WD 2007/ 141501PCT/ GB2007/ 002047 | MPROVEMENTS | N, OR RELATI NG TGO,
PARTI CLE CASSETTES Technical Field of the Invention: The present

i nventi on wel2at7agisgeneral ly to the retention of parti clES/EBIOT00RGIT
the 5 needl el ess injection of those particles in a gas stream More
speci fical |y, thenil GoRENTRRN DROREL BTG S0, BARTTEL 6 LA GRIGRK! S
havi ng a pair of~mmenD N retarn tr ' a cr
t herebetween and to nethods of manufacturing and assenbling such
particle cassettes. Background to the Invention: 10Needl el ess
syringe deueehmicahFisldoidhmmvention\\D 94/ 24263. In this docunent, a

dl el i i L scl whi ch trai ticl in.
St ream accel or al BRPieRSH IGRTPIBIAIER BSEENia FhetRiehibn qf payistes piigr 3%
i nj ected i BLauIdeds i8&Hon oF Hioke ARtARR B iRl MERLpe SRS, thé PlesdiB M ention

applications, there I1s a need for the particles to be nmaintained in a
steril e envilatentogmattigh ¢assetttohavipgiairad nentrives dédichaetainiie Sattidd2i83 chamber

di scl oses for this purpose a 15 parficle cassette conprising a
centr al anﬂlﬁe&ﬁtwqeﬂgn%gwﬁaoqs&gmm P@n%ﬁ%ﬁ%?@%ﬁ%ﬁg@wwq%%wﬁ%ce

so as to forma self contained sealed unit containing the particles
to be injected. Upon actuation of the device, the nenbranes rupture

al I owi ng t Baclgasiddab & nwdntib@l | y cont ai ned between the nenbranes to
be entrained in the gas flow and then delivered into the target. WO

94/ 2426t i s her dissdlelasscrpegeatcrigetare kegver BpmdV 02426 dplnglis deeimend & he

ticl t f WO 94/.24263.i i | d i VWO 03/ 011379, |
Do s Gocur RS sainac T BS0Ged Shidy uBrBs paREto i 85 SR ocdkntsd fropeh a
havi ng bondgghid {emhet e Barlitipd MAPEY B IRAEEBAfargétSsudh 8¢ h@agfkiid & JR&@ cells.

preferred node of nmanufacture,” the nmenbranes are heat-bonded to their
respect i ve Foomsey applipations, therelistahee forthapastidessts bt meintsinédinmesteriby

bringing the cassette parts to her so te a chapber for
the parti cPREIOMIEITPHQY t%mwﬁgfﬁlﬂ#é%?-oﬁf%@%ﬁéf%m@%ﬁ&é SOHISROSC 2
particlg cassef.t ]@% i r;ﬁm;}

annul arﬁri ﬁ%ﬁggnc%%%ﬂggo eg?rl at ?%gr\lg’g#ht e )g‘garg gllgc es{a?%%?%%r%%gr?ggkd o

WO 03/ 0113 ¢é8:hi faceado th imliyselfrRotttined sdaked vhit comthidim@ibeparticles to befjgeted

13 of WD 03/011379 shows a particle_ cassette having a first cassette,
part 70 wi Upoa apippiinneridherdevisedhe membeanes meruse oflaving thegartish initigoptained

art 72 with a nbrane 73 heat - hongded t her et The. fil:S
Cacond caseavieel Bt ERTpe 't AfBliea BLORTp 1Y Rgoeqfit/erdiShuo Wbtarger
2007/ 14150%@&@1@@@7{&%?%3@%ﬁﬁefef@lbe.di rection such that ribs

on the external surface of the second cassette part interact with the
i nsi de 2nnul ar darifrgeeyemEnidd the portisle erssetin 0OW Q1 94/24263 is diselesadan YVt .

cassett o pariaEish dn B SOCHRER, A prifisinaCSuttutsr Lot e oo aving
assenbl ed Bynmriﬂeret%% rﬁ?ﬂﬁbﬁsrﬂl&ﬁ bneS tcdiscapg Bstﬁ(gégéﬁe)‘reﬂ $nddB @f m?;ﬂﬁacture,

chanber 77 tor the conflinenent of particles is n ernetical |

seal ed. Thiils thesblageyerehat-bonded tdthes nizpertive napsttteepapaphd the padiakoaisette is
of Figure 13 of WD 03/011379 to vacuumtests whereby it becones |

evi dent t h&rmsr by buigaing the @prshppartsiogsther seag odreals & ¢hambgy fop theprgiclesne

el N it iS.std . _

el 1 or2pant A s B pyeh Bidie WOap2 s Bl HERHR LRLREE R Ning the

10Accor di ngbdbnd hitentRARIE e AnY@INVidcOdin SRSk Fefradaloh oF tratpartichis $n Bk ehireber,
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

30 heat-bonded thereto. The first and second cassette parts are brought together in the
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Summary of the Invention: The present invention addresses the
above-nenti oned problem by providing a nethod of producing a particle
cassette, wpparrauisml f or. producing a particle cassette, mIGR200f00p@ETt S
15 whi ch, when assenbled, forns a particles cassette, a particle
cassette a i, & . lq?&g,t '

her neti cal ygistg%ﬁ%ﬁégtrltl cgf(gﬁlcagn I ne%%ﬁ%&%ﬁﬁ%érecﬁﬁ%gﬁ%gggggﬁ ﬁ\i)ﬁteract
accor dance wightthe inidle bhidir sagpecis off pkdifision ve atiirsircaisete part. STHIE grovvidedan
met hod of producing a particle cassette for a needl el ess syringe

devi ce, sanmerﬁqsﬁmgit@mm%dsﬁbe firgbangliseepnd zasseits parig)ogsther. HRawpriicly casagtie
cassette pari hav%pgoa fi rbzt Hift#r abl e nmenbrane bonded thereto; (b)
provi di ng & CEEBHYOELET edp]'"'zilr ANfavi ng a second rupturabl e nmenbrane
bonded tfier et o; A(Ghblm i fdh haddhsbdriby isahd 1REHBRBePA fobthe confinement of

| ongi tudinally; (d) applying a predeterm ned force in the

| ongi t udi nabrtidies esatat bernstically seaed UElis hisdetn catfivand by abisting e pettick
parts together to _gause.p tic deformtion of part, of said,

basset t o sGaeq e FiFURLS olé%ﬁ%b%klﬁaam YACUwR (et heishyer besamgbesidons hat
said first - '

Tt has beed RE R ErE Y SRR AN (et A Rl LARY R P P
cause pl aspbssitdeion zaRs ande@h stalaipaitivles ¢¢.g rhierobagse ifdirae 8l ths cBaripdr d7.
formed seal between the conponents of the particle cassette that can

t her eaf ¥r wi t hédcegrainglye the eeserhinventien seglsto @lleviatedlys problgar her et i ¢
sealing of the chanber. The use of a predeterm ned force, rather than
an irregular 30 and non-repeatable force achi eved by hand, ensures

that parti (gl_.@%f%%ggﬁ,eﬁﬁ@guced using the WO

2007/ 141501PCT/ (B2007/ 002047 net hod of the first aspect are sealed to
a known | evel ofTheprekéndemventiompsidresseg thetrhovemehtiquad pioblem byprowiding aspethod
pr oduced dogs Hot. nec;rﬁg][%ri I¥ have to be tested f%‘ﬁ 1herme ich%e?Ii g.
The provi si°bAOGPEE RB iCBSIPIL ARSI O IQABEPS HPYEE SoRPIuBREST P

any pr PTHJCtvﬁﬁdllé{Vﬂgn Eﬁénﬂ%&,tfbﬁﬁsea]gﬁﬁﬁ@stéagse & gaftRfe das Qe bAPfirst and second
possibility of "contam nation of the particles. S5Furthernore, the
advant ages cadsettpaxs Mhichallow apropaly lHehectivally sealed pasick: cvafinahegt eithatbed tocbe

to a heat-bonding process are retained. Preferably, the plastic
def or mati o8®€urs at a predetermined portion of the first cassette

part such as a se L i : f ack M
P otess 1o be. miehRnE\ial A6 fror HHeh: b Ment B ERON bRHAMG dMthod of
seal i ng W lpkoda6iag b pditiele capdRltt Eittaineed]€lésstshiengkQlepice datdanethAPebnipdisig the steps
The sealing end face preferably has a tapered shape prior to

assenbl 30 Thda)pevidingsufiht cassetippart ravings Tbuprabls membrang bendad thereto; (b)

surface area for the seali e f.ace is initially in contact. wth

The. secona ptexidhe b 85oat Peskaf ranRav RE ® shad e hebtbrER ik i
surface fl aiiLRRS Y ks nPsechil 508 IRMdiRallh &) %Eﬂ?ﬁg%fprédé%nnined force in the
correspondi ng portion of the second cassette 15 part "and the surface
area of comimmithdinhletimbyor svoasdaped. thefst anddecanf] cpdsetit pacts degfethentot dase plastic
and the incrfease_i n contact surface area hel gﬁ?to C a.co f or med

I
seal wher eN§OFRRAT HHPaghid e Comeriocass & Feilp @%F%ﬁisgg%di begpen
to creale thg f%?ﬁrrﬁﬁﬁ‘a 1e993ﬁﬁ}§&efin8rsaih@9coﬁ@ﬂéié&g§{§§%et aR3r Ui cles.

