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National foreword
This Published Document is the UK implementation of
ISO/TS 23690:2023.

The UK participation in its preparation was entrusted to Technical
Committee NTI/1, Nanotechnologies.

A list of organizations represented on this committee can be obtained on
request to its committee manager.

Contractual and legal considerations

This publication has been prepared in good faith, however no
representation, warranty, assurance or undertaking (express or
implied) is or will be made, and no responsibility or liability is or will be
accepted by BSI in relation to the adequacy, accuracy, completeness or
reasonableness of this publication. All and any such responsibility and
liability is expressly disclaimed to the full extent permitted by the law.

This publication is provided as is, and is to be used at the
recipient’s own risk.

The recipient is advised to consider seeking professional guidance with
respect to its use of this publication.

This publication is not intended to constitute a contract. Users are
responsible for its correct application.

This publication is not to be regarded as a British Standard.

© The British Standards Institution 2023
Published by BSI Standards Limited 2023
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Compliance with a Published Document cannot confer immunity
from legal obligations.

This Published Document was published under the authority of the
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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 document 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 229, Nanotechnologies.

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

Multiwall carbon nanotubes (MWCNTSs) are quasi-one-dimensional tubular carbon nanomaterials
rolled up or coaxial nested by three or more graphene sheets. The production of carbon nanotubes
(CNT) generally results in significant amounts of carbon impurities (carbon material content not in
the form of CNT, including amorphous carbon and trace amounts of other types of structured carbon),
which influence the physical and chemical properties of the nanomaterial. Therefore, the measurement
of carbon impurities contentin MWCNT samples is highly desirable for the determination of their purity.

Several methods have been reported to characterize carbon impurities in MWCNT samples,
including transmission electron microscopy (TEM), temperature programmed oxidation (TPO) and
thermogravimetric analysis (TGA), etc., among which TGA can provide quantitative results.[1]{2][3][4]
[5][6] This technique makes use of the fact that MWCNTSs are more stable than the majority of carbon
impurities, so carbon impurities less stable than MWCNTs will react firstly with carbon dioxide in
carbon dioxide atmosphere. The oxidation of carbon impurities with carbon dioxide is an endothermal
process, which prevents overheating in certain areas and restrains the reaction of MWCNTs at the
same time. Therefore, the separation between the oxidation of carbon impurities and those of MWCNTSs
is enhanced,[Z][8][2][10] allowing the amount of carbon impurities less stable than MWCNTSs to be
calculated from the mass loss in thermogravimetric analysis.
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TECHNICAL SPECIFICATION ISO/TS 23690:2023

Nanotechnologies — Multiwall carbon nanotubes —
Determination of carbon impurity content by
thermogravimetric analysis

1 Scope

This document specifies a mild oxidation method to determine the content of carbon impurities (carbon
material content not in the form of CNT, including amorphous carbon and trace amountd of other types
of structured carbon) less stable than multiwall carbon nanotubes (MWCNTSs) by thermogravimetric
analysis (TGA) under carbon dioxide atmosphere.

This document is applicable to the characterization of carbon impurities content in MWCNT samples
prepared by chemical vapour deposition (CVD). Measurement of carbon impurities in MWCNT samples
prepared by other methods can refer to this document. This method is not applicable to functionalized
MWCNT samples or MWCNT samples with encapsulant species.

NOTE This method is applicable for the case of TG curves with a single-stage.

2 Normative references

There are no normative references in this document.

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminological 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/

3.1.1

multiwall carbon nanotube

MWCNT

multi-walled carbon nanotube

carbon nanotube composed of nested, concentric or near-concentric graphene layers with interlayer
distances similar to those of graphite

Note 1 to entry: The structure is normally considered to be many single-walled carbon nanotubes nesting
each other and would be cylindrical for small diameters but tends to have a polygonal cross-section as the
diameter increases.

[SOURCE: ISO/TS 80004-3:2020, 3.3.6[11]]

3.1.2
amorphous carbon
carbon material without long-range crystalline order

[SOURCE: IUPAC, Compendium of Chemical Terminology[12]]
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