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Assessment of the Sorption Characteristics of Cadmium onto Steel-making
Slag in Simulated Sea Water Using Batch Experiment

7 & 3" Kim, Eun-Hyup o] A 4 Rhee, Sung-Su
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Abstract

Steel-making slag was investigated as reactive material for removal of cadmium in coastal area. Batch experiments
of the sorption isotherm experiment and kinetic sorption experiment were performed. Result of sorption isotherm was
more adequately described by Langmuir model than Freundlich model and theoretical maximum capacity (5) of cadmium
onto steel-making slag was found. Results of kinetic sorption experiments were evaluated by pseudo second order model
to investigate sorption characteristics of cadmium onto steel-making slag. Results showed that the equilibrium sorption
amount of cadmium (g.) increased and the rate constant (k») and initial sorption rate (/) decreased as the initial cadmium
concentration increased. The g. with simulated sea water was similar to that with deionized water and &, and % with
simulated sea water was lower than those with deionized water. Results of kinetic experiments could be used to predict
the result from sorption isotherm, since equilibrium sorption amounts calculated by pseudo second order model generally
agreed with those measured from sorption isotherm. The reaction time for the target removal rate could be calculated

by the pseudo second order model using kinetic sorption tests results.
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Table 1. Basic properties of steel-making slag

H Specific surface CEC Hydraulic conductivity
P area (m?/g) (cmol/100g) (x10~°cm/sec)
12.6 5.74 1.33 1.01




Table 2. Chemical compositions of steel-making slag

Element SiO; Al203 TiO2 FeOs MgO CaO NaO K20 MnO P20s LOI Total
Wt. (%) | 14.23 5.23 0.62 35.67 2.95 35.01 0.31 0.15 3.6 1.34 0.88 100
LOI: Loss on ignition
Table 3. Leaching results of steel-making slag
Component Pb Cu As Hg Cd cré* CN P TCE PCE | Petroleum
Regulation level (mg/L) 3 3 1.5 0.005 0.3 1.5 1 1 0.1 0.3 5%
Amount (mg/L) ND 0.01 ND ND ND ND ND ND ND ND ND
Detection limit (mg/L) 0.04 0.006 0.05 0.001 0.002 0.007 0.01 0.0005 | 0.008 0.002 5 mg
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Table 4. Freundlich and Langmuir sorption isotherm models used in this study

Sorption isotherm Equation Constants

Ky Freundlich constants related to adsorption capacity
n: Freundlich constants related to adsorption intensity

Freundlich C,=KxC" ; . ) I
eund : Jo e C. (mg/L): Residual metal concentrationin solution at equilibrium
Cs (mg/g): The amount of metal sorbed at equilibrium
) afBC, a (L/mg): The constant related to the affinity of the binding sites
Langmuir C,= . . . )
1+aC, 68 (mg/g): Theoretical maximum capacity
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Fig. 1. Effect of initial pH on the sorption of cadmium on steal-making slag: (a) removal rate (b) final pH
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Fig. 2. Sorption isotherm for cadmium on steel-making slag

Table 5. Constants of Freundlich and Langmuir sorption isotherm

Freundlich isotherm Langmuir isotherm
n Kf R? 8 a R?

0.0825 18.9 0.685 29.2 12.1 0.913

30 -
I
y o
2.1 e
2 15
]
10 A —
o —
5 AR . 0565 mgll
: © 950 mg/L
0 T T T - ' ' ' |
0 100 200 300 400 500 600 - o

t(min)

(a)

7HEwY] 27] e ¥l g S5 A A%
£ Fig. 2o Yebfidth B8 SAHC)e 84 W 3
@ F&2(C)o UAZE HAAFAYS 23] Freundlich
9 Langmuir 5252 LA #2514l Langmuir
e o] AFbA|2~(R%)7} Freundlich®] AyaA|Ss ¥t =
ng2 A& 1Y 7tes 5282 Freundlich 2@
B} Langmuir @0 ¢ 2 W9kl Langmuir 5235
A maz ALE Ao =g A FAH)
2 29.2mg/go] At Table 5).

43 %X_-ll b AI%.I

=1 =

ol

Ho®} McKay(2000)+= =7 4

E2A9] WS Ao] W J ekl Stk utebd 7]
HEg s wsle] B2 A gsY1e 5

He Saalgh WS Aglo] ujE Fare
pH 512 Fig. 30| eRpsion], fAjol2 =
3l ]k A== Table 60 A]slich 271 7k
I srases B9 Yelel So mes
o) FHLEN W) 9 27

fr
}o
ults
I o
)
1o
off
H1
2
=)
o

N
il
L

o)

[
OPO%mZ

|

o

oft o o g
oo off’

i

23
:.
J4
=

So= AF°] UEhdth ol 27] st w2
e gole we el Hsl B8 5 §a42) pisl
wong yleg AA £x7F =9 Aor ddEnh

FAZH ARl FAolx mAL o &3] Ak
.2 AEdE TEs7| 3 Fig. 49 o] 27] §=9
et 5og3 Ao WY FHAWC)T vkt
27 A=Re] 5 F71] B G2 F71 ol .9
14 1
12 + —

e
10 - .
, BE8--0 -8 -
B (o R R O SR Gih s e s ananensnee 7o)
(=
6
4 4 —& 100 mglL
—&—290 mg/L
2 4 == 565 mg/L
*+0-+950 mg/L

0 T T T T ]

0 100 200 300 400 500
t(min)

(b)

Fig. 3. Results of kinetic sorption experiments at different initial cadmium concentrations in deionized water: (a) sorption amount (b) pH

DAGH ZAUA 224 &8

o
o
0l
o
>
o
>
o
|J
10
)
[N
0o
ol

_}vl_l
Jm
0x
08!
=
=~
-



Table 6. Constants of pseudo second order model at different initial concentration in deionized water and in simulated sea water

Deionized water Simulated sea water
Co (mg/L) 2 Co (mg/L) 2
Qe ko h R Qe ko h R
100 4.4 0.7101 13.93 0.99 110 4.8 0.1259 2.887 0.99
290 13.0 0.0389 6.589 0.99 305 13.8 0.0046 0.866 0.99
565 27.0 0.0013 0.954 0.99 590 22.3 0.0006 0.300 0.98
950 27.5 0.0002 0.129 0.96 985 30.7 0.0001 0.094 0.94
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Fig. 4. Comparison between g. from kinetic sorption experiment
and Cs from sorption isotherm experiment in deionized

water
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Fig. 6. Comparisons of pseudo second order model’s constants at different initial cadmium concentration between in deionized water
and in simulated sea water: (a) equilibrium sorption amount, g (b) initial sorption rate, A

48  e=AEIESE=2d

K272 M4z



250 -

= 100 mg/L
—290 mg/L
200 A = =565 mg/L
...... 950 mg/L 4

150 -

100

Reaction time (min)

50 1

-
-
s i
-

0 20 40 60
Removal rate (%)

(a)

250 1 s

— 110mgl | ! '
——305mglL /
200 {| = —59%0mgL I
...... 985mgi/L /

150 4

100

Reaction time (min)

50 1

0 20 40 60 80 100
Removal rate (%)

(b)
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