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Effect of oxalic acid on the iron content of pottery stone
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Abstract The pottery stones from the Taebek area consist of abundant quartz with kaolinite. In this study, the characteristics
of pottery stones were examined by XRD (X-ray diffractometer), XRF (X-ray fluorescence spectrometer), TG-DTA and
SEM (Scanning Electron Microscope). The chemical compositions of the raw ore showed 71.75 wt%SiO2, 22.10 wt%Al2O3,
1.86 wt%CaO, 2.97 wt%K2O, 0.62 wt%Fe2O3. When pottery stone of 3 mm size was leached at 80oC with 10 % oxalic acid,
the content of Fe2O3 was reduced from 0.62 wt% to 0.24 wt% and the whiteness was enhanced. Grinding of pottery stone
was conducted by a planetary ball mill using media of zirconia, the average particle size was 2~5 µm.
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� � �� ��� �� quartz� �� kaolinite� ���� ��. ��� ����� XRD, XRF, TG-DTA, SEM �� �
��� ���� ���� �� �����. ��� ����� 71.75 wt%SiO2, 22.10 wt%Al2O3, 1.86 wt%CaO, 2.97 wt%K2O,
0.62 wt%Fe2O3 ���. 3 mm ��� ��� 80oC� 10 % �� ���� ���� ��� 0.62 wt%�� 0.24 wt%� ���
� ���� �����. ��� ��� planetary ball mill� ���� ����� �� ������, �� ��� 2~5 µm
��� ���� �����.
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2. �� ��

� ���� ��� ��� 
� ���� ����

��� ������ 
��� ��� ��� �
��

���(� 10 mm) ��� ��(Acid treatment : AT)�

�� ���� �� ��(Raw Ore : RO)� �� ��

���. ��	
� ��� Oxalic acid 10 % ��


�� 80oC, 8
	 8� �� ���� ���� ���

��.

��� ��� �� �� �� ��� 3 mm ��

� ��� ��� � Planetary Ball Mill(ZrO2)� ��

�� 20 min, 40 min, 60 min �� ���� ��� �

���� 	� ��� ������ ��	�� Fig. 1

� 
�.

��� ������ ��� ���� 	�� ���

�, ���, ���� ����� �����. ��� �

�� ��� 		 X� �	��(X-ray Diffractometer,

Rigaku, D/MAX-2200, Japan)� target; Cukα1, �	


�; 30 kV, 20 mA, monochrometer ��� ����

�����. ��� ����� X� �����(X-ray

Fluorescence Spectrometer, Rigaku, ZSX-100e, Japan,

target; Rh)� ���� �����.

��� ����� ����� ���� 	�� ��


�
��(Scanning Electron Microscope, JEOL, JSM-

5410, Japan)� ���� �2000�� ������, �

��	(20 min, 40 min, 60 min)� �	 ����� �

����(Laser Scattering Particle Size Analyzer, Cilas,

Cilas-1064, France)� ���� �����. �� ��

� ��� ��� 		 ������(Whiteness Tester,

C100-3, KEL, Japan)� �����. ��, ��� �


� ��� �� ����(TG-DTA, Netzsch GmbH,

STA409PC Luxx, Germany)� ������, ��	�

5oC/min�� 1200oC�� �����.

3. �� � ��

3.1. ���� ����

��� ���� ����� 	�� XRD, XRF� �

Fig. 1. The procedure for the investigation of properties of raw
materials.

Fig. 2. XRD patterns of pottery stone. A : AT, B : RO,
C : ATS, D : ROS.
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����� �� Fig. 2� Table 1� �� �����.

����� ��� ��� ��� ���� ��� �

��/����� ����� � kaolinite� 
� ��

��� ��� ���� ���[1], ��� �� ��

RO� AT �� � ����� SiO2(quartz)��, ��

���� kaolinite(Al2Si2O5(OH)4)� �� ���� �

� ��� ����. ���� AT ��� ��kaolinite

��� intensity� 
��� ���� ��� ����.

�� ��� ����� SiO2 70~80 %, Al2O3 13~

20 %, Fe2O3 0.04~1 %, CaO 0.03~0.8 %, MgO 0.4 %

��, K2O 0.06~4 %, Na2O 0.1~3 %� �	� ���

���[10], � ��� ���� ���� ��(RO)��

� Al2O3� ��� 22.10 wt%, K2O� ��� 2.97 wt%

� �� ���, TiO2 0.03 wt%� Na2O 0.03 wt%� �

�� �� ���� ��� �� ����� ��� �

� ��� ���� � � ��. ��, Al2O3 ��� �

� K2O/Na2O�� �� ��� �� ���� �� �

�� ����[10].

