; e3el dV&6\ Tc WD 02/ 058885 5 PRESSURE VESSEL SYSTEMS AND METHODS ;
PCT/ 1 B02/ 00242 FOR DI SPENSI NG LI QUI D CHEM CAL COWPCSI TI ONS 10 Background -of
t he | nvemo amwsgssski el d of the Invention This invention i sPCEIBR&G2420

chem cal conposition delivery systens and net hods, especially to the

chem cal delivery systens for electronics specialty chem cal 15
conpositions, including CWP slurri fer polishing. 2. Related Art
Process chem cals for sen conduct OWWM@W@M{W&W are usually delivered
from 20 bul k containers to user statio o called chem cal delivery

systenms. High-pressure inert gases, su®&s nitrogen gas, have becone
popul ar for driving chem cal conpositions fromchem cal containers to user

.stations. Conpared to the delivery systenms having a punp, systens enpl oyi ng

-

hi gh-pressure inert gas for chem cal delivery have the advantages of
delivegy fromfurther distance, and al so snooth and pul se-less delivery, 25
thus avoiding inmpurity shedding fromthe conponents of the delivery system

Al t hough t he advant ages of such a chem cal delivery nethod have been
real i zed and the met RRESSKRESSSTHLSYSTEMS ANRMETHORMt | some concerns

and probl ens have J l ess chem cal
conpositions are E@H@ﬁkﬂﬁ%éimﬁﬁﬁgm@%%ﬁg ~2 wth this
type of delivery system For exanple, inert gas, such as nitrogen gas, wl|

r eadi lé di ssolve into sone of these praocess chem cal s during conpression
procesé and eventual Iy form dfaskepiwd efdhelpveption These dry spots becone

manuf act uijﬁQlMtﬁ?iéveﬂﬂGnseri ously reduce the production yield of
sem conductor nanufacturing. To avoid and 5 elim nate the problem of gas

di ssolving in chem cal conpositions, a new delivery systemw th a bl adder

installed inside the pressur essel. ha en | nt e ' ' t hod
and appar at us, qﬁ'lsdﬂ‘feﬂ}ﬁ%%?tf?lé%ﬂ?{? E%eélgﬁa §§I§IB§S§H% @ﬁ\{@g‘[ﬁ S%tglxﬁ%) hlgd %@@ggg‘f to
pressuri zeggehally éithe eRETRIRE! delivdy spuéifd e elebiréties dpecialdpchentalce there is no
direct contact between the _chem cal conposition and nitrogen gas,

di ssoll§i ngowpositiansggelndigg LN slyrrigsdpy walespolishing. 5v0i ded. Furt her nore,

chem cal conpositions will not change in assay due to chem cal evaporation.
When del i vering aqueous chem cal conpositions using direct contact with an
i nert gas?2. Retdtedarsl urry conpositions used for polishing wafer surfaces,
wat er and ot her

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 some of the semiconductor process chemical compositions are delivered
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15 chem cal conpounds in the chem cal conposition at the conposition

surface and conposition residuals on the container surfaces will be rapidly
| ost i nt wabzosssssrt gas when the high-pressure inert gas BCT@RRIN24Eont acts
with the chem cal conposition. This is because inert gases are usually very
dry and very pure. Amounts of chem cal conpounds such as water in the

chemcal con position will change becadse of evaporation. This 20 change in
chem cal conposition nmay nake the chem cal conposition function inproperly

when it is used in the. sem condu%t or manufact uri rlllg]&gra €ss. V\heq wat er
evapor at eVifththés typepk deliyery systgmy Foy ¢ e, St §aSsTUE AT LRBRH 87508k or med wi t h

much | ess @k & hisddide TS SrsLSGRAE HRSRE HEARAN durRBSodbrdsass piveéstahdi ty. In
the case of slurry conpositions, this dry filmor dry residuals will be in

t he form efentupdllydomm divepoisontwaftiss These gty prptyfeacomp mapuiaphyging dgiogts her at ed

articles eve I il . I - VM 1 : Itk to user
. g t at : ons 5“?%’1%#" gg{lj%cé ﬂigcérg‘fh%?lgg %é%y%s%g?wélﬁlp?tg%gggﬁ%l S % r OE%‘;Q%%P%(%IW d ge
3 ol veds by elimirag: t}!ﬂa @roblaw 6f g@nﬁsisol_lvﬁ% ih ﬁhﬁdﬂieall doeplositibisg y nbyy qghm;g mysteng t he
irect contact of_ nitroggen gas with chem conposi ti.oq.. th thi
t echnol ogyithe tlpdder Hﬁ@llg‘f B%??dl?lﬂé‘e PFETSETS Véﬁseﬁ ﬁ%\stbngPlﬁ’Bﬁtﬁﬁ't ?‘Gﬂgﬁ%’?%ﬂ‘fcﬁe
chem cal ﬁﬁ%ﬁ%&? W&ssﬁfe @5 deh ghd ¥ fa$ab At KBsddePto ﬁr@%uﬁi@dﬂﬁﬁeal WO

02/ 0S8885 t2 To over come the shortcom ngs of water
evapor at i oompeditorisrestsidege{she baddsr.sBincé there is ap dsectgortdctthstwigsndbar i ze t he

Chen cal Eompaa prgiol faf el Ao iRt PR ERER BngBetEE ™ Wnen (ne

noi st ypi zagbifkd. r RGERIIGR, dRAlGL tempésitions Mdlinondhatgnipassayidnn s cheassalt r ansf er
of water in the nitrogen gas and the chem cal conposition is significantly
reduced ofVaAOEPIBiely elininated. Therefor e, there is no, or very little,
dry residuals or dry filmforned within the pressure vessels. However,
there are still sone drawbacks. First, nore space will be needed for
acconmodat i ng aVimmndetiivéring aqueeus chemicakbcqmesitioneusiegdisget caipss willuand be a
serious pr.obl em because in a sem condugct or.. uf rdn [ pace is
al ways 1099 qse%l.(’ﬁ,&ﬁéﬂl?’(gﬂglpo AeHs ¢1|°rp h%@‘&}ﬁ%&ts%lé%g&f isxa%%%ﬁ&a%/%ys

per m ised ;AgHicaP@Epousiddiattheé hpical 3bhpositedil £ theSpagositionvingicenhded ni trogen
gas may create sonme problens in the system ?geratdi[log. Since. noi sturized

ni trogen fPERAsIAR E?ﬁkjlﬁalﬁoFéhlea‘iqn%ané‘Hécﬁ Hal peagidhnlostintadlp mertpds se| |

moi sture '“Vheg!t d Hgﬁ-'brrﬁéﬁ-e Gt Oé%@ dREANARRGMs Wit e chdniBalRBRRPUSBoR! TRIB@NgES Of
physi cal conditi off. I's condensat e "coul d bl ock up val ves and make the

val ves 15 beeduleinetti gases afthesueby deryslay andoveny gutel dendyatscafichemigalepmnognds nt o

the pressure vessel. t ilute the chem cal i Li e

conposi ti 5‘H&b‘f’*§a‘ﬁﬂgr Wﬁ%ﬁ'beﬁu?ﬁ? SBeste ﬁwulﬁlﬁcglﬁﬁgesrg%? %%S% iog g‘%‘ﬁ”ﬁ@?ﬁh ggist he
ConMpoYWt i Qharte if BREMA corpopition hiagmsakeiss cemiqi eahp®itiondondtival | ed to neet
user's specification. Further, some cgerri caé‘}éog‘gosi tions, such as hydrogen
peroxi de iIFPEARETIE Mdven idp uied i dis SeERoNdyGtey MaRplacHTEPTOGeEYy HiGhWAF ity i nert
gas 20 eveega]%%%g td fnett a0l & Hirh 686y 1H68GAs cIER foftne® AHANRIChIEBS W | |
change when ‘the chem cal” conposition’is delivered with such a nmethod

al t hough swritr amdeiem gendentrathed piropgsitionspblsss vadsiliry Infbe case o4slgEyi ous probl em

for sone cases...lt ul.d t.herefore. : el n the
cheni cal o°8P1P\9§‘P9“SaW? dIZVStIl Tnyorg ﬁshﬁﬁlsﬁvﬁggﬁggys %@gﬁr%eg%ﬁ%ﬁgeioul d be
desi gnad tdTadrgkesiies e Théseaggioghet el wiptvles evehimdilyiwillbaddtvercdGvith dh@md2l US8885
4 Summary of the Invention PCT/|B02/0112~2 In acgeor dgance i.th tbpe pr esent
i nvent i on,CORRPEItionn 9 UsprEAtions BRPRRS sSAPhGR P BALT STERCE} oY BROIS 1 educe

or el i m nal gd fiesoRfeadyiRigThe foYe hiRalichealbiadaBttethnb]dgy!bpfitventige el | qui d

chem cal conposition delivery with pressure vessels, as well as problens
.associ at edlivect ¢onpaceof witregen gas ovirh dhermical ¢anapasition. Jish Birstechnslogyeaithffer ei n t he

o oy AR o BI4RER G RPN i SRR 1

.presemsie ofeldatedSotihe blagdavi ty, or conbi nati on;

