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systemto provide the cooling requirenments of an
olefin plant. Mre particularly, the inventionis

directed to thelEfh Fladt Réfrigésa ntS e

refrigerant conprising a mxture o ane, ethyl ene
and propylene for cooling in an ethylene plant. 10

Et hyl ene plants require refrigeration to separate out
desired products fron1the cracki ng heater effluent.

T | d an ethylene refrigerant
y IC d}ﬁ"éa?gﬂ‘éo%'é{ ﬁlnarl y in sgstems using |ow
pressur?h@%&é}ﬂﬁh@&{ﬁo t&in P48 rek 5"66“ Qg&%n‘?’“&? rovide

requi red, a separate nethane refrige atlon ystem

al sihee engollingerkquiienserttsr efe ahSokgipaphire. erSrIegﬁéﬁtideairly, the
systens, are required, cascading from/|owest ]

t elfyéndiony & tdd)reﬁF%é@t theriisge Ogoﬁtﬁﬁé’%@dr onAdingry vefrigerant

xERTEF YR kR e SrfeBiiie, SPflfhana RV ERG or saging in

MebRA 3Ry leRbrpISeY. at| on conpressor ei ther reciprocating
or centrifugal, can partially offset the capital cost

savi ngs Eﬂe,dahemigntsr senuizd refivgerstionf td osegarats ot desired

denet hani zers. M xed refri erat systens have been
V\ePTO‘ﬂfﬁﬁ/ﬁrqrﬁ theers ngtwgerf lueg 'y Tywicalys a Rrepylaaseand

Syéﬁeéfﬁyleﬂé: rtgezrﬁg@raﬁ?faf'é %&é‘”téft%he él.'ﬂél?? in sS/afems using

single tron systemto

COMRW iptgssurel dighethaah@es Whér@ﬂEWe@ttléﬁﬁﬁraﬁfﬂé@'alré‘@ecﬂﬂﬂed a
m xed refrigeration systemto 25 replace nultiple pure

coRpRATere neeibeadeaefidarntien syistemsigsaleasemmloyed. fhuedhree
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with suction drums, separate exchangers piping, etc. are required. An
additional methane refrigeration compressor, either reciprocating or ‘
centrifugal, can partially offset the capital cost savings resulting from
the use of low pressure demethanizers.

Mixed refrigerant systems have been well known in the industry
for many decades. In these systems, multiple refrigerants are utilized
in a single refrigeration system to provide refrigeration covering a wider
range of temperatures, enabling one mixed refrigeration system to
replace multiple pure component cascade refrigeration systems. These
mixed refrigeration systems have found widespread use in base load
liquid natural gas plants. The application of a binary mixed refrigeration
system to ethylene plant design is disclosed in U.S. Patent 5,979,177
in which the refrigerant is a mixture of methane and either ethylene or

ethane. However, such a binary refrigeration system cascades against

a separate propylene refrigeration system which provides the
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in which the refrigerant is a m xture of nmethane and
ei ther ethylene or 30 ethane. However, such a binary
a separaras2004/001059
propyl ene refrigeration system which provides the WO

2004/ 065337 PCT/ US2004/ 001059 2 refrigeration in the
tenperature range of -40 C ang warnmer. Therefore, two
separate refrigeration systens are required. Summary

of t:he |nvent.jo ' obj t esent
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an ethylene plant having a | ow pressure denet hani zer,

utilizing a mxture of nethane, ethylene and

pr | ene as a tertiary refrigerant. This tertiary
sygﬁé}W?@png&Fr{‘{’?Qt'@.@par ate propyl ene, ethylene and

met haney 18 SeLRIgR! G HRNpREShE TR GRRAE @lefhoft ! b Brovide a
recovery process using a low pressure demnethani zer.
TheimsIMrIat, isiiylé neigeestidrmesystepafatamoledin plaat, particularly an
refrigerant fromthe discharge of the final stage of a
coﬁﬁwg@ybp'aﬁtm&ylm P naneessUEn derpshanizaot Widizintha mipgure
| evel s of propylene-rich ligquids so.as.to provide .
vaPl hethasitn ity (fhesoad roavians 8¢ 7 dPriayd, gRrang | This
vagdroys, Beslens xel1a0&e R s8Rt atbldhyi@id)téthieRd dhd methane
nearly cohstant ~refrigerant conposition, as measured
byrefriberaticar systieght assotidted withnpressweryamubeess lusirigea low

