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Anovelhuman coronavirusthatisnow named severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2 - formerly called HCoV-19) emerged in Wuhan, China,
in late 2019 and is now causing the COVID19 pandemic. National security is under
duress due to this emergency with little hope of eradicating the problem in the
short-term. Until widespread vaccination, there is a strategic need to invest in

technological solutions to reduce and slow the impact of the pandemic. The
SARS-CoV-2 virus can be present on plastic and glass surfaces for several days.
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Even if you keep your hands clean ALL THE TIME, any benefits from hand
hygiene are eroded if there is MRSA on the very next surface you touch

Bobulsky G et al, CID 2007; Farr et al, LID 2001

Once a hand has touched a contaminated surface, hand washing
reduces the probability of infection by removing the virus.
Gloves reduce the chance of contagion if changed frequently,
although the virus will be transferred by a gloved hand to the
next surface. Once travel restrictions are relaxed, the chance of
spread from surfaces will increase as the population begins to
move around again. Vacuum coating has a solution that can be
used to greatly reduce the spread from common touch surfaces.
Vacuum based nanostructured films can be highly biocidal and
are hence self-sanitising. These films have a viral and microbial
killing effectiveness above conventional cleaning methods. The
killing action is continuous, hence it will have a positive impact
to reduce the probability of cross-contamination from surfaces.

This paper presents a solution against infections derived from
touch surfaces by using a nanotechnology coating based adhe-
sive pad to protect the public from cross contamination. The
coating development has been focused on flexible and trans-
parent substrates and coatings which could be easily upscaled
using Roll-to-Roll production techniques. Different biochemical
and biological tests have been performed to quantify the biocid-
al activity.

Introduction

The 2019 SARS-CoV-2 outbreak responsible for COVID19 epi-
demic has presented an unprecedented high velocity of virus
spread. While the ss + RNA enveloped virus can be destroyed by
hand washing with appropriate disinfectants, surfaces, screens,
and mobile phones, once touched can re-contaminate the user
and pose a biothreat risk for infection spread globally. They can
contribute to the decease crossing borders especially as they are
omnipresent in modern transport and human-to-human social
contact scenarios. Screens and other surfaces can also contrib-
ute to the contamination and genesis of additional secondary
fomites (doorknobs, airport self-check-in stations, bus rails, ATM
monitors, lift buttons, etc). Evidence from a Wenzhou shopping
mall in China indicates that Fomite transmission on surfaces fu-
eled the outbreak [1]. Such indirect transmission is a result of the
virus being present on surfaces with which an infected individu-

Fig. 1 - Microbial cultures from
hand contact.

al has interacted. A study by the University of Nebraska Medical
School treating patients from the Diamond Princess Cruise Ship,
showed 72.4% of surfaces near to patients were positive for the
viral RNA and 77.8% of cell phones were contaminated [2].

Recentevidencein a letter published in the New England Jour-
nal of Medicine on 17th March 2020 [3] finds that the stability of
the virus SARS-CoV-2 is "similar to that of SARS-CoV-1 under the
experimental circumstances tested." The new coronavirus was
found to be viable up to 72 hours after being placed on stainless
steel and plastic. It was viable up to four hours after being placed
on copper, and up to 24 hours after being put on cardboard. On
copper, no viable SARS-CoV-2 was measured after 4 hours and
importantly, the decay of the virus is exponential. Hence the
dose of SARS-CoV-2 that is likely to be received from a biocidal
surface is much lower than comparable materials and this is im-
portant information for pandemic mitigation efforts. Previous
work by Keevil at Southampton University [4] in the UK has also
shown that a relatively low concentration of enveloped respi-
ratory viruses may retain infectivity on common hard surfaces
for longer than previously thought (5 days) and copper surfaces
were shown to disable a high proportion of coronavirus within 5
minutes and entirely within 30 minutes.

All forms of surfaces present a contagion risk whether it be
from a viral or microbial source, but the widespread use of touch
screens in healthcare and community settings is a possible ‘Tro-
jan Horse’ contributing to the transmission of microbial infec-
tions in epidemics and pandemics [5].

Touchscreen technology is seen as ‘safer’ than face to face
contact. Supermarket self-checkouts are a good example, with a
constant flow of use and interaction from both staff and custom-
ers. Another is a doctor's surgery, where sick people are all asked
to touch the same surface in a steady flow.

Viral contamination will certainly remain present on a touch-
screen for hours and days if not removed by cleaning. There is
an urgent for a smart means to self-sanitise the surface to re-
duce the contagion risk. The desirability of this approach is also
backed-up by the inability of conventional cleaning methods to
effectively sanitise surfaces. This is evident from the high levels
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of Healthcare Associated Infections (HCAI) as well as studies of
contamination on surfaces found within medical settings [6].

