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1.

S REIVINDICACIONES

Un dispositivo de inhalaclén d polvo seco, que comprende:

(a) una caja que tiene una entrada para un gas, una sailda,
y una cdmara adecuada para contener un material en
particulas;

(b) un fluidizador de particulas para proveer una circulaclén
fluidizada del material en particulas antes mencionado
con el gas antes mencionado en la camara antes
mencionada al poner en funcionamiento el dispositivo; y

(c) un clasificador de particulas en comunicacion por fluido
con la circulacion fluidizada antes mencionada entre la
camara antes menclonada y la salida antes menclonada.

El dispositivo de la Reivindicaclén 1, en donde el fluldizador de
particulas causa una circulacion de torbellino del material en
particulas fiuidizado antes mencionado, y el clasificador de
particulas antes mencionado permite que particulas dentro del
material en particulas fluidizado antes mencionado con un tamafio
inferior @ incluyendo el tamafio e Inercla predeterminados se
desvien de la circulacidn de torbellino antes menclonada y saigan
de la camara antes mencionada, y excluye particulas dentro del
material en particulas fluidizado antes mencionado con tamario
superior al tamafio e inercia predeterminados antes mencionado

. de salir de la camara antes mencionada.

El dispositivo de la Reivindicacion 2, en donde Ia circuiacién de
torbellino antes mencionada genera



‘(a) ‘una reglén central de baja presién dentro d la cdmara
antes mencionada, en donde la regidon central de baja
presion antes menclonada estd en comunlcacién por
fluido con la entrada antes mencionada, segun el cual el
gas antes menclonado circula a dentro de la cAmara
antes menclonada; y

(b) una regién exterlor de alta presién dentro de la cAmara
antes mencionada, en donde la region exterlor de alta
presion antes menclonada estd en comunicacién por
fluido con la sallda antes menclonada, segin el cual el
gas antes menclonado circula desde la regién exterior de
alta presion antes mencionada y sale a través de la salida
antes mencionada.

El dispositivo de la Relvindicacién 3, en donde las particulas antes
mencionadas dentro del material en particuias fiuidizado antes
mencionado con menos del e Incluyendo un tamafio e inercia
predeterminados que se desvian de la circulacién de torbellino
antes mencionado y salen de la cAmara antes mencionada, salen
del dispositivo antes mencionado con el gas antes mencionado
que circula desde la reglén exterior de alta presién antes
mencionada y salen a través de la salida antes mencionada.

E! dispositivo de la Relvindicaclén 1, en donde el dispositivo
antes mencionado es uno de los siguientes: doslis unitaria, polvo a

+granel, o dosis muitiple.

El dispositivo de la Reivindicacién 1, en donde el fluidizador de
particulas antes menclonado comprende un Impulsor.



10.

11.

El dispositivo de la Reivindicacién 6, en donde el impulsor antes
mencionado tiene un eje de rotacidn substanciaimente
concéntrico alrededor del eje longitudinal de la camara.

El dispositivo de la Reivindicacidn 3, en donde la entrada antes
mencionada comprende un orificio de entrada exterlor, un
conducto de entrada, y un orificio de entrada Interior, y el orificlo e
entrada interior antes mencionado esté locallzado cerca de la
regién central de baja presion antes mencionada.

El dispositivo de la Reivindicaclén 3, en donde el clasificador de
particulas antes menclonado comprende un orificio de entrada y
un orificio de salida, y las particulas antes mencionadas dentro del
material en particulas fluldizado antes menclonado con menos de
e incluyendo un tamafio e inercia predeterminado que se desvia
desde la circulacién de torbeliino antes menclonado y sale de la
camara antes mencionada y entra en el clasificador de particuias
antes mencionado a través del orificio de entrada antes
mencionado.

E! dispositivo de Ila Relvindicacion 9, en donde el orificio de
entrada antes mencionado del clasificador de particulas antes
mencionado hace frente en una direcclén similar a la circulacién
de torbellino antes mencionado.

E! dispositivo de la Reivindicacién 10, en donde las particulas
antes mencionadas dentro del material en particulas fluldizado

.antes mencionado con menos de un tamafio e lnercia

predeterminados que se desvian de la circulacién de torbeliino
antes mencionada en una direccién opuesta a la circulacién de



12.

13.

14.

15.

16.

17.

torhellino antes mencionada.

El dispositivo de {a Reivindicacion 1, en donde el claslficador de
particulas antes mencionada es un conducto.

El dispositivo de [a Reivindicacién 1, en donde el clasificador de
particulas antes mencionado es un clasificador de particulas
conico.

El dispositivo de la Reivindicacién 1, el fluldizador de particulas
fluldiza el material en particulas antes mencionado mediante uno
de los sigulentes: abrasion, fractura, choque con el fiuldizador de
particulas, que causa que el material en particulas choque con la
camara antes mencionada, o que cause choque entre el material
en particulas.

