Title: PRESSURE VESSEL SYSTEMS AND METHODS FOR DI SPENSI NG LI QUI D CHEM CAL
COVPCSI TI ONS Abstract: Apparatus and processes are present e Agil 0008 act a
dry, preferably high purity inert gas with a chem cal conposition in
apressure vessel, or a wetting conmposi- tion, to forma wet inert gas,

which is t to pressurize the chem cal conposition, out of the
pressure vgg,geolﬁggg% addi ti onal space is needed for an ext EVIBIH B tfi difier.
Since a very small anpunt of vapor is needed to forma wet inert gas, the
conmposition of chem cal conposition will not be significantly affected.
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METHODS FOR DI SPENSI NG LI QUI D CHEM CAL COWPOSI TI ONS 10 Background of the
Invention 1. Field of the Invention This invention is related to chem cal
conposition delivery systens and nmethods, especially to the chem cal
delivery systens for electronics specialty chem cal 15 conpositions,
including CW slurries for wafer polishing. 2. Related Art Process

chem cal $ for sem conductor manufacturing are usually delivered from

PRESSURE VESSEL SYSTEMS AND METHODS
FOR DISPENSING LIQUID CHEMICAL COMPOSITIONS

i0 Background of the Invention
1. Field of the Invention

This invention is related to chemical composition delivery systems and methods,
 especially to the chemical delivery systems for electronics specialty chemical
15  compositions, including CMP slurries for wafer polishing.

2. Related Art

Process chemicals for semiconductor manufacturing are usually delivered from
20 bulk containers to user stations with so called chemical delivery systems. High-pressure
inert gases, such as nitrogen gas, have become popular for driving chemical compositions
from chemical containers to user stations. Compared to the delivery systems having a
pump, systems employing high-pressure inert gas for chemical delivery have the
advantages of delivery from further distance, and also smooth and pulse-less delivery,
25  thus avoiding impurity shedding from the components of the delivery system.

Although the advantages of such a chemical delivery method have been realized
and the method has been practiced in large extent, some concerns and problems have
arisen when soms of the semiconductor process chemical compositions are delivered
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20 bul k containers to user stations with so called chem cal delivery
systems. Hi gh-pressure inert gases, such as nitrogen gas, h&avspripecssre

popul ar for driving chem cal conpositions fromchenical containers to user
stations. Conpared to the delivery systens having a punp, systens

enpl oyi ng sure inert gas for chem cal delivery

advantagesn%ggﬁ&$ gery fromfurther distance, and al so §%@%@ﬁh@%8

pul se-1ess delivery, 25 thus avoiding inmpurity shedding fromthe conponents
of the delivery system Although the advantages of such a chem-cal delivery
met hod have been realized and the nethod has been practiced in | arge
extent, sone concerns and problens have arisen when sone of the

semi conduct owithibisdrnsoT delivaysuttons oFRs 658 MISTIRAS SEIF YEPER 285 W8 Apri| 2005
VD 02/ 05838%5T b BH0 3630 o hhd Brolehh shehdlR d%gd@mp%egl th Sk For

exanpl e, inert gas, such as nitrogen gas, Wl readi | ssal ve into sone

of these pr ey fam deasnstsenmal. dbssdEs b W@d@@ﬁaaﬁb}ﬁng@@'éﬁtaﬂ‘él ly form
dry spots OQerY@él?EéiuceTﬂH@ﬁl%d&th ﬁa%ﬁseﬁaﬁs&aﬁct&mﬁ@&mg N9 29gfiged s and
seriously reduce’the prod UCtIOH%%% sem conduct or manuf acturing. To
avoid and 5 ebmmaieﬁhmohlpm ofyzag Bis lwmgbwalggl@wmgs, RO Helfyprygystem

conmposi ti On%nthaaﬂ'a‘%i\ﬁ'exqﬁétdll\é@wldémiaﬁe@gur%%&hﬁas@E&qﬁ%ﬁte!i ngligllieMehniei de the

pressure vessel has been I nvented IS net and appar at us,

hi gh- pr essumad sipesaiigdrghypressirs nitfopenegss isrfillsd imiethp pladdes fo nressisize shamics) o

chem cal CQHEBB&sEﬁth&&sx@éﬁf%e%dﬁér tSHﬁelt:ﬂeﬁsqgﬁf diret d3fiBetbBRVebn e NO direct
contact between the chem cal conposition and nitrogen %@S di ssol vi ng of
ni trogen gashemied compasition pad nitogen sepy diswbing FuiToge g o Clemisalsdnl

conposi tpongyaidd Pﬂaﬁerﬁ&%r@l@nﬂcak RRPEA i fill Qot@m&gw%sa BYARehGtiEAN. \Wen
del i veri'ng aqueous chem cal conpositions using direct cont act with an
inert gas, sueRraiens|urry conpositions used for polishing wafer surfaces,
water and other 15 chemical conpounds in the chenmical conposition at the
conposi tion surface and conposition residuals on the container surfaces
will be rapidly Waee ddlivedngagpeophhemicgheompapitiopsupiag firqghcogisglystha i nert gas
directly CORfeRGhLS smhtéaslhﬂﬁ &ﬂ%@uﬁﬁ’é use@faspﬁaishhgwafe;r éwﬁcesswat&%ﬁ@s\ﬁ@r i nert

gases are usually very dry and very pure. Anpounts of chem cal conpounds

such as Mfat éhemﬁﬂpmp@n@wéalch@@ﬁ%@mwwnmhp ceppppigen Hudenrnd of
evapor at i on cogthisstiof QesiAIR 8 the Rort A sE@lce SRR Sirh dIP R TRY hERKE: df€ chem cal

COﬂpOSItIOﬂ function
when the high-pressure inert gas directly contacts with the chemical composition. This is

because inert gases are usually very dry and very pure. Amounts of chemical compounds
such as water in the chemical composition will change because of evaporation. This

20  change in chemical composition may make the cherical cémposition function
improperly when it is used in the semiconductor manufacturing process. When water
evaporates into inert gas, a dry film or dry residuals could be formed with much less
water and more concentrated compositions of less volatility. In the case of shurry
compositions, this dry film or dry residuals will be in the form of agglomerated particles

25  oflarger sizes. These agglomerated particles eventually will be delivered with chemical
compositions to user stations and produce scratches on wafer surfaces, This problem
could be solved by using the above mentioned bladder technology by preventing the
direct contact of nitrogen gas with chemical composition. With this technology, a thin
and flexible material that is compatible with the chemical composition must be carefully

30  selected for the bladder.




inproperly when it is used in the sem conductor manufacturing process. Wen
water evaporates into inert gas, a dry filmor dry residuggamippdss be
formed with much | ess water and nore concentrated conpositions of |ess
volatility. In the case of slurry conpositions, this dry filmor dry

resi dual s wil.l .n the formof agglonerated particles er sizes.
These aggl o Og&ggﬁsparti cles eventually will be deli vere%ér #"ﬁ{]en‘i cal
conpositions to user stations and produce scratches on wafer surfaces. This
probl em could be solved by using the above nenti oned bl adder technol ogy by
preventing the direct contact of nitrogen gas with chem cal conposition.
Wth this technology, a thin and flexible material that is conpatible with
the chenical conP8svarwRs theshorteripgsoEMaler SrapoIgion dite HEd @25 FOBHEZY| adder . 28
April 2005 %93&5@5%&5@@5@%@9%&%11&t-EQts%b’iﬁﬁﬁﬂﬂBe ﬂ%&uﬁ:h@%ﬁlﬁﬁm ngs of

wat er evaporation into I nert %as a nol sturi zer used to noisturize
1

the nit r ogerPreaiz FlreRical goRos Fhgh peepicich & %ﬁé’% NPe6 %ﬁs% Whegthe

pressurize CHGHLGRHnER b bdRdR s withUhbnios co8sioR] nlabk thinSFed i imatelon
6,076,541, When the noisturized nitrogen gas contacts with chem cal

conposi t i bnsthe pfregen gagd thechemicylgpmpositionds %@@W‘WF&%}EW Feemplsteht he cheni cal
conposi tion éh%mﬁté@ln%br@ﬁfbt {h)érefiﬁﬂﬂﬁle@qpl'itﬂc@(a%ﬁ&ﬁiskbrd@lﬂiﬂ?f&%eﬁ%thﬂher efore,

there is no, or very little, élremduals or dré‘?fl I'm f or med W|th| n the
pressure veshepEssupgamseer However, theprae iflispme dgwbacks. Kifshaeze spaseall be nor o

space w || BReqdde8dehnitdRECANRRE R HBA 161he Prksid Vegel N@& coli@ bk e pressure
vessel . This could be a serious problem because in a sem conductor

manuf act ur i rigreu@rdblepybecasa e sersicgpduglpsmampisching Egilitsnaece 5aials equi prent to

occupy SRAC %ﬂu&dnﬁhdxﬁbﬂﬁ?é!qﬁuﬂﬁ%%%&gy G 13 RBIGRydyS piRltedah¥@uss dhéior dabl e.
Second, noisturized nitrogen gas create some problens in the system

oper ati on. SiWeE aterdaies rfesend., WPW%@”@@W%@Q/\S&SWVG’%% S‘ém’r@]o’élﬁlp%@m%ng li ne

into the prosistbferMRas Since MBishliMdRittddeIéw BB NgHAR1a6 R0 andenrsed in the
| i ne because of changes of physical condition. This condensate could bl ock

up val ves arfesHR Eesakanqisiprg daniragemgrs oan b porensehia theding bpeeateof E1E¥ al so be

carried furtdpgp &f.ﬁdamn&h@n %&H&&sdﬁ@&%ﬁﬂbﬁdﬁu Jhlvaitafd iR Gbed-&al _
conposi tions. em cal conposition change éqrthUCh kind of dilution is

f or bi ddek® berdfiseionndheemdesaie Fawd Fo betvaied eaRp sirrae veftl o be

precisely camteed dh%cmoﬁ@@émdf@ ECheniS 86ihylosi®iah biRAge dbntHI8hd ofRBuC hem cal
conpositions, such as hydrogen peroxide in the chemcal conposition, wll

evaporate i riﬁ @rlﬁiic&ﬁ bﬁqﬂaqett@e qog@pzp tglégf chemical composmons must be precisely

controlled to meet user’s specification. Further, some chemical compositions, such as

hydrogen peroxide in the chemical composition, will evaporate into high purity inert gas
20  even though it is moisturized. Hence, chemical compositions will change when the

chemical composition is delivered with such a method although such a change in

chemical composition may not be a serious problem for some cases.
It would therefore be advantageous, and an advance in the chemical delivery art,

25  if chemical delivery systems and methods could be designed that reduce or avoid the
above-noted drawbacks.
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20 even though it is noisturized. Hence, chem cal conpositions wll change

when the- chem cal conposition is delivered with such a netidaoghripbédspough
such a change in chem cal conposition may not be a serious problemfor
sone cases. It would therefore be advantageous, and an advance in the

chem cal delive&¥ art, 25 if chem cal delivery systens and net hods could
be desi gné‘ff’?zﬁ]ﬁ Teduce or avoid the above-noted drawdAdRE> 4208 Apri |
2005 WO 02/058885 PCTI 1 B02/ 00242 4 Sunmary of the Invention In accordance
with the present invention, novel andysinple apparatus and nethods are
proposed to reduce or elimnate the problens of dry residuals and dry film
during 5 1iquid chem cal conposition delivery with pressure vessels, as
wel | as probl ens associ ated Sammapy eftholastntionnown hum di fi cation systens.
As used herein the ternms "systent and "apparatus" are used

i nt erchangeably. 10 As used herein the term"liquid chem cal conposition"
means: a fl ui d Inhedordeheawittuthelpresenhisvptios emcbandfsiqpplesppaets agdmsthadg, or

conbi nat i on; e i 2 i i d; . gqueous,
non-aqueougbgg%%%ﬁg?ﬁ%@%%ﬁ?m%%§8Eg%§m§%§§$%gkggﬁhgg&ggﬁgg%gﬁFl (l'iquid,
sol i d, andliged eleuddal cabipoFitied datiadly withlpregsuravestialndsoall as proplesist | ons whi ch may
benefit fromLng \Blﬁrgﬁ%usg} &%ﬁﬂ%ﬁ%ﬁjﬁr ﬁon%yé%éﬁs?'}is'ué%i RerAPHE Bigs  Newtoni an
fluids having a co nation o |ngrea|en s, Includi'ng, I'n sone

enbodi nent Ssysteméampl “apprau nganedincowhpgewbltls, such as reactive diluents,
non-reactive diluents, solvents, co-solvents, coupling agents, and the

| i ke, and abrasive matter, for exanple dispersed in individual particles,
or aggl oner at esAQGedherein dieverd dikuig ghdmicl esnpoghentirsahbs: mechani cal

pl anari.gati on slurries. ' - i i,.shi yr.rjes are two
prefergéd l'iquid chggﬁ%gﬁgégﬁg%%% Pgﬁggﬁgﬁﬂk%%%ggggr dﬁ?%mggﬁéé%ts m ght

i ncl ude organi c al calglbs Newhianesponadsvdsnianithid;he |i ke, isopropyl al cohol,

for exanple. 25 ACC%&g%QQtkgm%xgh{ﬁ&mggﬂﬁﬁ%tm&ﬂp present invention provides
an apparatus for E ’ T ’ '

may be a combination of components (liquid, solid, and gaseous).

15 Preferably, liguid chemical compositions which may benefit from the presént
invenu:on are substantially aqueous, Newtonian fluids having a combination of
ingredients, including, in some embod:'iinents, one or more organic compounds, such as
reactive diluents, non-reactive diluents, solvents, co-solvents, coupling agents, and the
like, and abrasive matier, for example dispersed in individual particles, or agglomerates

20  ofindividual particles. Chemical-mechanical planarization slurries and chemical-
mechanical polishing shuries are two preferred liquid chemical compositions. Suitable
organic solvents might include organic alcohols, ketones, acids and the like, isopropyl

alcohol, for example.

