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(57) Abstract: The present invention is in the field of elec-
trospraying, and relates to a novel device and method for
spraying, as well as particles obtained and use of said
particles. By the present method and device characteristics
of the particles can be adapted in a controlled and reliable
manner and further contamination of the particles obtained
is virtually absent. Precursor solution is pumped (1) to a
nozzle (3). High voltage is applied to the nozzle (3) and to
at least two coronas (4). The electromagnetic field may be
varied. Particles are sprayed towards a grounded collector
(6) which may be heated.
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TAILORED MICRO-PARTICLES

FIELD OF THE INVENTION

The present invention is in the field of elec-
trospraying, and relates to a novel device and method for
spraying, as well as particles obtained and use of said par-
ticles. By the present method and device characteristics of
The particles can be adapted in a contrclled and reliable
manner and further contaminaticn c¢f the particles cbtained is
virtually absent.

BACKGROUND CF THE INVENTICN

Electrospraying (or electro hydrodynamic atomiza-
tion, EHDA) relates toc a process wherein e.g. a liquid is
distributed into size-distributed droplets under the influ-
ence of an electrical field. From a reservoir or the like a
liquid is transported to & nozzle. The nozzle is typically
coupled to a high vecltage scurce. To apply an electrical po-
tential and moving charged particles in an electrical field a
counter electrcde is provided at some distance of the nozzle
electrode. By creating a high voltage between the nozzle and
the counter electrode due to the electrical forces and de-
pending on the conductivity, surface tension and viscosity of
the liquid at some threshold potential, a jet forms at the
tip of the nozzle that later breaks up inte charged liguid
droplets; therewith a spray of droplets and in a later stage
particles is formed. The process is known to provide a spray
of typically uniformly sized particles, which find applica-
tion in aerosol delivery of e.¢. a medicament.

It is considered that under evaporating condition,
the initial electrosprayed droplet may go under so-called
Coulemb fission if the Rayleigh limit of the charge density
is reached. This is found to result in a breakdown of the in-
itial droplet into small drcplets; this increases a polydis-
persity of final products. Coulomb fission is found to be
caused by an increase in charge density (reaching Rayleigh
limit) as the volume of a droplet is decreasing due to evapo-
ration. As an example cf this effect, it is noted that thin
films produced by Electrostatic Sprayed Deposition (ESD) have
nancmeter-size structures despite that the size of the ini-

tial sprayed droplets is typically a few tens of microns in
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diameter. In physical and c¢rganic chemistry, the dispersity
is a measure ©f the heterogeneity of sizes of molecules or
particles in a mixture. A collection of objects is called
monodisperse or uniform if the objects have the same size,
shape, or mass. A sample of objects that have an inconsistent
size, shape and mass distribution is called poly-disperse or
non-uniform. The objects can be in any form of chemical dis-
persion, such as particles in a cclloid, and polymer mole-
cules in a solvent. Pclymers can possess a distribution of
molecular mass; and particles often possess a wide distribu-
tion of size, surface area and mass.

The term dispersity, represented by the symbol b,
can refer to either molecular mass or degree of polymeriza-
tion. It can be calculated using the equation PM = Mw/Mn,
where Mw is the weight-average molar mass and Mn is the num-
ber—-average molar mass.

The Mw is calculated as follows:

M =Y.NM /F.NM,
wherein Ni is the number of molecules of molecular mass Mi.
The mass average meolecular mass is determined by static light
scattering on a Brookhaven 9CPlus.

The number average molar mass Mn is determined by measuring
the molecular mass of n polymer meolecules, summing the mass-
es, and dividing by n.

M n=piNiM;/¥iN;

The number average mclecular mass of a polymer is deter-mined
by gel permeation chromatography, in particular by a Waters
GPC using a Styragel column.

In electricity a corona discharge is an electrical
discharge brought on by the ionization of a fluid surrounding
a conductor that is electrically energized. The discharge
will typically occur if the electric field strength around
the conducter is high enough to form a conductive region, but
not high enough to cause electrical breakdown or arcing to
nearby objects.