This paper presents a solution against infections derived from
touch surfaces by using a nanotechnology vacuum-deposited
coated adhesive pad to protect the public from cross-contami-
nation. The coating development has been focused on flexible
and transparent substrates and coatings which could be easily
upscaled using Roll-to-Roll production techniques. Different bio-
chemical and biological tests have been performed to quantify
the biocidal activity.

Before the COVID19 pandemic, Healthcare-Associated Infec-
tions (HCAI) were the prime focus for self-sanitising surface tech-
nology developments. HCAI poses a serious risk to patients as
they can result in significant harm to those infected.

The estimated HCAl incidence rate in the USA (2014) was 4.5%,
corresponding to 9.3 infections per 1000 patient-days and 1.7
million affected patients[6]. The European Centre for Disease
Prevention and Control (ECDC) estimated that 4,131,000 patients
are affected by approximately 4,544,100 episodes of HCAI every
year in Europe [6].

The Agency for Health care Research and Quality reported that
HCAIs are the most common complications of hospital care and
one of the top 10 leading causes of death in the USA [7].

Reducing healthcare-associated infections (HCAIs) remains
a key indicator for most developed countries when measuring
public safety and quality of care.

The main objective of this work is the creation by vacuum
coating of highly biocidal surfaces that will rapidly kill viral and
microbial strains.

Copper as a Biocidal Material

Copper materials have been used since ancient times for their
antimicrobial properties,and modern science has demonstrat-ed
how incredibly effective the surface is in terms of bacterial and
viral killing. Technology-based upon bulk copper materi-als are
now available that can minimise the survival of germs on surfac-
es, the main barrier is cost and convenience. Studies have shown
that copper surfaces for instance have a log 3 (99.9%) effective-
ness in killing microbes as metal ions are highly efficient in this
regard. This is superior to rigorous chemical cleaning. The cost
however of manufacturing and replacing fixtures and fittings
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Fig. 2 - Leading of death causes in USA[7].

with copper components has prevented widespread uptake de-
spite clear evidence of benefits.

The background to creating biocidal coatings is based upon
two strands of wider research. The first is the use of metallic sur-
faces as effective antimicrobial agents. The second is the role of
the nano-scale topography of a surface to provide an-timicrobi-
al performance. Extensive work on Ag, Cu, Ti, Zn materials has
illustrated their use as antimicrobial agents. Likewise work on
nanostructured surfaces and nano-particles has yielded good re-
sults for antimicrobial performance. Nanostructuring of surfaces
alone can produce environments that effectively kill microbes on
a LOG 2 to 4 scale (99 to 99.99%)). If this nano-structuring is com-
bined with optimum metal ion leaching effect, metallic based
nanostructured mate-rials have the potential to provide highly
effective antimicro-bial and consequently antiviral surfaces.

Vacuum deposition is used industrially to deposit thin layers
of virtually any material type onto all forms of surface. Certain
vacuum-deposited based layers can combine several biocidal
actions; the presence of ionic metals, and the creation of a nano
topography that promotes chemical and electrical activity be-
tween features [8]. Prior work by Gencoa has shown that these
combined effects are required to produce the highest levels of
antimicrobial effectiveness [9,10]. Under the correct deposition
conditions, a range of metals can be combined with a hard ma-

Fig. 3 - Biocidal activity testing of various sputter deposited vacuum coatings.
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trix to result in a microbial kill rate of LOG6 (99.9999%) within
minutes. These layers perform as well in terms of antimicrobial
performance as the best nano-clustered silver surfaces.

Gencoa has created coatings with varying degrees of com-
plexity directly onto 3D objects. Such coatings can be tailored to
provide, extreme hardness, low friction, different colour hues, or
even transparency. So vacuum deposition provides the coating
‘armory’ to create the critical coating microstructure required to
enhance the biocidal performance of these materials.

To more rapidly exploit the technology and impact the bat-
tle against the Sars-Cov-2 virus, the recent focus is to create
30-100nm thickness layers based upon copper on-top of a thin
plastic web which can then be adhered onto a touch surface. The
choice of copper-based layers is a ‘safe’ approach since copper
and a wide range of its alloys are the only materials approved
by the US FDA to make public claims of antimicrobial activity.
All other materials including silver have failed to gain approval.
Copper is a lower cost material than silver and can be sputtered
at high rates compared to other metals.

In a practical sense, the concept is a copper version of an al-
uminium metallised ‘snack’ packet, although oversimplified, it
is a close analogy. Importantly, it is a very low-cost manufactur-
ing process and suitable surfaces can simply be covered by the
adhesive film in order to afford months and years of protection,
hence avoiding costly hardware changes. Flat surfaces are easily
protected as are simple geometry 3D shapes. More complicat-
ed shapes can be protected by heat-shrinkable coated plastic,
or have a PVD coating applied directly. There are two market
requirements of equal importance; touch surfaces and touch
screens. Hence, both opaque and transparent forms of coating
on plastic are needed to protect the existing built environment.
Opaque forms are more readily produced as they can be simple
copper or copper alloy films. Transparent forms present more of
achallenge and new form is presented here that has great poten-
tial for exploitation.

