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BACKGROUND  DoT ng. o cﬁ gs éét%ﬁ%i ed gyf kpiannuiger gof, digchaiant ways in
the medical 1 O%‘g’f?/ ?eiod%y. in h aI?h care there is a grow ng
interest in medPERPIptd 3 based on adninisteri ng drugs by inhalation of
dry nedi canment powder directly to the airways_and |ungs of a patient.
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filling nethods and devi ces for BAGKGHR |l)and exact inhalation dgosfes
with | oy rel atiy ' deiAatihog nlRSRr oivalfterent iways lihi ti insedigat ar
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15 treatment of many different disorders. Because onset is faster and the
efficacy of inhaled doses often are much higher than e.g. orally administered
capsules or tablets, the inhalation doses need only be a fraction of the
medicament powder mass in an oral capsule or tablet. Thus, there is an
increasing demand for relatively low mass, inhalable, metered medicament
20 doses of dry powder, which require better filling methods and devices for

making small and exact inhalation doses with low relative standard deviation

(RSD).

Volumetric filling is by far the most common method of producing dry

25 powder doses of medication drugs. Normally in a first step a quantity of
powder is introduced into a receptacle of specified volume by gravitation,
often aided by mechanical energy in the form of impaction or vibration, or

the receptacle may be filled by suction force. Then in a second step, after
stripping of possible surplus powder, the receptacle 1s moved to an emptying

30 position, where the powder is unloaded from the receptacle by gravitation
 and /or mechanical means into a container such as a blister or capsule etc.

A plurality of receptacles may be arranged in a filling tool, which is adapted

to a mechanism bringing a plurality of containers, e.g. blisters or capsules,




A plurality of receptacles may be arranged in a filling tool, which is
adapted tg a nmechanismbringing a plurality of containers, e.g. blisters

or capsul e¥OWHEER 075292 PCT/ SE2005/ 000162 2 in |ine %%@Eﬁ)ﬁ%['gg%ondi ng
receptacles so that all metered quantities of powder may be unl0a into w
the respective containers. The filling tool may be integrated into a

filling machine such that the receptacles zan be filled and enptied in a
nore or |ess continuous, cyclic fashion. Exanples of prior 5 art may be

st udi ed fior lines twainls ecofrepubhi i 3 131 5/21768, US
6,267,155 Bl, US 6, 581, 65% Bg?@éan%g%lg%%gSO%glé‘%jtufﬁ T’E’\é%% sapgptities of
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However , 2Ft i8Ry BFvetdiegofaterinstarece anepyblicagohkompng P 191‘39{ O%ﬁ to
adhere t gs; b'17%‘§f@§%32f529 gcgfﬂ in contact with and the small partic Bs 15
tend to aggregaté Pt o n%@ i ¥SnRuedd . ohe BRtand REROZ Q9 866 Wnses nor e
difficult, since the bulk density of the powder may vary considerably from
dose to gose even if the bulk density is constant when nmeasured on powder

quant i t i EQWslsyefar inhgition aseddirtgel idheideas ter] filling
oy e g AR A
s

correct d&%zgﬁbtéi es into a dose container is therefore
| ow 20 dos s@é.mﬁéﬁeﬁ}%rﬂar&?ﬁ%dm &he dpeedef risnbbtwgeomahq §. TG |
i Nncieasi Aék | l.e hg industry to inprove nethods and devices
for nmeteri r?éig,gltr?tcrih%?? ?ftﬁ"ag%ﬁz‘? ﬁgnbmﬁﬁ‘fvgé’f e Fv1§18§t1§ggela‘ghm|5 uas tand 4oy to
powder depadieria the i RIHOVEh O] I ABAC G, " 4 L of glgag&re tion and

e netering réctpt

efficacy.. Conpacting the powder inth apddupper

met er i nFIEVRYPsWhisTe heﬁ@rgmedid:iniallgaﬂ@sﬂﬁdsén@@nﬁjﬁ%Rf@h%%é)a&%e si
oner at és %y

aggl oner, ' ayated ., and to ensure that the agg
still béiq s é:? %gigrgg%gie@dggg@’ %(Wégmﬁ%qvié‘ﬂ@f Sryiet fsiehipfree Rowing olstiahiepionees,
frictionof adkere endllatrfResMdly L8LGLH contact with and the small particles

15  tend to aggregate into lumps. This makes the metering of correct doses more

difficult, since the bulk density of the powder may vary considerably from
dose to dose even if the bulk density is constant when measured on powder
quantities several magnitudes larger than the doses. Metering and filling
correct quantities into a dose container is therefore more difficult with low
20  dose masses. However, demand for doses from 5 mg down to 0.1 mg is
increasing, putting pressure on the industry to improve methods and devices
for metering and filling in the manufacturing stage as well as on dry powder
inhalers to improve performance in terms of deaggregation and efficacy.
Compacting the powder in the metering receptacle to reduce metering errors
25 can be done, but care must be exercised so that agglomeration is not

aggravated and to ensure that the agglomerates may still be de-aggregated
by the inhaler. |

Furthermore, electrostatic forces, friction forces and van der Waal forces
30 acting on particles become stronger than the gravitation force when particle

size diminishes. Medication powders are very susceptible to electrostatic




30 acting on particles becone stronger than the gravitation force when -
particle size dimnishes. Medication powders are very susceptible to

el ect rosﬁiogs WDDZ%OOSI 075292 PCT/ SE20051000162 3 char gpRgsehansou@ie2
Transpor (0N 3¢ handl | ng of powders, especially in dry conditions.

There is a need for inprovenents in nmethods and devices for precise 5
meteri ng of medi canent doses of finely dizided powders for inhalation and
consistent, reliable filling of doses into suitable containers for use in

i nhal er devices, SUWARY 10 The present jnventi Lscl : and
a devi cecltanging shirdeg trapeRPRKILOD @é&‘i?ﬁ\'ﬁhg}% -O#iﬁlf’g\é?%f 8??‘?%?%@% d
dry powder ng‘%% a preforned container, the container and its contained

a

dose beichog]-1 pP‘ed for inhalation by means of a DPlI. 15 In a particul ar
enbodi ment of the disclosed nethod, a powder feeding chanber, having a

- powder i} gfe 380,anpeMURSr QuipRIvenéntsser ascthndsmpord ahevicent rmadeerse
process step for a selected dry powder nedi.c i owder, of
er

\ ament in, making. ,the,.
knows qualeiténingvadi insdlicarnens aesasy pﬁ@n@cébvégdepow%ﬁt f%nlrﬁ?aqaflﬁé‘ BH
is transferred by a.suction nethod i 3 [ BraRtRF18sOfn ankller
filling €UdHIStaRh Eal%ﬁ@séﬁﬂg 8% Eﬂoaﬁsgf‘ﬁ? gﬁﬁkgévcpgit%u on,ﬁ? ace in which the
recept ac%igvijcésmade. After filling, a resulting |oad of powder in the
receptaclé " Is enptied into a dose container by ejection fromthe
receptacle using air pressure. 25 The feeding chanber is intermttently

repl eni shed, preferably by a gravitational arrangenent, froma bul k source
‘of the selected powder, in order tQUKKRPARY quantity of powder in the

chamher ef er abl y. const ant,. i by fisr pavsE, ﬁpga\tabmlt

to re;{%m.ll ﬂ’?dﬂ'gs‘(’)‘?ypevce@;{oégfiéSCIi‘l;ggsdfg%%%Hg&%%esen?iegeh%hod ?s suitable for

many dry pouseksan@\ROnEWSEnthatdidaedrdryf poetyr dito deprefodmdee contaiaer,

normal [y not easy-flow ng. The discl oseg .nmethod is .a |.Oi_l_\ll t hal }y a},{EsOd’

_i.e. theteaneogyaiseppinddts sontanggvdese PRINGA aPﬁ%é dpe R Bfaﬁf‘(i’ﬁ‘ |ti0n5‘{r“§
neteri ngoifglgﬁlry | ow conpared to prior art filling

15 In a particular embodiment of the disclosed method, a powder feeding -
chamber, having a powder inlet and a powder outlet, is used as an important
intermediate process step for a selected dry powder medicament in making
the powder of known quality available to a metering receptacle. A portion of
the powder is transferred by a suction method into a metering receptacle of a

20 filling tool, which presents a high finish, low friction, face in which the
receptacle is made. After filling, a resulting load of powder in the receptacle
is emptied into a dose container by ejection from the receptacle using air

pressure.

25 The feeding chamber is intermittently replenished, preferably by a
gravitational arrangement, from a bulk source of the selected powder, in
order to keep the quantity of powder in the chamber preferably constant.
The feeding chamber holds powder equivalent to a multitude of receptacle
loads. The present method is suitable for many dry powders, even those that

30- are finely divided and therefore normally not easy-flowing. The disclosed
method is a low enthalpy method, i.e. the energy supplied to the powder in

all the steps of filling and metering is very low compared to prior art filling




WO 2005/ 075292 PCT/ SE2005/ 000162 4 nmethods. In a particul ar enbodi nent of
the present invention the powder in the feeding chanber is made to )

col | apse antO2M5473&d fromthe walls of the chanber by
mechani cal nenber, which preferably noves inside the chaggeSE%]r%%/%@?@o
filling a netering receptacle, such that the body of 5 powder in the
chanber is e.g. generally disconnected fromthe chanber walls. This step
is preferably perforned i medi ately before a portion of powder is sucked

from t he chatthets.dwi hepattididat eptacle Is | i ned
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the feeding c n]g o&tal &tOT1% MG heglisrlamem beg Hw hickn pacferablyhntdves Stgfdac e
of the filthenchdwderspeidr ri pe_fromthe powder body
i n the_chanbe througﬁ 15 thgﬂ%ﬁel zgletﬁ:1 ﬁ%‘lﬁgnﬁ%teﬁggﬁclsmsqc%’ :ﬂ} ghe Ped¥toke
the chanmb&OVEIa & thughamber ishe.g: egapsratlye dﬂ%brﬁﬁbdﬁ@&ef}oﬁ& 8ﬁgﬁ{@é:t
e

with the gha tl.et and i ap05|t|onfor enptying t
al t hough con{ga)t?F %J Pn{SalFH&EeféPﬂY tirfermed K@Matalylebefmab@rpmd@totand

thefllllpgumellsgwckrasy tiv m)tl nhelpstorestorethe
honogeneity of the bod;/3 of E&Q}l é%h%r{lﬁéla tgeﬁa r@FePqulﬁnQﬂtﬁn dhe

r ecept acl Egiatifeisshnari ug wmhctm ferliime ebla rspeY butlelPe{‘\Vfél?? tpar\#ﬂZc)w

partlcles the filli t.ool surface even out irregu es in
powder stB gr Sr\ﬁit Blrg ép S“fﬁ@%\ﬁ@nﬁﬂdheoﬁoep:tadbewﬁbﬂ hawriddstent load

advarltcage@fpaﬁdgame @tlﬁ%g,for produci ng.snal |l doses of dry powder at a
hi gh precision and " accuracy; QOperates according to | ow enthal py principle

to obtain low particle aggregation; Has |ow and controllable particle
segr egat ilon; 30 Pr Oi/l des a relati veI fv1 constant size gradient of particles
during stéadyPetltelargmhadisint of the present invention, the feeding chamber

outlet is in constant, tight contact with the surface of the filling tool such
that particles cannot escape from the powder body in the chamber through
15  the outlet. The filling tool is movable relative the chamber outlet, such that
the receptacle_ may be moved out of contact with the chamber outlet and into
a position for emptying the Ioad, although contact is maintained all the time
between the chamber outlet and the filling tool. Surprisingly, this relative
motion helps to restore the homogeneity of the body of powder in the
20 chamber after filling of a receptacle and the shearing forces, although small,
between the .powder particles and the filling tool surface even out

irregularities in the powder stored in the chamber.

