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Webinar Procedure

General information
- Duration approx. 150 minutes incl. Q&A »

§ =] g% m¢ Erhard Krampe - Organizer, Presenter
‘m) B B Nico Coenen - Panelist, Me

« PDF of presentations will be available - -

No audio

How to ask your questions :

Q)

* Your questions during the lecture: Please use the "Questions" module of GoToWebinar :

Talking:

Nasma
[_{] | | | | . lebcam Webcams ¥
K

¥ Questions

« Questions will be recorded & are only visible to the moderator

Show Answered Questions

Question Asker

« Questions are answered anonymously

,_ Chat &

Final Test Run Webinar Electronic #3
Webinar ID# 879-581-147

® This session is being recorded.
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Webinar - Organisation

Dr. Markus Wehrl

Head of Department Hygiene
and Microbiology

DGKH e.V, wfk
Moderator & Presenter

© Plasmatreat

Paul Simons

Manager Innovation &
Technology

TSG Group
Moderator

Erhard Krampe

BDM medical technology &
Head of Plasmatreat Academy

Plasmatreat GmbH
Host & Moderator
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Please keep informed about future
activities:

 Webinarg5\
\ Nov. 18th g

starts in:
2 :20:32:20

Days Hrs Mins Secs

https://auto-protect.org

AutoProtect - Interreg V A

AutoProtect is an Interreg V A cross-border project between Dutch and German partners in which new surface coatings are developed
that provide sustainable self-protective properties with regard to microbial and chemical cleanliness. The Partners work closely
together to join forces in R&D to develop catalytically active multi-stimulus-systems that inactivate microorganisms and that break
down chemical contaminations on coated surfaces using the combined effectiveness of photo-, piezo- and pyro-catalytically active
materials that can be activated and/or reactivated by various sources of excitation energy. Another R&D focus is on the development
of highly sensitive detection methods to monitor surfaces for the absence of microorganisms and chemical contaminations urgently
needed by medtech and pharma companies.

© Plasmatreat



Get your Surface self-protected! - Agenda Wrap-Up Webinar

Dr. Markus Wehrl — Introduction to AutoProtect

Dr. habil Ludger Schnieder, SMP GmbH, DE - Quantitative and qualitative detection of soilings
Dr. Stefan van den Eijnde, Innobus, NL - Functional surfaces are non-superficial

Guus Ploeger, Militex, NL - Solutions & Surface

Dr. Dhia Ben Salem, Plasmatreat GmbH, DE - Atmospheric pressure plasma treatment and thin film deposition for
antimicrobial application

- Technical break -
Robert Beckers, Vero Metal Holding B.V., NL - MISS-Coatings: Features and Applications
Dr. Joachim MeelRen, wfk-Cleaning Technology Institute e.V. - Deep into MSS-Coatings: Mechanisms and efficacy
Dr. Cyriel Mentink, CHILL, NL - Towards light responsive coatings against biofilm formation

- Panel Discussion -

© Plasmatreat 7



Webinar Presenter

Quantitative and qualitative
detection of soilings
Dr. Ludger Schnieder

SMP GmbH (Germany)

© Plasmatreat 8



Prifen Valldieren forschen

Quantitative and qualitative detection

of soilings
by Vacuum Induced Desorption Mass Spectrometry

Dr. Ludger Schnieder

SMP GmbH Prufen Validieren Forschen; 72072 Tlibingen; Germany

INTERREG

No. 144131 ederland >
* %

Europadische Union
Europese Unie
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Vacuum-induced-Desorption Analysis

Vacuum System

‘ Partial pressure of contamination
Quadrupol Mass
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Detecti \
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Prdlen vaioieren forscoen

Interpretation / Evaluation

Desorption rate as a function of time Desorption rate Q(t)

Residual contamination on the
surface = [ Q (t)dt

1,00E+00

9,00E-01

8,00E-01

7,00E-01

6,00E-01

Each column shown represents
the result of a complete mass

4,00E-01

3,00E-01 spectrum (m/z = 1-200)
2,00E-01

[T

0,00E+00

* Allows for non-destructive evaluation without prior preparation of the
samples

5,00E-01

Outgasing rate [mbar*lf(s*cm2)]

* Allows for evaluation of any geometry of single samples as well as
complete modules or production lots




>Hms = VACOM®
VIDAM B SYSTEMS

* VIDAM = Vacuum-induced desorption-analysis
measurement system
= Vacuum-induced mass-spectrometry

* Developed by VACOM Systems

QMS  Pressure gauge

Y

Pump
system




Prdlen vaioieren forscoen

Compensation for Background
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Prdlen vaioieren forscoen

|dentification of unknown substances




Quantitative Detection of Soiling

Mass (residual contamination) [g]
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Prdlen vaioieren forscoen

Reproceesing of Implants

Titanium (ug) Stainless Steel (pg)

Post Manufacturing 4.1 744
Simulated Passivation N/A 48
1 Processing Cycle 3.7 3.8
50 Reprocessing Cycles 1.9 1.1

Acceptance Criteria 500 500




Reprocessing of surgical devices y L7 /il
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200 cycles of reprocessing
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Reprocessing of surgical devices

Messwert
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Prdlen vaioieren forscoen

Manufacturing of Contact Lenses




Prdlen vaioieren forscoen

Base material (orange) + background (blue)
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: : Sy
20 Lenses after final cleaning = orange #réfes Valldleres Forseies

Polishing paste = blue
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Prdlen vaioieren forscoen

Endoscopes with problems

3 Endoscopes
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Prdlen vaioieren forscoen

Packaging of Endoscopes

PUR-Foam from the packaging
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Pur-Foam = black

Endoscope in contact with PUR-foam
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* Thank you for your Attention




Webinar Presenter

Functional surfaces are non-
superficial

Dr. Stefan van den Eijnde
Innobus (Netherlands)

© Plasmatreat 26



Wrap up meeting
AutoProtect - Interreg V A

https://auto-protect.org/nl
December 8 2022

INNOBLIs

Business
Functional Surfaces are Non Superficial

Dr. Stefan van den Eijnde

militex

Surfaces and Solutions

Guus Ploeger



InnoBus and Militex

* InnoBus (Maastricht, anno 2011)

* Innovation into Business
* Collaborative research and product development

* Militex (IJmuiden, anno 1948)

* In company R&D up to fill and finish of detergents

* Pioneer in biotechnological detergents
 Sustainability and product safety are in Militex’ DNA
* Militex is a family company

INNOBLs

Nk NN i skde M Business

militex




* Lessons learned
* Product definition
* Concept development
* |nitial results

* Next steps

INNoBLs

Nk NN i slde M Business

militex
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Product definition (( — -

For curiosity - what is 'proper cleaning'?
And how could a company be sure that
they have done enough to not need to
disinfect?

e Self protective surfaces Thanks!

