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AERCSOL AND A METHOD AND APPARATUS FOR GENERATI NG AN
AERCSOL Background and Summary of the Invention The
present invention relates generally to aerosol's and, nore

particul arly, w®9masasol s gener at ed W t hout conpressed pagUProaed | ant s
and net hods and 5 apparatus for generating such aerosols.

Aerosol s are useful in a wide variety of applications. For exanple, it
is often desirable to treat respiratory ailnments with, or deliver
drugs by means of, aerosol sprays of finely divided particles 10 of
liquid and/or solid, e.g., powder, nedicanments; etc., which are
inhaled into a patient's |ungs. Aerosol s are al so used for purposes
such as providing desi r edAEROSOE AND ro METHOBDAND| ABPARATHS on t he

ski n, and delivering paint a”drék't&érféﬂ‘r:ulcgﬁnlzggnoson Vari ous

techni ques are known for generating aer oso exanple, U S. Patent
Nos. 4,811, 731 and 4,627,432 both disclose devices for adm nistering
medi caments to pat pgkgrduhdMaindh sampapgube tilfe Tirfettdon by a pinto

rel ease a nedi cament in powdgr [ , S LN el eased
medi canent t hrough an opgn;’%g?g%ﬁétﬁé‘pecﬂa%oggrte@\%?& Q%lllcﬁé%ig\}?c%s may be
accept abl e for useagrozels \aad,ngoredraskbeitayly péRdaerosolsigengratesy are

not suited to deliwethogt rstpreER_liSghs propellidiitisd ahar et Hb@s daid ces are
al so, of course_ not _25 weétl-suint ed to delllivear of 1g\edi canents to persons
who m ght ﬁavgpﬁ?ﬁﬁ'ﬁjl of = Sgﬁgf'ﬁ?i%gc% S I'Ciént flow of air
through the device to propeferospial areheseful imedi widenvarietyirfas ast hnma
sufferers. The devphggBication¥.e &bgOeR@hpbel 8l fLbrédehi yesyrbrdralerial s

in 30 applicati Oggegtt_ hzeers;)tir:]c'aart]:o%dgg &\rgﬂés dv(r:":i!tihv,eroX" deliver drugs by
means of, aerosol sprays of finely divided particles

10 of liquid and/or solid, e.g., powder, medicaments,
etc., which are inhaled into a patient‘s lungs.
Aerosols are also used for purposes such as providing
desired scents to rooms, applying scents on the skin,
and delivering paint and lubricant.

15 Various techniques are known for generating
aerosols. For example, U.S$. Patent Nos. 4,811,731 and
4,627,432 both disclose devices for administering
medicaments to patients in which a capsule is piexrced
by a pin to release a medicament in powder form. A

20 user then inhales the released medicament through an

. opening in the device. While such devices may be
acceptable for use in delivering medicaments in powderx
form, they are not suited to delivering medicaments in
ligquid form. The devices are also, of course, not

25 well-suited to delivery of medicaments to persons who
might have difficulty in generating a sufficient flow
of air through the device to properly inhale the
medicaments, such as asthma sufferers. The devices
are also not suited for delivery of materials in

30 applications other than medicament delivery.

Another well-known technique for generating
an aerosol involves the use of a manually operated



Anot her wel | - known techni que for generating an aerosol involves the
use of a manually operated WO 97/ 42993

PCT/ US97/ 08194 2 punp whi ch draws
liquid froma reservoir and forces it through a small nozzle opening to
forma fine goftaee A di sadvantage of such aerosol genepatgtsmesdl | east

I n medi canent é%llvery applications, is the difficulty o 5 properly
synchroni zi ng inhalation with punping. - One of the nore
popul ar techni ques for generating an aerosol including liquid or powder
particles involves the use of a conpressed propellant, of ten cont ai ni ng
a chloro-fluoro-carbon (CFC) or 10 nethylghloroform to entrain a
material, usually by the Venturi princtple. For exanple, inhalers

contai ni ng conpr ga®edwhki OR el smmla @%aﬁoméée&%u an@X¥g8Bed Oft
entraining a ned%ﬁanent are ten rat ed sing a button to

ol case a short EREPRERGR SYALY TR PRECLS R I Th TIPROBFBhel | ant
entrains t ha didaduarragefi i apebbahtgénanatoreer ab least rigservoir

of the nedlcanenheagcgg@ﬁtt&gaivéyyﬂ b%gﬁcaegons, id Me"R ?Eggggf%%qu be

I nhal ed by the user. Since t | carent 1's propel
propel | ant, séchprQEeE}Bp%ﬂ‘%hﬁmﬂe?s‘éﬁ APPafReHRM It @WRARIs Ui ted for
t hose who n1ght have dlfflmmétqfluﬂtahmng popular technlquebnfor

bropel | ant - basedgBhEARNEHE e adiMiiClincluding IRHABRNpolBly 0! e

properly deliver&d lent’s necessar for the
user to 25 tlnepﬁﬁélﬁéﬁ?e%%YQﬁVﬁﬁ 9%@ &éﬁuafo? %RRH?%E?eé BEPPG%lant with
i nhal ati on. Mor eofeen stntaiiirngerdhlicsotEldot®-carborbdCpadrby suited for
delivery of nmgtepl, {'ngllzﬂ LE6ESm, to %I‘ﬁ%%hk' S%Paﬂéﬂciugﬂsﬂhﬂ?g'éﬁ”t based
aer osol genera ave W de a caflon tor usés suc

the Venturi pr1n01p1e For example, inhalers

containing compressed propellants such as compressed
oxygen for entraining a medicament are often operated
by depressing a button to release a short charge of

15 the compressed propellant. The propellant entrains
the medicament as the propellant flows over a
reservoir of the medicament so that the propellant and
the medicament can be inhaled by the user. Since the
medicament is propelled by the propellant, such

20 propellant-based arrangements are well-suited for
those who might have difficulty inhaling.

In propellant-based arrangements, however, a
medicament may not be properly delivered to the
patient’s lungs when it is necessary for the user to

25 time the depression of an actuator such as a button
with inhalation. Moreover, such arrangements tend to
be poorly suited for delivery of materials in large
quantities. Although propellant-based aerosol
generators have wide application for uses such as

30 antiperspirant and deodorant sprays and spray paint,
their use is often limited because of the well-known
adverse environmental effects of CFC’'s and
methylchloroform, which are among the most popular
propellants used in aerosol generators of this type.



30 antiperspirant and deodorant sprays and spray paint, their use is

often limted because of the well-known adverse environnental effects
of CFC s and met hyl chl orof orm whi ch are anong the nost popul ar
propellants used in aerosol generators of this type. WO 97/ 42993
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drug delivery applications, it is typically desirable to provide an
aer osol havi ng average mass nedi an particle dianeters of less than 2
mcrons to facilitate deep |lung penetration. Most 5 known aer osol
generators are incapable of generating aerosol s havi ng average nass
nmedi an particle dianeters less than 2 t@ 4 mcrons. It is also
desirable, in certain drug delivery applications, to deliver

medi canments at hi gh fl ow r atiess draggdel ibeme appliGakibhsgriimizer second.
Most “known aer osol S uj r3e0040 LNEr e i ncapabl e
GBI g 81 E) Il Gty

of delivering ow_ rates 0O mcron size

range. average FRESr BeALEn PRRt e Aispeters eholspsddap 215
i nvention, an aer ofidr@ehacaifacilicht€edesp tliig peviebgation. a Mdstst open

end. The aeroso at f Rt | r %ﬁgy' t he tube
to a tenperat ur% %g&;@uﬁ%o#%n?gégreg %% ir%éjqn'g}%ggggﬁiéfag [ qtﬁtgg‘ ormin
the tube such thatae¥rscks Havisg AHEERFRImassHMeddaguparbicky d1aMe$sER end

of the tube and m x&se Widdh @7toeat m@ttons. ItD ifs0alsandesirsislle, in

In accordance with ot.her . h . resent i pv. |on, a nethod
for generating an %%%ésloq dﬁ%p%%é%%%ﬁ%l%%%)&cafggg%di %18 @%ﬁt eezomet hod, a
material in 25 |inedicanants atshpghi tow oratasube-Havi abeed bpen end.

The material sypplhaeth igrddperiBecbfidheaidst tkhcdm aerosol generators
suited for drug delivery are incapable of delivering
such high flow rates in the 0.2 to 2.0 micron size
range.

In accordance with one aspect of the present

15 invention, an aerosol generator includes a tube having
a first open end. The aeroscl generator further ‘
includes means for heating the tube to a temperature
sufficient to volatize material in a liguid form in
the tube such that the volatized material expands out

20 of the open end of the tube and mixes with ambient air
to form an aerosol.

In accordance with another aspect of the
present invention, a method for generating an aerosol
is disclosed. According to the method, a material in

25 1ligquid form is supplied to a tube having an open end.
The material supplied to the tube is heated to a
temperature sufficient to volatize the supplied
material such that the volatized material expands out
of the open end of the tube, the volatized material

30 condensing upon mixing with ambient atmospheric air to
form an aerosol.

In accordance with yet another aspect of the
present invention, an aerosol is provided. The
aerosol is formed by supplying a material in liquid

35 form to a tube and heating the tube such that the



tenperature sufficient to volatize the supplied material such that the

vol ati zed materi al expands out of the open end of the tube, the
vol ati zed material 30 condensing upon m xing wth anbi ent atnospheric air
to form an aerosol. I n accordance with yet another

aspect of thggeyseepresent invention, an aerosol is provi degepEbfosios
aerosol is forned by supplying a material in liquid 35 formto a tube and

heati ng the tube such that the WO 97/ 42993
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vol ati zes and expands out of an open end of t he tube. The vol ati zed
mat eri al conbines with anbient air suqlh that vol atized nmateri al
condenses to formthe aerosol. 5 I n accordance with still

?_not her aSp_eclt Qfmaterila_uhgrqlra«tla_eab_w]geéuﬂa}ms %:cﬁ_taéfoﬁmoﬂ:&l lfklrrm/ictda‘zed.h A
Irst material 1s_,su | e Laul d, to.a kir . e and the
"G« e VAR Tdchalar, EBhmines S

first tube is heaf'lé%. . . vol I zes and
expands out of anampigntemiromuchothae vokatizqsh@matariatopendensas 40 s

supplied in e thd (eBdes®1a second tube and the second tube is
heat ed such that the secon nmat e(r)ir ‘me\:/ol a.tizeZ:. d thefX an%lq?d%% of an
open end of th& second tube: i %o"(h‘t*?f& i PEP Bﬁ’a TR terial
are conbined 15 thggtimseny timvenbient an rasstaselt hat proeidedat ized
first f_nd lsecotng E?i@é 'trﬁelt%zfi%ﬁmigljéﬁfspf‘ﬂg? Sﬁ‘?@.’l‘éjuti)d_ £oPR 85 Sirst
respectively, e firs 3&}5 cond aer oso el ng Xe o_formthe
ner 050! | s 29 hey AT oFUPR e ylRATAGs SUgh that the Firgt]
features and advamabgekalbfvdllasigeesand expands out of an open end of
10 the first tube. A second material is supplied in
liquid form to a second tube and the second tube is
heated such that the second material volatizes and
expands out of an open end of the second tube. The
volatized first and second material are combined
15 together with ambient air such that the volatized
first and second materials form first and second
aerosols, respectively, the first and second aerosols
being mixed to form the aerosol.

Brief Description of the Drawingsg

20 The features and advantages of the present
invention are well understoocd by reading the following
detailed description in conjunction with the drawings
in which like numerals indicate similar elements and
in which:

25 FIG. 1 is a schematic view of an aerosol
generator according to a first embodiment of the
present invention;

FIGS. 2A and 2B are schematic views of a
portion of an aerosol generator including heaters

30 according to embodiments of the present invention;

FIG. 3 is a schematic view of an aerosol
generator according to a second embodiment of the
present invention; and



I nvention are well understood by reading the follow ng detail ed
description in conjunction wth the draw ngs in which |ike nuneral s

i ndicate simlar elenments and in which: 25 FIG 1lis a
schematic view of an aerosol generator according to a first enbodi nent
of the P ed2993nvent i on; FI GS. 2A and 2RCHUsI78gIB€NAL i C
views of a portion of an aerosol generator including heaters 30
according to enbodi nents of the present invention; FIG 3
is a schematic view of an aerosol gener at or accordlng to a second
enbodi nent of the present invention; and WO 97/ 42993

PCT/ US97/ 08194 5 5 FIG 4
is a schematic view of an aerosol generator according to a third
enbodi nent of the pr eseRIGi /e iaoschendtic view of an aeFb&15 is a

graph of the effectsafupasCiceoaPlied Ll FiceARARdBRoLALO" On Che

mass nedi an Pe”di anet er an aer osol generated thereby,
according to the pP€§éﬁFtlh0¥Fﬁﬁkﬁﬂ and Det ai | ed Descri ption
An aerosol generator 21 accoprmrmﬁtﬂSia'bmaph of Ctletufficrest ofif pbher pr esent

I nvention is chﬁ h@ﬁg ym gnggﬂh PQnE§;€£§q£§ g%g% &ﬁdggg aer osol

gener at or a en en eat er
27 i's positioned a@F&@éﬁ@etél%mquﬁﬂﬂf éanFFPEﬁﬂcﬂeQQﬁ?ted theggly 23, but

preferably in a wanctbatiingovs dtlse drebeniicaheanzisie. around the tube that
maxi m zes heat transfer evenly throughout the heated zone. The

heater 27 is connected to a power supply 29,
Detailed Description

An aerosol generator 21 according to a first

10 embodiment of the present invention is schematically
shown with reference to FIG. 1. The aerosol generator
21 includes a tube 23 having an open end 25. A heater
27 is positioned adjacent to at least a portion of the
tube 23, but preferably in a way that provides a

15 heated zone around the tube that maximizes heat
transfer evenly throughout the heated zone. The
heater 27 is connected to a power supply 29,
preferably a D.C. power supply such as a battery.

