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Abstract    In this paper the samples based on MoSi2 in Mo-Si-Al triple system were produced. Their densification was 
studied without using complementary methods and external pressure during synthesis via SHS method. Initially, raw 
materials (Mo-Si-Al) were weighted and mixed together corresponding to Mo (Si1-x, Alx) 2 with 0.2≤X≤0.5. Mixed 
powders were pressed by a uniaxial pressing. Then the obtained pellets were preheat and synthesized in combustion 
reactor. Finally, the parameters affected the samples properties such as percentage of Si substitution with Al, particle 
size of Si powder, pressing pressure; preheating process and ignition temperature were optimized. The results show that 
the final densities of synthesized samples were up to 90%TD and their microstructure were uniform. 
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ƫŚĮģ��Žźě�ŹŚƄƟ�ƂƿřżƟř�ŚŝƶƳƺưƳ�ƭŚų�ƾ�ƶŝ�ŚƷ�šŹƺƇƾưŤƿŹŚĮƫ��

Ţſř� ƶŤƟŚƿ� ƂƿřżƟř� �ƪƠƣ�ƳƺưƳ� šřŹŷ� ƱŶƃźǀĭŹŵ� ƹ� ƱŶƃŠ�
ƵŵźƄƟ�ƵŶƃƾƯ�řŹ�Žźě�ŹŚƄƟ�ƽǇŚŝ�źƿŵŚƤƯ�Źŵ�ƮƷ�Śŝ���ƪǀƫŵ�Ʊřƺţ

ƶŝƹŹ� ŶƳƹŹ��Žźě� ŹŚƄƟ� ƂƿřżƟř� Śŝ� ƭŚų� ƂƫŚĮģ� Ŝǀƃ� ƂƷŚƧ
ŢƀƳřŵ� �ƺƈŰƯ�ƾƿŚƸƳ�ƾƫŚĮģ� źĮƿŵ�ƝźƏŻř�ŹŚƄƟ�ƂƿřżƟř� Śŝ� Ʃ

ƾƯ�ƂƷŚƧ�žĜſ�ƹ�ƂƿřżƟř�řŶŤŝř�Žźě�ŶŝŚƿ���ƂƿřżƟřǀƫƹřŠ��ƾƫŚĮģ�
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������������ MPa �Žźě�ŹŚƄƟ��  

�

ƪƨƃç��Žźě� ŹŚƄƟ� ƂƿřżƟř� źǀŧŐţƶƳƺưƳ� ƭŚų� ƾƫŚĮģ� źŝ���ƵŵźƄƟ� ƽŚƷ
� ƵŶƃƶƳƺưƳ� ƾƿŚƸƳ� ƾƫŚĮģ� ƹ�� ƵŶƃ� żŤƴſ� ƽŚƷç�å X�� Źŵ2�Si1-x,Alx�Mo

Ƃǀě��Źŵ�ƂƿŚƯźĭ˚Céåå�Źŵ�żŤƴſ�ƹ�˚Cíêå. 

�

������Žźºě�ŹŚƄƟ�Śŝ�ƩƺƈŰƯ�ƶºŝ������šřŹŷ�ŽŚºưţ�ŮƐºſ�ƂƿřżºƟř�ƪºǀƫŵ
ƂƴƧřƹ������Ʋǀºŝ�źŤƄǀŝ�šǇŚƈţř�ƽŹřźƣźŝ��źĭ������ƭŚºŬƳř�ƾĭŵŚºſ��šřŹŷ

�����ƶƫƺƫ�ƪǀƨƄţ�Źŵ�ƪǀƸƀţ�ƹ�ƂƴƧřƹ��ƺƯ�ƽŚƷƿ��Ʋǀįřźŝ�����ƖƿŚºƯ�ƩŚºƤŤƳř�
�ƿźƔƳ�ƢŝŚƐƯŠ�ƞţ���ƺƌůŹŵ�İƃƺū���ƶǀūƺţ��ƖƿŚƯ�ŻŚƟ�Ź��źƿŸºě��Ţºſř�

@î�æå>��ŚƯř�Ưřŵř�Śŝ�ƩƺƈŰƯ�ƾƫŚĮģ�ƂƷŚƧ�Š��Žźºě�ŹŚƄƟ�ƂƿřżƟř�
�ƬůźƯ�ŹŵŠ��ƾƃŚƳ�ŶƘŝ����Ƃǀŝ�ƂƿřżƟř�Żř�Żř������ƹ�šřŹŷ�Ʋǀŝ�šǇŚƈţř�Ŷů

������ƶƳřŵ�ƥźŰţ�Żř�ƶƧ�Ţſř�Ʊō�ƭŚƨŰŤſř�ƾƿřŹōŻŚŝ�ƶƬůźƯ�ƹ�ƶŤſŚƧ�ŚƷ���
�Rearrangement� ƶŝ�ƬůźƯ�ƱřƺƴƗŠƞţ�Ʃƹř������ƖƿŚºƯ�ŻŚºƟ�İºƃƺū

