INTERNATIONAL ISO
STANDARD 23692

First edition
2021-04

Microbeam analysis — Electron
probe microanalysis —Quantitative

analysis of Mn dendritic segregation in
continuously cast steel product
Analyse par microfaisceauxy~'Analyse par microsonde da Castaing

— Analyse quantitative de la ségrégation dendritique du manganése
dans un produit en aciercoulé en continu

Reference number
1SO 23692:2021(E)

©1S0 2021


https://standardsiso.com/api/?name=6af4d53a6273ab8f4f109c89de7ee6c1

IS0 23692:2021(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2021

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 ¢ Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=6af4d53a6273ab8f4f109c89de7ee6c1

IS0 23692:2021(E)

Contents Page

FFOTE@WOIM ...........oooooeooeeeeee e85 8 588 iv

IIEIOAUCTION. ......ooooo etk 881888558 v

1 S0P ... 1

2 Normative references

3 Terms and definitions

4 Principle

5 Selection of reference material............ @ e 2

6 Sampling and specimen preparation ...l 2
6.1 B2 D80 0110 OSSO, 5 NG IS 2
6.2 Specimen PreParation ... G T, 2

7 Calibration of the INSTIUMENE ... s 3
PIOCEAUIE..........oooooooeoeeeeeeeeseeeeessseseeee s sssssssesssssssssseesssssssssseesssssssnss Kty s sssssss e
8.1 Prepare the instrument
8.2 Set up the experiment PAramMELErsS ... S s 3
8.3 Perform the analySis. ... e 4
8.4 Process the data. ... St 4

9 UNCEIEAINEY ... B et | 5

10 REPOTTE ... A et | 5

Annex A (informative) Example of quantitative mapping analysis of dendritic segregatipn............ 6

Annex B (informative) Example of quantitativeline analysis of dendritic segregation

BIDIHOZTAPIIY . ... N

© 1S0 2021 - All rights reserved iii


https://standardsiso.com/api/?name=6af4d53a6273ab8f4f109c89de7ee6c1

ISO 23692

:2021(E)

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.
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Introduction

Electron probe X-ray microanalysis (EPMA) is a modern technique used to qualitatively determine and
quantitatively measure the elemental composition of solid materials, including metal alloys, ceramics,
glasses, minerals, polymers, powders, etc., on a spatial scale of approximately one micrometer laterally
and in depth. EPMA is based on the physical mechanism of electron-stimulated X-ray emission and
X-ray spectrometry (see ISO 23833).

The dendritic segregation rich in Mn is unavoidable during steel solidification, which is the direct cause
of banded structure in steel product formed in the hot rolling process. The toughness and strength of

are-greatty-attected-by-the banded deture—Thegtantiticationot-the-dendritie-segyegation can
itate steel maker to optimize steel-making process parameters, and therefore controel the banded
strugture in the final product.

It is f new method to quantify the dendritic segregation through EPMA by measuring injomogeneity
of Mp with EPMA. In order to obtain comparative and repeatable results it is1iecessary to [standardize
this method. These enable products to be compared and evaluated for the ptirpose of quality control.

© IS0 2021 - All rights reserved v
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Microbeam analysis — Electron probe microanalysis
— Quantitative analysis of Mn dendritic segregation in
continuously cast steel product

1 Scope

This
billef

This
mas{

The
and

2

The
cons
unda

ISO
analy

ISO
expe

ISO
certl]

ISO }
speci

ISO 4

3

Fort

be

Normative references

document specifies procedures for quantitative analysis of Mn dendritic segregat
s, blooms, slabs using electron probe microanalysis (EPMA).

document is mainly applicable to continuously cast products with Mn contenf more th{
. It can also be used for steel ingots and steel products, such as cast iron and-¢ast steel

inimum size of analysable dendrites is totally dependent on the resolution of microsc
am size of filament used for quantitative analysis.

following documents are referred to in the text in suchfa way that some or all of t
fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

11938, Microbeam analysis — Electron probe, microanalysis — Methods for elemen
rsis using wavelength-dispersive spectroscopy

14594, Microbeam analysis — Electron.orobe microanalysis — Guidelines for the dete
rimental parameters for wavelength dispersive spectroscopy