" In operation, a material (not shown) in

20 liquid form is introduced to the tube 23. The heater
27 heats the portion of the tube 23 to a sufficient
temperature to volatize the liguid material. In the
case of an organic liquid material, the heater
preferably heats the liguid material just to the

25 boiling point of the liquid material, and preferably
maintains the surface temperature of the tube 23 below
400 °C, as most organic materials are not stable when
they are exposed to temperatures above that
temperature for periods of time. The volatized

30 material expands out of the open end 25 of the tube
23. The volatized material mixes with ambient air
outside of the tube and condenses to form particles,
thereby forming an aerosol.



preferably a D.C. power supply such as a battery. In
operation, a material (not shown) in 20 liquid formis introduced to the

tube 23. The heater 27 heats the portion of the tube 23 to a
sufficient tenperature to volatize the liquid material. In the

case of an owgARlseed i qui d material, the heater pr ef er glgmushbriidy t he
liquid material just to the 25 boiling point of the liquid nmaterial, and
pref erably mai ntai ns the surface tenperature of the tube 23 bel ow
400 [err]C, as nost organic materials are not stable when they are
exposed to tenperatures above that tenperature for periods of tine.
The vol atized 30 material expands out of the open end 25 of the tube

23. The volatized material mxes with anbient air out si de of the tube

and condenses to form partimgl @SpresentipghdferiredrenBodimést OSte
WO 97/ 42993 1 US97 0819

6 tlflﬁe £ prlgs(?ntcfylb}%%r?té% e%@dpﬁg#f‘ont'ﬁ ereo tube 23 is
a capillary tube Bavingpan iosidhedéaneter th;hﬁtﬁgeanol ASi ard R HPet er of

bet ween 0. 05 and r@lﬁ’ameter m fl baﬁtﬁ&lﬁmrﬂf&é&%&w1ﬁ§§é@rdﬁé§nét@§:' de

di anet er t.ub S approxi mate ter The t ube 23
is prefer abI y % p%ft %ﬂﬂb alﬁuggﬁrgﬁcf"ﬁ%&%é I]1 HH]/ imetegy FrPgn
al um num si |l i cat 2T ekmmnefierdlyhavportrion of aifwgedsesbiiamtcapidlary

non-reactive mat eééﬁln§1 APk Q18hinum s il RGAMiEeRaBE SthdirAld g cycl es
and generated

ressures an vi ng suitabl e heat copduct i
properties may aI%‘g‘“Efé El}‘??&anltflag i PO acffe‘é’@s%nag Ot?n"r?sﬁfe wal |
of the tube 23 nawithegamiingedepethed heatimpatyiciesf andrgelnm'ratged he
tendency of ”Eberﬁfgséﬁ%ég'dﬂﬁ hav1T%08ﬁ{%hﬂfﬂlhé§k E@ﬁdPHP?o whi ch may

result in clogging ose at a second end
31 propertles may also be used If de51red Oor necessary,

an inside wall of the tube 23 may be provided with a
coating for reducing the tendency of material to stick
to the wall of the tube, which may result in clogging.

15 The tube 23 may be closed at a second end 31
and material in liquid form may be introduced into the
tube 23 through the open end 25 when it is desired to
form an aerosol. Thus, when the liquid material is
heated by the heater 27, the volatized material is

20 only able to expand by exiting the tube 23 through the
open end 25. However, it is preferred that the second
end 31 of the tube be connected to a source 33 (shown
by dotted lines in FIG. 1) of liguid material. The
liquid material in the portion of the tube 23

25 +volatized by the heater 27 is prevented from expanding
in the direction of the second end 31 of the tube, and
is forced out of the open end 25 of the tube, as a
result of back pressure of liquid from the source 33
of liquid wmaterial. The back pressure of the liquid

30 is preferably between about 20 to 30 psi.

The heater 27 is preferably an electrical
registance heater. According to a preferred
embodiment, the heater 27 is a heater wire having an
outgide diameter of 0.008 inches, a resistance of 13.1

35 ohms per foot, and a specific heat of 0.110 BTU/ 1lb



and material in liquid formmy be introduced into the tube 23 through

the open end 25 when it is desired to forman aerosol. Thus, when the
liquid material is heated by the heater 27, the volatized material is
20 only able to expand by exiting the tube 23 through t he open end 25.
However, it | v ordevsr ed that the second end 31 of the polressinsi94
connected to a source 33 (shown by dotted lines in FIG 1) of liquid
material. The liquid material in the portion of the tube 23 25

vol ati zed by the heater 27 is prevented from expandi ng in the
direction of the second end 31 of the tube, and Is forced out of the
open end 25 of the tube, as a result ofgback pressure of liquid from
t he source 33 of liquid material. The back pressure of the liquid 30

is preferably between abhatcafipésitidmsif. the heater wire iBh@lhaatero/ is
preferably an el ecbahCahronun! SR 167 Ao, SR hebfed BELCrTed

enmbodi nent, the heater I de di ane
of 0.008 inches, aiSeavaiinkle ofrom. KPntilﬁloﬁ'Hﬁnﬁ‘é? ?WUCténdBétQﬁ%m fic
heat of 0.110 BTU grh WD 97/ 42993

PCT/ US97/ 08194 Accordw 0 an another pref;eﬁ; ghemﬁ:%rd'ﬂngnt The

corrp05|t|on of tsne heater wite 1S romum and 5. 3%
al um num Such a h&aeeheater 27A and %lSPQUPelﬂrﬁﬁf’Kar%AhéPdFaﬁhace

Products, Bethel, regpeetiveby, includes aAeﬁQﬁdpngti:mnarletyléer szefﬁﬁdEd

enbodi nent eater own i,n
respectively, incl gg@s ar?ﬁPﬁcgsrv{hiyrfur’H%ﬂ 5@7&52?‘5?0%%‘1 on %§7B°uts"de
respectively, whiclkfie deppedtceramic merddieirpetube 2hfsegxviiagped seranic

capillary tube 133 SRb%kRdtas aIn s %bethénamﬁim\mp@ﬂechbe al um num
silicate ceran c tubeuglgt i ncl uge .a ceranic

abpv
such as titania, ziFE8MtS Fel‘gt dhove'|thd"EulE ‘may’include a
ceramic such as titania, zirconia, or yttria-

stabilized zirconia which does not experience
oxidation at normal operating temperatures after

15 repeated cyclings. Preferably the ceramic is alumina
having an approximately 99% purity, and more
preferably a 99.6% purity, available from the Accumet
Engineering Corporation of Hudson, MA.

The tube and the heater layer preferably

20 have a roughly matching coefficient of thermal
expansion to minimize thermally induced delamination.
The ceramic has a determined roughness to affect the
electrical resistance and to achieve adhesion of the
deposited platinum layer. The platinum layer does not

25 experience oxidation degradation or other corrosion
during projected life cycles.

The thin film heater layer is deposited on

the ceramic tube 23. The heater layer is preferably a
thin platinum film having a thickness of, e.g., less

30 than approximately 2 um. The heater layer is
deposited onto the tube by any suitable method such as
DC magnetron sputter deposition, e.g., using an HRC
magnetron sputter deposition unit, in argon at 8.0 x
10 Torr. Alternatively, other conventional

35 techniques such as vacuum evaporation, chemical



stabilized zirconia which does not experience oxi dation at normal
operating tenperatures after 15 repeated cyclings. Preferably the ceramc
is alum na having an approximately 99% purity, and nore

preferably a 99.6% purity, avail abI e fromthe Accunet Engi neeri ng

Cor por ati on @fodiussmen, MA. The tube and the grqnisofoshayer
preferably 20 have a roughly matching coefficient of thernal

expansion to mnimze thermally induced del am nati on. The ceranm c has
a determ ned roughness to affect the el ectrical resistance and to
achi eve adhesi on of the deposited platinumlayer. The platinumlayer
does not 25 experience oxidation degradatign or other corrosion

during projected Ilfe cycl es. The thin filmheater |ayer is

deposited on - gbpesfeiad) Ceiéttte:o%;iadhg h&ﬁ&%hénﬁ)&fl wapBteferably a

thin platinun1f|I ayl I ckn f n . a rOX|nater
2 [err]m The hea ?é@g‘?“l%’e emp c?é(ﬁg F?eﬁgg}ﬁf t%}ehgxe[agsg g? Yehy*3ui tabl e
met hod such as theEEuhagnetron sputter dep03|t|on e.g., u5|ng an HRC

magnetron sputter depositi OfhdiNhipfade abBAcBEGH &k Xhe cerdmiél fdbdOrr.
Al ternatively, other conventional 35 tec gues sych as vacuger

evapor ation, cRenflfptrate 1s Imgeriank 2593a° omplish a success
PCT/ US97/ 08194 depogition of the heater layer. Prdferably,dehestuben,

el ectropl ating, agg eeeﬂfgédw%r convenéeeﬂéité@&aﬁae% e@yed to apply

t he heater layer to e sur ace nmor phol ogy of

the ceramc tube TYBiabsiBRRH jAlUmips: Paft ap uaRldheds Fustage cesst ul
deposi ti on of therbaghressayestwed? eippraftijatéhye & el 35 mi2Boiachepped by a

gﬁp}/ggtei onal ¢ 3h8dckPLhfe tube sL¥tE8te! 2BPERLRIJUTiNRP2E,2R UNPOl i shed
surface roughness having an arithmetic average greater
than approximately one microinch and, more
specifically, between one and approximately 100
microinches, and most preferably between 12 and 22

15 microinches. If the substrate is polished to further
reduce surface roughness as in conventional ceramic
substrate preparation, i.e., to a surface roughness of
one microinch or less, an adequate deposition
interface will not be formed.

20 As seen in FIG. 2A, the heater layer 27A' is
coupled to the power supply by means of appropriate
contacts 27A'' for resistive heating of the heater
layer. As seen in FIG. 2B, the heater layer 27B' is
coupled to the power supply by conductive posts 27B'!

25 for resistive heating of the heater layer. The
contacts or posts preferably have a lower resistance
than the asgsociated heater layer to prevent or reduce
heating of these connections prior to heating of the
heater layer. BAs seen in FIG. 2A, the contacts 27A'’

30 may comprise a gold coated tungsten wire, such as a W-
wire wool, commercially available from the Teknit
Corporation of New Jersey, which is gold coated.
Alternatively, the contacts may comprise copper leads.
The contacts 27A'' contact the platinum heater layer

35 27A' on or in the heater layer top surface or at any



roughness between approximtely 8 and 35 m croinches. 10 The ceram c tube
substrate is then polished to a surface roughness having an arithnetic
average greater t han approxi mately one mcroinch and, nore
specifically, between one and approxi mately 100 m croi nches, and nost
preferably bewgsenebs and 22 15 m croinches. |If the substr atornsersm4 shed
to further -reduce surface roughness as in conventional ceramc
substrate preparation, i.e., to a surface roughness of one m croi nch
or | ess, an adequate deposition interface will not be fornmed. 20

As seen in FIG 2A, the heater layer 27A" is coupled to the power
supply by neans of appropriate contactsg 27A'" for resistive heating of
t he heater | ayer. As seen in FIG 2B, the heater layer 27B is

coupl ed to the powetherpgathiyncepdliohyvas pastsledBte e2éctoicaksi stive

heating of the heaEgﬁt&?}qu abiS eved. 'glgéa@c;rﬁ: AUt PIFRS gﬁ%%@bl y have a

| ower resistance he associ at heater | a er t event or reduce
heating of these cBRREEXIFHILYpOHREEECHER iMRyMe 288" of t’ﬁ%aRJe?t’inr
seen in FIG 2A theat:enﬂtmyter 2TA'', tBe heatexripiyiexe farghed koaireyd atnungsten

W re, such as a tlve"!fe%n:ﬁ?%'“' gggrﬁégéﬁ*éeﬁ:ﬁv%%g&g fromthe Teknit

Cor poration of Rlew Jerse ternatively, the

contacts may conerb%r%léﬁﬁY@eq eadhe reSlStﬁﬂ.fBQ;@f.t &besheaper baypmd7A'he

pl ati num heat er | ayeraffécte@ byoRhe mbiphdFodieaifeitheayabet 29, surface or at
any . WD 97/ 42993

PCT/ US97/ 08194 As seen in FIG. 2B, electgically eonoqctiye;on
so long as an adeqoemeact qaatsc27B'' maydpg auned dngthrpdved. theahayet-act s

27A" may be 10 aégsﬁbé?caldoym@eenagt:gﬂg&ﬁeﬁwm #8349 bef téhredld i nUM
heater |ayer 27A 1mQ§cQ§thrnec gglégitrm¥en§% % %ge assembly. The
contact posts are connected to the outside of the tube
23 prior to deposition of the heater layer 27B' and
are connected to the power supply by means of wires.
15 The contact posts may be comprised of any desired
material having good electrical conductance such as
copper or other copper alloys such as phosphur bronze
or Si bronze, and are preferably copper or any alloy
having at least approximately 80% copper. The posts
'20 27B'!', or a bonding layer, as discussed below, provide
a low electrical resistance connection for use with a
desired current. If copper or a copper alloy is not
employed for the posts, then preferably an
intermediate copper bonding layer (not shown) is
25 connected by any conventional technique to the end of
the post to permit bonding between the post and the
tube 23 without affecting the electrical path.
The connection of the ends of the posts
27B'' to the tube 23 is preferably achieved by
30 eutectic bonding wherein a surface of copper is
oxidized, the resulting copper oxide surface is
contacted with the ceramic substrate or tube, the
copper-copper oxide is heated to melt the copper oxide
but not the copper such that the melted copper oxide
35 flows into grain boundaries of the ceramic, and then



5 active area 28A'' for heating the tube 23 t her ebet ween. The

resi stance of the heater |ayer 27A Is affected by the norphol ogy of

t he tube 23. As seen in FIG 2B, electrically conductive
contact posts 27B may be used instead of the above- 10 described contact

ar r angenent WM be fornmed to i mprove the mechani Galrarbydaigt N of
the assenbly h 384 contact posts are connected to the outsi de of the

t-ube 23 prior to deposition of the heater |ayer 27B and are
connected to the power supply by neans of wires. 15 The contact posts may
be comprised of any desired mat eri al having good el ectri cal

conduct ance such as copper or other c gper al l oys such as phosphur
bronze or Si bronze, and are preferabl'y copper or any all oy

having at | east amé%ﬂﬁézeb‘kl%@y&@o?@&ﬁce&' fl?ao@@%bscoﬁﬁe§7& fiordf & bonding
| ayer, as di scussed bel

ci?fdor oy| de w el ectric %$|stance :
connection for usB-HPRg Ren 8 F@Bn%%'f’r%tcanl cﬁﬁgé?v BY &pper all oy
i's not enpl ogetedtnic thomdingt protées ysed dyalBryshnWellman nt er nedi at e

copper bondi ng | ay, Q n ed by any conventi onal
techni que to the eé?#&f@éuﬁ'h Wh;ghég{?%&ﬂ‘erﬁnﬁ% bondi ng bet ween t he post
f

and t he tBbe 23 wi t hodtexis t}ja'fwrélr@@ttreircé?yﬁﬁt%m' is
The connecti on of appriehdss athel kerpmséstube 22.7B'Thet heabertl&zﬁeﬁi% is

preferably achievg, ?Tﬁpi’:.sé}!ao NN bgé?gf.ggz.y@,ereggtgnalﬁ#t a%?%‘ It opper is

oxi di zed, the resu er OXI ace 1s t he
cerani c substrat et'élPet ean e P°5téo§)'b%r- APher cortasti LayrmutdP 't o nelt

the copper oxide which eledtiti dall@yCeppRéctsicihd hdlstsheonehd ethixger oxi de
35 flows into,0r 2l ePOUndal 6k 9% hhg:£Rs Uy, AR Beaersnea on VO
10 the portion of the heater layer 27B' which is not
covered by the contact layer 27D' as a result of
masking the heating area prior to applying the contact
layer. Mounds or thick regions 28B' are formed by the
15 contact layer 27D' around the posts 27B'' and rise
from the tube surface to function as contacts. 1In the
embodiments illustrated in FIGS. 2A and 2B, by
providing the mounds or graded regions of platinum in
the heater layer, such that it is thicker at the
20 contacts or posts than at the active portion, a
stepped resistance profile results which maximizes
resistance in the active portion of the heater layer.
The power supply 29 is sized to provide
sufficient power for the heating element 27 that heats
25 the portion of the tube 23. The power supply 29 is
preferably replaceable and rechargeable and may
include devices such as a capacitor or, more
- preferably, a battery. For portable applications, the
power supply is, in a presently irreferred embodiment,
30 a replaceable, rechargeable battery such as four
nickel cadmium battery cells connected in series with
a total, non-loaded voltage of approximately 4.8 to
5.6 volts. The characteristics required of the power
supply 29 are, however, selected in view of the
35 characteristics of other components of the aerosol