ưƳ�ƪƯŚƧƾ�ŵƺƃç�@î�æå>� ř����Ʋºƿř�ƽřźºŝ�ƶºƧ�ƽźĮƿŵ�ƪƿǇŵ�ƶƬưūŻ
źƧŷ�ƪŝŚƣ�ƵŶƿŶě�Ţſř��šŹřźů�Ɲǈţř�ƹ�ƾţŹřźů�ŢƿřŶƷ�ƂƿřżƟř�

ƾƃŚƳ���Ƃǀŝ�ƂƿřżƟř�Żř����������ƂƿřżºƟř�źºŧřŹŵ�šřŹŷ�Ʋǀºŝ�šǇŚƈţř�ŶůŻř
����ŢſŵŻř�ƶŬǀŤƳŹŵ�ƹ�Žźě�ŹŚƄƟ��������ºƯŻǇ�ƶºƧ�šŹřźºů�ƲŤºƟŹŠ��ºƯřŵř�Š�

��ƂƴƧřƹSHS����ƞţ�ŶƴƿōźƟ�ƪǀưƨţ�ƹ���Ţſř�İƃƺū�@ææ>���ƲƿřźŝŚºƴŝ��
ƶƳƺưƳ����ƭŚų�ƽŚƷŶƿŚŝ������ƶƴǀƸŝ�Žźě�ŹŚƄƟ�Śŝ����ŶƳƺƃ�ƶǀƸţ����ŚºŬƴƿř�Źŵ�ƶƧ

�ŵƹŶů�ŹŚƄƟMPa�çìåŝ�ƶ�Ţſř�ƵŶƯō�Ţſŵ��

��������ƲǀƴĤưƷ�ÅǈŞƣ�������ƶºƳƺưƳ�Żř�ƽŵřŶºƘţ�Ŷƃ�źƧŷ�����ŚºƷ�Ƃǀºě��Żř
�Ƃǀě��żŤƴſ��ŶƳŶƃ�ƭźĭ������Ƃǀºě�Żř�ƝŶºƷ������Źŵ�Ɩƿźƀºţ��ƂƿŚºƯźĭ

����������ƶºƳƺưƳ�ƾƿŚºƸƳ�ŹŚŤųŚºſżƿŹ�ƾſŹźŝ�ƹ�ƾŰƐſ�ƽŚƷŻŚĭ�ũƹźų
�Ƃǀě�ŢŰţ���ƂƿŚƯźĭŢſř������Ƃǀě�ƱŚƯŻ�ƹ�ŚƯŵ�ƶŤŞƫř�Żř���ƂƿŚƯźĭ�

��������ŵŹřŵ�ŢºǀưƷř�ƶŤſřƺųŚƳ�ƽŚƷŻŚƟ�żŤƴſ�Żř�ƽźǀĭƺƬū�ƽřźŝ���ƲǀºŝŻř�
�ƾƬƇř�ƽŚƷŻŚƟ���Mo3Si,Mo5Si3,MoSi2�������ƮŤƀǀſ�Źŵ�ŵƺūƺƯ

Mo-Si�@æç>���ŚƸƴţ�MoSi2�Ƃǀě�ƩŚưƗř�ƱƹŶŝ���ƁƹŹ�Śŝ�ƂƿŚƯźĭ
SHS���żŤƴſ�İƯ�ŵƺƃ�@æè>��Mo3Siřźƃ�Źŵ�ƎƤƟ�ƿİƯ�İƐ���ŶºƳřƺţ

ƁƹŹ�Żř�SHS�Śţ�ƶƧ�ŵƺƃ�żŤƴſ��ƽŚƯŵ˚CêååƂǀě��ŵƺƃ�ƭźĭ��
��ƶģźĭřMo5Si3��ƽŚƷŚƯŵ�Źŵ��èåå���Śţ˚Céåå���ƾºƯ�żŤƴſ���ŵƺºƃ��
��ƂƴƧřƹSHS��řŶºƳ�ƹźƄºǀěŵƺų�ŢƫŚů�Ʊō�Źŵ�ŵŹ�ƶºưǀƳ�Źŵ�ƹ���ƵřŹ

