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D7.1: Survey on standards for carbon-based nanocomposites (safety issues) and Sensing
devices (M6)
Dr. Sharali Malik, co-Leader Work Group 7 Safety & Standards (CA19118 ESSENSse).

Institute of Quantum Materials and Technology (IQMT),
Karlsruhe Institute of Technology (KIT), D-76131 Karlsruhe, Germany.
E-mail: sharali.malik@kit.edu.

Standards

Standards are technical specifications defining requirements for products, production
processes, services, test-methods, or to establish a common terminology within a specific
sector.

Standards are a driver for innovation. The elaboration of the relevant scientific and technical
data, also known as pre-normative research, is key in the standardization process, which
eventually leads to the drafting of a standard and is established in the regulatory framework
following the increased contribution of standardization to innovation in Europe.

Standards matter because they promote innovation through early market uptake, technology
transfer and interoperability between devices and services; they increase quality and safety by
defining features of many products and services, enable jobs and growth by increasing GDP by
0.3-0.9%, support global value chains by opening markets for companies, and overcome costly
fragmentation in the single market through a voluntary, market-driven consensus-based
standardization process.

The European Union (EU)

Institutionally, the platform for standards development is provided by three European
Standardization Organisations, namely the European Committee for Standardization
(CEN), the European Committee for Electronic Standardization (CENELEC) and the
European Telecommunications Standards Institute (ETSI)56.

Stakeholders involved in this process include researchers, producers and distributers of goods
and services, as well as regulatory and standardization bodies.

Although industry usually is at the centre of standardization developments, several European
initiatives have been launched in order to get the research community further engaged in
standards.

The Joint Initiative on Standardization (JIS)7, the “Putting Science into Standards” workshops,
and the activities in CEN and CENELEC on Research and Innovation supervised by their
STAIR (STAndardization, Innovation and Research) Working Group are good examples.
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Significance of International Standards for Nanotechnologies
» Global competition is intense.

» Standards are significant enablers for commercial success at all stages of innovation -
from R&D to recycling/disposal.

« Successful innovation in nanotechnologies requires standards based on the best of each
nation’s science and engineering. Standards not so based may constrain innovation and
entrench inadequate technologies.

« Documents for standards on consensus specifications advance the field.
« Standards influence R&D and business models.

“Standards enable innovative products and new markets.” —Patrick Gallagher, NIST
Director, November 2009

Nanomaterials - https://echa.europa.eu/requlations/nanomaterials

Nanomaterials are chemical substances or materials with particle sizes between 1 to 100
nanometres in at least one dimension.

Due to an increased specific surface area by volume, nanomaterials may have different
characteristics compared to the same material without nanoscale features. As a result, the
physicochemical properties of nanomaterials may differ from those of bulk substances or
particles of a larger size.

Many everyday products containing nanomaterials are already on the European market such as
batteries, coatings, anti-bacterial clothing and cosmetics. While nanomaterials may offer
technical and commercial opportunities, they may also pose risks to our health and the
environment. Just like any other substance on the EU market, it is important to ensure that their
uses are properly assessed and that any risks are adequately controlled.

Nanomaterials fall under the existing REACH (Registration, Evaluation, Authorisation and
Restriction of Chemicals) and CLP (Classification, Labeling and Packaging of substances and
mixtures) definition of a substance, and provisions set by both regulations apply. In 2011, the
European Commission released a recommendation for a definition of a nanomaterial. It is used
in different European regulations, including REACH and CLP, to harmonise how
nanomaterials are defined across legal frameworks.

As of 1 January 2020, explicit legal requirements under REACH apply for companies that
manufacture or import nanoforms. These reporting obligations address specific information
requirements, outlined in revised annexes to the REACH regulation:

e characterisation of nanoforms or sets of nanoforms covered by the registration (Annex
V1);

e chemical safety assessment (Annex I);
« registration information requirements (Annexes Il and V1I-XI); and
e downstream user obligations (Annex XII).

The amendments apply to all new and existing registrations covering nanoforms.
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REACH (Registration, Evaluation, Authorisation and Restriction of Chemicals) -
https://echa.europa.eu/requlations/reach/understanding-reach .

Understanding REACH

REACH is a regulation of the European Union, adopted to improve the protection of human
health and the environment from the risks that can be posed by chemicals, while enhancing the
competitiveness of the EU chemicals industry. It also promotes alternative methods for the
hazard assessment of substances in order to reduce the number of tests on animals.

