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6 February 2007 WO 2005/ 014397 PCT/ GB2004/ 0033
MVETHOD AND APPARATUS FOR FI LLI NG A CONTAI NER Tﬁ%d’m‘“y 2007
present invention relates to a nethod of filling with

a container having an open end, h f
Wozg(ig‘k\!r}%%%’éneousl y filling a plurality of sugﬁ%hﬁ({%%?oﬁésrﬂs

and an 5 apparatus for carrying out such nethods. Wen
factory packi ng unit doses of drug into individual

contain there is a Lr to_achi eve

o ot ech M ARAREAEATPSAORETE NG eoh@vaARNER (11
wei ght  (drug rrass) must be accurate, aimng for
better than 5% RSD (rel ative standard 10 devi ation).
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t b t hey. st t || d t
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appRAitEEfot SartSithut Such MeBEONE this, then the povvders
conpact into a solid mass. This is especially 15

di sadvant ageous for DPI (dry powder inhal ation)
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qu\zhbﬂne:ﬂso achéevk pm“ﬁfmf thid driig from filaosmosphatet Thelll waighbe ™

- .used. .The tube is pushed. int hed, I.ifted
(drgg o) FRSTRARIRIAIS (AR 2 fox bethrs thag 526 %ﬁﬂ%ﬁlﬂwwwhe

defi@itpgi ner. The 20 povvder is then pushed out of tube
Into’the container. It is also known to push a
container into a powder bed upside down, such that

owder t cks a| Je n hen f
Co vy &bl R A s Rl R B o
wall Bl ot s e MY, Bising ﬁlhoﬁ@ﬁﬂn@(bd@@ﬂh@ndﬂigl@ﬂ)rdea@wmg) when
t he contai ner holds the right anount. Finally, 'S

oveERRARIbISotheR e PEYdMEFOmPREIgNtg aspligrapssy il@b%eSB?m%Uﬁom
cishMatlTBeout KA1 fhry b Hilalich bificaRods UL ;;Jo“ﬁa&dmmt%\év

e po e con &neral t hese

sucrkeﬁ bards$ tHeaustaidef Hyi thespatipntd inhhled gir streamml | cont ai ner so
that it is full to the brimwth no powler deposited
on the surface surrounding the container, and the

MRS bleXenown for filling. Dosators tubes can be used. The tube is pushed into a
powder bed, lifted out with powder stuck in the tube and moved to the container. The
powder is then pushed out of tube into the container. It is also known to push a
container into a powder bed upside down, such that powder sticks m the container, and

then wipe off the excess. It is also known to tap powder into the co_ntainef, weigh the

container and stop tapping when the container holds the right amount. Finally, it is

known to suck powder into a transfer tube of known volume, transfer the tube to the

container and blow out the powder into the container.

Generally these methods have difficulty filling a small container so that it is full to the

‘brim with no powder deposited on the surface surrounding the container, and the density

in the pocket is higher than bulk density.




in the pocket is higher than bul k densify
February 2007 WD 2005/ 014397 PCT/ GB2004/ 0033806 Februagy 3007
97/ 05018 descri bes a nethod and apparatus for filling
cavities, in particular for filling cavities with a

WO 2605Attet’ which is, in a free-flowing aggl oREVEBUEP3HSH

and is made to flow froma hopper by subjecting the
hopper to vibration. It irfdicates that it is possible
to accurately switch the flow of the powder on and off
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(in whicch the cavities are formed) and the hop
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i ntq ea face
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posdibilifihafockiNg tBe/dd3b BdMert (REwiietStha cﬁmﬁds are ﬂaﬁnezibi antbihe hopper
vi brations to ensure that each cavit properl y

intor quppgseentyRish thab hampae tlowe diectly e o #od UG URPFIGfAce
of tﬁ&%gﬁtﬁﬁﬁ“r{)e{v&eﬁ he cﬁ\ﬁ g r¥malﬂ§1ﬂf:a¥r1]1|])t? owde Ul €S t hat the

er conti nues ow Wt e cavity, such that
it does not Ieave spaces or air pockets to the side -

Thu®) WOe7d1e1 $ietichee a Ofstdnihicude Yibedtidns to Rnduné that GeiN&Rity is
achi eves a uni form densi ty. However, in WD 97/05018,

propaily filed uBhe Wermtiorisngie Rpomger o frqun e Benrse o e caviz
sl BB RO B R
not leavespages et it yodkets ko the dldaﬁﬂhlﬁ&fmﬂﬂhfoéﬂﬂe caiiycdngd, iarhis he
sen%gs%éfeg%qaltgﬁogn? g%g;vahgévgvero in %%“97%50' lgttge Etcl%l?al ﬁgn\égé %f the
resulting powder in the cavity is not considered. WO 97/05018 proposes one system
where vibrations are provided until the cavity is completely fuil and another system
which, on the basis that the flow rate of powder into the cavity is substantially constant
provided that the amplitude and frequency of vibration remains constant, determines the
fill weight by carefully timing the duration of vibrator operation. There is no
consideration of the fact that, for a particular volume, for instance the total volume of the
cavity, the density of the powder can vary, such that fill weight will vary. This is |
different to merely ensuring that the volume is full of powder and has no air pockets or -

spaces.

As disclosed herein the shortcomings of




rovided that the anplitude and frequency of vi tio
Penains const ant, ngernines t he fﬁll mgight 83%’”m§bog7
carefully timng the duration of vibrator operation.
There is no 25 consideration of the fact that, for a
particul ar volume, for instance the total vol une of

the cavity, the density of the powder can vary, such
var [fferent to

that fill fght wll . This is, d
pre‘r'?‘g‘i‘serfi%;hoélﬁg'\ﬂlﬁ‘?egﬁestcﬁgk’e ?‘ﬁécoé’ﬁ PLHCaFIePGPY of powder and
has no air pockets or spaces. 30 As disclosed herein
the shortcom ngs of 6 February 2007 3 previous
A fire hipod pravittds a excihoé sf fii A wich @welecOtttabier dving@aspen end,
reduced, A first aspect provides a nethod of filling
 the ethpd psiidwe: positionipsanfwtleled o horpensonisdte Rowder abpygahe open
I.ncl uding:. pasi.t.i oni an outl et of hopper
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cause powder to be transferred fromthe hopper to the

whezein theistepy of negebanine ihapithtingl ihgludegappangitinchopive andjertcantmieer,
wherein the steps of nechanically_agitating_include
aﬂ%ﬂﬁfﬁﬁ}%@ﬂ@ &Hsaﬁg re %‘W&?‘%@??ﬂt tofmepre that the
‘ e - -l ned anount
Cons 8?%9 CFI%F%%&@#S% r%yetd%g@{ut%%gi%ﬁ%g? ntainer is filled
wi th powder at a predeterm ned density. A second
aspect provides a nethod as defined above further
A sqeaed aspechprovides amgethdves defingdebove furthaminguding usieg tht golume
define a predeternt ned vol u for the powder. A third
of theggmainerdp g@ﬁﬁé@ Fede R OL\’E‘%%?H}?‘T’]@OW"GI' ‘t he second
aspect further including: filling the entire volune
of the container with powder, the volune of the
A thhdntmbtyedsvide 4 adettion gedoRiing tP the dadotd M8pad durthed iieRdingA filling
fourth aspect provides a nethod according to the third
the epsipevoluna afthreontainen widh neydert e velnme phths tontaies epklling the
ep. of mechanically agitating the hopper, spacing the
pm%%ﬁ$%?I%¥mF%e hopper away fromthe open end of the
container so as to overfill the container; and after
the steps of nechanically agitating, renbving excess
A fopaivepect rovidel Amethpeaccendihg of the Herd aspect further including: for at

least some of the step of mechanically agitating the hopper, spacing the outlet of the
hopper away from the open end of the container so as to overfill the container; and after
the steps of mechanically agitating, removing excess powder from the open end of the

container.

