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{57y Abstract: Apparatus and processes are presented to contacta dry, preferably high

10 purity inert gas with a chemical composition in a pressure vessel, or a wetting composi-

/ tion, to form a wet inert gas, which is then used to pressurize the chemical composition

out of the pressure vessel. No additicnal space is needed for an external humidifier.

Since a very small amount of vapor is needed to form a wet inert gas, the composition
of chemical composition will not be significantly affected.
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2. Related Art Process chem cals for sem conductor nmanufacturing are
usual Iy delivered from 20 bulk containers to user stationggmgdrin2ess call ed
chemi cal delivery systens. Hi gh-pressure inert gases, such as nitrogen gas,
have becone popul ar for driving chem cal conpositions from chem cal
containers to user stations. Conpared to the delivery systens having a

PuP. SyStere STl oy 19 N PSR g R RN B A,

pul se-1ess delivery, 25 thus avoiding inpurity shedding fromthe conponents
of the debiketyuspsuems?: Al t hough t he advant@gese apiusu ehreaine hedr-cadndigdelei very
met hod have 4yeérerrien!seriéden oaidy delpeoripretaod  héets beenbepraititiddete v o greged
extent, sone”tBRREFAYRAYH B! & Rave arf"@8™hen some of the

sem conduct or process cheni cal conpositi @GRso-BkCofbni Mo attekvidOns, 255r AP Ghia-2005
WO 02/ 05888%h@CT/ | B02/ 00242 2 with this tryqereat Codelnd yidrewaiss/ eipearing atfofegin-
exanmpl e, Tneft eI SFEHTAE nitrogen gas ER P reeapEE K FET €%%ftve i nto sone
of these process chem cals during conpression process and eventually form
dry spots on wafers. These dry spots becone manufacturing defects and
seriously reduce the production yield of sem conductor manufacturing. To
avoid and 5 elimnate the problem of gas dissolving in chem cal
conpositions, a new delivery system wth a bladder installed inside the
pressure vessel has been invented. Wth this nethod and apparatus,

hi gh-pressure nitrogen gas is filled into the bl adder to pressurize

chem cal conpositions outside of the bladder. Since there is no direct
contact between the chem cal conposition and nitrogen gas, dissolving of
nitrogen gas into chemcals is 10 avoi ded. Furthernore, chem cal
conpositions wll not change in assay due to chem cal evaporation. Wen
del i veri ng aqueous chem cal conpositions using direct contact with an
inert gas, such as slurry conpositions used for polishing wafer surfaces,
wat er and ot her 15 chem cal conpounds in the chem cal conposition at the
conposition surface and conposition residuals on the container surfaces
will be rapidly lost into the inert gas




when the high-pressure inert gas directly contacts with the chem cal
conposition. This is because inert gases are usually very gppradoyery
pure. Anounts of chem cal conpounds such as water in the chem cal
conposition will change because of evaporation. This 20 change in chem cal
conpositio the chem cal conposition function i[nproperly when it
is used in @%ﬁ‘%gconductor manuf act uri ng process. V\henpéﬁ{@&m apor at es
into inert gas, a dry filmor dry residuals could be fornmed with nuch | ess
wat er and nore concentrated conpositions of less volatility. In the case of
slurry conpositions, this dry filmor dry residuals will be in the form of
aggl onerated particles 25 of |arger sizes. These aggl onerated particles
eventually will be delivered with chem cal conpositions to user stations
and produce scratches on wafer surfaces. This problem could be solved by
usi ng the above nentioned bl adder technol ogy by preventing the direct
contact of nitrogen gas with chem cal conposition. Wth this technol ogy, a
thin and flexible material that is conpatible with the chem cal
conposition nust be carefully 30 selected for the bladder. 28 April 2005
WO 02/ 058885 PCTI | BO2/ r 1ngs of water
evaporation into i nert%ﬁé‘g@%%wﬁgm@§o noi sturi ze the
nitrogen gas prior FORDISPENSING LDIQUID CHEMEYHUCOMBGSIEIONSO pressuri ze
cheni cal conpositions, such as depicted in U S Pat. No. 6,076,541. Wen the
noi sturi zed nitrogen gas contacts with chem cal conpositions, mass transfer
of wateridn 5 the nitrogen gasBaRgholi®ofthemMvemioncONposi tion is
significantly_r or conpletely elimnated. Therefore, there is no, or
very littl e,l'ﬁ'r"sfj&gggww@ Bor dry filmformed within the pressure vessels.
However, there are still sone drawbacks. First, nore space will be needed
for accommdatl ng, a.hum di.fi r ta the essure vessel could be a
serious problem Iggoflﬁsrﬁlegeg %%%C%WO%WE%WYF ?Igé?th?‘%/ space is
al ways 10 | Ieﬁjbebﬁﬂytoﬁsﬁdﬂ:ﬂeiniﬂﬁbdeh@ﬁjﬂk}@ﬁﬁlﬁfeﬂﬁ&ctﬁﬂﬁdﬂpy&cﬁhﬁd&mﬁl not al ways -
permtted and s fforda Second, noisturized nitrogen
gas nay lgr edl®P SE) &M\éﬁ%ﬁ%ﬁ ‘ﬁ\@ﬁ%ratl on. Since noisturized
nitrogen flows through a relative |long Ilne into the pressure vessel,

noi sture inzpil{eia(%gfgrtgas can be condensed in the |ine because of changes

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

30



of physical condition. This condensate could block up val ves and make the
val ves 15 nml function. The condensate could al so be carrleQBUqﬁanmslnto
the pressure vessel to dilute the chem cal conpositions. Chenical
conposition change by such kind of dilution is forbidden because the

conp05|t|o cal conpositions nust be precisely d to neet
user's spe3W$B¥&$§%L Furt her, sonme chem cal conpositioﬁgﬁ%éhﬁkkgs
hydr ogen peroxide in the chem cal conposition, will evaporate into high

purity inert gas 20 even though it is moisturized. Hence, chem-cal
conpositions wll change when the chem cal conposition is delivered with
such a nethod al t hough such a change in_chem cal conposition _may not be a
serious pr obVidnibisgypess deliverysusem. | For wpammle, ivEEas: sk ahBITagRigAL 3bous, and an

advance in than¢heiEdhio Wihd Heke SHbdess chémidals @ loGRtesd& Jr¥REdandy st ems and
met hods coul d be designed that reduce or avoid the "above-noted drawbacks.

30 28 April cxgusliniroznssetos vt | Thes dppe beepms mappfagtugng defestsiaadent i on I n
accor dance \%ﬁdasls,%u&rfﬁéﬁﬂa&uchayﬁaﬁlo%mwﬁuﬁ‘dmmuﬁémge TRRPGHatd!s and

met hods are proposed to reduce or elimnate the probl'ens of dry residuals
and dry Pi| @liinaieiee moblem of ghs diseiiiesin chanpd spmpesiiops b 0w AYIVERYSHSIHR essur e
vessel's. as lduiffeiheiled Bido &5 SRENA Aol Bod kR4S Win kiiOBhod

huni di fi cati on systemns. used herein the ternms "systeni and par at us”
are used i nted enparslyedighypressure niirogensass ksl intq the bladdepionresgiize chamdenl c al
CO”pos't'0”cmﬁ&%ﬂ&mséﬂ&hé&ﬁhéﬂ%ﬂ&ﬂfbﬁ%@ﬂﬁﬂﬂ?ﬁo&E&ﬁd&ﬂ%&%&ﬁ%&ﬂﬁepressure
gravity, or conbination; nay be Newtonian or_ non-Newtonian fluid; maybe
agueous, noﬁh§@9@@W@@Eﬁmé6WbmW&FP@W;¢#E9mﬁﬁf§ﬂﬂﬁﬂ%$%aﬁq@Wméﬁsébnponents
(17 qui d,1050li,glg @@gﬁg@a Q1Y ot ChAipd & 2SH$ BB bndapmROSi ti ons
whi ch nag bgﬁef?t ron1?%3%5P3§§ﬁ§&&%%£eﬁélgﬁ arg sjbs?antlally aqueous,
Newt oni an f [evAPgEtiiRVi ng a conbi nati on of

‘When delivering aqueous chemical compositions using direct contact with an
inert gas, such as slurry compositions used for polishing wafer surfaces, water and other
15 chemical compounds in the chemical composition at the composition surface and
composition residuals on the container surfaces will be rapidly lost into the inert gas
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.




i ngredients, including, in sonme enbodi nents, one or nore organi ¢ conpounds,
such as reactive diluents, non-reactive diluents, solvent2g apitsoivents,
coupling agents, and the 1like, and abrasive matter, for exanple dispersed
in individual particles, or agglomerates 20 of individual particles.

Chem cal - | pl anari zation slurries and chem cal - j.cal
polishingn§%§$%#§@£are two preferred |iquid chem cal conp03|t?§%s. Sui t abl e
organi ¢ solvents m ght include organic al cohols, ketones, acids and the

l'i ke, isopropyl alcohol, for exanple. 25 According to a first aspect, the
present invention provides an apparatus for delivery of chem cal
conpositions, the apparatus conprising: a) a pressure vessel conprising an
inlet and an out [Tepverepmeths shgricmingsohvaisr cvapssiondite (61 Sasa ABCRIYEATor space,
the pressur &a)6saeh tAdARISE thOnieQRE BhsPribP® ilslobid) fhio GHERLGRIveGOINROSI ti 0N,
the liquid chem cal cqg305|t|gn havi ng_a vaporizabl e Oéggrtlon &Preferably
a maj or por tRressrize chgmienl yorppesitignsnsuch gs degicter 1pPFat. INo ©976r 8 Bden the

PCT/ | BO2/ 002flgstReiA3) nfiRB&Seal SdntacRR¥BChETal CRSdsBIoAd) ésdtbHabid dFateRindr Y,
preferaby% high purity inert gas with at |east a portion of the liquid
0

cheni cal ToriBoEiegesgay Fdthechempisal compositipg dssignificanifyrsdrseder cgipletelist a portion

of the vapordizathd MRELARNLERIMD, BevesIRE R resiGRKRP @hylfil@Torlkidd Witginl NErt gas
to forma wet inert gas in the vapor ‘space; and 5 ¢) nmeans for pressurizing

the chem calthepsaisesivesseln Bemevst therarsdidl seme drayvbagks. 1wt wore sppfegrll Beir i t y

inert gas. Rieds8 b SecARRALRIMSHuMidiBirhedrt fhe PRESF veRER THBAdMIR €i n the
inlet and the outlet are each legs of a tee connection, a remaining |eg of

the tee conrfEEeuUsErablym hesaupping semisopducippmapiactunng fcilits face AR appar at us

wher ei n {f1e jifikd. RAGHEKREupnitnfHd oBHHY bphce is B alwA8 Berlritcadamiyask i Botbe spar ged
into the pressure vessel near a bottom of the vessel through an inert gas
i nl et conduiadways aordaide. t Segensl, MA@z FHENGER 235 A AiF2t8 soBXPPblgRn theyr of er abl y

the exit endy@fmbp@atione Bﬁmé?ﬁaﬁisfuﬂie%ltniﬂ‘l%gﬂ N8 AhRRA HeREveiBNE BR iabiRChed
t hereto. 15 X$ used herein the term"dry" neans the inert gas preferably
has a noi st UFEsUe BeseebyTRoistuss &n piffagen gar 38 pe eqvdensed igthe/me hega@iof ¢hangss) | nore

preferably |gphysidiPdenditife B8 dondensate could block up valves and make the valves

15  malfunction. The condensate could zalso be carried further into the pressure vessel to
dilute the chemical compositions. Chemical composition change by such kind of dilution
is forbidden because the composition of chemical compositions 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.

