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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 procgdures 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-\for the
different {ypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules 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 the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Detailq of
any patenf rights identified during the development of the document will be in the.Introduction andjor
on the IS( list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does pot
constitutqg an endorsement.

For an exyplanation of the voluntary nature of standards, the ¢ieaning of ISO specific terms gnd
expressiohs related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/
iso/forewprd.html.

This document was prepared by Technical Committee }SO/TC 229, Nanotechnologies.

Any feedblack or questions on this document should be directed to the user’s national standards body. A
complete |isting of these bodies can be found at www.iso.org/members.html.
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Introduction

Cellulose nanomaterials derived from naturally occurring cellulosic fibres are renewable
materials with unprecedented properties. They are of wide variety in morphology, e.g. differe

advanced
nt shapes,

branching and networking. Basic research related to cellulosic nanomaterials has been increasingly

conducted worldwide. At the same time, manufacturing industries have already started

to deliver

cellulose nanomaterials to the market. Application industries are also becoming more and more

interested in these new materials.

A] l_ e e . .‘ e omposedd. o a nale . A. 0 e anh2 2 .‘ . i 2k

fibril originating from a cellulose terminal enzyme complex. An elementary fibril is\j
tain number of cellulose molecules and contains crystalline regions predominantly-~The
mentary fibril is specific to the native cellulose source. In wood pulp, the cross-sectional

surface. An iCNF has the functional groups on the outer surface ofithe fibril, and iCNFs can be
frgm each other, one by one, by the static repulsion due to the-electrostatic charge of newly i
functional groups. Refer to Annex B for more explanations gniCNFs.

Seyeral manufacturing companies have already beguu)yproducing iCNFs. iCNFs are now
indreasingly to the worldwide market for applications in the industrial fields of polymer cg
adhesives, additives, gels, etc. Some examples of iCNF*containing commercial products are di{
depdorant performance and gel ink for ballpointypens. In all applications, appropriate charag
of the iCNF samples is necessary so that desired’products can be manufactured.

Thiis document provides a sound basis:for the commercialization as well as the resq
deyelopment of iCNF materials.
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Nanotechnologies — Characterization of individualized
cellulose nanofibril samples

t 4 o5 b ¢ anofihril (iCNF)
ples in suspension and powder forms and their measurement methods. In addition; it provides
ple preparation, measurement and data analysis procedures.

Thlis document does not apply to the characterization of iCNFs that have been modified after they are
mdnufactured.

2 | Normative references

Thf following documents are referred to in the text in such a way“that some or all of thejir content
constitutes requirements of this document. For dated references; only the edition cited applies. For
unfated references, the latest edition of the referenced document fincluding any amendmentf) applies.

ISQ/TS 80004-2, Nanotechnologies — Vocabulary — Part 2:{Nano-objects

3 | Terms and definitions

For the purposes of this document, the term$*and definitions given in ISO/TS 80004-2 and the
following apply.

IS) and IEC maintain terminological databases for use in standardization at the following addlresses:

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

—| IEC Electropedia: available‘at http://www.electropedia.org/

3.1
el¢mentary fibril
stijucture, originating-from a single terminal enzyme complex, having a configuration of cellulose
chains specific to eaeh cellulose-producing plant, animal, algal and bacteria species

[SOURCE: 1SO/ES20477:2017, 3.2.5]

cellulose-nanofibril

celllese—nanefibre—composed—of—atleast—one—elementary—fib 5 ptaining—erystalline,
paracrystalline and amorphous regions, with aspect ratio usually greater than 10, which may contain
longitudinal splits, entanglement between particles, or network-like structures

[SOURCE: ISO/TS 20477:2017, 3.3.6, modified — The notes to entry have been deleted.]

3.3

individualized cellulose nanofibril

iCNF

discrete cellulose nanofibril (3.2) composed of one elementary fibril (3.1) with ionic functional groups on
its surface

© IS0 2021 - All rights reserved 1
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4 Abbreviated terms

AFM atomic force microscopy

CNC cellulose nanocrystal

FT-IR Fourier transform infrared spectrometry

HPLC high performance liquid chromatography

IC torehromatography

ICP-AES inductively coupled plasma - atomic emission spectrometry
ICP-MS inductively coupled plasma - mass spectrometry

ICP-OES inductively coupled plasma - optical emission spectrometry
NMR nuclear magnetic resonance

SEC-MALS size-exclusion chromatography - multi-angle laser light scattering
TEM transmission electron microscopy

TEMPO 2,2,6,6-tetramethylpiperidine-1-oxyl

TGA thermogravimetric analysis

UV-Vis ultraviolet-visible

XRD X-ray diffraction

5 Charnacteristics to be measured of tENF samples and their measurement
methodp

5.1 General

The chardcteristics of iCNF samples listed in Table 1 are required to be measured or identified. The
character|stics listed in TablezZ2-dre recommended to be considered for measurement and identificatjon
based on [the agreement between a buyer and a seller of an iCNF material in the market. The iC[NF
sample refers to a matetial taken from an iCNF product for characterization that contains iCNFs gnd
other subgtances as impurities as well as solvent in the case of suspension.

The measpirementuriethods listed in Tables 1 and 2 are required and recommended, respectively, to[be
adopted tp determine the characteristics of an iCNF sample. Measurement protocols for characteristics
in Tables | and'2 are separately provided in Annex A for the individual characteristics.

Test specimens for measurements shall and should be prepared from the sample as specified in each
subclause in 5.2 and 5.3, respectively.

For each of the characteristics measured, the state of the test specimens, such as aqueous suspension
and air-dried, freeze-dried or oven-dried powders, shall be reported in accordance with Clause 6.
When the test specimen’s dispersibility is considered an important factor for measurement, such as
observation by electron microscopy, information about the dispersing methods used (e.g. sonication,
homogenization, the use of surfactants) shall also be reported.

2 © IS0 2021 - All rights reserved
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Table 1 — Characteristics of iCNF samples that are required to be measured or identified
and their measurement methods

Characteristics

Measurement methods

Morphology and size

TEM or AFM

Total dry matter content

Oven drying and weighing

Crystal structure

X-ray diffractometry

Optical transmittance

UV-Vis spectrophotometry

Surface functional groups: Types

FT-IR

Surface functional groups: Content

Conductometric titration

Viscosity

Viscometry

NOTE The characteristics are arranged from general to specific for identification of {ENFs The
order indicates neither importance nor a flow of measurements.

Characteristics Measurement methods
Width and height TEM or AFM
Length TEM
Molecular weight distribution SEC-MALS

Supernatant dry matter ratio

Centrifugation, oven drying and weighing

Crystallinity

Solid-state NMR

Thermal stability

TGA

Ash content

Combustion and weighing

Acid-soluble metal content

Incineration, wet chemical analysis and ICP-
AES/OES or ICP-MS

Organic contaminant content

Solid-state NMR

Acetone-soluble matter comtent

Soxhlet extraction, oven drying and weighing

Constituent sugar content

HPLC or IC, and chemical analysis

5.2 Characteristics réquired to be measured or identified

5.2.1 Morphology-and size

An|iCNF is distinctive and unique in shape and size. The morphology of an iCNF sample ref

Table 2 — Characteristics of iCNF samples that are recommended to be measured or idlentified
and their measurement methods

ers to the

shapes of iCNFs'and other solid objects, such as bundle-formed cellulose nanomaterials that are not
individualized, contained in the sample. The size refers to the width, height and length of

iC

other salid objects. The morphology and size are measured qualitatively to observe the p
Es and other solid objects contained in an iCNF sample.

CNFs and

resence of

Microscopic images of solid objects in an iCNF sample shall be obtained by TEM or AFM. When the
sample is provided in powder form, a test specimen in aqueous suspension form is first prepared. The
iCNF suspension is diluted by adding deionized water at an adequate concentration for the TEM and

AFM measurements.

More than 10 images shall be provided at appropriate magnifications so that iCNFs can be clearly
observed. Each image accurately represents the solid objects contained in an iCNF sample. The scale

bar is shown on each image.

