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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NANOMANUFACTURING -
KEY CONTROL CHARACTERISTICS -

Part 4-2: Nano-enabled electrical energy storage — Physical
characterization of cathode nanomaterials, density measurement

FOREWORD

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
all national electrotechnical committees (IEC National Committees). The object of IEC s to pr
infernational co-operation on all questions concerning standardization in the electrical and electronic fiel
th{s end and in addition to other activities, IEC publishes International Standards, Technical Specificg
Tgchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter)referred to as
Puyblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inte
in| the subject dealt with may participate in this preparatory work. Internatiomal; governmental and
gqvernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates c|
with the International Organization for Standardization (ISO) in accordanCe “With conditions determin
adreement between the two organizations.

THe formal decisions or agreements of IEC on technical matters express{ as nearly as possible, an interng
cgnsensus of opinion on the relevant subjects since each techniéal ‘committee has representation frd
inferested IEC National Committees.
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IE[C 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 d
Pdblications is accurate, IEC cannot be held responsible“for the way in which they are used or fg
misinterpretation by any end user.

In] order to promote international uniformity, IEC National Committees undertake to apply IEC Public
trgnsparently to the maximum extent possible ,in“\their national and regional publications. Any diver
bdtween any IEC Publication and the corresponding national or regional publication shall be clearly indica
the latter.

IE[C itself does not provide any attestation, of conformity. Independent certification bodies provide conf
agsessment services and, in some areas, access to |[EC marks of conformity. IEC is not responsible fq
sgrvices carried out by independent cetrtification bodies.

All users should ensure that they have the latest edition of this publication.

N¢ liability shall attach to IEC\or its directors, employees, servants or agents including individual expert
members of its technical committees and IEC National Committees for any personal injury, property damd

f IEC
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rmity

r any

s and
ge or

other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and

eXpenses arising out(of) the publication, use of, or reliance upon, this IEC Publication or any othe
Pdblications.

Attention is drawn\to the Normative references cited in this publication. Use of the referenced publicati
indlispensabledfor-the correct application of this publication.

Afttention is’drawn to the possibility that some of the elements of this IEC Publication may be the subj
pdtent rights. IEC shall not be held responsible for identifying any or all such patent rights.

r IEC

bns is

ect of

In

exceptional circumstances, a technical committee may propose the publication of a Technical
Specification when

the 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 TS 62607-4-2, 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
113/289/DTS 113/328/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

Nanomanufacturing — Key control characteristics, can be found on the IEC website.

The pommittee has decided that the contents of this document will remain unchanged unt
stability date indicated on the IEC website under "http://webstore.iec.ch" in the’data relat

the

pecific publication. At this date, the publication will be

—

ansformed into an International Standard,

pconfirmed,

—

withdrawn,

—

bplaced by a revised edition, or

amended.

A billngual version of this publication may be issued\at a later date.

title

| the
ed to

IMP(

that| it contains colours which_vare considered to be useful for the cor

undérstanding of its contents. Users should therefore print this document usin

colour printer.

DRTANT — The 'colour inside’' logoion the cover page of this publication indicates

rect
g a
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INTRODUCTION

2016

Compared with normal bulk materials, nanomaterials often exhibit many unique properties,
such as mechanical, thermal, magnetic, optical and electrochemical properties. Decreasing
particle size of the cathode materials, e.g. lithium iron phosphate (LFP), down to nanoscale
greatly enhances their electrochemical performance. For example, smaller particle size will
shorten the diffusion length of lithium ion during lithium intercalation/de-intercalation process.
Higher surface area will increase the electrode/electrolyte contact area, and subsequently
improve the high current charge/discharge rates. Furthermore, the particle surfaces may
introduce a sub-gap, which can smooth the electrode discharge curve, then help to prolong
the cycling life of the electrode.
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suitable value can increase their charge capacity, decrease the internal“resistance, lowe

pola

usab

hg different densities, changing the compacted density of cathode-nanomaterials

denglity for the electronic energy storage device design. If the eompacted density is too

or {q

com

consjdered as one of the key parameters for material energy density.
Rolling density affects the electrochemical \\performance characteristics of cat
nandmaterials in a similar way. Rolling density indicates the ratio of the mass of coating S

com
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Both
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Ther|
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ric Vehicles (also known as HEVs) ahd Electric Vehicles (also known as EVs).

of these two types of properties need to be considered in the density assessment

supplliers.