A fifth aspect provides a method according to the third aé’pect further including:
~ positioning the outlet of the hopper across the open end of the container such that the

container is filled level with the open end.

A sixth aspect provides a method according to the second aspect further including:

positioning the outlet of the hopper at a predetermined level within the container so as to




container. Afifth aspect provides a nethod ac i n
to the third aspect further including: positigﬁ%ﬁaﬁ%zmn
the outlet of the hopper across the open end of the
contai ner such that the container is filled |evel
with the open end. A sixt4), aspect provides a nethod
according to the second aspect further including:

osi.t,ioning.the outlet .of the h er_at .a i

ety ol B e i Prepioe iy R ol B Rese fiined golyme pejng

smARPAIY vARAd of thd@nffks N€, Wi th the container, the
predet erm ned vol une, the predeterm ned vol une being
smal l er than the volunme of the container. A seventh
aspect provides a nethod as defined above further
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in e 13phd rRENRBEIonRARYi des a net hod according to the
seventh aspect further including: providing the
orifice, mesh, screen or grid with a hol e-size snal
en h that pul k depsity, powder wjll nqgt flow through
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. .2 duci ) : ' .
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providing the orifice, nesh, screen or grid with a
thropgh durigi she stsp obpgrhani¢alimpgitaling.0. 5Snm A tent h aspect
provi des a nmethod as defined above further including:
vi brating the hopper and/or container at a frequency
I : i des a
A T il g e RAATE oSt RE 05 2
inclyditg] providirghhe @tfiat, nixel, warem drlzad hith psleand oLppiorinkdly
duri-ng at |least part of the step of mechanically
0.5mi tating the hopper. A twelfth aspect provides a
met hod as defined above further including:
mechani cal | y
A tenth aspect provides a method as defined above further including: vibrating the hopper

and/or container at a frequency between 100 Hz and 1kHz.

An eleventh aspect provides a method as defined above further including: providing a
powder-tight seal between the hopper and container during at least part of the step of

mechanically agitating the hopper.

A twelfth aspect provides a method as defined above further including: mechanically
connecting the hopper to the container such that mechaﬁical agitation of one of the hopper
and the container causes mechanical agitation of the other of .the hopper and the container
such that the steps of mechanically agitating the hopper and container are conducted

simultaneously by mechanically agitating the hopper and container together.




connecting the hopper to the container such that
nmechani cal agitation of one of the hopper and%ﬁﬁgumyZOUY
cont ai ner causes nechani cal agitation of the other of
t he hopper and the container such that the steps of
mechani cal |y agitating thaghopper and container are
conducted sinultaneously by nechanically agitating
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contaiitk, ahdnebly c&@p@Sating fordatch-tdiRatcheRsitors @ithdgaedpowder in
the container, thereby conpensating for
bat ch-to-batch variations in the powder. A fourteenth

spe rovi des a net hod, of si myl t.aneousl i 11]ng
A GERES aff p<is Smdrd o sspotsBistie FRBE SR ady i = bty of
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a hopper having "a plurality of outlets; positioning
a plutabitypif oatbets; pogitiohing titel phiralita bbondcts asove sqeatbindige op@renénd's
of the containers; and sinultaneously conducting the
the qartaipss: ard simyltagpquely gpadyctinedhemethed of gpreeding glapefor each
-cmﬁﬁ% eenth aspect provides an apparatus for filling
I powder a container having an open end, the
apparatus including: a support for the container; a
- hopper having an outlet and being selectively
A fifigediaispert provides aneppagattsifer Sllippwith pévolepogintairgnhavive an
out| et above the open end of a supported container; a
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result in that” powder settling over tine t a sta

- conpiethehdbedd fredbtonntled &psigducabl e density. The

nmechani cal agitation shoul d cause vertica
acceleration to the particles of powder and is

Disclosed herein is a predetermined mechanical agitation of a container containing powder which
- will result in that powder settling over time to a stable predetermined and reproducable density.
The mechanical agitation should cause vertical acceleration to the particles of powder and is

preferably produced by tapping.

Disclosed herein is also a method of filling with powder a container having an open end, the
method including positioning an outlet of a hopper containing powder above the open end of the -

container, mechanically agitating the




preferably produced by tapping. D sclosed hereinis
also a nmethod of filling with powder a cont ai ngl%eﬁmaryzom
havi ng an open end, the nethod including positioning
an outlet of a hopper containing powder above the open
end of the container, §han| cally agitating the 6
February 2007 -3c hopper 0 as to cause powder to be
transferred fromthe hopper to the container, and
mechani cal ly agitating the contai ner wherein the steps
hoppkr sves asauseagowdenigibe ahilafgred fem th@h@hp@t @dhebgonaﬁnﬁ aadt a
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be transferred fromthe hopper to the container.
ﬁll@Wﬁh]EﬂWdﬂe@tm@Ele}le‘é@DS@Il ng the container, the
powder will settle in the container and be brought to
the reproduci bl e condition known as "tap density". The

By B2¢Riaically Aditalifs the oL, fpbﬂddr Rl bepardfnsl fiymahé Roppsr to the
predet erm ned anmount o itation to the contal ner.
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cont ai ner can be neasured, for inst ag he tine
the coptaipgr; FRrthen agitagan withaot m%eaé@fhﬁ densHy t ggpount.
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I's possible to end the tapping at a
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been achieved. During the last portion of tapping to reach tap density, the container will
be fully filled with powder with the density increasing slowly with each tap.




-4- Additionally, in this range, typically abo 909%
of tap density, the behaviour of the powder it\)s/?‘\3/10err8‘r§‘/19y2007
reproduci bl e. Thus, by altering the nunber of taps

it is possible to fully fill the ni.ai ner and

Woz@gﬁg‘;"%}l the density of the powder withi ng‘??&ﬁ@%’?“"i"m%“
reproduci ble way over the range from90%to 100% of
tap density. This enabl es4snal|l alterations to 5 the
fill wei %Et to be achieved. This is useful to allow
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achi eved by virtue of the predetermn vol une. .
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vol une of the container equalling the predeterm ned
powdst.une. In this way, the volune of the container can

be used to determ ne the mass of powder. Preferably
the method includes, for at |east sone of the step of
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outl et of the hopper away fromthe open end of the
predateimaied aplumg fordha Rpwegler fi 11 the container and, after
the steps of nechanically agitating, renoving excess
powder fromthe open end of the container. In
In thia fsiay Ci dredeteriined magsreed by achidvediat vithiseofilopedetdmined t he
contai ner and powder is caused to 25 settle in the
volygtit ai ner before the hopper isnoved away from the open
end of the container. By further agitating the hopper
when spaced fromthe open end of the container, it is
Preferablyr thel methad further indwdes Filing thesengitanslumesaiyhef qoptangr with h

L

Aty ,
S e
container, it takes with it sone powder fromthe top

of the container. 6 February 2007 i
In this way, the volume of the container can beused to determine the mass of powder.

-

Preferably the method includes, for at least some of the step of mechanically agitating
the hopper, spacing the outlet of the hopper away from the open end of the container so
as to overfill the container and, after the steps of mechanically agitating, removing

excess powder from the open end of the container.

In particular, it is preferred that the hopper fills the container and powder is caused to
settle in the container before the hopper is moved away from the open end of the
container. By further agitating the hopper when spaced from the open end of the
container, it is ensured that the container is completely filled with powder. This
overcomes the possibility that, when the hoppér is moved away from the open end of the

container, it takes with it some powder from the top of the container.




