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System B%ck‘g)r/oy@g of the Invention The present invention pertains to a
refrigerai ol ®/%em to provide the cooling requirements JICHHSHI 188
plant. More particularly, the invention is directed to the use of a
tertiary or trinary refrigerant conprising a mxture of nethane, ethylene
and propylene for cooling in an ethylene plant. Ethylene plants require

refrigeration to separate @wfiﬁqqhhgqqeﬂ[@ggﬁénfsyg}ém cracki ng heater
e

effluent. Typically, a propyl ene an an ‘et hyl ene rirgerant are used.
Oten, particularly in systens using |ow pressure denethanizers where | ower
tenperatures are required, a separate nethane refrigeration systemis also
enpl oyed. ThuBac¢kgreandsefpthrealreventibni ger ati on systens are required, cascading
fromlowest tenperature to highest. Three conpressor and driver systens
conplete with suclPPreReMdNVEIRG BRrEaIBR 4P anfgdrigerapippisy§teraite prayige
required. An _,additj.onal et r {)ri g £ onpr.essor, ..ei t her

reci procati ngth(?r °°§QH9r4W¢’§P’?@’§‘3ng &t Igi;eﬁry%g?rftsgﬁ\n%ee pcdéﬂf:'t"gtﬁy(:ptgfa savi ngs
resul ting fropmyehfiBnUse diecty tof 86 Wt SeNBLNANLALIGY tiargdrdiRbRidaf ant
systens have been well known in the industry for 'many decades. "I n these

systems, nult¢c@nerisifg a geixauvtesofamethdrid, iezbdlenersral propllend &drr ¢aggeingtinon
systemto provide refrigeration covering a wider range of tenperatures,
enabl i ng one @ eédyleeerplget-ati on systemto replace nultiple pure conponent

d fri ti t Th .xed refri ti t . h f d
wi despr ead use i n bHSSTSARISNEY JGARTREIFEPraes sPanrRarath s Ias on of a

bi nary i xed SelfieipihIhe GYSKER el BINRRR, Pt astbatifsd Brople sosed I

U S. Patent 5, I'n whic rigerant re of nethane and
ei ther et hyl eag edhyleleh@ifigeddpiteneruseducOfen)iprrtigulagiy inggyabimenusingt em

cascades against a separate propylene refrigeration systemto provide the
refri gerati onlow pressure demethanizers where lower temperatures are required, a
separate methane refrigeration system is also employed. Thus three
separate refrigeration systems are required, cascading from lowest
temperature to highest. Three compressor and driver systems complete

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 to provide the refrigeration in
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-40C and warner. Therefore, two separate refrigeration systens are

requi r ed. WSUPAS79220f . the Invention 5 It is an object of tCHpUESANRT3
invention, therefore, to provide a sinplified, single refrigeration system
for an olefin plant, particularly an ethylene plant having a | ow pressure
denet hani zer, utilizing a mxture of nef hane, et hyl ene and propyl ene as a
tertiary refrigerant. This tertiary systemrepl aces the separate propyl ene,
et hyl ene and the: teaneeratunedanogeafat 40C apdiwakners s dbewfode Wiwd separtever y
process using q.l ow,. pressure denet hani,zer. The invention involves the
separation of & HAEaHON SEREMSATE 'SAULRE: from a conpressor interstage

.di scharge and the final conpressor discharge into a nethane-rich vapor
‘fraction and two | evels of propylene-rich liquids so as to provide various
t enper at ur es SuhmMaryadfsthblmientiohr i geration in various heat exchange stages
while maintaining'a nearly constant refrigerant conposition flow ng back to
the conpr&ssor and isiarhoblestfl theprasest ioventioret themefozer itgeravidef # ow goi ng

to the fi.rst .stage conpresspor suction. This enables the tertiar
refrigerant s?m@ edy §' ?rﬁ%ft?@ef%\t\m VTP 3D P WrB@;’/‘ﬁaPrP'&?'%’g%‘rysaWth t he

use of 20 sep C f L nt Sy 1Ri._ s _t jary
Syatem can  ofi B AR FEYHE o180 PRERLAS SerRha kR by Srhiht S

demet hani zer of mavhiagB, GRR¢lehREahr hriopllenty 86 eAntentiarys etRigersntpr Oy ene and
ethylene refrigeration tenperature |evels. The objects, arrangenent and
advant ages of teartiaryr efstegerenlaces tyeseparefe prtop yiers aathyleneeand orethahé be 25
apparent fromthe description which foJlows. Brief Descriptiqn of the

