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LI QUI D FIELD OF THE | NVENTI ON The present invention relates to a nmethod and
.apparatus for producing a purified liquid stream More particularly, the
bresent invention relates to a thernodynamically efficient i flqui d
production nmet hod and apparatus using an inproved purlflcammmmmlmmlmwwm
BACKGROUND OF THE | NVENTI ON Hi ghly pressurized, purified |iquigsggs bon
dioxide is required for a variety of industrial processes. Oten carbon

di oxi de as a bul k source streamis providéd for 15 purification as a vapor
froma bul k carbon dioxide storage tank. For exanple, US 6,327,872

di scl oses a nethod and apg&TMQOD AND APPRRIATUS FORPREDUCHSG hi gh purity

| i quid carbon dioxide streamin I ch a carbon dioxide vapor feed streamis
purified within a purifying filter ARYRIHED £dQHMAsed within a condenser.
The resulting liquid is then alternately introduced and di spensed fromtwo
pressure 20 accunul ati on chanbers, which are heated by electrical heaters
to pressuri ze FPEDIOMTHE INVENMEIGN¢SI red delivery pressure. However, system
and size constraints often make it inefficient or inpractical froma cost
or logistié&al standpoint to manufacture purified |liquid carbon dioxide from

25 a vapor source. -4nde .car 1.Ox] de risfleation facilities using
car bon di oxi de froxhgpﬁegglkt 1?\geﬁgx8§§éilét3§g)p%rrrﬁfsﬁgaraéégm{ﬁgf for\)pé?#ug&ga

conpl i cat i ons puhitdChqiié e@ean. "Mioge partibhieRthe plesent iiv@htibifdatedhul systens.
When a carbon di oxi de vapor streamjs used, there is a substantial heating

| oad on the bihekmedyhamyeallysfficionspurified fquidaradyctipn mathedndappargtusipsing an
| i kel i hood of ;i 3 ' bl ocki ng the pressure building 30 system
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heat exchanger. systens require the application of
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BACKGROUND OF THE INVENTION

Highly pressurized, purified liquid carbon dioxide is required for a variety of

industrial processes. Often carbon dioxide as a bulk source stream is provided for

15  purification as a vapor from a bulk carbon dioxide storage tank. For example,
US 6,327,872 discloses a method and apparatus for producing a pressurized high
purity liquid carbon dioxide stream in which a carbon dioxide vapor feed stream is
purified within a purifying filter and then condensed within a condenser. The
resulting liquid is then alternately introduced and dispensed from two pressure

20  accumulation chambers, which are heated by electrical heaters to pressurize the liquid

to the desired delivery pressure.

However, system and size constraints often make it inefficient or impractical

from a cost or logistical standpoint to manufacture purified liquid carbon dioxide from
25  avapor source. Indeed, carbon dioxide purification facilities using carbon dioxide

from a bulk tank as a vapor source exhibit various complications, which become more

problemaﬁc for high throughput systems. When a carbon dioxide vapor stream is

used, there is a substantial heating load on the bulk tank pressure building system,

which increases the likelihood of ice accumulating and blocking the pressure building
30 system heat exchanger. In addi}ion, such systems require the application of

supplemental heating sources to maintain system pressure and vaporization. Such
*GO0GVZ™

NIRRTy



suppl enental heating sources to maintain system pressure and vapori zati on.
Such ou~xoa bul k tank vapor source systens also suffer frominpurity
Jbuildup that results in significant tinme off line for costly periodic

mai nt enance and repair. Therefore, a need exists for alternative nethod and
apparatus for producing purified liquid carbon dioxide, or nore generally a
purified liquid, with inproved perfornmance, increased energy efficiency and
reduced equi pnent cost. SUMVARY OF THE | NVENTI ON 10 The present invention
generally relates to a nethod and apparat&s for producing a purified
liquid. The nethod and apparatus can be applied to the production of

purified I'iquj arbon di oxide, nitrous..oxide,. ampni a.an | ugr ocar bons.
5" one s pect Pk Ek AR Eie ook el HSmRus soP T ReRele ol rsRitC g o
purified |iquijghifitadime dmliﬁ@ﬂ)r%a‘ag»dlbmtomainfehhmnqqeﬁmi.ses providing a
feed stream source, introducing under pressure a feed streamfromthe
source to a purification vessel, and supplying heat to the feed stream by
heat exchange wit r . i I I i f heat
exchanger - he.f colesfBEE aRRER Gl rin AEHANk e RRRY S BB & RrbdiBind U1 o1
i's condensed puwiffediiuidicarbiorediokidelorandry ghesrillyex pief@eliguid, wigh ingfroveker ant
liquid streamin a second heat exchanger. The purified liquid streamis
then wit hdr avPFriorBARGen BICE#sSd snergy GHeivaasad reduged cguipmgat east: | i qui d stream
and the conpressed refrigerant vapor streamare provided in a refrigerant
fl ow network conprising the first and second heat exchangers. 25 In anot her
enbodi nent, t3EMMARYOIOEdHE INEENAION ding a liquid material source and

i ntroduci ng under pressure a liquid feed streamfromthe liquid nmateri al
source to a purification vessel via a substantially free fl ow connecti on,
with the rificati S L&A I enbly and
a coll ect{bgn 30 chrlz; g}é?e%gg}ivflﬁt%éngfﬁggIrgﬁ%%a%}glgtﬂ;o?%gdgpﬂé#?qﬁfg[tﬁ’ison col um
assenbl y. Theprbdupmgia peeiied ligiid.eBhe insthpd and epphratns cdnebedipplied tatheon col um

assenbly to produce a.purjifjied.Liqguid,.. whjch is stqred in .the,collection
chanber | AnoUBrILRp JaPiEFd Faiia plion BiodreRinsts BYdErarubi gRdv  di ng. &
liquid 5 mat efligbcasighsCe and i ntroduci ng, under pressure, a liquid feed
stream fromthe source to a purification vessel via a substantially free
fl ow connection. The liquid nmaterial is selected fromthe group consisting
of carbon, di oxi de, A1 S, fOX] | ngd. .f rocar ok .
purificat 1|50n vesse(PH‘%:%srﬁgé{iosf ghse pggs i g{}l’l@%ﬁ}gﬁ lgrﬂglgg% %?ﬂ?&ggsfgﬁﬁrﬁgu%ﬁ%agmﬁed

col | ection chafuidstraaasi Inioneethbadining al niethbd témprises prafiding atfecdsteainum
assenbly. The to ljquid feed streamis vaporized into a vapor; which is

di rect ed t hr cQyrecainrduqing wadep pressire mbeadrstrena eana the sodrce 4o a purifiegtionssenbl y
to purify th Rkl V, | I i i

l'iquid; whi cﬁvelg%rl)’gd?)lfllse@? gﬁgihlﬁgtttﬁgjec%??gét{:%alﬁ]oﬁ}pg%ggger n%%%gh%rogg{g ées'rsﬁlgned
vol ume. Wen refrizepmt daios streane th & fitstiheat kachangean Tedeabdtamas dstitledto fofmt he

urified liquid is  ,returned. fromijihe bottomof.the co]lection chanber to 15
Phe. ol S0 ook S g v REGrib ondensedia pat paniad amin by Rt icRoanas Rabifod

conprises prQ¥frffeRtht Bqhid GHbsn TRA SdcoAd héR ¥kEfingsd TH&tﬂuﬁ‘i’i!éEiliﬂﬁi’d_ SRR lis _
pressure, a liquid feed streamfromthe source to a purification vessel via

a subst ant i althgn withdrawndvone thermaification vRiseell Therefigeraetliquid stecapOangethect ed

fromthe group consisti.ng of carbon dioxide Ltro 0X anmmoni a and
{1 bor ocar bondomRES s VAR LeeB e e it e TFed R oy AETFRRE M im
assenbly and @nfppisingGhé Akt RMPEHREHEd RS btdnangsds.annul arly about the
distillation colum assenbly. The liquid feed streamis vaporized to

produce a3Svapor; which is directed through a distillation colum of the

distillation col U a%gtig%%&il%eﬁf %%%e?h&i Polfxrl;j)rfsjeg gro\{/%x?é a liquid material

source and introducing under pressure a liquid feed stream from the liquid material

source to a purification vessel via a substantially free flow connection, with the
purification vessel comprising a distillation column assembly and a collection

30 chamber positioned annularly about the distillation column assembly. The liquid feed



25 The nethod further conprises providing a condenser refrigeration system
conprising at | east one condenser inside the distillation colum assenbly;
condensing the purified vapor into a purified liquid in the at |east one
tondenser; and collecting the purified liquid in the collection chanber to
a predeterm ned volume. An amount of the purified liquid is wthdrawn from
the collection chanber and subjected to a 30 pressure of fromabout 1100 to
about 3000 psia. Heat byproduct fromthe condenser refrigeration system
is directed to a heat exchanger for heatihb the purified liquid to a
predeterm ned delivery or storage tenperature; and the heat byproduct is

generated in part by the.copdensatij.on qf the rified.vapor in .the.at |east
ane” condenser ki Ruiifa SPREHRR TSN eSlhmbdSceRty [l Rmba g, o
for produci ngwhidhUk kfoteitinlthekdiRctid @ambet.n one embodi ment, the apparatus

conprises a purification vessel in connection with a bulk material source.
The purification vessel conprises an intake for admtting a bulk nateri al

feed streamfromt : i stdllati C LS

distillation col urm[‘l%lo %‘%y%%fg?ﬁhﬁlﬁgg%%érsit??’gg&%‘gd;%wl*r%% &ég{dbnﬁ 2{29?}%}%” al lo
feed streasn apfitedial it @@rinfroduca) dede iph@sirbea Pauid fecddtréandiom tHeGoaree
purified Iiquid, and an annul ar col |l ectjon chanber surrounding the

di stillation &o?pvfigaEen ¥esselods psepstandially free flew qonpestign. Fhe lighidapateriad in| so
ot bri ol f oed APt EERARN bRl SEANTNE Jr SabOTRMAEIORS e, bBBoRSE |\
f eed stream afidoroocarbomsy The puoifidatheevesied cpmpri§dseaciistdation coluiin dskembly gnd o
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vessel - conor; LAY RRRE Findpizod i b ONEI, WRINE B AEE fouBHa dudIBHLET

