.1 5 JAN 2007  *166166* 1 METHOD AND APPARATUS FOR PRCDUCI NG A {PUR| A E@
LIQUI D FIELD OF THE I NVENTION 5 The present invention relates to a method
and apparatus for producing a purified liquid stream More particul arly,
“the present in i tes to a thernodynamcally efficient purified
liquid pr oduct’mmmmnmm’m“mnd apparatus using an inpr oyed puri f! cation
chanber. 10 BACKGRQYJNR OF THE | NVENTI ON Hi ghly pressurized, purified Iiquid
carbon dioxide is required for a variety of industrial processes. Often
carbon di oxide as a bulk source streamis! provided for 15 purification as a
~vapor froma bul k carbon di oxi de storage tank. For exanple, US 6,327,872
‘discloses a nmethod and aiHAIHOLSANDYABPARAIIHHFORIPREOPUGING high purity
| i qui d carbon di oxide streamin whi C&Uﬁlrﬁﬁ wm de vapor feed streamis
purified wwthin a purifying fil t er SeadtlER TIQUID, ¢ o within a condenser.
The resulting liquid-is then alternately introduced and di spensed from two
pressure 20 accunul ati on chanbers, which are heated by electrical heaters
to pressurizdlERD OF JHEINYENTiONdesi red del i very pressure. However, system
and size constraints often nmake it inefficient or inpractical froma cost
or logistical standpoint to manufacture purified Iiquid carbon dioxide from
25 a vapor sour ce.TherpieRd: indarthmremited h & endmid idd%gyhﬁﬂbsff&cbﬂohﬁéiﬁ aUs! ng
carbon dioxide froma bulk tank as a vapor source exhibit vario
conpl i cat i onPUrifR Bgudstsrm. AMers Paﬁtcélﬂﬂén’élﬁipceSEntrlnm::rgimntrbhamu@@u_t isy?]t etrrgs.
load on_the B Eop et ARE LRl AR RS Broghe R mehod and apparetus wsing an
improved purification chamber.

10
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, syst.em and size constraints often make it inefficient or impractical
from a cost or logistical étandpoint 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

problematic 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 addition, such systems require the application of

supplemental heating sources to maintain system pressure and vaporization. Such
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.which increases the likelihood of ice accumul ati ng and bl ocking the
pressure building 30 system heat exchanger. In addition, such systéﬁsJAszﬂ
require the application of supplenental heating sources to maintain system
" pressure and vaporization. Such 111111111211111211112211112211122112221 1111
*@0002* 1 5 JAN 2007 2 bulk tank vapor source systens also suffer from
inpurity buildup that results in significant time off-line for costly

peri odi c mai ntenance and repair. Therefore, a need exists for alternative
met hod and apparatus for producing 5 purified liquid carbon dioxide, or
nore generally a purified liquid, with inproved performance, increased

energy ef fi cit®Hcipnkaporaqucedysems plye suffenfsom ImPUMVARIY a6 thibikesLMWYENT! ON 10

The present i j 2 relates to a nmethod and apparatus for
produci ng a S{L?rl flalggﬂ |(§1~%tr§{|i‘éﬁl'l ﬁeco (RFSP i attemanes ang Tep@ir.be applied to the
production of purified liquid carbon dioxide, nitrous oxide, anmonia and

fl uorocarbons. 15 e aspect of the present invention provides a nethod for
produci ng a puri f i e§refpicqperdsexigafar altametive gwhiodiang apparatubEdieed ri ses

providi ngsa f,8g88e84ih6AMy - i ntroduci ng. under. _pressure a feed stream
fromthe soufce folg pg%ﬁﬁﬁgg 8% or oS gFnerallyia B diqted.rrash improvere f eed

st ream by heatrfernchangeacnshidd eneR) Epi @SS tand 8 llided R & streamin a
first heat exchanger. The feed streamis distiIFedatgH?éﬁﬁgEo a purified
vapor, which is condensed to formpurified Iiquid by heat exchange with a

refrigerant ISuauhviARY Gy Eﬁfﬂﬂg heat exchanger. The purified Iiquid
streamis tﬁEﬁ“ﬁfTﬁﬂTﬁWgB?p%ﬁérhe—purification vessel . The refrigerant
| iquid stream and the conpressed refrigerant vapor streamare provided in

a refriquant fIOQ%netmork conprising the first and second heat
exchanger'd. 25 € present invention generally relates to a method and apparatus for

producing a purified liquid. The method and apparatus can be applied to the
production of purified liquid carbon dioxide, nitrous oxide, ammonia and

fluorocarbons.

15 One aspect of the present invention provides a method for producing a purified
liquid stream. In one embodiment, a method comprises providing a feed stream
source, introducing under pressure a feed stream from the source to a purification
vessel, and supplying heat to the feed stream by heat exchange with a compressed
refrigerant vapor stream in a first heat exchanger. The feed stream is distilled to form

20 apunfied vapor, which is condensed to form purified liquid by heat exchange with a
refrigerant liquid stream in a second heat exchanger. The purified liquid stream is
then withdrawn from the purification vessel. The refri gerant liquid stream and the

_compressed refrigerant vapor stream are provided in a refri gerant flow network
comprising the first and second heat exchangers.
25
In another embodiment, the method comprises providing a liquid material
source and introducing under pressure a liquid feed stream from the liquid material
source to a purification vesse] 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



. I'n anot her enbodi ment, the nethod conprises providing a liquid nateﬂqﬂ
source and introduci ng under pressure a liquid feed stream fromthe 'l dGN¥MH
material. source to a purification vessel via a substantially free fl ow
“connection, with the purification vessel conprising a distillation colum
assenbly and a collection 30 chanber positioned annul arly about the
distillation colum assenbly. The liquid feed 1 5 JAN 2007 3 streamis
purified in the distillation colum assenily to produce a purified |iquid,
which is stored in the collection chanber. Another enbodinent relates to a
met hod conprising providing a liquid 5 material source and introducing,
under pressuseeara id putified ih erRdliai68McbRAAR 4REMBIPUS Eﬁ)du&@a BuRHEA fiil;lﬁét I on
vessel via a substantially free flow connection. The liquid material is

sel ected froMiHeisgigehndBasolischipgclgmberr bon di oxi de, nitrous oxide,
ammoni a and fluorocarbons. The purification vessel conprises a
distillation colum assenbly and a collection chanber positioned annularly