The invention offers the following advantages:

25 Can be used for producing small doses of dry powder at a high precision and
accuracy;

Operates according to low enthalpy principle to obtain low particle

aggregation;
Has low and controllable particle segregation;

30 Provides a relatively constant size gradient of particles during steady state

COHdltIOIlS



WO 2005/ 075292 PCT/ SE2005/.000162 5 Can be used for finely divided

particles with low free flow ng properties. O her advantages offered by the
present invention will be appreciated upon reading of pthigreiRsssipi i on

bel ow of VRAYBET At s of the invention. 5 BRIEF DESCRI PTION OF THE DRAW NGS
The invention, together with further objects and advantages thereof, may
best be understood by referring to the follow ng- detailed description taken
together with the acconpanying drawirngs, in which: .0 FIG 1 illustrates in

a flow diagramthe filling nethod of the present invention; FIG 2
illustrates in a cross secti.on a

, 5 Cfirst ' Ly pieyerview 15 of
a buK}IanpbmmJ@Cdsf@ﬁrfké’@Yéh‘flé‘@GiP@t%%Wéﬁgar}g a‘E?lﬂlBl“ﬁir} I?gg'@ - FIG 3
illustrates in a cross section a first enbodi nent of the filling tool
conprising a conical netering receptacle; 20 FIG 4 illustrates in
principle a cross section of an enbodi nent of

th f eedi ng.ch

cont ghpiePGhBrapithbes offeredvisiethe peseBt ﬁmvmﬁl%t‘éfgl b BPPH ‘%‘iegng‘%@%‘oss
section of a first enbaodi t of . the [filli lit.egabper with the woven
filteeadingpoiew é?S@m@“@ﬂﬁ-’ﬁ%ﬁ’ﬂfe&m@gd%‘gh{t %gff‘tggdpﬁg chamber and the
pillar of powder during filling of the receptacle; FIG 6 illustrates in
psinciple a cross section of a first enbodinent of the filling tool, the
metered | oad and_t [ i b @pgd end position
after a filling BE&%&S&%W&@ :lr‘eli/iv i i : i ryg?tﬁoperalgéron;r VO
2005/ Q75292 PCT/ S 0 SrHdCobedts | antlr attesniagesr tierieph.e™AXr oss

THE SR vehFP RS EORRESdl Nant 5

sect | iment of the Tilling tool idn an enptying position
just befiope (heersed6d ity epfetim to the following detaile ptio

together with the accompanying drawings, in which:

descri

FIG.1 illustrates in a flow diagram the filling method of the prC.SF}"l_'_E“
invention;
FIG.2 illustrates in a cross section a first embodiment giving an overview
15 of a bulk powder source, a feeding chamber and a filling tool;

FIG. 3 illustrates in a cross section a first embodiment of the filling tool

comprising a conical metering receptacle;

20 FiG. 4 illustrates in principle a cross section of an embodiment of the

feeding chamber containing a pillar of powder;

FIG. 5  illustrates in principle a cross section of a first embodiment of the
filling tool together with the woven filter, the seals, the air nozzle
25 and the feeding chamber and the pillar of powder during f{illing of

the receptacle;

FiG. 6  illustrates in principle a cross section of a first embodiment of the
filling tool, the metered load and the feeding chamber in its start
30 and end position after a filling operation in wait for a new filling

operation;



fromthe receptacle into a dose container; 5 FIG8 illustrates in principle,
a cross section of a first enbodi nent of the filling tool in an enptying ~
posi tion j W@ 2¥pH0&292 he | oad has been transferred from tf;ke{/ e tacle into
a container; 10 FIG 9 illustrates in principle a cross sec #ECe)zrcq @?Ooéﬁzﬂ rst
enbodi nent of the filling tool in a cleaning position; FIG 10 illustrates
in principle a cross section of a second enmpodi nent of a filling tool and
feedi ng chanber arrangenent during filling of the 15 receptacle; FIG 11
illustrates in principle a cross section of a second enbodi rent of a
filling togl and feeding chanber arrangement when the filling tool has
been m)vecf‘rﬁht% allusipatgisnin poiidiplena atdskl$actibh b IaUﬁ}:gtaélsgoldﬁlmgrl nciple a
cross section of & secgndll enbodi ment of the filling tool i an Hﬁt [
position just bef ling feol gy an STRPBERgAPOsitiom ju befoept @ WAt Jedlpge
cont ai ner corr ecti¥npPess t receiving.,a. powder load. 25 FIG 13
illustrates in a di aggg%}?h cggééé%"raa 3 C@?‘tg T} particles, in this
case ithsul i n, inamxture with large particles as a function of position
in a feed,i %ha er.. 30 DESCRI PTI ON OF THE | NVENTI ON The present invention
di scl oses nethods, "8 P8 BRECHICpsapss wection ofea dixist rehBHHREeAR GBI the

volunetric fillimguab € r i.cament . doses into WO 2005/ 075292
PCT/ SE2005/ 000162 17gpr e‘%ao&)n;%q c%‘ﬁi%g’f hér BOsiiin dushelirys dbe aloade batsabren s
are adapted for toamsfersdd torarthByreb8Balat iiq ' ry powder inhal er
(DPlI'). The nethod according to the giraesent1 fbnégr??‘?%ﬁle%s illustrated in a

flow diagramin Figure 1. 5 :
10 FIG. 9 illustrates in principle a cross section of a first embodiment of the

-7

filling tool in a cleaning position;

FIG. 10 illustrates in principle a cross section of a second embodiment of a

filling tool and feeding chamber arrangement during filling of the
15 : receptacle;

FIG. 11 illustrates in principle a cross section of a second embodiment of a
filling tool and feeding chamber arrangement when the filling tool
has been moved into an emptying position;

20
FIG. 12 illustrates in principle a cross section of a second embodiment of
' the filling tool in an emptying position just before the load is ejected
from the receptacle into a dose container correctly positioned for
receiving a powder load.
25

FIG. 13 illustrates in a diagram the concentration of small particles, in this

case insulin, in a mixture with large particles as a function of

position in a feeding chamber.

30 DESCRIPTION OF THE INVENTION

The present invention discloses methods, a device and an apparatus for

exact metering and volumetric filling of dry powder medicament doses into



Prior art methods and devices use primarily cylindrical filling tools
having a plurality of generally conical netering cavities, receptacles,

which arg fj | wi th bul k powder from a source hol di pgTlsargsoansnt s of
‘powder . ‘ﬁﬂébd:’}é@%’lgzndri cal filling tool is then rotated to an enptying
position where the filled 10 receptacles are enptied into suitable
packages. However, the quality of the ppwder being filled into the
receptacles drifts over tinme, because the filling procedure affects the
quality of the powder involved in .the, filling proges n I Bh i ne
parti cl eréfoagiedosostaiasyoaere Hdie J1aes 854 rﬁotgﬁ ‘zerrsegéé& é{%%?s??a %\Ifer gy
is therefore.suppli t - hul k. -0\ f AhBH%ers (U PTesThel maetbpehdi ng
on mnuﬁﬁl&lﬁ?ﬁéfgﬁ?]é’?%( éﬁgég%f%yéiﬁéggvgg{%g&gﬁg_hormgeniglz)_e )t he . bul k ip_ovvder
and de- agghQBEacetRAbEbedre BognoiteT as ebuswhiesh iney fogy Wipgraghm BRI Gf
powder. The présent invention is an inprovenent of the existing prior art .
in severlal 20 respects. Prior art methods and devices often use vibration,
si eves and ot her power devices to transport powder and to prevent
part$c|es in powder stores to aggregate. Prior art can be summed up as

hi gh entalPyrEIdiAgss ale depicesaiic ippirantily oylisdsicad filling todndrgynas

possi bl é to nove powder froma_ bulk store to a meterigq%ore ec@% acl e‘?uél'@e

obj ect i ygtutalityoopgeferalbi goniasil dneseBgreyAisHnrESEE ALK oW 1ot At Teast to

control it, and to ayoi article_ aggr [ y i OWsaridral Phe

filling weifB Eﬁﬂ‘i Fi?ch‘@‘\i% a SoEbI gofcgrﬁ%i %&Pa?m@ﬁﬁﬁv{% n\goaer odynani ¢

di amet erc@lﬁ'ﬂ?}cal tfﬁiégﬁ’ Jéoms”ﬁ%/eﬁ)%ﬂi&ﬂuﬁﬁgnmfnﬁmhgmmm@ﬁ wiereihe; fetled

mlling @ spray- rying. Special dry powder fornulations be

progpcedegeptadies sipe aymptipdnigitproésbles peekagesyridawneEresn tBe p8§ RS

particles having nuch bjgger. geonetric diapet t if1linAD

| ess t hapowsden beieg diligg 5?@59@?@@%%55%? 8%6%%3‘@’ gj‘%{%&r}%é p%}\?é\ﬁgir émé

containing actiye I ded {rOMI10E] andheofiBaue proddssi, siadf t en

necessar 688515%1 %@g?ﬁ%‘?}@%ﬁé@fgbéa‘i Ut the potency of the resulcii ng

drug. A GaEFeRe MmRidpdridlei fracwasiofgtehpowtondising tiflest intre tpeAEFPARCT o

m x the active fine powder ingredient wi{h a biologigally t

exci pi enEnbegi iy Hagrgéerep SpRiess thlthﬁg{)HLk C%?Wfigf’sﬁ-&m t ﬂ%ﬁgﬁg’l ?’g{rl?cg%’ti ve

i nelS depending on manufacturer preference, in order to mix and homogenize the
bulk powder and de-agglomerate particle agglomerates, which may form in

the bulk of powder.

The present invention is an improvement of the existing prior art in several
20 respects. Prior art methods and devices often use vibration, sieves and other
power devices to transport powder and to prevent particles in powder stores
to aggregate. Prior art can be summed up as high enthalpy methods. The
present invention uses as little enérgy as possible to move powder from a
bulk store to a metering receptacle. The objective is to preferably avoid
25 segregation (see below), or at least to control it, and to avoid particle

aggregation by using a low enthalpy filling system.

Fine powders, suitable for inhalation, having aerodynamic diameters {(AD)
below 5 pm may be produced by micronizing, e.g. by jet milling or spray-
30 drying. Special dry powder formulations may be produced e.g. ixj. spray-
drying processes or in production of very porous particles having much

bigger geometric diameters than 5 pm, but still AD less than 5 um. These



powder particles. This is an ordered m xture. However, any powder
containing_a range of particle sizes, whether it is a perfect, ordered
m xture or Y0 20058T5892ry powder formul ation, runs a risk Opcrpsd 095’}(\/(}0{' snmal |
particles segregate from| arger ones when the powder is berng transported
or handled in a filling process. For instance, small particles tend to
fall to the bottomof a store by gravitati@n, especially if the store is
excited, so that over tine the concentration of small active particles
i ncr eases fmeapowtibes, bt teim i r ding epl etion. at the top of
the store. A 15 consequence ot ﬁ{:ﬁ?g al%ghf?%at tﬁéeroe?lgné'lsﬁf ?‘f’{ffé’ea@gs@%f:over
active agdntsioft¢menecerssarpdialonts endipiedtsf to fg.8Mdifdemygd é&etn%? N
un of a -

or vice v L n on the filling process, during the

filli ng pffféﬂ‘?p?ﬁ%ﬁgﬁwwn %W%@eﬁﬁ?\g tlt@r;: lﬂe)a?’m‘hty wf uﬁ@bamer

over e emfiatitie ive u active .dpsage W vary

consi der abl y. dependi ng on mﬁgﬁhgévﬁdﬁghggrggg%ﬁvﬁéabr%gi’}e&ﬂl‘g%w VCSEPLadele i n

a bat ch r8¥CIPMHHishagingolarget aptrtioles aofing GaIES rietd 88 tht NEnkilks idgah}%,! fGESS
er-

must acti . th rabl em of segregation and keep 1t un cont'fol .
Now, recogﬁ#’%ﬁfgg’%hgleﬁriﬁﬁﬁﬁ?@fng Tegdtiximirei f powder is being di spensed
25 fromthe bottomof the store in a continuous filling operation and

fresh, lﬁgaffect ed bul k powder is being replenished to the top of the
store, thEOWESAGeANy apdwrlenf cormtmlihingowdesnRardfi shescleeael h }P&h wll be
| ess tha;&% Ilfgﬂt o& ne H’_Bowder at the top, %\ﬁce lgt ea%ly gltzg%’eg%on %ﬂ%r@ Rave
been redthed " 1N gredg PEWraroteabRiaighe Ary gfowder formentatibny enhison ridle of
powd@0 3ChidWhpahi10Pat$clLE! I.n.portions, preferably by gravitation or:
by ot herdrsui tg]%ablg %%ns? ro% gg%et‘?l{{ Bbé%r&ers%’g?%é?" ‘?ﬂ'égﬁ powder imdeimg et
openi ng oraBsp@t20057 D263 BRCH SHE2QOE/ QR0 2 0r Inkesyl mher. With a
capacity f stori alimted am)untgof powdgf ngnougﬂgsfrglgﬂf%t‘r#gfsegend _
1'_03'r . . .
nunber ofiCdalde e RLUBFY @ et oredyr gyaitiatiomfesgreipldyiferthd StdrBys ekiftkhed
to a rel ajd Medy ovd@k i chamber. Steady state conditions are
qui ckly reached in {“ﬁéé gcg‘%y?‘g%?é%t a?‘&’&l ‘P%a%?ﬁfla&ﬁl,vewawmérmgm@ersngean
the feedithg bbétioler ofsa pswster lédibei 7e depletion at the top of the store. A
15 consequence of this is that the fine particle dose of active agent in the
metered doses will drift from too much to too little, or vice versa depending
on the filling process, during the run of a filling process, although.the
- metered dose mass is reasonably constant over the whole batch. As a result
the inhaled active dosage will vary considerably depending on whether the
20 dose was produced early or late in a batch run. This is not acceptable, of
course. Thus, the filling process must actively handle the problem of

segregation and keep it under control.