adnmi tting an eetomntin tfe distilativncolumnirssqmbly to patifare wvapoouThepurifoed vapbeisi ng

an anount of purjfied material,. a heat_ exchanger. in contact wth the
o to oEotdepierind iR piafich P Rions SORBRmh SIREG cpirven ol 1 et
and col umm oupje@étefnined 9MuMal Shdirthe biedktehRine® vEliid Ha8 Befip&a&88ded! Hie
exchanger positioned below the colum inlet, and a condenser | ocated

proxi mat e t o portionof therpupiedlignidiis resurdedhfromythe baiitors lof Hiseollsetionsharberiot he
packed distill,atj. ol t he annul ar chanber having an inlet for
?} {}ﬁeélsg@laﬁ%? g&?‘&f] aﬁﬁ?{]’%@ﬁ outlet for r

col l ecting pu el easing the collected
purified nmaterial. Yet another aspect of the invention provides an annul ar
chanber for collecting 30 purified liquid carbon dioxide from

i sti @l ation col urkh ¥R Rpodimenscia metiad spmprisey PrawicingA o8 frastial | nner
wal |, a chambgf, QOIM-GtichiRdL rg?éiblﬁ}a'é’lir@%ﬁ}f@ﬁ@tr@%ﬁ@%@&e'sﬂ Ewygl | a

pr edet er m ned éllrstancetoasu stantially ndric vertical outer wall,
t he i nner wal purifecation vesseli vaae swlrstahtinkiy fieo flew donnentiono Thel liquidas#tehl is
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distillation col BRI THE W NGS Wyil e the
speci fi cat onseiwfrg RB ISP PHP CPRISRE & gicrf%f‘aoyagﬁmmwv}gammme a8 ect
matter that applrbeRtdns. TOQPuH fidaidnRRide] LoYMBMS Abistilfatib® cHlBn@NQShHIPakd 4 he
invention io wll be better understood when taken in connection with the
fol | owi ng dr asllegion ¢tiagmben positiened ehrwiarly sbout treedistiilation spluatn assemblirb dbe ment
of the pr Ocesﬁqu?crl] Qeeﬁgg'ga{rg Tisuéap%;izécpt% ;ggc?uscg ra]ltvalpgf;/ SRS directed through a

distillation column of the distillation column assembly to produce a purified vapor.

25  The method further comprises providing a condenser refrigeration system comprising

at least one condenser inside the distillation column assembly; condensing the

purified vapor into a purified liquid in the at least one condenser; and collecting the

purified liquid in the collection chamber to a predetermined volume. An amount of

the purified liquid is withdrawn from the collection chamber and subjected to a

30  pressure of from about 1100 to about 3000 psia. Heat byproduct from the condenser



Fig. 2 is a schematic representation of one enbodi nent of the process and
apparatus of the present invention inplenented in an application. 15 Figs.
3 - 5 are exposed perspective views of enbodi nents of the purification
vessel of the present invention. Fig. 6 is a schematic view of another
enbodi nent of the purification vessel of the present invention. 20 DETAILED
DESCRI PTION OF THE | NVENTION Wth reference to Fig. |, an apparatus 1 is
illustrated in accordance with the present invention. A feed stream of

| i qui d carbon dioxide, such as froma st arfdard 300 psi g bul k tank (not
shown in Fig. 1) enters the apparatus 1 via line 10. Line 10 25 connects

to the bottom qf rification.and.storage vessel. 1 t _port o ye s

Pur i 11 cati on EnieSriphusRL S 2iR0%e T ShBT B EREE piTefha MR T imidioen ! y
13 surroundedpRMeteimiaBi dtldfere 6f dt@@Eé RmpehifeindXBe hbailb%lp@dﬁét_ﬁé eérmdpAtyd N
integral chanber - i.e., as an integral component of the purification
vessel 12. Lip&tbpthesosdenspiioncef thg perelisdyjrapar indhept leest opecendssseintial ly free
flow (w thout significant restriction) of carbon dioxide 30 back and forth
fromthe bul k carbon dioxide supply to the distillation colum T assenbly
| 3 of pursficati oAnather sdpectageheiasarionkelatedAteat shpagatiisofor pRodaciagapurified
invention, it _may be desirable to slow down the free flowrate of |iquid
carbon di oxi ddqyif seameInsguercophofimentethe gpparatys comprases @parfieyin sese st em
has adequate f/l : i nf| . i ﬁ”@ﬁ% t sone
degree of che%:irﬁg%ﬁogl ‘gﬁ?gﬁp frieﬁé&ﬂ%c}\%vog&éyg ee%&.rlrg%t"%é V?énsele ct eg%n Lngﬁn% tinmes
duri ng syst enfoopdmétingn bulkheaterialsfeabsteeapr fearh Sked soueces aldistilatioredskgmiilyee f 1 ow
arrangement between the hyl k carbon_di oxi.de source and _the system 1. During
oper at i on, P VBRI EhEA gl %@rémla&@afm{’l@mifﬁ%%%ah( Ak or age

vessel 12,4 nt Redi@ddnk hidtf A 96hdféﬁ%e¥g<‘tj} c%%&&ﬁmgythéﬁlllrﬂ?éh \th%e'f fi%o h Bufifiéd 1i(§]d}&,

distillation colum assenbly 1 l'east to a level 15 that substantially

| 0 subner ges ardeanainulap coldsrtion gkdmbray enrrdirdinghthe distilbtiarf cdlumuifer cole¢song

di oxi de adm tted t. e .pqurification and storage vesse| 12 is controlled by
i ust 1 ng. t hetraaeineh BwE ha SR ARAEE P S HaRRRhaT rlUFR B poi nt. o
the Iiquid cagdimmugicardntRith thethulit M@tcPREfead ke @Wtﬂe?ﬁﬁﬁ@ﬂyép%rmntl nuously
froma liquid state. When the |iquid carbon dioxide [evel is bel ow

set poi nt, | esBroyiging hegt to thp bikkdeedsitgam ang dopling tocapndense tha mwHiediverordte
vapori zat jon e, . I quid C [WeNqh | oi nt,
nor e dut yijlos @gtpl)lgfnld\é%&gg%}l rl?éil egxhéjcr{ce?{etgg{égéﬁ éélgfrégglﬁcé}:ﬁ%’%i Jﬁ\?ﬁ%@%@%gﬁ on
rate. It is uipddifstmodudifgpurifivd cditonididddé, antraloiite, anmemtyl and13 has three
regions: a bojlup region in the bottomwhere |iquid 20 carbon dioxide is
exposed to helorpearbense purpose of vaporizing the liquid; a distillation
regi on | ocated above the boilup region conprising a distillation columm;
and a condensi ng regi on above the col unmm whereby the purified vapor

ener gi ng fromt he Aobdthemaspectef fregpvention prdvedes agpuriiizaty@r veseal cpmppsisgsa of

gio 2 ? Ieris:a? ﬁ)oahcgat{ﬂ I Ill(gg n\ég%g?rrgﬂ)lggg ignlérainfirillgtd folr L&%{ttqng(: & grggunq io?)r(ria%ie%al {E)ht?e
purified and an outlet for releasing an amount of purified material, a heat exchanger in
contact with the material to be purified, a packed distillation column having a column
inlet and column outlet through which material to be purified passes, the exchanger
positioned below the column inlet, and a condenser located proximate to the column
25  outlet; and an annular chamber surrounding the packed distillation column, the

annular chamber having an inlet for collecting purified material and an outlet for

releasing the collected purified material.

Yet another aspect of the invention provides an annular chamber for collecting

30  purified liquid carbon dioxide from a distillation column comprising a substantially



25 either a packed colum or any suitable trayed colum, although a packed
colum is used in this discussion for illustrative purpose. In one

enbodi ment of the present invention, waste carbon di oxi de vapor from an
online application is redirected via a carbon di oxi de vapor recycle line 18
to the 30 carbon dioxide purification and storage vessel 12 from for
exanpl e, an abatenent r and recovery process. (Not shown in Fig. 1 - See
121 in Figure 2). The recycle line 18 as shown enters the purification and
storage vessel 12 at a point above the level of the liquid carbon dioxide
and the recycl ed carbon di oxi de vapor conbi nes or conmm ngles with the bul k

bon di oxi de .del.i d th | . vi [ 10.. As heat 16
Causes the vapURBE sHica) oo ALY BioPURR RS PATE AU e
vapor flows upyarWhiy a pRele@immct idistincB &S K SithstinBANY ¢AnkdeBalGRHIEAD 0w Er wind
contacts condensed |iquid carbon dioxide noving downwardly through col um

20. Such counthernmenwaditavingqudismetepdimepsinnetto sngnwwks pickad distifiption t i es from
the 1 o ascendi,ng carbon di oxi de vapor and returns the inpurities to the

li quid carbonmﬂF%kide 17 in the bottom 22 of vessel 12. Sone carbon di oxi de
vapor energes fromthe top of the first colum 20 and is substantially free
of heavy inpurities. Carbon dioxide liquid 17 |ocated at the bottom 22 of
vessel 12 is BRIERBESSRIDTIQNQHTHEDRANINGS t 0 prevent an excessi ve

buil dup of inpurities in the vessel 12. 15 As shown in Fig. 1, the majority
of the ascendi ng carbon di oxi de vapor energing fromthe top of the first
colum 20 flows i nhilehke fpetifentiaf cdnoidsewithdlapas 8tindlygidintintdudthecol um
24. Once in the, second colunmm 24, the ascendi ng, carbon di oxi de_ vapor .
contacts condBibEsHMaleTIBAt apPHSIRreRrg s @%@&@%@pnﬁ 1§ belistierhthattbe myestienng
col um 24,, Th\&vﬁhﬁéﬂ;&{e’?{r&éﬁtwﬂvgéﬁ &gk&'fn" Ectfaﬂ%f’rﬁfge ileaagis! Bﬁakxﬁﬁ%é. I ght
inmpurities in the ascendi ng carbon di oxi de vapor and decreaSes t
concentration of tFHg. I isghéchemptic representatiorn dfeondeatbedoheng of thgrrocessasrion

di oxi de. The carbon dj oxi de vapor .energing fromthe top of the second
packed col unm@PPATaius %Jéﬁ‘i Prgpeny “@’SHG‘@hsed by heat exchanger 26 resulting in
condensed carbon dg@xs fe, QekRGHE RbHsBRGdPodNe ehBdire® bl BRGROGsPARKed
colum 24 as reflux.” The flowrate of the reflux is controlled by setting
the duty in tdpparatastofdhepresepé inveation immementedinemndpplieasiont he top of the
second pagked colugn 24 within distillation ch r assenb 13 _.and.

