
Small Particles with a Big Impact
Challenges and Implications of the EU Regulation Defining Nanomaterials

Nanomaterials consist of differently shaped tiny particles no larger than 

one hundred nanometers. As nanomaterials exhibit various promising 

technological properties, modern particle technology includes prom-

ising applications such as printable electronics for the energy sector, 

or biomedical sensors for the pharmaceutical or medical health indus-

try to name a few. Therefore, particle product design is an enabling 

technology relevant for many sectors, such as chemicals, consumer 

products, foods and beverages, health, energy, and the environment.

In the European Union, all nanoma-
terials are covered by the same rig-
orous regulatory framework that en-
sures the safe use of all chemicals 
and mixtures, i.e., the REACh and 
CLP regulations. In 2022, the Euro-
pean Commission revised the defini-
tion of nanomaterials in a new rec-
ommendation, which supports a 
uniform EU regulatory framework 
and aims at aligning the legislation 
across various sectors. The revised 
definition of the term “nanomaterial” 
is deemed to be very technical and is 
defined as follows: A nanomaterial is 
a natural or manufactured material 

consisting of solid particles either on 
their own or as identifiable constitu-
ent particles in agglomerates. More-
over, 50% or more of these particles 
in the number-based size distribution 
are in the size range below 100 nm 
including particles with an elongated 
shape, such as rods, fibers or tubes, 
or plate-like particles.

In this article, we summarize the 
impact of the revision of the defi-
nition of nanomaterials on compa-
nies and their business processes. 
We highlight which sectors must deal 
with challenges arising from the new 
recommendation such as the trans-

lation from technical definitions into 
the business context. One particu-
lar challenge includes the reclassifi-
cation of well-established materials 
(such as a specific product variant of 
titanium dioxide, which has been re-
classified as non-toxic) as toxic due 
to its reclassification as a nanomate-
rial without any change in the prod-
uct. This is in particular difficult to 
address as the exact determination 
of the particle size distribution of a 
particle ensemble remains challeng-
ing and highly depends on the mea-
suring principle. Finally, future possi-
bilities are highlighted together with 
our partner LUM GmbH, who is active 
in the development of measurement 
principles and devices to address the 
topic of nanomaterial classification 
directly at the core.

Particle Technology and 
Nanomaterials Across  
Various Industrial Sectors

Modern particle technology plays a 
key role in various sectors such as 
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printable electronics for the energy 
sector, biomedical sensors for the 
pharmaceutical or medical health 
industry and consumer products for 
foods and beverages. From the indus-
trial perspective, nanomaterials are 
comprehensive materials produced 
or manufactured for various fields of 
application. Among the many differ-
ent products, such as carbon nano-
tubes, silica, copper and aluminum 
oxide, titanium dioxide (see left panel 
of Fig. 1) is one of the most prominent 
examples and a widely applied par-
ticulate product in the chemical in-
dustry, especially in the construction 
sector. Further examples include dis-
persion in paints, solid catalysts and 
surface coatings. The application of 
titanium dioxide is frequently dis-
cussed in the context of nano toxicity.

Apart from the industrial point 
of view, modern particle technology 
gains a lot of attention from the re-
search and development perspec-
tive. While applications such as sen-

sors for medical devices development 
based on gold-silver nanoalloys (ex-
emplary depicted in the right panel 
of Fig. 1) are developed from the syn-
thesis point of view, methods for the 
particle characterization has gained 

significant importance as the product 
relevant potential of (nano-)particles 
directly depend on the physical prop-
erties of the respective parties, such 
as particles’ size, shape and composi-
tion, as can exemplary be seen in the 

right panel of Fig. 1 and was further 
highlighted in a review article in the 
scientific literature.

In the context of definition of 
nanomaterials, certain EU laws re-
quire adequate data collection, a 
thorough risk assessment, as well as 
labelling of particulate products. This 
aims to inform customers and con-
sumers of the presence of nanomate-
rials in products. 

In summary, even though mod-
ern particle technology triggers in-
novation, some challenges remain 
which are discussed and initiated in 
the context of regulatory frameworks 
within the EU. 