Corona discharge may be introduced to electrospray
to discharge charged droplets and avoid Coulomb fission. It
should however be taken into account that corona discharge is
found to be capabkle of creating ionic wind. Application of

ionic winds is considered of great interest as a tool to reg-
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ulate heat in electronics instead of using bulky mechanical
fans. It has been found that the efficiency not high it can
still be applied in a compact area with the least energy.

Various prior art systems may be mentioned in par-
ticular, such as the ones disclosed in NL200679%4C and
NL2008056C, of which the disclcsures are incorporated by ref-
erence.

Despite advances in the past it still is difficult
to adapt characteristics of particles, and droplets with the
prior art systems in a controlled manner, and some character-
istics can not be adapted at all. Alsc the prior art systems
are prone to contamination of final particles obtained. Fur-
ther challenges facing application of the electrospraying
technigue relate tc a limitation in flow rate, uncontrolled

characteristics of liguids (e.g. surface tension, conductivi-
ty) and Coulomb fission due to sclvent evaporation. Further,
a selective deposition in e.g. semiconductors is found to
cause charge accumulation on deposited film, and as a result
a limitation in feasible film thickness.

Some background prior art documents recite particle
production devices.

EP 1 171 243 Al recites an electrchydrodynamic aer-
osol sprayer wherein a gas flow deflector is used for creat-
ing a gas flow past the spray nozzle to stabilize the Taylor
cone and to transport at least a portion of the aerosol away
from the region downstream of the spray nozzle. This stabili-
zation of the cone and transport of aerosol improves the
droplet size and distribution and may also reduce the deposit
of droplets on the internal components of the device.

WO 2014/149695 Al recites a method and apparatus for
forming battery active material on a substrate are disclosed.
In one embodiment, an apparatus for depositing a battery ac-
tive material on a surface of a substrate includes a sub-
strate conveyor system, the material electrospray dispenser
assembly disposed above the substrate conveyor system, and a
first heating element dispocsed adjacent to the material spray
assembly above the substrate conveyor system.

WO 20137100766 Al recites a spraying device for pro-
ducing a spray of particles in a carrier gas at an ambient
pressure, includes a storage volume for a liguid substance;
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at least one nczzle having an inlet and an outlet, the nozzle
inlet being coupled to the storage volume in fluid communica-
tion; a counter electrode; an electric supply coupled between
the at least one nozzle and the counter electrode for provid-
ing a first potential between the nczzle outlet and the coun-
ter electrode s0 as to create a first electric field between
the nozzle outlet and the ccocunter electrode. The spraying de-
vice further includes at least one discharge electrode, the
at least cone discharge electrode being coupled to the elec-
tric supply for providing a second potential between the dis-
charge electrode and the counter electrode, the polarity of
the second potential being opposite to the polarity of the
first potential. The at least one nozzle and the at least one
discharge electrocde are arranged adjacent and parallel to
each other and facing the counter electrode from a substan-
tially same direction.

US 2011/041840 A recites an atomizing device, an in-
haler and a method for dispensing a ligquid formulation are
proposed. An insert comprises a cylinder filled with the lig-
uid, an atomizing nozzle and a piston. The piston is moved in
the cylinder to pressurize the ligquid and force it out of
cylinder through the atomizing nozzle in order to generate a
spray. The insert is received in a holder which is sealed.
The insert is moved within the holder so that the sealing is
ruptured before the spray is generated.

Therefore there still is a need for an improved
electrospraying device, which overcomes one or more of the
above disadvantages, without jeopardizing functionality and
advantages.

SUMMARY OF THE INVENTIOCN

The present invention relates in a first aspect to
an electrospraying device according teo claim 1, in a second
aspect to a method of operating the present device according
to claim 11, in a third aspect to a particle cbtainable by
the present device c¢.g. method according to claim 13, and in
a fourth aspect to an inhale or particle delivery system ac-
cording to claim 15. Amongst others the present inventiocn
provides improved aercsol characteristics of a spray.