-




-

&

may be Newt oni an or non- Newtoni an fluid;, may be aqueous, non-aqueous or
conbi nation; nmay be a conbi nati on of conponents (liquid, solid, and
gaseous) wa®/@sssser abl y, |iquid chem cal conpositions whi BATHBA2/8243ef i t
fromthe present invention are substantially aqueous, Newtonian fluids
havi ng a conbi nati on of ingredients, including, in some enbodi nents, one or
nore organi ¢ conpounds, such as reactive diluents, non-reactive diluents,
sol vents, co-solvents, coupling agents, and the |ike, and abrasive nmatter,

for exanpl e digpersed in individual particles, . .or. | oner at es .20 of

 ndi vi dual _par tpoveEomerhshonrorpagyafiies SEPaRict iy Rah 26 ety

chem cal pREHAINE X mBRHRBItRONiFbEHn das ridf 1 ilsWoinpliffoahé pdsdurdibissbicfeni cal
conposi tions. Suitable organic solvents m ght include organic al cohols,

ket ones, atsseitizeghemnisal qompesitioas pradiasidepices A lU:S Pyr Nax@ffs24!1. JBhen the st
aspect of _the | At | I Jvrer PR TR m cal
conposi ti %OW ?Wgéﬁgéﬁi?%@@%@ﬁ%%? B%Igﬁgﬁ{rl?&géﬁsﬁ? gatﬁéngﬂgar’g"s@%?‘g' vessel
conpr i §i nghearitrogenegas andithechemichistonfpositian fis Ggrificanlgmédraéd eeppditelyon, and a

vapor space, .th essure vessel ada to contain the.liquid chen cal

conposi ti Sﬁ‘:‘mlaﬁ@' &5‘5{?? e eI AT °b8??§g§€?’ RANE Qﬂ%ﬁ&r @fﬁﬁﬁ‘o‘?f‘&%‘o‘ﬁgﬁ%

portion (peiredsal!veseldTaleven thdrofre@fill Warhe BlawbaekseiFiist, moféfidé RaBB8a PCT/ 1

Bl |1 2/ 002~2 b) nmeans for contacting (preferably bubbli ngﬁma u4r%léen‘a{)referabl y
o

hi gh pur i myededdonacgemmailating-a hunaigdiier aeasde thedresre vessel | cal
conpositiqn.i V, : . . Lan of the
vapori z abI%(?anoﬁl g P %?I%E%IB ?’ ?%aﬁlqg{ ﬁlea s%ﬂﬁ%n%%ﬁo%%%@éﬁq@}fa%@%? %I%a%le Eé;{l{vh%gas to form
a wet 10nefimigds Aldditionel aqajpatiens pawenpyaspdcdismpt ateapspdrmittedrand space 29 mg t he

chem cal c osi.tion oyt of the vessel using the t, high,puri.ty inert
gas. Pref é‘B’Y ﬂagﬁfﬁiéglét COfd, I THTEE n‘é‘??ﬁ%‘blg%émy %Y\é\%e ?%B%_gm}?ﬁﬁ’rsé’i’ % he inl et
and the Old%slté}h oPéI8LiGR CHinbLMSistirizad £iBBgGONOWE hkdtgh adelatv@lonp ifle Inggithel t he
tee connected to the 10 pressure vessel. Also preferred_ are apparatus

wher ei n t ipeessiy vessele MeisilE yn hitgeemgasicasy be pandensgedn the ling hpeavse elrhgegespar ged
into the L t i nert gas
i nl et con?‘f Eﬁﬁfs%{aﬁg&’n?ﬁ@oﬂ. gaégéolnﬁflgg 153Cc §ﬁié‘31f‘?é‘ﬂ§’v‘?ﬁﬁ‘§§ glrl]d é@?‘?ﬂgﬁéﬁ@%r ef erably
the expt emtfuattidoheTlenentdergas coull @lso bacamigd dutraims thg plesievestttached
thereto. 15 As used ,hqrei n the te m'.'dﬁ 5 msansaéhe i.nert E]?@O?relf erably

has a noi Silifedheehemural compasifionsn (smikat eupposTianaheREe By iy Ao Dy o

pr ef er abl ys foeBidddnRRadse RIRS Coiosiiion of bhetiicA binbYsitics ki€ Be F&Ei@élp when
referenced to the inert gas neans the inert gas has | ess than 10 parts per

mllion (mpmolteéttamqehwgs specificabiery Furthes Gpme ghemicalfomprgitians S¥BMsounds) ,
nore pref I A E y 2 hi g AV : iR when 20
ot or enced EyehiDRide i the SnBRI collpblifol it RS ip BT MR FR Ll 00
billi @ taeved thonguitiid moistumized)afence cahepicah dempositions gah change mhenithgs) . One
preferred dry.inert gas i.s.that .referenced . m conduct or Equi pnment and
Mat eri al s Cgﬁ‘%{‘@?ﬁcé’t“? 'é’lon(lﬂﬁlvfregt“é}wlaaé?ﬂ?g{- ou %‘ﬁdﬁﬁfga“fgfﬁl Ni trogen,

Bul k GasequsmiclPecigREoRlyiriaY bé & 38Rus plobic BRTsaiedadeer ei n by ref erence.
The term "wet" neans a gas conposition having conponents 25 selected from

the group consisting of water vapor, organic vapor, inorganic vapor, and

conbi nations t H?&r&ﬂﬁ'thé%ef%%@e’%v%?@é’oﬂ&,‘éﬁd SRR PBR thOEhdnllBal iRy hen for

delivery of liquid chemc
25  if chemical delivery systems and methods could be designed that reduce or avoid the

above-noted drawbacks.
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conpositions conprises: WO (12/0,888S PCT/1B02/002~2 a) a pressure vessel
conprising a first conpartnent and a second conpartnent, the first
conpar t nwo omordsgshe second conpartnent divided by a divi dPag/IBR280242t ; b)
the first conpartnent connected to an inlet conduit for a wetting 5
conposition, and a waste conduit for allowi ng the wetting conposition to be
delivered to waste, the dividing el emeft functioning to establish a |iquid
| evel of the wetting conposition in the first conpartnent, the first
conpartment al so having a dry, preferably_high purity inert gas inlet
conduit having an end positi orredParetthe BRYEDHQR Nt ed t 0 be subnerged into
the liquid chem cal 10 conposition to be delivered to waste) to provide
.contact in the first conmpartnent between the inert gas and the wetting
conposi ti on t olf acordaneevith themresgatspventien,frioveland simpele eppematus andmethodfavi ng

tlet for the wet inert .gas: ) t tlet for '
-Sonnect ed SEgeRESALDEANTE TR Bt Pl Tt ol o LA B (e

seconds congaidickBiicab MREIHREH deRve withIpeéssre vessels, Anvelbas ppoilems conduit for
a liquid chem cal conposition, and a, vapor space, the_ vapor s%%ge connect ed
to the fi essocigapeth previcusly knewehyidifiGagen sysieinse d\icispd herpindhe i@y appar at us
of the sec di Ak Lilyt he conduit is 20 part of a
nmeans for %M%ﬁn&@%@?xﬁ?h%he f’fl@ggﬂi% c%em’ cal conposition inside the
second conpartnent. Al so preferred are those apparatus wherein the wet

inert gas condyit ingclud a _nmeans .for renoving.li.quid droplets fromthe
wet inert gas, %&éﬁé}ﬁgﬁlﬂgﬁ?&fr&cﬁ%‘ﬂdFﬁ%cglcclpg@ﬂg?mlﬁeu’gﬁaélss', m st elininators,
coal eggers, adsor bentfluid@ihel fléwSundabmhe ek Bice Bl bassburt, Lravi®y tedntbindgioay es,
zeolites, filters, heat exchanger s, condensers, 25 cryocool ers and the
like. A third appar @aydedimaeniaee ngioNeworiapdiidiof |iquid chem cal.
conposi tions conpri : I ess coi.i sing a first conpartnent
and a second 30 con%gaﬁltbﬁ%ﬁ‘flé}u?’hr%ﬁwggu\é?i?r%g}r)]?lgntggrﬁ’ and the second

conpart nment di vi ded niay be aciowibitiatign ef emeprnents (NDid) 26135288 gaseous).

15 Preferably, liquid chemical compositions which may benefit from the present
invention are substantially aqueous, Newtonian fluids having a combination of
ingredients, including, in some embodiinents, one or more organic compounds, such as
reactive diluents, non-reactive diluents, solvents, co-solvents, coupling agents, and the
like, and abrasive matter, for example dispersed in individual particles, or agglomerates

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

alcohol, for example.

25 A first aspect of the invention is an apparatus for delivery of liquid chemical
compositions. A first apparatus embodiment comprises:
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 liquid
chemical composition, the liquid chemical composition having a vaporizable

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



PCTIl B(12/(1022 b} the first conpartnent connected to an inlet conduit for
spraying a wetting conposition into the first conpartnent, and a waste
conduit ™o 02038888 Nng t he wetting conposition to be delivePEWIBE/M2ELt e, the
inlet conduit terminating in a neans for spraying the wetting conposition
into the first conpartnment, the dividing element functioning to establish a
| evel of the wetting conposition in the first conpartnent, the first
conpartnent al so connected to a gas inlet conduit for a dry, preferably
high purity inert gas, the gas inlet conduit having a termnal end

posi ti oned ( pr & er abiegnsfooventacting\(pefanibly bebbiipg b duy, profaratdy high purigui d

h I d | |
First conpar { et 48 o e seiEhEEr b8 AR BB RE AR bets b o 1

forma wet inekbssalad, trahbfer itilést a OHIPA LT e Rbpdrizableortidaviioig tivrchemidabt f or
the wet inert gas, Gothe outlet for the wet inert %as connected to the
-second conpar t REHPOY {0\ (B¢ eH &A% tofQEm @ YRy inert 8ag jn thi AR SRR art ment

havi ngsan inl et congigiahs R ré@‘&r&ﬁgtﬁé cl%ﬁ%'c&mfn@ﬁh@h&ﬁolf'ﬂﬁwegse?ﬁﬁﬁg cal
conposition, and a vapor space, t vapor space connected to the first
conpart nent vi ghe e, hghpunwrmergg@ conduit. A fourth apparatus enbodi ment of
the invention for delivery of liquid chem cal conpositions conprises: 20 a)
a pressure vessel conprising a first conpartnment and a second conpartnent,

the first conpPdremed apparhtisieitiss €98 embedipehitai€toseiwkidreidthdinla agd tiedi ng
el ement; b) the first caonpartnent connected an inlet conduit for spraying a

wetting comiesare eash legstd aaeecmn@féwnf bieHdEnipglog Oﬁ&?sti:%‘ffmlﬁﬁﬁd o heist e condui t
for 23 Pal L o048 VB8 VRid! }ﬂgfeﬁ‘ éerﬂs (N‘Bml% ekt ng Pfe?galglg WSty ¢ he inl et

condui't t rmnatlng marreans praylng ing c os1tidn into
t he chanbénert gatsheacthptaddo rbg slairgeuhmo tpc pfe&wawsyGIMQarcab@ﬁwnn@ ovesselabl i sh a

| evel of t ttin in_t al so

connect ed tF"G éﬁa gae r%a%’t 1'1'.' t}fed}lelggﬁrlgﬁp%’ng%%h%l‘f)?%lgllll hé}giurl ty inert
gas, the gRsfetaBlydhe eLPERY of tﬁé‘ﬁwﬂ%&lﬂﬂﬂ@ hBﬁngld@prirgﬁh ldeviad hﬂwhe@t‘liewd bet ween
the inert 'gas and the wetting conposition In WO | 12/ 08885

