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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedy

described i
different ty
editorial ru

Attention is
patent right
any patent 1
on the ISO li

Any trade n
constitute a

For an expl
expressions
the World

www.iso.or

the ISO/IEC Directives, Part 1. In particular,
bes of ISO documents should be noted. This document was drafted in accordance\wit
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may be the subje

ect of

s. ISO shall not be held responsible for identifying any or all such patént-rights. Detafils of

ights identified during the development of the document will be in the)Introduction ar
st of patent declarations received (see www.iso.org/patents).

hme used in this document is information given for the conyvenience of users and doe
h endorsement.

anation of the voluntary nature of standards, the ineaning of ISO specific terms
related to conformity assessment, as well as infermation about ISO's adheren
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT)
b /iso/foreword.html.

This docum

Any feedbad
complete lis

bnt was prepared by Technical Committee {SO/TC 202, Microbeam analysis.

k or questions on this document should\be directed to the user’s national standards bo
ting of these bodies can be found atawww.iso.org/members.html.

1d /or

S not

and
e to
see

dy. A

© IS0 2022 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=5416e6df7368e5e0e6a55965b5c1513a

IS0 23703:2022(E)

Introduction

Mechanical damage such as creep or fatigue, in engineering materials can be assessed by misorientation
analysis using electron backscatter diffraction (EBSD) technique. The EBSD technique measures
crystal orientation of sample surface by indexing EBSD patterns which are acquired by scanning its
surface with electron beam in a scanning electron microscope (SEM). It can give orientation maps and
misorientation maps. To determine the degree of damage induced in the materials, the misorientations
calculated from the mapping data are qualified by various parameters such as the local misorientation,
which is an averaged misorientation between neighbouring measurement points, and intra-grain
misorientations, which is an averaged misorientation between the reference orientation assigned to

each[crystal g P - These misorientation parame
well with the degree of mechanical damage caused by deformation, fatigue and/or creepy T
magnitude of the material damage can be estimated using the correlation curve which re
relatfonship between the misorientation parameters and the degree of the damage”(here
corr¢lation curve).

In the EBSD measurement, the crystal orientation is identified through electron beam illu
the material surface, acquisition of the EBSD pattern by an image detector, and then crysta
identification by indexing of the EBSD patterns. It was shown that thé-point to point acc
crystal orientation measurement is about 0,05° to 0,5°. The misorientation parameters var
on SEM conditions, observation conditions, EBSD pattern acquisition conditions and crysta
identification conditions. Several measurement parameters\.are determined for cald
ientation parameters. In particular, the local misorientation greatly depends on f
een the measurement points (step size). Furthermare, the accuracy of the crystal
urement and the definition of the misorientationgparameters may depend on the h3
yare used for the measurement and analysis.xThere are several venders of comm|
meagurement and analysis systems. The correlation curve obtained for a certain condi
certdin measurement system is not always compdrable with other master curve obtained w
condfitions or systems. Therefore, it is necessary to have a standard to measure compar
curves to show the degree of mechanical.damage by using any EBSD systems.
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Microbeam analysis — Guidelines for misorientation
analysis to assess mechanical damage of austenitic
stainless steel by electron backscatter diffraction (EBSD)

1

Scope

This|document describes the guidelines for misorientation analysis to assess mechan
such|as fatigue and creep induced by plastic and/or creep deformation for metallic materi
electiron backscatter diffraction (EBSD) technique. This international standard defines mi
parameters and specifies measurement conditions for such mechanical damage asses
docujment is recommended to evaluate mechanical damage of austenitic stainlésssteel, wh
used|for various components of power plants and other facilities.

In thiis document, the mechanical damage refers to the damage which causes the fracture

matg

theniselves.

2
The

Normative references

following documents are referred to in the text im such a way that some or all of t

constitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of the refereficed document (including any amendme

[SO 44173:2009, Microbeam analysis — Guidelines for orientation measurement using electron
diffraction

3

Terms and definitions

For the purposes of this docunient, the following terms and definitions apply.

ISO dnd IEC maintain terminology databases for use in standardization at the following add

3.1

ISO Online browsing platform: available at https://www.iso.org/obp

[EC Electropédia: available at https://www.electropedia.org/

arealaveraged intra-grain misorientation
average of intra grain misorientation of all pixels in the measurement area

3.2

cal damage
als by using
sorientation
sment. This
ch is widely

f structural

rials due to external overload, fatigue and creep; excepting the cthemical and thermal damages

heir content
applies. For
hts) applies.

backscatter

Iresses:

area averaged local misorientation
average of local misorientation of all pixels in the measurement area

3.3

blank point
non-indexed point (pixel) due to insufficient quality of the EBSD pattern

Note 1 to entry: This can occur for a variety of reasons, such as insufficient specimen surface condition, dust or
contamination on the specimen surface, overlapping patterns at the grain boundary, a poor-quality pattern due
to the effects of strain, or if the pattern is from an unanticipated phase.

Note 2 to entry: See ISO 13067:2020, 3.4.2 for definition of non-indexing.

© IS0 2022 - All rights reserved
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electron backscatter diffraction

EBSD

diffraction process that arises between the backscattered electrons and the crystal planes in a highly
tilted crystalline specimen when illuminated by a stationary incident electron beam

[SOURCE: ISO 24173:2009, 3.7]

3.5

electron backscatter diffraction pattern

EBSD pattern

Kikuchi pa term—tke—electron—diffraction pattcl —whteh—is getret ated—or—a yhuoyhun S€reqn or
photographic film by backscatter diffracted electrons in a SEM

Note 1 to entfy: A specimen is generally tilted to 70 degrees to get better quality of the diffraction pattern.
[SOURCE: IS0 24173:2009, 3.8, modified — The definition has been modified.]

