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invention pertains to internally replenished gas-containing enclosures and

5 met hods i |y repl enishing an enclosure. The in i S
particularﬁ@oﬁgggaﬁﬁ#n conmput er hard di sk storage device?%qgkgﬁﬁﬁ@ﬂﬂb

Gas- cont ai ni ng encl osures may be advantageous in a variety of applications.
10 Generally, an enclosure is forned by connecting two or nore sections
using, for exanple, medNTERNAIIE REFIENISHFOSENCLQSURE ves. One or nore
components are placed within the enclosure, and the enclosure is filled
with a gas or gases, for exanple, an inert gas. The conpleted enclosure
contains t s environnent and one or nore conponents protected. by the
encl osure. or exanple, sone hard disk drives are protected within an
encl osure. The Taadthvesatitiepertand fo iherylnecmediyhadamasicedtainin@encdsuresranidr onment ,
while_the interior of the enclosure is filled with an inert gas (for
exanpPe, hBcthedy of ntsraslly replenishingan snglosurgn Abe dnyrmbon if Pmlwlelgoéu pldngi sk
drive encl G nergy required to spin the platters and

t he sensit?%#'&mg ?H§§ﬁ§g%g?%ﬂﬁﬁ§ient pressure fly height. The helium 20
environnment al so may all ow manufacturers to build drives with a |ower fly
hei ght , Ieadin% éo Easter data access and retrieval rates. The joints where
t he secti | osure are connected are susceptible to | eaks

al | owi ng 9ases wol.Biflaihilfy GRFGR ISR davRHEAAIOR vAHDY BREpHIRASS O Nt e
the enclosure. In sone p |cat|ong, the enctl osure may” be Seal ed using, for
exampbe, aGhesalesn cgalsket ss Rismaddy ooneeths twoonnorasezBomrussngy fdrambingld, y
elimnate the flow of gases bet n.the_anbi ent environnent and the
Chterfor - GRS HBIRH RS aR O ABRes e G g CPIBE T BEGHCPLRTNTe ol s
used to seglclddife, SNEHRIMER skt AR&AWRh @gab Begadhast é!)@ﬁnﬁ@,qmgﬁ‘é'kgﬁs$ yrheWhet her
by |eaking, diffusion, or sone other mechanism the relative ahRount of
desired gasommleted antlhsure eprthips tireegag enercringnt dhdriont shewrosnpanents pr@ected
GEneraIIy,-iﬁFbe effective, the desired gas environnent within the enclosure

should bePhEEFPYPHER for the life of the components, which may be years

(forigxanpl e, tRGexhMpRE som®hald Mk HPRE Sre ORI WikIRAARhcloRer Thore, it is
often desirable to replenish the gas within
enclosure itself is generally located in an air environment, while the interior of the

enclosure is filled with an inert gas (for example, helium). Generally, the helium
environment within the hard disk drive enclosure reduces both the energy required to spin
the platters and the sensitivity of the head to ambient pressure fly height. The helium

20 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

25 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 through 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.

30 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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-1 WD 2005/ 117018 PCTI US2005/ 016153 the enclosure to extend its useful
life. One nethod of replenishnment requires breaking a connection between
sections of the enclosure, refilling the enclosure with gas, and’ resealing
i t. Anot hWP 24¥HAH3i ncl udes equi ppi ng the encl osure w t PCI/§§2095/3616 and
using an external gas supply to replenish the environnent within the

encl osure. Both nethods 5 may require renoving the enclosure fromits use

envi ronne t fo lin r.ov,. di addi tion space aroun t e encl osure
Co br ot adbesugiosete it B8 el b e risthod g PleaiBRRR R wedlSef By or
oppor t uni kynrfeBfion BaiEe e iiBRY of 16 UhdISsudd FefilliaB e GRIKBESWRR fgﬁse%é with

their potential to permt diffusion of the deSired gas out fromthe

encl osur e resaaithgot Admﬁlémﬁtdmd@ticlmﬁelnpplggsbfsenqhnsam Weth@rfdl-p@m erd ugiog Anot her
repl eni shnent._ source ¢ rrprls er meabl e .st or.ag ank for. holding the °
gas, one B8P° ﬁﬁ?@%@l%@& HeT thﬁggv‘f?}mé?ﬂt Wlﬁ“ ﬁt aeﬁ’ﬁ OSWNd B%’%Q}eit@g
contrs0l s Gy fe%ﬁo@ﬁ% tH@Ef{c%s%}e frdiiilsisk BBvikSBndHtt f%ﬂlnge&'p&%dﬁﬁy not
require openlng the encfosure or the presence of a fill port, the size,

wei ght , andditomglspacetagounid thel ciclonws toqxowdy aguess. u’ﬁhi@pnesaigb of the fdiapgﬁ also

appli cat| ons. 15 SUVWWARY The pres nvent or s e source
Conpr | o1 nGrESCTSE ST SOOI FREInFY TR E ARy Rk SR P B Tyas

envi r onmeieiVAdidital & peBRd! c@ﬁuglsn offtht @bdided ga@ oﬁﬂﬁoﬁﬁﬂseﬁologuh@ apfRpent
invention provides an internally replenished 20 enclosure conprising a gas

sour ce i nddfusiin Qf@nlbhmltgmﬂsostmtbeemnm n the gas source corrprl ses a gas

cont.ai ned wi t hi,n rrenbrane Iln sone enbo .source
conpli)l ses a pl @F’Qﬁi? gel F SQUICC GINDIESER AT HEBA IR ﬁjteg?or'? f‘?’ﬁg’é’i‘f

menbr ane mgl&@s)r%&& 8Redio pahmglﬁé ELEANHE tandd ahda SEHER &@bﬂ@l«blmt s, the
per neabl e menbr ane conpri ses metal and/ or met al oxi de coated gl ass or

gl ass/ cer gnérete theyvalwe(e). eWbdditheerse o sudhedelissp may net eoquire ppering theoenglasessi n. | n
R T iy e
undesirable in many applications.
15
SUMMARY ‘
The present inventors have developed a gas source comprising a permeable
membrane that will internally replenish the gas environment within an enclosure.
Briefly, in one aspect, the present invention provides an internally replenished
20 enclosure comprising a gas source intemal to the enclosure, wherein the gas source
comprises a gas contained within a permeable membrane.
In some embodiments, the gas source comprises a plurality of bubbles.
In some embodiments, the permeable membrane comprises a glass or
glass/ceramic.
25 In some 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.
30 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



30 The above summary of the present invention is not intended to describe
each enbodi nent of the present invention. The details of one or nore

enbodi nent 2 WO 2005/ 117018 PCTI US2005/ 016153 al so
set forth iﬁvg?{.og&g’i'gleoégc“ ption below. Qher features, obj ecit)gillﬁgidg%lﬁgégnt ages
of the invention wll be apparent fromthe description and fromthe clains.
BRIEF DESCRIPTION OF TIC DRAWNGS 5 FIG 1 illustrates an exenplary inert
gas envi r opivention &t Glso28t fdrihus theadedsripticiidt G U Otiterifeataes wbjan; andv t h an
enbodi nent of the present .invention. FIG 2B illustrates a cross-sectional
view of thé @agag%a#@@ iRyfentipewill be appprestfiqrn His doseasirionAnenFam degdaimss
containing a gas environnent are used in a wde variety of applications.

