10

15

20

25

30

| MPROVEMENTS | N. OR RELATI NG TO. PARTI CLE CASSETTES
Technical Field of the Invention: The present

WO pvensison rel ates generally to the retenti on BET/GB2007/002047
particles prior to the needleless injection of those

Bf‘retsil PROVEMENIRSDS (018 RBL ARG $BSPARTIALEAS TES

a pair of nenbranes which retain the particles in a
chanber therebetween and to nmet hods of manufacturing
TevhdicakBiehddfi thgInveationpar t i cl e cassettes. Background to

the I nvention: Needl el ess syringe devices are known
f r ond Wptgagng svsBtion telatesi generally rothe retantinneefinarticles prior to the

syringe .is. disclosed which entrains.particles.in.a gas,. .
el it of TS PRHF SR e BN 25 Fe Ngreshi fapfy” e prétent invention
i oo . s
SRS TEN A g sSSP i
therebetwieefi ahd & mathbdCdfapardufadnainppdndtasenetdingrsueh pardclelcassettes.

environment prior to actuation of the device. WO
94/ 24263 di scl oses for this purpose a particle

BC ssett onprising a central annular ring having
—%ﬁﬁﬁ%ﬁggggxgﬁﬁﬁigﬁes bonded to each face so as to form

a Sell\lreecﬁélggsasjgg.ﬁ&igegfﬁdegg?e%o&vn %%Wﬁ'eﬂ?@%? H?{hﬁlégfdcﬁﬁlent, a

to be InJect uati on evice, t

nd@@%s@@%%ﬁ@ﬂidél@se@' Wwigh BetrdifepRacitd Bl LSasistbdrh abdeYerated through a
cont ai ned between the nenbranes to be entrained in the

nagyake ol that thegartibles madg be ugeated intt o tarpe, suah gehumwdskin or other cells.
94/ 24263 i s. hereby i ncorporated by reference. An .

Forprny appiisations, thers inaneaddrpthe paridiesdo bp mantained upggerile

di.scl osed. i [0 1379, | i t .
BB ErBRCR e A i e, IR AR R g R i purpose o
pd?ak REssBROEGAP IS L il Al RBIHRYIFBFRFEABIe thmbranes bonded to
di sclosed. In the preferred node of nanufacture, the
eath fiveanas tafemhesifdatailed seded heit conteinpeche paticks sebd mjected.
parts and the particle cassette is formed by bringing _
Uporeacinaiins afdhgdgvics, thegrarpleranesgupi@irg ¢layriagthe partidhesipiially contained

oot 5 BARP TS e M Sa R BRI S FRRHE L i B8 targer.
ng 9@/@325@3@1’6@931§]&Yﬂ£§ce@‘9 Wealnkd N9 can cause

gradation o e particlies in the chanber.
An improvement to the particle cassette of WO 94/24263 is disclosed in WO

03/011379. In this document, a particle cassette comprised of two parts, each part having
bonded thereto a rupturable membrane, is disclosed. In the preferred mode of manufacture,
the membranes are heat-bonded to their respective cassette parts and the particle cassette is
formed by bringing the cassette parts together so as to create a chamber for the particles.
This overcomes the problem with the WO 94/24263 particle cassette that heat-bonding the
second membrane to the annular ring can cause degradation of the particles in the chamber.
WO 03/011379 is also hereby incorporated by reference.

Figure 13 of WO 03/011379 shows a particle cassette having a first cassette part 70
with a membrane 71 heat-bonded thereto and a second cassette part 72 with a membrane 73

heat-bonded thereto. The first and second cassette parts are brought together in the
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WO 03/01 1379 is also hereby incorporated by
reference. Figure 13 of WD 03/01 1379 shows a particle
w@am3estsel having a first cassette part 70 w t hP@I/GB2007/002047
menbrane 7 1 heat-bonded thereto and a second cassette
10531%&@@ d‘é}‘e&ﬁbrpsdgﬁ Rk 888 o the & ARAEE 6f'iﬁé §cBnd {d36ette part interact
rst and second cassette parts are brought together
with thidiakiae ghiuleh stefacal?s 6ts profiusione bn bRt cakdete part.t MBis provides an
external surface of the second cassette part interact
ingdrfenench &it wigéhdeoldsthe fizst andisdcan@ cas8etisf paatspoeatihars iThe panticle cassette
a first assett? art. This provides an interference

isdesignge terberrsteamrblediy ndst and second cassette parts
t oget hern . Theparti t. [ ' e
9o R AT SBRR A e AES 8 oigpgmomcnt o
pdrBclbdBinot REmtdtRAMESealtd. TALs Hab BeGPHNIRRABE By s@tjecting the particle
particles is not "hernetically sealed. This has been
cassattiei of Feghrd Y3 sl @ 810 §3 T9hte vaauntnm tdsts wlagelst it beaines evident that
Figure 13 of WO 03/01 1379 to vacuumtests whereby it
alfweghihe chombent? isissalediotthe gxfrntthet thenabisles pannot esgapg, dds still

pispild Bp GEF A b1 il BREHAE 68 EERERD of SRR b B chamber 77.
(e. gAcéHrGilﬁngB?tﬁQﬁ e;ﬁ@sehf‘i‘h’vérftfoﬂtsgelés% gu&meqmgng;lien??-

Accor di ng present 1 nvention seeks t ['eviate

this problem Summary of the Invention: The present

i nvention addresses the above-nenti oned probl em by
Symmaiyiofrthe Invientiomd of producing a particle cassette,

app tus for produci a particle cassette, a kit of.

par ta’iﬁmeéqﬂt 1 gﬂo%gizggsa?setg,e a‘tp(bvrerrgergloﬁlgg ppﬁqlgg by prov1£1ng a method

g .nar . .

oFIEHAE: PR AELE SFRSELIS ORI FhB0L ABER tofprs

whiRA| WHerP@séhbled, efs h PAHERE caserd) alfrpaftmé)@sgdt&&ha dirstlafid second
accordance with the first aspect of the invention

caskattegaits whidvallbeda propedhbeamsticalyodaled pgrtal peonfineinent chamber to be
cassette for a needl el ess syringe device, said nethod
Cré@ﬁ%ri sing the steps of: (a) providing a first

cassgtte part havin first.pupturabl ¢ nenbran

bond PRSPt BT sbbes? RS TuaB R Mk dpP gy pethod of
pt%@ﬂéiﬂga PadREONLsdild B ARIRINB IR BRAPREAGH hBBOE ESnprising the steps

(c) arfigning said first and second parts
of: G)girdwidingal firgt cafskite pp hyving a dirgiraplatabiainembrdne bordddrthereto; (b)

t he
providing a second cassette part having a second rupturable membrane bonded thereto; (c)
aligning said first and second parts longitudinally; (d) applying a predetermined force in the
longitudinal direction so as to push the first and second cassette parts together to cause plastic
deformation of a part of said cassette so as to create a hermetically sealed chamber between
said first rupturable membrane and said second rupturable membrane.

It has been found that applying a predetermined force sufficient to cause plastic

deformation of a portion of the cassette creates a cold formed seal between the components
of the particle cassette that can thereafter withstand the vacuum tests sufficient to prove

hermetic sealing of the chamber. The use of a predetermined force, rather than an- irregular

and non-repeatable force achieved by hand, ensures that particle cassettes produced using the
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| ongi tudi nal direction so as to push the first and
second cassette parts together to cause plastic
waledoonsmadi on of a part of said cassette so as POI/GBe@U®02047
a hernetically seal ed chanber between said first
mbt#Bll 4 Rl fﬁft@%gm afeeseafeg t6 2kflo i KRBLL 1 doREHERR! Beaning that each
nmenbrane. It has been tound that applying a
pAticdehRend stestolwued Aosshdtinetesdrily bavatode tpdted for hermetic sealing. The
deformation of a portion of the cassette creates a
progistbnfofrarhetmetically sealederinther givespuridanes ot anygroducts using the

particle cassette that c thereafter wt and the
parels GrReseibs s tieffiom | mosst%@hﬁf nf?@}lﬂ%ttqncoqgﬁ%mlﬂgl%f

the ﬁ&%ﬂ%%&re %@%dygtﬁ ds 2RO %g/%tl?%’fgéﬂnfetﬂatftﬁé g%itﬁc%gé%q@f/ degraded

than an Trregul’ar and®non-repeata orce

dlRAB % heBNBIHIRS: $rBadss BAY felaled. Cassettes produced using

themet hod of the first aspect are sealed to a known

| evePrefdratdprihe dasttedefomaationgctiratt @ pedetpanined pertion of the first
cassette so produced does not necessarily have to be
casgalteqrifsyeh #iea sReting eadice.nghis sHewp thoupangactgngprocess to be made

rpRaTE ol b § PREE PR AR B SR AEPU SEPF Bub gty of me
pie@SSinhéd fofedf contam nation of the particles.
Furthernore, the advantages of WO 03/01 1379 in that

t he Ph¢ §datihgendifaee priferdlslg hade chpelted shapesprive ad adsemblynhe use of
process are retained. Preferably, the plastic o
suthfagepramesns beturelativelyssmpllesietaes pen der the sealiog ced fachis initially in

oo g TRE s PRECIRTAT /o BB EeT PO ER (e AURY gurfoc

ﬂQt'Péiils %ﬁ{ P55t c%:ﬁ?ﬁﬂ 05 Bfe sh%?e: %fﬂﬁé 08k g?gr?tﬁﬁ%%%@ipﬁ”olf bhe se%ond cassette

oCccur upon ap cation o e pre m orce. The

p&eald Mo seifistefagsar flRbafacl ey Ritfeaest ANRMESHeSITRB LD Aefdfmation and
to assenbly. The use of such a taper neans that a

theghatdse @ gorganh sirfagraf eadelmrte savsera dohlbfosmad send whwareby dsefirst and
is initially in contact wth the second . c

tt t.
sesene passqticagts pEs sealer dosethes i greate e heapetie hasplzer Zeughe confinement

Oila?_{jtens out so as to conformto the shape of the
1 %}gspondi ng portion of the second cassette part and
Y

the BHEARAGhANESseRfing O R6S istsBAEE Bifedt N HBRSEHe sddd8d rupturable
node of plastic deformation and the increase in

membtaetof she feamrel @Gsedtepattpives an eddisiond adovdrdadedn e seadial between
whereby the first and second cassette parts are seal ed

thesgeandepssetie paré ardthesecand rariprablecnambepe igthekehy reinforced. The

se%grrl]é {'urf)?u%te membrane is effectively “sandwiched” between the first and second

cassette parts and the predetermined force helps to improve sealing on both sides of the
second rupturable membrane. Also, the second rupturable membrane can be made of a
different material to the first cassette part to ensure that the first cassette part deforms rather
than the second rupturable membrane.

