WD 02/ 31253 PCT/ US01/ 31507 DI VI DED PRESSURE VESSEL APPARATUS FOR CARBON

Dl OXI DE BASED SYSTEMS AND METHODS OF USI NG SAME Rel ated Application This
appl i cati g @393 the benefit of United"States Provisi onglctAmehisesati on
Nunmber -60/ 240, 473, filed Cctober 13, 2000, the disclosure of which is
incorporated herein by reference inits entirety. 5 Field of the Invention
This invention relates to densified gas based systens, nore particularly to
di vi ded pressure vessel apparatus for carbon di oxi de based systens and

met hods of using sane. 10 Background of the Invention An inportant
operational consideration for many, if not all, carbon di oxide processing
systens is throughput, which may be defined as the anmount of articles or
materials that nay be processed in a given period of tine. In various
processes that utilize carbon dioxide as a solvent, nultiple solvent baths
may be used to inprove 15 operational efficiency by increasing throughput.
For exanple, in a carbon dioxide based dry cleaning system it may be
desirable to provide pre-washing, washing, rinsing, and distillation
operations. The pre-wash, wash, and rinse solutions my each have a

di fferent chem cal conposition. If a single tank were used to store the
various baths, the conposition of the solution in the tank would need to
be adj usted between WO 02/ 31253 PCT/ US01/ 31507 each operation, which may

i ncrease cycle tinme and decrease throughput. By utilizing a tank for
storing a pre-wash solution, a separate tank for storing wash solution

anot her separate tank for storing a rinse solution, and yet another
separate distillation tank, the dry cleaning systemnay be able to cycle

through the operations Y&gg %1§%€§§ |ngV‘E hi and distillation
inamnore tinmely manneP! 5 f&%ggﬁﬁgiﬁgmees et al.

proposes a dry cl eani n§'GR&ARBO {QXWE”%SED.SWEMS enpl oyi ng :
supercritical carbon di oxi THIODSQR UHNG SAYE consi sting of a

seal abl e cl eani ng vessel containing a rotatable drum adapted for hol ding
soil ed substrate, a cleaning<flgéa angage vessel, and a separate gas
vaporizer 10 vessel for recycli .a | < +ng fluid. Wiile utilizing
mul tiple sol venThiappicatitn eRifOMe Berofit @€ URRSEStafes FrevBioR@ A pplication

quber 60/240,473, filed October 13, 2000, the disclosure of which is incorporated .

herein by reference in its entirety.

5 Field of the Invention
" This invention relates to densified gas based systems, more particularly to
divided pressure vessel apparatus for carbon dioxide based systems and methods of

using same.

10 : " Backeground of the Invention

An important operational consideration for many, if not all, carbon dioxide
processing systems is throughput; which may be defined as the amount 6f articles or
maferials that may be processed in a given period of time. In various procésses that
utilize carbon dioxide as a solvenf, multipie solvent baths may be used to impfove

15 operational efficiency by increasing throughput. F or example, in a carbon dioxide
based dry cleaning system, it may be desirable to provide pre-washing, washing,
rinsing, and distillation operationé. The i)re-wash, wash, and rinse solutions may each.
have a different chemical comi)osition. If a single tank were used to store the various

baths, thé; composition of the solution in the tank would need to be adjusted between



| mprove operational efficiency, the increased capital costs associated with
such systens may outwei gh sone of the operational benefits. Carbon dioxide
based sywigrs158Y be required to operate at el evated presgurgsi1isise@r der to
mai ntain the 15 carbon dioxide solvent in either a liquid.or a
supercritical state. As a result,. each of the separate tanks nust. be a
stanp coded and certified pressure vessel, which can be quite expensive..
Addi t i onal |§pch epeEstiazs whith maspiacreess qyaleitBnanist ddoreasetheaughpan Byl utilizihe

comuni cat i oW s re relief valve. Thus, the capital, cost of
constructing a _oggt;)g%ga%?%%iag%s 'éfcéoé’dagipffagﬁal‘?gg?rnﬁoﬁﬁ‘f’? seluignient bat hs
may out wei ginothengparafe tamk fo2todink o ritfse A1BHAD Gh@YLORBIhPEREL mey be
gai ned by utilizing such a syst gm WO 97/ 330319proposeegegglfagcg?tg%g})%ti |1
vessel t hat@Hotht Y steaming sysiena maydeabletth eycle iyough haspémationsspre-n anot her

cl eani ng CY%gdsBimo R . stild yessel inclydes a tube 'located within
an i nner cavistyg’o\?,gszlinrsirI ggégggé’taéﬁlg}suﬁ?&?w ﬁ%ﬁregpéﬁ@apﬁﬁe. is an openi ng

that provides fSPaanidNont2ayisn tdBtwesrt kiNBrdpBERMa dd¥ichdin i nner
chanber of 25.tgrellyt ube.  The bottom of the tugedphas a&gneewva g%(t)%?r ol val ve

that al | owdafteBlarly eites fopsmploying ypereriaenl carbon dissideca e gleaning fhedi nner
chanber. Thend&sSQ)F . lenent. that can heat .and, vaporize the
liquid gas w thi % t ﬁgg?%‘%%rgﬁ%%ggsﬁaocﬁgffe § gt ﬁlémgtafi?ﬂqe%ﬁéﬁori zes the
li qui d gas haiditd seiled hubstratoes cleliing floidstrsgd Vegstl,nd@ sh@WteighoFadoiger | NNEr
cavity Lo the jnner chanber.. Vaporized |liquid gas condenses and falls into
the 30 llbnnté'F%gfa@Heg‘)?&W%iuéﬁéf’]ﬁé‘HRf?gPWB a layer of distilled "clean" I|iquid,

on top of ‘a | ayehikfutilindiriiitibleadive Batikin bhnbth Bioxd b LUPL e £gNT | nued

until.the lLevel of dirty liquid falls e one way 8t¥val ve. WO
97/ 33031 d&BBIONS Prysrtinpabietligieney e intreased cpiiad icosys assosinted withi saxlh de based

sol vent th ] A Qr re flui havi n | fferent chem cal . .
conposi ti O%Stﬁgﬁfb%%%%ff%?wpg%ﬁ 54 ag’PBrdécH‘l%ﬁW?ﬂf pr ocessed
wi thin t he spstems magbsteqeirERsPerdiditloviRi PrRRENH §1& 1o Hdfignent cheni cal
corrpos;l%l onsi)of the ,tw or nore fluids. Summary of the Invention 5
Accor ding EFPPhdioxide selyentiip gibariadiquidions sipercptiedl state Aeswsils chdiofise in a
car bon di ogjcde nr.oyi .o vided pressure.vessels of the
present i-ﬁi\ﬁﬁg#%ﬁ%%%é)&gﬂgﬁewgﬁu%?icgﬁg@ glg\e/reulr%eﬁlgé?sﬁ’ér%é’gﬁsﬁtl P@eﬁ ®different™”
cheni cal quippensicn Additienadlyosaet] ofthd seyarste GRS SREt bdin@oSitAd fR Pr essur e

vessel whi Lennnwrrr]aii %t ai nlﬂpg the different chem cal. conpositions of the
mul tiple s6TVERECHAYN FRTRSSUrg teligf Valvr dTiseths Grrita) ees of eonstrueting gpr esent

i nvention e@YorPdiexide Badel y4teAYRE multiple solvent baths may outweigh some, if not
20 all, of the operational benefits that may be gained by utilizing such a system.

WO 97/33031 proposes a storage/still vessel that both distills and stores the
liquid gas for use in another cleaning cycle. The storage/still vessel includes a tube
Tocated within an inner cavity of an outer tank. At the top of the tube is an opening
that provides fluid communication between the inner cavity and an inner chambér of

25  the tube. The bottom of the tube has a one-way control valve that allows the liquid
gas to flow from the inner cavity to the inner chamber. The vessel has a heating
| element that can heat and vaporize the liquid gas within the inner chamber of the tube.
The still vaporizes the liquid gas within the tube, which causes liquid to flow from the
inner cavity to the inner chamber. Vaporized liquid gés condénses and falis mto the |
3Q inner cavity,. which then forms a layer of distilled "clean” liquid, on top of a layer of
undistilled "dirty" liquid. The cycle is continued until the level of dirty liquid falls
below the one way control valve.
WO 97/33031 does not provide an apparatus utilizing a carbon dioxide based

solvent that will allow two or more fluids having different chemical compositions to

2



operational efficiency of a carbon dioxide based system having nmultiple
sol vent baths while decreasing the capital costs that may be associ ated
wi th suchw@yysess. Methods of utilizing such divided preBeDWUSOINHESEFel S in
processi ng systens enpl oyi ng carbon di oxi de based solvents are al so be
provi ded. 15 According to the present invention, nethods of utilizing a
di vided storage vessel include transferring a flrst densi fi ed gas based
treating skt sieiedand/poprogessid withintheseimt prossoteevesseh whild meindsidingtihe age vessel

having a p UId cha rs to a essing vessel, returning
the first 1!rflf(rga {%eng%a}lﬁ? “I“Fﬁr‘???q'?étwﬁr%é’%%rg%bdcsvessel to the divided
st orage vessel, transferrl ng a second carbon di oxi de based treating 20
sol ution having a conposition different fromthe first treating solution

froma second I|qU| d chamerWragé vessel to a processing
vessel .5 and ret 0 eat olution fromthe processing

d t
vessel o the woa%u ?Bbegcrgglévseg 1om, ‘é‘gechrSESélEesYei'?@‘ﬂ%@éPé?ﬁnﬁay be a batch

processi ngcastyst cﬁﬁhdﬁb@s@d&yslﬂﬁﬁ afe R6EEES DRI\ TEBiMe veRklsdr AR PrkaUPUS '
processing, system. 25 In enbodinments of the present invention, the nethods

of utiliziRYcHioamaydlew mulgplegelvenishashs dank hadiag edtff@mmhgnmal article in the
processin | n ol ution ntactlng t he
article i ﬁc }&ﬁjgéﬁlro g\é\geééglsthggég\?égjéﬁmc% %?i aﬁnsécgﬁeasur? y%sé%lm solution. The
first tr eatlamgmsmg tisidofferetchargical q@ngposhidis 50thdnndfiple oM@ bathsS Thid, | on, or a
coat i n1 (guil(g and th Eﬁt%ond treating solution may be a wash 30 .
sol ut i ELPIERYTS BSRIF oiihe Bresept inveaHon glaypronde thaanaioved| es my be
various supetidhfeadigdysdh met al
substr at e;&ﬁand el ectlé}%lr}lll C Qgpg\c}?g}eog@bgg%ar?éﬁej%é&nagx?‘g{}\}{p&]%&e{gg%%aﬁ%s[| on of-
cont act i ngvlnliﬁedearqamg thewiapitel ichsts that may be lassociatedneivh such kysdems. eviethiody
pol yneric ials as resins, adhesive, coatings,.and_ inks, from
the arti cIOreﬁtn?ﬁ%sb%%X@%%prﬁﬁ,s]"f%i‘?%W‘?cesF‘HgSYSﬁE‘?S%‘Hl PGEADSNof t he
present i rdiexitie baved 8dlvérRogt aRbBe providel. f i rst or second treating solutions
i's an _i_npregnating sol ut| on that "includes an inpr egnatl ng agent. The
oper atlPon of cdHCREERSY wemm@uw,methqde Ofﬁphagmaﬂlvr@dssmmga on incl udes
i mpregnat i e ent art e my be a
VoSl B lﬁ‘l@ttr'aﬁ fin tar}irétla%n%lﬁ&i E& %c{-'&r%a yxﬂg 50 uﬂg% {

porous 5 materla regnat I ng=age ment's,

pi gnent s, Ispidcighiber mrmchwded stora‘gat/é’s“selrlﬁpﬁig Pplutaliof oﬂl dﬁhaﬁﬂbefs&@@' lants. In
still ot her enhodi rre ts of tg}eéﬂresent i nvention, east one of the first

or the s&CATEIRS XePHT n@ﬂ%}l& §t traating S@%ﬂ%é@%e B@P@ﬁsmrvessah@ t he
oper ati on tpd diGRIdE Yfokdg8Gessel, transferring a second carbon dioxide based treating

20  solution having a composition different from the first treating solution from a second

)

liquid chamber in the divided storage vessel to a processing vessel, and returning the

second treating solution from the processing vessel to the divided storage vessel. The

processing system may be a batch processing system, a semi-batch processing system,
or a continuous processing system.

25 'In embodiments of the present mventlon the methods of utlhzmg a divided
storage vessel mclude contacting an article in the processing vessel with the first
treating solution, and contacting the article in the processing vessel with the second
treating solution. The first treating solution may be a pre-wash solution, a wash

- solution, or a coating solution, and the second treating solution may be a vs;ash

30  solution, a coating solution, or a rinse solution. The articles may be various substrates
including, but not limited to, fabric ;ubstrates, metal substra';es, and electronic
devices, to name just a few. The operation of contacting the article with the wash
solution may include removing polymeric materials, such as resins, adhesive,

coatings, and inks, from the article.



the article with the extracting solution includes extracting a substance
fromthe article 10 using the extracting solution. In yet other

enbodi menive) @f31id3e present invention, at |east one of the damso18iso7t he
second ‘treating solutions is a devel oping solution. The operation of
contacting the article with the devel oping solution includes-devel oping a
resi st on a sem conductor substrate using the devel oping solution. 15 In
ot her enbodi nenisoter epkodimendeaf the presentiivventivhet fesshugof die firsi ¢1i zi ng a

di vi ded st 1 s the erati.o S hesi.zi ng chem cal

conpound bgécgggtr% ‘ JOh{tﬁﬁL# &np{egg%\& Elgmﬁ?tdﬂéib\ﬁ&etsﬁnﬁwm?é B%d treating
'sol ution. agdme The Sﬁeratidneiﬂcbﬂlgctﬁ@ tHé hrdidlel \ﬁltl@tlfellfn‘ib}eg&l dodionGhdthdeln t hat
includes a first reactant. and the second treating solution is a second

reacting sBIRICERNG Al arfipleWithdhe anpregnsting esenst dhe artivde may be 2 porous her

enbodi of .utilizin di vi ded
st or agg? vegﬁé}‘f-aéﬁ-1 |%@Itg%iggﬁgg?dt@é%géf#%g&y(?ﬁgg%er%?%&%e%h%%% ’g% ining thé
first treatihagcaswitéraspaliahts dr pelhaiaasstllahgat i ng sol ution vvhere the first

treating solutjo | udes a first nononmer and.the second treating
sol ution incl ud@ss"lé#’tﬁ?? qmbodgpents,of the Rresem dnvepHemet leastong of fhetfirgtager

enbodi ment ﬁle%fec&nﬁ%eggf?% ?d?ﬁtldx?‘f@éﬂ éﬂﬁctﬁﬁegh% hgl%sth%fo 1&'1 6 ncgﬂta%tm ' V' ded
storage vessel 1nclu purifying a ¢ éonpoun y conblnin
first tretwiantiplsvitbhithorktrotng soution ihdledshatrbcilg cabpansedron the aﬁmdléu r d

treati sol.ut j,on bst lally devoid of liquid carbon dioxide. C eaning
nmet hodg@ar'é ’{%ﬁﬁ‘s F?ﬁlh'“@es “5)’59 Ot he present invention. O eaning 30 nethods ‘

according to thEx)FU“:Qﬂﬁf'émbwﬁl@ﬁﬂs‘éf‘tﬂe?ﬁés'éﬂﬁn{r&ﬁﬁﬁf 81EdsPGnorithd Bist densi fi ed
gas based treating solution froma rst-liquid chanber of a divided

wor ki ng t afiR seepng treghingsaligas méwelnpmg sehtiong |T(hle@pellabm afeontagtingithear t i cl e
with the f] i treating soluti.on . fromthe wash
Lank to- o natigte s ey B fon hitiac A Hop e Y e G0 HHERGHIPEY oo
based treaﬁubs@atsnbmgﬂmﬁefvel@mngssmaemd liquid chamber of the 4 WD 02/ 31253
PCT/ USP1/ 31507 _ di vi gﬁg)v\orkl ng.tank to the wash tank, contacting the
articl® with th2dRTSMPodrRENS offhe Bisrent inyntion dhe methods ‘P@tﬂlﬁ@g%cond
treating Scﬂlviéfeﬂ (efs ol =Y P‘ﬁ’” gg } The
met hod may inclu égtgt or%engcgﬁg{mg?’?%&?{l/&o(ﬁ ﬁise}ﬁ?ﬂlgg;cé%@ﬁ ! &{Ar egtl ng
sol uti ons «pnmlsamg tla@ﬁisméqmimgselusymwahmhd secandliredtohg@okition. ambé ﬁsssel having a-

c1 bani ng riseRBaso i UBR Fednedain cHE BT %@a&%ﬁwﬁ

. treating solution is a second reacting solution that includes a second reactant.

H

20- " In still other embodiments of the present invention, the methods of utilizing a |
divided storage vessel includes polymerizing one or more monomers by combining
the first treating solution with the sécond treating solution where the first treating
solution includes a first monomer and the second treating solution includes an initiator

or a second monomer. ’ ' '

25 . In yet other embodiments of tﬁe present invention, the methods of utilizing a
divided storage vessel includes purifying a chemical compound by combining the first
treating solution compnsmg the chemical compound with a third treating solutlon
substantially devoid of liquid carbon dioxide.

Cleaning methods are also provided by the present invention. Cleaning

30  methods according to the present invention include transferring a first densified gas
based treating soluﬁon from a first liquid chamber of a divided working tank to 2
wash tank containing an article, contacting the article with the first liquid, returning
the first treating solution from the wash tank to the divided working tank, transférring-

a second densified gas based treating solution from a second liquid chamber of the



cl eani ng met hods according to the present invention include transferring a
first densified gas based dry-cleaning solution froma first liquid
chanber ofyvom2diidszded working tank to a wash tank contai nipgg/@so1/31507

dry-cl eanabl e article, contacting the dry 10 cleanable article with the
first liquid, returning the first dry-cleaning solution fromthe wash tank

to the divigde Woang tank, transferring a second densified. gas based dry-
cl eani ng sdhagsdgrern todheWash trpficantastingdbe aicle wish theseerad tieting ng t ank
to the waghyl; Igndpéﬁ%ﬂ%t' ~ L | t he .second
dry-cl eani ng%%?ut I on, ntg %g%ﬂ?g?%égﬁh@ﬁggggﬁbﬁg%a%??aengr'#Ehéacggl‘dg(fl on from
the wash t awkkingtanke THe wietied iy noluke sigrihgn plurdlitg ofeériydfkeday based! ude .
storing a Erl Ut al i ﬁ%eof densi fi ed gas based dry-, cl eaning sol utions present
as t wo- phad&2HiEsLEIENT PFeger Ay MERsaase sysies pesdeided sloragg vassephayingd ty of
l'iquid §ha§3ﬁ@£1ﬁy5f'§<§uiébﬁirﬁb_ éis AR ¥ aRoh oﬁ?f’ﬁb‘?s add. embodi nents of the
present invention, the first dry-cleaning solut B is a pre-wash sol ution,
a wash sol uti onPry¢leaninpuiethogs sl alkoi povidedisly the@rasentindertion- Tirgani ng™ 20

solution is, a.wash,sal utio oating.solution,.or a ripnse solution. In
ot her enbodicAERE Leg ﬁ%cob‘i}%%&'g’e PHEEHRYEHIOR %1%&%#8@%%#& urni ng the

first dry- ab@efidias sededidrpolehtiapséiifo\BSH atiﬂ@tkﬁcilﬂd E}Hﬁnﬁ&\skﬁ@%d&r king tank
i ncludes ret urn;aggtt he first dry-cleaning solu

I ' e wash tank to
the first ®oHube

lon fromt
o ¢ wash @nk certainingradriigleanniie aicls, opwactingdhe diy- r et ur ni ng

t he seg¢ond ' Lon 25 from t.he h tank to.the divjded

wor Ki ng@t an El%lakge{ %@‘gg %5[3% #Shglq‘t“ﬁereo %@eﬁ?&&%‘el f"*"ngsogglloﬂtfﬁogh{hﬂ om t he

wash tank tvash fagk sethe diVidddantigingahnld, Rendérving @ Gesvdkichsified 8akbas second

liquid may be .disti I,I-Dgg in the second liquid chanmber to formstil bott ons

and vapor EGAURE sqlpPreiEeE aseeamdyiqyd ehapberoithe divided working;tank torther

embodi Ment gragf rafif Goflaiithe HAYERAB-arfliY %ﬁg{éé&%&&‘ﬁ&%@%@t@%w?ﬁe

transferring a first volu eani ng "so
first |iqendrethmsingére seoomsl dryichianthglsolytion froahthaisesh cihktid thedlivideted wor ki ng

tank before .transferying.a.first dry-cleanin olution fromthe first .
i qui ngchaWBg?ng t&mf-hi{‘ngOdtn%Pm&?d‘ﬁi%“@H&%P]i“ga@bﬁyéﬁné ‘ éﬁﬁ’aﬁsg i r st
vol une i nctlegiess Stidds Praathing tB®hhde@Yittns Y ' ! ihgyi d
chanber and th,egthi_rc_i ?i qui d chg.?bere. 9'I§hesgﬁyéﬂglﬁleeg%idﬁg&;e\k/\%%%%ﬁg%

PCT/ US01/ 3nisertity eddiqvédiehanhersibet shergrasfommaomygpar speeond vol ume of the first

dry-cl eaning s ' . he thi.rd |j.qui h er, into e first liquid
chgmber af t gr ?irn %%t}%g%[; ‘Ji;nﬁgb%ﬁ? P?eéfnta‘?‘g??{?@‘?’é‘g%ﬁﬁgg‘g’aﬁlﬁﬁf%ﬁfqﬁ‘f M fe fi'r gt
l'i qui d chapdeerashgolution,wasdshisaliion,SdtGleohtidd sofutidhl Al the @kdenB d%fﬁcl’éﬂﬁné irst

e

dry-clzeani ng solution remains in the third |iquid chanber.
0 solution is a wash solution, a coating solution, or a rinse solution.

£

In other embodiments of the present invention, the operation of returning the
first dry-cleaning solution from the wash tank to the divided working tank includes
returning the first dry-cleaning solution from the wash tankto the first chamber of the
divided working tank. The oi)eration of returning the second dry-cleaning solution

25  from the wash tank to the diyided working tank includes returning &e second dry‘-‘
cleaning solution from the wash tank to the second chamber of the divided working
tank. The second liquid may be distilled in the :secoﬁd liquid chamber to form still
bottoms and vapor consisting essentially of carbon dioxide.

o Instill other embodiments of the present invention, dry cleaning methods

30 include transferring a first volume of the first dry-cleaning solution from the first
liquid chamber into a third liquid chamber of the divided Workiné tank before
transferrihg a first dry-cleaning solution from the first liquid chamber to the wash
tank. The operation of transferring a first volume includes equilibrating the liquid
levels in the first liquid chamber and the third liquid chamber. The dry cleaning



5 operation of transferring a second volune includes equilibrating the
liquid levels in the first liquid chanber and the second |iquid chanber.
The secongigv@lupes of dry- cleaning solution is transferreddmemmbiwe7first
liquid chanber to the wash tank. The third volume of the first
dry-cleaning solution is distilled in the third liquid chanber. The
distilling_operati I ncludes boiling the third volume of the first -
dry-cl eani ﬁ’ﬁa'fgs %ﬁ{}}?itﬁﬁﬁgﬁﬁ‘mﬁﬁée?‘m‘iﬂ@mmﬁBf@ecﬁﬁﬂrﬁiﬁéfﬂeﬁ@ng selptien fipm bot t ons
and car bontgitaxd dguidRRhber O MLLASE Rghill REaRQ Yy 4 Ridi ki QUi d
chanmber to forml iqqt_Ji d caerrbo_n di oxié ,1 co %c??ﬂ%@?ﬁgéﬁ%qﬁn t he second
| i qui d chaplsering seldtigufromiee fitseligtid charhbdrtotie Washankt fiehtthdatadhird qui d

hamber. T ti f returning the first. dry-cleani | ut | fro
the vash t SRS Atfaigs Y elaeiRg el thgn Fomang Ache e Hagid Hbee L TRe 1 st dry

15 cl eani ngpertioH dfARnbeA Mgl @RS IIAL knctiied Q@ifi&%ﬁﬁ 1!11'\3‘11@{1&‘1 er. The
operation of . ' ' returning the second dry-cleani ngg sol®ution fromthe
wash tank the firsidiqyidchambenandihespcond liguidrbimbers Thhsecnd yohine eftdryni ng t he

second dry-: LNQ:solution fromthe_wash..tank t he first |iquid
chanmber. A} lf% %ﬁng%ﬁgtéqrvsg sge%%{eg iﬂﬂ)ehﬁﬁ?ﬁﬂlﬁfl ﬁﬁﬂ?kl?‘ﬁﬁ?‘f V’?éhéﬁ% ].algy- cl eani ng
sol-ution fhédviohenseshe Gahkrytéle sﬁm‘aaﬁgdmn&m%&ﬁﬁﬂﬁlrfﬁamé pede the 20
step of returning the second dry-cleaning solution fromthe wash tank to

the third ¢ disiiling nperion ingiydeschailingithe thirdyalum ngthe dirsitdrielenaingbe

di stil{ed idht | st i N l.un be added to
t he se{:%ndédg?@%}lgpgggnﬁg hggjlﬁlfg ?%lﬁé}g[e er'}%?tﬁl g%?oﬂ]sga%g;%g}é# t e%éoﬁn%/evagﬁ’ér ation of
t [1 ag ferri mdehﬂhlgﬁe (vapbkrcﬁ'oyn thieetlaind ﬁq;uid(ﬁhmhﬁ:eﬁgo gcrrﬁﬂliqulitiﬁca}rbﬁﬁdiﬁﬂidé,i quid
chanber to_the.wash.tank. .25 In yet other e i ment s of the present

i nventi on, Cogirg’fim@ %ﬁﬁﬂ\"l‘a therssernd l}ﬂéfﬁ%fg‘ble%éﬁ pergingge gt potams/Bemne of t he
first dry-gkead 1§ ChdttdeP NTHL: LS d ind U h_gg?;] ' third

l'i qui d chamber o?@%lhe diHvi~dF£_féé%%%ﬁggqrg%gu%ée?lg?é&d’ﬁgns e?rg{ﬂﬁgog first

dry- cl eani ¥gmndbe weshoank toshe dividefliwakingitanki idclodesnbemintgthefastdagh . t ank.

The fifst wo f.t fi,rst dry-cleaniLng.solutiaon is,transferred fromthe
third 30 Iélia ¥ ugf% ‘éf}%tfm? lP’tv}"f“é:'ﬂ O?Q%‘Rrsg]é‘i‘ﬂ? gﬁatn?ol?fﬁs i@? PPHRHOR ‘?ff-r st :
dry- cl eani rgirsing tid L6orfd @ncldahi@glsbluibn Hogithe walR R ko ih;é ﬁi‘i\ﬂf@@d’\@@fkjﬁg’mk- A

e

pre-wash adjunct may be added to the first volunme of - | rst
dry- cl eani A8 Bsludes B step of mtwmningshe seeand dsoslaningsoluting finra themwash adj unct

b d : ' er. f B he f. I .of th
e b 2l ekt il M B0 i KPS A Dol Bl SR 10

first dry-cleaning solution

The 6 WO 0¥31biigREMtibBEDAAHE Vash tik hotds dividédwerkapnhmedanendiitR tRe ti cl e
t he re-wash sol ution f'romthe‘

with the pre-wash sol ytion, and returnin .

wash 200 et theispesind Am:rlaRiEE Soptleh Eop e Wesh tank to the third
liquid chamber. The second dry-cleaning solution may be distilled in the third liquid
chamber. A coating adjunct may be added to the second dry-cleaning solution before,

o

during or after the operation of transferring the second dry-cleaning solution from the
second liquid chamber to the wash tank.

25 . In yet other embodiments of the present invention, dry cleaning methods
include transferring a first volume of the first dry-cleaning solition from the first
liquid chamber into a third liquid chamber of the divided working tank before
transfenirig a first dry-cleaning solution from the first liquid chamber to the wash
tank. The first volume of the first dry-cleém'ng solution is transferred from the third -

30 liquid chamber to the wash tank before transferring a first dry-cleaning solution from
the first liquid chamber to the wash tank. A pre-wash adjunct may be added to the
first volume of the first dry-cleaning solution to form a pre-wash solution. The pre-
wash adjunct may be added ‘before, during, or after transferring the first volume of the
first dry-cleaning solution from the third liquid chamber to the wash tank. The
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wor ki ng tank before transferring a first dry-cleaning solution fromthe
first liquid chanber to the wash tank. The pre-wash sol ution nay be

distilledwigyasigssthird liquid 5 chanber. The distilling operiatdopn1se®y occur
during at |east one of the foregoing operations. The operation of
returning the second dry-cleani ng sol ution fromthe wash tank to the

di vi ded wo k, may, i de r r t he econd dry-cleaning -
sol uti on from%ﬁgr?cnud %?ﬁﬁng etaﬁg: Fg gﬂramaa é‘ﬁ]élﬂ%rang}i?%gdh@ wor ki ng
tank for upes-washsohaioRdFord i aia tﬂ%@%ﬂﬁﬁﬁ%@cﬂrﬁ@r oftfle BivRiuhded by the
present invention. The divided working tank i'ncludes an exterior wall

def i ni ng amworfingtanibefose Gﬁ@fmgeipSiMCbﬁHMgsmnamﬁbmghaﬁrst tigeidnal

pressure o a first vi, dj Xt endi ng
froman i nfc%ﬁ%err Itcgglr%bxé%g?%’?( fl%g pP 5 %08}“%}1? dfé @S@i%l lﬂ%?ﬁgtﬁgd ﬁﬂ\l@t and a
second 5i quhaintshaThe distitlinghpediivi ﬂﬁyl oBERSHAE at MEGDRE ofﬁ@%é%&? and the
second |iquid chanbers sharing a conmon vapor space, rst

treating sSPFIREQS &6 opsitionostERing thelspeastd @Efvi&atmedoya@n;ﬁmm theoned in the
first 1liq prefera Yol ar.bo

di oxi de. | ?luagln%ﬁ%l n@%tdéag% ‘gﬁ&ﬁétesen %ldudr? T ﬁ’g ggll@(i @6‘?"}25 ng- t ank
i ncl udes asolB@@nﬁdndhe/wds}ngnkrmmelﬁrsﬂﬁﬁmﬂlcﬁQmBeﬂ hird Ii qui d chanber. The

third l'iquid ch r.es comon vapor_, space with the first and the
second |iquid c%gfﬁi‘}g ¢wo ?@ﬂg LISHE 2 sabemdionistbesedisystpmds elsoned bet ween

the finet biotided bymaahieteriiichiy, HHeldhighd ﬁgt@nogcﬂgggﬁ%u&eéﬁgﬁéﬂﬁ el ement

is operatively asSociated with ethir
enmbodi ment WaBﬁeﬂIHegpn@ﬁ@mr Vlomzmandmapahlhef withstaistinguat fotenanl tradskure ofigd udes a

first o enj t ext er adj,acent the_first. |i.quid chapber for
liquid Io25 ?grlghs tﬁ% pﬁ%ggﬁ 3%‘%%8’%{“6 °F freending from "’lﬁ‘df“ﬁng%%\‘i%%"ro fthe second

openi ng |ne)ttéléorevdll&iﬂdcﬁeﬁmﬁigbl‘?@ﬂéﬁ%&’écéﬂ@&cﬁﬂ%ﬂe&%ﬂh@d Lssh@r |1 quid
transfer into and/or out of the second liquid chanber, a thi r(f openi ng |n

the ext er i ¥7¥allf fattjand derseeond liqwid chambeusisariegha péremoh yepdrispaseartdraansf er

into apgl/ o daf egning in the
exteri g? V\gﬁsp%%&%csé%ﬁ oh Egﬁsg%ﬂn %Hegtgﬁg'aoﬁgﬁ%gg?%?’s Rqs OBec?’F]a[‘ﬁg St into 30
and/ or outhqlﬁdthmbﬁmnﬁ’hadmpﬁﬁd @piqrefebsy i@ud chrbopaivkie. i s preferably
posi ti oned ab\c;(\él EBDﬁhthl rd.|liquid ¢chamber. In still other enbodi nents of

the .present in ?IH%OWGPE@‘EWWRF% theydinidef orking tank mcdedsnd

densi fi ed @3snd@FREhd heAbLYE thiof'] ond 7 WO

02/ 31253 PCT/ US01/ SJ% Ii. qﬁﬁ%gléh n@ gﬁi&fhmpl rs eandd] élegg%gn%bn treating

sol uti ons $hates thf cfo[ngn@mvapor space with the first and the second liquid chambers. The .
20  second liquid chamber is positioned between the first liquid chamber and the third

liquid chamber. A heatingielement is operatively associated with the third liquid
chamber.

