Method of Cooling Using Extended Binary Refrigeration System Background The embodiments
disclosed herein pertain to refrigeration systems and refrigeration methods. Ethylene plants require
refrigeration to™HAPAEE5Ut desired products from the cracking heater ifitidE 4&A3téatly, separate
propylene and ethylene refrigeration systems are used. Often, particularly in systems using low

pressure demethapigeredvbecLEIMe IRmRERt¢atearBifeayiRefrigeanivatBysthane 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 exchanBee&gpining, etc. are used. Mixed refrigerant systems are known. In these

systems, multple refrianis, s Hilized i Bngle GTAREAHID iR RRYMReTrigeration

covering a wider range of temperatures, enabling one mixed refrigeration system to replace multiple
pure component%t@ﬂﬁéﬁﬁﬁ@?ﬁﬁﬂ@ystems. These systems are characterized by mixtures of
components with sequesriabsaans wnbiesseffigestisnixesbringesatidestystprosutye found

widespread use |n base load liquid, natural gas plants. . h jcat i mixed
refrigeration syst%é?nmtghe%h%/rl%%@hgla[{‘r?tagjeersi%nlfg |sch el @ U%g%g?gn?‘ia@ggn% -ir%! which the
refrigerant is a nidtyienef eféteseiocawstamiusipaisefan@iaihhastiopiany 8 8¥SETBS(carbon number
2). A binary refriggiaes e gualbRaRisiennsi mikeirpmpRNEoRRishERsmperature and

pressure conditions. However, such a bjnag ,refri%eration %Stem is?!im(iased,,i th(%r;tergperature range
over which the sfsfeRAEIR FEBRERIET ARG EYSIET IH & DE TR S ed a%’faﬁnsf% separate
propylene refrigesapiamaigy Sterigthatiqprosidésnibe arfrigeyaiteh itabeadingpdratardase’je of -4poc and

HeffILOMRI00 SYRSTIR B SREUARH s ystos R 6,637,257

warmer. Therefo 0. seRar
teaches the use ([)%'E%r?gl(f?e re?a;lg ration system for all of the refrigeration requirements of an ethylene

plant. The refrigatihtSysEans aImixaaRasRH BHFRABIS ARG S pREDYRSR (carbon numbers 1, 2
and 3). The system is qaRablechiguiantysysteatsgreatiosuwat tampessdusgsteneds dakiptzelow -1400 to

near ambient te”r]g\‘?{gaetya{r?tsle\é% utilized in a single refrigeration system to provide
refrigeration covering a wider range of temperatures, enabling one mixed
refrigeration system to replace multipie pure component cascade
refrigeration systems. These systems are characterized by mixtures of
components with sequential carbon numbers. 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 5,879,177 in which the refrigerant is
a mixture of methane (carbon number 1) and either ethylene or ethane ‘
(carbon number 2). A binary refrigeration system uSuaIly operates with a
fixed composition at given temperature and pressure conditions. However, '
such a binary refrigeration system is fimited in the temperature range over
which the system can be operated and therefore it must be cascaded
against a separate propylene refrigeration system that provides the
refrigeration in the temperature range of —40°C and warmer. Therefore, two.
separate refrigeration systems are required.

.S, Patent 6,637,237 teaches the use of a single refrigeration
system for all of the refrigeration requirements of an ethylene plant. The
refrigerant used is a mixture of methane, ethylene and prcjpyiene {carbon



U.S. Patent 6,705,113 teaches the use of a single refrigeration system, again with three components,
utilizing a different process configuration than U.S. Patent 6,637,237. However, both U.S. Patent
6,637,237 and U.S. Patent 6,705,113 require three components to supply the required refrigeration
duties at the required temperature levels. Using three components means that the composition at any
given system temyperataré afdapressufbalepsientisorresplnal teupriving csiderp8naH but rather to a

range of Compogwgam%mg £OmBeRilion Midhe FeisiaaraRimIHEeakRBYgien point in the
system can vary. While this variation is small and does not a pr?cia%g?etragti frclgmlgge performance
of the refrigeration systém, it gy b%@%f&gb‘%a@%eme“&%ﬁte% A& o G erant
composition varigktsnat agairenwitmpitratureeamdqragsuretitzmgreealiffpradjuiresesmnges in
ethylene plant operating eandiions, Sursnant ¢ Emsedignisdistgsed hereisagggk o provide a

simplified, single refrigeration system utilizing a mixture of methane with a 03 hydrocarbon as a binary

refrigerant. As STty apsdhSisRient AR dd sG-S SAFRPRERTD AP KYERY:arbons but
rather has only @lansh0cayisearammconipsngntss thigusystiasisoefersetbtelas @sirgtended binary
refrigerant. This extended binary system c e.used t e the pr. ene, ethylene and
methane refrige@?@n %%}8%’58 rggs&?gpesdqvﬁﬂw éﬂ%08%§é8§#%®e§ _uéﬁ%ag% ;ﬁggéure demethanizer,
or the binary or tentipeyetefeigohims sy st SleRs NN $RRAE R IFORITUECERREHRNE¥arbon numbers.

One use for the SysteMDHIS ikASLOMETRMBINons. TRGCAFENGHpasiRsPected vaaigeesent invention,
there is provided a method corr}%)risin coolinE a feed'ﬁas usin%aw%te ded bingcr% rgfrigerant

containing a mixAHEHET AeBUEVERPL D5 Ry EXPSIH SEIL R /oM the §rodh

e group consisting of
propylene and psopinentheiesse moédebpranjatefrigeteast bisiny doenperéesebica ralilthgage compressor

naving a1t g6 ABK IS SARC 1A ash RRELE BEaROBLS)RMAAAR ORIl % O the 03
|

hydrocarbon, an ng divided into a liquid coolant stream and a gaseous coolant stream after
compression.  Tefigerent RAMBEAHIRS FIEALPALRS i@ SHuRNILHBPIRETEPREGESTRER Y e typically
contains at least§rénssHy pepmtienenangesametiyieseapieasipibativg) 86mpfitipytene. In some cases, the
last stage discharge contains 10-40 mol % methane and 60-90 mol % C3 hydrocarbon. Often, at
least 90 wt % of the C3 hydrocarbon is propylene with the remainder being propane. Typically, the
extended binaryufrig@ant contains 15-25 mol % methane and 75-85 mol A propylene, and

sometimes 18-22 mol % ApiiakeBdstbSimerdn nesyenerdidaanysieasiisdihsirigied gas contains

an olefin and the method comg{é?gesﬁggmovin%.the oletﬁr%g{om thetﬁoo@:gl feed gas b féactionation.

According to anSfeISHEHLEY AT S hﬁ&ﬁ%gar

B ABRENER Ion, there’is prowged ame o_dpi%r cooling with an
extended binaryaefiigeyarsfigeranisie: (e borapreysiang daniiriugeceotiip@sing dou® ahol % methane
and 60-90 mol % af 3t IeastRRe, A8 duairecarban seliestess i be graupTayaistiageh propylene and

propane in a multistage compressor to produce an extended bina%y refr,ir\gﬁ‘erant vapor,.(b) cooling the

extended binary FORRRIEMEV NS S5 65 de AR LS50 106 tRBrEX AR, PIAGE T £38lis methane-rich
binary refrigerantsiseamenaidd lipuadyC8vhimnocanonericlsdinadoy refiyeraiitestrsaarafe) employing the

methane rich bingew i gELAlEAR ARG e OISR G D BeRuIsIda iRt sea (0 cfec

cooling, and (d) Fetu ane-rich binary refrigerant stream and the 03 hydrocarbon-rich
binary refrigerantesipeam ©FREshHERGGe Kmprastye demethanizer, or the binary or

tertiary refrigeration systems utilizing hydrocarbons with consecutive carbon
numbers. One use for the system is in an olefins plant.

According to an aspect of the present invention, there is provided a
method comprising cooling a feed gas using an extended binary refrigerant
containing a mixture of methane and a C3 hydrocarbon selected from the
group consisting of propylene and propane, the extended binary refrigerant
being compressed in a multistage compressor having a first stage and a last
stage with a last stage discharge containing at least 60 mol % of the C3

hydrocarbon, and being divided into



Sometimes, in (c), the methane-rich binary refrigerant stream and the 03 hydrocarbon-rich binary
refrigerant stream cool a charge gas comprising hydrogen, methane and ethylene. The charge gas
typically is used to produce ethylene. According to another aspect of the present invention, there
is provided a method to be used in the production of olefins from a charge gas containing hydrogen,
methane and ethyiguid vinlaristieercizadie gaseusovieldsisemtrigfteatonpstionhaving a series of
heat exchangers. The ?ﬂ@rgé:ﬂ_ar%ﬁ&%‘?ﬂﬁqlirb?e@%@l d igomRiisiege (ArrempLessiagean extended

binary refrigerant vapor containing methane and a_C3 hydrocarbon selected from the group consisting

