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- 1959 | . Reid & Breton :
CA filmq oj&t EEIlsy &0l
1962 | - Loeb & Sourirajan :

‘ Asymmetric CA membrane g/
1964 | . Francis :

. CA-TFC Jjs NTISOIAM 2H
1969 | - Riley :

CA Bilayerz2 0|20 &l =9

‘ Ssot g
1972 . J. Cadotte :
NS-100 )jjut (PEI + TDI)

L

North Star
" R&D Institute

1978 | . J. Cadotte :
"FT-30" JHut

1982 | Filmtec (J. Cadotte) R : 991Y%
i . . " 0

"FT-30" oral ‘
FLUX : 25 GFD

n

1992 .DOW :

. UOP/Hydranautics 9}0] =52 M A T4
UOP/Hydranautics/Toray/Desal’ :
~ “FT-30" QAHIE 22 MA
1995 | . Hydranautics : |
ES-10 A Al

'R :99%
| FLUX : 50 GFD




"CSM" Basic Chemistry & Process Variables I

H2N _~NH2 S c—l

(=0
Cl

@® Properties of porous support membrane
- Polymer concentration
- Humidity
- Surface pore size, distribution and uniformity
- Wetting characteristics
- Residual surface water and solvent
‘ - Substrate tightness
® Amine solution
| - Solubility in solvent
- Concentration
- Additive compatibility (wetting agent, acid acceptors)
- Coating characteristics
@ Acid chloride solution
- Solubility in solvent
- Stability
- Reactivity
- pH
- Concentration
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2 X111 or Tafetta
(150 ~ 200 )

|

Polysulfone coating
on Nonwoven fabric
(150 ~ 200 )

!
Coagulation A M|croiilltrat-|on
& Rinsing > Ultrafiltration
Membrane
{
Amine &
Acid Chloride coating
(0.2 ~ 03u)
!
Drying & Rinsing ———- R/O Membrane
I
Moduling winding — R/O Module
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Casting M/C
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R/O System Design '

@ JlIE4H ¥4

Raw Water Product Water
Supply = | Pretreatment | = | R/IO | = Treatment
4
Open Intake Chlorination Chlorination
Beach wells Dechlorination UV sterilization
Brackish wells Floculant
Tap water Media Filtration
uv
Acid
- Required Quality
- Temperature : <45
-pH range : 2 - 11
- Free chlorine : <0.1ppm
- SDI :
-NTU : <1 .
- Biological Activity : controlled
- LSI : controlled
- Fe, Al, Zn : <0.1ppm
® R/O Array &3
QA XA
ST = R/O Simulation
COMARS EH  —— | Array A}
| mo sz Program |
] =1L T O
- Filmtec : "RO System Design"
- Hydranautics : "RODESIGN"
- st @ "CSI R/IO design”



I Simulation Program Flow Chart I

Input data : Permeate flow rate, Product recovery J

Input data : No. of elements per vessel No. of arrays —*l

Calculation : Feed flow rate, Osmotic pressure

Calculation : Feed Pressure -——»'

Calculation : R/O driving pressure, temperature correction factorj

|

Calculation : Average flux of selected membrane elements ‘

1

Calculation : Recovery ratio of each arrays

1
Calculation : Pressure drop of each arrays

essure drop convergence chec
\I’,‘_/z/

Calculation : Converged value of recovery ratio (each arrays)

covery ratio convergence ¢

. AJ
Calculation : New permeate flow rate from each arrays
results : Permeate flux rate from each arrays

{

Check : Violence of membrane performance limits

¥

Results:Pressure of each arrays(lﬁlét, Outlet), Concentration of lons

. 76 —




l Design Criteria of Simulation Program I

@ Flux
Water Type = SDI i Average Flux ‘1 Flux Decwli'ne(%/y’rw
i STJ_rface | 2~4 ‘ 8~15M - \”78;-10“”
Well <2 | 1a~8 | 5 1‘
RO <1 ] 20~30 | 2~4 |
@ Salt Passage increase per year
3~10%
@ Scale potential estimate
—— CaCO3 : via Langelier Saturation Index
LSl = pHb - pHs
if LS1 >0 : Scale forming
if LSI =0 : Neutral
if LSI <0 : Corrosive tendencies
L CaSO04, BaSO4, SrSO4 : IPb vs. Ksp
if IPb >. Ksp : Precipitation
if IPb <. Ksp : NO Precipitation
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RO Feed Water Quality Considerations I

@® Suspended Solids

@ Dissolved Solids (Water Analysis)
- lonic Constituents
. Sparingly Soluble Salts
- Silica
- Iron and Manganese

@ Organics

@® Colloidal Fouling

@ Microorganism

@ Oxidants
- Chlorines

- Ozone
- Permanganate

® pH

__80 J—



R/O 8}9o| Fouling

Antl. Teloscoping
Dgvica

Fbearglass
{Outerwran)

Fdod Charmeluee® 1)
Spacar

Tricot Product
wator Collection
Channel

‘ Produet Flo 'Surfaco
Merbrena Supoort
Mombrane Surface Hacking

Adhasive

1. Suspended solids are slowly deposited.

2. Micro-organism slowly grow and multiply.

3. Scaling may take place.

4. Oxidizing agents(Chlorine) attack the membrane.

|

increase in Pressure Drop
Loss in Permeate Flow
Increase in Permeate TDS
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‘ Concentration Polarization I

Membrane Fouling Film

Convective
Flow
Permeate
—
CcB
Boundary
Layer Back
Diffusion

CB = Salt Concentration of Bulk Flow
CF = Salt Concentration of Fouling Film
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