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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NANOMANUFACTURING -
PRODUCT SPECIFICATIONS -

Part 5-1: Nanoporous activated carbon —
Blank detail specification: Electrochemical capacitors

FOREWORD

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of [E€ is to prpmote
infernational co-operation on all questions concerning standardization in the electrical andyelectronic fields. To
th{s end and in addition to other activities, IEC publishes International Standards, Téchnical Specificgtions,
Tgqchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| “IEC
Pdyblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intefested
in| the subject dealt with may participate in this preparatory work. International, governmental and| non-
gqvernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determingd by
adreement between the two organizations.

THe formal decisions or agreements of IEC on technical matters express,”as nearly as possible, an interngtional
cdnsensus of opinion on the relevant subjects since each technical committee has representation frgm all
inferested IEC National Committees.

IEIC Publications have the form of recommendations for international use and are accepted by IEC Ngtional
Committees in that sense. While all reasonable efforts are{made to ensure that the technical content qf IEC
Pyblications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In] order to promote international uniformity, IEC~National Committees undertake to apply IEC Publicgtions
transparently to the maximum extent possible ‘in* their national and regional publications. Any divergence
bdtween any IEC Publication and the correspanding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide confprmity
sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fqr any
rvices carried out by independent certification bodies.

members of its technical.committees and IEC National Committees for any personal injury, property damgage or
other damage of anynature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
eXpenses arising out jof the publication, use of, or reliance upon, this IEC Publication or any othef IEC

Attention is drawn to the Normative references cited in this publication. Use of the referenced publicatipns is

draws—attention to the possibility that the implementation of this document may involve the use pf (a)
tent(s).) IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
reppectrthereof. As of the date of publication of this document, IEC had not received notice of (a) patgnt(s),
Ic ma ay= egLHred o—impleme is—docume OMLEVS mole S ars—are cautioned ha f.ynot
represent the latest information, which may be obtained from the patent database available at
https://patents.iec.ch. IEC shall not be held responsible for identifying any or all such patent rights.

IEC TS 62565-5-1 has been prepared by subcommittee 113: Nanotechnology for
electrotechnical products and systems. It is a Technical Specification.

The text of this Technical Specification is based on the following documents:

Draft Report on voting

113/715/DTS 113/742/RVDTS

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.
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The language used for the development of this Technical Specification is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part1 and ISO/IEC Directives, IEC Supplement,
available at www.iec.ch/members_experts/refdocs. The main document types developed by
IEC are described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 62565 series, published under the general title
Nanomanufacturing — Product specifications, can be found on the IEC website.
he—rnew—genera—tite—as—cited—above—Fitgs of

+
y 19
pdated at the time of the next edition.

F t - | Haente—in—tbhic—cariag—arl £
utufe—aotutmeRtS—H—ttitS—SeresS—wh L}

|l oo
movd
existjng documents in this series will be u

The fommittee has decided that the contents of this document will remain unchapged unt|l the
stability date indicated on the IEC website under webstore.iec.ch in the data.related t¢ the
specjfic document. At this date, the document will be

—

pconfirmed,
e Withdrawn,

—

bplaced by a revised edition, or

e gmended.

IMPORTANT — The "colour inside™ logo on the cover page of this document indicates
that| it contains colours which are considered to be useful for the corrgct
undérstanding of its contents. Users should therefore print this document using a
colopur printer.
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INTRODUCTION

This document specifies how to report the various characteristics of nanoporous activated
carbon for electrochemical capacitors, and how to incorporate these into a bilateral detail

specification between vendor and user.

Electrochemical capacitors are widely used in the fields of electric vehicles, high speed trains,

airplanes, photovoltaics, wind power and electronics, due to their ultra-fast charge
discharge capability, long cycle life, wide working temperature range, high security relia

and
bility

and low maintenance cost [1]1. Nanoporous activated carbon is the active material in

iogl Agnon 4 2 4 HPSTRT o £t + aritiagl

elec!.—n’\ln A H ro 121 121 rA1 /([ 4\ o ile—an nmaa HH faptara
rocTmeTmCar CapatituTrsS— [, [V, [t] \(Figoure— T, artd 1S UTCc— UT e o ST oTmooar TaCtoT I

detefmine the electrochemical performance of a device.

Both|precursor and process will affect the chemical, physical and structural characteristi
nandporous activated carbon remarkably. The precursor of nanoporous activated carbon
be biomass, pitch and resin. The production process can be gas activation” using di
oxygen gas, steam, CO,, etc., or chemical activation using H3PO,, ZnCl;, KOH, etc.

chenpical, physical and structural key control characteristics (KCCs) will significantly affed

that

s of
can
uted
The

t the

elecfrochemical performance of nanoporous activated carbon. Eor‘instance, the mefallic

impurities will affect the self-discharging and endurance in cycling,-the pore size distrib
will affect the specific capacitance and the DC resistance. However, not all relationg
between the chemical, physical, structure and application pfeperties of active materials
cleaq so far. In the commercial market, the KCCs will e 'good indicators to choos
apprppriate nanoporous activated carbon. Therefore, it is‘important to report KCCs, inclu
electrochemical characteristics.

For panoporous activated carbon manufacturers, the accurate characterization is critica
product optimization, finalization and quality’ control. For electrochemical cap3
manyifacturers, who use the nanoporous activated carbon, before the large-scale produ
of elgctrochemical capacitors, the correct and accurate characterization of KCCs can be
indicptors for choosing the appropriate raw materials and achieving quality assurance

To permit common processing equipment and common unit processes with predictable
reprgducible results to be usedvin different fabrication lines, it is important for nanopd
activated carbon characteristics to be described and assessed in a proper manner ar
stanglardize the methods for'quality control of the manufacturing processes.

In this document, thé key chemical, physical, structural and electrochemical character
that will significantly_influence the performance of electrochemical capacitors are listed.
document also_sprovides information about measurement methods and existing stand
concerning the<«orrect determination of KCCs.

