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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 procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee 202, Microbeam analysis.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This test method produces a total quantification result of austenite, separate quantification results of
austenite with different aspect ratio, as well as morphology and distribution of austenite. The retained
austenite in steel, such as transformation induced plasticity (TRIP), twinning induced plasticity
(TWIP), quenching and partitioning (Q&P) steel, can give steel good plasticity due to its TRIP effect,
which is that high plasticity can be induced during deformation by the transformation of austenite into
martensite. The TRIP effect is greatly affected by the content and stability of austenite. The stability
of austenite can be divided into chemical stability and mechanical stability. The chemical stability is
mainly influenced by the carbon content of the austenite. The mechanical stability is primarily affected
by the morphology, aspect ratio, distribution in the matrix of austenite. It is important to understand
the effect of austenite on the mechanical properties through the quantitative results of electron
backscatter diffraction (EBSD).

In a conventional scanning electron microscope (SEM) with a tungsten filament, a spatial resolution
of about 0,25 pm for EBSD can be achieved; however, with a field-emission gun SEM (FEG-SEM), the
resolution limit is 10 nm to 50 nm for EBSD, although the value is strongly dependent both on the
instrument and the instrument operating parameters. See [SO 24173.
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INTERNATIONAL STANDARD IS0 23749:2022(E)

Microbeam analysis — Electron backscatter diffraction —
Quantitative determination of austenite in steel

1 Scope

This document specifies procedures for quantitative analysis of austenite in steel using electron
backscatter diffraction (EBSD). This document is mainly applied in low and medium carbon steels, low
and medium carbon alloy steels.

This document is used to analyse austenite with grain size larger than 50 nm. This method is not used
to quantify austenite with grain size smaller than 50 nm, which can significantly affect the accuracy of
the analysis results.

NOTE1 Thesize limitis strongly dependent both on the instrument and the instrument operating parameters.

NOTE 2  The size limit is the minimum grain size of the detectable austenite.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 13067, Microbeam analysis — Electron backscatter diffraction — Measurement of average grain size

ISO 22309, Microbeam analysis — Quantitative analysis using energy-dispersive spectrometry (EDS) for
elements with an atomic number of 11 (Na) or above

[SO 22493, Microbeam analysis — Scanning electron microscopy — Vocabulary

[SO 24173, Microbeam analysis — Guidelines for orientation measurement using electron backscatter
diffraction

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 13067, ISO 22493, ISO 24173
and the following apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at https://www.electropedia.org/

3.1

equivalent circle diameter

ECD

diameter of the circle with an area equivalent to the grain section area

3.2
aspectratio
ratio of the length of the minor axis to the length of the major axis of an ellipse fitted round a grain

Note 1 to entry: It is sometimes referred to as grain elongation.

Note 2 to entry: The value lies in the range 0 to 1.

©1S0 2022 - All rights reserved 1
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Note 3 to entry: There are several ways of fitting the ellipse round the grain. Different fitting methods can result
in small difference in the measured aspect ratio.

3.3
pattern quality
sharpness of a diffraction band or the contrast range of a diffraction pattern

Note 1 to entry: Different terms, such as band contrast, band slope, image quality, and so on, are used in different
commercial software packages.

34

indexing reliability

numerical value that indicates the confidence/reliability that the indexing software places in an
automatic analysis

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

a) the average difference between the bands experimentally determined and the bands calculated from the
orientations determined by EBSD software;

b) 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.

3.5
non-indexing
non-assignment of an orientation, e.g. due to insufficient pattern quality (3.3) of the diffraction pattern

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

3.6

misindexing

assigning an incorrect orientation or phase to the measured EBSD pattern, or dissatisfying the required
indexing reliability (3.4)

Note 1 to entry: This can occur for a number of reasons, e.g. pseudosymmetry effects, attempting to index a poor
pattern or attempting to index a pattern from an unanticipated phase for which the indexing software is not
configured.

3.7
hit rate
percentage of electron backscatter diffraction patterns (EBSPs) that have been reliably indexed

Note 1 to entry: Both the misindexing (3.6) and non-indexing (3.5) data are considered to be unreliably indexed.

3.8

data cleaning

process chosen to accommodate non-indexing (3.5) and misindexing (3.6) data within the map, using a
given set of parameters, typically based on the characteristics (orientation, phase) of a certain number
of nearest neighbours

Note 1 to entry: A wide range of terms (not necessarily mathematically precise) is used in the various

commercially available software packages for different data-cleaning operations, including noise reduction,
extrapolation, dilation and erosion.
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4 Specimen preparation

4.1 Sampling

If the order, or the International Standard defining the product, does not specify the number
of specimens and the location at which they are to be taken from the product, these are left to the
manufacturer. It is recommended that two or more sections are assessed. Care shall be taken to ensure
that the specimens are representative of the bulk of the product.

4.2 Preparation

In order to achieve a high degree of indexing of individual pixels, it is necessary to produce a surface
polish which produces EBSD patterns of sufficient quality to be indexed reliably. The criteria used
for indexing reliability shall be defined and reported by the user. Over-etching of grain boundaries
should be avoided since it leads to increased numbers of non- and mis-indexed points and to low index
reliability at the grain boundaries. The surface of specimens used for EBSD test should be free from
deformation due to specimen preparation and flat. Poor deformation can leave at, or just below, the
surface, or can leave contaminants, oxides, reaction product layer on the specimen surface. Due to the
high tilt of the specimen surface (typically 70°) with respect to the electron beam, minimizing surface
reliefis also important part of good specimen preparation. Guideline on specimen preparation for EBSD
should refer to standard texts on polishing and etching and ISO 24173. In general, electro- polishing
is recommended. Ion milling is not recommended for the preparation of austenite specimen because
austenite is easy to transform into martensite during this process.