The present inventors introduce an innovative idea
that applies ionic winds produced by multiple coronas
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alcong the electrospray nozzles in a turbulence-like mode.
The ionic wind relates to an airflow induced by electro-
static forces linked to corcona discharge arising at the
tips cf some sharp conductors subjected to high voltage
relative tc ground. The coronas are preferably from a con-
ducting material and have sharp tips, such as needles.
Preferably very thin tips are used, such as having a
cross-section of less than 1 mm, preferably less than 0.5
mm, such as less than (0.2 mm. The turbulence mode may be
increased by a means for varying an electro-magnetic
field. For instance the potential of the coronas may be
varied, such as in a repetitive manner, having a certain
frequency (e.g. 50-10.000 kHz), such as in a sinusoidal
mode. There may also be a phase-difference between the co-
rona, such as a phase difference of 2n/number of coronas,
or a multitude or fraction thereof. Alsc a feedback loop
may be provided, in order to further stabilize the multi
jet spinning mode. Preferably a rotating (or spinning)
lonic wind is created. This has found to create particles
with a unique structure and characteristics that are not
accessible with traditional bulk methods, such as the
above mentioned. By the introduced method and device a
metastable structure, of constantly drying droplets in the
electrospray, is reserved for further processing. Im-
portant elements in this approach are the electrospraying
configuration of the present device and an operational
mode. Therein a residence time of a droplet-particle in
the gas phase increases. The residence time can be con-
trolled by neutralizing the droplet and/or size of the
droplet-particle. One can tailor a final particle size
(distribution) by adjusting cone or more of a liquid flow
rate of the liguid, the geometry and configuration of the
nozzles, to control and direct the electrical wind and its
strength, providing the particles with an extended and
controllable residence time in the gas phase allowing them
to shape as required, the opticn of freezing metastable
structures ({(of meso- and nanoscale size) of especially
metal oxides, and the charge on the particle by adjusting
corona discharge paramsters.

The present inventcrs modulate the charge density
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of the droplets by inducing an ionic wind along the spray.
Using the Ionic wind assisted electrohydrodynamic atomiza-
tion technigque inventors explored various possibilities to
reach a stable mode in terms of jet formation, spray gqual-
ity and droplet-particle size and size distribution. By
varying applied electrical potential and flow rate, inven-
tors were able to electrospray different solutions. Inven-
tors identified different regimes of jet formation and
spraying modes. Inventors also explored the possibility to
use multi-jet mode as a practical approach to produce par-
ticles with acceptable polydispersity. Using WO3 as a test
material, inventors demonstrated how the ionic wind as-
sisted electrospraying deposition (ESD) technique is used
to tailor morphological properties of deposited porous
thin film. Advantages are amongst cthers a multi-jet mode
as a practical way to produce particles with defined final
product characteristics, tailoring mesoscopic morphology
of deposited porous thin film, and overcoming the above
mentioned problems.

The elecrespraying configuration cf the present
device i1s considered not to relate to a classical configu-
ration. An important difference is that the ground is po-
sitioned upwards such that the evaporating droplet experi-
ences an airflcw combined with ions of opposite charges.
It has been found that as a result the droplet is neutral-
ized, the initial size is reserved and there is no urge in
reaching ground electrode cr being deposited. The resi-
dence time of such neutral droplet-particle is found to
increase and by applying heat along the electrospraying
pathway it is found that one can alsc manipulate the ki-
netics of drying.

It is found that the required turbulence-like condition of
the sprayed droplets is only possible if electrospraying
in the present device takes place by a spinning mode,
preferably a multi-jet mode. Spinning multi-jet mode is
found to be a stable and reproducikle mocde that can be de-
scribed as a combination of multi-jet and precessiocn mode,
which is found only accessible in presence of so-called
icnic¢ winds.