Drawi ng Ttk dfedipegtiod éy%t@HETQF%CqPTWdﬁha@r’_ﬁﬁ?kﬁ?’yapfﬂﬁetsﬁoﬁ’ﬁ'% %alPWet hyl ene
plant 110 UStr gLdRg PBERRIRGAL P TIRE ilVUhtfoR! i\ BRI HOL' sBB8H4tBn 3P tRE the

present inven
tertiary refrigerant from a compressor interstage discharge and the final

compressor discharge into a methane-rich vapor fraction and two levels
of propylene-rich liquids so as to provide various temperatures and levels
15  of refrigeration in various heat exchange stages while maintaining a
nearly constant refrigerant composition flowing back to 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
20 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 ethyiene
refrigeration temperature levels. The objects, arrangement and
advantages of the refrigeration system of the present invention will be

25 apparent from the description which follows.

Brief Description of the Drawing
The drawing is a schematic flow diagram of a portion of an
ethylene plant illustrating one embodiment of the refrigeration system

30 of the present invention.
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Preferred Enbodi nents The present invention relates to an ol efin plant
wherein aWY¥WMYRi s gas is first processed to rempve net haffeT/HR/ WYt ogen
and then processed in a known manner to produce and separate ethylene as 5
wel | as propyl ene and sone ot her by-proﬂgcts. The process will be described
I n connection with a plant which is prinarily for the production of

et hyl ene. The_separatio f th ases ,in.an ethylene plant through
condensat i on Qﬁag'f'?téﬁ?i°3r{§ﬁ';dﬁ?ed?ec§ MR peratures requires

refrigeration overTﬂg&%&O%ﬂqnwﬁtheﬁé@g?ﬁ.toT% Ctﬁée’ijirga{)laﬁ?sgvt‘ﬂe(?efnn\é°| ved in

the refrigeration sy an ethyle nt can significant part of

the overal|l ppardlysiosjas iEhitisefproeesseaptd aémowdi megshdrd and e/dregeh gidat i on
systemw || significantly affect the overall plant cost. Ethylene plants

with high pretisnrprogeseed ima kevovopranies tatprogues sod sephiageeathyleae @ 76 MPa
(400 psi) with an overhead tenperature, 1.5 typically. .in the range of -85C

to alOOC. hSE][ th n@s PEPPYIGBE ARG SORE -oélfﬁ‘fo’r BXTFPFB@EFV’-[ 1(')%?%6“1‘???0"‘1'% tt‘3yg| cal Ihy
used to chilljgnd; qHC%onR}égﬁ{S'ﬁaqli{He éuétsanf‘nmfﬂigw Enﬁr%%%/wggﬁ'(g%e Wt

a | ow pressurée " denet hani zer ch oper at bel ow abou 0 psi)

and general | grdductio® éfe®9ledle. OTReBeparalioR A4 tMBagdsed it anlérfyrpe)plamd Wi th
20 overhead tenperatures in the range of -110 to -140C requires nethane

t emper at ur e | Bweughotondensatearmatarsh fractjematiait eatr efyagenidhterapemmitiease of
the | ow pressure denethanizer is the | ower total plant power requirenent

and the | ower rqatirgs wfdaeration; QU %&Wemm@’?%e&aﬁaﬁvgm%lﬁépit?%C?ﬂe | ower
:Qf rigergly Onirtgv)e?l?egcfm% Uire Eﬁeﬁ; 'errgt?%r‘?‘?sg/est '{?ﬁ&?];??@eéatﬂ%ﬂ%gﬁlﬁﬁaﬁtfaeg Qe 3 Methane