In other embodiments of the present invention, the divided workingr tank
. includes a first opening in the exterior wall adjacent the first liquid chamber for liquid-
25  transfer into and/or out of the first liquid chamber, a second 6pening in the exterior |
 wall adj acent the second liquid chamber for liquid tfansfer into and/or out of the
second liquid chamber, a third opening in the exterior wall adjacent the third liquid
- chamber for liquid transfer into and/or out of the third liquid chamber, and a fourth
opening in the exterior wall adjacent the common vapor space for fluid transfer into -
30  and/or out of the common vapor space. The fourth opening is preferably positioned
above the third liquid chamber. '
In still other embodiments of the present invention, the divided working tank

includes a second densified gas based treating solution positioned within the second



conpositions. A dry cleaning system enpl oying a carbon di oxi de based
solvent is also provided by the present invention. The dry cleaning system
i ncl udes wodiawigedd 5 working tank configured to store a paar@donkysodf
densified gas based dry-cl eaning solutions having different conpositions as
descri bed above and a wash tank configured to contact a dry-cl eanable
article to_be cleaned with one or nore of the plurality of dry-cleaning
sol uti ons. ligRid chamher; MR firg apd the sependdtensting selationsraye differéns  di vi ded

wor ki ng tagk., 1139%&{3 enbodi ments of the present invention, the'cleaning
system may | neiude a i quid transfer systemthat provides liquid

conmuni cat i on bef drgeleating syﬁtﬂhéﬁxgloym'g'zkédigoﬂ @ibkida BekscielveasiB alsgnk, and a
vapor transfer sybg{%emthat, provi des vapor conmuni cati on between the

di vi ded woPRVifpdibyrike prgeent Bwenfiam Therley clearing system inchades edisided, and t he

third enin | Vi kDG be .in Ligquid 15
colm"runio%:)at :vdgglﬁaﬁaﬁk? ﬁéﬁ#‘%}dﬂtﬁgt%gﬂﬁgg&?@gﬁgﬁﬂﬁ%lb?sgglrd?ﬁ’lcgslélﬂg ng of the
di vi ded wsolittions Hasing differedieompofitionshseiesoribed aBveamd (@i wash.tadk qui d and/ or

vapor. conmmu 'catt n) with th or transfer system The vapor transfer

syst em may ° canteem-gﬁqax%ﬂame tp e cleaned wikhppmermeredithd t h t he

fourth OpeBqu‘ﬂit?Bf iR leafitlotbltionethe PhshltBf Ay Pqﬁdco ﬁi&giohgﬂhi tggo In
enbodi ments of the present invention, nethods of utilTizing a divided
st orage vedwédediwwkingéankr ansferring a first treating adjunct froma first

chanbey,in a divided.stqrage vessel. having,.a plurality of c¢ch ers that’
shar e’ % conmon %%%?O%KE %8%8 PLCSRRL JRRaE PRy dh, eleaung SXSF%IF]WEP?‘ O
densi fi ed filuidara6ereisybematdrbviael Khuid SGRSUACAThORSwSn tBe ARRHCY i ti cal

fluid into the processing vessel, renoving the first 25 treating adjunct
fromthe pleEeBsiank aybtheayash tanknaride vapaytransissystemtthas providesadpemct - havi ng

a conpositig i 1 i . treat] adj unct. from a second.
chanber i%&?ﬁg{u&gﬁn?e%”éeﬁgga%&%\?éIgiozlmé(Ii) hagagt}eoxg%sixg% @éers%éﬁ’ ,ﬁleand

renovi ng t keeosd@nd the third epénhepsadithendivided aotiihetapk aegIRiiAtiqui@ssel . I n ot her
enbodigsents of the, re.ﬁ_gnt ] nyentiﬁn, met hods _of utilizing a divided 30 -
st or ag ve%%’inu?lﬁ%tfcg‘d@ WS#‘QPW"&S T pistengeRRs fouh oppring ot Bdividsdng a i quid
denst 11 ed weAn @By BELEI Sl (1Y il PARASSSpAR vessel removing

the first densitied flfuid fromthe processing vessel, rging the first
densi fi ed ¢domingnicatton) withithesvaplor transfler systemb dthe ivapar tekinvfersdtent mapge vessel

char grng BnkhRs AiuEher (Rl p o CORBr R e dov il BRRRISia &

exterior wall of the divided working tank. -

20 In embodiments of the present invention, methods of utilizing a divided
‘ storage vessel include transferring a first treating adjunct from a first chamber in a
divided storage vessel having a plﬁrality of chambers that share a common vapor
space to a processing vessel, transferring a densified fluid comprising a liquid
densified gas ora supercritical fluid into the processing vessel, removing the first -
25 treating adjunct ﬁom the processing vessel, transferring a second treating adjunct
having a composition different from the first treating adjunct from a second chamber
in the divided storage vessel to the processing vessel, and removing the second
treating adjunct from the processing vessel.
In other embodiments of the present invention, methods of utilizing a divided '
\ 30 storage vessel include charging a first densified fluid comprising a liquid densified
~ gasora supercritical fluid into a processing vessel, removing the first densified fluid
. from the processing vessel, charging the first densified fluid into a first liquid
chamber in a divided storage vessel having a plurality of liquid chambers that share a

common vapor space, charging a second densified fluid comprising a liqilid densified



WO 02/ 31253 PCT/ US01/ 31507 gas or a supercritical fluid into the

processi ng vessel, renoving the second densified fluid fromthe processing
vessel , awd) @aggi ng the second densified fluid into a segdysoh/is el d
chanber in the divided storage vessel. Methods and apparatus according to
the present invention may therefore 5 provide the operational efficiency
associated with a densjfied gas based- processing systemhaving nmultiple
sol vent bat8¥8 05 sirsecritisaliid siie thegpeseasing vessklsreatoving theeecond dmisifdd cost s

nvent o RaaEoH BORREENTE earh sl harpe it e an st ot resmsd
thereof.. liidstiantbeFlashs dipide@Btonfzetyagselr awi ngs Figure 1is a front section

view of a divi dﬁ\ggﬁr%fsure vessel according to the present invention
havi ng a.hori zo odsyqngd Fpparatahaceprding to the present imvedtismuiay drerafbeay t aken

al ong | kne ;252 Figure 1. . Figure .3 is a.front section
vi ew of Sa é’???ﬁ‘éﬂ%‘etﬁpgféﬁﬁ?%%%%éa !"%g%l%ﬁﬁéﬁﬂﬁ‘ a{(gentsﬁgd gi%gﬁfe‘ég@ﬁ?ssﬂgvent i on
having a veystermahviagnenitipit salnent bas s@relinivaridud RPariRIAMRQML ¥ IRVt aken al ong

line 4A-4A of.q&'he vessel _of . Figure 3; Figure 4B is a top section view
taken al on§ahEoABIAmSIAh Hreressiegsistemss 1t wilke endgrstoxgl thatghe preSerits a

schemati ¢ ¢hvagfiehal bl Shbadibd gk SoRgaL ﬁﬁgﬁ?ﬁa&us%g E%%ﬁlsngil%% th%\\é%é‘e m

according to the present Invention enp ng a car sed sol vent
and having a divided pressure vessel; Figure 6 is a schematic di agram

il Iustg@ti ng enbodi nents of _a patch processing system according to the
present invention enployi ng=H¢ Qescpiption of the Drawings sed sol vent and havi ng a
di vi ded wor ki ng Figui 1 i&h @6hsedtidrSvi QARG dCpreld | hld

enbodi ments of a %ﬁr,i fication ar?zwé‘iv?glaati oérf%rgis?%rn‘%g%céégéé&?&n%g{ooﬂ?he
present i nPESEN drvengerihaigg g korzontal grieitéomat i ¢ di agram il lustrating

enbodi nents of g : cessing system accor di o0_the present .

i nvent’i on havi nglégﬁg?\?? gg@%égﬁﬁoﬁc‘gewg%en%&é%%? g’ﬁ‘?&e Yegelridiguedd wast e
col | ection tankFighet dii¢ ®Golascionpliewiof @il REdsart VesRpMaRRLStole Pr esent
inventjon now wi.ll he described nore fully hereinafter with Teference to

t he actbnpBYRTH JIERUOR ay&e 4 vertigal eFHenpddmsr r ed’ enbodi nents of the 9
: ‘ Figure 4Ais a top section view taken alorig line 4A-4A of the vessel of
Figure 3;

- Figure 4B is a top section view taken along line 4B-4B of the vessel of
Figure 3; , ' '
20'  Figure 5 is a schematic diagram illustrating embodinaenté of a processing
system according to the present invention employing a carbon dioxide based solvent
and having a divided pressure vessel; 'A
. Figure 6 is a schematic diagram illustrating embodiments of a batch.
processing system according to the present invention émplo&ing a carbon dioxide
25 based solvent and having a divided working tank: |
Figure 7 is a schematic diagram illustrating embodiments of a purification and
isolation system according to the present invention; and
Figuré 8 is a schematic diagram illustrating embodiments of a batch
processing system according to the present invention having a divided adjunct

30 addition tank and a divided waste collection tark. ‘

Detailed Description of Preferred Embodiments -
The present invention now- will be described more fully hereinafter with:

reference to the accompanying drawings, in which preferred embodiments of the




WO 02/ 31253 PCT/ US01/ 31507 invention are shown. This invention my,
however, be enbodied in nmany different fornms and should not be construed
as |limtedhg@ip enbodi ments set forth herein; rather, tpmasgsoesedi nents
are provided so that this disclosure will be thorough and conplete, and
will fully convey the scope of the invention to those skilled in the art. 5
As used herein, "fluid communication” nmeans |iquid and/ or vapor

communi cat ilBYentiopgreshewnh dhisiinyentide nsiyf hevkvgg de embadiedadn tiagydidfetdnyi d t hat

i S gaseous i ent.. conditions anmpl.es. i nclude carbaon dj oxjide, helium
ni t ?ogen, atﬁ“,l sa%etatsﬁ%lg ,nogﬁ%%%@e%sg)@%,to%%@dq@% SetdOr BRI ¢ 1 ous
oxi de. Prefrathalthese éMBodi@Bats atefftotidsd s5thePhRQfscl .u?ef({krﬂ?be rougt?gricgerei n,

S

O
"densified fluid" means a liquid or supercritica urd that ..gaseous
at anbi ent. ceBwte adwill Bllyaeneey thastapdef trribventivnde tiee sitiléd inrthe at.t r ogen,

air, netha . «RU:apane. but.ang, amoni nd nitrous oxide.

Pref er aEI y?%t]ﬁga H%g,ﬁ%i @iﬁlgg 8?‘51?["6“#1@ ﬂ?%mﬁnqa}dﬁ%d&.vamf@mwﬁwst to

Fi gures 1 atcised hasingtdensified ghs"Gheas dilqiidethi @ BRS MU BeR S8 fhbied00 accor di ng
to the present, .invention having a cylindrical configuration and a 15 -

hori zont al CRFitRRSatixgmPIsIRClids parkonge s, helumhitrogény itentethnmss sthens, v essel
100 has an A, ' 10 -1 .a 6ylindrical.intetior. volunme 118.
Wil ot ho Bk Ebibne Bimodi kTl BULEARE) O achRsed eflis FRER | 110

def i ni ng a dioKidendks wsall heretre ' devsified Ghuidendeh a ligﬁid' & shperb@tidangeiashagd t hat
exteri 8{) wal | s of ﬂtﬁ&e?fgr esent invention rr&é efine various other shapes of
interiof vEPTESSIMATH ARt H¥aples anahude qaonshiordde, dglumpmitragan, cubi c,
whi ch i ncl uesmethsd @itand, ropahs, tukdndS | 4d ot i jor wal |
110 includes a_l ongit udi %acl’pl_y ’ ext endi ngﬁgiﬁiglﬁg%%é#ﬁe%%@& g{efi rst end
wal | nmenbedensiffied fhind iscachonatiokidnd wal |  nenber 116. The side wal |l nenber

112 extends cir reptially to.define an, i.nterior_volume 118. As -
illustrated by ﬁéfeg@rﬁ)%r&i %el%féufﬁs Ing 2 %nﬁ?f‘b?‘%‘lﬁlegf %¢RE§SW§F"1112
extends ci 10@adcerding foathé Prebént lid/eftion BawhL el 1R SILORAYEIRE] adddy i N a
cylindrical interior volunme with a circular” |lateral cross-section. However,

it is o baorizpyal pEeraion Wil noy bedessribedrebhsativided plteh%lrweltssdri]?o hﬂﬂ/anti on may
d- ci ' -t i Vi . t t
extend - ci E%H&F&ﬁﬁii(?&éﬁﬁﬁ_ggaf é}rﬁ{an?}lgél Yided \%:hfe:%% gizfnmg ;ﬁw}q%@g{rg%épr esen

invention having various Cross-sec ul ar
cr oss- sect ilbmtatedimFigurd helisvs shexBionsall 110 defifingtatlih@idal intefel angul ar "

cross-sections. -Wiile the enbodinent i|lustrated in
e VLR 1K A I R N LN
| ongi t udi nadfidervaBnsiéd spesidl idiérid: AoRZ iR EHOM: hbAmALAR WiLlicq TEMTDEr S

according to the present i'nvention may have varrous nal
and cubic, which includes rectangular.

As illustrated in Figure 1, the exterior wall 110 includes a longitudinally
extending side ‘wall member 112, a first end wall member 114, and a second end wall |
- member 116. The side wall member 112 extends circumferentially to define an ‘
interior volume ‘118.‘ As illustrated by the embodiment of Figure 2, the side wall
25 member 112 extends circumferentially to form a divided pressure vessel having a
cylindrical interior volume with a circular lateral cross-section. However, it is to be
understood that side wall members of the present invention may extend '
circumferentially to form divided pressure 'vessels of the present invention having
various lateral cross-sections including rectangular cross—séctions, axhong others. As
30  used herein, the term "rectangular" encompasses square cross-sections. -While the
' embodiment illustrated in Figl;re' 1 shows a éide wall member 112 having a
substantially straight longitudinal cross-section, it is to be understood that side wall
members according to the present invention may have various other longitudinal

cross-sections, including but not limited tc; arcuately shaped cross-sections. Side wall
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cross-sections, including but not limted to arcuately shaped
cross-sections. Side wall 10 WO 02/ 31253 PCT/ US01/ 31507 nenbers and first
and secongoganpgyal | nmenbers according to the present i nveridramsoelBeg7 be
arcuately shaped to define a spherical interior volunme. As shown in Figure
1, the side wall nmenber 112 has a first end portion 111 and a second end
portion 113 longitudinally spaced fromthe first end portion 111. 5 The .
first end We§mbepaasdirstiand spepondsng ved] membdre addording tnite prasentdmvehfidn of t he

side wal | er.. . N e d end wall nenber: 116 is coupled to the
second end por !aré%"gage %haggdfohcge%g‘feﬁép %{WW@VOIYW: Al t hough t he
enbodi ment of Fi/gushewd ishigase 1, the bide ¥ HasRd 18 R8s Mald: AP 6&611114 and
116, respectively, havin aﬂ(g‘gnerally arcuate shape, it 1s to be

1fe

under st 0od P &5CORd cHGEPP longindinglly spacedcfiomithe/Grst ensipartign Hlve 10

ari oussot ' ' . b i mted.to,..planar.. As.ill ustrated
B F gure 1 e gt eBEBall Bl RO oMb 0o g e P 0 S e wrl < o

of t he ext emembenall. THesecdtteeriiwaAl meinkédi 160s BRPIT to8sedBhd BRSpRtidd © St
chanber 13%3&1 a second chanmber 132 within thé divided pressure vessel

100. The thesidaiivall member dd2¢ Kdtheughvtha cabadivesnt 0BPigynet shawscfinshon vapor
space 135. [olo; (1o T VAN ' ' It udi nal ly spaced from
the first Sﬁ\i/%%f’ﬁ‘g nen%lgfrn\éin%‘%q%n eggg’néﬁj e%t?vglrlﬁ!tﬂ%{é&g%tgg??%ﬁy??ﬂ%eof t he
ext eri or' wahdpelil (s to Phendestoodithdt endiivaiymembeterf tHaestat invemtica théy kibechanber
133 within_the di vidlg% [esSure, vess I ,130. The third chanber 133 shares
the cohfron VAPEPHS S egg‘g"@’}ghb‘t‘tﬂ?tﬁwtbe ypEhe second chambers 131 and
132, respecti velay i@l tihp Peﬁ%@ﬁ%?&ﬁiﬁix?@?ﬁ%m‘ngl%‘ﬁ)téﬁén%@'ﬁlgﬁlﬁ gure 1 shows
an Y :

the dividing pressure vessel 100 having rst second I di ng menbers
120 and 12mtenigrsisiedf iheegxierior walld 10t dhpfirsi diddisg omthbeh 320 défiriesle dirgtr essur e

vessel s of I nvent..o have ,fewer .or ‘nore diyvjdi ‘menber s,
i though (st 18 8 LIMEPULR T KR e SN Biosbie Vet of the
di vi ded pr fiss chanbee 33khnd the yedond cBeber 182 G468 a LomhdNS/238r dpabsSizsnd second

di vi di rrenbe&awﬁgg and 122, respectively, that onlér extend a, portion of
the way’ acP&E® wraber 17248 lapgttudinalbespageiiromithg frst divisingmedmbert 0od t hat
di vi di ng ngppsss ' - Or W\ [ tend.conpletely
Ceross Ot er g B RAR0 kil bted i AU ey L 00, TR SRR e © Y
accor di ng membleel22xtefinesd thind\chamberl 38xtieiin sheadividb&pebsiraesseg 100 hghei vi ded

pressure vegssel, a line or 30 other vapor. passage structure shoul d connect
t he vapor ﬁabrglccbgmﬁ?r 1?3 hags g‘@éﬂ’f"m%‘h"éﬁﬁ‘éﬁi’é‘cﬁgﬁ Vil theyirstand dhe segondy menber
such that gienbeadd1 HRASETePecliviy.adj acent :

20 Although the embodiment illustrated in Figure 1 shows the dividing pressure

vessel 100 having first and second dividing members 120 and 122, respectively, it is
to be understood that divided pressure vessels of the present invention inay have
- fewer or-more dividing members, although two dividing members are preferred.
While the embodiment of the divided pressuré'vessei illustrated in Figure 1 shows
25  first and second dividing members 120 and 122, respeqtiveiy, that only extend a
portion of the way across the divided pressure vessel 100, it is to be understood that
dividing members according to the preseﬁt invention may éxtend coﬁpletely across
the divided pressure \)essels. Hdwever, when a dividing member éécqrding to the
present invention extends completely across the divided pressure vessel, a line or
30  other vapor passage structure should connect the Vépor spacés of the adj acent
chambers defined by the dividing member such that the vapor spaces of the adjacent
chambers méy not be isolated from one another. Thus, the adjacent chambers will
still share a common vapor space, and the pressure in each chamber will be the-: same.

Dividing members of the present invention are preferably built to withstand the

11



chanbers may not be isolated fromone another. Thus, the adjacent chanbers
will still share a comon vapor space, and the pressure in each chanber
will be ttwweo®aiess D viding nenbers of the present inventipieésog3moef erably
built. to withstand the 11 WO 02/ 31253 PCT/ US01/ 31507 hydrostatic pressure
of the dry-cleaning solution(s) contained in the |iquid chanbers adjacent

t he dividi Bg menper, but glt to withstand system pressure. Thus, divided
pressure v QTQthtl‘bPreFﬁ’éeBF & dptclpayrgsligirni@\coniaingd dn thediquidshembersost s .

associ at ed siabdht 1 BVt [P o 1 h-t h odi ment s
illustrat ega‘\,‘ian Fi gu%“%iggﬂesﬁ%évi;’%é& hgf@%ﬁ%%d&?%c?l é’%%g%gdffi\}}lsgéiﬁ'q%?dgssur e
vessel 100 pressirayessals of dmtpredehtyinventioh nesl reguderthesdpid] dbistsiadéoatitatewiger s 120

and 122, it _is..to be.understood tha hori zontal ly_oriented divided
ety

t ! ea .

pressure vEEYLjLe gmyl systemy Although thssmbedimenieillugrajedinfigweeber s t hat
are_orient gbwh ABHzsMAR, HfhtddEN; ENR0! 'blgﬁg i1y, Of
hori zontal |y ori enfed i vidi ngﬁbrgérgo%g%h%re gggé}g?lhg.\gggg%a owli%l}{ h reference
to 1.0 Fi gliewisally enritet] dividingmoembern1 20 and £22] jt i$ toebehindsistoaddhdthe second

di vi di ng I 20. and .12 respectivyel are continuous menbers that
pr ecl ude in'ﬁglgfor?gafn%'l ‘D,T’cfﬁfég daig Fséﬁ% V&ﬁseYsc ?#%EB‘F?S?%@V&PWWthW@nber s. As
used her ei GividihgirRidbets thitGud 6HGRNBIRr SRt Wticdl§. Fob Btdath ingdld On that
occurs within the divided pressure ver-ssel . Fl’cl;,It §lanot her i‘g%%aht@ég first
and the seebudizantallyiorgntad fyiding mpmbarsdrd d&crivesipbew withlryferanceto i nper neabl e
to liqud i oxi de solutions. Thus, a liquid carbon dioxide solution
may bemst ofgg;]%s %lrl]cgichanber W t hout contam nating anot-her |iquid carbon

di oxi de sol uti oAsthatn irsFigoy Eahd firsbshdatle 860008 dBRGEHAR HembAs 1207884bs, 2
first liquid solution contained in the first chanber 131 may incl ude one

or nmore coffSey ekt Yo cABtnuSEs membes fhat pesetuderivipimehbiqué pemmunisatien i n a o
second | | athirshohGht/iRling RRIBEAC Ashled iein 4R MAthal HOFIRB IR bR isCXATP! €1

the first liquid solution may consist of 1iqui I OX1
second | i cliquid semnmunisationthatoaesrsovithim therndivided preasuiragesaslj Batimdther Wi | € t he

enbodi yeentg_j |4 ustrat in Fiqure 1 show first and second dividing nenbers
120 ant 1292 sdj%ﬁ'ﬁ# %‘E@Hﬁé?ﬁ?&ﬂgﬁ’f‘@{‘gf”ﬁn}%§fst Oﬁéldaﬁgér%&e%\fﬁhbm di vi di ng 25

menber s of infftempdie Ritiquid¥eBéd @bxiABYolRSortk SHRB! MR SarbB BBk R (e 9., 2
valve may reside in the dividing nmenber), although continuous nenbers are

pr ef er r ed. Solytionyaay by stprer i onehismber withous contaiminating ahetheniiguad saabore r esi-di ng
th in, ik . . the.valve is a two- val ve. .
1T ust rac o4O R ROBEL B £ slobinah gk B A b e dfetflibi D10 of the

solution contained in the first chamber 131 may include one or more constituents that

20 are different from the constituents in a second liquid solution contained in the second
chamber 132. For example, the first liquid solution may consist of liquid carbon |
dioxide while the second liquid solution contains one or more cleaning adjuncts.

* While the embodiments illustrated in Figure 1 show first and second dividing
members 120 and 122 as continuous members, it is to be understood that dividing

25  members of the present invention may be discontinuous members (e.. g., avalve hnay
reside in the dividing member), although continuous members are preferred. If the
dividing member is discontinuous having a valve residing therein, it is preferable that |
the valve is a two-way valve. o

As illustrated in Figure 1, severallopeﬁings in the exterior wall 110 of the
.30 divided pressure vessel 100 allow fluid transfer into and/or out of the divided pressure -
vessel 100. A first opening 151 in the exterior wall 110 is adjacent the first liquid
chamber 131. The first opening 151 may be used for liquid transfer into and/or out of
the first liquid chamber 131. A second opening 152 in the exterior wall 110 is

adjacent the second liquid chamber 132 and may be used for liquid transfer into
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30 divided pressure vessel 100 allow fluid transfer into and/or out of the
di vided pressure vessel 100. A first opening 151 in the exterior wall 110
i s adj acewo dgafg243i rst liquid chanber 131. The first openipega/dseil/zigey be
used for liquid transfer into and/or out of the first liquid chanber 131.
A second opening 152 in the exterior wall 110 is adjacent the second

i quid chanmber 132 and may be used for liquid transfer into 12 WO 02/ 31253
PCT/ US01/ 3 8d¢/pr oufrad ter seoontd Iaquid hieansteee #8321 Alithivd dperthegriis: intBextdvidrhvaid

openi ng 15 LN fhe exterior | 110 js._adjacent the third liquid chanber
133. The tﬁilpés %‘fbaé’ﬁﬁ’ﬁéeﬁ%ﬁh%%&h%a??%ﬂhq%ﬁioaemnaﬁéfraambﬁw H/ or out
of the thi riduld teunsRr GRGBRObr F33f t j ' 54, bk ni ng
155, and amsdll xt h opgni ng 15r6_i n th%eﬁjgil%glpﬁggﬁﬁmg#%%lg\%}J@hgéj@&é@%ﬁ?‘et he 5
common vapddifEyeneaingdSs, anden sixthropening hB6 i the kxterocwalhel G ivetajaong engs 154,

155, Li b or t f i nt d/ t.
of i he Somioimeh ARG prields R 18 fioh gnd R &bt Srepes b NG, ey
al so be usd86respebtietly, dndy R\&EE For vaPérQrdnBer fitd %&bf&lﬂio@ﬂfé%%jaéar the

fifth opening 155 may.al so be used for liquid transfer iInt econd
li qui d chafPRse 1352Adgignalhe the feurth openingitf4uBay aley balisad forligdd traederf or = -

liquid trac 4 " | L. Quk g chambe 33. Wile the. .e odir'r'entsA
i |l ustrat egrﬁ ?ﬁ{elit?rggul?cgﬁqals%liﬁgg T}lie?t%l#i%f ??Wén‘%gcslolﬂa},'-alﬁ?lhe ufer‘ilgg’f ]I‘ﬁqqg openi ngs
151, 152, #mosfaSato thesqeend iiyeityhapbeailB enddhasixi6peRRESE My Adee di vi ded
pressu(r]ﬁ Vesse 0Q, it Js to be understood that openings that allow |liquid

t r ansf in‘?Sitjﬁﬁ et tgpsfergntodhg fhitdfiqyidehambsr 133sel s of the present

i nvention maybewhy bt : . | | teriofr 'l that
e bel ow the. | 1oy SunpiRaRnitaeh i Bt Dol tud A, S ol ¢ 1

i |1 ustrat ethedhird ppenfrgstla]l, 152 and k33 respeutivelygpositfohed hbthe batiom b éhe
respectivelsy. . ich allo or. transfer into and/.or out of the divided - .
pressure ,vgll%% iﬁﬁ?reiVFsﬁ\ég¥(ﬂfglﬁi§’ WF@?OBH&hattﬁa?mﬁgvgaeaéloﬁ’rl&%re vessel s
of the pr esemiferiinteniliop BurGBdiviakepasultiisats Ofifle Ssln JRRALGImaAFLECEN! t he
common_20 vapor space. Wien only one openi'ng is provided, It IS preferable
that the opewiiongdgeotherierationn inthaissighon wall that arg bielayuthe lighivesl. 133 (i . e. ,

the sixth | | . adi rent s i | us ted, i.n. Figure 1 show
the tourt n ppediind BbodilihisSnb ot in FBRE RS rourt R Sl tteci .
respect i vebpenings 54, 550ahdil 56, hspéctivelyf whith allbwivdpel tein@fes WitS and@esstk 100, it
Is to be ugg r to(geg t hat openi n&?s_t,hat al | ow vapor transfer into and/or out
of 25 divi e§+"é Pressyresesel 19}, itip o by understoadribatisiivided prassureevesteds t i oned
at ot her | ge@ki o ; | Or I [ |iquid |evel .
(i.e., adj acen? &?ﬁ% ntl:‘}c%ﬁ?rgﬁn%g%?r}é &sfﬁ‘\gg“é)"flé %%Iogeﬁﬁgggﬁg%%ﬂ%ecﬁ; M I ust rat ed
i N Fi g&@ esVvapos bpage. Wiheh @nhnehevopening ispretided, it is preferable that the opening be

positioned above the third liquid chamber 133 (i.e., the sixth opening 156). While the
. embodiments illustrated in Figure 1 show the‘fbilrth, the fifth, and the sixth openings

154, 155, and 156, regpectively, positioned at the top of the divided pressure vessel |
100, it is‘to be understood that openings thét allow vapor transfer into and/or out of
25  divided pressure vessels of the present invention may be positioned at other locations ,
in the exterior wall that are above the liquid level (i.e., adjacent the common vapof
space). While the embodiments illustrated in Figures 1 show liquid and vapor inlets |
and outlets (first through sixth openings) that penetrate the exterior wall of the Aivided
preésuré vessel, it is to be understood that chamber inlets and outlets may Be provided
30 from one or more internal headers, where the one or more internal headers penetrate
the exterior wall. ‘
As illustrated in Figure 1, the first, the second, and the third openings 151,
152, and 153, respectively, are coupled to isolation valves 161, 162, and 163,
respectively. As will be understood by those skilled in the art, isolation valves 161,
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and outlets (first through sixth openings) that penetrate the exterior wall
of the divided pressure vessel, it is to be understood that chanber inlets
and out | elv®) ¢amy293e provided 30 fromone or nore internal hegdgdoss13phere the
one or nore internal headers penetrate the exterior wall. . As illustrated
in Figure 1, the first, the second, and the third openings 151, 152, and

