21 (Silica Gel)
211
2
20 A
110 A°
3
(soft gel)
pH

(physical adsorption)

(Si02
(specific surface area) 5 m7g
5 A0- 3000 A°
(narrow pore silica gels)
(wide pore silica gels)

XSiOf* yH,0

(hydrophilic)
(anhydrous silica gel)
100 1
pH 1.5 pH 2

(Van der Waals interactions)

(capillary condensation)



212 3

(1) (hydroxylated surface) (Si-OH)

150°c 3 free silanol, geminal silanol
silanol 2.2

* Free silanol

* Geminal silanol

*Vicinal silanol

(2) (siloxane surface) (Si-0-Si)
1000° C

(3) (organic surface)

* (hydrophobic)
* (hydrophilic)

Siloxane Bond

¢
Free Silanol ¢ o © A |
I \ I O,s‘-os O/HO Sl OI{\ Vlfnal

anols

GE[TINal Sl1angIS
Hyarogen Bonded

2.1 (Thurman  Mills, 1998)



2.2

213

(amorphous silica)

(-OH)
1)
@)
(anticracking)
3
(4) (optical effects)
)
(6) (hydrophohing, water-repellent)
(7) (adsorhent)
8) (catalyst carrier)
9) (cloud seeding)
(10) I'(chromatography column
packing)
(catalyst carrier) !
(Iron)
221

(iron oxide) (FeS2)



(Fe24
(Fe3)
(hematite, Fed) 3 (oethite, FeOOH)
(pyrite)
(siclerite) Fe2'

1) (23

2FeS: +7.502 + 4H,0 ) Fed3+4H:S04

Pyrite Hematite

2FeCOj + 050, + 2HD - > Fed3+2H,COj

Sederite Hematite
Fed3+ HD >  2FeOOH
Hematite Goethite

Fe2+

(hydrate ion) Fe(H,0)x+
(species)l

Fedtp)/* «-- FeOH(H,0)2+ + H+

Fo(HD) @ 4—+ Fe(OH)3() + 3HD + 3H+

1
Fedr

21

Fedr

24)

25)

Fe(HD)@* - Fe(OH)3() +3H,0 + ¢ + FH ........(26)



10

(metal complex)
(organometallic compound)

2.2.2

(Fe
27)

FeOH)3 + 3H+ + & 24—}  F&"+ 3HD 1)

(two-variable diagram)
pis/pH 1 . (electron activity :a)
(hydrogen activity : pH)

PE PE = - log ae

PE
Pe 125
(dominant species)
2.2



21

Fe(OH)Y ) *
Fe(OH)2s)
FeC03s)
FeC03s) + OH"
Fe(OH)Z ) + OH

(Vanloon  Duffy, 2000)
Fex  Fe"
(K9
21
(Ghosh, 1965)
KP 25°
Fe2+ + 2 OH" 800 x 10%
FeOH + OH 400 x 1°
Fez++ CO,2 211 x 10"
FeOH + COj2 5.05 x 10
Fe(OH)3 8.30 x 106
Fe3+ + 30H 400 x 103
Fe(OH)% + OH" 513 x 10"
Fe(OH)2 + 20H 251 x 105
Fe(OH)4 100 x 105
Fe(OH)3d)** 290 x 107



223 (Iron Oxides)
1 (hydrous metal oxide)

(-OH)
(-00H) (-0)

Fe(OH)3 (ferric hydroxide), FeO (ferrous oxide), Fed 3 (ferric
oxide hematite), Fe)4  FeQ. Fed) 3(ferrous ferric oxide magnetite)
FeOOH goethite  poorly crystalline  amorphous hydrous ferric oxide

a.8 v ferrihydrite

(FeOOH) (Fed 3
(sol-gel processing)
(Fe3) pH
pH (pH<4)
pH
(Fe3n amorphous ferrihydrite (FeOOH) 3-5nm
225-340 mTg 4nm
400-700 °C 20 nm
20 may 100
nm (Fe 4 Fed 3
Fe(OH)2
224
(amphoteric)

sorption
(adsorption) (absorption) (precipitation)



2.3
Sorption,
Adsorption Absorption Precipitation
)
(e
o@

G)
®
(2o
® .

