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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NANOMANUFACTURING -
KEY CONTROL CHARACTERISTICS -

Part 4-8: Nano-enabled electrical energy storage — Determination of

water content in electrode nanomaterials, Karl Fischer method

FOREWORD

1) THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
all national electrotechnical committees (IEC National Committees). The object of IEC is to pr
infernational co-operation on all questions concerning standardization in the electrical and €lectronic 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
Pdblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inte
in| the subject dealt with may participate in this preparatory work. International, governmental and
gqvernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates ¢
with the International Organization for Standardization (ISO) in accordance with conditions determin
adreement between the two organizations.

rising
bmote
s. To
tions,
“IEC
ested
non-
osely
ed by

2) THe formal decisions or agreements of IEC on technical matters express,“as nearly as possible, an interngtional

cgnsensus of opinion on the relevant subjects since each technical committee has representation frd
inferested IEC National Committees.

3) IEC Publications have the form of recommendations for intétnational use and are accepted by IEC N¢g
Committees in that sense. While all reasonable efforts aredmade to ensure that the technical content g
Pyblications is accurate, IEC cannot be held responsible for the way in which they are used or fg
misinterpretation by any end user.

4) 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 correspaonding national or regional publication shall be clearly indica
the latter.

5) IEC itself does not provide any attestation® of conformity. Independent certification bodies provide conf
sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fqg
rvices carried out by independent.¢ertification bodies.

6) Al|l users should ensure that theyshave the latest edition of this publication.

7) N¢
members of its technical_committees and IEC National Committees for any personal injury, property dam
other damage of anymature whatsoever, whether direct or indirect, or for costs (including legal fee
eXpenses arising out ‘of the publication, use of, or reliance upon, this IEC Publication or any othe]
Pyblications.

8) Attention is drawn"to the normative references cited in this publication. Use of the referenced publicati
inflispensable\for the correct application of this publication.

9) Attentionsisadrawn 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.

liability shall attach to IEC or its directors, employees, servants or agents including individual experjs and

m all
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r any

htions
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ted in

brmity
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ge or
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r IEC

bns is

ect of

The a o—prepa ational—Sta
exceptional circumstances, a technical committee may propose the publication of a Tech
Specification when

nical

e the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

e 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 62607-4-8, which is a Technical Specification, has been prepared by IEC tech
committee 113: Nanotechnology for electrotechnical products and systems.

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

DTS Report on voting
113/491/DTS 113/515/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 62607 series, published under the general

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

The committee has decided that the contents of this publication will remain tnchanged

the

stability date indicated on the IEC website under "http://webstore.i€c.ch" in the

related to the specific publication. At this date, the publication will be

—

pconfirmed,

withdrawn,

—

bplaced by a revised edition, or

amended.

title

until
data

that it contains colours which are considered to be useful for the cor
understanding of its contents. Users should therefore print this document usin
colpur printer.

IMBAORTANT - The 'colour inside' logo on the)cover page of this publication indictes

ect
a
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INTRODUCTION

Nano-enabled electrical energy storage has been applied in many fields such as portable
electronics, electric vehicles and energy storage systems. With continuous rapid development
in these applications, nano-enabled electrical energy storage with high performance is in
demand. The main properties of the electrical energy storage device are determined by its
electrode nanomaterials.

The water content for electrode nanomaterials is one of the important characteristics to be
determined as a quality control test. Water can affect electrical performance, cycling

ices

perfq

(117,

active materials and battery cells [3], and might affect performance or safety characteristi

Sevd
metHh

The method is useful for low water content levels (< 1 %). Especially, Karl(Fischer coulom

titrat
quan
leve

coulpmetric titration method is capable of distinguishing water levels as low as 0,0001 %.

At p

the Karl Fischer method to measure water content, of, which 16 use the volumetric titr

meth

volumetric method is not appropriate for electrodé) nanomaterials, whose water conte
lowef than 1 %. The sampling and measurement.controls of the current coulometric me
stanflards are not appropriate for electrode nanomaterials, which have highly hygros
chargcteristics. Therefore, the present standards are not suitable for electrode nanomate

This
of th

quality control in laboratories and industrial manufacturers.