30




RH. "High purlty" as used herein when referenced to the inert gas neans the

inert gas has less than 10 parts per mllion (ppm total iJXgmHm doos

(i norgani ¢ conmpounds and organic conpounds), nore preferably |ess than 5
ppm "Utra high purity" as used herein when 20 referenced to the inert gas
means the inert gas has less than 1 part per billion taotal ur|ty
(|norgan|5w% %%%ds and organi ¢ conpounds). One prefeﬁFgHBﬁw§4Fnert gas is
that referenced in Sem conductor Equi pment and Materials Internationa
(SEM ) standard C3.29-96, Standard fgr N trogen, Bulk Gaseous, 99.9995%
Quality (1999), incorporated herein by reference. The term"wet" neans a
gas conposition having conponents 25 selected fromthe group consisting of
wat er vapor, organi c vapor, i fongeryd ihefaentioand conbi nations thereof.
According to a second aspect, the present invention provides an apparatus
for delivery of chemical conpositions, the apparatus conprising: 28 Apri
2005 WO 02/ 05888 5cdeCihhtBoiz DoOd@nbineesntion, prebadsenplespaiatus erdonéthidag a fir st

conpart nen n e nd the second
Co T e R et o SRR RISk B BB,
connect &d {iquid phemidagtongwsition delivery vathwesturangsBlscometiss pioblems and a waste
conduit for ﬂﬁ}t to waste, the
di vi di ng eﬁ%ﬁ%%%ﬂ%%g%%gg%lngokggggﬁﬁg? BﬁySQF%gﬁﬁgapg§%¢%§¥ he wetting
conposi t i ofsystamt mel ‘Rppasaiud orepaed intervhangedbly. f i r st conpartnment also having a
dry, preferably high purity inert gas inlet conduit having an end
positioned (preferably adapted to be subnmerged into the |iquid chem cal 10
conmposi tion to Aeusegdhdreie thedernd ligeid themitaboqumusiiiod me@ntact in the first

net i ndlt gas, the Aifk ISR, uE 8P LI AR Ak D O e

i nert gas; c),the omﬁ&étBkwtmhhermmﬁNmﬂemﬁﬂbat connected to the second

conpartnent by a Y\ﬁi ‘E]} %%Onda%agg%grﬁogngiﬂgamg he second conpart ment
Yeon an € '

connected to an inle out
may be a combination of components (liquid, solid, and gaseous).

[~

15 Preferably, liguid chemical compositions which may benefit from the present
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;



conduit for a liquid chem cal conposition, and a vapor space, the vapor
space connected to the first conpartnent via the wet inert2g0gsilcopsiuit.
Preferred apparatus of the second aspect are those wherein the conduit is
20 part of a means for nonitoring |level of the liquid chem cal conposition
i nside the conmpartment. Also preferred are thos atus wherein
t he wet iﬁgiﬁ%gggﬁcongﬁit i ncl udes apneans for reaningcﬁﬁ%a%ﬁgﬁroplets
fromthe wet inert gas, such nmeans selected from screens, neshes, ni st
elimnators, coal escers, adsorbent materials, absorbent materials,

nol ecul ar sieves, zeolites, filters, heat exchangers, condensers, 25
cryocoolers and the like. According to a third aspect, the present
invention provi dgs aiesppakaiatting @icferal?y bubbliyy) @fdrg paibrabdy higlopmigi tions, the

appar atus conpri.si ng: ressure_.yessel, co ising.a fiyst conpartnent
2 e oma B0 i o e AR B U6 D s L oo eSS

compar t ment di vivekgel tbytamdfer stilstisich pagtiof o tie RiporiZ&hleAitidn 20fhe Yianiichi 058885
PCT/ | B0O2/ 00242 7 the first coqﬁfrtneni connect.ed to an iniet conduit for

b ; :
sprayi ng a wet t CHGPOSEERFLSE 1T BE5 I {OE ATE 1P 8¢5 R By APY SRKE 9nd a waste
condui t For all ey ngmedue forpekdutifify the ingdd tafpokitiobsutdethe vesdlasihg wast e, the
inlet conduit termnating. n a neans for spraying the wetting conposition
into the first ﬁ%ﬁﬁWﬂ%ﬁP,’?ﬂ@yg di vi di ng el enent functioning to establish
a level of the wetting conposition in the first conmpartnent, the first
conpartnent al so connected to a gas inlet conduit for a dry, preferably
hi gh purity i neffefiied aprapsusgeithint thisaspeeiomeiipte wheudimie inletendthpal  end
posi ti oned dufiéiekedableys dlaasonekionch refhinidydeSeitiRyedcdposdddanthef | i qui d
chemi cal, conposition to be delivered to, waste) to all contact in the
Flrot it RERT10 BRIEEHTEHE PROMES §ataa iy et arfise Y WEEBsfos 11 on t o
forma wet ihéregds igdspted 13®e fpargt inte hapaisurmntisel neat Hiettohaf ilegesel out | et for
the wet inert gas;. c) the out]et. for the t jnert. gas connected to the
second conpHPPHEH HYes Rlogrudifens ke Gt oot Baving st end

preferably the exit end of the inert gas inlet having a sparging device attached thereto.

15 As used herein the term “dry” means the inert gas preferably has a moisture
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:



}

d) the second corrpartrrent havi ng an inl et condwt and an outlet condwt for

a 15 liquid chem cal conposition, and a vapor space, the ril 3pGE- €
connected to the first conpartnment via the wet inert gas conduit.

According to a fourth aspect, the present invention provides an apparatus
for delivery of chem cal conpositions, the apparatus co i Si 20 a) a
pressure VQSEPSEEprising a first conpartment and a sek® qﬁH‘ Hﬁ%hrtnent

the first conpartnent and the second conpartnent divided by a dividing

el enent; b) the first conpartment connected an inlet conduit for spraying a
wetting conposition into a chanber fornmed by a housing, and a waste
conduit for 25 allowing the wetting conposition to be delivered to waste,

the inlet conduijf h ez{lﬁfiﬁ@%iv%elicﬁhl%di%tﬂﬁstfc@ﬁlpﬁﬁﬁ@yéﬂdgs'éd‘iﬁdV\Btti n]g
conposition into the cha t he dividin enent uncti oni ng
to establish a FEURFTHE %%‘m aﬁ@@ﬂ‘&&%ﬂ]&é&??‘%??ﬂ??ﬁ@ﬁ‘&%bvﬁ%ﬁgﬁ) t he

housi ng al so coaneﬁﬁgeaerﬁ@ta gas inlet conduit for a dry, preferably high
purity inert ga% %}? s |nIet condui t .and ted to all ow
contact between }h i Rt eReeiRa % etcc(?f’r‘i]}g%fg’i?‘g 28 April 2005
WO 02/ 058885 Pcl-éﬂqﬁ@ﬁ{oﬁ’qﬁéghﬁsté bmdeih o ieFwing e wbBitg éongbobitibh h:&fe havi ng nmeans
for allow ng wet |ner

velntotheflrst t he
di vi di ng el enenfie]’r’l’ﬁ’(?fih‘b‘%ﬁséeah’gdf STBRE ﬁ’ﬁcﬁ?%a‘b@tagﬁr@%f%‘%‘fd trc1)ert gas
fromthe first @emveidgteRpositonilhe S6€athaampRAhe fBdompartaiinitalte second

conpartment conpected.to conduit and an a Iet conduit for a
i quid chenmi cal d‘i*fé’p%‘.i;%ﬂf Ffa'l’léi&’d?j’a %i)‘&g’éc‘mfiw RSP “Bhace f1uidly
connected to th@og‘iﬁd’n&d(rﬁéﬁfﬂﬂfﬁdﬁ?ﬂﬂt%e&ubrh&géiﬁﬂﬂﬁﬁheﬂﬁﬂmcﬁﬂlbmmg passage in

the dividing el ement. 0%&13; parat s accardin fifth is a
S1' gt i 1 cabPBmen s PRUTERS AaHE i PV ah L Qe BBty o t hat
the housi ng hasbeweerOhe it BasHBAMS “fe&i’ngablh@&dtﬂagtdihﬁn ekt inerggaschefiasi ti on,
after contacti ng t he drty [ ne{t as, Lo traverse through t he housi ng and
fall ' ompartment further ha an'outlet f " wet inert gas;

