o
UNN 2

21
(adsorbent)
13 18
19
(Cheremisinoff ~ Morresi, 1978)
(Tchobanoglous Burton,
1991)
( , 2545)
2
(Granular Activated Carbon) (Powdered Activated Carbon)
(Activated
Carbon) 01 .
200 75

(Mulligan Fox, 1976)



2.1.1
(Regular Hexagons)
142
3.3 3 4
(Covalent Bond) 4
20-20,000
2.1
L fiad
(R AT
BRI
s
¢ ' | ]i ?
AL

21 (Faust  Aly, 1987)

1 1

150
20-50 2.2

d



2.2 (Faust  Aly, 1987)

212

(Cheremisinoff ~ Morresi, 1978)
(Surface Area) :
(lodine Number) :

(Pore Volume) :
(Pore Size) :
(Ash Percent)
(Moisture)
(Bulk Density)
(Effective Size)



(Sieve Analysis)

2.13
3 ( 2536)
2131
2.1.3.2 ' (Carbonization)
200-500

(Uniformly Black)



1

(Sharp)

20-25

(Pore)

2133

(Chemical Activation)

(caci (HPOY

(350-600 )

(Physical - Activation)

1,200

800-900

1,000

200-500

(ZnCI2)



2.2

221

(Tchohanoglous
Burton, 1991)

(hinding  force)
(electromagnetic interaction) 2

(physisorption) (chemisorption)
(Eckenfelder, 1989)

(Cheremisinoff ~ Morresi, 1978)

(Kinetic energy)
(Van der Waal’s force)

(irreversible)
(reversible)



10

(monolayer)
(irreversible) (reversible)
(desorption) Hassler (1963)
2.2.2 (Rate of molecular transfer)
3 2.3
2221 (Bulk transfer)
2.2.2.2 (Film transfer)
(Film diffusion)

2.2.2.3 (Interparticle transfer)

(pore diffusion)



Bulk Boundar
Solution Layer Yo Agg%tc)leent
S%Itléttign / AdSsorbed
0<T— Buk _ Film / Intraparticle _);ate
Transport | Transport 7 Transport
2.3 (Eckenfelder, 1989)
2.3 6 ( , 2538)
231

(Film Diffusion)
(Pore Diffusion)

(Pore  Diffusion)

2.3.2

(Adsorption Capacity)

2.33



2.34

2.35

2.36

2.4
(Macropores)

1,000 A®

500-1400

12



13

% ' Macropore

Area available to
both sdsorbates
and solvent

Area available only
to solvent and smaller
» Orbate

Are
avaﬂable
only to
solvent

2.4 (Cheremisinoff ~ Morresi, 1978)

(Tchohanoglous
Burton, 1991)
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24
(adsorptive isotherm)
3 Freundlich,
Langmuir ~ Brunauer, Emmett  Teller 3
(Tchobanoglous ~ Burton, 1991)
24.1 (Langmuir Adsorption Isotherm)
)
2)
3)
4
X = XiBC/ (14BC) (21)
X= xm ()
()
X (¥
()

(Monolayer)



B=
X Xm C (2.1)
C/X = (1/BXn) + (C/XJ (22)
ox C 1/xm
UBXm C (22)
UX = (1XJ + (1C)(1/BX) (23)
UX 1/C UBXm
UXm 2.5
|
1 B X
X
T , LANGMUIR
s o ISOTHERM
|
C
2.5 ( dstrom  Klei, 1979)

r (dimension constant separation factor)

(24) ( , 2538) [ 21
r= 1/(1+ bC (24)
C=



16

21
( 1 25%)

Seperation Factor ; r !
r>1
r=1
<<l
=0

24.2 ( BET, Brunauer Emmett and Teller
Adsorption Isotherm)

(multilayer)
(29)
X = (X1BC)/(cs C)[ 1+ (B1)(C/Cs] 25
X =
Xm-=
C -



17

B=
25)
(C/X)(CSC) = (U (Xnh)) + [(A-1)/ Xma](C /C9) (2.6)
(CIX)(CS C)  (CICy (A-2)/(Xnh)
L(Xnh) 2.6
Al
c AX
(C,-C)X
’ 7)1 B.E.T.
T =/ ISOTHERM
| C
Cs
2.6 ( dstrom  Klei, 1979)
243 (Freundlich Adsorption Isotherm)
xim = KC (2.7)
X =
C =

K1 =



log (XIm) = log K+ (1/ ) log ¢ (2.8)
log (XIm) ~ log C i

logK logC=0(C=1
21 U

log K

3 FREUNDLICH
I=log K ISOTHERM

2.1 ( dstrom  Klel, 1979)

