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2.1 (Membrane Process)
(semi
permeable membrane)
2.1 (pore size) Molecular
Weight Cut-off (MWCO) 2 (Sieve Effect)
(Diffusion  Effect)
Phase |
Feed [ IR INE Y Retentate
Phase 2
|
Permeate
2.1
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2.1.1.1 Isotropic Membranes

1) Microporous Membranes

001 - 10

2) Nonporous Dense Membranes

pervaporation membrane
3) Electrically Charge Membranes
Anion

Exchange Membranes
Cation Exchange Membrane

2.1.1.2 Anisotropic Membranes



Anisotropic
TFC (Thin Film Composite) Membrane

2.1
2.1.1.3 Ceramic Metal and Liquid Membranes
Liquid Membrane
ISotropic memaranes
Isotropic microporcus Nonporous dense Electrically cnatged
membrane membrane membrane
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Anisotropic membranes Supportée ligui
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Loeb-Scunrajan Thin-film composite ‘ Polvinei
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2.1

Celulose
Acetate

MWCO 1,000 -

50,000

pH 3.5-7
(°C) 35

(&4

2.1.2

2.1.2.1 Microfiltration (MF)

MF

100,000

2.1.2.2 Ultrafiltration (UF)

PolySulfone Aromatic Polyacrylonitrite

Polyamides
5,000 - 1,000 - 30,000- 100,000
50,000 50,000
0-14 2-12 2-12
100 80 50
(pore size) 0.03 - 10 MWCO

100- 400 kPa (15-60 psi)



MWCO 10,000 - 100,000
(pore size) 0.002 01
100 psi)
lon exchanger

2.1.2.3 Nanofiltration (NF)

1 (pore size)

1,000 - 100,000

kPa (90 psi) 1,000 kPa (150 psi)

NF

membrane

2.1.2.4 Reverse Osmosis (RO)

RO
kPa) 100

2.1.2.5 Electrodialysis (ED)

Flyperfiltration

UF
200 - 700 kPa (30 -

0.001 MWCO
MF UF 600
UF RO
softening

200-1,000 psig (1,380-6,390
RO

jon exchanger

2.3
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2.1.3

2131 (Plate And Frame Module)

press 2.5 (Porous Plate)

e et 1 - -
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filter
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A OSMONICS The Filtration spectrum
I I 1 R P ey
ST Microscope Scanning Electron Microscope ' i Yisible to Naked Eye
lonic Range  Molecular Range .
Micrometers . " o)
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Materials (Piee}
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Process For : i)
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2.5 Plate and Frame Module


http://www.osmonics.com

2.1.3.2 (Tubular Module)

00
2.6

00 00

(Applegate, 1984)

Module Support Rings
Tubular RO Membranes

Aluminuim

g i HModul:
% k odule

2.6 Tubular Module

2.1.3.3 (Hollow Fiber Module)

01 )

2.1
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2.1.34 (Spiral Wound Module)

2.8

Polypropyrene

Header

Feentae

Permeale
~

(v)

Reentae

Permeatke

2.7 (') Hollow Fiber Module ( ) Hollow Fiber Membrane

510,20 30 1

& % 0 7 NSl - M
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Permeate Tube
..~ Permeate carrier

attaches to

Membrane Element Partially Assembled
permeate tube

Membrane Envelope

"~ Membrane

N Feedspacer -~
.y Permeate

Permeate Tube . Concentrate

-
- ~

et

’y
" Membrane

““Glueline

2.8 Spiral Wound Module
2.14 ?

2.9

(Chemical Potential)

Aft (Osmotic Pressure)
P P> A4

Van't Hoff

7 CRTM, (2.1)
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1 (psi kPa)
C, = (kg/m3
T =
M1 = i
(2.1) (Ideal Solution)
(2.1)
Virial Expansion
T :
7 — C + BC +
M!
B —
7
7 = aC2 (2.3)
a = 1>1
Strage Tark e
. t
'DlLUTE |
S WP o
e Vel Fow v
Mentrane KRR
Osmosis Reverse Osmosis
2.9 Osmosis Reverse Osmosis
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2.2
( NaCl) 3.5% 35,000 ppm 7 =356 psi
80 - 100
2.2 (7))
1L 1psilkPa

0.1% ( ) 12182.7
0.1% 113/778
3.5% 39812742
1,500 ppm 15/104
3.5% (~ 35,000 ppm)  256/2453
10% 36/245
10% 181537
5.0% 39512122
10.0% 845/5823
10% 56/386
10.0% 640/4410
10% 11/76
10.0% 119/820
20.0% 278/1915

(BSA, pH 5.4) 400 kg/m3 19/130
400 kg/m3 94/650

(2541)
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2.2 vl

(Seiving)
(Diffusion)

softening membranes

2.2.1 ( , 2544)