0 () r
of propylene andiBFEREITYRISAUFISIAYY EiRARLSOIMRAVINB PHIRIR AU SHBCH TR 8lage with a last
stage dischargeledst Gaatinygtomopgensela goritoracéihthettehdegdischasfegordanyvapor from the

ast stage dischaghe o (590 A AMANIRG £XG0MS hieaiigsiapt vapor and a heavy refrigerant
g

stream having a greater percentage of propylene than the selected mixture; (c) separating the heavy

refrigerant stream fromQfienvethlam e xbi el b RedrerRenva PRy aseifate?: (d) cooling to
condense at leagiradnitiopefidheommaimngsnieneedxpnas iefiggrafigeapor depmithe separator to
form a light refrigerant str ; (e).bringing th vy refrigerant stream_and the light refrigerant stream
into heat excharggéggoﬁ?ggmc’it#%g?ﬁéI'\a/%é a(?n%gegagﬂoj})th%r %rr?g%ﬂﬁh%n&a?r%néeg?%e?n the series of
heat exchangerd #vB2rete) theretthage sl id @ESatiote eeryiardride ranstreaidsis tb6oled and then

heated and vapgsized.andtee-ioht raliigesant sl eanrisdicshannies @b ahieass Rastially condensed
and then vaporized; and (f) returning the Iight r_efrigerant stream and the heavy refrigerant stream to

the compressor.Tom %6006 deHdRR RV ASH stream obtained in (c) preferably is used for
cooling in (b). The Iighb&reddgﬁngntcstMmrz_nmp’arﬁaltyecdeeersﬂetﬂﬁbqrﬂimwhéhegﬂrésrigerant stream
and further Cond&%ﬁﬁéhr&’u%ﬁ@& r?&?gﬁ%ﬁtﬂ% IFOTIR CaeRolle CRTERresshigigiides an

intermediate stage. The method sometimes further includes usinﬁ the heavy refrigerant stream for
cooling at least 6ABBRHRGHR) SREARSEERat MK HER FRIPEINGD NG & UG L& EHanizer
condenser.  HA@ 60rOpaskion of propylansin tieHaioearbpriessietsihgediscbaygrpiten is greater
than 50 mol percent.. The composition of propylene in the liquid refriger ream sometimes is
greater than 80 rcr?&sbsélP ﬁfﬂrng %?rrfee gggn sr, aen?ngltﬁoral*@rg tc% ‘oIiJrzm%H? r&%#z%%pigﬁ%%%gase the total
refrigeration capzitgxtdraieexhitary oefissisinvaamslofmgcadascir eftgerttidhd%tem having

separate propyleggiadid Rtyisiierse HiBREMIAN SYHIAMS - therdbF EHBEPAES. dhedpeibiad includes using
the light liquid stream to provide additip,nal refrigeration d t%. In cirgnhc?qsesé@e li mf refrigerant
vapor, at low prée&HRNSE e RIS TR TN T FERTY AN BHEHIS &mtdhTe SR

gan eﬂ?{/ &he fractionator
condenser, dowhstaeanefdfierzal\areagul&tinenflooy vt ipeitiaed-itr dinay gafridatanthe ethylene

fractionator condgnsex. Qptignallysth disesaiiasatina-durmlhnexpnsadipinamerefrigerant is

decreased by heat exchange between an ethane recycle to a cracking heater that js produced at the

bottom of the frat@RiRgiAgISMR NG IRR SR IRARRM PRREY ALy 5% 8 Bflowing from the
top of the fractiogatingitowesotrrahdiimereraipigeanertrdaen dirdot refligtagt aordptgssbthe extended

binary refrigerant s deqigaagl Oy Neat PXEOARAR DANREN APAI AR LAENF /0. ciRgking heater that

is produced at the bottom o ating tower, after pressure letdown, and the refrigerant flowing
to the ethylene ftbetiGRatordrepabagdich binary refrigerant stream cool a charge gas

comprising hydrogen, methane and ethylene. The charge gas typically is
used to produce ethylene.

According to another aspect of the present invention, there is
provided a method to be used in the production of olefins from a charge gas
containing hydrogen, methane and ethylene wherein the charge gas is
cooled by a refrigeration system having a series of heat exchangers. The
charge gas is cooled in a method comprising: (a) compressing an extended

binary refrigerant vapor containing methane and a



In some cases, the first light hydrocarbon separation tower is a depropanizer, and the depropanization
is split into two towers, with one at a higher pressure. Sometimes the higher pressure tower overhead
vapor is at lea®PpdtiAi*tondensed in an interreboiler to provide reflux ‘forfﬂ%‘?‘?ﬁjW%i‘éssure tower.

In one embodiment, the method further comprises the step of deethanizing the charge gas, wherein no
deethanizer con@@nidrecarovieaiestad diem fhietarage SRIGIEERS AlitRYATPrBRIMate a feed tray

where a deetha'ﬂ:i@a%oﬁﬁ@ﬁﬁﬁi@@%@@éﬂﬁﬁ%éﬁmﬁg@ﬂ@wg&iﬁ@&@9&&@@ typically is derived
from refinery offgases, the catalytic hydrogenation of propane, or steam cracking of hydrocarbons.
There is also diséiBs&d'as &?@é/d%‘a‘%ﬂ&r% r i@gpi'ﬁgc}ﬁn?ﬂ’fgﬁasg r%iﬁ%?éogf?ﬁet?ﬁane and a C3
hydrocarbon selegieshiédmithey gefigecomsistiogiofprvpyksictagd gispargs thdamended binary
refrigerant contqjgmgir;ljggﬁé%meo@ meé;gqgﬁggpéﬁg g@%ﬁfﬁé@@ﬂ@ﬁ&&%@%ﬁﬁ@rbon selected

of pro dp e

from the group consistin pylene and propane. The refrigerant contains no more than about 2
mol % hydrogenaVitatReIISRIPRRAIGEIRAR A RIBPYISS, thBR ANSoPPIGREAVINEYER KBing 100 %.

Usually, the extepgdechbitanersageranigernpsaviste fetrigesatiominiibiexdbedenpesature range of about
-136 Deg. C to about 25 Deg. C. The objects. arrangement s of the refrigeration
system and metﬁ%%g%ﬂ'l"%é ‘b'graéﬁ??raor% rhz 8%8&1 rillo%nc\?vrfiwclic n%?%l ?v%ggér?&?g%%gﬁption of the
Drawings  Fidbeadrisining siertrdfiivatisefrigeranvaps Siomdbmsenawster iefiff8ation system that

is particularly apgI;i@ﬁp}gfyyé@,g,ﬁ@qgg}ﬂgtépmggr@éim@mpi}gﬁggergmg{%%@mg expansion of

lefin plant product : ty. F 21 h tic flow di; 1 of I licati f
the extended bin FEHGERRDTEARLABP iEe XA B3 Al ORTRERNER HEign or to 2 major

expansion of an edefinstipbaranequithintpe shenife gatsr diritier stoies o flgahenademgers Figure 3 is a

i?i?&?ﬁéf low i, WBiEh IR YsSRBEREANS BFRLEYSBARRRAPERERI Ktiigsddn the embodiment

and then heated and vaporized, and the light refrigerant stream is first
cooled and at least partially condensed and then vaporized; and (f)
returning the light refrigerant stream and the heavy refrigerant stream to the
compressor. i

" A portion of the heavy refrigerant stream obtained in (c) preferably is
used for cooling in (b). The light refrigerant stream can be partially
condensed by the heavy refrigerant stream and further condensed through.
self-refrigeration. in some cases, the compressor includes an intermediate
stage. The method sometimes further includes using the heavy refrigerant
stream for cooling at least one of an ethylene fractionator, a deethanizer
condensér and a depropanizer condenser.

The composition of propylene in the last corﬁpressor stage discharge
often is greater than 50 mol percent. The composition of propylene in the
heavy liquid refrigerant stream sometimes is greater than 80 mol percent.
In some cases, the method for cocling is utilized to increase the tfotal
refrigeration capacity of an existing olefins plant employing a cascade
refrigeration system having separate propylene and ethylene refrigeration
systefns.

In some cases, the method inciudes using the light liquid stream to
nrovide additional refrigeration duty. In certain cases, the light refrigerant



Figure 4 is a schematic flow diagram, which illustrates additional heat exchange concepts, which can
be used as an alternative to certain concepts shown in Figs. 2 and 3. Figure 5 depicts another
embodiment that is particularly applicable when additional refrigeration capability is required due to an
expansion of olefin plant production. Figure 6 is a schematic flow diagram showing another
embodiment of aamexiended prassyreefisdekation st lighidhefagdienti stdamaenteninglefins plant or a

major expansion, g X240 plens piARL Descrllion AN RielesdEmhndimente | The

disclosed embodiments involve the separation of the extended binary refrigerant from the discharge of

the final stage othg climijstetafopartriasieerolia dper etiiensd frerienRife EBRUSABEIN at least one

liquid enriched ipieRXIgNEECNERNIFaVIRBSBcRSIGP I Vicle daryiBgIemasy astigs-andidevels of
refrigeration in various hea%gﬁ%ein%g ﬁt&}&es It.can be ad\éﬁa_‘g%aeg?ggs Iteo Foool %nd Egrtially condense

the vapor separ C&eé\alsﬁﬁje fesgor g %ébr%tév ] r|?)r<a)r\]/ic‘iae a secon%cvapor urher enriched in

methane conceriteationifEhdepatisdbinttpsysetiormatofilg draclienaéesl thwen afiglene plant

employing a lowgpessiy GHRMRthanize1Bul agsanbmsaPlisdiky aeiibiens pippavith a high
pressure demethanizer, in which case the binary system would, t |cayy only sup I}é r%frlgeratlon at
propylene and eHiRAiGna tom fV5fu 8 I@ﬂ@rﬂpﬁq'%ﬁgyﬁﬁrﬂ‘%&ﬁ é%%rﬁlﬁpfbﬁ% rAtion temperature

levels from just kiedoswtamizie hitarappitpérnatetydettceavith heatefricieragehetineetlyasupplied at lower

lemperatures by e [ETIACAIN SISiERJTH SLLAURLINARIIEI BEIRUURISIEI IS0 can be used

to supply refrigeration to recover ethylene from refinery offgases. Furthermore, the system can be
used to supply rERRYERRIBE tBWBEATEN HIEBHHERIIRYVBy BRIUhE: EfHgRiARt firydleda g&? catalytic
dehydrogenatior@f/Riepaacithiesrtonastiydgrropylene product. The system is applicable to any

process where the range of temperatures for refrigeration duties is fr [ o.ahout -136 Deg. C.
The method will be deggriﬁgra‘?n%caosr?ﬁécﬁ\l%r? 5\5\%@5‘ an oﬁgﬁ?sc?)ﬁg%? V\?ﬁ%%w%g%ﬁﬁnsﬂ%i \‘Sg?athe production of
ethylene and proisyiesmeniresornd Sasdspeppyniighinn dasnbtiinte hlockywrd ke v atrethane and

hydrogen and thﬁ&arf&ﬂﬁ%!-.@&@&%%ﬂ@]émﬁ&%ﬁéﬂ&@@@fﬁé@&@ﬁ@t@#r@@éi%p&h@ geparation of the
gases in an ethylene plant through condensation an fr,%ctionation at cr .%ggnic%tergp%ratures requires
Ye nae

refrigeration ovelSASiR {BINpRRatRF AN e HE LGRSt RIGYITR AT Stion system of an

ethylene plant canebeuaesigndrcant part of the overall plant cost. Therefore, capital savings for the
refrigeration system cay, significantlyfedyiee dhie puaralh Plah g Sompniéss URd biejeias “extended

binary refrigerant” refers to a refricrggrant system that includes two hydrocarbons with carbon numbers
that differ by at |888i2RiRRG RSB BFhADGEIROFHERTENIZRE FBRSEhiPRYPERample, an
extended binary sefriggranisontaibethameibarewanGidwidmeatbar arfdguomyleresend/or propane (C3

hydrocarbons) dgeeés‘tip%iggrné%%seg%lﬁ%%@ %ﬁ%@%"tﬂé%&%%%%r?&né) The charge gas
typically is derived from refinery offgases, the catalytic hydrogenation of
propane, or steam cracking of hydrocarbons.