The sealing end face of the first cassette part is preferably located on an annular
protrusion of the first cassette part. This enables the plastic deformation of the first cassette
part to be controlled and allows the provision of a known and predetermined sealing area that

cannot exceed the size of the sealing end face located on the annular protrusion.
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of particles. Ensuring that the sealing end face is

seal ed directly against the second rupturabl e nenbrane
w@boorherssecond cassette part gives an additi onBtT/GB2007/002047

advantage in that sealing between the second cassette

part }Fﬁ‘@ alﬁplgsrﬁoz COREh: H A1 lcﬁgﬂﬁ%ﬁﬁr‘?é&ﬁ%& gﬁfoﬁm’ed between steps

rei nforce second ruptura

(Bhheed) Tolsycan SRIIEWAGIEEE adkedver D 14y fhiefiFét cadits B&ORGrizontally
cassette parts and the predeterm ned force helps to

withits seadedmainbrege dacigddwinwards, positivhimgdecparticlesipn thesbiled membrane
nmenbrane. Al so, the second rupturabl e nmenbrane can be

anghyratieally Jowernedhe BeCORA Cajspile Parbontp dhe firsteasseliedtt o

Pot b R ool b e lG rolfRR sl R0 of R8Pt compress the
ca8@le ags fERehrieeR RbtHeheshid MImpraaaatit ﬁre(féleﬁﬁlyisﬁtc}% %Seto move the

preferably | ocated on an annular protrusion’ of

cdsbéttetpacia seedri conpeanvther hirgitediabll edurirnpeaspdralslyi ¢
deformation of the first cassette part to be _
cont Tb¢ prsdetammeined fosepsanphied py profesibdnchosen s proiprereptla sealing

redeterm ne eal i ng area that cannqgt exceed,the size
pRES L errs (P P Sl Bl Bin G O s GRS Do
f ot hUSI . : :
P hani b LR baf bEscclor B S{IGHRRE phfl chdr fhe second cassete
p@fdPdriulaTipefe@@d i9elolyesrd (PHTER RetidutsBopeferiedfomfle rupturable
the first cassette part horizontally with its seal ed
membanenepélaahylgnaticvaphthatids (RIS (Thedaat that RETdws aistiphily higher

on the seal ed menhrane and vertically | owering the,
BRI Y SUPREB AN RGO MRS P O fitst caBeepfLplpstically deforms

\ i cal ' i . ' j
oA PSPl AE 18415 B U SIS b
t ovafrs pRaseANabd firce w¢@Ho SQUMBIERSIRB phifs Pkether 8 plaferably such as
such as’to nove the cassette parts towards one anot her

td cange 4 sedling biey tlehti i atdeamt 5ol yhe rilvemprepiessibladeaking area available.
force applied is preferably chosen so as to create a

Themaximgp Pesile scaling pregayaibahle irfle eamiha dag spaling @dyface lies on a
RGP anl Sl Bt o cPERRE Rb BeltPltuscly CBPoflppent canbe

Qi od:he second cassette part. Particularly
e)g;r}g%ser?ed is copolyester (PETG. Particularly
preferred for the rupturabl e nenbrane is polyethyl ene

terephthalate(gPET). The fact that PET has a slightly
hi gher F 20.1 Amax

wherein F is the predetermined force in Newtons, C is the compressive yield strength of the
portion of the first cassette part that plastically deforms in MPa and A, is the maximum
possible sealing area achievable with the cassette parts in mm?.

The predetermined force is also advantageously given by:

F22C

The predetermined force is preferably greater than 200 N, more preferably greater
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conpressive yield strength than PETG neans that the

first cassette part plastically defornms when the
waealitsgoend face i s pushed up agai nst the secPeiGB2007/002047

rupturabl e menbrane. The predeternined force used to

thﬁﬁ @bo N ?no‘fé‘éx%?c{r&lﬁ% BRhte? tﬁaﬁ%b'}@ fnd ﬁllogé a;grt(eﬁeg (') ééc%l? %jr%gtepﬁlan 1000

use a area t is at

N.”W@h_!i@érﬁf BB&E11hb@NE:dlabbgt 00N By dldiheen tekkerl debat@iBeen found to
possi bl e sealing area available in the case that the

bsaamkptableend face lies on a protrusion will be the area
of the end face of the protyusi Thi s, requi renen X
can bbe @sssﬁtsg@ead fogsc s i faiehlie dyiog ATk nedAgrod of dvwel tme.
Tﬁs g)?rg&'? sThEK {oclt% secorhﬁmﬁcwaﬁt ]g&%lﬁgl ]H?)r SOfs%ngr[dg fﬁ{i Ydore preferably

ren He portion o casse

3 Rfi’? bedohdd. &'p?eil‘éteﬁﬁidebi fS1RE 8F 1500 N o%r@ﬂ%eﬁ@ﬁ%lth% HoltBtime of 3.5

maxi mum possSi bl e sealing area achievable with

secasdsadrtneorp &nd beenrfoumito pfddhicp medet eiinbla @almfcmmassetts al so
advant ageously given by: F 2C The predeterm ned force
i s phes caml gspgq»t@itt@mtf%wnzwe i$ Prawided pprardpsfor producing a

o eBetE PR aRedlbio oD P S PR e S b Gigbrd BrsB Pl for
@Edﬁﬁ%%ﬁ%ﬁ%ﬁs% P et aé?%%&?%%?’!?@?@ {R6if Raiti 3t Hhaten by a

diptagetedugficicmad aflow agetchduasdette phitt Yo Bepldeddodn @nd aligned with said
predeterm ned period of dwell tinme. This period is

supgieried {irsp calsswtts pbﬂ duving dpparaity tmmaye said blatehs ttccgeﬂ@:r so as to
3 to 7 seconds.

c%&é%%? SiETRAe ForRls rs Taotbstrtm Hishen Y&g@@ﬂ%?nwﬁfoace to said
cgggét% aﬂ‘tgl?oroe{c r§de§erﬁﬁ e&%elp{u%qg?{> Gs H)g Eﬁ?(i%rll Jaﬁ?‘é?é’ césgette ltljavmg a

e paf

he’%ﬁi@ﬁ@éllﬁeal%& Sharhiye? fibr tAE coifiiethdnb oPpRNEIELd appar at U S
for producing a particle cassette for a needl el ess

syri fige prefa'reaﬂ raqmamamwsr dowipg itlss plgtenstofgethstt is pd aseemsouore of
suppor t ing a first cassette part thereon; a second
cqsm@ﬁe d ganwhigh dyprefesaply éﬁwlamdr%)tasm SiRnly pyredetgmaingh peessure and

nt to cond cassette part to be

thBTe Xé’&" ice s d’r%4eteéWérbe Pt sai d

The use of platens allows the predetermined force to be transmitted reliably to the first
and second cassette parts such that the sealing mechanism can reliably be achieved at the
point of contact between the cassette parts.

According to a third aspect of the invention there is provided a kit of parts for use in
the manufacture of a particle cassette for a needleless syringe device, said kit comprising: a
first cassette part; a second cassette part having a rupturable membrane bonded thereto;
wherein said first cassette part comprises a first protrusion in the longitudinal direction
arranged to interact, during assembly, with said second cassette part so as to help hold said
first and second cassette parts together; said first cassette part further comprising a second
protrusion inward of said first protrusion, said second protrusion comprising a sealing end face
for sealing against the second particle cassette part when assembled.

According to a fourth aspect of the invention there is provided a first cassette part of a
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supported first cassette part; driving apparatus to

nove sai d platens together so as to conpress said
w@anrirelsel cassette parts therebetween and appl BCEHGB2007/002047

predeterm ned force to said cassette parts for a

: 1 ped dwel ' d i .
LTI R AR L —
wgﬁ rdfsi:&ﬁﬂl’c{]dl‘»seﬁé pRAkd £rehied chifBertbeiRIbREnIRSGH @Pb&ﬂ?l@@, f'said first

riving the platens together is to use a source o

casseterpastethpyamgn fiedt prarusioafie tedbygitweling] diredicmaraagdédito interact with
supply a predeterm ned pressure _and thereby produce

saiheccppd grssettaanep #dp belp hplksaid Brsbpngsegorceasagticqipsts fagsther; and

redeterm ned force t. transmtt.ed reliably.to the. .
o Biep o bS8 dmiire o sl mbAPREoh, i Seded B tidhomigising o
G0 B 6RA1Bld Ry BE @Bl SYERIALsLRE pRei Nt of
S A e B s B e S B 0
t hi r dcagp@gtio affifthigpédnvethiciioventibe teeré & mRodiedefrsd cdssétte part of a
of parts for use in the manufacture of a particle '
patigls sassetts for amepdlelgbedysnge devi¢en gaid disticossette parti dgdigned to interact
conprising: a first cassefte t, a sgcond cassette .
withAsosond; digselle e i pistis & CHsmB G s GABBRE R PEBg cles, wherein said
' i.d. £ ette part conprises a first
ﬁ#%{s?{:}%%ﬁ# llgrr{wtdﬁz)%f)gﬁgft udi nal direction arranged to
| Nt eABEdrdin@U6 b Rk tIRBHeHIYhe Mbédtichathéte S€F1ORTlcE S8t Rassette part
part so as to help hold said first and second cassette
ofpmpdrticlt cgsetiefor agmedeless gringadsatd, eaigaedonfl gndshite part designed to
conprising a second protrusign inward, of said first

inggragt m§1 B gst fgqﬁ%;te?@g&ﬁ @rqlgfqﬁ ?’}l?érﬁﬁﬁ trdhgpqndinggpent of particles, said
s OO UBTRe PR AR BRI e B Pg o

fourth aspect of the invention there is provided a
first cassette part of aparticle cassette for a
Briegdéselipton sftheMyewigyi ce, said first cassette part
designed to interact with a second cassette part to
create a chanber for the confinenent of particles,

said_first casseite part copprising: ,a first

o ot FIRLPEFRSE GHES PSR rran il Wil POt OF SRaPrd yattef example only,

| | ' : 4 as to hel
R IR L B e L ey o

and BigGRCPEKbvY DidedRl R syrimpaddviet typadatlof the $fpe which are able to utilise

protrusion, said second protrusion conprising a
thegattichgcassaiteimamiffotured acdording togthe peasenthavensonnd

article cassette rt
P Figure 2 shows an ex%?oded view of the particle cassette of the preferred embodiment

of the present invention;

Figure 3 shows the particle cassette of Figure 2 in the assembled condition;

Figures 4a to 4d show stages in the assembly of the particle cassette;

Figure 5 shows a second embodiment of particle cassette;

Figure 6 shows an alternative arrangement for the sealing end face;

Figure 7 is a graph showing the relationship between seal area and displacement for
the particle cassette of the preferred embodiment;