For sake of compariscn it is noted that particles
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with different morpholeogy and porosity can be synthesized
by prior art methods by changing & chemical composition
(such as mixing ratio) and synthesizing conditions. It has
been found that the collected final particles of the same
chemical composition produced by the present device can
have a different size and porosity, which is found to de-
pend on e.g. the flow rate and heat applied. This present
and novel approach provides one with the opportunity to
collect particles having adaptable characteristics, such
as a similar chemical ccomposition, without (measurable)
contamination, and with different porosity, in a one-step
approach; the nature of the present device and technigue
has as a result that contamination is virtually absent.
Moreover it has been found that the present method pro-
vides the opportunities to produce nano-meso scale crys-
tals and particles with unique structures that are not ac-
cessible with prior art wet chemistry methods.

It has been found that the present ionic wind assist-
ed electrospray can be used to produce individual parti-
cles with a particular morphology, porosity and even fur-
ther to produce nanoscale-mesoscale crystals. This is e.g.
achieved by increasing the residence time of the drop-
let/particles in the gas phase and at the same time
providing a heat gradient. It has been found that the tur-
bulence-like mode of spinning, which is fcund to be only
accessible in the presence of icnic winds, as a tool to
tune the droplet/particle residence time, charge density
and to create particles of any desired size with tailored
morphology and porosity. Increasing the residence time of
constantly drying droplet in gas phase in a random flow at
which the droplet is balancing the surface tension and the
imposed electrical forces will results in such unique
nano-micro (meso) structures that cannot be achieved in
bulk methods.

The present device comprises a container for main-
taining a solution. The solution may be kept at a pressure
of 1041 kPa, i.e. about atmospheric. The container typi-
cally has a volume of 100 pl-20 ml, such as 0.001-1 ml;
larger and smaller sizes are in principle possible, de-

pending on & final design of the device. The solution,
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which may also be referred tc as a pre-cursor solution for
forming particles or the like, or likewise any fluid, sus-
pension, soluticn, colloidal system, and biological sys-—
tem, may on application be transferred to the nozzles,
typically through a tube or the like. It is noted that not
only multi nozzles can be used, but also co-axial nozzles,
having two liquids/fluids or more, supplied by e.g. two
container or more, can be delivered and the final product
will have a multi ccre-shell like structure. The present
spraying mode is referred to as spinning multi jet because
a multi jet stream mode is obtained having more than one
jet streams, indicating that instead ¢f one cone configu-
rations that have as a result a single jet (stream) coming
out of one nozzle there are more than cne jet streams pro-
vided by the at least one nozzle and the induced ionic
wind and possibility the iconic shielding gives a rotating
effect as can be seen in figure 1-b, the last image there-
of. AT least two coronas are found to be required to cre-
ate such an effect. It is noted that no physical component
in the present device itself is rotating, The device com-
prises at least one nozzle, having an inside diameter and
a length preferably providing capillary forece, in fluid
connection with the container, and wherein the at least
one nozzle is preferably directed towards the collector at
an angie of 90120 degrees, i.e. at a small angle deviating
from perpendicular to perpendicular (with respect to a
surface of the collector). The nozzle may be a coaxial
nozzle. Also a potential may be applied to an inside of
the nozzle, tc an outside, or a combination thereof. Also
a pump for pumping the sclution from the container to the
at least one nozzle is present. As typically amounts of
fluid are very small, e.g. flow rates of 0.01 pl/s-1 ml/s,
a pump may be very small as well. However there are no
limitation and larger values can be adopted.

