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Abstract The high strength steel sheets has been widely used as the automobile parts to reduce the weight
of a vehicle. The aim of this research is to develop the TRIP aided high strength low carbon steels using reverse
transformation process. The 0.15C-4Mn and 0.15C-6.5Mn steel sheets were reversely transformed by slow
heating to intercritical temperature region and air cooling to room temperature. The stability of retained
austenite depends on the enrichment of carbon and manganese by diffusion during the reverse transformation.
The amount of retained austenite formed after reversely transformed at 645oC for 12 hrs. was about 46vol.%
in hot rolled 0.1C-6.5Mn steel. The change in volume fraction of retained austenite with a holding temperature
was consistent with the changes in elongation and the strength-ductility combination. The tendency of tensile
strength to increase with increasing the holding temperature was due to the decrease of retained austenite
after cooling from the higher temperature of 670oC. The maximum strength-ductility combination was about
4,250 kg/mm2

Á% when the hot rolled 0.1C-6.5Mn steel was reversely transformed at 645oC for 12 hrs.

Key words TRIP steels, reverse transformation, retained austenite, strength-ductility combination.
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ê-�W ��� Ö>� ;j BB~&
. C-Si -Mnê

TRIP ;f Æ�¾�Þ æ�� «ê êzb~ CÂOæ

5 
ï~ º~ JÊr¾�Þ¢ áV *~� êzb ;

W ÛBö²� Si, Alj Î&~� ®b�, �C-�Siz~

�.Jê O»j jÏ~� ®º�, ¸f ê²ï" Siï

r^ö Ï7W 5 �ÖW� &~~� 2� �¾Ò¢ ¯

~V r^ö Jjf �Öj�öBê �6j &æ� ®


. V¢B ê²f Si�ïj Ô¾ î�Ú Bv~ TRIP

; BBj *� �.Jêf B��;~ BB� .
® º

�>� ®º 
;�
. 

��� ^B¢ �Ö~V *� Furukawa �5,6)f Si¢
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1200oC� Ò&� ~� 1�* Fæê �*{�VöB {

� «òNê¢ 900oC& >ê� ~� vþ 3.0 mm� �

*{� ~&
. �*{� çê bªÒ O�b� 560oCr
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.
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Table 1. Chemical composition of C-Mn steels (wt.%).

Steels C Si Mn Mo B(ppm) S sol-Al P Fe

6.5Mn steel 0.15 0.51 6.5 0.05 10 0.003 0.03~0.05 0.01~0.02 bal.

4Mn steel 0.15 0.50 4.1 0.05 10 0.003 0.03~0.05 0.01~0.02 bal.
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Fig. 1. Transmission electron micrograph showing bainitic lath
of the 6.5Mn hot rolled steel sheet.

Fig. 2. Transmission electron micrographs showing the morphology of retained austenite in the 6.5Mn hot rolled steel obtained
by reversely transformed at 645oC for 1 hr; (a) bright field image (b) dark field image (c) SADP and (d) indexing.

Fig. 3. Transmission electron micrographs showing the
morphology of retained austenite in the 6.5Mn cold rolled steel
reversely transformed at 620oC(a) and 670oC(b) for 1 hr.
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©�
. �
 ç
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²f z®Ú Mn� JÊr¾�Þ �W" n;z ö²�
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. �f ?� Mnf �æ�� JÊ
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f Fig. 6öB r > ®�� Mn Î&ï� Ã&�ö V
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�¦' ï;~ ���' ��öB ¾¢�Þöº Mn³ê
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3.2. Mn Î&ïö V� º~JÊr¾�Þï~ æz
Fig. 5f Fig. 6f '' '« NêöB 1�*" 12�

* ÿn �æ� ¾Ò� 6.5Mn;" 4Mn;~ �¾Ò N

êê º~JÊr¾�Þïj ¾æÞ ©�
. 6.5Mn;j 1

�* �æ� ¾Ò� ãÖ º~JÊr¾�Þïf ��Ò

Fig. 4. STEM/EDS analysis of ferrite (a) and austenite (b)
indicated by arrows in Fig. 3(a).

Fig. 5. Effect of fabrication process on the volume fraction of
retained austenite(γR) in the 4Mn and 6.5Mn steels reversely
transformed for 1 hr.

Fig. 6. Effect of fabrication process on the volume fraction of
retained austenite(γR) in the 4Mn and 6.5Mn steels reversely
transformed for 12 hrs.
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f ï�Ò Îv 645oCöB �&~¢ ��
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�N �æ�� *&~² 6²~º ãËj �&
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�ö V¢ Ã&~º ãËj ��� 620oC~ �æ�¾Ò
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 ¸j � Nêö

B 1�* ;ê~ ��* �æ�¾Ò� ãÖº JÊr¾
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Êr¾�ÞÚ�~ Mn {Ö� ®Ïª~� ï'� º~~

º JÊr¾�Þ& 6²~V r^�
.

