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- APPARATUS FOR REMOVI NG PARTI CLES FROM HI GH PURI TY GAS SYSTEMS

CROSS- REFERENCE TO RELATED APPLI CATI ONS Not appl i cabl e. STATEMENT REGARDI NG
FEDERALLY SPONSORED RESEARCH OR 5 DEVELOPMENT Not applicabl e. BACKGROUND OF
THE | NVENTI ON The present invention isldirected to renoving particles from
hi gh purity gas 10 systens. In particular, the present invention is
directed to a process and apparatus for renoving particles fromhigh purity
gas cylinders and flowing high purity gas systems. Methods %88 &dsuri ng
suspended particles in high purity specialty gas systens for the

el ectroni cs and sem conduct ir}? i E@ been devel oped. However, the
sources of particulate cont g[r;llll’?a fl:lcskhlélfﬁ%{:‘ Y@?&ses are not currently

controll ed. 15 Conseq I |, S ticul cont ami nation in
recently filled gas c§§§%§§§§$§§§§§ﬁ§§§55§¢§§§§ %gg%é normal |y accepted
| evel s for sem conductor €S. 3 n, the term

"particle"” is intended to refer to any unwanted discrete solid or liquid
contam nant of any 3&s RrRHER|E MAGERN I, d on recently filled
gas cylinders reveal t%%ﬁ%% F%?iom?%g ge¥i0|éﬁ€@§é&ﬂég$st, t he cyli nder
filling process produces high su&ﬂgpﬁggb@article concentrations i mediately

after fill. Second, the cylinder filling process produces high variability
in particle concentrations imediately after t"ill. Finally,
STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
5 . DEVELOPMENT

Not applicable,

BACKGROUNDOFTHEIMVENHON
The present invention is directed to remoeving particles from high purify gas
10 systems. In particular, the present invention is directed to a process and apparatus %or
re.moving particles from high purity gas cylinders and flawing higﬁ purity gas systems.
Methods for measuring suspended particles in high purity specialty gas systems
for the eilectronics and semiconductor industri_es have been d'e\'/eloped. However, the
sources of particulate contamination in the gases are not currently controfled.r
15  Consequently, levels of particulate contamination in recently filled gas cylinders can
substantially exceed normally accepted levels for semicanductor processing gases. As
used herein, the term "particle” is intended to refer to any unwanted discrete solid or
fiquid contaminant of any size.
Particle measurements performed on recently filled gas cylinders reveal the
20 following deficiencies. First, the cylinder filing process produces high suspended
particle concentrations immediately after fil. Second, the cylinder filling process

produces high variability in particle concentrations immediately after fil. Finally,



2 gravitational and diffusive particle settling in recently filled
cylinders is very gradual with tinme. For exanple, a certification of |ess
than 10 particles per standard cubic foot (>_ 0.16 microneter in size)
cannot be achieved in a practical tinme period follow ng uncontrolled fill.
Settling periods on the order of nonthd may be required to achieve 5 such
specifications. The suspended particles in a gas cylinder imediately after
f11 can BRYGHARR! &N CBlvstve wartists sriiipmin reernly dded rilingers is very aneguabmityi nat e in
the gas fill sP/stem and enter the cylinder suspended in the gas. Second, in
the casdF FBAEXaIVRIS gaseRicatingyof feby than AP wiettisias Renetanpiidadrc fantdugh
reaction with residual inpurities, or by cylinder corrosion 10 foll owed by
particl & 1 SHe@gRaNt inf Figed icatrt el aslip¥ast és a2 Practic! tineypenay fobowieg eased -
fromthe cylinder valve during actuation. Fourth, they nmay be rel eased from
t he val MECHREPlIBE Hdr Jaftieg ratiodsydn wgerrdeupf merths yayt bee rénuited dy rahiege shear
forces occurring during the fill process. Such shear forces are generally
hi ghést SHEN ﬁ?ﬁqutcét"tﬂ‘s- flow restriction, such as the cylinder valve, where
gas velocities are at the maxinmum 15 Particles originating in the gas fill
syst em can bdNgsHERBHEE 8adAlkEy in hBeughinesimmediatsasfter dil £hh caditategans, such
as clean-up or_reconstruction of- conplete el ectronics cylinder preparation
areas aff¥rgaigcipr| souscest efisst, Hisd manplignaterievis gen fibfsystbin speenttttye gas fil |
procedures. Such changes woul d substantially increase specialty gas
pr oduct FYiRCBOS¥PeAfRA itefie dap Reendds & cdse Woemiing gabds thaypmagtioreal . 20
Difficulties with respect to on-site specialty gas distribution systens are
as fol | Bi#tBIN toerevinder ﬁg@e‘éége@%ﬁ@ndﬁﬁt resisival orpusitiss, evshy eyligder garsosion
distribution systens for W6, SiCl,, BCl, and HF, anong other gases,
| ocht edflipwed by rediaiprislodgmaticiemctenal purdaressi Thiydf deyirmay bs raleesqa one t o
substantial contam nation by damagi ng particles 3 following reaction with
r esi duaffomnpe cyindes valug guringsagipdioan d @pth, tey fudyl mavatpsparfbhcihe vadleease from
mass flow controllers and other in-fine conponents (shedding). In addition,
such | ofPd aher Inpraasiytindagaudacesdry tbe hedrogersesc sheardorcas obduptnglsurimder t hei r
own vaporlfpressure ée.g., NH,, HC, CHF3, C~F6, C3F8 and SF6) are subject
to vi gotBUd progeRsd B shrgr Sorces stppenerallyl ightet st peissedfi fall yesietion.gas i s
wi t hdrawn fromthe cylinder at a high flowrate, as indicated in Wng,
Udi schaRUCcBrR§ theiFdinker valisawheeraastvslogtieatepitéhe Meximati.on in Wthdrawi ng
El ectronic Specialty Gases From Liquefied Sources" Proceedings, Institute
of Bhvi ronne'%@'HPIEchr@ﬁ’@é@ ingbe, 9as. 6l 1¥steSuchn higlohiraiedr atle thidugtr anal t o
mul tiple processing tools is common at, for exanple, nodern sem conductor
facili t§XP8NsiYHWRTED AfE@Er Mpasss sreh asselsaniup al secausbietin b cmgpétet
formation foll owing pressure reduction or cooling in the distribution
'syst em®e!gt@sies| yltiiden perpsatien srersvandmss ilisystathst endeorhplgtel rgvisibaldfefi and are
easily transported through a gas distribution systemat near anbient
t enper SPEFEILY Bat fThaiogedwses. afiyche ohansramedidisubsizatialyrimyeareoshecaity gas d  or
ot herwi se non-vol atile residue particles, which remain suspended in the
f1 owi n@refistion sostpapd @iay. inseme s2s¢Re bE eaonamically ipprastast.e of certain cyl i nder
gaﬁﬁs (typically less than 20 psia for Wee, SiCl,, BCl 3, and HF, anobng
ot KBr gases)PidigdHess p4ih eiggree dai eresitooRPeeaiysgem distrioution sgstpmseares as
Theref gre, although conpatible filters exist for such chemcally reactive
gases, f%[HV’Shi gh resistance in-line conponents would tend to restrict the
avai l able flow rate of gas_ to the sem conductor processing equipnent.
Filters canC@as) Hacess@gs difdintisnssttems @l pay tistribetior systemd or Whadi ng,
resulting in_a progressive restriction of flow through the system and a
conseq§é‘ﬁt' Petiuetd g‘?ﬁiﬁ”%’iﬂeﬁﬁﬁ"o@ﬁﬁser &cateli Bl tipr gample, gesieydtietar I n-1i ne
filtration of these gases is therefore undesirable in nost circunstances.
ConseqBEERSINI fAFHEiFS ngfepBicne cloesustangpb sPrtemingsion iy Hemagipg vearicied e
concentrations may be transported to sensitive sem conductor substrates 25
| ocated in the downstream processing tool. Particles and droplets can al so
reduce the



4 operational lifetinmes of mass flow controllers, and other in-line
conponents. Droplets are also responsible for flow fluctuations, severe
corrosion, and premature failure of flow delivery conponents. Likew se,
difficulties in high purity gas cylinders exist. Due to the detrinmental 5
effect of particles on, for exanple, the ni crochi p fabrication process,

sem conduct or manufacturers require processing gases to nmeet strict

parti cl efcdPiRpfEERIoNoWE (esigral impyidies. hayehi 8s bk tandl @s opdeliosingngartiglec ubi c
foot larger in size than 0.1 mcroneter). Such specifications require

routi ne SREERECE Mast IgvycHtrofers RNA §iBLINKINgFs MPpasmisheddirglerin adAiest ry
trends are toward simlar particle specifications on specialty gases
packagedSyYh 1a¢ VBPYSRIEFIUIR 82351 PhetBrsoasPgstqred as ligwisundes thevepwh oRROT equi r ed
in pressurized specialt ases after cylinder nll. Depending upon the
process R&sSUr8 (2R &Yhi ’Tﬁ%‘egg“:n'éfy%&ffsaﬁﬂﬁ’ & =5 igiUbiegais &/sPs0YsHAS I balindc ombi ned
gaseous and |iquid phases, and may have an internal pressure ranging from

| ess % halfl WPRYi & IREEerotseeERNWRRIDB2D$i Withdevm§aa e rcyinsies & enfjopdewi cl e
concentrations in gas cylinders after fill have 15 been devel oped. These
met hods & @etindiesiedipdi@ng Ustcharsyshiiasc.pileaperasnisof Berrietifgrmetiorsin
mcroneter directly fromthe gas cylinder at full pressure; no pressure
reduct i ofYtBdraping Flastiosic SReciate Gass Fempkicpaisredeyrees! Reoacedings. Anstiigdagh

met hods for measuring suspended particles in filled gas cylinders have been
devel opetf, ERMirensigniet esiensespaPei. cuf-dRe Tt Riah Aavisie withdrawal gasmaliielenot
currently 20 control | ed. Consequently, as described above, |evels of

par ti cul IPeEssaSt BASHAIGOBINGMal g@’e?ﬁal”}iﬁ% It eery &sMEpndyTieT fgciklinsst aavi al | y
exceed normal |y accepted | evels for sem conductor processing gases. Al so,
as d@scryapetPeseve gaspeapaesitiast padropet smatprafolngne prasaderrefyaiiedi at el y
after fill can originate fromseveral principal sources, and these particle
“sour ces ¥aRohw Bdhg FistribaipronBigm: hihesghiqes seanisty sagnbeadi FPEntigl e meblks. 5
Such changes woul d substantially increase specialty gas production costs
‘and may Staplaomrd aepseasiipdragerniied tBEILDY 4 apy distribelien sybem et mgee agibiontbeen
numer ous previous attenpts . to solve the above difficulties. First, with
respect 'e@Pg@ilrey| Fuithermere| pny pyzraieed frenielni may Rraghcpeelid gr giherdseyst ens,
particles ori ggj nating in the gas fill system can be controlled using bulk
filtrati"SW-Glatinesigne praicigasviigseamnoyusaendasdn i fimwingfodsi | | for each
cylinder. However, in sone cases, multiple cylinders are filled rapidly
frofPa si ngl d1@RYRE dlue tp B IpvEaYCR RIS SHTPeo! OpTipindulinset oasasdtypicelly eam be
high. Therefore, this nethod requires installation of |arge capacity
filters th#n ER@sidyier Wer SigasBEI 4 langdiff. fasneng Moakegases) supl Yystenseiequirs
substantial 10 pressure drop, under-sized filters may restrict the rate of
f1 ow t o 19WEeESIPNGRIEIS compenantier ERYEES, rAlthergie comeatiblegiiliere gxislyfor sder fil |
time. An under-sized filter may al so be prone to nenbrane breakage or

parti cl Ehp@icals eactiifetrseh@ny iidieiesisiaachinginer qosiponents siotidetsnd txigstichg duri ng
cylinder fill. Also, the gas cylinders are typically evacuated prior to
fillingtheayaiidblpdlqyamts; of @Qﬁsﬁ@e%%léﬂmt?&ﬂtj@féq?re%fomlf@tmrpm%%i Fiiess £@mai ni ng
fromthe 15 preparation step. Filters t?/pi cally have a | ow vacuum

condtict &fCe clodnender eSUPRIBNEH op &Gkt OrwaTOPIES LIPAKRS. t (SYIHRL UM & yeRFBYRS at i on.
Al so, a reversal of flow through the filters during evacuation wilt cause
par t i culetiertiepnefafirwabiowah t e deEist tangnat $RNSEGYEN t'EAPB| ifeorfratipnal
point-of-fill filter. This contam nation may then be rel eased back into the
gas cyl fHi@elitngidhe o8s S¥aea 1-60¢ 9atan efpprseaashsr’s Migr¢Ae $Ndepirg®dess. This
probl em can only be avoi ded using a high vacuum conduct ance bypass |ine
around 8t fGEYBRtaNges s GRNSAIENHY s EaTHRdING RAMHRS PevEpRIRSt NBIL IS t he
cylinder evacuation step. Such measures increase the conplexity and expense
of the VRIgblgcoeeadrationsg MayusR tEANEBPIRSS S rPNAlY Y Semirsduster Gpesitaisonal
reliabili t(v?aof the system s Second, with respect to on-site specialty

gasz%i stocatsdiin the dOMSTREM] RICFaSEIRR rieP! hiFgiticies and droplets can also reduce the