Solution

~ s & a o < o
N 23 msgadu gadu nazmsanagneuvesdInsfunrIveunanesn loa

(Koretsky, 2000)

FO
H H H H MeO
I
H. ]\ 0! o MeO
H. Fc FC
.0 '0! ' X0X XX -—Me©
H \ Fe/ \ FeX \
Me€> 0 ) O
Fc ARECN "Ve® X®
Me V FcX FCX V
[\ [\
X' PO.3
M PbX: Zn+
24 (1)

(O'Neill, 1993)

24



2.3

(alkaline)

23-92 4-7

compound)
compound)

24

241

.. 2360

8.6

3209 °c 765 °c
228.8nm

(HNOJ)

0+

(HCY)
(Cd0)

(Cds04 (Cd(N0Y2

(CdOH) pH 7 8
Cd+
(CdS04

14

5.0

(alkaline earth)

(complexing
(organometallic
(food chain)

01- 02 jugl

1124 1B
20 °c
+2

(cdcl)
(C4CO)

(Cd2)

oH 8-9 CAOH+

(Cystrine)



(Fergusson.

1990)

242 o

1,000

( , 2547)

600°C

Stabilizer

alloy



neutron cross section

20 - 90 ppm

200,000 brans

Ca2+

0.2- 0.26 ppm

greenochite

0.07 - 0.10 ppm

H2

16

thermal



05- 146 (gfL 05 pylL
nY
The Nation Air Sampling Network
1 13 pg
0 - 4.9 pg/m3
223
3-8
55-30 3 138 0.3
219 30 mg
(half-life) 17-33 7
50-60 biological half-life

2 - 5 pylday

I



3H0mg- 19
1-2
mgm3 30

1 mg/day

326 mg
24
100
8mgm3 4
30 - 40 mglday
Collagen
170 - 500 (Ig/day
0.6 -
100 - 150 mg
10 gmole/kg
003 mglL (

3, 2539)



25
251
Ni 28
58.71
,455°C 2,900°c
+2
oxidation states 4 0+, +2 +
40 ppm
10 ppm 6 ppm
25.2
200
35-22%

26%

2 ppm

19

16 -



20

(hydrogenation)

200

,pentlandite  pyrrhotite

, - gamierite



10- 20%

arsenide (NiAs)

50

(

chart, 1973)

«



2.53

Lppm

- Acute poisoning
12-23

Chronic poisoning

e

159 - 307 pa/

13

22



37°c

100 mg/L (
3, 2539)

2.6

26.1 (chemical precipitation)

M++2NaOH - > M(OH)2+ 2Na*

................. 29

23



24

11

(NaHS) (FeS)

+Na, -— > MS+2Nat (29)



2.5

25

INDUSTRIAL WATER POLLUTION CONTROL

POOH): 1
102 *CR(OHh
Zn(OH)2
Ag(OH)
10°
(- (Ofp
4(0)i)~
= 1i- .
E V(<02
; ic-4
§ nS
s 1U6 .
S . Phs'
< 10-8
J0-10
10?2 .
CuS Ag?
L
2 3 456 7 89 0 1 0-13B 1

pH

(Eckenfelder, 2000)



26.2

counter ion
counter ion

26.3

(Semi-permeable Membrane)

264

(lon Exchange)

counter ion

(Reverse Osmosis)

100

(Oxidation and Reduction)

26



26.5

2.6.6

26.1

(Electrolytic Recovery)

(Evaporation)

(Electrodialysis)

(lon Selective Membrane)

27



28

268 (Adsorption)

(Sorption)
2
(adsorption) (absorption)
L
2.
11
(Homogeneous
system) (Heterogeneous system)
(Interface)
( , 2542)
2681
(adsorbate)
(adsorbent) 2
(physical adsorption ~ physisorption) (chemical

adsorption  chemisorption)



(Physical adsorption)

(Van der Waals force) 2
(London dispersion force)
(dipole-dipole forces)

(reversible)
(Sawyer et al., 1994)
(lonic strength)
(Allard et al, 1987)
(Desorption)
2518)

(Chemical adsorption)

29



counter ion

(clesorption)

multilayers

30



3l

(monolayer)
4
)
1 26
(1) (bulk transport)
(2) (film transport)
(film diffusion) (external diffusion)

(3) (intraparticle transport)

(pore diffusion)
(internal  diffusion)



32

Bulk Solution Boundary Layer Adsorbent Particle

1

Solution State Adsorbed State
Bulk Transport Film Transport n  Intraparticle Transport

0

2.6 (Eckenfelder, 1981)

(adsorption equilibrium)
(adsorption isotherm)

(Langmuir Adsorption Isotherm)

(2.10)
|deal Localized Monolayer Model 1
1)
2 (monolayer)

@
G
@



Y {XmbCe)
= (L+bCy
X= x/m
(m)
xm=
Ce=
h =
(2100 X xm Cc
bX.
céx Cce
ce
1 m
X vm:
UX  1Ce

oo (infinity)

(Vi
VCel\

33

(2.10)

2.11)

y [lbXrl
212)
llhXm y



34

I/ )
_' lbXm
L”}/an

llc.