ƾººƯ�ƞººƣƺŤƯ�ŵƺººƃ�@æè>��ƹ�ǇŚººŝ�šŚŰǀººƋƺţ�ƲŤººƃřŵźƔƳŹŵŚŝ�
�ƭŚŬƳř�šŚƤǀƤŰţ�ƵŶƃ�@æé>����ƾƿŚƯŵ�Ǝƿřźƃ�˚Céåå��ƶºŝ���šŶºƯ�æ�
���ŢŰţ�ŢƗŚſ�Ǆºų�torråæ�å����Ŷºƃ�śŚºŴŤƳř����ƪƨºƃè����źƿƺƈºţ
�ƺưƳ�ŹŚŤųŚſżƿŹ�ƶƳ���ƽŚƷ���Śŝ�ƵŶƃżŤƴſƂǀě���ƂƿŚƯźĭ���ƱƹŶŝ�ƹƱō�řŹ�

ƾƯ�ƱŚƄƳ�ŶƷŵ���
��������ŻřŶƳř�ƂƿřżƟřşƶƳřŵ��ƪŴƬŴţ�ƂƷŚĩ� ƹ� ŚƷ�Ʋǀŝ�ƽŚƷ�ƶƳřŵ�ƽř�

Ƃǀě� źŧřŹŵ�ƂƿŚƯźĭƶƳƺưƳ��ŝ� ŚƷƶ�ƪǀƫŵ�ƂƿřżƟř��ƽŚƯŵŵōƿţŚŝŚǀ�Ĩ
ƳŚĪƯ�ŢǀƫŚƘƟ�ƂƿřżƟř�ƹ�ƂƴƧřƹǀƞţ�ƭż�ů�Źŵ�İƃƺūŹƺƌ�ƖƿŚƯ�ŻŚƟ�

Ţſř�@ë�î�æå�æè>��
���������ƜŤƯǀ�ƶƘƫŚƐƯ�ƶƧ�ƽźĮƿŵ�źŶƃƂƿřżƟř�źǀŧŐţ����ŶƇŹŵAl�

ŵƺŝ�ƩƺƈŰƯ�ƾƿŚƸƳ�ƹ�ƭŚų�ƾƫŚĮģ�źŝ��ƪƨƃÑ����ƪƨƃ�Ʋƿř�Źŵ
�ƂƿřżƟř�ŚŝAlƶƳƺưƳ�ƭŚų�ƾŞƀƳ�ƾƫŚĮģ�ƂƿřżƟř��ƾƯ�ƵŶƿŵ�ŚƷ�ŵƺƃ��

ř� ŹŵƿšřŹŷ� ŚŬƴ Al ƾƯ� ŹŚƄƟ�ŢŰţ�ƶŝ� ŶƴƳřƺţ�ŠƫżƴƯ�ŻŚƟ� Ʀƿ�
Ƃƨģ��Źřƺųƶŝ�ŝ�ƾƫŚų�ƽŚƷŚƌƟ�ƾĭŵŚſǀšřŹŷ�Ʋ���Mo,Si� �řŹ

źě�řżƟř�ŜŞſ�ƹ�ŶƴƴĩƿƶƳƺưƳ�ƭŚų�ƾƫŚĮģ�Ƃ�ŶƳƺƃ� ŚƷ��ƝźƏŻř�
�ƂƿřżƟř� Śŝ� ƩƺƈŰƯ� ƾƿŚƸƳ� ƾƫŚĮģ� źĮƿŵAl�ƹ�ƂƿřżƟř� řŶŤŝř�

ƾƯ�ƂƷŚƧ�žĜſ�ŶŝŚƿ� �ƱŚưƷ��ƶƧ�ŹƺƏÅǈŞƣŶƃ�ƵŹŚƃř���ƪƨƃ�Ï�
� Ś ŝƭŚų� ƾƫŚĮģ� ŵƹŶŰƯ� ƂƿřżƟř��ƂƿřżƟř� ƾƿŚƸƳ� ƾƫŚĮģ�
ƾƯ�ŶŝŚƿ� 

Ï� Śŝ�ƾƃŚƳ�ƖƿŚƯ�ŻŚƟ�ŵƺūƹ�ƶŝ�ƶūƺţ��ƩǈŰƳř�ŻřSi-Alƞţ�ƹ�żŤƴſ�ƵŚţƺƧ�ƱŚƯŻ�ƹ��Ʀƿ�ƾƃƺū�ƶƬůźƯ�ƞţ�ƭżǀƳŚĪƯ��ƽř�ƞţ�ŜƫŚƛ�ƭżǀƳŚĪƯ��ƖƿŚƯ�ŻŚƟ�ŹƺƌůŹŵ�ƾƃƺū��ƾƃƺū
źŤƴǀſ�ƾƯ�ƶŤųŚƴƃ�ƱŶƃ�ŵƺƃ�@æé>���
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������  
�ƞƫř�ě�ƱƹŶŝ�ǀŚƯźĭ�ƂƿƂ                                                                              .�ś���ŚŝƂǀě��Źŵ�ƂƿŚƯźĭ˚Céåå. 

