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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 1SO
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 1SO, also take part in the work. 1ISO 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.

In other circumstances, particularly when there is an urgent market requirement for such documents, a
technical committee may decide to publish other types of document:

— an ISO Publicly Available Specification (ISO/PAS) represents an agreement between technical experts in
an 1SO working group and is accepted for publication if it is approved by more than 50 % of the members
of the parent committee casting a vote;

— an ISO Technical Specification (ISO/TS) represents an agreement between the members of a technical
committee and is accepted for publication if it is approved by 2/3 of the members of the committee casting
a vote.

An ISO/PAS or ISO/TS is reviewed after three years in order to decide whether it will be confirmed for a
further three years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS is
confirmed, it is reviewed again after a further three years, at which time it must either be transformed into an
International Standard or be withdrawn.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO/TS 11308 was prepared by Technical Committee ISO/TC 229, Nanotechnologies.
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Introduction

Single-wall carbon nanotubes (SWCNTSs) are an allotropic form of carbon which exhibit unique mechanical,
thermal and electronic properties respective to the geometric structurell2IBI4I5], SWCNTs can be
synthesized by several different methods, including pulsed laser vaporization, arc discharge, high pressure
disproportionation of carbon monoxide, and chemical vapor depositionBl7l8], These processes often yield a
heterogeneous mixture of SWCNTs and impurities, requiring post-synthesis purification. Commonly observed
impurities include other forms of carbon [e.g. fullerenes, amorphous carbon, graphitic carbon and multiwall
carbon nanotubes (MWCNTS)], as well as residual metallic catalyst nanoparticles. Purification can be
accomplished using gaseous, chemical and/or thermal oxidation processes[®I[101111][12]

Thermogravimetric analysis (TGA) is one of a number of techniques that can be used to assess impurity
levels in as-produced and purified samples containing SWCNTs[141t0 [22]. TGA measures changes in mass as
a function of temperature and is widely used to assess reaction kinetics associated with structural
decomposition, oxidation, corrosion, moisture adsorption/desorption, and gas evolution. By evaluating the
reaction kinetics for a given sample, the relative fraction of different constituents present can be either
guantitatively or qualitatively determined. For SWCNT-containing samples, TGA is typically used to quantify
the level of non-volatile impurities present (e.g. metal catalyst particles). TGA is also used to assess thermal
stability (a measure of the type or types of carbon present). However, TGA alone cannot conclusively quantify
the relative fractions of carbonaceous products within the material. Therefore, the information obtained from
TGA is used to supplement information gathered from other analytical techniques in order to achieve an
overall purity and quality assessment of a SWCNT-containing sample.

Additional uses of TGA include process and quality control23l and the characterization of
MWCNTs[241125]126]1271(28] and few-walled carbon nanotubes(29],
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