2.1

2.1.1

2.1.2

Calicum hypochlorite [Ca(0d)2]
dixide (CI02

1) (free chlorine)
(OCl) (C12

\wauimj |
« 7nonmg

15
70.906
346
100,98
3.214
146 (WHO,1982)
(c2)

Sodium hypochlorite (NaOCI)  Chlorine

(HOCI),



HOCI

i-f

CR2+HD HOCl +H +Cl

(2)
HCol

HCOl -—» H +0C

oc
Ca0Cj2  NaClo  CI2

H2) + Ca(OCl)2 ) Ca2+20CI" + H20
HDO +NaOCl —....-» Na'+OCl'+HD
(combined chlorine)

(NH3 (organic nitrogen)

Ht+NHA 4t NH3
(CI2  Hypochlorite

NH3+ HOCI 4 ) NHA + HD
Monochloramine
NHX + HOCl <  NHCI2+H2

Dichloramine



nhci2+ hoci < *  naci2t+ hd

Trichloramine

Monochloramine Dichloramine
1

3 ) (residual chlorine)

free chlorine residual
combined chlorine residual

(Free Chlorine Residual)

Cl2 K HOCl + ++ CI"
Hypochlorous acid
HOCK H+ + Ocl

Hypochlorite ion

HOCl  ocf HOCI
ocf  40-80 HOCI
ocf pH
75 pH
1.0 ocf

(Combined Chlorine Residual)
Chlosamine ~ monochloramine dichloramine  trichloramine
Choramines



nh3thoci e )  nhZzi+ 2
monocholoramine

NHXCI + HCOl e ) nhci2+ h20
dichloramine
nhci2+ hoci  — —wreeeees ) NCI3+ 2

trichloramine

Free Chlorine Residual (Breakpoint Chlorination)

(Combined chlorine residual)
chloramines
N2 Residual
n n “" Breakpoint Chlorination

chlorine
2.1
(Free chlorine Residual)



8 »
i
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* p-j* « 0 #h A
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| &
21 Breakpoint Chlorination ( , 2540)

2.1.3
) ,
2)
3
4)
9)
6)
1) 1,2 -dich lore thane ( ethylene dichloride),

Chloroethylene (vinyl chloride),Chlorinated ethane solvents, — 2-chloro-



1-propanol-methylo-xirane  (propylove  chorohydrin-propylene  oxide)
(WHO, 1982)

2.1.4

(Disinfection)

o1 B W N -

HCI

AN

(Total Dissolved Salts)

NS

Carcinogenic

~
~

(phenol)
( ,2540)



2.1.5
)
C(s)+OCf(aq) ----» CrO+Cl'(aq)
2)
3)
(22
(NH3
(NazS2 3
4
Sulfur dioxide (S203
Sodium bisulfite (NaHS03)
Sodium sulfite (Na2503)
Sodium bisulfate (Na2S2)9)
4
2. 2
2.2.1
pyrolusite (Mn04), Braunite
(Mn203.H20), Hausmannite (Mn34  Rhodochrosite (MnC03) pyrolusite
(pyrolusite, brannite, maganite, hausmannite), (manganese hlende

hauserite), (manganese spar) ( tephroite, knebelite rhodamite)



2.2.2

54.938

143

1244
1962

o s e
H

+2 4+

+2

+1

Mn2+

+
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MnCI2 1MnS04 ~ Mn(N032 6 MnO 1Mn34 1
Mn203 1Mn02 1Mno31  MnD7 ( +4)
MnO IMn41Mn02  Mn27
MnO Mn2) 3
Nyvino4 ( +6) ? KMn04 (
1 +7)
2.2.3

Mn(ll) V() IMA(V) IMV) M (VI)

Ma(l)  Ma(V)  Min(vi)

Mn2+ (aq)
Mn(OH)2 2.2
MnC03
Ma(OH)2 b Mn#2+ 20H csp™ 10129 (1)
MnCO] (— w2+ cog? (g 1010402
YT TR ) MnoH " K =1039.......(3)

#2
Mn + 30H (e Mn(OH)3 v = 108.3.... .(4)



2.2

M (I) 25

(

12540)

14

21



15

21

( , 2540)
. .2542 . .2543
0.56 0.08
0.35 0.10
0.04 0.11
0.04 0.06
0.07 0.56
0.11 0.08
0.17 0.11
021 0.12
0 0.09
0.10 001
0.08 0.09
0.08 0.08
224
1) I (Steel)
(cast iron)
2)
(depolarizer) 2%

2.5%
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3) (KMn04

(,2540)
4 ( , 2525)

01
05 (2540

2.26

(Aeration)
2Mn2+ +02(g) +2HD —)  Mn02( ) +4H®2

) KMno4
8.5-10

Mn2++CI2+2HD) - ) Mn02( ) +2Cf +4H+
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3Mn2+2Kmn04+2HA) -} 2MN20 3+8H+

(102 (102

(lon Exchange Resin)
Mn02
- Activated Carbon

Zeolite
Zeolite
Mn02 (1)

(1) Mn02
Mn2) 3 (Regeneration) KMn04
MnOj
Mn02
Regeneration KmnO4
4) 0.3 /
(Polyphosphate)

(Tripolyphosphate) (Metaphosphate)

