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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 prog¢edures used to develop this document and those intended for its further maintenance afe
describefl in the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed\for the
different| types of ISO documents should be noted. This document was drafted in accordance with the
editoriallrules 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 pf
patent rights. ISO shall not be held responsible for identifying any or all such patent/rights. Details pf
any patept rights identified during the development of the document will be in the_Introduction and/¢r
on the ISP 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 npt
constitute an endorsement.

For an ¢xplanation of the voluntary nature of standards, the-mganing of ISO specific terms arnd
expressipns related to conformity assessment, as well as infermation about ISO's adherence to the
World Tgade Organization (WTO) principles in the Technical)Barriers to Trade (TBT), see www.igo
.org/iso/fforeword.html.

This dochment was prepared by Technical Committee {SO/TC 229, Nanotechnologies.
Alist of 1l parts in the ISO/TS 21236 series can be-found on the ISO website.

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

Layered clay nanomaterials are a subgroup of clay materials with the external dimension (thickness) or
the internal structural dimension (interlayer distance) in the nanoscale. Clay itself, as most important
group of layered nanostructured silicates, refers to naturally occurring or synthetic material composed
primarily of fine-grained minerals, which show plasticity through a variable range of water content
and will harden when fired or dried. The minerals found in clay are generally silicates of less than
2 micrometres in lateral size. Clays are very abundant at the earth's surface; they form rocks known

as shales and are a major component in nearly all sedimentary rocks. The small size of the

articles

ahd their unique crystal structures give clay materials special properties, including cation, ¢
gpabilities, plastic behaviour when wet, catalytic abilities, swelling behaviour, and low perme

(@)

Other than the structure and composition, there are several additional factors which.are imp
determining the properties and applications of clays and clay nanomaterials (see @Arinex A). T
the mineral impurities, the presence of organic materials, the type and amount of exchange
ahd soluble salts, and the morphological aspectsl2l,

In} pristine form, clay materials are normally subnano spaced layeps;\structured in bundlg
exfoliated state; they are nano-objects with thickness in the nanoscale“while in intercalated fi
are structured nanomaterials with interlayer space in nanoscale.

Modification of clay with change in its characteristic suchasits hydrophobicity, interlayer
exchangeable ion, and surface connected groups leads tocthe’extension of its applications e.g
performance nanocomposites, effective rheological miedifier, or biomedical applications.
ghantity of well dispersed intercalated or exfoliated<ergano-modified layered clay nanomaf
pplymeric composites (see Annex B) is proved to sh@w superior impacts on properties such a
tgnsile modulus, mechanical strength, and flame tetardancy.

There are numerous industrial applications“or layered clay nanomaterials. Purified and
clays are used as; coatings on paper to enhance whiteness and to allow the proper absorptic
the life time extender of rubber in tires;“in concrete, as catalysts in many industries. Moreq
can also be used in oil purification,(pharmaceuticals, ceramic industry, soil stabilization, p
and barriers for nuclear and chemical wastes because of their cation-exchange capabili
permeability, and long-term structural stability. In addition, layered clay nanomaterials are u
pprification industries, in agricultural and food engineering applications, polymeric nanocof
deodorizer, insecticide ecarrier, pesticides carrier, drilling fluids, desiccant, detergents, pl
emulsion stabilizer, foed additives, cosmetic applications, environmental remediation and m3
iscellaneous applications(il(2],

n]
For such a wideyrange of clay nanomaterial applications, various fundamental character
shown in Table-1) play undeniable roles. These characteristics are measured and reporte
provider ofthe layered clay nanomaterials. In fact, the determinations of these fundamental 4
characteristics will facilitate the communication between sellers and buyers of these nanomat
d|fferent-applications. These characteristics are considered for all industrial layered clay nang

bxchange
hbility[1],

ortant in
hese are
hble ions

Nptural and modified clays as layered structured minerals are very important industrial npaterials.

s and in
brm they

distance,
for high
A small
erials in
5 barrier,

modified
n of ink,
ver, they
brcelains
ties, low
tilized in
nposites,
asticizer,
ny other

stics (as
d by the
ind basic
brials for
material
lamental

applications such as nanocomposites, paper, ink, purification, and catalysts. In addition to fung
. L ) : L
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TECHNICAL SPECIFICATION ISO/TS 21236-1:2019(E)

Nanotechnologies — Clay nanomaterials —

Part 1:

Specification of characteristics and measurement methods

for layered clay nanomaterials

=

Scope

This document specifies characteristics to be measured of layered clay nanomaterials in pow]
and chemically modified ones, and describes their relevant measurement methods:

This document does not deal with health, safety and environmental issues:

2| Normative references

There are no normative references in this document.