frigeration I'n~addrt iFon : _ _
refrigerati ongnifi@ifR: pdf@f tRE Idvar | PRIVt @Rk ANth&bfdrBe cRpRSIESHVIh Y €&t | On

conprises a mxture of nethane, ethylene and propyl ene. The percent age of
t hese 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
15 -typically in the range of -85°C to -100°C. Ethylene refrigeration at
-approximately -100 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 with
( 20 overhead temperatures in the range of -110 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, therefore, the need
25 for a methane refrigeration system in addition to the ethylene and
propylene refrigeration systems.
The tertiary refrigerant of the present invention comprises a
mixture of methane, ethylene and propylene. The percentage of these
components can vary depending on the ethylene plant cracking

30 feedstock, the cracking severity and the chilling train pressure among



components can vary depending on the ethyl ene plant crA2SERKEMBEK 2086/st ock,
the cracking severity and the chilling train pressure anong 19 SEPTEMBER
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generally be in the range of 7 to 20 percent nethane, 7 to 30 percent
ethylene and 50 to 85 percent propylene, A typical conposition for an
ethylene plant with a |ow pressure deme?’-hani zer woul d be 10% net hane, 10%

et hyl ene ‘and 80% 5 praopyl ene. The use of t tertia refrigerant provides
all the refr P&é@'a??%ﬂgg@éﬁ’é‘sarwtt é“r‘r@e&%&& breeﬁhit{‘édaf‘gfa gﬁ 7ettﬁy$9ne pl ant

uhi e obviat bBgdRertcthd o {IRQTdBLRe AR A Y 1GCERoRUR e, The

pur pose of the present invén I's 'to provide the necessary f1geration

to separate tpedpekh@den gificaretbmpesitioMiéhancodilshdptantlWied HwWVi de the
‘feed for the denethanizer as well as provide for the other refrigeration

requi renent s pfesshee dernettanizenwoulBdiel OPngetbandiel O ¥pethyieme enth@Di%ent of
t he invention shown in the draw ng which is for . a |ow pressure
demet hani Zer , PIORYIeR®-t | alhe re$e | gbridtel JRrtiaryt ephriaerany rRyidest @lhthbei de al |

of the required .| evel f . refrigeration for an t hvl ene pl.ant in the
series of hea eqé'%r g’ Eé?gdigpdfg,ﬁ’p%i?wi%‘f Pef‘é’"&ﬁgﬁ'%ﬁ.éﬁﬁﬁgeé‘s ‘H@ﬁ{ Wgr&') hanger s
can be conbi ngdyRgingSINRr Nk F6r Vo P XRAdISEh dratd rétrigepitesy tpaer of units
depending on the particular needs for any particul ar ethyl ene process and
in particular on tfibe mpposéiot tbhgrgeergasventipois ta providédhie areeesygriycal | y
plate fin type heat 20 exchangers and are preferably packed inside of a
heavi | y i nsul &fdgeraiion o sprarater e rydrogen ang methangokomothsy eharae g9@sat gai n

a0 19,1 L% g B SURETE Whe RRRAEDh e SELCS LRSI
system wi | | B%éi’eﬁéﬁi%;gﬁdiidﬁ FeQArePh BSoPthé ReRIré I flah € MRS RIK E 3o e
purposes of 25 illustration only. The charge gas feed 22, which is the
pyrol ysi s gas speciticteroimediment 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
15 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
20 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
refrigeration system, the flow of the charge gas through the system will
be described with examples of specific temperatures for purposes of
25 illustration only.
The charge gas feed 22, which is the pyrolysis gas conditioned
as required and cooled, is typically at a temperature of about 15 to
20°C and a pressure of about 3.45 MPa (500 psi), and is typically a
vapor stream. The charge gas contains hydrogen, methane, and C2 and