This
matg
nicke

addifives [e.g. carbon nanomaterials like carbon black (CB), carbon nanotubes or fibre
orgahic binder [e.g. polyvinylidene difluoride (PVDF) or styrene-butadiene rubber (SBR)],

seleq

not fpr evaluatingithe electrode in end products.

rmance—and-—safetv nerformance—of nano-enabled electrical enerav—storaage—de
HRSHA G HeHy—p-eHoHRaR R4 Hao+86 T HHGaH Re+gy toag &

[2]. A high amount of water from electrode materials has a critical influence .én

ral methods are available for the determination of water content. Karl Fisecher titr
od is a direct method that is suitable for testing water in gas, liquid and”solid sam

on method is an absolute method which can determine the water content from

tity of electricity consumed during the test. It can detect trace lévels of free water
, which cannot be detected with normal drying or gravimetric ‘methods. The Karl Fis

esent, there are 21 International Standards and/or Technical Specifications mentig

od, and 5 use the coulometric titration method.<The accuracy and resolution o

document, considering a sample’s characteristic, will help to determine the water co
e electrode nanomaterials in a short time with high accuracy, and will be helpfu

standardized method is «intended for use in comparing the characteristics of
rials [e.g. lithium cobalt oxide (LCO), lithium nickel cobalt aluminium oxide (NCA), lit
| cobalt manganese '‘oxide (NCM), and lithium iron phosphate (LFP)] without

tion process and-as a quality control method for the fully formulated electrode mat

both
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ples.
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the
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erial,

1 Numbers in square brackets refer to the Bibliography.


https://iecnorm.com/api/?name=a5155cfa53904e10745772948c6c38ef

IEC

This|part of IEC 62607, which is a Technical Specification, specifies a test method!fof
determination of water content in electrode nanomaterials for nano-enabled electrical en

stor

This|document includes:

— recommendations for sample preparation,
— outlines of the experimental procedures used to measure- electrode nanoma

NOT

This|document is not applicable for samples that can ‘react with the main components of
Fischer reagent and produce water, or samples that can react with iodine or iodide ion.

2

The

contgnt constitutes requirements_of, this document. For dated references, only the ed

cite
any

ISO

ISO

3

For
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NANOMANUFACTURING -
KEY CONTROL CHARACTERISTICS -

Part 4-8: Nano-enabled electrical energy storage — Determination of
water content in electrode nanomaterials, Karl Fischer method

200pe

gdge devices, using the Karl Fischer coulometric titration method.

pfroperties, and
methods of interpretation of results and discussion of data‘ahalysis.

H This method has precision as low as 0,0001 %. The best applicable measure range is 0,01 % to 1 %.

ormative references

ollowing documents are referred™o in the text in such a way that some or all of

applies. For undated references, the latest edition of the referenced document (inclu
mendments) applies.

760, Determination of water — Karl Fischer method (General method)

12492, Rubber, raw — Determination of water content by Karl Fischer method

Terms.and definitions

tre purposes of this document, the following terms and definitions apply.

the
ergy

erial

Karl

their
ition
ding

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

add

3.1

resses:

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

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

nanoscale
length range approximately from 1 nm to 100 nm

Note 1 to entry: Properties that are not extrapolations from larger sizes are predominantly exhibited in this length

rang

e.

[SOURCE: ISO/TS 80004-1:2015 [4], 2.1]
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https://iecnorm.com/api/?name=a5155cfa53904e10745772948c6c38ef

-8 - IEC TS 62607-4-8:2020 © |IEC 2020

3.2

nanomaterial

material with any external dimension in the nanoscale or having internal structure or surface
structure in the nanoscale

Note 1 to entry: This generic term is inclusive of nano-object and nanostructured material.

[SOURCE: ISO/TS 80004-1:2015 [4], 2.4]

3.3

electrode nanomaterial
matgrial used In nano-enabled energy storage devices such as lithium-ion batterigs or
elecfrochemical capacitors which contains a fraction of nanomaterial and exhibits functign or
perfgrmance made possible only with the application of nanotechnology

Note | to entry: In this document, it refers to the raw material powders (e.g. LCO, NCA, NCMy.and LFP) without
any additives (e.g. carbon nanomaterials like CB, carbon nanotubes or fibres) or organic/binder (e.g. PVPF or
SBR)

[SOUYRCE: IEC TS 62607-4-3:2015 [5], 3.1.1]

3.4
water content
percéntage mass fraction of water as determined in accordance with the method specifigd in
this document

[SOUYRCE: ISO 8534:2017 [6], 3.1, modified — In the definition, "mass, in grams per 100| g of
sample," has been replaced by "percentage mass-fraction".]

