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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.
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troduction

Cellulose is a polymer produced in nature. In plants, animals, algae and bacteria, cellulose is extruded
from terminal enzyme complexes (TC). TCs are made up of many identical subunits, each containing at
least one catalytic site from which a single cellulose chain is synthesized. Cellulose chains from a single
TC combine to form an elementary fibril. As TCs in plants, animals, algae and bacteria have different
numbers and configurations of subunits, the elementary fibrils they produce have different geometries.
(11 Whether cellulose nanomaterials are separated by industrial processes or produced directly by
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TECHNICAL SPECIFICATION ISO/TS 20477:2023(E)

Nanotechnologies — Vocabulary for cellulose nanomaterial

1 Scope

This document defines terms and definitions for different types of cellulose nanomaterials including
secondary components found in cellulose nanomaterials originating from their manufacturing
processes. This document also provides information on cellulose micromaterials in Annex B.

Where necessary, terms from the ISO/IEC 80004 series are included in this document.)Terms in this
dofument are applicable to all types of cellulose nanomaterials, regardless of production mefthods and
their origin (plants, animals, algae or bacteria).

2 | Normative references

Thiere are no normative references in this document.

3 | Terms and definitions
For the purposes of this document, the following terms and\definitions apply.
IS} and IEC maintain terminology databases for use in’standardization at the following addregsses:

—| ISO Online browsing platform: available at https://www.iso.org/obp

— | IEC Electropedia: available at https://www-electropedia.org/

3.1 Core nanotechnology terms related to cellulose nanomaterials

311
naposcale
lerjgth range approximately from 1 nm to 100 nm

Nofe 1 to entry: Properties that are not extrapolations from larger sizes are predominantly exhibjted in this
lenjgth range.

[SQURCE: ISO/TS80004-1:2015, 2.1]

3.1.2

napomaterial
mdterial.with any external dimension in the nanoscale (3.1.1) or having internal structure pr surface
strjucture in the nanoscale

Note 1 to entry: This generic term is inclusive of nano-object (3.1.3) and nanostructured material (3.1.5).

Note 2 to entry: See also definitions of engineered nanomaterial, manufactured nanomaterial and incidental
nanomaterial in ISO/TS 80004-1:2015.

[SOURCE: ISO/TS 80004-1:2015, 2.4, modified — Note 2 to entry has been added.]

3.1.3
nano-object
discrete piece of material with one, two or three external dimensions in the nanoscale (3.1.1)

Note 1 to entry: The second and third external dimensions are orthogonal to the first dimension and to each
other.

©1S0 2023 - All rights reserved 1
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[SOURCE: ISO/TS 80004-1:2015, 2.5]

314

nanostructure

composition of inter-related constituent parts in which one or more of those parts is a nanoscale (3.1.1)
region

Note 1 to entry: A region is defined by a boundary representing a discontinuity in properties.
[SOURCE: ISO/TS 80004-1:2015, 2.6]

3.1.5 uL
nanostructured material
material Having internal nanostructure (3.1.4) or surface nanostructure

Note 1 to eptry: This definition does not exclude the possibility for a nano-object (3.1.3) to have intéknal structpire
or surface ptructure. If external dimension(s) are in the nanoscale (3.1.1), the term nano-objectistecommendgd.

[SOURCE:|ISO/TS 80004-1:2015, 2.7]

3.1.6
nanofibre¢
nano-objeft (3.1.3) with two similar external dimensions in the naposcale (3.1.1) and the thjrd
dimension significantly larger

Note 1 to eptry: The largest external dimension is not necessarily in the manoscale.
Note 2 to eptry: Nanofibril and nanofilament are alternative terms for-hanofibre.
Note 3 to eptry: See Note 1 to entry of nanoparticle in ISO/TS 80004-2:2015.
[SOURCE:|ISO/TS 80004-2:2015, 4.5]

3.1.7
nanocrystal
nano-objegt (3.1.3) with a crystalline (3.2.1) structure

[SOURCE:|ISO/TS 80004-2:2015, 4.15]

3.2 Prerequisite non-nanotechnology terms related to cellulose nanomaterials

3.21
crystalline
having a dolid structufe-with a three-dimensional arrangement of ions, molecules or atoms with lang
range ordpr

3.2.2
paracrystalline
having shprt’and medium-range ordered lattice structure and lacking long-range order in at least dne
direction; in the intermediate state between crystalline (3.2.1) and amorphous

3.2.3
cellulose
linear polymeric chains of 3 (1-4) linked D-glucopyranose units

3.2.4

elementary fibril

structure originating from a single terminal enzyme complex and having a configuration of cellulose
chains specific to each cellulose-producing plant, animal, algal and bacterial species

2 © IS0 2023 - All rights reserved
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3.2.5

hemicellulose
non-cellulose heteropolysaccharides in organisms, typically containing monomers such as, but not
limited to, xylose, glucose, mannose, galactose, arabinose and glucuronic acid

Note 1 to entry: Hemicellulose can be composed of branched polymers.

Note 2 to entry: Hemicellulose is usually extractable with dilute alkaline solutions.

