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2.1)

(Preparation)

211

1)

2)

3)

4)

5)



(
(Preparation)
\Y
>
(Textile Dyeing)
(Textile Finishing)
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j ***? ™ ”

N3IWIVU (Singeing)

msaonuila (Desizing)

l

msvdadanysnieu

(Scouring)

M3NONU12 (Bleaching)

l

MIYUIY

(Mercerization)

M3dou (Dyeing)

1 o o
NTANLUAITUIY

(Finishing)




2.1.2 (Textile Dyeing)

(Substrates)

(Dyeing Process)

(Dye Bath)
pH
Solvents Surface Active Agents
(Diffusion)

Hydrophobic Synthetic Fibers
(Carriers)
(Closed Dyeing System)

. 2542

2.1.3 " (Textile Finishing)

(Dyeing)

(Dispersion)

(Uniformly)

(Dyeing machine)

Electrolytes

150 (
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22.2 ,
2221 2
1) (Dyes)
2) (Pigments)
(Dye)
2222

1) Azo Colourants
11 ) Aromatic Diazo Compound

Diazotization and Diazo Compound



- The Coupling Reaction
1.2) Azo Compound
- Basic Dyes
- Acid Dyes
- Mordant and Premetalliaed Dyes
- Direct Dyes
- Azoic Dyes
2) Phenymethane Dyes
3) Xanthene Dyes
4) Indigoid Dyes
5) Polycyclicquinone (Anthraquinone, etc.) Dyes
5.1) Anthraquinone Group-Vat Dyes
- Acylanino Anthraquinone
- Condensation Products of Amino Anthraquinone and
Cyanuric
- Anthraquinone Acridones
- Benzanthrones
- Anthrathrones
- Pyranthone and Flavanthrone
- Anthrimides
- Carbazoles
- Sulphur : Containing Anthraquinone Compounds
5.2) Naphthalenic Acid Group-Vat Dyes
5.3) Esters of Arthraquinone Vat Dyes
5.4) Anthraquinone Acid Dyes
6) Sulphur Fusion Dyes
7) Amine Oxidation Colourants
8) Phthalocyanine Colorants
9) Onium Dyes
10) Reactive Dyes

11) Pigments
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2223

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)

1)

(Basic dyes)
(acid dyes)
(mordant dyes)
(direct dyes)
(disperse dyes)
(azoic dyes)
(vat dyes)
(sulphur dyes)
(reactive dyes)
(metallic dyes)

(onium dyes)



2.1
Class Subclass
Nitro
Nitroso
Azo Monoazo
Diazo
Triazo
Polyazo

Mordant azo
stilbene azo
Pyrazolone azo
Diphenylmethane
Triphenylmethane
Xanthene
Acridine
Thiazole
Indamine&Indophenol
Azine
Oxanzine
Thiazine
Cyanine Methine
Quinoline
Sulphur
Lactone
Aminoketone
Hydroxyketone
Anthaquinonoid
Indigoid
Sulphurized Vat Dyes

Phthalocyamine

( , 2543)

Example
Naphthol Yellow
Fast Green 0
Acid Orange |I
Congo Red

Direct Black EW

Erichrome Black T
Chrysophenine G
Tartrazine

Auranine 0
Malachite Green
Fluorescein
Acridine Orange NO
Basic Yellow T
Toluylene Blue
Safranine T

Capri Blue GN
Methylene Blue
Astrafloxine FF
Kryptocyanine
Sulphur Black T
Resoflavine
Plelindon Brown CR
Alizarin Dark Green
Perlon Fast Green 3B
Indigo

Hydron Blue R

Monastral Fast Blue BS

Structure
(39)
(40)
(42)
(42)
(43)
(44)
(45)

(46)

(47)
(48)
(49)
(50)
(51)
(52)
(53)
(54)
(55)
(56)
(57)
(58)
(59)
(60)
(61)
(62)
(63)
(64)

(65)

10



2.2

11

, 2539)

. 3-5
50-

110°cC

. 5-7
50-

110°c

98°c

. 4-6

100-105°c

. 4-5

100-105°c



2.2(

, 2539)

98°c
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2.2.3
2231
4
S-D-T-X
(-SO2Na)
(Chromophore)
T
(Bridging Group) -NH-, -NHCO-, - 02,-NH 02 -NCH3
X (Reactive Group)

