FLUID TRANSFER DEVICE CROSS-REFERENCE RELATED APPLICATIONS This application
claims the benefit of U.S. Provisional Patent Application No. 60/003,364, filed on November 16, 2007 the
entire contents of which are incorporated by reference herein. The present invention relates to a fluid

transfer device. More patrticularly, it relates tq a disposabl rile, fluid transfer device in the form of a
flow-through connector or valve for us@%ﬁﬁi@%&@é&ind biopharmaceutical industries.
BACKGROUND OF THE INVENTION In the pharmaceutical, biotechnology and even food, beverage
and cosmetic industries, it is often desired to provide large I sing systems that are capable of
handling fluids in a sterile ma%swg%&%%@ig@cé%%ﬁéwgﬁ%s are designed to prevent
unwanted and offfR daREleNSISreANsBheitehUES. IPrsiiidaaloRatel Apicativariedsarndpsséntially harmful
environmental contamijnants, such as dust, dirt arﬂit e like from en@m Zto the process stream and/or

end produtedipndyenameen 18y Ateente eRlsnis Ae . Bi% KHRPaH 'eemegﬁ% Hfilse systems it is

desirable to have a completely sealed processing system. However, completely closed processing

Process stream B AR FUHEARERE or I8 GRBEGE Pt e RaE P Dol A roacior, |

withdraw gapiiaselraenis sud aepskisirraitairehionts dharfoerthiabghaotmenioatonalee iditysedntrol, process
control, etc; and to collec} ti&g@roduct intogété final container such as vials, syringes, sealed boxes, bottles

and the i{Be PharRacaHiGAARF HiPRRATARY! t

{BHE"Bve been made of stainless steel, wherein the
stainless steel systems are exposed to live steam before use, and then cleaned with chemicals such as

caustic solutions after use, to ensur, tami like are removed. Steaming is the
most effective means of sterilizatioﬁ%@gg @Bsqgiﬁﬁﬁ@ @@tem is known as steaming in place or
SIP. Saturated steam carries 200 times the BTU heat transfer capacity of heated air because of the latent
heat released by the steam as it.changes from vappr to ligui Howeyver, sevel isadvantages exist
with the use of sﬂ@e{ﬁ? ﬁﬁ%%ﬂ@él‘%}&ﬁf%gﬁweﬂﬁ) Voef,‘ kﬁ%d%‘PS‘é%@ ?nangy%qtsérrﬁn&}%éﬁggg%r\(tthe system
has been gtefsneldsiedlacprividalageptialpucessisyesysiros tiret ahio napalipehhaydiirigiflidsriaases the risk of
contaminatjor) of the entjre system. ically.alcohpl wipes,or.an open flam an the
compone TR EREEE b 655 AHACEA S SR e e CetRe R B B
system aftgangeRimason@nismsd)saiokl thsishatteiinjzes theltisis ofiowantediredomotentialisoharmefthigh

G SRR P e ol L
can causezaditresndngodocarie ondetle preventthedectypesafientsidefadntaminants from entering these

systems it is desirable to have a completely sealed processing system. However, completely

closed processing systems are not always possible since there is a need for the introduction or

removal of materials from the process stream in order to add components of the product, such as

media or buffers to a bioreactor; withdraw samples from the process stream fo check for microbial

contamination, quality control, process control, etc; and to collect the product into its final container

such as vials, syringes, sealed boxes, bottles and the like.

Traditionally, processing systems have been made of stainless steel, wherein the stainless
steel systems are exposed to live steam before use, and then cleaned with chemicals such as
caustic solutions after use, to ensure that all contaminants and the like are removed. Steaming is
the most effective means of sterilization. The use of steam in a set system is known as steaming in
place or SIP. Saturated steam carries 200 times the BTU heat transfer capacity of heated air

because of the latent heat released by the steam as it changes from vapor to liquid.



Processing systems that are reused need to undergo rigorous testing and validation to prove to the
necessary regulatory authorities that the system is sterile before each use. The validation process and the
required cleaning regiment of a previously used system are expensive and time consuming, typically

taking up to 1 to 2 years for approval. In addition, certain coméonents ar%éjifficult t(i, adequately clean
after use in prepAlaMRHeHos R Hisadyariagss Qxish AithAReu KSR U SEARNABYIGRYRS '%af?s {8 reduce both

the costs apehthedinR iR ipstthemaaoshthepsidmraaitecanisanect intpiectising awepts and time to.
market for a product is to adopt an all disposable system thatfi{s@;et Ué) in a,st(t-:‘rile ftaa'tsghion .used once and

then discalftbdiot SteslehFRINBIERINE A5G kN IAGEEREE N HIS i AHATAAIRS &M Eed with a

systems' clpaginaygeimeNidRolipuserahdpansatcarniss ReMar tieasipomentsabitiedtopenents that are
more expensive and/or time consuming to clean than thergé:ﬁﬁjggnents. Addiﬂ‘%)ngl%/,ndisposable
0

componerfie&ted & Jae SR de Br ARRRECHRE AT & a8 dfe & SYSISEh NS # be easy to

remove argédlﬁggpg]d-‘msemmmM& therielastcwrittnivatizn large scale disposable fluid transfer devices, such
as valves or connectors, can bepg?rﬁ%glﬁed and r‘gglaee@ and the manner jn WCi h Iar%e scf‘ﬁxle disposable
f i,

assemblies are nﬁ@@rétﬂsd"ignotec & %rﬂ SUfe rr%‘tti@g"sﬁ?aog ?grw e&lEp gléeo 8%luid transfer

devices, haaectio pPtMEHahieNeE AR RIheessnghrests dificlimpmd lieitae. tididoyatinchpidentativity of these
systems. SUMMAR OF@H[{. INVI%NTION The O(1[?:?resent '.E%/ention relates totﬁ\ st%(r)irl](_asggpsfer device -
for fluids, RISSPHTR HUCFRIR &FeMRLIBDRRBYLSS O JRY%Enth R s R e DS Budes a bodly,
a bore formgabbmmua 4t least a portion of the interior of the body, and a linearly moveable plunger
contained within the bore. In one em?odiment 1Ehe bé)re is_a lateral centtial bare @Klré]ed Ihrcg gh the entire

interior length of tHR%GERIN0 SHSISTM AL 5 5 RS PERIS HRTea, IR i P AR, Yedelol Kionary second
section, sugbvtha the fissbseryiosyitibie saattauitics o rhienspdténe istatéditeabgferceach sesetidinand the

plunger. The, rotation of the first section engages the stationary second section and th er, driving
the pIungeY%'H@WWﬁﬁ?ﬁ ?Hé %&@9%8%%?% %ﬁj'gﬁ%ea?gao f %'Pnuéfil%ssef%egsy We f lﬁldgf(nﬁaer’]aé%\é%rgdevice. One
end of the sedyinecitomesnangp rysieipotaiim pameat fotoaRapddrsg fineagdprical. tinaadditieteseriabiomponent,

