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Sorption Characteristics of Arsenic on Fumace Slag by Adsorption
Isotherm and Kinetic Sorption Experiments

2 # %' Oh, Cham-Teut o] 4 4 Rhee, Sung-Su

Toshifumi, Igarashi’ A4 % A' Kon, Ho-Jin

o] ¥ & Lee, Won-Tack ub F W° park, Jun-Boum
Abstract

Sorption characteristics of arsenic on furnace slag were investigated to remove arsenic from groundwater using furnace
slag, which is industrial waste generated from steel company. Adsorption isotherm experiments and kinetic sorption
experiments were performed and the chemical characteristics of supernatants from these experiments were analyzed.
Results showed that all supernatants were alkaline (above pH 9) and the highest ion concentration in the solution was
found with calcium (30 ~50 mg/L). Results of adsorption isotherms were more adequately described by the Freundlich
model than Langmuir model. From adsorption isotherms experiments, it was noted that the adsorption amount of As(V)
was 87% higher than that of As(III). Results of kinetic sorption experiments were more properly fitted by pseudo second
order (PSO) model than pseudo first order model. Equilibrium adsorption amount (g.) and relaxation time () calculated
from PSO model increased with initial concentration of arsenic. Equilibrium adsorption amount of As(V) was higher
than that of As(IIl) and relaxation time of As(V) was shorter than that of As(Ill). Adsorption isotherm results could
be predicted by kinetic adsorption results, since equilibrium adsorption amount calculated through PSO model generally
agreed with equilibrium adsorption amount measured from adsorption isotherm.
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Table 1. Characteristics of furnace slag

H Specific surface CEC Hydraulic conductivity
P area [m%gl | [cmol/100g] [x10~%cm/sec]
12.6 5.74 1.33 1.01




Table 2. Chemical constituents of furnace slag

Element Wi, (%)
Si0, 14.23
Al2O; 5.23
TiOs 0.62
FeO, 35.67
MgO 2.95
Ca0 35.01
NaxO 0.31
K0 0.15
MnO 3.60
P20s 1.34
LoP 0.88
Total 100
P10l : Loss on ignition
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Table 3. Leaching results of furnace slag
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Cd Cu Pb As Hg Cr ot
(mg/L) (mg/L) {(mg/L) (mg/L) (mg/L) (mo/L) (mg/L)
Legal standard 0.3 3.0 3.0 1.5 0.005 - 15
Furnace slag ND @ ND ND ND ND ND ND
3 ND : Not detected (< 0.01 mg/L)
Table 4. pH variation in kinetic sorption experiment
Time (min) 0 10 40 60 120 180 360 1440
pH 5.0 10.7 111 11.1 11.3 11.3 10.3 9.1
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Fig. 2. Adsorption isotherms for As(lll} and As(V) on furnace slag
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Table 5. Parameters of Freundlich and Langmuir adsorption isctherms

Freundiich adsorption isotherm Langmuir adsorption isotherm
N K R? Gimex a R?
As{lIn 0.7154 0.0584 0.9979 0.4820 0.1325 0.8985
As(V) 0.3675 0.1797 0.9940 0.3760 1.0308 0.9775
S o SN 23 AS S5 MY SIS BiA X =42 41



Table 6. Kinetic parameters for pseudo first order model and pseudo second order model

Pseudo first order model Pseudo second order model
e qe ] : e ke
{mg/L) {mg/q) (1/min) (mg/g) (g/mg - min)
0.86 0.027 0.0071 0.028 0.4876
As(l) 2.09 0.040 0.0069 0.041 0.3291
4.28 0.070 0.0043 0.076 0.0738
6.53 0.107 0.0027 0.125 0.0247
1.42 0.115 0.0115 0.117 0.2717
As(V) 2.36 0.157 0.0056 0.165 0.0590
417 0.227 0.0055 0.241 0.0377
6.14 0.280 0.0052 0.296 0.0288
(a) 030 b) 030
( ) ™ Observed ® 142 ppm
5; 025 -~ ).25 — P8O model ® 2.36ppm
3 % A 417 ppm
E £ v 6.14 ppm
pot 0.20 - = 0.20 4
c c
3 3
g 0.15- 2 0.5
§ g
s = c
S o.10- © o010
‘g. ® 0.86 ppm g‘
@ 005 ® Observed ® 209 ppm $ 0.5
p-. -— PSO model : P o p-.
0.00 4 0.00

0 200 400 600 800 1000 1200 1400
Time (min)

0 200 400 600 800 1000 1200 1400
Time (min)

Fig. 3. Adsorption amount of (a) As(lll) and (b) As(V) on furnace slag with time
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