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  �@�/B�?$�้ี#C/?��F�%>2�ค์ 1) N EP///�O��O'>2%O@�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์ 

2) N EP/N�%C$�N�C$�/F�ห"G#B�/�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์�?���/��B�
Nห�C$/ 3) N EP/N�%C$�N�C$��%>2B��B"@ �/��N@��CPQ�ON�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#Bค
R!N�/%์�?���/��B�Nห�C$/ �@%�AN�B��@%��'/�Q�ON�@N�@�N@���@� 200 'B�% P�$Q�O��/��CPN�O�
N�%@#BคR!N�/%์ N�%C$�N�C$��?���/��CPN�O��B�Nห�C$/ Q�OR#OR�NN�O�/?��F�B� �A�/� 24 �BP'�%?# #C�?/
O�%/B2%> คE/ N/'@Q��@%��'/� �'�@��@%��'/� �/N@ N�%C$�N�C$�/F�ห"G#B�/�N�@N�@�N@�
O��Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์�?���/��B�Nห�C$/ /F�ห"G#BN%BP#�O�ค/@#%O/��CPR�O�@�
��/��B�Nห�C$/�>#C/F�ห"G#B�CP 245°C ��>�CP/F�ห"G#Bค/@#%O/��CPR�O�@���/�N�%@#BคR!N�/%์�>#C
/F�ห"G#B�CP 284°C �DP�#CคN@ค/@#�N@� 86.27% ���D��@�C�CP 60 /F�ห"G#Bค/@#%O/�"@$Q�N�@N�@�@�
��/��B�Nห�C$/�>#C/F�ห"G#B�C P 417°C /F�ห"G#Bค/@#%O/��CPR�O�@���/�N�%@#BคR!N�/%์�>#C
/F�ห"G#B�CP 480°C �DP�#CคN@ค/@#�N@� 86.88% O'>คN@ค/@#%O/�N%BP#�O��?�ค/@#%O/�2F��O@$�CP�A�@%
/?�/F�ห"G#B�/���/��B�Nห�C$/ �>#CคN@ค/@#�N@�คB�N�O�%O/$'> 58.75 2N/�คN@ค/@#%O/�N%BP#�O��?�
ค/@#%O/�2F��O@$�CP�A�@%/?�/F�ห"G#B�/���/�N�%@#BคR!N�/%์�>#CคN@ค/@#�N@�คB�N�O�%O/$'> 
59.17 �QAห�?��/�R#O�CPQ�OQ��@%N�@�N@��N/�O'>ห'?��@%N�@ �'�'B��N@��CPR�O�@�N�@N�@�N@��CPQ�O
��/��?�ค/@#%O/�N�%@#BคR!N�/%์ N�'CP$R�O 7 �BP'�%?#O'>�'�'B��N@��CPR�O�@�N�@N�@�N@��CPQ�O
��/��B�Nห�C$/ N�'CP$R�O 4.9 �BP'�%?# ห%E/คB�N�O�%O/$'> 42.85 �N@��CPR�O�@��@%N�@O���CPQ�O
��/��?�ค/@#%O/�N�%@#BคR!N�/%์2@#@%��B�R!R�O�@� #C/F�ห"G#BN�'CP$�/��QA2G��CP 110°C #@��/N@
�N@��CPR�O�@��@%N�@O���CPQ�O��/��B�Nห�C$/#C/F�ห"G#BN�'CP$�/��QA2G��CP 103°C O'> �/N@%O/$'> 
7.63 O'>#CคN@N�'CP$%/#�/�ค/@#คB�NหO��GON�CP$/�@� N�N@�?� 3.66 O'>คN@2N/�N�CP$�N��#@�%�@� 
N�N@�?� 0.66 O'>N���์�@%�%>N#B�ค/@#คB�NหO��/��GON�CP$/�@�/$GNQ�%>�?�#@�  

คA2Aค?�: N�@N�@�N@�, N�%@#BคR!N�/%์ 
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Abstract 

 The objectives of this research are: 1) to design and construct a charcoal kiln using 

ceramic fiber insulation, 2) to compare the temperature of the charcoal kiln using 

ceramic fiber insulation with clay insulation, and 3) to compare the efficiency of the 

charcoal produced using ceramic fiber insulation versus clay insulation. The 

experiment was conducted using a 200-liter charcoal kiln, comparing ceramic fiber 

insulation with clay insulation. Bamboo was used as the raw material, with 24 

kilograms in each trial. The independent variable was the duration of the experiment. 

The results showed that the initial temperature of the kiln using clay insulation 

reached 245°C, while the kiln using ceramic fiber insulation reached 284°C, with a 

difference of 86.27%. After 60 minutes, the temperature inside the kiln using clay 

insulation reached 417°C, and the kiln using ceramic fiber insulation reached 480°C, 

with a difference of 86.88%. The temperature difference between the initial and final 

measurements for the kiln with clay insulation was 58.75%, while for ceramic fiber 

insulation, the difference was 59.17%. 

Regarding the weight of the wood before and after burning, the charcoal produced 

from the kiln with ceramic fiber insulation averaged 7 kilograms, while the charcoal 

from the kiln with clay insulation averaged 4.9 kilograms, or 42.85%. The charcoal 

from the ceramic fiber-insulated kiln burned longer and produced water with an 

average temperature of 110°C, compared to 103°C from the clay-insulated kiln, with 

a difference of 7.63%. The overall average expert opinion was 3.66, with a standard 

deviation of 0.66, and the evaluation criteria for expert opinions were at a high level.  