Heterocyclic ring

Heterocyclic ring

2.2.32 (Chromophore)



Bifunctional

2.3

2.3

Chemical class

Unmetallised azo
Metal-complex
azo
Anthraquinone
Phthalocyanine

Miscellaneous

1)

2)
3)
4)

5)

Unmetallised Azo

Metal-Complex Azo

, Anthraquinone

Phthalocyanine

Azo

(Shore., 1990)

Yellow

97

Distribution in hue sector (%)

Orange Red Violet Blue

90 63 20
9 32 17
5 34
27

1 2

(Unmetallised Azo Metal-complex Azo)

Green Brown
16 57
5 43
37
42
81

Anthraquinone

(C.I. Reactive 180)

Unmetallised Azo

95

Black

42

55

14

% of all
reactive
dyes
66

15

10

Azo

Phthalocyanine



2.2.3.3 (Reactive Group)
1)
Substitution
2)
2

Necleophilic Addition

2

1 Monofunctional

Aminohalotriazine

Dichlorotriazine, Difluoropyrimidine

2) Bifunctional

2.3

231

100

Sample)

15

Nucleophilic

(Grab
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(BOD) (COD) (PH) ()

(Platinum Cobalt Method)

2.4
2.4
BOD cob
pH
C 1) 1Y 1Y ( Pt Co)
82 120 300 43 450 13
9.0 110 370 50 570 16
8.6 400 1,200 140 670 41
9.1 230 713 65 400 30
. 2542,
50
1 (DO)

- (Self Purification)

- (Anaerobic)

6-9
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241

17

(Dissolved Solids)
!
(Color)

(Heavy Metals)

(Total Suspened Solids)

(Physical Unit Operation)

lonizing Radiation

(Chemical Unit Processes)2

(Oxidation)

(Reduction)

(Biological Unit Processes)
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3. -
2.5 (Adsorption)
(Adsorption) Scheele .. 1773
1785 Lowitz
(Adsorption)
(Mass
Transfer)

(Interface)

(Adsorbate)

(Adsorbent) )

, 2539) 2.2

ge

2.2 I 1

(Favorable) (Unfavorable) ' Il
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|-Favorable
Adsorplion
[I-Linear
Msorplioq and
Absorption
q!
II-Unfavorable
Adsorplion
Cc
2.2
1 1
25.1 (Adsorption Mechanism)
(Binding Force)
(Electromagnatic Interaction) 2
(Physisorption) (Chemisorption) 2
(Action) (van der
Waals force) 2 (London Dispersion Force)

(Electrostatic  Force)

(Mutilayered)



2.5.2

(Film Diffusion)

3.

20

(Monolayered)

(Irreversible)

(Desorption)

(Rate of Molecular Transfer)

(Bulk Transport)

(Film Transport)

(Intraparticle Transport)

(Pore diffusion)

Boundar Adsorbent
Solﬁ?ilgn Layer Y Particle
(
Soluc ion
ace Gk Film Incrapartide
- Transporc Transport Transport
2.3

( , 2539)

e

(Reversible)



2.5.3

(Adsorbent)
3
1
Char), (Activated Silica)
200
!
2. (Activated Carbon)
Adsorbent
3.
Resin)
1) (Activated Carbon)

(Activated Carbon)

20-20,000

1,000

300-500

(

(Micropore)

(Adsorbent)

, (Bone

50-

600-1000

(lon Exchange Resin)

Macroporous

(Macropore)

10-1,000
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(Dehydration) (Carbonization)
400-600
750-950
( Activation)
1 600-1,000
(
) (Adsorption Capacity)

Ares available 10
both adsorbstes
and solvent

Ares available ooly
10 sotvent snd smaller

Ares
available
only 1
nlwﬂq

2.4

2 (Powder Activated
Carbon PAC) 10-50

(Granular Activated Carbon GAC)
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d sy 1 o ar T ::
M1519% 2.5 AndaNTRUNNUTTAsesauinusie 2 dszian

Granular Carbon Powdered Carbon

Property
Nuchar WV-W Nuchar WV-G Aqgua (PAC)

