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The remote-handling typed EBSD-OIM analyzer for heavy irradiated reactor materials 
was installed in the JMTR hot laboratory at the first time in the world. The analyzer is 
used to study on IASCC (irradiation assisted stress corrosion cracking) or IGSCC (inter 
granular stress corrosion cracking) in reactor materials. This report describes the 
measurement procedure, the measured results and the operating experiences on the 
analyzer in the JMTR hot laboratory.
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2.

2.1 
Fig.2.1

Table 2.1 (EBSD)
(OIMTM)

(2) Table 2.2
EBSD

CCD SEM
SEM SEM

EBSD

2.2 No.7
No.7(L-7) Fig.2.2

2.7m 1.25 1.4 15cm +
M7 1 3

37GBq

2.3 (EBSD)
EBSD SEM

EBSD SEM
EBSD

2 mm 2 mm X
100 nm 100 nm

EBSD ECP* Electron Channeling Pattern

* ECP Electron Channeling Pattern SEM
SEM

10
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2.4 (OIMTM )

OIMTM Orientation Imaging Microscope SEM 70

1 10 30

2.5
SEM (EBSD)

EBSD

SEM
EDSD Fig.2.3

EBSD CCD

EDSD

15mm Fig. 2.4 OIMTM

EBSD 70
70

70
70

Fig.2.5 Fig.2.6

EBSD
EBSD

EBSD
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Table 2.1  

0.5kV 30kV
 10-12 10-6A

 4.0nm 30kV,WD=8mm
LaB6

X-Y

 125mm

X=80mm,Y=40mm
 -10 +90
 R=360

15 200,000
CRT

1
/

 PIC/TV( ) LSP
0.27,0.58,2.88,9.6s/fiame 

28.8,86.4s/flame

7 10-4 Pa 
100Lit/min

300Lit/min
20Lit/min

-
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Table 2.1  

 1280 960, 2560 1920,5120 3840,  
10240 7680(pixels) 

 4096
3ch

BMP,TIFF 

Table 2.2  (OIMTM)

EDSD CCD
CCD

 IEEE1394
 70

 40mm
CCD

OIMTM Data collection

SEM

 Hough 3
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Table 2.2  (OIMTM)

 TSL

X Y
Image Quality, Confidence Index, Phase, SEM
Hougha , EBSD

OIMTM Analysis 
Image Quality(IQ), Confidence Index(CI), Grain Average IQ, 
Grain Average CI, Grain Size(GS), Taylor Factor, Schmid 
Factor
Image Quality(IQ), Confidence Index(CI), Grain Average IQ, 
Grain Average CI, Grain Size(GS), Inverce Pole Figure(IPF) 
Grain Orientation Spread, Grain Average Misorientation 
Phase, Taylor Factor, Schmid Factor 

- (CSL)

ODF

MDF -

Image Quality(IQ), Confidence Index(CI), Grain Average IQ, 
Grain Average CI, Grain Size(GS), Grain Orientation Spread, 
Grain Average Misorientation,

Taylor Factor, Scmid Factor, 
(CSL) Pole Plot, Texture Profile, 

/
/
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Fig.2.3  SEM EDSD

Fig.2.4  OIMTM

LaB6

EBSD

CCD

EBSD

Signal Processing 
      (OIMTM)

SEM Image         Crystal Grain Image 

Image Quality Map     Crystal Grain Boundary
Structure Image 

EBSD ; Electron Backscatter 
         Diffraction pattern

70
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m
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Fig.2.5
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Fig.2.6
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3.1 (EBSD)
EBSD 2

Fig.3.1

1  Image Quality
Image Quality Hough Image Quality

IQ IQ
IQ IQ
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3.2 (EBSD)
OIMTM OIMTM

(1)
**

(2)

2

3.2.1

Image Quality

SUS304 (3) Fig. 3.2 Fig. 3.2(a) (e)

Image Quality Fig. 
3.2(f) (j) Fig. 3.2(k) (l)

Fig.3.3
SUS304

Fig. 3.2(m) (n)
1mm 3mm

SUS316 (3) Fig. 3.3 SUS304

**
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Fig. 3.3(a) (b)
Fig. 3.3(c)

Fig. 3.2(n) Fig. 3.3(c) SUS304 SUS316L

EDSD

SUS304
(3) Fig. 3.4

Fig. 3.4(a) (c)

Fig. 3.4(d) Fig.3.2(n)