purity gas systens, |ow pressure specialty gas distribution systens | ocated
at sem conductor fabrication facilities are designed to mnim ze

contam nation by particles. Such systens are constructed using high

cl eanliness, corrosion resistant materials, with 5 mni num dead-| egs,
external jacketing, and a low rate of Peakage. These systens are al so
carefully purged and dried to m nim ze residual atnospheric gases prior to
use. Heatoperasichalgifetimeasydii makesr Sovabcht@asrs| beStHes irAlirEOcdisRtheh@, | BRIRItE
condensati on and droplet formation follow ng pressure reduction or cooling
in the syst gsv rédpoesible fosTeehfiuTRatons Se\dde BOtosIBRBANbRMAINOW iPRFL bEhfy | evel s
during operation. Particle shedding may 10 continue from val ves, nass. flow
cont r ol | deverccoopdrents. n-1 i ne conponents, and reaction | may result from
resi dual atnospheric contam nants, system | eakage or inpurities introduced
during cylindéikesfsangfcaies inmhight gmangss cinddishelist ONSiAld $RSHdt8WALI NY
exposure of the systemto atnospheric contam nation. Furthernore, such

nmeas ud es effestngt partididsy omrfev exdmie,nend magbedis AurRENdOprLaG. AUridganust eate or
filmboiling within 15 cylinders, or follow ng pressure reduction or

cool i ng mantfaetugers reysteesroceSeiol gassd tchest and fakRRl alsinesrthen fisge to
travel to sensitive sem conductor surfaces during tool operation. Attenpts
to sol vethahel®bantieleproeb|seamiiam tibic espestet B Sikghapus htMiclRstey! | sgders have
al so been made. First, particles originating in the gas fill System can be
cont r ol | sgecRatigisngediirt tro@ineopartidBi tastirigXoMMdwikg ukshed sPMerH's.aCbﬂgeﬁt sinpl e
point of use filter in-line with the cylinder at the fill point. The

cyl i nder indssttyhtesndaraes sawdra eihilai pAHIDE sh&omaatibie &ogﬁe%r&tpgssé% dddih é&/@t em
This filter effectively renoves particles originating fromthe %, il
systm plessvized dyieddrai PhitlepREfsi sketeryel algtigsd i lpessAdkdPgpestigndar d
cubic foot greater in size than 0.16 microneter) was still unacceptably

hi gh” f orgaskemftexayipdie.fiil. Depatihg apeHiteProREhbs ALERBRinddk $0ay ddhain i X
cannot control particles in cylinders which originate fromthe ot her

sour ces dingi¢ eghisatimy ehaddardr i hiinelhgdsebay @nBaricshiedeE " 9 g, Malygnand
other internal cylinder surfaces during fill can be substantially reduced

usi ng f lioterradptesslre rikdisg frbns |e3nATRY pd§ td RBELHaRY0S Migci ng a flow
restrictor (and point of use filter) in-line with the cylinder at the NZ

fill point. Methods for measuring particle concentrations in gas cylinders after fill have

15 been developed. These methods permit measurement of suspended particles larger

than Cl)‘16 micrometer directly from the gas cylinder at full pressure; no pressure
reduction or fiitration of the gas is performed in the test.

Although methods for measuring suspended particles in filled gas cylinders have

been developed, the sources of particutate contamination in the gas are not currently

20 controlled. Consequently, as described above, levels of pariiculate contamination in

recently filed gas cylinders substantially exceed normaily accepted levels for

semiconductor processing gases. Also, as déscribed above, the suspended particles in

a gas cylinder immediately after fill can originate from several principal sources, and

these particle sources can be controlled only through expensive and difficuit means.



This fix reduces the initial particle level after fill to a |evel
~acceptable for, for exanple, sem conductor applications (4 per standard
cubic foot greater in size than G 16 mcronmeter). However, this fix is not
practical for sone cylinder fill applications. For exanple, in-line flow
restrictors may increase the tinme requPred to fill gas cylinders. Al so, 10
this fix cannot elimnate particles formed within the cylinder through

react i orPush @@nees wenld Rbstantdlle ifoeasatspetiatNEesghduerst 4R Md Rid) hhe
cylinder or by valve actuation can be mnimzed through appropri ate val ve
desi gn, S§Blecaasedhe etommitalyénpranticeh, cl eani ng, preparati on and evacuation
prior to fill. However, these neasures are inperfect, are 15 prone to

deteriorati offefs dyh Blepebeard nuylernde bravis OBHENPOSE ok HTOERDE! i C
contam nation, and do not always result in particle |levels suitable for

sem cond’d@t%mapﬁlraﬂcmth onspecFtnghd yylirses peRISEmBan tﬂoq,llr@sh@ﬁtrbulp@y ngmved
fromthe flowing gas as it exits the cylinder using built in filfers

moun® ed SeviemBecarticien deginatial Vrethesea fil@yglem ddnSe cf&%‘troiléﬂ%s;r%ob@( #0285 %r?
conventional in-line filters located in the dowstream gas distributi on

syst em oHivweselire gasesystate\or @t shel @oinbbf-Tlefsp \each ay iddeh e HdwLE SHSREeNsi on in
the stored gas. The gas renmains contam nated until it flows outward t-hrough

t he val 9esesr nudtinie eglirgkswary fled aa@b@&rbw(angih@rb%urc@ SPiowSHEY frkd IR S MY
create prohibitively high pressure losses in the flow ng gas, especially

for suchiindersvéiog fiir @msher Bighasterasre\Wis nitldd’ requﬁeﬁﬁ%‘sta’llatﬁﬂdoﬁgr f£mng
ot her gases. Such gases require in-line conponents having | ow f oW

resi st afRPECtUfites PathentyliNder GadA B9, ioaHifckior HRedBP A AL 1S 1HeR! s RPN Ng hi gh
purity gas, assigned to Air Products and Chenicals, Inc, provides a gas

Cy|1|0ndeﬁare$mwe rJo valev-eizad tiltes thwp rént@ripal raabt ﬁaw end %M%@F’é Pt is

used to fill the cylinder while the other internal

therefore increase the required cylinder fill time. An under-sized ﬂter may also be prone

to membrane breakage or particle reiease {shedding) under the high flow velocities

occurring during cylinder fill. Also, the gas cylinders are typically evacuated prier to

filing to remove gases, suspended particles and other resi&ues remaining from the

15  preparation step. Fiiters typically have a low vacuum conductance, and are therefore
not well suited to vacuum system cperation. - |

Also, a reversal of flow through the filters during evacuation will cadse particulate

contamination to deposit on the downstream side of a point-of-fill fiter.  This

contamination may then be released back into the gas cyiinder when forward flow is

20  applied during the fill process. This problem can only be avoided using a high vacuum-

conductance bypass line around the filter. This bypass must be used for reversa flow

during the cylinder evacuation step. Such measures increase the complexity and

expense of the fill process, and cause a corresponding decrease in operational refiabitity

of the system.




port is fitted wwth a unit that renoves particulates and inpurities from
the gas as the gas |l eaves the cylinder. The unit includes an inlet, a first
filter for renmoving coarse particulates, |ayers of adsorbent and absorbent
for renoving inpurities, and a second filter for renoving fine

particul ates. The purified gas | eaves €ne cylinder via the valve 10 after
passi ng through a regulator, a flow control device, tubing and passes

t hrough a conveithangl, LLier ianed atel pstream of the point of use.
Thi s apparatus reduces @E{éé“ltit)ogén S'n@?%e ’aéﬂlgggf H'@E‘IDHW Hataeasdewinghigh equency
at which 4k i Ll gL ha echarged. However, this system uses an
entirely F%:Iui fyf E‘:’lréenti[apnp})ép'ozo(\:{i]Cbtr%'es;rut!:aern)S Fﬁghypaﬁaﬁ \é\g@ YHo Y BIRES plassisst at

i nventio . en 7,428 provides an electrostatic
preci pi tgl? F’(]Sgr?”g§§{” re%g{'%;%n Egs)melglg? égﬁ %eg}g”Fﬁéwmmaeﬁa?tﬁwmﬂa@ &Y |PFdiEiesgas to

ol des “aehauare o8 bR e U A e e bR c e A T ge A e
source i Sp; i N i f.] ._output, for, s | ying_a reference
pot entg i a?ﬂtrgn Haggéejdc%% %ﬁ?rﬁﬁ'ﬂé‘g“%@”%&ﬂgﬁ/%da@ ‘%g%)aé%ﬁ?-aﬂh?%ﬁysit%mﬁégﬁati ve

par 1 cul SRec el Ry A HEERE MBI Tl AL EHarORE Pt wor e dsear e
1 ow of e PG oo fRts ol od 4o’ o5 abdnint caslonerionangrsopios.
i pol ar "Rt IR BB P R RPN B St adiweves amn |
Flaw | oerrdosnoeleidates ROPATHE b slevh damahonnistie rotn m
ol et scosn G TR VAL PREE (bl cololai i Pt i b Aea e Aeareot r ode.
From thal bt R 5ehdr A AOSerEE SR b < sfterg arset Podrsoisiear  anged
roely an e annT RS BIERrT S ek EPRBIACR | P08 AR RISTR atearDEr Sughout
5, 031, oaa 28 Tt ek de0R b Salsbabne Retreanpuis geesasaich as

i ndustri t t hat id I hanber f i vi d
10" i st BuR R gEiebt Tt Bedohth AR Hefiren i Bbange or “amghsimecmyiencl osed

el egtro i initators conpected in _parallel with each other to the
pl eﬁﬁm ?ﬁ{ﬂﬁ?ﬁ%%?ﬁ’gmﬁg LT SO S B oo e SYEE™ | BvespwEclanti al |y

uni form t recipitators. U S. Patent No. 4,232,355 is an :
i oni zat iagﬂad\fgﬂtg tasg%%sﬁﬁrﬁgfée%t a a\{ei ' FEPTLE FYNERRILclor SuFases Bwingatdobn

- el ectrodge$Q,@S t0 generate copious anmpunts of ionized gas 15 without
produci ng neasur abl e anounts of undesirable reactive or toxic chem cal by

roducts. Th C iel ni ar voltage wave having a steady state
ICIZ))C cgrrponent %\t/\t%ﬁgf? t%t%ﬁ)vggtﬂgﬁg ‘(’l;?/vbfoﬁ ”i%%?'%éﬁﬁ%ﬂ tﬁ\ét'%"hf";’/f:éﬂ’ %E‘%éwmrgo

conditi r te i.gnization. .Ipposed on the steady state
corrponergr?é\/ﬁiI iig%gginjn%g% gg%i %an'*’ég%%%q%ﬁg‘f’gi%%t‘?@sg@ﬁﬁ?t@’f’ Jap\Ref GoBEakatcy

SUrges. ai ti f | ses is 20 insufficient to break down
t ﬁeﬂgasu%ﬂ%ﬁgggﬁ?y?ﬂgﬂ? n}ah@%a%%ﬁrelg%ﬁ%gaqq%? :3'8?‘3%? E‘IJ‘EHR%WSEJ‘I"‘B‘T FdiPe witht ense gas

i oni zati@Neyi i el , Hutcherson, R Kenneth, Korzekwa, Richard
A., Brown, cylguﬁ'ggrte? ?q?endﬁgm a’?na ﬁtM chgeFYIRider ﬁoﬁéﬁﬁ‘, PRRIAUIFed Baik NSt te. |

Geor ge, : I GK., . dgewa Robert G, "Effluent Treatnent
Usi ng a dﬁﬁ”ﬁ'g%‘%@p% Ez'ateﬁ' ?ﬁ‘ﬁsa@{g%g'e%g@elyEéﬁo‘iqfﬁ”ﬁﬁss@@’rﬁaﬁ%m@oﬁﬁé‘hence,

A qu’UQﬂIW@teHNMow%UérYthjeq;?iﬁaltp%ﬂ%li%elgvg aﬁgrl tﬁle(g'/"l per standard cubic foot greater

in size than 0.16 micrometer) was still unacceptably high for, for example,



10 corona reactor for the abatenent of hazardous gases. Here, a series of
fast rise tinme, high voltage pulses are applied to a wire-cylinder geonetry
resulting in a plethora of streamer discharges within an atnospheric
pressure flowi ng gas volune. 5 BRI EF SUMVARY OF THE | NVENTI ON An appar at us
for rempving particles froma gas in a’high purity flowing gas systemis
provi ded which includes a flow tube inserted inline in the flow ng gas

syst em hagmi@natctbnbgiicaithsana galt it d; l

i nsul ated feed-thr ougi i nt egral ttlo%t TTxe@aHﬁ:l{g:\(?v%tgH{)&} &%I& 3 ?’Jhﬁ&% %svg}?{:

t hrough bhgink®etbrt e gdt sblices lified bbsw tube 10 to create a plasma in the
gas to charge particles in the gas, and a collector surface in ' proximty

to the emtteParith I teihaas beLeeidd forh tHR WhRel WeRRe LiltE raITL b:ﬁ’ {bor cLde

coll ector surface draws the particles in the gas to the co surface:

An appar atirsg fi ffipdfanrt%@)bb@gtlé?@rrécﬂ&L@%snv\g@I%%ogﬁlﬁ. J@ls%xr\':!'a%hn%}]o % Eééte%a‘g

contai nnent vessel is also provided ich inc S a gas ai nment

vesses, Qlaﬂlhg%sﬂﬂweré?@{oe%nd%lrﬁ|0@B§erflfe?)l ihYind QitHyd afﬂnc.fieqe%f] tﬁc?hrjélzgfwgﬂ rﬁeal i ngl'y

attached to the gas contai nnment vesse an emtter ‘i nser t he
feed-t hr pHighixi RbGcdshge Qﬁ@ai%@ﬂfc%‘ IQ\F@rétfteP’ﬁﬁﬁje%:: VR Qéc%?{a‘gleafnplfglsexamq the gas

to charge particles in the gas; a col tor surtace in proxi ?ytothe

emtter, s%i@blﬁ’@)&tcﬁna@dh@@ﬂoﬁbc(ﬂ 'p@f' @tmg?’éﬁ%ﬂbﬁ: h%cgﬁréét‘?o 7 And t e, C%I1I(§e'(&t or

surface draws the particles in the gas to ' SUrf ace

met hod f @créragRwi Roweast ingl 68 §rrfamp?ac96§ be sé‘mBch«g?a%Wﬂn éa?l‘é“g

systemis al so provided which includes the ste pI’OVI W tube

i nser t edeiamdigandifle HAVE rdsk D thag AserSyeste éﬂn#&%‘éénﬂﬁvegg ?IP%% i é’erapﬁ]‘?’?‘# 'egﬁ L

providing a pressure sealed, eléctrically insulat oug

to s d thisOkt &hRot RIGHaE MEARRseHhLET € opgh) f.he feed-through
into the flow tube to create a 8 asrmar?lVrvfltdtqr?]etr“g I'%é;é’rc u&e % g%ﬁlt? cles in
* the gas,cdpic@indi nNg a coll ector surface in"proximty to the emtter; and -
appl yi ng 11 a voltage to the emtter or collector surface to produce an

_electric fi elmlarb@é\f&ﬁﬁtuéﬁ%r@u@htﬂeséno%%trﬁrhﬁmag Iih%?t?g[bﬁé)éfv%aa%?uahgn Law the

particles in the gas to the collector sur renDV|ng

particl e HifmMARdIBHULA ve
provi de whi ch incl udgg tﬁg@pﬁge%\,ié{%} provid %%@U&ace ﬁr? é'gamérﬂ 5

vessel , pesurhirNSnd =PI RaHH Er;o?qglfﬁd HEAERT Mhed agtﬂéyl % ﬁﬂga frPeer# %],: ce);Jgh

seal i ngI y attached to the gas contai nnent vesse provi

i nsast egrony @@g&btérmatfoaeﬁlmgﬂu@;egeaocﬁilhserggﬁeccs?ngﬁ;ogmm S5gkhelio create

a plasma in the gas to charge particles in as rowdlng

sur f ace coftaRiifatioR] byd W8 AddGnealst r%gult mapgrhg@ﬂleyél.ﬂgu !‘o‘?cstengondé.rﬁtlog bet ween

the enitter and the col l ector surface raw t 1T e 10 gas
to the epplicaabsy, surface. BRI EF DESCRI PTI ON OF SEVERAL VIEWs OF THE
DRAW NGS

Finally, suspended particles can be removed from the flowing gas as it exits the

cylinder using built in filters, mounted cn the cylinder valve, ses, e.g., U.S. Pai. No.

20 5,409,526, or conventional in-line filters located in the downstream gas distribution
system. However, these devices do not remove particles from suspension in the stored

gas. The gas remains contaminated until it flows outward through the valve or seitles
slowly to a clean condition. Also, such filters may create prohibitively high pressure

losses in the flowing gas, especially for such low vapor pressure gases as WF,, SiCl,,



FIG 1is a sinplified front view of an apparatus for renoving particles
froma 15 flow ng high purity gas system FIG 2ais a sinplified front

vi ew of an sharpened corona tip emtter for use with the apparatus for
removing particles froma flowing high purity gas systemof FIG 1. FIG 2b
is asinplified front view of an coile® corona wire tip emtter for use
with the apparatus for renoving particles froma flow ng. high purity gas

system cis sinplified front view of n_emtter
AP R A B S IR A R e ) Bl es
froma h purity gas systemof FIG 1 FIG 2d|sa5|rrpI| e
front vﬁéﬁw%%]&gﬁé%mtter havi ng a serrated edge design for use with the

25RaL 1P Rt '*'%a@@n%% D PPEaiEiis) BuusurPIRS Qi PR ng o

roma PFot OStOﬁﬁ"a rro%ﬁ?tsav S%Smé“g? I Uy GV O Sprer BTG SVRYSB of

Sé?f‘%hi%a@t Ralpfit QT el e 755 L Y W ap i e

{2”‘;“';)2??“? s ﬁiﬂééﬁﬁ%ﬁéﬁ%@ %C}f@% _“”é%aﬁ%ies?f?nt rénrﬂ;é%iagéjf?v&%?i?h gs *
| i on

;ng} 2![ %@V‘gﬁ t,h? éyﬂ%?ert a:}'hgd@{ﬁg\pyﬁ?s{ &N i et, rsts ?_“se or remeoving coarse

particulates, layers of adsorbent and absorbent for removing impurities, and a second
fiiter for removing fine particulates. The purified gas leaves the cyiinder via the valve

10 atter passing through a regulator, a flow control device, fubing and passes tprough a
conventional purifier immediately upstream of the point of use. This apparatus reduces
the load on the purifier and decreases the frequency at which the purifier has to be
recharged. However, thfs system uses an entirely - different approach to removing
particies from the present invention.

15 U.8. Patent No. 5,707,428 provides an electrostatic precipitation system that
uses laminar flow of a particulate laden gas to enhance the removal of particulates in an
air cleaning system. The system inciudes a housing coupied in fiuid communication with

~a flue. A power source is provided having a first output for supplying a reference
potential and a second cutput for supplying a potential that is negative with respect to

20  the reference potential. The system negatively charges particulates passing threcugh the
housing. The charged particulates are collected within the housing by a coliecting
assembiy that form a laminar flow of the flue gas therethrough.

U.S. Patent Na. 5,980,514 provides another air cleaning apparatus that includes
an ionizing deﬁice having a unipoiar ion source formed by a corona discharge electrode,

25  an electrostatic precipitator connected tc a high voltage source and havina a flow



10 through lines 5-5 of FIG 4. FIG 6 is a partial cross sectional view of
an alternate apparatus for renoving particles fromhigh purity gas
cylinders. FIG 7 is a partial cross sectional view of the apparatus of
FI G 6, taken substantially along lines 7-7 of FIG 6. 15 FIG 8 is a
partial cross sectional view of an alt8rnate apparatus for renoving
particles fromhigh purity gas cylinders. FIG 9 is a partial cross

So oMt ekl RS, OLELRS St ke b LAl gl ong | res
ovent GisocsugeRed 902 DBNcBnt]| oS, d ST I o Ll e, 025

cylinders or flow ng high rty-ga fon's

el ect r oSkBheLcRN G ALy A0 RarLLales ars.depgsiiedyan an elegtrically

grounded "col l ector” surface or surfaces i nt er nal

sur{ece arkle 05 6 ) et LS B e BRCPYLACES 0B SBHIST L,

speci al |y designed surfaces inserte n

[ocated anekasearan b Liaiaeh ensigaed ol Logs, gleclronem ter.

The emitter produces a | ocal® corona,

e BRI ] A AL AR S

draws the charge rtic € groun

preci pi 4abodul LS oRReR Wil et\‘lé%iéj %ﬁ\gdtef?icg%n%ors iioa%ﬂm culate pollution from

| ar ge- scal € 1 ndustrial ven and 't air in ventilation

systems. but Jevengnivbont aoal L th gy Fhesmian glcasen L pressuni zed

containers, such as hi gh’pyr‘lty gas . .
a1 oS24 88 AR U] K ERD.AREL LA O e B B0 Thoce

particles 1n flowmng high puri gas

usedo oumyllng Shecd ORLC.ARN SAMLOANANGLET . roces sl on. caulprent . Thi s

i nvention therefore represents a no _
QLSCLPLE%ELpg?to@g&{né@Q% Bg'rtailé}ui% e%icm foff\‘)re?‘rt]cg th(éop>r|]edi'1il.xtmi ¢ nasmé)efr. 2 p?e%rapnOSi tion
chamber distributes the gas flow substantially uniformly among the precipitators.
U.S. Patant No. 4,-232,355 is an jonization ;/dltage source that is adap-ted to
excite a gas-ionization electrode so és to generaté copious amounts of ionized gas
15 without producing measurable amounts of undesirable reactive or toxic chemical by-
products. The source yields a unipolar voltage wave having a steady state DC
component which, though belew the ionization potential, serves to condition the gas to
promote ionization. [mposed on the steady state component is & gas ionizaticn
component in the form of low frequency surges. -The duration of the surge pulses is
20  insufficient to break down the gas chemically, but the amplitude thereof is such to effect
intense gas ionization.
Grothaus, Michael G., Hutcherson, R. Kenneth, Korzekwa, Richard A., Brown,
Russel, Ingram, Michael W., Roush, Randy, Beck, Scott E., George, Mark, Pearce,

Rick, and Ridgeway, Robert G., "Effluent Treatment Using a Pulsed Corona Discharge”,

25 IEEE 1895 Puised Power Conference, Albuguerque, NM, July 1995 teaches a pulsed



FLOAN NG H GH PURI TY GAS SYSTEMS: 15 Wth respect to flowing high purity gas
systens, the present invention consists of a neans for renoving particles
fromsuspension in a gas fill systemor specialty gas distribution system

t hrough a process of. electrostatic precipitation. The contam nant
particles or droplets are deposited on'@ corrosion resistant surface, such
as a tube wall. After precipitation, the particles remain attached to the
preci pi tetroma sacfcadeshbyblamentest H20arbad SasRd Hrbes setdsagaadhesinpn forces.
El ectrostatic precipitators charge particles by creating a plasma in the
gas. Thehiglagcitageepuitessarar applied toz @ dvifeatylioadrgoakr i SéMmgWint ) pekiesh NS
emtted fromthe surface of the discharge el ectrode. The particles are then
char ged dtrebimendisgharoed withinas atthdsphédcprgasiré diGing §id Soiph@cess produces no
detrinmental effects on the gas or gas system and 25 produces no
significant safety risk when applied to many el ectronics specialty gases.
14 El ectrostatic precipitation has been widely used to control particul ate
em s&i ons in |arge-scal eBrigfImiaRystrekeaki/ENeRig, see, e.g., U S. Pat.
No. 3,0"31,655 and U.S. Pat. No. 5,707,428, in building air ventilation
systems, and Amagpabtus Soatenairty paticias Frofl Q2GRS B 4 IRPr p&itd-flowkhgSgadat . No.
5,980, 614), but has not been applied to the control of 5 contam nant

parti cl egstem il oodidegl Whigh inelites ¥ MBastube FseHEUINIRNInSHE ek Yash@sf hose
used to supply el ectronics and:sem conductor processing equi pment. Such new
appl i catieving f irtdtenidr 96 taatibtc apprRséRE tsdkisan ere@mésxryeingéﬂgt%d%é&-wcﬁ?w, of ten,
corrosion-resistant materials of construction, incorporation of gh

pr essur éntegrabtactisl fiow e ah Rinatie | ieel eabudie eABEQHGIL HENL GRS 1 59 huhower
sources, unique electrode geonetries, consideration to safety 10 In

oxi dDzi hyceatedd peiswiasie thagad #0tHargRpaScle@finaRRE kAN BRAFRLELS: GONSi st ent
wi th the new gas physical properties. It shoul'd be noted that high energy

pl aSnas peaimigaisstee eheitercaherbbe ak dsticale/d PaWEAS HIRigE &% hesihidding in
unwant ed chem cal byproducts. Such breakdown has been used advant ageously
in the abédcentaks te partiaiatie thacdtb 6@ caioftst dident s in gas 15 effluent
streans (see, e.g., Gothaus, et. al, "Effluent Treatnent Using a Pul sed

Cor ona’ Di schang@paratusEbr &a@%inGagRksHane e ot 8HRpCrin hReHelifen: NM  July
1995). However, in this application, any chem cal breakdown of gas

mol ecul essselsisugisie savifetiavhidhingludBy @ngdsOforitSinhbhiondes, hroserd RELi8E e
suspended particles wi thout signifcant change to the chem cal conposition

of tthe eglastricailydosliated fsSdahrogieaksipyl BRBhOLIAMEIEEoRBinHEinNgessf fahci ent |y
| ow energy .plasmas, or through the use of |ow frequency voltage surges

super i ngroited irsBrtad srewghythd. iSed-BRERPNARL the Sydsdealinaiht Vessel RatRRte NO.
4,232.355. The particle renoval rate for industrial scale electrostatic

preci pipladroa & the dagpe chargy pariclerin tHagad 3n8 % collbgbed Pfte ifisRRAME on the-
particle challenge to the precipitator, 25 the resulting particle level in
t he f| dhe renitiers veftesetydab elaaizendiaicevdenr teereP@HE RS collddiora@Rldceat i ons.
The variability of particle concentration reaching the sem conductor

pr ocessirags treopartidiesih thead oo iee sdlbstopsitzk! y reduced fol | owi ng

el ectrostatic precipitation. The result is a substantially inproved

cosi st ency A mettoel fgasmauial ipbiticRk fofta pas M a Bigh ey ABWRY-JaBspste is

el ectrostatic precipitators can be designed to consist of an' 5 essentially
hol | owalagberoeidat aitidmpciagey the $tepe Bf Bfdvidneh iV RE6 .insERed 8FiRESN the

el ectrostatic precipitators have a high vacuum conduct ance, produce

negl i giflbwegpges saysterdrmapingnaterinibi ghdf heveutiat, eproviaing &80prasurs Uddagd, f rom
substantial particle or liquid droplet loading in electronics-grade gas
syst enmslecElcelly neghiatiifesdpthetigpirttedrarts sarilonl isbe ReRYEy PREMIGF RBeHBger a wi de
range ef system pressures, and under reverse flow conditions. As a 10

r esul t threligic theofsedithroughr &tod thd Adwrtsheate caateptmdng froheUsR fonciiirgd ens t hat
must be periodically placed under vacuum and in |ow pressure specialty gas
di 8% r i particien irsnetgamsproviding a collector surface in proximity to the emitter; and applying