bul k of the total return refrigerant flow going to
t hEressHEg demefbanBrpr e MVentionoinvolMasstheh appeiatipRert the
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CO[HRb €8 SAEEAREriSIE RAPRY SFradid SRl lelRisS of gsrob@lene-rich

system can al so be applied to an ethylene plant with a
hi hiuids eosas to pdevide vanibre temperdtiuces sad devele of eefrigaration

RTINS SR TV S —
ar F&ﬁggmt composition, as measured by molecular weight, in the
compressor and with the bulk of the total return refrigerant flow going
to the first stage compressor suction. This enables the tertiary
refrigerant system to compete favorably on a thermodynamic basis with
the use of separate compressors for separate refrigerants. This tertiary
system can also be applied to an ethylene plant with a high pressure
demethanizer in which case the tertiary system only supplies propylene
and ethylene refrigeration temperature levels. The objects, arrangement
and advantages of the refrigeration system of the present invention will

be apparent from the description which follows.
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PCT/ US2004/ 001059 3 Brief Description of the Draw ng

The drawing is a schematic flow diagramof a portion

of an ethylene plant illustr@ating one enbodi nent of

the refrigeration system of the present invention. 5

Depfibt PléseRpfbn ldtahEmagiingd Enbodi ments The present
invention relates to an olefin plant wherein a

pyr ol ysiThegamwisgf isr 8tsgheowass ébw odiagramw eofimat partonaont an
hy drogen and then processed in a known nmanner to

ot BHDAEN® AlPrSdaFE NG, R sRRO eI Bleine EdTigPEpiANesiestem
ang]c %J%Edggépﬁrm\%(m&{rpducts The process will be
descri

I'nconhection with a plant which is
sprimarily for the production of ethylene. The
separation of the gases in an ethylene plant through
eakiption of thd Rreterrécdohaabiodimentscr yogeni ¢
ten”peratrﬁres requjres .refrigeration ov
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art o over al | ant cost

cametrabrcs:@\ssagm & howirhmanebr tcgﬁrcaiummysémw éﬂhylene as
significantly affect the overall plant cost. Ethylene
10 pI mllsawptrﬁpwegﬁ 3i1ck §eNecO Al 1rarp Gudts. oﬂibea?tr@cms will be
ssur.es gher t han 400
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-100 C 102 is typically used to chill and

pr ttecaghocenteashticef lamd. fraTtienayibanat ptryogediesitgmperatures

wth a low pressure denethani zer which operates bel ow
abtauiresrefigerationpysEia wide temperature range. The capital cost

15 involved in the refrigeration system of an ethylene plant can be a
significant part of the overall plant cost. Therefore, capital savings for
the refrigeration system will significantly affect the overall plant cost.

Ethylene plants with high pressure demethanizers operate at
pressures higher than 2.76 MPa (400 psi) with an overhead temperature

20 typically in the range of -85 °C to —100 °C. Ethylene refrigeration at
approximately —100 °C to -102 °C is typically used to chill and
produce overhead reflux. An ethylene plant designed with a low
pressure demethanizer which operates below about 2.41 MPa (350 psi)
and generally in the range of 0.345 to 1.034 MPa (50 to 150 psi) and

