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Description

[0001] The present invention relates to the technical
field of personal protective equipment against pathogen-
ic microorganisms and, in particular, of wearable face
masks, in correspondence of the nose and mouth, for
the protection of airways from pathogenic microorgan-
isms and even more particularly for the protection from
viruses, more particularly those of the coronavirus (CoV)
family.

[0002] Many pathogens are airborne, causing viral in-
fections, and bacterial infections. It is therefore particu-
larly important to protect the main access routes to the
airways from pathogenic microorganisms, namely the
nose and mouth. As is known, an epidemic caused by
the SARS-CoV-2 virus, belonging to the coronavirus fam-
ily, is currently underway, which includes strains at the
origin of both the common cold and acute respiratory
distress syndrome (SARS). At present, there are no spe-
cific therapies with respect to infections caused by some
pathogenic microorganisms, such as in particular those
related to new coronavirus and its strains. The latter have
dimensions of 100-150 nanometers and their transmis-
sion occurs mainly by air through secretions containing
pathogens, which are emitted during respiration, which
can reach dimensions of a few microns in the case of
aerosol formation. Massive measures of social distanc-
ing have been defined as the only way to reduce the
chain of spread of airborne pathogens and, in particular,
for coronaviruses. In the clinical and community setting,
hand and surface hygiene through alcohol-based deter-
gents is highly recommended, in addition to other behav-
iors defined as correct. The situation is even more com-
plex in clinical contexts, where the sources of contagion
are multiple. Personal protective equipment (PPE), in-
cluding face masks, gloves, goggles and disposable
gowns, are among the main preventive protection meas-
ures against sources of contagion. The guidelines of the
World Health Organization (WHO) suggest a differenti-
ated use of face masks, based on the degree of exposure
and the type of pathogen.

[0003] For individual protection from pathogens, and
in particular from pathogens transmissible by air, protec-
tive masks are currently used, divided into: face masks,
surgical face masks, and filtering facials. The latter are
further classified at the European level based on the de-
gree of protection in FFP1, FFP2 and FFP3.

[0004] Among the protective equipment against air-
borne pathogens currently in use, multilayer face masks,
such as surgical ones, are formed by three or more layers
of TNT or non-woven fabric, consisting of polyester or
polypropylene fibers. Typically, the layer exposed to the
outside is made using spun bond technology with possi-
ble hydrophobic treatment. The intermediate layer is
made of TNT produced with melt blown technology and
made of 1-3 micron diameter microfibres, in polyester
polypropylene with filtering activity. A third layer is in con-
tact with the face of a user and protects the skin from the
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filtering layer. Although the multilayer face masks are ef-
fective because they have a quantifiable and reliable fil-
tering capacity towards the outside, they do not guaran-
tee high protection against a pathogen that comes from
the outside, due to the poor adherence to the face and
their inability to retain fine particles and very fine, such
as aerosol type.

[0005] Personal protective equipment such as filtering
facepieces defined according to the European standards
FFP1, FFP2, FFP3, are designed for industrial use to
protect against dust, fumes and mists and are also used
in the health sector, particularly in infectious disease
wards, since the material that constitutes them has a high
protective capacity to and from the external environment.
The filtering layer, usually in fabric made with melt blown
technology, acts mechanically for particles up to a few
microns in diameter. For even smaller particles, the most
important effect is the electrostatic one: the fibers elec-
trostatically capture the fine particles, blocking them.
[0006] In order to improve the protective capacity of a
PPE such as face masks, equipment with improved ca-
pacity have been developed.

[0007] An example of an improved protection equip-
ment is described in the Portuguese patent application
PT2162223T which relates in particular to a face mask
comprising a portion that covers the nose and mouth
made in at least three layers. At least one of the layers
comprises a fabric which includes a substance capable
of chemically binding a pathogen. The fabric, in addition,
comprises at least one polyvalent metal ion or a metal
salt, and at least one of the layers provides a thermofor-
mable fabric.

[0008] Studies and industrial applications are also
known in which zeolite is used as a filter medium for par-
ticulate matter and atmospheric pollutants (NOx, ozone,
PM and cesium radioisotopes).

[0009] However, although advantageous under vari-
ous aspects, currently known face masks do not allow to
reduce the proliferation of pathogenic microorganisms,
and in particular of the CoV family and even more par-
ticularly of SARS-CoV-2 and airway pathogens, and at
the same time guarantee a good filtering capacity, good
comfort in use and a low cost.

