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Abstract    The aim of this study is investigation of phases and microstructure of synthesized products. DSC analysis 
proved that with addition of Al to Mo-Si system, the synthesis temperature is decreased from 1400˚C to 750˚C. The 
micro structural analysis by SEM showed homogeneous distribution of Al particles in microstructure so that with 
increasing the percentage of Al the grains growth and curvature of grain boundaries occur. XRD analysis confirmed that 
in X=0.2 (Mo (Si1-x, Alx)2) the major phase is Mo(Si, Al)2 and in 0.3≤X≤0.5 the major phase transformers to 

Mo2.85Al1.91Si4.81 as a new phase. 
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�ƾƫŚŤƀƿźƧC11b�ƶŝ�C40�ƹ�C54ƾƯ�ƵŶƿŵ��ŵƺƃ�@Ò>� �Śŝ�ƶūƺţ��ƶŝ
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ƱŚƄƳƯ�ƾ�ŶƷŵ.�
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ƾƯ�ŵƺƃ� �ƿřżƟř� ŚŝŚƯŵ�Ƃ�Ʃƹř�Ĩǀě���źǀĭŚƯźĭ� ��ƽŚƯŵ� Źŵ˚CÒÓÏ�

źƷŚƓƾƯ���ƾƨǀŤƨţƺƿ�ƖƿŚƯ�ƪǀƨƄţ�Żř�ƾƃŚƳ�ƶƧ�ŵƺƃSi-AlŢſř���

�ƾƿŚţƹŵ�ƭřźĭŚƿŵSi-Al�@ÎÔ>ƾƯ�ƱŚƄƳ�řŹ�ƵŶƿŶě�Ʋƿř��ŶƷŵ����ƩƺŰţ
ƽŚƯŵ�Źŵ�ƦǀŤƨţƺƿ��Kíêå�˚CÒÔÔ�ƪǀĪƄţ�ƽřŻŚƯźĭ�Ĩǀě���ƵŶƃ

� Źŵ� ƽŚƯŵ˚CÔÐÕ ƍƺŝźƯ�� Ƃƴĩřƹ� ƶŝSHS�ŻŚƟ� żŤƴſ� ƹ�
2�Si,Al�MoŢſř���

��������ƪĪƃ ÏžĪƿř� ƺţźě� Ɓřźě� ƽŚƷƺĮƫř��XRD��ƍƺŝźƯ��ƶŝ
�šŚŞǀƧźţ2�Si1-x,Alx�Mo��Źŵê�å�x�ç�å�ƾƯ�ƱŚƄƳ�řŹ�ŶƷŵ���Źŵ

Źŵ�Ƃƴĩřƹ� ƕƹźƃ� ƽŚƯŵ� ŚŬƴƿř�ƶƀƿŚƤƯ�Ŝǀĩźţ� Śŝ�x=MoSi2ŝ�ƶ�
ŵƺūƹ� ƪǀƫŵ�ƖƿŚƯ��ƾƨǀŤƨţƺƿ�ƶŝ�šŶƃ�ƂƷŚĩ�ƿƶŤƟŚ��ŵƹŶů�

ºCÕÍÍ��ƪĪƃÎ�a� �řŵř� ŚŝŠƯƂƿřżƟř��ŚƯŵ�Ĩǀě��ƯźĭƽřŻŚ��ƭƹŵ
ƾƯ�źƷŚƓ�ŵƺƃ. 