Oxalic acid 10 % ��
�� 80oC, 8
	 8� �� �

�� ���(AT) ��� �� Fe2O3 ��� 0.24 wt%�

��� �� � � ��. ��� XRD �	 ����

kaolinite ��� ��� �� 
� ����� ����

�	 ��	� ���� ������ � � ��. ���

��� �� �� TiO2� ��� �� ���� �	

Fe2O3 ��� ��� ������, ��� ���� ��

(RO)� 56.2 ��� ��(AT)� 67.8� �� ���[11].

��, 1100oC�� ��� ��(ROS� ATS)� XRD

�	��� Fig. 2� �����. �� � mullite� ��

� ����� ��� kaolinite(Al2Si2O5(OH)4)� mullite

(Al6Si2O13)� 
��� ��� � ����, TG-DTA

������ 1010oC� ����� kaolinite� mullite

�� 
��� �� 
��� � � ��.

3.2. ����� ����

��� ����� ����� ���� 	�� SEM

� ���� �2000�� ������, ���	� �	

����� �����. Fig. 3� Fig. 4� ��(RO)�

���(AT) ��� ���	� �	 ��� ��� �

���� ��� ���. ���	� ����� ���

�� 
�� ���� ��� �����, �����

10 µm� 
�� � � ��� peak� ���� ���

�� ���� ����� ���. ��� ��� ��

��� ���� �� quartz� ���� 		�� ��

�� ����. ��, Fig. 5� ��� �� 
� ��

(RO)� ���(AT)�� ���� ��� �� �� �

��� �	 kaolinite� 
� ����� ��� ���

Table 1. Chemical compositions of RO and AT
(wt%)

Comp.0
Sample SiO2 Al2O3 Fe2O3 CaO MgO K2O Na2O TiO2

RO 71.75 22.10 0.624 1.86 0.293 2.97 0.036 0.032

AT 74.70 20.40 0.243 1.13 0.228 2.93 0.033 0.033

Fig. 3. Microstructures and particle distribution of RO with milling time.
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�� �	 ���� �� quartz� ��� 	 � ���

����. AT-40� AT-60� 10 % ��� �� 0.82 µm

� 0.85 µm� AT-60� 	 �� ����. ��� ��

�	� ���� �� quartz� ������ �� ��

� ����, �� � ���� ���	� ���� �

� ��� �� ��� ��.

��� ��� ��� ���	�� ���� ��

(RO)� ���(AT) �� ���� ��� 
� ���

��� �� ���.

3.3. ���(TG-DTA)

��(RO)� 1200oC�� ���� 
����, � �

Fig. 4. Microstructures and particle distribution of AT with milling time.

Fig. 5. Particle distribution of RO and AT with milling time.

Fig. 6. TG-DTA curves of raw material (RO).
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�� Fig. 6� ����. 100oC ��� 200oC ���

����� ���� �	�� ��� �� ���, �

1.68 %� �� ���� �����. 500oC ����

����� ��� �� �� kaolinite�� OH�� �

��� ���� ��� �� ���, � 4.11 %� ��

� �� ���� ����. ���� ������ �

���� K2O/Na2O�� �� � 5 % ��� �� Ig.

loss� ���� ��� �� ����� ��� ��

���� �� ��� ����[10]. 1010oC ��� �

���� kaolinite� mullite�� 
�� �� ���

����[11, 12].

4. � �

������ ���� ��� ���� ��	 ��

��� ��� 	�� ��� ��� ��� ��� �

�����, ��� ���� ��� 
�.

1) ��� ���� �� ���� kaolinite� quartz

��.

2) ��� ��� ���	� ���� 
���� �

� ���� �
�� ��. ��(RO)� ���(AT)�

� ���� ��� �� �� ���� �	 kaolinite

� 
� ����� ��� ���� ���� ��

quartz� ��� 	 � ��� ����. ��� ���

	� ����� ����� 
�� ���� ��� �

����, ��� �� ��� ���� �� quartz�

���� 		�� ���� ���� ��.

3) Al2O3 ��� 20~22 wt%� ��� ��, Ig. loss�

5 % ���� �� ��� �� ��� ��� ���

��� �� ��� ����, ��� ���� ����

��� Fe2O3 ��� �	 ��� �� � � ���.
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