In order te form an electrospray at least one
means fcor applying a maximum voltage of at least 1 kV to
the nozzles is provided. The at least one means, or a sec-
ond means, alsc provides a maximum voltage of at least 1
kV to the at least two coronas. The coronas may have a hy-

drophobic coating, leaving a tip section uncoated. Further
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a collector is present for collecting or directing the
spray and particles therein or formed thereof, the collec-
tor being electrically grounded and located in a spray di-
recticn and at a distance of less than 5 cm of the at
least one nozzle. The distance can be 0 mm, that is the
collector being at the same height as the nozzles. A mate-
rial of the collector, such as a ceollecting plate, can be
chosen from a wide variety of materials, including metals,
semi-~conducting materials, plastics, coated materials,
etc. The collector is for collecting in principle neutral-
ized particles. It may be of a conductive material, and it
may be grounded. To illustrate the amount of freedom in
selecting a suitable material it is noted that the parti-
cles can be collected even on a tissue being waved at the
direction of spray at a distance that should be the end of
the spraying zone, cr far enocugh that the droplets already
dried out tc particles or released from the turbulence
flow. How far from the nozzles the collection area is de-
pends e.g. on the solution used and temperature applied.
At least two coronas are provided being located around the
nozzles, preferably at a substantial similar height as the
nozzles, and the structure being electrically grounded.
There may be one conducting structure per nozzle, a com-
bined structure for all nozzles being present, or a partly
combined structure and a structure for the at least one
nozzle. Also at least two coronas is provided, the at
least two coronas located arcund the at least one nozzle
and around the conducting structure, preferably at a sub-
stantial similar height as the nozzles. Typically at least
two coronas are provided for the combined nozzles. As with
the conducting structure, alsc coronas may be combined.

Thereby the present invention provides a solution to
one or more of the above mentioned procblems.

Advantages of the present invention are detailed

throughout the description.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates in a first aspect to
a device according to claim 1.

In an exemplary embodiment the present device com-
prises a heat provider for heating the collector.

9
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In an exemplary embodiment of the present device
the at least one means for applying a voltage is capable
of applying to the corona a voltage opposite of the volt-
age applied to the nozzles, e.g. the corona having a posi-
tive voltage and the nozzles having a negative voltage, or
vice versa.

In an exemplary embodiment of the present device
the nozzles has an inside diameter of <500 pm, preferably
1-250 pum, more preferably 2-100 pm, even more preferably
5-75 um, such as preferably 10-60 um, and wherein the dis-
tance is 0.1lmm-1C mm, preferably O.Zmm-5mm, more prefera-
bly 0.3mm-2mm, such as C0.5-1 mm. In an example a gauge 30
needle is used.

In an exemplary embodiment of the present device

the neczzles has z length of 1-10 mm. The above dimensions
provide optimal results in terms of amount of solution
sprayed versus amounts of particles obtained, electrical
voltage and current applied, power consumption (pW-mW),
etc.

In an exemplary embodiment of the present device
the nozzles has a removable or breakable sealing. Such is
especially advantageous when the present device is used
for spraying of constituents which are vulnerable to deg-
radation and/or contamination, such as in the case of
medicaments.

In an exemplary embodiment of the present device
the collector provides a solid surface, or is partly mesh
shaped.

In an exemplary embodiment of the present device
the at least one means for applying a voltage prcvides a
current of 1 nA-1lpA, therewith reducing power consumption,
preventing risk of degradation, etc.

In an exemplary embodiment of the present device
the at least one means for applying a voltage provides a
high freguency pulsed electro-magnetic field, such as from
106 Hz-100 kHz, preferably 1 kHz-10kHz. Therewith spraying
is improved, e.g. in terms of efficiency.

In an exemplary embodiment of the present device
the at least one nozzle comprises an outer hydrophobic

coating, which coating covers the nozzle typically par-
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tially. Such is especially relevant if the fluid/sclution
uses water or another hydrophilic solvent, such as an al-
cohol. The spray-pattern and flow are further improved
hereby.

In a second aspect the present invention relates
to a method according to claim 11, comprising the steps of
atomizing and charging liquid particles, spraying the par-
ticles and collecting the particles.

In an exemplary embodiment of the present method
the collecter is moved over time in a direction perpendic-
ular to the spray direction. Therewith an even distribu-
tion of particles over a collector surface can be ob-
tained.

In a third aspect the present invention relates to
particles according to claim 13, obtainable by the present
method and/or with the present device.

