Title - Powder Delivery Device This invention relates to a device for the
di spensing of a powder. The device is of particular utility in surgical

pr ocedur esoanioathass nedi cal applications, for the topicaCTas2wa5y71ef a
powder to an internal or external surface of the body. Devices for the

di spensi ng of powder onto a surface of .the body, or for other purposes, are
wel | known. Exanples of such devices arle disclosed in the foll owi ng

publ i shed docunents: GB-A-472,355 GB-A-539,351 GB-A-572,01 5 GB-A-572,1 12
GB- A- 607, Tty —Eawde Relwery DRViRe649, 506 GB- A- 668, 341 GB- A- 808, 273 GB- A- 878, 1
06 US-A-1 ,929,1 54 US-A-2,1 5 1,41 8 US-A-2,501 ,279 US-A-5, 884, 621

US- A- 2005/ 0205087 FR-A-2 863 503 There is an ongoi ng need for a device that
can be uges invedgbn velates toandevicé ﬁ)rahéwrs‘p@@eir@foftd@oxbddw Théethiee iaof

external surface or an internal surface, eg a
particular utility in surgical procedures or other medical applications, for the topical

5 delivery of a powder to an internal or external surface of the body.

Devices for the dispensing of powder onto a surface of the body, or for other
purposes, are well known. Examples of such devices are disclosed in the
following published documents:
10
GB-A-472,355
GB-A-539,351
GB-A-572,015
GB-A-572,112
15 GB-A-607,237
GB-A-628,675
GB-A-649,506
GB-A-668,341
GB-A-808,273
20 GB-A-878,106
US-A-1,929,154
US-A-2,151,418
US-A-2,501,279
US-A-5,884,621
25 US-A-2005/0205087
FR-A-2 863 503

There is an ongoing need for a device that can be used to deliver a powder to a
surface of the body, whether an external surface or an internal surface, eg a

30 surface exposed during a surgical procedure, in a controlled fashion. It may be
necessary or desirable for the powder to be delivered to a highly localised site, ie

with precision, and/or in a highly uniform manner. There is also an ongoing need



surface exposed during a surgical procedure, in a controlled fashion. It
may be necessary or desirable for the powder to be delivered to a highly

| ocal i sedwei20®/070383Wi t h preci sion, and/or in a highly urct@Boesensnan. There
is al so an ongoi ng needfor a powder delivery device that achi eves these

obj ectives, yet is sinple and inexpensive to manufacture and to use. There
has now been devi sed an i nproved form & powder delivery device that
addresses these needs and/or overcones or substantially.ni;iqates

di sadvantf@eige ponseseplitasy daivice thakaghieves Wese objrtiveacyirgibiiple @nd fir st

aspect of i t] | r.qvi ded a device for the dispensing of a
powder , f%%&%@ B%ggéhﬁﬂy?éﬁﬁ%%ngﬁoggghg adapted to be coupled to, a powder
receptacl e and a gasfl ow generator adapted, in use, to cause gas to flow

p g g p g
t hrough the device, and the device further caonprising an agitator by which

the powddhesnBAsNoMhResbARWEed aBdpPERYed ioam Ydovlarsidivaly Gevigs thated, the
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actuafion o OW generator, which causes gas
devi ce amdsbciatt wih theprideartf rom t he powder receptacle, thereby to
di spense powder fromthe device, is acconpani ed by actuation of the

agitator, causing the powder receptacle to be nechanically agitated,

thereby fagisl hééér%jﬁ% tbha?fir{]s%%é& o th @ MWERfionh I tRBH i@%r@ﬂi%?sc?f’\g@é’?&%é- In

t he device accord to the 1 nvention, actuation of the w gener at or,
whi ch resligpensing ofi apewdeng of powder fromthe device, is acconpanied by
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the device,
and the device further comprising an agitator by which the powder and/or
the powder receptacle can be mechanically agitated,
15 the gasflow generator and the agitator being operably linked such that
actuation of the gasflow generator, which causes gas to flow through the device
and to entrain powder from the powder receptacle, thereby to dispense powder
from the device, is accompanied by actuation of the agitator, causing the powder
receptacle to be mechanically agitated, thereby facilitating the release of powder

20 from the powder receptacle.

In the device according to the invention, actuation of the gasflow generator, which

results in dispensing of powder from the device, is accompanied by mechanical

agitation of the powder receptacle. Such agitation facilitates the release of powder
25  from the powder receptacle, and may also give a more uniform distribution of

powder material dispensed from the device.

The powder receptacle may be an integral part of the device according to the

invention, such that the device is supplied with a quantity of powder contained
30 within the powder receptacle. In such a case, the device may be a disposable

device, which is discarded after the desired quantity of powder has been

dispensed from the powder receptacle.



The powder receptacle may be an integral part of the device according to
the invention, such that the device is supplied with a quantity of powder
cont ai nedwwi2btato33Be powder receptacle. In such a case, PCigGRI0W/SETIHRY be a
di sposabl e device, which is discarded after the desired quantity of powder
has been di spensed fromthe powder rec%ftacle.AIternativer, t he powder
receptacle may be a separate conponent that is coupled to the device prior
to use. In such a case, the powder receptacle, containing a quantity of
powder, is typically supplied with a closure that is renoved to enable the
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t oget her tondewamplner td b@e dm/m:h aeysdahbeonribrwetdptaoleypshtaminga spi got
that is recei ved wi thin or about a neck of the powder receptacle. In
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coupl ed taifiler d8YLICEnetR of MR bdY& re8Eptap@Mer in the vial falls into the
spigot. In such an arrangenent, |oss of powder fromthe spigot is

preferably inhibited or prevented by a perforated base nmenber that extends
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i nst ance rece
neck of the vial of a tubular spigot that has an interference fit with the interior of the

15 neck. When the vial, which is coupled to the device, is then inverted, powder in
the vial falls into the spigot. In such an arrangement, loss of powder from the
spigot is preferably inhibited or prevented by a perforated base member that
extends across the interior of the spigot. Other embodiments of powder
receptacle that may be used include cartridges, eg of plastics materials. Such

20 receptacles may be supplied with closures that are removed prior to attachment of
the cartridge to the device, or the device and the powder receptacle may be
configured such that engagement of the powder receptacle with the device brings
about opening of the powder receptacle. For instance, the powder receptacle may
comprise a foil closure that is ruptured by appropriate formations on the device

25 when the receptacle is engaged with the device.

The perforated base member retains the bulk of the powder within the powder
receptacle prior to actuation of the gasflow generator, but permits powder to pass
through the base member when the powder is entrained in the gasflow generated
30 by actuation of the gasflow generator. The nature of the base member should
therefore be such that the perforations in the base member are small enough that,

when the powder rests upon the base member, its packing characteristics and



conprise a foil closure that is ruptured by appropriate formations on the
devi ce when the receptacle is engaged with the device. The perforated base
menber rewaiznp/7bas3bul k of the powder within the powler PcaaRd@Al5€71pri or to
actuation of the gasflow generator, but permts powder to pass through the
base nenber when the powder is entrained in the gasflow generated by
actuation of the gasfl ow generator. Thé nature of the base menber shoul d

t herefore be such that the perforations in the base nenber are small enough
that, whéangihef ieppgeare syek thaidhe prwdskdecspabeass ia anypaigrifiggnt extent

char act el L AsnaRdanglenal. ' 61908 1S HEN AdBLILARCROWIGN dges, et pass

to any signiricant exte ro the base’ ne and, the

per f or at itieats whlealthd posvasu edstingaiporninerbddeempmiséets ersigisegl anbentrhieetiase
menber is energised and entrained in the gasflow, it is able to pass
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t hrough thEGHeasitavattisad!e o pags BuewhiieedriaatonindineRasssne Mosh @i ent | y,
t he bgse yreqb es the formof a perforated plate, which will typically
be ci?cul ar . ;Eéne%égﬁabl y, a substantial proportion, or the full extent, of
the plate is perforated. The perforations in the base nenber nay have any

23 Ol B Tt e BRSO SH °
propor ti gypicAly l?e}}’@i'ﬂ%ﬁlﬁﬁ ﬁ#&féraﬁ@,%"éubéﬁéntﬁ?%ré&?ﬁomﬁé-fuITertf%nt,%‘Fﬁl‘e?é ding to

anot her aspect’ of the invention, there is provided a device for t

di spensi miatefis peporaled., Thagediovatansdornpe babe giervbebeiay daxeatyeslitablee
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Is oriented, in use, such that, prior to
the base member.

Thus, according to another aspect of the invention, there is provided a device for
15  the dispensing of a powder,
the device comprising, or being adapted to be coupled to, a powder
receptacle,
the device further comprising, or being adapted to be coupled to, a gasflow
generator adapted upon actuation to cause gas to flow into the powder receptacle,
20 wherein the powder receptacle is oriented, in use, such that, prior to
actuation of the gasflow generator, powder contained within the receptacle settles
under gravity and is retained within the powder receptacle by, and rests upon, a
perforated base member.

