21

211

(substantivity)
4
(hydrogen bond)
(van cer waals’ force)
(ionic force)
(covalent bond)

2

( )

(bond)



400 - 700 . . 1666 sir 1saac Newton
21 (

21
a
(violet)
(blue)
(blue - green)
(green)
(yellowa)
(orange)

(rec)

()

. 2527)

(hm)
390-430
430-460
460 - 500
500 - 570
570- 590
590-610
610-700

Vi,
*oxTg 1*&0



212

" (chromophores)
7

1 (nitroso group) : -NO ( =N-OH)

2 (nitro group) -NO3( =NO.OH)

3) (azo group) -N=N-

4) (ethylene group)

5) (carbonyl group) : *c=0

6) - (carbonyl-nitrogen group)”, C=NH -CH=N-

7 (sulphur group) yC=5S

» (auxochromes) -OH , -NH, 1-NHR , -NR, 1-S0,  -COOH
» (chromagen) (aminoazohenzene dyestuff)
H2N-<"> N=N- -N=N- -NH:
>-N=N<~">
213
2 . 2527)

(dye) (pigment)



(linkage)

(dlisperse)

(lirect) (acid
dyes) (mordant dyes)

(The Society of Dyes and Colourists)
(colouo  inclex)

1) Azo Colourants
11 )Aromatic Diazo Compound
- Diazotization and Diazo Compounds
- The Coupling Reaction
12)  Azo Compound
- Basic Dyes
- Acid Dyes



- Mordant and Premetallized Dyes
- Azoic Dyes

Phenylmathane Dyes
Xantene Dyes
Indigoid Dyes
Polycyclicquinone ( Anthraguinone , etc. ) Dyes
5.1) Anthraquinone Group-Vat Dyes
- Acylamino Anthragquinones
- Condensation Product of Anthraquinone and Cyanuric Chloride
- Anthraguinone Acriclones
- Benzanthrones
- Anthanthrones
- Pyranthone and Havanthrone
- Anthrimices
- Carbazoles
- Sulfur-Contaning Anthraguinone Compound
5.2) Naphthalenic Acid Group-Vat Dyes
5.3) Ester of Anthraguinone-Vat Dyes
5.4) Anthraguinonoid-Acid Dyes
6) Sulfur Fusion Dyes
1) Amind Oxidation Colorants
8) Phthalocyanine Colorants
9 Onium Dyes
10) Reactive Dyes
11) Pigments

o1 B o N



2.2
Class Subclass

Nitro

Nitroso -

A0 Monoazo
Disazo
Trisazo
Polyazo
Mordant az0
Stilbene azo
Pyrazolone azo

Diplimalmethana

Triphenylmethane

Xanthene

Acricine

Thaizole

Indamine&Indaphenol

Azine

Oxazine

Thaizine -

Cynanine Methine
Quinoline

Sulphur

Lacione

Ainoketone

Hydroxy Ketone

Anthraguinonoid

Indigoid

Sulphurized vat dues

(Rangekcr. 1980)
Example
Naphthol yellow
Fast Green 0
Acid Orange I
Congo Red
Direct Black EW

Eriochrome Black T
Chrysophenine G
Tartrazing
Auramine 0
Malachite Green
FHuorescein
Acridine Orange NO
Basic Yellow T
Toluylene Blue
Sanfranine T

Capri Blue GN
Methylene Blue
Astrafloxine F-
Kryptocyanine
Sulphur Black T
Resoflavine
Helindon Brown CR
Arizalin Dark Green
Perlon Fest Green 3B
Indigo

Hyaron Blue R

Structure
(39)
(40)
(41)
@)
@)

RN N T TS TS Y Y Y Y e e S S N~~~ —~ —~
(2] Oy ©O O1 o1 O1 O O1 O1 Ol o1 o1l Ol BB 'bD P&~~~
\'\)\'—/‘Q\QQJQ\%\%\U}\B\BQS&OV\'V@\@;&

oD

—_
23



40y

HOJS OH NOH "
o O

“pasgt 3 (7

HH2

.W

Direct Black EW

.8

NO3

Hriochrooic Black T

So*. So”.
(45)

