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I NVENTION T he present invention is directed to an integral delivery

val ve/regul ator for 10 pressurized gas storage containers. In particular,

the present invention is directed to an integral delivery valve/ragul at or

for pressurized gas storage co i r ires subat nospheric

pressure to enable the w thdr amﬁ%ﬁ?ﬁ%@@ﬁgﬂm the container. Toxic and

ot her hazardous specialty gasessgg-arMeReHERIAgRYMer of industri al

applications; including serHBILGMQTH@@\AN@eAE At¢ation. Many user; of

t hese 15 hazardous specialty gases are cancer nod about the possibility of

an uni ntentional rel ea§80SGREAERENSEOTO REVATED APPASATIONS gauge pressure,

pressuri zedrh%ase A i.n (:l linders will be rel eased i medi ataly once a shut-on

val ve attgell %agfgaﬁg%c éF“‘é BRI B PadetrApplicabree NEIRN seistAad gas- ti ght

cutlet cap in place (aS°¥ gg@?gﬁg?ﬁﬁﬂgﬂ%@i- iypehetioentas 6% 2001 whih edirisonal

d

openi ng of the valve cdf I HPPIIRS wd¥rveqRbeidetsihen the 20 cap is

renoved. Al t houghralweks: bk r as _rlease may be
particul arly undesirabl e ?%@S%%h%%ﬁ ng%ﬁ%%f%%‘wgépﬁons. Such a
rel ease woul d necessitate a partial or conplete evacuation of the

sem conduct or processing factory, wbtapph&plgebruary 2005 leading to
substantial |osses in scrap product and unschedul ed downtine. Al so, the
sensitive and expensive equi pnent used in sem conductor processing
factories nay be danaged by exposure to even traces of the hazardous gas.
Many hazardous gas cont ai nerBAGKERMYRiDt e G- N?/E“l\?ﬁp'l\{ ctive flow orifices
inthe 5 valve outlet tolimt the rate of release 0 he gas in the event

of an acci dent afhe plesaseinyMitdrobdl=atHes bR i BLi i rifice may -
significantly reduce the hazardous gas rel éﬁé%ﬁéf%%l'é’?‘”aﬁﬁ"?’ﬁ%‘%@*@&n still

causel@ cqnsssleizablgas dtaEPEhSAIHP; O i ons, and the hazard risk to
personnel will not be tot gl Iy el m'nigi{%eagﬁd%t}r VR Rl Ve iseditestast toam may

be unaccephiail® ddivery Qai/BREAGLLEAR v lJ m.ting the flow of the gas while the
cylinder is in servir%:e.ar Exc%ssl rrég\ﬁ¥§°é’rlf§}3?ig%%ﬁ‘ﬁfa&? B ORE Bdtireyrastsuof f

val ves cartsBebhOfforbLows ik Lha,, n f a leak in_ a delivery system but
will only be e?fect'irve éﬁ”{j e‘(rﬁ)é “e’gg(grai‘”é‘[ gﬁﬁ%ﬁéﬁﬂoﬁl iN¢ qeatafer. t han t he

delivery flowr if bt ogecurs downstream of the
y PG Aok, hhz 2854 SpECIE\i?Qf gases are used in a numier of industrial

applications, including samiconducter d.ei'zice fabrication. Many usars of these
15 hazardous specialty gases are cancerned a_ﬁout the possibility of an unintznticnal
releasa, By virtue of havinrj' a positive gauga pressure, pressurize& gases in cylihders
will be released immediately cnce a shut-off valve allached to the prassurized cyh:ndsr is

cpenad. Evenwith a gas-tight outlet cap in placs (as requirad for most hazardous

gases), unintanticnal opening of the valve ¢an lead to sericus consaguences when the

20 capis removed. Altheugh always undesirable, a hazardous gas resleasa may be

rarticutarly undasirable in semiconductar processing applications. Such a releasa would

o om b H [3 H z .
necessitalz a partial or complete evacuztion of the semiconductor processing factory
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automatic shutoff valve. It may al so be possible to trigger a shut-off

val ve based on a hazardous gas nonitor near the possible | eakage points.
Al such systens, however, are conplex and costly, and are only effective
for gas containers that are already properly installed it Bela@ngéPPiery
system Many sem conductor manufacturing processes, such as
ion-inplantation, chem cal vapor deposition, reactive ion etching,

hi gh- densi tYea%}' asgaesé@tchi_nﬂ, and the |ike, use hazardous gases at

sub- at nosphéfi¢'h gragtigh iogsesya peRRPaTpiunh anpuesetelkd déenamEeNMd, the he
gas cyli nderS need not provide 2D the gas wth a positive gauge pressure in
al | crises. "FOT {h@"pEIRFISYE ssrinnmnt pEed avaenninonehicion procebsing &/omrE@smay?Se

i ndi cated herein nconpasses both a permanent gas and a vapor of a
liquified g gmaged ﬁﬁﬁéﬁ‘?sﬁﬁé%g"%‘r*éa“gﬁs{éﬁhe:\mmndow@sti cal ly, cannot be
liquified by pressure alone. Vapors of liquified gases are present above
the liquid in a @Mr@ggwuw@s&pmam areGasiedwiticlesiricaiud fidly 36fideRd8 e
pressureﬁas theg are conpressed for filling into a cylinder are not

per manent _2Ive %’éetlf%fb'i“iié’ﬁ%/f&ﬂ@%r&jwesofMQWiath@é%rﬁ@ﬁuﬁakébé’ntgﬁ%%raisged as
liquified gases under pressure or as vapors of liquified gases. One
approach t o HIBYNA iegtristive Bewosfitemag sgpnsficelelly edlye ihe @zﬁ%b@@agﬁjﬁ%gebed by
Knol | muel | errgtai\;%g?'rg' Paten'ét_l% 4,744,221 and by Tom et al. i'n U S Patent
Nos. 5 5, 518t AT CHB Bl sB AT RIGTabIIEE RiphoRtGFR S i
physically or chem cally adsorbed on the surfacé3 of a soétg@ﬁtar\g\nﬁ?'ﬁi%z%rd

cont ai ner t"BXIteWRErsonnel witjuiot bé tataip eﬂfm’s@tuﬂ_eFgﬁhér%réi,%inh%&riéﬁcﬁwcringg pe the
container. Wiile this method has been enpl oyed for the storage an del i very

of certain {j@seeptableaiuedo impraktiddbhpismitidg thé fick ofthe a§mi§g@d@ﬁﬁ&’({r":abt ech,
T8t

Vol ume 7, 1998), the nethod has significant |limtations. H&"amount

of 10 d8s seodieal ExcessdoweseneolswiepRY tbhatAdsePEN Ls nelativel
snmal | conpg; ed to a liquefied conpressed gas ?eshgmfg)ﬁ%g%h#ane hu% H&rﬂE}WX
requiring ae eveattiolallyad iargeeivesssitamhi i witdd / e . footprint
space, which is inportant, for exanple, when t’)*hég%ff%@ggg&pigﬁéh%ri i a

seni conducsubsthstially dagizothaslteane e HAl-$Re JNQHt;: SiginstLaitations in the
solid sorbent-will limt the rate 2% whi cﬁ agas 'c%%ﬂ%eéo enssh%@c??irb‘?mar ed to

t hat 15 fr emonaiorghiescenvgas dso 15 hi | i,de) ., Knol | nuel | er

(U.S. Pat. . 4744 221) descnfa?beso a %?%?gesg&tgps%ﬁ%%ioﬁd’ah’e ZSCUR0G a

sol i d sor bbatargous had michRoresH4r ki ik ¢ s.hs reduced inside

of a vtefzsel. By heating the vésse}F,ﬁgaﬁﬁreggﬁﬁﬁ%ﬁt{%%m%}'g@g)(ﬁ%m?' YHelessel

coul d i aer @smsdx and cpstlyvhbd b ' as at above- at nospheric
chéily l‘bﬁomﬁterfa@[vzyé,f&fggaat&%n% a8 fnaf B

pressure. However, heating of 20 specia Ses 18 U j€@dYecause it

may be sl omopbdy thstaile@ @b Igak danekré @ d .tion of the gas. Al so, when
heated so that the deli vergg prelssrgr%bﬁlgrg' ﬁ%@%@é%ﬂqdﬁﬁt& @ai”'s!fag%'é'ﬁgased

pr ot ect i onpragessast s@tCaHRALRAbIT s . the gas. T et al. (U S Patent
No. 5,518,528 and zubsequerlllﬂgl;?nﬁt@ﬁ’ %ae?éé%%! VEB%.&'@,0?'8&9,"QB@Ct'é{ﬁéP‘"B?t?b’ﬂg,967)

i mproved ofightessiBONSERL ckhilis] or where the gas 25 could be
rel eased without gﬁﬂst ant i alldbtsflg@grtr}geo@(l%f pg%F'Wr&%&ﬁsﬁ@gE - ABWSBReHEam

pressure. prBesge Siw be il i sadvant,age of needing to be
optim zed E‘or eg?h - SW?L@HI?QLP %gglgrego'g%aﬁ?@ai@ Q(%é‘é@?%%ega@{)ﬁfoﬁdet her,

t he eQQi | ithé igHEWRRESSIYitR el in_this systemis constantly being
decreased as productﬁ(i%rsI %%@E%&\%&aﬁé%&"pﬁ?éﬁ%mnon makes gas fl ow control

more difficult mpdnd LR r ion of the gas charged into the vessel
that may be withdr a%jml?;ﬁﬁgﬁﬂééj?%eﬂl?g'g?mf% ﬁ}?gle@i}éﬁ% a5tiadicatpe hare, ent

tenper at Ulgdcbiiph&3%hth ta'b%rmanent gas and a vapor of a liquified gas. Permanent gases

are gases which, practically, cannot be liquified by pressure alone. Vapors of liquified

gases are present above the liquid in a compressed gas cylinder. Gases which liquify

25 under pressure as they are compressed for filing into a cylinder are not permanent