EXPERIMENTAL & RESULTS

Cleaning Process & Coating Deposition

A Physical Vapor Deposition (PVD) method was used in or-
der to produce the different coatings on surfaces; as described
generically in reference [11]. The PVD unit to create the layers
comprised of a vacuum vessel (1600 L/s turbopump), 2 off Gen-
coa magnetron sputtering sources, and 1 off Gencoa linear ion
source. During coating, the substrates were rotated in front of the
plasma sources. The substrates were attached to a suitable sub-
strate holder.

Various metallic, glass, and plastic substrates have been used
for the work. Small glass slides are a convenient substrate for
testing purposes and have been widely used. One important
point of note is that different glass slides have different topog-
raphy due to atmospheric corrosion that gives the possibility to
accumulate soluble crystalline initiators on the glass surface. The
surface profile is influenced by the topography of the substrate.
To ensure reproducibility, the “memory” from the glass substrate
should be removed otherwise data will be distorted which pres-
ents great difficulty for coating development.

Additional direct evidence of an ever-changing reaction of glass
surfaces is shown by AFM of thin metallic coating on top of two
different glass substrates (Fig. 4). Significant differences arise
from the topography of the glass and explains changes in surface
activity with environmental conditions. Investigations by Prof. Dr.-
Ing Edda Radlein from the University of Ilmenau has shown the
surface condition of the glass varies widely with defects such as
delamination, dendrites, and droplets commonly present.

To avoid topography variation interference with measure-
ments, the glass surfaces have been treated by vacuum-based
plasma treatment (ion beam) and the corresponding biocidal
performance has been measured [10].

This has demonstrated that ion source cleaning of the sub-
strate prior to coating, removes the biocidal effect from original
glass topography, obtaining a clear and reproducible start point
for new coatings. Plastic substrates however do not have such a
pronounced surface ‘memory’ and are hence more stable from
this point of view.

The main surface preparation prior to coating deposition was
achieved via a Gencoa IM300 ion source for 5 minutes (2 kV x 100
mA) with a mixture rate of (70Ar : 3002) in order to remove the
organic compounds from the surface and 30 minutes with just Ar
gas at 2 kV x 50 mA erasing any memory effect over an effective
linear zone of 300 mm of etching.

The main (bulk) coating was produced from a 100 mm x 300
mm target using a Gencoa SW100300HY magnetron sputter cath-
ode. The target material for these studies was pure copper or
copper alloy, however, a very wide range of materials have been
used in the past.

The transparent coatings were produced using Reactive Mag-
netron Sputtering. The reactive process was controlled via a
Speedflo™ feedback controller using an Optix sensor as the input
signal [12,13]. The main sputtering gas was Ar with reactive gas
additions. Speedflo™ was used to adjust the copper spectrum
signal from a spectrophotometer, in order to control optical
properties of the thin film. The copper value was selected from

Control 1

Fig. 4 - AFM on coated (less than 5nm metallic coating) glass slide con-
tact mode. Control 1 smooth topography, control 2 strong topography.

SVC BULLETIN | SUMMER 2020 5



HIGHLY BIOCIDAL TRANSPARENT VACUUM DEPOSITED COATINGS
D FORTOUCH SURFACES TO HELP IN THE FIGHT AGAINST

ORIGINAL ARTICLE COVID 19 AND HEALTHCARE ASSOCIATED INFECTIONS (HCAI)

[] o] tew

Fig. 5 - Speedflo ™ display with hysteresis of a metal oxygen system
reaction.

the hysteresis behaviour of the reactive system linked to the de-
sired transparency and other layer properties, see Fig. 5.

Red line (metal signal from metallic mode at 90% sensor to
target poisoned mode at 10% sensor), blue line (oxygen setpoint
0-50% of 100 sccm mass flow).

Biochemical Method for Assessment of Biocidal Activity
of Vacuum Deposited Coatings

One of the main aims of this and prior research [11,12], was
related to using a biochemical method that could provide reli-
able biocidal results for the different PVD coating types. With that
in mind, a simple test for the evaluation of biocidal performance
was developed that can rank different coating types for bioactiv-
ity within 1-3 days. This is a powerful means of speeding up coat-
ing development as results are rapidly available to experiment
with the coating properties.

The method was based on the titration of a reducing sugar,
such as fructose, which is metabolized by a suitable microbe
such as yeast. The microbe needs to be representative of a bacte-
ria responding to the same type of oxidative stresses that would
produce bacteria kill. It was found that the yeast Saccharomyces
Cerevisiae was a suitable choice for the test - even though it is not
a bacteria itself.

