2.1

23-92

105

4-1

68

(Complex Compound)
(Organometallic Compound )
(Food Chain)
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EPA.
2.1 LEPA (Laws,1981)

Metal Chemical Symbol Maximum Permissible Concentration
mq/i (imole/l

Mercury Hg 2 0.01

Cadmium Cd 10 0.09

Selenium Se 10 0.13

Lead Ph 50 0.24

Arsenic As 50 0.67

Manganese Mn 50 091

Chromium Cr 50 0.96

iron (As Fe2) Fe 300 537

Barium Ba 1000 1.28

Copper Cu 1000 15.74

Zinc n 5000 76.49



6

.. 2540

(Transition elements)

2.11
2111
Ph 82
3215
(Isotope)
1

2.2

Material Chemical  Ator
symbol Mol.wt

Lead, Metal Pb 207.19

Lead acetate Ph(CHD 22 325.28

Lead PhZAs042 8994
arcenate(ortho)

sp.gr.

11.3437

325

780

207.19

M.p.
(°C)

3215

280

1042

B.p.
(°C)

1740

02 ./

002 |/

1740

Pb-208

2.2
(George,1981)

Solubility
o/liter

Insol,cold, hot
hd

13(20°C)

v.50.50l.cold HD
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Material Chemical Ator  Sp.gr. M.p. B.p. Solubility

symhol Mol.wt (°C) (°C) g/liter
Lead azide Pb(N92 29123 - - Explodes  0.023 (18°C)
at 350
Lead carbonate ~ 2PbCO3Pb(0H)2 7756 6.14 Dec.400 : 44.320°C)
Lead Chloride PhClj 281 585 501 950 0.99(20°C)
Lead Chromate PbCr0, 32318 6.12(15°C) 84 Dec.  0.0000058(25°C)
Lead Molybdate PoMoO, %713 6.92(25°C)  1060-1070 : Insol.
Lead Nitrate Pb(N032 BL2  45320°C)  DecA0 - 37.65(0%
2112
, (Webelement.com,

2001 Mark Winter, 1993)

2113



2.3

Test

Blood Test

Urinary lead

Urinary
Coproporphyrin

Urinary 6—amino
levulinic acid

Normal

<40
fxg/200ml

<80
fXg/1000mi

<150
(4g/2000ml

<06
mg/100m!

Acceptable

40-80
pg/L00ml

80-150
pig/2000ml

150-500
Pg/L000ml

062
g/200ml

2.3

(George, 1981)

Biologic TLV  Excessive

80
g/ 100mi

150
pig/L000ml

500
pg/2000ml

2
mg/100m

(Hemoglobin)

80-120
j¥g/200ml

150-250
Jg/1000mi

500-1500
pg/L000ml

24
mg/200ml

(Hem)

Dangerous

>120
pg/L00m|

>250
|4g/2000m

>1500
jng/L000mI

>4
mg./200mi
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2121
' 78.96
221 685
(Crystalline structure) 3
, , crystalline monoclinic
Metallic gray selenium
(Arsenic)
24
24
(George, 1981)
Material Chemical At.or spgr.  Mp.  BP. Solubility
symbol Mol.wt (°C) (°C) olliter
Selenium S 78.9% 4348 27 688
Selenium Dioxide SeQj 110.96 395 340 Readily sol  hot or
cold water
Selenium trioxide Se03 126.96 36 Readily sol  hot or
cold water
Sodium Selenite Na2Se035HD 263.04 Freedy sol.in water
Sodium selenate NaSe04 188.95 Very sol.in water
2.1.2.2

Photoconductive

Photovoltaic



(Photocell)
Cell),
2123
1
2.2 1 1 1
22.1 (Chemical Precipitation)
2211 (Hydroxide Precipitation)

10
(Solar



M3+ Ca(H2  -> MOHR + Ca» (1)

(Amphoteric Property)

811

2.2.12 (Carhonate Precipitation)
7885 10 2.2
1 M

+2
M2+ NaZC 03 ->  MC03 +  2Nat (2.2)
Patterson (1987)
2.2.1.3 (Sulfide Precipitation)
(Na®) 1
(NaHS) ' (FeS) 10 2.3

M +2



12
M2+ NaS MS + 2Na+t (2.3)

(Hydrogen Sulfide)

2.2.2 (Evaporation)

(Atmospheric Evaporation )
(Vacuum Evaporation)

2.2.3 (lon Exchange)
(Cation Exchanger)
f (Antion
Exchanger)
1 1
2.2.4 (Reverse Osmosis)

Semipermeable Membrane



2.2.5

2.2.6

2.2.1

228

20-30
(Ultrafiltration)
1-9

(Electrodialysis)

( Selective Membrane)

(Electrolytic Recovery)

(Oxidation-Reduction)

(Solvent Extraction)