 

Keywords: charcoal kiln, ceramic fiber,  
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1. &#%A/ค/@!N'็%!@O%>ค/@!2Aค?��อ�'ั�ห@   

 

 �ั��F�?�N�@N�@�N@�R#O�CP�'B��N@�N EP/�@%หF��O# Q�ON/'@Q��@%�'B��@�#Cค/?�#@� #C�'N2C$
�N/2F�"@ O'>2BP�O/�'O/# O'>Q���/��@%�'B�R#N2@#@%�ค/�คF#/F�"G#BR�O �ั��F�?��D�#C�@%
�?�O�'�Q�ON�@N�@��@� 200 'B�% Q��@%�'B��N@�P�$Q�OR#ON�O�/?��F�B� N�@N�@'?�1�>�CQ�>#C��@�
N'O� Nค'EP/�$O@$�N@$ 2>�/�Q��F� EQ��CP O�N�O#C�O/N2C$คE/R#N2@#@%�ค/�คF#ค/@#%O/�O'>/F�ห"G#BQ�
N�@N�@ %/#�D�%>$>N/'@Q��@%N�@�N@�R�O [1] 
 N�%@#BคR!N�/%์N�O�/?2�F��B�ห�DP��CP#CคF�2#�?�BQ��@%�N/$�?�N�O�ค/@#%O/�R�O�D� 1 ,260 
N�'N�C$2 �>�N/$QหON�@N�@�N@�R#NN�B��@%2G�N2C$ค/@#%O/��AQหOR�O�N@��CP R�O#Cค/@#�%B2F��BNN�B��CQN�O@
�O/$O'>$?�'��ั�ห@ค/?��CPN�B��@��@%N�@Rห#O�CPR#N2#�G%�์[2]  N�@N�@�N@�O��Q�O��/��?�ค/@#
%O/��O/$N�%@#BคR!N�/%์ �D�N�O��@�N'E/�/C�ห�DP��CP�>�A#@�%?�O�OR�O'> ?��@�%>2B��B"@ Q��@%
QหOค/@#%O/��?�/?��F�B� 2@#@%�ค/�คF#ค/@#%O/� '�%>$>N/'@Q��@%N�@�N@�QหO�O/$'� P�$N�@N�@
�N@��CPQ�ON�%@#BคR!N�/%์#C2N/��%>�/��?�%G��CP 1 

 

 

 

     

 

  

 

 

 

 

 

#G'#CN 1 2N/��%>�/��/�N�@N�@�N@�O��Q�O��/�N�%@#BคR!N�/%์ 

�'N/��'N/$ค/?� 

�?� 200 'B�% 

��/�N�%@#BคR!N�/%์ 

�@�>��?� 200 'B�% 

�>O�%�%/�!ื� 

�N/�'N/$ค/?� 
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 P�$#C2N/��%>�/��/�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์ #C2N/��%>�/� คE/ 
��/�N�%@#BคR!N�/%์ �N/�'N/$ค/?� �>O�%�%/�!ื�O'>�?���@� 200 'B�%  �GO/B�?$#C/?��F�%>2�ค์
�@%/B�?$N EP///�O��O'>2%O@�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์ O'>N EP/
N�%C$�N�C$��%>2B��B"@ �/�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์�?���/��B�
Nห�C$/ 

 

2. /?!"F'#>2�ค์�อ��@#/B�?" 

 2.1 N EP///�O��O'>2%O@�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์ 

 2.2 N EP/N�%C$�N�C$�/F�ห"G#B�/�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์�?�
��/��B�Nห�C$/ 

 2.3 N EP/N�%C$�N�C$��%>2B��B"@ �/��N@��CPQ�ON�@N�@�N@�O��Q�O��/��?�ค/@#%O/�
N�%@#BคR!N�/%์�?���/��B�Nห�C$/ 

 

3. #$1�C#CNN�CN"/�Oอ� 

 /?2�F��R! '?�1�>�/�/?2�F��R! (Refractory Appearance) �CP//�O��#@ �>#Cห'@$
�%>N"� �?Q�%G�OO���CPN�O���B��O/�O�O�#C%G�%N@��CPN�O��%��N@�N/$N@�/B���R! ห%E/ N�O�O����
�%%�F/$GNQ��%>2/�O'>O���2#N2%O�/$GNQ��?�N�O��/�Nห'//$N@��G���R!#/%์�@%์O'>N�O�O����
/$GNQ��%>2/�/$N@�ค/��%C���R!�CP�>O�O��?/�O�N/N#EP//?2�F��R!Nห'N@�CQP��ค/@#%O/�Q�/F�ห"G#B�CP
2G�R�O#@�N O'>%G��%��>ค��CPR#N#C�@%N�'CP$�O�'� �D�Nห#@>2#�?��@%�A#@Q�OQ��@�/F�2@ห�%%#
�N@�N N�N� �N/��?�N�@  EQ�N�@ O'>Q�OQ��@%�N/#O�#R�O/C��O/$  
 ��/�N�%@#BคR!N�/%์ (Ceramic Fiber Insulation) ห%E/Q$O�O/�?�ค/@#%O/�Q$O�O/��
ค/@#%O/� Nห#@>�?��@� ��/�หFO#/@'์/ ��/�หFO# Steam turbine N�@/� N�@N�@ค/@#%O/�2G� 
��/�ห#O/R/�QA (Boiler) �'FN#N�@�>P�%Nค#C O'>/C�ห'@$ N Nค%EP/��?�%O��Q�Oค/@#%O/�P�$#CQ$
O�O/��ค/@#%O/�Q��@%หN/หFO# P�$O�N�//�N�O�ห'@$ N ��B� คE/1) ��/�Q$O�O/�?�ค/@#%O/�
N�%@#BคR!N�/%์��B�#O/� (Ceramic Fiber Blanket) 2) ��/�Q$O�O/�?�ค/@#%O/� N�%@#BคR!N�/%์
��B�O�N� (Ceramic Fiber Board)  3) ��/��?�ค/@#%O/�N�%@#BคR!N�/%์��B��%>�@1 (Ceramic 