Surface area (mzfg) 900 (min) 1100 (min)
Particle size 8X30 12X40 8-9 microns
Uniformity coefficient 1.8 (max) 1.8 (max) =
Effective size (mm) 0.85-1.05 0.55-0.75 2
Apparent density (Ib/ft) 35-37 27-29 3614
lodine number (mg/g) 850 (min) 1050 (min) 800%100
Particle density (g/cm’) 1.45-1.55 1.30-1.40 1415
Sieve analysis :

through 100 mesh (%) 99-100

through 200 mesh (%) 97-99

through 325 mesh (%) 92-98

di = = %’ 1 1 b =l e
ilaaananstsznavdwidluin@eutdauhiansogneesaaialiniadainen  uen
anhasuetiafiflufimieetadelfiied nau veers daliarnsaindnlisaedssssunn 6
v
Tuadl S nminendususumisalenfianinaifuew (Activated Carbon) unldlunisnndm
1 :’1 : = = 1 a o - = g 1o k4 ln 1 s ot a
anawanidanlsz@ninmassduiuiuflunsgafiafatves fuiuitaresduindug  uaz
o =i ' v w a o ar ' o e P =4 ad da a ' = '
fnwurmaatvasauiuiumiiuddny  douiusiwmaaaanisasiiuniadusne duase
L | = ﬂlﬂ:dl ;q: s .;f =Y [ ar o na: | = = = g
ms@mmmﬂLm:ma‘ﬂs:n@mumwimum NuRgesduiudusn lddlsvqazapRnansaunsd
|dne uinaansetluvisaniszqldean
= e Aﬂll I = Y :::d =
nsgedanadunszuaunsidiasanisacuan  HUssBnEnmne  uazsrULNAINNY
1 o= 64 = 1 ] = gv e o= dl =l ar
MuReasRiy  JennansEnuetnamansassuLdanin wenanniigaiides WenFuuieuiy
- a v d Ay ol e el oy e ek = a4 o = -
seuLFann Aa Faenisiuntes lufindumihiaiea liduansevudaiinsilasuulasnies
a A = = g i dl ] dl = ° 1= e o = <=4
qnumnfl iser BByt (Organic Load) Mliineh Buawyue 11fladnd wavsruuiinnugn

vejuge anansaiuviesssuiseesssuulidnn (edde unura, 2539)



24

(Carbon Adsorbent)

300-2500
International
Union of Pure and Applied Chemistry (IUPAC)
- (Micropores) 1
- (Mesopores) 1-
25
- (Macropores) 25

- (Lignite) (Peat) (Bituminous)



(Artificial char)

2
(Hard atrtificial char)
(Soft artificial char)
4)
(Carbonization)
600
9) (Activation)
(Activation)
(Oxidation)

(Oxidant) 2

25

600



1

' (Oxidizing Gas)

31

- (Water-Gas reaction)

cz+ HD =

goo

H2+ CO + ¢l

750-950

cz+ cAH = 2CO0 + cz

26

e (2.2)

800-

38.2

(22)



1)

2)

2)

27

2

800-900
-54
Cz- 02 = 2CO + cz2 ...(2.3)
600
-92
cz- 02 =2C02 + ¢! e (2.9)
2 2



254

(Adsorption

(Adsorption Equilibrium)

(Equilibrium state)

Equilibrium)

(Adsorption Isotherm)

28
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5
2.5 |

\ B

Type O ' 5

P p |

P, h

2.5 ( , 2539)
1) (Langmuir Adsorption Isotherm)
Ideal Localized Monolayer Model

1
2.
3.
4,

X = (X mbC 6)/ (1+BCO0) (2.5)
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X =
a/g mol/g
Xm = } }
(Monolayer) mg/g mol/g
C8 = mg/I
B =
(2.5) X Xm cs8 (Infinity) (2.5)
C8X=(1/bXm+(CE XJ ....(2.6)
C 8gx C8 1/xm
1/bXm C8 (2.6)
X = (1/XJ+a/C8 (1/bXJ . (2.7)
1/X 1/C 8 1/bXm
1/xm 2.6
/X,
17X
'W LANGMUIR
j, = I/X ISOTHERM