Now, recognizing the problem of segregation, if powder is Being dispensed
25 from the bottom of the store in a continuous filling operation and fresh,
unaffected bulk powder is being replenished to the top of the store, the
concentration of small powder particles near the bottom will be less than
that of new powder at the top, once steady state conditions have been
reached. In a particular embodiment of the present invention the powder
30 formulation is released in portions, preferably by gravitation or by other

suitable means, from a bulk powder source into a first end inlet opening of a



di spensed through a powder outlet, typically after a single run of the :
pillar of powder existing in the chanber, provided, of course, that powder

is bein recei in a suitable fashion fromthe bul k ppaysdesesmousee t o
‘make upq’f'%rﬁof@%péggder bei ng di spensed fromthe feeding chanber outlet.

~Thus, after-an initial filling of the feeding chanber, the bul k powder is
intermttently fed in relatively small portions to the chanber inlet to
conpensate for the discrete powder flow fromthe chanmber outlet during

dose netering and filling.. The feeding, chanber:i r e

the quaféadingnehandser Wilds HICaPREIYs %%ﬁoﬁgﬁdgr hh\%ﬁ?‘? e%?%gﬂ})%%ggr&ﬁ&éy

particles are {13q ' ¢idscreet flow fromthe
epm.lgfx 1%36 atnlilgﬁ{éncg goxﬁﬁbér 8F AWsPs ¥8Hd pfodu

chanber c er outlet. Contrary to prior art, the present
nmet hod uses very little power in transporting the powder and the present

met hod avoi ds addi ng energy to hreak up.partjcle S :
because &eggemmrat@lg the mwdﬁfrﬁ?sab‘ﬁ?ahgﬁiﬁd ytol i Q%Q‘Jﬁie nggsgxﬁ%% {:%Ir%%r
Thus, the propertjes, of e | K BRYOEE ‘ rehthédtin fthenbbde, foeedong
chanBer q%@l”ét? ﬁ'oéﬁetaéjyo T‘%{e]et .C% d\/\lf%gfeqr, af t Lﬁcgﬁ’f "Ritial start- up ?pg{%-od of
a |t o pupafarobr daseachasisinpeantys derdiag chambsadgs pRwder dpRitEon
i s reached, characterized by a certain gradi ent of fi ' artifgbg iﬂgpl tion
bei ng f aiispenset thwygina@epowdat aiyiked. fYPICA Yfag.E‘?fi ?@H?:g%ng%? OB 48 g Trom
the inlet to the outlet. After the initi st.ar, | WwHer is bei
concent rRAVSH SKISHHE B AlHHS Eﬁggﬂ?%r’ alF I\L/\c/g);}g&fl’etsjg Cforllﬂ ta ﬁg%%%ggjé? close to the
out | et . GagRanet hosuAgpRulirksendsonbahrgbiilk pedvadtr sbareetetmeker yp for
chanber .

f eedi ng e gradi ent and depl etion are kept acgept able val ues,
becagse pdderf ditgolishensed fron nther feediagt Fparhi eﬁi‘ﬁ’r‘édq%u%’ i8R of

o0 0 B B LG B ShgloNE . RS hachgy ek
TS A U aterilecn AR IR L
L1 pten 1 hag U eisow sieszng e ot N 1
conpar edfeeding icharaper fis| %Wrﬁ&%gdnﬁ ROGSCTVAR &lggq%%ltsé g@oiﬁ%&’?&%%%
' ul%t ' a{n',lﬂcq ptobved&,egcﬁ'ﬁ?@tthg "howder particles are transported as a slow plug-like,
discreet flow from the chamber inlet to the chamber outlet. Contrary to prior
art, the present method uses very little power in transporting the powder
and the present method avoids adding energy to break up particle
agglomerates, simply because agglomerates do not form spontaneously in
20 the feeding chamber. Thus, the properties of the bulk powder are left intact
from the feeding chamber inlet to its outlet. However, after an initial start-up
period of a limited number of doses having been produced, a steady state
condition is reached, characterized by a certain gradient of fine particle
depletion being formed in the powder contained in the feeding chamber,
25 going from the inlet to the outlet. After the initial start up period, the
concentration of fine particles is always less in the powder close to the
outlet, compared to the buik powder being filled at the inlet of the feeding
chamber. The gradient and depletion are kept at acceptable values, because
the feeding chamber is intermittently replenished by a portion of bulk
30 powder, whereby the body of powder in the feeding chamber is kept within

safe limits. The degree of depletion depends on the powder formulation and

the particle size distribution.



phenonenon in a filling operation. The exanple shown is froma m xture of
| actose and insulin in an 80/20 relationship, where the insulin powder

consi sts oWQ@AS07382t i cl es below 5 gmin dianeter and th S
particles are approximately 10 tinmes |arger. The concent r?giv?%fr{]ﬁ:g&oo%%l I
insulin 10 particles in the powder is plotted against the position of a
sanple taken in the feeding chanber. The tOncentration of small particles
drops considerably towards the bottomor outlet end of the feeding
chanber. Preferably, the feeding chanber is cylindrical in shape and the
axis vertical 15 for ease of filling and enptying, although other shapes
and arr an§@Rlrtng the presentometbod dfomalkjreg $he Bkik pesdep dvhdabid t@%dﬁl?fﬁ‘gh
[ ' The

vari ation I LL..within the scope of the present invention.

chanber i Z)r%% ?‘g‘tnéaleflﬁuﬁ?%%&é O35 {9, dose| wdabidiy iontergns o1f| doseemmss, aedg.
a scrapi nfnevplrtatle@afioh! £ '3 | f coll.apsing th Ll ar
of powder in %)he feedi ngoéh?rgbgrg&}n%gqaﬁgrlege &n%dﬁfgﬂﬂaﬁadgi%ppﬁlgflarrﬁe&hp&m
of powder methiedsugh tlirgramanisershdwan t herFiguee 18 dlpstrhting! ahee LARRL of
t he preseBh 'hgé_llentionh tlﬁi. chanber, and at | east one scraping nmenber are

r ot at abl ePPRPEIEITH AN D HLURR oraragen. dhehexample Hhawn lis fsomoaensdiapiofg
menber calhotoye A8H AfdH8; . cover at J.east a.portion of
a full revolution, tiﬂe%§n§5%£?§aq;%i%%%gl?lﬂbrgheme SBsHER Rewdery
the sectieensists o schaliparticledibelowss gayenedidietdrean@ Rk Met 'EQPti IEFG
one or rméle scra in}g@geg;oe{ work so that the whole inside surfate of “the
chanber i ?M%%B‘poéﬁl 8t (SOW}B?S Hargate dhei lconegnordian i oh smafeimstitiad
to begi n. pdAecIES ALY N .cyl indrical. pillar of powder, .
which is ?&eﬂr/ler al | APHI RIS, {‘%@%‘f%@%%@h{%@q%ﬁ)ﬁ@ wBI5aTeple; frkert in
chanber . thiviesdige chsimybet. [Ehes eoApENE a0RMET sl ks cﬁ'rof)s %i@éﬂ&% Lly
shorter than the fu#l chanber | ength, . including an optional outle e.
In the priefarsthrebettent opesltisirnd ! the fvalipeOSiATH292 PCT/ SE2005/ 000162
11 chanber, the powder pillar is prevented fromfalling out of the chanber
t hrough a second end outlet opening by a filling tool surface in forcible

gfwg%t S f‘ﬁ%j‘ijft @f;n%y“fg 2@{3?;‘%5@%‘2’2??@%%%8%?%? et et s ar
: . gh other shapes and arrangements
Will be obvious to a person skilled in the art and such variations are still
within the scope of the present invention. The chamber is optionally provided
with at least one energizable member, e.g. a scraping, vibrating or flexing
member, capable of collapsing the pillar of powder in the feeding chamber,
20  thereby maintaining a plug-like flow of powder " through the chamber
Furthermore, in a particular embodiment of the present invention, the
chamber and at least one scraping member are rotatable in relation to each
other, such that the at least one scraping member can move relative the
chamber wall, to cover at least a portion of a full revolution, thereby
25  separating powder from the interior wall in the section of the chamber,
which is covered by the relative motion. The one or more scraping members
- work so that the whole inside surface of the chamber is wiped clean of
powdcr béfore a filling operation is permitted to begin. The scraping action
creates a cylindrical pillar of powder, which is generally free from contact
30 with the inside wall of the chamber. Advantageoﬁsijr; the scraping member
or members are made slightly shorter than the full chamber length,

including an optional outlet piece. In the preferred vertical position of the



5 powder, thereby avoi di ng random segregati on of small [

: _ _ articles fro
lsﬁreg(rairn par:jl c:c es ![p thfa ]E)I | lar due to high tap densitypand ensui ng "
and frictional forces. A particular enbodine di
chamber WA30R¥I2rate piece 10 constituting the outlg{:ﬂéa’%é%g?oélﬁg o
chanber, the outlet piece being novable along the centre |ine of the

chanber. The outlet piece is preferabl '
( y;8pring nounted to the chanb
thereby creating the force between the o%tlet end and the filling tg(r)i

surface. The outlet piece constitutes a scraper.in thi
mde ofctmtibés,etatpuwder sallar risnpreveTAg o pling O S hENhERRPE

i ni my e.g. b c L Nd NG i d i
urfe HinBItédle stk fariel on blst
Fil :cl ngth_lf@Bgl.s“ RS C(Héé ﬁ%ﬁl%ﬁ%ﬁ%@gﬁr@%t%gﬁ%é anent Ton the fi???ln St oE)Ihe
surface_ | 5.l apanafde hoghiky didishete Ehherbenbbwererns ePPPHaRYettifon
may conprise nc_)n-pl ane filling tool surfaces, ucP as_par %I' Leals or
ﬁ:\r/ ;[ ngslg({smliep@!:naﬁﬁ)s Thaslpfr@%éﬂtmpﬁffé%ﬂngrit’f Bt 14cs $&§8 auH}ﬁPI ng ft ool

east. one cavity in (] r ' '