25  with overhead temperatures in the range of -110 °C to —140 °C requires
methane temperature levels of refrigeration to generate reflux. The
advantage of the low pressure demethanizer is the lower total plant
power requirement and the lower total plant capital cost while the

disadvantage is the lower refrigeration temperature required and,



woang®esd37-1 10 C to -140 C requires

5

10

15

20

25

and generally in the range of 0.345 to 1.034 MPa (50
to 150 psi) and 25 with overhead tenperatures in the
met hane PCT/US2004/001059
tenperature levels of refrigeration to generate
reflux. The advantage of the |ow pressure

denet hani zer is the |ower totd&l plant power

requi renent and the |ower total plant capital cost

Whilleretdie, thl Rédll foitagRthand hdrih&vion! Sfstéraah Addaibn to the
tenperature required and, WO 2004/ 065337
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on_the ethyl ene plant cracking feedstock, the cracking
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nmeasured at the conpressor discharge.” A typical 10

coppaeint ipoopylene as ne¢dsured @t thacomprebsa diswhanges sAirtgpical

demet hanj zer . woul d, be 10% net hane, 10% et hyl ene and

80SP P AT &or ?ﬂeetbg’@”eo?|af‘hé’vwérq iQvyPressiiey derpthanizer

pr { | b t S
QAT 0oL b RlS RGO RRTNIARD 810, el FTRSIAL HBuee
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15 The purpose of the present invention is to provide

t htemeeresygesyequiedd fgearnettueneoplaap avkiteeohiatimy thegeed for
and nmet hane fromthe fc:ha e s%/ge and provide the feed

f ofWPIRY e SREFAIR Fetrge MSovi de for the other
refri geﬁ'%'p‘?ﬂ?%&wgﬂgégp@s%nf’ n\;éﬁ"?lo%nlg'tbeprek/mtthe necessary

Referring to I c enbodi ment the 1 nven

shm»ﬁngnatbhetookre@wraTg theingarogerf and methane from the charge gas
and provide the feed for the demethanizer as well as provide for the
other refrigeration requirements of the entire plant. Referring to the
specific embodiment of the invention shown in the drawing which is for
a low pressure demethanizer, the tertiary refrigeration system is
arranged to provide all of the required levels of refrigeration for an
ethylene plant in the series of heat exchangers 10, 12, 14, 16, 18 and
20. These heat exchangers can be combined as fewer units or
expanded into a greater number of units depending on the particular
needs for any particular ethylene process and in particular on the
specific charge gas composition. They are typically plate fin type heat
exchangers and are preferably packed inside of a heavily insulated

structure referred to as a cold box to prevent heat gain and to localize

the low temperature operation. Before describing the tertiary
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plant in the series of heat exchangers 10, 12, 14, 16,
18 and 20. These heat exchangers can be conbi ned as
fewer units or expanded int% a greater number of
units depending on the particular 25 needs for any

PR&frigerdtisn §)dtiheRRe PILOF 88 $h@bHaige geay throudlartherysteen will
specific charge gas conposition. They are tyfpi cally
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the charge gas through the systemwill be described
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illustration |y, The charge. 2 I '
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A A
123hatde gh€.271% fvad caBlediih the dleat ertharigers diaard il@ndown to
bei ng made to produce denet hani zer feeds. The charge

gasbdl®t +357C ratt23.0dhebatrexdhangent! b xibigashros a3 ingooled
12 down_to about -35C
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sepapnst €edhe condensate 25 is a lower feed to the demethanizer (not
shown). The remaining vapor 30 is then cooled from -72°C to -98°C in
heat ekchanger 18 with the condensate 32 in the effluent 34 being
separated at 36. This condensate 32 is a middle feed to the
demethanizer. The vapor 38 is then further cooled in heat exchanger 20
from -98°C to -130°C with the condensate 40 in the effluent 42 being
separated at 44. The condensate 40 is a top feed to the demethanizer.
The remaining vapor 46 is then separated (not shown) to produce the
hydrogen stream 48 and the low pressure methane stream 50. The
cooling loop 52 in heat exchanger 20 is for cooling and partially
condensing the low pressure demethanizer overhead to generate reflux.
The remaining overhead vapor from the demethanizer forms the high

pressure methane stream 54. The hydrogen stream 48 and the low and

high pressure methane streams 50 and 54 provide additional cooling in
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at 28. The condensate 25 is a lower feed to the

denet hani zer (not shown). The remaining vapor 30 is
heat exchanger/uk8004/001059
with the condensate 32 in the effluent 34 being

separated at 36. This condensate 32 is a mddle feed
to the 20 denet hani zer. The v@por 38 is then further
cooled in heat exchanger 20 from-98C to -130C with