In an exemplary embodiment of the present parti-
cles they are selected from a biological particle selected
from the group consisting of an enzyme, a receptor and a
ligand, and a medicament, a catalyst, a semiconductor ma-
terial, and a sensing material. The medicament can be a
for treating respiratory problems, lung diseases, such as
COPD, hyper- or hypoventilation, cystic fibrosis, asthma,
breakthrough cancer pain, pain in general, diabetes, wound
care, vaccination in general, antiviral application, anti-
biotic application, hormone therapy, narcctic analgesics,
influenza treatment, anaphylaxis treatment, multiple scle-
rosis treatment, acute migraine, etc. The present system
can be further adapted in such a way that it provides a
delivery of 2 low dosage (pl-pl), having advantages such
as no or limited side effects, being aseptic, having a
mono-disperse particle size distribution (e.g. in the um
range, e.g. 2-5 pm), acute tTreatment, fast effect (within
7-10 seconds), short time of application, easy to use,
such as a handheld design, wireless connectivity, easy to
clean, durable, comprising a separate drug container. Ex-
amples of medicaments relate to corticosteroids, opiates,
cannabinoids, LABA’s, agcnists, antagonists, hormones,
such as estrogens, anticheclinergics, peptides, synthetic
or natural analogues, Na+ channel blockers, such as

11
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fluticasone, salmeterol, fentanyl, Ag-THC, zolmitriptan,
granisetren, rimonabant, estradiol, scopolamine, teripari-
tide, budescnide, iloprost, lideccaine, insulin, tiotropium
Br, ceclistin, dornase, liposomal antifungals, and tacroli-
mus. Molecules obtained are typically relatively small,

such as less than 10 kDa, preferably < 6 kDa, such as

<lkDa. The catalyst particles can be made extremely pure,
which is considered a big advantage for catalyst, and also
a size, porosity, morphology, and composition can be tuned
precisely. Such advantages are also found in sensing mate-
rials, such as TiO;, and semiccnductor materials.

A typical dosage (e.g. tobramycin} of 1-1C mg, in
e.g. 0.01-1 ml of sclvent (e.g. 70% water and 30% etha-
nol) .

In a fourth aspect the present invention relates to
an inhale or particle delivery system according to claim 15,
comprising the present device.

In an exemplary embodiment the inhaler or system

further comprises an inhaler mask.

The inventicn is further detailed by the accompa-
nying figures and examples, which are exemplary and ex-
planatory of nature and are not limiting the scope of the
inventicn. To the person skilled in the art it may be
clear that many variants, being obvious or not, may be
conceivable falling within the scope of protection, de-
fined by the present claims.

SUMMARY OF FIGURES

Figure la. Example of present device. 1b: spray pat-
terns.

Figure 2. SEM pictures of a ccllector with particle.
(a) prior art and (b) present invention.

Fig. 3 shows schematics of a nozzle.

Fig. 4 shows a multi-nozzle multi-corcna layout.

Fig. 5 shows SEM pictures of tobramycin.

DETAILED DESCRIPTION OF FIGURES

In the figures:

1: dispensing liguid unit;
Z2: tubing:
3: electrospravying nozzle;
12
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4: corona needles;

5: Grounded ring:;

6: heated substrate, which can be extended to be like a tube
around the whole unit.

Figure la. Example ¢f present device. lb: spray pat-
terns. In the present device a container 1 with a precursor
sclution (solution, ceclleidal suspension) or fluid is provid-
ed, typically having & pump for displacing the fluid. The
container is in fluid connection with the at least one nozzle
3 by a tubing 2 or the like. Through the nozzles the precur-
sor sclution is sprayed. Around the nozzles coronas, such as
needles, wires, a tooth-like conducting object, are provided,
typical two or more, such as 3-10. Typically these corcna el-

ements are evenly distributed around the nozzles, such as at

a relative angle {(around a virtual circle) of 360/n degrees,
n being the number of coronas. In addition a grounded element
5, such as a ring is provided. For collecting a collection
substrate 6 1s provided, which may be heated. The collector
may be extended upwards towards the nozzles and even surround
the whole device.