153, respectlvel ‘are coupled to |solat|on val ves 161, 162, and 163, :

respect i vell2, Wlma}’dm We&@pmwvesmmmmmwlmtddhe tailf 2 of 30l ati on

| 161, 2/ PCT/.U 162, d 1 t
vr e ves bR eRE R S prek S e 0 parte fust . SRIRGERAGR ¢ ar {1y gabe
gl obe, or Célﬂﬂibﬁnﬂ@its/mﬁstra'ft&l A FBudeUSThot 1&&%0&41-5@,%@ 162 P iTBRf S

illustrated in Figure 1 show isolation valves 161, 162, "and 163, It isto
be under st cb@dln@ﬁé*{oo@&)@t VAT U wimnwmwwmﬂﬁlbﬂmélem mhsebb in the

Such a5 0. iR ind B ilfen W ”Oﬂiﬁl‘fldfg s Rt TP GRUETERS  of ary
punps Wit h sach asgﬁisitﬁaldispheﬁhent @hmes or ﬁs‘i QD bv@th'ih%é@eah chddR vl ded

pressure vessel 100 contajns various ca di oxi de based treating
sol utions. A firstshpwain Figgrebithe dwmeﬂ@reasversuvssssl 109 eoméaints vasious cathvrd

chenber 13tiogsosaantossbss e 1 B Ag RIS LR BF RSERIR 7 ©

chanber 10 132 reating so resiaes |
li qui d charhembar3d31. Atsebcﬁnistteatmgleolﬂﬁoﬁmrfeslﬂsimthdﬂﬁecsmﬁdjldd cRimbdre t hl rd -
ns, 141, .142, Qr uid carbon

treati S ti espectively,.
di oxi nggbagég gl“%é’aﬁ’ﬁ“i’m&%ﬁ‘lg&f’ r‘?%{-?ﬂ n}qéPéﬂP%/ﬁhgm‘éélPWrég%beaﬁased
treating sehubfme%rﬁrﬁegéceﬁalds%énwdegﬂﬁg% §ohﬂ§on§?ﬁi)rl'4§e0191r4%ater than 50%

by vol unme |iquid carbon dioxide. Prefera east two of the first, the
15 second, respeetively, I o lepua g @@b@m@owbbasednmaﬂMsolm Awrustd Bereingspect i veI Y,

| do d t | ut f er abl
Meast two. o ERor Boxe B retnE sal o8 i hedBia Soltibs b FmBER STl by
vol ume, ‘noshianB084 By ablune digaidtarbok dkidd Derter 002D at @lvd B8 thel firgtiid car bon

d|0X|d$ and the remaining treating solution consists of or consists
essent LAl | yeORd) grdhs dird repans wiwsiongd41 11|4éa@r|1r4§ wepastivelsare fiqridearboro

present in dé)&séﬁaﬁ‘eaﬁh Qolhpéﬂsuﬁl&or\ég)lréfgﬂﬁ ?&t%&éa{tﬁl %Pltugat ar.e

specific to parti cu rocessi &™%Under st ood

by those slcoﬂnpnsb graateﬂrhamzuout (207 orex%rbg»imlumﬂ naosy peefeabiliy Recabp ancat i ons,

treating so]utiopns of the present vention may be pre-wash sol utions,
bt 0 fits Grkon g

wash sol ut PR THgned Prife ARt §6?%P’6‘B§°até}?ﬁﬁ?é“n°@t hers, and
may i ncl udeo&%tﬁéﬂ%bﬁmst?és%aﬁﬁ% of WRki R0 ?m%&é eﬂ@a&ﬁl solufio eoft;ié ar ches,

25 enzymes, hydrogen peroxide of a source o rogen erOXI r agr ances,
and. 0 . present invention may also include vanous other matenals that are specific to the

particular processing application, as will be understood by those skilled in the art. For

example, in dry cleaning applications, treating solutions of the present in\rention may

be pre-wash solutions, wash solutions, coating solutions, or rinse solutions, among

others, and may include detergents, bleaches, Whlteners softeners sizing, starches,

25 enzymes hydrogen perox1de or a source of hydrogen perox1de fragrances and
coating arljunets, among other materials. In polymer synthesis applications, treating
solutions nlay include various monomers and initiators, among other materials. In
cleaning/processing of hard surfaces, treating solutions may include cleaning
adjuncts, rinsing adjuncts, coating adjuncts, and passivation adjuncts, just to name a

30 . few. While the embodiments illustrated in Figure 1 show treating solutions 141, 142,

‘and 143, respectively, residing in each of the first, the second, and the third chambers’
131, 132, and 133, respectively, it is to be understood that one or more chambers of
the divided pressure vessels of the present invention may be devoid of carbon dioxide

based treating solution.
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coating adjuncts, anong other materials. In polynmer synthesis applications,
treating solutions may include various nononers and initiators, anong

ot her mat@ig @l332531 N cl eani ng/ processi ng of hard surfaces,pdieat /07
solutions may include cleaning adjuncts, rinsing adjuncts, coating

adj uncts, and passivation adjuncts, just to nane a 30 few. Wile.the

enbodi nents illustrated in Figure 1 show .treating solutions 141, 142, and
143, ‘respect i vety,Ulvsicated;ip Figuge dothn diyiidednressurestessel insluiss ahegtingnd t he t hird

chanbers 1Rhend p%?ﬂ | yel |{.lS:to he ngﬂ%rstood that one .
or nore chanéjg?sﬁg(%o t lg%%%\?? ﬁgd%d prletﬂg?s{%rséac\)/néisc%l%ﬁ’l ercﬂ‘ﬁt ngle &t i nvention

may be dev elethenf 17(is posferelbiyyipdeial bras@dadiet dhit gy 56 atidi@heatinglderY¥td2/ 31253
PCT/ US01/ 31507, . As iqlrl us ryat;ed in Figure 1, the divided pressure vessel ~

i ncl udes a2h¥®Ht brndsrst %5 skilleddn iheartyy Allkangh sheembgdimenthe second
chanbers 13Yysik ' : ] (-ab art.ial eam j acket,
but may be _vuz;r P%g?? ﬁgg? ?%éﬂéf ggrrlgglteihég%ﬂg %Blﬁjgﬁtglg% Ulr% e@ﬁgggergvoihgge skilled
in the art dividedippesgiwetviesselsrfdicti presehsinGentionusiy kivednilfplEihgatirg elersdiwv a

si ngl e heat it is to he ynderstood that divided pressure

I ng.el enment. 1%0,. t : .
vessel s of o?eﬁgn‘ﬁb%gﬁﬂ‘flaﬁe Vathiong AT mgye CRRATIRH! %ot fechiderfdicatingrent s

operati vel Meﬁﬁﬁmwml@dae\&ﬁﬁad%tsgnué{%& ARG Bty ﬂﬁ@)ﬁgl{lglgreieeﬂ%h%'de a

heating elenent. Wile the enbodinents illUstrated In show the
heati ng el EAbaanot peaeteating e eptenier wall ilihg, it isgo bx tnddrstoodvilat hebfifiy it is to be

under sfpod i 10 el ements of the.present inyention that penetrate
t he ext(gr i %lr%g%éﬁs E??%.ngﬁen%ﬁs?“ﬁ%ﬂﬁ’gﬁ%e&“ thﬁg}étpgpl;w%? & oS, a‘flf vel y
associ at edhssitériiare aldodperhtiotlRaRREiateHOWRY £Tiquil RRAhP&E. FRIVRITBNhsatihat do not
penetrate the exterior wall- are preferred because, anong other~ things, the

integrity SFMERs that dempipengiate theextrnion wall meeiprafired because smabg athef oul | ng and

overpreSSl%h'-I(;]égt' : L t defecti ve.internal coil
can be 15 re u’cﬂgg '?ntgén tg%g\t/\}%%?{neh%ggzstrgghg%ﬂ%dn%figogcpeﬁsaat Pﬁtgfofl zF’Qisensor
180 i s posovarpmssiriwatidn of the beating syistbaddye essdofective saeialldd.calVbe € '

speci ff'rscal I " t.he | evel sensor 180 is positioned wthin the first |iqui d
chanber” 13T Gﬁqe | evel sensor 180 is capable of sensing the |evel of -

carbon di oxi de R3s@fvi mBERA, § Yndld o ot | QUL G ¢ 131 and
s 20 used_to_control theéu per ml%éu%rdlng\%el%%}%lér{sﬁlteléfozlggéf&ﬁléi%g%%%anber ’
131. As wilbp dijaded preispestvssws! BY0. tMomepedifibdlly therlevdisemsot 18% i @oditioreld sensor

180 maybe . ar.i ous, | eve ensor §.kncl udi.ng, but not limted
to, float -‘gg%‘ﬁ%eggr%fe‘w%é’ AR lstg]f’aﬁé‘? iev%@?ﬁ%ﬁr 3§b dePe §,gf frasHe fevi ces,
| evel - senslevel of babonreRsitebagddardiihe luedipinagé Afst Hihi@Shamber 131 and is
20  used to control the upper liquid level in the first liquid chamber 131. As will be
understood by those skilled in the art, the level sensor 180 may be selected from

various level sensors including, but not limited to, float-actuated devices, displacer-
- ‘actuated devices, head devices, level-sensors that measure electrical characteristics
(electrical devices) such as conductivity and capacitance, thermal devices, and sonic
25  devices, among others. Preferably, the level sensor 180 is a non-mechanical level
sensor (i.e. has no moving pérts in contact with the liquid being measured) such as an
electrical device, a thermal device, ora sonic device. More preferably, the level
sensor 180 is an ultra sonic sensor. Most preferably, the level sensor 180 isa Sensall
SE98-067, which is commercially available. Although multiple operating level
30 sensors may. be used, it is preferable to use a.single operating level sensor instead of
multiple operating level sensors to control the liquid levels in a divided pressure
vessel having two or more liquid chambers. More preferably, only a sinéle operating
level sensor is used to control the liquid levels in a divided pressure vessel haﬁng

three liquid chambers. By using a single operating level sensor rather than multiple
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(el ectrical devices) such as conductivity and capacitance, thermal devices,
and sonic 25 devices, anong others. Preferably, the | evel sensor 180 is a
non- nechawiogc@lz12xdvel sensor (i.e. has no noving parts in pangaebisobth the
i quid bei.ng neasured) such-as an electrical device, a thermal device, or
a sonic device. Mire preferably, the level sensor 180 is an ultra sonic
sensor. Mdst preferably, the level sensor 180 is a Sensall SE98-067, which
i s commer ci §¥¢lyensors theisepital costiof theghivided priepsuee vasesl andyriy tedneet, 80 sensor s

may. be us I, L. <l [ t se a single operatjng | evel sensor -
i n}s/t ead of e&ﬁ%s}l{ei‘}ﬁ%eeﬁ%% ?’3? ?‘inv d?dgv\"/lﬁ? Eegvgﬁgmﬁgaﬁ Sgtgm”]ghlltgteﬁfénf”i Y‘.i?fd | evel s
in a divi daﬂembpﬁmwae;ngmﬁ@gﬁmmmma?fesgmé QedskO dhdiehavipg s- More

preferably, only a single operating |evel sensor is used to control the
|i qui d | evelTESSPIF VESSH 1iay Bavefeaiss corapanents dhat easusepptiblerte daihirqui d chanber s.

By using a singl | ; nsor, .rather than nmultiple 15 WO

02/ 31253 PCT/ us&?’%gg‘g’%ﬁg&%“ﬁ‘g §£¥?§§Fess?mt‘%en88’b Plaé{ﬁla%&n%‘g HREPSIS; ded
pressure vesydll bemyddrstoodtyciede sl&lledﬂh&ﬁéé&ﬁ.%&r%ﬁ@fkixﬁ%nl?ﬁaﬁﬁgxi ded with
f ewer penetrﬁ%ﬁil}_gcggpt hrough jts exterior wall thereby increasing the

integrity d¥ LSRRI phuge, e georking tankihas a dengihi el illystratsd by & vessel
may have f Qﬁ%glﬁ’@ﬁ%@@,ttﬁattipﬁfef&ﬁlﬁ%'%g!ﬁ%%g%h Bed Sd Ald 1'1{51%3#%8[): \(;Inged

worki ng tanks of the present 1 nventi ave various as. -
wi || be undueisrablycbebyednfdsiacisisiahd €08 inchéshendainbst preferablyutivediond iateshavi ng a
cylindriscal__orn.cubi c i.nteriqr. vol une, t wor ki ng tank has a | ength, -as "
11 ust rat ed™® &961110 P 'egW#@g“iﬁ%g<@$ taPRZ?uW%WBFk%%WQQ Rasgaiigsiden 24 i nches

and 120 i nati@fisterTifsRle wiaa! idAl!neihat Meaimfed BCPEorRlfes 10fd iches, and nost
preferably between 48 inches 10 aéﬁg’ 96 i.nchestngﬁlz i?y{j"?sn I‘IdC3g.| wor ki ng tank

(cubi c. wor WrE{grablyrhervesad inphesai 96 inchipn mere prefiralsly betwied 1B iarheé and $¥i ght ) |

as i1l lustr | | and, 3, . prefer.abl tween. 6 | nches and 96
i nches, no?lté&%?’e %%&‘%&éﬁ%‘%{g\}\ggﬁt&’fﬁn ?%{Pﬁ]é%s a&ﬁéﬁéﬂ&%‘n?ﬁ%ﬁipr%ﬁﬁe ges :
pref er abl y nivgtalsedre us8d tonddsersbeathe irbfilel diaheter of BBvide®5fHeBEAISFbrkABGET  NMBY
al so bgsuse to descri be, th%?ll nsi de di aneter of -a di'vided spherical working

tank 1870f Of s BEFSERURYCRtioRe Fip S0 of e ingide diagteteriof thanylindricil medtieg of t he
cylindrical ' | - hej i rking t.ank)
Ty the | T g el B il ) o fle 1l GEBSRRELER, |£]

nor e pref edspreferabdy batwrenl1:1.a88 1) ehote greferatdy beisteen pricfsemdll:¥, daetween 1: 1.5

and 1: 3. The diquid chanbers of _divided working tanks of the present
i nvention r?'era@g%gvgnggf%%@{éol unes, as wll be understood by those
skilled in the ant 1ith%hmb&gefdﬂfdleg \ygﬂaﬂg Skl BFR prEBY RGrRBf nfl, MOT €

di vidi ng menbers but no operating
2 have various volumes, as will be understood by those skilled in the art. The volume

of a liquid chamber having one or more dividing members but no operating level
sensor is measured as the volume of the liquid chamber to the top of the lowest.
dividing member adjacent that liquid chamber. The volume of a liquid chamber
having an operating level sensor positioned therein is measuréd as the volume

25  maintained using the level sénsor. The first liquid chamber has a volume that is
preferably between 5 and 250 gallons, more preferably between 10 and 150 géllons,
and most preferably between 20 and 75 gallons. The second liquid chamber has a
volume that is preferably between 5 and 125 gallons, more preferably between 10 and

: 75 gallons, and most preferably between 10 and 50 gallons. The th1rd liquid chamber

30  has a volume that is pfeferably between 5 and 125 gallons, more preferably between
10 and 75 gallons, and moét preferably between 10 and 50 gallons. The ratio of the
volume of the first liquid chamber to the volume of the second liquid chamber to the
volume of the third liquid chamber is preferably between 1:0.1:0.1 and 1:1.5:1.5,
more preferébly between 1:0.25:0.25 and 1:1:1, and most preferably between
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sensor is neasured as the volume of the liquid chanber to the top of the

| owest. dividing nenber adjacent that |iquid chanber. The volune of a

| i qui d cheigoRyzi23avi ng an operating | evel sensor positiong@dmt®igisnyi s
nmeasured as the volunme 25 maintained using the |evel sensor. The first

| i quid chanber has a volune that is preferably between 5 and 250 gall ons,

nore preferga ' het n L0 and 150 gallons, and nost preferably between 20
and 75 gal |1g‘2§¥-0-$§é‘\£§§rcbo 0-13-qihgn eredinided mapeking tapks i ueed ihadry deaning er abl y

bet ween 5 apdehdavislsl anEID%] e 75.9al |l gns, and

nost prefergbl y%get_\%ggﬁdgg(t) an gg%fog%ﬁpggéﬁn{%ﬁ)téw%sé%@ggi \2?@%8? 30 has

a vol ume t Itk fitstliguié thanstisr Yo the tvolnene & theisbcd2d ligut khasber @R vohehesabl y

bet ween 181%% 15 gi'acgll ons,..an r@sipg{eferabli bet ween 10. and 50 gal l ons. |

The ratio of° PHE YK, haRogs preierably between J0d @ hrkad 1020 H3 U anarme of t he

second i quksferabBBeaTechq0LNL0 4Y 4880t Didfost b nher s

pr ef er abl y‘pbet vvelgrr?él: 0. 1001%03?34 %{Hil(gi%ﬁg%, %r@%b&ﬁé&éﬁﬁ%ﬁmen

1: 0. 25: 0. 23084 75:045 and 3:§:34035. pref erabl y between 16 WO 02/ 31253

PCT/ US01/ 31507 hi Biviéi: 0. 35.and rjfho 75::0, 75. ,\WWhen 1 he divided warking tank -

is used in a dry EraARPREembetsof Heproseng nyenianmenhave varieus GmeBsions, t he

vol une of theilivasindesidodty thbe knledk tef art. tWR1E me%?ﬂohgxﬁeﬁgﬁbgtlﬁi to the,
0 e thi

vol unme of the second |iquid chanber to the vol unme quid
chanber i sSvet stadsesnand dbwdingmemigers 120 andalid, te@peivaly; 180ingthe earhe ‘

ref er gil X : 0 4. 10:10: 10:.10, and. nost pref erabl

Bet vveeﬁ@ {(I)lggh%\ﬁsgto(])& f.éxd%ﬁ%bé&%%ﬂgﬁ@%g .Hiae.m]bf e&&&?/?rﬁfeﬁ‘g% _l’é‘a%ga‘iehey
present i nthersaineror differémeighiay dlhosgll Hivediss ARfmbersaF thW daneRidunger st ood by

t hose skille? iramtgﬁ]g a{gﬁ' VWil e the enbodi ment of Figure 1 shows first and
second di vPHHAY dFighhofip dividingrnemberdp therveptigel distaass mepstired fxamthel 0

hei ght, it idvfest sbiRSYRIG §r%QH t: Gkl Vi di r@g‘& . ent -
i nvention ma S_hlglbvﬂgleb t he g%ma o?lﬁg?ft?g?eeth? oﬁglleg ts@gglfﬁb(?%f&% 1)21%\%?1.' ng
menbers of bY%én@"ég’Pé‘e%'ﬁuglﬁ- Hheheight eff @rdivé ding Hienbee isghte feiblyebativeérdé ng nenber -
IS thejyeril . di st ance asured fromthe |owest point of the dividin
rrenberlst/o H]d?% lélgh%f ]%Pﬁeé’r‘g‘i%{ﬁ%& t??gwﬁ‘ah{?e‘?n% %%I?thst?g’tdlr%%?séﬁmfﬁ?blﬁ in Figur gs 2 -
and 3. Thebétekghls aidzasiﬂéhesﬂmgrﬁi@rmﬁeile'igmro%fa%ﬁ&hgn&%&%ﬁﬂhﬁfi&sﬁdea“d 96.

i nches, nore preferably between 12-and 84 i nches, and nost preferably
bet ween 184iaRgter 81 the chbrdricrhdvidad working tank (feptlybf 2 abiadivided siarkingenber t o

cubi o ai vi T SR me oo 08 Dol B bty Bt et o8 70 pd PR, oy

pr ef er abl yartsiahost@referably beawredn0.735; dnd 0.95td. MRS lonftediaslabpataths M@REen 0. 75: 1

and 0.95:1... The .l ongitudj nal aration between
2% adjacent lel%]I% members, as ?l?u%h‘ated by x in Figures 1 and 3, is the distance

XD

- measured from the lowest point of one dividing member to the lowest point of the
adjacént dividing member:” The longitudinal separation of dividing members of the
present invention is preferably between 10 and 100 incheé, more preferably between
20 and 80 inches, and most preferably between 30 and 60 inches. The ratio of the

25  longitudinal separa‘ltion to the inside diameter of the cylindrical working tank (width

- . of the cubic Wdrking tank) is preferably between 0.25:1 and 2:1, more preferably
between 0.4:1 and 1:5:1, and most preferabl}.l between 0.75:1 and 1.25:1.
‘Referring now to Figures 3 and 4, a divided pressure vessel 300 according to

the present invention having a cylindrical‘ confi guraﬁon and a vertical orientation will

30  now be described. The divided pressure vessel 300 has an exterior wall ‘310 aeﬁmng
an interior volume. While the embodiment illustrated in Figure 3 shows an exterior
wall 310 defining a cylindrical interior volume 318, it is to be understood that exterior
walls of the present invention .may define various other shapes of interior volumes

including, but not limited to, spherical and cubic.
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20 adj acent dividing nenbers, as illustrated by x in Figures 1 and 3, is
the distance neasured fromthe | owest point of one dividing nenber to the
| owest powtoafizgshe adj acent dividing nmenber:' The | ongi tpgdiwah/zsepar ati on
of dividing nenbers of the present invention is preferably between 10 and
100 inches, nore preferably between 20 and 80 inches, and nost preferably
between 30 and 60 inches. The ratio of the 25 | ongitudinal separation to .
the inside di anFhecomportechss haying nefeiened mwberkis3g143164nl 8811880 naf bt he cubi c
wor ki ng tagkgf .{as referably lt;et ween 0.25:1 and 2:1, nore preferably :
bet ween 0. 4550 ‘?‘Pdg“f‘.%?e&a,tem Frerdtally the @megnynnse aske sowmpomenis hering1 . 25: 1.
Referring M&eﬁ&,rﬁﬁﬂz‘ﬁl@?lﬁ%f@gmﬁﬂﬁﬁ éé'd%?&ib%ﬁ%ﬁé%\%itﬂ ?e%?rg}lce%g%(ijfug%or ding-
to the present invention having a cylindrical contrguration and®a vertical
ori ent at i oh and Will n@Merforthdyaiesteibed.i bed. The di vi ded pressure vessel 300 has
an extegior wall 0 defining apn ipterior volume. Wile the emhodi nent .

i lustrated in £f %ga@d%glﬁg‘rﬁi aegqsgqhiv@,mg mampers3Z) exéandp substagtially i ndri cal
i nteri or VRéiBRtl Srork thelhicBr by $101CTR! ARAaARhe Mthftlel 970 ndtaldg Of the
present ‘i nvention nmay define various other s ape% of iTnterror volumes

i ncl udi ng, tubular npright paitiond2{ extengding fionsd fissh Hoxizdmitad poitibn\A220 Thd fivdh 3

S5 550 o R R SEp BT IR B S SRR Tt Banner as
t he conponenésiskabstagially AbLIRRIE FIHBetxferibt WaliHi 0ante ddbnd %Rmﬁﬁ%des cribed
above with reference to Figure "1 and will not be further described. 5 As

i 11 ust tht eBemRerd 2§ has agecondfiphudar wrightdiondgom3dfhentergiiae Exharsdeondubst ant i al |y
hori zont al { y.: ] e vad k- 0, | Lvidin er 320 has
ROt i rar ° ¢ heiob@Tbotn 345 0Fh Mlectfil byidhts mlliBal 4okt 1Rk (RS, o o
portion 32332. Théhifd chamberl334 ididefinedebyitae ss330d ded wap snembet BE6 archBebigs 331. A
second di vi di ng- 25_ extends substantially horizontally fromthe
exterior V\%{f%:‘ “‘%Tg%rn%% ﬁ@cﬁfﬁ"dlpaﬁgbﬂlﬂrﬂﬁn 3 defimse p hotegn fhastingt kasizenta!l t ubul-ar
upri ght et ' : : ' L OF . The
sgco%d d:o\?li5 %rflﬂfgzi?rie%b@g?&g%hggﬁén@gb gloggggn ﬁ%%gd’n%(g?mgéi&gﬁp %:&rogg%hanber-
333 i slXefpartien B7 suchdhat dreofinst, trecheoumld] andetirb érird3dGmbers 330332, ael 33821 | nmenber

312. The fjrst.. i ght ti 321 defj ql e, i first [ t al
or i on 325 ke e R vt gy o5 DT B erdatied B% tirob o Bne second
hor i zont al se¢nddgrighOpordids 331Cdnd 308 redfeBiivdly,riily hdva&aS6Eadral &fods-t he third

chambers 331, 332, and 333, respectively, shdre a common vapor space 335.
The hol es ¥e#9nsedopgxanye.fas ilijistrafiad in Rigure 44 othd seqonid dithulas aptightrport®d and

326, respegld dfh¥s a E@éﬁlﬁ%\éﬁ; Y d Qshd RBbRa1 S5888 327, and, as illustrated in
20  Figure 4B, the first tubular upright portion 321 defines a circular hole in the first
horizontal portion 322. The first and the second dividing members 320 and 325, .

respectively, are designed to support the weight of the first and the second treating
solutions 341 and 342, respectively, as will be understood by those skilled in the art.
For example, the first and the seéond dividing members 320 and 325, respectj&ely,
25  havea thickness that is preferably between about 0.01, 0.1, or 0.125 inch aﬁd about
025,05, 0r Linch: |
While the embodirﬁen’t illusﬁated in Figure 3 shows a second‘upright portion
-326 that is longer than the first upright portion 321, it is to be understood that ﬁist\ and
second upright portions of the present invention may be the same size or may be -
30  different sizes, depending, at least in part, on the volume of liquid solution to be
contained in the respective chambers. Although the embodiment illustrated in Figare
3 shows first and second upright portiohs 321 and 326, respectively, that are
substantially perpendicular to first and second horizontal portions 322 and 327,

respectively, it is to be understood that upright portions of the present invention need
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sections. For exanple, as illustrated- in Figure 4A, the second tubular
upright portion 326 defines a circular hole in the second horizontal
portion 3Who2@itks as illustrated in 20 Figure 4B, the firgiciudewkeso7upri ght
portion 321 defines a circular hole in the first horizontal portion 322.
The first and the second dividing nmenbers 320 and 325,. respectively, are
desi gned to support the weight of the first and the second treating

sol uti ons 3wWtbapepauicularde pedzingalipprtions. While theembatimshicitidsthyedihose ski | | ed

395, "t eape b 3 H9ERRoi pripiskd el Sher Sl See b ou.
0.01, 0.1, mrizbntdiBporiditdd (ﬁﬁi@ir%t}ﬁb&berﬁBQ@an&ﬁ, it9§ tolbd Jﬂdﬁrsté%ithﬁ the

embodi nent illustrated in Figure 3 shows a second upright portion 326 that
i s longer tvsdiralinerienteddivided pegssurp yesseloof 8@ present ingertionbeayumyer st ood t hat

first ampd i ort.ian f the,present inventiqn nay be the sane
si ze or gmyﬁﬁg&g%’%ﬁq Sgtlrﬂétn egpg@g?o@grptéﬁ%p%&onﬁ M Eﬁ’é?xqqlpqﬁ’ar t?/ on the
vol ume of - ldnfhididing®d aftviettitallP olente€ @i%cﬁﬁ%ﬁ@mib@rsta@désgﬁlpﬁpéﬂo‘é@wﬁ‘tha”ber S.