3.5
dewipoint
temperature at which the vapour pressure of the vapour in a humid gas is equal tq the
satufation vapour pressure over the pure liquid and at which condensate forms as a liquld on
cooling the gas

[SOURCE: ISO 7183:2007 [A}3-7]

4 Principle

In the Karl Fiseher method, water (H,O) reacts quantitatively with iodine (l,) and gulfur
dioxide (SO,)dn-the presence of a lower alcohol such as methanol (CH3;OH)) and an organic
base (RN) to.produce iodide ion, as follows:

H,O + I, + SO, + 3RN — 2(RN+H)I~ + RN-SO, (1)

RN-SO; + CH3;0H — (RN+H)-SO4-CHj4 (2)
where
RN is an organic base.

In coulometric Karl Fischer titration, iodine (l,) is generated electrochemically from iodide (I7).
When iodine (l,) comes in contact with the water in the sample, water is titrated according to
the reaction (1) and (2). Once all of the water available has reacted, the reaction is complete.
The amount of water in the sample is calculated by measuring the current needed for the
electrochemical generation of iodine (I,) from iodide (I7) according to the following reaction:

21" > Iy + 2e” (3)
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According to Faraday’s Law of electrolysis Equation (4), the quantity of the iodine produced is
proportional to the current generated. lodine and water react with each other in proportion of
1:1 stoichiometrically, as shown in reaction (1). Therefore, 1 mole of water (18 g) is equivalent
to 2 x 96 500 C, or 10 722 C per 1 g of H,O. Based on this principle, it is possible to
determine the amount of water from the quantity of electricity consumed, according to
Equation (5):

m=KQ (4)

18 <
m= xQ = X
2x96500 10722

Q (%)

where

3

i$ the mass of water, g;

K ig a proportional constant (electrochemical equivalent);
O ig the quantity of electricity, C.

5 Reagents

Use [only reagents of recognized analytical quality, and distilled or demineralized watgr or
water of equivalent purity.

5.1 | Coulometric Karl Fischer reagent

Standard, commercially available coulometric Karl Fischer reagents as described in ISO 760.

5.2 | Methanol (anhydrous)

MetHanol (anhydrous) with minimum_purity with a mass fraction of 99,9 % and maximum water
contént with a mass fraction of 0,1% (preferably less than 0,05 %).

5.3 | Carrier gas

Instrument grade of dry\ecarrier gas (e.g. nitrogen gas), at least with a volume fractign of
99,999 %, should be.used in all tests.

5.4 | Water standard for Karl Fischer coulometric titration

Stanfard, commercially available water standard with a mass fraction of 0,1 %.

6 Apparatus
6.1 Karl Fischer coulometric titration apparatus

Karl Fischer apparatus should contain titration cell, platinum electrodes, magnetic stirrer, and
control unit. Example of Karl Fischer coulometric titration apparatus is shown in Figure 1.

6.2 Evaporator

The water evaporator should contain a drying oven capable of heating the test portion
to 300 °C, a temperature control unit, a carrier gas flow meter and carrier gas drying tube
(water absorption tube) containing desiccant. Example of evaporator is shown in Figure 1.


https://iecnorm.com/api/?name=a5155cfa53904e10745772948c6c38ef
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Water absorption tube

-m

6.3

The
and

Calik

6.4

Use
thorg
temp

6.5
Use

and
ava

6.6

The

\ | \ |
1
- Y
Pt electrodes for Pt electrodes for
coulometric end-point detection
generation of I2 3
[- —
_/
Flow meter Carrier gas
L E \
?) Sample loading
| ! | mechanism
It
Titration cell ’l*"_il Sample containet
o —) < /
Magnetic stirring bar Sample /
Drying oven

IEC
igure 1 — Example of Karl Fischer coulometric titration @pparatus and evaporatd

Analytical balance

mass of the samples is determined by electronic balance with an accuracy of 0,00
ith capacity that covers the mass of a sample“eontainer (6.4) filled with sample.

rate the instrument before using it.

Sample container

an airtight glass jar as sample’ container. The airtight glass jar should be cle
ughly and stored in a vaeuum drying chamber before filling with sample.
erature of the vacuum drying chamber should be 40 °C + 5 °C.

Micro-syringe
a glass micro-syringe of capacity 5 ml or 10 ml, for injecting the Karl Fischer reagent

water standard(5.4). The glass micro-syringe should be cleaned thoroughly and stor
cuum dryingsehamber at 40 °C £ 5 °C (6.4).

Dew=-point hygrometer

-

aned
The

(5.1)
bd in

Hew~point hygrometer should cover the range of the intended dew-point temperature.

7 Sample handling and sampling

7.1

Sample handling

a) To protect the sample from ambient moisture, the original package should not have been

d

amaged or changed during transport or storage.

b) The dew-point temperature shall be controlled in the test room during all sampling
(Clause 7) and testing procedure (Clause 8) below -20 °C.
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7.2

Sampling

a) A representative sample should have been sent to the laboratory. It should not have been

8.1
8.1

The glectrolyte solutions should be changed, if:

a)
b)

c)

8.1

Cleah the electrode and titration chamber according to the instructions of the instru
manuyfacturer~Dry all parts thoroughly after cleaning. A hot-air blower may be used to dr
partg. If the*parts are dried in an oven, the temperature shall not exceed 70 °C.

8.1

1 Reagent change

.2 Cleaning

damaged or changed during transport or storage (suggested sample mass 0,01 g to

14,

selected based on the water content as shown in Table 1). Place the test sample in the
dry, clean sample container (6.4) immediately after weighing. Record the mass of the

sample, M. Avoid opening the airtight glass jar unless necessary after being filled
sample.

Table 1 — Sample mass against water to be determined

Water content Mass of sample
% g
1 0,01 to 0,1
0,1 0,1to 1
0,01 1

Tlake three clean and empty airtight glass jars as blank samples, @and put them in the
rpom. The blank samples should be taken under the same conditions as the test samp

Procedure

Maintenance

the capacity of the reagent is exhausteds
the drift is too high;

I the drift is over 4 pg/min without*a drying furnace or the drift is over 10 pg/min W
drying furnace, shake the titration pool. If the drift value will not drop, it means the d
too high.

or accurate results, the drift value should be as low as possible and stable before
sfart of a titration.

the error message-appears before and during analysis.

with

test
les.

ith a
ift is

b the

ment
the

. Calibration

Calibrate the Karl Fischer apparatus in accordance with the method specified in ISO 12492.

8.2

Measurement steps

a) Turn on the power to the instrument according to the instructions of the instrument
manufacturer and start the magnetic stirrer for a smooth stirring action. Allow the residual
moisture in the titration vessel to be titrated until the end point is reached. Stabilize the

instrument for at least 30 min. During the stabilization period, the evaporator (6.2)

and

reaction chamber of the instrument should be purged with dry carrier gas (5.3). And the

evaporator should be kept at 200 °C.
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When the instrument is stabilized, put the blank samples (7.2) in the drying oven
according to the instructions of the instrument manufacturer. After starting titration, allow
the residual moisture in the blank samples to be titrated until the end point is reached
again. After the test, record the reading of the mass of water in the blank sample.

NOTE The value of blank tests is the mean value of three blanks, i, . If the relative standard deviation of the

measured water mass of the three blank samples is > 8 %, it shows that the sampling environment is not
suitable, which will affect the accuracy of water content test, so the sampling environment needs to be checked.

Put the sample container in the drying oven according to the instructions of the instrument
manufacturer. After starting titration, allow the residual moisture in the blank samples to
be titrated until the end point is reached. Record the reading of the mass of water, m.

At least three replicates shall be carried out for each sample to obtain more acclirate
results. In that case, record the result for each replicate, wy,0,; (1 =1, 2, 3, ..., nk

The gffect of drift (background) and/or other factors may be compensated automatically by the

instrument or manually.

8.3

Water content of the sample

Calcllate the water content of one test of the sample, WH,0 » expressed as a percentage inass

fractlon, using Equation (6):

where

Wh,d,1 is the first test value of water contentin sample, %;

m—n_10

M/H20,1 = X100% (6)

is the mean value of blank tests, g;

is the mass of water measured, g;
is the mass of the test sample, g.

