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ĭźŝ�Źŵ�ƩŶƯǀĥźƳř��ƭźū�ƶƳŻřƺƯ�šǇŵŚƘƯ�ƵŶƳźƽřźŝ�ƭƺŤƴƯƺƯ�ƹ�ƽ�ŻŚĭŚƯŵ�ƹ�Ƶŵƺŝ�źŤƀŝ�ƹ�ƽ�šŹƺƈŝ�řŹ�ƶƫŶƴĭ�

ƘŝŚţƾƘƣƺƯ� Żř�ǀƵŹƺĩ� Źŵ�Ʊō�Ţƹ��ŢŴě�ƱŚƯŻ�ƘţǀǀƯ�ƲƾŶƴĩ�� �ř� Źŵƿ�ƩŶƯ�ƲŻƺţƿŚƯŵ�Ɩƾƿ�ƹ� ƶƫŶƴĭ�ƱƹŹŵ�
ŚƸŤưƀƣ�ƍŚŞţŹřƽŝ�ŢŴě�ƵŹƺĩ�ƞƬŤŴƯ�Ś�ƿŶĪƿƳ�źĮǀ�żŢſř�ƵŶƃ�ƶŤƟźĭ�źƔƳ�Źŵ��Żř�ſƺƽŵ�ƿ�ƶŝ�ŹŵŚƣ�ƩŶƯ�źĮ
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Ţſř�@ææƹæç>��
řźŝƽſŹźŝ�ƾ��ƱŚĪƯřĥźƳř�ƝźƈƯ�ƂƷŚĩƽƹ��řżƟřƿ�Ƃ�ŢƗźſƫƺţ��ŢŴě�ƵŹƺĩ�ŶǀźƏ�Żřƿ�ƶŝ�Ĩĩ�ƱŵƹżƟř�Ƣ
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Ţſř�ƵŶƃ�ƵŵŹƹō�Ʃƹř�ŢƫŚů�Źŵ�ŹŚƗ�ŚƷ�ƶƫŶƴĭ�ƽƫŚů�Źŵ�Ƶŵƺŝ�Ʋŝźĩ�Żř�ǀŚſ�Źŵ�ƶĪƿšǇŚů�ź��ŵƺūƺƯ�Ʋŝźĩ�

řżƟř� Śưŗřŵ� ŚƷ�ƶƫŶƴĭ�ŹŵƿƯ�Ƃƾ�ƿŶŝŚ�ĭƺƬū�ŹƺƔƴƯ�ƶŝ�ǀźƽřżƟř�Żř�ƿŝ�ƂǀŚƯŵ�Ŷů�Żř�Ƃƽ�ŢƟř�ƹ� �ŚƷ�ƶƫŶƴĭ�



ƿưƷŵŻŚǀƵźĮƴĩ�ƲƽƶƳǇŚſ�ƽĥŹƺƫŚŤƯ�ƲǀſŶƴƸƯ�ƲưŬƳř�ƽƱřźƿř�  

ĩǀƠǀřżƟř� �ƶŤŴě�ƩƺƈŰƯ�Ţƿźĩ�ƂřżƟř� Śŝ�ƲŝƿŬƳŻ�Ţĩźů�ŢƗźſ�Ƃǀź�Ŷƃ�ƵřźưƷŢſř�Ƶ��Źŵ�ƿŢƫŚů�Ĩ�
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Ŝǀĩźţ� �Fe2O3� �Fe3O4� �SiO2� �Al2O3� �CaO� �MgO ŢŝƺƏŹ 

ŶƇŹŵ� �ë�ëè� �ê�çê� �ì�å� �î�å� �é�å� �é�å� �ê�í� �
��

ƹŶūƩç��ƽŵƹŹƹ�Ţưƀƣ�Źŵ�źŤƀŝ�ƹ�ƶƫŶƴĭ�ƽŚƸǀĭĦƿƹ��
źŤƀŝ�ŢƗźſ� �ƒƟŚŰƯ�ƶƿǇ�ƕŚƠţŹř� �ƭŚų�ƶƫŶƴĭ�ƕŚƠţŹř� �źŤƀŝ�ƪƬŴţ� �ƶƫŶƴĭ�źƐƣ� �ƶƫŶƴĭ�ƪƬŴţ� �

m/min�è� �cm�æå� �cm�èå� ���èî� �cm�ç�æ� ���èå� �
��
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ŢƫŚů �Ʋŝźĩ���� ��źŤƀŝ�ŢƗźſ�m/min� 
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ê� �çê�æ� �î�è� �

ë� �çê�æ� �ë�è�ƽŚƯŵ�ƂƷŚĩ�Śŝ�ƵřźưƷ�
ŢŴě�ƶǀůŚƳ�ŻŚĭ� �

��
ƩƹŶūé��šǇŚů�Źŵ�ƪƘƄƯ�ƽřŹřŵ�ƾůřƺƳ�ƽŚƯŵ��

ƪƘƄƯ�ƵŹŚưƃ� �Î� �Ï� �Ð� �Ñ� �Ò� �Ó� �ì� �Õ 

æ��ê� �ÕÑÍ� �ÕÓÍ� �ÎÎÓÍ� �ÎÐÍÍ� �ÎÐÏÍ� �ÎÐÐÍ� �ÎÐÏÍ� �ÎÏÕÍ� � �ƶƐƤƳ
ƮǀƔƴţ�C�� �Ó� �ÕÑÍ� �ÕÓÍ� �ÎÎÍÍ� �ÎÏÒÍ� �ÎÏÕÍ� �ÎÐÍÍ� �ÎÏÕÍ� �ÎÎÍÍ� �

��

ŚŤƳƿŦŰŝ�ƹ�Ū��
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Ţſř�ŢǀŤƴĮƯ�źŧř�Żř�@ææ>�ƲŤųƺſ�ƹ�Ʋŝźĩ�Ƃƴĩřƹ�ŻŚƛō�Żř�ƾƃŚƳ�ŢŴě�ƶǀůŚƳ�ƽřŶŤŝř�Źŵ�ƵŶƃ�ƵŶƷŚƄƯ�Ĩǀě�
�ƶƫŶƴĭ�ŮƐſ�Źŵ�ƱōƯƾŶƃŚŝ��� �
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ƪĪƃ�ŹŵçšŹřźů��ơřźŤůř� źŧř� Źŵ�ƽŶǀƫƺţ�æ� ��źƿŚſ� Źŵ�ƾƟźƈƯ� ƹ�ƽŶǀƫƺţ�ƽŚƷŚƯźĭ� Śŝ� ƶƫŶƴĭ� Źŵ�Ʋŝźĩ
Ţſř�ƵŶƃ�ƶƀƿŚƤƯ�ƾƿŚǀưǀƃ�ƹ�ƾĪƿżǀƟ�ƽŚƸƄƴĩřƹ��ƪƇŚů�ƽŚƯźĭ�Żř��ơřźŤůř�ŢǀŤƴĮƯ�Żř�źŤƄǀŝ�ƾƬǀų�Ʋŝźĩ

ŵƺƃ�ƾƯ�ŵřŻō�ŢŴě�ƶǀůŚƳ�ƾƴƘƿ�ŜſŚƴƯ�ƾƳŚĪƯ�Źŵ�šŹřźů�Ʋƿř�ƶĪƴƿř�ƮƸƯ�ƶŤĪƳ�ƹ�Ƶŵƺŝ���Ʋƿř�źĮƿŵ�ƽƺſ�Żř
ƺưƳ�ƾƯ�ƱŚƿŚě�źţźƿŵ�ƹ�ƵŶƃ�ŻŚƛō�ŢǀŤƴĮƯ�ƱƺǀſřŶǀƀĩř�Żř�źţźƿŵ�Ʋŝźĩ�ơřźŤůř�Ƃƴĩřƹ�ƶĩ�ŶƷŵ�ƾƯ�ƱŚƄƳ�Źřŵ

ŵźƿŸě���ŵŹƺƯ�ƶƫŶƴĭ�ŢŴě�ŶƴƿřźƟ�Źŵ�ƾƘǀŞƏ�ŻŚĭ�ƲƿżĮƿŚū�Ţųƺſ�ƖŞƴƯ�ƱřƺƴƗ�ƶŝ�ŶƳřƺţ�ƾƯ�Ʋŝźĩ�ƲƿřźŝŚƴŝ
ŵźǀĭ�Źřźƣ�ƵŵŚƠŤſř���

ƪĪƃæ���ŚƷ�ƶƫŶƴĭ�ƾƿŚƯŵ�ƱŚƿŵřźĭ�źŝ�Ʋŝźĩ�źŧř
�cmèå h���

ƪĪƃç���ơřźŤůř�Żř�ƪƇŚů�ƽŚƯźĭ�ƶƀƿŚƤƯæ���ƽŚƯźĭ�Śŝ�Ʋŝźĩ
źĮƿŵ�ƽŚƸƄƴĩřƹ 
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ƴĭ�Ʋŝźĩ�ŹřŶƤƯ�ƂƿřżƟř�Żř�Ƃǀŝ�źƿŵŚƤƯ�ƶŝ�ƶƫŶæ���Ĩƿ�Żř�ƶĩ�ƵŶƃ�Ʊō�ƽŚƯŵ�ŵŚƿŻ�ƂƿřżƟř�ƶŝ�źŬƴƯ�ŶƳřƺţ�ƾƯ

�ƾƯ�ƶƫŶƴĭ�Źŵ�ƽř�ƶƄǀƃ�ƽŚƷŻŚƟ�ŵŚŬƿř�ƶŝ�źŬƴƯ�źĮƿŵ�ƽƺſ�Żř�ƹ�ƵŶƃ�ŢǀŤƴĮƯ�ƶŝ�ŢǀţŚưƷ�ƶƿżŬţ�ŦƗŚŝ�ƺſ
ŵƺƃ�@æè>ƪĪƃ�Źŵ�ìŢƫŚů�ƽřźŝ� ŚƷ�ƶƫŶƴĭ�ƾƿŚƯŵ�ƪǀƟƹźě�êŢſř�ƵŶƃ�ƮſŹ�� ��ƽŚƯŵ�ƶĩ�ŵƺƃ�ƾƯ�ƶƔůǈƯ

Ʒ�ƶƫŶƴĭ�Żř�źŤƀŝ�ƲǀƿŚě�šŚƗŚƠţŹř�Źŵ�ƶŤƟźĭŹřźƣ�ƽŚ°Cæèëåƹ�Ţſř�ƶŤƟŹ�źţřźƟ���ƅřƺų�ŢƟř�ƱŚĪƯř�ƲƿřźŝŚƴŝ
ŵŹřŵ�ŵƺūƹ�ƶƫŶƴĭ�ƾĪǀƳŚĪƯ���Ƃǀŝ�ƂƿřżƟř�řźƿŻ�ŵŹřŶƳ�ŵƺūƹ�Ŷǀƫƺţ�ŢƗźſ�ƂƿřżƟř�Śŝ�ƪĪƄƯ�Ʋƿř�ƖƟŹ�ƱŚĪƯř

�ƾƯ�ƲƿřźŝŚƴŝ�ƹ�Ƶŵřŵ�ƂƷŚĩ�ƵŹƺĩ�Źŵ�řŹ�ŚƷ�ƶƫŶƴĭ�ƞƣƺţ�ƱŚƯŻ��źŤƀŝ�Ţĩźů�ŢƗźſ�Ŷů�Żř�ƶŝ�źŬƴƯ�ŶƳřƺţ
ŵƺƃ�Ʊō�Ɲǈţř�ƹ�ƶƫŶƴĭ�Źŵ�Ʋŝźĩ�ƱŶƳŚƯ�ƾƣŚŝ��ƪĪƃí�ƽƹŚů�ƽŚƷ�ƶƫŶƴĭ�Źŵ�Ʋŝźĩ�ƱŶƳŚưǀƣŚŝ�çê�æ�ŶƇŹŵ�

�źŤƀŝ�Ţĩźů�ŢƗźſ� Śŝ� ƹ�Ʋŝźĩm/minî�èŶƷŵ�ƾƯ�ƱŚƄƳ� řŹ�� ��ƱŚĪƯř�ƾſŹźŝ�ƹ�šǈĪƄƯ�Ʋƿř�ƖƟŹ�ƽřźŝ
ŢƫŚů� �Ŷǀƫƺţ�ƂƿřżƟřëŢƟźĭ� Źřźƣ�ƾſŹźŝ� ŵŹƺƯ�� ��ƽƹŚů� ŚƷ� ƶƫŶƴĭ�ŢƫŚů�Ʋƿř� Źŵçê�æ� ��ƹ� Ƶŵƺŝ� Ʋŝźĩ