Figure 8 is a graph showing the relationship between seal pressure and displacement
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According to a fifth aspect of the invention there is
provided a first cassette part of a particle cassette

wo eno7a4rseedl el ess syringe device, said first CBGSEEBR@®7/002047
part designed to interact with a second cassette part

for Bw& Bfkéht Br ?e% ff&rceg 1%? t}fe cﬁg BER0L teogf th | ed®mbodiment;
L Rled Rl R

erern sa cassette

Acc OFlg'hﬂa@ §H@>W% apbtatis a&ﬁﬁstuoﬁﬁg 4 bﬁtlbl@\éﬁﬁbbtt@ AcdoRBhi@to the present
provi ded a second cassette part of a particle cassette

infrentioa indedinglad pesitigm;iande devi ce, sald second cassette
part de3|%5§d to interact with a first cassette
to cFiggied Ushows teesrremius ofdigse .bﬁéwﬁhttheotlatsat erlpressed together.
said second cassette part having a rupturable nenbrane
of PET sealed thereto. Brief Description of the

DRCAYiGYSE PERRAY FRRSEmefist he present invention will
now be described, by way of exanple only, with
r ef elnethe drawingshengonenty areytion gecesiagilpdiao/ndo avdle gbhe drawings are
which:- Figure 1 shows a needl el ess syrlnge devi ce

schgppiiqfor seasenieok G}fpeywln enlityitle thigkaess@fithe Tupguaklpmembranes may be

mﬁaéteé% R i O R S REE sl B o8 st ea fp ybarely visile

Egnﬁéﬁ% cle cassette of the preferred enbodi nent of
e pres i nvention; Figure 3 shows the particle
casskiphe D%o@s%d%d%lds@ syirin@e dewedrivhiil canackiebt i utilise the particle
Figures 4a to 4d show stages in the assenbly of the
cagsatieiof the nrassmbinventics. glhesesdlslesnsyringe eempdseas piyostirvaini 00 of

c%ﬁnrg%éé é%%?yé@lyﬁw&u@@ap et PP e oG b [ axamgle 20 to 60 bar.
8‘15J %b Elglp ot n%l cﬁta b%ﬁt?#atv@r&és i e Qlestﬁ)ait()ﬁa rfﬁ?a&ﬁhqlon button 110

acenen e particle
is Fial’r&fl@éd £ ne Bhe of IR evick hlldis§oSitioRedsudh ARA d%fl@tﬂdn’@th% B@tton causes it
relati onship between seal pressure and di spl acenentfor
totbwer afiafrfsetherfrangitdeltp é Orsmadtofoocakebe ﬁtanglb}eelpphﬂﬁ afghereservoir 100.
cassette of the preferred enbodi pent; gure. 9 shows
Gawéﬂatrc?émp@nheﬁﬁmwﬁgs hupesleased ﬁoelaf@s &S@@oadQB raa‘il flgws around

the ou%sp e reesselespc}lr idbv(?o%ﬂ £ pasr]saéersel 20m t 5 ma b Mbed I %P

0,934,754. The gas passes through a filter 130 before reaching the particle cassette generally
designated as 200. The particle cassette comprises a first cassette part 210 having a first
rupturable membrane 202 bonded thereto and a second cassette part 250 having a second
rupturable membrane 204 bonded thereto. Particles 300 are located in the chamber between
the membranes. The pressure of the gas released from the reservoir causes the membranes
202, 204 to successively burst such that the particles 300 are entrained in a gas stream. The
gas stream (containing the particles) is accelerated in a nozzle 140, preferably of convergent-
divergent configuration towards a target 150. The target 150 is preferably skin or other tissue
of a living human or animal. It will be appreciated that this description of syringe is merely
exemplary and modifications may be made in accordance with the teachings of the prior art
concerning such needleless syringes. For example, the reservoir 100 may comprise a valve

rather than a frangible tip and may be positioned such that gas flows directly out and towards
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Figure 10 shows the apparatus of Figure 7 but with the
pl at ens conpressed together. Description of Preferred
weeodirsent s: I n the draw ngs conponents are nRCT/GB2007/002047
necessarily drawn to scale. The drawi ngs are schematic
l.ari Ny £
thE %ltel: %ﬁ{%ﬁ Pﬁgq{avﬁl %lrt&aﬂréelgb nu &ﬁéﬂltﬁnjgctﬁg ;?eestggo?ﬂ‘h gﬁﬁﬁlep 4 silencing system
arﬁl@épﬁcea el piacihp ehemdleexaffran el tedgesmapye PR videda®d known in the
as to be barely visible to the naked eye. Figure 1
ars hBwepaaticle ealiseltestthe preseny dnvdetivis geherely epplicablsdpanatyge of
i\?gﬁse the particle, assett f the present
need

¥ PBRee thhirbertig irbaRFl e BiskediRandeRiraineddn 4 gas flow.
; es elxc Be 21%2 ateﬁ?l!m rtl?esdso%s n‘leYrﬂJr&@é #0’4 15,3&404'{% 8&1131:101’1 of the
uper I'C pressure O or exa

s;JﬁaFe o’ﬁ&?tdtﬁ%%ﬁﬁ@d erbQRa 118 o P&&lh@@f{h@rnﬂkﬂé 130 bwbRnfiay tagthe
rangi ble tip 102. An actuation button 110 is

papticies ate dembetway egatedofrorh e almospherepribrite uposi ﬂhB eynmge the present
such that depressing the button causes it to
magmonsqm\flﬁ@% atam%wemtth?)atmfs%e aaél mélttﬂt%‘a%W@ﬁ%the cassette parts

b f
21g, 387 stk ot Bl P8 Rkt s ased from the
r esefNOldns0QiANT thd QMGetRHAHOR shBfn M FPuRe2 O his Figure shows the

reservolr 100 down the passages 120, 1 n the manner

cadesie fpahie cutialordgR diadter wWidh.crosbdaghimgrapessiting tioeigh piane. The
filter 130 before reaching the particle cassette
rug@m@rlgmeplbmws 8A3t 2 asengiGbowrriget. %etﬁr@ﬂ asgeiie pettt2d0 has a base

o e eSS0 RS AR Ll o e
oSG A e A S A

pahzyher between the nenbranes. The pressure of the gas

reI eased fromthe reservoir causes the nenbranes 202,

204 Tie Sust emsaioeirt2 Iosipriserchiishamuldrereausidnc? kisexs@uing around
are entrained in s stream The gﬁs strea

the OBISFAPHIPREPRHE Op thettfta cagsplip parh L) ThepwaoseP ihisasotrugion is to
nge(ge% WAt ef (Ie‘r[e%?c!r%l%nglfggtupef%&‘ g}erstegd degfgs%ﬂg 3319 rifSP G gf | 19er the two
ca%keu@ paﬁs Rig'aﬁ{er tTRSHRL %nu@ar'p‘rcyti’d%g)nmms af 1t§&5m@hng-bﬁaped face 222.
be appreciated that this description of syringe
Al sScdmraﬁhwlaemmubmnﬂlélmjpmmded raclédl iyanwamiiy o fhe dist @nniular protrusion
accordance with the teachings of the prior art
214. This annular protrusion 216 surrounds and defines the particle confinement chamber
218 of the assembled particle cassette. The second annular protrusion 216 has at its end a
ring-shaped sealing face 220. This sealing face 220 is designed to seal against the second
rupturable membrane 204 when the particle cassette is assembled. As shown in Figure 2, the
sealing face 220 is tapered such that the face is closer to the rupturable membrane 204 at its
radial innermost extent than it is at its radial outermost extent. The taper may be provided in
the other direction to achieve the same effect. The taper is preferably very shallow, for
example 5° from the plane perpendicular to the longitudinal direction (i.e. the plane of the
membranes 202 and 204). The taper is designed to be very shallow so that the sealed surface

area increases relatively quickly as the two cassette parts are moved closer together to allow

8



10

15

20

25

30

concerni ng such needl el ess syringes. For exanple, the
reservoir 100 may conprise a valve rather than a

wo e@ngetshe tip and may be positioned such thatP@EEB2007/002047
flows directly out and towardsthe filter rather than

a Eﬁ%’e’tr E%arl 'fal%attb‘ [){9 obBtheHRAM Gitlelsl g léﬁ%tuﬁﬁl%?ﬁl’%égia%ments of the cassette

a si'Tencing system an pacer I spaci ng

pdrke OB&laRiee frithé tapet kR at 80 Y&td NEYmbeeqiallyibdadeds i s
known in the art. The particle cassette of the present

i nvehid frst casseyemartal I0ypreforablydus ladiltetedzadge t/fhe segtion which interacts
needl el ess syringe. in ich particles are picked u
with dhelist aipeeble membgane 4R dhis fﬁﬁm(i?- pw%ﬁ PREETW Rege excess
t.h r r ane ' [ O .
P R AR R Mt Polfing B Bingr s ypygots materiel
Xt RIPERARIPS T thB el 27h® okdb ﬁ)zﬁ:@cl@ REMiRnt iR bhdrier 218 and helps to

particles are hernetically sealed fromthe atnosphere
erpuieaepdatblisandafesiriide byrsting eharadieispcefoe the inambrine @02 during use.

provi des that no gases in the atnosphere can )
i nf i The speendeaseaiterpartve Ocampasesa hase swiave@S2 3o which thygecond

wh icl 0 Th .
o gBRETs HEF B o0 REb IR Rt oRER e Peropging cretes
hdmefid bcal BEPMES tRIMeUd J&?ﬁqeﬁ@ 28256 aRPlicSeCoHd rBbARGbI@membrane

Iameter with cross-hatching representing the cut

2. arte seddir] dasgeitd hah 260 weitiprisssan arfidlar Zéoale6 mdichsdutines a
cut. The first cassette part 210 has a base surface _
pasapet2§ S white radidlly inwatsextant 2aobdelineha mpsiag spriageadaiint iis pdially outer

e B e Bt PR S S e bl
ca%@ectt%%hﬁé Bgef %Illdrztlltg rad-mf}rl SutérShodt m%b%éﬁfag%é%racts with the first

conprise annul ar protrusion ndi ng

ardfulid PebthRPBNUYUITIRS firsp EdsbdtRgiait sofas tdBolflith&tassaaeegdtger. The
part 210. The purpose of this protrusion is to

radidllgoattmesttfhcecfilrie spovdiérfgcef of atserieso fofasteHatians surrdunding the
cassette part 250 so as to kee the two cistﬁette pﬁ\rts
perBp@eTRirthe sesend rassettepmiAsl Asherndn §1evpa 4, thess cgptellgtions have a

end.a ring:.shaped face.222. .A seco I
Pt POt SRS S SPEGIAEE ¥ RuREY pERRY oY sespnd pgscto pars. The
rdabdnSfor ﬁﬁﬂ% ER%eIREBhS 1456 AMove 27 to dhSe BORWAKedd BE CARE R arts as they
216 surrounds and defines the particle confinenent
arelbasupht togdBenf the assenbled particle cassette. The
second annul ar protrusion 216 has at its end a

ri ngThhegsend easagtiorprt 20elwims aflange perdion 2§2 fdueh etends gadially
m‘;jtgvsaircﬂ}r) 89 thte %nrsuﬁgrl poa 8ril 9% {"}rl]eeﬂgneg% %ggtion 262 can be designed to limit the
possible relative movement between the first and second cassette parts as they are brought
together in the longitudinal direction. In particular, the cassette parts can be brought together
no closer once the flange portion 262 comes into contact with the face 222 of the first annular
protrusion 214 of the first cassette part.