El dispositivo de la Relvindicaclén 2, en donde el clasificador en
particulas antes mencionado se dimensiona de modo que por lo
menos 90% del material en particulas fluidizado antes
mencionado que pasa a través de la salida antes mencionada
tiens un tamafio promedio de particula de 0,5 a 10 micrones,
aproximadamenta, de diametro.

El dispositivo de la Reivindicacién 15, en donde el clasificador de
particulas antes mencionado se dimensiona de modo que por lo
menos 99% del material en particulas fluldizado antes
menclonado que pasa a través de la salida antes mencionada
tiene un tamafio promedio de particula de 2 a 6. micrones,
aproximadamente, de diametro.

El dispositvo de la Reivindicacién 1, en donde se dispensa
aproximadamente 1 miligramo por minuto de material en



18.

19.

20.

21.

22.

23.

particulas fluidizado.
El dispositivo de la Reivindicaciéon 1, en donde el dispositivo antes
menci nado comprende adiclonaimente una boquilia segin la
cual la porcibn antes mencionada del material en particulas
fuidizado que sale de la salida antes menclonada se puede
Inhalar a través de ia misma.
El dispositivo de la Reivindicacion 1, en donde el fluidizador en
particulas antes mencionado esta accionado eléctricamente.
El disposltivo de fa Relvindicacién 1, en donde el dispositivo antes
mencionado comprende una fuente de energla autébnoma.
El dispositivo de la Reivindicacién 20, en donde la fuente de
energia antes menclonada es una bateria.
El dispositivo de la Reivindicacidn 1, en donde el material en
particulas es cloruro de sodio.
Un método de dispensar un material en particulas aerosolizado
para inhalacion, que comprende:
proveer una caja que tiens una entrada para un gas, una
salida, y una camara adecuada para contener un material
en particulas;
fluidizar una circulacidn de material en particulas antes
mencionado con el gas antes mencionado en la cdmara
antes mencionada,
clasificar la circulacion fluidizada antes mencionada; y

dispensar la circulacién fluidizada clasificada antes -

mencionada.

-
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Device for Dry Powder Inkalation
Robert Staniey Dirksing

Fleld of the Invention
The present invention relates to a device suitsble for producing an aerosol of
a dry powdered material. More particularly, the present mvention relates to a device
that can produce and deliver an acroso!l of dry powdered modicament into the
respiratory system of a user.

Background of the Invention

Respiratory diseases have long been treated by the inhalation of serosolized
medicament. “Aerosolized” refers to a colloidal dispersion of a liquid or a solid ina
gas. The medicament is asrosolized so that it may be transported by the inhaled air
stream into the respiratory system. There ar¢ many advantages o delivering
medicament via inhalation, including a rapid onset of action, avoiding drug
degradation in the gastrointestinal tract, and low dosages to minimize adverse
reactions,

Two predominant types of systems for sarosolizing medicament are available
in the market: propellant-based inhalers and dry powder inhalers (DPIs), which do
not use propellants. Propellants are undesirable as many are believed 1o adversely
affect the axone layer of the atmosphere, and even those propellants balieved to be
safo for the environment arc nevestheless often associated with environmental
issues, regardless. It is also desirable to minimire the introduction of any
unnecessary materials in inhalation devices used for delivering active ingredients to
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the respimtory system to minimize the occurrence of Irritation, allergic reaction, or
other undesirable side effect.

DPIs are often designed such that air stream generated by the inhaled breath
of & usar aerasolizes the dry powder. The user takes slow deep breaths to
accomplish delivery of the aerosolized powder into the lower portions of the
respiratory systern. Aevosolizing the dry powder with slow deep breaths can be a
challenge, especially if the very allment for which the DPI is being employed
prevents the user from generating sufficient sirflow to acrosolize the dry powder.
Thus, it is desimble to provide an inhaler that docs not solely rely on inhalation by
the user to accomplish acrosolization of the dry powder.

Most inhalstion devices for delivery of aerosolized dry powder medicament
are intended to deliver medicament to the lower respiratory tract, primarily to the
large surfice and thin membranes of the lungs. The efficacy of inhalation devices is
governed by quantity of medicament reaching the lower portion of the lower
respimatory tract.  Medicament with particle sizes that are loss then 0.5 microns in
diameter tend to be exhaled, whereas particle sizes larger than 10.0 microns in
diameter generally deposit in the upper respiratory tract. Accordingly, inhalation
devices generally are designed to deliver particles in the preferred size range from
about .5 microns to about 10 microns in diameter, more preferably from about 1 to 6
microns in diameter.

mwmhmmmmﬁ
desired particle sizn distribution prior to market distribution. Unfortunately, many
types of dry powder medicaments in the preferred particle size range tend to
agglomerate during hendling and storage. This tendency is aggravated if moisture is
present.