There is also disclosed an extended binary refrigerant comprising a
mixture of methane and a C3 hydrocarbon selected from the group
consisting of propylene and propane, the exiended binary refrigerant
containing 10-40 mol % methane, 60-90 mol % of at least one C3
hydrocarbon selected from the group consisting of propylene and propane.
The refrigerant contains no more than about 2 mol % hydrogen, with the
total mol % of methane, C3 hydrocarbon and hydrogen being 100 %.
Usually, the extended binary refrigerant can provide refrigeration within the
temperature range of about -136 Deg. C to about 25 Deg. C.



Ethylene plants with high pressure demethanizers operate at pressures higher than 2.76 MPa (400
psi) with an overhead temperature typically in the range of -86C to -100 C. Ethylene refrigeration at
approximately*28/ 91881802 C is typically used to chili the gross demethdfiZ&PEWEHEad vapors to
produce reflux. An ethylene plant designed with a low pressure demethanizer which operates below
about 2.41 MPa (350 % ahigxermraligemént anthadve RgFoofdhe. CF4gMRHEOGEYERTB0 psi) and with
overhead tempesaties, I3 06 ANDE LLIOC A 1140C.ERHSRWREN RNBgMperature levels of
refrigeration to generate reflux. The advantages of the low pressure demethanizer are the lower total
plant power requirement and the lower total plant capital cost while the disadvantage is the lower

refrigeration tempgeatyEacApHBAbLAREE thefgiags the need for a methane refrigeration system in
addition to the ethylene and propylene refrigeration, systems, The separati 's requires
temperatures ranging %@H{%ﬁﬁ eﬂﬁ(g‘%ﬁag? (s Pé%{aasmen £ %%r‘ﬁpé)@rg %ﬁg&qg&ﬁé extended binary
temperature rangdrigerafitie eyisatedhnhaiy edriipiany capiiicablea WhiRturadsiiggétMane with
propylene and/orprapaRe, RERSBAIYGReR IRGISAYECH ol ihemaibrRe i haEIm Jghmakeup, a small
quantity of hydrOgen can also be présent. The concentration of methane and propylene can vary
depending on thB"@HFHRECBRAH¥racking feedstock, the cracking severity and the chilling train
pressure among other pignsideratiaesshtitivifiogediaratyniad ingireerahgepidatidtoodtmol percent
methane and 70 tq 90, mal percen | r PressHy disgharge. A typical
SRR R SR IRt B TRt

composition for an Bletins p wi nizer would be about 20 mol % methane

and about 80 ma@tiant piepigie . Ttha Usaier SPanfige sliandeitnsarAIT§8rIMDRvides all the

refrigeration loadg,ARrddRMerRigiIgsreabpigthipease ethylene plant while obviating the need for two or

three separate refrigerant systems. The refrigerant usually, circulates in a cl system. The
purpose of the disclosgtﬂgé dai?n%%}%r@& g%vv ('Jaeq{ﬁ@’n‘é%'grs}ssér?/wseﬁ?&éﬁ)ﬁgté%%gparate hydrogen

and methane froexchangearorecgpts aitizprowidhetambodinentthbFdawiethanizer. Optionally, the methods
provide some or all of tﬁﬁlﬂg‘ﬂs@g@ﬂ@iﬁgﬁé‘ff&%i SNRHERRR SRikS BBional hB&fore describing

the extended binary refrigeration system, the flow ot the charge gas through the system will be
described with eR5PHBRIS EURERIR tUFR-ERTRELERRS IR RO Es Siltration only.
Figure 1 depicts gghesftaneedbinarigsetigetadion system design useful for adding incremental

refrigeration capability E? %peeg(igé@gtgI&@i&%ggg%{ﬁgﬁé@ﬁﬁ%ﬁ%ﬁ&%@j&ﬁ%ﬂ%@ capacity. The

chilling train feed 16 or charge gas, which isthe pyrolysis charge gas conditioned as required and

cooled, is typicaWhenesitipaghiafdosratinsucapsbilty Soeawiff SwedsRnpERABRA 8o 3.5 MPa

(approximately 28@+iQ S8R Reba@bis typically a vapor stream. In designs that employ both vapor and
liquid hydrocarbon dryers, the feed tq the chilling train is a combinatiqgn v -liquid mixture. This
stream contains hydro égllfr%gtﬁaeh%c,%aeﬁa 5%‘1% :ae%{slrgrsg&\#gn naér}]lgfﬁ%?ﬁé_lﬁgﬁ l;r/{?ene and
propylene. The cbiil ingetrisindiet Hingrs pfogecaiiincdy e nlavhish thary SR GeRstiBh B PS¥m in the heat

exchangers 18, 19,20 and 2, With-aRrsgpiiaie Separatiampeingimasimto produce demethanizer

feeds In addition to the chilling train feed 16 and the binary refrigerant streams, there are various
ethylene plant streams at various temperatures which also pass through the heat exchangers for
recuperation of cplekctisiionsasttnaPréferred Embodiments

The disclosed embodiments involve the separation of the extended
binary refrigerant from the discharge of the final stage of a compressor into
at least one vapor enriched in methane content and at least one liquid
enriched in propylene concentration so as to provide varying iemperatures
and levels of refrigeration in various heat exchange stages. It can be
advantageous to cool and partially condense the vapor separated at the
compressor discharge to provide a second vapor further enriched in
methane concentration. The extended binary system not only can be used



The system shown in Figure 1 utilizes two stages of compression to produce refrigeration from
ambient temperature down to about-136 deg. C. This design is complementary to an existing
refrigeration s‘?’&é?ﬁ“,/fgﬁffgr a classical cascade of propylene and ethyleﬁgyg# BIEHSR, a classical
cascade of propylene, ethylene and methane refrigeration systems, or a mixed refrigeration system.
The design as dapintethpene gbelypioliog eltonpmsshrer gerohtiiagizeiduaé Aleeatization and does
e éﬁf%‘i‘ﬁé‘ﬂ%lﬁ?ﬁ @ﬁh@ﬁ#&%?@é&@é@%ﬁmﬁanﬁ%ﬁ fhilling, train feed 16, is

not provide for f@c%%'
chilled in exchangers 1 19, and partially condensed and then separated intp a vapor stream 22

and a liquid streB#RehePiRan SAFeG YBL GRSV QNN SPAMIRITSHMALHBIRRBUERS . vapor stream 22
flows to heat exghaneiRpavkerpérigwecledend [Thtally, cbedeystech andukiesiggbarated into a vapor

sream 20 and & I A 20 L ALSRURIEHRY BRI SR i nindg he demethanizer

as the intermedlate‘Qempera uréTiquid stream. or stream s to heat exchanger 21
where it is cooletParfel wihtrolyetogrratisr dispetvsvardatiahtowevigmpemaRs 3 1R liquid stream 36

in separator 38. [Lhe,ligytishsijaim 36ris tiecpaliesidemetiguiassiegsteManes siieam 34 is further
chilled (not shown on Figgﬁpand t rich %O an% a methane rich

then separated into a ciro e{ §tream an
stream 42 in a seFEfdR Q’n&e"ﬂgﬁr?é'{gﬂhtgd' FEE 5 '}%f G RO et Redt exchanger
network of exch&ngbesr2dre2 thd Sysdi@mnchh Heasprttivelyppbhr rettgesayiarf toltkcoveThe extended
binary compressgn achaii olisadhd: diAMAE isEXEARGRINARSER iAsE HatRampressor 50.
0

usually contains at least 50 mol % C3 hydrocarbon, with_the remainder being methane. In some cases,
stream 1 contairﬁ’é%‘%‘?ﬁ@f’%‘bﬁ’éﬁ&%’ﬁ@%@%ﬁﬁ%@) A BYSIRTHRRRIFREARE Mo mposition. As the
methane makeuprtedbe whBIPrEssairs Enkispethdrew fofresfvieealomethtesizerfoet overhead vapor
product without @rt&ga HBOQS?,S{”.QV;;%OB‘& hédrogen is contained and the methane content is reduced
by a small amounT or exampllé about O.g'mbl %, in the compressor discharge with a 0.5 mol %
hydrogen content. Not@*tﬁat’t’ftﬂ@ﬁd%‘ilﬁ@,Qﬂﬁ@@%ﬁﬁéﬂrﬁ@@%ﬁ’ﬁbﬁéﬁﬁo@%&ﬂﬁ?@ﬁw@!?ﬂfdrogen content,

