2.1

8B 28
58.71 0, 1 .1, IV {Brugger, 1970)
152252p3s 3p3d as2
3 8 '
+2 (Latimer, 1952
Richter and Theis, 1980)
+2 6
[Ni(HD ) /4] 1
(V; Cr, Mn, Fe, Co) (Baes and Mesmer, 1976 Richter and Theis, 1980)
2.1
( 5 9
Ni2+ '
( , 2539)
10/ { 2,2539)



% Ni

100

30+

70+

60

50

40

30

20+

2.1

(Baes and Mesmer, 1976

oM rici

Tftw»gr;ti

Richter and Theis, 1980)



2.2
(Adsorption)
Adsorbate Adsorhate Adsorbent
1 3 /\
(Physical Adsorption)

(Van
Der Waals Force)

(Chemical Adsorption)

(Exchange Adsorption) £
(lon
Exchange)



400-600

750-950 7 (Tar)
1,000
20-20,000 A0
2.2
5
4 Ny

mass absorbed
mass sorbent

& CO2
' Argon
% i 2 3 a
Pressure, otm
2.2 (Charcoal)

(Sawyer Mccarty and Parkin, 1994)



' 2.3
’ 0.15
2.3 (Charcoal)
(Sawyer Mccarty and Parkin, 1994)
Freundlich
q = KClh (1)
C =
q =
K =
logg = log K+ (L/n) log C (2)

Q) 2.4

2.2



2.5

. log q
o
o
o
o

1 1 1 1 1
-25 =20 -15 -1.0 -05 [0] 0.5
Log concentrotion

2.4
(Charcoal)

(Sawyer Mccarty and Parkin, 1994)

Langmuir isotherm BET isotherm
(Single-Layer Adsorption)

Langmuir isotherm



®
o|lo C‘>0Q

$ 25 ; Langmuir isotherm
(Sawyer Mccarty and Parkin, 1994)

BET isoterm
Langmuir isotherm ?
Langmuir isotherm
LR be (4)
gm (Cs-C)[1+(b-1)C/CS]
Cs C
Cs ?
BET
C - J_+ (b)) (CICy (5)
q (CsC) bgm  bgm
Cs b
(5) CICs BET isoterm

10



(
| BETisotherm r. \\\vq‘“
5| e
[ ol 1 BET straight-line
i O == form
2| am
} CIC,
£ 26 $ BET isotherm

(Sawyer Mccarty and Parkin, 1994)

adsorption isoterm

layer
diffusion

layer boundary layer

boundary

boundary

(relative rates of diffusion)

boundary layer



' diffusion
boundary layer (Exchange
Adsorption)



2.3

231

2.7 ;
(Anderson and Rubin ,1981 )
a.

13



2.3.2 ' b7 '

(chemisorbing)
Hydrogen bond
(Physically absorbed water)

2.8
(James and Parks ,1982 Jame and Douglas , 1990)
Geothite (CC-FeOOH) 4
2.9 AB,C 4 Lewis-acid site (Sposito
1984 Jame and Douglas 11990) A
7 Ht A Lewis-acid site H+ B
C A
( amphhoteric) Lewis-
acid site
233 ?
BET treatment
DA exchange HCICL, H3P 04, NaOH
CH3vgl 2.1
4-10 100 (A°)2
hydroxy (hydroxylation)
hydroxy (dehydroxylation) hydroxylation
Si02 a-Fed 3 RAID3 Th02

(Anderson and Rubin ,1981)



? 0 o/ H 15
VTIRIIm  YZPom  vresrzrrzore
@ ) (0

V 7879 M
(d) ©
1 — —
=<— ¢ T >Physiosorbed HjO
A e
. \ 1
| H, = H
! E! I -Chemisorbed H20
0

(Jame and Douglas , 1990)

a.  Geminal hydroxyl group
b.  Vicinal group 1H-borned
Doubly coordinate hydroxyl
Triply coordinate hydroxyl
Isolated hydroxyl

chemisorbed 2 physiosorbed 2
Surface Hydroxyls

O .
< Lewis
Acid Site
% _OH y
Goethita Surface Hydroxyls Inner-Sphere Surface Complex:
and Lewis Add Site HPC>4 on Goethite
@ ()
29 a Geothite(OC-FeOOH)
AB,C Lewis-acid site
(R Fe-0 bond A )
b, A Geothite

(Sposito , 1984 Jame and Douglas . 1990)



2.1

( Anderson and Rubin ,1981)

Si02amorphous

Ti02anatase

Ce02
Sn0?

