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Growth process of butterfly-type martensite is investigated by using Fe-Ni alloy with 
graded microstructure. The Fe-Ni alloy specimens with graded microstructure are 
made by the sub-zero treatment under graded temperature or the deformation with 
graded strain distribution. Characters of martensite depend on not only martensitic 
transformation temperature but also temperature during its growth. In addition, it is 
found that the character of martensite is determined by accommodation process for 
transformation strain under its formation and growth process. 
 

 

 

    

2009  

2010  

 

 

 

 

 
 

 

 

EBSD  

 
 

’

1

(Ms )

’

Ms

’

’

’

’ Ms

 

 

 

 



 

 

Ms ’

’

’

’

’

’  

Fe-30wt.%Ni ’

Fe-30wt.%Ni ’

 

Fe-30wt.%Ni

’

Fe-30wt.%Ni

’

 

 

 

’

1

’

’

 

Fe-30wt.%Ni

Fe-30wt.%Ni

’

’  

 

 

 

’

 

Fe-30wt. Ni

70.6mm×14.4mm×2.44mm

1000 1

 Fe-30wt.%Ni

Fe-29wt.%Ni Ms

73

’

 

1

2

 

 

2mm 10

T

 

 

2mm -90

4

 

(FE-SEM)

1  ’

(Ms)



’ ’


’ ’

(Ms)



’



’ ’


’


’ ’’

: 

: 

: 

: 

 
1 . 



 

 

’

(

(EBSD)

 

 

’

 

Fe-30wt.%Ni

’

EBSD Fe-30wt.%Ni

40mm×15mm×1.5mm

1100 30

EBSD

Struers

AC2(Struers ) 20

32V 20s

4mm 1mm

0.3mm EBSD

’ EBSD EBSD

FE-SEM

EBSD

1.1×10
-3

 s
-1

EBSD 2.0%

4.6% 10.4% 14.5%

EBSD

 

EBSD

’

’

’

’

’

 

Fe-30wt.%Ni

950 1

SKD11

EBSD X (XRD)  

’

 

2

2

 

3

’

’

’

’

’ EBSD ’

 

0

-50

-100

-150

-200
0 20 40 60 80

(
)

(mm)

0

-50

-100

-150

-200
0 20 40 60 80

(
)

(mm)
 

2  

(a) (b)

(c) (d)

200m 200m

200m200m

(a) (b)

(c) (d)

200m200m200m 200m200m200m

200m200m200m200m200m200m
 

3 :  

(a) -2.7 , (b)-39.4 , (c)-47.8 , (d)-105.4  



 

 

4

EBSD

(IQ) 4 IQ

’

’

’ ’

’ 1

Ms

’

’

’ ’

’ ’

 

5 ’

’ ’

’

5

-2.7 ’

’ -39.4

’

’

’

’

’

1

 

-2.7 Ms

’

Ms

’

’

 ’

-39.4 ’

Ms

Ms

’ 

’

-39.4

’

 

’ Ms

’

’

Fe-30wt.%Ni

’

’

6 -83

’ IQ

’

’/

’ Kurudjumov-Sachs 

(K-S) Greninger-Troiano(G-T)

{5 5 7}

{5 5 7}

{5 5 7}

{2 2 5}{2 2 5}

15m

{2 5 9} {2 5 9}

{2 5 9}
{2 5 9}

{2 2 5}
{2 2 5}

{2 2 5}

15m

(a) (b)
{5 5 7}

{5 5 7}

{5 5 7}

{2 2 5}{2 2 5}

15m

{2 5 9} {2 5 9}

{2 5 9}
{2 5 9}

{2 2 5}
{2 2 5}

{2 2 5}

15m

(a)(a) (b)(b)

 

4 IQ : 

(a) -2.7 , (b) -105.4  

100

80

60

40

20

0
-2.7 -39.4 -47.8 -74.3 -105.4 -155.4

( )


’

(%
)

’

’

’

100

80

60

40

20

0
-2.7 -39.4 -47.8 -74.3 -105.4 -155.4

( )


’

(%
)

’

’

’

 

5 ’ ’

’ ’  

(a) (b)

10m 10m

(a)(a) (b)(b)

10m 10m
 

6 

’ : (a) , 

(b) (-83 )  



 

 

’

Nishiyama-Wasserman(N-W)

’ ’

 

 

’