In this article, we highlight the im-
plications of changes of the EU reg-
ulations and to detail the direct re-
lationship between meeting the EU 
regulations of nanomaterials and 
developing comprehensive particle 
characterization techniques. There-
fore, the next paragraph summa-
rizes the status of the regulations on 

nanomaterials across the European 
Union. Finally, we comment on the 
technical challenges of particle char-
acterization and future possibilities 
in this area together with our part-
ner LUM.

Regulations on  
Nanomaterials Within the  
European Union

The REACh and CLP regulation en-
sure the safe use of chemicals and 
their mixtures while enabling com-
petitiveness within the chemical in-
dustry. Under REACh, the burden 
of proof is placed on each company, 
hence the safe application of each 
chemical must be demonstrated to 
ECHA by producing companies in 
the European market. Conclusively, 
changes within the regulatory frame-
work of nanomaterials have a di-

“Highly accurate and 
high-throughput particle 

characterization techniques 
are one key aspect in the 
field of nanomaterials.”
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rect impact on various companies 
throughout the entire chemical in-
dustry across the entire European 
Union. As clear guidelines from the 
regulatory perspective pave the way 
for advancements and technical de-
velopments, an aligned legislation 
across various sectors will be key 
for the way forward. Most EU legis-
lations (e.g. REACh, Biocidal Products 
Regulation, Medical Devices Regu-
lation) and some national legislation 
use the common definition from Com-
mission Recommendation 2011/696/
EU, while the food and cosmetics sec-
tors still relates to an individual defi-
nitions of nanomaterials. Since 2020, 
legal requirements under REACh are 
applied for manufacturing or import-
ing companies of nanomaterials and 
particulate products which are con-
sidered nanoforms. These require-
ments address specific reporting ob-
ligations which are related to the 
REACh regulation. In 2022, the defi-
nition of nanomaterials was revised 
with a new recommendation by the 
European Commission, which aims 
at supporting a uniform regulatory 
framework throughout the European 
union as a deliverable of the Chem-
icals Strategy for Sustainability. The 
update refers to the previous recom-
mendation 2011/696/EU taking into 
account the progress from the scien-
tific community. Notably, 2011/696/
EU clearly states that a nanomaterial 

is considered “a natural, incidental, 
or manufactured material contain-
ing particles.” However, in order to 
evaluate whether or not a solid pow-
der, i.e. particles or dispersions must 
be considered a nanomaterials in or-
der to meet the compliance criteria, 
the technical definition as well as the 
impact from different particle char-
acterization strategies must be taken 
into account.

Technical Point of  
View and Relationship to  
EU Regulation

From a chemical engineering point of 
view, in terms of definition, a nano-
material is a natural or manufac-
tured particulate product or mate-
rial, which consists of solid particles 
or dispersed particles in a liquid ei-
ther on their own or as identifiable 
constituent particles in agglomerates. 
Moreover, nanoparticles are usually 
associated with a broad spectrum of 
size, shape and composition, which is 
illustrated in Fig. 2.

Nanomaterials are by defini-
tion particles no larger than 100 nm 
in one dimension in case the nano-
material is not spherical. However, 
nanoparticle ensembles are usually 
characterized by particle property 
distributions since it is not possible to 
quantify the properties by one num-

ber only. Therefore, the definition of 
nanomaterials is further refined ac-
cording to the following description: A 
material is considered a nanomaterial 
in case 50% or more of these particles 
in the number-based particle size dis-
tribution are in the size range below 
100  nm including particles with an 
elongated shape, such as a rods, fi-
bers or tubes, or plate-like particles.

Conclusively, comprehensive par-
ticle characterization techniques are 
key to ensure all nanomaterials are 
in compliance with European and 
national regulations. As an example, 

the increase of toxicity is often asso-
ciated with a decrease of the particle 
size for materials such as titanium di-
oxide. The direct determination of the 
particle size is a tedious task and of-
ten requires time consuming sam-
ple preparation and the subsequent 
use of multiple measurement devices 
with clear standard operation proce-
dures. Moreover, the direct measure-