Ensuring that the 'sealing en ace I's sea y agai nst the
second rupt ur abliithas been found that applying a predetermined force sufficient to cause plastic

deformation of a portion of the cassetie creates a cold formed seal between the components
of the particle cassette that can thereafier withstand the vacuum tests sufficient to prove
hermetic sealing of the chamber. The use of a predetermined force, rather than an irregular

30 and non-repeatable force achieved by hand, ensures that particle cassettes produced using the
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20 nenbrane of the second cassette part gives an additional advantage
in that sealing between the second cassette part and the second
rupt ur abl ewoendviarse1i s t hereby reinforced. The second rrquveemEl/@2047
menbrane is effectively "sandw ched" between the first and second
cassette p EHT@? ! i oI6R hdhg

on both si Zlgetsﬂ%gf t ete@e%%%ﬂ%ﬁ%%@?%l ﬁg@ﬁvﬁ@%@ﬁ%ﬂé@nﬁ?@gﬁﬁ?ﬁé&s ecoh%ltﬂll

r upt ur abl e pamithrcasette snprbéuced deesafot acc2Sardlyflizes erite teshddefor hdrmietic ¢dabng. The
first cassette part to ensure that the first casse%te part_defar

rat her tha®rQvrdoseiadiametinstly fealndehamhes giyre confidencerthel agx prqduefs urae H5ce

f the fi ' ed. .
ot ot rust on ERAASHE e Heb ot B SREAR Y7 cBREM AL AN
def ormatg on of Ehghdrnbs tHeaBe@idess HEWD (3901087¢ fithitchd fhialbdarahbt@Braded

the provision of a known and predeterm ned sealing area that 30
cannot excdaelta dkeapbonslingf prodess erea¢tiined.end face | ocated on the annul ar

protrusion. W0D_2007/.141501PCT, 2007/ 002047 Th articles fo

Dont | nernt i n PHRCTEHH DR PR e BRRARegS o PG R Re oL e st
(b) and (Classdifll SartGRBh BOS{ealifAdl epel“h?sfd'l'lg QMR Binural ftb %8 nad
cassette paerwts hori zont al | f \}\n itcs seal ed nmenbr ane falt-gllgr% dsoswnwarcells',3
posi ti oni ngegehiablpand helpeim gnarabiee timehdrewticopabingawél eovdr wEmtapphdatign of the

| owering the second_cassette part onto the first cassette part. 5Such
verti cal0 | ovideteHnined fosecef er abl y achi eved using a pair of platens that

or et orabl y. such 5g BB fes SRR PR3 R e PUER ARTRAET Tholhe'ot

| ongi t udi nghdtya @pdrinf@nameedielafively small Higach bid fhahetdatifly &0 face g pptidlBdn
is preferably chosen so as to create a sealing pressure that exceeds

t he conpr essitee Withethelsesondengiaifeprts He plasticdefermnnsion pecups the tapeon susfaefe

f material d f he first tt t and/pr th
Second caodBIPBophT = ke Pim e shepf b £ R EEAorRE b Bhe bolBaggassett
Par ti cujar lnyrt Rh@iRIsh@belada driSnthdd ﬂiéﬁ@%&emﬁﬂﬁod@fﬁ%ﬁl@défbﬁrﬁﬁ% and

terephthal ate (PET). The fact that has a slightly higher
conpr essi vahg/inedeabesn cantayt burfdeaarePBFIGS trecanse & ¢odd formed Sdal wherebsthe fitst and

part plastically deforns whe he sealing end face i.s pushed up

agai nst t hé*©BE GHECHLURRS %P@e%‘igﬁe Pfe%?l*ﬂ%h%H%?W%ehg’aaF&E@“eme“t
used to se%k Ihgecassette parts together is preferably such as to
cause a sealing area that is at |east 10% of the maxi mum possi bl e

seal i ng area av@nhalhigehat Thesetling oid fadedssialet dirsebl agnig sicthe secantiuprabdbée
in the case that the sealing end face lies on a protrusion wll be

t he ar e ofmenphsanend theseeondrcagssiie parbeivessanpdditipppladyavageie fshicaingbahueen
d as; 20 F 2. ' ' i i
Nont one. - ¢ tiescpohd cabscll b RRUREDE Roburtilc HUBPROERSHELE) Rt Rl Sthe' "

the first Gasn8iftulbleimdmttMnent agddical F¥and@icBedShewcdiiie AREanIEBONdS
t he maxi num 25 possi ble sealing area achievable with the cassette

parts in nicagettcTpeats pne thetpsedetenaihef frcehdlss talimproad veating ge boiblisides)plitba
by: F 2C

second rupturable membrane. Also, the second rupturable membrane can be made of a
25  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

30 cannot exceed the size of the sealing end face located on the annular protrusion.
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30The predetermined force is preferably greater than 200 N, nore

preferably greater WD 2007/ 141501PCT/ GB20071002047 than 500 N, nore
pr ef er abl ywgnre#tiersot han 800 N and nore preferably stil lpqreshenotdaan
1000 N. Val ues of about 1200 N and about 1800 N have al so been tested

d h b f . o0 T ' i
ref eranl v hel o HopatiflePs BAERERR o ChenBE SR E bR RbAIRR pusfroon steps
period is iehemll(y) This dad bt eadibdchie lageoisfyst badsettelfridpeionsslly

and nore preferably 3 to 7 seconds. A predeterm ned force of 1500 N
or nore togdttitrseqlpd meambrot doingiowaragisspasiisoingshapariidesonihe segiedgnembrane

found to produc ery.reliable particle cassette. ILn a second
aspect of taﬂ‘gv rﬁ@ﬂh’ﬁ?‘ﬁﬁﬂ'{gﬁb‘? seoprd %S%R%ﬁe&@%" %S@?é‘ﬁh@sﬁgwﬁt'oduci ng a
parti cl & casset kgcf Qi Tb%ﬁhgis?ﬁé"feﬁlﬂw ABRvedRirE ARRV s that compress the
conprising: a first platen for 10 supporting a first cassette par

t her eon; a cssseibnphrip tarads aepacthere Guch comp@ssibif i petferghlptush abyo move the

di stance sufficient to allow a_ second caﬁs tte part,.to be placed on
and al i gnedaWFtePaiteratinsAneGer ppgindinaly dyng 4586mb1.dr i vi ng

apparatus to no I . I (e JIe%
particle casset ;@e E%P%gﬁlflﬁ%ﬂégcg:a\ﬁggﬁﬂghlﬁa%p f/ﬁoge%%é?glr%r@né%ggal?]gr ce
to said cagps&tire thateicsedsalic @npresiet oleld Ardgitlwe e firktrsssite peat.t O

produce a particle cassette having a 15 hernetically seal ed chanber
for thel®onfi nedeinngedf maderialmassbe used fordhmelinst eesette pert ardiordhe saepndpassette

driving the pl aten ogether.is 1.0 Us C f, conpresse S

wni oh s prefePaBryatSRETaEL s SR Ne R ETEE S e bR RE Bt
pressure afﬂx@enﬁﬁ?%eﬂ?ﬁol?étﬁﬁbﬁ&eﬁeﬁﬁhﬂﬁt@‘ﬂ%ﬁ NTHREsCt iRk PET has a slightly Rpheis e
of platens allows the predeterm ned force to be transmtted reliably
to the firsvmp@ssivayisldctentticthes BETE mems that the Hirst leadsettapartgdastically deforms
mechani sm can rel i gﬁ)rlg/engci achi eved at the tact . bet ween

oint_of ¢
the casset (ENep4IGS K2 COPHPHPR 284St P Seond PRBERRls MLy ent i on
there is& provid L i DR
particl 125 casset ;ﬁele ?%efhb%nlﬁé%%%e‘{@gé&%ﬁ?%%&g%&e8e, s%?glérﬁﬁwﬁgawy such as
conpri si ng:to aause b sdaling ase thacispalebst 18%sefthommadamaepdsaibjeaedlingavearayaitable.
rupt urabl e nmenbrane bonded thereto; 25 wherein said first cassette
part conpr ildemaximyn ppssiietcaling gra pvilable i s grsedlnt the sealinesad fapg es on a

arranged tq_j.nter ; ri 1 J: . art
so as to hél %ﬁﬁ@%ggfﬁf#%ﬁ%% seé(;e’oor%tgfl %@gg—%&és@g%%gm%%s%?&@%eo
said first «gpesRibe part further conprising a second protrusion
inward of saird first protrusion, said second protrusion conprising a
seal i ng2knd face for sealing against the second particle cassette
part when assenbl ed.f;iz?@tc&grdi ng to a fourth aspect of the invention
there is provided a fi Assette part of a WO

