WO 2011/ 035008PCT/ US2010/ 049098 VESSEL | NCORPORATI NG FI LM W TH ENHANCED
ANTI - STATI C PROPERTI ES AND RELATED METHODS This application clains the
benefit oWoWof/03Rwevi si onal Patent Application Ser. No. PET/UIR4B0O99S t he

di scl osure of which is incorporated herein by reference. Technical Field
The present invention relates generally to the material processing arts
and, nore specifically, to a vessel incorporating a filmwth enhanced
anti-static properties and rel ated nmethods. Background of the Invention
Many processing applications typically enploy vessels for at |east
tenporarily receiving and containing materials. For exanple, in the course
of bioprocessing, hernetically seal able bags forned of flexible plastic
filmare often used for bulk internedi ate storage, cell culture
re-suspension, viral inactivation, final fornulation, final fill, or as

bi oreactors. Typi ¢glskyy, N@éﬁﬁmﬁme VBN Pl ENENCRRY 1 exible film
whi ch may conprise one or nore |ayers adapted to provide the vessel with
particul ar char asNGH+SEATH. PROPERITES avN RdiiphA € EDaMEFHOMS ar degr ee of
light/gas transm ssivity or resistance to particle shedding).

Otentines, anti-static properties are a desirable characteristic for such
a film Wﬂ9111111@Se@)ghteﬁloﬂrcﬁéﬁﬁsﬂh@%eﬁ@ﬁte@ﬂ als. suseeRhkbPReAOAl %ﬁh(%%ﬁaﬂ"egl ng, such
as a powder or simlar granular substance. The anti-static properties
shoul d r en¥n 61 3ta02.dbe Hisgloaure @f suhiohgh yncomegpted beraigeypsfdrodeand t hus woul d
not inpact the performance of a vessel incorporating the filmwhen used
after such storage. Stated another way, the properties should be stable in
t he sepamitéNdiciihey woul d not dissipate through the surface of the film
over tine and ultimately vani sh. Performance of the WD

2011/ 035008PCressp0 Loyepaopgglates generally to the material processing arts and, more

specifically, to a vessel incorporating a film with enhanced anti-static properties and related

methods.

Backeround of the Invention

Many processing applications typically employ vessels for at least temporarily receiving
and containing materials. For example, in the course of bioprocessing, hermetically sealable
bags formed of flexible plastic film are often used for bulk intermediate storage, cell culture re-
suspension, viral inactivation, final formulation, final fill, or as bioreactors. Typically, these
bags are formed of a thin and flexible film, which may comprise one or more layers adapted to
provide the vessel with particular characteristics (such as, for example, a particular degree of
light/gas transmissivity or resistance to particle shedding).

Oftentimes, anti-static properties are a desirable characteristic for such a film when used
in processing material susceptible to iribocharging, such as a powder or similar granular
substance. The anti-static properties should remain intact during a relatively long storage period
and thus would not impact the performance of a vessel incorporating the film when used after
such storage. Stated another way, the properties should be stable in the sense that they would not

dissipate through the surface of the film over time and ultimately vanish. Performance of the



filmin ternms of its anti-static properties should also not be highly
dependent on external factors, such as humdity, as nmay be the case wth
surface cwatongss®@8 agents. Summary of the Invention PCT/USON®/08®pect of
the disclosure relates to an apparatus for use in material processing. The
apparatus conprises a vessel, such as a bag, including a wall at | east
partially forned of a flexible film The film conprises at |east one, and
preferably at |least two |ayers including an anti-static agent. In such
case, \Q; ' [ | yer Iln one
embod ey P SFRG b ReliEYELR RSN bl B FAR G R P e rernyt il

| east stolvmslhayedisy, analay de mig: dahe wathtsurfsdeadoatingsgententdhe at | east two | ayers
may conprise outer layers. The filmmy be transparent. Preferably but
optionally, the filmhas a thickness of between about 100 and 250 mi crons.
Pr ef efsﬂ%rﬂarvtdﬁh@fﬁ‘j@%ﬁ“ c agent conprises an iononeric polyner and, nost
prefe X - tic agent conprises ENTIRA. The | ayers may each
conpri se ponyespegt ehthe dsdosurefedatedioyarbaipacytsi fonakd in mataniat presedsing. The

| yet hyl . Mbst f bl v but ti. ly, the int diate.l
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| east one weld for connecting a first portion of the filmwith a second

por t i amit-oifitie pgent.i inrgucipeeseetbigisl leastitie laersabdnud anheleimedintedaticat e | ayers of
the first and se ry,pons.of .the fil.m,. Anot her .aspect . of the
L R

di scl osure™1 s an processi

powderaytisdndhiding RS sei-stalibagstes sile dtnedstides laemahhy 3dmheias butbalalbdl | The
formed of a flexible filmincluding at | east one |layer having a pernmanent
ant i - BBy Bgertspaisat a fpsietablo pwetptionalihdhefifm has a’thickmgss|af gbﬁtvfwtah@wt
aspectlo(p;ndtf@ﬂk?&{spsure relates to an apparatus for use in materi al
processi ng. The apparatus conprises a vessel including a wall at |east
partial |y Pofereldyofheaanftl extidbgent cbmpiiss| andiongmatic peBsierame, hayeprch@abing a
stableI surface resisti ViIX %Nﬁm han about 1011 ohni square for a period
of at Teed¥stiie PER FHIFATSCS er DGSIBYEE ToAY £HE eATERTIBS BRlécthErat et 0 an

appar gligaf19" bitSEptidhallRt &5 AlenBiP GR&R Genc. WRISQ 13/ R3R008RETHHRZAMP/ (49098

intermediate layer comprises ultra-low density polyethylene.

