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!BSTRACT�
SFGHITEN®SFGHITEN®SFGHITEN  (super fi ne grain, high strength steel 

sheet), which was developed recently by JFE Steel, is 
strengthened by fi ne Nb(C, N) precipitates and grain 
refi nement, giving it excellent press formability suitable 
for automotive exposed panels. The Nb(C, N) precipitate 
shows a unique distribution which had not been 
observed previously and tends to form precipitate-
depleted zones, called precipitate free zones (PFZ), in 
the vicinity of grain boundaries. These PFZs lower yield 
strength in spite of the small size of the grains. In com-
parison with conventional deep-drawing sheets, 
SFGHITEN has a high r-value, combined with excellent 
resistance to secondary embrittlement imparted by B 
addition. Try-out pressing for an automotive front-fender 
model was successfully conducted and demonstrated 
that the new material has excellent formability, display-
ing a wider formable range than the conventional steel.

1. Introduction

)NTRODUCTION�OF�HIGH
STRENGTH�STEEL�SHEETS�WHICH�MEET�
WEIGHT�REDUCTION�NEEDS�IN�AUTO�BODY�PANELS�IS�PROGRESS

ING�RAPIDLY��!MONG�THESE��STRENGTHENING�BY�ADDING�SOLID�
SOLUTION� STRENGTHENING� ELEMENTS� SUCH� AS� 3I�� -N�� AND�
OTHERS�� BASED� ON� AN� )&� �INTERSTITIAL� FREE	� STEEL� CHEMICAL�
COMPOSITION�� IS�USED� TO�ACHIEVE�HIGH� TENSILE� STRENGTH� IN�
EXPOSED�PANELS�IN�VIEW�OF�THE�HIGH�FORMABILITY�AND�SUR


FACE� PROPERTY� REQUIREMENTS� OF� THIS� APPLICATION��	� (OW

EVER�� IT� IS�DIFl�CULT� TO�SECURE�FORMABILITY�EQUAL�TO�THAT�OF�
MILD�STEEL�BECAUSE�ADDITION�OF�SOLID�SOLUTION�STRENGTHEN

ING�ELEMENTS�DETERIORATES�DEEP
DRAWABILITY��r
VALUE	��AND�
THE� WORK� HARDENING� INDEX� �n
VALUE	� DECREASES� AS� YIELD�
STRENGTH� INCREASES�� -OREOVER�� WHEN� THE� STRENGTH� OF� THE�
PARENT�PHASE�IS�INCREASED��GRAIN�BOUNDARY�STRENGTH�SHOWS�
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3&'()4%.� AND� THE� ADVANTAGES� OF� THIS� PRODUCT� WHEN�
APPLIED�IN�AUTOMOTIVE�EXPOSED�PANELS�

2. Phenomena Observed in SFGHITEN and 
Their Basic Mechanism

)N� ACHIEVING� HIGH� STRENGTH� BASED� ON� )&� STEEL�� USE�
OF� THE� SOLID� SOLUTION� HARDENING� MECHANISM�� IN� WHICH�
STRENGTHENING� ELEMENTS� SUCH� AS� 3I�� -N�� 0�� AND� OTHERS�
ARE�ADDED�IN�LARGE�QUANTITY��IS�A�CONCEPT�WITH�A�LONG�HIS

TORY�� (OWEVER�� BECAUSE� THESE� STRENGTHENING� ELEMENTS��
AND� PARTICULARLY� 3I�� DETERIORATE� DEEP� DRAWABILITY� AND�
THE� QUALITY� OF� THE� COATED� SURFACE�� PRODUCTS� MANUFAC

TURED�BY� THIS� TECHNIQUE�CANNOT�BE�USED� IN�EXPOSED�PAN

ELS�IN�WHICH�COMPLEX�FORMING�IS�REQUIRED��)N�CONTRAST��AS�
THE�CONCEPT�OF�THE�PRESENT�DEVELOPMENT��HIGH�STRENGTH�IS�
ACHIEVED� BY� PRECIPITATE� DISPERSION� HARDENING� USING�l�NE�
.B�#��.	��WITHOUT�ADDING�3I�AS�A�STRENGTHENING�ELEMENT��
IN� COMBINATION� WITH� FERRITE� GRAIN� REl�NEMENT�� WHILE� THE�
DEEP�DRAWING�PROPERTY�IS�SECURED�BY�IMPROVING�THE�COLD