-aib3
y- aid3
a- Fed 3

Zn0

234

2341

Iron Oxyhydroxide

1990)

51
45
49
2.8
43
2.0
43
10.0
9.
91
68-7.5

OH/100 A°2

Amorphous Ferric Hydroxide

1

Fe(ll)

10

d2)
NaOH
NaOH
d2)
hyod
chéh?
CHN2
CH3Mgl
Weight loss
BET
CHN2
BET

Amorphous

20-30 ¢°

(Dzombak and Morel,



iy

FeD 3 nHD (Brown et al., 1978 Dzombak and Morel, 1990)
Fed 3 3H) Fe) 3 1HD
22 4.0g/cm3
3.5 glem3 (Schwertmann andTaylor, 1978 Dzombak and
Morel, 1990)

aging Fe(ll) 20-30 °
Geothite(Ot-FeOOFI)
Fe(lll) pF (Avotins,
1975 Dzombak and Morel, 1990)

2.3.4.2

2.2 BET

(Dzombak and Morel, 1990)
Negative adsorption

co-ions (Van Den Hul and Lyklema, 1968 Dzombak and Morel,
1990)
840 m2g
600 2g (Davis, 1977 Dzombak and Morel,

1990)



2.2
(

159
700
159
234
300450
182
270-335
320
250
250

590
280
303
250
265
257
215
306

Dzombakand Morel, 1990)

(m2g)

BET' N25,

Negative adsorption of MgXat

pH 5

BET' N28,

BET' N2,
BET, HX)

BET, N29)
Negative adsorption of Nat

BET. N29,
BET. N26,

HA) adsorption at 19 % relative

humidity

Ethylene glycol adsorption
BET, N2Q,

Glycol retention

Electron microscopy

BET, N9

BET' N29,

BET. N2w

BET, N29)

18

Avotins (1975)

Avotins (1975)

Croshy et al. (1983)
Croshy et al. (1983)
Davies-Colley (1981)
Davis (1977)

Davis (1977)

Gastetal. (1974)

Pyman and Posner (1978)
Pynwi and Posner (1978)

Pyman and Posner (1978)
Ryden etal. (1977a)
Shuman (1977)

pping (1981)
Van der Geissen (1966)
Yates (1975)
Yates (1975)
Hisand Langmuir (1985)
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2.3.5

3
FeS 1FeS2  FeOH3 ?
96 61
5.6 (Forstnerand ittman , 1981)
4 FeCO3 2.10
( )
107 FeOFI3
( t)  FeSt | +2)
Eh-pH
2 pH
pyrite ( FeS2) pH
5 Fe(OH)3S
pH Eh pH
[ (Fet3(OH 3 | L (jonic product) (solubility

product) Fe(OH)3



2.3.6

Eh,IN VOLTS

40— 1 1 - 1T 1 1

Water oxidized

1.00

0.60

0.20

-0.20

-0.60

Water reduced

-1.00 v\ P [

2.10 pHand Eh fields of stability of iron

( Forstner and Wittman ,1981)

20



™

> T
_ th
w =
N

2.3.6.1
? (Dzombak and Morel 11981
Jame and Douglas , 1990) 2.11
100% (Benjamin and Leckie ,1981a Jame and
Douglas 11990)
' +( OH ) (Jame and
Healy ,1972a Jame and Douglas 11990) net stoichiometry
(Heyes and Leckies ,1986 Jame and
Douglas 11990) |
(Jame and Healy ,1972h Jame and
Douglas 11990)
(Davis and Leckie ,1978a Jame and
Douglas , 1990)
(Stumm et al., 1976 Jame and Douglas |
1990) (Pearson ,1968 Jame and Douglas
1990) (Hayes ,1987
Jame and Douglas 11990) (212
a) jonic strength  (Heyes and Leckies ,1986 Jame
and Douglas , 1990)
guartz ltitania clay minerals jonic  strength
(Vuceta ,1976 ;Chang et al.,1987 Jame and Douglas 11990)
() IA ( Caz+, Mg 1Ba)
(212D
jonic  strength (Kiniburgh et al., 1975 Jame

and Douglas 1 1990)
(Johnson ,1990 Jame and Douglas 11990)



(pmol/g)

Percent metal adsorbed

20 100 T T
Humic acid
16k . M;=5x10*M «
80 - 1
- 4 3
12 g Zn
2 60 — Nl —
i ] ré Cu
4 — g 40 - oo _
5 g Mn
0 a
2 8 20 | E
00 T T
Al(OH), (am) cd
My = 1.25 x 10 \ e . -
801 M NaNO; B 0 il 4 6 8
NI 160 T T ! i
60 - — Cd Polkville montmorilionite
120_N=5X104M -
40+ Zn —
80 |- _ .
: Cu ;
20 - = 40 »-}Kk—/ .
c d
pH pH
Al
a goethite (McKenzie ,1980 Jame and Douglas , 1990)
b. humic acid (Kerndorf and Schnitzer ,1980 Jame and
Douglas 11990)
C. (Kinniburgh 1975 Jame and
Douglas 11990)
d, montmorillonite (Farrah and Pickering ,1977 Jame and