about the distill atriother embudimmens sarbd waﬂalaﬂ)oaeorhhﬂyhglpfcﬂﬁ&ingfanﬁam i's
vaporized into a.vapor; which is directed through a distillation colum in
the distifl aﬁ%‘?‘f‘%é Whn s 8EAtIgNE, dnger pressuree liguiddeed Streenpfromfthesbweepor i s
condensed in Al i gui.d, i i | ec .1n the.collection
chanber to aa&%rﬁgﬁg{dgﬁﬁg% H\;/igla%#%. Wiéglﬁj 1??163%& %H'g]f% %%%' n—lé'}be v I%Wé’&‘ﬁ]é “heen
exceeded, a sgocted fmmothe ghrapmonsiftiredof ¢agbbinddibsidé, elitsszaskidd, afnidia Bt t om of
the collectiqn chaqper %o 15 the distjllation colum assenbly. In yet

anot her enbod AEKAOOPH ! BER it 2R eryesseecomaTses diistlla1an; qliran pésemblyadnd
source and i RENQEYsIch ks | guiqel. t fraom the
source to a purifi caﬁ%ﬁwégglggf{&ﬁgqaglysu og% faﬂgtdggpﬁts(q} ?goé%l%ﬁ{pgﬁmg’%n&%i on.
The |iquil¥ miigeidfaed steeapOis yaparzed dntb raorapbh evigehois directas itsbuglga ofstiBaloaon

di oxi de, nitrops oxige .@@%Dnialand fl ?rocan ons. The purifjcation vessel
conprises a 7 ST PART GRtasion cRluns assemp AR PusLY the verast iThs puRAss sapor is

posi ti oned apoadasdainebOulriftdagidliabilibRld QNG Wil ASRERBh Ynadlh o i Ui d
feed streamis vaporized to produce a vapor; Ich 1s directe hr ough a
distillati on Preseterminsfl vohenedi When thatpredeteorolinminvohssehds beeh expdedediae a
purified VapBE)rtion of the purified liquid is returned from the bottom of the collection chamber to

15 the distillation column assembly.

In yet another embodiment, the method comprises providing a liquid material
source and introducing, under pressure, a liquid feed stream from the source to a
purification vessel via a substantially free flow connection. The liquid material is
20 selected from the group consisting of carbon dioxide, nitrous oxide, ammonia and
 fluorocarbons. The purification vessel comprises a distillation column assembly and a |
collection chamber positioned annularly about the distillation column assembly. The
liquid feed stream is vaporized to produce a vapor; which is directed through a
distillation column of the distillat_ion 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



. 25 The nethod further conprises providing a condenser refrigeratiQ@ XK LB
conprising at |east one condenser inside the distillation colum assenbly;
condensing the purified vapor into a purified liquid in the at |east one
“condenser; and collecting the purified liquid in the collection chanber to
a predeterm ned volunme. An anmount 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 gondenser 1 5 JAN 2007 4
refrigeration systemis directed to a heat exchanger for heating the
purified liquid to a predeterm ned delivery or storage tenperature; and

t he heat bypratgehatiossyganelsatifdtedio aPakit Eﬂbstﬂ LOR i

purified vapor ign t he gt | east one condteerﬁgzz}nfgglgfozﬂg?[ er ggg@%‘fqﬁé@?@hoea

i nvention rePERIESTHCA deliyimn Prstamet temperattte andjthe heat byfiredhct Isi ggnérdted i eam

I n one enbodi t conprises a purification vessel in
connecti on \A/F%ﬁ’Bgﬂbeuc{&&d%lg?@é]?éfﬁ]segﬂgggq VaReE ”bﬂ“reiaf;‘ci?étt?r&?o{}é%r’é@]- conpri ses
an intake for admtting a bulk material feed streamfromthe source, a

distillation asserrblkilﬁ conprising a distillation colum for formng a
purified Vapor fréRPthseapesiefithe Bvertiomiglatesdel ar epparatua fier HodwienmeaTfietor
condensi ng t figuRWkil e ' aspurified liquid, and an annyl.ar

col l ection chglrlr]ber sur %O%Tﬂegﬁgdﬁﬁgmd}}%ﬁppfrgﬁfgﬂmggfmpq [CaLR} YSEfithg  t he

purified |i qoémhectidrewdnppdubt mmeﬁ'hlssmummﬂie%@ﬁﬁaatfcﬁ]f\yésge;rc%bﬁgésgwiﬂg@\or K in
communi cat i og wi.th the bH‘Lk material feed streamand the purified vapor for
provi di ng hel¥ AAmiting apyfympcaal eed staeans ramabe owree. taclisdhtiemssemhly puri fi ed
vapor to 15 td@phidifdl g; ified [ exits the distillation

col um. The app%é%%gglégﬂatgg] Mt]l?gglﬁ?ﬂoff?hgglﬁ &%ﬁrﬁﬁgﬁlﬁwﬂ‘lﬁ%ﬂ ﬂ?:eal?"ﬁ]bﬂ‘aiﬁr‘éﬁi de,

ni trous ¥xi déedatrramird anchdehberdooemidbasisg thépatified vashest aqfuriile ligieent i on

provides a purjficatjo 1\{es.sel copprising; a 20 distillation col umm

n . I st
assenbl y havPHy AR &01958PN shAm P strounding e shistdlatipa celupal for epllseting
rified andt@bug o i t . i.f4 ed mater.ial, a heat
purifi thepudified Bhuibie Wh@%bﬁ@rﬁiu@gls@:}oﬁlgng% a r%%n%%eﬂé ,ffogv Ibegg&rg(dn

exchanger in contact with the materia puri
di stil | ati onc@Bmymsatien/wiily the ok orarerial fdedtstreamal asd therpuridiet veporttbr ough whi ch

material to Bl%vm'i'ﬁé lfléa?g) t?xg%tciﬁcsfeeé Qt?eaer'\r%(gnhda c%%ﬁﬁg to condense the purified vapor to

15 the liquid after the purified vapor exits the distillation column. The apparatus can be
used for producing purified carbon dioxide, nitrous oxide, ammonia and

fluorocarbons.