* Microbial and chemical cleanliness 31 OKT.
(‘3 Stefan van den Eijnde - 09:33
¥ Short answer: desinfection is about
killing germs (typically 1 on 100.000 or

2 SIS less may survive). Cleaning is getting
3 Hygle ne ( Hygle Id ) rid of (visible) dirt (to extend lifespan of
: . T . machines/infra, and a suitable/pleasant
* Proper cleaning is the condition achieved after environment fitting normal fysiology).
. Advice is to prevent desifection where
remOvaI Of d Irt possible (ecology/antimic resistance),

and use it where realy needed (food
production, severely weakened people....).
Cleaning and Desinfection also have diff.
Regulatory aspect.

* Perception, look and feel
* Prevention exposure to unwanted agents

 Extending lifespan of objects pest regards,
* Preserving the functionality of objects
a - ¢ SN, 1220
Hea Ith’ SafEty d nd We”bel ng ‘ Wow I'm glad | asked - a very interesting

answer. Thank you for taking the time to
explain! Have a lovely day!

militex

16 NOV. \L"



Product definition

* Cleanliness depends on the application area
* Food industry is not equal to a farm
* Hospital is not equal to a school

* Microbial cleanliness differs from chemical (and other types
of) soiling
* Desinfection is not equal to cleaning




Product definition

* The innovative surface has to
* Fit real world expectations, rules, and regulations
* Be environmentally friendly
* Be robust and verifiable

* Fit of change the circle of Sinner

INNOoBLIs

Nk NN i skde M Business

militex




Concept development

* Plasma modification of cleaning solutions
* Preservation of InnoCoating coated surfaces

* Cleaners compatible with novel antimicrobial coatings



Initial results

* Plasma activated cleaners are an interesting avenue to modify
functionality of cleaning agents/detergent

e Detergents can impact binding of coating to their surface, as well as
the esthethical characteristics

* Detergens can destroy, and maybe also enhance the self cleaning
properties of surface coatings

INNOoBLIs

Nk NN i slde M Business

militex




Why Autoprotect Matters? Collaboration!

Coating formulation 2998112 0if\I815-11lUM 5111 10 291ub9019 prinaslO To ot
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Innovatlon Mg W Business




Surface coatings are not superficial

* Product definition

» Regulatory and professional/branche specific requirements
* Have to survive real world use over long(er) time periods

* Cleaners and coatings in many cases are part of one concept
* Un-approved detergents pose a risk to coating performance

INNoBLs

Nk NN i skde M Business

militex




Next steps

* Innovation takes lots of time

* Product definition

* Product development
* Concept

* Regulatory

* Market adaptation

INNOoOBLIs

Nk NN i sldeM Business

militex




Thank you

VeroMetal®
INNOCOATING EUROPE BV
:: 33 plasmat[eat TOTAL ugpom'

* Whole consortium for the scientific discussions and exchange of
views opinions and expertise

militex INNOBUS

Innovation into IEIVEIREEER



http://www.tsggroup.nl/en/about-innoteq
http://www.inno-coating.eu/

Webinar Presenter

© Plasmatreat

Atmospheric pressure plasma
treatment and thin film
deposition for antimicrobial
application

Dr. Dhia Ben Salem,
Plasmatreat GmbH,
(Germany)

39



INTE RREG

ﬁu schland
ederland

Europaische Union
Europese Unie

AutoProtect Weblnar-Senes #6

Atmospheric pressure Plasma treatment and
thin film deposition for antimicrobial coatings

© Plasmatreat 8th O]( Decembef 2022 - DF D BEH Salem



Company presentation

Family Owned Business

Founded in 1995
250 employees worldwide
Consolidated turnover: €45 Million

© Plasmatreat

iss plasmatreat

We are surface specialists
and leading supplier for
atmospheric Plasma technology as well
as experts for low pressure Plasma
processes

* HQ in Germany

« Production sites in Germany, China & USA

« 19 subsidiaries & Technology Centers in 12
Countries

« 15+ agents in ROW

Milestones

1995: Invention of Openair-Plasma®

2007: PlasmaPlus® coating
2019: Opening of the HQ Technology Center
2020: Plasmatreat Academy




What is Plasma? ézés plasmatreat

Plasma is formed when additional enerqgy is supplied to the gas by electrical discharge. Plasma is an ionized gas with
electrical conductivity which is electrically neutral. It is also called 4t state of matter.

SOLID LIQUID GAS PLASMA

© Molecule Excited Gas-Molecule  ©@© lon’s © Free Electron’s € Excited Molecule-Fragment’s
© Plasmatreat 42



#é: plasmatreat

Operating principle Openair-Plasma®

High voltage arc-discharge Process gas supply
supply g\ (compressed air, nitrogen, etc.)

| ) \\\'\
= 3‘3\@
Plasma discharge E:
zone i
Active Plasma zone Jet head
(down to potential 006/6

free 0 Volt possible) \

Substrate
(plastic, metal, glass..)

© Plasmatreat 43



Operating principle PlasmaPlus®

[ Carrier Gas }

lonization Gas
Air or Nitrogen

(air or nitrogen)

-
Y
Precursor l
delivery Evaporator
system J.
=1
i
a I
PlasmaPlus®
Precursor Plasma
Tank
\ j EHT=1000kV  Signel A= SE2 Photo No -5 Mag * 30000 K X = I

SiOfilms grown on stainless steel substrates
Thickness deposited : 150 nm
© Plasmatreat Deposition rate: 920 nm/s 44



Openair-Plasma® and PlasmaPlus® processes combination

© Plasmatreat

PT Bonid

PT Bond is a Plasma
coating designed to
promote the
adhesion of
adhesives and
sealants.

‘ AntiCorr®

The PT AntiCorr®
coating is a high-
performance barrier
coating which
provides an inline
and active corrosion
protection.

PT Print enables a
one-step digital
printing process
which significantly
improves the
adhesion and
moisture resistance
of UV inks on hard
materials.

iss plasmatreat

... and other
functionalities. Be it
coatings that implement
Anti-lce®, insulation,
adhesion promoters for
3D printing, long-term
hydrophilic functionality
on fuel cells and more

toward Plasma-based antimicrobial coatings...


