21

211

(2521)

(Leuco vat)
(Coupling Component) (diazotised
base)

(Color fastness)

(Monoazo) (pore)

(OH)



(Migration)

(Substantivity)
4

(Hydrogen bond)
(secondary valency)

(Reactive group)

(hydroxy)

(bond)



2, (Van der Waals’ forces)

(hydrocarbon group)

(aliphatic or aromatic) 1 1
(hydrophobic honding)
3. (lonic forces) 3
4, (Covalent bond)
(hydrazine) 40%
!
1



(Surface-active Levelling Agents)
(levelling agent)

(Carriers)
2- I (2-hydroxy diphenyl)



( pho)

12

(metal complex)
(benzy! alcohol)
60-80

(Substantivity)

(Rate of Dyeing)

(Color Fastness)

(Phthalocyanine)

3%



212

213

Joseph (1992)

2

(2526)

(Dye)

(Pigment)

V]
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(Solution dyed)

2.14
Joseph (1992)
L
2.
3.
4,
5.
6.
215 3
L (conjugated double honds)
2. (chromophore)
3. (auxachromes)
3
(chromogen) C.I. Acid Red 1

- + - +
SO3 Na 503 Na

Congo Red

2.1 C.. Acid Red 1(Joscph,1992)

1



-NR3’

-N=N- (azo group)
-N02 (nitro group)
-C=0 (carbonyl group)
-NR3 (alkyl ammonium derivatives)
-NH2 (amino groups)
-NHR (mono alkyl amino group)
-NR2 (dialkyl amino group)
-OH (hydroxyl group)
-OR (ether group)
2.1.6 (dye classification)
(Color Index) (Hussain, 1994)
2.1
(acid dyes)
(azoic dyes)
(basic dyes)
(direct dyes)
(disperse dyes)
(pigments)
(reactive dyes)
(Sulphur dyes)

(vat dyes)



21

Acid de

Asoic dye

Basic dye

Direct dye

Disperse dye

Reactive dye

Sulfer dye

Vat dye

Metal
complex acid

dye
Mordant oye

(Hussain, 1994)

softening agent
fixing agent

(carrier)

13



2.16.1
anionic dyes
( )
' (polyamide)
(nylon) (amino group)
2
L. (non-metallic acid dyes)
3
1
(204 pH 2-3 levelling-
dyeing acid dye
2 pH 2-6.2
pH 4.7
pH
milling acid aye
3

pH
fast acid dye neutral acid dye super-milling acid dye



= oo o

15

2 (metal-complex acid dyes)
co-ordinated complex (chromium) (cobalt)
1 12

2162
(az0) (naphthol)
2

2 coupling component (
, b-Naphthol) (diazonium)
4
(naphtholation)
(Intermediiate step)
(coupling)

(after treatment)



16
2163

cationic dyes

(acrylic fiber)

(Fiber Saturation Value,Sf)
400
(Fiber Dyeing Speed)

V
V 10 100 Acrilan 16 V3.0



J (Retarcler)
Cationic Retarder

2.164

(NaCl) (NajS04

(exhaustion)
(continuous)
1020 | 5-25%

(regenerated cellulose)



20

18
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2.165

150-250
80
1] 130

22 2.2
4 ABC

(Hussain, 1994)

0.2



20
(Hussain, 1994)

Thermofix 215-220°c

Thermofix 200-215 °c

190°c
/
7 (carrier)
(130 )
200-210
pad-thermosol
pad-steam
130 Package
Jet
(compact) (rapid dyeing)
130
130 15

23
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Resolin
Palanil
Samaron
Foron
Terasil
Dispesol
Serisol
Sumikaron

(Hussain, 1994)

Bayer
BASF
Dystar
Clariant
Ciba Specialty Chemicales
Zeneca
Yorkshire
Sumitomo

(high pressure steaming process)
(high temperature steaming process)
(thermosol process)

2.16.6

(polymeric bindlers) (padlding)
(curing)