Al t hough the_enbodinent illustrated in Figure 3 shows first and second
upri ght poreicemse toXiigurey 13mal 2.y espectivel y, that are substantially’

per pendi cul ar t j . | tal portions.322 and 7, ,
respectively, it(:}sx 1@3@%@%@?&@%&5&8@%@%@& E{}g}l?eg%fhoﬁ%srﬁsg%&gfoq%ﬁe pr esent

i nventi on nidding SneiDeB2I D128 326 FEsAS0N B Hhabihg Misttan SeqpidrprdhiGidradnst O

hor i zogbal 3%rti ?gqu Wi | e tg}%ée odinent Jillustrated in Figure 3 shows a
verticaPiy 351 i#BhE &% TeRPeTE. fratd olesdn frst apdseeand herizamal parionap?y
hori zont al |y ap 7 eadestivdiy iid IR 3 it under st ood
that vertically g%pi gﬁ?%“ﬁ%%ed p&g%gﬁggd\%glgg@%t%&%h@%%egéﬁt invention
may have. 3nEntpRimay nadye uprightgtortaoms tivat defiedtblestindworizdvatal gosticnspnt al | y.  For
exanpl e, di ments, of vertically oriented dividing nenbers are deseri bed
above wit h%\;ﬂr?e B Zd}%%of—l?% ]é)sortignﬁr?é ﬂ?.pr%eflmﬁﬂﬂl A bhWltnent ' '
i |-l ust r at edHdwevkd, PhoeizontslsotGods dfShe FBERSRGHbn A YdIfd, a_@ingeffbﬁéﬁvaggp and
325, respectively, having first and second upright portions 10 321 and
326, ré3pe®rispss Siructure shoylst sonaestdhevaponsiacessaf thiverljaesobelimthers defined|

por.tions 3%& Mliﬁ%?vidiﬁgﬁfé%e. g@éh%hatitﬁen%aﬁaoﬁgp\?ggs e %(ﬁgc(:;eo?%}%ag—ﬁ} di vi di ng

menbers of the present “inventron may e uprig ™ hat define

hol:es in hadyzohbalsolatudtfrann sne andthezh Thss, tie @pacehtiimbersiviUnrtinlshaokt i ons of
the present invention may be solid. However,' if horizontal portions of
t he presenCoPRPEAPPYPPEFe solid, a |ine or other vapor 15 passage structure

shoul d connect tR&,iM3RALIGRBEE By Blost BENATIARERE cﬁ%ﬁgﬁ)ﬁ{ésug@{résgﬁgof

20  the present invention have exterior walls that are designed to withstand system

-

temperature and pressure. For cafbpn dioxide based systems that store carbon dioxide
solutions at or near saturated conditions, system temperatures may be between about
- 5510 62°F (10 to 17°C) at system pressures between abouf 681 to ‘756 psig. As
divided working tanks of the present invention are capable of storing liquid carbon
25  dioxide, exterior walls of the present invention are capable of withstanding an internal
- pressure greater than about 500 psig, more preferably greater than about 600 psig, and
most preferably greater than about 750 psig. Exterior walls are preferably constructed
of metal, more preferably of stainless steel, and most preferably Type 304 stainless
steel. However, it is to be understood that the exterior walls according to the present |
30 imvention may be cdns_tructed of various other metals and materials that §vi11 withstand
system temperature and pressure including, but not limited to, carbon steel, | .
aluminum, ceramics, carbon steel alloys, aluminum alloys, copper alloys, and
composite materials,

Dividing members according to the present invention may be constructed of
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by the solid dividing nmenber such that the vapor spaces of the adjacent
chanbers nmay not be isolated fromone another. Thus, the adjacent chanbers
will stilwoshaigssza common vapor spare. As will be under stpggayday/zideose
skilled in the art, divided pressure vessels of 20 the present invention .
have exterior walls that are designed to wthstand system tenperature and
pressure. For carbon dioxide based systens that store carbon dioxide

sol uti ons aANgPs Materialsandluding buteoidinitedris, meiph; emmiespéasttsymed may be

bet b F (1.0.to 170 at t bet bout 681
Do e oot Sbtupostte b2l Dlifing Shiets & o BT alod P8 6 capabl ¢

of stori ng rhétalis grefatblgRel2fied! fromi HE orodk cBhdifing WHstamiQ stebE aRLES t-
i nvention ar ei@%as%%bl e of withstanding an internal pressure greater than .

about 500 [F&IR¢n stash sasber siselabioys, ghesinem allops and coripeb@ilbyss Dividimgd  nost
preferakly t Sl g. terior walls, e preferably"
Const 1 uat c o Ere At iy (BBl or RS ileadisty ool rmost .
pr ef er abl y afjapent Shdmberakinres SomsbaShportPHRY e liguldsis adjScdiEchipdiREsHgod t hat
the exterior .wallg according to the present 30 invention may be constructed
of vari ousnbatlﬂté‘rnearéf SABHPICRAE % r s sthe Wi ding menviersdot zot dorms pres e

t enper at ur @ a4k | Log, t l:mted to rbon steel,.

al um num ger am ﬁtﬁéﬁ gh@%%k%] ﬁg;ésr?&gﬁt, Slr})il&n}hu%{ngﬁ%ﬂ?so?%leo‘ﬁﬁ%ern% al | oys,
and  conpod$hveatiombesd mk be corBirvdtell togwitksvrlthe prREMIFEHiMrdnfalk RepdHBEENT
inventi1 n %ﬁyélllbetconstruc @g of. d[19 WO 02/ 31253 PCT/ US01/ 31507 vari ous
materials PROIUGTHET HS Ohte divided mrgssure verealailbus, dividing membgrsasey bss, and
conposite ﬂaﬁmbﬁﬂsnexggﬂlskﬁi}ng menbers are preferably constructed of netal.
The netal is preferably sélected fromthe group consisting of. stainless
st eel , al uni numRefesERSBIW ta Bignre & anizmbodineit ofik bmgsssimg systemusmpsibyiays, and

copper all AANcK r.S. ar e,.nmns referably constructed of Type
304 st ai nl g)ségrbgygieqX?d%g%%ﬂg%%g@flé@eanqlg@ﬁiﬁ%é c ‘é??é"rléc%?r%ﬁﬁ?)ﬁ‘evap(jr space,
the liqui dgresentanieatiomtvilthawbetescabel. AProtedineesiin 400has ATRoREGRS U €

Thus, ige di- vi délgg ﬁr‘r})ers do not form pressure” barriers between adj acent
chanbe Xessgl 104p thud commuigriionavithes divisied prrssyse wesselt514i Mapor flid need not

5 oot vt AN LS UG AU 0, 10,

the exterior walls of pressure vessel. ng nenbers
may be cohiuidemedunicgiondspiovides by Refiiz tdnsfer Bysterh 5§16 n@llifs 524 ald embodi nent

of . a procegsj t em.enpl oyl a_. carbon dioxi de solvent and utilizing a
OB B OB B Rl S hohe SRt i g~ "

both a vapor and a liquid transfer system, it is to be understood that processing

20 sy§t,ems of the present invention may have only a vapor transfer system, or only a
liquid transfer system, or may have a fluid transfer system that transfers both vapor
and liquid. The vapor transfer system 512 may consist of a line or may comprise
various components including, but not limited-to, one or more of the following:
valves, lines, compressors, condensers, vapof tanks, and moisture separators, ainong

25 other components. The liquid transfer system 516 may consist of a line or may

' comprise various components including, but not limited to, one or more of the
following: valves, lines, pumps, and filters. As will be understood by those skilled in.
the art, lines, as used herein, inay be seleqted from the group coﬁ;pn'sing piping,
conduit, and other means of fluid communication that can withstand system

30  temperature and pressure. A

As will be understood by one skilled in the art, various processes employing a
carbon dioxide solvent may be performed utilizing processing systems. accdrding to
the‘present invention including, but not limited to, cleaning, coating, impregnating, :

extracting, developing, polymer processing, particle processing and purifying and/or

20



present invention will now be described. A processing system 500 has a
processing 15 vessel 510 in fluid comunication with a divided pressure
vessel 51¢woadapeys fluid comunication is provided by vapaictnansisar system
512 and lines 520 and 522. Liquid communication is provided by liquid
transfer system 516 and |lines 524 and 526. Wile the enbodi nent
illustrated in Figure 5 shows a processing system having both a vapor and
a liquid tsmibdseingshemical compowmdsoibgeneragrstessidg sysampsfahepeisry 20 systens
of the present,..inveniion.. have .only _.a vapor_ transfer system or only a
liquid traRSPRionmay éﬁ?%%ﬁﬂ%“ﬁﬁgé‘) Bgrf‘?rl‘}?l ¢3rheR figxidg pasedareassses t r ansf er s
bot h vapor thaafglidel t#ei o motb SolMitRhating MG Ent Bk Bpi eStyo0f a line
or mmy conprise various corrpor)er)tas1 |gn§Fudr|l ng,ﬁﬁ)gutlél%]%t |ﬁ%ﬁgme§?voone or
nore of t hermerd solutiogs areatbpadliotidetmsed sudwjoresbovever, ona demses & thy apor

t-anks, and Lsture .separators,. anpng..25 ot her conponents. The liquid -
tra‘nsfe$l sy’ %?Hsé’i%%ﬁ‘%ﬁté?r&l@td%?qga?llﬂwé° oﬁélfxq@brrpri se vari-ous
conponent s i ncl BfbcB@ingybte8'of tHePrdsest hPontiBh S beREEto RrfotlFarib@ | OW ng:
val ves, |ines, punps, g?rzfd.ti I ter_'rsis.k As w | I1 be ﬁ;lderstgo‘%fr{?y tlgu%slgsl skill.ed
in the ar¢leanipgprpcesses yiligingreyasicty, ofrriganing asirets, esiwill brutdestapdduyp .

conpri si ngupL Pl . i n ther .nmeans of fluid co ni.cat.i on tha
can wt hstglﬁgé) %ys de%qg%%efﬁ%eegéﬁ ngc W%nggsﬁ?%?awc%ﬂ%?%ﬁﬁﬁgerstood by
one ski | | ehbril klebhiegal tubstates Oith ap HREASSESd, PHRIrOfatBers SRR ey de

sol venio maybe éoerfo.r med..utilizing processing systens according to the

presen AR Piranedisal geviges{ioplsfimplanis; ogls; gonendnonsmictionat i ng,

i nY&
i npr egnat i fgieri | [ . ' jcle
g Bt XL e N 0 Ol TS RERE SRR L

synt hesi zi imgludhii drkleeninp ofiflisic sibstrgten és.al garprentselsenndrapyst ey aed t he
based pr ocobBebb e theriren) 4 f oD elited Brikcomaml Gororese
conposi t i op®cest(#S airgldinatlO&tikled). Or .nDre sol utions are carbon dioxide '
based sol utions; however, one or nore of the 5 solutions may be .

substahtial |y od%Billbenndersieedbythpsecilitiddn ateart; Prascssing sygtemgsf thes of t he

present i ' o_perfaormvarious cl eani .processes

Gt i 11 21 ng Hheent el Rey bE R S p AR o o pre SR BPRBE Y ¢ nose

ski |l ed i noftdoetimg ddjurfety. Fot@r@hsle, wbh8RFHdgeRENGEP HRRIERYatin3ddriide the sof t .
wood, paper, fur, feathers,

and hard <ile ir;gt_ f substrates such as netal, )
Filtrati orlFean Higese PP e ard hasdl subisivgies dpscaibed eheyei peong athggs.ant s, .
tools, st ofBrigRGb&ARSLhY fetafh‘épsubg?étgsr ) Be §6’aqgli #ih SORGTh SR W dllASS. among

others. C eaning processes nay a
20 such as flame retardants, water repellants, water-resistance agents, water-release

agents, sizing agents, sterilizing agents, stain-resistance agents, stain repellants, stain-
release égents," anti-bacterial, anti-microbial, anti—vjrgl and other biocide agents, UV
resistance agents, and dyes among others. Hard and soft substrates in general may be
coated with polymers, as well as many, if not all, of the coétings described for fabric
25  and leather substrates, among other coétings. Electronic substrates may be coated
with photoresists, lubriqants, insulating layers, conducting layers, polymers, and
protecting (e.g., dust resistant) layers, among other coétings.
Processing systems\ of the present invention'may be used td perform various
impregnating processes qtilizing a variety of impregnating adjuncts, as will be
30  understood by those skilled in the art For example, materials such as food stuffs and
tobacco may be impregnated with flavorings, Vita:rhins, and pharmaceutical
compounds, among others; various articles including clothes may bé iﬁpregnated
with perﬁ;me, for example; porous materials such as wood, concrete, stone, and brick

may be impregriated with insect treatments such as termite repellant,
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i nclude the dry cleaning of fabric substrates (e.g., garnents, linen,
drapery, etc.) and other substrates (e.g., leather) that are typically

cl eaned iwo2z9rgserci al dry cleaning process (i.e., dry-daanabbeor
articles). 15 As will be understood by those skilled in the art, processing
systens of the present invention nmay be used to performvarious coating
processes utilizing a varjety _of coating adjuncts. For exanple, coating'
processes rfé‘bpr?‘i*féﬂl%@t%wb iah gfatmsybioeidesatvgh peandi-funghlewd antiemildes sgehts, and

hard substr ' thers. Fabric substrates and :
| eat her subﬁ;bi1 ffg%‘rggﬁrr%l%/ Eengtg%%‘%acfm?#? ﬁ’gt\?gfelpg%agnscé’gﬁwhodl rgﬂfqg’ﬁiﬁt QL sych as
flame ret aragantssandwanekidragpes,| jastits name b 6w, 86 nfdaal BnAaas hfay teat er - r el ease

stai n-resi'stance agents, stain

agents, sizing agents, sterilizing agents
repel | ant s,"r’é’?eﬂlgt-eg?’éqhélé% ta gEqttide, for examplepeanizotlpdreleasptandmntibibi al |

anti-vi sal Bgh o IpeTel S . i nt.s.. _and dyes anong
others. Hard a‘ngctzlléésaofS t sﬁ%soglgeé%gggqshange ¢ gﬁrﬁgé/rg@g&s ‘gagla eelgip\’i\?gpﬁte ol yners,
as wel | as witinipsedtffungos pmtdctantst watee abwalbaneg feriibaas bk, bed gl i ¢ 25 and
| eat her- sybstrates armnga(%%}grer coatings._ Electronic subsfrates may be

> 4l

coated wi tIRIPAGToIELP Spm T30S phasisheraisitig | ayers, conducting
layers, pol yner s\s piithe tRHESBEH bYIndse sflilled b aﬁﬁ@"oéés@iﬂ%%sy%t%ﬁggfgthe among

ot her coatings. Processing systéns of the prese I nve may be used to
per f or m vabresgat mvemﬁo@gmt%ie ngedrtogredsr yaniousl dxabetingproedssast Fopéxanifds,egnat i ng
adj unctsg, il ].. be under st ood by thpse skilled in the art. For

exanpl éé mﬁgﬂsﬁltsa?ns]{xjsg%atgga PBOEIHCYS‘%H%%/@’ PREGHSE Sueh3s tAEliapgd vaienst ed wit h
flavori ngs stevoitlgmilghoRsteroh NakiAR e kih6Adne neQHRAASed BBt NEER; various
articles incl uqi ng clothes may be inpregnatéd wth perfune, for exanple;
por ous mat &PHA BTAyels (@8- Wdes sewne prd winal floids) foed preshictskinclnding besat,

irrpregnateqimr;‘}gs' ect . .. erm.te r |lant, 21 WO - .
02/ 31253 PCT/ 85 P %s@kta{c%?%ﬁ%ge&?ﬁég i8S, %H@ﬁnt%té%‘?‘ﬁﬁ’n&flgbﬁaﬁ%‘?ndes such as
ant i - f ungamigiukesafor examplelew agents, pol yners or ot her strength enhancers,

wat er li§p6| I antf,Qé;poll uti.on rf ellents, anti-rot agents, and non-skid
agents.>j ust t ol FRAFSINg WERmS of HieRteReRbInVeHion apaYDerhspd feperfommragang ed wi t h

2 : i _ Hpregae ed w
rugs to pdevdléifng ﬁ@&es&e%?d 81 beclﬂﬂfefs%ddﬁzgr hl-3R 3Ry u?pfséa?ﬁ Foggkz?n ejouling

agents, anong others; seeds, and agricul tural produc can rregnat ed
Wi t h i nsecPh9taregists (micselithography) imadneicomtvs or febmicstior, photopiaphisdilagemds, and

Cnder ot ood B S EAIbeHPUIR. The art - processi g systems of the present.
i nvention may basulde LBIRREEPBMNGES UANE Bthd AE PholBsRhOGRESRDr T exanpl e,
- 20  present invention'may be used to perform various polymerizing processes. For
example, polymer synthesis\ via homogeneous or heterogeneous means may be
- . ‘performed. One or more carbon dioxide based solutions comprising one or more
monomers may be combined, in a batch or continuous addition, with one or more '
carbon dioxide based solutions comprising one or more initiators to fc;Im épolyﬁer of
25  the one or more monomers. The resulting polymer may be soluble or insoluble in
liquid carbon dioxide. Preferably, the resulting polymer is insoluble in liquid carbon
dioxide. Other polymerizing processes include, but are not limited to, extrusion, fiber
- spinning, extractjon, surface treatments, spraying, and RESS, among others.
| Prqcess_ing éystems of the present invention may be used to perform various -
30  purifying processes, as vyill be undgrstbod by those skilled in the art. For example, a
compound to be purified may be suspended or dissolved in a first carbon dioxide
based treating solution. The compound to be purified may be substantiaily insoluble -
in a second treating solution that is substantially devoid of liquid carbon dioxide. The

first and the second treating solution may be combined such that the compound to bé
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10 flavors, vitamns, natural product drugs and drug precursors such as
taxol and various steroids, oils, cholesterol, toxins and |inonene may be
extract edwig@mipdzants, seeds, aninmal. products (e.g., bowoeuseswss and
spinal fluids) food products including neat, fish, nuts, eggs, mlk and
dairy, vegetable juices, fornentation broth, and reaction mxtures, for
exanple. 15 Processing systens of the present invention nmay be used to

per f or m vapiuwuied prgeipshtepouigp{ polot@sses, as will be understood by those
skilled in the grt...For ex , ... phot.gresi sts (mcralithography) in

seni conduct or f: rWﬂlé’gtuing?%g%ﬁ}S#Bﬁ? &Bﬁfﬁ@n@f ﬁ%,pra_?ﬂﬁsm&sy%@msrqﬂtﬁ% may be
devel oped. pAgemtihventiEn HRAYSE Bk08 ,ﬁfoﬁﬂ@é?%&i%%ﬂhggzihg fddEssBe, trorPr OCESSI Ng
systens of the 20 present invention nay be Used to Ber orm’vari ous
polyneri zi F¥pEPleceBrstearborudioxids hased egacting yotetiorsgontdiniag & fivitacdeambgageous or
het er ogene ns. rmay be .performed, One or nore_carbon i oxi-de based
sol uti gﬁs §§§%@?§F§&%ﬁé%‘?ﬂdﬁﬁb@n diSdspased F@ﬁtub%so&‘g%icﬁéﬁ}m‘%aa batchor
cont i nUOUSsedad tdacfant 10l syhthedifs DéhelER comBbiR) THeRhbARDaRRshuRA! Ut i ONs
conprising one or nore initiators to forma polyner of 25 e one or nore
nonomer s. SAEhesized mayrhy veePysmeempenydyiscludingbbu not liinitsdia, Bhesimoletilaui d
carbon di oy : t resultin olynmer is. insoluble inliquid
carbon di é%?t?emg[&@&@r&g%?ﬁﬁlﬁgﬁ?%cn ’%’rdcpcoggggé’ %?ﬂgd)glée,rs'but are not linited
to, extrusion, Akl bespdéstoodby ke aallédin thé st [RE@sdihENstRRtTthePr ayi ng,
and F , anong.others. Processing systens of the present invention nmay be
used t° pePFESTIRERIGURAY 8o ussdiite Peiforn particle psessssingsugh s fasmatiordandéornod by
those skiltgginbdriihg ftdclestor exanple, a conpound to be purified may be
suspended or drssolved in a first. carbon dioxide based treating solution.
The conpound t oPtesessingisystenis aevprding tuths peastitahvention aelpukfeblyi sarons econd
treating seolution that is substanti.ally. devoid of 1jquid carbon dioxide.
The fi rst&gﬁge%ﬁ%edss&%w éf B%ﬁdlﬂ’r?éelg’olc%rp%ﬁlqw ]flﬁ‘_ée‘i_céﬁ%ﬁﬁ%élf_%ﬁ%ﬁmﬁ hat the
compound t dabeile 26612 hiadinB ARSI LarvBhbidki Rt MR ShRILAIGS out of

solution. As will be understood by those skilled in the ar processi ng

syst en®® of PIORSIngsysems agoauding fodhe pregeris énvention tre ppeferablyrtwoatiasus -

synt hesi zi : (Nol¢ X w.a.fiyst carbon dioxi de, based reaé;ti ng
sol uti on c%cg{ﬁﬁﬁgggﬁsfeflrs ‘.tenrasga‘%?ggr?? %V’S“ﬁ%’pﬁ%fﬁﬁ?'ﬁ%s Vi'e BYSEFRSHBhd car bon
di oxi de balsve bottealiquid asdh wipod Phase pirésert il GhPsysRaE OTHE H@RATIARS td20 '
synthesi ze .a chem cal conpound. The chem cal conpound = synthesi zed may be

iy N
various coPHFSTRELemSIaRY b #Faturtionserditipns eraray ks sugraggled. be dauidar

preferably comprises at least 50% by volume liquid carbon dioxide. The “liquid .

20  phase” may include one or more separate liquid phases in addition to the carbon
dioxide liquid phase. For example, the “liquid phase” may include an aqueous phase.
‘The vapor in ;che two-phase system preferably comprises greatef than 75% carbon
dioxide vapor, more preferably.consists essentially of carbon dioxide vapor, and most
preferably consists of carbon dioxide vapor. However, the vapor in the two-phase
25  system may comprise various gaseous vapors including, but not limited to carbon .
dioxide, nitrogen; argon, air, helium, ammonia, chlc;roﬂuorocarbons, and
hydroﬂuorocarbons. While two-phase systems are preferable, processing systems
according to the present invention may employ vapor, liquid, and/or supercritiéal
carbon dioxide based solvents provided that the carbon dioxide based solvent is stored
30 ' inthe divided pressure vessel as a two-phase system.
Referring now to Figure 6, an embodiment of a batch processing system
employing a liquid carbon dioxide solution and having a divided working tank will
now-be described. Valves 601-618 and 660-665 are shut, compressor 652 and pﬁmp

655 are secured, and batch tank 654 is pressurized with carbon dioxide vapor. As
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el ectroni ¢ conpounds, fine chem cals, and polyners, anong others. As w |
be understood by those skilled in the art, processing systens of the 10
present iwoanizisy3 nay be used to perform particle processiptg/de¢h18%
formation and/or coating of drug particles. Processing systens according
to the present invention are preferably carbon dioxide based systens. As
used herein, "carbon ‘di oxi de based" systens are systens that utilize a

sol vent condbustrsieddn Giguae 6y the bateh pOKessimgdysteti meoding Mhenadinhaubar Iy, 15
processi ng stens. according to the present invention are preferably:

t wo- phase 3@%@8??@@3?%@8%&83@@% liaé'ﬂ%sb%% Aérﬁjﬁ Fogking tark p53is diviledse syst ens”
are syst emprdshiat veddaly & £at e N[ Mo 7¥ . ' tpi .4 he
system THE) liquid in the ?bm%-dbgﬂgglggésgn%q%g@lgg%gggl%g{l%?g’?i %hﬁlgondi ti-ons
or maybe s¢b- ¥@iusdiquitieansfegue-dircpatidn radtistiBaigardpeesions wilbast b&50% by

vol ume ki qui di,oxi de. The "liquid 2 e" may include gne or nore

separ até I:da%ngg&pﬁoglgggdigx aaf%ﬁ‘?r’ﬁut?ﬂ of BQQ%%%@Q?&WPS%wqrir&efﬁafphase. For

exanpl e, t higesé bpetatichs P RRIBED HERYini 1 bPEBHAR FUAS, @%@%%Y%]Yﬁor in the
b carpon _di

two- phase system preferably conprises greater tha Oxi de .
vapor, nor & gisBliag apesficulsnselytien mehidadraining, trbsfemingy retaiining, dedistifing, and
nost  pref ' f rbon,di oxi de. vapor. However, the vapor in
t he tvvo-phglggp%%t %@@?éﬁﬁ%@ Sg%ﬁﬁrrl’i%esislg Foues Fgg‘éous vapor s including, but

not limted to Eauitbmay be duuféreel frothich@dt C 8f @6 RyorRing tarfked5B YsheaNMONI &,
and  hydrofl| uorocarbons. Wile tws-phase systens are

chl oro%uo ocar bons, _

pref er Ie,atﬁﬁﬁ?é‘gggﬁH%j%%’@%%vaﬁ’@éélﬂiﬂg, @03, 606 apd 682 pndistavtintthon may

enpl oy va |65 61 iy Ghs super et Wapal a ol vents
ot vt ted | PP P AT Riuid SPELETich Hbugf 8 A0 B B0 SRR 0 v e
pressure v&nsen degired amaunixifdieidhestbeen trRaferedito thertemeht tank-65) i@ fampan

Col uti on affee REy PRO-Ar o SacAlErsat A A ol ool e st g vl ves

601- 618 aneha§®e tahiferédireM ke bAHTERESPo GambRNE PUPw &ﬁ% red, and
batch tank 654 is pressurized with carbon di oxide vapo(r). %6%%%82/31253 )

PCT/ USb/ 3eeaming the Velges tlle 619,608 ¢l 605 and oS, laad startingthe puinp §55 yehem
di o ' the.. i nyenti h king tank
655°" The it Achie EACRERRS sRbuant A sBECRRT bad BA5 gt B Bt e above

i n Fi gur esatheuint ofifiypiiid gas becheirghedhemshdbatéh tadk €54, Ghe Mahp 655 rday gL d
transfer, re-circul ation, and distill ationaggerations w ||l now be 5

descri bed $GM°4 valveseldy f11, 689 36, 45 ped 60T e bel shuthadtemetivély.e one or
nor e of liquid may be transferred from the batch tank 654 to.chamber C of the working tank

20 653 by opening the valve 665 and gravity draining liquid from the batch tank 654 to

chamber C. It may be desirable to gravity drain solution from the batch tank 654 to
chamber C to avoid "contaminating” the pump flow Apath (lines 633-635, etc.) with the
solution in the batch. tank 654. For example, the solution in the ba;cch tﬁnk 654 may
be a wash solution that contains one or more aggressive c'leaning adjuncts, which

25  work well on cotton fabrics but may harm more delicate fabrics. Gravity draining the
wash solution containing aggressive cleaning adjuncts to the working tank may
reduce the likelihood that the aggressive cleaning adjuncts "contaminate" the
remainder of the system. The éggressive cleaning adjuncts may then be removed
from the system by distilling the liquid in chamber C. ,

30 Liquid in chamber C may be distilled by bringing a heating element 658 and a
condenser 651 on-line as follows. The valves 61 8, 661, and 662 may be opened. The
heating element 658 causes the liquid in chamber C to boil or vaporize. Carbon ‘
dioxide vapor is transferred through lines 642 and 643 to the condenser 651 where the‘

vapor condenses to form liquid carbon dioxide. The liquid carbon dioxide flows from

-
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t hese operations. As used herein, the operations of draining, transferring,
returning, or distilling a particular solution include draining,
transferrwamsigizurning, or distilling all or just a portpcam®i/sidee
solution, unless otherwi se noted. Liquid may be transferred from chanber C
of the working tank 653 to the 10 batch tank 654 by opening the val ves
615, 610, 608, 601, and 605, and starting the punp 655 such that the
liquid is thargIdersesd5t hranghihe hee 628iato dBmbesAS tiESMorkingdafidas3. Once a

desired anog f. g LU een transferr t bat.ch_tank 654; the
punp 655 nayg%glegclla%@rgfécgl Q’%ganigﬂés ?/Oé??a}stg’ fgié’,gﬁéig‘?i ggbang@QSHng( e@g@. may be
shut . Li quiThe distillabebottonn séradiniag if ERAMBAE By 68 pludek fBRALE Syshggher C of
t he working tank 653 by 15 gpening the val ves 6&1, 610, 609, 6l16; 601, and

605, and stoReRgdhe vbvesildsnddrining ghambeatC to apgsidu¢ sontainersf erred t hrough t he

i nes .35, 634,1; h esired. ..amunt .of lLigquid has been
dr ai ned§f rom t heL @gggha??) gr?&é‘%lgtz?%ﬁ%&bﬁﬁga%géaﬁ‘a@4@g8%%ee@?ﬁrééﬁ %%{nd t he

val ves 611,0pédifig tO@lves 661, 606,landago8, Si¥stare P thePuttp 655 U1k Tatel ¥4 Hay |1 qui d
may be transfeﬁireld from t({z& batch tank 654 to chanmber C of the working tank-
20 653 by OPERTSRLRtfEey ey swsbonaltesr The fiterf3 nreierably igw@icontirativnhe bat ch
tank 654 t Qint Ghandkar ' . V| ain_solution from
t he batch tlélnk 654 tcgl% nglﬁtgﬁg(?}ﬁ : tegesg%}{)?lg{ &8?)1% %{r%fac r%‘ﬁﬁnﬁé&r? Hay g%mp flow -
pat h (|i ne®peRBGspratelyoy nwiytte oplmated-togdthiiri on in the batch. -tank 654. For

exanpl t he solyyti.on i he bat t apk 65 be a wash sol ution that .
con'[rgi Eg one or Lﬁ%‘?‘i“’ﬁég? ggqu%e %‘Hﬁg?f&b?&r 3%?@{%%&&%@3%1&@ wel | on
cotton fabiarh thiki6amy dpariAy HRVAIIS 615,310, S Esic)i{v,%nd @bé‘,valn@éhagﬁ%@k ng the

wash sol ution containin .agc?r essive cleaning adjuncts to t i ng tank
B

may reduc®PIROPispeh th is arensfhredfpughshy bnes| 63816365 63d)jand 632

"cont am nate¢. : | . t he syste The aggressive cleaning -

adj unct s ntwgl K h?ﬁs%eg%#?;oﬁ'ﬂegél q%{dr%aﬁ] teﬁ%tsrivrﬁré%%f’ P Ir?ngets}‘?%urFEqui din
chanber C. aBOtHeiwghiesi613) 6¢0,6082601Can@y0D@asibs binlt] eshymay b &apgefedreat i ng

el enent _ 65 an&l18 Egﬁgg%n er 651 on-line as follows. , The valves 618, 661,
and 662> may™© ﬁé‘ﬁ nk-pad to shambien§ of [t werkingpigni 633 e opanéng thealves n
chanmber  C %91.70! 6 (P A-3 - o] X VaRor I s.transferred through
lines 642 and 643 (?(r’)Gmggg’oﬁggggﬁa%%fn%@%éq@ﬁeé%g\/?ﬁlg?thgod%a'@%lge‘s to form
li qui d car pmqueli aftiquid.is Jtametl ifipmi the batchamkob5dy thd @uirpasss mhayors 2dud 02/ 31253

PCT/ US01/ 315 t he can S ro the I'i he 628 into chanber A of
t he wor ki néﬂ%ﬁg’ﬂ@g@f?ﬁ,&ﬁ@ﬁ?@%ﬁ@ﬂiapﬁgﬁ WY@BEE‘&H on is conplete, the
val ves 662, 661Li@iinth8mB&YA BELSNrking Tk d¥thdy dAtMsRALE 0 RebEXRI NI NY i N
chanber C r;%}é be purged fromthe system by
20 t 654‘by opening the valves 612, 610, 608, 601, and 605, and starting the pump
655 such that liquid is transferred from chamber A to the batch tank 654 through the

lines 640, 636, 634, and 632. Once a desired amount of liquid is transferred to the

batch tank 654, the pump 655 may be secured, and the valves 612, 610, 608, 601, and
605 may be shut. o
25 * Liquid may be transferred from one chamber of the working tank 653 to
another chamber of the working tank 653 by opening the respective isolation valves. .
For example, liquid may be transferred from chamber B to chamber C by opening
valves 613 and 615. Liquid levels in two chambers may be equilibrated by opening
the respective isolation valves and allowing them to stay open for a sufficient amount
30 of time,. preferably 30 seconds.
The batch tank 654 may be depressurized by transferring carbon dioxide vapor-
from the batch tank 654 to the vapor tank 650 and/or venting carbon dioxide vapor to

atmosphere. Processed articles or process products may then be removed from the
batch tank 654. |
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openi ng the valve 614 and draining chanber Cto a residue container. 5
Liquid may be circul ated through the batch tank 654 and the filter 656 by
openi ng t{e wahiyys 611, 606, and 608, and starting the purpeia®eiyzidee filter
656 may include a lint filter and/or a carbon filter. The filter 656 '
preferably is a conbination |lint filter and carbon filter configured such
that the lint and carbon filters may be operated separately or may be

oper at ed t oget hBy2 finsy methodiof opergtidve thertatndf rrocesslisfa deanitgprbesss Budthet he

Ki t : tch tank 654. ' h | . 613, 610,
605, 601, - et ik 634 1 Pwp oo Piin TRt 8BS BleRied: ks vPe fikin
transf er r etrhifeleaging heebseEinCclad valids cl6afing pddeBarsuch 6dinRedpsi I ed

anount of Iig‘gi d. has been transferred, the pu 655 may be secured and the
val ves 613dry@lesningguocasees, amens @oss.nAyticles te hatcleansdare grafergblyenaterials f er r ed

the varves BT el g PigR b R Sealirnsbt RS SiERel e pump b5,
Once t he desnpenentsagiticont wabrsthguitdut &nﬁ&@idﬁ@d)r%ﬁ%%ﬁdl@litﬁ@éﬁﬁh%ank 654, the

punp 655 may be secured, and-the valves 611 609, 61 01, and 605"
may be- shut PrOESSSEs BFTRelefEqrBIerhanicat davines (MM Py fibementsstevieas anise v

transf err egdsphdnkhie. 1 ank;.6 | e 612.. 610, 608,
601, and 605,&§nd start | ﬁst%t?aﬁ”rg pu#ﬁ§égg%ap§8§ﬁlhpﬁ%e®%fn\éﬁa:léﬁ| %rqji%% sferred

f r om chanbpartsRr tepls, hebibgtpife, tedicalibdicehsunhaly stdppersistaipsls/SAhge$36, - 634, and
632. e a desi.re nt of liquidis transferred to the batch tank 654,
t he p% %nggﬁ"gsggﬁ?%{c{‘&mﬁ{t%a éféy/gﬁ?we’i@am%dﬁter B9dia, and 605
maybe shutslurgs,ljastitish, i ppetivklsafsd L LER s M, esamalanber of the working
tank 653 to_ another chanber of the working tank 653 by opening the

respect i vePal¥sirafiycspethdene@TFE), mpen-esthanp] dosddiagllifdams yldse-roommsfier r ed from

chanber B peni n val ves. 613 and 5 Liquid Levels in two -
chanber s n%@ %@%ﬁ%?ﬁ%ﬁgﬁﬁ% algdp%?{P%odlenfsﬁga? %Sssﬁg@g(f'g‘e g?sg(S%sﬁP?i 8h val ves

and al | owi mirggs), packdeingson clegedevices” sack b nfi@belBétraai®atdtmeBéhl bvikdsire,
preferlgbly 3 ajeconds. The, batch _tank 654 nmay be depressurized by .

t r ansfler r i REUE COBROBSS andfoodshits, amprg ptherse Agticlenta berdey slbaneddiehe vapor

tank 650 [ an Y58 b ' iga g : rogessed
articles (a)(??rfr S?essgg{&%éﬁ%t%?%@m? en %nggggjn%%g%p@%%?%%%gﬁgﬁﬁ{eank 654.
25 WO 02/ 315 3nd@EHiddsive [3de0iion duits,aldves shlanketdwmd ofierdipen, duispRathtRe bat ch

rocess is.a cleani rocess .and the ., L .
P stifictiral Textilcs s%ch as awnings, tents, etc. insulating suits, and sleeping bags,

among others. Chambef A contains a solution consisting essentially of liquid carbon

20  dioxide, chamber B contains a wash solution, and chamber C is empty. The wash
solution preferably corﬁprises greater than 50% liquid carbon dioxide and a cleaning
adjunct. The waéh solution preferably comprises between about 0.1, 1, or 5 and -about
15, 25, or 49% by volume of the first cleaning adjunct. As will bé understood by
those skilled in the art, various cleaning adjunctts‘may be useful in the present

25  invention including, but not limited to, those described in U.S. Patent No. 5,858,022
to Romack et al., U.S. Patent No. 6,001,133 to DeYoung et al., and co-pending and
co-assigned U.S. Patent Application Serial No. 09/313,748 to Romack et al. entitled
Combination Surfactant Systems for Use in Carbon Dioside-Based Cleaning
Formulations, thé disclosures of which are hereby incorporated herein in their

30 entireties.