Chbryaopheoine ¢

nuX X ; “o —

(46)

SO"Na
Tarirazioe

CH3) ' .
NICHy y CHN N (CHa%
l::l O Q :
) <
Il I
NNy, @ @
o
/\uramine O

(47) Malachite Green
(1§)

10



Fluoresecin

(19)

fCMijty» 11
[ .. meC>

Acridine O rnrfic NO
50) Jinsic Yellow T

(51)
N1ty
@ _u(r.u,)z I:LI\
H N~ ANF

Toluylcoe Blur

Safeanige T
(52) (53)
SCOA 7S
-
e O
i a e ' kc,'3> (C < S S N(CH3>7
. (¢}
Capri Blue GN SN
_ ethylene Blue
(W) (55)
CHy CH,y CHa CHy

-~

(56) ®75u=m_c"=<;§©
S ]

Asteafloxine FF

(37) O

\
\

-
-

CoMg— CN—CH=CH—/\\ /H—C e
e

¥

Krepracynnine

0
OH B ’)
Thlonstion of @—NO: Ho O -OH
HO,
[$)

ulphue Black T ResoNavine v
(38) (39)

w QOO0

Helindn,, Blown CK



o ¢ FI (‘_N:.

@ﬁf@) = _/@_w

Alizarin Dark Green W Peclon Past Green IR

(61) (62)
SD .3

N
N L
M
g =0

e e Lr T

NB\—r; ™ /
Yy

Monostral Fast Blue BS
(<55)

Hydron Rive R

2.3

2.3 (Buckley , 1992) , r v



35
(acid dyes)
50-110 &
5-7
(metal 50-110 <
complex acid -
dye)
(dlirect dye)
9%
[} ; ® P 4'6
(basic dye) - - 100-
105%
45
(disperse : 1) ¢

dye)



(reactive
dyes)

(sulphur dye)

(vat dye)

(azoic dye)

(mordant or
chrome)

B °c

i



24
Functional groups

24 '
(Johnson, 1989)
Functional group
NHjCOOH, CONH , Metal complex. Chrome,

NH,, COOH, CONH , Metal complex,

Cruprommonium Rayon OH, COOH C
OH, COOH Vo ,

OH l ! !

Secondary Cellulose Acetate OH, OCOCH,
Cellulose Triacetate 0COCH3
6.6 & 6 NH2 COOH, CONH , Metal complex, ,

1 COOH, SOH, 0SOH ,
OH, COOH, CO0

2.14 (Reactive Dyes)

1884



50 .. 1952 (vinylsulphone)
(wool) (ICl)

. 1956 Procion

OH
Crosslink Compound
4
S-D-T-X
(-SO,Na)
D (Chromophore)
.
(Bridging group) -NH-,-NHCO-,- 0:- 1-NHSO,-  -NCH,-

X (Reactive group)

16



heterocyclic ring

(Reactive group)

= oo N e

heterocyclic  ring

(Chromophore)

17



18

1 (Alkali-controlable reactive dyes)

40 60

dichlorotrtriazine chlorodifluoropyrimidine dichloroguinoxalinmct vinylsulphone

2 (Salt-cotrollable reactive dye)
80

trichloropyrimidine  andinochlorotriazine
bis (antinochlorotriazine) aminofluorotriazing (Cibacron)
60
(hatchwise)

3 (Temperature-controllabe reactive dyes)

60 100

Kayacelon React bis

(ammonicotinotriazine)
2.15 (Direct dyes)
¢ »phonatc) ( 20)

! (substantivity)



. 42T
(BottiGer) (congo red)

DurazoK .
)0 { ) Solophenyl® - ) Tavidirect( ) 1

L (Monazo) diazomine scarlet 5B (C.I. direct red 14)

S 06
NaO_S —NH CO.—@
2, (Bisazo0) original congo red (C.I. direct red 28)
CORCICRISE
SbsNa - NGOSS
3, (Trisazo) , Congo brown R (C.I. direct brown 21)

OH
HO—@ -N=N—<O>—N=N-@-N=N— O -S0_Ns
~OH g;;