This

nand
meth
nand
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standardizedxmethod is intended for use in comparing the characteristics of cat
materials{n* the study stage, not for evaluating the electrode in end-products.
od is .applicable to materials exhibiting function or performance only possible
technelogy, intentionally added to the active materials to measurably and signific
ge’the characteristics of electrical energy storage devices.

o small, the intercalation and de-intercalation of ions” will be affected. In gen
pacted density is in a positive correlation to the (device’'s specific capacity, ar

pound to its volume. Rolling density is.@;valuable quantity not only for evaluating
volumetric energy density, but also for seleeting a cathode nanomaterial candidate for Hy

ity is one of the key control characteristics for cathode nanomaterials and affects the
rmance of electronic energy storage devices significantly. At an appropriate density, the
performance, such as low-temperature  and highttémperature
je/discharge, and the ratio of charge/discharge capability, will be dramatically increased.

to a
I the

ization effect, increase cycling life of electrical energy storagé~devices, and improve the
ility of electrical energy storage devices. It is important to. find the optimum compgcted
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of a

-enabled electrical energy-storage device. Comparable results will be used to judge the
stence of cathode nanomiaterials, which relates to performance and safety iss
efore, a standardized._density measurement procedure for cathode nanomats
mes indispensable {o its users for comparing the values of nanomaterials from diffé
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NANOMANUFACTURING -
KEY CONTROL CHARACTERISTICS -

Part 4-2: Nano-enabled electrical energy storage — Physical
characterization of cathode nanomaterials, density measurement

1 Scope

This|part of IEC 62607, which is a Technical Specification, provides a standardized, mgthod
for the determination of the density of cathode nanomaterials in powder form,used for
elecfrical energy storage devices. This method provides users with a,key cdntrol
chargcteristic to decide whether or not a cathode nanomaterial is usable, or suitable for [their
application.

This|document includes

o definitions of terminology used in this document,
e recommendations for sample preparation,

e qutlines of the experimental procedures used to measure cathode nanomaterial propetties,

. ethods of interpretation of results and discussion of data analysis,
e cpse studies, and

e references.
2 ormative references

The [following documents are referred to in the text in such a way that some or all of ftheir
contént constitutes requirements “of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (incldding
any amendments) applies.

ISO/I'S 80004-1, Nanotechnologies — Vocabulary — Part 1: Core terms

3 Terms, definitions, and abbreviated terms

3.1 Terms and definitions

For thé{purposes of this document, the terms and definitions given in ISO/TS 80004-1 and the
followimgappty-

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

3.1.1

cathode nanomaterial

material used as a cathode in a nano-enabled energy storage device which contains a fraction
of nanomaterial and exhibits function or performance made possible only with the application
of nanotechnology


http://www.iso.org/obp
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Note 1 to entry: The cathode is a multilayered foil consisting of (1) an aluminium current collector, (2) an optional
adhesion promoting carbon layer (to enhance cathode layer adhesion if necessary) and (3) the cathode layer. This
cathode layer consists of the active phase (e.g. lithium containing mixed oxides or phosphate, such as LFP), a
conducting phase (carbon black) and an organic binder (PVDF).

3.1.2

compacted density

ratio of the mass of powder to the volume it occupies after it has been subjected to
compression under a certain pressure

3.1.3
rolling density
ratio|of the mass of the rolled active material to its volume after being coated on a substrgte

3.1.4
die

tool flesigned for containing and forming the powdered samples during compression, whith is
mad¢ from hard materials (e.g. tungsten carbide)

Note | to entry: A die is usually in a cylinder shape and contains two punches for predtcing compacts, and is of
the flgating type or of the type suspended from a spring, in order to ensure dual action pressure.

3.1.

pres]\s

mechanical device designed for generating and applying pressure upon the die to compress
the §ample, which is capable of applying sufficient force to.the die surface with an accuragy of
+1 %

3.2 | Abbreviated terms
LFP | lithium iron phosphate, LiFePO,
PVDF polyvinylidene fluoride

4 $ample preparation methods

4.1 | Sieving

Sample should be homogeneous particulate powder with uniform sizes. If big chunks or large
agglomerates exist, they'\should be removed by sieving (150 mesh) in order to avoid cracking,
delamination and local ununiformity in the compacted density.

4.2 | Drying

Dry the sample in an oven at a temperature above 100 °C until dry. For example, one dfying
protgcol (may consist of two hours in an oven at 105 °C. However, other samples may require
longerdime to be sufficiently dry for use in nano-enabled electrical energy storage devices.