3.6

grain averdged intra-grain misorientation

one value fof each grain by averaging intra grain misorientations

3.7

grain averaged local misorientation

average of local misorientation of all pixels in a grain

3.8

grain boungdary

lines betwe¢n grains in an EBSD orientation map

Note 1 to entfy: Grains are defined by grouping connected neighbour pixels which misorientation is less thgn the
specified tolgrance angle.

[SOURCE: IS0 13067:2020, 3.2.1, modified — The'definition has been modified.]

39

Hough transform

mathematicpl transformation of image’processing techniques, which converts a line in an imagg to a
point

Note 1 to entfy: This allows autemated detection of bands in an EBSD pattern.

Note 2 to entfy: In EBSD, adinear Hough transform is used to identify the position and orientation of the Kikuchi
bands in eaclh EBSD pattern, which enables the EBSD pattern to be indexed. Each Kikuchi band is identifiefl as a
bright spot i} Hough space. The Hough transform is essentially a special case of the Radon transform. Gengrally,
the Hough transformnis for binary images, and the Radon transform is for grey-level images.

[SOURCE: IS
3.10

0-24173:2009, 3.12, modified — The definition has been modified.]

indexing reliability
numerical value that indicates the confidence/reliability of indexing result which indexing software
place in automatic analysis procedure

Note 1 to entry: This parameter varies between EBSD manufacturers, but can include:

a)

angles calculated for the orientation determined by EBSD software;

b)

the average difference between the experimentally determined angles between diffracting planes and those

the difference between the number of triplets (intersections of three Kikuchi bands) in the EBSD pattern

matched by the chosen orientation and the next best possible solution, divided by the total number of

triplets.

© IS0 2022 - All rights reserved
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intra-grain misorientation
misorientation of each pixel with the average orientation of the grain

Note

1 to entry: See Figure 3.

Note 2 to entry: A map that displays the deviation of a pixel to a reference orientation

3.12

local misorientation
average misorientation between the measured pixel (P;) and neighbouring pixels

Note

Note
thres
from

3.13
mast
COIT§
degr

Note

3.14
mini
num

Note
is exd

3.15
misd
angld
axes

Note

3.16
misd
para

Note

3.17
patt
meas

1 to entry: See Figure 2.

2 to entry: When the misorientation between the measured pixel (P,) and neighbour pixe

hold angle like the measured pixels at the grain boundary as shown in Figure 2, these'pixels
the misorientation calculation.

fer curve

tlation curve obtained experimentally between misorientation pardmeter and mecharn
be

1 to entry: It is used to estimate damage degree quantitatively.

mum grain size

ber of pixels required to constitute a grain

1 to entry: If the sum number of measurements ednstituting a grain are less than this value t
luded.

rientation

p/axis pair, required to rotate one set of crystal axes into coincidence with the other §

for the given two crystal orientations

1 to entry: The smallest angle used here.

rientation paranieter

» o«

1 to entry: Itis.classified as 3 groups; parameter for each pixel, grain or area.

brnquality
ute of the sharpness of the diffraction bands or the range of contrast within a diffract

exceeds the
are excluded

ical damage

hen the grain

et of crystal

meter calculatedfrom misorientation such as “local misorientation”, “intra-grain misgrientation”

jon pattern

Note 1 to entry: Different terms are used in different commercial software packages, including, for example,

band
3.18

contrast, band slope and image quality.

pixel
smallest area of an EBSD map, with the dimensions of the step size, to which is assigned the result of a
single orientation measurement made by stopping the beam at a point at the centre of that area

[SOU

Note

©ISO

RCE: IS0 13067:2020, 3.1.2]

1 to entry: This is different from "camera pixels".

2022 - All rights reserved


https://standardsiso.com/api/?name=5416e6df7368e5e0e6a55965b5c1513a

IS0 23703:2022(E)

3.19

scanning grid
pattern of spacing of measurement points

Note 1 to entry: A regular hexagonal grid or a regular square grid is adopted generally. A hexagonal (square) grid
means that the individual points making up the scan area are situated on a hexagonal (or square) array.

3.20

step size

distance between adjacent points from which individual EBSD patterns are acquired during collection
of data for an EBSD map

[SOURCE: IS0 13067:2020, 3.1.1]

4 Abbreyiated terms

CCD charge coupled device

CMOS complementary metal-oxide semiconductor
EBSD electron backscatter diffraction

EBSP electron backscatter diffraction pattern
SEM scanning electron microscope/microscopy
WD working distance

5 Equipment for EBSD measurement

See ISO 241

5.1 SEM,

y3:2009, Clause 4.

position, stage, focus and magnifications

5.2 Acces

5.2.1 Pho

sories, for detecting.andindexing electron backscatter diffraction patterns, including

sphorescent (“phosphor”) screen, which is fluoresced by electrons from the specim

form the diffraction pattern:

5.2.3 Image acquisition device, with low light sensitivity, for viewing the diffraction pa
produced or the Sereen.

EPMA or FIB instrument, fitted with an electron column and including controls for heam

Een to

ftern

5.2.4 Co
processing,

puter, withr image processing, Computer-aided patter r Imdexing, data Storage and
and SEM beam (or stage) control to allow mapping.

data

NOTE Modern systems generally use charge-coupled devices (CCDs) or complementary metal-oxide
semiconductor (CMOS).

