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Abstract

Longan seed is the solid waste that is produced from the fruit cannery in Thailand. This work aims to
convert this solid waste into the useful activated carbon adsorbent, the process of which is considered to
be a more effective means for waste disposal control. The activated carbons were prepared by two
typical methods, physical activation with carbon dioxide and chemical activation by phosphoric acid.
The porous properties of the derived activated carbons were characterized using nitrogen adsorption
isotherms at -196°C. Activation temperatures in range of 800 - 900°C and activation time 30 - 180 min
were studied in the physical method. Chemical activation was limited to study only the carbonization
temperature in the range of 400 - 900°C. In physical activation, the increasing in activation temperature
or activation time resulted in an increase in the burn-off in the range of 14 - 90%. For increasing
burn-off up to 70%, the BET surface area and total pore volume increased and reached a maximum with
the values of 1,278 m2/g and 0.81 cm3/g, respectively, then they decreased at higher burn-off levels. The
correlation between the porous properties such as the BET surface area, total pore volume and micropore
volume with the burn-off level could be described by the third-order of polynomial equation. Chemical
activation produced the activated carbons with the BET surface area and total pore volume in the
range of 651 - 946 m2/g and 0.33 - 0.49 cm3/g, respectively. These porous properties decreased with
increasing in carbonization temperature from 400°C to 700°C, and then tended to increase at higher
temperatures.
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Volatile Ash Fixed

matters carbon

Longan seed 78.7 1.7 19.6

Longan seed derived 9.4 4.5 86.4

char carbonized

at 650°C for 2 h

Longan seed derived 6.8 8.7 84.5

activated carbon by

CO
2
 activation

at 850°C for 2 h

Proximate analyses

Dry basis (%wt)

Sample

Table 1. Proximate analyses of longan seed,
char and activated carbon

Figure 1. A typical residual weight (TGA
curve) and weight loss rate (DTG
curve) for the non-isothermal
pyrolysis of longan seed conducted
in a thermogravimetric analyzer,
particle size 2.1 mm and a heating
rate 5oC/min
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Figure 3. Effects of activation time and
temperature on the char burn-off
level

Figure 2. The total yield of activated
carbons prepared from different
activation time at three activation
temperatures



69�������"54�4����������)�X"� )IK)]���"� )I))����5�)^)����5�)=SS>

	
����������2�%�) ��$ .!����(�("�!2.!���'#�

�#� ����2�%��������
<�E4�"������������������������ �C"!��34�
��44��5��
4"�3���E4�	
���������

,.4��".����������'�1�,�4�����"� 
.�-�a���)^IJf).!V���������2.!	
���������������
"� .�-�a���'�(�����
�!) +) '��!�����"� ) K) #��
�
"� .�-�a���) Z>>) '�() ZS>) .!V���������) ��$ .����
�����(�*���#� �2�%����
�!) ?>) ��"�) 	�!) IZ>) ��"�
�������'�1�,�4�����"� 	����������5
��#� �2�%�
'��!�
����������#����#� ����2�%��������"� ��*��
�����(�*��)�.������%#��
�"� .�-�a�����(�*���.!
.�-�a�����%"� ����) ?>) ��"�) ,.4��".�����'��
NlUF)�))��������'��2.!)ezzN)7AGF;;)9:D)TM:;<
IJZ=@) ���&���%"���*"����
�) 	
���������"� ������

����a��(���
���%����#���2������������
����`

7xMkGCUCGFL<)�)=)��4�����@)'�
��$ .���������(�*��
�#� ����2�%����6-(,.4��".����� ��,�����'��
NlUF)��)'�(2���2.!)jlLQFGFLML)RCCU)��5�����*�!
2�%�������������(�*��) '��!�
�����
��2.!��#���
2������!'�(�� 
̀)7xFLCUCGFL<)�(��
�!)=)'�()S>
��4�����g)x9kGCUCGFL<)�)S>)��4�����@)��5
��#� �
���2�%���������������(�*��) ��$ ..�-�a����#� ���!
2�%�	�!) J>>) .!V���������) ���6-(,.4��".���� �
'��!����'��)NlUF) ��)��%!'�
"� ������(�*���"
����
?>)��"�)'�(2���2.!)jlLQFGFLML)RCCU)��*�!2�%����
������(�*��) '�
����������������'�1�,�4�����
�#� �2�%�������������(�*�����
�!)?>)̂ )f>)��"�)'�*�
���!��$ .�����#� �2�%�"� ) I=>)��"�) ��$ .#����-����
&�2.!.�-�a���"� �����
�!)+)#��
��������������
����#� �2�%����.�-�a�������*�"� ����)I=>)��"�)�� !��
5
����!��$ ..�-�a����#� �����)J>>).!V���������

��������#���2.!	
���������"� 5���-���
,.4��".����������,�4�������!��
��2*�!�*�),�*
'��!,�*������!"� ) =)#��
�5
�#$%�"� &�����#�(2.!
	
���������"� ������,�*.�
����
�!)KSI)̂ )I<=[Z)����!
�����
.����)���������#�������"
����) >Y==) ^) >YZI
�����V�����������
.����)'�(����
��2.!�������
��#���2���������5
������
��*.��()[>)2.!�������
��#������) 7[I) ^) JS) ��.������@)������"� .�-�a���
Z>>)'�() ZS>).!V���������)#��
�#$%�"� &�����#�(
���������#���"��2���)���������#������)'�(2���
��#����]�� �)��5
��#� ����2�%�������������(�*��)�
��
"� )J>>).!V�����������%���������#������
���%�#� �2�%�
��$ .�����#� �2�%����) ?>)��"�) ����) f>)��"�) '�
����
���!��$ .�����#� �����) I=>) ��"�) ����*�'�
2���
��#����]�� �"� ��!5!�#� �2�%�) ���&���!��
����%��*����
�
�"� .�-�a�����!'�(���������&��
.������2.!
	
���������,�*���)�� !��!���������%#��
�.�-�a���
J>>) .!V���������) ����.�-�a���"� 5
.�2*�!��!��
���������	
������������������,�)4�������(�*��
�*��'�1�5���.�,�..�,��) ��!��%������$.���*
.�-�a��������(�*���*.!�����#����-����������

Activation temperature = 800 
o
C

Activation temperature = 850 
o
C

Activation temperature = 900 
o
C
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at −196°C of activated carbons
prepared at different activation
conditions
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Table 2. Porous properties of activated carbons prepared from different activation conditions

Activation Total BO S
BET

V
mic

V
me+ma

V
tot

D
av

condition yield (%) (m2/g) (cm3/g) (cm3/g) (cm3/g) (nm)

(Temp.-Time) (%)

800°C
800-30 25.7 14.0 451 0.21 (95%) 0.01 0.22 1.96
800-60 24.3 18.7 538 0.25 (92%) 0.02 0.27 2.00
800-120 22.3 25.7 631 0.29 (88%) 0.04 0.33 2.07
800-180 20.1 32.8 766 0.35 (83%) 0.07 0.42 2.18
850°C
850-30 25.1 15.9 521 0.24 (92%) 0.02 0.26 2.02
850-60 22.2 25.8 705 0.32 (86%) 0.05 0.37 2.10
850-120 16.1 46.0 975 0.45 (82%) 0.10 0.55 2.39
850-180 8.7 70.7 1,278 0.60 (74%) 0.21 0.81 2.54
900°C
900-30 19.2 35.6 813 0.38 (84%) 0.07 0.45 2.23
900-60 12.0 59.8 1,204 0.56 (74%) 0.20 0.76 2.54
900-120 2.9 90.1 1,108 0.52 (71%) 0.21 0.73 2.62

Bo = Burn-off; SBET = BET surface area; Vmic = Micropore volume; V me+ma = Mesopore and Macropore volume;
V tot = Total pore volume; Dav = Average pore width
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Figure 6. Pore volume of activated carbons
prepared with different char
burn-offs
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Figure 7. Pore size distribution of activated
carbons derived from different
degrees of char burn-offs

Figure 5. BET surface area and total pore
volume of activated carbons pre-
pared with different char burn-offs



72 ���������	
��������������������

,�*�����"� ) Z) #��
��*.��(&�&�����5
����!.�
�
�(��
�!�
�!�*.��()KI)̂ )=Z)���.�-�a���"� �#� �2�%���
�
�!) K>>) ^) J>>).!V���������)�� !&�&���"� ���!��%
����&����������������"�!5����*.�2.!��
��
����(���) ����"� �
���!����
�) ��$ .��&�&���2.!
	