Another aspect of the invention provides a purification vessel comprising: a
20  disullation 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 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



. positioned below the colum inlet, and a condenser | ocated proximate to the
colum 25 outlet; and an annul ar chanber surroundi ng the packed 15 JAN 2007
distillation colum, the annular chanber having an inlet for collecting
"purified material and an outlet for releasing the collected purified
material. Yet another aspect of the invention provides an annul ar chanber
for collecting 30 purified liquid carbon dioxide froma distillation

col um conprising a substantially 1 5 JAN 2007 5 cylindrical vertical
inner wall, a chanber bottom extending radially outward fromthe inner

wal | a predeterm ned distance to a substantially cylindrical vertical outer
wal I, the i eylgidrealJerhi@ i@r &afll 26M ' | S ed
distillati on?{]ol um. 5 BRI EF DESCRI g%e&%b@n%%ﬂ%%ﬁk?%% ng ﬁ%@%é(
speci fi cat i ofNgbwell adeedepiropnes| distancedd stsiibrtantiallpoiyhindritg! verticdl bater swallj ect

matter that i regard as their invention, it is believed that the
i nvention 1%8\?\,14"}(1?%8%]5}5%? °e£r 916?1] &t %%H“Wﬁgﬁo fuRemdiapagksdlistllaganwi t h t he
followi ng dresiiimgs. Fig. | is a schematic representation of one enbodi nment

of the process and apparatus of the present invention. Fig. 2 is a
schenati ¢ representation of one enbodi nent of the process and apparatus of

t he present BWHMW&S@@%Q%%%%@& cation. 15 Figs. 3 - 5 are
exposed perspec the purification vessel of the
present invention. Fig. 6 is a schematic view of another enbodi nent of the

~purification vessw .of the present invention. 20 DETAILED DESCRI PTI ON OF
THE | NVENTI ON W t Whilsrthe eprciiqaorrpepcludes syithdamsatisimctly peintihg awtithat ed i n

i oxi do. - suchiofee PRucPREEEH cui RAKAR e WEEHIS R B veo bl Fenbeg. o)
enters tHe apphbabeter tndératobd méiedt Gakeh imeonh@ction with the following drawings.
Fig. 1 is a schematic representation of one embodiment of the process and
apparatus of the presént invention.
Fig. 2 is a schematic representation of one embodiment of the process and
apparatus of the present invention implemented in an application.

15 Figs. 3 — 5 are exposed perspective views of embodiments of the purification

vessel of the present invention.

Fig. 6 is a schematic view of another embodiment of the purification vessel of

the present invention.

20 DETAILED DESCRIPTION OF THE INVENTION

With reference to Fig. 1, an apparatus 1 is lustrated in accordance with the
present invention. A feed stream of liquid carbon dioxide, such as from a standard
300 psig bulk tank (not shown in Fig. 1) enters the apparatus 1 via line 10. Line 10
25 connects to the bottom of purification and storage vessel 12 at port 14. Purification
and storage vessel 12 comprises a distillation column assembly 13 surrounded by an
: _annular collection chamber 32 that is preferably an integral chamber - i.e., as an
integral component of the purification vessel 12. Line 10 is specifically designed to
allow the substantially free flow (without significant restriction) of carbon dioxide

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



. 25 connects to the bottomof purification and storage vessel 12 at port 14.
Purification and storage vessel 12 conprises a distillation colunnd JAN 2007
assenbly 13 surrounded by an annul ar collection chanber 32 that is

" preferably an integral chanmber - i.e., as an integral conponent of the
purification vessel 12. Line 10 is specifically designed to allowthe
substantially free flow (w thout significant restriction) of carbon dioxide
30 back and forth fromthe bul k carbon digxide supply to the distillation
colum 1 5 JAN 2007 6 assenbly 13 of purification and storage vessel 12.
According to the present invention, it nmay be desirable to sl ow down the
free flow ratgeafblV i guF JusREdRiON a t sure that
the | evel control jéystergn has adeﬁ%gt?}e Iv%é’é}(i gzrggccg%?;ge{@éﬁ?h%sfgﬁfl ux of
materi al . Si HEEDHOD,| 1By bsdnﬁrabé&}péb)voﬂowhehd(frwﬂmpme ef figwd cattonw doxsdst em
may be in eff a tinmes stem operation, there is nore
precisely a sugé}tleaé SlFegfml?)t/o F?Sé’ée(?‘ er"r%ﬁ%??éﬁ?“%ﬁ’%@?q?ﬁé Umﬂ‘l@ré%)lo%n

di oxi de ~ soutthednfiut BEmMAKSLEBikee AUEAsNG0RPBEALL mhea@érPQ ﬁ’i‘f‘” enters
the bottomof the purification and storage vessel 12 |nt |st| ation

col utm as$enBYSem ke Bejieasatisome finds dunegdjyssem lopertaiiom thak ismosssenbl y 13

at least to ant i al I 10,subner t he boi | up, heat
exchanger ﬁr#ﬁs\é %1% alﬁﬁ Lllfgg? go‘é’é{‘FSBﬁ ?%)Peﬁ‘éeeaé]?ﬁe?"t“éﬂarf’@?%‘ de
purificati On saurde sidtheggstemess SBﬁnﬂgop&atQ&ﬂEﬁrﬁblll 8idx i eﬁfyréjﬁlk'b%goﬁlgﬂtﬁélt y in
t he heat exchanger. 16 to maintain | evel setpoint as the car bon

di oxi de 17 dBPFﬁ@att?ﬁ‘érnétsitQSﬁoq ‘éesﬁﬁéﬂ)%r’mt?éblStdBU@@mlumu@asmbly ﬂamnabéglqmod
state. \Wen Tf'nech{; Hﬂmlgn&%&?&rﬂ ‘lks%gibggr gtvl%%st 6&?%&6%&8?‘. gt:agtlt,lal}l ess duty

is supplied resulting in aies Yate. \When
the |iquid cammmﬂgdsﬂwﬁﬁﬁubhmﬂhxuﬁmgaouﬁ setpoint, nore duty is supplied
causing an increased carbon dioxide vaporization rate. It is understood
that the distillation colum assenbly 13 has three regions: a boilup

(he purpose of vanario e, LRu0 Frfef dosase ARl HF Bl GERRAR skhiedi cbove

t he purpose of vaporizing t I qui
t he boil up regssohl %mmpntrsilaf@)aadjlmssmg ltheditein elhehiExchaRer f6 &ORdRNSH RO
region ab Ovelevere(f;())mthps tWQF 1118 on R uxrlcliéc i'?gjur\lln%po%reraet}ggﬂsg \I/ar;)%nfz(ra(? m
15 continuously from a liquid state. When the liquid carbon dioxide level is below
setpoint, less duty is supplied resulting in a reduced carbon dioxide vaporization rate.
When the liquid carbon dioxide level is above setpoint, more duty is supplied causing
an increased carbon dioxide vaporization rate. It is understood that the distillation |
column assembly 13 has three regions: a boilup region in the bottom where liqud
20 carbon dioxide 1s exposed to heat for the purpose of vaporizing the liquid; a
distillation region located above the boilup region comprising a distillation column;
“and a condensing region above the column whereby the purified vapor emerging from
the column is exposed to a heat exchanger for purposes of condensing the purified
vapor into purified liquid carbon dioxide. The distillation column can génerally be
25 either a packed column or any suitable trayed column, although a packed column is

used in this discussion for illustrative purpose.