PPDE2110%20PT-ANTICORR.pptx
PPDE2170%20PT-BOND.pptx
PPDE2150%20PT-PRINT.pptx

Goal definition Piezo-electric excitation s plasmatreat
Pressure of <0,01 MPa

Contact pressure, wind, water

Pyro-electric excitation
A2-5 K
Heating, Cooling

Hydroxyl radicals

Photo-catalytic excitation generation
Light excitation 200-550 nm inducing the

Day light, artificial illumination de.composition of
Micro-organisms

Plasma deposited
coatings

Substrate: Glass, Metal, Polymer, Ceramic...
From Wfk Autoprotect presentation - 27.11.2017
© Plasmatreat 46



Photocatalytic principle and coating definition

Light /
Energy
Interacting
with the
material

hv -

© Plasmatreat

s plasmatreat

-

\_

\
Energy
level E
0, |
(B \Rjductlon
o e Qe = M0, — HO®
hV/ % | L Organic Pollutants/Micro-
~ o | 1Recombination :
. >l /' 0rganisms
_ il B
2| | |
Light / Energy o Intermediates
Interacting B e ) < R
with the VB l
material
Semiconductgﬁo H,0+C0, )
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Photocatalytic principle and coating definition

PlasmaPlus® towards innovative coatings

-2.0

-1.0

=7)

+1.0

E° kecor V vs. NHE(pH

+3.0  —

E vs. NHE(pH=7)

CO:/HCOOH
= 4C0>/CO
_J

02/HCHO

-~ 4——» H20/H:

CO2/CH:0H

T CO:/CHa
0:/H:20
—

plasmatreat

\
Photocatalyst Band gap (eV)  Spectral region
ZnS 38 UV (326 nm)
Sn0; 38 UV (326 nm)
TiO; (anatase) 3.24 UV (383 nm)
Zn0 3.2 UV (387 nm)
Degussa P25 314 UV {395 nm)
TiO; (rutile) 3.02 Visible (411 nm)
3 28 Visible (443 nm)
CdS 24 Visible (517 nm)
Fe;03 23 Visible (539 nm)
Cuz0 22 Visible (564 nm)
MoS; 1.8 Visible (689 nm)
Cdse 1.7 Visible (729 nm)
J

This presentation will be focused on presenting the latest results obtained depositing Zn0/Si0 mixed oxide films by Plasma

© Plasmatreat

Source : Materials 2017, 10, 629; doi: 10,3390/ma10060629

48




Results and characterization s plasmatreat

PlasmaPlus® process Optimization

\/'

Homogeneous coating
observed during
deposition on Si Wafer

More homogeneous coating obtained using the external
precursor introduction - Validation of the deposition process

© Plasmatreat 49



Results and characterization

s plasmatreat

Vs

-

Methodology used for Antibacterial surface property evaluation:
« Test germ: Bacillus atrophaeus 2277 in LB Solution
 Incubation: 20°C, rf. ca 90%, 2h
« Samples: Polycarbonate samples 1x1 ¢cm

5 samples per coating parameter

Source :
https://www.sciencephoto.com/media/798576/view/bacillus-atrophaeus-bioindicator-bacterium-sem

Y4

Log 6

LOg 4
LOg 3
99,9 %
Very good Good Good/Weak
antibacterial  antibacterial  antibacterial
properties properties properties
-

Reduction of Pathogens

LOg 1
90 %
Very weak to

no antibacterial
properties

© Plasmatreat
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https://www.sciencephoto.com/media/798576/view/bacillus-atrophaeus-bioindicator-bacterium-sem

s plasmatreat

Results and characterization
Influence of film composition

/ 7 7

From 99,9 to 99,99 %
6 6 s | Reduction of Pathogens

3
1
0,34 0,34 0,34
, I I

(Oa)
(6]

~
SN

w

Log Reduction of Pathogens

Log Reduction of Pathogens

NJ
N

Log Reduction of Pathogens

—
—

Good antimicrobial properties of ZnQ Improvement of the antimicrobial properties observed for $i0/Zn0 based coating
based coating However additional efforts required to improve the mechanical stability y

© Plasmatreat



Results and characterization fzss plasmatreat
Through changes in deposition parameters mechanically stable coatings could be achieved
Stability on Substrates:

Tested by tape-test in reference to Din EN ISO 2409
As Well as crosscut test as described in Din EN ISO 2409

Optimized Spray configuration .

Substrate Tape test Crosscut -Test

Si Wafer No detachment| Value 0 - OK
Aluminium No detachment| Value 0 - OK

Polycarbonate  No detachment  Value 0 - OK
\ J Optimization in deposition parameters :

Spray fixtures
Spray parameters
Angle of injection

© Plasmatreat 52



Results and characterization fzss plasmatreat
Influence of the Plasma power using Nitrogen as ionization gas

7 7 7

From 99,9 % to more than 99,99 %
Reduction of Pathogens

6 6 6

4,1
3,4
3,2 3,2
I | | I | I

(6]

43 42

3,9 38

>

3,2

3,1
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Log Reduction of Pathogens

NY
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Si0/Zn0 coatings Nitrogen Si0/Zn0 coatings Nitrogen [ }
Plasma High Power Plasma Medium Power

Plasma Power shows little influence on antibacterial properties, but slightly increased mechanical stability.

© Plasmatreat 53




Results and characterization ézés plasmatreat
Scanning Electron Microscopy observations before and after cleaning

Elementverteilungsdaten 2

Electron micrographs at 1000 times magnification of the SiOx ZnO coatings on polycarbonate before a) and after
5 cleaning cycles b). The frame shown represents the area of element analysis examined in the EDX.

© Plasmatreat Source : Masterarbeit - Abscheidung und Untersuchung der antibakteriellen Wirkung neuer Atmosphéarendruck-Plasmabeschichtungen - Bjorn Kolbe >4



Results and characterization

338 plasmatreat

Scanning Electron Microscopy observations before and after cleaning - EDX

EDX - Elemental analysis highlighting
Zn, Si and Oxygen elements
before a) and after 5 cleaning cycles b)

-

Following the coating, Zn / Si / O are clearly present
on the surface however following the cleaning it can
be observed that Zn particles are removed from the
surface but also Oxygen content.

For the Si content, it seems that the Si is stable and
no visual modification following the cleaning step on
the concentration of the particles (only loss in the
intensity)

O Plasmatreat Source : Masterarbeit - Abscheidung und Untersuchung der antibakteriellen Wirkung neuer Atmospharendruck-Plasmabeschichtungen - Bjorn Kolbe 2




Results and characterization ésés plasmatreat
Scanning Electron Microscopy characterization
<
L SEM images of a ZnO-coated silicium carrier (Au/Pd-sputtered, 15.09.2020) y

© Plasmatreat Source : WFK - SEM characterization of Plasma deposited Coating



Results and characterization ézés plasmatreat
FTIR characterization in ATR Mode

ATR Units

~  Chemical composition of the

Plasma deposited SiQy coating SiOx/Zn0 Plasma deposited
- _OH Plasma deposited SiQx/ZnQ coating Coatmg films -
= Plasma deposited SjQx/Zn0) coating ) )
i} 2N after s consecutive [PA SHO-5l - SiOx Plasma deposited
° A Coatin
& (—Xj °
2 ¥ «  SiOx/Zn0 Plasma deposited
I — T 5 ! L
S T . 9 S coating composition similar
S O r’ R to the composition of
{_n_\ f_L\ | \ SiOx/Zn0 even following 5
° N | S h cleaning cycles (IPA)
s +— | e Yl ~~~ . | Thelossin absorbance may be
1500 3000 2500 2000 1500 1000 attributed to a thinner coating.

