2.1

211

gl B~ W D

?

(fiber production)
(Spinning)
(weaving-knitting)
(textile finishing)
(garment manufacturing)

2534)



Haffur,nnn nnvlinr.auf
'JSUUMTJ tntiB

2541) ?
(singeing)
3
( , 2541)
( , 2527)
(desizing)
2 ( q ,2541)

(enzyme desizing) ?



" (oxidizing agent)

? (scouring)
, 2541)
?
2
(NaClO) (D2

( 2541)



? (mercenzation)

2.1.2

21)

o 254)



2.1

(polycellohiose)

2527)

21

(Duff and Sinclair., 1989)

(polypeptide)
(polyamide)
2 (21
(crystallites or micelles)
(
( 2527)



(substantivity)
4 (
2521)
(hydrogen hond)
(Van Der Waals' forces)
(ionic forces)
(covalent bond)
2

4
?

(additives)
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(carrier)
!
2.2
? ?
?

(intermediates)
( 2527)

?

22.1
(2527)
‘ " (chromophores) 7

(nitroso group) :-NO ( =N-OH)
(nitro group): -NO2( =NO.OH)
(azo group): -N=N-



2.2.2

Ranknekar

(ethylene group): *p=c”"
(carbonyl group): 'yp=0

(carbonyl-nitrogen group) :*)C=NH
f (sulphur group): *c=s

u

(Rangnekar

‘ " (chromagen)
2.2

Name Group
Amino -nh2
Methylamino -nhch3
Dimethyl amino -N(CH32
Sulphonic acid -sodh
Hydroxy -OH
Carhoxylic acid -COCH

Singh(1980)

--(/\

" (auxochromes) (

Singh, 1980)
Name
Chloro

Methyl
Methoxy
Cyano
Acetyl
Amido

-CH=N-

22)

Group
-Cl
-CH3
-och3
-CN
-COCHj

-conh?



23 ?
Class
Nitro
Nitroso
Az0

Diphenylmethane
Triphenylmethane
Xanthene

Acridine

Thiazole
Indamine&Indophenol
Azine

(Rangnekar  Singh,1980)
Subclass Example
Naphthol yellow
Fast Green 0
Monoazo Acid Orangell
Diazo Congo Red
Triazo Direct Black EW
Polyazo
Mordant azo Eriochrome Black T
Stilbene azo Chrysophenine G
Pyrazolone azo Tartrazine
Auramine 0
Malachite Green
Fluorescein
Acridine Orange NO
Basic Yellow T
Toluylene Blue
Safranine T

12

Structure



2.3
Class
Oxanzine
Thiazine
Cyanine

Sulphur

Lactone
Aminoketone
Hydroxy ketone
Anthaquinonoid
Indigoid

Sulphurized vat dyes
Phthalocyanine

) {")

13

(Rangnekar  Singh,1980) ( )

Subclass Example Structure
Capri Blue GN (54)
Methylene Blue (55)
Methine Astrafloxine FF (56)
Quinoline Kryptocyanine (57)
Sulphur Black T (58)
Resoflavine (59)
Helindon Brown CR (60)
Alizarin Dark Green (61)
Perlon Fast Green 3B (62)
Indigo
Hydron Blue R (64)

Monastral Fast Blue BS (65)

(40) (41)

NP

NA e (wH Q V<P oA

N WS A A O nh2

Direct Black EW

OH OH



CCH 3)2

Auramine O
(47)

14

0 * RE:\
}-CH=CH" ) -t =

Cbrysopheoine G

S

Tartrazine

Malachite Green

As!r.ifloxine CF



Alizarin Dark Green
(61)

Monostral Fast Blue BS
(65)

|
1

Perion F;¢(

62

(ireen BR

15



(Rangnekar  Singh, 1980)

(acid dyes)

(mordant dyes)

(basic dyes)

(direct dyes)

(disperse dyes)

16



(azoic dyes)

(vat dyes)

(sulphur dyes)

(reactive dyes)

2.3

23.1.