Numerous spproaches have been proposed to solve the problems attributable
to powder agglomeration. Some devices include features that deagglomerate the dry
powder at the point of use, for example, jets of gas or mechanic vibration. Other
dovices have ane or more channels with bends through which the scrosolized
medicament must pess whereby the shear and wall friction foroes promoie
deagglomerstion of the particles. In short, these devices promote particle size
distribution of inhaled powder, but do not ensure that only particles of the desired
perticle size range are dispensed. Therefore, it is desimble to provide an inhalation
device that provides both deagglomerstion at the point of use and improved control
of particle size distribution to within & predetermined range.
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Summary of the Invention

The present invention provides a device suitable for dry powder inhalation.
The particles of dry powder are fluidized with air and canse a vortex flow of the
flujdized particulate material. A particle classifier permits fluidized particulate
material of a predetermined size and inertia to flow from the chamber to the outlet
and inertin from flowing from the chamber to the outlet.

More particularly, the device of the present invention can comprise a housing
baving an inlet, an outlet, and a chamber suitable for containing & perticulate
material, a particle fluidizer for providing a fluidized flow of the particulate material
with a gas in the chamber upon operation of the device, whexein the flow in the
chamber is a vortex flow, and a particle classifier in fluid communication with the
fiuidized flow of the chamber between the chamber and the outlet.

Brief Description of the Drawings

While the specification concludes with claims which particularly point out
and distinctly claim the present invention, it is belicved that the present invention
will be better understood from the following description of preferved embodiments,
taken In conjunction with the accompanying drawings, in which like reference
pumenals identify like elements and wherein:

FIG. 1 is a partially sectioned side clevational view of an embodiment of an
inhalation device of the present invention having a conduit particle classifier;

FIG. 2 is sn enlarged cross-sectional view thereof, taken along section line 2-
2 of FIG. 1 showing an upward view into the interior of the chamber according to
the embodiment of Figure 1;

FIG. 3 Is a cross-sectional side clevational view of an alternate embodiment
of an inhalation device of the present invention having a conical particle classifier;

FIG. 4 is a partially sectioned front view of the embodiment of FIG. 3; and

FIG. § is an enlarged sectioned top plan view of the conical particle classifier
of F1Q. 3.

Detailed Deseription of the Invention and Preferred Embodiments

Typically, inhalation devices are conveniently dividad into category types of
unkt dose, bulk powder multi-dose and pre-metered multi-dose. Unit dose generally
refirs to a device that usnally the user insexts a single dose of the medicament into
the device before operstion. Bulk powder muiti-dose generally refers to 2 device
that contains a bulk quantity of medicament for many doses. Pre-metered mmulti-
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dose genenlly refers to a device that is designed to deliver a metered dose of the
drug multiple timez. Examples of pre-metered muiti-dose devices include, but are
not limited 10, capsule and blister package types. The inhalation device of the
presext invention can comprise any one of the above types of inhalation devices or
others known in the art.

Raferring now to the dmwings, Figures 1-2 depict sn embodiment of the present
invention having a bulk powder, which provides en inhalation device 10 that produces
and dispenses an aerosol of a fine powdered particulate material. Device 10 generally
comprises a housing 20, s particle fluidizer, and a particle classificr. In the
configuration shown in Figures 1-2, the particle fluidizer is an impeller 50 and the
particle clagsifier is an egress conduit 37, as will be discussed hercafter.

Housing 20 generally comprises a chamber 60, a support frame 30, an inlet and
an outlet. Housing 20 is nrranged to provide air passage from the inlet, through the
chamber, and then through the outlet. Chamber 60 comprises peripheral wall 21, base
wall 22, and upper chamber wall 31. Chamber 60 s suitable for containing dry powder
or other purticulate material. Preferably, the chamber 60 may also be used to store
unfluidized particles. Alternatively, a separate storage container for particulate material
may be provided.

Tube 32 extends from upper chamber wall 31. In the configuration shown in
Figures 1-2, the inlet compriscs ingress conduit 33, having external ingress port 34 and
internal ingress port 36. Ingress conduit 33 permits ambient air extarnal to device 10 to
enter chamber 60. Tube 32 contains at least a portion of the ingress conduit 33. The
ingress conduit 33 1s arranged such that internal ingress port 34 is located in proximity
to the axis of rosation of impeller 55.

The particle classifier is in fluid communication with chamber 60. The particle
classifier can be amy means for separsting particles, luchuding, but not limited to, ,
preveating particies sbove the wwmmmm«ﬂk‘"\
mlypuﬁ:mum,l’ﬁn‘ ined size and inertia to exit the davice and others
being redirected back into the flow for further de-agglomeration or particle size
reduction.