t he copper oxide is reduced back to copper to forma strong bond. This

connection can be achieved by a ~eutectic bonding process used by Brush
Vel | man Cor poration of Newbury Port, MNA 5 Next, the

pl ati num heater |ayer 27B is applied to the ceram c tube 23. The
heater |ayer woen@e3prises an initial [ayer 27C extendi ng prmusysipe

tube 23 and the posts 27B'' and a contact |ayer 27D whi ch

el ectrically connects the posts to the initial 10 |layer. The active
heating area 28B ' is defined on the portion of the heater |ayer 27B
whi ch is not covered by the contact |ayer 27D as a result of

maski ng the heating area prior to applying tjhe contact | ayer. Mbunds

or thick regions 28B" are fornmed by the 15 contact |ayer 27D around the
posts 27B' ' and ri g@neratotr 2D teertidid axdyf ahe ¢thafanterienias obfnthkets. In

the - enbodi nen ILLLustrat [ : a vigding the
nounds or graded rté'%l‘-“(t):r(?sk g?'plgtg? ré}:n%}:élrg?%upgfyt E%%E’aat%?belegygrogﬁgu% that it
is thicker at the opgrasatgueaessiydst dn FgACRAtING ant3sresRdr £F8R, a

st epped resi stance 19qafidl propplens gliiicdl HBXbpeZ&ted contiemioskapcetin the
active portion the_h yer e ply 29 is
sized to providg; ap%r?%?%?é?%ﬁifﬁ%Qgﬁ' oP“FhS'%é%F%%g Q?EF 8?387 t hat
heats 25 the port isyppdfieghbYt tie PeITRIPPINePPRIAHING 2F this level

preferably replacealy e1a8d t&Ctié ephintlapdwiRY requirdnitigdgogevi ces such
as a capacl tor or,

re, . referably.. . a battery. [For rtabl e
appl i cations, the Jgia%ﬁ&@\ﬁ? 55%%\(&{15?% ’gljyﬁog S%e%e’ﬁﬁey °fgﬁe erred
embodi ment, 30 a mdgligyabscpe¥ extronsealtl ethaspbeyic pieseureour
ni ckel cadm umat tjanyseehl $ngORRRE itk idereabl e§eNéidtor 23 @alObal .

non-| oaded vol tage of appr,oxiately. 4.8 5.6 volts. The
characteristics re&@@F@%ggfqPﬂgepﬁﬁéﬁCleAERYSUpply 29 are, however, selected

in view of the 35 characterTheiasregolotdepersbapodmay ¢eneratacansol
WO 97/ 42993 aerosol intermittently, e.g., onpégrﬂéﬁwog@lgé
discussed further below, continuously. When it is
15 desired to generate an intermittent aerosol, the
material in liquid form may be supplied to the portion
of the tube 23 proximate the heater 27 each time that
it is desired to generate the aerosol. Preferably,
the material in liquid Eorm flows from the source 33
20 of material to the portion .of the tube 23 proximate
the heater 27, such as by being pumped by a pump 35
{shown by dotted lines).
If desired, valves (not shown) wmay be
provided in line between the portion of the tube 23
25 proximate the heater 27 to interrupt flow.
Preferably, the material in liquid form is pumped by
the pump 35 in metered amounts sufficient to fill the
portion of the tube 23 proximate the heater 27 so that
substantially only the material in that portion of the
30 tube will be volatized to form the aerosol, the
remaining material in the line between the source 33
of material and the portion of the tube 23 preventing
expansion of the volatized material in the direction
of the second end 31 of the tube.



11 generator 21, particularly the characteristics of the heat er
27. One power supply that has been found to operate successfully in
generating an aerosol from | i quid propyl ene glycol is operated
continuously at 5 approximately 2.5 Volts and 0.8 Anps. The power

suppl i ed by y@enpmaer supply operating at this |evel .é'l‘lﬁ%ﬁﬁﬁlﬁlo t he
m ni mal power requirenents for vol ati zi ng propyl ene glycol at a rate

of 1.5 mlligranms per second at atnospheric pressure, 10 illustrating
that the aerosol generator 23 nay be operated quite efficiently.

The aerosol generator 23 may generate an aerosol intermttently, e.g.,
on demand, or, as di scussed further bﬂow, continuously. Wen it is

15 desired to generate an intermttent aer¢sol, the material in liquid

formmay be supplied to thgnagr§£00s desir¥a e genbeaks £k xdBA the
heater 27 each tine that it is_desired ta?;i enerate the aerosol.
Iﬁ}% I

Preferably, MerRitEenitY; foFi dENS ¥ FReeFR"%ource 33 20
of material to theemmyrdaticon 26f ishprefieeal?ldyy prroviidetiewith atheffreat er 27,
such as by being 3 y d JJungs).

| f desired, valves (not dsoxr%c?\%ﬁgygg; gsehown g%%%ggdl?ﬁé%fhe&%men t he
portion of theSt RreiEyably SpEWmE BREL (Pl HhaQUEhPiece o3P n{FRoWmHIY | ow.
Preferably, the ridtyddllines)i ibfosed pracimateethbyopen eddepwip 35 in

nmet ered anount s 1G] tosLil he, - ort.L.an,pf

proxi mate the heg‘lfgeér %eers"g%hg%ggc{n}%%%ﬁ :fr% %I%%%I ?/}’%]ﬁ‘:éﬁ%lmee@r%%arl

that portion of the ss¢hath@akpriabeinoliguitfedors ier avpphietktesdhe t he
remai ni ng mat eri atubed) IN@and BRebpbveefal hits S@Late2z2d by théfhd@ear.i al and

LD PO on o Hfpd MRS LRUSVER' ey 37 S ATRERRELy P gl Arie
that is sensitive to pressure drops occurring in the
mouthpiece 39 when a user draws on the mouthpiece.

The aerosol generator 23 is preferabiy provided with
circuitry such that, when a user draws on the

15 mouthpiece 39, the pump 35 supplies material in liguid
form to the tube 25 and the heater 27 is heated by the
power supply and the pump 35.

A puff-actuated sensor 37 suitable for use

in the aerosocl generator may be in the form of a Model

20 163PC01D35 silicon sensor, manufactured by the
MicroSwitch division of Honeywell, Inc., Freeport,
Illinois, or an SLP004D 0-4" H,0 Basic Sensor Element,
manufactured by SenSym, Inc., Milpitas, California.
Other known flow-sensing devices, such as those using

25 hot-wire anemometry principles, are also believed to
be suited for use with the aerosol generator.

The mouthpiece 39 is disposed proximate the
open end 25 of the tube 23 and facilitates complete
mixing of the volatized material with cooler ambient

30 air such that the volatized material condenses to form
particles. PFor drug delivery applications, the
wmouthpiece 39 is preferably designed to permit passage
of at least approximately 60 liters of air per minute
without substantial resistance, such a flow rate being

35 the normal tidal flow for inhalation. Of course, the
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12 When it is desired to generate an aerosol
intermttently for drug inhal ation, the aerosol generator 23 is
preferably provided with a puff- actuated sensor 37 (shown by dotted
|l i nes), whi chwodyagmoseferably forns part of a nout hpi ece 39 (EiTmSH743394
dotted lines) disposed proximate the open end 25 of the tube 23, for
actuating the punp 35 and the heater © 27 so that material in liquid
formis supplied to the tube 23 and the material is volatized by the
heater. 10 The puff-actuated sensor 37 is preferably of the type t hat
IS sensitive to pressure drops occurring inighe nout hpi ece 39 when a
user draws on the nout hpi ece. The aerosol generator 23 is preferably
provi ded with monthpddaey 39uchft proyidédn meyuder desigrednte lpassls

mout hpi ece 39, tNenBHIT,39 P RLireS aBBLARIRY dgfbd el dntengedOrm Lo the

tube 25 and the heater, 27 |s heatéd % gpgﬂg and the punp
35. | appLifatinn ¢4t £hesd §B?°%799§tﬁ aT‘ in the
aer osol generator faytdms, rsudhe aboromsbmer I\ﬁnckﬂereiﬁeslGBRQ&éB&ndd i con

sensor, manuf acFrlrl:ﬁ%%),Tt%pigkee forsﬁ%éﬁgs%éi&hﬁgh\ﬂ Sis a?ér"g peywel |, Inc.,

Fr eeport aS| C ensor EI enent ,
manuf act ured by SeARp¥eximatelwvl dpchsinianses énd betweemel - X 2

fl owsensi ng devi ceAchésicih AengthsewtiShnghe deémtendl re efetheeiube 23
principles, are al ggnp&[,ééava?g agloenfi Ofb&ég'b‘; %r use with the aerosol
€ nouth

gener at or. E ece sposed proxi mate the
open end 25 of the tube 23 &id arXePEP; tﬁ?’é%r%"eﬁﬁ)llétleaccc‘rdhﬁl&ﬂﬁg ®f the

vol ati zed mat etbal s@tdid ClRYimenli 6Bt théOpﬁéée:ﬁ:Uthbhﬁioﬁ hes Védert | zed
mat eri al condenses t%flgé{g enice p% %&gl es. 'lg{% %rtéq dgl | vgré/ @é’plf ct%t [ ons
efer apl

t he nout hpi ect esi gne 0 per mt
| east appr oxi mat el §eBOSP} tgﬁrr?-r@ﬂ:oéil ﬂ-zbeﬁrﬁn sithstantialyyt abﬁtﬂimﬂ)ﬁsant i aI

resistance, such arhé O¥éripdrieritel B8 tB8 AELos¥I Gnelratal £ Oyhdw in
' nhal ation. O Cougfg {r“%he aerosol generator 121 shown in FIG. 3
15 including a presently preferred liquid wmaterial supply

assembly 135. The aerosol generator 121 includes a
tube 123 having an open end 125, a heater 127 attached
to a portion of the tube 123 proximate the open end,
and a power supply 129 for supplying power to the

20 heater. .

A second end 131 of the tube 123 extends to
a reservoir or source 133 of liquid material, such as
a cylinder of a syringe, and the liquid material is
delivered to the tube through the second end 131

25 thereof by means of a pump 135, such as a piston of
the syringe. A mouthpiece 139 and puff-actuated
sensor 137 (both shown by dotted lines) may be
provided as well, in substantially the same manner as
discussed above with regard to the aerosol generator

30 23. '

The illustrated syringe pump 141, including
the cylinder 133 and piston 135, facilitates delivery
of liguid material to the tube 123 at a desired flow
rate. The syringe pump 141 is preferably provided

35 with an assembly 143 for automatically moving the
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13 nmout hpi ece 39, if provided, may be designed to pass nore or

| ess air, depending upon the intended application of the aerosol
generator and ot her factors, such as consuner preferences. A preferred

5 nout hpi ec hand hel d asthma inhaler is approx'éﬁ{, inch in
di anet er angv%ghz\%gn 1.5 and 2 i nches in length, wt h*t eﬁg%tg# end 25

of the tube 23 centered at an end of the nout hpiece. An
aerosol generator 121 according to a 10 second enbodi nent of the present

I nvention is seen with reference to FIG 3. The basic conponents of

t he aerosol generator 121 are substarit4i ally the sane as t he
conponents of the aerosol generator 21 shdwn in FIG 1, the aerosol

generator 121 shgwgebf 365 redackve 20! HHENGyPiiAS ARGl Y BHEf g5s&fb1y qui d
mat eri al supply a;geg%l%l%. .The aerosol generator 121 1 ncludes a
tube 123 havi ng &h30BE PEXPILE, LRFTEHENLAL K, SERLEINUORY 5 nortjon of

the tube 123 proadwaheemért apewichdrawal ofinthe mieten 318ppEyortd 2hd or
SupplYI g POVl £1iRGer 25 \°UePluesired. = If desirdd, 8E0BG.ER0 1t OF the
0 a 3 of Tiqui

tube 123 extends t reservolr or source 1 material, such
as a cyl PndBiebPR a3y Mg e ltexgathyely dof dantedivacompressiblay j ver ed
to the tube through the serionchemethbly]l1425ptéfsaElbynetadesod vodunp 135,
such as a piston r A ' uf f -actuat ed
sensor 137 (bothlg%bmﬁtb%/é% fsyeéqr}?%gg) ofqrg?ﬁ%%ke&e.ej’%rggglg é as well, in
substanti al | y t hEhsaagedanifelgrably, gheched sy athrchedegtireng o t he

aerFSO! gener at Oﬁnd39?_23-shaft 147 of a re?@fsikbiéflsﬂdti%&edflsyri nlg_e punp 141,
Icn?cl :Jg:ung matlgr |t ggef%r%ﬁg’?[%%ge%f%?{qég i‘ggggflﬁé%c}f %g':ﬁtl to%teg‘%‘é?‘gr.ll 3 (raysyri nge
punp 141 is pref éhabMoter cvavras the wodhtanrabakersdxialldy ropckwissmtical ly
noving the or counterclockwise, as desired. The rod 145 is
preferably attached to the shaft 147 by means of a
coupling 151 that permits axial movement of the rod
15 relative to the shaft, but not rotational movement of
the rod relative to the shaft.
An end of the rod 145 is attached to the
piston 135. The rod 145 is preferably attached to the
piston 135 by means of a bearing assembly 153 such
20 that rotation of the rod does not cause rotation of
the piston, however, if desired, the rod may be
rigidly attached to the piston. The externally
threaded portion of the rod 145 extends through an
internally threaded opening 155 in a member 157, which
25 may simply be a nut, which is fixed in position
relative to the motor 149 and the cylinder 133, both
of which are preferably also fixed in position.
Preferably, when the motor 149 is operated,
the shaft 147 turns the rod 145 and the rod turns
30 axially in the opening 155 relative to the fixed
member 157. As the rod 145 turns axially in the
opening 155, the end of the rod attached to the piston
135 is advanced or withdrawn from the cylinder 133,
depending upon the thread of the rod and the opening
35 and the direction in which the rod is turned. The
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14 piston 135 relative to the cylinder 133. The assenbly 143
preferably permits increnmental or continuous advancenent or w thdrawal
of the piston 135 fromthe cylinder 133, as desired. |If desired, of
course, the wbops®dN 135 nmay alternatively be manual | y corprmeossmbise.

