WO 2004/076057 A1 | 0|00 000 D0 O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
10 September 2004 (10.09.2004)

PCT

AT Y0

(10) International Publication Number

WO 2004/076057 A1l

B01J 2/02,

(51) International Patent Classification’:
BO5B 5/025

(21) International Application Number:
PCT/SE2004/000246

(22) International Filing Date: 25 February 2004 (25.02.2004)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

0300514-7 26 February 2003 (26.02.2003) SE

(71) Applicant (for all designated States except US): AS-
TRAZENECA AB [SE/SE]; S-151 85 Sodertélje (SE).

(72) Inventor; and
(75) Inventor/Applicant (for US only): LASTOW, Orest
[SE/SE]; AstraZeneca R & D Lund, S-221 87 Lund (SE).

(74) Agent: ASTRAZENECA AB; Global Intellectual Prop-
erty, S-151 85 Sodertilje (SE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, HI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro-
pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR,
GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, SI, SK,

[Continued on next page]

(54) Title: POWDER GENERATING APPARATUS AND METHOD FOR PRODUCING POWDER

Syringe pump
Air\ 32kV
10KV
Low voltage
nozzle F 2  Heating
¢ 2 coil
@ 2
@ ) A/
> =]
> 2
Collector plate 0.1kV
with powder |
Insulator \\ .
Metal grid H_
A
Air

Vacuum pump

(57) Abstract: Powder generating apparatus for the genera-
tion of a powder in particular but not solely for the produc-
tion of medicinal drug powder. The apparatus comprises a
fluid supply means (13), droplet generation means having a
dispensing nozzle (20), a surrounding grounding means and
a reactor characterised in that said dispensing nozzle of said
droplet generation means is less than 3 millimetres.



WO 2004/076057 Al

0 00 00 O

TR), OAPI (BE, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:
— as to applicant’s entitlement to apply for and be granted

a patent (Rule 4.17(ii)) for the following designations AE,
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM,
PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ,
T™, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM,
ZW, ARIPO patent (BW, GH, GM, KE, LS, MW, MZ, SD,

SL, SZ, TZ, UG, ZM, ZW), Eurasian patent (AM, AZ, BY,
KG, KZ, MD, RU, TJ, TM), European patent (AT, BE, BG,
CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, IT,
LU, MC, NL, PT, RO, SE, SI, SK, TR), OAPI patent (BF, BJ,
CFE, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD,
TG)

Published:
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.



10

15

20

25

30

WO 2004/076057 PCT/SE2004/000246

POWDER GENERATING APPARATUS AND METHOD FOR PRODUCING POWDER.

Background

This invention relates to a powder generation apparatus and methods and in particular to
the electro hydrodynamic (EHD) spraying of liquids and drying thereof to a powder. The
apparatus and methods may be used for generation of a variety of powders for use in
different applications, in particular but not solely in the field of medicinal drug powder
production. The apparatus and methods can produce powders of different properties in

terms of size distribution, density, morphology, solid state etc.

There are a number of known inventions in prior art, which produce powders using
electrostatic spraying of liquids and drying thereof to a powder. The present invention

addresses a number of problems and limitations associated with the prior art.

Prior art

EHD spray drying is a well-known technology and produces droplets of a narrow size
distribution. A conventional nozzle (2), see Figure 1, operates at high voltages, usually up
to the order of 10-20 kV. The conventional nozzle requires a counter electrode (1) at a
distance down stream of the nozzle. Either ground or a potential different to the potential
of the nozzle is applied to the counter electrode. The position down stream of the nozzle
leads to deposition of droplets on the counter electrode, hence low production yield and

less robust process.

The high atomisation potential leads to highly charged droplets. The surface charge
concentration of a droplet increases as the droplet dries until a charge concentration limit is
reached. The charge concentration limit is when the repelling electrical forces are near or
exceed the cohesive forces and the surface tension in the droplet. The consequence is a
disintegration of the droplet into a multitude of droplets with a wide size distribution. The
aerosol obtained after droplet disintegration is of a quality, in terms of size distribution, not
adequate for powder production. The reactors, described in prior art, therefore always
include a discharging means (7). The discharging means is commonly situated at a suitable

position, typically along the spraying axis, opposite the atomization point.
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The fully or partially discharged droplets can only be controlled or transported by
aerodynamic or gravitational forces. In prior art the discharged droplets are transported by
the airflow (3) and collected on a filter (4). In a traditional reactor the solution is atomised
perpendicularly to the airflow and the particle trajectories (6) are turned 90 degrees. The
yield is therefore low due to deposition on the reactor walls and other parts of the reactor.