2097/ 141501PCT1GEB20071002047 particle cassette for a needl el ess
syringe device, said first cassette part designed to interact wwth a
second cassdtergn pag the predetemsined frehiaNeetorfspl it the coopibssiverpield stodngth of the

particles, said first cassette part conprising:, first protrusion in
the | ongi t RaFHeR Ofdhe é&qawﬁ%%ﬁ'@%a%%hé%ﬁ%tm Bttt Qi it e gt
cassettg. p . S Al I eond cassette parts
t oget he?s; 3{?551@85&?3%%%%%?%\?&3&1%?ﬁ?\;/svg%t%tpgﬁpglaﬁﬁ% first protrusion,
sai d second pr otThypiedstehmifEd fosdeigalo s@ahtaperueRGiveadsy; for seal i ng

agai nst the second particle cassette part According to a fifth
aspect of the invention there is provided a first cassette part of a
particle cassette for aztdneedl el ess syringe device, said first
cassette part desi gngd2 0 interact with a second cassette part to
create a chanber for the confinenent of particles, wherein said 10
first cassette part is nade of PETG According to a sixth aspect
of the Bhventi oThepexdeteiminpd fiwiede greferaldy gredicc thies 804 N, maretpreferably greater
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15 Brief Description of the Draw ngs: Enbodi ments of the present
invention will now be described, by way of exanple only, with

ref erence wo 20év@4moconpanyi ng schemati ¢ draw ngs, i n wheaihGBzi@hegur e
1 shows a needl el ess syringe device typical of the type which are

able to utig,i t i i
resent | noikiRONn a8 plafififly ERFRORAESOP AhACloHt AR lbrd e o00
particl e cahséilue offabbiia 200 Hfaad alesh @ b ihaenilscObeeh hatadraasd date been found to

i nvention; Figure 3 shows the particle cassette of Figure 2
in the ass®gBreEatadendi ti on; 25Fi gures 4a to 4d show stages in the

assenbly of the. parti,cle .cassette; Fi shows second. | rent
of particle casdirpiseeryiRt bRl a ir sy AR R RFRR R e
the sealg ngheyféribaeSdeally 0.1 118Ut nds, la8vtdgeainly S1HOM 86bnidH énd more preferably
rel ati onship between seal area and di spl acenment for the particle '

cassette of toHseqmds.ehpexdcenhindd foeee of 130¢-Nonrmeor8 tagsther witkaphold hiowi of §.5
the rel ationshi,p between seal nressuyre and displ acenent

2007/ 14150 SSCHTITBEE FROVZB AT PRAICGA TFLTatic BreaBeerfihed for ces
for the particl & £a35:d £s§e&fof&;!é RhbEhkrds H&%&%&m&ﬂﬁﬁoﬁuﬁnébom

apparatus for producing particle cassette accor to the present
i nvention ipartickecaksatit foala npali¢ltds apiingendhidapparaastOmptising: atfivet pAgpafoat us
of Figure 7 but with the ﬁl atens conpressed together. 5 Description
of Pref ¥ r SeproHiER Fisheagsette part thereany syecondmipiag sepawsindorramesald Brstplaisn by a

iy I i tic.f f
Clarity 1| SR eReRis s £ sl SIS E AR s PiniaSiRET R o
nuch | ess khaidried fisdd exvBet@MALOfriilCaphatatiiBo afovB adill biateRS toFBielR 80
small as to be barely visible 10 to the naked eye. Figure 1

shows a needinpfesssnidyariicle eassrilgipots thieicbeiweamacappit a predetermingd ferce esaid
particle cassette of. the present .nyention. The. needl el ess syringe
Bompri ses. ARFELRATReT AGHFRER el S a1 PP SREAR SR rrHE hvine o
super - af D $phERHCRPIERE 'dlfiﬁn‘t%i‘ for tIY coRlACHR ofParliQeS0 bar. The

reservoir 100 is i'n the formof a bulb having a frangible tip 102. An
act uati on but t ong pefdted rsechamism dediravingthepleteds wigethtres thense asoamelof s
positioned such that depressing ihe qut on cause? it to bear, agai nst
the frangi BPBPIFIFIEDWEISH SPrelgrabagrltiRd sq FsiA gPmlee pregeterypnest pressure and

reservoir 7 ic pressure is thus rel eased
fromthe ré%g?byﬁgd@ggﬁgﬁgfe¥ﬁﬁv£&g$§%nd t he outside of reservoir 100
down the passagahe hgof platerishowBihe teddrafined dcd 10 beftasndBdd ®hidbly Ihehe first

gas passes through a filter 130 before reaching the particle cassette
gener al 30y 20d sroend passeie rags sugh thaifhe spalinginegchandym set rekiatdp hppdhieved at the

first cassetle  Palitacfbctwlthd dhsfotde'phiil
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;

25 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.

30 According to a fourth aspect of the invention there is provided a first cassette part of a
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rupt urabl e menbrane 202 bonded thereto and a second cassette part 250
havi ng a second rupturabl e nenbrane 204 bonded thereto. Particles 300
are | ocat ewoizw7ihssochanber bet ween the nmenbranes. The prassemermbost he
gas released fromthe reservoir causes the nenbranes 202, 204 to

successi vel r t ticles re_entrai in -
stream Th gx?g}ég%‘géset;t% rﬁgaa rrﬁla%!:l%ﬁh“{gg?"ﬁ%?gd e?’ﬁ% S%%ﬁ%?%ﬁ%sgﬁ?e ]i’agﬁifg%gf%{raa“ﬁtg%%
in a nozzl giddOsecidedagdea byt Rf cré@dy elagdet forl INeRIoABMIMERP O paBfitll s first

towards a target 150. The target 150 is preferably skin or other

ti ssue of &adseid pegt domnraisingr a axst prafrusi¢n inthé lonpidudimad dizedtian edtanged to inkdract with
description qf syringe is mere xenpl ary. and. nodi fi cations may, be
tnde i h o SUdePA SHREHF RO S HTA AL SO TG A FROPn oo A sy REdaet end
such need! glsgssqPYthidREInyArd'of SYAIR SrotrhflEn, [SERIGEMRN proMioHRYmERYRE h e
a valve 30 rsat he? t han am?’r ar?g% et 8 angn’ﬁay Ee pé’gl tllgnedmgugﬁé

that gas flsenkimgend fact fgr sealingapaingt tiveeseckmd paficle cassette part

2007/ 141501PCT/ GB200Q7/ 002047 the filter rather than having to turn
1800 upon exiti M§emrmeipa&ifthgspect ¢f fhe myention there s ideda plsarsshigpyt of a
spacer for i Lk Lrom s o i

T noun' | AR Afteh Bl el Snde Bl 46 RpiElec Bl el O el

i s gener al ipithapRtémtialabRitt parddycréydLciimbeee kil RaSndhydnt BERirtidlesyyh&bin said
particles are picked up and entrained in a gas flow 5It will be

appr eci H edirstigagsetidparidsmede pEBIEI Genbr ane 204 is, prior to actuation

of the syringe, ,open.tq the atno re via the openi of the nozzle
140 o onsure. (RETAFRC B P CLPE SRRt et ouRs Eipeppomirra per
at mospher e oph hfickQassefe R a LBSIIGYE sRSHEe dbtiBe, REASEMNd LINER JaB lesigned to
provi des that no gases in the atnosphere can infiltrate between'the
cassette panteract3tith a ff50cdssetielpert spaese aichanbdr lia thacdnfiobresnt 30 Partirles, said

| ocated. 10The construction of the cassette parts is,shown in Figure

2. This Fi §ERoBd SHtHe RapdhangeapptEraplempantrgne ofibfisealedihami?-er with
cross-hat ching representing the cut plane. The rupturable nenbranes
202, 204 are not shown cut. The first cassette part 210 has a base
surface 213BriefDeduripton bEtheerbriage 202 is bonded, preferably by
heat - bondi ng. The heat -bondi ng procedure ensures a hernetic seal

bet ween the menbrane 202 and the first cassette 15 part 210. The

first cassette part .210 C rises,a first .annular. pr.otrusion 4

ext ond ng. ar ouniPRATOTET TRGrSEaH Tt o RN ro e RLBAd 13 oBY pf i o
210. The pyiRQsRréte tdths aoRiphtiinORthébaticUrhwings, 3¢ whitht.h correspondi ng
features of the second cassette part 250 so as to keep the two B
cassett® parts Figyet hehowshrsedleless syringadeatice typatal abtho fyp2 Whidhcese ahle jot wilise
end a ring-shaped face 222. .20 second apnul ar protrusion 216 is

provi dec r%w??@e ?gﬁeawu@w@eﬁ%ﬁgﬁ;%ﬁm?gwwb%L on 214, This
annul ar protr usi QI el Daicld 1BsiRas bt b ref@liicRBBRRlent
chanber 218 of t%grasseoﬁﬁl ed glgr?c?‘?fi% cas?etltce. §I’he secogr anmfl ar o
pr ot r usi on o2fl@ pinassntdtivantisniend a ri ng- shaped sealing face 220. This

sealing face 220 is designed tq seal against the second rupturable
menbr ane 204 whEHFhesheavsthepastiele sasaqtted Figusas e agembled sopsifion; n

Fi gure t he 25 | 4 0. ks [ : face is
cl oser %50 t he r%ﬁ%ger%égﬁgttére%r?g‘fég es%%ggﬁgpgg'oﬁg%ﬁcﬁéﬁaé?%gm ext ent
than it is at i FgurasbiwsibcednaRaibo8iieAnst pafiige taRkek; may be provi ded
in the other direction to achieve the sane effect. The taper is

pref erably very Figus § showsfapraltemating aerabgeniend for theseplingend fasependi cul ar
to the longitudinal direction (i.e, the plane of the nenbranes 202
bnd 204) he"t Eire Tt atTetiiedbeie iohy R Pt e el PR SRIEoSBa oF

surface 30@&&@1@%@@@%%@%@&&3&% Hhek! y as the two cassette
parts are noved cl oser together to alf ow WO

