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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 increasing initial copper ion concentration. The

effective diffusion coefficient showed a high linearity with initial concentration of copper ion.
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�_I, �` ?ab _F �
�M cd�eEF fd
� �E[,

�� gH �
�� ��h�M N
 i(
 cd�e jk� lA m

�1 n� �#. Devieso Bennett[4]� �
p cd�M N
 !6qr

DA K�� 9:� s 1.4 mg/day��, 9�� 9:, s 0.05 mg/day

(I�[, Manahan[5] � Murley[6]A cd�t !6� ��udOI

� �
 ��vHR1 3,000µg/dm3 �
F ��
w#. !6, xy

�BzT � C�T{� �� �� -|
 /0.� 
}�[[7, 8], ~

-&T� ��)I �� � �A' G�� �� �A |a1 }�t,

�EF �=� �#[9].
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F ��>#. �_ scoria, Å� �x, ÆÇ B� ÁP�°, È�} É

B� �Ê*�T�, I��� -s�° B Ë@ xy� Ìd"� �#.

;�} ���, ÍÎ6¯d Ï�, 9D!¬d Ï� BEF 	da�

m
 K![18, 19], �� . y-T� ��[20] � ./0 ��� m


K![21] BEF scoria� µF¢ 	dh�1 ¾Ð
� �#.

Ñ K!�), ·$�`�H, �_I� �ÊÒ3 ?a »�� #D

$�� �� y� ÓK�e� 	d�H, Ôp�) bÕ
 m�� "

� �, scoria� #^
 T6·Ò3 ?a1 �=
S ���F)� f

d�Öa1 ×­
w#. �_I� �Ø3R �� �`�) scoriaM Ù

r
S �¦� T6·Ò3 ?a1 ÚÛk�, !6M ���b ./0E

F 
S scoria� {Ü, scoria Ý�� Î� � ^� Þ·� gß ��?

a' pH Þ·� gß ��?a1 ÚÛkà#. �
 á�â �ã ¼�

±Fy± ��B�z, ��0I, -Qj$ä� B1 ×­
w#.

2. �� � �	

2-1. ����

Ñ �ã�) ./0 ���F fd
 scoria, �_I � �`� $�


� ��, �` � Ðå� gH T6·Ò3 ?a� #æ#. gH) �

Ø3EF 5� �`�) Ùr
wE[, �° Ùr �` � �°� Ðå

A Table 1' ´#.

� 5{� scoriaM ç�� �Ü�F �� èé
 ê ��1 105oC�

) 24�ë &� Á¬�ì ��1 ��
 ê scoria� Ý� Î�M 35/

80, 100/170 � 200/+mesh� Î�F �Ü
S fd
w�, íî Ý9A

�� 0.270, 0.109 � 0.018 mm�ï#.

Ñ �ã� fd> ./0 ��A Aldrichf �ð� Cu(NO3)2ñ3H2O

M fd
wE[, �� �sA �ò ?� óA x� �s1 fd
w#.

./0 dô� �¬, ç��· �Ü�F Øõeô1 5 mMF ¬�


ê �� 0.1-1.0 mMF ö÷
S fd
w#.

2-2. ����

Scoria� øT ¬aA Rigaku Max-3A� X-ray diffractometer(XRD)

M fd
S X-ù �4 �ã1 
S ×­
wE[, �ã ¬ÁA Table

2o ´#.

Scoria� ·Òa�A Shimadzu MXF-2100� fixed monochromator�

�
 multi-channelÊz1 fd
, multi-channel X-ray fluorescence

spectrometerM fd
S �ú 40 KV, �Ü 30 mA� ¬Á�) �÷


w#.

Scoria� Øp3A ��3R BET �[22]EF N2 �ûM fd
S Ô

(
w�, ^�� ü�dD(CEC)A 1 M CH3COONH4 �[23]EF Ô

(
w#.

./0 �� �ãA x(D� scoriaM 1 L ý� þHûÎ� r
�

0.1-1.0 mM� Cu dô 500 mLM �� �ÿ(200 rpm)
p) ���ã

1 �
w#. �°, x( �ë �# 2 mL� �°M Ùr
S �M e

��6�(VS-4,000)M �d
S 4,000 rpm �b�) 10�&� e��

6
 ê bBô1 ./0 OI �÷� fd
w#. �» ÿÌä� �I

, ��¬M fd
S 20oC� x( �IF -���#. Cu ��� O

I, e��øøIä(GBC 904AA)F 324.7 nm�) �÷
w#.