WO 200-5/ 014397 PCT/ GB2004/ 003380 -5- Preferab
nmet hod further includes positioning the outl etbﬁfﬂ;}?ﬁgzom
hopper across the open end of the container such that

wo snigont ainer is filled level wth the opef®aéhsodstse

this way, the outlet of the hopper defines the
predeterm ned vol unme of powder as 5 being the vol une
of the container up to a position level with the open
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opél @eif eiefon@ited sadethatibd dunfidehB® ﬂll@m tenelth tB@oma ehd
define, with the container, the predeterm ned vol une,

the predeterm ned vol une being snmaller than the vol une
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belhg‘ﬂm)\@h;;me ofithrecenthiner uplit b @bsitdn leveg with thiepapestdends to a
position within the container, the top surface of the
predet erm ned vol une of powder in the container is
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is a reduced |ikelihood.of any powder belng e 05|ted
predetentined leveh wahmélre caniginatisoi as $o dqfie, wifthe Faptakes,
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corpdigdrr udes |th0 the container. 20 Preferably the
met hod further includes providing the outlet of the
hopper with one of an orifice, mesh, screen and grid

Intjlﬁ pﬁr %ﬁmﬁ%%mpﬁm% LYo 4l %Q&Eerﬂngmél&?e However,

con rner I'S provi es an effective wa
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© container.

Preferably the method further includes providing the outlet of the hopper with one of an

orifice, mesh, screen and grid to separate the powder in the hopper from the container.

This provides an effective way of maintaining powder in the hopper until the mechanical

agitation is provided to the hopper.

Preferably the method further includes providing the orifice, mesh, screen or grid with a
hole-size small enough that bulk density powder will not flow through under gravity, but
large enough to allow powder to fall through during the step of mechanically agitating.
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WD 2005/ 014397 PCT/ GB2004/ 003380 -6- In this

hopper can be noved to and fromthe contai nermﬁ\ﬁs%%%?zom
droppi ng any significant quantities of powder.
Preferably the method further includes providin

, t he
WO 2¥50H3¥, nesh, screen or grid with a 5 ﬁSP@ﬁ&W%@B@?

approximately 0.5 nm O her hol e-sizes may be nore
appropri ate dependi ng on the properties of the powder.
Preferably one or both of the steps, of nmechanically

In thig wantthaboripactan de siovedspiapdyiremn dheropiaier withouw Aypping ady
igI)(lcfé::nt ine,_r.ﬁ }—.%ncedert he hopper and/or container can be
8 %BB i ) eﬁr VPUE t he mechani cal agitation for
transferring the powder and/or settling the powder. 15
he .t appi ng, unlike nere general |, on-sg}:ci fic

T - -
Prefgrabiy:bs Brethod Serthenielusie perwingiie aritisfe med et o gt Wibds
holé_g gl;gﬁ\/ﬁ(f, ﬁ,l;igﬁg{g @_rgqnmhence, flow nore freely, but
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positive inpulses to the powder, in
particular to nove in a direction determ ned by the

t ing direction. Hence,, preferabl t he t i.ng .S
Otteele ks e oo e e s Bl i Propiaies oh B el

into the container so as to provide inpulses to the

powder particles in that 20 direction. Usually, where

| Preferdblyi ong oo bethiof thypteppefmaechinieps vgitajing inslidesiappiegthe §ppper

he .container is orientated to face upwards, such
and{op Lot ¢ apping is provided in a vertical downward
direction. Preferably the steps of nechanically
agitating include lifting the hopper and contai ner.

. by -

Hlerp8, the heopPEORYAT CoTteRet et he tARped RLDIHBAp L TifsePnusheliation for
fall ' o tiall fixed ition.
teniffdog e Bondlt BOkedBeARTIAT. B L ner can bause

transfer of powder fromthe hopper to the container

and suitable settling of fhe powdey in_ the, contajner.
Thmwu@a%ﬂ@@esenem%w%ﬂ@ Ol PP RIRID RS

powder particles to move around and, hence, flow more freely, but actually provides
positive impulses to the powder, in particular to move in a direction determined by the
tapping direction. Hence, preferably, the tapping is in a direction from the open end of
the container into the container so as to provide impulses to the powder particles in that
direction. Usually, where filling occurs by means of gravity, the open end of the
container is orientated to face upwards, such that the tapping is provided in a vertical

downward direction.

Preferably the steps of mechanically agitating include lifting the hopper and container by .
1 to 10 mm, then letting the hopper and container fall under gravity to a substantially

fixed position.

This tapping of the hopper and container can cause transfer of powder from the hopper to

the container and suitable seitling of the powder in the container.
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-7- Preferably the step of nechanically agitatj
provi des an accel eration of approxi mately 1006%%)mary2007
powder in the hopper and container. This accel eration
to the powder can be provided as described above or

WO 285 fH3%ny suitable 5 novenent of the hopBeFCEHEIYP?E0
container. It is appropriate for settling the powder
to the required density.-TPreferably the steps of
mechani cal |y agitating include tapping the hopper

Preferablyothe sep of mechaicalyraghatingprmvidsd amamtelstfon ofmpproximbitely
Ggeﬁgendl on the nature of the powder and the size of

10 °|[R°§V lé‘rﬂi‘ﬁlf?é’aer\% R hi s  will provide
sufficient mechanical agitation to ensure that the
container is filled with- powder and the powder

This etcelertion & tthh powdag canrbedray @E‘@hﬂs gescriprsyaboyesor pithany, shitabisd

momq\ﬁgﬂilgtggp %@%@é%ﬂ%&f nI;]:I:?su gF ({Plg% QJEIyS e&jﬂhjtﬁé [Eo%depfo the

/daﬁsn;ycont ainer. This is an alternative way of

causi ng transfer of powder and/or settling of the

powder. It 20 may be used in conjunction with tap'pi ng
' : ' =Y T j cal
 Prel S ERE IRt AR eal] iR Bl BTE g oBR BRTgra O
conBet bétineerv S bamdt 500 im0 t he contai ner. General vibration

nerely can cause powder particles to nove relative to

one another and over one another and, hence, to cause

DeelBhG ¥ thel daﬁl\fé &th ;?)Vﬁ@l‘"ﬁﬁ Ithe S df%éﬂ?é&tdr@n@@@cflﬁkhe s

caustng powder to transfer from the hopper to the

Wﬂmm*tlde sidficiemt onechanical rggatidngo pmwpethatttbe enntpiepisdillpd pith|
t | ting d f
powa10e Prear Freledn B o] ol nltice i hefeeB R Ve

the B6AMbEe the nechani caI agitation required to produce
the settling of the 6 February 2007

Preferably the steps of mechanically agitating include vibrating the hopper and/or

container,

This is an alternative way of cau.sing transfer of powder and/or settling of the powder. It

may be used in conjunction with tapping as described above.

To achieve the required mechanical agitation, it is insufficient to provide general non-
specific vibration to the container. General vibration merely can cause powder particles to
move relative to one another and over one another and, hence, to cause improved flow of
powder. While this is useful in causing powder to transfer from the hopper to the
container and to cause the powder to completely fill the container, the resulting density

of the powder remains insufficiently well-defined.

