. e3eDD$R&46] T [ 23 Decenber 2004 1 06006 USA Tl TLE OF THE | NVENTI ON:
- PROCESS AND APPARATUS FOR REMOVI NG PARTI CLES FROM HI GH PURI TY GAS SYSTEMS
CROSS- REFERENCE TO RELATED APPLI CATI ONS Not appl i cabl 23 Derenshen@004-GARDI NG
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT Not applicable. BACKGROUND OF
THE | NVENTI ON The present invention istdirected 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 from high
purity gas cylinders and flow ng high purity gas systens. Nettwdsafor
measuri ng suspended particles in high purity specialty gas systens for the
el ectronics and sem conductor i ndustries have been devel oped. However, the
sources of particul ate cont Ami-Rdef SHEIINVENEIQPlises are not currently
controlled. 15 Consequent | | evel s of particulate contam nation in
recently filled gas g%ﬁ’?cﬁ@lé% %Agﬁfb@f\g‘dﬁif:@ﬂ REMQENE nornal |y accept ed
|l evel s for seni condudtAft’ipt-Be &SI il GHFMRITASARBSYSHEMSIi n, the term

"particle"” is intended to refer to any unwanted discrete solid or liquid
contam nant of any _.§j icl rements perfornmed on recently filled
gas cylinders reveglﬂcﬁse'fqggé%gﬁlc%vﬁé%%ﬁgiAeDer-i‘%%T'qfﬁ st, the cylinder
filling process produces high SWSBQ%QbIe

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
5 DEVELCPMENT

Not applicable.

- BAC‘KGROUND OF THE INVENTION
The present invention is directed to removing particles from high purity gas
10  systems. In particular, the present invention is directed to a process and appe'ratus for
removing particles from. high pun‘l‘ty gas cylinders a.hd flowing high purity gas systems.
Methods for measuring suspended particles in high purity specialty gas systems
for the electronics and semiconductor industries have been developed. However, the
sources of particulate contamination in the gases are not currently controlled.
15 Consequently, levels of particulate contamination in recently filled gas cylinders can
substantially exceed normally accepted levels for semiconductor processing gases. As
used herein, the term “particle” is intended to refer to any unwanted discrete solid or
liquid contaminant of any size.
Particle measurements performed on recently filed gas cylinders reveal the
20 following deficiencies. First, the cylinder filing process produces high suspended
particle concentrations immediately afier fill. Second, the cylinder filling process

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



particle concentrations immediately after fill. Second, the cylinder filing
process produces high variability in particle concentrations | &' tely
after fill. Finally, 23 Decenber 2004 2 gravitati onéd Qﬂﬁ!’"ﬂpgﬁ é‘ge
particle settling in recently filled cylinders is very gradual with tine.
For exanple, a certification of |less than 10 particles per standard cubic
foot (> 0.16 mcroneter in size) cannot be achieved in a practical time
peri od SHEVBURNRGahEGHsVvDPedidefsetting iSeeddniin §liguesyiiotss trvdarherafidewitof nont hs
may be required to achieve 5 such specifications. The suspended particles
in a gadmey| Ferdernmedeetitdaiomif s thdr 1@ aartioles gienataedamiorubioftot pe i nci pal
sources. First, they may originate in the gas fill systemand enter the

cyl i ndeP-1§usypenaetdriin sire camict Secectieveidnint hepaatial afng @ansd feil@ases, they
may formw thin the cylinder through reaction with residual inpurities, or
by cyl i Hoksntrebed 6iki Sattirg peslckewadhborgeardfirchrehd vl odgrmpired F0BLhiBIEr Nal
surfaces. Third, they nmay be released fromthe cylinder valve during

act uat i B¥eh $pegificstionshey nmay be rel eased fromthe val ve and other internal
cylinder surfaces by the hydrodynam c shear forces occurring during the
fill processThSaeipestebparfiidecios gaseyetee irmikiateiygifes il adn pojimits ref f | aw
restriction, such as the cylinder valve, where gas velocities are at the
maxi nmunfourl Brifeipaii soluenes or gt ntaey mupyi oridinate gashe gad fis ¥adam Saneder gt rol | ed
only through expensive and difficult nmeans, such as clean-up or

r econst Wisggrosuspéndednpltiet gael Setormnirctheaykt ndesacpvepadRt teh mseasmand gas
fill systenms, and conplete revision of all specialty gas fill procedures.
Such chwitfe shevsulindes trstgnteaatibry withcresidsa ispediial by bgas/ipd0ssHdsn Cost s
and may, in sone cases, be economcally inpractical. 20 Difficulties with

r esfect follawashby ipedickpdisibddrognt gasn diterhali duraces) IYiBd, By M B rdi@hd=aws.
Certain process gas distribution systens, e.g., gas distribution systens
for WFETONSit@ cylinB@l Gieenduridg, acarating  Gbbet, thasemy Heoerbest atm thervagxanpl e,
sem conductor processing facilities are prone to substantial contam nation
by damedfidngiheraintsimg! egindeSuriaeee i dire RA04d\Bafrd st RcdeaslirPy Mrig T esi dual
inpurities, such as H20 and 0~, or followi ng particle release from nass

f1 ow cdhe fibIdregessarBlichtsnenr fonedsi are qeoBttn dighe sy sthedists 1 fowl les@dghd i on, such
" | ow vapor pressure gases, or other gases stored as |iquids under their owni
vapor puelkgsthe ¢indpr vaMel, wheAChas GHBsitiesGEEGY the, fraxiraae. SFS) are subject to
vigorous liquid boiling 5 in supply cylinders, especially when gas is

wi t'Adr awn f Raniddse odginatingein dte aahi Hhsfdtow cat ee asntidNed catednisighang,

Udi schas and Jurci k, "Measurenments of Droplet Formation in Wthdraw ng

El ect r &¥PensBigecindl tifficdhsmeans; osachi guefleaduSot cemhsiliveresi Rempldtaistitute
of Environnmental Sciences, 1997, p.6-12. Such high flowrate wthdrawal to
nul ti peechpricesyinder preptrstivrsareasand gas fill Egdaterdx aaral @myle e6nsise st gpnduct or
facilities. Low 10 vapor pressure gases are also subject to droplet

f or mat FRRFiI#Y| gasvillingogedessurSuahethacgéowonid sobsthitly iftrddde spisitity Bag i on
system These liquid droplets have been found to be highly stable, and are
easi | yProdugtigrorastaendrma dhseangeased) st eddnoticatly Bysheigalat near ambi ent
tenperature. Furthernore, any evaporated droplets nay produce solid or

ot #erwi se nbiffiadleat withe respsictdtre operite i sleeimity viuscistribotiinn sgstependgtedad n t he
flowi ng gas. 15 However, due to the |ow source pressure of certain cylinder
gases [“igs.cal |y | ess

Certain process gas distribution systems, e.g., gas distribution systems for WF,,
SiCl,, BCly and HF, among cther gases, located at, for example, samicocnductor

processing facilities are prone to substantial contamination by damaging particles



than 20 psia for WeB, SiCl,, BCl ~, and HF, anpong ot her gases) such systens
require | ow resistance fl ow conponents. Therefore, al ugh co i bl e
filters exist for such chem cally reactive gases, anyéghf%etnégg&?é e
in-l1ine components would tend to restrict the available flowrate of gas to
t he sem conductor processing equi pnment3 Filters can 20 al so cl og under
substantial particle or droplet loading, resulting in a progressive
restricticbewiof epginnt Wit tefirush énpyiieensuahdas Ha0resdoent folksling ipericien
operational reliability of the gas system In-line filtration of these
gases i sretdase éfoor masmithys cerdiollers iand pthst inclinecuampaste éshe@dingle duedtitiyy,
damagi ng particles or droplets having highly variable concentrations may be
t ranspor sush low vepprspresaee gesesc onatbet agses sbxed as dguigbunarr dvedown veber

downst ream processing tool. Particles and droplets can al so reduce the 23
Decenberpr2edue 42.opdiFat ii@n&HF), iG:Bt iCribsarof Sivhgte fubipw! icorgarald lswsl, baiimg ot her
in-1ine conponents. Droplets are al so responsible for flow fluctuations,
severke ciorsugplyotylindangl gspesaityuwieerf gad i3 withsrawn dwmdidkioybinder cb mpliple rite:.

Li kew se, difficulties in high purity gas cylinders exist. Due to the

det r i nenatd, a5 irsfidadernt ind¥angatdischassarshlurior'Meraurpentstofi @ronigtrfaemaiicn in
fabrication process, sem conductor nmanufacturers require processing gases

t o neet Withdrewingdrleditdne Spreaity iCeaes Sren (gugisd Sessest RarcetOinparibstélites per
standard cubic foot |larger in size than 0.1 mcronmeter). Such

speci fi ceft FoMronmenftal Eeieneast itAe7. paft1Rcl Budhelsigh Mgwoktsl Wiwiragalbiol kuitjels
systens. Current industry trends are toward simlar particle specifications
on specirbesssgastesispackaged i fdlemness urmededn eyfnicaddrdtor Raltiiésc| eovest s are
therefore required in pressurized specialty gases after cylinder fill
Depdidi rgrappressire gases aesalgasbiestithdroplet fadeetiominjovdoqpaisaura rsifingloe gaseous
phase, or conbi ned gaseous and |iquid phases, and may have an internal

pr essur ecrrcanifigniy thie distribetis sybtem. OThesediqtid dnapiets hhenb&O0Rupsiogoe Metihods f or
measuring particle concentrations in gas cylinders after fill have 15 been
devel opedfabidharxt areeednid $rapepariet! thesigoree pen disofbuers pestere dat paeat iacitdst| ar ger
than 0.16 mcroneter directly fromthe gas cylinder at full pressure; no

pr essur éempdiatire onFuthefdrer aty enamfratet edrgristsi saperddocerasdiid nr bhertiest .

Al t hough net hods for neasuri.ng suspended particles in filled gas cylinders
have beemwndwlaticogeidye phdicisattesreofaimserspieodddan ¢hecmtgngasat i on in the gas
are not currently 20 controlled. Consequently, as described above, |evels
of parti cul atlowayat ave hathedow isnunce eegssline dfidetteid ayiirslec yhsasdipicaliuless antial |y
exceed normal ly accepted | evels for sem conductor processing gases. Al so,
as descrthared0 asigvier WHaeSiClis Behd edd g tancdrasother gasgassieopl systéers iegpieli at el y
after fill can originate fromseveral principal sources, and these particle
sour ces lewnedigtageniovocompormmtsy Therelpgh altipests corapativte fiiels exial for meaims. 23
Decenber 2004 5 Such changes woul d substantially increase specialty gas

pr oduct ichamicady reagling grsps.i anydigreresiatease relirecemmonerts weuidgndibd festllct Ther e
have al so been nunerous previous attenpts to solve the above difficulties.
First, he Bvaileblediow tate ghgasclpl thedemidontiicteyprreessingreduironentg Filteghcpurity gas
5 systens, particles originating in the gas fill system can be controlled
usi B§ b@lsie oot wadsr ovbetantideparivtle rer geepled yiseding, oresalting He pairngreesivé i | | f or
each cylinder. However, in sone cases, nmultiple cylinders are filled

rapi dl y restadetioa efi figw elhevgh cloe Fistam randes tansecyamd regldtindeinsopkrefiang! fill can
be high. Therefore, this nethod requires installation of |arge capacity
filtersreligbiityeofdhe opsieysteas in-ine filkrainrt of HesHoarssds thedefera widerisalye in
substantial 10 pressure drop, under-sized filters may restrict the rate of
fl aw t onase cdfyymﬁtgeg@; deahsequently, damaging particles or droplets having highly

variable concentrations may be transported to sensitive semiconductor substrates

25  located in the downstream processing tocl. Particles and droplets can also reduce the



" droplets fromform ng during nucleate or film

therefore increase the required cylinder fill tinme. An under-sized filter
may al so be prone to, nenbrane breakage or particle r se heddi ng)
under the high flow velocities occurring during cyli nﬁéﬁeqﬁsﬂ/x&&@‘? t he
gas cylinders are. typically evacuated prior to filling to renove gases,
suspended particles and other residues4remaining fromthe 15 preparation
step. Filters typically have a | ow vacuum conduct ance, and are therefore

not wel | operatierthi tifetirRe L MAX SoQMRBNAE | 44 ohbSR-ind duRhedt. Obrbledv
through the filters during evacuation will cause particulate contam nation

t o deposhte 8o tdaporomB SdrreAMuSiuER RS seveROEIMasRh: Eid ;l.:reHa:tL}r@? ilutd s Sow,

contam nation may then be rel eased back into the gas cyl i nder en forward
flow is aélivappidngsbrdhtsi ng the fill process. This problemcan only be
avoi ded using a high vacuum conduct ance bypass |ine around the filter. This

bypass nust beikewies, &iflcukiey &Y sigh fduply éid-ér%\mgdérgeex%y.l imdes @gﬁ%‘ﬂ%éﬂgi step.