Fiber Paper) 4) Q$O�O/�?�ค/@#%O/�N��N�%@#BคR!N�/%์ (Ceramic Fiber Tape) 5) �O@�?�R! 
N�%@#Bค R!N�/%์ ห%E/ (Ceramic fiber Cloth)  6) Q$O�O/�?�ค/@#%O/�N�%@#BคR!N�/%์��B�P#�G' / 
��B��O/� (Ceramic Fiber Z Block / Ceramic Fiber Module) Q��@%/B�?$ค%?Q��CQQ�O��/�Q$O�O/
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MfH 

�QAห�?��N@��O/� 

(�QAห�?�!ื�Q�N�@+�QAห�?�!ื�ห�O@N�@) –�QAห�?��CQN�O@ 

X 100 

�?�ค/@#%O/�N�%@#BคR!N�/%์��B�#O/� 2@#@%���/F�"G#BR�O�? Q�O�N 1,260 /�0@N�'N�C$2 ���D� 
1,600 /�0@N�'N�C$2 

 

 

 

 

     

  

 

 

 

#G'#CN 2 ��/�Q$O�O/�?�ค/@#%O/�N�%@#BคR!N�/%์��B��N@�N 

 

2G�%�@%คA�/�ห@�%>2B��B"@ �@��N@� 

 

  �%>2B��B"@ �@%Q�O�@� = MCp (T2-T1) + (M1) Lx100     (1) 

         

N#EP/  M = �QAห�?��QAN%BP#�O�, �%?# M1=�QAห�?��QA�CPNห'E/ห'?��@%N�E/�,�%?# 

    Mf = �QAห�?��/�N�EQ/N 'B�, �%?# Cp=ค/@#%O/��AN @>�/��QAN�N@�?�1Oค'/%C/�%?# 

    T1= /F�ห"G#BN%BP#�O��/��QA,°c T2=/F�ห"G#B�/��QAN�E/�,°c   

    L= คN@ค/@#%O/�O���/��QAN�N@�?� 540 Cal/g 

    H= คN@ค/@#%O/��/��N@�R#ON�N@�?� 7,020 Cal/g 

 

  2G�%�CPQ�OQ��@%คA�/�ห@คN@�N@�N�@��@%��'/�[9]   

 

    �@%ห@�'�'B� คA�/��@�2G�% 

 

   N�/%์N�O�คN@�'�'B� (%) =                   2) 
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�QAห�?��N@��O/� 

(�?P/P#�Q��@%N�@) 

 

  �@%ห@/?�%@�@%�'B� คA�/��@�2G�% 

 

  /?�%@�@%�'B� (Kg/hr) =     

 

4. �อ&N�!�อ��@#/B�?" 

 4.1. /?2�F�AN�@N�@�N@�Q�O�?���@� 200 'B�%  

 4.2 Q�O��/��?�ค/@#%O/�O��N�%@#BคR!N�/%์ ค/@#ห�@ 25 mm 

 4.3 !ื�R#OR�N�CPQ�OQ��@%��'/��N/ค%?Q�#C�QAห�?� 24 �BP'�%?# 

 4.4 N/'@�CPQ�OQ��@%�?�/F�ห"G#Bค/@#%O/�"@$Q�N�@N�@�CP 60 �@�C /?�/F�ห"G#B�F�N 5 
�@�C P�$N%BP#/?�/F�ห"G#Bห'?��@�!ื��B�R!Q��N/��@%N�'CP$��@�R#ON�O��N@� 

 4.4 N/'@�CPQ�OQ��@%��2/��%>2B��B"@ �/��'�'B��N@��CPR�O 20 �@�C /?�/F�ห"G#B
�F�N 2 �@�C 
 4.5 Nค%EP/�#E/�CPQ�OQ��@%��'/� R�OO�N N�/%์P##BN�/%์O'>N�/%์P#ค?�N�>Q' Nค%EP/��?P�
�QAห�?� Nค%EP/�คA�/� �@ฬB�@�?�N/'@O���B�B�/'  
 

5. /B$C AN%B%�@#/B�?" 

 �@%0D�1@�%>2B��B"@ �/�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/��O/$N�%@#BคR!N�/%์        
#C/?��F�%>2�ค์ N E P///�O��O'>2%O@�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์        
N EP/N�%C$�N�C$��%>2B��B"@ �'�'B��CPR�O�@�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์
�?���/��B�Nห�C$/ �@%�AN�B��@%��'/�Q�ON�@N�@�N@���@� 200 'B�% P�$Q�O��/��CPN�O�N�%@#Bค
R!N�/%์ N�%C$�N�C$��?���/��C PN� O��B�Nห�C$/ Q�OR#OR� NN�O�/?��F� B� �A�/� 24 �BP'�%?#                 
#C/B�C�AN�B��@%/B�?$ �?��CQ 
 5.1 0D�1@�O/#G'�@��&1�CO'>�@�/B�?$�CPN�CP$/�O/� 
 5.2 //�O��O'>2%O@�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/��O/$N�%@#BคR!N�/%์ 

5.3 �@%N�%C$#R#ON EP/�@%N�@�N@�  
     ��B�R#O�CPQ�OQ��@%0D�1@��'/�N�@�N@�Q�OR#O R�N�C P#C��@� ค/@#$@/ 50 N���BN#�% 

N2O��N@0G�$์�'@�N�'CP$�?Q�O�N�%>#@� 3.0 �D� 6.0 N���BN#�% P�$�?�R#O�BQ�R/OR#N�O/$�/N@ 2 2?��@ห์ 
�N/��A#@Q�ON�@N�O��N@�  
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5.3.1 R#O�CP�O/��@%�>N�@�N@�#@�?�O$��'FN#�@#��@��/�N2O��N@0G�$์�'@��/�R#ON�O�
3 �'F N# R�OO�N R#O��@� 3.0 N���BN#�%, 4.0 N���BN#�% O'>6.0 N���BN#�%�@#'A�?�           
N EP/�?�N%C$�Q2NN�@�@#��@� �?Q��CQN %@>/F�ห"G#B"@$Q�N�@N�@�N@��>R#NN�N@�?�  