25 In such embodiments, the gasflow may enter the powder receptacle through the
base member, thereby energising powder resting upon the base member and
causing said powder to be entrained in the gasflow and to pass through the base
member into an outlet conduit, thereby to dispense said powder from the device.
Gas is caused to flow through the perforated base member and this gasflow

30 energises the particles of powder resting upon the base member, in the sense of
imparting kinetic energy to those particles and entraining them in the gasflow. In

other embodiments, a channel or conduit is provided to conduct the gasflow to a



actuation of the gasflow generator, powder contained within the receptacle
settles under gravity and is retained within the powder receptacle by, and
rests upowQ 2010080330r at ed base nmenber. I n such enbodi nrenPsT/GR2e099E$TIHOW may
enter the powder receptacle through the base nenber, thereby energising
powder resting upon the base nenber an%bcausi ng said powder to be entrained
in the gasflow and to pass through the*pbase nenber into an outlet conduit,
t hereby to di sFense said powder fromthe device. Gas is caused to flow

t hrough tREtpEETDike @@IWSQFS@QQ@E&%Q that s spaeedyfaemitbepenerajed&asehe particl es

of povder L #8EL 19 AP R IPERIRINTT Y 1 A AANReaPE coTRRfdd Bgslact ' ©

ener gy t "¢heg. par i"ni ng thHemin

enbodi menihe poWdehpanrclesmfesﬂn@@ulthelbaserrm'mded The @necgjséd aeicsdreow to
apoint within the powder receptacle that is spaced fromthe perforated base
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from whi ch t he powder part icles entrained in the gasf | ow are di spensed. In
ot her e e flow js not directed. at rou th
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gasflow. For instance, the gasflow nay be directed into the outlet conduit
t hr ough #@owgesigraven &Dm hegmydidrmeegptaclg andseniraingd in Hwt gasfiost. bér gas

pass int fhe .utl et condujt t tacl e. The jet of
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instance, the inlet may have the formof a slot that is di sposed
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material from the powder receptacle. For instance, the inlet may have the form of
15 aslot thatis disposed orthogonally to the plane of the perforated base member (ie,
in most configurations of the device, a vertical slot). In other embodiments, the
inlet may have the form of a slot that is parallel to the plane of the perforated base
member (ie usually a horizontal slot). Such a horizontal slot may conveniently be
created as a clearance between components of the device that together define the
20 outlet conduit (or at least that part of the outlet conduit that lies beneath the
powder receptacle). In all such cases, a shaped jet of air is directed into the outlet
conduit, beneath the powder receptacle. The relatively high velocity of that jet
creates a venturi-type effect that draws air into it from the surroundings, thereby
energising powder at the base of the powder receptacle, drawing that powder from
25 the powder receptacle, and entraining it in the gasflow.

Apart from retaining the powder material within the powder receptacle until
energised by the gasflow, the perforated base member functions as a sieve,
preventing large agglomerated particles passing through, and enhancing the

30 uniformity of the powder material dispensed from the device. The high energy of
the gasflow through the outlet conduit may also assist in deagglomerisation of the

powder as it is dispensed from the device.



inlet may have the formof a slot that is parallel to the plane of the
perforated base nenber (ie usually a horizontal slot). Such a horizonta
sl ot nmay worroeni7e3sBl y be created as a cl earance bet weenPcomgRIN@NSS710f t he
device that together define the outlet conduit (or at |east that part of
the outlet conduit that |ies beneath the powder receptacle). In all such
cases, a shaped jet of air is directedYnto the outlet conduit, beneath the
powder receptacle. The relatively high velocity of that jet creates a
venturi-type effect that drams air intoit fromthe surroundings t her eby
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expanded gemdht 4ipn after pressure appl ied to it is released. In such

enbodi nents, the gas is generally anbient air. In other enbodi nents, the
gasfl ow generator is a canister of a conpressed gas or a liquefied

propel | anft oK MRESRFRNAATHS ghBFoW LBNERIBY £55E5hidlet of @ mpressed gas or

a liquefied propellant. Compressed gases include compressed air, and

15  compressed hydrocarbons. Liquefied propellants include chlorofluorocarbons and
hydrofluoroalkanes. In all such embodiments, the canister will generally be
provided with a valve by which the gasflow can be controlled.

In yet further embodiments, the gasflow generator does not itself form part of the
20 device according to the invention, but is an external gas source to which the
device is coupled. In such embodiments the device may, for instance, be coupled
to a compressed gas source by an appropriate conduit, eg a flexible tube. The
gas line may be a compressed air line, though other compressed gases may be
used, eg nitrogen or carbon dioxide. Again, the arrangement will generally include
25 means by which the gasflow can be controlled. Typically, the device will include
an actuator, eg of the push button type, by which the flow of gas can be controlled.

In the device according to the invention, actuation of the gasflow generator is
effectively synchronised with actuation of the agitator. The arrangement may be
30 such that actuation of the gasflow generator causes actuation of the agitator, or

vice versa.



conpressed hydrocarbons. Liquefied propellants include chlorofl uorocarbons
and hydrof | uoroal kanes. In all such enbodi nents, the canister wll

gener al | ywbeoprooidded with a val ve by which the gasfl owpcarcGHre0%6mtnol | ed.

In yet further enbodi nents, the gasfl ow generator does not itself form part
of the device according to the inventiﬁg, but is an external gas source to
whi ch the device is coupled. In such erbodi nents the device may, for

i nstance, be coupled to a conpressed gas source by an appropriate conduit,
eg a fl eXnepganuebodimenisef thenavemtiorhdhe agiater axtyele aperablnknkadhiougs ot her
conpress ' NE=Q!L n.di 0xi de. .0, the
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button type, by which the flow of gas can be controlled. In the device
accor di ndPoWsler ieCeRieRt i on, actuation of the gasflow generator is

ef feckively synchronised with actuation of the agitator. The arrangenent
may be such that actuation of the gasflow generator causes actuation of the
agi t at or ,In otherierebadimeatd, nhe agitaion neaybloel dreen by de ghsflowyvarchi that thiehe
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wi t hin t kestgasincew op atbratiGueRithinBy erbice, Rlzeimto pisysidpbgrtaidry onpient ed such
that its novenent generates mechanical disturbances or vibrations within

t he devi ®@wdesgani@nedwihipstheqrowdsrraceiacler |0 martsslribr prederted ned wi t hin
the pov‘deermlfoeo(fﬁl%?s(f Itﬁ"e p591 Qgﬁbiwﬂﬁéﬁbgé{isoéﬁseeﬁrt%qlow includes a loop within
which an agitator element is driven. Conveniently, such a loop has the form of a
15  circular track and the agitator element is a ball or the like that is driven around the
track by the gas flow. The movement of the ball generates vibratory forces that
are transmitted through the device to the powder receptacle. In other
embodiments, agitation of the powder receptacle may be brought about by
actuation of an electric motor or the like.
20
Powder is preferably discharged from the device according to the invention via a
discharge tube or barrel. Such a discharge tube or barrel may be capable of a
limited degree of orientational movement relative to the rest of the device, in order
that the direction of flow of the discharged powder may be adjusted to suit the
25 needs of the situation in which the device is used, eg to facilitate optimal delivery

of the powder during a surgical procedure.

The device according to the invention will most commonly comprise components

manufactured wholly or largely of plastics materials. Where appropriate, however,
30 other materials such as metals, eg stainless steel, and glass, eg for the powder

receptacle, may be employed. For medical applications, the materials used may

be of suitable medical grade and sterilisable.



enbodi nents, the path along which gas is caused to flow includes a | oop
within which an agitator elenent is driven. Conveniently, such a | oop has

t he for mwob 2a100i703381 ar track and the agitator el ement i ®Ca/drebev/si7irhe |i ke
that is driven around the track by the gas flow. The novenent of the ball
generates vibratory forces that are trgnsmtted through the device to the
powder receptacle. In other enbodinent$, agitation of the powder receptacle
may be brought about by actuation of an electric notor or the |ike. Powder
is preferably discharged fromthe device according to the invention via a
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t herapeutic effect, either in terns of a pharnmacol ogical effect on the body
or as di slelivetdmasmastatiepowder erapesitions ichiaternalésatiesexppsed datingnt of

Infecti O%rgi%\eprocedures or after traumatic injury. Such haemostatic compositions,
which may also be described as tissue sealants, may for instance comprise dry
15 powder mixtures of fibrinogen and thrombin. Such a mixture is essentially inert
when formulated in the dry state, but once hydrated, eg upon application to a
bleeding wound, the mixture leads to the production of fibrin which cross-links to
form a blood clot.

20 Thus, according to a further aspect of the invention, there is provided a method of
delivering a haemostatic composition to an internal tissue exposed during surgical
procedures or after traumatic injury, which method comprises providing a device
as described above, which device is charged with a quantity of a haemostatic
composition in dry powder form, and dispensing said composition from said device

25 onto said tissue.