See examples of microscopic images of morphology and size in A.2.1.

Quantitative measurements of the size, width/height and length of iCNFs are separately described in

5.3.1 and 5.3.2, respectively.

© IS0 2021 - All rights reserved
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5.2.2 Total dry matter content

An iCNF sample may contain solid components other than iCNFs as well as dissolved materials. The
total dry matter content of an iCNF sample in suspension or powder form is the ratio of the mass of the
iCNF sample after drying to that of the iCNF sample before drying.

The mass of total dry matter shall be measured by the oven drying method, which consists of drying
the sample to constant mass at a temperature of 105 °C + 2 °C and weighing.

The results of total dry matter content measurement shall be expressed in the unit of kg/kg.

See measyrement protocols for the total dry matter content in A.2.2.

5.2.3 Crystal structure

The crystal structure is distinctive and unique for a crystalline solid and enables its identification. |An
iCNF deriyed from native cellulose has crystalline regions of cellulose I, which is a mixture of cellulpse
I and IB] It is also important to confirm if there are any solid objects having crystalline structutes
other than cellulose I in an iCNF sample.

The crystial structures shall be identified. Their amounts shall be qualitatively estimated by X-ray
diffractometry for a dried test specimen. When the sample is provided in‘suspension form, a dried test
specimenl|is prepared for the measurements.

The results shall be expressed as an X-ray spectral chart over the diffraction angles between 5° and 45°
(as 20) to[cover the peaks of cellulose I and other crystal structutes included in an iCNF sample.

See an exdmple of an iCNF X-ray spectral chartin A.2.3.

5.2.4 Optical transmittance

As a nativye cellulose material is physically reduced to individual iCNFs, the optical transmittanceg of
the suspepsion increases due to a decrease ef optical scattering by the cellulose fibrils. The optifcal
transmittpnce in the UV-Vis range can be anrindication of dispersibility of an iCNF sample. The opt}Eal
transmittpnce is the ratio of the radiant flux of an optical beam that is transmitted through a test ¢ell

containing an iCNF suspension to that through a blank test cell with pure dispersant.

The optical transmittance shall be-measured over the wavelength range from 200 nm to 750 nm by JV-
Vis spectrophotometry. When the sample is provided in aqueous suspension form, a test specimen of a
1 % mass|fraction total dry matter content is prepared by diluting or concentrating. When the sample
is providdd in powder form, a test specimen of aqueous suspension of a 1 % mass fraction total dry
matter coptent is prepared.’A cell with a 10 mm optical path length is used for the measurement.

The results of optical\transmittance measurements shall be expressed as % or a dimensionless number
and illustfated as:a“spectral chart of the optical transmittance versus wavelength over the specifjed
wavelength range.

See examp]pc of measurementresultsin A2 4 and B8

5.2.5 Surface functional groups: Types

When iCNFs are manufactured from natural cellulose fibres, surfaces of the iCNF may be modified with
functional groups. The type of functional groups depends on the manufacturing methods used. A test
specimen in dried solid form shall be prepared and used for the measurement. The type of functional
groups which are newly introduced during manufacturing iCNFs shall be identified by FT-IR. The
spectral charts shall be shown in the range from 600 cm~! to 3 800 cm™1.

See examples of charts in A.2.5 and B.11.

4 © IS0 2021 - All rights reserved
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5.2.6 Surface functional groups: Content

The surface functional group content of iCNF samples is the ratio of the amounts of the newly introduced
and charged functional groups (such as carboxylic acids) to the mass of the total dry matter in a sample.

The amounts of the negatively charged functional groups in CNF samples, such as carboxylic acids
and phosphoric acids, shall be measured by conductometric titration. When the sample is provided
in suspension form, a test specimen in powder form is prepared from the suspension sample for the
measurement.

ed by the

conductometric titration.

5.2.7 Viscosity

Vigcosity is a rheological property of a fluid that expresses resistance-to shearing flows. The¢ viscosity
of in iCNF suspension is a significant fundamental characteristic fér liquid applications.

When an iCNF sample is provided in suspension form, a test-specimen of 1 % mass fractior total dry
mdtter content is prepared for the measurement by dilutifighor concentrating. When an iCINF sample
is provided in powder form, an aqueous suspension test specimen of 1 % mass fraction| total dry
mdtter content is prepared for the measurement. The tést specimen is stored sufficiently long prior to
mgasurement in order to avoid the influence of the thixotropy of iCNF suspensions.

Th viscosity shall be measured by the rotatioral viscometer at one shear rate in the rang¢ between
0,4 s71and 2 s7! and can be optionally measured at other shear rates.

The viscosity results at 25 °C shall be expressed in the unit of Pa-s. The shear rates at which the¢ viscosity
mgasurements are taken, and the dispersion medium and viscometer type used (e.g. single cylinder,
copcentric cylinder, cone and plate®r others) shall be reported with the viscosity results.

Se¢ an example of measurementresults in A.2.7.
5. Characteristics recommended to be measured or identified

5.3.1 Width and-height

Width and height measurements of fibrous objects contained in an iCNF sample can clearly diistinguish
iCNFs from<@ther fibrous objects on a microscopic image. The cross-sectional dimensions of ap iCNF are
approxinrately 3 nm and are uniform along the fibre axis while those of other fibrous objectp, e.g. CNF
bupdlés,xare much larger than those of iCNFs.

=t i i edges on
a cross-sectional line orthogonal to the longitudinal direction. The height of a fibrous object is the
distance on a three-dimensional image between the top of the fibrous object and the substrate surface
when the fibrous object is deposited laterally on the substrate. Since the cross-section of an iCNF or
other fibrous object is not a perfect circle, the width and height measured on a microscopic image may
vary depending on the viewing or probing angles of TEM or AFM to the fibres. The average of width and
height can be obtained over randomly oriented viewing and probing angles.

One datapoint of width or height is obtained for each fibrous object. When the width or height varies
along the fibre axis on an image, the largest width or height should be measured and recorded. The
target fibrous objects to be measured should be representative of the fibrous solid objects contained in
an iCNF sample, i.e. all types of fibrous objects on an image should be equally selected. The number of
width or height data is more than 25.

© IS0 2021 - All rights reserved 5
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Either the width or height may be measured for an iCNF sample. The width should be measured by
TEM and the height by AFM. When the sample is provided in aqueous suspension form, the target
concentration for a test specimen is obtained via dilution or concentration before testing, and then the
test specimen is used for the measurement. When the sample provided is in powder form, an aqueous
suspension test specimen is first prepared for the measurement.

The measurement results should be displayed as a histogram of the number of iCNFs and other fibrous
objects versus width or height at the interval of 0,5 nm. Also, the average (median) of width or height
data of iCNFs and other fibrous objects should be expressed in the unit of nm. It should be noted that
the measurement results can be qualitative with increased uncertainty when the observed microscopic

. dn PR L4l 1
Images arg ot TrepreseItative ot tire satrpie:

See histogram examples in A.3.1.

5.3.2 Length

The length of a fibrous object not having branches is the longitudinal distance along the axis betwg¢en
its two emds on a two-dimensional image. When there are kinks along the fibfe) the length of the
fibrous ohject is the sum between adjacent kinks and a kink and an end. The target fibrous objectq to
be measuted should be representative of the iCNF sample, i.e. all types of fibreus objects on an image
should be| equally selected. The number of length datapoints may be agreed between the buyer gnd
seller of ap iCNF material.

The length of fibrous objects not having a branch should be measured by TEM with the aid of imgge
analysis fechniques. When the sample is provided in powder form, a test specimen in aquequs
suspension form is first prepared for the measurement.

The measprement results should be displayed as a histogram exhibiting length distribution of iCNFs
and other|fibrous objects. Also, the average (median) of\fibrous object length data in an iCNF sample
should belexpressed in the unit of nm or pm.

See examples of the histogram in A.3.2.