3. 
� � �


3-1. Scoria� �	
�� 
�

Ñ �ã� fd> scoria A, B, C, D � E� X-ù �4 �ã§'M

Fig. 1� }�tï#. ;��) kS�, �o ´� scoria� _§(bA

f�÷(Plagioclase, Pl), �÷(Pyroxene, Py), ��÷(Hematite, H)EF

�¶�� �c1 kSõ#. f�÷A Ca� lA anorthite, �÷A diopside

� _{1 �¶ï#. Anorthite, ¬½øTF) CaAl2Si2O8 ¬a1 �

�[ kN albite§(� 0-10%, anorthite §(� 90-100% 2-> øT

1 	
#. �÷(pyroxene)A R

 4pUY6 2�� $�e�M �-


, «� 4pU� ¤x f³F > §(!¬M �� �,¼ Fig. 1� }

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 Voltage Current Scan speed Step size

Cu Monochromator 5° 50° 35 KV 30 mA 2°/min 0.050

Fig. 1. XRD patterns of Jeju scorias used in this study(Pl, Plagioclase;
Py, Pyroxene; H, Hematite).
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�����
�É �A ��÷(diopside)EF) CaMgSi2O6� ¬a1 �,#.

Fig. 1�) jRA �"ï�
 �_ scoria� ~2> �EF �=â �

�÷(olivine)A /01 2-
, 8pU f³� |�> SiO4 4pU¦1

K§
� �, fh(ä§(!¬M ��[ kN �;�� ��÷(Mg2SiO4)

' � ��÷(Fe2SiO4)EF }��â#[24].

Table 3A Ñ �ã� fd> scoria� ·Ò�÷ §'M }�� �EF,

SiO2+Al2O3+Fe2O3� 2D� 70.1-77.4%F scoria� _  !a T��

1 � � �ï#. ���D(LOI), _F øT� �� 2D � �Ka a

�� 2D1 }��#.

Table 4, Ñ �ã� fd> scoria� Øp3' ^�� ü�dD(CEC,

cation exchange capacity)M }�� �EF, scoria A� Øp3' CEC

, �� 99 m2/g, 6.12 meq/100 gEF #ß scoria� �� �c1 � �

�#. ��
 ?aA ./0 ��Ö� #ß scoria� �� �� }��

�EF �Ô>#.

3-2. Scoria� �� 
�

Fig. 2, scoria� {Ü� gß ��?a1 ÚÛÑ §'F¨, pH 4, 5

� pHM ¬(
� �A dô�) íÊ ��D1 ��
 ��#. pHM

¬(
� �A dô� 9: �� pH, 5.30-5.45� �X� �ï�, �

� íÊ ê, 5.28-5.43� �X� �ï#. ;��) kS�, �o ´�

� scoria� �
 Cu2+��� íÊ ��DA pH� mä7� A� ��

�àE[, A>E>D>B>C� ��ï#. � §', scoria A, B, C, D, E�

�
 � ^�� ü�dD(CEC) � � Øp3� ��o ´A 9��ï#.

  CEC �, Øp3� !�" Cu2+��� íÊ ��DA ��
w#.

Fig. 3A dô .� 2-> Cu2+��� �� OI Þ·� gß ��#

� scoria� ¤X ©�Õ Cu2+��� ��D� Þ·M }�� ;��#.

Cu2+dô� �� OI� �1�" Cu2+��� ��#A $%�} scoria

� ¤X ©�Õ Cu2+��� ��DA ��
w#.

Scoria� Ý� Î�� gß ./0 ��� ��Ö1 ÚÛk� X
S

./0 Cu2+ ��� �� OIM 0.4 mM, scoria A� ^1 5.0 gEF

x(
� 
�) Ý�� Î�M 35/80, 100/170 � 200/+mesh� 3�Ü

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).

Table 3. Chemical compositions of Jeju scorias

Scoria
Chemical composition (%)

SiO2 Al2O3 Fe2O3 CaO MgO K2O Na2O TiO2 MnO P2O5 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 11.630 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

Scoria Surface area(m2/g) CEC(meq/100 g)

A 99 6.12
B 53 3.36
C 32 3.08
D 81 4.12
E 88 4.35

Fig. 3. Effect of initial solution concentration on the adsorption of cop-
per ion by scoria A at nonadjusted pH(scoria concentration: 5.0
g/500 mL; particle size: 200/+mesh).

Fig. 4. Uptake profiles with particle size for the adsorption of copper
ion by scoria A at nonadjusted pH(size: �; 35/80 mesh, �; 100/
170 mesh, �; 200/+mesh, scoria concentration: 5.0 g/500 mL).
���� �40� �2� 2002� 4�
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F &6
S ./0 ��� �ë� gß OI Þ·o íÊ ��D� �

ã§'M Fig. 4o 5� }�tï#.