and one end of the plunger. inclydes, a cqgnnectin mponent for ing,t ice t geownstream
componen??WPB?Fé‘tgrﬂ[?og'#ﬁgﬁﬁotﬁgeﬁ ﬂérc?ﬁ%ﬁ??@ T%gt andegg?éﬁﬁﬁ %0332%%@1?%8 eaqﬁﬁ‘u channel in at
least a pontianufdctorintesioftef idukinifogeays towedutinboth dhiérsosism dnsetbe iche fremarkes, fndreiby forming a
pathway for fluid to travel from an upstream compopent t 0 lent E he fluid
transfer deqlr%ﬁ"f‘ i %8%5'8%&9%8@?50%& i tﬁ)és%g\r}gcgm%?% { Q§ %ﬁ)@g%%gé@%ﬁoﬁ{%hgea f?tsr% ﬁend of the
plunger is il dsgosasiasysemttratiosetapting sterigfaskion alsetheneedndftties dischydédrming a seal against fluid
in the upstream component from entering the device therehy, formi f »a sterile
barrier against envi cﬁﬁ%%ﬁ%{ﬁ oarﬁ)lpe{(r)na%a%té] l?g}ae{rﬁ%/ﬁcj%\?{/%%t%% @é{gmgp%sn%%@@m\ﬁn] §rg1gstﬁgg embodiment,
the presentlgavingtiepimeldtiastiie asélwitidispos=iele demipenéntsider, agtiaincieutablel comroieits thet dgsed position
and attached to a downstr .compan t(}t , lgp ed to a bag, at one end of the
plunger at @o(ggﬁﬁ%e&ﬂyge %%rﬁ)ﬁ 'Wgﬁé) e'%(@ E%%%ﬁ?é‘%ﬁug? %Fagr?sﬁ\%grﬁé%i'ce and the attached downstream
component are staddifient|lgudispasablgrcoraponeatsaitizitave usetha |keceNsximarcopssmingriocee@onent (s),
such as a filter putlet. a tank outl ipe C [ Hq,v%ﬁhe device
when the C{gy,?ggl?s%ﬁgog?gg@ds ﬁ%@%{igé} 8 #ﬁ@a@:@é@fgﬁﬁgégg) '\?v%%cﬁ%éf %%g}nﬁrﬂﬁﬁr%] gégn%p@nent at one end of
the body iddryekgalendisposibie fleid traaterieticas, Blsktashalupsteeameciaipaasmeagasied asdhe device at
the face, are then ste rili in.: R Finall e isdh RENELWhGRRgeded,
establishinbeéagf}craal‘i@%ﬁ%ﬁ%@néﬁgﬂ@@?g&é |!ﬁlagpef§)% XE‘%%%@Q&&C%#&%m through the fluid transfer
device to tisidiessnsteelaprocessippisgstems vidrdisposalle divid didinaienderiecprdeuatthevpeifbiptdtates to a
disposable fluid transt (df [ ' i 34 i@] g)eé Ge ing systems or disposable
processingresﬁ/hsctee%ék.%%jg ?ﬁ%gﬁés@?@%\%g ﬂ@% %ﬁrae egrtﬁﬁlrti\}/i ntf@fﬁlgprg\fl%éégg a steam sterilizing mating
point between the transfer device and an upstream component, and a sterilizeable mating point between
the transfer device and a downstream component. Additionally, the transfer device can be conveniently
removed from the processing system and discarded after use, thereby not requiring a cleaning regiment.
In another embodiment, the present invention also relates to disposable large scale fluid transfer devices
for the integration of large scale disposable upstream and/or downstream assemblies into traditional
stainless steel systems or disposable systems. The fluid transfer device of the present invention provides
a steam sterilizing mating point between the transfer device and an upstream component, and a
sterilizeable mating point between the transfer devigse and a downstream component. Additionally, the
transfer device can be conveniently removed from the probessing system and discarded after use,
thereby not requiring any cleaning regiment.



IN THE DRAWINGS The present invention will become more fully understood from the detailed
description given herein below and the accompanying drawings which are given by way of illustration
only, and thus are not !imitative of the present invention, and wherein: Figure la is a cross sectional view
of an embodiment of the present invention in a closed position; Figure Ib is a cross section taken along
line lb--Ib; Figure 2 is a cross sectoMYGROS ThE ﬁ“ﬂ%'%nt of the present invention of Figure 1 in

an opened positiqfg lg_res%iﬂ%@éﬁb‘h OSSP RITERRAEIR YioKes fof Adlitionalemiodimsais of the
present invention of Figure 1, along with alternative embodiments of upstream and downstream

attach mgﬁm&ﬁﬂcﬁ?éﬁ% Ineone embP‘i'!jﬂFP@s the, tranafenslaviee acides anodie o BrmeAimigh&ht of the
present inygjatigryetibAdH the- infefiet A ek bbdy SéalR AR Rlovebbie IS Téatdined within the

bore. In one embodiment, the bore is a lateral central bore formed through the entire interior length
of the body, wherein the body is formed from a rotating‘first section and a stationary second
section, such that the first section rotates around a portion of the stationary second section and the
plunger. The rotation of the first section engages the stationary second section and the plunger,
driving the plunger linearly within the bore, thereby actuating (i.e., opening/closing) the fluid
transfer device. One end of thé body includes a connecting component for attéching the device to
an upstream component, and one end of the plunger includes a connecting component for
attaching the device to a downstream component. In one embodiment, the plunger includes first
and second openings, and a fluid channel in at least a portion of the interior of the. plunger,
connecting the first and second openings, thereby forming a pathway for fluid to travel from an
upstream component to a downstream component when the fluid transfer device is in the opened
position. When the device is in the closed position, the first end of the plunger is in alignment with
the connecting component at one end of the body, forming a seal against fiuid in the upstream
component from entering the device, thereby forming a steamable face and a sterile barrier against
environmental contaminants for any downstream component.

In another embodiment, the present invention relates to a fluid transfer device in use,
wherein the device is in the closed position and attached to a'downstream component(s), such as
tubing connected to a bag, at one end of the plunger at a connecting component. Next, the entire
fluid transfer device and the attached downstream component are sterilized, such as with gamma
radiation or the like. Next, an upstream component (s), such as a filter outlet, a tank outlet, or a
pipe is attached to a face formed at another end of the device when the device is the closed
position. This face is formed when a connecting component at one end of the body is in alignment
with the bottom portion. Next, the upstream component attached to the device at the face, are then
steam sterilized in place (SIP). Finally, the device is then opened when needed, establishing a
sterile pathway for fluids traveling from the upstream component through the fluid transfer device to
the downstream component.



In general, the present invention is a sterile fluid transfer device, such as a flow-through connector or
valve, wherein the fluids are liquids and/or gases. In one embodiment, the fluid transfer device has a
body, a bore located in the interior of the body, and a linearly movable plunger contained within the bore.

The body is formed from a first and a second section, The first secgion h first end containing a first
opening and a teltrAraierembadimeRintheqigseRdme e eites ﬁ%ﬁé’@%ﬂ%&lﬂ%@[ﬂ’?ﬁ%ﬁ%ﬁﬁe{he first

opening fapajachingdhisnBPsuilRansuRs TRREIHR SRR difhin ats pretesiiipsybiema Faeond end

containing a second opening, wherein the bore connects the firi:?t{@nd second o ?Hinﬁs. The first section
[

rotates ardiddransFioNIcs: oh S BEESARt Suentian Providen-asieam P lilie R M BRP, REITERN Wefirst end

containingyarfifst QRRRAIAAG arsasstREne bshpRAtANENG a sierizeabrpesing paiftbietebenthelttansited in the
interior of the plunger connecting the first and second openings fthe\}olun(%er. In one embﬁdiment, the
plunger inBRYiSs A GRyMSHEssY mBWBt'ité‘qaﬁQﬁﬁ f Ié%?ﬁ?ﬁﬁoqﬁ f<SReR FVENEIYY within the
bore duringspiaidoRonf the fitskssssi epsainingnd digardearatiee gkeyitersbaciotatemifing. acyeaménd/closed).

The fluid transfer device is in the closed position when the first end of the plunger is in alignment with the
terminatioff3&8hment component surrounding the first opening of the body, thereby forming a fluid
resistant seal anghaapt@mabledags Tthe stesdaciivdntidneapaslatbp tsdisposableraige Sestedhd of the plunger
is not in alignment with the teymination attachment component surrounding the, first opening of the body,
thereby pefeRREhPRYIRES tgr r! @QWC(Q?fH? CafCAGSHERRR mlf:%ﬁg?{{g and Bér%ﬁ] esﬁ%ar% that the
same refegBsablisnfe Fadiiphyltstdinkdiiselstiseynbavdiipeeablegysttrassdheciuid tra@sfer denibediment of the
invention shown in Fi?ures la and 2 includes a device 12 havin %ﬁt}og n]tﬁleq?awsr}gr et?/?réea%g formed
through atdbRERIESBRTISHEEHRALTRHGRD A STSHB B8 g RRLNGRQUIRRMES 3

low’moveable plunger 62
contained awthitibabesempBeet, 24hdas stevzealieaniatiagaboiat trefwesre ther inarfdrdexdte thedeatire interior

length of the body 14. Body 14, hown, is formed from two sections, a retating fir cfion 26 and a
stationary @'&?ﬁﬂ%&é@ﬁ&?‘%@ii@i@@%ﬁ té% &8{}5 rs%é(ﬁ?aﬁ?/n}f%lﬁ:ﬁ Vgnbegmc?r% %%\{%d(:@g\ti@%ary second
section 28pstgingeptén afbircfcsitnwe, therfdymetreduiing sey teasing regmeng bore section 34 which
generally corresponds to the inner wall of rotating first section 26, and a stationary bore section 36 which