for example by GpRuRlSHHARHRCHR the pedtaetioa exsiRMe andPigaRAsiS BOSIReEDY Water or air,
preferably coolingawater, in heat exchanger 52 and %?rtiall condensed an thgn s%qarated ina
PEART2,

separator drum SASRRoPYERYT S ARSI WL R SRR IZERYS MRRANE IR enriched in
methane, is withaingvihefronttespacatasanin Fodune trehsepotateastbeiasmiafinstothy or mostly
condensed in exghangers b 04a2 A0 SERAALeHaITRSISA N RSRRAISOR UM 56. The

condensed light refrigerant stream 4, is then let down across a control valve 81 and optionally any
" uncondensed vaAFRTIBNAISLAE FHP IS CBRAGH BRIV FHLE S TGRGUL DFE R htrol valve 82.
Temperature conéraperddiradjugts mmapwemummmimmmngaramn syales 82 provides th_e_
pressure drop NegeZAs NERR SR SdbireAP g 4 RBSJEo gaalictagve B1. By Taising
Ischa ssure fr ,

or lowering the € pres: om control valve 81, the temperature entering exchanger 21 is
raised or loweredigrefdera@PBrhsauings fegine dBeniaien: SYRlem o aFlaNASafi Y oldest liquid feed
flow for the demesthabizer\basitiEamnsGokl.one embodiment, the temperature of stream 6, which is a
combination of steams 4 and 5, after pressure |etdown is about.;136 deq. C. . . Similarly, a
temperature controller@% o ?ﬁ%e\r/%'ﬂmes r%rgirﬁ e _fﬁ%‘ ?ﬁ%‘%éei%ﬁggf tf)érggg%’v%}n a portion of the
vapor stream 8 syates dhebinebides aglydsaserhnns winteamercoumeestirlgaRy PeBkated light

refrigerant streafp {ppipYids8iHBOAR SaRdBBEEY drasmibaiRte MjeraLEisdAteFpdiate temperature

demethanizer feed stream 30. .
example, an extended binary refrigerant containing methane (a C1

hydrocarbon) and propylene andfor propane {C3 hydrocarbons) does not

contain ethylene or sthane (C2 hydrocarbons).

Ethylene ;Siants with high pressure demethanizers operate at
pressures higher than 2.76 MPa (400 psi) with an overhead temperature
typically in the range of -85°C to —-100 °C. Ethylena refrigeration at
approximately -100 °Cto —102 °C is typically used to chill the gross



A temperature controller 93 on the vapor stream 22 leaving separator 26 similarly lets down some
vapor stream 10 to be mixed with the partially reheated stream 9 across a control valve 84 to provide
the chilling to YO HE{§& mest demethanizer feed, liquid stream 24. PSHERMEE*418d 10 are formed
by the cooling of stream 2 through interchange in exchangers 19 and 20. The composition of these

streams is unchgggeethagisticaverksa®!sdpdey noshieaims: S;etihandalb sBgibribepi@nor and liquid from
separator 56 are, recombined and become part of streams 6. 9. and 13. e vy liquid stream 3,
leaving separat&gaW%ﬂ‘m&/m‘é’spg%ﬁgréﬁﬁ@% ﬁrd%%t\l%rf%ro 8ﬁﬁ%tr%’ gfe tﬁg é‘llglﬁl‘?ltg train feed 16 in
exchanger 18 a@dtaltPel {80 partigtipecatidieribesangs oefibnt M2 (8@lchangers 17 and
16, Stream 3 1oaAp SRR, M ripec i Backo ehaBar 1o ghaabobprocess streams

and by letting down a portion of the chilled heavy refrigerant of stream 3 to a lower pressure as stream
11. A temperatuf@eREBIRIPANCIAMRE RIRTGIIRYR) I tidTiosralina R eaeiale Sl 19, lets down stream
11 across a cong@laabse8 BiSHeaswldrissapaiizediimeixenangand Towerottmail piadtum 77, and then
flows to the second stage suction of compressor 50, The n th %]f -refrigerant stream,
liquid stream 12PPswﬁJrrt SRt tlnagﬁ&aﬁgeorw fé W@tﬁi%l'?et %e%%éri] t(got e%y(‘);(\llllgesﬁﬂ%efrigerant pressure
across control vaisadyerageititeedodrioatigsalion iempaielmirediwiiaNgHhesaRfErant stream 13 to

form stream 14. hight safiarARkSHRABi oA Lablontdediasrarassneesed of streams 6, 8
and 10. The mixing of stream 12 with stream 13 loyers the te%}%eratijrg?f stream 12 beyond that
exch

achieved by redBERYERE prellggratLY MRS théRGeRERRE or' T8'ARG flows to first
stage compressiempadctares mamgife druint enbierthie e e Jdus BEpeastndsitiae s suction flow.

The process shq, @ﬁiﬁre]e%ﬁ@é:daoﬂaﬂ)%%%@éﬁﬁé%ﬁﬁg a refrigerant composed essentially of

methane and propyiene to provide refrigeration from just bélow ambient temperature down to a

temperature of about - 118 dgneediinany wiieRIaTHCRRIGE SR IR IHN&IR0Rillizing consecutive
carbon numberspdpyreis it GbondanguBeheefiiniupsy stensdorciefekpansitiaws an olefins plant.
Only a portion of the refrigeration dema 0 NS ' ' is, Gonrfiguration. Figure
2 depicts an extghagf 8{1%:@3%&%:1@6%%%?@ ”s%'téti}r’ﬁ’ %@ﬁéﬁ%g@ [)%ghn\ﬁsg fggrélt%%ﬁf) “the refrigeration
requirements of geBqRBRIENaGE BRI Q/iBNANPORBIINE | SANSEYAT ARNCBYHB rAHdBR)N, whether a
completely new piaibAk Bk AREBRIN EaBshscRURBIPSCRIdYsenRfigniaiwBnifigaiaid describes an
olefins plant design utilizing a front end depropanizer as tr\e first%@ hydrtgcarboré%?paration
distillation systeﬂeﬁﬁm ?ﬂ%‘%@&éﬁfﬁ%ﬂ‘iﬂ%ﬁﬂ%&@e‘?’& B CE eEE)Ef ELEEIEEBR Utilized to supply
the refrigeration 16cioir@inewispei cent ekitsapkaangifdde Sthetbhpizeeot degylantzésas the first light
hydrocarbon sengralgloW @i yshithedsoNRlcAn o Hisiliptonisiarlisragermancents that wil

separate and purify the products of a steam cracker charging a hydrocarbon feed and producing

cracked product®/@ IOV Presiiie demeianzeidRHIPEARPYLELSPa'sh REBBNS by an ambient
temperature cooling atediuat suchapecpiageyaleroussroptiedesatale cotdinded dimgrin a heat

exchanger 152 tp peal- A BIEOLIRTAREIR WAL AN KBV BRpLANSLISUIRSIERRIRHhBP flows -to

separator drum 1 e It I1s separated Intd vapor stream 102 and liquid stream 103. In one

embodiment, vagbr etiglane1 DiEMawRiigoARYEHINe e 156G 15- M| i RfeRRFEA about 20-30 mol

% methane, andrahRiet£9-80staRld6 MmapYiengsahaleuiROcfounnYirnpidese [dde composition
depends upon the fiedstock to the steam cracking heaters and the conditions under which the

hydrocarbon is TR ega’ and also upon whether any additional

The purpose of the disclosed embodiments is to provide the
neéeséary refrigeration to separate hydrogen and methane from the charge
gas and provide the feed for the demethanizer. Optionally, the methods
provide some or all of the other refrigeration requirements of the entire
plant. '



olefin-containing streams are flowing to the olefins plant for recovery of products. In addition, although
the refrigerant is mainly a binary mixture of methane and propylene, it is recognized that some
hydrogen can'B8 WhMEY as a consequence of the source of the metﬁé??é”éqﬁ‘yﬁé}ggé}‘?d makeup and
some propane can be contained as a consequence of the source of the propylene charge and makeup
to the enhanced binargepéigasainbisy SerBxtendeisanas cesrprthievaysesiydaido?2 leaving
separator 154 has a nominal methane concentration - | 9 cg?é htha cracker at
0.50 to 0.55 weiBEﬁ?rgé%fgﬁeqﬁ? etﬁ?/‘fg?r?e&rgtf‘;cyéo’ %@vﬁgaéﬁ %gpc'%%ég)‘xr&ha?ee% r I%%Ft)er hydrocarbon
feedstocks and bigfedficierokirgthestoetiadiehyiseverifeasrand flSsaéenhaalion can increase up to

65 mol %. For heavier feadstqcksrrackadahloNuar SANSHLRSTBSIaRNE SpReenadign sometimes can
decrease to 45 mol %. The liquid stream 103 leaving separator 154 sometimes has a nominal
propylene concetfPEtidR s iR emaya! Wfffg%ﬂ%’?&ﬁ (%é{g‘é @O%Iﬁ’gﬁg??%%ﬁ J&ne concentration
can be as low apEU&itnqidhiahd: sty ax@Rsadlifwapacitypditentofitiguidistiestn 103, stream

204, 1s chilled in iegh RGRANE virhn RIEANY B BC0FS, B BIRAESH ARSI AR RuglRaer desion.