. 5 pressure inside the vessel could potentially increase above atnospheric
pressure, decreasing the protection against accidental rel ease. Conversely,
at cool er tenperatures, there may not be sufficient pressure to deliver the
gas. An additional concern when storing hazardous gases UhbHebruaiy28@Bi ent
pressures is the likelihood of inboard contam nation of the vessel in the
event of due to the vacuum Not only will this atnospheric
cont ani na?iagﬁsaéﬁgrres'ﬁp? A ELelyRecHhad asylicuiied gases brder prédsiard 8SELEApdr9 the
above net r&?ﬁ%uifiiet could al so conceivably react with the adsorbed gas stored
under sub-a |erﬂ96b°’re§ssure and generate heat, pressure or corrosive
by-products. An additional problemwth this nethod is that the pressure of
the gas being 819 3RAeeFh @ RECYiTiRg sHBratobsierib ghbeemealsi 4 meplbgaldsgrhed gas
remai ni ng argg bhe iLS_te erature of the adsorbent. Hence, the pressure in
the vessePY SORtMFeRd U PiedMNed, s Moardbyenorh| ot £X6 €28, RLERSRHET | ¢
prgssug ebiﬁiﬂhggﬁcg%ggtég aé% %ﬁééﬁ' BAI fso, ht he delivery pressure
undesiTa eases, ahAe. o tberefn 4 &a\r‘@@iﬁ;@éa .
Event ual | % the delivery pressure dimnishes to a pgﬁﬁt%hﬁ%“gtogg{a?rp@a@ht
flow can ARG theesuslase af asorbent withing RRitaTher bW SAHE EGuilTR i R
repl aced, even though there may 20 be substantial inventory O?Ung,ggessure
remai ni ng®i ‘i dREeERRcissdn fresmtaiokat e thes hBfokHakikakn P@;ﬁ & JAn ther
. . . ! ) ed rtg .
approach tggragrovh?&erlyﬁ sul;—at nospheric gas delivery is a %e Ice deéseFfi bed by
Le Febre F.andreely@y oPaerain ghises 2834 g8 e, exice provides a
regul ator _that uses a val ve el enent Est hat gi %%%h%i\?i}?a?’ng%’ﬁgﬁ%é% ment ,

to a vacUUrAloq:, dohdie 7 ot0aBowns nictasd REs siBSiiE alve only allows
fl ow when this vacuum condition occurs dgﬁsﬁggﬁngﬁnst -t?é]r%{/grﬁ/@m§ﬂﬁtrpft hat

the pdssigdasisteongdaf aat@indenira ol dR8Ber : r 005 or rel ease of
t oxi ¢ Iigui d or gases is reduced. Not et astEd#grésT%tﬁU’gﬁﬁrﬁa' FERARH ti3

descr i bediguafigcheorirekidtigdd @rq. e i s patent also teaches use
of its subatnospheric ga%é d%l% ?gr ?/Jrgg%/)ﬁgéer%\%f%qug%gi %FEE?WS{V laragweseslt ri cti on
wi t hi n t hehich olilage valoBbBifB&priRS 3l iBoMss soatent No. 6, 045, 115.
This flow restrictor provi dgg ap%t%gg@?fgr@gggﬁé' fohExaRg'et when fheset s t he

di schar geyaets gasugpias damlbshd: urized container. As indicated
in the 115 patent, liquid di é’%%g}fégdgﬁﬁﬁ%rfna??{@%@n ?%é?ahﬁn%@ lisdiatipel ar |y

hazar dousn $iensfid sBREMRE At § s ge of diquid will greatly exceed
the mass rate of discharge of e? tgdéém%s%gncd’inr{be %%Q%Wr%”@?f%ﬁ psathei cul ar
openilhg. frbltea cdhprddab@lhs kO§adifSnt t.ry. point of the capillary flow
restrictor at apgr oxXi m?tse;(yg't l@ﬁbr?it @%ﬁ@'%@ of the length of the cylinder.
Ih S T et o e 3l 35uatg, ly 2o it o b Yo, hether che

i
cylinder is upside down or right side™u i

this desigt 4 solld i " tem may he prone to cloggi ng. Once
pl ugged) the ccyj/l ,k%f;%%’h\%gﬁ'ﬁ'% “lt‘)éegé%{"f“?ﬁ}l@ﬁf”tesalﬁ%iDgﬁb“s%?%'ﬁéeweémqe offa t he

hazar dougsegas$. BY Qe |1 t ame . result of preventing discharge of a
liquid, PCT Pat Y feafid tﬂgB’F?%éttﬁgﬁa%nsr'%?f%%@ﬂDM%wsssbmﬂme insesastda

pressuri zed pe@nt MlNedii i S hase separation device, which is a
por ous erbr ane. t hat [lréwggp'ﬁe@%l aetaéibgv?fg ?Spgﬁ“@agesa@nei Hawgver, dwatingiaf d i n

t he DONt ahdrPAy t : to the |iquid. Here, the phase
separ at o?pi s gi%ﬁ%@éﬁ”%&%rﬁégggsgﬁtemw B@§l??""e¥'?§bt9|°&ﬂtwl ang agbiae fluid is

prevent ededo TRV dy Lot ing wih the function of the regul ator
and prevent inﬁjgaselgr esy%?%?ipﬁ]l%d&%eﬁer%% ?%Q’HQ/%S%WEWW@%@ﬂBMQwaém, a flow

devi Ce wheriscRerdiSed phodlih RafIPLErASd . Level Lo dispense gas or vapor

fromthe contai ner at a vessel” pressu sWtEﬁgﬁ“&y be
super at nosphetyg, etSiibn £ i no eric pressure, dependi ng on
flihspen_si ng condi t?ons@%’ﬁégﬁﬁ%ﬁ%’s%é&?@‘?@hﬁ?g%’?%&ﬁﬁé{em ND&ﬁti _onsl Iof

e pri [ ssure to sub-at nospheric nmechanica :
e, B a8 o4 bobind Stk g, o2, BY BRSUIR oL, U AL Tospher o mechanical Iy,
regatat afouldhe tefedbREHitnbEt QIRRIHE IIRHPLENST By (300 the domts o uary 2005

ucing the downstream

pressure. These sorbents still have a disadvantage of needing to be optimized for each
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1t is still further desired to provide an apparatus for containing and

del i vering hazardous gases that reduces the possibility of accidental
spills or rel ease of the hazardous gas. It is also further _desired to

provi de an apparatus for containing and delivering 5 haztt Gebelagngeed

wi t hout the need for sorbents to control the handling, storage, and

del i very Qer&t%x(hC fluids. It is further desired to provide an apparatus for
cont ai ni g and dafa"deYs $R5) harEPero the emslibsiurhaessoy itk Weges G MAIO8)stdng is
contents gg}gpaé@l ?]ced [n service wth a vacuum system 10 It is still ,
further desPEd’ L6 GFRsCaRs appriitchisusitideawre ofhigiphimgm émsh rﬂﬁkéé’?ééfﬂﬂv
hazar dous st that can only dispense a hazardous gas when condftions
downst rea(r‘?%grp R dfiisHlt anddmis heatraciiodes treeghspttesgdd Atd B8 Sl i Atimspheric
pressure. It is also further desired to provide an apparatus for contai ning
and del i V& VRRATRWR By dorigseradésn, it eﬂ@asthﬁpﬂwera?rwéﬁﬁe#l?@raﬂjre Theh SRLL ‘ &t | ve
flowqgrifice. It I;_(é further desired to provide an apparatus for ot Afni ng
and del i VERSHEE Haidgrtie wssgpd sedd tpoaintigneicraak j f cess flog
sensors coupled to automatic shtﬂn- offn%eal vese ?g%hﬂﬁggﬁfer&rﬁrgg%ﬁﬁ onal flow
of the ha&Esrersing thaprotettionsagatrisk hcéiwrttﬁl&éleggéicfo%@eﬁsgly%ﬁé’éo‘?e‘? an apparatus
for containing and delivering hazardous gases w thout'' the need for a
shut - of f @PY@twesghet hay acttazeurminsg HeasuR0 WM 4ke ag8 possi bl e | eakage
points. It is also further desired to provide an apparatus for containing

and del i ver i ng\hadtiictausorgasewheh soWhg AbPAIRIREL [ phere the
i kel i hood of inboard contam nati on of the ves %%Sﬁﬁggﬁg“bé@r\éﬁ'@gf a | eak

due to t Inecasatastimtieslikelinost @resbodri Bahthindtib | | 35 o provide an
apparatus for containing and deliveri nngSl ﬂg?g& oﬁ‘éeq &@s&ﬁm c&ﬁa ‘eélﬁui res a

r el afl Pveldyesortild vaa0DmNINAfonSOME Shis afno ry.,2095 BRI EE SUMVARY OF
THE | NVENTI ON The present iﬁvent i'on or \}/]% %gglﬁgrg‘gr\aly'efé? VeIgsly aifeede at or

appar at upufilgrthp s ik i g dregasct 34 W@%v@%t%@ﬁ{%@%ﬁt@%éﬁr Uiivtragé reRethithaval

sub- at nospheri c pressure downstream of the V

of Lne gitw dasamddngecanical gt suahilRfolds e 8 debipery, val el Legul ator
g 1

apparatus is a hi pressure shut-off valve SERRAGR pressure or
corrosive by-products, An additional problem with this method is that the pressure of the
gas being delivered is a function of both the quantity of adsorbed gas remaining and the
15 temperature of the adsorbent. Hence, the pressure in the vessel céntalning the adsorbed
gas could easily exceed atmospheric pressure if the contents are heated. Also, the
delivery pressure undesirably decreases as the cantents of the vessel are depleted,

Eventually, the delivery pressure diminishes to a point where sufficient flow can no

longer be sustained. At this point, the source must be replaced, even though there may