ROLLING� RECRYSTALLIZATION� TEXTURE� BY� GRAIN� REl�NEMENT� IN�
THE�HOT
ROLLED�SHEET�AND�ENCOURAGING�ACHIEVEMENT�OF�THE�
[���]�TEXTURE��WHICH�IS�ADVANTAGEOUS�FOR�DEEP�DRAWABIL

ITY��!S�A� RESULT��HIGH�STRENGTH�AND� IMPROVED�DEEP�DRAW

ABILITY� ARE� REALIZED� SIMULTANEOUSLY�� !N� )&� STEEL� COM

POSITION� DESIGN� WAS� ADOPTED�� WITH� .B� ADDED� FOR� GRAIN�
REl�NEMENT�� 4HE� #� CONTENT� WAS� SET� AT� MORE� THAN� DOU

BLE� THAT� IN� ORDINARY� ULTRA
LOW� CARBON� STEEL� ��� PPM� OR�
UNDER	� IN� ORDER� TO� STRENGTHEN� GRAIN� REl�NEMENT�� AND� .B�
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TEMPERATURES�INCREASES��AND�HIGH�r
VALUES�EXCEEDING�����
CAN�BE�OBTAINED�BY�GRAIN�COARSENING��EVEN�WITH�)&�STEELS��
AS�SHOWN�IN� THIS�l�GURE��(OWEVER�� THIS� IS�OF� LITTLE�PRACTI

CAL�VALUE�BECAUSE�THE�SURFACE�DEFECT�CALLED�hORANGE�PEELv�
OCCURS� WHEN� SHEETS� WITH� COARSE
GRAINED� STRUCTURES� ARE�
PRESS
FORMED��&ROM�THE�VIEWPOINT�OF�SUITABILITY�FOR�PRAC

TICAL�APPLICATIONS��THE�RELATIONSHIP�BETWEEN�THE�GRAIN�SIZE�
AND� r
VALUE�OF� STEEL�"��WHICH�CONSISTS�OF�l�NE�GRAINS�� IS�
GREATLY�IMPROVED�FROM�THAT�OF�THE�CONVENTIONAL�)&�STEELS�

4HIS�l�NE�MICROSTRUCTURE�AND�THE�EXISTENCE�OF�.B�PRE

CIPITATES� ARE� DISTINCTIVE� FEATURES� OF� STEEL� "�� Photo 3
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�93	� INCREASED� FROM� ��� -0A� TO� ��� -0A� AS� THE� HEAT

ING� RATE� INCREASED�� 4HE� GRAIN� SIZE� REMAINED� VIRTUALLY�
UNCHANGED��SHOWING�A�CONSTANT�VALUE�����n��� µM	�AT�ALL�
HEATING�RATES�

Photo 4� SHOWS� 4%-� REPLICA� IMAGES� OF� THE� STEELS�
ANNEALED�AT�HEATING�RATES�OF�� #�S�AND��� #�S��!LTHOUGH�
0&:S� CAN� BE� SEEN� ON� ONE� SIDE� OF� THE� GRAIN� BOUNDAR

IES�� A� HIGHER� 0&:� FORMATION� RATIO� CAN� BE� OBSERVED� IN�
THE�STEEL�ANNEALED�AT�� #�S��Figure 8� SHOWS�93�AND� THE�
WORK�HARDENING� INDEX� �n
VALUE	�PLOTTED�AGAINST� THE�VOL

UME� FRACTION� OF� 0&:� MEASURED� FROM� THE�4%-� IMAGES��
9IELD� STRENGTH�DECREASES�AS� THE�VOLUME� FRACTION�OF�0&:�
INCREASES��&ROM�THIS��IT�IS�CLEAR�THAT�0&:�IS�THE�REASON�FOR�
LOW�93�

4. Secondary Work Embrittlement�	

)N�GENERAL��)&�STEELS�HAVE�LOW�GRAIN�BOUNDARY�STRENGTH�
IN�COMPARISON�WITH�INTRAGRANULAR�STRENGTH�BECAUSE�INTER

STITIAL� ELEMENTS� DO�NOT� EXIST� AT� THE�GRAIN�BOUNDARIES�� )N�
PARTICULAR�� IN� HIGH
STRENGTH� STEELS� BASED� ON� )&� STEEL�� IT�
IS� NECESSARY� TO� CONSIDER� MEASURES� TO� PREVENT� REDUCED�
RESISTANCE� TO� SECONDARY� EMBRITTLEMENT� CAUSED� BY� THE�
STRENGTH�DIFFERENCE�BETWEEN�THE�GRAINS�AND�GRAIN�BOUND