Chilling is provided Dy process r'e_ eats as a e including process stream 106 and by letting down
a portion of the @ffleePstedaif hpiraly st ieroperaied s abatol vaivela P WithdiBsequent reduction

in pressure and [pEREFAtHFSRAA HSNG Bimplcappiemrtite ebilirodoo Pegamn182 and 104 and for
chilling other process loads, as required, incl dij&%;;srtrheam 123. Thi%v\? orized stream 111 then flows

s
to a compressor ¥REERY 3RRCHRERATYe HH RS al-FEPION 00 YeRleans 164 Lter withdrawal of
stream 111, is strgdmcaiisbanbyidrs, $he derdsichiiedhifiegdramdea o8 ERE) eROBaNger 118, the
chilled stream 1 18RyITh AN (PFRKIRGAIE ddifaiRoWIadaR FREMGHRD iheressurrand temperature

and then flows back to exchanger 118 to be vaporized and reheated before flowing.to a compressor
second stage suEﬁBWQJrWE‘?B‘?@ﬁi!ﬂﬂ‘@@ﬂl?&ﬁ%‘%’ﬁo@@tﬂf?ﬂﬂ@@& retfe S8 AR able, such as
stream 125. Theteeftiger asiproprevidesicotiize thyciohiteigestpstoyates) as texbigat], such as stream
127, and to chill stream . ' il o pauAily:gondensed in
exchangers 117 %chda%gé%z ?&ﬁéf%‘ﬁﬁﬁﬁ%%%’ﬁéﬁ%ﬁ%&%%@gﬁ%‘i’@ﬁ@% by consecutive chilling in
exchangers 119 pioducsendemetharizee iRAS. in heat exchanger 119 is provided by process reheats as

available, such as in stigadki? fRNhEYCIRIHRY HaWRcadirss RadiaRobipaebRiiRAML02, as stream
110, across valve 183, with pressure reduction to near the suction pressure of (t%e extended binary
refrigeration con?ﬁ?%%% %eg‘?ﬁ?evf’é}%‘é?n?#&' \ggﬁiBW'?)[fS tFEN Eﬁ)“é)ﬁs{} St {,JrgrS}d after passing
through heat exclbicgeist3thsa rootigh tiethsad gretrarigdes idovesunsatieam! TOBl &8ss control valve
184. The remainingpartion #f stream 107 is stream 115, and this stream is chilled in heat exchanger
121. Stream 115 after exiting exchanger 121 is let down across valve 185, reducing both pressure and
temperature. This stream%%‘%@m&ﬁgﬂfﬁdhgw%?ﬁM%Ttﬁ%egﬁh%o@ﬁt%ﬁ'.oﬂ%%ith the system in
Figure 1, it is usgddougenehdderthiorchise stlsore thameatdexdosn tvabingt stt8aeg28.to form liquid
e oo T PR AR SR I Bl bRIaa/ b BHURRARTONGG N Sga, LiRdodom Siea 109

Not shown in Figure 2 are"the temperature controllers on steams 122, 128 and 134 that adjust the

letdown valves 18853182/ HR$CESS 187 rRIGRY BREIGTHBBYIBF B IHEERIANAS, 18eB'@%36Rhnd 124.

Sttream 11???? is %&fﬁ@é@d@hﬁ@l@?ﬁﬂ?rﬁ@@t{ﬂﬁn@@% &%aibmga@mmmammna{b? inr(]:chiing
stream , and combined. with stream;110, w. e geheated in hea
exchanger 119. TheS efrr%(gggtri%tr'loﬂrés\yi%lgg‘ is ultﬂi]]?e Ef%?%%o%ndg gggégllﬁon?e%sjﬁgte chilling train
feed 116 which trefrigaxationdshi shgegeldruiinwans fetrtipiration g riess NAL RIOWFStream 124 is
sepﬁrated alnz% flqﬁwsﬁ&ﬁagﬁgfm?h@f@rﬁf ﬁgﬁ md §cgday§p$2ta§i{ﬁ@f\l_/ing steparator 12?1 flows1 goz hleat
exchanger where it js chi n rtially condensed and then flo epar rum .In
drum 132, stream 122 @e&ﬁﬁ%ﬁ%’tﬂ?%eﬁqg% 'ssircergﬂn%% eéﬁﬁag%%rsggsé)%%rﬁ%?’uquid stream
130 flows to the gertiefianixigrasdiaanthiemeeharatashipe auarofstigam 22 and a liquid

stream 24 in a separator 26. Liquid stream 24 flows o the demethanizer.
Vapor stream 22 flows to heat exchanger 20 where it is cooled and partially
condensed and then separated into a vapor stream 28 and a liquid stream



Vapor stream 128 exits separator drum 132 and flows to heat exchanger 121 where it is further chilled
and partially condensed. Exiting heat exchanger 121 the stream is separated into a liquid stream 136
and a vapor stEN Y843 a separator drum 138. Liquid stream 136 flof§ 1 HEHE i hanizer as the
coldest feed. Vapor stream 134 is further processed for separation into hydrogen-rich and methane
rich streams. CHiilirky abepamor]3s ikiguisl/amamy30tustows tatsadamaihanEenatuding stream 131,

and by pressureJet down o stEagmp LA AETRIAY S/ APEraRas B anshrewially vaporizing in

exchanger 121. In this design, no demethanizer overhead condenser iSé)%)‘a/eide as stream 136 is
chilled to a suffiiBRHPHRABSEPAAYRSBCH tifaCRAMES R PRI FOPARESETe H&nethanizer is a
stripping columnsghistin mdimneipoesncaisoldaendtitigiarssaneas iesepaiingr 6BtHEndemethanizer

gross overhead yanar iR vide LSl 87,20 AllaHIaE RIBFRSS1eYRKLARMEARM4 s Liduid stream

105 is withdrawn Hom stream 103 and is Tet down In pressure across control valve 186 to provide

chilling for the loiwiresshilediEnichanzendtiadeAsd therpserreartod it AR CPBAIRT 105 is then

combined with vapgsizedrisnar HatmmstigasibAmT bis pirgasspsraanineshwithestream 168 as
stream 169 and flows to an Fiégxtended bi ?P-%’ ref.rl%eratlon cEm resgf(‘)a( secondrrl%a},gec)?uctlon drum 176.

Second stage difCHIIGE VR8P BEPROA IS EIRPRCE5ML 557 © % cot

S
Med y.cooling water in exchanger

140 and then coexuirathenisieyaplrivdd Stesdn 7. Tespediveinfaseea@nedidRidg to the extended
binary refrigeration Z'd‘Fﬁ%%ﬁ&@&@ﬁ%@&%ﬁ?es%gﬁaﬁbﬂ%@gﬁ%gﬁv"ﬂ, Ihsimieha portion of this
nde

stream, stream 158, returns to the extended binary refrigeration comBre_ssor 1[50 as the 3rd stage

suction flow. Th&RERLRIRIBEHIBHIAREHRIWROMBITEHPEtr{kAlY FRRIRIRR AT IFASOREr 162 and then to

the ethylene fraotonst@asigdroeacile, W wieerartisderdstiypuiettatrtetdtysomedessed before flowing to
separator drum . T S ViRgQ.s ‘ A kined with reheated
stream 114 and Jﬁ%%vas'qojtﬁ%ﬂéé%gr%%sg %%rﬁgir]ﬁ%‘@gg'rgaﬁ%ﬁ?rﬁ re@zgrﬂs%ign%oﬁg] e}guction drum 176.

The vapor strearffatfenesampesiionumstng Rafan FRg Wi & e RUBR B ESHRIE Bompressor 150.
The liquid streanyh4ighiavingrormnd aerscheaipdrindanistnebanagbr product without

further processing, some hydrogen is contained and the methane contentis
reduced by a small amount, for example about 0.5 mol %, in the
compressor discharge with a 0.5 mol % hydrogen content. Note that it is
possible, and sometimes desirable to reduce the hydrogen content, for
example by controlled venting in the refrigeratibn system.

Stream 1 is cooled by water or air, preferably cooling water, in heat
exchanger 52 and partially condensed and then separated in a separator
drum 54 info a vapor stream 2, and a liquid stream 3. The vapor stream 2,
enriched in methane, is withdrawn from separator drum 54 and then cooled
and eventually totally or mostly condensed in exchangers 17 through 21
and separated, if necessary, in separator drum 56. The condensed light
refrigerant stream 4, is then let down across a control valve 81 and
optionally any uncondensed vapor 5 is cooled by expansion 1o a low
pressure using an optional control valve 82. Temperature coritroller 91
adjusts the pressure oﬁtiet from control valve 81. Valve 82 provides the
pressure drop necessary to blend stream 5 with the discharge vapor from
control valve 81. By raising or lowering the discharge pressure from control
valve 81, the temperature entering exchanger 21 is raised or lowered in

i0



175 and is then let down across valve 187 to near the suction pressure of the extended binary
refrigeration compressor first stage suction. The expanded stream is thePn %omobégl%% Hsith stream 113
to form streant 74 WHER is a mixed vapor and liquid stream. The highan%%ﬁane concentration

reheated stream 113, when injected into expanded stream 172 further lowers the temperature of the
combined expandizt simanidt e Swoird Loglinefofisiesto 28eedipraie FPRETNINIF overhead

condenser 178 angl s \ARGrRORIRMIAIRE LIRS IR SANSiENStIBH e BRI ®separation of

polymer grade ethylene from ethane. Because of the injection (\gf stream 113 into letﬁ’tre_am 172, the
pressure of strelMASATEE HSHRATR PSS AEHTRE AHS I IRATS tAFetaflie differential in the
exchanger 175. peshiaey anosinndssitean-12¢ degy<to drum 179 and then subsequently becomes the
suction flow to the extepdag binao el ae 2R OPSB Rt Yin el RiRaG lecreases the

power required by the Tetrigeration compressor The process design depicted in Figure 2

utilizes some heHuBXBBHUREE R S RN ARABiRmES IMVBRRIRTREBARGIBSAAIYRY flows in the

extended binary gfdgeraior sareR RrsaheldipdiRanpaanysledremdbeidratiomgefréne ethylene
fractionator is let down tQ near the inlet pressure of the cracking heaters |s.then.vaporized in an
exchanger 175, FYEARy é)n e Wé‘?ﬁe%%mé?% gaeﬁ?ﬁcepﬁrésﬁaﬁ é}r%é!f}orﬁ or?é%l u?é]r?é %F?e %d%ty of exchanger
178 and chillingithernedrpedatrpezativwidgnetbroivan deed FBeREdf a vapor withdrawal 160 from the

second stage of the exiqpHpA AiNA SAIHIRFIBN eSS HekrD-2eavingsasistisienal process heat
flexibility thus allowing the system to have a wider range of duties fog @%%viding r gf'geration for a new
a .

