2.1

211

2111 (Cellulose)
(Polysaccharides)

P (L ->4) Glycosidic Bond (  2.1)

5 d H H
OH H\H
H\H OH
O
CH,OH
. -~
2.1 , [CgHI003n
: Roy  James Teng (1970)
20,000-750,000
100-4,000 ( 180.16 )
Fibrl (2.2 ) Filoril

2 Crystalloid
Amorphous Regions (2.2 )



Ke ‘ariiin tin:
M JaNK

22 .Bunde  Parallel Fitxils
1 Fori
: Goks(yr  Erkson, 1980
(Native Cellulose) 3
1 Fringe Micelle Crystalloid ~ Amorphous (2.3 )
2 « ( 23)

3

2.3

ey
(et
s

RO
S

i ’

(5%



(Cellobiose)

(Disaccharide) (Oligosaccharide)

2.1.1.2 (Hemicellulose)
Amorphous Polymeric Carbohydrate

(Pectin)
30-50
Heteroglycan
P-D-xylopyranose, a-L-arabofuranose, P-D-
glucopyranose, a-D-galactopyranose, P-D-mannopyranose a-L-fucopyranose
(Pyranose Form) Arabofuranose
(Furanose Form) ( 2.4)

2.1.1.3 (Lignin)
Heterogeneous Organic Polymer

(Aromatic Compound) (-OCH3 (-OH)
(Phenyl Propane) (Guaiacyl Unit)
(Syringyl Unit) - (Para-Hydroxyphenyl Unit) 2.5
4 5

2.1.2



H OH

x

H  OH
I5-D-xylopynnosk ()

CH,OH
H/H OH

HO OH H/H{

&

H OH
-D-gfucopyrinotA-Cl V)

CHOH

0]
H /Y OH
HO\OH HO/y

H H
IMJ-mannopyranose (VII)

H H
/5-D-mannuronic acid (X)
24

. Goodwin

COOH
0]
H/RQ H

H,cO\OH H/oHn

H  OH

4-0 -mathyl-«'D-
glucuronic icid (1)

H
H/cH 00 \PH
HoO\ H HO H

OH H
(Ir-L-fucopyranose (V)

COOH
(o)
HO/H H
H\OH H OH
H OH

a-L-guluronfe acid (XI)

Mercer, 1983

H OH

How,C\OH H/H

H OH

a-L-arabofuranose (JI1)

H  OH
«-D-golictopyrinQi« (VI)

H
o]
HO /cH OH
3
H\H H/H
H OH

a-L-rhamnopyranoie (1X)



i A
OCH, \\/,
OH

OH
H3CO OCH,
OH
25
2121 (Bagasse)
44 20
2532)
3
46-52 43-52

) 26

21

(

- 2537)

16 (



(

2.2

36 (

2.1.2.2 (Water Hyacinth)

43-44 12-13 14-15 20-21

2.1.2.3 (Palm Oil Fiber)

(Crude Oil)
(Palm Kernel Oil)

(Palm Press Fiber)
(Palm Kernel Meal) ,

(Palm Qil Fiber)

39.9 289 203
. 2542)



(

!

, 2527)
2.2.1
(2527
(Nitroso Group) ~ : -NO ( =N-OH)
(Nitro Group) :-N02 ( =NO.OH)
(Azo Group) : -N=N-

(Ethylene Group) : 0=0%
(Carbonyl Group) :”™:.c=0
(Carbonyl-Nitrogen Group) :”~C=NH -CH=N-
1"t (Sulphur Group) :”"c=s AC-S-S-C ;

" (Auxochromes)” ( 2.1)

(Chromagen)'



2.1

Name Group
Amino -nh?2
Methylamino -nhch3
Dimethyl Amino -N(CH32
Sulphonic Acid -s0d
Hydroxy -OH
Carboxylic Acid -COOH
2.2.2

Rangnekar  Singh (1980)

2.2.2.1
2.2

2.2.2.2

(Rangnekar Singh, 1980)

(Rangnekar

Name Group
Chloro -Cl
Methyl -ch3
Methoxy -och3
Cyano -CN
Acetyl -coch3
Amido -conh?2
2

Singh, 1980)