2007/ 143501 PCT/ EB209F 1sG0RBh/showing the relationship between seal pressure and displacement
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a larger seal area to be obtained with quite small |ongitudina

di.spl acenents of the cassette parts. Qher values for the taper such
as 10 and Wb 20@p4ssqual |y be used. The first cassetgE/Est7/0367
preferably has a filleted edge at the section which interacts with
the first r j ) V] :
whor e excold YRR F ERARERARC L Rives K fe b E bl PR R BB ifen
heat - bondi ng pr PREHY showkhibfarMERE Piddudins 8 bhrtible@¥dseifelicogrdtigttv@icdrssenlf
the inner radius of the particle confinenment chanber 218 and helps to
ensur e repé&@dﬁﬁ@nﬂwdnd@£p®%%Méa%brsting characteristics for the
menbrane 202 dugin se. The segcond sset rt 250 co IS
 base surf ace g8t 1Y iRre e REREE F BTG AL A b RHBR SRS 8Siter.
bonded, freferably heat-bonded. Such heat-bonding creates a 10
hernmeti c seal between the second cassette part 250 and t he second

r upt ur abl e Desuriptiamef PeferredBmindonents: casset t e part 250 conprises an

I ti 256 mhi h defi 58 at it ially
v o et ent _alh NI TR By CBEAS B0 So A B P
tent. Th t i '
ext en clit%ﬁéﬁ@ﬂ)‘? rgé?nsaéflc%.t]ﬁéq%%@?ﬂlgﬂgcﬁ@gsr 'tltfl:ﬁgp@gagﬁéa {ar;ﬁlﬁrah(% may be

flow out o particle cass rng use an

out er - nost nfudk tes?fhdn iy shbenaltvr thetveluartos pudticles H1ag bE k¢ Shalllds tahe bhely visible
protrusion 214 of the first cassette part so as to hold the cassette
t oget het0 Thibepalid#yey outernpst face 260 is the outer face of a

series of castell ations. surroundi ng.the peri er of the.secon .

cassette part. 28U ARB R eeP h B Bt SR g porte
tapered entiyerfrFthdtestit Me@bal The nkddlddi€ slns8 0oBptisefh rdsBfofri106 bf and
second cassette part's. The reason for using castellations is to allow

air to escapepriessodghe typieily hblivre asweertatmpspherc pressuteesf, 20 exameplo2dtogitbar.
t oget her. The, ond cassette t .250 .al sp has f.l ange.portjo
265 wihi ch SREEREROF 100 B IORERAT APYOGRVIERE SARACICAD 190r ARGHT St bope 110
flange pord [agviatﬁ?aﬁc%ﬁ? ehEofiBs ggﬁgéjanhgs bdstiched ek ROR ALKt EbUbR cavses it
nmovenment” between the first and second cassette parts as they are

br ought t ogebdaengainst theerangibip tiputi2realas ¢b Brealt the frangiblepipr 0 of theresettodr 100.

cassette parts can be brought together 25 ng closer once the flange
portion 26538 atAsBerHMESRIGHE Rressusy shuselesgd Gombe ypperyeis 100 and floyrsaspund

protrusion [ C . tte
art 250, " FagdedHbeblotoodBRaThe SoRdhh 10, jn e UG RERAGRERTH |
edge of thegd3nes. The gdéphsies Necughadiltel NIEbelst Sedthinp tHeRridipéadsch lgenerally
menbrane 204. Again, this provides space for material to flowinto

duri ng Zhe designataden dPOgThe particls casseitprempripasiadiret caspstiepart210 having a first

f act i t i, t bondi th {. VO
2007 14150 IPEIRBTSTHFaAsA Polied The8 waff piedB SFHsbariAa0 Fyide o Sond
cassette PifnrddiO nthrRRYbaNSnidaandeiol Paneled 860 ke 18ARBRER Bithb&Tetween

252 of the second cassette part 250. These bonds are preferably heat
bonds whi clthehaembrbessn The praisure opthe gasteleased dweh the revetvoir cheses themmembranes

Ho , other_ t f. bondi h | i be, d. Th
unassenbl ed0bA9 R Prrorsively bare Sudhdhel fieeBiclts Oiorq srmmedin e diteas The
nasset Y Qe s

br ought 21 oGty RiseR(ETHRE e a5 TR ARloRi Phonel RghRElefof) & lient-

t he casset td@etgeni donfigmansibiovardsenaligtt 130, ThBeridt 150 ispiefei3BE ARG or other tissue
cassette parts are aligned longitudinally as shown in Figure 2 and

pressed t ogét Heinghymae pf animal Hewdbbriapproesipiasrthatitije descaptionted symigeiigmerely
taper 264 of the rih 2 hel ps to | ongi.t udi nal | | | the 10 .
casset te. paFEUPIEy e PP iagoB ne b PP S RO BB e en g e prior at
exact al i gREERRning HRh hesdiEedd308hded PERREMPIBEHP Alsbifot QOGHNAS borhSritUGAlve
as to press the second rupturable nenbrane 204 agai nst the tapered

seal i ng3®ndathadieenzfpangfible tip 2fid mey be pesifintd syshithat 2a0floWhdirdetly owt and towards
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It is preferable to provide neans for holding the particle cassette
t oget-her and this is conveniently achieved by allow ng for

i nt eracti owokzedmeewnlt he outer surface 260 of ribs 266 afci28Bbtmo2047
second cassette part 250 with the inner surface of the first annul ar
protrusion IH S ; ki

66 my b Tanst o e e T RIS Rk i e [NRD® FLTE Blbitg pstem
part (as shoduspaoerfogspaeiag theandzI8 pxibfromthd faget mapbe providad es Blnbkein the
first annular protrusion 214 such that an interference fit or

friction fpk Theparfele cossety dfhergsepinyetian isgeneraly applicable iraydype of

cassette parts. o r.ahl on. t.h t surface
260 25 of e et aitee D uBl Aief ke R ALl B B o1 v e
on the isner surfan@eapprbéifted tHabihe ABNHREm R GhYrbed 202 18 ioPlo dehRtibit 6fthe
cassette part 210. The interaction between the first and second

cassette payringei @eptethe ehinisphere Wiadeeebenisigog theinogzl 660.sTie brsutedhat thg

certain circ erential.locatjqns, air, gaps exist which allow the
cscape of Aok tsurssely tied hin e B RS o e la aibey Biwesent
brought t oggkfsn prdfed th%o?%%s@?tk&'a%&@ﬁerﬁ Qar} ffiIthardSerfonIHOWRsdiR parts
Figure 13 of 30 \RD 03/011379. The outer "dianmeter of the surface 280

i s preferaBl® 250 kaytht kyack awhgeerthé haticleh300 d€located.

2007/ 141501PCT/ GB2007/ 002047 .i nner di aneter of the inner. surface of

t he prot% usion EEQQOW@OBé’ﬁg&CWGWSé% 8 1 Figyee %e'fhlﬁjﬁlgi“ﬁ' ps the
regi on of I i f ' a - ;

there is atﬁgﬁgﬁt%é)r Eé}rsllgnagégag% ql&ﬁgcte I{/\"/g%}?]&r? %ﬁ%ﬁ%g@%é%apéé %aefb'ltd @.naﬁlf{;:fhe
flange 262 ngpiurbble nfeabentds 00526t be foastHowaait. CHik firkf caskee pa€21¢lads adasa
stopping 5 nmenber to prevent relative displacenent between the first
and secondsefsséi? w&r&h thegneebrarrel (2| inbepded.greforshly dyihgeicdbondingadhe dgath
the end face 222 of the first.annular.protrusion 214. h

br ocedur e BT Greyrs mavieh e bERREe Rt P bR Rbporil gog pmd thd st cassete
establ i ghi pgtaij@eal using the cold-formng process will be described
with reference to Figures 4a to 4d. Figure 4a to 4d show a cl ose-up
of the regi on olh¢ firstchstattegas 2t comprisss aficst agkerirriprotadion® 14 sxteding around

Figure 3. Initially, the first cassette r 0 is |located on .a .

hori zont al ﬂ?uﬂ‘#%@@% P§HEEPF%8£ eﬁFS&P@ﬁ?ﬁe\Ha{')‘%lbt %%?S&r?g%%?oﬂ%%lj to
downwar ds ﬁ% j

may at thi gﬂ%ta ‘ggﬁthg% provfiﬁlégeét%@%?%%ﬁ%%gﬁ%erag%?gggr%%go g%%&ﬁg%datgéﬁ% e
part 250 i sadséterpasth tagethdr. VIiidfikthenbler gbtrodesEidlas poitd end@nirighdhepadahde222.
and this is shown in Figure 4a, Due to the ribs 266 on the outer

annul ar 20 ur¥ seendzpovler PofEsie é bl Pegyided radialydnwardhofithe B1st gaslas profugion
W0 03] 0115757, ehaAFaAaRadl Gt fid AT be AR B ralehinl

the seal i ng1§ afle A2EmBRdphRicld daSselé. EVIR Hecaidl @@k SrotriE&H 216 Ui i end a

gravity of the second cassette part 250 into the gap defined inside
of the fir singabapsi asalipg daced80.oRhis seplipg fach 329 isrdesi o éeal eggiast thezegnnd