A first volume of the wash solution may be transferred from chamber B to

chamber C by opening valves 613 and 615. Preferably, valves 613 and 615 remain
open until liquid levels in chambers B and C are equilibréted, and are then shut.

The first volume of wash solution may be used as a pre-wash solution. Ifused
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batch tank 654 is a wash tank containing articles to be cleaned. As used
herein, the term"cleaning processes”" includes various cl eaning processes
such as ceg@rgersal  dry cleaning processes, anong ot hers. pytiiwh8ssor 0 be

cl eaned are preferably materials 5 such as netal or plastic chip, virgin or
recycl ed paper, glass, mcroelectironic conponents, silicon wafers

t hr oughout sem conductor (e.g., photolithography) 'processes,

m croel ect 282 peEcYiadhi sobttionethe %w voMENS)E, wash belntiopisi prefdmbilycessfanctd

conponent s i rage, nedi Logr aphy conpenents t nd/ or
pl astic pa?ﬁiog? or %85@%’ a{eu‘gﬁsﬁggrﬂﬁ)&éeﬁfﬂ%s_ F@aﬁ B’ra—gmgﬁégluggcrhaya : e
st opper s/ s died frel WiEHE bNG&H solutdnBReLrg durih FRIraftStrarskdrihy 4GB lume
phot ography/ X-ray/ protective films, filter media, slurfries, particles,

food produ®f ¥ashssolion fpm eharsher Kytel the washptanki634. Pls greevashiathuoetdet hyl ene

(PTFE) , sopen. ' :cell foa |.ean-r.oomtool.s .a corrponentsl, ,
r ubber, 5ar ? ?eg%gélkgggd?hctgr%z%gﬁ @“@S@ﬁwggﬂ %og%ﬂogn Y]él?egtransg%‘g%%rhgﬁd 0- rings),
packagi ng Woluniealf eash stiticeSomTHEMbEST 6 GE KRk ik B34 C TABgraWmeical devi ces,
15 nedi cal conponents_ and foodstuffs, among others. Articles to be dry

cl eaned (i S@iution prefprablwcoraprses hetveen alout 8rle et andaboyt Ia2heatdd% i f or ns,
prot ecti ve yWeal W 8T S U b na, r.adi | i yits, -

gl oves, bl gnketes(ﬁan rgt%v ﬁfg]} E]I%ﬁllg%?&J?ﬁ@'s?\va@gtb%gﬂs%rgt%gpr%ggﬁoﬁ%gﬂ%ﬂf %%i | es such
as awni ngs thetasthvarjoue pre-wasiselbatinggljsnctd may bertsesillde fengedeatimvent®aong ot hers.
Chanber, A contains a solution consisting essentially of liquid carbon 20

di oxi d&? cHd é‘}g’%“tcnc?iﬁﬁli“ﬁg?%%gm ks deseriped Hﬁ%rT}ESi Qe gt y. ~The
wash  sol Uiyashiclpi@{eed oy a DR cicaRm A RALGhay Bidfhe 53%;1’{% bt Hll,%%?? 2@%‘»’%& di oxi de

and a cleaning adjunct. The wash sol ution preferably co ween
about 0.1, 1, oAfler eontactipgthe artides e clranadinthy wash tank with théprefwasht

cleaninga'“@ﬂ i |L. be .under st ood b those skilled in the art, -
various cl g(gm ngatalgjgsa\ﬁﬁg&noﬁé)i eeprﬁ'swearsﬁr%lflﬁoq ‘ﬁ‘éygFé%éWFd%@m: ‘ﬁwﬁf on
i ncl udi ng, taaki65Mat the dividedovdRing!thoses3d FaefeiabBe ail Bf Hepre- Ak Bilutdh isS; 858, 022

to Ro k et al,, Ug.é’iPatent, No. 6,001,133 to _DeYoung et al., and
co- pentfl ngretacd odbedividgd srprking tank 458 n {Thpprs- Vas Sobiionanayhe RBInegidp 313, 748

to Romack gfanier ASBHanitef B, o iHRAE! %ogfﬁsao(f re—%yassﬁgg\ﬁ;\lﬁﬁlg #ag?@ i n Car bon.

Di oxi de- Based C eani ng For nulations; scl osures o € hereby
i ncor por at sdurhed teitwoion ntoeof theRhemberse The pre-wash sohitionds piekerstily t he wash

sol ution nmay be, transferfed from ch er t hanber C by openi ng val ves
613 and 615 ?’?detf’é’ﬁ% " Vaf e%@_ﬁ\fg‘i?r& Ereply erpre-gpghsAREan is| i qui d
level s in shanfioehBnBaC, vitk&it ek aﬁh@@iistmaé%@gﬁelrétfb%ﬂnm- The first

vol une_of wash solution may be used as a pre-was olution.” Ifused - 26
20  performed during at least one of the operations of transferring wash solution from.

‘chamber B to the wash tank 654, washing the articles to be cleaned, returning the
wash solution from the wash tank 654 to the divided working tank 653, transferring‘
the rinse solution or the coating solution from chambef C to the wash tank, rinsing 6r
coating the articles, and feturm'ng’; the rinse or coating solution from the wash tank 654
25  to the divided working tank 653. o ,
. A large amount (e.g., greater than 50%) of soils including particulates may be
removed from soiled articles within the first few minutes of pre-washing or washing.
Pre-washing may remove these soils with a smaller amount of treatihg solution than
washing would use. Additionally, pre-washing may remove the heavy soils before the
30 washing operation and thereby improve cleaning effectiveness. After the pre-wash
solution is returned from the wash tank 654 to the divided working tank 653, the wash
solution méy be transferred from chamber B to the wash tank 654, and the articles to
be cleaned may be contacted with the wash solution.

Alternatively, the first volume of wash solution can be held in chamber C and
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WO 02/ 31253 PCT/ USO01/ 31507 as a pre-wash solution, the first volune of
wash solution is preferably transferred from chanber C to the wash tank
654. |If da®¢ed2s3a pre-wash adjunct nay be added to the fpgmsitsoy@issne of
wash sol ution before, during, or after transferring the first volune of
wash sol ution fromchanber Cto the wash tank 654. The pre-wash adjunct is
5 preferably added to the first volune of wash solution while transferring
the first tlwohashsobﬂtiow&wbhaaﬁanicmmbé traisferanben chahbert® thashsh aak 654. The

pre-wash . |o re onpr.i ses bhet bout 0.1, 1, or 5 and
about 15, @Fm%f%?é glgl%éarbﬁ?ﬂé P& &wo ?%eé]nﬁf% chupber & to As wil |
be under st | I’Iﬂ%ls% I ng

adj unct s nggﬂ%lé&l%@?i;f‘e ﬁgdal&gg%ggne&nﬁﬁ ﬁf\r/%fr?{élbgy F%E: uﬁgopﬁggpnot

limted tosoluhen isltesasfened fdjwhemberde sa chaneer Boowhat a'lﬂmd;yoluhxe op‘m‘sh vvash A
cl eani ng adj,unct and t.he, cl.ean adj upc e.the sane or

di fferent. 4’1}&{}?%’? n?b‘ﬁtlﬂ&]f‘%r?ﬂhg\%aﬁdrﬁf EQQ’IXN%X%&‘E‘% E%Fl]één chambsr h t ank

Wi th the pERmMRS T &eletilibfatedatThb ‘é‘é’e%hdaroRQﬂeté%sﬁfsolhB@n L%rtﬁer}"@éﬂ e%%'dUt I on nay
be returned fromthe wash tank 654 to the divided wor tan

Pr ef er abl yfrogl ¢hagiber Bdo ﬁ?eévaﬁhéﬂmkswh@m ithomartisles kbbe deaned et cbntathé vdthll ded

working ta p ol ut be ret.urned .t o.chanber A,
chanber 5. 5P anlbln e 3 Dol b it TRl gF iR RE SE IR iy be
returned tpretfmlgrdlsnme@lmambase eﬁhaﬁbpersamn'gr 18 i Qi d ik | E@éfeﬂaﬁly
preferably returned to chanber B or chanmber C. Mre preferably, the

pre-wash sePliRctedAn chambeg iy,  Hheqlistdlatiom aprrptian may be eerifqnnieé dyrig vAnag. The
di stillat th
istilla 'Q%Efrgtﬁ’cﬁfs% P%nﬂ@&'aﬂ%@e %,chr}% § cgcglgﬁr;]ﬁatfaa obthe é)@@%}afﬁ)&ﬁ%t%n e

oper ati ons transterring wash e Wwash tank .
654, washi ng th@hmmsngnermoh@rﬁbmhhedcludman'culangg tli‘ee;vash/asllunsml ution from

t he wash t 54 to.th I ded wor ki n nk 653 nsferring, the rinse
sol ution o E%&'lafwﬁnejég}f%ﬁ%th? PHﬁpcé%é vyever,ttfg,ew Sﬂf&gwnela?&no t i nsi ng
or ~ coatinge Elh?@xla%éd bakigs ofmedvagﬁfa&m%s@g,«tfseﬁtﬂelme%b%e@&?rﬁ&t&pévﬂﬁ' on from
t he wash tank 654 25 to the divided working tank arge anount -

(e.g.,1yr etheerash nolutionfey ashfisisnt smpwnslof tiiegatjeast 2 pottianef theayasbe  r enoved -
f 1 hi
o o BBt BT ok B8 R osd B SR 00 o

treati ng - sPlefidrilil, dlhefithe washhion@ionasHetirds®froMdné washahit §54 ©'tBe WRsdRdng nmay
renove the heavy soils before the 30 washing operation and thereby inprove

cl eani ng eWPE}‘é’ﬁg 178k 63% . Thy vesh sohgiop mayhesrturrsg|to chasber A, charnbaid¥ of r om t he
1 S e O Sl ey SRR T 12
cl eaneZd mathefechambemsc ﬂ’mfembllyhthb weshvaslntiswisuttiuaied to chamber B or chamber .
~ C. More preferably, the wash solution is returned to chamber B. |
The treating solution consisting essentially of liquid carbon dioxide in
’chamber A may be used as a rinse solution. The rinse solution may be transferred .
- from chamber A to the wash tank 654 where the articles to be rinsed are contacted
+25  with the rinse solution. At least a portion of the rinse solution may be returned from - -
the wash tank 654 to the divided working tank 653. Preferably, all of the rinse
solution is returned from the wash tank 654 to the divided working tank 653. The
rinse solution may be returned to chamber A, chamber B, or chamber C, or portions
of the rinse solution may be returned to two or more of these chambers. Preferably,
30  therinse solution is returned to chamber B or chamber C. More preferably, the rinse
solution is returned to chamber B.
The &eating solution consisting essentially of liquid carbon dio}(ide n
chamber A fnay also be used as a coa:ting solution. The coating solution is transferred

from chamber A to the wash tank 654. A coating adjunct may be added to the coating
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Alternatively, the first volune of wash solution can be held in chanber C
and 27 WD 02/31253 PCT/ US01/ 31507 the wash solution in chanber B can be
t ransf er re@ dyszgmschanber C to the wash tank 654. A seconcciaideigisaf wash
solution can then be transferred fromchanber Cto chanber. B by opening
val ves 613 and 615. Preferably, the second volune of wash solution is -
transferred fromchanber C to chanber B so that a third volune of wash 5
sol uti on r eolutiosbéfares Hawitg or ElerMansfepingfthe eduting sbhitioh ifigni chalnbyeA so i N

hamb B d ilibrated. Th I f h
charber © Sk HI0SE, G abenSiilorsl ol 0e, Recond voL b el vash
articles taulfy 6 48R adnde@ing IR %Eﬁ%s%%%fg‘?rﬁ%h%ﬁ&& ﬁ&%ggﬁ/%@ﬁh' rd

vol ume of wash solution renginin Cis  prefer I'Tled in
chamber C, Maie preferablysihie cpating adijmctis eddduicn th ooeitidg solstign whide thbleyathfy

collected i hanmher A. The di.stillation operation erformed durin
vari ousg olps')@}lg?rfgﬁ’. ngstra&lé%gla&b@ﬁlf %H\tblgr ite :ﬂler%?s,rt%rﬂi:n@/“t gl%afée%tmgl ati onuo:c °
the pre-wasblutiod piefepably cImBridkd SBiwen RSA 8l1i, 2N SEsal! ¥5, QB&JM@%Zby |

circulating the wash solution through the wash tank.654 using t punp 655;
however ; t MelugesH theptagting aditeeid Thotoatipg adjunctus preferablytssipgedafintiee wash t ank

654. Aftery; | . n.cont.acted wit.h .15 the sh solytion for a
suf fi ci ent hgﬁr;iguc%{b%g? k‘?‘lﬁr;%al?y %ﬁ]%f dislvins 8%%5? e5ﬂn%fhet(}?§g%§@“@6f“3? Bn is
returned f tiquidichbondidxidearGoafing adjandtthating 86 s ith 1@ prévelt iBRAtion -
Preferg&ly, ?II of. the wash solution is returned fromthe wah tank 654 to
the di v dedfolugsveiiely adimetsdmewnte thosp slilledin the ar aprdsscrbed dbovie-ndtileass chanber
A, chanber ehasa | ' y be
tran‘sferre?ﬂ??réf‘))%1 v(\)/g or nglﬁ%&é?%forﬂ t %é;%ﬂ%ﬁ%&%@?@‘%rﬁ%%@g #‘%{@%ﬂg wash

sol uti on i divedstlowarking tankodsdniPesfemBblyr alt bfihb epating soldtioa ipreafrasdadny thd he wash

solution is _r,etur t hamer Th eating solution consistin .
essenti al | Vaﬁ‘t#‘f ﬁgﬁﬁ’ @3?3’6‘5&&7%%‘8@”&#g3c%’% pLng ﬁ?&fwmﬁéna(}’g@de%}@ rinse’
sol ution. fhehafbBsk, Gkibet BorBmBEr ¢ Ahokidds @ the rifst QEHAAREHe A tO the
wash tank 654 where the articles to be rinsed are contacted 25 with the

rinse 5dl utstwned tartwoes siorg ofithesd chamberst Reeferablyethesoatingxolutioy ibe r et ur ned
from. th t i virded rking tank 653. Preferably, all
of the ri ngeé‘m§0°u°?‘ugl(l§ﬂr?9|§§°% %ﬁbﬁggf M%r%}p{%gr%sﬂwtlgﬁﬁ S@Bﬁ“ﬁéf‘? Qi vi ded

wor ki ng t atkch@mBer CThe rinse solution may be returned to chanber A, chanber
B, or chamber C_or portions of the rinse solution may be returned to two
or nore of thesH PR B 0dDE operation, the tatehnracess isxpwHicatioandi s r et ur ned -t 0

gﬂggg ' g Rb1a652PRREssGnd W%t&?ﬁ%l?ﬁﬂ%&puﬁﬁ@atfdn%ﬂ isol Rtk (fh?amrb%lt urned to

20 A may contain a first solution consisting essentially of liquid carbon dioxide, and
‘ preferably contains a solution that consists of liquid carbon dioxide. Chamber B may
contain a second solution comprising a non-carbon dioxide solvent and a solute to be
purified that is substantially insolublé in liquid carbon dioxide. The solute may be
suspended (e.g., dissolved or dispersed) in the non-carbon dioxide solvent. The non-
25  carbon dioxide solvent preferably has a higher boiling point than liquid carbon
dioxide. Non-carbon dioxide solvents include, but are not limited to water aqueous
~ mixtures (i.e. mixtures preferably comprising greater than 50% water) such as
fermentation Broth, extraction liquors, homo geneous polymerization mixtures,
latexes, emulsions, and biological fluids such as blood, milk, and semen,
30 hydrocarbons and petroleum fluids, hélogenated solvents, HFCs, dimethyl sulfoxide
. (DMSO), terpenes, n—methylpyrrdlidone (NMP), ethers, ketones, steam, fuel oils,
crude oil, and other densified gases such as hélium, nitrogen and air. Solutes to be
purified that are substantially insoluble in liquid carbon dioxide include, but are not

limited to, plastics; steroids, provitamins, heavy oils and greases, drugs, particulate,
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The treating solution consisting essentially of liquid carbon dioxide in
chanber A may al so be used as a coating solution. The coating solution is
transferra@ o2f3nes® chanber A to the wash tank 654. A coati ngTatioysedo7 my be
added to the .coating 28 WO 02/31253 PCT/ US01/ 31507 sol ution before,
during, or after transferring the coating solution fromchanber Ato the
wash tank 654. Preferably, the coating adjunct is added to the-coating

sol ution doftrlsgnémety errplexesnedilose agd cellnlosoalerivagives) profetns, dmiomaciianber A

to the ms%g%g&ﬁﬁ?ducybre preferably, the coating adjunct is added to the
coating sol ution ITe the coating 5 solution is being transferred from

chanber A to theélheasdont aoktioddomphigng thatriofGarboaldid i@ sddv ek S PME ¥olgRMPY | Ses
bet ween abouh_ O.el éi or. 5 and about 15, 25, or.49% by volune of the :

coating adjttifetsferiaddiom, shampsr Bop (b purification fud iselejion tasls 66dedhé first he | i qui d

carbon gi oxj j i1 q: i.spersing.the coating adjunct into
Che T Sur aoREoR ko R e e A O S SR, AR B ook AL
present i nieHte pumificgidnreat iadéaticartinkissda diisnpbaitiknoMiatstertinegr ki | | ed in the

art as descrj bed_.aboye.  At.least a portion of the coatin ol uti on may be
retur ?led ;‘5 1581%?19?130%“\5{’@% t%%} H“B‘%P%Em %id\}iiqi@u)rl\,{;@mlkﬁi’gllnpgh;pgégéned /
Pr ef er abl ¥ bel, abr, bhGuRAht Bferiinbf Bhslchid ShUSASHa LLE BSm iShot ank 654

to the divided working tank 653. The coating solution may to
chanber A RiedhepwifBation anshiselpidon @nk 664.pBy combaingthe fifg soiutisewstalthd i on may

be 15 tur . re of these .chanber.s., Preferably, the coating

sol uti ("i)ﬁ | ssgc%ﬁgtsgl}l {ﬁé\% af%a%qﬁé’%técfn ‘g}lﬁ? S@Wﬁﬁ?ﬁeé’?pl@.tesIéﬂnéﬁjﬁrsé?%déﬁmyf’n-t he rinse "
sol ution i s\ méttiterrethprisiag eeaATREeoftion|ald MR JRES Rt 1O a0 601988 Bq the
batch process is a.purification and isolation process and the batch tank

654 is a pirs the RLTiBeRton and iselation tamkiedk Themintyzy map Gurthenagmpriset ai n a fir st
solution c foSt ‘lsr']}a.k 1 of |1 qui. bon dioxide, ~and.preferably
cont ai ns ag(glg%ea%]ilnﬁet g co%ssé)l}sﬁ%esgogféﬁég%ﬁﬁ%gsr Slﬁllg(?(BWd .eéﬁg er B may
colnt ain a s@o'ch&dragﬁf_emd tohrchmmsrrﬁ: sihege iamg{bf'@@ﬁhw|ﬁgfﬁl5%uﬁdmgt ang a
solute,fo Qe _.puplfl that 1S supstantially 1 nsoluble in |1qulad. carbon
di oxi dg T%@m‘%d%ﬁftéggh‘i}mﬂ@ef gus%%ﬁ&%dlft@légm} OBeT3Le xs@gmpiet@lict]le ed) in-
the non. cae6en diofidedslveiniive arliied feM danfbRl €d WdXled%: GRLYEN!

I an liquid carbon

preferably has a higher boiling point t I OXI deé. .
Non- car bon di oxRamsng nosntosFigwns T deprodestingsystenphcdording Rthe pres@ter aqueous

2s " ter mentEn ot el itation Fbm o wHbHRH Bo e RBR vt zat i bn
mi xtures, plificKes andiblboOfStentNsh Rise) RAFAI0 FldY EHSidsupRs@se Peogd. m | K,
and se{rda " 712. The divided pi‘essure vessel 712 has three chambers, A, B, and C, as deséribed |
above with reference to Figures 1-4. Chamber Cis used as the batch (purification
and isolation) tank and i’é’er'npty. Chamber A contains a first solution that consists
essentially of liquid carbon dioxide. AChamber B contains a second solution
comprising a non carbon-dioxide solvent and a solute that is substantially insoluble in
+ .25 liquid carbon dioxide. Alternatively, chamber C may contain the solute and chamber
B may contain the nqn—carbon dioxide solvent. -
The second solution in chamber B may be transferred to chamber C by
opening the valvesA734’ and 730 and starting the pump 710 such that solution is
transferred through the lines 724, 728 and 720. After the desired amount of second
30 solution has been transferred, the pump 710 may be secured and the valves 734 -and
730 may be shut. The solute may be suspended in the ‘non-ca.rbon dioxide 301§ent ifit
has not already done so. The first solution in chamber A may be transferred to
chamber C by opening the valves 732 and 730 and starting the pump 710 such that
solution is transferred through the lines 722, 728, and 720. Once a sufficient amount
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30 hydrocarbons and petrol eum flui ds, hal ogenated sol vents, HFCs, dinethyl
sul foxide (DMBSO), terpenes, n-nethylpyrrolidone (NWP), ethers, ketones,
steam fuwlo@ishss crude oil, and other densified gases suygly@viBgor um
nitrogen and air. Solutes to be purified that are substantially insoluble
in liquid carbon dioxide include, but are not |imted to, plastics;

vi.tam ns,  heavy oils and greases, drugs, particulate, 29 WO

st eroids, .
02/ 31253 POFALNIA £ATRem diexided bpusferred s anbg dpphexesp 7temay bosesuzmid

cel lul ose ggd inkahivees32 i A | ds. . atural, praducts.. The
second sol ution conpri s%ﬁig’?r{ga’n%n- cg?%gg&glg%%(n@gegﬁﬁtt\ﬁgw aﬁﬂﬁleﬁqgorgdm ut e
i s transf eliqeid, dtiesst z pantioe of Retsolutdwilipredipitaafionntha Bébon8 9biatiboNAt ank 654.
The first 5.solution. consisting essentially of Iﬁié&ui d carbon dioxide is

t r ansf er r e P OTHLISHIEOR-catbgn drxids solveng and e
[ | : [ It i A. h
DOr 11 cati SoHAARSLECTy Mg teelp 7980 88 HBRod AL BOATE i Jple

during t heansheneferabdy carhpriseaies$ than il 00 ppinesohee ONiek etipititensdliomagianber B to.

the purifigcation.and.isglation.tank 654. By conbining the first solution
with the 1%%?8@?8“’58}2131%35&% tSOlAeLYSIBE Yasjaus SFPCstses melugiz bW ot eci pi t at es
fromthe spemed:daliiedUisilion Klisien SFRGGS] nggfé%seffl!aﬁﬁ%ol%ﬁltm 'on and the
non- car bon di oxi de solvent -is drained fromthe purification and isolation
tank 654. RISEPHRYQNGTEStARgations depegssrimation, sentrogative, elintostatiefseladbhy has a

o ohanber FaoyfBh R shadsfSind GRS mrprestR Ther' e Y Pi CaCORBome15 ai oxi de
directed twhhamyedr rhiscdifterithd diginttigdpetdtidhibafb&IBRIAS Fetfbvin: cﬁﬁfﬂ?ﬂoﬁtb?’ the
non- carbon leXI de sol yent rraﬁa be drained from chanber Cand recyc€led or

di scar ded. °P ? VYo g 7
present i n¥eRidl ey f

descri bed. ?’%Eeib%%bﬂrifi(yg}tsﬁgﬁﬁacg%ml SO on system ﬂ?} 710 and a
di vi ded prédwmbeeClysypehing 2 vahe. 736h Ehdiputidieatiopraad $solfionesaeh addotdias t hree
chanbers, A.. B._and.C as descrihbed_ aboye with reference to Figures 1-4.
Chanbglrssc fo dhq Rgsr El"teﬂté°fb‘ﬂ%‘%§f?t?<§ﬂﬂ’|1$‘fréaﬁ%¥l£e ued a5 pant af a bger tank and

i s-" e ffipihgmidddproeeds, H WAtk @ds@ﬁqaﬁe-fubﬂ%&i%ﬂﬂd cﬁ&iﬁ@ﬁfa}:g@ g?dvﬂeﬁ

. . ¢ make y into o
essentially of liquid carbon dioxide a r B contai second “sol uti on

conpri si nFhamiehA@ad B deedditexh demprsing non-canbdn dicxideusplventaid solutesmbgt ant i al |y

I nsol ubl e ' rbgn dioxide. Alternatively, chanber C may contain
t he sol ut eHe ﬁéég %%‘gder a‘&%epﬂ.

_ _ mMay contain.the non-carbon di oxi de solvent. The
second sol uti orRéfarimgaotves Figures, Hprdcesns! s%t'{sﬁ%c&&dﬁ@%’@ﬂbo&n@its of

20  the present invention having a divided adjunct addition vessel and a divided waste
collection vessel will now be described. The processing system 800 includes a
processing vessel 814. The processing vessel 814 may comprise vaﬁbﬁ's processing
vessels as will be understood by those skilled in the art including, but not limited to, a
cleaning vessel, an etc_hing vessel, a photoresist developﬁg vessél, a photoresist -

25  removing vessel and a chemical mechanical planarization (CMP) vessel. The
processing vessel 814 may be conﬁgured to perform one or more of the functions of
cleaﬁing, etching, developiﬁg, photoresist removal and/or chemical mechanical
planarization. The processing vessel 814 may bevpart of a cluster tool apparatus used
in the fabrication of microelectronic devices. .

30 The processing vessel 814 is in fluid communication with a liquid carbon
dioxide storage tank 810 via line 872 and valve 873. The liquid carbon dioxide
storage tank 810 preferably contains or is in communication with heating, cooling
and/or pressurization systems capable of maintaining carbon dioxide in the liquid

carbon dioxide storage tank 810 in the liquid state. The vapor space of the liquid
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opening the valves 734 and 730 and starting the punp 710 such that sol ution
Is transferred through the lines 724, 728 and 720. After the desired
anount of weaeaith330 sol uti on has been transferred, the pumer/ddisesbe
secured and the valves 734- and 730 nay be shut. The solute nmay be
suspended in the non-carbon dioxide solvent if it has not already done so.
The first solution i'n chanber A may be transferred to chanber C by opening
the val ves c9/B9n dipgidestoragritank 819 isig flnidecoummmicationgridhthe Wapor spasewf tten | s

30 V0 021 31 0LS Rk BFIAL Do 882 viedhe S30 dpd Shlve BB A BB Ao LR red 1o
chanmber C, int the epiboghinieh€s iitastravel indRigured, trnifuidearyé di6gidé sRrastnk3omay be

shut. By conbi ni.nﬁ the first |iquid and the second |iquid, at |east a
portion of Hadedp Hideopmunication; vath epeor masprhambaseetine dyededtadimet A ni xt ure
conpri sgng 5 h Ol t . ' f.hu t hen be
drained 5 ?g(gﬁgngﬁ%n%?rlg% lfgglﬂ)réﬁéﬁ/ng{ét%gﬂé\}g?@gs %d‘%\?atl gwef? eeh% further
conpri se se&page of thediquidorachcer dibkide storpe tmk 810 @as thdwr ot ddrogiungRtsde. The
precipitated sol.ute.na . removed from chanber C and isol ated usi.ng
various pr gbeecﬁ‘gggé ?dﬂ‘é?%&f?ﬁa?n Bessele- Flyudreregpupisatien peitpesrihe Hemeri | | ation,
[1)rat onepReeBAIALGAME cHARHERaC oDl LAR Y6 hd thoifREPARI: Olliition
crystal lization, depressurization, céntrifugation, electrostatic isolation,
10 depeosi t Vesieldd 2anayierevided tegqdaiizasShpposmssbgtyeenie ligoidrartena f ew.