6 Preparation

6.1 Calibration

The procedures described in ISO 24173 shall be followed.

© IS0 2022 - All rights reserved
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6.2 Specimen preparation

The areas chosen for examination shall be representative of location of interest, and, if there is variation
with position in the specimen, the positions examined shall be recorded in relation to the specimen
geometry.

The procedures set out in ISO 24173:2009, Annex B shall be followed.

For specimen preparation for EBSD analysis, the following equipment can be required (depending on
the types of specimen to be prepared, ISO 24173:2009, Annex B):

— cutting and mounting equipment:

— 1nechanical grinding and polishing equipment;
— ¢lectrolytic polisher;

— iltrasonic cleaner;

— lon-sputtering equipment; and

— ¢oating equipment.

It should also be considered to avoid any phase transformation dutring specimen preparatign.

Undgsired damage on the specimen surface shall be removed-carefully. In order to obtain{the desired
damage-free surface for misorientation analysis, final\polishing using colloidal silica|or electro-
polishing is effective. If scratches remain on the surface, they cause larger misorientation fas shown in

Figure 1

100 pm 3 o 5 (degree)

a) Pattern quality map b) Local misorientation map

Key
1  scratches

Figure 1 — Example of remaining scratches

© IS0 2022 - All rights reserved 5
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7 Measurement procedures
7.1 Setting SEM operating conditions

7.1.1 Accelerating voltage

Accelerating voltage ranging between 10 kV and 20 kV is recommended to get reasonable EBSD
patterns. Increasing the accelerating voltage may result in increasing beam spread in the specimen,
and hence make the spatial resolution worse. It depends on the specimen Z number, but in most cases,
there is no merit to use higher accelerating voltage more than 20 kV with recent high sensitivity image
detectors.

See ISO 24173:2009, 5.3.1.

7.1.2 Prope current

Increasing t
and it will ¢
resulting in
camera exp

he probe current increases the number of electrons contributing to the |diffraction pa
rive brighter EBSD patterns. This improves the signal/noise ration_of the EBSD pat
better band detection and better orientation determination. Thetéfore, it allows sh
psure time, namely faster mapping.

[tern
ferns
brter

See ISO 24173:2009, 5.3.1.

7.1.3 Magnification observation
n the observation’s purpose, it is recommended:that the measurement area is nearly ¢qual

vation area because of that the effective probediameter depends on SEM’s magnificatjon.

Depending ¢
to the obser

The measur
grains beco
case of that

ement area should be set to include more than about 100 grains to avoid effects of indivjdual
ming too large. Therefore, the magnification should be set between 300 and 500 timles in
the grain size (diameter) is about couple of 10 pm.

7.1.4 Working distance

The ideal w
EBSD patter

brking distance for EBSD(is)the working distance at which the brightest region of thg
n (i.e. without background correction) becomes nearly at the centre of the phosphor sc
It is set at afound 15 mm in general case, but it can be changed depending on each SEM/EBSD syj
configuratign. Short working.distances generally improve the spatial resolution of EBSD measuremn
although additional care shalV’be paid to avoid collisions between the specimen and the pole-pie
the backscatter detector(if present).

raw
reen.
stem
ents,
ce or

See ISO 24173:2009,5,3.2.

7.1.5 Focus

EBSD measurement will be done with a highly tilted specimen in a SEM. Therefore, the focus can vary
depending on the beam position on the specimen (see ISO 24173). The dynamic focus is recommended
to be used to avoid the out of focus condition at upper and lower of measurement area.

See also 1SO 24173:2009, 5.3.
7.2 Setting the EBSD measurement conditions

7.2.1 Background correction

EBSD patterns generally have a bright centre and become much darker near the corners. The brightness
of raw EBSD pattern images decrease seriously in the surrounding area. Background correction should

© IS0 2022 - All rights reserved
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be used to make the “raw” EBSD pattern image into ones with more uniform brightness across its whole
area with better local contrast.

See ISO 24173:2009, 5.3.6.

7.2.2 Binning

The number of camera pixels, which form EBSD pattern image acquired through an image detector can
be adjusted by binning setting. If the image size becomes smaller, it means binning is set larger. Then
the time required for measurement becomes shorter, though the accuracy of orientation measurement
can become lower in general. Large binning does not always get the faster measurement speed either,

becafise of that the measurement speed 1s sometimes [imited by the image processing.sjeed or data
trangfer speed. The accuracy of orientation measurement for distinguishing about (0,5 orientation
diffefence, can be acquired by setting the binning to the image size between 100 x400 an/d 200 x 200
camera pixels.

See IS0 24173:2009, 5.3.4.

NOTH The binning is applicable to CCDs cameras and not applicable to CMOS ¢ameras.

7.2.3 Pattern averaging

Qualjty of EBSD pattern image can be improved by averaging.patterns collected more thajn one frame
at the same measurement point. However, the pattern averaging makes the measurementrs'Eeed slower
a lot] For this reason, it is recommended to increase the prsobe current to acquire the sanie quality of
EBSI) patterns, instead of using pattern averaging. The, quality of EBSD pattern is also cpntrolled by
adjugting the binning size and the gain of the image détector.

See IS0 24173:2009, 5.3.5.