�ƶŝ�Ʋŝźĩ�ƪƯŚĩ�ƲŤųƺſ�Żř�ƱŚƴǀưƏř�ƽřźŝ�Ţƿźĭ�ŢƗźſm/min�ë�èŶƃ�Ƶŵřŵ�ƂƷŚĩ�ƺſ�Żř�ƹ�ƽŵ�ƿźĮ�ƽřźŝ�
Ŷƃ�Ƶŵřŵ�ƂƷŚĩ�ŢŴě�ƾůřƺƳ�ƽŚƯŵ��ŚƷ�ƶƫŶƴĭ�ƽŚƯŵ�Ŷů�Żř�Ƃǀŝ�ƂƿřżƟř�Żř�ƽźǀĭƺƬū���
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ƪĪƃ�ŹŵÖŢƫŚů�ƽřźŝ�ŚƷ�ƶƫŶƴĭ�ƾƿŚƯŵ�ƪǀƟƹźě�Óřŵ�ƱŚƄƳ�Ţſř�ƵŶƃ�Ƶŵ��Ư�ƶƔůǈƯźŝ�ƶĩ�ŵƺƃ�ƾ�ƶƫŶƴĭ�Ɲǈų
Ŷƴĩ�ƾƯ�ŻƹŚŬţ�ƾƿǇŚŝ�ƽŚƷ�ƶƫŶƴĭ�Żř�źŤƀŝ�ƲǀƿŚě�Źŵ�ŵƺūƺƯ�ƽŚƷ�ƶƫŶƴĭ�ƽŚƯŵ�Ʋŝźĩ�ƱƹŶŝ�ƽŚƷ���ŜƬƐƯ�Ʋƿř

ŵŹřŵ�źŤƀŝ�ƱŚǀƯ�Żř�ŹƺŞƗ�Ʋǀů�Źŵ�ŻŚĭ�ƽŚƯŵ�ƂƿřżƟř�źŝ�ŢƫǇŵ�źĮƿŵ�ƽƺſ�Żř���ƽŚƯŵ�ƂƿřżƟř�ƱŚĪƯř�ƲƿřźŝŚƴŝ

ƪĪƃì���ƽƹŚů�ƽŚƷ�ƶƫŶƴĭ�ƾƿŚƯŵ�ƪǀƟƹźěçê�æ�
Ţĩźů�ŢƗźſ�Śŝ�Ʋŝźĩ�ŶƇŹŵ�m/minî�è 

ƪĪƃí���ƽƹŚů�ƽŚƷ�ƶƫŶƴĭ�Źŵ�Ʋŝźĩ�ƱŶƳŚưǀƣŚŝ
çê�æŢĩźů�ŢƗźſ�Śŝ��Ʋŝźĩ�ŶƇŹŵ��m/minî�è���
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� ƹ� ŚƷŹŚŝ� ŢƿźĭŵŹřŵ� ŵƺūƹ� ŚƸƳō� ƱŶƿŵ� Ŝǀſō� �źŝ� ƵƹǈƗřƿƲ�źŝřźŝ� ŢƫŚů� Ʋƿř� Źŵ� Ţųƺſ� ƝźƈƯ�
Nm3/tonèîê�æêŢƫŚů�Żř�źŤƄǀŝ� ƶĩ�ŶƃŚŝ�ƾƯ�éŢſř�� �� Żř�Ƃǀŝ�ƱŵƹżƟř�ƲƿřźŝŚƴŝæ��ƶƫŶƴĭ�ƶŝ�Ʋŝźĩř�ƽ�Śŝ�

ĩźţǀřźƃ�ƹ�ŜƿŢŴě�Ǝ�źƔƳ�ŵŹƺƯ��ƩƹřŶūæŚţè��ŢƀǀƳ�ƩƺƤƘƯ���
ƺƈŰƯ�ŢǀƠǀĩ�ƹ�ƽĥźƳř�ƝźƈƯ�ƑŚŰƫ�Żř�ŪƿŚŤƳ�ƲƿźŤƸŝ�ƶĩ�ŶſŹ�ƾƯ�źƔƳ�ƶŝ�Ʋǀƴģ�Ŷƃ�ƶŤƠĭ�ƶĤƳō�Żř�ƾƳŚƯŻ��Ʃ

�ƽƹŚů�ƶƫŶƴĭ�ƶĩ�Ŷƿō�ƾƯ�ŢſŶŝæ���źŝřźŝ�źŤƀŝ�Ţĩźů�ŢƗźſ�ƹ�Ƶŵƺŝ�Ʋŝźĩm/minî�èŶƃŚŝ����Ʋƿř�Źŵ�ŚƯř
�Ĩƴų�ƶǀůŚƳ�Źŵ� ŚƷ�ƶƫŶƴĭ�ƞƣƺţ�ƱŚƯŻ� �źŤƀŝ�Ţĩźů�ŢƗźſ�Ʊŵƺŝ�ŵŚƿŻ�ƹ�Ʋŝźĩ�ơřźŤůř�ŢƬƗ�ƶŝ�Ǝƿřźƃ