Wavenumbear cm-1 )
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Proposed mechanisms for antibacterial activity §§§§

activity

ArHCANGE
activity

J

Release of ROS (Reactive Oxygen Species)
under light excitation

Sivakumar et al.,, Photo-triggered antibacterial and anticancer activities of
zinc oxide nanoparticles, J. Mater. Chem. B, 2018,6, 4852-4871 (2018)
https://doi.org/10.1039/C8TB00948A

© Plasmatreat

plasmatreat

Formation of reactive oxygen

species
Electrostatic interactions

Release of antimicrohial ions

J

Release of ZnZ* antimicrobial ions

Espitia et al. Zinc Oxide Nanoparticles: Synthesis, Antimicrobial Activity and
Food Packaging Applications. Food Bioprocess Technol 5, 1447-1464 (2012).
https://doi.org/10.1007/511947-012-0797-6
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Atmospheric pressure Plasma treatment for surface decontamination

> .

Coagulase-negative staphylococci
_

© Kaspars Grinvalds - Fotolia

¢ plasmatreat

Influenza viruses

Bacillus subtilis.

Phones are contaminated with a
lot of bacteria and viruses!

Rotavirus

Important  Cause of nosocomial infections
especially in Healthcare (hospital, clinics...)

S. Pillet et al., Contamination of healthcare workers' mobile phones by epidemic viruses, Clinical Microbiology and
© Plasmatreat Infection Volume 22, Issue 5, May 2016, Pages 456 .hitp://dx.doi.org/10.1016/j.cmi.2015.12.008 >



s plasmatreat

Atmospheric pressure Plasma treatment for surface decontamination

Atmospheric pressure Plasma treatment I

CDA40 Jet with vaporizer

Contaminated phone

Entrance Gate

! Exit Gate

with suction | with suction
Middle
chamber
Treatment area

* Moving Belt in each chamber
* Process Gas is injected in the middle chamber

© Kaspar
Decontaminated phone

.

© Plasmatreat 60




Atmospheric pressure Plasma treatment for surface decontamination :388 plasmatreat
Average LOG
Test Germ: Bacillus atrophaeus 9372 Spores
g 29 57 -
J- r
- L
E
Polycarbonate =
contaminated surface =
with Artificial ®
fingerprints developped :
by WFK : .
.o ]
w K ’ Kontrolle/PG/ B.a 15min. /PC/B.a 10min.PCBa SmnPCBa 1mn/P(/Ba 1mn,/P(Ba
Sporen Sparen Sparen Sporen Sparen sSpmen

© Plasmatreat 61



Atmospheric pressure Plasma treatment for surface decontamination §§§§ plasmatreat

ﬁt‘#‘E[ﬂgE LOG
Average L0G Test Germ: E. coli 4509 in Artificial Fingerprints
Testkeim: S. arlettae 20672
8 ; 6,0
PC, sanded with 80 grade sandpaper smooth PC smooth PC
-— ‘£ 5
50
&
e
— o A0
E 5 =t E
T, T
() (L]
= S
w 4 ag,0 -
g g
S ©
B 3 &=
20
: 12
1,0
0,0 0,0 0,0 %0 0.0
0 0,0 t
Kontrolle/PC 30 min,/PC  15min/C  Smin/PC  Kontelle/PC 30min/PC  15min/PC  Smin,/PC a5 ) I o o
Schiff Schiiff Schiiff Schiff Glaft Glatt datt Glait d‘-t' o N O o
6:\$3 A \:, 5}5\' \._\_{“.3"{\& LS_-\Q{_Q\‘.\ . {\g{\‘.\
Staphylococcus arlettae E. coli
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Atmospheric pressure Plasma treatment for surface decontamination

T
:
g

o

Decontamination of Decontamination of
3D polymer surfaces fruits or food

© Plasmatreat 63
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Conclusion

It was possible to deposit an antibacterial coating using LN
Zn0/Si0 based precursor.

Identification of the mechanism associated to the

antibacterial activity due to the release of Zn?* ions. Release of ART-Microbial ions
1 From 99,9 % to more than 99,99 %
Further work will be focused on improving the Reduction of Pathogens

« photocatalytic » properties of the Zn0/SiO coatings and
consider thermal post treatment procedure.

It was possible to use Plasma processes  for
decontamination of polymer surfaces.

Further work will be focused on optimizing the process
with an improvement of the decontamination efficiency.

© Plasmatreat 64



AutoProtect - Project partners

338 plasmatreat

Bealtech{

Industrial Automation

£ OMnNeo0

Business APS \f({

bedreven in bedrijven

CausSad

Chemelot o

Innovation and
Learning Labs

NEW CONNECTIONS + NEW SOLUTIONS

INNOCOATING EUROPE BV

[militex

cleaners | your identity

[/

33 plasmatreat

Robert Beckers
Beheer B.V.

Siemsa
Beheer B.V.

Priifan Validisren forschen

TechNat

BUSINESS DEVELOPMENT

TOTAL SUPPORT
_innolen

© Plasmatreat
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AutoProtect ézés plasmatreat

@ > % & €My
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Thank you very much for your attention ézés plasmatreat

€)Y Dhia Ben Salem, PhD @ 4952049960 1312
0 Queller Stralse 76-80, 33803 Steinhagen @ Dhia.bensalem@plasmatreat.de

@ @ WwWWw.plasmatreat.com DOOO
67
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http://www.plasmatreat.com/
https://www.xing.com/pages/plasmatreatgmbh
https://twitter.com/PlasmatreatGmbH
https://www.facebook.com/Plasmatreat-110449335686141
https://www.linkedin.com/company/plasmatreat
https://www.instagram.com/plasmatreat/

Additional Information

Evaluation through MB degradation and optimization in UV/Vis region

Photocatalytic evaluation according to

s plasmatreat

German Standard DIN 52980 with the
degradation of methylene blue solution

O,* or *OH + methylene blue — CO,, H,0

ey LI o

CH'q

CH3

I

\_

( The plasma deposited ZnO/Si0 coating presented no photocatalytic

activity following plasma deposition that indicates that the
mechanism of antibacterial activity is associated to the release of
Zn?* ions in the medium.

Formation of reactive oxygen
00 ’ species
Electrostatic interactions - =

Release of antimicrahial ions

~

Source : https://www.mrc-systems.de/en/products/photo-activation

© Plasmatreat
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Additional Information ézés plasmatreat
4 N

RF Power
Supply

Argo

Methodology used for ICP/OES:

« Plasma coated polycarbonate samples on
approximately - 200 cm? are immersed in 100
mL of pure HPLC Water

Light
Emitted

« Samples are prepared for 12 / 24 and 48 h to T

maximize the release of ions in the solution L

Intensity

Wavelength

e Zinc ion concentration are then evaluated in

comparison with Zn calibration done prior __ Principle of ICP-OES )
measurement
Time [h] 12 24 48
Calculated concentration [mqg / 1] 7.3 4,52 5.62

ICP-OES measurement results of the coatings produced based on a 200 cm? coating area per 100 ml of solution.