25 According to a first aspect, the present invention provides an apparatus for
delivery of chemical compositions, the apparatus comprising:
a) a pressure vessel comprising an inlet and an outlet for a liquid chemical
composition, and a vapor space, the pressure vessel adapted to contain the liguid
chemical composition, the liquid chemical composition having a vaporizable

30 portion (preferably a major portion of water) therein;



delivery of chem cal conpositions, the apparatus conprising: a) a pressure
vessel conprising an inlet and an outlet for a |iquid chemagadpril 2005
conposition, and a vapor space, the pressure vessel adapted to contain the
liquid chem cal composition, the liquid chem cal conposition having a
vapori zabl tion (preferably a major portion of herein; 28
Apri | 2005&0&%"%%5058885 PCT/ 1 B02/ 00242 5 b) neans formﬁéﬁ{ggif@qz%
(preferably bubbling) a dry, preferably high purity inert gas with at

| east a portion of the |liquid chem cal; conposition in the pressure vessel
to transfer at |east a portion of the vaporizable portion fromthe chem cal
conposition to the inert gas to forma wet inert gas in the vapor space;
and 5 c) neans fbpr pmeﬁ:sﬂ:rrlcanmgng@&fﬁhﬂmmlmg)@m@piefdrﬁnymgipm{tythe vessel

using the wet i nert erre aratus, within this
hopect are i nosdieies Bthaodhet 4 e SRR e U R IRPLOR I TEYE ot a t ee
connection, a remaﬂmcbn@sfeeglafstﬂmmoheemeemzmmntm&ecmmure vessel .
Al so preferred are a ere n the erably hi purity inert
gas is adapted tcﬁm%oéﬁg’ﬂéora‘é%We?ﬁ?S&O a&ﬁé@%ﬁﬁ g@é’ orﬁ%aﬁ? ag‘lilbottom of the
vessel 1hr oughc)’am |mezn&f@@ﬂessuﬁhﬁgtheemhjtaucmﬁﬂmembﬁleuittofga&essaluﬁhgconduit
havi ng an exit referably the exit end of the inert gas inlet having
a spargi ng devi ett’ &g t‘ﬂeé'?/ 15 As used herein the term"dry" neans
the inert gas preferably has a rml sture content |ess than 10 per cent
relative hum d|ty (RH), nore preferably less than 1 percent RH "High
purity" as used Féseaprarsss withinthis nenser arothpsevtiorn the gt andtins t he i nert gas
has | ess t hauletke qasti logs crferteemohﬁebméﬂmﬁmﬁgqégadfthermwdnhgcte(drt@mbganr c

conmpoun and or g ani.c nor e ref pp "Utra
o Oh pull ¢ Jressge HER s R SR s er it B b P B Ptk hoans ¢ he
inert gas hast g sSeditedtobe paitded s thb plebsutiveisal ihr a botfphirdf the védselor gani ¢
conmpounds d qrgani ¢ conpou ) ferr i nert gas is that

ref er encedatprr‘?u%e ”&%ﬁ%f‘ﬁé’:{f%rco t}berfgﬂfgagﬁ‘getﬁﬁli“ﬁ’ﬁhéwég eﬁ‘gt i onal (SEM)
standard GRef2@bi9 e cxitandleitht ihat gablidldt Gaeny a@ﬁghg@ﬁﬁze@mcheﬂ%e%QS% Quality
(1999), incorporated herein by reference. The term"wet" neans a gas

conposition having conponents 25 selected fromthe group consisting of
wat er vapor, or gansed he@phe tetrh Odrgameéans tha fizft, gagyiteferablyria aabismrs t her eof .

content less than 10 percent relative humidity (RH), more preferably less than 1 percent
RH. “High purity” as used herein when referenced to the inert gas means the nert gas
has less than 10 parts per million (ppm) total impurity (inorganic compounds and organic
compounds), more preferably less than 5 ppm. “Ultra higI; purity” as used herein when

20  referenced to the inert gas means the inert gas has less than 1 part per billion total
impurity (inorganic compounds and organic compounds). One preferred dry inert gas is
that referenced in Semiconductor Equipment and Materials International (SEMI) standard
(3.29-96, Standard for Nitrogen, Bulk Gaseous, 99.9995% Quality (1999), incorporated
herein by reference. The term “wet” means a gas composition having components

25 selected from the group consisting of water vapor, organic vapor, inorganic vapor, and

combinations thereof,

According to a second aspect, the present invention provides an apparatus

for delivery of chemical compositions, the apparatus comprising:



According to a second aspect, the present invention provides an apparatus

for delivery of chemcal conpositions, the apparatus conprizgmgi 2865 Apri |
2005 WO 02/ 058885 PCT/1B02/ 00242 6 a) a pressure vessel conprising a first
conpartment and a second conpartnent, the first conpartnent and the second
conpartment divided by a dividing elenment; b) the first conpartnment
connect ed VB OHP8¥%| et conduit for a wetting 5 conpositi B ABHH2E wast e
conduit for allowing the wetting conposition to be delivered to waste, the
dividing el ement functioning to establish a liquid level of the wetting
conposition in the first conpartnent, the first conpartnent also having a
dry, preferably high purity inert gas inlet conduit having an end

posi tioned (preher abi yecatapted chaphemgsiaogpstndnt mdtaecdniiqui d cheni cal 10
conposition to be deliver e contact., i he first

ed to waste) to._provi .
conpar t ment befmm{eﬁteﬂﬁe%éﬁ‘?on@ﬁgmﬁ%&ngﬂﬁs?ﬁ@? ?%&’Wﬁ?}gg‘i“{]ef]‘%ﬁ %0 forma
wet inert gas, uhelidddlghent;conpartment further having an outlet for the wet
inert gas; c) the OU“% for the wet i{;ﬁrt qgls co(glriltgfcted .0 the second
conpartnent by & wefPSEeomps@epRaRAcled O3 Hpt RAIELHY npar t ment
connect egl to an comipdRitios,ARd b whstebtehdainfod il dveie the woflkg Sonfpkitian toitgui d cheni cal
conposi tion, an

a vapor space, .t he vapor space, K co cted.to the first
conmpart ment Vi ag?]’rYére\aé‘E W?ﬁfgﬁ’ﬁsﬁ’&{éﬂ%% ’E”_.mt%f”é‘ﬁé? ?S@gﬁ%p"plﬁ?lﬁjilﬁ%eﬁ 8? t he
second aspef:t alﬂﬁvﬁduﬁ@aoifyp@i@gmmhmm@al tthqemtﬁt}la_ﬁrspﬁlhipaﬂlfgemalﬁﬁans fo(rj
monitoring level of the |1 chem.cal co iti.on inside the secon
conpartnent. Al S Hr%f%ggyélgpﬁ%@ %EEOWE}PW@%&V\M i nert gas
condui t i ncl udessittone® @iderhly ad2p@BY0 KRGubrhétdddnidiitq@idchémipah t he wet inert
gas, su means sel ect eq f,[elg{gge creen

.. meshes, mst, elimnators
coal esctts, adsSMBRESHORH to gﬂ%‘%ﬁ%@‘ﬁ’f"qﬁﬁ‘{%ﬁ%} iy te ﬁtcﬂoglgf]‘?"é‘?msi eves,
zeolites, filtebaweditndinex hrangdee wetting DEEPRBRIOS to 3hn & WeDRaokR) the ARM t he
i ke. According to a.t hii{i&h aﬁgect, tae Bﬁseqt i.nvention provides an
apparat us for ORRAEEY BEveE REiRedy o %rﬁ‘g YT WL 2 he apparatus conpri sing:
a) a pressure vepseltheowRs fodihd ebinkit fSlconRbpatii@RtondtdmparsRmobya

wet inert gas conduit;

15 d) the second compartment connected to an inlet conduit and an outlet
conduit for a liquid chemical composition, and a vapor space, the vapor space

connected to the first compartment via the wet inert gas conduit.

Preferred apparatus of the second aspect are those wherein the conduit is

20  part of a means for monitoring level of the liquid chemical composition inside the second
compartment. Also preferred are those apparatus wherein the wet inert gas conduit
includes a means for removing liquid droplets from the wet inert gas, such means
selected from screens, meshes, mist eliminators, coalescers, adsorbent materials,
absorbent materials, molecular sieves, zeolites, filters, heat exchangers, condensers,

25  cryocoolers and the like.

According to a third aspect, the present invention provides an apparatus for
delivery of chemical compositions, the apparatus comprising:
a) a pressure vessel comprising a first compartment and a second
30 compartment, the first compartment and the second compartment divided by a
dividing clement;



30 conpartnent, the first conpartnment and the second conpartnent divided by
a dividing elenment; 28 April 2005 WO 02/058885 PCT/ | B02/ 0Q&A&bril 2005 t he
first conpartment connected to an inlet conduit for spraying a wetting
conposition |nto the first conpartnent, and a waste conduit for allow ng

t he wettln ng)osmlon to be delivered to waste, the inlet conduit
termnati ﬁﬁ P%{:’ means for spraying the wetting corrposf’?T’Eﬁ‘? 7% the first
conpartnment, the 5 dividing elenment functioning to establish a |evel of the
wetting conposition in the first conpartment, the first conpartnent also
connected to a gas inlet conduit for a dry, preferably high purity inert
gas, the gas inlet conduit having a termnal end positioned (preferably
above a | evel of) thehesﬁmtaapﬁﬁaqnmmbmme@édtbiamimiedccﬁideimfcnaﬂ)rayingnmemjlgi on to be
delivered to waste 9 k cont act, |n tge f'tégéndmi’f’{}r)?ﬂtne” 10 bet ween
the inert gas and: f‘% Y 8 n15’05| HSRE 85 B MR gas, t he
first conpart neeiting mmt}joanoma\herd@n&mdmhm thie dulettchmdwigdrmimeng ingas; c) the
outlet for the wet knert gas ¢ cted to second coupar nt by a wet
i nert gas condufi” anscﬁrs? gg élgonc C%%OthonSI{eo a\%?\mm Thl gngondwt and an
outl et éonduit cﬂmﬂmgeleﬂrﬁnﬂﬁ.mpﬁodmgltn%tab]&lhad@nhﬁshdwaﬁimg@ngbomwapﬂxe space,
the vapor space Connegllhngnour ﬁrhgco flalilil'l’slét oamran:-[:crtT%QOaé éan][epconéﬁﬁttf01l nert gas

condui t. According to aspec resent ion provides an

ggpa; atus for d@buptﬁe?ahmhlgﬂmmyuad:rtgas,nmmgasinl@nethutthmagwanmmlsncbogpr| si ng:
a) a pressure vess 0 in artme econ

conpart nent, t R8P reg%ar}ypf)’éabtoveQ{e‘r%r?g{hfeﬁperayeﬁg Ph %emw%l divided by a
dividing el enecnmpomloﬁﬂoé:eﬂelmteda@wmtmow wmmthe@rﬁmmpaﬁmbntcondui t for
spr ayi avvettl 0 |t|o into a chanmber, forned b g, and a
wast e ggndwt foggeeﬁg]a asan Ehﬁwe m%fomg”g%nrrtﬁofg |%ﬁt’%{er?%s 1‘I%Iir:}ver ed to
waste, the inl e¢onrpexrmdanttﬁ11ﬂ:erhavn:gtmmgﬂatfpr&herv@msrtfg@a' sprayi ng the wetting
conposi tion int t he_ch i.vi di e Junctioning
to establish a veﬁheo?u%?ﬁ&[me“&]g&tgas\éélgea%t?(l%}he@&tnflﬁéﬁéﬁ%%ﬁe%) t he

housi ng al so cometécttepls tandait;gas i nl et condui t

d) the second compartment having an inlet condutt and an ouilet condmt fora

15 liquid chemical composition, and a vapor space, the vapor space connected to the

first compartment via the wet inert gas conduit.

