21

211 (Cooling  Water)

40- 60 °

2.12 (Wash  Water)



2.13
214
(BOD)
2.2
221

(Desizing)
(Bleaching)

«

(Process  Wastewater)

»

«

21

irminiiniHitmi |

(COD)

(Scouring)



2211 (Desizing)

J (Acid - Stuping)

J (Rot- Stuping)
J (Enzyme Desizing)

J 1 (Oxidizing Agent)

(Sodium' bromite)

15-20
2212 (Scouring)
1 2
(Kier)
(Surfactant)

2213 (Bleaching)



2 ! (Reduction Method)
(Oxidation Method) ’

(Sodium  Hypochlorite , NaClO)
(Hydrogenperoxide , HD 2

2214 (Mercerizing)

222

2221 (Fibre)



2
(Pore)
(

22.22 (Dye)

(Bond) 4
J (Hydrogen Bond)
J (Van der Waals’ forces)
J (lonic forces)
J (Covalent Bond)

(
2

(Covalent Bond)



2223 (Additives)

] (Carriers)
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2597)




2.3

231

2.32

v
iniuil Tasiaoy

l

Talasamsveu

l

715A2Na19 (Intermediates)

l

adou

2.2

(Color) (Dve)

(Chromophores)
(Nitroso Group) -NO ( =NO-OH)
(Nitro Group) -NO2(  =NO-OH)
(Azo Group) -N=N-

!

11



12

(Ethylene Group) : c=c
(Carbonyl Group) : ¢=0

J -1 (Carbonyl - Nitrogen Group) : C=NH  -CH=N-
J (Sulphur Group) : c= -C-5S-C-
' (Aromatic
Compound)

" (Auxochromes) OH, -NH2, -NHR, , -NR?, -503

-COOH

¢ " (Chromagen)

(Amonoazohenzene Dyestuff) H2N- O -N=N- 0
-N=N- -NH2
0 -N=N- 0
233
2
(Dye) (Pigment)



13

) (Disperse Dyes)

(Dispersing
Agent)
(Carrier)
2
(Azo Dyes) (Aminoanthraquinone) b2
(Ethanolaning) - -NH,-CH,-CH20H
) (Acid Dyes)
(Triarylmeth ~ anthraguinone)
3) (Azoic Dyes)
(Diazonium  Salt)
(Coupling)
4) (Basic Dyes)
(Cation)

5) (Direct Dyes)



4

6) (Mordant Dyes)

( ( ((
( (
) (Sulfur Dyes)

( ,

(Sulfonic - Group)
(Air Oxidation)
8) (Vat Dyes)
(Leuco Compound)
(Indigo) (Aminoanthraquinong)

9) (Reactive Dyes)

(Anion)
OH

10) (Metallic Dyes)



2.4

1)

241

2411

(Onium Dyes)

(
Meneral Khaki

(

15



242

2412

2413

2414

2415

16



25

26

500 - 1200

300 - 900

50°

)

6-9

( 2531)

100 - 1000
/

(Alkalinity)
(Dissolved Solids)

(2n)
(Total Suspened Solids)

(

9-12

(Cu),

(Self Purification)
(Anaerobic)

17

(o).



4) (Dissolved  Solids)
' 1

5  (Color) ,

6) (Heavy Metals)

1) (Total Suspened  Solids)
2.1

4

2.1.1 (Physical Unit Operation)
(Screening) (Comminution) (Skimming) (Mixing)
(Flotation) (Sedimentation) (Centrifugation)
(Filtration) (Gnit Removal)

2.12 (Chemical Unit Processes)

(Precipitation) (Neutralization) (Disinfection)

2.13 (Biological Unit Processes)



19

" Activated  Sludge , Trickling Filter , Aerated Lagoon , Anaerobic Filter ,
Anagrobic Pond , Stabilization Pond

2.14 - (Physicochemical Unit Processes)

, lon Exchange , Carbon  Adsorption , Reverse Osmosis , Electrodialysis

2.8 - (Physicochemical Unit Processes)
J (Carbon Adsorption)
J (lon Exchange)
J Ultrafiltration
J (Reverse Osmosis)
' (Electrodialysis)
(Carbon Adsorption)
2.9 (Adsorption)

(Adsorption)
!