As pressure is |ied tq .the second. cassette part, .250 ref er abl

2 second pRAGRDRReE b ok doeh S e R s BPREE et Fliwte 2¥e
parts t %Narsgﬂ?ng%e 2001 8fered Hfth BREAR %G EISA6 fo iﬂé‘{'&r%uﬁé@e kAR 204 at its
attached nenbrane 204 nove downwardly until the nenbrane 204 cones

i nt o cont acddialiiirerhdue esteat thagit iscat &s 2AM] obtetnivest @aenn The tapet raty be provided in
protrusion 216 of the first cassetteq#art 210. Due to the tapered

shape of t e ol diectionrinpehicysythe sams fiscts 1de tanseispasfprehlye eptrballeypder

in Figure Al S; OB EPRhe Bkl bR RO Rn A e Rl (. BFpBREH e
whi ch the pepbraiee2@Ddnd 204) NTEORDEGE desighbd tote weadhaNew k@t BdGeald surface
this point the first and second cassette parts are preferably quite

st rongl 30 heted inagpeesrelativsly ahieklyas deftep ersettapape ajermeved cldsertoputhandeallow
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30 220 to plastically deformso as to nove froma tapered
configuration to a flatter configuration, W)

2007/ 141504BCHEGBA007/ 002047 as shown in Figure 4c. ThiECTier2man204r | |
increase the area of contact between the sealing face 220 and the
membr ane _294ar§e%%e£1 ?afeafter,&@btwﬁaﬂwhﬁ q%@ﬁ%lﬂbﬂéi&%&aﬁ&‘igglﬁé ts JFRR cassette
increase in area wll cause a decrease 1 n préssure at the contact

poi nt. The pend OthaevaR2d fonithd taparstehnasd Of angl Hsmbaygeddaily defisedm unti | t he
pressure achi eved gver the contact area is |ess than the

h
conpressi ve yi ellBe St etits Part 2 ferefahly hana tifetackrdes aldhe P@%%Hhicaéféeracts
220. - Fi gur &, SHONE oL BRI L EHBLE 0901 ORL £l R RURIS LS bR G Eecbas

p y xceed €

been used { ressure alays € conpressiveyreld
strengt s OfmaidiRl R dwliaeid drehiRe Qud@dine hedt BendifE frddedind) UTiHS Fﬂ%ﬁ@ﬁi 18lefAl
216. In this case, the first and second cassette parts wll, if

unhi nder ed extending ontwardly ofisheinoboredips obihe pirtiele gonfinementclambad 8284 helps to
t he second cassett art. 250 mes. into gbutnmept with 10 t nd face
205 of [ 1 SR OT PO e e PP R e Bt hesbsuree §% Fhbeyte

It is not neces§gy Yech@ ca%%ﬁ&ﬁéh& 5@ et b DbARB uFRE 052 &Pwhigh BR second
flattened in the manner sho In Figure 4d. The procedure of creating
a her et i ¢ nggakble arentbeane@idlid Yonded, prefetaldy hedybosdenp (Suniy heat-bendieg creates a

i nternedi ate point as shown in Figure 4c vvheé(gg% the end face 220 is
only patt i &pimeticseal pelwsen thegecond gesselie paetifr B gadithspecoar sutyrgble grembrane
pr edet er m J I f .Gl  GRALSE N { of
the second QQ%. nﬁ%ér%g%ﬁrﬁtytag%g% E?\rpgfl%éog@?ig%sdnﬁngam%é&ar ea. Mlllcﬁ h%%r{%e F

wor ds, the phabgeI8st Betaailghveais bxtbitahd defiled anliting s@#ace 260 aritsasdially outer
shown in Figure 4c, the cogressive yield strength of the material is
no | onger &&lehtevidig Pagspeaysiallaws thergas prd entraiaed particlse tosibeyp At of Hipunagticle
protrusion 216 W1l sto ast.i cal | v def qrm ance, ft he pressur t
Phe seal | ngea drog SRt Rl orp et eilpal dRo B FaH e Bl
strengt {5 Ofand1@ AShRIdn®14 of HeTirSdREttd SurPoits &Y Boll @tSdaSiets togB@EElHeC
sealing, it has been found to be desirable to hold the predeterm ned

force for aadidlytmiampsfacedo0fs teebter faceref a sEHesofpesteltation$ suriowpding the

pref erably ranges omO0.11t0,10 s nds, nor.e_pref erabl Q7

P conde. yaremaresihemegideserepad 556 S5 ovadn Fiats £ fap FelabSongeve
t hi s hol di ' Y i j aﬁ‘#ﬁ '

def or mat i o%ﬁ%\sﬁ%%l {nér%éc?gn %ngcg%lfﬁ%at%ig tgﬂ%}l% 0 {étr(gg?%ﬁgﬁ co c@g?ﬁrr% ﬁ%%a . The
25Fi gur e 5 rehevkr asifge catedlatoizddiontiotw airfto pssapé frbm tetvezatiicscassEhie parts as they
enbodi mnent has three cassette parts, first cassette part 210a, second
casset t €0 parabrowght toggthethi r d cassette part 250a. In this embodi nent,
the third casse LS ol .cal . Dart
250. The parts aPeig sFER bt 200 b ik nbp bR PEP REFTRRRL By
second and oy 60He ahi@ariRiich Z56E TAk HandeGRAIINCHL chf bé B&igned to limit the

corresponding parts of the first cassette part 210 in the first 30
enbodi ment pogiblé relative nfavementdwiyoagh therfirst anf geaond onfgettsapste s biepanetbraupbt

has an outer flan WO 2007/,141501PCT/ (GB2007/ 002047 262 an ar
por t1 on 26ERHIE I e lPRSEEH GEdibge MBI, 6 Pageqars ShRLP v a Fber
and a s&fieg Rfsed drls R FRnSE RiHich 38MecaRieh fio B&IthdR REThYhOHact P8 FHREAS annular
portion 256. A second rupturable nenbrane 204 is heat-bonded to one

face of therdasondléasthetfrs cpaetie @20 as shown in Figure 5. The third
cassette part 250a has_an identical construction to the sec

d
cassette part 230 secapicastetiepast dap; like dhefirgt Gassetigupatt 215231@%#1@%&6? gt the
o o Par et . o _
e Fee OB S brngec TR O bl AR i

250 and, syRddsispatk féfigatend tdiflow e aomsk e Bédt BShdifg Zrddkssf or _
interacting with the third cassette part 250a. Inwardly of the first
protrusdbns ar e Thepatide speetiamponesctuigorensss sagyyitabadingthermemprane L2 to
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It will be appreciated that the first cassette part 210a of the
second enbodi nent does not have any rupturabl e nenbranes bonded to
It. It w lwoabsm4sirer appreci ated that the plastic def or et/ CERICTDRI4S
at two positions in the first cassette part 210a; at the sealing face

2202 15 angh.q),80adhcd 110 c???c] #i180cabREE pA LN and bondiﬁ% Y RerfbraftoN 18fhe base

al ternative arrangenent the sealing end face That may be applied
to either tireack25>of the sxendemdsatteipad 26& NThestomls atngtiesdlydfcatbaidnghizh
taper 220 which spans the | ength_of the sealing end face, a gserjes o{
sawt oot h heysdiesn Fad frgoyidea Boadhamslic baeer Fowexpe ptheptypenad bgnding such

reater an t rati i At :
30 Do 1 or neUSUBRT RSP RGPy R Sal ety bl PR AR W o
anot her 5 sterilisttRerh,réfe@blyRrieSgiRsradBlion| TEaES bretfch SroagHt fgetefasyill be
can be represented in terns of mathematical equations. At the

posi ti on ofxitaiged fugthetb, 4c and 4d, the pressure over the area of
contact will be_gequ to t.he force .provi di yi.ded t he cont act
orea Thi's can BEUecoSs e Rl Bl o oaitoB. Tor Gt S e msate
pressure Puls FBasHEE tholudiBly & hsn f FiSurBB RN hRescl Todieit RNRhRM he
area Ais asuregéhi n r?ﬁkgu Thgafsorce IEl é%ur]i— ther{éby ebe Sel ected so as

t o achi evecendition ofifiguae 2.aThd initlADPEOTA4 bf tHeG IHPIEH HeBRGO ngla@didally align the

sealing. If the pressure P is selected to be the conpressive yield
strengty coweetienarthayea il they s niHalhsuewshy togather 20t ipexct dlignggnt ke forge used

the area A ] .0l | ] :
rearrangin 6& 8%3\?}%%{%?0%6&\7 g gs: sh@ﬁas';@o %&é@%?g@h&%ﬁ a@%é‘% Hg?nei 2104 ggMSt
m ni mum segle thgera Ralindind fak 220 ofTHR fir& cakestd Wk 20d Thb ort@isetffiienf ©rcause

the second annul ar protrusion 216 is PETG (conpressive yield strength
C appr oxi netastidedgmbay of thieepling engrlaeeiddOcafrihiegordpnaslar pigtvsieni2 1§ 4nd, in