According to a fourth aspect, the present invention provides an apparatus for
delivery of chemical compositions, the apparatus comprising:
20 a) a pressure vessel comprising a first compartment and a second compartment,
the first compariment and the second compartment divided by a dividing
- element;
b) the first compartment connected an inlet conduit for spraying a wetting
composition into a chamber formed by a housing, and a waste conduit for
25 allowing the wetting composition to be delivered to waste, the inlet conduit
terminating in a means for spraying the wetting composition into the chamber,
(the dividing element preferably functioning to establish a level of the wetting
composition in the chamber), the housing also connected to a gas inlet conduit
for a dry, preferably high purity inert gas, the gas inlet conduit and housing
30 adapted to allow contact between the inert gas and the wetting composition in



for a dry, preferably high purity inert gas, the gas inlet conduit and
housi ng 30 adapted to allow contact between the inert gas amdgringoo®etting
conposition in 28 April 2005 WO 02/058885 PCT/ | B02/ 00242 8 the chanber, the
housi ng further having neans for allowing wet inert gas to nove into the
first conpartnent; c) the dividing el enment having neans for allow ng
passage ofWQ&IS%%et inert gas fromthe first conpart meRETARZPRE second
conpartment; 5 d) the second conpartnent connected to an inlet conduit and
an outlet conduit for a liquid chem gal conposition, and a vapor space,

t he vapor space fluidly connected to the first conpartnent via the neans
for allow ng passage in the dividing elenent. 10 The apparatus accordi ng
to a fifth aspect theh@mbd, tBdouiBgfuith@abvionmedns fhallbwme it aspeste  and
includes the feature that the housing has one or nore neans for allow ng
the wetting conpB¥re MEhe St e Padftcting the dry inert gas, to traverse

t hrough the hougi a@ @néing abhert Bivind henshe andvicopmRapt 6Bald wdPhefigaabl y, the
means for allow ng the tti n%gagn?%p&ﬁ?iti on to traverse through the housing

are located at | o&g BHiskiompy R coBPYFBAS consi sting of the
bottom af the h@ugickgeontt BemreRMR0hneokd o HeLtshd@: an@bn batchcontidit Wi | | be
under st ood as i ncl ud(i,d i\é\{ifﬂhl_n t he sc_oge gf t he invention thagl there may

exi st a plurality™f $ alicrapsiitopsad p VFROF SRS PREPACe SWEH having a
gas inlet conduit corgledtodid ittt chbmpAtmeap¥iaie dgtarelot dlldehaOfagd ihilen i nt o each
housi ng. 20 Accor%j n tcf a sixth aspect, the present invention provides a
met hod for delive V}fgﬂgaeene%m cal conposition, the nethod conprising the
steps of. a) filling a pressure vessel with a liquid chem cal conposition

conprising a vaporizable cqonpone (preferab i ncludin isture), the

pressurld vesseIT’fﬁ&QPat‘iﬁ“SaaCQ‘B’d’\?éﬁbar&ilbﬁg‘é@t éﬁﬂg‘ﬁhgﬁ?cgﬁca%“ 8%“%‘1“}1 PWEY i qui d

che ][n calbI C@ﬁ@iﬁﬁlﬁcﬁds(ﬁ.ib}fe@:e@lﬁlﬂﬂﬁﬁbﬂsﬁghés?rﬁfoe‘lﬁﬁfﬂ realy folp bl 'hm% wattidg ly, -

preferably high purity inert gas .with at |east a partion o i qui

cheni cal CBWﬂ@?}t’PF’cﬁﬂe{?Pnfaﬁ%ngptg%&H}eg g@%%%‘@veﬁsﬁh'f?uﬁﬁ%éﬁp“m?ﬁ anfliaglgt a portion

gf the vapet ﬁlabd:cfan&ajmﬁ&h:khtpmxéfdrms},tﬁ&_endahmf m@h@meadeﬁig@nposi tion to the
ry inert %gn%pc}sﬁion ?J t@;v%rs\é\ﬁﬁodgﬂ%{etho asg atlrgloggeed at [o2tion sefacted ﬁc?ipl%e

15  group consisting of the bottom of the housing, the sidewall of the housing, or both.

Tt will be understood as included within the scope of the invention that there may
exist a plurality of housings inside the first compartment, each having a gas inlet conduit
and a conduit for spraying wetting composition into each housing.

20

According to a sixth aspect, the present invention provides a method for delivering a
chemical composition, the method comprising the steps of:

a) filling a pressure vessel with a liquid chemical composition comprising a
vaporizable component (preferably including moisture), the pressure vessel having a

25 . vapor space and adapted to contain the liguid chemical composition;

b) contacting (preferably by bubbling) a dry, preferably high purity inert gas
with at least a portion of the liquid chemical composition in the pressure vessel to fransfer
at least a portion of the vaporizable composition from the liquid chemical composition to
the dry inert gas to form a wet inert gas in the vapor space; and

30 c) pressurizing the liquid chemical composition out of the pressure vessel

using the wet inert gas in the vapor space.



30 c) pressurizing the liquid chem cal conposition out of the pressure
vessel using the wet inert gas in the vapor space. 28 Apridg Z405000

02/ 058885 PCT/ |1 B02/00242 9 According to a seventh aspect, the present

i nvention provides a nethod of delivering a chem cal conposition, the

met hod con&rl Si ngﬁthe steps of: a) providing a pressure_vessel corrprl sing a
first co Sand a second 5 conpartment, the first PEGHIAPPAENt and the
second conpartnent divided by a dividing elenent; b) at |east partially
filling the first conmpartnment with a wetting conposition, the dividing

el ement functioning to establish a |level of the wetting conposition in the
first conpartnent; 10 c) flowng a dry, preferably high purity inert gas
into the first conpartnent in a mnanner to provide contact between the
inert gas and the wettin ositign, thus formng a wet inert gas, the
first conpart m::n?“xf0 ‘E%Q?’ Sgﬁeﬁnﬁ‘@éﬁe&qﬁ?m&ﬁ“ “B’ﬁ{‘tll%‘tpr‘?:vd‘?’?aﬁf‘feth%f)?t he wet inert
gas; d) f| clalinginghehamital coefdsitigRshd métBod Renpsiens o s&gmxartrrent through a
conduit; and substantjally filling the second conpartnment with a |iquid
cheni cal 15e)co%p6’§qvf4“3ﬁfiéteqs%" SONRIHGE é‘c?@mp?rﬁﬁené §°°C8npar t ment
connectead to the fbbpdrinttptiiesthpatin@nt 4hd te08ebil compe@@nrtivi@ed y 2an ei ght h
aspect, the preseﬁb |nv nt| on provides a nethod of 20delivering a chem cal
conposition, the r|S|ng the steps of. a) providing a pressure
vessel conpri s:j 5)9) aﬁle:isltﬁﬁﬁzal@mthm@ﬁcoﬁ@ﬁ‘uﬁ%ﬁg@tg@@et&gm%dsmﬂtt?ethe fi [) )st
conpartnment and t cQna c artnent di.vide a I VI dl ng. el enent;
spraying into thergi‘f‘?cﬁ’éﬁ8 g’gth'PéLth fo,esfgbfish 5Vl Shibhe Fetting FemROREOR Y | di ng 25

el ement functi oni g fire coib ﬁbhdngh a level of the wetting conposition in the

first onpart nt c oW dr refer abI igh purity ipert gas into
the first conpaf (‘Jﬂ‘ e@%ﬂ’i‘f@lg%ﬂﬂ&?éméﬁlg tg?gf“rfgnmé“%?“ﬁﬁia
conposition), and nﬁﬁlﬁﬁraﬁﬁ;mﬁ@e ¢Rfici ebiden tH@aSeridat Bnd thewiihg donposiEmOSi ti on,

thus formng a V\etthus?c%ﬁngga

wét inert gas, the first compartment further connected to an
outlet conduit for the wet inert gas;
d) flowing the wet inert gas into the second compartment through a conduit; and
15 e} substantially filling the second compartment with a liquid chemical
cozﬁposition allowing a vapor space, the second compartment connected to the

first compartment via the conduit.

According to an eighth aspect, the present invention provides a method of

20 delivering a chemical composition, the method comprising the steps of:
a) providing a pressure vessel comprising a first compartment and a second

compartrent, the first compartment and the second compartment divided by a
dividing element;
_ b) spraying into the first compartment a wetting composition, the dividing

25 element functioning to establish a level of the wetting composition in the first

compartment;
c) flowing a dry, preferably high purity inert gas into the first compartment

(preferably above a level of the wetting composition), and contacting the inert
gas with the wetting composition, thus forming a wet inert gas;

30 d) flowing the wet inert gas from the first compartment into the second
compartment through a cond_uit; and



30 d) flowing the wet inert gas fromthe first conpartnent into the second
conpartment through a conduit; and 28 April 2005 WD 02/ 05888%pril 2005
PCT/ 1 B02/ 00242 10 e) substantially filling the second conpartnment with a
liquid chem cal conposition, allow ng a vapor space, the second
conpartment connected to the first conpartnent via the conduit. 5
Accor di ng¥®VZA5¥Bht h aspect, the present invention providiasomomet hod of
delivering a chem cal conposition, the nmethod conprising the steps of a)
provi ding a pressure vessel conprising}a first conpartnment and a second
conpartment, the first conpartnent and the second conpartnent divided by a
dividing elenent, the first conpartnent having a chanber fornmed by a
housi ng; 10 b) sp i i N i;tion, the
i vi ding ol emery” 12/ S0aN Rhls HaRe R Bk N ERIRRSH | 10 et ng
conposi tion in themgrahyeelowig & veer srgoe thesscondeoafpertabityoimeghd our ity i nert
gas into the chamgfd MRS ia GODIAGE Detween the inert gas and the
wetting conposition, thus formng a wet inert gas; d) flow ng the wet
inert gas into the second conpartment through a conduit; and e) g
substangial ly fihkd nt . with a |liqujd chem cal §
conposition,_aLIomfﬂgﬁggégggg%ggggg?R%%%U%E%%Pn%nggEgﬂﬁhggﬁéd to the first |
conpar t mentiekyeEng feheanerd eanoposinan. shbodhodbmmpaisiop tidisiags dfo the first aspect of
the invention ghlo ' f ' Li jnert gas
with a wetting gon%%g???%%&ﬁ?ﬂge3%§?¥ﬁgx%%%€g%??%§ﬁ' g?ﬁgafﬁén#iquid
chemni cal conposPEPBhRNE thseliretepinpastrentt anddby sgeanid wopprctonenisdividedsbypr essur e
vessel to formg, L t i j }gﬁﬂ jze the liquid
chem cal 25 co(@%si ?EEQ%J? 0 M?%%hgggggﬁr Vg%@@ ?ggﬁgégfggééého
addi ti dhal spag)g i sSIHB@Hdatoflgrchamber axtettinggbmpasitiod the dvidig elemepr evi ous
appar atus and maialsy oSkaaen RISLEIAR Voo SLYANRL me BIRMAL of vapor is

of ‘thelig

needed to saturate the dry itnert gas, the~ assay urd chem ca
' c) flowing a dry, preferably high purity inert gas into the chamber to provide

contact between the inert gas and the wetting composition, thus forming a wet

; inert gas;
15 d) flowing the wet inert gas into the second compartment through a conduit;
and

e) substantially filling the second compartment with a liquid chemical
composition, allowing a vapor space, the vapor space connected to the first
compartment via the conduit.
20
An embodiment according to the first aspect of the invention allows contacting a dry,
preferably high purity inert gas with a wetting composition, the wetting composition
being the liquid chemical composition to be delivered. Contacting occurs in a pressure
vessel to form a wet inert gas, which is then used to pressurize the liquid chemical
25  composition out of the pressure vessel. Therefore, no additional space is needed for an
external humidifier as in previous apparatus and methods. Since preferably a very small
amount of vapor is needed to saturate the dry inert gas, the assay of the liquid chemical
composition will not be substantially affected when the wetting composition is the Hquid
chemical composition being delivered. The vapor content of the wet inert gas can also be
30 easily controlled by carefully flowing the dry inert gas through the liquid chemical

composition, in the first embodiment.



conposition wll not be substantially affected when the wetting conposition
is the liquid chemcal conposition being delivered. The vagQfgsgsent of
the wet inert gas can also be 30 easily controlled by carefully flow ng the
dry inert gas through the liquid chem cal conposition, in the first

- enbodi nent . %I’I | 2005 WO 02/058885 PCT/ 1 B02/ 00242 11 _Cx her ref erred
enbodi nent sw O2PEPS presented invention feature two (F"E’Wﬂ?{ pithin a
pressure vessel of integral body. Liquid chem cal corrp03|t| on to be
delivered is supplied into one conpartgent, and a relatively small anount

of a wetting 5 conposition (which maybe the liquid chem cal conposition
being delivered, if desired) and inert gas is supplied into another
conpartment in such a rranner as to cause contact between the dry inert gas
and the wetting The [cate with each

ot her t hrough rreg)(r%'énp g ere:Mrﬁ rég%{eed Vlr%\%@ulfgﬁ%mchem cal

conposi tion uompmtmqn&lvhénh mpx'e&sum&sselméMegghbadyhhtqw@hpnicde:gmpmm@I vapors,

chem cat boi tegteih i RRfea e bnd Ghmpteklol S RBRGLD N REAR SRy | A1 €
resi dual %r odznlrn@nsmcm (whlchrmaabeﬂhe hqmd biem&hwmpbmmmbemgtdhhw qﬁd@ﬁred)r ed
erbodi et Sreh i SRR TR o BRbeRIE SR RN s BTG RLC Wi (P

each ot her taFllroug Inert gas to f 0 and out
of the corrpdretwaemthsthgaamnéﬂldwbmngledmppmdrerﬂheﬂmemmﬂmmm t he two

conpartnents as m e comuni.cat.e ch l.qt hrough a
series of neans, Gt P’éciﬁgi’ﬁhf%]s &fclu o%lgarﬁsﬁd]%sgmfg ncehﬁl%tﬁg | ouvers,
channel s, anﬂheltdcd cbmjmmoln i prepatied with wg& maﬂaasthmpmpaﬁes nlgpnmbaévetpm

conpar t mgh t e f ded with
necessary cdpr{ %#’lygﬁﬁrw}p%lgl}ooﬁ%va és%of@lre bﬁ]e\ﬁh&tﬂ&%(:%&agrbg% argi ng

l'i qui d chenilostliniethagiysidr gas & reveuted While2be gy esisiual roblesie kliminated atdlruci ng i n
and dr ai ni n%]ougmgf |l i quid chem cal conposition, and filling and rel easing
i nert gas. e preferred embodi nents of the pressure vessels can be
operated for delivering chem cal conpositions with one, or nore than one,
pressure vessel n e usually
installed in parzﬁhe Qpre?enggﬁ T ﬁi\lﬁ%%ng’l elc?vpea%'q S%S%S&%géﬁsacg{

conposi t i DnsconBrsicae mithl eardadc tenupls a cxfnd]nt caBtsmngwet inert gas to flow into and

out of the compartments.

With an additional preferred embodiment, the two compartments as mentioned
above communicate with each other through a series of means, preferably small openings
20 such as holes, louvers, channels, and the like in the dividing means separating the two
compartments.