30 heavier components including ethylene and propylene. The chafge gas



as .required and cooled, is typically at a tenperaturelasEPZBMBERRE0G 0 20C
and a pressure of about 3.45 MPa (500 psi), and is typically a vapor

stream Tiw ohies7ge2 gas cont ai ns hydrogen, nethane, and C2 apdr/380Hrgys er

conmponents including ethylene and propyl ene. The charge gas 19 SEPTEMBER
2006 WO 03/087022 PCT/US03/10873 5 22 is progressively cooled by the

refrigeration system of the present i nvéntion in the heat exchangers 10,
12, 14, 16, 18 and 20 with appropriate sePar ations being nmade to produce
denet hani zer Ra@eigsprogiressivalr erolgd sby 2he getrigasaticnalystiernnot ke gasent

Char o gas | STUBNER 1 ohe SRS et o1 242 hinelk dECREMoRD w1 15
co0l €3 110 -Gt o5 126tblc b BRUES Haade iy Bidy HERL 2R, N0

separ at ed at e con |s a e denet hanizer (not

shown) . The rgRaigd gds Qanerﬁretocwleahﬁmhémbedxéﬁmagm 4@d -13BGolvh &P heat
exchanger 18 with 'the condensate 32 in the effluent 34 being separated at

36. This (Sondehe'é\t SBL at 23. nindhtad dxebanger 1 hethedemrgh gasiecool®rkefroapor 38

is then further oI egplfn hea} exchan er EO from-98C t? -130C with the
condensat e 40° 351 ettt 312 Indieqy exs page 16, itrisep0leq drrp @it e 40

s atop feedy Opbe ARFRHIA AR08 2B ASTHHIERD HRRONAE. 45 thery

separated (no own) to produce hydrogen

pressure met hage Sth&Bnfensdte 254914 r!SwlePOﬂéeéztd %héoﬂerﬁgﬂl\érﬂgera'mot

partially condensing the | ow pressure denethani zer overhead to generate

reflux. The rehaiwm)ndlteymrhsaiathg vaper 30 iothdrheoaleddtdrani728C foor98°C e hi gh
pressure nethane stream 20 54. The hydrogen stream 48 and.the | ow and hi gh
pr essur e Tkt hheet exchaager 58 with she mondeasateddizt iroae ecfﬂuenh@4| peing: heat

Crohanger s, RopSaTBChF S, SRR, cBhEResle F 81 BReHES thhdha g oh ™
sent for the LREANRLYIZE!, THE vapBY58Nns tABA FRRABYLENEa AN et B%&hanger 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.
15 The remaining vapor 46 is then separated (not shown) to produce the
hydrogen stream 48 and the fow pressure methane stream 50. The
cooling loop 52 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
20 54. The hydrogen stream 48 and the low and high pressure methane
streams 50 and 54 provide additional cooling in the heat exchangers.
To complete the description of the charge gas flow, it is the
demethanizer bottoms which contains the C2 and heavier components
which is sent for the recovery of the ethylene and propylene and other
25 components.

In addition to the charge gas stream and the tertiary refrigerant
streams, the streams 55, 56, 57 and 58 are various ethylene plant
streams at various temperatures which also péss through the heat
exchangers for recuperation of cold. Merely as examples, stream 55 is

30 for the recuperation of the cold from the low pressure demethanizer side



25 conponents. In addition to the charge gas stream and? SEETEMBER 200§
refrigerant treans, the streans 55, 56, 57 and 58 are various ethyl ene
plant st "&WE8M22vari ous tenperatures which al so pass thr J§JHSOREHEat
exchangers for recuperation of cold. Merely as exanples, streamb55 is 30 for
the recuperation of the cold fromthe | pressure denet hani zer side 19
SEPTEMBER 2006 WD 03/087022 PCT/ US03/10873 6 reboiler. Stream 56

recuperates t d e | € n I ressur

demet hani zer %(;%tofclgk §yl;eglﬂ:} tgr% _reg§§ ée%?né%ﬁei[ gglﬁof(r?og‘r&'gu%%%g?ﬁ}gﬁpé?ecf ﬁ_@g