The Scavpeyeor by, St ranfghl SEEE Ao A e Aotnt of
logade(r) f p%ﬂ:?cl?é ze gﬁg y%mgy-uaﬁe ofp tHighr eqepteardity detdecmshengt placarHgn g
oad sel'ected type of 25 powder that results fromthe disclosed
i 111 ngfrigidigdl, fobets.t he oad is typically in a range from0.1 ng to 50 ny
and preferably in a range fromO0.1 ng to 10 ng and nore preferably in a
range from0.1 ng to 5 ng. The shape of the receptacle may be adapted to a

b Lt SEpbBefons RELiaitag, chanber b pt sty e T
fF:JH(?ﬁr c?%glﬁt%tﬁggpﬂrmcbaﬂga$mi of tbe claparhicrg the f?lﬁ@%ﬂ}_éﬁ%e_ %ﬁi‘ﬁ%g‘é“)gﬁﬁﬁge'
ool . Aalking &he eaniBe 0! O GRPP Socdi R Bl OB o g e
2005/ 075292, PATLSFAA05( 000162t drdrgrekcaninal thodarde bty cbe dennsdlesEnd t he
and the filling tool surface. The outlet piece constitutes a scraper in this way
and can be made of a different material from the chamber itself. The material
15  and surface finish may e.g. be selected for ‘minimizing the friction against the
filling tool. In a particular embodiment of the invention the filling tool
surface is plane and highly finished. Other embodiments of the invention
may comprise non-plane filling tool surfaces, such as part cylindrical or-part
spherical.
20
The present invention further discloses a filling tool having at least one
cavity in a preferably plane surface of high fineness. The cavity forms a
receptacle for metering a pre-determined amount of powder. The size and
volume of the receptacie determines the amount of lIoad of a selected type of
25 powder that results from the disclosed filling method, but the load is
typically in a range from 0.1 mg to 50 mg and preferably in a range from 0.1
mg to 10 mg and more preferably in a range from 0.1 mg to 5 mg. The shape
of the receptacle may be adapted to a selected type of receiving dose
container, for instance the receptacle may be truncated, conical, spherical,
30 cubical or generally oblong in shape. Further, the receptacle has a first

opening in the plane surface of the filling tool and a second, typically smaller

opening inside the filling tool. A filter may be applied to the second opening
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in a filling and enptying operation. The filling tool is preferably nade of .
two or nore parts, such that each area containing a receptacle constitutes °

a first pd¥@200347P2is renovable fromthe rest of the fi bl b ol
constituting a 5 second part. -Thus, the first part is renpve 58??101‘3%
second part when the feeding chanber outlet is not in contact with the
first part containing a filled receptacleilabout to be enptied and relieved
of its load. After enptying, the first part of the filling tool is

restored andoahhdir sReeRINRAF be | (i . -4dn this . the outl et
of the feeding chanber never I?soéﬁ%gggggtﬂ% {)ﬁp%rhseldfooé H’Fef ﬂ%ﬂt&}?e Yseelace
of the seHbRdiipHg ?HW@ﬁpmmg/enefaﬁomn‘ﬁhyiﬂmngttbei is pykferBBl nfdd B two
filling tQP!mci)%@éthsergb y..furned so that the first opening of the
receptacl e i s racrng’ a ﬁh\/\g’ra&s‘?a BRC? RANLHRIRE priecgptaplel constjtotes atfiest

| oad, i tpast, hehped Byréhavhbad | ' e de.gont ai ner. 15.] n_anot her
enbodi_nent of the present | nventf?(g]rrﬁi ?Iﬁg ?Eﬁil %’ﬁghtgogﬁﬂiléatgo i RgPENtRRe, der
receplsacl BEC Ptaége’ﬁltl‘dﬁl eherdirsh epdrit | ik et rdweal forh e of s6&InPPart Rherf i

: . . . : €.
enptied t con ening. At the filling stage the first opening
is uncoveﬁra:(!zaagﬁ?%Ch%%an %%\Aﬁ‘éﬁef?ﬁ r\%ﬂ’r’&%@@%&ﬁ&iﬁhﬁ Bt iparasphianing at fiked
second opewiepgaderaigut be Hel kil ' The.receptagle is filled by 20
suction t rogg?l the filter V\Eg’%ﬂ?ﬁg égg{eﬁé&’e&gﬁ%%rf%&'lgftef?ﬁlﬁ’it)%&r the
posi ti on F&tatarieoli the fiditoel is reltord ivtmtyé REcHHAYSR b ﬁflirlr# Eoll S
appl i ed Ihgtﬁﬁewfa&r E#‘ OoDet-rrl" ng c%% _tgedr eceptacl e and the second opering is
left open by the”fit&IYHeY f thei §AHEE her nhver poses contaxt witht thden
a pul@e dilliaigr toobregfdteof $h | flrst eni t hr ough t he
filter. the Fomdin e ohineRReoptl park Wk RomOPii4on <upBideatne first
cont ai neParTARboths hdling tond iprpsdatablpvanticdnsa fhdt 149 fﬁ@glb?%ﬁ%%rbﬁé 1S
the foll qu achd P3 0 strategin Figure 1. |.(Step 2 in Figur )If
f eedi ng c%ﬁ%ter, Ea\ﬁcﬁﬁgﬁ%@ﬁf BubH Wiren 30e @antpadse wjdchs ahéilbadng
tool surfianehelpedby chaviRlibAniglALNe R Lhblding tool .  such that a

i's br | '

receptacle of the filling too ought with the outlet end of

the feedi ng chamber, the dianmeter of which being bigger Dn Cn D('nn WO
2005115)75%?%15)%6?%&%%/{;1%%%%1 2of %ﬁe present invention the filling tool is a single
item per receptacle. The receptacle may be filled through the first opening

and emptied through the second opening. At the filling stage the first

opening is uncovered to let powder in, while a second filter is applied to the

second opening dgring the filling operation. The receptacle is filled by

20  suction through the filter when the feeding chamber outlet is in correct
position relative the receptacle. At the emptying stage a first filter is applied

to the first opening of the receptacle and the second opening is left open by

the first filter being removed at this point, such that when a pulse of air

pressure is applied to the first opening through the filter, the load in the

25 receptacle is ejected into a selected container.

According to the present invention a filling sequence involves the following
steps, illustrated in Figure 1:

[.(Step 2 in Figure 1} A feeding chamber, having an open, outlet end in
30 contact with a filling tool surface, is set in motion relative a filling tool
such that a receptacle of the filling tool is brought in line with the

outlet end of the feeding chamber, the diameter of which being bigger
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t han t he Fifst openi ng of the receptacle. The o

_ _ i : ptional at |east one
gﬂg;ggzabiﬁ negber I's energized concurrently with the notion of the

) er, thereby creating a pillar of powder. Il.(Step i | 1) W
the firsSVOaYENTRE2 of the receptacle is lined up 5 mﬁtﬁé¥ﬁgﬂ§ggg?ﬁz éhanggr
outlet, a pulse of suction is applied to the second opening of the
receptacle, whereby a portion of the powder pillar in the feeding chanber
is sucked into the receptacle, filling it conpletely. Surplus powder, not

fitting into the receptacle, remains in_t eed
exterior, sutfamethst e opFRinggof J&E F&° %P;e'fg‘?l(%? ?ESQ?C%%{%%?@%M&?%%\(QG

outlet opening of the feeding chapder ' ‘ '

d t&aviRemly eddaphef orotsun mifudhe
pp}/v:jer out oFgF’I—’%Z?eedl ng cEar%%er. %hzg appl i ed sgrctionﬁ?rloves themmhol e
pi I lar of powHgmighvtsey tovsEimsa piller oftostdesnd and hel ps to even out

irregularities and t d yder | ' &{l&_l;([eﬁ)
(S;ﬁ that t ﬂbl(Sibp?fglinc}%g;SCSg\r/ﬁ' rﬁcﬁlg %l%g%hgﬁ:ﬂﬁfgl g&Pé&etgggﬁéagg? (r)lrg% th o
a . . ' a .
Ther OUl ! CUINES focBiihg | dfuber (RARR! atpRisd b sudtiendt sppiédrto the

stop%ed.' Opt i n1s perforimed when the chamber. is

monent ari | ; i1 ¢ _ |
the cha nbe?' %Et@:?zg?fjo%é‘nﬁlg Rsitid oeceptect,t wherebypr aePEior of Hag RRVAFT h

Bning RIS Ak | .
chanbor movesliar B0t facdiE oAl 14 Sirgedoto fry pefBRaE Mg ReC"Y)

The first or onl rt of .t jod b . ' ] i
receptacl e, i?%%&?a%ﬁlg&l‘ggéjnd‘%%ﬂg%ﬁgﬂ%ﬁgﬁ %dhfmmﬁgéiptdtdﬁ%drnaeﬁigir? 11iload
is ejected byna pUiSRy ehadibeqreaurse e extestpr; surfrce 9bEBAJIERENO0S 13f

the receptacle if the intenti PG :
11750 openi nga a:srtcmgl:Se?%@i Sdih AbenahteheRaRREIrb Y fFRbY SHEhEAS
. . Ste . :
A6 ﬁp #s&%&g—: @’FB%%}E’E‘Q? :f%%vaﬂeﬂ Bu"t“?:{fecﬂehﬁe'édﬁ’ﬂ% dipadbeepThsent s

a dose the 0 a contai ner nust be counted. V.

f; gtn ep Ze?n?hgdﬁc%héa Wi@ich b€ thed@belhasilbead powded pimgrwise togards

( ntainer is sealed and sent to kagi '
i s made readytheo oattepend candshelss FRORIER. OB} SEFeRaritits Ao §OREGIRET
compact the powder in the feeding chamber, so that the pillar of

15 powder in the chamber is restored. Before the chamber outlet moves
outside the receptacle, the pulse of suction is stopped. Optionally the
suction is performed when the chamber is momentarily stopped in a
position where the receptacle is lined up with the chamber outlet, but
typically a pulse of suction'is applied while the chamber moves in
20 relation to the filling tool.

IIL.(Step 4 in Figure 1) The first or only part of the filling tool, carrying the
load in the receptacle, is next moved to an emptying position, where
the metered load is ejected by a pulse of air pressure directed to the
second opening of the receptacle if the intention is to eject the load out

25 through the first opening, or vice versa, such that the load drops into a
dose contamer.

IV. (Step 5, and 6 in Figure 1) If more than one load represents a dose the
number of loads dropped into a container must be counted.

V. (Step 7 and 8 in Figure 1) After a dose has been loaded into the
30 container the container is sealed and sent to packaging. A new

container is made ready to accept load(s} of powder.
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WO 2005/ 075292 PCT/ SE2005/ 000162 14 VI. (Step 9 in Fi gtjre 1) Opti onal | y
the receptacle is cleaned, e.g. by vacuum cleaning, before being restored

to a filliNgOpesiogszen. VII. (Step 1 in Figure 1) The feedj chanmber may
now be filled up, if necessary, with powder fromthe bulkgﬂgﬁ%‘)e%‘““%@ a
renewed pillar may 5 be formed in the chanber in wait for a new filling
operation. In a particular enbodi nent of tjw present invention the feeding
chanber rotates in relation to the energi zabl e nmenber(s) or vice versa,

while the Yhafbep fovies rigwes df) thsHELLIH, NG, L 0ol t ring the chanber
outlet in 10 pos‘igtﬁ on relafive g) r(zgté%{lgah e&l%d'ef:ﬁﬁg"qqﬁelsr cdepred, e.grmpybe
filled with pSfeer™ clganing, boﬁﬁerbaihglxestoﬂgaetoc@mﬁqé (P%L&ﬁet is in
constant COff apdte Wit \AL}I;Je suriacr%‘;f the filling tool~during all relative
motions. Thus, ‘The pondeBUF | thrihg feqdinghahwerbeummat ﬂcﬁysb@jfgpgcpqléioitf
shear forces beeaessargf witih td tion between the pillar 1 he
chanb$ and thg fill ir%g too?oﬁﬂ?ﬁg‘ufg'?g]cg?ed}?ﬁg(§ﬂb‘§eéﬁdi arceewsd pidlacenay
though t he | at PefoHRedraddcashamiielr inasaip 368 kbh&w iR Sl ection of
materials and finishing, help to even out differ enceg BN densi ti es

t hroughout the pillar. More porous parts of the powder pillar arising when

escapi ng pa=t pargsuhiree thd filling. tool, receptacle, are filled
up as the pillar coll a.pgggdtgy étrﬁte%ettﬂgh?re&cr&h’élv@mméheZ&emgmﬂmbéﬂ
the pilldtis jpedragtiohe te uttd @mefrgﬁﬁblé”'%néﬁﬁﬁe?f%%f it ng Aol L efyeand the
oL on LB Agkiog pelueen fhe fowder 10 ThECbi 1A Bt ot o e
movi ng :and Fotating eRakbBards,tther fdlingt tool ptarerifipl bhegel u -ip N
wei gh® orpasiees Urdagiket e rPid onte Hhe Ll Lo fool " surfacE 1< 7
afive -
PO s darafromp Sy AR S HororSiataciee ey e, e wian
upri ght peKdarofronzsthenpopalatepiliar. e ¢ha SRNLS Jelatively few
doses, tmmat:rlley no#écl esi than 10 and not mn%érebt%{]ﬂgg '%051. Ci%ﬁ%%t &OPitagt ed
mass of powder G fHHEC Pbridgs fpiing atoohadusingpriistelgtiyet H{dtﬁﬂ?é?uﬁ‘hh% B2
key fact powider ﬁﬂlh?"a&amé‘%ha?ﬁgom %]gi led segregation of small partic¢les
from bigger ones. It is [ npor ft o3dlatds ecHel e ssheardfdreeg iecatist her
powder p _ ¢ aptategoaabl atns batkedl the pillar in the chamber and the filling tool
15 surface. The shear and friction forces, though the latter are made as small
as possible by careful selection of materials and finishing, help to even out
differences in bulk densities throughout the pillar. More porous parts of the
powder pillar arising when escaping particles are sucked into the filling tool
receptacle, are filled up as the pillar collapses by the weight of the combined
20  particles in the pillar, helped by the suction from the receptacle being filled
and the friction forces acting between the powder in the pillar outlet end, the -
moving and rotating chamber outlet and the plane filling tool surface. The
weight or pressure of the pillar onto the filling tool surface is proportional to
the bulk density and the height of the pillar, if in an upright position.
25
The powder in the chamber represents relatively few doses, typically not less
than 10 and not more than 100. Having a limited mass of powder in the
porous pillar has surprisingly turned out to be a key factor for eliminating
uncontrolled segregation of small particles from bigger ones. It is impdrtant
30 to keep the mass and height of the powder pillar resonably constant by
intermittent topping up from a powder bulk source. It is inevitable, however,

that some segregation occurs in the pillar, i.e. a gradient in small particle



intermttent topping up froma powder bul k source. It is inevitabl e,
however, that sonme segregation occurs in the pillar, i.e. a gradient in

smal |l p i 200- 51075292 PCT/ SE2005/ 000162 15 cangestroesdoonsan | |
devel opa@ézﬁggwg%ar%the first, inlet end to the second, outlet end of the

chanber. The degree of gradient will depend on the powder formnulation, but -
once steady state conditions in the fil P'5ng process are established the
gradient will be constant over many- cycles of dose filling, far 5 beyond

t he nunber of doses in the original bo r piljar o er.. Lty i SO
Tost | resaeRration vilk GEIAR ERPE ROBHILRTSY F%ir%%fnp%&‘gg?mg EFR”@OS?%@
that the bul [y i gekedr t P sisle debeRdC bnoRhpOyevdisr | ng
e.g. fi"?rf‘?n%lkéﬁg\rl\ée&géﬁ%gl ggbé#éﬁghl gf gggggﬁj sholul d Eljgt be subj egteed to
unnecesgRmi11a8ivins ebuef oster gyadpesttse cohilitions | in ridree ddbnghpre¢ess ¢ire10