5) (Ca(OH)2
95



2.3

2C102+ SMn2++ 6HD __»  SMn02+ 12H++ 2Cf

6) (03

M2+ 03+ D----MnO2+ 02+ 2H+

3
)
2)
3)
231 ' 2
1) (True Color)
2) (Apparent Color)
50 (-, 2540)

polysaccharide



polynuckeotides

(CHCI3) (CHBICIj),

(CHBr3

Chlorine + ( bromide ion + iodide ion )
+ organic substance (Humic acid, Fuivic acid)

trihalomethane + other halogenated compounds

2.32

o Ol B W N

(CHBI X)),

19



24

(Mass Transfer)

241

(Mass Transfers)
4

1 Bulk solution transport

2 Film diffusion transport
(hydrodynamic boundary layer)

3 Pore transport (hydrodynamic boundary

layer)
4 Adsorption

rate-limiting step
film  diffusion pore diffusion

film



diffusion
pore diffusion

(Chemisorption)

(desorption)

24.2

)
(Activated siliga)

2)
600-1000

20

50-200

adsorbent

troffunnmt ffming]nain 11
*mmm  » ]tiBinn

(Physical adsorption)

20-100



243

300-500



2.5

23

4
9)
(Adsorption isoterm)

1) ?

X = (XnDCe)/ ( 1H0CE wrvvvvvvvvrrisssssessrrrssesserssrinnnns (1)

X = . mglg

moles/g

m =
(Monolayer) ;mglg  moles/g

Ce = . molg
moles/|

X Xm  Ce (1)

cdx =(1/bXm)/(C &/Xm)



24

CIX Ce ' 1/xm
y 1/h Xm Ce
UX = (L/XJ+(LICe) (LD X T vivirivririririnnnnnnn (3)
X UCe= 1/bXm
y 1/ Xm
@ 6 2.3
2.3 (Valencia  Gloyna,1972)
2) (BET, Brunauer Emmerett-Teller Adsorption
|soterm)
?

(Multilayer)



25

X =(XnbCe)/ (Cs- Ce)|( 1+(b-1)Ce CJ @

X= : ; mglg
moles/g

XnE
(Monolayer) ; mglg ~ moles/g

Ce= ;mglg  moles/|

Cs= ;mg/g  moles/|

b=

@
Ce/X(Cs-Ce) = (1/Xnb) +[(b-1)/XnD](CECS).rrrrrrrrrrnnrn (5)

Ce/X (Cs- Ce) CJCs
(b-1)/Xnb y 1Xm (5) 24

Cs

2.4 (Valencia  Gloyna,1972)
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(Freundlich Adsorption Isoterm)

xim = KCY%h

X = , mglg
moles/g
m =
(Monolayer) ; mglg  moles/g
Ce= ;mglg  moles/l
K =
U =

©)

log (X'm) = 10g K+ Un10g Ce.ovvvvvvvrrrrrrrrrrvvvrrmrsissssssssssrens (7)

log (XIm)  log Ce i}
log K y  log (Xm) log Ce=0(Ce=1) 2.5



2.5 (Valencia  Gloyna,1972)

26 (Bone Charcoal)

400 - 1000
2 tricalcuiom  phosphate
hydroxyapatite 70 - 80 % 2.2
Brimac 216, 20/60

27



2.2

28

Brimac 216, 20/60 (Cheung, C.W., Porter,

J.F. and McKay, G. ,2000)

Acid insoluble ash
Calcium carbonate
Calcium sulfate

Carbon content
Calcium hydroxyapatite
Iron as Fe) 3

(Physisortion)

2.1

2.6.1

(2535)

30 60

(Chemisorption)

051 2

3 wt.%max
79 wt.%
0.1-0.2 wt.%
9-11 wt.%
70-76 wt.%
0.3 wt.%
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[ .. - 96.35

7.
( )
01 /.
Lewis, J. (1995)
6
(EC standard)
Bhargava, ..  Killedar, D.J. (1995)
(2539)
76-89 3796

12 015 32 250 /

9%  96%

Maycack, KR. (1996) .
| 110
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100 , 250
100 Al Si03
A
03

Phatumvantt, P. Legeros, R.Z (1997)

400, 600 800
( 600 )
Venkata, . Karthikeyan, J. (1997)
Langmuir  adsorption
isotherm
Dahbi. . (1997)
-
Cr (VI) 90% 5-25 / 1
2 30 Cr(ll 47%

Raouf, MW.A.  Dafullah, AAM. (1997)
24 () Sb-124(V)  Eu- 152 ()



a

Sh- 124 () Sh- 124 (v ol
- 152 (1l

(2540)
3 DEO 8/30, PHO 830 HRO
8/30 (ORP)

DEO 8/30, PHO 8/30
0.00166  0.7849

5 2-2.5

Daifullah, AMM. (1998) 2-
Chorophenol, m-.p-cresols, 4- nitrophenol,2,4-dichorophenol 2 -nitrophenol

Cheung, CW (2000)
0.75 1
0.75 1 - (LF)
(Sorption Kinetic) Lagergren pseudo
first-order model Elovic Kinetic model Elovich Kinetic model
Ayman, R.S. (2001)
850
4

methylene blue 10
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90% 15000
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