5.3.2 N%C$�R#OO�/�?Q� P�$QหO�'@$R#O�CP#C��@�N'O�R/O�O@�'N@� �'@$R#O�O@�P��/N@�>/$GN
�O@����?Q��CQN %@>�O@���N�@�>#Cค/@#%O/�2G��/N@�O@�'N@� �@%N%C$�R#O'?�1�>�CQN EP/�AQหOR#O
N�O��N@� %O/#�?� 

  5.4 �@%�AN�B��@%N�@�N@�  
 5.4.1 N�%C$#R#OR�N�C P�>N�@N EP/QหON�O��N@�#@�?P��QAห�?�%/#N�N@�?��F�ค%?Q��CP#C�@%
��'/� P�$N%C$�R#OQหO2@#@%��ANค%EP/�#E//?�/F�ห"G#B2/�N�O@R�Q�N�@N�@�N@� 

 5.4.2 QหOค/@#%O/�Q�N�@N EP/R'Nค/@#�EQ�Q�N�EQ/R#O ค/@#�EQ�"@$Q�N�@N�@%/#�D���/�
หFO#N�@ N�@N#EP//F�ห"G#B"@$Q�N�@N�@2G��DQ����AQหON�EQ/R#OQ�N�@N�@%?�1@%>�?�/F�ห"G#B"@$Q�N/�
R�O 2?�N��ค/?��CP//��@��'N/��O@����> FN�//�O%��/N@���B#C'?�1�>ค/?�N�O�2C�@/ห�@  QหOQ2N!ื�
N'CQ$�ห�O@N�@N�@�BQ��N/�%>$>N/'@�%>#@�ค%DP��?P/P#� 2?�N��2Cค/?��CP�@��'N/��>N�O�R/2C�@/Q2 QหO
N BP#ค/@#%O/�R�N%EP/$ N ���%>�?P�ค/?��@��@��'N/�N�O�ค/?�Q22C!้@ /@�#CR!'F��CP�@��'N/�%/��
R!�@��'N/��?�N/� 2?�N���>#Cค/?�'/$//��@��'N/�N�@N�@N�O��N/�N N'O��O/$ �D��>�N�@N�@O'>
�>��'N/�ค/?�N�O��?Q��/�2F��O@$  
 5.4.3 �@%N�>�N�@N�@N EP/�AN/@�N@�//��@�N�@N�@ P�$Q�ON/'@�%>#@� 2 �?P/P#� 
�@��?Q��?P��QAห�?��/��N@��O/�O'>�CQN�O@  
  5.5 ��2/��%>2B��B"@ �/��N@��C PN�O��'�'B�Q��@%QหOคN@�@�ค/@#%O/� P�$�@%
N�%C$�N�C$�/F�ห"G#B�/�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์�?�N�@N�@�N@�O��
��/��B�Nห�C$/ 

 

 

 

 

 

 

#G'#CN 3 �@%��'/�N�@�N@��O/$N�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์ 
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2�@�?��@%/@�C/0D�1@"@ค�>/?�//�N�C$�Nห�E/ 4 

 5.5 �@#N'#C"&N#C"&'#>2B#$B @� �@%Q�O�@��/��N@�R#O�CPR�O�@�N�@N�@�N@� ��B�O��Q�O
��/��?�ค/@#%O/��O/$N�%@#BคR!N�/%์ �O/$/B�C�@%�O#�QA (Water Boiling Test) 
 

 

 

 

 

 

 

#G'#CN 4 �@%'�'/�Q�O�N@��CPR�O�@�N�@N�@�N@� �O/$/B�C�@%�O#�QA (Water Boiling Test) [8] 

 

6. (%�@#/B�?" 

  �@%0D�1@�%>2B��B"@ �/�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/��O/$N�%@#BคR!N�/%์ Q�
ค%?Q��CQ #C/?��F�%>2�ค์ N EP///�O��O'>2%O@�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์ 

N EP/N�%C$�N�C$�/F�ห"G#B�/�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์�?���/��B�
Nห�C$/ N EP/N�%C$�N�C$��%>2B��B"@ �/��N@��CPQ�ON�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!
N�/%์�?���/��B�Nห�C$/ 

 !อ%#CN 1 �@#อออ�O&&O%>2#O@�N!@N(@"N@%O&&Q�O�%/%�?%ค/@!#Oอ%N�#@!BคR�N&อ#์  

   N�@N�@�N@�O��Q�O��/��?�ค/@#%O/��O/$N�%@#BคR!N�/%์ �DP�#C2N/��%>�/�Q��@%2%O@� �?��CQ 
     1. N�@N�@�>Q�O�?���@� 200 'B�%  
    2. ��/�Q$O�O/�?�ค/@#%O/�N�%@#BคR!N�/%์��B�#O/� �A�/� 2 #O/� #Cห�O@�CPN�O�
��/��?�ค/@#%O/�N EP/%?�1@%>�?�ค/@#%O/�"@$Q�N�@N�@ 