5 Test methods

5.1 Compacted density
511 General

Weigh the desired mass of sample, place the sample in the die (The parameters and
tolerances are indicated in Figure A.1 and engineering drawing is shown in Figure A.2 in
Annex A.), and then put the die in the middle of the power compressor. Adjust the settings on
the powder compressor until the desired pressure is reached. Maintain the pressure for a
certain duration, then take out the cylindrical sample and measure its height. The compacted
density is calculated by dividing the mass of cathode nanomaterials by the volume.


https://iecnorm.com/api/?name=6398069ee3542c03e1ca7c997a51123c

IEC TS 62607-4-2:2016 © IEC 2016 -9-

5.1.2 Apparatus

5.1.21 Analytical balance

The analytical balance used shall have a resolution of 0,01 g.

5.1.2.2 Powder compressor

The powder compressor consists of two parts:

a)
b)

5.1.2.3 Vernier caliper

The fesolution of an appropriate vernier caliper used should be 0,02 mm.

5.1.3 Measurement steps

Meagurement steps are as follows:

a)

In cdse of nanomaterials\with which it is difficult to form intact cylinders, it is recommend
ture the sample heéight when it is still with the upper and lower pads, and then obtain the
valug by subtracting_the predetermined pad heights.

mea

5.1.4 Data-analysis / interpretation of results

Compacted-density is calculated by Formula (1):

a die, having the three-dimensional appearance shown in Figure A.1 and Figure A.2;

al die compressor, having the appearance shown In Figure 2.

urn on the electronic balance, weigh a certain mass of sample (suggested range: 1
0 g and record the mass (m) in grams. Care should be taken'to ensure that the chan
during sample transfer and density measurement is minimal.

1
1

n

Take out the die from the powder compressor and,clean it with dustless paper, tra
the weighed sample into the die (if it cannot be filled all at once, do it as many timg
rlecessary), make sure the powder is evenly{distributed in the die, then cap ths
(Figure 1).
G

ently place the die in the middle of the_compressor and fix the hand wheel clock
mcrease the pressure to the desired setting (the value can vary depending on the tyjf
powder, such as particle size, shape,\For LFP, it is suggested to be 10 MPa to 20
which is defined by the integrity of.the*sample cylinder). Maintain the pressure for 1 m
2lmin, and then release the pressure slowly.

Tlake out the die (Figure 2),dand then take out the sample — the sample should
cylinder; measure the height'(%#) and diameter (d) using the vernier caliper and recg
and d in millimetres.

g to
e of

hsfer
s as
die

vise.
be of
VIPa,
in to

rd &

pd to

p_ﬂ_ 4m
v nd?hx1073

where

P

m

v

is the compacted density, g/cm3;

is the mass of the powder, g;

is the volume of powder after compression, cm3;

is the ratio of the circumference of a circle to the diameter;
is the diameter of sample cylinder, mm;

is the height of sample after compaction, mm.

(1)
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Perform three individual measurements for the same sample, and then take the arithmetical
average value if they pass the repeatability test, and report the final result, precise to
0,1 g/cm3.

IEC

Figure 2 — Appearance of die with compressor

5.1.5 Precision of the method
5.1.9.1 Repeatability

The [results of threesindependent single test results, obtained using the same methofl on
idenfical testing material in the same laboratory by the same operator using the game
equipment withip ‘a.short interval of time, should not differ by more than 2 % of the arithmetic
average of the(three results.

Rejert the results if the difference exceeds the indicated repeatability value and carry out{new
detefminations.

5.1.5.2 Reproducibility

The average results of the duplicate tests, obtained using the same method on identical
materials in each of two laboratories' testing materials, are expected to agree within 5 %.

5.2 Rolling density
5.2.1 General

Bind the cathode active materials to form a paste with a suitable viscosity. Coat the paste on
the substrate (aluminium) followed by drying until the solvent is completely evaporated. And
then the electrode composite is pressed through the rolling machine. Punch the rolled
electrode composite in a certain area (configuration as shown in Figure A.6, step B). Rolling
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density will be obtained by calculating the mass of cathode materials over the volume after

rollin

g.

5.2.2 Apparatus

5.2.21 Balance

The

balance used in the experiment should be capable of weighing to within £0,01 g.

5.2.2.2 Micrometer

The

5.2.2

The

5.2.2

The

5.2.3
Mea

a) N
i

b)

I
(
3
H
c) H
o
d) N
(

n

micrometer used In the experiment should be capable of measuring to within 0,001 fnm.

3 Coating machine

Coating machine is shown in Figure A.6, step A.

4 Rolling machine

rolling machine is shown in Figure A.6, step B.

Measurement steps
Eurement steps are as follows:

lix the cathode active material with a suitable amount of binder and conductive mate
n water or NMP (1-Methyl-2-pyrrolidinone), etci/as the solvent, stir the mixture to fo

guitable viscosity paste.