In one embodiment of the present invention, waste carbon dioxide vapor from
an online application is redirected via a carbon dioxide vapor recycle line 18 to the

30 carbon dioxide purification and storage vessel 12 from, for example, an abatement



.the colum is exposed to a heat exchanger for purposes of condensi1rsg\,;\pem7
purified vapor into purified Iiquid carbon dioxide. The distillation
colum can generally be 25 either a packed columm or any suitable trayed

" colum, although a packed colum is wused in this discussion for
illustrative purpose. In one enbodi nent 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 garbon di oxi de purification and
storage vessel 12 from for exanple, an abatenent 1 5 JAN 2007 7 and
recovery process. (Not shown in Fig. | - See 121 in Figure 2). The recycle

s toe T o RaYEARBy G5 ANMhERE B ERD1 2% 35 0LA08NERS B d2e e BP0 N

above the level of fhe liquid carbon di“oxi de and

di oxi de vaporl 8csshoweenters thopmifigities and storidearcbiel k2 eed psint siovsidaedabi ver ed

to the vesselhvfa.ling 18. gF A% ﬂeat exghanger_lﬁ causes the vapori zation

of the I'iqui d"e4TBERAEPOLIcGHIoPRd the theneiad ambRy dioxidepepor sumbmnemmardly

though a fir sbrpaekieswthsd Edl@t:hx%nQi?dﬂ&%‘d&ﬂe%q%g&%g?e%?a gangensed |iquid
m :

car bon di oxi de novi ng downwardly through colu uch countér-current
| i qui d-vapor contact renoves heavy inpurities fromthe 1 o ascending carbon

di oxi.de vapor and turns,the ippurities to.the liquid carbon djioxide 17
in the bottom 22 oEﬁvég?%meﬁr1ggﬂgeﬁQFEHWOHFﬁWP@@%V§ﬂBFdéﬁ@?@égmﬂkdﬁathe

top of the fcarb®h dididyWapdPilans ub@aﬁwmgﬁ 5%Iréﬂf)a(f:l{eﬂeﬂiQfllaﬁgﬁ\é%{lgi]ﬁ?brainﬁi es.

Carbon dioxide liquid 17 |ocated at the bottom 22 of vesse
peri odi cal | y cQBfa¢te gondeasqd ligaidgarbon dipxédeamoviag dewnessil y thirdwghl adiymo .

impurities i S : As sho in Fi 1, .the majority of the
ascendi ng ca?%%ﬁg%¥%§f%%eé§63§éwgﬂ%ﬁ%ﬁ’ tf?%%??h%WVEEpBF“? omithest col um

20 f1 ows 10 nt @stehdingattbomdidxiddeapse andbtuma tleashpdiiatd ol tal iignmd%gﬂbumaio%%&e Once
in the seconq colum 24, the ascendi ng carbon "di oxi de vapor contacts
r

condensed ca B the; P ofgieres! dés Semsicaghonitiaudhyape c@ergse fomdhe alpufn 24.
Thi's count er yeUEFEMIuhh 88iafa YARRSafiRARELe SAHSEH! }rrrlp%[n s Aon dioxide

liquid 17 located at the bottom 22 of vessel 12 is periodically vented via line 78 to
prevent an excessive buildup of impurities in the vessel 12.

15

As shown in Fig. 1, the majority of the ascending carbon dioxide vapor

emerging from the top of the first column 20 flows into the bottom of the second
packed distillation column 24. Once in the second column 24, the ascending carbon
dioxide vapor contacts condensed carbon dioxide liquid descending through the

20 second column 24. This counter-current liquid-vapor contact concentrates li ght
impurities in the ascending carbon dioxide vapor and decreases the concentration of
the light impurities in the descending liquid carbon dioxide. The carbon dioxide
vapor emerging from the top of the second packed column 24 is partially condensed
by heat exchanger 26 resulting in condensed carbon dioxide being returned to the top

25 of second packed column 24 as reflux. The flow rate of the reflux is controlled by
setting the duty in the heat exchanger 26. Line 28 extends from the top of the second
packed column 24 within distillation chamber assembly 13 and contains valve 30,
which is periodically opened to vent accumulated vapor containing light or non-
condensable Impurities.

30



.inmpurities in the ascendi ng carbon di oxi de vapor and decreases the
concentration of the light inpurities in the descending liquid clar bty 2007
di oxi de. The carbon di oxi de vapor energing fromthe top of the second

" packed colum 24 is partially condensed by heat exchanger 26 resulting in
condensed carbon di oxi de being returned to the top 25 of second packed
colum 24 as reflux. The flowrate of the reflux is controlled by setting
the duty in the heat exchanger 26. Line 28 extends fromthe top of the
second packed colum 24 within distillatfon chanber assenbly 13 and
contains valve 30, which is periodically opened to vent accumul ated vapor

contai ning |ight gy ngﬁ'i'd rgﬂﬁwg&é@% ﬁ]eeitngth isgcsdnlgﬁ)oc%e Wm%gg%sggsgs-rhe

liquid reflux entering the top o second “pac 0 down

t hrough the downmhiroegidthesobmid arat edolledtal inkethanabbiar cAIRlQCEHaabee hamaer 32
colum 20 in distillation chanber assenbly

t hat ds t fifst m < .
13 Tho 11 ow T U B R RE PGB gD @ RuRbe oy UL | T By

setting the ¢uit ¥rinB hgat 5 . 1,S used to
generate liquid ref Ilggﬂfpgr%ﬁgefgﬁlgtﬁ 1%2%%§§@%8§§8n@ﬂ§%duiﬁg] B2t THCHAMEST | ux
thus flows dédnHeexthanger phokedd copenrateDqiid réfiex o tiiofsofackel &hithhat i on
chanmber 13 a?@ &ﬁ Eea&¥?fnc§ again for Eoélup. Heat exchanger 34 provides
reflux only for PhETPFFeHuXthug Bgws deumihefirst pecked calumsy 3dhedhabeitea of i qui d
car bon di oxi detig@andenagbePy3 ReH : 11106 Ol oduct in
t he annul ar col | ecti on chanber %5é%ﬁgﬁﬁggé?§g%3§n¥ﬁé}%%géﬁgmggégéd col umm.
The annul ar eBIvides rfbyx qrdnkor3he fisst packeiddebinwi 2h an overfl ow tube 36 t hat
returns liquid carbon dioxide fromthe bottomof the annular tank to the
top of the first packed colum 20 where it serves as an additional liquid

reflux. The overf Ag\WescribedaBoES ligiWaRfontdiedid € 86 RRAs -leang-cH [95% 1s
held on a first in, first out basis. In other words, dccordingto one

embodi ment ofoHastedss pEduet inrfhe annwar, collaesianl dhember 32 Hmnhsurchunas the fiagt t he

oL o o, R S B0, SRR ol HOED b

i ncom ng that returns liquid carbon dioxide from the bottom of the annular tank to the top of the
first packed column 20 where it serves as an additional liquid reflux. The overflow