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

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;



into the second conpartnent. Preferably, the neans for allow ng the wetting
conposition to traverse through the housing are |ocated at Jsoi OUG
selected fromthe 15 group consisting of the bottomof the housing, the
sidewal | of the housing, or both. It will be understood as included within
t he scope of the invention that there may exist a plurality of housings

i nsi de t he"? PYEE® Eorrpartment each having a gas inlet cOhH 24y a
conduit for spraying wetting composition into each housing. 20 According to
a sixth aspect, the present inventionprovides a nmethod for delivering a
chem cal conposition, the nmethod conprising the steps of. a) filling a
pressure vessel with a liquid chem cal conposition conprising a

vapori zabl e compjonenhefﬁrptr@fr@ambéryccbmedmﬂibmgtﬂmb@ﬂtﬂtﬁ))ﬁpmjrimgq)waﬁsgjre vessel
having a 25 vapor sg m%qg ( ed tgntcont%l L hs t%oggflo%ﬁht%m cal

conposi tion; b)“CoRt 4t 'y ?% I RN 6%? 3“ Préferably high
purity inert gasetting ¢dmlmmubma§ie dalnpmdlto wisithetidig cbndq:mtdrrm‘xaam wal
conposition in the ressur e ves to transfe rtion of the
vapori zabl e corr%%aélls ?’m%th‘:’t“ﬁ3 .°°HJP°51“°H§“FH #(jzlg %Ecmgos mteﬁbtﬁgto the dry
inert gas to focﬂlmﬂm,gwbmenmncttzog:ag td erstabllmh avevpu tispacieng @ngoBbng) the

pressurizing th Ltion ou f e es vessel
usi ng the wet |§er %n?nﬁetg%‘le v%’bn s%nééféoc ec}ﬁ%‘?? ?tg%dﬂlg{p\%@%gﬁ%%%
PCT/ 1 B02/ 00242 Qmeﬁeﬂbky@gk@uame@emhhwpeﬁmmnduﬁ hprigsertmibadeadt i on
provi des a met hod Sit t he. met hod
conprising the %cisﬂloned refer%ﬁ?;baboger-alevg oﬂhe speras,ysegnggl\flné gfs lgc}u’id chemacmgl ng a first
conpart nent andcompsanmmibadelummdrm wesnet) o atl]oef cbnm@tuﬂmeﬁmmnmrttnemnd t he
second ;gonpar t nent  di.vi.de | din a rtially
filli ngﬁt he fi P‘gt e@%r%aa"% rﬁ% %mﬁh '?POSIEO%%%%a%VFt%BA%a Zﬂt{e ?tw di ng
e! enent functi mmmgxtmmte’mﬂabhavsigaaohmtéjrﬂmfwdthaert\gm'tl ng conposition in the
T I st Coer_a.rt meqt ; %19 oql)de{flopﬂe Q/gt ﬁergéag bor&[ec%cﬁr %93' sgco}ﬂhganlpa%eﬁ%f nert gas
into the first orrpaet

wet inert gas conduit;

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



manner to provide contact between the inert gas and the wetting
conposition, thus formng a wet inert gas, the first conpastAminpodairt her
connected to an outlet conduit for the wet inert gas; d) flow ng the wet
inert gas into the second conpartnment through a conduit; and substantially
filling the second conpartnent with a |iquid chem cal 15e%coqposition

al | owi ng V9868888 pace, the second conpartment connect e8CTEBRARAT | r st
conpartnment via the conduit. According to an eighth aspect, the present
invention provides a method of 20delivering a chem cal conposition, the
met hod conprising the steps of. a) providing a pressure vessel conprising a
first conpartnment and a second conpartnent, the first conpartnent and the
second conpar t nenthe@hMibiedhdBouding HirtHirhuvigy RkaREstalloWig SR Ayt 5@ té Nt 0 t he
first conpartment a mett&n conposi tion, the dividing 25 el enent
functioning to esPEBf MEhEIEkeraPad Y he wet ting conposition in the first
conpartnent; c)c)f kRwingin@ecltihynt hidigf Bdagbioy allivahe fHdsapt yf dafievdt igagad Nto t he
first conpartnment . (p egsrably above a |l evel of the wetting conposition),
and contacting thgqqéﬁ st GoEparne 1o heseqend PR EBMhosi ti on, thus forming a
wet inest gas; @0i)sedon@vbigrinds: cotiected N dn iflaScohdi@iant B ofilet &dnd@ipnpar t ment
into the second gfggarl nt. t hrough. a conduit; and 28 ril 2005 WO

02/ 058885 PCT/ | BOSF6GHAS © ?Pléﬁl"%‘t}%"g{“ﬁﬁtafl P VSPOF FR2FS- iy YPRY SB3sE BRY Y onpar t ment
with a |iquid chepatakied @RS chinpittmedt Vi Me Rgais ModDWIsRSAge hlie second
conpart nent conneﬁ%ﬁg t the first conpartnent via the conduit. 5
According to a ni %%%@E?? the present invention provides a nethod of
delivering a chem cal conposition, the nmethod conprising the steps of a)

provi ding a pressure vessel conprising a.first coppar.tne nd, a second
conpar thifent , tHQWFPW§¥“%ﬁHﬁQw$Hﬁ%é%%ﬁgxfH%ﬁg@%ﬁﬂﬂﬂg%Wﬁ%PgﬁﬁﬁPﬂﬁF%?ﬂed by a

and includes the feature that the housing has one or more means for allowing the wetting

coraposition, afier contacting the dry inert gas, to traverse through the housing and fall
into the second compartment. Preferably, the means for allowing the wetting
composition to traverse through the housing are located at location selected from the

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.



dividing elenent, the first conpartnent having a chanber fornmed by a

housi ng; 10 b) spraying into the chamber a wetting conposi tigaprii bbEs

di viding elenent 15 20 functioning to establish a |level of the wetting
conposition in the chanber; c) flowng a dry, preferably high purity inert
gas into the chanber to prOV|de contact between the inert gas and the
wetting cotBd¥B¥¥Bn, thus formng a wet inert gas; d) FfH W%F@mf’%e wet
inert gas into the second conpartment through a conduit; and e)
substantially filling the second conpgrtnent with a |iquid chem cal
conposition, allowi ng a vapor space, the vapor space connected to the first
conpartnent via the conduit. An enbodi nent -according to the first aspect of
the invention alloms contacting a dry, preferably high purity i nert gas
with a wetting c |t|on the wettin osi tion beln liquid

chemi cal conposi W%mﬁéeH@VVWQ?%HmP ﬁPgBFWHﬁwﬁﬁ%ﬁ?énp 05 Eressure
vessel to f(hl’imrmg%hemwwbcﬁm]gﬁﬁmn\ﬂiﬂ@Ethd)(ﬁc&rﬁt@@mgl&%dteb@otpreSSUI’l ze the liquid

chem cal 25 compositiQn out of th ressure_vessel. Therefore,
addi ti onal spac iﬂ?Wd&ﬁﬁ%ﬁ%ﬁ?vgﬁz PIE R TR R R “&?%ﬁ@%reV|ous

apparat ys and net kRegsartnSint) @ R ebBpRle)t Ahd VRS s¢cond@bhpar@EBLNid@f bywapor i s
needed to saturate tie q@ﬁ inert gas, the assay of the liquid chem cal
conposi tion will (5idipge ﬂgtantlally af fect ed when the wetting conposition

is the I'iquid Bhaﬂnessabarﬁamm,gtm@msmh@m&mrae&mghmy@nﬁﬁ w®ent ent of

the wet inert gas cap al.so be 30 ea5|l .ontrol | carefully flowng the
dry inert gas thr&wﬂn ﬂ@n?qtﬁwt&ﬂ%é?ﬁ ish %laﬁ%agglewy F5E PYTROFIOR I ot

embodi nent. 28 Apmmkh&@@épM@h92/058885 PCT/IBOZ/00242 11 Other preferred

erood T of L1 L eSerL e INEIL) &0 UL, LMD peomparttents i @

del i vered . I'S suppmagtkr tdEeviad oI iReFde e linerBgal msi th@iva_’tzhg/ &mposifi;d,| anount

of a wetting thus forming a wet 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



5 conposition (which maybe the liquid chem cal conposition being delivered,
if desired) and inert gas is supplied into another conpar tzgeagsil boosuch a
manner as to cause contact between the dry inert gas and the wetting
conposition. The two conpartnments comunicate with each other through
means described herein. Hence, the liquid chem cal conposition is

propel | ed WR 49588t i nert gas that conprises chemical vaporsgzd@epref erably
wat er vapor, but not limted thereto. The problemof |iquid chem cal being
lost into the dry inert gas is prevented while the dry residual problemis
elimnated at the sane time. Wth on& preferred enbodi ment, the two
conpartnents as nentioned above 15 communi cate with each other through a
conduit, allownsg i . i . out . t;he conpart nents.
Wth an additi oéza?%%#?gggglgg?ﬁgﬁﬁ%%a&%%vg@%hc&lr(#pcgr rcréelnts as nenti oned
above communi cat eCAiRoRilen élovahe Vapohspaery Hieaccord ¢eapatherteamsstedioef er abl y
smal | ~openi ngs 20,8 4 @HaRkRSHa hOLMALS. channel's, and the like in the

di vidi ng means separating the two conpartnments. Al of the enbodinents in
this invention are provided with necessary control and isolation valves

for disghargin i rai L, Qi 1 1-\16(::n1|0ncr9)vi ossiti ns into the 25
s gi ng ARG difcHa Qflt}?&plﬁétgwa&gs??.?ﬂ' a provide allpxag(?cgofjc

pressure vessels, introducing I raining o hem cal

conposi ti ofelieRge 2 ehamisahepraimditivr teawithed ¢anerribing ds steffhet: pr ef erred

embodi ments of ghe BrORIRLGMERS PdsSel E&ﬂprﬂ% adi&h I%gtrrfeﬁtr anfGklgd I N9

chem cal conpositions with one, or nore t &N one, pressure vessels in
paral l el . Two GSPTRBReenp thedBeicampayget apnddheseennd abhyerimest divilaibyian paral lel to
continuously delji¥% Igﬂlgyitgeﬁlg%'n? Y nbodi ments of
pressure 30 vesselgé%f this inven ?llgﬁ&gan as%l eergdfr{ng%g{e%ﬁﬂﬁgé’eri es to
rechar §& 1i qui ® chefir&ins nfedhgrbsinbiravettinesrmmprssioprtesduidmeeksse! to anot her.
28 April 2005 002405888 RIRCTABOAHAA2 AL : . advantages and
aspects of the | r(ljventl.on arE%enonst.rat gﬁjgwgﬁng&ﬁﬁgfg@gﬁ%%ﬁ?% the follow ng
drawi ngs and déscri Bevisaa &y, prebstabhy gh mmitobteastino thelchdndheyte provade | i nit ed

t hereto. 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.



