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Abstract mg/g) > Cd(8.1 mg/g) > Zn(6.2 mg/g) in the single-metal
. adsorption isotherm and Cu(14.5 mg/g) >> Zn(1.3 mg/g) >
BACKGROUND: Heavy metal adsorption not only Cd(0.6 mg/g) in the multi-metal adsorption isotherm. Based

depends on rapid cooling slag(RCS) characteristics but also on data obtained from Freundlich and Langmuir adsorption
on the nature of the metals involved and on their models and three-dimensional simulation, multi-metal
competitive behavior for RCS adsorption sites. The goal of adsorption behaviors differed from single- metal adsorption
this study was to investigate the competitive absorption due to competition. Cadmium and Zn were easily
characteristics of Cu, Cd and Zn in single- and multi-metal exchanged and substituted by Cu during multi-metal
forms by RCS. adsorption.

METHODS AND RESULTS: Both single- and multi-metal CONCLUSION: Results from adsorption experiments
adsorption experiments were conducted to determine the indicate that competitive adsorption among metals
adsorption characteristics of RCS for the heavy metals. increases the mobility of these metals.

Adsorption behaviors of the heavy metals by RCS were
evaluated using both the Freundlich and Langmuir Key words: Competitive adsorption, Heavy metal, Langmuir
adsorption isotherm equations. The maximum adsorption isotherm, Rapid cooling slag, Three-dimension simulation
capacities of metals by RCS were in the order of Cu(16.6
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Table 1. Physicochemical characteristics of rapid cooling

slag used in the study

Items Value
Physical properties
Porosity (%) 38
Bulk density (g/cm’) 1.70
dio (mm) 0.5
deo (mm) 1.6
Uniformity coefficient (dso/d1o) 3.20
Specific surface (m®/g) 0.21
Chemical properties
pH (1:5H0) 9.3
SiOx (%) 134
Fe;O5 (%) 24.2
ALO;s (%) 33
CaO (%) 36.7
Free CaO (%) 1.12
MgO (%) 6.4
Cd (mg/L) ND
Cu (mg/L) 0.054
Zn (mg/L) 0.026

¥ ND mean is non detected.
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Freundlich isotherm

3r @ Single-metal
Cd O Multi-metal
2 o
CEN!
3 1
E
To | ®
o
8 Meo
4t
2
-4 -2 0 2 4
Log C (mg/L)
3 r @ Single-metal
Cu 0 Multi-metal
2 -
CENE
3 1
E .
ol
o (e)
-
4 |
-2
-4 -2 0 2 4
Log C (mg/L)
3r @ Single-metal
Zn o Multi-metal
2 L
D4l
5 1
E
o0
=)
S
4 |
-2
-4 -2 0 2 4

Log € (mg/L)

C/q ((mg/L)/(mg/g)) C/q ((mg/L)/(mg/g))

C/q ((mg/L)}(mg/g))

500

300

200

100

Q =2 N W A M -~ 0 ®

50

Langmuir isotherm

Cd

@ Single-metal
| O Multi-metal

¢
0 100 200 300 400

Equilibrium Cd concentration (mg/L)

L Cu
| @ Single-metal
| O Multi-metal

(1] 50 100 150
Equilibrium Cu concentration (mg/L)

Zn
- @ Single-metal
O Multi-metal

1] 100 200 300 400
Equilibrium Zn concentration (mg/L)

Fig. 2. Freundlich and Langmuir isotherm plots in single- and multi-metal adsorption isotherms for the three heavy

metals (Cd, Cu and Zn) by rapid cooling slag.
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Table 2. Determination of the parameters for the Freundlich and Langmuir adsorption isotherm by test fit approach in
batch experiment of single- and mulit-metal adsorption to rapid cooling slag

Freundlich adsorption isotherm

Langmuir adsorption isotherm

Metals Treatments E - T T - 5 3
quation K 1/n Equation a b

cd Single-metal y = 0.2974x + 0.3267(r=0.954**) 221 030 y = 0.1228x + 0.3783(r=0.994**) 8.1 0.33
Multi-metal ~ y = 0.1116x - 0.5066(r=0.954**) 031 0.11 vy = 1.6100x + 11.9120(r=0.995**) 0.6 0.14

Ca Single-metal y = 0.5658x + 0.4098(r=0.977**) 257 057 y = 0.0601x + 0.2069(r=0.977**) 16.6 0.29
Multi-metal y = 0.4689x + 0.1098(r=0.978**) 1.29 047 y = 0.0692x + 0.8870(r=0.968**) 14.5 0.08

71 Single-metal y = 0.4261x - 0.0504(r=0.972**) 0.89 043 y = 0.1608x + 0.8932(r=0.998**) 6.2 0.18
Multi-metal ~ y = 0.2088x - 0.4320(r=0.918**) 037 021 y = 0.7933x + 12.8120(r=0.983**) 1.3 0.06

" K: adsorption capacity of heavy metal.

* 1/n: an empirical parameter related to the intensity of sorption.

§

T b: binding strength constant of heavy metal.
(** denote significance at 1.0% levels).
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Fig. 3. Experimental and calculated values from the
Freundlich and Langmuir adsorption isotherms for the
single- and multi-metal conditions. @: Experimental data;
Freundlich equation [equation (2)]; —Langmuir
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A Single-metal

Cu adsorption

Cu adsorption

Fig. 4. Simulation(three-dimensional diagram) for relationship
of adsorbed metals(ng/g) in the single-metal(A) and
multi-metal(B) adsorption systems.
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