The assenbly 143 preferably includes a rod 145, at |l east a portion of
which is externally t hreaded. Preferably, the rod 145 is attached at
one end to a shaft 147 of a reversible notor 149, 10 preferably an
el ectric notor, such that operation of the notor causes the rod to
rotate axially clockw se or countercl ogkw se, as desired. The rod 145
S preferably attached to the shaft 147 by neans of a coupl i ng
151 that permts a:dzqﬂlmigveamnpenﬂntmetnead—odlmset@tmoxe taxitahayshaft, but

not Totational f tgﬁaa -2l a

An end of the rod %ﬁg |g%af?a% ¥ féx&47e bb§§0£g Eéﬁ%S%m%ub)roﬁ 145 is

preferably attach®¥eferakdy Pr°" %‘%dirP E!@uﬁ'? ahsthy rpdhd4si 4§ BSSenbl y
153 such 20 that micateat le&aeeéwébyrmtdi@ﬁs onet of atise dylizideen1e8. It the

[ , h . «ariaidl h
Dl Ston. The oxtir Aty be' SBophPEatd IR, 3 1igpaaiatilly ARrBERREL° 110 o
an i nternal | ysqth @édébeoébﬂvﬁgielwhmdasﬁm B8R 148 s weblmy

sinply be a nut, Vyﬁlq-_fédl sof gﬁgﬂlym |c1 ia®Na ratel@fative to the notor 149
and the cyIinder

are refer a xed in .
posi ti on. illgraﬁ(@?‘é‘o %Iglr % i Fhe ﬁn’f‘o?gelél ainéisgb‘g at ed,
the shaft 147 tur ®rovidedog suffiberentily rp@uremrlhshem:amal He in t he

op_en: lng _155t L el @t ipvidelleahi aceﬁt;sol m méfaegzﬁﬁézn%&%w@rbgd{:ééfﬁe ug nst
axi a in the e, en e rod a o the piston.
135 isyadvanced orrﬂﬁetpﬁgrg ??W?Wes%ﬁﬂrﬁ §&, 9feAter, W whieh’1 |

understood to be a much greater rate of delivery of
particles in sizes between 0.2 and 2 microns mass
median particle diameter than is available with

15 conventional aerosol drug delivery systems.

It will often be desirable to minimize
contact of the liquid in the cylinder 133 with oxygen,
such as to avoid contamination or decomposition. To
this end, the aerosol generator 121 is preferably

20 provided with an arrangement for conveniently
refilling the cylinder 133 of the syringe pump 141,
such as a line 159% having a valve 161 that may be
opened as the piston 135 is withdrawn in the cylinder
to draw liquid from another source of supply. Another

25 valve 163 may be provided in the tube 123 to ensure
that liquid flowing into the aerosol generator is
charged into the cylinder and not inadvertently wasted
by flowing out of the open end 125 of the tube. If
desired, a three-way valve may be provided to

30 alternatively permit flow from the cylinder 133 to the
tube 123 and from the line 159 to the cylinder.

In addition, or in the alternative, the
cylinder 133 and piston 135 may be configured to be
easily replaced when emptied, such as by providing

35 appropriate fittings where the end of the cylinder



dependi ng upon the thread of the rod and the opening 35 and the direction

in which the rod is turned. The WO 97/ 42993
PCT/ US97/ 08194 15 coupling 151
permts the rod 145 to nove axially relative to the shaft 147. Sensors

(not shown) wH9742903 Preferably provided to ensure that th ,gg,-,;,g{;,,l s not
noved excessively into or out of the cylinder 133. It 5 wll

appreciated that a liquid supply arrangenent such as the
above-descri bed syringe punp 141 is well suited to supply liquid at a
rate of 1 mlligram second or greater, as needed, and that,

provided a sufficiently powerful heater 127fis 10 provided, an aerosol
may be continuously produced at a rate of 1 mlligram second or

greater, which ismeets thedsesbaddend 131 dfmMtGle gubat £23 radi® wieréekhgery of

partlcles in siz r o S ned ! i cle
di aneter than i selzb\é%‘l\zg’ﬁﬁ %tgﬁgﬂggz%gnt\%en% @gﬁ aeroso 3%@#‘?/’ery
syst ens. hermeticpdlyj ppabed api o dSsr at;ﬂeCYblmﬂ Mi38e can becont act

of the liquid 'nﬂzh:ﬂr:.@)éh' eef:eﬁisgca\nat h;é@afgﬁ.@ton andswihzﬁfezto gvehd
cont am nati on deconpositio osql generator 121

is preferably 2(?“p EgS“WFhm%}ﬁ g rpﬁFd:elr‘Fé‘r]f ?gr 3%%11 ity
refilling the cyla;p:d@cal;aenef sttle agyrhangk heddpinhalers andudie dske.l i ne 159

having a valve 161 that ”aTthaerosoiuﬁaﬂﬂ}a%%rth@lpﬁéﬁcﬁbﬂégiddﬁ syt hdr awn
in the cylinder to draw |iq from anot her source of sup Anot her

25 val ve 163 nny'QﬁPﬁ5%5$|&BdaFﬁ°?ﬂ% t PE3O¥ o CEREIRROUSLY QH?§P¥FPauid
flow ng into the tZer aetlborgensr ahdrties heatexchargsdchntleat Heigupld nder and

not Inadvertemlxna%&tl%q is coR¥ikbOitig bﬂgdt bs E&g&”uﬁﬂed 1§§5a9& the
tube. If desi.red e val ve rovi
al ternatively peﬁMQ:qqgﬁ%l?Foifﬁﬂg i§3° Btipwously
volatized. 1In add1t10n, or in the alternative, the
aeroscl generator may intermittently generate an
aerosol, such as by intermittently operating the motor

15 149 and the heater 127 such that a desired amount of
liquid material is supplied to the tube 123 over a
period of time and the heater is operated for a
sufficient length of time to wvolatize the supplied
liquid, the motor and the heater thereafter being

20 turxned off. Intermittent operation in drug delivery
applications is preferably achieved by actuation of
the motor 149 and the heater 127 by the puff-actuated
sensor 137 in combination with appropriate
interconnecting circuitry. Alternative actuating

25 devices, e.g., push buttons, may, of course, be used.

An aerosol generator 221 according to a
third embodiment of the present invention is seen with
reference to FIG. 4. The aeroscl generator 221
includes two or more. separatu aerosol generators,

30 which may be substantially the same as the aerosol
generatoxr described above, in combination. The
parallel aerosol generator arrangement facilitates
forming a combination aerosol formed by mixing
together two or more geparately generated aerosols.

35 The parallel aerosol generator arrangement is



tube 123 and fromthe [ine 159 to the cylindér. I n addi ti on,

or in the alternative, the cylinder 133 and piston 135 nay be
configured to be easily replaced when enptied, such as by providing

35 appropriate fittings where the end of the cylinder WO 97/ 42993
PCT/ US97/ 08194yo0 97/142993 16 NAEVUB91/48394s econd
end 131 of the tube 123 and where the rod 145 is attached to the

pi ston. A new, preferably hernmetically seal ed piston 135 and cyl i nder
133 can be provided to replace a used piston and cylinder. Such 5 an
arrangenment may be particularly desirable in applications such as hand
hel d inhalers and the Iike. 1He aerosol generator 121 may
conti nuously generate an aerosol, such as by continuously. operating

the notor 149 and paweriwai=e1lyl ddeful hwhéwd it dui desiPedute@ricdm ian
continuously Suppl Lefodd tdigiphiiend2Bud Kl more MABeEYRPL iidd @Y HotBl eri al

I s continuously n, In the alternative,
aerosol generat or B Yeklerdn tltlgﬁﬁﬁyfgélherate an aerosol, such as by
intermttently operating thEasht aeroddl lg&e%fato&hprbeef@m]i%csuﬂest hat a

desi red anount Ldt‘tﬂﬁe Jh3qwagldn§5§r| al $ Wel?rd Egcﬁhfu%l 2%‘,’]1?’ ng ﬁrof

period of tine eat er suf
time to vol ati ze toRer s 225" and P?ébld rqqﬂ?¢#§ﬁ61¥andHQ¢R?¢ﬁx%%§H

thereafter being .%Qd iw'necéz@fbreféﬂasxwﬁztcﬂmdeapebate@&hlmumadelIvery
applications is pr t he notor 149 and

Y, achi eve on, of
the heater 127 by ?ﬂ% f -ralCHREE lvgly'§%ﬂ%§?gf37ans%®%blnatlon with
appropriate | appk teatriats . ng tcinay ube rgonvEnientiaprvposgibles ity 25

devi ces, e.g.,1pus $Wﬁdénﬁisﬂﬂ§1e Abacodr &8y Haitﬁﬁ dpoth tubes The AN

aer osol generat or 221 accoLd 19,003 1y poddl 'spglRRY SEDI Jla 35 RTeent

respectively. If desired, a single power supply may
be used to power both heaters.
EBach tube 223' and 223'' is connected, at
15 its second end 231' and 231'', respectively, to
sources 233' and 233'', respectively, of first and
second liquid materials. The first and second liguid
materials are advanced into the tubes 223' and 223'‘
by pumps 235' and 235‘', respectively. The pumps 235°
20 and 235'' may pump the first and second liquids at the
same oxr different flow rates, as desired or necessary,
and may be driven by separate driving means or by a
common driving means, such as by the above-described
automatic moving assembly. When the first and second
25 liquid materials in the tubes 223' and 223'’' are |
volatized by the heaters 227' and 227'’, respectively,
and expand out of the open ends 225’ and 225'' of the
tubes, respectively, the volatized first and second
materials are mixed together in a mixing chamber, such
30 as a mouthpiece 239, and mix with ambient air so that
they condense and form an aerosol. A puff-actuated
sensor 237 may be used to actuate components such as
the one or more power supplies and one or more wmotors
for driving the pumps.



reference to FIG 4. The aerosol generator 221 I ncl udes two or nore
separate aerosol generators, 30 which may be substantially the sane as the

aer osol generator described above, in conbination. The par al | el
aerosol generator arrangenent facilitates form ng a conbi nation

aer osol f ori@oh42we3 Xi ng together two or nore separ apetnsodosies at ed
aerosols. 35 The parallel aerosol generator arrangenent is WO

97/ 42993 ' PCT/ US97/ 08194

17 particularly useful where it is desired to forman aer osol
conprising two or nore materials which do not mx well in liquid form
Each aerosol generator preferably includgg a 5 tube 223" and 223",
respectively, each tube having an open end 225" and 225",

respectively. Heaters 227Where 1gqu1d&2§ abﬁvémféﬁﬁnyMﬂsaﬁﬁyédeﬂtfOr each

t ube 223 223" 1vel a | n sone
applications, i ?H‘]’lgfa ‘?[88 %% %%I en leort)éposal Eﬂq t% 9-10 E')’rOO\?Fd@oﬁem ngl e
heater for heatﬂﬁgubdshlnu@@s.orﬂmpre tubkgavers mawifsdw@edodaby power

supp:ies 229' aﬁ%c&%@bg1?etweeﬁQ§Eﬁ%ﬁb§eb?gggéndeﬁiﬁed1o% %hEg|gCEOrBLe
supply may e yse ower, .bo u
223" and 223'° ilslqb‘&aﬁei‘{“gdg Bertipy QP% Be bR chrt ip h&ﬁaeésg
respectively, tdhe heateurcetheIiquind B33 be sepmlkictd rtogethet torst and
second |iquid nah@r tgbs_ %ﬁ;e ff%r&tth’é“io%%@ﬂdzﬁj AUl 233/ /MBperials are

advanced into the tubes ' and” 235

respectively. TIFEPAEREE DYEPS HiF 'y b 235 ' f yr%i%ct(’i’(@iﬁ"réf: ER® second

liquids at the same sandibferedt eflow rhtew,ras edesisedlesi nedessangressary,

and may be drd veRP¥nhaehah gm B@br%l ﬁnﬁgoée% rdte or cGRRERN driving
scr e t

means, such as by the a I C _noving assenbly. Wen
t he first and sd&&dyang means he heater 227' heats the tube 223' to

a temperature sufficient to volatize the mixed liquid
materials, the volatized mixed liquid materials
expanding out of the open end 225' of the tube and

15 condensing to form a combination aerosol. If desired,
the combination aerosol formed of the pre-mixed
liquids may be combined with other aerosols to form
still further combination aerosols,

The characteristics of the aerosol generated

20 by the aerosol generator according to the present
invention are generally functions of various
parameters of the aerosol generator and the liquid
material supplied to the aeroscl generator. For
aerosols intended for inhalation, for example, it is

25 desirable for the aerosol to be at approximately body
temperature when inhaled and for mass median particle
diameter of particles of the aerosol to be less than 2
microng, preferably between 0.2 and 2 microns, and
more preferably between 0.5 and 1 wmicron.

30 It has been observed that ligquid materials
such as propylene glycol and glycerol can be formed
into aerosols having mass median particle diameters
and temperatures in the preferred ranges. While not
wishing to be bound by theory, it is believed that the

35 extremely small mass median particle diameters of the



25 liquid materials in the tubes 223" and 223'' are vol ati zed by the

heaters 227" and 227'', respectively, and expand out of the open ends
225' and 225'"' of the tubes, respectively, the volatized first and
second materials are m xed together in a mxing chanber, such 30 as a
mout hpi ece 23{yo diMdesdl X Wi th anbient air so that t hey cporfesysesmnd
forman aerosol. A puff-actuated sensor 237 may be used to actuate
conponent s such as the one or nore power supplies and one or nore

not or s for driving the punps. WO 97/ 42993

PCT/ US97/ 08194 18 Wher e
| iquids are conveniently mscible, it 19y al so be desirable to
conbine, e.g., two or nore liquids in one or nore tubes or a manifold
in a Iocatl&é&-&&&lw@e:&o&diagree 2&3 ﬁyén&&nveneioﬁrwre 5 liquids and

a portlon of the_tube tha The I| uids may be
suppl i ed t oget he?SHEY ved ttt Illrgaﬁgbénz%yt aeil Fﬁ “gg e%hezﬁ ahd 233''" by
separate punps 23%0limgl 265 condengapion iafe|the aplahezed matgeydalor different

flowrates, as degi¢ eéhttrs RASCREAEYd ril amﬂdah'i%u@!dﬁ’@énr@f be driven by
separate or conmon V|ngﬁneans The heater 227' heats the tube 223

to a ten"f)er%?’{ﬁ"%etsqﬁ P ERE 2erRRphugeneTekeT FYER 27 (il
materi al s, the vihedrread dilamedeki qfii cherstube,alheat traezxPendi ng out of the

open end 225" of e diii Adds 4 eA0USHSL e b BuacOEpl dRtin acr osol

I f desired, nat1 on aeros orne re-m xed
liquids may be eRRiffed aRG kh8t Kakeat gdhich metegipl in 1’5‘%‘?*4 H¥™ her
conbi nati on aer os®lsupplied to the tubd here preadeneliysexpscidd tdee aer osol

generated 20, bya&@ﬁa%r%%nmg@a g%geuf&%{d%'a%st meabsn%ﬁasa le

i nvention are gene ctions vari o aneters of the aeroso
generator and tH@lqmqﬁﬁqj While testing on materlals other than

propylene glycol and glycerol to date has been
limited, it is anticipated that further testing on
other materials in liquid form, e.g., ligquid drugs and