Optionghly . - ri,ns fter the drainj eratj.on but

bef or e% hedlrogirfl%\f FOEE eg%)lgcr gﬁ/%ﬁe% dlvb‘%g ﬁ&HBCttaﬁlg’ Weﬁgggg‘fﬁ%r@ chnd

starting t isdnpodyeed o the processih@veshd] 81k GrofiPthb @ividedCidpKicH8iditi @R shamer A

into chanb The rinse sol utlon rrag{ be drained from chanber C by :
A

r C ! >d fri .
openi ng thglz/%ﬂr\%“%]é’.w‘ﬁhén porpetiontof diguidiedrbios slieidointaths prasessingor di ng 15
to the preg ' Q1 A : ' ' . ed as part of a
| ar ger c'he%g%:lasilaﬁ%@ggqh%dnéﬁqnﬁ&ggigo%%%g@'lng%‘ql%edé%?%g%g%e%ﬁi de may
be provi dedf thepwceshaaysteny/8Mritlusirateddn Figure 8nshowmlirie§80gnd onlve 88bon di oxi de
sol veni and_sol ut {Ia . beﬁgrgvi ded_into chanber B, Referring nowto
Fi gure.%, B?%’?’ﬂ)%@é‘ Ale Py ?RYF?H%Vf@réﬁmfﬁ%k@léﬁﬂ?%d@ﬁ@epresent
[ nventi on kangoanR s10 whd'el AdieiduRlddiiaeawb, Bl Bedhadibgh vast €
col lection vessel will now be descCribed. The processing system 800 includes
a processihatproesssiag spstems Fserdimpioshspmeeny swsetioBthdy natyhave aprdssige var i ous

processi ng . as W |4 under st by those skilled in the art
i ncl udi ng, e%léﬁéaﬁlg’%ﬁlplg'n%ttlseﬁls? go%ea@%gngogﬁﬁﬁﬁ P\é§§§sélfl$ sysfemsactiriigeie isel . a
phot or esi sprestay ivepichnyeisRIde adrbel-afestytenth %ﬁmaﬁﬁ&m&ﬁ&fmﬁnd a

e

chem Cfd nﬁchani cal . planarization §CIVP vessel .
: e divided adjunct addition vessel 812 and capable of pressurizing the divided

adjunct addition vessel 812 with, for example, liquid carbon dioxide, carbon dioxide
vapor, or a cqmbihation of liquid and vapor. _
The divided adjunct pressure vessel 812 has a first liquid chamber 812a, a
second liquid chamber 812b, a third liquid chamber 812¢, a fourthlliquid chamber
25 812d and a fifth liquid chamber 812e. Different adjuncts may be stored in the various
chambers of the divided adjunct. préssure vessel 812. For exé.mplé, when the |
processing vessel is configured to perform multiple processes in a microelectronic
fabrication process, the first liquid chamber 812a may contain a photoresist
‘ developing adjunct, the second liquid chamber 812b may contain an etching adjunct,
30  the third liquid chamber 812¢ may contain a photoresist removal adjunct, the fourth
liquid chamber 812d may contain a CMP slurry adjunct, and the fifth liquid chamber
812e may contain a CMP cleaning adjunct. | ‘
The first liquid chamber 812a is in fluid communication with the processing

vessel 814 via line 828, valve 829, header 819 and line 872. The second liquid
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processi ng vessel 814 may be configured to performone or nore of the
functions of cleaning, etching, devel oping, photoresist renoval and/or
chem cal wechasirsgal planarization. The processing vessel Rifydvagidae part
of a cluster tool apparatus used in the fabrication of m croelectronic
devices. 30 The processing vessel 814 is in fluid communication with a
l'iquid carbon dioxide storage tank 810 via line 872 and valve 873. The

li qui d car sbamberdil2b és indhuid eqgemupicktiGil0itp trefeoablivg oestlad1dsiknd 826, N

communi cat i ' heat. ool and/ or pressurization systens capable .
of mintai ﬁ?ﬁg‘?@iﬂggﬁe@ﬁggpﬁﬁw h+£%\ghq &H@lﬁlﬂ“&c‘;‘%‘gﬁr 2645 wellid or age tank
810 i n the oiriuiribaibbth (HoVARAE VEREFAOia iREsH4 GHivd s33 HNAR)§1259

PCT/ US01/ 31507 carbon di oXi de storage tank comuni cati on
with the vapéling8a% elhsifowtle liquidvhamberfdpdicin fhid comonnicessewitBiR via | i ne

Froure 5. “BEFR AR R w e b SRR, bl e

conmuni cat ififth lifuidichan®en81200¢ & MiaThRkEnRhHbOwH itP{éi ﬂ%&sﬁiﬂ%%&tﬂ qaddi tion

vessel 812a_ -812e through one or nore |lines and-valves beCween the liquid

space of t W& eiz0dvats HdnhendentbanstlineR7a. (Ve Be liquidcthtinbersnéther nor e
chanbers ofs:.; j W . ad] ition.vessel ,812. Fluid comunication -
bet ween thglv\}gégei(;rdﬂin éﬁ%?g““%s} e? %gh}?gﬁf‘fﬁa%‘g%@‘%“m §aedn ﬂé‘f%?%@“‘?%’l?% 10 and
the di vi dedvititheipotesaidiveisen814/s 2 ebm8iba HEaYer 829 E RMtb B8 dnl@ 86kl ze the
carbon 10, di oxjde storage tank 810 and the

pressu bet ween the | i qui 0. | ol

di vi de 8ad1°8?18’f maﬁ"cﬂ%ﬁl?eo‘ﬂl‘vg%‘?&besﬁémd@ﬁ adiynetgddition vessslsi oftthantessatl i nto the
processi NgiMesssd r VAl i t [ fLon. el .. 812
concurrently wt hn_lg%é? %tﬁ%ﬁ%tﬁfigh 0 |ag§i|1' gen %’a?%g%l %F%égilﬁand[eg ‘Ylgﬁe ‘

pr ocessi ngthepseesssingyessdly Binettiduitl icqmindmiratimagbe desimbis, toragempiank 810.

Wil e the di ts. of the.processin stem 800 illustrated in Figure 8
show "a i ﬁgg’géeé@%laa%vg’ﬁ{/r@“@ﬂgﬁg‘ %F’ 39‘?‘%? ﬁémﬁ RIFHOR PR amAdverselBet ween t he
vapor spacémgdcts dibdg@etit @peatif® BmdioH0ed ﬁ?ﬁ‘n a di vi ded
adj unct _addi ﬁ on vess(,lel 8?2, it got@'iéi e 161%6%3{;5 oo% Rt“]rl\gtt;&ptrﬁgi(::lieeaxsslglleng

syst enk” ac &bt & Hystrated; in Fighre Sdn in flnideomnomicatign mith theliee 8§72 itds tLvee

equal i zat i i i . nderstood th processi n stenms
accor di ng ?@détr%ge@d %‘lﬁltteﬂs}éeﬁ?aallﬂﬁ@én%i lgﬁs T T dae 8?#é’é§r8€?r§)a?%6ﬁé”éﬂ/st_em in
fluid comriiméat dividoromsinirticafion e tHe piodedinadjesntt ARBSlighi tBOpNREERL 812 and
capabl e of res%ﬁ:‘i Zi n%aﬁ_‘,he di vided adjunct addition vessel 8I2 with, for
exanpl e, | PGIRRSULShoYR Ty Figurg 8 has aredivided adivaet additivnvessst 812, égsrsi beat i on of

: : gﬂ: (ij gﬂgunfé%?@%ofztgﬁ%gweyéh%gsﬁﬂis%ﬁe pesend HﬁrgntYO%srﬁg}L n&AZn83%hE dnk St
20 . divided adjunc,:t addition vessels. While the processing system 800 illustrated in

Figure 8 shows a divided adjunct addition vessel 812 and a liquid carbon dioxide
storage vessel 810, it is to be understood that processing systems according to the
present invention may hav,e»‘a divided adjunct addition vessel and no liquid carbon
dioxide storage vessel. In these embodiments, the fluids in the one or more chambers
25  of the divided adjunct addition vessel are treating solutions that include liquid carbon
dioxide and an adjunct. Although not shown in the embodiments illustrated in Figure
8, it is to be understood that one or more pressure-building fluid transfer devices (e. g.,
pumps) may be present in the lines between divided adjunct addition vessel 812 a.nd |
processing vessel 814 to overcome a pressure differential in transferring adjuncts to
30  the processing vessel 814. One skilled in the art will understand how such pressure-
building fluid transfer devices rhaiy be placed in one or more locations effectively.
’ The processing vessel 814 is in fluid communication with a divided waste
collection vessel 816 via a line 874. The divided waste collection vessel 816 has a -

first liquid chamber 816a, a second Hquid chamber 816b, a third liquid chamber 816¢,
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second liquid chanber 812b, a third |iquid chanber 812c, a fourth liquid
chanber 25 812d and a fifth [iquid chanber 812e. D fferent adjuncts may be
stored i nwighg/yaesi ous chanbers of the divided adjunct preagguweisessel 812.
For exanpl e, when the processing vessel is configured to performnultiple
processes in a mcroelectronic fabrication process, the first liquid
chanber 812a may contain a photoresist devel oping adjunct, the second

li qui d chafpetisigud geambes 81 6d, and a fidthdiguidyctzadjben 81 Ge. hetfhret lignidr d | i qui d
chanber 81 I hot or.esi st_.r.enoyal punct,. _the.fqur l'iquid
chanber 81%&"[‘#@%83@%{33?@“?%{}?51%@%%@1@%XIP?SZ%'&I H‘gsﬁha{’%vq’l"ﬁgg%l chanber
812e may c@heatcona ligMa chku@ber 916b ain'Md conih@nfcbfisd with M the@aWRELpB12a is
in fluid cgsc;m’rgl;%catl on with the processi vessel 814 via |ine 828, valve

829, heade VKI8T T nkheghizd liquid cb@nbm&q bt ipindluideonpupigaipnyEth the

PCT/ US04/ 33 : | Sed W uni.cat i i.th the processing
vessel %14@??1 ?%?Hg%‘l %‘\?/2?1{’/%8%?Tﬂe%g‘é‘gﬁag%h%wéeﬁlﬁ@ﬁ%ﬁu@he third
l'i quid chaoctramuBitation with theflingi814 atuline82anidonlvai 858, e fighgersthagbyessel
814 via ligﬁ68'2'4’ V%| ve 825, header 819 and |ine 872. The fourth liquid -

chanber 815106 1§ 17 fluid corupication Withthokna$ Hvie fize 850 pusbeaded §7]. WEbdel 814 vi a
|l i.ne 822, I : i 2 I £ f 14f, liquid
chanber 81)‘!2'}2é c?{ ?d%%? Sltglg%%gg?rlﬁﬁeﬁféggﬁ |6 %@gm}eﬁ%fl Flae:h‘grﬁ%‘%ég%llhﬁlgv%ségssg? 814 via
| i ne 820, uhistrated21Figneas bavedhi@samchunmbree o8 Aguid\dhidnbers Heisltd §eli d chanmbers of
the djyided, adjunct. addition vessel 812 jillustrated in Figure 8 are in
fluid 3:% ‘?eésg{’?‘gﬁ??at Gt g rilkete Frigel seiting b PESENIABYARBAT header
819, it i Smiag hbee MOREIIER@HahbRM thif tHRNRAj et BRYiBoPTessil® W kil a%g@&)?r of

di vided adjunct addition vessels of the present’ invention may be in
di rect fl ul@ste spkastipe xesselBl6dag fewen ohanhexs thag thendimidaé adfendt additibn t he

i LD L ui i cation irable, .T :
oo, | uREa i ey Belesitleclo AR G4 om0 87714 Aoy ous
oper ati on sdteer 818 gr toianpeidiereceptadlsda UBOB7®RRT PIvOSTIe ItRYibRthea di fferent

adj uncf Al t.hou%g t he qﬁ%ﬁder 15 819 as illustrated in . Figure 8 is in fluid
comuntt at PORSSiMESYstAa 300 shovgym Figyurg Shaspnsividediwasie eeflectiomyessale header

(or the 1iggs ifik m@tﬂﬁie{%'fodmﬁﬁ_[pﬂjce§s@§;§?§ﬁ%ﬁfﬁ%eﬁ%yepﬁgwgﬁion%e{ ; naézéf | ui d

communi cation w th.- the processing ve processi system
800 shown mprethguoes @vidad waste cdiecticesesaelsunct: additi on vessel 812, it is to

be  understood at. cessin stens of the_present invention may have
nore than one Z%ﬁl%ﬁgl\‘/’%gav aétﬁjcﬁﬂ@?lgﬁaﬁqs?]i@?1§§§§€‘9§9W"@“?‘P1@‘B@ocessi ng
system 800?thﬂﬂdaﬁbﬁ Sfsen BIB villige 8%6. ST WM ctibh YysHiasl spelind 6t vasldist i on vessel

812 and a liquid carbon dioxide
20  purification systems capable of purifying a treating soluﬁon in whole or in part as will

be understood by those skilled in the art, including, but not limited to, distillation
systems, filtration systems, separation systerms, absorption systems, depressurization
systems, centrifugation systems, or combinations thereof. The first liquid chamber
816a is in fluid communication with the purification system via line 868, valve 869,
25  header 817, and line 876. The second liquid chamber 816b is in fluid communication
with the purification system via line 866, valve 867, header 817, and line 876. The
third liquid chamber 816¢ is in fluid communication with the purification system ﬁa
line 864, valve 865, header 817, and line 876. The fourth liquid chamber 816d is in
fluid communication with the purification system via lihé 862, valve 863, header 817,
30  and line 876. The fifth liquid chamber 816e is in fluid communication with the
purification system via line 860, Valve’862, header 817,and line 876. Any of the
various waste solutions collected in waste collection vessel 816 may also be
discharged to a residue receptacle via line 870 and valve 871 rather than being

recycled via the purification system 818. The purification system 818 is in fluid
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storage vessel 810, it is to be understood that processing systens
according to the present invention may have a divided adjunct addition
vessel angigwshptgui d carbon dioxi de storage vessel. |In thegey@ibBodr ments,
the fluids in the one or nore chanbers 25 of the divided adjunct addition
vessel are treating solutions that include.liquid carbon dioxide and an
adj unct. Al though not shown in the enbodinents illustrated in Figure 8, it
is to be ureEMEREGHOR With thmbquid carber diokisle storegetankt 81 hyjaflingB@8.t r ansf er

devices (e.qg., e Pres in.the l.in between .di.yi.ded adj unct
addition vessel %%)ﬁ § %%Srsgncge@gl%ﬂjg%eag Elélfmgfg 3 gf%vg %@%ﬁﬁ dﬁ’l%e}des sure
di f f er ent i atljunet dddhjonivessel 812 adlj 4di¢idsd HastdQolliBioRNeERESIF Y i¥RIRel 814. One

skilled in the art will understand how such pressure- building fluid
transfer dePfEEeodhat pEcESRESYSPRS a¢rerding tpdthe presenitinvmoeiagbayeml y.  The

processkng . { He: I 1:¢at 1.0 i.th a divided. waste

col | ect ?ondﬁgﬁdjﬁga%®56£v S%éfne %gﬁﬂ%& |Sl\‘/e| c?j)g\é\été%s\{egsezoqrp@gﬁaﬁ]aVessel
816 has a divideitwasiaedlidcitdravdsss] afd fadivided adpindt dddiitndvessbinbesthé316b, a third
l'i quid charrb%r 816¢c, . 33 WD ,02/31253 PCT/USQ1/ 31507 a fourth liquid
chanber. 816MPOYAFILS. heroressing s sicanmay Brveg Guided pressyre yessel thatiserves sranber
816a is ingfgiui SPH ' ' ' i I | 858 and wval ve
859. The sedl(l:‘l’(%)urilég1 I T qui gd(ﬁcﬁ%ﬂng%?é&ﬁﬁgghﬁgdédn& Feﬁ‘fjogleéé%%ln{ﬁéﬁ%g'ati on with the
line 874 via |i NéengBperanitical ptocessifgis ddsmabletin prbcessipg vbssdb 8dyelie 816C is in
fluid ?f) pc;gsastion w th the 5 {Hidne 874 via line 854 and val ye 855. The
fourth Vi qBf g eHSyEF Jrsmeinde Fpipment sHeR, A3 23t S¥CORPSE 2r¢er 2 i ne 874 vi a
line 852 apeksstab-¥eildhg devibefor chidyid 6y bidieTHIRRS cartibbiBotide Fbmflqul

comruni cat ?on W th th% line 874 vi ag line 8Sg@aﬂr?dca\r/al veo%éei.fr&\l/l\yﬁqlme&jmt he

di vi ded waStReTEBIcrle aRd waY verigial cqgipgreahsich e a throttigaulvedindioc  headdi t i on vessel

812 as il I | ane nber_of .ligui.d chanbers, it
isto be 1 k%%%%g‘?“o%@“ 5 hgkﬁ egsltas? gg%‘gﬁlga@ 2 (%(fqe WS?P?%@%%&Q hz%’(flordi ng to
t he pr esenVariowesystennconfigyratiavemapbeuset ak @88 be haddrabed bytidsé elleddhunct .
addi ti ?@ Vﬁ%sfse'ﬁ: Wen t he di éiﬁged wast e col |l ection vessel 816 has fewer

chanbef? t ST HOT GRaRie bdf erdenges and/pioppreyaszsbyilding devige ek be desirabl e
to have a gissdean ' [ 'fi‘%ﬁgai . 18 or to a
resi due reg_ept aclugﬁ?/%g@iaﬁnggg%egﬁlcfngirfa\?gg§%&le tr%{}rg%é@#ﬁ%ﬁ processi ng
syst em 800!iBh&ih AnareithyneraBplhathe ommgel of stitel mag de perfometldnitlen vessel 816,

it is to be understoo a rocessi ng syste of the present invention may
have nor epﬁoﬁ?ﬁlngrygssﬁfﬁ‘ge‘%s g‘ﬂ?_{"ét?‘ﬁroq"g@@_i/ b 31*? : IOE ?ta%ﬁ%aydl?evi ded waste
col I'ect i onpareisiel iBihe dividédadjhnét HaGOEHRARLA Bl 2 OTh¥Vehdhgd of REeiFonfAt | ON system

818 via line 876. The %uri fication system 818 may be various .
. 20 supercritical fluid-based treating solution to a liquid densified gas-based treating

. solution may be may result in complete or partial purification of the treating solution
such that the change of state operation is also a purification 6peration.
Various methods according to embodiments of the present invention may be
performed utilizing embodiments of the apparatus described with reference to Figure
25 8. For example, a method of utilizing a divided storage vessel includes the operations
of transferring a first treating adjunct from a first chamber in a divided storage vessel
having a plurality of chambers that share a common vapor épace to a processing.
vessel, traﬁsferring a densiﬁed fluid comprising a liquid densified gas or a
. supercritical fluid-into the processing veséel, removing the first treating adjunct from
30  the processing Yessel, transferring a second treating adjunct having a composition
different from the first treating adjunct from a second chamber in the divided storage
vessel to the processing vessel, and removing the second treating adjunct from the
processing vessel. While listed in a particular order, it is to be understood that these

operations may be performed in various orders.
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20 purification systens capable of purifying a treating solution in whole
or in part as will be understood by those skilled in the art, including,
but not |Wweg d2ed2430, distillation systens, filtration systpmgysosgatati on
systens, absorption systens, depressurization systens, centrifugation
systens, or conbinations thereof. The first liquid chanber 816a is in
fluid communi cation with the purification systemvia |ine 868, valve 869,
25 header 817, adA§ oppratiorgad tramsferringaoist tréaing ddjahetnten a $it@lhambérrintl ui d

icati | ificati t ia. lin 66 | ve 867, head
517, and | i oassbrle WS b p Ry ST Bt eaTamiie demsiped B atamuni cat i on
With the puhé procekingResSyShMACURIn VaidRs Sdtrs, RF ¥LarBHE, thied &ratigﬂs,?m?fnd line

876. The fourth liquid chanber 816d is in fluid comunication Wt the
puri fi cat i GFCEPEREIERlY or onpcopeBtion wraasceEis:fonedhaietheraperatisf. Thel | i ne 876.

puri 11 cavi Getibe AABERS e il ook ich o 5nf AR E2URE B o % 076, any
of the vardemifedifisit enaydledbinposentbt £flsEBedtihgWoRtien &0t GedticRAnNETel 816

may al so bﬁheo(gischarged to a residue receptacle via |line 870 and val ve 871
rather tha ?’;ﬁ‘gd S@@% ¥l f? fﬁeﬁhﬁ PPeTetensef trg;nsf@@@g@fg}stsmggng
purificati gBus ol idh 1 :
comuni catigjn Wi tcﬁﬁr?%e Ic%l%ﬁllséé1ca?ibo%%t%f%eg%&g%%r?gs}g)gggasﬁ c%ﬁf ’\?iné line 878. -
Wi | e the pranefesiignglessiftdfiui8aitoas protessingated! ingy fictide ehSogeagioa ofi vi ded
adj unct,addi tion. vessel 812 and a djvided_waste coll ectjqn vessel 816, it
is to be ﬁ&‘ﬁ%‘flég@f frﬁﬁtfeaﬁ?‘%ﬁ Eté‘?lhjso@sfg‘? Eifst chambyy of ﬁ’@ divgdsdomeRsent
invention Regehe\tes professthy i@l adj unct addi tion vessel and no divided waste
collection vess%la, or t&%yqugggfba_ di%/i{sded wast e col | ectﬁiron vessel and no
di vi ded adj unct ‘a@@pers wingre fxshieeating atijodctrieom 8 firstlehamberdedsd ng -
i 1 on AR derehe e R SR VBOR et e S B R oLl cr i 11 cal
g(r) gcessi pgsﬁosagdersiseh‘bla@r«it:s@uram@ﬁh ﬁﬂiaﬁ%aéﬁ?%&@ireh&ﬂtﬂe pbbﬁéi/né%ﬁ’egﬁﬁéSi ng system

may_ i nc e e nt such as a heat exchanger and/or a
pr eésuf%-' bﬁﬂ%@ﬁh@%&ﬁ%@ﬂ@gp%ﬁmﬁgﬁwm&mﬁg ghambsr i} the dividedastarege di oxi de
fromliquiged® & YRES Ldsdil a : ' ' . h.as a throttle
val ve and/ o?_ a_aﬁeat rgxég%%%géesrself g?légﬁgrﬁggﬁné%%sés s?f_ggg?eg%l\[%ﬁéﬂgﬁa}gﬁon di oxi de
f_rlolm E uper wasehtcalgra;mrb lﬁrg,hemthalx(r_x Mlarpgme%ﬂteﬁmmsiﬁg geusatm@rmfmay bﬁ used as
Wi e underst oo t hose ski L the art. Faqr exanple, a heat
exchanger %ﬁ?ﬁ%g C?ﬂ’fﬁ@%ﬁ?@%ﬂ? ‘Hﬁ‘r?@“cg%r\ﬁ %‘E*?Pélgpno@omﬂf &% %’ééprilﬁ_u’rq ne 872,
and a heat irextHaag8dd 1 Vestdlr Phd Bferéﬁ%nv@f HBYPR Qﬁé)fﬁ’éfj@&tihﬁ adJJuhE'te 874. As
anot her exanpl e, the changes of state may be perTorned in the

20  from the processing vessel may include removing the first treating adjunct and the

densified fluid from the processing vessel. The method may further include the
operation of transferring a densified fluid into the processing vessel after the ol;eration
- of transferring a second treating adjunct from the second chamber in the divided

storage vessel to the'processing vessel. ' §

25 Another method that may be performed according to embodiments of the
present invention includes the operations of charging a first densified fluid comprising
a liquid densified gas or a supercﬂtiéal fluid into a processing vessel, 'removiﬁg the
first densified fluid from the processing vessel, charging the first densified fluid into a
first liquid phamber in a divided storage vessel having a plurality of liquid chambers

30 that share a common vapor space, charging a second densified fluid comprising a
liquid densified gas or a supercritical fluid into the processing vessel, removing the
second densified fluid from the processing vessel, and charging the second densified
fluid into a second liquid chamber in the divided storage vessel. When the first

treating solution is a supercritical fluid based i:reating solution, the method further
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processi ng vessel 814. As yet another exanple, the changes of state may be
performed in the divided adjunct addition vessel 812. The change of state
froma 20wgupensssi tical fluid-based treating solution to gdrwkedisdensi fied
gas-based treating solution nmay be nmay result in conplete or parti al
purification of the treating solution such that the change of state
operation is aci so, a purification ogperation. Various nethods according to

embodi ment £Yde changing b stajenf dhe firshrentipe selutige sy swpercrtical iodengified

enbodi ment id ARBRLAh L i f [ 25 8. -For
exanpl e; a%?nﬁrﬁlorgggf atrl |§?rﬁgﬁ%%§k\g?1 teléyl g*%?%g%@@@i%@%@?ﬁ@& t he ‘
oper at i ons dofidadrséoreg@vesselg Whehithesdecondotadating sabifion s a Superariticdl iflut chamber in
a divided stor,age..vessel avi urality of chanbers that share a
conmon vap@?seﬁ%&’énﬁ %Pﬁ‘é%1°“pﬂ€é’éf§n§qdﬁ@ﬁl‘%@%1€¢?s ¢hangiag terstatgoithesseend i ed 1 uid
conpr i s ng ty@atidgéhdiod et i i édJ%gr fok b e Sdad Qb de

pr ocessi ng.vaessg;b;é, 1rem)vi %1& %ﬁ%efﬁlt?g?ﬁtlﬁ eat| ﬁgogg?ag%%%hieﬁg%dg 0t hg
pr ocessi ngselatierinto thesperid dighidghambercdiios divisetistgagedjessett having a
conposition different fromthe .first treating adjunct froma second
chanber in the EF‘?/ gﬁdé{lﬁn@‘&g‘# lﬁgi%l?ur{fgmtgﬁé?e&?@@§ Fh‘?ér@tﬁ%ﬁ?d and
removi ng -t feid@aanelsdcbA@binica Huki o tpré @Bt R PHES ?&s”& d4ESAEd muidhi | e
listed in a_particular order, it is to be understiood That t%ese oper ati ons
may be per fRerFemoviagbe fistandir des sscobdensified /fRidsa8 tRClyid8DL63E507. The

oper at y®ns tr -] i treatin dj un froma,fi.rst chanmber in
2 vi toa Rseh AXRpERE oty BRL o A bPER e g o

densi fi ed fénsifiedifitid and the spdond desifig ME8 Foin 1R\GivdE&1tothge ¥eatd @ig orders.

For exanpl e, .1these operations_nay _occur concurrentl_% or _one operation may

occur bef oP ¥ HGEOB SHETILARE PHEFERE 2t Tenst anerdiibe first demsifipddluidigndsbea 1 qui d
densi fi ed gasnd aadifdaedid fSprotiigld LU ALiARg Lhhg, f1uid may
be conponents of alfi rst1 to?%gltli n S%%S??%%@ﬁhld?ﬁ%l%?&gtogg%g ale@%'of t he
di-vi ded stPwage vessel. In this case, the operations of transferring a
first {geating adjunct froma first chanber in a divided storage vessel to
a processing vessel, and transferring a densified fluid into the .
processi ng Vessk theaiwingd dnd 8pdciitadbRtRrk Ay Obeck Qlidc(RESHBIchI Mertiag first
treating solution fromthe first chamber 'of the divided storage vessel to
the proces@nheflipentsof the iryration anda eitbongbispeqifin thrms pierrgnpdoyeds they treeat i ng

adj unct fr i . ivided storage vessel .to_.a processing
vessel nay‘%iéﬁg?éééﬁ?gagg@?%?ﬁge %eﬂge %}qxf"%‘gﬁc’t @f%ﬂ e?ssg’i@@?ﬁ%ﬂ%? pressure
hi gher t hastoptief fheésetition béing St fpttoieebsfollgwigs8aims. and 15 est abl i shing :
fluid foormuni cation between the first chanber in the divided storage
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vessel and the processing vessel. The operation of pressurizing the divided
storage vessel to a pressure higher. than the pressure of the processing
vessel mawg shesde chargi ng carbon di oxi de gas and/ or | i qugTdudli/3es07

non- car bon di oxi de gas and/or liquid into the divided storage vessel. The
operation of renobving the first treating adjunct 20 fromthe processing
vessel may include renoving the first treating adjunct and the -densified
fluid fromkhaé Vphigh ésClaimgedisssel . The nmethod may further include the
operation of transferring a densified fluid into the processing vessel
after the operation of transferring a second treating adjunct fromthe
second chamber iln the fethodedutiBiifg AaRidaStRhee RsdMoRPRGRS HeRE é’Sﬁse'- 25
Anot her nethod that may be perfornmed according to enbodi nents 01p t he
present invent i &nsfereingadistlimidpensified gasbased heting solptwnfions & fiknsi f i ed

fluid cenpri.si - Uk 1.1l s or a,supercritical tluid into a
process |9 ng i Bisdsrlgl I"H:HB‘GrHJeerr%\l;];l ﬂ%&fﬁéﬂag‘% ??sg éﬁ}%lﬁ‘g ia“fﬂhéraﬁ’@'l qﬁ{l@uﬁw% Batocessi ng
vessel , chahgtagomhenivapatspadenisidfprockséihgiebséinto a first liquid chanber in
a divided storage vessel having a plurality of liquid chanbers 30 that
share a conmon edpa st t@%@oﬁ@oaf@gt drepspeng vesgelfto thedlividedbri sing a-
l'iquid dengjfiRdegaps or a supercritical fluid into the processing vessel,
renoving the Second densified fluid fromthe processing vessel, and

chargi ng the setronderdegsisééond liquididetsified gasbaset pedlingisqlitidn thdnper in the

di vi ded,st gr.age .ves . en the first treating solutign is a )

superc ?Pt i & 3?18%1%9“0‘3%]8’?8&\;&?1?&%? gﬁb trE%PﬁtsP%‘HPH o8 #3acABd Ly charberén wo

02/ 31253 PEH diiadd #3807 vedstlab uqRSceshindiaiseg; ddae state of the first treating
solution fromsupercritical to densified gas prior to charging the first
treating sol uti &mnmgdhe spsond freatingsqlitidn leamthe pravessingpvedial italthd dividedage
vessel . Wg r%gi@%es%glfond treating solution is a supercritical fluid based
treating solu 'he met hod further includes changing the state of the
second - 5 treating. solution fromsupercritical to densified gas prior
chargigg t he segond reati ng{@sol ution into the second |iquid chanber of the
di vi ded st or age“vessehe mrRofeessdingdy ClaimilnSrtheneroprésingithestepo§ at | east -
one of thegfi N . j ) : i.fi fluid to provide
substanti aIStfoglﬁ%EP%ggggggg&éleﬁnég%agggﬁﬁﬁ%?g%gﬁﬁggsggegn%@ia%g‘g?ﬁ%%ﬁ rst and/or
t he secondsykenss ihiaaliivifiedstomgt vedstichastingiadrhtakityarfaigaidldhandesahat sHdreapuri f yi-ng
operation may _include transferring at |east one of the first densified
fluid and P%‘émgggm?&smsi fied fluid fromthe divided storage vessel to a
purification system and purifying at -|east one of the first densified
fluid and the second densified fluid to provide gas or densified fluid
that 130 pure or3subsThampthpd pccording to Claim 1, wherein the step of transferring a

first liquid densified gas based treating solution from a first liquid chamber in a

| divided storage vessel to a processing vessel comprises heating and/or pressurizing
the first liquidideﬁsiﬁ'ed gas based treating solution to provide a first supercritical
fluid based treating solution; and wherein the step of returning the first treating ‘
25  solution from the processing vessel to the divided storage vessel comprises
depressurizing and/or cooling the first supercritical fluid based treating solution to

provide a first liquid densified gas based treating solution.

