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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NANOMANUFACTURING - KEY CONTROL CHARACTERISTICS -

Part 6-13: Graphene powder — Oxygen functional group content:
Boehm titration method

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization com risi 7
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote intc -nat. »nal
co-operation on all questions concerning standardization in the electrical and electronic fields. To<his € :d and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Te. inicc' Pzports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publicaticn(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in tt e subject dealt with
may participate in this preparatory work. International, governmental and non-governmental or 'anizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the Internatic>=' Organization for
Standardization (ISO) in accordance with conditions determined by agreement between .~e twc organizations.

2) The formal decisions or agreements of IEC on technical matters express, as near as nousible, an international
consensus of opinion on the relevant subjects since each technical comn.*{ee | as representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for internationc! us= and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to €.:s ==~.that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National “om nittees undertake to apply IEC Publications
transparently to the maximum extent possible in their national a\ 1 regional publications. Any divergence between
any IEC Publication and the corresponding national or reg’onal puulication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. ‘~”cpendent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bc dies.

6) All users should ensure that they have the latest el on of this publication.

7) No liability shall attach to IEC or its direciu. >, €. ployees, servants or agents including individual experts and
members of its technical committees and |F'C lational Committees for any personal injury, property damage or
other damage of any nature whatsoe 'er, =“.ether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publicatio », us » of, or reliance upon, this IEC Publication or any other IEC Publications.

8) Attention is drawn to the Normative.r ferences cited in this publication. Use of the referenced publications is
indispensable for the correct ‘ipp .cation of this publication.

9) Attention is drawn to the possib.'i*; that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC tecanical committees is to prepare International Standards. In exceptional
circumstances_.a techriical committee may propose the publication of a Technical Specification
when

o the requircd support cannot be obtained for the publication of an International Standard,
desrte repeated efforts, or

» _he sunject is still under technical development or where, for any other reason, there is the
fulure‘out 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 62607-6-13, 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:

Draft TS Report on voting
113/455/DTS 113/486/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 of the IEC 62607 series, published under the general title Nanomanufacturing —
Key control characteristics, can be found on the IEC website.

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cov>r Lage of this publication indicates
that it contains colours which are considered t» be useful for the correct understanding
of its contents. Users should therefore print th.'s r.ocument using a colour printer.
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INTRODUCTION

In recent years, graphene has attracted extensive attention from academia and industry, due to
the extraordinary physical and chemical properties for promising applications in energy
conversion and storage, electronics, composites and catalysis, etc. In the case of most
graphene available in the laboratory or on the market, oxygen functional groups are inevitable,
especially for the powder form products. These oxygen functionalities, which exist mainly in the
form of carboxyl groups, lactones or lactols, phenolic hydroxyl groups, reactive carbonyl groups
and epoxide groups, etc., are located on the surface or edge of the two-dimensional carbon
lattice. They affect many crucial properties of graphene, including wettability, electrical and
thermal conductivity, electron density, acidity and reactivity, etc. [1][2][3][4]1, and so determine
the performance of graphene for downstream applications. For example, in an energy stcrage
device such as lithium ion battery or supercapacitor, the oxygen heteroatoms will ini:odu<e
irreversible reaction to exhaust the organic electrolyte and emit small molecules, whicr. wii
reduce the cycling stability and even cause safety problems to the final products [51[6] Be-ides,
the oxygen functional groups will significantly decrease the electrical conductivity f giaraene,
which has a negative impact on the rate capacity of the cell, due to the increase ~f internal
resistance for the electrode [7][8]. Furthermore, the different oxygen conta'ning functional
groups will play very different roles in affecting the properties of graphenc..Foar example, in
catalysis, graphene has been employed as an effective solid acid cataly:t for hydrocarbon
chemistry, as many oxygen functionalities show acidic properties [9]].9][" 1]. However, the
acidity strength of different oxygen species is distinct, as the ac'<ity sequence is carboxyl,
lactone, hydroxyl, and carbonyl. Besides, it is proved that ketonic cai 2oyl groups, with higher
electron density, are the catalytic active sites for oxidative d=hydrogenation reactions [12][13].
So, the type and proportion of oxygen groups will significant./ \.fuence the catalytic activity
and selectivity of graphene. Therefore, the qualification ¢ diffe.ent oxygen functional groups
on the surface of graphene is a key control characterictic for the production, application and
trading of graphene and related products.

The most common methods for identification and q:ar.ification of oxygen functional groups on
graphene are FT-IR, XPS, EELS and Boehm titration. Moreover, other recent methods such as
SAED, MS and FLOSS are springing up. t'owoaver, some of these methods have difficulty
quantifying oxygen functional groups on gragh =:ne, and there is no standard method to quantify
the oxygen functional groups. Boehm **raii<n, dating from 1962, is an efficient, repeatable and
easy to operate method with low cost. Morz importantly, the Boehm titration method can provide
absolute values of the surface. canccatration of oxygen functional groups and avoid the
ambiguity and subjectivity brougat Ly spectroscopies, which shows its unique advantage in
quantification of many oxygen tu:« tional groups on graphene [14][15][16][17][18][19][20]. Note
that Boehm titration cannot d=termine the total oxygen content of a powder, as it only measures
those functional groups-<inat cz2n dissociate under the conditions of the test.

Boehm titration has ..eer applied to determine the oxygen functional groups of many traditional
carbonaceous materia.s for decades, such as activated carbon and carbon black. In recent
years, it was.app'ied to graphene [21][22]. Because the physical properties of graphene are
very different 1.om those of other carbonaceous materials, the operation-specific details in this
document are suitable for powders of graphene oxide, reduced graphene oxide, graphene and
related inaterials only. When applying Boehm titration to graphene dispersions, the dispersion
mcdiun. needs to be removed. This document can be used as the reference for other
curbuenace ous materials.