© Plasmatreat 69



Additional Information s plasmatreat

Regarding Decontamination and current situation

Plasmatreat Sterilization Cabinet (PTSC580)

© Plasmatreat 70



s plasmatreat

Additional Information
Regarding Decontamination and current situation - Case study: Ventilation Tube Sterilization
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It's time for a short break now....

o® A Bf?g:q
the WEBINAR will continue in S minutes / é"Q \ sfr
=



Webinar Presenter

MSS-Coatings: Features and
Applications

Robert Beckers, Vero Metal
Holding B.V. (Netherlands)

© Plasmatreat
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VeroMetal®

Technical Finishes

VeroMetal®

Robert Beckers

VeroMetal International b.v. Buizerdweg 6A, 6374BS Landgraaf
www.verometal.com
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o Techn/ca/ ;finishes

VeroMetal develops and produces cold spray metal coatings

e Esthetical

VeroMetal International b.v. Buizerdweg 6A, 6374BS Landgraaf
www.verometal.com



VeroMetal® wFK

Technical Finishes

VeroMetal develops and produces cold spray metal coatings

* Functional

VeroMetal International b.v. Buizerdweg 6A, 6374BS Landgraaf
www.verometal.com
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Techn/ca/ %inishes
VeroMetal and Antibacterial coatings

First anti microbial coating in 2007 based on pure Copper

Clinical trails Birmingham Hospital

VeroMetal International b.v. Buizerdweg 6A, 6374BS Landgraaf
www.verometal.com



VeroMetal® wFK

Technical Finishes

VeroMetal and Antibacterial coatings

First anti microbial coating in 2007 based on pure Copper

Clinical trails Birmingham Hospital

VeroMetal International b.v. Buizerdweg 6A, 6374BS Landgraaf
www.verometal.com



»copper”

,Bronze“

number of bacteria in CFU/mlI (absolute)

number of bacteria in CFU/mlI (absolute)

1,0E+07
1,0E+06
1,0E+05
1,0E+04
1,0E+03
1,0E+02
1,0E+01

1,0E+00

1,0E+07
1,0E+06
1,0E+05
1,0E+04
1,0E+03
1,0E+02
1,0E+01

1,0E+00

Technical Finishes

Generation One

Effect on the viability of S. aureus (DSM 346, n = 6)

noculum's CFU/mI °
0 50 100 150 200 250
] inoculum's-CEU/ml
1 o
O
. O
0 50 100 150 200 250

incubation time [min]

1,0E+02

1,0E+01

1,0E+00

1,0E-01

1,0E-02

number of bacteria in CFU/ml (percentage)

1,0E-03

1,0E+02

1,0E+01

1,0E+00

1,0E-01

1,0E-02

1,0E-03

number of bacteria in CFU/ml (percentage)

www.verometal.com
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Effect on the viability of S. aureus (DSM 346, n = 6)

100 150

200

VeroMetal International b.v. Buizerdweg 6A, 6374BS Landgraaf

incubation time [min]

0 50 250
=0
control'en stalless steel
T  § T T
0 50 100 150 200 250



VeroMetal”

Technical Finishes

Practical Use

This relief from
Herculaneum shows
Achilles scraping rust
from his bronze spear
onto the wound of
Telephus

Humanity knows for ages that copper has anti microbial and antifouling properties

VeroMetal International b.v. Buizerdweg 6A, 6374BS Landgraaf
www.verometal.com



VeroMetal”

Technical Finishes

&

VeroMetal International b.v. Buizerdweg 6A, 6374BS Landgraaf
www.verometal.com

Practical Use
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Technical Finishes

Nowaday’s applications

VeroMetal International b.v. Buizerdweg 6A, 6374BS Landgraaf
www.verometal.com
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VeroMetal® TH whk

Technical Finishes

Property’s Generation 1.0

Functional quality
» Functional in light and dark environment

Durable
» Very robust and durable due to the metal in the layer
» Polymer stability > 10 years

Ease of use
» Easily check of physical presence of the Copper layer

Design freedom

Suitable for almost any surfaces and base materials
For indoor and outdoor use

Suitable for almost all forms

Variable layer thickness between 50 - 200 micron
Long lasting aesthetically pleasing surface

VVYVVYVYY

VeroMetal International b.v. Buizerdweg 6A, 6374BS Landgraaf
www.verometal.com



Technical Finishes

First anti microbial coating based on pure Copper had to compare with TiO2

Functionality
Copper TiO2
* Durable +++ * Durable +
e Visible +++ * Visible $--
* Works within 1 hour +++  Works after 1 Hours
 Works in the Dark +++  Works in the Dark
* Application ++ - * Application -
* No Stains + -- * No stains +4-
e C(Cleaning ++- e Cleaning e

* TCO ++ e TCO o



VeroMetal® wik

Technical Finishes

VeroMetal Second Generation Anti Microbial Coating

Durable +++
Visible +++
Kills Microbes within 1 hour +++
Kills Microbes in the Dark +++
No Stains +++
Application +4-
Cleaning +++
TCO +++

VeroMetal International b.v. Buizerdweg 6A, 6374BS Landgraaf
www.verometal.com
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Technical Finishes
Inactivation of bacteria (E. coli) under artificial Setup acc. to ISO 22169:2011
daylight Escherichia coli as test bacterium
Excitation: Daylight fluorescents
=o==|ight control o Gen 1.0 (light) =o--Gen 2.0 (light) Iamp
—e=dark control Gen 1.0 (dark Gen 2.0 (dark :
1.0B+07 - e TomGen10{daig - —e=Cen 20 (ca Intensity: 129 uyW/cm2, equal
to the illumination of
1.0E+06 1 offices (~950 lux)
£ 1.0E405
T ] Both VAM coatings are equally capable of
2 inactivating the test organism E. coli under
£ 1.0E+04 - ) ) .
8 ambient-like conditions.
S 1.0E403 - : L :
E Total inactivation of E. coli under UV
= | OE+02 | irradiation after 60 min, and thus some self-
disinfecting properties.
1.0E401 A o _
Very strong antimicrobial effect under
1.0E+00 , . , _ , ambient conditions
0 10 20 30 40 50 60

Incubation time [min]

VeroMetal International b.v. Buizerdweg 6A, 6374BS Landgraaf
www.verometal.com
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Techhica/ Finishes

Inactivation of bacteria (E. coli) under UV irradiation

o=V control o-Gen 1.0 (UV) =o=Gen 2.0 (UV)
=e==dark control —o-Gen 1.0 (dark) —o—(en 2.0 (dark)

1.0E+07 -

1.0E+06 A

1.0E+05 -

1.0E+04

LL‘.

