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(57) Abstract: The invention relates to a device for producing mist or aerosol. The device comprises at least two atomisers (2) for
atomizing a liquid into drop jets (4). In accordance with the invention, at least two atomizers (2) are arranged oriented substantially
directly towards one another in a manner making the drop jets (4) produced thereby collide directly into each other.
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DEVICE AND METHOD FOR PRODUCING AEROSOL

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a device for producing high-
quality aerosol or mist, and particularly to a device according to the preamble
of claim 1 for producing aerosol or mist, the device comprising at least two at-
omizers for atomizing liquid into drop jets. The present invention also relates to
a method for producing aerosol or mist and particularly to a method according
to the preamble of claim 9 for producing aerosol or mist, the method compris-
ing atomizing at least one liquid into two or more drop jets.

[0002] In accordance with prior art, liquid can be atomized into small
droplets by a plurality of different techniques, such as with a gas-dispersing
atomizer, a pressure-dispersing atomizer and an ultrasound atomizer. Different
atomizing methods are described extensively in publication Huimin Liu, Sci-
ence and Engineering of Droplets — Fundamentals and Applications, (2000),
William Andrew Publishing, LLC, New York, p. 19 to 120, particularly p. 59 to
61, wherein a so-called ‘whistle atomization’ device is described, wherein liquid
jets colliding with each other are atomized by means of ultrasound. The device
can be used to produce drops of a size of less than 10 micrometres from water
at a high production rate.

[0003] Finnish published patent 98832, 16 March 1997, Liekki Oy,
discloses a method and a device for spraying material, the substance to be
sprayed being conveyed to a flame generated by means of a combustion gas,
and the flame is used to spray the particles in the material to be sprayed to-the
desired target. The substance to be sprayed is conveyed to the flame in a lig-
uid form and atomized into droplets by means of gas substantially in the vicin-
ity of the flame. In this manner, extremely small particles, in the order of a
nanometre, can be produced rapidly, inexpensively and in one step. The prob-
lem in the device disclosed in the publication is that nanoparticles are pro-
duced in a high-rate flame, and in the device, the atomizing process and the
flame generation process are interconnected, and the device has no degree of
freedom for optimizing the atomizing and the flame irrespective of one another.
The device cannot either be used for producihg particles simultaneously from
different types of liquids.

[0004] Accordingly, the problem the in prior art is that the prior art
does not enable a simple production of high-quality aerosol or mist at a high
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production rate. Thus, prior art production of high-quality mist requires a com-
plex device.

BRIEF DESCRIPTION OF THE INVENTION

[0005] Thus, the object of the present invention is to provide a
method and a device for implementing the method in a manner solving the
above problems. The objects of the present invention are achieved with a de-
vice according to the characterizing part of claim 1, characterized in that at
least two atomizers are arranged oriented substantially directly towards one
another in a manner making the drop jets produced thereby collide directly into
each other. The object of the invention is further achieved with a method ac-
cording to the characterizing part of claim 9, characterized by directing at least
two drop jets substantially directly towards one another in a manner making
the drop jets collide directly into each other.

[0006] Preferred embodiments of the invention are described in the
dependent claims.