olefins unit or mARFEWBAH IR SWERAPE ¥BRY £1EFATNIAP 62,55 0I5R B In Figure 3, the
02 fractionator systeseseparates goosssiaad@fd frmve 84lwethavideeth@0zhifing tnfetinylene product 206,

an ethane recycle 208 and.a.reflux siee 10 EieaRseg e stream 208 is passed across valve

281, letdown to near cracking heater inlet pressure, and then Fasses through heat exchanger 212. In
}

heat exchanger 212, sBEaAME/Ramgn YAl BBty AR ¢onied phise8PR4Mg R oss valve 214
(187) and to hegigyaRAGERT SEBLAJSE1® dhdIe Tueenplipgsitioh otthyscistiemateikchanger 212

reduces the required flow rate of stream 172 required for the 02 fracti er duty in 216
(178). Figurgnoc g B?c?gr The’ r%%{%%%s ﬁ%gg}%gacﬁgsé ﬁ%ggg@ﬁ@ ra?:tionator 218.
Significantly, theaeddimgcivernsephosnten e fecombinedhred bespamRard fsatmibdeethanizer.
Reflux for.the da\gtgﬂgi;gy 204 is supplied by stream 210 drawn off from the C2 fractionator at a point
at or just below point that the gross feed from the deethanizer 204, stream 222, enters the 02
fractionator 218. Strear!8TSRNIBISEIFEATES JRAKREFEPITROLAHRLAT RIYIERS 53%°A portion of
stream 219 frometittign 28R eedtionsféo ¢hidlitgpod thieefilicidrzitofeas dBsaexeBaraed the rest is removed
as ethylene prod#% iQ!§He@m§%§iﬁTB§§W@6%9§é@el%ﬂ?t@ﬂ. HR04pEhD 2 frRctionator 218 in

e desi

this manner can facilitate t n and operation of the éxtende blnarX refrigeration system.

Figure 3 also depriBaR9sRtctedd B2 BlraaE RERYN-FSRAARLEBHE R dPSH8% fom the C2
fractionator 218 geat pRiEHdRgBEe PV ieREY theentryspstirhaffesd dyelettirgP@camd above the drawoff

of stream 225 to hsigottgm re rl?{lé rh%ﬁe%%r%xgm%ﬂgﬂ% %ﬁ%@gg}ég&%g@pmizer is cooled

and partially conBensed’in tﬁecl_ er-re y integrating wit )2 fractionator in this manner,
the load for exchetrun 142 ARR e RETTOHRIL AR IBEIMBRIBING FRH AR YRR and reduces the
flow of stream 1G% wishdtaum fromeheasyhigishiiigampisieamrdOhreBecgaleahto the second
compression stage, This in turn redyces the pawer requirements, for ' . Stream 228 from
the inter_-reboiler%z'é Y?%Oﬂﬁﬁm%eé%%%?rgr% 'ﬁqralljéeagr?a |sfusrgr;?foggg rurﬁ%ﬁrﬁs%glﬁgtion of vapor
product from ref &@coBtrexsiage 2Bictiay addoorribesE &bled e dRENERCABABREFBMre this

vapor-liquid Sepqaﬂg&&m&mqﬁﬁu BRERR| CDeEAARPLEEHIP ER@HAGe NS, afoth.  Figure 4
depicts a variation of the Figure 3 process cong%ura ion. In this configuration s‘reagé 308, the ethane

recycle withdrawiFroRLARHLIR I HIANER I EN LR PSS AT oW A2t 0eL S Yhive 330 to near
cracking heater iptevidieg suiiitiand! isothlimg pagsbeanoixerwithtighbrejigaesteiessnié C2 recycle is

vaporized by parfiajly Gagflensing stigaMetiGerant stream 13 is the total light refrigerant

and composed of streams 6, 8 and 10. The mixing of stream 12 with

11



leaving the overhead of the tower 318. The flow of stream 172" from drum 366 is reduced as the duty
required of exchanger 312 is reduced by the duty of exchanger 316. As can be seen in Figure 2,
reducing this W&\Fg‘}ﬁ%ﬁ Figure 2) reduces the net vapor withdrawn fr&’rﬂTfﬂgzg(@@g%ﬂsstage discharge
as stream 153. This reduces the overall flow of binary refrigerant through the system and the power
required for congiteamot 1 80vers thictaprietatonisHgsai@ pexehias aehawpcak¥ reduced-using

the heat exchaﬂ&%&&@jﬁ%ﬁ@dfb&éﬂ%?ﬁsﬁ@m 44 Theheanenpidirveiandngber edvantage of facilitating
the process design and the operation of the extended binary refrigeration compressor by decreasing
the gross flows §PtHe @(tgmeat?ﬁﬁaﬁpmﬁﬁgﬁoﬁ@%n?ém thiis §cwxg§§'in%’tiﬁéerequirements of
balancing vaporcanthligssdrisads thettiesisyisgarsaciibsieeifically on the compressor. Figures depicts
an altemate to the Figuie, ,3ekemes i, ingFaure 3,106eSs SHERMRnYARELSIEAR4102 and liquid

g

stream 403 leave the sepatator drum 454. The tinal compressor discharge 401 can be cooled further

by heat exchand&/BgaiAHramRRFathBFEERIBINEAVP AR ARARRBYRIESIPeRIAVAYS, reducing the
pressure of this withgkauonined jasrespwalnb bl tanpdieriesehangiaewitbraartadly cooled stream
401 in heat exchanger Lwhich is downstream. from cooling water exc ! As a result of this
configuration, th%%}%%riﬁirggg?gb ﬂihfzso’glté%yg{?gr}\?ﬁ &%@%R&%ﬁfﬁ‘%ﬁ%@?‘fﬁéﬁjﬁhm the
temperature of stassacule wiadrol loande ool nditates@havge M ABIeVa SRS Stream 406 leaving

exchanger 408 cogibine il Shgamsbhl 4p IIMBISHiRSUpI4H2 aDHIE £0pirddie seangd stage suction

drum 476 and enters the compressor 450 at the second suction, The ren}aining liquid stream 404 from

the separator 455 IEEHRR dEMASRA H&?@'&?ﬂ@%ﬁ'iﬁ?twg‘ 5‘%@%@%‘" s alternate
configuration is that thEi@Iﬂi fm\ddpmngmmtplmsbtb&mwgaﬁgg@am ﬂygtpre@ure is lower than_ in
the process ShowiHIEiBYiEshd BRRN AR AIMG deasF BhRIGERARY BiHRE FRRdEom the combined

system. Volume flow Is thus increased greatly andthis can be beneficial when the compressor
discharge volum@tResiRiGYittaaDeRIatis HlanhSeRpFaLON SYalsmdnsient MHRIgal compressor
design. FiguenfplinpictearpRitt traiededitsiolyuse Besopptisitsiameontiguatioa.final discharge
stream 501 from.the ¢ ressor 550 js.cooled rated in d Nt liquj am 503 and
vapor stream 50 R tRiona rf'g)ggl%ngoo?ﬂsr{% a%r? ‘55%? %ne ?’eﬂé{ge %%}58 ﬁ?t%%éaﬁvg%}gé%%%?on of heavy liquid
stream 503 as st #m 506 igbt hivtirgaadenasnaeignrlisilatearsyatanuidiaw@sey e 581, and heat
exchanging withsaamPRhinftesiiaaaien sontiost WaleaBshRRERiRPR Busyshweger 508, such that
the temperature of the cgoled stream 501 entering drum 554 is | Werﬁjégan he temperature of stream
501 leaving coolfAl ARERICaX CFHHGEYHES Q:‘;n rf%% it BRI EE R 511 to form
stream 507, whicleéshemited de hedontligta dydiscirgesenaraitvtaggpaydesraamd54, and a portion
of this enters the. COmBFRAINGR of PAaRMGA A ID IS PRlIRRnRARANE! stream S5

exiting from drum 577 forms stream 514, which combines with streams 505 and 512 to form the feed
to the second stARAYFHETRFBAR SHREEH fheiging2 Serremor (REM g1 Sredudfies for the
ethylene fractiongtrkeabpitefandtiedmyiene. fractionator side reboiler. The remaining liquid stream 504

from the separator 554\}?3%%\({%\3?9 {Bﬁgmin %ﬁé})ﬁr}égg F{%%CEB%@HX%WQ%%HWS alternate

configuration is that the low leaving compressor 550 is er and the pressure is lower than in

the Figure 2 schiaR@eVBHITEOnHNg B adidMitiehas A BgARIPIRIE PERTTRIBETRMHERI when the
compressor dischatge yoiuReatrsxdeumis olmerwise i asbialtepissigaior Treffisieat compressor
design. This higher flow ig at a pressure higher than for the proc in Figure 5 that required
two compressioﬁ’ %‘Pgéeas,namg A g%r arrge%%nlﬁf Y Yé%r'r}g f@ﬁé%%%?f\fenﬁ%g#@%?g l‘sl( S?timately routed to
the slecond stag@%ﬂg@@iiﬁiérdmmrcﬁgﬁﬁg@ %ﬁio&'}dj@ﬁﬁlﬁﬁolé“@ffim W;put@ri@é@ Iprocessh |
simulation was candegimbin Wileh sretiiensieainansrpioassanifapnad iom #3imel % methane an
80.5 mol % prop Iergs?éalso containigg g 5 mol 940 h déggen gSas#1W$s lfusggélg trg% rg}rigerant in the
process depicte A 91.°fh%b&l‘gs r gé’ﬁ%f c6m’§8 ||Bﬁs Pthé @%t re rlgeran{ stream 2, heavy
refrigerant streamr@pykane tioe sbotibAkeyrwbFeamiepresIhearempositivadaRENIds] below. The
extended binary gefinRrpl3reaS Y fERrsd deng{Harialion ipasoatylaRa ARt having a low

ressure demethanizer, and also can be used in a plant employing a high pressyre demethanizer.
P which the hydrocarbon is cracked, alﬁ)d also ugony wr]'gethergang adsdsz

fiona
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Table 1 Compress or Discharge stream (1) Light Refrigera nt Stream (2) Heavy Refrigeran t Stream

(3) Compress orFirst
WO 2010/016815 PCT/US2008/009418

olefin-containing streams are flowing to the olefins plant for recovery of
products. In addition, although the refrigerant is mainly a binary mixture of
methane and propylene, it is recognized that some hydrogen can be
contained as a consequence of the source of the methane charge and
makeup and some propane can be contained as a consequence of the
source of the propylene charge and makeup to the enhanced binary
refrigeration system. '

In some cases, tﬁe vapor stream 102 ieavihg separator 154 has a
nominal methane concentration of 52-55 mol % for a typical naphtha
cracker at 0.50 to 0.55 weight propylene to ethylene ratios leaving the
cracking heater. For lighter hydrocarbon feedstocks and higher cracking
heater cracking severities, methane concentration can increase up to 65
mol %. For heavier feedstocks cracked at lower severities methane
concentration sometimes can decrease to 45 mol %.