In order to provide the mechanical agitation required to produce the settling of the
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reproduci ble condition of tap density, it is necessaP&
to arrange the vibrations in the required so as to
ive the powder particles the inpul ses as descri bed

wo 2"3%\7%971‘ or tapping. Indeed, the profile oPCT/{FB2004/003380

vi brati on novenent should also be arranged to nove
the powder particles in a8manner simlar to as if they
were subjected to 5 tapping. In this sense, vibrations

povmﬂtlbidthielrepxdadaﬁble ubrdditiinef faprdendity, irEalecansacato aagigeahe on

. cqu e considered as ,a serjies p onsecutive taps
vibigesdR DeRRRDF e g s e OHE SRR B MPYRE A AFSAES as
aboVO R th Pﬁ%r,”ﬂdleé’d BE oSS SthOGBraln inbGensdat sHRM ARRIHEON. | N
Vi ew Of ‘the abdve, it will be appreciated that tapping
arrangedoia miave tHegpoiwglerguviistes ayemanner similarip as ditldyiwere subjected to

i 3 eyt i SRSt BLEelRed U ARRTG REEE

coufde FRGEergRer BlicsPPveiREGIvE AbS rilied Viadl @fors genkabhen-specific
mechani cal agitation for transferring 15 and settling

"vilrpiéonp ovcresuld mrepldy beomdersiead bptheskilled psripgr . i ncl udes
provi ding a powder-tight seal between the hopper and

- container during at |east part of the step of

In ViR bRt gadve it vl Heabpriagated thahtapyisg is padiclarly ddvantagopys.
when t he nmechani cal agitation of the hopper can
rel ease powder fromthe hopper, that powder can

Pre%e%a%péélg Ele?x% BRG] Mol WiRat @M SUIPREr ADEr SRBSePa SPI | |

surtfaces around the container. Preferably the
frequesyértwden Véhbe end Tz her i ncl udes nechanical ly
connecting the hopper to 25 the container such that
mechani cal agitation of one of the hopper and

For‘hﬁcﬂ% %én@l%f pSRieELHhis JFBGARBRhiCMle A&hhfEd agitalibn fdi raif@fing Of
t he hopper and contai ner such that the steps of
andsettlgrthemividgr.agi t at i ng the hopper and container are
conduct ed simul taneously by nechanically agitating
t he hopper and contai ner together. 6 February 2007

Preferably the method further includes providing a powder-tight seal between the hopper '
and container during at least part of the step of mechanically agitating the hopper.

In this way, when the mechanical agitation of the hopper can release powder from the
hopper, that powder can transfer correctly to the container and does not spill on to surfaces

.around the container.

Preferably the present invention further includes mechanically connecting the hopper to
the container such that mechanical agitation of one of the hopper and container causes
mechanical agitation of the other of the hopper and container such that the steps of
mechanically agitating the hopper and container are conducted simultaneously by

mechanically agitating the hopper and container.together.'




WD 2005/ 014397 PCT/ GB2004/ 003380 In this way, FtFerT.‘l 2007
only necessary to provide the nmechanical agitation f

t he hopper and container as a single unit. For

exanpl e, the hopper and contai ner can be dropped

WO 2003d¥er as a single unit so as to provi BEVGBEPEHBRIsAL e

tappi ng. Furthernore, vibrations applied to one or
ot her of the hopper and centainer will vibrate both of
the hopper and 5 container. Disclosed further herein

In thi§ way,TElk bolg nedessirymial ;trwmnu@mychfamlcﬂlaggaﬂmwtha husert aral
flurallty of , contai ners having ectlve open ends,
Cﬁ%ﬁpfﬂ thg a

- COnARRET Aick Wesde Wi 1 ioa pragpple; Ehe boBRer AR

mgajlag%@h kih gﬁn Q4 tsggvgggkﬁgaﬁpﬁpﬁe% IﬁJr?ﬂEﬁLdré YitRdtions

ets Bove corr
appliettb ane erather afithediopper amimotasieywdbtnhtmcthoﬂagnftt&admpp@rhod{
defi ned above for each container. 15 In this way, a
compngt-ality of containers can be filled together. In
particul ar, since the process of nechanical agitation
ensures that each of the containers is filled wth the
sane density, it is not necessary to nonitor each of

| Distif2d AMEAIRES S a SRARUAL GMitarbAisly ABSARREpdWicr M5TaHyT0.
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Hence, it is also possible for the plurality of
contietsdiaviag Sscotieeppr o, disdnethaiediindng:i n a singl e
carrier. 20 Fol | ow ng, t he et hods defined above it is

t heProVidings? benpex kavingiplugality afRUilgtSsheet to t he
u:}]‘tb%{el{r;ﬁé%r Q pREitity LASHRQYEIRE CSIP?E(%E@?I%OPQI Sfds QFfd Vet

PRTs an apparatu Fing with powder
contimenam@l ner having an 25 open end, the apparatus
i nc|l udi ng port for t ont ai ner; hopper
ha\ﬂﬂwataawuﬁm%c@ Wﬁ%ﬁ%g defne %?’?‘178?‘3? AR
relative to the support to position the outlet above
the open end of a supported container, a dispenser for

In ﬂﬁeufﬂﬁm phahlity ofigintamdrngnbh&llebiopether a frpasislag) stnse theo  as
process S of thechanical agitation ensures that each of the containers is filled with the same
density, it is not necessary to monitor each of the containers separately, for instance by

weighing. Hence, it is also possible for the plurality of containers to be provided

together in a single carrier.

~ Following, the methods defined above it is then possible to seal a lidding sheet to the

container to seal the powder in place.

Disclosed yet further herein is an apparatus for filling with powder a container having an
open end, the apparatus including:

a support for the container;

a hopper having an outlet and being selectively moveable relative fo the support |
to position the outlet above the open énd of a supported container;

a dispenser for mechanically agitating the hopper and container 5o as to cause
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6 February 2007 WD 2005/014397 PCT/ GB2004/ 003 -
powder to be transferred fromthe hopper to th§§9bm&192007
container; and a controller for operating the

wo GBPRR ot Yo ensur e t hat  powder in the EoRPERLI

reaches a predeterm ned density. 5 In particular, the
appar atus may be arranged'®o carry out any of the

nmet hods described above, for instance simultaneously
powdar itd pryragsferred fom the heppeg nthafonéainer; @8t i onal |y form ng

part | : [ [ ti R re
o1 caerrdioP BebGR o dibred o P o Arcbtnid P
suffitié@no bysurekbhat paydepin th asntdiser pdathes awrddbternsihed depgigy. t o
t he acconpanyi ng drawi ngs, in which: Figures 1(a) and
(b) illustrate an enbodi nent of the present i nvention;
: . ‘i ¢
In LR, (5o Al ) 88 R Sk o e L NAB BRI e
abdvegior mstandelsinudtencatedy filing alplusalinp of epateinsisheptioadlidp@iing
m_?o t he ‘gr esent invention; Figures 4(a) and (b)
parf PR3 N8l 7318l ) ternati ve method and hopper accor ding
to the present invention; Figure 5 illustrates one
exanpl e of the present_ invention applied to a

| Theingension il be moreippgy wedestood drop e falloging)descgippien, siven by

' t ' ; Jet of
wal b BRI Bk B R e v B i e

7 illustrates schematically an arrangenent for
.providin s to a contain and ho r according to
Figiipee 15’3%%‘8@?5 ﬁllg?ﬁf’éerﬂ“l ,DQ‘QWBt b ArEseRt lfﬂ%ﬁg’f’r ates the
g{afési ' bi ¥ AP @ TR £ERIHRR adoRlirld 16 $heB@bMS
H [ mﬁlb&%%esgr%ﬁgbi S a{b(rggqui r ement toafi [ éa cont ai ner
mventtdn; a predet erm ned nass of a powdered drug

Figure 3 illustrates an alternative method according to the present invention;

Figures 4(2) and (b) illustrate an alternative method and hopper according to the present
invention; :

Figure 5 illustrates one example of the present invention applied to a plurality of -
containers;

Figure 6(a) to (e) illustrate alternative arrangements for the outlet of the hopper
according to the present invention;

Figure 7 illustrates schematically an arrangement for providing taps to a container and
hopper according to the present invention; and

Figure 8 illustrates the position, velocity and acceleration profiles against time.