ment result must be easily under-
standable with clear guidelines and 
criteria for lab reports. One partic-
ular example in this area is the re-
classification of a well-established 
product, i.e., a specific product vari-
ant of titanium dioxide. Titanium di-
oxide was considered toxic after clas-
sification as a nanomaterial without 
any change in the product but in the 
regulation. After rigorous discussions 
on this topic and the support of com-
prehensive particle characterization 
techniques, which was in this case 
provided by LUM/Dr. Lerche, titanium 
dioxide has been reclassified as non-
toxic. A further example is the case of 
tricalcium citrate (see right panel of 
Fig. 3), which is a food additive with a 
large-scale production. As tricalcium 
citrate shows a plate like structure 
on the particle level (see left panel 
of Fig.  3), it needs to be evaluated 
whether or not the plate thickness is 
the key property which must meet the 
compliance criteria or if an equiva-
lent hydrodynamic sphere must be 
calculated and needs to comply with 
the EU regulation. Needless to stay, 
the product, i.e., tricalcium citrate, as 
well as the way of production did not 
change and is a key product in the 
food and consumer industry associ-
ated with a large turnover for certain 
companies.

From our point of view, it becomes 
clear with this example, that highly 
accurate and high-throughput parti-
cle characterization techniques are 
one key aspect in the field of nano-
materials. Furthermore, the range of 
nanomaterials reaches across vari-
ous industry sectors. Therefore, our 
partner LUM contributes to future 
solutions by developing particle char-
acterization techniques further with 
clearly defined standards and stan-
dard operating procedures. With this, 
the topic of nanomaterial classifica-
tion is addressed directly at the core.

References to this article can be  
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„Particle product design  
is an enabling technology 

relevant for many  
industry sectors.“
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Explore the past, present, and future of power lithium-ion battery 
recycling, from the governing regulatory framework to predictions of 
the future of the industry
In Recycling of Power Lithium-Ion Batteries: Technology, Equipment, and Policies, a team of 
distinguished researchers and engineers delivers an authoritative and illuminating exploration of 
the industrial status and development trends in the global power lithium-ion battery sector. The 
book examines the development of advanced battery materials and new recycling technologies, 
as well as typical case studies in enterprise battery recycling. The authors provide a roadmap to 
the development of spent power battery recycling enterprises that can provide support to the 
sustainable development industry.

Recycling of Power Lithium-Ion Batteries discusses a wide variety of topics with immediate applications 
to modern industry, including new application scenarios for power lithium-ion batteries, as well as an 
examination of the laws, regulations, and standards governing battery recycling.

Readers will also find:

•  A thorough introduction to the status and development of the lithium-ion battery and its 
key materials

•  Fulsome discussions of battery recycling technologies and equipment, including pre-treatment 
technology for battery recycling

•  Comprehensive explorations of the life cycle of power lithium-ion batteries and the impact of 
battery recycling

•  Expansive treatments of the technology outlook in the lithium-ion battery space, including green 
battery design and recovery systems

Perfect for materials scientists, environmental chemists, and power technology engineers, 
Recycling of Power Lithium-Ion Batteries: Technology, Equipment, and Policies will also earn a place 
in the libraries of chemical and process engineers, electrochemists, and professionals working at 

waste disposal sites.
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his doctorate from Chinese Academy of Sciences and focuses on battery material regeneration technologies 
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of Task 40 Critical Raw Materials for Electric Vehicles (CRM4EV) of the Hybrid and Electric Vehicle Technology 
Collaboration Programme (HEV TCP) in the International Energy Agency (IEA) .

Xue Wang, PhD, is Principal Analyst of Botree Cycling. She obtained her doctorate in Material Engineering 
from KU Leuven. Her research is focused on new metallurgical process technology and waste resource 
treatment technology.

Gangfeng Liu, PhD, is Chief Technology Officer of Botree Cycling and joint researcher of Gusu Lab. He received 
his doctorate in Resource and Environmental Engineering from Waseda University. His research is focused on 
solid waste treatment and resource recycling, including metallurgical tailings treatment, recovery of precious 
metals, rare earth, and waste lithium-ion batteries.

Guobin Zhang, PhD, is an assistant researcher and master supervisor at Koguan School of Law of Shang-
hai Jiao Tong University in China. He has published several articles in the field of maritime law, including 
Legislative Suggestions for Emergency Management of Deep Seabed Mining Activities in the Area. 
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industry in order to provide support for the 
sustainable development of the new energy 
vehicle industry via analyzing the multi-level 
development status of resource supply, 
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power battery recycling.
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