The second cassette part 250, like the first cassette part 210, has a fillet 268 at the

edge of the inner circumference that interacts with the rupturable membrane 204. Again, this
provides space for material to flow into during the heat-bonding process.

The particle cassette manufacturing process starts with bonding the membrane 202 to
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rupturabl e nenbrane 204 when the particle cassette is
assenbl ed. As shown in Figure 2, the sealing face 220

w0 goovapsned such that the face is closer to theCT/GB2007/002047
rupturabl e nenbrane 204 at its radial innernost extent

tht B Bés% shIfaéeSz lof éﬁéﬁfs? séétte |05l bEHAiRD the ﬁ'il%l%bfaae 904 to the base

provi In the ot direction to achieve the

suSﬁ%Zﬂ cﬁﬁﬁé secON@® cdsagLey pdrlSZSD)lf aftesebdnds ey prefeably beut bouds which
exanple 5 fromthe plane perpendicular to the

halve hegrt fodid ol prdivide etgood h(:mn@c betréerp Hamever, othigetypes of bonding such

nbrane 202 and 204 he taper is de i gne
2 B2 BHAPE s of HeHies S et Scdhen Baleriny Badiated s0 as to

ste osgéll}e%f (% efg%ﬁW%h g?rp ?acflé\f?ogng ?ﬁ%?a?’t@ g?egtgg b%@gh%g&ﬂer as will be

e,@m;@drmghgy th quite small | ongitudinal displacenents
of the cassette parts. Qther values for the taper such

as I1Ffigemed shbwwthe @gsedteliy ithessambbbd cOhditibir The fiest 9d sewond cassette
part 210 5referab| has a filleted edge at t he secti.gn
pamuaecm jened longitadipplishas hewniip Sigurepangd BWP%? dtegather i achieve the

38Rup Lottt PRI PR Bty
cal&Atk Rgﬂ@@&eﬁgf e Fequtﬁll%/ TRIEhPgMEE! ot H@E)@Jc't Qlllgnment The force used

ext endi ng OUtMﬁ he "nner radi us of

tolpRésk itlgd ears aoelt g iestich ab anfress tAd Secand rﬁrﬁtmabletmembmm& 204 against
repeat abl e and desirable bursting characteristics for

the beperedrabelingeend Fzcedd20i afghaiBest cappriteqatic - Jél@i@ltcp@ wﬁ@lent to cause

pl?.ﬂlﬁtcf?? ralggﬁéfr%pba Eg%ﬁaffgc%ggﬁ&i@eos&\{:@f % pro%ruswn 216 and, in
thE %gémgg %? ﬁ%u ¥ Ghe REA RYRE El&fﬁeireg % J&Eﬂéﬁ@tﬁ 'ﬂ%tt%ﬁﬁ’é of the end

secdond cassette part secon

fabé!PL0I Bl MadiRRFGIARALI SRS thElkad $reond c@tsi?s‘é§ ehben@RrsealHebreen the
conprises an annul ar portion 256 which defines a

fiphesage 282 18tand tle seamchﬂupylrahie\membeame?tﬁ)ﬂ dihas,dbé Fhegaber for the

a mating surface 260 at radiaglly outer extent. The
cqpiisemgRt Y Bartiglosals 19 ?fén@s@ aleé%@r%th%@avgmm es to

flo ﬁlﬁjtyreg%rgbls ?%gl%rvgc*ecljngan% g%r %ﬁ(ﬁlﬁ% %ét};}agtgclg fssa{%dtogaﬁ?r and this is

r adi ace pre I nteracts

cdVenibhtyPichRNBy b§\ all@mtgrfylsﬂn%ac%bﬁ befwdeR@hd butst sueRSE 260 6f ribs 266 of
part sO0 as to hold the cassette together. The radially

the ye@ndwadsetftapat 280Dwith thenianensuefacd afthe fifst anmdan @etradion 214 of the
castel lati ons surroundi ng the perineter of the second
ﬁ@hg@gqtteepaggrlp I onper BRERHDS FH0orngubelogated gidher on the outer surface

o1 S B AR o PSR R v ot s
arftfobar ‘f)}étﬁsﬂ)ﬁrfla'suahﬁlat an interference fit or friction fit is directly provided between
the first and second cassette parts. The ribs are preferably located on the outer surface 260

of the second cassette part but can just as easily be provided on the inner surface of the first
annular protrusion 214 of the first cassette part 210. The interaction between the first and
second cassette parts is preferably achieved using ribs 266 such that, at certain circumferential
locations, air gaps exist which allow the escape of air from between the cassette parts as the
two parts are brought together. The ribs can be similar to the ribs 74 shown in Figure 13 of
WO 03/011379. The outer diameter of the surface 260 is preferable slightly larger than the
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reason for using castellations is to allowair to
escape from between the cassette parts as they are
whe@agtsot oget her. The second cassette part 25PCEHGB007/002047
has a flange portion 262 which extends radially
t ' .
infl&f Cﬁ%o %ngfle fn.lﬂg %Ué 8f th@%%ti’lﬁ?bnzzslg. by ‘%ﬁoop -stress to be set

por can esl € possi

up @l tBé i'égﬁ)nlm\tﬁéﬁﬁﬁiruﬁﬁﬁ vei firktecabdetts ar@DU0 S®BANEL there is an interference
cassette parts as they are brought together in the

fitl tetvgeanutie tved cadseteqriton, hi particul ar, the cassette
parts can be brought taqgether no closer ce

f1 anbee %?WB? 26A0bs S&%ﬂ?ésca?%% PRI AP A€, I cf nlf?(h @ctr 23 @estopping
t he

meagedp b ul elats SR SRS T rCiogbitfossidiparts once the
ﬂ%ﬂ%g’é?%z conesintEc@ict withGhe Bapfage D23 behe 268 aﬁﬁulﬁﬂﬁoﬁ‘dﬂ@n 214.

the 1 nner circunference that interacts with

r upt ThiegabecduendfitaingindOiie chgettaparts hogthnr,oanddﬁsesisblaslmg a seal using
for material to flow into during the heat-bondi ng

thp eoldeformingipeoqssy vilkhedasambask wish Faferaresde lﬁgtﬁ@s ﬁf@é@s s
t
cur 1HE 130 38 pe P Ep T ChOREiOR SR TE RS g oentiied

1he : e f
o4 00 TREe A0y 5, Baah A0, Rpedpuherapeinirice, suh

ashoflgen Whitle s heudraeen2 fiading d(b\ﬁ)n\wlﬂb' bgtethe chanberX8ropeh ¢o the
barrier. However, other types of bonding such as

atglosplreye. iblye ietialeuiay mblswmgésmﬂdedctaéb@@ha@h@aﬁi & Bhesecond

o RHESD ek g e el Bl il tis s shown n
J%ulo uégzhtDLEeﬁg %eﬁ%s O\M thl: pér gx’erJlaﬁ" pﬁgcef 340 cﬁi‘t:t‘ﬁe seF b}%ﬁ&%sette part,

e casse te In i assenb con

which$reféply3R6o R thpe ARt Suifide!ts ar¥lifl afibhi@B@see also ribs 74 of WO
| ongi tudinally as shown in Figure 2 and pressed

03/0EX78% thé membiane 264 i itialtly bé loald scﬁmegM rbo®, th¥ kenling face 220 as
initial taper 264 of the rib 266 helps to
the a¥hg iPraventrratamyetis mwlqwa&%\gw éhep?f'P?%d w&ﬁtem@ﬂ@ﬁ@ymo the gap
e ,i.ni.

R A M W —
;{_‘;ﬁle@ hSHR s&gﬁzd%§§s@ﬁ9 part'PEY! rp?&’eﬁbgedg%{ &@gn@ﬂﬂteﬁgﬂh%éompresses the

tapered seal i ng° end face 22 the first cassette

figahid $tond ddisettearte tdvear§ubiid aodet, thosewand easpdttestaric250 and its
deformation of the sealing end face 220 of the second )
attached memprage 204 imive fognmarily pptil the membrane 204 comes into contact with

the sealing face 220 of the second annular protrusion 216 of the first cassette part 210. Due
to the tapered shape of the second annular protrusion 216, the membrane 204 comes into
contact with the inner part of the sealing face only, as shown in Figure 4b. At this point, there
will be a very small area over which the membrane 204 is in contact with the sealing face 220.
At this point the first and second cassette parts are preferably quite strongly held together by
the interference-type interaction between face 260 and first protrusion 214 (e.g. via ribs).

As the predetermined force is applied to the cassette parts, the pressure at the point
of contact between the membrane 204 and the sealing face 220 will cause the sealing face

220 to plastically deform so as to move from a tapered configuration to a flatter configuration,
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the exanple of Figure 3, the force has been sufficient

to cause conplete flattening of the end face 220. The
w@bk@gtiisodef or mati on of the end face 220 causeBCEHGB2007/002047

hermetic seal between the first cassette part 210 and

as %gér?wﬁ ﬁgpi%greréfé.p By otk r@#’iﬁﬂ%&%ﬁs&ﬁé‘ %rgzlai" Sontdd? %eﬁ&?ﬁ% sealing face

~onf I'nenent particles I's conplete
2096aH @itk fhE@BrahB oA NKE HefsBRRtused is préddisrafigddadpligixed, the increase in
provi de means for holding the particle cassette
ar¢zogsl ¢teese adebredse ; pressuonatdhe eorttaop peinhi Eheendoface22bwilhepntinue to
for interactign between the uter surface 260 of ri tfﬁ'e

plasigaliyt defpran wad dpripeaiisets g oo CORLAH AR 153
coﬁ%&éﬁgﬁ% gﬁ%%%t?e%g%géfﬁhiﬁg%%Et e %a’iiﬁg Rd fa%g,r é%gf g%@?e rr‘:%%/ shows the

e one or-nore ri

sitASLdPHFREBLY @%)fe?aém‘ﬁﬂed R cORdeet Hiddaeh Bfat fﬂégﬁrr&s@ﬁ&rh(ﬂways exceeds

cassette par as shown in Figures 2 and 3) on the
thé ooapressivd vield sabngthef fliersstlirgnend face 280atfithissesond duhudarghotrusion

that an interference fit or friction fit is directly

216 du ihieerspethovBesh antheecpnd essefiripasis vl dif vabigdered. Goatpge to move

The, ri ps ar ref er ocat ed on the r surfac .
ciongt cgpther 4B it 202 0t P8 ot ek e EaT o boRtd b fpyment with
' | | ul ar