cont ai ns g"al ve 30%‘%& cﬁgv:a ¢ %‘@Pfe o CREY lveovﬂﬁ%%@%@ﬂ?ﬁgetmugﬁggl(\Illapor
cont ai ni ng | i gd3kel OF tHegpreRhtidmeaione i npurities. 30 The liquid reflux
entering the top of the second packed colum 24 passes down_ through the

colum and is col |B&t@is 3 sshematievignmilapetheimbadiment of thamaiication wessel of
surrounds th I colum 20 in distillation chanber assenbly 13.
The fIOM/ratgh%Ph%ﬁgqﬁﬁﬁﬁgg'product collection is controlled by setting the
duty in heat exchanger 26. Heat exchanger 34 is used to generate |iquid
reflux for the fi packed ? 0 he k'o id reflux thus flows down
the first2padREdALLERDESGRIETIONORAHEINVENIION; | | atj on chanber 13 and is
ready once again for boilup. Heat exchanger 34 provides reflux only for the
first packed colum 20. 1 o As described above, |iquid carbon dioxide
condensed by heat Withirafegece R6Figsl,coldppartabd 1ds iljnstyabad in aceordagcawith ither

|l ecti hanber. 32 t hat ds .t.he [first d colum. T |
ol | ecti on ¢ AReesbinvgatiato A Tie SR oLl 5ig snrBh Aedie Suid it p2BEARE | Gui o
carbon di oxi dgof s%bdli@@qrﬂl((h&t(ﬁﬁbﬁh ih PRy, apentb@ithd Aphran® 1 e linen oot iddm first

packed colum 2 ere it serves as an additional |iquid reflux. The
over fl ow 255 tapbpe@stocthe hotbem ofi puriGeation and stesagd &essal bhatqoyt 14 Muifigation a

first in, first, out basis..,l.n_ot.her rds.. accordi ng .0 .9ne_enbodinent of
Lhe precent | RUaRTRes Vel 12 sPaBbn e Rl Rnn SRR S 133 SRR bR
annul ar col | eghhiRP coNRABE Ehatnber 2 et iy preferdtdy b thiédraldhapdekeick. Ggladmm 20,
and the annular tank 32 is continuously

) R purg;d by 1 ncomn Puritied car bon
di oxi de duri rigtegeat comporsnt phike purifeation vessel &2-pking U €ts spesifitally designed to

Al ternati vel yolj gigh GAHRD 64k R5HAGHORATHR BhR YeshRRbn FFNARGESi0 R COUl

be

30 back and forth from the bulk carbon dioxide supply to the distillation column



directed to the bottom of the annular collection chanber 32 and the

col l ection chanber 32 could be provided with an overflow that returns

| i quid carbon dioxide fromthe top of the annular chanber 32 to the top of
the packed distillation colum 20. This would al so return ol der carbon

di oxi de, now at the top of the annular 25 chanber 32 to the packed col um
20. Purified liquid carbon dioxide product is withdrawn fromthe bottom of
the annul ar coll ection chanber 32 as needed by the pressurization and
delivery system of the apparatus. During p6eri ods of | ow product denmand, as
pressure within the vessel 12 builds 30 up, it is understood and indeed is
one advant ageous ct. of. the pr nt 1nvention 9,that .back pressure in
the system na?ﬁsgpﬁg'\aﬁaoffqu c?)tfmﬁ{@lsffoeraﬁ ‘éﬁfFe l?ar%%cﬁr%fl%% @8 PI$E™ t he bottom
of vessel 12 {rQehtigvittridyobodesiriisle ta slewfdooi the fee BBwhrattofiliatil daft®ontdibtide

| i qui d carbon_di oxi de source due to the substantially free flow nature of
line 10. For uathsisgstemtete enawre that thedeyd contedsustemdias adespuatedimdiorresiondi de
is received fj omt | @. Vv [ t ' it m t he

annul ar ool | el PR ahsfe SutBRElcas shiie Akl BRulebi i ENEC HER™, |

condensed 40 $yistoti thaqibe ir5 efféct apsdntietitied duringyst@mcspeaiongiherd idmosour ce vi a
the free flowline 10 for storage, Wen the tenporary condition of excess
recycl e vapor Piegisely asubstatiadly fees flosyarangemgntgichvean thy bulkcahondioxide)i d
source is wt S - rev: T Tod ) elo
resul ting advggréllg%\é%dﬁ ]?%%RE%EE g)f%?if] g%%{lh%ga%fo Hrdzaé!ﬂ%%lt%rgpor rdeo uér;jfnﬂé%t o]

t he purifi catpwificatiss ehd sterage vesseluleintoodistiligion @oluadn dskemblyl 18 and begias td qui d

carbon dioxidg,in t.he purifjcation s em All dut r bqth cooling and
heating is prEUit}tfe‘hStﬁy‘%Qn§P 5&?‘6‘%&35@@@2‘8 t‘iﬂq‘?‘@{ ﬂ%&@:‘alf sRual%t em  The
refrigeraff sgigfhad thOboillpfRhedclakPsr poses is preferably R22 but may be

any suitable refrigerant such as, but not limted to R134A dependi ng upon
comerci al objectives. Substitution of refrigerant may result in different

t d t : i ate. The refri t
aboumil at or 38 1's. LRCHOL A e it B e TG RSSO BBt as
liquid. The aggubas &ntdBled 8padmb@ss RE dudydHitkk Kt btdengnt 6ité amidiiig am xed

phase feed streans and ensures that saturated liquid refrigerant is
avai | abl e as Feddetpoint pethedigyidesshorndiexide t ¢ Huring pperation isxap@izsdsure i s

comr essof® - WO E S AT R 78, ARLRUARa B orde Pl ¥ Bl [ 0™

refrigerant fdegioifthRsy @ity igepphiéd @ewltingirpd Aduddl dafioaudbxide Vageizhlientang
connection |line 42, 44,resgectjvel¥. 25 Liquid refrigerant is j.ntended to
flow freely tYhendhe liquidearaon digxidgilevehistabpre setpaint ipre dutyus srrplisd caysingnt
enters the b%iﬁ@e?éed%ﬂ%n%lﬁ&@%oﬁiﬁﬁio e !Itsis\ﬁﬂH&%ﬂo?ﬁ%ﬁgﬁ dstlifafioh he top
of the heat exchangers as a vapor. e duty is controlle y controlling
the fl ow rat ecodimr agsembiyel¥ hayehmatregiasmv a bgiltfhegiomgn dlie Batm whete lepshanger .

The level of liquid refrigerant inside,each heat exchanger..is,self

2 ust ! n? o Ge detiine SRRRRIANE HELE PihetaAn UL aARE N HHdeTt  exceeded.
10 Fl ow cont rcﬁ!;tﬂmbﬁ@%ié@locﬁ%d ab&veUBeHoil &gia)hrce}npﬁbﬁg\éaﬁgn1atib@wﬁﬁﬁ@_ and
therefore the duty of heat exchangers 26, 34 respectively. After |eaving

t he val ves, tdnd amhdensimgnegionapoye the solnurivherehynidie pufificd waponemerging Geslor
suction mani ftﬁl d%lzl?. A5 | i&]tgadht rap,50 i? t he suctton mani f&ll d Cﬁl (iects
any liquid re ¥ FOEPae ¥hPse %/ %‘ée’g‘?‘é‘ﬂ%‘?{ Ora‘?"}gp%sre%\(} %c{néle??ng SRUERE R i ng

t he conpr essovapshRitEpurificddifuild eabsedidited The dlt61169dd &T6RE chi Betiethllyses| oW y
vapori zed either by electric heaters 52 or other nmeans as appropriate.

Ref ri ger a4t \aaiher 2 packed colama ereany suitale rayed colman aiheugharpasiiedecdumpiessor
54 and di sch - i . Afirst portion of the 1 o
conpr essor d?lgsgﬁglrglgs@%&g%lagk(gﬁ{w{}%%gﬂ)l&?g?ént to boilup heat exchanger 16
where it condenses to |liquid causing boilup of the liquid carbon dioxide in

the bottomof distillation Chanbftrhgls' Hi.gh pressure ljquid refri geigrant

. h |

accumul at es i nsi ddnpesemdedimang el the presant ipytign: Yaste carben digridsyapgr from
trolli t fid L . i . i : h

To by 1 ow coroin® dhififafiaRls it vigh ChBBh A AANLERADE ETS (ST 9T

carbon dizxi derboevdoxide pinificatior and stotage vessel 2 fromp farleaatple, an abatement