��������� żŤƴſ� ƶŝ� ƍƺŝźƯ�Ĩǀě� Ʋƿř� ƶĩ�Ţſř� ƵŶƃ� ƱřƺƴƗMoSi2�
Ţſř�@ÎÕ>���żŤƴſ�ƽŚƯŵ�ŚŬƴƿř�Źŵ�ƲĪǀƫMoSi2ļ�ºCÒ�ÎÎÐÕĻ �Źŵ

ƶƀƿŚƤƯ�ŢŞƀƳ�Źŵ�ŻŚƟ�Ʋƿř�żŤƴſ�Śŝ�Íx=��ºCÒ�ÎÐÕÔ��ƂƷŚĩ�ƿƶŤƟŚ�
Ţſř� ��ƮŤƀǀſ�Ʋƿř� Źŵ�Ʃƹř�Ƃƴĩřƹ� ŵƺūƹ�Ï�Íx=�ƾƯ��ŶƳřƺţ�ƶŝ�

źƀţ�ƪƯŚƗ�Ĩƿ�ƱřƺƴƗƂŴŝ�Ɩƿ�Trigger����ƶĩ�ŵƺƃ�ŭźƐƯ�ŜŞſ
ƽŵ� ƱŶŞǀƫƺƯ� żŤƴſ� ƽŚƯŵ� ƂƷŚĩ�Ţſř� ƵŶƃ� ŶƿŚƀǀƬǀſ�@ÎÕ>���Śŝ

ŹřŶƤƯ�ƂƿřżƟř�Al��Ï�Íx=��ƵŶƃ�ƝŸů�řŻŚƯźĭ�ƭƹŵ�Ʀǀě��ŚƸƴţ�ƹ
�Ʀǀě�Ʀƿ�ƹ�ƾƨǀŤƨţƺƿ�ƖƿŚƯ�ŹƺƸƓ�ƶŝ�ƍƺŝźƯ�źǀĭŚƯźĭ�Ʀǀě�Ʀƿ

�ƂƴƧřƹ� ƶŝ� ƍƺŝźƯ� řŻŚƯźĭSHSƪƨƃ� Źŵ��Î�bƾƯ� ƵŶƿŵ��ŵƺƃ��
ƾƯ�ƲƿřźŝŚƴŝ�řƺţ�ŻŚƟ�ŢƠĭ�ƱMoSi2ƶƳƺưƳ�Ʋƿř�Źŵ��ƾưƳ�ƵŶƿŵ�ŚƷ�ŵƺƃ�

�Ʋƿř�ƶĩƶƫŗſƯ�ƶƘƃř�Ɓřźě�ƽŚƷƺĮƫř�Źŵ�Xƪƨƃ�Ŝǀĩźţ�Ʋƿř�Ï�żǀƳ�
ƾƯ� ŶǀƿŐţ�ŵƺƃ� �� źƿŵŚƤƯ� Źŵ� ƮǀƴǀƯƺƫō� ƂƿřżƟř� ŚŝÒ�Í�Ñ�Íx=�

� ƽƺĮƫř� żǀƳDSCƪƨƃ� ƽƺĮƫř� ƶŝŚƄƯ�Î�c�ŝƶ�Ţſŵ�Ưƾ�ōƿ�Ŷ
@Î>� 

� � � � � � � �ƪĪƃÐ��ƶƳƺưƳ�ŢƀĪƃ�ŮƐſ� ŹŚŤųŚſżƿŹ�żŤƴſ�ƽŚƷ�

ƃŶƇŹŵ� Śŝ� ƵŶ�ƶŝ� ƮǀƴǀƯƺƫō� šƹŚƠŤƯ� ƽŚƷ�Żř� ŜǀţźţÏ�Íx=��Śţ
ê�åx=Ƴ� řŹ�ƱŚƄƯ�ƾ�ŶƷŵ���ŶƇŹŵ�ƂƿřżƟř� Śŝ� ƪƨƃ�Ʋƿř�ƢŝŚƐƯ

Al���ƶƳřŵ�ƪĪƃ�Ŷƴģ�ŢƫŚů�Żř�ŚƷ�ƾƘƬƋ�ŚƷƿƾ�ƹ�Ŷƴţ�ƽŚƿřƹŻ�Śŝ�
ƶƃƺĭ�� Śŝ�ƾƫŚĪƃř� ƶŝ� Źřŵ�źŤƄǀŝ�ƽŚƴŰƳř� ƹƭźƳ�ƹ� ŚƿřƹŻ��źǀǀƜţ�źţ
ƾƯ�Ŷƴĩ���
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��
Temperature/˚C 

�a) 
�
�

 
Temperature/˚C 

�b) 
�
�

 
Temperature/˚C 

�c) 
�

ƪƨƃÎ��ƽƺĮƫř�DSC�Żř�ŠƳƺưƳƵŵźƄƟ��Ŷƃş�Ŝǀĩźţ�Śŝ�ƭŚų�Si+2xAl��1-x�Mo+2�
�a�åx=���Mo+2Si�� ��b�Ï�Í x=� ƹ�C�è�Íx=��Ǝƿřźƃ� ŢŰţ� ��Žźě� ŹŚƄƟ

ƶƳƺưƳ�ļMPaÏÓÓĻƠƀưţř� �ƱŚƿźū� Śŝ� ƲĭŹō� ź�ml/minìå �ŢƗźſ� Śŝ
ƂƿŚƯźĭåºC/minìå�. 

�

�ƂƿřżƟř�ŚŝŶƇŹŵ�AlŸƯ�ŻŚƟ�ŶƇŹŵ���ƂƿřżƟř�żŤƴſ�ƭŚĮƴƷ�Źŵ�śř
ƾƯ�ŶŝŚƿ���śřŸƯ�ŻŚƟ�ƂƿřżƟř�żǀƳ�ƾƿřŹōŻŚŝ�ƶƬůźƯ�Źŵ�ƪǀƸƀţ�ŜŞſ
ƞţ�ƃƺūƾƶƳřŵ� ŻźƯ� ŌŚƴŰƳř� ƹ��ƾƯ� ŚƷ�ŵƺƃ�@ÎÖ�ÏÍ>� ��ƝźƏ� Żř
źĮƿŵ��Śŝ��ŶƇŹŵ�ƂƿřżƟřAl��ƶƳƺưƳ�ŢƀĪƃ�ŮƐſ��Ʋǀŝ�ŢƫŚů�Żř�ŚƷ
ƶƳřŵ�řƽ��Intra-Granular��ƶƳřŵ� ƱƹŹŵ� ƶŝ�řƽ�Intra-Granular��

ƾƯ�ƪƿŶŞţ�ƺƃŵ�ƶŝ��ƽŹƺƏ�ƪĪƃ�Źŵ�ƶĩ�Ð�a��� Śŝ�ƶƳƺưƳ�ŻřÏ�Íx=��
ƶƳřŵ�ŹƺƬŝ� ŹŚŤųŚſ� ŚƷƽ�ƒƠů� řŹ� ŵƺų�Ưƾ�Ŷƴƴĩ�ŢƀĪƃ�ŮƐſ�ƹ�

ƿřŶū�ŜūƺƯ�ŚƸƴţƾƶƳřŵ��Ţſř�ƵŶƃ�ƮƷ�Żř�ŚƷ�ƶƳƺưƳ�Źŵ�ƲĪǀƫ���ƽŚƷ
�ŶƇŹŵ� ŚŝAlźţǇŚŝ��ê�å�x�è�å���ƪƨƃÐd-c-b-���Śŝ�ŹƺŞƗ��ŮƐſ
ŢƀĪƃ ƶƳřŵ�ƱƹŹŵ�Żř��ŚƷ ŹƺƬŝ�ŹŚŤųŚſƽƶƳřŵ���ƪŝŚƣ�ŚƷ�ƆǀŴƄţ
ŢƀǀƳ��ƾƯ��ŶƇŹŵ�ƂƿřżƟř�Śŝ�ŢƠĭ�ƱřƺţAlƲǀŝ�ƽŚƷŶƳƺǀě��ƶƳřŵ�ƽř�Źŵ�
ƞţ� źŧř�ƃƺūƾ���ƖƿŚƯ� ŻŚƟ� �ƮĪŰŤƀƯ�� źţƯƾ�ŵƺƃŹřŶƤƯ� Śţ�ƽ�ƶĩ�

řŶū�ƶŝ�ŹŵŚƣ�ŢƀĪƃ�ŮƐſƱŵźĩ�ƶƳřŵ���ƮƷ�Żř� ŚƷŢƀǀƳ�ƽřźŝ�ƹ�
�ƶƯřŵřƶƳřŵ�ƱƹŹŵ�Żř�źǀƀƯ�Ţſř�Ƶŵźĩ�ŹƺŞƗ�ŚƷ��
�������ƮƷ� źƿƺƈţ� Ʋǀƴģ�Al-map���ƪĪƃÐ�b� ��Żř� ƾƧŚů

�Ţųřƺƴƨƿ� ƖƿŻƺţAlżƿŹ� Źŵ� ŹŚŤųŚſŢſř� ƩƺƈŰƯ����ƾſŹźŝ
ƶƳƺưƳ�żŤƴſ�ƽŚƷ��ƵŶƃŚŝ�żǀƫŚƳō�XRDƾƯ�ƱŚƄƳ��ŜǀƧźţ�Źŵ�ƶƧ�ŶƷŵ 

2�Si1-x,Alx�Mo�� ŚŝÏ�Íx=�ƪƨƃç�a�ƾƬƇř�ŻŚƟ� �2�Si,Al�Mo��Śŝ
ƾƯ�ƾŝŚƿŵŹ�ƩŚƳƺĭřżĮƷ�ŹŚŤųŚſ��ƶŝ�ƮǀƴǀƯƺƫō�ƂƿřżƟř�Śŝ�Ʋƨǀƫƹ�ŵƺƃ

� źƿŵŚƤƯÐ�Íx=�ƪƨƃç�bŻŚƟ� ��ƇřƾƬ�ƶŤųŚƴƃŚƳ� ŻŚƟ� ƶŝ�źǀǀƜţ�ƽř�
ƾƯ�ŶŝŚƿ�ƳƺưƳ� ƽƺĮƫř� ŻŹŚŝ� żƿŚưţ� ƶūƹ�Š�Ï�Íx=�� ƹè�Íx=ƹŵ� ��

ƾƿƺƬƣ�ƶƳƺưƳ� Źŵ� ƮưƿżƧŚƯ� Ʀǀě� ƱŶƃ � ŹřŶƤƯ� Śŝ� ƽŚƷAl��źŝřźŝ
è�Íx=Ţſř�� 

��������ƪƨƃé�Ʀǀě�ƶƳƺưƳ� ƮưƿżƧŚƯ�ƽŚƷ�ŚƷƿƾŜǀƧźţ� Śŝ��è�Íx=��
ç�Íx=� źŤƄǀŝ�ƾƿŚưƴĭŹżŝ� Śŝ� řŹ�řźŝƽƀƿŚƤƯ�ŠƾƯ�ƱŚƄƳ�źŤƸŝ��ŵŶƷ��

Ʀǀě� Ƣǀƣŵ� ƪŰƯ� ƾƿŚſŚƴƃ� ƽřźŝ ƭźƳ� Żř� ŚƷ�ƵŻřŶƳř� ŹřżƟř��ƹ� ƽźǀĭ
ƽŹƹōźƟ�APD-3.6g �Ţſř�ƵŶƃ�ƵŵŚƠŤſř��
��������ƵŻřŶƳř� Żř� ơźƠţ� ƍƺƐų� šŶƃ��ƽǇŚŝ� Ʀǀě� ƕŚƠţŹř� ƽźǀĭ
ŝ�ƶƴǀƯŻƶ�ƶŝ�ƹ�ƵŶƯō�Ţſŵ�Żř�ƽŶƇŹŵ�šŹƺƇ �Ǝų�ƲƿźţŶƿŶƃ