Such neasures increase the conplexity and expense of the process, and

causes a effuct @3 pariiddtord a6t 8astid, N AP RERS I &ork&ldnafibLddsY s0f: tem
23 Decenber 2004 6 Second, with respeét J@ﬁonpsﬁtg%@%é%%éfﬁﬁmégguégﬁ

di stri butbeurasifdre iSquird drdR8kiRg gBéé%htoﬂHééttsYricg%ﬁrtiﬁk\ésstpggﬁcatlloﬂwfigr Csaure
specialty .gas distribution systems |ocated at sem conductor 4Brication
facilititesn anepgasitgped stdifdniuiZRof MRS 8301y 1 RAELLRLES - SHgh
systens are constructed using high cleanliness, corrosion res stant

mat er i al speciicitions @hﬂikéméﬂtiﬂs%-ﬂi&eg$estiﬁ?<tcﬁrmmd E‘l'ﬁe%ésng st%ﬂg ac|,Qu.rate of
| eakage. These systens are also carefully purged an drYe to mnimze

resi dualin@istiySRineE iafe BABRSsiibOfaride YSR;ficERMs &n@%’bﬂag* a%soer%?fgﬁ?iclil Spand gas

lines is also used to inhibit condensation and dropl tioh foll ow ng

pr eSiour qresulinéd 09l Riers 00k 1585 L8 BYSHAErcHONEY B RUGRTEgULRY do ot

guarantee | ow particle |evels during operatio Par t y 10

cont | nUabeo B Rt (TR SpefdiRLEINE 81dcBESga Ly o HhadR Tl 18 RRRONEN: S

and reaction may result fromresidual atnospheric c , sysStem

| cakage sigld gaseds paselior QdMapdd dkbith G4 AR, HBOOG DUl HBITLENaNCE,

or other operations requiring exposure of the s em'to a

cont am mekimangreBslirk RETGIRY Pom RUE bhaRRASHY %GI%QH%{E) ?qqe}'rflgsy%f){ ﬁivﬁnﬁ Sf 1: 3|ei ders-

or fol | owi ng NEtBSEUR rﬁ@é@;ﬂﬁﬁg'n‘éﬂrti@ﬂ'e &RRkhtPgichs it [&gs ggﬁna%YsStaﬁQP APHGHs

particles and droplets are then free to travel nsitive sem conduct or

sur fificevegtiidet@opad| TABLS HelrRBs p@?rﬁ@%ﬁ%ukﬁe%gloggtéé ﬁd%%&@c@gqyggm W th

respect to high purity gas cylinders have als ma Irst, “particles

ori gi nathangoi1e m@omasr fdilektyS Freke MeCaks Q?lfr%%rr‘_ta{t%h eé?e-gsgr#?r:uc?g)rréé;slhj&{ ation.

This fix may be tested by placing a Sinple point of use ine with
t he cyl retdetiorpbr ﬂlt@ioﬁiolflhe%isﬁ% pe@ﬂe@}ﬂ #Bq&y is then pressurized with NZ
fromthe contamnated fill system This filter effectively renoves
particles or AghaahimghbdOm) FResirgisubberdiéa oo McieEOMBILRT gastdifndend hhd |
particle level after fill (471 per standard cubic foot™ gréater In size than
0. 16 m bgsamned@igpednteSidurdesUsi aaeRRaaD LYntBIn@HA bR tHeOaseXaMR: & t

Decenber 2004 7 sem conduct or applications. Alsét tﬁ%? %?x caHHg?%gontrol

parad cl emtiohed: yComaquéentyhas eREit@idnadel Td@st bep Hibfhie SUM LR RatdSIned above.

Particles that have been shed fromthe valve and other internal cylinder

sur f aceecently filed gas cylinders substantially exceed normally accepted levels for
semiconductor processing gases. Also, as described above, the suspended particles in

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

these particle sources can be controiled only through expensive and difficult means.



during fill can be substantially reduced using flow control. This fix was

.may be tested by 5 placing a flowrestrictor (and point of use fil hg
in-line with the cylinder at the NZ fill point. This R3Deembes2p

initial particle level after fill to a |level acceptable for, for exanple,
sem conduct or applications (4 per stanB@ard cubic foot greater in size than
0.16 mcroneter). However, this fix is not practical for sone cylinder fill

appl i cat3whszhakges %mﬁmﬁstahmlbiirﬁ@eésb@fleb@@ 5&§5Wd§ctmycds&05r%aﬁ* t e Tine
required to fill gas cylinders. Al so 1S fix cannot elim

parti cl esmiecrasesl baietdriamitdig iBydabider through reaction or corr05| on.
Particle formation through reaction within the cylinder or by valve

actuation cahees rfiavemagedbédi ueHRrARPHRRIJLAL SitdAbY St d.:%%gpv S%l cgtion of
surface finish, cleaning, preparation and evacuation prior to 9

However diffiduites. nEastnés rasmct FPGEE RGindeARR stReME ARG Ev%gdﬁéﬁr u‘?& t' 0.”
t hrough repeated cylinder use or exposure to at m)s errc ﬁ%?l on, and

do ndt aysterys, pattled ofigingag in ﬂw'e?a's%%lfﬁel%bﬂa%%l nErQl'fedsL%rﬂ @Ihg I?rtaﬁ%n (t owi ng

applications. Finally, suspended particles can rennve

gas as pf texettretde opstdnnderat Wsd Eambaﬂﬂut fob %aE%H' gg{d%% 6'@&%’&89 ;Rn%oﬁ#gnal

cylinder valve, see, e.g., US conv

i n-1i necdsdst endtidioealrgdrsi é‘l’etfh]ed c}gyy@@tfrc@@rgl gﬁ&,ecgcg}crel be,0n Ezssyzﬁ However,
t hese devices do not renove particles from suspension In tf] |r 5 gas.

The gascyliedesnauringfiiagannss ednuntricrerbie, HioWRuRld MALMLd IQNAR L heval ve or
settles slowly to a clean condition. such Fer s nay

pr ohi bi ¢dpaeity fi Fh8@h|HDMSMh&rV§%Sﬁ§ ﬁghlfgﬂae f,.jog}& r%‘gsm eC'b%En¥ f or such

|.ow vapor pressure gases as sid,, 23 and HF,
anufg qurhssurgases, ur@éﬁblzg@3ﬂ§rsrrﬁg§d'ré§rzdt“ché'er% SORROTS e kg J.gw fiow

resi st ance.
therefore increase fhe requirad cylinder fill tme. An under-sized filter may alsc be prone
to membrane brezkage or particle release (shed@ing) under the high flow velocities
oceurring during cylinder fill. Also, the gas cylinders are. typica!ly‘evacuated_ prior to
filling to remove gases, suspénded particles and other residues remaining from the
16  preparation step. Filters typically have a low vacuum conductance, and are therefore
not well suited to vacuum systém operation.

Also, a reversal of flow through the filters during evacuation will cause particulate
contamination to deposit on the downstream side of a point-of-fill filter. This
contamination may then be released back into the gas cylinder 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 reversse flow
during the cylinder evacuation step. Such measures increase the compiexity and
expense of the fill process, and cause a corresponding decrease in operational reliability

of the system.



U S. Patent No. 5,409,526 for an apparatus for supplying high purity gas,
assigned to Air Products and Chemicals, Inc provides a_gas cy]in havi ng
a valve with 5 two internal ports. One internal port ?3%8‘&!%1"8"&&54 t he
cylinder while the other internal port is fitted with a unit that renoves
particulates and inmpurities fromthe gls as the gas | eaves the cylinder.
The unit includes an inlet, a first flier for renoving coarse particul ates,
| ayers of adsqyben d_absorbent for removing inpurities, and a second
filter for re%@?rh “Fa[grfﬁs&?ﬁ i VusiigtPsciatpheasistipation syalemsdafiewingiégtty| i nder
via the valve 10 after p‘assi ng through a regulator, a flow control device,
tubi ng aRd BaddesSEHIBugRVa PESAYENSPEIRY Bat | Pistabutiormerstemel pcetest aeam of

t he point_of uae. This a ?rat_us reduces the |oad on the purifier and

decr ease&®Tf&" LI*%‘HJ@[?{W“&F itiesereriesigRg to Bininge ceemivatient hupgdidies However ;
this sys em u%s an entirely different approach to renoving particles from
the pres8At" PIRIERAT FEconsBuaiEausing bigh cleppliness, momosion rasistant deasemats, with

el ectgostat.i C_precjpi tati on systemthat uses lamnar flow of a particul ate
| aden” gaf" VG UBLHRATRIY & el“@‘ﬂ‘%é?tm@f ARt (Rtaré $akegeanThese fstemd ag syst em
The systelmincltﬁ es a hou in,g coupled in fluid comunication with a flue. A
pover  sotire &SR BUPRE AR LUER O & imimyzs: resigpluatmpephesiamgrses myon ta eber ence
pot ent i a% aﬂd a secopd, out put for supplyi ng a potential that is negative
wi th resPettTIY DY Virders pet aat inssds aiseiused tTinbibiyeondensatignend ekgplethar ges
parti cul]at es 'Cﬁ}a?ﬁ'i ng t hrough the housing. The charged particul ates are

col | ect eq Y PHEINBESFHE BFUoBoP Eedliraginatisentsitsmt hatowegem suchani nar
flow of the flu as therethrough. U S. Patent No. 5,980,614 provides

anot her ’BF?S%?%E%?H@%?%PWSP%% leivple |y Eies opgratiasni Zartige dbeddieg ayi ng a
uni pol ar i?n spurce forned % a corona di scharge el ectrode, 25 an

el ectr oAt B'P'é’c‘faﬂﬁetsaf”@fss‘ i reerdgrs: ¢ e ghiincosararpestsueod reaciichavi ng a
flow 23 Decerroer 2004 9 t hrough passageway far air to be cleaned and two
groups JraBIEtT a8 Esdiehimeirigts caniaminges. f $Y5tem Heaagh passpgidieay. The
el ectrode“%l eﬁﬁ s, of yﬁ)nge group are interleaved with and spaced fromthe

el ect r odC EHERR UMD CHIREEr oEIREES b U AiRITN28%S, apigether corseatians aregoitiegt i al

di fferent fromc%hat of the other group. The corona 5 discharge electrode is
ar r angeF RO (N Fe EXRiem JALIGasRieEs sanaminatien.e| Recthewutre c awehdinbRsiges '
essenti al lX ffrﬁzel éjawa fromthe el ectrode and . thereby diffuse

subst antPAIY U PEY§HORE frelstodrm fermimgcturingenyciaste endinddviliog wighin

posi%_i one'd. U S Patent No. 3,631,655 is a nultiple precipitator apparatus
for 21 eSHINHG &5 LlowingPrassurs iR EanAtr coplinkingthe isae systemhaSughr partides a

pl enum chgn(r)$er for receiving and 10 distributing gases to be cleaned and a
pl ur al | £ FFORBS461'8FY MeRCPERE! & serstiyst smieorsiveler putfasesT urgntvett ed i n
par al | e!:) Wi %.h each other to the plenum chanber. The pl enum chanber

di stri btP&§'The gas flow substantially uniformy anong the precipitators.
U.S. Patent Ng. 4 ﬁ32,?55 is .an .ionization vol tagﬂe source that is adapted
to excite a HAETPBEAPF5tPdhe abeta proRETS oVl raseegdn diat rurnpRoBElingRTUNt S Of

i oni zedh s .15 vvithoaut ggﬁgduci_ng measur abl e anounts of undesirable reactive
or toxi & CHEM RSN B§9%r DERicRAtcIRriginnling & ipaiag &l aysieinseh & opotroliege wave
havi'Ong L?ﬁigtﬁgd%gt%e DC cqonponent whi ch, though bel ow the ionization
potentiaie SHf S DHAEY (ECRSBALY Giasinge? BIFGIoRENt Gnise diteoin-linepitbsed on

t he stqﬁgy §t te c?hr&ﬁgent, is_a gas ionjzation conponent in the farmof |ow
frequency SUPEHs3' Mol RRiMtat (TR Bfindefeiss thege Pipssysed | witp (N, fiemf fieci ent to

br eak he chem cal | but the anplitude thereof is such to effect
i nt ensgC%\é%sfé'F%tﬁ?ﬁPY%W %%&t%ﬁ&ﬁége%@)ﬁé%m@%p%&?k@t@wﬁng Remksamet h,

