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Experimental set-up for monitoring process measurements

Pre-commercial lines for production of surface nanostructured antimicrobial
and anti-bioﬁlm textiles, medical devices and water treatment membranes.

The Pilot Laboratory Network
The services and the providers
The Service
BIU

CENTI

UPC UNIMIB CNR

Demonstration of the technologies on lab scale pilots to produce speciﬁc functional product
X
X
US R2R and batch
X
R2R Spray coating
X
US batch coating
Safety of the Nanoparticles (NPs)
Leaching of the coated NPs
X
X
Nanotoxicology tests
Cell viability (MTT test)
• NPs suspension/molecule
X
• Test on NPs extracts (extraction)
X
Colony forming efﬁciency (CFE) assay
X
3D skin models test:
X
• Corrosion test
X
• Irritation test
Safe by design
Product and NPs characteristics (Tests described in the text)
Characterisation of nanoparticles and nanoparticles-coated surfaces X
X
X
X
X
Characterisations according to existing standards
Training seminars
X
X
X
Technologies for functional nano-coatings
(US based R2R and batch and Spray coating)
Nanosafety using in vivo models
X
X
Safe by design
In situ process monitoring

AITEX

KES

PROTECT project established a network of highly qualiﬁed experts from
the most eminent research institutes and academies to provide
research-related service to the European industries.
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X

Bar Ilan University
www.ch.biu.ac.il//en
Contact
Prof. Aharon Gedanken
gedanken@mail.biu.ac.il
X

Consiglio Nazionale Delle Ricerche
www.istec.cnr.it/
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Leaching of nanoparticles from the coated products

A. Coating Technologies

Evaluation of leaching allows the prediction of nanomaterials’ release and represents a key factor in the risk
assessment. The coated substrates are placed in water or saline solution for a deﬁned period of time. Samples are
removed every three days and examined for the existence of particles (TEM, DLS) compounds (NMR, Raman) and ions
(ICP).

Ultrasound (US) roll-to-roll and batch coating
The US technologies are novel efﬁcient, cost effective
and energy saving manufacturing methods allowing
the simultaneous generation of active nanoparticles
and their coating on materials to produce surface
nano-structured functional products. UPC and BIU
provide demonstration of ultrasound-based coatings
on a broad range of customers’ substrates in a
continuous (roll-to-roll) and batch mode of US
processing.

C. Physicochemical characterisation of the end products
Characterisation of nanoparticles and nanoparticles-coated surfaces

The Batch US pilot

The R2R US pilot, 30cm width

Spray coating using US nozzles
Continuous Spray coating using US nozzles allows for
uniform coating of customized nanomaterials, on the
surface of 2D ﬂexible substrates such as textile fabrics,
polymer sheets, membranes etc. The US atomization
of the coating formulation triggers the formation of
uniform droplets with tuneable sizes by changing the
ﬂuid pressure, the US power or the distance between
the nozzles and the coated substrate. The droplets are
then uniformly coated. Demonstration of the spray
coating at lab scale (0.5 m width).

Characterisations according to existing standards
 Antimicrobial, by main international standards including ISO 20743 and AATCC30 and Antibacterial tests on
textile materials according to ASTM E2149 and AATCC 100 against Escherichia coli and Staphylococcus
aureus..
 Quantiﬁcation of metals (copper, titanium, etc.) by EN 16711-1:2015.
 Physical testing of the fabric quality, e.g. abrasion resistance, pilling, etc. by international ISO standards

D. Training sessions
Spray coating of customized nanomaterials

B. Safety Tests
Nanotoxicology - Safety services
Safety assessment of nanomaterials are performed by evaluating nanoparticles (NPs) toxicity using in vitro
models. The following safety assays are available:





Nanoparticles: i) size, stability and zeta potential by DLS and zeta-sizer, nanoparticles concentration by
Nanoparticle Tracking Analysis (NTA), and morphology by HRSEM and STEM, ii) catalytic properties of
nanoparticles and iii) nanoparticles cytotoxicity to human cells.
Nanoparticles-coated surfaces: i) Coating morphology by HRSEM and AFM, ii) Surface chemistry of the coatings
by ATR-FTIR and XPS, iii) Coating hydrophobicity/hydrophilicity by water contact angle iv) Durability of the
nano-enabled functional properties by challenging with appropriate activity tests.
Bioactivity analysis and safety considerations will be also provided.

Cell viability by MTT (3‐(4,5‐ dimethylthiazol‐2‐yl) ‐2,5‐diphenyltetrazoliumbromid) test
Cytotoxic and cytostatic effects by Colony Forming Efﬁciency (CFE) assay
Skin corrosion (OECD TG 431) and irritation test (OECD TG 439) with 3D in vitro skin model
Fish Embryo Toxicity (FET) test (OECD 236/2013) for the evaluation of NPs ecotoxicity

Safe by Design (SbD) strategies
Safe-by-design aims at addressing safety issues already during the R&D and design phases of new technologies. SbD
has increasingly become popular in the last few years for addressing the risks of emerging technologies like
nanotechnology.
Safe by Design manufacturing services about:
 The synthesis of nanoparticles with biocompatible coatings in order to control and mitigate their potential
intrinsic toxicological properties
 Minimizing occupational risk by deﬁning process design guidelines for enhanced safety processes. Measurements
are performed according to the OECD document ENV/JM/MONO(2015)19. The methodologies used are: Optical
particle counter (OPC), LDSA monitor instruments: Naneos (from 10 nm to 10 µm size particles), DiSCmini (from
10 to 300 nm size particles), The results of the evaluation of the nanomaterials and the monitoring measurements
are used as input data to manage risk by control banding approach.

Real Time Monitoring systems: technology transfer,
workforce training and knowledge dissemination
Optical spectroscopy for in situ characterisation is a
fast and non-invasive technology for determining at
molecular level the chemical and morphological
variations of intermediates and products within a
process.
The process is a 3-Step Methodology for Intelligent
manufacturing which combines elements of the
“Process Analytical Technology and Quality by
Design (PAT/QbD)”, initiated by the US Food and Drug
Administration (FDA) and the German initiative for
the fourth industrial revolution, “industrie 4.0” which
is like the “Internet of Things” strategy in the US.

Functional nano-coatings (US based R2R and batch and Spray coating)

Training seminars for technical staff to provide insights into the technologies for functional nano-coatings (US
based R2R and batch and Spray coating) and surfaces with antimicrobial and antibioﬁlm properties. The
participants will gain knowledge on the most recent antimicrobial strategies for controlling drug resistant
bacterial infections based on enzymes, nano-antibiotics and hybrid metal oxide/biopolymer nanoparticles.

Nanosafety - Training on nanosafety using in vivo models