Embodiments of the invention will now be described in greater detail, by way of

illustration only, with reference to the accompanying drawings, in which

30 Figure 1 is a schematic side view of a first embodiment of a powder delivery
device according to the invention, partly in section, and showing a trigger

mechanism in a rest condition;



particular field in which the device of the invention is useful, however,
is for the delivery of haenobstatic powder conpositions to internal tissues
exposed dwoi2oy/w033gi cal procedures or after traumatic i RCUGR20BUSNT14
haenost ati ¢ conpositions, which may al so be described as tissue seal ants,
may for instance conprise dry powder m xtures of fibrinogen and thronbin.
Such a mxture is essentially inert whéh formulated in the dry state, but
once hydrated, eg upon application to a bl eeding wound, the m xture | eads
to the production of fibrin which cross-links to forma blood clot. Thus,
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conprises providing a device as descri bed above, which device is charged
with a quantity of a haenostatic conposition in dry powder form and
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i | I ust r atacoardbmg yq thei inkiemtefrer ence to t he acconpanyi ng draw ngs, in which
Figure 1 is a schematic side view of a first enbodi nent of a powder
delivery device according to the invention, partly in section, and show ng

a 11 90eTFigReNnRi 2 bidhoile Sow bR GUperes] s @ view similar to

Figure 1, romthe other side of the device, and showi ng the trigger

mechani smin an actuated condition; Figure 3 is a side view of a second

eroodh oo b 01T SR RISNATH B ARG Bhuigp e, e o Figure 4

expl oded view of the device of Figure 3 ; Figure 6 is a schematic di agram

illustrating the mechani sm by whi ch nmechani cal . . .
Figure 6 is a schematic diagram illustrating the mechanism by which mechanical

vibrations are generated during actuation of the device of Figure 3;
15  Figure 7 is a cross-sectional view of a valve forming part of the device of Figure 3;

Figure 8 is a perspective view of an alternative form of an intermediate component
that forms part of a third powder delivery device according to the invention, that
has a similar general form to that of Figure 3;

20

Figure 9 is a cross-sectional view of the intermediate component of Figure 8;

Figure 10 is a fragmentary perspective view of an upper housing component

employed in conjunction with the intermediate component of Figures 8 and 9;
25

Figure 11 is a fragmentary underside view of the upper housing component of

Figure 10;

Figure 12 is a fragmentary sectional view of a fourth embodiment of a powder
30 delivery device according to the invention;



vi brations are generated during actuation of the device of Figure 3 ;
Figure 7 is a cross-sectional view of a valve formng part of the device of
Figure 3 woBbhpun7e338 i s a perspective view of an alt er naPCraH200950f14an

i nt ernedi ate conponent that forns part of a third powder delivery device
according to the invention, that has a $| mlar general formto that of
Figure 3 ; Figure 9 is a cross-secti ond? view of the internediate conponent
of Figure 8 ; Figure 10 is a fragnent ary perspective view of an upper

housi ng ddgRyEnkEhis aettieyelisida iem ol acaveierdeliMeryrdevier thatisisiatlar fbnponent

of Figur e e upper
housi ng g@rqg%ﬁtgg tﬁal% oiﬁf gHFe 1 ,%x)estgat %ér?&%ﬁ&ﬁ olR:! dfé@ﬂSw% A5y ¥b§aé}@§i£r3§§ v it

of a foumlyhagtaiodiofemnd polvder wmﬁearclalabwemg tdethe¢r¢vm|©nrdn@9 to the
invention;Figure 13 is a sectional side view of a powder delivery device

that is simlar in concept to that of Figure 1, save that generation of a

gasf|gw I url‘ét1 %‘%’ﬁg&@bﬁ rgwiléjﬁic}rfiéh Hlaﬁ’érE QEaIBO&S‘Pﬁért Bﬁﬁ@&éﬁ&foﬁccord' ng

to the in ntlon is a rag ntary’ view, on an enl arged

scal e, ofFlgmeﬂ?Qfshbhmgim feav of ailFiirgudemJtaﬂaqmw@ert\nal fbtromvggdaraot thent o and
out of a powder vial formng part of the device. Referring first to Figure
1, a firSCV&odi ment of a powder delivery device according to the
invention is generally designated 1 and conprises a main body 3 to which is
fitted an upstandi ng tubular spigot 5 and a bellows 7. A glass vial 9

cont ai ni r’f@pfarrhnga"rrsi toyFigfirg hea ﬁmmeMBet dfi 3 pewsleddelivasnglayieed with the

spi g 5,..as bed b low The bo ect..on_npul
o 210 oo ARDEITARS TV Ll A er i desiigted 1fnd PRI E altiar D
vi ewed i fio ﬁlm@ﬁi%fftﬂedd@rpaﬁﬁhﬁgln@(lhbmé(r lsp t Baareef a bBRowB7N AHgEsJidl D adapt ed
to be held by a user, and has a socket wi th which the
containing a quantlty of the powder to be dispensed is engaged with the spigot 5,

as described below.

15  The main body 3 is injection moulded in plastics material with the general shape of
a pistol. A downwardly (as viewed in Figure 1) depending hollow limb 3a of the
main body 3 is adapted to be held by a user, and has a socket 4 with which the
bellows 7 is engaged. A horizontal (as viewed in Figure 1) limb of the main body 3
has an internal bore 3¢ and constitutes a barrel 3b along which powder is

20 dispensed from the device 1.

The spigot 5 is also moulded in plastics material. The spigot 5 comprises an
upwardly (as viewed) directed tubular connector 5a with a peripheral flange 5b at
its lower extremity. The flange 5b is received within a correspondingly shaped

25 recess in the upper surface of the main body 3, the flange 5b and main body 3
being bonded together.

The internal bore of the spigot 5 is tapered such that it has a funnel-like form, the
base of the bore being closed by a perforated plate 5c¢ that is formed integrally with
30 therest of the spigot 5. The bore 3¢ within the barrel 3b terminates beneath the

perforated plate 5¢. The end of the bore 3c that lies beneath the plate 5¢cis



bellows 7 is engaged. A horizontal (as viewed in Figure 1) linb of the main
body 3 has an internal bore 3c and constitutes a barrel 3b al ong which
powder iswoizeperiaisd fromthe device 1. The spigot 5 is aCTGBOM/@ed4i n

pl astics material. The spigot 5 conprises an upwardly (as viewed) directed
tubul ar connector 5a with a peripheral (flange 5b at its |ower extremty.
The flange 5b is received within a cor spondi ngly shaped recess in the
upper surface of the main body 3, the flange 5b and main body 3 being
bonded t ¢@Earidly. OPENesq A% & halin Bomeusticatios wiph fa peferationp s B¢ Rlaiende hat it

o at e 5o TRl b B iniotfiabaR e SRioBRE BB A e o Yot B The bore
3c within the barrel 3b ternm nates beneath the perforated plate 5c. The end

of the bore 3c that |ies beneath the plate 5c¢c isupwardly open so as to be
i n comurlineR¢/envs Pﬁmﬂoﬁé%@r@@ﬁﬁftir@n@p?ﬁh@@%i M@ eBd chmiigieisdbted t h t he
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bel | ows deigsed of resilience pswacdt ihas itrrandre mianaally bampeessedt butretiegs ee thd

resilience, sych thfat i& ca be.n%nually ﬁﬁ(ﬁ% ressed, but returps to the
expanded e&‘Bﬁ'ﬂ&%Fﬁ?i'Q}Ha PORACYA e TTWORR %H@SSP%%P'E BptSed to it is
rel eased.ro[ER8eQ! TRE RREF & bhtesdilbssy hayee Br%vRiébVWFi’ﬁ%_dHéﬂa? Va[ig, Way
valve, eg a flap valve (not visible in Figure 1) to permt the bellows 7 to
fill witlegad flapivalyei (nokyipiielin bigoke 1 pta prymibihei hellowsshtoniill with RBiirguinen it.

openiflo. exgatts it Rl heoridfory Sacvl T EiotRY 1 b o g el r e " 2"
conpr essegllond 7t ey sprpYIRApiovideey With ahhpdpfld 018 isTodudahdachypmek to the

condition shown in Figure 1. The nozzle of the bellows 7 has an
i nt er f er e13€es thumi when thebekpuk st compreased aadithegxposatbiar Rermikthent er i or

of the dyRE % SERABUA tb'tH® cBRaABA shBRnSR'Fglredr. N

15  The nozzle of the bellows 7 has an interference fit within the socket 4. A conduit
3d connects the interior of the downwardly depending limb 3a and the spigot 5. In
particular, the conduit 3d provides for the passage of air expelled from the bellows
7 through a region of the perforated plate 5¢ adjacent to that part which overlies
the end of the bore 3c.

20
The vial 9 has a neck 9a that receives the tubular connector 5a with an
interference fit. The vial 9 is supplied with a closure that seals the neck 9a. With
the vial 9 in an upright position, the closure is removed and the tubular
connector 5a inserted into the neck 9a. The assembly is then an inverted

25  condition, relative to the orientation shown in Figure 1. The assembly is turned
through 180°, to the condition shown in Figure 1, whereupon powder contained
within the vial 9 falls under gravity and fills the internal bore of the tubular
connector 5a. The powder rests upon the perforated plate 5c, little or no powder
falling through the perforations in the plate 5c.