BEERPERLPSE S0 LBl BRI 808 bl oy
I Nt el &Giot bccbeiyRe thd diftiré bdatihg andl fzze 200t befsteintd in the manner
parts is preferably achieved using ribs 266 such that,
shawnde Figuraddi Tlaproeedune ofdreatingaa hepmstic sgal capdpsequrilg earried out by
whi.ch all ow the escape of ,air from between,the .
SRS BTG AR OAE B GG S TR BF SUGRPY Eaeage 220 is only

Th j j 40 ' haown. i ' .
PGB TSR eSO DR B0 i
suffetSo BHAE §ledlth€ oSihe 8Bddnd ahAtilgeprotrision D@ hdtosyits whole area. In

di aneter of "the Tnner surface of the protrusion 214.
otfi¢ri wordsubeforee ik oelpeted swhghatpwith tseareuipf ¢omtachshavayindtigure 4c, the

of the protrusion of the first cassetie rt 210 ISLi_f:h )
copppesstyeaied pisengh pirhe prasriah ieng loneg gt 1h@enstal the material of the

casset t arts. f.l.ange ,262 of ; .
S35 5 B0 T8 AR ORI B RRSRI § wosatin
el Y0 faftd R Vo IRl AGRERN e REH WeeHbth bEthE niatériand

second cassette parts once the flange 262 cones into

cont mGirdenitd cHibve @nsisfeatieer?i2@c sdalinpdt hasrtsen dmmdltabe desirable to

rotrusi on 214. The procedure of bringing the cassette

P : dure. | sset t
hqld thespredgyemiead foredont catamprriatnfiy el tyaal This pagod pktime preferably
raglgels -({jﬁ :Oglstggg%%%gg,_smg\#elplrefgl%bflyels 7 spe%gmm Blr(])rer 8&%&% §till 2 to 4

seconds. It is believed that this holding dwell time is helpful in ensuring that the plastic
deformation has time to take place and to create a cold formed seal.

Figure 5 shows a second embodiment of particle cassette. This embodiment has three
cassette parts, first cassette part 210a, second cassette part 250 and third cassette part 250a.
In this embodiment, the third cassette part 250a is identical to the second cassette part 250.
The parts of the first cassette part 210a that interact with the second and third cassette parts
are also identical to the corresponding parts of the first cassette part 210 in the first

embodiment. As in the first embodiment, the second cassette part 250 has an outer flange
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Figure 4a to 4d show a cl ose-up of the region outlined
in dashed lines and identified as "A" in Figure 3.

woO piovitadsby, the first cassette part 210 is | oCBAEGBRIV7/4802047

hori zontal surface, such as a platen, with its
26700 AR A iR iR WOHALS, RMLe HI8 o ACHBRNLy ZdFardR8 nt and a
to the atmosphere. The particlesmay at this stage be

sepieo vl dbgl2d6arbing] 1hbantee perdiery dhiBe 8@&G0MDERGSEIE. €A Rédond rupturable
250 is then aligned with the first cassette part .
meghine 28 isldai-bemdedita ose fase ofi thearse¢andriaspgtte pah 25@awshoovn in Figure

R S e ?%Ht,?,?ai?&}sﬁ—é&fyoarﬁéq : é’pogé.q,é%éqte part 250
P s 4 e e
ol R b Al Dot RSk B P o Ty e

hel dTROfIRt ¥AYetRRAVE 108 Ba$ & fikdt AENIIAGRo#ER0R82 2B Intd¥8cting with the
prevent automatic insertion via gravity of the second

secasd esta@tepartt252%0d; sytronéttieal glagedith,i arsedoridnmottesiod 222tefor interacting
first annular protrusion 214 of the first cassette

wishthe third casssttopastaiflee Inwardbpef the firsh praviaisioag afecpecond protrusions

SS part 250, .preferably by second at en ich.
23358 208 Bl sy Bt P n BuR B B b L Pa Bhlhire
8 S 58 PR R s v
singlaibtoathe fidd 4mbodiesent.nt 0 contact with the sealing face

220 of the second annular protrusion 216 of the first
cassk il bpappreciagd timi éhe Grst eassetigmarted Og e seondtpmbodiment does

o ST Tl e P S, e IPHRY 81 204 COIER e i
d Matioﬁ%célﬂ'gmv& rcﬁitg)lﬂg % él%'ﬁrétca%%gé Pré?rr% 8a; g[ {}g&&;ﬁé@l éﬁce 220a

e a very snm ea over which ran

arlaécodtttheMealing Piee 82@.i ng face 220. At this point the
first and second cassette parts are preferably quite

st r ohighise thehovstap gemetivégrrarigemientt for fhersealtg-anddace that may be

oS R g W oG S Sl i
oy ERSAEDERE SR A RBER S M BBl o

aliAs e tdpeLRUROe b BRafP 3hb18 IhdrétifacddlBratifg Mleadiel o dMhiich a seal area will
deform So as to nove froma tapered configuration to a

b foamtd npandifplacensni ofithasashiveparisrtowhgld bae dgothdhi s i n
turn wi |l increase the area of contact between the
seal Thyforegs corosspresndisnlpeenirafpndsraling arcagenntheaeprgsenéed in terms of

ol S PERhE AL S poRioR sbEies 45 el B Fiosefsihe Sver the arce
oLkt will'6e &1 foARE 2é0pitvded GRREIBBHE Qontact area. This can be

represented by the well-known equation

p-t :
=7 D)

where pressure P is measured in MPa, force F is measured in Newtons and area A is

measured in mm?. The force F can thereby be selected so as to achieve a minimum area of
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plastically deformuntil the pressure achi eved over
the contact area is |l ess than the conpressive yield
waeoengtsm of the material at the sealing end fBCEGB2®7/002047
Figure 4d shows the situation whereby a predeterm ned
schBAE eIf RsSroRer Maadieses o B@ﬁfe doprosRe I E st?én‘gﬁi/@ of the material of
exceeds the conpressive yield strength of the sealing
the setohd eand2(profrudidve? Keawiitie area W Brseleciet tabe dre riibénumrsealing area
this case, the first and second cassette parts wll,
AmﬁrﬁﬁWWEWQﬂﬁﬂaﬁ@%hgﬂﬁﬂe to nove cl oser together unti
the flange 262 of the second cassette part 250 cones
into abutnent with the end face 222 of first annul ar
protrusio of the first cassette part 210. It is
not necesgéféﬁwbr the entire sealing end face 220 to 9
be flattened in the manner shown in Figure 4d. The
procedure of creating a hernetic seal can be equally
Ag an exaseplof a bynistoppdalins ateagomeof] I@tlemﬁlﬁﬁeatr@d psi the nwé;erlal for the
sho

seBind by BrEEEG 1 BT (CaDIse S HE A B) Canetmgsly €5
BT ELPBE 08 R MUGcd 5B sS b ci gy 1o cause

cona an rusion " across
i t S T‘ﬁ@ﬂeﬁtl@ﬁ béttveor ﬁ@rseé(m{gj&ea itfhﬂyfp@fn@ éh fishe 2684 et @Sblacement of
such that, with the area of contact shown in Figure

thd Gecdnﬂ eassetmqapa&'swlatweyo thedirstt qasseft pad Cart dleo trat:«'dmulaﬂedl §f the

| onger achieved. In general, the material of th
P%é&ﬁ'ﬁ& %aaﬁa A whsreby mﬁsmswbm 204 pplygs 501¢ﬂh5%theélaqlqiajedge of the

ce. t sure at the seaILn end fa

seSyP PR pRERiche ol FRE oS potel Bt 285 kP o8 B rogper
dlgﬁlﬁceﬁ?én? Eiclas td E‘rlﬁ’é @87 wb QaReHl SUE g tSQé'iﬁér% @(‘Msﬂé%d"f%t‘ﬂe‘i)osmve

sealing, it has been found to be desSirable to hold
dippleckaient, thereid cArobecshofvarthat thesdaling agee at the geﬁerdlvpﬂsitlon shown on

time. This period of tine preferably ranges fromO.1
Figare ¥y wleasehydbe canpetie partehayamoyed together kyex distsce deprebe expressed

%rﬁferably still 2 to 4 seconds. It is believed that
35%Rt'S™fol ding dwel | time is hel pful in ensuring that

the plastic defornmation has tine to take place and to

create a cold fornmed seal. Figure 5 shows a second

enbodi ment of (particle cassgyte. This enbodi nent has

three casset C (rtnBx— ;fobi)r st—cgag;slat-tm)jpart 210a, second(3)

cassette part D and tHird“assette’/part 250a. In

this enbodinent, the third cassette part 250a is

identical to the second cassette part 250.

where A is the instantaneous sealing area, d is the instantaneous cassette part displacement, d,
is the displacement when the taper has been completely flattened (see Figure 4a), r,,, is the
outer radius of the protrusion 216 and r is the inner radius of the protrusion 216.

This Equation is plotted in Figure 5 for the case when d, = 0.1 mm, 1,,,, = 4.2 mm
and r, = 3 mm. It can be seen from Figure 5 that the sealed area A increases with the square
of the displacement d although the curve is such that, over the range of interest, the correlation
is nearly linear.

In this example, the maximum sealing area is the total area of the end face 220. This
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The parts of the first cassette part 210a that

interact wwth the second and third cassette parts are
w@bk®o/1ident i cal to the correspondi ng parts of PECEGBRI03002047

cassette part 210 in the first enbodinment. As in the

dnl B3l GIRQA R ALing HHE FREARRDB EARP RS the dRRGInE W1 R udiRal height
couteral fﬁ'gng@g@&mgn ar}?ﬁul ar portion 256 V\:hl} ch def’i nes gh

bé@wpastedtne? bdeedf the scating areh 290 andviietbusor tedpd ofthd sealing area 220.
series of ribs 266 around the outer periphery of the
Thisnugiaen botheivelvegovhish é6 b ngn ﬂmﬁlelm%ssnfeemw}k/ﬁ- dffemplggpation 3, the

S S SRR, 8o 5 s, e 00 F BT BBttt
s R UG Ol 9SSR g

avelableN G h&48 b kepréstRied BytiNe eqidfiohd r st cassette part
210a has a first annul ar protrusion 222a for
interacting with the second cassette part 250 and,
symmetrical therewith, a second protrusion 222b for
i nteracti Wgz\Q/i-’t@ﬂmMe third cassette part 250a. 4
Inwardly of the first protrusions are second
protrusions 216a and 216b, also symetrically
10 whbleaNg §1th prE@terh&T RFdd, €1 Md donifi&sSRGAId sB&d of te'Haterial at the
cassette parts respectively. A chanber for the
seating enkfea22®indAy, 1, icihe snaXhBamiwsgiblesealiag sséanadhavable (27.14 mm? in
the first enbodinment. It will be appreciated that the
thejexgmpleapd Segures pant6)210a of the second embodi ment does

Cmplt | lfﬁ%’ g@ﬁﬁé eﬁgigivgé%ghsg@gﬁagztg P% Eroggggogg]ct%glé% %ﬁah!griefl gnd so, with the
AR PSR LS e 2 i

15 sdafifig arbd QbhicVdddiah ®e gusﬂaﬁwﬁd By padviding fdriavertainrdispdamieht between the
for the sealing end face that may be applied to either
fitthend sacend cassetequntd. Eho entionetrnf disgéacementrtbatdagossiblecan be adjusted

BTt 0003 B S el B TSR TP v
Thi .
T

forngge F&@éﬁr&b&@és&ﬁ@ Ehg @fcalch® ala B5 QhlblaRkdlak 8 MR GS
one anot her. The forces, pressures, displacenent and

20 disphkément asiag Eqoativnisd and(®;, ederd thel pressure Pris thefforce F divided by the area
mat hemati cal equations. At the position of Figures 4b,
Adc and 4d, the pressure over the area

F

P= ()
d ® 2dro
'Jg (l" max— I"O) + a4 (¥ max- ¥'0)

This Equation is graphically illustrated in Figure 6 for forces F of 1200 N and 1800 N

25 with the same cassette dimensions as Figure 5. It can be seen from this graph that, when a
1200 N force is applied, a pressure of 100 MPa exists when displacement is 0.05 mm.