5 Brief Description of the Drawings FIG 1 is a process schematic, side
el evation view of a preferred embodi ment of an apparatus aghgmebdd 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
condui t for VO cati on between of two conpartnents; RBP4 5 a
process schematic, side elevation view of another conpartnment arrangenent
for the preferred enbodinent of FIG 23;and FIG 4 is a process schematic,
side el evation view of another preferred 20 enbodi nent of an apparatus and
nmethod with two conpartnents and an internal conmunication arrangenent.
Description of Preferred Enbodi nents Wiile the nmethods and apparatus of the
present invention.,are S ertinent.to deliver urries to
sem conduct or wa éhrer e%ﬁtﬁ%or%?ﬁn, 0% & Pive eg s\Je{%ti}{n0 féapu%g@ us of the
i nventi on caruipertresms|vwithixla prassam yweseltofi mtagmhbadie Eguidrebernicg asmpesitipnda t o
pressuri ze A a i 5. le, in
t he product iab(?rﬁfé @#@e@é{ﬁﬁﬁﬁd1%{%?%%0%5{%%4,%?e%%efagﬁe&féxﬁ@ﬁ%%ugﬁ%eg { pr oduce
"struct urfed @bpesiondwhich S bejthn Bqud themidgldolpositidd, H8ingFekivnad, fldesirt8d)368, 619,
I ncorpor at .edang?l{eretl Qs iggupli)ﬁ%ﬁ{l o%oenherlctr)]md XG0 LM %%nﬁér'ﬂg {o c?t&setcgnt&)c? cur ed
into abrasi V8 Coati ngs, e slurries ?my e hoved Gsi ng I nert gas, and the
princi pl es detwdaethp dasinet gas andthe wottingreompositienyilhe yeslconipasmem$ | owi ng
di scussion 28 April 2005 02/,058885 PCT/ 1BQO2/ 002 13.f es on the
sem conduct o PREGEE Wt,ge%cﬁg’ ergmﬂ)l%?ﬁlﬁarnf/%gﬁlbéeg i%frg}%sﬁ%ﬁ%e’trhg @%?I on of space
needed for wéthicagoinpesitionés grogpdisd witloweiiert gas thati comprisbe clsnocall vapost t he
inventiof,is t.limted to use i n rticul t L Ng. em cal
conposi ti onspr%gr\?@yB’ggiclva@%hmfnc??ﬁgﬂé\;ﬁﬁrée{%y 5 I%Eern%%fs}%g}dd%%ﬁg%ﬁ%egr at ed

lost into the dry inext gas is prevented while the dry residual problem is eliminated at the

same time.

With one preferred embodiment, the two compartments as mentioned above
15  communicate with each other through a conduit, allowing wet 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.




circuit manufacturing process. For exanple, aqueous conpositions of silicon
di oxi de powders wi th other necessary chem cal conpositiongagipee to
polish or planarize wafer surfaces. This process is usually referred to as
chem cal mechanical polishing or chem cal nechanical planarization (CVP)
in sem conduct or manufacturing processing. 10 To assure ¢ ljty of

pl anari zat i‘gﬁuap%ﬁsé;ss, the CWP slurry conposition is pre?&?@g#@z‘bcont roll ed
within a specific range of chemi cal additives and particle size
distributions. Chemcal additive concentrations are usually nonitored and
adjusted on-line to neet their specifications. Particle size is preferably
noni tored and controlled by filtrating unneeded particles of larger than a
few micrometers in diameter that could be forned by 15 aggl oneration
processes Decaus aubalfoRRulal:g8 SERSS SUERLG e HElAGRR e o o o
formation of large size particles 1s preferably avol de urirng the chem cal
conposi ti on reféentaterthe fpliodasdawiBgrind desenptvalof profeped érhbhodingentsy althoreghal | y
delivered w .. re vessel system 20 through necessary distribution
conduits. FI%\Phﬁ‘t%ﬁ%g@r ates a preferred enbodi mrent of an apparatus 10 of
this invention for delivering chem cal conpositions. A pressure vessel 31
contains chem cal conpositio A | iover A chem cal conposition inlet
conduit 20 with a control v%qgﬁn%gﬁ%%%ggﬁesﬂ?g&@gnt ai ner 31 for supplying
chenical conpositions into pressure vessel 31. A chemical conposition

outl et conduit 2grwth ﬁm‘&é%gécﬁlc '..dt%aiiaée%e%?ﬁo%%ie% $AGR etdoer&b*&ﬁm&ﬁ% ainer to
al |l ow chem cal corrp03|fl on be dellvere 0 user statron or other

cont ai ners. dBepplnittsand Gouedrod t@Roistanizedhdriegan by bubbliyg thegmsdpanghtchdmicdonnect ed to
pressur elovesc%lenl 05’% i Both conduits 20 and 22 nay be any material conpatible
with the " chenrcal ¢onposition. Preferred materials include netals such as
stainless steel, and plastic materials such as pol ytetrafl uoroethyl ene
(PTFE), perfluor i ) 4 1.3 E\EQ - i I and

pol ypr opyl ene. Tﬁgé'?ﬁg%g{og% %Pglg"gﬁ%bsﬁ?etegw an‘%ﬁ pgég?rgegee%lg’h%lﬁﬁgﬁaes from
0. 125 i nch (et3fl apdppramtsyathtivg cnpariolanté 2nded egigjnal @8dvligor ¢on2BDisatid

02/ 058885 P side tube 50 attaches to pressure vessel 31
near the to%&e@%ﬁ%@éﬁ@%ﬂg@g[ 31 with one end 52 and at bottomw th

anot her Bnd 54 for establishing conmmunication

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




between the top and the bottom portions inside pressure vessel 31. 5 Level
sensors 51 a, 5 I'b, 51c, and 51d are preferably nmounted ontg Agne2gdgie tube
to nonitor the levels of chem cal conposition inside pressure vessel 31.

Si de tube 50 can be the sane or different plastic material as conduits 20
and 22, but Breferably range in inside dianmeter fromO.5 incr) él.S cm and
| ar ger. Lev¥P Y¥8H¥Sr s” 51a, 51b, 51c, and 51d 10 are pref'é(l:%%“o ¥ ected
fromoptical or capacitive types as usually used by those that are

famliar with the | evel neasurenent artz Qther types of |evel sensor such
as an ultrasonic can also be used for level nonitoring. Wen ultrasonic

| evel sensors are used, they can be directly attached onto pressure vessel
31 at dif f erfoqised cndlat semivendubive indsiyesingiagheimprytbendD is thenpdurtion dfspmecessary in
L.hl S case. 1]1563 ed%)rr‘]mde%& ﬂf'eEmgﬁ %ag, ]}%W%Qé}} iﬁglun&,e%t%% tﬁé@th%%e&ép%%% val ve 47 for
I gh-pressure tnert —gas passes through pressure vessel wal | near the
bot t om and ilnitedmonese ireghywiattioular sedfingf user 40. Conduit 45 can be al so the
same nmaterial as those for the conduits 20 and 22. Diffuser 40 is
preferably a menbrane cartridge simlar to a filter cartridge that all ows
20 inert as to {ChewvicsllvpopgitionDhdve beammsaocavariatyo popeses disiag oriegrated nor e

pi pes with a, ural.ity. of hol es t | 4 ugh. In any
physi cal concértc#ﬁt%lﬁugaﬁ%g FFr %Jg'eforfgmlﬂlsﬂe’%&{é gsf‘%’gpgﬁtgon%rg{ Je]llrl(i(?%ell:llcﬁo?:%fr‘;!rpat i bl e
with the chewiwdeds withothesicoessarg cliemité corpekitivisrasciise®® poliditdnglangizadui t 43 with

a control valve 42 is .attached t ressure vess . vg%.{%r ssure
vessel 31 m‘gér%‘erﬁéé%fgsd.ﬂf %?(ggsslﬁ}]sglaﬁ%ﬁe?%rﬂd%a \%Izengléal %cﬁﬁgjtcglgﬁe ggpr essure
vessel 31 t hihemighl eechaidliplinafization (CPriasenigasisstoomanfactienppessting i nsi de
pressure,vessel 31 is.hi r L I . nti oned
control %/Oal VES are f)‘rlléq‘h r%hﬁ’? ?ﬁ%ﬁ%ﬁg‘%ﬁ%ﬁl\%gh\%gﬁég%gﬂﬂ%gﬁl %Pg#gatb rials
conpati bl e wiohinolteti wvithinearsberddic reugerpd shenich sdddiyes udlpadislesiza disiributzonst eel , PTFE,

PFA, high densi | | ; ) | WO
02/ 058885 PCUrTSLROEE b ba s A Ral AR AL EREwy B B 0B T, 1111 e
i Nt 0 pr essurtkeivessfitatidds. tPartiolegize is preferably monitored and controlled by filirating .

unneeded particles of larger than a few micrometers in diameter that could be formed by

15  agglomeration processes because large particles can scratch wafer surfaces. Therefore,
formation of large size particles is preferably avoided during the chemical composition

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).




conduit 20. The amount of chem cal conposition inside pressure vessel 31 is
nonitored by level sensors 51 a-d. Once the conposition | &gl egehes a
high level nonitored by |evel sensor Sib, control valve 21 is closed.
Preferably high-pressure, ultra-high purity 5 inert gas such as nitrogen
gas is then_introduced through conduit 45 by opening cont val ve 46. The
i nert gas fWBWS’"S?WFough di ffuser 40 and forns small bub&éﬁiﬁgﬁmﬁksi de

