21

13
18
19

(Granular Carbon)

200 (Mulligan

(adsorbent)

(Cheremisinoff ~ Ellerbusch 11978)

(Metcalf ~ Eddy ,1991)

(Powered Carhon)
(Activated Carbon)
0.1
Fox ,1976).



211

(Regular Hexagons)
142 A°
3.35 A° 3 4 (Covalent Bond)

21

21 (Faust  Aly, 1987)

(Microcrystallites)
150 A
20-50 A° 3.2



2.2 (Faust — Aly, 1987)

2.1.2

(Cheremisinoff ~ Ellerbusch, 1978)

( Surface Area) :
(Apparent Density)
(Bulk Density) :
(Effective Size) :
(Pore Volume) :
(Sieve Analysis) :

(Abrasion Number) :
(Ash Percent) :
(Mositure) :
(lodine Number) :

(Molasses Number) :



] (Phenol number) :
(Pore Size) :

213

2131

31
( 2536)

21 (Faust  Aly, 1987)



2.1.3.2 (Carbonization)

200-500

(Uniformly Black)

(Sharp)

20-25

200-500
(Pore)

2133

(Chemical Activation)

(CaCI2 (HPO4

2537

(ZnCL)



(400-600 )

(Physical Activation)

1,200

1000
1000
800-900

2.2

(Metcalf Eddy, 1991)

2 (Cheremisinoff Ellerbusch, 1978)
(chemisorption)



(kinetic energy)

(reversible)

2.3

(Van der Waal's force)

(irreversible)

500-1400

(macropores)

1



[.CSOPCRE

|

SR U T

U(CROPORE

AREA AYAILAEBLE TO

60TH A0SOREATCS &
SOLYENT

i\&.

. AREA AVAILAELE

QKLY TJ =sCLYENT
& =INALLER
' ADSCRSATE

AREA
(‘AYAILAELE
OHLY TO

\

Y SOLYENT

(‘}gc,.»«q.f* \'twmp/

2.3 (Cheremisinoff ~ Ellerbusch, 978)



13

1000 A°
(Metcalf Eday,
1991)
22.1
3 (macro transport),
(micro transport) (sorption) (Metcalf ~ Eddy, 1991)
‘ » (adsorption isotherm)
3 Freundlich,
Langmuir Brunauer, Emmet  Teller 3

(Metcalf ~ Eddy, 1991)



2211
(Metcalf ~ Eddy, 1991)
X = KfCe L
m
x/m =
Ce =
Kfl =
log
x/m logCe ce = 1 K f
log (xim) - logkf+(1n)logce
2212
(Metcalf ~ Eddy, 1991)
x = _abCe_
m l+bce
xIm =

a,b

Ce -



(x/m) Ce a
y
Ce
(xim)
2.2.13 b
m
Xim =
Xm =
G =
C-=
A=
C ClG
(Cl-c)xm
(AA) A (Xm)
C
(G - C)x/m

Vei
\lab

1+ 1 ce

ab a

(Lary ,1982)

n

(cs-c) [L+( -1)E]

— 1 + a-1 *Circt

A (Xm) A (Xm)

15

Cel



2.2.14

" (mass transfer zone)

Effluent solute concentration

MTZ 3.4
MTZ
MTZ
MTZ
PIOE  cononicr
v v.
Volume of water treated. V
MTZ

2.4

B (Metcalf ~ Eddy, 1991)

16



(dynamic

column test) (Metcalf Eddy, 1991)
2.2.15
(Metcalf
Eddy, 1991)
35
(Co)
xIm (Co)
2.2.1.6
£
(x w)b
(x )b
25 50% (x/m)o
(xm )b I

(Metcalf ~ Eddy, 1991)



18

1.000

T

et
100

10F

Color adsorbed per gram of carbon, x/m

| 1 Lol P B I U 5§ 2 O

1 e ey B 18 0

0.01 o 1 £10.0
Residual solution color, C ‘o
2.5 (Metcalf ~ Eddy, 1991)

2.3

400 - 700 .. 1666 Sir Isaac
Newton

24

24.1



24.2

(chromophores)

,2527)

(hydrogen bond)

(van derwaals forces)
(ionic forces)
(covalent bone)

,254 )