Lition
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d to

stics
This
ards

T Numbers in square brackets refer to the Bibliography.
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NANOMANUFACTURING -
PRODUCT SPECIFICATIONS -

Part 5-1: Nanoporous activated carbon —
Blank detail specification: Electrochemical capacitors

1 anpp

This
spec

e N

used

Num
betw
char

2 1

Ther

3

part of IEC 62565, which is a Technical Specification, establishes a blank” g
fication (BDS) for

anoporous activated carbon

for

. eLectrochemical capacitors

ric values for the key control characteristics are left blank as they will be sped
een customer and supplier in the detail specification/(DS). In the DS key cg
hcteristics can be added or removed if agreed between<customer and supplier

Normative references

e are no normative references in this document.

Terms, definitions and abbreviated terms

For the purposes of this document;the following terms and definitions apply.

ISO
addr

3.1

3.1.1
nang
inten

and |[EC maintain terminelogical databases for use in standardization at the follg
PSses:

FC Electropedia: available at http://www.electropedia.org/

50 Online browsing platform: available at http://www.iso.org/obp

General terms

manufacturing

etail

ified
ntrol

wing

the

tional synthesis, generation or control of nanomaterials, or fabrication step in

nanoscale, for commercial purposes

[SOURCE: ISO/TS 80004-1:2015, 2.11]
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3.1.2

key control characteristic

KCC

material property or intermediate product characteristic which can affect safety or compliance
with regulations, fit, function, performance, quality, reliability or subsequent processing of the
final product

Note 1 to entry: The measurement of a key control characteristic is described in a standardized measurement
procedure with known accuracy and precision.

Note 2 to entry: It is possible to define more than one measurement method for a key control characteristic if the
correlation of the results is well-defined and known.

3.1.

product specification
strugtured document which describes all characteristics of a product known to be‘relevant for
applications of that product

3.1.

blank detail specification
BDS
strugtured generic specification providing a comprehensive set of key control characteristics
which are needed to describe a specific nano-enabled proddct without assigning spécific
valugs and/or attributes

Note to entry: Examples of nano-enabled products are: /nanomaterials, nanocomposites and [hano-
subagsemblies.

Note ? to entry: Blank detail specifications are intended to_be used by industrial users to prepare their [detail
specifications used in bilateral procurement contracts. A blank detail specification facilitates the comparisoh and
benchmarking of different materials. Furthermore, a standardized format makes procurement more efficier|t and
more error robust.

3.1.5
detajl specification
DS
specification based on a blank detail specification with assigned values and attributes

Note | to entry: The properties listed in the detail specification are usually a subset of the key control
charafteristics listed in the relevant blank detail specification or sectional blank detail specification. The indyistrial
partngrs define only those properties which are required for the intended application.

Note ? to entry: DetailSpecifications are defined by the industrial partners. SDOs will be involved only if thete is a
generpl need for a detail*specification in an industrial sector.

Note B to entry;.The industrial partners may define additional key control characteristics if they are not listed in
the blank detail\specification or sectional blank detail specification.

3.1.6
measurand
quantity intended to be measured

Note 1 to entry: If the quantity is a key control characteristic, the measurement is an essential part of the quality
management system.

3.1.7

measurement method

process of experimentally obtaining one or more values that can reasonably be attributed to a
quantity

Note 1 to entry: If the quantity is a key control characteristic, the measurement is an essential part of the quality
management system.
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3.1.8

measurement principle

phen

EXAM
EXAM

EXAM

omenon serving as a basis of a measurement

PLE 1: Thermoelectric effect applied to the measurement of temperature.
PLE 2: Energy absorption applied to the measurement of amount-of-substance concentration.

PLE 3: Hall effect applied to the measurement of magnetic flux density.

Note 1 to entry: The phenomenon can be of a physical, chemical, or biological nature.

[SO\

3.1.9
mea
deta
to a
calct

Note

perfoqm a measurement.

Note

Note
SOP.

[SOU

3.1.1

meagurement result

set
relev

Note
meas
meas
way o

[SOU
delef

3.1.1

meagurementiaccuracy

closeé
mea

urement procedure
led description of a measurement according to one or more measurement.principles
given measurement method, based on a measurement model, and~including
lation to obtain a measurement result

to entry: A measurement procedure is usually documented in sufficient,detail to enable an opera

P to entry: A measurement procedure can include a statement concerning a target measurement uncert

B to entry: A measurement procedure is sometimes called a standard operating procedure, abbre

RCE: ISO/IEC Guide 99:2007, 2.6]

0

bf quantity values being attributed to\a measurand together with any other avai
ant information

to entry: A measurement resulf (is) generally expressed as a single measured quantity value
irement uncertainty. If the measurement uncertainty is considered to be negligible for some purpos
irement result may be expressed;as a single measured quantity value. In many fields, this is the co
f expressing a measurementresult.

RCE: ISO/IEC Guide: 99:2007, 2.9, modified — Notes 1 and 3 to entry have
ed.]

1

ness ef.agreement between a measured quantity value and a true quantity value
surand

and
any

tor to

ainty.

iated

able

ind a
B, the
mon

peen

of a

Note
value.

}r\ nn&r Thn nr\nnnn} "mr\no rr\mr\n& EV-YYRT LYY yAl e nr\& a—eH nnl'l' nnrl o nr\l' A -eR—a Auemarical o
Pt GHahtt ¥ g —a—hRdhReHeaT—§

A measurement is said to be more accurate when it offers a smaller measurement error.

[SOURCE: ISO/IEC Guide 99, 2.13, modified — Note 2 and 3 to entry have been deleted.]