30
A trigger 11 is pivotally mounted adjacent to the rear (ie the side distal to the

barrel 3b) of the vial 9. The trigger 11 carries a striker 13 that is mounted to an



particular, the conduit 3d provides for the passage of air expelled from
the bellows 7 through a region of the perforated plate 5c¢c adjacent to that
part whi choavavd7033 t he end of the bore 3c. The vial 9 ras/GB20@gis18a t hat
receives the tubular connector 5a with an interference fit. The vial 9 is
supplied with a closure that seals the,peck 9a. Wth the vial 9 in an
upright position, the closure is remove® and the tubul ar connector 5a
inserted into the neck 9a. The assenbly is then an inverted condition,

rel ati ve areuatpdraski idnsHen dratdhewtiiken 18iiggapalle of reregtintembrandesoft ur ned

t hr ough t Iyt | { [ - {ai ned
w thin R SRR IO e BRETAT A R PR 1 AT B R BT Ko FRuBRY e

t ubul ar ¢ennest te Sieikerl 8 apavatenpsiasd 3 Suwothetrhgindsudyos adlesk 1 tbdrdtofl ittle
or no powder falling through the perforations in the plate 5c. A trigger 11
i s pivot é'l‘q?y'%@uﬁ@@ét@@f%‘@%ﬂﬁ strisef Aa tpwards(the dld-si de distal to the barrel
3b) of the vial 9. The trigger 11 carries a striker 13 that is nounted to
anarcuate track 15, such that the striker 13 is capable of a restricted
range of Ascamnbateeplimtiguse tiotheiigger dgemdibe skikeznS ane fopnedgvith7 (see

Figure 2) is unt between the striker 13 and an, upstand 18 on the main
body 3, - PBBETRB TR bie chighyhaiiaen ths BGogh 1 4S AT diocey 8.3
towards gy }’és%le&rib@%i t_S‘e%WP‘%hé@ﬁfkeWS'lzé aEeh Awal ok ind8Gaddlofind t he
striker 13 are formed wth cooperating detents 1la, 13a, such that when the
trigger Viali% ageestthe aiciion eftha spseg 17as descri bed bel ow), the striker 13

S dﬁ] wn away fromthe surface of the vial 9, against the action of the
spri g 17. The rear part of the main body 3 is formed with a ranp 19. As

the triggeie rbhr bartdd pre st boti8 i5 deinckPwhREERINMMY 9. mrth@qﬁ%g@rtﬂ ishe
striker 13. Continued depression of the tr;ﬁrg%gg 11 causes the ranp 19 to
&

di spl ace deREcssed: K rarmp dA¢omesdnieeeiget v sikes 1314 0n8avednen rel eased
fromthe oterp'reg&%n gﬂlthtéytribagr 11 causes the ramp 19 to displace the striker 13 and to

disengage the detents 11a,13a. When released from the trigger 11 by the
15  ramp 19, the striker 13 is drawn by the action of the spring 17 into contact with the

vial 9, thereby jarring the vial 9.

In practical embodiments of the device 1, the trigger 11 is housed within a push

button-type actuator (not shown), depression of which also results in compression
20 of the bellows 7. Thus, generation of an airflow is synchronised with mechanical

jarring of the vial 9, thereby facilitating entrainment of powder in the airflow and

releasing powder from the vial 9.

To dispense powder from the device 1, the user holds the device 1 in a generally

25  upright orientation, as shown in Figure 1, and directs the barrel 3b at the intended
site of application of the powder. The user then depresses the actuator,
compressing the bellows 7 and depressing the trigger 11. Appropriate formations
(not shown) may be provided on the device 1 to facilitate gripping of it, eg so that
the actuator can be depressed by the thumb. Compression of the bellows 7

30 causes a jet of air to be directed through the conduit 3d. This jet of air passes
through the perforated plate 5¢ and impacts upon the powder resting upon that

plate 5¢. Simultaneously, the striker 13 is drawn away from the vial 9, then



ranp 19, the striker 13 is drawn by the action of the spring 17 into
contact with the vial 9, thereby jarring the vial 9. In practical

enbodi merwe 20fo/a7his3devi ce 1, the trigger 11 is housed wpPChiGB280903$T14
button-type actuator (not shown), depression of which also results in
conpression of the bellows 7. Thus, gengration of an airflowis
synchroni sed with mechani cal jarring of °t he vi al 9, thereby facilitating

entrai nment of powder in the airflow and rel easi ng powder fromthe vial 9.
To di sperﬁ@l@ap@@w@m theoliggre 1 idyithe aclion Réthes@mmdPdwith fiee trauitdeatthen a

general | barr el
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depr esse%nﬁa@s@@b@%@r is ettrgines # e fldve obair ltltm%séapesl frdepiressevice 1 gy
trigger 11. Appropriate formatjons (not shown) provi ded on_t he
device 1 gaésmgcqqqkttg[@g@rth5Fneﬁt§>r@,t]ed,qlate@ 3 QK’QQ thﬁé’“tﬁm%é’%@ Se i

depr egsed Py Eroﬁuﬁm oris UIt ggf‘o%etdé‘?né%e %ﬂ&’%le%o%i%@%ﬁ tRe k& o?f air to

be dlrected t I's jet of air passes through the

per f or at eghpptatan. 5c and i npacts upon the powder resting upon that pl ate 5c.
Si nul t aneously, the striker 13 is drawn away fromthe vial 9, thenrel eased
fromthe trigger 11 by the action of the ranp 19, with the result that the

striker 19nbAPASIstird RORMARA G the 32tUdiSy, Rl b@lioxﬁé'? rbfERaE kS thpon the
powder. The energi sed powder is entrained in the flow of air that escapes

f rom t he coaditios shown ipadgunegl.rickeinprdsagh lmthdhgéqeflowattfer@ughathe obe-wayl al ong
the Lpternal bore 3c of e barrel,3b. The po IS, bl.own of the

dovi ' 3 VAR et i fem8ad BLidbelblis Patf Bie SSmBitiaB e’ crovea
from t he ragirv@icits rddieohgitibavas shéwh aXERyUre 1t rewBRhcthe ideferabawa, 13 fa-gur e

1, air being drawn into the bel I ows t hr ough t he one- way valve or opening in

the freec99a96f Adheatins maydhen bareperted aseftames raquireds i Rppudermmay et urns to
its rest 68pdid {PBe Rsher 38NN tHE BYiRdTambihidl folvddl had P dsddiketia e

or until the vial 9 is exhausted, all the powder contained within it having been

15 dispensed. Where the vial 9 becomes exhausted, it may be appropriate for it to be
removed from the spigot 5 and replaced with a fresh vial, ie for the device to be
reused with a fresh vial of powder. In other circumstances, the device may be

used only once and then discarded.

20  Turning now to Figures 3 to 7, a second embodiment of a powder delivery device
in accordance with the invention is generally designated 20. This embodiment
differs from the first embodiment 1 in that it is used in conjunction with an external
source of compressed gas, and in that the mechanism by which the vial is agitated
during dispensing of powder is different.

25
Referring first to Figures 3 and 4, the device 20 has a main body that comprises
upper and lower housing components 23a,23b that are formed in plastics material
by injection moulding. The main body has the general form of an elongate cylinder
that is adapted to be held a user’s hand, the underside of the lower

30 component 23b being shaped to facilitate such grip. A push button-type
actuator 27 is mounted in the top of the main body such that, when the device 20



engage. Actuation may then be repeated as often as required. Powder may
continue to be dispensed until the desired anount of powder has been

di spensedvoap1ntdiB the vial 9 is exhausted, all the porderGR200M@&ilTI@d
within it having been dispensed. Were the vial 9 becones exhausted, it may
be appropriate for it to be renoved fromthe spigot 5 and replaced with a
fresh vial, ie for the device to be relded with a fresh vial of powder. |
ot her circunstances, the device may be used only once and then di scarded.

Tur ni ng f®RelddFgutses, etastyaton 24 apre depyeaserthy the thurppebithe rnd very
device i c ' the invention is generally designated 20. This
enbodi mﬁ?ﬁtﬁﬁf@%?ﬁé ??%?Ré first enbodinment 1 in that it is used in
conjunction with an external source of conpressed gas, and in that the
mechani sm by which the vial is agitated during dispensing of powder is
di fferent® f'%b'@rtppﬁgﬁﬁﬁ@ﬂdi bomtherear endRythe devigr 28 andds aogripsktoqmi n
body kha I d i ba th re
Formed | oD S B e A R et S AP RER® e
gener al foonnecior émtedhomga i £ propdettialr thefthstal enchdbipeddbe @5be hel d a user's
hand, the underside of the | ower conponent 23b being shaped to facilitate
such grip. A push button-type actuator 27 is nmounted in the top of the main
body suchrHd¥aént sMefst thBRIIRY BFisAhbsidBaiPY tiblRatS&e) éé]%r%%gH%r%h 27 can
be depressed by the thunb of the hand that holds the device 20. A flexible
tube 25 @owsiedss tispansétfroguiheatayicsf 20.né glass vial 20 isivoupled delée ed to be

connegcted, to as_source, e ource .of ¢ ressed.air (n ho, . A
St & ek e BRI Sralir T IR T B T M BAEE itk o WL be
25. The fefngﬁdim@dt @fth_bf‘t%\@kﬁé/ﬂ.cﬁs?dérit§e@é@NirdE@_uY‘é5htk@ Gl ar barrel 29,
t hrough whi ch powder is dispensed fromthe device 20. Aglass vial 3 1 is

coupl ed mmnweaéaﬁeés fromed withs RRiUPgEanetithepigpb38 Hatigyesaivashvihintthe vial 9
i's coupl %l}tﬂ df IIﬁ.lﬁ"e (/faﬁ 8h. A pair of clips 35 engage with a peripheral lip of the vial 31,
so as to hold it securely in place. As in the first embodiment, the interior of the

n

15  spigot 33 is tapered such that it has a funnel-like form, the base of the spigot 33
being closed by a perforated plate 34.