�

ƪĪƃè��ƺƈţƿŹ�źƿſżŹŚŤųŚ�ŢƀĪƃ�ŮƐſ��ƶƳƺưƳ�żŤƴſ�ƽŚƷƃƵŶ�ç�å  X�Źŵ2�Si1-x,Alx�Mo�Źŵ�żŤƴſ�ƹ��˚Cíêå��
�
�

��
�ƮǀƴǀƯƺƫō�ƩƺƯ�X��

�

ƪĪƃÑ��źǀŧŐţ�ŶƇŹŵ�Al�ƶƳƺưƳ�ƾŞƀƳ�ƾƫŚĮģźŝ�Śų�ƵŵźƄƟ�ƽŚƷ�ƩƺƈŰƯ�ƹ�ƭ��ŽźěŹŚƄƟMPaçëëƂǀě����Źŵ�ƂƿŚƯźĭ˚Céåå�Źŵ�żŤƴſ�ƹ�ºCíêå�.�

������ƵƹǈƗ�źŝ Ʋƿř�řżƟř�ŜŞſ�ƮǀƴǀƯƺƫō�ƂƿřżƟř�ŚŬƴƿř�Źŵ�ƿ�ŹřŶƤƯ�Ƃ
ƖƿŚƯ� ŻŚƟ� ƭżǀƳŚƨƯ� Źŵ�Ɩƿźƀţ�ƹ�żŤƴſ�Ʋǀů�ƞţ��ƖƿŚƯ� ŻŚƟ�İƃƺū

ƾƯ�ŵƺƃ�Ƃǀŝ�ƂƿřżƟř� ŚƯř���ŶůŻřAl�ŜūƺƯ�ƖƿŚƯ� ŻŚƟ� ŚŬƳō� Żř� ƹ�
ƶŤƀŝ��Ʋǀů�ŶƗŚƈŤƯ�ƽŚƷŻŚĭ�ƹ�ŽƺŞŰƯ�ƽřƺƷ�ũƹźų�ŸƟŚƴƯ�ƱŶƃ

ƾƯ� żŤƴſ�ŵƺƃ� �ŰƯ� ŢƫŚů� Ʋƿř� Źŵ� ÅŚůǈƐƇřƭŹƺţ� ŹŚģŵ� Ʃƺƈ�

�Swelling��İƯ�ŵƺƃ�Ʊō�ƾƫŚĮģ�ƹ�ƾƯ�ƂƷŚĩ�ƿŶŝŚ�@î�æå>��
�������Źŵ�ƱŚƿŚěźŝ� ŚƷŻŚƟ� żŤƴſ� ƽŚƗŵř� šŚŞŧř� ƽřźŝ�ŠƿŚě�MoSi2�
ŚƯŻōƿ�ƂXRD� ƩƺƯźƟ� Śŝ� ƶƳƺưƳ� Żř�ç�å X�� Źŵ2�Si1-x,Alx�Mo�

Ŷƃ� ƵŶƿŵ�ħŹřŶţ� �ƪĪƃÒ��ŚŤƳƿŚƯŻō� Ʋƿř� Ūƿ�ƾƬƇř� ŻŚƟ� żŤƴſ� ƹ�Ƃ
2�Si,Al�MoƾƯ�ƱŚƄƳ�řŹ��ŶƷŵ��

 

�×
��İ

Şƀ
Ƴ�İ

ƫŚĮ
ģ 

�
�İ
ŞƀƳ

�İ
ƫŚĮ

ģ
�
̃�

 



ÒÍ�ƾſŶƴƸƯ�ŵřƺƯ�ƶƬŬƯ�

 
 

 

é��ŤƳǀƶŬ�ĭǀįź��
�

æ� ŻřŶƳř�ƂƷŚƧş� Źŵƺě� šřŹŷ�Si� źƿŻ� ƶŝ�èçê�ŜŞſ�ƂƯ�
Ŷƃ�ƩƺƈŰƯ�ƾƿŚƸƳ�ƾƫŚĮģ�ƂƿřżƟř���

ç� � ŚŝƶƳƺưƳ� �ƶƴǀƸŝ� Ǝƿřźƃ� ŢƿŚƗŹ��ƾŞƀƳ� ƾƫŚĮģ� Śŝ� ƾƿŚƷ
�Żř�źţǇŚŝîå��Ŷƃ�żŤƴſ�ƾūŹŚų�ŹŚƄƟ�ƩŚưƗř�ƱƹŶŝ���

è� Ƹŝ� ŹŚƄƟǀƶƳƺưƳ� Žźě� ƶƴ�źţǇŚŝ� įřŹřŵ� ƽŚƷƿ�ƾƫŚĮģ� Ʋ
ŚƸƳƿ�ŵƹŶů�ƾMPaçìåưŴţ�ǀƲ�İƯ�ƵŵŻ�ŵƺƃ���
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