The size and shape of the enclosure, and the nature of the materials used to
formthe BRIEBDESCRIBTION QFdGIeDRIAWINGSt he end use requirenents
incluglng, for exanple, the size and shape of the conponents contai ned
withi A the encl E&irlellusiaesameremplany|ingst %asfe@f’”f@SmFWe encl osure, and the

desired envir onpRty AMijfafrBek an:?wr&sﬁ‘lra@corﬁeﬁ{c%r\% H15h %ﬁb&hﬁem th@ ary
encl osure 100 conprises two sections, housin and cover ncl osure
100 cont ai myvemtémponent 140 and a gas environnent. Generally, an encl osure
may conprise an of sections co necte by any n ans i ncl udi ng,
for exanple, %ﬁg%ﬁ usirafes %ﬁ@@%S‘(OIUSPa g@e%aéﬁ%%eo%gg 20 rivets),
wel ds, and/or adhesives. In sonme enbodi rrents a gasket may be positioned at

the seans to reduce | eaks. In some enbodi nents, the gasket may be an
adhedbve oBEFAMILEDVIDESGRIRTIEMYabl e of connecting sections of the enclosure

ang sealing the_resulting seam Referrin to F dhesi ve ket 130
coznect s cover Q(*SOﬁu(geqﬁg%gqlegff@s SR B‘ﬁ‘f’e‘i‘d"’é‘? ‘fal‘i’&tye‘?‘fcﬂ%BE&?t@“Fs
filled W tfhofg Md MPEof MEhcBATESand e Ra‘iufés;ﬁf%@%@nms 1RB8d id ffmlthe 9as s
one that exhibits substantially no chem cal reaction with the conponents

Wi t hi n t heenslashresnaevarpdeperting mathsrendluse fefuircosaismaudigadesgxapiplhithe t he

or essur ey . S e S s €5 RmGRE: anbfieday Bhip e R Grors SR WieBitonc s um

neonjsar gofhe ekdl¥dtird tnd Meldesivel E%%me‘nﬂw@tﬁﬁﬂh@ ehadhireNReferdng HFIARNSI tY
i nert gas (for exarrpl e, helium
exemplary enclosure 100 compnses two sections, housing 110 and cover 120. Enclosure

100 contains component 140 and a gas environment.
_Generally, an enclosure may comprise any number of sections connected by any
known. means including, for example, mechanical fasteners (for example, screws, bolts,
20 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
25 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
30 desirable. _
In some embodiments, the enclosure is filled with one or more reactive gases. As

used herein, a “reactive” gas 1s one that undergoes a reaction with at least one of the
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30 desirable. In sone enbodinents, the enclosure is filled with one or nore
reactive gases. As wused herein, a "reactive" gas is one that undergoes’ a '
reaction with at | east one of the -3 WD 2005/117018 PCT/ US2005/ 016153
component WOWM®HIABhe encl osure, or other materials (forP(EXEWRI¥I6HIses)
within the enclosure under typical use conditions (for exanple, tenperature
and pressure). Any known reactive gas may be used. For exanple, a reductive

b d i th i dj,zi inth | ]
Sbod: renceipppeaulfihe Ehelchyes o airgn SRR Cichamile &Ral YHHE thaces w 11
prol ong t Beclbéfr€ uderttific Al @RP ORRIMSnsWEdritx Bmble teeipek A6k d présserp| Any reactive

gases include hydrogen, oxygen, carbon nonoxi de, fornmal dehyde, diborane,
and anmonkaown reastvie gesbaiberseds For pramplaca feductygsgas snaydie uspd toggeet. with

1y, any Kk . b d d ' ol e .. he desired
eni r onmo R o6 BT HEPE eBul o 1 i< SRECE RS e R I frufen 28 (Tor ©
exanpl e, séﬁzei(g%éc&ﬁaiziﬂgvgﬁs&ewﬂp%glongmh@mm@&ﬂh hs, wighih @RCdrickRufef Of

exanple, a re tive) gas m used. A particular gas nmay be inert in one
appl i cat i &peipplary m@uvw&asmnaﬁ!dp hedrogere axgygert, garboa yepnskide, flebyde;

mat eri al s,,..t enperat ure, or .pressure. ..For exanpl in so nbodi nent s,
carbon di 83305@% %}Bmgﬂlai &glﬁ?ﬂlgg@, Omelnés’%j}?qg?cﬁie‘ﬂﬁ gélﬁrbsd?ﬂ? Mﬁlt%er&ar bon 15

di oxi de may be GenbRA§! ARG caCRRS R dskd dbfding, 8drex@mpl b theQdesed
particular gas within an enclosure can be defined by the nole fraction of
that gas ¢nvizenment withén haebeloswe. Fbsaae enbedimeptsr a1 aitaes (fas examplat i ve to

t he total n r | 1 thin the.. e o | odi nent s,
t he ltrOeI at ihsfel’ﬂgﬁ%n&ﬂ)e%ecﬁ%g%?@?%ﬁbg&r}é%stﬁﬁ@ zhclugfgg%?%ﬁ%ﬁ;algu?ree%ﬂn%@;veggg Sexpr essed
as the pamidyde ®ed.pressure of that gas within the enclosure, wherein the
partial pressure of a gas is equal to nole fraction of that gas multiplied
by the total preBdtifWangaspnsy bavdew v prsinndicatimbiptapaciive imangthgraue §@ fahpunt
of the des] -\t D e rotine, limting
the Usef uP ppig B gRn thdicidle HnRRELRZ UF FrafBt SR BanEin WA,

reactive gabedinvdntd, clrbon divxideatapbesn inerteas anfliiceintotimeashodiayerdteedtbor di f f use
into the 25 encl osure, and/or desired gases may | eak or diffuse out of the
enclBsur e Lo MEHPRR TSV 8% of a particular gas within an enclosure is

defined as the dALLH mbhhiGivd fHBodit bRl h¥ficular gas within an enclosure can be

defined by the mole fraction of that gas -(that is, the number of moles of the particular gas

relative to the total number of moles of gas) within the enclosure. In some embodiments,
the relative amount of a particular gas within an enclosure iay be expressed as the partial

20 pressure of that gas within the enclosure, wherein the partial pressure of a gas is equal to
mole fraction of that gas multiplied by the total pressure within the enclosure.