[0007] The device and the method of the present invention are
based on the surprising observation that when two atomized drop jets are ori-
ented in a manner making them collide into one another, aerosol or mist is
produced, the drops thereof being small. Aerosol refers to a mixture in which
solid or liquid particles float amidst a gas. In the present context, mist refers to
a mixture containing solid or liquid particles, the average size thereof being
larger than in aerosol. By orienting the drop jets preferably substantially directly
against each other, mist or aerosol is produced, the mobility thereof being ap-
proximately non-existent, whereby said mist or aerosol may be moved in the
desired direction with a separate gas flow oriented substantially to the collision
point of the drop jets. Since the drop jets are not united until at the collision
point, said device may be used to produce mist or aerosol composed of at
least two different liquids, such as drops atomized from water and methanol,
for example, and said liquids may be immiscible with one another, such as wa-
ter and petrol, for example, or reactive with one another in such a manner that
conducting them together to the same atomizer is impossible, for instance be-
cause the liquids together form a gelling mixture, such as water containing a
metal salt and tetramethylorthosilane (TEOS), for example. The device of the
invention can be used to produce mist or aerosol also from mixtures, liquids
containing a solvent and a metal salt dissolved therein or liquids that are col-
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loidal solutions. The average drop size of the liquid drops produced with differ-
ent atomizers does not necessarily have to be the same, whereby the average
drop size of the drop jets colliding into each other is different. As regards the
functioning of the device, it is preferable that the momentum of the colliding
drop jets is substantially the same, whereby the momentum of mist generated
on the basis of the principle of conservation of the momentum is substantially
zero. Consequently, the method and the device of the invention may be used
to produce mists or aerosols composed of different materials.

[0008] An advantage of the present invention is that the method and
the device of the invention may be used to produce mist or aerosol of a uni-
form quality. Since the device of the invention may assume a plurality of differ-
ent embodiments, the mist or aerosol may be shaped into a line-like mist front
or an aerosol front, for example, which may be utilized preferably in coating
broad, web-like material, for example. Examples of such include a paper web
in a paper making machine, a textile web in a textile machine or a glass web in
a glass production process, a float process, in particular. In addition, mist or
aerosol according to the present invention may be further utilized for producing
nanoparticles.

BRIEF DESCRIPTION OF THE FIGURES

[0009] In the following, the invention will be described in more detail
in connection with preferred embodiments with reference to the accompanying
drawing, in which

Figure 1 shows a schematic view of the device of the invention,
wherein two gas-dispersing atomizers are oriented substantially directly
against one another.

DETAILED DESCRIPTION OF THE INVENTION

[0010] Figure 1 shows a device according to the invention for pro-
ducing mist. Two atomizers 2, oriented substantially towards one another, are
fixed to a body 1 of the device. The atomizers 2 are arranged in the device ori-
ented directly towards one another in accordance with Figure 1. In other
words, the atomizers 2 are preferably arranged substantially coaxially opposite
one another in such a manner that drop jets 4 thereof collide substantially di-
rectly against each other. The device may comprise two or more atomizers 2.
The atomizers 2 are preferably arranged in pairs for constituting one or more
atomizer pairs in such a manner that the atomizers 2 of each atomizer pair are
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oriented substantially directly, preferably coaxially, towards each other,
whereby the drop jets 4 of each atomizer pair collide directly into each other.
The atomizer pairs may be further arranged in the device in succession or ad-
jacently vertically or horizontally, for example.

[0011] Liquid 3 to be atomized and atomizing gas 8 are fed to the
atomizer 2. The atomizing gas 8 and the liquid 3 are fed to the atomizer 2 pref-
erably at different rates, whereby the rate difference between the atomizing
gas 8 and the liquid 3 at the outlet of the atomizer 2 makes the liquid 3 dis-
perse, atomize, into a drop jet 4 composed of small droplets. The drop jets 4
collide with each other, whereby mist or aerosol, composed of very small drop-
lets is surprisingly produced. When the drop jets 4, oriented substantially di-
rectly towards each other, collide directly against each other, mist or aerosol is
produced, the mobility of which is approximately non-existent, their momen-
tums being substantially the same. Furthermore, the device may be adapted to
include means for feeding at least two different liquids 3 to at least two different
atomizers. In other words, the device may be accomplished in a manner allow-
ing the same or a different liquid 3 to be fed to two or more atomizers 2. In
other words, the same or a different liquid may be fed to the atomizers 2 of
each atomizer pair, when desired. Furthermore, the same liquid or liquids can
be used in at least two atomizer pairs as in the other atomizer pairs. This being
so, when desired, each atomizer pair is able to produce mist or aerosol differ-
ent from or similar to that of the adjacent atomizer pair. Furthermore, the atom-
izers 2 of the device may be adapted to produce drop jets 4, the average drop
size of the drops thereof being substantially different or similar. The drop size
can be affected for instance by the geometry of the atomisers 2 or the rate of
the liquid 3 and the atomizing gas or the rate difference therebetween. This
enables the production of mist or aerosol having a homogenous or heteroge-
neous drop size.