This quick test used a colorimetric reaction called the Miller re-
action (Fig. 6) [14]. The oxidation of the ketone functional group
present in the reducing sugar, fructose, in this case, will favor the
reduction of NO, group of 3,5-dinitrosacylic acid (yellow) to NH,
resultingin 3 amino, 5-nitro salicylic acid (red color solution). The
color change can be quantitatively assessed and a titration of the
non-consumed fructose can be measured. A suitable yeast (Sac-
charomyces Cerevisiae) was used as a representative microbe.

A method was also required to multiply the remaining bacte-
ria that survived the exposure to the biocidal surface. Once the
microbes are allowed to grow from their decimated numbers to
a suitable scale, these solutions could be used for the consump-
tion of a known amount of fructose within a range that is easi-
ly measurable. An appropriate data analysis and treatment are
needed to produce a suitable scale that would reflect the biocid-
al activity of a given surface. The method was tested and calibrat-
ed against several antimicrobial standards and a biological test
based on the Japanese Industrial Standard JIS Z 2801:2000 [15].

For the biochemical test, a solution of 555 mg of Saccharomy-
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Fig. 6 - Antimicrobial effectiveness related with colony forming unit
(cfu) and colorimetric solution absorbance; (a) reducing sugar (fruc-
tose) is consumed by microorganisms alive on no antimicrobial surface
(DNS-yellow solution); (b) The low amount of microorganism 3,5-dini-
trosalicylic acid is reduced to 3-amino-5-nitrosalicylic acid (red solution)
due to the presence of fructose in the solution.

ces Cerevisiae in 20 ml of deionized water was prepared. From
this solution, a volume of 0.125ml was added (as 5 x 25ul drops)
on top of each test coupon. Each test coupon was enclosed on an
individual isolation polypropylene cubicle box 45 mm x 30 mm x
20 mm, to prevent excessive solution evaporation and contami-
nation of the surface. The coupon and yeast solution was left to
react for 0.1 to 4 hours at room temperature under UV light (work
distance of 35cm substrate/light sources, 380nm with 160W and
400nm with 1200mW light sources) and in darkness (Fig. 4). After
the contact test, 10 ml of deionized water was added into each
drop to dilute the solution which has been in contact with the
test sample. From each of the box’s mixture, a 2 ml aliquot was
taken and added into a test tube. To each one of these test tubes
2mL of a 24mM fructose solution was added, followed by 1ml of
65mM (NH4)2HPO4 (growth factor). The alive microorganisms
were able to grow and form colonies in the solution at the same
time as they would consume the fructose. The growth was main-
tained for up to 3 days at room temperature. References with no
yeast and yeast without test samples were also included to ob-
tain a benchmark for 100% and 0% death of microbes.

After the 3 days growth 1ml of each solution was taken and
placed into a 5ml cuvette (12.5 x 12.5 x 45 mm cuvette). To this
growth extract, 1ml of 22mM DNS (3,5-dinitrosalicylic acid) and
1ml of saturated NaOH in water were added. The cuvette was
placed in darkness at room temperature and allowed to react
for 48 hours. After that time each cuvette was measured using a
UV/VIS spectrometer. The absorbance as 575nm was measured
using a UV-Vis spectrophotometer (Ocean Optics USB4000). This
absorbance is directly proportional to the amount of remaining
(unconsumed) reducing sugar [16]. The original solution with no
yeast would have a strong red intense color and would represent
the 100% on the Miller scale. The sample with yeast and no bio-
cidal effect represents 0% in the scale as they would consume all
fructose leaving a yellow color on the Miller’s reaction. For each
test, the absorbance at 575nm was placed with reference to the
0-100% scale.



v Microarganism
Transparent

Photocatalytic Coating

Results

The absorbance at 575 nm is measured by UV-Vis spectropho-
tometer in reference to the 0-100% of the Miller’s reaction scale
gives a directly proportional value to the amount of reducing
sugar [14], hence a related logarithmic value regarding the yeast
viable colony forming units (cfu) as the viable microbes are re-
sponsible for the sugar solution depletion.

This method developed by Gencoa has created a simple scale
for biocidal surface efficacy by normalizing blank (maximum of
cfu/mL) to 0% biocidal effect and a solution with zero microor-
ganism (minimum of cfu/mL) up to 100% kill effectiveness.

Different coatings have been deposited and tested to compare
their suitability as transparent biocidal layers. Titanium dioxide
is a well-known bioactive coating type that is activated by UV
light to produce a photocatalytic effect. TiO, based materials
have been created with various alloy additions and compared
to zinc oxide-based layers, see Fig. 8. The activation by UV light
directly onto the sample confirms that such TiO, based layers are
highly biocidal giving a log 6 or 99.9999% kill effect. (Fig. 8).