20

(Mass  Transfer)

“Adsorhate” Adsorbate “Adsorbenf
(
2539)
- 2
(Physisorption) (Chemisorption)
(Absorption) (Aborbate)
(Vander Waal's Force)
(Irreversible)
(Reversible) ( , 2521)

23

Adsorb yurfac ! B

23

A




2.10

(Solubility)

(Carbon Adsorption)

(Adsorhent)

*

1

rffVUitOntdinmJ
mail

25%9)

21



22

(Activated Carbon)

f (Macropore)

1,000 (Micropore) 10 - 1,000
!
( 2521)
2 (Granular - Carbon) (Powdered Carton)
Activated Carton (Almond),
(Walnut),
211
(Absorbent)
3
1 , , (Bone

Char), (Activated Silica) 50-200



23

2 (Activated Carbon)

600- 1000
3 (lon Exchange Resin)
300 -
500 ( )
2.12 (Activated Carbon)

21



21
2514)

Physical Properties
Surface Area,m2/g (BET)
Apparent Density , g/ cc
Density Backwashed and drained 1o/ cu.ft.
Real Density , g/ cc
Particle Density , g/ cc
Effective Size Imm
Uniformity Coefficient
Pore Volume , cc/ g
Mean Particle Diameter 5mm
Specifications
Sieve Size (. . Std. eries)
Larger than No.8 (max.%)
Larger than No.12 (max.%)
Smaller than No.30 (max.%)
Smaller than No.40 (max.%)
lodine No.
Abrasion No., Minimum
Ash (%)
Moisture as packed (max%)
** No available data from the manufacturer
Not applicable to this size carbon

1o

America
Hydrodarco

3000

600 - 650

043
22
2.0

14- 15
08-09
17

0.9

16

[@p]
Iao

X

Calgon

Filtrasorb

300
(8x30)

950- 1050

0.48

26

21
13- 14
08-09
190 less

0.85

15-17

900
10

Westhaco
Nuchar
WV-L

(8x30)

100
0.48
26
21
14
0.85-1.05
180r less
0.85
15-17

950
10
15

Witco

517

(12x30)

1050
0.48
30
21
0.92
0.89
144
0.60
12

1000
85
0.5

24



2.12.1
2
)
(Char)
)
2
I\ (Chemical Activation)
(ZnCI2 5
(HjPO™ | (HZ04
(MgCl)), (NaCl)
(Macropore)
2) (Physical Activation)
(Oxidizing  Gas) (Steam)
(CO), (102

24

(C12

25

(KCNS)
(Hydroxide of Alkali Metals)
(CaCl,)

(C02,



~

TagAl

i o ° =]
Uﬂlm:muﬁ:un'smﬂmumn‘?ﬂmlﬂwuﬂ

l

IARMHYIAT (Carbonization)

N3zAUNQUMNIFL (Activation)

l

VAAZHIUAZINTIAAVUIA

l

thuﬁ'uﬁuﬁ' (Activated Carbon)

24 '

2
(Powdered Activated Carbon) "
150 99
(Granular Activated Carbon)
150 5

Chemical Activated Carbon

26



2.12.3

) Physical Activated Carbon
2.12.2.3

1) Micropores

2) Mesopores

3) Macropores
21224

1) Gas Absorbents

2) Color Absorbents

3) Metal Absorbents

(Downflow)

(Gravity)

21

1- 100

100

(Pressure)

(Carbon  Contacting

(Upflow)



(Expanded Bed) ,

(Surface Area)

(Apparent Density)

(Bulk  Density)

(Effective Size) ,

(Packed Bed)

(Mean Particle Diameter)

(Uniformity ~ Coefficient)

(Hydraulic Conditions)
(Pore Volumn)
(Sieve Analysis

(Adsorption Column)

Plant- Handling Effect

28



4,250

1)

2.12.6

29

(Abrasion Number)
(% Ash )
(Moisture)
(lodine Number)

(Molasses Number)

(pore Size)

(Carbon Regenerate)

(Exhausted Carbon”®

1
Multiple  Hearth

(Slurry)

1500- 17000

(Quenching)

30
2-10



2.13

2
Column Test)
1)

(Adsorptive Capacity)
Test  Molasses Number Test

Adsorption Isotherm Test

Adsorption  Isotherm

Freundlich Equation

XI/m

=~ O 3 X
1

Adsorption  Isotherm

30

(Laboratory Test) (Pilot

(Laboratory Test)
Adsorption Isotherm Test, lodine Number
Adsorption Isotherm Test

Adsorption Isotherm

= ke 1”

= LOGKH1/N 10 C.ovvvvvvvsrvrrsssrrsssssssssssnssnsne 2

Adsorption Isotherm



31

Adsorption

ISotherm
Adsorption  Isotherm (Batch
Treatment)

) (Pilot Column Test) Adsorption  Isotherm

Breakpoint Breakthrough Curve

Breakpoint Breakpoint Time

, -
2.14 (Adsorption Isotherm)

2141 (Langmuir Adsorption- Isotherm)