20 be substantia inventory of gas remaining in the adsorbed phase relative to the initial
charge.
Another approach to providing sub-atmospheric gas delivery is a device
described by Le Febre et al. in U.S: Patent No. 5,937,895, Here, the device provides a
regulator that uses a valve element that is responsive, in one embodiment, to a vacuum
25

condition downstream of the regulator. The valve only allows flow when this vacuum

condition occurs downstream of the valve such that the possibility of accidental spillage
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pressure reduci ng device or regulator. This high pressure shut-off valve
.acts to prevent liquid fromgetting into the regulator which would cause an
unacceptably high discharge rate. Since a primary objective of the 8resent
invention is to provide fail-safe delivery, this high priésEebriashgflaf f

val ve serves as a back-up to the pressure reducing device in 10 preventing
uni ntentional gas release during transportati on, connection and

di sconnectdredehscn biig liS8oP | ’ ' the high-pressure
shut-off valve is pneun%l‘tﬁig(:ogﬁ?i%grg r%%%%‘rjwﬂ,gieé Qﬁgghé)ﬁ(i@gr‘ﬁsﬁrﬁgﬁﬁg?éd and is
bi ased t o deecritsydngl pseq t icall r- otherw se energi zed.
An appar at us forqgéﬁn%/giﬁdr){i ng g%\%&ggﬁrﬁfgﬁﬁﬁgnﬁﬁﬁ%@f?%%’ﬁ/fsa?‘ﬁ’a@ég‘eétuse of its SU%'
sub=at nos ! i r. surized container is provided which
el udes. atars By L 4P e BnRNARGUA (5 srtiran vatin B Serres ce of ¢ he
pressuriz Lner I rjfi of .the pressurized container is
open to a?%%?%&?ggﬁg%gngg} 8'([)%' ﬁ%ﬁqﬂ%bﬁﬁﬂﬂédh@&nﬂ% [eStictoR provides @i schar ge
path ig | I he. val ve. bpd bet ween the outlet orifice of the

pr essu?i zgg’aﬂg%&tég{én@re”é 3“3@'“8&%8@56 RGP G 9B Phae Mgl Femgbelpresaupzesssur e
regul at or Vi Rg.a,. pressyre,sensing nmeans capable of responding to

sub- at msgégtra?%r‘pggé%qﬁ{) < i”%%dﬂgl PaigyTi¢ e id disraramtigm the contaieer maytve 1 ui d
di SChargepBﬁFcplaY&%h t he §r.ess re regulator pre-set to a pressure bel ow

at nospherirc preséUret B aP oW e 1] of ditchaee ofdineid wit gragh exbesd tegul at or
fromthe inpt erior .chapber Ogi}%% when the pressure regul ator senses a

downst r eaf Prée& i &sgparge FITaTROTYIRG gas thppuahsupaticEanagdning. aTi 'ghs
pressure shut éS off valve integral to the valve body and in-line in the
fluid di s@ﬁ‘%"b CB?@H“%W&%B@PMEW FRRJIATY Aew pedaiar et appoximastely the niosditded.
The g?@ flﬂzvs through fromthe interior _g_ 16 February 2005 chanber of
the piess@f PEdEUBRE hierrafndsir dhigtihereéore IPtavéntsi distharggeofpaiiduid e ugihdehe
outlet orifice of the pressurized container, and through the outlet orifice
of the valEME6HE GHingenimepsidndownor gghteide i eHoweennm aegatite tgpacteAgHsIM
system Optionally, the pressure regulator is preset and | ocked at the
pressure BEFIBNIS Ut Hisseameiantsysitrs opayops pronaltd ylopgiog.udede bRigged Qe pr essur e
shut-off valve in-line in the fluid discharge path, downstream of the
pressure FURERRWERID beglifeut erompbbsileds eqmty ditberhthedgasgsy| i nder and to
protect the re%ul ator fromingress of anbient air during storage and
transit when tHe dcesmplsbdbasemsheasuliodffpraantieg tischarga oth 0§68 PO HR. The

hi gh Fressure shut-off valve may be biased to be normally cl osed when no
ener gl % edApaksation SlpsPE{ISPY/89 183 nteachexiutesoftereosiirlz68 contaftERhRh Jstag aval ve
body. Afilling path in the valve body between the outlet orifice of the
pressur i zBHassorrparatien demide awhich is agorpos medtbirhnE gabfs fehfedab Y& VA ggg be
included. Optionally, a residual pressure valve, in-line in the flui

di schar gedpeting fropdiguidamtief cantendt| bit-ipnessaimeasibus tt@lfqu@'ﬂ@re?ﬂtﬁ@ﬁ%‘@ﬁ ream
of the cutlet orifice of the container, to prevent back flaw o iIr or
forei gn gasesatonis diepobbd Lpstremhe df thEeeRUAS BUURLI RS U AT H%Ye\}%ﬂté‘dfﬁ# at a
pre-set pressure or nay be variable. A valve protection cap renovably

di sposed entetih@apd etetaringedthabafiaicien of Y ré@NaMer #% FresEAPRAYLAM,LGLNMENt
means_for vapors |eaking fromthe container and the apparatus. The 'val ve
prot 24 i offo@dpe Hessehavbeaegdattr is & fovattviahwhioh dah Bake 0T LotbORHARYE CE.
Finally, the vacuum system may include a conpressor that w thdraws gas from
the vesselevekto2Gpsote aanersyiver framphessataiecantch vdesl (osqIE RIEPWAIBE n3§S t O
deliver the gas at a higher pressure. BRI EF DESCRI PTI ON OF SEVERAL VI EW5s OF
THE DRAW REsHpsrgimaspheric sybraphosrhedc,far airhosihevic pfessule: depamiesd ¢ gas
delivery apparatus in 25 accordance with one preferred- enbodi nent of the
present i Aeefsingncondgions.

The present invention overcomes the limitations of the prior art by reducing the
25  pressure to sub-atmospheric mechanically, rather than by sorption and by use of a high

pressure valve upstream of the regulator. While negative pressure regulators (also
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16 February 2005 Fig. 2 is a sinplified front view of a first alternate
configuration of a sub atnospheric gas delivery apparatus in accordance
with one preferred enbodi nent of the present invention. Fig. 3 is a
sinplified front view of a second alternate configurati omﬁ%ﬁbauw@@5

at nospheric gas delivery apparatus in accordance with one preferred

eﬂbogi rrr,nt kﬁéwéggaﬁggéﬁn%?é%egé ilgant. I;g. 4 i fn a sinplified front view of a
third alter r e 6rgupaterstoratanoen hedulsto i rat us
in accordapce, with one preferred enbodi ment of@% he %?ggéej‘ﬁlte" ?"ﬁ‘ﬂ"ﬁ”ﬁ?"&ﬁﬁ?c‘%

Fig. 5is 4'pielienalitisniegralte egasstorage aenvdelfvesy SaMabd RElF B Eovides he

configuration of a sub atnospheric gas delivery apparatus In

with one pFefie? Peaefdsroldiffreded bf atshendpslese Rigyi i i i S
sinplified front view of the configurati onrttogfu a%mﬁfﬂﬂs\%rghg‘{hﬁgreﬂlli%ﬂ

di rect ed tWRishghayabepreess sind doaked nd eFcvidkSorfii Siby. Lo ioplified front view
of the configuration of FIG 4 Wnerg Ogl corrrg% gjsbs%rpb%gﬁﬁ%agﬂ)rfj% RFOEfIGEIY t he

gas at % hieghess ipeatiiel acigntabreicasa of GoHs | SOTBLri c view of the
configuration of FIG 4. Fig. 9 is a rear isometric view of the

confi guration oFuteh&an Ratdrit gppldltibs EP ¢ topal, view of the
configuration of FIG 4, takeﬁ subst ant | g??iaf%gtdzﬁ%(@)ﬁas ?i%@“i@f@f@ @ntrel G 8.

Fig. 11 isvavechavirg s bighi prasdury sBYY d¥f vdine jguration of FIG n, taken
subst ant i aUIZI y along line 11 Bll of FIG Lﬁ%&@%éﬁgﬂéﬁﬁpﬁq'@@ OH DPRIE
| NVENTI ON €f5thFlsaupoié salng id fav ERbEASINPEOMIFE | ivery val velregul ator
apparatus for pressurized gas Etor%%e&gtjoﬂt Z*ﬂ%é&?ﬁa@}ﬁa@wﬁ&a standard

sub- at mos FleeTHres SRU&ES Wy StefD \Was for 88k tehPihat only provides the gas when the pressure

10 downstream of the regulatoris sub-atmospheric. The use in preventing liquid

interfering with the regulator is not taught.

None of the prior art teaches an apparatus for containing and delivering
hazardous gases at sub-atmospheric pressure from a pressurized container which
includes a sub-atmospheric pressure regulator to allow the gas in the container to be

15 delivered only when the pressure sensing means senses a downstream pressure at or
below a pre-set pressure, and which includes a high pressure shut-off valve upstream of
the pressure regulator. The gas may flow only when said outlet orifice of the apparatus is
connected to a vacuum system. The high pressure valve upstream of the regulator in

the integral valve/regulator provides numerous‘ advantages as will be discussed

20  below.

in detaijl

Itis principally desired to provide an apparatus for containing and delivering

hazardous gases from a pressurized container,

It is further desired to provide an apparatus for containing and delivering

hazardous gases at sub-atmospheric pressure from a pressurized container.




16 February 2005 of the valve to enable the withdrawal of gas fromthe
container. Included in the delivery valve/regul ator apparatus is a high
pressure shut-off valve upstream of a pressure reduci ng device or

regul ator. This high pressure shut-off valve acts to prel@hebryaqui280br om
getting into the regulator fromthe contai ner which woul d cause an
unacceptably 5 high discharge rate. Since a primary objective of the

present inventilbis itd furthepoesiretbtof molide aaf@paiatisier ¥mnt£'mn§ afﬁidgﬂ!i@r Shep U ©
duc ng dev

shut - of f \glhal ve serves as a back-up to the pressure re 1 &d'Y n

pr event i nghazaidulietsentat gamcESHRASR SR Hhe tation, coppection and
di sconnection fromthe users' apparat us.y opt ?@%Q@F%H?%er%%iaaﬂpg sure
shut - of f Jelzweicus ggpeumatically or otherw se nmechanically actuated and is
bi ased to be normally 10 cl osed when not pneumatically or otherw se

energi zed. - FurtiherassRRe it By Bl ohlo g fr dous, gge, .3, sub- anb ent
ous

condition, it may be particularly advanta SatheeliysEhd eam

side ob the:ie6sYhsed REH AR tential inpurities before usi ng
the gas. Again, itB is advanE%%%%s%Fg&éggggo 8%&@&%@%”%%@@&?@@& usi ng
the gas cemliadrpertdk@ myfcuUate the space-just 15 upstream of -the regul ator

of toxic gases , These evacuations are only possible when there is a

positive shut - ofj i : ulator, .. As indicated above, a
safe means of de'lgiflz{/ﬁeﬂrei\{(r??éBEII aztgi)r %QESQQ@&\%@'&I@ pitaipingang devering ng an

absol ute peesIHNEqLER L € | ator whjch has its pressure

sensi ng neans capgbl eqb?ﬁgég8}(])[?4g%’sﬁga{g%qléfﬁp%ﬁ%‘gb%P[FEech‘és?é‘ﬂ‘F%MthQt ead of
20 at nospR8kidn Q%Sqér%ure, that is integral to the gas cylinder package. Such
a regul ator coul e pre-set and | ocked at a convenient pressure bel ow 0