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

25 enclosure, and/or desired gases may leak or diffuse out of the enclosure. The depletion
rate of a particular gas within an enclosure is defined as the rate at which the relative
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

30 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.



anmount of that gas decreases with time (for exanple, the rate at which the
partial pressure of that gas decreases with tinme). Generally, the depletion

rate will | jth, for exanple, an increase in the ch the
parti cul arw(}gﬁs& eg’lgi§ and/ or diffuses out of the 30 encl osu{rﬁl}lﬁgor?°l #@tﬂease in

the rates at which other gases |eak or diffuse into the enclosure, and, for
reactive gases, an increase in the rate at which the particular gas reacts.
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wi thin an enclosure is also fected by its replenishnent rate, that is, the
rate at whirgteniblungriratecthegis, t@asatc st whigh ¢l mwm gﬂssmnpleneahﬁddinmm% of the
present invention, the desired hi.n .t enc I nt.ernal

Peot eni shedbyuttas PonF Rirsarigateiliot e dfiiietint PRLSR e rablrue i gy

enbodi ment gepfMnitied By psRMANg 4 FasaBlitceRyithin thedt@eiose. 3@ Somk bRibBdintesghosur e
is internally replenished by positioning a gas source between sections of

the endcl ospresentinyentigasths dasiced gﬁ@l’ﬂ‘)ﬁﬂ@ﬁ@ epplesurers inperpalfjarptenishad Byned wi t hin

a perneabl e rrbr ane. Refer E ‘ﬁ enbodi ment .of a gas
Sotrce of PRUTRRDE Brees SHrEERth e Rection pLfe ePdfe s, AR =S RREG FiRbudt ofe
nmenbrane 23Pmiddy b4kgs SontRiad WithGka f&rinelble dnivafe. 2 nean di ameter D. One or
nore gases are stored within cavi %/%220. In order to maxim ze the anpunt of

gas availabl e f&equépg&m an Cgicmbowmmi aghs pRyes elsthe prserfas may
be stored wi.thj vated ure. t he
otor age. pr HelHidh {sdfugtl SSule SNEUBERERERRILE: 210k RO, mEIRRRATERE,

at | gast abedh nﬂe@ﬂﬁldﬁE&er(D45)nB$)t}nor@gadeeaﬁ:tst@’@@Mhthiﬂé’ﬁudymO(250 psi), or
evin 15 at | east about 2750 kPa (400 psi)). Generally, bubbles may be of

any shape, sizelq pxler @@a&an&ze the amnounbofeads pyailable for replenislipentiabh 21V68| ume,
menbr ane tb h{}%?%ubﬂl%é'%é éa f' Iaege%bw uﬁga 'tl?cl_élﬁlﬁg gfev%aﬁ}r sSh B8 g&{lr ary

mean wal | ness es ca ave ar
shapes. | nembmn&nﬁomemhgc p&k@ré)mblbleest abbet zmmstpant(maﬁome spherical so
maxi num i nt er nal i

t i t hst | Qh
Soonet 1 o SHPOATER LR aboaROOBRE AR, o bRyt RS e DS e
i ncl ygi ng, atflgéstﬁmbgﬁ)k??%ﬂﬁ)opsgw I nders, hem spheres, hem cylinders,

pyramds, and ‘enbodi nents, the bubbles can have a
di stribution of GeheraHy,(Hubblee xaayesof any shape, size (for example, mean diameter), size

distribution, volume, membrane thickness, density, and aspect ratio (ratio of mean
diameter to mean wall thickness for a spherical bubble).
.. The bubbles can have arbitrary shapes. In some embodiments, the bubbles are
20 substantially spherical so as to withstand maximum internal pressures. Other shapes
include any geometric three dimmensional polygon with arbitrary numbers of sides
( including, for example, cubes, cylinders, hemispheres, hemicylinders, pyramids, and the
like.
In some embodiments, the bubbles can have a distribution of sizes (for example,
25 diameters or volumes). In some embodiments, the distribution can be described by a
particle size characterization function, for example, Gaussian, Lorentzian, or log-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.
30 In some embodiments, the bubbles can have a median diameter (that is, 50

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

um, at least about 10 um, or even at least about 20 pm). In some embodiments, the
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25 dianeters or volunes). In sone enbodi nents, the distribution can be
described by a particle size characterization function, for exanple,
Gaussi an, Lorentzian, or log-normal. The distribution can be uni nodal

(1 ncl udi NYO 20711888 npl e, only one size of particles) or PGRUSZ0¢A61S3(f or
exanpl e, binodal, trinodal, etc.). Cenerally, nultinodal distributions
provi de increased packing density. 30 In sone enbodi nents, the bubbles can

have a nedi an dianmeter (that is, 50a' gercenti |l e) of at |east about 1
ni cr omet ePUPRRY can have RV B eEaRhatdesshan ghoyt 5 (i sogpp cpodimgats, apout

10 gm or n 0 I the -

2005/ 1170 %@Hﬁb@%%@ﬁd@ﬁ?ﬁ% tﬁ&gﬁuggb@gﬁh ER S LTI A
than about, R0RGudsD (). BOMNETHROSHIFBAL Sthe bLiBSIEs hA\RNnaReHke HRBHOBIukess than
about 500 gm |ess than about 100 gm or even |less than about 50 gm. In '

sone enbogeneutibds oft didedsuidiviue 80 huhie macrometara (e some empelimaits) mbleagi@bobiubbl e of
at Igst zigﬁut 50 .cubic mcroneters één 3@@9 g_nbo_di rrents);n@t | east about 5
250 cubi c “nb CHHRDUETOIetess, A eEEn aflest 3aut 08 GEDE B S hi IS8/ Et ers) . In
sone enbodi iaisontd, M MIBBRS GavARY SvRReeAREABf ¥RY IR aBbutlohs BillibRByRROUt one
billion cubic mcroneters (in sone enbodi nents, |ess than about 250 mllion
cubi ¢ m cmumEneters (iorsomeesdotdingnt§ Pessithani abmout2H} milhibe cgbie necometars,@ren | ess

