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Abstract    The systems of Al2O3+Si, Al+SiO2 and Al+Si were prepared to study the effect of reaction bonding 
process on the mullite formation in temperature range 700-1600˚C. Results showed that the reaction bonded mullite 
(RBM) starting from Al2O3+Si raw materials, starts to form at 1450˚C and the reaction is not complete by 1600°C. 

XRD patterns for samples in the Al+SiO2 system showed reduction of SiO2 by Al, formation of á-Al2O3 and SiO2-

derived Si oxidation and finally mullite formation. XRD patterns for the Al+Si system showed that there is a 
thermodynamic reaction between Al and Oxygen at 900˚C to form á-Al2O3. Si oxidation and mullite formation were not 
detected in this system.  
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Ò�ÖÕƶƤǀƣŵ�źŝ�źŤǀƫ�ƹŵ�ƽƺƬƟ�ƹ�ŶƇŹŵ���ƽŚƯźĭ�ŢƗźſ�Śŝ˚C/min Ò�

ŵ� šŹřźů� źƔƳŵŹƺƯ� ƽŚƯŵ� ŚţƵŶƃ� Ƶŵř�ƽŚƯŵ� Źŵ� žĜſ� ƹ�
ƶŝ� �ƂººƿŚƯŻō���šŶƯÎÏÍŶƳŶƃ�ƽŹřŶƸĮƳ�ƶƤǀƣŵ�� �ŵƹŶŰƯşƾƿŚƯŵ��

ÔÍÍ�Śţ�˚CÎÓÍÍ�� ƽřźŝƂƿŚƯŻō� ƭŚŬƳř�ŚƷ�řŶƃ� śŚŴŤƳ���ƂƿŚƯźĭ
ƶƳƺưƳ�ŹƺƧ�Źŵ� �řƺƷ�ƎǀŰƯ�Źŵ�ŚƷş�ƾƣźŝCarbolite RHF 17/10E�

ŹƺƧ�Źŵ��ƱĦǀƀƧř�ƎǀŰƯ�Źŵ�ƹşƾŝƺǀţ�ƾƣźŝ�Carbolite CTF 17/75/600�
Ŷƃ� ƭŚŬƳř� �� ƖƿŻƺţŻřŶƳřş� żǀƳ� ƾƟźƈƯ� ƽŚƷŹŵƺě� šřŹŷ�Śŝ�

ƵŚĮŤſŵFritsch Analysette 22 ƪƨƫř� ƎǀŰƯ� Źŵ���ƭŚŬƳř�ƦǀƬǀţř
ŢƟźĭ� �ſŹźŝ� Żř� Ƃºººǀě�Źŵ� ŢƿǇƺºººƯ� ƪǀƨƄţ� ŶƴƿřźƟ� ƾ

ƽŚƷŚººƯŵ�� �ƂƿŚººƯŻō� ŵŹƺƯ� ƮŤƀǀſ� ƶſ� źƷ� �ƞƬŤŴƯŚŝżǀƫŚƳō��
ƾţŹřźů�ƱŚƯżưƷ��Polymer  Laboratories 1640� STA  �ƂƿŚƯŻō
ŶƳŶƃ��ŠƯŚƳźŝƾţŹřźů�˚C/min Ò �ƽŚƯŵ�Śţ˚CÎÏÍÍ�źƷ�ƹ�śŚŴŤƳř�

�ƾſŹźŝ� řƺƷ�ƎǀŰƯ�Źŵ�ƮŤƀǀſ�ƶſŶƃ� �ƶƳƺưƳ�ƽŻŚƟ�ƾƿŚſŚƴƃ��ŚƷ
Śŝ�Ɓřźě�ƵŚĮŤſŵžƨƿř�ƺţźě�Siemens D500 �Źŵ�ŠƬƇŚƟ�ÕÍ�ÎÍ Ï�

ƶŝ�ƹ�ƶƤǀƣŵ�źŝ�ƶºººūŹŵ�Ʀƿ�ŢƗźſ�Śŝ�ƹ�ƶūŹŵ��žƯ�ĚƯǇ�ƦưƧ
� ũƺƯ� ƩƺƏ� ŚŝÅÒÑÍÒ�Î KáŶƃ� ƭŚŬƳř�� �ƶƳƺưƳ� ŹŚŤųŚſżƿŹ��Śŝ� ŚƷ

�ƾƄŝƹŹ�ƾƳƹźŤƨƫř�ęƺƨſƹźƨǀƯCambridge Stereo Scan 360�
�ƮŤƀǀſ�ƶŝ�żƸŬƯEDXŶƃ�ƾſŹźŝ���řźŝƲƿř�ƽ�Ţƀƨƃ�ŮƐſ��ŹƺƔƴƯ�

ƶƳƺưƳ��ƶƘƫŚƐƯ�ŚƷŶƃ��
�
�
Ð�ŦŰŝ�ƹ�ŪƿŚŤƳ��

�
Ð�Î�ƶǀƫƹř�ŵřƺƯ�šřŹŷ�ƵŻřŶƳř�ƖƿŻƺţ��
�

��������ŶƳř� ƖƿŻƺţ� ŪƿŚŤƳŻřşŵřƺƯ� šřŹŷ��Šǀƫƹř�ƽřźŝ� ƾƟźƈƯ�
ƱŚƄƳ�ƮǀƀǀƬǀſŶǀƀƧř�ƹ�ƮǀƴǀƯƺƫō��ƮǀƀǀƬǀſ��ŚƴǀƯƺƫō�ƽŚƷŹŵƺě�ƾƯ�ŶƷŵ�

ŻřŶƳř�ƶƧş��ƮǀƴǀƯƺƫō�ƽŚƷŹŵƺě�šřŹŷ�ƎſƺŤƯ�Ò�ÍǀƯ�ƹźƨźŤƯ�Źŵƺě��
� �ƮǀƀǀƬǀſÒ�ÎÍ�ŵƹŶů��ŚƴǀƯƺƫō�Źŵƺě� �źŤƯƹźƨǀƯ�ÒÍ�ƹ�źŤƯƹźƨǀƯ�

� żǀƳ� ƮǀƀǀƬǀſŶǀƀƧř� ŹŵƺěÒ�ÎÍ�ƹźƨǀƯźŤƯŢſř�� �ŢǀƫŚƘƟ�ƽŚƷ�
�Źŵƺě�ƱŶƃŶǀƀƧř�ƶƧ�ŵřŵ�ƱŚƄƳ�ƾƿřŶŤŝř�İŝźŬţSi�ƶŤƀŝřƹ�ŻřŶƳř�ƶŝş�

Ţſř�Ʊō�šřŹŷ�ƎſƺŤƯ���
��������ƲƿŶŝ��Żř�žě�ƶƧ�ƾƴƘƯÏŶǀƀƧř�ŢƗŚſ��ƱŶƃƺƷ�ƎǀŰƯ� Źŵ���ř
�ŻƺƴƷŠūŹŵŶǀƀƧř��Źŵƺě�Żř�ƶƧ�ƾŤƣƹ�ƱŶƃ�Si�ŻřŶƳř�ƎſƺŤƯ�Śŝş�ƵŹŷ�

Ò�ÎÍŝ� �ŵƺŝ�ƮƧ�ŹŚǀƀŝ�Ŷƃ�ƵŵŚƠŤſř�źŤƯƹźƨǀƯ�ƶ�ưƷƲǀ�žě�ƪǀƫŵ��Żř
ŻřŶƳř�ƂƷŚƧ� ƹ�ƢǀƤƗ�ƱƹŚƷ� Źŵ� ƮǀƀǀƬǀſ� Źŵƺě�śŚǀſōş�ƎſƺŤƯ�

�źƿŻ� Śţ�Ʊō�šřŹŷÒ�ƹźƨǀƯźŤƯƂƿŚƯŻō� Źŵ� Źŵƺě�Ʋƿř� ���ƽŶƘŝ�ƽŚƷ
ƶŝ�ŢƟŹ�ŹŚƧ��



ÐÑ�ƾſŶƴƸƯ�ŵřƺƯ�ƶƬŬƯ�
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�

�ƪƨƃÎ���ƱŚƯżưƷ�ƾţŹřźů�żǀƫŚƳō�ƂƿŚƯŻō�ŪƿŚŤƳ�TG/DTA�ŜǀƧźţ��ƽŚƷ Al+SiO2 �ƹAl2O3+Si�ƹ�Al+Si�
��ƂƿŚƯźĭ�ŢƗźſ�Śŝ�ƹ�řƺƷ�ƎǀŰƯ�Źŵ˚C/minÒ�� 

Ð�Ï�ƫŚƳō�ǀŹřźů�żƱŚƯżưƷ�İţ��
�

��������ƮŤƀǀſ� ƶſ� źƷ�Al2O3+Si� ƹ�SiO2+Al� ƹ�Al+Si�Źŵ�
�ƹ� ŶƳŶƃ�ƾſŹźŝ� ƱŚƯżưƷ�ƾţŹřźů�żǀƫŚƳō� ƵŚĮŤſŵ� Źŵ� řƺƷ�ƎǀŰƯ

ƪƨƃ� Źŵ� Ʊō� ŪƿŚŤƳÎ� ƱŚƄƳ�Ţſř� ƵŶƃ� Ƶŵřŵ� �ƱŚưƷ��ƶĩ� ƶƳƺĭ
İƯ� ƶƔůǈƯ�� ŵƺƃ� ƽŚƯŵ� Śţ˚CÎÏÍÍ�Źŵ� ƾƳŻƹ� ƂƿřżƟř� ĢǀƷ�

ƮŤƀǀſAl2O3+Si ŶƄƳ�ƵŶƿŵ��ƲƿŶŝ�ƶƧ�ř�ƶƧ�Ţſř�ƾƴƘƯƱŶƃŶǀƀƧ�
� żƬƟSiƶŝ��ŢƃŹŵ� ƪǀƫŵ�ŻřŶƳř� ƱŵƺŝşŵƹŶŰƯ� Ʋƿř� Źŵ� Ʊō�šřŹŷ�ş�

Ţſř� ƶŤƟźĮƳ�šŹƺƇ�ƾƿŚƯŵ� ��ƾƴŰƴƯ� �źĮƿŵ�ƝźƏŻřDTA�Ʋƿř�
ƾƧŚů�ƶƧ� řŹ�ƾƨǀě�ĢǀƷ�żǀƳ�ŜǀƧźţ��ƱŶƃŶǀƀƧř�ƂƴƧřƹ�ƭŚŬƳř�Żř

ƾưƳ�ƱŚƄƳ�ŶƃŚŝ�ŶƷŵ���ƮŤƀǀſ�ƾţŹřźů�ƲƿŻƺţ�żǀƫŚƳō�ŹŵSiO2+Al�
�ƽŚƯŵ�Śţ˚CÓÍÍƾưƳ�ƵŶƿŵ�ƾƳŻƹ�ƂƿřżƟř���Źŵ�ƹ�ŵƺƃ�ŠƬƇŚƟ�ÓÍÍ�Śţ�˚CÔÍÍ�

�źƓŚƴŤƯ�ƾƧŶƳř�ƱŻƹ�ƂƿřżƟřŚŝ�ƾƴŰƴƯ�Źŵ�ƶƧ�śƹŷ�źǀĭŚƯźĭ�Ʀǀě�
DTA� ƽŚƯŵ� ŵƹŶůŹŵ� ƹ�˚CÓÒÍŶƿŶě� ŵŹřŵ� ŵƺūƹ��Ţſř� ƵŶƯō��

�ƹ� ŵŹřŵ� ƢƬƘţ� ƮǀƴǀƯƺƫō� żƬƟ� śƹŷ� ƶŝ� �ƽźǀĭŚƯźĭ� Ʀǀě� Ʋǀƴģ
ƶŝ� ƵŶƯō� ŶƿŶě� ƱŻƹ� ƂƿřżƟř�� żƬƟ� ƱŶƃŶǀƀƧř� ƪǀƫŵAl�Ʋƿř� Źŵ�

ŢſŚƯŵ� �ŚƯŵ�ƂƿřżƟř� Śŝ�ƾţŹřźů�ƲƿŻƺţ�żǀƫŚƳō�ƾƴŰƴƯ�Źŵ��TG���
�ƽŚƯŵ�ŵƹŶů�Śţ�ƽźŤƄǀŝ�ƱŻƹ�ƂƿřżƟř˚CÖÍÍƾƯ�ŶƿŶě���Źŵ�ƹ�Ŷƿō

�ƾƿŚƯŵ�ƵźŤƀĭÖÍÍ�Śţ�˚CÎÍÍÍ��ƪŝŚƣ�ŹŚǀƀŝ�ƹ�ƾƳŚƸĭŚƳ�ƱŻƹ�ƂƿřżƟř

ƾƯ�ƵŶƿŵ�ƾƸūƺţ��ƾƿřŻŚƯźĭ�īŹżŝ�ƹ�ƲƸě�Ʀǀě�ƶŝ�źƓŚƴŤƯ�ƶƧ�ŵƺƃ
�ƾƣřźŤƟř�ƾţŹřźů�żǀƫŚƳō� Źŵ� ƶƧ�Ţſř�DTA��ŵƺūƹ�ŜǀƧźţ�Ʋƿř�

ƶŝ� ƹ� ŵŹřŵ��ƾƯ�źƔƳ�Ŷě� ƶŝ�ŶƿŚŝ� ƶƧ�ŶſŹŶƿş�ƍƺŝźƯ�Ʊō�ƱŶƃŶǀƀƧř�
ŶƃŚŝ� �ƾſŹźŝ�� ƮŤƀǀſ� ƾţŹřźů� żǀƫŚƳō�Al+SiƾƯ� ƱŚƄƳ���ƶƧ� ŶƷŵ

�ƽŚƯŵ�ƾƫřƺů� Śţ� żǀƳ�ŜǀƧźţ�Ʋƿř˚CÓÍÍ�Źŵ�ƾƳŻƹ�ƂƿřżƟř�ĢǀƷ�
�ƽŚƯŵ� Źŵ� ƹ� ŵŹřŶƳ�ƾţŹřźů�ƲƿŻƺţ�ƾƴŰƴƯ˚CÓÍÍ�ƱŻƹ�ƂƿřżƟř�

ƽřŻŚƯźĭ�Ʀǀě�ƶŝ�źƓŚƴŤƯ�ƶƧ�ƵŶƯō�ŶƿŶě�ƾƧŶƳř�ƾƴŰƴƯ�Źŵ�ŵƺūƺƯ�
DTAƾƯ�Ʀǀě� Ʋƿř� ƹ�Ţſř�ŜǀƧźţ� Ʋƿř��ƶŝ� ŶƳřƺţ��ƪǀƨƄţ� ƪǀƫŵ

Ʋǀŝ�šŚŞǀƧźţ��ƽżƬƟAl�SiŶƃŚŝ�� ��ƾƫřƺů� Śţ� ŚƯŵ�źŤƄǀŝ�ƂƿřżƟř� Śŝ
˚CÖÍÍ�ƾƴŰƴƯ�Źŵ�żǀƳ�ƾƧŶƳř�ƱŻƹ�ƂƿřżƟř��TG�ŶƿŶě�ŜǀƧźţ�Ʋƿř�
ƾƯ�� Źŵ� ƹ� Ŷƿō� ƾƿŚƯŵ� ƵŵƹŶŰƯÖÍÍ�Śţ�˚CÎÍÍÍ��ƪŝŚƣ� ƱŻƹ�ƂƿřżƟř

ƶūƺţƯ�ƵŶƿŵ�ƾƳŚƸĭŚƳ�ƹ�ƾ�ŵƺƃ�źƓŚƴŤƯ�ƶƧŚŝ��ƾƴƸě�ƹ�źǀĭŚƯźĭ�Ĭǀě�
Ţſř��ƾƴŰƴƯ�Źŵ�ƶƧDTAźŤƀĭ�ƲǀưƷ�Źŵ�ş�ƹ�ŵŹřŵ�ŵƺūƹ�ƾƿŚƯŵ�

�ƮŤƀǀſ�ƾţŹřźů�ŹŚŤƟŹ�ŶƴƳŚƯSiO2+AlƱŶƯōŶƿŶě�ŜŞſ�ƶƧ�Ţſř��
Al2O3Ŷƃ����

�
�

Ð�Ð��ŠƘſƺţ�įŹŚŤųŚſżƿŹ�ƹ�įŻŚƟ�
�

Ð�Ð�Î��ƮŤƀǀſ�Al2O3+Si�



ƾſŶƴƸƯ�ŵřƺƯ�ƶƬŬƯ��ÐÒ�
��

 

�
�

�

��ƪƨƃÏ��������ƮŤƀǀſ�žƨƿř�ƺţźě�Ɓřźě�ƽƺĮƫř�Al2O3+Si��źŤƀĭ�Źŵ�ş��ƾƿŚƯŵ�
ÔÍÍ��Śţ˚CÎÓÍÍ�řƺƷ�ƎǀŰƯ�Źŵ� 

�
�

�

��ƪƨƃè�����ƮŤƀǀſ�žƨƿř�ƺţźě�Ɓřźě�ƽƺĮƫř�Al2O3+Si�źŤƀºĭ�Źŵ�ş��ƾƿŚºƯŵ�
ÔÍÍ��Śţ˚CÎÓÍÍŹŵ�ƱĦǀƀƧř�ƎǀŰƯ�� 

��������ƾƿŚſŚƴƃƹ��ŠƘſƺţƮŤƀǀſ�Ʋƿř�ƽŻŚƟ���ƹŵ�Źŵ��ƹ�řƺƷ�ƎǀŰƯ
ƱĦǀƀƧř�Śŝ�ƴĪţǀĨ��Ɓřźě�ƽŚƷƺĮƫř�ƹ�Ŷƃ�ƭŚŬƳř�žƨƿř�ƺţźě�Ɓřźě

ƪƨƃ�Źŵ�řƺƷ�ƎǀŰƯ�Źŵ�ŜǀƧźţ�ƲƿřÏƾƯ�ƱŚƄƳ���ŶƷŵ�ƶĩ�ŹŵŵƹŶŰƯş�
�ƾƿŚƯŵÔÍÍ�Śţ�˚CÎÏÍÍ�ƶǀƫƹř�ŵřƺƯ�Ʋǀŝ�ƾƄƴƧřƹ�ĢǀƷ�Ƴ�šŹƺƇİư�ŵźǀĭ�

� ƹŝƶ�żūƦǀě��ƍƺŝźƯ�ƽŚƷ�� ƶŝ-Al2O3�ƹSi �ƦǀěƶƧ�ƽźĮƿŵ��
ƱŚƄƳ�ŶƴƷŵşƾưƳ�ƵŶƿŵ�ŶƃŚŝ�ƾƿŚǀưǀƃ�ƂƴƧřƹ�ƭŚŬƳř��ŵƺƃ���ŹŵƽŚƯŵ�
˚CÎÑÍÍ�Źŵ�ƶƧ� ƵŶƃ�ƪǀƨƄţ�ŢǀƫŚŝƺŤƀƿźƧ� �ƽƺĮƫř�ŜǀƧźţ�Ʋƿř�

ƾƯ� ƵŶƿŵ� Ʊō� Ʀǀě�ŵƺƃ� �ŹŵįŚƯŵ��˚CæéêåƦǀě��ŚƷ�ŢƿǇƺƯ� ƽ
� ƵŶƿŶěİƯ�ŶƿōŹŵ�ƹ�ŵƹŶŰƯ�ş�ƾƿŚƯŵ�ÎÑÒÍ�Śţ�˚CÎÒÍÍ�Źŵ�ƽźǀǀƜţ

� ŜǀƧźţ� Ʋƿř� žƨƿř� ƺţźě� Ɓřźě� ƽƺĮƫřŵƺūƹŹřŶƳ�ŵ� ��Źƺƌů

Ʀǀě��ƽŚƷAl2O3�ƹ�Si�ƱŚƄƳ�ŶƴƷŵşƪǀưƨţ��ƱŶƄƳ�ƂƴƧřƹ�ƾƿŚǀưǀƃ�
ŵřƺƯ�Ʋǀŝ�Šǀƫƹř�ŵƺūƺƯ�Ţſř��ƾſŹźŝ�šřźǀǀƜţ�Ʋƿř�ƽŻŚƟ��ƮŤƀǀſ

�ƱĦǀƀƧř�ƎǀŰƯ�Źŵ�ƪƨƃ�Ð��ƾƯ�ƱŚƄƳ��ŶƷŵƶƧ�Źŵ�ŵƹŶŰƯş�ƾƿŚƯŵ�
ÔÍÍ�Śţ�˚CÎÏÍÍ��Źŵ�ĢǀƷ�ŜǀƧźţ�Ʋƿř�žƨƿř� ƺţźě�Ɓřźě�ƽƺĮƫř�

�ƹ�ƵŶƯŚǀƳ�ŶƿŶě�ƽŻŚƟ�Ʊō�ƽƺĮƫřƶŝ��ƪƯŚƧ�ŹƺƏŶƴƳŚƯ�ƽƺĮƫř�Ɓřźě�
řƺƷ�ƎǀŰƯ�Źŵ�Ʊō�žƨƿř�ƺţźěŢſ���ŵƺūƹ�źŝ�ƽźŧř�ƱĦǀƀƧř�ƎǀŰƯ

� ƭŚŬƳřƂƴƧřƹ�ŚƷ� ŵřƺƯ� Ʋǀŝ� ƾƿŚǀưǀƃ� ƽŠǀƫƹř�Ʋƿř� Źŵ� ŵƺūƺƯ�
ƵŵƹŶŰƯŵŹřŶƳ�ƾƿŚƯŵ���ƽŚƯŵ�Źŵ�˚CÎÑÍÍ�ŢǀƫŚŝƺŤƀƿźƧ�Ʀǀě�Źŵ��

�ƺţźě�Ɓřźě�ƽƺĮƫřžƨƿř�İƯ�źƷŚƓ�ŵƺƃƦǀě�ƹ��ŚƷį��źĮƿŵ�ŶƴƳŚƯ
Ʀǀě�Źŵ� ŵƺūƺƯ� ƽŚƷ�ƵŵƹŶŰƯƾƿŚƯŵ��ÔÍÍ�Śţ�˚CÎÏÍÍ�



ÐÓ�ƾſŶƴƸƯ�ŵřƺƯ�ƶƬŬƯ�
 

 

ƾººƯ�ƃŚŝƴŶ�ŹŵƽŚƯŵ�˚C ÎÑÒÍ��Ʀǀě�ŚƷ�ŢƿǇƺƯ�ƽİƯ�źƷŚƓ�ŶƳƺƃ�
ƱŚƄƳ� ƶƧ�ŶƴƷŵş�ƾƄƴƧřƹ�ƽřżūř�Ʋǀŝ�ƂƴƧřƹ�Ţſř� �� ŚƸƴţšƹŚƠţ�

ƲǀŝŻř��řƺƷ�ƎǀŰƯ�Źŵ�žƨƿř�ƺţźě�Ɓřźě�ƽƺĮƫř�Śŝ�ƺĮƫř�Ʋƿř��ƲŤƟźƳ
�ŢǀƫŚŝƺŤƀƿźƧ�ƦǀěŹŵŢſŚƯŵ�Ʋƿř��ŵ�ƫŚůŹƾ���Ɓřźě�ƽƺĮƫř�Źŵ�ƶƧ

�ƺţźě�Źŵ�ŜǀƧźţ�Ʋƿř�žƨƿř�ƎǀŰƯ�Ʀǀě��řƺƷŢǀƫŚŝƺŤƀƿźƧƾưƳ�ƵŶƿŵ��Ŷƃ�
ƹ�ƎǀŰƯ�źŧř�ƱĦǀƀƧřƾƯ�ƱŚƄƳ�ŢǀƫŚŝƺŤƀƿźƧ�ƽŹřŶƿŚě�źŝ� řŹ��ŶƷŵ��

�Śţ�ŚƯŵ�ƂƿřżƟř�Śŝ˚CÎÒÍÍ�Ʀǀě��ŢǀƫŚŝƺŤƀƿźƧ�ƝŸů�İƯ�ŵƺƃ�ƹ�
Ʀǀě�Żř�ƾųźŝ�ƱŚƴĤưƷ��ƽŚƷƍƺŝźƯ�ƾƯ�ƵŶƿŵ�ƶǀƫƹř� ŵřƺƯ�ƶŝ�ŵƺƃ��

�ƲƿřŠƘſƺţƽŚƯŵ�Śţ�ƽŻŚƟ��˚CÎÓÍÍĤưƷ�źǀǀƜţ�ƱŚƴ ƽŻŚƟ�ƱŚƄƳ�řŹ�
ƾưƳ�ŶƷŵ��źƿƺƈţ�ęƺƨſƹźƨǀƯ�ƾƳƹźŤƨƫř�ƾƄŝƹŹ�ƮŤƀǀſ�

Al2O3+Si�ƽŚƯŵ�Źŵ�˚CÎÒÍÍ�Źŵƪƨƃ�Ñ��ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�Ţſř�ƹ
�ƽŚƷŻŚƟř�Źŵ�ŵƺūƺƯƿſ�ƲǀƶūƺţŚŝ�ƮŤƀ�ŚŤƳ�ƶŝƿř�ƺţźě�Ɓřźě�ŪƿžĪ�

XRD�ƫŚƳō� ƹǀ�żEDX�ƵŶƃ�ƆŴƄƯ�ŶƳř� �ǇƺƯ� ŻŚƟ�İĭŶƴĩřźěƿ�Ţ
Ź�Źŵƿƺſ�įĥƺƫƺƟŹƺƯ�ƹ�ŹŚŤųŚſżř�ƪĪƃ�İƳŻƿŚĪů�ŻŚƟ�Ʋƿ�Żř�Ţ

ǇƺƯ�ŻŚƟ�ŶƃŹƿŵŹřŵ�śřŸƯ�Żř�Ţ��ƴĤưƷǀƶƳřŵ�Źřŵ�ŢƸū�ŶƃŹ�Ʋ�įŚƷ�
ǇƺƯƿƳ� Ţǀƶŝ� ż�ŚưƳ� İŝƺųƿƱŚ�Ţſř� �ƹŚƈţƿƯ� źǀęƺĪſƹźĪ�

ř� İƳƹźŤĪƫřƿſ� ƲǀŰƯ� Źŵ� ƮŤƀǀƀĩř� Ǝǀ� ƱĦ�� ƶŝ� ƍƺŝźƯ�įŚƯŵ

˚CÎÒÍÍ�ƪŝŚƣ�ƝǈŤųř��ŰƯ�Śŝ�İƸūƺţǀŵŹřŶƳ�řƺƷ�Ǝ�Ə�ǀ�ƞōƫŚƳǀ�ż
EDX�ƍƺŝźƯ�ŻŚƟ� ƶŝǇƺƯ�ƿſ� Źŵ�Ţǀ�ƮŤƀAl2O3�ƹ�Si�Źŵ� ƶĩ�
�įŚƯŵ˚CÎÒÍÍƸţ�ǀ�ƪĪƃ�Źŵ�ƵŶƃ�ƶÒƱŚƄƳ��Ţſř�ƵŶƃ�Ƶŵřŵ���

�
Ð�Ð�Ï�ſ�ǀ�ƮŤƀSiO2+Al��

�

��������ƪƨƃ�Ó�ƽƺĮƫř��������ƮŤƀºǀſ�žºƨƿř�ƺţźě�Ɓřźě�SiO2+Al��řŹ
Źŵ�ƎǀŰƯ�řƺƷ����Źŵ�ƹ�źŤƀĭş���ƾƿŚƯŵ�ÔÍÍ���Śţ˚CÎÓÍÍƱŚƄƳ�ƾƯ����ŶºƷŵ��

ƱŚưƷ�ŹƺƏ���ƾƯ�ƵŶƿŵ�ƶƧ�������ƽŚƯŵ�Źŵ��ŵƺƃ˚CÔÍÍ��Ʀǀě�ƎƤƟ����ƽŚƷAl�
ŵƺūƹ�ŶƳŹřŵ���ƶŝ��ƝŹƺƯō�ƪǀƫŵ��Źŵƺě�ƱŵƺŝSiO2�Źŵ�Źŵ��ŜǀƧźţ�Ʋƿř�

�����ƮǀƀºǀƬǀſŶǀƀƧř�žƨƿř�ƺţźě�Ɓřźě�ƽƺĮƫř���ºƷ��Ʀºǀě�Ģǀ���įźºĮƿŵ�
�ŵŹřŶƳ�ŵƺūƹ����ŹŵƽŚƯŵ˚CÕÍÍ��ƱŚƸĭŚƳ����ƽƺĮƫř�Ɓřźě���źºǀǀƜţ�ŹŚģŵ�
�ƾƯ�ƾƟźĮƃ�����Ʀǀě�Źƺƌů�ƹ�ŵƺƃ��ƽŚƷAl2O3�ƹSi�Źŵ��ƶŝ�Ʊō����ƾƴƃƹŹ

��Ţſř�ƵŶƷŚƄƯ�ƪŝŚƣ���ƪŝŚƣ�ƶŤƨƳ����Źŵ�ƶūƺţ��ƲƿřƮŤƀǀſ���šŹŶƣ��ƾĭŶƴƴƧ�Śǀůř��
��żƬƟAl�ŢſřƶƧ�SiO2�řŹ�Śǀůř�İƯ�Ŷƴĩ��ƱŶºƯōŶƿŶě�ŜŞſ�ƹ�Al2O3�
ƹSi�İƯ�ŵƺƃ���ƂƷƹĦě�Źŵ�ƶƧ����������ƵŶºƃ�ŢƟŚƿ�żǀƳ�ƱřźĮƿŵ�ƽŚƷ�Ţºſř�
@Ò�Ö�ÎÕ>��ŢǀƘƋƹ������Źŵ�ŜǀƧźţ�Ʋƿř�ƽŻŚƟ�ƵŵƹŶŰƯ�ƾƿŚƯŵ�ÕÍÍ��Śºţ�
˚CÎÏÍÍƽŚƯŵ�Źŵ�ƶƧ�Ţſř�ƱŚưƷ��˚C ÕÍÍ���ƹ�ƵŶºƯō�ŶºƿŶě��źºǀǀƜţ�

�
�

 
�

�ƪƨƃÑ���ƾƄŝƹŹ�ƾƳƹźŤƨƫř�ęƺƨſƹźƨǀƯ�źƿƺƈţ�SEM��ƮŤƀǀſ�Al2O3+Si

�ƽŚƯŵ�Źŵ˚CÎÒÍÍ �řƺƷ�ƎǀŰƯ�Źŵ��ƾƿŚưƴĭŹżŝÎÐÍÍźŝřźŝ��� 

�
�

        Counts(×102)

Range [keV]          ��
��

��ƪƨƃÒ�������żǀƫŚºƳō�ƞºǀƏEDX���������ƮŤƀºǀſ�ŢºƿǇƺƯ�ŻŚºƟ�Żř�Al2O3+Si����ƽŚºƯŵ�Źŵ�
˚CÎÒÍÍřƺƷ�ƎǀŰƯ�Źŵ�� 
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��

 

�

ƪƨƃÓ����������ƮŤƀºǀſ�žºƨƿř�ƺţźě�Ɓřźě�ƽƺĮƫř�SiO2+Al���źŤƀºĭ�Źŵ�ş���ƾƿŚºƯŵ�
ÔÍÍ��Śţ˚CÎÓÍÍřƺƷ�ƎǀŰƯ�Źŵ�� 

Ʋƿř�Źŵ�ƾƸūƺţ�ƪŝŚƣƹŶŰƯ�ŵşƾưƳ�ƵŶƿŵ�ƾƿŚƯŵ��ŵƺƃ��
��������ŻŚƟ�Żř�Ʀǀě�Ʀƿ�ŚƸƴţ�Al�ŹŵƲƿř�ƵŵƹŶŰƯ�ŵƺūƹ���ŵŹřŵ�

�

�ŵƹŶůÛÐÕ Ï�Ʋǀŝ�Żř�ŚƯŵ�ƂƿřżƟř�Śŝ�ƮƷ�Ʊō�ƶƧ��Ţſř�ƶŤƟŹ���Źŵ
įŚƯŵ�˚CÎÑÍÍ�Źƺƌů��ŜǀƧźţ�Ʋƿř�žƨƿř�ƺţźě�Ɓřźě�ƽƺĮƫř�Źŵ�
��ŻŚƟ�ŢǀƫŚŝƺŤƀºƿźƧ��ƪºŝŚƣ����������ŢǀƘºƋƹ�ƹ�Ţºſř�ƶºūƺţ���ŶºƴƳŚƯ�ƽŻŚºƟ

ŵƹŶŰƯş�ƾƿŚƯŵ��ÕÍÍ�Śţ�˚CÎÏÍÍ�Ţſř���ƹ�Ʀǀě�ŚƷ��ƞǀƘºƋ�ŹŚǀƀŝ�ƽ
��ƾƯ�řŹ�ŢƿǇƺƯ����ŵźƧ�ƾƿŚſŚƴƃ�Ʊřƺţ����žºě�ƖƣřƹŹŵ�����ƽŚºǀůř�ŻřSiO2�

Ǝſƺţ�Al�ƹ��� ƱŶƯōŶƿŶě�Si�ƹ�Al2O3���ƮŤƀºǀſ�SiO2+Al�Żř��źºƔƳ
�ŝ�ƾƿŚǀưǀƃŚ���ƮŤƀǀſ�Al2O3+Si�ƶƧ�ÅǈŞƣ���ƾſŹźŝ�Ŷƃ����řŶºǀě�ŢƷŚŞƃ�

ƾƯ��ŶƴƧ��ƲƿřŚŝ�������ƮŤƀǀſ�Źŵ�ƶƧ�šƹŚƠţAl2O3+Si��Źƺƌºů���ƞǀƘºƋ�
Ʀǀě�������ƽŚƯŵ�Źŵ�ŢƿǇƺƯ�ƽŚƷ˚CÎÑÍÍ��ƆǀŴƄţ�ƪŝŚƣ��Ƴ�Ţƀǀ�ƾƫƹ�

����Ʀǀě�Ʋǀƴģ�ƮŤƀǀſ�Ʋƿř�Źŵ�����ƾƯ�řŹ�ƾƠǀƘƋ�ƽŚƷ����ŵřŵ�ƆǀŴƄţ�Ʊřƺţ��
���ƹŵ�Ʋƿř�źĮƿŵ�šƹŚƠţƮŤƀǀſ�ƾƣŚŝ�����Źŵ�ŢǀƫŚŝƺŤƀºƿźƧ�Ʀºǀě�ƱŶƳŚƯ

ƽŚƯŵ�˚CÎÑÒÍ������ƮŤƀǀſ�Źŵ�ƶƧ�Ţſř�Al2O3+Si�ŹŵƦǀě��ŚƯŵ�Ʋƿř��
��ŢƃřŶƳ�ŵƺūƹ�ŢǀƫŚŝƺŤƀƿźƧ�����������ƮŤƀºǀſ�Źŵ�ŢºƿǇƺƯ�ŻŚºƟ�Źƺƌºů

SiO2+Al���Źŵ���ƽŚƯŵ˚CÎÑÒÍ�ƶŝ���ĪƄţ�ŻŚƛō�İŝƺųǀ�ř�ƪ�ºƿ����řŹ�ŻŚºƟ�Ʋ
��ŶƷŵ�İƯ�ƱŚƄƳ���šƹŚƠţ�Ʋƿř���ƾƯ�řŹ�ŚƷ�������ƾĭŶºƴƴƧŚǀůř�šŹŶƣ�ƶŝ�Ʊřƺţ

Al�ŢŞƀƳ�����ƽŚǀůř�Żř�žě�ƶƧ�ŵřŵ��SiO2�ƹ����ƶºŝ�Ʊō�ƪƿŶŞţSi��ƵřźºưƷ����Śºŝ
��ƱŶƃŶǀƀƧřAl�ƹ����ƶŝ�ƪƿŶŞţ�Al2O3��Ǝƿřźƃ�����ƱŶƃŶǀƀºƧř�ƽřźŝ�Si�

ƹ��ŹŚŝƹŵ�ƪƿŶŞţ�ş����ƶŝ�Ʊō�SiO2�ƹ����Śŝ�ƂƴƧřƹ�Al2O3�ƹ�ƶŝ����ƱŶƯōŵƺūƹ
��ŢƿǇƺƯƵŵźĩ�ŵŚŬƿřŢſř���ƂƴƧřƹ�ƾƫřƺţ�ƹ�ŶƴƿřźƟ�Ʋƿř�ƶŝ�ŚƷ��ƾŝƺų

��ŹŵŠƘſƺţ������Ţſř�ƵŶƷŚƄƯ�ƪŝŚƣ�ƮŤƀǀſ�Ʋƿř�ƽŻŚƟ�������ŚºƯŵ�ƂƿřżƟř�Śŝ
��Śţ˚CÎÒÍÍ����ƽŻŚƟ�ŢǀƘƋƹ�ƱŚƴĤưƷ�ƶŝ������ƪǀƨƄţ�ƖƠƳ���ŻŚºƟ��ŢºƿǇƺƯ

Ţſř����������ƽŚºƯŵ�Źŵ�ƽŻŚºƟ�ŢǀƘºƋƹ˚CÎÓÍÍ����Śºŝ��ƽŚºƯŵ�˚CÎÒÍÍ�
�Ţſř�ƱŚƀƨƿ��ƽƺĮƫř��������ƮŤƀºǀſ�žºƨƿř�ƺţźě�Ɓřźě�SiO2+Al�Źŵ�

���ƪƨƃ�Źŵ�ƱĦǀƀƧř�ƎǀŰƯÔ��ƾƯ�ƱŚƄƳ�������ƽŚǀůř�ƶƧ�ŶƷŵSiO2��Ǝºſƺţ�
Al�Żř���ƽŚƯŵ�˚CÔÍÍ�ƕƹźƃ�����Ʀǀě�ƱŚƴĤưƷ�ƹ�Ţſř�ƵŶƃ�����ƽŚƷSi�ƹ�

Al2O3�ƶŝ�ƵřźưƷƦǀě���ƽŚƷAl�żǀƳƾƯ�ƵŶƿŵ��ŶƳƺƃ���ƽŚǀůřSiO2�Źŵ�
������ƽŚƯŵ�Źŵ�ƹ�řƺƷ�ƎǀŰƯ˚CÕÍÍ��ƭŚºŬƳř��İºƯ���ŵƺºƃ����Źŵ�ƹ��ŵƹŶºŰƯş�

ƾƿŚƯŵ�ÕÍÍ�Śţ�˚CÎÑÒÍ���������žºƨƿř�ƺºţźě�Ɓřźºě�ƽƺºĮƫř�Źŵ�ƽźºǀǀƜţ
ƮŤƀǀſ�SiO2+Al�ƵŶƿŵƾưƳ��ŵƺƃ���Ʋƿř�ŹŵŵƹŶŰƯşƾƿŚƯŵ���Źƺƌů�
Ʀǀě��ƽŚƷAl2O3��Si�ƹ�Al�ƶŝ�Ţſř�ƵŶƷŚƄƯ�ƪŝŚƣ�ƾƴƃƹŹ���
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��ƪƨƃÔ��������ƮŤƀǀſ�žƨƿř�ƺţźě�Ɓřźě�ƽƺĮƫřSiO2+Al���Ťƀºĭ�Źŵ�źş����ƾƿŚºƯŵ�ÔÍÍ
�Śţ˚CÎÒÍÍ�ƱĦǀƀƧř�ƎǀŰƯ�Źŵ� 

�������������Ʀǀě�ƶƧ�ƵŶƃ�ŜŞſ�ƱĦǀƀƧř�Źƺƌů����ƽŚƷAl2O3�Źŵ��ƽŚƯŵ�
˚CÎÑÒÍ�ŹŵƶƀƿŚƤƯ��������ºŰƯ�ƹ�ŚºƯŵ�ƲǀºưƷ�Śŝ������ŶºƳƹźƳ�ƲǀºŝŻř�řƺºƷ�Ǝǀ��

������ƪǀƨƄţ�źŝ�ƱĦǀƀƧř�ŵƺūƹ�ƲǀƴĤưƷAl2O3�źŧř����ƶƀºƿŚƤƯ�Źŵ�ƽźŤƄǀŝ��
�ŵŹřŵ�ŢǀƫŚŝƺŤƀƿźºººƧ�ƪǀƨƄţ�Śŝ����Ʋºƿř�Źŵ�ŢǀƫŚŝƺŤºººƀºƿźƧ�Ʀǀě�

ƺĮƫř��ŵŹřŶƳ�ŵƺūƹ���ƾƫŚůŹŵ����������Źŵ�řƺºƷ�ƎǀººŰƯ�Źŵ�ŢǀƫŚŝƺŤƀƿźƧ�ƶƧ
��ƽŚƯŵ˚CÎÑÍÍ���ƪǀƨƄţ�İƯ�ŵƺƃ����Śţ�ƹ��ƽŚºƯŵ�˚CÎÑÒÍ�����ƵŶºƿŵ�żºǀƳ�

ƾƯ����ŵƺƃ��ƪƨºƃÓ����ºƏŻřƝź��źºĮƿŵ������ƮŤƀºǀſ�Źŵ�SiO2+Al�ƹ��Źŵ�
��Ʀǀě��ƱĦǀƀƧř�ƎǀŰƯ���������ƽŚºƯŵ�Źŵ�ŢºƿǇƺƯ�ƽŚƷ˚CÎÒÍÍ���ƪǀƨƄºţ�

ƵŶƃ��ŶƳř��ƾƫŚůŹŵ���������Żř�řƺƷ�ƎǀŰƯ�Źŵ�ƶƧƽŚƯŵ�˚CÎÑÍÍ��ƮºƧ��ƹ���Ƃǀºŝ

��ƶŝƪǀƨƄţ���ƾƯ�ŢƿǇƺƯ�ŻŚƟ������ŵźºŝ�ƾě�Ʊřƺţ����ƽŚºƯŵ�Źŵ�˚CÎÒÍÍ��Źŵ�
���ƱĦǀƀƧř�ƎǀŰƯƦǀě��ŚƷ����ŢƿǇƺƯ�ƽSi�ƹ�Al2O3�Źƺƌů�řŵ�ŶƳŹ��ƶƧ�

İĩŚů��ƪǀưƨţ�Żř����ƱŶƄƳ����ŢƿǇƺƯ�ƪǀƨƄţ�ƂƴƧřƹ�Ţºſř���ƈºţŚ�źƿƹ
��ęƺƨſƹźƨǀƯƾƳƹźŤƨƫř�ƾƄŝƹŹ��ƮŤƀǀſ�SiO2+Al�Źŵ���řƺƷ�ƎǀŰƯ�

�ƹ�ƽŚƯŵ�Źŵ˚CÎÒÍÍ�Źŵ�ƪƨƃÕ �ŢƿǇƺƯ�ƽŚƷŻŚƟ�ƾĭŶƴƧřźě�Si�ƹ�
Al2O3�řŹƾƯ�ƱŚƄƳ��ŶƷŵ��
���������ƶģźĭřSiO2�Ǝſƺţ�Al�Śǀůřƹ�ƵŶƃ��Al2O3+Si�ŶƿŶě�ƵŶƯō�Ţſř�

ƹŻř�ƮŤƀǀſ� Śŝ� ƾƿŚǀưǀƃ� źƔƳ� Al2O3+SiŢƷŚŞƃ�ŵŹřŵ��
įĥƺƫƺƟŹƺƯ� šřŹŷ�Al2O3��Si�ƹ�ƮŤƀǀſ� ƹŵ� Ʋƿř� Źŵ� ŢƿǇƺƯ�

Ţſř�šƹŚƠŤƯ��šřŹŷ�Si�Źŵ�Śŝ�ƶƀƿŚƤƯSi�ƶŞƃ�ƶŝ�ƽżƬƟ��ŠƫżƴƯŵŚƯ�ş�ƶǀƫƹř�
� ƮŤƀǀſ� ŹŵAl2O3+SiŻřŶƳř�şƦģƺƧ��� ƽźţŶƳŹřŵ� �Źŵ�ƮŤƀǀſ�

SiO2+Al�ŵƺūƹƪŴƬŴţ��ŹŚŤųŚſżƿŹ� Źŵ� ƵŶƴƧřźě� ƽŚƷ��ƱŚƴĤưƷ�
řƹ�ŶƳƺǀě�ŶƴƿřźƟ�Żř�ŢƿŚƨůŵŹřŵ�ƾƄƴƧ� 

��������ƪĪƃÖ��ƏǀƫŚƳō�ƞǀż�EDX�ƍƺŝźƯ�ǇƺƯ�ŻŚƟ�ƶŝƿ�Ʋƿř�Źŵ�Ţ
ſǀİƯ�ƱŚƄƳ�řŹ�ƮŤƀ�ŶƷŵ��Źƿſ�ŹŚŤųŚſżǀ�ƮŤƀSiO2+Al�Źŵ�ƎǀŰƯ�

�ƱĦǀƀƧřŚŝŵŹřŶƳ�ƽŹŚƨƃō�šƹŚƠţ�řƺƷ�ƎǀŰƯ���
�
Ð�Ð�Ð��ƮŤƀǀſAl+Si  

�

��������ƽƺĮƫř�žƨƿř�ƺţźě�Ɓřźě�Ʋƿř� Źŵ�ƮŤƀǀſ��ƎǀŰƯ�Źŵ� řƺƷ
� ƪƨƃÎÍƾƯ� ƱŚƄƳ��ƶƧ� ŶƷŵ� ƽŚƷŚƯŵ� Źŵ�ÔÍÍƹ�˚CÕÍÍ �ĢǀƷ
ƾƄƴƧřƹƲǀŝ�ƶŤƟźĮƳ�šŹƺƇ�řżūř���ŢſřƦǀě�ƹ�ƽŚƷ�Si�ƹAl�ƶŝ��ƾŝƺų�

Źŵ�ƾƯ� ƵŶƿŵ� ƮŤƀǀſ� Ʋƿř� žƨƿř� ƺţźě� Ɓřźě� ƽƺĮƫř�ŶƳƺƃ� ��Śŝ
ƂƿřżƟřŚţ�ŚƯŵ��˚CÖÍÍƾƯ�źǀǀƜţ�žƨƿř�ƺţźě�Ɓřźě�ƽƺĮƫř���ƶƧ�ŶƴƧ

� ƹ� ƶǀƫƹř� ŵřƺƯ�Ʋǀŝ�ƂƴƧřƹ� ƭŚŬƳř� Żř�ŢƿŚƨůŶƿŶě�šŚŞǀƧźţ� ƱŶƯō
Ʋǀŝ�� ƽżƬƟAl/Si�ŵŹřŵ� �� ƭŚŬƳř� źŧřŹŵ� ƲǀƴĤưƷƂƴƧřƹ�Al�Śŝ�

� �řƺƷ� Źŵ� ŵƺūƺƯ�ƱĦǀƀƧřƦǀě�ŚƷ�ƽAl2O3�żǀƳ�ƵŶƷŚƄƯ�ƺĮƫř� Źŵ�
ƾƯ�ƽŚƷŻŚƟ�ƱŚƴĤưƷ�ƹ�ŶƳƺƃ�Al�ƹSi�ŶƳŹřŵ�Źƺƌů��ŠŤĪƳ�ŜƫŚū�

��ŚƯŵ�ƂƿřżƟř�Śŝ�ƶƧ�Ţſř�Ʊō�ƮŤƀǀſ�Ʋƿř�Źŵ�ƶūƺţƾŤů�Śţ�˚CÎÓÍÍ�
ĢǀƷŻŚƟ� źǀǀƜţ� ĢǀƷ� ƹ�žƨƿřƺţźě�Ɓřźě� ƽƺĮƫř� Źŵ� ƽźǀǀƜţ��ƽ

ƾưƳ�ŶƿŶě�Ŷƿō� 
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��

(A)                                                                                                                  (B) 
�

�ƪƨƃÕ���ƾƄŝƹŹ�ƾƳƹźŤƨƫř�ęƺƨſƹźƨǀƯ�źƿƹŚƈţ�SEM��ƮŤƀǀſ�SiO2+Al�ƽŚƯŵ�Źŵ�˚CÎÒÍÍřƺƷ�ƎǀŰƯ�Źŵ��
��������������������������������ŝƾƿŚưƴĭŹżŝ�Ś��ƽŚƷ�A�ÒÍÍ�ƹ��B�ÒÍÍÍźŝřźŝ���ƪƨƃ�Źŵ�A���ŢƿǇƺƯ�ƾĭŶƴƧřźě�Si�ƹ�Al2O3�ƪƨƃ�Źŵ�ƹ�B��

�šřŹŷ�ƽĥƺƫƺƟŹƺƯAl2O3ƶŝ�ŶƿŶū���ƽŚǀůř�ƪǀƫŵSiO2�Ǝſƺţ�Al�ƪǀƨƄţ�ƹ�Al2O3ƾƯ�ƵŶƿŵ��ŵƺƃ��
�

Counts(×102)                                                               �

�
æå��������������������í�����������������ë������������������é�����������������ç���           ���������

Range [keV]�
�

ƪĪƃî��Əǀ�żǀƫŚƳō�ƞEDX�ƮŤƀǀſ�ŢƿǇƺƯ�ŻŚƟ�Żř�SiO2+Al��ƽŚƯŵ�Źŵ˚CÎÒÍÍřƺƷ�ƎǀŰƯ�Źŵ���

��������� ŹŵŵƹŶŰƯş�ƾƿŚƯŵÎÑÒÍ�Śţ�˚Cæëåå�ƮŤƀǀſ� ƹŵ� Źŵ�
Al2O3+Si�ƹ�SiO2+Al�ŻŚƟ�ƪǀƨƄţ�ŢƿǇƺƯ��ŶƃİƫŚůŹŵ���ƶĩ�Źŵ�

�ƲƿřƮŤƀǀſƶƳŚƄƳ��ƾưƳ�ƵŶƿŵ�ŻŚƟ�Ʋƿř�ƱŶƯōŶƿŶě�Żř�ƽř�ŵƺƃ���ƽƺĮƫř

�Ʋƿř�žƨƿř� ƺţźě�ƁřźěŜǀƧźţźŤƀĭ� Źŵ� ƹ� ƱĦǀƀƧř�ƎǀŰƯ� Źŵ�ş�
ƾƿŚƯŵÔÍÍ�Śţ�˚Cæêåå�ƪƨƃŹŵÎÎƾƯ� ƱŚƄƳ���ƽŚƷŚƯŵ� Źŵ� ƶƧ� ŶƷŵ
ÔÍÍ�ƹ˚CÕÍÍ Ʒǀŝ�İƄƴĩřƹ�ĢǀƶŤƟźĮƳ�šŹƺƇ�řżūř�Ʋ��Ţſřƹ�ƱŚƴĤưƷ�

í�
�

ì�
�

ë�
�

ê�
�

é�
�

è�
�

ç�
�

æ�
�

å�
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ƪƨƃÎÍ.ƀǀſ�žƨƿř� ƺţźě�Ɓřźě�ƽƺĮƫř�� ƮŤAl+SiźŤƀĭ� Źŵ�şƾƿŚƯŵ�
ÔÍÍ�Śţ�˚CÎÓÍÍřƺƷ�ƎǀŰƯ�Źŵ� 

 

 
�

� ƪƨƃÎÎ�� ƮŤƀǀſ�žƨƿř� ƺţźě� Ɓřźě� ƽƺĮƫř�Al+SiźŤƀĭ� Źŵ�ş�ƾƿŚƯŵ�
ÔÍÍ�Śţ�˚CÎÓÍÍƱĦǀƀƧř�ƎǀŰƯ�Źŵ� 

ěǀĨ��įŚƷ Siƹ�Al�ŹŵƺĮƫř�ƽŶƳŹřŵ�Źƺƌů�žƨƿř�ƺţźě�Ɓřźě����Śŝ
� Śţ� ŚƯŵ�ƂƿřżƟř˚CÖÍÍƪŝŚƣ� źǀǀƜţ��ƾƸūƺţ�Ɓřźě� ƽƺĮƫř� Źŵ�

ƵŶƿŵ�ƾƯ�ŵƺƃŢƿŚƨů� ƶƧ��ƂƴƧřƹ� ƭŚŬƳř� Żř�ŵŹřŵ� ƾƿŚǀưǀƃ� ƽŚƷ��
ƮƸƯ�Ʋƿźţƹ�� ƾƄƴƧř� ƶƧƲƿřŹŵ�� ƱŶƯōŶƿŶě� ƶŤƟźĭ� ƭŚŬƳř�ŢƫŚů�ŻŚƟ

Al2O3�Ţſř���Śţ�ŚƯŵ�ƂƿřżƟř�Śŝ˚CÎÒÍÍ�ĢǀƷ�Ʋƿř�Źŵ�ƽŻŚƟ�źǀǀƜţ�
Ƴ� ƵŶƿŵ� ƮŤƀǀſİư�ŵƺƃƱō�žƨƿř� ƺţźě�Ɓřźě� ƽƺĮƫř� ƹ���ŶƴƳŚƯ�

� ƽƺĮƫřƁřźě� ƽŚƯŵ� Źŵ�˚CÖÍÍŢſř�� �ŠŤĪƳƪŝŚƣ����źĮƿŵ� ƶūƺţ
ƪǀƨƄţƱŶƄƳ�Ʋǀŝ�šŚŞǀƧźţ���ƽżƬƟAl/Si�Źŵ�Ţſř�ƮŤƀǀſ�Ʋƿř��ƶƧ

ŵƺŝ� ƵŶƃ� ƪǀƨƄţ� řƺƷ� ƎǀŰƯ� Źŵ� ƹ� ƮŤƀǀſ� ƲǀưƷ� Źŵ� �ƶŝ�źƔƳ�

ƾƯ��ŶſŹƶƧ��Śŝ�ŜǀƧźţ�ƽřźŝ�ƱĦǀƀƧř�żƬƟAl�ŻřźƔƳŵƺƯźţ�ƿƯŚƴǀİĪ�
ƽĥźƳřŢŞƀƳ�ƽźŤưƧ�ŵřŻō��Ʋǀŝ�šŚŞǀƧźţ�ƪǀƨƄţ�ƶŝ��ƽżƬƟŵŹřŵ��

ƶŝ�� Ɓřźě� ƽƺĮƫř� Źŵ� ƩŚůźƷƺţźěƮŤƀǀſ� Ʋƿř�žƨƿř����ƽŚƷŻŚƟ
Al2O3��Si�ƹAl�ŹƺƌůŶƳŹřŵ�� �� ƶƧ� Ţſř� Ʊō� ŜǀŬƗžě��Żř

� ƪǀƨƄţAl2O3�ƾưǀƃ�ƮŤƀǀſ� Ʋƿř�� ŶƴƳŚƯ� ƮŤƀǀſ�Al2O3+Si�
ƾƯ�ŵƺƃ ƶĩ�� Żř� źţǇŚŝ� ƽŚƷŚƯŵ� Źŵ˚CÎÑÒÍ�ŻŚƟ�Ʊō� Źŵ�ŢƿǇƺƯ�

Ŷƃ� ƵŶƿŵ�ƾƫŚůŹŵ��ƮŤƀǀſ� Ʋƿř� Źŵ� ƶƧ��ƪǀƨƄţ� ŢƿǇƺƯ� ŻŚƟ�
ƾưƳ�ŵƺƃ� �źƿƺƈţƾƄŝƹŹ� ƾƳƹźŤƨƫř� ęƺƨſƹźƨǀƯ���SEM��

�ƮŤƀǀſAl2O3+Si�Źŵ� řƺƷ�ƎǀºŰƯ�ƹ�ƽŚƯŵ�˚CÎÒÍÍ�Źŵ�
ƪƨƃÎÏ�ƱŚƄººƳ�ƽŚƷŻŚƟ�ƖƿŻƺţ�ƵŶƴƷŵAl, Si ƹ�Ʋǀŝ�šŚŞǀƧźţ��ƽżƬƟ�

Al/Si�ŹŵŢſř�ŹŚŤųŚſżƿŹ����ƞǀƏ�żǀƫŚƳōEDX��Ʋǀŝ�ŻŚƟ�ƶŝ�ƍƺŝźƯ
� įżƬƟAl/Si�ƪĪƃ� ŹŵæèŢſř� ƵŶƃ� Ƶŵřŵ� ƱŚƄƳ�� �ƺƈţƿ�ź

ƯǀİƄŝƹŹ� İƳƹźŤĪƫř� ęƺĪſƹźĪƮŤƀǀſ��Al+Si�Źŵ�ƎǀŰƯ�
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��

 

�ƱĦǀƀƧř�ƹ�ƽŚƯŵ�Źŵ˚CÎÒÍÍ���ƪƨƃÎÑ��ƽŚƷŻŚƟ�ƾĭŶƴƧřźě�Al�
ƹSi �řŹƾƯ�ƱŚƄƳ��ŶƷŵ��
�
�
é�ƶŬǀŤƳ��ƽźǀĭ�
�

��������ƾƿŚſŚƴƃ�ƹ�ŠƘſƺţƮŤƀǀſ�ƽŻŚƟ� �Al2O3+Si�Źŵ��ƹŵ�ƎǀŰƯ
��řƺƷ���ƱĦǀƀƧř�ƹ�ŵ�ƱŚƄƳř����Źŵ�ƶƧ�ŵƹŶŰƯŵş��ƾƿŚºƯŵ�ÔÍÍ��Śºţ�˚CÎÏÍÍ�
ĢǀƷ��������ƶºŤƟźĮƳ�šŹƺºƇ�ƶǀƫƹř�ŵřƺƯ�Ʋǀŝ�ƾƄƴƧřƹ���Ţºſř�����Źŵ�ƽŚºƯŵ�
˚CÎÑÍÍ���ŻŚººƟŢǀƫŚŝƺŤƀººƿźƧ�ƪǀƨƄººţ�İººƯ�ŵƺººƃƹ�ƽŚººƯŵ�Źŵ��
˚CÎÑÒÍ�Ʀǀě�ŚƷƵŶƿŶě�ŢƿǇƺƯ�ƽİƯ��Ŷƿō�Źŵ�ƹ�ŵƹŶŰƯşƾƿŚƯŵ�æéêå�Śţ�

˚CÎÒÍÍ����Źŵ�ƽźǀǀƜţƽƺĮƫř�ŵƺūƹ�ŜǀƧźţ�Ʋƿř�žƨƿř�ƺţźě�Ɓřźě�
ŵŹřŶƳ��������Ʋºƿř�ƽŻŚƟ�šřźǀǀƜţ�ƾſŹźŝ�ƮŤƀºǀſ������ƱĦǀƀºƧř�ƎǀºŰƯ�Źŵ�

�ƾƯ�ƱŚƄƳ����ƱĦǀƀƧř�ƎǀŰƯ�ŵƺūƹ�ƶƧ�ŶƷŵ�ƶƤǀƣŵ�źŝ�źŤǀƫ�ƹŵ�ƽƺƬƟ�Śŝ��
ƂƴƧřƹ�ƭŚŬƳř�źŝ�ƽźŧř��ƽŚƷƾƿŚǀưǀƃŵřƺƯ�Ʋǀŝ��Šǀƫƹř�ŵŹřŶƳ�ŵƺūƺƯ��

�šƹŚƠţ�ŚƸƴţ�������žºƨƿř�ƺţźě�Ɓřźě�ƽƺĮƫř�����ƮŤƀºǀſ�Ʋºƿř���ƎǀºŰƯ�Źŵ
ƱĦǀƀƧř�ƲǀŝŻř������Ʀǀě�ƲŤƟźƳŢǀƫŚŝƺŤƀƿźƧ�Ţſř����ƾƫŚºůŹŵ����ƶºƧ

�įƺººĮƫř�Źŵ��řƺººƷ�Źŵ�ŜººǀƧźţ�Ʋººƿř�žººƨƿř�ƺººţźě�ƁřźººěƦººǀě�
��ƾưƳ�ƵŶƿŵ�ŢǀƫŚŝƺŤƀƿźƧ��ƃŵƺ���������ƽŹřŶºƿŚě�źŝ�řŹ�ƱĦǀƀƧř�ƎǀŰƯ�źŧř�ƹ�

ŢǀƫŚŝƺŤƀƿźƧ���ƱŚƄƳ�ƾºƯ���ŶºƷŵ���Śºŝ���ŚºƯŵ�ƂƿřżºƟř���Śºţ˚CÎÒÍÍ���Ʀºǀě�
���ƝŸů�ŢǀƫŚŝƺŤƀƿźƧİƯ�ŵƺƃ�����Ʀǀě�Żř�ƾųźŝ�ƱŚƴĤưƷ�ƹ����ƍƺŝźƯ�ƽŚƷ�

����ƶǀƫƹř�ŵřƺƯ�ƶŝ�Al2O3�ƹ�Si���ƾƯ�ƵŶƿŵ���ŵƺƃ��Ʋƿř�ŠƘſƺţ��ƽŻŚºƟ���Śºţ�
�ƽŚƯŵ˚CÎÓÍÍ�ƱŚƴĤưƷźǀǀƜţ� ƽŻŚƟƾưƳ�ƱŚƄƳ�řŹ��ŶƷŵ��
����������������ƮŤƀºǀſ�žºƨƿř�ƺţźě�Ɓřźě�ƽƺĮƫřSiO2+Al�Źŵ���ƎǀºŰƯ�
��řƺƷƹźŤƀĭ�Źŵ�şƾƿŚƯŵ��ÔÍÍ�Śţ�˚CÎÓÍÍ�ƾƯ�ƱŚƄƳ���ƶºƧ�ŶºƷŵ���ƶºŤƨƳ
ƪŝŚƣ���������żƬƟ�ƾĭŶƴƴƧŚǀůř�šŹŶƣ��ƮŤƀǀſ�Ʋƿř�Źŵ�ƶūƺţAl�Ţſř���ƶºƧ�

SiO2�řŹ���Śǀůř�İƯ�Ŷƴĩ�����ƱŶºƯōŶƿŶě�ŜŞºſ�ƹ���ƽŚºƷŻŚƟ��Al2O3�ƹ�Si�
ƵŶƃ�Ţſř���ƖƣřƹŹŵ�žě�����ƽŚǀůř�ŻřSiO2�Ǝſƺţ�Al�ƹ���ƱŶºƯōŶƿŶě�

Si�ƹ�Al2O3��ƮŤƀººǀſ�SiO2+Al�Żř�źººƔƳƾƿŚǀưǀººƃ�ƮŤƀººǀſ�ƶººŝ�
Al2O3+Si���ƾƯ�řŶǀě�ŢƷŚŞƃ���Ƨ�Ŷºƴ���ƲƿřŚºŝ���������ƮŤƀºǀſ�Źŵ�ƶºƧ�šƹŚºƠţ
Al2O3+Si�Źƺƌů��Ʀǀě�ƞǀƘƋ��������ƽŚƯŵ�Źŵ�ŢƿǇƺƯ�ƽŚƷ˚CÎÑÍÍ�

ƆǀŴƄţ�ƪŝŚƣ ŵƺŞƳ�Ʀǀě�Ʋǀƴģ�ƮŤƀǀſ�Ʋƿř�Źŵ�ƾƫƹ���ƾƠǀƘƋ�ƽŚƷ
ƾƯ�řŹ��ƱřƺţƆǀŴƄţŵřŵ���ƽŚƯŵ�Źŵ�ŢƿǇƺƯ�ŻŚƟ�Źƺƌů˚C ÎÑÒÍ�

���ƮŤƀǀſ�ŹŵSiO2+Al�ƶŝ��ƾŝƺų�����������ƱŚƄºƳ�řŹ�ŻŚºƟ�Ʋºƿř�ƪǀƨƄºţ�ŻŚƛō�
ƾƯ��ŶƷŵ��ƽƺĮƫř�Ɓřźě�źě�����ƮŤƀǀſ�žƨƿř�ƺţSiO2+Al�Źŵ���ƎǀºŰƯ�

ƱĦǀƀƧř���ƾºƯ�ƱŚƄƳ����������ƽŚºǀůř�ƶºƧ�ŶºƷŵSiO2��Ǝºſƺţ�Al�Żř���ƽŚºƯŵ�
˚CÔÍÍ�������ƹ�Ţºſř�ƵŶƃ�ƕƹźƃ��ƱŚºƴĤưƷ��Ʀºǀě������ƽŚºƷSi�ƹ�Al2O3�
ƶŝ��ƵřźưƷ�Ʀǀě�����ƽŚƷAl�żǀƳ���ƵŶƿŵ�ƾƯ��ŶƳƺƃ����ƽŚǀůřSiO2�Źŵ��ƎǀŰƯ�

ƱĦǀƀƧř����ƽŚƯŵ�Źŵ�˚CÕÍÍ�ƭŚŬƳř�ƵŶƃ���źŤƀĭ�Źŵ�ƹ�ş�ƾƿŚƯŵ��ÕÍÍ��Śţ�

˚CÎÑÒÍ�ƽźººǀǀƜţ�Źŵ��ƮŤƀººǀſ�žººƨƿř�ƺººţźě�Ɓřźººě�ƽƺººĮƫř
SiO2+Al�ƵŶƿŵ�ƾưƳ�ŵƺƃ��

�

��������ƽƺĮƫř�Ɓřźě�����ƮŤƀǀſ�žƨƿř�ƺţźě�Al+Si����ƎǀºŰƯ�Źŵ��řƺºƷ
�ƾƯ�ƱŚƄƳ�������ƽŚƷŚƯŵ�Źŵ�ƶƧ�ŶƷŵÔÍÍ�ƹ�˚CÕÍÍ������Ʋǀºŝ�ƾƄºƴƧřƹ�ĢǀºƷ�

řżūř��Ƴ�šŹƺƇ�İư�ŵźǀĭ���ƹ���ƂƿřżƟř�ŚŝŚƯŵ���Śţ�˚CÖÍÍ���Ɓřźě�ƽƺĮƫř�
���ƾƯ�źǀǀƜţ�žƨƿř�ƺţźě����ŢƿŚƨů�ƶƧ�ŶƴƧ�������ƂƴºƧřƹ�ƭŚºŬƳř�Żř��Ʋǀºŝ