deet hani zer fgd|oWhgr&isivaaidreétt@ntzert BStt8hN¥eBORer. f r@GELRAN Ol Sigre

reboil er and bottomreboiler and the ethyl ene product. 5 The | ast stream 58
covers the reecppeedtioonobthe dedtharizert feed, aherethdeetrbaydizethd eedylehbe

et hyl ene product, the ethane recycle and the refrigeration consuned in a

doubl e- pr essuiracdemiop aife wbolgs paghbottemrekpiemanrd the etndgnemraduaet.t r ansf er
bet ween a.warm,f| yi and old flypd is achieved wh he tenperature

i frerence s Mok sEgim: sl avers o e BRCURIT 20 il b6y HhAnE ke

| nventi on, ha&e&ﬂahﬂ%?%%&ﬂ&h&%ﬁf@{eug% d¢h th@céﬁ?a%e"%é’ﬁﬁé’rdr?@ttp@’ at a
fixed pressure. This is as distinguished froma pure conponent refrigerant

whi ch vapor i zedrigérasioncosrsduangd tre apndil enpeesdura déprepamizes system.Pur e

component refrigeration systens therefore tend to be nore efficient when
the process 15 condbadnaymupmifistency¥sofabeatutienategdptwszeny alvaain diuid

unchanged, when, bei cooled.. and relatively |l ess efficient . when pfocess
t enper at ur es a%@r%‘ﬂ&%‘%ﬁ%aB@FHGg%%?%%Pe Eﬂ%pﬁ{%%e Fjg*?rleag?é%ﬂf%"ﬁ' sést ens,
such as op LY iRl St ' Is ges; eversed. |
T an ot R0 ondere, iRl SUER s Bopbrs PR, i CerRiE RN it gatiRger oo
refrigerati onterhpe@turechvithiinelepsingnaipnizationper atflxedSprebsurg0nEhigris ast
decreasing tenperatures. In the pending U S. Patent Agpl ication Serial No.
09/ 862, 253, edistinguishetetromapypurefqdngeenentorefagstasyh WoIchEy agorizes at a

constant temperature at a fixed pressure. Pure component refrigeration

systems therefore tend to be more efficient when the process

15 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 plarit, some of the cooling services requiring

20 refrigeration are at relatively constant temperatures and some are at

decreasing temperatures. In the pending U.S. Patent Application Serial

No. 09/862,253, entitled, Tertiary Refrigeration System for Ethylene

Plants, and filed May 22, 2001, a mixed refrigerant system for ethylene

plants is described which emphasizes a constant composition

25 throughout the system. Thus, a somewhat lower efficiency in the

constant temperature heat transfer services has been understood. The

present invention proposes to improve the efficiency of the mixed

refrigeration system by varying the composition of the mixed refrigerant

used for these constant temperature heat transfer services. This

30 invention is especially directed to the refrigeration system utilized in the



" Plants, and filed My 22 2001, a mixed refrigerant syl9SERTEMBERZMS| ene
plants i | hed whi ch enphasi zes a constant conpositio t hr oughout
t he syst%gq%&@??a somewhat | ower efficiency in the cons?&ﬁ?”stoéfr‘r%é?ature
heat transfer services has been understood. The present invention proposes
to inprove the efficiency of the mxed <efrigeration systemby varying the
conposition of the m xed refrigerant used for these constant tenperature

heat transfer, b i ' ' " eci L .0 t he
rofri gerati of Bacdtudif By efitEndtort RbAE Suitn HEREF B torGl B BEatS:

PCT/ US03/ 108 %8quifedfrp@r atlihencehcaithgbenglssd rieen @iiragesdvhbiernasofstepky | ar ge
refrigeration requirenment. The concept can also be utilized for other
constant tertperatwetweat transfef serdeesy Mot laweh heetwtranséert dutyasséler duty
such as the deﬁ}téahgni er. 5 For the purposes of the present invention, the
total duty of3StHE %‘?ﬁﬂ”&%'fractionator condenser 59 is handl ed outside the
col dbox w:th specd onsj.derat isom. e

typi cal | }M}S/ used f8¢&1 ‘Jﬁ’e&?t % gndg%ﬁa@ésghgmr&%déﬁgg&qﬁggpﬁ{ rgg(r%lg er
service al t haitahiene! RaShioratox ebABERET, 5R%s handlRE ciRkeb®e cAldBoRIVeRhbe
utilized. As known ( 10 fromthe thernodynam cs, the condensation of the
process streapesial ltonsulesation. tShejearat tube, exchangess ahe tygibglllgnesedrfact i onat or
overhead and the deethani zer overhead, as well as the depropani zer overhead

if a single thewepdeaerkactorator scengpnspedheal itransden segviges althaughit a

m xed refrigeration stemis. usgd re the v ni zation cyrve i s sloped
with 15t errpgcﬁgqu’egx aep%r%,ez.ascg‘ ﬁleeﬁggt%%eﬁa& %gg b&g"b?& c)frbofi'f' Qs
neffici epey peh fHStHelmold)nBiiEE thB QR eROATSHTBE 198 pfddessGrd SV ARY
refrigeration system For the deethanizer condenser, the refrigeration can

be supplied bgoristenttémperstute,asiidhoasitbe eshylene efoadticavator olvertesad aadnst ant
tenperature on both sides. However, there is no alternative 20 for the
et hyl ene fr aciheofleehanizsideverbpaghpewell asméheidepeapanizer pyerhaadif 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
15 temperature. The wide cold-end temperature approach indicates
inefficiency and results in higher power consumption for the tertiary
refrigeration system. For the deethanizer condenser, the refrigeration
can be supplied by the ethylene fractionator side reboiler with near
constant temperature on both sides. However, there is no alternative
20 for the ethylene fractionator condenser which is the biggest refrigeration
consumer in the ethylene plant. 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
25 tertiary system of the present invention.

Turning now to the refrigeration system per se, the tertiary
refrigerant as identified earlier is a mixture of methane, ethylene and
propylene and is compressed by the multistage refrigeration compressor
60. In the illustrated embodiment, there are five compressor stages 61,

30 62, 64, 66 and 68 with two interstage coolers. The interstage cooler



consumer in the ethylene plant. To make the tertiary sy$SEREEMBERZW6t| ve in
power consugption to a system designed with separate conpressors, a concept
to generat®® PWHEA refrigerant stream approaching the corfeHPPBA4P?3
propyl ene refrigeration is called for in the 25 tertiary systemof the
present invention. Turning now to the refgrigeration systemper se, the
tertiary refrigerant as identified earlier is a mxture of nethane,

et hyl ene and py. j . i fyi geration
comr essor 630 Bk RE T Gaede FRRERRZGD ki e Iieliaf BBl 74 BEC o
stages 61, 3019 folrth se8geBchdrgd V8. tTRe li?&ieriﬁtmq,efdm% Sfage didBhhmfecr St age
cool er 19 SEPTEMBER 2006 WD 03/087022 PCT/US03/10873 8 70 is at the third
‘st age di schar géter2ovnling & sdparatedenhagkEunodB eo prdvids the hephg rébigerénist age
‘discharge 76. The liquid in this fourth stage discharge after cogling is
separated in tRe d}hﬁﬂ‘?’@atrlﬂ’%r"&ﬁo(ﬂeélé HEOme 84 8 isgratyried 89 thenfthemai ni ng