e © T e ) OB Skl B SRS g IR RS, A0, TR SO s 2
at use conditi QRgefdral nﬂﬁﬂﬂ?ﬂe%wtrﬁé’spc%u?ﬁdéﬁ%}lym ) BfovideRTPI3RERedDRC! ude

gl ass, glass/ceramc, netal (for exanple, and Pd), netal oxide, nultiple
| ayells of tortheadas shotedwithin thecbuhble aituse conditions fomgremplis tesupstatage)ni t ri des,

car bi des, Land silicides, alloys, an | ynmeric rials. I.p s {
erbod menteemphey ntheries SgEarSog s iR FefR LR Fivie BtRRD et o

di f ferent oRRieemiiBiple 1aHels OF miefd) 288 mialloifieMBihef netal dmp&ieds ko¢h dsheuridEpr ane
may depend on, for exanple, perneability (that is, rate of transport of the

stored gasamigesayid silicidesealryanand palEneiie ategials. de compiempdingnghithet i es (for
exanple, tensile str LS C I . bility of
axggg t hr 5‘31eg ':gnep%or ﬁ%{;%% glp lu%e&#% ?g%ag’%%‘é&éfg% g%m%(giﬁﬂ gr%ng%%a téa’?l%‘lﬁhé%%{eg@&rl ét!ti %e

expers mentigd ingRrialSased fo@rthemaiibtie rMyTddptes bn, et BasiE1E) H3rmO4bilitg ¢thantd,
D3985.) Perneation rates are also reported in the literature, (See, for
exanpl e, Vele QlHAT®EHM thsggjorefkganthrough they mernbpne) feasibugnd sxchapical. | pages

164 and 1%?0}‘6?’[?6%?)01')8){3]]]1)13, tensile strength, crush resistance).

Generally, the permeability of a gas through a particular membrane material can be

determined by routine experimentation. (See, for example, ASTM test methods D737-96

20 and D3985.) Permeation rates are also reported in the literature. (See, 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.

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

30 of a plurality of bubbles can be controlled by adjusting the distribution of membrane

thicknesses.



CGenerally, perneability may depend on, for exanple, the conposition of the
menbrane, the thickness of each |ayer, and the presence of pinholes, voids,

or patterngg G’ nore of the layers. 25 In sone enhqd,peiahseisie
average thickness of the nenbrane is at least 0.01 gm (in sone en]'oodl ment s,

at least 0.1 gm or even at least 0.5 gnm). In sone enbodinents, the average
th| ckness of the nenbrane is less than 20 gm (in sone enbodi nents, |ess than

5.0 gm or evenGlssbubbladica. i gide byt mysmimne:ﬂaﬁdd ﬁfﬂtbsforbhﬁnﬂﬂﬂbﬁl&‘?afbaﬂ have
a distribution of menbrane thicknesses. errbo iments, the average
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bubbl es useful in the present .invention are commerci
i ncl udli' ng, alpdForeRgiraly avapaye ingluding fpre » thase ay % éﬁ’ﬁ%ﬁ’l te

3 ass Bub %1%@ h7ze gégta Ceram c bubbles are 5 -
al so com*rgll#dglﬁ%{ y aval gFaﬂé ﬁﬁfﬁg’“ fZ arrpl e, those available from 3M
Conpany under Inhsentcremaiediacms, the hergleabiSphef emeabdinéennsphaljeded by akarine

enbodi nent s, the meabi | it f a nbrane may be adjusted b | tering
propert i esPTBPETHER rfé?rﬂ?%a“ 1Yy a0 gierease Penemb ﬁ’i‘e:ﬁj@ﬁ]ﬁ}eéﬁ & St¥ness or

density OdRerRa39RrMEHIREPIALS, %ne%k%ﬁxrefﬁ &s%gﬁﬂ?{fpp'h@&l%%ﬁf?%e%?t}?eop' ied to

a surface of the 10 nembrane t'o reduce pérnea ty. For exanple, inorganic
mat et@ al s r(lémbraea( tyekdace mh@ht JariIfsl:;Ircnwtamupleaino:galnch@m;i)aterralgs (foe eapppleemetadﬁ a

R

titani um dpsddhentd3héalisuen ﬁsrgﬂl@rsﬂphabb mﬂmzmbeawmm @aﬁg%ten usef ul
materi als include carbon and silicon an | oys containing netals and/or

met al | oi dschrargivpm zgmumm;mnu@(el,maﬂahumndmmlztlmumtmny bsehel. Qthem| unmi num

oxi de may he S t hi ckness of | s at
| east about’ @Y?agegﬁkﬁg‘?lélge Aoy CETT%H %ﬂ@%’r%&?‘ﬁ%lﬁ% stfafs g) ? )ﬁgebfgﬁ%d

nm 8 Ieqﬁtsome@ﬁibo&n%ﬂunmﬁﬁmﬁ\ﬁﬂﬁdatuﬂ ®884, or akehurh dxidé)ma;lbbﬁseﬂe

enmbodi nents, the t hi ckness of the Iayer(s) is less than about 20 nm (in

some enbodi mentls some smbodimenis shr thickness,of dhe lagerés) ihairdcash abaut §. Zgnosetasy en

less than (nm) (in some embodiments, at least about 0.3 nm, at least about 0.5 nm, or even at [east

about 1 nm). In some embodiments, the thickness of the layer(s) is less than about 20 nm
(in so_r;ie embodiments, less than about 10 nm, or Iess than about 5 nm, or even less than
20 about Enm).
In some embodiments, voids or pinholes may be present in one or more layers. 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
25 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

30 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.