3| Terms and definitions
For the purposes of this document, the following terfns and definitions apply.
[0 and [EC maintain terminological databasesfor use in standardization at the following add

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

— IEC Electropedia: available at httpi//www.electropedia.org/

31
agpect ratio
ratio of the sheet length to the'sheet width

[JOURCE: ISO 8336:2017,3713]

3|2

bulk density

ratio of the mass of an untapped powder sample and its volume including the contributig
iffterpartieulate void volume

3{3
htion exchange capacity

der form

[fesses:

n of the

naturally occurring or synthetically manufactured material composed primarily of fine-grained

minerals, which is generally plastic at appropriate water contents and will harden when dried

Note 1 to entry: Taken from Reference [3].

© IS0 2019 - All rights reserved
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Note 2 to entry: Although clay usually contains phyllosilicates, it may contain other materials that impart

plasticity
plasticity

and harden when dried or fired. Associated phases in clay may include materials that do not impart
and organic matter. Different disciplines have uniquely defined the size of clay particles, and it is for

this reason that “fine grained” is used in the definition rather than a precise value. However, because of these
size variations from discipline to discipline, it is important that the particle size be specified in the context of the
application.

3.5

clay nanomaterials

material

composed predominately of clay with any external dimension in the nanoscale or having

internal

3.6

exchangeable ion

ions beai
Note 1 to

3.7
exfoliatg
state of g

Note 1 to
shear for

Note 2 to

3.8

film formability

ability of
Note 1 to

3.9
gallery t
distance

3.10

intercal
clay in
structur

3.11

interlay
distance
thicknes

3.12
layer

4 4 £ 4 ’'s H AN ]
LIUttuIT Ul SUuridtt Sstructturt 111 L1t 11ia1iuvstaic

ing in clays which can be exchanged with other ions

entry: See Reference [4].

bd clay
eparating clay layers and distributing individual layers

entry: Usually exfoliation of layered clay nanomaterials is conductéd in liquid suspension by giving
es.

entry: See Reference [5].

clay to form self-standing films (uniform and ordered lamination of clay layers)

entry: See Reference [6].

hickness
between clay layers

hted clay
vhich heterogeneous material (atoms, molecules and nanoparticles) is inserted into a hopt
e (crystal lattice or other macromolecular structure)

er distance
between identical adjacent layers of clay which is sum of gallery thickness (height) and
5 of a single'sheet of clay (d,)

discrete

i P | faazarod 2 aH H ikl £ 4l £, £ | | L
ITAlCT IAI TTOLIICILUU 111 UTIT UIITICIISIUILL, VVIUIIIIT UL dU UIICU SUl IdlUT Ul d CUIITUUIISCTU lJllaDC

[SOURCE: ISO/TS 80004-11:2017, 3.1.2]

3.13

layered clay nanomaterial
clay nanomaterial composed of one or more structural layer

3.14

loss on ignition
dried sample’s weight loss during a heat treatment up to 1 000 °C

© ISO 2019 - All rights reserved
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3.15
moisture content
ratio of the mass of water contained in a sample to that of the sample

3.16
nanocomposite
solid comprising a mixture of two or more phase-separated materials, one or more being nanophase

[SOURCE: ISO/TS 80004-4:2011, 3.2]

"~
7

3
npnostructured
having internal or surface structure in the nanoscale

u 'y

[JOURCE: ISO/TS 80004-11:2017, 3.1.8]

3{18

organoclay

nlodified clay by exchanging the original interlayer cations for organic cations
3

p

19
hyllosilicate
silicate mineral, such as mica, the tetrahedral silicate groups of which are linked in sheets

Npte 1 to entry: See Reference [7].

3{20
smectite
clay mineral (e.g. bentonite) which undergoes reversible expansion on absorbing water

3|21
specific surface area
absolute surface area of the sample divided by sample mass

[JOURCE: IS0 9277:2010, 3.15]

3|22
t3p density
ass of the powder divided by its volume after tapping the sample in powder form

tal surface area

n]
3{23
t

siim of external an@internal surface area

4 Abbreyviated terms

AFM Atomic force microscopy

BET Brunauer-Emmett-Teller

FESEM Field emission scanning electron microscopy

FTIR Fourier transform infrared spectrometry

ICP-MS Inductively coupled plasma - mass spectrometry

ICP-OES Inductively coupled plasma - optical emission spectrometry
LOI Loss on ignition

© IS0 2019 - All rights reserved 3
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SEM Scanning electron microscopy

TEM Transmission electron microscopy
TGA Thermogravimetric analysis

UV-Vis Ultraviolet-visible spectrophotometry
XPS X-ray photoelectron spectrometry
XRD X-ray diffraction

XRF X-ray fluorescence

5 Characteristics and measurement methods

5.1 General

This clafise provides both fundamental and optional characteristics of layered clay nanomaterialls
and theif relevant measurement methods. Relevant standards describingmé&asurement protocols for
individugl characteristics are also listed in this clause. However, it shouldbe noted that these standards
have not[yet been fully validated for application to layered clay nanomaterials.