Whilst titanium oxide-based coatings are highly effective, the
reliance upon UV light is a strong negative as this wavelength
of light is not present in internal areas of buildings. As shown in
Fig. 9, the absence of UV light renders the same films completely
inactive. Hence, experiments based upon transparent forms of
copper compounds were conducted to identify a formula that
could provide biocidal activity without the need for daylight.

Fig. 10 shows a range of results conducted in darkness with a 1
hour contact time for the yeast solution. This compares different
forms of sputtered copper with a transparent copper compound.
The results show that highly biocidal copper based sputtered
films can be created with a high degree of transparency and do
not required UV light activation. These transparent layers are
as bioactive as optimised sputtered copper, and hence are ex-
tremely effective. Pure sputtered copper films require the correct
structure to be active. It is apparent that very smooth copper
surfaces are not biocidal. This is a surprising result and has been
reproduced a number of times. Copper ions are toxic, but the
effective release of copper ions from a sputtered surface is also
dependant upon other factors. Copper deposited with the right
energy conditions on a silicon wafer forms a continuous film with
little growth structure - essentially featureless. These coating
types do not display the mechanisms required to produce bio-
activity. However, the very smooth surfaces can be ‘activated’ by
chemical etching or ion surface treatment to create some surface
variations that drive the mechanisms needed for bioactivity. This

Fig. 7 - Reaction of 0.125ml microbes
with a possible antimicrobial transparent
photocatalytic coating sample, under 35
cm distance of UV light and in darkness.
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Fig. 8 - The kill effectiveness of zinc and titanium oxide-based materials
by biochemical est after UV light reaction for 4h. Blank samples (maxi-
mum of cfu/mL) and ZnOx samples with yellow solution. ZnOx coating
have the lowest biocidal effect (less than Log 1, or 90% kill effect). This is
compared with red solution coming from the log 6 (99.9999% kill effect)
TiZnOx coatings developed, such as the active zero microbe (minimum
of cfu/mL) to 100% kill effectiveness.
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Fig. 9 - Negative solution in antimicrobial efficiency of ZnOx and TiZnOx
samples showed by biochemical Gencoa test after in darkness for 4h.
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Fig. 10 - Comparison of a biocidal performance of different sputtered
copper based materials after 1 hour yeast solution contact duration in
darkness.

has been demonstrated by tests on commercial copper adhe-
sive tapes. Initially these surfaces are not active, however with
‘ageing’ they can develop surface oxides and the surfaces begin
to be biocidal. In this respect, the newly exposed ‘clean’ copper
tape s less desirable than the more ‘dirty’ looking oxidised form.
It would appear that smooth surfaces in a uniform electrical state
are not effective. Some disturbance to this uniform surface is re-
quired to drive a reaction to disturb microorganisms and cause
cell death.

Discussion

Vacuum coating has the ability to create growth features on
the nanometer scale from a wide range of material types. The
growth features enhance the biocidal performance of vacuum
deposited materials when compared to a surface made by con-
ventional methods. Copper is a well known biocidal surface, and
thermomechanical produced copper materials are not as effec-
tive as a vacuum-deposited copper. This is true for sputtered and
evaporated vacuum-deposited copper which routinely have a
LOG 5 or 6 kill rate compared to LOG 3 for conventional copper
surfaces. Also, too ‘perfect’ a copper surface is not as effective as
arougher or oxidised surface.

The growth features of a vacuum deposited layer will have
some degree of ‘separation’ to their neighbours, and this separa-
tion, whilst not necessarily always physical, will provide a subtle
difference in electrochemistry. Once the features are bridged by
an organic body, it creates a highly effective mechanism to dis-
turb and kill the microbe or virus. Whilst there are also surface
area differences between smooth and rougher copper sputtered
layers, this does not alone explain why pure copper transitions
from very low to highly biocidal as the nanotopography changes.

Fig. 12 illustrates different sputtered surface coatings with
varying separation between features. All these layers provide
high levels of biocidal activity, and only the left image contains
some copper elements. Not all material types can create the

8 SVCBULLETIN I SUMMER 2020

Fig. 11 - Copper based transparent compound - highly biocidal coating
on glass.

same activity - some are clearly more effective than others.
Hence, the role of metal ion leaching, toxicity, and reactive ox-
ygen species generation will determine the effectiveness of any
final coating structure. In the future, there will be a need for a
large armory of biocidal coating material types for different ap-
plication areas - for example where high hardness or a particular
colour finish is required.

There are two main characteristics that produce an effective
biocidal coating: The chemical nature of the surface (the coating
material) and the topography of the surface (growth structure).

Regarding the chemical nature of the material, it is known that
copper can interact with lipids, causing their peroxidation and
opening of holes in the cell membranes, thereby compromising
the integrity of cells [16].

One additional factor for the biocidal efficiency of coatings is
related to topography. The most efficient biocidal coatings bene-
fit from coating features which enhance the oxidative electrocat-
alytic process [17] (see Fig. 13).

The generation of reactive oxygen species is widely cited
as an important mechanism for surface bioactivity. Driving
this reaction requires different surface features to promote



-
-
-

Fig. 12 - Nanorough sputtered coating structure examples with high levels of bioactivity.

electrical potential differences which are bridged by the microor-
ganism. By creating a coating that has distinct growth structures
is an important aspect of any biocidal vacuum deposited layer.
These nanofeatures set this route apart from other means of
manufacturing surfaces.

Another strength of vacuum coating is the ability to reduce the
amount of active ingredient, and hence the cost. Vacuum coating
thickness levels vary from a few nanometers to a few microns.
For biocidal coatings, a few tens of nanometers are required.
Even thin alternative materials such as copper tape requires
35 microns of metal. Other dip or spray coating processes like-

Electrodic
substrate

Fig. 13 - Mechanism of reactive oxygen generation between nanosized
surface features in contact with a microorganism.

wise are tens or 100’s of microns thick. Hence vacuum coating
will always ‘win’ the economic race to minimise material usage.

The use of a ‘vacuum’ environment adds cost compared to
atmospheric processes, but this vacuum element is the key to
creating and using very small amounts of materials on surfaces.
As the vacuum coating industry is mature, very high speed and
efficient processing routes are widely available. In particular,
Roll-To-Roll coating of plastic is conducted at a large scale at tens
to hundreds of meters per minute. Hence, by coating a plastic
film with a biocidal layer, followed by an adhesive backing, a
low-cost protective pad is created that can adhere to a touch sur-
face. These pads create a self-sanitising effect that will rapidly kill
microbes and viruses. This is ideal in the fight against COVID19
and HCAI, since the manual cleaning methods are not required
and the technology acts 24/7. Hence the probability of decease
contagion is greatly reduced.

Perhaps the biggest challenge of the modern era relates to
touch screens. They are designed to encourage hand contact to
the surfaces that multiple users will interact with continually. It's
hard to imagine a worse scenario when trying to tackle conta-
gion. Voice-activated screens will be a very effective solution. But
how reliable will that technology be in public places with back-
ground noise and different accents? Touch screens are here to
stay for the foreseeable future. As has been shown there is now a
very effective vacuum coating solution to greatly reduce the risk
of using such screens. The transparent film can adhere to existing
screens to offer the same highly biocidal performance that vac-
uum-deposited copper can impart. As the layer activation is not
light-dependent, it will have 24/7 operation and will last many
months as they have good handwear resistance.

What are the downsides? Clearly if more plastic finds its way
into the oceans, the public will have reservations about its
eco-credentials. However, these are far from single-use items.

SVC BULLETIN | SUMMER 2020 9



HIGHLY BIOCIDAL TRANSPARENT VACUUM DEPOSITED COATINGS
D FORTOUCH SURFACES TO HELP IN THE FIGHT AGAINST

ORIGINAL ARTICLE COVID19 AND HEALTHCARE ASSOCIATED INFECTIONS (HCAD

Fig. 14 - Three different forms of copper based biocidal vacuum coat-
ings on PET film: from the top, transparent, gold effect and pure copper.

At least 6 months of life is expected. There are a range of biode-
gradable plastic film options, which will be assessed to ensure
they can impart the same stable biocidal action over extended
periods. Such self-sanitising surfaces will greatly reduce the need
for cleaning chemical use and disposal, which is a positive factor.

Biofouling will need to be addressed by routine cleaning week-
ly with an aqueous scrub. This will remove gross contamination
and ensure the active surface is exposed.

The toxic effect of nanomaterials on humans is a concern in
the health industry. Small <100nm Nanomaterials (particles) can
cross biological membranes and access cells, tissues, and organs
that larger-sized particles normally cannot. However, this coated
form of nanotechnology is designed to remain intact within the
bulk coating and avoid breakdown or release from the underly-
ing substrate. This assumption will need to be verified to avoid
concerns related to nanoparticle generation. However, on ascale
of risks compared to the negative impact of COVID19 and HCAI,
a rational approach would be encouraged to prevent regulatory
barriers for adoption. Copper-based materials are however al-
ready FDA approved.

CONCLUSIONS

This work has successfully created highly biocidal sputtered
coatings based upon copper. The sputtered copper performs
better than conventional copper materials moving the bioactivi-
ty from LOG3 to LOG6. A reliable method for quantifying surfaces
biocidal activity has been developed to accurately rank different
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layer types. Based on the rapid testing capability, it has been pos-
sible to create a new form of transparent coating that does not
rely upon UV light for activation. The copper-based compound
kills microbes and viruses at the same speed as sputtered cop-
per, and will afford the same round the clock self-santising effect.
The broad-spectrum biological killing capacity that these coat-
ings provide combined with low cost of production should drive
widespread adoption. Sputter PVD can create a ‘super’ surface of
chemical delivery and morphology in a highly robust form with
an attractive appearance.