All of the embodiments in this invention are provided with necessary conirol and
isolation valves for discharging and recharging liquid chemical compositions into the
25  pressure vessels, introducing in and draining out of liquid chemical composition, and
filling and releasing inert gas. The preferred embodiments of the pressure vessels can be
- operated for delivering chemical compositions with one, or more than one, pressure
vessels in parallel. Two or more pressure vessels are usually installed in parallel to
continuously deliver liquid chemical compositions. Preferred embodiments of pressure
30" vessels of this invention can also be arranged in series to recharge liquid chemical

compositions from one pressure vessel to another.




30 vessels of this invention can also be arranged in series to recharge
liquid chem cal conpositions fromone pressure vessel to aRfepoox28 April
2005 WO 02/ 058885 PCT/1B02/ 00242 12 These and ot her advantages and aspects
of the invention are denonstrated with reference to the follow ng draw ngs
and description of preferred enbodi nents, although not Igé%t e;@}hereto. 5
Bri ef DeschBt”?’?ﬁ‘fs%;f the Drawings FIG 1 is a process sch P3'%92425 de

el evation view of a preferred enbodi nent of an apparatus and nethod to

noi sturize inert gas by bubbling the gas through chem cal 10 conposition;
FIG 2 is a process schematic, side elevation view of a preferred

enbodi nent of a nethod and apparatus with two conpartnents and an external
conduit for conmunication between of two conpartnents; 15 FIG 3 is a
process schenmati [ i i . C .ar r angenent
for the preferr egheesﬁbag(g?t%%‘%éfag%a@ Eéé’?c?sfaor@k I%%‘%%% ﬁ?é@%{%g%%tgswéﬁschenati C,
si de el evat i referentectotlef followinddmwingednd desedptiod®f prefeoed erebudingdntspaitheggbar at us and
met hod with ’§°¥Aﬁ‘iﬁﬁg‘¥@ Ldments and an internal comrunication arrangenent.
Description o refefred Enbodi ments While the nethods and apparatus of the
present imvention are nost pertinent to 25 delivery of slurries to

sem conduct or wafer CMP equi . apparatus of the

i nvention can be enpl oyed ingglﬁf;ﬁgsf{'ﬁ%mg%&m@ggnert gas is used to
pressurize a conpartnment and noisture loss is a problem For exanple, in
the production o rtain asi.ve.arti cl rri r o0 produce
"structured abr afgll@'glslg nggeesé‘gcé Rer al ﬁ@e etle&%ﬁ%(savﬁvﬂﬁ{éé’? éf%g%dgeﬁoﬁ%%qg,k 368, 619,

i ncor por at echnhppaitus dmy rredfod teemaisthiriterinatiedas bpbibhngbe gdstimpughshénpcdde cur ed
into abrﬁ§i ve Cﬁs%:ti(;nngs, the slurries maybe noved using inert gas, and the
princi ples of "the present invention may be enpl oyed. The foll ow ng

di scussion 28 April 2005

FIG. 2 is a process schematic, side elevation view of a preferred embodiment of a

method and apparatus with two compartments and an external conduit for communication
between of two compartmenis;
15
FIG. 3 is a process schematic, side elevation view of another compartment

arrangement for the preferred embodiment of FIG. 2; and

FIG. 4 is a process schematic, side elevation view of another preferred
20  embodiment of an apparatus and method with two compartments and an interpal

comumunication arrangement.

Description of Preferred Embodiments
While the methods and apparatus of the present invention are most pertinent to

23 delivery of slurries to semiconductor wafer CMP equipment, the methods and apparatus
of the invention can be employed in any situation where inért gas is used to pressurize a
compartment and moisture loss is a problem. For example, in the production of certain
abrasive articles, shurries are used to produce “structured abrasives”. See generally
Culler, U.S. Patent No. 5,368,619, incorporated herein by reference. In delivering

30  slurries to be cured into abrasive coatings, the shirries may be moved using inert gas, and

the principles of the present invention may be employed. The following discussion




WO 02/ 058885 PCT/ 1B02/ 00242 13 focuses on the sem conductor industry, since
a primary benefit is the reduction of space needed for wetgiggibhes | nert
gas, however, it is understood that the invention is not |imted to use in
any particular setting. 5 Chenical conpositions have been used for a
variety of ‘E ﬁoses during integrated circuit nanuf actur ﬂﬁipﬁrocess. For
exanpl e, 8t%® 2(‘,3(§rrp03| tions of silicon dioxide povvder% Y% ther
necessary chem cal conpositions are used to polish or planarize wafer
surfaces. This process is usually refensed to as chem cal nechani cal
polishing or chem cal nechanical planarization (CVW) in sem conductor

manuf acturing processing. 10 To assure the quality of planarization
process, theociséd cmlthersre;tﬁaom‘tqotmshﬁixsmry éimepméimndi@hgﬂtiwbmed@ﬁbm@f spicehi n a
specific ran f ch addi t Ll gl utions.

Chem cal addn% .35"%"‘6% %?er% rggansﬂogrgger’ta}gga f/sttér?gr%if Tore g\tlg%)l?usted on-1line
to neet t hdimitespegefin agtpadioslar Bngi cl e size is preferably m)nltored and
controlled by filtrating unneeded particles of larger than a few

m cronmeters in dianeter that could be formed by 15 aggl onerati on processes
because l|%arge paIChbHﬁlcdszomamsifEms letve heenaket fosavatiatyes pupbres &itiog ditegrdissk nat i on
of large S|ze rti f al
conposition 8‘9? veu;l;ac ggreoggsg %%%EMC% agﬁegﬁsdm% él@&?%@%é&g?%kﬁsual |y

del i ver ed vm;tolwdemmﬁsﬂmrmcmgdimg@tmposﬂ@nstatﬁnﬂ@o pabishas planarizeli st ri buti on
T Sherspi S A 6% Ay RS LG RO B ] AR 1S 10 ©f
this invent |%n for SIRRY a ositions Ssure vessel 31
cont ai ns che:hmmhlmhmmlplm%n{@m@)imlsemoqducwrmmmctuahgmmm tion inlet
condui t 0 cont.r ol uppl yi ng
chem cal 10(2:0%30%'5 ?atgn mﬁlty f@Yﬂ%?%zgtslur%’g%/eé%gﬁ%ﬁuﬁp&@ﬁ%q&érg%g%l tion

out | et condmontrcﬂ]zdmthinaasp@mﬁrxmngeofaﬂtmcamddit@eamda:@mbStzgdlsmummt ainer to

| hem i I
cont ai ners. Csmiidl Ratish oRetSy SR ShAN AR bR Bl MR oy 1
pressure vestha‘fspadiﬁcaﬁonsh Penmmmzbis;ﬂﬁ‘exabidnﬁmtmmyaﬂdaomqﬂeﬂm Bliratdg conpati bl e
with the chem gal rfé%o%it' 2 %’fe‘%i cro%ﬁeté?ﬁﬁ%m@ce?thta{‘%% ‘ﬁ%f&ﬁ{eéla such as
aétl atEC raf

stainl ess steero - er| s such as poly uoroet yl ene
(PTFE), Wer fdggbmmhéuomycesm berajsefeAys padicldsicghscodahsyafar spficy tlgplebneg and

0135 hon (o el R R e RS, SRR ie agBhap Bl llgpiBnocs Trom

delivery process,

Such chemical compositions are usually delivered with a pressure vessel system

20  through necessary distribution conduits. FIG. 1 illustrates a preferred embodiment of an
apparatus 10 of this invention for delivering chemical compositions. A pressure vessel
31 contains chemical composition 32 for delivery. A chemical composition inlet conduit
20 with a control valve 21 attaches to container 31 for supplying chemical compositions
into pressure vessel 31. A chemical composition outlet conduit 22 with a control valve

25 23 attaches to the container to altow chemical composition be delivered to user station or
other containers. Conduits 20 and 22 may alternatively be separately connected to
pressure vessel 31. Both conduits 20 and 22 may be any material compaﬁble with the
chemical composition, Preferred materials include metals such as stainless steel, and
plastic materials such as polytetrafluoroethylene (PTFE), perfluoroalkoxy resin (PFA),

30  high-density polyethylene, and polypropylene. The diameter of conduits 20 and 22
preferably ranges from 0.125 inch (0.32 cm) to about 1.0 inch (2.54 cm).




WO 02/ 058885 PCTI | BO2/ 00242 14 A side tube 50 attaches to pressure vessel

31 near the top of pressure vessel 31 wth one end 52 and RtadPbseym with
anot her end 54 for establishing conmunication between the top and the
bottom portions inside pressure vessel 31. 5 Level sensors 51 a, 5 |b, 51c,
and 51d are_preferably nounted onto the side tube to rmn&[g%r @hﬁ | evel s of
cheni cal cotP8E¥In i nside pressure vessel 31. Side t ubk R be the

. sane or different plastic material as conduits 20 and 22, but preferably
range in inside dianmeter fromO0.5 inchy (1.3 cm) and |arger. Level sensors
5l1a, 51b, 51c, and 51d 10 are preferably selected fromoptical or
capacitive types as usually used by those that are famliar with the | evel
measurenent art. Qther types of |level sensor such as an ultrasonic can

al so be used for,l I nLtori.ng. | 4.1 ' L$ are used,
they can be di récs%ed%gu bg?? ﬁééar?g%f t% eﬁswpésg‘f'ssglusﬁlé%%g%sté? L@%@Jg@ﬁ?&?@é?em

| ocati ons. Tithront ends52 anil dicboittonnavithiGnothenend b4 fobestablishdpsmmyninieatidsi s case. 15 A
conduit 45 with a.contr ve 4 nd.. g 47 for high-pressure
inert gas pgévse%%thF%’lpoaﬁ%hieé%%%ﬁ?rgor{%élgé%ﬁ%%g%%%l%@ar the bottomand is
connected with a diffuser 40. Conduit 45 can be also the sane material as
those for the Coﬂgv%iéesns 2s0 laanﬁbzgl'c anR| fh].clﬂ% eeﬁ}g))}élotgll%eglf %{oatﬁé%{deahlgéetgbrane
cartridge simlar'to a fiTter tartrlgge t a{ aﬂ ons 20 I ner gas to flow

t hrough. Di fobanéierthedBvdaef chémsipalcomprsitive it possurmoressehd [p étidetithdb0zan pl ural ity

of holes to,al]low.inert s.to fl.ow,t hrougha.ln i struction,
1 oser 10 W tieiin: Bdierd et dasdith hNCRNEA 0 L APWt NS len

erra cal
conposi t i onsnside dirmeted &oin0eF mch (125crdirrod haeger. damelsernsor 31aisih, Sde,eohfldol val ve

42 i t hed t |, 31 to.. t I wh
necded. 1 precarirebly SR AR SRGH ! e v B 4 BRI RS R e 0]
through a cdudiliot wiilthe Bvel eheeasengase Otberdgpes bieyrt smsuisechiagi dgapriessur e
vessel 31 13 NhpliSlod AR 8 RERSEl: RESAHASCIUR) AROYELTROL! RORg, cont o

val ves are pfée Neumat! ¢ val'ves conprised npati bl e
wi th the chéwidizadtlyetavhebintte prsusPesedi andiffstatilovdatas. Theelore, fidFEhe JFA, hi gh

density pol YeLiy) N1Gees8fAfh YREOPY! ene. 28 April 2005 VO 02/ 058885
PCT/ | B02/ 00 R} 1 Recs Y 1R YRE
15

A conduit 45 with a conirol valve 46 and a check valve 47 for high-pressure inert
gas passes through pressure vessel 31 wall near the bottom and is connected with a
diffuser 40. Conduit 45 can be also the same material as those for the conduits 20 and 22.
Diffuser 40 is preferably a membrane carfridge similar to a filter cartridge that allows
20 .inert gas to flow through. Diffuser 40 can also comprise one or more pipes with a
plurality of holes to allow inert gas to flow through. In any physical construction,
diffuser 40 is preferably a material compatible with the chemical compositions to be

delivered.

25 Another conduit 43 with a control valve 42 is attached to pressure vessel 31 to
vent pressure vessel 31 when needed. A pressure relief valve 60 is attached to pressure
vessel 31 through a conduit 61 to release gases once the pressurs inside pressure vessel
31 is higher than a preset pressure. The above mentioned control valves are preferably
pneumatic valves comprised of materials compatible with the chemical compositions

30  such as stainless steel, PTFE, PFA, high density polyethylene, and polypropylene.