1970 Israel Desalination  Engineering “Hybrid
Filtration"
50 - 70%
90% Hybrid  Filtration
Media Filtration
Cartridge Filtration

1980 Film Tech
34 Limzhr
10% 90%
RO
UF

RO
(Diffusion) UF
RO RO
Film Tech
NF NF (MF)
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95% 1 NF
(Erikson, 1988) NF 1986
(Cluff, 1992)
2.2.2
NF NF
Asymétrie
Multiple Layer Thin Film Composite
(Petersen

1
Cadotte, 1990)
Active Membrane Layer Active Membrane
Layer

2 nm (Raman , 1994)

RO Layer
50 - 200

U ltrafiltration
Layer
50

Backing Cloth
80 - 100 pm

2.10 Thin Film Composite Membrane

NF

Molecular Weight Cut Off (MWCO)
NF 100 - 200 (Raman , 1994)
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2.2.3 V
NF
2.2.3.1 Pore Model
UF NF ' b
RO
Coupling (Viscous Flow)
(Koottatep, 1979)
(Volumetric - Water  flux) Pore  Model
Poiseuille's Law
2 dP 24
8V dx
r = (Equivalent  Cylindrical ~ Pore
Radius)
Vv Kinetic Viscosity
P Gradient
dx

Q, Qp + Qc (2.9)



QA =
C
C

Recovery
= Flux
K.
Ap
AT

Fs =
Fs Flux

KH

Influent
Permeate
Concentrate

QpCp + Qece

Kw[Ap-ATl]

01

A

Influent
Permeate
Concentrate

20

(2.6)

(2.10)

2.11;



I 1 Rfinn » vtaman

( 8l 8
cm =
A =
Q
Ko = A-Ap (2.12)
Qp-C.
Ks = A-Ap (2.13)
Ac = [Cm-C p] (2.14)
c -¢
e

e g - An{(z = )} +K 5

2.2.3.2 Donnan Exclusion Model

NF (Charged
Membrane) Dynamic Eguilibrium
(Counter ion) 1
(Co-ion)
Membrane Phase (Bulk Solution) “Donnan Potential”

(Diffusion) Counter ion Membrane Phase Bulk Solution
Co-ion Bulk Solution Membrane Phase  Donnan Potential
Donnan Potential
Co-ion
(Electroneutrality) Counter ion
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Mz Yz MAt yiZ
Salt Distribution Coefficient (K*)

r- 1 v z +21
\ \
CyimL - Ly (y
ke = ¥ (2.15)
_ Cy _ u J
Z, I
cy = Co-iony  Bulk Solution
o = Co-iony  Membrane Phase
- = Activity Coefficient
AN Charge Capacity
Rejection R=1-K
Rejection Membrane Charge Capacity,
Diffusive Convective Flux
NF (Bhattacharyya  Williams, 1992b)
2.2.3.3 Extended Nernst - Planck Model
FE dCy
-3 +z2¢, -D oo 216
RT dx \/ X y
J cjmD(Mm, 2z, Y , , Diffusivity, Activity
Coefficient j m Membrane Phase E  Donnan Potential F

Faraday’s Constant



Solute Flux

Donnan Potential

Donnan Equilibrium Model

23

Convection

Salt Flux Diffusion

Nernst - Planck

Convective Diffusion Fluxs NF (Bhattacharyya
Williams, 1992b)
2.24
Concentration Polarization Fouling
Crossflow Velocity % Recovery
2.24.1 Concentration Polarization

concentration polarization (CP) CP

bulk
CP 2.11
2.17
dC
c—=D-—=J -C
dx '

diffusion coefficient

cp
mass halance

boundary layer.



bulk feed boundary layer

T —

:
Bulk concnetration level

J-c

permeate

A

o
o

R hiai

Permeate concentration level

o
|

2.11 Concentration Polarization

differential equation limits:

x=0 c - C membrane > X= 8= C = Cbuk

Crantrare ™ Cpomie . (J

=exp .
Cbqu ) Cpemieaie pl ”ETa
2.18
eprj- 6
1 EJ
A
= exp(— 1k
UJ
CP k (
hydrodynamics ) CP
) Centra

(solubility)

(2.18)

(2.19)

fouling

24
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flux CP
(backflushing) (pulsing) (AWWA, 1992)
2.2.4.2 Fouling

Membrane fouling

Irreversible
Concentration Polarization 2.12
Concentration Polarization
A
=
g
=
(=] 5 g%
> fouling
polarisation .
» time
t ot ¢
deanrg
2.12
Fouling
2
(Maynarovich , 1999)
1) (External Surface Fouling)
cake gel
Concentration Polarization 2.24.1

I W O I 1 ] B TSI R N |
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2) (Pore Blocking Fouling) :

(Complete Pore Blocking)

(Intermidiate Pore Blocking)

