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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed fo. the
different types of ISO documents should be noted. This document was drafted in accordance with ti.2
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be 1.2 suuject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Intrcduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniri.ze c“users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and e.:vressions related to conformity
assessment, as well as information about ISO’s adherence to the. W' 'O principles in the Technical
Barriers to Trade (TBT) see the following URL: Foreword - Supple mertary information

The committee responsible for this document is [SO/TC 229, N 2no.2chnologies.
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Introduction

Cellulose nanomaterials, including cellulose nanocrystals (CNCs) and cellulose nanofibrils, are
anticipated to have significant commercial impact. Cellulose nanocrystals are extracted from naturally
occurring cellulose, primarily from wood and annual plants, by acid hydrolysis, or chemical or
enzymatic oxidation.[11[2][3] Their production from cellulose sources, such as wood pulps makes them a
candidate for use as a potentially non-toxic, biodegradable and sustainable nanomaterial. Furthermore,
the recent demonstration of the feasibility of CNC production on a large scale and the availability o
infrastructure for harvesting raw materials will facilitate their commercial development. CNCs a~4
cellulose nanofibrils are produced in a number of countries on pilot, pre-commercial or comme. ciai
scales. Estimates of the market potential for cellulosic nanomaterials are as high as 35 million e ric
tons annually, depending on the predicted applications and the estimated market penet.ation.[4][5]
Standards for characterization of CNCs are required for material certification to allo.’ sustained
commercial development and applications.

Cellulose nanocrystals are nanorods that have high aspect ratio, surface area and muchanical strength
and assemble to give a chiral nematic phase with unique optical properties..They are smaller than
cellulose nanofibrils and have a higher crystalline content. These properties; plus the ability to control
CNC surface charge and chemistry for dispersion in a variety of matrices, lecd to } otential applications
in many areas including nanocomposite materials, paints and adhesives, cptical films and devices,
rheology modifiers, catalysts and biomedical products. There are currernly no International Standards
for this emerging commercial nanomaterial, although an ISO/TC 29 project on terminology is in
progress, a Canadian National Standard (CSA Z5100) was publshed in 2014 and two CNC reference
materials were released in 2013. This Technical Report revie. s iuformation on sample preparation,
data collection and data analysis/interpretation for the measurands that are predicted to be important
for the development of commercial products containing “NCs. Information for the following CNC
properties is included: composition (crystallinity, suricce \minctional groups, degree of polymerization
and contaminants), morphology as assessed by /nicroscopy and light scattering methods, surface
charge and specific surface area, viscosity and ther.2a' stability. The Technical Report reviews various
approaches that have been used for specific properties, but does not recommend standard methods or
provide detailed information on the techriq.es.The coverage is restricted to CNCs as produced and
does not extend to post-production modified C:ICs or CNC-enhanced materials or products.
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Nanotechnologies — Characterization of cellulose
nanocrystals

1 Scope

This Technical Report reviews commonly used methods for the characterization of cellu'ose
nanocrystals (CNCs), including sample preparation, measurement methods and data analysis. Seic= ‘ed
measurands for characterization of CNCs for commercial production and application= a.= covered.
These include CNC composition, morphology and surface characteristics.

2 Terms and definitions

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

21

agglomerate

collection of weakly or medium strongly bound particles where the -est Iting external surface area is
similar to the sum of the surface areas of the individual components

Note 1 to entry: The forces holding an agglomerate together are weak [ rces, for example, van der Waals forces or
simple physical entanglement.

Note 2 to entry: Agglomerates are also termed secondary portic'es and the original source particles are termed
primary particles.

[SOURCE: ISO/TS 80004-2:2015, 3.3]

2.2

aggregate

particle comprising strongly bonded or fused particles where the resulting external surface area is
significantly smaller than the sum«f s 'rfice areas of the individual components

Note 1 to entry: The forces holdin; an aggregate together are strong forces, for example, covalent bonds, or those
resulting from sintering or corup: >x puysical entanglement, or otherwise combined former primary particles.

Note 2 to entry: Aggregat.s are also termed secondary particles and the original source particles are termed
primary particles.

[SOURCE: ISO/TS 800c+-2:2015, 3.4]

2.3
nanocrystai
nano-ol iect with a crystalline structure

[SOURCE. 1SO/TS 80004-2:2015, 4.15]

2.4
n«nofibre
nano-object with two external dimensions in the nanoscale and the third dimension significantly larger

Note 1 to entry: The largest external dimension is not necessarily in the nanoscale.

Note 2 to entry: The terms nanofibril and nanofilament can also be used.
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