    3. �N/�'N/$ค/?� #Cห�O@�CP%>�@$ค/?�O'>R/ 

    4. �>O�%�%/�!ื� #Cห�O@�CP%/�!ื��CP�>Q�ON�@N�O��N@�O'>2@#@%�QหON�'/R!�CPQ�O
�F��N@��N/��>O�%�R�ห@!ื�R�O 
    5. �@�>��?� #Cห�O@�CPค/�คF#ค/@#%O/�"@$Q�หO/�N�@N�@ 
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/@%2@%/B�?$O'> ?��@/@�C/0D�1@ 

2�@�?��@%/@�C/0D�1@"@ค�>/?�//�N�C$�Nห�E/ 4 

  ห'?��@%�A�@��/�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์O�N�N�O� 4 �N/� �?��CQ  
   1. �N/��@%R'Nค/@#�E Q� �? Q��/��@%R'Nค/@#�E Q��C Q/$G NQ��N/�/F�ห"G#B  20° C – 270° C 

�AN�O��O/�Q�Oค/@#%O/��@�"@$�/� N E P/QหOR#O!ื�N�B���B�B%B$@�G�ค/@#%O/� (endothermic 

reaction) 2>2#R/OQหOR�O#@� /�CP�>N�B���B�B%B$@ค@$ค/@#%O/� P�$�@%R'Nค/@#�EQ��%>�AR�O 2 /B�C คE/ 
        1.1 �@%QหOค/@#%O/�P�$�%� P�$�@%�F�R#O!ื��@�2N/�Q�N�@N E P/�C P�>�AQหO
�@�2N/��/�R#O�CP�>�A�N@�'F�Rห#O O'>N�B�ค/@#%O/�N C$� /�CP�>R'Nค/@#�EQ�//��@�R#OQ�2N/��CP
Nห'E/ /B�C�CQ�%>2B��B"@ �>�PAO'>ห@�ค/�คF#/@�@0R#N�C�>�AQหON�B��CQN�O@#@� N�O�Nห�FQหO�'�'B��PA  
        1.2 �@%QหOค/@#%O/��@�/O/# P�$�@%�F�N�EQ/N 'B�ห�O@N�@O'>�AN C$�'#%O/�N�O@
R�R'N ค/@#�EQ�//��@�R#O!ื�Q�N�@ ห@�R#O!ื�Q�N�@#Cค/@#�EQ�#@��O�>�O/�Q�ON�EQ/N 'B�O'>N/'@
#@��DQ��O/$ �?��?Q�ค/%�O/��DP�R#O!ื�2� �DP�#Cค/@#�EQ��%>#@� 50-60 % QหONห'E/ค/@#�EQ��%>#@� 
20-30 % N2C$�N/� N EP/N�O��@%�%>ห$?�N�EQ/N 'B�O'>N/'@ 

   2. �N/��@%N�'C P$��@�R#ON�O��N@� �? Q��/��C Q/$G NQ��N/�/F�ห"G#B 270 °C – 400 °C          
P�$�@%N�'C P$��@�R#ON�O��N@��C Q ค/?��C P//�#@�>�%>�/��O/$2@%�N@�N �C PN�B�Qห#N#@�#@$       
ห'@$��B��@��@%2'@$�?/�/�R#O�O/$ค/@#%O/� O'>2@#@%��AR�Q�O�%>P$��์R�Oห'@�ห'@$     
O�N�//�R�ON�O� 2 �N/� 
             2.1 �N/��CP 1 /F�ห"G#B 270 °C – 300 °C �N/��CQR#OQ�N�@2>2#ค/@#%O/�R/O#@�
 /�CP�>N�B���B�B%B$@ค@$ค/@#%O/� P�$R#N�O/�N�B#!ื�ห�O@N�@/C� R#O!ื��>'F�Rห#OO'>2'@$�?/�O/$
ค/@#%O/��CP2>2#R/OQ��?/N/� N�''GP'2�>N%BP#2'@$�?/�CP/F�ห"G#B 275°C �@%2'@$�?/�>N�O�R�/$N@�
%/�N%O/ ค/?��CP//�#@�@��'N/��>N�O�2C�@//#Nห'E/�#C�'BP��F��?� �>N%C$�ค/?��CQ/N@ <ค/?��O@= 
ห'?��@�ค/?��O@#C�%B#@��O/$'�O'>N%BP#N�'CP$�N�O�2CN�@O'O/ �AN�O�/$N@�$BP��CP�>�O/�ค/�คF#
/F�ห"G#BR/OQหOค��CP�'/�N�O�N/'@�@� /2#ค/% N EP/QหO�?Q��/��CQN�O�R�/$N@��O@NO'>2#PAN2#/ 
ค/@#%O/��@�R#O�O@���ห�O@N�@�>คN/$N �N@$ค/@#%O/�R�$?��F��N@�N �?P/�?Q�N�@/$N@��O@N ห@�
�'N/$QหO/F�ห"G#B�DQ�2G�N%O/N�B�R� �>�AQหOR#O�CP2>2#ค/@#%O/�R/O#@��/N@�'@$N�O�N�O@N2C$�N/��CP�>
�N@$ค/@#%O/� R�$?�R#O�CP2>2#ค/@#%O/�R/O�O/$�/N@ O'>/@�#CN�'/R!O'�//��@�ห�O@N�@R�O ห@�
N�B��%�C�?��'N@/R#O2N/����/�N�@�>�'@$N�O��CQN�O@O'>R#O2N/�'N@��/�N�@�>�'@$N�O�2O��N@��A
QหO�'�'B��PA �@%ค/�คF#/F�ห"G#B2@#@%��AR�OP�$�@%ค/�คF#/@�@0�CPห�O@N�@ ค/�คGN�?��@%Q�O
Nค%EP/�#E//?�/F�ห"G#B  
    2.2 �N/��CP 2 /F�ห"G#B 300 °C – 400 °C �N/��CQN�''GP'2$?�2'@$�?//$N@��N/N�EP/�
O'>'B��B� �>N%BP#2'@$�?/�CP/F�ห"G#B 310 °C �@%2'@$�?/�?Q�ห#��>N2%O�2#�G%�์�CP/F�ห"G#B 400 °C 