11



2.2

Class
Nitro
Nitroso
Az0

Diphenylmethane
Triphenylmethane
Xanthene
Acridine

Thiazole

Indamine&Indophenol

Azine
Oxanzine
Thiazine
Cyanine

Sulphur
Lactone
Aminoketone
Hydroxyketone
Anthaquinonoid
Indigoid

Sulphurized Vat Dyes

Phthalocyanine

Subclass

Monoazo
Diazo
Triazo

Polyazo
Mordant azo
Stilbene azo

Pyrazolone azo

Methine
Quinoline

(Rangnekar

Example
Naphthol Yellow
Fast Green 0
Acid Orange |
Congo Red
Direct Black EW

Erichrome Black T
Chrysophenine G
Tartrazine
Auramine 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

Flelindon Brown CR
Alizarin Dark Green
Perlon Fast Green 3B

Indigo
Flydron Blue R

Monastral Fast Blue BS

12

Singh, 1980)

Structure
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OM NOK "
HOsS N2 O c u.o;s—@" —
L =0=0
o Aok
no2
Napbthol yellow S Fast Greea O Acié Ora I
(39) (40) AL
NH2 HaN
@ eo~—0-0--100
SO3Na éo)N‘
Coogo Red

@ o~=NeierH = N v -

Direct Black EW

* o

{44) @

NO2

0Cl

Chrysopheoine G

NaOOC—C —— C —N—_-N—@r— SO3Na
1l Mcui HyN --
\“)k“ "t O A M\@\cg“e

|

reen

(46) ¢
0sNe Aur&m/jbne 0 Malachit

Tartrazinc

{ho)

~H 3
@ P e ~£\©i‘ O)-
(@) 3 N(CHD1
o2 SQ@a®
"

THy v

Actidine Orange NO

Fluorescein g Sasic (e\ jw T
(49) (303 5



(54
Toluyleoe Blus Safranine T

(52) (53)

® g8
@ Capri Blue GN

CHy CHy
4 () N CHas CHy
(CHqp N N (@CHD2

& e (56) CH==CH— (=
(= & N
Methylenc Bluc ,‘:N) i 1
(33)

Astiaflloxipe ~c

OH

p>
" o CH=CH-NJr ThioAdio or @w:

(57)

— _ N
Krcptocyaoine

uiphur Black T
55

o)1}
(.61) ((57)
H

O

S S D W

Hydron Biue R

Moaostral Fasi Blue BS
55



(Acid Dyes)

(Mordant Dyes)

(Basic Dyes)

(Direct Dyes)

(Disperse Dyes)

15



I.

8.

2.2.3

naphthylamine

(Azoic Dyes)

(Vat Dyes)

(Sulphur Dyes)

(Reactive Dyes)

benzidine

16



2.3

231

32 T~ SO R NCRRTIN

17

, (', 2539)

5 ( , 2539)
(Fiber Production)
(Spinning)
(Weaving-Knitting)
(Textile Finishing)
(Garment Manufacturing)

(,2540)
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(Singeing)

3
(Desizing)
(Enzyme Desizing) ’(Oxidizing Agent)
(Scouring)
)
(Bleaching)
2 f (Reduction Method)

(Oxidation Method)
(NaClO) (22



2541)

2.3.2

2.3

(Mercerizing)

Ot

Sinclalr, 1989)

19

23)



20

(Polypeptide)
(Polycellobiose) (Polyamide)
2 (26
Crystallites or Micelles)

(
2527)

( . 2527)



8 o« mi »T!?iinﬂJ
fiT'r*rim3JHi)j tAin

Cubstantivity)
4 , 2527)

(Hydrogen Bond)

(Van Der Waals' Forces)
(lonic Forces)
(Covalent Bond)

(Additives)

(Carrier)



22

24

2536)

(

0-200



2.5

251

AWIAINTalunIIng1ae
CHuLALONGKORN UNIVERSITY

23



24

1 (Exhaustion)
(Short  Liquor)

30
40-50 40
[ 15-20

(Benzedine)
(Congo Red)

2.5.2

(Metcalf ~ Eddy, 1991)



25

25.2.1 (Chemical Coagulation)
!
2.5.2.2 ! (Biological Treatment)
2 (Activated Sludge)
+ > + + o+
2 (Aerated Lagoon)
30-50

2523 (Activated Carhon)

400



400 1200
10-11
2.5.2.4 (Ozone Treatment)
(Ozonation)
2.5.2.5 (Membrane Technology)
(Membrane)
4
L (Microfiltration)
(Colloid)

(Viscose)

26



27

2. (Reverse Osmosis)

2 (Brackish
Water) (Sea Water)
90
94
3. (Dynamic Memtrane)
Hydrous zirconium (IV)
oxide (ZITPAA)
95
4, (Nanofitration)
! !
(NaCl) (Naz504)
25.2.6 (New Technology)
L