S-D-T-X

4

(Shore, 1995)

17



(SONa)

T
(Bridging group) ~ -NH- 1-NHCO- 1- 02 1-NHS02  -NCH3 (
? )
X (reactive group)
2.3.2. (Chromophore)
Unmetallised Azo ( 22
OH  NHCOCH;
H-Acid type
(Red)
OH NH
Na03S0CH2CH2) 25
Na03s S0Na
2.2 , Unmetallised Azo
Metal-Complex Azo (23
e i e
(Red, Violet-Blue)
2.3 Metal-Complex Azo

18



19

Anthraquinone (24
0 NH2
.S02CH2CH20S03Na
24 Anthraguinone
Phthaiocyanine (25
SO In+ -4 m{Turquoise Blue)
Q > g > (SONH-0 -S O ZHXHS0Nan
2.5 Phthaiocyanine
2.4

Unmetallised azo 66%  Metal-complex azo 15%

24 (Shore, 1990)
Chemical class Distribution in hue sector (%) % of all reactive
dyes
Yellow Orange Red Violet Blue Green Brown Black
Unmetallised azo 97 9 9 63 20 16 57 42 66
Metal-complex azo 2 0 9 32 17 5 43 55 15
Anthraquinone 5 # 3 3 10
Phthaiocyanine 21 42 8

Miscellaneous 1 1 2 1



20

2.3.3.

2
Monofunction
? aminohalotriazine  (
) (vinylsuiphone)
Bifunction 2

2
2
(halogen)

Nucleophilic Substitution ( 2.6)

, 2

(vinylsuiphone)

Nucleophilic Addition (  2.7)



trliTjjrfiu - tTnmrj 22 21\

« 2 oliinria
\ /Pl
D-NH—<7 XN * %
Dichlorotriazine dye Transient species Partl drolysed dye
(D =dye chromoph%’re) P %H{ ed f|byre

(X 0- ce ulose)

2.6 Nucleophilic Substitution (Shore, 1995)
g 0
D-S-CHEHBSONa "o D-pJCH:CHZ + Na2s04 + H2)
0
Sul hatoethyr}lsulpflone dye Vinylsulphone dye
dye chromophore)
0 [ 0 01
Dcélchiz + p—S-CH—CHj—X
0
Vinylsulphone dye Transient species Hydrolysed dye X =0H) or
dyed fibre (X = D-¢ellulose)
2.1 Nucleophilic Addition (Shore, 1995)
2.4 (sequencing batch reactor, SBR)
Fil
and Draw
(external sludge recycle)
(batch)
2

(Irvine, 1979)

—i— D— —CHZgHZX

b



24.1

5 (Metcalf & Eddy,1991) 28

()

25%
Influent
CO
FILL REACT SETTLE

2.8

? (react)

35%
? (settle)
20%
(draw)

35%

(ide)

22

25%

Effluent Exess
frSludge
DRAW IDLE



24.2

(biological nutrient removal)

(filamentous bacteria)

(decanter)

23



24

24.3
2 ?
?
? 2.9
Influent
Excess
sludge
0 Effluent
Co
FILL ~ ANAEROBIC AEROBIC SETTLE DRAW
2.9 ?
?
2.5
25.1 (heterotrophic organisms)

(acidogenic hacteria)



25

' ?

(aerobes hacteria)

252 (autotrophic organisms)

?
253 (phosphate accumulating organisms,PAOs)
2.10 (Mino 1995)

(polyhydroxyalkanoate, PHA)

(Mino
1995)



26

Anaerobic Anoxic/Aerobic

2.10 (Mino 1995)
Xpp:Polyphosphate, XpHAPolyhydroxyalkanote, XGL Glycogen, XpAd:Polyphosphate accumulating

biomass, AFermaetation Products like Acetate, ,50Inorganic Soluble Phosphate, 0 Dissolve

Oxygen, NO3:Nitrate and Nitrate

Anaerobic Aerobic
211 (Mino , 1995)
254 (glycogen accumulating organisms, GAOs)
Mino (1995) ? PAOs

( 21)



PAOs
Sudiana (1995)

(1997)
02

2.6

Freeman, 1996)

26.1

Panswad Wongchaisuwan(1986)

0 /3

0.02

GAOs|

(Reife

21



250 13
? 500 .3 92%
Freeman(1996)
(2539)

959
800 600 /.