The liquid stream 103 teaving separator 154 sometimes has a
nominal propylene concentration of 80 to 80 mol %. With varying process
conditions, prapylene concentration can be as low as 70-75 mol % and as

- high as 92 mo! %.

A portion of liquid stream 103, stream 104, is chilled in heat
exchanger 117, typically of a core or brazed aluminum exchanger design.
Chilling is provided by process reheats as available including process
stream 106 and by letting down a portion of the chilled stream 104 as
stream 111, across control valve 181, with subsequent reduction in
pressuré and temperature, and using this stream to provide chilling for
strearis 102 and 104 and for chilling other process loads, as required,
including stream 123. This vaporized stream 111 then flows o a
compressor second siage discharge drum 177.

The balance of stream 104, after withdrawal of stream 111, is stream
112 and this stream is chilled in exchanger 118. Exiting exchanger 118, the
chilied stream 119 is fet down through valve 182, resulting in a reduction in
pressure and temperature and then flows back to exchanger 118 to be
vaporized and reheated before flowing to a compressor second stage
suction drum 176. Chilling is also provided by process reheats as available,

13



Stage Suction (14) Second Stage Suction (11) mol % mol % mol % mol % mo | %

WO 2010/016815 PCT/US2008/009418

such as stream 125. The refrigeration provided is utilized to chill process
streams, as required, such as stream 127, and to chill stream 102.

Vapor stream 102 having been chilled and partially condensed in
exchangers 117 and 118 is further chilled and totally or mostly condensed
by consecutive chilling in exchangers 119, 120, and 121. The chilling in
heat exchanger 119 is provided by process reheats as available, such as in
stream 129, and by letting down a first portion of chilled stream 102, as
stream 110, across valve 183, with pressure reduction to near the suction
pressure of the extended binary refrigeration compressor 150. The
remaining portion of stream 102 is stream 107, and after passing through
heat exchanger 120, a portion of this stream is let down as stream 108
across control valve 184. The remaining portion of stream 107 is stream
115, and this stream is chiled in heat exchanger 121. Stream 115 after
exiting exchanger 121 is let down across valve 185, reducing both pressure
and temperature. This stream now represents the coldest temperature of
the system. As with the system in Figure 1, it is used to generate the .
coldest demethanizer feed by cooling stream 128 to form liquid stream 136,
This partially reheated stream 115 is then combined with stream 108 to
form stream 108. Not shown in Figure 2 are the temperature controliers on
‘steams 122, 128 and 134 that adjust the letdown vaives 183, 184 and 185
to insure the formation of demethanizer feeds 130 and 124,

Stream 109 is partially reheated in-heat exchanger 120 using
process reheéts, as available, including stream 133, and combined with
stream 110, with the combined stream 113 being reheaied in heat
exchanger 119. The refrigeration provided is utilized to cool and par’tialiy
condense the chilling train feed 116 which then exits exchanger 119 and
flows 1o separator drum 126. A liquid stream 124 is separated and flows to
the demethanizer. The vapor stream 122 leaving separator 126 fiows o
heat exchanger 120 where it is chilled and partially condensed and then
flows to separator drum 132. In drum 132, stream 122 is separated inio a
liquid stream 130 and a vapor stream 128. Liquid stream 130 flows to the
demethanizer as the intermediate temperature feed. |

Vapor stream 128 exits separator drum 132 and flows to heat

14
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WO 2010/016815 PCT/US2008/609418

exchanger 121 where it is further chilled and partially condensed. EXxiting
heat exchariger 121 the stream is separated into a liquid stream 136 and a
vapor stream 134 in a separator drum 138. Liquid stream 136 fiows to the
demethanizer as the coldest feed. Vapor stream 134 is further processed
for separation into hydrogen-rich and methane rich streams. Chiiling of
stream 128 is provided by process reheats as available, ihcluding stream
131, and by pressure let down of stream 115 across valve 185 and
reheating and partially vaporizing in exchanger 121.

in this design, no demethanizer overhead condenser is provided as
stream 136 is chilled to a sufficiently Iow-temperature such that refluxis not -
required. Thus, the démethanizer is a stripping column. This embodiment
can also be configured to enable cooling of the demethanizer gross
overhead vapor to provide reflux as an alternate process design approach.

Liquid stream 105 is withdrawn from stream 103 and is let down in
pressure across control valve 186 to provide chilling for the low pressure
depropanizer condenser 142. After vaporization, stream 105 is then
combined with vaporized stream 112 as stream 114. This stream is
combined with stream 168 as stream 169 and flows to an extended binary
refrigeration compressor second stage suction drum 176.

Second stage discharge vapor 153 from the compressor 150 is
chilled by cooling water in exchanger 140 and then combined with
vaporized stream 111 as stream 154 before flowing 1o the exténded binary
refrigeration 2™ stage discharge drum 177. Stream 156 exits drum 177,
and a portion of this stream, stream 158, returns 10 the extended binary
refrigeration compressor 150 as the 3" stage suction fiow. The remaining
portion 160 flows first to the ethylene fractionator reboiler 162 and then to
the ethylene fractionator side reboiler 164 where i{ is mostly but not totally
condensed before flowing to separator drum 166.

The vapor stream 168 leaving separator drum 166 is combined with
reheated stream 114 and flows to the extended binary refrigeration
compressor second stage suction drum 176. The vapor stream 170 leaving
the drum 176 is the second stage suction flow to the compressor 150.

The liquid stream 172 leaving drum 166 is heated in heat exchanger
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<500ppm 1.2 <500ppm CH4 19.041.2 7.4 36.7 7.4

WO 2616/016815 PCT/US2008/009418

175 and is then let down across valve 187 to near the suction pressure of
the extended binary refrigeration compressor first stage suction. The
expanded stream is then combined with stream 113 to form stream 174,
which iS a mixed vapor and fiquid stream. The higher methane
concentration reheated stream 113, when injected into expanded stream
172 further lowers the temperature of the combined expanded stream 174,
Stream 174 then flows to the et'hyiene fractionator overhead condenser 178
and is vaporized providing chilling to condense refiux to enable the
separation of polymer grade ethyiene from ethane. Because of the injection
of stream 113 into stream 172, the pressure of stream 174 can be higher
while maintaining an economical temperature differential in the exchanger
175. As the vaporized stream 174 flows to drum 179 and then
subsequently becomes the suction flow to the extended binary refrigeration
compressor 150, a higher pressure decreases the power required by the
refrigeration compressor 150.

The process design depicted in Figure 2 utilizes some heat exchange
concepts that facilitate the balancing of vapor and liquid flows in the
extended binary refrigerati'oh compressor. The ethane recycle from the
bottom of the ethylene fractionator is let down to.near the iniet pressure of
the cracking heaters and is then vaporized in an exchanger 175, located in
the overhead of the ethylene fractionator, reducing the duty of exchanger
178 and chilling the refrigerant 172 flowing to exchanger 178. Use of a
vapor withdrawal 160 from the' second stage of the extended binary
refrigeration compressor 150 allows for additional process heat fiexibiiity
thus alloWing the system fo have a wider range of duties for providing
refrigeration for a new olefins unit or major expansion as compared to a
smaller expansion as in Figure 2.

~In Figure 3, the C2 fractionator system separates gross feed 202
from a deethanizer 204, into an ethylene product 208, an ethane recycle
208 and a reflux stream 210. Eihane recycle stream 208 is passed across
vaive 281, letdown to near cracking heater inlet pressure, and then passes
through heat exchanger 212. In heat exchanger 212, stream 172' from
drum 166 (Fig.2) is chilled prior to passing across valve 214 (187') and to
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C3H6 80.5 57.4 92.6 62.1 92.6 MW 36.9 30.8
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heat exchanger 216 (178 Fig 2). The subcooling that occurs in heat
exchanger 212 reduces the required flow rate of stream 172' required for
the C2 fractionator condenser duty in 218 (1787).

