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3.  ���» �b���‹
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3.1 SiC4ß�ì0Û�o�¥�î�»�b VVUQ 
 
(1) )+�œ0è9‚�b =
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�$×��9‚�†/œ�W�S��  

�W3.1- 1 �_��9‚/æ*(�b�+$��W�
�W 3.1- 2 �_0è9‚4Š�b�Ô�¹�Ý�†&g�M���p�¸�_�±�å�¢�«�¸�å)z�

�Q�b�¥
��_�
'ö"g�b SiC�†0¿*(�M�•��!Õ7Á�P�† SiC�b/²8��_0¿*(�K�Z ��Ø�†0£ ��K�S�� �±�å�¢
�«�¸�å)z�Ä�î�±�î�†%$�v�•!Õ�K�
 SiC 0è9‚"&�†6ë�K$×�_�•!Õ�M�•�¦�\�K�S���r�S�
0è9‚"&�b�¥

��_�c�
�¢�Û�Ç�“�–�º
Ç'Ä�[0]�8�
0è9‚"&�?�}�b3}�U!Õ�†�w�E�•�\�\�v�_�
/²8�'��†'��8�[
�¥4Š�_�x�c�~3}�U�[�Ž!Õ�K�Z�8�•���¥
��b�¢�Û�Ç�“�–�º
Ç'Ä�c�* ��[�6�~�
4ß�ì�b�s8j�c�a
�^�8��  

�W3.1- 2�_&g�M�|�:�_�
 �G�b ��9‚ /æ*(�c�
�z�_�«�¸�å�Þ�« 0� �&6â�³�Õ�å�Â�î�
5¡7Á���
�ž�«
�j)%�©�«�¸�Ò�
7Á ;�©�«�¸�Ò�
�¹�î�±�p7Ÿ�©�«�¸�Ò�[�S�B�I�€�Z�8 �• ���&6â�I�€�S �«�¸�å�Þ
�«0� �³�Õ�å�Â�î�c�
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�$×�^0è9‚"&�\�K�Z �
 �w2

���b !•)� SiC 'ö ( 6×�I 30 mm�
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�» �b�¥
��_4Ä*( �K�S �� �V3Ù�b�|�:�_�
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��¢�Û�Ç�“�–�º �c�
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 �l�g �”�Ý�¦�å�v�[�S�B �K�S ��  

0£'ì�_#Ý�8�S �Ó�µ�©�×�•8��W�†�W 3.1 - 3 �_&g�M�� �ö =�Ó�µ�©�×�§�–�¬�c 0.001m�\�K �
�C#ú
�™�\�h 3Æ
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 �”�Ý�¦�å�ž�«�P�v�C#ú�\�K �S��/²
3.1- 1 �c �z0[�^ �C#ú�²�ó�† &g�K�Z�8�•���”�Ý�¦�å�
�±�å�¢�«�¸�å�
�­�Û�Ñ�µ�¡�É�Þ�î�º�^�]�b
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 �¤�€ %Ê'2
�¹�î�±�_�ö�Y�8�Z �8�• ( 1)( 2) �� �•!Õ  ;�c�
�±�å�¢�«�¸�å �b �M�] $Î!Õ�\�K�S��  

�W3.1- 4�_  ��Ø���b �©�Ñ�×�Þ�î�©�Ù�å )��Ý �b�[ �†&g�M��!Õ7Á�P�b�)*( '¼�_�>�8�Z �
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 �±�å�¢�«�¸�å�ß�µ�» �„�\�­�Û�Ñ�µ�¡�É�Þ�î�º�b�œ�Ü�Ç�•�«%$�„�† �Ã�Û�Ó�î�±�\
�K�Z�
�q4:�^0è9‚/æ*(�†0Ž�Ò�_�|�W�Z�Ó�u�S�� SiC ��Ø�† 1400�¥�\�^�•�\�\�v�_�
 �±�å�¢�«�¸
�å�\�­�Û�Ñ�µ�¡�É�Þ�î�º�b/²8� ��Ø�@�Q�€�R�€ 2800 �¥�è�W�l�g 1800 �¥�è�W �_�^�• �²�ó�†�H
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�Ä�î�±�î�[�6�• �±�å�¢�«�¸�å�ß�µ�»�„�\ �­�Û�Ñ�µ�¡�É�Þ�î�º
'0 �„ �\ �K�S�� �©�Ñ�×�Þ�î�©�Ù�å)��Ý�_�ö�Y�A�
%$�„ 2.5 mm�b�±�å�¢�«�¸�å�¬�\ '0 �„ 6 mm�b�­
�Û�Ñ�µ�¡ �É�Þ�î�º�†�† =�\�K�
��9‚/æ*(�b0��8�†/œ�W�S���^�>�
0è9‚"&�g"g�–�_�
�©�Ñ�×�Þ
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�Ò�
7Á ;�©�«�¸�Ò�
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�¸�å �Ä�î�±�î�
0è9‚"&�[�6�• SiC�
 �¥
��¢�Û�Ç�“�–�º �†�–�â�M�•�S�u�_ �
�V4Š �l�g �W4Š�_ �”�Ý
�Ñ�¼�É�Þ�î�º ��(99.5%)�†0¿*(�K�Z�8�•���±�å�¢�«�¸�å�Ä�î�±�î�c �
�V4Š �l�g �W4Š�b 5¡7Á�� �_�K
)F�I�€%$�v�•!Õ�†/œ�:���\�6�b0¿0£#Ý�8�Z�8�S �­�Û�Ñ�µ�¡�É�Þ�î�º �@ P/%�M�•�S�u �
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�W3.1- 1 �_&g�M�|�:�_�
 �Ä�î�±�î�[�6�• %$�„ 3 mm�b�±�å�¢�«�¸�å�ß�µ�»�b�¥
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Æ�„ 9 mm�\�¥�„ 15 mm�b �¢�Û�Ç�“�–�º
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Ç'Ä �b�¥
��_4Ä*( �M�• �� �•�S�B�_�>�8�Z�

4ß�ì�o�Â�†0£ ��M�• �¢�Û�Ç�“�–�º �v�K�C�c SiC�b/²8�'� �c  2940.05 mm2 �\�^�• ���G�b8�'��c�

/²8�'��6�S�~�b5�5��ö�a"á�r�S�c5�5��Q�•"á�†0£'ì�M�•�S�u�_ #Ý�8�S��   

4ß�ì 5� �c�
 SiC 0è9‚"&�b5�5��Q�•�r�S�c5�5��ö�a�† 0£ � �M�•�G�\�_�|�W�Z �Ó�u�}�€�•���±
�å�¢�«�¸�å�ß�µ�»�b �ª�×�î�Ý�•!Õ �_�|�W�Z $Î#Õ�K�S!Õ�c�
 SiC 
Ç'Ä�_3}�U�_�|�~��4)�I�€�
�I
�}�_ �¥
��¢�Û�Ç�“�–�º�_ 3}�U�_�|�~ ��4)�I�€ �•�� SiC 
Ç'Ä �\�¥
��¢�Û�Ç�“�–�º�b ��Ø �?�}�
�©
�Ñ�×�Þ�î�©�Ù�å�†�|#Ý�M�•�G�\�_�|�~ �
�:�U!Õ��4)�†0£'ì�[�A �• ��  

��9‚�[�c�
 2 '�8®�b�”�Ý�¦�å�ž�« �†#Ý�8�S�� (ç�Ø  99.99% �”�Ý�¦�å�ž�«�_�>�8�Z�
 4ß(ò ð�Ø
�c  10 ppm �• 6 �\�^�•���r�S (ç�Ø  99.999% �”�Ý�¦�å�ž�« �[ �c �
4ß(ò ð�Ø�c  0.2 ppm �• 6�[ �6
�• �����–"g�Â�b ��Ø�²�ó�_�?4)�K�S�‹�
�¸�«�º�­�¡�©�Ù�å�b�Ï4Š�?�} �”�Ý�¦�å�ž�«�†�@
°�M
�• �� ��9‚�c  60 �(6ë )E)F�I�O�•�� ��9‚�²�ó �>�|�g��9‚)��Ý �†/² 3.1- 2 �_�r�\�u �• ��  

SiC �\�b�š3Q�†/œ�:�S�u�
�r�N�
�¢�Û�Ç�“�–�º�_�|�•��9‚ ( ��9‚$��• #00)�†���‹�K�S�� 
Æ�„  
9 mm�
�¥�„  15 mm�
6×�I  39 mm �b�¢�Û�Ç�“�–�º
Ç'Ä�p'5'ö�†�Q#Ý�K �
 10 ppm �b4ß(ò ð�Ø�[��
�‹�K�S��4ß�ì ��9‚ �p�b �¢�Û�Ç�“�–�º �\�¥
� �¢�Û�Ç�“�–�º �b ��Ø4#�û�†�W 3.1- 5 �_&g�M�� 7Á�Š
865W�[�±�å�¢�«�¸�å�ß�µ�»�†�ª�×�î�Ý�•!Õ�M�•�\�
�¢�Û�Ç�“�–�º  ��Ø �c  1200�¥ �_4)�K�
 �G�b
"g�Â�† 60 �(6ë )E)F�K�S �� 0è9‚"&5�5��c��9‚�b�S�‹�_ ����K �
4ß�ì��9‚�_�|�•5�5��Q�ö�†0£ �
�K�S��  

 
 2) 4ß�ì��9‚  

SiC 4ß�ì��9‚�c�
�w2
�b!•)� SiC �†#Ý�8�S���^�>�
 ��Ø�²�ó�† 1200�¥�
 1300�¥�l�g 1400�¥
�b 3 '�8®�_�š�f�K�Z��9‚�†/œ�W�S����9‚�c�
 (ç�Ø  99.999% �b�”�Ý�¦�å�ž�« �†#Ý�8�S�b�[�
 4ß
(ò ð�Ø�c  0.2 ppm �• 6 �[�6�• �� �W3.1- 6 �_��9‚$��• #01 �b ��Ø4#�û�†&g�M�@�
 1200�¥��9‚�_
�>�8�Z�
 SiC �b/²8� ��Ø�c(Ù  1180�¥ �_4)�K �Z�8�• ���¥
��¢�Û�Ç�“�–�º>& OG>' �b0£ �  ��Ø�c  
750�¥�\  ����I�€�
 (1) �r�[���‹�K�S �©�Ñ�×�Þ�î�©�Ù�å�?�}0£'ì�I�€�S�¥
��¢�Û�Ç�“�–�º ��Ø
>&753�¥ >'�\�o�p�M+´�K�Z�8 �• ���G�b�M+´�_�|�~�
 3}�U�†���: �©�Ñ�×�Þ�î�©�Ù�å �@�è0É�I�€ �S��  

�^�>�
�W 3.1- 5 �\�W 3.1- 6 �†�š3Q�M�•�\�
0è9‚"&�@ �¢�Û�Ç�“�–�º �b���œ ( #00/�W 3.1- 5) �\  
SiC �b ���œ ( #01/�W3.1- 6) �b /²8� ��Ø�@ (Ù 1200�¥�\ � �L�[�v�
�¥
��¢�Û�Ç�“�–�º ��Ø�_�c�±�A
�^�j�@�6�• �� �G�b �j �c�
�¢�Û�Ç�“�–�º�\  SiC �[ �:�U"á �@$��^�• �S�u�[�6�• �� SiC �b�:�U"á�@



3.1- 3 
 

�¢�Û�Ç�“�–�º�|�~�v9×�8�G�\�†*ƒ�Ö�M�•�\  ( /² 3.1- 2) �
 SiC /²8��\�¥
��¢�Û�Ç�“�–�º�b6ë�b
�:�U!Õ��4)�@�|�~�±�A�C�^�~�
�Q�b)��Ý�
�¥
��¢�Û�Ç�“�–�º ��Ø�@9×�C�^ �• ��  

1300�¥�b SiC 4ß�ì��9‚ ( #02/�W 3.1- 7) �[�c�
 0è9‚"&�b4”�œ�_�|�~�
 %·�86×�I�b  SiC 
Ç'Ä
(30 mm)�[���‹�K�
 (Ù 1320�¥�\�^�W�S�� �¥
��¢�Û�Ç�“�–�º  (OG) ��Ø�c(Ù  820�¥ �[ �
 �©�Ñ�×�Þ
�î�©�Ù�å�?�}0£'ì�I�€�S�¥
��¢�Û�Ç�“�–�º ��Ø�\�o�p�M+´�K�S��  

1400�¥�b SiC4ß�ì��9‚ ( #03�W3.1- 8) �[�c�
 K�º!Õ7Á�P�b ��� ��Ø(
�V�†�œ�î�Â�î�K�Z�>�~�

SiC �b ��Ø�c%$�K0£ ��[�A�^�?�W�S���G�b�S�u�
�¥
��¢�Û�Ç�“�–�º (OG) ��Ø�\�
�©�Ñ�×�Þ�î�©
�Ù�å)��Ý�|�~�
 SiC �b ��Ø�c 1400�¥�\�^�W�S�\�N���K�S��  

 
 3) ��9‚)��Ý  

�Q�€�R�€�b)+�œ 0è9‚ �_�>�E�• 5�5� ����¹�î�± �†/² 3.1- 3�_&g�M���r�N�
�¢�Û�Ç�“�–�º0è9‚"&
�_�P�K�Z�
 10 ppm �\�8�:�*4ß(ò ð�Ø �b�S�u �
4ß�ì �c���(�_�`�I�8���r�S�
 SiC 0è9‚"&�[0{�9
�I�€�S5�5��Q�•�c�
�]�U�}�b���œ�v SiO2 �@/²8��_�g�B�I�€�S�\*ƒ�<�}�€�•��/²�_�c�
 /²8�'�
�_�P�M�•5�5��b�ö�a�r�S�c�Q�• �†&g�M��  "I�_�
5�5��Q�•"á�c 0è9‚"& ��Ø�V�¼�_���8 �ö�a�K �Z
�8�•��  

4ß�ì��9‚�‹�_�Ü�s�K�S SiC �b�§�å�É�Ý
×%?�†�W 3.1- 9 �_&g�M��9× ��[�c�
 SiC /²8��c�|�~
4ß�ì�I�€�Z �8�• �|�:�_ 0{ ��I�€�•���^�>�
 �±�å�¢�«�¸�å�ß�µ�»�\  SiC �b�g�‰�@� �ì�_ 4ß�ì�M
�•�S�u�_�g�B�I�€�S�\�î�ƒ�€�•�˜�î�Ý�º�b�S4� �v0{ ��I�€�S��  

 

�s  RS- SiC(Si - rich) 0è9‚"&�†#Ý�8�S)+�œ0è9‚�� R5��  

1) �U�™0è9‚ 

3.2 (��_�>�8�Z0��8�K�S RS- SiC 0è9‚"&�†#Ý�8�
)+�œ0è9‚�†���‹�K�S���G�b0è9‚"&�b�M�2�c�


Æ�„  23.8 mm�
�¥�„  33.8 mm�
6×�I 18.6mm�b RS- SiC 
Ç'Ä�\�^�•���¥�„�@�±�A�C�^�~�
7V!Õ�_
�$�Z�M�•/²8�'��@�Q�•�M�•�S�u�
�V�W�_�¢�Û�Ç�“�–�º�Í�Ý�²�î�†#Ý�8�Z�
9× �"g�Â�†�–�X�G
�\�†0è�s�S���U�™0è9‚ (3- layer) �\�ç�j�� �U�™0è9‚�b0è9‚/æ*(�†�W 3.1- 10�_&g�M�� �Í�Ý�²�î�b
�¥�„�c RS- SiC 
Ç��0è9‚"&�\ � �L  33.8 mm�

Æ�„�c  21.6 mm�
6×�I�c  54.2 mm �\�K�S�� RS- SiC

Ç'Ä �\ �¢�Û�Ç�“�–�º �Í�Ý�²�î �c�
%$�„  3.5 mm �b�±�å�¢�«�¸�å �ß�µ�»�[ �ª�×�î�Ý�•!Õ �I�€�• ��  

�I�}�_�
6×�I  127 mm�

Æ�„  41 mm�
�¥�„  65.8 mm �b�¥
��¢�Û�Ç�“�–�º �† �
 0è9‚"&�b�¥ 
��_
4Ä*(�M�•�� �G�b�¥
��¢�Û�Ç�“�–�º�
 0è9‚"&�?�}�:�U�I�€�•!Õ�š�¿�Ý� �î�† �¾�p�M�•�\�\�v�_�

��9‚�p�_�ó���K�S�ž�«�v �†�S�B�M�•�� �r SiC �†#Ý�8�S)+�œ0è9‚ �\� �]�_�
�G�€�} 0è9‚"&�\�¥
�
�b�¢�Û�Ç�“�–�º�c  2 �Û�b�”�Ý�Ñ�¼  (99.5%) �•!Õ�É�Þ�î�º �[�–�â�M�• ��  

0è9‚"&�[�6�• RS- SiC 
Ç���
 �¢�Û�Ç�“�–�º�Í�Ý�²�î �
�¥
� �¢�Û�Ç�“�–�º �^�] �b ��Ø�† ����M
�•�S�u�_�
 K �º!Õ7Á�P �† #Ý�8�S�� ��Ø0£ ��¹�î�±�\�©�Ñ�×�Þ�î�©�Ù�å�†�š3Q�K�Z�
 ��Ø�²�ó�†
0Û�o�M�•��  

�W 3.1- 11 �c�
 �U�™0è9‚ �_�>�E�• ��Ø�b �©�Ñ�×�Þ�î�©�Ù�å)��Ý�†&g�K�Z�8 �• �� �•�©�Ñ�×�Þ�î
�©�Ù�å)��Ý�\!Õ7Á�P�b�¹�î�±�?�}�
 SiC /²8� ��Ø�¹�î�± �†�Ó�u�Z�8�•��  

 
/² 3.1- 4 �_�
0è�8�K�S RS- SiC �†#Ý�8�S��9‚�²�ó�>�|�g��9‚)��Ý�†�r�\�u�Z0°�M���^�>�
0è

9‚"&�c�
 3.2 (��[0��8�K�S>0�¶�b0è9‚"&�†#Ý�8�Z�8�•��0è9‚"&�¡�_�Q�€�R�€�q�r�\�K�Z0è9‚"&
�†�(�E�Z�8�•��0è9‚"&�q�_�X�8�Z�c�
)+�œ0è9‚�b�b�U3É3æ�K�
�5�u�Z TG- DTA�^�]�b0Û�o�†��
�‹�K�Z�8�•�� 3.2 (��_�>�8�Z�c�
 RS- SiC(Si - rich) �\�K�Z�r�\�u�Z�8�•��  

�U�™0è9‚�c0è9‚"&�q�\0è9‚"&�r�†#Ý�8�Z���‹�K�S���8�N�€�v ��Ø�c 1300�¥�[�6�•����9‚$�
�• #11>| #21�b>2�G��9‚�†/œ�W�S��  

�W3.1- 12 �_�
��9‚$��• #11(0è9‚"& ��Ø  �����������¥ �
 4ß(ò ð�Ø 0.2 ppm)  �_ �>�E�• ��Ø�š�T�†
&g�M�� 60 �( ���–"g�Â�†�–�W�S �‹�_5�5� ����b�S�u�_ 0è9‚"&�†�v�~���K�S���g�Õ�^�@�}�
 RS-
SiC 0è9‚"&�_�v�~�Ü�E�}�€�S K �º!Õ7Á�P�c �
 (Ù 40 �(�†4#�B�S�G�•�_�
 9× ��_�|�~%Ú�†�K �
 �
�Ø�_���c�“�}�€�^�C�^�W�S���K�?�K�
�¥
� �¢�Û�Ç�“�–�º�b�¥
�/²8��_�v�~�Ü�E�}�€�S!Õ7Á�P



3.1- 4 
 

�c�·�8�†)F�E�
�W  3.1- 11 �_&g�M�©�Ñ�×�Þ�î�©�Ù�å)��Ý�\�M+´�K�Z(Ù  920�¥ �†)T�â �K�Z�8�•��
�K�S�@�W�Z�
 60 �(6ë�b4ß�ì ��9‚�p�
 RS- SiC 0è9‚"& ��Ø �c (Ù 1300�¥ �_)T�â �I�€�Z�8�• �\*ƒ�<�}
�€�• �� �G�b�|�:�_�
9× ���9‚�b���œ�c�
!Õ7Á�P%Ú�†�_�|�W�Z0è9‚"& ��Ø�@%$�K0£ ��[�A�^�C
�^�•���œ�@�6�•�@�
�Q�b���œ�[�v�

°!Õ�l�g�¥
��¢�Û�Ç�“�–�º ��Ø�@�š�·�K�Z�8�^�8�G�\�†
�v�W�Z�
�•���K�S ��Ø�@)E)F�K�Z�8�•�v�b�\�K�S��  

�^�>�
��9‚$��• #11 �_�>�8�Z�c�
�"�™0è9‚�[�“�}�€�Z�8�•2A5��Q�•�c0{ ��I�€�N�
2A5����†
�@0{ ��I�€�S���G�b�S�u�
��9‚$��• #12, #13 �\�
 � �L ��Ø (1300�¥ ) �[�
�|�~9×�84ß(ò ð�Ø  10 
ppm�_�>�E�•��9‚�†���‹�K�S�� #12 �[�c�
 #11�b��9‚�b)��Ý�
 4ß�ì�K�S/²8��† #1200�b �§�å�»�Ì
�î�Ã�î�[ �P�~�
4ß�ì+w�†- �\ �K�S�‹�
� �L 0è9‚"&�†
Ì�<#Ý�K�S (Clean- up�\/²0° ) �� #13�[�c�

#12 �b��9‚�‹�b4ß�ì�K�S/²8��c�P�}�N�
�Q�b�r�r�b/²8��²�ó�[�
 � �L 0è9‚"&�†�Q#Ý�K�S (As- is
�\/²0° ) ��  ��Ø4#�û)��Ý�c�M�m�Z�b��9‚�[� �]�[�6�W�S��  

�G�b)��Ý�
/² 3.1- 4 �_&g�M�|�:�_�
 3 �G�b ��9‚ �\�v�
 5�5��†�» �@0{�9�I�€�S�� 5�5��š�ì5��c�

�6�‡ (#11/Initial) �
�§�å�»�Ì�î�Ã�î (#12/Clean- up)�
�Q�b�r�r (#13/As- is) �\�v�
�±�A�^
4
�¥�b�š�ì�c0b�}�€�^�?�W�S���W 3.1- 13 �_�
��9‚�S�
�>�|�g�Q�€�R�€�b��9‚�‹�b"g�#�†&g�M��
�p�¸4Š�(�@ RS- SiC0è9‚"&�[�6�•���6�‡ (#11/Initial/ 0.2 ppm)  �[�b4ß�ì��9‚�‹�b 0è9‚"&/²8�
�c�
 �§�å�»�Ì�î�Ã�î (#12/Clean- up / 10ppm) �l�g�Q�b�r�r (#13/As- is/10ppm) �[�b��9‚�\�š3Q
�K�Z /²8�"g�#�@ �|�~4ß�ì�I�€�Z�8�•�|�:�_ 0{�9�I�€�• �� �o�Â!•)��[9× � (1500�¥ ) �[�b!•)��‹
�_�
�ì6ë�@)�4#�K�Z�>�~�
 SiC /²8��_4ß(ò�@�¾%T�K�Z�8�S�•+��ö�v�6�•���r�S�
�g$� Si �b�s
8j�v�6�•�•+��ö�@�6�•���G�b RS- SiC�q0è9‚"&�c�
 #13��9‚�b�b�U�
�(�Ò�b�S�u�¾�¿�d���±�Û�_
3É3æ�K�
3.2 (��[�
 TG- DTA�^�]�b0è9‚�†���‹�K�Z�8�•���^�>�
 3.2 (��_&g�I�€�•�|�:�_�
 TG-
DTA�[�c�
�8�N�€�b�²�ó�[�v2A5��Q�•�@�“�}�€�Z�8�•��  

�‚�K�80è9‚"& RS- SiC�r�†#Ý�8�Z�
 #11 �\� �]�b��9‚ ( ��9‚$��• #21)�†���‹�K�S��4ß�ì�b�s8j
�†0Û�o�M�•�S�u�
4ß(ò ð�Ø�† 1000ppm�\�K�
� �L 1300�¥�b��9‚�†/œ�W�S��)��Ý�\�K�Z�
�ƒ�N
�?�^5�5����†�@0{ ��I�€�S�@�
 ���1��j�†*ƒ�Ö�M�•�\�
�o�p5�5��š�ì�c�^�?�W�S�\*ƒ�<�•�G
�\�v�[�A�•���W 3.1- 14 �_�
��9‚�S�‹�b0è9‚"&�b
×%?�†&g�M���^�>�
4ß(ò ð�Ø�@�Q�<�S�S�u�_�

�V�W�_0¿*(�K�S�¢�Û�Ç�“�–�º�Í�Ý�²�î�b4ß�ì�v0{ ��I�€�Z�8�•�� 1000ppm�b�”�Ý�¦�å�ž�«�†�W
4Š�?�}�_
°�K�Z�8�•�@�
�W4Š3Æ
��_�¢�Û�Ç�“�–�º�b4ß�ì�b�]%&�@0b�Z�v�€�•��  

�è�V�b��9‚)��Ý�|�~�
�U�™0è9‚�_�>�8�Z�c�
 TG- DTA�[0{ ��I�€�S�|�:�^2A5��Q�•�c0{ ��I
�€�^�?�W�S���G�b�N�I�_�X�8�Z�c�
 4ß(ò ð�Ø�b4*�8�x�
 ��9‚�‰�2�_�|�•�\�G�•�@*ƒ�<�}�€�•��  

 

2) �"�™ 0è9‚  

�U�™0è9‚�_�>�8�Z�c�
�8�N�€�b��9‚�_�>�8�Z�v�
 RS- SiC 0è9‚"&�b5�5� �Q�•�@0{ ��I�€�^�?
�W�S���G�b�S�u �
 �q SiC �†#Ý�8�S)+�œ0è9‚�\� �]�_�
 �¢�Û�Ç�“�–�º�Í�Ý�²�î�†�Q#Ý�O�N�
 SiC
0è9‚"&�†�­�Û�Ñ�µ�¡�É�Þ�î�º�[%$�K�–�â�M�•��9‚�†/œ�W�S���"�™0è9‚ (Single) �\�ç�j���^�>�

�"�™0è9‚�[�c�
!Õ���_�_�|�•�V�W�­�Û�Ñ�µ�¡�É�Þ�î�º�l�b7V!Õ5��@�Q�±�K�
 1300�¥�b��9‚�c
���‹�M�•�G�\�@�[�A�^�8���G�b�S�u�
 1200�¥�b��9‚ ��Ø�[�"�™0è9‚�†���‹�K�S ( ��9‚$��• #26)��
4ß(ò ð�Ø 0.2ppm �\�K�S�@�
 1200�¥�[�v 15 �(&ì�Ø�[�±�å�¢�«�¸�å�Ä�î�±�î�@ P/%�K�S��/²
3.1- 4 �_&g�M�|�:�_�
5�5��Q�•�@0{ ��I�€�Z�8�•��  

�"�™0è9‚�[�c�
 9× � �b��9‚�@�T7´�[�6�•�S�u�
 ��Ø�† 1000�¥�\�K�
 4ß(ò ð�Ø�† 0. 2ppm�\
10ppm�\�K�S��9‚�†>1�G���‹�K�S ( ��9‚$��• #27,#28,#29) ���q�6�b��9‚$��• #27 �[#Ý�8�S RS-
SiC 0è9‚"&�c�
 1200�¥�[ 15 �(4ß�ì�I�O�S��9‚$��• #26 �b��9‚)
�¢�ì�b"g�Â�†�Q�b�r�r#Ý�8�S
(As- is) ���Ã�Û�Ó�î�±�c�
 1000�¥�[4ß(ò ð�Ø 10ppm�[�6�•�����_�
��9‚$��• #28 �_�>�8�Z�c�

��9‚$��• #27)
�¢�‹�_�
�§�å�»�Ì�î�Ã�î�[4ß�ì/Õ+w�†�P�~�
 1000�¥�[4ß(ò ð�Ø 10ppm�b��9‚�†
���‹�K�S���I�}�_�
��9‚$��• #29 �_�>�8�Z�c�
��9‚$��• #28 )
�¢�‹�_�
�§�å�»�Ì�î�Ã�î�[4ß�ì
/Õ+w�†�P�~�
 1000�¥�[ 0.2ppm�b��9‚�†���‹�K�S���G�€�}�b 3 �G�b��9‚�_�>�E�• ��Ø4#�û�†�

�W3.1- 15 �_�r�\�u�•���š3Q$×�* ��[�6�•�S�u�
!Õ7Á�P�_�|�• ��Ø&�1��v�[�A�Z�8�•��  

>/�ì6ë�–�â�K�S�‹�b 5�5��Q�•�r�S�c5�5� ���† �b�¹�î�±�†/²  3.1- 4 �_&g�M�� 4ß�ì/Õ+w�†�P�W
�S#28 �l�g #29 �b��9‚�_�>�8�Z�c�
�8�N�€�v5�5��Q�•�@0{ ��I�€�Z�8�•���M�‰�
4ß�ì/Õ+w�†�P
�}�^�?�W�S #27 �_�>�8�Z�c5�5����†�@�“�}�€�Z�8�•��� �]�b��9‚�_�>�8�Z�
5�5��Q�•�\���†�b
�g�‰�b�¹�î�±�@�“�}�€�Z�8�•����9‚6ä���S�_�c�
%?'5�p�[4ß(ò�†���(�_7V�d�K�Z�8�•�@�
4ß



3.1- 5 
 

�ì/Õ+w�x SiC�_�Ñ�S�K�Z�8�•4ß(ò�@�²�N�K�v���(�_7V�d�[�A�Z�8�^�8�v�b�\*ƒ�<�}�<�•���6�‡
"g�Â�\�K�Z�
 RS- SiC 0è9‚"&/²8�3Æ
��_�Ñ�S�K�Z�8�•4ß(ò�b�s8j�@!“0i�[�A�^�8���G�€�c�
4ß
(ò ð�Ø 0.2ppm�\4ß(ò ð�Ø 10ppm�b��9‚)��Ý�@�±�A�C$��^�}�^�8�¦�?�}�v�•���I�€�•��  

 

)+�œ0è9‚�c�
���µ�[�Q�ƒ�€�• SiC�¥�å�Ã�¡�º�\� �]�b�M�2�[�b��9‚�[�6�•����9‚/æ*(�v�±�º
�ì�K�
%?'5�³�Õ�å�Â�î�b�±�A�I�v 60cm&ì�Ø�\�^�~�
��9‚�_�ì6ë�@�?�?�•���r�S�
(­�&�^��9‚
�†���‹�K�Z�8�•�@�
�•%Ê'2�[�v�“�M�m�A4ß�ì5��c�
0è9‚"&�b�±�A�I�_�š3Q�K�Z�v���(�_�`�I
�C�
 0.01%&ì�Ø�b�ƒ�N�?�^5�5��š�ì�†0£ ��M�•�²0[�@�6�•����9‚�b�Y&��?�I�@�š3Q$×�±�A�C�^
�•�S�u�
���ö$×�^
4�¥�†�“�•�S�u�_�c���(�[�6�•�@�
�Y&��?�I�b�*�ö�@�²0[�[�6�•�� �^�>�

4ß(ò ð�Ø�@ ð�8�²�ó�b��9‚�c�
�•��9‚/æ*(�[�c�M4ß�ì!c(ò�†$Î#Õ�I�O�•�
�€�@�6�•�G�\�?�}�

�o�\�‡�]���‹�[�A�^�?�W�S���q�±�[ 0.1%(1000ppm)�[�b��9‚�†���‹�K�S�@�
�ö�•$×�_�c 0.2ppm
�v�K�C�c 10ppm�[�b��9‚�\�K�Z�8�•����9‚�ì�b�Ü�«�¡�†�*�ö�M�•�G�\�
�I�}�_�
��9‚�b�Y&��?
�I�†�*�ö�M�•�S�u�_�v�
)+�œ0è9‚�_�X�8�Z�
�|�~�¥�å�Ã�¡�º�ì�†�W�•�G�\�@�²0[�[�6�•��  

 

 

(3) THYTAN�b VVUQ�� R3- R5��  
 
�q THYTAN�b�Z
��� R3- R4��  
 

�¥�• �N�Ê�Š%Ê'26ä$Î�µ�S�[6ä$Î�I�€�Z�8�•;î5„4ß�ì�ò�·0Û�o�¥�î�» (THYTAN)( 3) �†�g*ƒ�\�K
�Z �
 SiC4ß�ì�ò�·�†0Û�o�M�•�¥�î�»�b�Z
��†4
�u�S��  

 
1) �ö&O�'  
 THYTAN�¥�î�»�_ SiC4ß�ì�Ô�¹�Ý�†)��s3¸�‡�T��  

a) �ì�Û�o�Â  
    SiC �b�ì�Û�o�Â�\�K�Z�W0°�†*ƒ�Ö�M�•  

Si >&�[�/>' + 1/2O2 >&�¼�/>' = SiO>&�¼�/>'     (3.1 - 1) 
Si >&�[�/>' +   O2 >&�¼�/>' = SiO2>&�[�/>'    (3.1 - 2) 

   THYTAN�[�c�
;î5„ (C) �b�W0°�ì�Û�o�Â�@*ƒ�Ö�I�€�Z�8�•��  
C>&�[�/>' + 1/2O2 >&�¼�/>' = CO>&�¼�/>'     (3.1 - 3) 
C>&�[�/>' +    O2 >&�¼�/>' = CO2>&�¼�/>'     (3.1 - 4) 

THYTAN�_)��s3¸�r�€�Z�8�•�' 3.1- 3 �†�g*ƒ�\�K�Z�' 3.1- 1 �b�o�Â�†�
�r�S�
�' 3.1- 4 �†�g
*ƒ�\�K�Z�' 3.1- 2 �b�o�Â�†)��s3¸�t�� �#�K�
 SiO2 �c�[�/�[�6�~�
 �' 3.1- 4 �b CO2 �b�¼�/�\$��^
�•�S�u�
 SiO2>&�[�/>'�b�v�… �†�š�f�M�•��
½�/$×�_�c�
#Õ�B�K�S SiO2 �c�Q�b���[�[�ì�M�•�\
�ì���K�
 SiO2 �b�Ñ�S�c0£'ì�K�^�8���^�>�
 SiO�c9× �8•�æ�[�c�¼�/�[�6�•��  

 
b) Si �b5�5��š�ì  

SiO#Õ�B�o�Â( �' 3.1- 1) �b���œ�
5�5��š�ì�c�W0°�\�^�•��   
5�5��š�ì ( �ö�a )[ kg]  >;Si �o�Â5� [ mol ] �™Si �(�Ê5� [ kg/mol]   (3.1 - 5) 

    SiO2 #Õ�B�o�Â( �' 3.1- 2) �b���œ�
5�5��š�ì�c�W0°�\�^�•��  
5�5��ö�a [ kg] >;Si �o�Â5� [ mol ] �™Si �(�Ê5� [ kg/mol]    (3.1 - 6) 
5�5��Q�• [ kg] >;SiO2 #Õ�B5�[ mol ] �™SiO2 �(�Ê5� [ kg/mol]   ( 3.1- 7) 

      5�5��š�ì�c�
�V0° 2 �'�b�j�[�“�}�€�•��  
 

c) �/'��š�ì  
SiO#Õ�B�o�Â( �' 3.1- 1) �b���œ�
5�5��š�ì�c�W0°�\�^�•��   

�/'��š�ì ( �ö�a ) [ m3]  >;5�5��š�ì ( �ö�a )  [ kg] �¹ Si �&�Ø [ kg/ m3]   ( 3.1- 8) 
    SiO2 #Õ�B�o�Â( �' 3.1- 2) �b���œ�
5�5��š�ì�c�W0°�\�^�•��  

�/'��ö�a  [ m3]  >;5� 5��ö�a  [ kg]  �¹ Si �&�Ø [ kg/ m3]     (3.1 - 9) 
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�/'��Q�•  [ m3]  >;5�5��Q�•  [ kg] �¹ SiO2 �&�Ø [ kg/ m3]    (3.1 - 10) 
   �/'��š�ì�c�V0° 2 �' ( 3.1- 9 �l�g 3.1- 10)�b�j�[�Ó�r�•��  

�^�>�
�8�N�€�b���œ�_�>�8�Z�v�
 �/'��š�ì [ m3] �?�}�g"g�_�Â�L�Z'¼�o+I8×�L�I�†0£'ì�M�•�G
�\�@�[�A�•��  

 
d) �o�Â3ÿ�Ø�'  

THYTAN�_�>�8 �Z�c�
 �o �Â3ÿ�Ø�' �@�W0°�[ �Z�<�} �€ �Z�8�• �� �G�G�[ �
 r �c �o �Â3ÿ�Ø
[ g/g/Pa/s] �
 kox �c�o�Â3ÿ�Ø���X [g/g/Pa/s] �
 Eox �c�q�ö�ì�š�¿�Ý� �î [J/mol] �
 R �c�ž�«��
�X�
 T �c ��Ø [ K]�[�6�•�� kox �l�g Eox�_�P�K�Z�
��9‚�[�“�}�€�S�Í�†�æ
°�K�Z0£'ì�†���‹�M
�•��  

    r  = kox �í  exp(-  Eox / RT)      (3.1 - 11) 
 
2) �5,�  

THYTAN�†�5,��K�
�V0°�o�Â�'�†�v�\�_�
0£'ì�@�[�A�•�|�:�_�š�f�K�S���W0°�_�z�^�5,�!l�†
�r�\�u�•��  
a) 
°�Š�¹�î�±�b3ã�•  

�y Si �\ C>&;î5„>'�b�
�9�c�
�¤�Ñ�b
°�Š�¹�î�±�š�X�� GO_Kindgr���†�<#Ý�M�•��  
[ Model10]�b�š�X [ GO_Kindgr] �_  �B�6�L�C���†3ã�•  

�y SiO#Õ�B�o�Â( �' 3.1- 1) �\ SiO2 #Õ�B�o�Â( �' 3.1- 2) �†�
�9�M�•�S�u�
;î5„�È�ß�µ�¡$��•�_
�P�K�
�Ç�Û�¢�†�‚0d3ã�•�M�•>& 1 ��
–4Ä�4>'��  

�y �� Module_InputData��
Æ�b�§�È�Ý�î�³�å�� ReadModel10���_ "@�ö�Í�† 3ã�•�M�•  
SiO2 �&�Ø>&kg/ m3>'>8 GO_RhoSiO2 

�y �è�W�b�š�X�c�Y�š�^�b�[�É�ß�¢�Û�Ò�p>& Module_Constants>'�_0°3U�M�•��  
Si �(�Ê5�>& g/mol>'>8  SiMolWeight   =  28.0855D+00 
SiO �(�Ê5�>& g/mol>'>8  SiOMolWeight  =  44.0849D+00 
SiO2 �(�Ê5�>& g/mol>'>8  SiO2MolWeight =  60.0843D+00 
>&��
¾>' IUPAC 2007�b�N�Ê5��?�}0£'ì  
    Si>828.0855 
    O>815.9994 

b>'�ì�Û�o�Â0£'ì  
�� ModuleGO_driver��
Æ�b�§�È�Ý�î�³�å�� GO_Oxidation_O2���†�Ÿ�G�M�•��  

�y Si 4ß�ì�o�Â>&�' 3.1- 1 �l�g 3.1- 2>'�b3ã�•  
�y 4ß�ì�o�Â0£'ì �§�È�Ý�î�³�å�_�>�8�Z�
;î5„�\ Si �†�
�9�M�•�Ç�Û�¢�†#Ý�8�Z�
;î5„4ß�ì

�o�Â�b0£'ì>&�¤�Ñ>'�\ Si 4ß�ì�o�Â�b0£'ì>&�‚0d>'�†�Q�8�(�E�•  
 

c>' SiC5�5��š�ì�
+I8×5�  
�' 3.1- 5>|�' 3.1- 10 �_�ö�Y�C �§�È�Ý�î�³�å�b�‚0d�8�B  

 
d>'"@�ö�Í  

�z Si  (s)  
�(�Ê5� [g/mol]  28.0855D+00 
�[�/�&�Ø [ kg/ m3]  
°�Š�¹�î�±�[0¿��  

�z SiO (g)  
�(�Ê5� [g/mol]  44.0849D+00 
�ž�«�&�Ø [ kg/ m3]  #.�•�¼�/�\�K�Z�
 ��Ø�
�}�Š�?�}�É�ß�¢�Û�Ò�p�[0£'ì  