5.3.3 Molecular weight distribution

An iCNF ig a longitudinal sequence of«celulosic structures having the same cross-sectional dimensions.
Although fthe length of an iCNF is notialways equal to the lengths of the cellulose molecules composjng
the iCNF flue to variation of enzymic reactions during biosynthesis of the elementary fibrils, longer
fibrils can contain longer cellulose chains. Therefore, the molecular weight distribution of cellulpse
moleculegin an iCNF sampléceuld be strongly related to the length distribution of the iCNFs themselves.

The moleqular weightdistribution of an iCNF sample should be measured by SEC-MALS measurement
after apprjopriate préstreatment of the iCNF sample. A dried powder test specimen is prepared for the
measurenpent.

The resulgs should be expressed as M,, (weight-average molecular weight) as well as two-dimensiopal
graphs obftained from SEC-MALS.

See an example of measurement results in A.3.3.

5.3.4 Supernatant dry matter ratio

Solid objects suspended in a fluid can be separated into lighter and heavier objects by centrifugation
where the separation depends on the mass and density of individual solid objects. When an appropriate
centrifugal separation is applied to an iCNF suspension sample, iCNFs and soluble matter remain in the
supernatant while other heavier solid objects deposit as sediments.

The supernatant dry matter ratio is the ratio of the dry matter content of a supernatant of an iCNF test
specimen after centrifugal separation to that of the iCNF test specimen before centrifugal separation.

6 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=cdccbc85e9106f3b1eccc3fd73ff8c75

ISO/TS 21346:2021(E)

When the sample is provided in suspension form, a test specimen prepared at a dry matter content
of 0,1 % mass fraction should be used for centrifugal separation. When an iCNF sample is provided in
powder form, a suspension test specimen is first prepared and then the same processes are followed as
for the suspension samples.

The centrifugal separation is usually performed at more than 12 000 g for longer than 20 min. The
mass of dry matter should be measured by the oven drying method as in 5.2.2.

The results of supernatant dry matter ratio should be expressed as % mass fraction or a
dimensionless ratio.

Se¢ measurement protocols for the total dry matter content in A.3.4.

5.3.5 Crystallinity

An
(a

isordered
e and the
rystalline

iCNF contains regions of highly ordered (crystalline) cellulose and regions of d
norphous) cellulose. The fraction of crystalline cellulose depends on theellulose sourg
iCNF manufacturing processes. The crystallinity of an iCNF sample is the ratie of the mass of g
celtulose to that of the total (crystalline and amorphous) of cellulose.
The crystallinity of an iCNF sample should be measured by solid-state 13C NMR. A test spq
mdasurement is prepared in dried powder form from the powder ok suspension form sample
Th C4 peak of the iCNF in the cross polarization - magic angle spintiing (CP-MAS) spectrum is|separated
frdm the C2, C3 and C5 peaks. The spectral charts should®eé shown in the range from 2Q ppm? to
20D ppm. The results of crystallinity measurement are cal€ulated by the ratio of the area of the peak

(87 ppm to 93 ppm region) assigned to C4 of crystalline.cellulose to that of the peak (80 ppm {to 93 ppm
region) assigned to all C4 of cellulose.

cimen for
provided.

Se¢ examples of solid-state NMR spectral charts gbtained with cellulosic samples in A.3.5 andl B.10.

5.3.6 Thermal stability

Th
to
wh

e thermal stability indicates the quality and the ability of the substances present in an iCl
Fesist irreversible change in its chemical or physical structure by decomposition or depolyr
en subjected to high temperatures. The measurement of thermal stability of an iCNF test

NF sample
nerization
specimen

reflers to the mass loss of the.Specimen in dried powder form during heating to a sufficiently high

terpperature.

sion form,
should be

Thee thermal stability should be measured by TGA. When the sample is provided in suspen
the dried test specimetis first prepared for the measurement. The mass loss of test specimen
medasured for both.dynamic and isothermal conditions.

The result shetild be expressed as a thermogravimetric curve showing the mass as a fiinction of
tempperature.)Considering that the results depend on many experimental and instrumental|variables,
relevant measurement conditions are also reported including the atmosphere (e.g. air, N,, (,) and its
flow rate, the method of sample drying (e.g. freeze-dried or air-dried), and the temperature programme
us¢d{e.g. heating ramp rate(s) and/or isothermal temperature(s)).

See examples of thermal stability measurement results in B.9.

5.3.7 Ash content

An iCNF sample is predominantly composed of cellulosic fibrils which can be eliminated by combustion.
However, the sample may contain metals and inorganic constituents which are left as ash after
combustion.

The ash content of an iCNF sample in suspension or powder form is the ratio of the mass of the residue
after complete combustion of the sample to that of the total dry matter of the sample.

1) Chemical shift values are in parts per million (ppm) relative to tetramethylsilane.

© IS0 2021 - All rights reserved
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The ash content should be measured by weighing the residue after combustion at 900 °C * 25 °C using
an electric furnace.

The results of ash content should be expressed as % mass fraction or in the unit of mg/kg.

See measurement protocols for the ash content in A.3.7.

5.3.8 Acid-soluble metal content

Metal constituents are likely introduced from the substrates used in manufacturing iCNFs.

The cont

potassiung) is the ratio of the mass of metallic element contained in the residue from incineratien

900 °C of

The acid-
digestion
specimen

The meas|
element p

See measyrement protocols for the acid-soluble metal content in A.3.8,

539 O

An iCNF s
pulp, as W
informati

Organic d

The meas
220 ppm)

See measyrement protocols for the organic contaminant content in A.3.9.

5.3.10 A

AniCNF s:
which are
manufact
weight or
the iCNF s

The mass

ent of acid-soluble metals (magnesium, calcium, manganese, iron, copper, sodiumn 3

h dried iCNF test specimen to that of the dried test specimen before incineration.

and ICP-AES/OES or ICP-MS. When the sample is provided in suspension form, a dried t
is prepared from the suspension for the measurements.

urement results should be expressed as % mass fraction or in the~unit of mg/kg for es
Fesent.

'ganic contaminant content

hmple may contain organic compounds other than iGNFs, including lignin derived from wd
ell as polymers and other components. A solid-state NMR spectrum can provide qualitat|
bn about the presence of organic contaminants,inran iCNF sample.

urement results should be expressed with a solid-state NMR spectral chart (0 ppm
covering the peaks of iCNF and ¢rganic contaminants.

retone-soluble matter content

hmple may containacetone-soluble matter including low molecular weight organic compour
intentionally<added into the sample or which are introduced as contaminants during

banic compounds extracted from an iCNF sample by acetone to that of the total dry mattet
ample.

of-acetone-soluble matter in an air-dried iCNF powder sample should be measured by Soxh

extractior

ontaminants should be identified by CP-MAS 13C NMR. When the sample is provided| i
suspension form, a dried test specimen is first prepared for the measurement.

nd
at

soluble metal content should be measured by using incineration followed by,wet chemifal

est

ich

od
ive

to

1ds
he

iring process—~The acetone-soluble matter content is the ratio of the mass of low molecullar

of

let

with hni]ing acetone followed hy ‘Amighing of the extraction residue. When the cnmp]c

is

provided in suspension form, a test specimen in air-dried powder form is first prepared and then the
same processes are followed as for the powder samples.

The results of acetone-soluble matter content should be expressed as % mass fraction or in the unit

of kg/kg.

See measurement protocols for the acetone-soluble matter content in A.3.10.

5.3.11 Constituent sugar content

When a wood pulp is the starting material for manufacturing iCNFs, an iCNF sample may include
hemicelluloses depending on the purity of the pulp. The amount of hemicelluloses in an iCNF sample can

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=cdccbc85e9106f3b1eccc3fd73ff8c75

ISO/TS 21346

:2021(E)

be estimated from the quantities of their constituent sugars. The constituent sugar content is the ratio
of the mass of constituent sugar in an iCNF sample to that of the total dry matter of the iCNF sample.

The mass of constituent sugars in an iCNF air-dried powder sample should be measured by acid
hydrolysis followed by sugar determination using a quantitative analysis for each monosaccharide. The
separation and quantitative analysis of each sugar are conducted by using chromatography such as
HPLC or IC, and the calibration curve method. When the sample is provided in suspension form, a test
specimen in air-dried powder form is first prepared and then the same processes are followed as for
the powder samples.

