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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NANOMANUFACTURING -
KEY CONTROL CHARACTERISTICS -

Part 4-7: Nano-enabled electrical energy storage — Determination
of magnetic impurities in anode nanomaterials, ICP-OES method

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardiz *t‘on ~omurising
all national electrotechnical committees (IEC National Committees). The object of IEC . to promote
international co-operation on all questions concerning standardization in the electrical and electror.’= fields. To
this end and in addition to other activities, IEC publishes International Standards, Techr cal Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter -ofcrred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natioi 2l Con mittee interested
in the subject dealt with may participate in this preparatory work. Internation{!. gc rernriental and non-
governmental organizations liaising with the IEC also participate in this prepar~tion. 'F_ collaborates closely
with the International Organization for Standardization (ISO) in accordanc witi. conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, s nearly as possible, an international
consensus of opinion on the relevant subjects since each technical ~c =mittee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for internatic »al » se and are accepted by IEC National
Committees in that sense. While all reasonable efforts are maa. to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible fc: the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC Nationa' Z“ommittees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the correspondir ¥ national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation.o1 >caformity. Independent certification bodies provide conformity
assessment services and, in some area:, 2.cess to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certifi atic bodies.

6) All users should ensure that they ha\ =2 tho latest edition of this publication.

7) No liability shall attach to IEC or .o <.'rectors, employees, servants or agents including individual experts and
members of its technical com nit‘’ces and IEC National Committees for any personal injury, property damage or
other damage of any nat:re vha soever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of he puplication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn tc the lormative references cited in this publication. Use of the referenced publications is
indispensable for the cc rect application of this publication.

9) Attention is ~raw. to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. .=C shall not be held responsible for identifying any or all such patent rights.

The mcin task of IEC technical committees is to prepare International Standards. In
yeoeptional circumstances, a technical committee may propose the publication of a Technical
Sneificai'on when

uie required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

o the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical Specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 62607-4-7, which is a Technical Specification, has been prepared by IEC technical
committee 113: Nanotechnology for electrotechnical products and systems.
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The text of this Technical Specification is based on the following documents:

Enquiry draft Report on voting
113/405/DTS 113/430/RVDTS

Full information on the voting for the approval of this Technical Specification can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC TS 62607 series, published under the general title
Nanonmanufacturing — Key control characteristics, can be found on the IEC website.

The committee has decided that the contents of this document will remain uncha \ced un..i the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the daw> reiated to
the specific document. At this date, the document will be

e transformed into an International Standard,

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued:at ¢ la.2=date.

IMPORTANT - The 'colour inside’' logo o.» the cover page of this publication indicates
that it contains colours which are coynsidered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

Magnetic impurities often have significant influence on the performance of anode
nanomaterials for nano-enabled electrical energy storage. If anode nanomaterials have high
magnetic impurity content, it may lead to serious self-discharge and degrade the performance
and cycle life. The magnetic impurities are also easy to aggregate, which can cause safety
issues such as internal short-circuit fire, or even explosion. Therefore, accurate evaluation of
magnetic impurity content is important for the safety and performance of energy storage
devices. [1,2,3]1

Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES) method is a mature
and precise method to measure the concentration of metal elements in the tested mate.ials,
but the method to gather the magnetic substance has not been standardized. This doc 'ment
introduces a reliable method for gathering and determining the magnetic impurity ccateit in
the anode nanomaterials of an energy storage device. It will help to better control ihe ¢.ality
of electrode nanomaterials.

This document introduces a determination of magnetic impurities using IC2-CES method for
the electrochemical characterization of nano-enabled anode materials ixr eicstrical energy
storage devices.

This standardized method is intended for use in comparing the ch-uracteristics of anode
nanomaterials in the study stage, not for evaluating the electroce in end products.

The method is applicable to materials exhibiting functior or oerformance only possible with
nanotechnology, intentionally added to the active mai~ric's‘i0 measurably and significantly
change the reliability or one or more physical propertics o electrical energy storage devices.

In this context it is important to note that the pe:cintage content of nanomaterials of the
device in question has no direct relation to the applicability of this document, because minute
quantities of nanomaterials are frequently.su.ficicat to improve the performance significantly.

The fraction of nanomaterials in elec.roies or electrode coatings is not of relevance for using
this method.

1 Numbers in square brackets refer to the Bibliography.
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WARNING - Persons using this method should be familiar with normal laboratory
practice. This document does not purport to address all of the safety problems, if any,
associated with its use. It is the responsibility of the user to establish approp:‘ate
safety and health practices and to ensure compliance with any national regu.>to.v
conditions.

IMPORTANT - It is absolutely essential that tests conducted accordin} to this
document be carried out by suitably trained staff.

1 Scope

This part of IEC TS 62607 provides a method for the determination ~f..nagnetic impurities in
anode nanomaterials for energy storage devices using an Irduiitively Coupled Plasma Optical
Emission Spectrometer (ICP-OES), including test overvioy,,~reagents, apparatus, test
procedures, test results and test report.

This document applies to the determination of the toial content of magnetic impurities (iron,
cobalt, chromium, and nickel) =2 0,02 mg/kg which an be attracted by magnet.

2 Normative references

The following documents are referrez-*o i* the text in such a way that some or all of their
content constitutes requirementc of tiis document. For dated references, only the edition
cited applies. For undated referencs, uie latest edition of the referenced document (including
any amendments) applies.

ISO 3696:1987, Water for c.x.alvtical laboratory use — Specification and test methods
ISO 6353-1:1982, P2ag nts for chemical analysis — Part 1: General test methods

ISO 18842:20/ 5, Alumirium oxide primarily used for the production of aluminium — Method for
the determina.ion uf tapped and untapped density

3. Tenas and definitions
Nc terins and definitions are listed in this document.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

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