 35 GFD
1995 | ©Hydranautics : R : 99%
Marketed High flux membrane "ES-10" ¢ A | FLUX : 45 GFD
©OSAEHAN: o R : 99%
1997 Developed High flux membrane "CSM-BL" FLUX : 50 GFD




Phase Inversion Process
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Schematlc representation of the diffusional processes occuring after

immersion in a quench medium
[from M.H.V. Mulcer, "Basic Principles of Membrane Technology”, Kluver Academic

Publishers (1991), p. 86 S1]
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Schematic representation of the compositional change of a cast film at the

quench bath-film interface immediately after immersion
[from M.H.V. Mulder, "Basic Principles of Membrane Technology”, Kluver Academic

Publishers (1991}, p.93]
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Cross-sections of cellulose acetate membranes prepared from 15 vol% CA casting
solutions in different solvents immersed in pure water.

a) DMF (instantaneous L-L demixing); b) dioxane (instantaneous L-L demixing);
c) acetone (delayed L-L demixing); d) THF (delayed L-L demixing)

[ from B. Reuvers, Ph.D. Thesis, University of Twente, The Netheriands (1987)]



DA WN -

LA

‘ Drawbacks of CA Asymmetric membranes I

.Low Flux(2 ~ 5 gfd) and Low Rejection(96 ~ 98%)
.Narrow operating pH Range : pH 4.5 ~ 7.5

.Weak to Biological attack

.Prone to Compaction at High pressure()> 400psi)
.Prone to Compaction at High temperature() 35T)
. 6.Prone to create defects during phase inversion
Y.
.Becomes expensive when expensive polymers

Once Fouled, No easy means of cleaning

are used

l One advantage of CA membranes I

.Chlorine tolerant up to 1ppm CI for

continuous operation
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l Other Asymmetric Membranes I

© Asymmetric membrane from anmati9_p°|yamid?(ﬂgmex,/e;%}éiéy
DuPont) solved the problems of narrow pH range and R
microbial attack, but was not chlorine tolerant.

© Cellulose Triacetate membrane showed better pH
stability and higher salt rejection than CA.

© Polybenzimidazole and Polybenzimidazo!lone.

->@ Solved pH stability, microbial attack and chlorine
damage problems, but the polymers were expensive and salt
rejection was not as good as CA membrane.
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l RO Membrane Materials and Manufacturers I

@ Cellulose Acetate
Desal,Koch Membrane System, Fluid system,
Hydranautics/Nitto-Denko, PCI, Stork and Toray
@ Cellulose Triacetate
Toyobo
[ Aro'matic Polyamide
B-9, B-10, B-15(DuPont) \ C
@ Crosslinked Aromatic Polyamide , J ~ ~~ © M8
FT-30(FilmTec/Dow), TFCL(Fluid-systems)
UTC(Toray), CPA and ES-10(Hydranauctics/Nitto-Denko)
@ Polypiperazineamide
NF-40(Filmtec/Dow), SU-210(Toray)
Separem, Desal
@ Polyfuran
PEC-1000 (Toray)
@ Sulfonated Polysulfone
@ Polyvinylalcohol
NTR(Nitto-Denko)
@® Aryl-Alkyl polyamide/polyurea
RC-100 and PA-300 (Fluid System)
@ Polybenzimidazole
Osmonics/Cellulose
@ Polybenzimidazolone
Teijin
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l RO Membrane Transport Model I

© Solution-Diffusion Model

Jw = A(AP - A1)
A = Water permeability constant
AP = (Operatin pressure
A= 0smotic pressure

Js = B(Cm - Cp)
B = Solute permeability constant
Cm = Solute concentration on membrane
Cp = Solute concentration in permeate

Salt Rejection(R) = [ 1 + B/A(1/(&aP - &ax))]!

© Solution-Diffusion-Imperfection Model

A(AP - AT) + CAP
B(Cm - Cp) + CAPCm

Jw
Js

R=1[1+B/A(1/(AP - Ax)) +C/A(AP/ (AP - &a®))]



©Preferential Sorption—- Capillary Model

H.0 NaCl H.O0 NaCl H.0 NaCl

NaCl H,0 NaCl H.0 NaCl H.0
Bulk } _ _ _ _ _ _ _ _ _ _ ___

Solution

H.0 NaCl H.0 NaCl H.0 NaCl
E— NaCl H.0 NaCl H.0 NaCl H.0

M H.0 H.0 H.0 H.0 H.0 H.0 H.0

—————— bllb ==----- 1
Near . H,0

Interface

porous porous 1
membrane membrane

A(AP - A1)
CtKsDsm(Cb - Cp)/L

Jw
Js

CtKsDsm/L = B
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Product Membrane

Waler

Product
Water
Spacer Support
Plate
Membrane
Support Plale
Membrane

Spacer

Schematic of a plate-and-frame module.

Tubular membrane Header Cover

Membrane
/'- — Baffle

Product Water



SPIRAL-WOUND TYPE MOQULE

Hollow Fibers

Brine

Product-Water
e Header

. Product Water

Cutaway view of hollow-fiber membrane module.
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Future Trend in RO Industry

1.High Rejection : 99.5%

2.High Flux : 40~50gfd (225psi)
20~25gfd (150psi)

3.Fouling Resistant Membrane
4.Ch|orin{ReSistant Membrane
5*Temperature Resistant Membrane

6.0rganic Resistant Membrane