Si .g., ab i whi,ch woul d ensure that no gas woul d be
8e: igvfageg i f ?tﬁges@gfr‘i‘?@?ﬁ%?%re@fﬂ? Péct”l'J aﬁ"\/%olftl%rata% F@ﬂod@liﬂ?%alyd g@dmee'ng;

conmponent i ently. opened to the atnosphere. The gas woul d fl ow,
however , gﬁﬁﬁ%éeﬁgﬁl\égﬁétyc ST ‘E‘%‘?@Eé’rW%Fa&ﬂﬁ'ﬁ@@ﬁéﬂ]eﬂcﬁoadiﬂawmwmam 25

An added f] f, this design is that the regulator also acts help to
prevent bgg{g}-%faipé\?v i e HE %ﬁﬁ?ﬂH@S?U’@v@ﬁsmﬁéﬁﬁfﬁmpm@%mwre.n t he

cont ai ner vvere“t:fse!alow at,nos, h.erch. The -11 16 February 2005 delivery
pressure woul d Be 2 GREVUET d5SIE DI Rievide A iappaatusder wngningrace debiverfigow so

that the flowrate of the gas could be accurately controlled. The
del i very g?ieagéwsegassglsﬁ? §o5¢ ”Ph'@%PéﬁHP%PBﬂ ragljictive ool erdiced by use of a

fixeds It is further desired to provide an apparatus for containing and delivering

hazardous gases that does not require use of excess flow sensors coupled to automatic
shut-off valves to shut off unintentional flow of the hazardous gas.

Itis still further desired to provide an apparatus for containing and delivering
hazardous gases without the need for a shut-off valve coupled to a hazardous gas

20 monitor near possible leakage points.

Itis also further desired to provide an apparatus for containing and delivering
hazardous gases at sub-atmospheric pressure where the fikelihood of inboard
contamination of the vessel in the event of a Jeak due to the vacuum is minimized.

Finally, it is desired to provide an apparatus for containing and delivering

25  hazardous gases which requires a relatively small amount of space,



spring, or could use an adjustable spring -requiring a special key to

‘adj ust or could use a 5 partially evacuated or pressurized done | oad.

Al ternatively, the pressure regulating device could consist of a

mi cro- el ect romechani cal system (MVEMS) conprised of a pre&sTeRUIBHZBPO and a
m cromachi ned control valve both etched, for exanple, in a single silicon
wafer that is part of the gas flow path. I'n any enbodi nent of this

i nvention, however, a cri BRIEF Slavary of THreINg ey systemis that the
maxi mum del i very pressure 10 is always bel ow that of normal atnospheric
pressure under TRgregenidintantios prdvadestahgelivent valvdieglBier f %,gﬂgg[)y be expected
to be exposed. Vgen the contents of the cylinder "are de%l eted so that the
wei ght orPTESRUEZe@d bap sesage eontdindrsehatybdnNERrs, ccept abl e
| evel , thétﬁf%' ilnder may be changed in ?he usgﬁthﬁaﬁﬁé&@tﬁrﬁgﬁa@\&@&ﬁe@%th a
ful | contditireyalvea eersgdntheanthideawne of = L 15 a,gas supplier
by using a separate channel built i n% hefpﬁgﬁféa?dr?ﬁeerhal\??%ae%%é%gci ally

keyed>valdedivepdaegeguldiog Bppabfus 84 a BRJP pre C whi.ch may only be
open by the gas supplier by using sngg]iparl fﬁr‘ggg@g&f{\@i{e&psﬁg?@?&i%g now to

the dr awimesurevhaiieiny doke of pRIABE r ef, 10l ike el enents
t hr oughout t he severgl Vi ev{\)/s) ﬁereeimswgﬁ@\ﬁesrsﬁtﬁ:{‘@.wl\’?@esaé\tﬁe@a@ewf

conf i gur dtuidrinofetting W@ﬂf@te@ﬁ'afd?rwmé‘&lﬁicﬁﬁ’sea&?uagaff'c%étﬁ@&ﬂﬁ@{‘% rdous

gases at sub atnospheric preSsure froma pressuriz oe1

depi cts aateaHiedeed PAMBAT olfEUI Ao IHRD BNt SR1hY S {nggflﬁﬁdaﬁfgéggfggﬁes 10 in

the formof a gas cylinder 12 having an integra Ve¥senbl y

14 att aclide highefredésre BR@iar ailey. | ressed gas cylinder 12 is
used which is closed with the é‘?@%ﬁ%ﬁﬁ?i’?g??a §é’&%ﬁ%¥f%?dfﬁ B Slesicin ch i s

bui | 10 an pebsaling eniBlfgS - nd a. high pressure shut-off valve
18 on the hi ghrh@prglssur er,%i%.aé?igﬁép%%g#qfa PB%F?%P% %%Péfgqn Ftdodisaannection

Sim | arl YrorAhSyusadk? ebt L .2 depicts an apparatus for
cont ai ni ng and uggl i 3%!?%%9”5}1?;g?ﬁ%l{é%%ig@-p%smmt_gﬁ Ry isopnesmatisaliyhut  of f

val ve 18} : ' ressyre side of the regulator 16 and a | ow
pressur eosﬁtli}!te 9@% ﬁ%gﬁ@rgl:%% 4%%{?%&3‘3 %@%&?Fetdﬁg%led\ﬁ”ﬁ?@s@%ﬁ%* wheen@f t he

regul at opnd@nhikh | at qr assenbly 14'. Note that in the interest
of brevi F?/ t%le ac%%ﬁ%@{s%?ﬁ%ggegf the apparatus 10 and 20 will be given

t he sane refery r nd.t hei onstruction and operation will not be
reiterated. Oﬁ\ﬂ%ﬁﬁe%g%)% (%?@ﬁl[mqgeaoﬁ‘{ﬁeg@ewq fhazgedars gesppadstbratoeisanéric Her e,
a fupeti f | ivery control may be provided by the optional

| ow Togr:esg%ﬁ%“@ﬁ@%g%’iéssfﬁ%e%ﬁ?rﬁﬁ'%r '8ﬂ°¥‘?“|*ﬂ wiigh prcbsles eeralvalbody 2sésed 0
control f of the gas bei.n i thdrawn fromthe cylinder, and nore

i rrportantE%mtuh%g'%q Witp af’%é'ﬁfitd)r\f’égQW@@@FE%SG”WW)WHWQP@sﬁweotiutlatrdniifmetofai r
during s{;h%rpa}gsesuaind tr%nsi t. This feature is particularly inportant when

del i veri ng "ot H0&FY EOBRANPREGPER A gaduerianshamasT Miche miBssUriSeddontBEEE, Aet C. |
where ai ﬁuiggpstc m nat 'thon can%{ ead to corrosion or solids formation or both.
Once the gas uedPeRal Edupied Bdhe¥ping bere bstween the chilgfleriicesstiee val ve 18
is cl oserglr and. tge r esi dual gas i s evacuated from fhe val vel regul at or

assenbl yP TA*ZBR PR EE apf @N\peatiGledrifisg of teoralvesmeiybiyprediurefeduiropr esent

enb 'rrel% .is_disconnected fromthe conponents downstream the |ow pressure
val ve 22" ddWhE PFEaHISOTeENE Tea\F APable pé respootiog éalsttpatprcepberic preksdrs om bei ng
sucked iiﬁ{o tlhe ev\%iu%t)ed space when the systemis disconnected. Wen

di scussed HE &P e YL W at-nsrie fhenthid discharee patiwipr the pressuralogelald and 20
t he | ow res?{gre val ve 22 refer to the location of the valve in the

f 1 owpat W o6t {h@ LERSSYE hejow pheosphets prassioirde abtwe thesgdsas bafdeligenal ves. That
is, the tEi h Qressure valve 18 is closest to the pressurized gas cylinder
12 and i rcgﬁggt PR EaUstoR R theyintesipbeharsberamty when the pressure regulator senses

a downstream pressure at or below the pre-set pressure. Finally, a high pressure shut-
25  off valve integral to the valve body and in-line in the fluid discharge path and upstream

from the pressure regulator is included. The gas flows through from the interior

-8-




the | ow pressure valve 22 is downstream of the high pressure valve 18 and
the regulator 16. 25 In one node of operation, an inert gas (e.g. dry Nz,
Ar, etc.) may be introduced into the val ve/regul ator assenbly 14" before
closing the lowpressure valve 22 to further -13 = 16 HbERMaYZHHS
reduce the risk of air ingress into the regulator 16 during transit. Thus,
an additional role of the high-pressure shut-off valve 18 is to positively
separate apdahBs’ §Ne RIRYEMdt DB £ AN ion.or.dilution of the hazardous
process gas W th the Pner?ﬂ%eur%@t ggés}tﬁ]?ggﬁl%e ﬁl}f'aﬁﬁg%‘l’@ﬁé}a&eg’JP‘é@Bm91“%'5?
transit. OghifQnalihy gl -85S -of | ve 18 pmay be 5 piased to
be normal ly i(i:l osed aﬁgﬁﬁﬁ%dg%g%?%égﬁ%ﬁ% @?/so ﬁ%?@%%ﬁ%&f@@v& t?%ﬁtor‘ﬂ

outlet orifj ' ns kno inthe art. Arefill port
24 may be g@%ﬁ}l‘%{oeqt@ggH@%\%ﬁgﬁﬁé’qt#é%eﬁ%&u%ms!@%f FIGS. 1 and 2, or

nbi ned with M by. i i 28 d I 32
conbined wi L { B kA0 8UpL R 1o 0 by UnLa0 g pass, L ne, 28, and vl ve 32
oL SUb 510 SHSRORL |6, SSRMLE 90, QUL 2Nt sopln el Lhe

w il be gi he reference nunbers and their consfruction and
operation av{\,i&l['hatr%eof’gtﬁgg?%?stt@@m% .he&Eﬁ?uierfé’gﬂliagcfetpéﬁf’tf?'é: fg@s\(jqm theegas
descri bed | s etail. A s&igi fic enbodi nent of an apparatus for containing
and del i vériRGIRRZAP BEUE e@%%@“( P RGPS Shampied anekeiNgatoraas aafbi ent
pressure 30 ig %homg an FIG 4, and wth significantly nore detail in FIGS
8-12, whi CRMRRYTENRT P4 PESHTSSEH-a yalvaisug 2desedgasiion. (The Higsr pressure
configuratio imlar to FIG 2. A single port valvelregul ator assenbly
14" " errbocﬁhHQﬂ{?V%’Gei”éayﬁ?o%ﬁs?%*ﬂpfr@c’@aﬂm@ﬁeqi whgmﬁmeaﬁrst?@dm@u@.smw n, in
the interest of brevity, the commpn details of the apparatus 10, 20, 30, 40
and 50°wi 'Y SHEegiafdA tbﬂ%@“tﬁ-ﬁ OgiHFRR0t 1B YRR dedrhufblling BRI in e walvsdrestyr uct i on
and operation will not be reiterated. Only the different features will be
descri bed PPHYEREL AR PUtlgtroriied G MEPrasswiras spripinenatchafiling esrt caficopt thenal
pressure relief device 34 maybe included as shown in FIGS. 4 and 5. Al so, a
pressur e JAW§EI6 MayRe ingluged.i Brlieraly f vresitlusl presswatvapyeeiosineds theafuibe
included to nonitor the delivery pressure. See FIG 4 25 and 8. -14

discharge path, upstream of the high-pressure shut-off valve and downstream of the °

cutiet orifice of the container, to prevent back flow of air or foreign gases may be