There is a requirement to fill a container with a predetermined mass of a powdered drug

or drug and excipient formulation

Where the volume of the container can be accurately controlled, then the mass of powder
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or drug and excipient fornulation Were the vol of
the container can be accurately controll ed, thgnli:réF éiry2007
mass of powder - - - -------- 6 February 2007 WO

/014397 PCT/ GB2004/ 003380 -11- that uld fill the
Wozﬁ%ﬁ“ﬁg’gﬁer can al so be accurately control \IGEHGP?M{”W?”“

powder in the container has a uniform and
reproduci bly density. Facfléry filled unit dose DPl's
need to be accurately filled at high speed. I\/t_ane{l DPI's
thas whld dillthe coptpingf cagahp he ﬁ@p@t%hc@ﬁsﬂ%’é gevég thet s

f = id _ filli f nmb
co BN e QBT PR IR S ver chan
sequentially. It is useful to be able to trimthe dose
by a L, t +59 i t hout ' ,
Fagry vaH SHTARBES neid CehBr et et by heg Ut QP
ha\%ﬁa%gg%f oNindTBh b pMAas hRbEON: Ishafinteoud BorQONERAY fapidi ON

e fornulation. The present application describes
fillingrof amsmbér ofi thegpttiogsp inpyradlel rathior thed ssAuepbelly.t o transfer
powder from a supply hopper into the contai ner and
- simultaneously to distribute the powder throughout
Tt ik DRAG @NbAdbE v ke dasdihsk 6F msanll atepi: ¢ehded) plhoden miajoy .
- 15 The supply hopper is fitted with an orifice. at the
equipimens whangaitto gsblegha HEngsysismrg aerourtier smad ypatioa n dpge

°°%%§@Jb%?ﬂg|ﬁ{%?5mﬁ&%°&om ai ner can be cl anped toget her

éns are then tapped in a way that causes
powder to pass through a nesh in the outlet of the

. __hopper into the container under the actian of. gravity.
The BispRoh PRUFPR AR T 3 AR o HE BRmEnT BioHaR DOlp Fanstel
t RRPGE cAMifind 2B @sidBiideSi% 5 B AisBMEhe | N
po?ﬁéqggnn%gu?ﬁgrhggpg? that it appro%ches t he)tre:oroduci %I e
powderdirbughnutchosantainer with p uniers) ang reprogucibleidensiigi nt | t he
hopper and contai ner are separated. The orifice size
and shape is chosen so that powder wll not fall

Th%: Eﬁe@%gib Eéér}fi‘siﬂﬂri]ﬁh{dﬁﬂﬁanfoﬁﬁbéﬁ R btioRNER abieths updniipeofakie
container. The supply hopper and container can be clamped together and both items are
then tapped in a way that causes powder to pass through a mesh in the outlet of the
hopper into the container under the action of gravity. Tapping or vibration fills the
container with powder from the hopper and also settles the powder in the container so

. that it approaches the reproducible condition known as "tap density”. At this point, the
hopper and container are separated. The orifice size and shape is chosen so that powder
Will not fall through them unless tapped and hence the surface of the powder in the

container i defined by the position of the mesh during filling.

The method can be used to fill a plurality of containers from a single hopper provided
with the necessary mumber of orifices. Even though some containers will fill before
others, prbviding that sufficient taps are used to ensure all the containers are full, then

the density in each will be substantially the same.
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container is defined by the position of the rregtig bruary2007

during filling. 25 The nethod can be used to frIf
plurality of containers froma single hopper provi ded

he necessary nunber of orifices.
Wozﬁﬂé@é‘” ontainers will fill before ot her s, S'Hf;g%q%hdj&’ﬁﬁso

that sufficient taps are used to ensure aII t he
containers are full, then12the density in each will be

substantially the sanme. 6 Februar% 2007
The syel/ o fll za7d Ww@i’@%ﬁ&ibdb%@@em"f@ e cfmwr@vé'ilew of 811
o8 it ARG biRaRIRT Bl 13 SRR it

theprootaingdes t hr ough t he opem ng face to a set |evel
within the container. 5 The nethod al so has the
advantage that it fills a container with powder at a

Thb hﬂﬂmd Q1S histhe MvhALUH thAXTIBG b BindRAHIRMIS atiathigh dsaMty
hat causes cohesive powders to stick together in the

'mqbommpaqnmg thepaydetinasras thet epuses selesivepe tpiscktoggthey
. Lo i ew of a basic arrangenent for 10 inplenentation
m%‘f:%??\g{eeg concept Powder | is placed in the hopper 2.

Hopper 2 has an opening in the bottom 7 vvhose area is

- _appropriate for_ the gpe of, the contai ner The
Figy @)rﬁhQW@&“@FS ssﬁ@nﬁe%’@rl?b/ %gtgp Vl&?ﬁ\‘?gi‘ %%flwaagftn?ﬁﬂhfom at e

hat forman orifice 3. The hopper 2
nn%%@x%tﬂ.g:ln%gtﬂe%ohée ot

contalner 8 are clanped together and then
tapped. Tapping or vibration is in the form of short

| ses of high,acce tio They can. t
2R ARG L2 R TR e A
is athFopﬁ%@ ?&ttﬁé’op%ﬁﬁﬂg Bﬂh@i BdntdhicR BE Thé Sifen afe@lof fhié QopRs 7 6
or vibration node is assuned that

cora ks 45bieis o BhoIga b e RS OTGEe 1 oThe hogpaTipdde
o A O Tl 08 i
shaCRilRY 6fhiply addeleiatiord Tirfcastalsd oy formsfand be apgphield naaubus
diIIBLQ.iODS depending upon the geometry and powder properties. For the basic example,
a tapping or vibration mode is assumed that lifis both hopper and container up fo a
distance between 1mm and 10mm’s and then lets them fall under gravity to impact a
hard flat surface. This may be achieved b;v using a cam as shown in fig 7 and results in
the powder undergoing a rapid deceleration from a downward velocity. The inertia of
the powder over the openings in the mesh cauvses it to fall into the container. On each
tap, a diécrete mass of powder 4 falls iﬁto the container. The nature of the powder is
such that the mass transferred on each tap is not very consistent. Hence, an accurate
mass cannot be achieved just by tapping or vibration a preset number of times. Tapping
or vibration contiﬁues past the point that the container is full, i.e. where the powder is
touching the underside of the mesh 3. Further tapping or vibration_ densifies the powdet
in the container and if tapping or vibration continues a long time the powder will achieve

" what is known as tap density.




t he powder undergoing a rapid deceleration frogpg
downward velocity. The inertia of the powder over t
openings in the nesh causes it to fall into the

Wozﬁo%fﬁﬁﬁb'ﬁer On each tap, a discrete mass {.,GB &ﬂﬁﬁssﬂ
alTs into the container. The nature of e po 'S
such that the nass transf red on each tap IS not very
consi stent. Hence, an accu ate 25 mass cannot be

Tog e BEs Ve Ron g e PR o el S Btea By I
rod;)g erttﬁﬂf tht Bk qaﬁh@p@ﬁﬂy purddibto.a don@ineMher e the

I's touching the underside of thé nesh 3.
Further tapping or vibration densifies the powder in

t he cont ai nd if t tion t' ues a
It ig Bt geersy t{gﬁ@p%%ou%%;;’ ea@%ﬁﬁe@e %ﬁ’ 8\{1%3 nomltljr[wé as
cotd@RnA@R& & YehireF 84 thodaresd R feped¥DiR 054t B filling