5.2 Fundamental characteristics

Table 1 lists the fundamental characteristics that are commonly used for material specifications
layered flay nanomaterials. The characteristics for measurements shall be selected from Table
based on the agreement between sellers and buyers\Table 1 additionally provides information ¢
units supgested to be used for expressing the méasurement results of individual characteristic
measurement methods recommended to be uséd, and other measurement method suggested 1
use whejn the recommended measurement niethods are not available and existing standards for
measurefment protocols.

SEEEEEEA
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Table 1 — Fundamental characteristics and the relevant measurement methods

Recommended meas-

Other measure-

Relevant measure-

St

Characteristic Units urement method(s) | ment methods ment protocols
Chemical
1-1 composition kg/kg ICP-MS ICP-OES or XRF —
content
}\Vll';llcl al
1-2 composition kg/kg XRD — —
content
1-3 |Interlayer distance Nm XRD TEM or FESEM —
. XRD, TEM or
1-4 Thickness Nm AFM FESEM —
. SEM, FESEMyor
1-5 Aspectratio — AFM TEM —
. Gravimetry and Japanese Pharmaco-
- 3 \
1-6 Bulk density kg/m volumetry poeia: 3.01[14]
1.7 | Cation exchange cmol+/kg  |Schollenberger method — 1SO 23470:2(|18
capacity
S . Heating and .
1-8 Loss on ignition kg/kg Thermogravimetry weighing method ISO/TR 1823p:2015
_ Water absorption Water absorption Enslin-Neff .
1-9 capacity kg/kg method method 150 10769:2911
1-10 | Moisture content kg/kg Thermogravimetry Oven-drying IS0 10769:2011
method
5|3 Optional characteristics

addition to the fundamental characteristics which shall be measured (Table 1), there are some other

andards for measurement protocols.

irhportant characteristics which ¢ould be related to specific applications. The optional charagteristics
lifted in Table 2 should be measured subject to the agreement between buyers and sellers
aglditionally provides information on units suggested to be used for expressing the measurement results
of individual characteristiecs, measurement methods recommended to be used, other meajurement
ethod suggested to use when the recommended measurement methods are not available and

Table 2

existing

Table 2 — Qptional characteristics of layered clay nanomaterials and relevant measurement

methods
- . Recommended Other measurement Relevant m¢asure-
Characteristic Units measurement
methods ment protiocols
method(s)
Z-T Brightness — Reflectometry — TAPPT T6406
2-2 Colour — Colorimetry — —
Methylene blue .
2-3 | adsorption mmol/100g |Filter paper method UV-Vis spgttzlfrophotom- ASTM C837 - 09 (2014)
capacity y
Cohesion . 1SO 17892-7:2017/
2-4 | Coefficient kPa Direct Shear test - ASTM D3080/D3080M
Japanese
. Gravimetry and Pharmacopoeia:
_ 3 _
2-5 | Tap density kg/m volumetry 3.01[14] and European
Pharmacopoeialls]

© IS0 2019 - All rights reserved
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Table 2 (continued)

Recommended
L . Other measurement | Relevant measure-
Characteristic Units measurement h ]
method(s) methods ment protocols
g . Ethylene glycol
2-6 suf?aicelgﬁea m2/g Gas ;iiﬁf)%“o“ monomethyl ether  |1SO 9277: 2010
absorption method
27 Film . Film casting and . .
formability visual inspection
_ Electrical . Four-point probe . .
2-8 Resistivity m method
~ g . Raman spectrometry, .
2-9 | Modifier Type IR or FTIR XPS or UV-Vis

5.4 Dascriptions on characteristics and measurement methods

Below, descriptions of the characteristics as well as of the measurement methods listed in Tables{1
and 2 ar¢ presented.

5.4.1 (hemical composition content

Chemical] composition content is defined as the ratio of the mass of\a constituent element included |n
a layered clay nanomaterial sample to that of the dried sample. The"chemical composition content of|a
layered ¢lay nanomaterial sample shall be measured using anappropriate measurement method. The
measurement results are usually expressed as wt%.

Wet cherpical analysis using ICP-MS can be applied to chemical composition content measurements for
elementq even at an impurity level. The method is such'that ions are generated at a high temperatuye
under the atmospheric pressure in argon plasma and detected using a mass spectrometer.

Layered [clay nanomaterial samples can be decomposed using various dissolving agents, includiy
mixtureg of strong acids and or hydrogen fluoride. Lithium metaborate (LiBOZ2) fusion is one of the ma
options o decompose silicate material, because it is effective even in dissolving the most refractot
mineralg. A plasma source could be also used to dissociate the sample into its constituent atoms

ions, and the analysis of the atoms-iS"done either with mass spectrometry or by detecting the optic
emission from the excited atoms ({CP-OES). In chemical composition report in addition to report p
major el¢ments, it is requiredste report impurities, too.