7.2.4 Hough transform

Band detection during EBSD refers to the automatic detection of Kikuchi bands in an EBYP via use of

a Ho
acqu
depe
of Hd

Seel

7.2.5

Itis
in 7]
meay

ligh transform. Hough transforniation technique is used to extract bands from an E
ired by an image detector./ suitable set of Hough transformation parameters sh
nding on the features of EBSD patterns. These parameters may affect to the speed and {
ugh transformation caleulation.

50 24173:2009, 5,87

Measurement area

ecommended to include reasonable number of grains, it is expected more than 100 gra
.3, inythe measurement area to evaluate the average status of polycrystalline mat
urement area becomes larger, then the time for measurement becomes longer. In this g

BSD pattern
ould be set
he accuracy

ins as noted
brials. If the
ase, it might

be né

edéed to consider aboutthe cfnhi]ify of SEM’s such asthe beam drift or cpnrimnn drift

7.2.6 Step size

This depends on the type of specimen and the purpose of measurements. Reasonable number of
measurement points needs to be included in each grain. As the step size becomes smaller, more detail
distribution of misorientation can be obtained, though the time for measurement becomes longer. Also,
the resolution limit of EBSD should be taken into account to decide the step size. It should not be smaller
the resolution limit. Though it depends on specification of SEMs and measurement conditions, EBSD’s
resolution limit is estimated about couple of 10 nm.

To compare the local misorientation, it is necessary to set the step size same. Because the local
misorientation depends on the step size.

© IS0 2022 - All rights reserved
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7.2.7 Scanning grid

Either the square grid or the hexagonal grid can be chosen in some software. Both types of grid are
usable for misorientation calculation, however use of the same grid type is recommended to compare

the results.

8 Calculation of misorientation

8.1 Defin

ing grains

8.1.1 Gen

Misorientat
between tw
to the dam4
orientationd
misorientat

8.1.2 Seti

Grainisa g
pixels is le
recommend
large to def]
connected u

A 5°agrain

8.1.3 Seti

It is recomnpended to eliminate small grains-which are consisted of 9 pixels or less. Such small g

can producs

8.1.4 Caution

Intra-grain

local misorjentation are calculated based on defined grains, so it is affected by the paramete

define grair
the grain-ba
these misorj
specimen h
misorientat
some reasot

eral

on is calculated between two crystal orientations of measured pixels. MiSorient
p crystal orientations of measured pixels in different grains is not consideredto be re
ge discussed here. Therefore, the misorientation should be calculated athong the cr
of pixels within a same grain. For this reason, the grains must be defined before calcul
on data.

ing the misorientation to define grains

Foup of connected pixels under the condition that the mi§orientation between neigh
5s than the tolerance angle (angle for defining graifis). The tolerance angle of
ed to define the grains. The tolerance angle of 15° was.checked and it was considere
ine the grains, because of that the cases where obviously independent two grains
nder this condition were often observed.

definition angle is recommended.

ing of minimum grain size

some biased misorientation data:

misorientation, local misorientation, averaged intra-grain misorientation and aver

s, such as the,grain definition angle, minimum grain size, or grain diameter itself. V
sed misorientation are evaluated, it is recommended to check how the parameters 4
ientation.values by changing the grain definition angle or minimum grain size. Whe
hs some.sub-grain structure, special attention should be paid to calculate grain Y
on. Some grain based misorientation becomes larger as the grain size becomes larg
lablé.caution should be paid when materials with different grain size are compared.

htion
lated
ystal
ating

bour
5° is
1 too
were

rains

aged
rs to
Vhen
ffect
h the
ased
bT, SO

8.2 Data

screening

8.2.1 Evaluation of reliability of measured data

When EBSD (map) data is acquired, some pixels were not indexed correctly due to poor quality of EBSD
pattern images, which results in wrong or unreliable orientation data. Sometimes, these continuous
pixels with wrong or unreliable orientation data can form small grains. If the minimum grain size is
defined by 10 pixels, the pixels with lower reliability are eliminated automatically from misorientation

calculation.

The pixels can also be eliminated with lower reliability by setting some tolerance using pattern quality
or indexing reliability. However, these settings are not necessary in general when the minimum grain
size is defined.

8
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Treatment of blank pixels

The eliminated pixels are not used in misorientation calculation and result in blank points. The amount
of blank points can be increased when damage level becomes higher or sometimes specimens were
not prepared correctly. It is possible to replace these blank points by data cleaning procedure and fill
the blank points in the orientation map by indexed points. But data cleaning procedure can introduce
artefacts. Data cleaning procedure should not be used to get more accurate results.

8.3

Calculation of misorientation parameters

Terms of misorientation parameters are defined in Clause 3. Misorientation parameters in discussion

are cplculated based on pixels, grains and area such as scan area.

a) local misorientation

]

1
1

q

q

pixel(P;) and neighbour pixels with the same distance from the measured pixels. Fig]

There are other options for local misorientation calculation in case of square grid.

Local misorientation is calculated by averaging the misorientationi between th

he schematic illustration for local misorientation in both cases of'square grid and hex
Formulae (1), (2) and (3) show how to calculate the local misorightation.

urrounding P, can be used in the calculation. When the misorientation between the me
ind neighbour pixel exceeds the threshold angle like the-measured pixels at the grain
he pixel P, shown in Figure 2, these pixels are excluded from the misorientation calcu

1 2
O
\|~~'
51 AN
4P D
8|3
1]a
N P,
<N
PO

quare grid

b measured
ure 2 shows
agonal grid.

All 8 pixels
asured pixel
boundary as
ation.