14595, Microbeam analysis — Electron probe microanalysis — Guidelines for the sp4
(ied reference materials (CRMs)

p2489, Microbeam analysis—— Electron probe microanalysis — Quantitative point anal
Imens using wavelength.dispersive X-ray spectroscopy

3833, Microbeam-analysis — Electron probe microanalysis (EPMA) — Vocabulary

Terms and-definitions

he purposes of this document, the terms and definitions given in ISO 23833 and the foll

ISO 4

ion in steel

in 0,01 % by

bpe of EPMA

heir content
applies. For
hts) applies.
tal-mapping
rmination of

cification of

ysis for bulk

bwing apply.

ndJEC maintain terminological databases for use in standardization at the following z

ddresses:

I

I

3.1

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

EC Electropedia: available at www.electropedia.org

dendritic segregation
phenomenon that element content differs in the first-crystallized dendrite arms and post-crystallized

inter

3.2

-dendritic spaces during alloy solidification in a dendritic pattern

mapping analysis
method of analysing element in EPMA, through which element distribution in an area can be obtained
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line analysis
method of analysing element in EPMA, through which element distribution in a specified direction can

be obtained

3.4

ratio of dendritic segregation

SR

ratio of the maximum content in the inter-dendritic spaces and the minimum content in the dendrite

arms of the

4 Princi

Mapping an
element in g
above analy
to quantify
are exporte

selected element in the dendritic zone of a specimen

ple

alysis or line analysis is firstly performed to display the dendritic segregation o
certain area of steel billet. The map or line of X-ray counts can thus be obtained froq
sis. The calibration curve generated from a series of Mn reference materials is then
the map or line to convert X-ray counts to concentration of Mn. All doncentration v
H to precede further statistical analysis. Finally, the ratio of dendritic)segregation of |

calculated.

5 Selectjon of reference material

The reference materials selected for establishing the calibration:curve shall meet the specifica
of ISO 1459p and ISO 11938. A series of reference materials with the same matrix as the spec
and encompgassing the range of compositions in the specimen®s used to generate a correction c
Example of feference material is as follows: Fe-Mn alloy, whieh contain 1,8g/kg, 2,5 g/kg, 3,2 g/k
g/kg, 8,5 g/kg, 17,6 g/kg, 23,4 g/kg, 34,5 g/kg Mn and.residual Fe, respectively.

6 Sampling and specimen preparation

6.1 Sampling

Ifthe order, pr the International Standard'defining the product, does not specify the number of speci

and the poipt at which they are to be taken from the product, these are left to the manufacturer

recommend|

ed that two or more §ections be assessed. Care shall be taken to ensure that the speci

are representative of the bulk-ofthe product.

6.2 Specimen preparation

Unless othe

'wise stated by the product standard or by agreement with the customer, the tested |

of the specimen,shall be transversal.

The specim

pns’should be prepared using a well-conceived method, starting with sectioning w

f Mn
n the
used
hlues
Mn is

kions
imen
Lrve.
7, 5,3

mens
It is
mens

blane

ith a

device that imparts minimal damage, followed by an appropriate sequence of grinding and polishing
steps, finishing with an abrasive of at least 1 um, to yield a flat surface with minimal preparation-
induced damage. After polishing, the specimen should be carefully washed with water, cleaned with
alcohol and finally dried using either clean compressed air or a flow of hot air from a device similar to a
hair dryer or a hand dryer.

If necessary, the specimen shall be embedded in a conducting medium and metallographically polished.
In case of the use of non-conducting mounting medium, a conductive path must be established from the
specimen to the ground to prevent charging.
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7 Calibration of the instrument

The instrument shall be calibrated at regular intervals. The stability of beam current, magnification,
specimen stage and X-ray intensity shall be periodically checked according to ISO 11938. The stability
of the instrument should be measured over a time period similar to that used for the mapping analysis.

8 Procedure

8.1

Prep

8.2

Seled

elem
para

Prepare the instrument

are the instrument to be ready for quantitative analysis according to ISO 14594 and,IS

Set up the experiment parameters

ent. The experimental parameters shall be set in accordance with [SQ114594. The re
meters for mapping and line analysis are listed in Table 1 and Table 2;veSpectively.