82 f d 78 fifth : d
extracted e PREMErCH SPRESY PRESQratEu e b MERTRSETRY BIFET 547
cool ed and parfhalfiyal denssd idcoBfeatd paRTall deHsed dtg@ratd g O
generate a nmediumrefrigerant 90 and a light refrigerant 92 by phase

separati on. Thkepasgqedah dvper 88itoggemerdid aomedamd refriceraan @@ and @pkxgtat | ng
conditions for the conpressor are as follows: 10 Range of Suction Pressure
Typi cal Sucti 6@fr@srNt9dRY Phosg separaboy: eEhetypical opgrakieo gooditions@rshi e 0. 014
-40 2nd Stage,Q.4-0.55.0.46 9.0 3'd. Stage.N.7-0.95 0.86 47 .4, h Stage 1.1
500 1 a7 4R afag B pesrating sodofions F sRe ol RsPor B AR UIVEL om t he
drum 88 p@ggses through all of ,

Range of Suction Pressure | Typical Suction Conditions
Mpa Mpa Degree C
1% Stage 0.011-0.016 0.014 -40
2" Stage 0.4 - 0.55 0.46 9.0
3" Stage 0.7 - 0.95 0.86 47
4™ Stage 1.1-2.0 1.5 37
5" Stage 2.8-3.2 3.0 45

The light refrigerant 92 from the drum 88 passes through all of
the heat exchangers 10 to 20 and is condensed and subcooled in the
process. It is subcooled to about -130°C at the exit 94 from heat

15 exchanger 20 and then flashed through valve 96 to provide the lowest
refrigeration temperature of -140°C to -145°C. This level of
refrigeration provides the cooling of the charge gas stream at 42 down
to -130°C or lower and to provide sufficient cooling in the loop 52 to

generate reflux from the demethanizer overhead.
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the first stage 61 of the conpressor. Fromvalve 106, the nedium
refrigerant fD8ws back through heat exchangers 12 and 10 and then to the
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medium refrigerant controls the temperature of the charge gas at 23 and

24 by flashing the subcooled refrigerant through valves 106 and 108.

From valve 108, the medium refrigerate flows back through heat

16 exchangers 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

d[um 112 for the third stage 64 of the compressor. The liquid level in

drum 88 is controlled by adjusting the valve 110 and providing limited

20 refrigeration to heat exchanger 10. This portion of the medium is then

fed to the suction drum 114 for the fourth stage 66 of the compressor.

The heavy refrigerant 80 from the drum 78 is about 88%

propylene. This liquid supplies two major duties, i.e., the cooling for the

ethylene condenser 59 and the major refrigeration demand in heat

25 exchanger 10 to support the self-refrigeration of the tertiary refrigeration
system. The degree of subcooling of the heavy refrigerant exiting the

heat exchanger 12 at 116 is flexible between -10°C and -35°C. The

following table is a summary of the suction streams to the compressor

and the compressor flows,
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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 70% of the total flow in the first stage stabilizes the

compressor wheels. With 70% of the total flow in the first stage and

a relatively uniform molecular weight throughout, 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 single

refrigerant compressor system. After the extraction of the heavy

refrigerant from the fourth stage flow, the flow and the molecular

weight in the fifth stage becomes substantially lower. However, the

fifth stage compression can be designed and the loading variations can

be controlled by the recycle flow to the first stage to minimize the

effects. With respect to the control of the process chilling duties, the

variables which can be

used

include the control of the critical

temperature, the adjustment of the overall refrigerant compaosition, the
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additional olefin plant process streams by the use of 14SERFENIBER 2006
refrigerant in said refrigeration systemconprising the steps of: (a)
conpressing a tertiary refrigerant vapor conprising a selected m xture
consisting 10 essentially of nethan®¥ ethylene and propylene In a
mul ti stage conpressor having a first stage and a |l ast state and at | east

one [ nter edi at eirShatglhiCt! theSdobuctiP Y loiithsCRER ki Girdl dagast S0 percent
of 15 said mxture; (b) withdrawing at |east a portion of sald tertiary

ref ri ger ant coBFHING rifredRn. onedeng. ethiflenanaar aetbestGgend Hesviesool i ng sai d
Wi thdrawn peukicRardtinss Ahdreid &di€dhaffeY ghsf 55%%‘&9&&» YP R Fint g;#afn(?r m a .
remaining teftiary refrigerant vapor and a heavy Itquid r&fTigerant having
a greater peracents¥gemst argrapelddebe atrefrigesatiah switemt malingriaxdeniee; 25 (d) '

separating id _he | i quid. r | ge t from id remaining.tertiary
refriger Ant %sa}g?rt, g)\(%hr?ggrg%f uf nri%%gh(’ga?%nrcg?r%?%Sr?g(ﬁtcg‘rafqear%?s Pg?ri gerant vapor
to and throagdditisaald oledist plesit agerceSD stepraxbyacdid ngesat da reenddrpi ng tertiary