[0010] The purpose of the present invention is to pro-
vide an individual protection equipment or a face mask
that includes a layer or a plurality of layers capable of
increasing its protective capacity from pathogenic micro-
organisms and comfort for the user.

[0011] Furthermore, the object of the presentinvention
is to provide an individual protection equipment or a face
mask capable of reducing the proliferative activity of path-
ogenic microorganisms and in particular of the SARS-
CoV-2 virus, guaranteeing optimal protective properties
at a low equipment cost and having, therefore, charac-
teristics such as to overcome the limits of currently known
protection equipment.

[0012] Still, the object of the presentinvention is to pro-
vide an individual protective equipment or face mask that
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allows to reduce, during use, the accumulation of CO2
generated during breathing.

[0013] According to the present invention, a personal
protective equipment against pathogenic microorgan-
isms, or protective face mask, as defined in claim 1, is
provided.

[0014] Accordingtothe presentinvention, a production
method of the personal protective equipment against
pathogenic microorganisms is also provided, as defined
in claim 7.

[0015] Forabetter understanding of the presentinven-
tion, a preferred embodiment is now described, purely
by way of non-limiting example, with reference to the at-
tached drawings, in which:

- Figure 1 shows a schematic sectional view of per-
sonal protective equipment against pathogenic mi-
croorganisms, according to the invention;

- Figure 2 is a perspective and detailed view of the
personal protective equipment against pathogenic
microorganisms, according to the invention;

- Figure 3 shows a microscope view of a layer of the
personal protective equipment against pathogenic
microorganisms or face mask on which zeolite pow-
der is applied, according to the invention;

- Figure 4 shows a graph of the adsorption capacity
of water molecules in environmental conditions after
exposure to an air flow with high relative humidity for
zeolite 3A, 4A and clinoptilolite, according to the in-
vention;

- Figures 5a-5b show scanning electron microscope
images at different magnifications of the layers com-
posing a surgical mask according to prior art, and of
a zeolite-covered weft obtained by spreading and
pressing zeolite powder onto a melt blown polypro-
pylene layer of a personal protective equipment
against pathogenic microorganisms, according to
the invention;

- figure 6 shows antiproliferation effect activity of a per-
sonal protective equipment against pathogenic mi-
croorganisms, compared to a bacteria, according to
the invention;

- figure 7 shows a detail view of a personal protective
equipment against pathogenic microorganisms, ac-
cording to the invention.

[0016] With reference to Figure 1 and Figure 2, the
personal protective equipment 100 against pathogenic
microorganisms according to the invention consists of a
respiratory protection equipment, such as a disposable
face mask or more particularly a multilayer surgical face
mask which by way of an example is shown in figure 2,
which can be worn on the nose and mouth of a user.

[0017] The individual protective equipment 100 com-
prises afirstlayer 101 and a last layer 102 made of fabric,
preferably of a soft and stable woven fabric, even more
preferably of TNT. The personal protective equipment
100 also comprises at least one further layer 103 inter-
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posed between the first 101 and the last layer 102, said
further layer 103 being filled with a layer of zeolite.
[0018] Among the nanomaterials, zeolite is a natural
or synthetic crystalline aluminosilicate with a defined
crystalline structure and porosity. The pores and chan-
nels of the zeolite are uniform with dimensions ranging
from 3 to 12 A. The applications of zeolite as a molecular
sieve, ion exchanger or for molecular adsorption have
been extensively studied. In the present invention, ad-
vantageously, the use of zeolite allows to exploit in ad-
dition to the absorbing characteristics, also the ability to
reduce the proliferative activity of pathogenic microor-
ganisms. Furthermore, advantageously, the zeolite pow-
derapplied to the further layer 103 of the protection equip-
ment 100 allows to increase the absorption capacity of
the breath at high humidity and high CO2 content, ob-
taining optimal comfort for the wearer. In particular by
reducing the phenomena of visual fogging, even more
particularly the phenomena of CO2 accumulation, such
as respiratory acidosis.

[0019] According to the present invention, the zeolite
powder applied to at least one further layer 103 and in-
termediate layer of the individual protective equipment
100 is zeolite powder obtained from synthetic and natural
zeolites having non-toxic characteristics.