PCT/1B112/111)2~2 8 the chanber, the housing further having neans for

al | owiyag et | ngy feedfehingh desqnégagtﬁelf@égsqu@mmmﬁ g:he di vi di ng

el enment havi ng "‘nmeans or a passage o inert gas fromthe
first corrp:@nten'elrass than 1 Operset oeletiedmpadisy€Ri), n‘@rqj;)refekwlysbsbﬁxdnd@mamt ment

connect ed nl e ,,cond t and.an outl et, condui or a I chem cal
conposi ti c#ﬁ aﬁ%ﬁlh lazeéemtvwé’nﬁ%lgpceélptg ]flfll%g%ﬁ pequs & nec Igéast o the
first conmmg ld@Eﬂfan\w@aﬂ@pelm H(Epfn) &Jtél@ﬂ\xpﬂ@ymﬁﬁﬁg’ﬁg& dompohedschind iotiganés

element. 10 A fifth apparatus enbodi nent sl t ght rmdlf(:_%gatlo of the

fourth entseEDeEpds) Taera Prferahkydessihan 57@?5{1 ur lt‘iaﬁ%gh E‘H{{'y hBUSFH oRRSY
mor e MRANSofefincd {0k RRrt dA6 mEAd thB thert 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
C3.29-96, 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,

A second apparatus embodiment of the invention for delivery of liquid chemical

compositions comprises:



conposition, after contacting the dry inert gas, to traverse through the
housing and fall into the second conpartnent. Preferably, the neans for

al | owi ngw»e2/a888851 Nng conposition to traverse through the REUAEBIYOAR2e

| ocated at | ocation selected fromthe 15 group consisting of the bottom of
t he housing, the sidewall of the housing, or both. It will be under stood
as included within the scope of the in®ention that there may exist a
plurality of housings inside the first conpartnment, each having a gas inlet
conduit and a conduit for spraying wetting conposition into each housing.
20 A second aspkbct aPrasse vesselnomprising gdirsesrasmryfadgrseeidi vering a
liquid chem Cal:mﬁgimﬁélt,tt’hg st’ébﬁlhz[rﬁﬁ R eEd gﬁ"ersﬁc%nﬁ%qﬁﬁgrtﬁ%%i@@f%y gonpri ses:
.a) filling a pressure vessel wth a TIQUI chem cal “conposition "conpri sing
a vapori zabl e doidingeletefipr ef er ably i ncl udi ng noi sture), the pressure

vessel having 25 v r .space, and adapt to._cont aj he |i.guid chem cal
-conposi ti on; bﬁ) conttg‘ggfsﬁﬁ B eé\?ﬁwgtﬁggooﬂb‘ﬂfe? ) “Q ftarrﬁl‘,”e‘ﬁﬁéf erably high
puritysinert gasmpbditbratnd &a&bte domRitfoPMNIHWing R Wdtihl cbnsiveitios 8 beonposi ti on
in the pressure vessel to transfer at |east a portion of the _vaporizable

conposi tion fr @R Pivpsted theitvifigielessnpBaptondne toesthlisha Jauidisvel ofas to
forma wet iIneyf gag n%@orh}glfsiﬁ/cﬁﬂﬂ rthesfﬂ%c%inpgﬂﬂleﬁ{? 11 firkY oRiafthéhisd he 11 quid
chem cal conposition out the pressure-vessel using the wet Inert gas in
t he vapor spacdaving W€y, pitératigatgh REFY ineBQAs W2 -cérdwit everanreddnet hod

enbodi ment of del.j.vering_.a liquid chem cal co sj,ti.on. c [ises the steps
of : a) providi HQSIEOWQ%G?%PIVgg@’éﬁfdcteg’ﬁﬁ&i’@?rﬁ@‘y&?q {}ﬂpélﬂu@o%ng‘icf'ﬁe nt and a
secondo5 conpalhBiMitiord feldelitéred R Waskd) I plovRidEohla6: i BEOMEt Copmpastidene Nt

di vi ded by a d|V|d|gthIenent; béiat_leas partially filling the first
conpart ment wi betweengietinery sasomddid weting cemposition taiferen @W@ﬁ’élﬂ!g gy fisshi ng to
establish a le I et ' .irst conpartnent; 10
c) flowing a d;é§+1p%;tne1%ﬂe1§m‘£%§§l}hﬂ%ﬁx?g@?eﬁ;félﬂtﬁﬁvevkt{]nélgga% nto the first

conpart nent inch naithesrutlebfop thewe énarogs aotneotet we the sedvmdicomparimerst tgred t he
wetting conposition, thus {%rning a wet inert gas, the first conpartnent
further connect®H™H &% Y%t conduit for the wet inert gas: d) flowing
the wag inert gas i Mkebdifl oRGRARFheBOMRAEHSEB aniMECRIR afPRMitlet and 15 e)
substantially filling the second compartnent with a |iquid chem cal

conposi tion al |cendm&j%aa ligpigrcherpigelcommeaitionend @ vepRpRPeaEIft Vapeilest ed to t he
first conpart i i I 3 .ment of delivering
aliquid chemnggﬂgne\(é:{gﬁﬁ%g%tqﬁg{rﬁ% ggﬁhptﬁ\%ﬂs{ehgﬁg&%g%ﬁlg provi ding a
pressure vessel conprising a first conpartnment and a second

Preferred apparatus of the second embodiment 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.

A third apparatus embodiment for delivery of liquid chemical compositions

comprises:
a) a pressure vessel comprising a first compartment and a second
30 compartment, the first compartment and the second compartment divided by a

dividing element;



conpartment, the first conpartnent and the second conpartnent divided by a
dividing elenent; b) spraying into the first conpartnment a Wetting

conposi t ivomp2/038885di vi di ng 25 el enent functioning to estabPCIAB®R/(G@42e] of
the wetting conposition in the first conpartnent; c) flowing a dry,
preferably high purity inert gas into the first conpartnment (preferably
above a level of the wetting conpositidn), and contacting the inert gas
with the wetting conposition, thus formng a wet inert gas; 30 d) flow ng
the wet inert gas fromthe first conpartnment  into é‘ﬂe second conpart nent

through a condBlt; HWJHStWP@W’GWBBeGWPEB@?@PE p@rmrag?fgg- tially
filling the Se@&ﬂgos% Hf’i'ﬂffttﬁﬁﬁ%st\é\brhﬁhrﬁnédt,%iﬂq vwReBoadkit R ARGRnEitRN, al | ow ng
.a vapor space, the second conpartnent connected to the first Conpartment
via the condui wetthghofpasitibn toeterdetivenath teowaste: theonled edridu tengnaiinghe i cal

conposition conprisgs the steps of: a) providi [essure sel
-conprising a fi caps ‘%’Bﬁlﬁ'}g}"flﬁé}‘éjw%{ﬁ%g %101%%0(%8]198 @B%aﬁtsﬁ%ﬁﬁga eél%{ 1T st

conpar §nent andividifg sRaRACfufiegalg toREthblth\a 16kl obthe avetting ainfi@sicior trethe, t he
first conpartnment having a chanber formed by a housing; 10 b) spraying into
the chamber a \ﬁé???lﬁﬁaﬁé@?ﬂﬁd%lietﬁif%ﬁ?mPﬁBn‘?ﬂt\?‘SﬂFﬁ‘ﬁleéﬁeaﬁ%ﬁgasflﬂkéf‘?rﬁﬁft% ' to
establish a le ' ihd OI3 it {dd@uit RANREE terflnad btV Ng a
dry, preferabl é%’g&e%%ﬁy?gé%%%ﬁ%i@?ﬁt oge'?)ﬁe chan%er togpreovi%ae cont act
bet ween t he i neptitigrs! (preferatily abwstetai lagel obthp spiay¢dportiomokliquid phengcal wet i nert
gas; 15 d) flow ng the t ipert.gas LRAto .the second. c artne hr ough a
condui t; and ef?lgg%s%?%t}'\oﬁ)gde{}vqr?q |Wb&$ ealioxr oM C@B’rr%lg?ltr Cﬁ?lp%%ﬁr}ta i qui d
chem gal conmpostiwcen thedhéro¥asnad sheragtng saas®itionhe fotaPowesipat gas; arifest ed to
the first conpartnent via the conduit, 20 The first apparatus enbodi nent of
the invention &PPBEmenfuther hayngappytlet frdheweidnert g23h purity inert gas
with a wetting.$onpesid ol 49 GRS IR VB REmbiibyiad

chem cal corrpog ti oﬂ%%itlggfoael{é%éee?{edq@%gnt actlang gggﬁ’rﬁs irrllﬁja prlesglilre
vessel to fornvetigett gameortdugas, which is then used to pressurize the liquid

chem cal 25 conposit,jon out of the pressure vessel. Therefore. n

addi ti onal spag i s Ofis ‘?Og}pagﬂ’e’éﬁiagmﬂl ERNR ﬁ?lit & %{%o?t% %‘F@Q}ﬁé‘f}sa

appar asus and nRtfaehsmiodl fspdRfthedit] vapar spaEe, tiWapbr avsitdnnedieVRBE | S
needed to saturate the dry inert gas, the assay of the |iquid chem cal
conposi tion wi Ifil'Stﬁ@mPE‘ém%Fb’ﬁ%@ﬁt"‘iegme&? 23§ $EEd when the wetting conposition
is the liquid chem cal conposition being delivered. The vapor content of
the wet inert gas can also be 30 easily controlled by carefully flow ng the
dry inert gas tAfeoubhppdrets embodimehieafithesinyodiopder delivery of Miquidehéinicat

enbodi nent . . o
compositions comprises:

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



WO 02/ 0s888~ PCT/1B021002.12 11 O her preferred enbodi nents of the
presented invention feature two conpartnents within a pressure vessel of

i nt egr al Wimayossgssqui d chem cal conposition to be deliver eBCTAB®RMIPI2 ed i nto
one conpartment, and a relatively small anmpbunt of a wetting 5 comnposition
(which may be the liquid chem cal conposition being delivered, if desired)
and inert gas is supplied into another&conpartment in such a manner as to
cause contact between the dry inert gas and the wetting conposition. The
two conpartnments conmuni cate with each other through nmeans descri bed

herein. Hence, t Ktee ¢hamber teslepsmgifugisrpedng means for pleypag MehngtEAs et i nert
gas that conpris 1 preferably water vapor, but not
limted thereto. qﬁ%‘%ﬂgﬁgﬁ?{éﬁyé #m%g chem cal being lost into the dry
inert gas is peevkndietingslbeentthevidg ynenesiod addwipg phdsege ofssaisl wetiineat ga at t he
sane tinme. Wth gne preferred enbodi nent, the twg coppartnments as nenti oned
-above 15 communi ctg%néaﬁérﬁt CQEEHQ”B‘FH&P%EWS%COQIP&EWH’L al |l owi ng wet inert
gas tosflow i njp ROEbOHA cAtfipdriieent QsBEEdR UnSinleV¥drndu Anddalblfledbaddupy ef er r ed
enbodi nent, the two conpartnents as nmentioned above communi cate w th each
other through a dev4bguidrherpisalcomppgition.#Bfl ¢ vapespacsythsVapy speredliiflyas

hol es, |ouvers, ]%]ﬁlr ' ' In IeSH MG vARARRsapE RRfRt | Ng the
t wo conpartnents%la%q{k%(%%g e g%gnﬁaﬁehﬁ%lisﬂ?%&?ﬁ%g ;Enventi on asr% provi ded

wi th necessary calividbig edemtent.sol ati on val ves for dischargi ng and rechargi ng
|l i quid chem cal conpositions into the 25 pressure vessels, introducing in
and draining out of liquid chem cal conposition, and filling and rel easing
i nertjgas. The apied S5faSfuCHIRAIABSa Qght NBJIFcESELEBhY R5usthlemboaiindde,

operated for delivering chem:cal conpositions with one, or npre than one,
pressure wedinsludes thie ferivra thas the hppeing hasaneer prase BigaRs fopaliesyiag Heaveldng) | y

installed | cal Lel i 4 i [FellNl ] ositions.
Preferred cg%g@sﬁ\ﬁoﬁ%aﬁé %’8 ‘a%?‘géishgmg%\?gﬂ‘ﬁ@%%‘e tﬁﬁlgh ?%\?iesh%il ?1 cgﬂ al so be
arranged iinto sierseendt c@mypartheng Préfecablyg theheerns fir allowpresthe vetimgf r om one
pressure vessel..to anot her.. 112/ 0~888~.PCT/ 1.. BO2/ (102-12. 12 These
and ot her SSEPaHRoedrayfrye ggﬂ'é@ttg\é g%?usy}gear? asd f‘&qrcag}o@ 55{5%)‘!‘3&5[?% 8d with

ref er ggce o guptdafisiftild SThd oY thgBoid, BRSewall o thetousing @@ bo

enbodi nent’s, "al though not limted thereto. 5 Brief Description of the
Drawings FIG 1 is a process schematic, side elevation view of a preferred

embodi ment  of It 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

A second aspect of the invention includes methods of delivering a liquid chemical
composition. A first preferred method embodiment comprises:

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 liquid 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 transfer
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.



an apparatus and nethod to noisturize inert gas by bubbling the gas through
chem cal 10 conposition; FIG 2 is a process schematic, side elevation view
of a preWr2dE888vbodi nent of a nethod and apparatus with PUNIBBAPA2t nent s
and an external conduit for comunication between of two conpartnents; 15
FIG 3 is a process schematic, side elevation view of another conpart nment
arrangenent for the preferred enbodi neit of FIG 2; and FIG 4 is a process
schematic, side elevation view of another preferred 20 enbodi nent of an
apparatus and nethod with two conpartnents and an internal comunication
arrangenment. Description of Preferred Enbodi nents Wiile the nethods and
apparatus of t { : rEy; i : ivery of
.slurries to se%]%(‘%‘g"%@a%ﬁé?d %‘?@ﬂ‘%@g@bﬁﬁ rall!tCi th% égl%ﬁﬁe%a g@éﬁg}nappar atus of
t he i nventomriseathelseepewfil oyed in any situation where inert gas is used to
pressurize a cqnmpartpent and noi sture | 0oss For exadrrpl e, in

ifs a %obl er?v

-the product i on®oPrREfiNgpTesE ¥pssel coprisings firsh ommagment and asseond, " b o quce
"strucg ured abr agh¥BarimesSheIRAWRADhNmEM! a8 the deednd dBRipRRMeMNUIvided6Pa619,

i ncorporated herein by reference. In delivering 30 slurries to be cured
into abrasive coakividige elemeatis| urri es may be noved using inert gas, and the

principl es of e I } I : UG

di scussi on v\g‘%&%8@}@@Lall#%%%g%%g&?gﬁﬁﬁﬁg@ﬁﬁgvge%ﬁgtc {f]lgbi eyrﬁ (’:olr?duct or

i ndustry, since aliyidingeiomdnefimtiiéningtotdseablisidaileyelaf tief wetting eompasitinh ifior
wetting the inert. g st however, it is understood that the invention is not
linmited to use i ﬁheaﬁv BPR AT ERALy setting. 5 Chenical conpositions have been
used {@r a varpetiowrhg RUFP PaEsably highSurity ﬁﬂﬂ%ﬁ@ﬂn&ﬂ{e%&,ﬂcoﬂ@&%@ﬁtiﬁ ki Ng
process. For exanpl e, aqueous conpositions of silicon dioxide powders with
other necessary ohemecielpreddpeditad beivepr thednastigas@nd de weiting commpastionze waf er

f . Thi . ] j cal
ol i ahing or chortidpnisE i Bigesh ke FiE Sl e d el B BERIRIME "

manuf act uri ng pr audsisdongduit 6} tHowedsert gast he qual ity of pl anari zation

process, the lyrry conposition is prefer ably controlJled w.thin a
specific rang%ﬁ%ﬁ@é’i’“%ﬁ gas e ﬂ%f’r%"%cﬁlmagxﬂﬂzt L8 A PR SWS.

Chemi gal addi t by eugQaasnt fakine s@bld BSHpdrienTWihtaiRel etehied] ust ed on-line
to nmeet their specifications. Particle size is preferably nonitored and
control | ed by filcomppsitign alioniag evaprirspies e segond gpapprtmpiiiponnactag to the

m croneters in difﬁgetog{ aﬁ%ﬁtﬁ?ﬂ{e% H@ui{ ormed by 15 aggl onerati on processes
because | arge par PCIeS2Can scratch Wafer surfaces. Therefore, formation of
| arge size particles is preferably avoided during the chem cal conposition
del i very process, . Such chem cal co sitions are . usually delivered with a
pressure vesse?‘%&@ﬁ?"é‘(ﬁnﬁ BWOEE@&V&E&%%P@FPP‘B@ Re§8lits. FIG 1

i 'l ustpat gsmprides eatRbrenbodi ment of an apparatus 10 of this invention for

delivering chenical conpositions. A pressure_vessel 31 contains chemni cal
conposi ti on 32aF aroviding\aargssug vesreheaapristngipldest eqraparimembandcbicgeid 20 with a

control valve 21 { | | b
conpositions int o&g{pggtts}%rﬁtéTﬂ%/éeﬁs'\l%@%%&%@%ﬁ%%?&?oﬁwgﬂ&gﬁﬁg?, acondui t

22 with a controldividingeléher23 attaches to the container to all ow chem cal

ition livere; r ion or . iy
conposi tio bebgjesprayleng(:"1(1j1t0t {he Hest cm%}t)gi ment aC\)Nettmg composition, the dividing

25 element functioning to establish a level of the wetting composition in the first
compartment;
¢) 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 conduit; and



ot her containers. Conduits 20 and 22 may alternatively be separately
connected to pressure vessel 31. Both conduits 20 and 22 may be any

mat er i al WQmRBs45l e with the chemi cal conposition. Prefer PEWIBE{082423] s

i nclude nmetals such as stainless steel, and plastic materials such as

pol ytetrafl uoroet hyl ene (PTFE), perfluoroal koxy resin (PFA), 30

hi gh-density pol yet hyl ene, and pol ypropyl ene. The di aneter of conduits 20
and 22 preferably ranges fromO0.125 inch (0.32 cm to about 1.0 inch (2.54
cm. WO U2/ US888s PCT/ I B02/ U2~2 14 A side tube 50 a tache? to pressure
vessel 31 near ¢} Habstapiay fiflinethe pecopd eampartimenfwith adipidehemiesl ang at bot t om
wi th anot her end f ot Esgu, i i and the
.bottom portions i%ﬁ‘?@%ﬁﬁ%@@g’?ﬂ ve@greﬁﬂ% HEL%sgl?@éggﬁg g?%ﬁg%@h&giﬁﬂ 51c, and
51d are pref er abltie firstindraparomdnd vialke sordeitt ube to nonitor the | evel s of
chem cal conposition inside pressure vessel 31. Side tube 50 can be the
-sane or different plastic material as conduits 20 and 22, but preferably
range kn insi de fuARMeiod dntiddndnt bﬂ@éliv(erhl% 3 cEdRicARGmpasigen corhysiel tieensor s
51 a, 51 b, 51 ¢, and 51 d 10 are preferably selected fromoptical or
capaci ti vetepypks as usual |y used by those that are famliar with the |evel
measur ement arf, Gﬂg%’v'&iﬂgggreg & %’s@%l Cgﬁ'lgﬁ% 4648 BRpaintiih@aBigngcan al so
be used for |evel it ore ng. en ultra OnI% l'eve ensors are used, they
can be direct| yompiraméreothe fitss cpmparsnent andtsekbcodd campalithénsrdivided ycat i ons.

