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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NANOMANUFACTURING - KEY CONTROL CHARACTERISTICS -

Part 4-3: Nano-enabled electrical energy storage —
Contact and coating resistivity measurements for nanomaterials

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp isiny
all national electrotechnical committees (IEC National Committees). The object of IEC is to |, romote
international co-operation on all questions concerning standardization in the electrical and ele' tron.> fie us. To
this end and in addition to other activities, IEC publishes International Standards, Technicai ~oeci..cations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred o as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National C. mmittee interested
in the subject dealt with may participate in this preparatory work. International, gcireri mental and non-
governmental organizations liaising with the IEC also participate in this preparation.” =C cu. aborates closely
with the International Organization for Standardization (ISO) in accordance witlk con ‘ition . determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as ne rly a; possible, an international
consensus of opinion on the relevant subjects since each technical committe. iias representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international u 2 and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made .0 ensu.e that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for. thc. wey in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC Nation~: Co. mittees undertake to apply IEC Publications
transparently to the maximum extent possible in their' naticnal and regional publications. Any divergence
between any IEC Publication and the corresponding nation.' =, regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of con.armi.. Independent certification bodies provide conformity
assessment services and, in some areas, access t |[EC marks of conformity. IEC is not responsible for any
services carried out by independent certificatio..Lodies.

6) All users should ensure that they have th. lute:t edition of this publication.

7) No liability shall attach to IEC or ite dii >ctors, employees, servants or agents including individual experts and
members of its technical committees and \EC National Committees for any personal injury, property damage or
other damage of any nature wha..~ever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the puulication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the 1 ormative references cited in this publication. Use of the referenced publications is
indispensable for the 'coi. 2ct application of this publication.

9) Attention is drawn to e possibility that some of the elements of this IEC Publication may be the subject of
patent rights. I=C shall r.>t be held responsible for identifying any or all such patent rights.

The main «tas> of IEC technical committees is to prepare International Standards. In
exceptional ¢circumstances, a technical committee may propose the publication of a Technical
Specification when

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

* . 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 62607-4-3, which is a Technical Specification, has been prepared by IEC technical
committee 113: Nanotechnology standardization for electrical and electronic products and
systems.
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The text of this Technical Specification is based on the following documents:

Enquiry draft Report on voting
113/239/DTS 113/263A/RVC

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

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

The committee has decided that the contents of this publication will remain un:bai qaec until
the stability date indicated on the IEC website under "http://webstore.iec.ch™ \n trie data
related to the specific publication. At this date, the publication 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.>~"date.

IMPORTANT - The 'colour inside’ logo o1 the cover page of this publication indicates
that it contains colours which ar:..considered to be useful for the correct
understanding of its contents. Usei. chould therefore print this document using a
colour printer.
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INTRODUCTION

The future utilization of renewable energy technologies including e-mobility for individual
transportation significantly depends on the development of efficient systems for energy
storage. From today's perspective, lithium-ion batteries, supercapacitors and their derivative
concepts are regarded as the most promising innovative candidates.

A high energy density for the desired power and a long life time (recharge characteristics) are
the two most important criteria for electrode materials. Because many electrochemically active
materials such as metal oxides show an inherently lower and insufficient conductivity for the
electron transport, composite materials with carbon nanomaterial content are used foi
optimization of the current flow in the electrodes of a battery. The electrochemical reac:ons
and the ensuing energy density of the battery cells are influenced by the movemnt of
electrons in a composite. Furthermore, the electronic contact resistivity between the ei~ctinde
material and the metal collector is important to realize a low ohmic internal resistaice . f the
battery or capacitor device.

This part of IEC 62607 provides standard methods to measure coating ancd. conatact resistivity
of nano-enabled electrode materials and to evaluate the best combinaticas o1 he composite
material recipes and fabrication technologies for carbon containing coatirigs «f such nano-
enabled electrodes. Following this method will allow comparisca 4 theesults of different
research groups.

This standardized method is intended for comparing the curiz=t and coating resistivity of
composite materials with carbon nanomaterial content in‘te s'udy stage, not for evaluating
the electrode in end products.

The method is applicable for nano-enabled materiais e.hibiting function or performance only
possible with nanotechnology, intentionally added *o romposite materials for measurable and
significant improvement of the current flow in the electrodes of electrical energy storage
devices.

In this context it is important to note ¢t tiie percentage content of nanomaterial of the device
in question has no direct relation'to 1 < abplicability of this part of IEC 62607, because minute
quantities of nanomaterial are frequ=nuy sufficient to improve the performance significantly.

The fraction of nanomaterials in eclectrodes, electrode coatings, separators or electrolyte is
not of relevance for using ti’s riethod.
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NANOMANUFACTURING — KEY CONTROL CHARACTERISTICS -

Part 4-3: Nano-enabled electrical energy storage —
Contact and coating resistivity measurements for nanomaterials

1 Scope

This part of IEC 62607 provides a standardized test method for the measurement of ccatact
and coating resistivity of nano-enabled electrode materials. This method will enchle a
customer to:

a) decide whether or not a coating composite material is usable, and

b) select best combinations of coating composite material with fabricatinrn tec.inologies
suitable for their application.

This part of IEC 62607 includes:

— definitions of terminology used in this part of IEC 62607,
— recommendations for sample preparation,

— outlines of the experimental procedures used to measurc. .. calculate the contact and
coating resistivity,

— methods of interpretation of results and discussitn o7 dawu analysis, and
— a case study.

2 Normative references

The following documents, in whole or in.na~t, ure normatively referenced in this document and
are indispensable for its application. ~¢ - acied references, only the edition cited applies. For
undated references, the latest ec<iticn of the referenced document (including any
amendments) applies.

ISO/TS 80004-1, Nanotech 10:0gies — Vocabulary — Part 1: Core terms

3 Terms, definitio.'s, acronyms and abbreviations

3.1 Terms 7..1 defin’'tions

For the purposes of this document, the terms and definitions given in ISO/TS 80004-1 and the
following appi;.

3.1.¢

e.rctrode nanomaterial

matcrial used in nano-enabled energy storage devices such as lithium-ion batteries or super-
capacitors which contains a fraction of nanomaterial and exhibits function or performance
made possible only with the application of nanotechnology

Note 1 to entry: Electrodes used in lithium-ion batteries or supercapacitors consist of mixed raw material powders
(e.g. electrochemical active and carbon based nanomaterial powders) in a solvent with binder which forms a
casting slurry. These slurries are coated by doctor blade process on thin metal collector foils, dried and
subsequently calendar compressed to the final electrode. The electrode shows a multilayered layout, built up of
(1) an aluminium or copper current collector and (2) the electrode material layer. This material layer consists of the
active phase (cathode — lithium containing mixed oxides or phosphate, e.g. LCO, NCA, NCM, and LFP; anode,
e.g. graphite and supercap — activated carbon), a conducting phase (e.g. carbon nanomaterials like CB, carbon
nanotubes or fibres) and an organic binder (e.g. PVDF or SBR).
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