15 powdered drugs dissolved or suspended in solution,
e.g., solutions of propylene glycol or glycerol,
including materials having physical characteristics
differing from those of propylene glycol and glycerol,
will yield results analogous to those of propylene

20 glycol. |

Certain components in solid, i.e., powdered,

form may be mixed with desired liquid component so
that the resulting solution is formed into an aerosol
in the manner described above. Where the solid

25 componént is of the type that remains suspended in the
particular ligquid material used, the solid component
is forced out of the open end of the tube with the
volatized material. The resulting aerosol consists of
particles resulting from the condensation of the

30 volatized material and the solid component particles.
Where certain types of solid component particles are,
in solution, larger than the particles resulting from
the condensation of the volatized material, the
resulting aerosol may include particles of the solid



material supplied to the aerosol generator. For aerosol s intended for
I nhal ation, for exanple, it is 25 desirable for the aerosol to be at

approxi mat el y body t enperature when inhaled and for mass nedi an
particle di aneter of particles of the aerosol to be |less than 2

m crons, bet ween 0 2 and 2 mcrons, and

bet ween O. 56‘&&??}#9% cron. I t has been obser W’ﬁa@ qU| d
materi al s such as propylene gl ycol and gl ycerol can be forned

i nto aerosol s having mass nedi an particle dianmeters and tenperatures
in the preferred ranges. Wile not wi shing to be bound by theory, it

Is believed that the 35 extrenely snall mass nedi an particle dianeters of
t he WO 97/ 42993 : 20

PCT/ US97/ 08194 0so] according
to the presentc?m%rh?‘?‘bn”éﬁ't are l&fﬁfﬁv‘é}aa%tt}feeé’ﬁr%lﬁlﬁﬁrFei Y@ 9%sult of
the rapid Eyohi tige aowhdemsddioat Pbntbé vdiabizest maseérmal eri al that

exits the heated tube. Mipdyloal i 82 9Ene§a@ﬁ5g§r&ﬁ %re%o%lt BEcEE R
generator such as the i nt.er nal |ams{(ier 0 e tub e eat transfer

char act eri sti cE°oFNE R FYEREAGRCUpLEiBS¥ &Te gdggcribefwith and the
rate at whi 6h maferemte ito |thguiagrbeoin generastai @2l athotn liheFIGlbe are

presently expegt ed‘“‘trgag%%‘1 aa]_f fﬁctllaggas%r&e{g) éﬁ%ﬁ I£|ialp_g Eﬁ%s g an

particle di anet er testing _on mater.i propyl ene
gl ycol and gl y2e? olhﬁ’bl%t‘?é‘%é’?eﬁ‘eéﬁd 225[§ niThey maitFrF@laﬁFPEHﬁﬁ ed t hat
further testingoothe tuls hzen'rr&@eheatsdmyluwlhéaft@sﬁmze'gto &iquid drugs

and 15 powder egdg #%ar?]: {%Qlﬁ‘f‘i‘l;% 5&:'8'“@ idd t%% %&Fﬁﬂme g,

solutions of pro yCo ycer i nc g naterials having
physi cal chfraBeerial c@-‘Ch thaitr £8ei Nglatbred MateTsrlpespsnRenectf ycol and
gl ycerol, of the open end 225' of the tube. The volatized

material condenses upon mixing with ambient
atmospheric air, preferably in a mouthpiece 239, to
form the aerosol.

15 Material may be intermittently supplied to
the tube 223’ and the supplied material may be
intermittently heated to a temperature sufficient to
volatize the material by intermittently operating the
heater 227' and the pump 235'. The puff-actuated

20 sensor 237 may be used to intermittently actuate the
heater 227' and the motor 245' for driving the pump
235' when a user draws on the mouthpiece 239. The
pump 235' and the heater 227’ may, however, be
manually actuated, e.g., by a push button arrangement

25 and appropriate circuitry. It will further be
appreciated that the pump 235’ and the heater 227' may
be automatically actuated. For example, the pump 235’
and the heater 227' wmay be actuated by a timer for
periodic introduction of a drug in aerosol form to a

30 patient on a respirator. The pump 235’ and the heater
227' may, further, be continuously operated to
continuously form an aerosocl.

If desired, a second material in liquid form
may be supplied from a source of the second material

35 233'' to a second tube 223'' having an open end 225'"'.



will yield results anal ogous to those of propylene 20 glycol.

Certain conponents in solid, i.e., powdered, formmay be m xed with
desired liquid conmponent so that the resulting solution is formed into
an aer osol in the manner described above. Were the solid 25 conponent
I's of the typwolstvgiees enai ns suspended in the particul ar lpcawssiosmier i al
used, the solid conponent Is forced out of the open end of the tube with
t he vol ati zed nmaterial. The resulting aerosol consists of particles
resulting fromthe condensation of the 30 volatized material and the solid
conponent particles. Where certain types of solid conponent particles
ar e, in solution, larger than the partiches resulting from t he
condensation of the volatized material, the resul ti ng aerosol nmay

i nclude particl es Dhetdéecanl inthterial sup#!léHVﬁﬁﬂﬁhe second tube 2237

PCT/ US97/ 08194 gﬂ&g&ﬂgﬂ hat are
| arger than the par?l c? esedr é?' % o5 aratefheateﬁ'e condensat o) re
vol ati zed material sufficient to VQAa#éFﬁth$cﬂuRF%%§@aFFﬁ@n@Hméﬁﬁﬁiﬂﬂ

accordi ng t 0 t Bachr s itHehwalkhicQ et bécwmedeamréhp@lna& tdut of

reference to th 0S fy ,2 I rial in
liquid formis gupﬁ?e%?g %é%%(ébe %} Egg?,se%ogl\#l:ﬁg Fhe g des%d;%' The
mat eri al supplied the QQFQl‘hfb makexria23suppl irdittay thy sReohdatele 222’ 't 0 a
tenperature suffi cihgptbé Chesdledt 'b?ethéesﬁid@ﬂﬁéaiﬂarl(izl‘fat ehhel héated drigat the

Vol atized | at of FAFE CORICAZ: upaRertal R e oAk BAEeTial AYbENRer | c
air, preferably invelavizedhisasong3gategial thayr expandaenbsef . ths open
Material may bgoi ntgas1 & aftd ¥ubePBkBedah@ the second tube 223'',
respectively, are mixed together with ambient air such
that the volatized material and the volatized second
material form first and second aerosols, respectively.
The first and second aerosols are mixed with each
15 other to form a combination aerosol including the
first and second aerosols. The mixing of the first
and second volatized materials with each other and
with air to form the first and second aerosols and the
combination aerosol preferably takes place in a mixing
20 chamber which, in the case of aerosol generators for
drug delivery, is preferably the mouthpiece 239.

In addition to or as an alternative to
mixing the first and second aerosols as described
above, if desired, a third material in liquid form may

25 be supplied from a third source 233''' of liquid
material to, e.g., the tube 223*' together with the
first material. The first material and the second
material supplied to the tube 223’ are heated by the
heater 227' to a temperature sufficient to volatize

30 the first material and the second material such that
the volatized first material and second material
expand out of the open end 225’ of the tube together.

Solid particles may be suspended in solution
in the material in liquid form supplied from the

35 source of material. When the material in liquid form



the tube 223" and the supplied material may be intermttently heated to

a tenperature sufficient to vol ati ze the material by intermttently
operating the heater 227' and the punp 235'. The puff-actuated 20
sensor 237 may be used to intermttently actuate the heater 227' and the

mot or 245" fyad ofliabesi Ng t he .punp 235' when a user draws gEpti&d9esBat hpi ece
239. The punp 235" and the heater 227' may, however, be manual | y

actuated, e.g., by a push button arrangenent 25 and appropriate circuitry.
It wll further be appreci ated that the punp 235 and the heater 227
may be automatically actuated. For exanple, the punp 235 and the
heater 227' may be actuated by a timer fory, periodic introduction of a
drug in aerosol formto a 30 patient on a respirator. The punp 235 and the

heat er 227" nmjeludinghehe bespéxmeimmaaypaﬁeiai@@l i® heatedoByi gauously

form an aerosol. n Li wdform
may be supplied fl}egter,sgﬂecgol#ét ond g?gaﬁ%zg E oog ¥econd
tube 223'"' havi ngergh ofpshechube2ss! the volatlzm @#m expands such

PCT/ US97/ 08194  that the aerosol lncludes condensed rticles BFethe&cond

mat eri al suppl ed to t.h o] eat ed by a separate
heater 227'° S a?ﬁﬁ Bhie' 55 fqa(ﬁtéﬁtletso v'sli‘%t?"?e“fhe suppl i ed
second nateri aI partmgls t whent slesparided Zed sodubhon nevay ke ofxpands out  of

5 the open end 22% 'eIOfavEBSgée&ﬁlﬁ’eﬂép%hanl Eaﬂ€§bié’£j1of the hReeseaond
mat eri al supplied, to theﬁie%ond tube 2 ed by the sane

heater 227' that eQSEos orm. flm%’fe‘{‘{ﬁ?e sbhe sgfll'ﬁ% Wtdtqlféd f"}"F§t
mat eri al and t he they feaimati part sef diite meiresicdl, maptbexpard langeof the open

10 ends of thet URR223 s39Retbe §ﬁ5ﬂ”ﬁ£fﬂﬂ@ieg2§ﬁethe matd& %ﬁethvely, are

m xed together with anhient air such hat t vol at1 zed material and
t he vol ati zed secﬁﬁ"ﬁ?s° form.

It will be appreciated that embodiments of
the aerosol generator accorxrding to the present
invention may be fairly large, such as a table-top

15 mounted item, but may also be miniaturized to be hand
held. The ability of the aerosol generator to be
miniaturized is, in large part, due to the highly
efficient heat transfer between the heater and the
tube which facilitates battery operation of the

20 aerosol generator with low power requirements.

For purposes of performing runs in
connection with our aerosol generator, a laboratory
unit was designed which contained the basic elements
of the generator, but which was modular in

25 construction so that the various components could be
exchanged after running. During most of the runs it
was possible to measure the surface temperature of the
heater and the power applied. Aerosol mass median
particle diameter was obtained using a cascade

30 impactor in accordance with the methods specified in
the Recommendations of the USP Advisory Panel on
Rerosols on the General Chapters on Aerosols (601) and
Uniformity of Dosage Units (905), Pharmacopeial Forum.
Vol. 20, No. 3, pp. 7477 et. seq. (May-June 1994) and



material formfirst and second aerosols, respectively.
second aerosols are mxed with each 15 other to form a conbi nati on aerosol
i ncl udi ng the first and second aerosols. The mxing of the first

with air to form
the first andwoewsess aer osol s and the conbi nati on aer oBOT/URA7A8MM abl vy
takes place in a mxing 20 chanber which, in the case of aerosol
generators for drug delivery, is preferably the nouthpiece 239.

In addition to or as an alternative to m xing the first and second
aerosol s as descri bed above, if desired, a third materi al
formmay 25 be supplied froma third sourcg3233 "' of |

and second vol ati zed materials with each ot her and

to, e.g., the tube 223" together with the first material.

The first and

i qui d

in liquid
mat eri al
The first

materi al and the smagsidwas meammiredi grasimetriamlily wlsecolbec2®® fxmme heat ed
by the heatertgﬁ7im§éhgg enperature sufficient to volatize 30 the
the volatized first
material and second naterialln the Exgmpies fihafy foddoypehbenpe2apl of the
tube together. generator inc3dlded pasétti®s ofnyfusedseipicalashpillentyut i on

e materi al of el d AOLsURalL g ) OB HRengPUaeEe L AT ol

first material and the second material such that

When the nmaterial rn

22 i ncl udi ng eapiklaneeddscpiumpar for|aas chrrmategraphys, heat er,
the solid particl egvaiBabd GabrPResObk! O6rgReition, Bellefchte, trhe as the

vol ati zed naterialg§§§33%§%%%§%gug% tgg%Pégg‘ﬁﬁﬁp%pb

particles of the particles.

: bﬁig

Lu&gs

e Soli

%anensed

particles, when suspesdesi ifpafol berbANINUiTHe mirked K-REy gevahlahlse
di aneter than partEgb@SkahtHdie 0drber, i Bbthel ) TBER@S Eorhoam . dieqvey , the

solid particles, when

cm long heating zone. The wire was wrapped in a

fashion that produced close, tight coils to insure

good heat transfer to the tube. The point of the

needle of a Model 750N 500 microliter syringe,

15 available from Hamilton Company, Reno, NV, was cut off

and smoothed to yield a blunt end. The blunt end was

connected to the capillary tube using common gas

chromatography capillary column hardware.

ceramic or guartz tube (1/4" ID), slotted for

Either a

20 electrical connections, was placed around the heated

zone for insulation.

The syringe body was loaded onto a Model 44

programmable syringe pump, available from Harvard
Apparatus, Inc., South Natick, MA. The end of the
25 capillary tubing was centered and supported inside a

mouthpiece that was machined for mating to the

induction port that connected to a MOUDI model 100
cascade impactor, available from MSP Corporation,

30

35

Minneapolis, MN, as per the Recommendations of the USP
‘Advisory Panel on Aerosols on the General Chapters on
Aerosols (601) and Uniformity of Dosage Units (90S),
Pharmacopeial Forum. Vol. 20, No. 3, pp. 7477 et. seq.
(May-June 1994).

Electrical connections were made to the
heater wire leads from a model TP3433A triple output



they forma part of the aerosol, may be of a |l arger 10 average di aneter
than particles of the material in aerosol form It will be
appreci ated that enbodi nents of t he aerosol generator according to the
pr esent invention may be fairly large, such as a table-top 15 nount ed
item but maygdrageeRe M niaturized to be hand hel d. The,g_q ﬁ{ t he
aerosol generator to be mniaturized is, in large part ue to t

hi ghly efficient heat transfer between the heater and the t ube which
facilitates battery operation of the 20 aerosol generator with | ow power
requirenents. For purposes of performing runs in

connection with our aerosol generator, a |agoratory unit was desi gned
whi ch contai ned the basic el enments of t'he generator, but which was
modul ar in 25 congjr 56%&9”sé@réé‘atméﬂi&a\é%hkeasbﬁoﬁ@ﬁ&e'ﬁe%;%?@' drke.,
exchanged after r nn| Dur i ng possibie to
measure the surfa Bﬁﬁ&' aur e alﬁ‘l—:"cr°mlﬂ‘é§’fﬁ¥ea?ﬁfn( Hémﬁ(‘i\?vBP appl i ed.

Aerosol nass nmedi &hermocpaple cvas dertdlye plagedobgaimed axel of aheascade 30
| hpactor in aCCOfgil Esrwgwlé higp SRt hﬁ%aﬁrpsibﬁgeéhé heated ¥one.