Therefore, side.,tube 50 may not be necessary in,this case,. 15 A conduit 45
with a control %b"é‘ilﬂi}% eﬁﬁl@&hﬁl@ﬁ&%&f}?a Y aX}élgfao(ihaW;b'&rh@BP%%%? hoysg, ¢ gas
passeggot hroughypr es §%"8§ing§‘1§§ e chambed 4 waEag cbhifodtidn, G daviding Slepnnect ed

with a diffuser 40. Conduit 45 can be also the sane nmaterial as those for
the conduits 2@uptignipg to gxtshiigk e levabof the predingcampysidoriihe ehbekr t ri dge

simlar to a filter .t 11 dge : L : gh.

D ffuser 40 car(fB al S(gl% g}(’)lﬁr%ér &g’éplrg{r%&béfﬁﬁg&@nﬁﬁgggE\g/atl%lﬁﬂge %&lﬁﬂgrﬁélﬂag@ehol es
to allow inert cgmacttbetwdenuhd ineio gghand the aatting kympasitior; dnstfomung emet di f f user
40 is preferably a material conpatible with the chem cal conpositions to be
delivered. 25 t&%Sr conduit 43 with a control valve 42 is attached to
pressyse vesselq)3l tRwisihe MeBiSHIAs 1S &Rlsecbhd Wb@Parfifiedektough Pearinity e
relief valve 60°is attached to pressure vessel 31 through a conduit 61 to
rel ease gases @hde the pressure inside pressure vessel 31 is higher than a
preset pressure, Th i f r |y

pneumati c val vee; CO%%‘%?%X@“%?‘H%? gefggﬁlg@%%@pagﬁ%rgﬁ}\}mgtlﬁuit%hczlgc %?n cal

conposi ti ons 3Q@ompositias albwing semposdpeed, theREBr; spReeconhegéd tehe fitsy

pol yet hyl ene, and gol ro%)%lﬁene .. WD U2/ U~888S 15 PCT/ |1 B02/(102.12 Wen
oper at ed, cheniC&P @6‘%’[‘%0" GRMUS o filled into pressure vessel 3l through
conduisp 20. The anmount of chem cal conposition inside pressure vessel 31 is

noni tored by | evel sensors 51 a-d. Once the conposition | evel reaches a
hi gh 1 evel nonitherfiset appapy embadimest ofsheinverinnaiows gpRtactng 3 &Yc| osed.

Preferabl v, [ GRrAGERE BN ind £ds30if SretU bbMiposition, 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 liquid
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 inert gas such as nitrogen gas is then introduced through conduit 45 by
openi ng control valve 46. The inert gas flows through diffuser 40 and forns
smal | bubBY0e¥0B88N nsi de chemi cal conposition 32. The bubbPE€TIBIXEM2EY e
dependent on the pore or hole size of diffuser 40. It is preferred to have
a diffuser produce gas bubbles snmaller than 50 nmin dianeter, nore
preferably |ess than about 5 nm The g&s flowis preferably controlled at
10 flow rate ranging fromabout 1 standard liter per mnute (slpn) to about
100 sl pmand at pressure ranging fromabout 0.5 atnosphere to 5

at nospheres. The gas bubbles rise up through the chem cal conposition and

col | ect some vapg: g&&éﬁb@&nﬁé@fml&n@Qf'ﬂhﬁf)rédaltedrﬁ%ﬂtﬂﬁrﬁatg@&w%i I'l's vapor space
onp

.62 above chemni cal osition 32 and in turn pressurizes chem cal

conposi t i eampartmdrs Withirhaprgsmrepfessel efistageal bedys el.iqaid chemioabeampaspionge i at el v,

t he depth,of. chenjcal conpositi ' it | to
-col | ect erI?SSSﬁve\;erz;apl ngﬁﬁgqﬁtgioéﬁggn&?a%%?égzsaﬁé 3%\3/1%@%& aéfiﬁ ?@0%?Z)F 2&%@@5 at

| east 3 mebgiposifd(vilieh BRPLS tefliguiibdhemidal canfeiidnibemgdRlivesi,dédgiredsur e
vessel 31 is preferably at. least 0.5 neter at its high |level as nonitored
20 by | evend ésrsp issuppliediinto apgikst cqppaginent wisuch aaahieras fo 6BiNe EMAtn t he

i nert gas ; . | U, 6| 50 percent to
100 perceﬁ@%?@%&gﬁ%%%}%w&%ﬁﬁgﬁ#@; %ﬁggg'u?%g(t)&%l%&g%%%%s_percent, W th
ot her cherbuaunicaipowih eachatir tivenghmedns desstibephereinp dfenge, plag li@dd i | 1 i on

| evel , either.wth or. wthout e .noi st.ur resent. .We 1 cal
conposi ti 6’ﬁerflkc\é\ft @nlpé’s’&lgpi%%ﬁpg?}feaé” lgﬁgest&?erﬁ%q%éﬁ%g 81&111)2?6&0?%##3%,%1 ‘gagﬁ{glr ol val ve
23 i s 10pengsfeably wdteiapat, bt @Wsiniiell tiketpr TES problewesfiRjuiBdhednticad bgingcondui t

22 under the vapor-containing inert gas pressure. At _this tine,

vapor - contl@stitp ghej di inerigges ispreyenied winle thedryesdyal pemblap islingpated akthe | he
space | ef t, b dicspl aced chemical conposition. Therefore, the pressure

i nsi de pressure vessel 31 is nmintained constant and the chem cal V1 O
02/ 115888s 16 PCT/1 B112/ 0022 conposition is delivered at a stable pressure

and flow rate. H.gh puri.ty .nitrogen gas is preferred bhec bt 1S wdely
avai | abl e and r‘giﬂgf”ilg eberﬂ)égsﬁgl 8&%@6 Ei%\lfetwtohcgﬁ]pgm}le%tgﬁ%&eflﬁ%ll?e? allgjé‘éé. When t he
conposist i QRninREEdaeSwih AN dtksrehrotiglad conguitiiotviiigedletidera gdsete €lowsigmsand 51 c,
control valves 23 and 21 are closed. The high-pressure inert gas inside

pressure \akgbthe gampatmglh el eased by opening control valve 42. At this
stage, chem cal conposition is filled into pressure vessel 31 by turning on
control valve 21. Chem cal conposition can be refilled into pressure vessel
31 and di schar g¥ith eoedditibnal proferiad enybolmeend shevreoednpaTysntsras meanéiongdc h
pressure vessels can he gperated i arallel. \Wen aon f,.th [ e
vessel s i PR FRVTIHUCHE IR eﬁﬁb?tﬁ%rrt&boﬁgﬁgg?{msgf P’ﬁgl&sl’ §Iéer?%r(r8%l¥ Snnlggé% p?%ﬁgi:hi eve
a contjonuash 8ehdlde1onval, éfansdlE Ahd te 1ike NP OSidividing hteapdseparatinp the twaer
stations. Pressure vessel 31 is preferably conprised of netal or plastic
mat eri al s OUWRIEENS: ai nl ess steel, PTFE, PFA, hi gh-density pol yet hyl ene,
pol ypropyl ene, glass, and steel coated with one of these plastic or glass
materials on its inside surface. Pressure vessel 15 31 nust have a

conbi nati on of Alhvftheambpdiopatstin dus mvential dre prievidkd sdth nepesayyh corirell2ndw t he

pressure vessel to take.pressure .up.to. i . . apacity
of the pr R A NG g r dﬁ&é‘f’@%ﬁ“}? r?%lﬁggé@b@ ué%%lg%%g{fgﬁﬂ@g&g %Sdg&’%o liter
s, norg prgéeuableyselsaigiodgeihg Brand@ealhing Out of 1200 dhietrédad codPosBtmnuand t he
inert gas will now have at |east a ?ortion %fmthe vapori zabl e portion after
cont act i ngilling ardwelgasing ineshgrss il he Breleried subodiments AARC PIEsSUFRovesds aPer of
the chem caler QMO GéitVePRle @Rcmich cbﬁ%oﬁﬁ&i%%'tﬁ bR oF BRI EEER, Pledélion the
interior |f of pressure vessel 31 will not be lost into the inert gas.