generally corresponds to the inner wall of stationary second section 28. In the embodiment depicted in
Figures la and 2, each of the bore sectionslKBTHBERA#NEErent diameters. As will be described in

greater detail hergjn, device 12 is.actuated (i.e., openeg/cl irst secti of: the . body is
rotated, engagi ng%&%ﬁ%eg?e@t\f% L V(@tﬁeecérggymagﬁ%qg@ nugﬁeé rg rg%%" rﬁ/% g tﬁ%e%%ﬁ%eﬁﬁ% égﬂrﬁ/n within the
bore 20, thgvelblieeituizgiog he the pesoimpaayingalcsiing}s thiect evécgiven byAgag kbillusthatipigemgsardand 2, the
first sectloB]26 of thﬁlib ?(%H?r\{v%radwﬁgr%iﬁm opening 18 at one end for receiving the

d 14fi eneral}% h
plunger. A 4ha%NT EM}’SSO@QHEE?W e first <éction 26 includes a protruding lip or edge component 38
that is rotatably eRigageth isyaarssataactoyalwiaivetan\smpagimentofitheprasanioaventiomiiohelppeds wall section.
In Figure 2, the first section 26 also includes an inner wall having a stationary wall engaging section 40,
and forms %°P!f'f%{hng bore section 34 having four sections. There is a first rotating bore set diameter 34a, a
transition rotatingfigure $k&ti@or@tiscatiortaked abrtiing borébdiameter 34c and a third rotating bore
diameter 34d. Thefl first set diameter. S I I ithin ¢he bore 20.
The transition se(Ei%lHe\?% 5 ?scéor?zs;\ﬁé%gﬁgﬁg%ﬁ%ﬁeeeﬁé%gﬁ%qﬁc%%g%ﬁﬁﬁ%ﬁsﬁﬁ%ﬁ 4c) 1amrfd has an
outwardly tapegengddesitieter along its length. The diameter of the transition section 34b is preferably a
linear outward progressiQn from. t E g ' -$4 ' ' f the transition
section 34b adjaéﬁﬂ?%ngegﬁr% gc%r%gt ér%o ﬁ@é@ﬁ%ﬁ%el ﬂé}teﬁgﬁ@gp ?ﬁ@;ﬁjﬁeﬁ%iameter of the
transition seetidior3afi5iguiedealongevide etevdativarembodiBwntsob gpsiteantiaaddlawisteagritatiieeMird diameter
34d is prefgéablé/n%e%s. %}an diameter 34c and preferably greater than the diameter 34a.  As shown in
Figures la S , he'sta ionary second section 28 of the body 14 is generally hollow and has an opening
16 at one end thaFigenesita anflhigrepeispertveriaws oparenbadiventel thopsservimventsass through it when
opened. Tt'y? l(%%elninglG also receives the bottom 63 of the plunger when the device is closed. The
stationary'seqc ion 28 includes an outer wall component 42 for rotatably engaging the inner wall section 40
of the rotating section 26. As shown in Figures la and 2 the inner wall of the second section 28 forms the
stationary bore section 36 having four sections. There is a first stationary bore diameter 36a, a first
transition stationary bore section36b, a second stationary bore diameter 36¢, and a second transition
stationary bore section 36d. The first bore diameter 36a is less than the second bore diameter 36¢. The
second bore diameter 36¢ 4



is a set diameter. The first transition bore section 36b is arranged between the first and second bore
diameters (36a, 36¢) and has an outwardly tapering diameter along its length. The diameter of the first
transition section 36b is preferably a linear outward progression between the first and second bore
diameters (36a, 36¢). The dia | j [ti i jacent the first diameter 36a is
equal to the diameter 36a, angﬂ{méﬁﬁég%hﬁéﬁs%rﬁgmm ion 36b adjacent the second
diameter 36b is afushéathibalmeeeiemdétion is Astshievilnidrirbigieraielivarmich pkiadlewairdugh three general
regions comprising a first, second and third region. The first region 24 has a diameter, equal to or less
than the fif ?8%‘[%5 B@%@’s@ﬁﬂﬂ%a@%ﬁ@ﬂ%.aiagqggéoﬂﬁf{%g%ge%l%gg %% %&02 grnEéqtﬁeal lf)'dor less than
the secongsigisiotevigebse dibodgter Bsie. ddatethindtie giteri@Ooh diseebddy et raciipeatlyonmvabds than that of
the first stationary bore diameter section 36a. The, plunger has.a bottom com .Ihe end of the
i recioP SSTNEIBENAIE U5 g 16 BYthe SAIBHAR S Uab S AR ARl idL e the closed
position, ascefivpviasia firigere onGind @ afsicipeeing ahthz tanweration alschesictecrpoRegtiesheasand 2 includes

a static diaphragm seal 60 located on the bottom 63 of the plunger foxmi tight flyi istant seal
between tﬁZﬂ?U r %aﬁ'%l“éﬁ‘ tﬁlgr%lgﬁﬂ)nr% ihr?d 5 o(%pﬁnemglﬁ%rggr,a%r{ééthﬁﬁ r?ggeo? V\';gllsé(ZLﬂ(?ts {s%z%lﬁonary section
28 of the hodypdoenisiy The sgoendngedtion hasPiusegend 2ndlsonteisngt sesesond@paRiNgnykeraifitseopening 64
and a second opening 66. A channel 68,is locatedn the interj he.p r n the first and
second o %ﬁw&%?&ﬁgf&? @?grae Hys%cprﬂqnsoépgncfpé% Jﬁ&%sa{& t%&ga %%{)/\t/gr?gfrémg (Szoar?%%tr@nt. E shown in
Figures lasaoond steéioitst opening 64 is located in the first portion 24 of the plunger, and the second

opening 66 is located. in the second i I r. e , e r 62 can
contain additiona?%%qérm%@'sn?fr\{ ﬁ%@ﬁﬁ%ﬂ@é@%ﬁ%%@@#ﬁ e?r%%@%?@ﬁiﬁe%%%ﬂﬁunger
contains atdetstimpesswgsdopbeinge edhit pbatioel RBaigtbingheaterior oftheepsimgridienesttiog the invention as
depicted i Figures la and 2 inclu Vi - inhibit ipn of the
plunger Wﬁﬁ%%}rﬂ]d: egcr)g, \%eui‘e'”8%&?@8%&&%’2%@%5&2@@%@tﬂgﬁ’ﬂ}é@rﬁh@@%ﬁg #Eﬁéﬁtgrﬁ{g‘er device 12
is actuatedofilehjbitipgriditatisedyhi® rpeomotingdisrinaaroosenent plitbi ie thesdidwingrrdstiamehtherf the plunger,
as shown in Figure| i : ving.a hal [ (74, 76), fins, or the like, that
extend fror,fllrplﬁS r?%ggﬁ?egrf%%??%ﬁ@g@%?ﬁ%%ﬁ%Tﬁ%é@%‘?@ﬁ e?éecond section 28 of body 14.
Secon(: sectiorll Zthadlsid transfpodeviteds int@mdﬂa@wnﬁitimmgbewmﬁ@t@ﬂﬂpfiﬁlﬂgﬂtwge{:dﬁﬂésfponding
pairs of pa (70, - v ' Sﬁé?htte inper. lqp&B for receiving
the wings %@%ﬂﬁ@r}%ﬁé%gﬁﬁ?@t %&r{cﬁ]{%}ﬁo%&ﬁ# the pﬂjﬁ(\%ﬂag%;@% fg%gm%né [ gﬁﬁ%%%%vement of
the plungethevitbyricinengcer dubd revistaet 6Ra| 6) aidieaseableéaseddie deviessisdndinPRRILGPEIBEN (70, 72)
thereby facilitati ' He) Ithi AHRYAGMAUBRsgRSHRING/closing)
of the dev%ﬂg?z{,ﬂg w%gﬂﬁ%fv\/%}ﬁﬂg%ﬂg Igépv@%ﬁﬂd%%ﬁw tlhzr&l]g] i%l?ﬁégg%hlsé%ggositio_n thé bottom end 63 of
the plungesugdwadingriheefirstwitefiag gé the, biestmiherebyapemaibing ftvigs doignier the devirseliRithel steamable
surface anﬁggtr%%il:%rnﬁt?ﬁi&{t against the environment for the interior of the device, plunger and any
downstreani components. In the closed pogsfition, the bbgqttom e&d}@ﬁ; %‘f the %lén er dg@e@s %gt germit fluid to
enter opening 16 Ta the exantihdidha samepeteeenee dbimpRIA&RP RGAFSREYEIRYH REPBMERY any fluid
from trave 'ﬁkg g%/nstream. As shown in Figure 2, device 12 is in.the opened position when the
plunger 62'is ﬁnea'rly moved within the lateral bore 20 by the rotation of section 26 of the body 14, such

that the bottom eeeniotimakat derisenianshewnimtigtres aradiditgiidrs daviceNAKNG Jepicted by
an arrow, tﬁogg“ﬁlﬁww@ ﬁbﬂétﬁg%ﬁmmﬂr@%(%@%}oﬁmﬂﬁghmiBQtH@ bBdgeeHay 28 of the

body. The fluid then travels through the second hole 66 of the plunger, into the interior channel 68 of the

plunger, ogeagetirhylbw, moeatle pluneaifAreantaineshyiibindhe bats:  BRSTENG S B A Bermitted to

rotate Wit e BRI DGR AN R RO AP 64 tdp foraedrigumavRiingarly by wings

(74, 76) of the plunger within the parallel slots (70, 72) on the inner wall of section 28.