3.1.1

2

measurement standard

standardized measurement procedure
normative document established by consensus and approved by a recognized body, that
provides a measurement procedure, for common and repeated use, aimed at the achievement
of the optimum degree of order in a given context

antity

Note 1 to entry: Standards are in general based on the consolidated results of science, technology and
experience, and aimed at the promotion of optimum community benefits.
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3.1.13

good practice guide

GPG

informal document which is not necessarily peer reviewed but can be used as a working
document to establish a measurement procedure

Note 1 to entry: A GPG serves as the first document based on initial scientific research which is intended to be
the first step toward future standardization.

3.1.14

standard maturity level
SML
mea(ture for estimating the maturity of a measurement procedure based on the consehsus
achigved in the stakeholder community

Note [ to entry: SML 1 — No documented measurement procedure available.

Note P to entry: SML 2 — Good practice guide publicly available based on a reasonable cons€nsus achieved|in the
stakeholder community, e.g. an industrial or academic consortium.

Note § to entry: SML 3 — IEC or ISO standard or Technical Specification availableywhich can be applied with
modification and adaptation to the intended application and use case of the BDS scCope.

Note 4 to entry: SML 4 — |IEC or ISO standard or Technical Specification, available for the exact int¢nded
applidation and use case of the BDS.

3.1.15

use fase
specification of a generalized field of application, passibly entailing the following information
aboyt the system: one or several scenarios; the functional range; the desired behaviour] and
the gystem boundaries

Note | to entry: The use case description typically does not include a detailed list of all relevant scenarios f¢r this
use cf@se. Instead, a more abstract description of these scenarios is used.

[SOURCE: IEC TS 62565-1:2023, 3.18.]

3.1.16
procdurement information
information other than key.control characteristics needed for the procurement process.

3.2 | Terms related'to the nanoporous activated carbon

3.2.1
electrochemical capacitor

supeércapacitor

devige that'stores electrical energy using a double layer in an electrochemical cell

Note T1oO Centry: rne efectrocnemicdal CapacCiior IS nNot 10 be conrtused WIth eleCtrolytic Capaciltors

[SOURCE: IEC 60050-114:2014, 114-03-03]

3.2.2

active material

material which electrostatically adsorbs and desorbs the ions at the electrode—electrolyte
interface to store electric energy when the cell charges and discharges
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3.2.3
nanopore
cavity with at least one dimension in the nanoscale, which may contain a gas or liquid

Note 1 to entry: The shape and content of the cavity can vary. The concept of nanopore overlaps with micropore
(pore with width about 2 nm or less), mesopore (pore with width between approximately 2 nm and 50 nm), and
macropore (pore with width greater than about 50 nm). See ISO 15901-3:2007.

Note 2 to entry: When nanopores are appropriately interconnected they may allow for transport through the
material (permeability).

[SOURCE: ISO/TS 80004-4:2011, 2.13]

3.2.4
nangporous material
solid[ material with nanopores

Note | to entry: The solid may be either amorphous, crystalline, or a mixture of both.

Note 2 to entry: The definitions of solid nanofoam (where most of the volume iS) oeccupied by pores) and
nanogorous material (also materials with a small fraction of pores covered) are overlapping.

[SOURCE: ISO/TS 80004-4:2011, 3.4]

3.2.

activated charcoal
actiyated carbon
carbpn, usually in the form of granules, treated to enbance its surface area and conseduent
abiliy to adsorb and desorb the ions through a highly developed pore structure

3.2.6
nangporous activated carbon
activated carbon with nanopores

Note | to entry: The performance of such activated carbon application mainly depends on its nanoporous
structpre.

3.3 | Chemical key control characteristics

3.3.1
wategr content
ratio| expressed in (percent, between the mass of water contained in the material as recgived
and the corresponding dry residue of the material

[SOUYRCE:; 1SO 21268-2:2019, 3.6, modified — Note 1 to entry has been deleted.]

3.3.2
ash content
percent by mass of carbon-free residue on combustion and pyrolysis

[SOURCE: ISO 1998-2:1998, 2.10.120]

3.3.3

metallic impurity

magnetic element, such as Fe, Co, Ni, present but not intentionally added to a material, and
the minimum content of which is not controlled

3.3.4

elemental content

content of element, such as C, H, N, S, O, P, Si, within moisture free material, expressed in
percent of mass
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3.3.5

anion impurity

anion, such as CI~, SO,27, NO3~, present but not intentionally added to a material, and the
minimum content of which is not controlled

3.3.6

functional group

atom, or a group of atoms that has similar chemical properties whenever it occurs in different
compounds, which defines the characteristic physical and chemical properties of families of
organic compounds

[SOUYRCE: IEC TS 62607-6-13:2020, 3.1.2.2]

3.3.7
oxygen functional group
funciional group containing oxygen atom

[SOUYRCE: IEC TS 62607-6-13:2020, 3.1.2.3]

3.4 | Physical key control characteristic

3.4.1
particle size distribution
cumuilative distribution of particle concentration as a function of particle size

[SOUYRCE: ISO 14644-1:2015, 3.2.4]

3.4.2
tap density
densjlity of a powder in a container that hasibeen tapped under specified conditions

[SOUYRCE: ISO 12749-3:2015, 3.4.4]

3.4.3
apptent density

loosp bulk density

dry mass per unit volumye of a powder obtained by free pouring under specified conditions

[SOURCE: ISO/1.523362:2021, 3.1.4]

3.4.4
volume rtesistivity
Py
measured volume resistance calculated to apply to a cube of unit side

Note 1 to entry: It is expressed in ohm metres (Q-m).

[SOURCE: ISO 14309:2019, 3.3]

3.45
pH value
measure of the concentration of acidity or alkalinity of a material in an aqueous solution

[SOURCE: ISO 20976-1:2019, 3.15]
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3.4.6
circularity
degree to which the projected area of the particle is similar to a circle, based on its perimeter

3.5
3.5.1

Structural key control characteristics

specific surface area

abso

lute surface area of the sample divided by sample mass

[SOURCE: ISO 9277:2022, 3.11]

3.5.2

volu
[SOU

3.5.3

pore;lnvolume

e of open pores unless otherwise stated

RCE: ISO 15901-1:2016, 3.14]

pore size distribution

perc
[SOL

3.5.4
crys
arrar
atom

Note
the cr

[SOU

bntage by numbers or by volume of each classified pore size which exists in a materi

RCE: ISO 3252:2019, 3.3.47]

tal structure
gement of a regular and repeating internal urit of atoms in three dimensions in whic
s are set in space in a fixed relation to each*other

to entry: For carbon material, interplanar_spacing and crystallite size are important parameters to de
stal structure.