Table 1 — Recommended test conditions for quantitative mapping analysi

Item Test conditions
WDS crystal LIF
Characteristic K Yne
X-Ray «

Islf:t?:)igg Stage scanning

églct“:ggati“g 15 kV~20 kV

Beam current 100 nA~300 nA

Beam size 1 pm~10 pm

Pixel size Equal to beam size

Dwell time 5ms~5s

gi‘)‘:gls’er of More than 10 000

Area More than 1 mm?2, including more than or equal to 10 dendrites

0 22489,

t the location and size of the required mapping or line area on the specimefi;€hoose M1 as analysis

commended

12
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Table 2 — Recommended test conditions for quantitative line analysis

8.3 Perfo

Perform the
be in accord

Use the refe
calibration

the Mn conc
proceed fur

8.4 Proce

Data proces

a)
b)

<)

d)

Delete 7
Removd

Sort all

Item Test conditions
WDS crystal LIF
Characteristic K line
X-Ray «
Scanning )
method stage scanning
églctzlgegati“g 15 kV~20 KV
Beam current TOU nA~300 nA
Beam size 1 pm~10 pm
Pixel size equal to beam size
Dwell time 0,1~5s
Pixel number more than 1 000
Line length more than 1 mm
Line number more than 6

more than or equal to 3 lines parallel to X direction, evenly distributed
inamore than 1 mm?2 area; more than or equal t0-3 lines parallel to
Y direction evenly distributed in a more thal mm? area

Line distribu-
tion

rm the analysis

mapping or line analysis of Mn and collect X-rayintensity data. The mapping analysis
ance with [ISO 11938.

rence materials to establish Mn calibration curve according to ISO 22489. Then us

shall

b the

furve to convert the measured raw data“into quantitative concentration values. Expoyrt all
entration data and save as an MS-Excel filel). Import the data to Matlab or other softwdre to

[her statistical analysis.

ss the data

cing shall be performed as follows:

ero and negative-iumbers.

the abnormal.data produced by MnS inclusions.

the Mn cencentration data in an increased order. The data with the same Mn concentr

htion

ranges from.1 to N. N is the number of pixels of mapping or line analysis. The cumulative freqyency

X can b

value s{all be arrayed in succession. Each Mn concentration data has a sequence number, which

obtained by the sequence number of the data divided by N. The variation curve df Mn

concentration can be drawn with the Mn concentration value as x-axis and the accumulated

frequen

Cy as y-axis.

Calculate Cy,,, (the minimum value of Mn concentration) and Cy,,), (the maximum value of Mn
concentration). Cy,, is the arithmetic average of the least P*N data. ;4 is the arithmetic average
of the maximal P*N data. The value of P should be determined by agreement between the parties
concerned. Unless otherwise specified, P is recommended to take 0,15.

Calculate the segregation ratio according to Formula (1)

1) Microsoft Excel™ is the trademark of a product supplied by Microsoft. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of the product named.
Equivalent products may be used if they can be shown to lead to the same results.

4
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SR = Chigh/Ciow

e8]

Example of quantitative mapping analysis is given in Annex A. Example of quantitative line analysis of
is given in Annex B.

9 Uncertainty

Specimen preparation, calibration of the instrument, analytical conditions, selection of reference
materials, correction method, and other factors offer information on the uncertainties in such
measurements. For a list of factors, see IS0 22309:2011, Annex C.

10 Report

Records of the instrument and individual investigations shall be kept so that, if'\vequired,
rming to ISO/IEC 17025:2017, 7.8, may be issued. Reports shall presént’at least the following

conf
infor]

a) 4
b) i
c 1
d) ¢
e) 1
f) 1
g i
h)

mation:

| reference to this documenti.e. ISO 23692:2021;

dentification of the specimen, heat, lot, etc.;

he number and the location of the samples taken from the tést piece;
est conditions;

eference materials;

atio of dendritic segregation;

iny deviations from the procedure andany unusual features observed;

he date of the test.

i test report
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Annex A
(informative)

Example of quantitative mapping analysis of dendritic segregation

A.1 Prepare the instrument ready for quantitative analysis.

A.2 Open [the analysis software, choose Mn as the analysis element, set experiment paramgters:
accelerating|voltage 20 kV, beam current 300 nA, beam size 6 pm, analysis area 2,4 x 1,8 mmx

A.3 Acquire the mapping of Mn by stage scanning.