3.3 Terms related specifically to cellulose nanomaterials

3.3
ce
CN
na
NG

cellulosic nanomaterial

CN
ma3
(3
st

No
No

3.3
ce
na

3.3
ce
na

composed of cellulose (3.2.3)

3.3.

ce
na

No

conjfused with wood fibres or wood pulp fibres which typically have diameters of tens of micrometres.

3.3
ce

CNC

na
(3

hocellulose

1.1), or a material having internal structure or surface structure inthe nanoscale, with th

a1
lulose nanomaterial
M

M
terial composed predominantly of cellulose (3.2.3), with any external dimension in the

ucture or surface structure composed predominantly of cellulose
Le 1 to entry: Some cellulose nanomaterials can be composed of chemically modified cellulose.
Le 2 to entry: This term is inclusive of cellulose nano-object (3.3%2) and cellulose nanostructured mate

2
lulose nano-object
ho-object (3.1.3) composed predominantly of cellirlose (3.2.4)

3
lulose nanostructured material
hostructured material (3.1.5) of whicli-the internal or surface nanostructure (3.1.4) is pred

4
lulose nanofibre
hofibre (3.1.6) composed predominantly of cellulose (3.2.3)

fe 1 to entry: This definition is a description of the morphology and the size of an object. It shq

.5
lulose nanocrystal

nocrystal (3.1.7) composed predominantly of cellulose (3.2.3) containing predominantly

nanoscale
e internal

rial (3.3.3).

bminantly

uld not be

crystalline
exhibiting

2 A)and paracrystalline (3.2.2) regions, with at least one elementary fibril (3.2.4), not

lon

gitudinal splits
5 r

Note 1 to entry: The aspect ratio of cellulose nanocrystals is usually smaller than 50 but usually greater than 5,
where aspect ratio refers to the ratio of the longest to the shortest dimensions.

Note 2 to entry: Cellulose nanocrystals do not exhibit interparticle entanglement or network-like structures.

Note 3 to entry: Historically cellulose nanocrystals have been called nanocrystalline cellulose (NCC) and
whiskers such as cellulose nanowhiskers (CNW); they have also been called spheres, needles or nanowires based
on their shape, dimensions and morphology; other names have included cellulose micelles, cellulose crystallites
and cellulose microcrystals.

Note 4 to entry: See Figure A.1 for images of CNC.
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cellulose
CNF
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nanofibril

cellulose (3.2.3) nanofibre (3.1.6) composed of at least one elementary fibril (3.2.4) that can contain
branches a significant fraction of which are in the nanoscale

Note 1 to entry: The dimensions are typically 3 nm to 100 nm in cross-section and typically up to 100 pm in

length.

Note 2 to entry: CNF can form entanglements between particles or network-like structure when the distance
between CNF fibres is sufficiently close.

Note 3 to entry: Cellulose nanofibrils from plant sources, produced by mechanical processes, can be accompanlied
by hemicellulose (3.2.5), and in some cases lignin.

Note 4 to |entry: Some cellulose nanofibrils can have functional groups on their surface as a\result of fhe

manufact

ing process.

Note 5 to gntry: The terms nanofibrillated cellulose (NFC), nanofibrillar cellulose (NFC), @and cellulose nanofipre
(3.3.4) havle been used interchangeably with cellulose nanofibril. The terms microfibrillated cellulose (M{C),
microfibrillar cellulose (MFC), cellulose microfibril (CMF) have also incorrectly been used to describe cellulpse

nanofibrilg

Note 6 to §
sources.

Note 7to e
3.3.7
individud
iCNF
discrete ¢
groups on

Note1toe

. To provide clarity, cellulose micromaterials are described in Annex B.

htry: See Figure A.2 for images of CNF.

lized cellulose nanofibril

its surface

htry: See Figure A.3 for images of iCNF,

ntry: The term cellulose nanoribbon has been used to describe ecellulose nanofibrils from bacterial

ellulose nanofibril (3.3.6) composed of oh&’elementary fibril (3.2.4) with ionic functiohal
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Annex A
(informative)

Images of cellulose nanomaterials

Images of CNC (Figure A.1), CNF (Figure A.2) and iCNF (Figure A.3) are presented in this annex to
illystrate 3:3-5, 3-3.6 and 3.3.7, respectively.

It §hould be noted that, when imaging CNMs, there will be variability. The size of individual|CNCs and
CNFs and the level of aggregation or entanglement will vary depending on the cellulpse biom4gss source,
conditions used to prepare the initial material and the method used to deposit the’sample forjimaging.

SOPRCE Images provided by Dr. Linda Johnston, National Research Council Canada.

Figure A.1 — Representative images of CNCs measured by a) TEM and b) AFM

SOURCE TEM image provided by Dr. Ulrich Baxa, National Cancer Institute, USA and AFM image provided by
Dr. Katariina Solin, VTT Technical Research Centre of Finland Ltd.

Figure A.2 — Representative images of CNFs measured by a) TEM and b) AFM

© IS0 2023 - All rights reserved 5
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SOURCE |Images provided by Professor Akira Isogai, the University of Tokyo.

Figure A.3 — Representative images of iCNFs measured by a) TEM and-b)’AFM
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