Th

measurement results of individual constituent sugars contents should he nvprnccnd

s % mass

fra

Se

6
Th

b)

d)

ction or in the unit of kg/kg.

e measurement protocols for the constituent sugar content in A.3.11.

Reporting
e characterization report shall include the following:
sample identification:
1) sample name;
2) manufacturer’s name;
3) lot number;
4) sample source, e.g. type of plant, marine organism or bacteria;
5) manufacturing method, e.g. TEMPO and'thers;
6) sample form; suspension or powder;
7) name of additives;
8) storage conditions prior totesting;
name of characteristic measured or identified that is listed in Tables 1 or 2;
measurement methed used for the individual characteristic;
test specimen prepared for measurement:
1) suspenSion or powder;
2) drganatter content of suspension;

3)_‘the solvent, such as deionized water, and dispersing method, if used, in the c

se that a

suspension test specimen is prepared from a powder sample;

f)

g)
h)

dates of measurement and name of organization that made the measurements for the individual

characteristics;

quantitative and/or qualitative results of measurements with the sample state and dispersion

method, if appropriate, for the reported characteristics;
information on the uncertainty of results;

additional information, if any, supporting the measurement results;

deviations: if there are any deviations from this document, the name of, and detailed information

on, the measurement methods used and their justification.
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Annex A
(informative)

Protocols for sample preparation, measurement and data analysis

A1l GeIerai

The samplle preparation and measurement procedures and data analysis methods that are genérg
used are provided in this annex for individual characteristics.

Sampling |and sample homogeneity should be carefully considered in accordance withZ1SO 14488
obtain acqurate measurement results.

When the| concentration of suspension is expressed as % mass fraction in this{annex, it refers to
percentage of dry matter content.

A.2 Prqtocols for measuring required characteristics

A.2.1 Mjprphology and size

TEM, AFM and image processing using software are used for-the visualization of morphology and siz

ology and size, either TEM or AFM can be used, TEM is recommended to determine the obj
is used for measuring object height rathep;than width because of its tip broadening eff]
on the width measurements.

For TEM, pn aqueous suspension (0,01 % mass.fraction or less) of iCNFs is prepared. The suspens
of an iCNF sample is dropped onto the surfaeé of the elastic carbon film Cu microgrid pretreated
hydrophiljc treatment. The wet iCNF on thé grid is subjected to negative staining, and the samplg
used for TEM observation after dryingiThe grid with dry iCNFs is set on the specimen mount holdet
the TEM, and TEM observation is performed under the conditions of appropriate accelerating voltag

For AFM, [an aqueous suspension.(0,01 % mass fraction or less) of an iCNF sample is dropped ont
freshly cl¢gaved mica surfaceZThe mica plate is used for AFM observation after drying. The grid wj
dry iCNFg is set on the speeimen mount holder of the AFM, and AFM observation is performed us
the tappirlg mode. Appropriate AFM images are acquired using magnification suitable for surveying
height and length of iCNFs and other fibrous objects.

Representative data’for morphology and size are shown in Figure A.1. See also B.2 and B.3.
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500 m

a) TEM b) lﬂ'}'\\/l

Figure A.1 — Images of iCNFs

mefsurements by both TEM and AFM. ISO 13322-1 provides ge |1 guidance and a theoretical Hackground
of $ize measurement from images including TEM and AFM. IS 7:1997 provides information op standard

er for physical testing (pulps). §

NOTE1 ISO/TR 19716 provides information on CNC characteri ation and includes reference tp diameter
58

E2 References [1] and [2] provide information on 1@]%‘ characterization and include reference o diameter
mefasurements by AFM. Reference [3] provides inform@n on iCNF diameter measurements by both TEM and
AFM. Reference [4] provides information on the size$a uation of CNFs including iCNF by AFM.

o WO o
E3 Reference [5] provides information OHQSpect ratios of iCNFs.
E4 Reference [6] provides informa((l}'on sample preparation for measurement of CNC by AFNl and TEM.

$)
E5 References [7], [8] and [9] Q’}V\ide information on staining for TEM observation.

.2 Total dry matter c@(&nt

dglass container, oven, g%cator and precision balance are used for the measurement.

measurement OJBe applied to an iCNF sample available in either aqueous suspension pr powder
forim. For sampl queous suspension form, an adequate amount of test specimen is used|to ensure
that at a mini 20 mg of solid material will remain after drying. For samples in powder f¢rm, a test

Before the test specimen is placed in the container, the empty container (body and lid) shall be
previously heated to constant mass, cooled and weighed. The container with the test specimen is

ig he lid i 1 the lid and container with the test specimen is placed in the oven. They are
heated at 105 °C * 2 °C for a sufficiently long period until constant mass is reached. After drying, the lid
is put on the container. The container with test specimen is cooled in a desiccator to room temperature.
The container is weighed after cooling to room temperature. Drying and weighing procedures are
repeated until the difference between two consecutive weighing results is less than 1 % mass fraction
of the test specimen mass after drying (i.e. constant mass is reached). At least two test specimens are
used for determination of the total dry matter content.
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The total dry matter content is calculated by using Formula (A.1):

(mCT_after —-m. )

Cp= x100 (A1)
(mCT_before —me )
where
Cp is the total dry matter content (in % mass fraction);
me is the mass of the container (in g);
Mer after 1S the mass of the container with the test specimen after drying (in g);
Mer phiore 1S the mass of the container with the test specimen before drying (in g).
NOTE ISO 638-1 and ISO 638-2 specify protocols in more detail for the dry matter contentmeéasurement by
the oven-dfying method for powder and suspension samples, respectively.
A.2.3 Crystal structure
An X-ray diffractometer and Cu Ka (radiation source) are used for the meastrément.
A freeze-dried iCNF sample of 0,1 g or more is pelletized by pressing fér 1 min at a pressure of 750 MPa.
A pellet sample having a thickness of about 1 mm is prepared. X-ray diffraction patterns of the pellet
sample arg obtained under the condition of measuring range 26-from 5° to 45°, from which the crydtal
structures are identified.
Representative data for crystal structure are shown in Figare A.2.
Y
3000
2000
1000
0 T T T T T T T T T T T T T T T T T T T
10 20 30 X
Key
X  diffradqtiefvangle, 26 (°)

Y X-ray intensity (cps)
Figure A.2 — XRD pattern of an iCNF sample

NOTE References [10] and [11] provide information on the use of XRD to confirm the crystal structure of
iCNF samples.

A.2.4 Optical transmittance

A UV-Vis spectrophotometer, quartz cell with a 10 mm optical path length and precision balance are
used for the measurement.
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An aqueous iCNF sample suspension of 1 % mass fraction dry matter content is prepared by dilution or
concentration. The suspension is poured into the quartz cell, and the cell is put into spectrophotometer
sample holder. It should be confirmed that the suspension in the cell does not have any bubbles. The
optical transmittance of the suspension is measured by using a light source of wavelength from 200 nm
to 750 nm.

Representative data for optical transmittance are shown in Figure A.3. See also B.8.
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X X

Key
X | wavelength (nm)

NO|
dis

NO|

AIA
Al

transmittance (%)

TE The iCNF sample represented by the plot on the right shows higher transmittance, and h
persion.

Figure A.3 — Examples of plots of trafismittance as a function of wavelength for diffs
prepared iCNF samples

TE Reference [12] provides information on how to evaluate the dispersibility of iCNFs in iCNF

2.5 Surface functional groups — Types

ourier transform infrared spectrometer is used for the measurement.