Douglas , 1990)



Percent Lead Adsorbed

Barium Adsorbed

Percent

100

o
7
AL
” 4
80 |- /
g Goethite: 30 g/1]
A/ Salt: Sodium Nitrate
60 b / / Lead: 2.0x10-3M
ay/
// Sa(lJL Exptl. Cato TLM
1.0M (@] _
40 -~ // 0. I a .
o 7 0.3M O
GV 5 0.01M v —_—
X y
sl o 7K :
& Inner-Sphere Surface Reaction:
" 8 SOH + Pb2+ = (SOPb+) + H+
|- A
e 1 ) L X 1 A
%. 4.0 S.0 6.0
pH
100 e i
/-./_. N //O/.’V'-‘v‘_’\/
- Goethite: 30g/| /'A B L 0
Salt: Sodium Nitrote .,/' // o
80 |- Barium: 1.0x10E-SH VAL L
s
- / /
60 / Z
i /
a /: d
‘3/3 / o Salt  Exptl. Oate TLM
40 |- AN 1. 04 a —
7 0. I o ——
- %f 0. 002K o ——
20 - " ,././ Outer-Sphere Surface React 10ns:
2"t SOH + Ba2+ = (S0-Ba2+) * He
B 9/ SOH + Ba2+ + H20 = (SO-BalH+) + 2H
Q _-
=1 1 =} 1 | 1 | 1 | 1
%.O 7.0 8.0 8.0 10.0 5.
pH
£ ,212 NaNOQj (ionic strength )
Pbx  Ba  goethite

7.0

(Hayes ,1987
a
b.

Jame and Douglas 11990)
Ph2+
Ba2t

inner-sphere complex
outer-sphere complex
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2.3.7 Surface Complexation Modkl

Davis Kent (1990) f Surface Complexation
Models
L ?
Surface Complexes ?
2 Surface Complexation ? ?
? ? ? correction factors ~ ? 79
Electric Double Layer
3 7 ? Surface
Coordination
4 ? ? ?
? 9
? ? Triple-Layer
Model ~ ? 1. near-surface plane, 7
+ 101’ strongly-adsorbed ions, 2. (3-plane,
7 weakly-adsorbed ions 3. diffuse layer plane, ?
dissociated charge 213 214
VARON
v |
|
%_.
|
|
|
|
|
|
% Tp ey
H®* Na® Counterions
oH" ClIo;
2.13 ? ? ?

triple layer model ( Davis and Kent, 1990)



25

2.14 (a) Surface complex

() '

inner-sphere complexes,
outer-sphere complex, the diffuse layer
(stumm and Morgan, 1995)

(Benjamin and Bloom, 1981
Khaodhiar, 1997) amorphous
iron oxyhydroxide ,

2.3
(Stumm and Morgan, 1995)

(Benjamin and Leckie. 1981 Khaodhiar, 1997)



2.3 Surface Complex
(" tumm and Morgan, 1995)

Acid-Base Equilibria for Surface

S-OH +H+ s-ohX
S-OH +OH' S-0'+hd

Metal Binding (Mz+= metal)

S-OH + Mzt S-OM< Dt + Ht
25-0H + Mzt (S-0)2MiZ2++ 2H+
S-0H + Mz++HD S-OMOH(Z2+ + 2H+

Ligand Exchange (L = ligand)

S-OH +L S-L +OH
25-0H +L L++ 20H

Ternary Surface Complex Formation

S-OH +L + Mz S-L-Mz + OH'
S-OH +L + M2t S-OM-L{Z2t+ Ht

S-OH =oxide surfaces

26
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2.4

24.1

(Cathode) (Anode)

2.15

215 (-, 2527)



24.2

86°C

£ 216

TUIU

.

HRTUIIUN QUYL

.

NIANNAZRIATUIIU

v

FUUNEN

.

