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Abstract    Besides possessing proper technical properties, the materials used by modern technology should be 
economical and environment friendly. Human of the modern age is trying to find proper solutions to recycle a major 
part of he industrial wastes Instead of disposing them into rivers, seas and oceans or accumulating them on the 
uninhabited deserts of the third World countries. SAW wastes are also considered as a class of environmental 
pollutants. The present research aims at finding a method for recycling such wastes by making use of Phases assessment 
systems, such as XRD, XRF, SEM, and carbon-sulfur assessment system (Strolein system) and by using separation, 
formulation, and ceramic sintering. The results of the study show that the deformed powder from SAW process might 
be recycled and used as powder of SAW for welding of low-carbon steel (st37) by separating the iron particles and 
adding some additives to deformed waste powder.  
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ŶƇŹŵ�åí�çå�ëí�í�ê�ë�í�ææ�ç�î�åë�è�çç�æ�ëæ�å�êè�å�åí�å�ææ�å�æè�èí�

�
�

ƩƹŶūê���Źŵƺě�Źŵ�ŵƺūƺƯ�ŵźĭƺĭ�ƹ�Ʋŝźĩ�ŹřŶƤƯëíåLW ƪŞƣ��ƶƀƿŚƤƯŹŵ�ƝźƈƯ�Żř�ƲƿǇƹźŤƃř�ƵŚĮŤſŵ�Śŝ�ƾƿŚſŚƴƃ�ŽŚſřźŝ�ƶƧŚų�Śŝ��
�

źƈƴƗ�ŶƇŹŵ�%C %S 

�ŹŵƺěëíåLW� åëëìé�å�-�
ƶƧŚų�åìæëè�å�ååæéç�å�

 

ÒÓÍŵŹƹōźŝ� ƩŚſ� Źŵ� Ʋţ���ƵŶƃ�Ţſř�ƾƫŚůŹŵ��ƶĩ�Ʋƿř� ƢŞƏ�
�ƂƷƹĦěÕÒ��ƾƣŚŝ�šŚƘƿŚƋ�ƶŝ� Ʊō� Żř� ƵŶƳŚƯ�ƪĭ�šŹƺƇ�Ɓƺū��

��ƵŹŚŝźſ���šŹƺƇ�ƶŝ�ƶǀƤŝ�ƹƶƧŚųƾƯ�ũŹŚų�ƝźƈƯ�ƪĪǀſ�Żř��ƺƃŶƳ� 

       ŚųĩŠ�Źŵƺě�ëíåLW�ƝźƈƯ�ŶƴƿōźƟ�ƲưƋŚŝ�Źŵƺě��Ĩƫř�
ƶƳřŵ�Żř�ŢƃŹŵ�ƽŚƷ�ƾƯ�řŶū�źţ�ŵƺƃ��ƪǀĪƄţ�źƇŚƴƗ�ƾƿŚſŚƴƃ��ƷŵŶƴş�

� ƩƹŶū� Źŵ� Ʊōéƶŝ� ŵźĭƺĭ� ƹ� Ʋŝźĩ� źƿŵŚƤƯ� ƾƿŚſŚƴƃ� ƹ���Ĩưĩ

ƩƹŶū�Źŵ�ƲƿǇƹźŤƃř�ƵŚĮŤſŵ��êŢſř�ƵŶƃ�ƶŗřŹř���ƱŚưƷ��ƶĩ�ŹƺƏ
ƵŶƷŚƄƯ��ƾƯ�Ʊō�źƇŚƴƗ�ŶƇŹŵ�ŵƺƃ���źƇŚƴƗ�ŶƇŹŵ�Śŝ�żǀƳëíåLW�

Ţſř�šƹŚƠŤƯ��
        ƾſŹźŝ� Źŵ�ęƺĪſƹźĪǀƯ� ƽŚƷ�� ƾƳƹźŤƨƫř�ƪĪƃé� ��šřŹŷ

ŵƺūƹ�ƽŹŵƺě�šřŹŷ�ƵřźưƷ�ƽƹźĩ �żǀƫŚƳō�ŽŚſřźŝ�ƶĩ�ŶƳŹřŵ�ƲưƋ
� ƾƳƹźŤƨƫř� ęƺĪſƹźĪǀƯ�EDX�@�ë� >�ƩƹŶū�è� ��żǀƫŚƳō� ƹ
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��
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ƪĪƃ é� ęƺƨſƹźƨǀƯ�źƿƺƈţ��ƾƳƹźŤƨƫř��SEM�ƩƺŤƠƯ�śřŸƯ�šřŹŷ���ƶŝ�ƶĩ�ŵƹźŤĪƫř�ƵŶƃ�ƵŶƴĩřźě�ƶƧŚų�Źŵ�ƽƹźĩ�šřŹŷ�ƪƨƃ�ŶƳř���
�
�

�
�

ƪĪƃ ê��źƇŚƴƗ�ƖƿŻƺţ�ƾƿŚſŚƴƃ�Mn�Mg�Fe�MAP�ƶƧŚų�Źŵ�ŵƺūƺƯ�ƽƹźĩ�šřŹŷ��Źŵƺě�ëíåLW�
Śŝ�ƨſƹźƨǀƯƹźŤƨƫř�ƵŚĮŤſŵ�ƾƄŝƹŹ�ęƺ�SEM���

ƺţŻƿƖ� źƇŚƴƗ��MAP�ƪĪƃ��ê�Ʈǀſ� ƶŝ� ƢƬƘŤƯ� ƽƹźĩ�šřŹŷ�
Źřŵ��ƽŹŚĪƃƺū�ƩƺŤƠƯřƪǀĪƄţ�źƇŚƴƗ�ƽ�ŶƴƷŵşū�ƩƹŶ�èƾƯ��ŶƃŚŝ��

��������ƶŝ�ŢƬƗ�ŵƺūƹ��ŵƹźŤĪƫř�ƩƺŤƠƯ�Ʈǀſ�ƪƿŶŞţ��šřŹŷ�Ʋƿř�ƱŶƯō
�ƶŝƱƺǀƬǀƯ�Źŷ�ŚƷş���ŵřŶƘţ�ƶĩ�Ţſř�ƽŹŚĪƃƺū�ŶƴƿōźƟ�ƾƏŹŵ�śřŸƯ

Żř� ƽŵŚƿŻ�Ƃƃƺě� ƽŹŚĪƃƺū� Źŵƺě� ƪųřŵ� ƶŝ� ŚƸƳō�ŶƴƷŵş�ƩƺŤƠƯ�
Źŵ� ƹ� ƵŶƃ�śŚţźě� ŵƹźŤĪƫř�ƵŶƃ� ŶưŬƴƯ� ŚŬƳō�Ţſř� �ŻřŶƳřş�Ʋƿř�

šřŹŷ�ƽƹźĩ��Ʋǀŝ�ƲƷōæå�Śţ�çêåŻřŶƳř�ƶĩ�ŶƴŤƀƷ�ƱƹźĪǀƯ�ş�źŤƄǀŝ�

�Żř�źŤưĩ� ŚƸƳōæåå�ƱƹźĪǀƯ�Ţſř�ƕƺưŬƯ�Źŵ�ƹ�çê���Źŵƺě�ƱŻƹ
ƭźƟŚƳ�ŶƃşƾƯ� ƪǀĪƄţ� řŹ� ƾţŚƘƿŚƋ��ŶƴƷŵ� �ƖūźƯ� ƢŝŚƐƯ@�ç>�

šŚǀƬưƗ�ƲưƋŹŵ�ƾƯ�ƪƿŶŞţ�śřŸƯ�šřźƐƣ�ƶŝ�ŵƹźŤĪƫř��ŵƺƃ��
��������ŻřŶƳřşšŶƃ� ƶŝ� ŵƹźŤĪƫř�šřźƐƣ��ƀŝřƹ� ƱŚƿźūŢſř� ƶŤ��

ƶŝ�ƽŹƺƏ��ƶĩšŶƃ�Źŵ��ƱŚƿźū�ƽŚƷŢƃŹŵ�šřźƐƣ���Ʈĩ���ŶƴŤƀƷ�źţ
ƾƯ�ƹ��ƪĪƄƯ�ŶƴƳřƺţ�ŵŚŬƿřŶƴƴĩ� �İƷŚĭ�ŚƸƳō�ŽŚưţ�ƩŚưŤůř�ƾŤů�

ƾƯ�ƵŹŚŝźſ�ŢƔƟŚŰƯ�ƱŶƃ�Ʈĩ�ŦƗŚŝ�ƶĩ�ŵŹřŵ�ŵƺūƹ�źƠƀưţř�Śŝ�ŵƺƃ�



ÎÓ�ƾſŶƴƸƯ�ŵřƺƯ�ƶƬŬƯ�
��

 

ƾƯ�ƹ�ƵŹŚŝźſ�Ʋǀŝ�ƾƫŵŚƘţ�ƎŝřƹŹ�Źŵ�ŶƳřƺţ��żƬƟ�ƹ�ŻŚĭƩŚĪƃř��ŵŚŬƿř�
ƴƴĩŶ� �šřŹŷ�ƽƹźĩ�ƶŝ� ƲƷō� ƪĪƃ�� ƾƳŚſōŚŝƲƷō��Ź�Źŵƺě� Żř� Śŝ

ƪĪƃźǀǀƜţ��řŶū�ƶŤƟŚƿİƯ�ŶƳƺƃ��ŻřŶƳř�ƖƿŻƺţşƶƳřŵ���Źŵƺě�ƽŚƷëíåLW�ƹ�
žě�ƶƧŚų��ƩƹŶū�Źŵ�Ʊō�Żř�ƾƴƷō�šřŹŷ�ƱŵźĩřŶū�Żřë��ƵŶƃ�ƶŗřŹř
ƱŚƄƳ�ƶĩ�ŶƴƷŵşƶŝ��ƮƷ�ŻřŶƳř�ƖƿŻƺţ�ŶƿŶƃ�ƾĮŤŴƿŹşƶƳřŵ��ƽŚƷ�ƶƧŚų�
ŢŞƀƳ�ƪŞƣ�Źŵƺě�ƶŝ�Ţſř�ƝźƈƯ�Żř��

�
Ð�Ï���ƾſŹźŝ�ƾĮƳƺĮģ�ŢƟŚƿŻŚŝƶƧŚų��
�

��������ƾƬƗ�� ƮƛŹƱŵƺŞƳƹōźƟ� ŵŹƺƯŹŵ� ƢŧƺƯ� ƾţŚƤǀƤŰţ� ƖŝŚƴƯ��ƽŹ
ƁƹŹ� ƽŹŵƺěźƿŻ� ƽŹŚĪƃƺū� šŚƘƿŚƋ��ƽřźŝ� ƾƫƺƤƘƯ� ƽŚƷ

Ţſř� ƵŶƃ�ƕřŶŝř�Ʊō�ƽŹƹōźƟ� ��ƶĩŚų�Ʊƺģ�ƢǀƤŰţ�ƢŞƏ�ƶŬǀŤƳŹŵ
žě�Ƶŵƺƫō�ƲƷō�šřŹŷ�ƾƿřŶū�Żř��żǀƫŚƳō�źƔƳŻř��ƵŶƴƴĩ��ƩƹŶūÏ��ś��

ƾƬƇř� Źŵƺě� Śŝ�ƽŵŚƿŻ�šƹŚƠţ�ëíåLW���ƩƹŶūç��ƞƫř� �řŶƳŵŹ��
�ƽŹŚĪƃƺū�Źŵƺě�Ŷǀƫƺţ�Źŵ�Ʊō�ŵŶŬƯ�ƝźƈƯ�ƁƹŹ�ƲƿźŤƸŝëíåLW�

ƾƯ� ŵŹƹōźŝ�ŵƺƃ� ��ŵŚƸƴƄǀě�ƁƹŹ� ƹŵ�ƝŶƷ�Ʋƿř� ƶŝ� ƱŶǀſŹ�ƽřźŝ
ƾƯ�ŵƺƃ��
�
è�ç�æ�Ʃƹř�ƁƹŹ��
�

��������ƾŝƹŷ�ƁƹŹ�Żř�ŶƿŶū�ƽŹŵƺěźƿŻ�ƽŹŚĪƃƺū�Źŵƺě�Ŷǀƫƺţ��
�Śŝ�ƶƧŚų�řŶŤŝř�ŹŚĩ�Ʋƿř�ƽřźŝōƲƷ�ƲƷō�ƽƺƣ�ƽŚŝŹ��žĜſ�ƹ�ƾƿřŵŻ�Źŵ

ŹƺĩşĪƫř�Žƺƣ�ƶŝ�ŵřƺƯ�ƹ�Ŷƃ�śƹŷ�ƾƷŚĮƄƿŚƯŻō�ƾĪƿźŤ�Ţſŵ�ƵŶƯō�
ƶŝ� Ʃƹř�śŚǀſō�Ĩưĩ��śŚǀſō� Śŝ�žĜſ� ƹ�ƾĪƟ���ŵźų�ƾƏƹźŴƯ
ŶƳŶƃ��ƶƳřŵ�ƶŝ�ƽŚƷ�Ţſŵ�ƫƺƬĭ�ƪǀưƫŚŝ�Źŵ�ƵŶƯōƶ��ƾƏ�ƽřÑ�ŢƗŚſ�

ƶŝ�Ɓŵźĭ�ƶƳřŵ�ƪĪƃ��ƪĪƃ�ƢŝŚƐƯ�ƽƹźĩ�ÅŚŞƿźƤţ�ƽŚƷÓ��Ŷƃ�ƪƿŶŞţ
ƶƳřŵ�ƖƿŻƺţ�žĜſ�ƹ�Ʊō�ƽŶƴŝ��ŵŹřŶƳŚŤſř�ŽŚſřźŝ�DIN32522�Ư�ŜſŚƴ

Ŷƃ�ƮǀƔƴţ�ŹŵƺěźƿŻ�ƽŹŚĪƃƺū�Źŵ�ƝźƈƯ��
�������źƧŷ� ƶŝ� ƭŻǇ��ƽŻŚƟ� ƾƿŚſŚƴƃ� ƶƧ� Ţſř��XRD� ��Źŵƺě
ƪƇŚů�ŵŹřŵ� ƝŹƺƯō� ŢƫŚů� ƵŶƃ� �� ƲƿřƵŵŚƠŤſřŚŝ� Źŵƺě�ƩƺŤƠƯ� Żř�

ƽŹŚĪƃƺū�S2CrMo1ƶƘƐƣ�ƽŹŚĪƃƺū�Źŵ���ƽŵǇƺƟ�įŚƷ37�St�
Ŷƃ�ƂƿŚƯŻō��ŵŚſ�ƾſŹźŝş�ƹ�śƺų�Ɓƺū�ƪŰƯ�ƽźƷŚƓ�ƪĪƃ�

Ƃƴţ��ı��Ʊō�źŨĩřŶůŶƿźĭ�ŶůŹŵ��A� �N/mm2�êæå@�î�>�ŵŹƹōźŝ
Ţſř�ƵŶƃ��

        ƶŝ� Ɓƺū� ŢǀƠǀĩ� ƾſŹźŝ� Źŵ��šŚƗǈƏř� ƢŞƏ� ƵŵŚſ� ŹƺƏ
Ŝƀĩ�� ƖūźƯ� Żř� ƵŶƃ@ç� >ŵƺŝ� źě� ÅǈƯŚĩ�Ɓƺū� ƝŚĪƃ��ŮƐſ�

ŵƺŝ�ƝŚƇ�ƹ�ũƺƯ�ƱƹŶŝ�Ɓƺū��ƝŚĪƃ�Śƿ�Ɓƺū�Źŵ�ƾĭŶǀĩźţ�
ŶƄƳ� ƵŶƷŚƄƯ�Ʊō� ŹƹŚŬƯ�ƶƤƐƴƯ� Źŵ��ƹ�ƪŴƬŴţ�Ɓƺū�ŮƐſ�Źŵ�

ŶƄƳ� ƵŶƷŚƄƯ� ĨƯ�ƺſ��ŵƺūƹ� Ʊō� ŹŚƴĩ� Źŵ� ƾĭŶƿźŝ� Śƿ� ƾĮŤų
ŢƃřŶƳ�ŵƺŝ�ƮƫŚſ�ƹ�ŹřŶĮƳŻ�Ʊō�ƽřŶƇ���ŶǀƠſ�ĬƳŹ�Śŝ�Ʊō�ƽƹŹ�

Ŷƃ�ƵŶǀƄĩ�śō�Źŵ�ƩƺƬŰƯ� �žě�ħŚě�Żř�źŧř�ƱŵźĩįźǀĮưƄģ��Żř�
ŶƄƳ�ƵŶƷŚƄƯ�ƵźƠů�Śƿ�ħźţ��

�
è�ç�ç�ƭƹŵ�ƁƹŹ���
�

����������ŶƿŶū�ƽŹŵƺěźƿŻ�ƽŹŚĪƃƺū�Źŵƺě�Ŷǀƫƺţ�ƭƹŵ�ƁƹŹ�Źŵ
źŤƴƿŻ�ƽŚƷŹŵƺě�ƶŝŚƄƯ�ƺƯ�ƵŶƃŹřźƣ�ƢǀƤŰţ�ŵŹ�ŢƟźĭ��ƽřźŝ�ŢųŚſ�

ƳƺưƳ�ŹŵƺěŠŶƃ�ƍƺƬŴƯ�ƾƳŶƘƯ�ƶǀƫƹř�ŵřƺƯ�Żř�ƾƏƺƬŴƯ�Śŝ�ƶƧŚų���
ƾƈƫŚųŚƳ�ƵřźưƷ�ƾƳŶƘƯ�ƶǀƫƹř�ŵřƺƯ�ƍƺƬŴƯ�Źŵ�ŵƺūƺƯ�ƽŚƷ�ŚƸƳō�

ƶŝ�ƶƳƺĭ�ƠǀƓƹ�ƶĩ�Ŷƃ�ƮǀƔƴţ�ƽřŠƶŝ� Źŵƺě�šřŹŷ�ƱŶƳŚŞƀģ���řŹ�ƮƷ
ŶƷŵ�ƭŚŬƳř��ƪǀĪƄţ�źƇŚƴƗ�ŶƴƷŵşǀƫƹř�ŵřƺƯ�ŠƩƹŶū�Źŵ�ǇŚŝ��Ï��ƹ�ũ

ŶƃŵŚŬƿř�ƽŚƷŻŚƟ�ŜǀĩźţşƍƺƬŴƯ���žě�ƾƿŚƸƳ�ƪƨƃ�Źŵ�źŤƴƿŻ�Żř�Ô�
ƵŶƃ�ƶŗřŹř�ƱŚƄƳ�ƶĩ�Ţſř�ŶƴƷŵş�ŶƄƳźŤƴƿŻ�Źŵƺě�Śŝ�Ʊō�ƽŻŚƟ�ƶŝŚƄţş�

ÓÕÍ LWƪƨƃ�Î Ţſř�ƩƹŶū�ŶƿŶū�Źŵƺě�ƽźƈƴƗ�Ŝǀĩźţ�Ï��ŵ
ŞƿźƤţÅŚ�ŜǀƧźţ� ƶŝŚƄƯ�� ŹŵƺěëíåLWźŤƴƿŻ��ƩƹŶū� ƵŶƄƳ�Ï���ƞƫř
Ţſř� ǀƫƹř�ŵřƺƯŠřŹřŵ�ƕƺưŬƯ�Źŵ�ƢǀƤŰţ�Ʋƿř�ƩƹŶū�źƇŚƴƗ�ƽ�ç��ũ�

ƾƳŚĩ�Żř�ƹ�ŶƴŤƀƷ�ƵŶƃ�ƪǀĪƄţ�źƿŻ�ƽŚƷ�ŶƳř��
���������ƲƫƺŗŚƧ�Kaolin��ŹřŶƤƯ�ƲǀƯŐţ�ƽřźŝ�ŵŚŝŚƴĭ�ƹ�ŻƺƳŻ�ƩŵŚƘƯ�

SiO2�ƹAl2O3 ƩƺƯźƟ� ŻŚǀƳ� ŵŹƺƯ� ƾĭŶƴŞƀģ� ƹ�� �ŢǀƳƹźŝ
�Braunit���ƲǀƯŐţ�ƽřźŝ�Ʈƣ�ƱŶƘƯ�MnO, Na2O, K2O, SiO2���

�ŢǀƴưƬƿ�Ilmenit� �ƲǀƯŐţ�ƽřźŝ�ũƺƴƸƧ� ƱŶƘƯ��TiO2, Fe2O3���
�ƲƿŹƺƬƟ�Flurin��Śƴĭ�ƱŶƘƯŚŝ�ƲǀƯŐţ�ƽřźŝ�ŵ�CaF2����źƯźƯ�Ĭƴſ

�Marmor� �� ƲǀƯŐţ� ƽřźŝ� ŚƳŻř� ƱŶƘƯ�CaO����ŢƿżƴĮƯ� Ĭƴſ
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��

 

ƩƹŶū�ë��ŻřŶƳř�ƖƿŻƺţşƶƳřŵ���ƽŚƷƶƳřŵ�ƹ�ŵŹřŶƳŚŤſř��Źŵƺě�Źŵ�ŚƸƳō�ŶƇŹŵ�ƹ�Ĩƫř�Żř�ƽŹƺŞƗ�ƽŚƷëíåLWƶƀƿŚƤƯŹŵ��ŻřŶƳř�ŚŝşƶƳřŵ��ƪǀƨƄţ�ƽŚƷ�ŶƴƷŵşƶƧŚų���
�

ƂƯ�çêå�æìæ�ææê�æåå�ëå�éç�èç�çé�æé�æç�

Źŵƺě�ƢŞƏ�ŵŹřŶƳŚŤſř�

DIN32522�
ê�æ�ë�å�è�ë�ê�æê�èæ�çè�æè�ê�ê�çå�æ�êå�ç�

�ŹŵƺěëíåLW�çæ�æ�ëç�å�çæ�ë�èë�æê�èæ�æ�çè�è�æè�é�ê�è�æ�ê�ç�

ƶƧŚų�îî�ê�èí�é�ëë�éæ�ëé�éë�çê�å�è�å�æí�å�êç�å�åé�å�åé�å�

 
 

�
 

ƪĪƃ�ë���ƾƳƹźŤƨƫř�ęƺƨſƹźƨǀƯ�źƿƺƈţ�SEM��ƶƳřŵ��ƽŚƷƽŹƹōźƟæŶƃ�Żř�ƵƁƹŹƶƧŚų�śƹŷ��Źŵƺě�ëíåLW���
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