RCE: ISO/TS 11937:2012, 3.4, modified — Note 1 to entry has been added.]

3.5.

dhi
perp

Note
plane

[SOU

inteﬂplanar spacing

endicular distance between consecutive planes of the crystallographic plane set (4 &

to entry: Eor<carbon material, especially amorphous carbon, interplanar spacing d,,, of crystallog
set (002) s\ tsed to describe the distance between two adjacent graphene layers.

RCE: IS0 25498:2018, 3.6, modified — Note 1 to entry has been added.]

i~

n the

Ecribe

)

aphic

3.5.

crystallite size

dime

nsions of a single coherent crystalline region

Note 1 to entry: The mean size of crystal thickness L  and crystal diameter L, are often used to describe the
crystallite size of carbon material.


https://iecnorm.com/api/?name=700636f538c0bf21a2b99bd0065b2b39

- 16 - IEC TS 62565-5-1:2023 © |IEC 2023

3.6 Electrochemical key control characteristics

3.6.1
capacitance
ability of a capacitor to store electrical charge

Note 1 to entry: Unit: farad (F).

[SOURCE: IEC 62576:2018, 3.5, modified — Information on units has been moved to a Note 1
to entry.]

3.6.
internal resistance
combined resistance of constituent material specific resistance and inside .connheftion
resistance of a capacitor

Note ] to entry: Unit: ohm (Q).

[SOURCE: IEC 62576:2018, 3.15, modified — Information on units has’ been moved |to a
Note| 1 to entry.]

3.6.3
spegific capacitance
capacitance of capacitor divided by the mass or volume of active material mass

Note | to entry: Unit: farad per gram (F/g) or farad per cubic centitmetre (F/cm?3).

3.6.4
leakage current
valug¢ of the current that flows through a capagitor after a charge for a fixed period of time

Note | to entry: Unit: ampere (A).

[SOUYRCE: IEC 62391-1:2022, 3.12,~modified — Note 2 to entry has been deleted.]

3.6.5
voltage maintenance rate

ratig of voltage maintenance
ratio| of the voltage at-the open-ended terminals to the charge voltage after a specified|time
peridd subsequent to the charging of a capacitor

[SOURCE: IEC62576:2018, 3.25]

3.6.6
endyrance in cycling

numbet ofcharan Aand Aicn~
T OTCTargC—anG—GrSC

= Y&
value reaches a specified degree of
rate of charge current

3.6.7

temperature endurance

ratio of the capacitance or internal resistance to its initial value after a specified charging time
at constant voltage charge under a certain temperature
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3.7 Measurement methods

3.7.1
constant current discharge
CCD

discharge during which the electric current is maintained at a constant value regardless of the

battery voltage or temperature

3.7.2
constant current charge
CcccC

char;e auring wnich the electric current IS maintained at a constant value regardless_oO|

battgry voltage or temperature
[SOURCE: IEC 60050-482:2004, 482-05-38]

3.7.3
congtant voltage charge
cvcC

f the

charge during which the voltage is maintained at a constant value regardless of charge

currgnt or temperature
[SOURCE: IEC 60050-482:2004, 482-05-49]

3.8 | Symbols and abbreviated terms

ICP inductively coupled plasma

MS mass spectrometry

OEB optical emission spectroscopy

XRF X-ray fluorescence

AAS atomic absorption spectremetry
XP$ X-ray photoelectron spectroscopy
FT-IR Fourier transform.infrared spectroscopy
SEM scanning electron microscopy

XRD X-ray diffraction

GCD galvanostatic charge and discharge
GC galvanostatic charge

cv constant voltage

S surface area

C circutarity

XEmax maximum Feret diameter

EDLC electric double layer capacitor

IGD infrared gas detector

TCD thermal conductivity detector
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4 General introduction regarding measurement methods

For reasons of practicality for industrial use in manufacturing of nano-enabled electrotechnical
products, this document recommends appropriate measurement methods for each material
parameter. The specification of some KCCs of the nanoporous activated carbon of
electrochemical capacitors refer to measurement procedures for which

e no standards currently exist, or

o standards are under development but have not yet been published, or

o standards were developed for other use cases but can be adopted with modifications.

In other cases, industrial users of this document shall fall back to methods which areyusgd in
the [scientific community. As they are not established as documented megasurement
procedures, the users of the detail specification shall agree bilaterally on it. For the KCCs in
this |document, Clause 6 provides a general overview and Annex A provides suppdrting
information for standardized KCC measurement procedures.

To fLTlﬁl the requirements of quality assessment management strategiés, this requires cqreful
documentation of the measurement procedure. The document describing the method psed
shall have an identification number and include the following topics.
a) Measurement principle:

- basic scientific background;

- measurement configuration if there are different experimental setups available which
perform from a physical point of view the same measurement;

—- measurement mode if there are measurement modes possible with the experimgntal
setup which deliver different kinds of information.

b) Measurement system:

- measurement equipment or apparatus;
- materials;

- calibration standards;

- ambient conditions;

- sample preparation.method.

c) Measurement procedure:

calibration of measurement equipment;

detailed-protocol of the measurement procedure;

measurement accuracy.
d) Data@nalysis and interpretation of results:

déscription of the method to derive the key control characteristics out of| the
measurement data including the used key formulas.

e) Results to be reported:
— description of the test sample including a sketch, drawing or photograph;
— identification of the test sample, e.g. batch or serial number;
— quantitative description of the accuracy of the measurement;
— measured key control characteristics listed in tables, plotted in figures, maps created
by scanning methods.