. chem cal conposition 32. The bubbl e sizes are dependent on the pore or hole
size of diffuser 40. It is preferred ¢ have a diffiaser produce gas

bubbl es smaller than 50 mmin dianeter, nore preferably | ess than about 5
mm The gas flowis preferably controlled at 10 flow rate ranging from
about 1 standard liter per mnute (slpn) to about 100 sl pmand at pressure
rangi ng from aboyt . sphere tFT};} l es rise up
t hrough the chen‘nﬂcsgghgoggr%g%c ?sg%prg%sgxecgfsfﬁ;?é?@%gﬁéﬁ 3 ofgssgﬁ?%%%ﬁ?t hei r
course up. Tithonkaet32 apd st Hottbinsvithapaherspdteiod Stahbaues wirmmniationconposi ti on
32 and in tyr ressuri zes hem cal . i.t10n . 15 The hei ght of
pressure vesgﬁ‘feglﬁl? Ogran%rglregogcbnﬁ %p?‘%sé%gqlg?é%“ﬁée&eéfgg i of chem cal

conposi tison 32, is critical for the gas bubbles to collect enough vapor.
The hei ght of pressure vess i f and t he
dept h of chenica ev(?osr?]ﬁ%)gsl f‘iabﬁlb’ g% ?nag?%%eglﬁ%gsb\(r%&\%%goﬁo%i étﬁ%)ertgferabl y
at | east 0. Snomitiethe el efshérnigh chmpesitioadusive pressuredssell . [Hidd tabesi0 cgensor 51 b.
The vapor (preferably.poisture) content in | 3e ably ranges
froma rel g’te ?l%/eé"alﬁlﬁ%y -%?‘38%3% %%nag%s cﬁgé%tgt%?g?doﬁlg% p%g%%ﬁg%ﬁi&r]n%r e
preferably riasigidignetear fiomabinth (180nt)endilarger. TeveeesentSia, Wilb,Slawhdfldcheni cal

vapors ip a _concentrat,l f up.t0 _part.s per b I i.ther with
or Wit hoUt taﬁeepr?%’iaé ia ég%r%%?chal\mgﬁa?l 1A eé%hé%sg%ﬂ)}cdg%giﬁ{lﬁgﬁm :2113 to be

del i ver ed t damitier with theleeel msasursbeaat a0 Sther tyrenofilotel seaboreudGis psulopsonied and
chem cal flows .out of,pressure.vess r ' r the
vapor - cont ai’At Ay 3n“3?4£§§e§éﬁ°£%nﬁl e%ﬁﬁ%&ﬁﬁ%gﬁv&%;g&uﬁ%ﬁ ining inert
gas 30 is spdirectly aftavhed aappessspaesel®? at differentlodationss Fhaefotepside tihe Wi spl aced
chem cal co osiohijeonr&essTh%rtﬁgogsg, the pressure inside pressure vessel 31 is
mai nt ai ned CORSLant and I he ¢heri cal 28 April 2005 WO 02/058885

PCT/ | BO21500242 .

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.




16 conposition is delivered at a stable pressure and flow rate. Hi gh purity
nitrogen gas is preferred because it is wdely available aBhgieb@s vely

| 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 eas¥8 'HY8¥eni ng control valve 42. At this stagePCTIReHI%Y
conposition is filled into pressure vessel 31 by tinning on control valve
21. Chem cal conposition can be refillgd 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. When one of the pressure vessels is
inrefill node, mﬁbpa'ratanehanam hﬂnﬂoﬁﬁﬁﬁs&&fﬁb@ﬁt@pﬂgﬂe&e&dﬁl&k&u@

conti nuous del ivery, 10 of i cal it gn to one o
stations. Prcgg‘i‘ﬁtfzg' “ng glgmlf) f’%]i’ ﬁlg'?’ymél ABrT sed egsfehln?g:ﬁm%? pl astic
mat eri al s sL]@hex&lssenﬁﬁsaalmcbmcstheecbmpoﬂﬁﬁﬁpvdPFeapheha@fghd@nlsmoqﬁopdﬂ:yet hyl ene,

i ot a1 & oot SRE Sy Eo vt ERRR ey - Rl R O O 70

conbi nati®pn méﬂgmmlaahmﬁg@pgaﬁ isltiﬁ:analmducwmthlmughcmidnﬁéSbﬁom{l}B cordrobl | ow t he

pressure ve sur.e 10 at e capacity
of the pr ess‘{?f§4gv “gﬁsgﬁ’é’F %‘f‘ﬂgﬁf@ﬁﬁ%gﬁ) ‘oM ab gﬁ%ﬁbrlﬁe()s%gﬁngl 5000
liters, nor a;hahﬁﬂebﬁbbsyhdnasag ﬂ'hgblfobbmesabi)dbper%nttm tlQ0rd arthelesize 80 Because

the inert g ow have.at. | ea otlon the Iiza portion
after cont ac 4%3“5?1 ﬂ‘infgl? o ey %’gfﬁef}% Y Sbu% ecu Igg ﬁ?%gltop | ayer
of the Che%ﬁﬁtergﬁ@fﬁgﬁdférﬂﬂy}le&ﬂhhmahoﬁtlﬂmoms flowis pﬂefmablylcmﬂm a#g on the

interior sure.ve | .31.will not e rt gas.
Ther ef or & t &féte\xﬁ? gbég‘mh%b" fiﬁ?nid?#hw@er&?mte Q@’“H T‘bo or rre%glwgﬁ this
preferr ed enhasireRRging iffom 2Bowt G5 atecplsaio) atmoshieres. dhe 24 bekblesrisalip humi di fi er

to noisturize the, inert gas as..in _kn st ens n an h this
preferred e’rFB’t?HgbntB?\'rE}‘ oa?f‘n"é‘i‘poflﬁ?l’smgrc@meﬁsf’ vED BEY r%%fde sa@g‘%gps\gg%e f or
users and iSmerngxfsﬁu@@@orqfaéeemdbm.chmﬂhanpcadmaanaghmtmnpfeammdae whol e

delivery system easily operated than previously known systens
because |t h“gi‘gm%\?lrl ﬁf”ﬁ%sc“é Orre conmponents. 30 28 April 2005

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 vessel 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




WO 02/ 058885 PCT/1B02/00242 17 I nert gas bubbles may produce sone snall
droplets of chem cal conposition after the bubbles burst agAfgt@ of the
conposition surface. These droplets could be spilled onto the interior
surface of the pressure vessel walls and eventually drip back into the
conposition body again. The droplets will never form any d re5| dual s
because t heV PH%(KS? nitrogen gas is saturated with vapor ases
preferably do not dissolve in chem cal conposition. This |s because

equi | i brium between the dissolved and gaseous phase inert gas has usually
been wel | established during the manufacturing and packagi ng process of
the chemical conpositions used in sem conductor manufacturing. Additional
deconposi t i @hmpasiionds daalihérghatiamablb pgssrepind dlownae.i Highgiity gitioken aesause i nert

gases, such as. nitro ubi Lit n 20ugoys. chem cal
Qormosi 11 ond e RhR e B el il Pt Soiot e MRS o o
conposi ti ongas. beas::ethecdmﬂsmbﬁnea)hpnﬂlew|larve}ﬂ1atgﬂmmﬁ>redlhgedevfemen§oh5.‘& pur pose.

At nor nal oper b 0C artial. hem cal
conposi ti on W14 %{gesf?graﬁé%io ‘?lﬂs(eﬁ‘i ?l?ol:aéhpx)asm% A8 olrdggr%g ?lsﬁlgﬁpr ef erred
ul tra-high ﬁ&,liﬂlbﬂ a;eleueﬂmgpemnga;snﬂomvmﬂgn tAtehicitame] ahaimoaknmpxpsmtldnamﬁllwdl | not

significant In¥t Pesé%reai d%lrhbey ass %ncontropv g gﬁmdﬁal Ogsll i %an For exanpl e,
since very sna 0 I's nee arura rogen gas,

change of waea‘medunmpmssmmmuand dibchargadip ﬂ@lvbﬂyﬂncycrﬁSIaSBﬁGMDITWO 85 liters

of nitrogen _gas_at roomte ature bout Ssur f 30 psig
needs onty G Eh PR e e pfrab e PPl Mre 3G Bp DR ES R el
alternative mhtr&sﬁirhmdehmuheabne&mmmmﬂisclmrgwmdeheaoh&eﬂa tontiprooy ddiceryapor to

inert g | ust r.at anot her eferred apparatus 100 of the
i nvent i g@ Rg%eﬂ“fahgwpé’flganﬁnonﬁ?r@mﬁusg %%t us 100 has a pressure vessel
31 for containing chemcal conpositi ons A chem cal conposition inlet
conduit 20 with control alve ed t hem cal conposition
compartment 29 of pressur ]\}ggrg%afa%@f Dglfmse Ea{joorr%?aﬁéc %%gazsusp&? %/gl)ng
chem cal conpbdéss steeﬂ RﬁEbBFMéﬁghuknﬁgfpo]&ethﬂem palipromyigne sgldss,and ged | et
conduit 22 wi th. a.contr IS _connected .to es e Vv | 31 at
its bottom f&F gaed ﬂf I%Feorf:alr?ae@ﬁecm 75 er‘oéoﬁutsts [ nd‘?% &% %ers%m‘%%‘??a wetting
conposi tison 3i mhmthammdmmlimauﬂ)ﬁﬁfmatertal proparti¢srand Wﬂﬁthﬂﬂmés’S ¢ndugh tosallpwlithed ng a
smal | portion of a chemc n_.iner a 135 of
t he pressur & Vesse SM%&#%r?SSLgaVR/ %EQE'%‘(‘)) heres ﬁegc gacﬁﬁgﬂgeﬁr%me

vessel preferably ranges from about 1 to about 5000 hters 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



30 way valve with one way to allow wetting conposition flowinto inert gas
conpartment 135 and another way to allow wetting conpositigmystes f 1 ow
out of conpartment 135. 28 April 2005 WO 02/ 058885 PCT/JB02/ 00242 18 A
wetting conmposition outlet conduit 153 is preferably connected to three-way
val ve 151 for discharging the wetting conposition. An inert s _inlet
conduit 45 WA%W'¥*Tontrol valve 46 is provi ded for supplfqugggwﬁ‘peferabl y
hi gh-pressure, high purity inert gas into inert gas conmpartnent 135, and a
vent conduit 42 with a control valve 43 allows venting. A side tube 143 is
connected to pressure vessel 31 at the bottomw th one end and to the vent
conduit 42 wth another end. An additional control valve 138 is installed
in vent conduit A4iripet bedles tdagpjodicetomnd smadli diepldtsdfehdndigal wortppsitentfterondui t 42
and pressure,yv | .31. . There.,s preferably a far ' 0

connect ed toth? ﬁ@b%gels B%rSttattJ-BE‘g%f thﬁcglﬁpo@osﬁlé)né?%c%n@m?eg&gt?lgetgg%?déﬁ\%@géI 31 at

t he topsi deontathk intériohstafacy dfdlie peesehire Amsdl walldwad preafuelly &ip lenlbimth thent
illustrated jn Fl. 1. four .l - l: unt ed
on side tubeéo%?gélﬁ(’)nbr%l P&°or ‘P’ﬁg%ﬁ?ésf“n%@g‘%%“g’;‘n%“aiﬁ?f?F%ﬁﬁ?lg@% ]%lgﬁ%iﬂe pressure
vessel 315 Anitvogeh gad is patwratbdwitl 89or. Ingt @ mprafetatilp do mtdiswlvednyhamisd carri ed