7 Fe-30wt.%Ni

’ EBSD

IQ

IQ ’

’

’ {2 2 5}

’

{2 2 5}

’

’

’

’ ’/



’

’

’

’  ’/

’

’

’  ’

G-T K-S

’ ’

’

’

’

’

’

Fe-30wt.%Ni

 

8 Fe-30wt.%Ni

IQ ,

(IPF)

’

’

’

’

’

’

 

XRD



Fe-30wt.%Ni

390

230

20m 

’


’



{5 5 7}

{5 5 7}

{5 5 7}

{2 2 5}

{2 2 5}

{2 2 5}

{2 2 5} 20m

(a) (b)

20m 

’


’



{5 5 7}

{5 5 7}

{5 5 7}

{2 2 5}

{2 2 5}

{2 2 5}

{2 2 5} 20m

(a)(a) (b)(b)

 

7 ’ IQ

: (a) (b) 10.4  

001 101

111


’

15m15m15m

(a) (b) (c)

001 101

111


’

15m15m15m

(a)(a) (b)(b) (c)(c)

 

8 Fe-30wt.%Ni

: (a) IQ (b)IPF

(c)  

 



 

 

Fe-Ni

 

 

6  

: “

”, 

[ ] 

H. Sato, E. M. Fujiwara and Y. Watanabe: 

“Formation behavior of wear-induced layer in 

Fe-Ni alloys”, Transactions of the Materials 

Research Society of Japan, in press. [ ] 

H. Sato, Y. Kubota, E. M. Fujiwara and Y. 

Watanabe: “Effects of phase transformation 

temperature on formation of wear-induced layer 

in Fe-Ni alloys”, Materials Science Forum, Vols. 

654-656 (2010) pp. 1227-1230. [ ] 

H. Sato, Y. Kubota, E. M. Fujiwara and Y. 

Watanabe: “Microstructure and mechanical 

properties of wear-induced layer”, Proceedings 

book of ISSS 2009, (2009) pp. 249-252. [

] 

Stefan Zaefferer

: “Fe-30%Ni

EBSD”, 

3D/4D

, (2009) pp. 99-104. [ ] 

H. Sato, S. Zaefferer and Y. Watanabe: “In-situ 

observation of Butterfly-type martensite in 

Fe-30mass%Ni alloy during tensile test using 

high-resolution EBSD”, ISIJ International, Vol. 

49 (2009) pp. 1784-1791. [ ] 

 

11  

H. Sato, A. Nakashima, T. Tanaka, E. M. 

Fujiwara and Y. Watanabe: “Morphological 

distribution of martensite in Fe-Ni alloy cooled 

under graded temperature”, International 

Conference on Martensitic Transformation, 2011

9 4 -9 . [Accepted] 

: “Fe-Ni

3 ”  2011 3 1

. 

: 

“Fe-Ni

”

2011 3 1

. 

: 

“Fe-Ni ”

20 MRS 2010

12 21 . 

: “

Fe-Ni

”, 2010  

2010 9 6 . 

H. Sato, T. Nishiura, Y. Kubota, E. M. 

Fujiwara and Y. Watanabe: “Formation behavior 

of deformation-induced layer in Fe-Ni alloy by 

sliding wear and shot peening”, Materials 

Science and Engineering 2010, 2010 8 25

, Darmstadt, Germany. 

H. Sato, Y. Kubota, E. M. Fujiwara and Y. 

Watanabe: “Effects of phase transformation 

temperature on formation of wear-induced layer 

in Fe-Ni alloys”, The 7
th

 Pacific Rim 

International Conference on Advanced Materials 

and Processing, 2010 8 3 , Cairns, 

Australia. 

: 

“Fe-Ni

”, 

2010 3 28 . 

: 

“Fe-30mass%Ni

”, 

19

2009 11 13

. 

H. Sato, Y. Kubota, E. M. Fujiwara and Y. 

Watanabe: “Microstructure and mechanical 

property of wear-induced layer in Fe-Ni alloys”, 

2
nd

 Internal Symposium on Steel Science 2009 

(ISSS2009), 2009 10 21 -24

. 

Stefan Zaefferer : 

“Fe-30%Ni

EBSD ”

3D/4D

2009 9

14 . 

 

 

1  

 

 

 

 

2010-80243 

2010 3 31  

 

 

 

(1)  

SATO Hisashi  

 

 