Figure 2. SEM pictures of a collector with particle.
{a) prior art and (b) present invention. Fig. 2a shows parti-
cles that have & preferential deposition. The solvent of the
solution evaporates mainly (80% or more thereof) before depo-
sition takes place, whereas the remainder evaporates later.
Particles are as a result typically stacked along rim-like
structures, as 1s schematically indicated in the drawing at
the right of fig. 2a. With the present device (see fig. 2b)
evaporation of solvent takes place largely before deposition.
The surface roughness is different and depends on the kinet-
ics of drying, which can be adapted via parameters such as
flow rate, temperature and ionic wind. Coulomb fission is
avoided and the residence time of droplets and particles in
gas phase 1s increased, as is schematically indicated in the
drawing at the right of fig. 2b. The circles show relatively
large and uniform particles, evenly distributed over the col-
lecting surface, and no rims.

Fig. 3 shows schematics of a nozzle. In fig. 3a the
high veoltage is applied tc an internal part of the nozzle, in
fig. 3b to an external part. Fig. 3c shows 3 nozzles directed
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in slightly different orientations.

Fig. 4 shows a cross-section of a multi-nczzle mul-
ti-corona layout. Therein 3 nozzles 3, a grounded ring 5, and
six coronas 4 are shown.

Fig. 5 shows SEM pictures of tobramycin. 80 mg/ml
tobramycin was applied in a 50:50 water:ethanol soclution. In
fig. 5a a prior art cone jet with 2.5 ml/h was used, in fig.
5b a multi jet also wit 2.5 ml/h. The present system clearly
performs better.

The figures are further detailed in the description
of the experiments below.

EXAMPLES/EXPERIMENTS

The invention although described in detailed explana-
tory context may be best understcod in conjunction with
the accompanying examples and figures.

As far as materials used, the spinning multi jet
stream mode was cbserved with a range of ethanol-water mix-
ture with weight ratic of (100:0 to 50:50). The relative dis-
tance of cocrona to ground ring, nozzles to ground ring and be
changed in a range of dimension. For example: the coronas and
grounded ring and nozzles are at the same level, the coronas
are above the ring-nozzles and below the grounded ring, the
coronas are above the ring-nozzles and above the grounded
ring, and the cocronas are below the ring-nozzles and above
the grounded ring.

Using WOz as a test material inventors further
demonstrate how the particles are produced in the present
electrospraying mede. The exemplary set up consisted of a sy-
ringe pump, an electrospray nozzle (0.25 mm internal diameter
(ID), 0.52 mm outer diameter (OD)) surrcunded by 12 corona
needles, a grounded ring and a heated collection plate. The
distances between (1) the nozzles and the grounded ring, {2)
the corona and the ground electrode, and (3) the nozzles and
the heating plate were 6, 2 and 20 mm, respectively. A tung-
sten precursor solution was prepared as described by Gaury et
al. [Gaury, J.; Kelder, E. M.; Bychkov, E.; Biskos, G., Char-
acterization of Nb-doped WO; thin films produced by Electro-
static Spray Deposition. Thin Sc¢lid Films 2013, 524, 32-39.]:
i.e., 5 ml of W{ipr)e were mixed with 50 ml of 2-propanol un-

der argon atmosphere. The as-prepared precursor solution was
14



10

15

20

25

30

WO 2016/140570 PCT/NL2016/050141

then pumped through the electrospray nczzles at flow rates
ranging from 0.5 to 10 ml/h. Evaporation of the droplet and
ocxidation of tungsten occurred during the evaporation stage
(ESO, resulted in pure WOz nanoparticles, having a median
size of 8 nm.

The resulting particles were depcsited on alumina
(Al,03) substrates placed on top of the heating plate that was
maintained between 300 and 310 °C. The duration of all the
depositions was 10 min. The morpholcegical properties of the
resulting thin film samples were studied using a Scanning
Electron Microscope (SEM; Jeol JSM-6010LA). All samples were
coated by a thin layer of gold to aveid surface charge dis-
turbances during the measurements. The figure provided as
fig. 2-b is for a flow rate of 5 ml/hr.