th%&%@é?@%@héh sl NTé hwreplete! @Rt dt3chBtivg ofsﬂféaéﬁér%@ gas
at 44. The condensate 40 is a top feed to the

deflethdhiszehe. demh’ehmMmtngnsamlmchmm@ns tibe C2 and heavier

separated (not K shown) roduce the d ream
35 CARPARELS QPRS0 t e ahe. SaRUSR 10 BRoeRbisne. and

ggg 6pd;$?+(gﬁﬁ9Qﬁhépcgﬁ?lbﬂgﬁﬁanger 20 is for cooling

conden e | ow pressure

denet ham additovetohardchargacday streafehhdixhe téhiary refrigerant
remai ni ng over head \r/ﬁsé)or fromthe denet hani zer forns

t hetreegls, tpeesisearas h.hBRe 51 mvaiw5§4aremeriqmwree§@\élﬁne plant

stream 48 nd the | ow an sure nethane

ot PHERDSSBE diaons AlredThiah A wasf i eHihghe heat

200466037 fg,cycugge%nogfle&% fickdlg dAoBlarfHEE 0088 55 is
o conplete the description of the charge gas

[ t fmrsthtehecdmratubamf zke cbtit fromsthvhiosh peexsties demettmrﬁzbr side

and heavi er nponents which is sent for the recover

of rehilept WW%\ﬁe 5§rr@cula¢r@59§ threcalddfremide ‘i‘?ﬂ’fb@'ﬁéﬁ"t Eeedéand

o Job BPed et EorhOReRE- 4 Padbbr SRR, ' Srigiy 5776 for

ar fe(drQiicn oF Rk Qfé%tlﬁ%rﬂﬂér fetldl @RETtRANY REEVRUS, the ethylene
tenperatures which al so pass ﬁrou h the heat

exd’:ﬂaangea’sarfsmde rehmlpeaatilhn‘tt@ﬁ rebbdier el they ettpylene product
aﬁPi strearrbvg5|s r the recuper tlogn of t
col e 1&th $HeaMoRr PR s/ BecesbPRIFITL O S figm the lower
r eth{heclrnlze‘?tf%g@nil"%%fh%#i%epﬁ}dﬁ%ttal?ﬁ G éd’;hfahQ'FbE Se.
ani zer Teed and OW pressure net hanl zer
bot t om maeahbrimurbtéf€idnzy éShést transfer between a warm fluid
and a cold fluid is achieved when the temperature difference is low. A
mixed refrigerant, such as proposed in this invention, has an increasing
temperature with increasing vaporization, at a fixed pressure. This is as
distinguished from a pure component refrigerant which vaporizes at a
constant temperature at a fixed pressure. Pure component refrigeration
systems therefore tend to be more efficient when the process
condensing temperatures are unchanged, or relatively unchanged, when
being cooled, and relatively less efficient when process temperatures
decrease when being cooled. For mixed refrigeration systems, such as
proposed in this invention, the relative advantages are reversed.
In an ethylene plant, some of the cooling services requiring

refrigeration are at relatively constant temperatures and some are at

decreasing temperatures. In the pending U.S. Patent Application Serial
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recuperation of the deethani zer feed, the ethane
recycle, the ethylene fractionator side reboiler and
Theciras004/001059
stream 58 covers the recuperation of cold fromthe

| oner 15 deet hani zer feed, the ethylene product and

the ethane recycle. The maxi qum effici ency of heat
transfer between a warmfluid and a cold fluid is

aqlih evereeh et g, h&wﬁt?éme’ré’itﬂéﬁr? RuftipeFAREESYStdraWor Athylene
m xed refrigerant, such as proposed in this invention,
heRjaats, |andrféa$qu 22e2PErateunexed nerhngerenbawtﬁgw for ethylene
vapori zati on, i)@a fixed pressure. This is_as

dllﬁﬁﬂ??gu‘r“’sﬁ&?cf‘ th AvRiGhe %’Bﬂb?ﬁié‘?ﬁ F‘efcpnjéquntc%pgﬁmon
p?%géﬁoﬁjtg{uk}ez sggfé'}ﬁ’.t a'?“[w g&%e o vier bf(f?&ency in the