' i t hi he bul k powder. As littl i bl.g. |d b
Heed toeftablishgdithe ETvshBRt VY MoERUSH tiéegmw B3 AESlE oo be
ti f t i h .
D O i EPHE HurkBek 0 JREUAGHENABRH AT bR piRaMEELoRids. SOl aFddy

gra uat e neasures-shou aken t0 ensure that no
step | ”xvx\glac% it ithAG whes fdppingoupreedhamimanfraii ecpowderduali spusees he
bul k powder. I'n a particular enbodi nent of the prgﬁent invention.the

filli ngtleapptiatudkipowger is noftsibjectedde s BUlsEPh SHeHoD PRWET FULRE ce
of  powder hgl di ng an equival e of lLar wv‘oﬁ daseectéd fgedi ng
chanberetgapgh’r% g?faﬁ%"?eg% ﬁ‘ﬁ%és' %h? r%%?@dpaﬁgﬁ?i %OQ po(\!’)/\%lg(;rE corr ggpondi ng to
a linmted nupber-ofssinees anterergy | beegus@othisomitli shogaae Ithastrigheof
nmetering receptacle for dose formng; where the bulk source

di swnt begregskipnt pthinpthd dulbegpwgechAsbbEtioiancreyuak RswEe shauid e
hanber in t akes, t h ilable to t |

Goan’ ot psash tor Ry B ERehATBDEr 5o laer SPaTar gy fiengiig OO sdpbiel

chanber a%g%&?ﬂéf %@@gg‘ﬁ%@fe@ Be b rhBEL froth Nevgekvddrhienti sovirthilny

specifiga y when fiTling of the at |east one receptacle is
terrporagi-évitétﬁ\@:hl@idlﬁ.d and further such that the powder in the bul'k source
cannot be affected In any way by the dose netering and filling procedure,

whi ch runs autononously fromthe bul k source and its refill
15 Adequate measures should be taken to ensure that no step in the metering

and filling procedure can affect the quality of the bulk powder.' In a
particular embodiment of the present invention the filling apparatus is split

into at least three main parts: a bulk source of powder holding an equivalent

masé of a large number of doses, a feeding chamber capable of holding a

., 20 limited quantity of powder corresponding to a limited number of doses and a
filling tool comprising at least one metering receptacle for dose forming;
where the bulk source discontinuously tops up the feeding chamber with

bulk powder and the chamber in turn makes the powder available to the

filling tool further down stream. The bulk source of powder is arranged to

| 25 refill the feeding chamber as often as needed to keep the level of powder
therein within specified limits, but only when filling of the at least one
receptacle is temporarily inhibited and further such that the powder in the

bulk source cannot be affected in any way by the dose metering and filling
procedure, which runs autonomously from the bulk source and its refill

30 operation.. The feeding chamber, comprising a powder inlet and a powder
outlet, is thus given the task of transporting the powder smoothly from the

inlet to the outlet on a first-in first-out basis as a coherent plug of powder



30 operation. The feeding chanber, conprising a powder inlet and a powder

outlet, is thus given the task of transporting the powder smoothly fromthe -

inlet to tW& ¥W4397%62920n a first-in first-out basis as a coft}f.\[r of
powder WO 2005/ 075292 PCT/ SE2005/ 000162 16 using a mi ni rrum’%&%ﬁ@%&,

preferably gravitation only, in order to nake the powder available for a

dose netering and filling procedure. In ajgurther aspect of the present

i nvention the suction energy needed for
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25 runs gengraliie anpddtiencprasseradippar 0.2 T0edd MPRiRddiRes N REESent
i nventi %b?n%&%? ?%atgje ﬁrt .devi %ies the, problem of particle segregation
is further aggravatedd LHémifeand ngtmege than ) LAwénani cal power

sources to fill cavities. The nore power that is used the nore segregation

res

20

especially if the bulk supply of powder is |large and al so

ts,
subject edateok the art as e.g. described in publications US 5,826,633 and DE 103

27 070 A1l differs considerably from the present invention. An Important
innovation disclosed in the present document is the feeding chamber, which
differs from a hopper by not being tapered but cylindrical and optionally
having an energizable member, such as a scraping member, preventing
powder from sticking to the inside walls of the chamber, whereby it is

possible to create a powder body, i.e. a pillar or cylinder of powder, more or

. less free to move as a plug unit towards the outlet. The problem, common in

25

30

hoppers, of material sticking and building up - éspecially when handling
finely divided powders having particle sizes below 10 pm - such that powder
runs free only in the middle of the hopper, is eliminated in therpresent
invention. In state of the art devices the problem of particle segregation is
further aggravated by the use of air suction or mechanical power sources to
fill cavities. The more power that is used the more segregation results,
especially if the bulk supply of powder is large and also subjected to e.g.
suction. Another important aspect of the present invention is the use of a
preferably plane filling tool fitting tightly to a chamber outlet, not having a

curved surface of a cavity, receptacle, to be filled with powder. In the case of

j'/cl%lstﬁftquggé | i%%ly %%%? gﬁ{é P? om



30 suction. Another inportant aspect of the present invention is the use of
a preferably plane filling tool fitting tightly to a chanber .outlet, not

havi ng awo%wgzg\gaurface of a cavity, receptacle, to bepdydiRek0Moidr powder .
‘tn the case ot 2005/ 075292 PCT/ SE2005/ 000162 17 a vaulted cavity, the

connection between the receptacle and the powder supply, such as a hopper,
Is very difficult to control consistenth¥. Surprisingly, filling and
conpacting of a load in a plane receptacCle becones nmuch nore consi stent
and easier to control in terms of netered powder 5 nmass, conpared to a

vaul t ed®r B G s the icomngsiion hetwerac thefrecsptacise lapsk dhei ppwster

nmet hod |} t <al tLcl ' .he Eecfl b mal. | .as_wel.l, as.big
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f eedi ngSahpribiergly,nfikirh andntompaksingdsl Qrloal i stFke’ Rcddifclabechesoad
form ng. The nmethod of the present invention and the filling apparatus for
carryi nfusiy meke gengidenkyd tenaier Ke quiatrol yinotenrthe obubktereddppwalepl i ed

as iznp ter) ' of _beconming deteriorated by the filling process.
Par tSincu ér’lg?yf%fél?garrééa{:?iaoﬁgld?tegarret%fegfaecg% s not frequent- and segregation of

smal | particles from bigger ones is, if not conpletely 15 elim nated,
neverthel ess kept under control, leading to steady state conditions during
t he V\ho‘ﬁ‘érl?l‘ll‘ﬁllﬂigﬁ)ﬁg dpeelecton theglisdiossd falinghmenhoticals that digesrtpriesiined.
Sur pri sj,ngl he .present Jinvention dpoes not presuppose a nore or |ess
free fI9W R “’S%\Rn@?’?fb&@%r% "%‘?:]ﬁé‘isl 18,QPFSs SROYG 7 gh*‘aiﬁﬂraéoﬁloﬁfoméﬁs,

nor mal | yopngng ekl € fak | Ll -

Rel at i ve_ost andard devi atﬁ%ﬁétﬁ%ﬂm%%i&gﬁé \?gl(r'ae [ {nﬂeklp{%lirﬁéfctz‘"l()?:iI‘i Ién%gseé’%‘?%‘?n

t yplOcaldigtateddsy tihanate 66 medl fletninigt dhe neskod hdnthe Prewearidivegtion 4ol
standartg%@ij ng the present teachings. In the context of the invention the
term"d HREr APPaRr &‘(Fglécfoﬁéﬁm ing oyt thrgmeshod jmplyethadethe puslify @éshgns
such asybi.i e | . : i Whi tered
quant | 1o Paaes sERRAERS AR, haferyst il R0l HcoRREk diBlintle N o8

fillindillinige peordsa, nBarticulalrbsedgargiasal ad, phetielest §s bAot MeeguaNMei 4adl e in
a DPlI, which may deliver the dose to a user Inhaling through-the DPI
devi ce.SCBR@SaERn of es@igdhcparticlgs ydemt diggarcromes atfopénnot completely

15 eliminated, nevertheless kept under control, Ieadiﬁg to steady state
conditions during the whole filling operation, regardless of the number of
doses produced. Surprisingly, the present invention does not presuppose a
more or less free flowing powder, but works equally well for finely divided
powders, normally unsuitable for state of the art volume filling methods.

20 Relative standard deviation between delivered fine particle doses is typically |
less than 3 % and definitely less than 5 % according to USP standards using

the present teachings.

In the context of the invention the term "container” is used generically and
25 includes well-known designs such as blisters, capsules as well as bowls and
pods, into which a metered quantity of dry powder medicament, a dose, is to
be deposited. After filling, the container is closed and sealed, later to be
made available in a DPI, which may deliver the dose to a user inhaling
through the DPI device. The term "receptacle” is used to describe an open
30 cavity of very exact dimensions and volume made in a plane surface of a
filling tool, which may have more than one such cavity in a-plurality of plane

surfaces, each having at least one receptacle.



30 cavity of very exact dinensions and volune made in a plane surface of a -
filling tool, which nmay have nore than one such cavity in a plurality of

pl ane surW@gees/07ez2h having at |east one receptacle. WOROQR,HMERIAE

PCT/ SE2005/ 000162 18 Frominside the filling tool access can be gained to
the preferably smaller opening of the cavity or cavities, each
constituting a receptacle, to allow fittijgg of filters and air supply

nozzl es, which will be described |ater. 5 Enbodi nents of a device according
to the present invention is illustrated in Figures 2 - 12, where |ike
el ements_are given like nunbers in the illustrations. 10 Figure 2

i |1 ust r aF' 68T Fsddeother fillkngt tool atcdesastart ee@alfid) thAHS Rhic@abiy Lin

equi pneng, gﬁqﬂ%i §it:111%: a_bul k Eowder, source 40% .a feedi ngpgﬁgs?n%@l)) %@Eﬁeﬁnd a
filling tool fof ant 183YTRE tANikeponaeh constibitingtaireceptade, povElgsy 400,
and an afittamgeftifterd td Qir & ' i,on .af. byl k powder when

requH ed to top up the pi IrI a?bggﬁ%g%&gﬁ’@égl? W‘ﬁﬂi’f a%%‘éﬁg‘gﬁdéﬁ@*fber 15 134.
The | 1ing tool 101 contains a netering receptacle 110. Figure 3

illustr Jilling topl .101 having a plane top surface 103. The shape
and si zgtgfbogid;dé?etﬁtcgcﬁ‘ éPel"i@F REGOTHRG t@eiem diraseruinirtvion tidrz és AMMGstAGS] (o

t he powdEiuread2t o. bep nyy, . 1;khe nical shape may he circular, 20

rect angul agr or el liptical ﬁéﬁﬁehgmgdgfr%gggnggndmfeﬁlﬁ?ni _lﬁc_e tmembsranin the
adapt ed Ulpstratiorisat ended | oad and the dose container type. Also illustrated

are the filter 121, the seals 122, the optional stabilizing wire netting
or sintered filters 123 and the air connection nozzle 124. 25 Figure 4

i1l ustr gtiegré i A Princi.pal .drawi.ng of an enbodi ment of a
feed ng chabe: 13RS B b IRFUBR, i Afgedst e sneirepaspeef agitae and.
an i nnereguipmens Icoripeisihanh e5uils phtk Viggad | gast, on
mechani cal , menber 135. Al go il?uspr atdtggeéos&{%eu?g\}a%%ggﬁg éaﬁ%e(i?ﬁ

and t he *handilbResHalnd Olsauidr 102g Tee ikl glovlerc 8ot ce ORdAGind hSuR! ane
30 surf aesuddr 406, hhld 4R gaxlrgrqlgém\égtzfloé /f81'7 ?31%3351%;28533:?0514 %19%{312 powder
when required to top up the pillar of powder 200 in the feeding chamber
15  134. The filling tool 101 contains a metering receptacle 110..