In an example an antibiotic, specifically tobramycin
in ethanol-water solution (10-80 mg/ml in ethanol-water with
volume ration of about (80:20) to (50:50), was investigated,
uniform particles as evidenced by SEM images was collected
in the spinning multi jet mode. Tobramycin is of importance
for treating cystic fibrosis. The possibility of delivery of
particles of 1-5 micrometer with a narrow size distribution
in short time is found to be an effective treatment.

In a similar approach 6 mg colistin and 7.8 mg dor-
nase was administered.

In another comparable approach for systemic therapy
5.4 mg fentanyl, and 8.9 mg cannabis were administered twice
per day, and in an example as palliative care in oncological
inhaler therapy.

It should be appreciated that for commercial appli-
cation it may be preferable to use one or more variations of
the present system, which would similar be to the ones dis-—
closed in the present applicatiocn and are within the spirit

of the invention.
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CLAIMS

1. Device (100) for electro-spraying comprising

(a} a container (1) for maintaining a solution,

(b} at least one nozzle (3), having an inside diame-
ter and a length, in fluid connection {(2) with the container,

(c) a pump (1) for pumping the soclution from the
container to the at least one nozzle,

(d} an electrically conducting structure (5), the
structure being located around the nozzle preferably at a
substantial similar height as the nozzle, and the structure
being electrically grounded,

(e} a collector (6), the collector being electrical-

ly grounded and located in a spray direction and at a dis-

tance of less than 5 cm of the at least one nozzle,

{f) at least two corcnas (4), the at least two coro-
nas located around the at least one nczzle and around the
conducting structure, preferably at a substantial similar
height as the nozzle,

(g} at least one means fcr applying a maximum volt-
age of at least 1 kV to the nozzles and a maximum voltage of
at least 1 kV to the at least two coronas, and

{(h) optionally a means for varying an electro-
magnetic field.

2. Device according to claim 1, further comprising a
heat provider for heating the collector.

3. Device according tc any of the preceding claims,
wherein the at least one means for applying a maximum voltage
is capable of applying to the corona a voltage opposite of
the voltage applied to the nozzles.

4. Device according to any of the preceding claims,
wherein the at least one nozzle provide capillary force, and
having an inside diameter of <500 um, and wherein the dis-
tance is 0.lmm-10 mm.

5. Device acceording tc any of the preceding claims,
wherein the nozzles have a length of 1-10 mm.

6. Device according to any of the preceding claims,
wherein the nozzles have a removable or breakable sealing.

7. Device according tc any of the preceding claims,

wherein the collector provides a solid surface, or is partly
16
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mesh shaped.

8. Device according to any of the preceding claims,
wherein the at least one means for applying a voltage pro-
vides a current of 1 nA-lpA.

9., Device according to any of the preceding claims,
wherein the at least one means for applying a voltage pro-
vides a high frequency pulsed electro-magnetic field.

10. Device according to any of the preceding claims,
wherein the nozzles comprise an outer hydrophobic ceating.

11. Method of operating a device according to any of
the preceding claims, comprising the steps of atomizing and
charging liguid particles, spraying the particles and col-
lecting the particles.

12. Method according t¢ c¢laim 10, wherein the col-
lector is moved over time in a direction perpendicular to the
spray direction.

13. Particles obtainable by the method according to
any of claims 11-12, wherein the particles are aseptic.

14 Particles according to claim 13, having a mono-
disperse particle size distribution in a range of 2-5 um.

15. Particles according to any of claims 13-14,
wherein the particles are selected from a biological particle
selected from the group consisting ¢f an enzyme, a receptor
and a ligand, and a medicament, a catalyst, a semiconductor
material, and a sensing material.

16. Inhaler or particle delivery system comprising a
device according to any of claims 1-10, optionally comprising

an inhaler mask.

17
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