TECHNICAL ISO/TS
SPECIFICATION 19808

First edition
2020-03

Nanotechnologies — Carbon
nanotube suspensions—

Specification of characteristics and
measurement methods

Nanotechnologies — SuspenSions de nanotube de carbone -
Spécification de caractéristiques et méthodes d'essais

Reference number
ISO/TS 19808:2020(E)

©1S0 2020



https://standardsiso.com/api/?name=4e976e72f193ebbea6f00454af87b6d7

ISO/TS 19808:2020(E)

CUFYRIGHT FRUTECUCTED DUOCUMEN I

© 1S0 2020

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=4e976e72f193ebbea6f00454af87b6d7

Contents
FOT@WOIM ...ttt ettt
3 L 010 L0 ot 0 T
1 S0P ...
2 NOIMALIVE FEEGIEIICES ........oooooooeeeeeeeeeeeeeeeeeeee e sssssssss s
3 Terms, definitions and abbreviated termsS ...
5 BT 11010 D 0 Y o S S

5.1 SaMPIING PrINCIPLE oo e

5.2 SAMPING AEVICES ..o Sy e

5.3 [0 0 U =] U274 o O~ S
6 Description of characteristics and measurement methods ..y,

6.1 Outer diameter

6.2 SPECITIC SUITACE ATA ...

6.3 HOMOGENEILY ....ooooiecceee et

6.4  Morphology...

6.5 Dry solid content..

6.6 CNT content........

6.7 Viscosity............

6.8 Fineness ...

6.9 Elemental impurity content

6.10  PH VALUE oo 5ot

6.11 Water content

6.12  Thermal CONAUCEIVIEY ... 7 e

6.13  VOIUME F@SISTIVILY ..o 0 e

L0 Y ) U oo
7 TEST TEPOTE ... B e
A:]nex A (informative) Overview of CNT suspension characteristics ...
Annex B (informative) €ase study of carbon nanotube dispersion
Bibliography

ISO/TS 19808

© IS0 2020 - All rights reserved

:2020(E)

iii


https://standardsiso.com/api/?name=4e976e72f193ebbea6f00454af87b6d7

ISO/TS 19808:2020(E)

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 subjecf 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

Carbon nanotubes (CNT) have attracted great interest due to their wide scope of possible applications,
such as composite reinforcement material, hydrogen containers, super-capacitors, molecular sensors
and scanning probe tips. Offering attractive mechanical, electric and thermal properties, CNTs could
achieve a significant improvement in bulk properties by adding low weight percentages.

The performance of nano-objects can be degraded with the formation of agglomerates or aggregates
in post-processing. Suspensions of the appropriate fluids and additives will stabilize nano-objects,

pr

venting agglnmpr:\ﬁnn and r'pdnr‘ing losses ta the environment dnring hnnd]ing It is ‘Alidespread
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\ctice in the manufacturing industry to pre-treat nano-objects by making suspensions befoj
Lhe downstream customers. Industrial products based on CNT suspensions are a good\exa

ce CNT suspensions containing multi-walled carbon nanotubes (MWCNTSs) akre widely
vadays, it is timely to develop appropriate specifications. Such specificationsswould fac

e delivery
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r supplied
ilitate the

communication between interested parties and the commercialization of CNTysuspensions, and help to
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erate consistent performance in the final products.

humber of characterization documents related to CNT have been developed by ISO/'T
ich measurement methods and procedures for characteristics.inoluding morphology, i
atile components, etc. are specified. This document specifies the characteristics to be
CNT suspension samples and describes their measurement-methods. ISO/TR 10929

characteristics to be measured of bulk samples of MWGENTs and their measurement

neral guidance on how to specify the suspension in terms of its physical and chemical charg
ich might affect its performance or subsequent processing.

C 229, in
mpurities,
measured
describes
methods.

/TR 13097 provides guidelines on how to characterizé the stability of suspensions. It includes

cteristics,
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TECHNICAL SPECIFICATION ISO/TS 19808:2020(E)

Nanotechnologies — Carbon nanotube suspensions —
Specification of characteristics and measurement methods

Th GO CHHREH peeifie R Rata eFisH O—oet—heastutrea——-o HSPeRSsien ofta g
carbon nanotubes (CNT suspensions). It includes the essential and additional characteristi¢s
sugpension, and the corresponding measurement methods.