4, 1 (polyazo o tctrakis azo) chloazol brown

19



20

GM (C.I. direct brown 44)

- nto Tnn<8>-rinto Tin<P) -°"

NHa N HA\A*" NHa

(thiazole) (primuline)

T0f> o - o

6. (stilbene) diphenyl chrysoine G (C.I. direct yellow 19)
NaOB

CH- @-N:N-@ o
CH- -N:N-@ OH

NaO 8
1, (phthalocyanine) durazon blue 8G (C.I. direct blue 8G)
D . ©
\ Vo
SOaNa c Cc
c T ¢
N/ \ oy 0/0
\\
C
| o X
@ ( /\ s0_Na



S~ o o e

2.2 00 (lon Exchange)

221

(Reversible Interchange) 2

Ca: Mg :.SOj.

Cf

eY



2

2)
(Regenerant) (Regeneration)
(Demineralization)
Softener
RNa2 + Ca(HCO,)2  ---esememeoroeeeee > RCa + 2NaHCO,
R Na+
Caz
Na+
(NaCl) Na+

RCa +  2NaCl > RNa, + CaCl2

2.2.2 (Cellulose lon Exchanger)



23

hydroxy-cellulose COOH-Group 15%

Hydrophilic
Hydrophobic
15 A

Hydroxyl Group
2,3 6
15-20 f

alkali cellulose

di-(2-ethylamine)sulfate, 1,4-butanedisulfate, 1,3-dichloro-2-propanal, divinyl sulfone

formaldehyde (active group) dichloroacetic
acid  cross-link agent exchange group Quartemary cellulose ion
exchanger methyl iodide ethyl bromide

DEAE Cellulose

2.3

1 .Lignin



2.HolocellGilose
- Cellulose
- Hemicellulose

2.3.1. (Crllulose)

A

B-glucoside

3
1 0C-cellulose
2. (3-cellulose

3. y-cellulose
%

ccllobiose .onit  ——pt

()H

21

50 %

D-glucose

D-glucose 300 2500
D-glucose
175 %
175 %
175
|

.
“—B —glycoside bond

(Bailey , 1986)



232 1 (Hemicellulose)

(Pentoses) Heterogenous
30 - 50
Xylan glucan Imannan 1galactan , hemicellulose
xylan
-1,4 xylosidic linkage
L-arabinofiiranose 0-3
D-glucuronic acid ~ 4-0-methyl-glucuronic acid 0-2

: e uaaui-1, 3-
0 <— DT uaa-1,3

5,70 s
: uaa—a:azﬁiuﬁswiu?
HO':IZCOF 3

_ H od
-4-aaﬁm-mﬁa—§—n§gﬁvﬁﬂ uaza RDA-DE I ud
2.2 AC = Acetyl Group ( 52537)
233 (Lignin)

Heterogeneous organic - polymer 3 1



2

(aromatic - compound) methoxyl
group-OCH, . hydroxyl group-OH phenolic

(Phenyl Propane)
(Guaiacyl Unit)
(Syringyl Unit)
(Para-Hydroxyphenyl Unit)
23

vhia 1 (phenyl propane type)

- CHJ HC€/©\OCH3 ‘ @
o 2 o,

Q=0 -—O
N om o

I( 7
QPRRI Npig ghuia gua o |
2.3 ( 12537)
(link) Vi (X, a 3 side

chain 4 5 V. (phenyl ring)



24
24]
j
2

3

oc-cellulose

Xylitol

30

Epidermis, Cortex ~ Pericycle
Vasculas Fiber Bundles
Parenchyma

21



28

(Moisture) 46-52 %

(Fiber) 43-52 %
Soluble Solid ) 2-6 %
Cellulose, Pentosans Lignin
12 17 . 02 04
Technical Association of The Pulp and
Paper Industry Standard 40-60 msh.
2.5
2.5 ( ,253)
(% ON THE EVEN-DAY BASIC)
Holocelulose 82.52
(C-Cellulose 14,05
Pentosans 21.21
Lignin (ash free) 19.76
Ash 1.60
Alcoho Benzene solibility 3.06
242

(Water  Hyacinth)
Pamenderiaceae .. 2367 Karl

\Von Matins

. 2444 14
!