   3. �N/��@%�AQหO�N@��%B2F��BN (refinement) �D�O#O/N@�?Q��/��@%N�'CP$�R#ON�O��N@� �>
N2%O�2BQ�2#�G%�์O'O/�CP/F�ห"G#B 400 °C O�N$?�#C�%B#@�ค@%์�/�N2�C$% (fixed carbon) �PA O'>
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2�@�?��@%/@�C/0D�1@"@ค�>/?�//�N�C$�Nห�E/ 4 

0
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5 10 15 20 25 30 35 40 45 50 55 60

��/��B�Nห�C$/ ��/�N�%@#BคR!N�/%์

$?�ค�#C�QA#?��B� (tar) N�O�2N/��%>�/�Q��%B#@��CP2G�#@� ห@��AR�Q�O�%>P$��์�>R�O�N@�คF�"@ 
�PA �?��?Q��D��O/�N BP#/F�ห"G#BQหO2G��DQ� P�$�@%�%?�QหO/@�@0Rห'N�O@#@��DQ� /F�ห"G#B�>N BP#�DQ�
N%EP/$N�@� 400 °C N�O� 500 °C O�NN�EP/��@�/F�ห"G#B�O@����/�N�@�>2G��/N@/F�ห"G#B�CP EQ�N�@P�$
Q�ON/'@�@� /2#ค/% �?��?Q�ห@�N%N�QหO/@�@0N�O@N%O/N�B�R�N EP/N BP#/F�ห"G#B �>�AQหO/F�ห"G#B�CP EQ�
N�@2G��DQ��>�D� 500 °C N EP/R'NQหO�QA#?��B�//�R��@��N@� /F�ห"G#B�O@����/�N�@�>2G��D� 700 °C 

Q�N/'@�CPN%O/N�B�R��>�AQหOR#O�O@����'@$N�O�N�O@N2C$�N/� �?��?Q��D�ค/%ค/�คF#/F�ห"G#B�O/$ค/@#
%>#?�%>/?� Q��@���B�?�BN#EP//F�ห"G#B�O@����/�N�@2G��D� 700 °C /@�2?�N��R�O�@�2C�/�ค/?��CPN%BP#
Q2 �>�>��N/�/@�@0N�O@O'O/%/QหOค/@#%O/��N@$N��@��O@����/�N�@'�#@�CP EQ�N�@ /F�ห"G#BQ�N�@
�>Q�'ONคC$��?��F��F��%>#@�  500 °C �DP�Q���>�?Q��>R#N#Cค/?�Nห'E//$GN/C�O'O/ �D��>��'N/�ค/?� 
�?Q��/��@%�AQหO�N@��%B2F��BN�CQ ค/?��CP//�#@�>#C2@%�N/#>N%O���//�#@�O/$N#EP//F�ห"G#B2G��/N@       
425 °C �?��?Q��D�R#Nค/%N�O�ค/?�Q��N/��CQN EP/�AR�Q�O�%>P$��์Q�N ค/%�AR��A�?��N/��BQ�ห%E/�AR�
N�O�N�EQ/N 'B�N�N@�?Q� 

   4. �N/��@%�AQหON$O� ห'?��@��>��'N/�N�@�F��'N/�O'O/ �O/��'N/$�BQ�R/OQหON�@N$O��D��>�A
�N@�R#O#@Q�O�%>P$��์R�O �N/��>N�>�N�@�O/�QหO/F�ห"G#BQ�N�@�PA�/N@ 50 °C N %@>�N@�R#O/F�ห"G#B 
60 °C – 70 °C 2@#@%�'F��B�R!N/�R�O �O@R�O%?�//��BN���@�/@�@0�?��?Q��@%N�>�N�@�O/�N%BP#N�>��CP
�'N/�ค/?��N/�N EP/%>�@$ค/@#%O/�O'>O�P2�CP$?�ค�คO@�/$GNQ�N�@QหOห#� ห'?��@��?Q��D�N�>�ห�O@N�@ 

   !อ%#CN 2 �@#N'#C"&N#C"&อF�ห G!B�อ�N!@N(@"N@%O&&Q�O�%/%�?%ค/@!#Oอ%N�#@!Bค
R�N&อ#์�?&�%/% B%Nห%C"/ 

  

  

 

 

   

 

 

 

 

 

 

#G'#CN 5 �@%N�%C$�N�C$�/F�ห"G#B�/�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์�?���/��B�Nห�C$/ 
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2�@�?��@%/@�C/0D�1@"@ค�>/?�//�N�C$�Nห�E/ 4 

 �@��@%��'/�Q��@%N�%C$�N�C$�/F�ห"G#B�/�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!
N�/%์�?���/��B�Nห�C$/  �/N@N#EP/N%BP#�A�@%/?�/F�ห"G#BN%BP#�O��CPN/'@ 5 �@�C /F�ห"G#Bค/@#%O/��CP
R�O�@���/��B�Nห�C$/�>#C/F�ห"G#B�CP 245°C ��>�CP/F�ห"G#Bค/@#%O/��CPR�O�@���/�N�%@#BคR!
N�/%์�>#C/F�ห"G#B�CP 284°C �DP�#CคN@ค/@#�N@� 86.27% ห'?��@��?Q�N#EP//?�/F�ห"G#Bค/@#%O/�"@$Q�
N�@N�@�F�N 5 �@�C �> �/N@/F�ห"G#Bค/@#%O/�"@$Q�N�@N�@�>N BP#�DQ�N%EP/$N ���D��@�C�CP 60 