A dlilute aqueousACNF sample suspension (e.g. 0,2 % mass fraction) is prepared. This sus

dr
30
an
of

ed on a polytetrafluoroethylene (PTFE) Petri dish at room temperature to prepare a film
um in thickness. The film is equilibrated at a temperature of 23 °C and a relative humidit
] is used.for FT-IR measurement via the transmission method. It is recommended to use a
4 cmitand accumulate more than 256 scans. The spectral measurement will reveal th

ence better

erently

samples.

bension is
pf 5 um to
y of 50 %,
resolution
b types of
te (acid or

functional group that are present in the samples. Carboxylate (acid or salt form) or phospha
sa;I fetm) in CNE ] he al | by FT-IR Iy i luced f ional

not found in the original cellulosic materials.

which are

Representative data showing the identification of functional groups by FT-IR are shown in Figure A.4.
See also B.11.
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Figure A4 — FT-IR transmission spectrum of an iCNF sample between 500 cm~1 and 4 000 cm~1

NOTE Reference [13] provides information on the detection and‘identification of functional groups on the
surface of {CNFs in iCNF samples.

A.2.6 Suyrface functional groups — Contents

A.2.6.1 (Quantitative analysis of carboxylic acids
An automptic titrator, automatic burette and.€onductivity meter are used for analysis.

A freeze-dried iCNF sample is prepared as a starting material for titration. 50 ml to 150 ml of deionized
water is poured into the beaker to_make an iCNF suspension of concentration between 0,2 % mass
fraction ahd 0,4 % mass fraction. A\0j02 M solution of NaCl (5 ml) is added to the iCNF suspension gnd
the suspepsion is mixed well. 0,1-M HCI (aq) is added to the iCNF suspension to adjust the pH vajue
to 2,0 to 2,4. After mixing, 0;05‘M NaOH (aq) is added dropwise to an iCNF suspension at a constant
rate of 0,1 ml/min. The conductance and pH value of the iCNF sample suspension shall be continued to
measure Until the pH redchés around 11.

The conductometrijc titration consists of the following three stages:

— stage|l: neutralization of strong acid: HCI + NaOH;

— stage|2:Deutralization of weak acid: cellulose-COOH + NaOH;

— stage 3: after the completion of neutralization.

Read the consumption of NaOH (0,05M NaOH aq) in stage 2 from the data of the pH curve and
conductivity curve. The amount of carboxylic acids in the iCNF sample is calculated from the value by

using Formula (A.2):

Vso
N, =0,05x| 2 (A2)
my

where
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nca  is the amount of carboxylic acids (in mol/g);

0,05 isinmol/];

Vs,  isthe volume of NaOH aq in 1) in stage 2;

mp  is the total dry matter mass of the iCNF sample (in g).

Representative data for carboxylic acid content determination are shown in Figure A.5.
12 2
Y1 Y2

10 <—$ // Q8

.

8 / 1,6
6 1,4

2
0
0
Key
X | 0,05 mol/1 NaOH titre (ml)
Y1| pH

Y2| conductivity (mS/cm)

neutralization of strong acid:"HCI + NaOH

neutralization of weak a¢id:Cellulose-COOH + NaOH

after the completion 6f néutralization: NaOH

-CQOH content = 0,05{mmol/ml] x 6,3 [ml] / 0,239 1 [g, iCNF sample used] = 1,3 [mmol/g]

Figure:A:5 — Plot of acid-base titration for carboxylic acids on the surface of an iCNF

NOTE Reference [14] provides information on the carboxylic acid content determination of TEMP|O-oxidized
iCNEs via titration.

A.2.6.2 Quantitative analysis of phosphoric acids
An automatic titrator, automatic burette and conductivity meter are used for the analysis.

An aqueous iCNF sample suspension (concentration of about 1 g/1) is prepared for the analysis. 10 vol%
to 20 vol% of a strong-acid cation exchange resin is added into the iCNF sample suspension, and
the mixture is stirred for 20 min to 30 min to allow ion exchange. After the treatment, the resin is
removed from the iCNF sample suspension via filtration. About 200 g of the ion exchanged iCNF sample
suspension is weighed, and 5 % mass fraction NaCl (aq) is added to the suspension in order to adjust
the electrical conductivity of the suspension to 70 mS/m. The pH and electrical conductivity of the
suspension are analysed while 0,1 M NaOH aq is added into the suspension at a constant injection rate
of 0,6 ml/min. The analysis is continued until the pH of the suspension reaches 11.
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There are

— theel

three stages during the titration:

ectrical conductivity decreases (stage 1);

— the conductivity increases slightly (stage 2):

— the conductivity increases sharply (stage 3).

From the data on the consumption of 0,1 M NaOH aq in stages 1 and 2, the amount of functional groups
showing weak acidity and strong acidity is calculated by using Formulae (A.3) and (A.4), respectively:

%
_ S1
n, =@,1x| == (4.3)
my
where
ng, |isthe amount of functional groups with strong acidity (in mmol/g);
0,1 |isin mmol/ml;
Vs; |is the consumption volume of 0,1 M NaOH aq (in ml) in stage 1.
V.
S2
nwa=J,1><(—] (A4)
my,
where
n,, |istheamount of functional groups exhibiting weak acidity (in mmol/g);
0,1 |isin mmol/ml;
Vs, |is the consumption volume of 0,1 M Na®OH aq (in ml) in stage 2.
NOTE 1 |Reference [15] provides informationon’the quantitative analysis of phosphoric acids in iCNFs which
are prepargd through phosphorylation.
NOTE 2  |Reference [16] provides information on the isolation of thermally stable CNCs prepared by phosphqric
acid hydrolysis.
A.2.7 Viscosity
A rotatiorjal viscometerdsyiSed for the measurement.
The viscosity of aniGNF suspension is significant as a significant fundamental characteristic for ligpid
applicatigEs and the'viscosity data taken at low shear rates are influenced by the length of iCNFs in the
suspensi
A test spdcimen suspension of 1 % mass fraction total dry matter content is prepared by diluting or

concentrating for the measurement. After confirming visually that the iCNFs are well dispersed,
the iCNF sample suspension is stored at room temperature for more than 18 h and is used for the
following measurement. The viscometer is used for measuring viscosity, and the data are collected at
a temperature of 25 °C and a shear rate between 0,001/s to 1 000/s. By plotting a graph of viscosity
(mPa.s) as a function of shear rate (s1), useful information about fluid properties may be obtained. The
collected data should be described with experimental conditions used in detail. Such conditions include

sample co

mposition, sample concentration and measurement conditions.

Representative data for viscosity are shown in Figure A.6.

16
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TE1 Reference [17] provides inforjmation on how to measure the viscosity of iCNFs.
TE2  References [18] and [19]‘provide information on how to measure the viscosity of polymers

TE3  References [1] and )[20] provide information on the relationship between the length of
cosity of iCNF sample solution.

8 Protocols for measuring recommended characteristics

8.1 Width and height

\\%
is

enthe width and height are quantitatively measured according to 5.3.1, an image processin
Sed. In the measurement using software, the operator can choose one from two altern

Higure A.6 — 2D graph (viscosity versus.Shear rate) example of viscosity measurement for an

iCNFs and

b software
ntives: the

automatic measuring or the manual input processing. The width 1s measured once (the wid
for each fibre. It is recommended that the total number of width determinations be at least 25.

est point)

See the description in A.2.1 for common measurement protocols. See also B.2 for typical TEM images.

Representative data for width are shown in Figure A.7.

The histograms in Figure A.7 show the width distributions of two differently prepared iCNF samples
as measured by TEM. The x-axis shows the classes relevant to the width, while the y-axis shows the
frequency of each class. In each sample, the widths of 30 iCNFs were measured. It can be observed that
the iCNF width data are distributed around a value of 3 nm, which is the expected width of the native
elementary fibril.

© IS0 2021 - All rights reserved
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Figure A.7 — Examples of histograms for iCNF width distributions

A.3.2 Le¢ngth

When the|length is quantitatively measured according to 5.3.2,"an image processing software is usgd.
In the me@surement using software, the operator can choosg,one from two alternatives: the automdtic
measuring or the manual input processing. The number oflength measurements as described in 5.2.1
should be|decided via an agreement between the buyer and the seller.

See the dgscription in A.2.1 for common measurement protocols.
Representative data for length are shown in Figure A.8.