15 When operated, chem cal conpositions are filled into pressure vessel 31
through conduit 20. The ampunt of chem cal conposition ingigdgips@Bsure
vessel 31 is nonitored by level sensors 51 a-d. Once the conposition |evel
reaches a high level nonitored by |evel sensor Sib, control valve 21 is
cl osed. Preferably high-pressure, ultra-high purity 5 inert gas such as

ni trogen ga@oi“y"ﬁsﬁ’én i ntroduced through conduit 45 by op®ri Y3t r ol
valve 46. The inert gas flows through diffuser 40 and fornms small bubbl es
30 inside chemnical conposition 32. Thes bubble sizes are dependent on the
pore or hole size of diffuser 40. It is preferred to have a diffiaser
produce gas bubbles smaller than 50 mMmmin dianeter, nore preferably |ess
t han about 5 mm Whie op@sted, blamitad cqpebidom atefilled ittes pletsedt vasselBDO thrbeglv r at e

rangi ng from abo standard.liter per.mnute (sl t On & . sl pm and
at pressur em?‘g’ﬁt%n é'h? ?%?%Pgﬁtg‘ﬁfmﬁ §°’§?°rﬁ§[§% e p{egs“%@aef Sr?gs,slplggl'ﬁe%&%?he gas
bubbl es ri seylgvel dehsomitilia-d lmcethe noramisiticolepd sdathies a hiphdevelbinbréioteddpme vapor

t hrough their.course,up. . The. ifert fil o) R e chem cal
conposi tion lgﬁfi?ﬁﬁ?rshb’tcfﬁt‘w?‘pﬁl‘ées@d? 'i’l%sg@sprg%ﬁa%nﬁ@ya@p %résﬁ%g’gﬁﬁ?%gh@g.g 15 The

hei ght of3 priaasgis enches iebgdlgas i3 themitedapdthoqueh adreliny 45 bhepedmpténio cheni cal

conposition 3 iLs.critical, for th 1S b s to | l.ect, & gh vapor.
The hei ght © Veﬁ?'eﬁwgt%@glgg’ls%Tgﬁggﬁl?eé?@?ngiof?rﬁnsastmaﬁggkgﬁesfog%}%gr, and the
depth of chefibmaishl compiiiiint32o Mhe Bidbicniztsdes quparisntron thegwswedr halk sizg ofr ef er abl y
at least 0.5 pete t. its hi | ev as ni.tore 20 evel sor 5Ib.
The vapor (pq“g‘%grr@bﬁvsﬁ’i??e&ﬁﬂ%w%% progice gas bY Irests%agérdﬁarne ér'“% y ranges
froma rel alianwgerhioe Gicfotatdf lesdthuntab&l 5 men. CEtgas ot Qprefenbly nontrotiet 2

R e B e e

or w thout thiesuetasbing GoflBewits. adieplerd oé achephael Thoppdsbllesoiseins t o be

delivered to, on r nore. user stations, control, valve. i.S. 0 ed and
chemical fl dWgY e9?“3?%??@P§%WE?§€&i§f°FﬁF@ﬁ@hmggﬁgﬁF%%m%%ﬁhﬁ%gr t he
vapor - cont ai iérhghs fille Fipof acd b et ohemidil compasition B2 andiamon peewatizésni ng i nert
gas 30 is supplied into.vapor space 62 to fill the space left by displaced
cheni cal coﬂ%%ﬁc'%Wﬂmm efore, the pressure inside pressure vessel 31 is
mai nt ai nexl constant and the chem cal 28 April 2005 WO 02/ 058885

PCT/ | B02/ 00242

The height of pressure vessel 31, or more appropriately, the depth of chemical
composition 32, is critical for the gas bubbles to collect enough vapor. The height of
pressure vessel 31 is preferably at least 1 meter, and the depth of chemical composition
32 inside pressure fessel 31 is preferably at least 0.5 meter at its high level as monitored

20 by level sensor 51b,

The vapor (preferably moisture) content in the inert gas preferably ranges from a
relative humidity of about 50 percent to 100 percent, more preferably ranging from about
80 to abut 95 percent, with other chemical vapors in a concentration of up to parts per

25  million level, either with or without the moisture present.

When the chemical composition is to be delivered to one or more user stations,
control valve 23 is opened and chemical flows out of pressure vessel 31 through conduit
22 under the vapor-containing inert gas pressure. At this time, vapor-containing inert gas
30 is supplied into vapor space 62 to fill the space lefi by displaced chemical composition.

Therefore, the pressure inside pressure vessel 31 is maintained constant and the chemical



16 conposition is delivered at a stable pressure and flow rate. Hi gh purity
nitrogen gas is preferred because it is wdely available aBdhgifbeds vel y

| ess expensive than any other inert gas. Wen the conposition reaches a
|l ow l evel that is nonitored by a | evel sensor 51c, control valves 23 and
21 are closed. The high-pressure inert gas inside pressure vessel 31 51is
then rel east "BY®*¥eni ng control valve 42. At this stagetCHRHI%4
conposition is filled into pressure vessel 31 by tinning on control valve
21. Chem cal conposition can be refillged into pressure vessel 31 and

di scharged for delivery in cycles as needed. Two or nore such pressure
vessel s can be operated in parallel. \Wen one of the pressure vessels is
inrefill nmdmpmﬁhmhhﬂﬁvaabﬁeaﬂﬂbgmhmnﬂhéﬂhamge Hnﬁewmynﬁmgﬁeyeﬁa

ctati ons.  predenbutole SRR R b E bRl i PR
materi al s sah When taé euniositisn m@@aloﬁTﬁEl thﬂh‘sﬁnnomto@ﬂ bytarsiel sgngoofieet hyl ene,
DOl YPr P! e g iy I S Bleea PRGBS SRt agbary o oo
conbi nat ison miﬂlemleesreﬂaiy op&‘nﬁ:{g&bzhtroﬂasalw’m \aeartlhs mgepdhammai cempmyinnhmﬁﬁddl ow t he

pressure vessel to take ressure up to S K he capacity
of the pressurgres%es‘é ﬁel ]@ﬁ‘iel it aﬁloye?ntgﬁgeale?v roma Sgﬁmﬁp?%t%gﬁ%nu 5000

liters, nor Ecﬂjleéfuﬂm @iaksyrmssgi mgndl disdimrgedfou tlel Rer ytio o Sl6 a4 nete&ds Twp@rBecause

the inert gas w| east ort f the riz portion
after cont aé’im%‘am Rreessé‘ﬁe Vrﬁssc?glca%ber%%%ﬁe?flp aralf\?gp o on? ecu s S ?‘T}glst op | ayer
of the chers maéﬁ]bmadwmothenmeamdbamdisﬁmgemmem ﬁchmm deanfisuoneddiveriyng on t he
i nterior, wal essur.e ves not be lost into the inert gas.

Ther ef or &, Oﬁ8#68]1%?73?1113981“?%%&&’&orfIfo%usef)?ta%olﬂy residual formed. Wth this

preferred enbodinent, it is not necessary to have an 25 external hun1 difier

t o noi sturirze t_h eir?‘ﬁrlllreelr‘;ges lsm%'egab{énovm .S S%mnn%loo Apasél mﬁnﬁa?sgs%cﬁ’\ﬁ this

preferred enbodi Bl % d PHENt Saves Space for
users and i Staindazs aeei,cElIFEer,dﬁghuhnswmolyhhylemdpdmrageeneglasmahd tteek wWhol e
del i very syst

r oper,at egs eVI wn systens
because it hg%éﬂ Yv’ithn?lﬁa‘a%%th&s Eiasuc C (ﬁlr%%ﬁn%t%flals U3 geASpr 7 58% %ié%g/ 058885
PCT/ 1 BO2Y50024 2nukf/have a combination of material properties and wall thickness enough to allow the
pressure vessel to take pressure up to about 10 atmospheres. The capacity of the pressure
vessel preferably ranges from about 1 to about 5000 liters, more preferably ranging from

about 20 to 500 liters.

20 Because the inert gas will now have at least a portion of the vaporizable portion
after contacting the chemical composition, vapor molecules in the top layer of the
chemical composition and in the composition drops remaining on the interior wall of
pressure vessel 31 will not be lost into the inert gas. Therefore, there wﬂl beno dry film
or dry residual formed. With this preferred embodiment, it is not necessary to have an

25  external humidifier to moisturize the inert gas as in known systems. An advantage with
this preferred embodiment is that this preferred embodiment saves space for users and is
more cost effective. Another advantage is that the whole delivery system will be more
easily operated than previously known systems because it has eliminated some
components.

30



I nert gas bubbl es may produce sonme small droplets of chem cal conposition
after the bubbles burst at the top of the conposition sur faGshril Jogse
droplets could be spilled onto the interior surface of the pressure vessel
wal I s and eventually drip back into the conposition body again. The
droplets wi ]l never formany dry residuals because the inert 5 nitrogen gas
i s saturat eWW@WSVapor. I nert gases preferably do not TS YY1 cheni cal
conposition. This is because equilibrium between the dissol ved and gaseous
phase inert gas has usually been well ;gstablished during the manufacturing
and packagi ng process of the chem cal conpositions used in sem conductor
manuf acturing. Additional deconposition due to a high inert gas pressure is
negl i gi bl e becaudeert paebibbizaseg produe korassmallQiroyildty afgbemicdl agrmposiwoy aftaw
solubility i ous chem cal..conposi.tions. |Jert | contribute
any contam n%ﬁ?gti%ges et @‘ﬁlt(’pcog rt‘rhffc()’gfPl RIS Sll“?ac%r e (Saerdrrgpgafﬂv’#“!rldalze&glﬁlgdi nert gas
is used forortdihs inariopasface ofttheyorseat vasgbwalld and evivdily drigriscK mbpabhe 20C)
partial pres -Of hen. c .t il I i gen gas.
Ther et or o, - SOBBER R tELRaYT S SEPRAN Bl M e kSlabs BilabB o 080T, B2
chem cal Eonytsgehiganis gitlrbtedroith sipgni thértgusdsipyefdrably bamyg distdhe: inslemicabf t he
chenmi cal conposit.j.on..EFar. exanmpl since ve S I er is
needed to sa Oﬁnrpaofl{elouhil;h?sol@]%e augsggcfme%%g?l&g%g%oe né\l/afhessp‘%(?gnce ag%gf?%aﬁe%%al SO

negl i gi bl e. gdstns wualybea, wiestabliskedsduahg thi traogfechugrsndpackaginp fremsparfat ur e
(about 200C),.and a pressur.e of,.30 psig needs 0. 34 . mlLliliter (m)
water to bec%ﬁ%he%%ag?oﬂpgﬁgoﬁﬁsﬁdﬁnge ma-Ta |'\1/t§&%6&§1,zhu8ﬂ%m cal

conposi ti on dmompeitios dak th @ hjphdneriches pragore id egligible bécagra snertigag@s, s@chi dsl ust r at es

anot her ef err ed ,appar at us of the invent,ion idlustr in FI G
3 o B8 C R0 BEP R 3ot BiinGh agitfod ARARISH oBportibns. Intl Bl ol &
conposi t i onsconfibtetreny calkantmanpio shdmiical composttionifiphafetred@irpvptde irgrigasisr ol val ve

21 is connect o chenm cal conposition £0 re vessel
21 5t 1 L D obE b BRI SR oGP BR e SRR AT SRl pBGRBHT © VeSS
chem cal conghemidl @mpotitidnetill be esrg livwt inZRrogert ges.aThspefore Hubblig\peef@Bdi s
connected to,pressure vessel 31 at,lL,ts,battomfor. deliveri. em cal .
ChoreCt o0 n uR-BRE RSy ARRRE e fullen s toitt B fion RELAN SRbBGED IO
control U3l vebadgelthd aeaysoi fip lchdnnicpl aomspusitibn. pifor ekampls finge west smatlgmotsgwl cal i nt o
an inert gags_conpar nt. 135.0f th [e re v | o I e 151 is
optionally a\%%t%rrlggeeg t\‘/’\/ﬁ‘ﬂ‘/tm\a}tgIn%/uce())g‘\al{ﬁ1 %aﬁ, coeﬁné%&gvg?rocgg%ﬁ%%oﬁﬁﬁ{o%agl@r%osi tion
flow i nt o i nBrtexapade, 86 lifpesrdf nitwopen ghs &t ragwolteaiperatves (akvay24°G), ahd opvessetet | ng

composi L1 o gt bbb 39 i IPAL) iRl o 38Rme 3MuARL | 2005 VIO 02/ 058885

20 In an alternative method, chemical composition can be used to provide vapor to
inert gas. FIG. 2 illustrates another preferred apparatus 100 of the invention. As
illustrated in FIG. 2, apparatus 100 has a pressure vessel 31 for containing chemical
compositions. A chemical composition inlet conduit 20 with a control valve 21 is
connected to chemical composition compartment 29 of pressure vessel 31 at its bottom

25  for supplying chemical composition to be delivered. A chemical composition outlet
conduit 22 with a control valve 23 is connected to pressure vessel 31 at its bottom for
delivering chemical. There is in this embodiment a wetting composition inlet conduit
150 with & control valve 151 for supplying a small portion of a wetting chemical into an
inert gas compartment 135 of the pressure vessel. Control valve 151 is optionally a three-

30  way valve with one way to allow wetting composition flow into inert gas compartment

135 and another way to allow wetting composition waste flow out of compartment 135.