A.4 Generpte the calibration curve from 8 Fe-Mn alloy serial reference matefials with the identical
conditions ifi A.2. The calibration curve (Figure A.1) is given by Formula (A.1):

I, = 62044274C; (A1)

where

I

. s tIe X-ray intensity of Mn K, measured on the referefice material;

C.

; e mass fraction of Mn in reference material,

ist

YA
16 000 |

12 000 |-
8 006 /

4000 | =

Key
X  Mn, mass %
Y intensity, cps

Figure A.1 — Calibration curve of Mn

A.5 Use the calibration curve to quantify the Mn element map to convert X-ray counts map into Mn
concentration map (Figure A.2).

6 © IS0 2021 - All rights reserved
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A.6 Export all data out and save as an MS-Excel file.

A.7 Import the data to Matlab to perform statistical analysis.
A.7.1 Delete zero and negative number.

A.7.2 Remove the abnormal data produced by MnS inclusions.

A.7.3 Sort all the Mn concentration data in an increased order. The data with same Mn concentration
value_shall be arrayed in succession. Each Mn concentration data has a sequence number, which ranges
from| 1 to 76800. Calculate the cumulative frequency. Draw the variation curve of Mnnnjass fraction
(Figure A.3).

Y|
13

1,23

1,15

1,08

0,93

0,85

0,78

0,7

500 um

Key

Y 1hass%

Figure A.2 — Mapping of Mn concentration

© IS0 2021 - All rights reserved 7
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0,8 i

0,6 | i

05T =
0,4 i

0,3 i

01F i

0,4 0,5 0,6 0,7 0,8 0,9 1 151 1,2 1,3 X

Key
X  Mn, mas$ %

Y cumulative frequency

Figure A.3 — Variation curvéf Mn mass fraction

A.7.4 Calcplate Gy, and Cyqp,. P is set as 0,15: G, is 0,80 and Cyjjgy, is 0,99.

A.7.5 Calcplate the segregation ratio.

SR: Chigh / ClOW :1,23
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Annex B
(informative)

Example of quantitative line analysis of dendritic segregation

B.1 Prepare the instrument ready for quantitative analysis.
B.2 | Open the analysis software, choose Mn as the analysis element, set experiment*|parameters:
accelerating voltage 20 kV, beam current 300 nA, beam size 6 um, 6 analysis lines including three 2,4 mm-
long lines in X direction and three 1,8 mm-long lines in Y direction equally dividedthe“analyyis area (see
Figufe B.1).
I T 7] 1
: I
line 1
T
: I
: I
line 2 |
T
: [
: I
line3 | 1
: I
|
[T P - i [P _I
line line 5 line 6
Figure B.1 — Schematic diagram of the distribution of lines in line analysis
B.3 | Acquire the K, intensity 6f)Mn along each line by stage scanning.
B.4 | Generate the calibration curve from 8 Fe-Mn alloy serial reference materials with the identical
condjitions in B.2. The-calibration curve (Figure B.2) is given by Formula (B.1):
I|= 620+4274C; (B.1)
where
I; “Zis the X-ray intensity of Mn K, measured on the reference material;
C; isthe mass fraction of Mn in the reference material.
© IS0 2021 - All rights reserved 9
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Key
X  Mn, mas

YA
16 000 |

12 000 |

8000 "

4000 | m

5 %

Y intensity} cps

B.5 Use tH

Figure B.2 — Calibration curve ofMn

lines (Figurg B.3).

B.6 Expor

[ all data out and save as an MS-Excel file;

B.7 Import the data to Matlab to perform statistical analysis.

B.7.1 Deldte zero and negative number:

B.7.2 Renjove the abnormal dataproduced by MnS inclusions.

B.7.3 Sort
value shall K
from 1 to 2

(Figure B.4)

B.7.4 Calc

ulate Cy,,, and Cy;,;,. P is setas 0,15. Gy, is 0,79 and Cy ., is 0,96.

>V

e calibration curve to quantify the Mn to convert X-ray counts lines into Mn concentration

all the Mn concentration data in an increased order. The data with same Mn concentrption
e arrayed imsuccession. Each Mn concentration data has a sequence number, which rgnges
088. Calculate the cumulative frequency. Draw the variation curve of Mn mass fraction

B.7.5 Calculate the segregation ratio.

SR:Chigh/CIOW :1,22

10
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