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Abstract — The adsorption characteristics of copper ion on scoria species, which were sampled at five representative areas of
Jeju island, Korea, were investigated and the parameters related to its adsorption were obtained. Copper uptake by a scoria
showed a high correlation with its cationic exchange capacity(CEC) and surface area, i.e., The scoria with higher CEC and sur-
face area, showed higher copper uptake. The copper removal performance increased but the copper uptake decreased as scoria
concentration increased. However, the copper uptake by scorias increased with increasimapigtiabn concentration. The
effective diffusion coefficient showed a high linearity with initial concentration of copper ion.
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Table 1. The sampling regions and colors of Jeju scorias
Symbol Sampling region Color
A Ponggae-dong, Jeju-shi Dark gray
B Mangoreum, Sangmyong-ri, Hanlim-eup, Pukcheju-gun Yellowish brown
C Keumag-ri, Hanlim-eup, Pukcheju-gun Reddish brown
D Dongkwang-ri, Andeok-myun, Namcheju-gun Reddish brown
E Songdang-ri, Kujwa-eup, Pukcheju-gun Reddish brown
Table 2. Analytical conditions for XRD
Target Filter Start angle Stop angle \oltage Current Scan speed Step size
Cu Monochromator 5° 50° 35KV 30mA 2°/min 0.050
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Table 3. Chemical compositions of Jeju scorias

r,
ox
5
N
ox
41

Chemical composition (%)

Scoria
Sio, AlLOq Fe,0O, CaO MgO KO Na,0 TiO, MnO P,Os LOI¥*
A 41.75 17.16 15.10 8.28 6.14 0.98 2.36 3.23 0.19 0.63 3.80
B 43.40 12.71 13.99 9.45 11.63 1.89 2.90 2.62 0.16 0.51 0.57
C 46.35 17.89 14.01 8.46 3.84 1.43 3.34 2.74 0.18 0.69 0.78
D 47.48 16.93 13.00 7.45 4.37 1.63 3.54 2.65 0.16 0.64 1.65
E 46.47 16.21 13.88 7.46 4.62 1.73 3.54 2.95 0.15 0.54 2.02
LOI* Loss on ignition
Table 4. Surface area and CEC of Jeju scorias 0.04 100
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Fig. 2. Comparison of copper ion uptake with scoria species at pH 4(a),

5(b) and nonadjusted pH(c)(scoria concentration: 5.0 g/500 mL;
particle size: 200/+mesh; copper ion concentration: 0.4 mM).
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Fig. 3. Effect of initial solution concentration on the adsorption of cop

per ion by scoria A at nonadjusted pH(scoria concentration: 5.
g/500 mL; particle size: 200/+mesh).
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Fig. 4. Uptake profiles with particle size for the adsorption of coppe
ion by scoria A at nonadjusted pH(size O; 35/80 mesh/[]; 100/
170 mesh,»; 200/+mesh, scoria concentration: 5.0 g/500 mL)
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Fig. 5. Effect of particle size on uptake of copper ion by scoria A at
nonadjusted pH(scoria concentration: 5.0 g/500 mL; initial heavy
metal concentration: 0.4 mM).
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Fig. 6. Effect of scoria concentration on the uptake of copper ion by scoria

A(particle size: 200/+mesh; copper ion concentration: 0.6 mM).
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Fig. 7. Effect of pH on the uptake of copper ion by scoria A(scoria con-

centration: 5.0 g/500 mL; particle size: 200/+mesh; initial cop-
per ion concentration: 0.4 mM).
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Fig. 8. Copper ion adsorption isotherms for scorias /@), B(H), C(A),
D(¥) and E(#) at nonadjusted pH(c)(scoria concentration: 5.
g/500 mL; particle size: 200/+mesh).
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Fig. 9. Adsorption isotherms of copper ion at different pH values fo
scoria A[scoria concentration: 5.0 g/500 mL; particle size: 200
mesh; pH 4(@); pH 5(M); nonadjusted pH(A)].
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Table 5. Freundlich and Langmuir isotherm parameters for adsorption of copper ion by scorias A, B, C, D and E at nonadjusted pH

) Freundlich parameters Langmuir parameters
Scoria
K 1/n r Grma{mmole/g) b f

A 0.0304 0.207 0.978 0.0298 267.30 0.945

B 0.0085 0.102 0.988 0.0081 72.68 0.891

C 0.0079 0.098 0.981 0.0074 52.01 0.969

D 0.0151 0.171 0.983 0.0138 53.52 0.960

E 0.0173 0.186 0.976 0.0155 52.01 0.969
938 F2 AAEE g VehE FreundlichZ3F =94 2 Langmuir Table 6. Adsorption rates of copper ion for scorias A, B, C, D and E at
F2 mEAo] Hgsle PR, nonadjusted pH

Fig. 8% scorig] %9 w2 &35248 Jvepd Zlo|H, Fig. 9= Scoria Adsorption rate,fmmole/g - min]

pH Az 2 F25-240-8 YeRd 2ot} o] & 484 3E Freundlich A 0.00379G/(0.28680+()
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Table 7. Effective diffusion coefficients on initial copper ion concentration for various scorias at nonadjusted pH

Scoria Initial concentration(mM) k [lcm?/sec) Scoria Initial concentration(mM) k @n?/sec)
A 0.1 0.2656 3.32x1¢P D 0.1 0.4167 8.18x10'°
0.2 0.4750 1.06x18 0.2 0.4621 1.01x19
0.4 0.5563 1.46x19 0.4 0.5606 1.48x19
0.6 0.6125 1.77x19 0.6 0.6061 1.73x19
0.8 0.6625 2.07x1d 0.8 0.6439 1.95x19
1.0 0.7250 2.48x1d 1.0 0.6818 2.19x18
B 0.1 0.3810 6.83x 1t E 0.1 0.3750 6.62x10'°
0.2 0.5119 1.23x18 0.2 0.4875 1.12x19
0.4 0.5714 1.54x18 0.4 0.5313 1.33x1D
0.6 0.6190 1.80x18 0.6 0.5750 1.56x19
0.8 0.6429 1.95x19 0.8 0.6250 1.84x19
1.0 0.6548 2.02x19 1.0 0.6375 1.91x19
C 0.1 0.3590 6.07x18
0.2 0.5128 1.24x18
0.4 0.6154 1.78x18
0.6 0.6667 2.09x1d
0.8 0.7051 2.34x1d
1.0 0.7308 2.51x1d
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g A , b : constant related to the energy of net enthalpy of adsorption
Eﬁ ' C. : copper ion concentration in solution at equilibrium [mg/L]
10 ‘ G, . initial ion copper concentration in solution [mg/L]
l D; : diffusion coefficient [crimin]
Py K . indicator of sorption capacity
0 | | | | | k : rate constant [mg/gmin]
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1/n : adsorption intensity
Co[mM] O : amount of copper adsorbed per unit weight of adsorbent at equilibrium
Fig. 11. Dependence of initial copper ion concentration on effective dif- [mg/g]
fusion coefficient for various scorias at nonadjusted pH[scoria Omax - @mount of copper adsorbed per unit weight of adsorbent [mg/g]
concentration: 5.0 g/500 mL; particle size: 200/+mesh; scoria: o : amount of copper adsorbed per unit weight of adsorbent with time
A(®), B(l), C(a), D(¥) and E(®)]. [ma/g]
r . particle radius [cm]
(g : initial adsorption rate of copper [mg/gin]
4.4 = t : adsorption time [min]
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