The vessel may comprise a flexible bag including at least one port. The vessel may also
include at least one weld for connecting a first portion of the film with a second portion of the
film. Preferably, the weld bonds the intermediate layers of the first and second portions of the
film.

Another aspect of the disclosure is an apparatus for use in material processing, in the
form of a powder transfer vessel. The vessel includes a wall at least partially formed of a
flexible film including at least one layer having a permanent anti-static agent and a port formed
in the wall.

Still a further aspect of the disclosure relates to an apparatus for use in material
processing. The apparatus comprises a vessel including a wall at least partially formed of a
flexible film including at least one layer having a stable surface resistivity of less than about 10"
ohm/square for a period of at least twelve months.

A further aspect of the disclosure relates to an apparatus for use in material processing,
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conprising a vessel including a wall at least partially fornmed of a
flexible film The filmconprises at least two |ayers including an

anti - st atwo 2agen35008 Still another aspect of the di ®CIraser16/U®IR
conposition of matter conprising a filmincluding at | east two | ayers

i ncorporating an anti-static agent and sandw ching an internediate | ayer.
Preferably but optionally, the filmis aninmal derived conponent free.

Yet another aspect of the disclosure relates to an apparatus for use in
mat er i, &8s : p t us S ng

eact CapRiY By Rl i g Rne A AR AET B , e dURg Fn B
anti-s@a@m&sagbm&tﬁ@ﬁq@&1&ﬂumﬂgadehu%eﬁcegaponent free. Anot her
aspect of the invention per@alns to a_ method of fornln% a vesse|l for_use in
material pPBEewsihgy asnese GretR cHS T .%éscernam’ﬁwg al tfer grmpriging e M

| et udicngid: 416k B 1kl TedBSielinh ThGRIRELR G el and@aRliwloihd &Y Bl dnbigleudi ng

an antl-stégn c agent east two layer san an internediate
| ayer layer. Prefefidbdy htﬁtdpﬂdnatb,yﬂfaﬁlhtmrammIdadmdtdmmpmhems‘rfm‘ heati ng or

appl yin essure to the I.m . The nmet hod nmay al so co rise weldin the
R T e K L e T R e B A BN R

Wit hdrawiREh i€ cahphi®ast vENE haNelng 4 Q/aﬁ)%a@@&%t bmanftfetrﬂ&ﬂbeé %ek@yeeﬁtm and
then wel ding the internediate | ayer. An aspect of the disclosure also

r el at ébe fibn aomptispscdnpstistatd agenttahd lsmrmmeb@rwgd eogpemrul &reenat er i al

susceptible to triboch i n The t.ho e roviding a, vessel. with

ot er i oRRORbAVEREHT b Hsatty oy fon RS BaRech SR Bl S
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welding the filmto formthe vessel. Preferably, the meldlnglsteP conpri ses
il cag

wel di filmantienflar eermprses dtdgest top lases micludingaid whé@elC Weeneehhe Releast vsast
two | static agent. Most preferabl the wel din
PYES SoBRH b RS tB aRLLe g P y, g

step I's prec ng the at least two |ayers to expose the

i ntermedi atke haaylﬁfd mihe“tupm@vmdluﬂtg tlsd ﬁﬂasﬁdﬂtyhéauhg herappBARYE bEssiextté tieh fign.t he
filmfroma mxture of a polynmer material and an antj-static agent as, well
as | niftx%aﬁétOHgnt-Sh@h@P%}ﬁeP%Fr Wﬁlép@rthaﬁlmo Rreferabht byt gyionalhn dhe welklng stepis  vet

a fur tt@édeasbgﬁ%matmtng 1o SEIOSULS '1@&3”558%{@]@? Qfe m@%@tﬁt@%{@ fd then

conposition conpr|5|ng m conprising at 1east
| ayer seldivgd thdimgmandiantayest at i ¢ agent sandwi ching an internediate Iayer
nd .t he net hod

The f d he fjl
further | nanaecs ol SRthtaraig e roerriind irbrERabiniBasgaei STy,
the ‘Aﬁta@ﬁ’tﬂgsusy@tl%@t%/ tQ%@QQ@f @_ / PR %%0@4%9%15% SR vEdRREPS 'V§%§1 Weh dh 'ﬂgeﬁ&e

i nternedi ate er of I'm Mst preferably but optionally, the welding
step temprreced eduwd\lmytahfﬂlnamch@lrtgm leat thvodsyters swonpragreg sn tudi-sxposgent. he

i nter medi atfﬁe lpia(}(/%ihg step may comprise welding the film to form the vessel. Preferably, the
welding step comprises welding an intermediate layer of the film sandwiched between the at
least two layers comprising the anti-static agent. Most preferably, the welding step is preceded
by withdrawing the at least two layers to expose the intermediate layer. The providing step may
further comprise extruding the film from a mixture of a polymer material and an anti-static agent
as well as introducing the granular material to the interior compartment.