Referring now to the various figures wherein |ike reference nunbers refer
to like parts throughout the several views, there is shown in FIG 1 a
sinplified enbodi mrent of 15 an apparatus for renoving particles froma high
purity gas systemfor a flow ng gas system 10. This device is placed
in-line in the flow ng gas system 10. W centrally located enmitter 12, also
referred to herein as a "corona wre" or discharge electrode, is connected

L0 a pregsyitgge @@ltieéj enfleP G rCIOfP&IterSéllrfgééJ ltcﬂ%?o%ufcg%g éf@éﬁoquidzget\{vFérP tl']géo:lvst ube

14 having an inlet 16 and out IS em

pr ef er abbwit2 aRE EHEBARBLbYs X Hé‘ de&i‘ai'rvrfqézgﬁt E!Q?E; ti\g ?iér oI ec(L goul d be

noted that the corona wre can be C g?ﬁively or

negatively inathksok %/refiéhe\ﬂn AR 99 lav ISV ?618951 rrgngasn%é)r{t%ﬁnaqg\’\ﬂ re

(emtter 12) can be nore appro riately ref rre

di schar ggsRbeft élggeperﬂl?@\thHngéhgé% IR 5 sqg?sﬁt g\'ou rgon;gxasl_%%ﬁ%)gg-it r%znl nto

t he surroundi ng gas her e producrng

posi t3 velasseh ;SrQ@iQm(g ?%@Lur g%gé(]@d ' gleﬁtngéellyar%)éiat §eeciotéirrrc}3udgp: %Fta;he{ vicinity

of the corona wire ter e to "$th engt h

in this seohofwo |H felhté%ﬁ{al veldlf rmﬂk%{gﬁ)%%Q?erEhu%Séﬂ{rge%&r ovides a

charge transfer to es nécessary for su eEf%ti on at

the gr OURRRENSHIS #:2gad, oﬁtginht‘e%egé?s%i) 10 %3008 £TLker 18, can. be oges' gned in

vari ous geofetries not restrict t ¥ 8%nhance

Goonot 1 (artieinlRe g B8 %%Q%?Sﬁ%%%aﬁ 'Pf%% “ﬁiYé%*hez%Q'“% a3 and 2e
respect 'éi‘?éié‘ctn@?@iﬁ'bgﬁhe%lﬂaﬁ@er% Fand ﬁ'i)étc%ﬁ cto Lﬂf%%%tpegra‘ﬁgh%fagﬁﬁ?érﬁt L1 of

curvature to pronote high electrical fie Cor ona
forq@tiQﬁﬁfgng§aﬁgdgpgggﬁbng t he precrpitation process. Such emtter
geonetries are wel known in the art of electrostatic precipitation. In an
alternate enbodinent of the invention (nét shown), the above referred to
emtter"” or corona wire can be grounded, while the alternate "coll ector’
surface can be either positively or negatively charged. fn this case, a
corona is again farned in the 15 vicinity of the corona wire (emtter 12)

due to the hi geleaisdoalordad stueagt sl scepignydhe corona thus

formed provides a charge transfer y for

subsequent piggi Pii gts! i?girfiehr} &pb%wegpgdﬁggagéqu har tel(sr?(i)vfﬁsé ;?e{{gci%lh\?;gﬁita%g:]am ed

to the ' coIIector a typica gas

cl eqmi ng Wﬁ " applying 20 a high d.c. voltage source to a
f eed- thrgug ﬂp §%£§$?gﬁ7tube 14. The rest of. the gas systemis

el ectrlca"y%%%dsrmyred% 00 or W . aﬁ?g Rl g the K1 | gvol

range, nust be sufficient to t VI de “Cor 8 i ng

| ect | nded P b
Cuppl | cor e SRR BRI @tﬁﬁﬁagt@r‘&"t‘i SR E D ERL R BEF 1 ow 1 hr ough

preci pi tat or Wy 8% HREFRY 'fr%ﬂt vib{J%f an coiled carona wire tip emitter for use with

the apparatus for removing particles from a flowing. high purity gas system of FIG. 1.
20 FIG. 2¢ is a simpiified front view of an emitter having extended surfaces for use
with the apparatus for removing particles from a flowing high purity gas system of FIG.
1.
FIG. 2d is a simplified front view of an emitter having a serrated edge design for

use with the apparatus for removing particles from a flowing high purity gas system of

25 FIG. 1.



25 local corona permts the pas-borne particles to be charged. The electric
field inside the 17 precipitator then rapidly draws the charged particles
to the precipitator surface, or collector 20. Gas can flow in either
direction through the tube: the flow direction does not affect the
efficiency of the precipitation procesi®® The subject invention requires
installation of electrical feed-threughs and 5 electrodes in specialty gas

systens. Howewiey 2:tibe |ABIMEY f;%ﬂf‘ﬁ!ém 'aﬁrerrgxfterq{a‘%ﬁzéraoﬁtaétt dfh BESRL Rt ON i s
typically low, little operating |abor or other equipnment is req U|red and

the gas fe ganivitg tHY S6RsRud %r\f&hbfwﬁgf bhGk8Oromh ﬁS’wm& *H%hp&Jri'tySgﬂjs JiLgh
cleanliness internal surfaces of electronics-grade  gas syst %rov de a
hi gh congwggivity well suited to electrostatic preC|p|tat|on

Optionally, the precipitator surface, or collector can be heated usi ng

external ly muyat 8ds B%@éﬁrof%xﬁm%@%%f%ﬁmciaﬁeﬂag?mm&n g%l \;Ultagggtrfd’ren‘%l ement s

24 may consist of, for exanple, electrical resistanc eat

t her B0- fURE) rét@ah&ﬁtﬁ W‘d[e@%cuﬂ?@%%nﬁ%bﬁl%si’n tﬁé‘%tu&ﬁ.ﬂtr%ﬁgvi th the

ext er nal surface of the collector surface, or known.

in the gaticrlk heak ﬂg%g@qﬁ “”@é&ﬂ g}g Hagp:hglllect or surfaces 15 would aid in

vapori zation of unwantéed Tiquid droplets as they preci p| tate onto the

surface. SucliausneadeddiOplseladiR) oS, B £5SBlarbfleVaPRio SOM G Bt near

saturation conditions. As can be seen in F

preci pi ¥k MBn BLAG 8S pr,egtg as follows. The electrical force on a charged
particle of radius a in a uniformand steady 20 electric field is equal to

the aerodynams giag FQsCRMha b b@wpd?rtﬁ-% %bf arat[3&y rF‘?éul‘rttjan-\ g s(f' rﬁ' y"t' 02

speed v of the particle in a |l amnar system i S diven

C (60 averoWieirRsasics Fidie nunber of el ement ary charge units on the
partlcle ais the elenentary unit of charge = 4.803 x 10'' statcoul onb, E

is"the el ect Fi 4iehdaid eRQt thtﬂ:nal %%wséaatnvﬁ F%J%%H&%&Safo Perh O, gynam c

viscosity of the gas in poise. okes am s Ip Cort ecti on

factor, pakies fo rggws&htwas &/hndelrs"’ 1.246 (JJa) + 0.42 (nla) e~ a a W
where ?, is the nmean freé path of the gas, which depends upon the gas

pressure 2 EREPEIigtyry W%r@é%”ﬂ@&!o%hlo()lewl E%gﬂe t%{[l%grlaﬁfs @P(}'qéacq Lect or

surface are spaced a di stance x cm apart, time req
preci pi §userdbly gbﬁgg%gyparo} Ed @s is approxi mately equal to xI v Th| sis

15 FIG. 8 is a partial cross sectional view of an alternate apparatus for removing
particles from high purity gas cylinders.

FIG. 9 is a partial cross sectional view cf the apparatus of FIG.6, taken

substantially along lines 98-8 of FIG. 8.

20
DETAILED DESCRIPTION OF THE INVENTION
In the present invention, suspended contaminant particles are removed from
filed gas cylinders or flowing high purity gas distribution sysiems using electrostatic
precipitation. The particles are deposited on an electrically grounded “collector’ surface

25  or surfaces which may include the internal surface of the gas cylinder, internal tubing



the required exposure tine of the flowng gas in order to conplete the

cl eani ng process. An effective precipitator nust be designed to provide at

| east this amount of time for the 10 flowing gas in the electric field. The
gas nean free path, the Stokes-Cunninghamslip correction factor, and the
resulting precipitation speed all tend3to vary substantially with gas
pressure. Consequently, the exposure tinme required to conplete the

preci pi satfeEs, @r oreey's syegidlle slesighsd antfacds| psatddningmshegpressurie. cdilkicsrpr essur e
effect is inportant in process gas 15 systens where pressure may vary over
orders 6&frfperyisilvcated inanhabegirgrimtty taat bnergizsd, inghuidthes ekehiren emitent Tha from
the prior applications of electrostatic precipitation described above,

whi ch aeaittearyyetiyceger fosaineuorat, wingsar peatit® $ighgas-isorpe @asialee .to BardHaeggmr e, the
gas dynam c viscosity, the nean free path, and the resulting precipitation
speed allhetetgattia Beld aetwesnlibe amiticalahy coldchor glasn dawpalsd thabed Fonisequent |y, 20
the exposure tinme required to conplete the precipitation process varies
subs? anthieabtounded Fsugase. c dripoestatio mredfiiagre dnpe sidenonidelf @@t foScémportant in
el ectroni cs process gas systens where gas physical properties can vary
subst anpariEtipie gabutioar frbmr ladiestdaregindskigial tvhnis sidwent bod thr 68ad her pri or
applications of electrostatic precipitation described above, which are
per f or meehtirtedosistet | byt Falve hati glren adppliect kaisisaainyg , ofi gbsak lin pregQirikéd shoul d
be noted that many dispersoids, such as dust particles are naturally

char gedcedaiaete gu@easasigh poritg gbs cohdéheivddmerdigdelattrdsoniontdpratibionegyer, this
charging is usually quite |l ow. Neverthel ess, These naturally charged

parti cl est prayiobsy atéreepmidd by trexdoatrdest cexpostare phaicas iehedhs hgnfdehd, even
wi t hout additional charging by a corona. 5 Therefore, in an alternate
enbtdi meas disfriutien systemt isonh at eosendsietics suByly allatrohies Wae GemscondSitap! e

el ectrode at | ow voltage levels, insufficient to produce a corona, but

suf fi ci pretessingregdipoenan i dtventord itedrdfovd trbprasde gasve yaisatatohhbs -
electric field will renove a portion of these naturally charged particles

f r om suslpetnssitativ. pr¥tigitatian tihdéressibstantii sifleese candtichepPghs esmpssitiddaddy t he
grounded surface and the emtter, depending upon the polarity -of 10 their
nat ur al preesurehar ge. : ‘ ‘

FLOWING HIGH PURITY GAS SYSTEMS:

15 With respect to flowing high purity gas systems, the present invention consists of
a means for removing particles from suspension in a gas 'fill system or specialty gas
distribution system through a process of electrostatic precipitation. The contaminant
particles or droplets are deposited on a corrosion resistant surface, such as a tube wail.
After precipitation, the particles remain attached to the precipitator surfaces by Van der

20  Waals and other strong adhesion forces.

Electrostatic precipitators charge particles by creating a plasma in the gas. The
gas molecules are icnized following coilisio.n with electrons emitied from the surface of
the discharge elecirods. The particles are then charged foliowing collisions with the gas
ions. This process produces no detrimental effecis on the gas or gas system, and

25  produces no significant safety risk when applied to many elecironics specialty gases.