-32, valve 56 is opened further allowing nore liquid refrigerant to | eave
heat exchanger 16 and consequently nore vapor refrigerant to enter and
condense and supply additional duty. Wien less duty is required, valve 56
is closed, further causing a reduction in the flow rate of refrigerant
vapor and a consequent decrease in duty. 20 The liquid refrigerant passing
through valve 56 is sent to the refrigerant accunulator 38 via |line 58. As
an alternative, duty in heat exchanger 16 can be controlled by using val ve
56 and pressure transducer 60 as a back pﬂéssure control and valve 62 to
control 25 refrigerant flow rate. The back pressure setpoint is high enough
that the dew point of R22 vapgr, inside_heat ex nger 16,pravi des .enpough
tenper at ur o ARRIErRRTY BSesS GPUAORRIE FIE drrob Jhgnr eue heTRLFTRIER! O o
carbon di oxi deg as¥owReAtERd fhe pariAEATHUNE sERhROIRse] 9D 2B pHint dboveWhleBI\VE a
R22 dew point of-11C and provide a tenperature differential of 8.8C against
boi | i ng car bothe diiqvidi cgdboardiodde pry the serycled garbon dixide YapoBeomaes @xchanger 16
is controlled I j rat.e . V. -valve T n 62
as required t%o%naﬁl%&tgi“ﬁh{ tlfqgg}l{]éqc(éﬂc? ng&é%g% dgﬁé%?cﬁgﬁ%%%F&? e bﬁ(;ei in . This
approach mmy allow the duty in heat exchanger 16 to be changed nore quickly

because the liquid R22 inventory w thin heat, exchanger_ 16 can he renoved or
added more qui ckl yAs heat sxgRBEY I GaBses dhe Yaporigyinsy ofdRolqud sankap dioxide 17,
refrigerant v 1:S,: “Qﬁ:ﬂ I I . t he
product war m%ﬁe‘i& ‘ggg@a"tﬁgfé’%g@. Zﬁ#%ggtaﬁgﬁp% feérdecgétflg‘lta grrltcgﬁﬂ]ln?bt%ﬂ
reduce the preasutsecoadersbdiiqbidearbew dimdidd motingldewneardly trgughechhwaen 20r essur e

refrigerant \é@ r is close ﬁ.o the desired deIivng%/y tenmperatyure of the |10
hi gh pressur Lﬁgrcmtsacwrr% IQUidaYapBT CAAsk FAROYSS BB IMPYHECS EIMRY pressure
refrigerapl VaRQHdidgcartith HEKIA8 YR aR@ Pl thd Huditiesld the ﬁgﬁ‘iﬁtcaib'an ERhde
exchanger 66 to renove any superheat. The resul'ting de-superheated vapor
condenses at e thiebottom 22 obwesatll 1i2s fethdparbonglibxitio vard4 eonerkesdionsthe tep of

hi gh- pressure rified Ijquid carbon dioxid roduct .t o t.enperature

appr ox mat 1 ng HEs i fnd s SRRARARY FELPEnRY Y B . Rab B EPRE haensea
liquid refri gefuadl7 iczate@nt thelbb@EmD2 of viebRa12 RRREBHRENY Gitféd ¢iamhe 9B tyal ve 68
and sent to the refrigerant accunul ator 38. Wien needed, a portion of the

conpr essor dimseveaf geexepsiyyRuildup of ippuritios in thewenwed 120 t he conpressor

suction tQ prevent the suction pressure fromfalling bel ow 20 desired or

requi red oOperating specifications. A hot gas bypass system consisting of

pressure regul at orA¥shosariadsg. (1, €ratigjeriiyofitheaseeoiding sabon diogideaapom! et 49

and opens to return refri eragt vapor fromt he cong}rﬁessor dj scharge 51 to
P HE¥i

mai ntain t he Ws@mt@geﬁ e g solymn oy Heh nde dhei boftem o dhe secord The

remai ni ng bal : !\m{neﬁﬁ I i i nt to
an air-cool e g%ér?d(g%tgglrﬁgl%ge re 'ﬁ?n%lslﬁglglﬁ{ gﬁ%deﬁﬁﬁ%g? ?’latgg? ée/{%tﬂa)i?l Fg\%brégt eis
control |l ed byliexifi¢ vaptor optncts echdensedecait®nahiokitd bqiid gascendieg thrgeghathe i s sent

to the refrigerant accupgul ator 38. 12 To prevent the conpressor, suction
fr om excddd RS- TRSLI ti-e tbReerHPraToh it GERanlatl e ER R al ve 53
opens to supRpuAtiEnithOidctitihg ENbsRURxRMe Va&iird debfehdcd SheAdtincértiuiioh Be

condenser 72 to the conpressor suction. The liquid refrigerant flashes to

vapor and codhglightémpurifiesasdag desoendingliquid earbem disgislei Aheicarboadifxided onl y
for extended periods of er.at.ion.w.th hot-gas, bypass,flow.nates.. Purified
| Pquid car bor) PSRRI NG (R Of e sPoohd raPked qahlain 24 i pallidI copierspd

ron C via Tt ne 37
and is first gieacoehatbet D6 Aaalting%a bampased/chrundlibXige beidgpackmed tonbeidial
pressure of from ahbout 1100 to_about 3000 psig pressure by pu 76. To

np
ensure 125 NPgseqoadprekedeeiumn?4 enteflyymihe Sowrrateaiithe wéux 13 ¢patoHedby ng
| i quid carbo i 0Xil 3 ... frar I i)
bornt of 1 ho SeinEhEGuPRE te A RERgEP S | LRE I RRNEBE U ROLb
acconpl i sh t lpaskedaoliummg 24 svithirdistilkadionychbmbaatdssgnbly qdiadd cadtbias valve30de t aken
fromthe bottomof vessel 12 in_the distillation chanber ]]Cg as shown vi a
line 78. Thi §Vl}lFl3ql§iHT“€§lF6'8h°I&ﬁn6QF‘Hée"éa?ﬁ“é‘?‘ﬁéte‘éﬁal?%&P’é‘é’é‘&B BROERPat i on of

condensable impurities.

30



-15 heavy inpurities and nust be vented fromthe systemregularly. According
to the present invention, however, at |east part of the refrigeration
energy is recovered fromthis waste stream by heat exchange with the punp
76 and liquid carbon dioxide fromline 37. As shown in Fig. 1, after
passi ng through flow control valve 80, the carbon dioxide acting as
refrigerant passes through the punp jacket heat exchanger 82 and 20 punp
feed heat exchanger 74 where it is vaporized. The resulting vapor passes

t hrough back pressure regul ator 84 which $ets the flash pressure and then
fl ows out the heavies vent 86 where it is dlscharged to the atnosphere.

This efficient us f1 ste straﬁn%Fag ot reqﬂ % %e achl ved i n other
purification syste “B”@m W FOtrRe iR R of tASSE6P ERACKE C(HF%% PHFE_d stream
is supplied fddm ﬁsrchjgh“{hé édltimnlafd i QIR 4@ nﬁmé%ﬁfﬁlulaaegmbakhﬁﬂb&fazhﬁ@vy
inpurities in the |iquid carbon dioxide sup | eventually require the
entire |iqui csucronndshe figstipackeidsolunared) mrdlsiwlfatxomharsb@rl aseenibdyld 3t Ehsﬁp'a(r ately

t | d bot t f
cont ol “of et fatd prB dallertd 1530 foual B3Rl nd bufy Sl BRepRber
pressure, sbut2estiéat eﬁ@iaﬁ%é}blsw it ued tbigahdratedrubrR itk 9ot tHE fivdh padkel @aMAH PUNP
76 is warnmed to anbient tenperature 1 n heat exchanger 66 to prevent

possi bl e cond¥hskhe lsmidreflax tsspiery dowmthsfiasteaeked dpdumnp g & tbatbp?ﬁm@f hi gh
pressure puri r Dy ive system
and appar at usglﬁtﬁ%tlghlw&gb%gﬂ%a lg}egé%ggcses le%ﬁébgwé)t oreagg’?glﬁg (r?gts‘l that the
car bon dIOXIQﬁomd&meﬂﬁxbﬁbﬂbtﬁﬂ&ﬁﬂgﬂﬂkﬁh@ﬂwﬂmabe fl ow of high pressure
carbon di oxi de product becone bl ocked. It is understood that the
purification and storage vessel will be nade frommaterials able to

e Aol e DT OGRS P CRoE R A Corb SRR B for Ol b et YRl a6 of
is understood to be a lowt erature system or exa nul ar

st or age chanh@ﬂleaadiasjpmﬂudthmthemmnnht votiectisms eldmhber 82 ¢ha sefreurals the fimde fr om

304, 316 and 316L S al nI s steel, with 3 st ai nl eel
preferred. FUAcksst % 18l 16@‘“’&&6‘9?1%7( ﬁd’&mﬂg‘ifﬁ'f"gééﬁ Oégg'{?gqegofél SO

be used with tH&t*}%nﬁqicfui’df’éz&béd Gk e froph B8 HRftof IR Snrfidr Sk 18RO 3f &Had
fl uorocarbons. 15 Fig. shows the carbon di oxide supply system1 of Fig. 1

i ncor por at ed ﬁrﬁttpaChch@éumBQOp&em it gfrvess @mdldltmtal lmquldoﬂ]uxl The loverflow
illustratj.on, res IOXI eI| y

del i veredlsfortuhs f uf"fszﬁij é;gr tabod(ll el'ﬁﬁen g%‘g ogtar érgﬁ @ﬁ‘f 3‘!"31“?\15 (I:Ihr bon
di oxi de fromdilxe wurds ascordiaglo be ébsdinespdfale picent aoxaliat tiksldest 0arBon
system 1l for purification and re-use. Line 10 directs the bulk |iquid

carbon di oxi ¢BoXideahthe beftom eh tissnnaliabsallsstionehaben 32 ﬂ%retuﬁ@eqoterthq fieght i on
vessel 12. T r t Wo Pressure
liquid accu al?et)ardogdéﬁﬁ%b %fl\s‘fﬁ%%g édrrgﬁ]{/h%ﬁ%rﬁlﬁu ?(515/?; ﬂlrﬁ?d bg/ ﬁcal ned wit hin
t he puri fi catpucifiednstbeh dioxide duemgeleridds ofAotwi cgtboprdesd die ﬂroﬂuquﬁedlapdlrrp 76

establishes a maj n eliyery of the pure car on 2 de to

equi pnent? 1066"“35“961"6{3’&'1[1‘1‘&1‘1 §‘Lﬂ“§“§? copdensed yh&Btcﬁ]‘l" ‘ad 'bf)ref erably
from about 11{§Q.{.q t@ﬁﬁ%&)ttgé%}tﬁéé&ulﬁ%llé@?foﬁ cRERH& POl tH@EMﬁ%ﬂo@bOUt 3000
and about 3500 psig, and a tenperature of about 20C to about 40C. Dependi ng
on t he speci fChamhppaZ waid bmprokisiad wath ancavieeflove lal veturys figeidsarbes dinyydeal so be

car bon di oxi G BdPp BEEGRGRaT iAo bt ey b Boeked Attt antai oxi ae

accumul ator 16 "I(hli\d @bulara@s%sfamﬁl J)l'dﬁluéaﬁ*l)on @8{@1@8 dioR@atQRe topofaPaintfii on, the
purified |iquid carbon dioxide may al so directed to ot her equi prent 104

and/ or 108 ( ehgmbenAd2derthd packed golnmnz20¢ é’fﬂbl(ﬁﬁd diiquidi cagboni diexide produdtiisii ds, or