1090 . .

> . .

62

6-12

(Roettes)

0 ..

24

(o3}

(Rhizomatons System)

2



100

26

243

(crude oil)

(

2511

2531)

30

26

Elaeis guineeusis (Jacq)

(palm kernel oil)



1 (Palm press fiber)
7.05 %
2 (Palm kernel meal)
2.95 %

| @< solvent extract palm kernel meal

3 (Palm oil fiber)
4, (Palm oil sludge)
21
27 (Low 11978)

(%)

3.9

28.9

20.3

36

2.5

(Sawdust) (Bagasse) (Com Cob) (Clay)

High Moleculcr Weight Amine (Lime) (Soybean Hall)

3

(Fly Ash)



32

Asfour \ 1985 13%
Batch Astrazone Blue (Basic
Blue FRR69)
200 mg/dm" 85% 100
80°c 0 200500 mm
2.8
« 7)) 100 200 400 800
40 48 o 05
(0 mg dye/g wood)
(mg/dm3 100 150 200 250
42 48 58 05
(0; mg dye/g wood)
(mm) 63-125 125-50  250-500  500-1000
5 60 5/ 50
(0 mg dyefg wood)
(-¢) 2 40 60 80
& 10 68 60
(g, mg dye/g wood)

Gupta  Bhattacharya, 1985

(Fly Ash), Kemamine T 1902D (High molecular weight amine) (Lime)
Batch 94%
97%
90%

Nassar ~ El-Geundi, 1991



(Activated carbon) Telon Blue ANL (acid dye
J =600 nm) 1 Maxilon Red BL-N (Basic dye ; Alk=535 nm) and Astrazone Blue FRA
(Basic dye : An="585 nm) Batch Batch
23-21°C
Activated carbon 211
29
1kg
Maxilon Red 1,000
0.024
0.083
0.103
Astrazone Blue 1000
0.017
0.039
0.041
Telon Bkue 1,000
0.030
0.029
0.052
Meyer . 1992
(barbecue charcoal) (vermiculite)
(sawdust) (maize stack) (sand) (peatmoss) (rice
husks)

50%



67%

25

Low , 1993

Batch Experiments

Laszlo Dintzis, 1994

Crosslink Epichlorohydrin
3 NDF Test (Natural Detergent Fiber Treatment) 1Soxhlet Treatment
Sodiumborate buffer Treatment Crosslink
Crosslink 1%
NDF Soxhlet 20% 30%

borate buffer

0.9 meg/g (dry weight)

Melina . 1995
Mill - Effluent)

(Soybean Hull)

65 %
h 8
fixed-bed reactor
16
82 %
(Cu?)

90%

(Sugar beet fiber)

Epichlorohydrin

Tramctes Versicolor Strain BY

13 meq/g (dry weight)

34



3

45 50 5 c  30%
18.500 92% COD  6%%
Laszlo, J.A., 19%
Quatemized Crosslinked N-(3-chloro-2-hydroxypropyl)
trimethylammonium  chloride Epichlorohydrin
Delinified Bagasse Resin Quartemary ammonium  Cellulose (QA52)
Remazol Brillian Red (F3B) Batch Quatemized-Crosslinked
Bagasse QA52 Delinified Bagasse
(NaOH 0.1.0.25,0.5 10 mol)
Quatemized-Crosslinked - Bagasse 80% 25% QA52
Delinified Bagasse Resin 0% 1% 8% 5%
95% 515
100 [im
Li  Hang, 199 02
Sensitized  Photooxidation (UV)
350 nm TiO] '
Senitized Photooxidation 95%
COD TOC BOD COD T0C
BOD Ti0,-Sensitized
Photooxidant
Gang XU, 1997
2 Methylene Blue Basic Red 9 2 Direct Blue Congo Red
2 205
317 mglg Methylene Blue Basic Red 9



80%

26.8

37.8 mglg

Direct Blue

Congo Red

30
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