19



NR2,

20

-NO

2. -no2
3. -N=N-

\
4, C=C

/

\
) 0=0

I
6. C=NH -CH=N-
1. " C=S A.C-S-S-C-

X /
‘ * (auxochromes) -OH, -NH2 -NHR, -
-S0. -COOH
* » (Chromagen)
(aminoazobenzene dyestuff) HN-<s ‘N=N <>
-N=N- -NH2
0 -N=N-O0
2.4.3 ( 2543)
2431 2



1) (dyes)

2) (pigments)
2.4.3.2

1) (basic dyes)
2) (acid dyes)
3) (mordant dyes)
4) (direct dyes)
5) (disperse dyes)
6) (azoic dyes)
7) (vat dyes)
8) (sulphur dyes)
9) (reactive dyes)
10) (metallic dyes)

) (onium dyes)

2433

1) Azo Colourants
1.1 )Aromatic Diazo Compound
- Diazotization and Diazo Compound
- The Coupling Reaction
1.2 )Azo Compound



N

22

- Basic Dyes

- Acid Dyes

- Mordant and Premetallized Dyes
- Direct Dyes

- Azoic Dyes

Phenymethane Dyes

wW

Xanthene Dyes

o~

Indigoid Dyes

(&3]

Polycyclicquinone (Anthraquinone letc.) Dyes
5.1 )Anthraquinone Group - Vat Dyes

- Acylanino Anthraquinone

- Condensation Products of Amino Anthraquinone and Cyanuric
Chloride

- Anthragquinone Acridones

- Benzanthrones

- Anthrathrones

- Pyranthone and Flavanthrone

- Anthrimides

- Carbazoles

- Sulphur : Containing Anthraguinone Compounds

5.2) Naphthalenic Acid Group - Vat Dyes
5.3) Esters of Anthraquinone Vat Dyes

5.4) Anthraquinone Acid Dyes

. Sulphur Fusion Dyes

—~

.Amine Oxidation Colorants

oo

. Phthalocyanine Colorants

.Onium Dyes
10) .Reactive Dyes
11) .Pigments

2.2



2.2

23

1 2539)

35

50 -

57

50-

4-6
100-

4-5
100-



22( )

98°c

24



244 ' (Reactive Dye)

2441

1884

50
(vinylsulphone)

©

10
(Ciba)
(Remazol)

(physical - chemical forces)

2442

,2543)
Cross link Compound

2443

. .1952

(wool)

.1956 Procion
(Procion)

(Cibacron),

2540)

OPT

25



(-S0Na)
.

(Bridging Group)
X

Heterocyclic ring

2.4.4.4
1)
2)
3
4)
6)
Bifunctional

2.3

S-D-T-X

(Chromophore)

-NH-, -NHCO- 1- 02 1-NHS02  -NCH3

(Reactive Group)

Heterocyclic ring

(Chromophore)

Unmetallised Azo

Metal-Complex Azo

Anthraquinone

Phthalocyanine
Az0

26



27

2.3
(Shore.,1990)

Distribution in hue sector (%)

Yellow Oriviyc  Red  Violet Blue 1 Green Brown Black % of all
Chemical class

reactive
dyes
metallised azo 97 90 90 63 20 16 57 42 66
Mctal-complcx azo 2 10 9 32 17 5 43 55 15
Anthraquinonc 5 34 37 3 . 10
Phthalocyanine 27 42 8
Miscellaneous 1 1 2 1
Az0
(Unmetallised Azo Metal-complex Azo) 8l !
Anthraquinone
Phthalocyanine
95
2445 (Reactive Group)
2
1.
(Nucleophilic Substitution)
2.



1 Monofunctional
Aminohalotriazine

Dichlorotriazine 1Difluoropyrimidine
2. Bifunctional

24.5

2451

28



29

(Reife Free
man. ,1996)

(Activated Carbon)

500- 1400 2 (Reife  Free man, 1996)

(Fullers earth) ,  (fly ash) 1 (fired clay) 1
11

(Shah, 1997)

3)

20

(Reife  Free man, 1996)

Andco Environmental process 1989 (Reife Free man,

1996)
Ling (1994) ( Shah, 1997) 1

92 %



J
6)
(Shah, 1997)
2452
1
Ghosh (

/ 7%

Reife

90 %

lonizing Radiation

(Oxidation)

Free man, 199)

110

/

30

150



31

100 / 57 %( Reife Free man,
1996)

Homing (1978) (Reife  Free man, 1996)