= < B 0q

j*=)
— —

The XRH spectrometry is-also a method for the qualitative and quantitative determination of the
elementdl compositioncontent of a layered clay nanomaterial sample in both laboratory and industripl
environrpents. This_mgethod is less time consuming but it has some limitation on minimum content
detection and sosit‘cannot be recommended for chemical composition content measurements at gn
impurity] level.

5.4.2 Hteral composition content

The mineral composition content is the ratio of the mass of a mineral composition included in a layered
clay nanomaterial sample to that of the dried sample. The mineral composition content shall be measured
using an appropriate measurement method. The measurement results are usually expressed as wt%.

The contents of major mineral composition of a layered clay nanomaterial sample can be determined
using XRD spectra of the dried sample. This technique could provide crystallographic information
about a sample by observing the diffraction pattern due to an X-ray beam hitting the samplel81(2],

Although many quantification methods based on the XRD technique are highly accurate, sample
preparation, data processing and the selection of standards are essential for the XRD quantification of
layered clay nanomaterial samples[10].

6 © IS0 2019 - All rights reserved
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5.4.3 Interlayer distance

In Figure 1, the thickness, length and some other structural parameters of layered clay nanomaterial
are schematically presented.

Kpy
L lateral size of layered clay
t layered clay nanomaterial thickness \\,Q
d, layer thickness . ®$
dj gallery thickness A\
djppy) interlayer distance \l‘\o
a layered clay nanomaterial \\C)
b multilayer structure of intercalgtéd clay nanomaterial
c repetitive lattice cell O®
Figure 1 — Str, gfral parameters of layered clay nanomaterial — (a) a layered clay
n

grey area repr

A

anomaterial, ! e dark grey area represents a single sheet of clay material and the light

the lattice cell parameters

S

ts the spacing between two adjacent sheets, and (c) a,, b, and ¢, represent

he int er distance of clay and clay nanomaterials can be calculated from Bragg’s equation

= in 0) using XRD spectrum, where in Bragg’s equation d is the spacing between laygrs of the

ceofn=14d1.is H which is the interlaver distance of o ]nvnrnd r‘]:nl nanomaterial s

aré\( e wavelength of X-ray, 0 the angle at the peak and n is the layer number. In the Bragg’s equation

mple. A

typical XRD spectrum of layered clay nanomaterial is shown in Flgure 2.

© IS0 2019 - All rights reserved
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(001)

(002)

S

20°

Key
Y intenfsity

Figure 2 — Typical low angle XRD spectrum for a layered clay nanomaterial sample

XRD method is a preferable method for determination gfsthe interlayer distance of a layered clgy
nanomatlerial sample due to its simplicity and accessibility. However other methods such as TEM
and FESEM, could be used for complementary and more detailed structural analysis of layered clgy
nanomatlerials. TEM could be used for structural analysis of layered clay nanomaterials. This methqd
produce§ images and diffraction patterns with aresolution in atomic scale by using an electron beam
which pgsses through the sample and interactis with the sample to a detector.

FESEM if another technique that examines and analyses the surface of samples by scanning with|a
primary|electron beam, which causes'the ejection of secondary electrons, backscattered electrons
absorbed electrons and X-ray radiation. The images constructed by these signals can be used to
determine the interlayer distance ofa layered clay nanomaterial.

5.4.4 Thickness

Thicknegs of a layered clay nanomaterial is defined as the distance between the two edges on a crosp-
sectional line orthegonal to the layer surface. When the thickness varies over the surface of the
nanomaterial, thelargest value is recorded as the thickness. The thickness of alayered clay nanomateripl
shall be measufed using an appropriate method. There are two options for the measurement methof.
The recdmmiended method is AFM and the other method is based on calculation using the structurpl
parametgrsof the layered clay nanomaterial. The measurement results are expressed in the unit of nip.

An AFM image can be used for determination of the thickness of layered clay nanomaterial. The
thickness of a layered clay nanomaterial can be measured as the step height on a three-dimensional
image between the top of the nanomaterial and the substrate surface when the nanomaterial is
deposited laterally on the substrate.

As one can see in Figure 1 (b), the internal structure of a layered clay nanomaterial is presented as a
multi-layer stack containing N single silicate sheets with uniform interlayer spacing(1l. The thickness

8 © IS0 2019 - All rights reserved
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of a layered clay nanomaterial can also be obtained through the measurement data of structural
parameters. The thickness t is given by the following formula;

t=(N-1) x dyo; + dg

where

dyo, isthesilicate interlayer distance and can be calculated by XRD spectrum using Bragg’s equation;

] radla £loi ol £ 3 1 21: ol
US IS5 LIIT LITICRIITSS Ul d Dlllle SIIICAlLT 1a_yr;1,
N is the average number of silicate layers per layer stack, which can be distinctlynidentified by

analysing TEM or high resolution FESEM images.