As this document is intended to be updated regularly, there will be a standardized method for
each KCC in the future, including supplementing, revising and replacing the reference
standards. Nevertheless, for special applications supplier and customer may deviate from the
recommendations and agree on other than the recommended standards or define a specific
method for their application.
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5 Recommended nanoporous activated carbon specification format

5.1

General product description and procurement information

General product description and procurement information about the nanoporous activated
carbon for electrochemical capacitors should be provided by the manufacturer or product
supplier according to Table 1.

Table 1 — Format for general procurement information

NO e |nIormaIi0n
1.1 Supplier
1.2 Product trade name
1.3 ID number
1.4 Manufacturing method
Description of the O No
1.5 manufacturing process
available O Yes Process reference
16 Technical drawing O No
available O Yes Drawing number
1.7 Typical batch quantity O Weight [kg]
O Batch number
18 Traceability O Serial number
requirements [0 Others, SPECify ... .o\ ueeeieeiiinnnnnes.
Manufacturing date
Number
1.9 Specification Revision level
Date of-issue
110 Packaging requirements O No
’ or handling instructions _\y'yes Instruction number |
1.11 Material Safety Data O No
' Sheet (MSDS) avadilable O Yes MDS number |
1.12 Factory name'and location
5.2 | Chemical key control characteristics

Cherrwical characteristics as detailed in Table 2 shall be agreed

between manufacturer,

user.

and
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Table 2 — Format for chemical key control characteristics

KCC MEASUREMENT MEASUREMENT
No. KCC SPECIFICATION UNIT METHOD SML PROCEDURE
IEC TS 62607-4-8 [5]
Karl Fischer 4 I A2)
0 ause A.
2.1 Wattert Less than [ ] fA’ mtass
conten raction 1ISO 21340 [6]
Drying loss 4
(Clause A.3)
0 ISO 21340 [6]
2.2 Ash content Less than [ ] fA’ mass Incineration 4
raction {CtauseAs
Fe: Less than [ ] IEC TS 62607-4-20
7
Co: Less than [ ] ICP-MS 3 [
Cl A5
Ni: Less than [ ] (Clause
Metallic .
2.3 impurities K: Less than [ ] ppm
Na: Less than [ ] ICP-OES 1 I?C(I)aLz(QSX é&]
Mg: Less than [ ] '
Ca: Less than [ ]
F~: Less than [ ]
Cl™: Less than [ ]
; _ Not availablg
2.4 _ Anion Br7: Less than [ ] ppm lon chromatography 1
impurities (Clause A.7
S0,%": Less than [ ]
NO,™: Less than [ ]
C:[1%2[1 ISO 21663 [9]
Elemental analyser 3
H:[ 1x[ ] (Clause A.8
Elemental . % mass
23] | “content N:D T[] fraction cS anal IEC TS 62607-4-19
. analyser, [10]
Sthl+l] ONH analyser 3
O: Less than [ (Clause A.9
Carboxyl:/tess than [ ] IECTS 6121607_6_13
o Boehm titration 3 (1]
xygen Lactone: Less than [ ]
2.6 functional mmol/g (Clause A.10)
groups Phenol: Less than [ ] o X ISO 16243 [19]
Carbonyl: Less than [ ] (Clause A.11)
5.3 | Physical key control characteristics
Phydical’characteristics as detailed in Table 3 shall be agreed between manufacturer| and

user.
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KCC MEASUREMENT MEASUREMENT
No. KCC SPECIFICATION UNIT METHOD SML PROCEDURE
P1o:L =] ISO 13320 [13]
3.1 I:(’jgrtlgtlje tS_IZG D50:[ 1+ ] um Laser dtlr:‘frgctlon 4
istribution methods (Clause A.12)
D90: [ 1% 1
ISO 3953 [14]
3.2 Tap density Greater than [ ] glcm? Tapping method 4
(Clause A.13)
56-2434616]
3.3 pH value [ 1] pH meter 4
(Clause(A.14))
Static image 3 1ISO 18322-1 [15]
analysis method (Clause A.185)
e ISO 13322-2 [16]
3.4 Circularity [T+ ] Dyrl‘a”.“c mage 3
analysis metno (Clause A.16))
ISO 19749 [17]
SEM 3
(Clause A.17)
ISO 3923-1 [1B]
3.5 Adppar_?nt [1+[1 glcm? Funnel method 4
ensity (Clause A.18))
IEC TS 62607-p-1
3.6 Vo_Iu_m_e [ 1] Q-cm Four probe method 4 (19l
resistivity
(Clause A.19))
5.4 | Structural key control characteristics
Strugtural characteristics as detailed in;Table 4 shall be agreed between manufacturer| and
user
Table 4 — Format-for structural key control characteristics
KCC MEASUREMENT MEASUREMENT
No KCC SPECIFICATION UNIT METHOD SML PROCEDURE
o ISO 21340 [[6]
4.1 Sfpecmc [1%[1 m2/g Gas adsorption
surtace area (CIause A4 0)
ISO 21340 [6]
4.2 Poresvolume Greater than [ ] cm3/g Gas adsorption
(Clause A.21)
4.7 Pore size Pore size distribution G d ti 1SO 15901-2|[20]
'“ distribution curve as adsorption 1
(Clause A.22)
dogoi [ 121 1] Not available
44 Crystal Lol1+[] nm XRD (Clause A.23)
’ structure a
Lol 1+[]
Not available
4.5 Defect level gt 1] Raman spectra
(Clause A.24)
5.5 Electrochemical key control characteristics

Electrochemical characteristics of nanoporous activated carbon as detailed in Table 5 shall be
agreed between manufacturer and user.
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Table 5 — Format for electrochemical key control characteristics