The particle classifier in the embodiment shown in Figures 1-2 comprises egress
conduit 37, having internal egress port 38 and external egress port 39. The ogress
conduit particle classifier 37 is mrrenged 30 that air flows from the chamber 60, through
internal egress port 38, through egress conduit 37, and then exits the housing 20 through
the egress port 39. Intemal egress port 38 and external egress port 39 can be sized as
desired to coatrol the rute of flow of the sir through chamber 60, wherein reducing the
restriction through the ports, e.g. increasing the size of the ports, increases the rate of
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flow. The internal dimension of the intarnal egress port 38 can be substantially larger
than the predetermined particle size. In the configuration shown in figures 1-2, the
outlet further comprises external egress port 39. Additionally, the egress conduit 37 is
placed such that the internal cgreas port 38 is axially located within the upper portion 61
of the chamber 60 between ingress port 36 and peripheral wall 21, as will be described
in further detail below.

As siated above, in Figures 1-2 the particle fluidizer is an impefler drive 50.
Prefirebly, the fluidizer is a device that mechenically intermixes gas and the particles to
create & flow of the mixture, referred to herein as fluidized particles or fluidized
particulate material. However, the particle fluidizer may be any type of device capable
of fluidizing dry powder known In the art. For example, without limitation, the particle
fluidizer may be an irregular disk or & biade. The impeller drive 50 can be powered by
an electrical source comprising motor 51, battery 52, button 53, drive shaft 54, and
tmpeller 55. In assembly, impeller drive 50 is affixad to housing 20. Drive shaft 54 is
inserted through tube 32. An end of drive shaft 54 extends beyond the lower ead of tube
32 oo that impellor 55 may be press fit or otherwise fastened to the lower end of drive
shaft 54. The axis of rotation of Impelicr 55 is substantially concentric about the
longitudinal axis of the chamber. Motor 51 is snap fit or otherwise fastened to a mating
recess in support frame 30. Further, motor 51 is electrically connected to battery 52,
button 53, and drive shaft 54 (which is connected to impeller 55), such that when button
53 is depressed, electrical current passes through motor 51. Thus, drive shaft 54, and
theraby impeller 55, is caused to rotato rapidly in a direction indicated by arrow 71 in
Figure 2.

If a specific life span of the dispensing device 110 is desired, a zinc air battery
that is activated upon first use may be employed. Also, mesns other than button 153
may be employed to activate the device 110, such as a pressure switch in the inhalation
tube 143 that activates upon inhalstion by the user.

Base wall 22 is affixed to peripheral wall 21. The apper edge of peripheral wall
21 of housing 20 is press fit or otherwisc fastened to a mating ring about upper chamber
wall 31, therchy forming enclosed chamber 60. A cherge of particulate material 15 is
introduced into chamber 60 before enclosing said chamber. Base wall 22 is conical in
shape, such that perticulate material 15 tends to settle near the axis of rotation of
impeller $5. Consequently, the sterting moment is reduced as impeller 55 begins to
rotate within particulate material 15, relative to a flat bottom configuration of base wall
2,

As impeller 55 rotates rapidly, particulate material 15 is fluidized with the air in
the chamber to form a vortex flow of fluidized particulate material. The vortex flow
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hereof can be characterized as a flow in a circuler path or otherwise having an angular
velocity. The vortex flow of the device as shown in Figure 1 generates a cyclonic or
centrifugal condition within the chamber such that s relative low pressure region forms
near the center, j.¢. near the axis of impeller 55, with regions having progressively
higher pressure radially outward toward peripheral wall 21. The low pressure region
has & pressure lower than the ambient air st stmospberic pressure in preferred
embodiments. Tho high pressure region has a pressure higher than the ambient air at
atmospheric pressure in preferred embodiments. The pressure differential is generally a
function of the rate of rotation, diameter and frontal arca of the impeller 55, amount of
particulste material 15, and the diameter of chamber 60.

Alternatively, gases other than the ambient air may be introduced to fluidize
the particulate material, including, but not limited to other gases, such as oxygen and
mitrogen, or a propellant, such as halogenated hydrocarbons like
dichlorodifluoromethane. Most preferably, ambient air is used.

The low pressure region ncar the axis of impeller 55 is in fluid communication
with the ingress conduit 33 via intemal ingress port 36, which is located In proximity to
the axis of rotation of impeller 55, such that upon rotation of the Impeller 55, ambient
air from outside device 10 is drawn through said ingress conduit 33. The high pressure
region near peripharal wall 21 is in fluid communication with the egress conduit 37 via
internal egress port 38, which is located in an upper portion of chamber 60 between the
axinl location of ingress port 36 and peripheral wall 21, such that upon rotation of the
impeller 55, air inside the chamber 60 is expelled through said egress conduit 37. These
pressure differentials canse airflow through the ingress conduct 33, through chamber 60,
and out through egress condnlt 37.

