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product)

1990)

2520)

(Blast furnace slag from steel plant)

( Blast furnace slag)

(Impurities)

(Quenching) (

3
(Air cooled slag)

(Foam or expanded slag)

(Granulated  slag)

(Co-

1300 - 1600

(Slag)

- Stocchi,
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Calcium oxide (Ca0) 40 - 50 %
Silica Oxide (Si02 «20-35 %
Aluminium Oxide (A"Og) «5-13%
Magnesium Oxide (MgO) <5
Iron oxide (Fe0&Fed) 3 <1%
Sulfur () + 1%
( , ; Stocchi, 1990)
2.2
(off-white)
relative gravity 2.9
bulk density 1200 - 1300 kg/m3 (vibrated)
1000 - 91100 kg/m3 (loose)
surface area 3715- 425 kg
( o)
2.2
221 (Adsorption)
(Mass Transfer)
? (Adsorbate)
(Adsorhent)
2 (Physisorption)

2542; Patterson, 1985)

(Chemisorption)



1985)

2.2.2

charge)

(London dispersion force)
(Multilayered)
(Reversible)

(Imeversible)

(Surface Coordination)

Si, Al Fe

8 «« 1 »8 3|} )
1 rowing "

—————

(Van der waals forces)

(Electrostatic Force)
?

2-10 kecalimol
(Monolayered)
15-50 kcal/mol (Patterson,

' (Stumm, 1992)

Acid base equilibria

SOH + + < mmmee >
S-OH (+ OH) o>
Metal Binding
S-OH +M#4 —
2 S-OH +Mz <—->

S-OH +Mz+HD  <—->
Ligand Exchange (L' =ligand)

SOH +L o>

2 SOH +L <>
Ternary Surface complex formation

S-OH .1 +M& <— —>

2 SOH +L + Mz <— >

21

S-OMeb+  +H+
(S-0)M<2+ +2H+
s-omohgd +2H+

SL +OH
2L +20H

SLMz  +OH
SOMLZH +H

(Negative



Surface charge
C/m?2

Q {p
S a4 S, 8l
2 I“; Elim & 0*::} s, %"e z‘%
88, o] D \%
© £ s A oy &
LI£JJ o .01k 64))(’@0 -]
" % ey, £l00acter erogenes
0.2 | | e | | |
2 4 6 8 10 12 pH
2.1
(Positive) (Negatively charged surface)

(The net surface charge) pHo™ (The
point of zero charge) pHE
(The point of zero net proton charge) T OH

(Cations) PHT
PHE (Anions)
pHch |p|-LGp€\ A f 1 9

(Srivastava, 1997; Stumm, 1992)
S-OH + Me2t <-——>  SOMe+ + H+

2.2.3 (Adsorption of Cations)

Strong Complexes OH'
Hydrous oxides



(>99%)

(lonic Strength) hydrous iron oxide
hydrous oxide

() (Ca2+, Mg2+1 B2y
2

(Hochella and White, 1990)

2.24 (Adsorption of Anions)
-T , Outer-sphere
complexes Inner-Sphere complexes (Se(V1)
(Se(Iv)) Oxidation State As(lll - A (V)
2.2

, , Oxidation State
(0.001 MFe 01 M NaN03
Se(VI), Cr(V1), Se(lV) As(V)
Oxidation State (42 JIM) Fe As(Ill) As(V)
(Hochella and White, 1990)



Percent Adsorbed

Percent Adsorbed

100

e I RSl
A $
. % P e A
[ | ¢ e O )
80 (— & —
A O
A o ®
a
&0 | " Se(IV) As(V) © "
&
Se(vljy ® CrVl) ¢ ©
40 (— i o«
u A
A o
(s ]
b — . —
20 eo X .
u b *4
e
5 l £ |
4 6- 8 10 12
pH
100 +
I 1 I l T T
B
80 (— —
: A 5 A
A
A . g
60 [~ As(il) o
L 2
L 2
L 2
20 A
L 2
0 l [ | l
4 5 6 7 9 10
, pH
2.2 . Oxidation state



2.2.5

L (Size and Surface area) .
2. (Nature of Adsorbate)
3. (pH)
4, (Temperature) :
(Endothermic)
. (Mixing Speed) ?

Film Diffusion Pore Diffusion

( 7 )
Fim Diffusion 14

6. (Contact time) : (
2542; Lopez et al.,, 1995; Patterson, 1985; Srivastava, 1997)

2.2.6 (Adsorbent)

(High selectivity)
(High capacity to minimum amount)
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T. Regeneration (Patterson, 1985)
1 (Granules)
2 (Spheres)
3. (Cylindrical pellets)
4 (Flake)
5. (Powders) 50 12
4

L Carbon (Activated and Molecular-sieve)
Partial Oxidation , D ,
(Hydrophobic)  High specific surface area

2. Molecular-sieve Zeolite

3. Silica gel (Si02
(High surface area)
4. Activated Alumina (AID 3
(High specific surface area)
(Patterson, 1985)

2.2.1 (Adsorption Isotherm)
(Adsorption Equilibrium)