AR ETREE SEAETNE BT DLt R L AL
a medi um (a) compressing a tertiary refrigerant vapor
comprising a selected mixture consisting

10 assentially of methane, ethylene and
propylene in a multistage compressor

(' having a first stage and a last state and at
least one intermediate stage wheregin said
prapylene comprises at least 50 parcent of

15 said mixture;

(b) withdrawing at least a portion of sald
tertiary refrigerant vapor from one of said
intermediate stages;

{c) cooling said withdrawn portion of sald

20 tertiary refrigerant vapor to form a
remaining tertiary refrigerant vapor and a
heavy liquid refrigerant having a greater
percentage of [Iaropylene than said selected

( mixture;

25 {d) separating said heavy liquid refrigerant from
said remaining tertiary refrigerant vapor,
and returning said remaining tertlary
refrigerant vapor to and through said last
stage;

30 {e) extracting said remaining tertiary refrigerant
vapor from said last stage of said

compressor and cooling to condense a

AMENDED GHEXT



“lliquid refrigetant and forming a |ight vapor refriger8#EPEEMBRER 20f§condensed
portion thereof; 5 (f) bringing said heavy and nediumliquid refrigerants
and said |ight vapor refrigerant Intp heat exchange contact with

t henmsel ves and each other and with said charge gas and additional aolefin

pl ant 10 process streans in said series of heat exchangers whereby said
charge gas and { addpbitmmathepbsff thergdyafdrnh®GESsedhirheans are cool ed and

sai d heavy and nedi un].l i.aui . refri&e;ants are heated and vaporized and 15 -
said |ight vapor refr'GEPdftrgesant 38t IYBuPe@ Ysht ¥ePareast partially
condensed and then vegegeraat; ofNthe QndoPlERsdd JpSdbd | 1 ght and medi um and
heavy vaporized refrigerants to said conpressor. 20 2. In a process as

recited in claim1l whEFEs¥ said step of wthdrawing at |east a portion of

said terts ary refif)i gepapdinyaRed ey aMe Q,fedﬁﬁ,i,d”&mger medi at e stages
conprises withdrawing all of said tertiary refrigerant vapor from said
stage. 25 3. |In a protafdgerantsy apd sad light Mapiomrefrigeeandi n sai d one of said

internedi ate stages ifhhe Repul LidBiGeSt 38Rtad 1 Ryf Process as recited in
claiml1l wherein said heavy liquid 30‘a$ef ?n%gé?cgnt ‘?Hﬁstep (c) has a

propyl ene content gr ethtemselteana®bdgach ANEMNDEDD SWERTsald
charge gas and additional olsfin plant
10 process streams in said series .of heat
exchangers whereby said charge gas and
( additional olefin plant process streams are
cooled and sald heavy and medium liquid
refrigerants are heated and vaporized and
15 said light vapor refrigerant is first cooled
and at least partially condensed and then
vaporized; and
(@) returning said light and medium and heavy

vaporized refrigerants to sald compressor.

20
2. In a process as recited in claim 1 wherein said step of
withdrawing at least a portion of said tertiary refrigerant vapor from
one of said intermediate stages comprises withdrawing all of said
{ tertiary refrigerant vapor from said stage.
25

3. In a process as recited in claim 2 wherein said one of said

intermediate stages is the penultimate stage.

4. In a process as recited in claim 1 wherein said heavy liquid

30 refrigerant in step (c) has a propylene content greater than 85%.
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