15 tube 36 ensures that carbon dioxide inventory is held on a first in, first out basis. In
other words, according to one embodiment of the present invention, the oldest carbon
dioxide at the bottom of the annular collection chamber 32 is returned to the first
packed column 20, and the annular tank 32 is continuously purged by incoming
purified carbon dioxide during periods of low carbon dioxide product demand.

20 Alternatively, liquid carbon dioxide condensed by heat exchanger 26 could be
directed to the bottom of the annular collection chamber 32 and the collection
chamber 32 could be provided with an overflow that returns liquid carbon dioxide
from the top of the annular chamber 32 to the top of the packed distillation column
20. This would also return older carbon dioxide, now at the top of the annular

25  chamber 32 to the packed column .20. Purified liquid carbon dioxide product is
withdrawn from the bottom of the annular collection chamber 32 as needed by the

pressurization and delivery system of the apparatus.

During periods of low product demand, as pressure within the vessel 12 builds

30 up, itis understood and indeed is one advantageous aspect of the present invention
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returns liquid carbon dioxide fromthe top of the annular chanber 32 to
the top of the packed distillation colum 20. This would also return ol der
carbon di oxi de, now at the top of the annylar 25 chamber 32 to the packed
colum 20. Purified liquid carbon dioxide product is wthdrawn fromthe
bottom of the annular collection chanber 32 as needed by the
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this efficient use of recycle vapor return TTCe _ NGessel is
to reduce coresuinpgadvantdgetfiven ik kffisenr ase b @uydle Carobaitusle@xd 88 puRifithfon
purification system Al duty for both cooling and heating is provided by a
single cl ose&esg‘gd? ko requce; consirgption 9fdhe §9]i<t5é’ﬁfce11ﬂé1¢<‘eﬂrbqngb¢ad€ sthieect ed for
reference pupRR@sohSyRERS erably R22 but maybe any suitable refrigerant
such as, but not Iim'¥ed to R134A depending upon commercial objectives.
Substitution of refrigerant may result in different system

All duty for both cooling and heating is provided by a single closed cycle

15 refrigeration system. The refrigerant selected for reference purposes is preferably
R22 but may be any suitable refrigerant such as, but not limited to R134A depending
upon commercial objectives. Substitution of refrigerant may result in different system
pressures and temperatures as appropriate. The refrigerant accumulator 38 is sized to
contain the entire inventory of refrigerant as liquid. The accumulator 38 separates

20 liquid refrigerant from the mixed phase feed streams and ensures that saturated liquid
refrigerant is available as feed to the condenser heat exchangers 26, 34. Pressure is
controlled by venting refrigerant vapor through valve 40 to the refrigerant compressor
54. The two condenser heat exchangers 26, 34 both take liquid refrigerant from the
refrigerant accumulator 38 through a free flowing connection line 42, 44 respectively.

25 Liquid refrigerant is intended to flow freely through lines 42, 44 without restﬁction.
Liquid refrigerant enters the bottom of each condenser 26, 34, is vaporized and exits
the top of the heat exchangers as a vapor. The duty is controlled by controlling the
flow rate of vépor refrigerant leaving the top of each heat exchanger. The level of
liquid refnigerant inside each heat exchanger is self-adjusting so long as the maximum

30  heat exchange capacity is not exceeded.



. pressures and tenperatures as appropriate. The refrigerant accunylaggﬁ aﬁ
is sized to contain the entire inventory of refrigerant as quU|a. hg
accurul ator 38 separates 20 liquid refrigerant fromthe m xed phase feed
"streans and ensures that saturated liquid refrigerant is available as feed
to the condenser heat exchangers 26, 34. Pressure is controlled by venting
refrigerant vapor through valve 40 to the refrigerant conpressor 54. The
two condenser heat exchangers 26, 34 both,take liquid refrigerant fromthe
refrigerant accunul ator 38 through a free flowi ng connection line 42, 44
respectively. 25 Liquid refrigerant is intended to flow freely through
lines 42, 44 without restriction. Liquid refrigerant enters the bottom of
each condenser 26, 34, is vaporized and exits the top of the heat
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54 and di schar as a i gh pressure”g I'r s % he 10

conpresstr disuprasge diseharggefagiramappor issemadbofllep et kidhaneat 1 e¥gdanger 16
where it condenses tf | i ggi d causi ng. boilup of the l|iquid carbon dioxide
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controlling the flow rate of eavi ng
16 by flow coshanger\éland tiE6iutiNserontrolied Bytyntidlingthe elpui faedot qui@duce t he
carbon di oxi %%‘ié&%ﬁlleﬂi}lghghg hte!l}%xg}[n]arlli%lera 56 89 lﬂlogzcgoinggl &arll\?'en?gr When more duty
15 1srequired to reduce the carbon dioxide level within the annular collection chamber
32, valve 56 1s opened further allowing more liquid refrigerant to leave heat
exchanger 16 and consequently more vapor refrigerant to enter and condense and
supply additional duty. When 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 hiquid refrigerant passing through valve 56 is sent to the refrigerant accumulator

38 via line 58.

As an alternative, duty in heat exchanger 16 can be controlled by using valve
56 and pressure transducer 60 as a back pressure control and valve 62 to control
25 refrigerant flow rate. The back pressure setpoint is high enough that the dew point of
R22 vapor inside heat exchanger 16 provides enough temperature differential to drive
heat transfer against the boiling liquid carbon dioxide. For example, a pressure
setpoint of 50 psia would give a R22 dew point of ~11C and provide a temperature
differential of 8.8C against boiling carbon dioxide at 280 psia and —19.8C. Duty in

30 heat exchanger 16 is controlled by controlling flow rate of R22 vapor through valve



.32, valve 56 is opened further allowing nore liquid refrigerant taq é:ﬁéﬁ
heat exchanger 16 and consequently nore vapor refrigerant to ent &r 2007
condense and supply additional duty. Wen |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
t hrough valve 56 is sent to the refrigerant accunmulator 38 via line 58. As
an alternative, duty in heat exchanger 16,can be controlled by using valve
56 and pressure transducer 60 as a back pressure control and valve 62 to
control 25 refrigerant flow rate. The back pressure setpoint is high enough
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exchanger 16qusklyontrolled by controlling flow rate of R22 vapor through
valve 1 5 JAN 2007 11 62 as required to maintain the |liquid carbon dioxide
| evel setboint. This approach may allow the duty in heat exchanger 16 to
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delivery tenperature of the 10 hi'gh pressure pur 0% oxi de
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resul ting desatearHaaPYds g %(ﬂé’ﬁ akligiid refagerany inpeptaxchangab6s whed by
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point established by regulator 64 and warms the hi gh-pressure purified liquid carbon
dioxide product to a temperature approximating the dew point. As shown in Fig. 1,
15 the level of condensed liquid refrigerant is controlled by a float operated level control

valve 68 and sent to the refrigerant accumulator 38.

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 opéns 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.



. dioxide product to a tenperature approximating the dew point. As shown in
Fig. 1, 15 the level of condensed liquid refrigerant is controll ed by JN 2007
fl oat operated | evel control valve 68 and sent to the refrigerant

“accumnul ator 38. Wen needed, a portion of the conpressor discharge
refrigerant vapor is returned to the conpressor suction to prevent the
suction pressure fromfalling below 20 desired or required operating
specifications. A hot gas bypass systen1canisting of pressure regulator 70
senses pressure in the conpressor suction‘nlet 49 and opens to return
refrigerant vapor fromthe conpressor discharge 51 to nmaintain the
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liquid réfrifefeaxtanded pomodshd opemdemssth id2 ghobypgies Aowparssor suction. The
liquid refrigerant flashes to vapor and cools the conpressor suction.
Suction cooling is required only 5 for extended periods of operation with

hot - gas bypass f| @urifiad B§uidRariohideskilid H:la!%éi tﬁ@é&ﬁﬂar‘ﬁoﬂéétf& Jb%%@r%zt he

annul ar col l ection chamber 32 via line 37 and Is first sub-cooled in heat
exchanger 7418847 apé# frshyddcaodsdrio hicataix changes Fipmd thien bompedipoidmizdio0 t o

bout 3000 ' 76. j 10 NPSH r i t f th
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di oxide. The refrigeration to acconplish this cooling I's prov
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vent ed from thrbos ¥sixétn thlegiufrén ltye bARBO 6OV IEE1t1Q ih iR 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 paéses
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, €.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.



. present invention, however, at |east part of the refrigeration enggoyaN 3007
recovered from this waste stream by heat exchange with the punp 76 and

| i quid 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 punp jacket heat exchanger 82 and 20 punp feed heat
exchanger 74 where it is vaporized. The resulting vapor passes through back
pressure regul ator 84 which sets the flash pressure and then flows out the
heavi es vent 86 where it is discharged to the atnosphere. This efficient
use of the waste stream cannot readily be achieved in other purification
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purified liquid car product ou e rnventrve system and
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be used with other suitable liquids, such as ni ammoni a’and
f | uor ocar bonthe apparatus and method disclosed above can also be used with other suitable liquids,

such as nitrous oxide, ammonia and fluorocarbons.

Fig. 2 shows the carbon dioxide supply system 1 of Fig. I 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 1s 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.



.Fig. 2 shows the carbon dioxide supply system!| of Fig. | incorpogq§quiﬂbp
a desired point of use application 100. In this illustration, high
pressure carbon dioxide liquid fromsystem1l is delivered for use in a

" process tool 102. A waste stream containing carbon dioxide fromthe
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
froma bul k carbon di oxi de source 92 to tnp purification vessel 12. The
purification vessel is in comunication with a |ow pressure liquid

accunul ator 32 that is preferably an annular tank contained within the
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car bon dioxi?e %ch ot her fluids, or tenperature and pre controller)
prior to bel'AY95{ARRT $@araies Il fangd yanousppaste seatmentrsbages,divinixh deyiiscludn fed

fromthe tooky.fH¢iv F@&%b]h(? 184 | impurities via line 112 for
processing thr oug%’ 2ﬁ’?qw Vva%or ’gg%g}r’ggi 2(l;)brat et éﬁw% a\’?gr"faéﬂfspé\ﬁgﬁlgg _f“?‘bat ment
stages, Whi chtonage li20ciQekmsed @rb@xdivpIde vayEIo thef ittRRitS theldhos R i8 Fhe
abat enent 11?27 and. wast e packaging and 10 storage 120. C eansed carbon
di oxi de vapor ~t §T PHEHe Uﬁg‘éalg (loWeprassHissymen do garhon dieidelRPoorecyile tint ed
via line 121)glewdpsggsure vapor) to carbon dioxide vapor recycle line 18
of system1l. As an exanple, the application 100 nmay be a processing step in
sem conductor 15 fabrication that requires the use of high pressure, or
supercritical, puryfied carbon ..
P PUTA ST exampfe, e application 100 may be a processing step 1n 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 in the "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
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di oxi de, alo i r. rage chanber. pgsjtioned to surround the
i rat i sti i AP omitn e B in R R P R Ve gD So s S el S of
the puri fi¢ catomprisey swemajdmfunctéons @FBEIMENthaOsf JubEIRLES &Y stbAY¥EBE then. as
shown in Fig. 3 Ct‘he .(E)U{Ji L,\"Ecation vessel 12 10 conprises two faj or
functions or PEgEedkhquid. Uplike mostinom eabaratodide puriBeattps systembewhiplirdly i ed
liquid. Unli . L OX| i f,ication. systens, i.ch.rely
onqt he use of6 ﬁft}i{qq%gro kgﬁw;)ﬁggg ngﬁgﬁggﬁ%’h{hs?tpé'f)s,enPWé’glﬂ)tfoé‘slésﬁi g\{gﬁ]‘ﬁ]\i‘aéﬁ‘f’l on
uses distil | &riponficitom, pud infpacadul a0 muitisthde diidlatibs Widrat 168 drie$a98€or

distillation_wth at |east trayed or packed colum. The distillation
col um asserrB?Cgl/(e‘i§&88Wp?$’§é€sqﬁﬁéloﬁ%l§”¥“oqssmwdﬁ cemprises 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 di_rected 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 321s shown as formed by a separate substantially cylindrical piece 12c that is welded
via weld seals 31 to the upper 12a and lower 12b sections of the purification vesse].
In this embodiment, the inner cylindrical wall 35 of the piece 12¢ 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 12¢ is proximate to flange 31

30  of bottom section 12b. Therefore, in this embodiment the annular storage chamber 32



.15 at the bottom 22 of vessel 12, packed distillation colums 20, 24 amd 2007
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 form ng the annular collection chanber 32. In this.way, the
purification vessel also stores the purified liquid carbon dioxide until it
is ready to 20 be directed fromthe annular chanber 32 via outlet 37 to the
poi nt-of use of other use demand. This contrasts with other purification
systenms, e.g., filter purifiers, where separate purification and storage
vessel s are fsefeuitddesh a bdparaté Wridige 106R0AHTRALmMbRY vﬁﬁ%@ oftRr fh@urh the
annul ar coll ection chanmber 25 32 is shown as forned by a separate

subst ant i al | §oTeRaeAttp erdkepipdbeoverall pwaficitonwebaed2. via wel d seals 31 to
the upper 12a and |ower 12b sections of the purification vessel. In this
enbodi nent, the inner cylindrical wall 35 of the piece 12c has a dianeter
about equal to orhjugnlﬁhﬂ@héﬁ%o&ﬂkﬁemﬁ&hﬁ&oh@@h&h@$ﬁ%%6n&imﬁQHmHH&QQ wal
23 of the .distillation colum 20. As shown, the floor 29 of piece 12c is
proxi mat € t 02% 1oBRERDB 2 dEyrese amBtlarsiarage Yeseel Ezbmefmem@ftolﬁe within t hi s

mbodi ment t 15 JAN 2007 16 ted b
Ceparate st rigtupaoh SessPh B S ARt 2 ol ovher “dornoliard 0 )

conponents t snhsmhﬂallbpcﬂhﬂnosﬂahﬁérlwanﬂﬂ WithatdigfettLanfnsibRed tobedqkl tblor
further enboglnent % 5 shows the annul ar coll ection chanber 32 5 as
formed by a Pgélélb’(-?f‘%eeé R fmetsr of fcowerskal ofithe diswliadoroedemnd0f fn  wi t hi n

purification,ygssehn nnul a &.vessel 39
has a substgntlgflfg%y |%ﬁ%?ggﬁﬁgﬁﬁg%p&g%Pnégml%Wﬁrwag ih@f@g YA HeTREF oned
to be equal msdr39xslslnghtyllyssethme9ﬂ didnectei Bt tneplvatl 38 oBUleqfuribliof the
distillation colu é% addition, the dianeter of the substantlally

cylindrical YUter I§fn f}H%e’Qtiﬂ‘éim&’F‘t Shoprudar stprageschambedd? is cdateginl 4/ | ess
than the di agphake Qfuchhe 3bMMHcHaL L yeseel
Therefore |n§?h|;:en§od|nent fhe a%ﬁgwaémé$§ygg%4%ﬁﬁﬁgoﬁg nﬁg%cﬁghted by
a separate gﬂk@b@moéﬂﬁgmnﬁadhqcﬂsma@nahOMGSﬁﬁﬂpmece onto the distillation
colum for the <collection of the purified |liquid carbon dioxide product.

15 Fig. 6 1s 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



.15 Fig. 6 is a schematic representati on of another purification vegsgk q£
the present invention. In this enbodinent, the vessel 12 conprisé N 2007
distillation colum assenbly that conprises a heat exchanger 16, first
“distillation colunm 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 refl ux
to the top of distillation colum 24. Purjfied |liquid carbon dioxide
collected at a reservoir 6 at the bottomof colum 24 is directed to the
annul ar chanber 32 via duct 7. In this enbodinent, |iquid carbon dioxide

f rom reser vorefrierait vaplos OTRY ¥ ebesht 38p e fhibh it Q pdhtinl dflaohle&od UM 20 via
duct 8 and control valve 9. 25 Enbodi ments of the present i1'nvention provide
vari ous feat (H{BECTARUVaPLH ViEsrBjesefrigsrant dfowwne twhrkafusedhiog i frightasion etyGw.  For

exanpl e, enh - val.| her mal_, ener | s achi eved.by caoupling
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use of ther mii gemvealgy langd portion bthe hedtrdogiesigdat in thenefit MoK kporldrishdlescar bon
dioxide in t?reylbﬁ;t@tom of . the vessel is 30 vaporized in a boil-up heat

exchanger® 1 SONEGnsinerauty dicondeanseioif ehedt ignsfesbewperphe Tefripgrant
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for refri ger afrigeragutapor o contibrse. &heicondinbsedieitdesataLitSthe heht & cRAREESS)
enters heat exclhan er 16 via inle In general, a large portion of the

.63.
heat contai n&f 1 ‘E‘drré?‘ﬁrﬁlsgtérﬁéﬁftegri‘,%ﬁ%ﬂ W@?W&f‘%sﬂlj? frygenteat ellovdethei ng
duty at condensais dastddeal it BleG REENR Slipdi 184 REHAE Ao U3RANG AT the

l'iquid carbon dioxide causes liquid car I oxIde to vaporrze
refrigeraht (apouseddorvampensien oftiguitbcmlieersdidxidef Bygenma, ikinbemtphsceheat
exchanger 16_.,via line (ljjrns {téo the refrigerant flow network. This
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| i quid carbon dioxide. By contrast, in known processes re vapor
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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
1s 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



. refrigerant vapor is rejected as waste heat to the atnosphere. Adpgtygmqﬁﬂ
energy nmust often be supplied, such as by additional heaters, to ieet
heati ng needs in other parts 15 of the systemor process, e.g., for
“vaporization of the carbon dioxide feed stream Still further, in the
present invention, the flowrate of the condensing refrigerant is
controlled by using a control valve (shown as valve 56 in line 58 of Fig.
1) to adjust the flowrate of liquid refrigerant |eaving 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 di oxi de i n Rub@ierptre fth€ BhiaRefrRe st ishaithdrSw i aaiht Hglﬁér i gerahfdGhge
indicating controller (LIC), which also provides a control signal to

control val veé®3@opgpishotihbe refin and mroducticandanesre (ar hsreeishengers)Sd andane or

set point, t ' ns, .further incr i the refrjgerant
Frow rate 25 Tiiasien i i BB Bt Fle SRR AT RenE L6 Spieder of
the carbon divapordeavigpetthrgnddheer BuRY, férexdRplcc A6 cottBNviID& 4d Sl hevel 1s
bel ow set point, the refrigerant flowrate is decreased causing the carbon

di oxi de | 2veRUPY fTas@ceass freq flowbbrtweemthe candwsetiang tholiqiid rpfriesent storage
i nvention, t - i O] I .S, directed to. di.qui.d
o i gerant - Sessebon bhiadeteBn{ud Wi LHRE BN ol RS RES 0P i g FE oW

process. 30 ZeSgdAht ROSITf rafBigEant eidep iR, cohlidnstrs Grd €b1f-&dj0éER! &M inifoved

W t hdr awn fron1|ig§id refri%erant storage 38 to operate both the refl ux

and product EOMERYE dhecondenshedyty sap RaAgEeer: 34 and 26. One preferred way
to control both condensers is to regulate the flow rate of refrigerant
vapor | eaving each condenser using, for exanple, flow control valves 46 and
48, and 3%0al | ow f rYet apmbedsat(ferafehé presdnt hpparstan - tHeeoveomele AsRI364AGhd he
liquid refrigeﬂanl sb&gﬁg%7 vesseI.Lor liquid refrigerant to both enter and
exit the cond@nE&enc hi &se Frdripyisfo praforgance snbanesyrant o Wheafthd ger ant

i nsider the gandeNSBES ' béitd o ' rol of., the
condenser duty can be 5?%?2@@5;3? uﬁgghggBpﬁggﬁpgg%ﬁxgﬂgy%?E%X%Fggght

appar at us - figeidsadrop| diexideiisae®6vedivie lowerflost fube B6 diont therdeetbm3a, thél So

contributes rcf?argﬁ‘\érfﬁ.r Iﬁﬁg,efre%m}apr{x%%leﬁ ri'ltq'uidvg.'ar nontJ}gxide 1s 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 requinng

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



.annul ar collection chanber 32 (surrounding the distillation coluqqg) 2007
beconmes full, Iliquid carbon dioxide is renoved via overflow tube gﬁ”wnn
the bottom of the chanber 32. Thus, freshly purified Iiquid carbon dioxide
"is used to displace the ol dest 15 carbon dioxide, which is transferred from
the bottom of the annular collection chanber 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 unneeqsd or extra capacity is wused to
re-purify the previously accunul ated purified Iiquid carbon dioxide

product. The increased liquid reflux to the distillation colum 20 al so
resul ts in ajRis@i@dnsPathbdHrmeRisRIT PALER - inWntiBn L §1SQ%E?P&%@&P& £ sttghfwith
overflow tube 36, the refrigeration system continues to run as before

duri ng peri odsingle digilaenentinwi. t iothermengualtliongh itaid jadedmagedys @mplotids® | i qui d

car bon dioxig%idﬁﬂ%gqua f{(ﬂnghe bul k. source cgy%gn Hgioxi.de. B
contrast, in tHe AGSERCERT A'He SUEPF T OW S P82 Y luddiife AETadT 23Agats or
refrigerati oBmsysitimsWIhdlpleserit Whﬁ&ﬂciﬁb@rﬂ_@tﬁceﬁ%eﬁ&any QQMHS/ Ridpey of
the 25 condenser 26. Wile the present invention has been described with
ref er enced t oStHraat, epqleding @ yBpei fvethstscamp singidditiope thermetbod mwbappsietusl ed i n t he

art, nunerous; i {d , ang. _om ssi ons,_can, be de wi.t hout.
Geparting. frofcERe hoHRient SRR R be AT L SRieRREI Py RR AT prBe Popid
exanpl e, whi heatdriats, slichitaslah@honis, HEbWBISIQ 0L 1UsRParbbnd, Re. APRH BurityPnidHRY 2007
19 illustrations, enbodiments of present invention can also be practiced in
a system wi t AX1dg apmenia apd fuprqcariophalse haverpoteniial Aeplistiens ialsemineghudter i s
advant ageous 10 Rt QVi 1 i,on.vessel .a.feed stream

conpri sing pﬁﬁﬁﬁgﬁﬁyIgﬁfﬁﬁaﬂﬁgﬁﬂgﬁ%ﬁébﬁ%%gﬁﬁ& gﬁ%Pkﬂgﬁgg:lﬂ%HPg 5f t he
present ioveptacticedorith beffepera combarhtiganes dleloy mvdre Heaings fistloged Reén 5 Thug eam
including a vapor feed stream In addition, the nmethod and apparatus

di scl osed herBhiqrehoRe genset af thy ivendempioxifies p paEfigttean Yesseh mothraanismeadr
purified |iqu ia = Tar s oTa QF- e[ T g0 i :

fl uorocar bonsk,'tl,og‘l fgﬁgﬁtls%rhgrgﬁ)?t?ffhéhﬁﬁfgus oegi d%}, élgongr%%&én%%mﬁyu%s%é%r bons
al so have potemtnaionapfi othet featusesi of tisemvenniwshuct or fabrication. It is
further understood that enbodi nents of the invention may be



.10 practiced with different conbinations of one or nore features ?is
herein. Thus, although one aspect of the invention provides a purifrcation
vessel with an internal storage chanmber, an external storage chanber nmay
~al so be advantageously used in conjunction with other features of the
invention. 1 5 JAN 2007 20 WE CLAIM 1.2A nethod for producing a purified
liquid stream conprising: providing a feed stream source; introducing
under pressweecpaiged streamfromthe source to a purification vessel; 5
supplying heat to the feed stream by heat exchange with a conpressed

refrigerant,vapo in a first t. exchanger; distilling the feed
streamto f_lo'r m a‘&ﬁﬁéﬁ(ﬁa@é p\r/%c%lglln,ga dﬁ%ﬁeﬁél%{;‘fﬁtﬁ RRTISEE: vapor to form
purified liquid fyvidagfa fxdbaegesyirtd a refrigerant liquid streamin a

second heat exchanger; wherein the refrigerant liquid 10 stream and the
conpressed r ef r | YEPAHRINE, BSE PEassus mifendestisam freta dhd souscerte apugidicativin ddsgaly
net wor k conpri si i fHehS 0, e xchangers:; and w t hdraw ng
the purified Ii qﬂl?g yi}fgr eam 1t‘tcr) gﬁ?t ﬁ:g&pgl}{rjelaﬁ ib ti%(%% v %’38% W i iCAMPHES9de e
streamis arefriggrand veporistmardiioxifulst hedtres@mngend at | east a portion of the
heat supplied t d. carbon di oxi de feed streamat the first heat

0,.t | i,qul ;
exchanger is 15d1§tgﬁ8$ H{%ﬁaeq FERM ROEB APNHESE VaRPTof t he purified carbon
di oxi de vapor atconBénskBCMehMERY vaBSCRARRAS 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;
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
15 generated from the condensation of the purified carbon dioxide vapor at the second heat

exchanger.