Chpracteristics specific to health, environmental and safety issues are excluded fremthis do

WARNING — The use of this document can involve hazardous materials, operat
equipment. It does not purport to address all of the safety or environmental
associated with its use. The execution of this document is entrusted\to’ appropriately
and experienced people.

2 | Normative references

Thlere are no normative references in this document.

3 | Terms, definitions and abbreviated terms

3.1 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISQ and IEC maintain terminologicaldatabases for use in standardization at the following ad

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

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

311

agglomerate
collection of weakly.or medium strongly bound particles where the resulting external surfg
similar to the stmof the surface areas of the individual components

[SOURCE: ISQ/TS 80004-2:2015, 3.4, modified — Notes 1 and 2 to entry have been deleted.]
3.1.2

1y lti-walled

bf the CNT
ument.
ions and

problems
qualified

lresses:

ce area is

agpfregate

particle comprising strongly bonded or Tused particles where the resulting external surface area is

significantly smaller than the sum of surface areas of the individual components
[SOURCE: ISO/TS 80004-2:2015, 3.5, modified — Notes 1 and 2 to entry have been deleted.]

3.1.3

carbon nanotube

CNT

nanotube composed of carbon

Note 1 to entry: Carbon nanotubes usually consist of curved graphene layers, including single-wall carbon

nanotubes and multi-walled carbon nanotubes.

[SOURCE: ISO/TS 80004-3:2010, 4.3]
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3.14

carbon nanotube suspension

CNT susp
suspensio

ension
n containing multi-walled carbon nanotubes

Note 1 to entry: Single-wall carbon nanotubes may be included in the suspension.

3.1.5

representative sample
random sample selected in such a way that the observed values have the same distributions in the

samp]e as.inthe pnpn]afinn

[SOURCE:|[SO 3534-2:2006, 1.2.35, modified — EXAMPLE and Notes 1 and 2 to entry have been deletsg
3.1.6

shelflife

recommended time period during which a product (CNT suspension) can be stored, thfoughout wh
the defingd quality of a specified property of the product remains acceptable under expected
specified)| conditions of distribution, storage, display and usage

[SOURCE:|ISO/TR 13097:2013, 2.14, modified — “(CNT suspension)” has replaced “(dispersion)”.]
3.1.7

dry solidcontent

mass fraction of substances remaining after completion of a specified-heating process

Note 1 to eptry: Adapted from ISO 13580:2005, 3.1.

3.1.8

suspensipn

heterogeneous mixture of materials comprising a liquid and a finely dispersed solid material
[SOURCE:|ISO/TS 80004-6:2013, 2.13]

3.19

viscosity

measure o¢f the internal friction of a fluid when caused to flow by an external force

[SOURCE:|ISO 13503-1:2011, 2.14]

3.1.10

volume resistivity

quotient dbtained when¢héepotential gradient is divided by the current density

[SOURCE:|ISO 472:20¥3/Amd.1:2018, 3.17, modified — Note 1 to entry has been deleted.]

3.2 Abbreviated terms

d]

ich
(or

CNT
ICP-AES
ICP-OES
ICP-MS
MWCNT
SEM
TEM

carbon nanotube

inductively coupled plasma-atomic emission spectrometry
inductively coupled plasma-optical emission spectrometry
inductively coupled plasma-mass spectrometry
multi-walled carbon nanotube

scanning electron microscopy

transmission electron microscopy
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Given the various applications of CNT suspension, the characteristics to be measured are different for
desired applications. These characteristics in this document are classified into two categories:

a) the essential characteristics of CNT suspension that shall be measured for all applications;

b) the additional characteristics of CNT suspension that should be measured depending on specific

applications.

The essential characteristics of both a CNT suspension and its constituent CNTs listed in Table 1 shall be
mdgasured and reported to the buyer. The additional characteristics of CNT suspension listed|in Table 2

shuld be measured depending on applications.

Thie measurement method for each characteristic is provided in Tables 1 and 2.

The CNT suspension characteristics are summarized in Annex A.

Table 1 — Essential characteristics of CNT suspension and measurement methods

Characteristics Measurement methods
Outer diameter See 6.1
Specific surface area See 6.2
Homogeneity See 6.3
Morphology See 6.4
Dry solid content See 6.5
CNT content See 6.6
Viscosity See 6.7

Table 2 — Additional characteristics of CNT suspension and measurement methods

Characteristics Measurement methods
Fineness See 6.8
Elemental impurity content? See 6.9
pH valueab See 6.10
Water content? See 6.11
Thermal conductivity® See 6.12
Volume resistivity®.c See 6.13
Shelf life See 6.14

3" Applicable to Li-ion battery application.

b Applicable to composite material application.