away fromthe conpositiaon, 15 The.above: nentiqne i trol

val ves are p?oéxfpé’?lng%ur y]thésol?'r%erc?%sgaqué bﬂ%teté“?ef%fhg %ésséoqn‘f?gtglg (géld 5&)3\1”S ?I%Q%ﬁgl?ﬁ cal
conposi t i onsgds hadsuallylbesrewadickstablished duriag the nmhsfacuntly andpackigngiress ot eel , and
plastic mategials. such as PTFE. PFA, high-densi.t | et hyl ene, and

pol ypropyl en ?g%%afﬁoénﬂoflﬁ%gs u?fr%én f)e%?oéu?‘%cgo& A 501:%%‘1#? %gﬁl %‘\c/”é ves are
preferably 2@cpnpusitiah idee tbyhigh incfitpes prestredd negligible becaweo ied goss,angh a3f t hose
commerci al |y .avai l.abl e types plastic.fiber o rane i Pressure
vessel a0 B puRTs o B pHbaR siRbi e eaPbo L BRGe RE R e 1

t he pr essur econribsielangemtmiipadioichenied] esrepositionsif prefSredluliré-pure aed@asivdat i ng
bot h chem cal onpositipn 32.to0 he delive ' sition 134
(preferably ﬁgﬁgg’ﬁ&isgﬁ“%t%ﬂo?n%f es‘fat's?ﬂt?gém%/e%ogé%g%%alﬁtg\ﬁ\%ﬁail]ﬁ%gEnegPi nto two
separ at e conglemidabmoirpositidawil belivary thivniy nitrogemgs.1 BiBareforegrubblifprafergdar t ment 135
s located i LBy URRSTiRG! ds0Brdon e SREMES &SR fbn will not siguificantly

15  change the assay of the chemical composition, For example, since very small amount of

water is needed to saturaie nitrogen gas, change of water concentration is also negligible.
For example, 35 liters of nitrogen gas at room temperature (about 20°C), and a pressure
of 30 psig needs only 0.37 milliliter (ml) water to become saturated.

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.




31 to acconmmodate wetting conposition, such as deionized water or

conposition to be delivered. Chem cal conposition conpart mgKprig 9005

| ocated at the | ower portion of 30 pressure vessel 31 to acconmpdate

chem cal conposition to be delivered. The two conpartnments conmuni cate
each other through a portion of vent conduit 137, side Bﬁﬁ?ﬁg 8 ril 2005
WO 02/ 05888‘?{0[9&‘5%?’%02/ 00242 19 140 and 143, and the condli Y9243 may be
preferred to include a valve in conduit 50 to allow wet inert gas to flow
t hrough conduit 143, thus bubbling theyet gas through the I|iquid chem cal
conposition. 5 When the apparatus 100 is operated, chem cal conposition is
first fed into conposition conpartnent 29 through conposition inlet
conduit 20. Awetiihg sonhposiEion uttet anduit/Ei3veprferably copericd todimts-why vadieviel 23 i s

cl osed, inergr@Q%mpon Qﬂ$u£?|8%,&$%mis cl osed, and vent control valve 43
is open. \We A STET o RS e conpartnment 29 reaches a high |evel
noni tored by | evel sensor 51b, control valve 21 is closed, and the filling

is 10 stopped. tt.ing cOnposi.ti . i,QR] . diluted
chem cal corrposivfﬁ’rn%e, af’%“5%8%}“‘?“%353“’%@g?@“é‘i@%éﬁ%&‘?&ﬁ%%%%ﬁf‘%ga

control | ed cegfelablghighlpeessvet, thighgudiyriyoisas interinert ges dorheeintehir 188-andy veral ve to
the conposition.sup S| i ifion is
preferably a(iom?%t:l&sitvgélyﬁ ®e glsv al?’%%c%fo%tggm}% 'egg ﬁén}b?gﬁoﬁgﬁg&%&nﬂgrt gas inlet
condui t 154 medowre damskl i3 at thebationwith dnie em] ang bd theovephcdndiit 43 witlnatothst ri ct | y
necessary. 15 tti C i.tion.shou i i : art nment
by turning o‘?ﬁ‘dyﬁg a%‘ﬁ'?oélgfc%é Vejgﬁ\?/%élﬁés#ge .‘%5?’1""5&.‘1 gl?%%%g?%&go%gﬁr ol l ed
conposi ti on didwalle. 14T withivag coniuit d2 wad/pressat vassd 31, There ik prefecablypdgitchon out ™

position en needed di es t ste ¢ it [0Sl art nment
135. The! necroflgﬁtglscs{B Cgﬁ‘f)f’ﬁﬁ%§, ?Oﬁtég%ientflgea&svgtﬁl\%e ‘Ef@rglg‘g% pﬁése %?%g%lgfgl%v\gs open to
al l ow i nert togsidetvenilfwithl anbther endmhs indhangrefetreveantbodiBbntdliusirat2@inddqt I, dduk ed

pressure. The inert Sc+(;pr ef I i.ah- i Bir bl es

t hough the%ﬁ)’ee? fernﬁoés %%F?plgs?f etplr%rﬁr%?q S|°§Iétgcr?1n28&lc%§"ss%cl gijr'r%)oar ?‘ﬁ@ﬁ?‘gé@gﬁpc al s or
wat er in thecowpbdiiiongevet maide pietsuvetshlehl. vapistraliménaton 3P is prefarred dosremyWeen
conposition 32H§i§%i dgdgoa%rtﬁgggtngiﬁiog to be delivered to user stations,
vent val ve 437{8%¢& & and” Contror Val ve 138 is opened. Inert gas with
vapor ant¥ or noisture at a relative humdity about 50 to 100 percent fl ows

The above-mentioned 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




25 through mst elimnator 139, conduits 137, 140, and 50 into the top
portion of chem cal conpartnent 29. Chem cal conposition tm Agideds vered
to end-users is pressurized by the high-pressure inert gas. en the
conposition outlet control valve 23 is open, the chem cal conposition

flows throggﬂgﬁﬁ%%gt conduit 22 to one or nore user statkgﬂﬁgy&%bpugh a

series of and control devices. The delivery can ped at any
time 30 by closing control valve 23 and can be resumed by turning on this
control valve. When the conposition ingide pressure vessel 31 reaches a

| ow | evel nonitored by |evel sensor 28 April 2005 WD 02/058885
PCT/ 1 B02/ 00242 20 51 c, turning off control valve 23 stops the delivery. At
this time, |H@rnd y’ésanddhﬁ mﬁmt/‘éﬂ Vemaylig Preferredtomelydeas valies it condwih 0 eont r ol

valve 43 1S JidfRedionta QstE b5 8uch}Eaddfi 338 Wi vl o WP ges RiGA M veSsel .

Chem cal conposition pressure vessel 1 s then ready to
be refill ed.h@lﬁmﬂlemleﬂlcbmpmndi scharge can be repeated for nmany circles.
Two or 5 nore such pressure vessels 31 can be operated in parallel with one
in delivery node, and other one in refill node for a continuous delivery
of cheni cal corrp(Yéuenrtlwra@petrztumHJ@nsomta&m@n@lcﬂnmmeSﬁ@v%dm%nsors 51 a

and 51 d are z)ggnc]c Yo 354 ﬂ\g)ugftl %ﬁrﬁahggh E%Y@Jndﬂipfb Ak G fl)(gl\ﬁlﬂi evel of

chem cal conpo I on I nsi de conpa pressure vessel 31. The
signal s fromalve@sé apan contrd valve 23 ie claseid ingrt fao condrel walye 138 asdlesed avd on. Once

the |evel %’p‘ﬁé&ﬁé@%ﬁ@% isid) ?cg%e‘ﬁ eOJoth?é’iﬁén%lé]eec‘(; artfibht 3 AL | | _be

produced and e system - col be s own Wt preset tine. 15

Wt ting conpogi lbvd)momtordi bytieeed sanbre Fills abntwbrados? 1tis dlpsed cand e 1dlingds | ed | nto
gas co rt

Shover ol A0 g o BREH RGP aatoradd w1018 SAIRE LAY 0
3. Spraying i Fé inteireitregs corpamsoeittl 3 o mmmﬁpﬂtﬁéepﬁtﬂfmmqgmm liquid

droplets 21 _ r 5 t hrough
conduit 45 %ﬁdhﬂﬁéé%r era.@y ex%@gﬂéggﬁgg i 19 pra %g?s %%ﬁlen th to near
t he bott om ofompasitiadspaferaviyt 10832, indhes(f tmy alsha&'@ﬂw ap P%thb o ik ldﬁfo plets 211

for tranSferOH&QV%Q%§%F§Q$GH£G&¥%§& ébﬂhgu%pﬁmlgﬁﬁFul A 8 ggythen wet inert

gas flows rou cont rol conduits 137,
140 and BD i Wtul]ng trewiosisibn should be supplied into the compartment by turning on the three-

way valve periodically to maintain a controlled composition level. Turning three-way
valve 151 to the “composition out” position when needed discharges the waste
composition inside compartment 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




conposition conpartnent 29 to pressurize the chem cal conposition when it
is necessary. Conposition droplets will be collected on thg Afirypedsng

el enent 133, which 25 functions as a floor of gas conpartnment 135 and
establishes a |l evel of wetting conposition there, and di scharged through
conduit 153 wth a control valve 151. FIG 4 illustrates ot her preferred
appar at us Bt 500 of this invention. Conpar ed W?‘aﬁr}{ﬂﬂgo%ﬁgodl ment s
illustrated in FIGs. 2 and 3, the enbodinent in FIG 4 30 has a housing 158
wi thin gas conpartnent 135. A conduit 150 and valve 156 deliver a wetting
conposi tion through a showerhead 210, which functions to spray wetting 28
April 2005 WO 02/058885 PCTI I B02/ 00242 21 conposition wthin housing 158,
as il ustratsge tahing bif.cohtid ¥ilveBStdps ﬂﬁlﬂpwet;eduiﬂm ﬁmadmﬁ gagcontﬁsvm wel |

t hrough a conduit 45, val 46, C it ovided means
157 for all Wﬁqs?éﬁweg‘agj%W?ﬁuogﬁgﬁ? %j;ﬁsgﬂeﬁl L%%l'f? f'f‘)e #u%sm? %1 ow out
0]1: EOFSi ngl pl&&ne?j@@dﬂs?ﬂe‘iﬂcdlSorﬁ;foeiheﬂakﬁimr@eﬁteebmeismweﬁsbiélgqmmp consi sting
0 ol es ouvered 5 a nd th ve any
dropl ets inTa¥? ‘il??etPﬁﬁ) gua‘rﬁe@rm%éfﬁcﬁ?‘g%‘{af‘ﬁ&r%ﬁtezlrtjf"érf%“yscﬁfg °p astic
fibers can BeoreBuApREutOveBRRBS cdibe. opIﬂaeﬂelpasalwpwﬁ @reaxbﬁqhvam nmde,uhar channel
159 bet ween u5| g)g 8 %g t he lnterd@ﬁr V\%b alpresss tvessel 31 to
al l ow wet irf &5, OItWPgﬂjélﬂus VG ¥ AP PRERE ﬁ??% 8F gas

conpart ment sta@ibnsand chem cal conposition conpartnment 29 there are
preferably a 10 plurality of small holes 160 or |ike means for
conmmuni cati on between the two conpartnents. Wet inert gas will flow

t hrough these holrgs ofter B dlednsdieslacantl 5 0darg ased fcsmmaaﬁngmigh-ﬁgﬂemm

conpartmgnt 29 to essuri, z chemcal : 05|t| del i.vered.