onponen |ger lon  syst

t hﬁfr%ft@rﬁtetet;ﬁmatmeh%mmsﬁéf bEviges wsens\eémanpemm. The
condensing tenperatures are unchanged, or relatively

urweaagedvartiton phepesesctol imnrogadthecEEiGioReY 9fesie "mixed
el RO BEPRAYSIEBR Bl SAEHnOaT e ubBTS B S0 406 naed e bsgent
Pr oResed, tﬂg&?'&Hs‘@gﬁpttéﬁ‘gveréﬁﬁerk%é%t ‘tﬁé%s?é?VQQst\ﬁQ@sS This

are reversed. In an ethylene plant, some of

coplveRgors & &épmfballyedimdteﬂgo thefrefrmraaﬂxomayszﬂem atlllzed in the
relatively constant terrper atures and sonme are at

deesneastion of etpdpae dies ethane Neipl Ras fgverydargsieffigeration
A'OP' g@,%t%eg{ezg o R004L08RE L P I IISPA0M AR el

ary rigerati

PEreﬁﬁéﬁﬂ wasstePlsaRliSes dth fdwedhdaytrdRstetUlity such
m xed refrigerant systemfor ethylene plants is

dess théddethainiderenphasi zes a const ant con‘posn tion
throughout the system_ Thus, a somewhat

ef fici eﬁ@mh%pvmsssétfn%leam%?ahﬁ?é@ﬁwe tﬁé&%’tqlrddﬁ&%f the
; ?%%‘JZ%} F%ﬁ‘tlgﬁgﬂx &?‘h %9 he to%leaﬁg; of W@"Hée‘?ﬂamzer

rove I CI enc m xed
r eg6hAHRY | ®9 SUP iR mawauw e trhse [®ANpAsisur® depropaeizer

m xed refrigerant
condenser 79 are handled outside the coldbox with special
consideration. As known from the thermodynamics, the condensation
of the process stream with constant temperature, such as the ethylene
fractionator overhead and the deethanizer overhead, as well as the
depropanizer overhead if a single low pressure tower is employed, will
be less efficient if a mixed refrigeration system is used where the
vaporization curve is sloped with temperature. The wide cold-end
temperature approach indicates inefficiency'and results in higher power
consumption for the tertiary refrigeration system. To make the tertiary
system competitive in power consumption to a system designed with
separate compressors, a concept to generate a heavy refrigerant stream

approaching the conventional propylene refrigeration is called for in the

tertiary system of the present invention. In the present invention, the
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of ethylene from ethane which has a very | arge
refrigeration requirenment. The concept can al so be
utilized for other constant genperature heat transfer
services with | ower heat transfer duty such as the
degbmpabiRIn of ¥irdahe VI RIFES sRbplibs tRE S2Mberati I
invention, the total duty of thte)p 15 et hylrlcgén(?ara on normatly
f r agpplmsbby @ sapadatespropyend bemipoesdordist yypidaltyhgreater than
dealbhaaner condenser 69 and the total duty of the

| o®PJPRLRECENHEFPRYERPzer condenser 79 are handl ed

out si de 0 h-t.h ' deration. As _ ..
known f}rgﬁ]ﬁ?ﬁ?%&e?omwg{?naeﬁnﬂ@gaﬂ%egggﬁéﬁn tlsgh tthtertlary

t heefrigerses sassideddifiedd $411i60RS b anixtLRITBE MétHaPe, BiEIeAE and
the ethylene 20 fractionator overhead and the

deREapyiNeeaNhizegaTaREssad biethe msltisiiege tafjgersdionzeampressor
head. ,i f.,.a Si e |low.pressure tower i s enmpl oyed,