In principle, REACH applies to all chemical substances; not only those used in industrial
processes but also in our day-to-day lives, for example in cleaning products, paints as well as
in articles such as clothes, furniture and electrical appliances. Therefore, the regulation has an
impact on most companies across the EU.

REACH places the burden of proof on companies. To comply with the regulation, companies
must identify and manage the risks linked to the substances they manufacture and market in the
EU. They have to demonstrate to ECHA how the substance can be safely used, and they must
communicate the risk management measures to the users.

If the risks cannot be managed, authorities can restrict the use of substances in different ways.
In the long run, the most hazardous substances should be substituted with less dangerous ones.

REACH stands for Registration, Evaluation, Authorisation and Restriction of Chemicals. It
entered into force on 1 June 2007.

How does REACH work?

REACH establishes procedures for collecting and assessing information on the properties and
hazards of substances.

Companies need to register their substances and to do this they need to work together with
other companies who are registering the same substance.

ECHA receives and evaluates individual registrations for their compliance, and the EU
Member States evaluate selected substances to clarify initial concerns for human health or for
the environment. Authorities and ECHA's scientific committees assess whether the risks of
substances can be managed.

Authorities can ban hazardous substances if their risks are unmanageable. They can also decide
to restrict a use or make it subject to a prior authorisation.
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REACH:'s effect on companies

REACH impacts on a wide range of companies across many sectors, even those who may not
think of themselves as being involved with chemicals.

In general, under REACH you may have one of these roles:

Manufacturer: If you make chemicals, either to use yourself or to supply to other people (even
if it is for export), then you will probably have some important responsibilities under REACH.

Importer: If you buy anything from outside the EU/EEA, you are likely to have some
responsibilities under REACH. It may be individual chemicals, mixtures for onwards sale or
finished products, like clothes, furniture or plastic goods.

Downstream users: Most companies use chemicals, sometimes even without realising it,
therefore you need to check your obligations if you handle any chemicals in your industrial or
professional activity. You might have some responsibilities under REACH.

Companies established outside the EU: If you are a company established outside the EU, you
are not bound by the obligations of REACH, even if you export their products into the customs
territory of the European Union. The responsibility for fulfilling the requirements of REACH,
such as registration lies with the importers established in the European Union, or with the only
representative of a non-EU manufacturer established in the European Union.

Figure 1: Comparative size chart
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Figure 2: Allotropes of Carbon
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Figure 3: Uses of Carbon Allotropes
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Review of the mechanical testing methods of composite materials — slides from a talk given
by Prof. Nicholas TSOUVALIS, National Technical University of Athens, Shipbuilding
Technology Laboratory.

SPECIAL CHARACTERISTICS OF COMPOSITE MATERIALS
+ Synthesis of two different constituents, fiber and resin
* Anisotropic or orthotropic nature
+ Variation of this synthesis at different parts of the structure (nature, not only stiffness) ~
+ Complicated calculations — need for very good knowledge of the physical and mechanical propertles

MECHANICAL PROPERTIES DEFINITION
* Approximate theoretical formulas (e.g. rule of mixtures for UD, empirical expressions) for the initial steps
+ Definitely through experimental testing (Rules requirement)
* Representative specimens from the structure itself or manufactured with the same method
+ Verification (or not) of the initial theoretical estimates 225,
* Sometimes dispersion of the experimental measurements (differences in the manufacturing procedure,
shortcomings of the experimental methods)

MECHANICAL PROPERTIES TO BE MEASURED
* Young's modulus and strength in the two principal material directions in tension, compression, bending
* In-plane shear modulus and strength
* Special properties, e.g. fatigue or endurance limit, fracture toughness, interlaminar shear strength, etc.
* Standard I1SO 1268-1 to 11, methods used to prepare reinforced-plastics plates from which test specimens can be cut

Infill arientation
[ovai]

DISPLACEMENTS AND STRAINS
* Length changes — unique magnitude able to be measured
* Measurement of displacements using LVDTs (Linear Variable Differential
Transformers) or non-contact optical methods (e.g. laser)
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* Measurement of strains using extensometers, strain gages or full-field non-

contact optical methods (DIC, Digital Image Correlation)
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Compression Tests