[0020] According to one aspect of the invention, the
zeolite powder is obtained from synthetic 3A and 4A ze-
olites having a particle size greater than or equal to 5
microns. Advantageously, the zeolite powder is sieved
so that the particle size is suitable for eliminating the dis-
persion of fine powders outside the face mask, this opti-
mal particle size is the one with a diameter greater than
or equal to 1-2 microns, more specifically 3-4 microns,
even more particularly greater than or equal to 5 microns.
[0021] According to another aspect of the invention,
the zeolite powder applied to at least one further layer
103 of the protection equipment 100 comprises clinopti-
lolite powder, i.e. natural zeolite free of organic material,
with a particle size such as to eliminate the dispersion of
fine powders used in the outside of the face mask, or
even synthetic zeolite 3A or 4A. The preferred particle
size is greater than or equal to 5 microns.

[0022] The further layer on which the zeolite powder
is applied according to the invention has a morphology,
showninfigure 3, the zeolite powder (3A and 4A) appears
as a set of cubic crystals.

[0023] According to one aspect of the invention, the
production process of the personal protective equipment
100 against pathogenic microorganisms includes the fol-
lowing steps of:

- spreading a fabriclayer, preferably fine-meshed fab-
ric with dimensions, preferably 17x12 cm, for exam-
ple with 10 gr of zeolite powder or even lower, even
more preferably with a quantity of zeolite powder
comprised between 2 grams and 10 grams, prefer-
ably comprised between 2 g and 5g, to form the fur-
ther intermediate layer of the protection equipment
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100;

- overlaying a layer of fabric on the one previously
spread with zeolite powder;

- using the "powder compaction" technique to create
thin layers in which the fabric matrix gives greater
mechanical stability;

- fixing the adjunctive meltblown polypropylene layer
and weld it together with other layers of the protective
device;

- making a multilayer face protection mask having at
least a first layer 101, a last layer 102 and a further
intermediate layer 103 consisting of layerimpregnat-
ed with zeolite powder.

[0024] According to an aspect of the invention, in the
production process of the protective equipment 100 the
step of making a multilayer face protective mask consists
in applying, to known face masks, the further layer 103
containing zeolite powder.

[0025] According to an aspect of the invention, as
shown in Figure 1, the personal protective equipment
100, or protective mask, is constituted by afirst layer 101,
facing outwards during use, of bound polypropylene (hy-
drophobic yarn), an intermediate filter layer 104 (made
of melt blown polypropylene) and a lastinternal layer 102
of bonded polypropylene (soft yarn, adsorbent).

[0026] As shown in figure 1 and in figure 2 the further
layer 103 impregnated with zeolite is firmly confined be-
tween the first external layer 101 and the filtering layer
104, then the mask is sealed again obtaining an active
layer, preferably of 200 cm2, even more preferably great-
er than 200 cmZ.

[0027] According to an aspect of the invention, the ze-
olite present in the protective equipment 100 is modified
with metal ions selected from zinc, silver, copper ions.
Zeolite powder is composed of nanoporous crystals char-
acterized by the presence of metal ions in the structure.
One of the main characteristics of zeolite is its ability to
work as an ion exchanger, replacing the original metal
ion with others present in the environment.

[0028] Advantageously, the effect of zeolite suspen-
sions modified with silver, copper and zinc ions in PBS
solution has an effect against pathogenic microorgan-
isms such as in particular those of the coronavirus family.
[0029] The Applicant has carried out comparative ex-
perimental tests on the adsorption and proliferation ca-
pacity of pathogenic microorganisms of the personal pro-
tective equipment according to the invention. The nano-
porous material was analyzed by scanning electron mi-
croscopy (SEM) and Fourier transform infrared spectros-
copy (FT-IR). Furthermore, spectroscopic analysis was
used to study the uptake of endogenous non-coding RNA
(miRNA) molecules and its interaction with the nanopo-
rous layer. Furthermore, the adsorption capacity of water
and CO2 molecules was evaluated by thermogravimetric
analysis of zeolite powder.

[0030] In order to study the absorption capacity of the
zeolite powder used, the adsorption of single-stranded

10

15

20

25

30

35

40

45

50

55

DNA (22 nucleotides) was evaluated by FT-IR spectros-
copy. The 3A and 4A zeolite pellets were obtained by
means of a PW 10 H (50 kN) heated press. The gravi-
metric analysis performed on the pelletis shown in Figure
3.