B BetnecBs Bpt Pt Pogt tetesar preseraPespoor stages

Syghewul, ands6s WHEghet RersY. gba@hé.o ?‘g%;ih’(@rs‘ta':gees LoRRA 70

with tenperature. The w de col d-en eratur

apsr aathie isadocditstsge rikddhacg@ncyharihal elisdHzsge IV iig partially
power 25 caonsunption for the tertiary refrigeration

s

ySerafnsed ingliecharge caolaratd byssedliam watgseard fhan separated

t,i { L desj d w te .
CofEhesiit 7 rodlak st B RN R oAbl Boer TRE Efafiping
St {Q56P 8 2RFRIrATDINISLIB R 0pRIW BNEX HARIgeP 1 QPN $RBvy refrigerant
refrigeration is called for in the “tertiary systemTof

t htropr deent78 mandmartielly lcontlbesqxt endrthen reepatated, intdrem 88
WO 2004/ 065337 PCT/ US2004/ Q01059 8 conposition of
st fegRnegte aHPedivey bjawder@f'ﬂ%rapéﬁﬁ g atlidH vmorgpfrigerant

sugpl i - at e n i
VDS e SRR MERHLF Ry Be TR Rl ohgrtea rom
drum 88 is cooled in exchanger 12, 14 and 16 by medium liquid
refrigerant and then condensed in exchanger 18 by self-refrigeration.
The typical operating conditions and the range of operating conditions

for the compressor are as follows:

Range of Suction Pressure | Typical Suction Conditions

MPa MPa Degree C
1% Stage 0.011 -0.016 0.014 -40
2" Stage 0.40 - 0.55 0.50 -10

3" Stage 0.90 - 1.40 1.20 30
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Turning now to the refrigeration system per se, the
tertiary 5 refrigerant as identified earlier is a
et hyl ene and propyl ene amrdTiv$2004/001059
conpressed by the nultistage refrigeration conpressor

60. In the illustrated enbodi nent, there are three
conpressor stages 61, 64, am@l 66 with one interstage
coolers. The interstage cooler 70 is at the second

stage dTheh@rgerefigeraht Bl fidins ahar&rein? B8 $aR8ss kAIJUGh the
10 condensed in discharge cooler 74 by cooling water ,
anbeatherrhapgarsal 8do 1$hantds donderv®dt andseni telighterefrigerant
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phase separation. The |ight vapor refrigerant
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' |i qui d i t and.then
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operating conditions e conpressor are as
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first stage suction drum 104.

The liquid 90 from the drum 88 is the medium refrigerant which
is subcooled as it passes through heat exchangers 12, 14 and 16. This
medium refrigerant controls the temperature of the charge gas at 24 and
26 by flashing the subcooled refrigerant through valves 98 and 108.
From valve 98 and 108, the medium refrigerant flows back through heat
exchangers 16, 14 and 12 and then to the suction drum 104 for the
first stage 61 of the compressor. From valve 106, the medium
refrigerant flows back through heat exchangers 12 and 10 and then to
the suction drum 112 for the second stage 64 of the compressor. The
heavy refrigerant 80 frorﬁ the drum 78 is about 88% propylene. This
liquid supplies four major duties, i.e., the cooling for the ethylene
fractionator condenser 59, the cooling for the deethanizer condenser 69,

the cooling for the low pressure depropanizer condenser 79 and the
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10 As shown by the above table, the split of the refrigerant for the
purpose of energy saving and then the recombination of the refrigerants,
particularly the recombination in the first compressor stage of the light
and most of the heavy refrigerants along with some medium refrigerant
to provide almost 75% of the total flow in the first stage stabilizes the
15 compressor wheels. With 75% of the total flow in the first stage and
a relatively uniform molecular weight throughout preferably varying less
than 5% and most preferably varying less than 2%, a normal speed
control of the turbine by the first stage suction drum pressure becomes
equally applicable to the tertiary refrigerant compressor system as to a
20  single refrigerant compressor system. With respect to the control of the

process chilling duties, the variables which can be used include the
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the overall refrigerant conposition, the adjustnent

of the tenperatures in the separation druns 78 and 88
and the adjustnent of the cdibressor operating
conditions. 5 The closed |loop tertiary refrigeration
SYShfhsW th three or nore inter-stages of the present