EXAgoTat grid

Figure 2 — Schematic illustration for local misorientation calculation in both square grid and
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for square grid:

4
Y B(P0)
IM=—{1 1
y M
8
Zﬁ(ﬂ 1)
IM=—{1 2
- 2
for hexagonpl grid:
6
23(131 1)
LM =-1 3
- 3)
where
LM is the local misorientation;

B (A, B)| is the misorientation between A and B;

P is the point of interest.

b) Intra-grain misorientation

Intra-gijain misorientation is the relative misorientation of each pixel with the average orientation
of the gfain. Figure 3 shows the schematic illustration for intra-grain misorientation. The idda for
the calculation of intra-grain misorientatiotris same in both square grid and hexagonal grid.

There gre other options to set thesreference orientation. The orientation of the pixel with the
minimum local misorientation can-be set as the reference orientation.

10 © IS0 2022 - All rights reserved
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Key

c)

v
o o
P  _—Swmmm
— I
ES —S=SSaan
Ny ‘::1..\;“‘;“‘--. ‘
-~ 1
\\: ( {}’)\
=1 1o

eference orientation (grain average orientation)
Figure 3 — Schematic illustration for intra-grain misorientation calculatio

[rain averaged local misorientation

Grain averaged local misorientation is calculated/by averaging local misorientation value o

the g
grair

d)

1

rain. It then becomes one value for one grain. This means all misorientations among
are averaged.

Lirain averaged intra-grain misorientation

[rain averaged intra-grain miserientation is calculated by averaging intra-grain mi
ralue of all pixels in the grainilt then becomes one value for one grain. This means all mis
imong pixels in the graim are averaged.

A\rea averaged localmisorientation

)

A\rea averaged-loeal misorientation is calculated by averaging local misorientation
ixels in the fmedsurement area.

rea averaged intra-grain misorientation

rea averaged intra-grain misorientation is calculated by averaging intra-grain mi

Fall pixels in
pixels in the

sorientation
prientations

value of all

sorientation

alte of all pixels in the measurement area.

9 Material damage assessment

9.1

General

Material damage is assessed using the misorientation parameters by qualitative or quantitative
manner. In the qualitative assessment, mapping data of the misorientation parameters is used
to characterize the material damage and its distribution. On the other hand, in the quantitative
assessment, the misorientation parameter is calculated for each mapping data to represent the degree
of the material damage. The following misorientation parameters are recommended. It should be noted
that small damage can be difficult to detect due to resolution of misorientation analysis. On the other

©ISO
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hand, relatively large damage can deteriorate the EBSD pattern and makes it difficult to identify the
misorientation.

9.2 Misorientation parameter for qualitative assessments

The local misorientation is recommended for assessing the material damage. Since the local
misorientation reflects local gradient of the crystal orientation, it correlates with density of the
geometrically necessary dislocations. It should be noted that the local misorientation depends on the

step size for

crystal orientation measurement.

The intra-grain misorientation is the misorientation from the reference orientation and its magnitude

depends on choice of the reference orientation. Therefore, the intra-grain misorientation dee

correlate wi

9.3 Misol

The averagsd
that of the i
of the mate

averaging the microstructural inhomogeneity of material damage, the area averaged local and i

grain misor
grain misor
step size ar
conditions.

By preparir
misorientat
identified b}
grain misor
grain misor

In Annex A,
when the m
misorientat

10 Repor

Record the following measurement conditions as a measurement record.

[t is not easy
a) general

1) ar¢g

rientation parameter for quantitative assessments

h the dislocation density directly.

of the local misorientations in measured area (area averaged local misorientation]
htra-grain misorientation (area averaged intra-grain misorientation)represent the dg
rial damage for the measured area. If the size of the measured @rga is large enoug

ientations correlate with the degree of the material damage’ The area averaged i
entation is recommended because the intra-grain misorientation is hardly affected b
d not much affected by sample preparation, SEM obsérvdtion and crystal measure

g the relationship between the degree of material damage and the magnitude o
on parameters, the material damage can be quantified from misorientation param
y the EBSD measurement. Once the master €urve is obtained for the area averaged i
ientation, the curve is applicable for varigus measurement conditions because the i
entation is hardly affected by the meastGrement conditions.

round robin measurements were;thade for creep damaged stainless steels. It shows
pasurement was made according.to the prescribed procedure, the area averaged intra-
ons were almost identical regardless of SEM and EBSD systems used for the measurem

L

' to write downrall measurement conditions; for formatting, refer to Table 1 as an exar

ference to this document, i.e. ISO 23703;

b

not

and
gree
h for
ntra-
ntra-

[y the

ment

f the

pters
ntra-
ntra-

that,
brain
ents.

hple.

b) sample
1y
2)
3)

4)

4
ITpPdal dtivll.

sample type;

how to cut off, dimension;
how to polish;

how to fine polish;

observation condition:

1) SEM specification;

2) accelerating voltage;

12
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3)
4)
5)
6)

beam current;
working distance;

dynamic focus;

observation magnification;

d) EBSD measurement:

1y

date (year/month/day);

IS0 23703:2022(E)

())

1.1 b
1dDUIdtul'y,

measurement system;

measurement camera;

software;

camera settings;

measurement camera pixel size (applied camera pixels actually);

measurement area;

step size;

11) Hough transform;

e) 1isorientation calculation:

by
1)
3)
4)

software;

data screening condition;

tolerance angle for graiftboundary definition;

minimum grain sjze:

10) grid (square grid or hexagonal grid);

Table 1 — EBSD measurement conditions?