�z SiO2 (s)  
�(�Ê5� [g/mol]  60.0843D+00 
�[�/�&�Ø [ kg/ m3]  
°�Š�¹�î�±�[0¿��  
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�r THYTAN�b�è0É�� R5��  
 
1) �è0É�_#Ý�8�•��9‚�¹�î�±  

3.1 (��b)+�œ0è9‚)��Ý�l�g 3.2 (��b TG- DTA��9‚)��Ý�†#Ý�8�Z THYTAN�¥�î�»�b VVUQ�†4
�u
�S��  

�•%Ê'2�[�c�
 SiC �b4ß�ì�_�|�• SiO2 #Õ�B�_�\�v�^�:5�5��Q�•�†0Û�o�M�•���5,��K�S THYTAN
�_�c�
�S(��_&g�K�S�'�†�_
°�K�
0£'ì�@�[�A�•�G�\�†&�1��K�Z�8�•��  

�è0É�_�Q�:�¹�î�±�†�r�\�u�•��  
 
�í  TG- DTA'5�¼4ß�ì�¹�î�± (3.2 (� )  
  (a) SiC( !•)� SiC)  [ '5�¼4ß�ì /1 �ì6ë :  �ç�ô 4 �º�Ø���Ì�i  /² 3.1- 4]  
    (b) RS- SiC(Si - less) [ '5�¼4ß�ì /10 �ì6ë : �•���Ì�i  /² 3.2- 8]  
    (c) RS - SiC(Si - rich) [ '5�¼4ß�ì /10 �ì6ë : �•���Ì�i  /² 3.2- 8]  

 �í  )+�œ0è9‚4ß�ì�¹�î�± (3.1 (� �q )  
     (a) SiC( !•)� SiC)    [ 4ß(ò ð�Ø 0.2>| 10ppm/1�ì6ë : �•���Ì�i  /² 3.1- 3]  
     (b) RS- SiC(Si - rich) [ 4ß(ò ð�Ø 0.2>| 1000ppm/1�ì6ë : �•���Ì�i  /² 3.1- 4]  

 
�^�>�
 SiC(!•)� SiC)�c�
�w2
�b SiC �†�•�d�K�Z#Ý�8�Z�8�•�� RS- SiC(Si - less) �c�
�o�Â!•)�

(RS)�[#Õ�B�I�€�S�w2
�b SiC �[�6�•�� 3.2 (��[0è�8�K�S RS- SiC �c�
/² 3.2- 7 �_&g�I�€�•�|�:
�_ Si �@10%&ì�Ø�g$��K�Z�8�•���G�b�S�u�
0è�80è9‚"&�† RS- SiC(Si - rich) �\/²0°�M�•��  

 
 
2) TG- DTA'5�¼4ß�ì�¹�î�±  

3.2 (� �_�>�8�Z ���‹�I�€�S TG- DTA��9‚�_�X�8�Z�
��9‚�Ã�Û�Ó�î�±�†�_
°�K�
�“�}�€�S0£'ì
)��Ý�†/² 3.1- 5 �l�g�W 3.1- 16 �_&g�M���G�G�[�c�
2A5��Q�•5��†�š3Q�K�Z&g�K�Z�8�•���^�>�

�Q�€�R�€/²8�'��@$��^�•�S�u�
2A5��Q�•5��@$��^�W�Z�8�•��  

(a) SiC(!•)� SiC) 0è9‚�[�c�
)E)F�ì6ë�@0è9‚�H�\�_$��^�•�S�u�
 1 �ì6ë%&�\�b5�5��Q�•�_�n
'ì�K�Z&g�K�S��/²�l�g�W�_&g�M�|�:�_�
���ö$×�_
4�¥�†�\�}�<�Z�8�•�� 1000�¥�è�W�b�* �4ß
�ì�²�ó�_�>�8�Z�c�
0£'ì)��Ý�c��9‚)��Ý�\�±�A�C�‹7³�@�6�•��  

�r�S�
 (b)(c) �b RS- SiC�†#Ý�8�S��9‚)��Ý�c 10�ì6ë�b6×�ì6ë��9‚�[�6�•�� /² 3.2- 8 �_�c�
5�
5��Q�•5��@ wt%�[�r�\�u�}�€�Z�8�•�@�
0è9‚"&�b5�5��†�C�E�•�G�\�_�|�W�Z�
5�5��Q�•5� (mg)
�\�K�Z�r�\�u�Z�8�•�� ���ö$×�^
4�¥�_�X�8�Z�c�
��9‚)��Ý�†�•���[�A�Z�8�•��6×�ì6ë4ß�ì��
9‚�[�c�
/²8��_ SiO2 �b+w�@#Õ�B�I�€�
 SiO2 �\ SiC #ú8��_�>�E�•�o�Â�†�Ô�¹�Ý�ì�M�•�G�\�@�²
0[�\�^�W�Z�C�•���M�‰�
 (c)RS- SiC(Si - Rich) �[�c�
 1400�¥�b��9‚)��Ý�@�
0£'ì)��Ý�\�±�A�C
$��^�W�Z�8�•�� 10%&ì�Ø�g�Ñ�K�Z�8�• Si �b/%!l�@ 1400�¥3Æ
��[�6�~�
�Q�b�s8j�@���Z�8�•�•
+��ö�@�6�•���^�>�
0£'ì�Ô�¹�Ý�_�c�
 P/% Si �b�Ô�¹�Ý�c
°�W�Z�8�^�8�����µ�_�>�8�Z�
 Si -
Rich �b RS- SiC �†#Ý�8�•���œ�_�c�
 1400�¥�è�V�b ��Ø�_�|�•4ß�ì�o�Â�_�X�8�Z0Û�o�†/œ�:�¦�@
�²0[�_�^�•�\*ƒ�<�}�€�•��  

 
3) )+�œ0è9‚4ß�ì�¹�î�±  

/² 3.1- 3 �l�g/² 3.1- 4 �_�r�\�u�}�€�S)+�œ0è9‚�_�>�E�•��9‚�¹�î�±�†#Ý�8�Z�
 THYTAN�b0£
'ì�†���‹�K�S���^�>�
5�5����†�@0{ ��I�€�S��9‚�@0
�X���Ì�I�€�Z�8�•�@�
 THYTAN�b�Ô�¹�Ý
�[�c�
 SiO2 �†#Õ�B�M�•�G�\�_�|�W�Z�
�²�N2A5��Q�•�@�Ó�u�}�€�•���G�b�S�u�
)+�œ0è9‚)��Ý
�_�>�8�Z�
2A5��Q�•�@�“�}�€�S��9‚�_�X�8�Z�
 THYTAN�b0£'ì�†���‹�K�Z�8�•��)+�œ 0è9‚�_�>
�8�Z�
2A5��Q�•�@1��u�}�€�S�b�c�
/² 3.1- 6 �_�r�\�u�• 6 �X�b��9‚)��Ý�[�6�•��  

�r�N�
 (a)SiC( !•)� SiC) �b��9‚�[�c�
 3 '�8®�b ��Ø�_�>�8�Z�
��9‚�¹�î�±�@�“�}�€�Z�8�•��
�^�>�
 1300�¥�b��9‚�c�
0è9‚"&�b4”�œ�[�
6×�I�@ 30mm�\%·�80è9‚"&�[�b��9‚�[�6�•�S�u�
�Ú
�b��9‚)��Ý�\�œ�ƒ�O�•�S�u�_�
6×�I 39mm�_/õ�G�†/œ�W�Z�8�•����9‚)��Ý�[�c�
 ��Ø�@9×�C�^
�•�_�X�€�Z�
5�5��Q�•�@�ö�a�K�Z�8�C
4�¥�@�s�}�€�Z�8�•���G�€�c�
 TG- DTA�b)��Ý ( /² 3.1- 5)
�b )��Ý�\�c3ë�b
4�¥�\�^�•���G�€�c�
 TG- DTA�@'5�¼4ß�ì��9‚�[�6�~�
 10 �ì6ë�\�8�:6×�ì6ë4ß
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�ì�_�|�•)��Ý�[�6�•�G�\�v�M�X�b0[�I�[�6�•��9× ��b�‰�@4ß(ò�@�Ñ�S�K�
 SiO2 �b#Õ�B�@�¨�C
�^�•���M�‰�
)+�œ0è9‚�[�c�
 0.2ppm �\�8�:�
�o�p'E�%�²�ó�W�[�b��9‚�\�^�W�Z�8�•����9‚6ä
���S�_%?'5�,�A�\ ��Ø�V�¼�_�|�W�Z�
 SiC 
Æ�_�Ñ�S�K�Z�8�•4ß(ò�c�6�•&ì�Ø�<���I�€�•�•+��ö
�@�6�•�@�
�²�N�K�v���(�\�c0•�<�^�8�� THYTAN�b0£'ì�_�>�8�Z�c�
 SiC
Æ�_�v4ß(ò�@�g$��K�Z
�8�•�G�\�†�•���K�Z0£'ì�†���‹�K�S���Q�b)��Ý�
 ��Ø�@�Q�•�M�•�_�‘�8�
5�5��Q�•5��@�ö�a
�M�•�\�8�:�
��9‚)��Ý�\���ö$×�_�M+´�M�•0£'ì)��Ý�@�“�}�€�Z�8�•��  

���_�
 RS- SiC(Si - rich) �b)��Ý�[�6�•�@�
�G�U�}�v4ß(ò ð�Ø�c�o�p'E�%�²�ó�W�[�b��9‚
�[�6�•���r�S�
 #26 �b 1200�¥�c 15 �(�b��9‚)��Ý�¹�î�±�[�6�•�� ��Ø�š�ì�T�E�†*ƒ�<�•�\�

(a)SiC( !•)� SiC) �\� �]�_�
 THYTAN�b)��Ý�c�
9× ��b�‰�@�Q�•5��c�`�I�C�^�•���M�‰�[�

#28,#29 �c�
4ß(ò ð�Ø�@ 10ppm�l�g 0.2ppm �\$��^�•�@�
�o�p� �M�b�²�ó�b)��Ý�[�6�•��
THYTAN�[�c4ß(ò ð�Ø�b�j�c���Z�G�^�?�W�S��  

 
4) �r�\�u  

THYTAN�_ SiC 4ß�ì�_�|�• SiO2 #Õ�B�Ô�¹�Ý�†)��s3¸�‡�T�� TG- DTA�l�g)+�œ0è9‚�_�|�•��9‚)�
�Ý�_�X�8�Z�
���ö$×�^
4�¥�†�©�Ñ�×�Þ�î�º�M�•�G�\�@�[�A�•�G�\�†&�1��K�S��'5�¼4ß�ì�_�|
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 ��Ø�@�V�¼�M�•�_�‘�8�
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4�¥�†�©�Ñ�×�Þ�î�º
�M�•�G�\�@�[�A�S���M�‰�[�
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�r�S�
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�_�X�8�Z�c�
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�D����0è9‚"&0¿*("g�# �•8�   �E����0è9‚4Š�+$��W   

�W3.1- 1 )+�œ0è9‚��9‚/æ*( 0è9‚4Š 

 

 

�W3.1- 2 )+�œ0è9‚ ��9‚/æ*(�b�+$��W   
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�W3.1- 3 �p�°8��V�b�Ó�µ�©�× �•8��W  

 

 

/² 3.1- 1  0è9‚4Š�©�Ñ�×�Þ�î�©�Ù�å#Ý �C#ú�²�ó  

�Ã�Û�Ó�î�±  �Í  

�±�å�¢�«�¸�å �:�U"á  ������ 

SiC �:�U"á  ������ 

�¥
��¢�Û�Ç�“�–�º �:�U"á  ���������� 

�K0•�¬�  ( SiC/ �É�Þ�î�º6ë )  �������������P���.���:  

�K0•�¬�  ( �¥
� �¢�Û�Ç�“�–�º / �É�Þ�î�º 6ë)  �������������P���.���:  

 
 

 
         a)  ��Ø�(�x     b) �v3ÿ�(�x  

�W3.1- 4 SiC�•!Õ�ì�b!Õ�¹/®0Ž�Ò >&SiC/²8� ��Ø  �����������¥ >'  
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/² 3.1- 2 SiC)+�œ0è9‚�b��9‚�²�ó  
 

�Ã�Û�Ó�î�±  �Í  
0è9‚"& SiC(!•)� SiC)  or �¢�Û�Ç�“�–�º  
0è9‚"&�g"g  OD15/ID9/L39 or L30  
�ž�«�b'�8®  Ar 

°�•4ß(ò ð�Ø  0.2 or 10 ppm 
4ß�ì�c�ž�«�v5�  1.0 SLPM 
#”�C�v5�>&�”�Ý�¦�å>'  25.0 SLPM 
SiC  ��Ø  1200 >|  14�����¥  
4ß�ì�â)F�ì6ë  60 min.  

 
 
 

  

�W3.1- 5 �¢�Û�Ç�“�–�º 4ß�ì��9‚  ( #00/1200�¥ / 10ppm) �W3.1- 6 SiC4ß�ì��9‚ ( #01/1200�¥ /0.2ppm) 

  

�W3.1- 7 SiC4ß�ì��9‚ ( #02/1300�¥ /0.2ppm)   �W3.1- 8 SiC4ß�ì��9‚ ( #03/1400�¥ /0.2ppm) 
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/² 3.1- 3 SiC )+�œ0è9‚)��Ý  

  
 
 
 
 

 
a) 1200�¥ /0.2ppm(#01)   b)  1300�¥ /0.2ppm(#02)     c) 1400�¥ /0.2ppm(#03)  

�W3.1- 9 )+�œ0è9‚�‹�b SiC 0è9‚"&
×%? 

 

 

 

 

 

 

 

 

 

�� �7�H�V�W��
�3�L�H�F�H 

�'�L�P�H�Q�V�L�R�Q 
���P�P�� 

�7�H�P�S�� 
���•��  

�2����
�&�R�Q�F�� 
���S�S�P�� 

�%�H�I�R�U�H 
 

���J�� 

�$�I�W�H�U��
�����P�L�Q 

�����J�� 

�:�H�L�J�K�W��
�J�D�L�Q�� 
���P�J�� 

�:�H�L�J�K�W��
�Y�D�U�L�D�W�L�R�Q��
�U�D�W�L�R�������� 

�:�H�L�J�K�W���Y�D�U�L�D�W�L�R�Q��
�S�H�U���V�X�U�I�D�F�H���D�U�H�D��

���J���P���� 

���� �*�U�D�S�K�L�W�H �2�'�������,�'�� 
�/���� �������� ���� ������������ ������������ �������� �������������� �������������� 

���� �6�L�& 
�2�'�������,�'�� 

�/���� �������� ������ �������������� �������������� ���������� �������������� �������������� 

���� �6�L�& �2�'�������,�'�� 
�/���� 

�������� ������ �������������� �������������� �������� �������������� �������������� 

���� �6�L�& �2�'�������,�'�� 
�/���� �������� ������ �������������� �������������� �������� �������������� ������������ 
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a)0è9‚�p�b
×%?    b)0è9‚/æ*(�•8��W  

�W3.1- 10 �U�™0è9‚  

 

 

 

�W3.1- 11 �U�™0è9‚�©�Ñ�×�Þ�î�©�Ù�å�b�[  
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/² 3.1- 4 RS- SiC(Si - rich) )+�œ0è9‚)��Ý  

 

 

 

 

 

 

�W3.1- 12 RS- SiC�q 4ß�ì��9‚�b ��Ø�š�T (#11/1300�¥ /0.2ppm) 

 

 

 

�� 
�7�H�V�W���3�L�H�F�H 
���W�U�H�D�W�P�H�Q�W�� 

�(�[�S����
�6�\�V�W�H�P 

�7�H�P�S�� 
���•��  

�2����
�&�R�Q�F�� 
���S�S�P�� 

�%�H�I�R�U�H 
 

���J�� 

�$�I�W�H�U��
�����P�L�Q��

���J�� 

�:�H�L�J�K�W��
�J�D�L�Q 
���P�J�� 

�:�H�L�J�K�W��
�Y�D�U�L�D�W�L�R�Q��
�U�D�W�L�R�������� 

�:�H�L�J�K�W���Y�D�U�L�D�W�L�R�Q��
�S�H�U���V�X�U�I�D�F�H���D�U�H�D��

���J���P���� 

���� 
�5�6���6�L�&�q  

�,�Q�L�W�L�D�O 
�����O�D�\�H�U �������� ������ �������������� �������������� ���������� �������������� �������������� 

���� �5�6���6�L�&�q  
�&�O�H�D�Q���X�S 

�����O�D�\�H�U �������� ����  �������������� �������������� �������� �������������� �������������� 

���� �5�6���6�L�&�q  
�$�V���L�V 

�����O�D�\�H�U �������� ����  �������������� �������������� �������� �������������� �������������� 

���� �5�6���6�L�&�r  
�,�Q�L�W�L�D�O 

�����O�D�\�H�U �������� ��������  �������������� �������������� �������� �������������� �������������� 

���� 
�5�6���6�L�&�r  

�$�V���L�V 
�6�L�Q�J�O�H �������� ������ �������������� 

����������������
�������P�L�Q�� 

��������
�������P�L�Q�� ������������ ������������ 

���� �5�6���6�L�&�r  
�$�V���L�V 

�6�L�Q�J�O�H �������� ���� �������������� �������������� �������� �������������� �������������� 

���� �5�6���6�L�&�r  
�&�O�H�D�Q���X�S 

�6�L�Q�J�O�H �������� ���� �������������� �������������� ������ ������������ ������������ 

���� 
�5�6���6�L�&�r  
�&�O�H�D�Q���X�S 

�6�L�Q�J�O�H �������� ������ �������������� �������������� �������� ������������ ������������ 
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  (a) before     (b) after #11(0.2ppm)   (c) after #12(10ppm)   (d) after #13(10ppm)  

�W3.1- 13 RS- SiC�q 4ß�ì ��9‚�S�‹�b0è9‚"&
×%?>& 1300�¥>'  

 

 

 

 

 �W3.1- 14 RS- SiC�r 4ß�ì��9‚�S�‹�b0è9‚"&
×%?>& 1300�¥ /1000ppm>'  
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 a)  RS- SiC�r  (#27/10ppm/As- is)   b)  RS- SiC�r  (#28/10ppm/Clean- up) 

 

c) RS- SiC�r  (#29/0.2ppm/Clean- up) 

�W3.1- 15 RS- SiC�r4ß�ì��9‚�b ��Ø�š�T (1000�¥ )  
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/² 3.1- 5 TG- DTA'5�¼4ß�ì �_�|�•5�5��Q�•5��b�š3Q  

Material O2(ppm) Temp.���•�� Exp.(mg) Sim.(mg) 

(a) SiC 

200,000 1400 0.167 0.136 

200,000 1300 0.137 0.130 

200,000 1200 0.136 0.123 

200,000 1100 0.123 0.114 

200,000 1000 0.107 0.097 

200,000 900 0.103 0.054 

200,000 800 0.045 0.012 

(b) RS-SiC 
(Si-less) 

200,000 1400 0.394 0.304 

200,000 1200 0.317 0.274 

200,000 1000 0.252 0.217 

(c) RS-SiC 
(Si-rich) 

200,000 1400 0.547 0.187 

200,000 1200 0.183 0.173 

200,000 1000 0.107 0.130 

 

 
�W3.1- 16 TG- DTA'5�¼4ß�ì �_�|�•5�5��Q�•5��b�š3Q  

 
/² 3.1- 6 )+�œ0è9‚�_�|�•5�5��Q�•5��b�š3Q  

Material # O2(ppm) Temp.���•�� Exp.(mg) Sim.(mg) 

(a) SiC 

01 0.2 1400 18.9 15.2 

02 0.2 1300 64.6* 16.1 

03 0.2 1200 113.5 17.2 

(b) RS-SiC�r  

26 10 1200 4.9 19.8 

28 10 1000 2.0 22.8 

29 0.2 1000 10.3 22.8 

* #01 �\�š3Q�b�S�u�
0è9‚"&6×�I 39mm%&�\�_�š�n  
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3.2  SiC4ß�ì0[(ò0è9‚>&
Ì�$0¯
›>8�¾�¿�d���±�Û>' �� R3>| R5��  

�ç�ô 3�º�Ø�c�
 SiC0è9‚"&�l�g SiC�¥�å�Ã�¡�º�Ô�¹�Ý�b0��8�‰�2 �\�K�Z�–�}!•)��l�g�o�Â!•

)��†�Ã/õ�\�K�
 !•)��“�c�b�<#Ý�_�X�8�Z �c!•)��“�c�b�w!“�x�B�(�_�X�8�Z�>$×�^�s8j�†*ƒ

