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ƶƯŶƤƯ��

řźƟƿŶƴƶŤŴƿŹ�įźĭƳ�ǀŶƯŚū�ƶư�SSM��ƁƹŹ�ľŚŤŞƀƳ�Ŷū�ƿŶƽƯŻ�Źŵ�ǀ�ƶƴƽƷŵ�ƪĪƃ�ƾƯ�šřżƬƟ�ƾŶƃŚŝ�ƶĩ�Śŝ�
řźƟƿŶƴŚƷƽƪĪƃ� ƭƺſźƯ�Ʒŵƾ� ƹ� ŶƯŚū� ŢƫŚů� Źŵ�ƿŹ� Śƿźĭ� ƶŤŴƽŢſř� šƹŚƠŤƯ� śřŸƯ� ŢƫŚů� Źŵ���Źŵ
řźƟƿŶƴSSMưų�ŵřƺƯ� Żř�ǀźƽƛ�ŶƯŚū�šřŹŷ� Ʊō� Źŵ� ƶĩ�ǀŹŶƳŵźƿŤƾƯŻ� Źŵ�ǀř� ƶƴƽƵŶƃ�ƂŴě�śřŸƯ� Żř�ŶƳř�

Ư� ƵŵŚƠŤſřƾŵƺƃ@æ>��ſŹźŝǀƹŹ�źŝ� ŚƸƽř�ƿřźƟ�ƕƺƳ�Ʋƿ�ŶƴŻřřƹř�ƿƶƷŵ�ƪƽ�æîìåŹŵ�ƵŚĮƄƳřŵ��MITŶƃ�ŻŚƛō���
ŽŚſřř�ƿřźƟ�ƲƿŚě� źŝ� ŶƴƿƶƽƠƄĩ�ƾů�Źŵ� ƶĩ�Ţſř�ǀƤŰţ�ƲǀƹŹ�źŝ�ƢƽŶƃ�ƪƇŚů�ƙřŵ�ħźţ�@ç>��ƱŚƤƤŰƯ�

ţ�ŵřƺƯ�ƶĤƳŚƴģ�ƶĩ�ŶƳŶƃ�ƶūƺŤƯǀěřźţƺƀĪǀů�Źŵ�ĨǀŚƯ�ŢƫŚů�Żř�ƱŶƃ�ŵźſ�Ʋƿưų�ƶŝ�ƖǀźƽŚƸƄƴţ�ŢŰţ�ƽ�
ƃźŝƾƯ� Źřźƣ�ǀĮǀƹ� ŶƳźƿŻƺĪƀƿř� ƶŤƽƀŝ�ǀŚě� ŹŚǀƿŤƫŚů� ƶŝ� ŢŞƀƳ� źŤƴƾƃźŝ�Ƃƴţ� ƶĩ�ƾ�ŶƴƷřƺų�ŵƺƄƳ� ƩŚưƗř�

Ţƃřŵ�řƿŹŶƳŵ�šřŹŷ�ƱŶƃ�ƶŤƀĪƃ�źŧř�Źŵ�ŹŚŤƟŹ�ƶƳƺĮƴƿŤƾƹźĩ�ƹ�ƽƯ�ƪƇŚů�ŚƸƳō�ƱŶƃ�ƾŵƺƃ���
řƿřźƟ�ƲƿřŹřŵ�ŶƴƽżƯ�ƹŵ�ƿ�Ţſř�ƮƸƯ�Ţ�ř�ƩƹřƿƯ�ƶĪƴǀƫō�Żř�ƱřƺŤǀŚƷĥŚƽř�Źŵ�ǇŚŝ�śƹŷ�ƶƐƤƳ�Śŝ�ƿřźƟ�Ʋƿ�ƵŵŚƠŤſř�Ŷƴ

ŵźĩ�ĜƫŚŤƳř�ƂƷŚĩ�ŢƬƗ�ƶŝƾśƹŷ��ř�ƭƹŵ�ƿŚƸĪƯ�ƶĪƴƽƋŚŞƤƳř�ƾŵ�ŶƯŚū�šřŹŷ�ŵƺūƹ�ŢƬƗ�ƶŝ�Ƴ�śřŸƯ�Źǀ�ƶư
ŤƳ�ƹ�ŶƯŚūǀƃŚƳ�ƉŚŞƤƳř�ƂƷŚĩ�ŚŤŬƾ�ŵŚưŬƳř�Żř��Ư�ƂƷŚĩƾƿŶŝŚ@è>���

ƯŚĮƴƷǀŹŶƳŵ�ŶƃŹ�ƶĪƿŤƾŻ�ƮŬů�Źŵ�ƿŵŚƽ�ŢſŶŝ�ŹŚŤųŚſ�ŵƺƃ�ƭŚŬƳř�ƭƹřŶƯ�ŹƺƏ�ƶŝ�ƵŵŚƯ�Żř�ō�šŶƃ�ƶŝ�ƵŶƯ
Ŷƴģƺſƿř�ƹ�ƵŶƃ�ƶƿƯ�źƯř�ƲǀƳŚĪƯ�ƅřƺų�źŝ�ŶƳřƺŤǀĪƾţ�ŚŧǀźƽŻ�ǈƯŚĩ�ƿŶƃŚŝ�ƶŤƃřŵ�Źƹō�ƱŚ�ř�ƶŝƿǇƺưƘƯ�ŢƬƗ�Ʋ�
ƘſƾƯ�ǀŚƷ�ƶƳřƺū�ŵƺƄƽƀŝ�ǀŻ�ŹŚƿŵŚƽƫƺţ�śřŸƯ�Źŵ�ǀŶŝ�Śţ�ŵŵźĭ�Ŷƿţźţ�ƲǀřŹřŵ�ŹŚŤųŚſ�ŜƽƺƀưƷ�źŨĩřŶů�ƾƿ�
ŵƺƃ@é>� 

Źƿźĭ�ƶŤŴƽƹŹ�źŝ�ƽƃ�ŮƐſ�ǀ�ŹřŶŞƿĪƾŚƸƃƹŹ�Żř�ƾƿřźƟ�Źŵ�ƶĩ�Ţſř�ƿŚƷŶƴƽƳ�ǀ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ�ŶƯŚū�ƶư
Ưƾĭǀŵź�řŹŵƿƹŹ� Żř�śřŸƯ�ƁƹŹ�Ʋƽ�ƿƃ�ŮƐſ�ĨǀřŶƷ�ŜƫŚƣ�ƪųřŵ� ƶŝ� ŹřŶŞƿ�ŢƯƾř� Źŵ� ƹ� ŵƺƃ�ƩŚưƗř� źŧ
ƳǀŚƷƹźƽƃźŝ�ƾŤƬƛ�źŧř�Źŵ��ŮƐſ�Żř�šŹřźů�ƩŚƤŤƳř�ƹ�śřŸƯ�Ƃ�ŵƺūƺŝ�ŶƯŚū�šřŹŷō��šŹƺƈŝ�śřŸƯ�Źŵ�ƵŶƯ

ƹźĩ�ƶŞƃƽƯ�Źŵ�ƾōƿŶƴ��ř�ŹŵƿƤŰţ�ƲǀƘſ�ƢƾƜŤƯ�źŤƯřŹŚě�Ŷƴģ�ƩźŤƴĩ�Śŝ�Śţ�ƵŶƃ�ǀŝ�Źŵ�źǀŚƷźŤƯřŹŚě�Ʋƽ�ŵŶƘŤƯ�
�ŵƺūƺƯ�źŤƸŝƿŹ�Ʋƿƹźĩ�ƑŚŰƫ�Żř�ŹŚŤųŚſ�żƿŵźĮƳŚƀưƷ�ƹ�Ţƽƫō�Źŵ�ǀƯƺƫō�ĥŚǀƴǀƮ�èêëAŵƺƃ�ƪƇŚů����

ř� ŹŵƿƤŰţ�Ʋǀ� źŤƯřŹŚě� ƶſ�Ƣ�žƴūƃ�ŮƐſǀŹřŶŞ�ţŚŧǀƯ� źŝ� ŹřŸĭźǀźŞţ�ƱřżƿŶ���ƹřŻƿƶƽ�ƃ�ŮƐſǀŹřŶŞ� ƹ�ŚƯŵƽ�
įżƿŹŹŚŝ�ƶŤƟźĭ�Źřźƣ�ƶƘƫŚƐƯ�ŵŹƺƯ�Ţſř����
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ĩźţǀƃ�ŜǀưǀŚƾƿř�ƿƫō�Ʋǀŷ�ƩƹŶū�Źŵ�ĥŚƿŢſř�ƵŶƃ�ƵŵŹƹō�ƪ���
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A356 Si Fe Cu Mn Mg Zn Ti 
�ƃǀưǀŚƾƿ� �ì�ê�ë�ê� �å�ç� �å�ç� �å�æ� �å�é�å�ç� �å�æ� �å�ç� �
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Ưǀ�ř�ƝřźĭƹźĪƿ�ƫō�Ʋǀ�ƯŻ�ƪƯŚƃ�ĥŚǀƶƴřƽŹŶƳŵ�Żř�ƿŚƸŤƽ�Ưƺƫō�ŶºƯŚū�ƩƺƬŰƯ�ǀƴ�ºǀ����ƍƺºƬŴƯ�ƵřźºưƷ�ƶºŝ�ƭƺ�ºƿŤĪţƺǀĪƾ�

��ŚƌƟ�ƶĩ�Ţſřƽ�ŝ�ǀ�ŹŶƳŵ�ƲƿŤƾ���Ư�źě�řŹ�ƾ�Ŷºƴĩ���ƺƳŚŧ�ŻŚºƟ�ºƿ�ř�ƶƽ���ƍƺºƬŴƯ�Źŵ�ƶºĩ�ƿŤĪţƺ�ºǀ����ƶºŝ�ƶŤƀºŝ�ŵŹřŵ�ŵƺºūƹ�Ĩ
ĩźţǀŜƃ�ǀưǀŚƾƿ��Ưƾ�Żř�ŶƳřƺţƿƫō�źƈƴƗ�ĨǀĥŚƽ��ſ�ŶƴƳŚƯǀƬǀƀǀƮ���ƹƿ�Śƿĩźţ�Ĩǀŝ�ŜǀżƬƟ�ƲƽŶƃŚŝ����
ŚƷŻŚƟƽƺƳŚŧ�ƿ�ƶƽř�Źŵ�ƪưŤŰƯ�ƿƫō�Ʋǀ��ƪƯŚºƃ�ĥŚ Fe2Si2Al9�Mg2Si ƹ��Si�ºƯ�ƾ�ŶºƃŚŝ@ç>��ƿ�ºĪƾƬưƗ�Żř��ºǀ�šŚ
ưƸƯƾ��ƶƬůźƯ�Źŵ�ƶĩ�ƽŹ�ƿźĭ�ƶŤŴƽŚů�ŘưƷř�Żǀźĩ�ƪĪƃ�ƹ�ƵŻřŶƳř�ŭǈƇř�Ţſř�Ţ�ºƿ�ŚºƷ�ƩŚŤƀƽſ�ǀƬ�ºǀƀǀ�ºƯ�Ʈƾ�
ŶƃŚŝ������Ż�ŵƺŞƸŝ�ŹŚŤųŚſ�ŭǈƇř�źŧř�ŹŵƿŵŚƽ��Ťĩřŵ�Źŵ�ǀƬǀŤƾ���řżƟř�Śŝ�ƵřźưƷ�ƿ�����ºƯ�ŵƺºūƺŝ�ƭŚĪŰŤºſř�ƱŚºƯżưƷ�Ƃƾō��ºƿ�Ŷ
ŤƳ�ƶĩǀƬĩ�ŵƺŞƸŝ�ŦƗŚŝ�ŚŤŬƾƯ�žƴƟŚţ�Źŵ�ƾŵƺƃ���

������ŵŚƤƯ�Ʊŵźĩ�ƶƟŚƋř�Śŝ�ŹŚŤųŚſ�ŵƺŞƸŝ�ƩƹřŶŤƯ�šŹƺƈŝƿ�ƄƯ�źŴ�Ŷſ�ƆƿƮ�ƹƿ�ųř�ŚǀƀƳřźŤſř�řźǀƭƺ�����ƭŚºŬƳř�śřŸºƯ�Źŵ
ƯǀĮǀŵź���Ź�Źŵ�ŚƯřƿ�źĭ�ƶŤŴƽ�źŝ��ƹŹ�ƽ����ºƃ�ŮƐºſ�ǀ�ř�ŹřŶŞ�ºƿ��������ºĪưĩ�źƈºƴƗ�Żř�ƵŵŚƠŤºſř�ƱƹŶºŝ�ƪºưƗ�Ʋƾ�ºſƺŝ�ƹ�ǀ�ƶƬƽ�
ƳǀŚƷƹźƽ�ƃźŝ�ƾ�������Ư�ƭŚŬƳř�śřŸƯ�ƂŤƬƛ�źŧř�Źŵ�ƵŶƯō�ŵƺūƺŝ�ƾŸěƿŵź����ƪĪƃ�Źŵæ�ŚƤƯ�ƿ�ř�ƶƀƽŝ�ǀ���ŹŚŤųŚºſ�ŭǈºƇř�Ʋ

ſƺŝǀ�ƶƬƽŶſ�ƱŵƹżƟř�ƿŹ�ƹ�Ʈƿźĭ�ƶŤŴƽƹŹ�źŝ�ƽƃ�ŮƐſ�ǀƵŶƃ�ƵŵŹƹō�ŹřŶŞŢſř�]ê[����
řźŝƽ�ŚƤƯ�ƿ�ř�ƶƀƽŝ�ǀŚŤƳ�Ʋƿř�ƶƬƇŚů�ŪƜţ�Ż�ºǀǀ�ŚºƷźŤƯřŹŚě�Ʊŵřŵ�źƽ��ºƃ�ŮƐºſ�ǀƹřŻ�ŹřŶŞƿ�ƶƽ��ºƃ�ŮƐºſ�ǀ�ŚºƯŵ�ƹ�ŹřŶŞƽ�

ŵřŶƘţ�śƹŷ�ơƺƟ�êå�Ź�ƶƳƺưƳƿƶŤŴźĭƽŶƃ���ƃ�ŮƐſ�ƩƺƏǀźŝřźŝ�ƹ�ŢŝŚŧ�ŹřŶŞ�éêŤƳŚſ�ǀźŤư�ŵƺŝ���
řźŝƽ�Ƹţ�ǀ����Żř�ƶƳƺưƳ�ƶƿ����ř�ƶƳřƺŤºſř�ŜºƫŚƣ�Ĩƽ�ŵǇƺºƟ�ƽ��ř�ƶºƔƠŰƯ�Śºŝ�ƽ���ƩƺºƏ�ƶºŝ�ì�ŤƳŚºſ�ǀ��źºƐƣ�ƹ�źŤưç�ê�ŤƳŚºſ�ǀźŤư�

Ŷƃ�ƵŵŚƠŤſř��žě�śřŸƯŹŚū�Żř�ƽƹŹźŝ�ƱŶƃ�ƽƃ�ŮƐſ�ǀƤŤƀƯ�ŹřŶŞǀƯ�ŜƫŚƣ�ŵŹřƹ�ŚưǀŶƄ���
ŚƷŚƯŵƽ���įżƿŹŹŚŝoCëìå���ëêå���ëéå���ëèå���ëçê��ëçå�ƹ�ëæê��řƹŻ�ƹ�Ŷºƃ�ƶŤƟźĭ�źƔƳ�Źŵ�ºƿŚƽ�oèå�éå�êå�ëå�
ƹŹ�źŝƽƃ�ŮƐſ�ǀŵźĭ�ƩŚưƗř�ŹřŶŞƿŶ��ţŚưƃǀĪƾƃ�ŮƐſ�Żř�ǀƪĪƃ�Źŵ�ŹřŶŞŻ�ƿźŢſř�ƵŶƃ�ƵŵŹƹō���
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Abstract 
One of the new and simple methods for modifying the microstructure of metals and alloys is 
slope casting under semisolid condition which results to conversion of the dendritic 
microstructure to a spherical one. This spherical microstructure possesses better mechanical 
properties. In this research, the effects of varying parameters such as angle of slope, surface 
cooling power, and pouring temperature are studied in slope casting of Al A356 alloy.  Results 
show that the optimum microstructure having the most spherical particles and the best eutectic 
phase distribution in this alloy is obtained when the pouring temperature is 630°C, the angle is 
55° and the casting is done on the water-cooled copper surface. 
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