18 A wetting conposition outlet conduit 153 is preferably connected to

three-way valve 151 for discharging the wetting conpositiorpg ANl bosgt gas
inlet conduit 45 with a control valve 46 is provided for supplying 5
preferably high-pressure, high purity inert gas into inert gas conpartnent
135, and a vent conduit 42 with a control valve 43 allo g. A side
tube 143 isV83HRERed to pressure vessel 31 at the bott%%’%%%? %ne end and
to the vent conduit 42 with another end. An additional control valve 138
is installed in vent conduit 42 betweengthe joint of side tube 143 with
vent conduit 42 and pressure vessel 31. There is preferably a branch 10
conduit 50 connected to the side tube 143 with one end and to pressure
vessel 31 atA whiging ccnmp;aisitien vietlet coniitihl S8 nofrbferblg nehnedisd forthredreayprabfedpt ed

enbodi nent | in E four |evel sensors 5la-51d are
preferably n%u‘#?é%‘ %%lvé%n%ﬁﬁlgp‘?ﬁ@ "t o monitor the chenical conposition

| evel inside pressure vessel 31 A mst elimnator 139 is preferred to
renove any m st carr ed. ana .t %gp%lt ment i oned
conduits and con 5’2% %/ﬁ tgfgg y coe4l§? é%i&o -E&esuﬁptiﬁé(él

conpati bl® vﬁréf&ablbxh@qméssmaﬂmghmtym gammhnemdegas venmdmeivElt3s] andaventi al s such
as stainl ess_stee ) h T.E hi gh-density
pol yet hyl eney’ &uﬂ 3m%aycﬁrm5%y fgﬁéed%o% %ﬁsﬁg ﬁg% m%é IE lslé?né&r:égddt The control
val ves are rpres[smreadahqk32@tihmmeBImﬂxdnypmtandTMemn$condM#ﬁwnlnmotheoul d be any
of those co b £ e type.
Pressure vese§‘12§fé+'¥ﬁ8]\r/°flecr?la Vﬁtlééégg%mﬁedﬁ €%Eérm’ﬂftg$§ér’rtg?e F@{ﬁ

di mensi ons tscixletumel@m(hmeombsgﬁhnctmsssmemsblﬂh Tllafeeispmfmhb(ﬁﬁm@a 1. For

accomod ot che 25 corppsict it el 3 be I wetting
conposi t ‘ﬁm(% Qe géﬁoyth%%ﬁh i zé% Wat efy Fo 5%%@@1"%%'{512%?&@% is
partiti oned uopsﬁdnWﬂhnﬂmnaﬂzateadcﬁxm&h&prﬁaﬂalmbbﬁmmdﬂmﬁdbﬁglﬂﬁehﬁwr 133.

| nert gas c rtmen ted i.n r sure
vessel OlnPc %58% ,ﬁ%l&l}%é abe r mountgds :IS ?c})elrf]ﬁf%q% %‘Edl%&hgtﬁ}?%%fwat or or
conposi t | on dompbsenonde&eil me:ﬂeplress(ﬁ@emse]a"ﬂ Aonistodiiiniaten 13%ispeeiared i reRove s

| ocated at the I orti f 30 pressure vessel 31 to accommodate

chem cal corrpg |°a(§ﬁe¥awaf3’§°31e Fver 8‘“" he two conpartnents comuni cate
each ot h&y through a portion of vent conduit 137, side tubes 28 April 2005

VO 02/058885. PCTI'I‘hBQDZO/Vg%Zen oned conduits and control valves are preferably comprised of

materials compatible with chemical compositions to be delivered. Metal materials such
as stainless steel, and plastic materials, such as PTFE, PFA, high-density polyethylene,
and polypropylene, and the like, are preferred. The control valves are preferably

20  pneumatic types. The mist eliminator could be any of those commercially available types

of plastic fiber or membrane type.

Pressure vessel 31 is preferably comprised of similar materials and dimensions to
the pressure vessel described in reference to FIG. 1. For accommodating both chemical
25  composition 32 o be delivered and wetting composition 134 (preferably deionized
water), pressure vessel 31 is partitioned into two separate compartments with a dividing
means 133. Inert gas compariment 135 is located in the upper portion of pressure vessel
31 to accommodate wetting composition, such as deionized water or composition to be
delivered. Chemical composition compartment 29 is located at the lower portion of
30  pressure vessel 31 to accommodate chemical coraposition to be delivered. The two

compartments communicate each other through a portion of vent conduit 137, side tubes




19 140 and 143, and the conduit 50. It may be preferred to include a val ve
in conduit 50 to allow wet inert gas to flow through condugtagkf8e03 hus
bubbling the wet gas through the 1liquid chem cal conposition. 5 Wen the
apparatus 100 is operated, chem cal conposition is first fed into
conpositio ment 29 through conposition inlet conguj t this
tinme controrv{)%%ﬁ%? 21 is open, control valve 23 is cl osg{#flﬁ"@g@?fgas
control valve 138 is closed, and vent control valve 43 is open. \Wen the
conposition inside conmpartnent 29 reaches a high level nonitored by | evel
sensor 51b, control valve 21 is closed, and the filling is 10 stopped.
Vetting conposition, such as deionized water or diluted chem cal

conposi t i on,140iagd 143garidrthecondut 50. Q’asa}dEmpﬁMMmclﬂ%aY@Veane@dwwﬂoed dept h
of the wettinpg t osi tion
supply side |s c ggg&#ﬁﬁvge @%& u@?ﬁ%?@%@?ﬁ%ﬁ ggg%ﬁ era% yﬁ%t | east 2
i nches (5 crﬂiquxcbhbrawélcpmgosmqy of the inert gas inlet conduit 154 enbedded
in the conposition, although this is not strictly necessary. 15 Wetting
conposi tion should be supplied into the conpartnment by turning on the

t hree- way vaIveVﬁemﬂudpwamuyum@smmwhﬂaﬁmnwﬂamnmp@Wﬂ@ﬂﬁ@bﬁ%5@1t|on | evel .

Turning thre PBition'3 g%nﬁél%zé BrduBf co ﬁp&ﬁﬁ@éﬂe't%dﬁwéo EFRQEbn‘A‘a?n needed
di schar ges t ositron-insi‘de conpart ment e i nert gas
suppl yi ng cowiweall lmmwomlwdve%ﬁleﬂlewdbhwﬁsmlwé‘f-ml%@ @@Sptbwd nert gas to
fill the s nert gas
(preferably %8%333’%"92%%%"?’%‘3 e@%%%&gggﬁgn%&%dcu %ﬁmﬁ%%ﬁg@?gndg

conposi tion hlglslﬁtbémomrg:hwlemirpmsctrlﬁebncont@hmﬁc?éllsclmﬁdmﬂ&e filllpgtihe wetting
conposi tion APYcr N Xeranl de
corrpartmiadr)\t s%g;ﬁé‘d Vﬁ%ﬂﬁ%&&(ﬁeﬁ gné ga%ccl) usggwsat%g?]iconsg%{l/%%tmgﬁgp\?gﬂi% is

cl osed, and isGedtinto inevighy/e@nbadment 13 pheredatrollddepth @félge Witing opapesitioand/ or

i st t I 25 th h
TSt ol e BE-WEy DU € dhoteBBRog bt A0 BRICRAL a5, Tr o0
cheni cal cmwp@pﬂmmnspﬂﬁerab@mﬂnadalm@mﬁ@sﬂtqmeﬁ!ehbef@einevéﬂse@iefto end- users
IS pressuri z%g%@y 54%;5%6&36@&@&&%%%%‘&%% 3(0{1 S tw osition outlet

control valve 05|lt| on ftP ows hyfough out | et
conduit 2® tWemngcqmnpompesngrbesnmhvdmbthe{dﬂ)m@!ghelﬁbsmﬂﬁhe@mdw ts and

Cont 1Ol dev 8 DEAIELIN B 80 oGy SHIAPRE et RYel! DB Ol 01 10

control valve-2 can e_r_esurre y turnrn his control valve. Wen
t he conposi tvabe 15htoi the“qompesitioment/gosition Bhen reg chargasdpe vyl noni t ored by

I evel senso rcoal%oﬁiﬁ)(ﬁ iLsigeOcQ)ﬁlpartment 135, The inert gas supplying control valve 46 is

preferably always open to allow inert gas to fill the small compartment 135 ata
20  controlled pressure. The inert gas (preferably high-purity nitrogen gas) bubbles though

the wetting composition inside the gas compartment. Chemicals or water in the wetting
composition then vaporize into inert gas. When composition 32 inside compartment 29 is
to be delivered to user stations, vent valve 43 is closed, and control valve 138 is opened.
Inert gas with vapor and/or moisture at a relative humidity about 50 to 100 percent flows
25  through mist eliminator 139, conduits 137, 140, and 50 into the top portion of chemical
compartment 29. Chemical composition to be delivered to end-users is pressurized by
the high-pressure inert gas. When the composition outlet control valve 23 is open, the
chemical composition flows through outlet conduit 22 to one or more user stations
through a series of conduits and control devices. The delivery can be stopped at any time
30 by closing control valve 23 and can be resumed by turning on this control valve. When

the composition inside pressure vessel 31 reaches a low level monitored by level sensor




WO 02/ 058885 PCT/ 1 B02/ 00242 20 51 c, turning off control valve 23 stops the
delivery. At this tine, inert gas control valve 138 is cl ggeghripsoo®! | .

Vent control valve 43 is turned onto rel ease the pressure inside the
pressure vessel. Chem cal conposition conpartnent 29 of pressure vessel 31
is then ready to be refilled. Such refill and di scharge_can be repeated
for many ci‘?’@h@ss&m or 5 nore such pressure vessels 31P%T2W0%%021}perat ed in
parallel with one in delivery node, and other one in refill node for a
continuous delivery of chem cal conposihfions to user stations. Two ot her

| evel sensors 51 a and 51 d are used for nonitoring high-high | evel and 10
| ow-1 ow I evel of chem cal conposition inside conpartnment 29 of pressure
vesseg 31._Fh@tﬁhﬂgaﬁﬁmﬁﬁmﬂmﬁh5$&m&gﬁdﬂﬁ&&ﬁﬁ&ﬂﬁ;&mﬂﬁkﬂk&s&nfmswdwﬂyl I
consi deratiaqn, .Once_ the e reaches, ei t her hi gh- hi or low]owleve

“an al arm wi |1BS bq%"ﬁ?%wgd%%‘“’?wz V%%?%%“’“&%lﬂ“&" %gea%ﬁ%g?prﬁsﬁﬁ mvﬁdteﬁt?en a

pr eSFt 'Eji e .prebfnrd\dstd].NOhe@OERD Oshhrokifion Qympditineiitad oﬂﬁtemziaaksseldhm eﬁh i on cag be
supplied into gas ¢ artnent. 135.0 ressure el 31.thr a conduit
havi ng a shdﬁ@g%%e%‘ SP@?&’%‘%@%%%H% WEGESBF%%@%Y frgES- 2578 9 ust r at ed
in FIG 3 Sidrétich grebdues wedelsin gan We@pp@it i jafellel With ériedn ddliverg mivdadmpr oduces
liquid droplets 211. lner as i.s supplied into. .gas c artnent 135

t hr ough cond’ﬁ?ef OnpsT FHA ™9 f‘%ﬁé’?@}”&ﬁ‘ﬁﬁt&?&ﬁ%ﬁﬁ”ﬁ@%ﬂ“{fﬁﬁs %’fuslert s 20 length

to near the sbgibfisom of gas conpartnment 135. Inert gas contacts liquid
droplets 211 for transferring vapor and/or noisture to the inert gas, and
then wet inert gas flows through mst elimnator 139, control val ve 138,

condui ts 137, 14Qwadtheblvdl fingore bivting 81d are osep Geinionborinpdighatiphniend] a@d t o
pressuri

e the chem cal conpositi.gn when it is cssar.(‘ﬁ os{ tion
dr opl et slz(\/vi Wiy @6‘?1 Iogﬁl’ce@’fgg‘f‘i’qpﬂ%n% PR 9GP fﬂﬁﬁ?o @?S“%KF% gEBﬁeu ncti ons
as a floor aign@eFomanRatidRtorshabmanly feskRi dosdidsatian| Oxel thalbvalet t i ng
conposition there, and, di.scharged throu co.ggi t 153. wi.th a control valve
T51 R G A el tat T Rt o rbon i Sn e R A ER500 of ' Thi <
invention. cdogapaseddwd witiihe perddatierents illustrated in FIG. 2 and 3, the
enbodi nent in FIG 4 30 has a housing 158 within gas conpartnent 135. A
conduit 150 and val ve 156 deliver a wetting conposition through a
shower hegd 210, Wiy chpssitionrs dilledsdbeitalweinpositipn28n Bsupplied @RS gas\\O
02/058885 PCC-anL;B(?ﬂI%E/n? 92?540% pressure vessel 31 through a conduit having a showerhead 210
located inside the compartment 135 as illustrated in FIG. 3. Spraying the wetting
composition with the showerhead produces liquid droplets 211. Inert gas is supplied into
gas compartment 135 through conduit 45 that is preferably extended nearly all of its
20  length to near the bottom of gas compartment 135. Inert gas contacts liquid droplets 211
for transferring vapor and/or moisture to the inert gas, and then wet inert gas flows
through mist eliminator 139, control valve 138, conduits 137, 140 and 50 into chemical
composition compartment 29 to pressurize the chemical composition when it is
necessary. Composition droplets will be collected on the dividing element 133, which
25  functions as a floor of gas compartment 135 and establishes a level of wetting

commposition there, and discharged through conduit 153 with a control valve 151.

FIG. 4 illustrates another preferred apparatus embodiment 500 of this invention.