;��) kS�, �o ´� Ý�� '1�" ./0 ��� ���

k# (0
� â�"�(Fig. 4), ��D� ��21 � � �#(Fig. 5).

�, Ý� Î�� '1�" Øp3� ��
)F ��D' �� 0I

� b*
, �EF f°>#. �
 Ý� Î�� '1�" scoria Øp

�) è� t� �� yX+� j$ �6� ,%�) ./0 ��'�


- ��� ��
S ��D' �� 0I� 2. ��
, �EF f

°>#. � §', ÓK �®H�¯M �d
 NH4
+�� �� ÿÌ�)

Ý�� Î�� '1�" NH4
+��� �� �� 0I � �� �� d

D� ��
w#, Song B[25]� §'o xü
w#.

Fig. 6A Cu2+� �� OI 0.6 mM� �� scoria A� ̂ 1 2.5 g, 5.0 g

� 10.0 gEF Þ·�/ 9:� ��D � ��#1 ÚÛÑ §'�#.

;��) kp scoria� ^� l%��" !6 ��� ��#A �%�

} ��DA ��
w#.

Fig. 7A !6��dô� pHM &6
 9:� scoria A� �
 ��

Ö1 ÚÛÑ §'F), pH Þ·� gß !6 �� ��D� Þ·� �

¤@ Î#, �1 � � �#.  , pH� ��º�" !6 ��� ��

DA ��
w�, pH� ��º�" �A ��D1 }�tï#. �, $

A pH�), �A OIF ��
, H+ ��� scoria� �� yX� !

6 ��' 903EF ��
� »�R �EF f°>#.

3-3. �� ���

Ñ �ã�) fd
 scoria� �
 !6 ��� �� ÿÌ�) ��

íÊ mäz1 á� X
S xÿ3EF �� .� ?( T�� ����

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).

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).

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).

Fig. 8. Copper ion adsorption isotherms for scorias A(�), B(�), C(�),
D(� ) and E(� ) at nonadjusted pH(c)(scoria concentration: 5.0
g/500 mL; particle size: 200/+mesh).

Fig. 9. Adsorption isotherms of copper ion at different pH values for
scoria A[scoria concentration: 5.0 g/500 mL; particle size: 200/+
mesh; pH 4(�); pH 5(�); nonadjusted pH(�)].
HWAHAK KONGHAK Vol. 40, No. 2, April, 2002
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�����
�� �� ��", ̂ 1 }�t, Freundlich �� ¾1z � Langmuir

�� ¾1z� 3d
S ×­
w#.

Fig. 8A scoria� {Ü� gß ��B�ù1 }�� ��[, Fig. 9,

pH Þ·� gß ��B�ù1 }�� ��#. �¦ �ã§'M Freundlich

z' Langmuir z� 3d
S !
 �� 2HC±M Table 5� Ø�


w#. pHM ¬(
� �A Cu dô� pH, 5.3-5.0�ïE} � d

ô� scoria A, B, C, D, EM 3��� pH, �� 6.2-5.2, 6.2-5.2, 6.1-

5.1, 6.3-5.3, 6.3-5.2F Î� ��
w#. �, scoria �U� pH� 7.4-

7.6EF s �46a1 }�t� »��#. ;�} ��íÊ ê, pH

� �� 6.3-5.2, 6.3-5.2, 6.2-5.1, 6.4-5.3, 6.4-5.2F �� Þ·� 7ï

#. Table 5�) r21 ���kp scoria� �
 !6 �� ��ÖA

Freundlich �� ¾1z �, Langmuir �� ¾1zEF ØÅº � �

E} Freundlich �� ¾1z� k# }A 3Àa1 k�1 � � �

ï�, scoria f�� ��dD(K) � ����D(qmax), pH� mä7

� A>E>D>B>C� �EF ��21 � � �ï#. ?@ scoria A,

#ß scoria� �� �A ��Ö1 k�1 � � �ï,¼, �, #ß

scoria� �� �A Øp3(99 m2/g) � CEC(6.12 meq/100 g)� �R


, �EF f°"ï#.

3-4. ����

./0 ���) �� íÊ K!o G�� ���� �
 ��0II

�="�5 
,¼, ��A xÿ3EF ��B�¾1A �� íÊ� I

&
w1 »� �� �Ö
 �� ��D' ./0� �
 6·IM �

�
�
, �(� 3d� �ü} ¢£�� 7
3R £�1 Cü, 


- �ë1 §(
,¼   
 ¤X�ëÕ scoria� ./0 ��D� �


 �°, ��� _� 8
� »��#.