The histograms in Figure A.8 show the length distributions of two differently prepared iCNF sampjles
as measured by TEM. The x-axis shows the classes relevant to the length, while the y-axis shows the
frequency] of each class. In each sample, the lengths of 150 iCNFs were measured. It can be obseryed
that the iCNF length data are distributed between values of 200 nm to 1 000 nm, and some of them
reach over 1 pm.

i, 70 70
{ 60 60
50 50
40 40 H
30 i 5 30 H
20, 5 20 i 8
10 H H H —— 10 = =
~200 ~600 ~1000 ~1400 0 ~200 ~600 ~1000
~400 ~800 ~1200 ~1600 X ~400 ~800 ~1200

Key
X length of iCNFs (nm, measured by TEM)
Y frequency

Figure A.8 — Examples of histograms for iCNF length distributions
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The photos given in Figure A.9 are representative TEM images of iCNFs. When an iCNF is too long to be
visualized within one image frame, its length can be measured by combining the several image frames
in which that iCNF is observed. The concentration of the iCNF suspension and the sample deposition
method are key factors to adjust in order to obtain images in which a single iCNF can be clearly
distinguished for size analysis. A representative sample preparation method is provided in A.2.1.
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md
is
thg
30
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The supernatant i

ad

(trimethylsil omethane) is added to the suspension, and the suspension is stirred
ropm tem ure under a nitrogen atmosphere. 1,5 ml of 5M acetic acid is added to the s
to |deco e excess TMSD, and to convert C6-COONa to C6-COOH. The suspension is v

cemtr&?&' washing using ethanol and t-butyl alcohol sequentially, and then dried by freeze-d

N
SV

Figure A.9 — Examples of iCNF image\{Q)r length measurement
QO
Reference [21] provides information on TENL'{@ges of iCNFs.
\$\
¥
vassing apparatus, liquid supplying ump, auto- -sampler, column for SEC, guard colum
bn, multi-angle light scattering and reé ctive index detector are used for the measurement.

TE

8.3 Molecular weight distribution

thylation of carboxyl groups a@e C6 position of cellulose: To methylate the carboxyl §
lecular weight measurement, 0,1 g (oven-dried mass) of an iCNF sample is weighed, and t
mixed with 50 ml of wat til the sample is well dispersed. 1M HCI (aq) is added dr
iCNF suspension, and olution pH is adjusted between 1,5 and 2,0. The solution is 3
min at room tempe to allow the protonation of the C6 carboxyl groups. Protonated
e washed with me@ol several times using centrifugal separation and supernatant de
arded and 30 ml of DMAc (N,N-dimethyl acetoamide) and 6 ml of me
nder a nitrogen gas stream, the suspension is mixed well. 0,5 ml of

led to the sa

n, column

rroups for
he sample
opwise to
tirred for
materials
cantation.
thanol are
2M TMSD
for 1 h at
Lispension
yashed by

Irying.

NA

c for 24 h.

The solutlon concentratlon is ad]usted to the 1ntended concentratlon of 1 g/l agalnst 1 % LiCl/DMAc, by
dilution with DMAc. The sample solution and solvent are filtered through a 0,45 pm PTFE membrane.
Basic conditions for SEC are as follows:

sample concentration: 0,5 g/1to 1 g/I;
solvent: 1 % LiCl/DMAc;

injection volume: 100 pl;

flow rate: 0,5 ml/min;

column temperature: 40 °C;

© IS0 2021 - All rights reserved

19


https://standardsiso.com/api/?name=cdccbc85e9106f3b1eccc3fd73ff8c75

ISO/TS 21346:2021(E)

— temperature of detector cell for MALS/RI: room temperature;
— column type: Shodex, KD-806M.

By using the SEC-MALS system, the weight average molecular weight (M,,) is measured (refractive
index increment: dn/dc = 0,121).

Representative data for molecular weight distribution are shown in Figure A.10.

107 T T T T T 8X10-2
Y1 A Y2
10° | D2
I _ -2
— D3 6x10

10°
4 4x107?
10*
10° - 2x10%
102 0
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Key
X elutionm volume (ml)

Y1 molecplar mass (g/mol)
Y2 concemtration (mg/ml)

Figure A.10 — SEC elution patterns and molecular mass plots of carboxyl-methylated samples
(D1, D2, D3) measured by SEC-MALS using 1 % LiCl/DMAc as an eluent

NOTE1 |Reference [22] provides information on the SEC-MALS measurement of TEMPO-oxidized celluloses
via methylfation of carboxyl groups.

NOTE 2 |References [23] and [2%] provide information on sample preparation for measurement of molecylar
weight dis{ribution.

NOTE 3  |References [25]; [26] and [27] provide information on the definition and calculation procedure of |V
(average mjolecular weight).

A.3.4 Sypernatant dry matter ratio

A centrifigal “separator, centrifuge tube, UV-Vis spectrometer and quartz cell are used for the
measurentest:

An aqueous iCNF sample suspension of 1 % mass fraction is prepared in a well-dispersed state as a
starting material. To 1 % mass fraction of the aqueous iCNF sample suspension, deionized water is
slowly added under staring condition (e.g. 3 000 r/min) for 20 min, and then 0,1 % mass fraction of
the aqueous iCNF sample suspension is prepared. Into the centrifuge tube (50 ml), 30 ml of the 0,1 %
mass fraction of the iCNF sample suspension is transferred. This tube with the iCNF sample suspension
(0,1 % mass fraction) is centrifuged under the condition of 12 000 g for 20 min, and 15 ml of supernatant
is carefully extracted using pipette. The dry matter content of a supernatant is measured following
the instructions described in A.2.2. The dry matter content of the suspension test specimen before
centrifugation should be measured in the same way as in A.2.2.

The supernatant dry matter ratio is calculated as the ratio between the dry matter content of the
supernatant and that of the suspension test specimen before centrifugation.
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A.3.5 Crystallinity

An NMR spectrometer is used for the measurement of crystallinity.
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Pretreatment: A freeze-dried sample of iCNF is prepared and conditioned at a temperature of 23 °C and
a relative humidity of 50 %. After conditioning for more than 24 h, the sample is transferred into an
NMR sample rotor.

13C solid NMR measurement: A Larmor frequency of 50 MHz or more is used for 13C nuclei. The
acqu151t10n is performed with the standard CP- MAS pulse sequence w1th a 2 ms contact time and 5 s

mqre sample can be used dependmg on the rotor size 1f required. The sample should be fu
into the rotor (zirconium oxide MAS rotor fitting with a Kel-F or equivalent cap). Chemical
reflerenced to hexamethylbenzene (17,4 ppm) or adamantane (29,5 ppm).

Determination of crystallinity: Customized peak resolution software using the pseudo-Voig
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When comparing an iCNF with pulp (raw(material of iCNF) in this measurement method, t
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1sed for the measurement. The C4 peak of the iCNF in CP-MAS spectrum is separated from
1 C5 peaks by pseudo-Voigt line shape deconvolution. The crystallinity of the iCNF is cal

ng Formula (A.5):

C=100x(é)
B

C isthe crystallinity (in %);
A isthe area of peak A (87 ppm to 93 ppm region assigned to C4 of crystalline cellulosg
B isthe area of peak B (80 ppm to 93 ppm,region assigned to all C4 of cellulose).
hk A (87 ppm to 93 ppm region assigued to C4 of crystalline cellulose) of an iCNF is smallef

pulp. The reason is because iCNFs\have larger surface area than pulp, and C4 on the sur
[F as well as pulp is not contributing to crystallinity.
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Representative data for crystallinity are shown in Figure A.11.
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NOTE For the complete NMR spectrum, refer to Figure B.10.
Figure A.11 — C4 peaks between 82 ppm and 93 ppm observed by 13C NMR

NOTE1 |Reference [28] provides information on howto determine the crystallinity of cellulose microfibrild by
13C NMR.

NOTE 2  |Reference [29] provides information on the iCNF crystallinity measured by NMR and XRD,
respectively.

A.3.6 Thermal stability
A thermogravimeter is used fot the measurement.