Compared with the embodiments illustrated in FIGs. 2 and 3, the embodiment in FIG. 4

30  has a housing 158 within gas compartment 135. A conduit 150 and valve 156 deliver a
wetting composition through a showerhead 210, which functions to spray wetling




21 conposition within housing 158, as illustrated at 211. Inert gas is
supplied into housing 158 as well through a conduit 45, valgygyifbogsnd
conduit 154. There is provided nmeans 157 for allowing inert gas with
chem cal vapor and/or noisture to flow out of housing 158. Means 157 is
preferably sel ected fromthe group consisting of holes, |ouvered 5 plates,
bubbl e capsVORHP* e |ike. To renpve any droplets in t he?THBIYELs i st-
elimnating materials such as plastic fibers can be nmounted to means 157.
There is preferably an annular channel,; 159 between housing 158 and the
interior wall of pressure vessel 31 to allow wet inert gas to pass

t hrough. On dividing nmeans 133 for gas conpartnent 135 and chem cal

conposi tion &W&ammn t%aslhgesagasauﬁm@nre@ﬁ@l ablnyrt gasiOsuppliidethtd hyusbdfg smal |

hol es 160 or_ |Li ke ans, for co he. t wo artnments.
Vet inert gasSdr Vel Hroygh ¢ FRugHig ot Elé(%‘gé ﬁ%#]@gg‘ﬂt\r,\%gt ?reﬁﬁ’émdegpﬁ%gas
gorrpgrlt ment 153 $orlaléwdin ﬁﬁﬁ%ﬁiﬂiﬁfﬂhe&&aﬁ@pc&hﬁ@’&ﬂh@ﬁ@m@&ﬂcﬁwmlofhﬁimgSI tion to
e e |vere er.ati on, n the preferr nts
referred to } ﬁ ﬁ%@%szls%r&QEWEH?I?@ﬁdﬁ(?%‘b%@‘io?ﬁ‘5’ 5 ‘@gﬁéﬁ‘qf*ﬁﬁ m cal
conposi tipn fAsRbbIRASs, 4R (0 iRl F6 Sdhicve avahsdits ﬁlhetlhérﬂgbgj‘mm chemi cal

suppl yi ng condul t 20 W, contr.ol valv ce the osi tion | evel
reaches its FFHH aﬁ%‘?’r‘%ﬂﬁ Ftip Foqrasrn) e?@ﬁ‘g‘%mgfﬁm Iég‘n FBvalve 21 is

f,l osed. COﬂtpgéiEraM§lbﬂﬁmﬁﬁréhéﬁnéI%Hbdhfceﬁhi&ﬁﬁg 158 ngirihe igRSol walbafprssued i nt ob
ousi ng 158 Q turning.on contro alve 46. \Wettin nposi ti on may be
sprayed wit h'® P RleOTE™ o fpprt @Bmﬁa?ﬁfb‘iﬁ’gﬂ £ P‘B@W@%ﬂsqﬁg&rgasdropl ets. lnert

gashcont act Scombmhenﬂmschndbmmnao BOﬁEtﬁnﬁpgrt?lblﬂWﬁﬂiefHa@emﬁ%lﬁpace 136
wthin gas c oSl nt 1 an ur t I nt e space 141

t hrough t'he H?%F‘&'&S %L%E’ﬂthﬁl%b PE’&“F%@GB‘P?E’HPJE@IM ?ﬂ‘fﬁ ?E“E?n. Once it is
necessary t qog@hdars. memﬁga{svﬁnmﬂamtm@nherwha&eﬁ ofhitixhta@n Som@ant r ol val ve
23 i s opened, 25 andb#i %@i ition %8 a}['wou h.congwt 22 to any
necessary exPEPHiRenE dﬁﬁotcgmpﬂﬂ’ﬂf tPquSS“G‘E?/? migal ¢ %‘i‘onstf’ i ons. Keeping
the control gegler@l. 156 on can continuously spray wetting conposition, and
control valve 151 in the conposition discharge conduit can also be kept
open for continuous discharge. 30 FIG 4a illustrates a fifth apparatus

enbodi nerg, Whi clbutiSe éhefiltib@l Rk inBeprbfegad dnsbivdivdentstdferretb adfiGents,i | | ustrated

NG a4 Llustiated s a plural Ll OLnRRSN MRSk b fiaushe 28 Aer |

vessel 31 through a chemical supplying conduit 20 with a control valve 21. Once the
composition level reaches its high level monitored by level sensor 51b, control valve 21
is closed. Control valve 43 for vent is closed. Inert gas is supplied into housing 158.by
20  turning on conirol valve 46. Weiting composition may be sprayed with showerhead 210
continuously to produce liquid droplets. Inert gas contacts the liquid droplets, and then
flows into vapor space 136 within gas composition compartment 135, and further into the
space 141 through the holes 160 to pressurize the chemical composition. Once it is
necessary to deliver chemical composition to user stations, control valve 23 is opened,
25  and chemical composition flows through conduit 22 to any necessary external conduits
and control devices to user stations. Keeping the control valve 156 on can continuously
spray wetting composition, and control valve 151 in the composition discharge conduit

can also be kept open for continuous discharge. -

30 FIG. 4a illustrates a fifth apparatus embodiment, which is a slight modification of
the embodiment illustrated in FIG. 4. Tllustrated is a plurality of openings 161 in housing




22 158 near and/or in its bottom functioning to allow wetting conposition
to drip down in to liquid chemcal conposition to be deli vwaigs 2003
above-nentioned preferred enbodi nents are preferably operated 5
automatically with a conputer control systemor a PLC system The control
val ves are referably pneumatically operated and controlled with the

aut omati ¢ c%’ﬁt“?’?ﬁssséyst em Signals fromnonitoring devi cES"SR N 4s | evel
sensors are fed to the conputer or PLC for processing and initiating a
necessary operation signal to the systegm 10 Fromthe description of
above-nentioned preferred enbodi nents that are illustrated in FIGs. 1, 2,
3, 4 and 4a, one can imedi ately realize the advantages of this invention.
First, the [58her medordppabatonsfiactpnng toalbw veimgatepdsébaisdindwey ithave al | of
t he preferreg f.uncti.ons in . referably integrated apparatus. Chem cal
conposition 2 %m%ghe ‘f‘?j;?oé?c?s@ontgm%?g%wgrr%ed fromthe pressure vessel by
operating several control valves. At 15 the sane tinme, high-pressure inert

gas and, prefera a wetting ¢ Siyt . r i into the pressure
vessel for evapoEg‘%/%bﬁ&&?ﬁ%tfﬁnﬁcg?ﬁgﬁnp&?%’%bomh%%r al%ﬁ?egé}%%gge%ﬁ gas for
pressuri zi ngutoneticliie mithalcomputpasittdl gystetnor b @LOslterer Bk colhe velfresraes no

ext ernal devi 1,S__needed to provi.de v . I The assay of
t he chem calpr%(g;rﬁ%ggﬁ“fcngﬁ%aﬂy 81’%%6&51&1 Ic?l%/tré)kﬁg&(;&lvté @F 51%%{1&%%5{511:585 anti al | y
changed due Signab\faponartiioting dévives suplpaxlesteliensrsarafed o 26 caumitdr pr RIE Hrat ed.

Second, very_precious.space is saved he t S no additional

ext ernal hurf" F*fsfnétan%?étgﬂ%'f‘%?‘n%ﬁﬁ%f) eﬁ‘ ﬁ%gﬁﬁ%ﬁq%ggs?hlfe inert gas. Third,
the overall cost of the pressure systemis significantly reduced because
fewer deyjces are used.for fhe. same purpose. as, | . ratus and
net hods.deS AIthg{?&ﬁfﬁ?%{}(gfﬁ’&eéﬁﬂg}o?orpr%?n%lre 8&1&%@5}%%%?& us and
processes ofillisheted inTIEatl, 28, 4ol 4appreeseimnakiiavely whlize fe advantages ofthis t hey are

by no means .int end limt .the . .sco i 28 Apri l
2005 W0, 0/ JERgaR mecth Regisfistd oy SRR RED of s BRERRARY VTP ugZP, IO
cheni cal comnefairdd fomesipns ih @ pegfyyablpintegrated appaiagisn Ghemig)l campesiing garebey es s el
conprising an_inlet, .a an .outlet for Ui ! sjtfion, and
a vapor spaccgl?rg?#éldgfsgga;{%e;a O\?esggrfssgrgé’%ﬁséggtg gg%t%% ﬁeﬁaﬁ‘% %%OPW’Q At

15  the same time, high-pressure inert gas and, preferably, a wetting composition are supplied

into the pressure vessel for evaporating chemical and/or water into the inert gas for
pressurizing the chemical composition to be delivered. Therefore, no external device is
needed to provide vapor to the inert gas. The assay of the chemical compositions to be
delivered will not be substantially changed due to evaporation. The apparatus are also
20 easily automated. Second, very precious space is saved becausc there is no additional
external humidifier used for humidifying high-pressure inert gas. Third, the overall cost
of the pressure system is significantly reduced because fewer devices are used for the ‘

same purpose as in known apparatus and methods.

25 Although the above description of preferred apparatus and processes of the
invention are representative of the invention, they are by no means intended to limit the

scope of the appended claims.




|l i quid chem-cal conposition, the |liquid chem cal conposition having a
vaporizabl e portion therein; b) neans for contacting a dry agWsd 2ges W th
at |east a portion of the I|qU|d chem cal conposition in the pressure
vessel to transfer at least a portion of the 10 vaporizable portion from
t he chemc ition to the inert gas to forma wet || in the
vapor spacgkmnﬁ@8§§ nmeans for pressurlglng t he chem cal %%r Bgﬁﬁion out of
the vessel using the wet inert gas. 15 2. The apparatus of claim1 wherein
the inlet and the outlet are each legs;of a tee connection, a renaining

| eg of the tee connected to the pressure vessel. 3. The apparatus of claim
1 wherein the dry inert gas is adapted to be sparged into the pressure
vessel near @LABYISom of the vessel through an inert gas inlet conduit, the
inert 20 gas inlet conduit having an exit end. 4. The apparatus of claim3
wherein the exit end of the inert gas inlet has a sparging device attached
thereto. 25 B. Th@nqmpahuﬁu@dbknuﬁammMQﬂWMEméﬁw%tﬁemMBHMScwam“@@htacting is

a nmeans for bubhli i wﬁa re are two of
sai d pressure ve? el’s 3%%3%%% gi |n§§%§*%égﬁ%%hg§%%br gé%aao 02/ 058885
PCT/ 1 B02/90242 24 cﬁmpirsmmnamdarvapuyspagé, thel pgsenrd vesked ndsipied tdnspieingbe t wo of

sai d pressure vess g@ﬂ o for delivery
of chem cal conposq#ﬁgﬁ%gﬂﬁﬁ ‘ﬁgﬁatulﬁkgﬁ%FPgﬂﬁéﬂm ﬂ% T essure vessel
conprising a first wunqnmwp@mUmeﬂma second conpartnent, the first
conpartnent and ¢ %gg%ng) {pﬁnﬁ hded. . Q%oﬂPgbfﬁgkﬂﬁiele”E”t b)

e
the first conpartgéﬁ connec 1% an ég&ﬁ con
conposition, and a dmicdwmpcmuonlﬂihepmsmﬂ@to h@ﬁ@ﬁﬂﬁﬂﬁbﬁlmfhel onto

10 be dejgvered t0 yuast g LRyt h e BeBbR USRos kNG oA G ProBkab! | sh 2

wet inert gas in the vapor space; and

¢) means for pressurizing the chemical composition out of the vessel using the

wet inert gas.

15 2. The apparatus of claim 1 wherein the inlet and the outlet are each legs of a tee

connection, 2 remaining leg of the tee connected to the pressure vessel.

3. The apparatus of claim I wherein the dry inert gas is adapted to be sparged into
the pressure vessel near a bottom of the vessel through an inert gas inlet conduit, the inert

20 gas inlet conduit having an exit end.

4. The apparatus of claim 3 wherein the exit end of the inert gas inlet has a sparging

device attached thereto.

25 A The apparatus of claim 1 wherein the means for contacting is a means for
bubbling.

" 6. The apparatus of claim 1 wherein there are two of said pressure vessels connected
in series.
30



liquid | evel of the wetting conposition in the first conpartnent, the first
conpartnent also having a dry inert gas inlet conduit havi ngg &pril@o0s
positioned to provide contact in the first conpartnment between the inert
"gas and the wetting conposition to forma wet inert gas, the first 15

conpart ment whyshiigss having an outlet for the wet inert g?é}nﬁbmhgf out| et
for the wet inert gas connected to the second conpartnen y a wet inert

gas conduit; and d) the second conpartnent connected to an inlet conduit
~and an outlet <conduit for a liquid chea cal conposition, the second .
conpartment having 20 vapor space, the vapor space connected to the first
conpartnment via the wet inert gas conduit. 9. The apparatus of claim38
wher ei n sai d-wet Thpammeragsof dapdvhereis thererare typ of saidbprassure egselpenmnectidi ng | evel
of said Iiquh@ueign cal conposition inside the second 25 conpartnent of
said pressure vessel. 10. The apparatus of claim8 wherein said wet inert
gas conduit includes a mst elimnator to renove liquid droplets in the

wet inert gag. 3QAnkdparderoARBidbd b sheRficaléoRlptliBondNEL Sipiratul BérBhrRfng: t WO oOf
said pressure vessel's connected in series. 28 April 2005 021058885
PCTI | B02100242 23 12. 2 WRsUsypsplsomprivne afitgh oomsariprat @1dd sestde are two of

sai d pressure vessel ScongaRm&s RS st coRPubift hnd tBe dedond LBRpARRRE &yidsa of clai m
8 wherein a height of said pressure vessel is at |east about 1 neter. 10

14. The apparatus of @¥3{H/meGlsE¥®in said dry inert gas inlet conduit end

is adapted to b%)SUbdKEEQ;?ngﬁﬁﬁeﬁtQ@nﬂé&E&i'or&ﬁ_i:ﬁ&%ﬁ%itfférg&re&t&gbe delivered to
waste. 15. An apparatus faor delivery of chem cal conpositions, the

apparatus conpri si ngtouppsitions ?—@sas‘M‘FS{e apaduitdpr Allgppeiths wrting coppesitionderpar t nent
and a segpnd conpar t "R Yelivered to waste, the dividing element functioning to establish a

liquid level of the wetting composition in the first compartment, the first
compartment also having a dry inert gas inlet conduit having an end
positioned to provide contact in the first compartment between the inert
gas and the wetting composition to form a wet inert gas, the first
15 compartment further having an outlet for the wet inert gas;
c) the outlet for the wet inert gas connected to the second compartment by a
wet inert gas conduit; and
d) the second compartment connected to an inlet conduit and an outlet
conduit for a liquid chemical composition, the second compartment having
20 vapor space, the vapor space connected to the first compartment via the

wet inert gas conduit.

9. The apparatus of claim 8 wherein said wet inert gas conduit is part of a means
for monitoring level of said liquid chemical composition inside the second

25 _ compartment of sald pressure vessel.

10.  The apparatus of claim 8 wherein said wet inert gas conduit includes a mist

eliminator to remove liquid droplets in the wet inert gas.

30 ‘ 11.  The apparatus of claim 8 wherein there are two of said pressure vessels

connected in series.