Further, interior egress port 38 is ariented such that i faces a direction similar to
the direction of the vortex flow formed within chamber 60, as indicated by arrow 71 in
Figure 2. Thus, the air stream that exits through egress conduit 37 must deviate from
the direction of the vortex flow prior to entering into the interior egress port 38, as
indicated by arrow 73. Generally, the size and incrtia of the rapidly rotating fluidized
particulate matesial prohibits the particulate material particles from deviating direction
and entering interior egress port 38. Ahbrasion, fracturing, or the like of particulste
materiat 15, either from impact with impeller 55, rubbing against pariphcral wall 21 of
the chamber, ar between the particles of perticulate material 15 themselves, produces
finer particles of the particulste material 15. Consequently, a broad distribution of
particle sizes of particulate material 15 will be produced within the chamber. As finer
and finer particles of particulate material are produced, the finer particles have
sufficiently low size and inertia to permit deviation from the vortex flow into the air
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stream caused by the pressure differential and exit the housing through the egress
conduit 37 via interior egress port 38, as indicated by amrow 73. In this way, cgress
condnit serves as a classifier of particle size to insure that only particles of s
prodetenmined siz§% permitted 1o flow from the chamber to the outiet and particles
with greater than the predetermined size are excluded from flowing from the chamber to
the outlet. As this is n ongoing process, a stresm of asrosolized particles will be
dispensed,

Figures 3-5 depict an altiernate ambodiment of the present invention having a
bulk powder, which provides an inhalstion device 110 that produces and dispenses an
aerosol of a fine powdered particulate material, Device 110 generally comprises
bousing 120, a particle fhiidizer, and a particle classifier. In the configuration shown in
Figures 3-5, the particle fluidizer is an impeller drive 150 and the particle classifieris a
conical particle classifier 140, as will be discussed hereafter.

Housing 120 generally comprises a chamber 160, a motor housing 123, a battery
housing 124, an iniet and an outiet. Housing 120 is arranged to provide air passage
from tha inlet, through the chamber 160, through the particle classifier 140, and then
through the outlet.

Chamber 160 comprises a peripheral wall 121, a base wall 122, and upper
chamber wall 131. Chamber 160 ks suitable for containing dry powder or other
particulate material. Preforably, the chamber 160 may also be used to store unfluidized
particles. Alternatively, a separate storege container for particulate material may be
provided.

Tubo 170 extends from upper chamber wall 131. In the configuration shown in
Figures 3-5, the inlet comprises ingress conduit 172 having external ingress port 174
and internal ingress port 176. Ingress condnit 172 permits ambient air external to
device 110 to enter chamber 160. Tube 170 contains st least » portion of the ingress
conduit 172. The ingress conduit is arranged such that internal ingress port 176 is
Incated in proximity to the mxis of rotation of impeller 155.

Housing 120 further includes fins 146 located adjacent the external ingress port
174. Fins 146 improve the grasp of the user's fingers in holding device 110 and prevent
blockage of external ingress port 174 by the user's fingers.

The particle classifier is in fluid communication with chamber 160. The particle
classifier can be any means for separating particles, incloding, but not limited to, |,
preventing particles above th size from entering the classifier or &)
oaly particles less xedeterined size and inestia to exit the devico and others
being redirected back into the flow for further de-aggiosneration or particle size
reduction,
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The particle classifier of the alternate embodiment is a conical particle classifier
140. The conical classifier 140 comprises conical fitment 148, cone 181, and egress
conduits 177. In assembly, the conical particle classifier 140 is amanged such that the
cone 181 is inserted into the conical fitment 148, whereby cgress condults 177 are
formed. Preferably, egress conduits 177 are helical, Subsequent to assembly, egress
conduits 177 further comprise internal egress ports 178 and intermexdiate ogress ports
179. The interior egress ports 178 are located in an upper portion of chamber 160
botween the axinl location of ingress port 176 and peripheral wall 121. The conical
purticle cinssifier 140 is arranged 0 that air flows from the chamber 160, through
internal egress ports 178, through egress conduit 177, through intermediate egress ports
179, snd then exits the housing 120 through the outlet. Intermnal egress ports 178 and
intermedinte egress ports 179 can be sized as desired to control the mte of flow of the air
through chamber 160, wherein reducing the resiriction through the ports, e.g. increasing
the size of the ports, increases the mte of flow. The internal dimension of the internal
egress port 38 can bo substantially larger than the prodetermined particle size. In this
configuration, the outlet comprises inbalation tube 144 having mouthplece 143.
Aliematively, the present invention may be designed for use for inhalstion through a
nose.

Tube 172 is inserted into and fastened to upper chamber wall 131. The cone
181 is integrally molded about tube 172 end conical fitment 148 is integrally molded to
upper chamber wall 131.