i nvention provides a versatile systemin which

var.i oudnrafprogessarior thenueducter efanlafinst Hoppd gharge gas
various. refrjgeration, | evels, can be proyi ded, ' .
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ertiary refrigeration systemcan adequately
PrErseLess sirbaideareeokabhy v reéfigéaepatdysternchaving eraeries of
ethyl ene plant with either a |l ow pressure or high, ..
priems exehesgershanmeashod for ceplipgseld ¢haggs,ges and additional
consunpti on and 'a | ower Qv I . ; ;
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pr i Sel QAIHELISIAY tAE Rkpéions from a charge
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C2 and @¢avi esmplessingcatarviasy wigigerants@ipgr coanysInghs
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system conprising the steps of: (a) conpressing a
tertiary reflasystage disghargeconpri sing a
(b) cooling to condense a portion of said tertiary
refrigerant vapor from said last stage discharge to
form a remaining tertiary refrigerant vapor and a
heavy liquid refrigerant having a greater percentage
of propylene than said selected mixture;
(c) separating said heavy liquid refrigerant from said
remaining tertiary refrigerant vapor in a separator;
(d) cooling to condense at least a portion of said
remaining tertiary refrigerant vapor from said
separator and thereby forming a medium liquid
refrigerant and forming a light vapor refrigerant of
any uncondensed portion thereof;
(e) bringing said heavy and medium liquid refrigerants
and any light vapor refrigerant into heat exchange
contact with themselves and each other and with

said charge gas and additional olefin plant process
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| ast stage discharge; (b) cooling to condense a
portion of said tertiary 15 refrigerant vapor from
said | ast stage discharge to13orma remaining
tertiary refrigerant vapor and a heavy liquid

refrigerant Bavans m gaidaddtlesPEf GEAL @4BhaRderB WREIHE
than said selected m xture; (c) separating said heavy
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in said series of heat exchangers whereby said charge
gas and additional olefin plant process streans are
coql ed and said heavy ,.and mediumliquid refrigerants

ar é- subtbBIRFACEH YT FRAtackiR: daimaddwhereipseie stpranticealing to
L Qgﬁdéﬁ%oé pro?{i&lu 9P ey térﬁarfy} rre‘chigerant vapor comprises the step

of cooling with cooling water.

3. In a process as recited in claim 2 wherein said medium liquid
refrigerant and said light vapor refrigerant are formed by partially

condensing said uncondensed vapor using said heavy liquid refrigerant.

4, In a process as recited in claim 2 wherein said light vapor
refrigerant is partially condensed by said medium liquid refrigerant and |

fully condensed through self-refrigeration by said light vapor refrigerant.

5. In a process as recited in claim 1 further including the step of
using said heavy vaporized refrigerant for cooling one or more of an
ethylene fractionator, a deethanizer condenser and a low pressure

depropanizer condenser.

6. In a process as recited in claim 1 wherein the composition of said

propylene in said last stage discharge is greater than 50 mol percent.



cool ed and condensed and then vaporized; and (f)
returning said |ight and nedi um and heavy vapori zed
woeabwiogsssant s to said conpressor. 10 2. |In a prPOTAS200a801059
recited in claim1l wherein said step of cooling to
condense a portion of said tertiary refrigerant vapor
conprises the step of cooli™ with cooling water. 3.
In a process as recited in claim2 wherein said nedi um
li-gui d |n1H predddsgas atitaddn Salhith 16 gitiersapie composition of
refrigerant are forned by Fartlally condensi ng said
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4. In a process as recited in claim2 wherein said
l'ight vapor refrigerant is partially condensed by
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t hf'ough se rigeration by said |ight vapor
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further including the step of using said heavy
vaporized refrigerant for cooling one or nore of an
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sal propylene.in said’last stage discharge is
greater than 50 nol percent. WD 2004/ 065337
PCT/ US2004/ 001059 14 7. In a process as recited in
claim6 wherein the conposition of propylene in said
heavy liquid refrigerant is greater than 80 nol
percent. 8. In a process as recited in claiml
wherein the nol ecular weight 5 variation in said
conpressor stages is less than 5% 9. In a process as
recited in claim1 wherein the nol ecul ar wei ght
variation in said conpressor stages is |less than 2%