ƱŚǀŝ�Ţſř�ƵŶƃ��Ƙƃř�ƽŚƷƺĮƫřŠ�XƵŵŚƠŤſřŚŝ��ƭźƳ�Żř��ƽŚƷŹřżƟřŚƿřŹƶƳ�įř�
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Angle (2è˚) 
 

ƪƨƃç���ƺţźě�Ɓřźě�ƽŚƷƺĮƫřX�ŜǀƧźţ�Śŝ�ƩƺƈŰƯ�Żř�2�Si1-x,Alx�Mo��ƹê�å�x�ç�å�
ƵŶƃ�żŤƴſ�ƾƗźƟ�ƹ�ƾƬƇř�ƽŚƷŻŚƟ�ƾƟźƘƯ�Śŝ�ŹřŵƺưƳ�Ʀƿ�Źŵ�� 

 
 

           
(c)                                                                                                                                        (a) 

 

           
 (d)                                                                                                                             (b) 

�

ƪĪƃÐ���źƿƺƈţ��ŹŚŤųŚſżƿŹ�ŢƀĪƃ�ŮƐſ���ŜǀƧźţ�Śŝ�ƽŚƷ�ƶƳƺưƳ�Żř2�Si1-x,Alx�Mo�Żř�ƮǀƴǀƯƺƫō�šƹŚƠŤƯ�ƽŚƷŶƇŹŵ�ƽƹŚů 

�a�ç�åx=���b�map�Al�è�å x��C�é�å x���d�ê�å  .x 
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Angle (2è°) 
�
�

 

�
Angle (2è°) 

�
�

�
Angle (2è°) 

 

�

ƪƨƃÑ���ƺţźě�Ɓřźě�ƽŚƷƺĮƫřXƶƳƺưƳ�ƽřźŝ�ƮưƿżƧŚƯ�Ʀǀě�ƪŰƯ�Źŵ���ƽŚƷ
żŤƴſ��ŜǀƧźţ� Śŝ� ƵŶƃ2�Si1-x,Alx�Mo��a�ç�åx=���b�è�åx=�ƹ��c�è�˹x=�

ç�˹x=��
�

Ţſř� ƵŶƃ�ƾƿŚſŚƴƃ� �ƶƳƺưƳ�Ʋƿř� Źŵ�� ŚƷ�ê�å�x�è�å���ƾƬƇř� ŻŚƟ
ŶƿŶū� ŻŚƟ��Mo2.85Al1.91Si4.81� ƶƧ� Ţſř� ƵŶƃ� ƾŝŚƿŻŹř�

ŵƹŶŰƯŹŵşƭǈƗř��� ŶƇŹŵ� Żř� ƵŶƃAlŢſř� ŹřŶƿŚě�� ��ƽŚƷźŤƯřŹŚě
ŝ�Ŷůřƹ�ƩƺƬſƶ���ŠƬǀſƹ�šřŹƹŸŬƯ�ƪƣřŶůçîŹŵ�Ǝų���ƶŤƟźĭ�źƔƳ

Żř�ƵŶƃ�ƩƹŶū�æ�ƲƿŶŝ�ŝ�šŹƺƇƶ�ƵŶƯō�ŢſŵŢſř���Å�é�êêæê�ë cƹ��
Å�ç��ëîçî�é a�ƶŝ�ŹƺƏ��ƹ�šřŶƷŚƄƯ�Ʋǀŝ�ƝǈŤųř� ŚŬƴƿř� Źŵ�ƾƬƧ

ŚƿřƹŻ�šŚŞſŚŰƯ2Ө ��Żř�źŤưƧåèç�åŢſř�ƶūŹŵ�� �Ʋƿř�ƾƟźƘƯ�Śŝ
�ŶƿŶū� ƽŚƷŻŚƟ� ƾƿŚſŚƴƃ� ƖūźƯ� ƶŝ� ŻŚƟç�ICDD��ř�Śŝ� ŻŚƟ� Ʋƿ