2.6



3l

2) (BET, Brunauer Emmerett-Teller Adsorption Isotherm)
(Multilayer)
(2.8)
X=(XnBC@/ (C5C¢H [1+B1)cIJC] ... (2.8)
X =
a/g mol/g
Xm
a/g mol/g
ce =
mg/g mol/g
cs =
mg/g mol/g
B =
(2.8)
CEX (C3CH) = (1/XnB) + [(B-1)/XmB](CE C9 ... (2.9)
CIX (CsC¥H cgcCs3 (B-1)/ xmB

1/XnB 2.7
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(A-1)/AX
I/(C-CoX E
rd BET.
} 1= 1/AX, ISOTHERM
c/C,
2.7
3) (Freundlich Adsorption lIsotherm)
x/im = K C8I' ...(2.10)
X mg mol/l
= g
. - mg/l
mol/|
K,l/n =
(Exponential)
log (x/m) = logK+ (/ ) logee ..(2.11)
log (x/m) loge 6 /
logK loge 8= 0(C 8= 1) 2.8
/ 1



Log (X/m)

I/n

FREUNDLICH
ISOTHERM

2.8

4)

(Activated

l°gCc

(Size and Surface Area)

Carbon) (Adsorbent)

(Size and Surface Area)
1

(Film Transport)

(Nature of Adsorbate)

33



Sulfonate Alkylbenzene

25

2.9

ﬁxn

0.55

Intivent
Kidilied

, 2539)

29

34



J (Temperature)

(Exothermic)

] : (Mixing Speed)

(Film Diffusion)

(Pore Diffusion)

] (Contact Time)
2.5.5 (The Adsorption Column)
1) (MTZ, Mass Transfer Zone)

2.10



ADSORBENT LOADING (X/M)

BED
DEPTH

2.10

<4——— X/M ai Saturation

(Exhausted)

Mass Transfer

zone

4

(Mass Transfer Zone)

211

Low flow

211

Wave
front

high flow

, 2539)

36
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) (Breakthrough Characteristics)

' 212
(Active

Zone)

INFLUENT CONCENTRATIONS

t ¢ t b

-
§‘ « SPENT
v | CARBON
- B
Ts { ; 3
3 H g
¢ : '-'-'.f 2 g
2 - Q
fisiinie e =
EFFLUENT CONCENTRATIONS
v t 4 1;
z ! Cs diel 19 i Ca
= ; i i
5 : : ¢,
b 1 ] ]
b4 ] ' 1
g ' : ! :
Q 1 | 1
3 ! ¢ BREAKTHROUGH CURVE
o { H : H
- ] t 1 ]
gl 4 : : :
5 H - 4f C. is the treatment objective,
g { Cy i Cs ; C. then p?in( Cc is the breakpoint.
0 CUMULATIVE VOLUMF OF EFFLUENT OR

ELAPSED TIME

2.12 ( , 2539)



2.6

( 80)

261

2.7

Native Starch

Native starch

(Tapioca root pulp)

30

(2537)

30-120

38

Native starch
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0.6-5.6 ,

11 2:1
800-900
3
(2538)
1
1 2
400 3 62.82
800-900 g 120-180 g 1000 Ao
600 800
, 1 ' 400 800
600
(2542)
50%
(2542)
60% 350 120
986

(2539)
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78-

89 1.2 0.15
/ - 250
97 96
Mckay (1987) 2
Lambert (1997) 3 Activated
bauxite, Fuller Earth Synthetic Clay Activated carbon

(Reactive Dyes)
(Pentachlorophenol) (Propetamphos)
synthetic clay 5.5-8.5
20-40 °c Activated = bauxite
Activated carbon
Activated bauxite, Fuller Earth Synthetic Clay
(Pentachlorophenol)
(Propetamphos)
Ramakrishna Viraraghavan (1997)
4 Peat, Steel Plant Slag, Bentonite Clay Fly Ash
Granular activated Carbon Fly Ash
Steel Plant Slag (Acid Dyes) Peat
Bentonite Clay (Basic Dyes) ' (Disperse

Dyes) Granular activated carbon
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Bousher (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 450
Ozoh (1997) Semi-Activated carbon
Guinea corn carbon, Maize carbon cane sugar carbon
96-98 3-3.8
Al-Degs (1999) Filtrasorb 400 (F-400)
3
Walker (2000) 3
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