20 about 2 nm. In sone enbodi nents, voids or pinholes may be present in one
or nore layers. In sone enbodinents, one or nore of the layers may be ° '
applied to only a portion of the nenbrane. In sone enbodinents, only a
portion oWQAHEYHIMS es will have additional |ayers appl¥edUt80YHE815Fenbr ane.
General ly, each of these properties may be adjusted to 25 control the
average perneation rate of a plurality of bubbles. Any known nethod may be

used to apply thin fil .ayers..of inor i terials tq. .ql ass.bubbl es
(see, Tor " examph et PEPOUERET ol sl bou gl ekt B3R
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cathodic arc deposition), em cal vapor deposition, electroless plating,
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surface of a bubble may be treated with, for exanple, organic materials, for

exanpl e, epBRymbpimeatsshebhies may by pleced lospewithinch en¢lgwire. Bxsomst ary surf ace
d bybbl s | .l ahl.e_f er 1 h d
hane. Scot Shtofineafi WGRb IS B IARH S 2 bAGRY, GRERADY s ElgleTS ' " 2°

A20/ 1000) .pobyrddie baa®r pOwThG endik¢ poach plaesdoeithinate eficlbdige.icdonsur € by any

known neans. In sone enbodinments, bubbles may be placed | oose within the
encl osur e emhedisesws, therpebamerihpaichimay b gogtedvifinfonexample ednetal of Beteheabl e
cont gf ner, r. e t p ced
£t 2l o R i it oFBEHIRENEY Sfe Reril b Bl e WAIRRGE pCHE S
coated with, f agisexaspbedinentipthelbubblesiagibelific@porled with 6 esin. din sbhie rate of

perneability of the inert gas through the walls of the pouch. _ |In sonme
enbodi nentegﬁaoﬁwnb%ﬁm Qubbles ynayebe; %’B@‘PB &0 Hesyrtars of aarqs@saﬁor PATta e

ebodi MeNtficarkigicl b edBcYy BinddhBSchchR, 4 erdH ol Heoubicd M hupyd/ or

partially ericapsu e resin. In so I ments, a portion of the
bubbl es meycdpsulhiad liy theeedap fusateembaetitientsy @bstantidlly ab(fer exdogde, peeHta,

substantially for exanple, greater 15 than % by weight, in
embotfl menttdan %)r%)égl’ g’tm&hﬁdﬂ sg%%en@.gd%@ g@@g&aq?%%?cgg%m E%Ptef H@nt?f?%?es may,
be fully epgansisbRs afhy'be hit¢efi&philated in the resin.

Generally, any known resin may be used. In some embodiments, the resin may be

selected to control the rate of permeation of gas from the interior of the bubbles, through
the resin, to the interior of the enclosure. Exemplary resins include acrylates,

20 methacrylates, epoxies, silicones, olefins, and polyesters. The resin may be thermoplastic,
thermosetting, elastomeric, or a thermoplastic elastomer. In some embodiments, 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,

25 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

30 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.



Ceneral ly, any known resin nmay be used. In sonme enbodi nents, the resin may
be selected to control the rate of perneation of gas fromthe interior of

t he bubbl egyo id05ugly the resin, to the interior of the epelpswigoisisenpl ary
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(for exanple
for example, the average permeability of the membrane, the total volume of desired gas

contained within the permeable membrane, the partial pressure of the desired gas in the
20 cnclogure, the resin in which the gas-containing permeable membrane is enclosed, if any,
and the temperature and pressure within the enclosure. Generally, the replenishment rate
( may vary with time as the desired gas diffuses through the permeable membrane.
7- 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
25 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;'amplc, 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
30 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

-9.



15 and/or netal oxide) materials. The replenishnent rate provided by a gas
source conprising the desired gas contained within a perneable nmenbrane is
a function of a variety of paraneters including, for exanple, the average
per meabi | VOOSY1WYHE menbrane, the total vol ume of desir & YU ¥YAIHI ned

wi thin the perneabl e nmenbrane, the partial pressure of the desired gas in
the 20 enclosure, the resin in which the gas-containing perneabl e nmenbrane

i s encl osed,. i d. t t er. I r. i t.hi osure..
Goner al 1y pabPardiRbress Bt S EIRSE AL 5 A B BRE stk HbolifBER 00

di ffuses UdusoUgMh, bievepar AN oEidnine patial pesErenbodi nents, it may be
desirable to provide a gas source having a replenishnent rate sufficient to

substantial |y pReYBAEMPLAIRants theqariy Prefpegreral dhodesitgd gas withinghe peclenes osure,
that is, | enj the sum
of the'  at Do I F AT Br (hEEHERENIE ot e B0ABb Ry WRfinihe BT O by o
exand e, omelentbodimdmgkhagarifldressutt dffthisdasired ks ®ithi therbadbs@esisould be may be
desirable to provide a gas source havi n% a replenishnent rate sufficient to
mai nt ai n fpANaEed foRAS legvhone year.dn sene sEbedineREs. phleast Vo YorspnseuiGr e) of the
desired g i hint 1 . I oits initial
relative %ﬁn’%}l@rﬁrg&{&ﬁ ag %r%gt q@ﬁgigérg’eﬁibse?eﬁ%‘Zfeésgg]lngﬁ?\és Sh‘%ﬁétv% zla(%(@eg'houl d be
sufficient to maintain the partial pressure of the desired gas within the
encl osure _at |east 20%of its -9 WO 2005/117018 PCT/ US2005/ 016153 initi al
partial pASAMELES n sone enbodinents at |east 50% and, in some

embofy Ment S, - AltnelBASinkAgbcifl, Y B RnilifE HadBh it b vOlikdsRatcRAS | 2
pressure. In sone enbo nts,” the partial’ preSsure of the desired gas

wi t hi n t héenemtbos Ailepershtages adod ynedi phtainhesd of lerwishéndiemtdd.ng |1 fe of the
conponents wthin the enclosure. In 5 some enbodi nents, the partial pressure
of the desired gas within the enclosure should be nmaintained for at |east
one year, (ilosRABuBBRedi ments, at |east two years, in some enbodinents, at

| east thrée years, and even at |east five years, or even |onger. EXAMPLES
10 The fol | owi Mpbbpscivhilable tmder Hwrtrddemarne Sgoiclita (s Bubblds S66f W000drom

1 Lupt ot e Laventi o, ALl (RSl RSILAAEI0R So BRGNS 14 €30, 91T s

NayO, and 2-6% B:0s. The average bubble density is reported to be 0.60 +/- 0.02 gfcc,

with a median diameter (that is, 50 percentile) of 30 micrometers, an average wall

thickness of 1.3 micrometers and an internal diameter of 28 micrometers.

20 Aluminum Coated Bubbles

A sample of uncoated bubbles was coated with a thin (approximately 1000
Angstrom) layer of aluminum. The bubbles were agitated while being coated with a flux
of metal atoms from a sputtering source. Next, a film of aluminum oxide was deposited
upon the alominum layer via reactive sputter-deposition involving the concurrent addition

25 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
exarnples, the coated bubbles were filled after the coatings had been applied. Generally,
30 bubbles may be filled with gas either before or after one or more coatings have been

applied.