[0031] The water adsorption isotherms of zeolite 3A,
4A and clinoptilolite are similar, with an absorption ca-
pacity after 1 h comprised between 10 and 20% by
weight. By means of the cited experimental tests, the
Applicant has shown that the use of powder instead of
pellets leads to a greater adsorption capacity, which can
be higher than 20% by weight.

[0032] A drop of water was deposited on each pellet,
with a volume of 10 pL and a miRNA concentration of
100 pmol / pL. After deposition, the sample was washed
in deionized water and dried under nitrogen flow. The
infrared analysis showed the presence of the character-
istic adsorption band of the oligonucleotides at about
1160-10 cm-1 and 832-10 cm-", which do not appear on
a control sample not exposed to miRNA. Furthermore,
the electrostatic and Van Der Waals interaction between
the zeolite and the biomolecules, characteristic of the
structure of the zeolite, can predict a surface adsorption
of the molecules.

[0033] The protective equipment according to the in-
vention is effective for the protection of numerous path-
ogens transmissible by air. In particular, the effectiveness
against SARS-CoV-2 was evaluated.

[0034] The SARS-CoV-2 virus was studied by cryo-
genic electron microscopy, showing an approximately
spherical shape with a diameter between 80 nm and 120
nm. The proteins called "spike" present on the surface
can be seen as molecular hooks with a length of 23 nm,
a stem of 4 nm and a head of approximately 7 nm. The
use of a layer containing powdered zeolite according to
the invention has shown an inhibitory effect in viral pro-
liferation. In addition, the molecular hooks and the very
small dimensions can favor electrostatic interaction with
the structure of the zeolite, allowing a surface bond that
further reduces the risk of spreading the virus.

[0035] The additional intermediate layer containing ze-
olite, applied to a surgical face mask or other airway pro-
tective equipment, has been shown to be active in reduc-
ing exhaled moisture, improving comfort during use and
also in reducing the activity of the virus and its spread in
the environment.

[0036] As shown in figure 5a, the physical barrier is
realized using multiple layers with a different weft and
fabrics. Denser fibers characterize the filtering layer of a
surgical mask (part b) and are suitable for blocking the
smallest airborne particles, while inner and outer layers
have wider weft and possess hydrophobic characteristics
(Figure 5, outer layer, part a) and give greater wearability
even for long periods of use (inner layer, part c). In par-
ticular figure 5a shows scanning electron microscopyim-
ages at different magnifications of the layers composing
a surgical mask which include an outer hydrophobic poly-
propylene layer (a) a filtering polypropylene layers (b)
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and an inner soft polypropylene layer (c).

[0037] Advantageously, the barrier effect is greater in
the invention than in a mask according to the prior art.
[0038] Figure 5b shows adjunctive meltblown polypro-
pylene layer impregnated with zeolite (i.e. part A) and
the shape of few representative powder grains in the in-
sect (partb). As aresult of spreading and pressing zeolite
powder onto the meltblown polypropylene layer, a zeo-
lite-covered weft was obtained, as representatively re-
ported in Figure 5b. Zeolite powder appears as a set of
cubical crystals, while clinoptilolite powder is character-
ized by a more irregular geometry.

[0039] Figure 6, shows the antiproliferative effect of
the powder according to the invention compared to a bac-
terium (for example Escherichia coli). The powder was
put in solution with the bacterium and the proliferation of
this bacterium was evaluated optically (optical density,
OD at 600 nm), as shown in figure 6 in a time interval of
6 hours, using two levels of powder concentration. Said
time interval being compatible with the time of use of a
surgical mask.

[0040] Figure 6b shows this the antiproliferative effect
by comparing the variation in optical density in each so-
lution used which is an index of how much the bacteria
are proliferating. The figure 6b shows that in the control
solution and in low concentration clinoptilolite there is a
significant increase in optical density (proliferation) over
the time considered. This does not happen contrary to
solutions containing clinoptilolite at a higher concentra-
tion and zeolite 3A (at both concentrations) and 4A. This
data shows an antiproliferative effect during contact be-
tween the pathogen and the powder, said effect being
beneficial in the case of the presence of the pathogen on
the protective device according to the invention. Further-
more, according to the invention, the additional layer of
material allows to confine the pathogen and avoid contact
with the airways.