Figure 3 illustrates a filling tool 101 having a plane top surface 103. The
shape and size of a receptacle 110 may vary depending on the size and mass
of the powder load to be metered. The conical shape may be circular,
20 rectangular or elliptical, the wideness and depth, i.e. the volume, is adapted
to. the intended load and the dose container type. Also illustrated are the
filter 121, the seals 122, the optional Stabilizirig wire netting or sintered

filters 123 and the air connection nozzie 124.

25 Figure 4 illustrates in a sectional, principal drawiﬁg of an embodiment of a
feedipg chamber 134 having an inlet opening 132, an outlet opening 133
and an mner tube 131. The chamber is further provided with at least one
mechanical member 1385. Also illustrated is the movable outlet piece 137
and the expansion spring 136 forcing the outlet piece to contact the plane

30  surface of the filling tool,



19 Figure 5 illustrates a sectional, stylized, principal drawi ng of the
operational filling tool first part 101 conprising the receptacle fitted
to a se g ()l7J'f9£'g tool part 102. The receptacl e 110pc¥/SEbdoameaier ed as
‘bei ng f| y powder 201 fromthe powder pillar 200 in the feeding
chanber, which is lined up with 5 the receptacle. The highly finished,

pl ane surfaces 103 of the filling tool ygparts 101 and 102 are flush with
each other. A pulse of air suction 125 is applied to suck powder into the

receptacle. Figure 6 illustrates a .sectional. t , awi ng
of o | Bighro® ilstretes RSP ainc O iR HRE BEB SEiey T Eiom

rape ush wi th the
filling.tool u c b | pé L5/ fivtrentd imBSedxa:md])eﬁnlx@
noves %Er%& W@ lﬁ% a‘holir?& %68%156&% ﬁ111‘302 a e chanber_is illus % when
par kefll(g,cg Jgaﬁtmz TR readptansillidis afus;raraadf as |hem@g<§w@rﬂa Y PVt § ally,
a sma t

ion 125 is applied tg the air .noz e t
i ntact frohn | thei powsler rIéngf 20Qdny gleaﬁce@gge% posr h onﬁﬁgfiglg

ill ust rates a se [ r fHEeM T@3 obf the ﬁlliﬂg rtgol ool
101 reﬁB@eWCFPB%‘P h 3}@%@2 i g‘r@’r n%lé%l)atlrﬂﬁr an enptying posjtign,. where

the | 0?% €s0%diaﬁnﬁe1me§r@ﬂds&pmltmeachaammacr\epursmof@rnséucrwar A4% Sssure
|

20 126 rected to air nozzle 124. Container 211 is in position to receive
t he licli gusack dedm‘tmﬁDeﬂ;\ear%éEEﬂ%‘ﬁal , stylized, principal, draw ng
of a Io 202 deposi ted into a container 211. The receptacle 110 i s now
enpty. 25 Figure 9 illustrates a sectional, stylized, prrgcr {)al gclé}rza;wvr ng of
the fil 0 a8 ek %%uas izkd) principal, eéramglaoo iat logwel He

bei ng Jlégﬁ?en% ﬁ{us%gﬁsl ng Ct ool 09@

peq0r g sbveparsluutieamiaboet e homoitbo e i 36l fieBE 105
net hods are o

ous to erson , 30,sk n &S
PCT/ SEAB0EA00ULEL Pigoe q»’g‘ﬁr"él% the ﬁ?ﬁ"ﬁé?‘eiﬂ E%ééﬁsg{rél?uvgtgg?% &
pri nei pﬁgl df@%“ NG, Of 1MBEPNE illustrated when parked in a start and end

position after a filling operation. Optionally, a small suction 125 is applied to

the air nozzle 124 to keep the load intact while it is transferred to an

15 emptying position.

Figure 7 illustrates a sectional, stylized, principal, drawing of the filling tool
101 removed from the tool 102 and arranged in an emptying position, where
the load 202 may be ejected from the receptacle by a pulse of air pressure

20 126 directed to air nozzle 124. Container 211 is in position to receive the

load.

Figure 8 illustrates a sectional, stylized, principal, drawing of a load 202
deposited into a container 211. The receptacle 110 is now empty.

25 |
Figure 9 111ustrates a sectional, styhzed principal, drawing of the filling tool
101 and receptacle 110 in a cleaning position before being returned to filling
tool 102. Cleaning 1is illustrated as being performed by vacuum cleaning 301

and suction 302 as an example. Other methods are obvious to a person

30 skilled in the art.



' iment of a filling tool 101, conprising a single part only. In this
ggggdlgﬁn simlar air gozzles 124 and 127, conprising simlar filters 121
and 128 rg’s(b%ﬂ(??"mﬁé?%/ and including sinmlar seals and optﬂﬁzﬁimwﬁ)ﬁét ive
aids (not 5 illustrated in detail), are used for filling and enptyrng,
respectively. The tool is illustrated in the filling position, simlar to
Figure 5. However, the receptacle has idef0ical openings, such that thﬁ
| oad can 39 filled through the first opening and easily enptied throug

1

t he second BP&siHYy.ilustmitgsre éebﬂdﬂéﬂ?ts&?ﬁé‘éd,a];)?%l%]tiﬁ!,ﬁ?l”a'1 ~ St%lii(é,esd’ .
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ready to recel véjjelrﬂgglad%fﬁ sply emipiipdeflecteh tye Qébcﬁ'ﬂi"o?%ﬂi ropr ES.SH‘.E
pul se 126 to nozzle 127. Nozzle 124 is shown noving back Into its filling
posie]':)d on. .25 According to the present invention, a second opening of the

: . . o _op ted 1o a -
ocdl achivs et abianoasiseguiiin, ifas spiecied 10 o
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the | oadyi revent : / ( : _
PCT/ 55208%88%5 159 fache dupecybacio imtd 2SO BORRIGY ARl Ledi, gD 10
enpli$i ndopas hbsMeert Reraped flush with the filling tool surface 103 by the outlet

piece 137 when the chamber 134 has moved relative the filling tool 101. The

chamber is illustrated when parked in a start and end position afte
operation.

r a filling

20 Figure 12 illustrates a sectional, stylized, principal, drawing of the second
embodiment of a filling tool 101, in an emptying position, lined up with air
nozzle 127 and a dose container 103 correctly positioned and ready to
receive the load 202, being ejected by an applied air pressure pulse 126 to
nozzle 127. Nozzle 124 is shown moving back into its filling position.

25

According to the present invention, a second opening of the receptacle is
connected to an air nozzle, which in turn is connected to a supply of vécuum
and compressed air e.g. through fast acting on-off valves. The preferably
woven filter between the nozzle and the second opening of the receptacle
30  stops powder from entering the nozzle. After completing filling of at least one
receptacle of the filling tool, the tool is moved to an unloading position and,

optionally, during the motion the load is prevented from falling out of the



optional suction is termnated and a pul se of conpressed air is applied to -
the second opening of the receptacle, where the air exerts a force on the

powder I%% S'H(}gzglzoad is thereby ejected fromthe recepicagimossngetizopped 5
into a sereeted cont ai ner, provided it is in correct position. The degree

of conpaction in the load is preferably adjusted by bal ancing the pul se of
suction during filling, such that the | gad may be ejected fromthe
receptacle as a non-dusting, porous body of joined particles, not as a

cloud of powder. Afterwards. the.fil]ll IS ' Loy AR RA L1 e
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may gi vafeffvaribertie fiflinghtovhyis coptienaliutreoved tpodcdeansg Paseen WoCter s

are usually rather thick and the fibers in the felt at - hel-d, i ce
25 1y daseeptaciasearerieangd;ijem W&F&F‘E&%ﬁ&aﬁﬂe&w %ﬁ‘e‘\%ﬂ%h E‘ér@?é m}%m y
arrange d hel d ’ | .and a nore or |ess |oose
fabri c.%ﬁp S ,eqﬂégﬁfe?%&rﬁynﬁgﬁﬂgﬁ%&%g%’ which may mx into the

powder and follow the powder load into the container. The present
i nvention preferably uses a woven, pre-stretch

(i1 ter dsG3br ammerasamon o ESgE o 0 ABnE oy sRe P HREE IRERE St Ul
Fur  her FeRAIAReGS B AR o SOt ot Phe | For D aa Chin Chat i

I's ¢asi | ywed BGm\RRORRITS 232 MBEL SERDGE! 0G0 162 repgptacle, such that the
powder is compacted to a certain degree in the receptacle acting as a
metering chamber. The filter at the second opening of the receptacle stops
powder from being sucked into the air system and thereby becoming lost n
the filling process. The filter is also necessary when air pressure is used to
- 20 push the load out of the receptacle during the unloading operation, because
it will stop any foreign particles in the air supply system from contaminating
the powder in the load. The filter should not be made of felt, because felt
material may give off fibers, which may contaminate the powder load. Felt
filters are usually rather thick and the fibers in the felt are not held in place
295 by design; the felt is just a compressed collection of fibers, randomly
arranged and held together by a bonding agent and a more or less loose
fabric. In use, the felt will let go of fibers, which may mix into the powder
and follow the powder load into the container. The present invention
preferably uses a woven, pre-stretched, surface-treated thin filter as
30 manufactured by e.g. W. L. Gore & Associates, Inc. of Newark Delaware,
which by design cannot lose fibers to air passing through. A further

advantage of the invention is that the filter is so thin that it is easily sealed

—.



to the air connection end of the netering receptacle. Instead of conmon .
prior art practice of squeezing the felt filter tight to the receptacle by

mechani cal Wiet Wps/47622e deformng the thick felt, the stret zw@%ﬁ&ﬁgilter
is held in place by an elastic seal, which seals the filter to the

end of 5 the receptacle, preferably using an arrangenent conprising a
resilient, nobderate spring force acting @@ the air nozzle on the other
side of the seal, whereby the contact pressure is kept constant, thus

mai nt ai nitogtlee tdighfonreswtitaetd i nd, the air
connection_end of the. receptrg:llégémr\ﬁgﬁgfeégﬁlsgagﬁggﬁé%%% i’&ﬁtﬁﬁgbf’glfgnamnrmy
be made ¥ FrtppEctionn HFAqUEREIME Nbepfanefiter Night | toAnges r&tddthcle by
medi cal | h?@ﬁ? IQi\éSPh efri al s furtEer advant age of the invention is*that
the woven Ti %er re%tlt‘r eLc o1 therthiske deltafhp reiteichedasoues filter is
conpar ed Hedd anf glaicef by tR{ D&+ | : Lcle filtration, i.e.

| ess ner.gy i s %eede ., whi cﬁétsl?r;%lhiy’?ﬁgg&g\gﬁtg?%thﬁl%%retof Fﬂ??@oahand of
unl oa'gi ngNBpEFGaNtacls, preferablr usingr ang aofatfempawdesnmpradthbt ¥ +OsitiBRt
recept ac oéléra%fs&% g but '.ngorta t and consi stency betweén Ioaof’s cdmi ng
out of the same r cfexg AE af:tm fOR diH T 1gsls ppotheuethangidmof she seal,
consi st emdyereby verN copagdst f Lffe cles.involved.in the
filling procesg, if there aétgg,]sng?% ltgh{e{lﬁﬁgé“rog%g&ﬁ %‘ﬁ?ﬁrmﬁ?taﬂ@mgf&} tedt s
easi | y dePBRREEOMhBAtWeEH s thquabz atb2zghand othdeairai JorkRAMRE! | Y e (AL 2
recept ac{_ e wth considerable. force into

' ushi ng, an,ai.r nozz
the felt eommafly %ﬁo F‘Fgﬁugbau#%&r BeNAiRroUs fudemian be madeft ¢.gnPaFE, he
net €0 NgPFAC BRRR, SNed s ' act ual | in_the receptacle,
whi ch in turgn redices & he %gmlrtﬂggggﬁ%%%&%g rp\égbé%eaﬁ’?r?‘é%m%@g@?‘?-ﬁt he
filling Buéhenagvantaga of the linventipnvidaharke wowvd Eille@ad qlifresORuch less

transfer .a, recei ving contai ner. The present invention solves thrs
pr obl em %‘3%6%@@ ErRYR %éfffﬁ%d‘} CRovRAred [a & felofiléer forregivenr flowi ande by

the nodgsaideleG8s4 esH! 44 LT [ during tilling and air
pressurce]Ilg ‘dur?n enpt Yi ﬁg q%&%?@ ?%éle\%gfggne%lp ﬁgﬁpilggﬁt%théC’]i ngﬂé‘ases
sl i ght | yibmgiamd nmploadingopebatianse the filter bulges slightly in the

dirﬁﬁtion of the suction. In a particular enbodiment of the present
i nvention a supporting wre netting or sintered filter is used to support

the woveprdgert #et@ing"8f Yhe powder quantity in the receptacle is difficult but
important and consistency between loads coming out of the same receptacle
is of course also important and so is conéistency between loads from
different receptacles involved in the filling process, if there are more than
20 one. A prior art felt filter is easily deformed when it is squeezed tight to the
air connection end of a receptacle, e.g. by pushing an air nozzle with
considerable force into the felt. The felt will bulge inwards and intrude into
the bottom of the metering receptacle, thus reducing the actual volume in
the receptacle, which in turn reduces the powder load sucked into the
25 - receptacle in the filling step and results in lower powder mass in the load to
be transferred to a receiving container. The present invention solves this
problem by using a pre-stretched, woven filter, which flexes very little by the
moderate forces resulting from air suction during filling and air pressure
during emptying. However, the volume of the receptacle increases slightly
30  during filling, because the filter bulges slightly .in the direction of the
suction. In a particular embodiment of the present invention a supporting

wire netting or sintered filter is used to support the woven filter on one or

LT SN
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VWO 2005/ 075292 PCT/ SE2005/ 000162 23 both si des. Preferably, the supportive
netting or sintered filter is applied only on the suction side of the

woven fi l\ff@ﬁ?otﬁfﬂr%fp the bul ging effect during filli ngtﬁemﬁm’%‘)‘”“

“mai nt ai ni ng e nom nal receptacle volune. Bulging in opposi t

direction, however, is an advantage in the ejecting node, helping the air 5

pressure to push out the load fromthe rggeptacle. It is also possible to
integrate the woven filter with a suitable sintered filter as a single

fil h
opt 1 m 2 SHRGues. PR e aobPsith Htline o Mheond it H4aidlany
rel ati V%rlswgaeaoﬂ%wéw%e &&%?i fitek WeeltopUbeasiiRh g lgrds JuRAptdIEngane

receptacle but also less RSD 10 between |oads from dlfferent r eGept acl es.
Sur pri sithgtehy ntaihéainahg chiseronfinahtetdptacieheoluene. nBUd»gntg ipdinterppositde

metering.receptacle after unlo sleswhe filt

cprrpalr egi %cqg’eaﬁ@”?vﬁ]f "t ’c%%nl'ﬁgdla@g%%% lf‘o & HPEC r}Iuléét . :Jagﬁ)\égntﬂiae @S}r—t
filtsr ﬁ{eésﬁlﬂ 'tergagﬁ BEEOIRS 1644 to e RE "R ABLLIGVITE §sIBNRE FYRUNE the
edges, ere It kept tight to the air connection end, pressurized air

may onl yniegsate ttheowg:lvem filtegr with @i Siitdie ysingeredt fidternasr awalrglef fikthe

receptacle durin ejection of the load, This enonenon | eads to
st anaARgL BUbER 4har GSNG SErRTRAAtTRE. SUEBHHY, PGP CHRPECRTHOT

| nsuff' Gt dHORYE 5068 ¢ ?ﬂﬁkeﬁ& &P il aal'édli’ée&l? AR08 J?cg;;&ed dB0idefod he

However,  even woven ter 1s use I NSt ea
f i I t er {RBDY &i&WeaﬁgéLGSSGﬁuémeloadsefmﬁct}ee wahlesreceippatie bat diso tess RiSde,
otherwise there is a risk _that powder retention on the inner walls of the
recBt adqeéwﬁﬁ@rl%‘ééﬁ%ﬂéﬁf%ml%tﬁqqp@ﬂ@ﬁﬁ air turbulence near the wall.
Preferably, the taper angles between the walls and the 25 centerline of the
receptacle are in a range 3 - 30 degrees, nore preferably in a range 6 -

20 degr gagrpz fﬁﬂn?@shtpﬁ@é esldbl Yebn fourahghad thelyetngiersof fRedder ig tesder
retention on all surfaces that nay conme_in contact with {)owder S g
furt her magisaing dﬁcm@qﬁ e88AT WRlAAGIRSNIS Tees fEheR HPIRE e Wovemehltry

chenber cohgaldd i 1 1P BRI ShslEl 7 SRTMBHANbRCSO0L AR L AEPES
machsni iy ARSSdddiies geotk deMritanaadt Quiabdasisearoirgh tlsel eliges, fihrehtwi t h
is kept tight to the air connection- end, pressurized air may only pass
through with great difficulty near the inner wall of the receptacle during the
ejection of the load. This phenomenon leads to a substantially reduced air
stream near the receptacle inner wall with insufficient turbulence to clean
20 out all of the powder adhering to the wall. However, even when the woven
filter is used instead of the felt filter the taper angles of the receptacle walls
should not be too wide, otherwise there is a risk that powder retention on
the inner walls of the receptacle increases due to insufficient air turbulence.
near the wall. Preferably, the taper angles between the walls and the
25 centerline of the receptacle are in a range 3 — 30 degrees, more preferably in

a range 6 — 20 degrees and most preferably in a range 9 - 15 degrees.

Reducing powder retention on all surfaces that may come in contact with

powder is a further aspect of the present invention. The material of the
30 feeding chamber, the filling tool and other parts coming into contact with the

powder, is carefully selected to present extreme stability of form, good -

machining properties, good resistance to abrasion, high surface finish with

el ialaiatalalal



WO 2005/ 075292 PCT/ SE2005/ 000162 24 low friction properties, if necessary -
achi eved by coating. Suitable materials for the filling tool etc. include
for instaWé@20@muasrszarc-renel ted (VAR) stainless steel, paBsiodsomlidLYs,
peek and glass. Suitable coating materials mnmay be selected from

t hernopl astic materials, such as PTFE, PE, parylene 5 and simlar. The tool
surfaces in contact wwth powder, e.g. th&4retering receptacles, should be
polished or coated to a fineness nodulus of less than Ra=0.25 m and

pr ef er abigty | feRsioh dhofertibsl 1f”r%'&@s§§1§ro%@ﬁtk%x;e'd”%y e{tﬁfg %ﬁhﬁ#{)@ éHﬁ?&ffﬂt as

| ow dynamic friction coefficient as SsSi
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chromumnitride, coal/chrone-comnbination or g I'tic coatfng.’
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wd t t t Iy, der at t b
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handl i ngslulil proseuiess, loss ptisahicy fritiios! wo&iﬁuisﬂﬂda@qsmﬁble A '}:ﬁte&ﬁ'!’réd(?' es
rged when. transported, not only b

cont act HRAERRLY e ok w%gi‘wwwlr@)dssmm StPebbegy] uPRgs ai
at mopnar o AIRAFRE Py GaERE Pokue ARGt bl Tettie®

af fect tpelished, mm@mdemn@eﬁtaqma{estsh@f RRWOG{an ﬁ;eo PR eThE At lihg] t%%l may
be el ectri cal |y discharged by applying static elimnation devices, e.g.

from NR[§11E q other apryts smasdthawe weysretallungicallyneetted by vampr depositiarhaf gi ng

of the p too nd assomai:e u t.to a mnigum
t hr oughou fc[l{z TOHlﬁ"E ‘J&lt‘i%agc&% 1€ rﬁ?ﬁlﬁoﬁbb f% g:r3§r aé?q‘lfi‘é?r EPRIRE- dddSt o
parti cl ews! iepisiing @ntlueihe surtes feits Ny IR fBicBibhs Smkily it REfdbL B8
process are kept to a mninmum Wen an applied air pressur%
15  powder particles to stick to surfaces. Naturally, consideration must be paid
to the type of medicament powder and powder formulation in deciding what
materials to use and the appropriate grinding and polishing steps and type

of coating, if needed.

20  Electrostatics is often a problem in the handling of dry powders, especially
finely divided powders. Fine particles are easily triboelectrically charged
when transported, not only by contact with objects of the transportation
system but also by flowing air. The problem is aggravated by the necessity of
handling the powder in a dry atmosphere, typically below 20 % relative

25 humidity, in order not to affect the quality and properties of the powder. The
powder particles may be electrically discharged by applying static
elimination devices, e.g. from NRD LLC, Grand Island, New York, where
needed to keep static charging of the powder, the filling tool and associated
equipment to a minimum throughout the ﬁlling procedure. By doing so loss

30 of particles due to particle-sticking and other interference from statics with
the filling process are kept to a minimum. When an applied air pressure

pulse unloads the powder load from the metering receptacle, the powder



pul se unl oads the powder |oad fromthe netering receptacle, the powder WO
2005/ 075292 PCT/ SE2005/ 000162 25 particles nust pass an existing air gap

before reaching a receiving container. By triboelectri i
-particl e%”%%ﬂ??’ﬁ@%z positive or negative charge to a hilg%@rgﬁio[gglp@ggzer

extent. This electric charge nmakes them di sposed by the influence of stray
electric fields, existing in the air ga to deflect in other 5 directions
than, the expected inertial and gravitational track and thus settle onto
ot her surface areas than the expected target area .of the receivin
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fromthe spirit and _the, i nventi fiped |
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filling S, paratus iIs characterized by
reduced.

15 The present inven‘tion relates to consistent filling of dry powder doses of
medicament into containers destined for insertion into a DPI, where the pre-
metered doses are in a range 100 pg - 50 mg and preferably in a range 100
yg - 10 mg and most preferably in a range 100 pg - 5 mg and presenting an
RSD of 5 % or less. A metered dose in a container may comprise more than

20 one load, but this is by exception and not the normal procedure, because it

would take longer time to fill a container with a dose.

What has been said in the foregoing is by example only and many variations
to the disclosed embodiments may be obvious to a person of ordinary skill in

25 the art, without departing from the spirit and scope of the invention as

defined in the appended claims.



-5 a feeding chanber device having at |east one inlet adapted for receiving:
portions of dry powder fromthe external bul k powder source and at | east
_one outlet adapted for dispensing powder to the dose filling tool; an
i nternal volunme of the feeding chanber device is designed to hold a

}imted anount of powder representing a |imted nunber of doses, and the 0
feedi ng chanber device is designed to lpg replenished intermttently with
powder fromthe external bul k powder source for maintaining a | evel of
powder in the internal vol une mﬁtQ; P@ﬁi ified limts over many cycl es of
vol unetric dose filling; the feedi g er device and the dose filling

tool afre l.e1d i t whil e the at
| east he oLt PRRTaLS, R (a0 sBRt ARt pbRURLRhnl b ERECLE BT Btk i
a sur fsmercef ta beddss dilfing| ood duwrdhg delumetridéilling atfi M- tabyE RiYes, the

rel ati ve novenent providing shearing and frictional forces on a pillar of
pomderal?lﬂaﬁgsilﬁtcég’r?éf’t%fz Aeb¥f the feeding chanber device, thereby

der RRAEHES hanber device, thereb
Chanber | acu R s, BRNR R g Tl P e A B kBB ndent.

i nt er nealitadres oflelriycpowdepdradi nget dvetebihk bpOMdsiwaor lseerteommi her dose
filling tool. 2. The apparatus according to claiml, characterized in that

25 t hePReeutsh @%ﬁ%rfordéiﬁ%%@ﬁmq‘@@%rb% thfefd@se \i&éléng _rt@ﬂé;ih zabl e nenber,
en ener gt aocEARRRLR,AL %&ﬂ@?@é@ﬁggc%gmégm&?%%gé %gé%%i 1§ BHER1 ug

chanber device 1 nto a honogeneous

of poviteitetir amchavi of) peerRiratdpresentiagt a WirhiteHhAuiniher oS Wdace Hd the
feedi th chanmber device, 30 3. The apparatus according to claim 3,
ch8r adeedingghapnberdeyice inedesigngrzsmi e mephurishedpriteemittentbastitone

scrap le . relati the feeding chanber.device. 4., An
appar }Eouvgg {%?f%rg%%gtﬁtgn&g@&ﬁﬁ SR erdgglégceo Olarlyaﬂ,%%}au}gmelevgl of
appar gidigdés i€ At @rhaBdobimie RELKi D QEBITiceP tintRs CORrAnMARY LR PRpder
and conprising neans for
volumetric dose filling;
the feeding chamber device and the dose filling tool are arranged to be
15 movable in relation to each other while the at least one outlet of the feeding
chamber device is forcibly in contact with a surface of the dose filling tool
during the relative movement, the relative movement providing shearing and
frictional forces on a pillar of powder in the internal volume of the feeding
chamber device, thereby assisting in providing a coherent plug of powder
20  within the feeding chamber device; and

the feeding chamber device constitutes and independent, intermediate

device, separating the bulk powder source from the dose filling tool.