4.5 Aspectratio

5

Appectratio of alayered clay nanomaterial is defined as the ratio of the average|lateral size to th¢ average
thickness of the layered clay nanomateriall121[13], The aspect ratio of a lay€ped clay nanomatefial shall
bg measured using an appropriate measurement method. The measurement results are expressed as a
d]mensionless number.
T
0

he lateral size and thickness of a layered clay nanomaterial ¢ah be measured by analysing images
btained by AFM, SEM, FESEM, or TEM.

4.6 Bulk density

ulk density of a layered clay nanomaterial powdéb sample is the ratio of the mass of an yntapped
bwder sample and its volume including the contfibution of the interparticulate void volume. [The bulk
bnsity shall be measured using an appropriaté' measurement method. The measurement refsults are
kpressed in the unit of kg/m3.

o os w Ul

he bulk density of a layered clay nanomaterial powder sample depends on both the density of powder
hrticles and the spatial arrangemeént of particles in the powder bed. Thus, the bulk denfsity of a
bwder is often very difficult to(measure with good reproducibility. So, it is essential to spgcify the
easurement conditions for bulk.density in reporting of results.

54 g3oT A

he bulk density of a layered clay nanomaterial powder sample can be determined using a graduated
lenderer. In this method,the mass of a powder sample that may have been passed through a qieve into
graduated cylinder-orcup with predetermined volume is determined. Details of the method|could be
dqund in many references including Japanese Pharmacopoeia and European Pharmacopoeiall4|[15],

o wn

4.7 Cation éxchange capacity

5

Chtion exchiange capacity is defined as the amount of exchangeable cations per unit mass of a laygered clay
ngnomaterial powder sample. The cation exchange capability shall be measured using an appropriate
n]
0

easurement method. The measurement results of cation exchange capacity are expressed i1 the unit
Fittrequivatentof hydrogemr per 100gof air=driedtayered clay mamommateria-{mmeq+100g); or the SI
unit centi-mol per kg (cmol+/kg).

[SO 23470:2018 specifies a method for the determination of the cation exchange capacity and the
content of exchangeable cations (Al3*, Ca2*, Fe2+, K+, Mg2*, Mn2+, Na*) in soils using a hexamminecobalt
trichloride solution as extractant. The method is applicable to all types of layered clay nanomaterial
powder sample which have been prepared in accordance with ISO 11464.

5.4.8 Loss on ignition

LOI is referred to the weight loss of a dried layered clay nanomaterial sample during a heat treatment
at 1 000 °C. The volatile materials lost from a layered clay nanomaterial sample consist of “combined
water” (hydrates and labile hydroxy-compounds), organic and volatile inorganic materials including

© IS0 2019 - All rights reserved 9
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organic modifier of layered clay nanomaterials. The LOI at 1 000 °C can be measured gravimetrically
by TGA instruments using a pre-dried sample. ISO/TR 18230:2015 is not intended for determination of
layered clay nanomaterial LOI but in the absence of any standards for these materials the procedures
mentioned in the standards may be useful for measurement of LOI of layered clay nanomaterials. The
measurement results of LOI are expressed as wt%.

5.4.9 Water absorption capacity

Water absorption capacity, W, is defined as the ratio of the mass of water, m,,, absorbed by a layered
clay nanomaterial camplp fhrmlgh r‘::pi]]qrify inthe test apparatusto the dry MASS, My ofthe cqmpl 0.

m

4_ w8
W, 3 -
wd
where, m,,, is the limiting value of the absorbed water over the test period. The water absorptiqn

capacity[should be measured using an appropriate measurement method. The measufement resulfs
of wateill absorption capacity are expressed as wt%. ISO 10769:2011 specifies the measurement
procedufes for water absorption capacity of bentonite.

Water abjsorption capacity can be also measured using DIN 18132 which is according to modified Enslip-
Neff method. The Enslin-Neff method is frequently used in the bentonite industry and civil engineerinig.
The meafurement results of Enslin-Neff method are expressed as the amount of exchangeable Na* and
to a lessqr extent by the smectite contentl[16l,

5.4.10 Moisture content

The moigture content of a layered clay nanomaterial shallkbe measured using an appropriate metho
The measurement results of moisture content are expressed as wt%. The most common method usg
to determine the moisture content is the thermogravimetric method, where a sample of layered clgy
nanomaﬂlelrial is dried at 110 °C to constant mass.

o, ==

TGA is a|commercial instrument that can meastire the mass change of a sample as a function of time
when hegted isothermally in an inert gas atimosphere

Moisturg content can be also determined oven-drying method where heating a sample at 110 °C in|a
convectipn oven to constant mass aiid*weighing the remaining sample.

5.4.11 Brightness

Brightness is defined as the'percentage of blue light reflected from the surface of a sample as measurgd
at a spedific effective-wavelength of 457 nm (with a half-peak bandwidth of 44 nm). The brightness
of layerdd clay nanematerials can affect the brightness of the polymeric composites, paper and any
materialf in which layered clay nanomaterials are used. The measured brightness could be significant]y
affected by measuring methods. Actually, the measured value depends significantly on the manner pf
specimen preparation. Sample preparation, measuring and result reporting methods should be dorge
according®o TAPPI T646 or equivalent standard test methods.