When the displacement is 0.1 mm, a pressure of 44.2 MPa exists. Plastic deformation will in
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of contact will be equal to the force provided divided
by the contact area. This can be represented by the
wowrdolrAkisownn equati on F P-A (D where pressure PPCBEGB2007/002047
measured in MPa, force F is neasured in Newtons and
gMeRR stBp loScufRAS Whehl theredttre dEBSs B heconi? e%%rﬁ@bl s@@ss of the
sel ected so as to achieve a nmninum area ofsealing. If
mbfeeialp rfes awiateril issclsa RET@ Hatviog heotmpeessioapichbsregeof/abeuti85 MPa,

strength C of the material of the second annul ar
the fisel disnlesenentd ytenerercgod 4290 Nys applisd car be galpaaied o be 0.056 mm.

Egl}lagllg rgx_-\%%aaég\a gai (’A)T O:égmgg? &%E—g}s@% ?I;Igu%t i:rr]%ﬂf rlmlllﬁn a force of
150N ﬁ%e@%ﬁ@t}é@o éo?éssf's% tireQSS e I %?R/IPa the second
0 econd “annu

mat er 1 al r the protrusion IS PETG

cdsSMIar Sl \Heowe divehvidr LN 6 hrra@biey et yasShtelaa)to create a
then the predeternmined force required will be 85 x 10

sealigsareof Ffpeoxinlately dhsinp lregansentinglaecas cadilangerrcbadivat

any point in tine and th dlslacerrento t he secqnd
displacesiants, paty be sebicyed paing 1B FOF? %%ca@&%{smf@f gamy Flauges 5 and 6
T%?e%h%@ar%ﬁ lag}HJe % b% }](51& nf&)e?é r&l 1t1%@1lé tpﬁsszhlple d1s81acement d by

rane ouc
p@g&edeglf on ol ﬁlesf@é?l%@ d62ang bﬁ‘)"truﬁhbﬁ@'lmshoﬁkea]s@al'irﬁg 4r8kedh tB8s be assured
e point of zero displacenent, and further
extnd phraceneoice suappliad. Adixedi sazglrtgraeeat V) admimeiskwethy poviding that
together is considered to be positive_ displacenent

therreiels endcfaee 0 fiibowaratmsiontie dﬁ’@amﬁ A @ﬁhéag gn thegbutment of the

T R T NN R T —

thRECAB Qﬁfﬁ%@ gf s’%%hﬁ%’%l@% e(ﬂlga)l &)( 1%)6 Yred Y tho enfd fcdPI0 whén viewed in the

max- rma c-
longitudinal direction.

In the preferred embodiment, the first and second cassette parts are preferably
manufactured from PETG. This material has been found to meet the following useful criteria:

. ability to form a bond with the rupturable diaphragms (which are preferably

PET);
. approval for use in medical devices;
. compatibility with DNA (which may be carried on the particles);
. susceptible and stable under sterilisation by gamma irradiation; and
. moisture uptake resistance.

Other materials may nevertheless be used, preferably polymers. The following table lists

possible materials together with a range for their compressive yield strength C in MPa:

Polymer Compressive Yield Strength, MPa
Acrylonitrile Butadiene Styrene (ABS) 53-86

ABS/PVC Alloy 2.1-—40

Acetal Copolymer 11-110

Acetal Homopolymer 22-124

Acrylic 100-117
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Wa o J d o J where Ais the instantaneous sealing

ar ea,
walk@pliasenent

d is the instantaneous cassette part
dO is the displacenent when t hePCEHEBR007/002047
has been conpletely flattened (see Figure 4a),

rmax i s

X0 OH5eMidaala US of the protrusion 216 and Tgglget he

AN trilE- 8 B atelCdfolfePt F UST ON 214

. Thi 5 EqUaigson 15

Ry IRl @¥Fg o T0r _the case W

em d0 = Oy 5m

ﬁl%ﬁ%atea*sﬁayléne'ﬂ@pyl,l FEp) - S N1 T be Seen {7
mﬂ? e Seal gd—area A TIICTEAsSES W LI, e

POXV &Y IdneHuoti é?P\HﬁPSp' acement d—at t1g

Ugll te LUEr)/EsOI S

P forot ilotosmyiee ¢+ 1€ T age Of T TTter

Bbl ttre bUIleI atTomn

Pob’gﬂﬁlﬁlldﬁ?olﬁdpt ermned for ceC Ls f

1 L )
1< I 1redrl . IBLLELSLLLIES) AdAlTPI I Ll )(II Ill IIII
I‘o‘?yether herlq\_%t;o . < f", ity b:’ P SHE ,\En 1130" < J
I arca Ul LTICS CTIU1rat© Z22ZU. III all UC
[quid Crys f’oyrrLer sl S L o 60131
N(ill Ilﬁf\l nmy u 1T o Ttyyudal L Y _l éC
betweer—the 3 ...c.
dond6 o L N craa 290 and e ok o a3 1
Iiyi(%%6\-“ CIre ot Aarli Il\d Al VU Aalilu L'BLLA A A% LA~ C\i\dﬁ d}l L TIT
arg—ar-ea—220—Fhis—s—gHrer—by—t-he—valuve g0 —whi-ech——
Nlong10 b ke Bresert—exarphe—trom-Eauat o3t he
I&’I@|6lin arna whaon A . — AN rnnmy,  — 2 nmm Aand l;é_zg’l naa
J L CAT T lltj AT UL \ALBAYAN] A U, T TTOAZN — TTrrr CATTu LI/ J mrry
Nyéon/lllmv =27 14 nnP Draoforahl \vs Hha foarecao 1 gr\l actaod
T ~J 7 U TLA7YX (=L LELELEL N~ L2 T CANT ], qrre MUt v mJ A AR A A B "A%]
| o2y hat the sealing—area—i-s—at—lleast—10%-ofthe
Relyomidemideaal i ng area available This can be 27— 240

4,CAlxax'_@49—\§a-er-e—E———

he conpr aindS yield

E.OﬂYﬁ%i'lOﬂat?\f the material at t he seal

i-ng pnri fn?‘%‘sﬁ?n and

Pulvdigycjogentadianenp v i mim passible seal|

ng area achisdvahl e

Ropyputylene Ferpphihplate H’eBT)axarmI e of Figuy

@@a@ylmT@repﬂﬂﬁsd@tﬁ(}’Eﬁbss s thmmht f

es 5 and ﬁ‘)““'??\p
0 he proport®Ponal to

Mﬁwm_anﬂmgmth the e

odi ment s 88festirpte)

ich a tapei

ed seal i n@ftdée 220

Ii’oslyetﬂ]mullfprséltﬁs)t he sealing area achi

eved can R ~103

| digtaPaarity @elgetiylengHOVEXi ng for a cert

ain di spl ader®dnt

hbimatbgrentelze first and second casse

btte parts. TPhe

RoiyphentlenoBulfidesPISxcenent that i S pos

si bl e can 38e-125

Blljpiepitle@el by adj usting t he di nensi

bns of the #1-aflge 262

pon@yedkee first annul ar protrusion 2

14. A certaion

pyradatelomirngdAseal i ng area can t hg

refore be guaivant eed

staenaQalchennpydasantiA) nvent i on.

Thermoplastic Polyurethane

Polysulfone 2097
Polyphenylsulfone 18 —92
Polyarylsulfone 100 — 120
PVC 50—56
PVC/Polypropylene Alloy 70
PVC/Acrylic Alloy

It will be appreciated that the particular compressive yield strength will be selected in

conjunction with selection of the cassette dimensions and with selection of a predetermined

minimum force so as to ensure a certain sealing area between the cassette parts. When materials

having lower compressive yield strengths are used, sm
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The pressure across the sealing area can al so be

cal cul ated as a function of displacenent using
weeowatisns 1 and 3, where the pressure P is theCT/GBe@7/802047

divided by the area A: This Equation is graphically

illu .
1 00" RS i bl My s G ool 2N B Pl locasstt
Thé appantlze09 e@fﬁpﬁfd@ A4l b Butegh4@R Prdviddd on Whese sabst3RA0bland a second

force is applied, a pressure of 100 MPa exi sts when
Plaies ﬁ%pmmfed ohsg phingsr 40%attahed ta dnenintiybipierdéehe discytinder 410 is

sl e R B et e SPRY b eauleie L Gl o Moy x@ploalso

f th |
L I iy o (e mieridl
st r ess mhuRBAKS a et dESassdtieetht Fina Eas%t%d%a@t@q U‘?Jﬁla&d‘bﬁ & bottom

a force of 1200 Nis applied can be calculated to be
platef 862. rthe pkadiices ammtﬁ)dgcedeﬁtoﬂleshaﬂnbaﬁé 8 ard tht sebdnd@sseit@part 250
for .this _displacenent, when a force of 1200 N is,

dinglly plégned Nﬂﬂﬁé&%ﬁvécegsﬁeéqe@agt Adid a predetgamipgd aresgire is then

S‘H’S&ﬁ?ﬁ?‘@“ bR SRR Tl chider QS0 R Boyamppipeer 40

Tﬁ@pl&t@ﬁﬁéﬁh&eﬁﬁ?ﬁb{?& BHAFab Rt RCOHESRob¥tadi it second cassette

Larger sealing areas, and larger relative
patt Xy0laad mta@red@’ﬁdﬂmbﬁd &ebd thereoh. Iefigst had @eond casseaspaas are thus
can be derived fromFigures 5 and 6. The sealing area
mayerd tegetberamdenibis pradicteadined fatesssoras b @9atfs ] mat betygearttbe end sealing

ehe el et ind horbedt b omguee B the AR 404 s
thgf‘eaflérsf%@e‘a g%gfhlﬂlgy( &\%pﬁ)é ne Qtf\}églﬂg?/esg@%% %19 aer{lLﬂd)éFﬂg) and the

sealing area can assure

assbablRd eadetteis eerddled@b tHabtheMEALE 15640y 1@ plodded Mloter addsette. This
relying on the abutnment of the flange 262 with the

procedsire gancher ngpéaded Iptoduse stpbyralitylodtchssettel spl acenment  of
t he cassette part In this case, the area gf seal i %
wi | | PBEclggnsaties magensearding iathe Rrpendnyenfige bavs o heccthat

d
« Bt e Pt SR bl PLAUGE 8 the
efb&figeRbhy as@@rﬂb’[fe@ﬁ&h%tﬁg aﬂp%ﬁ?ﬁs Bﬁ@ne@'hh% vERh ?ﬁée_@ lin Y8&surement
been found to neet e follow ng useful criteri a:
fistoird witlintaovacourmchafberd Wit h t he rupt urabl e di aphragns

(whi ch are preferabl K )
The measurement fixture has tips that locate on the external surface ofthe cassette’s top

and bottom membranes. The fixture measures the displacement of the cassette membranes.