PCT/ GB2004/ 003380 - 13- Tap density is

accueagy slbigebl e peativeen P el Pviamaverbasn GBY TR b sigable.
Wlﬁ/eﬂje + dythg R\{&BCFQ of l%igsonfﬂ;ﬂegﬁ&{ to aﬁgﬁgt ffl@ﬁll Riddotts FMSdohbhiner

a “cont al ner ot necessary

C to ztceorhxapdshe/badfh-amatmhtvaﬁmoneﬂhhpcﬁwdr tap density provided
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that the 5 condition which is achieved has the
necessary repeatability to achieve the filling

Hé;r rgfge&- xﬁﬁ‘&ﬁbdlﬁg finikddi kel the/hdppb MR OB 0sht8RG otaps

found to be suitable. Were required, the
sepamtﬂdem stoefwrt iafig 2rveishobecausieghny oitaatjonsf thethepirer hichaioyltbe
t he contai

hké}&rq Cap e tpﬁaél %%%%CEOITEDK?% @F’Ql?rgpm ng %rﬁ%r ation

coftdferl ThE f@distahemahbg RRhebrin vr&lhq;otwﬁﬁ at wkdntotiet aidner
9 are separated as shown in fig 2 wthout causing any
uniforrdensityn T5es, 2p acHedtl moawicachiggel d be likely to
cause powder to fall out of the hopper onto the
surfaces surrounding the container. The result is a
FigtDghods a&tridtiohithat mighbbe Iltreﬁen‘ed/WVhéle thewdwderag extremelytcobdsived

s P R 1 15 pigeide Gt 10 s RapPE ek v fheh it
wolldGlEE SR atMIE 8 2B OMEIRE, FSthiR ek ARHIR aftelRRRRIoN Ethe

hopper is tapped with the container stationary. This deposits powder above the surface

11, ensuring the container is completely full. The excess can then be removed by a

doctor blade 12 leaving the container brim full.

Fig 4 shows another embodiment developed to fill a container to an accurate level and
with a reproducible density. In this case the level of fill is below the brim. Here, the
mesh plate protrudes downwards in a way that it fully fills the open area of the container

at a preset distance below the opening 15.

Filling below the brim makes it easier to seal the container without spilling any powder

or having any of the powder get on the sealing surface around the rim of the container.

bruaw 2007
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and woul d stick to the underside of the nesh 1 [JL

Fe 2007
t he anbunt stuck varies, then this would adve?se# ary
affect the accuracy. Hence, for this exanple, after

woziq%&?fs@?“ on, the hopper is tapped with tE(ZT@gﬁ)g@g%r%

I"onary. This deposits powder above t
ensuring the container is conpletely full. The
excess can then be rempved#tby a doctor bl ade 12
| eaving the container brimfull. sg 4 shows anot her
is

Fillingye @ Saseribed presioppi dHewever, e canigiset Sisvaly fillsd sthe height at

wh{%ﬁ%xﬁésﬁ plafi! at?"\%s 1848, ﬁ%{oﬁhﬁ?&lﬁgi@dﬁ%h&’&fmgg%'e} %l‘—jielr A

cas I"eve ow t rrm ,
cortdiger 2fenthsfillipg. akt eanicabdnliha shectomainar i €illditoa haipit bddaw thet

fully fills the ope areaoft cqnt ai ner t a
top#é@@?ﬂfaﬁng&eﬁg@ B B he thisleniyhy visch tep meshplate iofies
un&ehﬁle% ”@Kﬁéus \kfjth%@ffl' ﬁﬁthtcgn S A deswo@ltﬁe%pfmrtamut

or having any of the powder

get
medrplathessleléadjmgmsruw todlteefilhhaight dant ddso beirende by slneammg the
cont ai.n ebr uary .200 WD 2005/ 014397
Posﬁ@?/glf ‘f;"gb[ él{tm% %10?1?15 is as descri bed

preV|oust However, the container 9 is only filled to
t he hei ght at whi ch the nmesh pl ate was | ocated, not

| Flgtiﬁhpmaqﬁthaﬁﬁrrwgn% whe8 fie hopper ﬁ@*ﬁﬁ\é‘iﬁp]ﬁﬂ@fSh plaise m ifbdrase
Pos?tg05§§ e% %oéf% o th% £ 8y ﬁ%ﬁyh%pgeﬁaftmg%mﬁe{;ﬁ@ear

el ow t he contal ner
beigdshpphait ih@ugh ideveméshiphtd (g ﬂelmm aks;ngwri_mq:pertlh avithisshesh

late_protrudes 5 under t o] Qobvi ously, the

Pla%?lﬂa:&lﬂbtlﬂc@gﬁﬁ’%c@&me 8@11]@% rgn of the hopper and
mesh plate. Small adjustnents to the fill height can
al so be made by shimm ng the position of the

Fillgrgrtalees place as before. eﬁpeﬁgtlretS@hQWethn syt midvey Broyaloths

spfpgprgbrfod REREHE e Y0¥ at CRiteh e R bhBER ™ "
con®Qikr ABNRoRlyIAR FlIe Iﬁdvﬁefv@xd ad t@pﬁxﬁgeoﬂ\ﬂﬂﬁlﬁfn cahtitubebsn e

time, each being sup I|edthrouh|ts own nesh pl ate.

contingrewillhoeomaletalyfifles aﬁ‘bﬁ}ﬁ eﬁdlu@la%\mﬁﬂe Ofrﬁé'éIﬁhmpW’éltSé@Ie the
t

P OVE?E? & tﬁg?qntaé%eg toa‘}](gsg E%E ﬂgﬂéﬁ g’r 21’.1& SZ“’#’?‘%’ ure gm g’ﬂwj ows the

conﬁa}ﬁ‘ielrﬂﬁaﬂ'ﬂaﬂ b&\ﬁﬂedtshﬁtﬂtagébublb.e This enables a rapid filling rate to be

achieved. For example, a system that fiils 30 containers in parallel using 100 taps at a

tap rate of ten per second has an average fill rate of 3 containers/second.

Fig 6 shows cross sections of various types of mesh plate. Fig 6 (a) shows an orifice

plate that might be manufactured by milling holes in a sheet of material. For example

the plate might have a thickness (£) of 0.5mm and holes of 0.5mm diameter (d) drilled in
it ina rectangular or hexagonal array of 1mm pitch (p). Such an ozifice plate might be

suitable for dispensing powder with particles in the range 0.005mm to 0.01mm.

However, it has been noted that such a geometry can cause some variation where the
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15 tapping or vibration sequence. As shown,
container 18c is alnost full whereas contalnerFﬂgumy2007
only half full. However, as tapping or vibration

.pues both containers will be conpl k

Wﬂz@ﬁﬁh?ﬂﬁ addi tional tapping or vibration gﬁﬁh¥mmy(%§ﬁ
the powder in the container to close to top density.
There is no limt to the -finber of containers that

can be filled S|nultaneousl . Thi s . enabl es a rapi.
POWSe pepARpies 4% Be mesihis 1igd clei b biggom g in B sprpraer §P€f§€%agsh
the %Her it debss scﬁlgeti‘&&m@éegﬁﬁ atl thle Mﬁi dfhe tb3d N AR: 4?\9&- at

tap rate of r second has an average fill rate
surfice &dmomnmnemtﬁaﬂqmmﬁhh hofé 2)) 16avitigovebind mgaliar sEpavdshen e

ar sh plate. Fig 6 (a) shows an
suré:lc ﬁotg‘%po%q%é’tne ??PEE MA-ght be manufactured by nilling

holes in a sheet of material. For exanple 25 the
plate m ght have a thickness (t) of 0.5nm and holes of
hig ugeertpialyafdienepgrationdpint paadeadiio p bigpificapt vettignipfhatillor
W%ﬁg(agonal array of 1mmpitch (p). Such an orifice
ate mght be suitable for dispensing powder with
particles in the range 0.005rmmto O. Olnn1 However, it