1.0E+03 -

1.0E+02 -

1.0E+01 A

1.0E+00 T T . T T |
0 10 20 30 40 50 60

Incubation time [min]

INNOCOATING ELROPE BV

Setup acc. to 1ISO 22169:2011
Escherichia coli as test bacterium

*Excitation: 365 nm
*Intensity: 500 pW/cm?

*Total inactivation of E. coli under
UV irradiation after 30 min.

- Very strong and rapid
antimicrobial effect

VeroMetal International b.v. Buizerdweg 6A, 6374BS Landgraaf

www.verometal.com
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Technical Finishes

Property’s Generation 2, Generation 3 and Generation 4

Functional quality

» Functional in light and dark environment

» The effectiveness accelerates with artificial Light

» The effectiveness accelerates in the sun

» The effectiveness increases extremely by the influence of UV light
» The effectiveness is improved by heat/cold-changes or pressure

Durable
» Very robust and durable due to the metal in the layer
» Polymer stability > 10 years

Ease of use
» Easily check of physical presence of the VAM layer

Design freedom

Suitable for almost any surfaces and base materials
For indoor and outdoor use

Suitable for almost all forms

Variable layer thickness between 50 - 200 micron
Long lasting aesthetically pleasing surface

YVVVYVYY

VeroMetal International b.v. Buizerdweg 6A, 6374BS Landgraaf
www.verometal.com



VeroMetal®

Technical Finishes

Practical Use

VeroMetal International b.v. Buizerdweg 6A, 6374BS Landgraaf
www.verometal.com



VeroMetal"

Technical Finishes

Practical Use

Ninasite

S T

VeroMetal International b.v. Buizerdweg 6A, 6374BS Landgraaf
www.verometal.com



VeroMetal®

Technical Finishes

wFlK

Thanks for Attention

VeroMetal International b.v. Buizerdweg 6A, 6374BS Landgraaf
www.verometal.com



Webinar Presenter

© Plasmatreat

Deep into MSS-Coatings:
Mechanisms and efficacy

Dr. Joachim Meelsen, wfk-
Cleaning Technology Institute
e.V. (Germany)
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wfk — Cleaning Technology Institute e. V.

wlkK

Highlights of 5 Years AutoProtect
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wfk — Cleaning Technology Institute e.\V.

Private Research Institute, founded 1949

R&D projects with the aim to develop new technological
solutions, companies can benefit from

Industrial research

Focus: cleaning, renewability, hygiene, surfaces, clean rooms,
Personal protective equipment, industrial plants,

health care sector, medical devices, new processes

for disinfection and sterilisation

National guidelines

Standardization work: DIN / EN / ISO

www.wfk.de



The physics behind the proposed catalytic Multi-Stimulus Systems (MSS) for new coatings

Aims: - develop catalytically active surface coatings based on Multi-Stimulus-Systems (MSS)
- using a range of crystalline photo-, pyro-, and piezocatalysts
- utilizing the generation of reactive oxygen species (and the release of transition metals)

various catalytic stimuli photocatalysts pyrocatalysts piezocatalysts
(h-v, AT, Ap) (h-v) (AT) (Ap)
VIS (blue-green) UV (A<387nm) O 0 OXS)
20,+26 — 20, OO OO @@(9@@@
20, +2H"—20,H © © ®) ©
p * —2°0, ®) ) O @@
2 +0,H — O, + H,0, CB . @@ @@ © ©
charge electrons \@8 8@
separation i ’@Q ®®
il b lis dT dp
particular VB ! g and a >0 and at >0
crystallite ! {1E
catalytic : BN
materials a1 - :
o +
H,0 > H,0* + OH"
OT—I' +h* 3—> ‘OH" b ¥ ¥ ¥ ¥
+ P + +
' PODODP G PP E
metal ion release ~ pg+ D G P F

oligodynamic effect



The physics behind the proposed catalytic multi-stimulus systems for new coatings

Aims: - develop catalytically active surface coatings based on multi-stimulus-systems (MSS)
- using a range of crystallite photo-, pyro-, and piezocatalysts

- utilizing the generation of reactive oxygen species (and the release of transition metals)

various catalytic stimuli
(h-v, AT, Ap)

20,+2¢€ —2+0,

2 .02-+2 H+ —> 2 '02H

2 'OzH and 02 + H202

charge
separation
within
particular
crystallite
catalytic
materials

, Cut
metal ion release ~ pg+

oligodynamic effect

-

H,0 > H0* + OH'
OH + h* — +OH'

degradation of chemical

residues and soils

and

oxidative degradation

R

“\/

chemical degradation
to CO, + H,0

inactivation of
micro-organisms

o * lipid oxidation
/ \ membran degradation
// L >a loss of cellular integrity
. ?sgd \\

DNA damage

, genome impairment

\\ // rotein damage
@/ en:yme mactlvaion

inactivation / death




E. coli/ S. aureus /P aeruginosa / E. faecium / E. hirae Phi 6 resembling SARS-CoV-2 (lipid envelope, sSRNA, 75nm)

- 50 £2 _

LO +2 . |

- - test inoculum

test specimen cover film B (0,4 ml) o

N\ ] petri 3

L \\ - !_,”' dish - ieh |

----- — ] lid petri dis

LI %

Testing with various stimuli:  a) UVB3g5,,, €) UVB354,m (QUV), b) daylight, c) near infrared (NIR) cycling

Testing various surfaces: a) metal, b) alloy, c) with metal particles, d) with photocats,
e) with metal particles and photocats, f) with metal particles, photo-, and pyrocats




WP2/3 Methods applied / developed to investigate catalytic multi-stimulus systems

fluorophor / dye degradation

coumarine assay

Measuring degradation
of chemical compounds
by the stimulus-induced
radical formation at the
catalyst's surface.

-

radical formation
increases fluorescence

control

catalyst

methylene blue assay

Measuring degradation
of chemical compounds
by the stimulus-induced
radical formation at the
catalyst's surface.

-

radical formation
decreases coulouring

: . 800
ot
= K3

e i y 200 -
i bt o

Tio,1 = = Ti0,2 ™M control »

Q

assessing the degradational activity of coatings

protein degradation

protein breakdown

Measuring protein con-
centration. Breakdown
into smaller peptides
results in more groups
accessibel.

<

decomposition increa-
ses measured results

O o o O

1 2 3 ¥ t5 t24
irradiation time [h]

enzyme activity

Enzyme activity as a
measure of protein
damage and / or
protein degradation.