Dur i ng ﬁer al?‘i"é)‘ﬁ”leggl ?ﬁl "&m 29P€Wr‘ésrs?r§aestg%}\é? 1-3,
chem cal conpeslk Bbm&hdssnﬁmnsoﬂtaﬁa mmmfmhfeqmmaﬂoonmmwmm 29 of
pressure vess C I cond th a control
Vel ve 21, OTEENeEie BN o evasen P athal POSARH T hni  or ed by

| evel sensorcoﬁlatbesmmmmhpﬁsaﬁmej_ s closed. Control valve 43 for vent is
closed. Inert gas is supplied into housing 158-by 20 turning on control

val ve 46. Wetting conposition nay be sprayed with showerhead 210
15 Wetting composition or diluted chemical composition can be supplied into gas

compariment 135 of 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




continuously to produce liquid droplets. Inert gas contacts the liquid
droplets, and then flows into vapor space 136 within gas cemasbbepn
conpartment 135, and further into the space 141 through the holes 160 to
pressurize the chemi cal conposition. Once it is necessary to deliver

chem cal conposition to user stations, control valve 23 is opened, 25 and
cheni cal CO%BQ?Sﬁ?Sén flows through conduit 22 to any neces¥®r3%% ernal
conduits and control devices to user stations. Keeping the control valve
156 on can continuously spray wetting,gonposition, 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 nent, which is a
slight nodi fdogpbditwn vafhin Hddsn@ 830N ilsAbktedl hi20 51 haik @6 it supplidd intd hodskdgust r at ed

is aplurality of enings 161 1 n housing 28 .April. 2005 2/ 058885
PCT/ | B02/ 0024328 ‘@@8’%8&9&%%8@?%6%?‘? °°B%P‘ﬁ5ﬁ1 lf’f“?ﬁﬁ’étl’f%’m?%egam?‘%? al | ow
\Cllve}ti ng gomskarianm@@mﬂigag\digy@eﬁ:?alﬁaporlahﬁ%m‘ﬁoiamemaﬂcaﬁ;ommmsingi on to be
elivered. T, ove-penti.o r red enbodi nents_are preferably
operated 5 éGSoﬁg?F§3?%§mﬂF%ﬁy§g5%W§%P%£S@%W??%P“@??f@ﬂ?bOugﬂ C system
ThehCORt rol platsyRsbbRIcEps, ﬁ:{d&lﬁﬁﬂ@b%r@ﬁh&ﬂ%ﬁdx@lﬂm n teiesragRdmand control | ed
with the autgomati.c contro stem ., Signals from nonitqri devi ces such as
| evel senscwé&@ﬁ%@ﬁ%ﬁ#@%ﬁ?ﬁ éﬂ%ﬁﬁﬁﬁ% S%W%?EE@F t°“5@ﬁ9§ s&%ﬁeﬁnd initiating
abnecessa{y ﬁﬁ%ﬁﬁ?hz}?ﬁhn&jagélﬁhn%élgﬁgm;@ﬁthbﬁ?ﬂg liﬂazﬂ_rth)a"ﬁh” mfiemkﬁsoflpd _'tqssléilmég of1 ,
above- nentione referred enbodi nen at_are. illustrated in .1, 2,
3, 4 and 4a,Ve§ﬁ%ﬁéﬁﬂ?9Wd¥%@F§f’Haé%fFF°2§"t%‘{‘ﬂﬁ’ﬁéﬁlﬂgﬁéggﬁgﬁﬂ s invention.
fihrst, the Wogzb%&hﬁ@fl_lmaﬁﬁénﬂéaladlfﬁpc@iﬁa?!cdn@a?ﬂeﬂt&?&detmamﬁiabb&yChhav_e a:l of
e preferr unctigns in_a preferahly integra appar at us. emni ca
conpositL%n gﬂ“ﬁgﬁm%ﬁgPﬁﬁaaﬂﬁg&ﬂpfﬁﬁ‘?ﬁgﬁnPW%ﬁPPﬁgmﬁgggg e vessel by
operating seyghatm@eNWebinel 8dsWaill floAithrdirhtthee Badr bihBEmedns Gbmpaessure i nert
gas and, preferablqylllt _mettin% conﬁfsition ar.e sgﬁglied. in%o the pressure
Vessel for cEBOT K BRENPEIImNE) B PISEs Hmea CRROTHRHE PEas 1 or
pressuri zi nQeliti@edchem cal conposition to be delivered. Therefore, no
external device is needed to provide vapor to the inert gas. The assay of
the chem cal conpositions to be delivered will not be substantially
changed thue to evapes @etbn, af iohéfpRiral debodin@nBhé&ared to in FIGs. 1-3,

chemical composition is fed into chemical composition compartment 29 of pressure
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




20 easily automated. Second, very precious space is saved because there is
no additional external humdifier used for hum di fyi ng hi gB-Mm¥ies®sre i nert
gas. Third, the overall cost of the pressure systemis significantly
reduced because fewer devices are used for the sanme purpose as in known
apparatus and net hods. 25 Al though the above description of preferred

appar atus affl "BP¥¥asses of the invention are represent a’f‘f%ﬁ)’é‘}m"{zhe
invention, they are by no nmeans intended to |limt the scope of the
appended claims. 28 April 2005 WO 02/ 058885 PCT/|B02/ 00242 23 CLAIMS: 1. An
apparatus for delivery of chem cal conpositions, the apparatus conprising:
a) a pressure vessel conprising an inlet and an outlet for a liquid
chenical 5 cldfpes aid/@rin itaindion, fuagioning pedlew wetmmgprmpsition tydisdmatapt ed to
contain the  L.igui.d chem cal..composi;tion, the liquid chem cal conposition
havi ng a vatﬁhﬁ‘ﬁg%f”é“&fﬂfﬂﬁﬂﬁﬁg’?é?hr‘{?fe@') nmeans for contacting a dry inert
gas with at least a portion of the liquid chem cal conposition in the
pressure vessel ransfer at |eas i apori zabl e
portion fromt hetrg%%ebﬁlv%ﬁem&o& 5%?%%’%{’ %%e%%%ﬁg%f?é%ggpe}%ﬁor ma wet inert
gas in the vapantisfigest aandpar costenh sysfeororp PESsystem. Fap dohieol vhleesi aral
conposition @ f _the vessel using the } The appar at us
of claim1l \ﬂ%%gra%@ﬁp? e ?ﬁﬁg? peé%%dinﬁgo%ﬁp et %aﬁg%é%%gﬁgﬁéégﬁmam ‘tee

connect i on, Sigmbifanmomiorirgdayiced duch ssdevetenwectrefid tothe benpta ssklv@logessel . 3.
The apparatus_of .cl aim.1 wherein the dry inect S adapted to be sparged
into the prpé%cgfﬂn@ag Ejé%alun%%gefceséar%)ﬁr%%xg ?ﬁoeﬂlg stselé"f t hrough an inert gas
inlet conduit, the inert 20 gas inlet conduit having an exit end. 4. The

appar at us, of cl ajn 3 erein t exit end of.t LNet inlet has a
spar gi ng?0 devi ce %?Ht&%ﬁ?ﬁ“‘ﬂ%PETEDSYG"]??%?%H%%&%%S%%@Js?ntg?ﬁ E:‘%Igi m 1 wherein
t he neans f dilustratad AdTIGRd, 2,38, 4 abAnencfcan immediately realize the advantages of this

invention. First, the preferred apparatus are easy to operate because they have all of the

preferred functions in a preferably integrated apparatus. Chemical composition can be
charged and discharged from the pressure vessel by operating several control valves. 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.




bubbling. 6.- The apparatus of claim1l wherein there are two of said
pressure vessels connected in series. 30 28 April 2005 WO #324A%h 8665
PCT/ 1 B02/ 00242 24 7. The apparatus of claim 1 wherein there are two of
sai d pressure vessels connected in parallel. 8. An apparat us for delivery

of chem cal _co tions, the apparatus conpri sing: ure vessel
conpri si ng g’%”%gs?é corrpartrrent and a second conpart nent a}?ﬂ@%’&?&

conpartnment and the second conpartnent divided by a dividing elenent; b)
the first conpartnent connected to an pfil et conduit for a wetting
conposition, and a waste conduit for allowi ng the wetting conposition to
10 be delivered to waste, the dividing elenent functioning to establish a
liquid | evel COAIMBe wetting conposition in the first conpartnent, the first
conpartment also having a dry inert gas inlet conduit having an end
positioned to provide contact in the first conpartnent between the inert
gas and the et t i Agapperiwe Sirtdelpmrytod chieorieal compesitipnsctue apastus coreprisingst 15

For the et i ner (& GHAetind Sedl Bl o e ol A1l {10 O
gas conduft; and d)cotipesitiecanc vemmspace, temresswevesed edipted tamoniamites condui t
and an out et condyly htuch ool R Ao SRIMEbbRATRE: seoONd

conpartnment havi ng vapor apor space connect to the first
conpartment via thevapmblapmm@aﬂnpondwt 9. The appar at us of claim8
wherein said wet n itoring |level
of said liquid crt]’ Igeagf%ggorﬁ%aggl? Ar#n?%g%c#q tté‘%sste t%h (grtment of

sai d pressure vessadhemical composition in the pressure vessel to transfer at Ieast a portmn of the
10 vaporizable portion from the chemical composition to the inert gas to form a
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