A freeze-dried iCNF test specimen is used for the measurement of thermal stability. Under a nitrogen
atmosphefe, the test specimen is heated from 50 °C to 600 °C at a rate of 10 °C/min. The relationship
between temperature,and sample mass is reported by a plot of relative mass (%, y-axis) as a functior of
temperatyre (°C, xtaxis). The relative mass (%) is calculated relative to the initial mass (100 %).

Figure B.§ is.an¥example of thermogravimetric curves of an iCNF.

NOTE RoE 2Nl 3l 1 311 s A3 2l 1 lotolilae £ al
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A.3.7 Ash content

A crucible, muffle furnace, precision balance and desiccator are used for the measurement.

A dried iCNF test specimen is used for this measurement. It is recommended to use a dried test
specimen of more than 1 g. A dried test specimen is added to the crucible at room temperature, and the
mass of the crucible with the test specimen is measured. The crucible with the test specimen is put into
the muffle furnace, and the temperature is slowly raised to 900 °C at a rate of 200 °C/h. The combustion
temperature is kept for a predetermined number of hours at 900 °C. The incineration is continued until
no black soot can be found in the crucible. The crucible is moved from the furnace to a desiccator and
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cooled to room temperature. After cooling the crucible to room temperature, the crucible containing
the combustion residue is weighed. The ash content is calculated by using Formula (A.6):

=)
C, =100 (A.6)
mg

where

C, isthe ash contentin % mass fraction;

mp 1s the (mass of crucible and combustion residue) - (tare mass of crucible);
mg is the (mass of crucible and test specimen before combustion) - (tare mass of eruciblg).

NOTE ISO 2144 specifies measurement protocols for the ash content of cellulose nanomaterials af 900 °C.

A.B.8 Acid-soluble metal content

An| inductively coupled plasma atomic emission spectrophotometer,-precision balance apd muffle
furnace are used for the measurement.

Te$t specimen preparation: For the determination of major elements, including magnesiuny, calcium,
sodlium and potassium, a 1 g to 2 g test specimen (calculated as oven dry) is recommended. [For minor
elgments, including manganese, iron and copper, test speecimens of 5 g to 10 g are recomrpended. If
trdce levels of elements are needed, then it is recommended to use test specimen masses thatfare larger
than 10 g.

Pretreatment of test specimens: Using the same method used for measuring ash content (see A.2.8), the
organic matter in a freeze-dried test specimen isidecomposed by incineration. After the inciferation is
coplete, the dish is removed from the muffleurnace and is cooled. The dish is covered with a watch
glass, and 40 ml to 50 ml of hydrochloric acid{1+1) is gently added to the dish. The watch glask is rinsed
dopvn to the dish with deionized water and-is heated on a steam bath for 30 min. The cover i} removed
anfl rinsed. For another 30 min, heating is continued. Ten ml of hydrochloric acid (1+1) is added and
delonized water is added to dissolve‘the salts. The solution is filtered into a 100 ml volumgtric flask
using filter paper. The residue is washed twice using dilute HCI. The total volume is adjusted|to 100 ml
with deionized water using awmicro syringe. Blanks shall be prepared with the same quantities of
redgents used in the test but.omitting the test specimen.

Pre¢parations of standatd solution and test solution: The multi-element standard solution if prepared
following each manufaeturer’s instruction. A calibration as to each metal will be performed to prepare
the¢ standard curye.-A solution of 3 % to 5 % (volume fraction) nitric acid prepared from corfcentrated
nitric acid shall’b& used as a calibration blank. Working standards, as required, are made iy diluting
5 ml of multivelement primary standard to 500 ml with 3 % to 5 % nitric acid. Test solfitions are
prepared dépending on the sample matrix or analyte concentrations.

M asurement: The 1nstrument should be warmed up for at least 30 min before starting measurements.
r the test

specimens is implemented.

NOTE ISO 12830 specifies measurement protocols for acid-soluble metal content by ICP-OES.

A.3.9 Organic contaminant content
A solid-state NMR spectrometer and NMR probe are used for the measurement.

A freeze-dried iCNF test specimen is prepared for this measurement. The test specimen of 0,05 g to
0,07 gis compacted under 23 °C and a relative humidity of 50 % into an NMR sample rotor (e.g. 3 mm in
diameter and 2 cm long made of zirconia), then CP-MAS 13C NMR spectral data of the test specimen are
acquired.
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Representative CP-MAS 13C NMR spectra of the original and TEMPO-oxidized celluloses are shown in
Figure B.9. Contaminants such as lignin derived from plant materials can be qualitatively detected from
the NMR spectral data.

A.3.10 Acetone-soluble matter content

A soxhlet extractor, heater, precision balance, weighing dish and solvent-proof oven are used for the
measurement.

When the iCNF sample is prov1ded as a suspen51on a freeze dr1ed test spec1men of 2 g to 10 g is
prepared g A : e e 5 5
condition unt11 the water content of the sample reaches that of the atmosphere The uncertalnty in
the test specimen mass measurements should be less than 1 mg. The test specimen is addedyintp a
Soxhlet eqtractor and extracted with boiling acetone. The extraction procedure should be continued [for
atleast 16 cycles of siphon extraction. It should be confirmed that any fibrous materials ortother visiple
insoluble materials are absent from the acetone extraction liquid. Filtration is performed if necessqry.
The acetope extraction liquid is transferred to a weighing dish that has been previously weighed. The
acetone extract in the weighing dish is air-dried in a draft chamber, and then dried again at 105 °C + 2 °C
in an over for 2 h. After cooling the weighing dish to room temperature in a desiccator, the dry masg of
acetone extract is weighed to within the uncertainty of 0,1 mg. The mass of acetone extract in the i(NF
sample cajn be calculated by using Formula (A.7):

Mg
Cps= P— %100 (A7)
S_before
where
Cas is the acetone-soluble matter content (in %\mass fraction);
mg is the mass of dried acetone extracts (in g);

Mg pefore IS the mass of the dried test speciinen before extraction (in g).
NOTE ISO 14453 specifies the determination of acetone-soluble matter for pulps.
A.3.11 Constituent sugar content

A high-pdrformance liquid chrenmiatograph or an ion chromatograph with detectors for detectjng
monosaccharides and autoclave-is used for the measurement.

Preparatipn of acid hydrolysate: A freeze-dried iCNF sample of about 0,3 g is weighed and added into
a 100 ml eaker. A solution of 72 % H,SO, (precisely 3 ml) is added with a pipette to the iCNF sample.
The beakdr is immersed in a constant temperature water bath at 30 °C. The beaker contents are mixed
with a glaks rodintermittently as necessary. Water (84 ml) is slowly poured into the beaker and miged
well. The polutien is transferred into a pressure resistant glass bottle. The bottle is capped tightly gnd
placed in jJaf-autoclave for 1h at 120 °C. After coohng the bottle to room temperature the liquid is

D D D D T to

adjust the volume to 100 ml. This 11qu1d is used for the measurement of sugars.

Sugar determination: A quantitative analysis of each monosaccharide is conducted through the
separation by using either HPLC and IC and the calibration curve method.