Yet a further aspect of the disclosure is a method of manufacturing a composition of
matter, comprising forming a film comprising at least two layers including an anti-static agent
sandwiching an intermediate layer. The forming step may comprise extruding the film, and the

method may further include the step of welding the film. Preferably but optionally, the welding
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Still another aspect of the disclosure is a nmethod of manufacturing a
conposition of matter, conprising: (1) providing a first filmconprising a
first | aywp2and3sogecond | ayer including an anti-stati cpPagamnst)109a90d8 second
| ayer covering a surface of the first layer; (2) exposing the surface of
the first layer; and (3) welding the first layer. Preferably but
optionally, the welding step conprises welding the first layer to a second
film Most preferably but optionally, the providing step conprises

orovt 908008 gl I BN 0 41 CEYEL MRS SR BISO AL, o ..

i N pameldahg ﬂé}DS@Hﬁﬁd&d pnwithitessed thie racleusiltwg ldylees @nrikposttag imerfneb‘lma layer.
accordance wi.th the disclgiure and Figure 2 is a schematic view of one

possi bl e efBbdnAdEE agtect RE th [isFlope 45 e thed i BEPYACHING ReCoRRASHIONON

Ref er [ r t C di ng
to ongﬂggbéé?ﬁgﬁigﬁ ?g%ﬁ%g r%fﬂﬂ %@%ragrﬁmﬂéhﬁ?ﬁgié ef%§gg%§&%ng§§9%f t he
di sposmhidengom sitinghtes apset, tsyideetongdilaydr Icyveua‘gdl sunfape of e Sirsigaymf @) empasingnder

steril.e conditi.ons ch for rrn i,0l ogi cal nt.§, .pharpaceutica

pr epafb&tﬁ £° Ot?h gﬂ?%é a‘?%%h‘ga rfgi“'t g?’ eﬁ‘%ge t 0?“%“@@59@ 10
conpr ,8RBnAlicp EARPriRE Sval@hb ¢ @,t o) elatotameeancf hl@%' PRt {arerérm;@ bufrblbtﬁ)nally,
constructlon results in a vessel 10 that can be fol ded and, when fill¥ed,
may atheprotidingrstepstvapnisds proaideel hy fubldilavhevinga dort Riyereideiudinglve anhtséactxcor
conpartn?nt In one enbodi nent, a port P may al so be providing for
feedlﬁ%3 ‘transmtting or transferrlng a flowable material, such as for
exanpl e a granul ar substance or powder, to and fromthe interior
conpartnent, which nay be defined by con-esponding seals formed by bonds or
wel dsBrief Begcrintionnfthe Dyawing Eisytes he vessel 10. I n the case where powder
|'s contal ”?dgH Heln\(@t?e?t L i QaP c@gsscﬁ%@@dndgr\?eq & i ﬁ& il fheethilndd #MFT A" bag
for deliveri g the p er 8 A vessel i n whi ch f1 Ui rocessing 1s being
Conplak@dhn&hanb@mhhaﬁ&ayebﬁdassocrated with a renovable WO
2011/035008PCT/U82010/049098 cl osure or cag and gﬁx al so be provided with
a connect of 12Uy 2 56Hﬁ@@?@ﬁbvﬁﬂTﬁfﬁe§@§3ﬂﬁm9 Qdigent frthe 888i vi ng the contents
of the vessel 10, as shown in Figure 1. The film 12 form ng the
vessel 10, such as bag, is adapted to provide anti-static properties al ong
t he sﬁmhaﬁﬂlD@undbﬂgnbmehémnemﬂﬁnnconpartnent This is acconplished by

formng the film12 conprising at |east one layer including a permanent
anti - st at i ReRE@se Is moye madeito Sises & wshdllypipies aiviseseh 1€ aeqoadiag (@ engsaspgstt v

a' 0”9 {jﬂ@ dis@fo@&ﬂeorpr&‘é%g.gh}??%sjs_%fl0%‘ bY% %?%efdjrgpoi’é’éfé‘gleﬁggé’fu%@@pfs ﬁa:h?'v\el Ve

an or equal to a are a perio
rTDnt hased in processing materials under sterile condltlons, such for preparing biological agents,

pharmaceutical preparations, or the like. In the most preferred embodiment, the vessel 10
comprises at least one wall made of a thin, flexible film 12. This construction results in a vessel
10 that can be folded and, when filled, may adapt to the shape dictated by whatever is contained
in the interior compartment.

In one embodiment, a port P may also be providing for feeding, transmitting or
transferring a flowable material, such as for example a granular substance or powder, to and
from the interior compartment, which may be defined by corresponding seals formed by bonds
or welds in one or more sidewalls of the vessel 10. In the case where powder is contained, the
vessel 10 may be considered a powder feed or transfer bag for delivering the powder to a vessel

in which fluid processing is being completed. The port P may be associated with a removable
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Preferably, the filmconprises nultiple discrete |ayers and, nost
preferably, at |least three contiguous |layers 14, 16, 18. As schematically
il lustratwo2on/Bs@are 2, the film 12 in this nost prefercedSentiodionent
conprises first and second | ayers 14, 18 incorporating the anti-static
properties that sandwich an internediate or mddle | ayer 16 that does not

i ncl ude such properties and is thus "regular” in terns of its materi al
conposition. Mst preferably, the vessel 10 consists essentially of this
film ani ng..that, it not. inel ude an ddi.tional .layer, that alters the
bast ¢ DRORel iRt ik AR R R G e SE Ky ShRepig® Gl bORon GREP | 1T
12 mayobeceoimphsathtais diae vessal 10c aagiatinth&igme ¢ri al s, such as pol yners.
Preferably but optionally, the film 12 conprises pol yethyl ene, Mst

pref er abl y 6t filspti2ofermine thayvsessl 14, sugh 45 bagnds dpedo®t proajdsr antpsiaiithe
film s : [ it yl L end
of LDPETSRT ot iy e Fa Bo g P BROR SRRl RS ot Wop
but ndsitmipg eicefilmblly coompisinges lasst o lagey deldireyn potnpetitydgineat(d hdoRE) Tl a