¢ Might be used in some adhesives, e.g. silicone.

5 Sampling

5.1 Sampling principle

The representative sample should be taken from the CNT suspension and original CNT powder
products. The amount of samples should be sufficient for the subsequent measurements. The detailed

sampling method should conform to ISO 15528.

© IS0 2020 - All rights reserved
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5.2 Sampling devices

When taking samples from a suspension product, the sampling devices should be able to take
suspension samples from all layers of the product in the container (top, middle and bottom). Disposable
pipettes are recommended so that different levels (top, middle and bottom) of the sample can be taken
from the suspension product.

5.3 CNT retrieving

When a CNT testspecimen in powder form is needed for measuring the characteristics, the test specimen
is retrievdd Irom the suspension sample by heating the suspension to fully remove the Tiquid. In cafes
where thg CNT test specimen in powder form cannot be retrieved from the CNT suspension sample;the
original CNT powder sample before dispersion can be used for measuring the characteristics

6 Desdription of characteristics and measurement methods

6.1 Outer diameter

The outer diameter of a fibrous object is the distance on a two-dimensional microscopic imgge
between the two outer edges on a cross-sectional line orthogonal to the longitudinal direction of filre.
One datugn of outer diameter is obtained for each fibrous object. Each*diameter datum is randorply
obtained from the fibrous object without deliberately measuring the*narrower or wider area of the
image of the fibrous object. The target fibrous objects to be measured shall be representative of the
fibrous solid objects contained in a CNT suspension sample, i.e, all types of fibrous objects on an image
shall be equally selected for measurements. The number of diameter data may be agreed between the
interested parties.

The diamgter shall be measured by TEM or SEM. SEM e¢an be used when the spatial resolution is predise
enough fgr the target CNT diameters. When a testspecimen for measurement is prepared, the CNT
concentraltion of the suspension is adjusted to be:dilute enough.

The measurement results shall be displayed:ds a histogram of the number of fibrous objects versus
diameter at the interval of 1 nm. Also, the'average (median) of diameter data of fibrous objects shall{be
expressed in the unit of nm. It should be noted that the measurement results may be qualitative wjith
increased|uncertainty when the obgerved microscopic images lack the representativeness of sample

ISO/TS 14797 and ISO/TS 10798 specify the protocols for diameter measurement of single-wall CNTs
by TEM and SEM, respectively~TFhese documents can be useful for MWCNTs.

6.2 Spdcific surface area

Specific syrface area)(SSA) refers to the absolute surface area of the sample divided by the sample mgss.
one 0fthe fundamental characteristics of CNTs and affects the performance of produfts

The origima D P 4 P 5.3.
The SSA shall be measured using the gas adsorption method. The results of SSA measurements shall be
expressed in the unit of m?/g.

The analysis technique based on the model developed by Brunauer, Emmett and Teller (BET) allows
the specific surface area of a powder to be estimated by measuring the amount of gas that is adsorbed.
The BET analysis is the standard method for determining the specific surface area from nitrogen
adsorption isotherms. ISO 9277 applies to the measurement of the specific surface area. This document
specifies the measurement procedures for the overall specific external and internal surface areas
(diameter > 2 nm) of disperse or porous solids by measuring the amount of physically adsorbed gas
according to the BET analysis. ISO 18757 provides some useful detailed information concerning specific
materials. Measurement instruments for the BET method are commercially available. Metrological

4 © IS0 2020 - All rights reserved
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traceability should be maintained. Reference materials are available for the application of the BET
analysis to nanoparticles in powder form.

6.3 Homogeneity

Homogeneity of a CNT suspension sample is the measure of how uniformly distributed constituents
of the CNT suspension are throughout a larger sample, as determined by measuring representative
smaller samples.

The homogeneity of CNT suspension shall be examined by visual observation. A sample for examination
is faken from the CNT SUSpension product into a transparent container. 1 ne container with sample is left
stdtically for more than 24 h before examination. It is examined whether the colour is black and uniform
over the surfaces of suspension sample and whether there is a phase separation and sediméntfation. The
examination results shall be reported qualitatively.