�Ö�K�S�è0¦ �†/œ�W�S���r�S�
&g�j!Õ�³&×/æ*(>& TG- DTA>' �_�|�•4ß�ì0è9‚�†/œ�:�S�u�b�£
�

$×��9‚�†/œ�8�
 4ß�ì0è9‚�†���‹�M�•�S�u�b/æ *(�b�Z
��†/œ �W�S��  

�ç�ô 4�º�Ø�c�
0��8�‰�2�x!•)� ��Ø'¼�b0��8�²�ó�†�š�<�Z SiC0è9‚"&�l�g SiC�¥�å�Ã�¡�º�Ô

�¹�Ý�†0��8�K�
4ß(ò ð�Ø�l�g ��Ø�²�ó�†�š�ì�I�O�Z TG- DTA�_�|�•4ß�ì0è9‚�†/œ�8�
 SiC�b4ß

�ì�¹�î�±�†�v�“ �K�S ���r�S�
 '¨ 3.1(��[���‹�M �• VVUQ0Û�o�\)+�œ0è9‚ =
��b�S�u�_�
�G�€�}

�b�¹�î�±�†�j �K�S ��  

�ç�ô 5�º�Ø�c�
�ç�ô 4�º�Ø�r�[�b�è0¦)��Ý�†�Ë�î�«�\�K�
 SiC0è9‚"&�l�g SiC�¥�å�Ã�¡�º�Ô

�¹�Ý�_�X�8�Z4ß(ò ð�Ø�l�g ��Ø�²�ó�†�š�ì�I�O�Z TG- DTA�_�|�•4ß�ì0è9‚�†/œ�8�
 SiC�b4ß�ì

�¹�î�±�†
˜���I�O �S���r�S�
 3.1(� �[ ���‹�M�•)+�œ0è9‚�\ VVUQ�b�r�\�u�b�S�u�_�
�G�€�}�b

�¹�î�±�†�j �K�S ��  

 

 3.2.1 SiC0è9‚"&�l�g SiC�¥�å�Ã�¡�º�Ô�¹�Ý�b !•)��²�ó�b�è0¦ �� R3- R5��  

�ç�ô 3 �º�Ø�c�
 SiC0è9‚"&�l�g SiC�¥�å�Ã�¡�º�Ô�¹�Ý�b0��8�‰�2 �\�K�Z�–�}!•)��l�g�o�Â

!•)��†�Ã/õ�\�K�
 !•)��“�c�b�<#Ý�_�X�8�Z �c!•)��“�c�b�w!“�x�B�(�_�X�8�Z�>$×�^�s8j�†

*ƒ�Ö�K�S �è0¦ �†/œ�W�S��  

�ç�ô 4 �º�Ø�c�
 SiC �¥�å�Ã�¡�º�†�80��M�•�S�u�b�o�Â!•)��²�ó�†�è0¦�M�•�S�u�
 P/% Si

�b�j)%�²�ó�b�q4:�ì�†�W�W�S���r�S�
�“�}�€�S�o�Â!•)� SiC �_�X�8�Z�
!Õ���_"á�†0Û�o�K

�S��  

�ç�ô 5 �º�Ø�c�
 �ç�ô 4 �º�Ø�b�B�Ý�†�v�\�_�
 �o�Â!•)��_�|�• SiC �¥�å�Ã�¡�º�Ô�¹�Ý �†�8

0��M�•�S�u�_ 
Ç'Ä�g"g�b5 �º�† 0¿0£�í �80��K�
�o�Â!•)��_�>�E�•
Ç'Ä�g "g�B�g�/ �b�80��²

�ó �†�è0¦�K�S�� �r�S�
�“�}�€�S
Ç'Ä�g"g SiC �o�Â!•)��/�b�Ÿ�Õ�Û�¡�±�Ü�®�î�©�Ù�å�>�|�g

�Q�b!Õ���_"á�†0Û�o�K�S��  

 

( 1) SiC �b�–�}!•)��²�ó�b�è0¦  

�q  !•)��“�c!“�ç�• SiC !•)��/�b�–�}!•)��²�ó�b�è0¦ �� R3��  

!Þ�q�¥�å�Ã�¡�º�b�•�¦�†�‘�¶�b;î5„�?�}*•4ß�ì�ö�_
ƒ�€�•!c�ì�£�–(ò>& SiC>'�_�n�<

�S SiC �•�¦!Þ�q�¥�å�Ã�¡�º�b�_
°�@�f�L�I�€�Z�>�~ >&1,2>' �
 SiC !Þ�q�¥�å�Ã�¡�º�†0�4��M

�•�S�u�b SiC �b!•)��É�ß�­�«�†�è0¦�M�•�²0[�@�6�•�� SiC �b!•)��²�ó�†�ô�u�•�_�6�S�~�


*ƒ�Ö�M�m�A�¦�ö�\�K�Z!Þ�q�¥�å�Ã�¡�º�@
Æ�ß�K�Z�8�• TRISO/Õ0]!Þ�q�b�ú
²�ö�b)T�â�@

�ò�F�}�€�•�� TRISO/Õ0]!Þ�q�b SiC �™�c�ì�Û-h%T�2�_�|�W�Z�80��I�€�S �� - SiC �[�6�•�@�


�G�€�c���ó��%&�[�6�~ 1900oC �è�V�b!•)��x6×�ì6ë�b!•)��_�|�W�Z �� - SiC �_3?&ã�M�•�


�€�@�6�•���G�b3?&ã�†2s�G�M�\)“�&�^ SiC �™�_�Ÿ/ã�@#Õ�L�
�>�(/ã#Õ�B"@�b6â�L3¸�u�µ

�S�@�†�^�ƒ�€�•�•+��ö�@�6�•���r�S TRISO/Õ0]!Þ�q�b�š�g�†75�D�\�\�v�_!Þ�q�¥�å�Ã�¡

�º�b0��8�ö�b0{!l�?�}�
!•)��c!“�•�}�[/œ�:�G�\�@�ò�r�K�8���è�V�|�~�
 SiC �•�¦!Þ�q

�¥�å�Ã�¡�º�b�80��c�
 1800oC�è�W�b!“�•�}!•)��[/œ�:�b�@�|�8�\*ƒ�<�}�€�•���• %Ê'2�[

�c�
 1800oC�è�W�b ��Ø�[�b SiC �b�–�}!•)��²�ó�_�X�8�Z�è0¦�K�S��  



3.2- 2 
 

�r�N�
!•)��“�c!“�ç�• SiC�_�X�8�Z�
 1800oC�[�b�–�}!•)��†/œ�W�S�� SiC �b�N�q(Š�Ž

�\�K�Z �� - SiC>&�¹�’(•�„ 0.5 �# m�
 H�¸gan�¦s &k0�>'�†#Ý�8�
%$�„ 13mm�b5 �º�†#Ý�8�Z

20MPa�b�}�Š�[�M3H�•�}�B�g�†/œ�8�

Ç��"g�B�g�/�†�80��K�S���r�S�
�M3H�•�}�B�g�/

�† 200MPa�b�}�Š�[
í6ë'¼�‰�}�•�}>& CIP>'�†/œ�W�S��!•�B�S�b�M3H�•�}�B�g�/�>�|�g

CIP�B�g�/�_�X�8�Z�
�M�2�\5�5��?�}�Ó�u�S�?�I�&�Ø�c�
�M3H�•�}�B�g�/�[�c 1.45g/cm3�


CIP �B�g�/�[�c 1.70g/cm3 �[�6�W�S���M3H�•�}�B�g�/�>�|�g CIP �B�g�/�†�•�î�Î�å�Ý�¶

�Î�_
°�€�
�¨% $×9× �!T>& Hi- Multi5000 �
�)�ˆ7Á�<�d��0�>'�†#Ý�8�Z�–�}!•)��†/œ�W�S��

�–�}!•)��c�è�W�b 2 '�8®�b�•!Õ�Ã�±�î�å>&�W 3.2 - 1>'�[/œ�W�S��  

>&!•)��Ã�±�î�å A>'�”�Ý�¦�å�Ç�ß�î�[�
 ��?�} 1800oC �r�[ 30oC/min �b�¼ �3ÿ�Ø�[�•!Õ

�K�
 1800oC�[ 1 �ì6ë�–�â�K�S�‹�
!T
í�K�S��  

>&!•)��Ã�±�î�å B>'%?'5�p�[�
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�/'��@+~�G�K�S)��Ý�
�&�Ø
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4�(•�K�S��4�(•(Š�†
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7º�V�¼�p�[ ����K�S��!Õ���_"á ( �N) �c�è�W�b�' ( 3.2- 1) �_�|�~�Ó�u�S��  

�N = �D �‡ Cp �‡ �U�������������������������������������������������������������������������������������������������������������������������������������������������������������� 
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 ��[�c 28.4mm2/ s �[�6�W�S�@�
 1000oC�[�c 8.0mm2/s

�_�*�W�K�S���r�S�
�š!Õ�c�
 ��[�c 0.64J/g �‡K�[�6�~�
 1000oC �[�c 1.13J/g �‡K�\�^�~�


0è9‚ ��Ø�b�V�¼�_���89×�8�Í�\�^�W�S���' (1) �_�|�~�Ó�u�S!Õ���_"á�c�
�
 ��[�c

64W/m�‡K�
 1000oC�[�c 26W/m�‡K �b�Í�\�^�W�S��9× ��ž�«!T#Ý!Þ�q�¥�å�Ã�¡�º�\�K�Z�b4:

#Ý�†*ƒ�<�S���œ�
�>�(/ã#Õ�B"@�†!Þ�q�¥�å�Ã�¡�º
Æ4Š�_�–�â�M�•�S�u�b9×�&�Ø�ì�_�•�<�


�|�~9×�8!Õ���_"á�@�I�C�Ó�u�}�€�Z�8�•��9× ��ž�«!T�b!T�°0¿0£�b0{!l�?�}�
 TRISO!Þ

�q(•�Ê�†#Ý�8�S!Þ�q�B�g�/�b SiC �b!Õ���_"á�c�
 NITE �2�[�80��K�S SiC>&40W/m�‡K at 

300oC�
 20W/m�‡K at 1000 oC>&7>' >'�\� '¼�è�V�@�ƒ�r�€�Z�>�~�
�•%Ê'2�[�80��K�S�o�Â!•)�

SiC �c�Q�b�Í�†���( 6�S�K�Z�8�•�\*ƒ�<�}�€�•��  

 

( 3) �o�Â!•)��_�|�• SiC �¥�å�Ã�¡�º�Ô�¹�Ý �b�80��²�ó�b�è0¦�>�|�g�Q�b!Õ���_"á0Û�o �� R5��  

�q  
Ç'Ä�g"g�B�g�/�80��S�u�b5 �º�b0¿0£�í�80�  

�ç�ô 4 �º�Ø�b�B�Ý�†�v�\�_�
!Þ�q�¥�å�Ã�¡�º�g"g�b�B�g�/�†�80��M�•�S�u�b�B�g5 �º

�†0¿0£�í�80��K�S���G�€�r�[��9‚�_�>�8�Z�

Ç���Ì�Þ�µ�º�B�g�/ �b�o�Â!•)��[�b �M�2�š

�ì >&�p)°>' �c�
�¥�„�
9×�I�b�8�N�€�v�¹�’ 0.8>#�è�W�[�6 �~ �
 �o�Â!•)��‹�
 % $×�\�M�•

!Þ�q�¥�å�Ã�¡�º �\� �L�M�2�\�^�• �|�:�_�
�p)°"á�†*ƒ�Ö�K 5 �º >&�¦2A>9SKD11!•
°�€>'

�† 0¿0£�í �80��K�S��5 �º�c�
�W 3.2 - 25 �_&g�M�|�:�_�

Ç'Ä"g�b�V�W�Ã�å�³�\�¥
��b�²

�–�«�

Æ
��b ,: �¬�[�S�B�I�€�Z �>�~�
�¥�g 34mm�

Æ�„ 24mm�
*×�L 5mm�b 
Ç'Ä�g"g �B�g

�/�†�80��@�[�A�|�:�_0¿0£�í�80��K�S ��  

 

�r  5 �“ Si �j)%�‰�2�b�è0¦  

�ç�ô 4 �º�Ø�c �� - SiC �\�•�î�Î�å�È�Û�µ�¡�b�ã�œ(Š�?�}�^�• 
Ç��"g�Ì�Þ�µ�º>& 10>|

15mm�I��x 5mm>' �_�X�8�Z �
 P/% Si �†�µ�•�I�O�•�‰�2�†�è0¦�K �
 Si �b�j)% �\�K�Z �B�g�/�b

�V4Š�_5 �“ Si �†'�3U�K�Z�•!Õ�
 P/% Si �†�µ�•�I�O�•�‰�2�†�G#Ý�K�S��
Ç'Ä�g"g�B�g�/

>&�¥�g 34mm�

Æ�„ 24mm�
*×�L 5mm�
9×�I 18- 20mm>' �c�

Ç���Ì�Þ�µ�º �B�g�/ �\�š3Q�K�Z

�/'��c�o�p 10 �¸�[ �6�~ �
/²8�'��v�±�A �C�^�•�S�u�
 5 �“ Si �b'�3U�‰�2>&�)*(>'�_�X�8

�Z�è0¦�K�S�� �W3. 2- 26 �_�•��9‚�[ �è0¦�K�S Si �b '�3U�‰�2�†�•�'$×�_&g �M���‰�2 A�[�c�


5 �“ Si �†�Ì�Þ�µ�º�b���œ�\ � �] �_�B�g�/�b�V�_'�3U�K�S���‰�2 B�[�c�
 P/% Si �b�j)%

3ÿ�Ø�†4��}�O�•�S�u�_�B�g�/%$�V�b�)*(�[�
�Ø�V�b BN�•�X�p�\
Æ
��_*(�C BN�È�ß�µ�¡

�b�M4Š�_
4�s�†�X�E�Z4Ä*(�K�S���‰�2 C �[�c�
5 �“ Si �b(ý(•�†�B�g�/�b
Æ�¥�Ø�V�_
˜

�8�K�S���‰�2 D�[�c�
 �‰�2 C�\� �]�b�‰�2�[�
 �Ø�V�b(ý(•�b5��†�‰�2 C�b ���( �\ �K�S��
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�‰�2 E �[�c�
 BN�•�X�p�b�Ï4Š �_5 �“ Si (• �†*(�A �
 �Q�b�V�_�B�g�/�†3U�O�S���‰�2 F �[

�c�
5 �“ Si (• �†�B�g�/�b�V�W�_*(�8�S���‰�2 G�[�c�
�B�g�/�b�Ï�_5 �“ Si �b-ç"&�r�S

�c(ý(•�†�a5��\�A�
�Q�b�V�_�B�g�/�†3U�O�
�I�}�_�V�?�}5 �“ Si �†'�3U�K�S��  

�•%Ê'2�_�>�E�•�o�Â!•)� SiC �b �80��‰�2�b�+$��†�è�W�_3Ù�m�•���N�q�\�K�Z�
 �� - SiC

>&�¹�’(•�„ 0.5 �# m�
 �+�¸�J�D�Q�¦�V&k0�>'�
�•�î�Î�å�È�Û�µ�¡>&�«�•�î�Î�å0�>'�†#Ý�8�S��

SiC �\�•�î�Î�å�b�š�c SiC>8C>;1>80.6 �\�K�S���G�€�}�b�N�q(Š�Ž�†�
 SiC 0��Î�î�Ý>&%$

�„ 10mm�- >'�>�|�g�š�±�À�î�Ý P�y�†#Ý�8�S 5�'�Î�î�Ý�Ñ�Ý�_�|�~ 24 �ì6ë�ã�œ�K�S���ã

�œ�‹�
�ß�î�±�Ü�î�š�Â�Ï�Þ�î�±�î�>�|�g�•!ñ�þ�[�•!ñ�K�
�“�}�€�S�ã�œ(Š�Ž�†�
(Š%Ë�>

�|�g�i�•�8�@�E>&% 6ä�A 300�# m>'�†/œ�W�S���i�•�8�†3û�K�S(Š�Ž�_ PVA�È P�®�\-h$��È

�†�•�<�Z�à�¾�K�
�•!ñ�‹ 1mm% 6ä�A�b�i�•�8�†#Ý�8�Z4�(•�K�S��4�(•(Š�Ž�† 3.2.1(3) �q

�[0¿0£�í�80��K�S 
Ç'Ä�g"g�b5 �º�†#Ý�8 �Z �
 10MPa�[�M3H�•�}�B�g�†/œ�8�
�¥�„ 34mm, 


Æ�„ 24mm, 9×�I 18>| 20mm�b�g"g�b�B�g�/�†�“�S���B�g�/�c 360oC�
�±�¼�p�
 4 �ì6ë �b�²

�ó�[ +:�Â�–�å�²�î��#.�†/œ�W�S���o�Â!•)��_7•�K�Z�c�
 �V0°�b�‰�2�[ 
Ç'Ä�g"g �B�g�/�>

�|�g5 �“ Si �†0¿*(�K�S BN�• �X�p�†�•�î�Î�å�•�X�p�_
°�€�
�¨% $×9× �!T>& Hi- Multi 

5000�
�)�ˆ7Á�<�d��0�>'�†#Ý�8�Z�o�Â!•)��†/œ�W�S���o�Â!•)��c%?'5�p�[/œ�8�
 1500oC�


15 �(�b�²�ó�[/œ�W�S�� �W3. 2- 27 �_�•��9‚�[�o�Â!•)��_�|�~�“�}�€�S 
Ç'Ä�g"g SiC !•)�

�/ �b�¥0{�†&g�M�� �‰�2 B �c�B�g�/�l�b P/% Si �b�j)%3ÿ�Ø�†4��C�K�’�M�_�µ�•�I�O�•�G

�\�†% $×�\�K�S�@�
 BN�•�X�p�b�M4Š�b
4�s�†�X�E�Z Si �j)%�b3ÿ�Ø�†4��}�O�S���œ�c�


�M�m�Z�b���œ�_�>�8�Z ���E �@$Î#Õ�K�
�±�A�^'5�]�@#Õ�L�S�� 5 �“ Si �b�µ�•�@�Y���(�^

���œ�x�Y�’�M�^�µ�•�\�^�W�S���œ�_�c�
 ���E �x�d7³�
�A/ã'¼�@$Î#Õ�K�S >&�W3. 2- 27(b)

�%(d) >' �� ���E�x�A/ã �b�^�8 
Ç'Ä�g"g SiC !•)��/ �†�“�•�_�c�
�|�~�’�M�^  P/% Si �b �µ�•

�@0[�Ó�I�€�•�\*ƒ�<�}�€ �
 �‰�2 A�
 C�
 D �>�|�g E �_�>�8�Z�
 5 �“ Si �@���(�_�?�X�’�M

�_�µ�•�[�A�S���œ�_�c�
�m�€�c$Î#Õ�O�N�
�W 3. 2- 27(a) �_&g�M�|�:�^,��ò�^!•)��/�@�“

�}�€�S�� �V�?�}�T�E�[�^�C�Ø�V�_ Si (•�Ê �†4Ä*( �M�•�G�\�[�|�~ ���(�?�X�’�M�^ P/% Si

�b�µ�• �@��#'�[�A�S�\ *ƒ�<�}�€�• ��  

 

�s  5 �“ Si �j)%5��b�s8j  

���E�x�A/ã �b�^ �8 ,��ò�^ 
Ç'Ä�g"g SiC !•)��/ �_�X�8�Z�
 5 �“ Si �b�j)%5�>& Si/C>' �\

�?�I�&�Ø�b6õ�€�† �W3. 2- 28 �_ &g�M�� 5 �“ Si �b�j)%5� �†�Q�x�M�\�
�?�I�&�Ø�@9×�C�^�•


4�¥�c�s�}�€�•�v�b�b�
 � �L Si �j)%5� �[�v�?�I�&�Ø�@�d�}�X�8�Z�>�~�
�g*…�b%&6õ�c

�*�8 �\0•�<�• �� �ç�ô 4 �º�Ø�_ ���Ì�K�S�o�Â!•)��_�|�• 
Ç��"g SiC�Ì�Þ�µ�º�[�c�
 Si �j)%

5��c Si/C>;1.4 �\�K�S �@�
 
Ç'Ä�g"g SiC !•)��/�b�80��_�>�8�Z�v�
 Si �j)%5��c Si/C>;