2.16.7



22

2.16.%

(sodium  ]fide)

(HD 2



2169

indanthren dyes

affinity
affinity
(water-soluble leuco)
2.4 (Hussain, 1994)
Cibanon Ciba Specialty Chemicals
Sandothren Clariants
Indanthren Bayer
Indanthren BASf
Indanthren DyStar
C cdon ICI
Nihonthrene Sumitomo
2
L (indigoid)

2. (anthraquinone)



(hydros)

(sodium  dithionite)

N, 1K, IW

2

(sodium hydrosulphite)

IN



60-80

pad/steam

batchwise dyeing process

yeing p
(semi-continuous process)

(continuous process)

(Leuco Process)

(Pre-pigmentation Process)

(semi-continuous process)

(Continuous Dyeing Process)

(vatting)

25



2.2

Fane (1987)

affinity

0.0001-0.001 Jim
(dialysis, D)

26
60 100

(membrane process)

30

23

(synthetic membranes)

(semi-permeable/permselective membrane)

24

1077105 nm
(reverse osmosis, RO)
(electrodialysis, ED) 3



(ion- exchange resin) (solvent extraction)
(* trafiltration,UF)
(gel chromatography)

(cyclone) (centrifuge) (microfiltration,
MF) 2 25
RO UF MF
Conventional Filtration Tangential Flow Filtration
Buik Flow Pressure 00 oPressure
0i°0 Opo 0 01sQ %%88 p&@l
fer . Q Ne°°0 0 AN 80 0ro0 & 00
Medium Membrane 0 0
s J° %o R
Filtrate Flow Permeate Flow
Filtrate Permeate
Rate Rate

\—_

Time Time

2 23 (William, 1995)
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221

2.5

26
(feed)
(permeate) (retentate  concentrate)

(

(Dialysis process)

(cellophane)

(Electrodialysis, ED)

()
(anode) (cathode)

(electroplating)

29



2.5 (Kumar,1994)
A 1 hiTfir.
— vu
178 H>C= D~ yame Ac n
<-tr Il
(dialysis) hrrputiM , .
~dhu o« MU 1 1.000
M
ffiBil 3 ‘ AV
i i
0 i ,
Electrodialysis »
( ysis) ! 1 Q 1 1-2V/ cc’ll pair
toe )«
| A »M b.tuv AP
a5 (*)
(Inverse osmosis) »
t MO MPa
b’
)I'. x| 'b) louv Ap »
» nm [ i
b i' » ( "
(Ultrafiltration) / Lo
100-800 MPa I, < 1. 00)
. 1] it
i trif U O)y PU L] Ap .o
TYImnmi »
(Microfiltration)
100-1SO MPa
A A AP
T
Gas Permeation
Ail*Ae »lit!« AC
Gas Diffusion
Ap R
¥<VI | " |
* > (1 5]
Pervaporation scsMnrmbudituti' Ac )
t
)« - Ac »
/

Liquid Membrane

A (B

50



Pressurised solution of (A), (8)

\

|
o ,L Concentrated (A)
. 5 - )
= & o o o4 .. sl
® o ® 2

Membranemp'— — — = = = = = = — — — — — — — — — —

-JT

Solution of (B)

2.6 (Green,1979)

(Reverse osmosis, RO) hyperfiltration
#
(
1000 0.1-1.0 nm)
(solution-diffusion)

1-10Mpa  10-100 atm

{ (Ultrafiltration, UF)
(microporous)
N 2-20 nm (20-2000 °A)
100-800 kPa (1-8 atm)
?