. Comprssive Strangth = 955 MPa (86 ks) I Gompressive Strength = 1163 MPa (160 kil
* More difficult than tension tests m [ v ~
+ Short specimens or long specimens with short span .-m f - B " s
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Bending Tests

* 3- or 4-point bending (constant bending moment in part of
the specimen for the latter)

Variable diameter rollers

Not very thick specimens to avoid transverse shear
deformation effects

Standards: ASTM D790, 1SO 14125, 1SO 14130, ASTM D7264,
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In-Plane Shear Tests
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+ Standards: ASTM D7078

'[ Terwile of Compressie Load
4

Ceneral Shiting Al

Firture Boks - Specimen

D7078
V- Notched Fial Shear Tasting af CFRP

Rats Strain Gages

Copyright ©, Cost Action ESSENce - THIS DOCUMENT IS UNCONTROLLED WHEN PRINTED Page 8



COST Action EsSENce CA19118

In-Plane Shear Tests

I0SIPESCU SHEAR TEST
+ Standards: ASTM D5379
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Tests for defining interlaminar fracture toughness

* Double Cantilever Beam (DCB) test (mode I)

* End Notched Flexure (ENF) test (mode Il) 4[;", — % -Jf‘
* Mixed Mode Bending (MMB) test (both mode | and mode II) Ta
* Interlaminar shear strength test (short beam method) Metalic hinge =

* Standards: ASTM D5528, ASTM D7905, ASTM D6671, 1SO 14130

Fatigue tests

* In tension
* In bending
« Standards: ASTM D3479, ASTM D7774
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Sandwich test methods - 1

* Out-of-plane or flatwise tensile test (ASTM C297); failure typically
takes place in the core and sometimes in the adhesive.

* Core shear or plate shear test (ASTM C273); failure typically takes

place in the core.

Bending test (ASTM C393); a shorter span provides data for core

shear properties and a longer span provides data for skin properties.

ASTM C297

ASTM C393

TENSION TEST

ASTM C273
Sandwich test methods - 2

* In-plane and out-of-plane compression tests (ASTM €364, ASTM C365)
» Tensile test of honeycomb cores (ASTM C363)

* Climbing drum peel test (ASTM D1781)

* Special tests (e.g. in-plane shear, drop weight impact, etc.)

ASTM C364

ASTM €365
ASTM (363
Hardness test - HHH
b [ T @7,
| e
é .&a-qw an
* Barcol hardness test (ASTM D2583) 2 A
£
~gprmmsTr., - J
oy an A Tt 3 7
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Barber-Colman Impressor Number

&

Barcol Hardness Test

Conducted In accordance with ASTM D 2583
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Special tests — Split disk test
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Special tests — adhesive joints tests

(@ int sample

+ Single lap shear tests (ASTM D3163, ASTM D3164, ASTM D1002) / ——

* Double lap shear tests
+ Single or double strap shear tests
* Special hybrid steel-to-composite sandwich joints
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Roonmisis Duls s Uhger At Loge
[ N — Cores Fakirn
—_— o At

Single-strap joint or repair
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Double-strap joint or repair

Other tests

Plastics — Evaluation of the action of microorganisms (150 846)

Plastics — Methods of exposure to solar radiation (1SO 877 all parts)

Plastics — Determination of changes in colour and variations in properties after exposure to daylight
under glass, natural weathering or laboratory light sources (I1SO 4582)

Plastics — Methods of exposure to laboratory light sources (I1SO 4892 all parts)

Plastics — Determination of the effects of exposure to damp heat, water spray and salt mist (ISO 4611)
Plastics — Determination of water absorption (ISO 62)

Plastics — Methods of test for the determination of the effects of immersion in liquid chemicals (1SO 175)
Determining Chemical Resistance of Thermosetting Resins Used in Glass-Fiber-Reinforced Structures
Intended for Liquid Service (ASTM C 281)

Determination of Glass Content (1SO 1172)

Plastics — Methods for marine exposure (15O 15314)

Plastics — Determination of resistance to environmental stress cracking (ESC) (1SO 22088 all parts) e ceolng