Standard conditions

Examples

Condition | Condition | Example for Example for Exiample for
A B OIM HKL CrystAlign
2 Carl Zeiss (arl Zeiss
£ SEM - - ULTRASS JSM-7001F Merlin
= Accelerating voltage
©
E ) 15 15 15 20 15
(5
= . Current 10 .
'8 Beam current 10 10 Medium Aperture 4 High
S |WD (mm) 15 15 15 17~31 20
§ Dynamic focus Yes Yes Yes Yes Yes
o Magnification - - x 400 x 400 x 400
©1S0 2022 - All rights reserved 13
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Table 1 (continued)

Standard conditions Examples
Condition | Condition | Example for Example for Example for
A B OIM HKL CrystAlign
Measurement system - - TSL OIM HKL Channel5 CrystAlign
Measurement camera - - HIKARI NordlysNano e-FlashHR
é Software - - Voo AztectiKl ESPRIT2.0
T |Gain (dB) 10 5 5 - 100
§ Black |evel 50 50 2,61 - -
5 Exposjure - - 0.1 sec 10 msec 7msec
§ Binning 8x8 1x1 8x8 8x8 20 x 20
z Pixel - - 80 x 60 168 x 128 80 x 60
g Background subtract Yes Yes Yes Yes Yes
S |Auto dontrast Yes Yes No Yes No
E No. of|frames - - - 2 -

_§ Targe{ material - - FCC and BCC FCC.and BCC FCC and BLC
5 Rangd (um x pm) - - 200 x 200 200 x 200 200 x 20D
Step sjze (um) - - 0,5 0,5 0,5

Grid - - Hexagon Square Square
Binnefl pattern size 90 120 120 - AUTO
§ Rho fifaction (deg) 85 85 85 - AUTO
@ |Max/Min peak count 8/3 8/3 8/3 8 AUTO
g Min peak magnitude 5 5 5 - AUTO
5 |Min pgak distance 23 23 23 - AUTO
E Peak yymmetry 0.5 0.5 0.5 - AUTO
Thetalstep size 1 0.5 0.5 - AUTO
L |Softwre - - Voot AztectiKl ESPRIT2J0
§ Thres h'old for data - _ Cl> 0.1 _ Max. BMM 2
@ ., |screefing
w
%x § Tol(?ra nce angle for 5o 5o 5o 5o 5o
= grain poundary
8 Minirr um r}umber of 9 9 9 9 9
g pixels|for single'grain
Data dleanrup No No No No No
a Examples jof-suitable products available commercially. This information is given for the convenience of users
of this document and does not constitute an endorsement by 15U of these products.
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Annex A
(informative)

Round robin crystal orientation measurement for damage

assessment

A1l

In Rd
orga
mate
to tH
calcy
intra
The ¢
creej
SEM

A2

The
chen
aften
from
life fi
2674
testq
(herg

Aftel
The

polis|
dam

The
Insti
and |
Insti

General

ference [2], crystal orientations of creep damaged Type 316 stainless steel wérie mea
hizations using the same specimens, passed in a round robin, in order to inyestigate t
rial damage assessment using the EBSD technique. The measurements wéke performe
is guideline. Two misorientation parameters, the local and intra-grain misorientd
lated using mapping data of measured crystal orientations. It was conicluded that the aj
-grain misorientation can be used for measurement of the creep damage (plastic and c
bmpirical relationship between the area averaged intra-grain misorientation and the d
h damage, which are denoted as the master curve in this guideline, can be shared rega
and EBSD system used. The summary of the round robin measurement is presented in

Observed specimens and measurement conditions

material used for the round robin measurement was Type 316 austenitic stainles
ical composition is shown in Table A.1. Solution heat-treatment was conducted by watg
holding 1 h at 1 343 K. Test specimens, whose geometry is shown in Figure A.1, wel
the material and subjected to creep teSts at 973 K with a constant stress of 100 MP
br this test conditions was 1 108,1 haThen, the tests were interrupted at scheduled tin
h to 694,4 h as shown in Table A.2:In this way, seven kinds of interrupted specimens g
d specimen were prepared for the EBSD measurement. The magnitude of plastic and
pafter called "strain") at the énd’of the tests is shown in Table A.2.

the creep tests, gage sections of the specimens were prepared for the round robin m
surface was polishedusing up to #2 000 emery paper followed by 9, 3 and 1 um dig
hing and finished by,colloidal silica (0,04 pm) polishing in order to obtain flat surfac
hge induced by miachining and the paper and paste polishing.

crystal orientation measurements were conducted by 10 organizations: IHI Corp
fute of Nucléar Safety System (B), TSL Solutions K. K. (C), National Institute for Occupat
{ealth;Japan (D), Chubu Electric Power Co. (E), Nippon Steel & Sumikin Technology Co
fute: of Technology (G), Iwate University (H), Kobelco Research Institute (I) and Bruk

ON

sured by 10
he scatter in
d according
itions, were
eaaveraged
reep strain).
egree of the
rdless of the
this annex.

s steel. The
r quenching
'e machined
h. The creep
hes between
nd one non-
creep strain

basurement.
mond paste
bs free from

oration (A),
ional Safety
(F), Niigata
ter AXS K.K.

he-EBSD systems used for the measurements were the OIM® (A, B, C, D, E and F), HKL®

(G, Hand1)

and CTysStAIgN® (J)Systems. T he measurement conditions are summarized inm 1abte A.3.

he common

step size of 0,5 um was applied for all organizations. The size of the measured area was 200 x 200 um?
except for one organization (J).