������� !������������	����������,�4�����
5���.,���#��!.�
�!��������������"������)#��
�
���
�!.�-�a���) K>>) ^) Z>>) .!V���������)&�&���
	
�����������������(�*��"�!�5����5
���!��
�2.!
	
�����) '�
��$ ..�-�a�����!2�%�&�&���	
���������
��'��4�*����!�������*�5��!���5
�&�&���2.!
	
�����))'��!�
�����������c.�c.��������	����
�(��&�"���*��
������(�����!�
���������"� 
.�-�a�����!2�%�) 7����������2�%�@) "���*,�*�*.��(
&�&���"� �����
�) "�%!��%.����$ .!��������"�
�b��������(��
�!���c.�c.���)�����$%.5���.��
.
��*������
������������
"� "��
.����������"�!
5����*.����2�%�'�
��"� �����$ ..�-�a�����!2�%����
����������������,�*)�� !#��
�����(���"� 	������ ��
'��!���
���% ��� ��������"� .�-�a��� ) J>>) .!V�
��������) 4����!���,�*������"� �*.��(&�&���2.!
	
������������!����5
����*�5��!���2.!	
�����)&�
"� #���%��5������*�5��!���!�������2.!)AMG;ML) 9:D
hR^}F:D9Hl) 7=>>=@)"� ,�*V��6����������	
���������
���������2.!&�.��"&����) 4����/���(�*��"�!�5��
�*�����c.�c.���

<�E4�"���������������!���������D4"D4���
,L0MN+-��
4"�3���E4�	
���������

���"� ) J) '��!,.4��".����������'�1�
,�4�����"� .�-�a���) ^IJf).!V���������)2.!	
��
�������������"� .�-�a����
�!) +)#��
����6-(��*�
,.4��".�����'��) NlUF) �) �� !��%�
�	
���������
���
���%����#���2������������
����(�.�������
45�!��*�!��#���

Table 3. The fitted parameters obtained from
cubic polynomial correlation
between the porous properties and
the percent burn-off

Porous properties

Parameter BET surface Total pore Micropore
area volume volume

     a
1

380.2 0.20 0.19
     a

2
1.47 -2.77 ��10-3 -4.46 ��10-4

     a
3

0.46 4.06 ��10-4 2.38 ��10-4

     a
4

-4.30 ��10-3 -3.44 ��10-6 -2.13 ��10-6

     R2 0.993 0.994 0.994

Figure 9. Nitrogen adsorption isotherm at
-196oC of chemically activated
carbon prepared at different
carbonization temperatures

Figure 8. The total yield of chemically
activated carbons and the yield
of char prepared without
pre-impregnation
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Table 4. Porous properties of activated carbons prepared from different activation
conditions by chemical activation

Activation condition

Temp. Time H
3
PO

4

(°C) (min) concn.
(%wt)

Yield S
BET

V
mic

V
me+ma

V
total

D
av

(%) (m2/g) (cm3/g) (cm3/g) (cm3/g) (nm)

400 60 50 41.6 808 0.38 (90%) 0.08 0.42 2.10
500 60 50 38.5 761 0.36 (92%) 0.03 0.39 2.05
600 60 50 38.1 739 0.35 (95%) 0.02 0.37 2.00
700 60 50 35.8 651 0.31 (94%) 0.02 0.33 2.03
800 60 50 33.2 774 0.36 (92%) 0.03 0.39 2.04
900 60 50 28.1 946 0.44 (90%) 0.05 0.49 2.07

S
BET

 = BET surface area; V
mic

 = Micropore volume; V
me+ma

 = Mesopore and Macropore volume; V
tot 

= Total
pore volume; D

av
 = Average pore width
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Figure 10. BET surface area nad total pore
volume of chemically activated
carbons prepared at different
carbonization temperatures

Figure 11. The pore volumes of chemically
activated carbons prepared at
different carbonization tempera-
tures
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