Plastics — Friction and wear by sliding — Identification of test parameters (1SO 6601) — : G
Plastics — Determination of resistance to wear by abrasive wheels (I1SO 9352) S | ] 3 o]
Effect of Moisture and Temperature on Adhesive Bonds (ASTM D 1151) T ' | @l
Atmospheric exposure of adhesive-bonded joints and structure (ASTM D 1828) M. _J 4
Determining durability of adhesive joints stressed in peel (ASTM D 2918)

Determining durability of adhesive joints stressed in shear by tension loading (ASTM D 2919) o
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Standards and Safety:-

ISO/TC 229 — Nanotechnologies - https://www.iso.org/committee/381983.html

Scope
Standardization in the field of nanotechnologies that includes either or both of the following:

« 1. Understanding and control of matter and processes at the nanoscale, typically, but
not exclusively, below 100 nanometres in one or more dimensions where the onset of
size-dependent phenomena usually enables novel applications,

o 2. Utilizing the properties of nanoscale materials that differ from the properties of
individual atoms, molecules, and bulk matter, to create improved materials, devices,
and systems that exploit these new properties.

Specific tasks include developing standards for: terminology and nomenclature; metrology and
instrumentation, including specifications for reference materials; test methodologies; modelling
and simulations; and science-based health, safety, and environmental practices.

TC 113 Nanotechnology for electrotechnical products and systems
https://www.iec.ch/dyn/www/f?p=103:7:0::::FSP_ORG 1D:1315

Scope

Standardization of the technologies relevant to electrotechnical products and systems in the
field of nanotechnology in close cooperation with other committees of IEC and ISO.

The scope of TC 113 is “Standardization of the technologies relevant to electrical and
electronic products and systems in the field of nanotechnology in close cooperation with other
technical committees of IEC and of the International Standards Organization (ISO) TC 229 on
nanotechnologies.”

Topics include terminology, measurement, characterization, performance, reliability,
durability, environment, health, and safety.

The standard deliverables will focus on components or intermediate assemblies that are created
from nano-scaled materials and processes for electrical or electro-optical applications.

Nano-Electrotechnologies are used in a wide variety of applications. Applications include:
electronics; optics; magnetics; electromagnetics; electro-acoustics; multimedia;
telecommunications; and energy production (direct conversion into electrical power as in fuel
cells, photovoltaic devices and storage of electrical energy).
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Figure 4: Examples of Technical Standards
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bsi. Standards Development
https://standardsdevelopment.bsigroup.com/committees/50122125

NTI/1 - Nanotechnologies
Sector: Manufacturing

Categories: Manufacturing forming processes | Chemical industry products. General | Physics.
Chemistry | Measurement. Electrical and magnetic quantities | Mathematics. Natural sciences |
In vitro diagnostic test systems | Solar energy engineering | Occupational safety. Industrial
hygiene | | Pressure charging. Air/exhaust gas ducting systems | Transfusion, infusion and
injection equipment | Chemical industry products. Other

Overview: Under the direction of the Standards Policy and Strategy Committee, is responsible
for the UK input to ISO/TC 229 Nanotechnologies, IEC/TC 113 Nanotechnology
Standardization for electrical and electronic products and systems and CEN/TC 352
Nanotechnologies as well as formulating a UK strategy for standardization in nanotechnologies
through a broad consultation with relevant stakeholders.
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NPL — Good Practice Guides https://www.npl.co.uk/gpgs/graphene-structure-characterisation

Characterisation of the structure of graphene GPG145

This good practice guide has been written by the National Physical Laboratory in collaboration
with the National Graphene Institute (NGI), at the University of Manchester.

The guide will enable you to find out:

e guidance on characterising the structural properties of graphene, so that the graphene
community can adopt a common, metrological approach that allows the comparison of
real-world graphene samples

e guidelines on how to initially assess the measurements required depending on the type
of sample in different forms, that is, either a graphene sheet on a substrate, or graphene
flakes present in a powder or liquid dispersion, and includes decision trees and flow
diagrams

o how to detail the accurate determination of the graphene coverage of a substrate, the
number of layers/thickness, the lateral dimensions of flakes, layer alignment and the
level of disorder

« how to cover sample preparation, measurement issues, sources of uncertainty and how
to analyse data

This guide is primarily aimed at measurement-related professionals who have a Bachelor's
degree in a scientific discipline and need to understand how to measure the structural
properties of graphene. This may be as a producer of graphene, or an end-user of graphene in a
host of technology application areas where graphene may be used.
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