Kor zekya,  Richard A , Browy, Russet, lngra M chael W, Roush, Randy,
Beck, \é?of/ ?‘EE‘.’ ?{0@35?"9@? ‘Wﬁg IP,artF’Ed?Y:% antgg T&'I&T‘B hREr eUgehaypic Rebereats, |

"Ef f | uent .Isr}e%trre Usi,ng a %’_ljﬂ sed Corona Discharge", 25 | EEE 1995 Pul sed

t
Power Conf'&t enéd, rbﬁ?lsbtfa'ﬁ KiRE S neeceptatiaches ®BrpdPiseaxamps Decenber
2004



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 withi nzérpﬁ?ﬂ%‘?ﬁﬁgopg
pressure flowi ng gas volune. 5 BRI EF SUMVARY OF THE | NVENTI ON An appar at us
for renoving particles froma gas in aZhigh purity flow ng gas systemis
provi ded which includes a flow tube inserted inline in the flow ng gas

syst em hayy i - an tlet. a pressure sealed, electricall

Thour at ogpenA i AMs S D bR . Byt R PR B ST et e

t hr ough Bh&n&%‘%‘rﬁ %W _sw‘lc%s Hggd Lgoc\)fw tube 10 to create a plasma in the
t he ‘gas,

gas to charge particles in ARd a col l ector surface in proximty to
col 1 ect or sur | 305 ea iaefr S5 Bedt B et BREA ™ el Shrcttrcasur f ace.
cont oy e e LR R B o i Mo P e B e gl Do it

2t ached Pang ROl E e RBP (el UER e A 1 Sl ot g NaWagim (he
feed gl DL, B S9AL8 I ViPRCL 40 Sleste A plderm LD, the o

to charge particles in
emtter, em tter and the collector

surface ragg htec’?ga ltﬁ?éci'ltoééC@%%h%*%ﬁ%&%‘%%gg%Igfeé‘é?row SiEefB@s. CA6 A
oyst om i Do iR, BOWBAE Wi R ¢ RRT hiheled o sitep YR Apabasgors fim t ube
e o0 I A B R 00 AU R 2 Ll oot
ot o Pt B B EE, B ERs irhal T wihaht 45" CHEAGE 8ciAT 1 Cl o5 i n

t he gas,co%géhdi ng a collector surface in proximty to the emtter; and
appl yi ng Decenber 2004 11 a voltage to the emtter or collector

sur f ace to orcnttin el B Rkl LS wiRRe o bucsur Strarenm A et hod
o al so oy DAZeC Ko ebBThAR R T rEt 56BN Y sdfRergh GRFNSN: ai nment
cenl s ngPyrar bl e BoBRER A ST Hinate JhkoReaden ik Fpediecomia cor
i nsest ﬁgrc}n%r %%téﬂ%?ﬁﬁ%ﬁgtﬁ'ﬁw g

e

ugh itnt o_the gas contai nment vessel to create
a plas e gas to char '%5?? P DUNFS 9 0faRPOBIBYIodPIRESRMeHH | ect or
surface o RE-RELM t mtter:. and applying an electric field between
- conta ‘ .
the enitter ar{r%g ﬁh%%céﬁlnggtgwaygdﬁlﬁfc@ E’%ﬂaggﬁeﬂ%g“‘ﬁﬁ‘et fof 158911G9Rdu%iE" 10 gas
to the 2tar surface. BRIEF DESCRI PTI ON OF SEVERAL VI EWs OF THE
SPpitchfrord
DRAW N '
Finally, suspended particles can be removed from the fiowing gas as it exits the
cylinder using built in filters, mounted on the cylinder valve, see, e.g., U.S. Pat. No.
20 5,409,526, or conventicnal 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 settles

slowly to a clean condition. Also, such filters may create prohibitively high pressure

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



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

vi ew of an sharpened corona tip emtter for use with ?ﬁeﬂ)gg%"ﬁi’ﬂ&?hﬂor
renoving particles froma flowng high purity gas systemof FIG 1. FIG 2b
is a sinplified front view of an coil &l corona wire tip emtter for use
with the apparatus for renoving particles froma flowng. high purity gas
system qf  FI G 20 FIG 2c is a sinplified front view of an emtter

havi ng &cteAIEd s FPUGRINTHISAS e SHFR §atdfereqpiFaindingCoMAONPRFGAVIRG D41 t i cl es
froma flow n,g hi gh purity gas systemof FIG 1. FIG 2d is a sinplified
front vil&W 8¥St8RC%nitter having a serrated edge design for use with the
apparatus for renpvi ngNgarticles froma flow ng high purity gas system of

g . . .
25 FIG 1 28 pecemsal Nood4i0P536 or Feapraratusifapiskeridog ighpuvtyegdsof an
emtter having a mast with corona wires for use with the apparatus for
r emovi ng5Pened ©IASPAHS aNE CORMTGIshInghPisuiErs § ogasylisyist kavingfa RIG with FI G 3
is a graph of exanples of particle renoval efficiency vs. voltage gradient
5 (\F cnjvatntergel FEJ%ES gdse fNieer rtrels ysedue @ dha AYiRdsT whilsnthasithsg infeenghppar at us
for removing particles froma flow ng high purity gas systemof FIG 1.
FIG 4 Petispadwil adpibtiet sueaves rarticyipien o impudissdiont e dag@srtoenges ng
articles
P leaves the cylinder. The unit includes an inlet, a first filter for removing coarse
particulates, layers of adsorbent and absorbent for removing impurities, and a second
filter for removing fine particulates. The purified gas leaves the cylinder via the valve
10 after passing through a regulator, a flow control device, tubing and passes through a
convention'al 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, this system uses an entirely different approach to removing
parti-cles from the present invention. |
15 U.S. Patent No. 5,707,428 provides an electrostatic precipitation system that
uses laminar flow of a particulate iaden gas to enhance the removal of particulates in an
air cleaning system. The system includes a housing coupled in fluid communication with
B flue. A power source is provided having a first output for supplying a reference
potential and a second oufput for supplying a potential that is negative with respect tc
20  the reference potential. Tne system negatively charges particulates passing through the
housing. The charged particulates are collected within the housing by a collecting
assembly that form a laminar flow of the flue gas therethrough.
U.S. Patent No. 5,980,814 provides ancther air cleaning apparatus that includes

an ionizing device having a unipolar ion source formed by a corona discharge electrode,

25  an electrostatic precipitator connected to a high voltage source and havinra a flow



fromhigh purity gas cylinders. FIG 5 is a cross sectional view of the
apparatus of FIG 4, taken substantially 10 through |ines 5-5 of Eb 4,
FIG 6 is a partial cross sectional view of an al t er nd8&egRAPSf 4004 o
removing particies fromhigh purity gas cylinders. FIG 7 is a partial
cross sectional view of the apparatus 8f FIG 6, taken substantially al ong
fines 7-7 of FIG 6. 15 FIG 8 is a partial cross sectional view of an

al ter na?ﬂ%@@%}ia%_&ég%ﬁa@r fob &410Yd g B?g,;e!dcgﬁg t@gor%},%gsggf R LY %Esfsréréls' nders.

FIG 9 is a parti cross sectional view of pparatus o t aken

subst-antispbést # #RKdW BESLIH gas‘gg%é;vbag‘ pe A C%Tﬂlgﬁgngé%lepikggla% ;-IHE

| NVENTION I n the present i'hventi suspended contam nant™ pa

renoved disunkil Ligd 98s L e r | ' it as_distribution
syst ens US| ng el ect raostsaptpa?éc pr ec?%?teéétaltrg}rﬁl\é 'ﬂérggr i gfsees{thgrr d"%¥8p8i t ed on
an el eckirhbfgd Yo Gk 0HNdedi=nGal 4igs ; S [ faces, whi ch_ may

i ncl ude trh‘gﬁgi nt er nal sﬁr fegcﬂ é(’)‘?‘grt&ﬁ[(raﬁ%@? E%@?f%ﬁe?tﬁéﬁ ﬁéJDéJP hal tHabfHE™ 23

Pecegbetissliids 1o Skbag Srartla BRI APRELBH Yefgslangd aullaces Lisert ed

into the gas. The collector "surface 1s oca n Cl 0s

ener gi zgghysd i&@et’ft%!ﬂ% ggsfe#(: Iagrg% rﬁcb&'ﬂ"a o tr—:'ie%grc d?T g%d etme {)etgy? Lﬂﬁtﬁs%g gu %ah‘){oc al

corona, which perm orne partrcles'to ectric

5 the oroy’ B8 /Fhat FRPAN BRr ARl LaRBBAR N2 e Deon w del y used |
to control ys patent No. 3,631,655 is a multiple precipitator apparatus for cleaning gases
such as industrial stack efiliuents that provides a plenum chamber for receiving and
10 distributing gases to be cleaned and a plurality of separately enclosed electrostatic
. precipitators connected in parallel with each other to the plenum chamber. The plenum
chamber distributes the gas flow substantially uniformly among the precipitators.
U.S. Patent No. 4,232,355 is an .onization voltage sourcé that is adapted to
excite a gas-ionization electrode so as to ge'nerate copious amounts of ionized gas
15 without producing measurable amounts of undesirable reactive or toxic chemical by-
products. - The source yields a unipoiar voltage wave having a steady state DC
component which, though below the icnization potential, serves to condition the gas to
promote ionization. [mposed on the steady state component is a gas ionization
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 1995 Pulsed Power Conference, Albuquerque, NM, July 19€5 teaches a puised



particulate pollution fromlarge-scale industrial vent systens, and to
clean air in ventilation systens, but have not been applied to cl i ng of
gases in pressurized containers, such as high purity gﬁ%bE??Fﬁﬁ%F®3ﬂ
Additionally, electrostatic precipitation has not previously been applied
to the control of contanminant particlekin flowing high purity 10 gas

di stribution systens such as those used to supply electronics and

sem condemwbra rgaCOE desthegb&giepnEHazarlBus ghsvée HdroNa bERdedrarf lBpmHasents a
novel application of electrostatic precipitation under substantially

di f f er enthigic onliage puisesobregarlied B aSkitd-OMn@dttydRRRES Ueultifd- VY NGl G PURI TY
GAS SYSTEMS: 15 Wth respect to flowng high puriity gas systens, the
present streaeteridsohaoasniis aoktreospRanspEosurs BMMY B8s RAGHEC! es from
suspension in a gas fill systemor specialty gas distribution system
through a process of electrostatic precipitation. The contam nant particles
or droplets are deposited on a corrosion resistant surface, such as a tube
wal | 5 After precipitati cBRIEFIBUNMRRARYCDRTHEGRRERTRSt ached to the
precipitator surfaces by Van der 2d Waal s and ot her strong adhesion forces.
El ectrost ati cArprpgarpiut dborsmaiay gertipas thiorl @SqddyinCh e Bgrit? i atn the
gas. The gas nol ecules are ionized following collision with el écfrons

eni tted system ksheosdsd aieh aichidbe adiosclls gRerEEHIFOHethe BRI G5, are then
charged follow ng collisions with the gas ions. This process produces no

det ri mertasingedrd &vdtsaranat hetigas presgRe RWBHENecAREN2RsPERAUEES-Bugh
significant safety risk when applied to nany el ectronics speci al t%/ gases.