TP PR OLRbLBH el BaBF AR AR R 00,

inmpurities Vipeskuriatidd and QéliveipSREHn agthtgrappmgdnsl i qui d/ vapor separator 115
and various waste treatnent stages, which may include, for exanple, vapor

scrubbing 114, chem cal abatenment 118, and waste packagi ng and 1o storage
120. C eansed car

line 122 or di rec?ﬂ‘ﬁ‘ %p%)ﬁ ?%% l?groﬂrg {1&&%@;@&%@%@%&%?@ ﬁ,l?] ﬁte gfr]lﬁi(jiﬁggdsd
vapor reagycl apl it ieuidBrstdodsanditindaed. 1séﬁeMa@mgmmbespdcheftappfesexatmmuaﬁ)o may
be a processing step in semiconductor 15 fabrication that requires the use
of high pressure, or supercritical, purified carbon dioxide, e.g., wafer
drying, resist stripping, etch resi due renoval , anong others. In this case,
tool 102 is any suitable processing tool such as a dryer, resist stripper
or cleaner located inside a clean room (or the "fab" area), while support
equi pnent 104, 106, 108 and waste treatnent equi pnent 114, 11 S, 118 and
120 are typically | ocated




20 in the "sub-fab" area, with supply and return lines coupling these

equi pnent to the carbon di oxide supply system 1l | ocated outdoors. It is

al so understood that controllers and sensors are provided in many of the
equi pnent in such an application in order to allow proper process

moni toring, control and automation. 25 As stated above, in one enbodi nent
of the present invention, establishing a substantially free fl ow ng
connection between the bul k carbon di oxi de source and the purifying vessel
allows the liquid carbon dioxide to nove Back and forth as needed between

t he bul k carbon di oxi de storage tank source and the purifying vessel, which

in the preferred enbodi nent .of the present invention is a, nufti-purpose
vessel . hi o 55 AL QRSB e HEoBeL Tk o 40¥ L ibpraitadd Foeb it Eer veen
the source tafpbmanébéthsin of vestél 1988 TRW thiSughakhdRBe HbW1ind0iback IPURGuIK oM
the vessel, such as to satisfy product demand, the pressure w thin the
vessel decr eak@td garon dipxide sourdssive ¢ theisdlstantioly fifee dlowt iatutepfiking 1 Br Hoe t ank
tore-fill th essel..  The rifi ipn vessel of the.present inpvention as
Shown i Fi ool Fhsncetce Bt Badlin BRRE barbin HORiGHifREBlyep 6B o2 oo

to effect gi sfecydlavipon liaod s @ik if withtdiawh Rémithearnutiticollétioh@Radberd2ds, al ong
wi th an annul ar storage chanber positioned to surround the first

di stillation Refustrhe Fregss cabon dinsidedncandsaieddo havidpad seatdo thedwlbliqtide

puri fi cation éaXt?&ne&I}f-»xihQ Gie €i’£‘?€9frg§g8 Cf{netlh%lpéﬁsaggt WHHFRE fefifforfy Shown
in Fig. 3, the puri FCatt on vesse Yo conpri ses“two aj or nctions or
systens - thatonditiopwfiektesatdcgoleanporst oveargthe@bnddngedliguid pkded inothie GulkUnl i ke

nost known carbon di oxjde purification %égtens, whi ch rehéﬁon t he use of

filter or a sigf eowemigeridurawnand prgcessebngsmaly as prayinusty; dsscripeds One
distillatjpn : i Sl i ks I I, i | St i on
W th at | Sast o o e e b ns By el T
13 conpri ses vdseel dw toaedwwe chosumppion bf e atlk stvechbbquid vardan dioxidesinghe 12,
packed distillat'og colrnns 20, 24 and condensing area 15 |located at the
top 23 of the'PUlPPPERITH vessel 12. Purified carbon di oxi de vapor
condenses and descends within the purification vessel 12 and collects
within a region of the purification vessel 12 form ng the annul ar

col | ecti on chamberABguty far bethsooking andreaping istirevidedby ¢ siwgld cleged syeleor es t he

purified JJiquid.carbon dioxi il 1t 1S, I to 20 be directed.fromthe
ol ar chandeESORIYEEE 078 s8hetrap| fedcTed (5P fofertBec TP o e el e
Thi s cont r astB22\bitingt teednyuithile eeffigerantsyish aslbHut fotdimitdd totReI34pUdepbhding ,

where separate purification and storag%@vesseLs are required. In a further
enbodi nent, a¥PoBKeTNSIHakgjectives. : ubsHRMon of refdgsrartmaynrespih Hpdifferegt systomy

shown as for [ kall I i i . IS
el ded vi o war o ad SR SO AIAG ThEM R BB S F AR
purificati on ooatdethe ehtiretinventenytod defnigetant asHaequich iEre apginnnbitaor3sl separhies 35 of

t he piece 12¢. ha .di anet er .about .equal. to or just sli ly |arger. t.han
the fl anchler TSRS FErgRseBtanh e aed phinded épmb AR eivueethpnsan i eioidoun,
the floor 29 gfrigetR¢R abaflatlls aPfefd bk @ohdentiraRtdte dhanidri6, BA! PR¥LEES | On
12b. Therefore, 1n this enbodi ment the annul ar storage chanber 32 16 is
created by a cospraled by venting refrigerpatvaponthroughacadead) todheveftigerhat compegssor
structural c ents to,make up the ovesal,l rification.vess 1 In a
ST Furt ner brigar RerpaiRrthebeicingiTiE 4 Rl ke B EErEEREEhamdls ' 527
as formed by rafifbicfant écRnRiMitH 39 thidughadReeRSFiaL cathedtioRifie 0201 regpetiiveliv t hi N
purification vessel 12. In this enbodinent, the annul ar storage vessel 39

has a sult adtfwidirgfriggranhisrintended taflow {Kegly thgeugli ines42q4hwithewt restretmi oned

b I i i h 1 h
s 1o o R b i G R oA BB lenBlr 54 Y BlogtPA P hf
cylindrical abéap ofahd hat exdhangernad avappi OThe Gutlyds varstled B9 costrsllingliiel y | ess

than the dianeter of the inner wall 33 of the purification vessel.
Ther ef or e i n HoW steabapontstigeranideaying ths tonselsagh beat gxphvagers Thedevel ght ed by

a separate Sty : I, DSq ] . .St ion
col um for  HAtEd Hifaciby il AEh SR prBrs selPy BREUANIAIGhES: BeThbinhl O
Fig. 6 isoa dehesehanpercapacitydnhattaxoeeded. anot her purification vessel of the
present invention. In this enbodiment, the vessel 12 conprises a
distillation colum assenbly that conprises a heat exchanger 16, first
distillation colum 20, second distillation colum 24 and condenser 26.
Annul ar col |l ection chanber 32 is shown encasing the first distillation
colum 20. Carbon dioxide liquid fromcondenser 26 is




*20 provided as reflux to the top of distillation colum 24. Purified |liquid
carbon di oxide collected at a reservoir 6 at the bottomof colum 24 is
directed to the annul ar chanber 32 via duct 7. In this enbodinment, |iquid
‘carbon dioxide fromreservoir 6 is also provided as reflux to distillation
colum 20 via duct 8 and control valve 9. 25 Enbodi nents of the present

i nvention provide various features and advantages, sone of which are

hi ghl i ght ed bel ow. For exanpl e, enhanced conservation of thermal energy is
achi eved by coupling the product condensel’ 26 and boi | -up heat exchanger 16
to allow efficient use of thermal energy within the refrigerant flow
network. Liquid carbon dioxide in the bottomof the vessel is 30 vaporized
in a boil-up heat exchanger 16 by heat transfer with a condensing 17

refrigerant vapor .FldWeon®dirvalies d6f48/apaked tottositol the &apiIflowdiatdindd
conpr essed refr| erant vapor streamin a refrigerant flow network (used for

refri ger at i orfherafoge the dytynefrhcaterchargsts 2 3drespapibredy. i Afterleaing thesgjvesent er s
heat exchan [ at
cont ai ned i %%‘?1116%%%{911%%%%&%%&0@ tgﬁk%gé r?rggcobﬁ)ﬁ- %‘g%p@ﬁgbrggmg{ef?\@rhﬁgugut y at
condenser 526.liguebtrap 5(Bﬂﬂhesudnﬁhmﬁold1mlreen‘srahghqaﬂtreﬁfgemht thadmaheel i qui d

carbon di oxi de causes I|qU|d carbon, di oxi de to vaporize and the refrigerant

vapor to cond¥fSBt anpiEetEHde gwnfw.tb%e%{ﬁmeéserW@ef%c%apaw@ﬁ@ﬁg%r 16
via line 58 afid ofbUEdiqlil if 16wl fabbifddiitnel bPUOR: Wikrs AL LARGEREN!
all ows the otherw se vva ea omthe refrigerant vapor, so referred
to as heat byppwgtate, Rbﬁmgdrmttyapmrsfadnt}mrsuvaqnomanﬁmldomcmﬁpﬂessqdlbg acar bon

di oxi de. By contrast,_.in kno [ ocCess where va ar bon, dIO de is
drawn 11 om t FEMRRROrAAEASEhere50 PLt FoGUBRRIC YT E3in A SretOBHIMP MR dense ¢ he
vapor carigon cgip¥dssst digthdrgehefrieaht &@'éf'istdeﬂﬁofﬂbﬁﬁb h@:ﬁ R ONASHS1 G Where it

refrigerant vapor is rejected as waste heat to the atnosphere. Additional
ener gy nust @bn@nS@etOélqmﬂ ¢aysing badup e&thwqmﬂhmmma@m the bottero offeet

vapor f 2at 1 on S Tpe ElarBan 3 B Gerelsdf MR BBl RE SRR afbioq Bl

present inverktimger maﬁdl Bt cdiftrollbe bg @Bﬂﬁﬂﬁh?ﬂlerﬂiﬂﬁ t@eoRlduid S
controlled by using a control valve (shown as valve 56 in |ine 58 of Fig. 1

