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6XPPDU\

• ,QWURGXFWLRQ
• 6WHHOV�IRU�)RUPDELOLW\

– Classical
– IF

• ,)�6WUDWHJLHV
– Steelmaking
– Gettering

• &XUUHQW�*HQHUDWLRQ
– Which is the best getter?
– Is it good to have excess getter in solution?
– How to reach bake hardenability
– New precipitates?

• &RQFOXVLRQV
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5HTXLUHPHQWV�IRU�'HHS�'UDZLQJ�6WHHO

• 0HWDOOXUJLFDO
– Low content of interstitial solutes (in solution)

– Good texture (measured by U�� anisotropy coefficient)
– High work hardening coefficient
– Low yield stress

• ,QGXVWULDO
– Low cost
– High productivity
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$JHLQJ� ,QWHUVWLWLDO�6ROXWHV
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7H[WXUH�DQG�)RUPDELOLW\
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&DUERQ�DQG�$QLVRWURS\�RI�'HIRUPDWLRQ
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6WUDWHJLHV�IRU�/RZ�&DUERQ
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$OOR\�'HVLJQ

• $JLQJ�FRQWURO��PLQLPL]H�&�H�1�LQ�VROXWLRQ�
• 7H[WXUH�IRUPDWLRQ��PLQLPL]H�&�H�1�LQ�VROXWLRQ

6XIILFLHQW�FROG�ZRUN
• $QQHDOLQJ�7�DQG�W

• 5HFU\VWDOOL]DWLRQ FRQWURO��&RQWURO�7�DQQHDO
&RQWURO 1E H 7L LQ�VROXWLRQ

• +RZ�WR�DFKLHYH�%DNH +DUGHQDELOLW\"
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7KH�FODVVLFDO�DSSURDFK
• &DUERQ�WLHG�LQ�FHPHQWLWH
• 1LWURJHQ�WLHG�LQ�$O1��VHH�SRVWHU��
• &RQWURO�RI�VWDJH�RI�SUHFLSLWDWLRQ�GHSHQGLQJ�RQ�W\SH�RI�

SURFHVVLQJ��&RQWURO�RI�UHFU\VWDOOL]DWLRQ�
• ³&ODVVLFDO´�GHHS�GUDZLQJ�VWHHO�LV�EDFN�������
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:KLFK�JHWWHU"��7L"

%XW�H[FHVVLYH�7L�FDXVHV�VXUIDFH�GHIHFWV�
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:KLFK�JHWWHU"�1E"
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:KDW�LV�WKH�HIIHFW�RI�6�LQ�7L�VWDELOL]HG�,)"

C=26ppm N=30ppm S=40ppm Ti=0.075% Mn=0.11%
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6XOIXU�LQ�7L�VWHHO�IRUPV�7L�&�6�� /RZHU�&�LQ�VROQ�

C=26ppm N=30ppm S=40ppm Ti=0.075% Mn=0.11%
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1E�KDV�SRVLWLYH�HIIHFWV�LQ�SURWHFWLQJ�JUDLQ�ERXQGDULHV
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1E�LQ�VROXWLRQ��LQ�*%V��SUHYHQWV�SRZGHULQJ�
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7L�DQG�1E�FRPELQDWLRQ�NHHS�1E�LQ�6ROXWLRQ
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$GMXVWLQJ�%DNH�+DUGHQDELOLW\

Kojima A:
Ti(C,N), Ti4C2S2, (Mn,Fe,Ti)S

Kojima B:
Ti(C,N),  (Mn,Fe,Ti)S

Kojima C:
Ti(C,N),  (Mn,Fe,Ti)S, 
cementite

Kojima D:
Ti(C,N), (Mn,Fe,Ti)S, 
cementite

Kojima B
Kojima A

Kojima C
Kojima E

Aço C N S Ti Nb Mn
Kojima A 0,0020 0,0025 0,006 0,06 - 0,3
Kojima B 0,0020 0,0025 0,006 0,02 - 0,3
Kojima C 0,0020 0,0025 0,006 0,01 - 0,3
Kojima E 0,0020 0,0025 0,006 0,01 - 1,4
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3�LQ�,)�VWHHO

Does P has other effects?  Embrittlement?
Reports (TEM) that Fe-Ti-P compounds might precipitate.



8/97acs c:\msoffice\pwpoint\cursos\ipt97.ppt

)H7L3�LQ�6WHHO
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)H7L3�FDQ�SUHFLSLWDWH�LQ�%R[�$QQHDOLQJ
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&RQFOXVLRQV
• 7KH�FKHPLVWU\�DQG�SURFHVVLQJ�RI�,)�DQG�RWKHU�KLJK�IRUPDELOLW\�

VWHHOV�LV�TXLWH�FRPSOH[�DQG�QHHG�ILQH�DGMXVWPHQW�LI�HIILFLHQF\�LV�
WR�EH�DFKLHYHG�

• 7KH�FRQWURO�RI�LQWHUVWLWLDO�LQ�VROXWLRQ�FDQ�EH�DFKLHYHG�WKURXJK�
MXGLFLRXV�DOOR\�GHVLJQ��FKRRVLQJ�WKH�SUHFLSLWDWHV�WR�EH�IRUPHG�
DQG�WKHLU�TXDQWLWLHV�

• +LJK�IRUPDELOLW\�DV�ZHOO�DV�EDNH�KDUGHQDELOLW\�FDQ�EH�REWDLQHG�
WKLV�ZD\�

• 7KH�QRYHO�UDQJH�RI�FRPSRVLWLRQV�RI�,)�VWHHOV�KDV�VKRZQ�WKDW�
WKH�XVH�RI�VLPSOH�³VROXELOLW\�SURGXFWV´�HVWDEOLVKHG�IRU��+6/$�
VWHHOV�FRXOG�OHDG�WR�FRQVLGHUDEOH�HUURU��³XQH[SHFWHG�
FRPSRXQGV�� 6�DQG�3�ULFK�FDQ�DQG�SUHFLSLWDWH�DQG�WKH�
&$/3+$'�DSSURDFK�FDQ�KHOS�SUHYHQW�VHULRXV�PLVWDNHV�

• 7KH�NLQHWLF�DVSHFWV�RI�WKH�SURFHVVHV�GLVFXVVHG�VWLOO�QHHG�
FDUHIXO�FRQVLGHUDWLRQ�IRU�RSWLPXP�DOOR\�GHVLJQ�


