" KéBeR@ R=<X6(T|+/1 METHOD AND APPARATUS FOR PRODUCI NG A PRESSURI h{ ZM%GH
PURI TY LI QUI D CARBON DI OXI DE STREAM Rel ated Applications This applFicCati
claimsypriority from Provisional Patent Application Nunber 5 60/174,531
filed }January S, 2000, which is hereby incorporated herein by r

BACKGROUND OF THE | NVENTI ON The present invention relates to aJ%M@@W@MHﬂ”’"
apparatus for producing a purified andlpressurized liquid carb

streamin which a feed stream conposed of carbon dioxi de vapor is ¢tfi&nsed
into aliquid that is subsequently pressurized by |0 being hea wthin a
chanber. More particularly, the present invention relates to shﬁ’ﬁmmmmﬂmwm
and apparatus in which two chanbers are used so that the press

carbon di oxi de stream can be continually dispensed. Hi ghly pressuriceesd:
purified liquid carbon dioxide is required for a variety of industrial

processes. Such MBIHDIPARISHPPARATHSHOR PROBIAMGEL k{29
‘industrial 15 grade |t_ﬂe¥_%ﬁ$jr1b§9iédml &Rﬁgﬁ}?g@%ﬁy}gﬁ a aIgout 13 to
23 bar and then punping e Tiqui o a’‘pre from bet ween
about 20 and about 68 bar. The problem w th punpi ng, however, is that
inmpurities such as particul ates or hydrocarbons can be introduced into the

product stream as a byproduct of mechanical punp operation. As wll be
di scussed, this problemis overcoRelited Abpligatiesent 20 i nventi on. 2

SUMVARY OF THE | NVENTI ON The present invention provides a nethod of
producing a pressurized liquid carbon dioxide streamin which a feed stream

conposed of car bggy di,gKLAL,V I s oty odyced into urifying filter. The
purified feed st regmpPs %%Rd%ﬁg{esdf) %4tﬂi%°%%°VISlonal Pgteﬁ)t Appl¥cat1gn Num o
5 60/174,531 filed January 5, 2000, which is hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates to a method and apparatus for producing a purified
and pressurized liquid carbon dioxide stream in which a feed stream composed of
carbon dioxide vapor is condensed into a liquid that is subsequently pressurized by

10 being heated within a chamber. More particularly, the present invention relates to such
a method and apparatus in which two chambers are used so that the pressurized liquid

carbon dioxide stream can be continually dispensed.

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

industrial processes. Such highly pressurized liquid is produced by purifying industrial

15 grade liquid carbon dioxide that is available at about 13 to 23 bar and then pumping the
liquid to a pressure of anywhere from between about 20 and about 68 bar.

The problem with pumping, however, is that impurities such as particulates or
hydrocarbons can be introduced into the product stream as a byproduct of mechanical

pump operation. As will be discussed, this problem is overcome in the present

20 invention.



3 .
'5 condenser having a sunp and an internmediate liquid streamis introduced
fromthe condenser sunp into first and second pressure accunul ati ong NOV 2003
chanbe{s. The first and second pressure accunul ati on chanbers are heated to
pressurize liquid contained therein and the pressurized |iquid carbon
oi oxide streamis delivered fromthe first and second pressure accunul ati on
chanbers. 10 The internediate liquid streamis alternately introduced into
the first and second pressure accunmul atign chanbers and the pressurized
l'iquid carbon dioxide streamis alternately delivered fromthe first and
second pressure accumul ati on chanbers such that prior to one ,of the first
and second pressure accunul ati on chanbers becomi ng enpty, the internediate
liquid streamis introduced into the other of the first and second 15
pressure accumul ati on chanbers. SUMMARYSOFERHE ONVENT@ONdel i very of the
pressurized |iquid carbon dioxide stream: - Each of the first and second
pressure accunul ati on chanbers is vented to the sunp of the condenser prior

to introduction j jate.liquid streamtherein. Preferably,. each
of the first andﬁsleek)g(ﬁsahﬁngégﬁﬁt%gocvéﬁﬁ%a? é]?ert@?f{ (9%% g & gr@ssgpggfgqqég ly
heat ed. Addédrbanaldxide éthanf BEAhih £3Bdl freRheEShARLY o?%%%sﬁgxi\@et\%ip&r&?e

e

condenser through.indirect heat exchange with a refrigerant strea
pressuri zednfrduied iate Banirifyiogi Gkerst Tharpucifind eed strédneris tcorddraed twithduigh it s
i nt roduct. on..i.nt 0 article filter, 1 hil~..- 8 NOV 2LrJ3 3 |In another
aspect, tshe&rr)lf1 8ris§ﬁiﬁa R cht1BR Aot ermediate, ligridh sfeeampis piteduesdhom the
pressuri zededndensef s@dp 3 o0 Xk : a. putifyin

nidesef! serdp R ﬁ&'spéﬂdj&cﬁ#l&e g?g%l%rg %cétﬂﬁﬁiaﬁérpglgin%?er%aﬁ‘ég rﬁ{'f’ﬁ e

filter is provided for purifying a ream COnposeée

vapor and asecomdl@nessurehaoscumylaionuchamberdsed heged aenpieimiRg idigd f @ahisdd eam
First and sgcond %gsur e accumul ation 5 chanbers are associated with
heat ers forNfEH ?’%t ipeeseized ligyéd eabemdiogidsseigam iadelivared fioonthe Hasterds,

thereby to RESSEAES QUi d. .. ipned therein. A flow network, associated
with the pr essur%i%%%geu#ﬁ:ﬁ%thﬁ%ﬁg%%hggﬁs, has conduits connecting the sunp
of the condenser to the first and second pressure accunul ati on chanbers for

“di schargi ng the pressurized |iquid carbon dioxide stream 10 therefrom The
f1 ow netWlor k haslReanicamedistediguid etcean ishaltetnataty mdoidtised: intoathe disstfand sacond

i nt di at [, | t tely.i .0d I fromth . of
e o LA B b L PIa L Cedoed From i s o
and the preg@tiateledelivad (i*ro%'ﬂﬁoﬁrsg 'aﬂ&'sg@onﬁéﬂrgﬁmé 9? 1 uﬂt}o%{]%%g%le}(s e

. . h
delivered fromthe first and second pressure accunu I'on C ers such

that prior thet prie tof otehef flier fitst and ssemmnprepyues AbERMIlBL G ShTba ibRBoraR@Mber s
becom ng e_rrotﬁé, hhe intermediate liquid streamis introduced into the other
of the firSTEXdISELTMPdAie U streams iswntraducsd intedhpether ofithe dirstend seepndnsur e

conti nugl Ml iz | i qui kb di.oxide.,. The conduits
2ddi 1 ongl 1] esfimulefBn R AR, Bl nBtet oBRAN LK s ot
accumul at i druithaatben sdivxidé heemandBASEHS e &rdtOMdCaRBn@ préditre! hdcinuin
second pressure accunul ati on 20 chanbers to be vented prior to introduction
of the int &ABEFELE Verjed dosthee swmp heff dher.copdesiser gisioy, tot frdrddeeti@r ofctiepri se
el ectrical ; .5.and. & he denser includes an external refrigeration
circuit ha&?ﬁgﬁﬁﬁﬁé%@HEQ@WEﬁQB?be condense the feed streamthrough

i ndirect heat exchange with a refrigerant stream The apparatus can further
conprise a particle filter connected to the flow network to filter the
pressurized |i qiirefeedly; agaobrofdihexfie asd rseeond pressure accumulation chambers is

20 electrically heated. Additionally, the feed stream is preferably condensed within the
condenser through indirect heat exchange with a refrigerant stream. The pressurized

liquid carbon dioxide stream can be further treated through its introduction into a

particle filter.



S Nov Z~a3 4 As may be appreciated fromthe above discussion, since h%@&65@
are used to pressurize the liquid, the liquid never contacts a mechahitd| 23
punp cpnponent that could introduce inpurities into the pressurized |iquid
carbon di oxi de. Furthernore, since a punp is not used, mnaintenance

requi renents for an apparatus in accordance 5 with the present invention
are reduced over prior art devices. BRI EF DESCRI PTI ON OF THE DRAW NG Wi | e

t he specification concludes with clains QJstinctIy poi nting out the subject
matter that applicants regard as their invention, it is believed that the
invention will be better understood when taken in connection with the sole

figure which is 1 Vi f; .apparatus for carrying out a
met hod in accor dg%?gb%@?hép%ﬁ%%er %@é%r?? 1?‘%333‘?55%15%&&%“&&@ R Wt h
ref erence t presheideddiguid caborappaidatstsarh. iTH sﬁ&?%p@@t?ﬁ?%l%iﬂ%tﬁﬂ‘ér ggélgglr& 4

invention is il I;%s_t rated, A feed stream 10 conposed carbon di e vapor
is 15 introdfRRULYHES faeqoitfqaﬂqugmfsed okgartich dibxidh vapor dne aaoyid€fseehdvindbgr  of

known, avai l | escing and/or .sel ective adsorbent filters. Valves 14
and 16 are Bg’gb?%ggﬂad[%r F%‘%&fl@gﬁﬁ? fﬁisﬁaami %kt ayd gerond peespwe diceumelatioms t er
havi ng besnchathbdrs efdel Sssbdlhtc® | S 8. whi.ch is.provided
with a sunp to cénde%sest he vg%ggd?éﬁg%gaﬁff%gﬁggztﬁg éﬁ&hanfos%%ﬁfieﬂgéﬁuir%n i's
ef f ect uat ed 2espneHateon chambkrsy thierabges ptesamize tighid2dntdaid thbrefll ates a

refrigeration streamthrough a heat exchanger 24, preferably of shell and
tube design. In this regard, the condenser 18 can consist of a heat

exchanger feeding 3R . hisolation val ves 2 3 and 2 5 can be
provided to isolate ref r{vgc;erg’ata %égglaﬁe&i %@2&6%‘35%‘1&/&”‘8@1%1%icgmiﬂgers’ has

control | ed byndaitdi doneeeinigi e PURESOF et ERRAE S 26 hpﬁ_ta,ﬁeg ﬁdtﬁ%ss%ge
pressure differentjal between the |liquid and vapor w thin condenser s
Al t hough nofccumulggioncghanbers) fos discharging the pressurized liquid carbon dioxide stream
10 therefrom. The flow network has valves associated with the conduits to allow for an
intermediate liquid stream to be alternately introduced from the sump of the condenser -
into the first and second pressure accumulation chambers and the. pressurized liquidl
carbon dioxide stream to be alternately delivered from the first and second pressure
accumulation chambers such that prior to one of the first and secbnd pressure
15 accumulation chambers becoming empty, the intermediaté liquid stream is introduced
‘into the other of the first and second pressure accumulation chambers. This acts to
ensure continual delivery of the pressurized liquid carbon dioxide. I. The conduits
additionally include a vent line from the first and second pressure accumulation

chambers to the condenser to allow each of the first and second pressure accumulation

20 chambers to be vented prior to introduction of the intermediate liquid stream therein.

Preferably, the heaters comprise electrical heaters and the condenser includes an
external refrigergtion circuit having a heat exchanger to condense the feed stream
through indirect heat exchange with a refrigerant stream. The apparatus can further

comprise a particle filter connected to the flow network to filter the pressurized liquid

25 carbon -dioxide stream.



dllustrated, a controller in the formof a programuable | ogic conputer
receives signals fromdifferential pressure transducer 26 to activageNOV 203
refrigeration unit 22 when the liquid 20 drops bel ow a predeterm ned |evel.
As may )be appreci ated, since vapor is being condensed wthin condenser 18,
a 5 separation of any inpurities present within the vapor m ght be

ef fectuated by which the nore volatile ingpurities would remain in
uncondensed vapor and less volatile inpurities would be condensed into the
l'iquid. Although not illustrated, sanple lines m ght be connected to

condenser 18 forpsanply raap ff liquid and vapor as necessary to
| ower inpurity con?ggﬁttr)gtg P Igr%g\?mgfl ﬁ%}ﬁgggc?i’%%%’sfgs.s“?n’ SIS hestess peiaadeto .
| i quid str eaessuizegdrelqeit, Hegliqudr hdv¥ér lcbAdbd 2%hecRar; rlggug ' fihrst
and second pressure accunul ati_%n chanbers 28 andcg%)d.l%i r's gzﬁgfpsg}elg%nthats
pressure acOHlfuingodues BRPYFAies SN thenpreSmirized ligniel erbbi Vidieed, e FubfieM@ore Of
el ectrical te .3.and 34, respectively, to pressurize the liquidto a
del i very prsggguar é&g? 1? N@pbl?%dséﬁ?lfl% B9 IFAPUCTREHD dor an @rparatustinewnordendze
pr oduced sbywigdha hadseft ikventdn ak Sty pomfirst and second
pressure accunul gti on chanbgrs *zgélq%éndd%éi’g?ﬁaﬁé"é%sa fl ow networ k having an
inlet conduit 32 to supply the internediate liquid streamto pressure
accurrul ati on chanbers 28 and 30. Theggressurized | i qui d carbon di oxi de
streamis delivered from firstBRHF DESGRIPPIQN OF EHERRAWRIGon chanbers 28
and 30 through an outlet conduit 35. Further, each of the first and second
20 pressure accunul ati on chanbers 28 and 30 is vented through a vent I|ine
36 to condenser While the\spéolfcatRnWonKIuBA N R cBih b 8isf; sinel AR
network. In this regard, control valves 38Ca}1rh 48t113§ t%b%ggﬁwg\ﬁ}’%&tt he
i nt er medi af@#tter Hat applicentsregardas thridiamsmtion] & it befiévedtthantle $BEAHEN AFRIBUN €

of the flow through outl et

accunul ati gp. ¢ I(_asgos 28 an%k30. Control 25 Ir Ol 1
condui t 35T & et LEStUS R RED I Fomneqton, ddthathe sple figure Frhich is a schen@tiv 2003
6 venting ofew iof Sin apshrs@sOoRe 43 - C l.at.j Qn_ chanbers,28 and 30 is
controlled by control” valves 46 T o V\ﬁenma)ge?:do%acoﬁagé?u?"éﬂla@fuﬁwglti on
chanber 30uvenieyar enpty, control valve 42 opens and control valve 44

cl oses to dispense pressurized liguid carbon dioxide from5 first pressure
accunul ati on chamber 28. At the Q?EEA-{IPEB,D@Q%@H@&M pressur e

accumnul ati on chanber 30 has been pressurized through electrical heater 34,
control valve 48 opens to allow for venting of such pressure to condenser

20. Thi's al | owsVaecestekente s e FRRRUTR a8dapiue 1AORoRAnbO WiBE BlaV Sl ©

I\i quid by jntroduction of the internediate |iquid stream roug

condui t 32IVPRHAR sedlbistrasrles dudeedastreaml 1t icompdsedcbfieinbon 3@oxifle ¥4pos iend,
censor B2 R dR oy QiR BET R REEh o e amuphe mombenabesvaGvadatlel |
T o S s st ookl ML RIS s 1
li quid. Wieifyingdfiltepispt2ur e- accunul ati on chanber ~28 is near enpty, as
sensed by _
The feed stream after having been purified is introduced into a condenser 18
which is provided with a sump to condense the vapor into a liquid 20. Such
20 condensation is effectuated by an external refrigeration unit 22 that circulates a
refrigeration stream through a heat exchanger 24, preferably of shell and tube design.
In this regard, the condenser 18 can consist of a heat exchanger feeding a separate
sump. Isolation valves 23 and 25 can be provided to isolate refrigeration unit 22, The
level of liquid is controlled by a differential pfessure transducer 26 that senses the

25 pressure differential between the liquid and vapor within condenser 18. Although not



15 differential pressure sensor 50, control valve 42 closes and control

val ve'44 opens to allow the pressurized liquid carbon di oxi de stre&@TN0Y 2083
di spensed from second pressure accumrul ati on chanber 30. At the sane tine,
control) valve 46 opens to vent first pressure accumul ati on chanber 26

val ve. Control valve 38 opens to allow internediate liquid streamto fil
first pressure accumnul ation.chanber 28. Yhen 20 differential pressure
sensor indicates the conpletion of the filling, control valves 38 and 46
close and the liquid is heated by electrical heater 3 3 to pressurize the

i qui d wit illustiateds e contesibarrie tie GumibRd pRIErahaabe o 28 -coﬂpﬁte@fr%ﬁ}@ggﬁﬁed
val ves fun%'gi 08' .n accordance with a cycle so that the pressurize Iquid
carbon di ofiogedifferential pressire jraasdiisenatelo. activats refyighmtios upit @R eviel tie R{uid
control |l ed kogi,c _controller, not shown, that is connected
to differ e%?%ﬁéﬁasg{egcgigﬁgg#k%%ﬁclﬂ 50 and 52. Differential pressure
transducers 50 and 52 - 6 NOV 2~g generate signals that are referable to
liquid level within first and second pressure accunul ati on chanbers 28 and
30 and in respodsenapbsappresiatpdakince viyporde beingldoadedseMiRiy céiifnser 18, a

aut omat i als‘jr_ry Qg}erca.t es .t he .for egoi ng.control valves. There is also a

di f f er enti aTPohT ©8RIABY {PRACUCIRIFSese HathHythe raporaniaht be effeciuated by vihieh the
condenser 0|, ndensati on prqcess by turnin
of f refri gin?) éflin‘g)r%atf}ﬁi tﬁn%m E’éf gvlr"gfdt Egerﬁgig’n%’gﬁ‘snég“@eé’é% | Vapar P‘iﬁ‘ |?céf|8$iftﬂg roo?n

for the cafhpuritifisoxoulé beacondensedting the 0uiRe CAIIM ! 051 SIHERRS SardBledfids 30
during the fi Ilieg% cycle. Preferably, outlet conduit 35 I's connetted to a

particle fghibesconneeted rygendsnser ddrior sampling srwhdmmimpoifdiquid tid vagues

liquid. 10,k t._invention has,been described with reference to
a preferred en%g}afotrr@#,gﬁgglpWIan%e&irﬁ&oqWﬁ%@éggﬁqII%d in the art, numerous
. addi tions, changes, and om ssion can be nmade w thout departing fromthe
spirit iaond scope of the present invention. =6 N OV 20D3

An intermediate liquid stream composed of high purity liquid 20 is introduced
into first and second pressure accumulation chambers 28 and 30. First and second
pressure accumulation chambers 28 and 30 are preférably heated by way of electrical
heaters 33 and 34, respectively, to pressurize the liquid to a delivery pressure of the

pressurized liquid carbon dioxide stream to be produced by apparatus 1.

15 ~ Liquid flow to and from first and second pressure accumulation chambers 28
and 30 by way of a flow network having an inlet conduit 32 to supply the intermediate
liquid stream to pressure accumulation chambers 28 and 30. The pressurized liquid
carbon dioxide stream is delivered from first and secoﬁd pressure accumulation
chambers 28 and 30 through an outlet conduit 35. Further, each of the first and second

20 pressure accumulation chambers 28 and 30 is vented through a vent line 36 to

condenser 18.

A valve network controls the flow within the flow network. In this regard,
control valves 38 and 40 control the flow of the intermediate liquid stream from
condenser 18 to first and second pressure accumulation chambers 28 and 30. Control

25 of the flow through outlet conduit 35 is effectuated by control valves 42 and 44. The



8 W claim 1. A nethod of producing a pressurized liquid carbon dioxide
stream conprising introducing a feed stream conposed of carbon di oki

vapor into a purifying filter; condensing said purified feed streamw thin
a cond¢gnser having a sunp; 5 introducing an internediate liquid streamfrom
said sunp into first and second pressure accunul ati on chanbers; heating
said first and second pressure accunul atj on chanbers to pressurize liquid
contajned therein to a delivery pressure;, delivering said pressurized
l'iquid carbon di oxide streamfromsaid first and second 10 pressure

accunul ati HHIGLSandt ' ' Liquid stre bej-ng.alternately
i nt roducedpéhrgftﬁg sal %ié |drs'}s‘}ft8 °‘{ad]n%‘%§ér‘§%?1%h§}“é¥% &rcglag’@(?{f% %Ptd :g(glsc‘??&ﬁﬁﬁf:i gQémd
sai d pr esscontrodealvesidé and4g.bon di oxi de stream being alternately delivered

fromsaid first and second pressure accunul ati on chanbers such that prior
to one of said first and second pressure accunul ati on chanbers 15 becom ng

enpty, the inte iate liquid stream.is jntroduced into the other of said
first and secon%ﬂéggﬁd@rgség{frﬁ%‘é?ﬁghoﬂﬁg%lé‘?r ds BREERPtRRonialLvalvedl i very
of said pr §lahd @dnirb oA I | @l ad .ng.each Of said
first and ???or?d prgsfsurel“}leagsgtj:lprrdl}l'@‘f’;t?cl5 gﬁb%ﬁgﬁ%@sﬁgﬁ%efgﬂflé%%ﬁgg%ggﬁeéfolnbr to
i nt r oduét i first gressaiedadenmetatiedi eiaeter @8i d Astthe ammiehgme] Bince secdhd\NEMsAD3 9

2. The net hod o%l aim1, wherein each of said first and second pressure
accunul at | FTUEHIANIEhambep 30 Basi begn| Rressurized thraughthlscirisehbenter 34, exintrol.,

wherein sajd _ ' asedeow thin said condenser throu

i ndi rect hea‘t"ﬂff gg%?%%g@g\}léﬁ%p&g?ﬁ%gfr‘g %h giels%‘lé?n © Ep?gﬁﬁ’éerné(?‘hg&l%gﬁ%‘f"%i mi,

further cosepondpregsurdiaccachititivg GRbePs® &S rbckiv8 thdrt Bl KAMBGALE IR 1dRe

- streaminto a particle filter. 5 An apparatus for producing a pressurized

i qui d car'BiEmatiala knuid streasm theowghiinlethepnduit 33y inty sevgnd iprdssurefaocurpuiatidyyi ng a

feed st eagﬂa&%lgpgﬁetilo ?lflis %%crl,bc%rr]ltrgi \gﬁibg 20 YR in an open position. When differential
pressure sensor 52 indicates that second pressure accumulation chamber 30 is full,
control valves 40 and 48 close and the liquid within second pressure accumulation

chamber 30 is heated by electrical heater 34 to pressurize the liquid.

When first pressure accumulation chamber .28 is near empty, as sensed by

15 differential pressure sensor 50, control valve 42 closes and control valve 44 opens to
allow the pressurized liquid carbon dioxide stream to be dispensed from second |

pressure accumulation chamber 30. At the same time, control valve 46 opens to vent

first pressure accumulation chamber 26 valve. Control valve 38 opens to allow

intermediate liquid stream to fill first pressure accumulation chamber 28. When

20 differential pressure serisor indicates the completion of the filling, control valves 38 and

46 close and the liquid is heated by electrical heater 33 to pressurize the liquid within

first pressure accumulation chamber 28.

The aforementioned valves function in accordance with a cycle so that the
pressurized liquid carbon dioxide is continually dispensed. This cyble is preferably
25 controlled by a programmable logic controller, not shown, that is connected to

differential pressure transducers 50 and 52. Differential pressure transducers 50 and 52
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‘a cbndenser having sunp for condensing said feed streamy 5 first and second
pressure accunul ati on chanbers; heaters for heating said first and GS%\P&QQQ
pressure accurrul ati on chanbers and thereby pressurizing |iquid contalhne
therein to a delivery pressure; and a fl ow network having conduits
connecting said condenser to said first and second pressure accunul ati on
vessel s and for discharging said pressurized liquid carbon 1.4 dioxide
streamtherefrom said flow network havinpg val ves associated with said
conduits to allow for an internediate liquid streamto be alternately

i ntroduced from said condenser into said first and second pressure

accunul atioerfeh@gtggg i b WVl zardyan - 3

di oxi de st rgam to be&élﬁg}gﬁlﬁg‘% gffsfaggﬁsﬁ/élrﬁg #érvg%hg% |&r Esu%d gac%n?%gng@e
pressure 15acuowiatioat clamberadBearsl 30cindt imatesponser tot Suchnglg@ils, Stededridofitr and
second pressur% accurul ati qn f}{lanbers becom ng enpty, the internediate
liquid streSmately] gefareticalin aremaies dhe dpregpingapential realvesn dherscisnalso a

pressure acg; T thereby, .e .cont,i nual, deliyery of
Cai a pr oseur SRatEl B GRE RURRec SRR Y} BT BHGHE 0 bn gty AR o o
i ncl udi ng acortmllet stops the @Bhdeisation fr6tesa BY tGRERVIF Zlri Pir8SSHiSt 20H&ML }d ON
chanbers to said condenser to allow each of said first and second pressure

accunul at i ofPiEERseheressel gs Hullvallowdng ppowr for othe ntartoiudioixode 6f beavetited from
internediate liquid streamtherei,n.. 6. The aratus of claim5, wherein
sai d heat er§°°8%ﬂ§%°§‘éi’%¥1§%f§?538$ 3ﬁéha‘f13$ e ﬁilﬁgg' ﬁ%ﬁﬁppar atus of claimb5,
wherei n said condenser includes an external refrigeration circuit having a
heat exchanger to condense said feed streamthrough indirect heat exchange
with a refriger ankrefratdproutBt catimitedfpiarcantisteaf tocd partitld, filfed 54 hekerB&¥@iySi NG
a particl eb%thelr connecgted to said flow network to filter said pressurized
li qui d car bRATUGH R CaRagnalion, withan suchlpquidy A AN, Ay. A. Af; @ Af (] r OYWGXYZ\ uc

/ X

10 While the present invention has been described with reference to a preferred
embodiment, as will occur to those skilled in the art, numerous additions, changes, and

omission can be made without departing from the spirit and scope of the present

invention. -
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comprising :
introducing a feed stream composed of carbon dioxide vapor into a purifying filter;
condensing said purified feed stream within a condenser having a sump;

5 introducing an intermediate liquid stream from said sump into first and second pressure

accumulation chambers;

heating said first and second pressure accumulation chambers to pressurize liquid

contained therein to a delivery pressure;

delivering said pressurized liquid carbon dioxide stream from said first and second

- 10 pressure accumulation chambers;

the intermediate liquid stream being alternately introduced into said first and second
pressure accumulation chambers and said pressurized liquid carbon dioxide stream
‘being alternately delivered from said first and second pressure accumulation chambers
such that prior to one of said first and second pressure accumulation chambers
15 becoming empty, the intermediate liquid stream is introduced into the other of said first
and second pressure accumulation chamber to ensure continual delivery of said

pressurized liquid carbon dioxide stream; and

venting each of said first and second pressure accumulation chambers to said condenser

prior to introduction of said intermediate liquid stream therein.
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accumulation chambers is electrically heated.

3; The method of claim 1, wherein said feed stream is condensed within said

condenser through indirect heat exchange with a refrigerant stream.

4, The method of claim 1, further comprising introducing said pressurized liquid

carbon dioxide stream into a particle filter.

5. An apparatus for . producing a pressurized liquid carbon dioxide stream

comprising:
a purifying filter for purifying a feed stream composed of carbon dioxide V-apor;
a coﬁdenser having sump for condensing said feed stream;

5 first and second pressure accu_mulatio.n chambers;

heaters for heating said first and second pressure accumulation chambers and thereby

pressurizing liquid contained therein to a delivery pressure; and

a flow network having conduits connecting said condenser to said first and second
pressure accumulation vessels and for discharging said pressurized liquid carbon

10 dioxide stream therefrom;

said flow network having valves associated with said conduits to allow for an
intermediate liquid stream to be alternately introduced from said condenser into said

first and second pressure accumulation chambers and said pressurized liquid carbon
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20 pressure accumulation chambers to ‘said condenser to allow each of said first and

second pressure accumulation chambers to be vented prior to introduction of said

intermediate liquid stream therein.
6. The apparatus of claim 5, wherein said heaters comprise electrical heaters.

7. The apparatus of claim 5, wherein said condenser includes an external

refrigeration circuit having a heat exchanger to condense said feed stream through

indirect heat exchange with a refrigerant stream.

8. The apparatus of claim 5, further comprising a particle filter connected to said

flow network to filter said pressurized liquid carbon dioxide stream.