: has_  been noted that such a ir cause SONe
Fig\ (b} $hops ARSUREY & o Freome %@M@g‘wﬁ oo Bt Pt gade

F}f@_{ﬁ?ﬁﬂ%ﬁﬁ@ 03380 niefkr- F&W Iﬁﬁ:@a’%@i ArdelsBis FREMR ahS
ear of the powdé€ n the contalner
orifBypeptité ihickhdsy in thhegpowde. 0Smm tg 8dmns oWbilit mech mesh Qb#alﬁw e

o ridan heEedly pHBre RS Bt Mot B i e

sorfevitat fradile B aRRYEIBH oAV dHenenSatid indeseritahte %k@s@iélyj@f lafgRr
the container. 5 This uncertalnly of the separatlon

conaiany whesnbih sapping on vibiagen foreeaae beiagpeadi on in the fill
weight. Fig 6 (b) shows one way to overcone this where
the thickness of the nmesh plate is made 10 nuch

Figtdcyuhetvs b Rersioh hth haperd dblanweitiethe ldrger dinyquisivald; on the hopper
phar maceut i cal povvders thj s neans_ an t&l flﬁ&ﬁgl at e
sidy huSh A aansgmen Gapetfh T AfreBHRDEk 8t peging d;

at B/l TRE LS ARE FlaRr 'ﬁhe angle of the taper will have an optimum value for
any specific powder where too shaliow an angle does not force the break off always to be
at the bottom and too steep an angle compresses the powder passing through the hole

potentially leading to biockages.

Fig 6 (d) shows a version with tapered holes with the larger dimension d, on the
container side. In this case the powder will sepa-rate-at the hopper side of the plate.
However, the large taper angle allows the powder within the hole to drop into the
container as the orifice plate is lified away ensuring that the point of separation is
accurately controlled.

»

These tapered orifices allow a robust and stiff orifice plate to be used Whilst maintaining
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often used and can be readily manufactured by '
or laser machining they are sonewhat fragile ?tggﬁg%zom
production environnent and may vi brate excessively on

| arger_ contai ners where high tapping or i ti
‘wozg%p%§g7are bei ng used. 15 Fig 6 (c) shomgxgg%gpgﬁﬁﬁﬁ

with tapered holes with the larger dinension dl on the

hopper side. Such an arr#hgement causes the powder

always to break at the snaller opening d2 at the
accgrabet caiielrof Hiedhepandtion fnsatinaTke selppiéordieivesn ppsitiveeor negséive
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However,  the | arge taper angl || qws t he powder
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orifice plate is |ifted away ensuring that the point
- of separation is accurately controlled. These tapered
FigStshbive ene na¢dns of ereatiop thetapping os vibfationr Th atagiepind hoppdgse

e 3y bt BRSO B 0, g peatip Lo g
followed 1682 b QP 3o then difowed elideabibusdenpraoity oid td berapidly
separation |l ocation. The sel ection between positive or

stopped a8 it wapactsdpelowe; wmyyaiefed Figs gews EF&B@P?ﬁ delogy anfe
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e achi'eved al ong wth good powder retention during

by Bmpaticatwithna solid surface. The impact causes a very high peak of acceleration.
If the hopper is allowed to fall 3mm and stops on impact over a distance 3 microns then
the peak deceleration would be 1000g (or = 10,000m/s*). Powder immediately over a
hole in the mesh is unsupported and a portion of it is pushed through the bole into the
container. The remaining powder rapidly comes to rest after the impact, typically in less
than 0.01 seconds. This repeated tapping or vibration at up to 100 taps per second can
be made without changing the behaviour compared to a slower rate of tapping or

vibration.

It has been noted that some powders fill more uniformly and guickly where 2 vibration is
used rather than discrete taps. Vibration is characterised as being a cyclic motion where
the cycle time is shbrt enough that the powder is still in motion at the start of the next
cycle. Typically vibration in the frequéncy range 100Hz to 1XHz would be suitable.




Fig 7 shows one neans of creating the tapping gk
vi bration. The contai ner and hopper 10 are rigi
connected to the follower of a cam 20. The cam profile
es the cam follower to be raised
wo zﬁ‘ﬂs(('g%gﬁ to free fall under gravity and t 88@8%@‘8?“3?33
stopped as it inpacts the | ower cam surface 22. Fig 8
shows the position, velocllTy and accel eration
profiles plotted against tinme. The camprofile 21 is
Viloretiingrae e vsed kitlfer vérhieally bobpiontailt.h a | ow accel erati on
and then to let it all downwards under gravity so as
not to 15 cause the powder in the hopper to becone air
CoR®inat @R &1 tpsig bOviblafeh dnl &itaaun wed dso tenidvafagebusteither
powder in the hoPper and in the container within a
Yo

sequentiplly RoTRULAngRus!Yo (Thisiiespeqia)ly anplifable dhealiesive RovilsTs; where
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o PR o PR oG O RURE Bt ik AR o0 rgmest,

andsthe pibration hespackttlingend distlibstienafehePomderio tie dohtginer witkout
peak decel erati on would be 1000g (or ~ 10, 000n1s).

COPRARE®Y | nmedi ately over a 20 hole in the mesh is
unsupported and a portion of it is pushed through the
hole into the contai ner. The remai ni ng powder rapidly
cones to rest after the inpact, typically in less
than 0.01 seconds. This repeated tapping or vibration
at up to 100 taps per second can be made w t hout
changi ng the behavi our conpared to a slower rate of
tapping or vibration. 25 It has been noted that sone
powders fill nore uniformy and quickly where a
vibration is wused rather than discrete taps.
Vibration is characterised as being a cyclic notion
where the cycle tinme is short enough that the powder
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is still in notion at the start of the next cycle.
"Typically vibration in the frequency range 100Hz to
1KHz woul d be suitable. ------------- 6 February 2007

WD 2005/ 014397 PCT/ GB2004/ 003380 -17- Vibration tcan
be used either vertically or horizontally.




Combi nati ons of tapping or vibration and vibrag%ggu&$@007
al so be advant ageous either sequentially or
simultaneously. This is especially applicable to
cohesi ve powders where 5 a high tapping or vibration
force pronotes transfer fpymthe hopper through the

mesh and the vibration assists settling and

di stribution of the po%ﬁ\{;} t he contai ner w thout
conpaction. 6 February -18 CLAIM5 1. A nethod
of filling with powder a container having an open end,

t hel, Aield of BN IR pow@S& i al doRthineg hain @kt bFdn &, the
hopper contai ni ng powder above the open end of the
methbodtrolyting: mechanical |y agitating the hopper so as to

cause.powder tao be.transferred fromthe hopper to, the

onRSHRBINE 25 IR AIPRS OptalRipE BOVHY DAY BERPS ot
the MIRLEEN the steps of nechanically agitating include
“tappi n§ the hopper and/or container, and are

c onslecaridaliy agitatihg @5t hoppair sode te t4us& pohw oo be transferred
sufficient to ensure that the container is filled
fromyjthehqppartertheeondaipereend er mi ned density. 2. A net hod

accordin o claim,l further .including: using the
Volraﬁ%ag@alﬁ)haeg’@gﬂ%encgp{ag%r JUEAL "2 predet er ni ned
VOl HEBehO6f theBaniRAN SitatiRe idIUTR ApthARE REFIP Ind/BE
claim2 further including: filling the entire vol unme

contdindrymd aontaidneted by thlepo wgbesdetarinmed amonet oifffidibe to
cont ai ner equal ling the predeterm ned volune. 4. A
enspigthal thecopbnar igtilest with povderral p prrdeterpiied density. f or  at
| east sonme of the step of mechanically agitating the
hopper, spacing
2. A method according to claim ! further including:

using the volume of the container to define a predetermined volume for the

powder.