(Standard Pore Blocking)

Pore Blocking

5-20% 80-95%
Fouling
empirical Fouling (Maynarovich , 1999)
JIt) = Jee-Faee (2.20)
2.20 ! 1 Steady State Concentration
Polarization Exponential a

Fouling
Fouling
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2.24.3

MWCO

NF (Monovalent
Inorganic lons) ’
1 (Multivalent Inorganic lons)
0-20 % 80- 100 %

30 - 90 % (Dyke Bartels, 1990)

MWCO
MWCO (Fu , 1994)
2.24.4
NF Solution-Diffusion  Model Pore  Model
Duranceau (1992) NF NF70
(Synthetic Organic Compound, SOC)
2.13 (KJ

021 gpd/sq.ft.-psi Schirg
Widmer (1992)
DDS
2.14



»y! HUi—gpd >q

Flux, L/m2.h

@0 =
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. i
w0 — ‘. .. .
‘ '/ 0‘%‘ .“J
f}'\ 6
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ol e
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2.13 NF (NF70) (Duranceau , 1992)
300 - — - ———————
—O—150C —M—250C —&— 350C —x—asoc'i ‘

250 -

200 -

150

100

S « W

1000

2.14

T

2000 3000 _ 4000 _ 5000

Pressure. kPa

(Schirgh

T

6000 7000

Widmer,1992)



NF
2.15 2.14
Permeate
Permeate
Permeate
Dilution Effect (Waypa , 1997)

Rejection

Pressure | kPc

algqg/l o i0 ¢/l 2204/ 1 A 404g /1
2.15
NF (Eriksson, 1988)
2.2.4.5
Duranceau (1992) NF
ibromochloropropane  (DBCP)
Concentration Gradient Eriksson (1988a)
2.15 2,000 kPa
20% 29IL  40glL
& & & & M

29

NF70

60 %



(Loconti

2.2.4.6
, 1972) Schirgh Widmer (1992) DDS
2.16
100 -
—A—1000kPa  —X—2000kPa | ]
80 E Y b
/
E
2 /
5 04
20
0 4 .
15 25 temp, oC 35 45
2.16 (Schirgh  Widmer, 1992)

2.24.7

( 217)

NF

30



3l

100
NTR=7410 Asp: L-Aspartic
1000 kPa acid
500 ppm f/a
m_ 25% /He:L-lsoleucine
c 30
o
=
;,::' Orn : L-Omithing
8g L
0 4 8 12 16"
pH
217 NF

(Rautenbach Groschl, 1990)

Isoelectric Point (

Isoelectric Point
(218

2.18 Isoelectric Point (Rautenbhach

Groschl, 1990)

NF (Flux Drop)



2.20

Effect"

2.24.8

2.19

2.19)

°/ Flux Drop

40

30

20

32

System: NF40 Membrans
50 mq /LCP,OCP,TCP

2 100 mq/LTCE,TTCE
DWF=1.2x10* cm/s
| o Povg™ 1380 kPa

-~ Temp. =24°C

NF 40
Williams, 1992a)

“Donnan

L X
& \\O

1 1 i L L 1 |
2 4 4 ia

Fesd pH
(Bhattacharyya
NF
Permeate

2.2.3.2



%o

o4 ||
\ Cngct i mol/m” zconst
[ a Ap 2 1000 kPo
1
- |NF-4OHF
S |
S 20
. \
.o -
= i A\
“ |
. Desal-5% |
-20 .
| N
-40 1 | L
0 20 40 60 mol/m?

2.20

Feed Concentratlon CNGZSO.

Groschl, 1990)

2.24.9

Koottatep (1979)
Permeate

T2A

NF

221

(Rautenbach

33



60
SRS
S 4l
E
3 30 L1
& -
0
0 ! ! !
0 00 200 300 400
Suspended Solid, mg/L
2.21 20
MWCO 6000 (Koottatep, 1979)
2.2.4.10
NF
Taylor (1987)
NF40 (222
£
NE 36.01
AN
< 324}
E 8.8
v
0 5.2}
5 2.6 R
18 !
0 100 200 305 LU0
tlapsed Time of Operation , b
2.2 ' ! NF Taylor

(1987)
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18
(KJ
2.23 Kw 0 -
4.750 4,750 - 5,750
<,
0.015 =
nmz-.: \
o MM/\/‘V‘/ ‘\y LI \"V
g Ul TN ey
d
£ 0.006 — ‘
100|000 PO ® | ©® D)
AT T T St ‘ I
0 1.000 2.000 3.000 4000 $.000 6.000 7.000 8.000 §.00G
Hours of Opersson
2.23 Kw (Blau , 1992)
2.2.4.11 Crossflow Veolocity
NF Crossflow
Filtration
2.24
..................... f21 [>-£]
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|
[} ll l- 1 Bulk solution ® W ™
n = : : >" u" »
-
... -.: ﬁ = -ﬁ