As discussed above, in Figures 3-3 the particle fluidizer Is an impeller drive 150.
However, the perticle fluidizer may be any type of devico capable of fluidizing dry
powder. For example, without limitation, the perticle fluidizer may be an irregular disk
ora blade. The impeller drive 150 is powered by an electrical source and comprises
motor 151, battery 152, button 153, drive shaft 154, impeller 155, and conductors 156
and 157. In assembly, impelier drive 150 is affixed to housing 120. Drive shaft 154 1s
ingerted through an opening in base wall 122 so that an end of drive shaft 154 extends
beyond the lower surfice of base wall 122. Impeller 155 is press fit oc otherwise
fastened 1o the upper end of drive shaft 154. The axis of rotation of the impeller 155 is
substantially concentric about the longitudinal axis of the chamber. Motor 151 is snap
fit or otherwise fastened within supports 125 of motor bousing 123. Battery 152 is
located within the battery housing 124. The components of the impeller drive 150 are
electrically connecsed, such that when button 153 is depressed, electrical current passes
through battery 124 and conductors 156 and 157 to motor 151. Thus, drive shaft 154,
and thereby impeller 158, is cause to rotate rapidly in a direction indicated by an arrow
190 in Figure 5.
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Bese wall 122 is affixed to peripheral wall 121. The upper edge of peripheral
wali 121 of housing 120 is press fit or otherwise fasted to a mating ring sbout upper
chamber wall 131, thereby forming enclosed chamber 160. Prior to assembly of housing
120, a charge of friable particulate material 115 is introduced into chamber 160 before
enclosing said chamber, Base wall 122 is conica) in shape, such that the particulate
masterial 115 tends to settie near the axis of rotation of impeller 155. Consequently, the
starting moment is reduced as impeller 155 begins to rotate within particulate material
15, relative to 2 flat bottom configuration of basc wall 122.

As impeller 155 rotates rapidly, particulate materin] 115 is fluidized with the air
in the chamber to form a vortex flow of fluidized particulate material. The vortex flow
pgenerates a cyclomic or centrifgal condition within the chamber such that a relative low
pressure region forms near the center, Lo. near the axis of impeller 155, with regions
having progressively higher pressure adially outward toward peripheral wall 121. The
low pressure region has a pressure lower than the ambient air at atmospheric pressure in
preferred embodiments. The high pressure region has a pressure higher than the
ambient ajr at atmospheric pressure in preferred embodiments. The pressure differential
is generally a function of the rate of rotation, diameter and fronta] ares of the impeller
153, amount of particulats material 115, and the diameter of chamber 160.

Alternatively, gases other than the ambient air may be introduced to fluidize
the perticulste material, including, but not limited to other gases, such as cxygen and
nitrogen, or a propellant, such as halogenated hydrocarbons like
dichlorodiflucromethene. Maost preferably, ambient air is used.

The low pressure region near the axis of impeller 155 is in floid communication
with the ingress conduit 172 via intemal ingress part 176, which is located near the xis
of rotation of impeller 155, such that upon rotation of the impeller 155, ambient air from
outside device 110 is drawn through said ingress conduit 172. The high pressure region
near peripheral wall 121 is in fluid communication with the interior egress porta 178,
which are located in an upper portion of chamber 160 between the axial location of
ingress port 176 apd peripheral wall 121, such that upon rotation of the impeller 155, air
inside the chamber 160 is expelled though the egress conduits 177. These pressure
differentials cause airflow through ingress conduit 172 though the chamber 160, through
the conical particle classifier 140, and exit through the outlet

Further, interior egress ports 178 of particle classifier 140 fiace a direction similar
to the direction of the vortex flow within chamber 160, as shown by amrow 190 in Figure
5. Thus, the air stream that exits through egress conduit 177 must deviate from its
general direction prior to entering into the interior egress ports 178, as indicated by
arrow 191. Generally, the size and inertia of the rapidly rotating fluidized particulate
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maierial prokhibits the pasticulate material particles from deviating from the direction of
the vortex flow and entering interior egress ports 178. Abrasion, fracturing, or the like
of granular particulate material 115, either from impact with impelier 155, rubbing
against peripheral wall 21 of the chamber, or between the granules of particulate
material 115 themselves, generutes finer particles of the granmlar particulate material
115. Consequently, a broad distribution of particle sizes of particulate material 115 will
be produced within the chamber. As finer and finer particles of particulste material 115
are formed within the chamber, the finer particles have sufficiently low size and inertia
to permit devistion from the gensral cyclonic sirflow into to the exiting sir stream
through particle classifier 140 into inhalation tube 144 of mouthpiece 143 via
intormexdinte egress port 179. hﬁkw.ﬂ%migﬂwﬁchchﬁﬁummm
Mmlypnﬁclaoflpmdﬁnminedﬁ*npumimdbﬂwﬂmﬁnhmhbﬂn
from the chamber to the outlet. As this is an ongaing process, a stream of aerosolized
particles will be dispensed.

The user of the present device for dispensing an acrosol of a fine powdered
particulate material 110 places his or her lips about mouthpiece 143 and while
depressing button 153, inhales the fluidized particulate material through inhalation tube
144.