Additionall{fomytweesestiansg arelaiog st sestionaBiand avsiativhaey gecend fe@ieardafdietrsstien &e problem of
torsion betyeen, devias Lo@RthabalReNRE YREHEAMQIHP YRR 20 R TBRIP RLCBBO0WeIted, since it

IS not necessary to twist or turn the upstream or downstream components, or the device, when removing

or actuatinghav devisaesdfdwassstinngen fotalies bataiseatiennit&hish teperaiy Grerpeads dauite




As shown in Figures 3a, 3b, 4a, and 4b, the plunger 62 can contain one or more cams 56 (only one
shown) that ride in one or more cam slots 58 (only one shown) located in the rotating section 26 of the
body 14. The arrangement of the cam 56 and slot 58 acts to limit the length the plunger 62 travels linearly
within the bore 20 when the device is actuated (opened or closed). When device 12 is in the closed
position, aangherinofrdtadngdirdesdttorcabnand sistatioribg biossettionSitionict Yeeerdliy csintspdnds’hen device

12 isin th ened position, as shown in Figure 4b, the cam 56 sits in the opened: positionof the calm
slot 58. Ti?%?g?rwrr?‘/ﬁﬁ éﬂ%“&%(pﬁﬁ?gqa.ée.%lf’a{‘n% z:llrll Eh%\%}%%al.’{‘%’?t‘?%?%'ﬁtneé’ 'Is'l]:()aﬁc' grr?g il %’am slot 58.
As showndackigliiestdeeasrdtiohs (3ayise) hastdifessnt diameteref Avavitdbatescyitmaciiogrez®@otietad body a
component for attaching the devjce 1o an upstyeam component. In.thi diment, a e 80 attaches
to a flang LT 'Efpféé%ﬁ?t%#%%éﬁgn%?e;%ﬁ%%ﬁjiP’," rifglrg];u'ﬁéE §g?t{ %iegnn}%%%h%%%sﬁ 6%&%%% region 24
includes, isntjugirgrsbsrihsection 2eutitie bodpatid plGRyéo 62 cdrivingtihg hegeelineartp vt o thedioeam

componeny, in this instance, tubing 72. As shown in Figure 3b, the end of first plunger portion 24
includes, irgoﬂﬂi]frgﬁﬁfk?g& %{['ea’t%%ﬂ\?paﬁ%dnc gwggtg%%\/rlccegnnecting the device to a downstream
component, in thisseshdwodimEigures teranihtitne fissbgectich 26 oRtenbayyoflissgendes!ijhetvwanstream
components attached to,the device hy the termipatign connectjon featur ' be plastic
tubing 72 e Rﬁ?ér]gagg;ﬂo%rew ?Hq:bférurreé: \g?%lt e?cﬁg%ﬁ% 2%%‘%% 6%5'%@%%2%%?3& irﬁgv{:/n receptacle
(not showsctionlfhiadildes a pRirudiayg lif enedymtentbmen S6 drahicotalablyeng agesdhcaisietivnanievice can be

a pipe, a staipless steel or disposable plasti khaavi 1 gutlet, and the like, having an attachment
flange 88 &64 ré&‘@?@&fﬂoﬁg@rgg @g%ﬁﬁgﬁoﬁﬁgé \g%ﬂg?%r[r?fg?de of attachment for connecting
components to transfgureedidies frstasectonmzfoaisp knehvdasirathinrert. wallr keving sestationgey 8Eabbn device 12

b q . I g TVHfiting,
s A, T A AR e RS G SR, At Al
componenbiatioh bera seigliametery Ml extiansitiesststatingdinzel sieetinnbdly), 72 saserdernieéng bpréned by
o g ~aRfbetAL OR e bIsh T BYEdanaY A Fhd RREN RER SR Ao o face

90, permit |'r?6nﬁwd to enter opening 16'(see Figure 2) and to eventually flow out the"opening exit 64
through tuplariger asiti rivtees libagy]yowithin the hetstizh Tes fensitiansestinnidt inapangathstiegheshown) Once

s e 1 T S A IO IR T om
an upstreatiaroelerparibettr@sitieaysetlisraddblis, piefatealihadiisay odwatdeprogsesriup QM i #tlamp or
alon the (LA E e e e R e
plunger 634ads taudldodtrOiwhdamplerdidaicanisthe diemsissotitoe tipesition pestitoA4h AdjageBtitein Figures la
and 2, seag 89 Afdnd.AHa PRIUYLEPRIHE LRI A OME RiRPaaREEC80 % HefEesBRE¥E Man

diameter 34c and preferably greater than the diameter 34a.

As shown in Figures 1a and 2, the stationary second section 28 of the body 14 is generally

hollow and has an opening 16 at one end that permits a fluid provided from an upstream source

(not shown) to pass through it when opened. The opening16 also receives the bottom 63 of the

plunger when the device is closed. The stationary section 28 includes an outer wall component 42

for rotatably engaging the inner wall section 40 of the rotating section 26. As shown in Figures 1a

and 2 the inner wall of the second section 28 forms the stationary bore section 36 having four

sections. There is a first stationary bore diameter 364, a first transition stationary bore section36b,

a second stationary bore diameter 36c, and a second fransition stationary bore section 36d. The

first bore diameter 36a is less than the second bore diameter 36¢. The second bore diameter 36¢



As shown in Figures la and 2, the seals may be mounted on the plunger 62. However, if desired, a
different configuration of seals and their placements can also be used. For example, Figures la and 2
show seals 46 and 60 formed in grooves on the plunger 62. A linear or gland seal 51 is retained within a
groove 50 on the inner wall of the stationary bore section and within a groove 46 on the plunger 62.
Other embgdige dianwtén eThecisnansitoni doreuseclico 38bnitcanplaged] beweleratheriotd iany thexatelvice 12 into a
disposable plastic container such as a disposable process.bag.for the manuf re and transfer of biotech
products i%%ﬁ@fnﬁ@r gé%"ﬁ @%@é’ﬁrs@%%ﬁ%%}ﬁﬁ’a%i’g WP&r%'aé%gr}%st%’é%'téi%rﬁtﬁm%'%%eée@ﬁch is part of
Thermo Figlaeir§aiandifiey edtiogBshUkahefmabBtadinedsiosystenprgletinTcbetiyeer the fiSirane the fluid
transfer device 12 is preferably, proyided.in a sterile conditi i.e.. the interior of th tem and any
componeﬁe@SHiE% '%@Eﬁ@hg&y@?ﬁﬁge@%%{%oﬁéﬁ@%ﬁ% %‘ﬁgﬂé Cg%nm %é%%%gp%ﬁa ion, ethylene
gas or the dikmetad3shipeghih  sterdametedidta)asbihe tiareets wehia dishtangition steotian) 36y be helpful,
and capable of informin ser when a syst as.bee d. As an alternative, or in addition to any of
the indicatBH# r&%f?ﬁ%ﬁ%&%’ﬂ%@ég%ﬂ%%qaz@ﬁr?naéavr\vrezfef)r|n icator (not shown) may be located over the
device or at least/avstioiae iroFiginesfitatapeclipunfahé2dmsdhree geaiatesginastomprisidg\vadishad been
used. The devicge,is preferahly formed.a tic material a gp@y - ining the body
and plungé?%to e?ﬂﬁﬁ@%dpa{%o{hgﬁ/%ﬁ%?;ﬁe 'O%péfr?ggeasgé%ezeéa{%%an &Pe% éggﬂécﬁrq B%#%\% molding the
body and therepbeh dametnddeeThasdcass eegloin2bthasratdigeigter evual tiveondasssbanytheatsendd other
components. Alternatively, the bad : [nto.t d by attaching
the plunge?%%%%rkgﬁt(\i)\% etlﬁ@ﬁ%&%?%r‘fﬁég%d aﬁg(s{ %%ﬁe&%ﬁ%?r@%tﬁéﬁ%g ﬂ%’?ﬁﬁhe ody, followed
by the attafilstratatiorare iaendiamietdl sdctivn BoalyThe tenpénheger beltes sampeeentsdiidheemdpdnents, and
{H%eo{a‘%ﬁ‘@ﬁdg%'&%H@s?%t%ﬂ%fé%%ﬁ@%ﬁ{éﬂ'tﬁé‘@ Ig gliyystanding in
n suc al