bl end of ULDPE and .ot her na%;;iaLs.. gh%Ee thi ckness of the film12 may
r ange FHSRIGHEER MAHLasE? HILCEHES THOY cleen B dnisHOT ComPageRteri e vespleld

| ayer fbo@tﬁdedllgy BQMRR $2 of 1% MRl diYed@ifil fohokDi CKESTaquiRr f&@%@eloﬁ,ofem&spf

| ayers 14, 18 preferably conprises |ess than about(%0@6of the total

t hi ckmeslse gfontse film 12, and nost preferably 15-20% The internediate

| 16 f i nder . and, .most.. preferably, the nsjority .of th

e oS b SPLET G0 TR PR Sl ot lBb SR gt

provi degtigsul Udesi PUSLY 18 AROBEERMR I GAcA] iﬁ\&ii@ge bhendgmh nedn Banafdst s-
a

As an exanple, the thickness of the internmediate [ayer may be about 150
m cr ofrefoirgch embedigeng comayisess fiesh @rd Haoonig layetshl 4 ke s oaforaeli the4Btivdtation,

for a_total i -1 ] u 1cron.. To allow,for vi.sual
W 20 Pt AtesoleNERE Th el 8 R nal b FhEd@luol Meflde il Bhpaligt®,
al so pnéianabtrygdinr’lie dsmstol &8 slaugrih torapehitio Nofpedferadbl, Yhe $dsans P ab:@ikts

Co- extrusion techniques nmpy be used to formthe film12 havi%g the three

| ayer §swntitlheoldhisdilay mpappg thaitit denspws incluss anggdditiopgdpysy thatipdersdhe basigy

pol ye i r:1Y i.nt.rad in pellet formto an extruder for

sinul%gyggggfgﬁgﬁ?bﬁgﬁng tﬂg?kﬁﬁﬁﬂ%2ﬂgggbrised of the at least three |ayers
14, 16, 18Thanfilexefphay bedenmmesed sedinen, pechapaitig mheridxt sushi Bnpotpyede an

OM CRON co-yrotating twin scgrew.extruder distributed by STEER. Preferably,
the ext$Esp nblitss)p&g%wattheaﬁ[r@ﬁv_sé@a}p&s%s %ﬁm&'lﬁ%n%hafe fi%é@-bzli@@l%fﬁ@% most
pref enahly 4 aboute 2Q0GutedhG ALK BESS: %%tup% s%wkllgan%fomlbggé M%BT%

correspond to the desired thickness of the layers

ant i - pheihylge dpBPE) @s antdyndoel pPBYI abddbthay miteridls.| rhhe Antoymbdiatadayeg lamay
anti-stati.c t.into fhe.polyner materjal.. Preferably but opti 1y, the
ant - evprice LGB bbbst SRR Ehatars Wiy s ihpeerup s bt e

I NOr g@NipE P OMEH andBstehr @stefihkani um di oxi de and treated with a

si | oxane-based conpound or "silanized." Such an agent is distributed by
DuPont undédhe tlheknssapbtheimRA fanthingerbom groat $9&BPY migrhas (neitsdiniebsivedins
ENTI RA. SD 100),... Thi s..age may..be incorporated into the material prior to
oxt r uSISRe 50 s Ry B3 e &G wlERESE BEGMeRSE) TP FB Bk

Wi th tihel1$plegahieid cpalpyidey lepeihhetBodt B0 bPtHeayal tididhess1SE thErRmerakhy nloyt
optionally, the anti-static agent conprises |less than 20% by wei ght of the

mat er PEfeaBlydl F20%f oF ks HicTaKER1S kyer 1o dewpbedemagdenandgantt prefghlyadha ayer
14 or > : - J5%.hy, [ To form
e % LR g8 B, OREL 1 81NN XoRELURRR. s PARYRIE LRI b royiglPed

pr edefelicibngdylad pergibhswhinecloevilothe depen endStsof Ad heetanplt ahe fhidkimeska gy
then be bonded to formthe interior conpartnent. Preferably but optionally,
the boHBINHGA'S IHERMEV RS @wf A ara&rqncat%e @Pt%é@ter%?f&hé?aéf%% diitlgegppbsed
regi ongyfast WRcrbRYRE S Rfiall MEkhEL B 1Rm WaI Guhes Yhd BibBnlt Tb &Rk, fpRiQh the
| ayers %ondlng wth each other. In one enbodinent, the bond is between the
outer layers 14, 18 of different portions of the film12. Alternatively,
the bond may be forned between the internediate |ayers 16 of different
portions of the film 12 by welding such that a portion of the material of
one of these layers 16 nelts to formthe desired bond. In this case, the
wel ding is nost preferably done with the outer layers 14, 18 w t hdrawn,
pushed back, or WD 2011/ 035008PCT/ US2010/ 049098 ot herw se mani pul ated to
expose the internediate |ayer 16. Wien the internediate |layers 16 of two
different portions of the film12 are welded in this nmanner, a secure,

per manent bond results that is not in any way conprom sed by the presence
of the anti-static agent in the other layers of the film12. In any case,
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Several advantages may result fromform ng the vessel 10 in the foregoing
manner. For instance, the spaced apart outer |ayers 14, 18 of the film 12

i ncor por awe 20tig3ane8i - stati ¢ agent in a pernmanent fashi oRCTWisS2@lo/on®ans it i s
not subject to dissipation over reasonable periods of tinme. This results in
a vessel 10 that is stable in the sense that it maintains a surface
resistivity along the interior conpartnent bounded by one of these |ayers
14 or 18 of less than or equal to about 10" ohnisquare for a period of at

I I hs. [ ] d il i.d h I
| moor By TR CFrp e Be (b TRACREY nff0an) Wiy bn@ P L A wlGRRB a1

di ssi pahipagentype filns in which the anti-static properties vanish over
periods as short as six _nonths. Bounding the interior conpartnment in this
manner al s&oaGTENFRGBIRIcE Miyshrchsst de T Hreplibié? hayipedbe thspe bapvers of the

col | e%&lingnorahif%e? tS&HnI ﬁio;ﬂf t%@cifﬁichlw,l%e Mtéﬁsgogﬁ lQIeeHl%fegia nI‘rIa' SIIS@II c
agent, as opposed to surface"coatimng, also reducéeés or elimnates { hé
ef f ectistra@fucétuim philley fam peaf extrmliec éor slhelthreolslpexandiagehd fibn 1Qa@hipagedppl | ed

to the film12 also helps tg ease the manner in which it is bonded
t oget A at le3st Haf'sfawsvéléﬁa Eﬁanﬁg,- gﬁ&xmm Qi el gn 3@3@%}1%&? FSFIS\Pagnay

strength, ARMICHEE" bd-Yotating twinPE&ERT 8Bl NeP WisuPREd LB SYEERDE phddmpil2 ke
manuf actured so that 1t is animal derived conponent "free (ADCF). Thus, the
ADCF- fexesién isdd2 dhaviempeaturt @ddetvare dbayel85°0ed1G6C ngpda npet pmiesitly, about

i1 m 290 Sholi A gt b REo et i etaniemend o S AP S eRBiss o3 o

sci engfgrd ridustry. The particle count of the film12 is kept |ow due to the
particles being chemcally linked to the resin and not apt to mgrate out
of the fil rhheagnd-stasicprepsrisspmay be pieyidedie thedelpr &2 by hiendingumanti-gatiorgsnder ed
to be. dj r . foregoi d ripti.ons of various
enboaiterE bfifel RS, prerekB, ol TARERAL BEr BBCLERS Bhnd BebPIRr . ana
ar e ngdnonfienstedmeio nlaerek haupiisvg Or idorgintd Pgmeltdivkh cat tiRRRinOdidkidd &td ons
are al so possible in light of the above teachings. The enbodi nents

descr imsagd aptvasilognobastd sanponmbyy (sdznred 04vvhanagest sHbgehuted bplifoae t he

best appl tﬁ@iﬁr@%] Eﬂ%ﬂaﬂ @mr £RabL 808 ,%apaféiggag%}ﬁ éskitaN'T;' éﬂem%;jfj Sﬁh%

utilize the cl ose entions I n various e ments W th var
nodi f iagattiroms basnarrpoatedt imeh tle toheriphptibewl axtrusen o nhiedipd, atnddmalalsosiuch

2011/ 0SB0EPETPUS (107 GO BBBIErEhEICrUraie! RASHRpARAEBS OB ME,Bee rl mdber | a
0 OB ATIDLSIS e s s QS s ke st f e
| ayer sisédnGir ddimiggagachrityer shedrperafge e, agai,dsvab dsdagtr tdvor llapeerl§, sahdwstchi ng
an | ntp?erfg%&iy%te?wée%yle_}h% by weight.
To form the vessel 10, the film 12 may be extruded in tube form, and cut to
predetermined lengths. One or both open ends of the tubular film 12 may then be bonded to
form the interior compartment. Preferably but optionally, the bonding is achieved by the
application of heat and pressure to opposed regions of two layers of the film 12, which results in
at least two of the layers bonding with each other. In one embodiment, the bond is between the
outer layers 14, 18 of different portions of the film 12. Alternatively, the bond may be formed
between the intermediate layers 16 of different portions of the film 12 by welding such that a
portion of the material of one of these layers 16 melts to form the desired bond. In this case, the

welding is most preferably done with the outer layers 14, 18 withdrawn, pushed back, or
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2. The apparatus of claim1l, wherein the internediate |ayer is thicker than
one or both of the at least two |layers including the anti-static agent.

3. The apperatwuss®8 claim 1, wherein the at | east two | R¢Es2@00pWPSe out er
| ayers. 4. The apparatus of claim1l1, wherein the vessel conprises a
fl exi bl e bag including at | east one port. 5. The apparatus of claim
1, wherein the vessel includes at |east one weld for connecting a first
portion of the filmwth a second portion of the filrn 6. The

appar %Eﬁé?wglé n%an urgt o o Helﬁ‘% Algletf%%g%(it hﬁh i 1 iSte' 18RS the
5t el RpR SRS RREPa s BT Bt

irst and secon

C| ai mwdd&ferMQabﬁidmstolﬁﬁlef filhrimi 2 Sretwﬁﬂap@rtﬁﬁtmanner a Sem&e fﬂ‘lﬁlaﬁ@ﬁ%ﬁ@ usupf any
of clains 1-6, wherein the a %{ggstatlc agent conprises an iononeric
pol ym#fal Is not h angway emgpais ﬁ@fpréﬁw%@f B¢ antnstatic ggenitiathy othemayers of

anti - %1%@1?1&19 1 298y G K SBshdENhB de i 1RO 3 R0 R HEE P hQA Q4098 and

pol yet ene.
creates a corresponding hermetic seal.

Several advantages may result from forming the vessel 10 in the foregoing manner. For
instance, the spaced apart outer layers 14, 18 of the film 12 incorporate the anti-static agent in a
permanent fashion, which means it is not subject to dissipation over reasonable periods of time.
This results in a vessel 10 that is stable in the sense that it maintains a surface resistivity along
the interior compartment bounded by one of these layers 14 or 18 of less than or equal to about
10'! ohm/square for a period of at least twelve months. This permanency and stability provides
the vessel 10 incorporating the film 12 with a relatively long shelf life, as compared to
dissipative-type films in which the anti-static properties vanish over periods as short as six
months. Bounding the interior compartment in this manner also avoids problems associated with
powder attraction and collection at the surface of the film 12. The use of a blended anti-static
agent, as opposed to a surface coating, also reduces or eliminates the effects of humidity on
performance. The lack of an agent or coating applied to the film 12 also helps to ease the
manner in which it is bonded together, such as by welding, and also results in a seal of improved
strength and integrity.

Preferably but optionally, the film 12 is manufactured so that it is animal derived
component free (ADCF). Thus, the ADCF-free film 12 having at least one layer including a
permanent anti-static agent may be used to form a vessel 10, such as a bag. Also, the film 12
should meet or exceed certain cleanliness requirements of the life sciences industry. The particle
count of the film 12 is kept low due to the particles being chemically linked to the resin and not
apt to migrate out of the film, and is thus USP VI compliant. Hence, the film 12 is considered to
be of medical grade.

The foregoing descriptions of various embodiments of the invention are provided for
purposes of illustration, and are not intended to be exhaustive or limiting. Modifications or

variations are also possible in light of the above teachings. The embodiments described above
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11. The apparatus of any of clains 1-6, wherein the at |east two |ayers

conprise | ow density pol yet hyl ene. 12. The apparatus of any of
claims 1-80 20118138008 t he i nternedi ate | ayer or |ayers comrpritseo/osq0as | ow
density pol yet hyl ene. 13. The apparatus of any of clains 1-6,

wherein the filmhas a thickness between about 100 and 250 m crons.

14. An apparatus for use in material processing, conprising:

powder transfer vessel including a wall at |least partially fornmed of a

flexi tic

agent i thdeEh 1§ e Bt BTLaRRTo KBSy RN S RIRRr BB e SR

mat er lualizqsrl"(e&bsmg;a@ imeatipas i vagous embodiments withavaresis e;hodlfi@dtidﬂs Aga@ svhAtd at
m i ncl udi ng at | east .one |ayer

| east tially f d of fl i f
havi nd 5) 3{ éﬁgquuiarégé fqg%lgi’@qusﬁm%b%zﬂ& ligng %"%@88{15 PSR MRS a%f f or
¥t

a perigQd of i@t | east twel ve nonths. 16. An apparatus for use in

mat eri al processing, conprising: a vessel including a wall at
| east partially formed of a flexible film said filmconprising at |east
two | ayers including an anti-static agent. 17. A conposition of
matter conprising a filmincluding at | east two |ayers incorporating an
anti-static agent and sandw ching an internedi ate | ayer. 18. The

conposition of claim17, wherein the filmis animl derived conmponent free.



WO 2011/ 035008PCT/ US2010/ 049098 19. An apparatus for use in materi al
processi ng, conprising: a vessel including a wall at |east
partial | ywbarneds@B a flexible film said filmconprisi RGTAIS2@00#908% at i C
agent and bei ng ani mal derived conmponent free. 20. A nmethod of formng a
vessel for use in material processing, conprising: formng a
wal |l of the vessel including a flexible film said filmconprising at |east
two |l ayers including an anti-static agent, said at |east two | ayers

sandmﬁg@hpgkg&sinternediate | ayer. 21. The nethod of claim 20, further

inclu tep of heating the film 22. The nethod of claim 21, further

including the step of applying pressure to.the film 23. The method of
l'ai m 207 Tor t ne BRI bl o G ES B PO I EGPTIRE 1] m 24. The

met hod of cl ai Mu23sseMBE16diRg th & alvel didl0 pitigRy IS E6L d et Wik dridvhing t he
at least two layers to expose the internediate | ayer, and then wel ding the
i nt er veatprsiag bhalgeast two layers including an anti-static agent, said at least two layers sandwiching

an intermediate layer.

2. The apparatus of claim 1, wherein the intermediate layer is thicker than one or

both of the at least two layers including the anti-static agent.
3. The apparatus of claim 1, wherein the at least two layers comprise outer layers.

4. The apparatus of claim 1, wherein the vessel comprises a flexible bag including at

least one port.

5. The apparatus of claim 1, wherein the vessel includes at least one weld for

connecting a first portion of the film with a second portion of the film.

6. The apparatus of claim 5, wherein the weld bonds the intermediate layers of the

first and second portions of the film.
7. The apparatus of any of claims -6, wherein the film is transparent.

8. The apparatus of any of claims 1-6, wherein the anti-static agent comprises an

ionomeric polymer.

9. The apparatus of any of claims 1-6, wherein the anti-static agent comprises
ENTIRA.
10.  The apparatus of any of claims 1-6, wherein the layers each comprise

9



25. A nmethod of processing a granular material susceptible to

tri bochargi ng, conpri sing: providing a vessel with an interior
conpart mewo 20avo3s@sei vi ng the granular material, said i RCENSI100WPSET t MENt
bounded by a filmincluding at |east two |layers conprising an anti-static
agent . 26. The nethod of claim 25, wherein the providing step

i ncludes welding the film 27. The nmethod of claim25, wherein the
wel di ng step conprises welding an internedi ate |ayer of the film sandw ched
betmeg@g%gg %% | east two | ayers conprising the anti- WO

2011/ E /1 US2010/ 049098 static agent. 28. The nethod of claim
27, wherein the welding step is preceded by withdraw ng the at | east two

| ayers to expose_the inter diaée | ayer. . 29. The nethod of any of
clains 25-28, wiéf&pPpree Og'rg%)(/f) Flagnst-8pWasiept the & less’ twidiapiegrs ch@prise Jof r om

a m Xtyug 1atRedpeer material and an anti-static agent. 30. The
nethog 6$Wg%§?#525, further including the step of introducing the granular
material to the interior conpartnent. 31. A nethod of nmanufacturing

a conpositign of . matter, conprisi.ng: . . .
P A tfhe apparatus of any of cgalms 1-6, wherein the intermediate layer or layers

comprise ultra-low density polyethylene.

13. The apparatus of any of claims 1-6, wherein the film has a thickness between

about 100 and 250 microns.

14.  Anapparatus for use in material processing, comprising:
a powder transfer vessel including a wall at least partially formed of a flexible
film including at least one layer having a permanent anti-static agent and a port formed in said

wall.

15, Anapparatus for use in material processing, comprising;
a vessel including a wall at least partially formed of a flexible film including at
least one layer having a stable surface resistivity of less than about 10" ohm/square for a period

of at least twelve months.

16.  An apparatus for use in material processing, comprising:
a vessel including a wall at least partially formed of a flexible film, said film

comprising at least two layers including an anti-static agent.

17. A composition of matter comprising a film including at least two layers

incorporating an anti-static agent and sandwiching an intermediate layer.

18.  The composition of claim 17, wherein the film is animal derived component free.

10



formng a filmconprising at |east two |ayers including an anti-static
agent sandwi ching an internediate |ayer. 32. The nmethod of claim 31,
wher ei n twe 2horassoeg st ep conprises extruding the film TPhe/usetloodoos cl ai m

31, further including the step of welding the film 34. The net hod
of claim 31, wherein the welding step conprises welding the internedi ate
| ayer of the film 35. The nethod of claim 31, wherein the wel ding

step is preceded by withdrawing the at |least two | ayers to expose the

i nt er nedi at,g | ayer. tus f 36.. A nethod of .manuf act.uring a conposition of
mat t er, co%grisﬁﬁﬁmpmﬂlm mwmeH”“%%&%Pgwﬁﬁmg;F@Pg?mPgln1conprising a first
layer and a secandsbayacludingladidiangt asmsaphitstiatibenagent, fl&abld HLRCRd fayer
covering a surface of the first |ayer; exposing the surface of the first

| ayer COBRRHSINHEN 201312083808 Pt Peisg o172 49098 cpeingnerf ftase first |ayer.
37. The nethod of claim 36, wherein the welding step conprises welding the
first layer to a second film

20, A method of forming a vessel for use in material processing, comprising:

forming a wall of the vessel including a flexible film, said film comprising at least
two layers including an anti-static agent, said at least two layers sandwiching an intermediate

layer.
21, The method of claim 20, further including the step of heating the film.

22, The method of claim 21, further including the step of applying pressure to the
film.

23, The method of claim 20, further comprising the step of welding the film,

24, The method of claim 23, wherein the welding step is preceded by withdrawing the

at least two layers to expose the intermediate layer, and then welding the intermediate layer.

25. A method of processing a granular material susceptible to tribocharging,
comprising:

providing a vessel with an interior compartment for receiving the granular

material, said interior compartment bounded by a film including at least two layers comprising

an anti-static agent.
26. The method of claim 25, wherein the providing step includes welding the film.

27.  The method of claim 25, wherein the welding step comprises welding an

intermediate layer of the film sandwiched between the at least two layers comprising the anti-

11



38. The nethod of claim 36, wherein the providing step conprises providing
the first filmhaving a third layer including an anti-static agent.

39. A netwoadoofo3f@sm ng a vessel for use in material pr@CEAS2019/049098

conpri si ng: formng a wall of the vessel including a flexible
filmmanufactured by the method according to any of clains 31-38, said film
conprising at least two layers including an anti-static agent, said at

| east two | ayers sandw ching an internedi ate | ayer. 40. The net hod
accor di to.claim39, further including the step of heating the film

41. Tﬁé %gg%gd according to claim39 or 40, further including the step of
applying pressure to the film 42. Use of a vessel forned in a

met hod according to any of clainms 31-38 in nmethod of processing a granul ar
rrat erial sdScept hﬁlne‘?ﬂt"lﬁ ¢hrglaBchamdicrign the welding glep iy Brecedaddrovifrewing|thg m

“Q@&ﬁh@wgﬁ ﬁ&£%ﬁéﬂﬁah§daﬂhBeQUCEd into said vessel . 44. An
er|a

apparatus for processing, co i sing: a bag including
a wall at Ieast partially formed of a flexible filmincluding at | east one

| ayer havi r manen static a . i 45. The appar at us,
accor di ng gg cl ;Ei fn 2pgtho ah‘gtn@‘i% of helaigys gg’ﬁét et a%rprﬂa@l% gieRmogprises

extruding the film from a mixture of a polymer material and an anti-static agent.

30.  The method of claim 25, further including the step of introducing the granular

material to the interior compartment.

31. A method of manufacturing a composition of matter, comprising:
forming a film comprising at least two layers including an anti-static agent

sandwiching an intermediate layer.
32. The method of claim 31, wherein the forming step comprises extruding the film.
33.  The method of claim 31, further including the step of welding the film.

34.  The method of claim 31, wherein the welding step comprises welding the

intermediate layer of the film.

35.  The method of claim 31, wherein the welding step is preceded by withdrawing the

at least two layers to expose the intermediate layer,

36. A method of manufacturing a composition of matter, comprising:
providing a first film comprising a first layer and a second layer including an anti-
static agent, said second layer covering a surface of the first layer;

exposing the surface of the first layer; and

12



WO 2011/ 035008PCT/ US2010/ 049098 surface resistivity of |less than about 1011
chin/square for a period of at |east twelve nonths. 46. The

appar at uswacoarwdsewg to cl aim 44 or 45, wherein said fil mCTarspense®Int | east
two | ayers including an anti-static agent. 47. The appar at us
according to claim46, wherein said at |east two | ayers sandw ching an

i nternedi ate | ayer. 48. The apparatus according to claim47, wherein
the internmediate |ayer is thicker than one or both of the at |east two

| ayers includin td - i Cc agent. 49. The apparatus accordi ng
to any one of cﬁ%%%gg%%jyéaga%érein the at |least two | ayers conprise outer

| ayers. 50. The apparatus according to any one of clains 44-49,
wherein the_vessel co riief.a,jlexibLe bag including at |east one port.
51. The appdr at u: eaﬂ%“étgﬁg PhGAH Hnyvhsran dre Belding stgn-somprigee meiding Hie jetsel
includes, af, least nppe weld for connecting a first portion of the filmwth
a seco portion of the film 52. The apparatus according to claim
51, wherein the weld bonds the internediate |ayers of the first and second
portions of the. fi The.aqgarat%F according to any. of_ clains

| m . 53 ,
44-52, wher8in I8 1§thof Plclpiph Al puetsip e providingssiep %%spabeﬁaar%‘f%ggé%ﬁ‘c Hi ng

to anyi@fha¢in@diaBird fayeBincWaglgeinukibgatRdensSt at i ¢ agent conprises an
lononeri Cc polyner.

39. A method of forming a vessel for use in material processing, comprising:
forming a wall of the vessel including a flexible film manufactured by the method
according to any of claims 31-38, said film comprising at least two layers including an anti-static

agent, said at [east two layers sandwiching an intermediate layer.
40.  The method according to claim 39, further including the step of heating the film.

41.  The method according to claim 39 or 40, further including the step of applying

pressure to the film.

42, Use of a vessel formed in a method according to any of claims 31-38 in method of

processing a granular material susceptible to tribocharging.

43, Use according to claim 42, wherein granular material is introduced into said

vessel.

44, An apparatus for material processing, comprising:
a bag including a wall at least partially formed of a flexible film including at least

one layer having a permanent anti-static agent.

45.  The apparatus according to claim 44, wherein the at least one layer has a stable

13



55. The apparatus according to any of clains 44-54, wherein the anti-static
agent WD 2011/ 035008PCT/ US2010/ 049098 conpri ses ENTI RA. 56. The
appar at uswacoavwdseeg t o any of clai ns 44-55, wherei n t he PCayseel0030bs
conpri se pol yet hyl ene. 57. The apparatus according to any of clains
44-56, wherein the at |east two | ayers conprise | ow density pol yet hyl ene.
58. The apparatus according to any of clains 44-57, wherein the
internedi ate | ayer conprises ultra-low density pol yet hyl ene. 59. The

appar %w&ce%g&mégr& itQ tﬁa%a@egtngilg@gﬁ/ﬁéﬁé Bor MNEIQ1 P a%lggstff;hlelr\pe Nas qd

t hi ckness bet ween about m-crons. € appar at us
according to any of clains 44-59, wherein a port is formed in said wall.

61. The a r at accordi ng tq. an f. cl ai 44- 60, erein said filmis
ani mal dePi% ed ﬁﬁﬁgﬁ@'ﬁ{ilsfag%cggmg t% c?axm 4 ornES, wherein s\g@d film comprises at least

two layers including an anti-static agent.

47.  The apparatus according to claim 46, wherein said at least two layers sandwiching

an intermediate layer.

48.  The apparatus according to claim 47, wherein the intermediate layer is thicker

than one or both of the at least two layers including the anti-static agent.

49.  The apparatus according to any one of claims 44-48, wherein the at least two

layers comprise outer layers.

50. The apparatus according to any one of claims 44-49, wherein the vessel comprises a

flexible bag including at least one port.

51.  The apparatus according to any one of claims 44-50, wherein the vessel includes

at least one weld for connecting a first portion of the film with a second portion of the film.

52.  The apparatus according to claim 51, wherein the weld bonds the intermediate

layers of the first and second portions of the film.
53. The apparatus according to any of claims 44-52, wherein the film is transparent.

54.  The apparatus according to any of claims 44-53, wherein the anti-static agent

comprises an ionomeric polymer.

55.  The apparatus according to any of claims 44-54, wherein the anti-static agent
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comprises ENTIRA.

56. The apparatus according to any of claims 44-55, wherein the layers each comprise
polyethylene.
57. The apparatus according to any of claims 44-56, wherein the at least two layers

comprise low density polyethylene.

58.  The apparatus according to any of claims 44-57, wherein the intermediate layer

comprises ultra-low density polyethylene.

59.  The apparatus according to any of claims 44-58, wherein the film has a thickness

between about 100 and 250 microns.

60.  The apparatus according to any of claims 44-59, wherein a port 1s formed in said

wall.

61.  The apparatus according to any of claims 44-60, wherein said film is animal

derived component free.
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