-10 -



Bubbl es avai |l abl e under the tradenane Scotchlite G ass Bubbl es S60/ 10, 000
from 15 3M Conpany were used. The glass is reported to be 70-80% Si 02,

8- 15% CaO, wd Bfs/1Ma¥O, and 2- 6% B203. The average bubbl e pPenwktopsisiseport ed
to be 0.60 +/- 0.02 g/cc, wth a nedian dianmeter (that is, 50 h percentile)
of 30 mcroneters, an average wall thickness of 1.3 mcroneters and an
internal dianeter of 28 mcroneters. 20 Al um num Coat ed Bubbl es A sanpl e of
uncoat ed bubbl esRiEexigwialesevrntsherams lof Ruttdgspwerzilpaded igio BoGotockygdkatovds | ayer
of al um nuie, TG HURELESMRLG AR LGttt 6.l BIAt LR\ Wik Bty O
metal atoms from a sputtering source, xt, ‘a fil'mot alum num 6xi de ‘was
deposi ted mupapaschie (RPAN{ 100 podydy per isquare archi(yse))and hested depol PCi Oned theol vi ng
the concurrent addition 25 of oxygen during al um num sputter.i gg; The density

of the coal@aPBuHH wacked308 65 trearessurefdhahglium, gasguashargeddn & ¥ia (Wi num
ted bub i - bb
fore fi 1| ofe el bhd ela al Sach Moo Beb It O nt WIS pio e QRISHERY DO B0

be filled {000 Bswas felichied b eygerawatheRr conmantofor teechanat Thesutbeldes aen

applied. -10 WO 2005/117018 PCT/ US2005/ 016153 qﬁppr oxi mately seventy grans
of bubbl es thg@rgoledaadyenisdandrihe hukhlesvere deme varieon A2 Wedlf¥ and evacuat ed

Of 2l T he AUt eRl UGS AEARELE SFnMisk D! HEL B0ed Onocta IEAEPASER! S

(MPa) (1000 pounds per square heat to 300 C.
t enper at ur éherided lzed1a300h4E is, e THe=d5ddhHe Bhust wéthifg = 48 MFPasTwas78 Kaf3gedCin 6. 9

MPa (,1000 5 psi) . nfs.and held at each jncrenent for one haur, \Wen a
pressfire oF‘n‘ﬁgz mgg@%{ %@&F?‘Wﬁ?”?‘@&‘é‘h@ﬁfbu{) SQ%?@H?%@PH@F‘H‘*%N& ant for
thkge hour ga1cdiBRd 34 bOoh M ¢Rd0 phien cool ed and vented, and the bubbles were
refoved fromthe autoclave. One eStinmate of the pressure of the gas within

t he bubbl es can be calculated using the ideal gas law (that is, P1 / Tl= P2
/[ T2). Th”ﬁlbl‘éﬁ'th P1:! !ﬁs MPa, T1= 573 K (300 C) 10 and T2 = 298 K (25 O,
t he pressu = fe“bubbl es at anbi ent tenperature, P2, is C calcul ated
to be 25 MPa (3Gf€aRdint of gBY Rt Red BONERPIglass bubbiés B F#ea@in SRSughehsased
fromthe glass bubbles by perneation through the
15 bubble membrane was measured using gas chromatography. Both coated and uncoated
bubbles were tested at ambient and elevated temperatures. To minimize helium loss prior
to testing, all bubbles were stored at —20 °C after being removed from the autoclave until

selected for testing. A summary of the samples is presented in Table 1.

20 Table 1
Example Coating Temperature Mass (g)
( 1 none 21°C 50.1
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 a 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 mi.. The joints

25 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.

~11-



15 bubbl e nmenbrane was neasured using gas chronmat ography. Both coated and
uncoated bubbles were tested at anbient and el evated tenperatures. To -
mnimze heliumloss prior to testing, all bubbles were stored at -

after beigPEWdVE8 from the autocl ave until sel ected fpgrmfség?”f"l’l@]ﬁA

summary of the sanples is presented in Table 1. 20 Table 1 Exanpl e Coati ng
Tenperature Mass (g) 1 none 21 C50.1 2 none 70 C50.6 3 alumnum?21 C

60.6 L 4 al . | d t
a 2.54 cm>6<1 g %%?%1@ &Rf) ﬁ%&ﬁf&%%ﬁ%r t&g?h%ég %ﬁ%ﬁtﬂ%s ![Ee(r)l

pl aced i nhmc&phmhmdmuhntomtaﬂnmemonﬂaal iPerigdica hyh saall parrronsﬁﬁélewmﬂnusmlemf t he

cont ai nnent % ge was, approxi mat el 19 né_ %FHS joints 25 of the tube were

seal ed wi tT! ‘FICQT%‘H g e aad §ioreddn'8 SEEIPE YRSS BHOhIfbi ent

tenperatu ven. -11
p Eﬁgéléﬂgp@r A 82005 ! @@é@te%stgé ﬁnéls w@ﬁe%ﬁb ofth@o¥h dnd0

WO 2005/ 117 016153 romat ogr aphy (GC) was used to

noni tSor tlak}owémtmgmolmroommmpmamﬂa bdr abbet 3t mosdse Each sample vebel want ai nnent |
tube. Peri odi caI snal kj gortl s of the atnosphere |nS| de .t he COLHja' nment
t ube wer e PRISIFE H’r‘“rcfag{l’ B HOFH mAlQzraph vigga qope apd sackigplointg The he

tubes hel %éi%tnﬁé ?&%@Qrslt%{mﬁr@é ‘éﬁ@?s&}é‘%&eﬁn&&%\d‘%ﬂ TabRD. 1Tk %e%’f‘g :15Lh§1.' | oved

to cool to roo enperature for m nut es. Each sarrp e ves
connect ed ptmndated @b nbtherbgblles perodramtud byhbles fsrsboendg Taples Biaadd. cone and

socket joint. The operating paranmeters for the GC analysis are presented in
Table 2. The volune of gas that perneated out of the bubbles per gram of
bubhblges is shown in Tables 3 and 4. 1 fpbl e 2 Instrunent HP 5890 GC
obtained fromAgilent Technologies Carrier gas Argon (approxinmately 3
mL/min) Col ufrinsGumegst r onh BB S8P& GT: Gifaimed fobeagilent Teckadogiebt ai ned {rom !
Chronmpack | n¢Carrfldaigkd an, Newod€aseyxintdedd 3pnkessny e 0. 083 MPa (12 psi)
Column 5 Angstrom 25 m x 0.32 mm molecular sieve
obtained from Chrompack Inc., Raritan, New Jersey
Head pressure 0.083 MPa (12 psi)

Injection liner 2 ram inside diameter (held at 180°C)

Split flow 50 mi/min

Oven program | 40 °C for two minutes then increased

to 100 °C at 10°C/min

Detection thermal conductivity (measured at 220 °C)