. Ther ef or e, vastedy i patallel. bEwe or thoie frggswiedessdlsyare esypldymistalled meeprallgttch thi s
preferred e i ST . d o] . mdifier
o ot ot urtBBREaS, etivh il O AR ERRARtork PR i s B R s,
preferited eRbuidofrthistinventibiedn 414 tee prranfet ihadrian ocbharpiiqeelwhsmsphce f ox user
s and is nore cost effective. Anot gler advantage is that the whole delivery
syst em wi | forpRosiigpeITamanepressue Xessgl P AAMHr evi ousl y known systems because
it has elimnated sone conponents. 30 WO |12/1)58885 17 PCT/1B02/11112a2
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I nert gas bubbl es may produce sonme snmall droplets of chem cal conposition
after the bubbles burst at the top of the conposition surface. These

dr opl et swmod/ekskss spilled onto the interior surface of t heChHBERIRE vessel
wal I s and eventually drip back into the conposition body again. The

dropl ets will never formany dry residuals because the inert 5 nitrogen gas
is saturated with vapor. Inert gases pteferably do not dissolve in chenical
conposition. This is because equilibrium between the dissol ved and gaseous
phase inert gas has usually been well established during the manufacturing
and packagi ng process of the chem cal conpositions used in sem conductor
manufact uring. ofddihleRak a@@a‘ﬁ&@?@zﬁidtdsgé}tsddﬁhé Rvéntin®Pe dR6dst RS “Qﬂhessur eis
.negligi bl e because 1 nert gases, such as 10 nitrogen, have very |lo

sol ubi | i t yeferenetodhesfollovéng drangeamxbdasbmpircmoflprﬁcmecgexsqumbntﬂ@lﬂlc@nt ribute
any contamni antg& chem cal conpositions if preferred ultra-pure inert gas
.is used fdft rg‘ﬁ’feffbse At normal operating conditions (about 200,

parti af pressure of chem cal conposition will be very low in nitrogen gas.
Therefore, bubbling preferred ultra-high purity nitrogen gas through the
cheni cal conposition will nBrieEDgsarintionefithe Prakimghge the assay of the
chem cal conposition. For exanple, since very small anpbunt of water is
needed to saturate nitrogen gas, change of water concentration is also

negl i gi bl e. FOIFI(éxh'rsmlmpce%sd}ieinems st elevatianydew gis peﬂfem@b@mb@hp@rt@lf ure

(about 200, ancl 2, BF £S5 b A0SR SRyl B 26 Bl by (™)

conpogpt i @Bmpadtike used to provide vapor to inert gas. FIG 2 illustrates
anot her preferred apparatus 100 of the invention. As illustrated in FIG 2,
apparatus 100 has a pressure vessel 31 for containing chem cal

conposi tions. . | 1 Q r val ve
21 i s connect e? ?o chgﬁlh%egfg@gﬁ%%%?{heg%bg%%lggr&??efhpgggﬁ%%Q%‘?Oélg@%teo?\l‘}essel
31 at its ﬂmlhddjmd&'{:pirams swithpiwpicompattaente ahd aoerpersaliconduit for bemuwhice@ored. A
chem cal &)% ion outlet conduit 22 with a control valve 23 is connected
to pressuP8WREBOEIWeqorparigents, o1+ om for del i vering chemical. There is in

t hi s ggbodi nent a wetting conposition inlet conduit 150 with a control
val ve 151 for sugpl ying a small portion of a wetti ngt chemi cal into an inert
gas conpar t mentFla3%isefproerss pehesgtie, sidgeleyation Geyof gnothel pEIPEBMeRts opt i onal | y

a three30 28Y, e\ﬁ?eiﬂ?m‘%é gféﬂ%g @1 o éf%V\@I ijng conposition flow into
and ano

inert gas CcO nent 1 er way a Iow wetting conposition
waste flow out of conpartnent 135. WO 02/ OS8885 18 PCT/IBOZ/ 1102~2 A
wetting compositjon, outlet cqndujt 153 is.prefer con d to three-way
val ve 151 for J‘&é‘ ﬂgrﬂ?rﬂﬁesfﬁ eatic-isil§ SRIIL VeV an (gas inl et

conduizh 43molifincht 6PR pfparavia! M8 ndehddSwiktt S dﬁ&baﬂﬁ’fen&lhﬂﬂ la Inﬁan51 preferably
hi gh-pressure, high purity inert gas into inert gas conpartnent 135, and a

vent condfemmmicafion agangshieibl val ve 43 all ows venting. A side tube 143 is
connected to pressure vessel 31 at the bottomw th one end and to the vent
conduit 42 with another end. An additional control valve 138 is installed
in vent conduit 42 betweeDdshepfiai afPlcfersé(ﬂEnﬂmﬂ'Hnmﬁs with vent conduit 42
and pressure vessel .31. There |s bly a bra ch 10 co

connected to tﬁgﬁ@? @811?‘7%021 fﬁ%a%’ élael?féseélﬁglv? AN AL TOPLP e\r/ttlanseélg{) 31 at
the topsi Rl lof Wukries 3 SnflieondBd: wﬁﬁer OMP Bguiprhedtethe ekiede and siatatus
illustrated in FIG 1, four ]level sensors 51 a-51 d are preferably nmounted

on side t B éheringention sam be einplopred wraistaation ShsEsinit gas 18 &ved (O PESFHECr essur e
vessel ﬁ’xg%@nleﬁn'drﬂl&%fé" 1085392 biobRiE T B &ImpR, nSARYR RO BFRErART 11 ed

away f rom t conposi tion
abrasive articles, slurries 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 slurries may be moved using inert gas, and

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



The above-nentioned conduits and control valves are preferably conprised of
materials conpatible with chem cal conpositions to be delivered. Metal

mat er i al wosexis8gss st ai nl ess steel, and plastic material s, PET/EBN2H824RTFE,

PFA, high-density polyethyl ene, and pol ypropyl ene, and the |like, are
preferred. The control valves are preferably 20 pneumatic types. The m st
elimnator could be any of those commelkially avail abl e types of plastic

fi ber or nmenbrane type. Pressure vessel 31 is preferably conprised of
simlar materials and dinensions to the pressure vessel descrihed in

r ef er encefacgsesios thejsenfipandaeton MFBSEL Sige dBrimapHenehbs theyedetign of 87358 32 to
be delive g&ﬁﬁﬁ' ixfthn%%QSﬂ FR8r, H3dud R RET BE the HRERAMSdotrat er) |

. pressure @gegggpﬂ 1 |sé%gr It o’neohere?nt’o f W0 Separat e %onpartman?s with a
di vi di ng tedted td®8.in hmepdrtigdsr etimgart nent 135 is | ocated in the upper
portion of pressure vessel 31 to accommbdate wetting conposition, such as
-dei oni zed water or conposition to be delivered. Chem cal conposition

conpar§ nent 29 Chémlcarengsbsifons hﬂ/dljéwﬁseﬂqm_tdmie%f ofPhrposes duing inegmedd 31 to
accomodat e chemi cal conposition to be delivered. The twq . conpartnents

conmuni cacEcwhANBGRANS ProessshFer ¢¥emp]eo AAUSPUS RIPAsEeRs Pt siiepn digxide t ubes
WO 112/ 1l S F . : 4 d . LI 50. It
my be. pr EPUIREY s o Spesaety ehic ConbUuRRn e e Bolipfortfitie. P 15 1o
f1 ow t hr owgleraarfsiss.t TR Prodebulis ubuailylréfioged toeaswhé¢migalsmedirnigghpdlikieng bgui d

chem cal conposition., en the ratus. 100 js operated, chenical
compostt i ehermamschpied planaana bRERGR seicdiBalol rERRt B4R g PRI
conpogpt i a1 kshethe R o pRBariAtioh Bidteds] file CMIPEIugly colpysitidd isipsefombly,

control valve 23 is closed, inert gas control valve 138 is, closed, and vent
control vapweolled withing specifigrange ofechemirgbadditives apdiartigle sigrdistibntians. 29

reaches a i gkt : i :@ﬁ.‘% ; SheYRNg 21 is
cl osed, arg’glle?’gceai %(?/q%{nllerr%%ésn%fgg% %Blb]%ﬂgl ttlﬁgagégdggtig?ib%n, es(ﬁ%gh as

dei oni zed tivéit gcificatibnk UPaticlehizwiic plefarabip ominttored and sorftedled hy dltratiegt  gas
conpartment |35 to a coptrolled depth of the. wetting.co ition,,and the
t hr ee- way “\‘)B‘Fe@éd pytickgo ]@];gﬁg)gl}apiag'ﬁ\gggwp};tteg? 141getE gte%;%?dﬁfetlogg%qﬁy of
conpogkt| %leb&e%i@ﬁ?f&@és’és Blcah R e%aﬁi&!b‘@@&n §cRat6ivaled stdaces.t Tigeréfore, of the
inert gas Inlet conduit 154 enbedded in the conposition, although this is
not stri ctfpynationef bagesizemriges is mepferabhy gxpidpdauryigdhe shesaicdl seBIPPEHR nt 0 t he
conpart megltelip& %ch é’sng on the threeway val ve periodically to maintain a
controlle cor’r% sitron level. Turning three-way valve 151 to the
"conposition out"™ position when needed di scharges the waste conposition

i nsi d tment 135. The inert i trol valve 46 i
pr ef er abl y. al vaeh GREHCH SOMPPURPR AT EougHs Betyerd Witk RBres v P Rrent 135

at a 29 caombhgh h&dsarrasvibation LA RIGI2slshaRE 8 psfbryeddndivdihent of ¥n
nitrogen gas) bubbl es though the wetting conposition inside the gas

conpar t merippardive i offhis mventipndpr dalivertieg ¢ah GOTBRRRHEIISt AoPTessHESVeShor i ze
into inert - [ L | A5l 0 - idrSinld® cOfui

del i vered Bt%%ﬁtsalen\réw&g%g{tlgg%g@o%letﬁg 3\% gff"i/‘%{g&l ;A gﬁg{sléedg?gglﬁgg%on?r olc. N 6L11 Iltve 138
i s opened.20lwigh 4 camasl walve 2V apahestociootaineo B § farseprlying chethizgl spanplositions t y

about SO t.,0 100 perceni, fl 25 through m st elim. or, 139 its 137,
140, and setoipﬁfssgffws“ﬁfjﬁl-p‘g\ﬁ??walo@%ﬂ? 0%8115%8%@% (70 S0 SREY
conposjist i o1y A@ciRE télBleicffaRdr toralRRACHEERIaS corfipdditRBiberdetiecle®io idLstation or

hi gh-pressure inert gas. \Wien the conposition outlet control valve 23 is

open, t he ahasepriainetsooadiits Hhand 23 may Hiearagivelybe separatghysgniecsd t0 o one or
nore user I i g]%,q#i : phaRes. The
delivery cpz‘%ﬁ{%‘lee%ggsgﬁggggg‘? Cgﬁélﬁgsizﬁéanggzby C gg?ﬁ%@%gﬁ?% Q{%ﬁghg% and can
,be r esumecchbmidalicompayitom. (Pé¢ferredmitecihlswadlnde. mattle suchies staimtpwsteel, end | nsi de