10. The apparatus of claim8 wherein said wet inert gas conduit includes a
mst elimnator to renpve liquid droplets in the wet inert2gagsi 280511. The
apparatus of claim8 wherein there are two of said pressure vessels
~connected in series. 28 April 2005 WO 021058885 PCTI |1 B02100242 25 12. The

appar at us ofyoGhaisgas8 wherein there are two of said press S
connected in parallel. 5 13. The apparatus of claimS8 \/\hg{r:gqﬂrq?@@?ei ght of

said pressure vessel is at least about 1 meter. 10 14. The apparatus of
.claim8 wherein said dry inert gas inlet conduit end is adapted to be
subnerged into the wetting conposition to be delivered to waste. 15. An
apparatus for delivery of chem cal conpositions, the apparatus conprising:
a) a pressurk veddeprrewisef dainyl whereip dereemiyarof paidhpressyg vessedeeqspepted
conmpar t ment , i phandihe first conpartment and the second conpartnent divided
by a dividing elenent; b) the first conpartnent connected to an inlet
conduit for spraying a wetting conposition into the first conpartnent, and

a waste concylit fAQrapadrhiLNElVES of WREdNDnHBaRAR] the ;giﬂaﬁaﬁs BSnfiRlnbvered to
waste, the inlet conduit termnating in 20 a neans for spraying the wetting
conposi tidon i nto3 he #PEsireyeiiplsprpaing a fimlcomgament g asee®dnt f uncti oni ng

to establish a | evel @fmphfi@ehd fifdtcotPaRAS: ke dcBondicBRipirthet aiciagpar t ment ,
the first conpartnent also connected to a gas inlet conduit for a dry

inert gas, the gas i nP%tdiEigagiemeraving a terminal end positioned to allow

contact in the fiyst GEARRSRAeREHMRER LNR IRl as :aR&ingd the wetting
conposition to forma wet inert gas, the first conpartnment further having
an outlet for the wetCoppasitiony gt awaste conduit for allowing the wetting composition to

10 be delivered 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.



c) the outlet for the wet inert gas connected to the second conpartnent by
a wet inert gas conduit; and d) the second conpartnent havigngpritpodsnl et
conduit and an outlet conduit for a 30 liquid chem cal conposition, and a
vapor space, the vapor space connected to the first conpartnent via the
wet inert it. 28 April 2005 WD 02/058885 PCT/ | B, 26 16. The
appar at us g$88$§%%?15 wherein said wet inert gas conduit i gé? f a

means for nonitoring |level of said |iquid chem cal conposition inside the
pressure vessel. 5 17. The apparatus ohsclaim 15 wherein said wet inert gas
conduit includes a mst elimnator to renove liquid droplets in the wet
inert gas. 18. The apparatus of claim 15 wherein there are two of said
pressure vessels 10 connected in series. 19. The apparatus of claim 15

whereln there g e (o, gl 5l f L SHES, RIS S0 HOURRRELER kitgparal | el . 15

20. The apparat'us arm ern sail y inert gas inlet conduit end
is adapted to be sowineerdmdaiatitlo t he wetting conposition to be delivered to
waste. 21. An apparatus for deli.very of chem cal conpositions, the
apparatus 20 conprising: a) a pressure vessel conprising a first

conpart mgnt anth.a Jbe apmrabwobeeinn@wherein & heiglitiof s#id prossprarvesselis atdeast t he second
conpartnent divi deqbﬁxl%egérvi ding elenent; b) the first conpartnent
connected to an inlet conduit for spraying a wetting 25 conposition into a
chanmber formed by a housing, and a waste conduit for allowing the wetting

composi ti on toype dgl LNeLed APl Ferih 084 bk SONHN g d BLATL Nt i g 11 2
means for spraying Wet'ti ng conposition rnto the chanmber,
adapted to be submerged into the wetting composition to be delivered to

10 waste.

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.




t he housi ng al so connected to a dry inert gas inlet conduit, the dry inert
gas inlet conduit and housing adapted to allow contact betxeghibbgs dry
inert gas 30 and the wetting conposition in the chanber, thus formng a wet
inert gas, the 28 April 2005 WO 02/ 058885 PCTI | BO2/ 00242 27 housing further
havi ng neans for allowi ng the wet inert gas to nove into_the first
conpartnenfwogym?ﬁﬁ di vidi ng el enent havi ng neans for aI?%VPﬂﬂmBﬁ%sage of
said wet inert gas fromthe first conpartnment to the second conpartnent;
and 5 d) the second conpartnent connecggd to an inlet conduit and an outl et
conduit for a liquid chem cal composition, the second conpartnent al so
having a vapor space, the vapor space fluidly connected to the first
conpartnment via the neans for allow ng passage in the dividing elenent. 10

22. The apparatys ' ' ' adui § . m st
elimnator to i#enS@%%h?%ﬁkg&éﬁggFﬁﬁgm%ﬁ&@kﬁg9%@#%5%%@#P§§%*$ﬁb appar at us
of clai m21 wher ei mdahefoemeritrringveva bf s liupidemignleompssdtiingnsidedinect ed i n
series. 15 24. The Bﬁé?%%g of claim 21 wherein there are two of said
pressure vessels onnected in parallel. 25. The apparatus of claim21

wherei n the dividing elenent functions to establish a 20 level of the

wetting COMPoSi4 Onyk Byl CORIRELs wiRn AFHAR Al o8kl HRIAY agchem cal

conposi tion, e nme conprising t S I'ng a pressure
vessel with a |iquicimpfatniocainoediypdsivapletsin dwret insitiges.a 25 vapori zabl e
conponent, the pressure vessel having a vapor space and adapted to contain
the liquid chem cal conposition; b) contacting a dry inert gas with at

| east a porti ofB.of Thheptaraiusioficlglneif whehein there are two of said pressure vessels

10 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



conposition in the pressure vessel to transfer at |east a portion of the
vapori zabl e conposition fromthe |iquid chem cal conpositiagA ,|§@@5 dry
inert 30 gas to forma wet inert gas in the vapor space; and 28 April 2005
WO 02/ 058885 PCT/ 1 B02/ 00242 28 c) pressurizing the liquid chem cal
conpositi on out of the pressure vessel using the wet inert gas in the
vapor spaceWO08%95%¥%Snet hod of delivering a chenical corrpo%ﬂq]’g?{wz‘t%e net hod
conprising the steps 5 of: a) providing a pressure vessel conprising a
first conpartnment and a second conpargppent, the first conpartnent and the
second conmpartment divided by a dividing elenent; b) at |least partially
filling the first conpartnment with a wetting conposition, the 10 dividing
el ement functi oni ngotgngehitiad hivédy meshefoe bilofing the weistdrt gag taomensasiotlicon in th
first conpartnent; eﬁigt floa\g%?g a dry inert gas into the first conpartnent i
a manner to provid et ween the inert gas and the wetting
conposition, thusg) ftherdivﬂ@galemeﬁthaﬁn@meﬂgﬁs,aMWiegﬁdssge ofsaiviyeat ineehiges f ur t her
connected to an out C uit for th gs: d) flow ng the
wet inert gas into thggﬁsg%&npé%lﬁﬁ% ﬁ%s%g?%&%@h%ﬁa condw and e)
substantimlly fi ld) |tnegsebdnﬁcsmpamcéncmmteﬂmcemmhtctolndlatdndqmpnﬂetmd‘iutal
conposition all ow ace, the secan ected to the
first conpartnent \r}g%lalfcﬁlé 0218% PP aDgthe ecmg% PéngﬁPl veri I’%g a cheni cal
conposition, the Watajiﬁdpﬂseﬁhermgbmadem&}twecteﬁftotheﬁ)ﬂmﬂmﬁﬁﬂtg’l&a pressure

vessel conprising a first_coppartnent a compartment, the first
conpart ment and thgheslélﬁ%lﬁ&’ PR ™ Hﬁ 5@%@%@%@ 25 dividing el enent;

e
n

10 22.  The apparatus of claim 21 wherein said conduit inchudes a mist eliminator to

remove 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 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




b) spraying into the first conpartnent a wetting conposition, the dividing
el ement functioning to establish a level of the wetting compogdbeds in the
first conpartment; c) flowing a dry inert gas into the first conpartnent,
and contacting the inert gas 30 with the wetting conposition; thus formng
a wet inert as; 28 April 2005 WO 0 210 5 8 8 85 PCT/1B02/ 00242 29 d)

f1 owi ng the 938881t gas fromthe first conpartnent int BV ¥a¥ond
conpartnment through a conduit; and e) substantially filling the second
conpartnment with a liquid chem cal cosposition, allow ng a vapor space,

t he second conpartnent connected to 5 the first conpartnent via the
conduit. 29. A nethod of delivering a chem cal conposition, the nethod
conpri sing the stppsessuizingdhe liyud\chetog camprsgies ovief the pssture syt isigng a first
conpartnment and a sﬁgec%%d 0 conpar.tm E}mb the first conpartnent and the

- second conpartnment di Vi o8 gﬁy a. drvi ing element, the first conpartnment
havi ng a chanber formed by a housing; b) spraying into the chanber a
wetting corm?]sition i.viding, el. {. ioni . i a |l evel
of the wetti'ng céb‘rrnﬁ%ﬂ%'it"{](?féigﬁh‘feqn% ghegkgﬂngée]%);omwlg?%ﬁ%owo%ngﬁ%@?/ Sfﬁ%rt gas
into the £hasfber to provide contact between the inert gas and the wetting

conposition, thus, form.ng a wet nert : fl ow nert gas

into the second 3%%%“%“%%?%3 Fé’ﬁ%‘?ﬁ”&"l@%ﬁ“&ﬁ'ﬁ“gﬁﬁ eg{%gt?g%ﬁ ially )

filling the second compptmdntyghetiirsticompartmentpnil thecbmnil cehpartoenisivd dadibyn,

al l owi ng a vapor SPAGS: ggem\{,apor space connected to the first 20

conpartnent via the con%lullrfl. 30. The nethod of claim?29 wherein the

di vi di ng el ement bf whistdt partialtydfiltheg thbfiistdonpartthan with e vetting covpositiog, thonposi ti on

|0 the clpnber. 25 Vﬁ?ﬁcang B bTR 1080l 1 bRlnT M BE L Hedifif cohipbli' ©f ement
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;
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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.

A method of delivering a chemical composition, the method comprising the steps

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.

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.