) to adjust tHEEerBWerHpg herhept eghengeed ¢ bydosntontiehvaligS¢-h&/hsaimarg gutyeat
exchanger, .20 I r ttom
o e pui fioaraart 81 LU adelell il el BBl dndhell

car bon di oxi @@, vaivd heispypendd ﬂ:xethemilomgmlorélﬁ’quld refriperantrte dedvy haatl evel

i ndi cating controller h al so ides a caontrol

control val v«? RN H’Qzl?qqé}ﬁ?t netreiap rsre @téomefd@%de«‘r%@%@aav | ume or
set point, ﬁ;ﬁ}ﬂ?ﬁ&dl%nﬂﬂht&ﬁv@@ﬂ&@,@% 6y ﬁs‘r'éc}d’k%ﬂ VAIGE ORI kel t‘fﬁrtﬁé‘rfJaha?iﬁé ant
flow rate 25 through heat éxchanger i ncreasing the boil-up rate of
t he carbon dlaaﬁdmonauélﬁd@wmﬁevﬁﬂgetam d@mea@e comqnertt Idecrbasqundulyevel is

bel fr I d b
i ot o P8yol e e el Pl bt VALE sh e RE RS R EBHEGER IR T on,

the resul ti ngglvllaqmékg_efrl gerant is direct ed to a li qU| d refrigerant
storage vessel to be used el sewhere in the purification process. 30 IS
Furthernore, the liquid refrigerant is wiwthdrawn fromliquid refrigerant
storage 38 to ope I

exchangers) 34 an(‘jbgfg al?tgfﬂu{' ?P{e}ﬁlﬁl %étme/g{%#eggﬁ%noﬁg{;og?%ﬁg%ﬁ égé Pgﬂ%s to

regul at e t he 56landvpreasige aﬁnsda&erlﬁ@@rsaiﬁackpmmrb eanttalgnéaalve 62nolemiril usi ng,
for exanple, flow control valves 46 and 48, and allow free access (fr

}‘Iovv) dbetzfveeﬁeff‘%raﬁbﬂ%ﬁ%tér Thebackipsessig se@oint iy high ensnehdhethe dew peivkp for
Lqurd refri 9@22«*&?01118?199?%% éh‘%ﬁ ang p%hfdeé Qﬁu@ﬁé@@&d&nﬁﬁre M¥rERnfil)ies d.Hr@e

fl ow desi gn, eve rant I nsi der ensers are se
adj ust i ng, amelatitmpsfm/eghnmtiterbmhlnrg‘hqd@carbmdémxme dot yxaaplereprasshieeved. 1 o

Yet anot her feature the esent arat us - erfl W tube 36 in the
Yol 1 oot on cRnbr o5 poif seblaite § BOZ BEVROMR of r LI Ry BroxiR A eERERIRe Wer
the annul ar ggkd&ffa 608 gb g&ﬁ.& b%%n(gsm&fmgme at 78 Plishdd IﬁS@npﬁgJ jHms)

beconmes full, liquid carboin dioxide 1s renoved via overflow tube 36 from

t he bottém oheatmachamgmbkﬁls:eﬁntrdﬂudsb,y dontrghing flowr vatd eftR22 vapiod threwgioveldi oxi de
is used to displace the ol dest 15 carbon dioxide, which is transferred from
the bottom of the annular collection



-chanmber 32 to the top of the distillation colum 20 where it is
re-purified. Wien the system demand for product is |ess than capacity, the
unneeded or extra capacity is used to re-purify the previously accunmul at ed
-purified liquid carbon dioxide product. The increased Liquid reflux to the
distillation colum 20 also results in a higher purity 20 product. Wth
this arrangenent of the overflow tube 36, the refrigeration system
continues to run as before during periods of | ow demand wi t hout requiring
adjustnent, and less |iquid carbon dioxidd is withdrawn fromthe bul k
source carbon dioxide. By contrast, in the absence of the overflow tube 36,

adj ustnent of_.the refrigerati.o stem woul.d be required ijp.order to turn
Gown the. dut y2dF redreassd Bt dur s ity wonke 1Yl suhtinr - RREPBReas been
described wi thhay £fo% @0€atytiA heitaiehdrer PORsH dMRAES mafe difidkly Bécause the t hose
skilled in the art, numerous additions, changes, and om sslions can be nade

wi t hout deparanigR3% miventae wisthiniheatzxghangento edn bemsmeved enaddRd matgent i on.
For exanpl e, Mykhg two distillation columms are used in the above r 19
illustrati onsfl, enbodi ments of present invention can also be practiced in a
systemw sh a single distillation colum. Furthernore, although it is
advant ageous to provide to the purification vessel a feed stream conprising
primarily of |i quifisecerd P%litlﬁn%B‘@&O@P&SS@rﬂé@f@ﬁﬁ@ﬁ?@ngmf Fepop issssahthrough

i nvention ca ' | '
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di scl osed herferdtion afi repaiaesraddl iy tdedagathe peksture a6l it € deov goinichftke @hiiieing
purified Iiqui terials, such as a ni a, nitrous, oxide, or

f I uor ocar bong?ddueﬁpreﬁugwe&asqrw VAPRII3 695610 the desiraduleiiseryiemperagroeidhtons
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further understood that enbodinents of the iInvention may be to practiced
wi t h di ffer emefrigenahi vepor isrfed béneatha mool pbliguifl gefiigerst ulileet @xhangdeebetan. Thus,

al t hough one aspect of the inyention provides a purification vessel with an
Mnternal st ordue et apeiheat, 155 Fep fibe b afi e Gt o JRES
advant ageous lhying 8QsblisReE B eplidr®a antl whhrRk NS hibeptdssae pafifibdBqhil ¢&ibbhON.

20 WVE CLAIM A nethod for producing a purified |liquid Stream conpri sing:

provi di ng a fixidesprpdunticsdipmneratungappsnatipethedew poist.s is shewn selligst.r eam

by neat - dichiiige el roebIRMERAERF e ptRe bR G ncifled sl @il 22T

exchanger; divalvel6Biafig séri€o theecfriperaansochmulatsrdga purifi ed vapor;

When needed, a portion of the compressor discharge refrigerant vapor is
returned to the compressor suction to prevent the suction pressure from falling below
20 desired or required operating specifications. A hot gas bypass system consisting of
pressure regulator 70 senses pressure in the compressor suction inlet 49 and opens to
return refrigerant vapor from the compressor discharge 51 to maintain the compressor

suction pressure within specifications.

25 The remaining balance of the compressor discharge refrigerant vapor is sent to
an air-cooled condenser 72 where it is condensed. Refrigerant flow rate is controlled
by a float-operated valve 73 and the liquid refrigerant is sent to the refrigerant

accumulator 38.



-condensing the purified vapor to formpurified Iiquid by heat exchange with
a refrigerant liquid streamin a second heat exchanger; wherein the
refrigerant liquid to stream and the conpressed refrigerant vapor stream
-are provided in a refrigerant flow network conprising the first and second
heat exchangers; and withdrawing the purified |liquid streamfromthe
purification vessel. 2. The nethod of Caiml, wherein the feed streamis a
liquid stream and a substantially free flow connection is provided between
the source and the purification vessel. 32 The nethod of aim1 or daim
2, wherein the feed streamis selected fromthe group consisting of carbon

di oxi de, nitrous i de nia and fluorpcarbons. 4. The,nethod.of. Caim
L Cherein the. i edd EeveBEFRRB TG e L0 o G e r R PR AP cact
a portion of yttéfpdiaate sonbpl VA Spo%éh% th bepplfla eaitRARI oW tatteof 1RRMd St ream at ,
the first heat exchanger is generated fromthe condensation of the purified

car bon di oxi defrigengol frem theeondensend? hethe cemptessmyenctiad. Thenupibrefif garant

producing a punified liquid stream conprising: Hrovidi a lLiqui terial
o cer 0 51 Men i tinon i el (R ErGRRRS e g, BleRth o Bhaniabis o e

li qui d mas er iféH exsAded Beridlls df BpérafidiCwith BOt- RIS Phssvildw aatésibst antial Iy free
fl ow connection, the purification vessel conprising a distillation colum

assenbly and a coll ection chanber positioned annularly about the

distillation col ugp. ; rst £y | QUi Sﬁl@i -he
distillation col uﬁnggig%wartbgﬂgi%(%@ga%g&rdl'n?llﬂzaagC{)l?%ﬁf)gfcﬁan rs??o‘{nlbng t he
purified |iqline37and dirstaubaobledin héa rkeranger 74 and then pumped to nominal

pressure of from about 1100 to about 3000 psig pressure by pump 76. To ensure

10  NPSH requirements of the pump 76 are met, both the incoming liquid carbon dioxide
and the pump itself are cooled below the boiling point of the purified liquid carbon
dioxide. The refrigeration to accomplish this cooling is provided by flashing liquid
carbon dioxide taken from the bottom of vessel 12 in the distillation chamber 13 as
shown via line 78. This liquid carbon dioxide contains an increased concentration of

15 heavy impurities and must be vented from the system regularly. According to the
present invention, however, at least part of the refrigeration energy is recovered from
this waste stream by heat exchange with the pump 76 and liquid carbon dioxide from
line 37. As shown in Fig. 1, after passing through flow control valve 80, the carbon
dioxide acting as refrigerant passes through the pump jacket heat exchanger 82 and

20 pump feed heat exchanger 74 where it is vaporized. The resulting vapor passes
through back pressure regulator 84 which sets the flash pressure and then flows out
the heavies vent 86 where it is discharged to the atmosphere. This efficient use of the
waste stream cannot readily be achieved in other purification systems, e.g., one in
which a vapor carbon dioxide feed stream is supplied from a bulk tank. In those

25  systems, accumulation of heavy impurities in the liquid carbon dioxide supply will
eventually require the entire liquid content to be discarded. Provision is also made to
separately vent liquid via valve 87 from the bottom of vessel 12 if required for control

of heavy impurity concentration in vessel 12.