2.6

26.1

2.2

(

2.12)

0-200

28
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4 50 100 150 200

2.6.2
26.2.1
(Sulphonate  Group) (Azo)
!
(Substantivity)
7
1 (Monazo) Diazomine scarlet 5B (C.I. direc
red 14)
s 00
NaO_S —NH CO.—-@
2. (Bisazo) Original Congo red (C.I. direct re
28)

@@

SO,Ns NaO_s



30

3 (Trisazo) Congo brown R (C.l. direct
brown 21)

4 o , (Polyazo or Tetrakisazo)
Chloazol brown GM (C.I. direct brown 44)

Nao —N:N@N=N@—N=N@N=N—@ -$03Na
NH ] NH NH NH,

) (Thiazole) primuline)
NeO_S 7 S S
7 N¢
CH™ O C—@ C- O -f\Hz
VALY ©
6. (Stilbene) Diphenyl chrysoine G (C.|

direct yellow 19)

NaO_S
CH— @-N N- -0H
cn- <1©>—N N—-
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T. (Phthalocyanine) Durazon blue 8G
(C.. direct blue 8G)
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Best Direct Black B, Sirius Blue
KCEN Sirius Rubine KZBL 3

26.2.2

4 (Shore, 1995)
S-D-T-X
(- 02 )
(Chromophore)

T 1 I
(Bridging Group) -NH-, -NHCO-, -S02, -NHS02 -NCH3

Heterocyclic Ring
Heterocyclic Ring

(Chromophore)



L Unmetallised Azo

NHCOCH]

OH
=
NH.CC N=N
Qe el L
Nz0.S SO;Na

Na03S0CH2CH ,0,3

2. Metal-Complex Azo
|_? O NH-CCCH3
NCOSOCHXCH2 2 —N-N~— N\
N203S S03Na
3. Anthraguinone
0O nh2

“soSNa
: : e,

SO2CH2CHS 0 Na
4, Phthalocyanine
QI - up (S03Na]m .
n(;[ n> < nE (;x>"

33

H-Acid type
(Red)

H-Acid type
(Red. Violet-Elue)

(Blue)

=4 (Turquoise Blue)

[ NH-"JM-S02CH2CH2S03Na)n



SoNa $03a > sona O

2.4

Chemical Class

Unmetallised Azo 97 90
Metal-Complex Azo 2 10
Anthraquinone
Phthalocyanine
Miscellaneous 1

100 100

( metallised Azo Metal-Complex Azo)

! 1

Azo

\\C/'

90 63
9 "
5
1
100 100

(Shore, 1990)

(Reactive Group)

Bifunction

20 16 57
17 5 43
337
27 42
2
100 100 100

Monofunction

34

Bifunctional

42 66
55 15
3 10
8
1
100 100
95
, 2
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(Halogen)
(Nucleophilic  Substitution)

ki
ol Cl ) _\Cl

Dichlorotriazine dye Transient species Partl drolysed dye

(0« dyechromophgre) : X) )5 g ed |t¥re

(X 0~ cellulose)

2 (Vinylsulphone)
(Nucleophilic Addition)

D j5 CHXH20S0Ke — - -CH=CH2 + Na2S04 + HX
' 0
Sutphatoethﬁlsulpttone dye Vinylsulphone dye
dye chromochore)

Cn by O 0

*7-CH=CH2 -C-ZL - -CH-CH2X 1. H> - -CHXHX

0 -0
Vinylsulphone dye Transient species Hydroly() sed dye X=0H) 0

dyed fi cellulos

Nma,ias
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Remazol Black B, Remazol Brilliant
Blue R Remazol Brilliant Red 3BS 2
Remazol Black B (20505 c.I. Reactive Black 5)
Unmetallised Azo

OH NH2
Na03S0CH2ZCH2S N=N 0 CHXH2D S0Na

Na03 SOjNa

Remazol Brilliant Blue R (61200 c.|. Reactive Blue 19)
Anthraquinone

0 nh?

O NH QSOzCHzCHzOSO}Na

2.