EXAMPLE 1 FIG 1 shows an apparatus for renoving particles froma high
purify gas systemfor a flow ng gas system 10 i ncl udi ng gas cylinder fil
systens and on-site specialty gas distribution systens. The di nensi ons and
operating paraneters of this device are 15 provided for illustrative
purposes only and may vary substantialldy anong the various applications of
‘this invention. In this exanple, the electrically grounded netal flow tube
14 had an i nslderditainetretpiatiost hddbesn wriBl &ebap@bRrdbahduem eMisQiok59 cm
dianeter emtter 12 el ectrode extended 10 cm along the central axis of the
f1 ow t ulielalde-sddie indnsttibietack2ftlestsgBed; 0NG] IR PDINA 393NG58 Handuchhve rod,
as shown in FIG 2a. The 20 spacing between the emtter 12 and the
surroundNogs, 7abezdalnl puitting' iaft edntiztiet tsyodmsS Eagi ROsmamesald . Dhiem aiA
negative d.c. voltage was applied to the emtter 12. This applied voltage
pr oducedleanets (stere.gl &c3. rradeNe d 3800 4gradhenhot ehweshed Benerbitt@lf 12 and
the flow tube 14 internal wall. The voltage gradient is equal to the

appl Bed conatragent danticide th tawitd Bighlpeet r(ed eigmatibAdytdm99uas tHaBe ussqi n units
of vclts/cm For this test of 25 the precipitator's performance, air at
anbi ent tps@IBYERCERTICS/ArtgsanborRIltiof prtassimAdiuiom&R. BaEK helespliddwed into
the flow tube 14. The concentration of all particles |arger Fhan 0.16

M Ccr omebeelevasstoRAsEEBRatah refarsonibh elritpfankt NerdrlRE 48 N Rt L0 Ridi oGS Y
sanpling particle counter. The anbient air entering the precipitator tube

was found cbesteenb@i incabsrationl 6f high IgkesspAS bk Gh@RiInPebmE&tbld 4R3290rka.
3,110,000 per cubic foot). The resulting 5 particle renoval efficiency was

then detresugmnesliasBder powas EOUBeE ThiqLi klekPbdeAgbrsdiidd, B ARsRIk shiaw rat es.
The results, shown in FIG 3, denonstrate that the precipitator renoved

nor 0t hanox@8%ngbr biervpey fid-alRss Ghewd bReo@drktid] pdrathSterL4B6kIRHGiM od age

gradi ents above 4,000 voltslcm i.e., d.c. voltages above S, 000 volts. This
pet f or maae gavasyOds erapedicat air flow rates as high as 10,500 cmi/mn. 10
EXAMPLE 2 In this exanple, the electrically grounded netal tube had an

i nsi de di anetteshoolt tk. fhed hat aRE ehel§NPidn £ cakBeRist BhePicl 4294 Hbanet er
emtter electrode extended 12 cmalong the central axis of the flow tube.
The eni tHeegasdewisgnies oBsiltiger Wiwaated SHEhBct ANEELEYE SR MbicGnOs
filanment-l.i ke extended surfaces, as shown in FIG 2c. The 15 spacing

bet weenbédreusdd psvanfageh@nf inl taarbhtehiekeomuriveneRceifAcesstiRRthd Regas
surroundi ng tube wall, or "inter-electrode spacing”, was 0.349 cm A

neged i veffidert streaimt dge:, was, @RMauekt! &, EifucpiTidhehent TRing APOLLEEoMRat age
produced an "inter-el ectrode voltage gradient” between the emtter and the

tube i nDiscabeWaEEE Fegs tFisedt Rekerotohfrarie e piittiqLalee, sinpesdipr yepge, air at
anbi ent pressure carrying anbi ent contam nant 20 particles flowed into the

t ube. THevemncerthisapbuation, =ylchBmidal Ble@RddwH B€Fast AdBcBedl B tAJGLIRIRE er was -
measured at the outlet of the tube using a continuously sanpling particle

count erThidheeandy Bribteaddd RNdretibitde biheRBEL bBiERE WithbWthgy WRSHT ShliMdet O
contain about 11 particles per cmi (311,000 per cubic feet). The particle

r enovaltoehé icteiay cohpdditnpsfant Rjat Fh@scURS et biBakeshiBslebe \AbIcRHS ai I
flow rates. The precipitator renoved :

20 using sufficiently low energy plasmas, or through the use of low frequency voltage
surges superimposad on a steady d.c. component as taught by U.S. Patent No.
4,232,355,

The particle removal rate for industrial scale electrostatic precipitators is typically

better than 88.5%. Therefore, depending on the particle challenge to the precipitator,

25  the resulting particle level in the flowing gas should be acceptable for semiconductor



25 all nmeasurable particles fromthe air at an inter-el ectrode voltage
gradient of 11,500 21 volts/cm(i.e, a d.c. voltage of 4,000 volts). This
per formance was observed at air flowrates as high as 3,000 cmInmn. H GH
PURI TY GAS CYLI NDERS: Wth respect to high purity gas cylinders, the
present invention consists of a 5 mead® for renoving particles from
suspension in a filled gas cylinder or other gas contai nnent vessel. The

m CrOscoﬂmicﬁwammnﬁar%ﬂiw et 2riRfe? cgﬁ&%kﬁo‘%‘j r&é%h?nggfr{eg%%f&%hggc{f'éer‘; aces of

the cylinder through a process el'ectrostatic prec ron.

preci pi t glokedbing B8t RU £S5 EETRINal tr[e@&@%q?ﬁc%i% Qe%@sﬁﬂ%@%@%{a&aces by

the Van der Waal s and ot her strong adhesion forces. '2ter to a

DT Ly g et o e R PRRE b RGP wB R B8t SRR or ot her
2 o assur o Sesl e arect A oRE eI R B R L 15 T He R e
hiter 1oy il 8 SR oY & B L SR T SRR R Y g
I el R R el e i e S T R
o ey e B R el R bR P igh Pl S ©"'
ANE I it bt R R S b R R S
he. val ve o e e or Pl e e By TRAc <5, Mk o AidIgn %61 T nat os
A L i S R A U o b
possi bl e et o e s naRt P el 98 e e R G R S Phe o the
cylindegymalye or cylinder body itself. Such a geonetry has the advantage
of elimnating a threaded connection in the system Such threaded

cnboai rent shown i 2 Ca g o B LR TSR Pl i Bl (o
ar ounded dur g per ot en o (he gy EvERTEES M B arhefr il
sui tabl € car oa oy oS PRAARE P ol PR S AT e Cop”
of the sdridler Ml aeutenIbabod M fhe! Nl 3AHE Ga8S0LEM B0l IANNAR -

surrounds the upper part o e corona wvwre a preve
arcing foGated emitter 12, also referred to hersin as a "corona wire” or discharge electrode, is

connected to a pressure sealed, eleciricaily insulated feed-through 22 in a flow tube 14
having an inlet 16 and outlet 18 in the gas line. This emitter 12 is preferably
20  permanently mounted inside the flow tube 14.

It should be noted that the corona wire (emitter 12) can be charged either
positively or negatively in this invention. When negatively charged, the corona wire
(emitter 12) can be more appropriately referred to as an emitter or discharge electrode
whose function is to emit a high flux of electrons into the surrounding gas, thersby

25  producing a focal corona. However, when positively charged, a local corona is similarly




grounded surfaces near the upper, narrow part of the cylinder. Gas | eaning
is acconplished by tenporarily connecting a high d.c. voltage source to the
feed-through. The rest of the cylinder is electrically grounded. Power is
supplied to the emtter for a period of_ several seconds to several m nutes.
During this 15 period, the emtter prdH%ces a local corona, which permts
the gas-borne particles to be charged. The electric fell inside the
cyl i nder ‘Haph Al y~idr t h . Lelhes . ta the ground: | i nder
idrkheR hank dlidhid @f%; L{E] oer%pﬁ{rgf?gnﬁ@{!:lb) 458 15 She Flgp heée#B:Fc{?gE@/

surface. After conpletron o reci'pitati on process source
is disco : e yli.nder. I e flowthroygh precipitator
10 descri be% ggjog/is?@tgt]og' ég%ﬁﬂ‘% %/asrg'eﬁ%é%éﬁ&érrgnégﬁﬁéffr%e nprﬂgggﬁércé’éfﬂeei t her
positive By, ' IS i.on. _\Wen. negativel y charged, the
Cor ona w42 ety e Y nslee B So LR e i) S e P e

emtter gr-dflbsehasoe el ectrode whose function is to emt a high flux of
el ectrons into the surroundi ng gas, thereby producing a | ocal corona.

However , V\hen-,-}pé)%%&e\;qlzycéhhg% ggngpn@d ,no%ar,iloaggggrg]gﬁﬁg “%E;p%%:tfgﬁri,el%ffor Hj}%d in the

vicinity of the corona wire ter 3 U ®etP cal
field st 1 j i e t he | | h f d
25 br ovi Heg S At & SR ED b SOSloE Fonh dBee oo TbeBtuent

i pi tadl : ; | | ector. F 4-S, th
b ttor Togs, A Ha a0 R R BEMETA Flrthrd B So ki gn

permts §j t I j: t entire vol ung of s_in the cylinder
when 5 vﬁdgglée%iqsgggf{s&l d&'lt'é(;égtsﬁéme%‘lggetser?neﬂ?ﬁg a@%cgﬁﬁ BEet gfi 19°zed when

th ti t ; ' ' tate. Ho )
eyl i nders argear 1 eadle A7 B Bl o ARGl SRS A PRatRE cont ai n

a snal | o) -1 t h iguid., In an alternate enbodi ment of the
i nvgﬁti g‘]ﬁ\é?ﬂgj (taﬁr%i ér'?g@t%gg\ﬁg&ctegﬁdggn YIBEF FPATTYEHB RN HEOREHR 128 2dxi s . of

tHe cylipder:sQat the. emtter i$ not at any paint along its length 10
i mrer sed inctrﬁea}]?%%&lﬁ‘?ﬁi s enbodi nent permts cleaning of the vapor space

Contact i th T g e Rrar Ehbd FrahBhd 7 Hhiy Beiue S Bussinaen i n
ol nder TRl v L PR e For P el io Rlecs sl
torea T heReve Sl PRt A o sTfing S ied s
ol < LoD b oEe ahre e e IR b e fienath g 1 ne
th w4 I f th ylinder. Theref , _in thi .
ambodi nenio 1 e £aae SCeABT BRyER B e Kriiobang PaUEERGokFIoHal aval of

vapor ffpmn [ o The precipitation. process tends to 20 reduce
t he above &EE%%E&%&&B?%WBIQ&%@%P@ evr?}'t‘??r?‘ﬁ%lsngrﬁo?'?o Gfrastedhie g qui d
dropl et gqj &l thesgas distribution system including flow fluctuations,

severe corrosion, premature failure of flaw delivery conponents, and
Femai n suspendbdrn i pRE AR ARt SeBhon® 1 Gan Rt b et al  at 1 on
o B0 R SR B0, 00 99 LSS P4 rh BTS2
system is electrically grounded. The voltage, which is typically in the kilovolt range,
must be sufficient to provide corona fcrmationl without inducing electrical gap
| breakdown, or arcing, to the grounded surfaces. Power can be supplied to the emitter

12 continuously during operation in a flow-through precipitator. During operaticn, the

25 local corana permits the gas-borne particles to be charaed. The alactria fisld inaida tha



24 precipitation is typically low, little |abor or other equipnent is
required and the gas cleaning process is very rapid. Miultiple cylinders can
be cl eaned simultaneously using a single power source. This cleaning
process is conpletely portable. Ceaning can be perfornmed i mediately after
cylinder fill, before particle testind,7 or at any other point, 5 including
at the point of use at the sem conductor facility. Al so, the polished, high
cl eanl i messpitatvretheal rapidyf dees ofe ehegdd paiticksgwatie Fasipietdd Beei, provi des a
hi gh conductivity well suited to electrostatic precipitation. Electrostatic
preci pi tcatientesr ZhalGge guarfvivch esthérydiectat inngugh thé asse tienfidwairgaisn Jbke gas

nol ecul es are ionized followng collision with electrons emtted fromthe
sur f ace ref afféct tiresfiicisndyaf e mkeptatoderockbe particles are then charged
following collisions with the gas ions. This process shoul d produce no
detrinental é&heestigedn irvhetigasequirssyinsateion andckisdral degd-dsemsnand
significant safety risk.. Expressions for efficiency of the precipitation

pr ocess efuctdded inne@cialPQis efdtans.i Hewess, tarerkeyyamhk@veibnf Greldtst@atié onary
gas, such as that in a cylinder. Such 15 effectiveness can be achi eved

fol | owi meechitatioe iseppicabypos Uttt drerdting 1gce oF pihkAkqmTtoC RsSired hpdresul ting
particle level in the cylinder should therefore be acceptable for -

sem condastaganigphrocasd énsery Feffici@nanplke, thehgolphes i figd alebammsspasdrma of a
particle in quiescent gas systemis given by: v= E n a Cl(6 npa) 20 where
al | par andamssofaelectamiadedrade dagsostems | froade @amhigh ebnéndviey &6l lserdoto sur f ace
i nside a gas cylinder or other containnent vessel are spaced a distance x
cm apar electrbgtatid precipitatienr equi red to precipitate all charged particles is
approximately equal to x/v. This is the required exposure tine of the

qui @8cent gaSptiondiydehe trecpitgdreterfidae ¢l eABERY 20, can be heated using

externally mounted heater elements 24, as shéwn in FIG. 1. Heater elements 24 may
consist of, for example, electrical resistance heaters, thermo-electric heater mﬁdules,
heated fluids in thermal contact with the external surface of the collector surface, or any
other method well known in the art of heat exchange. Stjch heated collector surfaces
15 would aid in vaporization of unwanted liquid droplets as they precipitate onto the
surface. Such suspended droplets may be present in vapdrs flowing at near saturation
conditions.
As can be seen in FIG. 1, the electrostatic precipitation process works as
follows. The electrical force on a charged particle of radius a in a uniform and steady
20  electric field is equal to the aerodynamic drag force on the particle. The resuiting
precipitation speed v of the particle in a laminar flow system is given by:
v=E n; e C/(6 nua)
where n, is the number of elementary charge units on the particle, e is the

elementary unit of charge = 4.803 x 10" statcoulomb, E is the electric field strength in