1/bXm

X = (XnbC§/ (I+bCe
X =
( / )
m =
(Monolayer ~ ( /
C6 =
( I )
b =
Ce 00
CIX = (HoXm+(Ce/XM i
Ce/X  Ce
Ce
I/x = (L/X+(1/Cd(L/bXn)
1/X l/ce
2 3 2.5

1/ bXm

32



JJ

%7 , LANGMUIR
}l = 7% ISOTHERM

: C
37 2.5 leTwmenmsgadarnuunaniig

2.14.2 ‘ ( (BET  Brunaucr - Emmclt - Teller Adsorption
ISotherm)
(Monolayer) (Multilayers)
2
X = (XmCQ/ (Cs-Cg(I+fb-1)CelCHrrran 4
X -
( / F)
Xp =
(Monolayer  ( / [ )
C = ( /
F)
C = ( / [ )
b -



34

€6/ X(C,- €0 = (IR B (( R TRA1 ) FCAE S I — 5
€6/ X (€5- €9 €6/ €5 (b- 1)/ Xnb
y 1/ Xrb 4 5
A-1
i AX,
& ! B.E.T
}1 = AX ISOTHERM
C
cS
26
2.143 (Freundlich Adsorption Isotherm)
xIm = G 1 6
X =
( / I)
€6 = ( /
)
K =
1 =
1= ()

6 logarithmic



log(X/m) = log K+ 1/ 109 C.vvvervvvvcrversrvvrssrinn
log (X/ ) log 08 1
y  log(X/m) logCe =0 (€6=1) 6 7 2.1
>1
1
log X "
<7 FREUNDLINCH
} ¥ 7 [5E ISOTHERM
log C
2.1
2.15  (Color)
2.15.1
4
)
) ()
3)
4)
2.15.11

X AADQ

3

400- 700



21512 ()

21513

2.15.14

m t

36

(Absorbance)
(Transmittance)



2.15.2
Theory)
3
(Blue)
Lights)

Primary ~ colors)

1

(Trichromatic Theory)

»

(Cyan)

(Additive Primary colors)

(Magenta)

(Substractive Mixture of Pigments)

(Magenta)

2.153

(Maxwell Theory)

37

(Trichromatic

(Red) (Green)

(Additive Mixture of

( (Substractive

(Cyan)



3

! 3
3
iy AGLE
| A3 | 1A
‘IJTNA?J‘H
28
21531 (Color Saturation)
(Color Saturation) (Colorfulness)
(%) = X 100

100



2.2

21532

21533

2.153.3

39

(Brightness)
(Brightness)
3
(Photoelectric  Cell?
100

(Visual Density)

100
100

= -Log (%)
100
(Dominant Wavelength)
400 - 700



2.2

KjPtClg

400 - 465
465 - 482
482 - 497
497 - 530
530- 575
575 - 580
580 - 587
587 - 598
598 - 620
620 - 700

CoCL,6HD

APHA
! (% Transmittance)
(Absorbance)
3

APHA (American Public Health Association)

APHA



41

2.154.2 (% Transmittance)
(% Transmittance)
(Spectrophotometer) 400 - 700
21543 (Absorbance)
(% Transmittance)
(Absorbance)
21544
3
2 3
2.16
(2537)
550 ° .
20 20
( Molasses Test) 30
63 :
(2537)
3
3 ]
30- 120 1
0.6 - 56

11
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2 1

800- 900°
3
' (2538)
12
400° 3
, 600 800°
(2539)
B - 8
12 0.15 /
250
97 %
Lambert (1997) 3 Activated bauxite ,
Fuller Earth Synthetic Clay Activated carbon
(Reactive Dyes) (Pentachlorophenol)
(Propetamphos) synthetic clay

5.5-8.5 20-40°



43

activated bauxite Activated carbon

hauxite , Fuller Earth
Ramakrisna

4

Steel Plant Slag

Bentonite clay
Dyes)

Bousher

Activated
Synthetic Clay
(Pentachlorophenol) (Propetamphos)

Viraraghavan (1997)
Peat 1 Steel Plant Slag, Bentonite Clay Fly Ash

Granular activated carbon Fly Ash
(Acid Dyes) Peat
(Basic Dyes) (Disperse

Granular activated carbon

(1997)
Saw dust ,

Linseed straw , Peat, Pressed sludge cake , Coal dust, Pyrolysis tyre , Sugar beet pulp , Leather
hide powder , Dealginated seaweed , Chitin , Montmorillonite , Bentonite , Bone charcoal

Activated carbon

Ozoh (1997)

450

Semi - Activated carbon

Guinea com carbon 5Maize carbon cane sugar carbon

%- 98 3-38
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