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 -



Injection liner 2 mminside dianmeter (held at 180C) Split flow 50 mImn
Oven program 40 C for two mnutes then increased to 100 C at 10C/ mn
Det ecti on iehh®d7e@nducti vity (neasured at 220 C) Tabl e&usesyimaidzon for

uncoated bubbles MIlliliters of helium per gram of bubbles Tine (hrs)
Exanple 1 Exanple 2 0 0 -- 3 6 33 21 29 98 46 46 124 119 73 159 171 84
72 216 90 -- 218 -- 179 293 -- 190 294 99 -- -12 WD 2005/117018

CT/ US2005/ 016153 M I1ilitens oMilglitersrofphelivmrpemeoim biibidibés Ti (hrs)

1092 /IQR 114 100 ROR 124202 T~
ot

Exanmpl e 1 Exanpl e 3891074492
Per meation for coat e@"ﬁ@fﬁjes M (Examaleds of hel i ugxﬁW% fam of bubbl es

Time (hrs) Exanpl e[ 3 Efggmpl €{4 070 UjgAd 2 12 5 5 78192
485 114 199
' 696 124 202

Table 4;: Permeation for coated bubbles

Milliliters of helium per gram of bubbles
Time (hrs) Example 3 Example 4

( [0 0 0
14 2 12
45 5 28
61 6 35
88 8 --
91 - 44
166 13 -
167 ‘ -- 60
261 17 --
262 | -- 74
357 21 --

<— 358 - 83
569 27 -
570 - , 102

3 Actual volume of gas ingside 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 2 150 °C oven for one .
week. The tube was then removed from the oven, allowed to cool to room temperature,
10 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.
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61 6 35 88 8 -- 91 -- 44 166 13 -- 167 -- 60 261 17 -- 262 -- 74 357 21
-- 358 -- 83 569 27 -- 570 -- 102 5 Actual volune of gas inside the )

bubbl es Method 1: Gas Chromat ography A sanple of heliumfi _uncoat ed
bubbl es W¥Q 2¥54¢W&8 i n a contai nment tube as descri bed"&g@bj@?&?ﬂgﬁa?

cont ai nment tube and bubbles were placed in a 150 C oven for one . week.
The tube was then renoved fromthe oven, allowed to cool to room

tenperature, 1‘%11‘3{;1%‘1_:\3? Eﬁg@ﬁaé@?&%ﬁh&-ﬁ%ﬁﬁﬁ&&o&@ﬁ bhHBEs %@gg%ﬁfinﬁé@e iffon @S

descri bed above wer e to contain I um per
gram of bulel aad plact@1AOSADAD H ek fdt &nRautdsS2 QDB AEHOW &3thebramdadlfynm ehesanpl e

of heliumfilled uncoated bubbles was placed in a containment tube and

pl aced i nO¥c@ OPEQekPor B OOBHERPRTIES: 27 he EURRSDRSIE YiHUR LR G Y28 t he
oven, all Aplorhea BONE. LR Biel t PREAREF Eratf 41l N L e
t ube anal %\@gd(g’s?lgngc , as descri bed aﬁgnv‘%m%ﬁe‘iq%l?ghﬁ es 0{1 3%&291 mL of
hel i Bm peibubislasn of 5 bubbles. Method 2: Isostatic Crush Test To determ ne
t he anmoun OL | Lsgm cogt aihgég i nside the bubbles, 0.364 grans (g) of
bubbl es V\Mc Stafe 6™8IHESY oon (#1032 | atex bal | oon obtai ned from
Nat i onal Latex f@ﬂg{- Sthe SRBLA . i iAL%E Bl ubbRR &%#n de
gl ycerol obt ai Eg?e rom EM 10 S@t%%fr%{c%gu%oc?g&)l&fdfﬂg ?ﬁ{ct al Ev’o %‘%‘e 0 Sg%}g

bal | oon f iof belsbles were tpheeed irlsb h dallaord(#HJ DY 2 Btex ballmen obzdsdrfesin INationatdragéxon i n

'OV 30 eng) DBictd) cortainind 3155 of Biyreddl alyied] srtde S5eerol Ostaied Hom EM
10 Science Corp.). The initial volume of the balloon filled with the bubbles and glycefol was
measured by immersion in 10W-30 engine oil contained in a graduated cylinder. Next, the
balloon and its contents were subjected to sufficient isostactic pressure (138 MPa (20,000
psi)) to fracture the bubbles releasing the helium stored instde. The increase in volume of
the balloon was determined by measuring the displacement of the oil in the graduated
15 cylinder.

Two samples of helium-filled glass bubbles were tested. The first sample, which
was tested within one hour after being removed from the autoclave, contained 18 mL of
helium in a 0.417 g sample (43.2 mL/g). Based on this volume, the pressure inside the
filled bubbles was calculated to be 2.74 MPa (397 psi). The second sample, which was

20 tested 24 hours after being removed from the autoclave, contained 8 mL of helium in a
0.364 g sample (22.0 mL/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

25 those skilled in the art without departing from the scope and spirit of this invention.
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bal l oon and its contents were subjected to sufficient isostactic pressure
(138 MPa (20,000 psi)) to fracture the bubbles releasing the helium stored
inside. The increase in volunme of the balloon was determ ned by nmeasuring

t he di splacenment of the oil in the graduated 15 cylinder. Two sanpl es of
heliumfilled glass bubbles were tested. The first sanple, which was tested
within one hour after being renoved fromthe autoclave, contained 18 nlL of
heliumin a 0.417 g sanple (43.2 nl/g)eppBased on this volume, the pressure
inside the filled bubbles was cal cul 0 be 2.74 MPa (397 psi). The
second sanpl e, whigch. was .20 test.ed 24 hours after heing,.renoved fromthe
aut ocl ave, cont ai ,{’éndmg?pﬁp%g?plﬂgfl}cgﬁpéﬂmge cgpgesgm%agg a8 25 ?lgaa.m&tlllhe
pressure insifgstie ahd |4 Gfébl&ﬂﬁﬂgte%ay"%m%@” ikl 8 $8 ORlostre’ ThdVRas (sdwree PSI ) -
Various nodifications and alterations of this invention will become apparent
to 25 those chipribipg therfirstrgas aontained Wwikin agepnaeablemeribram.t he scope and spirit
of this invention. -14 Cains 1. An internally replenished encl osure
conprising a first gas having an initial partial pressure, and a

repl eni shi ng wgas I ' A 1t ‘

conpri sing tr%g fi ?gtg eg‘ggéugiﬁ :Eu neldglv%lE{%ﬁIl ﬁeg&g‘gérﬂr;rlga %b?anrg%@ﬁkegscag%m&ltﬁge