13
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2.2.9 (Adsorption)
(Adsorbent)
(Activated Carbon)
20A 20,000 A
2.3 (Adsorption)
(Adsorbate)

1 (Adsorbent) 21

ge

2.1 (Weber,1972)
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Il
"
(Favorable) If (Unfavorable) 2

(Physical Adsorption)

(Van Der Waals Force)

(Chemical Adsorption)

(Exchange Adsorption)

(Rate of Molecule Transfer)



-olucion
ScacC

O *

2.2

Bui*
Solution

Bulk
Transpose

16

(Bulk Transport)

(Film  Transport)

(Film
Diffusion)
( terparticle Transport)
(Pore
Diffusion) e '
Bounda rhen
Cajer” barcicle.
Adsorbed

| roe g tMeracarelcle State
JTranspose I Transpufc

(Eckenfelder, 1989)
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(Adsorption Equilibrium)

(Equlibrium  State) (Adsorption
Equilibrium)

(Adsorption - Isotherm)

2.3 (Faust and Aly ,1987)

(Langmuir Adsorption Isotherm)



Isotherm)

(Multilayer)

2.5

X

Xm

Ce

Xm

Ce

CS

(XMBCA/(L+bC8 (2.4

(mg/g,mole/g)

(mg/g.mole/g)

= (mg/l.mole/l)

(BET.Brunauer ~ Emmerett-Teller  Adsorption

(XmBCe)/(Cs-Ce){1+(B-1)Ce/Cs) (2.5)

( glg, olelg)

(mglg, olelg)

= (mg/l,mole/l)

(mg/l.mole/l)



(Freimdlich Adsorption Isotherm)

2.6
XM = KCelh (2.6)
X - (mg/l mole/l)
' @)
Ce = (mg/l,molefl)
Kln =
231 (Factors influencing adsorption)
2311 (Size and Surface Area)
(Film Transport) ' 1
Diamadopoulos (1992)
35 Mathews Zayas(1989)
300 900 (50/70 20125
)

Randtke ~ Snoeyink (1983)

2.3.1.2 (Nature of Adsorbate)
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(Wang,Leonard,Wang and Goupil,1975)

Bernardin (1976) 3
(Polarity)

(Aromatic Rings)

2
10 1000

1000

2.3.1.3 (pH)
2.4
Geothite
2.3.14 (Temperature)
(Exothermic)

2.3.15 (Mixing Speed)

(Film Diffusion)
(Pore Diffusion)



FinATVIRUS WIS

2
?
Chang(1991)
2
. toe -
‘/
- 2
S gyt - Z
L : Goethite: 30 g/l
. // Salt: Sodius Nitrate
3 ) Leod: 2 0x10-34
60 +~ / N
R} c /
8 / Sajt  Exptl. Qota T
1. O o
= 40 P~ o' / 1)} A S
g o // (e 1 (o)
o a%/s C.01M A4 v
Q
5 2f /A/ Innar~Sphera Surface Redctian:
& s 50K + P2+ = (SOPBe) + He
P ,o L 23 1 A | i
35 4,0 S.0 6.0 , 7.0
pH
2.4 Geothite. (David8Kent,1990)
2.3. 6 (ContactTime)
Lee (1981)
Cheremisinoff (1976)

30
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2.4 »
(Cation Adsorption by Hydrous Metal Oxides)

1 1
(Cation Exchange)
(Charged Anion Sites) SIOH" AIOH2 ,
AIOH-Group FeOH-Group OH-Group

(Selective Process)

(Solid-Liquid  Interface)

(Adsorption)

(Solute)

(Surface Complexation Model)  David & Kent(1990)

L (Specific Functional Groups)

(Mass Balance)

3. (Surface Charge) (Surface Electrical
Potential) (Stummé&Morgan,1995)
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2.6

2.5

Inner-Sphere  Complexes,Outer-
sphere Complexes  Diffuse Layer

2.5 (Stummé&Morgan, 1995)



2.5
( t mmé&Morgan, 1995)

Acid Base Equilibria for Surface
S-OH + H'
S-OH + OH'
Metal Biding (M2 = metal)
S-OH + M2
2S-OH + M2
S-OH + M2- + H20
Ligand Exchange (L=ligand)
S-OH +1L
2S-OH + L
Ternary Surface Complex Formation
S-OH + L+ M2

S-OH +L+M2

SOH = Oxide surfaces

Double Layer Model (EDL Model)

S. ..
@e@@
@@®@_

24

= s-oh2

= S-O'+hd

= S-OM&“3 + H*
= (S-0)Mix2 + 2H

= S-OMOH(x-2)- +2H-

= S-L + OH*

= 2 +20H

2 S-L-M2 + OH*

S-OM-b*2L + H*

Electrical
2.7

Diffuse Double Layer
8D=+4

b1 H >
OHo- HO Hydroxylated Surface
- Si0 Si0 Si0  SiO - Os=-4
L | ! J
Solid SIOj a2 hydrated counter ton ()=« anion
2.6 Electrical Double Layer Model: Silicate in an Electrolyte