&

declining activity indi-
cates degradation

10000
8000 o 0
o °
6000 - &
4000 - )—2__.__._.—0—0
2000 S
0 | |
0 10 20 30

reaction time [min]

DNA degradation

DNA break-down

DNA integrity is used
as a measure of
degrading catalytic
effects in gelelectro-
phoresis.

et

impaired integrity is re-
presented by a smear

Oh 1h 2h 4h 6h NK¢ DK PK

irradiation on coating D5%

RAPD-PCR

DNA  integrity s
measured by a special
PCR technique using
randomly binding
primers

&

PCR pattern shift indi-
cates DNA damage

M PK NK, NK; Oh 1h 2h 4h 6h

primer 3



WP2/3 Coatings with Photocatalytic Activity

day 3 day 0

day 6

normalized absorption of methylene blue [% of control]

methylene blue

ot I el - -
L
- L) L]

".‘\r.
TiO, 1~ = Ti0,2 ™™ control ™

120

100 O-0~0—0—0—0-8—8
80 - TiO,, rutile, no ativity
60 -
40
20 -
0 T T T T T T
120
100 83—0—0—0—0—.-0—0
80 { ©

60 -
40 A @)

20 - %o
O T T T T T T
120
100
80
60
40
20
0

©.TiO,, anatase, UV active
@)

Q TiO,, anatase, UV+VIS active
(@)

O| O IO_
0 50 100 150 200 250 300 350
irradiation time [min]

UV irradiation (UVB)

artificial daylight

600

coumarin

500 -
400 -
300 -
200 -
100 A

600

ZnS-NPNP

500 -
400 -
300 -
200 -
100 A

control

2000

1800
1600
1400 -
1200 1
1000 -
800 -
600 A

400
200

2000

ZnS-NPNP

1800 1
1600 -
1400 -
1200 1
1000 A
800 A
600 -
400 -
200 -

control

e e e ) e el ] )

0 45 90 135 180 225 270 315
irradiation time [min]

100,000 s

viable E.coli [CFU/ml in %]

viable S. aureus [CFU/ml]

bacteria (ISO 22196)

10,000

1,000 3

0,100

0,010 1
0,001 -

1,E+07 3

1,E+06

1,E+05

1,E+04

1,E+03

1,E+02

1,E+01

1,E+00

Coating A5
E O
E O coating with UV
O~ coating in the dark )
@@ p|astic control with UV
el p[astic control in the dark
T T
0 min 30 min 60 min
W dark Odaylight
T T

0 | 30’| 60" | O | 30 | 60| O | 30" 60°

control coating B2 coating BS

1000000

100000

10000

1000

100

viral load of Phi 6 [PFU/mI]

10

1

10000000
1000000
100000
10000
1000
100

viral load of Phi 6 [PFU/ml]

10
1

4

0' 30'60' 90"

control

0' 30'60' 90"
A5 -UV

0' 30'60' 90"
A5 +UV

4

4

0" 30'60' 90’

control

0" 30'60' 90’
A5 -UV

0" 30'60' 90’
A5 +UV




Research on Photocatalytic Activity

« 10 TiO, types by 4 providers tested

» 4 other photocatalysts tested
 in-house synthesis of ZnS-NPNPs

* low to high activity in suspension assay

« picking best candidates for further research
» 9 surfaces / coating formulations with TiO, and ZnS
* moderate to high activity in coatings
« within coatings:
» good capacity of radical formation
* high capacity to inactivate bacteria
« good capacity to inactivate viruses (Phi 6)



WP2/3 Coatings with Photocatalytic and Pyrocatalytic Activity (MSS-Coating)

methylene blue

3500
3000
2500
2000
1500
1000

500

coumarin

coumarin assay with MSS coating / UV only

. ouV sample

@ dark sample

0 1 2 3
irradiation time [h]

O UV control

B dark control

4 5 6 24

Inconclusive results with UV-irradiation only (above), but some effects with
IR cycling and IR/UV cycling (each with 50 x 100/100s)!

10 methylene blue assay with MSS coating / UV only
’ O UV sample @ UV control
08 - . W dark sample W dark control
0,6 1
0,4 -
0,2 1
0,0 -
0 1 2 3 4 5 6 24
irradiation time [h]
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WP2/3 Coatings with Photocatalytic and Pyrocatalytic Activity (MSS-Coating)

Bacteria (ISO 22196) - broadening the range of bacterial species tested on the MMS-Coating (under UV only)

CFU E. coli [CFU/mI]

CFU E. hirae [CFU/mI]

1,0E+05

1,0E+04 1

1,0E+03 1

1,0E+02 1

1,0E+01 1

1,0E+00

1,0E+05

1,0E+04 1

1,0E+03 1

1,0E+02 1

1,0E+01 1

1,0E+00 1

reduction of E. coli a/t 1ISO 22196 - mean + SD

0' | 30'[ 60’ 90'| 0 |30'|60‘|90‘| 0 | 30'|60'|90'
UV neg. cntrl. dark neg. cntrl. UV test dark test
reduction of E. hirae a/t ISO 22196 - mean £ SD
=3 {_ salcal=a —
0' | 30'[ 60’ 90'| 0 |30'|60‘|90‘| 0 | 30‘|60'|90'
UV neg. cntrl. dark neg. cntrl. UV test dark test

CFU S.aureus [CFU/mI]

CFU P. aeruginosa [CFU/mlI]

1,0E+05

1,0E+04 -

1,0E+03 -

1,0E+02 -

1,0E+01 1

1,0E+00 -

1,0E+06

1,0E+05 -

1,0E+04 -

1,0E+03 -

1,0E+02 1

1,0E+01 A

1,0E+00 -

reduction of S.aureus a/t ISO 22196 - mean + SD

T-I--I-l Jf-I-__I_

0' | 30'| 60' 90'| 0 |30‘|60‘|90‘| 0 |30‘|60'|90'
UV neg. cntrl. dark neg. cntrl. UV test dark test
reduction of P. aeruginosa a/t 1ISO 22196 - mean £ SD
N 1 @M
B
0' | 30| 60" 90'| 0 |30‘|60‘|90‘| 0 |30'|60'|90'
UV neg. cntrl. dark neg. cntrl. UV test dark test

3 out of 4 species
tested show strong
reduction of viability
after testing on the
MSS-Coating

S. aureus shows no
reduction, despite
the anti-microbial
effect being
demonstrated in
previous
experiments (see
previous slide)



WP4 Developing Test Methods for Chemical and Microbial Cleanliness

Developing test methods for chemical and microbial cleanliness of surfaces
b Continuous catalytic activity and longevity of coatings to be periodically tested
b Standard test methods have shortcomings or don't fit all purposes (ISO 22196, ATP tests)
> Developing alternative test methods is strongly indicated
- Artificial Fingerprint Soiling (AFS) to mimic realistic surface contamination

» frequently touched surfaces accumulate
micro-organisms and residues (soiling)