the first half of, the bod Th
line stearr?lé e Wgeé?%orﬁ/%%@rtglron%@i{ ure'a ressure o sterilization is typically about 121C and 1

bar abovechsedppsitmic asrslssurdn figaene. Distandesienia) the inesiiabks depisedindrigh@shr conditions
such as 142C and,up.to t ' re fage@f the plunger
should be sa%g‘svg'%%éve%?ﬁégi?@\i%@%iEQﬁ%é%@f“%?i@*&3&@3@%@%@%@%@%&%e same
material arfididsresigtahtisaat betiveearttitnepteresell ddnefitinbot®uitat dreapiIrgethasdiég@deniclude but are
not limited to P&l lyetherimi K, 4Rolyarlysulphones, polyalkoxysulphones,
polyethersm% on%fg,% g@%%%@%%ﬁ g,%@%ﬁ%ﬂg@%@%ﬁgﬁf%gand blends thereof. Alternatively, one
can make the facelprgeidi? falsmheeratreisiommenaningse s draloneniog Beandre m%@m@ém\ﬁﬁq%\ plastic
cover. One.6and/se (R ALRIML RGP HI AR CHIRERURE HSINPRRENA GoaHg pacesses.

The seals of the present invention can be made ot a variety of materials typically used for making resilient
seals. The§é)nifzretiplomingddiiidpaifovapidimilewnseamuacmporisr ASyIVNE FidBess astth?as silicone

als. Theéé et el o t_
catayae) S e B e R R netomers,

polyolefinsletatérds folypecaptpestion p’dﬂmrﬂapwbm@ereﬁp@t’ﬂan|_9m§>@§i@@@iﬁx@ﬂhnsgr96¥sOautp@n_i@imntrod uced
either by a higuing G 9%#&‘%@‘?5@@%5&&%ﬁé‘ﬁ@%f&&%ﬁ%@ndﬁ&%@nﬁ?ﬁé‘p aic

perfluoropolymer resins such as P d MEAresins available from Ausimont, USA Inc., of Thorofare,
New Jersegtigast Bperingpipribeisesaacheartioro?dMnatishon, Delaware, urethanes, especially closed cell foam

urethanes, KYNAR(p) BB ket YT Qi las oo E R 14B0er o REGeasyAgd biends of he

above. Suitable materials for molded in place seals can bé curable rubbers, such as room

temperaturesvini-ashrapsieestifebinbibiting é1e retatiemelshesplonariihineie oeh while NIQMEYPRIBRAE (1)
elastomer%%gﬁﬁ;gmgﬁmga RS thY RIS PIBRPRARY 'R, RERRAA| Y. ipsfeaRYsa NOr@as bubbles

introduced either owing agent or entrained gas such as carbon dioxide and elastomeric
fluoropolyreaiodiment fricrceratelifiabedingan@ayemieriot sLmnggh B St difdauedmpthénts such as

FDA grade &ilieangs oliddeFH50% 387 ShGitsE(74, 76), fins, or the like, that extend from the outer wall
of the plunger towards the inner wall of the second section 28 of body 14. Second section 28 has a

component for interacting with wings (74, 76) comprising two corresponding pairs of parallel slots



The present invention provides a sterile and steam sterilizable in place connecting device for fluid
transfer. It may be single actuation (one open one close) or it may be multiple actuations with a single
sterile connection (multiple openings and closings) so long as the sterile connection upstream and
downstream is maintained. Additionally, with the use of multiple seals or seals of long length, one is able

to ensure thgth)eqripiiisyptiba@eiard N thiniainadkisehydstionBite rckiatipte. wingMahy

modifications and variations of this inventiﬁp can be made without departing from its and scope, as
A LHRse - s ket |

will be apgRIRtdsh & EsHetis IR0 BRI iR LSS IO H%mgﬂlpéféhgffered by way

of example|@ifyr ;e ere e EAMIHGIIE4| TEj nde hetmgenapcht dsriospontiny thait thelatp¢rificalion and
by the Tol ETROYCIRFIGATG A (U BOVREDt /0118 AR L0IEe Moyl bEage s elongate
passage e@&hdig’vgldbir@yahﬁ@e_ebi@dyand ha\(ing a proximal end and a distal end; a longitudinally
ant & cistl end SRR AR Bl ENEBIAAcR e P eRE EreLe e e SR LA 2 second
position digpiagedstavaligninenproitinfiahgn @ ireipgssdaes 90, and providing the device with a
steamable surface and a sterile barrier against the environment for the interior of the device,
plunger and any downstream components. In the closed position, the bottom end 63 of the plunger
does not permit fluid to enter opening 16 in the device from an upstream component (not shown),
thereby preventing any fluid from fraveling downstream.
As shown in Figure 2, device 12 is in the opened position when the plunger 62 is linearly
moved within the lateral bore 20 by the rotation of section 26 of the body 14, such that the bottom
end 63 of the plunger 62 is moved back from the flange 80, permitting fiuid, depicted by an arrow,
to travel from an upstream component (not shown), through opening 16 in section 28 of the bbdy.
The fluid then travels through the second hole 66 of the plunger, into the interior channel 68 of the
plunger, out opening 64, and into a downstream compohent. (not shown) Plunger 62 is not
permitted to rotate within the bore during the rotation of the rotating section 26, but is forced to
move linearly by wings (74, 76) of the plunger located within the parallel slots (70, 72) on the inner
wall of section 28.
Additionally, by preventing the plunger from rofating when the device is opened or closed,
the problem of torsion between device 12 and an attached upstream' or downstream component
can be averted, since it is not necessary to twist or turn the upstream or downstream components,
or the device, when removing or actuating the device since the plunger moves within the bore
linearly, and not rotationally.
As shown in Figures 3a, 3b, 4a, and 4b, the plunger 62 can contain one or more cams 56
(only one shown) that ride in one or more cam slots 58 (only one shown) located in the rotating
section 26 of the body 14. The arrangement of the cam 56 and slot 58 acts to limit the length the
plunger 62 travels linearly within the bore 20 when the device is actuated (opened or closed).
When device 12 is in the closed position, as shown in Figure 4a, the cam 56 sits in the closed



a diaphragm seal attached to the proximal end of the plunger and sealing the passage at the proximal
end thereof; a gland seal sealing the passage at a location intermediate the diaphragm seal and the
distal end of the passage; the plunger extending through and being sealingly secured to the gland seal;
a fluid transfer opening in the passage between the diaphragm seal and the gland seal; longitudinal
displacemgaritioh thietriel dagiasonss/inhéhelslisptaigrin Seaddenep@ositien passiagyen ihEiglentbsthal stretching to

accommodate _the displacement of and maintain [.about the plungey, a fluid flow path heing
establishe??@e?&ﬂ@ﬁnm@ 8Pl P8%ﬁﬂrépgﬁ8 ‘i@r{h Ozgg‘sﬁbeeagﬂ\g Wh%'?i‘lf?d‘{ﬁgﬁ%‘f:;é Lsé%@éf‘ . The device
of claim 1 pysherein ddrgitindisedtidispbareioantsiot 88e plunger towards its first position moves the diaphragm