The final piece of the puzzle remains unanswered - how quick-
ly is the SARS-CoV-2 virus killed on these surfaces. It is estimated
that the half-life will be less than 5 minutes but testing remains
outstanding. All University labs are closed, hence the pool of
available testing sites are very small, and needless to say, very
busy. However, in the near future the results will be available.

ACKNOWLEDGEMENTS

The authors would like to thank Joseba Esparza-Gorraiz, José
Fernandez-Palacios and Gonzalo Garcia-Fuentes of AIN Sur-face
Technology Group (Asociacion de la Industria Navarra, Spain,
www.ain.es/tecnologia/superficies/) for their assistance with the
antimicrobial JIS Z 2801:2000 test. The Open Inno-vation Hub for
Antimicrobial Surfaces at the University of Liverpool, UK. Inno-
vate UK project 103820 (2017). Erasmus Project n® 2019-1-ES01-
KA103-063357.

REFERENCES

1. EID Journal,Volume 26, Number 6—June 2020’ Research Letter, Indi-
rect Virus Transmission in Cluster of COVID-19 Cases, Wenzhou, Chi-
na, 2020; Jing Cail, Wenjie Sunl, Jianping Huang1, Michelle Gamber,
Jing Wu, and Guiqing He

2. Aerosol and Surface Transmission Potential of SARS-CoV-2, Joshua
L Santarpia et al, COVID-19 SARS-CoV-2 preprints from medRxiv and
bioRxiv

3. Aerosol and Surface Stability of SARS-CoV-2 as Aerosol and Surface
Stability of SARS-CoV-2 as Compared with SARS-CoV-1 April 16,2020
N Engl J Med 2020; 382:1564-1567

4. Human Coronavirus 229E Remains Infectious on Common Touch
Surface Materials: Sarah L. Warnes, Zoé R. Little, C. William Keevil,
Journal of Hospital Infection Volume 99, Issue 3, July 2018, Pages
239-249

5. Goldblatt J.G., Krief I., Klonsky T., Haller D., Milloul V., Sixsmith D.M.
Use of cellular telephones and transmission of pathogens by med-
ical staff in New York and Israel. Infect Control Hosp Epidemiol.
2007;28:500-503. doi: 10.1086/513446; Travel Med Infect Dis. 2020
Apr 28 : 101704. doi: 10.1016/j.tmaid.2020.101704 [Epub ahead of
print]

6. B.Allegranzi, S. Bagheri Nejad, C. Combescure, W. Graafmans, H. At-
tar, L. Donaldson, Prof. D. Pittet, “Burden of endemic health-care-as-
sociated infection in developing countries: systematic review
and meta-analysis”, The Lancet, December 10, 2010. https://doi.
org/10.1016/50140-6736(10)61458-4

7. M. Heron et al. “Deaths: Leading Causes for 2009” National Vital Sta-
tistics Reports 2012, vol.61, No.7, Agency for Healthcare Research
and Quality [webpage on the Internet] Patient safety primers:
healthcare-associated infections. 2012. [Accessed April 3,2018

8. “Bio Control Activity Surface”, EP 2981501, US 10617120 (2016-02-
10).



10.

11

12.

13.

14,
15.

16.

17.

High Efficiency Antimicrobial Coatings for Biomedical Applications
Authors: Oihane Hernandez-Rodriguez, Victor Bellido-Gonzalez,
Dermot Monaghan, Published: 2018 TechCon

Antimicrobial Coatings for Touch Surfaces; Authors: Oihane Hernan-
dez-Rodriguez, Dermot Monaghan, Victor Bellido-Gonzalez; Pub-
lished: 2019 TechCon

D.M. Mattox, and V.H. Mattox, ed., 50 Years of Vacuum Coating Tech-
nology and the Growth of the Society of Vacuum Coaters, Society of
Vacuum Coaters, 2007.

V. Bellido-Gonzalez et al. “Long-term Process Control and Stability in
reactive Sputtering, SVC 2005, 505/856-7188.

D. Monaghan et al. “Using a Standard Penning Gauge as a Powerful
Means of Monitoring and Feedback Control”, SVC 2007, 505/856-
7188.

G. L. Miller; Anal. Chem., 1959, 31 (3), pp 426-428

Japanese Industrial Standard Committee (2000) Antimicrobial prod-
ucts-test for antimicrobial activity and efficacy. Publication JIS Z
2801:2000. Japanese Standards Association,Tokyo.

