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Abstract

Scoria from Jeju-island (Jeju scoria) was converted into zeolitic material (Z-SA) via zeolitification using the
fusion/hydrothermal method. Jeju scoria could be synthesized into Z-SA to from a surface covered with Na-A zeolite
crystals, which was confirmed through an analysis of X-ray diffraction peak patterns and scanning electron microscopy
images. Jeju scoria and Z-SA were employed as adsorbents to evaluate the adsorption rate and adsorption capacities for Cu?*
and Zn*" ions. The adsorption rates and isothermal adsorption capacities could be well fitted by the pseudo-quadratic
adsorption kinetics and Langmuir adsorption isotherm, respectively. The maximum adsorption capacities (qu) of Z-SA for
Cu** and Zn*" ions were found to be 163.36 mg/g and 120.51 mg/g, respectively, using the Langmuir adsorption isotherm.
When Z-SA is synthesized from Jeju scoria via zeolitification using the fusion/hydrothermal method, Z-SA exhibits an
adsorption capacity that is more than approximately 100 times the value exhibited by Jeju scoria. As a result, the
synthesized Z-SA was regarded as an effective, economic adsorbent.
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Fig. 1. XRD patterns of adsorbents of (a) Jeju scoria and (b) Z-SA.
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Fig. 2. SEM images of adsorbents (a) Jeju scoria and (b) Z-SA.
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Fig. 3. Effect of contact time on the adsorption of Cu?* and Zn*" by adsorbents (a) Jeju scoria and b) Z-SA) at pH 5
(adsorbent dose: 5 g/0.2 L for Jeju scoria, 0.05 g/0.2 L for Z-SA; Temp.: 25T agitation speed: 200 rpm).
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Table 1. Kinetic data calculated for the adsorption of Cu** and Zn** by Jeju scoria and Z-SA

Pseudo-first-order Pseudo-second-order
Ion Adsorbent (ng(}L) %;ge/g 4e, cal k, R? de, cal @ kQ ) R
(mg/g) (1/min) (mg/e) ° m% mn
10 0.392 0.296 0.1666 0.9220 0.396 5.9118 0.9999
20 0.728 0.227 0.0580 0.5808 0.729 8.3506 0.9999
30 0.960 0.429 0.0595 0.8516 0.966 0.8721 0.9998
50 1.052 0.226 0.0244 0.7162 1.059 0.5298 0.9999
Jeju scoria
75 1.200 0.203 0.0225 0.5750 1.207 0.5372 0.9999
100 1.400 0.289 0.0377 0.4835 1.407 3.1184 0.9997
150 1.440 1.523 0.0983 0.9957 1.456 0.6097 0.9988
oo 200 1.480 0.644 0.0516 0.6116 1.486 3.3105 0.9996
10 39.520 8.247 0.0482 0.7602 39.659 0.0291 1.0000
20 67.200 48.758 0.0925 0.9613 67.579 0.0161 0.9999
30 97.600 13.771 0.0223 0.5900 97.911 0.0098 0.9999
7-sa 50 116.400 12.332 0.0172 0.3093 116.842 0.0063 0.9999
75 140.000 140.000 0.1415 1.0000 143.287 0.0103 0.9995
100 156.000 24312 0.0272 0.4670 157.242 0.0042 0.9997
150 156.000 156.000 0.1444 1.0000 162.633 0.0086 0.9985
200 160.000 119.269 0.0691 0.9788 160.716 0.0307 0.9997
10 0.360 0.089 0.0451 0.4790 0.361 6.1528 0.9999
20 0.648 0.095 0.0165 0.3942 0.662 2.9336 0.9993
30 0.700 0.395 0.0377 0.9003 0.715 0.3334 0.9992
50 0.840 0.414 0.0556 0.8312 0.845 1.7494 0.9998
Jeju scoria
75 1.000 0.292 0.0340 0.7880 1.008 0.6339 0.9999
100 1.040 0.266 0.0217 0.5389 1.059 0.3053 0.9982
150 1.080 1.323 0.1826 0.9642 1.227 0.2633 0.9962
702t 200 1.120 0.361 0.0126 0.5438 1.214 0.9624 0.9979
10 39.000 3.313 0.0221 0.3615 39.169 0.0237 0.9999
20 58.000 12.716 0.0234 0.5521 58.236 0.0117 0.9999
30 67.200 30.550 0.0484 0.7868 67.521 0.0203 0.9999
50 90.000 16.328 0.0132 0.4140 90.477 0.0053 0.9996
275 75 102.000 18.741 0.0202 0.5351 102.601 0.0043 0.9998
100 110.000 30.176 0.0179 0.6718 109.943 0.0219 0.9997
150 116.000 36.502 0.0156 0.7527 116.079 0.0055 0.9996
200 116.000 18.821 0.0143 0.4379 116.018 0.0074 0.9998
T A

Fig. 2& AlF 232otel 7-SA] SEM °]u]Z]|
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g5 e ATt SHAIEE, Fig. 2 (b) Z-SA= 88/
TELAel ot AletelEst oA AFEote
SiO29} Al,O3 4250l Na-A% Al&ee|E 24o=
FA=O] oF 1.0~2.0 m 719] BESHA ZHo] A=}



568

cu® = 10 mg/L
20 mg/L
30 mg/L
50 mg/L
75 mg/L
100 mg/L
150 mg/L
200 mg/L
—— Pseudo 2™-order model

X%0oJ4P>OO

q, (ma/g)

[}

T T T
100 200 300 400

t (min)

(a) Cu** (Jeju scoria)

Zn** = 10 mg/L

20 mg/L

30 mg/L

50 mg/L

75 mg/L

100 mg/L

150 mg/L

200 mg/L
Pseudo 2"-order model

X %004 D>OO

q, (mg/g)

200

300 400

t (min)

(c) Zn** (Jeju scoria)

1—/R

q, (mg/g)

q; (mg/g)

)57 - 87

Ccu*= 10 mg/L
20 mg/L
30 mg/L
50 mg/L
75 mg/L
100 mg/L
150 mg/L
200 mg/L
—— Pseudo 2" order model [

X% O0OQD>OO

X T T T
100 200 300

400
t (min)

(b) Cu** (Z-SA)

200

Zn®* = 10 mg/L
20 mg/L
30 mg/L
50 mg/L
75 mg/L
100 mg/L
150 mg/L
200 mg/L
Pseudo 2™ order model L

150

X %004 D>OO

T T
200 300

T
100

400
t (min)

(d) Zn* (2-SA)

Fig. 4. Adsorption kinetics for the adsorption of Cu?* and Zn?* by adsorbents (a) and (c) for Jeju scoria, (b) and (d) for Z-SA.
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Table 2. Isotherm model parameters for the adsorption of Cu** and Zn** by adsorbents (Jeju scoria and Z-SA)

Langmuir model

Freundlich model

Ion Adsorbent Gm k; ) (mk;;g. Un R
(mg/g) (L/mg) (1/mg)/")
oo Jeju scoria 1.504 0.2006 0.9957 0.5942 0.1972 0.9663
Z-SA 163.360 0.2266 0.9982 60.8669 0.2147 0.9718
o~ Jeju scoria 1.141 0.1604 0.9973 0.4099 0.2149 0.9371
7-SA 120.507 0.1495 0.9974 46.8394 0.1867 0.9604

Z}7} 0.396~1.486 mg/g2t 39.659~160.716 mg/g

ollem, Zn* 0]9] qet= 217 0.361~1.214 mg/g

£} 39.169~116.018 mg/g& HWEHHRIH. o] 2tz
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Table 201 YERRSIT Table 29141 Lebd vk} o]
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