25 process. An effective precipitator nust be designed to provide at | east
this amount of tine for the quiescent gas in the electric field. As in the
fl owthrough apparatus 10 descri bed above, the gas nean free path, the

St okes- Cunni ngham slip correction factor, and the resulting precipitation
speed all 5 tend to vary substantlallﬁsmnth gas pressure. Consequently, the
exposure time required to conplete the precipitation process varies

subst angtaghlteic tERdgass HeLaidRe vEBbStyPsfehs WR Bf fded I id ROBIRBE- i N gas
cylinders where pressure nay vary over orders of magnitude, and

si gni fi eamMlihghah Shd AGKcBRERLRIWhidY8RERBR from the prior applications of
el ectrostatic precipitation, which are |argely performed at near

at nospheric pressure. ~@ Furthefdpis. d e gas-dynani c viscosity, the mean
free path, and the resulting preC|p|tat|on Speed all tend to vary

substant i al lMhWet}hisgﬁémQQﬁrﬂ'Qébgﬂh%the(:%é%s@gféﬁ@%bé’ndstﬁ@n %%%’a’%%tl ;ﬂ?e Wi th

required to conplete the precipitatioh process varies substan

gas conp thQz% a EmO% HBPS' tion effect is inmportant in electronics
process gas cy ers ere gas physical properties can vary substantially,

and further st nal $°2 cHRDBARSI L0 £ AT DE (R 953@9!%:4 gations of

el ectrostatlc precipitation descri

predom % re@ltg?.) é@&taﬂap%ll %égg%rggéé? (I)S'rgbdﬁbflmat% Eto xf 45 5 show

an eIec |c precipitator ressuri'zed gas A nders.
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illustrativ purp ses only and nma ary su y anong e various
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met al cyl I nder an |n ernal vo out an I nternal

di a,r@ateﬁ #Qs%tﬁé’%le@ﬂgréldt otal exter naI he| ght of 119 cm A thin

ni ckel - umcorona wire (emtter 34) having a 25 dianeter of 0.0102 cm

s cent ra' | Yo UIPRRARG L iyl ﬁ}ﬁ&% &Pﬁm%%%?grpt %ﬁ'ﬂ%‘&ggh Bior T ing26 W Te

(emtter 34) nea as cy i'n

wei ght r%gulﬂﬁgita%clggét{oﬂm gée ge%rtyt g%tla Sw’tr‘PCSés }r@&%’é 9.2 cm

above the tom The ‘cy 2 Was ssuri zed with
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A _
partlcles rge M cronmeter was neasu he ouf ? of the

7l ﬂﬂe%ubﬁ%'“ﬂg‘frﬁ THE af?}‘f"‘%bd g B@EE%&'EE PSR 1o, FRERIE o8, I
12,5100,
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cyli nde stW@szﬁ{e?%% ﬁ@‘ér&%n ngo‘?r‘r"W?g: %Pdap%ﬁ%zln% o?eélgﬁr%:é%gg Oogg&éeg%n gradi ent

of 1,52 negati v vol tage 0O ts) was

appl i ed;dgrf ab%%%@cweqa»gsz%ﬁswme%@t g ;@&gaﬁerggré&pl nos. Alrer

exposure to t recipitati ocess, the der 32 was found

to contain %n?gwe%&:]e 0 e&&}n‘éﬁx‘id P8 aﬁtﬂg% fr} ?thl%% tr%aFésbﬁuhgs per

standard cni partic per stan artic

concentd al; bi%log%ﬁ]g?aah ‘Elﬁ{cet@ AP ERS R gJ Rv[)h é%é“c 91’59 G0 CBROLRESH))

appl i cat 1 ons I perornance was rve er i dentica test

coae' t 'm@%xéeguré 0 re%,L@&[ wgsmmglet &go%ea ﬁ:ﬁﬂtao %u§ﬁ9m\é%t sfcm

a negative tage o ﬁou such | ow vol t ages

req”' r%ﬁﬁe@fﬁ‘sr E‘ém;@%s‘”ﬂéﬁnesﬂlé)c&ﬁﬂ@:t%eeffef&? |spFrﬁ>%H9httﬂ@lé?:‘&oﬁ:&?%?c?c%ss gas

systems where gas physical properties can vary substantially, and further distinguishes
this invention from the prior applications of electrostatic precipitation descrited above,

which are performed predominately, although not exclusively, in air.



FIGS. 6-7 show an alternative enbodi mrent of the invention 30'. In this
enbodi nent, the emtter 34" is centrally located in a vertical,

el ectrically grounded 20 collector tube 50. The emtter 34' consists of a
shar pened rod as shown in FIG 2a. In other enbodinents of the invention,
the emitter may consist of the many efdi®ter geonetries known in the art of
el ectrostatic precipitation, including but not limted to those shapes

shown in FI Cﬁ. @é”hd D nogegj Eh%gmaﬂggiisﬁgrstokﬂ c%s S gugt’ rpc(?ds (?)rher 8%&‘?”%6 t he

preci pitator apparatus FircalP
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th I h t t h d,.f

e ) R e oI oyl A0, LA OBLER PeBE et o SRR e o
repl acer&%&d&g &ggsupé ?oc R'etléattrPc A3 eanR 1thdﬂ[)§&§tlon§nﬁ %rgingggyﬂ%gﬁ%a%wcg of the

gas cylin ing i1s accdnplls
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Ho er cl ose spacing between the emtter and collector tube in
:Agr‘denﬁhegl r?é'%g[ re|(;B$"|rg| nter-el ectrode voltage gradients can be achi eved at

reI atively low 15 emtter voltagmge%?fore particle precipitation can
be acconplished at rel atively | o Y vol tages. Note that the

enbodi nent of:lcfl or exitin

erin
cylinder, i. ﬁows %%%Paﬁae'ﬁ? 055?{9%Vén%gﬂyy°f?%¥r8meaaﬁg'f' nEoMiSg 3 gﬁ?”’durl ng
(he o1 o L8 000 LR AT L 1013 B3yl P v
shut - of Elst?lfuufﬁgn %ﬂ.t'errr%gerTr?’ezldlr;éAs!c;ananldsogg'gpr!ge%:}gfameters of this device are
15 provided for illustrative purposes only and may vary substantially among the various
applications of this invention. In this example, the electrically grounded metal flow tube
14 had an inside diameter of 4.14 c¢m, and a length of 64 cm. A 0.159 c¢m diameter
emitter 12 electrode extended 10 cm along the central axis of the fiow tube 14, The
emitter 12 design consisted of a single conductive rod, as shown in FIG. 2a. The
20 spacing between the emitter 12 and the surrounding tube wall, or “inter-electrode
spacing”, was 1.89 cm. A negative d.c. voltage was applied to the emitter 12. This
applied voltage produced an ‘“inter-electrode voltage gradient” between the emitter 12
and the flow tube 14 internal wall. The voltage gradient is equal to the applied voltage
divided by the electrode spacing (1.99 cm), and is in units of volts/cm. For this test of

25  the precipitator's performance, air at ambient pressure carrying ambient contaminant



Such operation of the invention would provide a recently filled cylinder
containing a predom nately particle-free gas. As in the flowthrough
apparatus 10 described above, the emtter 34" can be charged either
positively or negatively in this invention. Wen negatively charged, the 25
emtter 34' can be nore appropriately2Cferred to as a discharge el ectrode
whose 28 function is to emt a high flux of electrons into the

sur r ounghiaRe@owedheb Ry e Q.CBé_Ciidf.‘g}l’r% %ofae&fhra%_eﬁ 8n&k pd#f?a’bé‘é/%FgerWﬁJgsi tively
(0] e

charged, a local corona is simlarly formed in the vicinity

shar penegcemididreat inodiursdt 8t tHaeoliedhr aheGlsd Cahgfd %Eﬁ%ﬁr@%bﬁ@%ﬁqﬂnﬁ this
region. In either case, the local corona thus forned provides a 'c %I’ge

transf epakRie BsurkerPathd BhBRANEF SRR t Bl haldniy, at the
groundegasurface,rbr coI!ecpor.%ﬁﬁgﬁgﬁﬁi?gﬁﬁgggﬂHﬁ%ﬁgaﬁﬁﬁﬁeﬁkg%b&@?7 car

he ‘used ab@ui: R {oefo iAficléd bdradhoolashiontitd afi1bloRd Loy LIRS, Rl rebiyi d-fi 1l ed
cylinders, any liquid droplets suspended in vapors near the saturation

poi n§ CcaBkR LpHVENERLShY, HEPSRH! i Wik bout
exiting@thg cyl i nder 32”& Such dé%ggﬁ?gghﬁP%ﬁyﬁ%ﬁﬁgﬁﬁﬁggﬁﬁ%gTé$@b@§/due to

gravityafdewi Adyt-BesCotherdRlts t 4RGN | he.st0 l'i qui d.
' EXAI\/PLIaE 4 Il:I GS. rG-% shows ans'apparnaft{“u}‘i@}c 03r’ %ﬁ%‘%ﬁ%qﬁﬁ“&cﬁe&g‘% értg% a high

purity emsoAShem Hes bR tHeOfarfti&Shdth kit 9a5tcFYlabgRr \ﬁ:itg% are%%(t)sr

di rensi ons and operating paraneters of this device are pro

|| St 1 abduecapienpRsiginnle), 80 veabel Anbvd S SOPSLANIA LuaibRg, Lps var i ous

applications of this invention. his exanple, the electrically grounded

met al  CybdeARy a3 fidNAtiedbs AIEAN A s0PLHIROf about 29,400 cm, an internal
dianeter of 19.7 cm and a total external height of 119 cm An emtter rod
34'qdhaving a dianmeter of 0.159 cra@p g sharpened tip was connected to an
el ectrical feedthrough 36'. The emtter 34' extended centrally into a 15 cm

Icng el ectri ﬁﬁﬂhksYe&W@-Qﬁ% Qe '&Eﬁr‘?cfedf[ﬁ'lgﬁl meh‘%\éie{ﬁgm@p%id{i‘%ﬁ t%{a di anet er

of 1.75 cm The cylinder 32" was ‘pressurized wth partic e to a

Pressur £sglor? UhdRledgin 919 s00BA CA. ol O o dbd e AL LiEk el At dRkegthan O. 16

m cronmeter was neasured at the outlet of the cylinder using a continuously

sanpl i ngn RASAd e &Nkt -of the Al LB the E.Mh%F'%‘ééi?H"%%néi&HB%ft sﬁﬁgl'ét ain

about 2.18 particles per standard cm (61,700 particles per standard cubic
foot). cHmdsctive rod with eight filament-like extended surfaces, as shown in FIG. 2c. The

-

15  spacing between the iips of the ﬁlament-like extended surfaces and the surrounding
tuﬁe wall, or "inter-electrode spacing”, was 0.348 cm. A negative d.c. voltage was
applied to the emitter. This applied voltage produced an “inter-electrode voltage
gradient” between the emitter and the tube internal wall. For this test of the
precipitator's performance, air at ambiént pressure carrying ambient contaminant

20 particles flowed into the tube. | The concentration of all particles larger than 0.16
micrometer was measured at the outlet of the tube using a continuously sampling
particle counter. The ambient air entering the precipitator tube was found to contain
about 11 particles per cm® (311,000 per cubic feet). The particle removal efficiency of
the precipitator was determined under various air flow rates. The precipitator removed

25  all measurable particles from the air at an inter-siectrode voltage gradient of 11,500



25 particle concentration is considered unacceptable for sem conductor
processi ng 29 applications. The collector was electrically grounded and
an inter-electrode voltage gradient of 9,560 volts/cm(i.e, a negative d.c.
voltage of only 3,000 volts) was applied to the emtter. During exposure to
the precipitation process the wi t hdra’h! NZ was found to contain a particle
concentration of about O particles per cnmi. This particle concentratlon 5

%SJZE?WQ%%%’T &% B Vs ant byt B0 PO ThR el AT RT R o 2 Bt ront

represents, ﬁg@&@kﬁglh¥H§hnpler version of the enbodi nent shown in FIGS.
6-7. This design proVides greater S|an|C|ty and | ower manufacturing cost

than they, Qﬁ§b@ﬁz In this case, the vertically oriented
col | ector tube ﬁip PﬁD and the emitter 34" consists of a
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emtter omt he asse Such emtter 34" replacenent can be
per f or me \QB% a%éOkwr p%%%%ﬁ?ﬁ“B T%% val ve or the precipitator assenbly from

t he ,gas cyli houl d d t hat di s r50|ds such. as dust
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hazar dous gases,
placed between the valve 42 and the orifice 33 of the cylinder 32. This design
eliminates the need for electrical feed-throughs installed directly in the cylinder valve,
and provides easy replacement of the precipitator assembly during routine maintenance

of the gas cylinder.



paranmeters consistent with the new gas physical properties. 15 In addition,
the gas nean free path, the Stokes-Cunninghamslip correction factor and
the resulting precipitation speed all tend to vary substantially with gas
pressure. Consequently, the exposure tinme required to conplete the
precipitation process varies substanti?@ |y with gas pressure. This pressure
effect is inportant in process gas systens where pressure may vary over

orders of nagHUWeEE otln GedPeigald pasaibld, YncHidfigl IRELtbSTBRSY diths didtv@ati on from
the prior applications of electrostatic precipitation described above,

whi ch af@d-argehyin@eht ayike: akived akyREBDERNEIEdE. FEL!%&SéJP@amé_tW hhgnmore, the
gas dynam c viscosity, the nean free path and the resulting precipitation

speed alabivirRagk t&7 w@hiatigbst ambh@ld YoMbddlo®an gRMAPSREMNI WuchConeggient |y,
the 25 exposure time required to conplete the precipitation process varies

subst antcb@tdcyiodd fnbBreasdheGRASn@OSFRQE ] R3ks i -th§wﬁﬁ’16995| tion effect is
inportant in electronics process gas systens ere gas physical properties

can gary subghardmsddlyent 8RsW W 1S 40 BELAGHE SRR tEhSnd R¥eRkhass tg om t he
prior applications of electrostatic precipitation described above, which.

are per &agrednar ®dojtinel ehdting st 41 @MIERIA QLFEXL lid Siek iy grlauﬁ’dierd darify t hough
illustrated and described herein with reference to spéecific enbodinents,

t he prespatatibMY¥ERE ipRiighaner ThekrSsdikento ln@M@@@@rﬂelﬁ@m@ﬁ induBribedudo the
details shown. Rather, various nodifications nay be nade in the details

W t hi n ubecsaapRe:Eh EaasR &fctmwwﬂ@eﬁrsos% rbé16taRl AbtEBaWThROMES d8parting
fromthe spirit of the invention. 10 AIMS 1. An apparatus for renoving

parti cl ggafeliofes @aop rbfah@lcgdhd@wahayemlrsaom@mm@ssy@ss%%leocmﬂaI sing: 5
(a) a gas containnent vessel; (b) a pressure sealed, electrically insulated

f eefa t hs@v@mas apt iupghy pat to@@ﬂ'ée@orona wire and acts to prevent electrical arcing to
- - grounded surfaces near the upper, narrbw part of the cylinder.