el and the glar PSR/ EULMAAR A Gep e e TRL et Ot Bt SEIE el 2ag o subetantily
aseptic c_om@em'u_lyg Qompmeetrfbfmttgmtﬁx@ih@ dér&cd&wiamips&ganpmnmnenbmphimemb@iﬁrm, device of glaim
displacomIAEET VARG SoFRE WLahe0 S U o R e e S e e Lidore
elastomerfirst plunger region 24 includes, in this embodiment, a barb termination 92 for connecting the
device to a downstream component, in this instance, tubing 72.
As shown in Figure 3b, the end of first plunger portion 24 includes, in this embodiment, a
termination flange 94 for connecting the device to a downstream component, in this embodiment, a
termination flange 78. | '
By way of example, the downstream components attached to the device by the termination
connection feature on the plunger can be plastic tubing 72 and the like, as shown in Figure’3‘a,
attéch_e’d to a plastic bag or other type of known receptacle (not shown), and the like.
By way of example, the upstream component attached to the device can be a pipe, a
stainless steel or disposable plastic tank having an outlet, and the like, having an attachment
flange 88 (as depicted in Figures 3a and 3b), or any other mode of attachment for connecting
components to transfer devices as are commonly known in the art. For example, flange 80 on
device 12 can be connected to an upstream component or pipe by a clamp such as a Tri-Clover™
fitting, Ladish™ fitting, ClickClamp™ clamp and the like. _
When using device 12 to fill a downstream component such as a bag, or any collection
vessel attached the tubing 72, the device is opened by rotating section 28 of the body, which
moves the plunger 62 Iineafly (see Figure 4b) away from the face 90, permitting fluid to enter
| opening 16 (see Figure 2) and to eventually flow out the opening exit 64 through tube 72, and into
a bag, or any collection vessel or other fluid transport device. (not shown) Once a bag is full, the
rotating section 28 is rotated in the opposite direction to move the.piunger linearly again, this time
in the opposite direction, in‘order to seal the opening 16 closed (see Figure 1) to the fluid from an
upstream component. By way of example, an attached bag can then be closed off via a clamp or

hemostat (not shown) and removed for further processing or use.



7. The device of claim 1, wherein the gland seal is constructed of a solvent resistant fluoroelastomer. 8.
The device of claim 1, wherein the diaphragm seal is constructed of a silicone elastomer. 9. The device of
claim 1, wherein the diaphragm seal is constructed of a solvent resistant fluoroelastomer. 10. The device
of claim 1, wherein the body comprises a substantially cylindrical outer portion, at least one alignment slot
for the plunger, aDreagmooysckis theaiamgddelahglihé lengfoenderdafthe muiges Ghisrfeinta Auitliid transfer

and o crs AT PE g e e S e e RS Seace. e
plunger hakisgdapopaiethpesitiben cha shisial iofdgamd taainhaseals 60 sitdAdiasp baéy tonaiRedthe distal end
of the passage Sr%gv"é‘ssfs‘?%ﬂéi’ d%oa?{H% %ﬁ%‘&ﬁ,@@,tow""rd the proximal end of the passage;

As shown in Figures 1a and 2, the seals may be mounted on the plunger 62. However, if
desired, a different ,configurationA of seals and their placements can also be Used. For example,
Figures 1a and 2 show seals 46 and 60 formed in grooves on the plunger 62. A linear or gland seal
51 is retained within a groove 50 on the inner wall of the stationary bore section and within a
groove 46 on the plunger 62.

Other embodiments of the present invention are also contemplated, such as molding the
device 12 into a disposable plastic container such as a disposable process bag for the manufacture
and transfer of biotech products and the like. Such bags are readily available from companies such
as HyClone (which is part of Thermo Fisher Scientific) of Logan, Utah and Stedim Biosystems of
Concord, CA.

Since the fluid transfer device 12 is preferably provided in a sterile condition, (i.e., the
interior of the system and any component connected downstream of the device is pre-sterilized
such as with gamma radiation, ethylene gas or the like and shipped in a sterile condition), some
type of use indicator (not shown) may be helpful, and capable of informing a user when a system
has been used. As an alternative, or in addition to any of the indicator mechanisms discussed
above, a shrink wrap indicator (not shown) may be located over the device or at least over the

| rotating first section of the device to indicate whether the device had been used.

The device is preferably formed a plastic material and may be formed by machining the
body and plunger assemblies and then applying the necessary seals and the like, or preferably by
molding the body and the plunger separately and assembling them together with the necessary
seals and other components. Alternatively, the body may be molded into two separate halves and
assembled by attaching the plunger component with the necessary seals and other components to
one half of the body, followed by the attaching the remaining half of the body to the plunger,
necessary seals, other components, and the first half of the body. _

The device may be made of any plastic material capable of withstanding in line steam

sterilization. The temperature and pressure of such sterilization is typically about 121°C and 1 bar
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a diaphragm seal attached to the proximal end of the plunger and sealing the passage at the proximal
end thereof; a gland seal sealing the passage at a location intermediate the diaphragm seal and the
distal end of the passage; longitudinal displacement of the plunger moving the diaphragm seal to open
the passage, the gland seal stretching to accommodate the displacement of and maintain a seal about

the plunge Adluidhigmdratineing eriallisbarskatasen ey oResinab e Qe RAswRge and the

fluid transfer opening; and a connecting component for attaching the device to an upstream component;

at least orf@neiigms Wéﬁﬂl@%@kﬁ%%?ﬂﬁa@%@t@%m%@ BERelRer PeRoRh andidhieaslife11, wherein
the fluid trapsfer dRViRmhEPRAGANNS: CAFRNeNWigkRHERE edbedhirldrsnplefrpI céréosntrsipstream

component, at least one length of flexible tubing, and at least one sample container age substantially
aseptic. 1@%3&%@%8@*’%@@@% Etara R Sq58aR)e obibRIAGInG §§§§88dg%éwgl$ﬁarough the
body and hawngs? Browie deod Frdidedigelrndiot limited to PEI (polyetherimide), PEEK, PEK,

polysulphones, polyarlysulphones, polyalkoxysulphones, polyethersulphones, polyphenyleneoxide,
polyphenylenesulphide and blends thereof. Altematively, one can make the face portion from
ceramic or metal inserts alone, or that are overmolded with a plastic cover. One can also form a
polymeric face with a metal outer layer using plasma coating processes.

The seals of the present invention can be made of a variety of materials typically used for
making resilient seals. These materials include but are not limited to natural rubber, synthetic
rubbers, such as silicone rubbers, including room temperature vulcanizable silicone, rubbers,
catglyzed (such as by platinum catalysts) silicone rubbers and the like, thermoplastic elastomers
such as SANTOPRENE ® elastomers, polyolefins such as polyethylene or polypropylene,
especially those containing gas bubbles introduced either by a blowing agent or entrained gas such
as carbon dioxide, PTFE resin, thermoplastic perfluoropolymer resins such as PFA and MFA
resins available from Ausimont, USA Inc., of Thorofare, New Jersey and E.l. DuPont de Nemours
of Wilmington, Delaware, urethanes, especially closed cell foam urethanes, KYNAR® PVDF resin,
VITON® elastomer, EPDM rubber, KALREZ resin and blends of the above.

Suitable materials for molded in place seals can be curable rubbers, such as room
temperature vulcanizable silicone rubbers, thermoplastic elastomers such as SANTOPRENE ®
elastomers, polyolefins such as polyethylene or polypropylene, especially those containing gas
bubbles introduced either by a blowing agent or entrained gas such as carbon dioxide and
elastomeric fluoropolymers

Other materials used in the devices should also be FDA grade components such as FDA
grade silicones, PTFE resins and the like.