KCC MEASUREMENT
No. KCC SPECIFICATION UNIT MEASUREMENT METHOD | SML PROCEDURE
Constant current charge
(CCC), constant voltage Not ilabl
o ot available
5.1 Spe_cilflc Greater than [ ] Flg charge(tC)(;(C)hand coggtsnt 1
capacitance current discharge ( ) (Clause A.25)
using coin or three-electrode
or cylindrical type EDLC
Internal CCcC-cvce-ccb using_coir_1 or Not available
5.2 recictanea Less than [ ] Q three-electrode or cylindrical 1
fype EDLC (Crause A-26)
Voltage CCC-CVC using coin or Not availalhle
5.3 || maintenance Greater than [ ] % three-electrode or cylindrical 1
rate type EDLC (Glause A.27)
Leakage CCC-CVC using coin or Not availalile
5.4 current Less than [ ] mA three-electrode or cylindrical 1
type EDLC (Clause A.28)
. CCC-CCD using coin or Not available
5.5 Enciurce:innce n Great?r]tr;aglés] after % three-electrode or cylindrical 1
ycling y type EDLC (Clause A.29)
CVC using coin orthree- Not available
5.6 Ten:jperature Grea:]er thant[ ] aofct;er % electrode or cylindrieal type 1
endurance [ Thoursat] ] EDLE (Clause A.30)

6 Overview of test methods

For the entry under "measurement procedure’ in the KCC tables, there are four scengrios
regafding the availability of documented measurement procedures which are summariz¢d in

the qverview Table 6 for each combinationiof KCC and measurement method.

SML|1:

SML|2:

SML|3:

A standardized measurement procedure is not yet available, but the techhical
community has consensts-about the need to specify the KCC. Also, a GPG is not
available. This is the lowest level of common understanding in the community, gnd it
is left to the parties-involved in the delivery process to define a way of dealing|with
the situation, for example by adding an agreed standard operation procedure ($OP)
to the specification. That shall be mentioned in Annex A also.

A standardized measurement procedure is not yet available, but the techhical
community~has consensus about the need to specify the KCC. In this case, a Good
Practicé:-Guide (GPG) developed by a group of stakeholders or a consortium|may
serye.as the basis for the measurement. The GPGs must be attached to the BD|S as
clauses in Annex B with an introduction of their use and a comment of their scientific
validation. If the GPD is publicly available, it can be referenced instead.

A standardized measurement procedure is available which is intended to be used for

SML 4:

another use case but can be adapted for the desired use case, e.g. other materials
or other applications. They may not yet be validated for the use case in the BDS. In
this case the method shall be listed in Annex A with a description of how the
standard shall be adopted. Reference to the Annex A clause shall be given in the
KCC tables.

A standardized measurement procedure is available and can be used exactly for the
use case under consideration. In this case it is suitable just to list the standard in the
column "measurement procedure" of the KCC tables.

NOTE In the cases of SML 2 and SML 3 it is suggested to transform the measurement protocol into a documented
standard and to perform all steps to prepare issuing a New Work Item Proposal to the IEC through the appropriate
National Committee.
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Table 6 — Matrix of properties and methodologies of nanoporous activated carbon for electrochemical capacitors

Key control characteristic
(KCC)

4

Water content
Ash content
Magnetic
impurities
Anion impurities
Elemental
content

Oxygen
functional
groups

Chemical
KCC
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Particle size
distribution

Tap density

pH value
Circularity
Apparent density
Volume
resistivity
Specific surface
area

Pore volume
Pore size
distribution
Crystal structure
Defect level

Physical
KCC
Structural
KCC
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Key control characteristic
(KCC)

Specific

capacitance

Internal

resistance

Voltage

maintenance

rate

Leakage current

Endurance in

cycling

Temperature
Endurance

chemical

Electro-
KCC
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Annex A
(normative)

Supporting information for standardized
KCC measurement procedures

General

Annex A provides supporting information for standardized KCC measurement procedures in

the f

SML

SML

A.2

A.2.1

The
meth
largs
is leg

In th
dioxi
base

electrochemically from iodide (I™.”The amount of water in the sample is calculate

mea

A.2.]
IEC

A3

A.3.1

bllowing cases.

3: A standardized measurement procedure is available and can be used exactly’fo
use case under consideration. In this case it is suitable just to list the standard i
column "measurement procedure" of the KCC tables.
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Water content: Karl Fischer

General

water content of a nanoporous activated carbon cam be determined by either Karl Fig
od or drying loss method. Drying loss methodpis preferred when the water conte
r than 1 % mass fraction, while Karl Fischer.method is preferred when the water co
s than 0,1 % mass fraction.

e Karl Fischer method, water (H,O)\reacts quantitatively with iodine (l,) and s

de (SO,) in the presence of a lower-alcohol such as methanol (CH;0H)) and an org
(RN) to produce iodide ion. In ecqulometric Karl Fischer titration, iodine (l,) is gene

p Measurement standard

'S 62607-4-8 [6]\is directly applicable to the nanoporous activated carbon.

Water-content: Drying loss

General

Ir the
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buring the current needed for the electrochemical generation of iodine (I,) from iodid¢ (I7).

The

water content or a nanoporous activated carbon can be determined Dy elther Karl FIS

cher

method or drying loss method. Drying loss method is preferred when the water content is
larger than mass fraction 1 %, while Karl Fisher method is preferred when the water content is

less

than mass fraction 0,1 %.

For drying loss method, dry a certain mass of sample in a 110 °C to 120 °C thermostatic dryer
for approximately 3 h or longer, then weigh the mass after cooling the sample in a desiccator.

Final

ly the water content in a sample can be calculated from the loss of mass on drying.