Referring again to Figure 5, an intermediate component 41 is captivated between
the upper and lower components 23a,23b of the main body 23. The intermediate

20 component 41 is formed with a circular opening 61 near its rear, which receives a
downwardly depending boss (not visible in Figure 5) formed integrally on the
underside of the upper housing component 23a. A circular track 43 is formed in
the lower component 23b, with air inlet 45 and outlet 46 channels. The
intermediate component 41 cooperates with the lower component 23b to close the

25 track 43. A ball 50 (not shown in Figure 5) is held within the track 43 such that it
can rotate freely around the circular track 43.

The tube 25 is connected to a valve 51 that is held within an upstanding boss 52

formed integrally with the lower component 23b. The valve 51 is in turn connected
30 totheintermediate component 41 by means of a short length of tubing 25a that is

engaged with a tubular connector 47 formed integrally with that component and



enbodi nent of the device 1. As can be seen in Figure 5, the upper conponent
23a is fornmed with an upstanding spigot 33 that is received wthin the
nout h of wbeow@h333 1 . A pair of clips 35 engage with a&CpaB2pévesati4l i p of
the vial 3 1, so as to hold it securely in place. As in the first

enbodi ment, the interior of the spigot, 33 is tapered such that it has a
funnel -1i ke form the base of the spig6 33 being closed by a perforated
plate 34. Referring again to Figure 5, an internediate conponent 4 1 is
capt i vat adiglbtwkeminenataipisgiatas® mMeanent 4o @erewes cCoBronsht #3b afe mai n body
23. The i di n ' i,zh a circular opening 6 1
near itsE%bgpgamﬁﬁéﬁeigﬁgﬁgﬁghg4@%akag%gF@Eﬂg%g%ding boss (not visible in
Figure 5) forned integrally on the underside of the upper housing conponent
23a. A circular track 43 is forned in the | ower conmponent 23b, with air

inl et 45 TAGVAYR Péis RBSIERBRHBPacatiBe asiuataReal MW RICE shpGser o naPediper at es
with ghe s'hBVWIrin@é@%{%?th%%@t&ﬁo@f’@?%&%ﬁ {:ﬁ@{‘(n?fvisiﬁl@m ﬂpe@raﬁ%)smm In

Figure 5) 1's held”w tra can rotate y around
t he cir cuthach beacsko Bhe Vdiee bd e cdbtrokstheapesatiedot iheavahed §&. SVHhenn bt i s hel d

W thin an t andi ng boss 52 forned integrally with the | ower conponent
Db, Tho Astiae’s eHlesieat ik Kails mide cBaTEd o Rl e binonent 4 1
by means gierfabiirke lof BOMBrédscudit fiodgRttHd @dvits 26NIRI M the Rujdiul ar
connector 47 fornmed integrally wth that conponent andwhi ch, when the

i nt er medi2atie releapen & flaw df @airds Ihalted. conponent 23b are engaged, is in

regi z{)ration with the air inlet channel 45. The valve 5 1 is positioned
beneath the actuator 27, which is biased to the position shown in Figure 3.

The act uathervalve 6NGs YAGRN  eRyBstdetioMiis Fiuee i It ReofdhawWpsommbingh bears on
the valve 5 1 to control the operation of the valve 5 1. \Wen the actuator

i's depr esslemed ReasalvERst valve. spesempriseparvalve hpey 8 wilsowhighavakve
external Qe U GBS RER I fedtbR4HY MBGe ARKE CEnE%owaNFartiifthd Ne

act uat or
valve stem 72 is of reduced dimensions, relative to the lower part of the valve

15  body 71, so that an annular space exists between those two components. A valve
cap 73 is mounted about the upper part of the valve stem 72. The range of
movement of the valve stem 72 is restricted by engagement of an inwardly
directed lip 74 at the base of the valve cap 73 with an outwardly directed flange 75
at the top of the valve stem body 71. The valve stem 72 is biased to the position

20 shown in Figure 7 by an arrangement of two compression springs 76 that act
between the flange 75 and the underside of the top of the valve cap 73.

A pair of spaced apart O-rings 77,78 provide for sealing engagement between the
valve stem 72 and the internal walls of the valve body 71. A valve inlet 79

25 receives the end of the tube 25, and a similar valve outlet 80 is connected to the
short tube 25a that leads to the intermediate component 41.

In the position shown in Figure 7, the valve 51 is closed. Passage of gas from the
supply tube 25 to the valve outlet 80 is blocked. Depression of the valve stem 72,
30 for example by the user pressing on the actuator 27, displaces the lower O-ring 78
to a position below the valve outlet 80, thereby opening the valve 51 and enabling



27 is released the flowof air is halted. The valve 5 1 is shown in
cross-section in Figure 7. It is of the type commonly referred to as a
trunpet wsibvelo/@ms3conpri ses a valve body 7 1 within whipCh/GB20@/0se718t em 72
i s capabl e of restricted reciprocating novenent. The | ower part of the
valve stem 72 is of reduced dinensions, relative to the |ower part of the
val ve body 7 1, so that an annul ar spa&@ exi sts between those two
conponents. A valve cap 73 is nounted about the upper part of the valve
stem 72. floMech gafgdrenghieenmianspaceesuiEunding e vaive stenmed2 e ghedalyg
engagerre%tutlg{zgém inwardly directed lip 74 at the base of the valve cap 73
wth an outwardly directed flange 75 at the top of the valve stem body 7 1.
The valve stem 72 is biased to the position shown in Figure 7 by an
arrangenment of two conpression springs 76 that act between the flange 75

) .
and the (MBer &iqnealye 1He opsp. 8as tlawsjdpae dagk #3.and dayes ibe kaldpel apart
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for exanple by the user pressing on the act 27, displaces™the |ower
O ring 78vithothe ipesnaliveall dicthewpigad 33aandktesominaies 8Ghorhdsicsinge @benerige t he
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into thethé?@ﬁoﬂaﬁe@%td@ﬂveﬁwéi@%dbﬁilé 48nPid BBEWe 20 @ivedt & meinbF ack 43. An
air feed hole 48 is forned in the internediate conponent 4 1, above the
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the device permit vented air to escape. The proportion of the airflow that is

15  directed into the vial 31 can be adjusted to suit the intended application of the
device (ie to suit the amount of powder to be delivered, the nature of the powder,
and so on) by varying the sizes of the feed hole 48 and/or the outlet channel 46.

The upper surface of the intermediate component 41 is formed, in the region

20 beneath the perforated plate 34, with a shallow well 53 with a forwardly-directed
outlet 54. The outlet 54 is connected, via a short tube 55, to the barrel 29. A
nose 56 is formed integrally with the barrel 29 and is captivated between the
forward ends of the upper and lower components 23a,23b. The nose 56 is
generally hemispherical in shape, and is held within the end of the housing in the

25 manner of a ball-and-socket joint, which permits a restricted range of orientational
movement of the barrel 29 (as is most readily apparent from Figure 4).