QUL

v

NARADI

2.16

(Trichloroethylene)

28



90°c

2.4.3

2)

Coumarin
3)

5-10

(Anode Clean)
(Cathode Clean)

(Dull Nickel)

(Semi-bright Nickel)

(Bright Nickel)

29

60-



4) (Black Nickel)
B) (Satin Nickel)
6) (Heavy Electrodeposition of Nickel)
244 '
1
80 (
2T

( Nickel Carbonyl )

0.25 ppm
0.8 ppm

2542

30



2.5

2.5.1

3

(Precipitation)

(Coagulation)
(Flocculation)
(Sedimentation)
(Filtration)
(Oxidation/Reduction)
Oxidant Reductant
/

(lon Exchange)



(lon Exchange Rasin)

H+
) (Evaporation)
8) (Reverse Osmosis)

(Semipermeable membrane)

9) (Activated carbon)

32



2.5.2

(Precipitation) '

Zn, Ni, Cu, P, Cd
( 2.17)

PRECIPITATION

2%?/ -
= 7 77 e

‘ 1
r PUMP _““] PUMP .
u iy @ r'V EQUALIZING FLOW MEASURING RAP. X ga/w{.(m |/l | SEDIMENTATION
g "I 1. » ’
\

o>

AL
ANK CHAMBER [" s K TANK o
5 uie

. AN
s AN,

~ CATIONIC
| POLYMER

FILTRATE
FilfiER PRESS swoce'sromcc
ANK
SLUDGE PUMP
Q=1 m/he.
TOH= 80 m.

SLUDGE TO DISPOSAL

247
(254



2.6.1
HCZHY 2
NaCH3I) 2
CHY 3
Ht + chd; — » HCHD?2
+ [H1]
CHI 2 [HC2HY 2
HCHY 2 CHI?2
OH
HCZHY 2 H+
OH H+ HC2HI 2 CHY?2
OH + HCHY 2 -----rmee- ) CHIZ +HY
OH' [C2HY) 2]
HA Ht A
HA - H+ + A
Ka = [HY] [A]

[HA]

34

H+
HCHY 2

[CHD?2]
OH'
H+

HD

[HCHD 7



1) [HA]
[A]

HA [HA]

[A] [HA]
[ |

HCHI?2 CHI?2

NaCHI 2  NHALCI

= Ka [HA]
[A]

= pKa- log [HA]

[A]

= p«a+log [A]

[HA]

pKa + log [ ]
[ ]

H+
A] OH HA
HA]  [A]

+1

NH3  NH4+ HCHY 2C2HD2

1206

OH

(]

Nat, K*

NH3-NH4+

001 M
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HCHY2 1M NaCHY?2
pKa PK&
pH pOH pH pOH
pKat) pHM1 [ M ] 101 pH = pKatl
[ M 1] 1/10 pH = pKa-l ! | I
[ ] 101 1/10 ( )
1:5 [H4] Kax (5/1)
5Ka [HA]
2.6.2 1 1 1
5.00 1
HCHY?2  CHY?2 0.1 MHCHY 2 0.1 MNaCH3 2
Kn = 1.8x105 PKg
pH = pKa+log[A]
[HA]
pH = pKa+ log [ 2H3 2]
[HCHY 2
500 = 474 +log [ H3 2]
[HC2HY 7
500 = 474 - log [HCHI ]

[CH3 2]



log [HCHD 2

[CHD 2]
[HCHDZ 055

[CHD?]

474 -5.00

' 01 M

1
[HCHY 2 ' 0.55

[CHD2] 1

HCHY 2 X
CHI 2 1 X

X 0.55
1-X

X 0.35
- X 0.65

HC2H3 20.35

1

NaCJ 020.65

37
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21
Millward, G. E, and Moore, R. M, (1982) !
iron-oxyhydroxide '
salinity b salinity (=0, 5, 10, 15%) '
0.05 MFe 15 M
! ! 0.50UN 35-10
Cu<Zn<Mn salinity
salinity
Cazx  MgZ
salinity
Kooner, ZS., (1992)
Goethite lonic strength Goethite
Goethite
Goethite
Goethite jonic strength
Goethite 4
neutral
Ratanatamskul, ¢. (1993) zeolite-
iron column
70%
92%
3
12,039 016 . /.
L2 3

53 . 116



39

1.6
5 1
Khaodhiar, . (1997) (CCR)
iron-oxide-coated sand (IOCS) magnetite-coated sand (MCS)
MCS
CCR 00
Inner-sphere surface complexes
outer-sphere surface
complexes

10CS

Triple-layer model
(single-solute systems)

(multi-solute systems)

Weesner, F.J., and Bleam. . F. (1997) Cu(ll)
boehmite(AIOOFI) 6.5 electron paramagnetic resonance(EPR)
X-Ray Adsorption Spectroscopy Cu(ll
4

Cu-0 bond ? 194 A° inner-sphere surface complex
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Cu(ll low surface loading (< 0.2,6/ mol / M2) 7 outer-sphere
surface complex ~ Cu(OH)NHZ) ) X2t high surface loading ¢ (Il)
? boehm™ 6.5 ? ?
? Cu(Il

(2539)

50 /. 6
68.92%  69.52 % 60.66 %
68.27 %
1978.02 [ . 213633 .
298264 /.
305752 .
000 M 01M
01 M
001 M 24
0.1 M
001 M 12
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