/F�ห"G#Bค/@#%O/�"@$Q�N�@N�@�@���/��B�Nห�C$/�>#C/F�ห"G#B�CP 417°C /F�ห"G#Bค/@#%O/��CPR�O
�@���/�N�%@#BคR!N�/%์�>#C/F�ห"G#B�CP 480°C �DP�#CคN@ค/@#�N@� 86.88% O'>คN@ค/@#%O/�N%BP#�O�
�?�ค/@#%O/�2F��O@$�CP�A�@%/?�/F�ห"G#B�/���/��B�Nห�C$/ �>#CคN@ค/@#�N@�คB�N�O�%O/$'> 58.75 

2N/�คN@ค/@#%O/�N%BP#�O��?�ค/@#%O/�2F��O@$�CP�A�@%/?�/F�ห"G#B�/���/�N�%@#BคR!N�/%์�>#CคN@
ค/@#�N@�คB�N�O�%O/$'> 59.17 

 !อ%#CN 3 �@#N'#C"&N#C"&'#>2B#$B @��อ�"N@%#CNQ�ON!@N(@"N@%O&&Q�O�%/%�?%ค/@!
#Oอ%N�#@!BคR�N&อ#์�?&�%/% B%Nห%C"/  
 �Oอ!G%%OAห%?��อ�R!O#CNQ�OQ%�@#(%B!"N@% 

    �@��@%��'/�N EP/QหO#C�%>2B��B"@ �D��AN�O��CP�>�O/�ค/�คF#�%B#@��/��QAห�?�R#O�CPQ�O
Q��@%��'/��F�ค%?Q�O'>�@%�Aห���QAห�?��CQ$?�2@#@%��A�QAห�?�ห'?��@%N�@#@Q�ON�%C$�N�C$�
�%>2B��B"@ �/�N�@R�O N�EP/��@�N�@N�@�N@��CPN�@R�O�QAห�?��O/$�>�N��/��D��@%R'Nค/@#�EQ��CP�C�DP�
�>�N��/��D��%>2B��B"@ �/�N�@N�@�N@��O/$ 

  !@#@�#CN 6.1 �@%@�N�O��O/#G'�QAห�?��/�R#O�CPQ�OQ��@%�'B��N@� 

 

 �@��@%@��CP 6.1 2@#@%�/�B�@$R�O/N@�@%��'/�N�@�N@�P�$N�@N�@�N@�O��หFO#��/��?�ค/@#
%O/�N�%@#BคR!N�/%์�?�O��หFO#��/��B�Nห�C$/ P�$Q�OR#OR�NN�O�/?��F�B��CP�QAห�?� 24 �BP'�%?# 

��/��/�N�@N�@�N@� 
�A�/��@%

��'/� 
�QAห�?�R#O�N/��@%

N�@ (��.) 
�QAห�?�R#Oห'?�
�@%N�@ (��.) N�'CP$(��.) 

 

O����/��?�ค/@#%O/�
N�%@#BคR!N�/%์ 

ค%?Q��CP 1 24 7.2  

7 ค%?Q��CP 2 24 7 

ค%?Q��CP 3 24 6.8 

O����/��B�Nห�C$/ 

ค%?Q��CP 1 24 6  

4.9 ค%?Q��CP 2 24 4.5 

ค%?Q��CP 3 24 4.4 
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2�@�?��@%/@�C/0D�1@"@ค�>/?�//�N�C$�Nห�E/ 4 

N�N@�?�Q��@%�'B��N@� �/N@ Q��@%��'/�N�@�N@�R#OR�N�A�/��?Q�ห#� 3 ค%?Q� N�@N�@�N@�O���CPQ�O
��/��?�ค/@#%O/�N�%@#BคR!N�/%์ 2@#@%��'B��N@�ห'?��@%N�@R�O�@#'A�?��?��CQ ค%?Q��CP 1 R�O 7.2 
�BP'�%?#, ค%?Q��CP 2 R�O 7 �BP'�%?#, ค%?Q��CP 3 R�O 6.8 �BP'�%?# N�'CP$ 7 �BP'�%?# 2N/�N�@N�@�N@�O���CPQ�O
��/��B�Nห�C$/ 2@#@%��'B��N@�ห'?��@%N�@R�O�@#'A�?��?��CQ ค%?Q��CP 1 R�O 6 �BP'�%?#, ค%?Q��CP 2 R�O 
4.5 �BP'�%?#, ค%?Q��CP 3 R�O 4.4 �BP'�%?# N�'CP$ 4.9 �BP'�%?# �@��O/#G'Q��@%@��?��'N@/�>NหO�R�O/N@N�@N�@
�N@��CPQ�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์ 2@#@%��'B��N@�//�#@R�O�QAห�?�#@��/N@N�@N�@�N@��CP
Q�O��/��B�Nห�C$/ O'>N#EP/�A�O/#G'#@คB�N�O�N�/%์N�O��์ค/@#�N@��/��QAห�?��N@��CPR�O�@��'�'B�
�N@��/�N�@N�@�N@��CPQ�O��/��B�Nห�C$/  �/N@�QAห�?�N�'CP$ห'?��@%N�@�/��'�'B��N@�#Cค/@#
O���N@��?� N�N@�?� 2.1 �BP'�%?# ห%E/คB�N�O�%O/$'> 42.85 

 �Oอ!G%# 2อ&'#>2B#$B @��อ�"N@%#CNR O�@��@#N(@"N@% (P "�@#!O!%OA) 
 

 

 

 

 

 

 

 

 

 

 

 

 @�#CN 6.1 O2���@%��2/��%>2B��B"@ �/��'�'B��N@� 

 