The present invention provides a sterile and steam sterilizable in place connecting device
for fluid transfer. It may be single actuation (one open one close) or it may be multiple actuations
with a single sterile connection (multiple openings and closings) so long as the sterile connection
upstream and downstream is maintained. Additionally, with the use of multiple seals or seals of

11



a longitudinally displaceable plunger disposed in and extending along the passage, the plunger having a
proximal end and a distal end and having a first position displaced toward the distal end of the passage
and a second position displaced toward the proximal end of the passage; at least one seal mounted on
the plunger to form a fluid tight seal between the plunger and the passage; a fluid transfer opening in
the plunggsienghndheipupenmabensecthahtholstodity anitidhieviistial reaidtaihedesydnvgtarmultiplegitudinal
displacement of the plunger opening the passage to form a fluid pathway from an upstream component to
a downstr@ﬁwmponent'through the fluid transfer opening and a channel in the interior of the plunger.
14. The device ofyeiajmddiicativreeindveriatidassf tiscrventios eadibgp magrwiteat.dbparihgfdevitse of claim 14,

wherein the diaphragm seal s, attached.to the proximal end of the plunger an S sage at the
proximal eW'{ﬁagéﬁpfs?W' %F&)?B@%?‘i a&?ﬂsé)é? e'PetFﬁﬁé&qggg?{%neemsggﬁgﬁgg%éﬁ : §§al. 17. The
device of ¢igisih e witatdihiheadeviegafupibentyoanpriseat tecsstt dode lamithgeial 2t WElte tlisvice of claim

17, wherein the gland seal seals,the passage, at a location intermedi t [ [ | and the distal
end of the' tgg@%%gl_aﬂﬁeﬁqgc '895'83 gﬁiﬁﬁﬁ&l% R ?ﬁeéj Sfu%eerﬁ%?{/e%n%g @1@21%%%%%% sealingly
secured toafftespitil ebthiedmergiembeimgandicated by the following claims.
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20. The device of claim 17, wherein the at least one gland seal stretches to accommodate the
displacement of and maintain a seal about the plunger. 21. The device of claim 15, wherein the
longitudinal displacement of the plunger towards its first position moves the diaphragm to open the
passage. 22. The device of claim 19, wherein the portion of the passage between the diaphragm seal
and the at lea¥p@rie adneAdeal is substantially aseptic. 23. The device of claim 22, further comprising a
substantially aseptic tank mount. 24. The device of claim 15, wherein the diaphragm seal is disposed at

least partially1insiq\eﬂmgtpgr%gp@é\ﬁggcg%ﬂassage prior to displacement of the plunger. 25. The device
of claim 13, wherein the at least one seal Is constructed of a silicone elastomer. 26. The device of claim

13, wherein the at leds?SHe seal is constructed of a solvent resistant fluoroelastomer. 27. The device of
claim 17, wherein theab@thngatepaser a substantihiyughlither malyoand mpeiriga ratiessdtandeaatignment slot
for the plunger, angkg qqpve for the gland seal. 28. A fluid transfer device comprising:
a longitudinally displaceable plunger disposed in and extending along the passage,
the plunger having a proximal end and a distal end and having a first position displaced
toward the distal end of the passage and a second position displaced toward the
proximal end of the passage;
a diaphragm seal attached to the proximal end of the plunger and sealing the
passage at the proximal end thereof;
a gland seal sealing the passage at a location intermediate the diaphragm seal and
the distal end of the passage;
the plunger extending through and being sealingly secured to the gland seal;
a fluid transfer opening in the passage between the diaphragm seal and the gland
seal;
longitudinal displacement of the plunger moving the diaphragm seal to open the
passage, the gland seal stretching to accommodate the displacement of and maintain a
seal about the plunger, a fluid flow path being established between the open proximal

end of the passage and the fluid transfer opening.

2.  The device of claim 1, wherein longitudinal displacement of the plunger towards its first

position moves the diaphragm to open the passage.

3. The device of claim 1, wherein the portion of the passage between the diaphragm seal

and the gland seal is substantially aseptic.

4.  The device of claim 3, further comprising a substantially aseptic connecting component

for attaching the device to an upstream component.

5. The device of claim 1, wherein the diaphragm seal is disposed at least partially inside

the proximal end of the passage prior to displacement of the plunger.

6. The device of claim 1, wherein the gland seal is constructed of a silicone elastomer.
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a body; an elongate passage extending through the body and having a proximal end and a distal end;

a longitudinally displaceable plunger disposed in and extending along the passage, the plunger having a
proximal end and a distal end and having a first position displaced toward the distal end of the passage
and a second position displaced toward the proximal end of the passage; at least one seal arranged
along the length aHteetrYieP tht PrMger W geim B ganiyredelsl prnstieeird AicusPartiorssefaMe plunger
and the passage Wiwbdbsagasice is in the closed or opened positions; a fluid transfer opening in the
plunger between the proximal end of the plunger and the distal end of the plunger; longitudinal
displacement of the plunger opening the passage to form a fluid pathway from an upstream component to

a downstrearfr comSARISERTSIFER the IR aH SRR RERIRRP LR PR PIR FllP R ABRSMPe plunger.

29. A fluid transfer device comprising: a body; an elongate passage extending through the body and

having a proxymahgrdiaiigeroflighahen e Rilo M MRy R eaRE Setbs endiaby siallewspiHnger

disposed in and e tendilng along the passage, the plunger having a proximal end and a distal end and
having a first posi |%%r%ﬁ§pf85n§5' toward the distal end of the passage and a second position displaced
toward the proximal end of the passage; a proximal seal attached to the proximal end of the plunger
and sealing the. passagevaktie pemimalweeekbihereobouhetdifieiglsng uistantisifirsyipesidiuter

portion, at least one alignment slot for the plunger, and a groove for the gland seal.

11. A kit for transferring fluid comprising:

a fluid transfer device comprising:

a body;

an elongate passage extending through the body and having a proximal end and a
distal end;

a longitudinally displaced plunger disposed in and extending along the passage, the
plunger having a proximal end and a distal end and having a first position displaced
toward the distal end of the passage and a second position displaced toward the
proximal end of the passage;

a diaphragm seal attached to the proximal end of the plunger and sealing the
passage at the proximal end thereof;

a gland seal sealing the passage at a location intermediate the diaphragm seal and
the distal end of the passage;

longitudinal displacement of the plunger moving the diaphragm seal to open the
passage, the gland seal stretching to accommodate the displacement of and maintain a
seal about the plunger, a fluid flow path being established between the open proximal
end of the passage and the fluid transfer opening; and

a connecting component for attaching the device to an upstream component;

at least one length of flexible tubing; and

at least one sample container.
12.  The kit of claim 11, wherein the fluid transfer device, connecting component for attaching

the fluid transfer device to an upstream component, at least one length of flexible tubing,

and at least one sample container are substantially aseptic.
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an intermediate seal sealing the passage at a location intermediate the proximal seal and the distal end of
the passage; the plunger extending through and being sealingly secured to the intermediate seal; a fluid
transfer opening in the plunger between the proximal seal and the intermediate seal; wherein,
longitudinal displacement of the plunger towards its second position moves the proximal seal to open the
passage, theifterfribtitanséaildayise prBRBSEEcommodate the displacement of and maintain a seal about
the plunger, and a substaitially aseptic fluid flow path is established through the fluid transfer opening in

the plunger and througn.fhg plungets,substantial et G0nJlie, devise AL clalmAg Jurther

comprising a substantially aseptic connecting component for attaching the device to an upstream
component. 31Tha'HB\AEE: of claim 29, wherein the proximal seal is disposed at least partially inside the
proximal end of the passagiedimily tdispisptabémuntost iiepphedgerairdrexitndirgt plosgite. Bsapge device of
claim 29, whereinghe,|nteeneslifg Serlmarasirtcied £ia elisansiasinerirtPoditendsyirraf claim 29,
wherein the interrrgediaéetﬁea ,i§ ?on%trufciiﬁd of a solven(t]| resistant dfluor?.elas omer. étl Thg %evice of
claim 29, wherein ﬂqv‘@rprox?ma{fsaeaﬁr}s Sonstr &St §'Sifone elastomer 3 Tc'pll?lceede\e\l'g:aer of (faim 29,
wherein the plug iBregmstreieded e #2%51999it resistant fluoroelastomer.

at least one seal mounted on the plunger to form a fluid tight seal between the
plunger and the passage;

a fluid transfer opening in the plunger between the proximal end of the plunger and
the distal end of the plunger;

longitudinal displacement of the plunger opening the passage to form a fluid pathway
from an upstream component to a downstream component through the fluid transfer

opening and a channel in the interior of the plunger.
14. The device of claim 13, wherein the at least one seal is a diaphragm seal.

15. The device of claim 14, wherein the diaphragm seal is attached to the proximal end of

the plunger and seals the passage at the proximal end thereof.
16. The device of claim 13, wherein the at least one seal is a gland seal.
17. The device of claim 15, wherein the device further comprises at least one gland seal.

18. The device of claim 17, wherein the gland seal seals the passage at a location

intermediate the diaphragm seal and the distal end of the passage.

19. The device of claim 17, wherein the plunger extends through and is sealingly secured to

the at least one gland seal.

20. The device of claim 17, wherein the at least one gland seal stretches to accommodate

the displacement of and maintain a seal about the plunger.