1.is document focuses on the determination of oxygen functional groups and standardization
of the operation method. Due to various steps such as agitation, end-point determination, etc.
required in Boehm titration, significant measurement errors can be introduced if not properly
addressed.

1 Numbers in square brackets refer to the Bibliography.
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NANOMANUFACTURING - KEY CONTROL CHARACTERISTICS -

Part 6-13: Graphene powder — Oxygen functional group content:
Boehm titration method

1 Scope

This part of IEC TS 62607 establishes a standardized method to determine the chemica' key
control characteristic
e oxygen functional group content

on graphite oxide, graphene oxide, reduced graphene oxide and othe: types of
functionalized graphene by

e Boehm titration method.
In this document, the measured functional groups are carboxyl groups (a:so i the form of their

cyclic anhydrides), lactone groups, hydroxyl groups and reactivo ‘caihonyl groups. Oxygen
functional groups that exhibit no reactivity such as epoxides cannot L= r.easured.

The oxygen functional group content is derived by the differe:..c uetween NaHCO5, Na,CO,,
NaOH and C,H;ONa consumption of dispersed graph~ne howlers.

— The oxygen functional group content determined ac~oruing to this document is listed as key
control characteristic in the blank detail specifi:aticn for graphene IEC 62565-3-1.

— The method is applicable for graphene powder aind graphene related carbon 2D materials
such as graphene oxide powder and ‘educed graphene oxide powder, which can be
separated from the water and ethanoi v cenirifugation or filtration. This document is not
applicable for sulfonate modified graghene.

— Inthis document, the lower limits « f ue’ection (Annex C) for carboxyl groups, lactone groups,
hydroxyl and carbonyl are 0,01 mi.ol/g, 0,037 mmol/g, 0,014 mmol/g, and 0,072 mmol/g,
respectively.

— This document targets g aphene manufacturers and downstream users to guide their
material design, produc.ion and quality control.

2 Normative refare.ces

There are no.rior mative references in this document.

3 Teims, definitions, symbols and abbreviated terms
i or e puLrposes of this document, the following terms and definitions apply.

IO 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


http://www.electropedia.org/
http://www.iso.org/obp
https://www.stdhive.com/standards/bs-pd-iec-ts-62607-6-132020-pdf/

	undefined
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms, definitions, symbols and abbreviated terms
	3.1 Terms and definitions
	3.1.1 General terms
	3.1.2 Key control characteristics measured according to this document
	oxygen functional group
	3.1.3 Terms related to the measurement method

	3.2 Symbols and abbreviated terms

	4 General
	4.1 Measurement principle
	4.2 Sample preparation method

	Figures
	Figure 1 – Test principle of Boehm titration 

	Tables
	Table 1 – Four types of oxygen functional group and their structures
	4.3 Description of measurement equipment / apparatus
	4.3.1 Analytical balance, readability is 0,1 mg.
	4.3.2 Electric thermostatic drying oven
	4.3.3 Numerical control magnetic agitator/oscillator
	4.3.4 Automatic potentiometer, with pH electrode and accurate to 0,1 mV.
	4.3.5 HDPE bottles, the volume are 1 000 mL and 100 mL, with stopper.

	4.4 Supporting materials
	4.5 Ambient conditions during measurement

	5 Measurement procedure
	5.1 Detailed protocol of the measurement procedure
	5.1.1 Preparation of solutions

	Table 2 – Reagents used in this document
	5.1.2 Reactions between graphene and bases
	5.1.3 Instrument preparation
	5.1.4 Titration of the filtrate

	5.2 Measurement uncertainty
	5.3 Operation procedure, key control steps and case study

	6 Data analysis / interpretation of results
	6.1 Normalized base consumption 
	6.2 Oxygen functional group content 

	7 Results to be reported  
	7.1 General
	7.2 Product/sample identification
	7.3 Test results

	Annex A (informative)Operation procedure and key control steps
	A.1 Operation procedure 
	Figure A.1 – Operation procedure 
	A.2 Key control steps 
	Figure A.2 – Key control steps

	Annex B (informative)Influence of CO2
	B.1 Effect of CO2 on titration of base concentration
	Figure B.1 – Titration curves of NaOH solution
	B.2 Effect of CO2 on base consumption
	Table B.1 – Titration results of back titration and direct titration of NaOH solution
	Table B.2 – Results of base consumption of NaOH with and without bubbling N2 

	Annex C (informative)Lower limit of determination 
	C.1 Experiment of lower mass of reacted sample A
	C.2 Determination of detection limits
	Figure C.1 – The normalized base consumption of different amounts of sample A
	Table C.1 – Base consumption result of sample A
	Table C.2 – Oxygen functional group content result
	Table C.3 – Detection limits for different sample amounts

	Annex D (informative)Test report 
	D.1 Example of a test record
	D.2 Format of the test report
	Table D.1 – Data for calibration of titrant acid
	Table D.2 – Data for Boehm titration 
	Table D.3 – Product identification (according to IEC 62565-3-1)
	Table D.4 – General material description (according to IEC 62565-3-1)
	Table D.5 – Measurement results

	Annex E (informative)Case study
	E.1 Preparation of solution
	E.2 Sample preparation
	E.3 Reactions between graphene and bases
	E.4 Titration of the filtrate
	Figure E 1 – Titration curves of A0 filtrate (upper left), B0 filtrate (upper right), C0 filtrate (lower left), and D0 filtrate (lower right)
	Table E.1 – Measurement data
	E.5 Calculation
	Table E.2 – Normalized base consumption of sample 1
	E.6 Test report
	Table E.3 – Product identification of sample 1
	Table E.4 – General material description of sample 1
	Table E.5 – Measurement results of sample 1

	Bibliography