1.4 �Ü3Æ�@�q4:� �̂j)%5� �[�6�•�\ *ƒ�<�}�€�•��  

 

�t  
Ç'Ä�g"g SiC !•)��/�b�Ÿ�Õ�Û�¡�±�Ü�®�î�©�Ù�å  

Si �j)%5�>& Si/C>'�†�š�<�
 �‰�2 A�[�80��K�S 2 '�8®�b
Ç'Ä�g"g SiC!•)��/�_�X�8�Z�Ÿ

�Õ�Û�¡�±�Ü�®�î�©�Ù�å�†/œ�W�S��0è�q 1 �c Si/C >;1.45 �[�?�I�&�Ø�c 2.95g/cm3�
0è�q 2

�c Si/C>; 1.40 �[�?�I�&�Ø�c 2.85g/cm3 �[�6�W�S��  

2 '�8®�b
Ç'Ä�g"g SiC !•)��/�>�|�g �ç�ô 4 �º�Ø�_�80��K�S 
Ç��"g SiC �Ì�Þ�µ�º�b X)z
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�G�¡�Ã�±�î�å�†�W 3. 2- 29 �_ &g�M�� 0è�q 1 �\ 0è�q 2 �c Si �j)%5��>�|�g �?�I�&�Ø�@$��^�•

�@�
�G�¡�Ã�±�î�å�_�±�A�^4*�8 �c0b�}�€�N �
 �z%&�[�6�•�� - SiC(3C)�b�Ú�_�
 �ƒ�N�?�_��

- SiC(6H) �@0b�}�€�
 !•)��/
Æ4Š�_�g�Ñ�M�• Si �_2s�I�M�•�G�¡ �Æ�î�¡�@0b�}�€ �S�� Si �b

�G�¡ �Æ�î�¡�I�Ø�c�
 Si �j)%5� �@$��^�•�_�v�?�?�ƒ�}�N�
0è�q 1 �\0è�q 2 �[�±�A�^�j�c0b

�}�€�^ �?�W�S�� �r�S�
�ç�ô 4 �º�Ø�_�80��K�S
Ç��"g SiC �Ì�Þ�µ�º �b X)z �G�¡�Ã�±�î�å �\

�š3Q�M�•�\ �
 
Ç'Ä�g"g SiC !•)��/�b SiC �\ Si �b�G�¡ �Æ�î�¡ �I�Ø �š �c�`�I�C �^�W�Z�8�•

�G�\�?�}�

Ç��"g SiC �Ì�Þ�µ�º�|�~�v�•�o�Â Si �@�¨�C �µ�r�€�Z�8�•�•+��ö�@&g�@�I�€

�S��  

 

�u  
Ç'Ä�g"g SiC !•)��/�b !Õ���_ "á 

�V0° 
Ç'Ä�g"g0è�q 1 �>�|�g0è�q 2 �_�X�8�Z�
 �Q�€�R�€ �b0è�q�?�} 10mm>v10mm>v1.75mm

�b 0…"g0è�q�†�)�~���K�
 �
 ��?�} 1000oC�b ��Ø�_�>�E�•!Õ���_"á�† ����K�S��0è�q�b!Õ

�Ñ�S"á ( �D) �>�|�g �š!Õ ( Cp) �c�Þ�î�¨�î�Ç�Û�µ�©�×�”�¼�Û�–�¨�î  ( LFA457 MicroFlash, 

NETZSCH0� )  �†#Ý�8�Z �
 ��?�} 1000oC �b ��Ø�[�”�Ý�¦�å7º�V�¼�p�[ ����K�S��!Õ���_

"á�c 3.2.1(2) �w�_&g�M�' (3.2 - 1) �_�|�~�Ó�u�S��  

�
 ��?�} 1000oC�_�>�E�•
Ç'Ä�g"g SiC!•)��/ �b!Õ���_"á�†�W  3.2- 30 �_&g�M�� �š3Q�b

�S�u�
�ç�ô 4 �º�Ø�_�80��K�S
Ç��"g SiC �Ì�Þ�µ�º�b!Õ���_"á�v&g�M��
Ç'Ä�g"g SiC !•)�

�/ �b �
 ��b !Õ���_"á �c�
0è�q 1>&�?�I�&�Ø 2.95g/cm3>'�[�c 87W/m�‡K�
0è�q 2>&�?�I�&�Ø

2.85g/cm3>'�[�c 96W/m�‡K�[�6�~�

Ç��"g�Ì�Þ�µ�º>&�
 �!Õ���_"á 64W/m�‡K>'�|�~�v9×�8

�Í�†&g�K�S���r�S�
 
Ç'Ä�g"g SiC !•)��/ �b 1000oC�b !Õ���_"á �c�
0è�q 1 �[�c 31W/m�‡K�


0è�q 2 �[�c 26W/m�‡K�[�6�~�

Ç'Ä�g"g SiC !•)��/�c�

Ç�� SiC �Ì�Þ�µ�º�\� '¼�r�S�c�Q

�€�è�V�b!Õ���_"á�†�w�M�•�G�\�†�Â�}�?�_�K�S�� 3.2.1(2) �w�[�v3Ù�m�S�|�:�_�
 9× ��ž

�«!T#Ý!Þ�q�¥�å�Ã�¡�º�\�K�Z�b4:#Ý�†*ƒ�<�S���œ�
�>�(/ã#Õ�B"@�†!Þ�q�¥�å�Ã�¡�º
Æ4Š

�_�–�â�M�•�S�u�b9×�&�Ø�ì�_�•�<�
�|�~9×�8!Õ���_"á�@�I�C�Ó�u�}�€�Z�8�•��9× ��ž�«

!T�b!T�°0¿0£�b0{!l�?�}�
 TRISO!Þ�q(•�Ê�†#Ý�8�S!Þ�q�B�g�/�b SiC �b!Õ���_"á�c�


NITE�2�[�80��K�S SiC>&40W/m�‡K at 300 oC �
 20m�‡K at 1000 oC>&7>' >'�\� '¼�è�V�@�ƒ�r�€

�Z�>�~�
�•%Ê'2�[�80��K�S 
Ç'Ä�g"g�†�w�M�• �o�Â!•)� SiC �c�Q�b�Í�†���( 6�S�K�Z�8�•

�\*ƒ�<�} �€�
�•%Ê'2�[�f�L�M�•�o�Â!•)��É�ß�­�«�c�
)“�&�[9×�8!Õ���_"á�†�w�M�• SiC

�Ð�º�Ü�µ�¡�«!Þ�q�¥�å�Ã�¡�º�b�80��É�ß�­�«�\�K�Z�‡�…�[�A�•�G�\�†0b���K�S��  

 

�g*ƒ�e"©  

(1)  N. Mizuta, et al., � Śtudy of SiC - matrix fuel element for HTGR, �µ 

Proceedings of ICONE- 27, Tsukuba, Japan, May 19 - 24, 2019.  

(2)  M. Goto, et al, � Ćonceptual study of an experimental HTGR upgraded from 

HTTR,�µ Proceedings of HTR2018, Warsaw, Poland, October 8 - 10, 2018.  

(3)  �Ç�“�–�å�­�Û�Ñ�µ�¡�«�b!•)��/�&�Ø�í6ä�¼�Í"á�b ����‰�2>*�¥�•�d��0d�A  JIS 

R1634:1998. 

( 4) M. A. Mulla, V. D. Krstic, � Ṕressureless sintering of  �E- SiC with Al 2O3 

additions �µ, J. Mater. Sci., 29 (1994) 934.  
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(5)  �¥�•�Û/¡�ú+Æ�
�
9× ��­�Û�Ñ�µ�¡�¦�q'¨ 124 �$�(�
)…>*�� SiC (Ô�­�Û�Ñ�µ�¡�«�‚

�¦�q  �q3Æ�b�Ž6ä��>*
Æ#ã*•;o�a>* p. 242- 243 (2001).  

( 6)  K. Yoshida, H. Mukai, M. Imai, K. Hashimoto, Y. Toda, H. Hyuga, N. Kondo, 

H. Kita and T. Yano, � Ŕeaction sintering of two - dimensional silicon carbide 

fiber - reinforced silicon carbide composite by sheet stacking method �µ, J. 

Nuclear. Mater., 367 (2007) 769.  

(7)  Terrani , K. A., Snead, L. L., Gehin, J. C., J. Nucl. Mater . , 427, 209 -

224 (2012).  

 

 

 

�W3. 2- 1 SiC �b�–�}!•)��[�b!•)��Ã�±�î�å  

A>8�”�Ý�¦�å>& Ar>'7º�V�¼�
 B>8%?'5>&�
 �>| 1500�¥>'�‹�
�”�Ý�¦�å>& Ar>'�_
°  

 

 

/² 3.2- 1 �–�}!•)��[�“�}�€�S!•)��“�c!“�ç�• SiC!•)��/�b�?�I�&�Ø�
%&�P�&�Ø�>�|�g6ä�¼�Í"á  

 

�¾�‹  
T���O�Q  
	°�C  

�Ï�½�–�ñ  
�V�`�·�U  
(g/cm 3) 


î�2�·�U  
(%) 

�‹�@�º�r  
(%) 

	•�P  
�Ã�6�E

SiC 

�²�â�E�{  

A 
(Ar) 

1.47  45.9  54.1  

B 

(Vac�â Ar) 
1.45  45.3  53.9  

CIP 

A 
(Ar)  

1.66  51.9  44.4  

B 

 (Vac�â Ar) 
1.64  51.3  36.7  
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�W3. 2- 2 �›!•)��Ã�±�î�å�[ CIP�B�g�/�†�–�}!•)��K�S SiC !•)��/ �•8��b SEM
×%? 

>&�W�pA�
 B�c!•)��Ã�±�î�å�†&g�M>'  

 

 

/² 3.2- 2 �–�}!•)��[�“�}�€�S!•)��“�c�ç�• SiC !•)��/�b�?�I�&�Ø�
%&�P�&�Ø�>�|�g6ä�¼�Í"á  

 

	°�C	•�P  
T���O�Q  
	°
T  

�Ï�½�–�ñ  

�V�`�·�U  

(g/cm 3) 


î�2�·�U  

(%) 

�‹�@�º�r  

(%) 

Al2O3  

�²�â�E�{  

A 
(Ar) 

1.68  52.0  44.2  

Al 1.81  56.9  40.1  

Al(NO3)3  1.57  49.2  50.2  

Al2O3  
B 

(Vac�â Ar) 

1.67  51.7  44.0  

Al 1.79  56.4  39.8  

Al(NO3)3  1.56  48.9  49.9  

Al2O3  

CIP 

A 

(Ar) 

1.87  57.9  39.4  

Al 2.00  62.8  34.9  

Al(NO3)3  1.84  58.0  41.0  

Al2O3  
B 

(Vac�â Ar) 

1.85  57.4  39.1  

Al 1.97  62.0  35.1  

Al(NO3)3  1.83  57.5  40.7  
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�”�Ý�Ñ�¼�ç�•  

 

  

5 �“�”�Ý�Ñ�½�˜�Ò�ç�•  

 

  

%ê4ß�”�Ý�Ñ�½�˜�Ò�ç�•  

�W3. 2- 3 �›!•)��Ã�±�î�å�[ CIP�B�g�/�†�–�}!•)��K�S!•)��“�c�ç�• SiC !•)��/ �•8��b SEM
×%?

>&�W�pA�
 B�c!•)��Ã�±�î�å�†&g�M>'  
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�W3. 2- 4 �o�Â!•)��_�>�E�•!•)��Ã�±�î�å  

 

 

 

�W3. 2- 5 �o�Â!•)��‹�b0è�q�b�¥0{
×%?  

 

 

 

�W3. 2- 6 �o�Â!•)��‹�b 0è�q�†)ª�‰�¥�_�)�•�K�S8��b
×%?  

>&�e>8�M3H�•�}�B�g�/�b�o�Â!•)��/�
�‘>8 CIP�B�g�/�b�o�Â!•)��/>'  
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�W3. 2- 7 !c(ò)Ä)T�©�î�º>&)Ê�x>'�†�Ó�K�Z5 �“ Si �V�_  

�B�g�/�†4Ä*(�M�•�o�Â!•)��2>&�‰�2 A>'�b�•�'�W  

 

 

 

 

 

 

 

 

 

 

>&a>' �o�Â!•)��S                    (b) �o�Â!•)��‹  

�W3. 2- 8 �‰�2 A�[�b�o�Â!•)��S�‹�b�•�X�p
Æ�b0è�q�b
×%?  

 

 

 

 

 

 

 

 

�W3. 2- 9 �‰�2 A�[�o�Â!•)��K�S0è�q�b�¥0{  

 

 

 

 

 

 

 

�W3. 2- 10 �‰�2 A�[�o�Â!•)��K�S0è�q�b�)�•8�  

>&�e>8�M3H�B�g�/�b�o�Â!•)�0è�q�
�‘>8 CIP�B�g�/�b�o�Â!•)�0è�q>'  
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�W3. 2- 11 5 �“ Si �†!c(ò)Ä)T�b(ã�\�K0•�I�O�Q�b�V�_�B�g�/�†4Ä*(�M�•  

�o�Â!•)��2>&�‰�2 B>'�b�•�'�W�\�¥0{  

 

 

 

 

 

 

 

 

 

 

 

�W3. 2- 12 �‰�2 B�[�o�Â!•)��K�S0è�q>&�M3H�B�g�/�b�o�Â!•)�0è�q>'�b�¥0{�\%Ú�•8�  

 

 

 

 

 

 

 

 

�W3. 2- 13 �‰�2 B�[�o�Â!•)��K�S0è�q>& CIP �B�g�/�b�o�Â!•)�0è�q>'�b�¥0{�\�)�•8�  
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>&a>' �¥0{                               (b) �)�•8�  

�W3. 2- 14 �‰�2 B�[�o�Â!•)��K�S0è�q>&�M3H�B�g�/�b�o�Â!•)�0è�q>'�b�¥0{�\�)�•8�  

 

 

 

 

 

 

 

>&a>' �V8�                    (b)  
�8�  

�W3. 2�x15 �ã�œ(Š�\ Si 5 �“(•�b�ã�œ(Š�/�?�}�B�•�B�g�/�†#Ý�8�S�o�Â!•)��/>&�‰�2 C>'�b�¥0{  

 

/² 3. 2- 3 �ã�œ(Š�\ Si 5 �“(•�b�ã�œ(Š�/�?�}�B�•�B�g�/�†#Ý�8�S�o�Â!•)��/>&�‰�2 C>'�b  

�M�2�>�|�g�&�Ø�b�š�ì  

 

 

 

 

 

 

 

 

 

 

�W3. 2- 16 PVA�_�|�•4�(•(Š�†#Ý�8�Z�80��K�S�B�g�/>&�W�e>'�b�o�Â!•)��/�b�¥0{>&�W�p�¸>'  

�>�|�g
Ç��3H�‰�¥�_�)�•�K�S�)�•8�>&�W�e>'  

	Q�– �Ü�� �ö�` �·�U

(g) (mm) (mm) (g/cm3)


T���Î 2.2879 13.06 11.07 1.543

	°�C�› 2.2357 14.04 12.30 1.174

  

 

   

���J���F�P������ �� �� �� 
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�W3. 2- 17 �B�g�/�_%$�K 5 �“ Si �†�K0•�I�O�•�o�Â!•)��2�b�•�'�W  

 

 

 

 

 

 

 

 

 

 

�W3. 2- 18 �B�g�/�_%$�K 5 �“ Si �†�K0•�I�O�•�o�Â!•)��2�[�80��K�S0è�q  

>&�B�g�/�„>9 10 mm�->'�b�¥0{  >&�e>8�o�Â!•)��S�
�‘>8�o�Â!•)��‹>'  

 

/² 3. 2- 4 �B�g�/�_%$�K 5 �“ Si �†�K0•�I�O�•�o�Â!•)��2�[�80��K�S0è�q�b�M�2�>�|�g�&�Ø  

 
 

 

 

 

 

 

 

 

 

 

�W3. 2- 19 �B�g�/�_%$�K 5 �“ Si �†�K0•�I�O�•�o�Â!•)��2�[�80��K�S0è�q  

>&�B�g�/�„>9 10mm�->'�b%Ê&;8��b
œ�Û8§�¤6~
×%?  

Archimedes


T���0 	Q�–���J�� �Ü�����P�P�� �ö�`���P�P�� �·�U���J���F�P3) 	Q�–���J�� �Ü�����P�P�� �ö�`���P�P�� �·�U���J���F�P3) �·�U���J���F�P3)

1.3233 15.06 5.09 1.459 2.6523 14.97 4.98 3.026 3.018

1.3207 15.06 5.09 1.457 2.6660 14.96 5.02 3.021 3.011

0.6646 10.06 5.67 1.475 1.3545 10.01 5.66 3.041 3.018

0.6638 10.05 5.67 1.476 1.3377 10.01 5.60 3.035 3.011

�����P�P�!

�����P�P�!


T���0 
T���0

 

  

 

�o�Â!•)��/  
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(a) �§��7Á�Ê
@     (b) �o�U7Á�Ê
@ 

�W3. 2- 20 �B�g�/�_%$�K 5 �“ Si �†�K0•�I�O�•�o�Â!•)��2�[�80��K�S0è�q  

>&�B�g�/�„>9 10mm�->'�b%Ê&;8�  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�W3. 2- 21 �B�g�/�_%$�K 5 �“ Si �†�K0•�I�O�•�o�Â!•)��2�[�80��K�S0è�q  

>&�B�g�/�„>9 10mm�->'�b%Ê&;8��b SEM
@�\ EDX
–(ò�Ð�µ�Æ�å�¢  

 

 

 

 

 

 

 

 

  

 



3.2- 20 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�W3. 2- 22 �N�q�\�K�Z#Ý�8�S ( a)SiC �\ ( b)C(Š�Ž�
 ( c) �G�€�}�b�ã�œ(Š�>�|�g ( d) �o�Â!•)��_�|�~

�80��K�S!•)��/�†(Š%Ë�K�S(Š�Ž�b X)z�G�¡�Ã�±�î�å  

 

 

 

 

 

 

 

 

 

 

 

 

 

�W3. 2- 23  Si �j)%5��@�o�Â!•)��/�b�&�Ø�_�l�p�M�s8j  
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�W3. 2- 24 �
 ��?�} 1000oC �b ��Ø�_�>�E�•�o�Â!•)� SiC 0è9‚"&�b  

!Õ�Ñ�S"á�
�š!Õ�>�|�g!Õ���_"á  

 

 

�W3. 2- 25 
Ç'Ä�g0è�q�B�g#Ý5 �º  
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�W3. 2- 26 �o�Â!•)��_�>�E�• BN�•�X�p�
�B�g�/�b4Ä*( �>�|�g 5 �“ Si �b�j)%�‰�2  
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�W3. 2- 27 �o�Â!•)��_�|�~�“�}�€�S
Ç'Ä�g"g SiC !•)��/�b�¥0{  

 

 

 

 

 

 

 

 

 

�W3. 2- 28 �j)% Si 5��\�o�Â!•)��/�?�I�&�Ø�b6õ�€  

 

 

 

 

2.80

2.82

2.84

2.86

2.88

2.90

2.92

2.94

2.96

1.32 1.34 1.36 1.38 1.40 1.42 1.44 1.46

�V
�`

�·�
U

�¤
g/

cm
3 )

�›�‡ Si / C �à�é
|
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�W3. 2- 29  2 '�8®�b
Ç'Ä�g"g SiC !•)��/�>�|�g
Ç��"g SiC �Ì�Þ�µ�º�b X)z�G�¡�Ã�±�î�å  

 

 

 

 

 

 

 

 


Ç��"g�Ì�Þ�µ�º  

>&3.02g/cm3>'  


Ç'Ä�g"g0è�q  

>&2.95g/cm3>'  


Ç'Ä�g"g0è�q  

>&2.85g/cm3>'  
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�W3. 2- 30 �
 ��?�} 1000oC�_�>�E�•
Ç'Ä�g"g SiC!•)��/�>�|�g
Ç��"g SiC �Ì�Þ�µ�º�b !Õ���_"á  

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

�Õ 
Ç��"g�Ì�Þ�µ�º>& 3.02g/cm3>'  

�¸  
Ç'Ä�g"g0è�q>& 2.95g/cm3>'  

�¦  
Ç'Ä�g"g0è�q>& 2.85g/cm3>'  
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3.2.2 TG- DTA�_�|�• �o�Â!•)� SiC �b 4ß�ì0è9‚ �� R3- R5��  