[0012] The device preferably also comprises means for conveying a
gas flow from at least one direction to the collision point of the drop jets 4. This
is preferably implemented by providing the device with a gas nozzle 5 for feed-
ing gas from at least one direction to the collision point of the drop jets 4. This
being so, the gas flow can be used to move or shift the mist or aerosol pro-
duced at the collision point of the drop sets 4 in the desired direction. Any gas
can be used in the gas nozzle 5. In other words, it may be an inert gas or, al-
ternatively, it may be a combustion gas or a gas reacting with the mist or the
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aerosol. In the embodiment of Figure 1, the gas nozzle 5 is arranged in the
device in a manner making the gas flow proceed and collide in a substantially
perpendicular direction with respect to the drop jets 4.

[0013] In the method of the present invention for producing mist or
aerosol, one or more liquids are atomized into two or more drop jets 4. The
drop jet 4 itself may constitute a mist or an aerosol. In accordance with the in-
vention, at least two drop jets 4 are directed substantially directly towards each
other in a manner making the drop jets 4 collide directly into each other. Two
drop jets 4 are preferably directed substantially coaxially towards one another
in a manner making the drop jets 4 collide substantially directly against one
another. Herein, coaxial means that the drop jets move substantially coaxially
directly towards one another. In other words, the angle of collision between the
drop jets 4 is about 180 degrees. In the method, two or more drop jets 4 may
be directed in pairs directly towards each other for producing one or more drop
jet pairs in a manner making the drop jets 4 directed directly towards each
other collide directly with each other. The drop jets 4 directed substantially di-
rectly against each other are atomized in such a manner that the average drop
size of the drops therein is substantially different or similar.

[0014] In the method, at least two different drop jets 4 can be pro-
duced by using at least two different liquids 3. Thus, the drop jets 4 colliding
into each other may be produced from the same or a different liquid 3. Simi-
larly, different liquids 3 or the same liquid(s) 3 may be used in the different
drop jet pairs. The different liquids 3 used may be mutually immiscible or mis-
cible. In an embodiment of the invention, at least one liquid 3 containing a sol-
vent and a metal salt dissolved therein is used. The solvent may be an exo-

- thermal liquid. In addition, the liquid used in the method may be a mixture, an
emulsion or a colloidal solution. An emulsion refers to a mixture of at least two
liquids that are inherently immiscible with each other. A colloidal solution refers
to a solution composed of two different phases: a dispersed phase and a con-
tinuous phase. The dispersed phase contains small particles or droplets evenly
divided in the continuous phase. In other words, a colloidal solution is a solu-
tion containing colloidal particles.

[0015] The mist or aerosol produced in the collision of the drop jets
4 is substantially immobile, the momentums of the drop jets 4 being substan-
tially the same. In other words, the momentums are substantially the same, but
have opposite signs. The mist or aerosol produced may thus be moved by
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conducting at least one gas flow into the collision point of the drop jets 4. The
gas flow may be used to move the mist or aerosol and, in addition, its shape
may be controlled. In an embodiment, the gas flow to the collision point of the
drop jets 4 in a substantially perpendicular direction with respect to the direc-
tion of the drop jets 4. Alternatively, two or more gas flow may be conveyed to
the collision point of the gas jets 4. In the embodiment of Figure 1, the device
further comprises a thermal reactor accomplished with heaters 9. The thermal
reactor may also be accomplished with a flame, for example. Thus, the gas
flow discharged from the gas nozzle 5 directs the thus produced mist or aero-
sol into the thermal reactor 9. In the thermal reactor 9, at least part of the sub-
stance contained by the mist or aerosol is evaporated, whereby nanoparticles
may be produced from the drops of the mist, the average aerodynamic diame-
ter of the nanoparticleé being less than 1,000 nm.