36.1 293 |/
(2540) ?

25, 50, 100, 150

26, 37, 50, 64 68%
200 /. 100 30
8
Lambert (1997)
3 activated bauxite, fullers earth ~ ynthetic clay

activated bauxite  synthetic clay
activated bauxite
55 fuller earth

2.6.2

225

28

Reife

70%)



29

IH 1 1 1
Ghosh (1978)( Reife
Freeman, 1996) 150 /.
1% 110 /.
100 /. 51%
Liakou (1997) ? Orangell
? Orangell
formate, benzenesulfonate  oxalate 08,32 36
Homing
1977 ( Reife  Freeman, 1996) 1
?
(TOC)
! (2540) ?
( o)
0 50 /.
50 /.
80% 200 /.
51

10:1



0

" Brown  Hamburger(1987) ?
? "1 " (sodiumhydrosulfite),
(thiourea dioxide) (sodium
formaldehydesulfoxylate)
4
10.7 (Reife
Freeman, 1996)
2.6.3 ?
?
!
(Cariell 1995)
Porter ~ Shider(1976 ) BOD5 BOD3I)
BODgol 53,000 /. BODS 20,000 /.
( 1,000 /)
?
(2540)
' 14,14 21%

(2541)



a

18% 10 /. 14.6% 40

.
Dohanyos (1987) Reife  Freeman, 1996)
?

(OH) (nitro)

(azo)

(Carliell , 1995) Gingell
Waker, 1971 ( Carliell, 1995)

FADN2 (reduced flavin
nucleotide)

Brown Hamburger (1987)
14
90%
Carliell (1994)

phthalocynine



Chinwetkitvanich (2000)
2
12

500, 1,000 1500 /.

36,57 56%

0,200 500 /.

?  (Brown  Hamburger,1987)

Loyd , 1992 ( Reife

Luangdilok  Panswad, 2000)

10

R,

12
150
67,77  69%
0,200 500 /.
48, 52 56%
Zyoan (1992),
Freeman, 1996)
(total organic carbon)
(Carliell ,1995;

100 /. (Techovanich , 2000)
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100 200 /. (Cariiell 1995)

(Luangdilok  Panswad, 2000; lamsamer , 2000 ; , 2540)
(Cariiell 1994: Luangdilok  Panswad, 2000)
2.1 '
Cariiell (1994)
? ? ?
120 . 100 /.
c.l. Reactive Red 141
( ) column chromatography proton nuclear magnetic

resonance spectrocopy (NMR)

( 2.9)
70-97% Cl.
Reactive Yellow 95

anthraquinone  phthalocyanine

C.l. Reactive Red 141(

2.12) column chromatograpny ~ NMR 3 2-
aminonaphthalene-1,5disulphonic  acid 1,7-diamino-8-naphtho-3,6-
disulphonic acid p-diamino-henzene

cyanuric acid NMR



m
Bardenpho
Reactive Red 141
30

2.12

2.5

c.l. Reactive Red 141 (
! ?