ARIES��4HEREFORE�� RESISTANCE� TO� SECONDARY� EMBRITTLEMENT�
WAS�INVESTIGATED�IN�THE�NEW�43��� -0A�GRADE�SUPER�l�NE�
GRAIN�STEEL��3&'()4%.��4HIS�3&'()4%.�WAS�COMPARED�
WITH� THE� CONVENTIONAL� .B
ADDED� )&� HIGH� STRENGTH� STEEL�
SHEET��AND�THE�EFFECT�OF�GRAIN�REl�NEMENT�AND�"�ADDITION��
WHICH� IS� EFFECTIVE� IN� IMPROVING� RESISTANCE� TO� SECONDARY�
EMBRITTLMENT�IN�)&�STEELS��	�WAS�COMPARED�

5SING� THE� CHEMICAL� COMPOSITIONS� SHOWN� IN� Table 3��
WHICH� ARE� BASED� ON� ����3I
����-N
������0� STEEL��
SAMPLE� STEELS� WITH� �� LEVELS� OF� ADDED� "� ���� ��� ���� AND�
�� PPM	� WERE� PREPARED��4HE� PROCEDURE� USED� IN� PREPAR

ING� COLD
ROLLED� AND� ANNEALED� STEEL� STRIPS� WAS� BASICALLY�
THE�SAME�AS� IN�#HAPTER����!FTER�DRAWING�THE�COLD
ROLLED�
AND�ANNEALED�STRIPS�TO�A�CUP�SHAPE�AT�A�DRAWING�RATIO�OF�
����AND�MECHANICALLY�GRINDING� THE�EDGE� TO�OBTAIN�A�CUP�

HEIGHT�OF��� MM�� THE�DEFORMATION� �FRACTURE� TEST	� SHOWN�
IN�Photo 5�WAS�PERFORMED�AT�VARIOUS� TEMPERATURES�� AND�
THE� LIMIT� TEMPERATURE� FOR� DUCTILE� DEFORMATION� WAS� USED�
AS�THE�TRANSITION�TEMPERATURE�FOR�SECONDARY�WORK�EMBRIT

TLEMENT�

Figure 9�SHOWS�THE�EFFECT�OF�"�ON�THE�TRANSITION�TEM

PERATURE�� &IRST�� WITHOUT� "� ADDITION�� STEEL�!�� WHICH� IS� A�
CONVENTIONAL� 43��� -0A� GRADE� )&� HIGH� STRENGTH� STEEL�
SHEET��DISPLAYED�A�TRANSITION�TEMPERATURE�OF�� #��BUT�IN�
THE�STEEL�"��WHICH�IS�AN�3&'()4%.��THE�TRANSITION�TEM

PERATURE�IS�REDUCED�REMARKABLY��TO��� #��4HIS�EFFECT�IS�
ATTRIBUTED�TO�ALLEVIATION�OF�STRESS�CONCENTRATIONS�NEAR�THE�
GRAIN�BOUNDARIES�DURING�DEEP�DRAWING�BY� REl�NEMENT�OF�
THE� FERRITE�MICROSTRUCTURE�AND�FORMATION�OF�0&:S��.EXT��
WITH� INCREASING� AMOUNTS� OF� "� ADDITION�� THE� TRANSITION�
TEMPERATURES�OF�BOTH� STEELS� IMPROVED��AND�WITH�APPROX

IMATELY� �� PPM� "� ADDITION�� EVEN� STEEL�!� SHOWED� RESIS

TANCE� TO� SECONDARY� EMBRITTLEMENT� EQUAL� TO� THAT� OF� STEEL�
"�WITHOUT�"�ADDITION��4HUS��THE�l�NE�FERRITE�STRUCTURE�AND�
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Fig. 9  Effect of B content on the transition temperature 
for secondary-work-embrittlement

Table 3  Chemical composition of steels investigated
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TOWARD�AUTOMOBILE�WEIGHT�REDUCTION��3&'()4%.�CAN�BE�
APR�


