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| NTERNALLY REPLENI SHED ENCLOSURE FI ELD The invention
pertains to internally repl eni shed gas-containing

wep@sosies and nmet hods of internally repl eni SPETYSENS/016153
encl osure. The invention is particularly useful in
conmput er hard di sk storage devices. BACKGROUND

Gas- cont ai ni.ng encl osures nmay be e in a
variety of dbEﬂﬂﬁﬂéﬁéﬂ@gﬁgéééﬂiEﬂ@gﬁggtgggﬁﬁggre i s
formed by connecting two or nore sections using, for
exanpl e, mechani cal fasteners, welds, or adhesives.
Fnﬂmglor nor e cgnponents are placed mﬁthin t he
enclosure, and the enclosure is.filled with
GBS ITGRtgK BeRE Oaniel ALY ferigisoh s e ETostles and
I [ RN
N e A G T
coﬁpﬂﬁrhﬁdaﬂls{lhssdfagbdamsar e protected within an
encl osure. The enclosure itself is generally |ocated
in an air environment, while the interior of the
ﬁBﬁggﬁﬁﬁﬁhﬁDis filled with an inert gas (for exanple,
efru nerally, the heliumenvironnent within the
har @asicektaifring enclorsresguayebe alyaRieEcqys iha ABCY 96 ApRfications.
ired t n.the I
CephatkeRterBs iR Steg Py abbFEinf ) nr B b il R cxample,
me@ANiEQ TaRer R e RisByadhbdi 08, I’@tmﬁraﬁm‘e rcemotlcmtbanelpdjaced within the

drives with a lower fly height, I|eadi to faster data
englose.angile @r@ﬂqspwarfﬂlﬁét“é@ aggqéié’f Jgaﬁeﬁtggﬁi‘?é?@etar’i‘eme gas” The

copgfq&e n%lo%ﬁe%nﬁa%l e gﬁseeva@%'rgnﬁeﬂnﬁﬁto%g ofthforé é&%ﬁﬁ&kh@';ﬁotected

OW hg gaseés In the enclosure to | eave
by&ﬂﬁ&ﬂﬂmﬁﬂblent gases to enter the enclosure. In sone

| t th
R T IR RS A A L T
‘en%setﬁg ggél?ﬂt geﬂéﬂaﬁ?/ Eldafanabe afr réﬁwfrd)rﬁﬂérﬁfwﬂl@eﬁﬁié inetiveshe

ent® envi fonment and the interior of the
eneloslro $ufiked Withven arert graslos craypld; Heflivge. Genewall, thekelium

enggqt)irgéelfq? 13\21 hgtigg %flgjint he sadl eol% ucesﬁ) B i€ )éf?é}g&/ ?equhja& to spin

the platters and the sensitivity of the head to amb1ent pressure fly height. The helium

environment also may allow manufacturers to build drives with a lower fly height, leading
to faster data access and retrieval rates.

The joints where the sections of an enclosure are connected are susceptible to leaks
allowing gases within the enclosure to leave and/or ambient gases to enter the enclosure.
In some applications, the enclosure may be sealed using, for example, adhesives, gaskets
and/or seals to minimize or substantially eliminate the flow of gases between the ambient
environment and the interior of the enclosure. However, gases may diffuse throughr the
materials used to seal the enclosure (for example, the adhesives and gaskets). Whether by
leaking, diffusion, or some other mechanism, the relative amount of desired gas within the
enclosure generally diminishes over time.

Generally, to be effective, the desired gas environment within the enclosure should
be maintained for the life of the components, which may be years (for example, two, three,

or five years, or even longer). Therefore, it is often desirable to replenish the gas within
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| eaki ng, diffusion, or sone other nmechanism the

relati ve anount of desired gas within the encl osure
w@emsngiohy di m ni shes over tine. Generally, toP@BUS2005/016153

effective, the desired gas environnent within the

encl osure should be maintained for the |life of the

conponents, which may be years (for exanple, two

the pralesurg o gytgns ijsarselil lify: Quemethod g Foplentsincat grquires breaking a

e P80 SR o LSRRG Sl s, e
refeafihg il Stoetivr nietispd ineladéy @mipphge the eacloaat vdth HEllpeeand using
sections of the enclosure, refilli ng t he en?I osur.e

anGXGMY LSS SHRLY FuisBlenishdns enVIRABEReY Bt thn endlRure Jeeth methods
Y . fiLhs i -

St Pl iy EREOBHLE i e crlioRE s LIS, B%Bhding
additidniahspabearennd telenelosiBettd providecdtsessniThe eepsemce of the fill port also

renmpovi ng the encl os relfromits use environ ni(for .
PIPFERIS & Cal6F ORAOENKY FS ISaHa o0 BRI QA QB hgrofefs Or seals with
th&il ?b&ﬁ‘i‘&l% Bgmﬂf @ithdRnas GRSEsird D BasUR $ORE e Rhclofige f dnldfor

port al so presents a greater opportunity for |eaks and
diffasion efjambieniaghdes intnthe egelekee.s or seals with their

potential t ermt diffusion of the desire as. o .

Pr omiBeraraeBEen Shie SPoa e e BRe bR iy notding
thé BAQ ohd6r BBR) RSHsGo pARGE BAIto eRR iR s MRA  sSALK Gfontrols to

conprises an inperneabl e storage tank for holding the

opgeaie thervalvets) miYlilethe yessofisyclpdeviees misnatgequireropepi@g the enclosure
t ank d or | f . ,
o oA AT 3t SRR RV 0 fvics may v

unldegithbleSinapaiyi apglitdionencl osure or the presence of a
fill port, the size, weight, and conplexity of such
devi ces may be undesirable in many applications.
SVWRRY The present inventors have devel oped a gas
—source conprising a perneable nenbrane that wl|
i nt eFhegirksent mypkwnisdtave devajaedengas soumre ndmpiitihg a pammeable
encl osyre. PBriefly, in one aspect, the present
mETGRAE 6h I UL SRR i a7 P EH A0 2B ARTIBLEF e
COMDE ity ¢h SndikpeciOtie g?esblﬂti{%{?é?ﬁbn Povlifke ANAleARUE Seplenished
wherei n 't he gas source conprises gas cont ai ned

envlotstiie comppiengeaisb soureerintemal. to the enslosurenbbdicirethe gas sdvace
co %?‘isgsoallj ,égseco(r:l?m@erdi within 2 e}‘n%a hel rtngrn%;ang.u bbl es.

In some embodiments, the gas source comprises a plurality of bubbles.

In some embodiments, the permeable membrane comprises a glass or
glass/ceramic.

In sdme embodiments, the permeable membrane comprises a metal and/or metal
oxide coated glass or glass/ceramic.

In some embodiments, the bubbles are blended into a resin.

In some embodiments, the gas source includes a pouch comprising a polymeric
film and optionally a metal and/or metal oxide coating.

The above summary of the present invention is not intended to describe each

embodiment of the present invention. The details of one or more embodiments of the
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In some enbodi nents, the perneabl e nenbrane conprises

a glass or glass/ceramc. In sone enbodi nents, the
wQeroseabie nmenbrane conprises a netal and/ or NMBCEIUS2005/016153

oxi de coated gl ass or glass/ceramc. In sone

enbodi nents, the bubbles are blended into a resin. In

sone enbodlnents t he gas source includes a pouch

inventipn pesi ahy et frathyindhe éeSPnpt#ﬁnal??éO\ﬁpQﬂaﬁﬁéPWe& q?éftﬁé% and
ad@a(}féé%g oFﬁlte%v %ﬁ'og%lﬁ%@t ?tﬁ:kgn Od’e@c ¥ fRfm m&eclalms
Fvention 1's no Cri e each
errbodl ment of the present i nvent i on. The detail s of
one or f theinvention are al so set
RIEEIDES RAWANGR: Ot her features,
obj S gﬁl £ ddVi gn will be
appgﬁgn ﬂ?ﬂ%ﬁ@tﬁ e%es rﬁ%%?% and I%?%ir%the cl ai ns.
BRI BFGDES@RISHEt@N g3k sdite DRAWNGRcRVith ad einbbdistentofeibe present
an exenplary inert gas environnment. FIG 2A
inyqnfigRt r at es” a gas source in accordance with an
enbgEMBR Y Rkraldd G c?&ﬁ%@monapx‘ﬁ@‘ﬂtdf @ gdslsGurcé B FIG 2A.
illustrates a cross-sectional view o% t he gas source
of FI G 2A. DETAI LED DESCRI PTI ON Encl osures contai ni ng

DﬁmgﬁﬁﬂffﬁﬁKﬁaﬂﬁié_are used in a wide variety of

APpPT T cattotrs si ze and shape of the encl osure, and

t he MRlddhRs ebnthinghgBEAdn@ronH&R drd Gselian Wlh@vﬁ[&& efapplications.
vary depending on the end use requirenents

Therséle@éid slgpefaf thessnetgsnee, apdhhie gatuee ghidie srgralppsed e form the
o R0 AP L Ak A AR5 B Do B8t e

su%QMtl sRapERI thenddnlipohehis @ ortaitled Swithén theehelosuraghe spdek @vaillable for
enpl ary enclosure 100 conprjses two sectlo?

theyGReAITHE Wb s iEos IR DTN i @ ksBtee SHLiFiAg to FI- L,
exéﬁ@?g}nﬁ{&ﬁosyeolm%rﬂ%tvﬁpwcﬁ% B‘ﬁs]gn LEnesfl doVer B3D. Enclosure

re may conprise any nu Sections
IOOQDm@ﬁﬁedm@ymﬁmy4aammngmeawmnnmehmdlng, for exanpl e,

mechani cal fasteners (for exa e .bolts
(? nera?l , an enclosure may compmser;rirr)ly num%er O%NSSG’CUOHS conhected by any

known means including, for example, mechanical fasteners (for example, screws, bolts,
rivets), welds, and/or adhesives. In some embodiments, a gasket may be positioned at the
seams to reduce leaks. In some embodiments, the gasket may be an adhesive gasket,
which is capable of connecting sections of the enclosure and sealing the resulting seam.
Referring to FIG. 1, adhesive gasket 130 connects cover 120 to housing 110.

In some embodiments, the enclosure is‘filled with one or more inert gases. As
used herein, an “inert” gas is one that exhibits substantially no chemical reaction with the
components within the enclosure and other materials (for example, gases) within the
enclosure under typical use conditions (for example, temperature and pressure). Any inert
gas may be used. Exemplary inert gases include helium, neon, argon, krypton, and
nitrogen. In some embodiments, a low-density inert gas (for example, helium) is
desirable. ‘

In some embodiments, the enclosure is filled with one or more reactive gases. As

used herein, a “reactive” gas is one that undergoes a reaction with at least one of the
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rivets), welds, and/or adhesives. In sone enbodi nents,
a gasket may be positioned at the seans to reduce

wo emka170k7 sone enbodi nents, the gasket may beP@rUS2005/016153

adhesi ve gasket, which is capable of connecting

sections of the enclosure and sealing the resulting

seam Referring to FIG 1, adhesive gasket 130 .
COIPRERtS Vithin e englosure, rkarmeptarials (fprexpgile, gases) within the

[ . . ' ' | 0 e

erS G R Grichl e SOEAATH Mol Sablole, EmPirbiln il el 1) Cany
krolat regotive pas mag bbssahtFalekymple, & kehiciied gasaanyt beouseditd teact with

t he. conponents wthin_the enclosure aqg othEr .
oxidieiggieanss 1f fhsrengloghist &N SemRe EFPOGimeRisn therise ehe ruligiie gas to
sl oKLl SR P PRI BTG St SRR R o AR TR Rure
Exemeplarygesase gasek irdudedyiduogen neogen,aagon, ménoxpdes formattthyde,
e, SRR AT TG GRGTEs Gieaq e not By dtogdh

enmbogifRAtyS ang ReovaD g&&ﬁ&ﬁ[ﬁe hdfdehdifh gMrbbxaRB1Q on MR &sired

reactive gases. As Used herein, a "reactive" gas is ‘
engitenmbttwithiol dregamelosarer dasoine amppdimeats, he instt gas fopfxample,

DS BIRTRED B FRRL S5 e S PAUBRGTR LA s

Hﬁys@ggﬁ_use conditions (for exanple, tenperature and
pressure). Any knomn_reactivemgas.nag be used. For
exanfyiparticalar geRaey heingssneng aprlicateribelgepctiyedn apqther due to, for

exgﬁ-fgije', %M?%Fsgﬁsrﬁgtaﬁﬁ LD e O T pFessiil. $OFE RO I5AL S

use a reductivergas t'o scavenge oxl di‘zi’'ng gases
enthddim@ite|cait@ntdiexillé fnay b€ ah herc@RPeh@ninsothertdmbodihents carbon
.encl osure. Exenplary reactive gases include hydrogen,
digigle B1ay be 2eRsH VEBADXI de, for mal dehyde, di borane, and

amoBl 2y a1y iR QR H FORAGHATRR b Sartdddfir GG thEndAR1dstre43h be
f € use :

hydrogen. “General Iy, ‘any kndwn gas “nmay
defiepd by thrgnolt Gracgaraoiithet gasifthiahis, dhe inmbdr efmoles nfrtwetparticular gas
relggtgg IEOP tgit: ?cgg(leaqmn o o§ gﬁlglp}%nlﬁf?gggsmﬁgr? ajge!é‘glspo}sﬁfes ﬂé(l)rﬂee grtnbodiments,
th€ PR TRiudt offa pRAGHVSErs (Fifin 8% BRI Kire Bal BEEE¥RY a88R partial
may be used. A particular gas nmay be ineft in one
pregspiei of dhdt gas Withinrtbeendlosare, rwhengin Herpagtial pressurkof a gas is equal to

mgl?lé glglg{ﬁrbofc tggtrn ggag )S{Iéuld,g])lge?dt t?ethlhg lgﬁél ﬁrgss & \Withiin the Slclosure.

Generally, the relative amount of the desired gas(es) within an enclosure decreases
over time, limiting the useful life of the components within the enclosure. For example,
reactive gases will be consumed over time, ambient gases may leak or diffuse into the
enclosure, and/or desired gases may leak or diffuse out of the enclosure. The depletion
rate of a particular gas within an enclosuré is defined as the rate at which the reiative
amount of that gas decreases with time (for example, the rate at which the partial pressure
of that gas decreases with time). Generally, the depletion rate will increase with, for
example, an increase in the rates at which the particular gas leaks and/or diffuses out of the
enclosure, an increase in the rates at which other gases leak or diffuse into the enclosure,

and, for reactive gases, an increase in the rate at which the particular gas reacts.
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enbodi nents, carbon di oxide may be an inert gas, while
i n other enbodi nents carbon di oxide nay be a reactive
w@aws1Gemeral |y, the relative anmount of a partPCUUS2005/016153
gas within an enclosure can be defined by the nole
fraction of that gas (that is, the nunber of noles of
the particular gas relative to the total nunber of )
nol ebhegteplpsion raif ohp pattialap gey withinean epplogyges also affected by its
YoXol : . lativ 1] a
refERRTRER T w8 AL b BRI R Rl AR feBHEBRod T some
enffodsBente obthe phkntdagentioh hihe dedifsdeas hashin the ewblesiae s inteenally
partial pressure of a gas is equal to nole fraction of
replgnishegly PRSILIANHIG 2ERSHPUICK VTR Hie Gheloswsy dn sphe PRbpggents of the
. . | ati .
pofRfl A58, FERRLT i ol U ALl A b lFihed by
positivhingl d gastsbinge béwsveus edotions of the ehclbiiee.c This@ae sdusce comprises one
within the enclosure. For e angl e, reactive gases wll
ot ROTE GRS ARHAB MV & PeTEHRBP T BRISBS nmy | eak or
di T FiuGE | %t?Fi@S’. 0GP She AMYIRNeMSF a8 sARSEST tABYresent

| eak or use out of the enclosure. The depletion

inveattion of illastozied.i Bubtde 20dsomprises mearbramec? ifshaving smean thickness T,

efined, as t rate at which the relative a t of

AP Rr Do C e ROt £RTeS af DPeR MR L OHL0r ate at
Whi g ok t& AHakindize Ble@SSotne oPastallatlefor eI AHREt Wt 4 Biven
time). Cenerally, the depletiron rate will increase

volwmé of bubblesxdimshemag e isiosedewibini the biblesat elevated prgsgyre. In some
ul.ar

eriFREp R o R BRan B RN Mouf a0 KEFGRMD Black

enfRelaserlts akleast abohif 1000 KPAt(043 p), anleha 6o, 1726 &Pa {250 psi), or even
reacti ve gases, an increase in the rate at which the
at fpapt about AP0dde (FQARHY: The depl etion rate of a

par i hband . ‘ _
PRe Gy, SRl B BB U8 (fof oS AbREAiRHCRY, ive
digsbiitia valungameinbrane phieknesh aldnsity) asd agpeetndatid (rago b mehin
.the present ipvention, the desir as within the
dl@ﬁ%‘?b@d?@ni‘%?lr%fcépﬁ%&%a Féﬁpéﬁlil%‘ﬁg]& by positioning a
gas ’Jﬁ%qfu%ﬁle%ﬁﬁhﬁeta?ﬁuﬁl:_ }‘%h‘ﬁﬁé&f G shide SRIFBABIERG] HERMbBles are
of the o, the d h

present 1 nvent esired gas wthin the
substatodlysphéral sut asrtn atithgtane plaxiingingtenal presiurésorPther shapes

._gas source between,sections of the enclosure.. This.gas

inglide &1 SeomsiT BECHRSE oW PegaL SA A LA # vk

in@ﬁaiﬂgﬁ*@k BxHRITBI ABEs, c BRI, héhﬁjs?ﬁela,(ﬁgmi AAinded, BBamAR€and the
enbodi nent of a gas source of the present

like.

In some embodiments, the bubbles can have a distribution of sizes (for example,
diameters or volumes). In some embodiments, the distribution can be described by a
particle size characterization function, for example, Gaussian, Lorentzian, or Jog-normal.
The distribution can be unimodal (including, for example, only one size of particles) or
multimodal (for example, bimodal, trimodal, etc.). Generally, multimodal distributions
provide increased packing density.

In some embodiments, the bubbles can have a median diameter (that is, 50t

percentile) of at least about 1 micrometer (um) (in some embodiments, at least about 5

um, at least about 10 wm, or even at least about 20 um). In some embodiments, the
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invention is illustrated. Bubble 200 conpri ses

menbrane 210 having a nean thickness T, and a nean
waelc@sat®is D. One or nore gases are stored w t hPET/Us200%/§16153

220. In order to maxim ze the anount of gas avail abl e

for replenishment at a given vol une of bubbles, the

as may be stored within the bubbles at el evat ed
btaxb@%n bavq 30 avsmeesirgediahisat Ban abeut$S080 Age(ippene eméoqhglents

s o o Sk e bt 80 e eSS 5 Tl TR O s

th¥ Qgéul‘% ggéﬁz)r In ls&'he %H'@th%enltse ﬁl%tbu%g Whade/ éﬂa\l%?z%e(lﬂlgglal volume

es may be o any shape,” si ze
pe(rfbubble)oﬁap]leﬁst ahmarSOdJuhIthrc)metsnsim whinset enntimgliinents, at least about

ol upe,  nmenbrane thi ckpess and aspect_ratio
2 %lgicomkﬁmﬁ%‘ﬁﬁ & %ﬁ?ﬁtaé!;aft&,bﬂ% fc W@Rﬁ&@g fgome
elﬁlﬁ&ff'ﬁlbﬁt@l thO YRk 189 havyzlﬁ abetabl §§luﬁﬁrbf h@s\é EheA dBbhi edbillion cubic
shapes n sonme enbodl nent s, les are

mmnmetaﬁt(IMdme apbatineais, lsss thsn almwzﬁth stibiod crbix inmgrometers, or

i GmiliS SORE SRR TR BeblP A o pEr e Fometers).
si deg, de %H@ﬂa}' %éiﬁbraﬁ@@1@fﬁayebﬁpn§éw@snateﬁél(§) fdveded it is permeable
hem spheres, hem cylinders, pyramds, and the |ike

toé,bfngasemm@l withit e bblele BLitss! CQleélQns ffax/@(@rd@ é@mpmltuir@n
E)ée %r%f%rée fr%rrlef‘%lgc n‘Hé §Ia33j lg,fbl ce can eeYa H)%?%mglenlﬁ z%’iﬁepd) metal

SCI‘

oxée, nudligle Sayees dﬂ‘rﬁétapetrﬁrme?talt dxdle, fothee trict ,cofn@burﬁbs&ﬁﬂi 8 nitrides,
Gaussi an, Lorentzian, or |og-normal. The distribution
caghiflesp and;siligigam 2lloys él“bﬂﬁ)lbf@leﬂﬁ @?at%a@éﬁpmom@rw@%ﬁ@ergs 21%3

ORGSR oL TR o 5o P PR, Sccion o
thp rawriad(s) met dastbe npaditanegnale depenyt on) for sxareple, permeability (that is,
enbodi nents, .t he bubbl es can have a | an di

rafer{ AFanFROT Ghe stomdos dRrpush the magmbrangyy depispyyan et Bhnical
pr@n&ﬁ@s"&{neéxa (4P, tdrisile %}ﬁm%ggﬁgﬁe? at | east about 5

east about even at | east about 20
m) . Géneralbnthegrelmdabikiytaf 2 gak 8lvabgl @partianatimembeane material can be

O RRT R b <R R0 Tk G776
andd939%8)) P&seatifhtdResihlsd BPorBll iPthe S¥&@Ruke SSee, for example,
Vacuum Technology, Roth, A., North Holland Publishing Co., pages 164 and 166 (1976).)
Generally, permeability may depend on, for example, the composition of the membrane,
the thickness of each layer, and the presence of pinholes, voids, or patterns in one or more
of the layers.

In some embodiments, the average thickness of the membrane is at Jeast 0.01 um
(in some embodiments, at least 0.1 wm, or even at least 0.5 pm). In some embodiments,
the average thickness of the membrane is less than 20 pm (in some embodiments, less than
5.0 um, or even less than 2.0 um). In some embodiments, the bubbles can have a
distribution of membrane thicknesses. In some embodiments, the average permeation rate
of a plurality of bubbles can be controlled by adjusting the distribution of membrane

thicknesses.
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than about 50 mm). In sone enbodi nents, the bubbl es

have an average internal volunme per bubble of at |east
W@bwati 1B cubi ¢ micronmeters (in sone enbodi menP&T/USL005/016153

| east about 250 cubic mcroneters, or even at | east

about 500 cubic mcroneters). In sonme enbodi nents, the

bubbl es have an average vol une of | ess than about one

bi | IGlass bubbles can be made by any kipvenmsthegh é%wﬁcmeéamp@s? S. Patent
Nc;os()§l %6? ??5" anc? E 96’5”7% }:Cﬂ? a&ilJ Ploﬁ gﬁs% "WABBIES P?e’fuqul n&ése&nbﬂﬂ/entlon

Ion cubrc m or even

ard@dnhiéxdiatly ivailablE iniTedias, Sf))r e;lam;g@ negselayailabibuddee tilithde name
conprise any material (s) provided it is éerrreabl e

SCPKSXh'ﬁ&l@%EsBl&bé?Sefaomn3MCﬁme St l\étnnese%a COFaMG bRbles arc

b O Sy ASCRA o FORIELA Y TBTAOERED, o Compny

unadsrdhePd)lde mﬁalZ-MgtniSphasmé ardi¥ezobphessss of met al and
net al oxi de gt her mat al c ourlgds such as nitrid
car B g@8e cmhadigsngs, Hepermeabolty of 2epRYEAY be biu584 by altering

pr(gB%%tFeL 'o‘i‘ltlﬁe méf ApRALE G%Hafagy rﬁﬁl%&easteriﬁ AR Wi ckRER ok 865sity

rality o ayers o e same or different
decragses palnsabifiey.e Alsoponeodr méve laypremanbé applmled afsm‘faccermc the

G RARS Pae R e BTt i B a A d R £ AP, (0 gt metals
anwﬁmmgﬂeg)maﬁs@@pwd G gla8B6MAMsGRlanflE ARSBrARS ThisBhe

exanpl e, tensil’e strength, crush resistance).
enﬂ;ed@m@lts yetalysughens gkt Blll‘i’elfyco@f’eratlga@n@ r@ilmghmatungsten

i cul ar . menbr ane rm 5an
cnBtibin - e MK pllastR spFaf i Th A8 1seg, ot
uséTl Ma@sald feclu@Scaabsh ﬁa%ﬁﬁzoh ane ITeR dodnifidf @fetdls BndibisMetalloids.

reported in the literature. (See, for_exanple, Vacuum
In yes8#) ﬁ@b@@wenﬁotlwnmm nityg, iR 0%161, alupgRIn exidR gragde used.

g:g 21?1 gdl}lgz?(nts h%‘%%l@:{(%es $6PRk Qé)le}‘ 's) ﬂeart ?@@%blo{lf 02 T8¥ometers

(ni (b same cnﬂabémﬁdimts‘; knless abcﬁut@eﬁ:imm aat)lwst alamﬂ OtShem, or even at least
presence of pinhol es i d : or tterns in one. or

A IaTRY TpRET PGS, Qo BIokRES O s or( Helom bR goout 20 nm

(1n A Sal?rrﬂr)g)ﬁl%rgént% pé‘ss 'szHMb%H?IO Rmabr e&ARhn 90(91%5 'ﬁ?ﬂ Q)k @ve%olg?s than

| east . or even at | east
abmt)an)q sonme enbodi ment s, t he average thi ckness of t he
{rﬁg’grrl ggn?e iar%blo 1men%shV01ds or Igmhcgles may §BE presentdln one o I‘nolree1%§ers. In
some embodiments, one or more of the layers may be applied to only a portion of the
membrane. In some embodiments, only a portion of the bubbles will have additional
layers applied to the membrane. Generally, each of these properties may be adjusted to
control the average permeation rate of a plurality of bubbles.

Any known method may be used to apply thin film layers of inorganic materials to
glass bubbles (see, for example, U.S. Patent No. 4,618,525) including for example,
physical vapor deposition (sputter coating, evaporative coating, and cathodic arc
deposition), chemical vapor deposition, electroless plating, and wet chemical means such
as sol-gel coating. Commercially available coated glass bubbles include, for example,
those available under the trade name Conduct-O-Fill from Potters Industries, Inc., Valley

Forge, Pennsylvania.
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5.0 mm or even less than 2.0 mm). In sone
enbodi nents, the bubbles can have a distribution of

woreosbngmes t hi cknesses. I n sone enbodi nents, theCHUS2088€16153

perneation rate of a plurality of bubbles can be
controlled by adjusting the distribution of menbr ane
t hi cknesses. d ass bubbl es can be made by %/gknovvn

(S

net Hagome Sabodiments tampiriace of sbulie ey bRkB@a vaes fg pyample,
or?%ﬁlc ﬁiazglals f?oq e);alln %gd & sifhe Qldehc'ig‘th%fgﬁ e&\r{)jrg.g‘]f é(gllloﬁd%.

resent 1nven e conmercl a aval

Eidﬁqﬂwlsﬁﬂacef tﬁfatatb@mblee indlidestBos\ariall atidé &otmﬁﬁﬁerrh}ﬁany under the
trade nanme Scotchlite d ass Bubbl es from 3M

g a3l B tﬂ?@r@?ﬁ%%k’opé%"‘épg 110808 304 A20/1000).
I
COT TRl ShlrcaN A AT Ol h 19 cnb B TR Rnob R Hfns. Tn

rom er th
soﬁxemngjmﬁlrﬁ@hgrtmhb]am dlazé)eqxﬁzmhé tase whithirstheeneotoei restins

crBpekighoTiy (b PN B Bt Pltel arsPARIC etunah 1y cXapole,
pdl i€ dr?;ﬁ@lﬂ*&héﬁ?e ]%ﬂllcﬁ Ih%é&w%nﬁtﬁ@%hél%s&@cfrﬁ%‘ﬁ?es

per meabl Al'so nore | ayers may be applied
entlwdamends, ftiae polpietih pondbanbeceated wiluder @am;éabi metal/or metal

For  exa i_nor anlc terj.a for, exanpl e tal s

oo, e 8% ey B U sFrt ety iR RSy oS pouen.
9l ass s6@E VS IHRH, @{aeoubbres%ﬁa%eqﬂmgbm\mh #edst. SIn some
such as gol d, si | ver, copper, tin, zinc, alum num

emhodiysensn thebitkbhasuny be adheradimthe surfase gm ragincdagor partially
en@aI | I%ged1 n tli%nr% lﬁgéﬁ)c i %gfri]ﬁggﬁ’g‘}/ n&e ggﬁ gﬂ%e#ub%feﬁfnlﬂy be fully

enCg3uRted in ghem%ml In atvelé embamh&htso sLdBtanhﬁ]llysalhﬁ’or example, greater
enbodi nents, titaniumnitride, tin oxide, or alum num

thgkP0fe biei g, iseme erposHREN S ERAGRT R X %%@V@lﬁg{ﬂ%g@n 99%)
of?l}i e DubBids Y, ezéjng%n@atpshﬁ@ tin fAQULin 0. 2 nanoneters (nm

some e east about 0.3 nm at | east
abo L(Eerﬁraﬂlyn any kovevesinahayt mmeda hosmndembt}dmientsstdlmeesm may be

i ment t he thlckness (s l.e
sekﬁtsﬁ t%%mo?%f TR Q fiDTREAEn O F ﬂ@ﬁﬁé mt%ir@f e pibRlss fhrough
thé%sﬁmto e 1ﬂt@§§r IR RiRQULe. ERMPIAY ré‘s‘ﬁ?ﬂn!:l%ﬁé adriBiks,
. I'n_sone enbodi nent's, “voids or pin ol es
martha}crjzietep,r@sems, siliconng obafingpane poaxe@teﬁ The resimmnay be thermoplastic,
one or

th@rama% 19g 33&1%(}1?‘?% O H%Hgo&asuc e?asto i 3n S6the embggl?nen?s a highly

crosslinked resin (for example, an epoxy) may be used. In some embodiments, highly
crystalline resins (for example, polyethylene and ethylene vinyl alcohol) may be used.
The resin may be curable by, for example, moisture, heat, actinic radiation (for example,
visible light, UV), or e-beam.

The bubbles may be incorporated into the resin by any known means including, for
example, mixing the bubbles into a melted resin or a solution (for example, an aqueous or
solvent solution) of the resin. In some embodiments, the bubbles may be milled with a
resin using, for example, a two-roll mill. In some embodiments, the bubbles may be added
to an extruder and compounded with the resin. In some embodiments, the bubbles may be

added to a pre-polymeric mixture that is subsequently polymerized to form the resin.
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menbrane. I n sonme enbodi nents, only a portion of the
bubbles will have additional |ayers applied to the
woreosbngmes General |y, each of these properti esPOHYSIH05/016153
adjusted to control the average perneation rate of a
plurality of bubbles. Any known nethod may be used to
apply thin filmlayers of inorganic nmaterials to gl ass
bubbnesomestarbodigentsthegasm mey & apadhestvendn somgegbadiments, the
bLk%?é—flﬁéJ‘gdl{eg}lrve %@%' Red Rp%lo%'ng&l aM? .W?ﬁlirgﬁg gﬁ&lt)élﬁ@, dand/or to
sputter coating,’ evaporative coating, and cathodic
camectdeqasis of die)enclove G@koniapmbodieEns theaesin may be used to form a
el ectrol ess  pl ati ng, .and a\é\mepﬁ chem cal means suc

gasket.used wah ke englosers o cEpls; Paged Pefieen ssshipRYC gégclosure) In

S(?#e)%r agegﬁgﬁg(@%ﬁg%gt - %g I@l%eﬁeSI%ng%ot elkgejloﬁeust |E’ecso ,a ted) on
tol ame .or mMédat intgrideandfeges IBE thesgncloamiea Th sorme mebedioedisythetrssin may be
é)ile surface of a bubble may be treated with, for

a 15%? @ne %r‘ﬁ%fﬁisl%rfﬁ%t* Of P SPLPORHE W é’Pd@b‘Hﬁy si | ane

and fRidaafnth MEHbBIRMAS r&iM Bl GludeXRAR! Bhdi s dcR&Bng, for
treated bubbl es i nclude those avail able from 3M

exgopbasilicastdlsr carben blacld elastivallgand/ohthermally eancu@instpasticies,
for ex | e,. D32/ 4500,. H20/.1000. .and, A20/ 1000).. The .
e Sy BRIy Bemicapsbrabic st ekt liRlessy Mppine
agdeNRVMAbITE &85 d ahd)of RéTRvE B&Hd] dYREt d/d? @fis.my be
pl aced | oose within the enclosure. I'n sone

emb ol seEstesnbodiyeerisigies Bxy g ptased 15 apamenbie sopfaingp 4py example, a

t.al r . o) I.C

oD BI6E e i St PLATRGLS ARt BRYSBgA0F coned
oraibogtedpollymer fihe. PohtmBihcludoorghnioaud hergaad @or sMaidple, metal

r{dﬁk){ exanple, a netal or metal oxide, to control the
and/graneipl oxide)@aialyy of the inert gas through the

wal | . ' .

may. EaiepleBRnBHG yReTBy SRR Cchnprlsifk BURDRS o

cantendaivithie s peayedbde meinbrand i$ o firdcdos of § sadetp b pammstens including,

and/or. partially enc ulated in the resin. Ln so .
fob ROt &Y e RS RSO BB PREEsihF g eIy p desized gas
cRDERREMIRE B ddmele hRPARand, theSRERa HRROEE B8 tHeSdesired gas in the
substantially all (for exanple, greater than 90% bé}g
enssisgist theiresis onehishithrigassontining petmmablelaemBg isemckoged if any,

angiﬁﬁeg griﬂet rt]lgrg a?la %ﬁfﬁ%&l? tgvgﬁ'nhnb Hx%%lnc dsure) d%%erfaﬁgl,l te replenishment rate
may vary with time as the desired gas diffuses through the permeable membrane.

In some embodiments, it may be desirable to provide a gas source having a
replenishment rate sufficient to substantially prevent depletion of the desired gas within
the enclosure, that is, the replenishment rate should be greater than or equal to the sum of
the rates at which the desired gas is removed from the enclosure by, for ex-ample, reaction,
leaking and/or diffusion.

In some embodiments, it may be desirable to provide a gas source having a
replenishment rate sufficient to maintain the relative amount (for example, the partial
pressure) of the desired gas within the enclosure at a desired level relative to its initial
relative amount. In some embodiments, the replenishment rate should be sufficient to

maintain the partial pressure of the desired gas within the enclosure at least 20% of its

-0.
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General ly, any known resin may be used. In sone
enbodi nents, the resin may be selected to control the
w0 2008/10fo1per neati on of gas fromthe interior OPCT/H82005/016153
bubbl es, through the resin, to the interior of the
encl osure. Exenplary resins include acrylates,
met hacryl ates, epoxies, silicones, olefins, and
ingigl }b@gitagp@ssum én puye gmhg@m@gtstqﬁ @amﬁﬂ%,sqndcm some embodiments, at
I ng, [LG rmopl astic
b&?%S?ﬁﬁ%%%é %1%%&§ﬁ% ayﬁ%ﬁﬁMﬂﬁd%ﬁglg?y crosslinked

resim s(ohiUerﬁb’dﬂiﬁ’ﬁblﬁs tﬁ@pﬁﬁ@kjl]}i‘)sssﬂm/othﬁe d&e@d gh@w&ﬁﬁﬁhe enclosure
enbodi nment s, crystalline resins (for exanp

sheyld e mwm&qwdafﬁa tb@t“r‘ﬁfklélﬁélfﬁ-‘/ phipe Cam@n@ttg WD the eu@ewre In
O%a?rflﬁa {i:lg%:/th? E%ﬁﬂ @Qés%ﬁ)%fr thé )E(iésrlr% with II{;@E %fl&[)ﬁ.%re should be

mbiv}aineal foe atbleamrbna' hear himlsbine £ mbwyirhents, mc mamwatyealrsj mtsome
the resin tfy any known neans including, for exanp

THPOdimgnts A tﬁﬁb@rf‘@s‘/e@tﬁ #deveB 2f legstine Yeagsy oeveB |1(engebn

(for exanple, an aqueous or solvent solution) of the
resin. In some enbodi nents, the bubbles nmay be mll ed
EXAﬁ\fiﬁPIdESesi n usi ng, for exanple, a two-roll mll. In

SO dlnents bub le be. add to.a

ot DR SR i G GORT R B gIen Wi eG4 lustrate the
inGESRRl MENpScerdthiRs BHR) R8iHBYNIER teR e ifidated.

pre-polynmeric m xturé that i's subsequently polynerized

to formthe resin.ln sonme enbodi nents, the resin may
UR a%%]?u%h sive. In sonme enbodi nents, the bubbl e-fill ed
M be used to connect parts within the
enclBsivi&, avallshle inde? tEORNRAmS Sebichlie Glﬁsst]:hfbbles S60/10,000 from
enclosure In sone enmbodi nents, the resin % be used

3N omepany avegayted: khselpspis meperiasd t@rb@ﬂ@s&j}‘?e S{@nB-1¥akBPe3-8%
N4 Eggng&j 2 %%7% geé? h’gﬁeg b%t)bliel'hoenﬁ 1s ; %H{rt%zi t0 LQB%@@ 0.02 g/cc,

I men contal ni
Wmlpplrnedi:hn(cﬁanetep(ahmhﬁ 50&1 Paicentilepor 3(Dmﬁﬂ@méltf3rst‘rm everage wall
interiqgr surfaces of the enc]osure. |n sone
thickpca iotorér%t@lcrqmeets@gfl AN iRdGoBkdiamster 28 BIGRBCHES: nor e
surfaces of a conponent within the enclosure. In
addition to the bubbles, the resin may include other
Aluatieur dlogteiddibbiisng, for exanple, silica, talc, carbon

bIa eIe rica /or ther uct i

o e S i i s BT B BTS00
Aldiirsah 'la%@f 6f ﬁﬁﬁﬁﬁlﬁﬂ Tﬁ@El!ﬂiBiése\K/e?e aglltﬁ&! Wﬁilé Bélﬁg chRBIWE a flux

agents, fibers, solid and/or | ow beads, dyes
of malmtom$ Fomm sputtenng source. Next a film of aluminum oxide was deposited
upon the aluminum layer via reactive sputter-deposition involving the concurrent addition

of oxygen during aluminum sputtering. The density of the coated bubbles was 0.65g/cm’.

Gas Filling
Both uncoated and aluminum coated bubbles were filled. In the following

examples, the coated bubbles were filled after the coatings had been applied. Generally,
bubbles may be filled with gas either before or after one or more coatings have been

applied.

-10 -
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In sonme enbodi nents, gas may be stored in a perneable
container, for exanple, a pouch, and the pouch may be
w@b@saedoisr t he encl osure. The pouch may conpriBEI/HS2005/016153
coated or uncoated polyner film Coatings include
organi c and inorganic (for exanple, netal and/or netal
oxide) materials. The replenishnent rate provided by a
gas ApRiPsiEnaselinseyeshngramh of qubbleeweigdeadedininianayiamavaitiat was
théh Pe%[e'a%%ale@aﬁrga doqr:}?r ' eaau{oléfb%: 'vx%@ p E%Sl‘fhiéﬁ%l% Helﬂlﬁn gas t0 6.9
paraneters I nc exanp e ave
m@@pmhl (MR2y (IITOOtﬂ'aﬁndﬂ?dNSQMe 1ﬂdl’n€(p§19))t@|d heated Itm3(0ﬁ °C. Once the
desired gas contained within the perneabl e nenbrane
teppgrapie feagheduills Gu e RPsUFReOldRS it gaswaschapged in .3 MPa (1000

psg%&gﬁnglﬁ andl RELd"F 84dR 1h&eﬂ4%h%r BH@P&&S oA é‘bﬂéﬁéﬁ% of 48 MPa
er nea rane 1s encl osed any, and e
(7060hpsy wayreaclmnldtmrsysismr\msvheldm:onstahefoe mlokeboure. The autoclave was

SR b, RS AEEL S

e ”Qbﬁé‘@stuﬂarﬂe SOHE pRIALE bIMBR RS Withid Y bRBbIEESIH B‘Ebéa?cu'iéied using
provi de a gas source havi ng a repl eni shnent rate

theidet] grisday (ot isbst Burt Pl Ty. Pheverith Riep#&MRm Tof S7AK (300 °C)

nf AR ) Bedrish R TSl ™ whfent CGgmore o

caloBit&id i 25t MPa (3409spt Whi ch the desired gas is
renmoved fromthe enclosure by, for exanple, reaction,

| eaki ng and/or diffusion. In some enbodi nents, it nmay

Blﬁ)%ld S ﬂi to provide a gas source having a .
rate sufficient to maintain the relative

anoUrte dnicint 6K gasptleasetfonp dletdlads babkles by gdrndatiom ehrough the
desired gas within the enclosure at a desired | evel
bubéleamm'éra% Wwiap geagtired wiing gasahreraatggigphy.. Both coaied and uncoated

bu@ﬁ?g WePBRLRd af g}ﬁbléﬁtpelnﬁréﬁiﬂ{éﬁrﬂémpé%ﬁrésh oty rgn}?r‘ﬁ*ze hﬁhum loss prior

icient to naintain the parttal pressure o
to tting.exdll ydblesivteind stotedent eP@ PO sfiierebeatg leamstd A08b the autoclave until

tsinitial partial res ure, .in sonme enbodi nts at
Seieéfﬁégorstﬁ%né;rmsumﬁ %W&&Q}?ﬁw’érﬁ’if@eﬂtﬁab 1 ’gg@? 17506 or
even at | east 90% of |ts initial partial pressure. In

sonme enbodi nents, the partial pressure of the desired
gas within the enclosure shiabledl be maintained for the

wor ki ng Hte—eof—the—ecomponrents—wthinthe—enrctostre.
In some p ts, m@tllb%rtlg?mB?ré@§%le Mrss gL
desired gas wthin thengﬂglosurezqhguld be 501

2 none 70 °C ‘ 50.6
3 aluminum 21°C 60.6
4 aluminum 70 °C 60.6

For each example, the bubbles were weighed into 2 2.54 cm x 2.54 cm (1 inch x 1
inch) plastic weighing boat, which was then placed into a containment tube containing
ambient air. The volume of the containment tube was approximately 600 mL. The joints
of the tube were sealed with high-vacuum grease. Examples 1 and 3 were held at ambient

temperature (21 °C), while Examples 2 and 4 were placed in a 70 °C oven.

211 -



10

mai ntai ned for at |east one year, in sonme enbodi nents,
at least two years, in sone enbodi nents, at |east
wao boosg1esmr s, and even at |east five years, orPEWES2005/016153
| onger. EXAMPLES The follow ng specific, but
non-limting, exanples will serve to illustrate the
i nvention. Al percentages are by wei ght unl ess
ot hePai deomagigephs §0CUNES Hiesldo BuliBios hembppgesis composition of the

B PP SR 05 A

insidp et c@tdiomée tﬂlﬁb\&&%&héﬂad Brd ke R sadnBdt/e4aelO Privn to

2-6% B2Q3. The average bubble density is reported to
sagwlipg gfbe iybes helg 2t glexeted {GmnsTajuncs diesmicaiovae from (heieyen and
al i L REESE G Syl SO SOTRAES £ BAPIARRsl ves
coai'nemm terthofa@@inyg pnrbasfﬂhe gas chiddbmatiograph @iead echeBudisbeset foint. The

sanpl e of unc bbl es was coated w.th_a_thin
0 PRI Orltg%) §%JAﬂ§LDFP&W by eé%?‘f B‘fﬂé%ﬁ%i ﬁh‘?nvo}?ﬁ@ of gas that
pe%k@?cla& dutBi'ife &%b‘l@t;ﬁeg bﬁblﬁﬁﬂéggs SIRAHER TUbidY Parldl 41X
of nmetal atons froma sputtering source. Next, a film
of al um num oxi de was deposited upon the al um num
| ayer via reactive sputter- osition involving the
concurrent addition of oxy ring alum num

SQUhdtRichdd- The HIesEDniIC @btained fERhasleRURRhASIo¥RS
0.1R8G1 6B, Cas | L1 PG ERE R ERCPAL AT gNd al um num
Cd %Oﬁgmf{UUUI (SIS n%/S\%’bllnl ?511 ag 32” lﬂ ?ei %Xdllpl (SIS

Lo
t he"coated bubb ﬁ s had
been—applied 68 ﬁt@m mmp@g Qn a;ﬁamfiea%? Ph

g'ﬁ‘?ﬁaﬁ) ecslsu‘ﬁpf npri)gg\rlv[ngﬂgrps;)np Qr rmrp rnatl ngs have

\§ =

N

%’“
E
..’:T

|’Sep11tﬂat&'ed i n{ GOai/Hum ocI avethat was then seal ed and
evapwatpeeerain ai A0 °Tler B witludesehspincRaesisuri zed with
hel i um gas to 6tP1orgapamcealsin( MVPa) (1000 pounds per
SqYsdEetioHCN ( P3 thetmANDnBed VRS (hidastiyel #g2000§e The

t mper ature reached 300 C, UI1e pressur © Ol thehettuom
gas was charged in 6.9 MPa (1000

Table 3: Permeation for uncoated bubbles

Milliliters of helium per gram of bubbles
Time (hrs) Example 1 Example 2

0 0 --

3 6 33

21 29 98

46 46 124
119 73 159
171 84 172
216 90 -
218 - 179
293 - 190
294 99 -

-12 -



psi) increments and held at each increment for one
hour. Wen a pressure of 48 MPa (7000 psi) was

wo eashem1s t he system was hel d constant for thrPer/os2003016153
The aut ocl ave was then cool ed and vented, and the
bubbl es were renoved fromthe autoclave. One estimate
of the pressure of the gas within the bubbles can bhe

cal cul 4t ed using |t he M@]&iater@gfshqligmmqr}gmmiogbutpbles' T1

P2 | T3~ Thus;swth Pt =Ag Ma,—Ti=573; K (390C)
and T2 :Tﬁghﬁs)(% 00 EX?IHBI% essure w t%’faﬁnélﬁg
bubbl e§ at 3®gbi ent tenperngyure, P2 Is calgodated to
be 25 NMPa (3640 psi). Bubble permeability The anount
of gas|rel é88ed fl[rom the lgfass bubbl es by p&?neation
t hr ough—the-bubblererbrane—wasreasuretd—using—ogas
chr onat ogrzs;?ﬁy. Bot h coatcigg and unc¢oat ed bz | es werg
tested at anbient and elevated tenperatures. To
mnimze heliumloss prior to testing, all bubbles
were stored at -20 OC after being renoved fromthe
aut ocl ave until l.ected for. testing...A.sunmary of the
sanples is pres i ﬁi CHaEtgn c.’rcf’él%ldé)ukg%f’)r each

exanpl ¢, the bubHl es vEliBterEHHREAmM P rain &f BdbHIER X

2.54 cm (] 1 inch) plastic i ghi ng boat, whiich
was thenTphatwe) i|nt o aEsamplaidnnment |t ube Eempdé hi ng
anbi ent—at+—Thejvolure—of, the—contarnent—tube—was

appr oxi matepy 60Q nL. The“joints of the tube were
seal ed [w t hifi gh-[vacuum gpease. Exanples 1iand 3 werje
hel d at_anhi ent tlemperature (21 QC), while Exanples |2
and 4 were gl aced in a 7050C oven. Gas chrorR&t ogr aphy|
(GO s—used—toonttor—the—<change—in con‘ggsiti ot
the atmosphere inside the“contai nnent tube.
PeriodicalTgg sSnmdl T portigns of the atnosphere 1nside
t he contai nnent tijube were renoved and stored in a
sanpl e{vess®l . Prlior to sanpling, the tubed4held at
el evat ed tﬁrmer atrtr-es—were—trenovedrromthe—oven—an
allowed to égol tto roomt erature for about 30

m nut e$.” Eggh Sanpl e vessgl was cofinected gp the
sanpling port of |the gas chronmatograph via a cone and
socket |j oi @61 The operatilyg paraneters for -the GC

?Rgltysi S5 arzgzpr e; ented :n__TabI e—2—+Fhe—vel ,72’2 ef—gas
357 21 --
358 -- 83
569 27 --
570 - , 102

Actual volume of gas inside the bubbles

Method 1: Gas Chromatography

A sample of helium-filled uncoated bubbles was placed in a containment tube as
described above. The containment tube and bubbles were placed in a 150 °C oven for one -
week. The tube was then removed from the oven, allowed to cool to room temperature,
and the atmosphere within the tube analyzed using GC, as described above. The bubbles

were found to contain 250 mL of helium per gram of bubbles.

-13 -
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per neat ed out of the bubbles per gram of bubbles is
shown in Tables 3 and 4. Table 2 Table 3. Perneation
wo erosarmooat ed bubbl esTabl e 4: Perneation for cPer/Es2005/016153
bubbl es Actual volunme of gas inside the bubbles Method
1: Gas Chromat ography A sanple of heliumfilled
uncoat ed bubbles was placed in a containment tube as
desc PiTBiAI1YaB s9iEple Th dekiwntidledrimaeated bebtiesdv #sl ideddn weprtainment

[ r_. k, . The tube was
oL BREL B 802 0400, R R B8 T e rom e
otesiypkiseddioeoobiodobingedperatipd) ané the dthiospHeRewithidethe tube analyzed
analyzed using GC, as described above. The bubbl es
u§lRs 66 gnAroribetk ;Ao Bubties wmiaieiPL mlpelhofianpes eram of
les.Simlarly, a sanple of heliumfilled uncoated
bubbi es was placed in a contai nment tube and placed in

Metl®d®@: OebswaterCusl Tesn m nut es. The tube was t hen
fromthe oven, |owed to cool. to room

renoy.e I
t enpl? g?ta%{,ne RFerpepnt of ﬁ?}% epnsaifeq fhisifiethiebubhies, 0.364 grams (g)
i : )
ORBARKSLAHER 5 ¢ S8 RTHI0 PafeE bl TV R Lot
Prpdugts)ommntainiog Brousef gigsarolTenalgtieal grade gl jvercd mbtaiteddfom EM

Slficg St g Tk Pt RIS o ballteR v e S50 R atHycerol was
mBaluteddy ialthabiog i 10wl cdhigd & @g&l&ﬁ%&d cylinder. Next, the

containing 3.5 g of glycerol (analytical grade
ballogr andits eqrtentnwaref subjecenItSsndinivat Bostpctic. pratsare (488 Mita (20,000

lopn.filled.wth the bubbles and .
Py Bt PR a8 ffsan votome of
thebhllaonyai deegminedbygheatuah e theaidplatdient Maké oil iMthe graduated

al.loon and its contents were subjected to sufficient

Cyﬁ)i%"srt actic pressure (138 MPa (20,000 psi)) to fracture

the faph Qé!.rﬁgle%/ @t %wglléﬂgagﬁ} .bﬂms Nl Fegte. n%g ?iTS&-EEIglple, which

i ncrease | une o oon was eterm ne
wasdeged withint dre hous gtadeimzntmoted fiemahé autbclbhie contatheati 8Gnl of

h %ﬂgg)g%lgg\g&fx?@gﬂfé {r&&&)ﬂﬁ}lalé?g} W{;] iﬂlki’slhsc()jlu%le,a t?lg p?e%gl?rle ?r?side the
filled bubbles was calculated to be 2.74 MPa (397 psi). The second sample, which was
‘tested 24 hours after being removed from the autoclave, contained 8 mL of helium in a
0.364 g sample (22.0 mIL/g). The pressure inside the filled bubbles was calculated to be
1.76 MPa (255 psi).

Various modifications and alterations of this invention will become apparent to

those skilled in the art without departing from the scope and spirit of this invention.
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was tested within one hour after being renoved from
t he autocl ave, contained 18 nL of heliumin a 0.417 ¢
wGaaphero(813. 2 ni/g). Based on this vol une, thePQr/ESHOF/€16153
inside the filled bubbles was cal cul ated to be 2.74
MPa (397 psi). The second sanple, which was tested 24
hours after being renoved fromthe autoclave,
Whatis 413i88das:nl of heliumin a 0.364 g sanple (22.0
m./g). The pressure inside the filled bubbles was
calculated to be 1.76 MPa (255 psi). Various
1.modi Ah da¢malisrepleaishd endbsupdisormpridiiyg & firsogenhdvom a infitial partial
becone apparent to those skilled jn the art w thout .
PrERSpEe ﬁm%@rqp}eél&ﬁhmgegaé Sepee gﬂenglptprth eRplOsfg, ghe gas source comprising
a Y oA e a BEARCIBEL dnSimbrme A1 1t ernal 1y
rep n|s enc re conprising a first gas having an
|n|t|al partial pressure, and a repl enishing gas

e internal t he_ encl ure sour ce
et Flm gt B wssn%%?wﬁmirﬁys CREREGS at least one

%r(ﬁﬂﬁmc%r alddeniHASHESoOf claim 1, wherein the
per meabl e menbrane conprises at |east one of glass,

ceranmic, or a conbination thereof. 3. The enclosure of

cla| n, th nea ane

5,012l bl RS, BRE IR R S I RE DU el grmpries o
ledkt odd\6f £MelaPal £refal 6kidem 1, wherein the perneable

menbrane conprises a netal, a netal oxide, or a

conbination thereof. 5. The enclosure of claiml,

| : .
1 USSR P ABSFOURY AERpaPehBRE .o
méfhl&)}@diﬁ;bﬁstiﬁlﬁbmﬁtlcﬂ fieraof, wWherein the gas is an inert

gas, optionally wherein the inert gas is selected from
the group consisting of helium neon, argon, krypton,

5. X e NGfhe e%fyﬁlﬂ'%%@ claﬁﬁrlb%eféirggﬁle ?ﬁmé%leclﬁ%bfbﬁé k Pnses a Spolymenc

er eof he "encl 6sure aiml erein t
fﬂnsamlatmmone@fganetalcqmﬂlaaneth] gxiddherei n the reactive gas
is selected fromthe group consisting of oxygen,
car bon nonoxi de, carbon di oxi de, formal dehyde,

6. di bOFRNGC1RERR tRim ANHhERIPIHE2hE ANS iAdIEERObptionally wherein the
inert"gas is selected from the groﬁp consisting of helium, neon, argoh, krypton, xenon,

nitrogen, carbon dioxide, or combinations thereof.

7. The enclosure of claim 1, wherein the gas is a reactive gas, optionally wherein the
reactive gas is selected from the group consisting of oxygen, carbon monoxide, carbon

dioxide, formaldehyde, diborane, ammonia, and combinations thereof.
8. The enclosure of claim 7, wherein the reactive gas reacts with oxygen.
9. The enclosure of claim 1, wherein the gas source comprises a plurality of bubbles,
optionally wherein the plurality of bubbles has
(a) a distribution of membrane thicknesses;

(b) a distribution of diameters; or
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8. The enclosure of claim?7, wherein the reactive gas
reacts with oxygen. 9. The encl osure of claim1,
wab@sa1718 he gas source conprises a plurality BET/US2005/016153
bubbl es, optionally wherein the plurality of bubbles
has (a) a distribution of nenbrane thicknesses; (b) a
distribution of dianmeters; or(c) a conbination
t herlebf . a@mbipgicarib¢reslire of claim9, wherein the
plurality of bubbles has a nedi an dianeter of |ess
than 500 mm optionally |ess than 100 mm and
100pt i THeednkoshe s claard, SGerdin thtplurihiy Edabblssihes Ofedibaidimmeter
9, wherein the perneabl e menbrane conprises gl ass_or
of d¢sa sleanc W04 coptiopelivleas thpn AR pat, and pRLigRairdess than 50 um.
menbrane further conprises a netal, a netal oxide, or
a conbi nation thereof, and optionally wherein the
11met athe dielodhre Of icligm 99 whefkbinddeiBenbld@efbfane S oh@risadlass or
to an exterior surface of the glass or glass/ceramc.
glas/cerpac. eippal i wheseindhe perntpablgasrabriang furthgpeempyises a metal, a

i . i f . | .
B 480 £ RS AETLLLY 50 BHOPATE BB TRBHLAN e o
coatbih@ioH tleresipbomied ta apkxiedbt duyfao obthetolasn or glask/ceramic.

wherein the resin is an adhesive, and at | east two
sections are connected with the adhesive. 14. The

128NC | BRUWHE1 Rfire O @iafth b2 whhe &i18ast Qg)oﬁﬂ)?ll Y SufBPSEL 5ifDles are
a plurality of sections and a gasket separating "at

entgmelatddvio agesini ons, wherein the gasket conprises the
resin. 15. The enclosure of claim 12, wherein the
resin is applied to a portion of at |east one interior

138 Ur faeenBlostR@f eRGh A9 UvBereibthe ER@0RNE LOBHIRs Afpl&hRiyTBf sections
12, wherein the resin is applied to a conponent within

antl veheegie thesesia is avadiesige.cmd|ap bastdwefseesiquis prelconppeie@ with the
ad h(le Etgas source has a replenishnment rate sufficient to
Weain the partial pressure of the first gas at a
percentage of the initial partial pressure of the
first gas selected from20% 50% 75% and 90%for_a i
14gur akhegmelosure of claim 12, wherein the enclosure comprises a plurality of sections

and a gasket separating at least two sections, wherein the gasket comprises the resin.

15.  The enclosure of claim 12, wherein the resin is applied to a portion of at least one

interior surface of the enclosure.

16.  The enclosure of claim 12, wherein the resin is applied to a component within the

enclosure.

17. The enclosure of claim 1, wherein the gas source has a replenishment rate
sufficient to maintain the partial pressure of the first gas at a percentage of the initial
partial pressure of the first gas selected from 20%, 50%, 75% and 90% for a duration

selected from at least one year, at least two years, at least three years, and at least five

years.
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15

sel ected fromat |east one year, at |east two years,
at least three years, and at |east five years.18. A

woreaohod7ood i nternal Iy repl eni shing an encl osurBCT/US2005/016153

conprising providing an enclosure containing a first

gas having an initial partial pressure and positioning

a gas source conprising the first gas contained wthin
1& peArm%tbwiaOEmtﬁmaélyereplﬁmsmégtah enelagire soMpLising provy@dng an

enﬁ osslu}? dcogléaanm% frs:,lts a8 W; g Flrrl bnd{']ag é%ggal f‘)?eﬁgelﬁg ﬁ{é‘? Bosmomng a gas

sotitse cbigrivBighRél fis g@d E@nbaidéd wm(ﬁra%dﬂmtaditﬂe afealbesieriaside the
conprises a plurality of sections, and wherein the gas

ensinfbte i s positioned in an adheS|ve bondi ng two
sections of the enclosure together. 21. The nethod of
claim 18, wherein the enclosure conprises a plurality
10f SEkd methed ofbldinai 8 whereinhthe gasssohueris podigonrpdsin hicaviey
in a gasket | ocated between two sections of the
“@%@P@%Uﬂ@362200$ﬁ% met hod of claim 18, wherein the gas
source has a replenishnment rate sufficient to maintain
the partial pressure of the first gas at a percentage
20f tTee mathbd af claan tl Bavh@remsbe ewclofurd ¢remprises b p@uality of sections,
sel ected from 20% 50% Qband 90% for .a durat
ey P Bde PP ARe P gk i @ pdhiegive bandipe g SRR Of the
erRloshRasteithd} ee years, and at least five years.

21. The method of claim 18, wherein the enclosure comprises a plurality of sections,

and wherein the gas source is positioned in a gasket located between two sections of the

enclosure.

22.  The method of claim 18, wherein the gas source has a replenishment rate sufficient
to maintain the partial pressure of the first gas at a percentage of the initial partial pressure
of the first gas selected from 20%, 50%, 75% and 90% for a duration selected from at least

one year, at least two years, at least three years, and at least five years.
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