Fig. 6~ 12�* �¾Ò� 6.5Mn;~ ãÖº 1�* �

¾Ò� ãÖf �Ò º~JÊr¾�Þïf 620oC~645oC

öB �&~¢ �&b�, 670oCöBº º~JÊr¾�Þ

ï~ 6²N� 1�*~ ãÖ�
 Â]~² �
. �©f

jv' &N �æ� ¾Ò�öº «çêzb~ Ï�� J

Êr¾�Þ~ ê² ÒªV& ¢Ú¾� �æ�ê êzb

~ ÒCÂ� ÛBNb�� JÊr¾�Þ~ z�' n;

W� �� j~� 670oC~ �N Ë�* �æ�¾ÒöB

º J®J JÊr¾�Þ Ú~ C, Mn ³ê& 6N 6²

~� JÊr¾�Þ& ®n;�æ� ¢¦ JÊr¾�Þº

ï'";öB ¾¢�Þ¾ î�vÒ�Þ� æ�>V r^

�¢� �'B
.

Fig. 5öB J«� :f ?� 4Mn;f 620oC~ &N

öB 1�* �æ�¾Ò� º~JÊr¾�Þ& ¾æ¾æ

p~æò Fig. 6~ 12�* �æ�¾Ò� ãÖ º~JÊ

r¾�Þïf £ 16~21vol.%;ê�î
. ��� *çf

j� � ;«j Ac1Nê �~öB �¾Ò~�ê Ë�*

�æ�¾Ò� ãÖ {Öö ~� JÊr¾�ÞÚö C, Mn

� �¦'b� ³»>� � ¦*~ æ�Nêº &~>æ

� JÊr¾�Þ& º~� > ®j ©�
. V¢B 4Mn

;f 6.5Mn;" �Ò �¾ÒNê& çß�ö V¢ º~

JÊr¾�Þï� Ã&~�, ß® 670oCöB �¾Ò� ã

Ö 645oC�
 z× ôf ·~ º~JÊr¾�Þ& �W

Nj r > ®
. �WB º~JÊr¾�Þïf 1�*"

12�*~ ãÖ Îv 6.5Mn;� 4Mn;ö j�B £ 12~

36vol.% ;ê ô~b�, ï�Ò& ��Ò �
 º~JÊ

r¾�Þï� 'î
. �©f ���ç� ¾Êç~ Æ�

¾�Þ¾ î�vÒ�Þ �ç� ï*&�ö ~� �� æ

;j A�¾ �Úæ² >æ� �æ�� JÊr¾�Þ~

��W Ë²& F > ®º ¾Ê ê��¾ γ/α «ê�

'� Ã&~² >æò 
>~ ** ê«b� �� º~

JÊr¾�Þ& WË~æ á~� Ö"'b� º~JÊr

¾�Þ ¦bªN� ��Òö j� ·² ¾æÂ
� 6�

B
. �r º~JÊr¾�Þï~ �&8f 6.5Mn;öB

¾æÒb�, ��Òº 645oCöB 12�* �¾Ò� ãÖ

ö 46vol.%, ï�Òº 645oCöB 1�* �¾Ò� ãÖ

43vol.%�î
. 

3.3. Vê' Wî~ æz
C-Mnê TRIP;öB �æ� Nê& .Z Ôb� ¾¢

�Þ ªN� Ã&~� JÊr¾�Þ~ z�' n;z&

®Ïª~� º~JÊr¾�Þï� 6²>�, .Z ¸b�

JÊr¾�Þ& ®n;~� ï'";öB î�vÒ�Þ�

æ�>æ� ;êº ¸æò �W� *&~² &~B
. V

¢B Ö>� ;êÁ�W��j <V *�Bº ';� �

æ�¾Ò ��j dº ©� 7º~
. 

6� �æ�¾Ò� C-Mnê ;~ Vê' Wîf �B

� �W�çb�ò J«F > ìb�, � �Þ~ ��;

ê¢ æV~º ¾¢�Þ Îç" î�vÒ�Þ~ bW, º

~JÊr¾�Þ~ ·" TRIP �ÿj ÿ�ö �J�¢ �

©b� 6�B
. ¾¢�Þ Îçf �æ� ¾Ò Nêö

B~ ï; ê² ³êf � NêöB Fæ>º ÿnö J

Êr¾�Þ� {Ö>º ê²ïö V¢B �¢î ©��,

º~JÊr¾�Þê � ·" �V 5 n;Wö V¢B V

ê' Wîö �~º Î"& 
¢ ©�
. 