  �@��@%��'/�Q��@%N�O��O/#G'�QAห�?��/�R#O�CPQ�OQ��@%�'B��N@��/�N�@N�@
�N@��CP Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์�?�N�@N�@�N@��CP Q�O��/��B�Nห�C$/  �/N@
N�@N�@�N@��CP Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์ 2@#@%��'B��N@�R�O�QAห�?�N�@�/N@
N�@N�@�N@��CPQ�O��/��B�Nห�C$/%O/$'> 42.85  
 �@��@%��2/�P�$�@%N�%C$�N�C$��%>2B��B"@ �/��'�'B��N@�P�$�@%�A
�'�'B��N@��CPR�OR��O#�QA P�$Q�O�N@�R#OR�N�CPR�O�@��@%N�@�N@�R#OR�N�CPQ�O��/��?�ค/@#%O/�N�%@#Bค
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/F�ห"G#B�/��QA�CP�O#�F� 2 �@�C �@�/F�ห"G#B���BR����D� 20 �@�C 2F��O@$%/#�?Q�ห#� 11 ค%?Q� 
�Aห���QAห�?��/��'�'B��N@��CPQ�OQ��@%��'/� N�N@�?� 0.5 �BP'�%?#  �/N@�N@��CP Q�O��/��?�
ค/@#%O/�O��N�%@#BคR!N�/%์  2@#@%��B�R!R�O�@��/N@�N@��CPQ�O��/�O���B�Nห�C$/ P�$#C
/F�ห"G#BN�'CP$�/��QA2G�2F��CP 110°C #@��/N@�N@��CPR�O�@��@%N�@O���CPQ�O��/��B�Nห�C$/#C/F�ห"G#B
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7. 2#F'(%�@#/B�?" 

 �@%0D�1@�%>2B��B"@ �/�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/��O/$N�%@#BคR!N�/%์ Q�
ค%?Q��CQ 2%F��'�@%/B�?$R�O�?��CQ 
 7.1 �@%//�O��O'>2%O@�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์ N�@N�@
�N@�O��Q�O��/��?�ค/@#%O/��O/$N�%@#BคR!N�/%์ �DP�#C2N/��%>�/�ห'?�คE/N�@N�@�>Q�O�?���@� 
200 'B�%, ��/�Q$O�O/�?�ค/@#%O/�N�%@#BคR!N�/%์, �N/�'N/$ค/?�, �>O�%�%/�!ื�, �@�>��?� 
ห'?��@%�A�@��/�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์O�N�N�O� 4 �N/��?��CQ 1. 
�@%R'ค/@#�EQ�, 2. �@%N�'CP$��@�R#N���@�, 3. �@%�AQหON�O��N@��%B2F��BN, 4. �N/��@%�AQหON$O� 

 7.2 �@%N�%C$�N�C$�/F�ห"G#B�/�N�@N�@�N@�O��Q�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์
�?���/��B�Nห�C$/ /F�ห"G#BN%BP#�O�ค/@#%O/��CPR�O�@���/��B�Nห�C$/�>#C/F�ห"G#B�CP 245°C ��>�CP
/F�ห"G#Bค/@#%O/��CPR�O�@���/�N�%@#BคR!N�/%์�>#C/F�ห"G#B�CP 284 °C �DP�#CคN@ค/@#�N@� 86.27% 

���D��@�C�C P 60 /F�ห"G#Bค/@#%O/�"@$Q�N�@N�@�@���/��B�Nห�C$/�>#C/F�ห"G#B�C P 417°C 

/F�ห"G#Bค/@#%O/��CPR�O�@���/�N�%@#BคR!N�/%์�>#C/F�ห"G#B�CP 480°C �DP�#CคN@ค/@#�N@� 86.88% 

O'>คN@ค/@#%O/�N%BP#�O��?�ค/@#%O/�2F��O@$�CP�A�@%/?�/F�ห"G#B�/���/��B�Nห�C$/ �>#CคN@ค/@#
�N@�คB�N�O�%O/$'> 58.75 2N/�คN@ค/@#%O/�N%BP#�O��?�ค/@#%O/�2F��O@$�CP�A�@%/?�/F�ห"G#B�/�
��/�N�%@#BคR!N�/%์�>#CคN@ค/@#�N@�คB�N�O�%O/$'> 59.17 

 7.3 �@%N�%C$�N�C$��%>2B��B"@ �/��N@��CPQ�ON�@N�@�N@�O��Q�O��/��?�ค/@#%O/�
N�%@#BคR!N�/%์�?���/��B�Nห�C$/ �@��@%N�%C$�N�C$��QAห�?��/�R#O�CPQ�OQ��@%N�@�N@��N/�O'>
ห'?��@%N�@  �/N@�'�'B��N@��CPR�O�@�N�@N�@�N@��CPQ�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์ �'B��N@�
R�ON�@�/N@N�@N�@�N@��CPQ�O��/��B�Nห�C$/ P�$#C�QAห�?��CPN�@�/N@ 2.1 �BP'�%?# ห%E/คB�N�O�%O/$'> 
42.85  �@��@%N�%C$�N�C$�คF�"@ �/��N@�R#OR�NP�$�@%�A�N@�R#OR�NR��O#�QA  �/N@�'�'B��N@��CP
R�O�@�N�@N�@�N@�R#OR�N�CPQ�O��/��?�ค/@#%O/�N�%@#BคR!N�/%์ QหOค/@#%O/�R�O2G��/N@�'�'B��N@��CP
R�O�@�N�@N�@�N@�R#OR�N�CPQ�O��/��B�Nห�C$/ P�$#C/F�ห"G#BN�'CP$�/��QA2G�2F��CP 110°C #@��/N@�N@�
�CPR�O�@��@%N�@O���CPQ�O��/��B�Nห�C$/#C/F�ห"G#BN�'CP$�/��QA2G��CP 103°C �CP�#@��/N@%O/$'> 7.63 
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