6.4 Morphology

Mdrphology of a CNT suspension sample refers to the shapes and structures of CNTs and dther solid
objects contained in the suspension sample. The morphology shall ' be measured qualiffatively to
obgerve the presence of CNTs and other solid objects contained in a CNT suspension sample.

Mifroscopic images of solid objects in a CNT sample shall be obtained by TEM or SEM. SEM c4n be used
when the spatial resolution is precise enough for the target CNT sizes.

The CNT suspension sample is sufficiently diluted bytadding anhydrous ethanol at an|adequate
concentration for the TEM and SEM measurements. Eacliiinage shall be accurately representgtive of the
solid objects contained in a CNT suspension sample.dnd be taken so that CNTs can be clearly|observed.
ThE scale bar is shown on each image.

Mdre than five microscopic images shall be takeh and reported.

Dry solid content

A (NT suspension sample may contain solid components other than CNTs and dissolved mat¢rials. The
dry solid content can be an indication of CNT content in the suspension sample when impurities are
negligible. The dry solid contentof CNT suspension sample is the ratio of the mass of the CNT suispension
aftler drying to that of the CNT suspension before drying.

Dry solid content shallbe‘measured by the oven-drying method, which consists of drying the suspension
saple to constantmass at temperatures between 100 °C and 120 °C and weighing. The megsurement
regults of dry solid)content shall be expressed as the mass percentage, in % mass fraction.

NOTE When dissolved materials in a CNT suspension sample are negligible, the dry solid conternt is closely
equal to théselid content of the sample.

CNT content

A CNT suspension sample is predominantly composed of carbonaceous materials, which can be removed
by combustion at appropriately high temperatures. The sample may contain metallic and inorganic
impurities, which are left as ash after combustion. The ash content is measured by weighing the residue
after combustion at 800 °C + 25 °C using an electric furnace.

The CNT content of a CNT suspension sample is the difference between the dry solid content and the ash
content, provided that the suspension has negligible non-CNT carbon and non-volatile organic matters.
The results of CNT content should be expressed as the mass percentage, in % mass fraction.

© IS0 2020 - All rights reserved 5
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6.7 Viscosity

Viscosity is a rheological property of a fluid that expresses resistance to shearing flows. The viscosity
of a CNT suspension is a fundamental characteristic for liquid handlings, and its data are usually taken
at low shear rates, which are correlated with the length of CNTs and their dispersion state.

A test specimen is taken from the suspension sample and left statically for more than 10 h before
measurement in order to avoid the influence resulted from the thixotropy of CNT suspension at the
measurement starting point.

The viscosity shall be measured by rotational rheometry at one shear rate in the range between 0,2 s-1
and 2 s~1 and can be optionally measured more at other shear rates.

The viscogity results at 25 °C shall be expressed in the unit of Pa:s. The shear rates at which theviscodity
measurenfents are taken, the dispersion medium and viscometer type used (e.g. single-cylinder,
concentri¢ cylinder, cone and plate or others) shall be reported along with the viscosity results.

6.8 Finpness

The fineness is measured to evaluate the dispersion state of a CNT suspension.A case study of carjon
nanotube|dispersion is given in Annex B.

The finenless refers to a reading obtained on a standard gauge under-specified conditions of tgst,
indicating the depth of the groove(s) of the gauge at which discreté solid particles in the product are
readily discernible.

As-made CNT is usually in the form of agglomerate or aggregate, therefore, the fineness should|be
used to evyaluate the extent of dispersion of CNT suspension®y determining the maximum size of CNT
agglomeration. If the maximum size is less than a certain\size, usually 5 um, it means CNT has been well
dispersed

The finenjess of CNT suspension should be méasured by use of a suitable gauge, graduated|in
micrometfes. Typically, 1 or 2 drops of CNT suspension sample is taken with a pipette onto a standqrd
fineness plate and scraped from top to bottem-with a standard scraper, from which the size of the sqlid
particles In the CNT suspension is visually’ determined. If the scrape is not uniform, an appropripte
thinner o1 binder solution may be added to the sample by hand stirring, and the test is repeated.

The measprement results shall be displayed as a histogram of the number of test samples versus the
maximum size. Also, the average (median) of the maximum size shall be expressed in the unit of um

The detailed measurementprocedures of fineness of grind should conform to ISO 1524:2013.