(Reife  Free man, 1996) 120

2 (Reife  Free man, 1996)

2) " (Reduction)

1 e e , Formamidine
sulfinic (FAS) acid, Sodium borohydride, Sodium formaldehydesulfoxylate tin (1)
chloride
( Reife Free man,
1996)

2453
2

Beszedits, 1980 Hussain, 1994



32

(Reife  Free man,1996)

Grau, 1991 Hussain, 1994
2
3)
2)
Porter Snider 30
5
Shriver Daque, 1978 (Reife Free
man,199)
10 31%
92 %
4)



33

2.
(Reife  Free man.,199)
3)
88%  28%( Reife  Free man ,1996 )
2.5
Brown ,1983 3
3
25 16 60
Gergova K 1993

Apricot stone .Cherry stone Grape seeds
Apricot stone
Cherry



Stone

Blue

34

Grape seeds

Gergova K , 1995
50 6

Graham, N.,Chen, X.G Jayaseelan, ., 2001 Methylene

Crystal Violet Coconut husk (DC)
Peanut Shell (DP)

DP

Guzel F., 1996
Methylene blue (Cationic) ~ Metanil yellow (Anionic) 298

Methylene blue Metanil yellow
Methylene blue

Hu., Z, Srinivasan, M.P. Ni, Y., 2001 [ The

Novel Activated Process ZnCI2

2400 /
1%

Khraisheh, MAM., Al-Degs, Y.s., Allen, s.J. Ahmad M.N., 2002
FS-400 6
20 % 30



Luhadia, A., Kaushik, KK. Murthy, z.v.p, 2003

/nCI2

Milich, P., Moller, F., Piriz, J., Vivo, G. Tancredi, N., 2002
Cr3
2 400 800

Cr3

Moeira, R.F.P.M, Soares, J.L., Jose, HJ., Rodriques, A.E., 2001
30-60
30-40
40

Pereira, Manuel Fernando R., Soares, Samanta F. Orfao, Jose J.M.
Figueiredo, Jose L, 2003,

700

Oxygen-free Lewis basic sites  Free electrons
Functional Group

Ramakrishna 1Konduru R.  Viraraghavan T. ,1998
GAC  Slag (oo ) 49%  94%
(Anionic) Slag 47- 74%  GAC 100 %
Slag 13 /.

35



36

Singh, Kunwar p,, Mohan, ., Sinha, ., Gosh, . Tondon, G.S., 2003
Methylene Blue (Basic)

Methyl Orange (Acidic) (The first order rate
equation)
Shende R.V. Mahajani V.V. ,2002 PAC  GAC
Chemictive Brilliant Blue R. Cibacron Turquoise Blue G. Wet
Oxidative Regeneration (WOR) PAC  GAC
98 % 40 %

Tancredi, N, Cordero, T. Rodriguez, J.J., 1997

800

Viraraghavan, T., Ramakrishna, KR., 1999

Basic Blue 9 Acid blue 29  Acid Red 91
Disperse Red 1 GAC

Walker G.M. Weatherley L.R. ,2000
GAC Filtrasorb 400
12-25 %



Yeh, R Y, Ly, R, L, Chiu, HM,

]

150
2
98
60
30
59
48 47
, 2525
2
1500-2000 ./ . . 10
3 .

021025103,035,04 [ .

n 2

90

H 8
, 2526

50

22.5

37

Hung, Y.,T., 1993

15
65
24
50
45
1 /
/ 15
%
80
!



, 2536
0.5-2.36
117,234 1 468 gpm/it2
(205080 )
, 2539
4
A° 17.5673 A° 18.7475 A°
860
90 1
, 2540
)
R 51

R=101

38

75

0.13-18.8 /
UDP chemical
80
4 17.5673
18.9368 A°
265-
(
200 /.

80 %



YAO H M325

95

122

250 .

39

, 2539

125 /.
800 /. 600 /.
0 /.
36.10 /
2930 [ . '
, 2539
229280 /. 89-
45
, 2539
Calgon Corp. Filtrasort) 300
250-1000
01512 3 2-
78-80 3796
12 . 015 3 2-
97 %

, 2941



99.16-99.54%  73.81-82.74%
, 2044
1100 |/

2050 8

64.2-95.9 % 77.2-88.1%  71.9-96.2%

40

98.73-99.94% 79.99-89.44%

04 06 08 10 12
80 . 042
73.0-96.5%
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