To dispense powder from the device 20, the user holds the device 20 in one hand,
directs the barrel 29 at the intended site of application of the powder, and

30 depresses the actuator 27 with the thumb. This opens the valve 51, permitting air
to flow through the device 20. Air flows along the tubes 25 and 25a into the

track 43. The circulation of air within the track 43 causes the ball 50 to rotate



of the perforated plate 34 and into a short feed pipe 49 that is forned
integrally with the internal wall of the spigot 33 and term nates a short
di st ance wbavw/a7his3perforated plate 34, within the powdecTidragy/@s7ien t he
first enmbodi ment, rests upon the perforated plate 34. The feed hole 48 and
feed pipe 49 direct a mnor proportion,of the airflow into the powder. The
greater proportion of the airflow, howt er, is sinply vented via the outl et
channel 46. Openings 59 at the rear of the device permt vented air to
escape. Tﬁl@ldb’rafﬁéﬂgitbﬁt@ﬁkﬂﬁe The mogamenhef the alk 2 cadsenadegre of al 3 1

he aroult SR el iptdn 18 PROGHEGBRhe RALBEGle HIRRBRIR W8, 0 %on)

by varyi ngpeheosipoasno34d hadtieediahgl e 48 and/or the outlet channel 46. The
upper surface of the internmedi ate conponent 4 1 is fornmed, in the region
beneath the perforated plate 34, with a shallow well 53 with a
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(as is nost adily apparent fromFigure 4). I spense powder fromthe
devi ce 20hetmechawcalagit@gonioé thiedeee 20 daused dyhatationdifrtee toall tSewithinr el 29
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track 43. The circulation of air within the track 43 causes the ball 50 to

r ot at er agh@ughdhe pegforaied plateid44nto theawelbb3d gsaithirughbepariel 88. ddgses a
degree of i i i that | ] - i) di ate
componenIEE! 1 RN $urtiahe SBvERTY ahg abRANEEL O Ry % P EdiRuesA™
15 Mechanical agitation of the device continues for as long as the actuator 27 is
depressed. When the actuator 27 is released, the flow of air is halted and the
ball 50 ceases its rotary motion within the track 43. The device may be actuated

for a continuous period, or intermittently.

20  As for the first embodiment 1, powder may continue to be dispensed until the
desired amount of powder has been dispensed, or until the vial 31 is exhausted,
all the powder contained within it having been dispensed. Where the vial 31
becomes exhausted, it may be removed from the spigot 33 and replaced with a
fresh vial, or the device may be discarded, as appropriate.

25
Turning now to Figures 8 to 11, a third embodiment of a powder delivery device
according to the invention is generally similar to that of Figures 3 to 7, but differs in
the manner in which the gasflow entrains powder from the powder receptacle.
Elements of the third embodiment that correspond to those of the second

30 embodiment are identified by the same reference numbers, but with the prefix "1".
Thus, the intermediate component 143 corresponds to the intermediate



Most of the airflowis vented fromthe device 20 via the outlet 46 and
openi ngs 59. However, a small proportion of air escapes fromthe track 43
via the fweadotwl7e33d8, fromwhich it is directed at the wotaBI@®50f14t he
perforated plate 34 and into the feed pipe 49. This jet of air passes into
t he powder resting upon that plate 34.,The nmechani cal agitation of the

devi ce 20 caused by rotation of the bal® 50 within the track 43 facilitates
the rel ease of the powder fromthe vial 3 1. The powder is entrained in the

fl ow of &OMAOARENt 434 e seeand embodienerdetheopesforpieskharse meewariiddugh t he
per f or at %‘arr{é @#’&F%ﬂ’ h'ét@astehr‘feanélrgﬁ?’aﬁagot _ough the barrel 29. The powder

s blown ™0 evi ce eposited on the site of application.
Mechani cal agitation of the device continues for as |ong as the actuator 27
I s depressed. Wen the actuator 27 is released, the flowof ajir is halted
and the Bagyres® %%gébov\ténP%'ES&W“Y&)@F@ﬁr%SﬁFﬁQﬁ'Of‘ﬁlev'?WécEﬁsﬁ%Ct'V$Weaaew ce
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anount ofcopgahent has)fthrwarmhosipaetstemf Figuresrg id 7.t Rggweal 0&nd 1kskodaust ed,
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to Figures , mbodi ment of a powder l'ivery device
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pipe 49 to a position within the spigot 33 that is above the perforated plate 34. In

15  the third embodiment, on the other hand, there is no feed pipe. Instead, feed hole
148 terminates in a vertical slot 149, the upper end of which is closed by an
abutting part 158 of the undersurface of the upper housing component 123a (see
Figure 11).

20 As can be seenin Figure 10, the upper surface of the upper housing
component 123a is similar to that of the second embodiment, in that it is formed
with an upstanding spigot 133, the base of which comprises the perforated
plate 134. However, the rear part of the interior of the spigot 133, that in the
second embodiment is occupied by the feed pipe 49, is in this embodiment a

25 simple ramp 163. The interior side walls of the spigot 133 are also formed as
ramps 164, giving the interior of the spigot 133 a funnel-like form. The ramps 164
may be omitted, so that the perforated base plate 134 is generally circular, in
which case the parallel ribs evident in Figure 11 may also be omitted. In fact, the
presently most preferred embodiment of the device has such modifications.

30
As in the second embodiment, the intermediate component 141 is formed with a

circular opening 161 that receives a corresponding downwardly-depending



Figures 8 and 9 show, in perspective and cross-sectional views
respectively, an internedi ate conponent 14 1 simlar in general formto the
i nt er nedivsioeonamassaent 4 1 of the enbodi nent of Fi gur esP8TIGB2609/d5igur es 10
and 11 show fragnentary views of the part of the upper housing conponent
123a that contains the perforated base plate 134. In this enbodi nent, the

| ower housi ng conponent, barrel, val ve'8nd act uat or (not shown) are
identical to those of the second enbodi ment. The principal difference

bet ween tblﬁ?ésél@@dﬁﬁn@(ﬂl@ntthemdéfﬁb@@lpﬁ’é}ﬂ 4ONErdWUSIG PrMpeNRTEr1 338 (8BBch air
flows fr rack 43 to the well 153 in the internediate conponent 14 1
that is I'0 ated beneath the perforated plate 134. In the second enbodi nent
(Figure 5), that air passes through feed hole 48 and feed pipe 49 to a
position_within the spigot 33 that js above the perforated plate 34. In the
third endd§i dmee obietthied emradimgntis Qcﬁ%@t@d i3 PRRCISRAX N FRBC MARRYRS f eed

hol e 448 the'SBLAR EebBirieneld ealsch dRbrdds thoBalipRS! 1RtEopboMhglIneS

cl ose an abutting part t he under sur ousi ng
conponentvalh23and sagsifg gas¢o 1a)v into%edeerckl:mdsmedrmmthlél trplirarowidg theirtetraqkper
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that in the second embodinent is occupied
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whi ch case the parallel ribs evident in F:agure 11 may al so be omtted. In
fact, th@r@ww@mdeythr@yghﬁh%p@rfe@de@ﬁt%@ﬂ rﬁndcﬁntfat@sder\vmeegﬁ%f@vguch

nodi fi cati ons.

Figure 12 shows a sectional view of a fourth embodiment of a powder delivery

15  device according to the invention. Again, elements of this embodiment that
correspond to those of the embodiment of Figures 3 to 7 are identified by
corresponding reference numerals, but with the prefix "2". Thus, the intermediate
component 243 corresponds to the intermediate component 43 of the second
embodiment, the perforated base member 234 corresponds to the base

20 member 34, and so on.

The fourth embodiment is again generally similar to the second and third
embodiments just described. Thus, the fourth embodiment comprises upper and
lower housing components 223a,223b and an intermediate component 241. The

25 upper housing component 223a is formed with an upstanding spigot 233 about
which the neck of a vial 231 is received. The base of the spigot 233 is formed as a
perforated plate 234. A well 253 is formed in the upper surface of the intermediate
component 241 and is located beneath the perforated plate 234. Cooperating
parts of the intermediate component 241 and upper housing component 223a

30 together form an outlet 253 that is connected to a tube 255. The intermediate
component 241 and lower housing component 223b together define a track 243

within which a ball (not shown) is driven, in use.



As in the second enbodi nent, the internedi ate conponent 14 1 is fornmed with
a circular opening 16 1 that receives a correspondi ng

downwar dlwocdepanaizagboss 162 fornmed on the undersi de of PCi&RpEPASIHOUSI NQ
conponent 123a (see Figure 11) . The device of the third enbodinent is
actuated in precisely the sanme manner 8 t he second enbodi nent, ie the user
depresses the actuator, thereby opening the val ve and causing gas to fl ow
into the track and to drive the ball around that track. Myvenent of the
ball creates vibrations that are transmtted to the vial containing the

powder 3t foRnh e RAEAREDs 1 edhi b e RRTL Ak eRgaRes [faRAde (rack

via the f as 1s directe acr oss

the wel | fﬂoﬁﬁtﬂzemaat P48 hermperdies adted splcateidd4riglenay dsa vbeicabtloet 154. The
rel ativelé hi gh vel ocity jet of gas that traverses the well 153 creates a

vent uri - t{igeres).&utin a a'&ﬁ‘rahﬁs'ZBBMQﬁpt%goQ@We?ﬂéh%&)@%Q%ﬁe@cﬁLﬁfaﬂeé 034 and
entragns yd ’F‘Q”ﬁmv\%ﬁé'hﬁ orft T Snd eSS ngﬁo fidbnefiiyc gy four th

enbodi nent 0o ivery VI ce e I nvention. Again,

el enentssufroUhdShemMcﬁE@nt that correspond to those of the enbodi nent of
Figures 3 to 7 are identified by corresponding reference nunerals, but with
the prefix "2". Thus, the internedi ate conponent 243 corresponds to the

i nter ”Ed'ﬁieeem@ﬂ%@aﬁﬂgfls fd"@re%%ﬁ’?ﬁ’gkﬁ?@@@ﬂtﬂé%f gégﬁn 9%]1 s ﬁér%ﬂelbt%se

menber 234 corresponds to the base nenb 4, fourt

enbodi neirite perfatgpied ptaie @43l 1As for e anrot@nbhdlmﬁotdﬂ@t wiof gas mdeeetes@du ment s
just escrl ed, Th h i r..and | ower

hou5| hQHqu%%&aE%%Wﬁﬁ’Swgﬁr 989 @iﬂ‘%B%@%?d'%l . The upper
housi ng corrponent 223a is formed with an upstandl ng spi got 233 about which
the neck of a vial 231 is received. The base of the spigot 233 is fornmed as
a per f or &tedarringdinallyda Figurge B arsd 4 & fugharembadimeant @b gerovidaridglivesf t he

I nter ”Ed'o%R/F‘ce is generally designated 91 and comprises a main body 93 to which is fitted
an upstanding tubular spigot 95 and a bellows 97. A glass vial 99 containing a
15 quantity of the powder to be dispensed is engaged with the spigot 95, as

described below.