15 included. The pressure regutator may be fixed at a pre-set pressure or may be variable.
A valve protection cap removably disposed on the pressurized container may serve as a
secondary containment means for vapors leaking from the container and the apparatus.
The valve protection cap may have a port te attach to a leak detection device. Finally,
the vacuum system may include a compressor that withdraws gas from the vessel at

20  sub-atmospheric pressure and then compresses the gas to deliver the gas at a higher

pressure.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

Fig. 1is a simplified front view of sub-atmospheric gas delivery apparatus in

25  accordance with one preferred embodiment of the present invention.




16 February 2005 Additionally, a pressure gauge, upstream of the regulator,
can be included for non-1iquified conpressed gases to indicate content of
gas in container. In this exanple, the gas user connects to outlet part 38
(see FIGS. 8 and 10) which may be, for exanple, specifieH3FﬁbBEEEQQBﬁce
with the Dianeter Index Safety 5 System of the Conpressed Gas Associ ation,
and then to his or her process equi pnment by using the appropriate
connecti on ada o 3 | i.gtail adapter. After optionally
pf:@ 2 I§?%If%dQ%n{‘ ﬁgw%fB fgét aclleEn(_gi ea??n%gyﬁéioalpiggﬁ[i)_

pur gi ng contam nants t he spaces expose e

downst r eam i ' s red el ow at npspheric
oressur o The bk Sreceurd SRR IR AR inel i hPLNERY e Bl ARV e
be opened @kiawingnlifnthe gas flow to conmence. As can be seen in FIG 6,

this flow nmay be usefully directed through a processi ng chanber 42 by
situating the chgnbers; 42,8 ; 8 and the vacuum

gener ator 44. Shguld T he @yémﬁﬁﬂ%ﬁ&ggké%ngg[?inag%gﬂ%ffguf%'ogt HiRere, then
flow of t hgmbepharalAoss ' (0 or .be dramatical reduced,

t her eby redrtTcirr)lg the ?c?gsll\ég%%p\glg%é%%ﬁe#céid%ﬁ%wtP8P88feq§r(ﬁ%é:ﬁWhﬁ‘E“”ﬁﬁﬁ%@?
Simlarly,prehukidehig, | ow pressure valve 22 or both the | ow pressure valve
22 and the high pressure valve 18 be opened inadvertently, wthout first

connecting the @gut}gt, ﬁmpqiﬁgc?fr%& @%92\}5/9 ‘fr‘r‘gi”%%‘r)rﬁa@egﬁoq ﬁuﬁttig{e]%!aisL%l gagresno

gas will escape fromthe vesse a

wh h )| | a d X
or above A teepar s Y SRR A B A BeE i Pbementorche

wi t hdr aw . fromthe vessel at sub-anbient pressure and then to
del i ver tfﬁ’g&geg'i%glgﬁ@m{ii gher pressure. For added safety, this conpressor 46

may begsituated.in a well-ventilated enclosure 48 and be interl ocked with
25yha§%r dous gg:éé‘&e'ﬁ@a%#'ﬁe?’@'*'%‘iﬁg@ﬁ’éw 915%?‘1(@@@9#13@ copffigutatign of a gub-
February Faor. delivery of |ow vapor pressure gases, it may be possible
Lo have t RENGSHTOGr Bag PRy ShauBii aeor Retciotoptimierrapresmaime ool g
cyl i nder éz ar, ot hetrvvi se integrally attached to ensure conpl ete sealing

W t hout v WC‘SH{WV%%&PQWO act as a possible | eak source. A possible

advant ageous arr angenent \é}pul d pl ace the sensitive 5 conponents of the

‘eﬁlrf[%rg

regul ator 16 i haj @S &SR ylew Qfda] gpnfigprationof EKy: imdthdiee flang t hem
Connect i oa.rbﬁtmn the gas outlet 38 and the user's vacuum system can be
through aRyCRTABEPUST 2 ToFR3aE ShPGRS nt egrity vacuum connections, such as
Swag k, VCR and _U tratorr connections from Cajon, Conflat or Del-Seal"'"",
or JI'S, 1S0, KF'9 WS #EBPIiftsd font uigieof they perfigiiation of BIG. clewherglasmmytrbssor
appropriate kaﬁed as c%l i nder connections recommended by the Conpressed
Gas Associats® Oﬁ‘ﬁ@%éh g3%yat ngigher pressure .

Fig. 8 is a front isometric view of the configuration of FIG. 4. |

Fig. 9 is a rear isometric view of the configuration of FIG. 4.

Fig. 10 is a cross sectional view of the configuration of FIG. 4, taken substantially

20  along line 10B10 of FIG. 8.

Fig. 11 is a cross sectional view of the configuration of FIG, 4, taken substantially

along line 11B11 of FIG. B.

DETAILED DESCRIPTION OF THE INVENTION
25 The present invention provides a delivery valve/regulator apparatus for

pressurized gas storage containers that requires sub-atmospheric pressure downstream

-10 -




possi bl e extensi on, custom keyed connections could be instituted to ensure
i,nconpati bl e gases were not m stakenly connected. See generally FIGS. 8-11.
An optional integral valve protection device (akin to a cylinder cap) 54 ,
shown 15 schematically in FIG 4, that allows making the1g(ﬁﬁbﬂﬂ@l’§
connection and actuation of the shut-off valves) w thout renoving the
protection device.may be affixed to the container. Additionally, with or

W thout ¢ oetiahaie bamelleAne LRaMAL 6 G101 SR O0,AARCP AN AR Lonal Ly, sorve

as secondary contai nment for vapors t grliveivons

to the co ! t:d I fitte ith a port 56 to attach |eak
20 det ect ?gﬁ%ﬁ%%gﬁﬁﬁzﬁ@i%? ggdrhal?/ regsgﬁ%l:séutbﬁf ‘\é%]‘f?e'ﬁp?it PN ¥ RIEESWRY be

nmol ded in ect | viice .t o nmake the package nore easily.

tr ansportzﬁj%ﬂﬁ ﬁ&ea(ﬁlré Qa@?ngﬁ%ﬂ'g%o’ﬂ??%%sh%& vV3Es gt ¢ preaent lé{!».vicbri fice
downstrea : I r,.16.and val ves 18, 22 may be used. The present

i nvent i on%ng{/géotgﬁ {S‘ﬁgﬁe;rggﬁé‘]oﬁggmghﬁ@g[‘ﬁiﬁlg[W@f@w%cwe\,@ GEcehplieblgs can
be congec eam, of .t he hi gh-pressure shut-off valve 18 to prevent
back 1[]? ow‘@ﬂ #%C?’éf%enr%easg@?e Elal 'g}fﬁy Bgleg%‘@rpfi“'r‘re plegenUnvertien issiguiravide fdilm t he
pr esent iQXf%’HeiliS’enr 'h16h‘ 16 Febr aré 2005 however, could fulfill the role
of i nhibi t1hg Backs Bk BEspUre U8l VBVE SPRVgR 5 adbacksindadhe presserer e val ve
upstream pf utp] Je%%ul.ator cgn have a nore fundanental role in maintaining
fail-saf e Gurt ORI Pravgiungpianieptions gas (aleaseAlusing sreproradidnciorgedion ce
(regul at og%d f the re%errﬁd si ngl e stage di_aphra%m5 design has the
general property aHP AT thE §igPist arPaRiNAs Ortianally olieiahy pressige shat-uif | | vary
with the | ql et pressure so that decreasi nﬂ inlet pressure leads to

i ncreasi nd™ &uty e“ﬁlﬂg'g@LYr‘E.O‘Wl‘S@f"ﬁ?‘é”,a”&a \actupted andis bibsehie tpr esenily

i nven{q’lon Ii aﬁio gr ovide a device that will safely deliver gas or vapor only
when the GBFFSYPRARPREMOAIE O Wise arergizech val ue (e.g. bel ow

at nospheric pressure) that will not likely occur in transit or in storage,
it 10 is essentiaer When drlverips trhiatty przssdowsegasl inmysubbemisehtnicatitied, igbove a
certain pressure. The presence of the residual pressure valve in this

cont ext sGRY®S RARi sk ctsiventagFouraiol syactdte trappast@biissid@yf A peayagtd uct ed of
nodul ar conponents such that the variations taught herein may be easily
manuf act ufegyiagetdo eerspys pethaiig ddplitiea betee usiAh tioygeh Addinst s akeshiaRshus
described herein with reference to specific enbodi nents, 15 the present

i nvent i onlorRgeéT etrslistesthe systet after emidgdhd gadieortinb 1 B vhSuAtE gl Rkl Shown.
Rat her, various nodifications may be nade in the details within the scope

and r'@ngeupstreaquiftad egusatof ofttheic ghedaTs Theddoricusiai@rdré BEly HoQebiEnSpi rit of
t he i nvention.
there is a positive shut-off valve upstream of the regulator, «

As indicated above, a safe means of delivering hazardous gases would be
afforded by using an absolute pressure regulator, i.e. a regulator which has its pressure
sensing means capabie of responding to sub-atmospheric pressure instead of

20 atmospheric pressure, that is integral to the gas cylinder package. Such a regulator
couid be pre-set and locked at a convenient préssure below O psig (e.qg., about -5 psilg)
which would ensure that no gas would be delivered if the containers outlet valve or other
delivery system components were inadvertentiy opened to the atmosphere. The gas
would flow, however, only when the system is pfOperIy connected to a vacuum syétem.