��0I, ./0� ��OIM 0.1-1.0 mMF �9� �[ � ./

0 OI�) x(�ë &� ��> ^1 !
S ��0I�[26]EF ä

$
w#.

Fig. 10A scoria� {Ü� gß ��0IM !
 §'M }�� ��

#. ;��) kS�, �o ´� � scoria� �
 ��0I(¤X �ë

Õ scoria� ¤X©�Õ ��D), rad, ��OI� �� Table 6' ´�

}�: � �ï#. ��0I�� �� !
 � scoria� Cu2+��� �

�0I, ��OI 1.0 mMx »M �õEF ��
S kp scoria A�

��0I, 0.00295 mmole/g·minEF #ß scoria� ��0I 0.00072-

0.00135 mmole/g·min� �� 2.2-4.1* ;6 ��<1 � � �ï#.

�
, �M �d
S scoria A, B, C, D, E� Cu2+��� �
 ���

F)� Ö=1 ��0IM �d
S ��
S kp, ��OI 1.0 mM

F 10 min &� ¢�º 9:� ��DA �� 0.0295, 0.0073, 0.0072,

0.0114, 0.0135 mmole/gEF¨ Table 5�)� ����D(qmax)� >'

�UF �?
 9�1 }�tï#.

3-5. ������

xÿ3EF Boyd B[27]� �
 ��z ÿÌ� �÷h�R j$@�

�A1 3d
S dô .� ¦� �, !6��� ��� Ý� tF�

j$'(1 �B�kp ��'(A ôÔ 9�j$' Ý�t è�j$

� ��ÿÌ B 3¤äF ��º � �#. S�) ��ÿÌA C: Dæ

� x�É#� �(
p è�j$@�' ôÔ 9�j$@�� EF �

�0IM �*
� >#� º � �#. Boyd B[27], Helfferich[28] �

Webero Morris[29], xÿ3EF T��&@�� ©�8 (IF Â�

@ �ÿ(180 rpm �b)1 �G 9:�, ôÔ 9�@�� ©�"� è

�j$� #0¤ä� >#� 
wE[, �� �
 T��� §'z1

}�tp #c' ´#[30].

qt/qe=6/r(DLt/π)� (1)

qt=6 qe/r(DLt/π)�=k(t)� (2)

¤, k=6qe/r(DL/π)�

è�j$� #0x 9:�, z (2)� qto (t)�ë� mäM I�
p

7ùmä� á��� >#. � £`�)� �H�(k)o �H�Fy± ä

$
 -Qj$ä�M Table 7� }�tï#.

-Qj$ä�� OI ��a1 ×­
� X
S scoria� {Ü� �

� ��OI Þ·� gß -Qj$ä�� Þ·M Fig. 11� }�tï#.

;��) kS�, �o ´� -Qj$ä�, ��OI Þ·o íÊO

I� �� �� 7ùmäM ��� �c1 � � �ï#.

Table 5. Freundlich and Langmuir isotherm parameters for adsorption of copper ion by scorias A, B, C, D and E at nonadjusted pH

Scoria
Freundlich parameters Langmuir parameters

K 1/n r2 qmax(mmole/g) b r2

A 0.0304 0.207 0.978 0.0298 267.300 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

Fig. 10. Comparison of adsorption rate of copper ion among scorias A
(�), B(� ), C(� ),  D(�)  and E(�)  at nonadjusted pH(scoria
concentration: 5.0 g/500 mL; scoria size : 200/+mesh).

Table 6. Adsorption rates of copper ion for scorias A, B, C, D and E at
nonadjusted pH

Scoria Adsorption rate, rad[mmole/g · min]

A 0.00379Co/(0.28680+Co)
B 0.00122Co/(0.06949+Co)
C 0.00078Co/(0.08175+Co)
D 0.00078Co/(0.07256+Co)
E 0.00148Co/(0.09904+Co)
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b : constant related to the energy of net enthalpy of adsorption

Ce : copper ion concentration in solution at equilibrium [mg/L]

Co : initial ion copper concentration in solution [mg/L]

Di  : diffusion coefficient [cm2/min]

K : indicator of sorption capacity

k : rate constant [mg/g· min]

1/n : adsorption intensity

qe  : amount of copper adsorbed per unit weight of adsorbent at equilib

[mg/g]

qmax : amount of copper adsorbed per unit weight of adsorbent [mg/

qt : amount of copper adsorbed per unit weight of adsorbent with t

[mg/g]

r : particle radius [cm]

rad : initial adsorption rate of copper [mg/g· min]

t  : adsorption time [min]
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