* highly problematic in medical facilities
« fingermark matrices may:

- contain residual water and organic
compounds to promote microbial
survival and growth

- interfere with testing methods \
- SN

- protect micro-organisms from real fingerprint soiling artificial fingerprint soiling

detrimental stressors as desiccation,
UV, and disinfectants



Action Modes for Catalytic Multi-Stimulus Coatings

Developing test methods for chemical and microbial cleanliness of surfaces
b Continuous catalytic activity and longevity of coatings to be periodically tested
b Standard test methods have shortcomings or don't fit all purposes (ISO 22196, ATP tests)
> Developing alternative test methods is strongly indicated
- Artificial Fingerprint Soiling (AFS) to mimic realistic surface contamination

« phones: 32-1440 CFU per screen 1E+06 D! @0l o ter0o] 1?2: S. aureus on D5
Task 1: characterize the * indoor floors: 7-498 CFU/dm? 1.6+05 1'E+06 W omin [ 45mn [ 90min
microbial burden on fre- « workplace surfaces: 8-922 CFU/dm? 1,E+04 1,E+05 |
quently touched surfaces . plic surfaces: 8-4210 CFU/dm? E403 i B4 -
(38% identified isolates are BSL 2) L E302 1,403 -
1,E+02 -
« 3 ug/fp of protein 1,E+01 I 1,E401
Task 2: develop a * 10 pg/fp of lipids LR on  osh | 24h  4sh HER0 ' '
reprodulmble, artlflc!al ° 2 pg/fp of salts 1E+08 Wbefore drying M after drying in AFPS  Dlafter drying in NaCl B8 B. subtilis on D5
fingerprint (fp) matrix 10 pl for 1 fp soiling 107 TEHOT
+ application in 10% IPA solution NE08 HER0
1,E+05 1,E+05 1
« methods for even distribution 1E+04 1E0
. . 1,E+03 1,E+03 1
Task 3: develop realistic * developing a reproducible transfers £ -
application and transfer * polyurethane stamps best suited B0t 16401 1
procedures « determining reduction factors 1,£400 : : : : 1,E400 - ; ; :

. . S.aureus  E.faecium E.coli  P.aeruginosa B. subtilis coating coating steel steel
of transfer and dessication UWagsm dark UV e dark



Taken all together....

Photo- / pyro- and piezo-catalysts identified
Coating matrix identified, durability proofed

Inactivation of bacteria (Gram +/-) and enveloped
viruses proofed

Monitor systems for checking of coating
performance developed

New methods for detection of radical formation
developed

New methods for testing antimicrobial activity of
coatings developed

New methods for quantification of vital bacteria
developed
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Introduction

*Biocidal Products Regulation is becoming more strict
*Alternative to ‘active substance’
*Morphological shifting surface due to stimulans

Stimuli responsive dynamic coatings to prevent formation of biofilm
based on Liquid Crystal Polymer Networks (LCN)
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Liquid Crystal Polymer Networks (LCN) TU/e

i

*To create dynamic surface topographies, a film is confined by adhering
it firmly to a rigid substrate which prohibits lateral displacement.

*Polymerization: Light induced
*Molecular alignment of the monomers are captured

ePattern added with photomask
Inspired by Technical university Eindhoven (Schenning)

Liquid Crystals

~ G- ~ -~

o O

===
o

LCN

I - .
;- - hv

/o@Nm - . —
LwL’ photo

initiator

===
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Soft Matter, 2018, 14, 4898



Light responsive (Photochromic)

*Azo benzene-functionality
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Bacteria Trans Cis
T ST WST
=5 =5 Trigger 33 ;3 >3
=X E5 ; - SSERES $S
= g g g §§ §§ §§ INTERREG
220022 22Nz 0022 Deutschla d
ederian

Europdische Union
Soft Matter, 2018, 14, 4898 Europese Unie



Building blocks for dynamic networks

Influence of substituents on the 3 monomers & photo-initiator
wavelength of the switchable monomers
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UV-VIS Experiments

HAzo-0O-3,6,9 before exposure to UV light
-=> HAzo-0O-3
-=> HAzo-0-6

-=> HAz0-0-9

0.1 : . * :
20 400 &00
Wavelength [nm]

* A, =361 nm = not depended on tail length

00



UV-VIS: irradiation with UV & relaxation

Exposure to UV-light HAzo-0O-3 sk After exposure in light HAzo-O-3
-=> t=0 before exposure ///\\ ~=> t=0 before exposure
o / | / \
/ \ —=> t=1 after 10 min of exposure ,// \\ -=> t=1 after 10 min of exposure
/ | / \ |
] —-=> t=2 after 20 min of exposure W+ 1/ A\ -=> t=2 after 30 min in light

L ! \
08 / \ [/ \‘

\ => t=3 after 30 min of exposure

{ \
[ 1
!
| \
P \
7‘-”7’:— 4
& |
P 4
0zr \
A AN N
- Ay hN
o 1
] 40

=> t=3 after 60 min in light
—=> t=4 after 90 min in light
~=> t=5 after 120 min in light

~=> t=6 after 300 min in light

e After 10 min maximum conversion has been reached
* After 30 min in the light maximum relaxation has been reached = minimal change afterwards
eSimilar results for HAzo-O-6 and HAzo-0-9




UV-VIS: Irradiation with UV & relaxation: Multiple Cycles

Wavelength [nm]

* After 15t relaxation azobenzene does not completely return to its initial configuration
*Next relaxation cycles show no difference in configuration




Coatings

Hazo-0O-3 lines Hazo-0-6 lines Hazo-0-9 lines

! azo-0-6 Diamonds

*Clear patterns observed




Conclusions

*Several azobenenes have been synthesized

*Switching behaviour has been investigated
* Maximum switch within 10 min of exposure
* Maximum relaxation is reached within 30 min in the light and 34 min under heat (calculated)
*Relaxation in the dark and at lower temperatures is slower than in the light
* 15t relaxation decrease in configuration, subsequent cycles show no difference

*Coatings have been reproducibly produced

Hazo-0O-3 lines Hazo-0-6 lines Hazo-0-9 lines

Purple = before exposure

Green = after exposure
P H,0

TMS

CDCly B G
?’“ E b/N.-
O o, B
’ " AN Z G
o N O A A’/T c b F

azo-0-6 Diamonds
N N S cis configuration

FG//A\ “I/ D
HLU WA




Challenges

*Test under real-life conditions

*Upscaling of the synthesis of the building blocks
*Upscaling production of coatings

Stability dynamic coatings




Questions?
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https://auto-protect.org

... get excited and experience new coating solutions and functionalities!
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Thank you....

....Tor your attention
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Contact Information of Markus Wehrl

e Dr. Markus Wehrl @ m.wehrl@wfk.de
® -49-2151-8210-170 E® wwwwikde

@
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