Cr Cr
Cr Cr

Cr nm
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3.2.2

SUS316L

EBSD

288 2 3 10-7 s-1 SUS316L
(4) Fig. 3.5

Fig. 3.6

Fig. 3.7 FCC

Fig.
3.8

2 m Hexagonal grid 6 m

2 m

0493.0
0MM

p

p (%) 
M0 misorientaion
M misorientaion

0 5 misorientation
0 5

92%

Fig. 3.9 SUS304

��������������������

����



Image Quality

Fig. 3.9(e)
Fig. 3.9(f) (g)

0.3 m

1 mm 1 mm 0.3
m
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Fig.3.1

Image Quality
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Fig. 3.1
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(a) (b) (c)

(d) (e)

Fig. 3.2 SUS304
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(f) (g) (h)

(i) (j)

Fig. 3.2 SUS304
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(k)

(l)

Fig. 3.2 SUS304
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(m)

(n)

Fig. 3.2 SUS304
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(a)  (b)

(c)

Fig. 3.3 SUS316L

Grain boundary

Low angle

Twin

CSL

Random

Low angle

Twin

CSL

Random
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Low angle boundary, 1
Twin boundary, 3
CSL boundary, 5-27
Random boundary

Low angle boundary, 1
Twin boundary, 3
CSL boundary, 5-27
Random boundary

(a)

2mm2mm

Low angle boundary, 1
Twin boundary, 3
CSL boundary, 5-27
Random boundary

Low angle boundary, 1
Twin boundary, 3
CSL boundary, 5-27
Random boundary

(b)

Fig. 3.4 SUS304
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Low angle boundary, 1
Twin boundary, 3
CSL boundary, 5-27
Random boundary

Low angle boundary, 1
Twin boundary, 3
CSL boundary, 5-27
Random boundary

(c)

Post irradiation SCC test

In-reactor SCC test

0% 20% 40% 60% 80% 100%

A02 crack3 (K=274MPa*m0.5)

A03 crack2 (K=57MPa*m0.5)

A03 crack1 (K=41MPa*m0.5)

A02 crack2 (K=31MPa*m0.5)

A02 crack1 (K=23MPa *m0.5)

A73 crack1 (K=17MPa*m0.5)
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1 3 5-27 Random

Matrix

GB character ratio (%)

Post irradiation SCC test
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A03 crack2 (K=57MPa*m0.5)

A03 crack1 (K=41MPa*m0.5)

A02 crack2 (K=31MPa*m0.5)

A02 crack1 (K=23MPa *m0.5)
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GB (not include subGBs)

1 3 5-27 Random
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GB character ratio (%)

(d)

Fig. 3.4 SUS304
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Fig. 3.5 [5]

Fig. 3.6 [5]

��������������������

����



�����������������

���

�����������������



(a) 15%

A
C

Fig. 3.7

A
B
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(b) 20%

A G
F

Fig. 3.7

A

BCD

E
F G
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0 15

1 15

0 15

1 15

Fig. 3.8 

(a)

Fig. 3.9 

1 mm 
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(b)

(c)

(d) Image Quality
Fig. 3.9 
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(e)
50 m

(f) 2 m (g) 0.3 m

Fig. 3.9 
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4.

4.1 (EBSD)
EBSD

EBSD

 EBSD
10 50nm

EBSD SEM 32mm, 25mm
EBSD

70
70

SEM Fig.2.3

Fig.4.1

4.2
EBSD SEM 0.5nA

30 SEM
LaB6

SEM
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4.3 
EBSD Fig. 2.4

Si Table 4.1

Table 4.1

 ( m)
m

50 1700 4000 30 0.41 
100 900 1800 20 0.54 
200 450 900 10 0.40 
500 200 400 3 0.46 
1000 100 200 1 0.85 
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Fig.4.1 ( )

CT

EBSD

EBSD EBSD70

SEM
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2001

IASCC IGSCC

(1)
(2) TSL OIM 2001
(3)Yukio Miwa, Yoshiyuki Kaji, Takashi Tsukada, Yoshiaki Kato, Takeshi Tomita, Nobuaki 
Nagata, Kouji Douzaki, Hideki Takiguchi, "Grain boundary character of cracks observed in 
IASCC and IGSCC", Proc. 13th Int. Conf. on Environmental degradation on Materials in 
Nuclear Power System - Water Reactors -, CNS, 2007. 
(4) SCC

JAERI-Research 2005-029 2005 9
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