2. The apparatus according to claim 1, characterized in that

25 the feeding chamber device comprises at least one energizable member,
‘when energized capable of collapsing a body of powder in the feeding
chamber device into a homogeneous plug of powder and separating the plug
of powder from having generally contact with the inner surface of the feeding
chamber device.

30

3. The apparatus according to claim 3, characterized in that



- rel easing portions of the powder; a feeding chanber device conprising at
.l east one inlet adapted for receiving portions of powder fromthe bulk
powder source and at |east one .0 outlet adapted for dispensing powder to
“at |least one powder netering receptacle of the dose filling tool; the dose
filling tool and the at |east one outlet of the feeding chanber device are
arranged for being novable in relatiomtYo each other such that the at
| east one outlet of the feeding chanber device is forcibly in contact with

a 15 sur : d LL L - i (0 1. and
air sucti %ﬁg %é%%%&gglaepﬁlzegnp%)}r ngg?@g%gagﬁasg %g%e{‘%#a?g&&%&ﬁ%’i | tlbhée at
| east I@[@imt}gfe@@iﬂg(@mmb@edwide,a dose of the powder when the at | east

one outlet of the feeding chanber device crosses the at | east one netering
receptacle during the relative novenent, 20 wherein the feeding chanber

device, constitutes.an d nd n j nedi gt vi.ge LN he

bul k pabvxd s‘?‘é)l?lﬁé‘@h?? ofl%r tﬁ@%égggl? iFPJlO?ﬁ%gr“ 051?. ggg&ﬂ?g gB’Z:‘?@‘%’ﬁéf’ag%%r di ng
t oscl ad@é}-atﬁgleg ehbehttedzed Bypat the surface 25 of the dose filling tool
conprising the at |east one netering receptacle is plane. 6. The apparatus
accor di nga bub{ pomder shacgceriaining the pewvder andGomprisapg|meangdof he at
| east one neteri re tacl e.such that powder particles are 30 not |ost
to air' %&}%ﬁg?&ﬁgasdﬁiﬁﬁgp?wgﬁ’ng of the at |east one metering

receptacl @ f&®ling- chASRRP RIS c@ﬁﬁgﬁgiﬂy dtoledsti Bne, ilkar adhptd gdri n
that the filter 's a woven filter. 8. The apparatus according to claim4,

char acteerivieg piortiohst of hewdernizonaihe dhullt pemgien gFutageand atdeast one
or Dopidiaia IABBEn SraedsaroEiE mavart de” 2t Mitorting S febrs inde, ot
one Orr&gfé{mgbh{hgoagséﬁﬁ%gQ&Oﬁ;he filter. 9. The apparatus according to
claim4, characterized in that a'spring ,J force is applied to keep
cont act prhssirsee B8iwedéochnnd thnetesst ohe putleeofdig feeding chamber
device are arranged for being movable in relation to each other such that the
at least one outlet of the feeding chamber device is forcibly in contact with a
15 surface of the dose filling tool during the relative movement; and
air suction means adapted for applying air suction power to {ill the at
least one metering receptacle with a dose of the powder when the at least
one outlet of the feeding chamber device crosses the at least one metering
receptacle during the relative movement,
20 wherein the feeding chamber device constitutes an independent,

intermediate device, separating the bulk powder source from the dose filling

tool.

5. The apparatus according to claim 4, characterized in that the surface
25  of the dose filling tool comprising the at least one metering receptacle is

plane.

6. The apparatus according to claim 4, characterized in that a filter is
applied to the at least one metering receptacle such that powder particles are
30 not lost to air being sucked during filling of the at least one metering

receptacle.



"an opening of the at |east one netering receptacle for sucking: air,: such
.that elastic seals sealing the nozzle, the filter and at |east one- \
metering receptacle wll stop | eakage of air and:powder into and out of:
the at | east one netering receptacle. 15 10. The apparatus according to
elaim4, characterized in that a source of electric charges is arranged in
an air gap between the dose filling tagg and a dose container, such that

el ectrically charged particles in an ejected powder |oad becone

el ectrjca neutralized while bejing kr "E'fiﬁ W Aol Bask1ePgs 220

met eri%ng Jpg%&;%%aguF@cg% TNy %eig‘rll a‘itshgirﬁ}%%{ ée&appar%t us according to
cl ai mg,vegh@mact eri zed in that sources of electric charges are arranged at
a working distance to the bul k powder source and optionally at a working

di stance to the powder in the feeding 25 chanber device and to the dose

fill tool in order to el ricall uty alJd PSSt kga€haiges of
t he p%ﬂe&‘gﬁn&H%aiﬁﬁaﬁggﬁg(ﬁggzﬁhe&%%aﬂét udstﬁgggg%%épto clarma,

char achesh 88 aPY% tAlHstRI TS Rliteeape-adaptet b arrrapging ag least pnesdw e
power to eject a netered dose of 30 powder frogtiglt% at .l eas 1one met eri ng
r eceptsagimriingn Wihe meitieg: at|@¢ O pPaonsdly Hosh § Sef"’?{)tt$5'3n£§1 §Kt 8T & dose

container. -------- - =--- 29 13 A t L W] y powder from
an extSHHRATURS ?%“585&&%?“%8%?’85 ?roogﬁ%gggfﬁtﬁ énlg@tégglth&r}?]itﬁ% vol urretric
filling of metered doses, <characterized by: intermittently feeding a
portion of powder fromthe external bulk powder 5, sour,ce Eo a feeding
chanbed. d@Wiecepparatigh ascordiag tonelaim d Qﬁaltaf?é:erl;?édfd& (RREMDSPTERI ce,

the feeding ch r, devi ce being _desj i N a i nount
o Spontre RetPBReT P en SRRCE RS RREr Bpvaen GBI BoBMlc the A TOLT
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will stop leakage of air and powder into and out of the at least one metering

receptacle.

15
10. The apparatus according to claim 4, characterized in that a source of

electric charges is arranged in an air gap between the dose filling tool and a
dose container, such that electrically charged particles in an ejected powder
load become electrically neutralized while being transferred from at least one

20 metering receptacle to the dose container.

11. The apparatus according to claim 4, characterized in that sources of |

electric charges are arranged at a working distance to the bulk powder

source and optionally at a working distance to the powder in the feeding
25 chamber device and to the dose filling tool in order to electrically neutralize

electrostatic charges of the powder and the apparatus.

12 The apparatus according to claim 4, characterized by air pressure
means adapted for applying air pressure power to eject a metered dose of
30 powder from the at least one metering receptacle when the receptacle is in a

position for emptying into a dose container.



*device is in forcible contact with a surface of the dose filling tool
.during the relative novenent, the relative novenent providing shearing and
frictional forces on a pillar of powder in the feeding chanmber device,

t hereby assisting 15 in providing a coherent plug of powder within the -
feedi ng chanber device, wherein the feeding chanber device constitutes and
an i ndependent, internedi ate device, 29eparating the external bul k powder
source fromthe dose filling tool and transporting the dry powder fromthe
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relative movement, the relative movement providing shearing and frictional
forces on a pillar of powder in the feeding chamber device, thereby assisting
15 in providing a coherent plug of powder within the feeding chamber device,
wherein the feeding. chamber device constitutes and an independent,
intermediate device, separating the external bulk powder source from the
dose filling tool and transporting the dry powder from the external bulk
powder source to the dose filling tool.
20
| 14. The method according to claim 13, characterized by the further step of
energizing at least one energizable member in the feeding chamber
device, when energized capable of collapsing a body of powder in the feeding
chamber device into a homogeneous plug of powder and generally separating
25 the body of pdwder from having contact with the inner surface of the feeding

chamber device.

15. The method according to claim 14, characterized in that the at least
one energizable member comprises at least one scraper member movable

30 relative the inside of the feeding chamber device.



“wherein the feeding chanber device constitutes an independent, 15
.Internedi ate device, separating the bul k powder source fromthe dose-

Jidling tool and the applied air suction to the netering recept acﬂl e. . 17.
The met hod according to claim 16, characterized in that the surface of the
filling tool is plane. 20 18. The nethod according to claim 16,

characterized by the further step of Hpplying a filter to the at |east one
metering receptacle such that powder particles are not lost to air being
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si nt er ed fﬂqef%#lttSP%gn"é’pg‘Fm@éW%@ﬁ FsABot %Pﬁﬁgo%fcffﬂ%wﬂqr?fé?ﬁgggw “The
met h°$o%9&é}r§8&%ettg S RLD 386 i0NA G BEdBRE dharhBer Hekidgr step of

applyi'ng a spring force to obtain contact pressure between an air nozzle,
thg filtepravidiran aopdating robvemenatbdteasn tre fensingichpmdmspdedre apsh
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t he p%gg ta%Tcd t he apparatus becone electrically neutralized such that the
ng

fill ocesSs is not adversely affected. _ .
wherein the feeding chamber device constitutes an independent,

15 intermediate device, separating the bulk powder source from the dose filling

tool and the applied air suction to the metering receptacle.

17. The method according to claim 16, characterized in that the surface of
the filling tool 1s plane.
20
18. The method according to claim 16, characterized by the further step of
| applying a filter to the at least one metering receptacle such that powder

particles are not lost to air being sucked during filling of the receptacle.

25  19. The method according to claim 16, characterized by the further step of
re-enforcing the mechanical strength of the filter by arranging at least
one of a supporting wire netting at one or optionally both sides of the filter or

a supporting sintered filter at one or optionally both sides of the filter.

30 20. The method according to claim 16, characterized by the further step of
applying a spring force to obtain contact pressure between an air nozzle,

the filter and an opening of the at least one metering receptacle for sucking



»23. The method according to claim 16, characterized by the further step of
rapplying air pressure powder to eject a netered dose of powder fromthe 20
.at | east one metering receptacle when the receptacle is in a position for
enptying into a dose container. 24. The nethod according to claim16
characterized in that a mass target of the doses is in arrange of lbO gg -

50 ng, and preferably in a range of 131 25 Vg - 10 and nost
in a range of 100 pg - 5 ny. ’ " st preferably

air, such that elastic seals sealing the nozzle, the filter and the at least one
metering receptacle will stop leakage of air and powder into and out of the

receptacle.

5 21. The method according to claim 16, characterized by the further step of
arranging a source of electric charges in an air gap between the filling

tool and a dose container, such that electrically charged particles in an
ejected powder load become electrically neutralized while being transferred

from the at least one metering receptacle to the dose container.

22. The method according to claim 16, characterized by the further step of
arranging sources of electric charges at a working distance to the bulk

powder source and optionally at a working distance to the powder in the
feeding chamber and to the filling tool in order to accomplish that

15 electrostatic charges of the powder and the apparatus become electrically

neutralized such that the filling process is not adversely affected.

23. The method according to claim 16, characterized by the further step of
applying air pressure powder to eject a metered dose of powder from the
20 at least one metering receptacle when the receptacle is in a position for

emptying into a dose container.
24. The method according to claim 16, characterized in that a mass target

of the doses is in arrange of 100 pg - 50 mg, and preferably in a range of 100
25 pg- 10 mg and most preferably in a range of 100 pg — 5 mg.
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