Ţſ�ǇŚŝ� ƵŹƺĩ�Żř� ƵŶƃ�ƶǀƬŴţ�ƽŚƷ�ƶƫŶƴĭ�ƽŚƯŵ�ƲƿřźŝŚƴŝ�ƹ�ƵŵƺŞƳ�ƾƟŚĩ�Ʊŵźĩ� �ř�Ʋƿř�ƶŝ�źŬƴƯ�ŶƳřƺţ�ƾƯ�źƯ
ŵƺƃ�ƶŤŴě�ƽŚƷ�ƶƫŶƴĭ�ƵŶƴƷŵ�ƩŚƤŤƳř�ƶƫŚƤƳ�ŹřƺƳ�ƱŶƿŵ�ƶƯŶƇ���ƭŚĮƴƷ�Źŵ�ŶƿŚŝ�ƶƬŘƀƯ�Ʋƿř�Ʊŵźĩ�ƝźƏźŝ�ƽřźŝ

ŵƺƃ�Ƶŵřŵ�ƂƿřżƟř�Ʊŵźĩ�Ĩƴų�ƾůřƺƳ�ƩƺƏ��ƶƳŚųŹŚĩ�ƾůřźƏ���ƶƴǀƸŝ�Ŷů�ƾſŹźŝ�ŵŹƺƯ�Ǝƿřźƃ�Źŵ�ƲƿřźŝŚƴŝ
�źŝřźŝ� ŚƷ�ƶƫŶƴĭ�Źŵ�Ʋŝźĩìê�å��ŶƃŚŝ�ƾƯ� �źŝ� Śŝ�ƶŬǀŤƳ�Ʋƿř�ƹ�ƾĪƿżǀƟ�ƅřƺų�ƽƹŹ�źŝ�Ʋŝźĩ�źŧř�ƽŚƷ�ƾſŹ
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ŶƃŚŝ�ƾƯ�Ʊō� ƵŶƴƴĩ�ƲǀǀƘţ�ƞƬŤŴƯ�ƾůřƺƳ� Źŵ� �šƹŚƠŤƯ�ƞƬŤŴƯ�šǇŚů�Źŵ�Ŷǀƫƺţ�ŢƗźſ�ƶĩ� ŚŬƳō� Żř� ŚƯř�
Ŷƴĭ�Ʋţ�źƷ�ƽřŻř�ƶŝ�ƵŶƃ�Ŷǀƫƺţ�ŶŗřŻ�ŻŚĭ�ƮŬů��Ţſřŵƺŝ�ŶƷřƺų�šƹŚƠŤƯ�ƶƫ��ƪĪƃ�Źŵæå�ƮŬů�źŝ�Ʋŝźĩ�źŧř�



ſŹźŝƾ�Ţųƺſ�ƱŵƹżƟř�źŧř���� 
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Abstract 
 

A. Ferdowsi (ferdowsi79@yahoo.com)1 
S.K.Sadrnezhaad (sadrnezh@sharif.edu)2 

H. Payab (h.payab@niscoir.com)3 
 
Induration furnaces for iron-oxide pellets are expensive processes, due to their high 
energy consumption. A mathematical model of pellet induration, can be exploited in 
process optimization from the perspective of fuel efficiency, production rate, and product 
quality. In this work, a mathematical model for iron ore pellet induration process is 
described. The pellet induration model is based on the equations describing the 
phenomena of heat and mass transfer and gas flow. The drying of moisture and reactions 
of limestone, magnetite and coke and temperature gradient in pellet were considered. For 
this purpose the differential equations of heat, mass and momentum were solved 
simultaneously. The pellet bed was divided into elements in x and z directions and the 
phenomenological equations were solved by finite difference method. To estimate quality 
of fired pellet a kinetic model of strength development was used. The model involves 
relations of gas flows between different zones and predicts fuel consumption during 
induration process. In this paper, by using mathematical model, the effects of carbon, 
coke, content of pellet on energy consumption, productivity, fired pellet quality and 
volume of waste gas on process of iron ore pellet induration were investigated and 
optimum level of carbon in green pellet mixture was determined. 
 
Key words: mathematical model, iron ore, coke, pellet, induration, heat and mass transfer, fuel consumption 
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