23 Decerkhegra?&&ﬁeﬂéw%tg;hﬁ%iit@érii@sdﬁﬂé@@lﬁr@h@tﬁ?ﬂeﬁ'@e@%a@%ﬁﬂto%gﬁb%t dto
control particulate em ssions in l'arge-scale industrial stack effluents,

seejl0e. do credteSa pRatna iNahe §a§&:1f;lﬁ6@5pé\'ﬂgeyir5t-hlerg%%; s N APBce b

building air ventilation systens, and in small-scale anbient air cleaners

(see, epmximit 6. thPamittdowh&e0B8a Gledlric HH baSem ¢ HBRE: é’rﬂ:o{hieet%illéﬁorf[ he

control of 5 contami nant panicles in flow ng high purity gas stribution

syst ens ssrfiade draws tregeticsRdn tHe Geppkne @Jieabs QMzes and sem conduct or
processi ng equi pnent. Such new applications of electrostatic precipitation

requi re hi ghApuapptatartes reafdvg, paftRidsTedn® B-da8Sh St-gi pUiR) §5d rlaifent
construction, incorporation of high pressure or vacuum conpati ble

el ectri eedsef meatdpeuvifeddentic BRILEBS aPENLECrIANNERSyes Sl QUR&l BCLEQEE
geonetries, consideration to safety 10 in oxidizing or otherw se hazardous

gasts, eladriogiyriatulaigd prdan@ugH SegPOF AfaeRdd W thE b RoRBINHEAS vEdRLE imal _
properties. It should be noted that high energy plasnmas can cause chem cal

br eakdoemittef infseacd#somg LeubestH e hicGel dasWanWRIMRsht GRS Galordayproduct s.
Such breakdown has
plasma in the gas to charge particles in the gas; and a collector surface in ‘proximity tc
the emitter, whereby an electric field between the emitter and the collector surface
draws the particles in the gas to the collector surface.
20 A method for removing particles from a gas in a high purity flowing gas system is
also provided which includes the steps of providing a flow tube inserted inline in the
flowing gas system havfng an inlet and an outlet, providing a pressure sealed,
electrically insulated feed-through integral to said flow tube, providing an emitter inserted

through the feed-through into the flow tube to create a plasma in the gas to charge

25  particles in the gas, providing a collector surface in proximity to the emitter; and applying



been used advant ageously in the abatenent of unwanted chem' cal constituents
in gas 15 effluent streans (see, e.g., Gothaus, et. al, "Effl|uent
Treatment Using a Pul sed Corona Discharge , |EEE 199528 Peeqmbgfep04

Conf erence, Al bequerque, NM July 1995). However, in this application, any
chemi cal breakdown of gas nol ecul es i sl undesi rable. This invention is
intended to precipitate suspended particles w thout significant change to

the chemaCajiag0MPosd LLAR: & cBIl{‘:tcHas%erPé %:%I[ ﬁ%ialﬁceg?glil%?glagtﬁt\fﬁ%r uigee of | ow

avoi ded 20 using sufficiently Tow energy

f t t ht
by DS O S AR, e R Moo o O SR

I | ect t II b tt fhan 99. 5%
Ther of or e depenat g on The BhrrrerE EkERr AE LGRS RGP 25 1 he

resul ti ng=qagf sl QIE@ AréN& NthtzggﬁéefoIMen@F?sgggs g\pgrov II@ gga‘%p%q% '?I’SR}IIEBtf

sem conduct or Decenber 5 app

I | d
b G4 e .t ol o RS AT
S o R BN, BRSSP
t I t I fil
cone! fod@%@ﬂe'ﬁtgfg%:&%%éﬁ%wﬂn%pg&%eev?ézcc?e ?aﬁtag%ﬁa% ol Ll
d e.d fl dd
conduct a¢tyePboibes SO DLaDrFSSHLS w.ﬂraw DAl e o

e eCIror‘érpéle%ﬁé‘ﬁ&d%@g:e%mﬂggﬁi Fheghposiatic precipliators Gan al gg rerove

particles un e range 5F system BYEISE 1 ow

congiot | Qs -to A% &1dlar 51k % el ectrostatic pr eC| p| tat ors are acceptable for
use in systems that nust be periodically placed under vacuum and in |ow

pressure specialty gas distribution systens. Referring nowto the various
figures wherein like reference nunbers refer to |like parts throughout the
several views, there is shown in FIG 1 a sinplified enbodi nent .of 15 an
apparatus far renoving particles froma high purity gas systemfor a

L'yEI“e”mg18""5Asiiéa@?ﬁ#gﬁfmbiﬁs%\?%%@%@ﬁ%'bcﬁ I*H?MI@ herein ac a

‘corona wire'ggr 4 rod connected to. a bressure seal ed,
electrically i nsu?éatgg%g? 8%@?8'&81 gf %DaéatFFﬁ?N Eemﬁé‘”ﬂ Snf;“’@n inlet 16
and4sut Iﬂ@Iva;%dH‘% &a,_’syS drlne. Th| S em tter 12 is preferably 20 permanently
mount ed insrde t fow tupe 14. It shoul d be noted that the corona wire

2 i hi
(o 12 hara bt i e A B,

i nvention. \Wien negatively charge

nare apMeCpaahéd #r ;:ee‘gcﬁ;r{ggﬁgaﬁ&esafe tt eéh ﬁdr{tgbssﬁhaé%?epe%ﬁct rode whose

function is to emt Ux ot ele dlng gas,

thereby 25 pepguging s‘fi’m*I%QIfroﬁPwQ\D%f ab QLo e ke Thidertbuehgheed. a

| ocal corona is siml
the apparatus for removing particles froem a flowing. high purity gas system of FiG. 1.

20 FIG. 2c is a simplified 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 far

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

25 FIG 1.



23 Decenber 2004 16 forned in the vicinity of the corona wre (emtter 12)
due to the high electrical field strength in this region. In either case,
the | ocal corona thus formed provides a charge transf &3 Pacembes200dc| s
necessary for subsequent precipitation at the grounded surface, or
collector 20. 5 The enmitter 12 can be W&signed in various geonetries not
restricted to a thin wre, but intended to enhance formation of a | ocal
corona under gpplicati on g L gh,vol YRl cal geonetries, 12a, 12b,
12¢, 12d, 12e. shown in Ei (%%rgggg@%boq aﬁ?ﬁge,%&hﬂ& %5%2%@595%&‘?}'?%r ovi de
sharp edgesse @rhenslsdhsnut as L radi L -of  curvature to pronote high
electrical field st rg%gt h angéggpﬂ%?gﬁ%le%@g{n%ﬂg\'g'rnﬁg‘t'%oﬂlf”w RIS E’g'f)e@nhanci ng
t he precispali on process. Such emtter geonetries are well known in the
art of electrostatic precipitation. In an alternate enbodi nent of the
invention (Nog;sRaw)qratih r af dto em.tter” or rona_wire can be
grounded, while the a r?éarﬁfa%%mbgegl (ﬁepgft[gfa'regnﬁﬁla%ﬁm%nézﬁ Vﬁevéfétgﬁ@rra%%%ti tively
or negatpy&hVatGhatgedss 4 | S . a_ls . again formed in the 15
Mo o A ettt By YRR elsB RS TRcer et o) o

vicinity of the coroha wre e

strengt *bairfﬂ:.féé"f'rémra%g@géh@’ﬂ@ég?é%g%sieWSfE@T red provides a charge transfer

to the particles nec eéquent precipitation. In this

erbodi ment. At ik esoang Ala0.ALIAUEH o & sneel Leclon, surlace. 10

typi cal application o e Invention, gas

appl yi nGred@hidnhiue . tage source to a feed-through 22 in the flow
t ube 14. ’ Thei@r ?gt @oﬁsﬁﬁ'g‘\égtfs systemis electrically grounded. The voltage,

whi ch s Cypigaal b bbb BY Ol SaRgspotUsl Beysult Lerent Lo provide

corona formation w thout 1 nducing elec edk

t he 1gr oyidgsh BAYf ger can be supplied to the emtter 12 continuously
during oper%’gﬁor? %%%ZF#cﬁoavfthrough preci pitator. During operation, the 25

S Corsna ST o s LD P 60 e SR PR Sl e
char ged pRAfcles GofthibR phidl§ oBY EfithRLAaL o surface, or | | |
FIG. 7 is a partial cress sectional view of the apparatus of FIG.8, taken
substantially along fines 7-7 of FIG. 6.
15 FIG. 8 is a partial cross sectiona! view of an alternaté 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 iines 9-9 of FIG. 8.

20
DETAILED DESCRIPTION OF THE INVENTION
In the present invention, suspended contaminant particles are removed from
filled gas cylinders or flowing high purity gas distribution systems 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



collector 20. Gas can flowin either direction through the tube: the flow
direction does not affect the efficiency of the preci %’é@ti onlbpr gﬁs The
subj ect invention requires installation of electrical BEEm &'jaﬁ and 5
el ectrodes in specialty gas systens. However, the energy consunption of

el ectrostatic precipitation is typi cal1l3y low, little operating | abor or

ot her equipnment is required, and the gas cleaning process is very

ef fici eSS ®r ¢IRe prAGANelesioned FudReaninpeisss inththe gas. sthef aclestaof

el ectroni cs-grade gas systens provide a high conductivity well suited to

el ect r oSHARGEISPreEFDint BATeRIoXiImly tagyt eeialress highhetggeelepirernemittesuiihace, or
col l ector 20, can be heated using externally nounted heater elenents 24, as
shown i §MiteG PredugRsat BEaletaseran dichioammils dngasorog paftislesds dpthergel ectri cal
resi stance heaters, therno-electric heater nodul es, heated fluids in

t her mal TEBRassc (R'd Rebrpendie emiter agd cplipstor dhen Wawsdhe ebareed pantitiasdg or any
other nethod well known in the art of heat exchange. Such heated coll ector
sur f Bicede1 grappdrd sarface n Beaposiaiiatarenpitetors Mwant ksgn| wigaly dusddolpl eerdrahs t hey
precipitate onto the surface. Such suspended droplets nmay be present in
vapors PROGHIAl &ollyiear framt Frearswie duhdiiel gast sygemanahe tsedpan miFliiG 1, the
el ectrostatic precipitation process works as follows. The electrical force
on a ch¥¢RyjdriiopasusiePe Bt eydine heenremplierhitd sfesniagdofsgasadyin 20esiueesd i c fiel d
is equal to the aerod%/_nam'(_: drag force on the particle. The resulting

preci pi CAHPIBATSs pettes/Nieh Futite gpaFylingers. iAddidonalin elatrdstagiw pssaititation sagi ven by:
v=E nP a (6 nlxa) where nP is the nunber of elenmentary charge units on

t he par fiplgpravicasly §eemapriied e theagoptrahficoptantmant gerticled i80dvirg hyh' purity
statcoulonb, Eis the electric field strength in 23 Decenber 2004 18

st at@ol 837 eistricatien syxempsudly gantesevissddeisupplpfeladirenigagni repiionduct® i s t he
St okes Cunni ngham slip correction factor, which is given by: C=1 + 1.246
(al a) +PECcassinh/eqyraent.e; Shis invention thersfore represents a novel application of

electrostatic precipitation under substantially different conditions of gas compasition and
pressure. |
FLOWING HIGH PURITY GAS SYSTEMS:

15 With respect to flowing high purity gas systems, the present invention consists of
a means for removing parti'cles from suspension in a gas fill system or speciaity 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 wall.
After precipitation, the particles remain attached to the precipitator surfaces by Van der

20  Woaals and other streng adhesion forces.

Electrostatic precipitators charge particles by creating a plasma in the gas. The
gas molecules are ionized following coilision with electrons emitted from the surface of
the discharge eiectrode. The particles are then charged following collisions with the gas

. ions. This process produces no detrimental effects on the gas or gas system, and

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




where is the nean free path of the gas, which depends upon the gas
pressure, 5 tenperature and conposition. If an emtter and a collector
surface are spaced a distance x cmapart, then the ti @S Pee®
precipitate all charged particles is approximately equal to x/v. This is
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 aridesttosgdic oravipititen baebdd Fidemi uzgd gasohtrul haricelkeCimissiohs el d. The
gas nean free path, the Stokes-Cunningham slip correction factor, and the
resul tinylapgestgte ndustoal ssariediuehls, sends. §.o0UVRAPAt. N SteEN 15581 dny LMVBT hatgas
pressure. Consequently, the exposure tinme required to conplete the
preci pi that i A0HARE ems buildirige sir sudpdiladat isasteyiswiahl igasmpi-essairsenbiddti sir pressur e
effect is inportant in process gas 15 systens where pressure nay vary over
orders cfeanagnisesideg., Bl Feit.gwi. 5,281y, tdt Bhd netlisehappidd 19 thavemtdion from
the prior applications of electrostatic precipitation described above,
whi ch arcentaanimgelt papieles or fdn@bigh earity atzswipitetive sptass dieh afhokbessmre, the
gas dynam c viscosity, the nmean free path, and the resulting precipitation
speed alt¢ sty electradrsyarsivdesticarduetbt yrovedshhoafidIMROSUER Bw JepnEagnent |y, 20
the exposure tinme required to conplete the precipitation process varies
subst anbf alekyostetichprgaipitationpediitsi gh pdity 2068 OSMPS cbirborefdsRent hiatddgport ant in
el ectroni cs process gas systens where gas physical properties can vary
subst antf abhstructiord ifeorpdretiondbS highguéshes ot hhcuumeenbiidne tremebhrepr i or
applications of electrostatic precipitation described above, which are
per f or mfuoygredesidenddredoyver aburben ghique tleexedeigd onedtas, Edhsridration td3afgcenber
2004 19 It should be noted that nmany dispersoids, such as dust particles
ar eT@at Ur @adidiying bactgethidechazattiogs gesaasamd sRaulidg Mirarhfiely comethoduwh tor mat i on.
However, this charging is usually quite |low. Neverthel ess, These naturally
char gednpagts phescarpyopbeicaf f ect ed by ext ended exposure t'o an electric
field, even wi thout additional charging by a corona.