A3

Measurement results

A.3.1 Crystal orientations

Figure A.2 shows the mapping of the EBSD pattern quality parameter, which is referred to as the image
quality (IQ) for the OIM, band contrast (BC) for the HKL and pattern quality (PQ) for the CrystAlign
systems, obtained using the non-tested specimen. It is possible to know the quality of the SEM and
diffraction observation conditions from the pattern quality parameter. For example, if the SEM
observation is a bit out of focus, a blurred grain boundary is seen in the pattern quality mapping. The
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mapping results shown in Figure A.2 indicate that the SEM observation and EBSD pattern acquisition

were fine fo

r all measurements.

The measured crystal orientations for the specimen of 28,0 % strain are shown by maps in Figure A.3.

The crystal
by the disco

orientations are indicated using the colour code. The grain boundaries can be distinguished
ntinuous change in the crystal orientation. The grain boundaries were determined using the

tolerance angle of 5°. The crystal orientation varied slightly in the same grain. So-called geometrically
necessary dislocations were accumulated in order to account for inhomogeneous deformation of each
crystal grain. The material had an approximately equiaxial grain structure and the 28,0 % strain

caused elon

gation of the crystal grains in the loading direction. It should be noted that the texture was

not significant even if 44,6 % strain was accumulated.

A.3.2 Mis

Two kinds o
misorientat
between ne
HKL and th
grain misor
crystal grai

reference o

prientation parameters

f misorientation parameters were calculated using the measured crystal orientations:{local
on and intra-grain misorientation. The local misorientation is the averagedumisorientption
ghbouring measurement points and referred to as the local misorientation (LM) forr the
e kernel averaged misorientation (KAM) for the OIM and CrystAlign systems. The iptra-
entation is the averaged misorientation between the reference orientation assigned toleach
n and the orientations at measurement points inside the grain and referred to as the grain
ientation deviation (GROD) for OIM, grain misorientation (GMO) for HKL and MO avg¢rage

for CrystAlign. The reference orientation was determined as the avefdge of all crystal orientations

measured i

point. As shown in Figure A.3, the crystal orientation was not homogeneous even in the same
when the st

parameters
set, the mis
the local an
misorientat

not referred

Figure A4 s

Since the K1

KAM values

OIM and HK

inhomogeng
averaged lo

curve (master curve). However,the correlation showed eminent scatter. The misorientation obt4

by organiza
the data obf
averaged lo
misorientat
expected to

Itis worth n
The measu
was applied

ment
brain
htion
data

h the grain. These misorientation parameters were galetlated for each measure

rain was large. The degree of the inhomogeneity cah-be quantified by the misorient
In order to derive the representative misorientation parameter for each mapping
brientation parameters are averaged for the all‘points in the map. The averaged valyes of
d intra-grain misorientations are then defined as the area averaged local and intra-grain
ons, respectively. It should be noted that the area averaged intra-grain misorientation is
to as averaged GROD but to as grain orientation spread (GOS) in OIM.

hows the change in the area averagédlocal misorientation with the magnitude of the gtain.
AM obtained by the CrystAlign System is divided by the step size, which was 0,5 unj, the
shown in Figure A.4 were multiplied by 0,5 in order to compare the results obtained yising
L systems. The area averdged local misorientation increased almost monotonically] The
ous orientation due to thereep damage (strain) was successfully quantified by the|area
fal misorientation. The degree of the creep damage can be estimated using the correlation
lined
Fion | tended to e larger than that obtained by the other organizations. On the other hand,
ained by C, DSE)and F showed relatively small misorientations. The difference in the|area
fal misorientation was about 0,2°. Therefore, for example, when the area averaged |local
on of 0,4°is obtained for a damaged material, the accuracy of the damage estimated is
be morethan 10 % in strain.

nder.
g el gird
for the HKL and CrystAhgn systems The dlfference in the grld shape dld not brlng about

entlomng that the local misorientation dld not seem to depend on the EBSD system ve

any significant influence on the local misorientation. It was also revealed that the parameters KAM and
LM can be treated as the same parameter; the local misorientation.

The relationship between the area averaged intra-grain misorientation and the magnitude of the
strain is shown in Figure A.5. The area averaged intra-grain misorientation also exhibited monotonic
increase against the strain. Furthermore, the scatter band was relatively narrow compared with that

for the area

averaged local misorientation. The strain estimation using the area averaged intra-grain

misorientation is expected to be more accurate.
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A.4 Discussion

The area averaged local misorientation showed eminent scatter even for the non-tested specimen. The
scattering might be attributed, not to the measurement, but to material local inhomogeneity. The size of
the measured area was 200 pm x 200 pm or 300 um x 225 pm and the position of the measurement was
chosen arbitrarily from the specimen surface, which was approximately 18 mm x 18 mm. Therefore,
the actual local misorientation might differ area by area. However, the area averaged intra-grain
misorientation for the non-tested specimen was almost the same for all data sets. This implies that the
scatter in the area averaged local misorientation was mainly brought about by the EBSD measurement
itself.

The § ag 012 OT ATIoT 3 atl
intra-grain misorientations is relatively larger than that of the local misorientations. The ar

ohitude of the
ea averaged

d d Wd vely 2

intra-grain misorientation of the creep damaged specimens was more than 1°-where
avergged local misorientation was less than 0,8°. The misorientation from the refefence
tend§ to be larger than the misorientation between the neighbouring points. Thejnfluence]

as the area
orientation
of the error

in the crystal orientation measurement on the intra-grain misorientation beeomes relati
the rhisorientation error is the same. Furthermore, the influence of the error is reduced
averaging for the intra-grain misorientations. Thus, the intra-grain miserientation was no
much by the error in the crystal orientation measurement.

vely small if
by the area
t affected so

itude of the
raged intra-

the range

was about
ntation was
bnificant for
sorientation
D Size.