pressure vessel 31.reaches w.l ev nonj d | evel WO

02/ US888S é’t‘)’glﬁ fffgéﬁ?“@ 38 H‘gY{oe?‘ag?OrP?e}L}ﬁ]]e’heg{P;@{EicpS%ﬁOé?M@%ﬁy\sfgﬁé?Fs‘?)ops t he
~del i veyy. Hbh-tbissy pbljRthyldne dndgasypespilenel Thatimeled8f tondultos@dnd2 wel | . Vent
control valve 43 is turned on to release the pressure inside the pressure

vessel . Crizpferably waggsdeom 0da5 drpkd832 wan to spubl Opeds@iAe™essel 31 is then
ready to be refilled. Such refill and di scharge can be repeated for many
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 chem cal conpositions to user stations. Two other |evel sensors
51 a and 51 d are used for nonitoring high-high |l evel and 10 | ow1|ow | evel
of chem cal conposition inside conmpartnent 29 of pressure vessel 31. The
signals fromthese two sensors are nmainly for safety consideration. Once
the | evel reaches either high-high or lowlowlevel, an alarmw || be

e - N o, T



15 Wetting conposition or diluted chem cal conposition can be supplied into
gas conpartnent 135 of pressure vessel 31 through a conduit having a

shower he®D 21@F8885cat ed i nsi de the conpartnent 135 as il | uBEFABBW®I FI G 3.
Sprayi hg the wetting conposition with the showerhead produces |iquid
droplets 211. Inert gas is supplied into gas conpartnent 135 through
conduit 45 that is preferably extended!“nearly all of its 20 length to near
the bottom of gas conpartnment 135. Inert gas contacts liquid droplets 211
for transferring vapor and/or noisture to the inert gas, and then wet inert
gas flows through m st elimnator 139, control valve 138, conduits 137, 140

and 50 into Chg@d‘e%b&mh&g@@rég%gp%gsamtm%%hg@opt)(;fep%@ggpl:ezv%sgem cheni cal

.conposition when 1t 1I's necessar nposition droplets w be coll ected on

t he di vi divith oab endf2 arid3@, bowthinchitipgothen end Yhior ggallishingmonwiungeation onpar t ment
135 and establishes a ]evel. of tting. Lt here, and di scharged
-through c ?‘Wﬁ?’%ﬁ"fg? Wd[tﬁe of %P&%ﬁon%glg\gggﬁgﬁe&?%]ﬂ'i | l ustrates anot her
pref ersed apparatus enbodi mrent 500 of this invention. Conpared with the
enbodi nents illustrated in FIGS. 2 and 3, the enbodinent in. FIG 4 30 has
a housing 158 keYehsensgesdlaothbar iorand S kdyse pietqrahly mauntedpnig e side (e g g
deliver a i hdd \ | &he Btipgf i ons to
spray wet £ }Ibﬁg& @%&ggﬁggg&gggap H‘gplggl?i,ggl} %8%1@ %}é&g‘jligggsr?%%% tsi‘i%'énﬁlvm'et%i.n housi ng
158, as i bt tetsamt ed differdit plastinmateriglees condudts 3plané a2, it preficraldly mapge 58 as wel |

t hrough a.copduit 45, valyve 46 _and candui t. 154. The 1S P-QVi means
1571 or aismpetier Jatinak 3 BREmORES ARl sentte ot bRt ow out
of hoygi ngre%@ferakgﬁdé&cﬂeﬁﬂ‘rdrﬁo @i 6r abhditival et dsidlgstdBy gostparaesi sting
of holes, louvered 5 plates, bubble caps, and the |like. To renpve any

dropl ets familipewith thetlewpd sneasyrementian Qapaitypesaf kevelaensos segh asantpseme” £ j per s
can be no { 159

bet ween hg%g;?gogﬁéig%ﬁgﬁeﬁé1%r%@§{1§m %Pﬁaﬁﬁgiregesl?glrl%wgg ?g?d’:?%y? gl{ al | ow
wet i nert bgdiedtly gtastedtdutoprgtsureGresshl 91 di differentlosatibd8 Theretpas side fgeriOnent
135 and chem c% con%gsi.ti n conpartnment 29 there are preferably a 10

pl ural i t y 5% "OhRF RCRFPBEIIBE °B¥ | i ke neans for communi cation between the
two cegpartments. Wet inert gas will flow through these holes or other
means from gas conmpartnent 135 into conpartnent 29 to pressurize chem cal

| ) pr ¢
conposi tion’ t o AROIFET Ay aritick congolyalYeflp BPardetkovalvesT for higherpisetedneted
embodi nen%ﬁsn%aesge%rtﬁl%qgﬁ gre'sﬂné: 1 &Sel 3%'\7?%1’11 ek B&ttorh AP RohhQed witf £d 1 nto
chem cal conposition~conpartment 29 of pressure vessel 31 through a
cheni cal slifisky40Cantniduistcat De aiso thessame mataylal esafhose 21 the@onduitsi2® apd2Bosi ti on

| evel rea its.hi l.evel nitored. by.l evel nsor_ 51b trol valve
21 is cl oi:gﬁ.ﬁseééﬁfsrm%%%%l%%%f%}e c@&ﬂqge%gém@ 1§g 83ﬁtef ﬁaé?{d]gagéa(%?@o‘%suppl i ed

i nto housiungt did%o A¥wakrolipl, NDITBIsM(CARtalse lcotliveortfor nvét bipeg withaposi tion may
be sprayed with showerhead 210 contj nugusl pr Qduce uid droplets.

to i

| nert gas phusalityef Bolesio allogimert Bﬁ%tﬁlf@%t}“'%‘ﬂé Ity Bhysigel qoﬁglﬂlq}%or space 136
W thin gas; it 00, RPd 7 [ Hshssppee 141

t hr ough tﬁé 0 ﬁig G%Htag preé%gg%g%?ﬁgegﬁ@ﬁééﬁeﬁgga%g@?ﬁl% Once it is
necessary debivasled.i ver chemi cal conposition to user stations, control valve
23 is opened, 25 and chem cal conposition flows through conduit 22 to any
necessary external conduits and control devices to user stations. Keeping
the coptrol valamihkbGoiuitcBrvigoNtdniedvdly4BRMaNCHs S pREseOEed 3t iton, and

control valve 151 in the conposition dischargg condéit can al so be kept
open for ~EBATATBIGSY casel dhyhgrneedod pA qresgye relicf¥plye PR s aftaphadip PEESSIUE at us
enbodi men i ' ' jehd | QW Bsudel veltef rated in
LG a1 e ERaEnd L il s e e Dy R T et el

.U2/ 058885 3RaF hightythdn Opmget presgie. Wkanboandicotioned donkolyaies aye Hrefsrablyoni ng to

allow wetting co sition.t I wn 1. 1 Gl ' osition to
be deli verpélﬁl.gnﬁthce 258V 3%?1‘% ogﬁéagergafse o té%ilgghglgtg? gheen gﬁ'é:(rc\ig{pgéﬁg erably
-oper atigd Fueisst@blessdtde), PUARE) PEAC high dessity polyethglens ysidepolypropyldleC syst em
The control valves are preferably pneumatically operated and controlled
with the automatic control system Signals fromnonitoring devices such as
| evel sensors are fed to the conputer or PLC for processing and initiating
a necessary operation signal to the system 10 Fromthe description of
above-nenti oned preferred enbodi nents that are illustrated in FIGs. 1, 2,
3, 4 and 4a, one can imedi ately realize the advantages of this invention.
First, the preferred apparatus are easy to operate because they have all of
the preferred functions in a preferably integrated apparatus. Chem cal
conposition can be charged and di scharged fromthe pressure vessel by
operating several control valves. At 15 the sane tinme, high-pressure inert

Y o, a " o " .. o




25 Al though the above description of preferred apparatus and processes of
the invention are representative of the invention, they are by no neans

i nt endedw®odiisssss t he scope of the appended cl ai ns. WO BRTABRBASSS 23

CLAI MS: PCT/1BI)2/002-42 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 chemi®al 5 conposition, and a vapor space,
the pressure vessel adapted to contain the liquid chem cal conposition, the
i quid chem cal conposition having a, vaporizable portion therein; b) means
for contacti ngWhesoperatedy ¢hegrieal gprposifions aredilled %@rW?SéWGHFSSFﬁ%] fhrRghy

chem cal ¢oIMASH! 19 Ahdubi cﬁér?ﬁﬁf*tro WERIBR insid® Pré3Me vaEseP31 Is@@ditofedPOr ti on
.of the 10 Vvaporizabl'e portion fromthe chem cal conposition to the inert
gas to fobylevelwensornid-dgnce thechmpositior love) aershescaleigh Jevekmagitared by

pressurizing the mcal, c sitjon gut.o A j t inert
.gas. 15 2|.lev n%ﬁgga‘m OloYa?Y: '%Cj:f)s?l%gf'jrgﬁeﬁafb%}{]lgglﬂ )?’F%?‘ﬁg’n‘ﬂ&% ﬁ%ﬁtﬁpﬁf are
each | 0s iRkt fs ke £UMRERhigadis tReniBAGdURED tirdrph cohdiit s beepentmyeatred to the
pressure vessel. 3. The apparatus _of claim 1 wherein, bgﬁ ng/ |,Hert gas is
adapt ed t walve 46pZheingrtigas own thrpughdiffpssr 4@ gudiorng gpali bpbhlesHtl 185198 he vessel
t hrough an, i nerit. gas .. | . i I &t it havi ng
an exit eﬁlae.nuﬁ‘fd c?% O%Bg%?%'t Eggwbgﬁ %%elrgrsgé ﬁg}r‘%elﬁﬁm?ﬂ’g p'g%frhg%ﬁ%%%% he inert
gas inl et difasesd(s plaisgirefgrradtd lewe atdifishegiodivergas bubkds shallehthamppmainus of

claim1 wherein the nmeans. for contacting is, a ns. for bl i 6., Thé
appar at us dB‘F““E‘Fa‘i“ﬁTelprﬁ%B’i& l%ssc tﬁ%‘} %boél‘% %"ﬁ’{?\oﬂ&? gaggf‘l’a” ﬁpé%fgrgﬁg' RV 8@%% dat
connegped fol SR thfSing 8m abd& DR4AIEEBES: B nifdie (8P H0bodt 100 sTia aapptar at us
of claim1l wherein there are two of said pressure ve %g%:h@ggne,cted in

par al | el . peessuxp ranging fem abew 0. Jamosrhere taf5 abmasnhetes. RESe Hihe
appar at us co hsing. . I sy fd 0 rt ment
and & sec i BLiS e misRY oot e oo oA i i o TR et
di vi ded byineit glis\filivagorespacest sbota cliensicdl icomposiaon3® anden turagresewizesl t o an
inlet conduit for a wetrting conposition, and a waste conduit for allow ng
the wetti FHeRISAROSMMBHINEE- 10 be delivered to waste, the dividing el ement
functijgning to establish a liquid level of the wetting conposition in the

first conpartment, the first _conpar t nent al so havi ng% addr y jnert ai;as i nlet
condui t havi ng B hefglit plrpssirieesel 1. oF BreerEaiaiY, thedenfeok ghegye
compar { Men, BELHESRy DGk AT P5eBIEbILIYS R oA UAPAS e HighPof 0T M & v
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 patts 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 left by displaced chemical coniposition.