15 the first conmpartnent and the second conpartnent divided by a dividing
el ement; b) the first conmpartnent connected to an inlet conduadril bous
spraying a wetting conposition into the first conpartnent, and a waste
conduit for allowing the wetting conposition to be delivered to waste, the

i nl et condyj Lnating in 20 a neans for spraying the I
conpositioﬁ&bﬂ%§%¥%e first conpartnent, the dividing elgﬁﬁﬁ@b&%ﬁctioning

to establish a level of the wetting conposition in the first conpartnent,
the first conpartnent al so connected tgsa gas inlet conduit for a dry
inert gas, the gas inlet conduit having a termnal end positioned to allow
contact in the first conpartnent between the inert gas and 25 the wetting
conposition to forma wet inert gas, the first conpartnent further having

an outlet for i' e vk ?Fgﬂga%&r%)g‘?l?nr}leﬁ%vh%@ﬁ tah%\flééatkeettwofo?gai& ss‘ﬂf‘etve%iag rt gas

connected to the seco inert gas conduit; and d) the
second conpart nent chenettedjingaraiiell et conduit and an outlet conduit for a 30
| iquid chem cal conposition, and a vapor space, the vapor space connected
to the first conpartnent via the wet inert gas conduit. 28 April 2005 WD
02/ 058885 PCT/ 13BO2/Tb8 2x2ra26 of BlainThehagpaheightsf sfid plessinnvegelihaideabin sai d wet

i nert gas conduit 5&nﬂ?%&ﬁ?f a neans for nonitoring level of said liquid
chem cal conposition Fnside the pressure vessel. 5 17. The apparat us of
claim15 wherein said wet inert gas conduit includes a mst elimnator to

renove liquid opl ' ' . . of claim 15
wherein there g#e E@%%%%ﬂggggdgﬁéggﬁﬁéh&g@%gﬁéﬁﬁ?gﬂ§%§ﬂ£@§gﬁ“?n series. 19.
The apparatus of cladiptadlté bevnbmeigad tbrctheweiting ¢omposifiostaibd dpliversd tr e vessel s
connectef}, in paral lgl,. 15 20. The apparatus of claim15 wherein said dry
inert gas inlet condurt end is adapted to be subnerged into the wetting
conposition to be delivered to

15.  An apparatus for delivery of chemical compositions, the apparatus
comprising:

a) apressure vessel comprising a first compartment and a second compartment,

15 the first compartment and the second compartment divided by a dividing
element;

b) the first compartment connected to an inlet conduit for spraying a wetting
composition into the first compartment, and a waste conduit for allowing the
wetting composition to be delivered to waste, the inlet conduit terminating in

20 a means for spraying the wetting composition into the first compartment, the
dividing element functioning to establish a level of the wetting composition in
the first compartment, the first compartment also connected to a gas inlet
conduit for a dry inert gas, the gas inlet conduit having a terminal end
positioned to allow contact in the first compartment between the inert gas and

25 the wetting composition to form a wet inert gas, the first compartment further
having an outlet for the wet inert gas;

c) the outlet for the wet inert gas connected to the second compartment by a wet
inert gas conduit; and

d) the second compartment having an inlet conduit and an outlet conduit for a

30 liquid chemical composition, and a vapor space, the vapor space connected to

the first compartment via the wet inert gas conduit.




waste. 21. An apparatus for delivery of chem cal conpositions, the
apparatus 20 conprising: a) a pressure vessel conprising adAdboos
conpartnment and a second conpartnent, the first conpartnent and the second
conpartment divided by a dividing elenment; b) the first conpartnent
connected to an inlet conduit for spraying a wetting 25 conposition into a
chanber for%&z"%%?ssg housi ng, and a waste conduit for alt %j‘m?‘h"e wetting
conposition to be delivered to waste, the inlet conduit termnating in a
means for spraying the wetting conposité§on into the chanber, the housing
al so connected to a dry inert gas inlet conduit, the dry inert gas inlet
conduit and housing adapted to all ow contact between the dry inert gas 30
and the wetting conposition in the chanber, thus formng a wet inert gas,
the 28 April 2005 . 1. 00: er having
means for all o%ng\q@ﬁgﬁéﬁggﬁgﬁq&g&ﬁ?@%@é‘%inﬁ%cga%@d&ﬁs}ﬁs%onpart ment ;
c) the dividing el ementfohmuiitegingieasd of fast lignid dheinivel oepesitips issfdedlze d wet i nert
gas fromthe fi rstpre%%pgl{sgeﬁmnt to the second conpartnent; and 5 d) the
second conpartnment ‘connected to an inlet conduit and an outlet conduit for
a liquidXxhem cal conposition, the second conpartnent also having a vapor

space, the vapos SBAE Gl HahO GGl Al Al SlpgSORPRELTRAL Via the

means for allow'ng passage in e dividing elenme e apparat us of
cl ai m 21 wherei n saliohinaton thuiemoverlisddieaplets inithetwebinertigamt or to renove liquid
droplets in the inert gas. 23. The apparatus of claim 21 wherein there are
two of said pressure vessels connected in series. 15 24. The apparatus of
clai m 21 wher el& t Hie epmaratustoficlaiof 1 5sw@lietbipthers srertero vEsahiressure sess@ct ed i n

paral | el connected in series.

19.  The apparatus of claim 15 wherein there are two of said pressure vessels

connected in parallel.

15 20.  The apparatus of claim 15 wherein said dry inert gas inlet conduit end is
adapted to be submerged info the wetting composition io be delivered to

waste.

21.  An apparatus for delivery of chemical compositions, the apparatus
20 comprising:

a) apressure vessel comprising a first compartment and a sscond compartment,
the first compartment and the second compartment divided by a dividing
glement;

b) the first compartment connected to an inlet conduit for spraying a wetting

25 composition into a chamber formed by a housing, and a waste conduit for
allowing the wetting composition to be delivered to waste, the inlet conduit
terminating in a means for spraying the wetting composition into the chamber,
the housing also connected to a dry inert gas inlet conduit, the dry inert gas
inlet conduit and housing adapted to allow contact between the dry inert gas

30 and the wetting composition in the chamber, thus forming a wet inert gas, the



25. The apparatus of claim 21 wherein the dividing element functions to
establish a 20 level of the wetting conposition in the chambediy 86 A

nmet hod of delivering a chem cal conposition, the nethod conprising the
steps O .. a) filling a pressure vessel with a |iquid chem cal conposition
conprising a 25 VaJ)OI’I zabl e conponent, the pressure vessel haV| ng a vapor
space and aW2Ye8d35t o0 contain the liquid chem cal conpost¢TB0

contacting a dry inert gas with at |least a portion of the liquid chem cal
conposition in the pressure vessel to pyansfer at |east a portion of the
vapori zabl e conmposition fromthe liquid chem cal conposition to the dry
inert 30 gas to forma wet inert gas in the vapor space; and 28 April 2005
WO 02/ 058885 PCT/ | Baasifiddier ha@ngheaps fos siloviiag thg wethieert gag tr movshsspiteal
conposition out of eﬂ%re su%e vessel using the wet inert gas in the
vapor space. 27. A Hﬂ%? elivering a chem cal conposition, the nethod
conprising the stc)apﬁedtﬁdmgelem)mtmaﬁﬂg'mbangfmabméagmsangvem%ilwe@mwrgﬁssi ng a

first conpartnent ond gconpartment and the
second conpart ment a%%&'ﬁé’c'fg [ £%&!;é 0%@9?%%)%& | east partially
filling the first) mwﬂdmmpmmmoanamﬂto aginletevpdist anil em outteheonduid di vi di ng

el ement functionin bl i a Ieve Adionin the
first conpartnent; %85 Olf %ﬁ c%l camomth aee‘{(s’ﬂfcnﬁ%%"le ﬁ?@g%lonpart ment in
a nmanner to provi dezapmpica,cthembw@maﬂmﬂaymmmctedgnaﬂleﬁrsdcamt@mmtmmg

conposi tion, thus f nert i rst conpartment further
connected to an outtﬁ @ghoaﬁﬁem?%?asfaﬁ%mq@ Efdher]? gas; d) flow ng the
wet inert gas into t he second corrpartnent through a conduit; and e)

subst ant | il the C. art aheqi cal
conposi t (g %2I ﬁh Bg?ellg];r)bg drs%%%“ﬁg}l%gdﬁggh{lsg%%n%onnect ed to the
first Cor’rpal’ﬁeﬂﬁﬁillquiébdrbﬁl&s mahciert gas.

23.  The apparatus of claim 21 wherein there are two of said pressure vessels

cotmnected in series.
15

24.  The apparatus of claim 21 wherein there are two of said pressure vessels

connected in parallel.

25.  The apparatus of claim 21 wherein the dividing element functions to establish a

20  level of the weiting composition in the chamber.

26. A method of delivering a chemical composition, the method comprising the steps
of:
a) filling a pressure vessel with a liquid chemical composition comprising a
25 vaporizable component, the pressure vessel having a vapor space and adapted
to contain the liquid chemical composition;
b) contacting a dry inert gas with at least a portion of the liquid chemical
composition in the pressure vessel to transfer at least a portion of the
vaporizable composition from the liquid chemical composition to the dry mert

30 gas to form a wet inert gas in the vapor space; and




20 28. A nethod of delivering a chem cal conposition, the nethod conprising
the steps .. a) providing a pressure vessel conprising agAg$00s5
conpartnment and a second conpartnent, the first conpartnent and the second
conpartment divided by a 25 dividing elenent; b) spraying into the first
conpartment_a wetting conposition, the dividing elenent_functioning to

est abl i sh a"P&IBf the wetting conposition in the firstCVB8HYPAt A nent; c)
flowing a dry inert gas into the first conpartnent, and contacting the
inert gas 30 with the wetting conposi byon; thus formng a wet inert gas;
28 April 2005 WD 0 210 5 8 8 85 PCT/1B02/00242 29 d) flowi ng the wet inert
gas fromthe first conpartnent into the second conpartnent through a
conduit; and e) shyhstsaumizingltheyligiidlchémigaltchvepasition gt of Gepasstumeyesseluitig a | i qui d
chem cal conposition, .all.own va space, the second conpart nent

- connected to 5 thetgﬂr?t&eﬂ Srr%gtr‘e%a %rlt%B?\[/cF.a the conduit. 29. A nethod of
delivering a chem cal conposition, the nmethod conprising the steps of: a)

provi ding a pressure, Vv . conprd si. i 0] . cond 10
conpart nent ?]{ he l?agt]% f‘%ﬁ%‘???%ﬁ%mg%%c%m@%ﬁ% [c! or#p:a!r!EErrselﬁ?ﬂlgi%tv sged by a

di viding 2l esfent, the first conpartnent having a chanber fornmed by a

housi ng; b) sprayjng. i.nto the chanher a.wettd 1i] e dividing
el enent functi 0%1 r?g""t“g” SR R cP%@%#&oafﬁr%}%gﬁWﬁ%%ﬂdggﬁ%%gi tion in the
chanber; 15 ¢) f| cwnpgtanyithe firsteompaymeni autl thetstrend bempaementalipdahbyde cont act
bet ween the inert %vs]diangeélhe[\, wetting conmposition, thus formng a wet inert
gas; d) flowi ng the Wete FRert: gas into the second conpartnent through a
conduit; and. e) byubBkbspiriialyl fillidg thé fingeohipertiieent withl a wettipg compositionither a | i qui d

chem cal y, CoMPOSI i g, 21100 A9 ot BRS Lot ARASieve: BFind IBBe SRAEGaELR"ECt 00 O

the first compartment;

¢) flowing a dry inert gas into the first compartment in a manner to provide
confact between the inert gas and the wetting composition, thus forming a wet
inert gas, the first compartment further connected to an outlet conduit for the

15 wet inert gas;

d) flowing the wet inert gas into the second compartment through a conduit; and

e) substantially filling the second compartment with a liquid chemical
composition allowing a vapor space, the second compartment connected to the
first compartment via the conduit.

20
28. A method of delivering a chemical composition, the method comprising the steps
of:

a) providing a pressure vessel comprising a first compartment and a second
compartment, the first compartment and the second compartment divided by a

25 dividing element;

b) spraying into the first compartment a wetting composition, the dividing
element functioning to establish a level of the wetting composition in the first
compariment;

c) flowing a dry inext gas into the first compartment, and contacting the inert gas

30 with the wetting composition, thus forming a wet inert gas;



20 conpartnent via the conduit. 30. The nethod of claim 29 wherein the
dividing element functions to establish a |evel of the wetig A oeggosition
in the chanmber. 25 31. The nethod of claim 29 wherein the dividing el enent
has nmeans for allowing the wetting conposition to flow fromthe first
conpartment _to the second conpartnent.

10

15

20

25

WO 02/038885 PCT/IB02/00242
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d) flowing the wet inert gas from the first compartment into the second
compartment through a conduit; and

e) substantially filling the second compartment with a liquid chemical
composition, allowing a vapor space, the second compartment connected to

the first compartment via the condnuit.

29. A method of delivering a chemical composition, the method comprising the steps
of:
a) providing a pressure vessel comprising a first compartment and a second
compartment, the first compartment and the second compartment divided by a
dividing element, the first compartment having a chamber formed by a
housing;
b) spraying into the chamber a wetting composition, the dividing element
functioning to establish a level of the wetting composition in the chamber;
c) flowing a dry inert gas inio the chamber to provide contact between the inert
gas and the wetting composition, thus forming a wet inert gas;
d) flowing the wet inert gas into the second compartment through a conduit; and
g) substantially filling the second compartment with a liquid chemical
composition, allowing a vapor space, the vapor space connected to the first

compartment via the conduit.

30.  The method of claim 29 wherein the dividing element functions to establish a

level of the wetting composition in the chamber.

31.  The method of claim 29 wherein the dividing element has means for allowing the
wetting composition to flow from the first corapartment to the second compartment.