4. The method according to Claim 1, further comprising the steps of:
30 pressurizing and/or heating the first liquid densified gas based treating solution

in the processing vessel to provide a first supercritical fluid based treating solution;

and
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pure. 15 In the drawi ngs and specification, there have been discl osed
typical preferred enbodinents of the invention and, although specific
ternms arewenideysd, they are used in a generic and descr ipg/use18&0%e only
and not for purposes of limtation, the .scope of the invention being set
forth in the following clains. 20 37 WD 02/.31253 PCT/USO01/ 31507 That Which
is dained is:. 1. A nethod of utilizing a divided storage vessel

conpri sing the sepossudfing ahd/anedoding ithegfimt fupertitichlqliidibsleasehtigd gas based
treating sglof#lgi on froma first i liqujd (éharrber in a divided storage vessel
having a prurart tyPEPICrEied srhinRsPEide adirst ignigd dengified gavbased peatingpace to a
processi ngsviRssgel ; returning the first treating solution fromthe :
processi ng vessel to the divided storage vessel; transferring a second
liquid densified gas based treating solution having a 10 conposition :
differeat fromthe fixst treating soluti.on frogma secaond |iquid chanber in
the di v?ded stotrsage %E&fh"fe*&"%i’f%%g%@%w,&@?&é@mmnstéwﬁemqu t he second

treating sptdshiring fodhbimgREORREEYNE MESAE] pds®bal éih}{%@&ﬁﬁoﬁl% ge
vessel. 15 2. The nethod according to Claim 1] further conprising the step
of st ori ngrogessing vssel {p wpvide adirstisepbropticab skl asedtadating sslatiot;iaads pr esent

as two-pha i i i ded, st grage, vessel having a plurality of
i qui d P hanBereh e S1B of ferfinfls t%%ﬁ%ﬁe?(}%%ol 1883’&@%6%?9 SHLVesElfio
accordi ng the dividedntéragaheselicompligesdeResirizingd@f R chbblMy e fikdtr st | i quid
densi f | d‘gfs based t.r%ati ng solution froma first liquid chanber in a

di vi detl’ st SHPeftigakiluf bassd Feptingsolniongo peayids a Sxshliquid densifiest gas hasadd/ or
pressuri zi featidch@nkiohst 11 qui d densified gas based treating solution- to
provi-de a first supercritical fluid based treating solution; and wherein
the step of returning the first treating 25 solution fromthe processing

vessel to the dividegd storage vessel npr.i ses . depressurizing and/ or.
cooling the first spﬂléer@ﬂli?gﬁ%ﬂonﬁv%f%ﬁgggédw ?@H’t@ﬁ&%@fﬁﬁ%ﬁmﬂﬁa' provi de a
first i quiit deuididbhefedis bbagedatis et $oth Ui Miqubt chlfiefRiNod accor ding

to Caim1, further conprising the Steps of: ‘
15 " divided storage vessel to a processing vessel comprises heating and/or pressurizing

D!

the first liquid densified gas based treating solution to provide a first éupercritical
. fluid based treating solution, said method further comprising the step of .
depressurizing and/or cooling the first supercritical fluid based treating solution in the
jarocessing vessel to provide a first ﬁquid densified gas based treating solution.
20 . :
7 The method according to Claim 1, wherein the first densified gas based
treating solution is a first carbon dioxide based treating solution, and the second

densified gas based treating solution is a second carbon dioxide based treating .

solution.
25
8. The method according to Claim 7, further comprising the steps of:
contacting an article in the procéssing vessel with the first treating solution;
and V l

contacting the article in the processing vessel with the second treating

30 solution.

9. The method according to Claim 8, wherein the article is a fiber optic

device or component.

39



30 pressurizing and/or heating the first liquid densified gas based
treating solution in the processing vessel to provide a first

supercri twealda/sfitdsi d based treating solution; and 38 WO 03@GEhZwd/31507

PCT/ US01/ 31507 depressurizing and/or cooling the first supercritical fluid
based treating solution in the processing vessel to provide a first liquid
densified gas based treating solution. 5 5. The nethod according to Caim
1, further conprli0si ndhemaetbddqecafdingino €dsinr 9, avhegeianky gep dfmhiaogng the fir st

|l iquid densjfi.ed gas based treati. splution in the praqcessing vessel to
provide a FITEE! tg%BFOSWSP}gC‘é?FSE?iW&Sg}‘%ﬁ@' geating splutign sempnses sleaning thepher ei n
the step offifepbptiddeditetlon @otpbidnt ﬁéiﬁﬁ%h%@ﬂst%%tﬁ' Q:gulfi&f?mthe processing.

vessel to the divided storage vessel conprise epressuri zi-ng and/ or
cooling the first 10 supercritical fluid based treating solution to provide
afirsteiquid nsi td, ed S, based treati ol uti.on. 6.. The pethod

accor di r%g to C g?‘m 1,‘%‘?@9%“??@1@58 ol {q?éf’ TR F% &p&fcpptpg{ng Hui d
densi fi ed gaicldnsBepiocedingn@sedlvith it sebsMréutihk s8futibh 6ot '&Eeégeﬁgﬂla& a’'ls
divided storage vessel to a processing vessel conprises heating and/or
pressuri zi ARer et devicstor compenentiwith atchathggmingthe setond attinggobtibnt i on t o
provide a first supercritical fluid based treating solution, said nethod
further conprising the step of .. .. depressurizing and/or cooling the
first supercritileal fThaintbtiisReordingab OMmsl, whiefn ihe cbithg 96 @6KERENY Vessel
to prO\ibde a first liquid densified gas based treating solution. 20 7. The
met hod ‘dcc P&y to Claim 1, wherein the first densified gas based
treating solution is a -first carbon di oxi de based treating solution, and
the second densified gas based treating solution is a second carbon

di oxi de based tddati Ahe methwidiactaring2& ChimTh evherdimtie stepadicohtagidgahd ai m 7, -
further conprisi the steps of...co cting an article, in the processing
vessel wit HR{C eem?ﬁ? ;inOC?S'S]élgt’\’ie?FSI iR gﬁ% Etrga 8s Bﬂ?%ﬁ‘fﬁ’f@fef retiggthec) e in the
processi ng fibessfic delrich of bemperanwith b Btk cOMingIRIaht i@ freatthg sShGopEt hod

according to Claim8, wherein the article is a fiber optic
157 and wherein the step of contacting an article in the processing vessel with the second

treating solution comprises coating the fiber optic device or component w1th a second
coating using the second treating solution, said second coating having a different

composition from said first coating.

20 14.  The method according to Claim 8, wherein at least one of the first or |
second treating solutions is an impregnating solution, and wherein the‘step of
contacting the article with the impregnating solution comprises the step of

" impregnating the article with an impregnating agent.
25 15.  The method according to Claim 14, wherein the article is a foodstuff,

16.  The method according to Claim 14, wherein the impregnating agent

comprises a pharmaceutical compound.

30 17.  The method according to Claim 8, wherein at least one of the first or -
the second treating solutions is an extracting solution, and wherein the step of
contacting the article with the extracting solution comprises the step of extracting a

substance from a substrate using the extracting solution.
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devi ce or conponent. 39 WO 02/31253 PCT/ US01/ 31507 10. The met hod
according to Caim9, wherein the step of contacting the article in the
processi ngo/esiss With the first treating solution conpri geg/6dogai¥ong t he
fiber optic device or conponent using the first treating solution. 5 11.
The met hod according to C aim 10, wherein the step of contacting the .
article in the processing vessel with the second treating sol ution :
conpri ses coati A§ t héhe methed aopriingde Claim 15y wherepothe attiold isiselactedfbiong usi ng
t he secondqt.r ' lutign.. 12, The nethod according to Caim1l1l, wherein.
the coati néﬁﬁégaaﬂ gogﬂslf??r’%%éfpﬁb“"%%‘lfer?gﬁ- 13. The nethod according to Claim 9,
wherein the step of contacting the article in the processing vessel wth
the first treating solution conprises coating the fiber optic device or
conponent with &% i r $he mgtior pgcardingdo Chasmf 18 wheneincthe swhgtanot extrasted 15 and
whereinsth G ! rticle.in t rocessi.ng.vessel with the.
second ® &t &8 o) RAREd Beile B oo et TP e BB THEA ce or
conponent widdactedrags andldrug padcurzgrsusi ng the second treating solution, said
second coating having a different conposition fromsaid first coating. 20
14. The method according to Claima8, wherein at |east one of the first or
second treati ngsgol uiy I 1at i i rein the step
of contacting t2 %e a%%?%lb%at@%r?lﬁgQf%%%%e%%&?%ﬁ% lg%f %ﬁ%ﬁggﬁg?ﬁ ses the
step of i thersegmditieating sodutamsiicd dewsldpingsolitivny aghahdraig thgsep of 25 15. The
nmet ho ccordi to C.aim.14 etei,n the article is a foqdstuff. 16. The
net hog1 (gc c 8‘?[3?%%&&66 %@F W%‘Zﬂ"e agvfﬁc&“hg Jolion fopgiseY t;ﬁ ateagg a?"el%’éﬂ&ﬂf i ses a

phar maceut rgit of @ 5RRIOHuCcRP sdbktrate MithgThE BRI HTRE, t0. O aim 8, wherein
at least one of the first or the second treating solutions is an

extracting solution, and wherein the step of "contacting the article with

the extracting | ut 4 rises the~step of extracting a substance:from
a substrate usi %g thiélg)@gtrgg@? ?Cﬁéag%i%?fagﬁa’ Wge%%ﬁﬁﬁfgﬁt%?ﬁﬁgﬁﬁ 31507
1.8. The nefimdeaatopsohitivg dompdsiig firét reuhigit Swherbit@h@sdcbad Bedthgsel ected from

t he group géinsi sting of plants and seeds. 19.. The nethod according to
d ai mus, oy 1S aserond rassting sqlutden ¢ompnrising a second reactant, and the method _

further comprises the step of synthesizing a chemical compound by combining the

first reacting solution with the second reacting solution.

' 22.  The method éccording to Claim 7, further comprising the step of
20  combiring the first treating solution with the second treating solution in the
processing vessel, wherein the first treating solution further comprises one or more -
monomers, and wherein the second treating solution further comprises an initiator,

such that said combining step polymerizes the one or more monomers.

25 ‘ 23.  The method according to Claim 22, wherein the step of trahsferring thé
second treating solution from the second liquid chamber to the processing vessel
precedes or is concurrent with the step of transferring the first treating solution from
the first liquid chamber to the processing vessel, and wherein the step of transferring
the first treating solution from the first liQuid chamber to the processing vessel

30  comprises the step of metering the first freatiﬁg solution into the processing vessel to

control one or more properties of a polymer formed in the polymerizing step.

24.  The method according to Claim 7, further comprising the steﬁ of

combining the first treating solution comprising a chemical compound with a third
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5 fromthe article is selected fromthe group consisting of flavors,

vitam ns, natural product drugs, and drug precursors. 20. The nethod
accor di ngwign2@Bhiz§3m 8, wherein at | east one of the first orpcrit®18e00Nnd
treating solutions is a devel oping solution, and wherein the step of 10
contacting the article with the devel oping solution conprises the step of
developing,a .resist on a sem conductor substrate using the devel oping

sol ution. FfatingielyiionsubstantiaBy deveid ebliquid canbyn digkidedp putifyethé chesnicalr eat i ng
sol ution i gompodridr St reacting solution conprising a first reactant, wherein
the second treating 15 solution iis a second reacting solution conprising a
second react ant 25.andThamethedhoebrditighé QBAmCT kit helpideesdifPsyfensiiat hesi zi ng
a chemcal . ¢ ound. by conbining the first reacting solution with the -
second rea8?3€§“§ﬁﬁﬁﬁﬁaﬁ@mzz. The method according to aim7, further
conprisgng the step of 20 conmbining the first treating solution with the
second treating solution in the processing vessel, wherein the first
treating sol utidm fuThtmethodmprording toQRimar7, Whein 1 HEFREsng HBLmMVIEr i n t he
second treati. olutiaon further conprises an initiator, such that said
conbi ni ng ??@3%5’1§W§FP?%§W¥%% ore or nore nononers. 25 23. The net hod
according to Caim?22, wherein the step of transferring the second
treating solution fromthe second |iquid chanber to the processing vesse
precedes or is Zbncufhewetheil aerording &t Glpirof7, whewesf the provgssipesybtemsi at r eat i ng
sol uti f 3 I i qui d chanber to the processing vessel, and
mhereiﬁﬁthéﬂg%%%n§¥£%?§% %%@?%ng the first -treating solution fromthe
first liquid chanber to the processing vessel 30 conprises the step of
metering the f;%ét treating solution into the processing vessel to control

one or nore pr rti o2 Bethod agcerdingsto Clsmaddwhereintbe ot fmatiigsolgiont ep. 24.
The nmet hod; ReRREALRGe} @) Yig 4 é}ﬂ risi.ng the step of conbining
the first treat n%lgsgf ufggﬁdﬁ?gn\%}%%% gcgﬁgﬁid&%léleg BhFa 'fer‘foﬁ‘?t hi rd
41 WO 02/ 3168z PUTHUSCANBILES Breater Bhah i76% BoVvoltune ligaidasttantdiedidyy devoi d of |
quuiguparbon dioxide to purify the chemcal conpound. 25. The nethod
accordi'ng to Claim?7, wherein the processing systemis a batch processing

system . 5 26. e MRURPMlesondhD8 chipGlin) Mekieptafr el N the processing
systemis a sem -batch processing system :
transferring a first densified gas based dry-cleaning solution from a first liquid
chamber of the divided working tank to a wash tahk containing a dry-cleanable
article; '
.20 contacting the dry-cleanable article with .the‘ first dry-cleaning solution;
returning the first dry-cleaning solution from the wash tank to the divided
| working tank; |
tfansferring a second carbon densified gas based dry-cleaning solution from a
second liquid chamber of the divided working tank to the wash tank;
25 contacting the dry-cleanable article Wit:h the second dry-cleaning solution; and

returning the second dry-cleaning solution from the wash tank to the divided
- working tank. ' '

30.  The method according to Claim 29, further comprising the step of
30 storing a plurality of densified gas based dry-cleam'n_g solutions present as two-phase

systems in a divided storage vessel having a plurality of liquid chambers that share a

COIuION vapor space.
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27. The nethod according to Claim?7, wherein the processing systemis a 10
conti nuous processing system 28. The nethod according to Claim7., wherein

the firstwig@atitsdg solution conprises greater than 75% byciahdsisidor qui d
carbon dioxide, and wherein the second treating solution conprises greater
than 75% by volune |iquid carbon dioxide. 15 29. A dry cleaning nethod
conprising the steps of transferring a first densified gas based

dry-cl eani ng soBiit i offhé method akeordingltd Gldith 29¢ Wastesr theffirithlendfist ghed wor ki ng

tank to a -cont |n| n ry cl eana article; 20 _contacting the
dry-cl eana\ﬁ%@%ﬁ TEpUngse Htl‘?lh % Ffs‘iaﬂtfl’Pﬁl%"P‘geaPﬁsﬁ dgpelgaipmsolutioaaidni ng t he

first dry- gheRBbdutAaEH] | %%Jsé@%?gtﬁ%gir’]i%%a %Hif 59%:%98 ﬂﬁér%, _ﬁ?ldewgel&' ng

tank; transferring a sec nd car ase eani

sol uti on f idoyrelaanisesadntibol i qui d chanber of the divided working tank to the -
wash tagk; 25 contacting the dry-cleanable article with the second

dry-cl eaning solution; and returning the second dry-cleaning solution from

the wash tank tagat heTﬂéiﬂHeﬁﬁ)q ac%&iﬁ?@&déﬁﬁl@l %ﬂereﬁﬂﬁe'ﬂ?étra%l %’éd' hg to

G aim 29, further conprising the step of storing a plural
densi fi ed @a&sdlﬁaﬁelaaldngsaiumsmglegod &Dmhsgmupsenmma:g dprmlmsie systems in

a divi ded e ve -havi lurality uid cha t hat share a
common vap%éﬁé%g@ewasﬁﬁo @%fggﬂfgé?f ’19“%1‘% chn §]§{j e??Fque'FE‘PIﬁS@l accor di ng
to C ai m 2Qas whed &iyfblédﬁﬁlgfdoh&iond@éb?écftddeﬁorﬁﬂ&éé Sorfdis¥ing bLARLEY solution is
a first carbon di oxide based dry-cl eaning solutlon and the second

densi filBd §alstipn dcqatingrolytionn defegeiulpni s a second carbon di oxi de based .
dry-cl eaning solution. 5 32. The method according to Cl aim 31, wherein the

first densified gas based dry-cleaning solution is selected fromthe group
consi sting of aSbre iﬁhsimeﬂmdlauctardm;gtcﬁcmmswheﬁehﬂhe st@p of rehaniak ithg

sol uti on, in. the second densified  gas based dry-cleani ng solution

is selecte ﬁ‘tl’: X{le(?ﬁf? Seaping golytion, frgiicthe wash tegk (g thedividedc 0at i ng
S'0| ution, mnﬁg fahl@ §§m§ﬁ’§e’é tﬂhé)aﬂep of returning the first carbon dioxide based dry-

15  cleaning solution from the wash tank to the first chamber of the divided working tank.

34.  The method accofding to Claim 31, wherein the step‘ of returning the
second carbon dioxide based dry cleaning solution from the wash tank to the divided
working ’tank comprises the step of returning the second cé.rbon dioxide based dry

20  cleaning solution ﬁoin the wash tank to the second chamber of the divided working
tank. -

35.  The method according to Claim 34, further comprising the step of
distilling the second carbon dioxide based dry cleaning 'solution in the second liquid

25  chamber to form still bottoms and vapor consisting essentially of carbon dioxide.

36.  The method according to Claim 31, further comprising the step of
transferring a first volume of the first carbon dioxide based dry cleaning solution from
the first liquid chamber to a third 11qu1d chamber of the divided working tank, wherein

30  the step of transferring the first volume from the first liquid chamber into a third
liquid chamber precedes the step of transferring a first carbon dioxide based dry
cleaning solution from the first liquid chamber to the wash tank.
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33. The nethod according to Caim 31, wherein the step of returning the
first carbon di oxi de based dry-cleaning solution fromthe wash tank to the
di vi ded werdeiagsst ank conprises the step of returning the gamsdo1g8esobon

di oxi de based dry 15 cleaning solution fromthe wash tank to the first
chanber of the divided working tank. 34. The nethod according to O aim 31,
wherein the step of returning the second carbon di oxi de based dry

cl eani ng: sol ut Bén fEl"hﬂ:nntethedmmhdmgm(Ciadebewﬁémnﬂhdstep\bf kbm@rhﬁgﬂ(

conprises the ste returni on dIOXI sed dry 20
cl eani ng sgf gf’?léﬂpefcromﬁeeq%’g?? ﬁlkeﬁ g??é( é éﬂﬁ’Efg e’t’i‘f@ di vi ded
wor ki ng t gRekhirdd m‘drt@galﬂ‘ggrhod according to Claim34, furt her conprising the

step of’ dlstllllng the second carbon dioxi de based dry cl eaning solution
in the second liquid 25 chanber to forn1st|II bottons and vapor conS|st|ng'

essentially of rbo d| Q ccordin d ai
further5acorrpr| st g %gﬁ?mr é@frp%ggiqgtgﬂqo&pq;g}g&ﬁ@stgﬁo he f| rst
car bon di Oﬁmfbeerhﬁgede&ha vEhQRIYIHEE ﬁ@{ é!a&b&{ldﬁ;ki@%a&eh%-bre %k&lﬂﬁ chanber
to athird liquid chanber of the divided working tank, wher the step
of transf efpmle thi liquidehambenimto the st tliquid dhamber @letndnﬁmgelﬁrstnt oathird
l'iquid chagh t <) of Lra sf a.first c on OXIde
based dry ?‘éna%lo%(gagggﬁsedt CI% 7 SQIH%OI* fl? F“Efg Pa‘“é I‘f ‘?}Blé?%?g" vvash
tank. 43 WanR2udH #aBa BﬁfBNdSQﬂé Bﬂtﬁgﬁrstazrboﬂhﬁ)xﬁ@tﬂh@éﬂ @YLMadingGolufiol! ai m 36,
\/\hereldlrhthe step of i_qransferrl ng a first volume conprises equilibrating the
| i qui eviermainsn thetherd Ligpidich ‘H’ chamber and the third liquid chamber. 5
38. The nethod according to CI aim36, further conprising the step of
transf.erring a second volume of the first carbon dioxi de based dry-cl eaning
solution from3%e tIihemeﬂlpd]mqwrchngtd)@hlmﬁ&cwhéremftheSEp of wapnsftrrddgparber after

transferring a,fi,rst carbon di.oxi.de b sed anj ng. so] uti on fromthe
first Ii qu?eg B KB CPPTRS eﬂ)&l‘ﬁ a“P&H}? V%/IFI 8’5%3 1 F‘E?ﬁ%" of the

first car bgmtﬁb%dlﬁlruhﬁmb@fy cleaning solution 10 renmains in the third
| i qui d chamber he met hod according to Caim 38, wherein 'the step of

transflrri ng a second vol unme corrprlses equilibrating the liquid levels in

the first |iqui. 90 ch e#lﬁ%?ﬂgcctop g%bgﬁ%gg‘%h‘%g ]nsmgjfge stepoof The net hod

accordlngto Clarm 3 r c
transferring the second volume of the ﬁrst carbon dioxide based dIy-cleanmg solution

from the first liquid chamber to the wash tank.

.—1

20 41.  The method according to Claim 40, further comprising the step of
distilling the third volume of the first carbon dioxide based dry-cleaning solution in
the third liquid chamber. '

42.  The method according té Claim 41, wherein the distilling étep
25 .. comprises the steps of: u |
.boiling the third volume of the first carbon dioxide based dry-cleaning
solutiqn in the third liquid chamber to form still bottoms and vapor, the vapor
consisting essentially of carbon dioxide; '. ‘
. condensing the vapor from the third liquid chamber to form a liquid consfsting
30  essentially of liquid carbon dioxide; 4 '
collecting the liquid carbon dioxide in the second liquid chamber; and

purging the still bottoms from the third liquid chamber.
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transferring the second volune of the first carbon di oxi de based
dry-cleaning solution fromthe first liquid chanber to the wash tank. 20

41. The nwigwgissacording to Caim40, further conprising thea/sdoep1507

distilling the third volume of the first carbon di oxide based dry-cl eaning
solution in the third Iiquid chanber. 42. The nmethod according to Claim
41, wherein the distilling step 25 conprises the steps of: boiling the

third vol une of 48he fThe stethodrdgoorditigéa Climb?s edierhity the lsteproif ngfurning thé | on i n
the third Id guid chanber. to, formstill. hottons_ and v r, the vapor .
consi sting ffésgs? %rg’ﬂl QH Ehes da&%’b‘#*‘&i”@ff’h@?“%@ﬁh@ﬁﬂ aﬁﬁ?%%éo \t)hrféngd?‘Pom t he
third |i quinebriahgrRicomrif@Ithe step bekhAnias AR Shi BFbor3@ogs pMehaly.y of liquid
car bon di oxi de; gcol I_ei(I:l'?i ng the I':)i qui.d cgr bon di oxci)‘deolﬁﬁ t he glé}t:ond l'iquid
chamber; afipanipg sejition fiam the wash tank togthe fifst diquidbamber. d | i qui d chamber. 44
WO 02/ 33253 PCT/ US01/ 31507 43. The nethod according to. O aim42, wherein
the step of .returning the first carbon di oxi de based dry-cl eani ng sol ution
fromthe wash tamk t@hé hrtidid\uceding® Clai®3t FRKreGPIEkiep 8% rditfinglt Of
returning the first carbon di oxi de based dry- cleaning solution fromthe

wash tank feonfearben dioxjdedased drgtagning selutian frppethewtasbtinkde thedivided o C ai m

43, wherei : L . con rhon di oxide sed -

dry-cl eani %)hgg¥ ﬁa{(llﬁgﬁ&ia?%eﬁﬂ%%gbﬁggﬁgﬁﬁga}e& e?%n@ac(?r ﬁﬂndg%ﬁ?f\g%sﬁﬁ? “tank -
conpri ses tlenisg egiutién fremuhaivagh tahietoske v liqaidkdambeoxi de based dry-

cl eani ?ﬁ solution fromthe wash tank to the first liquid chanber. 10 45.
The nmethod according to Cainm43, wherein the step of returning the second
car bon di oxi de hased i i E f Akin he
di vided worKki nggt,anEH%bglﬁgipi@ggg&?ﬁgQi?Ieagﬁg?’ ﬁggpgﬁ@%éﬁ?ﬁgsecog%%ar bon

di oxi de baswandearbondieside bgsedairyrcleaning salmiomhfomathh wasintank to thhdiviidédr d | i qui d

chanber, t od further 5 ¢ ri.si t he steps of ... addi a coating
adj unct to%%ﬁlggé{elggﬁ@ngﬁ?eﬁghe %fpo&ﬁg@ng%@g Sa‘mlgcﬁagﬁ’ﬁiq(iﬁ“des S?f{] A during or
after the skafinpoliticnBéarntd weshithek SaEOMEHIRLRDENHHRX telemBRSE Airthey -

cl eani ng; solution fromthe second |iquid chanber to the wash tank; and
1 comprising the steps of:

adding a coating adjunc;t to the second carbon dioxide based dry-cleaning
solution during or after the step of transferring the second carbon dioxide based dry-
cleaning soiution from the second liquid chamber to the wash tank; and |
distilling the second carbon dioxide based dry-cleaning solution in the third
20 chamber. | |

46.  The method according to-Claim 36, further coxﬁprising the step of
transferring.the ﬁist' volume of the ﬁ;st carbon dioxide based dry-cleaning solution

~ from the third liquid chamber to the wash tank before tranSferr_ing a first carbon -
25 dioxide based dry-cleaniﬁg solution from the first liquid chamber to the wash tank.

47.  The method according to Claim 46, further com1;>1'ising the step of
adding a pre-wash adjunct to the first volume of the first carbon dioxide based dry-
cleaning solution. '

30 . ,

48.  The method according to Claim 46, further comprising the steps of:

contacting the article with the first volume of the first carbon dioxide based

_ dry-cleaning solution; and
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distilling the second carbon di oxi de based dry-cleaning solution in the
third 20 chanber. 46. The nethod according to-Cl aim 36, further conprising
the step woodsissasferring the first volunme of the first cadagmsodizxer de
based dry-cleaning solution fromthe third liquid chanber to the wash tank
before transferring a first carbon 25 di oxi de based dry-cl eani ng sol ution '
fromthe first liquid chanber to the wash tank. 47. The nethod according
to Claim46, fureMEingSembirstyphenedfdhefitspeabon digeidepasedpirgclaasingadj unct to

the first h c L Q ebas ni ol ution.
30 48. The\égret é‘%gnc%orgvls {53%60 @Iegﬁﬁqﬂ% éf’ﬂ?'r{l%eé gﬁrf%%?%‘fWBﬁ?%%gfeps of :
cont act i ng Hefee &aﬁsf@hﬁ Wﬁm chufben didxede %@édlﬁﬁg -ManiddSolition i@ iRGRsdi Oxi de
based dry cl eani ution; and 45 WO 02/ 31253 PCT/ US01/ 31507 returning
the first’ a@%eﬂ‘i dhe washttarkar bon di oxi de based dry-cl eani ng solution
fromtheg wash tank to the third Iiquid chanber of the divided working tank
before fransferring a first carbon di oxi de based dry- cI eani ng solution from
the first |iquid. cha‘mzbaretnoaarc&ﬁdﬂ@sbcuaﬁm Burfir cdhipri fh@@te?(‘dford' ng to
Cl ai m 48, furxﬁ,lgqeg ;t)rlsmgthe step of dlstllllngtheflr vol ume of
the first G4t a%luﬁlé%éh%ﬁryt@Mﬁ@dgbmdﬂ@hclpﬁung\eoluhm ingh¢ i qui d
chanber af el OXI e based
dry-cl eani E?%%ﬁ??%uﬁﬂ%ﬁgﬁﬁﬁ %ﬁﬁt O%m%ﬁgth% Irga\fﬁﬁéﬁlf)o (geh &gr

50. The rretdmodleamng)smiumglﬂrmmawanhzkﬁnktmaeémdliqnmaiasibef.l ing step occurs
during élt | east one of the.steps of transferring a first carbon dioxide
based 81 cleaning solution fromthe first |iquid chanber to the wash .

tank, contactingot heTas hieflog acéd?d&@%‘@?aﬁﬁ@a%e&’iﬁdﬂemmﬁﬂgrs? Segfudon ,
di oxi de based dry-cl eani ng sol uti on, returnlng the first carbon dioxide
based dry- é%ﬁﬂga%mmﬂ%stmsmﬁtxahefema ﬁlahd:@rbtm dingidebasedaldy- wor ki ng

tank, tran ased anin tion from
t he secondﬁlgl?q%1 Qlu ongélgq? ﬁ’?‘%gq f&?’iﬁ B%o‘ﬁsggﬁfcnﬁor&?%mﬁ%ﬁ# €in the
wash tank umﬂlbhvdshmnkemhrtde aest bﬁBoﬁideéﬂ)ablﬁS&SI cibaying|sERfibAGefPhilg | O, oOr
retur ngﬂ t he_second _.carbon di oxi de _based drﬁ_/ cl eaning solution fromthe

)

wash t {153 Hrgtcaghap; disads pasgd ﬁz@/-c eaning solution from the wash tank to the divided

working tank, transferring a second carbon d10x1de based dry-cleaning solution from

the second liquid chamber to the wash tank, contacting the article in the wash tank
with the second carbon dioxide based dry-cleaﬁing solution, or returning the second -

carbon dioxide based dry-cleaning solution from the wésh tank to the divided working
20  tank. ‘

51.  The method according to Claim 50, wherein the step of returning the
second carbon dioxide based dry-cleaning solution from the wash tank to the dividéd
working tank comprises the step of returning the second carbon dioxide based dry-

25  cleaning solution from the Wash tank to the first liquid chamber
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20 tank. 51. The nethod according to O aimb50, wherein the step of
returning the second carbon di oxi de based dry-cleaning solution fromthe
wash tankwigy2/sig di vided working tank conprises the step@iudogbisoni ng the
second car bon di oxi de based dry 25 cl eaning solution fromthe wash tank to
the first liquid chanber. 46 WO 02/31253 PCT/US01/ 31507 52. A cleaning
nmet hod conpri si 32 the steps of; transferring a first densified gas based
treating sol uti oA f r hflsang wethod Gomarising estepsef: a di vi ded working tank .
having a plurali ol Ot r ; [, Space to a
wash tank cont aiutrzlli}i%%lfmartﬁr‘(?7 ag%i%t?%e gﬁg%%%?#tsggﬁf ngl%tsﬁléﬁg?ﬁ% ({:{J %ﬁfva\(? El?lfi he first
treating sghunbarof arditidedwordrightenlf havitg 4 pradlityof B@lid thanbd¢ ha dae aash t ank
to the divided workin t ank; Lra sferring a second carbon densified gas
based t'reatcPWﬁPogo‘iaB?]i%ﬁceftP&Waé tag MPEan gtcitanber of the divided
wor ki ngs t ank 1o chigethShe k@iBle wiliPthe $tdhiiPsdiiiforAr ticcl € with the second

treating solution; and returning the second” treating solution fromthe wash
tank to the di virgeehing the fikst trgatirgrsolutisd. frofin thervedsh dghketo dlr dividgd worlGhgi m 52,
further co?ﬂ(isi ng the step of 15 storing a plurality of densified gas
based treatiny solutions present as two-phase systens in a divided working

tank having a plianiring aQbcdnd @e#bdn GRATRET Sasttasddd SRARE sGutiGPFPRMN, vVapor
space. 54. The irethod accordlqr:g to Claimb2, whereinthe nethod is a dry
1

20 cl eani ngesRae Hamdshamberef shardivided sorking tankdo thegwashear; 55. The .net hod
accordigg to d gj aln . ticle Ls a hard substrate. 25 56. The
met hod accor di ngbﬁ%g%ﬁggf%vﬁgrﬁ%%wpﬁge tg}gdsog{}% eis a _ :

m croel ectroni crafeminpethe defoiDir@Ring k3 mi%ioRPEb IH0 1234 BRFK to Hé-divided Y- ¢l eani ng
system enpl oi[i.n a.carbon di oxi de based solvent, said systemconprising: a
di vi ded mo?vl?lﬂﬁgqf%k configured to store a plurality of 1iquid carbon

di oxi de : '

=
o0

53.  The method according to Claim 52, further comprising the step of
15  storing a plurality of densified gas based treating solutions present as two-phase
systems in a divided working tank having a plurality of liquid chambers that share a

commeon vapor space.