A filter is also unsuitable for particle collection since no continuous retrieval is possible.

Charged droplets repel each other. The discharged droplets can, however, coalesce leading
to a wider size distribution. Due to increased coalescence rate, the process cannot be scaled

up by use of multiple nozzles.

There are limits on the types of liquids that can be spray dried in a conventional reactor. A
major limiting factor is the conductivity of the liquid. It is disclosed in the literature that

the conductivity of the liquid must be in the range of 10° S/m - 107 S/m.

There are limits to the usefulness of such known apparatus and methods described in prior
art. There exists a need for apparatus and methods, which can generate droplets in a reactor
with a nozzle not requiring a down stream counter electrode, not requiring discharging of
the generated droplets, that can control the transport and collection of droplets by electrical
means utilizing the charge of droplets, that can be scaled up by using a multiple of nozzles

and that can use liquids outside the conductivity range found in prior art.

Present invention
An object of the present invention is to overcome various problems and limitations
associated with the prior art methods and apparatus for producing powders using

electrostatic spraying of liquids and drying thereof.
A further object is to provide an apparatus and methods capable of dispensing liquids,

which have conductivities and viscosities outside the range of those capable of being

dispensed by the apparatus, and methods of the prior art.
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1Y -05- 2004
The present invention provides a powder generation apparatus and methods and in
particular the electrostatic spraying of liquids and drying thereof to a powder, in particular

but not solely for the production of medicinal drug powder.

According to a one aspect of the present invention there are several members provided in
the apparatus. The different members are: fluid supply means, droplets generation means

and reactor.

Fluid supply means

Referring to Figure 4, one form of the present invention consists of a fluid supply means
(13). In some forms of the present invention, the fluid supply means may comprise means
for over pressurising the fluid. In a preferred form of the present invention the fluid supply
means consists of a liquid feeder. The bulk of the fluid may be stored in a tank or any other
cavity. In preferred forms of the invention, in which medicines are dispensed the fluid
supply means will need to be of a form that does not affect the medical properties of the
fluid. The preferred flow rate of fluid is, in this particular embodiment, 0.5 microlitres per
second. A suitable pump is a syringe pump or any other pump that can provide a stable

flow rate.

Droplet generation means

Droplet generation means comprise an electrically conductive fluid dispensing nozzle (10,
20) receiving fluid supplied by suitable fluid supply means and having an exit (11), see
Figure 2, a counter electrode means (8) surrounding said dispensing nozzle and being distal
to the fluid dispensing nozzle exit and having an electrical potential difference thereto. The
droplet generation means is characterised in that the inside diameter of the dispensing
nozzle is less than 3 millimetres. In a preferred form the inside diameter of the dispensing
nozzle is less than 1 millimetre and in a particularly preferred forms of the invention, when
the liquid is outside the above mentioned conductivity range found in prior art, the inside is

less than 0.5 millimetres.

In preferred forms of the present invention, the electrically conducting fluid dispensing

nozzle (10) may take the form of a small diameter syringe needle. Suitable dispensing
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nozzles may be machined or a small diameter syringe needle may be used. The nozzle is
required to be electrically conductive and to be made of a material that does not affect the
properties of the fluid to be dispensed. Such a suitable needle material is e.g. stainless steel
or other suitable non-reactive material. The nozzle could be injection moulded or machined
plastic with a conducting part. The conductive part could be immersed in the liquid and not

being in contact with the nozzle.

Surrounding the fluid-dispensing nozzle, at least in part, is grounding means or counter
electrode means, (8). The means is distal to the exit of the fluid-dispensing nozzle. In
preferred forms of the present invention the grounding means is in the form of a ring or
cylinder and completely surrounds the nozzle. In other less preferred forms of the
invention there may be a break in the grounding means. This may allow an electrically
non-conducting support to be attached to the fluid-dispensing nozzle. The grounding
means, in use, has an electrical potential difference to the electrically conductive fluid-
dispensing nozzle. The potential difference required to obtained atomisation is, due to the
novel geometry, significantly lower that what can be found in prior art. In preferred forms
of the present invention the potential difference is + 2.2 kV (14,15). For example the
potential difference could be as a result of the grounding means having an electrical
potential of + 1 kV (14) and the dispensing nozzle being at + 3.2 kV (15). It has been
found that if the grounding means is actually grounded, that is, at a potential of O volts, the
droplets are drawn to the grounding means and are thus not dispensed property. The
potential difference may be greater than or less than 2.2 kV but it has been found that this
level gives the best results for this particular nozzle diameter, flow rate and drug ethanol
solution. The potential difference may be produced by a number of means for example:
High voltage DC/DC converter. Preferably the potential difference between the dispensing
nozzle and the counter electrode is less than 5 kV. More preferably, the potential difference
is less than 3 kilovolts. The potentials applied to the nozzle and counter electrode should be