23 An added benefit of this design is that the regulator also acts help to prevent back-flow

into the cylinder, even when the pressure in the container were below atmospheric. The

- 11 -



21) N SDOCNOSSO6000- 06099106029SUSWPPLNS6029 USA. dac - 17 16 February 2005
06029 USA TI TLE OF THE | NVENTI ON: SUB- ATMOSPHERI C GAS DELI VERY METHOD AND
APPARATUS CLAIMS 1. An apparatus for containing and delivering hazardous
gases at sub at nbspheric pressure froma pressurized conl@if@efuar¥@&®esi si ng:
(a) a valve body in sealed conmunication with an outlet orifice of the
pressuri zed container, said outlet orifice of said pressurized container

open to andehtedy kassQrféamilﬂeﬂ bechéﬁ;rﬂtonrg\ﬁéé'El}l]@agntc rvﬁn%iofgf'\qrei; fB'(eﬁ)%‘f g P rlrlgaltj ittge

di scharge path in the val ve body, between outte

pressuri zethdrsilodl @ o@RE A8 CBHH'b%tac%[uiaftélfﬁaﬁﬁ%;tgae val ve body; (c) a

pressure regul ator having a pressure sens S capabl e of responding to
o e b TESRME LR 98 O S
equi ator TPa ot At ke En RS s TS utlie R Seard frveds el Bamichgsereans
2 i gh pr L2 ae S EARRS GRAGLR e adharcaco sty Rbvietoepura redbistoai n { né
b ot T ol B B S P o obar | 72
contal ner BRI ALy Shscharge, oty L gugh, s out et orif1ce of
X?lgie b ‘i’gygggo'rrk’u%%\h?%g%i S hE a2 ir‘lciw]:/ip%ﬁri IR any rtl-.'g'teb%tdﬁ‘r(}jentt of this. iisgrltjtirgn.sySt o
however, a critical feature of the delivery system is that the maximum delivery pressure
10 is always below that of normal atmospheric press.ure under any conditions that the
container may reasonably be expected to be exposed.
When the contents of the cylinder are depleted so that the weight or internal
pressure of the cylinder falls below an acceptabrle level, thé cylinder may be changed in
the usual manner, replacing it with a full container. The spent container could be refilled
15 by a gas supplier by using a separate channel built into the container, having a specially
keyed valve and a gas-tight outlet cap, one or both of which may only be open by the
gas supplier by using specially keyed toals.
Referring now to the drawings, wherein like reference humbers refer to like
elements throughout the several views, there is shown in FIGS. 1-7 several
20 configurations of an apparatus for containing and delivering hazardous gases at sub-
atmospheric pressure from a pressurized container. Fig. 1 depicts an apparatus for
containing and delivering hazardous gases-10 in the form of a gas cylinder 12 having an
integral valvelregulator assembly 14 attached thereto. Preferably, a standard
compressed gas cylinder 12 is used which is closed with the valve/regulator assembly

25 14 into which is built an absolute pressure regulator 16 and a high pressure shut-off

valve 18 on the high pressure, I.e. upstream, side of the regulator 18. Similarly, FIG.
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2. The apparatus for containing and delivering hazardous gases at sub

at nospheric pressure of claim1, where the pressure regulator is preset and
| ocked at the pressure bel ow atnospheric. 5 3. The apparatus for contai ning
and delivering hazardous gases at sub atnospheric pressufl® Febreani3ach,
including a | ow pressure shut-off valve in-line in the fluid discharge
pat h, downstream of the pressure regulator, to control flow of gas fromthe

gas cyl i nd@deaiuts aroagpanhes ot datdisigybad @énJeFiH&héf%Séé%é){esaz@L@eg%\;@ii{;g in a
= |

during storage 10 and transit when said | ow pressure s 0

cl osed pospteseure shut difiealapnsialoesteHon tﬁé’:fﬂgﬁifﬂésr&%r@&g? %glhkyrgég%&,éggz@%gdaous

gases at sub atnospheric pressure of claiml, where

shut - of f vllwerebsurbispstestt avd e RAbERLY ¥n ?Hé)lﬁfﬂi%%ﬁ% Q@slec)@ﬁwre%igéglgt%%%%g ren

systemis connected_tp sai d outlet orifice o _
P easar e of ora ML ¥ RPl e RS MRS B fers sy mmrimes t he
(e Vel e bods 500" FLEPERLATH A PeCae R ol Ry hacer dous
e LR e
Rl e O e
0o o nor T RRRRE o AR RuP gl B e RS0 DL o IO
the flow of the gas being withdrawn from thg cylinder, and more importantly to protect the
10 regulator 16 from ingress of ambient air during storage and transit. This feature s
Particularly important when delivering corrosive or reactive gases such as HCI, HBr,
SiH,, BCly, etc., where air contamination can lead to corrosliion or solids formation or
both. Once the gas user has completed using the gas, the high pressure valve 18 is
closed and the residual gas is evacuated from the valve/regulator assembly 14'. Before
15 the valve/regulator assembly 14 of the present embodiment is disconnected from the
components downstream, the low-pressure valve 22 downstream of the regulator 18 is
closed to prevent air from being sucked into the evacuated space when the system is
disconnected.
When discussed herein, note that reference to the high pressure valve 18 and
20 the low pressure valve 22 refer to the location of the valve in the flowpath, not
necessarily, the physical characteristics of the valves. That is, the high pressure valve
18 is closest to the pressurized gas cylinder 12 and is upstream of the regulator 16, and
the low pressure valve 22 is downstream of the high pressure vaive 18 and the regulator
16.
25 In one mode of operation, an inert gas (e.g. dry N,, Ar, etc.) may be introduced

into the valve/regulator assembly 14' before closing the low-pressure valve 22 to further
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5 8. The apparatus for containing and delivering hazardous gases at sub

at nospheric pressure of claim5, where the filling path is a path that
flows froma point on said fluid discharge path adjacent the outlet orifice
upstream of said pressure regul ator and upstream of sai d18ifgbredny 2086ve, to
a point on said discharge path adjacent said outlet orifice of said valve
body. 10 9. The apparatus for containing and delivering hazardous gases at

sub at nosphéudecthprREHER | ial , rel i ressyre requlator is
pre-set to a pr essure of maz‘{;%ﬁét'ﬁ%%%sf?g.&fgl@s.ﬁmtﬁﬁsﬁpmﬁu@g‘g‘?‘t'%ﬂﬁf‘aﬁni ng
and del i vefitighigpens ric pressure of claiml,
wher e said preslgure ssrj%‘cﬁf@?ﬁ?ﬂa@;ﬁpﬁ;gé?tﬂgﬁ‘g&fF%gtgrﬂ?dﬁh%rﬁghgéwﬂnéihe

regul at or PHESSH | ; i sure. 11, The apparatus for
cont ai ni ng and diﬁ”&ﬁ@%ﬁgﬁg?@ggéﬁagé§§oc3§s 23pvHidthe IRe pHisE gesprseddar e of

claim1l, Wi [ e t incl udes a means to adjust said
pre-set pres skgtr 21.% r%%l%ﬁzyg%bggr %20”8@3? tsRER PrassHrestwt-gévalveriBganbe ar dous
i ncluding a val ve protection

gases ot sHhcAUIBSHIGILR ALSSRLE, B LA L clncluding 2 val ve prot oct
ppar at s Bt R e Ao Y ARSS fva e TS for contaiming and
Che. vacuom Ly2ru R ReN3A58eEbe 348 8L 3R UNGta Pl Socioctant o chane 5
Rt L T T A L
o besur o TIRETH Beesdis s ontiung SeoAprestabasmous qases at b
10 atmospheric pressure 30 in Figure 3. Note again that in the interest of brevity, the
common details of the_ apparatus 10, 20, and 30 will be given the same reference
numbers and their construction and operation will not be reiterated. Only the different
features will be described in detail.
A specific embodiment of an apparatus for containing and delivering hazardous
15 gases (for this example C,4F¢) at sub-ambient pressure 40 is shown in FIG. 4, and with
significantly more detail in FIGS. 8-12, which has a valvefregulator apparatus 14" with a
two port configuration similar to FIG. 2. A single port valve/regulator assembly 14"
embodiment 50 is shown in FIG. 5 which is éimilar to FIG. 3. Again, in the interest of
brevity, the common details of the apparatus 10, 20, 30, 40 and 50 will be given the
20 same reference numbers and their construction and Operati"c:)'n will not be reiterated.
Only the different features will be.described in detail.
If required by transport authorities, an optional pressure relief device 34 may be
included as shown in FIGS. 4 and 5. Also, a pressure gauge 36 that is calibrated for

sub-ambient pressures may be included to monitor the delivery pressure. See FIG. 4