32
(Microfiltration, MF)

(0210
100-500 kPa (1-5 atm) dead-end
(cake)
cross flow microfiltration (CFMF)

(Gas separation)

2 (gas permeation, GP)
/ - (
) 100 kPa 10
MPa (gas diffusion, GD)

(isotopes)

(Pervaporation, PV)

( )

carrier gas N2
hydrophilic
hydrophobic
(dehydration)

(Liquid membranes, LM)
(emulsion)
(supported liquid membrane)
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2.2.2 (Materials of Membranes and
Preparation of Synthetic Membranes)

2221

Resting (1971)

2
1) (porous membrane)
) (dense/non-porous)
fouling
( )
1 / / /

1 diffusive

membrane (ion-

exchange membrane)



4 21
() (Non porous/dense membrane)
(inorganic membrane)
( 40%)
° (dope)
(non solvent) (swelling agent)
cast
(evaporation/desolvation)
(
)
( chain transfer )
?

(homogeneous)



50-5,000 °A
(permeability coefficient)

(ultrathin membrane)

(asymmetric membrane)

dense/non porous membrane

porous membrane

' Y ‘; k4
LLNHL’JHLU5NNE1¢!1]H%N$1‘1N“1

ultrathin

3 phase
Inversion

in-situ formation membrane

‘ AU HUDIYAT (liquid membrane)
w5 W lan3in (dynamic membrane)

wiuusunanylasu lesou

T usumsutanilaoulessuuin

ion-exchange membrane

| uruususaninasu lessuay

2.1

() active layer

(Kesting , 1971)

(composite membrane)
2

Erwcaver O

35



(support)
(monomer)
150-200 Jim
100-200 nm (29
NS-200, FT 30 Film Tec. PEC 1000 Toray ~ NTR-7400
Nitto-Denko
¢+ 200 nm
i — 2 i
i — o
Tndva iy DS SO I O R T
Fuspeiy ;ggggég,;%%f 120 pm
=31
28 FT 30 (Kesting, 1971)
() (porous membrane)
0.1-10 Jim 2-100 nm
(adsorption)
fouling
hydrophilic fouling

cellulose acetate

hydrophobic hydrophilic

36



hydrophobic ?
?!
(phase inversion)

?!

poly  fone/polyether  fone polyacrylonitrile
cellulose ester polyamide (aliphatic)
polyimide polyvinylidene fluorice
11 (microporous)
(macroporous)
10 Jm 10-100 °A
IUPAC (International Union of Pure and Applied Chemistry)
20 °A 20-500 °A
(mesoporous) 500 °A
(sintering) (
)
0.1-10 jjm (
2! )
PTFE (
teflm )
stretching N

( PTFE ) |

3



polyacrylic acid

)

0.1-3 [~m (porosity)

(in-situ formation membrane)

() )

precoated
zirconium  oxide

(

(Nakao, 1986)

(liquid membrane)

supported liquid membrane (SLM)

liquid membrane (ELM)

()

emulsion

36



22.2.2 Supports (

Johnson (1986)
" cast
integral support (
2 |
hydrophilic -~ hydrophohic
223 (Membrane module)
Resting (1984)
module
4
2.23.1
} 29
(spacer)
(packing density) 100-400 m W

(~5mm)

59

cast

integral support
non-

(plate and frame module)

thin channel



WAWAULaN L?JZ]LLN"L&
7 wHunu

i Sinuwinn

astla
LD auHY

(wadlian

3 T 1Y n !\
7 ; :T‘ ke M ) ]
\HauHR ; [ T—— gaamsdon
FaWaiian N (HRYHAY ‘H
I SRLEALE i) L SInwinn
WHBNM
29 (Kesting ,1984)
2.2).2 (tubular module)
10 mm (housing) (
)
(210
violdauen /y

}

iwaiian

asdau

2.10
(housing) (Kesting ,1984)

40



41

2.23.3 ,

211
300-1,000m W

i L4
wHuNuaIYau

URITERE) wtinAuwodiar
i wallian
/\/J
Wallian \Dausu
2.11 (Resting ,1984)
N\

e
HHHZ A TN,

THGHOHH T Finwnn

TTTTTTTTTTT 1100000 28
T212717121717777272720
TTTTTTTTHININI A

) (tube side feed)
) (shell side feed) (Resting , 1984)