be 85 10.= 850 N. 0Th | ati i b th i
any potnt 1 RARR R A HE AR iR FRNRIE el R et el By R gf oo end
rel ativg t gckheof ThSilagR IS AEhSiRA b fade320RuCah Bt deal bétwb&Ethe

position of Figure 4b whereby the nenbrane 204 only just touches the
i nsi de edgdéirstassétte meddAdndthestand puptenebls mem2a® 204, This theahambey for the

poi nt of zero, di spl acenent nd further geigs | acenent such as to bring
the two caSSBINFBepEtPErteiny 3t hrcorlely Sseled o 5 B BRert v o
15di spl acement,, yt f@ﬁ)ﬂeférﬁblg ?cf;;]xla@idﬁ R Vﬁglﬂﬂélgﬁlg eéﬁ?ﬁ'dl@&s%t@%g%%ef’ BRI this is
general position shown on gure 4c ereby”t cassette parts have
moved t ogetherenteytlpadiicvtdibyg dloviag for heteraxtiomdesednalse dudérl savfece Ighof rifs DG of
+ .( dodo (r max- 7-0)) 2 2dro_(d§2h_ .
20 e second cassefte part 250 with the inner surface of the first annular protrusion 214 of the
first cassette part 210. The one or more ribs 266 may be located either on the outer surface
of the second cassette part (as shown in Figures 2 and 3) or on the inner surface of the first
annular protrusion 214 such that an interference fit or friction fit is directly provided between
the first and second cassetie parts. The ribs are preferably located on the outer surface 260
25 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 1ibs 74 shown in Figure 13 of

30 WO 03/011379. The outer diameter of the surface 260 is preferable slightly larger than the
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20 where A is the instantaneous sealing area, d is the instantaneous
cassette part -di splacenent, do is the displacenent when the taper has
been conplw¥oebir/ifisatt ened (see Figure 4a), rm is the GeEBAEIUS7 Of
the protrusion 216 and ro is the inner radius of the protrusion 216.

Thi s Equat {38 dismPlePbiiRSinhét SHHH oF the frofrudife2 12 Si%idRaks dhoop-Strdss BBMe set
rm = 4.2 mm25and 1.0= 3 mm It can be seen fromFigure 5 that the
seal ed ar eap A the cegimse shawrbtmsidneofsbgifirsbcasfette ipart 81 & pich dlmtérere id an interference
al t hough the curve,is such that, over the range of interest, the

correl at i ofit PEWRRLIE V9 $45%4F PATSh this exanpl e, the maxi num seal ing

area is the tot i | S :
2007/ 141501PCT1&°2%%%§528§1 Qgﬁ;gﬂ%éﬁgaeﬁﬁgts gggﬂﬁi/f ke, act s p stopping
Equat i o5 3neaibel tolpdeviehireldiivd dissinementbdtwegi theiflistald seednghvassons patntdithe

i nner edge of the sealing area 220 and the outer edge of the sealing
area 220. finhgs 362 cginpwimtdspniagewiiafhgend dace@R? ehthp firgh annuhgnpreirusion 214

present exanpl e.. From.Equati.on 3., the seal i rea n.d.=.d
= 4.2 mm and r o e BORSACY s(%kﬁlﬁﬁmg ﬂ?faisfaﬁﬁaﬁ.sr}gge@e&ragg}% est hghlgg%rs %agﬁ %ﬁgg
sel ected syEholdRImBereea i bedefRibbS with réBRfde td 36u0ds 4al6 48X NUM

seal i ng area availabl'e. This can be represented by the equation: F O
1 CA","x(4) 10wRene 48 t0 4d shivev prlosteteoithamgionoutlined @ dashedignes and identified

conpressive yjeld stress . of the material at, the sealing end face_ 220
o Areld | 8 Shein T e Ot 6 STSRior g uh S loRTE b BOY SR R Such
in the exa | : ' | IS
oug * STELBsf SO RapBraiyhein aouplAs AP b ot brane
enmbodi ment amn@fsphdre Phegmeidlesinasen thiostagabarovbediotixpeamieszisl Thg sécané
220 is utilised, the 15 sealiqg area achi eved can be guaranteed b

provi di ng feeetie eS8 isthen aljigngd withAe first coawste Pk lopeitadinallyqind Bipisghown in

i ust ed byl 17D B 2o B o GEERER e e ORISR SRt R

annul arspr eihidkSire@raBi/havdn tpérea ifontyuefles o nelgsnalti(sg akbeds ¢abf WO
therefore be guaranteed using the present invention. The pressure
acr oss t he 03441379 the membrane 04 wilbisitially be held soma way abayedhg waling face 220 as

2001 bl 2Ceenl, Mol S S0 SR e BLSEHER 6 b W0
defined inside of the first annular protrusion 214 of the first cassette part 210. As pressure is
applied to the second cassette part 250, preferably by a second platen which compresses the

20 first and second casseite parts towards one another, the second cassette part 250 and its
attached membrane 204 move downwardly until 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

25  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

30 220 to plastically deform so as to move from a tapered configuration to a flatter configuration,

11



dod, d2 2dr o0? (5) This Equation is graphically
illustrated in Fi.gure 6 for forces F of 1200 N and 1800 N 25with the
sane cassewbeodimensi ons as Figure 5. It can be seen frerwéhhos7@e@ph
that, when a 1200 N force is applied, a pressure of 100 MPa exists

when di spl %@%H@%-@Mm%ﬁ%ﬂ ré%ﬁﬁlk%ﬁ%?%t%c%?%w@%%ﬂﬁb séling face

pressure o 1 exists. Plastic defornmation w
2007/ 141503 RCdGE2MermbAn2 04, Aethe farkce adedfis predate¢riing ant €ined, e jpcessin e
drops bel ow the conpressive yield stress of the material. For

mat eri al  s&6h Wb CETTIPAA N MesHRpE Bsspyiactpoint.dThe @I@sféceo%zoéfﬂgﬁpnté@e to

MPa, the final 4di ac d : f Is ' can
be cal cul aPlggncia@y §°31016‘? ﬁ%g%ﬁﬁre%gﬁa%cﬁlgﬁ%&%f @538%9%5%3 lgalregsgtﬂ%l %? 14. 09
rnn2 for t Mirdpreéssielyadi® sembth oFfimatelgnt thelsedle efd faod 20 MNgine 4dSBévaMme
the conpressive yield stress of the material s 85 MPa, the second

cassette psittation whendowepudsterwvianatsforedas beenmesdaguicly that the prrssure plytays exceeds
cassette part to create .a seali area of | Jyat el 4 . .
oy ger - seatiegrBieess vigauriayet e Srdite ot FPEY et fredhe womipprotmsion
achi eved ug{ oyl gﬁ_@, thOFifE PR cbil balRttd EAMAH, fruARhidrod cBtimedd thobe
The sealing area achieved can be limted it desired by I'imting the

possi bl e dtlspdrasgethentntd theflah@p el thel escondcanfettc ipert RE@ogeesdt®@ abnihent with
protrusion 214. A fixed sealing area can thus _be assured even if an

over - f dPcethesnd Fasp 2230t first anpalar progpsiagy 2kt ebihe Bist sassetepart4dQur ed by

na relying on PR SAGReR Ry AR SBR[ MR Al

prot r usi ongidlh hFigkOR. I Eledirbocdutdi of RicatiS®Rdrmefic §dibcaaaR2qud1E dagicddut by
In this case, the area of sealing will be equal to the area of the

end face 2s0ppihest someirtarmiediataioinisisshein indiiguar 4evherghy e end face B0 is only
o of or abi y DI SR LIPS e er D S | EC BT BB P STl i B
meet the falheihing chae ldi&%&:ﬁtﬁé teon@Rnkiak }Sro‘izlﬁsiﬁﬂﬁm #or&R 7 wHoldaréden
rupturabl e di aphragnms (which are preferably PET); 20approval for use
i n medi cal oihervwoms, the force is selected such that, with the area of contact shown in Figure 4c, the
compressive yield strength of the material is no longer achieved. In general, the material of the
second annular protrusion 216 will stop plastically deforming once the pressure at the sealing
end face 220 falls just below the compressive yield sirength of the material.
20 In order to achieve consistent hermetic sealing, it has been found to be desirable to
hold the predetermined force for a certain period of dwell time. This period of time preferably
ranges from 0.1 to 10 seconds, more preferably 1 to 7 seconds, more preferably still 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.
25 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

30 embodiment. As in the first embodiment, the second cassette part 250 has an outer flange

12



conpatibility with DNA (which may be carried on the particles);
suscepti bl e and stabl e under sterilisation by gamma irradiation; and
noi st ure uWOaRE/1IBER] St ance. O her materi al s rECT/GB2007/002047
nevert hel ess be used, preferably polyners. The following table lists
25possi bl e 268t Ardnakis T5rwiatH Heffhel APARade@58 bR fadRAYRIRSSEMENt and a
yield strength Cin a: Polynmer Conpressive Yield Strength, MPa

Acryl oni t r s¢rées Bl tihsl2@naroBdytheousi pBShers 81 the @AnuMBIoRIE 286! dyscRorkd rugfirable

Acet al Cop
117 WO 20
79 Awyl oni
(PTFE)
5
10
15
20
25

O s i Lo B B b e k0 e
T i Tl?e'th#& Qéélsett%%% l2§6§ha§%ﬂ%éﬁ'ﬁ@a{l ch%ngglji&ﬁt t5 ttﬂeasfelzéiﬂrc%&teng 135'9550
and so further description will be avoided for the sake of simplicity.