(Langmuir Isotherm)

L
2
3.
4,
L=(-L-)4+ L
C
X=1
XImF
(Adsorption Capacity)
4- 4 =
L Aag)
X0
1/X
T 1/X.b
2.3
(Freundlich Isatherm)
X =Ken
log X =log K +~log C
C =
X =

K= Adsorption Capacity

Monolayer
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1 =
logA" loge —
log «
Log X
Lod K 1/n
" Log C
2.4
(Empirical Isotherm) (heterogeneous surface)
(adsorption - maximum)  ( , 2541,
Anderson  Rubin, 1981; Seader ~ Ernest, 1998)
(Dimetrova
Mehandgiev, 1998), (Lopez , 1995),
(Lopez-Delegado , 1998),
(Srivasrava,  1997)
(Wen-Hui Kuan, 1997)
2.3
Pb 1
2.3
24 Pb2t
2.5
Se . 1817

2.3
24



2.3

24
2.3 ! !
207.2 78.96
82 34
(°C) 1750 685
(°C) 321.502 21
(gem3y 1135 4.28 ( vitreous)
(20° C) AT9(  gray)
Valence 2,4 2, +, 16
( ") Vitreous
Amorphous
Nonmetallic
1
001-5.6 / 0.6- 20 /
50 / 10 /
>0.2 / <0.02 /

(macintyre, 1992; www minerals.usgs.gov; www.mtsc.unt.edu)


http://WWW.minerals.usgs.gov
http://www.mtsc.unt.edu

24

, 2539;

(Solder)

Photoelectric cell

Decolorizer

Additive  Stainless Steel
Xerography

, 2535; Clayton 1981)

14
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*%

*kk

*|IT Research Institute ¢ 8213 - 2(1972)

*29 Annual Purdue Industrial Waste Conference Lafayette,

5-48
0.5-25

04-66.5
2.6-5.1

40.3-319.4
117
2-140
380-400
1.65
0.43-100
2.9
0.018-0.098
6.5

126.7-144.8
66.1 -84.9
11-100
0.47-1.39
29-170
94.6

(May 1974)

15

**Proceedings of the 4t Conference on Advanced Pollution Conreol for the Metal Finishing

Industrail. USEPA 600/9-82-022 (December 1982)
(Patterson, 1985)
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1991 19% 31,300
?
Yamashita
, 1995
, Lopez-Delgado
Dimitrova
2.0
Lopez
%

Calcium oxide (Ca0) 3.22
Silica (Si02 781
Alumina (Al 3 321
Magnesia (MgO) 1.16
Barium oxide (Ba0)
Manganese oxide (MnO)
Zinc oxide (ZnO) 149
Lead oxide (PbO) 0.81
¢ Total 34.05
Sulfur () 115
ron OXide (FeD 3 47.18
FeO

, 1988

Activated Carbon
(Dimetrova and Mehandgiev, 1998)

, 1997

16

Lopez

2.6

Dimitrova  Lopez-Delgado  Srivastava

28,000
(Lopez et al., 1995)
1983  E der
. Srivastava
1998
. 1998
% %
36 4
42 34
14-18 6.4
5 2.45
35
2.33
, 1.68
05 05

%
2.30
3.65
1.70
0.70

1.20
0.75

34.05

115

33.00

%
30.47
30.77
23.30
9.85

0.59

0.85

0.54



Lopez , 1995; Lopez-Delgado

Dimitrova ~ Mehandgiev, 1998
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. 1998: Srivastava . 1997
(Endothermic Process)
Scottim ~, 1996
100

(Scott and Morgan, 199)

Adsorption Capacity

4-17
1997 3
, 1999
(Iron Oxide- Coated Sand)
Spark, 1990
8.3
Se023
HseO s 6023
pH pzc
Hamdy  Gissel-Nielson, 1977
?

Lopez , 199

Lopez-Delgado
(Pb2+; Zn2, Cd2t, Cu2+and Cr2t)

55

. Srivastava ,
Khaodhiar
(Cuy
(Créy 7 (AsH . Zhang
Goethite
? 2 HSeO3
6-10

. Wen-Hui Kuan, 1998
Aluminum Oxide- Coated Sand

Fe oxide
3-8.

5-9

Dimitrova . 1998

. Wen-Hui Kuan, 1998

Aluminum Oxide- Coated Sand 60

3
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Novak - 1987 Activated Alumina 6

23200 JUgg Activated Alumina
2000 flg/g  Activated  Alumina

(Electrostatic Attraction) outer - sphere surface complex '
Chemisorption ~inner - sphere surface complex

Neal , 1987 5024
Orthophosphate Competition
Hingston 1971
(Pengchu and Sparks, 1990)
Wen-Hui Kuan , 1998 Se (V) :Se (V) !
Competition lon  so024 ? Se HCO3.
Khaodhiar, . , 1999 Cu2t, Crét, As3+  ron-oxide-
coated sand (I0CY) Cu Cr As
I0CS As Cr
As
Mesuere and Fish (1992)

(Equilibrium Time)

Goethite
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