It should be noted that high energy plasmas can cause chemical breakdown of

the gas malecules resulting in unwanted chemical byproducts. Such breakdown has

been used advantageously in the abatement of unwanted chemical constituents in-. gas

15 effluent streams (see, e.g., Grothaus, et. al, “Efffuent Treatment Using a Puised Corona

Discharge’, |IEEE 1995 Puised Power Conference, Albequerque, NM, July 1995).

However, in this application, any chemical breakdown of gas molecules is undesirabls.

This invention is intended to precipitate suspended particies without significant change

to the chemical composition of the gas molecules. Such breakdown can be avoided

20  using sufficiently low energy plasmas, or through the use of low frequency voltage

surges superimposed on a steady d.c. component as taught by U.S. Patent No.
4,232,355

The particle removal rate for industrial scaie electrostatic precipitators is typically

better than 99.5%. Therefore, depending on the particle challenge to the precipitator,

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



5 Therefore, in an alternate enbodi nent of the invention, the emtter may
al so be used as a sinple electrode at |ow voltage levels, insyffigcient to
produce a corona, but sufficient to produce an el ectri3 Peeembar3004 ¢ he
gas system This electric field will renove a portion of these naturally
charged particles from suspension. The!'®articles in this case are deposited
on both the grounded surface and the emtter, depending upon the polarity

of 10 t heippiidaabty. 2l THE B8R Est W%néeﬁ}a&% #}e?%&@ tﬁ] S%R'ﬁ)%‘orngtgé% for

removing particles froma high p gas sy OW n Eystem

1 10 i ncl yebdeEsifgSodt ¥ho @ _fbie'shbs?x.%ﬁmgﬁeé’d %ﬂ?@k%%]e%ggﬁgtfbgérécigfsﬁFHi .

i QFSO
di stribution systens. The di nensions and operating parane

devi ce al‘rﬂelésLHFEQ‘éisgSéiaﬁt%ﬁiy in#drb\:%tdrf%r%igéna“iﬁgﬁez&gstcﬁ.’ﬂélii%.a?%de 0 il %%% this

substantially anong the various applicatio sTinventl

exanpl e, the elRLirdAl Labéc%é?éﬂ?:d%%cﬁ%@t'sc%aﬂ:&vb%u%%@]ng% h%\}:ﬂ gﬁ@ﬁii%tp%- ?ﬁeq ter 12

dianeter of 4.14 cm and a length o

el ect 5Od@s@ﬁttiﬁl!ydﬁ‘dilogdotuBéncarlttgi'ﬂ?'g;cﬂ?i %gcrv& bAelb el %réfargw %g&ﬁs 14. The

emtter 12 desi'gn consisted o e conductive rod, %% PG

25 1 FRcpRa- o NS EBIL e S AOL DE A Eng UB el | o

"inter-el ectrode spacing”, m at'i g applied
to the epyht i | d t - inter-el ectrode

Vol t age oEndea: e, BN AR RE PR RATRS Py e o na

wal | . Theg @08 ' fahS € - 1 i.ed vol tage divided by the
el ect rodeegﬁaﬁﬁga?ﬁ.%ggeggrgrseﬁang}é?!sm%t%muaﬁf @Réo}{‘”lsv%]r} g'ﬁ%rﬁgmﬁ‘fﬁ FRHICESt est  of
25 the p i Lad0 r AL r [ ressure.carryj ng anbi ent
cont am ngﬁ?rm 23 Déaggﬁbpﬁréyg%gﬁa%gs%gér't?ﬁ 3@ Irgg/éeragiﬂﬁfvocqnﬁg'O??‘O\/ést gbe 14.
The goncerF aki | LCl I than _0..16_mi cronet er measur ed
at the out F%t E%]%gﬁéemt E'Leedﬁﬁé%sg afe® acthidiatie 1af #Sgdﬁp?ﬁg}}ed“spé‘?ﬁti T8 BBunt or
The anbi j [ recipitat found to 1t ai n about
1610 170 ealely BN Muck \BeRifC SRl By PSS tpetluats e rhe
resul tingsnsparticle renmoval efficiency was then determ ned under various
emtter voltage settings and air flowrates. The results, show in FIG 3,
denonstrate t : reeGi pj, 1 -at r : e . 99% of the ticles
Fromthe air aeo e Ve e S el s U ot BT o
i.e., d. SRR (RPQ t. ' rf,or mance was observed at air
f1 ow rfatia? s‘é@%ﬁl gh ae 1\36%%6Q%r%8t}4 ’*‘F-']?ljienl.§ sﬁ%%@/ﬁéaz%ﬁﬁfeﬁieg&&wta t he
Cengen o T5PS AR BUE) phittes 1Rh 2ot PR ol SURFBlie” s et 8% o
al ong t keste®Abr alrnigdXdesi-afic t -0\ . enj t.ter, desi.gn,consi sted of a
singl e cg%ducti vzhlfg)(?gglv?ngt'?] H([a?geﬁtlﬂwﬂ% gprrgrhet FP‘?'Q@%)& gyr?ffé?:ls’&rﬁaﬁeé'z{aﬁ%s shown

in FIG (atedlé8ittdo15RAY R%RAIMNRER: PF at'jggﬁn,ngfm{irteh%r Pajslcffﬁ%@tefelcércl)(aee Qxt ended

surfaces and the surrounding tube wall, or “rInter-eléCiTddée spacrrllsg", was

0. 349 CobnmchR0Bld ¥Rsélire %eai¥&|§l@&%(§lw&s?@@di f@gd-ih%%ﬁfzf Ej]eé{ h& ‘tub;léhjf appl i ed

vol tage produced an "inter-electrode voltage gradi ween the emtter

and t hensuhe dmnigsinad 3l butdrofs tinse tcg%§t!irf%f tﬁ%.@h' 1Py 3L Qo g apiy
performance, air at anbient pressure carrying anbient conta Aant
20 permanently mounted inside the flow tube 14.
it shouid bg 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 local corona. However, when positively charged, a local corona is similarly



20 particles flowed into the tube. The concentration of all particles

| arger than 0.16 mcroneter was neasured at the outlet of the tu% sing a
continuously sanpling particle counter. The ambient ai3 Reeembey 93
precipitator tube was found to contain about 11 particles per cm (311, 000
per cubic feet). The particle renoval Hfic ency of the precipitator was
determ ned under various air flow rates. The precipitator renoved 25 all

nmeasur abl i ¢l iy e.air. at_an_inter-el ectrode voltage gradi ent of
Tra00 G5 Seaaebiot kol PPl 557 GuE 56 VBT Fugfot brPas Cbmval t )
Thi s perf, > er.v air. flow rates as. hi as. 3,000 cnf m n.

HI GH IgURISRI'\E/ H%ﬁé@ﬁﬁ%ﬁéﬁ %@?ﬁéﬁssséhsé?ca‘t‘v&m Paﬁ“‘ﬁuff’f'{“g%j GRYIdEy |3 FEEISs, t he
resent i i Sj.St ans for reqgovin articles from

P e ponsi SaHERH LR ARl Betlond e MRyt bR o il e HiRURCS B EP, The

M Cr 0SCOR} £y g@ptzﬁm' nant particles are deposited on the internal surfaces
of the cylinder through a process of electrostatic precipitation. After
precipitationg parti remain attached to the cylinder surfaces by
the Van der V\ag%%%a{ﬁ% Jé)jt géefggtcgalﬁ86daﬁhé¥|°8§ QFBF”@&@.S "Pgr?—ﬁtwm%ar@frbr to a
preferreg; di rat.us for _renoving particles froma high
IS lhgﬁ? b ¥ E%ngg%}'math?/n §ag lﬁfﬂ?'cﬁrd’é’? q‘@@‘."" prrlisatian Phaléishor ot her

purity gas systemfor a high purit i

o aseur o ot od BFaEEr s J8 1A dgHH Bo pr YEPN 115N 9. Fode she
cnitrer 3 ConsfErehal A ek o4 oML TR cBRoRaN P81 ravi ng o

3 in & eI e el echiel TS hufhil <R G nicourar ageten. e gas

cyl iqder : : di ments_of the invention, the emtter may consi st
of t1g n%rﬁ%ngsh]ﬂ ttﬁggétggﬁng A EE RN oW FW%FHQE%(P?"'S? AL Welt Fpvgndipite att

preci pi tgtyon, j ng. but not limted to those shape$§ shown in FIGS. 2a,
2b, 2c, 2?,1 anaﬂagﬂj}éﬂaﬁﬁ%lo . 4-5, the 20 electrical feed-through 36 is

installed in e I vapl ressure sealed fitting placed between
the val ve 42 Ign% %%éﬁgfﬁpibgg%gpgfthgﬁ%vee " Hti’grsh%”f))' 15 PYEIPGA=EIP i nat es
t he need : ox:1 ed-throughs installed directly in the cylinder
val ve, aﬁ@ﬂ{oerr oé\)/r?%té@ae‘gt%/garene% gréjé'ﬂg%[’] Wiyl ?W?ea’tﬁ‘%%? piYlstiay 5é3§°§%ﬁ$‘i/g%luri ng
routi ne Jnl sShance,of .4 as_cvlinder. 23 Decenber 2004 22 However,

ot her gee(I)qﬁ%r?%l es Qr%r rﬁ)egggwfeﬁgﬁarg%%l L'IH&H% P5fe G SRBPER ISofE3H TIrReddndes ri cal
feedsth i L1 pder val.ve or li nder body itself. Such a
geoigt r;{/&ﬁgtg %fﬁégé:é{}gﬁ%geepeo n[;“:“‘erl i tﬁontégaf” PIESHER] Tlebhalsrtatain this t he
system n i ons. i ncrease the chance of external |eaks to
the cyli enQﬁéngr? trgé %ﬁ%ﬁgé@%ﬁﬁ'ﬁ% prs"}‘ﬂﬁiﬁ/ﬁ 3 ﬁ‘aﬁ"cﬁ?”%@fsfpi*h% Padistes Segegnd

term na I ta_ensure that the cylinder, acting as a collector
surf ac efor?%bg?%%%? ?’geeﬁq H(?t)a/'%g}? ouhdds =ake ?Wbe% pmff?so Ao fise Ritrantet fditheat or .