The first cassette part 210a has a first annular protrusion 222a for interacting with the
second cassette part 250 and, symmetrical therewith, a second protrusion 222b for interacting
with the third cassette part 250a. Inwardly of the first protrusions are second protrusions
216a and 216b, also symmetrically arranged, for interaction with the second and third
cassette parts respectively. A chamber for the confinement of particles 218a is provided
similar to the first embodiment.

It will be appreciated that the first cassette part 210a of the second embodiment does
not have any rupturable membranes bonded to it. It will also be appreciated that the plastic
deformation occurs at two positions in the first cassette part 210a; at the sealing face 220a
and also at the sealing face 220b,

Figure 6 shows an alternative arrangement for the sealing end face that may be
applied to either the first or second embodiment, Here, instead of a single taper 220 which
spans the length of the sealing end face, a series of saw-tooth tapers are provided. This
allows the taper to have a greater angle thereby accelerating the rate at which a seal area will
be formed upon displacement of the cassette parts towards one another.

The forces, pressures, displacement and sealing areas can be represented in terms of
mathematical equations. At the position of Figures 4b, 4c and 4d, the pressure over the area
of contact will be equal to the force provided divided by the contact area. This can be

represented by the well-known equation

P= (1)

i |

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

13



10 - 15 Fluorinated Ethyl ene Propyl ene (PEP) 14- 15.2 FI uor(;car bon
ETFE/ ECTFE 14 Pol yvi nyl- di nefl uoride (PVDF) 17- 80
Pol ychl or owpizbdnersvet hyl ene 10 Pol yet her et her ket one 29-pCiiB@BA0 IR €7

Cryst al

Pol ymer (LCP) 60- 131 Nylon 6 10 - 83 Nylon 46 23 Nylon 66 11

- 100 Nyl ogesihf. EInd\resirelid sdlbctéd to Hehe compressive yield strength C of the material of

10

15

20

25

the second annular protrusion 216 and the area A is selected to be the minimum sealing area

A .., rearranging Equation 1 gives:
F= CAmm (2)

As an example, if 2 minimum sealing area A,,;, of 10 mm? is desired and the material for the
second annular protrusion 216 is PETG (compressive yield strength C approximately 85
MPa), then the predetermined force required will be 85 x 10 =850 N,

The relationship between the sealing area at any point in time and the displacement of
the second cassette part relative to the first cassette part can also be calculated. If the
position of Figure 4b whereby the membrane 204 only just touches the inside edge of the
second annular protrusion 216 is taken as the point of zero displacement, and further
displacement such as to bring the two cassette parts together is considered to be positive
displacement, then it can be shown that the sealing area at the general position shown on
Figure 4c whereby the cassette parts have moved together by a distance d can be expressed

as follows:

d > 24
A= }r[(a(r - ro)) + d:" (r mex- ro)J 3)

where A is the instantaneous sealing area, d is the instantaneous casseite part displacement, d,
is the displacement when the taper has been completely flattened (see Figure 4a), 1,,,, is the
outer radius of the protrusion 216 and ry 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 ry =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

14



Nyl on 11 69 Nylon 12 13 Pol yam de-1m de 27- 240 Pol yaryl ate 60

Pol ybenzi m dazol e 42- 345 -Pol ycar bonate 18- 86 Pol ydi cycl opent adi ene
58 Pol ybut wioene/Feaoepht hal ate (PBT), 43.1 -79 Pol yet hy| BI®GB2007/002047
Terepht hal ate (PET), 90 Copol yester (PETG 85 (estimate)

Pol yet her i rgaflge fculdeRbPahligs hed Bauakione eGiE®) the difference in longitudinal height
between the inner edge of the sealing area 220 and the outer edge of the sealing area 220,
This is given by the value dy, which is 0.1 mm in the present example. From Equation 3, the
sealing area when d = dy, I, =4.2 mm and 1y = 3 mm i A, = 27.14 mm?. Preferably, the
5 foree is selected such that the sealing area is at least 10% of the maximum sealing area

available. This can be represented by the equation:
F20ICA,, )

10 where F is the predetermined force, C is the compressive yield stress of the material at the
sealing end face 220 and A, is the maximum possible sealing area achievable (27.14 mm? in
the example of Figures 5 and 6).

The sealing effectiveness is thought to be proportional to the seal area and so, with the

embodiments of the present invention in which a tapered sealing face 220 is utilised, the

15 sealing area achieved can be guaranteed by providing for a certain displacement between the
first and second cassette parts. The amount of displacement that is possible can be adjusted
by adjusting the dimensions of the flange 262 and the first annular protrusion 214. A certain
predetermined sealing area can therefore be guaranteed using the present invention.

The pressure across the sealing area can also be calculated as a function of

20 displacement using Equations 1 and 3, where the pressure P is the force F divided by the area
Al
P dl (5)
7|’[ (i (r ro)) ", 2 r ]‘0)]
max= + max—
do o

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 mrm, a pressure of 44.2 MPa exists. Plastic deformation will in

15



97- 103 Hi gh Density Pol yethyl ene (HOPE) 4-25 Pol ynet hyl pentene 23
Pol yphenyl ene Sul fide (PPS); -28- 125 Pol ypropyl ene 47 - 50

Pol yst yr en@0200781180ene Awyl onitrile (SAN) 70- 150 Styr ermGINGB®OTZ002047
Anhydride (SMA) Thernopl astic Pol yurethane Polysul fone 20 - 97

Pol yphenyl sihdraiRepklcurrifiz whenh ihapydsaitt HBRPS bR the cbdthressive yield stress of the

10

15

20

25

30

material. For a material such as PETG having a compressive yield stress of about 85 MPa,
the final displacement d when a force of 1200 N is applied can be calculated to be 0.056 mm.
Equation 3 gives a seal area A of 14.09 mm? for this displacement. Thus, when a force of
1200 N is used and the compressive yield stress of the material is 85 MPa, the second
cassette part will move downwards 0.56 mm relative to the first cassette part to create a
sealing area of approximately 14 mm?. Larger sealing areas, and larger relative
displacements, can be achieved using larger forces as can be derived from Figures 5 and 6.
The sealing area achieved can be limited if desired by limiting the possible displacement d by
proper design of the flange 262 and protrusion 214. A fixed sealing area can thus be assured
even if an over-force is applied. A fixed sealing area can also be assured by providing that
the whole end face 220 of the protrusion 216 deforms and relying on the abutment of the
flange 262 with the first protrusion 214 to stop relative displacement of the cassette parts, In
this case, the area of sealing will be equal to the area of the end face 220 when viewed in the
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 a9 _ 124

Acrylic 100117

16
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30t abl e bel ow sunmari ses the results:- WO

2007/ 141501PCT/ GB2007/ 002047 Pressure (bar) On 50mm di aneter Pi ston
Load (N) Twoal{7sdtsPl No of cassettes studi ed No. Casset tRE/GBAD7/008@8ed
during 30s at - 80l1cPa Mean cassette height (nun) 9 1767 4 30 0 6.920

9 Figures 7 and 8 show exemplary apparatus for producing the assembled particle cassette,
The apparatus 400 cornprises a first platen 402 provided on abase substrate 406 and a second
platen 404 provided on a plunger 408 attached to an air cylinder 410. The air cylinder4101s
supplied with pressurised air from an air supply and regulator 412 (which in this example also

5 serves to support the air cylinder 410 and platen 404).
To manufacture a particle cassette, the first cassette part 210 is placed on the bottom
platen 402. The particles are introduced into the chamber 218 and the second cassette part 250
is longitudinally aligned with the first cassette part. Air at a predetermined pressure is then
supplied from theregulated supply 412 to the air cylinder 410 so as to move the plunger 408.
10 The platen 404 thereafter moves downwards until it comes into contact with the second cassette
part 250 and exerts a predetermined force thereon. The first and second cassette parts are thus
moved together under this predetermined force so as to create a seal between the end sealing
face 220 of the first cassette part and the second rupturable membrane 204. The platen 404 is
thereafter moved upwardly by supplying negative air pressure to the air cylinder 410 and the
15 assembled cassette is removed so that the device is ready to produce another cassette. This
procedure can be repeated to produce a plurality of cassettes.
Particle cassettes made according to the present invention have been tested to check that
a proper hermetic seal has been achieved. Casseties manufactured according to the first
embodiment and assembled using the apparatus of Figure 9 have been placed in ameasurement
20 fixture within a vacuum chamber.
The measurement fixture has tips that locate on the external surface of the cassette’s top
and bottom membranes. The fixture measures the displacement of the cassette membranes.
Themembrane displacement measurement is zeroed before vacuum is applied, i.e., at
atmospheric pressure. The vacuum chamber is closed and a vacuum of -80kPais applied. The
25 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 testif there is an initial membrane displacement when vacuwn is applied and the
membrane displacement is maintained over the 30 second time period.
This seal integrity test was carried out for anumber of different assembly conditions. The