2.
( Freundlich Adsorption Isotherm)
(2.13)
X ZKCelln (2.13)
X= xim (%)
(m)
Co=
K=
1/ =
(2.13) (exponential)
logarithmic
LogX = LogK +(13Loge1 (2.14)
\nJ



logX  logCc Y

log K
LogX J 1h
‘;/I’c;gK
Logce
28
0 (BET, Brunauer Emmerett - Teller Adsorption Isotherm)

Brunauer, Emmerett Teller
(multilayers)

(2.15)

(e, -CIM&-iXede,)] <

X = xim )
(m)
X 1
(monolayer)

Ce=
Cs



36

(2.15)

— 7 e = X (1 ) )
Th—\=(4bx )4 (hxipic) (2.16)
CoX(CsC9  (CdCy (b-1y
bXm y 1+hXm
CeX(CsCH
(b-2)/ bXm)
A bXm
c.lc
29 BET
(C3h
(Ca)
2.10
Cd Cd V C:lds | )
Csoln Csoln Csoln
(A) Langmuir Model (B) Freundlich Model (C) BET Model

2.10



(1) (size and surface area)

(film transport) 1

(Diamadopoulos et al., 1992)

1
( | 2544)
1
(Adsorptive Capacity) (
, 2538)
2) (nature  of adsorbate)
( , 2538)
)

zero point of charge (zpc), point of zero charge (pzc)

37
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zero (pHO) pHO

1 pHO
(Vanloon  Duffy, 2000)
(David&Marion.
1976)
(Monovalent cations)
Zpc Ve
electrical double layer
titration curve Zpc
(multivalent cations)
(Divalent cations)
M2+

OH-group



39

(Tri and Quardrivalent cations)

+15
2,4
@)
(2) (mixing speed)
—~ 1
1 3
L
2.
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WV
2.1

Rahman ~ Ghosh (1979)

(Pyridine)
(n-Heptane) Close-packed monolayer

Schultz (1987) Cu (I), Pb

(), Ni(l),zn()  Cr(il)
! 9 1 45
Edward  Benjamin (1989) (regeneration)

femhydrite ( )
ferrinydrite Cu (1), Cd



41

(I1), Zn (1), Cr (11 ,Ni (1) Pb(Il) (3- 135)
8- 125 ferrihydrite
50

Namasivayan ~ Ranganathan (1995)
Pb (1), Ni (1) Cd (Il Fe (III) / Cr
(I A~n
jonic strength
Pb(ll) 3585 1 EDTA Ni (Il)
Cd (Il

, polymer, diatomite

Edward ~ Benjamin (1989)
(Pb (1), Cu (1), Ni (1), Cd (1), Cr(lIT)) Cd
(I, Zn ()  Cu(ll)

Scheidegger (1993)
(silica sand)
jonic strength
(electrostatic attraction)
X-ray photoelectron spectroscopy (XPS) Fe
-0-Si -Fe-OH + HO-Si- —> Fe-0-Si- + J



42

Cd (1), Ni (1), Cu (I, Po(ll)  Z

()
(1996)
50 6
68.92%
69.52%
Benjamin (199)
(Cu (1), Cd (H), P (1), Ni (1) Zn (I1))
(Se023 AsO33
1
(back washing and regenaration)
AsO3,
Lo (1997)

Cu (I, Ni () Cd (i
Scanning Electron Microscope
(SEM) X - Ray Diffraction Spectroscopy (XRD) Energy Dispersive
Analysis of X - Ray (EDAX)

(chemisorption)
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Lai (2000)
1-2 mg Fefg quartz sand ~ pH

ca(n N
1

(2000)

24

5-8

45 (

(inner - sphere surface complex)

(outer - sphere surface complex)

Katsoyiannis ~ Zouboulis (2002)

poly HIPE
poly HIPE

(microporous)  polyHIPE
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(2002)
P (), As (1) Cd (Il

Po 10-100 ppm, As 30 ppm  Cd 10 ppm

Po(l)  Cd(ll) 99% As
(1)  68%
(2002)

0,50 70

1

(impregnation)

25

impregnation

XU Axe (2004)
Ni 11



15

0.59 - 21.36 mgFe/g solid

0.2 mm

0.85

9.6 mgFe/y solid

Ni (11

1

45
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