The membrane displacement measurement is zeroed before vacuum is applied, i.e., at
atmospheric pressure. The vacuum chamber is closed and a vacuum of -80kPa is applied. The
membrane displacement is noted when the vacuum first reaches -80kPa and a countdown timer
started. The membrane displacement is recorded again after 30 seconds. The cassette passes
the seal integrity test if there is an initial membrane displacement when vacuum is applied and the
membrane displacement is maintained over the 30 second time period.

This seal integrity test was carried out for a number of different assembly conditions. The

table below summarises the results;-
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PET); approval for use in nedical devices;

conpatibility with DNA (which may be carried on the
w@anvitelses) ; suscepti bl e and stabl e under st erPCT/682000/002047
by gamra irradiation; and noisture uptake resistance.
O her materials may neverthel ess be used, preferably
polyners. The following table lists possible materials
Pie@@Rt (ber) | W thoaa r dngkmé Géc) t e df coo0my| €6 Cuseettys PMlgin cassette
sitrength| C in MPa:|lt will be appreciated |
(fgifrgylar pgﬁprgssive yield s?&%%gtr %?tanasgpggégﬁ)
ML ERPUhcti on witlh sel ectipn of the |dnis % -
di mensi ops and witlh sel ectipn of a prledgfgs,m ned
M TG TTOTTT [ OT CEgP0 &S [04€NsSUf € asgertai N seal i Ng.920
aregbet Ween {7gEe casset e pajts. ynenrat er pal S [sa3v¥9 NQ
'ower co[ipregsi ve |yi el d strengthe are used, snmwlober

pr edet er m ned7f or des canbeused. koguras 7 and 8|ésbow
exegpl ar yapparat ug f or produgi ngtihe agsenbliedpaftoptl e
casgette| The7apparat uss 400] conppi seq a fiorst (192 en
4028pr ov| dedis6h abase gubstfate 1406 dand alseco[Td05

pl aBen 404 pr5@vi ded onla pl ungerl0408 latt adhed 1789%an
air8cylindert3110.| TheQair cylidfer 10 _¥s sufddii ed
wi t% pressurisddd dir floman aidOsupply add r et or
4 155 (which 1Bt hils exdnplelal sd%serves td supHAPt the
_airZcyl i hder!3440 dnd platenl 404)0 To lmanufacturdly

particle cassette, the first cassette part 210 is
pl acege fosshiftSn PR EEPEONRhARTs &t phddsure difie@RNal50 el GiaEter piston in the
i ntroduced into the chanber 218 and the second
appass bf Bgwa Ot TR&tiakloddintyletvtots isahlcylatad angisbalvminthe sedoed column.
first cassette part. Air at_a predeternined pressure
Thedwalktime fpspyhiehithe fasghis spplipdis g vanap thedhisd golumy an epumber of
air cylinder 4.10 as..to nmove the.plunger. 408. e
cefppE A8 Frpest S B s o D R T gD he it
cdlith® 'Q%m%wrbhcak%eﬁﬁ&@%& flelsEal RArityfed. TAGkixth column
exerts a predetermned force thereon. The first and
gis&aigtotatiasgebf the paehbledpatitlbtms somp el ssaegetly ehivingimeasure of the
this predeterm ned force so as to create a_seal
sitratfihrsseel thathas heensehievedy dreledheiamsr.grmelies tetplhsighinepned Jagger seal
part and the second rupturabl e nenbrane 204. The
alg¢-at en 404 is thereafter noved upwardly by supplying
nega - Is
ass S Plp B ARTHEE dQabibRuR s IFRE RSk Rt ipress he
cds@Md Yartls RicRANECthe BRI EMe BERSRE 16 enstité Sconsistent seal can be reduced.

With a force of 1767 N, a dwell time of 2 seconds was sufficient to ensure that all 30 cassettes
studied passed the seal integrity test. However, with a force of 1374 N and a dwell time of 2
seconds, 20% of the cassettes did not pass the seal integrity test. When very short dwell times
areused with moderate forces, for example 0.5 to 1 second, most cassettes fail the seal integrity
testbut itis expected that shorter dwell times can be used with larger forces and still provide
reliable cassette sealing.

The invention has been described with reference to a particle cassette design that is
generally circular when viewed in the longitudinal direction. Thus, use has been made of the terms

“radius”, “diameter”, “annular”, etc. The invention is equally applicable to non-circular cassette
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procedure can be repeated to produce a plurality of
cassettes. Particle cassettes made according to the

w@e@3antsoi nventi on have been tested to check tPEI/GB2007/002047
proper hermetic seal has been achi eved. Cassettes

O LS SRk e gt

maPhaRdqide ATEAEISHITRfguttish When Wi inthalongieidisal direction in which
Chanber. The measurenent fixturehas tips that |ocate

casmrih¢ fretresioer214) 2 1Smdyaotneoéssarily be sisedanag illustrategd butvaay be square
bott om nenbranes. The fixture nmeasures the

mlﬁQﬁﬂgH@énent of the cassette nenbranes. The nenbrane
di spl acenent measurenment is zeroed before vacuumis
applied, i.e., at atnospheric pressure. The vacuum
chanmber is closed and avacuum of -8CkPai s applied. The
menbr ane di spl acenent is noted when the vacuum first
reaches -8kPaand a countdowntimer started. The
menbr ane di spl acenent is recorded again after 30
seconds. The cassette passes the seal integritytest if
there is an initial nmenbrane displacenentwhen vacuum s
appl i ed and the nenbrane di splacenent is maintained
over the 30 second tine period. This sea
integritytestwas carried out for anunber of different
assenbl ycondi ti ons. The table bel ow sunmari ses the
results :-The pressure in the first columis the
pressure applied to a 50mm di aneterpi ston in the
apparatus of Figure 9. The actual |oad inNewtons is
cal cul ated and shownin the second col um. The dwel |
time for which the load is applied is given in the
third colum and the nunber of cassettes studied for
each set of operating paraneters is given in the
fourth colum. The fifth columm gives the nunber of
cassettes that did not pass the seal integrity test.
The sixth colum gives the total height of the
assenbl ed particle cassette after assenbly. This is a
nmeasure of the size of the seal that has been achieved
- due to the taper, a smaller total height neans a
| arger seal area. It will be appreciated fromthe
table that, in general, if the force used to conpress
the cassette parts is increased, the dwell tine
necessary to ensure a consistent seal can be reduced.

20



10

15

20

25

30

Wth a force of 1767N, a dwell tinme of 2 seconds was
sufficient to ensure that all 30 cassettes studied
wpamsadisohe seal integrity test. However, w thPEr/GBe@a/002047
of 1374 N and a dwell tinme of 2 seconds, 20% of the
cassettes did not pass theLspaf integrity test. \Wen
very short dwell tinmes areused wth noderate forces,
for exanple 0.5 to lsecond, nobst cassettes fail the
seal integrity test but it jf expect ed tggf shortgﬁ . d
dwelll t i Aesethedpipeoducing appitiqlecaisgié iof apecislestyagy ¢vice, sal
%gvi de reli blte cassette sealing. The invention has
M08 FORRESIEI % R r ef erence to a particle cassette

design t Bakd it ParGhdvind AT W RurybeMembiané Bishded thereto;
Iongﬁgt udpﬁg}dh%a?igégt%ifson.¥Thus}fﬁ&§usehasbeenrrade of the
ter@ "r pehividinga séebind oassette part having b second impirabléreembrane bonded
invention is equally applicable to non-circul ar
thegeigiset t evari ati ons and these terms are tobe

interpreted.accordi ngly. For exanpl .Ihe particle
cas Z@t te aﬁ@V%%‘E g‘r% %ﬁ% serop pﬁ%@ﬁ@ﬂ%&?&
conf ingur - - efirst
R e TV
andQ68G@kidiE plits t6 gdthett@candsplasti drtoratation biitparmy sdié¢cassette so as
square or rectangul ar. CLAIMS 1. Anmethod of producing a
to qreate ametba&malﬁgcmnfoedoqwmﬁ@iﬂ@@éwwab#géefﬂb“@nwd said second
sai d nmethod conprising the steps of: (a) providinga
rugtjaile 1pea@Rg - epart having a
firstrupturabl enenbranebonded thereto; (b) providing a
second cassette part having a second rupturable
memhr ane Pﬁﬁ@tﬁ&ﬂa&&ﬂfngtt@élaiﬁﬂ), kB ¥aldgl86d dbfdriatibn 8Dk cassette
second parts longitudinally; (d) applying
pad ptied @iaaratherebraher ce in the | ongitudinal direction so

as topush the first and second cassette parts together
to cause plastic deformation of a part of said

cassette so as,to create aher ' [ y. . ] .

oo aen e S BT R Rpoten
ﬁr%tl{,\%#{tgpm menbrane. 2. Anet hod accordi ngto claim

,wherefn said plastic deformation is of a cassette

part other than a nenbrane.