Reconmendati ons_ o dvi sory Pane Aergsol s on the Gener al
Chapt ers on Aer%sGPE‘PPGGE) cgperolled faldfd ptater sHHhfRe Usres upsdsyo
Phar macopei al For preciselyotim@Ochd\®etatt pifi. tﬁé?iyﬁingesemunp( WMiyhJthe 1994)

and WO 97/%%%%3to the heater wir ﬁ Power Tnd te _FratuggT/U897/08194
23 nmass was  neasur ed graw netrical as col ecte t he
i mpact or . measuremen ?h@@aﬁﬂﬂ%ﬂ@hawm FeREh afe 2a8e6988 by

generator included @owmpatepnueing usml THOH NOTEBOEOK | séfitware, tubamgabnare
gg;tgﬁf'ofr; 't 3(;19 the'Hjom”‘E.EBXLaES%?%é’éHrFoqogles,Cﬁ?i&i@éé’ar?“%d gghugns for
T2801 I/O board, available from Data Translation,
Inc., Marlboro, MA,
The cascade impactor was operated according
to the manufacturer’s specifications. All runs were

15 conducted with an impactor air flow rate of 30 liters
per minute and a total aerosol production of less than
100 mg. We found that a loading of 30 to 40 mg in the
impactor gave fairly consistent results and less
problems with plugging.

20 During the following runs, it was desired to
apply sufficient power to the heater to heat the fluid
in the capillary tube so that it reached its boiling
point and vaporized it before it exited the tube. It
was further desired to heat the vapor sufficiently to

25 prevent condensation at the exit of the capillary
tube. There are losses to the surrounding environment
which should be considered in the power equation, and
these losses are device dependent.

In practice, with the particular aerosol

30 generating device used during the following runs, the
device was operated several times to determine the
power required to hold the heater at a specific
temperature in order to determine the losses to the
surroundings. To obtain a rough estimate of total

35 power required, the theoretical amount of energy



avai | abl e from Restek Corporation, Bellefonte, PA whi ch was carefully

wrapped with a 0.008" OD, 13.1 ohns per foot, heating wire, marked

K- AF, available 10 from Kanthal Corp., Bethel, CT, to forma 1.0 to 1.5
cmlong heating zone. The wire was wapped in a fashi on that produced
cl ose, tight weiohg20b i nsure good heat transfer to thepcwwss/o8iva poi nt
of the needl e of a Model 750N 500 microliter syringe, 15 available
from Ham |t on Conpany, Reno, NV, was cut off and snoothed to yield a
bl unt end. The blunt end was connected to the capillary tube using
comon gas chromat ography capillary colum hardware. Either a

ceramc or quartz tube (1/4" ID), slotted fgs 20 electrical connections,
was pl aced around the heated zone for insulation. The

syringe body was | pegeiredtivm hdatdéhgldnd vapqricatiomabhe sgdédde fihep,
avai | abl e from Har Ya.fgg ower Ap%m&ug el nﬁwu&ﬂéabbekor»@a dye end of

the 25 capillary t was centere ported insid
mout hpi ece that wa¥iseehinaPsegverkt Pn&aP%rt%tlng tihﬁdﬁl'}lf’?o?'l“‘bd#iethat

connected to a Nﬂﬂra@@telfohﬁ&tlon CWRendto | cqirkkinaat iexaat abhe from MSP

Cor por at i on, fggll Jﬁ& d f :M}F USP
30 Advi sory Panel on &e olvéasoﬁweﬁé neral§E g Q&bﬁ@éecxd
(601) and Uni f or mi Bptb WS%RJ’@%PPSOEQES‘)'ed aftel’h&’h%ﬁboﬁé?‘&ﬂ!h Forum VoI
20, No. 3, pp. 747Zd@itiGmsl power (hByadde® dP%IHat the device was

I i cal d .\ f del
5 Lo Comnect bagsates IR e B SndTc LScbBRdal 4P 20

PCT/ US97/ 08194 contemplated that numerous refinemepts will e maserto

source, manuf agbur egmyrdINIEradRBoINGenthsting devi¥est BHAYtoNhe and a
m crom ni ature Operqahg gt

19 V%hich power levels are set in such devices.

The following examples reflect various runs
performed with the aeroscl generator set up and
operated as described above:

15 EXAMPLE I
A 0.1 mm ID capillary column was wrapped

with 11.5 cm of heater wire to form a 1.0 cm heating
zone with 2.0 cm of wire left at each end as leads for
electrical connections. Approximately 0.5 cm of

20 column was left unwrapped on one end to allow for
connection .to the syringe needle and about 0.3 cm was
left unwrapped on the opposite end. Propylene glycol
was drawn into the syringe and the unit was assembled
as described above. The syringe pump was set to

25 deliver 30 mg of fluid at a rate of 1.5075 mg/sec.
Table 1 shows the results of the runs.



t her nocoupl e was gently placed agai nst one of the heater coils about

m dway al ong the heated zone. 5 Conputer controlled solid state switches
were used to precisely time the start of the syringe punp with the
power to the heater wire. Power and tenperature measur enents were
recorded evegyofpeéh Oof a second by a conputer using 5éﬁugﬁgﬂw§OTEBOOK
sof tware, aval aﬁ?% 10 from Laborat ory Technol ogi es, WI m ngton, , and a
D12801 I/ O board, available fromData Transl ation, Inc., Marlboro, MA
The cascade inpactor was operated accordi ng to the manufacturer's
specifications. Al runs were 15 conducted with an inpactor air flowrate
of 30 liters per mnute and a total ggosol production of ‘less than
100 ng. We found that a loading of 30 to 40 ng in the i npact or gave
fairly consistent results and | ess probl ens with plugging. 20
During the following runs, it was desiredTble I apply sufficient power to
the heater to heat the fluid inthe capillary tube so that it reached
its boiling poi nt and vaporized it before it exited the tubdiags
was further desired to heat the vapor sufficiently to 25 prevenﬂedlan
condensation at the exit o% Ege capillary tube. There are % S5 L0
t he surroundi ng environnen - which shoul d be considered in the power
equation, and Rirese | §49¥Ws ar @owevi ce di@yandent. ¥ Mass Diameteny n
practice, with the garti cggeea®r osqly) 30 geeyialsh Ny RdRWveeyUSqQaiidubhag t he
followi ng runs, the device was operated several tines yo determ ne the
power required to hald thea.seaser a2.% speci fags t @gpear at ure o Jser der
to deternmine the | osses to the surroundi ngs. To obtain a rough
estimate of tobal B5 povdsbo7Equi r2d¥6the t 3@ etical 6&nBunt of Gredr gy
WD 97/ 42993 PCT/ US97/ 08194
25 3 1.5075 3.03 278 60.0 0.62

4 1.5075 2.96 223 68.4 0.56

6 1.5075 4.21 384 40.7 0.91

7 1.5075 4.24 385 51.4 0.99

10 8 1.5075 4.37 393 49.6 1.10

) 1.5075 4.37 3895 56.0 0.86

10 . 1.5075 3.60 355 58.9 . 0.61

11 1.5075  3.71 358 63.7 0.62

12 1.5075 3.49 348 47.5 0.67

15 13 1.5075 2.28 260 20.8 1.42
16 1.5075 2.27 248 22.7 1.22
22 1.5075 3.17 318 44 .3 0.55

In run numbers 6, 7, 8 and 9 the heater was
somewhat overpowered and in tests 13 and 16 the heater
20 was slightly underpowered. FIG. 5 shows the effects
'~ of the power on the mass median particle diameter of
the aerosol.



required for heating and vaporization was added to the | o0ss power.

Several trial runs were perfornmed to visual | y observe the vapor
exiting the tube and the aerosol formation. Wien no condensation at
t.he 5 capillary was seen, then the power was adjusted down unti |
condensat i onwsemaysad, after which enough addi ti onal preowosswesisadded
so that the device was operated just above the condensation threshol d.
bt is contenpl ated that numerous refinements will be nade to 10
commerci al aerosol generating devices and to the manner in which power
| evel s are set in such devices. The foll ow ng exanpl es

refl ect various runs performed with thgyaerosol generator set up and
operat ed as descri bed above: 15 EXAMPLE |

A 0.1 mmID capillary colum was w appeEXAMPLE Wit h 11.5 cm of heater wre
to forma 1.0 cm heating . ZO0 | : | t tEigg nd as
| eads for el ectri cal cgﬁﬁécgg%#ééI%R%5%g§?h§%e¥e£§;%§%ﬁn€% BIé'glunn
was .| eft unw apped GXcERE Ehatt bhe|mase firdian pagpihate tdinmeater wassyri nge
needl e and about Gnexstife@@against! chindspviapFeddopatde ORROYid=R1€8d.

Propyl ene glyc dr, ihto.fhe syringe and the unit was assenbl ed
as descri bed ag%vea.re'l'hs\g%g?r :iﬁ\é\gaif)g%rplévas set to 25 deliver 30 ng of fluid

at a rate of 1.5075 ng/sec. Table 1 shows the results of the runs.
WO 97/ 42993 PCT/ US97/ 08194
26 Tabl &apble II
Mass
Median
Feed Particle
Run Flow Power Temp . % Mass Diameter
no. (mg/sec) (W) (Celsius) Recovery (microns)
17 3.0151 4.74 335 25.4 0.57
10 18 3.0151 5.12 395 29.6 0.53
19 3.0151 5.05 427 16.8 0.90
20 .7546 1.82 271 35.5 1.11
21 . 7546 2.07 292 40.4 0.82

EXAMPLE III

15 In EXAMPLE III, the same device
configuration was used as in EXAMPLES I and II, except
that glycerin was used in lieu of propylene glycol as
the fluid. Note that two separate feed flow rates
were employed and the results as shown in Table IIT

20 indicate a smaller mass median particle diameter for
glycerin than for propylene glycol.



Mass Medi an

Feed Particle Run Fl ow

Power Tenp. % Mass D anet er no. (my/ sec) (VV

(Cel sius) Recovery (mcrons) 1 1. 5075 2.92

66. 1 5 2 1.5075 2. 96 212

0.60 - Wodljasss ©) 2 03 278 60. 0 Pﬂms”g’ﬁlé'g

4 1.5075 2. 96 223 68. 4 0. 56

1.5075 4.21 384 40. 7 0.91 7 1.5075

4. 24 385 51.4 0.99 10 8 1.5075 4. 37

393 49. 6 1.10 9 gl. 5075 4. 37 389

56. 0 0. 86 10 1.5075 2860 355 58.9

0.61 11 1.5075 3.71 358 63. 7 0.62

12 1.5075 3.49 348 47 T@ble IIXI ( 67 15 13

1.5075 2.28 260 20. 8 1.42 16 1.5075

2. 27 248 22. 7 1.22 22 1.5075 Masysy

318 44.3 0.55 In run nunbers 6, Mediand 9

t he heater was somewhal % gover powered and in tests 13 and 16 }\{thl eat er
20 was slightly underpowere FIG 5 shows the effects ot power

on the mass medi an Parti cl Fl@wWanet Bower Temthe aer dsHiass Dlameter

no. (mg/sec) (W) (Celsius) Recovery (microns)
23 1.8352 4.68 370 78.0 0.50
S 24 1.8352 4.56 347 69.7 0.60
25 3.6704 8.07 469 57.4 0.37
EXAMPLE IV

One run was performed to determine the
effects of adding a higher boiling component to a
10 lower boiling fluid. A solution of 5% wt/wt glycerin
in propylene glycol was chosen as the fluid for this
test. The device was the same as used for the
previous examples. Test 10 was with pure propylene
glycol and is shown for cémparison purposes. Note the
15 lower mass median particle diameter for the mixture.

Table IV
Mass
Median
Feed Particle
Run Flow Power Temp. % Mass Diameter
no. (mg/sec) (W) (Celsius) Recovery (microns)
26 (5% 1.5075 3.64 318 48.1 0.35

20 Glycerin)

10 (PG) 1.5075 3.60 355 58.9 0.61
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27 EXAMPLE 1| This series of
runs was identical to EXAMPLE | except that the mass nedian particle
di anmeter was measur ed agai nst changes in feed rate. The results 5
are shown i n wabi/eeds . TabbeT/U$97/08194

Mass Medi an

Feed Particle Run Fl ow

Power Tenp. % Mass D anet er no. (mg/ sec) (W

(Cel sius) Recovery (m crons) 17 3.0151 4.74 335

25. 4 0. 57 10 18 3.0151 5. 139 395 29. 6

0.53 19 3.0151 5. 05 427 16. 8 0. 90

20 . 7546 1.92 271 35.5 1.11 21 . 7546
2. 07 292 40. 4 0.82 ExaMpPLE V EXAVPLE
11 15 In EXANPLE I, ? sane, devi ce onf% rati.Qn was
used as in EXAMPLES | and | IR ae%&ontiguratipn was, copphrigke ithS eu of

propyl ene gl ycol aseries dnﬁenidsu d ThNotapi hbdry wubee pagmert fwstl & [00W5 at es

were enpl oyed and Haedf, aﬂ%é s:.rfi)l%'&%"‘@f' Phgaa)llenH] ggbéndlﬁqt a smaller

mass nedi an partic cerin ropyl’ene gl ycol.
5 propylene glycel was use as the f1u1d 11 other

procedures remained the same as in the previous
EXAMPLES. Table V shows the entire series of Tuns .
conducted with the 0.05 mm ID tube. As in the case of
the 0.1 mm tube, the fluid feed rates were varied in

10 an effort to optimize the mass median particle
diameter to the smallest diameter.

Table V
Mass
Median

Feed Particle

Run Flow Power Temp . % Mass Diameter

no. (mg/sec) (W) - {Celsius) Recovery (micronsg)
15 27 1.5075 2.75 419 34.8 .56
28 1.5075 2.09 351 22.9 1.98
30 0.7529 2.43 387 48.9 0.64
31 0.7529 2.40 393 34.2 0.67
32 0.7529% 2.11 355 28.0 0.63
20 33 0.3782 1.24 282 25.9 2.63
34 03.782 1.70 380 60.2 1.58
35 0.3782 2.13 462 25.9 1.74
36 0.3782 2.16 460 36.7 1.63

37 0.3782 2.22 460 55.0 1.36
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28 Table 111
Mass Medi an
Feed Particle Run Fl ow
Power TeWdora2093 % Mass D anet er no. (mo/ spEEProsy g
(Cel sius) Recovery (mcrons) 23 1.8352 4.68 370
78.0 0. 50 5 24 1.8352 4.56 347 69. 7
0. 60 25 3.6704 8. 07 469 57.4 0. 37
EXAMPLE |V One run was perforned to determ ne the
effects of adding a higher boiling conmponeyy to a 10 Iower boiling fluid.
A solution of 5% w/w glycerin i n propyl ene glycol was chosen as the
fluid for this test. The device was_the sanme as used for the
previ ous exanples. Test 10 was with pure PEBp§IEne glycol and is
shown for conparison purposes. Note the 15 |ower mass nedi an particle
di ameter for the mixture. Tams& v
Mass Median\kdi an
Feed Feed Particle RUN particlel! OW
Power Tenp. % Mass D anet er nQ. ng/ sec
(W ( Cel si us) ﬁ%ﬁbverypl?W1croﬁgyer Temp. % Mass Diameterx

no. {(mg/sec) (W) (Celsius) Recovery (microns)

38 0.7546 1.93 309 30.5 0.%0

39 0.7546 2.39 344 34.6 0.64

40 1.5075 3.23 355 23.8 1.38

41 1.5075 3.78 366 54.3 0.50

5 42 1.5075 3.79 362 57.7 0.49
EXAMPLE VI

A 0.53 mm ID tube was configured as in the
device configuration section and runs 44 and 45 were
made. The standard heating length of 1.25 cm did not

10 appear to be sufficient to affect good heat transfer
without excessive wall temperatures. Surface
temperatures for these runs were not measured as they
were outside of the 500 degrees Celsius range of the
equipment that we were using. A new configuration was

15 made with the 0.53 mm ID tube in which the heated zone
was extended to 4.0 cm and runs 46 to 48 were made.