�ç�ô 3 �º�Ø�c�
 !Õ5�5��x&g�j!Õ�(�Ò/æ*(>& TG- DTA>' �_�|�•4ß�ì0è9‚�†/œ�:�S�u�b�£
�$×��

9‚�†/œ�8�
 4ß�ì0è9‚�†���‹�M�•�S�u�b/æ *(�b�Z
��†/œ �W�S��  

�ç�ô 4 �º�Ø�c�
0��8�‰�2�x!•)� ��Ø'¼�b0��8�²�ó�†�š�<�Z SiC0è9‚"&�l�g SiC�¥�å�Ã�¡�º

�Ô�¹�Ý�†0��8�K�
4ß(ò ð�Ø�l�g ��Ø�²�ó�†�š�ì�I�O�Z TG- DTA�_�|�•4ß�ì0è9‚�†/œ�8�
 SiC

�b4ß�ì�¹�î�±�†�v�“ �K�S ���r�S�
 '¨ 3.1 (��[���‹�M �• VVUQ0Û�o�\)+�œ0è9‚ =
��b�S�u�_�


�G�€�}�b�¹�î�±�†�j �K�S ��  

�ç�ô 5�º�Ø�c�
�ç�ô 4�º�Ø�r�[�b�è0¦)��Ý�†�Ë�î�«�\�K�
 SiC0è9‚"&�l�g SiC�¥�å�Ã�¡�º�Ô

�¹�Ý�_�X�8�Z4ß(ò ð�Ø�l�g ��Ø�²�ó�†�š�ì�I�O�Z TG- DTA�_�|�•4ß�ì0è9‚�†/œ�8�
 SiC�b4ß�ì

�¹�î�±�†
˜���I�O �S���r�S�
 '¨ 3.1(��[ ���‹�M�•)+�œ0è9‚�\ VVUQ�b�r�\�u�b�S�u�_�
�G�€�}

�b�¹�î�±�†�j �K�S ��  

 

( 1)  &g�j!Õ�³&×/æ*(>& TG- DTA>' �_�|�•4ß�ì0è9‚ �b�£
�$×��9‚  

�q  �±�¼�p4ß�ì0è9‚�b�£
�$×��9‚ �� R3��  

&g �j !Õ �³&× /æ *(>& TG- DTA>' � _ � | � • � ± � ¼ � p4ß �ì 0è 9‚ �† /œ�: �S �u �b �£ 
� $× �� 9‚

� † / œ�W �S �� 0Û �o0è �q �\ �K �Z �
 �w 2
 �b !c �ì �£ �– (ò >& SiC> ' # + > & % $ � „3.968mm> ' � †

#Ý �8 �S � � SiC#+ �† � š �± �À � î �Ý �p � [ 2x8b �< �Y �w �K�S � ‹ � 
 �M �2>&%$ � „> '� l � g 5 �5 � � †

 � � � �K �S � � �Y �w �K �S SiC#+ �†$Ñ5  0 � � � � þ � _ 
 ° � € � 
 TG- DTA/æ* ( 
Æ�_0¿* ( �K � 
 � ± �¼

�p �[ �
 �
  � �? �} �d �� �b  � �Ø � r � [ 10oC/ min�b �¼ � 3ÿ �Ø �[ �¼  � �K �S �� �d ��  � �Ø �?4)

� ‹ � 
 30� ( 6 ë � – � â � K� 
 ! T 
í � K � S�� � – � â  � � Ø � c 800oC� ? � } 1100oC�[ 0¿ �� �K �S �� �W

3.2 - 31�_ TG- DTA�_ � | � • � ± �¼ �p � [ � b SiC#+ �b4ß � ì 0è9 ‚ ) � �Ý �b �M � [ � †&g �M>& �– �â  �

�Ø1100�¥ >' �� �• !Õ  � �Ø 850� ¥ � r � [ 3�• 7u �b 5�5� �ö �a �@ 0b �} �€ �S �� �G �b 5�5� �ö �a

� c � 
 SiC#+ / ²8 � � _ �Ü%T�K �Z �8 � • � • � î � Î � å '¼ �b �Y(ç "@�b4ß � ì � _ � | � • � v � b � \ * ƒ �< � }

� € � • � � 850�¥ �è �V �b �± �¼ �p �[ �b �• !Õ �[ 5� 5� �Q �• �@ 0b �} �€ �S �G �\ �? �} �
 850� ¥ � Ü

3Æ�? � } � ± �¼ �p �_ �> �E � •SiC#+ �b4ß � ì �@2s �G �W�Z �8 � • �G � \ �@ �ƒ �? � • � � � è �V �b �G � \

� ? � } � 
 TG- DTA�_ � | � • � ± �¼ �p � [ � b SiC�b 4ß � ì 0è9 ‚ � b � £ 
 � $× �è0 ¦ � † /œ � : �G � \ �@ � [ �A

�S� �  

 

�r  �• !ñ '5 �¼�Ç�ß�î �W�_ �> �E�• �± �¼�p4ß�ì0è9‚ �b �£ 
�$×��9‚ �� R3��  

�� �_ �
 �d ��  � �Ø �_ �> �E �• SiC�b4ß �ì �ò �· �†0Û �o �M �• �S �u �
 �d ��  � �Ø �_ �?4) �M

�• �r �[ �” �Ý �¦ �å �ž �« �† �_ 
° �K �
 �d ��  � �Ø �? 4) �‹ �
 '5 �¼ �† �_ 
° �M �•4ß �ì 0è9‚ �_

�X �8 �Z �è0 ¦ �K �S � � 3.2.2 ( 1) � q � \ �   � ] � _ � 
 0Û �o0è �q � \ �K �Z SiC#+ �†#Ý �8 �S � ��Y �w

�K �SSiC#+ �†$Ñ5  � r �S � c � ” �Ý �Ñ �¼0 � � � � þ � _ 
 ° � € � 
 TG- DTA/æ* ( 
Æ�_0¿* ( �K �S � ‹ � 


�ß �î �± �Ü �î �Ï �å �É �†#Ý �8 �Z%? '5 �, �A �† /œ�8 �
 �” �Ý �¦ �å7º �V �¼ �_ *( �n �K �S �� �”

�Ý �¦ �å *( �n �‹ �
 �” �Ý �¦ �å �Ç �ß �î >& �v5� 50ml/min >' �\ �K �S �� �” �Ý �¦ �å �Ç �ß �î �W

� [ � d � �  � � Ø � r � [ � ¼  � 3 ÿ � Ø 20�¥ / min�[ �• !Õ �K �
 �d ��  � �Ø �? 4) �‹ �
 50ml/min � b � •

!ñ '5 �¼ �Ç �ß �î �_ �) �~ �p �< �
 30>| 60�( 6ë �– �â �K �S �� � – � â  � �Ø �c 800oC� ? � } 1400oC

� [0¿ � � �K �S � � � – � â  � �Ø �@ 800�¥> | 1100�¥ �b � � �œ �c$Ñ5  0 � � � � þ � † � 
 1100�¥ �è �V �b

 � �Ø �b � � �œ �c � ” �Ý �Ñ �¼0 � � � � þ � †#Ý �8 �S � � TG- DTA�_ � | � • � • ! ñ ' 5 �¼ �Ç �ß � î � [ � b SiC
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#+ �b 4ß �ì 0è 9‚ )� �Ý �b �M �[ �† �W3.2 - 32�_ & g � M > & � – � â  � � Ø1000� ¥ > ' � � � ” � Ý � ¦ � å � Ç

� ß � î � [ 1000�¥ �r �[ �¼  � �K �S �‹ �
 �” �Ý �¦ �å �Ç �ß �î �? �} �• !ñ '5 �¼ �_ �) �~ �p �< �S 7•

�_ TG)z >& �W �p )s )z >' �_ �ƒ �N �? �^ �À �– �¬ �@0b �} �€ �S �@ �
 �G �€ �c 0è �q �\ �� �þ �b �‹

�Š �b � š � ì � _ � | � • � v � b � [ � 6 � • � � � • ! ñ ' 5 �¼ �_ 
 ° � ‹ � 
 SiC�b4ß � ì � _ � | � • 5 � 5 � �Q � • �@�Â

%‘ �_0b � } � € �S � � � è �V �b �G � \ � ? � } � 
 TG- DTA�_ � | � • � • ! ñ ' 5 �¼ �Ç �ß � î � [ � b SiC�b 4ß � ì

0è9‚ �b �£ 
�$×�è0¦ �† /œ�: �G�\ �@�[ �A �S��  

 

�s  4ß�ì0è9‚�†/œ�:�S�u�b /æ*(�b�Z
� �� R3��  

SiC�b4ß � ì 0è9 ‚ � † � � � ‹ �M � • �S �u �b TG- DTA/æ* ( � b �Z 
 � � † /œ �W�S �� �r �N �
 �• %Ê '2

� [ � � � ‹ � £ � � � b TG- DTA/æ* ( � †#Ý �8 �SSiC�b 4ß � ì 0è9 ‚ � b � v � € � † �W3. 2- 33�_&g �M � � � •

%Ê '2� [ � b SiC�b 4ß � ì 0è9 ‚ � c � 
 �W 3. 2- 33�_&g �M3û �~ � 
 4ß (ò  ð �Ø �† �D � š �K �S7 º �V �¼

�W�_ �> �8 �ZSiC�b4ß � ì 0è9 ‚ � † /œ � :0£# ì � [ � 6 �~ � 
 �Q �b �S �u �_ � c9× (ç �Ø � ” �Ý � ¦ � å � ž

�« �\ �” �Ý �¦ �å /O2�†  = �ž �« �†#Ý �– �K �
 �d �� �b4ß (ò  ð �Ø �\ �^ �• �| �: �_ �G �€ �} �b �ž

�« �† �ã �œ �K �
 TG- DTA�b 0è �q �
 �_ �_ 
° �M �• �² 0[ �@ �6 �• �� �G �b 4ß �ì 0è9‚ �† �• +� �\

� M � • � S � u � _ TG- DTA/æ *( �b �Z 
� �† /œ �W�S �� 4ß (ò  ð �Ø �† �D �š �K �S 7º �V �¼ �W �_ �> �E

�• SiC�b4ß�ì 0è9‚ /æ*( �b �+$� �W�† �W 3.2 - 34�_&g�M� � 

�ž�«�Î�å�Ë�?�}�j)%�I�€�•9×(ç�Ø�”�Ý�¦�å�ž�«�\�”�Ý�¦�å /O2�† =�ž�«�b5��†�Ð�«�Ç

�ß�î�Ó�î�±�[�D�š�K�
�d���b�m�œ�\�^�•�|�:�_�ž�«�ã�œ�þ
Æ�[�ã�œ�M�•���Q�b7•�
�ã�œ

�ž�«�p�b4ß(ò ð�Ø�†4ß(ò ð�Ø0£�[ ����M�•���G�b�ã�œ�ž�«�† TG- DTA/æ* (�b0è�q�
�_�d

���b�v5��[�_
°�M�•���G�b�ž�«�ã�œ�©�«�¸�Ò�†�_
°�M�•�G�\�[�
4ß(ò ð�Ø�†�D�š�K�
�œ

�È�84ß(ò ð�Ø�b#”�C�W�[4ß�ì0è9‚�†/œ�:�G�\�•+��\�^�•���è�V�b�G�\�?�}�
�• %Ê'2�_�>

�8�Z SiC�b4ß�ì0è9‚ �† �� �‹ �M�• �S �u �b TG- DTA/æ*( �b �Z 
� �†/œ�:�G�\�@�[�A�S��  

 

(2) 4ß(ò ð�Ø�l�g ��Ø�²�ó�†�š�ì�I�O �S TG- DTA�_�|�•4ß�ì0è9‚  

�q  SiC �b TG- DTA�_�|�•4ß�ì0è9‚ �� R4��  

�•%Ê'2�[�f�L�M�•�«�Ü�î�È�Þ�« SiC �•�¦!Þ�q�¥�å�Ã�¡�º�b9× ��ž�«!T'5�¼�u
°�¦�>�ì

�b SiC 4ß�ì�ò�·�†�•�q�M�•�S�u�b0[(ò0è9‚�\�K�Z�b�)*(�Ü�E�[�
 SiC 4ß�ì0è9‚�†/œ�W�S��

!Þ�q�¥�å�Ã�¡�º�c0�4��‰�2�b0{!l�?�}�o�Â!•)� SiC(reaction - sintered SiC, �è�W RS-

SiC)�†�G#Ý�K�Z�8�•���•%Ê'2�[�c�
�w2
�b�o�Â!•)� SiC>&RS- SiC>'�†0Û�o0è�q�\�K�
4ß

�ì0è9‚�†/œ�W�S��  

�•%Ê'2�[#Ý�8�S RS- SiC �Î�î�Ý ( �¹�’5�5� 98.65mg�
%$�„ 3.998mm�
�,.(5r �d 0� ) �b)���

%&�†1*�m�•�S�u �
 XRD�G�¡ ( Aeris Research edition �| Malvern Panalytical Ltd 
c ) �†

/œ�W�S���“�}�€�S XRD�Ã�±�î�å�†�W 3.2- 35 �_&g�M�� XRD�Ã�±�î�å�?�}�
 RS- SiC �Î�î�Ý

�c
¾�º$×�^�� - SiC �\�� - SiC �b�ã�œ�¨)����[�6�•�G�\�@�(�?�W�S >&1- 4>' ��  

� G � b RS- SiC �Î �î �Ý �† 0è �q �\ �K �Z �
 !Õ 5� 5� �x &g �j !Õ �( �Ò /æ *( (TG- DTA>9

Thermogravimetry�· Differential Thermal Analysis, Bruker, model TG- DTA2020SA) �†

#Ý�8�S4ß�ì0è9‚�†/œ�W�S�� /² 3. 2- 5 �_ TG- DTA�_�|�•4ß�ì0è9‚�b ����²�ó�†&g�M�� ��Ø

�c SiC 4ß�ì�@�w�–�_���r�• 800�¥�?�}'5�¼�u
°�¦�>�ì�_�?4)�M�•�\�I�€�• 1400�¥�r�[�


4ß(ò ð�Ø�c'5�¼�†�ì���K�S 20%�?�}���*�b 1ppm�r�[�\�K�
7º�V�¼�ž�«�\�K�Z Ar/O2 �ã�œ
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�ž�«�†#Ý�8�S��0è9‚�S�_ TG- DTA!T
Æ�b%?'5�,�A�†
°�Õ�_/œ�8�
�¼ �6ä���‹�c  Ar �ž�«�Ç

�ß�î�
% �† ��Ø�_�?4)�M�•�\� �ì�_ Ar/O2 �ž�«�Ç�ß�î�_�)�~�p�<�Z�
 30 �(6ë�b4ß�ì�o�Â

�_���:0è9‚"&�b5�5��š�ì�†�Ü�”�Ý�±�–�Ò�Ô�½�±�Ü�å�¢ ����K�S��5�5��Q�•�@0b�}�€�S

passive 4ß�ì�£�î�«�b4ß�ì3ÿ�Ø�\ ��Ø�b6õ�€ ( �”�Þ�½�˜�«�É�ß�µ�º ) �†�W 3.2- 36 �_&g�M��

�r�S�
�W 3.2- 37 �_�c�W 3.2- 36 �b 800>| 1000�¥�* �
��[�b�q�ö�ì�š�¿�Ý� �î�b'ì���
�W

3.2- 38 �_�c4ß(ò ð�Ø 1ppm�[�b RS- SiC�b5�5��š�ì�b)��Ý�†�Q�€�R�€&g�M��  

�W 3.2- 36 �_�>�8�Z�
 RS- SiC �b passive 4ß�ì3ÿ�Ø�c ��Ø�_�P�K�Z�Â%‘�_�k�Ñ�M�•�* �


��\�
 ��Ø�V�¼�_�P�K�Z4ß�ì3ÿ�Ø�@0b�?�E�V�M���_�^�•9× �
��_�(�m�[�A�•�G�\�@�(�?

�•���* ��[�c�
 SiC �ö%��_�P�K�Z4ß(ò�b
Æ4Š�Ñ�S�@�-4Ä$×�[�6�•�b�_�P�K�
9× ��[�c#Õ

�B�K�S CO2 �b�¥4Š�Ñ�S�@�-4Ä$×�_�^�~�
�^�>�?�X CO2 �b�Ñ�S3ÿ�Ø�c9× ��[�c ��Ø�_�P�K

�Z�k�Ñ�K�^�C�^�•
4�¥�_�6�•�G�\�@�(�?�W�Z�>�~ ( 5) �
�Q�b�S�u�•��9‚)��Ý�[�c RS- SiC�b

9× ��_�>�E�• passive 4ß�ì3ÿ�Ø�@0b�?�E�V�M���_�^�W�Z�8�•�\0Ž5��I�€�•���W 3.2- 21�_

�>�8�Z �
 4ß(ò ð�Ø 20%�_�>�E�• passive 4ß�ì�b�q�ö�ì�š�¿�Ý� �î�c 187 kJ/mol �\0b'��}

�€ �
 �G�b�Í �c�")� ���� - SiC �_�>�E�• 179kJ/mol( 6) �\ �o�p'¼�K�C�
 �r �S CVD- SiC �b

310kJ/mol( 7) �|�~�`�I�8�Í�\�^�W�S���G�b�¦���c�
 RS- SiC �@���\�� - SiC �b�ã�œ�[�6�•�S

�u�
�� - SiC�b�ì�Û$×�ò�·�_3Æ�8�ö2A�†�â�X�\�œ#.$×�_0Ž5��@�•+��[�6�•���r�S�
�›4ß(ò

 ð�Ø�_�P�K�Z'ì���I�€�S�q�ö�ì�š�¿�Ý� �î�\4ß(ò ð�Ø�b6õ�€�†*ƒ�<�•�\�
4ß(ò ð�Ø�\�q

�ö�ì�š�¿�Ý� �î�@)z�g�š�[�b6õ�€�_�6�•�G�\�@�(�?�•���M+á�_�
 SiC4ß�ì�c Si 8��\ C8�

�[�b4ß�ì�@�6�•�@�
 Si 8��_�>�E�•�q�ö�ì�š�¿�Ý� �î�c 358kJ/mol�
 C8��[�c 85kJ/mol( 8)

�[�6�•�G�\�@���Ì�I�€�Z�>�~�
�•%Ê'2�_�>�8�Z�*4ß(ò ð�Ø�[�c�q�ö�ì�š�¿�Ý� �î�@�*�C

�^�•�G�\�?�} C8��[�b4ß�ì�@�-4Ä$×�_�^�•�G�\�@&g�@�I�€�
�N�Ê"g4ß(ò�b�Ñ�S�b�‰�@�(

�Ê"g4ß(ò�b�Ñ�S�|�~�v�-4Ä$×�_�^�•�G�\�@�£ ��I�€�•���W 3.2- 37�[�Â�}�?�_�^�W�S RS-

SiC �b passive 4ß�ì�ò�·�?�}�
�w#Ý�^��9‚�'�†�è�W�_�_�8�S��  

 

�G
L �#�A�?
�¾�Ì
�Ë�Í 
L �w�ä�y�z�{�s
H�s�r�5�6�®�%�È�6

�6�ä�8�=�;�:�®�A�?
�6�ä�=�7�=�;
H�5�4�7�/ �¼�À�. �>�8�ä�<�;�8�:
H�5�4�7�.

�Í �� �:�u�ä�t 
F�t�; 

�z�r�r��
Q�6
Q�s�r�r�r���>�( �?�á�s
Q�%�È�6 
Q�s�r�r���>�’�’�• �? 
 