Thi s em@digeAt, Aals0 i ncludes an electrical insulation tube 48 constructed
fromceramc or other suitable corrosion resistant material. This tube 48,

:c |O'f ?;‘ ﬁg near ;i D& pkQPaMicdig of sl i%%{ior% %das-%f(e%gigglisngcclo%tp :sr;[egebyparp%lsy?n%r e seal ed

20 a high d.c. voltage source to a feed-through 22 in the flow tube 14. The rest of the gas

system is electrically grounded. The voltage, which is typically in the kilovolt range,
must be sufficient to provide corona formation 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 operation, the

25 local corana permits the gas-borne particles to be charaad. The alactrin fiald incida tha



10 surrounds the upper part of the corona wire and acts to prevent
el ectrical arcing to grounded surfaces near the upper, rrow_par f the
cylinder. Gas cleaning is acconplished by tenporaril y@&ﬁﬂ@%bﬁg@" i gh
d.c. voltage source to the feed-throug,I The rest of the cylinder is
el ectrically grounded. Power is supplied to the emtter for a period of
several seconds to several mnutes. During this 15 period, the emtter
pr oducesPECPERIAr therr orridly wiidvesh thee charged tasdiclpsstabthenprepiaitatoc lsedaden dre
charged. The electric field inside the cylinder then rapidly draws the
char ged PAPEPERBs G35 ¢anellqy Buribieddicaatiomdweughuthedete: thé few doestiphetdesn of t he
precipitation process, the voltage source is disconnected fromthe gas
cyl i ndernot gfectihe gEicepexefithe piggintgticsdirpdasat or 10 descri bed above, the
corona wire (emtter 20 34) can be charged either positively or negatively
in this invent?oriubiggkrnyasten ireetisescingtajetthn tof ecledricah afenitreoghsi tahdr 34)
can be nore appropriately referred to as an emtter or discharge el ectrode
whose f LAIRAtIoges its spasiadiirigas svHeyh. Howrvert the erergyormsimpiiont dfeslsurosttindi ng
gas, thereby producing a |ocal corona. However, when positively charged, a
| ocal cOteFigitationds ypicaky ipwr Biirerereting lakorar oiher eguiphetthie rapired aang the
(emtter 34) due to the 25 high electrical field strength in this region.
I n eit hel@Sc@ganing meodese ds veor efficietthudisbotheedolish2d el efdaeline®00Ate? Bl pr ovi des
a charge transfer to the particles necessary far subsequent precipitation
at the gubasRfed siectranies-gede ok |watens. powdeE|aClighLobdudtiity emll tstéed 34 ext ends
to near the bottomof the gas cylinder. This design permts sinultaneous
cl eani nglastrogtadic eracinitetivol ume of gas in the cylinder when 5 voltage is
applied to the emtter. This design is best utilized when the entire
confl@nts of tPrticegiv nber pracipitater sugacse oars celteatos. 2GHovaey de, heate® ©yihg nder s
are at least partially filled with liquid. Such cylinders contain a smaller
vapor v&Kigmalybaoeniechbesteyeleaentsiidans shoen mafes. entitdtaremedts Chemaynvent i on,
the emtter may extend only partially down the central axis of the cylinder
so0 that “Phustedfi faregxamplay@ecticabregistanicatheateon ghetrs-¢lectdt hedidr maetesed in t he
liquid. This enbodi nrent permts cleaning of the vapor space above the
li qui d RPeteddiuicsHothermg! ehtachwitetheotdtsroalfsughck ditbe taledior eataczont ant with-
liquid. In this enbodinent, any liquid droplets suspended in vapors near -
t he sat Gh&f MsHbesbival koewn bethe @it ¢frhestiskghadepoSiutie eatad tchitecty |surfdess wal | |
w thout exiting the cylinder. Such deposited liquid droplets would flaw due
to & aviveplddainint wepasizetiondet umektted Siquidddioptets hethsy @rambitateqont. tHdowever
since such liquid-containing cylinders are.frequently heat-jacketed during
use, an?“%ﬁogpﬁhééu#ﬂeqdﬁdj debpists ey beaouesknainsvanoentoviing aapsarisaturationt he
heat ed cyl inder surface, thus enhancing the snmooth w thdrawal of vapor
phase fFHditiaRE. cylinder. Therefore, in this enmbodi ment, the apparatus 30 is
operated continuously during wthdrawal of vapor fromthe cylinder 32. The
preci pi t at i ofts piasc kg separidstiGo 120he caleatrostatie mbupitatioe $rodebe dvgkoldsens
associated with transport of stable liquid droplets into the gas
di stri biglewh Jheteastricehlorasdemeg charged adisteuctt iadis @ is eveniferrs and ase aniy,
premature failurée of flow delivery conponents, and evaporation into solid
or %8t he?iofise figkhisy sneali tpethe casiretlvoamin tiagl tasce whitblh paetime. nTsusseitdgd in t he
flowi ng gas. The subject idea requires installation of an electrical
f eed- t BEGFHIP6 spRed Aaf P8 Paficletie g I@rinanflaw eystsm idegivedihy: However, the energy
consunption of electrostatic 23 Decenber 2004 24

v=E n, e C/(6 nua)

where n, is the number of elementary charge units on the particle, e is the

elemen’_cary unit of charge = 4.803 x 10" statcoulomb, E is ths electric field strength in




precipitation is typically low, little |abor or other equipnment is required
and the gas cleaning process is very rapid. Miltiple ¢ I|nders C %pﬁg
cess

cl eaned sinul taneously using a single power source. THR3:De
is conmpletely portable. C eaning can % performed i m*redi atel y after
cylinder fill, before particle testin 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 stewsitd/amerandl b sutfeacewenod vakedlyr afnthe sgagr adecigas Ty thedStakepr ovi des a
hi gh conductivity well suited to electrostatic precipitation. Electrostatic

pr edi pi Catrarghehalgenrpatidn bkes Wyctos @athbg a pl asma in the gas. The gas
nmol ecul es are ionized following collision with electrons enmitted fromthe

surface of 10 the di scharge +el 2 nodje. 0 Fhpugpasit¥ €bes are then charged
following collisions with the gas ions. This process shoul d produce no

detrimental whéRcls tBOmebe fre@patdror 4 %Mﬂhsoh@@ﬁer&h%ﬂ)bﬁ e galisi@sdfe,
significant safety risk. Expressions ftar efficiency of the precipitation

Pr oGes steRipRfiGle AIRAorfQMeRf f ectiveness can be achieved for a stationary
gas, such as that in a cylinder. Such 15 effectiveness can be achi eved

fol | owi ng suffahcireitér ﬁ%@@@@reetofr@uﬁm HE QBRI AbisRRcPKAHCESan, Th@q fsul ting
particle level in the cylinder should therefore be acceptabl'e for

sem CoNgHE raduidBRbIFadihiRisS al Edrg@X pamEEs id Jé@romns@wéa@t iPRvsSPefdisv of a

particle in quiescent gas systemis given by: v= EnP a (6 nfxa) 20 where

al | par@ERbQlifca:@odie ARfel 0k ANONEgad h o@cﬁbr%‘béﬁw?ﬂ’ete&ﬂé‘ cRakih lecdeqt. surface
i nside a gas cylinder or other containnent vessel are spaced a distance x

Cm aparin ek89Re PAEidilaliR fRABE bBslghdd BIesiidd habsst Mt amBaraRdrRapt el es i's
approxi mately equal to x/v. This is the required exposure tine of the
qui-Bs Cefdwifi§ad i tAE dREtrb@elgonpl et e the cl eaning 23 Decenber 2004
The gas mean free path, the Stckes-Cunningham‘slip correction factor, and the
-resulting precipitation speed all tend to vary substantially with gas pressure.
Consequently, the expaosure time required to complete the precipitatﬁ]on process varies
substantially with gas pressure. This preséure effect is important in process gas
15 systems where pressure may vary over orders Qf magnitude, and significantly
distinguishes this invention from the prior applications of electrostatic precipitation
described above, which are targely 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 cemposition. Consequently,
20 the exposure time required to complete the precipitation process varies substantiaily
with gas compaosition. This composition effect is important in electronics process gas
systems where gas physical properties can vary substantially, and further distinguishes

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

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



25 process. An effective precipitator nust be designed to provide at | east
this amount of tine for the quiescent gas in the electrlc field. Aﬁ in the
f1 owt hrough apparatus 10 descri bed above, the gas mefd Beeam &f@ fhe

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

substanti al | y dy BaRoRkeHaURny Emparserdeswneaseaaﬁ%mesl &@%%@r@hy' n gas
cylinders where pressure nay vary over orders- of magnitude,

signifig ?bd’ télh b RGUISh RS Uk RE Brelr RYERd QFrYonfn'ié?l'ght L WRLEO i@ PR gfﬁaté ons of

el ectrostatic precipitation, which are largely perforned at ne

at nos phegidhy Riuits S0 e -Nel@rtfdiédsh e diR rr%turélweclﬂ?gceodyeﬂﬁf%sc mYly ?%Oﬁ*etc}’ed Lhe nmean

free path, and the resulting preC|p|tat|on speed all tehd to vary

subst antiighdet \é&ﬁ&ugﬁﬁa SRTRRS ! i) e ERNARGUERIdiNonal Bﬁar&%gc@u& Qoldnd®
required to conplete the precipitati on process varies su stantially with

gas SOWQ%Ferr\n aﬁ@ltérn%%@ﬁ@é&ihgﬂ cﬁftﬁeeﬁ@edh%n AR Qe tnd r¥na!§'cj BELEQNLES
process gas cylinders where gas physical properties cad vary substantially,

and fur b ieho deRIBEULSER SolkayeliBicts, iV ARENAR JE QR the il ot s%ﬂ&lién@?&' ons of

electrostatlc preci pitation descri'bed above, which are perfor

predom Y3 RGVR 5 show
an el ec?@gg%élata II-I gle%?gg? le ‘?’g’?”og’é?é"g.%g e F%’% %’S?{éi’g SI‘I zedéﬂEO %%)%yl ?%der S.
The di niasi ong,and &l?g"e@t{} c@@rf@m%ﬁeneogt e gl PEE IR IRSPLL ¢! drd for

illustrative purposes onl may vary substant anong t vari ous
applica i I i rounded
ol orRaef ba SR EE L EButgeR A e SRR Epeh e 9%&??“%#?*‘;%0?m er nal
di &ytet efhePhafPainetMhargfd a total external height of 119 cm A thin

ni ckel -chrom um corona wire (emtter 34) having a 25 dianeter of 0.0102 cm
was centTal |y suspended from an elegisig€al feed-through 36. The 23
Decenber 2004 26 wire (emtter 34) extended nearly the full length of the

gas cylinderg@2.1 &oWel Hppafh@d sk pé?nmjig% ﬁ’d&]c%s t{ﬂ'ﬁ a"\ﬁlﬁé}‘?ggfﬁm?hg %gst?ﬁ]ﬁ) was

| ocat ed about 9.2 cm above the bottom nde I nder 32

vas pregpyiibaf yust Rt bh ﬂcﬁ:dlr@cb%@e%c{]e? frﬁ‘a&rt%ﬁ§ UR& oRfSithQecf?ﬁ! asihe

concentration of all particles Farg m cromet er” was asured at
5 the f yl C 0

count ert “RERy S?%?&’sﬁe e R R -
parfsi Cl 58viRgd St Akt SitpctdL o ﬁlg ahbl GhRSs Ean%%%?grﬁfzﬂg. WVSHJL}%OU Thi s

particle concentration i s consi unaccept conduct or

pr ocessidyicARRS it fﬂ@ P0SntiohNen ¥4 ém%le Was e%'cﬁrea; C@%A%d%gaﬂ%@m@d an

inter-electrode voltage gradient of 1,520 vo a negative d.c. 10

vol t aga@ﬁadlén@@s@dé/eiamervm apPphi gAy TaOIeﬁﬁ?Pr F RN W £ 956 &M Bﬁaﬁ{etéfl) for

about 60 seconds. After exposure to the ptrecipitation process, in
the cyldmfer 1§%té&@r§dé QURAddL 1 @%m Q{bﬁg ﬂqeoé‘érkﬂaF Lgis Co‘P RELAGL RO, C’f‘rh@bc’ut

1.127 x 10'" particles per standard (3 particles per standard cubic

foot). chitter PRIdelsheodrQRERANGH Al béncﬁfamﬁa F’&‘J e SEEAPHARIE FOT The
sem conduct or processing applications. Simlar perfornance was 15 observed

under Isggahg Orﬁalméﬁtthé?%rr}ﬁt‘tér' P %inHOfhel ﬂkﬂun@'h&%é@%llv%ﬂ e EAGGENL S as

| ow as 800 volts/cm(i.e., a negative d.c. voltage of 8,000 volts),

al t hougha&Heh WwRW ‘99'&@9@%9@&%' d.& ﬁﬁt‘é&é AasMapHibeso R cRMRL abe the
precipitation process. -7 show an alternative enbodi ment of the

I nvent ia@piietOvoitagB drmL&e@rmO%afeaémrotde%ﬁagé belic?d bdtGeSree Shhi¥r hocated in

a vertical, electrically grounded 20 collector tube 50. The emtter 34

consi std de Ao RPN Rl rh Ay AS Wa%é‘gﬁdﬁnt &PequaNtOhbehpRiEdesdiaaent s of

the invention, the emtter may consis he many em tter geonetrles known

in t he gadedoly @:E&Qérﬁr@@é% @ng(ﬁ@g Bin} aérquglm LAl SrdicRgreAUtERAkis ibgidied to
t hose shapes shown in 2c, and 2e. In FIGS. 6-7, the

coppl et preRitRidra A&rrfoﬁﬁ’%léaﬁh'sat@nb:edt%&éﬂi‘é‘ga&gﬁ’g ekt Iceadanfu%eﬁl t hrough
30, the emtter 3 and 25 the collector tube 50 are installed in a
separate, renovable pressure sealed fitting 44