TAPPIT 646 Mineral pigment brightness describes a procedure for determining the brightness of clay or
other mineral pigment that has been pulverized under controlled conditions and made into a uniformly
compacted pigment plaque. This method is for use with minerals normally used in the manufacture
of paper and is not intended for highly coloured pigments. The instrument employed has the same
spectral, geometric, and photometric characteristics as that described in TAPPI T 452 “Brightness of
Pulp, Paper, and Paperboard (Directional Reflectance at 457 nm).

5.4.12 Colour

Colour is a physical property of layered clay nanomaterial that allows us to estimate some of
its important characteristics, such as mineral impurity composition, existence of iron chemical
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compounds and organic compounds. For many applications of layered clay nanomaterials including
their applications in paper and polymer industries layered clay nanomaterials need to have no or
controlled colours. Therefore, users of layered clay nanomaterials for such applications in addition to
transparency and brightness should be aware of the sample colour.

Colour is measured by means of visual and spectroreflectance methods. The colorimeter can be used
for measuring surface colours of samples. In process of measuring colour using a colorimeter, the
specimens (in defined size like 4 cm x 4 cm) are placed on a white standard plate and the Hunter lab
colour scale is used to indicate the colour[1Z1[18],

4.13 Methylene blue adsorption capacity

5

The methylene blue adsorption capacity is a simply measurable index that provides an indicatipn of clay
agtivity and clay characteristics such as cation exchange capacity, dry bond strength, 'swell potential
ahd casting rate. The methylene blue adsorption capacity of a layered clay nangmaterial dample is
defined as the ratio of the maximum amount of methylene blue dye adsorbed to the-dried sample having
been dispersed in water to the mass of the dried sample.

T

1]

he methylene blue adsorption capacity should be measured using“an” appropriate method. The
easurement results are expressed in the unit of mmol/100 g. The méthylene blue adsorption{capacity
gmeasured by using the filter paper method or the UV-Vis method depending on required meaqurement
agcuracy.

—

Methylene blue adsorption capacity measurement has attracted wide attention to being easily
applicable and need no special equipment[12l. ASTM C83%/09(2014) gives measurement protjocols for
nlethylene blue adsorption capacity of clay materials.

5{4.14 Cohesion coefficient

The cohesion coefficient of a layered clay nanomaterial powder sample is related to the stgength of
the powder sample in shearing conditionss The cohesion coefficient should be measured psing an
appropriate method. The measurement results are expressed in the unit of kPa.

This characteristic of layered clay manomaterials changes with its surface properties and watei content.
The test is performed by deforming a test specimen at a controlled strain rate on or near| a single
shear plane determined by the configuration of the apparatus. Generally, three or more specimens
are measured, each under different normal loads, to determine the effects upon shear resisthnce and
d|splacement, and strength properties of powder.

[

0 17892-7 and ASTM D3080/D3080M standards specify measurement procedures for |cohesion
copefficients of soilsyThose standard documents could be used for cohesion coefficient measurnement of
lgyered clay naftomaterials.

5/4.15 Tap/density

Thetap density of a layered clay nanomaterial powder sample is dependent on the manner fin which
theparticles are packed together. The principle of the measurement method is tapping a ppecified
amount of powder sample in a container by means of a tapping apparatus until no further decrease in
the volume of the powder sample takes place. The mass of the powder divided by its volume after the
test gives its tap density. The standard method for measurement of tap density of materials in powder
form can be found in References [14] and [15].

5.4.16 Specific surface area

The specific surface area of a layered clay nanomaterial powder sample which is the sum of external
and internal surface areas is a factor that can relate grain-scale properties to macro-scale physical and
chemical properties of the layered clay nanomaterial. The specific surface area should be measured
using an appropriate method. The measurement results are expressed in the unit of m2/g.
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Large surface areas lead to increased interaction of ions and molecules with the layered clay
nanomaterials. Therefore the total specific surface area affects many physical and chemical properties
of the clay and clay nanomaterials[20][21], The magnitude of the specific surface area of a layered clay
nanomaterial powder sample depends largely on the type of clay minerals and its characteristics.
Especially in fine-grained intercalated clays one can distinguish between an external and internal
surface, the latter being the interlamellar space of the minerals. The internal surface is determined by
measuring the total surface and subtracting from it the separately determined external surfacel22l,

The specific surface area of a layered clay nanomaterial powder sample should be measured by the
gas adsorption method using BET analysis. BET analysis determines the specific surface area of the
adsorbent by means of an inert gas adsorption-desorption isotherm measured at defined temperatute
and pregsure. The total surface area and macroscopic pore size distributions can be also calculatgd
using BET and Barrett-Joyner-Halenda (BJH) desorption curvesl22l, ISO 9277:2010 specifies the
determination of the overall specific external and internal surface area of the powder or poteus solids
by measfiring the amount of physically adsorbed gas according to BET method.