2.8 1 2

2.8



FAATLTiAN 1

log q

2.5

(mass transfer zone) MTZ
MTZ

MTZ

19

log q |
ﬁqqmiu‘ﬁﬁmﬁ 4
ogC Co
()
( 1 2539)
29
MTZ



Effluent solute concentration

e ——— — ————— —— — — ——

S b e — —— —— — — — ———— ——— — —

Volume of water treated. V
2.9 MTZ
(Tchobanoglous ~ Burton, 1991)
(dynamic column test)
(Tchobanoglous ~ Burton, 1991)
2.6 (Tchobanoglous ~ Burton, 1991)
2.10
c0

(XIm)CO

20



1 0 1

Ljn qfijvt»e fn

21
8 xv T
e el
S 100}
g o
4
©
8 10f
5 :
®
5
O H
O 1 A I e e o 2 1l (1 141151]1
- 0.01 0.1 1 £10.0
Residual solution color. C Co
2.10 (Tchobanoglous ~ Burton, 1991)
(XIm)b
(X/m)b
25 50 (X/m)0
(X/m)b th
(X b= (xome) = 0(0,- (Cb2))*(ttMc)(8.34 Io/Mgal.(mg/l)) (29)
(XImb =
Xb = GAC
Mc =

Q =



22

Ch =
th =
th = (XImbMc) - *Q(Cj - (Ch2)) (8.34 Ib/Mgal.(mg/))j- (2.10)
2.1
5
( , 2546) 23- 92 47
2,595 1,083
8.96 (Cu) (Pb) (Cd)
(Ho) (2n)
(Complex compounds)
(Organometallic  compounds)
(Food chain)
(Cu) (Pb)
(Cd)  (Ho) (2n)

( 1 2539)



23

211

(Copper) Chalcopyrite
(CuFeS2, Chalcocite (Cuzs), Malachite (CuZC03(0H)2  Azurite (Cu3C0320H)2
Sulfide Mineral

+1 (Cut)) +2 (Cu®) Cuprous Cupric
Cutl Cu
( , 2544)
2 (
2 . .2539)
2.1.2 ( , 2544)

(Enzymatic Reaction)

2.1.3 ( , 2544)

Wilson Disease



2.8

281

(Adsorption)

- 2546)

(Adsorhate)

24



25

2.8.2 (Chemical Precipitation)

(Hydroxide Precipitation)

(Sulfide Precipitation)

2821

(Ca(OH)2

211

M++2NaOH  -»

point
(Complexing agent)
strength)
28.2.2
(Na2S) (NaHS)
IVT + NaS MS + 2Nat

MOH)2 + 2Na#

(NaOH)

M++ (2.11)
(M(OH)2
|soelectric

213

(lonic

(FeS)(  2.11)

M+ (2.12)



€3

26

: Pb(OH),
102 £ 2 8 CR(!)H)_;
AN N NN 2o,
\ \ 4
o \ \\\ AN AL
) ANz
) — Ni(OH); 7
~ 10-2 . \\\ \évk !
? k\ \ \ " Cd(OH),
NRS
f NN\ _
3 AN NG
5 10 N k\ms
€ = : Cds
ol | sl -
\\ '
10-10 \
\\
\\ '\\
aE NCus N Agss
\ 82
0 1 @23 _4 5 6 72 /&) 10 11 12 13 14
. =
211

283

(Eckentelder, 2000)

(Oxidation and reduction reaction)

(Cr



21

2831 ? (Oxidation reaction)
(Oxidizing
agents)
CN  CN+ 2.12
NaCN + HD2 -> NaCNO + H20 (2.12)
2832 (Reduction reaction)
(Cri
(Crg 2.13
Cr(OH)3
(Reducing agents) (02 () (FeS04
2.13
2HXr04+3 02 -> Cr2S043+ 2HD (2.13)
284 (lon Exchange)

(lon Exchange)

(lon Exchange Resin)



28

2,500 0.05

(Reversible)

1) (Cationic exchanger)
(Resin)
(Crosslinked) -COOH - 03
(4

2) (Anionic  exchanger)

NHDH - -N4ROH
)

285 (Reverse osmosis : RO)
(Hyperfiltration)

(Semi-permeable  membrane) (Osmotic  pressure)
( , 2543)



2

2.8.6 (Evaporation)
(Atmospheric evaporation) (Vacuum evaporation)
28.7 (Electrodialysis)

(lon selective membrane)

2.8.8 (Electrolytic Recovery)



2.9

29.1

| 2540)

Tapioca Flour

97

30



292

Decanter

“Raw Starch"

29.3

2931

2932

“Native starch"

Centrifuge

3

“Tapioca starch"



2.2

2933

294

295

296

32

22
| 2549)

8.10-37.11 19.03

0.14-0.63 0.27

1.00-2.22 154



212

2.3

2.3

60
) 200-220
260-280

20

Grit chamber 25

10

30

85
1,600
Fruit-water 1,000

( Decanter)