[0041] According to an aspect of the invention, shown
in Figure 7, the personal protective equipment (100) com-
prises a folded upper edge 120, folded towards the face
of a user.

[0042] Advantageously, as pathogenic microorgan-
isms can also have access to the body through the ocular
ways (tears or eye contact with infected hands), and as
the use of individual eye protection devices is mandatory
in some environments, the folded upper edge 120 guar-
antees a better conveyance of the exhaled gas outwards
(in accordance with the direction highlighted in figure 7),
improving comfort, especially in the case of concomitant
use of eye protection devices (for example eye masks,
protective goggles). Advantageously, the folded upper
edge 120, considerably reduces fogging phenomena by
improving the conveyance of gases.

[0043] Advantageously, the personal protective equip-
ment according to the invention contains biocompatible
and non-toxic zeolite.

[0044] Advantageously, the individual protective
equipment according to the invention comprises a non-
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invasive and easy-to-include filtering layer, incorporated
with zeolite powder.

[0045] Advantageously, according to the invention, the
zeolite incorporated in the protective equipment can be
modified with the addition of metals, improving its char-
acteristics and the contrast to pathogenic microorgan-
isms.

[0046] Advantageously, the personal protective equip-
ment according to the invention allows to reduce the pro-
liferation activity of pathogenic microorganisms that ad-
here to the surface of the further layer 103 containing
zeolite during breathing, even in the presence of exhaled
gas.

[0047] Advantageously, the protection equipment ac-
cording to the invention allows to reduce, during use, the
accumulation of CO2 generated during breathing thanks
to the CO2 adsorption capacity by the layer containing
zeolite.

[0048] Advantageously, the personal protective equip-
ment according to the invention guarantees a high level
of safety, in particular higher than that of the individual
protective equipment without the additional layer accord-
ing to the invention.

[0049] Finally, the personal protective equipment ac-
cording to the invention allows the absorption of humidity
and CO2 due to exhalation, reducing, among other
things, problems such as fogging of glasses, and respi-
ratory acidosis and considerably improves comfort dur-
ing the 'worn by a user.

[0050] Finally, it is clear that modifications and varia-
tions may be made to the individual protective equipment
against pathogenic microorganisms and its production
process here described and illustrated can be modified
without thereby departing from the protective scope of
the present invention, as defined in the attached claims.

Claims

1. Personal protective equipment (100) against patho-
genic microorganisms to protect airways of a user,
comprising:

- afirstlayer (101) and alast layer (102) in woven
and stable fabric;

- at least a further layer (103) made of fabric,
said at least a further layer (103) being inter-
posed between the first layer (101) and the last
layer (102) and superficially covered with zeolite
powder;

characterized in that said zeolite powder is ob-
tained from synthetic zeolites type 3A and 4A or nat-
ural clinoptilolite.

2. Personal protective equipment (100) according to
claim 1, characterized in that said zeolite powder
has grain size greater than or equal to 5 microns.
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Personal protective equipment (100) according to
claim 1, characterized in that said zeolite powder
is made of pulverized non-toxic zeolites.

Personal protective equipment (100) according to
claim 1, characterized in that said zeolite is modi-
fied with metal ions chosen from zinc, silver, copper
jons.

Personal protective device (100) according to claim
1, characterized in that said first layer (101) turns
outwards during use and is made of bonded poly-
propylene, said last layer (102) is made of polypro-
pylene, and further comprises a central filtering layer
(104) made in fusion-blown polypropylene, said in-
termediate further layer (103) on which zeolite pow-
der is bound being firmly anchored between the first
layer (101) and the filtering layer (104) .

Personal protective device (100) according to claim
1, characterized in comprising a folded upper edge
(120), in use folded towards the face of a user.

Method for the production of the personal protective
equipment (100) according to one of the preceding
claims, consisting of the steps of:

- spreading two portions of fabric with zeolite
powder confined in a further layer (103) of the
personal protective equipment (100);

- superimposing a layer of fabric on the further
layer (103) spread with zeolite powder;

- creating thin layers by means of "powder com-
paction" technique in which the fabric matrix
gives greater mechanical stability;

- fixing the adjunctive meltblown polypropylene
layer and weld it together with other layers of
the protective device;

- providing a multilayer protective equipment
having at least a first layer (101), a last layer
(102) and a further layer (103) intermediate be-
tween them and consisting of a fabric spread
with zeolite powder.
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