Since
strai
graif

the correlation between the area averaged intra-grain miserientation and the magr
h was clear, it is possible to estimate the degree of strain-decurately using the area avg

misorientation. The master curve did not depend on thé-SEM and EBSD systems. Fr
of scpttering of the area averaged local misorientation, the)error in the local misorientatio
0,2° pt the maximum case. Since the magnitude of theyarea averaged intra-grain misorie
much larger than 0,2° for the creep damaged specimen, the influence of the error is not si
estimating the magnitude of strain. It should be noted that the area averaged intra-grain mi
does|not depend on the step size, while the localisorientation greatly depends on the stej

Table A.1 — Chemical content of test material (mass fraction %)

Fe Mn P S Ni Cr Mo
Bal. 1,26 0,029 0,011 12,09 17,25 2,05
Thable A.2 — Interruption’times for creep tests and corresponding plastic and cree¢p strain
Interruption time /41| 2677 487,5 506,5 528,0 561,7 583,8 6P4,4
Strain / % 7,4 14,2 21,6 24,9 18,4 28,0 44 6

Table A<3“— Summary of SEM observation and EBSD measurement conditions (1 of 2)2
System OIM
(rganization A B C D E F
CCD camera HIKARI HIKARI DigiView [V | DigiView IV HIKARI DigiView IV
s Carl Zeiss JEOL JSM- | Elionix ERA- | JEOL JSM- Hitachi
SEM Philips XL30 | RA5S5 7001F 8800FE 7001F SU6600
Accelerating voltage
(kV) 20 20 15 20 20 20
Beam current unknown Medium -10nA 1600 15 Medium 5
WD (mm) 15 15 - 16 12 -17 25 15
Gain dB 10,1 11 unknown 2,1-47 0,99 3,29
Black level 4 2,61 unknown 1,91 0,96 0,21
Exposure (ms) 60,3 3,35 7,74 0.03 3.0 7,68
Binning 4 x4 8x8 8x8 8x8 5x5 8x8
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Table A.3 (continued)

Pixel 160 x 120 80 x 60 128 x 120 128 x 120 128 x 96 174 x 130
Background sub- Yes Yes Yes Yes Yes Yes
tract
Auto contrast No No Yes No No No
Binned pattern size 120 120 120 120 120 96
Rho fraction 85° 85° 90° 85° 90° 90°
Peak count (max/ 8/3 8/3 8/3 8/3 7/3 9/3
min)
Min peak mdgnitude 5 5 5 5 5 5
Min peak d]stance 23 23 unknown 23 23 (\%
Peak symmetry unknown unknown ~0.8 0.5 0.75 ~(‘l/\(’).72
Theta step size 1° 1° 1° 1° 1° ,\Q)J 1°
Rangp 200x200 | 200x200 | 200x200 | 200x200 | 200 xfzfQ\ 200 x 200
(um x ym) O
Step size [(Lm) 0,5 0,5 0,5 0,5 05 0,5
Grid Hexagon Hexagon Hexagon Hexagon %\P\Iexagon Hexagon
Dynamic focus No Yes Yes No /.\<( B Yes Yes
Magnification x 400 x 400 x 500 x 4Q)V x 500 x 40(
a Examples of suitable products available commercially. This 1nform%s is given for the convenience of ugsers
of this docurhent and does not constitute an endorsement by ISO of;,b e products.

RS

Table [A.3 — Summary of SEM observation and E&SD measurement conditions (2 of 2)2

Sysfem HKL Chahnels CrystAlign
Organifation G \L\H [ ]
CCD cgmera NordlysNano ﬁ&@}dlysNano Nordlys e-FlashHR
Software HKL Channel5 SP11 | \_AZtecHKL V2.2 HKL Channel5 ESPRIT2.0
SEM JEOL JSM- 6510@ JEOL JSM-7001F Hitachi SU-70 ZEISS Marlin
Accelera(tli‘l}g); voltage 20 C) 20 20 15
Beam chrrent } \% oo CurretnutriOALAper Current 53Aperture High
WD (fnm) ANV 19 17 -31 15 - 16,7 20
Gain[dB) b~ — — — 100
Black|level @ — — — —
Exposufe (ms) 8 10 10 7
Binr|ing 8 x8 8x8 8 x 8 —
Pixel 168 x 128 168 x 128 168 x 128 80 x 60
Background subtract Yes Yes Yes Yes
Auto contrast Yes Yes Yes No
Peak count (max/min) 6/4 8 6/4 Auto
Min peak magnitude — — — Auto
Min peak distance — — — Auto
Peak symmetry — — — Auto
Theta step size — — — Auto
No. of frames 2 2 1 —

18
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Range 200 x 200 200 x 200 200 x 200 300 x 225
(um x pum)
Step size (um) 0,5 0,5 0,5 0,5
Grid Square Square Square Square
Dynamic focus Yes Yes No Yes
Magnification x 200 x 300 x 400 x 315

a Examples of suitable products available commercially. This information is given for the convenience of users
of this document and does not constitute an endorsement by ISO of these products.

Key
a  Rolling direction.

130

Dimensiohs Jn millimetres

15

35

15

Figure/A.1 — Creep test specimen
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