A.3.2 Measurement standard

ISO 21340 [6] is directly applicable to the nanoporous activated carbon.
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A.4 Ash content: Incineration

A.4.1 General

The ash content can quickly reflect the total purity of a nanoporous activated carbon. One
gram of sample is heated at 800 °C to 900 °C for 1 h in an oxygen atmosphere, the organic
elements, such as C, N, H, O and S, will be combusted to produce gas CO,, NO,, H,O and

SO,, respectively. The inorganic elements, such as Fe, Co, Ni, Cu and Zn, will be combusted

to produced oxide or salt, which will deposit in the crucible to form residue ash. The ash

content is derived by residue obtained after incineration, being divided by the mass of the
dried-test partion

A.4.2 Measurement standard
ISO R1340 [6] is directly applicable to the nanoporous activated carbon.
A.5| Metallic impurities: ICP-MS

A.5. General

Thergefore, a nanoporous activated carbon powder shall be ‘pfe-treated to be a solution, [then
the metallic element contents in the sample solution shallbe determined using an ICR-MS
instrument.

GenEaIIy, the metallic impurities in an aqueous solution can)be determined by ICPFMS.

A.5.2 Measurement standard

IEC TS 62607-6-20 [7] was originally developed for graphene-based materials; it can be used
with care also for other materials covered by this document.

A.5.3 Adaptations and modificatiof’s required

Adaptation: At least 50 mg of sample nanoporous activated carbon are needed to digest in
5 my of HNOs.

A.6 | Metallic impurities: ICP-OES

A.6.1 General

Gengrally, theXmetallic impurities in an aqueous solution can be determined by ICP-QES.
Therefore, a‘nanoporous activated carbon powder shall be pre-treated to be a solution, [then
the metallic:element contents in the sample solution shall be determined by the ICP-OES|

A.6. Measurement standard

ISO 19050 [8] was originally developed for rubber, raw, vulcanized; it can be used with care
also for other materials covered by this document.

A.6.3 Adaptations and modifications required

Adaptation: Three commonly used methods of destruction of organic matter are involved in
ISO 19050, including wet oxidation, drying ashing and microwave digestion. For a nanoporous
activated carbon, microwave digestion is preferred.


https://iecnorm.com/api/?name=700636f538c0bf21a2b99bd0065b2b39

- 28 — IEC TS 62565-5-1:2023 © |IEC 2023

A.7 Anion impurities: lon chromatography

A.7A1 General
The anions in a nanoporous activated carbon are extracted by boiling or ultrasonicating the

mixture of 1 g of sample and 40 ml to 50 ml water for several minutes, then the anion content
in the filtrate can be determined by ion chromatography.

A.7.2 Measurement standard

A documented measurement procedure is not yet available and shall be agreed between
custpmer and supplier.

A.8 | Elemental content: Elemental analyser

A.8." General

The lelemental content of a nanoporous activated carbon refers to the content of C, H, [N, S
and D. The elemental content can be determined by an elemental analyser. A known maps of
sample is held in a tin container and then dropped inside the quartz tube furnace at nofless
than|1 000 °C in an oxygen stream for complete oxidation to convert into gaseous produdts of
comlpustion. These gaseous products consist mainly of <earbon dioxide, water vapour,
elemental nitrogen and/or nitrogen oxides, oxyacids and oxides of sulfur and hydrogen halides.
The products are converted to water vapour, nitrogen, carbon dioxide and sulfur dioxide| The
fractlons of carbon dioxide, water vapour, nitrogen and. sulfur dioxide in the gas stream are
separated by trapping or suitable chromatographic<«olumn, then determined quantitatively by
apprppriate instrumental gas analysis procedures. Thus, the corresponding C, H, N apd S
conteént can be calculated.

A.8.2 Measurement standard

ISO 1663 [9] was originally developed-for solid recovered fuels; it can be used with care|also
for other materials covered by this decument.

A.8.3 Adaptations and modifications required

Adaptation: The minimum laboratory sample amount for the analysis of solid recovered fuels
(SRHA) is 100 g. Compated with the SRF, the nanoporous activated carbon is more uniform, so
the minimum laboratory sample amount for the nanoporous activated carbon can be less|than

14g.

A.9| Elemental content: CS analyser, ONH analyser

A.9.7 General

The elemental content can be determined by CS analyser and ONH analyser. For the CS
analyser, the test sample is combusted by heating in a resistance furnace in a pure oxygen
atmosphere, causing sulfur to react to sulfur dioxide (SO,) and carbon to carbon

monoxide (CO) and carbon dioxide (CO,). The carbon content or sulfur content is detected by
IGD using infrared absorption method.
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The ONH analyser is based on the impulse heating inert gas fusion principle, which involves
fusion of the test sample in a single-use graphite crucible under helium (He) or argon (Ar) gas
at a high temperature (e.g. 2 400 °C). The oxygen content of the sample reacts with carbon
from the graphite crucible to CO or little CO,, the nitrogen content to elemental N,, and the
hydrogen content to H,. The CO and CO, concentration is analysed by IGD and the O content
is calculated. The N, concentration is measured by a TCD. Then the N content can be derived
from a detectable signal generated by the TCD. For the hydrogen content measurement by a
TCD, the carrier gas shall be nitrogen or Ar gas because of the large difference in thermal
conductivity between N, (or Ar) and H,, and copper oxide shall be replaced with Schutze's
reagent, which is made up of iodine pentoxide, 1,05, and sulfuric acid on granular silica gel.
Sch : : : - T : : : H,0.
The |hydrogen content can also be obtained by an IGD, which measures the content of
converted H,O.

c onve

A.9.2 Measurement standard

IEC 'S 62607-6-19 [10] was originally developed for solid recovered fuelsyiit can be used|with
carelalso for other materials covered by this document.

A.9.3 Adaptations and modifications required

Adapgtation: Due to the low bulk density of graphene powdery which is several grams per [litre,
a mass of at least 20 mg shall be pressed with pelletizer. under 3 MPa to 5 MPa to 3void
sample splatter during combustion. However, the bulkK.-density of the nanoporous actijated
carbpn is about 0,4 g/cm3, so it can be directly tested‘without any press.

