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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards 
adopted by the technical committees are circulated to the member bodies for voting. Publication as an 
International Standard requires approval by at least 75 % of the member bodies casting a vote.

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.

ISO 16592 was prepared by Technical Committee ISO/TC 202, Microbeam analysis, Subcommittee SC 2, 
Electron probe microanalysis.

This second edition cancels and replaces the first edition (ISO 16592:2006), of which it constitutes a minor 
revision involving the following changes:

— instructions concerning the establishment of a conductive path from the specimen to ground to prevent 
charging and instructions concerning the minimization of outgassing of the specimen-mounting medium 
have been added to Subclause 2.3.2;

— in Subclause 2.3.3, the meaning of carbon-free ultrasonic cleaning has been clarified;

— the second sentence in Subclause 2.4.2 has been reworded to make it clear that the requirements apply 
to both the reference material and the unknown specimen.
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INTERNATIONAL STANDARD ISO 16592:2012(E)

Microbeam analysis — Electron probe microanalysis — 
Guidelines for determining the carbon content of steels using a 
calibration curve method

1 Scope

This International Standard gives guidance on a method for the determination of the carbon content in steels 
containing other alloying elements (less than 1 % to 2 % by mass) using the calibration curve method. It 
specifies the sample preparation, X-ray detection, establishment of the calibration curve and the procedure 
for the determination of the uncertainty of the measured carbon content. It is applicable to steels containing a 
mass fraction of carbon of less than 1,0 %. The method is not applicable to steels with higher carbon contents, 
which could significantly affect the accuracy of the analysis results.

This International Standard applies to analyses performed using normal beam incidence and wavelength-
dispersive X-ray spectrometry; it is not designed to be used for energy-dispersive X-ray spectrometry.

2 Procedure

2.1 General

In order to determine the carbon content in steels using a calibration curve, suitable reference materials should 
be prepared. For accurate analysis, extreme care should be used to prevent carbon contamination which would 
otherwise increase the apparent carbon content of the specimen.

The measurement of C Kα intensity should be carried out using the same procedures for the specimen and the 
reference materials; that is, specimen preparation, beam energy, beam current, beam diameter, point counting 
mode, step between points in case of line analysis, and also the method of background subtraction.

2.2 Reference materials

To establish the calibration curve to determine the carbon content, a suitable reference material or set of 
reference materials should be used. Examples of reference materials are as follows:

— Fe-C solid-solution reference materials which are manufactured by quenching from the austenite region 
at high temperature; these reference materials should be homogeneous and contain different carbon 
concentrations;

— Fe-C compound Fe3C[1].

Reference materials with a different C Kα peak shape compared to the unknown materials should not be used 
because the use of these reference materials causes a lowering of the quantitative accuracy.

2.3 Specimen preparation

2.3.1 General

The presence of carbon and/or its compounds as contamination on the specimen surface as a result of 
specimen preparation significantly affects the accuracy of carbon analysis. Extreme care should be used to 
prevent this contamination. The specimen preparation (mounting, grinding and polishing) procedures should 
be the same for both the reference material and the unknown material.
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2.3.2 Specimen mounting

Although it is often possible to analyse a specimen without the use of a mounting medium, for small or irregularly 
shaped specimens mounting will be necessary. It is important to realize that the mounting material can act as 
a source of carbon contamination. Various mounting media are available, such as Bakelite and copper-filled or 
aluminium-filled (or even graphite-filled) resins, and it is recommended that the user evaluate the different types.

Where a mounting medium is used, areas chosen for analysis should, if possible, be close to the centre of the 
specimen to avoid smearing effects close to the mounting medium/specimen interface.

A conductive path must be established from the specimen or reference material to ground to prevent charging.

Outgassing of the specimen-mounting medium should be minimized. Virtual leaks from porosity in the 
specimen and gaps in the mounting medium/specimen interface will degrade the vacuum, resulting in higher 
contamination levels.

2.3.3 Specimen polishing and cleaning

The surface finish of the specimen to be examined should be flat, clean and dry. The specimen should be 
prepared in the standard metallographic manner, using silicon carbide papers for grinding and diamond-
impregnated pads for polishing, etc. Final polishing should be with a carbon-free material such as alumina 
powder. After polishing, it is important to thoroughly clean the specimen so as to remove any residue resulting 
from the preparation, using a carbon-free liquid, such as ultrapure water, for ultrasonic cleaning.

2.4 Measurement of carbon Kα X‑ray intensity

2.4.1 Beam energy and beam current

The X-ray emission level of carbon is low due to low ionization probability and also because the absorption of 
C Kα radiation is very strong in almost all matrix materials. Increasing the beam energy above the excitation 
potential of C Kα increases the depth of penetration of the electrons, which increases the number of X-rays 
generated. However, the emitted fraction of X-rays is strongly decreased compared to the generated intensity 
because of the high absorption of X-rays before reaching the surface (see Figure 1). The optimum beam 
energy, which produces the maximum emitted X-ray intensity, is specimen-dependent. Although the optimum 
beam energy for many types of carbide which commonly occur in steels is in the region of 6 keV [2], in practice 
a value of 10 keV to 15 keV is more usually used when measuring carbon composition from the viewpoint of 
intensity of C Kα and beam diameter. The use of a high beam current will increase the total number of X-rays, 
but with an associated increase in beam diameter. Unless the beam diameter is an issue, the beam current for 
analysing carbon in steels should be set at a high value so as to be consistent with good counting statistics. The 
beam current should be kept constant when measuring the unknown and reference specimen. Normalization 
of the counts is acceptable if the current is measured at frequent intervals.
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