(Forstner& Wittman, 1981)



2

2.6 (Silica)
(MOH-Groups) Coherent Layer
(Fripiat.1965
Fostner & Wittman)
(Flydroxylate) (Surface Layer) (Diffuse
Layer)
(Affinity) (Scheffer&Schachtschabel, 1996
Forstner&Wittman, 1981
L
Valence Effect ~ Me+< Me2 < Me3t .............
Alkali
Alkali Earth Hydration Effect ~ Ba < Sr<Ca <
Mg <Cs <Rb<K<Na<
2.
3.

Hydroxyls Complex (CuOH' 1 FeOHZ ZXct)
( Cu2tFedtetc)



2.5 " (Adsorptive Column)

25.1 (Mass Transfer Zone)

(Mass Transfer Zone)

Bemardin(1976)

ADSORBENTLOADING CXZM)

£ XIMat Saturation
BED ) (Exhausted)

DEPTH [ Maso Toaaster
-Zone

27 (Faust & Aly ,1987)

26



| Wave )\
from

- —— o — —

low flow

2.8

252

High flow
(Bemadin,1976)

(Breakthrough Characteristics)

2.9

(Active Zone)

2
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28

C.

INFLUENT CONCENTRATIONS
SPENT
CARBON
EFFLUENT CONCENTRATIONS
z (= G Ga 5 (-4
E i
& " Co
=3 1
o h
S \ ]
3 { BREAKTHROUGK CURVE
© H i i
- s t i
= i ]
W ! I " .
3 ? ! Jf €, is the weatment objective,
& H )
w

-3l

i (i.‘___‘_/)/c‘ then p?im Ce is the breakpoint.

L

C  CUMULATIVE VOLUME OF EFFLUENT OF
ELAPSED TIME

29

(Clark and Lykins,1989)



2

2.7 (Blast Furnace Slag)
(Co-Product)
Heamatitte (Fe2)3 - Magnetite (Fe3)4) .Geothite
(Fe 3HD) 1200-1500
(Coke) ’( )
(Lime Stone)fr (Slag Forming Agent)i
(Blast
Furnace Slag)
(Granulated slag)
Iron Ore, Coke
< Limestone

Molten skg ™ M&Henffon

2.10 (Appleby Group, 1999)




2.6
(Appleby Group,1999)
Surface Area
Bulk Density
Relative Density (Sp.Gr)
Color

2.1
(Appleby Group, 1999)
Compositions
Ca0
Si02
AlD 3
Fed) 3

375425 kg
1000-1100 kg/m3
29
Off White

Percent (%)
40%
3%
11%
0.2 %



2.8
Pandey  Chaudhuri, (1982)

(+2) (Bituminous Coal )

Rowley , (1983)

(Vulcanized Rubber)

Yamashita , (1983)

(Adsorption) Ca0
(Co-precipitation)
(Sulfide  Precipitation) :
Precipitation)
Karthikeyan ~ Chaudhuri, (1986)
(+2) (Bituminous Coal )

Marcantonio , (1990)
(Strong-base Aninon)
(Acidic Chlorate)

Si0

Ca0

MgO

31

(Hydroxide



2

Weng Huang, (1994) (+2) (+2)
(Fly  Ash)
(Solidification)L'
0.27 0.05
ASTM
10 (Compressive Strength)
Yupin , (1994) 1 (+2) (+2)
0-0.25
2 (Surface Complexation)
(Co-precipitation)
Tan . (199)
. (1996)

50 |/ 6



3

68.92 %
69.52%
60.66 %  68.27%
197802 /. 213633 /.
298264 /.
305752 . (lonic strength )

Khaodhiar, (1997)
(Iron Oxide Coated Sand, (I0CY))
(Magnetite Coated Sand, (MCS)) MCS
I0CS

Inner-Sphere Surface
Complexes Outer-Sphere
Surface Complexes

Srivastava , (1997)
80 % 3
60 % 1
(lonic ~ Strength)
Lopez (1998) (A ,
> >
> > (Electro negativity)

Hydrated ionic radi

(Endothermic)



Dimitrova Mehandgiev, (1998)

6-7 97-98
Gharaibeh , (1998)
?
Kuan , (1998) '
38
Gharabeh , (1998)
| (+3), () (+2) (+2) (+2)
Ho  Mckay, (1999) (Peat)
. (2000)
24
5-8
4-5



Castaldi ,(2001) Oxy-Anion
Based Flue Gas Desulfurization

Radical
30

(Ferrous-Selenium  Solid)
34 40-50
8.89.2 35

T COZI 36

3

Limestone-

Free Hydroxyl
(Co precipitation)
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