4. A method according to claim 1 or 2, wherein said plastic deformation is of a third
cassette part.
5. A method according to claim 1, 2, 3 or 4, wherein said part that plastically

deforms comprises a sealing end face and said plastic deformation is plastic deformation of said

sealing end face.
6. Amethod according to claim 5, wherein said sealing end face is tapered and said

plastic deformation is such as to deform the taper so as to become at least partially planarina

plane perpendicular to the longitudinal direction.
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3. Anmethod according to claimlor 2, wherein said

pl astic deformation is of said first cassette part. 4.
wo\ewrhedonccor di ngto claim lor 2, wherein sai dP@i/a8r006/002047

deformation is of a third cassette part. 5. A nethod

acco?di ng Aimethbdadeoitiingo cRIm b of6, wHeekiad §i8i Asde@é part comprises

that plastically deforns conprises a sealing end face
seadhepaling enddpceend saidienling rud fasa 15 sealpd distctly aghifisosaiditccomd ropturable

négkﬁlse?ngg eq@ faCﬁ. 6, Anethod according to claim
RHEF S MG SPPPEEAPFHYPERd face is tapered and said
pl astic deformation is such as to deformthe taper so

as to becone at least partially planar in a plane
per pgndi cAlmdthédacthiing @ @aitn 56 627, vefBEdai Pallng d face is located
met hod according to claim5 or 6, wherein sw(fflrst

o3 pEdiusionpd seiddostprsstie parhi d seal i ng end face and said
sealing end face is sealed directly against said
second rupturabl e nmenbrane of said second cassette

partg 8. di.ng.to claim5, 6.or 7, )
wher i n s§in]g&lgea ?Ogglﬁg{rﬁ)giaf]gg’e%egm? ?%naé{'r@ﬁusg’ﬁlsfn annular protrusion.
protrusion of said first cassette part. 9. A nethod
according to claim8, wherein said protrusion is an
annulGr pAatsthesliacwrdidglo adyront bitihe @ewding clagispfuahyt@b@efising, after
the preceding clainms, further conprising, after step
Stf(Pcfg),o PIVHUngPRtclpHP 6316 fistcassetisppd adiagent sad §ese rupeurglle membrane
' ai,d first ruptuyrable nepbrane suc at said .
suS ARG pa B o obleafofBpMEBRR GeE forrartGatpested damber créotedin
Stébe([dz[eti cally seal ed chanber created in step (d). 11. A
net hod according to any one of the preceding clains,
wherein said first cassette part is made of PETG and
sai d second rupturabl e nenbrane is made of PET. 12. A

net hdd act draihoyaccerdingtoany ons of the ppacediag ickagms; Ivelienain said first

col R R e B R S E 1 P ablenspbmed bepadk Drper
0. 1CAmax

12. A method according to any one of the preceding claims, wherein said

predetermined force applied in step (d) is chosen according to the following formula:
F>01CA,,
wherein F is the predetermined force in Newtons, C is the compressive yield strength of

the portion that plastically deforms in MPa and A, is the maximum possible sealing area

achievable with the cassette parts in mm?.

13. Amethod according to any one of the preceding claims, wherein said first and

second cassette parts are moved closer together longitudinally during step (d).

14, A method according to claim 13, wherein said first and second cassette parts are
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wherein F is the predetermned force in Newons, Gs
the conpressive yield strength of the portion that
w@b@stiisal |y deforns in MPa and Amax i s the nmaRCTGBR007/002047
possi bl e sealing area achievable with the cassette
mpa¢d dloden tather BPno oreiHand. ;agaOr di ngt o any one of the
precedi ng clains, wherein said first and second
cassette parts are noved cl oser together

Iong'%_udi al | qgiuri ng step (d). 14. Anethod i . ]
accoir i ng‘gd‘n@%g racsdinga ragy pne icthe inresedinggclgisese meherein said
mEfRaTHhG RR BulbE A e adbe Blovre opmule:

precedi ng cl ains, wherein said predeterm ned force
applied in step (d) is chosen according to the
fol |l owi ngFeorGrul a: F 2C whereinF is the predeterm ned
force i nNewtons andCi s the conpressiveyield strength
of the portion that plastically defornms in MPa. 16. A
met hod _acgordi n 0 _any .one he cedi ng clains
sher SRR t@‘iﬁ%ﬁi‘i@ﬁ?ﬁ%&ﬁ laﬁgwf%lﬁ aﬁf 1 ﬁ‘etcﬁ@P{‘}éﬁl‘quéﬁ%d strength
[ 3 f ! in the range 50 MPato 100
Oﬁ%ﬁ?mﬁéea%$g?ﬁ%§ﬂzgggr th?%manyoneof t hepr ecedi ng
cl ai ms, whereinthe conpressive yield strength of the
second rupturable nmenbrane is greater than the
conpibess ifs eydegiad aacowling to @iy oireopdret prepedifig tchwms,i whérein the
cassette Qart h?t plastically defornms. 18. A nethod
coR BT EniRp B BoRn P e P gmtsnbe eI VIR o 100
wagid predeterm ned force is appliedby conpressingthe
irst and second cassette parts togetherusing platens.
19. A nethod according to any one of the preceding
claims, wherein said predeterm ned force applied in
st ed7(d) Amegoéadcerdirtgiamydndoiithe pAdedidg stmitrspohepsitihe cinf@essive
any. o of the g&eceding cl ai ms, wherein said

vigld igagth pHhpEsgontupeahininerabraneis gieafst thar the sorgpressivsyield strength
of ttﬁlea&)rggnoo{l\éhe first cassette part that plastically deforms.

18. A method according to any one of the preceding claims, wherein said
predetermined force is applied by compressing the first and second cassette parts together using

platens.

19. A method according to any one of the preceding claims, wherein said

predetermined force applied in step (d) is greater than 200 N.

20. A method according to any one of the preceding claims, wherein said

predetermined force applied in step (d) is greater than 800 N,

21. A method according to any one of the preceding claims, wherein said

predetermined force is held for a predetermined dwell time.
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21. A nethod according to any one of the preceding
clains, wherein said predetermned force is held for a
w@e@dassoni ned dwel | tine.22. Anmet hod accor di neCT/GB2007/002047
claim 21, wherein said dwell time is 0.1to 10 seconds,
pr eher ab Mn&h&d%c@orﬁﬁ’*f‘gwdéim 2B whéppaartdveel ftime i 0 Adoit0 segonds,
a particle cassette for a needl el ess syringe, said
prefgrplely 2tto§ seamps.d sing: a first platen for supporting a
first cassette part thereon; a second platen separated
fromsaid first platenby a distance sufficientto all ow
a segond ,cassett rt ' : :
it Aaai ATBaans. oL BbebE R R PR P ARyl REe g, seid
Jiqnove said platens together so as to
aplgag%g%g@gﬁ%%%c}oparti cle cassette parts therebetween and
apphyirgplaeefoe soppoeting o fice cassetspatt tharcset t e parts for
a predetermned dwel| tinme so as_ to produce, a alrzjicle
cas getcoad platen Wa@teﬁ@ioﬁﬁmd@ﬁlpiﬁt@é’éiﬁé@t%%&ﬂm?@ lpyjasecond
confinement of .particl.es.. 24. Appar at ' .0
caspPls TS drbres? Roea gl Ry A8 SEpB R R SR
souryee. of SaRd BlessseidParti Nbassette
L e S S
paft&heRbethleah &1 applyaprédetdimibdderce wisdidpaselitd mrtsforagredetermined
force. 25. A kit of parts for use in the manufacture
dwell timesotas td modecssparteld ensseitehawng a hersretisolly segled gaymper for the
said kit conprising: a first cassette part; a second
coptinapent af pattelehavi ng a rupt urabl e membrane bonded
thereto; whereinsaid firstcassettepart conprises a
first protrusion in the |ongitudinal direction
ar r anged 4 Qatdisdcarding CHlARD RGN yid dMvidl #ppadius comprises a
second cassette part so as to help hold said first and
soGreeofgmpessed hsang ardgslatap e supplyinsairetiefarmited pressies afgompressed
part further conprising a second protrusion inward of
gas &0 #hid pacend plesnsges &pméa%ﬁ%lersﬁ?}ma%ﬁf f%n

conprising a sealing end face for sealing against the
second

25.  Akitofparts foruse in the manufacture of a particle cassette for aneedleless

syringe device, said kit comprising:

a first cassette part,

a second cassette part having a rupturable membrane bonded thereto;

wherein said first cassette part comprises a first protrusion in the longitudinal direction
arranged to interact, during assembly, with said second cassette part so as to help hold said first
and second cassette parts together;

said first cassette part further comprising a second protrusion inward of said first
protrusion, said second protrusion comprising a sealing end face for sealing against the second

particle cassette part when assembled.

26.  Akitaccording to claim 25, wherein said first and second cassette parts are

made of PETG.
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particle cassette part when assenbled. 26. A kit

according to claim25, wherein said first and second
w@amseitsel parts are made of PETG 27. Akit accordi/6g§2i00/002047

claim 25 or 26, wherein said rupturabl e nenbrane

i smagieé of ARE-ECC@&ng AkalaimaxSon levﬂ'&t‘@n %(ﬁ}uﬂ'ﬁlraﬁe mgﬁbfuhe ismade

27, wWherein said secondprotrusion is annular so as to
offfT-ne a chanber for the confinement of particles

inwardly thereof. 29. A particle cassette for a

needl el ess syringe device conprising: an assenbled kit

of t pa i i VY, Al r 5 i - a

urther Tt e R A U ey f goooter
sozasab defiey a BeimbRe for 3id confRemeaNEpartdPes iMNvhidsy thefeset t e

part of a particle cassette for a needl el ess syringe

device, said first cassette part designed to interact

Wi t second, assettg part }o create a chanber for

t he Tonf i NEABISE GFsels ey anesdleless syringedevice semprisiagipar t
co I SLOg i Fstpratrusion. in the l.ongitudj

i v ot Recbiedich bERCBRAS LB T yiiE of gt 2hle 2

cas sehir@eP@ptursfe Anbeaneehiy hol d said first and second
cassette parts together; and a second protrusion

i nwapadtidés mavided i sthprrdter bistiwveon ssidintbnstegad pr ot r usi on
conprising a sealing end face for sealing against the
second particle cassette part. 31. Afirst cassette

Govie, ARG EraQEa B G pan B ern SR Srite e csia
calich pi FRAGNG ISR GIRA Lol GLEALSaR GIAIREL o Blber for the

he confinement of p rein sal

confisantrit@f patitles Saidefiet @bsdie bart cdrwpribinki I St
cassettepart according to plain138 or 31, further
conpfirgpradrugion in grelongiivdinaldidstiamardngeide thtetdeewitt said s8®nd dassette

b 3 SR et i 87

asecond protrusion inward of said first protrusion, said second protrusion comprising a

sealing end face for sealing against the second particle cassette part.

31.  Afirstcassette part of a particle cassette for a needleless syringe device, said first
cassette part designed to interact with a second cassette part to create a chamber for the

confinement of particles, wherein said first cassette part is made of PETG.

32. Afirstcassette part according to claim 30 or 31, further comprising a rupturable

membrane bonded thereto.

33. A first cassette part according to claim 32, wherein said rupturable membrane

is made of PET.

34. A second cassette part of a particle cassette for a needleless syringe device, said

25



34. A second cassette part ofa particle cassette for a

needl el ess syringe device, saidsecond cassette part
waele®rgasdi to interact with a first cassette paP€T/GB2007/002047

create a chanber for the confinenent of particles,
ses@idibassetio part dessgnet teeinfeeadt whth\aifitgt cassette part to create a chamber for the

rupt ur abl emenbr aneof PET seal ed t hereto.
confinement of particles, said second cassette part having a rupturable membrane of PET sealed

thereto.
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