In all cases an aerosol was formed but was accompanied
by very large liguid drops which were ejected from the
tube in long streams. Table VI shows the results.



26 (5% 1. 5075 3.64 318 48.1 0.35 20

d ycerin) 10 (PG 1.5075 3. 60 355 58.9
0.61 WD 97/ 42993
PCT/ US97/ 08194 29
EXAMPLE V WO 97/42993 A new configuration was construct pOr/Usa708194 S
series of runs. The capillary tube segnent was a 0.05 mm | D tube in
place of the 0.1 mM ID tube. Only 5 propyl ene glycol was used as the
fluid. Al other procedures remai ned the sane as in the previous
EXAMPLES. Table V shows the entire series of runs conducted wth the
0.05 M I D tube. As in the case of thea?D.1 mmtube, the fluid feed
rates were varied in 10 an effort to optim ze the mass nedian particle
dianeter to the smallest dianeter. Table VI Table V
Mass Medi an
Feed Particle ﬁ%?s Fl ow Power
Tenp. % Mass D anet er no. (my/ sec) . (Cel si us)
Recovery (microns) 15 27 1. 5075 2. 75 Medign 34.8
.56 28 1.5075 pedq09 351 22rticle 1.98
30 0.7529 2'4%hn1 3§Zow Po&grg % Mas£'64Diameter

no. (mg/sec) (W) Recovery (microns)

44 7.9952 12.04 0.93 1.52

5 45 1.5075 4.22 24.85 4.24

46 7.9952 4.80 12.55 1.62

47 7.9952 6.02 21.95 1.76

48 7.9952 13.5 11.30 1.54

The runs conducted with our aerosol
10 generator reveal that the configurations with the 0.05
mm ID tube and the 0.53 mm tube, EXAMPLES V AND VI,
regpectively, that such configurations are operable.
However, from a practical standpeint, small ID tubes
appear to require great pressures to move the fluid
15 and are prone to plugging and breakage. Larger bore
tubing presents heat transfer difficulties requiring
high surface temperatures and/or extremely long
heating zones to obtain good results.
While this invention has been illustrated
20 and described in accordance with a preferred
embodiment, it is recognized that wvariations and
changes may be made therein without departing from the
invention as set forth in the claims.



31 0. 7529 2. 40 393 34.2 0. 67 32 0. 7529

2. 11 355 28.0 0.63 20 33 0. 3782 1.24 282
25.9 2.63 34 03. 782 1.70 380 60. 2

1. 58 35 0. 3782 2.13 462 25.9 1.74

36 0. 3783v0 971429956 460 36.7 1.63 PCT/USOTI08194 0 3782

2.22 460 59.0 1. 36 WO 97/ 42993

PCT/ US97/ 08194 30

Table V Mass

Medi an Feed : Particle

Run Fl ow Power Tenp. % Mag2é D anet er no.

(my/ sec) (W CLiﬁﬁ%§ius) Recovery (m crons) 38 0. 7546

1.93 309 0.5 0. 90 39 0. 7546, 2. 39 344
34.6 0.64 43 Ap sgygsol gepeyrator, cgmgrising: p3 g

1.38 41 1. 5075 a tube/Baving a3ffirst openb4nd; and O0.50 5

42 1. 5075

10

15

20

25

3. 79 mégﬁé for heaEan the tuﬂ%‘@g a temperature

sufficient to volatize material in a liguid form in
the tube such that the volatized material expands out
of the open end of the tube and mixes with ambient air
‘to form an aerosol.

2. The aerosol generator as set forth in
claim 1, wherein the tube has an internal diameter of
between approximately 0.05 and 0.53 millimeters.

3. The aerosol generator as set forth in
claim 1, wherein the tube has an internal diameter of
approximately 0.1 millimeter.

4. The .aerosol generator as set forth in
claim 1, wherein the tube is a portion of a fused
silica capillary column.

5. The aerosol generator as set forth in
claim 1, wherein the tube is an aluminum silicate
ceramic tube.

6. The aerosol generator as set forth in
claim 1, wherein the heating means includes a nickel-
chromium heating element.

7. The aerosol generator as set forth in
claim 1, wherein the heating means includes a heating
element connected to a DC power supply.

8. The aerosol generator as set forth in
claim 1, further comprising a mouthpiece member and

* [ L M s *



EXAMPLE VI A 0.53 mMm I D tube was configured as in the

devi ce configuration section and runs 44 and 45 were made. The
standard heating length of 1.25 cmdid not 10 appear to be sufficient to
af fect good heat transfer wi t hout excessive wall tenperatures. Surface
terrperatures wovraPesse runs were not neasured as they PrETOSINSSPM de of
the 500 degrees Cel sius range of the equi pnent that we were using. A
new configuration was 15 mnade with the 0.53 mmID tube in which the

heat ed zone was extended to 4.0 cmand runs 46 to 48 were nade.

In all cases an aerosol was fornmed but was acconpani ed by very large

| iquid drops which were ejected fromthe 33 tube in long streans. Table
VI shows the results. WD 97/ 42993

PCT/ US97/ 08194 puff-actuating means for causing the3lerosol generator

Tabl e Vi to geaggate the aerosol when a user dré%%ﬁ%n the

Medi an : Particle Run
Fl ow Power oFPRS P ece) TERReK - no. (ng/ sec) (W Recovery
(ni crons) 44  7.9952 12.04  0.93 1.52 5 45

1. 5075 4.22 24. 85 vi 3 12 55
1.62 47 7 9952 9. Gﬁb%%eIOEf}ggenépatori'afz%%% forth®Ph

5 claim 1, further comprising a mouthpiece member
disposed proximate the open end of the tube.

10. The aerosol generator as set forth in
claim 9, wherein the mouthpiece member permits air
flow of at least 60 liters per minute with negligible

10 resistance.

11. The aerosol generator as set forth in
claim 10, further comprising puff-actuating means for
causing the aerosol generator to generate the aerosol
when a user draws on the mouthpiece member.

15 12. The aerosol generator as set forth in
claim 1, wherein a mass median particle diameter of
the aerosol generated by the aerosol generator is 2
microns or less.

13. The aerosol generator as set forth in
20 claim 1, wherein a mass median particle diameter of
the aerosol generated by the aerosol generator is
between 0.2 and 2 microns.

14. The aerosol generator as set forth in
claim 1, wherein a mass median particle diameter of
25 the aerosol generated by the aerosol generator is
between 0.5 and 1 microns.

15. The aerosol generator as set forth in
claim 1, further comprising means for supplying the

N



48 7.9952 13.5 11. 30 1.54 The runs
conducted with our aerosol 10 generator reveal that the configurations
with the 0.05 mm | D tube and the 0.53 nm tube, EXAMPLES V AND VI,
respectively, that such configurations are operable. However, from a

practical sStypepgbet, small | D tubes appear to requirgcflis?osieh essur es
to nove the fluid 15 and are prone to pluggi ng and breakage. Larger bore

tubi ng presents heat transfer difficulties requiring hi gh surface
tenperatures and/or extrenely | ong heati ng zones to obtain good

resul ts. Wil e this invention has been illustrated 20 and
described in accordance with a preferred enbodi nent, it is recognized
that variations and changes may be made therein wi thout departing from

t he i nvent i qarasiast ihOoAt Niditid el d0Bhe tube tnr&{x@?%@@@énd
PCT/ US97/ 08194 32

1. An aerosol gef&%afsr Fh&ohPEsi ng: a tube haV|ng a first
open end; and means for heating the tube to a tenperature 5

sufficient to volatize natggla|Tﬁél§b£déyf @eBQEQE6P as sé&h%oggge%ﬁuch t hat

the vol atized material expands out open. end he tube and
m xes with anmbi efflagd 15, WPEr?%ﬂrﬁQﬁ1WQQQ§§§ﬂ supplying means 2. The

aer osol gener & orcontinabubdyt Suppl idd) tHeamatdrinbedasd rtHehdeahaghas an
internal dianeteqof: oonPehUseE PP THCdelr P21 A0 +hdLhb! meters.

aerosol generator continuously generates the aerosol.

17. The aerosol generator as set forth in
claim 15, wherein the material supplying means
10 supplies material to the tube at a rate of greater
than 1 milligram/second.

18. The aerosol generator as set forth in
claim 15, wherein the material supplying means
includes a pump.

15 19. The aerosol generator as set forth in
claim 18, wherein the pump includes a syringe, the
gyringe including a piston and a piston cylinder, and
means for moving the piston in the piston cylinder.

20. The aerosol generator as set forth in
20 claim 19, wherein the moving means includes means for
moving the piston at a desired rate in the piston
cylinder.

21. The aerosol generator as set forth in
claim 19, wherein the moving means includes a threaded
25 shaft attached to the piston, means for rotating the
shaft, and a fixed internally threaded member through
which the shaft extends, rotation of the shaft
relative to the internally threaded wmember causing the
piston to move in the piston cylinder.

* c L | I *



3. The aerosol generator as set forth in claim1l, wherein the tube has

an internal dianeter of approximately 0.1 mllineter. 15

4. The aerosol generator as set forth in claiml1, wherein the tube is
a portion of a fused silica capillary colum. 5. The
aer osol generwbow4mss set forth in claim1l, wherein thercubsmmslmn
alum numsilicate 20 ceram c tube. 6. The aerosol
generator as set forth in claim1l1, wherein the heating nmeans includes
a nickel - chrom um heating el enent. 7. The aerosol
generator as set forth in 25 claim1l, wherein the heating neans includes a
heati ng el ement connected to a DC powers supply. 8.
The aerosol generator as set forth in claim1l1, further conprising a
nmout hpi ece nenber and. 22. \WheDAHet2883 generator as set forth in
PCT/'US97/ 08194 ﬁ m 15, erein the matenal Suﬁmg puf f -actuati ng
means for causing, t e aeroso gener at or rate the aerosol when a

user. draws on theinc uaﬁﬁu?hﬁ?%ﬁ%¥9ﬁﬁﬂﬁ§'materlal

23. The aerosol generator as set forth in
5 c¢laim 21, wherein the reservoir is sealed from an
outside atmosphere.

24, The aerosol generator as set forth in

claim 15, further comprising a second tube having a
first open end and a second end, means for supplying a

10 second material in liquid form to the second tube
through the second end of the second tube, means for
heating the second tube to a temperature sufficient to
volatize the second material such that the volatized
second material expands out of the open end of the

15 second tube, and means for mixing the volatized
material and the volatized second material, together,
with ambient air such that the volatized material and
the volatized second material form first and second
aerosols, respectively, the first and second aerosols

20 being mixed with each other in the mixing means to
form a combination aerosol including the first and
second aerosols.

25. The aerosol generator as set forth in

claim 24, further comprising means for supplying a

25 third material in liquid form to the second end of the
tube such that the first and third materials are
supplied to the second end of the tube together, the
means for heating the tube heating the tube to a
temperature sufficient to volatize both the first and

30 the third materials such that the volatized first and
third materials expand out of the open end of the tube

AR 0 O O



9. The aerosol generator as set forth in 5 claim1l, further conprising a

nout hpi ece nenber di sposed proximate the open end of the tube.

10. The aerosol generator as set forth in claim9, wherein the
nout hpi ece nenber permits air flow of at least 60 liters per mnute
with negli gl\bbgmz],g resi stance. 11. The agprpuRdnegRRer at or
as set forth in claim 10, further conprising puff-actuating neans for
causi ng the aerosol generator to generate the aerosol when a user
draws on the nout hpi ece nenber. 15 12. The aerosol generator
as set forth in claim1l, wherein a nmass nedi an particle dianeter of
the aerosol generated by the aerosol genergtor is 2 m crons or | ess.

13. The aerosol generator as set forth in O claiml1, wherein a nass

nedi an particle dif{eiies w(ifth ambléﬁ‘@ 20 Q3 wieRerRs oot 10y %%E%Q'
generator is bet ween O,

an .
aer osol gener at or2%L tPoFPHm °°é§ﬂgﬁﬁhPf AGRRPRI n a nass nedlan

particle dianeter of 25 the aerosol generated by the aerosol generator is

between 0.5 and 1 microns. he aerosql ehratl Bf €§r§ggﬂ #yﬁgergtor as
set forth in claim1, urtﬁ rlsghg means for plying the
claim 15, further compr1s1ng means for supplying a

5 second material in liquid form to the second end of
the tube such that the first and second materials are
supplied to the second end of the tube together, the
means for heating the tube heating the tube to a
temperature sufficient to volatize both the first and

10 the second materials such that the volatized first and
second material expand out of the open end of the tube
and mix with ambient air to form a combination
aerosol.

27, A methed for generating an aerosol,
15 comprising the steps of:
supplying a material in liquid form to a
tube having an open end; and
heating the material supplied to the tube to
a temperature sufficient to volatize the supplied
20 material such that the volatized material expands out
of the open end of the tube, the volatized material
condensing upon mixing with ambient atmospheric air to
form an aerosol.

28. The wmethod as set forth in claim 27,
25 wherein material is intermittently supplied to the
tube and the supplied material is intermittently
heated to a temperature sufficient to volatize the
material.

292. The method as set forth in claim 27,

30 comprising the further step of actuating a material
supply means for supplying material to the tube and

* [ L M s " *
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34 material in aliquid formto the tube through a second end of
t he tube. 16. The aerosol generator as set forth in
claim15, wherein the material supplying neans 5 continuously supplies
the material wodnidss heating means continuously heats poeuseroemial
such that the aerosol generator continuously generates the aerosol.
17. The aerosol generator as set forth in claim15, wherein the

mat eri al supplying means 10 supplies material to the tube at a rate of
greater than 1 m | ligranf second. 18. The aerosol
generator as set forth in claim15, werein the material supplying
nmeans i ncl udes a punp. 15 19. The aerosol generator as
set forth in sdtaianibg, anheaeimg tveamqeuifpri heatiimg thesyauppdaedt he

syri'nge including hdliribiNe8Nd fembetAin’e/ dubtibieAl %o voldtaeSLhar MoVing

the piston in the pistaon_cy e aerosol
generator as set feateriad - 20 cIa|n119, wherein the nDV|ng means i ncl udes
means for novi ng t he piston at a desired rate in the piston

cylinder. . T ﬁﬁﬁﬁ e a I n
claim19, wherein the noving rreaﬁg ?rﬁéc eag Q‘é% E8E }gslrg? aﬁ&{ ?Béttached
to the piston, headfheredn Fbﬁamﬁﬁgr%?ﬁaSuPPlYSW&PFS %ﬂ@ the iheakingt er nal | y

t hreaded nmenber t higdigh are acPha€éd the £ MAlfE -astaatsd rmddmd ia@soeliatbe shaft

with an aerosol generating means, the puff actuating

means actuating the material supply means and the

heating means when a user draws on a portion of the
10 aerosol generating means.