The main body 93 is injection moulded in plastics material and the general shape
of a pistol. A downwardly (as viewed in Figure 13) depending limb 93a of the main

20 body 93 constitutes a tubular connector that receives the bellows 97. A horizontal
(as viewed in Figure 13) limb 93b of the main body 93 has an internal bore 93¢
and constitutes a barrel along which powder is dispensed from the device 91.

The spigot 95 is also moulded in plastics material. The spigot 95 comprises an

25 upwardly (as viewed) directed tubular connector 95a with a peripheral flange 5b at
its lower extremity. The flange 95b is received within a correspondingly shaped
recess in the upper surface of the main body 93, the flange 95b and main body 93

being bonded together.

30 The internal bore of the spigot 95 is tapered such that it has a funnel-like form, the
base of the bore being closed by a perforated plate 95c¢ that is formed integrally
with the rest of the spigot 95. The bore 93c within the horizontal limb 93b of the



conponent 241 and is |ocated beneath the perforated plate 234. Cooperating
parts of the internedi ate conponent 241 and upper housi ng conmponent 223a

t oget her worznoam033at | et 253 that is connected to a tubeP2BE&B200va51714

i nt ernedi ate conponent 241 and | ower housi ng conponent 223b together define
a track 243 wthin which a ball (not s gwn) is driven, in use.The fourth
enbodi nment differs fromthe third in that the feed hole 248, that |eads
fromthe track 243, termnates not in a feed pipe (Figure 5) or a vertical

sl ot (Fi gogie bwdy Bukermimnade banaathibe iresiarated gigie 2bg. pdranersh of e j uxt aposed
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hi gh vel eoniufieatiod witashée pedfomting ipatiaplagd 960 anbehapeefvitatredn@ratle 243.
As for the third enbodiment, that jet of gas creates a venturi-type effect
that dr a9 SRIBRIRRANE e piat 9%{ ated plate 243. Referring finally to
Figurgs 13 andl 4 , a further enbodi ment of a powder delivery device is
generally designated 9 1 and conprises a main body 93 to which is fitted an
upst andi Adnet badiovesr 93 pogptis€S aanod cartinal-ypash@mbeA 9ghasse endlof 9dhicloist ai ni ng a

tity of th wd di ] jth th i got 95,
descr 1 badgdiBlh Fes el o DRSHSOF i Erctiet AR tsedne A gl S8 Res dmat or 1
and the genalplegBars refiliéndd, steh -theﬂig%%rnﬁﬁwﬂl?%oﬁﬁ%%d,rbu't:'rétHFr% 13)

depending linb 93a of the main body 93 constituteS a tubular connector that
recei ves to bee bxpanaes gnfigurain stawmaln igerey it 3wdwen thefirgaswe epplied b ito3b of

t he in.bo 93 an. inter ar.e 9 and, constitutes a barrel along
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vi ewed) directed tubular connector 95a wth a peripheral flange 5b at its

| oner extWitnh@it whemHeexpansigdamkyoitae cepditioa gh@mnhn rigureokd: eAleinalivelyy shaped
the end of the bellows 97 may simply be provided with an opening that is
occluded, eg by the user's thumb, when the bellows is compressed and then

15  exposed to permit the bellows 97 to expand back to the condition shown in

Figure 13.

The nozzle 97b has an interference fit within the downwardly depending limb 93a
of the main body 93 such that the nozzle 97b is closely received within that

20 limb 93a, with the tip of the nozzle 7b directed at a conduit 3d that connects the
interior of the downwardly depending limb 93a and the spigot 95. In particular, the
conduit 93d provides for the passage of air expelled from the bellows 97 through a
region of the perforated plate 95¢ adjacent to that part which overlies the end of
the bore 93c.

25
The vial 99 has a neck 99a that receives the tubular connector 95a. The vial 99 is
supplied with a closure that seals the neck 99a. With the vial 99 in an upright
position, the closure is removed and the tubular connector 95a inserted into the
neck 99a. The assembly is then an inverted condition, relative to the orientation

30 shown in Figure 13. The assembly is turned through 180°, to the condition shown
in Figure 13, whereupon powder contained within the vial 99 falls under gravity

and fills the internal bore of the tubular connector 95a. The powder rests upon the



recess in the upper surface of the main body 93, the flange 95b and nmain
body 93 bei ng bonded together. The internal bore of the spigot 95 is

t aper ed swohotomao3sst has a funnel -like form the base ofPCrleB2bevisibei ng
closed by a perforated plate 95c that is formed integrally with the rest of
t he spigot 95. The bore 93c within the gorizontal limb 93b of themain body
93 term nates beneath the perforated p? te 95c. The end of the bore 93c
that |ies beneath the plate 95c is upwardly open so as to be in

comuni c®eirforataditaterfbopbtediratd pewderfatling tblcmg@ thsPesipnatimscie thet h t he
internalﬁﬁ P f the spigot 95 and the vial 99. The bellows 97 conprises a
concerti ype chanber 97a, one end of which is fitted with a nozzle 97b.
The bellows 97 is forned in plastics material and has a certain degree of

resilience, such that it can be rranuallel/ conpressed, but returns to the
expanded @oﬂﬁP@rﬂﬁeaP@Wﬂerfﬁ%WhﬁﬁeMWbt %Uﬁﬁ%ho'ﬂﬁéh%ﬂ%@@r% iBgblied to it
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the condition shown in Figure e nozzle 97b has an interference fit
Wit hin tfﬁl@gamﬁmejh&n@lmmmgrelssm o3he bellowe %u%mpmssgm gflbe t hat the

nosa 18 7hRbRedrasises EoRtar 10'5h A ReleE b el Ruohumi ahdulrodst Prfe |
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93d prow des for the passage of air expelled fromthe bellows 97 through a
regi on ofuPpoRdhpleplata 3b@dThe &nerdisrd nayveeeistenterinedin therfowat @inthater | i es t he

end of escapes from the device 91 by passing back through the perforated plate 95¢ and
along the internal bore 93c of the horizontal limb 93b. The powder is blown out of
15 the device 91 and deposited on the site of application.

The perforated plate 95¢ serves to retain the powder until it is energised and
dispensed by the flow of air through the plate 95c¢, and also facilitates
deagglomeration and dispersion of the powder in the airflow.

20
Figure 14 shows (by means of the arrow) the flow of air into the powder retained
within the interior of the tubular connector 95a and the vial 99, and the flow of air
and entrained powder out of the device 91.

25  When pressure is removed from the bellows 97, it relaxes to the condition shown
in Figure 13, air being drawn into the bellows through the one-way valve or
opening in the free end of the bellows 97. Repeated compression of the
bellows 97 causes repeated dispensing of powder from the device 91. Powder
may continue to be dispensed until the desired amount of powder has been