below such magnitude that leads to corona discharging or streamer formations.
The low atomization voltage gives moderately charged droplets and no discharging is

needed. The potential difference characterised as sufficiently low so that no discharging of

the airborne droplets is needed.
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The grounding means (8), see Figure 2, may have a variety of shapes but is preferably in
the form of a ring or a cylinder. In the preferred form of the invention, as illustrated, the
grounding means consists of a cylinder positioned in level with the exit of the nozzle. The
grounding means is preferably made from a metallic material and especially preferably it
may be machined or less preferably moulded. An insulating material such as a plastic
material or preferably a ceramic preferably occupies the volume between the fluid
dispensing nozzle and the grounding means (12), see Figure 3. I many cases air or another
gas or gas mixture can be used to provide sufficient electrical insulation. The purpose of
this material is to both electrically insulating the grounding means from the fluid-
dispensing nozzle and to support the dispensing nozzle inside the grounding means. The

dispensing nozzle should be centred in the grounding means.

Reactor

A solution of one or several drugs, in an organic solvent, e.g. ethanol, is dispensed using
the above-mentioned nozzle; see Figure 4 (20). In a preferred form of the invention the
spray is generated inside an axially symmetrical reactor and dried to a powder. In a less
preferred form, the spray can be generated outside the reactor and directed into the reactor.
The droplets are dried by the flow of air (19) or any other suitable gas that in some
instances can be heated. The heating of the air or gas in which the droplets are dried can be
obtained using various kinds of heating means e.g. heating coils positioned inside the walls
of the reactor or inside the reactor cavity. In a preferred form the heating coils are wrapped
around the outside of the reactor (16). In another preferred form the above-mentioned air
or gas can be heated prior to entering the reactor. To increase the evaporation rate the

liquid can be heated prior to aerosolization.

In one preferred form, the shape of the reactor is axis-symmetric, either cylindrical or
conical. Other shapes e.g. non-circular cross section or asymmetric shapes could be used in
a less preferred form of the invention. The size of the reactor should be such that droplet
and particle deposition is at a minimum. In a particular form, the reactor diameter is 15 cm
and the height is 30 cm. Both dimensions can be either higher or lower to accommodate for

different sizes of nozzles or different number of nozzles. The dimensions of the reactor
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also influence the residence time and consequently affect the drying process. The

dimensions and geometry of the reactor must be optimised with respect to the flow inside.

In one preferred form, the reactor is connected to vacuum or low pressure (25) to obtain a
flow of air (19) or gas in the direction of the spray away from the nozzle. In some forms no
such flow is required. The flow rate can also be used to control the residence time of the
droplets and particles inside the reactor. The residence time is an important control

parameter for the drying process.

It has been found that preferred forms of the present invention could provide droplets with
a moderate charge. A moderate charge is when the majority of the droplets is below the
Rayleigh limit for the whole duration of the time that said droplets are airborne. Preferred
forms of the present invention operate at lower voltages than found in prior art and
consequently produce less charged droplets. When the droplet and particle charge is
sufficiently low no discharging is required and the reactor can be significantly simplified
since no discharging means has to be implemented. A reactor without any discharging

means is significantly more robust and simpler to operate and optimise.

The moderate charge is however sufficient to affect the transport in of said airborne
droplets or particles and consequently droplets or particles will repel each other and
minimise coalescence. Undesired deposition, particularly but not solely, on the reactor
walls can be avoided by applying a potential of the same polarity as the droplets (17). By
decreasing the deposition of the droplets and particles inside the reactor the production
yield can be improved. The potential applied to sites of undesired deposition (17) should
be sufficiently high to repel the charged droplets or charged particles. The potential on the
collecting surface (18) should be sufficiently high to efficiently collect the charged
particles. All the potentials applied to the different members of the reactor should be below

such magnitudes that lead to corona discharging or streamer formations.
The low atomization voltage applied to the above-mentioned nozzle gives moderately

charged droplets and no discharging is needed. The charged droplets can be transported

and collected by means of electric fields. In one form of the invention the dry particles are
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collected on a charged solid plate (21) of opposite polarity (18). The plate can be placed on
an insulating disk (22), which is placed on a conductive grid also connected to a potential
of the same polarity as the droplets or particles. In other preferred forms of the invention
the dried particles are collected on a rotating disk, rotating cylinder, moving conveying belt

or any other means of continuous collection and retrieval of the generated powder.