.6. The nethod of Caimb5, wherein the liquid material is selected fromthe
group consi sting of carbon dioxide, nitrous oxide, amoni a and
fluorocarbons. 7. The nmethod of Claim5 or Claimé6, further conprising the
-step of: directing a recycle vapor of the material having inpurities via a
line to the distillation colum assenbly in the purification vessel. 8. The
method of daim5 or Caim6, further conprising the step of: directing the
liquid fromthe bottomof the purification vessel through a line into the
liquid material source. 9. The met hod of Haim5 or daim6, further
conprising the steps of: collecting the purified liquid in the collection

chanber to a pred rmned vaol ce@nd ret.urni.ng .a_Rortid qn,of . t urified

liquid fromthe bgi‘ﬁ%wgpr?sﬂge’t%? Ftélif(?lgr? ugﬁg%g&dtco topled I%ﬁ‘ds \I;v}cht? ?a(Q)'ﬁs col um
assenbl y whenpirhe 79 iedl&rhfidid BRBicipleiperdias ibhen ceufagees to bloveltigossildiod of
Caim5 or aim6, further conprising the steps of providing a condenser

refri ger at i oncosensaior ehriosphegic aoisturesan ha iinessareinggh pegsgie parfied
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pressure of fAdatlapesdurd iddilater 98EasireSHAOMS icarboadibxide matp N@isheadamhygedoduct

fromthe condenser refrigeration systemto a heat
should the flow of high pressure carbon dioxide product become blocked.

It is understood that the purification and storage vessel will be made from
materials able to withstand the processing regimens and requirements of the system
10 which is understood to be a low temperature system. For example, the annular
storage chamber and distillation column assembly are preferably made from 304, 316
and 316L stainless steel, with 304 stainless steel being most preferred. Furthermore,
the apparatus and method disclosed above can also be used with other suitable liquids,
such as nitrous oxide, ammonia and fluorocarbons.
15
Fig. 2 shows the carbon dioxide supply system 1 of Fig. 1 incorporated into a
desired point of use application 100. In this illustration, high pressure carbon dioxide
liquid from system 1 is delivered for use in a process tool 102. A waste stream
containing carbon dioxide from the process tool is then treated and recycled back to
20  system 1 for purification and re-use. Line 10 directs the bulk liquid carbon dioxide
from a bulk carbon dioxide source 92 to the purification vessel 12. The purification
vessel is in communication with a low pressure liquid accumulator 32 that is
preferably an annular tank contained within the purification and storage vessel 12. A
high pressure liquid pump 76 establishes and maintains a delivery of the pure carbon
25  dioxide to equipment 106, e.g., at a pressure of at least about 1100 psig, preferably
from about 1100 to about 3500 psig, and more preferably between about 3000 and
about 3500 psig, and a temperature of about 20C to about 40C. Depending on the

specific application, however, other delivery pressures may also be used.



-exchanger for heating the purified liquid to a predeterm ned delivery or
storage tenperature; wherein the heat byproduct is generated in part by the
condensation of the purified vapor in the at | east one condenser. 11. An
apparatus for producing a purified liquid streamconprising: a purification
vessel in connection wth a bulk material source, the vessel conprising an
I ntake for admtting a bulk material feed streamfromthe source, a
distillation assenbly conprising a distillation colum for formng a
purified vapor fromthe bulk materi al feelf stream and a condenser for
condensi ng the purified vapor into a purified liquid, and an annul ar

col |l ection chanber n Ll ation col .for coll ct| t he
purified |iquid, %111 “é{}?ﬁegg?%ﬂ& gfb‘%’i’e&rﬁﬁl‘»’f? I?l}{lf%gﬁl,ﬂ}}f{%aéﬁ dF ﬁs t he
bul k materi al dlf&eedl vih [i8&08 aNehstene1 P plireRerboaRIsxidOdccRmtéH 108 (Apat to the
bulk material feed streamand to cooling to condense the purified vapor
into the i quli’rdSS@lfﬁt]é?tm@)hé)?mndlﬂgQH thfa’fmﬂcgmm thetpyeifigd digid| carhioardieerm. 12.
The appar at us ' r romt he
or oun ponei Py alsh Bt Brpded KRS Bubifend S04 allirflety ¢ iRl BF fiink

f 1 uor ocar ponscartich didkide apthastbdr fhidy oﬂt@nperdtﬁrecund@ressnﬂelcantrwmy pidr tbhe
I ntake of the vessel is a substantially free flow intake and the bul k

materi al feedt§ Bpplipdtothe fopkilg2. spﬁmbwlomﬁél%ﬁﬁﬁdﬂm thertoed aj m 13, _
further compr n?zir@ﬁm rb% AN \Lﬁlﬁgﬁé\ﬁ{tfe‘s Q/% 1o S?Itt})fgro%sshggrﬁnﬁhf ied |iquid

fromthe annul ar t|on cha tot tion for reflux.
23 15. The aplmandiw;mr(sépﬂtar m51181d vanothwaste tragtnieat stggaspwhich oy inclads ffer ri ng

a portion of the purified |g r ned f om t he condenser to the annul ar
col I ecti on cha%@fe P SipbhE L4 degcas b HFRSB 7 P A RS t op of
the disti|g atdiGRe& PIo!Wreansed carbon dioxide vapor is then purged to the atmosphere via line

122 or directed via line 121 (low pressure vapor) to carbon dioxide vapor recycle line

18 of system 1.

As an example, the application 100 may be a processing step in semiconductor
15  fabrication that requires the use of high pressure, or supercritical, purified carbon
dioxide, e.g., wafer drying, resist stripping, etch residue removal, among others. In
this case, tool 102 is any suitable processing tool such as a dryer, resist stripper or
cleaner located inside a clean room (or the "fab" area), while support equipment 104,
106, 108 and waste treatment equipment 114, 115, 118 and 120 are typically located
20  inthe "sub-fab" area, with supply and return lines coupling these equipment to the
carbon dioxide supply system 1 located outdoors. It is also understood that
controllers and sensors are provided in many of the equipment in such an application

in order to allow proper process monitoring, control and automation.

25 As stated above, in one embodiment of the present invention, establishing a
substantially free flowing connection between the bulk carbon dioxide source and the
purifying vessel allows the liquid carbon dioxide to move back and forth as needed
between the bulk carbon dioxide storage tank source and the purifying vessel, which
in the preferred embodiment of the present invention is a multi-purpose vessel. This

30  ensures that the pressures are substantially equal between the source tank and the



16. The apparatus of Claim 13, wherein a heat byproduct is produced from
the refrigerant flow network, the heat byproduct directed to warmthe
purified liquid. 17. The apparatus of Claim 13, further conprising a
Tecycle feed line for directing a vapor of the material containing

i mpurities froma point-of use application to the distillation assenbly.

18. A purification vessel conprising: a distillation colum assenbly havi ng
an inlet for admtting an anount of nmaterial to be purified and an outl et
for rel easing an anmount of purified mat erfal , a heat exchanger in contact
with the materi al to be purified, a packed distillation colum having a

colum inlet and.c mat urified
passes, said ¥&fla é:grhﬁ&qt ?’?léehléde ?‘Qtﬁ\/ﬁh’ﬁghec%qsﬂ%‘?ulch |a%f)o ﬁﬁ O%B:ﬁdenser

| ocat ed pr oxi g&hshdt thelpr&ssi@lwitiin Betvesdel d@d?@'as@é‘axﬁﬂﬁt%@&arﬁb@m{de&wv&soundl ng
the packed distillation colum, the annular chanber having an inlet for

col | ecting pufrpmithelbutsistarage ta@lhtw rafﬁlbthplvessel‘ oThermlré'@gnmqusw of theopressot ed
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5  chamber to effect distillation and purification of the liquid carbon dioxide, along with

an annular storage chamber positioned to surround the first distillation column.

Figs. 3-5 show an exposed perspective view of the purification system. In one

embodiment of the present invention, as shown in Fig. 3, the purification vessel 12

10  comprises two major functions or systems - that of purification and storage of the
purified liquid. Unlike most known carbon dioxide purification systems, which rely
on the use of filter or a single condensation step, the present invention uses distillation
for purification, and in particular, multistage distillation with at least one trayed or
packed column. The distillation column assembly 13 comprises the area for boilup 11

15  at the bottom 22 of vessel 12, packed distillation columns 20, 24 and condensing area
15 located at the top 23 of the purification vessel 12. Purified carbon dioxide vapor
condenses and descends within the purification vessel 12 and collects within a region
of the purification vessel 12 forming the annular collection chamber 32. In this way,
the purification vessel also stores the purified liquid carbon dioxide until it is ready to

20  be directed from the annular chamber 32 via outlet 37 to the point-of use of other use
demand. This contrasts with other purification systems, e.g., filter purifiers, where

separate purification and storage vessels are required.

In a further embodiment, as shown in Fig. 4, the annular collection chamber
25 32 is shown as formed by a separate substantially cylindrical piece 12¢ that is welded
via weld seals 31 to the upper 12a and lower 12b sections of the purification vessel.
In this embodiment, the inner cylindrical wall 35 of the piece 12c has a diameter
about equal to or just slightly larger than the diameter of the outer wall 23 of the
distillation column 20. As shown, the floor 29 of piece 12c¢ is proximate to flange 31

30  of bottom section 12b. Therefo;‘e, in this embodiment the annular storage chamber 32
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G'10% u- u&' () sliphtl¥ @%6e8d the dihmetet aDR wMtef wa)l-of the distillation column 20. In
addition, the diameter of the substantially cylindrical outer wall of the annular storage
10 vessel 39 is slightly less than the diameter of the inner wall 33 of the purification
vessel. Therefore in this embodiment, the annular storage chamber 32 is created by a
separate structure 39 that acts as an inset piece onto the distillation column for the

collection of the purified liquid carbon dioxide product.

15 Fig. 6 is a schematic representation of another purification vessel of the
present invention. In this embodiment, the vessel 12 comprises a distillation column
assembly that comprises a heat exchanger 16, first distillation column 20, second
distillation column 24 and condenser 26. Annular collection chamber 32 is shown
encasing the first distillation column 20. Carbon dioxide liquid from condenser 26 is

20  provided as reflux to the top of distillation column 24. Purified liquid carbon dioxide
collected at a reservoir 6 at the bottom of column 24 is directed to the annular
chamber 32 via duct 7. In this embodiment, liquid carbon dioxide from reservoir 6 is

also provided as reflux to distillation column 20 via duct 8 and control valve 9.