Fig 7" Fig. 8f 12�* �æ�¾Ò� 6.5Mn;"

4Mn;ö &� �æ�Nêf B��;ö V� Vê' W

î~ æz¢ ¾æÞ ©�
. 6.5Mn;f Fig. 7öB r

> ®�� �æ�Nê& çß�ö V¢ JÊr¾�Þö

B î�vÒ�Þ�~ æ�ï� Ã&>æ� �Ë;êº ç

ß~æò ��Nf 6²~&b� &�W~ æ�� " >

®º ;êÁ�W��8f ��, ï� �Þ Îv 645oCö

B �&8j ��� 675oCöBº ��N~ &~� �~

� /Ï® 6²~&
. �f?f ãËf �¾Ò Nêö

Fig. 7. Effect of holding temperature on the tensile properties
of the 6.5Mn steel reversely transformed for 12 hrs.
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V� º~JÊr¾�Þïj ¾æÞ Fig. 6f jÝ� ·

çj ���, ß® 670oC~ �N �æ�¾Ò� /Ï�

�W&~º º~JÊr¾�Þ~ 6²f z®Ú î�vÒ

�Þï~ Ã&ö V�~� º~JÊr¾�Þ~ z�' n

;W" &7� &N� ®rj r > ®
. Fig. 8f 4Mn

;~ Vê'Wîj ¾æÞ ©b� 6.5Mn;" jv®j

r �Ë;ê, ��N 5 ;êÁ�W��8� *&® Ô

² ¾æÒb� ��Nf 645oCöB �&8j ¾æÚ�,

� �ê 6²~&
. Fig. 5öBº r > ®�� º~J

Êr¾�Þïf �¾ÒNê& çß�ö V¢ Ã&~�

670oCöBº �&8j ¾æÚîæò, ��Nf /Ï® 6

²~&
. V¢B ;êf �Wf º~JÊr¾�Þï ò

b�º J«~V 
¦~� º~JÊr¾�Þ~ n;Wj

�J� �¾Ò��~ J;� jº~
. ;êÁ�W��

~ G�öB " r &Ë Ö>� ;êÁ�W��8j ¾

æÚº �� 5 ï�Ò~ �æ�¾Ò ��f 6.5Mn;j

645oCöB 12�* ;ê �¾Ò~º ©� :²ç~�, �

r ��Ò~ ;êÁ�W��8f 4,250 kg/mm2
Á%��,

ï�Òº 3,770 kg/mm2
Á%�î
.

Fig. 9º 6.5Mn;" 4Mn;j '« �æ� NêöB

1�* �æ�¾Ò� �Þ~ ��j¢ ¾æÞ ©�
. �

æ� Nê& çß�ö V¢ ��j& 6²~� �æ� N

ê& ¸j>� ��j~ 6²N� Ã&~&
. �©f �

æ� Nê& ¸j>� º~JÊr¾�Þï� 6²~� n

;W� ÎÚæ� î�vÒ�Þï� Ã&~V r^�
. ß

®, 670oC~ �NöB �æ� ¾Ò� ãÖ ��j&

0.5~0.6 ;ê� 
Ö Ô² ¾æÂ ©f �æ� Nê&

çß�>� �Ë;ê~ Ã&N �
 ��;ê~ 6²N

� ç&'b� ��, î�vÒ�Þ æ�� B�� {»

wKb� "æ~ ¾¢�Þ Ú¦ö FÿW **& ê«>

Ú ��;ê& 
Ö ÔjæV r^�
.

4. Ö  �

� ��º 6.5Mn;" 4Mn;ö &�B �æ� ¾Òö

V� �*{�6" ï*{�6~ º~JÊr¾�Þï, V

ê' Wî �j �Ò~� 
r" ?f Ö�f áî
.

1) º~JÊr¾�Þº 6.5Mn;� 4Mn;ö j�B 6

� ��Ò~ ãÖ& ï�Ò�
 ô� �W>î
. º~

JÊr¾�Þ~ �&8f 6.5Mn;j 645oCöB 12�*

�¾Ò� ãÖ ��Òº 46vol.%, ï�Òº 1�* �¾

Ò� ãÖ 43vol.% �î
.

2) �Ë;êº �æ�¾Ò Nê& çß�ö V¢ Ã&

~æò ��Nf /Ï® 6²~&
. �©f º~JÊr

¾�Þï~ 6²f z®Ú î�vÒ�Þï~ Ã&ö V

�~� º~JÊr¾�Þ~ z�' 5 Vê' n;W"

&7� &N� ®
.

3) &Ë Ö>� ;êÁ�W��8j ¾æÚº �� 5

Fig. 8. Effect of holding temperature on the tensile properties
of the 4Mn steel reversely transformed for 12 hrs. 

Fig. 9. Effect of holding temperature on the yield ratio(YS/TS)
of the 4Mn and 6.5Mn steels reversely transformed for 1 hr.
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ï�Ò~ �æ�¾Ò ��f 6.5Mn;j 645oCöB 12

�* ;ê �æ�¾Ò� ãÖ��, �r ��Ò~ ;êÁ

�W��8f 4,250 kg/mm2
Á%��, ï�Òº 3,770 kg/

mm2
Á%�î
.

6Ò~ &

 � ��º �;ê/�W;W ��*; ¶ÿN;6B�

VF BBj *� 2003jê 7V�6VFBB Òëj æ

öb� ��Úrb�, �ö 6Ò�ãî
.
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