Howeverl, BET method could have some limitation due to the lack of complete adsorption of gas dn
internal purfaces of pore. As an alternative method widely used in scientific resgarch, ethylene glycpl
monomefhyl ether (EGME) adsorption could be used for the total specific surface area measurement pf
layered dlay nanomaterials[231(24],

Film for
to form

ability of a layered clay nanomaterial suspension sample fefers to the ability of the suspensian
reestanding film after casting and drying. In some_.applications such as gas impermeable
r films of polymeric materials, this property is important and should be measured and
. A finely dispersed suspension of 3 wt% of clay" nanomaterials in waterll[25] or other
iate organic solvent, e.g. heptane for organo-mgdified layered clay nanomaterials, should Qe
with vigorous stirring and then degassed invan appropriate vacuum chamber. About 110 ml
ed suspension should be poured into a polypropylene tray (200 mm x 140 mm x 25 mm), arjd
0 °C for 1 day. The evaluation of film formability might be carried out as follows:

dried sample could be observed.\More information about film formability evaluation and its applicatign
to gas bdrrier film can be fouhdin ISO/TS 21236-21).

5.4.18 Klectrical resistivity

Electricql resistivity of a layered clay nanomaterial sample is referred to the electrical resistance of|a
pelletized powdersample isotropically pressed for a given cross-sectional area and given length. The
electrical resistivity should be measured using an appropriate method. The measurement results are
expressddsdn the unit of Q-m.

Many factor including moisture and organic contents can affect electrical resistivity of clay
nanomaterials. The four-point or Kelvin, probe (See Figure 3) method is the most commonly used method
for electrical resistivity measurement of low conductive materials. Two of the probes are used to source
current and the other two probes are used to measure voltage. This technique involves bringing four
equally spaced probes into contact with the sample of unknown resistance. The probe array is usually

1) Under preparation.
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placed in the centre of the pelletized layered clay nanomaterial sample at an appropriate pressure, as
shown in Figure 3. The volume resistivity is calculated with the following formula [IEC 62899-202]:

p=F xtx%

where

is the electrical resistivity (-m);

V  is the measured voltage (volts);
I  isthe source current (amperes);
t isthe sample thickness (m);

F isa correction factor.

o
o

should be mentioned that pelletizing pressure should be reported in thetest results. Mentign should
bg made to the humidity condition and temperature too.

Kpy

[

current source

\S]

voltmeter

Figure 3 — Four-point collinear probe resistivity method

5|4.19 Modifiér type

Modifier typeé is referred to the type of materials including typically quaternary alkylammonfium ions
that may-b€ used to modify chemical or structural properties of clay (see Annex B). The modifier type
of a layered clay nanomaterial should be identified using an appropriate method. Infrared (IR} or FTIR
spéetrophotometry is normally used for identification of modifier type. If they are not availaljle due to
any reason, Raman Spectroscopy, XS or U v-v Dectropnotometry may be used.

IR and FTIR spectrophotometry, which are based on the absorption of IR-radiation by the chemical
bonds, could be used to identify the composition of modifier of clay. The infrared spectrum of a clay
material is sensitive to the chemical composition, isomorphous substitution. The method is best
suitable for compounds with simple chemical formula.
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6 Reporting

6.1 General

The manufacturer or provider shall report the relevant general information and the measurement
results of fundamental characteristics of the layered clay nanomaterials. The optional characteristics

could als

o be reported. The following items shall be reported.

6.2 Information

— Prod
— Batc
— Man

— Prod

6.3 Mg
— Cher
— Ming
— Inteq
— Thic
— Aspg
— BulK
— Cati
— Losg
—  Watjq

— Moig

6.4 EX

Table 3 i
describe

uct name
h and lot number
ifacturer or provider name

uction date

pasurement results
hical composition content
ral composition content
layer distance

kness

ctratio

density

n exchange capacity

on ignition

b1 absorption capacity

ture content

ample of table format

5 an example-format for reporting and may or may not be used. The optional characteristi¢s
d in Table 2anay be added to the reporting items.
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Table 3 — Example table format for reporting the fundamental characteristics of layered clay
nanomaterials by the manufacturer or provider

General

Manufacturer or Provider name

Batch No.

Lot No.

Production date

Clh r'S HPSE 2P
cHaracteristie

d

Standard

ik "8|lle quan““nmn“; frew-e sy
\"pyeyn v SUIL CIIICIIT 11X

+ha
CITO

or

dey

iation

Chemical composition content

Mineral composition content

Interlayer distance

Thickness

Aspectratio

Bulk density

Cation exchange capacity

Loss on ignition

el NeoNEN NN\ NN EI I NISHESHE™Y

Water absorption capacity

=
o

Moisture content
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Annex A
(informative)

Basic information on layered clay nanomaterials

A.1 General

Clays ar¢ a family of layered hydrous aluminium/magnesium silicates in which the gallery thickness
may vary from subnano in its original form to a few nanometres in expanded or modified intercalatdd
structurg. Single or few layer clay nanomaterials may be obtained in exfoliated state\©f clay. Clay
nanomatlerials are composed predominately of clay with any external dimension in the-nanoscale ¢r
having ifjternal structure or surface structure in the nanoscale.