5 Procedure

5.1 Stage positioning and calibration

The procedures for stage positioning and calibration set out in ISO 24173 shall be followed. The
specimen shall be fixed to the scanning electron microscope (SEM) stage in the desired orientation with
the specimen axes relative to the stage axes and imaged at a working distance at which the SEM and
EBSD image magnification has been calibrated and at which the EBSD system itself has been calibrated
to index diffraction patterns. The polished surface of the specimen should be tilted 70° towards the
EBSD detector. The good conductivity of the specimen shall be ensured in accordance with ISO 22309.
Carbon coating is not suitable for this application.

5.2 Setting of test parameters

5.2.1 The setting of acceleration voltage, beam current, spot size, measurement time and EBSP
signal background shall be in accordance with ISO 24173. However, with increasing the acceleration
voltage and beam current, the pattern quality increases, meanwhile the diameter of the electron beam
increases and the resolution decreases. Therefore, on the premise of satisfying the quality of EBSP, the
lower acceleration voltage and beam current are recommended. Generally, the acceleration voltage for
iron and steel specimens should be not less than 10 kV.

5.2.2 The scanning step size shall not exceed 1/5 of the average grain size of austenite. The average
grain size of austenite can be roughly estimated by using EBSD, which is to conduct a quick scan on one
field to estimate the average grain size according to ISO 13067.

5.2.3 A minimum of 6 fields should be scanned under 1 000x magnification. More fields are needed to
ensure the statistics when the magnification is increased. The total scanning area should be more than
0,065 mm?.

NOTE1  More fields might be needed to decrease the %RA value if the %RA is higher than 30 %. The calculation
of the %RA can be seen in 6.3.3.
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NOTE 2  The derivative process of the minimum request of the total scanning area is in Annex A.

5.3 EBSD data acquisition

5.3.1 Select body-centered cubic (BCC) and face-centered cubic (FCC) iron phases for indexing and
start scanning, the EBSPs can be stored for later re-analysis if necessary.

5.3.2 Define the critical value of the indexing reliability. The critical value should be not more than
1 degree (<1°) in the system using mean angle difference (MAD) as the critical value of the indexing
reliability. The critical value should be more than 0,1 (>0,1) in the system using confidence index (CI)
as the critical value of the indexing reliability. Then find the misindexing data and set the data non-
indexing. The critical value shall be specified in the report.

5.3.3 The hit rate shall be not less than 85 % for martensite-containing microstructure, and 90 %
for martensite-free microstructure, respectively. The higher the hit rate is, the higher the probability
of correct austenite quantification is. In order to improve the measurement precision, the appropriate
specimen preparation method should be chosen to obtain as high as possible of the hit rate.

6 Data calculation
6.1 Data processing

6.1.1 Define grain boundaries. The misorientation angle that is used to define the grain boundary
shall be 15°.

6.1.2 Clear small grains. The grains, in which the number of data points is less than a critical value,
shall be removed and set the data non-indexing. The critical value shall be defined by user (typically
3 to 5 for a square grid, and 3 to 4 for a hexagonal grid), or be determined by consultation with the
customer.

6.1.3 Data cleaning. Assign every non-indexing with the phase and average orientation of its certain
number of neighbours. The number of neighbours shall be defined by user (typically 5 to 6 for a square
grid, and 3 to 4 for a hexagonal grid), or be determined by consultation with the customer.

NOTE In a square grid, if a group of non-indexing data contains 5 pixels, the minimal number of neighbours
used for data cleaning with an iterative operation is 5, and for 3 pixels the minimal number is 6. In a hexagonal
grid, if a group of non-indexing data contains 4 pixels, the minimal number of neighbours used for data cleaning

with an iterative operation is 3, and for 3 pixels the minimal number is 4. If the noise reduction level is lower than
those minimal number, the artificial errors will increase.

6.2 Calculation of the content of austenite

For each field the content of austenite is the data percentage of FCC phase, VAI (i = 1,~N). The average
value of austenite in this sample can be obtained through Formula (1).

— 1 N
VA :NZVAI' (1)
1
where

v, isthe average value of the austenite content measurements for N fields, %;

Va,  isthe individual field measurements of austenite content, %;
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N is the number of measurement fields.
6.3 Calculation of 95 % confidence interval and relative accuracy

6.3.1 General

In this document, the standard deviation, 95 % confidence interval (95 % CI) and relative accuracy
(%RA) are employed to characterize the measurement error of austenite content, if the number of
measurement field is more than 1.

6.3.2 Calculation of standard deviation

Calculate the standard deviations S of the austenite content measurements for N fields, according to

Formula (2):

1
1 < —\2 |2
5=[N—_12(VA,- ~Va) } @)

S is the standard deviation, %);
v, istheaverage value of the austenite content measurements for N fields, %;
Vs, istheindividual field measurements of austenite content, %;

N is the number of measurement fields.

6.3.3 Calculation of 95 % confidence interval
Calculate the 95 % confidence interval for each measurement according to Formula (3):

95%CI :i% 3)

where
95 %CI is 95 % confidence interval, %;
S is the standard deviation, %;

t is a coefficient related to the number of measurement fields and used in conjunction with
the standard deviation of the measurements to determine the 95 % CI;

t varies with the number of fields N (see Table 1);

N is the number of measurement fields.

Table 1 — ¢ values for calculating 95 % confidence interval

N t N t N t

1 — 11 2,228 21 2,086
2 12,706 12 2,201 22 2,080
3 4,303 13 2,179 23 2,074
4 3,182 14 2,160 24 2,069
5 2,776 15 2,145 25 2,064
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