�G�G�[ k �c passive 4ß�ì3ÿ�Ø  (mg2/s) �
 A�c8–�Ø�I�Ê  (mg2/s) �
 Ea �c�q�ö�ì�š�¿�Ý� �î

(kJ/mol) �
 R�c#.�•�¼�/�b�¼�/���X  (kJ/mol / K)�
 T�c)/�P ��Ø  (K) �
 CO2�c4ß(ò ð�Ø  ( - )

�[�6�•��  

�W3.2- 38 �?�}�
4ß(ò ð�Ø 1ppm�b�]�K�8�²�ó�_�>�8�Z 800>| 1300�¥�[�c
¾�º$×�^5�5�

�Q�•�†���: passive 4ß�ì�†&g�K�S�@�
 1400�¥�[�c�±�A�^5�5��ö�a�†���: active 4ß�ì�@

0{�9�I�€�S��)�1=�\�K�Z�
 1400�¥ /10ppm4ß(ò ð�Ø�r�[�b�²�ó�_�>�8�Z�c RS- SiC �c
ƒ�€

�S*•4ß�ì�ö+��†&g�K�
9× ��ž�«!T'5�¼�u
°�¦�>�ì�_�>�8�Z�c�Q�b�¦�q�ú
²�ö�†)T�â�[�A

�•�\�‡�…�[�A�•���è�V�b)��Ý�?�}�
�•%Ê'2�_�>�8�Z RS- SiC �b4ß�ì�ò�·�_6õ�M�•�ö&O$×

�^�¹�î�±�b�v�“�_�B�Œ�K�S��  

���_�
 RS- SiC �Î�î�Ý�b4ß�ì0è9‚�_�|�•/²8��g�Â�š�ì�†1*�m�•�S�u�
 RS- SiC �Î�î�Ý/²
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8��b SEM0{�9 ( FE- SEM; S�˜ 4800,HITACHI) �†/œ�W�S���W 3.2- 39(a) - (c) �_4ß�ì0è9‚�S�>�|

�g4ß�ì0è9‚�‹�b RS- SiC�Î�î�Ý/²8��b SEM
×%?�†�Q�€�R�€&g�M�� 1400�¥�
4ß(ò ð�Ø 20%�b

Ar/O2 �Ç�ß�î
Æ�_�>�E�•4ß�ì0è9‚�‹�b SEM0{�9�?�}�
 � 0è�q/²8��[ �ž�Û�«2A�b SiO2 4ß�ì

+w�@�M�]�_�g�B�I�€�Z�8�•�]�Ê�x�
�˜�•�«�•�î"g�b(•�Ê�@ RS- SiC �Î�î�Ý/²8��_�B6×�K

�Z�8�•�]�Ê�@0{�9�I�€�S��  

 

�r  �•%Ê'2�[�80��K�S�o�Â!•)� SiC �b TG- DTA�_�|�•4ß�ì0è9‚ �� R4��  

3.2.2 ( 2) �q �b TG- DTA4ß�ì0è9‚�\� �]�b�²�ó�í�m8p�[�
�•%Ê'2�[�80��K�S RS- SiC 0è�q

>&3.2. 1( 2) �u >'�b*•4ß�ì�ö+�0è9‚�†/œ�W�S��  

�W 3.2- 40 �_'5�¼4ß�ì�_�>�E�• RS- SiC 0è�q�b5�5��š�ì�b)��Ý�†&g�M�� 800>| 1400�¥�r

�[�b�²�ó�[�
 900>| 1000�¥�b 2 3û�~�†7V�8�Z
¾�º$×�^5�5��Q�•�†���: passive 4ß�ì�[�6

�•�G�\�@&�1��I�€�S�� 900>| 1000�¥�_�>�8�Z�c�Q#Ý�K�S�§�å�É�Ý�c C �†�¨�C�µ�‡�[�>�~�


�Q�b�S�u C�b!Þ!•�_�|�•5�5��ö�a�@2s�G�W�S�\*ƒ�<�}�€�•�S�u�
 SiC�b active 4ß�ì�[�6

�•�\�c�8�•�I�€�^�8���W 3.2- 41 �_ SiC �_�>�E�• C�\ Si �b�µ�w"á�@4ß�ì�ò�·�_�l�p�M�s

8j�b*ƒ�9�†�•�'$×�_&g�M���W 3.2- 41 �_&g�M3û�~�
 C�@�a�^�88•�æ�[�c Si - rich �^8•�æ�\

�š3Q�K�Z CO2�b!Þ!•�[4Š�($×�_5�5��@�ö�a�M�•�G�\�@*ƒ�<�}�€�•���r�S�
5�5��Q�•�c RS-

SiC 0è�q�b/²8�'��[7V�K�
�"�)8�'��6�S�~�b passive 4ß�ì3ÿ�Ø�†'ì���K�S���›0è�q�b/²

8�'� S (mm2) �c�
�g"g�@0
7§�[%$�K ����M�•�G�\�@�T7´�^�G�\�?�}�
�è�W�b�|�:�_�›�§

�å�É�Ý�b�L�s t  ( 0.66mm�M�� ) �>�|�g5�5� m>&mg>' �† ����K�
�”�Ý�Ÿ�Ó�¹�«�2�[�Ó�u�S�&

�Ø�( (3.015g/cm3) �?�}/²8�'� S�†'ì���K�S��  

 

�5��
L
�I
�é�P

���� �:�u�ä�t 
F�u�; 

 

�W3.2- 42 �_ passive 4ß�ì3ÿ�Ø�\ ��Ø�b6õ�€�†&g�M���G�b
4�¥�c 3.2.2( 2) �q �[���Ì�K

�S RS- SiC �Î�î�Ý�b'5�¼4ß�ì�b�”�Þ�½�˜�«�ò�·�\8��–�_�|�C�M+´�M�•
4�¥�†&g�K�S ( 9) ��  

�W3.2- 43 �_4ß(ò ð�Ø 1ppm�b�]�K�8�²�ó�[�b 1200>| 1400�¥4ß�ì�_�>�E�• RS- SiC 0è�q�b

5�5��š�ì�†&g�M�� RS- SiC �Î�î�Ý�b���œ�\$��^�~�
 1400�¥ /1ppm�r�[�b�²�ó�_�>�8�Z+I8×

$×�^ active 4ß�ì�c2s�G�}�N�
�ó���^ passive 4ß�ì�[�6�•�G�\�@�(�?�W�S���r�S�
�W 3.2-

44 �_ RS- SiC �§�å�É�Ý�b 1ppm4ß�ì�[�“�}�€�S passive 4ß�ì3ÿ�Ø�\ ��Ø�b6õ�€ ( �”�Þ�½�˜

�«�É�ß�µ�º ) �†&g�M���W 3.2- 44 �_�>�8�Z�
�Q�b9× �
��[�b�q�ö�ì�š�¿�Ý� �î�@�Ç�•�µ�¸

�•�å�¢�?�}'ì���I�€�
�>�|�Q 390kJ/mol �\0b'��}�€�S��)�1=�\�K�Z�
�¾�d�±�[�80��K�S

RS- SiC0è�q�c�ò�r�K�8*•4ß�ì�ö+��†�w�K�Z�8�•�\0Û�o�[�A�S���S�T�K�
0�4��V�b�É�ß�­

�«�_�>�8�Z�
 C�@���(�_�Ñ�S�I�€�N C�xrich �^8•�æ�@�g�Ñ�K�Z�8�•�•+��ö�@�æ�¬�I�€�
�G

�€�_�|�~�¦�q�@4ß�ì�ì�_�†*–�M�•�•+��ö�@�6�•�S�u�
�’�M�^ SiC )��B�\�^�•�|�:�_�D�š

�M�•�G�\�@1"8Ÿ�[�6�• �\*ƒ�<�S ��  
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(3) �o�Â!•)� SiC �b4ß�ì�ò�·�>�|�g4ß�ì�Ó�•�½�¬�Ò�b0Ž�Â�� R5��  

�q  �o�Â!•)� SiC �b passive/active 4ß�ì3?&ã�ò�·�b0Ž�Â  

�Ö�º�Ø�r�[�b %Ê'2�[ �
 9× ��ž�«!T'5�¼�u
°�¦�>�ì�†�•���K�S'5�¼4ß�ì�_�>�8�Z�c �


SiC �c passive 4ß�ì�Ô�î�»�†&g�K �
 --�K�8 4ß�ì+I8×�c 0b�}�€�^ �8�G�\�†�Â�}�?�_�K�S�@�


3û�–4 3?�ì�b�Ê�Ü�˜�Ò
í�7�¦�_�µ�r�€�Z�8�•�\�I�€�• �>�Q�| 0.04ppm�b�Y(ç"@4ß(ò( 10) �x �


�M��(Ô�_4ß(ò�@�¤5��_�ã
°�M�• '¼�b4#�û�š�ì�†�•���K�S�*4ß(ò ð�Ø�_�>�E�• active 4ß

�ì�b�•+��ö�† �è0¦�M�•�²0[�@�6�•>&�W 3.2- 45>'�� �• %Ê'2�[�c �
/² 3.2- 6 �_&g�M��9‚�²�ó

�[�
 TG- DTA/æ*( �†#Ý�8�Z �w2
�b�o�Â!•)� SiC>&RS- SiC�
�,.(5r�d0�>'�b 4ß�ì0è9‚�†/œ�W

�S��  

�W3.2- 46�_ TG- DTA/æ*(�†#Ý�8�Z0è9‚ 1>&4ß(ò ð�Ø1ppm�
 �v5� 50>| 300mL/min�
 ���������¥ �


30 �( >'�b�²�ó�[/œ�W�S4ß�ì0è9‚�_�>�E�• RS- SiC �b 5�5� �š�ì �†&g�M�� �v5��b�Q�±�_���8 �


SiC 4ß�ì �_�|�• 5�5��š�ì�@2��?�}�G�l�\�š�ì �K�Z�8�•�G�\�?�}�
4ß�ì�Ô�î�»�_�X�8�Z

active - to - passive 3?&ã�@2s�G�W�Z�8�•�v�b�\ *ƒ�<�}�€�• �� Hertz - Knudsen- Langmuir �}

�b#.1= >&11>' �_�|�~ �
 active - to - passive 3?&ã�@2s�G�•4ß(ò�(�}�c�è�W�b�'�[�Z�<�}�€�•

�G�\�@%±�}�€�Z�8�•��  

 

�2�È�6
�_�a�r�g�t�c�?�r�m�?�n�_�q�q�g�t�c
L

�2�È�6

�Ì�Ü�¼
�Ì�Ü�È�6
W

�D�È�6

l

�4�6
�t�è�/ �Ì�Ü�È


p

�5
�6
�� �:�u�ä�t 
F�t�; 

 

�G�G�[�
 PO2�c SiC/SiO2 #ú8��_�>�E�•4ß(ò�b�¹/®�}�Š�
 R�c�¼�/���X�
 T �c)/�P ��Ø�


MSiO �c SiO �b�(�Ê5�>& g>'�
 hO2 �c4ß(ò�b2A5���4)�€�X�[�6 �~�
 2A5���4)�€�X�c�è�W �b�'

>&3.2- 3>'�[ �Z�<�}�€�• ��  

 

�D�È�6 
L �r�ä�x�x�v���F
�&�È�6

�8 �é
�ß

�G

�5
�:

�@
�R
�.

�A
�5
�6
�� �:�u�ä�t 
F�u�; 

 

�G�G�[�
 DO2�c4ß(ò�b�Ñ�S�€�X�
 �( �c�¼�/�&�Ø�
 �� �c(“�Ø�
 v �c�ž�«�v3ÿ�Ø�
 L �c0è�q

�M�2�[ �6�• ���G�€�}�b�'�† �• ��9‚)��Ý�_�"(ç�_4:#Ý�M�•�\�
9×�8�ž�«�v3ÿ v �[ hO2�@�Q

�• �M�•�G�\�?�}�
 �Ú�b�Ã�Û�Ó�î�± �î �@�M���[�6�•�\�ì���M�•�\�
 PO2
active - to - passive �@�*�C

�^ �•�G�\�_�^�•���è�V�b�G�\�?�} �
9×�8�v5� �[ PO2
active - to - passive �c�*�C�^�~�
 �Q�€�_�|�W

�Z active 4ß�ì �?�} passive 4ß�ì �l�b 3?&ã�@2s�G�•�v�b�\*ƒ�<�}�€�
 �•��9‚ �b)��Ý�?�}�


#.1=�Ô�¹�Ý �† ��0É �M�•�G�\�@�[�A�S��  

�W3.2- 47 �_0è9‚ 2>& ��Ø �������������������¥ �
 4ß(ò ð�Ø 0.3/1ppm>'�b�²�ó�W�[�b RS- SiC �b

�N�� �I�€�• passive 4ß�ì�o�Â 3ÿ�Ø�\�v5� �\ �b6õ�€ �†&g�M�� �v5��†�Q�±�I�O�•�\ passive

�Ô�î�»�[�6�•�G�\�c�š�ƒ�}�N �
 4ß�ì �o�Â 3ÿ�Ø�@�Q�±�M�• 
4�¥�@0b�}�€�S�� DG�Ô�¹�Ý�[�c �


9×�8�v5� �_�>�8�Z �ž�«�C#ú�[�b�•�î�Î�å�b�Ñ�S�Ç�Û�µ�¡�« >&FCO>' �@9×�C�^�•�G�\�[ CO

�ž�« ð�Ø�Ù4Ä�@�`�I�C�^�~�
 �Q�b)��Ý�
 
²�/$×�^ 4ß�ì �o�Â�@�•3ÿ�I�€ �•�G�\�_�^�~�
 �V

0°�Ô�¹�Ý�_�ö�Y�C�\�
 passive 4ß�ì �o�Â3ÿ�Ø�\�v5��b6ë �_ �š�[6õ�€ �@�B�~'g�X�G�\�@�ƒ

�?�•��  
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�“�}�€�S )��Ý �†�v�\�_�
 RS- SiC �b passive/active 4ß�ì3?&ã�²�–�”�¢�Û�Ò�b�¹�î�±�†

�Ñ�G�K�S>&�W3.2- 48>' �� �W3.2- 48�?�}�
 !Þ�q�•�¦�b�ú
²�ö�†)T�â�M�•�S�u�_�c passive

4ß�ì 8•�æ�b ��Ø�í4ß(ò ð�Ø�²�ó�b�v�\�[4 3?�D�š�M�•�²0[�@�6�•�G�\ �@&g�@�I�€�S��  

 

�r  �o�Â!•)� SiC !Þ�q�•�¦ �b '5�¼�u
° �¦�>�ì �_�>�E�• passive 4ß�ì+w�B6×�Ó�•�½�¬�Ò�b

0Ž�Â 

�•%Ê'2�_�>�8�Z�
�G�€�r�[ SiC �•�¦�b passive/active 4ß�ì3?&ã�ò�· �>�|�g �Q�b4ß�ì

�o�Â 3ÿ�Ø�†0Û�o�K�S�� �M�‰�
'5�¼�u
° �¦�>�ì�b'5�¼4ß�ì�_�>�E�• SiC �b 4ß�ì+w�b�B6×�Ó

�•�½�¬�Ò�x�Q�b�¤(ý�S4� �_�X�8�Z�c�• �T #.0Ž�I�€�Z�8�^�8!l�@�¨�8�� �•��9‚�[�c �


1000- ���������¥ �_�>�8�Z 10 �ì6ë �
'5 �¼4ß�ì�† /œ�8�
 4ß�ì�‹ 0è�q�_#Õ�B�K�S 4ß�ì+w�† 0{�9 �K

�S��  

�W3.2- 49 �_�w2
�b RS- SiC>&Si- less >'�† 
Ç��"g �_�•�d�K�S0è�q /²8� �b 4ß�ì �S�‹ �b SEM


@�†&g�M��4ß�ì�S 0è�q>&�W3.2- 49>&a>' �>�|�g >&b>'>'�[�c�
 (•�Ê�>�|�g0è�q�•�d�_�|�•

(’�8/²8��@0{�9�I�€�S�@�
4ß�ì�‹0è�q>& �W3.2- 49>&c>' �>�|�g >&d>' >' �[�c�
 � 0è�q/²8�

�[���d�_�|�•�¤(ý�S4��b4*�8�@0b�}�€�•�@�
 /²8��_�& �^�ž�Û�«"g�b4ß�ì"@ �™�@#Õ�B�K�Z

�8�•�]�Ê �@0{�9�I�€�S��4ß�ì+w�p�_0b�}�€�•�¡�Û�µ�¡ �c�
4ß�ì"@ %&�\ SiC �\�b!Õ+~�G�j

�_2s�I�K�Z#Õ�B�K�S�v�b�\*ƒ�<�}�€�•�� �W3.2- 50�_ �
 �V0°4ß�ì0è9‚�‹0è�q�b�•8��b SEM


@�†&g�M��SiC /²8��_�L�I(Ù 1.6- �������#�P�b4ß�ì�™�@0{�9�I�€�S>& �W3.2- 50>&a>' �>�|�g

>&b>' >'���r�S�
 �W 3.2- 50>&c>' �>�|�g >&d>' �[&g�M�|�:�_�
4ß�ì�‹�b SiC /²8� �_�å"g�b

4ß�ì"@�@#Õ�B�K�S8•�æ�v0{�9�I�€�S ���•8� SEM
@�?�}�å"g �b4ß�ì"@�b�L�I�\�œ �† ����K

�S�\�G�• �Q�€�R�€(Ù �����#�P�\ �����#�P�[�6�W�S ��  

'5�¼�u
°�¦�> �ì �b RS- SiC �Ð�º�Ü�µ�¡�«�b!Þ�q�ó
²�ö�†0Û�o�M�•�S�u�_ �
�•%Ê'2�[�o

�Â!•)��_�|�~�80��K�S RS- SiC>&Si- rich >' �b4ß�ì�ò�·�_�X�8�Z �è�W�b3û�~*ƒ�9�K�S�� �•

%Ê'2�[�80��K�S RS- SiC�b4ß�ì0è9‚�S�b SiC�>�|�g Si �b)��B�† /² 3.2- 7 �_&g�M�� /² 3.2-

7 �_&g�M�|�:�_�
�Q�€�R�€�b ��Ø�b4ß�ì0è9‚�[�Q#Ý�K�S RS- SiC 0è�q�_�c (Ù 10>#�b�g$�

Si �@�µ�r�€�Z�8�S �� ���������¥ �[�b4ß�ì 0è9‚�S �‹ �b RS- SiC>&Si- rich >'�b XRD�Ã�±�î�å�† �W

3.2- 51 �_&g�M�� ���������¥ �[�b4ß�ì 0è9‚ �‹ �b RS- SiC>&Si- rich >' /²8��_�c�¡�Ü�«�º�Â�Û�–�º

>&SiO2>' �@#Õ�B�K�Z�8�S �� �W3.2- 52 �_�
 '5�¼�p �
 ���������¥ �[ 10 �ì6ë4ß�ì�K�S�‹ �b RS- SiC

0è�q>&Si - rich >'�•8��W�b �§��7Á�Ê
@>&SEM
@>'�>�|�g SEM- EDX�_�|�• C�
 Si �>�|�g O
–

(ò �Ð�µ�Æ�å�¢ )��Ý�†&g�M�� SEM- EDX)��Ý�?�}�
 ���������¥ �[�b4ß�ì 0è9‚ �‹ �b RS- SiC>&Si-

rich >' /²8� �_�c Si �>�|�g O �?�}�^�•)“�&�^4ß�ì"@�™�@�g�B�I�€�Z�8�•�G�\�@�ƒ�?�•��

�r�S�
�V�[���Ì�K�S RS- SiC>&Si- less >'�[0b�}�€�S�å"g�b4ß�ì"@�c RS- SiC>&Si- rich >'

/²8� �_�c0{�9�I�€�^�?�W�S��  

���������¥ �[�b4ß�ì 0è9‚ �‹ �b RS- SiC>&Si- rich >' /²8� �_�g�B�K�S 4ß�ì �™�b �¹�’ �L�I�c �>�|

�Q �����#�P �[�6�~�
 RS- SiC>&Si- less >'/²8��_�g�B�K�S4ß�ì�™�L�I�b 5 �¸�è�V �b�L�I�[�6

�W�S�� �G�€�c�
�Ð�º�Ü�µ�¡�«
Æ�b SiC �_�•�<�Z�g$� Si �b4ß�ì �@�s8j�K�Z�8�•�v�b�\*ƒ

�<�}�€�S �� SiC/SiO2 #ú8��_�c�>�|�Q ���#�P �b Si �b ð�ì�K�S8•�æ�@0b�}�€�S���G�€�c

���������¥ �è�V�[�c P/% Si �@4E�¥$×�_#ú8� �_�Ñ�S�K�
4ß�ì�p�_ Si �@ ð�ì�M �•�\*ƒ�<�}�€�


Hijikata �}�@�f�L�M�• Si �N�Ê�:���Ô�¹�Ý >&12>' �†�-�â�M�•)��Ý�\�^�W�S�� 1000�
 1200�>
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�|�g ���������¥ �
 10 �ì6ë�
�±�¼�p�[�b4ß�ì�_�|�• RS- SiC>&Si- less >'�>�|�g RS- SiC>&Si-

rich >'�b)r5�5��Q�•5��b�š3Q�† /² 3.2- 8 �_�r�\�u�S�� RS- SiC>&Si- rich >'�b)r5�5��Q�•