Bluminium) and then dry. This procedufe should be conducted below a certain hu
s humidity may influence the property of coating. For LFP to be mixed into NMP
umidity should be controlled in theange 0 % to 50 %.

olling process: Place the cathode into the groove of the rolling machine to form the r
athode.

leasurement: Select thenshape and size of the cathode electrode and substrate —
symbol: s), mass (symbol: mggctroge @Nd Mmgypstrate): thickness (symbol: Zg gctrode
Substrate) respectively.

hject the paste into the coating machine-,and uniformly coat the paste on the subr::Ltrate

rials
rm a

idity
the

pDlled

area
and

(2)

5.2.4 Data analysis’/ interpretation of results
Rolling density-isicalculated by Formula (2):
_m_ ME|ectrode — MSubstrate
pP="" =3
vV s (hEIectrode — hsubstrate )X 10
where
P is the rolling density, g/cm3;
m is the powder mass of cathode electrode, g;

v

is the powder volume of cathode electrode after rolling, cm3;

MEectrode 18 the mass of cathode electrode, g;

mMsub
S

hEIec

strate 1S the mass of cathode substrate, g;
is the area of cathode electrode after rolling, mm?2;
trode is the thickness of cathode electrode after rolling, mm;

hsubstrate is the thickness of cathode substrate, mm.
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The final results shall be the arithmetic average value after three measurements, precise to
0,1 g/cm3.

5.2.5 Repeatability of the method

The results of three independent single tests, obtained using the same method on identical
testing material in the same laboratory by the same operator using the same equipment within
a short interval of time, should not differ by more than 2 % of the arithmetic average of the
three results.

Reject the results if the difference exceeds the indicated repeatability value and carry out new
determinations.

6 Uncertainty

Currently, the uncertainties associated with measuring the compacted and.rolling densiti¢s of
cathpde nanomaterials should be estimated from various origins as listed below:

a) (Uncertainties associated with weighing the mass of the powder, which include the balance
dalibration, weighing operation, and spills when transferring th€ sample;

b) yncertainties associated with measuring the volume of the compressed and rolled sample,
hich include caliper calibration, inhomogeneity  in<disc flatness, and baskline
etermination.

o <
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Annex A
(informative)

Case study

A.1  Sample preparation

A1.1 Schematic figures of die for measuring compacted density and rolling density

s-A-t1o-A3-

\'\(\ IEC

Key A\®$
1 dig base \O
2 loywer pad ) c\){_
3 sgmple container C)\\
4 ugper pad .,
5 pynch @

@)

Figure A.1 - T&@dimensional schematic of die for compacted density measuremgnt
N
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Dimensions in millimetres
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Figure A.2 — Engineering schematic of die for compacted density measurement
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Figure A.3 — Schematic of rolling machine for rolling density measurement

Measurement results for sample A are given inyTable A.1 and represented graphical

Figure A.4.

ly in

Taple A.1 — Measurement method consistency and measurement results of samplg A

Sgmple No. Mass Compa.cted Average Abs.oll.Jte Rellati.ve Stapdtrrd
density value deviation deviation deviafiion
(9) (g/em?) (g/em?) (g/em?) (%) (g/cm?)
1 4,00 1,93 -0,01 0,52
Sample A 2 4,00 1,94 1,94 0 0 0,010
3 4,00 1,95 0,01 0,52
4 2,50 1,92 0 0
Sample A 5 2,50 1,92 1,92 0 0 0,007
6 2,50 1,91 -0,01 0,52
Resutts—from—Table A-t—show —that—the—deviatiom—of—compacted—density different

measurements of sample A is lower than 2 % and 5 %.
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Figure A.4 — Results consistency of sample A in Table A.1

Measurement results for sample B are given in Tdable A.2 and represented graphically in
Figure A.5.

Taple A.2 — Measurement method consistency and measurement results of sample B

Sqmele | No. Mass | CUiReity | | valas | doviation | deviation | deviafion
(9) (g/cm?®) (g/cm?®) (g/cm?®) (%) (g/cn®)
1 4,00 2,40 -0,02 0,83
Saple B 2 4,00 2,43 2,42 0,01 0,41 0,017
3 4,00 2,43 0,01 0,41
4 2,51 2,42 0,01 0,41
Saple B 5 2,51 2,40 2,41 -0,01 0,41 0,01
6 2,50 2,42 0,01 0,41

Resylts: \from Table A.2 show that the deviation of compacted density in diff¢grent
measurements of sample B is lower than 2 % and 5 %. T
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Figure A.5 — Results consistency of sample'B in Table A.2

A.2| Rolling density sample preparation case .study

A.2.1 Procedures of rolling density sample preparation

Procgdures of rolling density sample preparation are shown in Figure A.6.
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