30 table below summarises the resulis:-
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1767 2 30 0 6.919 8 1571 4 10 0 6.997 8 1571 3.5 10 0 6.994 8 1571 3
10 1 6.995 -

w0 2007/141501 PCT/GB2007/002047

Pressure {bar) Load Time (sec) | No of cassettes| No. Casseites (Vlean cassetie

On 50mm ) stndied that leaked |height (mm)

diameter Piston

during 30s at -

80kPa
1767 4 30 0 6.920
1767 2 30 6.91%
1571 4 10 6.997
1571 3.5 10 6.994
1571 3 10 6.995
1571 2.5 10 6.999
1571 2 10 7.005
1571 1 10 7.005
1571 0.5 10 7.013
1473 1 10 7.013
1473 2 10 7.007
1374 2 10 7.003

10

15

e |
=R (d—Io—=lolo (o

The pressure in the first column is the pressure applied to a 50 mm diameter piston in the
apparatus of Figure 9. Theactual load in Newtons is calculated and shown in the second column.
20 The dwell time for which the load is applied is given in the third colummn and the number of
cassettes studied for each set of operating parameters is given in the fourth column, The fifth
column gives the number of cassettes that did not pass the seal integrity test. The sixth column
gives the total height of the assembled particle cassette after assembly. Thisis ameasure ofthe
size of the seal that has been achieved - due to the taper, a smaller total height means a larger seal
25 area,
It will be appreciated from the table that, in general, if the force used to compress the
cassette parts is increased, the dwell time necessary to ensure a consistent 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 of2
30 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 it is 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
35 generally circular when viewed in the longitudinal direction. Thus, usehasbeenmade ofthe terms

“radius”, “diameter”, “annular”, etc. The invention is equally applicable to non-circular cassette
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8 1571 2.5 10 0 6.999 8 i571 2 10 1 7.005 8 1571 1 10 7 7.005 8 1571
0.5 10 9

)

WO 2007/141501 PCT/GB2007/002047

variations and these terms are to beinterpreted accordingly. For example, the particle cassette
mayhavea square or rectangular configuration when viewed in the longitudinal direction in which
case the protrusions 214, 216 may not necessarily be circular as illustrated but may be square

or rectangular.

20



7.013 7.5 1473 1 10 8 7.013 7.5 1473 2 10 1 7.007 7 1374 2 10 2 7.003
The pressure in the first colum is the pressure applied to a 50mm

di aneter piston in the apparatus of Figure 9. The actual load in

Newt ons is cal cul ated and shown in the second colum. 20 The dwell
time for which the load is applied is given in the third colum and

t he nunber of cassettes studi ed for GEadMSset of operating paraneters
Is given in the fourth colum. The fifth columm gives the nunber of
cassettes that did not pass the seal integritytest. The sixth colum

gives the total jhei gﬂ%ﬁ{odgflﬁomggﬂrﬁﬁed&%&&éfﬁﬂa%e&ﬁ’éé@&yﬁﬁ%@ie%é,said

assenbly. This i's a neasure of the size of the seal that has been
achi eved - wethod @niphieing thesteps @ smal | er total height nmeans a | arger

seal 25a % ea. (a)  providinga first cassette parthaving a first rupturable membranebonded therefo;
()  providing asecond cassette part having a second rupturablemembrane bonded
thereto;
| ()  aligning said first and second parts Jongitudinally;
(d)  applyingapredetermined forcein the longitudinal direction so asto push the first
10 and second cassette parts together to cause plastic deformation of a part of said cassette so as
to createahermetically sealed chamber between said first rupturable membrane and said second

rupturable membrane.

2., A method according to claim 1, wherein said plastic deformation is ofa cassette

15 part other than a membrane,

3. Amethod according to claim 1 or2, wherein said plastic deformation is of said

first cassette part.

20 4, Amethod accordingto claim 1 or 2, wherein said plastic deformation is of a third

cassetie part.

5. A method according to claim 1, 2, 3 cr 4, wherein said part that plastically
deforms comprises a sealing end face and said plastic deformation s plastic deformation ofsaid

25 sealing end face.

6. Amethod according to claim 5, wherein said sealing end face s tapered and said
plastic deformation is such as to deform the taper so as to become at least partiallyplanar ina
plane perpendicular to the longitudinal direction.

30
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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. Wth a force of
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push the first 10 and second cassette parts together to cause plastic
def ormat i on of art ofsaid cassette so as to create ahernetically

seal ed clanber g - we dhmsiiod agqording tp aptane aHhé preesdingoldmawhessn shidsrstond
bl ; i laim1. wh i i
st o dor SRR Bais add TR PBI0 BF BRI SLNi el Bebral NmB R e

3. A nmethod according to claiml1 or 2, wherein said plastic
deformation is of said first cassette part. 204. A nethod according to

'y

claim1l or 2, ei r* fthpdpesrding to)anoeneerf the breseding eleims whereinseidt t e
part. i ; i ; ein
said part tﬂrg?é%’fﬁihs%%ﬂ’i} ﬁg?{ﬁéﬁgg)clg%%@gg&émggoaﬁh?ﬁ(gfogﬁn& tlf{)\{'g{(':ea'and

sai dpl asili c deformation is plastic deformation ofsaid 25 sealing end
Face. F201ICA,,

- wherein F is the predetermined forcein Newtons, Cis the compressive yield strength of
the portion that plastically deforms in MPa and A, is the maximum possible sealing area

25 achievable with the cassette parts in mm?®.

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

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

30 14.  Amethod accordingto claim 13, wherein said first and second cassette parts are
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6. Anet hod according to claim5, wherein said sealing end face is
tapered and said plastic deformation is such as to deformthe taper
so as to becone at |eastpartiallyplanar in a plane perpendicular to
the longitudinal direction. 30 7.A nmethod according to clainms or 6,
wherein said first cassettepart conprises said sealing end face and
sai d seal i ngnwyadiclbsee gethestgaloatord tha® 0.1 mm.agai nst sai d second

rupt urabl e nmenbrane of said second cassette part. 58. A net hod
according to claim5,6 or 7, Wierein said sealing end face is | ocated
on a protrusion ¢f sSaj ' accarding. 10
claim 8, wherei npjsai %&&%ﬁd{i&cﬁﬁﬁ??&%ﬁy g%\%ﬁ tg‘?s’réc??ar%ugi%%lr@’ %%TIG{HAS%&
net hod accopeideigrmineddiycenpplist thaepides ehbsagaccbrdingtoe thefolldweiig formula:
conprising, after step (b), providing particles to said first
cassette part adjacent said first rupturable nenbrane such that said
particles are thereafggrzagpntained in said hernetically sealed
chanber created in step (d). 1511. A nmet hod. according to any one of
the preceding clains, wherein said first cassette part is nade of

PETG and said se urahl e. ra IS f PET. . 12. A
net hod accor di ng&?%&%fr‘\{;éa%ﬁée 0 ""'t"Egﬁ%ﬁg@ge&mlﬁ%%gfﬁg?%?‘éﬁml@s?"&m
pr edet er ni netlthé porcien rPplatidaliyiciirapin(MPa,i s chosen according to the
followi ng formula: 20 Fa 0.1CA"," wherein F is the
predeternined force in Newwons, Cis the conpressive yield strength
of the portion that hcal r [ Am .i.s the nmaxi mum
possi bl e seal i ngﬁgr egjl g@te%lgﬁia!é&\% va ﬁhgﬁgﬁ% ggcefhtng BalPpe e Hep.
13. A et hodomamessivelicidstteagth ofthaposionthitplstiRalBadedinidiesn&icinge SUMP L 00
said first Sﬁ)d second cassette parts are noved cl oser together

| ongi t udi naM*¥ during step (d). 3014. A nethod accordingto claim 13,
wherein said first and second cassette parts are noved cl oser
together by no nore than 0.1 mm 15. A method according to any

one of tHe preceldi ng Ahethodnccontingtednporsarite pecedieg odrims, wheteifi the @enpasplei ed
0 step (4) ok heR Shnde el Aot Ontilado 8 et B ATl Biveieki sengin

of the portion of the first cassette part that plastic;ally deforms.

18. A method according to any one of the preceding claims, wherein said
20  predetermined force is applied by compressing the firstand 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,
25
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

30 predetermined force is held for a predetermined dwell time.
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wherein F is the predetermned force in Newwons and Cis the
conpressive yield strength.of the portion that plastically deforns in
M2a. 10 16. A nethod according to any one of the preceding
claims, wherein the conpressive yield strength

of t heportionthatplastically deforns lies in therange 50 MPa to 100
MPa. 1517. A net hod ageerdbagbimnyddn 20fdherfvseid ddtiifmelsilne] 0 sedvedspi n
the conpressive yield strength ofthe second rupturabl enmenbrane is
greater thaME@héﬁédﬂﬁﬁ@§§¢we yield strength of the portion of the
first cassette part that plastically deforns. 18. A met hod
according to any one of the preceding clains, wherein said 20
predeterm nedforce is applied byconpressing the first and second,

cassette parts together using platens. 19.- A met hod accordi ng
to any one of the preceding clains, wherein said predeterm ned force
applied in step (d) is greater than 200 N. 25 20. A net hod

according to any one of the preceding clainms, wherein said
predeterm ned force applied in step (d) is greater than 800 N.

.21. A method according to any one of the preceding clains, wherein
said 30 predetermned force is held for a predeterm ned dwell tine.
22. A net hod according to clainl, wherein said dwell tineis 0.1 to 10
seconds, preferably 2 to 7 seconds.
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