A cm ", -

R S A A oot i AT e ot )
V Membrane \b v
Permeate Hemede
() ()
2.24 () (') Crossflow Filtration

Crossflow Filtration

Concentration Polarization

Crossflow Filtration

Crossflow Filtration
Crossflow Velocity
Crossflow Velocity
Crossflow Velocity
Boundary Layer
Concentration Polarization (Williamson Paulson, 1990)

Ratanatamskul (1996) Crossflow Velocity
Crossflow
Velocity 005 -07 1/ 0L PO& NTR -
T29HF NF
Cf N03 Crossflow Velocity

NTR - 759HR Crossflow Velocity



2.2.4.12 Recovery
Permeate
Permeate % Recovery
Hanra Rapid Bench-Scale Membrane Test
(RBSMT) NF NOM
2 6
% Recovery NF 70 NTR 7450  Bulk Rejections,
Rb Rb=«C,-Cp)/c) Feed Rejection, R, R =((C,
-Cp)/ C) % Recovery i Cp Influent 1
Feed Permeate Rb "R % Recovery
Rb R, % Recovery MWCO
NOM MWCO
2.3
231

37



23.11

(Reparation)

(Singeing)

(Desizing)

(Scouring)

(Bleaching)

(Na2S2

3



5) (Mercerization)

2
2.3.1.2 (Textile Dyeing)
(Dyeing)
(Dispersion)
(Substrates)
(Uniformly)
(Dyeing  Process)
(Dyeing Machine)
(Dyeing Bath)
pH Electrolytes
Solvents Surface Active Agents
(Diffusion)

Hydrophobic Synthetic Fibers
(Carriers)
(Closed Dyeing System) 150



2)
Pad-Batch Dyeing

2.3. .3

(Exhaust Method)
(Batchwise Process)

(Semi-Continuous Method)

(Continuous Method)

(Textile Finishing)

(Mechanical Finishing)

(Chemical Finishing)

(Stiffening Finishing)
(Soft Finishing)

40



(Protection Finishing)

3)
(Fire Retardant)
(Bacteria & Funji Resistant)
4)
(Calendering)
(Shrinkage)
(Raising)
(Shearing)
2.3.2 (dye)
2.3.2.1
(chromogen)
(auxochromes)

(chromophores)

Cest r



7 (Austin 1984)

(nitroso group)
(nitro group)
(azo group)
(ethylene group)
(carbonyl group)
(carbon-nitrogen groups)

(substantivity)
(bond)
(hydrogen bond)
(Van Der Waal's forces)
(lonic forces)
(covalent bond)
2 4

1 (covalent bond)

42



2.3.2.2
(carrier)
( 12526 2541)
2.3.2.3
2539 2541
(disperse dyes)
(acid dyes)

(azoic dyes)
(basic dyes)
(direct dyes)

43



( odant dyes)
(sulfur dyes)
(vat dyes)
(reactive dyes)
(metallic dyes)
(onium dyes)

2324

OH
cross linked compound

(colouring ~ substance)
(chromaphare)

44

1950'

(reactive component)
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3)
1 1
2 (Indico) (antraquinone)
4)
1 1
)
(coupling
reaction)
6)
(azo), (antraquinone)
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2331

46



2.3.3.2

((NH42504)

(HCOOH)

Carboxylmethyl Cellulose

(Na2s)

(CHICOOH)

(NaCl)

(N2 Si02)
(Na2 09

4



5-50

(Auxiliaries Chemicals)
(Scouring Agent) (Wetting Agent)
(Leveling Agent)
(Basic Chemicals)

48



10

Chrorinated Benzene

(Oligomer)

49
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50-75% 90-100%
12

60-80%

43 [l o o k2 B ' ' dd‘ o a
ATULDY mmuqmmumsu‘[mmuwau’) A m’nﬂuuuwaummmsmuw'{'ﬂum?mLuuma‘

40% 20-40%

20%

concentrate



RO PVA
20
Association
100
cross flow
2.5
Maynarovich
(Effluent)
Sheet  NF45 Filmtec
80 %

Nernst-Planck

membrane fouling

ol

Clemson The American Water Works
(pore size)
2-5
(1999) NF
Lab-scale Flat
99 %
Fouling



Mulford (1999)
Pilot-plant

Pilot-plant

Plant TOC 0.4 mg/L THMFP 35 (JglL
Full-scale Plant 50 %
Second-order

Tang Chen (2001)
NaCl
Crossflow Velocity,

NaCl

98 NaCl
% Recovery 99

Bes-Pia A. (2002)

CoD

67-85

NF

HAAFP 28 JiglL

52

NF
Full-scale

500 kPa

14

coD

96

Fouling

50
CcoD
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