23 Decenber 2004 27 placed between the valve 42' and the cylinder 32'. This
design elimnates the need for electrical feed-throughs Inst aHse& ﬂi rectly
in the cylinder valve, and provides easy repl acenent a8 Qﬂ"eerﬂ € B #at or
assenbly during routine maintenance of. the gas cylinder. Gas cleaning is
acconpl i shed by a connecting high d. c 2%l tage source to the 5 feed-through
36'. The rest of the cylinder 32" is electrically grounded. Power is
suppl i edparticiéhiovet ihfocthe 8dw taentd. NTreusdnyesttition @f Wi bardsiasvalrgpthgas. 1er vapor
fromthe cylinder 32. During operation, the emtter produces a | ocal
corona, misrarhetpr vab treedsueedyas tHeopatet irthé alies usinghe ceh@igesly Wardingt he
electrically grounded collector tube 50. The electric field inside the
col | ect qrartidibeotriten Tapiadibjent aaventdring thd argRtkapatibecvas féundt hecgitaynded 10
tube surface. Wien gas is not being withdrawn fromthe cylinder, the
vol t age abour t@td $10 pattiseo pareshe (isB00Mtb el 19AD0GEF coslersotThTise asxhady ment
.does not clean the entire volune of the cylinder, but cleans the w thdrawn
gas Bl owangieomdvar effigibndyheas tlehettarmirsdbendeHowmMRramitdeievdiags Retphose
spaci ng between the emtter and collector tube in this enbodi nent, high
i nt er - elaadt sinfdewwatssagthgreditensiovean PG, a8 hievedrate that #ld prlokithew 15
emtter voltages. Therefore, particle precipitation can be acconplished at
rel ati vebmyovarvmer thae B9%lf tiggesticidotem tthakir thiateealRedbdenditagl gFldiaSts 6- 7
allows for gas flow entering or exiting the cylinder, i.e., this enbodi nent
can be wbedk 400 esin/dmcicsi 0g. gabagdyribeget$)60T Wbt dBlis Ferfofmddcengast ep or
outgoing gas. In this case, the apparatus 30' would be operated as gas 20
ent er s thesreyd analefiovdites atigmasil olsohen¥ /e, shut -of f after cylinder 32
filling is conplete. Such operation of the invention would provide a
recedtly filled cylinder containimgmPpEedom nately particle-free gas. As
in the flowthrough apparatus 10 described above, the emtter 34' can be
char ged ei t her thiosxdmpiel tiie @lectiRgiBt froehded Metahbibel HiMedH inRize dMBEepBOat i vely
charged, the 25 emtter 34" can be nore appropriately referred to as a
di schar d&S5ednecaricosl engihosiels.2 23. Reresthen d2ifle2nittenskiesid Scdieama a hi gh
flux of electrons into the surrounding gas, thereby producing a | ocal
cor ona. cirioslen@the whveral peisi dfi trelfpwcies gBek emitted GRIgR WoRBRtekiSorSd Ridgar | Y
formed in the vicinity of the sharpened emitter tip due to the high
el ect ri caddutiived chdswitre aighh filamebhlike &@gHides . surace, t4RedhoGasia, Fithees] ogal corona
thus forned provides a charge transfer to the 5 particles necessary for
subk®equsgrcingr betiveer &ie tps af tHehRlageatirgesktsidetiatfacsy afd kL stPsundiae
apparatus 30' shown in FIGS. 6-7 can be used for either gas-filled or
|'i qui df fubk ewalt ydri frdersectfode dpading'd-Fas badocyhi Adesdativarye. | iditehsl whisopl et s
suspended in vapors near-the saturation point can be continuously deposited
on t he ampliiectbothet erhitteh0, Thié tApplidd @xsktdgen@rddoced shi nter-cidrodeSusitagdeposi t ed
liquid droplets would flow due to gravity dawn 10 the collector tube 50
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apparatus for renoving particles froma high purity gas system desi gned for
pr essurpregditajarss @eHbmekercs, 30" at Bhebietht NErasdEA ScarythgO BAbRINt N@nRAtiAsmt er s of
this device are provided for illustrative 'purposes only and may vary 15
sulzét amarididsy lawedgntd hee iabé.oUTheapphdehabii@n of Gfil pdriGed mygat tren. 0B this
exanpl e, the

micrometer was measured at the outlet of the tube using a continucusly 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 determihed under various air flow rates. The precipitator removed

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



electrically grounded netal cylinder 32" had an internal volunme of about
29,400 cm, an internal dianmeter of 19.7 cm and a total _external B i ght of
119 cm An emitter rod 34" having a dianeter of 0. 159 23 Pasember200faned
tip was connected to an electrical feedthrough 36'. The emtter 34
extended centrally into a 15 cm | ong ectrically grounded 20 collector
tube 50 having an internal dianmeter of 1.75 cm The cylinder 32' was
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concentration of all particles larger tha m cronmeter was neasured at

the outl pltedis higR 26l doddes® M8l Ng a continuously sanpling particle counter.
The NZ in the cylinder was found to contain about 2.18 particles per

st andar dyesf pURITY @A Paktinglegss. per standard cubic foot). This 25 particle
concentration is considered unacceptable for sem conductor processing 23
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an inter-electrode voltage gradient ts/cm(i.e, a negative d.c.
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represents a geonetrical si npl er~“version o Sho in FIGS
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than the design shown in thi's Case, v icalTy ¥ i ent ed

col | ect ofyahdBBqiothet QoM Ldred; he emtter 34" consists of a
hori zontal |y orienteé @%%tte?nggge%4" havi ng a sharpened tip, as shown in
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easy renoval of “the electrica rough and em-'tter ro romthe
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emtter rods 34" fromthe asse emtter Iacene%t can be
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the gas cylinder. It shou e note t many di spersaol ds,
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formati on. However, is charging I's usua urte hel'ess, these
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relatively strong electric field, even wthout additional charging 25 by a
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remove a portion of ese natural char ge paftlclé$ rom suspensi on. The
parig cl esctriBalt BE& 1 a6 & FeRAsd fred Qpahy Fe%g@ab grlregg&% SYlliafgng and rod,

dependi ng upon the polarity of their natural net c
placed between the vaive 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.



5 As described above, electrostatic precipitation has been widely used to
control particulate emssions in large-scale industrial stack eff] Ld nts
(e.g., US. Pat. No. 3,631,655 and U S. Pat. No. 5, 7023Desemher2Q (ladi ng
air ventilation systens, and in snallscale anbient air cleaners (e.g., U.S.
Pat. No. 5,980,614), but has not been2@ppl ied to cleaning gases in

pressuri zed containers, such as high purity gas cylinders. Such new 10

appl i cat i ons Hdwaiee cithes geamietiep et pesthéd, iirofudirggucorporaiighopibeidlyctdest, of t en
corrosion resistant materials of construction, incorporation of high

pr essur dessi-thvaghuiniccthapatindst ealed ec ylindat bédetsaithr dungpha dewinetes hherthgpower
sources, unique el ectrode geonetries, consideration to safety in oxidizing
or ot headvadapamzelr diudatyas es thraaded penaddting ipakieEnsyses. counsi shreatieavi t h t he
new gas physical properties. 15 In addition, the gas nean free path, the
St okes- Cunmiatighaimcsdas theatheeat of@xtdred teaks snitle tchindeesul ting preci pitation
speed all tend to vary substantially with gas pressure. Consequently, the
expo§ur e ti ndheegubadedet ahcempl BIGS, Whkinpides pigralndaarmpndcEsistenaed es
substantially with gas pressure. This pressure effect is inportant in

pr ocess egaigesiist trscyliteT eagiing sssud eolfmyor\sarfic Ve relaatridans gelnteg dutugle, and
20 significantly distinguishes this invention fromthe prior applications
of el ecopestiat btthpmesdigiiatoat Mo edesdirichedsaboivees vhiekbtriasiendudatgealtybgper f or ned
at near atnospheric pressure. Furthernore, the gas dynam c viscosity, the
mean f r é@ cpasthuctatifrdrh esmaedaibrt dting spitsme port@idnorsisipetdatibl, tTixdtube 48ar y
substantially with gas conposition. Consequently, the 25 exposure tine
requi r etbcadcoeqyl ®ketop e the eylimplet andosxtordiee fte ey ipesssebsdatedd ifgingy W t h
23 Decenber 2004 31 gas conposition. This conposition effect is inportant
in &P ecturonurcs heagpess pgaf Siys terma Wier endjastspbyseomk efEcofer bresy ¢an vary
substantially, and further distinguishes this invention fromthe prior

appl i cagiconsedburédces heashatpger preciwppdradfitodcgieser | bed above, which are
performed predom nately, although not exclusively, in air. 5 Al though
illustrated oad desing Bedcdvepishednby hermedratie n@enéaing petight 6.cevbrabiarent s,
the present invention nevertheless is not intended to be limted to the

det ai | ssahcavn tHeafebethrowar | TresrerDdl the cqliridenss segtridatly pedleded Fheedéat ail s
wi thin the scope and range of equivalents of the clairms w thout departing
from t hseupsbed itd thef ertrifter fcneererivof sdwdrai se2dndlce erbenl @0Q4es. During this

15  period, the emitter produces a local corona, which permits the gas-borne particles to be
charged. The electric field inside the cylinder then rapidly draws the‘charged particles to
" the grounded cylinder surface. After complstion of the precipitation process, the voltage

" 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) cén 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, thereby producing a local corona. Howsver, when positively charged,
a local corona is simitarly formed in the vicinity of the corona wire (emitter 34) due to the

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




CLAIMS 1. An apparatus for renoving particles froma gas in a high purity
fl owi ng gas systemconprising: (a) a flow tube inserted inline in the
flowing gas systemhaving an inlet and 5 an outlet; (23 Repedesd004c;) g,
electrically insulated feed-through integral to said flow tube; (c) an
emtter inserted through the feed-thr@dgh into the flow tube to create a
plasma in the gas to charge particles in the gas; and 10 (d) a collector

surf aceprhpads Qﬁhm%?%rér@,férh@tr%rﬂérﬁﬁs; ndc@¥sRrdt sepidquent peagigtibAGt te provi de
an electric field having a maxi mrum vol tage bel ow an el ectrical breakdown

vol t ageyBfinddiesdes, Mgli&kr the electric field between the emtter and the
col l ector surface draws the particles in the gas to the collector surface

wi t hout any gigaisl k8anhe EARMRIS4 bQchdtoli2af R EBM dF AN dhidderofrhishe gas
nol ecul es. 2. The apparatus of claim1l1l, wherein the emtter is a corona

wire. 3yesiepaRRarahutarebus bidghithd of WSRO vbiDReHight & theSoyRQEdtinel Y
charged and the collector surface is grounded. 4. 'The apparatus of claiml1,

whergei moﬁtage R ddied td fenfafdd ViBky o 9 8dsantze0vtdieing ehlieCloptersdlbf ace is
grounded. 5. The apparatus of claiml, wherein the emtter is grounded and

oA YL Bl sl b Sy B 1004 St Pl 1
with liquid. Such cylinders contain a smaller vapor volume above the liquid. In an
alternate érﬁbodiment of the invention, the emitter may extend only partially down the
central axis of the cylinder so that the emitter is not at any point along its iength

10 immersed in the liguid. This embodiment permits cleaning of the vapor space above the
Iiauid without shorting of the electric field due:-to direct contact with liquid. In this
embeodiment, any fiquid droplets suspended in vapors néar the saturation point can be
continuously deposited on the_ cylinder wall, withouf gxiting the cylinder.