A.2 Structural aspects

The clay|s sheet structure is mainly composed of 2 types of unit cells, silica tetrahedrons (Si0,) and
alumina jor other metal octahedrons (MetOg). In silica tetrahedrong;, one silicon atom is attracted by
four oxygen atoms and arranging them near each other and bondingywith shared oxygen atoms makes
tetrahedral sheets. In the metal octahedron, one metal atom_is/attracted by six oxygen atoms ard
arranginlg them near each other and bonding with shared oxygen atoms forming octahedral sheet
Layered prrangement of silica and metal oxide sheets togethertesults in different clays.

v

In the calse that each octahedral sheet surrounded by one tetrahedral sheet m:n structure is 1:1 (e.
kaolinit

0

In the cdse of sandwiching each octahedral sheet by two tetrahedral sheets m:n structure is 1:1 (e.
smectitef). Here, there is a considerable interlayer space due to the lack of strength of H-bonding to ho
layers together. This structure is expanding'clay, and a number of water molecules and ions determirne
the thickiness of interlayer space and restls is shrinking and swell.

[SYLE)

A.3 Gallery

Gallery is a space between-clay layers. The Gallery is generated by the presence of cations, water
moleculds and other molécules which could be intercalated between clay layers. Generally, when
isomorphous substitution”(and broken edges) causes clay to be negatively charged, cations would
gather h¢re. The distanee between two adjacent sheets of clay is referred as gallery thickness or gallery
height of{clay.

A.4 Ispmorphous substitution

In isomorphous substitution, one or more ions in tetrahedral or octahedral sheets are replaced with
different ions. In the case of replacement of Al3* with Mg2+* (as an example), the resulting extra negative
charge could attract appropriate cations, leading to the clay modification. Substitution of Al3* for Si** in
tetrahedral sheets results in positive charge which could be also used for further clay modification too.

A.5 Modification

Most layered silicate clays are naturally hydrophilic. This makes them poorly suited for mixing and
interacting with most polymer matrices which are mostly hydrophobicl2¢l[28], Moreover, the stacks of
clay layers are held tightly together by electrostatic forces. For these reasons, the clay shall be treated
before it can be used to make a polymeric nanocomposite (See Annex B). Making a composite out of
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untreated clay would not be very effective because most of the clay would be unable to interact with the
matrix. An easy method of modifying the clay surface is traditional ion exchange method. The cations
are not strongly bound to the clay surface, so small molecule cations can replace the cations present in
the clay. By exchanging ions present between layers with various organic cations, montmorillonite clay
can be compatibilized with a wide variety of matrix polymers. At the same time, this process helps to
separate the clay platelets so that they can be more easily intercalated and exfoliated.

By exchanging of exchangeable cations for organic cations that are also called surfactants, the surface
energy of clay decreases and the gallery thickness expands. The resulting material is called organo
modified clay nanomaterial or organoclay. The basal spacing of the resulting layered organoclays
depends on the chemical structure of the surfactant, the degree of cation exchange, and sili(ﬁ’fe layer
thickness[22l, Organo-chemically modified montmorillonites have been widely studied fundamentally
ahd in practical applications in the area of organic-inorganic hybrids, composites @nd ngno-scale
cpmposites[3%. Ammonium surfactants used in commercially available organoclays u$ually indorporate
short aliphatic chains and benzyl groups[3%[34], Phosphonium surfactants have bleen also usgd in the
preparation of organoclays[321(39], Phosphonium surfactants are more thermally$table than angmonium
stirfactants (see Annex B).
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Annex B
(informative)

Organo-modified layered clay nanomaterials (Organoclay)

Organoclay is an organically madified phyllosilicate, derived from a naturally occurring clay mineral.
By exchdnging the original interlayer cations for organocations (typically quaternary alkylammonium
ions) an| organophilic surface is generated, consisting of covalently linked organic moieties (s¢e
Figure Bl1). The lamellar structure remains analogous to the parent phyllosilicate. Separation of the
layers dye to ion exchange as well as the change of chemical character of the clay surface, allows the |n
situ polymerization or mixing with certain polymers to obtain what is known as nanocomposite. When
ordered plumina silicate or other metal silicate sheets are lying parallel to each other, separated with
polymer(chains of certain type, the system is classified as intercalated nanocomposite. If separation pf
the layers is so significant that they are no longer lying opposite to one another, But randomly orderefd,
then onefgets the exfoliated clay nanocomposite[121[13],
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