-54.  The method according to Claim 52, wherein the method is a dry

20  cleaning method and wherein the article is a garment.

55.  The method according to Claim 52, wherein the article is a hard
-substrate.

25 56.  The method according to Claim 55, wherein the hard substrate is a

microelectronic device.
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based treating solutions having different conpositions, said divided

wor king tank 5 including: an exterior wall defining an interior vol une,

sai d ext ewigap/wedsl capabl e of w thstandi ng an internal pregsuoe s at

| east about 500 psig; and a first dividing nmenber extending from an
interior surface of the exterior wall and defining a first and a second
i quid chanber in the 10 divided, pressure vessel, wherein the first and

t e second |i qubd chanbgclsanisg aystera emphoying a calpmr dispide ased sbivest] saddir bon

di oxi de. bgfsged dé%-cl.eani ng sol ution consisting essentially of .liguid
carbon di oxi de" pEEP T ¥ed in the first liquid chanber; and a wash tank
confi'gured to ce@taddd wo t&keR } : | 4:ho:qne or 15
nore of the plurality o]‘rgith%eati nﬁﬁ%@gﬁ%ﬁgﬁ%@ﬁgﬁ?ﬁ@%ﬁﬂ@g41{3‘;8?5
conmuni cat besgdvieating sohmiods baviregidiWerdnt pempasitions5@id ditisled yetrldng tamkor di ng to
G aim 5, In the working tank further includes a second dividing
menber “def i ning & third |i qui d chanber, the third liquid 20 chanber
sharing the comon vapeiicriRaksl ddihtheldhSnfelibboland, daltPeiGfRRhil dagéﬂlél o
chanbers. 59. The system according to Cl aim58, wherein the second |iquid
chanber is positidNadsteedingaminteralfpressure|of gtiledst ahoutSOP paigglandhe third

| iquid chanmber. 25 6 . L Ng-.to Cl.aimb59 .further conprising
a- single operati nf%%gﬁ“@%é@gﬁ“%g%%@é O%aflﬁ]i% H‘Prhséﬂf(%‘?/?tI g wor ki ng
tank, : wherein thextriogivell abddeinisen Sest anda Pohd ligRidEhwhnbdiin tehe second

| i qui d, chamber, an.Eherein the | evel . sensor is capable of sensing the

| evel Ot carbon di®RfeHPTESEEI el Whordn Medgssadibe sicondliqwd chamabesecond |

|i qui d chanber. G%huzﬁ%oﬁ%hﬁﬁgéﬁ?%éﬂ ng to daimb59, further conprising a
heating elenent operatively assoCiated with the third liquid chanber. 48
WD 02/ 31253 PCT# G50 ¢irBarsdipxide Daselhiey-slestiegsolation domsipting eSentiatty®t, f urt her

conpri si ng;: |l gqui d. transf.er syst.em. provi.di | i quid communi cati on between
the di vi delélq]ﬁ%?r PH 08‘5‘%1908}38“?@%@‘%{ﬁ%&fﬁa_gﬁlhfreﬁ%por transfer system
provi di ng ¥ psH taBlo OhRANuEA! b @SnthA ta R P2 1daab 16l knticReH be 21ciRdd W IotARK and the

wash tank.
15

more of the pluxjality of treating solutions, the wash tank in fluid communication with
the divided working tank.

58.  The system according to Claim 57, wherein the Workiﬁg tank further
| includes a second dividing member defining a third liquid chamber, the third quﬁid
20  chambeér sharing the common vapor space with the first and the second liquid

chambers.

59.  The system according to Claﬁn 58, wherein the second liquid chamber
is positioned between the first liquid chamber and the third liquid chamber.
25 |

60.  The system according to Claim 59, further comprising asingle
operating level sensor positioned within the divided working tank, wherein the single ’
level sensor is positioned within the second quﬁid chamber, and wherein the level
sensor is capable of sensing the level of carbon dioxide based dry-cleaning solution 1n

30  the second liquid chamber.

. 61.  The system acéording to Claim 59, further comprising a heating

element operatively associated with the third liquid chamber.
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63. The system according to Caim62, further conprising: a first opening
in the exterior wall adjacent the first liquid chanber for liquid transfer
bet ween tW® d23isd3 | i qui d chanber and an environnent externpdriwibise7

di vided 10 working tank; a second opening in the exterior wall adjacent.
the second liquid chanber for liquid transfer between the second liquid
chanber and the environnment external to the divided working tank; a third
openi ng in the 6%t er Tbe systednt acxdjdimgetot Cledne 61 ,Hurtherl donmrridinghanber for |iquid
15 transfer between. the third Iiquid chanper and. the environnent external
to the divided m@?ﬂ?‘l@i%s{eﬁﬂﬁ%%gv’gmf i C%@Wﬁgﬂ%beﬁ‘ﬁ%enégf 1656 wal |

adj acent 't herlg MARwRRaGER:- r fluid transfer between the conmon
vapor space and the environnment external to the divided working tank; 20
wher ein the fir8gvaparhirnsiersysiém modditgeapon eanropaeatiogdetweenitie diviged d

communi gat | on -W {.h, the. | i gui ransfer system and wherein the fourth
openi ng§i s{”?ﬁﬂx\%faﬂ%‘an‘i%%‘??ﬁi‘gﬁ‘ﬁﬂ on with the vapor transfer system 64. The
system according to Cl aim63, further conprising a condenser 25 positioned

in the vapor transfer system wherein the condenser is in fluid
communi cati on wbi-h t hbe $¥stem secoding taglaitn 6hdimharspinprisingl | of the di vi ded -

b0 11 aned above | REDTTTE P 7 SRt bl AR G e Wi RERO B i . o7 i ng

t o C ai m 58ansferbetvesencionfirst Bquid chamtee amhsh efiloamedi exérds tbaraividey - cl eani ng
sol ut'i gd; posi.tioned within the second |iquid chanmber, the second : :
dry- cl Ehni Wg™kRg BRkon having a second conmposition and; 49 WD 02/ 31253

PCT/ US01/ 31507 3 gecbRi berSd i i QX s bﬁ?é% 45,V 5 ' i
positioned wt h?n ct he ]?er#?grdﬁﬁllkqﬁdlt 5g}§arlwlim , g? eg%%kﬁgﬂg@g-cg%%gﬁif% sol ution
havi ng a skewddrasdempmtivednche sashmt Bquid chdngbdriand the dnlizosmen rettermihtb thee t hird

conpositions.ane different. 5 66. .A divided pressure vessel for use in a
carbon di o%i"ﬁ%dgvé)gig&ggasp& em said pressure vessel conprising: an exterior

wal | defining amthifdlpehial ity kiRroswhl a@%édl R th¥@lihuia RRARDE 19 liquid
w t hstanding an_internal pressure of at | east about 500 psig; ,
5  transfer between the third liquid chamber and the environment external to the divided
working tank; and '
é fourth opéning in the exterior wall adjacent the common vapor space for
fluid transfer between the common vapor space and the environment external to the
dividéd working tank; ,
20 wherein the first, the second, and the third openings aré in liquid
commlinication with the liquid transfer system, and wherein the fourth opening is in

fluid communication with the vapor transfer system.

64.  The system according to Claim 63, further cdmprising a condenser
25  positioned in the vapor transfer system, wherein the condenser is in fluid |
communication with the fourth opening of the exterior wall of the divided working
tank, and wherein the fourth bpem'ng in the exterior wall is positioned above the first
liquid chamber. ’ ‘ ' '

30 65. . The system according to Claim 58, further comprising:
- a second carbon dioxide based dry-cleaning solution positioned within the
second liquid chamber, the second dry-cleaning solution having a second composition

and;
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a first dividing nmenber extending froman interior surface of the exterior
wall 10 and defining a first and a second liquid chanber in the divided
pressure weseesi1253 wherein the first and the second | i qui d rdTandeeBssogzhare a
common vapor space; and a first carbon dioxi de based treating solution
consisting essentially of liquid carbon dioxide positioned in the first

| i quid chanmber. 15 67. The pressure vessel according to Caim66, further
conprising a si adghied cashen dibkidg bhsedelry-slemasing sglation posichediviithimtht Higrdli vi ded
pressure vessel erein,t ingle |level sensor is positjoned within the
first |i qu?‘?‘?h@ﬁ%{g?{’ ﬁ’iﬁh"&ﬁ@'r’élaﬂg?gn@m@r@"@gl aspepndseomngsition, wagseibl e of
sensing t hed fygtheakonat BN donPRRRd: hietirtag, sol ution in the first

| i quid chanber. 20 68. The pressure ‘'vessel according to Caim#66, further
conprising a second carbon dioxi de based treating solution having a second

conposi ki on. posikiongd,. in.the secon i qui.d chanber, .wherejn the :
conposi §i ons of |6@’he ﬁélgﬁdegﬁfﬁsf‘ﬁgv?é‘géjﬂﬁu%et’? éﬁﬁ%ﬁﬂ%%l’ a§¢fsSYaleBL di f f er ent .
25°69. The sgid prssstire vuRels@mpreaf ding to Caim 66, further conprising a
second dividing nenber defining a third liquid chanber, the third liquid

chanber shari ng? EHENQGHMbAciniRD I Wissioe velme, stidexterigtwahckpebie ofecond
l'iquid chaqﬁggﬁwgﬁgg%gﬁgggﬂnggﬁégﬂggk¥§gﬁ@%é@gcordlng to Caim69, wherein

the second T I'S posit1on 8 he first Ii qui d chanber
and the third | &fustdivifiaghesmber gdtendiiefromesSHetor Q55RL ofHERkRHAGWEP C ai m
70, fuﬁéhe%HfQ tisiP% ggreatigg_eLenent operatheg¥ associated wth the
third IV quf ¢ st el §p5o9pd Hquid ghawber sthe/dividedpreysare vaseelpr essure
vessel accqigie i et , rb, S1.N0- ' ing in the
ext ori or vl eaopie fusk ol M eond e AR hBleihonfinii Ubr REE Y o1

bet ween the fi rafirsticebpul dishidetmsedansiting selntion cmsisting essetiatiglof tiquithe di vi ded

5 working - a_second opening.in.the exterior wall adjacent the second
liquid cha%%g‘}’;ﬂ ?18%“ elploa P’&E%ﬁpé}?éﬁré&l ‘fﬁmef'he second |iquid chanber and
t he environment external to the .divided working tank; and a third opening

in the exterior wall_adjacent the third liquid chanber for liquid 10
transf& bet weeh’-t heTkhpressurs vassel 2edeading fo Glatn B efisther copmpmising asstigde nal t o

the divi degperating level sensor positioned within the divided pressure vessel, wherein the
single level sensor is positioned within the first liquid chamber, and wherein the

?

single level sensor is capable of sensing the level of carbon dioxide based treating
solution in the first liquid chamber.
20 |

68.  The pressure vessel according to Claim 66, further comprising a
second carbon dioxide based treating solution having a second composition poéiﬁoned
in the second liquid chamber, wherein thé compositions of the first and the secon&
treating solutions are different. | |

.25

69.  The pressure vessel according to Claim 66, further comprising a

second dividing member defining a third liquid chamber, the third liquid chamber

sharing the common vapor space with the first and the second liquid chambers.

30 70.  The pressure vessel according to Claim 69, wherein the second liquid

chamber is positioned between the first liquid chamber and the third liquid chamber.

71.  The pressure vessel according to Claim 70, further comprising a

heating element operatively associated with the third liquid chamber.
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wor ki ng tank. 73. The pressure vessel according to Claim72, further
conprising a fourth opening in the exterior wall adjacent the conmon vapor
space forwid iizd2d3r ansfer 15 between the common vapor space@ngsoiBeso7
environment external to the divided working tank. 74. The pressure vessel
according to Caim73, wherein the fourth opening in the exterior wall is
positioned above'the first liquid chanber. 20 75. A .nmethod of utilizing a
di vi ded storage vessel conprising the steps of: ‘transferring a first
treating adjunctesfro i L0 A divi orage . vessel having a
plurality of chgr%ber?ht% a%srsgltﬁg% %%g&gg@; : to\ffalﬁlg} 9@&%@%“?8%9“‘6500%& ng
vessel ; 25 transffistipeging inl ersixtérig walluijicen My fist B i&ch&xﬁb@r%ﬂﬁﬁﬁfi ed gas
or a supercri 'igal fl%%&ir]to.the rocessing vessel; renoving the first
treating adf3aRet PFVEH T8y H&&@%ﬂ/@@%l@ﬂ@@ﬁgﬁ@ﬁﬁmﬁé tathedivaded t r eat i ng
adj unct 5ha\4,i,d}gin%t§[g(§rposi tion different fromthe first treating adjunct
froma second chanbéer in the divided storage vessel to the 30" processing
vessel ; and r emasecapdidpenimgdmtin exteziat Al adidienn ete dete lidigd PERSRERINY
vessel . 76.1. T@ nme hgd accqt{di ng to Claim?75, wherein the step of renoving
the. first 1% tf"}nﬁ%r e AR fherseend: i rhsmbesadghe eavgEgnmestprtemakioteaTovi ng
the first td\add werkimlat @4/ 31253 PCT/ US01/ 31507 adjunct and the
densified fluid fromthe processing vessel. 77. The nmethod according to

Cl ai m 76, furt herthigbepaming inghe ergeroroyallddjacentaths fiérd liquid ehagses (driliqdidl | ui d -

into t pr, ' v |. after the step.of transferring a 5 secaond

treati Eg a%%%ﬁ#ﬂ%%ﬁ%@%@&%ﬁic a}?ﬁlr‘?ﬁ@? T epyiEonmsAt gxigme trthg dvidedsel to
the proceswirkiggvaksel . 78. The nethod according to Claim 75, wherein the
densified fluid is |liquid carbon dioxide. 10 79. The method according to

G aim75, wherein the densi fied fluid is supercritical ‘car bon di oxi de. 80. -
The met hod accongi noThe pfkahdldsiel athHil o il RRall LhRRSLEL Kl 2

opening in the exterior wall adjacent the common vapor space for fluid transfer

15  between the common vapor space and the environment external to the divided
working tank. ‘

74. The preséwe vessel according to Claim 73, wherein the fourth opening
in the exterior wall is positioned above the first liquid chamber. |
20 i
75. A method of utilizing a divided storage vessel comprising the steps of:
transferring a first treating adjunct from a first chamber in a divided storage
vessel having a plurality of chambers that share a common vapor space to a |
processing vessel;
25 * transferring a densified fluid comprising a liquid densified gas or a
. supercritical fluid into the processing vessel; |
removing the first treating adjunct from the processing vessel;
transferriﬁg a second treating adjunct having a composition different from the
first treating adjunct from 2 second chamber in the divided étorage vessel to the
30° prqcessing vessel; and

removing the second treating adjunct from the processing vessel.

76.  The method according to Claim 75, wherein the step of removing the

first treating adjunct from the processing vessel comprises removing the first treating
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15 first treating adjunct froma first chanber in a divided storage vessel
to a processing vessel, and transferring a densified fluid into the
processi ngo@egiss occur concurrently. 81. The met hod accorpditngsol@15ehai m 80,
wherein the densified fluid is a liquid densified gas, wherein the first
treating adjunct and the densified fluid are 20 conmponents of a first
treating solution in the first chanber of the divided storage vessel, and
wher ei nt hedinghRnddhe dengifadeliyid figmthe prosessingergssehg adj unct from a first
chanber in a- divided storage vessel to a processing vessel, and
transferring a densified fluid into the processing vessel conprise the
step of transferfi ng Iﬂlhme‘thas&accotdﬁmbimgnsm,lﬁhﬂmchn@ﬁ!sihQﬁlesfteg)fo&'f chanber.
of the divided storage vessel to the processing 25 vessel. 82. The nethod
accordi ng tBREEEMS Ps‘ﬁﬁé%é‘iqﬂmf%@e PIASHSSHIZ ‘teﬁﬁgéﬁ@rrﬁlﬁ pigp af trinsfesting 2 eat i ng
adj unct s5fr fid 5&;@1{@@ ' Vi 2 : r gcessi ng
vessel Agcc&rg%ﬁlgft%egﬁﬁ% hé st gguﬂoftﬁet% ?cg)!lr%}silg g@?‘?eztér?gl% e‘r’%?(?l&g%g% Iglejs%%ﬁ? ﬂfeo t he
processi ng pressssamg vess). 5 . 83. The nethod according to Caim75, wherein
the step of transferring a first treating adjunct froma first chanber in
t he divided storage vessel to a processing vessel conprises: pressurizing
t he di vi ded storgge v@ssekh o 1Y : Ssyre 52 WO
02/ 31253 PCT/ US01/ 31507 of@@%&%@ggiﬁﬁ%@g ;mérﬁﬁggg(g ﬁllagéu ng fluid
communi cat ilgHidrerhoashoxiée first chamber in the divided storage vessel and
the pr?@essi ng vessel. 5 84. The nethod according to C aim 83, wherein the
step of pressurizing the divided storage vessel to a pressure higher than
the pressure of 7phe [Fheeesisid@cordBpie ICIERND, WheRithRIdehdde@fmaRs car bon

di oxi de gas intgo. the divided storage vessel. 85. The method according to
O ai m 83, WHRETtrat tpEbay dipxige. pressurizing 10 the divided storage vessel
to a pressure higher than the pressure of- the processing vessel conprises
chargi ng carbon dioxide into the divided storage vessel. 86. The nethod
accordi ng to C &0m 753he wiethodi accartlingaa Slaimris, ahetehtethkisteps opirshsfeiivgs $econd

treati agy yncts is,.an, etchi dj ynct, and m xture formed by the 15
et chi nggadjl%‘ FeatngAdst ﬁ@ﬂ’s‘i ﬁ%&@‘éﬂlﬁﬁrﬂl% Vidse storageressel tori prgeessing

sem conduciescl, EehEkdsRiking 8 densFiiel MY 1A 1R R OMAY vERe el Bohmrelflgy o N &t

| east one of the first an

| 81.  The method according to Claim 80, wherein the densified fluid is a
‘liquid densified gas, wherein the first treating adjﬁnct and the denSiﬁed fluid are
20  components of a first treating solution in the first chamber of the divided storage
- / vessel, and wherein the steps of transferring é first treating adjunct from a first
chamber in a divided storage vessel to a processing vessel, and transferring a
densified fluid into the processing vesselvcomprise the step of fransferﬁng the first -
treating solution from the first chamber of the divided storage vessel to the processing

25  vessel.

82.  The method according to Cléhn 75, wherein the step of transferring a
first treating adjunct from a first chambet in a divided storage vessel to a processing
vessel occurs after the step pf transferring a denéiﬁed fluid into the processing vessel.

30 )
 83.  The method according to Claim 75, wheréin the step of transferring a
© first treatinzc;r adjunct from a first chamber in the divided storage vessel to a processing
vessel comprises: ‘

pressurizing the divided storage vessel to a pressure higher than the pressure
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the second treating adjuncts is a devel opi ng adjunct, where a m xture
formed by the 20 devel oping adjunct and the densified fluid is capabl e of
devel opi ngoBigdsor esi st coating on a sem conduct or substpa@EtEso18807 The

met hod according to Claim75, wherein at |east one of the first and the
second treating adjuncts is a chem cal nechani cal planarization (CW)
slurry 25 adjunct, where a mxture formed by the CAP slurry adjunct and the
densifi ed Pf{hed’TQ@SSIE&Yﬁbﬁleamlf pl anari zing the surface of a sem conduct or

substrate. 89. thod.according.t aim8 erein the. first treating
adjunct is a c%@%ﬁ?ﬂ“‘gﬁmwg?ﬁﬁ%@%%ﬁ@\f@ﬁaéa‘eﬁrﬁ@h]édﬁl‘ﬂﬂ "is a CWP
cl eani ng aejotuyetvessdlandibs prodedingtweeel.f or med by the CMP cl eaning adjunct and

the densified fluid is capable of renoving post-CWM residues froma- ,
sem conductor substrate. 90. The method according to Caim 75, wherein at

| east ome of the,first: t ngd, treati adjuncts .i s a photoresi st
r enoval gadj unct ,§4'Wne?ée glréﬁ%o)c(itagg%r&?%?%g&mm %’ ‘O@gﬁ% ¢ 5B ObPHFFYYEEE31507 by
t he phot or émidividedestomgt vesdplup aiprésstre hivtheras iHd @ekstite i fdhd sroe@empl e of :
removing a otoresi st coating froma sem conductor substrate. 91. A

net hod of Mfﬁg?iCQFW&S%f» YA nen-srhe dipsiss @ps mgmiheidivided storegevaspel. of - 5
charging a first densified fluid conprising a liquid densified gas or a.
supercritical fluid into a processing vessel; renoving the first densified
fluid, fromthe Bf¥.oce¥hs mgthodsseirdinghaChimn@3] Wherkin tht s@psplebdizingui d into a

first |Liqui,d gh r in adivided 'storage vessel having a plurality of -

i qui di hahﬁéﬁ‘ggﬁi?ragﬁg‘?sédéo @@ﬁ??ﬁwe&h%%‘g’rmé‘b%é{re“w c8%1&?'Ib‘”Pﬁf‘QSl@a‘%second 4

densi i ed_{isséidomDR i fodrb iielideRad e SthidaPablaegvauper crit cal fluid
sel ; ie

into the processing ves removi ng the second densi fluid fromthe
processi ng vessel; and charging the second densified fluid into a second

i quid chanmber §n t di vided st.or vessel, 15 . The t hod acgcordi ng
to daim91,. V\hgeér!ei r??]%ﬁfl‘elﬁblgﬁé‘“ﬁr@%?‘? &EHP?ﬁgWh?S’lnlﬁ%’@ﬁt qne 03%5%&%*’@@ tical
f1uid basethetseqat itregtisoadjinaddis ahRehiitddfsct, dhd b alixReRIs€By tehangi ng t he.
state { the first treating sol ution frome;ufper(_:rltlca_l fluld to densified
gas pti or Sthing adirgstegd thedensified flujdis canallesfietabingha semigonduetor i r st | i qui d
chanber of giagatdi vi ded 20 storage vessel. , o

87.  The method accorcﬁng to Claim 75, wherein at least one of the first and
the second tre_ating adjuncts is a developing adjunct, where a mixture formed by the
20  developing adjunct and the densified fluid is capable of developing a photoresist

coating on a semiconductor substrate.

88.  The method according to Claim 75, wherein at least one of the first and
the second treating adjuncts is a chemical mechanical planarization (CMP) slurry
25 adjunct, where a mixture formed by the CMP slurry adjunct and the densified fluid is

capable of planarizing the surface of a semiconductor substrate.

89.  The method according to Clalm 88, wherein the first treating adjunct is
a CM_P slurry, and wherein the second treating adjunct is a CMP cleaning adjunct,
30  where a mixture formed by the CMP cleaning adjunct and the densified fluid is

capable of removing post-CMP residues from a semiconductor substrate.

90.  The method according to Claim 75, wherein at least one of the first and

the second treating adjuncts is a photoresist removal adjunct, where a mixture formed
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93. The nethod according to C aim91, wherein when the second treating
solution is a supercritical fluid based treating solution, the nethod
further cemniees changing the state of the second treatipeg/g®hgisoon from
supercritical fluid to densified 25 gas prior charging the second treating .
solution into. the second liquid chanber of the divided storage vessel 94.
The net hod according to Claim91, wherein the first densified fluid

conpri ses ®athophoidresistdenoval ddjunet anddiondendified iffuicis chpalildofiempringas car bon

di oxi de. 5..The met.hod according tq Claim9l, further conprising the '
step of pf?%?%){/elSﬁgc%attlngé‘g& aﬁ?{’élcﬁdutcﬁ’és‘?qsﬁtt& densified fluid.and the second
densified fluid to- provide substantially pure gas or densified fluid after

renoving the first and/or the second densified fluids to the divided
storage vessel . 94 W& pethgd pEgtilixing V&yided 5603 B8sel Tomprizing the staps of:di ng t o

Cl aim 9%, wherei rfyi. tep conprises.the steps of: transferring
at |east one of C@ﬁgﬂ%a&?ﬁ%ﬁ&g?igﬁ%ngﬁgﬁ 1‘1“?1‘395%‘58I 238h&ified 5 fluid
fromthe Adis\tli)dﬂﬁ(ﬂ;i(ﬁlﬂﬁiﬁgﬁo\aq&%siﬁg\r@ssﬁyri fication system and purifying at

| east one of the first densified Tluid and the second densified fluid to

provi de subst anf¥aye hafestigensibed fuidgiam the proagssing 9gsselThe et hod accor di ng
to Gaimo9l, "m%ﬁﬁgﬁg‘gﬂee?s I&‘eﬁ}fgiﬁ%ﬁ%ﬂ it silet fi féid% %P%rﬁp%h nga%gond

densified fluids i C sol'ut1on capa o] m conduct or

substrat e, storagetvessel iavarig 4 plasdlitpofliqiid theenbets thit shak 4 henes oapdr gems; i ed .
fluids, s m xed hwiih an et c(gi ng# junct to praqvide an_ etching
sol uti OR" capabl S1BEEASHING deng Bserpgsing gliguiddeasified 2980T arhe net hod

accordi ng tehdedical did b BeEhBcdLink $ast;. one of the first and the second
densi fied f?pui ds is-a develegl?ori %g lggl gstgi on capabl e of devel oping a

phot or esi st coarémyiegitha sewmd densified Hwid Swosthe areessimg wsstleaml at - | east one
of the first angd: the.second, densi fied, f|luids is.m.xe i th devel opi ng
adj unct to provitesas ﬂbeevg?rbdpgeﬁﬁlﬁglﬂ&ﬁ% ac%fﬁ%ﬂff]éq‘ﬂé Cg%w fé‘bﬁﬁgﬁ‘agedo
phot or esi sktoeapatvestgl. on a semi conductor 20 substrate. 99. The net hod

according to Caim9l, wherein at |east one of the first and the second
densified fluids is a chenical mechanical pl anarization (CWP) ‘slurry,

capabl e of plangs! 21 i ol Hbi e ¥ iVl ARG Al AYRRY (BLGs O Wherel N
‘ solution is a supercritical fluid based treating solution, the method further comprises

changing the state of the first treating solution from supercritical fluid to densified gas
prior to charging the first treating soluﬁon into the first liquid chamber of the diﬁded

20  storage vessel.

93.  The method according to Claim 91, wherein when-the second treating
solution is a supercritical fluid based treating solution, the method _furthef cc;fnprises
changing the state of the second treating solution from supercritical fluid to densified

25  gasprior charging the second treating solution into the second liquid chambef of the

divided storage vessel

94.  The method according to Claim 91, wherein the first densified fluid
comprises carbon dioxide, and the second densified fluid comprises carbon dioxide.
30
95.  The method according to Claim 91, further comprising the step of
purifying at least one of the first densified fluid and the second densified fluid to
provide substantially pure gas 6r densified fluid after removing the first and/or the -

second densified fluids to the divided storage vessel.
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25 one of the first and the ..second densified fluids is mxed with a CW
slurry adjunct to provide a CMP slurry capable of planarizing the surface
of a sem @@ @dugixar substrate. 100. The net hod according tp@;ﬁh@ll,mﬁe,
wherein the first densified fluid is a CW slurry, and wherein the second
densified fluid is a CW cleani'ng solution 30 capable of renoving post-CW
resi dues from'a sem conductor substrate. 101. The nethod according to daim
91, wherein at | east one of the fi rst and the secondhdensified fluids is a
hot or esi st rengyal a. phot.aresi st coating
Prom a sem cong%gtorsr%g{e{tﬁr%gt é:%)r o gl%l él%fhe@ﬁg%ﬂf‘gftﬁ% first 55 WD
02/ 31253 P%ﬁmﬁ@és/tﬁé.ﬁeﬂsofﬁnd t he second den3|f|ed fluids is mxed with a
photoresi st renoval _adjunct to provide a photoresist renoval solution

capabl e of r emﬂaﬁﬁfe@nﬁﬁbl‘?@ﬁé@ﬁ' of thedigst degsified finigl @éﬁh@mdnrbdﬂlslfsdbst rate.

56 5 ﬂuld from the divided storage vessel to a purification system; and

purifying at least one of the first densified fluid and the second densified fluid

to provide substantially pure gas or densified fluid.

97.  The method according to Claim 91, wherein at least one of the first and
10  the second densified fluids is an etching s;olution capable of etching a semiconductor
substrate, or wherein at least one of the first and the second densified fluids is mixed
with an etching adjunct to provide an etching solution capable of etching a

semiconductor substrate.

15 - 98.  The method according to Claim 91, wherein at least one of the first and
the second densified fluids is a developing solution capable of developing a
photoresist coating on a semiconductor substrate, or wherein at least one of the first
and the second densified fluids is mixed with a developing adjunct to provide a
developing solutioﬁ capable of developing a photoresist coating ona semiconductor

20  substrate.

99.  The method according to Claim 91, wherein at least one of the first and
~ the second densified fluids is a chemical mechanical planarization (CMP) slurry’
capable of planarizing the surfice of a semiconductor substrate, or wherein at least
25  oneof the first and the second densified fluids is mixed with a CMP slurry adjunct fo
provide a CMP slurry capable of planarizing the surface of a semiconductor substrate.

100. The method according to Claim 99, wherein the first densified fluid is
a CMP slurry, and wherein the second densified fluid is a CMP cleaning solution

30 ‘cé.pable of removing post;Cl\/IP residues from a semiconductor substrate.

101, The method according to Claim 91, wherein at least one of the first and
the second densified fluids is a photoresist removal solution capable of removing a

photoresist coating from a semiconductor substraté, or wherein at least one of the first
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and the second densified fluids is mixed with a photoresist removal adjunct to provide
a photoresist removal solution capable of reinoving a photoresist coating from a

semiconductor substrate.
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