25 Embodiments of the present invention provide various features and
advantages, some of which are highlighted below. For example, enhanced
conservation of thermal energy is achieved by coupling the product condenser 26 and
boil-up heat exchanger 16 to allow efficient use of thermal energy within the
refrigerant flow network. Liquid carbon dioxide in the bottom of the vessel is

30 vaporized in a boil-up heat exchanger 16 by heat transfer with a condensing
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refrigerant vapor. The refrigerant vapor, which is a portion of a compressed
refrigerant vapor stream in a refrigerant flow network (used for refrigeration duty in
other equipment or elsewhere in the process), enters heat exchanger 16 via inlet 63.
In general, a large portion of the heat contained in the refrigerant vapor originates
5  from the condensing duty at condenser 26. Heat transfer between the refrigerant

vapor and the liquid carbon dioxide causes liquid carbon dioxide to vaporize and the
refrigerant vapor to condense. The condensed refrigerant exits the heat exchanger 16
via line 58 and returns to the refrigerant flow network. This arrangement allows the
otherwise wasted heat from the refrigerant vapor, also referred to as heat byproduct,

10  to be used for vaporization of liquid carbon dioxide. By contrast, in known processes
where vapor carbon dioxide is drawn from the bulk source and a refrigerant stream is
used to condense the vapor carbon dioxide, all the heat resulting from the condensing
refrigerant vapor is rejected as waste heat to the atmosphere. Additional energy must
often be supplied, such as by additional heaters, to meet heating needs in other parts

15  of the system or process, e.g., for vaporization of the carbon dioxide feed stream.

Still further, in the present invention, the flow rate of the condensing
refrigerant is controlled by using a control valve (shown as valve 56 in line 58 of
Fig. 1) to adjust the flow rate of liquid refrigerant leaving the boil-up heat exchanger
20 16 based on the level of liquid carbon dioxide in the bottom of the purification vessel
12. As shown in Fig. 1, the level of liquid carbon dioxide in the purification vessel 12
is monitored by a level indicating controller (LIC), which also provides a control
signal to control valve 56. When the liquid level is above a predetermined volume or
set point, the control valve 56 opens, further increasing the refrigerant flow rate
25  through heat exchanger 16 and increasing the boil-up rate of the carbon dioxide
causing the level to decrease. When the liquid level is below set point, the refrigerant
flow rate is decreased causing the carbon dioxide level to increase. In addition,
according to the present invention, the resulting liquid refrigerant is directed to a
liquid refrigerant storage vessel to be used elsewhere in the purification process.

30

Y
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One preferred way to control both condensers is to regulate the flow rate of refrigerant
vapor leaving each condenser using, for example, flow control valves 46 and 48, and
5  allow free access (free flow) between the condenser and the liquid refrigerant storage
vessel for liquid refrigerant to both enter and exit the condenser. With this free flow

design, the level of refrigerant insider the condensers are self-adjusting, and improved

control of the condenser duty can be achieved.

10 Yet another feature of the present apparatus - the overflow tube 36 in the
collection chamber 32, also contributes to performance enhancement. When the
annular collection chamber 32 (surrounding the distillation columns) becomes full,
liquid carbon dioxide is removed via overflow tube 36 from the bottom of the
chamber 32. Thus, freshly purified liquid carbon dioxide is used to displace the oldest

15 carbon dioxide, which is transferred from the bottom of the annular collection
chamber 32 to the top of the distillation column 20 where it is re-purified. When the
system demand for product is less than capacity, the unneeded or extra capacity is
used to re-purify the previously accumulated purified liquid carbon dioxide product.
The increased liquid reflux to the distillation column 20 also results in a higher purity

20  product. With this arrangement of the overflow tube 36, the refrigeration system
continues to run as before during periods of low demand without requiring
adjustment, and less liquid carbon dioxide is withdrawn from the bulk source carbon
dioxide. By contrast, in the absence of the overflow tube 36, adjustment of the
refrigeration system would be required in order to turn down the duty of the

25  condenser 26.

While the present invention has been described with reference to preferred
embodiments, as will occur to those skilled in the art, numerous additions, changes,
and omissions can be made without departing from the spirit and scope of the present

30 invention. For example, while two distillation columns are used in the above
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illustrations, embodiments of present invention can also be practiced in a system with
a single distillation column. Furthermore, although it is advantageous to provide to
the purification vessel a feed stream comprising primarily of liquid, certain aspects or
embodiments of the present invention can be practiced generally with any fluid feed

5  stream, including a vapor feed stream. In addition, the method and apparatus
disclosed herein can generally be applied or adapted to produce other purified liquid
materials, such as ammonia, nitrous oxide, or fluorocarbons, etc. High purity nitrous
oxide, ammonia and fluorocarbons also have potential applications in semiconductor
fabrication. It is further understood that embodiments of the invention may be
10  practiced with different combinations of one or more features disclosed herein. Thus,

although one aspect of the invention provides a purification vessel with an internal
storage chamber, an external storage chamber may also be advantageously used in

conjunction with other features of the invention.
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1. A method for producing a purified liquid stream comprising:

providing a feed stream source;

introducing under pressure a feed stream from the source to a purification
vessel;

5 supplying heat to the feed stream by heat exchange with a compressed

refrigerant vapor stream in a first heat exchanger;

distilling the feed stream to form a purified vapor;

condensing the purified vapor to form purified liquid by heat exchange with a
refrigerant liquid stream in a second heat exchanger; wherein the refrigerant liquid

10  stream and the compressed refrigerant vapor stream are provided in a refrigerant flow

network comprising the first and second heat exchangers; and

withdrawing the purified liquid stream from the purification vessel.

2. The method of Claim 1, wherein the feed stream is a liquid stream, and a
substantially free flow connection is provided between the source and the purification

vessel.

3. The method of Claim 1 or Claim 2, wherein the feed stream is selected from

the group consisting of carbon dioxide, nitrous oxide, ammonia and fluorocarbons.

4. The method of Claim 1, wherein the feed stream is a liquid carbon dioxide
stream, and at least a portion of the heat supplied to the liquid carbon dioxide feed
stream at the first heat exchanger is generated from the condensation of the purified

carbon dioxide vapor at the second heat exchanger.

5. A method for producing a purified liquid stream comprising:

providing a liquid material source;
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( ( ( introducing under pressure a liquid feed stream from the liquid material source
to a purification vessel via a substantially free flow connection, the purification vessel
5  comprising a distillation column assembly and a collection chamber positioned
annularly about the distillation column assembly;
purifying the liquid feed stream in the distillation column assembly to produce
a purified liquid; and

storing the purified liquid in the collection chamber.

6. The method of Claim 5, wherein the liquid material is selected from the group

consisting of carbon dioxide, nitrous oxide, ammonia and fluorocarbons.

7. The method of Claim 5 or Claim 6, further comprising the step of:
directing a recycle vapor of the material having impurities via a line to the

distillation column assembly in the purification vessel.

8. The method of Claim 5 or Claim 6, further comprising the step of:
directing the liquid from the bottom of the purification vessel through a line

into the liquid material source.

9. The method of Claim 5 or Claim 6, further comprising the steps of:
collecting the purified liquid in the collection chamber to a predetermined
volume; and
returning a portion of the purified liquid from the bottom of the collection

5  chamber to the distillation column assembly when the predetermined volume has been

exceeded.

10.  The method of Claim 5 or Claim 6, further comprising the steps of:

providing a condenser refrigeration system comprising at least one condenser

inside the distillation column assembly;

T
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exchanger for heating the purified liquid to a predetermined delivery or storage
temperature; wherein the heat byproduct is generated in part by the condensation of

the purified vapor in the at least one condenser.

11.  An apparatus for producing a purified liquid stream comprising;:
a purification vessel in connection with a bulk material source, the vessel
comprising an intake for admitting a bulk material feed stream from the source, a
distillation assembly comprising a distillation column for forming a purified vapor
5  from the bulk material feed stream and a condenser for condensing the purified vapor
into a purified liquid, and an annular collection chamber surrounding the distillation
column for collecting the purified liquid; and
a refrigerant flow network in communication with the bulk material feed
stream and the purified vapor for providing heat to the bulk material feed stream and
10  cooling to condense the purified vapor into the liquid after the purified vapor exits the

distillation column.

12.  The apparatus of Claim 11, wherein the bulk material is selected from the

group consisting of carbon dioxide, nitrous oxide, ammonia and fluorocarbons.

13.  The apparatus of Claim'11 or Claim 12, wherein the intake of the vessel is a

substantially free flow intake and the bulk material feed stream is a liquid stream.

14.  The apparatus of Claim 13, further comprising means for transferring a portion
of the purified liquid from the annular collection chamber to the distillation column

for reflux.



-1410% u&' () - &3

10% u& ()-/10% u& ()-F.10% u& ()-+10% u& ()-f)10% u& ()-_bC, 1 ,10%a& ()-L
10%a& ()- 109%@& ()- 10%@& ()- 10-u 10-u 10-us610% u& () - QWdEbC ,

1L10%@& () - F10%@&' () - 410%@& ()-f 10%@& ()-10%a& ()-, 10%@& ()- G dEbC,
1L109%@& ()-+L10%@& ()-f)g 10%@& ()-' 10%@& () - mO%a& ()-Z&10%a& ()- Nornmal "
"Headi ng 13]c" "Heading 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default

Par agr aph Font Q8&c/ 7@ RYxbj s| 9Eq7$ - Z6 23

st uvwxy8P" $] & , h1A59/ ?CGLAQUZ\ bagnlLqv| k34fu2 z{|}~6Ti nes New

RomanAri al Couyj er w'h Root tr r dDocunent . :
| " HSUR' () *+, - 15012 grptus of%]ain}/ Yg), further compri%ng means for transferring a portion

<=>2 @NBCDEF G L MVRIRRRTSIEE o 1R RGAGK G th KA TRATH: SIS Lhirher

and another portion of the purified liquid to the top of the distillation column.

16.  The apparatus of Claim 13, wherein a heat byproduct is produced from the
refrigerant flow network, the heat byproduct directed to warm the purified liquid.

17.  The apparatus of Claim 13, further comprising a recycle feed line for directing
a vapor of the material containing impurities from a point-of-use application to the

distillation assembly.

18. A purification vessel comprising:

a distillation column assembly having an inlet for admitting an amount of
material to be purified and an outlet for releasing an amount of purified material, a
heat exchanger in contact with the material to be purified, a packed distillation

5  column having a column inlet and column outlet through which material to be

purified passes, said exchanger positioned below the column inlet, and a condenser
located proximate to the column outlet; and

an annular chamber surrounding the packed distillation column, the annular
chamber having an inlet for collecting purified material and an outlet for releasing the

10 collected purified material.