encl osure of oflghksspcdramid)er ecombihaioneherestbl e menbrane conpri ses at | east one
of glass, ceramic, or a conbination thereof. 3. The encl osure of claim 2,
wherein the perneabl e menbrane further conprises at |east one of a netal
and a netal oxidem.4. X cl.al ' r

menbr ane corr%r'i segh gcﬁépglfsgg&mne?’:vﬂ%?ﬁ&g% E%r#egﬁ?%gfﬁgllb%te%ﬁg@ gﬁ%e.@ a%. The
encl osur e of ledsedr®of a mdrdmad B nickd opide.meabl e nmenbrane conprises a polyneric
filmand at | east one of a netal and a nmetal oxide. 6. The encl osure of
claim1l, wherein the gas is an inert gas. 7. The enclosure of claim®6,
wherein the ijnert i ed, f : ISk 1 k.
neon.  argon, “krypiaa g SiC AL R B ShRLRIC GRABIEL bilfptes MY
t hereof. 8. THalerikosur ontbinatibithtrebf Wherein the gas is a reactive gas.

5. The enclosure of claim 1, wherein the permeable membrane comprises a

polymeric film and at least one of a metal and a metal oxide.

6. The enclosure of claim 1, wherein the gas is an inert gas.

7. The enclosure of claim 6, wherein the inert gas is selected from the group
consisting of helium, neon, argon, krypton, xenon; nitrogen, carbon dioxide, or
combinations thereof.

8. The enclosure of claim 1, wherein the gas is a reactive gas.

9. The enclosure of claim 8, wherein the reactive gas is selected from the group
consisting of oxygen, carbon monoxide, carbon dioxide, formaldehyde, diborane,

ammonia, and combinations thereof.

10.  The enclosure of claim 8, wherein the reactive gas reacts with oxygen.
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9. The enclosure of claim8, wherein the reactive gas is selected fromthe
group consisting of oxygen, carbon nonoxi de, carbon di oxide, fornmal dehyde,
di borane, ammonia, and conbi nations thereof. 10. The encl osure of claimS8,
wherein the reactive gas reacts with oxygen. -15 11. The encl osure of claim
1, wherein the gas source conprises a plurality of bubbles, optionally
wherein the plurality of bubbles has (a) a distribution of nmenbrane

t hi cknesses; (b) a distribution of dianeters; or (c) a conbination thereof.
12. The enclosure of claim11l, wherein the plurality of bubbles has a nedi an
di ameter of {iess Taanchile OF cldt 1, MARrER AleQa bGur&d copised alﬂlimaﬂ’fjf%f%ﬂblééje

per meabl e nenbrane conprises glass or glass/ceramc. 14. The éencl osure of
clai m 13, whemptionallyhehgein thegbtrelityefibobbies Hasr t her conprises a netal, a netal
oxide, or a conbiq tion heéfOf"15' The encl osure of claim 11, wherein at

| east a portion of® heaﬁﬁﬁ? thonpf grembrass hiekaeseE encapsul ated in a resin.

16. The enclosure pf ClaafididRion'¥ralafiet:d B¢ enclosure conprises a plurality
of sections and wherein the resin is an adhesive, and at |east two sections
are connect ed w t lck he a canibamtivethedf. The encl osure of claim 15, wherein the
encl osure conprises a plurality of sections and a gasket separating at

| east two sections, wherein the gasket conprises the resin. 18. The

one. 1nt or or Zbor (e A B Qe Bl WSt R it FE B BRY ke Bl 071

wherein the r@ﬁsmtﬂaasagﬁiﬂ.ed to a conponent within the enclosure. 20. The
encl osure of claiml1, erein the gas source has a replenishnent rate
sufficient to naintain the partial pressure of the first gas at a percentage

of the initiah DatioahioReSebatn 91, WASeih ' bortiBahis ol cbb-RMA%hss 207

75% and 90% f'or a ‘duratron
glass/ceramic.

14, The enclosure of claim 13, wherein the permeable membrane further comprises a

metal, a metal oxide, or a combination thereof.

15.  The enclosure of claim 11, wherein at least a portion of the plurality of bubbles

are encapsulated in a resin.
16.  The enclosure of claim 15, wherein the enclosure comprises a plurality of sections
and wherein the resin is an adhesive, and at least two sections are connected with the

adhesive.

17.  The enclosure of claim 15, wherein the enclosure comprises a plurality of sections

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

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

interior surface of the enclosure.
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selected fromat |east one year, at |east two years, at |east three years,
and at least five years. 21. A nethod of internally replenishing an

encl osure conprising providing an enclosure containing a first gas having
an initial partial pressure and positioning a gas source conprising the
first gas contained within a perneabl e nenbrane inside the enclosure. 22.
The nmethod of claim?21, wherein the gas source is positioned in a cavity
surrounded by the enclosure. 23. The nethod of claim?21, wherein the

encl osure conp?i setheenslasnes of claimfl Sswhergipthe resiarisianphied & mcompongaiswidinthee | s
posi ti oned ina%ﬁsﬁghesive bondi ng two sections of the enclosure together.
24. The met hod o1 grain121, wherein the encl osure conprises a plurality of
sections, and wherein the gas source is positioned in a gasket |ocated

bet ween two sections of the enclosure. 25. The nethod of claim 21, wherein
t he gas sour c@0.hasTke eagdooms ofiralaim §awderedutlfe gasesaureeo ha neeplenishinent pxaget i al

pressure of the.first gas, at .a percentage qof the initial rti ressure
b “the T vt BaGeEl Qofaaa GG Poe PRob A svat b postiimegh B e
sel ected fr On?ﬁrﬁaﬂ ResshreOfethY $dt: gallsclb&EP Frol 0K L8005, 7% ah@ 9% T CENMRAT S,
and at least five  years. -17

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

years.

21. A method of internally replenishing an enclosure comprising providing an
enclosure containing a first gas having an initial partial pressure and positioning a gas
source comprising the first gas contained within a permeable membrane inside the

enclosure,

22.  The method of claim 21, wherein the gas source is positioned in a cavity

surrounded by the enclosure.

23.  The method of claim 21, wherein the enclosure comprises a plurality of sections,
and wherein the gas source is positioned in an adhesive bonding two sections of the

enclosure together.

24, The method of claim 21, wherein the enclosure comprises a plurality of sections,
and wherein the gas source is positicned in a gasket located between two sections of the

enclosure.

25.  The method of claim 21, 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 $0% 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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