C.|. Reactive Red 141 (Cariiell, 1994)

)

34

Cl
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2.5
(Carliell , 1994)
Chemical Percentage Reaction time(h)
classification decolorisation regired to attain
maximum
decolorisation
Reactive dye Powders
c.l. Reactive Yellow 16 Azo 80-90 6.5
.l Reactive Red 198a Azo 85-90 2
C.I Reactive Red 141 Azo 85-90 4.5
C.I Reactive Blue 38 Phthalocyanine 40 4.5
C.I Reactive Blue 21 Phthalocyanine 85-90 4.5
C.l. Reactive Blue 220 Azo 90-95 1
C.l. Reactive Black 5 Azo 80-85 4.5
Reactive dye Solutions
C.l. Reactive Yellow 95 Azo 0
C.l. Reactive Orange 12 Azo 90-95 23
C.l. Reactive Red 218 Azo 90-95 32
C.l. Reactive Red 24 Azo 90-97 32
C.l. Reactive Orange 13 Azo 85-90 50
C.l. reactive Brown 11 Azo 90 23
*Blue PB metal complex 98 2
C.l. Reactive Blue 49 anthraguinone 7-10 2
C.I Reactive Black 39 azo 70-75 55
‘Black SG metal complex 75-80 7.5
C.l. Reactive Blue 72 phthalocyanine 25-30 50
*No C.I. berAvailable

Carliell (1995)

X1



)

c.|. Reactive Red 141
100,150 200 /.
C.|. Reactive Red 141 100, 150
200 /.
C.|. Reactive Red 141

( ) 2) ! (3)

C.l. Reactive Red 141 column
chromatography ~ proton nuclear magnetic resonance spectrocopy (NMR)

20, 50, 100, 200, 500 /.

C.. Reactive Red 141
1 100,150 200 /.

400 Q)



3

( ) f -200 !
( ) -400
c.l. Reactive Red 141
Carliell . . 19%
100500 /.
Zyoan (1992)
(fixed film) (suspended growth)

782, 954  T71%

60%

Chinwetkitvanich (2000)

1 150

70%
60% ?



Pansuwan

lamsamer

3

05 100
150
(1999)
()
2 9
3
2
3
2 (L) ot
A 2042 2
? (
(2000)
c.l. Reactive Black 5
(L)
2504250 /. (2.
50 /.
(PAOs)

18+5 ?



Y

(L) VA 68 13
66 ADMI ?
? (3. 50
(2) ? 4+
645 (2. (3. 68
63 66 59 ADMI
6 18
?
(PAQs) (GAOs)
(4) 50 /.
GAOs 66
o4 ADMI 1 GAOs
PAOs
Techovanich (2000)
?
12 8
50 /. (Cl.
Reactive Black) + 3
0+11 (), 249 (Ana2)  4+7 (Anad)
2 0 40 /. 2.6
?
( 10

0 o)
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2.6
(Techovanich , 2000)
(%) ADMI(%)
AS 181 19.4
10 /. Ana2 373 41.3
Ana4 62.9 59.5
AS 14.6 10.6
40 /. Ana2 354 36.0
Ana4 571 46.8
Luangdilok Panswad(2000)
24 + 18+5
8 1,000 /.
(1) c.l. Reactive Black 5 Diazo VinylSulphonyl
- (2) Cl. Reavtive Blue R Anthraquinone Visulsulphonyl
(3) C.l. Reactive Blue CR Anthraquinone Monochlorotrizinyl
- (4) C.l. Reactive Blue H-EGN Oxazine
' 20 100 |/ 2.1 A
U
@)
ADMI
ADMI ( 300-500
ADMI)



4

2.1 (Luangdilok Panswad,
2000)
20 /. 100 /.
Inf Ana Aer % rem Inf Ana Aer % rem
) 973 34 35 B 43 176 172 58
@ 295 126 105 64 142 124 103 2
() 434 141 148 06 214 190 188 15
(4 526 26 313 4 262 251 250 6
() 1426 627 608 51 3075 - - L1l
ADMI () 587 249 101 B8 2126 - - 18
() 88 280 284 65 2537 - - iV,
4 982 621 68l 3 2669 - - 0.2
, Oxazine (4)
400-700 ()
(dominant wavelength)
?
1
(1) High Performance Liquid

Chromatography (HPLC)

(L) ( ) (2) 10
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