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Adsorption Characteristics of Cesium (I), Copper (II) and Iron (III)
by Cheju Scoria
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Adsorption characteristics of several heavy metal ions (Cs*, Cu?” and Fe*') was investigated using a scoria
which is found in large amounts in Cheju Island in an aspect of its efficient utilization. Heavy metal uptakes
by a scoria decreased in the following sequence: Cu’*DFe® >Cs". This result is considered due to the complex
interaction, such as each ionic selectivity for the adsorption site of a scoria. the radius, hydration radius and
hydration energy of each ion. With decreasing scoria size and weight and increasing solution pH. each heavy
metal uptake increased. In the range of initial heavy metal concentration (0.1~1.0 mmol/L). each heavy metal
uptake was described by Freundlich or Langmuir equation except for Fe’*. but it followed the former rather
than the latter.
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232 ole] FE 242 Rigaku Max-3A9] X-ray
Diffractometer (XRD)& AMg3te] X-4 ¥4 49
& 3o FEstgen, AY 2AL Table 17 2t

232 o}] 384 E -2 Shimadzu MXF-21009] fixed
monochromators]l 218 multi-channel84)& 183
£ Multi-channel X-ray fluorescence spectrometerS
AHgste] A 40 KV, AF 30 mAS A £4
393, 23zoty Fol ANALF (CEC)2 1 M
CHs;COONH ¥ (Page, 1985) 2.2 &35k

F8% o229 FH 482 9HFY scoriag 1 L
4zt Zetaad F&n 01~10 mmol/LY T 34
£9 500 mLEg 7t mutstdA EAEE I3
g ANEE 94 At 2 mLe ABE AFHsEd
o]E fAEE 7] (VS-4000)E ©1&359 4000 rpm ©
oA 108 B¢ g ¥ 4AAE 58S
T EYe] ALgatHth o] of WA 22 P
ZE AHESHA 20 CY 93 2R FAAF

pH #sld @2 g8 AHE7] Hstd HNO;
Ex NaOHE A188ldd pH 2, 3, 4.5 6 ¥ 72 %
st 99 AR gL Yoz 4EsAch

FA BAAGANA AL, o] GOl F BE 3845 FEv 9AEFEEA (GBC4AA)
Table 1. Analytical condition of XRD
Target Firter Start angle  Stop angle  Voitage  Current  Scan speed  Step size
Cu Monochromator 5 50° 35KV 30mA 2° /min 0.050
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HZ AR2|OHE 0|83 Cs*, CuP* Y Fe’*ol BXEM
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< do} A AL EN H|d FF4 F&50 2
A dojd oz gdgrh
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P:J)' PyH ‘
10 20 30 40 50
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XRD pattern of Cheju scoria (Pl, Plagioclase;
Py, Pyroxene ; H, Hematite).
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Table 2. Chemical composition and cationic exchange capacity (CEC) of scoria

Chemical composition (%)

CEC
S0, A0; Fe0s Ca0 Mg0 KO NaO Ti0; Mn0 POs LOF (mea/100g)
475 1706 1500 828 614 098 236 323 019 063 380 6.12

LOI*: Loss on ignition
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Fig. 2. Concentration profiles with initial solution concentration for the adsorption of Cs®, Cu’* and Fe*
by a scoria (scoria weight: 5.0 g/500mL; particle size: 200/270 mesh).
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Fig. 3. Effect of initial solution concentration on the
adsorption of copper ion by a scoria (scoria
weightt 50 g/500mL: particle size: 200/270
mesh).
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HZE A32|012 0|23 Cs*, Cu¥* Y Fe’'o BXEN

Table 3. The radii, hydration radii and hydration energies of jons (Moon and Jhon. 1986)

lon Radius’( A) Hydration radius™( A) Hydration energy® (KJ/mol)
Cs’ 1.83 3.06 308.4
Cu™” 0.87 2.11 2068.6
Fé* 0.79 2.07 4309.5
0.03 p 0.03
200 f Boo |
5 °
S £
= E
o 001 P & 0.01 P I
0 " "
Cs Cu Fe 0.00
30/ 80 100/170 200/270

Fig. 4. Comparison of heavy metal uptakes by a scoria
(scoria weight 50 g/500mL: particle size:
200/270 mesh; heavy metal concentration: 0.6
mmol/L).
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Fig. 5. Effect of particle size on uptake of copper ion
by a scoria (scoria weight' 5.0 g/500mL. initial
copper ion concentration: 0.4 mmol/L).
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Fig. 6. Effect of scoria weight on the uptake of

copper ion (particle sizel 200/270 mesh;
copper ion concentration: 0.6 mmel/L).
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. Effect of pH on the uptakes of heavy metal
ions by a scoria (scoria weight: 5.0 g/500mL;
particle size: 200/270 mesh; heavy metal
concentration: 0.4 mol/L).
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Fig. 8. Adsorption isotherms of heavy metal ions by
a scoria (scoria weight! 5.0g/500mL. particle
size: 200/270 mesh).

Table 4. Freundlich and Langmuir isotherm parameters for the adsorption of heavy metal ions by a scoria

Freundlich parameters

Langmuir parameters

Heavy metal
fon amax ¢
K 1/n (mmol/g) b r
Cs’ 0.200 0.403 0.987 0.0181 9.42 0.984
Cu” 0.0374 0.207 0.978 0.0298 267.30 0.945
Fe’” 0.0187 0.082 0.504 0.0179 297.12 0.933
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