[0016] It is obvious to a person skilled in the art that as technology
advances, the inventive concept can be implemented in a variety of ways. The
invention and its embodiments are not restricted to the above examples, but
may vary within the scope of protection of the claims.
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CLAIMS

1. A device for producing mist or aerosol, the device comprising at
least two atomisers (2) for atomizing a liquid (3) conducted thereto into drop
jets(4),characterized inthat at least two atomizers (2) are arranged
oriented substantially directly towards one another in a manner making the
drop jets (4) produced thereby collide directly into each other.

2. A device as claimed inclaim 1, characterized inthatat
least two atomizers (2) are arranged substantially coaxially oppositely in a
manner making the drop jets (4) thereof collide substantially directly against
each other.

3. A device as claimed inclaim 1 or 2, characterized in
that the atomizers (2) are arranged in pairs for producing one or more atomizer
pairs in such a manner that the atomizers (2) of each atomizer pair are ori-
ented substantially directly towards each other.

4. A device as claimed in any one of the preceding claims 1 to 3,
characterized inthatitcomprises at least one gas nozzle (5) for feed-
ing gas from at least one direction to a collision point of the drop jets.

5. A device as claimed inclaim4,characterized inthatthe
gas nozzle (5) is arranged in the device in such a manner that the gas flow
passes in a substantially perpendicular direction with respect to the direction of
the drop jets (4).

6. A device as claimed in any one of the preceding claims 1 to 5,
characterized inthatthe device comprises means for feeding at least
two different liquids (3) to at least two different atomizers (2).

7. A device as claimed in any one of the preceding claims 1 to 6,
characterized in that at least two atomizers (2) are arranged to pro-
duce drop jets (4), the average drop sizes of the drops thereof being substan-
tially different.

8. A method for producing mist or aerosol, in which method at least
one liquid (3) is atomized into two or more drop jets (4), character-
i ze d by directing at least two drop jets (4) substantially directly towards each
other in such a manner that the drop jets (4) collide directly into each other.

9. A method as claimedinclaim8,characterized bydirect-
ing two drop jets (4) substantially coaxially towards each other in such a man-
ner that the drop jets (4) collide substantially directly against each other.
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10. A method as claimed in claim8or9,characterized by
directing the drop jets (4) in pairs directly towards each other for producing one
or more drop jet pairs in such a manner that the drop jets (4) directed directly
towards each other collide directly into each other.

11. A method as claimed in any one of the preceding claims 8 to 10,
characterized by directing a gas flow from at least one direction to a
collision point of the drop jets (4).

12. A method as claimed inclaim 11, characterized by di-
recting the gas flow to the collision point of the drop jets (4) in a substantially
perpendicular direction with respect to the flow direction of the drop jets (4).

13. A method as claimed in any one of the preceding claims 8 to 12,
characterized by producing at least two different drop jets (4) by us-
ing at least two different liquids (3).

14. A method as claimed inclaim13,characterized inthat
the liquids (3) are immiscible with each other.

15. A method as claimed in any one of the preceding claims 8 to 14,
characterized by atomizing the drop jets (4) directed substantially
directly towards each other in such a manner that the average drop size
therein is substantially different.

16. A method as claimed in any one of the preceding claims 8 to 15,
characterized byusing at least one liquid (3) containing a solvent and
a metal salt dissolved therein.

17. A method as claimed in claim 16, characterized in that
the solvent is an exothermal liquid.

18. A method as claimed inclaim8to17,characterized by
using at least one liquid (3), which is a mixture, an emulsion or a colloidal solu-
tion.
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