A.1Q Oxygen functional groups: Boehm titration

A.10l1 General

Boehym titration is a quantitative analysis method to determine the oxygen functional grpups
on carbon material. Oxygen functional groups on the carbon material of different aciditied can
be ngutralized by bases of different strengths. Sodium ethoxide is the strongest base usgd in
this mmethod that can neutralize acids including carboxyl groups, lactone groups, hydfroxyl
groups and reactive carbonyl-groups. Sodium hydroxide is the second strongest base that can
neutfalize carboxyl groups, lactone groups and hydroxyl groups. Sodium carbdnate
neutfalizes lactone groups and carboxyl groups. And sodium bicarbonate neutralizes carﬂ:oxyl
groups only. Therefore, the content of each type of oxygen functional group cap be
detefmined from\the difference between the normalized base consumptions, which| are
derivied by dividing total base consumption by mass of reacting sample.

A.10.2 Measurement standard

IEC [S.62607-6-13 [11] was originally developed for graphene pawder; it can be usedlwith
care also for other materials covered by this document.

A.10.3 Adaptations and modifications required

1) Adaptation 1: In I[EC TS 62607-6-13, 0,15 g to 0,5 g of graphene powder sample react with
base solution. For the nanoporous activated carbon, 1 g to 2 g of sample are needed to
react with base solution.

2) Adaptation 2: In IEC TS 62607-6-13, the mixture of sample and base solution are shaken
for at least 3 h at (25 £ 2) °C using an oscillator. For the nanoporous activated carbon, the
mixture of sample and base solution are shaken for at least 24 h at (25 + 2) °C using an
oscillator.
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3) Adaptation 3: In IEC TS 62607-6-13, the water solutions are suction-filtrated and the
ethanol solutions are centrifuged to separate the sample from the base solution after the
shaking. For the nanoporous activated carbon, all solutions are centrifuged to separate
the sample from the base solution.

A.11 Oxygen functional groups: XPS

A.11.1 General

XPS is a qualitative and semi-quantitative method to determine the oxygen functional groups
on several nanometre depth surface of a material. Oxygen functional groups of a nanoparous
activiated carbon can be obtained through fitting the survey and a high-resolution spectrym of
O 1s|land C 1s.

A.11.2 Measurement standard

ISO [16243 [12] can be used with care.

A.11.3 Adaptations and modifications required

Adaptation: 1SO 21340 [6] is a general method to record and report data in XPS. Hor a
specffic nanoporous activated carbon, the binding energy ‘of different kinds of oxygen
functional groups and their fitting process shall be optimized:

A.12 Particle size distribution: Laser diffraction - method

A.12l1 General

Las¢r diffraction is the common method to determine the particle size distribution. According
to this method, the angular distribution\ of the intensity of scattered light by a pafticle
(scaftering pattern) is dependent on the,particle size. When the scattering is from a cloyd or
ensemble of particles the intensity of ‘scattering for any given size class is related tq the
number of particles and their optical properties, present in that size class. A nanopdrous
activated carbon, dispersed at an-adequate concentration in a suitable liquid or gas, is pagsed
throygh the beam of a monochromatic light source, usually a laser. The light scattered by the
particles is measured by an array of photo detectors. The numerical values from pach
detegtor are recorded for subsequent analysis. The theoretical scattering patterns of| unit
volumes of particles inyselected size classes are used to build a matrix and together wjith a
mathematical procedure are used to solve the inverse problem, providing a volumetric patfticle
size distribution (RSD), iterated to provide a best fit to the measured scattering pattern.

A.12.2 Measurement standard

ISO [13320°[13] is directly applicable to the nanoporous activated carbon.

A.13 Tap density: Tapping method

A.13.1 General

The tap density of the nanoporous activated carbon will affect the power density of the
electrochemical capacitor. When determining the tap density of a nanoporous activated
carbon, a specified amount of sample powder in a 25 ml or 100 ml is tapped by means of
tapping apparatus until no further decrease in the volume of the powder takes place. The
mass of the powder divided by its volume after the test gives its tap density.

A.13.2 Measurement standard

ISO 3953 [14] is directly applicable to the nanoporous activated carbon.
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A.14 pH value: pH meter

A.14

.1 General

Place 0,5 g of dry sample in a 200 ml beaker, add 100 ml of water, heat gently and boil for
5 min. After cooling to room temperature, filter the sample. Add water to the filtrate to give a
volume of 100 ml, and measure the pH value of filtrate using a pH meter.

A.14

.2 Measurement standard

ISO 21340 [6] is directly applicable to the nanoporous activated carbon.

A.18 Circularity: Static image analysis method

A.15

1 General

A ce
fixe

acquired by the imaging instrument. The particle shape, including the“eircularity and the |
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ISO

A.16

tain amount of a nanoporous activated carbon particles is appropriately dispersed
in the object plane of the analysis instrument. Then images.-‘ofthese particles

eter, are analysed based on these images.

.2 Measurement standard

13322-1 [15] can be used with care also for other materials covered by this document.

3 Adaptations and modifications required
anoporous activated carbon, the detail parameter for the test shall be optimized.

Circularity: Dynamic image analysis method

1 General

mic image analysis method entails using techniques for dispersing particles in liqu
taking in-focus, still images of them while the particles are moving and subsequ
sing the images.

2 Measurement standard

.3 (Adaptations and modifications required

tation: ISO 13322-1 is to give guidance when using images for particle size analysis|

13322-2 [16]can be used with care also for other materials covered by this document.

and
are
Feret
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id or
ently
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tation: 1SO 133222 is to rr_\rn\/irln gllidnnno for moncllring and dncnrihing pgrfir\ln

distribution, using image analysis methods where particles are in motion. For a nanoporous

activ

ated carbon, the detail parameter for the test shall be optimized.

A.17 Circularity: SEM

A7

.1 General

The images of a nanoporous activated carbon sample particles are acquired by the SEM. The
particle shape analysis is based on these SEM images. The particles shall not be overlapped

with

each other.
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