25 ands.
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(a) a valve body in sealed conmunication with an outlet orifice of the
pressurized 10 container, said outlet orifice of said pressurized container
open to an interior chanber of said pressurized container; (b) a fluid

di scharge path in the val ve body, between the outlet oritG Egbarry RRO5
pressurized container and an outlet orifice of the valve body; (c) a
pressure regul ator having a pressure sensing neans capable of responding to

sub- at nospher i cApdiBSEIY s Pjégg@@rg%ulgépuDgﬁriengﬁltﬂé’{e%%ﬁijOrr‘igé'@h{a B%Blg:l”ég&gre fluid

di scharge path, said pressure regulator pre-set ap

at nospher i mrpmcgﬁf@éjr@_rﬁ@e@!eld%st%g#gmgggtet&n\?ﬁ%t %?Ig%%/ﬁr%%?g hr ough said

regulator fromsaid interior chanber only en ‘ire sensi ng neans
senses a downst [haad said ore- ressure; 20 (d) a

hi gh pressure shut - of ?ﬁl\?geluyge ?énstlgggerrtaaﬁhé?%&ssg’lW@L??fﬁ%@%ﬁ,’:'%—- Bians! 103 t he
fluid di schgrge, h t . fromsaid pressure regulator; (e) a |low
pressure shut-ofa?a‘;{/eaf‘@eréqfﬁpﬁ' %g | r'f’rc{'Heac??rafaaged‘f‘@'&ﬂ'ﬁr%‘émﬁ&fﬂ'ﬁd%‘oﬁﬁ%’r eam of
the press t tral flow of s fromthe gas cylinder and to
prot et n e ol HR e pplsRe i Bha oty ino renheai b Riuen ieg hetcorageamn
transit 2 id. low pressure shut-off valve is in a closed position;
and -21 50%%&%5%@%’8 (qnneglion ?‘f&l%' PAPROR cabed 9 Rigkal asierbetiimeen t he
outl et orifi; f ressurized coptainer and a filling port orifice of
the val ve ‘ﬁ%‘éﬁ?'ML@@@%@O‘@%W%@%H%%? PR ES IR0 Pradintheadrassure er i or

chanber ofdog‘msplr %)re gl},ll‘i %eeg copiiai ner through said fluid discharge path,

t hrough said outT 8t 519 Y3 (eregHialyi agspmbysidrif seduced belomaatmes pherdprebsueagh
sai d outle[th ohri.igice of sg’id val ve body only when said outlet orifice is
connected t6 AIVBETEIRCALEIR ancsthetois Pegspuicatale 2bmag threrabaomeneandowing

del i vqéi ng haza dogs ((P;ases at sub atnosphéric pressure of claim 14, where
the préssdf®IPRfeil & 69MIMeNpF-eset and | ocked at 10 the pressure bel ow

at nospheric. 16, The apparatus for containing and delivering hazardous
gases at sub atfoSPhF Peerp EdSuP dhistlion mpvrba sisefuedies didtethhiugih DpeBSHIR,

shut - of f vgl \P/iﬁ is, biased to be normally cl osed when no energi zed vacuum
system i s ‘CBRWEE 28y sivatinpdhe ghareberntd hatweenfhelditiehgort 8RbAad BreY vacuum

generator 44,

Should the system inadvertently be opened to atmosphere, then flow of the

15 hazardous gas will soon stop or be dramatically reduced, thereby reducing the risk of
personnel exposure or of equipment damage. Similarly, should the low pressure valve
22 or both the low pressure valve 22 and the high pressure valve 18 be opened
inadvertently, without first connecting the outlet port 38 to the vacuum source 44, then
little or no gas will escape from the vessel. |

20 As can be seen in'FIG. 7, in cases where the .gas must be delivered to a
downstream process at pressures near or above atmospheric, then, optionally, a
compressor 46 may be used td withdraw the product from the veséel at sub-ambient
pressure and then to deliver the gas at a higher pressure. For added safety, this

compressor 46 may be situated in a well-ventilated enclosure 48 and be interlocked with

25  hazardous gas release detection sensors 52 (see FIG. 7).
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17. The apparatus for containing and delivering hazardous gases at sub

at nospheric pressure of claim 14, including a residual pressure valve,
in-line in the fluid discharge path, upstream of the high- Fressure shut - of f
val ve, to prevent back flow of air 20 or foreign gases. IBFebr@rygfPat us
for containing and delivering hazardous gases at sub atnDspherlc pressure
of claim14, where the filling path does not coincide with the fluid

di scharge path. 25 -22 16 February 2005 19. The apparatus for containing
and del i veri ng Foadaivdeusf lgasapoapressilreaiases pihresy be poesisute hafe ©kai m 14,
where the filling path is a path that flows froma point on said fluid

di schar ge vpatheqdjtacassenttie 1oueldet ato fHeqresmsizedgas ofindai 12 pr @sewie
regul at or and upstream of said shut-off valve, to a point on said discharge
pat h 5 doimtegraibeataahed & dnsure lcempbate Seaimgatitheai hiveadhweade aslvict Rh pdssble
apparatus for containing and delivering hazardous gases at sub atnospheric
pressure thkebaicn Adossibleraivantdgeots hiramgnpot wouhighageibe acksitved val ve to
prevent unaut horized access. 10 21. The apparatus for containing and

del i ver i ngorhpearmerdoubthgasgdatat 18 inzidet ofdbp herssorepreassalurethefelyl motecldg wherein
the filling port includes a keyed gas-tight outlet cap to prevent

unaut hori hedh.access 15 22. The apparatus for containing and delivering
hazar dous gases at sub at nospheric pressure of claim 14, wherein said
pressur e regul Svanedtenretwest the@as qutles3duied e rbosivaclainPsjistem 23n béhe
apparatus for containing and delivering hazardous gases at sub 20

at nospher theoygrhessumnentadr dflsmnmafkﬂhlgmﬁmé@'ltss abeliupd esmettorse gudhadBwhgelpikes et
at a fixed and
VCR® and Ultratorr® connections from Cajon, Conftat® or Del-Seal™, or JIS, 1SO, KF, W,
10 B, or C seals from various sources. Also, the appropriate keyed gas cylinder
connections recommended by the Coﬁﬁressed Gas Association may be used. As a
possible extension, custom keyed connect_ions could be instituted to ensure incompatible
gases were not mistakenlf connected. See generally FIGS. 8-11.
An optional integral valve protection device (akin to a cylinder cap) 54 , shown
15 schematically in FIG. 4, that allows making the low-pressure connection and actuation of
the shut-off valve(s) without removing the protection device may be affixed to the
container. Additionally, with or without the above feature, the valve protection cap 54
can optionally serve as secondary containment for vapors leaking from any threaded
connections to the container and may optionally be fitted with a port 56 to attach leak
20 detection equipment. An integral handle or other lifting aid may be molded into the
protection device to make the package more easily transported and installed. Finally,
optionally, a restrictive flow orifice downstream of the regulator 16 and vaives 18, 22 may
be used.
The present invention may optionally include a residual pressure valve 58 that

25  can be connected upstream of the high-pressure shut-off valve 18 to prevent back flow

of foreign gases, as can be seen in FIG. 4. The regulator in the present invention,
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unchangeabl e regul ator pressure bel ow atnospheric pressure. 24. The
apparatus for containing and delivering hazardous gases at sub atnospheric
pressure of claim 14, where said pressure regulator includes a neans to 25
adjust said pre-set pressure. -23 16 February 2005 25. 16 hebaa2808s f ar
cont ai ning and delivering hazardous gases at sub atnospheric pressure of
claim 14, including a valve protection cap renovably di sposed on said

pressuri zetow@nratoad flif; - ndar ont ai nment neans for
vapors | eaki ng frr omt heﬁ%ﬁ?ﬁlﬁﬁ?ﬁﬁtﬂ %%%ﬁ?)"ﬁg?é{ %&FS@P%OWW@@@@& at us

for contai Rrdxgy N ALl hN e us ses at sub atnospheric pressure
of claim 12, mﬂereilg%asé'%egg%@%@@%% ‘F%@Tqyﬁésmﬁr%féﬁﬁ@%ﬁholwmerei n the

vacuum sy st \ fromthe vessel at sub-atnospheric pressure and
t hen conpr eséeé\fﬂhﬁgggg@eﬁgﬁmio\? rOSHrg-SGLREEBUrA. hi gher pressure. 10 27. An

met hod for containi nd, del i yeri ng hazardous gases at sub-atnospheric
pressure from a%pdr} Iggsg’ﬁgi@%'r@o Véﬁer{g‘?g,“'%@fl}rﬁf theinfgferred pingreostage digparagal ve
body i ng segéggn &9 ni cat i[on with an outlet orifice of the pressurized
cont ai ner, ~sard out 1%t Gf 7 RETYrh e resiedidowrslicaonicatla praxgere fio VAR an
interior c er. of said pressurized container; (b) providing a fluid

di schar ge E@FE”EE 'rﬁ‘%tt RB‘“‘S\?HWE&? '?6659‘?”%%'%@@ presseigtleads torindreasingbutidie
pressuri Zegr container and an gutlet orifice of the valve body; (c)

provi di ng & 8P UEs UNESEuFaFe thanavx afthe nsesess inventienis tngroveiansdeaalhe of
respondi ng toa?exb- a]t nospheric pressure, integral to said val ve body,
in-1ine i n"IFafehedeliver ga%iPsaner galypehem, the dpdngtresss praasnegsbalbara Bédsget to
a pressure Egel w a%illnospheri c pressure to'allow said gas to be delivered

t hr ough sal s Q¥ atmospheric pressure} that will not likely occur in transit or in storage, it

10 is essential that the Lpstream pressure always be maintained above a certain pressure.
The presence of the residual pressure valve in this context solves this problem.
Finally, the apparatus may be constructed of modular components such that the
variations taught herein may be easily manufactured and easily changed by a user.
Although iilustrated and described herein with reference to specific embodiments,
15 the present invention nevertheless is not intended to be limited to the details shown.

Rather, various madifications may be made in the details within the scope and range of

equivalents of the claims without departing from the spirit of the invention.

20 NADOCNOS\06000-06099\060291US\APPLNVE029 USA.doc
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fromsaid interior chanber only when said pressure sensing neans senses a
downstream pressure at or below said pre-set pressure; and (d) providing a
hi gh pressure shut-off valve integral to said valve body, in-line in 25 the
fluid di scharge path and upstream from said pressure reglb&ebryary2005 16
February 2005 (e) allowing said gas to flow through fromsaid interior
chanber of said pressurized container through said fluid di scharf%zgeq]
through said outlet orifice of said pressurized container, and through said
outlet orifice of said valve body only when said outlet orifice is
connected to a vacuum system 5TPB.E PRGHENUENTION: cont ai ni ng ' and

del i vering hazardous gases at sub atnospheric pressure of claiml,

i ncluding the step of providing SUB-0WMDSRSBRE gt - of f valve in-line in
the fluid discharge path, dJdORNSERYANMETHOWANDIASSARRTEEIUl ator, to control
flow of gas fromthe gas cylinder and to protect the regulator fromingress
of anmbient air 10 during storage and transit when said | ow pressure
shut-off valve is in a closed positionCLR94S The net hod for containing and
delivering hazardous gases at sub-atnospheric pressure of claim 28,
including the step of providing an inert gas into the val ve/regul ator
assenbly subsequent to use of the gas and prior to closing the | ow pressure
val ve to 15 rleducer agparasik fafcontdinind ah@asiveRh hhPG¥@ yaldsegyl gt or
assenbly during transit. -25

I NFT/ N/ N NAIIBphade: phessbid bih M N BIFEDRGNGS NoMpHIbAE/ NG / N/ N wi N N - 3e
z5,/+y 9 ' )