31. The method as set forth in claim 29,
wherein the material supply means and the heating
means are manually actuated.

32. The method as set forth in claim 31,
15 wherein the material supply means and the heating
means are automatically actuated.

33. The method as set forth in claim 27,
wherein material is continuously supplied to the tube
and the supplied material is continuously heated to a

20 temperature sufficient to volatize the material.

34. The method as set forth in claim 27,
wherein the material is supplied at a rate greater
than 1 milligram per second.

35. The method aS'seE forth in claim 27,

25 wherein the supplied material is volatized at a rate
of greater than 1 milligram per second.

—_—
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relative to the internally threaded nenber causing the pi ston to nove

I n the piston cylinder. WO 97/ 42993

PCT/ US97/ 08194 35 22.
The aerosol generator as set forth in claim 15, wherein the materi al
suppl yi ng mag@9742993 i Ncl udes a reservoir of material. PCT/US97/08194 23.
The aerosol generator as set forth in 5 claim 21, wherein the reservoir
is sealed from an out si de at nosphere. 24. The aerosol
generator as set forth in claim 15, further conprising a second tube
havi ng a first open end and a second end, neans for supplying a 10
second material in liquid formto the sec t ube t hrough the second
end of the second tube, neans for heati ng the second tube to a

tenperature sufficient to 3¢, Y0t ahddd R SREORIrRLAL idlaiwieh,that the
vol ati zed s%ﬁ%pd.nagsrial eﬁgﬁﬁgs out of thg.o en end .of the 15
second tube, . and WRSHTETF 5RenPRFPRPT PR @ JASF.fedian RARYAGLY and the

vol ati zed second dimmetiexl oft bges hthan 2 micmionls.anbi ent air such that the

vol ati zed nateri al and the vol ati zed second material formfirst and
second aerosols, respectively, the first and second aerosals 20 being
m xed with each other in tﬂ@'m'ﬁ#‘%d“ﬁgﬁ’% §sp set goFBlPrﬁ%‘?:.‘r?ﬁ'B\ %3t i on

aer osol incl ud ngwhermeiin the aatosol hmxeomthsacmeddds.particle 25.

The aerosol generftetds S8t bbPHEdhid. 2 and @ &iM34s further conprising
means for supplying a _

38. The method as set forth in claim 27,
wherein the aerosol has a mass median particle
diameter between 0.5 and 1 microns.

10 39. The method as set forth in claim 27,
comprising the further steps of:
supplying a second material in liguid form
to the tube together with the material;
heating the material and the second material
15 supplied to the tube to a temperature sufficient to
volatize the material and the second material such
that the volatized material and second material expand
out of the open end of the tube together.

40. The method as set forth in claim 27,
20 comprising the further steps of: '
supplying a second material in liquid form
to a second tube having an open end;
heating the second material supplied to the
second tube to a temperature sufficient to volatize
25 the supplied second material such that the volatized
second material expands out of the open end of the
second tube; and
mixing the volatized material and the
volatized second material that expand out of the open
30 ends of the tube and the second tube, respectively,
together with ambient air such that the volatized

* C L L -1 *



25 third material in liquid formto the second end of the t ube such
that the first and third materials are supplied to the second end of

t he tube together, the nmeans for heating the tube heating the tube to
a “tenperature sufficient to volatize both the first and 30 the third
mat eri al s suohovhawest he vol ati zed first and third nat erCEHUSI7O%94Nnd out
of the open end of the tube WO 97/ 42993
PCT/ US97/ 08194

anbient air and with the vol ati zed second

3 6

: and mx with
aer osol

to formthe
conbi nati on aerosol . 26. The aerosol generator as set
forth in claim 15, further conprising3seans for supplying a 5 second
material in liquid formto the second end of t he tube such that the

first and second materialsapdethe volahigiededecond eatruicdd form Birste tube

together, the  an#PaRschar a8sc41Y) tﬂ&FEHEQvEPﬁIiE&tﬂQsEUBﬁdtO a
tenperature sufficient to vol th, he_second

i ze bo he first and .10

materials such th&ePRE 98F8F$i%§’?]rr}gstmﬁ§ witR %%%brﬁfjhﬁﬁt Pi 5PT®@and out
of the open end ofcombénttihen aeroswid imicluding théi Eirstaiand:t sefondh a
conbi nati on 5 A0sehs. 27. A nethod for generating an
aerosol, 15 conprising the steps of: supplying a materi a
inliquid formto a t ube havi ng an open end; and
heating the material supplied.t cThdandtliod te set fertlenpeicdatme23ufficient
gg ;ﬁh?tgﬁf the sypphie8d s89ia PAAlidesSUGR LlBpehdtn VIH FohatdoAmigr i al

P the material, the solid particles being forced out of

the open end of the tube as the volatized material
10 expands such that the aerosol includes condensed

particles of the material and the solid particles.

42,
wherein the solid particles, when suspended in

The method as set forth in claim 41,

solution, are of a larger average diameter than

15 particles of the material in aerosol form.

43. The method as set forth in claim 42,

20

wherein the solid particles,
the aerosol, are of a larger
particles of the material in

44. The method as
wherein the solid particles,
the aerosocl, are of a larger
particles of the material in

45,

when they form a part of
average diameter than
aerosol form.

set forth in claim 41,
when they form a part of
average diameter than
aerosol form.

An aerosol formed by supplying a

25 material in liquid form to a tube and heating the tube
such that the material volatizes and expands out of an
open end of the tube, the volatized material combining
with ambient air such that volatized material

condenses to form the aerosol.

T



of the open end of the tube, the volatized materi al condensi ng upon

m xi ng wi th anbi ent atnospheric air to form an aerosol

28. The nmethod as set forth in claim27, 25 wherein material is
intermttently supplied to the tube and the supplied material is
intermtten heated to a tenperature sufficient tC)ﬁeﬂR%k' he
mat eri al . Wol42993 29. Thgpnethod as set forthinc alﬁggg% 30
conprising the further step of actuating a materi al supply nmeans for
supplying material to the tube and WO 97/ 42993

PCT/ US97/ 08194 37 actuating a
heating nmeans for heating the supplied 40 material to a tenperature
sufficient to volatize the mat eri al . 30. The net hod

as set forth in claim28, 465 WhRr QePoblf RIS ForSHPRhYcIBARSasNd t he
heat i ng means are actuated by a puff-actuated neans _associ ate
with an aerosol béﬁe?%ﬁ?qﬁg'%EQH@?th@gﬁﬁf?eé&ﬁQNBﬁrﬁdcge digmeter &% uating

the material suppéysnezars amdtcrions, heati ng means when a user draws on a
portion of the 10 aerosol generating neans. 31. The

met hod as set forth in claim29 wherein the material suppuy means and
t he heating means ar & frandBel fekepahiagy set forth in claim 45,

5 the aercsol having a mass median particle diameter of
between 0.2 and 2 microns.

48. The aerosol as set forth in claim 45,
the aerosol having a mass median particle diameter of
between 0.2 and 2 microns.

10 49. The aerosol as set forth in claim 45,
wherein the material includes two or more components
mixed together before the material is volatized.

50. The aerosol as set forth in claim 45,
wherein solid particles are suspended in solution in
15 the material, the solid particles being forced out of
the open end of the tube as the volatized material
expands such that the aeroscl includes condensed
particles of the material and the solid particles.

S1, The aerosol as set forth in claim 50,
20 wherein the solid particles, when suspended in
solution, are of a larger average diameter than
particles of the material in aerosol form.

52. The method as set forth in claim 51,
wherein the solid particleé, when they form a part of
25 the aerosol, are of a larger average diameter than
particles of the material in aerosol form.

53. The method as set forth in claim S0,
wherein the solid particles, when they form a part of

R O W




32. The nethod as set forth in claim31, 15 wherein the material supply
nmeans and the heating means are automatically actuated.

33. The nethod as set forth in claim27, wherein material is
continuously supplied to the tube and the supplied material is
continuously weamg@ei 0 a 20 tenperature sufficient to vol apcressieeie4
mat eri al . 34. The nethod as set forth in claim 27,

wherein the material is supplied at a rate greater

than 1 mlligram

per second. 35. The nethod as set forth in claim?27, 25

wherein the supplied material is volatized at a rate
mlligram per second. ' 41

of greater than 1
38

36. The nmethod as set forth in claim?27, wherein the aerosol has a nmass
medi an particle thH aeioesplof akessf tdidiaxryenri avenage diameter than 37. The

net hod as set fort

particle

di anet

10

15

20

25

éehréocﬁ%%i %ZZh%SEAg%dﬂzln ihN8e26598 0k igs a mass median

et ween m Crons.

54. An aerosol formed by supplying a first
material in ligquid form to a first tube and heating
the first tube such that the first material volatizes
and expands out of an open end of the first tube,
supplying a second material in liquid form to a second
tube and heating the second tube such that the second
material volatizes and expands out of an open end of
the second tube, and combining the volatized first and
second material together with ambient air such that
the volatized first and second materials form first
and second aerosols, respectively, the first and
second aerosols being mixed to form the aerosol.

55. The aerosol as set forth in claim 54,
the aerosol having a mass median particle diameter of
less than 2 microns.

56. The aerosol as set forth in claim 54,
the aerosol having a mass median particle diameter of
between 0.2 and 2 microns.

57. The aerosol as set forth in claim S4,
the aerosol having a mass median particle diameter of
between 0.2 and 2 microns.

58. The aerosol as set forth in claim 54,
wherein at least one of the first and second materials
includes two or more components mixed together before
the one of the materials is volatized.
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38. The nethod as set forth in claim27, wherein the aerosol has a nass
medi an particle di aneter between 0.5 and 1 m crons. 10 39.
The nethod as set forth in claim 27, conprising the further steps of:
supplying a second material in liquid form to the tube together with
the mat eri al ;wo 97742993 heating the material and the scePCRidsSOme8184 i al 15
supplied to the tube to a tenperature sufficient to vol ati ze the
materi al and the second material such Wthat the vol ati zed material and
second material expand out of the open end of the tube together.

40. The nethod as set forth in claim27, 20 conprising the further steps
of : supplying a second material in liquid form to a
second tube having an open end; heati ng the second materia
supplied to the secofid” tube " to a tenperafuré sufficiknt to volatize 25
t he 'suppl i ed second nateﬂial such that t vol ati zed ;second mat eri al
expands out of the open end of t#h second tube; and

m xi ng the volatized material an vol ati zed secopd material that
expand out of the open 30 ends o} the tgbe and the secong tube,

respectively, toget hér with anbient fair such that the vol atized

WD 97/ 42993 : PCT/ US9y/ 08194

39 mat eri al ad@ §K¢ vol at if Tid _pgterial formfirst and
second aerosol s, res?echhvely, B —ehd second! aerosol s bei ng
m xed with each othef toormal __ _ __ | ! L L

}
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conbi nati on aerosol including the first and second 5 aerosol s.

41. The nmethod as set forth in claim27, wherein solid particles are
suspended in solution in the material, the solid particles being
forced out of t he open end of the tube as the volatized material 10
eéxpands such vidheddzddae aer osol includes condensed part | ROEAISITO8I9h e
material and the solid particles. © 42. The nethod as set
forth in claim41l, wherein the soli @/$articles, when suspended in
solution, are of a larger average dianeter than 15 particles of the
material in aerosol form 43. The nethod as set forth in
claim42, wherein the solid particles, when they forma part of

the aerosol, are of a |larger average dianmeter than articles of the
material in aerosol form 20 44. The net aAas set forth in

orma part of
gﬁﬁ¢t|cles of the

) or med by

heating the tube

M‘ awen end of the

ai r such that
WD 97/ 42993

clai'm 41, wherein th ZRarticles,
the aerosol, are of a Iarggé—cn i
material in aerosol form
supplying a 25 material in_li
such that the material vo i
tube, the vol ati zed mat er {3
vol ati zed nmateri al condenses to forn1the aerosol
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40 46. The aerosol as set forth in claim45, t he
aerosol having a nmass nedi an particle dianeter of | ess than 2 m crons.
47. The aerosol as set forth in claim 45, 5 the aerosol having a nass
medi an particle diameter of between 0.2 and 2 nicrons.

48. The aeroswiosm299®t forth in claimd45, t he aerosol IrETrUsSyT/ABI998SS
medi an particle diameter of between 0.2 and 2 m crons. 10

49. The aerosol as set forth in claim453/4 wherein the material

i ncl udes two or nore conponents m xed together before the material is
vol ati zed. 50. The aer oso@ LM orth in claim45,
wherein solid particles are spspended - 4+~ s&i-H 15 the material, the
solid particles being forced put of trbe )3 ¢nd of the tube as the
vol ati zed materi al expangds such that ¢fmeakilgsol—i ncl udes condensed
particles of the material andithe solid partic - 51. The
aerosol as set forth in claim50, 20 wherein tHg solid particles, when

suspended in solution, ate of a | arger avefEqge di aneter than
particles of the material in &erosol form m™ 0 52. The net hod
as set forth in claimb51, ' wherein the T+ paXicles, when they form

= )
a part of 25 the aerosol, aré of a | ar ger aver Efje di aneter than

particles of the material in herosol form, o 53. The net hod
as set forth in claim 50, : wherein thengol i g par'®i cl es, when they form
a part of | LY 2D
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41 the aerosol, are of a |larger average di aneter than particles
of the material in aerosol form 54. An aerosol formed by
supplying a first material in liquid formto a first tube and heating
5 the first twoenegwsh that the first material volatizes PCHUM7@RI9ANAS
out of an open end of the first tube, supplying a second material in
liquid formto a second t ube and heeﬁ/l"ng t he second tube such that the
second material vol ati zes and expands out of an open end of 10 the
second tube, and conbining the volatized first and second materi al
toget her with anbi ent ﬁ-i-r- -SsuCh + Rat—- ~ - qthe-votat+ zed { = st-ard-gecond
materials formfi&st and second aepdsgls, respective the flirst and
second aerosols bg ed to forr@ hosol. 1£ I55. The
aerosol as set forth laim 54, e/ aerosol hawing ss redi an
particle dianmeter of I | ess than 2 n1 ons. 5. The
aerosol as set forth [njclai m54, 1@ aerosol having{a jrass nedi an
particle dianmeter of |20 between 0.2 cl m crons. 57.
The aerosol as set fok in claimb54, t he aerosol hay a mdss nedi an
particle dianmeter of bet ween 0.2 ar{ﬂ]z m crons. MF
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58. The aerosol as set forth in clai mb54,

first and second materials
t oget-her beforé

4

PCT

i ncl udes two or
the one of the nmaterials is vol ati zed.
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(57) Abstract

An aerogal is formed by supplying a material in liquid form to a tube (23) and heating the tube (23) such that the material volatizes
and expands out of an open end (25) of the tube (23). The volatized material combines with ambient air such that volatized material
condenses to form the aerosol. An apparatus (21) for generating such an acrosol, and a method for generating such an aerosol, are also

disclosed.