Adney, B., & Baker, J. (1996). National Renewable Energy Laborato-
ry.Technical Report NREL/TP-510-42628, http://www.nrel.gov/bio-
mass/pdfs/42628.pdf

Copper-induced formation of reactive oxygen species causes cell
death and disruption of calcium homeostasis in trout hepatocytes.
Manzl, C Enrich, J, Ebner, H, Dallinger, R, Krumschnabel, G (2004).
Toxicology 196 (1-2): 57-64.

About the Authors:

Oihane Hernandez-Rodriguez,

Victor Bellido-Gonzalez, Dermot Monaghan,
Tommaso Sgrilli, Patricia Killen,

Lara Maroto-Diaz, Patrick McCarthy

Oihane Hernandez-Rodriguez, received a
Chemistry degree from the University of
Basque Country in 2016, with a special dis-
tinction in Bioscience. She spent almost three
years at Gencoa working on different Research
& Development activities. One of her main
roles was the development of new antimicro-
bial surfaces. This led to the introduction of innovative charac-
terisation methods for the quantification of the antimicrobial
activity of coatings and surfaces. As a result of her research, Oi-
hane has been presenting her work at international conferences
including SVC TechCon. She is currently working as a Materials
Scientist at IK4-TEKNIKER (Eibar, Spain), one of the top Applied
Research Institutions in Europe.

Victor Bellido-Gonzalez BSc (Hons) Chemistry
1986. He has been R&D Manager at Gencoa Ltd
since joining the company in 1996. Victor's ex-
periences of vacuum technology extends back
to the late-1980's , and alongside a series of
international patents, he has several publica-
tions in the field of Inorganic Chemistry, Plas-
ma Assisted Chemical Vapour Deposition (PACVD) and Physical
Vapour Deposition (PVD). Some of his main areas of activity
extend into product development for new production technol-
ogies, involving plasma source development, manufacturing,
process control and customer implementation and support.
Victor has been directing the biomedical application projects at
Gencoa since 2014.

Dermot Monaghan PhD, is the managing di-
rector of Gencoa Ltd which he founded in
1994. He completed his first degree in Engi-
neering Metallurgy in 1988 at the University of
Salford, UK and his PhD in 1992 in ‘the use of
unbalanced magnetron sputtering for the for-
" mation of novel PVD films’ also at Salford Uni-
ver5|ty In 1993 DPM was awarded the C.R.Burch Prize from the
British Vacuum Council for ‘outstanding research in the field of
Vacuum Science and Technology’ by a young scientist.

SVC BULLETIN | SUMMER 2020 11



HIGHLY BIOCIDAL TRANSPARENT VACUUM DEPOSITED COATINGS
D FORTOUCH SURFACES TO HELP IN THE FIGHT AGAINST
ORIGINAL ARTICLE COVID 19 AND HEALTHCARE ASSOCIATED INFECTIONS (HCAD

Tommaso Sgrilli PhD is a Plasma Process En-
gineer at Gencoa Ltd, UK. He received his PhD
in Surface Science from the Department of
Chemistry at the University of Liverpool, with
a thesis involving the study of self-assembled
monolayers on metal surfaces in UHV environ-
ment via Scanning Tunneling Microscopy. He
completed a Masters in Physics/Materials Sci-
ence at the University of Pisa (Italy) in 2009, with a final project
focusing on the use of Scanning Probe Microscopy for the char-
acterization of polymeric thin films. Tommaso’s currently works
in the R&D department at Gencoa, and is involved in product
testing, process development, coating characterization and cus-
tomer support activities.

Patricia Killen BEng (Hons) in Mechanical Engi-
neering from Liverpool John Moores Universi-
ty (UK). Started at Gencoa Ltd at the beginning
of 2019 as a Process Development Engineer
in the R&D Department. Main responsibilities
include the development of plasma sources
and techniques and working on deposition
advancements for the industry, including the development of
antimicrobial and antiviral coatings.

Lara Maroto-Diaz holds an Engineering de-
gree in Telecommunication Technologies
by the Public University of Navarre (UPNA),
Spain. Lara has been working as a software
engineer, developing fast calculation algo- .
rithms for the aeronautical manufacturing =
sector. She has also been working on the the

development of nanophotonic biosensors at UPNA. She is cur-
rently finishing a Master in Biomedical Engineering (UPNA), as
part of her Final Year Project she is currently conducting her re-
search at Gencoa in the area of characterisation of antimicrobi-
al and antiviral surfaces.

Patrick McCarthy PhD. Patrick received his
Masters in Physics degree from the University
of Liverpool in 2014. He has since completed
a PhD in the Fusion Centre for Doctoral Train-
ing Network where his work specialised in the
h behavior of high Z materials under fusion like
" conditions. He is currently working as a Tech-
nologist in the Research & Development team at Gencoa where
he is developing antimicrobial and antiviral surfaces.

12 SVCBULLETIN | SUMMER 2020