(Molasses)

48
( )
(Beer or Mash)
785
100
50



2.8

28

35

(Blow Down)
(Condenser)

(Browning Reaction)

(,2527)

95
35

2.5

50

(

37

| 2541)



2.9

2.5

2.5

8.35
36,247
4,000
10,600
44,840
3,125

535

0.0144
341
1,795
9,000
3,125
4
24,690

20
2.1

38



15 60%
) i 1T (T

. 0

RTILTRTR T

s Ditdd — P
« wanlindion dawain
danla 8.5 % EA
500 3
il 00 *| [Vu
7
07 & 8
vl ol
1
50 ¥ «©
W19 1)
lial 00 M0 iniw i Innfoimui. UdSQ
fl fli inmba
R Al -A o <L{100-5110
coU  100.000 - 120.000 1/ - 120.000
BOD  35.000 - AD0OO / Cn’ 1.300 - 2.000 /
Total N 1,500 - 2.000 / ke 2500 -UUCO /
Total P 100 - 200 / Nv 115 - 130 /

liiiin -~ 4 015

H - ill)y.
(compo]:ting;c) )

) == (=.0m
(Land Application ; 1a)

ni{

50

el D INGHU TR 53 » i 3L)

Alkalinity ~ 3.000 /
Vulntile Acid  1.000 - 2.500 /
EC 20 millinihos

oS 1.000 |

25 15 ol Solids 1Y - riectncil (orohisty. 1DS - 10t Dissolved Solids

1
2.1 ?

fAAdBJI-LLUNAW

i 1 = 6B %
(Direct Agricultural Ulie ; 0 AU)

¢ (Fish izood;FF)! )

ton
(Rond Spray ; RS)

lithn  ilinisiow'iil) : 5

min (i1



2.10
2.10.1
(Reversible Interchange) 2
2
L
1

2,

! x (Demineralization)
2.10.2
1 (Batch Operation)

(Equilibrium Constant)

40



2. (Column Process)
1:10-1:20
3. (Continuous Process)

(Exhausted Resin)

2103

(Functional Group)

Cation Exchanger

Exchanger

41

Anion



42

2.10.4 (Cellulose lon Exchanger)

(Hydrophilic) (Hydrophobic)

23 6
15-20

211
(Equilibrium Adsorption and Adsorption Isatherms)

760

(Adsorption Isotherms)



43

211.1 (Cheremisinoff Ellerbusch,
1978)

1( 283
(Single Layer Adsorption)

(Microporous Powders)

(Relative Pressure) 1
2( 28
( )
(Nonporous Powder) (1.5
) (Inflection Point or Knee of Isotherm)
( Monolayer )
1

(Multilayer)



44

w \%%
0 P/Po 0 P/Po 1
(a) (b)
W w
0 P/Po 1 0 P/Po 1
(c) (d)
w
0 PIPo 1
(e)
2.8 - * PIPo =

(Cheremisinoff Ellerburch, 1978)



45

3( 280 2

(Heat of Adsorption)
(The Adsorbate Heat of Liquefaction)

4 28d)
15-1000 2
2 Monolayer)
5( 28¢) 3
4
15-1000
2.11.2
( , 2538)
L BET (Brunauer, Emmett and Teller Adsorption
|sotherm, BET)
2.9 C Cs

g = XM = BCQ[(Cs-C)(B-1)*CICs]
CICs = [BQY/(B-L)] * [CIWX(Cs-C)]

B adsorbent-adsorbate interaction



46

QO
Cs
[CM/X(Cs-C)] CICs 2.10
B Q0 2.9 Cs
2.10 Cs
Cs 2.10
mass/mass
M cs )
slope (B-l)/’BQ(l
q=XM C
(C, -OXM i cs gl
G C, C/Cs(mass/vol)
29 2.10
BET BET
(  2539) (  25%)
2 (Langmuir Adsorption Isotherm)
(Monolayer)
2.11 2.12
q = XM = bCQ°/(1+hC)

[(176Q°) * (LC) + (17 Q)

g
Ki = bQ



4

q= XM 1 1pQ
q
) 1Q
1/C
211 2.12
( , 2538) ( , 2538)
(. 1)
Q0 (.1 1)
KI (. )

I-(dimensionless constant seperation factor)
= 1/ (1+bCo)

Co (. )
r 1 ' 2.6
2.6
( , 2538)
Seperation Factor "
r>1
=
0<r<1

r=0



213

2.14

log

log q

48

(Freundlich Adsorption Isotherm)

XIM = KClh

log K+ (/ J*loge

2.10 K
logg log C( 213 1
1 1
1 1 10
1/n
} log K
log C
? , 2533)
2.14
1 2
3 4



Co 4
3
3
o L |
AIATUYUAN 1
log q log q
fgadusiat 2
log C
2.14
( , 2538)
2.12
(Sawdust)
(Bagasse) (Com Cab)
Hull (Sunflower Stalk)
Poots , 1976
90 ° 1
2