30 dispensed, or until the vial 99 is exhausted, all the powder contained within it
having been dispensed. Where the vial 99 becomes exhausted, it may be

appropriate for it to be removed from the spigot 95 and replaced with a fresh vial,



the bore 93c. The vial 99 has a neck 99a that receives the tubular
connector 95a. The vial 99 is supplied with a closure that seals the neck
99a. Wt hwohleiwi7ed3399 i n an upright position, the cl osuPreTiGB2o@msvad and

t he tubul ar connector 95a inserted into the neck 99a. The assenbly is then
an inverted condition, relative to the grientation shown in Figure 13. The
assenbly is turned through 180, to t he22ondi ti on shown in Figure 13,

wher eupon powder contained within the vial 99 falls under gravity and fills
t he i nt er®r thedevise torhe teysad arithcafirel v odpawdenelmethge£irewssienggsn

t heper f or, - enhl |4 ing through the

per forat it@gﬁ?g}”ﬁ ?ﬁ%y g?gjtsgbé%@ SEI%é 8?@5@%@%%']( éjr' fromthe device 9 1 , the
user holds the device 9 1 in a generally upright orientation and directs
the horizontal linb 93b of the main body 93 at the intended site of
application of the powder. The user then conpresses the bellows 97.
Appropriate formations (not shown) may be provided on the device 9 1 to
facilitate gripping of it, eg between the thunb and first two fingers of
one hand, and conpression of the bellows 97. Conpression of the bellows 97
causes a jet of air to be directed at and through the conduit 93d. This jet
of air passes through the perforated plate 95c and energi ses the powder
resting upon that plate 95c. The energi sed powder is entrained in the flow
of air that escapes fromthe device 9 1 by passing back through the

perforated plate 95¢c and along the internal bore 93c of the horizontal |inb
93b. The powder is blown out of the device 9 1 and deposited on the site of
application. The perforated plate 95c serves to retain the powder until it

is energised and di spensed by the flow of air through the plate 95c, and
al so facilitates deaggl onerati on and di spersion of the powder in the
airflow Figure 14 shows (by neans of the arrow) the flow of air into the
powder retai ned



within the interior of the tubular connector 95a and the vial 99, and the
flow of air and entrai ned powder out of the device 9 1. Wen pressure is
renoved fwormtongodsel | ows 97, it relaxes to the conditi orCIrGBMOYOIIAHKQUr €
13, air being drawn into the bellows through the one-way val ve or opening
in the free end of the bellows 97. Repggted conpressi on of the bellows 97
causes repeated di spensing of powder ffomthe device 9 1. Powder nay
continue to be dispensed until the desired anmount of powder has been

di spensedlaigis until the vial 99 is exhausted, all the powder contained
within it having been dispensed. Were the vial 99 beconmes exhausted, it
may be appropriate for it to be renoved fromthe spigot 95 and repl aced

with a friesh W aévice fdrahettbgicalryibgendiog bearpewerd, Wi th a fresh vial of
powder. I n other circunstances, the device rraé be used only once and then
di scar ded. O aith@ deVica C@MRAIENG. & bemng adpried|to BrGaeRiachly: 8fPaVdRbwder , t he

devi ar . _ t acl
and aogasr T aeneE gRSHGYe oBERkEr Ak o, U, B B B R R T he
devi ce, dneldehieedevi ce further conprising an agitator by which the powder

and/ or the powder. receptacle can be nechanically agitated, the gasflo
Gener ator and AMdNgGVReGr Bel SamBREnan A ey Skak Thasowts AEdn of ¢ he
gasfl ow Qﬁé‘mﬁb% ﬁreﬁ@ﬁt}é@e%ﬁH%’e’%@é‘ﬁaﬁi@aW leﬁ%@cﬂ,wgh the device and to

entrain powler o} e powder receptacle,” thereby to dispense powder from
t he devi ce, i shageshpageodraigr and the agitatof beihg apgrakly tinked aush tiwtt he powder

receptacle,tq. be chanjcally aqgitate t her eb acilitati t he rel ease of
bonaty 't eiaRE R ORSaR astarte. ST ohior ¥ e ow ylioh e Re:
wher ei n tdnel 8 @HritkirP powdedfrbitthePovidee r@@ﬂith@l‘é& tHeteby tdalspbhse peitiat or
operates for as long as the gas flows and is . .
from the device, is accompanied by actuation of the agitator, causing the powder
receptacle to be mechanically agitated, thereby facilitating the release of powder
from the powder receptacle.
15
2. A device as claimed in Claim 1, wherein the agitator is driven by the
gasflow, such that the agitator operates for as long as the gas flows and is

disengaged when the flow of gas is halted.

20 3. A device as claimed in Claim 2, wherein the agitator includes a moveable
element that is positioned within the gasflow path.

4. A device as claimed in Claim 3, wherein the moveable element is mounted
such that its movement generates mechanical disturbances or vibrations within the

25 device, leading to physical agitation of the powder contained within the powder
receptacle.

5. A device as claimed in Claim 3 or Claim 4, wherein the path along which
gas is caused to flow includes a loop within which an agitator element is caused to
30 rotate.



di sengaged when the flow of gas is halted. 3. A device as clainmed in Claim
2, wherein the agitator includes a noveable elenent that is positioned

wi t hi n t wogas¥d7esg3path. 4 . A device as clainmed in C aPer&B2o#verseiin t he
noveabl e el enent is nounted such that its novenent generates nechani cal

di sturbances or vibrations within thewg vice, leading to physical agitation
of the powder contained wthin the po r receptacle. 5. A device as
claimed in Claim3 or Caim4 , wherein the path along which gas is caused
to flow ifncl udedewce aslaumeniin Glaing b, wheerin the MM@T&mfor@ of auiedlaro
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driven anje¢igdstibe.track by the gas flow. 7. A device as clained in Claiml,
wherein the agitator is operably linked to the actuator by which the
gasflowis controlled. 8. A device as clainmed in Claim?7, wherein the

actuakor 4 s c oy mechani e | ement
fo 1 mBact upoq PRACE eadiimedTar Y ARRh (e hgRAE REodkrabl kB 6
pr ecedi nghe bhaiuatonihewhich thbgastiowtés coeirafgcacl e is an integral part of the

device, such that the device is supplied with a quantity of powder
contained within the powder receptacle. 10. A device as clained in any one

of Cainmg 1 tq fevikbasRIAmcdanTMeeT WRERAA A% §cﬂu%1t&i_§%8§bl@6%faf>ﬂr?ﬁg§8€m
that is coupled to the device prior to use. 11. A device as clai In

C ai m 10,medianigm thalecatises cestakingtehemertiopmpelctuporr the pawdeniadeptaniger at i ng
forrr?gi ons that enable themto be coupled together. 12. A device as cl ai ned
in daim1ll, wherein the device is fornmed with an upstand or spigot that is

recei ved gni t himgevicabew aimeaia s lanyf prebsding \witem, Weeesihané @owder receptacle
is an integral part of the device, such that the device is supplied with a quantity of
powder contained within the powder receptacle.

15 10. A device as claimed in any one of Claims 1 to 8, wherein the powder

receptacle is a separate component that is coupled to the device prior to use.

11. A device as claimed in Claim 10, wherein the device and the receptacle are
formed with cooperating formations that enable them to be coupled together.

20
12. A device as claimed in Claim 11, wherein the device is formed with an
upstand or spigot that is received within or about a neck of the powder receptacle.

13. A device as claimed in any one of Claims 10 to 12, wherein the powder
25 receptacle is supplied in the form of a sealed vial, eg of glass, that contains a

quantity of powder.

14. A device as claimed in any preceding claim, which is adapted to be coupled
to an external gas flow generator.

30
15. A device as claimed in Claim 14, wherein the external gasflow generator is

a source of compressed gas.



13. A device as clained in any one of Clains 10 to 12, wherein the powder
receptacle is supplied in the formof a sealed vial, eg of glass, that
cont ai ns woqouewt7didy of powder. 14 . A device as cl ai medPCh/GByo9Senedi ng
claim which is adapted to be coupled to an external gas flow generator.
15. A device as clained in daim1l4 , erein the external gasflow
generator is a source of conpressed gas?16. A device as clained in any one
of Clainms 1 to 13, wherein the gasflow generator conprises a conpressible
bul b or bellows that can be manually conpressed by the user. 17. A device
as clai in - f.: i - el S f rator is a
cani st epq%f a%@%‘ﬂ?@?&%@'@g@ |gfan§ C?nl%q(gﬁgﬁe gﬂ)ﬁégét’ pg]r??&ﬁfgg\ﬁﬁggé\& ce as

cl ai med igenaratoptenprbagadonipressibledtulb e beliews anatasnase hewsiamng t hat
facilitates operation of the device. 19. A device as clainmed in Caim18,
whi ch i s COBMEeRAGRY ifcHS®hat it can be readily held and operated in one
hand. g20. A device as clained in any preceding claim which is for the
delivery of a haenpbstatic conposition to internal tissues exposed during
sur gi cal 1pt oc&ddedse as ddimed inraayrate of Clajras \.to2 31 wharemtthedjasflowel i veri ng
a haenostatic conposition to an internal tissue exposed during surgical

or ocedur GENSFAISY e CeRisRrel ACTTRTESSEd GRS Oh 3HELRGE0 SRR RSLs provi di ng a
device as clained in any one of Clains 1 to 20, which device is charged
with a quantity of a haenostatic conposition in dry powder form and

di spensi @. saiAdldedap asidaimedfin @nyseiedediag ickaimo mhichsiacidesssueuter2. A net hod
as chal med khoThal Mcfidtes WATAIdh §3hd dRofER0S! i on comprises fibri nogen and

19. A device as claimed in Claim 18, which is configured such that it can be

readily held and operated in one hand.

15 20. Adevice as claimed in any preceding claim, which is for the delivery of a
haemostatic composition to internal tissues exposed during surgical procedures or

after traumatic injury.

21. A method of delivering a haemostatic composition to an internal tissue

20  exposed during surgical procedures or after traumatic injury, which method
comprises providing a device as claimed in any one of Claims 1 to 20, which
device is charged with a quantity of a haemostatic composition in dry powder form,

and dispensing said composition from said device onto said tissue.

25 22. A method as claimed in Claim 21, wherein said composition comprises

fibrinogen and thrombin.