5��c�
4ß�ì0è9‚ ��Ø�@9×�8�o�]�¨�C�
 1�������¥ �[ 4ß�ì�_�|�•5�5��Q�•�@�•3ÿ�I�€�•
4�¥�†

&g�K�S���G�€�c�
�'>& 3.2- 4>'�b�o�Â�'�[&g�M SiC �_�•�<�Z�g $� Si �b 4ß�ì�_�|�W�Z2A5�

�Q�• �@�•3ÿ�M�•�\*ƒ�<�}�€ �
 Avincola �} >&13>' �\ Liu �} >&14>' �b���Ì�M�• SiC �p�b Si �Y(ç

"@�@'5�¼�p�[�b4ß�ì�†�•4
�M�• )��Ý�\�M+´�K�Z�8�•�G�\�@�ƒ�?�W�S��  
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�è�V�b�G�\�?�}�
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�\�@�[�A�
 SiC �b4ß�ì�¹�î�±�†
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�W3.2- 31 TG- DTA�_�|�•�±�¼�p�[�b �o�Â!•)� SiC�Î�î�Ý �b4ß�ì0è9‚>&�–�â ��Ø 1100�¥>'  

 

 

 

�W3. 2- 32 TG- DTA�_�|�•�•!ñ'5�¼�Ç�ß�î�_�>�E�• �o�Â!•)� SiC �Î�î�Ý �b4ß�ì0è9‚  

>&�–�â ��Ø 1000�¥>'  
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�W3. 2- 33 TG- DTA/æ*(�†#Ý�8�S SiC �b 4ß�ì0è9‚�b�v�€  

 

 

�W3. 2- 34 4ß(ò ð�Ø�†�D�š�K�S7º�V�¼�W�_�>�E�• SiC �b4ß�ì0è9‚/æ*(�b�+$��W  

 

 

 

 

 

 

 

 

 

 

 

 

�W3.2- 35 RS- SiC �Î�î�Ý�b XRD�Ã�±�î�å  
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/² 3. 2- 5 TG- DTA�_�|�•4ß�ì0è9‚�b ����²�ó  

�Ï�ç�ß�–�½  �•  

�;�U  [ �È]  800�› 1400 

�•
Ë�ó�U  1 ppm�› 20 % 

	¤�;���U  20 �È/min 

�ª�·�x��  50 mL/min 

�•�?�Î��  30 min 

 

 

 

 

 

 

 

 

 

 

 

 

 

�W3.2- 36 RS- SiC�b passive 4ß�ì3ÿ�Ø�\ ��Ø�b6õ�€  ( �”�Þ�½�˜�«�É�ß�µ�º )  

 

 

 

 

 

 

 

 

 

 

 

 

 

�W3.2- 37 RS- SiC �b�* �
� (800>| 1000�¥ ) �_�>�E�• passive 4ß�ì3ÿ�Ø�\ ��Ø�b6õ�€ :  

�q�ö�ì�š�¿�Ý� �î�b'ì��  
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�W3.2- 38 4ß(ò ð�Ø 1ppm�_�>�E�• RS- SiC 4ß�ì�p�b5�5��š�ì  

 

 

 

 

 

 

 

 

�W3.2- 39 (a) 4ß�ì0è9‚�S�>�|�g ( b,c) 4ß�ì0è9‚�‹�b RS- SiC �Î�î�Ý/²8��b SEM
×%? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�W3.2- 40 '5�¼4ß�ì�_�>�E�• RS- SiC0è�q�b5�5��š�ì  

 

 

 

 

*900- 1000�¥�[

�b5�5��ö�a  
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�W3.2- 41 SiC �_�>�E�• C�\ Si �b�µ�w"á�@4ß�ì�ò�·�_�l�p�M�s8j�b*ƒ�9  

 

 

 

 

 

 

 

 

 

 

 

 

�W3.2- 42 RS- SiC 0è�q�b'5�¼4ß�ì�_�>�E�• passive 4ß�ì3ÿ�Ø�\ ��Ø�b6õ�€  

>&�”�Þ�½�˜�«�É�ß�µ�º>'  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�W3.2- 43 RS- SiC 0è�q�b4ß(ò ð�Ø 1ppm�_�>�E�•4ß�ì�p�b5�5��š�ì  
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�W3.2- 44 RS- SiC �§�å�É�Ý�b 1ppm4ß�ì�[�“�}�€�S passive 4ß�ì3ÿ�Ø�\ ��Ø�b6õ�€  

( �”�Þ�½�˜�«�É�ß�µ�º )  

 

 

�W3.2- 45 9× ��ž�«!T!Þ�q�b�ó
²�ö�_6õ�M�• passive/active 4ß�ì�Ô�î�»�b�•�'�W  

 

/² 3.2- 6 TG- DTA�_�|�• RS- SiC �b 4ß�ì0è9‚�²�ó  

 �¾�i�;�U ���>�•�@ �•
Ë�ó�U ���>�S�S�P�@ �x�– ���>�P�/���P�L�Q�@ �/�Í�Î��  [min] 

�¾�i �� �������� 1 50-300 30 

�¾�i �� 1300/1400 0.3/1 100-300 30 
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�W3.2- 46 TG�_�|�• 4ß(ò ð�Ø 1ppm�
�v3ÿ 50>|300mL/min�
 ���������¥ �[ 30 �(6ë4ß�ì�K�S  

RS- SiC �b 5�5� �š�ì  

 

 

�W3.2- 47 �������������������¥ �
 0.3/1ppm�b�²�ó�W�[�b RS- SiC �b�N�� �I�€�• passive 4ß�ì�o�Â 3ÿ�Ø�\

�v5� �\ �b6õ�€  
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�W3.2- 48 �• %Ê'2�[�“�}�€�S)��Ý�†�v�\�_�8�B�K�S RS- SiC �b  

passive/active 4ß�ì3?&ã�²�–�”�¢�Û�Ò  

 
�W3.2- 49 �w2
�b RS- SiC>&Si- less >'�† 
Ç��"g �_�•�d�K�S0è�q /²8� �b 4ß�ì �S�‹ �b SEM
@ 

>&4ß�ì0è9‚�²�ó>9 ���������¥ �
 10 �ì6ë>'  

>&a>'�>�|�g>& b>'4ß�ì�S0è�q/²8��
>& c>'�>�|�g>& d>'4ß�ì�‹0è�q/²8�  
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�W3.2- 50 �w2
�b RS- SiC>&Si- less >'�† 
Ç��"g �_�•�d�K�S0è�q /²8� �b 4ß�ì �‹ �b �•8� SEM
@ 

>&4ß�ì0è9‚�²�ó>9 ���������¥ �
 10 �ì6ë>'  

 

/² 3.2- 7 �•%Ê'2�[�80��K�S RS- SiC>&Si �Ü�µ�³>' �b4ß�ì0è9‚�S�b SiC �>�|�g Si �b)��B  

4ß�ì0è9‚ ��Ø ���>�•�@ �6�L�&���>�Z�W���@ �6�L���>�Z�W���@ 

������ �������� �������� 

�������� �������� �������� 

�������� �������� �������� 

�������� �������� �������� 

�¹�’�Í  �������� �������� 

�† =�ë�j  �������� �������� 
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�W3.2- 51 ���������¥ �[�b4ß�ì 0è9‚�S �‹ �b RS- SiC>&Si �Ü�µ�³>'�b XRD�Ã�±�î�å  

(a)  4ß�ì0è9‚�S�
 (b) 4ß�ì0è9‚�‹  

 

 

�W3.2- 52  '5�¼�p �
 ���������¥ �[ 10 �ì6ë4ß�ì�K�S�‹ �b RS- SiC0è�q>&Si - rich >'�•8��W�b  

�§��7Á�Ê
@>&SEM
@>'�>�|�g SEM- EDX�_�|�• C�
 Si �>�|�g O
–(ò �Ð�µ�Æ�å�¢  
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/² 3.2- 8 1000�
 1200�>�|�g ���������¥ �
 10 �ì6ë�
�±�¼�p�[�b4ß�ì�_�|�• RS- SiC>&Si- less >'�>�|

�g RS- SiC>&Si- rich >'�b)r5�5��Q�•5��b�š3Q  

4ß�ì0è9‚ ��Ø ���>�•�@ 
)r5�5��Q�•5� ���>�Z�W���@ 

�5�6���6�L�&�¤ �6�L���O�H�V�V�¥  �5�6���6�L�&�¤ �6�L���U�L�F�K�¥  

�������� ���������� ���������� 

�������� ���������� ���������� 

�������� ���������� ���������� 

 

        �@0°>8 RS- SiC(Si - less)  : SiC 0è9‚"& 

            RS- SiC(Si - rich)  : SiC �¥�å�Ã�¡�º�Ô�¹�Ý  
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3.3 ���µ�B'g�ö0Û�o ( 
Ì�$0¯
›>8�N�Ê�Š�µ�S>'  

(1) �Ã�Û�Ó�î�±(
�V�l�g�C#ú�²�ó�†�Â&��ì �� R3- R4��  

 �ç�ô 3 �º�Ø >| 4 �º�Ø �b 0£'ì)��Ý�†#Ý�8�Z�
 SiC 4ß�ì0Û�o�¥�î�»�@*ƒ�Ö�M�m�A�
���o!Õ'¼�b

�Ã�Û�Ó�î�±(
�V�l�g�C#ú�²�ó�†�Â&��ì�K�S��
½�/$×�_�c�
!T
Æ ��Ø�(�x�
�l�g���o!Õ�b0Û�o

�_�²0[�^���Š�&�Ø�(�x'¼�b�Ã�Û�Ó�î�±�_�X�8�Z�
!T�°0¿0£�@�B'g�M�•(
�V�†&g�K�S��  

 

�q �c�L�u�_  

 HTTR>&High Temperature  Engineering Test Reactor>' (1) �b�|�:�^�Æ�å�–�å�È�ß�µ�¡�º �b9×

 ��ž�«!T �[�c�
!Þ�q�¥�å�Ã�¡�º�c �W3.3- 1 �_&g�M�|�:�_ *•4ß�ì�ö�†�w�M�•;î5„�«�Ü�î�È�_�p

(á�I�€�
'5�¼�u
°�¦�>�ì�b!Þ�q�¥�å�Ã�¡�º�b4ß�ì�†75�8�[�8�•�� !Þ�q�¥�å�Ã�¡�º�c;î5„�«�Ü

�î�È2z�K�_
í�7�I�€ �•�@�
 !Þ�q�¥�å�Ã�¡�º�\;î5„�«�Ü�î�È�b6ë�_�c� �Õ�µ�É�@�6�~�
!Þ�q�b

� �Ý$×�^ 
í�7�†�	�F�Z�8�•��!Þ�q�¥�å�Ã�¡�º�b�•�¦�†�‘�¶�b;î5„�?�} !c�ì�£�–(ò>& SiC>' �_

�n�< �• >&SiC �•�¦!Þ�q�¥�å�Ã�¡�º �\�ç�j >' �G�\�_�|�~�
 !Þ�q�¥�å�Ã�¡�º�_*•4ß�ì�ö+��†�â�S

�O�Z ;î5„�«�Ü�î�È�† �ë �M�G�\�@�[�A �•���r�S �
�‘�¶�b!Þ�q�¥�å�Ã�¡�º�\�«�Ü�î�È6ë�b� �Õ�µ

�É�@!“�C�^�•�S�u�
!Þ�q�b
í�7�ö+��b�¥�V�@�‡�…�[�A�•��  

 HTTR�x HTTR�†�Ë�î�«�_0¿0£�@/œ�ƒ�€�S HTR50S(2 ) �\�8�W�S�Æ�å�–�å�È�ß�µ�¡�º 9× ��ž�«!T

�[�c�
3û�–4 3?�ì�b!Þ�q�q9× � �Ø�_!Õ$×�D7H�Í>&1495 �¥>'�@0¿���I�€�Z�>�~ �
�G�b ��Ø�†

2x�<�^�8�|�:�_!T�°0¿0£�@/œ�ƒ�€�•�� �‘�¶�b�«�Ü�î�È�Ü�A!Þ�q�†�V3Ù�b SiC �•�¦!Þ�q�¥�å�Ã

�¡�º�_�n�<�S���œ�
!Þ�q�q9× ��Ø�c�*�W�M�•��0•�8�n�<�€�d�
���Š�&�Ø �b �¥�V�
�6�U�N�Ê!T

���Š �b �¥�V �@�‡�…�[�A�• �@�
�]�b&ì�Ø �
�N�Ê!T ���Š�b�¥�V�[�A�•�?�c�Â&��[�c�^�8 �� �Q�G�[

�•%Ê'2�[�c�
 SiC �•�¦!Þ�q�¥�å�Ã�¡�º�b�_
°�_�|�• �N�Ê!T ���Š�¥�V�b�±�A�I�†�Â&��_�M�•�G

�\�†% $×�\�K�
 HTR50S�†�Ë�î�«�_ SiC �•�¦!Þ�q�¥�å�Ã�¡�º�†/æ,´�K�Z �
 �N�Ê!T ���Š�† 60 MW

�_�Q�•�I�O�S9× ��ž�«!T>& HTR60S- SiC>' �b !T�°0¿0£�@�B'g�M�•(
�V �† 1*���K�S ��  

 

�r HTR60S- SiC !T�°0¿0£ �b �+0[  

�S4�  

 !T�°�b�S4��†�W 3.3- 2 �_ &g�M�� !T�°�M�2�
!Þ�q�/�
�o�U�È�È�ß�µ�¡�
�D�š�¬�L
Æ�È�ß�µ�¡

�b4Ä*(�c HTR50S�\� �M�\�M�• ( 1) �� �P!·$×�_�
�N�Ê!T���Š�x�¹�’���Š�&�Ø�c  HTR50S�\�c$��^

�•�� !T�°�c 3 '�8®�b
·0…���È�ß�µ�¡>&!Þ�q�È�ß�µ�¡�
�D�š�¬�L
Æ�È�ß�µ�¡�
�•�·�o�U�/�È�ß

�µ�¡>'�†'��s�V�F�Z�S�B�I�€�
�Q�€�}�c�[���o�U�/�[�V�r�€�Z�8�•�� 3H�‰�¥�_�V�?�}8p�_

1st layer �?�} 6th layer �b 6 �™�b!Þ�q�È�ß�µ�¡�@'��s�V�F�}�€�
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/² 3.3- 1  HTR60S- SiC �b�z�^�Ù�]  

 HTR60S- SiC HTR50S(2, 3 )  HTTR( 1) 

�N�Ê!T ���Š ( MW) 60 50 30 

�¹�’���Š�&�Ø (MW/m3)  4.2  3.5 2.5  

�N�Ê!T
í�7�¦
°�• ��Ø ( �¥ ) /

�N�Ê!T
í�7�¦���• ��Ø ( �¥ )  
325/750 � �e  395/850 

!Þ!•�‡6ë ( �¥ ) /( �º )  730/2 660/1.8  � �e  

�¹�’!Þ!•�Ø ( GWd/t) 40 33 22 

    

!T�°     

�º�'  �Æ�å�–�å�È�ß�µ�¡  � �e  � �e  

!Þ�q8•�æ9×�I ( m) 3. 48 � �e  2.9  

!Þ�q8•�æ'¼�o%$�„ ( m) (Ù 2. 3 � �e  � �e  

�S4��¦  ;î5„  � �e  � �e  

    

!Þ�q�/�b�X  

180 

( 30 columns �î 6 

layers)  

� �e  

150 

( 30 columns �î 5 

layers)  

!Þ�q�/�b�œ ( cm)/9×�I ( cm) 36/58 � �e  � �e  

!Þ�q"@2A UO2 � �e  � �e  

�¹�’!Þ�q ð)°�Ø (wt%) 9.6  6.1 5.9  

!Þ�q ð)°�Ø�b�X  3 � �e  12 

    

�º�'  /Õ0]!Þ�q(•�Ê  � �e  � �e  

/Õ0]!Þ�q(•�Ê�b%$�„ ( mm) 0.92 � �e  � �e  

!Þ�q�>�b%$�„ ( mm) 0.60 � �e  � �e  

/Õ0]!Þ�q(•�Ê�b
˜�8"á ( %) 30 � �e  � �e  

!Þ�q�¥�å�Ã�¡�º�•�¦ (matrix)

"@2A 
!c�ì�£�–(ò ( SiC) ;î5„ (Graphite)  � �e  

!Þ�q�¥�å�Ã�¡�º�b%$�„ ( 
Æ�„

( mm)/ �¥�„ ( mm)) 
23.5/33.6  10/26 � �e  

!Þ�q�¥�å�Ã�¡�º�b���„ ( 
Æ�„

( mm)/ �¥�„ ( mm)) 
11.75/16.8  5/13 � �e  

!Þ�q�¥�å�Ã�¡�º�b9×�I ( mm) 
�•��  

�«�Ì�î�§6ë7x�_�|�•  
39 � �e  

    

;î5„�«�Ü�î�È  !“�K  �w�~  �w�~  

1.2 �¸  

1.2 �¸  
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/² 3.3- 2  !Þ�q ð)°�Ø�b4Ä*( (wt%) 

 !Þ�q8•�æ$��•  

1 2 3 4 

�™$��•  

1st 

layer  
13.6 13.6  13.6  13.6  

2nd 

layer  
10.7 10.7 10.7 10.7 

3rd 

layer  
10.7 10.7 10.7 10.7 

4th 

layer  
7.6 7.6  7.6  7.6  

5th 

layer  
7.6 7.6 7.6 7.6 

6th 

layer  
7.6 7.6 7.6 7.6 

 

 

/² 3.3- 3  BP�b4Ä*( >&B ð�Ø (%) / BP�Ì�Þ�µ�º%$�„ (mm)>'  

 !Þ�q8•�æ$��•  

1 2 3 4 

�™$��•  

1st 

layer  
-  -  -  -  

2nd 

layer  
2.5/18  2.5/18  2.5/18  2.5/18  

3rd 

layer  
2.5/18  2.5/1 8 2.5/18  2.5/18  

4th 

layer  
2.5/13  2.5/13  2.5/13  2.5/13  

5th 

layer  
2.5/13  2.5/13  2.5/13  2.5/13  

6th 

layer  
2.5/13  2.5/13  2.5/13  2.5/13  
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�W3.3- 1  SiC �•�¦!Þ�q�¥�å�Ã�¡�º>&�e>'�\�‘�¶�b�«�Ü�î�È�Ü�A!Þ�q�¥�å�Ã�¡�º>&�‘>'  

 

 

 

 
 

�W3.3- 2  HTR60S- SiC !T�° 4Š�b�È�¹�•8��W>&�e>'�\:ý%”�W>&�‘>'  

  

SiC�•�¦!Þ�qGAG•G_G=GVH��•%Ê'2H�;î5„�•�¦!Þ�qGAG•G_G=GVH��‘�¶H�

G<GqGQGe

;î5„GGGxGŠGd


í�7�¦
H�
�8�G"GGGxGŠGd

2zFçFû
í�7H�

!Þ�qGAG•G_G=GV
H��•�¦Fÿ;î5„H�


í�7�¦
H��p'54ŠG"%$�K
í�7H�


í�7�¦
H�
�8�G"%$�K
í�7H�

!Þ�qGAG•G_G=GV
H��•�¦Fÿ SiCH�

325 �f  

750�f  

348 cm  



 
 

3.3 - 12 
 

 

 

 

�W3.3- 3  HTR60S- SiC �b!Þ�q  
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�W3.3- 4 !Þ�q�¥�å�Ã�¡�º
Æ
��_ SiC �b�-�â�¬�†3û�K�S�ì�b;î5„!Þ�q�¥�å�Ã�¡�º�-�â�S4�  
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�W3.3- 5  �D�š�¬�)*(�b!Þ!•�_���:�š�ì  

 

 

 

�W3.3- 6  �o�Â�Ø ��Ø�€�X �b!Þ!•�_���:�š�ì  
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�W3.3- 7 !Þ!•�6�‡ ( 10 �¥ ) �[�b���Š�&�Ø�(�x  

 

 

 

�W3.3- 8 !Þ!•�p�‡ (300 �¥ ) �[�b���Š�&�Ø�(�x  
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�W3.3- 9 !Þ!•�Ž�‡ (730 �¥ ) �[�b���Š�&�Ø�(�x  
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�W3.3 - 10 ��!Õ0Ž�Ò�Ô�¹�Ý   

�•	Í
1 No. 


„�¬	Í
1 No.  