Such deposited fiquid droplets would flow due o gravity down the cylinder wall

15  and into the stored liquid. However, since such liquid-containing cylinders are frequently
heat-jacketea during use, any deposited liquid dreplets would also tend to vaporize on
the heated cylinder surface, thus enhancing the smooth withdrawal of vapor phase from
the cylinder. Therefore, in this embodiment, the apparatus 30 is operated continuausly
during withdrawal of vapor from the cyiinder 32.  The precipitation process tends to

20 reduce the above described problems associated with transport of stable liquid droplets

' into the gas distribution system, including flow fluctuations, severe corrosion, premature
failure of flow delivery components, and evaporation into salid or ctherwise non-volatile

residue particles, which remain suspended in the flowing gas.
The subject idea requires installation of an electrical feed-through 36 and an

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



coll ector surface is negatively charged. 32 23 Decenber 2004 7. The

apparatus of claiml1l, wherein power is continuously applied to t mtter.
8. The apparatus of claim1, including at |east one h@gtléw’%mgﬁé%ogdj acent

the flow tube to aid in vaporization of unwanted liquid droplets as they
precipitate. 5 9. The apparatus of cl @&9m 1, wherein the enmitter is a | ow
vol tage el ectrode that is insufficient to produce a corona, but sufficient

t o prodyeecipitatioh estiypicallyi e dittid Qabdk dresthedef@pmeaneViengirgnbid chegakr om a
gas in a high purity flow ng gas system conprising the steps: (a) providing
“a flow taeemingysecdsads verk irared.i Mukiple d/lirerngangascisyriemulsateldy onhd@ tube
having an inlet and an outlet; (b) providing a pressure seal ed,

el ectri wsiridley powsub@ares fTeisdiddnirguehcesatie gbmipictaly paitabié.| @rednitiecad &
providing an emtter inserted through the feed-through into the flow tube

t o cr eatperfarméd smaedintetynsfitagasglinder tihebdfbrew aHicl @ asstisy St 4y &har geinparticl es
in the gas; 15 (d) providing a collector surface in proximty to the

em t Ber jindandihd @) tEppbiyit BY use \eolthagemicdnswitst Raiityt eniser trcéOFét%ﬁé@zrmgHr face to
produce an electric field between the emtter and the collector surface,

sai d el etaniresi ehanhiaimgrea BROEIGBHEOLERAGE ghe| Ondds ebeeitied cal higreakdown
vol tage of the gas to draw the particles '
conductivity well suited to electrostatic precipitation.
Electrostatic precipitators charge particles by creating a plésma in the gas. The
gas molecules are ionized following collision with electrons emitted from the surface of
10 - the discharge electrode. The particles are then charged following coliisions with the gas
ions. This process should produce no detrimental effects on the gas ar cylinder, and
should praduce no significant safety risk. -
Expressions for efficiency cof the precipitation process predict near 100%
effectiveness can be achieved for a statiohary gas, such as thai in a cylinder. Such
15  effectiveness can be achieved following sufficient exposure to the precipitation precess.
The resulting particle level in the cylinder should therefore. be acceptable for
semiconductor applications. For exampie, the precipitation speed v of a particle in
guiescent gas system is given by:
v=E n, e C/(6 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 a-part,

then the time required ta precipitate all charged particles is approximately equal to x/v.

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




in the gas to the collector surface w thout any substantial change to the
chem cal 20 conposition of the gas nolecules. 11. The nefthod of ¢l aim 10,
wherein the step of providing the emtter includes pr(?\ai 9?@“‘%96;0@% Wre.
12. The method of claim 10, wherein the step of applying a voltage to the
emtter or collector surface includes %%si tively charging the emtter and
groundi ng the 25 collector surface. 33 23 Decenber 2004 13. The net hod of

cl ai m 10proadser eimeftdutives beriptitoapiaky b gesigneal thagevideat 1BEstans tanedurd lof

col l ector surface includes negatively charging the emtter and the

gr oundi rtgne foetheajuissetmrgas in haectrikdieldThe net hod of claim 10, wherein the
step of applying a voltage to the 5 emtter or collector surface includes

groundi ng t he\seirithé @owshrb LG epwarstup AT delskitley AHdaE Tha Gat heeapotdLeh0r
surface. 15. The nethod of claim 10, wherein the step of applying the

vol t age thed Stdkes @tinhingharAlsli @blr&fibAIfagtl, A€ ehd RELIKHG pratidiieh Beddhg em tter
and negatively charging the collector surface. 10 16. The nethod of claim

10, sheneaidtotey simpartbiape yidgrevalrs agendubRe, 818 dxboBsurk Misl=U@QSirad
continuously applying the voltage to the emtter. 17. The nethod of claim
10, i ncliydoRpldtdans trescisfatior %Yéd@is@glaﬁés |s@BSENtRNE with gas pressure.  This
pressure effect is important in gas cylinders where pressure may vary over crders of
magnitude,‘ and significantly distinguishes this invention from the prior applications of
electrostatic precipitation, which are largely performed at near atmaspheric pressure.

10 Furthermere, the gas dynamic viscosity, the mean free path, and the resulting
'brecipitation speed all tend to vary substantiaily With gas composition. Conseguently, the
exposure time required to complete the precipitation process varies substantially with

- gas composition. This compésition effect is -important in electronics process gas
cylinders where gas physical properties 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 cviinders. The dimensions and operating pcarameters of this device are provided for
illustrative purposes only and may vary substantially among the varicus applications of
this invention. In this example, the electrically grounded metal cylinder 32 had an
internal volume of about 28,400 cm®, an internal diameter of 19.7 cm, and a total
external height of 119 cm. A thin nickel-chromium corona wire (emitter 34) having a

25 diameter of 0.0102 cm was centraily suspended from an electrical feed-through 36. The



heater el ement adjacent the flow tube to aid in vaporization of unwanted

liquid droplets as they precipitate. 15 18. The net ho% Ié cl al é&o wherel n

the step of providing the emtter includes providing 3

el ectrode that is insufficient to produce a corona, but suffl Ci ent to

produce an electric field. 34 26
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$10% " / ebbdimebd, 0fe" &mliter .3U0% Seft)alif located in a vertical, electrically grounded
20  collector tube 50. The emitter 34' consists of a sharpened rod as shown in FIG. 2a. In
other embodiments of the invention, the emitter may consist of the many emitier
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. 8-7, the complete

precipitator apparatus 30, including the eiectrical 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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[1110j0xY: ! syFa0owBni(y is sd@mvlisited by a0sdvBedting Fﬁghl@.%/&_ﬂ(a_)ge sSLAHMVE the- 10tt
10tt 10ttj 00+111322dBxY:!!f$10% & ()-Z j!10%& ()-<ivj!10%& () -
pM 16%vEegd-thepyghOBRBVRT (9 rest of the cylinder 32' is electrically grounded. Power is supplied
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During operation, the emitter produces a local corona, which permits the gas-borne
particles to be charged within the electrically grounded collector tube 50. The electric
field inside the collector tube then rapidly draws the charged particles to the grounded
10  tube surface. When gas is not being withdrawn frem the cylinder, the voltage source is
“ disconnected from the gas cylinder. This embediment does not clean the entire volume
of the cylinder, but cleans the withdrawn gas flowing out through the collector tube.
However, due to the Close spacing between the emitter and collecter tube in this
embediment, high inter-electrode voltage gradients can be achieved at relstively low
15  emitter voltages. Therefare, particle precipitation can be accomplished at relatively low
emitier volfages.
Note that the embodiment of FIGS. 6-7 allows for gas flow entering or exiting the
cylinder, i.e., this embodiment can be used to clean incoming gas during the cylinder 32'
filling step or outgoing gas. In this case, the apparatus 30" would be operated as gas
20  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 particle-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 charged, the

25 emitter 34' can be more appropriately referred to as a discharge electrode whose
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FIGS. 6-7 shows an apparatus for ramoving particles from a high purity gas
system designed for pressurized gas cylinders 30'. The dimensions and operating
parameters of this device are provided for illustrative ‘purpcses only 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 labout 29,400 cm?, an
internal diameter of 19.7 cm, and a total external height of 119 cm. An emitter rod 34'
having a diameter of 0.159 cm and a sharpened tip was connected o an electricai feed-
through 36'. The emitter 34' extended centrally into a 15 cm long eiectrically grounded

20  collector tube 50 having an internal diameter of 1.75 cm. The cylinder 32' was
pressurized with particle [aden N, to a pressure of 200 psig. The concentration of ail
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 contairj

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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Iy ~106 (§7p1098 ge§ign provides greater simplicity and iower manufacturing cost than

the design shown in FIGS. 6-7. In this case, the vertically oriented collector tube is
10  omitted, and the emitter 34" consists of a horizontally oriented emitter roed 34" having a
~sharpened tip, as shown in FIG. 2a. In this embadiment, the collector surface consists
- of the electrically grounded pressure seaied fitting 44", gas cylinder 32", and valve 42",
| Particles and liquid droplets sus-pended' in the withdrawn (or inceming) gas are therefore
deposited ‘-on these surfaces rather than on a collecter tube. 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 feed-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
rods 34" from the assembly 30", Such emitter 34" replacement can be performed

20  without removal of the valve or the precipitator assembly from the gas cylinder,
It shouid be noted that many dispersoids, such as dust particles are naturally
charged to a degres as a resuit of tﬁeir method of farmation, However, this charging is
~ usually quite low. Nevertheless, these naturally charged particles may be affected by
extended exposure 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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10  applications of electrostatic _precipitaticn require high purity and, oftern corrosion-

resistant materials of construction, incorporation af high pressurs or vacuum compatible

- electrical feed-through devices for power sources, unigue electrode geometries‘,

consideration to safety in oxidizing or otherwise hazardous gases, and operating
parameters cohsistent with the new gas physical properties. IV

15 In addition, the gas mean free path, the Stokes-Cunningham slip correction

~factor and the resulting precipitation speed all tend to vary sﬁbstantially with gas

pressure. Coﬁsequently, 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 sighiﬂcantly distinguishes this invention from the prior applications of electrostatic

E precipitation described above, which are largely performed at near atmospheric

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

25 exposure time required to complete the precipitation process varies substantially with
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scope and range of equivalents of the claims withcut departing from the spirit of the
invention.
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CLAIMS

1. An apparatus for removing particles from a gas in a high purity flowing
gas system comprising:
(a) a flow tube inserted inline in the flowing gas system having an inlet and
5 an outlet;
(b} a pressure sealed, electrically insulated feed-through integral to said flow
tube;
{c) an emitter inserted through the feed-through into the flow tube to create a
plasma in the gas to charge particles in the gas; and
10 (d) a collector surface in proximity to the emitter;
(e) said emitter operating to provide an electric field having a maximum
voltage below an electrical breakdown voltage of the gas;
whereby the electric field between the emitter and the collector surface draws the
particles in the gas to the collector surface without any significant change to the
15  chemical composition of the gas molecules.
2. The apparatus of claim 1, wherein the emitter is a corona wire.
3. The apparatus of claim 1, wherein the emitter is positively charged and
the collector surface is grounded.
4, The apparatus of claim 1, wherein the emitter is negatively charged and
20  the collector surface is grounded.
5. The apparatus of claim 1, wherein the emitter is grounded and the
collector surface is positively charged.
6. The apparatus of claim 1, wherein the emitter is grounded and the
collector surface is negatively charged.
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5 9. The apparatus of claim 1, wherein the emitter is a low voltage electrode
that is insufficient to produce a corona, but sufficient to produce an electric field.
10. A method for removing particles from a gas in a high purity flowing gas
system comprising the steps:
(a) providing a flow tube inserted inline in the flowing gas system, said flow
10  tube having an inlet and an outlet;
{b) providing a pressure sealed, electrically insulated feed-through integral to
said flow tube;
(c) providing an emitter inserted through the feed-through into the flow tube
to create a plasma in the gas in the flowing gas system to charge particles in the gas;
15 (d) providing a collector surface in proximity to the emitter; and
(&) applying a voltage to said emitter or collector surface to produce an
electric field between the emitter and the collector surface, said electric field having a
maximum voitage below an electrical breakdown voltage of the gas to draw the particles
in the gas to the collector surface without any substantial change to the chemical
20  composition of the gas molecules.
11. The method of claim 10, wherein the step of providing the emitter
includes providing a corona wire.
12. The method of claim 10, wherein the step of applying a voltage to the
emitter or collector surface includes positively charging the emitter and grounding the
25  collector surface. |
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13. The method of claim 10, wherein the step of applying a voltage to the
emitter or collector surface includes negatively charging the emitter and the grounding
the collector surface. '

14.  The method of claim 10, wherein the step of applying a voltage to the
emitter or collector surface includes grounding the emitter surface and positively
charging the collector surface.

15. The method of claim 10, wherein the step of applying the voltage to the
emitter or collector surface includes grounding the emitter and negatively charging the
collector surface.

16. The method of claim 10, wherein the step of applying voltage to the
emitter includes continuously applying the voltage to the emitter.

17. The method of claim 10, including the step of providing at least one
heater element adjacent the flow tube to aid in vaporization of unwanted liquid droplets
as they precipitate.

18. The method of claim 10, wherein the step of providing the emitter
includes providing a low voltage electrode that is insufficient to produce a corona, but

sufficient to produce an electric field.
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