�ƩƺƯźƟMo2.85Al1.91Si4.81�ƹŚŝ�ƶŝ�ƩŚƳƺĭřżĮƷ�ŹŚŤųŚſ��ŠƫżƴƯ�Ʀƿ�
�ŶǀƿŐţ�ŶƿŶū�ŻŚƟƃŶ�@ÏÎ>��

�
�
ê��ƶŬǀŤƳ�ƽźǀĭ 
�

���������ƂƿřżƟř� ŚŝAlŹřŶƤƯ� ƶŝ��ê�å�x�ç�å�żŤƴſ�ƕƹźƃ�ƽŚƯŵ�
řƾƣřźŤů���SHS�Żř��ŵƹŶůÎÑÍÍ��ƶŝ˚CÔÒÍŢƟŚƿ�ƂƷŚƧ�� 

��������żŤƴſ�ƩƺƈŰƯ�Żř�ƵŶƃ�źƔƳ ƶƳřŵ�ŶƃŹ�ŹŚģŵ�ƽŹŚŤųŚſżƿŹ��ŚƷ
źǀǀƜţ� ƹ�ƶƳřŵŻźƯ�ƪƨƃ�ƶƃƺĭ�ƹ�Ŷƴţ�ƽŚƿřƹŻ� Śŝ� ŚƷ��ƽŚƿřƹŻ�ƶŝ� Źřŵ

ƃ�śŶŰƯ�ƹ�ŻŚŝŶ. 

��������ŻŚƟ�ƾƬƇř�ƶƳƺưƳ�żŤƴſ�ƽŚƷ�ƵŶƃ�Śŝ�ŜǀƧźţ�ç�åx=�2�Si,Al�Mo�
ŹřŶƤƯ�ƂƿřżƟř� Śŝ� ƶƧ�Ŷƃ�ƾƿŚſŚƴƃ�Al� ƶŝ�ê�å�x�è�å�ŻŚƟ� ƶŝ�

�ŶƿŶū�Mo2.85Al1.91Si4.81�ŵřŵ�ŻŚƟ�źǀǀƜţ�.�
�
�

ƖūřźƯ 
�

˺� ƏǀƾŞ�ŵźƟ��ſǀŶ�ƬƗƾ���ſŹźŝƾƳŵƹżƟř�źŧř�ƾAl ƩƺŰţ�źŝ��ŻŚƟƽ�ƹ�żƿŹ�ŹŚŤųŚſƽ�
ĩźţǀ�šŚŞMoSi2Ƹţ�ǀ�ƶ�ƁƹŹ�ƶŝ�ƵŶƃ�SHS�ŠƫŚſŹĥźƳř�ƹ�ŵřƺƯ�ƵŚĮƄƷƹĦě�řźŤĩŵ�ƽ. 

2. Harada, Y., Murata, Y. and Morinaga, M. �Solid solution 

softening and hardening in alloyed MoSi2�. Inter metallic, Vol. 
6  (1998) 29-35. 
3. Bhattacharya, A. K., Ramasesha, Sh. K. �Effect of 

Temperature and soaking time on the Synthesis of 
Mo(Al,Si)2�, Ceramics International, Vol. 27 829‾831 (2001). 
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�

 

ƩƹŶūÎ��Ƙƃř�Ɓřźě�ƽŚƷ�ƵŵřŵŠ�X���ƾţŚŞſŚŰƯ�ƹ�ƵŶƃ�ƵŶƷŚƄƯ��ŶƿŶū�ŻŚƟMo2.85Al1.91Si4.81� 

 

100*I/I0�dif.2Ө�2Өcal�2Өobs�dif.d�dcal�dobs�l k�h 

í,æ -å,ååî çæ,íêé çæ,íéê å,ååæêí Ñ,ÍÓÐÔÐ Ñ,ÍÓÒÐÎ å å æ 
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