As mention above, the flow rate of the fluid, in one of the preferred forms of the present
invention, is 0.5 microlitres a second. In some applications this may be sufficient. The
process can be scaled up by use of nozzles with a larger diameter or by use of multiple
nozzles. Due to the unipolar charge of the droplets, no coalescence occurs. In these cases a
further preferred form of the present invention provides a plurality of nozzles. For
example, there may be ten nozzles in close proximity to each other. It is preferable that the
fluid dispensing nozzles in this case are very close to each other in order to ensure that the
fluid dispensed is in a single flow of droplets. In other forms of this invention, the
grounding means may surround all of the fluid dispensing nozzles. In other, less preferred,
forms of the invention each fluid-dispensing nozzle may have an individual grounding

means surrounding it.

The present invention is able to produce powders of a variety of substances, including
medicines such as steroids or other suitable powders such as inhaled substances. The
ability to produce a powder of a particular substance is dependent on the solubility of said
substance in a suitable solvent that can be atomised using the above-mentioned nozzle.
Suitable solvents are e.g.: ethanol, heptane, butanol, methanol, ethylene glycol, octanol,
acetone, propylene glycol, acetone, dioxane, dodecanol, hexane etc. and also water. The
present invention can dispense liquids of higher conductivities, e.g. water, than can be
found in prior art. Liquids with conductivities up to 10 S/m can be dispensed using the

present invention.

The particle size depends mainly on liquid flow rate, nozzle geometry, solvent properties
and drug concentration in the solution. The particle morphology depends mainly on drug
concentration in the solution, solvent properties, evaporation rate, droplet residence time,

and air temperature and airflow rate.
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Preferred forms of the present invention are able to provide particles, which are in the
respirable range, that is, of a size between 2 and 5 microns. It has been found that particles
of this size provide the best medical effect. The fact that preferred forms of the invention
can dispense fluids having a great range of conductivities enables a wider range of
substances to be dispensed without the addition of other agents. Also particles of smaller
sizes than 2 microns can be produced. Particles with the size down to 10 nm can be
produced. Particles of a size range 5-100 microns can also be produced. The present

invention can produce powders consisting of particles of a narrow size distribution.

The present invention is able to produce powders consisting of porous particles with a
density less than of homogeneous particles. The porous particles have a geometric size
greater than the aerodynamic size. Porous particles have been recognised as desirable for
improved lung deposition and efficacy of medical drugs. The porosity can be obtained and
controlled by changing the drug concentration in the solution and by changing the drying
conditions.

The present invention is able to produce powders consisting of solid particles.

The present invention is able to produce powders from multiple drug substance solutions
including medicines such as: budesonide-formoterol or any other combination of drugs that
can be dissolved in the same sprayable solvent. The result of a multi component solution is
a multi component powder containing e.g. both budesonide-formoterol in the individual

particles.
Finally, it will be understood that the present invention is not restricted to the described

embodiments but can be modified in many different ways within the scope of the appended

claims.
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Claims

What we claim is:

1. Powder generating apparatus for the generation of a powder in particular but not

solely for the production of medicinal drug powder the apparatus comprising: fluid

10

15

20

25

supply means, droplet generation means having a dispensing nozzle and
surrounding grounding means and a reactor characterised in that said dispensing

nozzle of said droplet generation means is less than 3 millimetres.

. Powder generating as claimed in claim 1 wherein said dispensing nozzle has an

inside diameter of less than 1 millimetre.

. Powder generating means as claimed in claim 1 or 2 wherein there is a potential

difference between said dispensing means and said grounding means of + 2.2 kV.

. Powder generating means as claimed in any one of claims 1 to 3 wherein said

reactor is a low-pressure reactor.

. Powder generating means as claimed in any one of claims 1 to 4 wherein said

reactor is an asymmetric chamber.

. A method of generating powder utilising powder generating means as claimed in

any one of claims 1 to 5.
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