6.9 Elemental impurity content

Elemental impurities are likely introduced into a CNT suspension sample during the manufacturing
processes|of €NTS. The elemental impurity content of a CNT suspension sample is the ratio of the mass
of elemenfal-impurities included in the sample to that of the sample. The elemental impurity content
should be measured by wet chemical digestion and ICP-AES/OES or ICP-MS. A dried test specimen in
powder form is first prepared from the suspension sample, followed by digesting them in the mixture
of nitric acid, sulfuric acid and perchloric acid in the ratio of 3:3:2. Elements in the digested solution
were finally tested by ICP-AES/OES or ICP-MS with corresponding working curves. The measurement
results should be expressed as mass percentage, in % mass fraction, for each element present.

ISO/TS 13278 specifies the protocols for elemental impurity content measurements of single-wall
CNTs and MWCNTs by ICP-MS. ISO 22036 specifies the protocols for elemental impurity content
measurements of soils by ICP-AES/OES that can be useful for CNT suspension measurements.

6 © IS0 2020 - All rights reserved
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6.10 pH value

pH value is a measure of the concentration of acidity or alkalinity of a material in suspension. It is one
of the fundamental characteristics of the suspension. The pH of the CNT suspension sample should be
quantitatively measured by a pH meter. The result should be expressed as a number between 0 and 14.
ISO 787-9 specifies a general method of test for determining the pH value of an aqueous suspension of

pigment or extender. It can be useful for CNT suspension measurements.

6.11 Water content
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ter content refers to the quantity of water contained in a material. For CN'T non-aqueous su
water content of the suspensions is needed to strictly control for certain applications,€
battery application.

e water content of the CNT suspension should be measured upon the agreements bef
erested parties. The Karl Fischer titration method is recommended for ¢he' measurer
asurement shall be conducted performed immediately after the sample ‘was unsealed
isture absorption from the environment. The relative humidity of the measurement eny
bs not exceed 80 % and ambient temperature shall be approximately-53Cto 30 °C.

e CNT suspension sample is sufficiently diluted by adding ethyl-acetate removed of W
lecular sieves at an adequate concentration. Then the mixturgis stirred and centrifuge
pernatant is taken for water content measurement. The result’shall be expressed as mass p
o mass fraction.

.12 Thermal conductivity

rmal conductivity refers to the heat-transfer-rate per unit area of a material divid
hperature gradient causing the heat transfeg: It is usually temperature-dependent, i.e. it v
nperature.

fest specimen for measurements is prepared by drying from the CNT suspension sa
rmal conductivity should be measured using the transient plane heat source (hot disc) mg
berimental arrangement can beldésigned to match different specimen sizes. Measuremel
de in gaseous and vacuum environments at a range of temperatures and pressures. The
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the¢rmal conductivity measurement should be expressed in the unit of W/(m-K).
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22007-2 specifies 4a, method for the determination of the thermal conductivity an
fusivity, and hencecthe’specific heat capacity per unit volume of plastics. This method is s
ting homogeneous'and isotropic materials, as well as anisotropic materials with a uniaxial

22007-2 can‘beuseful to the thermal conductivity measurement procedure for the san
m the CNT.suspension.

6.13 Velume resistivity

Vo
Vo

1e less the

umie resistivity is used to evaluate the electrical performance of a material. Generally, t}
ume resistivity is, the better the electric performance of the CNT suspension.

There are two options for sample preparation for volume resistivity, which should be agreed between
the interested parties. One is to dry CNT suspension samples to solids and compress them in a pellet
form. The other is to mix CNT suspension samples with a non-conductive material, e.g. TiO2, followed
by heating and compressing in a pellet form. For the first option, the pressure when preparing the pellet
test specimen shall be reported together with the measurement results and the pellet density. For the
second option, the type and quality of non-conductive material and its mass fraction should be reported
in order to produce compatible measurement results of volume resistivity for CNT suspension samples.

The volume resistivity of CNT suspension should be measured using four-point probe resistivity meter.

The measurement results should be expressed in the unit of Q-m.
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The detailed measurement procedures should conform to [EC 62899-202.