1,200

3,800
230
2.2

232.2

4,371.2-4,397.2

33

20

28

3
(2549)
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2.5 4

( ) ( , 2549)
2.10
2.10.1
Horsfall (2003) (
) Cu  ZnR
CuS045HD  ZnCl2 10 2
713 852
434 58.1
401 597
38.6 38.7
(Thiolation)
(2547)
3 1)
500°C 1 2)
350°c 3 NaHCO; 3)

‘mow 'V\



3

350°c 3
254 ' ' 03
10,20 30
350°c 3
34.18
4.8 473 354.99
0.26 pH 3
94
2 12 0.9297  0.9408
210.27
30
1,150
29.2
Potgieter (2005)
R
0953  0.994

62.1, 334, 585 30.7 mglg
7 125



Pan (2003)
1 (Sewage sludge ash; SSA) 1
SSA
capacity; CEC) SSA
SSA
SSA 24.1-257 meg/100 9. 3.1-34
SSA
3.2-4.1 mg.lg.
attraction, Surface complex formation CEC
SSA 30-40
6.2 SSA
98
Schmuhl (2001)
(Cr6)

Freundlich Isotherm
Langmuir Isotherm

Stefanova (2001)
750

31
(Cu2y
(Cation-exchange
CEC  pHAC

(Fly ash)

SSA  Electrostatic
A

40



3

Zoumpoulakis Simitzis  (2001)

(alkaline hydrolysis) Kraft lignin (KRL)

KRL hydroxymethylated KRLH
Novolac resin  (N)
KRL-  KRU- 1 1 '
N-KRL ~ N-KRLH ! ! " (N.N-KRLN-KRLH)
b 2 04 1231 (S) 16/ (S 204

N-SL, N-S2, N-KRL-SLLIN-KRL-S2, NKRLHST ~ N-KRLH-S2
2 0416 | (-S2)

13 [ (-S))
N-KRL-S2 N-KRLH-S2 2.6 2.1
N-S2
2.4
LS ' Co2tNiz  Cu
Co2 N-KRL-S2
N-KRLH-S2 (Phenolic Resin)
Phenolic Resin
Beker (1999)
Hydroxyethyl cellulose
75.94 2.57

Bunnaul (1999)
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800

As3 0.48
Asbt 0.82- 1.02

Marshall (1999)

01 NaOH
0112
0.6
17

(0.39 )

(1999) (Cuz)
(Chelating Agents) 4
(EDTA), (Tartaric Acid), (Citric Acid) (Sodium
Gluconate)

(Equimolar) 0.3-4.5
2-10 25

0.59 3142

4.29 5.0-6.0

2.60 5.0-58

248 5258

Ngah and Isa (1998) (Cu



Zerolite 225

4,700
440
2.3

Inoue

(Zn24

18

Reed

6-7

Omar

40

Dowex A-1
. ppm.
6.2
Zerolite 225 41
Dowex Al '
(1997) ! )
(Niz4) (Po2) (Al3H (Fesn '
(EDTA) (DPPA)
Phosphonamidic Acid-type Chelating Resin
e
(1996) pH,
pH 1
10 10
49 98
(1993) bambara nut

400
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Tan (1993)
Batch Test Column Test 100
0.3-0.85 0.5-1
NaOH 15 HNO. 2
Batch Test
Column Test 20
80
1.5-5 1.5-
3 70
NaOH 0.05 HNO. 01 f
Maranon astra (1992)
phosphatation reaction

EDTA

Cation Resin (Amberlite IR-120)

35 99

2.5
99 10
EDTA 5
phosphatation reaction

Cation Resin (Amberlite 1R-120)
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Maranon Sastra (1991)

phosphatation reaction(P-AR)  Crosslinking and Xanthation Reaction (CLX-AR)

P-AR 16 meqglg
0.4 meglg
P-AR  CLX-AR
11,06, 0.3 meglg 0.2-0.4 mm,
0.4-0.63 mm. '
2 58 phosphatation reaction

Crosslinking and Xanthation -Reaction b

15 Breakthrough Curve
16

(2545)

5 37 (
) 51020 50 /.



43

5
54 45meq.g.
(2544)

24

800 C
567 / 532 /
90 4

(2542)
2 Reactive Red 31 Direct Blue 71

2 Reactive Red 31 Direct Blue 71
.. %
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(2542)
80:20
4 500 2
30
3052, 3115, 1053, 1339 1100
95
300 1 1

(2542)
20,30, 40,5 60 200 120

30% 150, 200, 250 350

120 5,30, 60, 90 120
60% 350
986
180-220

10-90

, (2541)



45

90

(2539)
2 510 20 30 3% (VA
5%
5% 1.0962 0.6932 1.0375
meq/g.
0.5 NHCI 1 bed volume
Pearson

-0.85, -1.00  -0.78
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