ŵřƺƯ���ŶƿŶě�ƹ�ƶǀƫƹřƱŶƯō��Ʋǀŝ�šŚŞǀƧźţ����ƽżƬƟAl/Si�ŵŹřŵ����ƲǀºƴĤưƷ
Źŵźŧř����ƂƴƧřƹ�ƭŚŬƳř�Al�Śŝ�����ŵƺºūƺƯ�ƱĦǀƀƧř�Źŵ����Ʀºǀě��řƺºƷ�����ƽŚºƷ

�
�ƪƨƃÎÏ�ƾƄŝƹŹ�ƾƳƹźŤƨƫř�ęƺƨſƹźƨǀƯ�źƿƺƈţ���SEM��ƮŤƀǀſ�Al+Si�Źŵ�
�ƽŚƯŵ˚CÎÒÍÍƾƿŚưƴĭŹżŝ�Śŝ�řƺƷ�ƎǀŰƯ�Źŵ�ÒÍÍÍźŝřźŝ����ƽŚƷŻŚƟ�ƖƿŻƺţSi��Al

�ƽżƬƟ�Ʋǀŝ�šŚŞǀƧźţ�ƹAl/SiƾƯ�ƵŶƿŵ��ŵƺƃ� 
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Al2O3�żǀƳ�Źŵ�ƺĮƫřƾƯ�ƵŶƷŚƄƯ��ƽŚƷŻŚƟ�ƱŚƴĤưƷ�ƹ�ŶƳƺƃ�Al�ƹSi�
�ŶƳŹřŵ�Źƺƌů��ŠŤĪƳ�ŜƫŚū�����������Śºŝ�ƶºƧ�Ţſř�Ʊō�ƮŤƀǀſ�Ʋƿř�Źŵ�ƶūƺţ�

����ƾŤů��ŚƯŵ�ƂƿřżƟřŚţ����ƽŚºƯŵ�˚CÎÓÍÍ��ĢǀºƷ������ƽƺºĮƫř�Źŵ�ƽźºǀǀƜţ�
���������ƾºưƳ�ŶºƿŶě�ƽŻŚºƟ�źǀǀƜţ�ĢǀƷ�ƹ�žƨƿř�ƺţźě�Ɓřźě��Ŷºƿō����ƽƺºĮƫř

Counts(×102)        ������������������������������������������������������������������������������������Counts(×102)

��������������������������
Range [keV]                    ������������������������������������������������������������������������������������������Range [keV] 

�
�

Counts(×102)                                                           �

��
Range [keV]��

�

�ƪƨƃÎÐ�Ə�ǀ�żǀƫŚƳō�ƞEDX�ƮŤƀǀſ�Al+Si�ƽżƬƟ�Ʋǀŝ�šŚŞǀƧźţ�ƶŝ�ƍƺŝźƯ�Al/Si�ƽŚƷŻŚƟ�ƹ�Al��ƹSi� 
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����ƺºţźě�Ɓřźě�������������Źŵ�ƹ�ƱĦǀƀºƧř�ƎǀºŰƯ�Źŵ�ŜºǀƧźţ�Ʋºƿř�žºƨƿř
ŰƯŵƹŶş�ƾƿŚƯŵ ÔÍÍ�Śţ�˚CÎÒÍÍƾƯ�ƱŚƄƳ�����ƽŚºƷŚƯŵ�Źŵ�ƶºƧ�ŶºƷŵ
ÔÍÍ�ƹ�˚CÕÍÍ�����������ƂƿřżºƟř�Śŝ�ƹ�ƶŤƟźĮƳ�šŹƺƇ�řżūř�Ʋǀŝ�ƾƄƴƧřƹ�ĢǀƷ
Śţ�ŚƯŵ˚C ÖÍÍ�ƾƸūƺţ�ƪŝŚƣ�źǀǀƜţ�Źŵ�ƾƯ�ƵŶƿŵ�Ɓřźě�ƽƺĮƫř���ŵƺºƃ

ƂƴƧřƹ�ƭŚŬƳř�Żř�ŢƿŚƨů�ƶƧ�ŵŹřŵ�ƾƿŚǀưǀƃ�ƽŚƷ��
�
�

ƖūřźƯ�
�

1. Hynes, A.P., et.al �High Temperature Compressive Creep 
of Polycrystalline Mullite�, J. Am Ceram.Soc. Vol. 74 
(1991) 2469-2475 

2. Okamoto, Y., et. al �Creep Deformation of Polycrystalline 
Mullite�, J. Eur. Ceram. Soc., Vol. 6 (1990) 161-168 

3. Prochazka, S., et. al., �Infrared Transparent Mullite 
Ceramics,� J. Am. Ceram. Soc.,Vol. 66 (1983) 847-880. 

4. Soundararajan, R., et. al., �Processing of Mullite-
Aluminum Composites�, J. Am Ceram. Soc., Vol. 84 
(2001) 509-513. 

5. Standage, A.E., et. al., �Reaction between Vitreous Silica 
and Molten Aluminum�, J. Am Ceram. Soc., Vol. 50 
(1967) 101-105. 

6. Sacks, M.D., et. al., �Effect of Composition on 
Mullitization Behavior of á-Alumina/Silica Micro 
composite Powders,� J. Am Cearm. Soc., Vol. 80 (1997) 
663-672. 

7. Hirata, Y., et. al., �Colloidal Processing and Mechanical 
Properties of Whiskers-Reinforced Mullite Matrix 
Composites,� J. Am Ceram. Soc. Vol. 74 (1991) 2438-
2442. 

8. Watari, T., et. al., �Growth of Alumina/Metal Composites 
in to Porous Ceramics by the Oxidation of Alumina�, J. 
Am. Ceram. Soc., Vol. 77 (1994) 2599-602. 

9. Brondyke, K. J., et. al., �Effect of Molten Aluminum on 

Alumina-Silica Refractories,� J. Am Ceram.Soc., Vol. 
36 (1953), 171-75. 

10. Mintzer, S., et. al., �Microstructure of Aluminum-
Alumina-Silica Particulate Composites Obtained by 
Reactive Sintering�, J. Mater. Sci., Vol. 30 (1995) 4703-
4709. 

11. Somiya, S. and Mitara, Y., �Mullite Powder Technology 

and Applications in Japan�, Am. Ceram. Soc. Bull., Vol. 
70 (1991) 1624-1632. 

12. H. Schneider et. al., �Mullite and Mullite Ceramics,� 

John Wiley & Sons, (1994) 4-77 105-140,199-228 and 
233-245. 

13. Klug, F.J., et. al., �Alumina-Silica Phase Diagram in the 
Mullite Region�, J. Am Ceram. Soc., Vol. 70 (1987) 
750-759. 

14. Chung, S.L.,  et.  al., �Formation of SiO2, Al2O3 and 
Al2O3.2SiO2 Particles in Counter Flow Diffusion 
Flame,� J. Am. Ceram. Soc., Vol. 75 (1992) 117-
123. 

15. Saka, M.D., et. al. �Fabrication of Mullite Matrix 
Composite by Transient Viscous Sintering of Composite 
Powders�, J. Am. Ceram. Soc., Vol. 74 (1991) 2428-
2437. 

16. Johnson, S. and Pask, J.A., �Role of Impurities on 
Formation of Mullite from Kaolinite and Al2O3-SiO2 
Mixtures,� Am. Ceram. Soc. Bull., Vol. 61 (1982) 838-
842. 

17. Aksay, I.A., et. al., �Mullite for Structural, Electronic and 
Optical Applications�, J. Am. Ceram. Soc., Vol. 74 
(1991) 2343-358. 

18. Schneider, M., et. al., �Microchemistry of Refractory-
Grade Bauxits�, Am. Ceram. Soc. Bull., Vol. 61 (1982) 
741-745. 

19. Machensie, K.J., et. al., �The Formation of Mullite from 
Kaolinite under Various Reaction Atmosphere�, J. Eur. 
Ceram. Soc., Vol. 16 (1995) 115-119. 

20. Boch, P.,  et  al .,  �High Purity Mullite Ceramics by 

Sintering�,  Ceram. Trans. Vol. 6 (1990) 535-
537.  

21. Wu, S. and Claussen, N., �Fabrication and Properties of 
Low Shrinkage Reaction Bonded Mullite�, J. Am. 
Ceram. Soc., Vol. 74 (1991) 2460-2463. 

22. Hori, S.,  et.  al., �Characterization and Sintering of 
Al2O3-SiO2 Powders Formed by CVD�, 

Ceram.Trans., Vol. 6 (1990) 311-322. 
23. Blumes, M.,  et.  al., �Spectroscopic Investigations of 

 
�

�ƪƨƃÎÑ��źƿƺƈţ�SEM�ƮŤƀǀſ�Al+Si�ƽŚƯŵ�Źŵ�˚CÎÒÍÍ�ƱĦǀƀƧř�ƎǀŰƯ�Źŵ�
�ƾƿŚưƴĭŹżŝ�ŚŝÎÐÍÍźŝřźŝ����ƽŚƷŻŚƟ�ƖƿŻƺţSiƹ��Al�ƹ�Al2O3ƾƯ�ƵŶƿŵ��ŵƺƃ��

 



ÑÑ�ƾſŶƴƸƯ�ŵřƺƯ�ƶƬŬƯ�
 

 

the Kaolinite-Mullite Reaction Sequence�, J. Am. Ceram. Soc., Vol. 61 (1978) 81-84. 
 