42

2.2.34 cast

spinning) 0.1-0.5 mm.
1-2 mm.
stainless Steel

( 212 )
( 2.12 )
30,000 m W 0.5-
10mm. (capillary)
2.6 /
fouling
fouling
26 (Resting, 1984)
/ (m2m3 100-400 300-1000 150-300  9000-30000
(I/m2h) 10-50 10-50 10-50 0.5-5.0
(mm) D -1.5 >10-13 0.1-05
fouling
2.24
(Fane,1987)



(modular)

. (hatch)

2.1

225

« Concentration polarization (CP)
CP

( )
( ) fouling

CcP

43

(continuous)

bulk solution



21

* Fouling

) fouling

(polysulfone)

fouling

bulk solution

(cellulosics)
pH 1-13
60-80

(Fane,1987)

RO
GPPV
RO,MD

GP

LM
GP PV
ED,RO

MF (CFMF),

UF

pH 4-8

(ceramics)

44



2.2.6 (Membrane Cleaning)

Lindua (1994)

? 7!

(pretreatment)

concentration polarization fouling
fouling
)
(foulant)
2
2.26.1 (Physical methods)
/

(sponge tails)

’ (back washing)

30
2-3

45



( 219)

1.2.6.2
(desorption)
2.2.63
! (hydrochloric acid)
(sulfuric acid) (phosphoric acid) (oxalic acid)

(citric acid)

(enzyme)



47

(protease) (amylase)
(lypase)
. (surfactants) :
(hydrophabic) (hydrophilic)
2.8
2.8 (Lindua ,1994)
] (quaternary ammonium compound)
(cationic surfactant)
(alkyl benzene sulfonate)
(anionic surfactant)
, - (ethylene oxide)
(non-ionic surfactant) ( )
( wetting)
(antifoam)
] (disinfectant) ' (oxidant)
(chlorine) (hydrogen peroxide) (hypochlorite)
] (formulated cleaner)

GB Fuller Ultrasil
Klensade  Argo Scientific 29 3
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(rinse)

210

(Cleaning sequences)

85%

(8%

)

3-4

48



2.9

(Lindua,1994)
05%( 0 V
2% (wt) (pH 4) V
05% () V
pH 11-11.9
1% (wt)
EDTA 1% (wt) pH 11-11.9
1% (wt) V
2.5% (wt)

*EDTA = ethylenediamine tetra acetic acid

2.10 (Lindua,1994)
(%owt)
0.5-1.0
EDTA 0.5-1.0
0.3-0.5
0.002-0.02
0.1
0.25
L 10
2. 60-75 30-60
3, 10
4, 50-60 20-60
b. 10

<



50

6. 15-30 60-75

(trial & error) Lindau  Jonsson (1994)

( )
' Ultrasil 70,Yltrasil 75

Ultrasil 11 Ultrasil 91 ,

50%

(soluble oil)

2,28



( ) 5-10

211
211 (Lindua,1994)
Amicon YM( ) 10%
PM ( ) 50% 24
DDS XM ( ) 10%
GR ( ) 0.8%
FS (PVDF) NaOH 0.8% 50%
CA ( ) 0.8% NaOH 0.3%
0.38% 50%
Flimtec FT 20%
Filtron NOVA ( ) 0.2% NaOH 0.1 M
Osmonics 0.5%
Millipore PL ( ) 4%
PT ( ) 0.05% 0.05%
0.05%
229
fouling



%

13
plate count
Coli count
2.3
500-300,000
231
v
AP
An

52

10
DDS (
)
< 0.05 ppm
< 0.02 ppm
< 5 ppm
< 20 (German degree)
< 25 Jim
< 1000 1ml
0 DOih
(Ultrafiltration Membrane Process)
2-10

0.1-2 jim 10-500 °A MWCO
V= (Ap-At)/ |I\R, (2.1)
= (mIm2s)
- (Pa)

= (Pa)



W = (Pa.s)
R = (7
Ap» ATl ATl
21
= Apl|AR (22)
7!
(molecular sieving) interaction
2
2J.2
Nor (1987) 2
(Pore model)
. Rf  (Gel polarization model ; GP)
. (Osmotic pressure model)
(Ap-Atc)
( ) 9

Aft



(Resistance-in-series model) (2536)
( 22)R
(RJ CP(  213)
) (Rp
CP (Re (Rg 2)
fouling (Rf) (R9
Rpl

R = Rmt (Rp+Rg+(R.+ R+ .......)