Gas cleaning is accamplished by temporarily connecting a high d.c. voltage
source to the feed-thrbugh. The rest of the cylinder is slectrically grounded. Power is
supplied to the emitter for a period of several seconds to several minutes. During this

15  period, the emitter produces a local corona, which permits the gas-barne particles to be

cﬁarged. The efectric field inside the cylinder then rapidly draws the charged particles to

" the grounded cylinder surface. After completion of the precipitation process, the voitage
source is disconnected from the gas cylinder.

As in the flow-through precipitator 10 described above, the corona wire (emitter

20  34) can be charged either positively or negatively in this invention. When negatively
charged, the corona wire (emitter 34) can be more appropriately referred to as an
emitter or discharge electrode whose function is to emit a high flux of electrons inta the
surrounding gas, thereby producing a local corona. However, when positively charged,

a local corona is similarly formed in the vicinity of the corona wire (emitter 34) due to the

25  high electrical field strength in this region. in either case, the local corona thus formed



to said gas contai nnent vessel; (c) an emtter inserted through the
feed-through into the gas contai nnent vessel to create a plasma in the gas
to charge particles in the gas in the gas 10 contai nnent vessel; and (d) a
collector surface in proximty to the emtter; whereby an electric field
between the enmtter and the coll ector28urface draws the particles in the
gas to the collector surface. 2. The apparatus of claim1l1l, wherein the gas

cont ai nEBRkeY §5Hgtge t_%r@feﬂ@ogth@%a%’dlésﬂ%%@ssa%hfoTQ@bs%QQ@{t%tré@pi@Eioﬁ|a@'lh@ L
wherein the emtter 1s a corona wire. 4. e apparatus of claim1l, wherein

the em ghehqdSsipRekld\Blisktgharged and the collector surface is grounded. 5.
The apparatus of claim 1, wherein the emitter is negatively charged and 20

the collect O:rn_r-ﬁg@f 2%e ths MM Rend 1o HIG PRARKALUS 1 ol BliMBek, Therein
power is applied to the emtter for a desired duration until said particles

have precip ,sgrhgtqlsﬁrﬁu:@angsﬂ EI@QTiﬁiéatgfﬁ 'ent?ihe ga@méapaaéwtﬁe%wéwne% wher ei n

the emtter | ow vol tage el ectrode at does not produce a corona, but

does; pr»g:ﬁ&tﬂﬁ?? éﬂﬂ?ﬁw% fk Gnlit&! thiss&)esigngglbg%}%ti%%aﬁ@eWﬁe @fnti lc?hf@n_@s gtvherein

the fee IS a separate, renov pressure-seal e Itting between
I : . . . : : e ¢ _ d
a val venl b fldd drAMY6a! Ltk Widdb R Srfs Al dTE 2t YERE BhridliflRd

with liquid. Such cylinders contain a smaller vapor voiume above the liquid. In an
alternate emboediment of the invention, the emitter may _éxtend anly partially down the
central axis of the cylinder so that the emifter is not at any paint along its length
10 - immersed in the liquid. This embodiment cermits cieaning of the vapor sbace above the
liquid without shorting of the electric field d’ue to direct contact with liquid. In this
embodiment, any liquid dropiets suspended in vapors néar the saturaticn point can be
continuously deposited on the cylinder wall, without exiting the cylinder.. |
Such deposited liquid dropfets would flew due to gravity down the cylinder wall
15 and into the stored liquid. However, since such liquid-containing cylinders are frequently
heat-jacketed during use, any deposited liquid droplets Qould also tend to vaporize con
the heated cylinder surface, thus enhancing the smooth withdrawal of vapor phase from
the cylinder. Therefore, in this embodiment, the apparatus 30 is operated continuously
during withdrawal of vapor from the cylinder 32.  The precipitation process tends to
20 reduce the above described problems associated with transport of stabie liquid droplets
into the gas distribution system, including flow fluctuations, severe corrosicn, premature
failure of flow delivery components, and evaporation into solid or otherwise non-volatile
residue particles, which remain suspended in the flowing gas.
The subject ideé requires installation of an electrical feed-through 36 and an

25 emitter 34 in a cylinder 32. However, the energy consumption of electrostatic



9. The apparatus of claim1l, wherein the emtter is a wire that extends
down 5 the containnment vessel w thout touching any walls of said
cont ai nment vessel, substantially close to the bottom of the cylinder. 10.
The apparatus of claim1, wherein the emtter extends partially down the
cont ai nment vessel w thout touching ad¢ walls of said containment vessel.
11. The apparatus of claiml, wherein the collector surface is a collector

t ube 10pmdiditatiadingypadally east ithandbcPfor Sahdt EAMidh&T - is equitReaRPRY ahyls of
claiml, wherein said emtter is adapted to be energized only during

Wi t hdr avlebning paecesé SOMre Aiptl. CADtSE BIMAErs RS 3R cleahdd sitifaARRANAldS #f claim
1, wherein said emtter is adapted to be energized only during insertion of

gas i nt singiai shvesrndoarEThis \R28Rl. prddesd 4s chnpRidnOgordable. I EYINATcRHARS | Cl es
fromgas in a high purity gas contai nment vessel conprising the steps: (a)

provi di pgf@m@asintesdiacpraret cyewsekl, ddire apitididding RrassyEhsesdied,
electrically insulated feed-through sealingly attached to said gas

cont&i nimeRtingess ek, pdft §CLsd kO Wedkagicani 218 thlity N&es t & Adremstghyighe
feed-through into the gas contai nment vessel to create a plasma ih the gas

in the gasnipest ahramit siassel of QleeharigeoRakt bad egnddird NeoBdss { d)igipr ovi ding
a collector surface in proximity to the emtfer; "and (e) applying an

el ectri gorddulivityefivensd i @eamsidiebraaiflafidie col l ector surface to 25 draw the
particles in the gas to the collector surface. 33

Electrostatic precipitators charge particles by creating a plasma in the gas. The
gas molecules are ionized following collision with slectrons emitted from the surface of
10 the discharge electrode. The particles are then charged faflowing collisions with the gas
ions. This process should produce no' detrimental effects an the gas or cylinder, and
shouid produce no sig:jiﬁcant safety risk.
Expressicns fbr efficiency of the precipitation process predict near 100%
effectiveness can be achieved for a stationary gas, such as that in a cylinder. Such
18 effectiveness can be achieved following sufficient exposure to the precipitation process.
Tl;ne resulting particle !evel in the cylinder should therefore be acceptable for
semiconductor applications. For example, the precipitation speed v of a particle in
quiescent gas system is given by:
v=E n, e C/(€ nua)
20 where all parameters are as defined above. If an emitter and a collector surface
inside a gas cylinder or other containment vessel are spaced a distance x cm apart,
then the time required to precipitate all charged particles is approximately equal to x/v.

This is the required exposure time of the quiescent gas in order to complete the cleaning



15. The method of claim 14, wherein the step of providing the gas
cont ai nnent vessel includes providing a gas cylinder. 16. The nethod of
claim 14, wherein step of providing the emtter includes providing a corona
wire. 5 17. The nethod of claim 14, wherein the step of applying an
electric field includes positively cha%@ing the emtter and the grounding
the collector surface. 18. The nethod of claim 14, wherein the step of

appl yi ngpredese! eet éfcetifd sledipitatet deSoda8agta4eb)prehdd 8i IBgsttithe SRadkeF and
grounding the collector surface. 19. The nethod of claim 14, wherein the

step of teepbyineGumRcaitees i e kit ik@Y. i ncl udes applying an electric field
for a desired duration until said particles have precipitated to a desired

degree. 20. Beennmd howtiabugd apdardtds WoaleakmoddNhosé BRe Ofs PRV fbdgatihe

em tter includes providing a | ow voltage el ectrode and wherein the electric

field iahd BekbEICthEREhdr® s QEHERIoA 15Q50RAd 1hbltestithE ippd Skl spsodyge an
electric field. 15 21. The nethod of claim 14, wherein the step of

prové di gt tBesaheadbstmianaitd fud pdesrdr evheiglenty, 8RPALBLGe iRkl e,
pressure-sealed fitting between a valve in flui'd conmuni cation with said

cont ai i@ RbrpRss ehe PAskiS@lich GRINEE NARBS s\ﬁ@ﬁ&%}a-llgé 4th dhe phmkhed ofnicl ai m 14,

wherein the step of providing the emtter includes pfoviding a wre that

ext ends prk@wlire! &F cf RNl RBRIH _dé%%%%cféﬁi tWhgrd ?ffe@aﬁsinﬁwj Y- YRlets opf sai d

contai nment vessel, substantially close to the bottomof the cylinder. 23.
The et h@nides l-ak Migkicaliebiglityuidhgs 348 Anhidy @Y¥indhB %P psatib &Y of ncl udes

providing a wwre that extends partially down the contai nnent vessel w thout
t ouchi ngleays:d@ drecigifatis Al vohiGPEH:34BE® PeY@SRLAt near atmospheric pressure.
10 Furthermore, the gas dynamic viscosity, the mean free path, and the resulting
precipitation speed all tand to vary substantialTy with gas compeosition. Censequently, the
exposure time required to complete the precipitation process varies substantially with
- gas compositicn. This composition effect is importan—t in electronics process gas
cylinders where gas physical propérties can vary substantially, and further distinguishes

15  this invention from the prior applications of electrostatic precipitation described above,

which are performed predominately, although not exclusively, in air.

EXAMPLE 3
FIGS. 4-5 show an electrostatic precipitator designed for pressurized gas
20 cylinders. The dimensions and operating parameters of this device are provided for
illustrative purposes only and may vary substaniially among the various applications of
this invention. In this exampie, the electrically grounded metal cyiinder 32 had an
internal volume of about 29,400 c¢m® an internat diameter of 19.7 cm, and a total
external height of 119 cm. A thin nickel-chromium corona wire (emitter 34) having a

26 diameter of 0.0102 cm was centrally suspended from an electrical feed-through 36. The




24. The nethod of claim 14, wherein the step of providing the collector 25
surface includes providing a collector tube surrounding at |east part of
said emtter. 34 25. The nmethod of claim 14) wherein the step of
providing the emtter includes providing an emtter adapted to be energi zed
only during wthdrawal of gas from saidé contai nnent vessel. 26. The net hod
of claim14, wherein the step of providing the emtter 5 includes adapting

the em t {8 (tAitke 3@ﬁ§£t9ﬁ5e%qﬁe%'ﬂ!/¥héjwi ié}%tﬁ Bﬁéﬁé%a@ﬂ:y%a%% A%e‘?grﬁ% at

cont ai nment 'vessel
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20 collector tube 50. The emitter 34' consists of a sharpened rcd as shown in FIG. 2a. In

other embodiments of the invention, the emiiter may consist of the many emitter

geometries known in the art of electrostatic precipitation, including but not limited to

those shapes shown in FIGS. 2a, 2b, 2¢, 2d, and 2e. in FIGS. §-7, the compiate

precipitator apparatus 30', including the ele'ctrical feed-through 38", the emitter 34', and )

25  the collector tube 50 are installed in a separate, removable pressure sealed fitting 44'
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& () €C, ,feed-through 36'. The rest of the cylinder 32' is electrically grounded. Power is supplied

10

15

20

25

~ to the emitter 34" continuously during withdrawal of gas ar vapor from the cylinder 32.