Calcllate the value of water.¢ontent for each replicate. The water content of the test sample
is expressed as the méan value of n replicates, ‘VT’Hzo, expressed as a percentage mass

fractlon, using Equation (7):

where

n
_ Z-: YH,0, i
o = = —— 1n (7)

wH,0  is the water content in the sample, %;

i

is the number of the replicate, i = 1,..., n.

The test details and the test results of sample A nano-lithium iron phosphate are summarized
and calculated in Annex A.
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9 Precision

9.1

General

The values for repeatability and reproducibility derived from this interlaboratory test were
determined in accordance with ISO 5725-1 [8] and ISO 5725-2 [9].

9.2

Repeatability

The results of three independent single test results obtained using the same method on
identical testing material in the same laboratory by the same operator using the same

equi
than

Reje
dete

9.3

The
test
show

10

The

Q
~

b) t

c)

—

o
-
—

bment within a short interval of time, should show a relative standard deviatien
2 %.

ct the results if the difference exceeds the indicated repeatability value and‘cafry out
minations.

Reproducibility

fest values between two single test results, obtained using theCsame method on ider
material in different test rooms with different operators using different equipment, sh
a relative standard deviation less than 5 %.

Test report

est report shall include at least the following.infermation:

information necessary for the identification.of the sample, for example

unique ID number of the sample,

description of the sample and its-origin,

method of preparation of test piece from sample,

date of sampling;
he test method used, wjth.reference to this document;
pst details:

the test room temperature,

the test room.dew-point temperature,

optionakinformation that would affect the test results;
bst results’ (refer to Table A.1):

the number of the test sample,

the blank test results

e) d

the individual test results,
the mean results, and standard deviation;
ate of test.

less

new

tical
ould
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Annex A
(informative)

Case study?

A.1 General

Annex A provides an example for determination of water content in nano-lithium iron
phosphate (nano-LiFePO,) by the Karl Fischer coulometric titration method.

A.2| Reagents

A.2.1 Coulometric Karl Fischer reagent

KFR{C20

A.2.2 Methanol (anhydrous)
Purity 99,9 %

A.2.3 Carrier gas
Nitrogen gas, purity 99,999 %

A.2.4 Water standard for Karl Fischer coulometric titration
Commercially available water standard with_a(mass fraction of 0,1 %.
A.3| Apparatus

A.3.1 Karl Fischer coulometric titration apparatus

831 Karl Fischer coulomb titration apparatus

A.3.2 Evaporator

860 KF Thermoprep

A.3.3 Analytical balance
AccUraey.0,0001 g

A.3.4 Sample container
Airtight glass jar

A.3.5 Micro-syringe

5 ml

2 Annex A gives examples of suitable products available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by IEC of these products.
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A.3.6 Dew-point hygrometer
A.4 Sampling

A.4.1 Under the environment of dew-point temperature of —20 °C, weigh three samples of
0,3 g to 0,7 g mass in an airtight glass jar, seal to be tested (Figure A.1), and record the
sample quality My, M, and M;.

A.4.2 Take three clean and empty airtight glass jars as blank samples (blank samples 1 to 3),
and put them in the test room. The blank samples should be taken under the same conditions
as thetestsamptes:

$ IEC

)
Figu6é$«.1 — Sample container
b\

A.5| Measurement ste@’\\c’

A.5.1 Turn on the Ka@is’cher coulomb titration apparatus and start the magnetic stirrgr for
a smooth stirring agji)@ Stabilize the instrument for 30 min. Allow the residual moisture in the
titratjon vessel to titrated until the end point is reached. During the stabilization pdriod,
purge the evap r and reaction chamber of the instrument with dry carrier gas. And keep
the evaporategfmo °C.

the
be
the

A.5.2 éffﬁ the instrument is stabilized, put the blank samples (blank samples 1 to 3) i
drying\ en. After starting titration, allow the residual moisture in the blank samples t
titrate i it - ; i
blank sample and calculate the average ().

A.5.3 Put the sample container in the drying oven according to the instructions of the
instrument manufacturer. After starting titration, allow the residual moisture in the blank
samples to be titrated until the end point is reached. Record the reading of the mass of water,
m1, m2 and m3

A.6 Test results

The content of water in nano-lithium iron phosphate was calculated according to Equations (6)
and (7).
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