‘The present invention is suitable for a wide rangp of particulate materials,
including, but not limited to medicaments, drugs, biologically active substances and the
like. Additionally, the particulate material may be comprised of more than one active,
excipients, cnhancers, or the like. Alematively, the granules or beads of & different
composition thean the desired dispensed particulate material maybe sdded to the
particulate material to facilitate agitation of the particulate material in operation or prioe
to operetion, as by shaking, The initiat particle size of the particulate material can also
range widely, particularly in view o the benefits provided by the invention of excluding
particles that sre too large and de-agglomersting or otherwise reducing pasticle sizes a3
described above.

The present invention is presently of interest for dispensing sodium chloride. In
genenal, without limitation, it is conternplated that particle sizes mnging from as low as
0.5 (or other lower limit as may be desired) to 500 microns may be used. Preferably, a
quantity of larger particles is used for two reasons. First, amaller particles tend to
adhere to the walls of the chamber and are not affected by gravity. The larger perticles
impact the small particles that are adhered t0 the walls and free them of adhesion,
thereby allowing the smallor particles to exit the chamber. Second, the larger particles
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they will be in the form of agglomerations of smaller particles or be a frangible material
that is capable of being reduced in size upon operation of the device.

If immediate outpat of an aerosol is desired, an initial small quantity of fine particulate
material may be mixed with a granular particulate material, preferably 5 to 20% by
weight of the particles are10 microns or less in diameter and about 80-95% by weight of
the particles are between 300 to 400 microns in diameter. Generally, the impeller may
rotste from about 1000 to 5000 rpm, depending upon desired flow rate, which depends
on particle size and density. Also, if desired, & separate particle size reducer, such as an
impeller, blender, grinder, mixer, etc. may be included.

High degrees of dispensing pacticulate material within the desired size can be
obtained, including levels as high as 99% by weight. In general, particle sizes delivered
will preferably be between about .5 and sbout 10 microns in diameter, more preferably
between about 2 and 6 microns in diameter, though it is not intended to limit the present
invention to exclude particle sizes outside of this range if such larger or smaller sizes are
determined to be desirable.

Examples

Example 1

An exaniple of a highly preferred embodiment generally corresponding to the
type of design shown in Figures 1-2, the particulate material is gramlar sodium chioride
having a typical cubic dimension of about 300 to 400 microns. The chamber bas a
diameter of about 25 mm and depth from upper wall to the bottom of bass wall of about
40 mm. The included angle of the conical form of base wall is about 90°. The impeller
is about 22 mm across and the cleamnce between impeller and base wall is about 1.5
mm. The impeller rotates at shout 3000 rpm. The interior egress port 38 and exterior
egress port 39 of egress condiuit 37 both heve an internal diameter of about 2.5 mm.

In this exemplary embodiment, sodium chloride particles between 2 to 6 microns
generally have sufficiently low size and inertia as to be classified and carried by the
exiting fluidived stream through the conduit. With a chember initially containing 1
pram of sodium chloride, approxirmately 1 milligram per minute of fine particles are
dispensed, and of the particles dispensed as an acrosol of a fine powder, over 99 % of
the particles dispensed are between 2 to 6 microns.

Example 2

An example of 8 highly prefemred embodiment generally corresponding to the
type of design shown in Figures 3-5, the perticulato material is granular sodium chloride
having a typical cabic dimension of about 300 to 400 microns. The chember bas a



oO0OTTOo" ES&EI.!!ED

10

13

12

diameter of sbout 27 mm and depth from upper wall to the bottom of base wall of sbout
36 mm. The included angle of the conical form of base wall is about 110°. The
housing, upper support frame, and tube insert are injection molded of LUSTRAN 348 ®
acrylonitrile butadiene styrene produced by the BAYER CORPORATION POLYMERS
DIVISION, 100 Bayer Road, Pittsburgh, PA, 15205. The impeller is about 22 mm
across and the clearance between the impeller and base wall is aboiut 1.5 mm. The
impeller is molded of Vectra ® Jiquid crystal polymer produced by HOECHST
TECHNICAL POLYMERS, 90 Morris Ave., Summit, NJ, 07901. The impeller rotates
at about 3000 rpm. The impeller is driven by an electric motor. A suitable permanent
magnet electric motor s mode} SU-020RA-1665 supplied by MABUCHI MOTOR
AMERICA CORP. of 3001 West Big Beaver Road, Troy, MI. The bettery is & standard
AAA such as a DURACELL Alkaline Battery produced by Duracell, Inc., Bethel, CT,
06801. The ingress conduit has an internal diameter of about 2.5 mm. The egress
conduits are sbout 1.3 mm by 1.3 mm.