_}xsni d&_Z] ca],¢cal ca]calc al ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
Jcal ca%(fa] ca](%a] Cﬂl @‘%%@%@d}\@g%lggpgmmcahon w][th an outlet orifice of the pressurized
rre{"": $*+{vqgl gb] X] cal ca cagca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] ca] ca] ca] ¢8 @ﬁ'l?]r’cgﬂ‘% NHEE Q1G] efSacchpreasurized sentainer open toan ingdricPb000(
1{122&2E227334NMb56} xsni d ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] c&}’ﬁﬁ'ﬁ@%ﬁ’é{?ﬁ%‘]eé%ﬁf@ﬁpéﬁp@a]eca] ca] cal 6] 6677%$9| 99: : : 5<=?UAB$B
5BBBB:CCCOVD‘$DE%EU EE#F} xsni d_Z] ] ca] ca} ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] caf¥a] c &) diaghanpe aFA] the dleckddyabetaken Hund it #RaerbiRao GGGGRHZ
HkH " J| KKLSLLMYMVMKNNNOOGPPPP| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] caPteffeEhjugicer and]areduia] orflceadf tad wadd sedycal ca! PQONWMYUYF Y
ZZ[y\\}]] "' *~""% 3___ /" " 9aaaabebci ccc}xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca]'¢a] ca] &3] caPPafeae BusEvdlavabeapreajwaseadicgieahs ahsalis af caj ca] cal cHd
ddAeee

responding to sub-atmospheric pressure, integral to said valve body, in-line
in the fluid discharge path, said pressure regulator pre-set to a pressure
below atmospheric pressure to allow said gas to be delivered through said

regulator from said interior chamber only when said pressure sensing means

15 senses a downstream pressure at or below said pre-set pressure; and
{d) a high pressure shut-off valve integral to said valve body, in-line in the fiuid
discharge path and upstream from said pressure regulator;
whereby said gas may flow through from said interior chamber of said pressurized
container through said fluid discharge path, through said outlet orifice of said
20

pPressurized container, and through said outlet orifice of said valve body only when said

outlet orifice is connected to a vacuum system.

-18-




hShhhM W _i pi j f kgarfrilrr
fs{ I(gnisd_Z] 11 cai (F:):a]] ca]mcg% ggfgg] gg] ca% ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
(s:g]s(sf{/\??% ((:Zlill\(;E\AMMMRX] o Cax%ﬁ%;%} fﬂ |C?0} } N-~~~~}xsni d_2Z]1] & CebeancaPed] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]calca
] cal ~~~~=|

GouGnKSd! #j spwr ﬂhq'ﬁéﬂabfﬁr]a‘&iﬂ ®ALGth RG] ]arfgqga%alofo%k@gl;gg;p&]bqal ca] ca] ca

] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ]ca] ca] qa] cal car Lo r]e NN
ChaKi . _ _
2 z7a] cg]K::;i( ﬂ?gﬁcdé%g%ggﬁggga}@g] ?g%?g%ig: y?%?gﬂe]g%]&%ﬁ;ﬁ o Ca'f’ii?%iti: 25: 2}3
.ca] ca] ca] ca]ca]ca]ca]ca]c
]Cgll]c22?23@2}%@?%&%‘?%bﬁfﬁ@%l}lg_ﬂ ]]1ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] cakca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Q ol K V3ve8} xs
nid _Z]]]ca]ca]ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalc

lodt !} &+3veBt xsnid Z]]]ca] ca] ca] ca] ca] ca] ca]

a] oa] on] on] a] 2Lf@%%@é%r%‘Lﬁ%ﬁéfé‘oa]%wé@ﬁggﬁ/%qnfa]hgﬁ%};k)afﬁﬂ kel ca e cal

' ‘()= =109 ()2 ¢ 109 ()- 109K () - O%& ()-L!'mlO%& () - ;
<o vssone S e b ol st ety edbome )
. "109R' () - 010%R' ()-6. " 109 ()-0*=0%40%. ()-)(" 109 () -
vanrov (] 0B FA o el AGa R e aesads ot Jow as from
; %ég«'&" (135?3%?‘15(();{%?{'%{%%@9 ®IPIECiBne Gogriaten Tom agse el amybientringing)storage
L#109 )u&'& -_}~Sp= 10d 10d 10d<10%i& () -! 6#10%ld& ()-" 2j ! 109%& ()-| <
/] 10(%@' (7 l@b}%bwﬁ%)s@ddw 'PERSSBIg-S o e & i0)a clpyed pasitiaug’ () - ! Y80%& () -
10% u& ()-3"10% u& ()-L! mO0% u& ()-ByzX6SH=!i 2P"10%=& ()-w \) $10%iu& ()- 9!
) $10%iu&' ()-9!i %" 10% M M&' () -} FZ9%0% 5& ()--! yFZ%40% ()-- ~_ @

"10%& ()-L!'m0%WE& ()- 10-u 10-u o
10%& () -L 4. Thf-.g %pparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 1, where the high pressure shut-off valve is biased to be

normally closed when no energized vacuum system is connected to said outlet orifice of

15 the valve body.

5. The apparatus for containing and delivering hazardous gases at sub-
atmospheric pressure of claim 1, including a filling path in the valve body between the

outlet orifice of the pressurized container and a filling port otifice of the valve body.

20
6. The apparatus for containing and delivering hazardous gases at sub-
atmospheric pressure of claim 5, including a residual pressure valve, in-line in the fluid
discharge path, upstream of the high-pressure shut-off valve, to prevent back flow of air
or foreign gases.
25
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9. The apparatus for containing and delivering haiardous gases at sub-

atmospheric pressure of claim 1, wherein said pressure regulator is pre-set to a pressure -

of about -5 psig.

15 10. The apparatus for containing and delivering hazardous gases at sub-
atmospheric pressure of claim 1, where said pressure regulator is preset at a fixed and

unchangeable regulator pressure below atmospheric pressure.

11. The apparatus for containing and delivering hazardous gases at sub-
20 atmospheric pressure of claim 1, where said pressure regulator includes a means to

adjust said pre-set pressure.

12. The apparatus for containing and delivering hazardous gases at sub-
atmospheric pressure of claim 1, including a valve protection cap removably disposed on

25 said pressurized container that serves as a secondary containment means for vapors

leaking from the container and the apparatus.
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10 container, said outlet orifice of said pressurized container open to an interior
chamber of said pressurized container:
{b) a fluid discharge path in the valve body, between the outlet orifice of the
pressurized container and an outlet orifice of the vaive body;
{(c) a pressure regulator having a pressure sensing means capable of responding
15 to sub-atmospheric pressure, integral to said valve body, in-line in the fluid
discharge path, said pressure regulator pre-set to a pressure below
atmospheric pressure to allow said gas to be delivered through said reguiator
from said interior chamber only when said pressure sensing means senses a
downstream pressure at or below said pre-set pressure;
20 (d) a high pressure shut-off valve integral to said valve body, in-line in the fluid
discharge path and upstream from said pressure regulator;
(&) a low pressure shut-off valve in-line in the fluid discharge path, downstream of

the pressure regulator, to control flow of gas from the gas cylinder and to

protect the regulator from ingress of ambient air during storage and transit

25 when said low pressure shut-off valve is in a closed position; and
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15. The apparatus for containing and delivering hazardous gases at sub-
atmospheric pressure of claim 14, where the pressure regulator is preset and locked at

10 the pressure below atmospheric.

16. The apparatus for containing and delivering hazardous gases at sub-
atmospheric pressure of claim 14, where the high pressure shut-off valve is biased to be
normally closed when no energized vacuum system is connected to said outlet orifice of

15 the container.

17. The apparatus for containing and delivering hazardous gases at sub-
almospheric pressure of claim 14, including a residual pressure valve, in-line in the fluid
discharge path, upstream of the high-pressure shut-off valve, to prevent back flow of air

20 or foreign gases.

18. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 14, where the filling path does not coincide with {he fluid

discharge path.
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atmospheric pressure of claim 14, wherein the filling port includes a keyed valve to

prevent unauthorized access.

10
21. The apparatus for containing and delivering hazardous gases at sub-
atmospheric pressure of claim 14, wherein the filling port includes a keyed gas-tight
outlet cap to prevent unauthorized access.
15 22, The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 14, wherein said pressure regulator is pre-set o a

pressure of about -5 psig.

23. The apparatus for containing and delivering hazardous gases at sub-
20 atmospheric pressure of claim 14, where said pressure regulator is preset at a fixed and

unchangeable regulator pressure below atmospheric pressure.

24. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 14, where said pressure regulator includes a means to

23 adjust said pre-set pressure.
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26. The apparatus for containing and delivering hazardous gases at sub-
atmospheric pressure of claim 14, wherein the vacuum system includes a compressor,

wherein the vacuum system withdraws gas from the vesse! at sub-atmospheric pressure

and then compresses the gas to deliver said gas at a higher pressure.

10

27. An method for_ containing and delivering hazardous gases at sub-atmospheric
pressure from a pressuriéled container, comprising:

(a) providing a vaive body in sealed communication with an outlet orifice of the
pressurized container, said outlet orifice of said pressurized container open to
an interior chamber of said pressurized container;
providing a fluid discharge path in the valve body, between the outlet orifice of
the pressurized colntainer and an outlet orifice of the valve body;
providing a pressure regulator having a pressure sensing means capable of
responding to sub-atmospheric pressure, integral to said valve body, in-line in
the fluid discharge path, said pressure regulator pre-set to a pressure below
atmospheric pressure to allow said gas to be delivered through said regulator
from said interior chamber only when said pressure sensing means senses a
downstream pressure at or below said pre-set pressure; and
providing a high pressure shut-off valve integral to said valve body, in-line in

the fluid discharge path and upstream from said pressure regutator;
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atmospheric pressure of claim 1, including the step of providing a low pressure shut-off
valve in-line in the fluid discharge path, downstream of the pressure regulator, to controf
flow of gas from the gas cylinder and to protect the regulator from ingress of ambient air

10 during storage and transit when said low pressure shut-off valve is in a closed position.

29. The method for containing and delivering hazardous gases at sub-atmospheric
pressure of claim 28, including the step of providing an inert gas into the valve/reguiator
assembly subsequent to use of the gas and prior to closing the low pressure valve to

15 reduce the risk of air ingress into the valve/regulator assembily during transit.
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