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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).

ISO draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent 
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a) 
patent(s) which may be required to implement this document. However, implementers are cautioned that 
this may not represent the latest information, which may be obtained from the patent database available at 
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

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 ISO/TC 206, Fine ceramics,

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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Technical Specification ISO/TS 6857:2024(en)

Fine ceramics (advanced ceramics, advanced technical 
ceramics) — Physical properties of ceramic composites — 
Guidelines for determination of void and fibre contents in 
polished cross section by image analysis

1 Scope

This document describes the methods for the determination of void and fibre with specific orientation 
contents in a polished cross section of continuous fibre-reinforced ceramic matrix composites by image 
analysis.

The methods apply to all ceramic matrix composites with continuous fibre reinforcement: bidirectional (2D) 
and tridirectional (3D).

The methods also apply to carbon-fibre-reinforced carbon matrix composites (also known as: carbon/
carbon or C/C).

NOTE The result obtained by the method is not volume content but area content.

2 Normative references

There are no normative references in this document.

3 Terms and definitions

For the purposes of this document, the following terms and definitions 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
fibre content
amount of fibre present in a cross section of composite

4 Principle

The test specimens are cut out of representative locations of samples or materials. The cutting sections of 
test specimens are carefully polished and subjected to observation with an optical microscope or similar. 
Digital images or photographs are taken at high magnification and analysed.

Voids are detected and discriminated based on the grayscale level differences compared to those of matrix 
and fibres. The threshold value is determined from the histogram of the image. The image is binarized and 
the void pixels are counted. The void area content is calculated as the ratio of the void pixels to the total 
pixels.

There are two different determination methods for the fibre area content. One is a simplified method and 
the other is a detailed method.
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In the simplified method, the mean filament area is calculated from several tows chosen from the polished 
section at random. The number of tows is counted in the image or photograph. The fibre content in the 
polished section is determined as the product of the mean filament area per tow and the number of tows.

In the detailed method, the area of all filament sections in the image is detected by a pattern matching 
method with image analysis software, because the shape of the filament cross section is considered to be 
almost circular. By counting the number of pixels detected as filaments, the fibre content is determined as 
the pixel ratio of the filament area to the total image size.

5 Significance and use

The results obtained by the methods are not volume content but area content. In the case of fibre content, 
the result is the area content of the fibre of specific orientation. If a random cross section is representative of 
the volumetric fibre distribution, the volume content can be determined by measuring the adequate number 
of sections and calculating the mean value. Even the area content is useful to investigate the material 
properties and control the material quality for the purpose of material development.

Since the image quality affects the analysis result significantly, the preparation of test specimen is crucial 
for the image analysis. The polishing method, however, includes the know-how or the practical skills of 
laboratories and depends on the characteristic of material to be analysed. For these reasons, this document 
does not specify the details of polishing method, but describes the general principle.

NOTE With respect to fine ceramics, some guidelines on grinding and polishing are given in ISO 13383-1:2012, 
Annex A.

The detailed method to determine the fibre area content is performed by a pattern matching method to 
detect the filament area in the image. This algorithm is based on the characteristic that the cross section 
of filament is circle. Therefore, all filaments shall be cut perpendicular to their axes within ±15° so that the 
cross sections remain circle. In some woven materials it is difficult to cut the test specimen perpendicular to 
the fibre axis due to fibre waving. This method is not suitable for such woven materials.

6 Apparatus

6.1 Microscope should have high resolution to enable good object observation (i.e. a resolution of around 
one tenth of filament diameter or void size). A scanning electron microscope (SEM) may be used. A microscope 
with an automatic stage and automatic focus to stitch a number of digital images is recommended to cover 
lager cross sections for observation.

6.2 Calibrated rule or scale should be accurate within ±0,5 %. Its reading should be 0,5 mm or better.

6.3 Image analysis software is capable of the following:

— making a grayscale histogram, setting a threshold value automatically or manually and binarizing an 
image based on the threshold value;

— detecting a circular shape and counting the number of detected pixels.

7 Test specimen

7.1 Sampling

The test specimen should be cut perpendicular to the fibre orientation. If the material is reinforced in 
multiple orientations, the test specimen should be cut directional perpendicular to the fibre orientation of 
interest. The recommendations for the cross section are as follows:

a) for 2D textile fabrics, the cross section should contain more than three plies;
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