In this exemplary embodiment, sodium chloride particles between 2 to 6 microns
generally have sufficiently low mass and sufficiently large acrodynamic surface as 1o be
carried by the exiting afr stream through the classifier. With a chamber initially
containing 1 gram of sodium chloride, approximately 1 milligram per minute of fine
particles are dispensed, and of the particles dispensed a3 an aerosol of a fine powder,
over 99 % of the perticles dispensed aro between 2 10 6 microns.

While particular embodiments of the present invention have been iliustrated
and described, it will be obvious to those skilled in the art that various changes and
modifications may be made without departing from the spirit and scope of the
invention, and it is intended to cover in the appended claims all such modification
that arc within the scope of the invention.
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What is cleimed is:

1. A dry powder inhalation device, comprising:

(2) 2 bousing having an inlet for a gas, an outlet, and a chamber suitable for
containing & particulate material;

(b) a particle fluidizer for providing a fluidized flow of said particulate material
with said gas in said chamber upon operation of the device; and

(c) aparticle classifier in fluid communication with said fluidized flow between
said chamber and sald outlet.

2. The device of claim 1, wherein said perticle fluidizer causes a vortex flow of said
fluidized particulste material, and said particle classi its perticles within
said fluidized particulatz material with less { size and incrtia
to deviate from said vortex flow and exit said chamber, and excludes particles
within said fluidized particulate material with greater than said predetermined

3. The device of claim 2, wherein said vartex flow generates

() a low prossure cexter region within said chamber, wherein said low pressure
center region is in fluid communication with said inlet, whereby said gas flows
into said chamber; and

{b) a high pressure outer region within sald chamber, whervin said high pressure
outer region is in fluld communication with said outlet, whereby said gas flows
from said high pressure outer region and exity through said outlet.

4. The dovice of claim 3, w,mdnr-ﬂ' particles within said fluidized particulate
material with less thary & predeiemibined size end inerta that deviate from seid
said high pressure outer region and exits through said outlet.

5. The device of claim 1, wherein said device Is one of the following: unit dose,
bulk powder, or multi-dose.

§. The device of claim 1, wherein said particle fluidizer comprises an impeller.

7. The device of claim 6, wherein said impelier has an axis of rotation
substantiaily concentric about the longitudinal axis of the chamber.
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8. The device of claim 3, wherein said inlet comprises an cxtemnal ingress port,
an ingress conduit, and an internal ingress port, end said internal ingress port
is Jocated near said low pressure center region.

9. The device of chaim 3, wherein said partiole classificr comprises a Ingress
port and un egress port, aqd sid partcles within sad hidized partculate
mmmmnlup%mammmmwmmnm
vortex flow and exit said chamber enter said particle classifier through seid
ingress port.

10. The device of claim 9, wherein said ingress port of said particle classifier
faces in a direction similar to said vortex flow.

11. The device of claim 10, wherein sai H‘Ellﬂclﬁswﬂmaﬂﬂmdhed
particulate material with lcss thanys 1k size and inestia thet
deviate from said vortex flow flow in a direction opposite said vortex flow.

12. The device of clzim 1, wherein seid particle classifier is a conduit,

13. The device of claim 1, wherein said particle classifier is a conical particle
classifier.

14. The device of claim 1, said particle fluidizer fluidizes said particulate
material by one of the following: abrasion, fracturing, impact with said
purticle fluidizer, causing particulste material 1o impact with said chamber,
or causing impact between said particulate matorial
15. The device of claim 2, wherein said particle classifier is sized such that at
least 90% of said fluidized perticulate material that passes though said outlet
bas en average particle size of about .5 to about 10 microns in dismeter.
16. mmwcumls.mmmd-ﬁﬁuhmmma/
Icast 99% of said fluidized perticulate material that passes though said outiet
has an average particle size of about 2 to about 6 microns in diameter.

17. The device of claim 1, wherein approximately 1 milligram per minute of
fluidized particulate material is dispensed.
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18. The device of claim 1, wherein said device further comprises a mouthpicce
whereby said portion of fuidized particulate material that exits said cutiet
can be inhaled through.

19. The device of claim 1, wherein said particle fluidizer is electrically powered.

20. The device of claim 1, wherein said device comprises a self-contained
power source.

21. The device of claim 20, wherein said power source is a battery.
22. The device of claim 1, wherein said particulate material is sodium chloride.

23. A method of dispensing an aerosolized particulate material for inhalation,
comprising:

providing a housing having an inlet for a gas, an outlet, and a chamber suitable
for containing a particulate material;

finidizing a flow of said particulate material with said gas in said chamber;

classifying said fluidized flow; and

dispensing said classified fluidized flow.
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Absiract of the Disclosure

The present invention provides a device suitable for dry powder inhalation.
The particles of dry powder are fluidized with air and cause a vortex flow of the
fluidized particulate material. A particle classifisr permits fluidized particulate
material of & predetermined size and inertia to flow from the chamber to the outlet
and excludes fluklized particulste material with greater than the predetermined size
and inertia from flowing from tho chamber to the outet,
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