R = RratRo+ Rf (23)
fouling
RL  Rf
Jw=A p/MwRetRf (24)
Jw
Ry 2.2
e Ap [JARD (25)
W,w
(22-25

54



concentration polarization

213 (253%)

( RiR R
Rri 1%
Rp  Rf (

interaction
R Rs
Rf

Chiang Cheryan (1986)

( ) R
Rf

Jiraratananon Chanachai (1996) fouling
Ro Rr
CP
CP R Rf



56

Oiisman Bennasar (1995)

( )
2.3.3 Fouling
(2536) CP fouling
fouling fouling CP/
fouling fouling
fouling
bulk CP, fouling
CcpP CP CpP
fouling
fouling
CP/
fouling
( ) ( )
fouling
fouling CP/
CP/
CP/
fouling
CP/ fouling
fouling
100%

UF fouling
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10% fouling
(denature) (
)
fouling
1) 2) 3)
4)
) N
[
[
2.14 fouling
(Meireles,1991)
fouling
Meireles (1991) fouling 2.14
fouling
( ) ( 214)
fouling



2.14 ) fouling

fouling
2.14 ) fo ing

fouling

2.34

2.35

58

fouling 2

fouling?

(Membranes and modules)

2.12

2.13 2.14

(Process configuration)

(concentration)

(purification)
(diafiltration)



Romicon/Amicon

—+

2.12

2.13

*(Mcgregor,1986)

Abcor
Millipore
Nitto Electric
Osmonics
Peterson Candy

Rhonc-Poulene
Wafilin
Fluid Systems
Amicon
Nitto Denko

(Capillary module)
(0.5-10 mm)

(Kulkami,1992)

/a -

(borosilicate glass)

MWCO
, 10000-20000
8000
20000/100000
1000/20000
1000-20000
+ 2000-50000
20000
10000
6000-10000
100000
5 00
20000-1 0

1 MWCO



2.14 7 (Kulkami,1992)
Abcor.Inc. USA Peterson Candy Corp. UK
Amicon,Inc. USA Millipore Corp. Japan
Dow Danmark A/S Denmark  Rhone-Poulene France
UPO, USA Du Pont, USA
Fluid Systems Corp. USA Sartorious GmbH. Germany
Asahi-Kasei, Japan Schleicher & Schull GmbH. Germany
Osmonic Inc. USA Desalination Systems Inc. USA
. 2.15 2.15() (total
recycle) 2.15( ) (partial recycle)
CP
. ?1 Jiraratananon (1991) 7!
( 2 ) (buffer)

( 216)

60



fatlou

mouion
-{&]-
1] ]
2.15 () () (Jiraratananon, 1991)

Vo

Co ] l

2.16 (Jiraratananon, 1991)



24 (activated carbon)

20,000

(activation)

10-15

(regeneration)

(carbonization)

750-950

(dehydration)
400-600
(tar)

(adsorptive capacity)

lodine number

(powder)

molass number

(granular)

20



63

% /9 uuaolruz
!

AASA AYMLAZRLE TO
30TH A0SORBATES 3
SCLYENT

AREA avaLaBLE
CHLY T3 SCLYENT
3 :MALLER

N ADSCAR3IATE

(AVJIL)'LE
oMLY TO
v SCLVENT

217 ( 2538)

24.1 (adsorption process)

(adsorption)

(mass transfer)
adsorbate adsorbent

2 (physisorption)



(chemisorption) 2
(adsorbent)
(adsorbate)

(physisorption)

(weak Van Der Waal's force) adsorbate adsorbent
(multilayered)

(chemisorption)
(adsorbate) (adsorbent)
(monolayered) (irreversible)
(reversibility)

(desorption)

1 (external diffusion)

2. , (internal diffusion)

3. (surface reaction)lS
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(exo-thermig)

Chen (1974)
1

2421

2422

2423

2424

2.42.5

(factors influencing adsorption)

(mixing speed)

(temperature)

Hassler (1963)

(size and surface area)



243

equilibrium)

Adsorption isotherm

adsorption isotherm 2

2.43.1 Freundlich isotherm

g = KC
q =
C =
K, =
(2.6)
log(q) = logK + (1/ ) loge
2.19
logq

loge

2.18 Freundlich isotherm (Walter,1972)

66

(adsorption



6/

2.43.2 Langmuir isotherm

single layer adsorption

(adsorption)
(desorption)
M = k.cM-q) (2-8)
ke = (desorption rate constant)
kt = (adsorption rate constant)
ot =
(maximum possible carbon loading)
C-=
q =
(28)
g = (ket 2 0/(20
= VO"rO0 +talgJ
c/q = (kc/ 10(1/0 + c/q.,,
c/q = (a/gEm + c/gm (2.9)
2.20
adsorption isotherm Freundlich isotherm

Langmuir isotherm

1/c
2.19 Langmuir isotherm (Walter 71972)



60

2.5
Ghosh (1978)
(carbon adsorption)
(chemical coagulation)
(chemical adsorption)
Porter (1976)
(kerosene) (hydrocarhon
solvent) 1-5%
(evaporation) 90%
(pigment) 15%
30 3 '
Digiano (1977) (carbon adsorption) carbon column
0zonization
0zonization
0zonization
Porter
Shelley

(carbon adsorption)



iY

Robertaccio (1973) 50,100
250 .. 1300 APHA units
560, 490 210 AHPA units DuPont
151,000 . / 8 7 . .
6% ' 2080 AHPA units 490 AHPA units
Laine (1989)
(TOC) TOC  40%
98%
(2538) hollow-fiber UF
0.1 0.03
4-6 0.1 6-7.3 0.03
Buckley (1992)
5.56 50/
400 kPa
2.1-3.1 MPa (total solids)
sodium ions  conductivity 96% 90%
(total carbon) 87% concentrate
5.3-5.8 MPa (total solids)
sodiumions  conductivity 98% 94%

fouling
Dynamic membrane ( trafiltration)
alkali
4-9 6
(total dissolved solids) 4500 5. 10,000 ADMI



10

6 MPa 45
¥ - ! 95%
(conductivity) 80%
Nanofiltration  (charged ultrafiltration)

sodium chloride 20-100 / sodium sulphate
158 |/ ethylene diamine tetra-acetic acid (EDTA)
115125 99%
Knocke (1994)
90-95% 5.0-5.5 4.0
10,000 mass unit 25-90
psig 90% TOC 70%
(molecular weight)
Samer (1991) (total organic
carbon) (synthetic organic chemical, 2,4,6-trichlorophenol)
|Ilinois T0C 3 . 5
10 hollow-fiber
(cellulosic derivative material) MWCO 100,000 20
0.93 (surface area)
0.064 200 kPa (29 psi) T0C 45% (
2.24) %5 ", PACRT-8 . HRT=1
T0C 5-10%
(average membrane production) 104-109  /
20

(membrane fouling)



2.20 Percentage removal of TOC during ultrafiltration of PAC pretreated grouncwater
(influait TOC=2.8-3.1 my/L  PACdose=25 mg/1 ; PACRT=8h ; HRT=1h)
(Samer . Adhametal., 1991)

Vincent Urbain (1996) membrane bioreactor
(powdered activated carbon, PAC)
(denitrification) (natural organic matteriN'OM)
Y 100 13
1.2 (recirculation flow rate) 453 . ./ .
0.7 (PAC dosing) 10/ ..
23
NOM 30%
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