During operation, the emitter preduces a local cerona, which permits the gas-borne
particles to be charged within the eiectribally grounded collector tube 50. The electric
field insidg the collector tube then rapidly draws the charged particles to the grounded
tube surface. When gas is net being withdrawn from the cyiinder, the voltage source is
disconnected from the gas cylinder. This emibodiment does not ciean the entire volume
of the cylinder, but cleans the withdrawn gas flowing out through ths col!gctor tube.
However, due to the close spacing between the emitter and coliector tube in this
embodiment, high inter-electrode voltage gradients ca..n be achieved at relatively low
emitter voltages. Therefore, particle precipitation can be accomplished at relatively low
emitter voltages.

Note that the embodiment of FIGS. 6-7 allows for gas flow antering or exiting the
cylinder, i.e., this emibodiment can be used to clean incoming gas during the cylinder 32'
filing step or outgoing gas. In this case, the apparatus 30' would be operated as gas
enters the cylinder 32', and would then be shut-off after cylinder 32' filling is complete.
Such operation of the invention would provide a recently filled cylinder containing a
predominately particie-free gas.

As in the flow-through apparatus 10 described above, the emitter 34’ can be
charged either positively or negatively in this invention. When negatively chargad, the

emitter 34' can be more appropriately referred to as a discharge electrode whoss
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filled cylinders. For liquid-filled cylinders, any liquid droplets suspended in vapors near
the saturation point can be continuously deposited on the collector tube 50, without
exiting the cylinder 32'. Such deposited liquid droplets would flow due to gravity down
10  the caollector tube 5C wall and return to the stored liguid.
- EXAMPLE 4
FIGS. 6-7 shc_:ws an apparatus for removing particles from a high purity gas
system designed for pressurized gas cyiinders 30'. The dimensions and operating
parameters of this device are provided for illustrative purposes aonly and may vary'
15 substantially among the various applications of this invention. In this example, the
electrically grounded metal cylinder 32" had an internal volume of about 28,400 em?, an
internal diameter of 19.7 cm, and a totai external height of 118 cm. An emitter rod 34'
having a diameter of 0.15% cm and a sharpened tip was connected to an electrical feed-
through 36'. The emitter 34' extended centrally intc a 15 cm long electrically grounded
20  collector tube 50 having an internal diameter of 1.75 e¢m. The cylinder 32' was
pressurized with particle laden N, to a pressure of 200 psig. The concentration of all
particles larger than 0.18 micrometer was measured at the outlet of the cylinder using a
continuously sampling particle counter. The N, in the cylinder was found to contain

about 2.18 particles per standard cm?® (61,700 particles per standard cubic foot). This

25  particle concentration is considered unacceptable for semiconductor processing
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omitted, and the emitter 34" consists of a horizontally criented emitter rod 34" having a
sharpened tip, as shown in FIG. 2a. In this‘embodiment, the collector surface consists
of the electrically grounded pressure sealed fitting 44", gas cylinder 32", and valve 42",
Particles and liquid droplets suspended in the withdrawn (or incoming_) gas aré therefore
deposited on these surfaces rather than on a coiiectorﬂtube. Otherwise, this design is
15  operated in the same manner as the embodiment shown in FIGS. 6-7. When used with
a threaded, rather than welded, electrical feéd-through, the design in FIGS. 8-9 also
permits easy removal of the electrical feed-through and emitter rod 34" from the
pressure sealed fitting, thus providing easy replacement of worn or damaged emitter
rads 34" from the assembly 30". Such emitter 34" replacement can be performed
20  without removal of the vaive or the precipitator assembly from the gas cylinder.
It shouid be noted that many dispersoids, such as dust particles are naturally
charged to a degree as a result of their method of formation. However, this charging is
usually quite low. Nevertheless, these naturally charged particles may be affected by

extended expasure to a relatively strong electric field, even without additional charging

25 by a corona. Therefore, in an alternate embodiment of the invention, the emitter rod
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‘'scale ambient air cleaners (e.g., U.S. Pat. No. 5,980,614), but has not been applied to
cleaning gases in pressurized containers, such as high purity gas‘cylinders. Such new
10  applications of electrostatic ‘precipitation require high purity and, often corrosion-
- resistant materials of construction, incorporation of high pressure or vacuum compatible
- electrical feed-through devices for power sources, -unique electrode geometries,
consideration to safety in oxidizing or otherwi;e hazardous gases, and operating
barameters cansistent with the new gas physical properties.
15 In additicn, the gas mean free path, the Stokes-Cunningham slip correction
-~ factor and the resulting precipitation speed all tend to vary substantially with gas
pressure. Consequently, the exposure time required to complete the precipitation
process varies substantially with gas pressure. This pressure effect is important in
process gas systems where pressure may vary over orders of magnitude, and
20 sighiﬁcant!y distinguishes this invention from the prior applications of electrostatic
© precipitation described above, which are largely performed at near atmospheric

pressure,
Furthermore, the gas dynamic viscosity, the mean free path and the resulting
precipitation speed all tend to vary substantially with gas composition. Consaquently, the

25 exposure time required to complete the precipitation process varies substantially with



10?76#109%%& ()-f.!1109%& ()-C, #10%& () -
% 109& () -| ##10%& ()-!j!110%& ()-y8 "pN /#10%& ()-!\#109%& ()-!
S#10%99& () - SH10%i P& () -! SH10%P& () -, 10%9& () - 10?c3456}~SH=# 10g 10g
10g#/ ! 10%9& () - Y¥%$10%9& () -! YY$10%&' () - $10%& () -s! rHP10%&' () - S69- pdESH=#
10gF06#10%& ()-OF i 10%&' ()-0@! 109& ()3DIL! 10%&' ()- P 109%&' () -
109& () -!yZbCSH=# 10! M 109%& ()-)M 109&' ()-#}10%& ()- @ 10%
& ()_:3#:gggfquqr'ypmopocmls( YomBé gffect i1s important in electronics process gas
107, #109&' ()-*109& ()-(109& ()-"j!109& ()-%!109%& ()-"#10%& ()-Z[\] _=#!|T#
1098 () - !syqtgmgo)@e(r? 523 Pvigeica propgrtieg can vary substantially, and further distinguishes
10C6#109& () -.!109& ()-?@W3_=! BC<U8#10%& ()-!rC<%#10% /& ()-! C<%#10%=& () -
| 4] p#109&Ni% nveafignTeos e Aript aenisatiarssal @lqcjrogirtic pretpiBEn( Jes6rined@as s - ) 0S#10
"B& ()- P'109B& ()- 1098& ()- 10 10 k o
10x* UaBx Yhichowg=femgdiesanipytelys alfwgoh potexcosmely (i air.
,!10(%8&'()-&10(%8&'£)-_ b@Y: ! & $10% 7 ré& ()- .
&($10%z&' () - &ith '+ (lystoatado@ad ( fescrifadoBersn - with 0yB&argnre + i nixoetific
10%&' ()- 10B 10B _ . ' _ _
10Bf 2! 108@&oginents, toemeeseNt inveTIBNqVRPHREISIOBBR (Ntepdadsithse lidjted 00stha’ () - #! |
#10%=& () - #6#109& % I6#10%.L& ()-! )P#10%& ()-!1)P#10%& ()-k}rg\=!!d,
10%& () - 94'@ils ghawn+ FHabr, (paousOngdifomiopy MayCrS TORR' (1) thet) dedsitg' Withix the
u$deg\ =!' 1 dO@! 109%&' () - LVM 10%&' () - P#10%& ()-i SM 109%&' () - L7#109&" () -
| M 10%&' BJRB RTHERN\GE! ofgaquivapos Qg the)claigg, withegt dargyig Jrom the spirit of the
% ! 109& () - Gt##10%&' ()-OFi '109&' ()-T"_"adbCl!di 3j ' 109& ()- 10%& () -

invention.

10



10 10

10" 6#109& () -/! 109 ()--#10%&' ()-i pdEbCl ! d#10%&' ()- 0! 109%&' () - 6#10%& ()-)

109%& ()-i#M 109&' ()-1 M 10%&' () - uxdEbCl ! d&10%&' () - $j) 109%&' () - "#109& ()-! 10%&

()-i!1109% ()-0i!10%&' ()-6BcdELCI ! d210%&' ()-0

109%&' ()-.M109& ()-|,#10%& ()-*!10%& ()-(!10%& ()-[\]"abCl!dFO! 10%& ()-3!1

0%P& ()- 109%°&' ()- 10 10

10 6$109& () -4!109%' ()-r#{dELCI ! dV10%& () - V- 109%P& () -! 10%& () - & 109%P°& () -

110%P& () - 10%°&' () - aj dELC! ! d$! 109%P&' () - "#109%&' () -

110%P& () -!109%P& () - 109%°& () - #109%& ()-jijklob@!d!|$10%ZZ2& ()-, 109& () -

10P 10P 10PC6#10%P& ()-.!'10%P& ()- , #10%& ()-[n|];

b@!! C3$10%LE& () -| #109%&' () -!r| #10% / & Amgb10%& () -!| $10% L& () -

| $10% i & ()-b~_@!!0i ! 109%&' ()-, =10%& ()- 10 10

10CS$10%&: () - !\ G3S10%g E?pﬁﬁéoﬂfﬁ' ré?nb{/h?%‘at@léd MoAD UBgds in @& AHEpUrity gas

xv*109%& () - #109%&' ()-j!'109& ()-7#10%& ()- GbdE~_@!!10109%& ()-f.)!109& () -,

#109&' () - fesdbaiAdit (,égégpémgﬁ@,; )-1 d10%&' ()-6bCl 111 10%& ()-110%& ()- 10 10

1056#10%56) ()- ,14T109% ()- 210%& ()-& 23456=xnbC!' ! I\ C10%4 & ()- 10 10

10t 10%&R5 () - VF109&Es () -3 0@kl U t) - =1{dEMDCI ! 1 GL0% & ()- &10% & () -

<F10%§2‘5()- 510%@' 0 %%o%"%'?’?%%égﬁ%%@ & E)-{dean! e SRRy
(b) a pressure sealed, electrically insulated feed-through sealingly attached

to said gas containment vessel;
(¢} an emitter inserted through the feed-through into the gas containment
vessel to create a plasma in the gas to charge particles in the gas in the gas
10  containment vessel; and
(d) a collector surface in proximity to the emitter;
whereby an electric field between the emitter and the collector surface

draws the particles in the gas to the collector surface.

2. The apparatus of claim 1, wherein the gas containment vessel is a gas
15  cylindr.

3. The apparatus of claim 1, wherein the emitter is a corona wire.

4, The apparatus of claim 1, wherein the emitter is positively charged and

the collector surface is grounded.
5. The apparatus of claim 1, wherein the emitter is negatively charged and
20  the collector surface is grounded.
6. The apparatus of claim 1, wherein power is applied to the emitter for a
desired duration until said particles have precipitated to a desired degree.
7. The apparatus of claim 1 wherein the emitter is a low voltage electrode

that does not produce a corona, but does produce an electric field.
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SGLO% & ()_removable, pressure-sealed fitting between a valve in fluid communication with said
containment vessel and said containment vessel.

9. The apparatus of claim 1, wherein the emitter is a wire that extends down
5 the containment vessel without touching any walls of said containment vessel,
substantially close to the bottom of the cylinder.
10.  The apparatus of claim 1,.wherein the emitter extends partially down the
containment vessel without touching any walls of said containment vessel.
11. The apparatus of claim 1, wherein the collector surface is a collector tube

10 surrounding at least part of said emitter.

12. The apparatus of claim 1, wherein said emitter is adapted to be energized
only during withdrawal of gas from said containment vessel.

13. The apparatus of claim 1, wherein said emitter is adapted to be energized
only during insertion of gas into said containment vessel.

15 14. A method for removing particles from gas in a high purity gas
containment vessel comprising the steps:

(a) providing a gas containment vessel,
(b) providing a pressure sealed, electrically insulated feed-through sealingly
attached to said gas containment vessel;

20 {c) providing an emitter inserted through the feed-through into the gas
containment vessel to create a plasma in the gas in the gas containment vessel to
charge particles in the gas;

(d) providing a collector surface in proximity to the emitter; and

(e) applying an electric field between the emitter and the collector surface to

25  draw the particles in the gas to the collector surface.
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5 17. The method of claim 14, wherein the step of applying an electric field
includes positively charging the emitter and the grounding the collector surface.

18. The method of claim 14, wherein the step of applying an electric field
includes negatively charging the emitter and grounding the collector surface.

19. The method of claim 14, wherein the step of applying an electric field
includes applying an electric field for a desired duration until said particles have
precipitated to a desired degree.

20.  The method of claim 14 wherein the step of providing the emitter includes
providing a low voltage electrode and wherein the electric field is insufficient to produce
a corona, but sufficient to produce an electric field.

21. The method of claim 14, wherein the step of providing the feed-through
includes providing a separate, removable, pressure-sealed fitting between a valve in
fluid communication with said containment vessel and said containment vessel.

22. The method of claim 14, wherein the step of providing the emitter
includes providing a wire that extends down the containment vessel without touching
any walls of said containment vessel, substantially close to the bottom of the cylinder.

23. The method of claim 14, wherein the step of providing the emitter
includes providing a wire that extends partially down the containment vesse! without
touching any walls of said containment vessel.

24. The method of claim 14, wherein the step of providing the collector

surface includes providing a collector tube surrounding at least part of said emitter.
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25. The method of claim 14, wherein the step of providing the emitter
includes providing an emitter adapted to be energized only during withdrawal of gas
from said containment vessel.

26. The method of claim 14, wherein the step of providing the emitter

5 includes adapting the emitter to be energized only during insertion of gas into said

containment vessel.
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