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



15 conpartment further having an outlet for the wet inert gas; c) the
outlet for the wet inert gas connected to the second conpartnent by a wet
inert gawa@eesss; and d) the second conpartnent connect eBCTABRAIR| et
conduit and an outlet conduit for a liquid chem cal conposition, the second
conpartnment having 20 vapor space, the vapor space connected to the first
conpartnent via the wet inert gas condifit. 9. The apparatus of claim3$8
wherein said wet inert gas conduit is part of a neans for nonitoring |evel
of said liquid, chem cal conposition insiggl t he s?_golg\ﬂ 25 conpart nent of
sai d pr esSURROsitivnds delivesed afg st pssprgand flow) rafe FHER ALY OSSR 888 Ret i ner t
gas condujferd gl i Jafl} ive xpérdiiieha MRloBles ieit t he wet
.inert gasbfegéé{b%{)ggﬁ}ﬁ%ﬁé%eéf%dgﬁgélégﬁﬁewg 1\%hq%‘\réei_irjl t here aérhg two of said
pressure yasSWhen the nompositorn 1eaches p oy levelMyrgy ippyoniterrd &% apeyel p@ooy 11£02- 12 25

12. The a ratus of, cl aj;m 8 wher ei.n .t her ¢ e f .Sal vessel s
-connect edg&ﬁmgg? Xy 2 andgs21yage clp ee'g%lﬁéltrl%f}%}sssﬁe %F%%ﬁ%o S@ﬁ@?"éﬁfﬁgg&ﬁ%ﬁém of
sai d ps essUhen 1RasR] byi Gpedinglcenassl vabeu. Atk etage, themithlcomppaitiat issfilbdd cl ai m

8 wherein said dry inert gas inlet conduit end.is .adapted.f.o be . subnerged
into the e PIeRHre BeRseSiltAydHIing ecoylp) %Y%ﬁ't%h%c‘aég’? .051§@? CaRPCappar at us

for deli V?Jﬁﬂea}‘intg gﬁé&&@!veééam%htdiéaﬁﬁge& R dBPRAY B 4218 ATREddS NTwodt A

pressure vesse nprising a first conpartnent and ‘a second conpartnment, 15
the fir st nooepmhpressire anshelsiven beopanated oripaalicheWhed oue akdie pyessprelvessels ng

el ement; b). the first c artnment .cannecte i it
sprayi ng h“) ‘Ré?ﬁ Wlﬁd%’c?ﬁﬁﬁlg??rfeo%n i%ﬁ lub‘%tsﬂgl%ei Ig%(iqu %erlblg?‘it Er%or{] ?&uglﬁlc# eclil(’%st e
conduily f ef cinkieicBapbiifonRtdriedg nesRebthii@B. t 0 be delivered to waste, the

inlet conduit termnating in 20 a neans for spraying the wetting
conposition into the first conmpartnent, the dividing el enent functioning to

establish a le‘PﬁJssxﬁF vEdAEL Y8 @%eg%amwm&ﬁﬁsémni.daamglafsﬁé Shtefi@RRACH &Nt , the

first conpartnent also conne tdo a gas inlet conduit for a dry inert
gas, the gamlésaises], PERBUPFAHugl-depsity pelyribpitene, eotypsensilencogless, ansl sigal ow

contact in the fjrst ar.t nent between the.jner t tting
conposi ti SHatFCngtl}PH*F Sfﬁg%)e I?lﬁsg'l%tor 5s mgiienials pfgéﬂf ugséc#par %%%e%ﬁrret\%gsre‘f\ﬁavi ng
an outiket 3f Qust RfveVdedonbi@ition @@ fiatefihl %ﬂﬁﬁerﬁﬂé dreltwA1Dthidkhess\wabughne mllowalse

connected to the second conpartnment. by a wet jnert_gas cqndui and d) the

1t
second comppespurEatseHadakepressuiepde absih df ptmospeersh quag't\mtydﬁ&ﬁ RIe$SH® a 30
|'i quid chem |t . RRP4b] Grympect ed
Lo The 11 nereryeSOERy Bk om BBCh R DO, e R e T oS
PCT/ | BU2/ @Gb2ut2® t@ 600 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 will be no 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



16. The apparatus of claim 15 wherein said wet inert gas conduit is part of
a neans for nonitoring level of said |iquid chem cal conposition inside the
pressur eweesensss5 17. The apparatus of claim 15 wherei n BETBG#W242nert gas
conduit includes a mst elimnator to renove liquid droplets in the wet
inert gas. 18. The apparatus of claiml|5 wherein there are two of said
pressure vessels 10 connected in serie¥. 19. The apparatus of claim15
wherein there are two of said pressure vessels connected in parallel. I5
20. The apparatus of claimI5 wherein said dry inert gas inlet  conduit end
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functions Fof e)?asrﬁlﬁg,l SJSSllﬂeg 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 a 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.



20 level of the wetting conposition in the chanber. 26. A nethod of
delivering a chem cal conposition, the nmethod conprising the steps of: a)
filling woorassssse vessel with a liquid chem cal conposit POWIRGMPIE2SI ng a
25 vapori zabl e conponent, the pressure vessel having a vapor space and
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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 to 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 compartment 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 composition to be delivered. The two

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



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 gas;
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substantially filling the second conpartnment with a |liquid chem cal
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is fed into inert gas compartment 13% to a controlled dep(t of the wetting compoé’tElon,

and the three-way valve to the composition supply side is closed. The depth of
composition is preferably at least 2 inches (5 cm) to have the tip of the inert gas inlet
conduit 154 embedded in the composition, although this is not strictly necessary.

15  Wetting composition 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 at a

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
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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 wetting
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15 During operation, as in the preferred embodiments referred 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 control valve 46. Wetting 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. Illustrated is a plurality of openings 161 in housing
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The above-mentioned preferred embodiments are preferably operated
5  automatically with a computer control system or a PLC system. The control valves are
preferably pneumatically operated and controlled with the automatic control system.
Signals from monitoring devices such as level sensors are fed to the computer or PLC for

processing and initiating a necessary operation signal to the system.

10 From the description of above-mentioned preferred embodiments that are
illustrated in FIGs. 1, 2, 3, 4 and 4a, one can 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 because 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.
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1. An apparatus for delivery of chemical compositions, the apparatus comprising:

a) apressure vessel comprising an inlet and an outlet for a liquid chemical
5 composition, and a vapor space, the pressure vessel adapted to contain the

liquid chemical composition, the liquid chemical composition having a
vaporizable portion therein;

b) means for 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

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, a remaining leg of the tee connected to the pressure vessel.

3. The apparatus of claim 1 wherein the dry inert gas is adapted to be sparged into
the pressure vessel near 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 5. 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
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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 said 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.
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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;

¢) 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.
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16.  The apparatus of claim 15 wherein said wet inert gas conduit is part ofa
means for monitoring level of said liquid chemical composition inside the

pressure vessel.

17.  The apparatus of claim 15 wherein said wet inert gas conduit includes a mist

eliminator to remove 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 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 into the wetting composition to 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 second compartment,
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

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
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22.

d)

27

housing further having means for allowing the wet inert gas to move into the
first compartment;

the dividing element having means for allowing passage of said wet inert gas
from the first compartment to the second compartment; and

the second compartment connected to an inlet conduit and an outlet conduit
for a liquid chemical composition, the second compartment also having a
vapor space, the vapor space fluidly connected to the first compartment via

the means for allowing passage in the dividing element.

The apparatus of claim 21 wherein said conduit includes 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.

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

level of the wetting composition in the chamber.

26.
of:

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

2)

b)

filling a pressure vessel with a liquid chemical composition comprising a
vaporizable component, the pressure vessel having a vapor space and adapted
to contain the liquid chemical composition;

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

gas to form a wet inert gas in the vapor space; and
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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;
b) at least partially filling the first compartment with a wetting composition, the
10 dividing element functioning to establish a level of the wetting composition in
the first compartment;
¢) flowing a dry inert gas into the first compartment in a manner to provide
contact 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
compartment;

¢) flowing a dry inert 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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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

5 the first compartment via the conduit.

29. A method of delivering a chemical composition, the method comprising the steps
of:
a) providing a pressure vessel comprising a first compartment and a second
10 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;
15 ¢) flowing a dry inert gas into 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
e) substantially filling the second compartment with a liquid chemical
composition, allowing a vapor space, the vapor space connected to the first

20 compartment via the conduit.

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

level of the wetting composition in the chamber.

25 31.  The method of claim 29 wherein the dividing element has means for allowing the

wetting composition to flow from the first compartment to the second compartment.