6.14 Shelflife

The shelf life of a CNT suspension product should be given by the manufacturer. It is verified by
observing homogeneity and measuring dry solid content and viscosity. If during the given time period
there is a phase separation and sedimentation by visual observation, or the dry solid contents of the
upper, middle and lower layers or the viscosity of the suspension sample exceeds the specified ranges
of deviation from the initial value that are agreed by the buyer and the seller, then the product has
expired. An acceleration test method for shelf life and corresponding storage conditions may be agreed

by the int

The exam

7 Test

The testr

brested parties.

fnation results should be reported.

report

bport shall contain at least the following information:

— refergnce to this document, i.e. ISO/TS 19808;

— identification (product name, chemical name);

— samp

e description:

— syipplier name of a CNT suspension product;

— b

htch number or lot number;

— chemical name of solvent;

— chemical name of additives as listed in the (imaterials) safety data sheet;

— njanufacturing method of original CNT.powder, e.g. arc, CVD;

— S

hmpling; from a stirred productopfrom a layer (top/middle/bottom) of the product;

— resulfs:

— njeasurement results of characteristics, with the name of them and the measurement methd

ced in Tables 1 and 2'when requested;

— njeasurement dateSand names of measurement laboratories for individual characteristics;

|
ow

— u

— shelf
dry s

urce of a powder test specimen, retrieved from the suspension sample or taken from
Figinal CN'T 'powder sample;

hcertainty (subject to the agreement between users, suppliers and regulators);

Halguarant dh foctiivny ifvnaninctnd And +h + roculic

an o s n Aamanciiraman of homaasana
He-guatahteca Dy Hahtaetutrerrequesteaana e measStrementt restts o nemogene

acceleration test method, if any;

— deviation from this document;

— additional information.

ghe
olid content and viscosity at the end of shelf life with the agreed storage conditions and

ds

he

ty,
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Overview of CNT suspension characteristics

An overview of CNT suspension characteristics is given Table A.1.

Table A.1 — Overview of CNT suspension characteristics

Oyter diameter?
Specific surface area?

FipenessP

Chemical name of additives¢

Visual appearance¢
Colour¢

Dry solid content?
CNT content?
Viscosity 2

(NT characteristics Medium characteristics Suspens_l on AppligitiOn _spec1f1c
characteristics characteristfcs
M¢rphology? Chemical name of solvent¢ Homogeneity? Elemental impurity dontent?

pH-valueb
Water contentb
Thermal conductivityb
Volume resistivityP
Shelf lifeb

a [Essential characteri

b JAdditional characte

stics.

ristics.

¢ Pther related characteristics.
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B.1 Gemerat

CNTs, as 1
this speci
few case s

B.2 Carbon nanotube dispersion — High viscosity material

There are

Annex B
(informative)

Case study of carbon nanotube dispersion

hade, often exist as entangled agglomerates. In order to fully utilize the unique propenties
h]l material, it is important to apply appropriate dispersion procedures. This annex provide
tudies that can help to achieve this goal.

basically three ways of incorporating CNTs into high viscosity melts:

— melti

— solvent impregnation;

— insit

Melt impr
of CNTs, a

However,
potential

Excellent
extruder.

concentraftion of CNTs in a polymer matrix; which can be diluted in either single screw or twin scr

extruders|

For rubbe

B.3 Canbon nanotubedispersion — Medium viscosity material

CNTs can
themina
islow and|
cannot be

pregnation;

polymerization.

bonation is generally accepted as the easiest approdch. In order to achieve an even distribut
bglomerates of CNTs are dispersed by high shearforces.

care is taken in order to achieve the optimium dispersion of CNTs while minimizing 3
breakage or degradation of the conductive fillers.

Hispersion results can be achieved by ‘processing the thermoplastic materials in a twin scr
t can be used for the productionoficompounds as well as for masterbatches containing a h

' materials, the use of standard Banbury equipment or three roll mill are often used.

be dispersed'in medium viscosity media such as polyols or epoxide prepolymers by process
hree roll mill or a torus mill. Ultrasonic treatment is also suitable if the viscosity of the mat

dispersed by using high speed stirrers or dissolver discs.

of
sa

on

ny

ewW
gh
ew

ng
rix

the concentration of CNTs is not too high (e.g. < 2 %). It has been found that CNT agglomerafes

B.4 Carbon nanotube dispersion — Low viscosity material

CNTs can be dispersed in low viscosity media such as water and organic solvents by using a jet disperser.
Ultrasonic treatment is also suitable. Stabilizers (surfactant) need to be added to aqueous dispersions,
in particular, to ensure that the nanotubes do not re-agglomerate. Examples of suitable surfactants

include so

10

dium dedocyl sulfate, dodecylbenzene sulfonate, etc.
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