21. The device of claim 15, wherein the longitudinal displacement of the plunger towards its

first position moves the diaphragm to open the passage.
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36. The device of claim 29, wherein the body comprises a substantially cylindrical outer portion, at least
one alignment aperture for the shaft, and a groove for the proximal seal. 37. A fluid transfer device
comprising: a body; an elongate passage extending through the body and having a proximal end and a
distal end; a longitudinally displaceable substantially hollow plunger disposed in and extending along
the passage,dhe gitfhgeyiemoirpia fidwhrPENa PRIt &t cPrEEAYS BAVYRE TR SiFsALh WWidplaced
toward the proximalemnd ef Haetpasspgeiasdl & sepsatipnsiteptdisplaced toward the distal end of the
passage; a proximal seal attached to the proximal end of the plunger and sealing the passage at the

proximal end thereof when the plunger is in its first position; an intermediate seal sealing the passage at
a location inté?meﬁ'?&t@ecﬂéeﬁo?%’ﬂég%efaﬁaﬂocﬂ%omﬁlae?ﬂ%?TH%"bﬁ%%%tgcet,a%g‘?}l‘ﬂhger extending

through and being sealingly secured to the intermediate seal; a fluid transfer opening in the plunger

between the pjoxifpal &8 an0:the iﬁ‘@?Wﬂ@FﬁﬂﬁwéQﬁébhr&ﬂﬁ?@Qa img&@@% @Eé@t’%‘éﬁfé‘lﬁi‘ihﬁ’iﬁg"e plunger
towards its secon(aq osition r%?]\ée? tttt:ee ggroximal .se{';\I 0 q en rﬁg‘r‘ﬁ Efatﬁsa%eﬁ the intermediate seal stretches
t of an

to accommodate the ?fi%’f)'%%emeﬂ SARIRtAIN 2 SFArEnouUt the [ﬁlﬁ)nggre,r'and a substantially aseptic

fluid flow path is established between the open proximal end of the passage and the fluid transfer opening
in the plungepmndriy augitdher plangers swHeséantisdlyahallgsy dAkedesl is constructed of a silicone

elastomer.

26. The device of claim 13, wherein the at least one seal is constructed of a solvent resistant

fluoroelastomer.

27. The device of claim 17, wherein the body comprises a substantially cylindrical outer

portion, at least one alignment slot for the plunger, and a groove for the gland seal.

28. A fluid transfer device comprising:

a body;

an elongate passage extending through the body and having a proximal end and a
distal end;

a longitudinally displaceable plunger disposed in and extending along the passage,
the plunger having a proximal end and a distal end and having a first position displaced
toward the distal end of the passage and a second position displaced toward the
proximal end of the passage;

at least one seal arranged along the length and end of the plunger to form a fluid
tight seal between various portions of the plunger and the passage when the device is in
the closed or opened positions;

a fluid transfer opening in the plunger between the proximal end of the plunger and
the distal end of the plunger;

longitudinal displacement of the plunger opening the passage to form a fluid pathway
from an upstream component to a downstream component through the fluid transfer

opening and a channel in the interior of the plunger.

29. Afluid transfer device comprising:

a body;
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38. The device of claim 37, wherein the proximal seal is disposed at least partially outside the proximal
end of the passage prior to displacement of the plunger from its position. 39. A kit for transferring fluid
comprising: a fluid transfer device comprising: a body; an elongate passage extending through the body
and having a proximal end and a distal end; a longitudinally displaced substantially hollow plunger
disposed in and exteAdiAgnEdRgPEIEI9aBEeRAITAHAYEH dhh AoTPaDREXINE eFYiENgH endiiatdl &nd and
having a first positirmésglaces toward the proximal end of the passage and a second position displaced

toward the distal end,of i, SRR AMIRITRLSEALAIRSSA dArYS RIgImAl e OLG glpger and

sealing the passage at the proximal end thereof; an infermediate seal seallng the passage at a location

intermediate the pHORGIET S85F2H% HfePHIREST 8AY S AWMLY agthgitlinhardirpiiavingstBtithe plunger
moving the proxinpakiiealdisptqed thegpddsadisialrmnintétnequissegsaalstretchimypicsiticociispddte the

displacement of apgsraitRtaioaisaptabouhthagiygger, a fluid flow path being established between the
open proximal end of the assage g{géjcﬁg(a I(I)ugd transfer oggrcl)ipt%;eand a connectim%(ﬁ(])ema)onent for

attaching the device fOPAR Iu'nrﬁ)stream componerﬁ?. proximal € plunger and sea assage

at the proximal end thereof when the plunger is in its first position;

an intermediate seal sealing the passage at a location intermediate the proximal seal
and the distal end of the passage;

the plunger extending through and being sealingly secured to the intermediate seal;

a fluid transfer opening in the plunger between the proximal seal and the
intermediate seal;

wherein, longitudinal displacement of the plunger towards its second position moves
the proximal seal to open the passage, the intermediate seal stretches to accommodate
the displacement of and maintain a seal about the plunger, and a substantially aseptic
fluid flow path is established through the fluid transfer opening in the plunger and

through the plunger’s substantially hollow interior.

30. The device of claim 29, further comprising a substantially aseptic connecting component

for attaching the device to an upstream component.

31. The device of claim 29, wherein the proximal seal is disposed at least partially inside the

proximal end of the passage prior to displacement of the plunger from its first position.

32. The device of claim 29, wherein the intermediate seal is constructed of a silicon

elastomer.

33. The device of claim 29, wherein the intermediate seal is constructed of a solvent

resistant fluoroelastomer.
34. The device of claim 29, wherein the proximal seal is constructed of a silicone elastomer.

35. The device of claim 29, wherein the plug is constructed of a solvent resistant

fluoroelastomer.
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40. The kit of claim 39, wherein the fluid transfer device connecting component for attaching the fluid
transfer device to an upstream component, at least one length of flexible tubing, and at least one sample
container are substantially aseptic. 41. The kit of claim 39, wherein the connecting component comprises

a tank mount.
36. The device of claim 29, wherein the body comprises a substantially cylindrical outer

portion, at least one alignment aperture for the shaft, and a groove for the proximal seal.

37. Afluid transfer device comprising:

a body;

an elongate passage extending through the body and having a proximal end and a
distal end;

a longitudinally displaceable substantially hollow plunger disposed in and extending
along the passage, the plunger having a proximal end and a distal end and having a first
position displaced toward the proximal end of the passage and a second position
displaced toward the distal end of the passage;

a proximal seal attached to the proximal end of the plunger and sealing the passage
at the proximal end thereof when the plunger is in its first position;

an intermediate seal sealing the passage at a location intermediate the proximal seal
and the distal end of the passage;

the plunger extending through and being sealingly secured to the intermediate seal;

a fluid transfer opening in the plunger between the proximal seal and the
intermediate seal;

wherein, longitudinal displacement of the plunger towards its second position moves
the proximal seal to open the passage, the intermediate seal stretches to accommodate
the displacement of and maintain a seal about the plunger, and a substantially aseptic
fluid flow path is established between the open proximal end of the passage and the
fluid transfer opening in the plunger and through the plunger’s substantially hollow

interior.

38. The device of claim 37, wherein the proximal seal is disposed at least partially outside

the proximal end of the passage prior to displacement of the plunger from its position.

39. Akit for transferring fluid comprising:
a fluid transfer device comprising:
a body;
an elongate passage extending through the body and having a proximal end and a
distal end;
a longitudinally displaced substantially hollow plunger disposed in and extending
along the passage, the plunger having a proximal end and a distal end and having a first
position displaces toward the proximal end of the passage and a second position

displaced toward the distal end of the passage;
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40.

41.

a proximal seal attached to the proximal end of the plunger and sealing the passage
at the proximal end thereof;

an intermediate seal sealing the passage at a location intermediate the proximal seal
and the distal end of the plunger;

longitudinal displacement of the plunger moving the proximal seal to open the
passage, the intermediate seal stretching to accommodate the displacement of and
maintain a seal about the plunger, a fluid flow path being established between the open
proximal end of the passage and the fluid transfer opening; and

a connecting component for attaching the device to an upstream component.
The kit of claim 39, wherein the fluid transfer device connecting component for attaching
the fluid transfer device to an upstream component, at least one length of flexible tubing,

and at least one sample container are substantially aseptic.

The kit of claim 39, wherein the connecting component comprises a tank mount.
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