49

Co
2.14 4

o Al - A
ATRATUYUAN 3

AgaTuylian 4

logC C,

(Fly Ash) (Lime)
(Clay) (Soybean



50

Asfour . 1985
13 ' Astrazone
Blue (Basic Blue FRR69)

2.7
200 J . . 85
100 80 250-500
25 80°
44.4
2.7
(Asfour , 1985)

( 1) 100 200 400 800
42 52 60 68

(1} I )
(/. ) 100 150 200 250
45 52 60 65

(1} / )
( ) 63-125  125-250 250500  500-
1000
75 65 60 52

(i} / )
() 25 40 60 80
60 70 75 85

@ . )

Gupta Bhattacharya 11985
(Fly Ash), Kemamine T 1902D (High molecular weight amine)
(Lime) 94
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97

90
McKay , 1987(1) 2
158 .
Basic Blue 69 7 . Basic Red
22 23 .
Acid Red 114 22 . Acid Blue 25
McKay , 1987(2)
6 1
2
80
1
El Getmdi, 1991 2 Astrazon Blue Maxiion
Red 2 Telon Blue  Erionyl Red
160 945 . Astrazon
Blue Maxilon Red 477
414 Erionyl Red  Telon Blue

17 1



52

Li Zhao, 1991
Nassar El-Geundi, 1991
(Activated Carbon) Telon
Blue ANL (; Ana= 600 ), Maxilon Red BL-N (; Anmax =538
) Astrazon Blue FRR ( » x max = 585 )
(23-27
)
( ,
2.8
2.8
(Nassar El-Geundi, 1991)
1
Maxilon Red 1.000 0.024 0.083 0.103
Astrazon Blue 1.000 0.017 0.039 0.041
Telon Blue 1.000 0.030 0.029 0.052
Meyer , 1992
(barbecue charcoal)
(vermiculite) (sawdust) (maize stack) (sand) (peatmoss)

(rice husks)

50



67 65

53

4 9
5 8 (fixed-bed reactor)
16
25
82
Laszlo Dintzis, 1994
0.9 13
4-6
Laszlo, 1995
(Regeneration)
Mehna 1995
Trametes versicolor strain B7
1. versicolor
45-5.0 25-30°
18,500 92

69 68



Laszlo, JA. 1 1996
9

hydroxypropyl) tnmethylammonium chloride

54

N-(3-chloro-2-

! Remazol Brilliant Red (F3B)

7

Commercial Quarternized Cellulose (QA52)

9%
100
Ahmedna , 1997
60
Gang Xiangjing, 1997
Methylene Blue  Basic Red 9 2 Direct Blue 71
205
Methylene Blue Basic Red 9
26.8 ( ? 25-45)
?7>60) Direct Blue 71 Congo Red
2
30
80
Pendyal , 1999
42.6 305

24.1

515

20

2

Congo Red

a7

378



(0-20 ), (20-500 )
60-75, 20-30  4-5

Valencia . 1999

(BB54), Basic Red 46 (BR46), Reactive Blue 52 (RB52)

5.0
28°
!
Ahmedna , 2000(1)
17
Ahmedna , 2000(2)

, 2538

55

(>500 )
2
Basic Blue 54

Reactive Red 120 (RR120)



54.4

974
' 2539
7397 37-96 ; 1 12
015 ./ .- 250 /

56

, 2540
Sirus Red F3B, Sirus Red Violet RL, Sirus Blue S-BRR ~ Sirus Orange K-
CF
40
90 6-10
(Regeneration) 50
1 il
, 2542
(Best Direct Black B, Sirius Blue KCFN
Sirius Rubine KZBL) (Remazol Black B, Remazoi Brilliant Blue R
Remazol Brilliant Red 3BS) 1020 30
3
4 95-99



57

, 2543 ?

79
2 | (Best Direct
Black B, Sirius Blue KCFN  Sirius Rubine KZBL) ! (Remazol Black B,
Remazol Brilliant Blue R~ Remazol Brilliant Red 3BS)
50 70 90 150 200 ?
77
23.35% 16.91% ?

Sirius Blue KCFN, Sirius Rubine KZBL Best Direct
Black B 58.62-100%, 64.27-100% 30.74-79.79% !

97.31-100%
7 QR 0-R 0-R
697, 222 268

1120, 661 789
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