Measurement of the residue ratio after pyrolysis: After filtration, the glass filter is dried at 105 °C for
2 h. The filter is transferred into a desiccator with silica gel and is cooled to room temperature. After
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45 min, the mass of the filter is measured. The mass residue ratio after pyrolysis is calculated by using

Formula (A.8):

mF_with - mF_without
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Cg is the constituent sugar content in % mass fraction;

(A.8)

Mg ien 1S the filter mass with samples;

Mg without 1S the filter mass without samples;

mys is the mass of the used samples.

ount of each monosaccharide (component sugar) recovered is determinhed to correct for]
composition of sugars. One of the duplicated solutions is used asthe’reference during th
fomposition experiment, i.e. it is subjected to the same test scheme as the method de
above procedures including hydrolysis. After cooling, water(is added to the autoclave
Lil the total volume reaches 100 ml (liquid a). Water is addéd to the other solution unti
ume reaches 100 ml (liquid b). According to the abgve’ procedure, the concentratio
nosaccharide in liquids a and b is analysed. After the hydrolysis, the recovery ratio is

each monosaccharide. Correction for the excessivéddecomposition part of sugars is per
Itiplying the monosaccharide concentration beforéZcorrection by the reciprocal of the reco
ese data are referred to as the "corrected monoS$accharide concentrations".

le factor: The scale factor from a monosacclidride to a polysaccharide is 0,9 for a hexose af
entose.

presentative data for constituent sugars are shown in Figure A.12.

presentative constituent sugars’ of pulps are glucose(Glc), mannose(Man), xylose
ibinose(Ara).

thod to determine the recovery ratio of each monosaccharide to correct forexcessive decomposition:
Dulring a hydrolysis test, the sugars can decompose through an excessive , degcomposition rea
an

ction. The
excessive
e thermal
scribed in
d solution
the total
n of each
ralculated
formed by
very ratio.

d 0,88 for

[Xyl) and

©lI

S0 2021 - All rights reserved

25


https://standardsiso.com/api/?name=cdccbc85e9106f3b1eccc3fd73ff8c75

ISO/TS 21346:2021(E)

5,0x107 - :
Y
4,0x10™*

3,0x10™*

2,0x10™*

1,0x10*

o
o

Key
X  time (nin)

Y differgntial refractive index (RIU)
1 inositql (internal standard)

Figure A.12 — Example of constituent sugar‘analysis of iCNF samples by HPLC

NOTE Reference [31] provides information on the-ahalytical procedure for determination of structyral
carbohydrates in biomass.
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Annex B
(informative)

Description of individualized cellulose nanofibril (iCNF)

B.f—General

N
In [the case of wood pulp, elementary fibrils with a cross-sectional dimension of ab Q)qg 1
obgerved, but they exist as a part of a cellulosic fibre in which the elementary fi "Qﬁadhe
other by the intermolecular attraction called "hydrogen bonding". ‘bb‘

1m can be
re to each

iCNF refers to the artificial extraction of elemental fibrils from natural cellulo ™ aterials, su

Ch as pulp,

copsisting of a bundle of elemental fibrils. When an elementary fibril is cted as an iCN[F through
TEMPO-mediated oxidation followed by mechanical treatment, the p@ alcohols of the iCINF surface

ar¢ converted to carboxylic acid groups. Due to the existence of carb
iCNFs can be dispersed well in solvents such as water. There are
haying phosphate esters on the surface, which can also be dispersed well in water or other sq

Thus, when iCNFs are derived from a wood pulp, an aqueo?@spension of iCNFs refers to the
in which chemically modified cellulosic fibrils with abm% nm diameters are well disperse
r a homogenization via a mechanical treatment. Thewidth is the same as a natural elemen

5

Morphology and size of iCNF compared to CNC

is gmaller for iCNFs than CNCs. iCl are individualized single fibrils with high dispersibilit}
whlile CNCs have a tendency t m aggregates. See Figure B.1.

acids on the surfacg of iCNFs,
r types of iCNFs, such as iCNFs

lvents.

b situation
1 in water
tary fibril.
s of iCNFs.

e same as
)an that of
stribution
 in water,

a) iCNFs

NOTE Reproduced from References [33], [34] and [35].

Figure B.1 — TEM images of wood
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B.3 Differences between iCNFs, CNCs and CNFs

AFM images of iCNFs, CNCs and CNFs are shown in Figure B.2. When using wood pulps as a raw material,
the widths of iCNFs, CNCs, and CNFs are about 3 nm, about 6 nm, and more than 10 nm, respectively. The
cross-sectional size of iCNFs is the same as that of elementary fibrils of naturally occurring cellulose
materials (about 3 nm, in case of wood). Although there are a variety of CNFs, a general type of CNFs is
the mixture of fine and thick fibres. Their widths are larger than those of iCNFs.

a) iCNFs b) CNCs c) CNFs

NOTE1 |The scale bar in each photo shows 200 nm.

NOTE 2  |Reproduced from Reference [35].

Figure B.2 — AFM images

B.4 Native elementary fibrils

In the woqd cellulose structural hierarchy, an elementary fibril is the structural unit which lies betwgen
bundles of elementary fibrils of width > 15 nm and cellulose molecules whose width is about 0,4 hm
(see Figu% B.3). The width of elementary fibrils derived from wood pulp is usually about 3 nm, and the
length can reach more than 2.fum. Due to intermolecular attractive forces including hydrogen bondipg,
it is diffiqult for native elementary fibrils to be individualized. Reference [32] provides informatjon
about the fhierarchical strueture of wood cellulose.
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Figure B.3 — Hierargl@al structure of wood cellulose
e
s o5 .
B.p General procedure for E)léparmg iCNFs
Individualized iCNFs can be made directly from natural cellulose materials including wood pulp,
cotfton and other crystalli lulose, e.g. through TEMPO-mediated oxidation followed hy a slight
mgchanical treatment. Thé cross-sectional sizes of iCNFs vary depending on the types of celliilose used
as raw materials. Wher?ing wood pulps as a raw material, the width of the iCNF is about 3 jnm. Other
TEMPO derivatives \Q@ e also used as catalysts for iCNF preparation. In addition, it is repprted that
th¢ iCNF can be red by using phosphoric acid. Other manufacturing methods could be fdeveloped
in the future. D%Rg chemical treatment, the mixture of pulp (raw material) and reagents (oxidant and
cafalyst) can onverted to the mixture composed of iCNFs and spent/unspent chemicals. [CNFs and
cheémicals be easily separated by simple treatments such as filtration and washing. OtHer special
tre atr/n& such as fractionation and/or dialysis are not required to prepare iCNFs.
c.) Wood pulp
chemical treatment Individualized
Cotton cellulose
mechanical treatment nanofibril
Other native cellulose

tunicin, microbial origin, etc.

Figure B.4 — Example of the manufacturing processes of iCNFs
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B.6 Differences in surface functional groups: elementary fibrils versus iCNFs

The difference between naturally occurring elementary fibrils and iCNFs is the presence of different
functional groups on the fibrils’ surface. The elementary fibril is made of only of cellulose molecules,
so the functional groups on the surface of elementary fibrils are the primary alcohol and secondary
alcohol groups of the glucose units composing the cellulose molecules. When iCNFs are artificially
extracted from natural cellulosic materials including pulps, the surface of the iCNFs is partially or
mostly modified by functional groups such as carboxylic acids or phosphate groups. For example, if
TEMPO-mediated oxidation is used for the extraction of iCNFs, the primary alcohols of elementary
fibrils are converted to carboxylic acids of iCNFs.

In Figure|B.5, all of the primary alcohols of elementary fibrils are converted to carboxylic~acids,
but practjcally iCNFs could have small amount of the primary alcohols depending on the, dxidizing
condition$.

a) Native elementary fibril b) iCNF made through oxidation

Figure B.5 — Difference of functional groups on the fibril surface — Native elementary fibrils
versus iCNFs

B.7 Digpersion force of iCNF

Naturally|occurring elementary fibrils exist in bundle form within natural cellulosic fibres such as plilp
fibres, and will never spentaneously separate, owing to hydrogen bonding interactions between thg¢m.
When iCN[Fs are prepated from natural cellulosic fibres, they have newly introduced charged functiohal
groups on the surface of the fibres. For example, when iCNF is prepared by TEMPO oxidation, primary
hydroxyl groups-on the iCNF surface are converted to carboxylic acid groups. Due to electrostgtic
repulsion betwéen the charged functional groups, iCNFs can be dispersed to give stable suspensiong in
a medium|such as water. The dispersion force of the iCNF depends on the amount of charged functiohal
groups on its surface. Other functional groups on the surface of iCNFs which can be dispersed well in
water include phosphate groups. See Figure B.6.

In the model illustration on the left of the figure, the gap between elemental fibrils is depicted larger
than it really is. Reference [36] shows that natural elementary fibrils (microcrystalline structures) in
cell walls and a gap between elementary fibrils can be clearly observed under the electron microscope
by using appropriate staining.
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