3. A method according the claim 2 further including:
filling the entire volume of the container with powder, the volume of the

container equalling the predetermined volume.

4. A method according to claim 3 further including:

for at least some of the step of mechanically agitating the hopper, spacing
the outlet of the hopper away from the open end of the container so as to overfill
the container; and

after the steps of mechanically agitating, removing excess powder from the

. open end of the container.

5.A method according to claim 3 further including: -




the outlet of the hopper away fromthe open engFgﬁmg 007
container so as to overfill the container; and afte
the steps of nechanically agitating, renoving excess
powder fromthe open endi®f the container. 5. A nmethod
according to claim3 further including: 6 February
2007 -19 positioning the outlet of the hopper across
t hepesileoniegthe otitletd thedmpaemrasross sheodpeniead of the coataingr ner
is. filled l.evel .wi the open end., 6. A nethod

Sucﬁ‘cﬂ&?}rt%ﬁ e ﬁﬁnﬁf QV‘FIOYIf}htE‘? OPEILFdi ng: posi ti oni ng
the outlet of the hopper at a predetermn ned | evel
within the container so as to define, with the
conb.ah aethod dreoydingde chimi2riadhatdhdlodingt he
‘predeterm ned vol une being smaller than the vol unme of

t hePessiRrangde outtet of thedtapper a e psrdgtanggined lews) withiidkeli ng
l.aim furth in di ng; . providi.ng the.outlet of the
corfifyap hid fEie on 1 A pineP ¥ PirdBRmhides SRS o1
preli@es@iRad AI8mbMRINBANRAL: thih RS ohRRPSThE LRMihEe
container. 8 A nethod according to claim?7 further
. including: providing the orifice, mesh, screen or grid

with a haole-size small enough that bhul k density
powdeh mgthad aeeprdingdgapnpisersing elawr fugthsyinelpding | ar ge

St ol R P IR Rp b SyitPbde M p G erbiona.
grid @ sep@hidiife Powder i fHeh@ppdrTdny tHeBntaiRE.OVi di ng t he

orifice, mesh, screen or grid with a hol e-size of
approximately 0.5mm 10. A nethod according to any

precedi ng ¢l ai mwherejn e step f mechanically

agi ¥t Msadaererdwete P]Il‘"‘}‘ﬂéth“ﬁ}é@rl‘r‘i‘fg'ﬁg?gzand cont ai ner by

1 [ . i al |

undip ARG e, Bl b0l R IRPREE bR AR BB
that bulk density powder will not flow through under gravity, but large enough to
allow powder to fall through during the step of mechanically agitating,

9. A method according to claim 7 or 8 further including:
providing the orifice, mesh, screen or grid with a hole-size of

approximately 0.5mm.

10. A method according to any preceding claim wherein the steps of
mechanically agitating include lifting the hopper and container by 1 to 10mm, then

letting the hopper and container fall under gravity to a substantially fixed position.

11. A method according to any preceding claim wherein the step of

mechanically




11. A nmethod according to any preceding claim [

the step of nechanically 6 February 2007 20 W&%M}ZOW

agitating provides an accel eration of approxi mtely

1000 G to powder in the .#ppper and container. 12. A

met hod according to any precedi ng clai mwherein the
steps of nechanically agitating include tapping the
agitatipp @rovaded /Ap pcesbimatiind repprrvwegnly5008 Aoto poedet inths . 13.
h A ne@od according to any preceding claimwherein the
ORICE Y A e hani cal |y agitating include vibrating the

hopper and/or container. 14. A nethod according to

¢l aymn 135fHEhReLcchifldding bréébﬁ&hg‘bla‘ﬂﬁ WHeEC D BRREDs of

and/ or container at a frequency between 100 ng
medheidrcall § Sgitabingen dhadt tagring therlgppea aadiopr poragiaek begwednadnand

further including: providing a powder-tight seal

en the hopper and container during at |east part

of the step of nmechanically agitating the hopper. 16.

A hod ' Lng:. Glaim:furt

e i . eiiad Rt @it BEEERHL Wil e B of o
me€lRRtaall P egitAing indRtvibrEAaMetdpperadiilontdiingl one of

t he hopper and the contal ner causes nechani-cal

agitation of the other of the hopper and the

conthi ne® webRd eergrding o daigpt3 birthepinkhdingal | y

agi t.ati.n t.he ho r and. cont ai ner ar.e con d

o Pt RE s Rpp e HES caoar iy Bnd e Ve 00
1kighd contai ner together. 17. A nmethod according to any

precedi ng clai mincluding: adjusting the anmount of

nmechani cal agitation of the container so as to vary

t heldensAmmetlodd acherdp@td any precediag claint firter inchidinge by

conpensati ng for batch-to-batch . .
providing a powder-tight seal between the hopper and container during at

least part of the step of mechanically agitating the hopper.

16. A method according to any preceding claim further including:

mechanically connecting the hopper to the container such that mechanical
agitation of one of the hopper and the container causes mechanical agitation of the
other of the hopper and the container such that the steps of mechanically agitating
the hopper and container are conducted simultancously by mechanically agitating

the hopper and container together.

17. A method according to any preceding claim including:
adjusting the amount of mechanical agitation of the container so as to vary
the density of the powder in the container, thereby compensating for batch-to-batch

variations in the powder.

18 A method according to any preceding claim wherein at least the step of




variations in the powder. 18. A nethod accord

any preceding claimwherein at |east the step g?d%%my2007

February 2007 -21 nmechanically agitating the

cont ai ner provides inpulsgs.to the powder in a

direction fromthe open end of the container into the

i o . " il i th

Ay SE LR e Bl BN IEpbder i e
fromptea opencsd of e soatdied inta Chaudintigrier. provi di ng a hopper

having a plurality of outlets; positioning the

plurality of outlets above correspondi ng open ends of

t he,, contai ner.s. and Si .aneousl| y ,conducti ng.t he

et Fosce B Smul eSS A ok e i er - 20
corfln@B P dkhp SeshOétiviiopbh BeisWhE nddRAREILEingONt ai ner

havi ng an open end, "~ the apparatus I ncluding: a

s uppovidifger hdapper leomigpa plerglitpofamplest havi ng an out | et
and being sel ectively npveable relative to the
suppRstttoning the Bluraliy of plci Ao corFspendipgoRpendaptitber a
corﬁéfﬂc%}gra'hﬁd container; a dispenser for nmechanically
agitdating the hopper and container so as to cause

- povégilthkohgy bomiefies fRndhald g piwe@iag cladm!fbeeach
contai ner, the dispenser being arranged to tap the

confgdpser and/ or container; and a controller for
operating the dispenser by at |east a predetermn ned
amount sufficient to ensure that powder in the

cog 'Mfleippéﬁﬁl% tfﬁsﬁlﬁng R»ﬁﬁ’ﬁ&o%%} gy S&tﬁﬁéﬁ{a@ﬁg an open end,

the apparatus including:

a support for the container;

a hopper having an outlet and being selectively moveable relative to the
support to position the outlet above the open end of a supported container;

a dispenser for mechanically agitating the hopper and container so as to
cause powder to be transferred from the hopper to the container, the dispenser
being arranged to tap the hopper and/or container; and

a controller for operating the dispenser by at least a predetermined amount

sufficient to ensure that powder in the container reaches a predetermined density,