Figure 3 also depicts the relationship of the deethanizer 204 to the
c2 fractionatof 218. Significantly, there is no overhead condenser for the
overhead stream 222 from the deethanizer. Reflux for the deethanizer 204
is supplied by stream 210 drawn off from the C2 fractionator at a point at or
just below point that the gross feed from the deethanizer 204, stream 222,
enters the C2 fractionator 218. Stream 219 is cooled in heat exchanger 216
and sent to drum 232. - A portion of stream 218 from drum 232 returns to
the top of the fractionator as stream 230 and the rest is removed as
ethylene product in stream 206. The integration of the deethanizer 204 and
C2 fractionator 218 in this manner can facilitate the design and operation of
the extended binary refrigeration system, '

Figure 3 also depicts an interreboiler 220. The feed to this
interreboiler is drawn off from the C2 fractionator 218 at a point in the tower
below the entry point of feed stream 222 and above the drawoff of stream
225 1o the bottom reboiler, 224. Gross overhead stream 226 from the
depropanizer is cooled and partially condensed in the inter-reboiler 220. By
integrating with the C2 fractionator in this manner, the load for exchanger
142 (Fig 2) is reduced. This provides flexibility for the system and reduces

_ the flow of stream 105 withdrawn from heavy fiquid refrigerant stream 103
and recycled to the second compression stage. This in turn reduces the
power requirements for compressor 150. Strearn 228 from the inter-reboiler
220 is a mixture of vapor and liquid and is sent to a drum for separation of
vapor product from reflux. Stream 228 may additionally be cooled in other
exchangers before this vapor-liquid separation either to satisfy normai
operation or startup requirements or both. '

Figure 4 depicts a variation of the Figure 3 process configuration. in
this configuration, stream 308, the ethane recycle withdrawn from the
bottom of the G2 fractionator 318, is let down across a valve 330 to near
cracking heater iniet pressure and is then passed to a heat exchanger 316
where the C2 recycle is vaporized by partially condensing stream 319
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leaving the overhead of the tower 318. The flow of stream 172" from drum
366 is reduced as the duty required of exchanger 312 is reduced by the
duty of exchanger 316. As can be seen in Figure 2, reducing this flow (172
on Figure 2) reduces the net vapor withdrawn from the second stage
discharge as stream 153. This reduces the overall flow of binary refrigerant
through the system and the power required for compressor 150.

Net refrigeration loads and power consumption are reduced using the
heat exchange concepts in Figures 3 and 4. The concepts have the further
advantage of facilitating the process design and the operation of the
extended binary refrigération compressor by decreasing the gross flows of
the extended binary refrigeration system and thus decreasing the
requirements of balancing vapor and liquid lcads on the system and
'specifically an the compressor.

Figure 5 depicts an alternate to the Figure 1 scheme. inthe Figure 5
process scheme, vapor stream 402 and liquid stream 403 leave the
separator drum 454. The final compressor discharge 401 can be cooled
further by heat exchange by withdrawing a portion of heavy liquid stream
403 as stream 408, reducing the pressure of this withdrawn liquid across
valve 481, and heat exchanging with partiaily\cooled stream 401 in heat
exchanger 408, which is downstream from cooling'water exchanger 452. As
a result of this &onfiguration, the temperature of thé cooled stream 401
entering drum 454 is lower than the temperature of stream 401 when it
leaves cooling water exchanger 452. Vaporized stream 406 leaving
exchanger 408 combined with stream 411 to form stream 412 and is routed
to second stage suction drum 476 and enters the compressor 450 at the
second suction. The remaining liquid stream 404 from the separator 454 is
convéyed through heat exchanger 417. The advantage of this alternate
corfiguration is that the total flow leaving bompressor 450 is higher and the
pressure is lower than in the process shown in Figure 1 to achieve the same
degree of process refrigeration from the combined system. Volume flow is
thus increased greatly and this can be beneficial when the compressor
discharge volumetric tlow is relatively low and would result in an inefficient
centrifugal compressor design.
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What is claimed is: 1. A method comprising cooling a feed gas using an extended binary refrigerant
containing a mixture of methane and a 03 hydrocarbon selected from the group conS|st|ng of
propylene and”&&‘b‘ﬂ%ﬁséﬁld extended binary refrigerant being compres%%q.dq ey &Tﬁ%stage
compressor having a first stage and a last stage with a last stage discharge containing at least 60 mol
A) 03 hydrocarbon, anGi&§ danigtarmetarngisadodds biause dnroesrs adrepwdhetdlant stream after

compression. 2y MeHNQHRAEREINGréaelaktH Lrwheal saiffissaydresarhoninr@pylene. 3. A
method according to claim 2, wherein at Iea§t 90 wt A of said 03 &drocarbon |sn$§%?ylene 4. A

method accordifg B aigm'™. JHBrafts i SRR RYGR" 5 36236 3% methane and
60-90 mol % 03Anditocatmanling & steshod Hcor difigdedlbimvRhdvbereinas piorliast stage discharge

contains 15-25 mol % jaeihane. andsforan 'Ef?éé%pé%y'ﬁélﬁmuﬁ g Pl @ecgrding to claim 2,

wherein said extendéd blnar refrigerant contains 18-22 mol % methane and 78-82 mol A) propylene.

7. A method acclfaRigwe 5[&% acrppRtaiMarRs basnerbReRRRINg VRSB slitle refrigeration
within the tempestere rRRgetotduny I3RReghante255REw éxchanger 508, such that

the temperature of the cooled stream 501 entenng drum 554 is lower than
the temperature of stream 501 leaving cooling water exchanger 552.
Stream 506 is then combined with stream 511 to form stream 507, which is
routed to second stage discharge drum 577 as part of stream 554, and a
portion of this enters the compressor 550 in stream 513 at the third stage
suction. The rest of stream 554 exiting from drum 577 forms stream 514,
which combines witﬁ streams 505 and 512 to form the feed 10 the second-
stage of the compressor 550 in stream 570 after providing process duties
for the ethylene fractionator reboiler and ethylene fractionator side reboiler.
The remaining liquid stream 504 from the separator 554 is conveyed
through heat exchanger 517. The advantage of this alternate configuration
is that the total flow leaving compressor 550 is higher and the pressure is
lower than in the Figure 2 scheme. Volume flow is thus increased greatly
and this can be beneficial when the compressor discharge volumetric flow is
otherwise ioo small to provide for an efficient compressor design. This
higher flow is at a pressure higher than for the process shown in Figure 5

~ that required two compression stages instead of three as in Figure 2. The
recycle stream 506 is ultimately routed to the sécond stage discharge drum
{third stage suction).

Example
A computerized process simulation was conducted in which an

extended binary refrigerant formed from 19 mol % methane and 80.5 mol %
propylené {also containing 0.5 mol % hydrogen gas) was used as the
refrigerant in the process depicted in Fig. 1. The pressures and
compaositions of the light refrigerant stream 2, heavy refrigerant stream 3,
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8. A method according to claim 1, wherein said feed gas contains an olefin and the method comprises
removing said olefin from said cooled feed gas by fractionation. WO
2010/016815PCRIEY6}8/009418 9. A method according to claim 8, wREEIR A Betn is ethylene.
10. A method according to claim 8, wherein said feed gas further includes hydrogen and methane. 11.
A method accorshtghie stlaiivrStagesreithsaiohtase ssagerdisotsnges dabiaihbalowa 0 ol % methane and
60-90 mol % CaRERin R el datsaolpomiinal Brieisd disany eiioerart

comprising: (a) compressing a mixture comprisin -40 mol % methane and 60-90 mol % of at least
one 03 hydrocafiriese plaathRsRem oy B RER SR 8N BRI NSRS SE PSS 1R a multistage
compressor to plzempieiiendeaghipesysiatigenathuaper, (b) cooling said extended binary
refrigerant vapor to condense a portion thereof and provide a vaporous methane-rich binary refrigerant
stream and a liquid C3 hydrocarbon-rich binary refrigerant stream,

Table 1

Compress | Light | Heavy Compress | Second

or Refrigera ; Refrigeran | or First | Stage

Discharge | nt Stream | t Stream Stage Suction

stream (2) {3) Suction | (11}

1 (14)

mol % mol % mol % mol % mol %
Hz 0.5 1.4 | <500ppm | 1.2~ <500ppm
CHa | 19.0 41.2 74 36.7 7.4
CiHs 80.5 574 92.6 62.1 92.6
MW 36.9 30.8 40.1 32.1 40.1
Pressur | 410 405 405 42 149
e(psia) ‘
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(c) employing said methane-rich binary refrigerant stream and said 03 hydrocarbon-rich binary
refrigerant stream to effect cooling, and (d) returning said methane-rich binary refrigerant stream and
said 03 hydrocarbon-rich binary refrigerant stream to said multistage compressor. 13. A method
according towiadmis 2laletkis:said methane-rich binary refrigerant stream and said 03
hydrocarbon-rich binary refrigerant stream cool a charge gas comprising hydrogen, methane and
ethylene. 14. A method according to claim 13, wherein said charge gas is used to produce ethylene.
15. A method.accofdimgitwodladomiisivige asinlitiee axfend edasinasingefigepriendad frowde refrigeration
within the tepperatuie [BRAG-AdrYMikaRPEE rfelfane BRE- Q-céfh%@éa@&@%é@ém production of

olefins from a charge gas containing hydrogen, methane and ethylene wherein said charge gas is
cooled by a fEIRYEELBIPYPSRANSHEIB LA BERRMCHENERE cRIIRFIrs 2l nFtRBERRIRIBBMNMg said charge
gas comprisiggigerariabSaaRiRasIRE U extandadisinpsyomiigesant yappicarfiainiggaethane and a
03 hydrocarbon selected from the group consisting of propylene and propage, in a,multistage
compressor ﬂ'&%/iﬁgjaﬂiPg?%?agép%r%[%é}a% agésc\f\ﬁﬁ{ga I§§f¥ é?g]drégd%cﬁ)ﬁgg e88 mol(b/5> gfl)%ling to
condense a ppdtioredicsaidecktbried dindey riefdgaerbatidapoviroirsiarhiastdtaggatischarge to form a
remaining e%ﬁ&%ﬁfi @nggﬁéﬁgrig%mmé@w and a heavy refrigerant stream having a greater

arr ; :

percentage o propy?en an said selected mixture;

2. A method according to claim 1, wherein said C3 hydrocarbon is

propylene.

3. A method according to claim 2, wherein at ieast 90 wt % of said C3

hydrocarbon is propylene.

4, A method according to claim 1, wherein said last stage discharge
contains 10-40 mol % methane and 60-90 mol % C3 hydrocarbon.

5. A method according to claim 2, wherein said last stage discharge

contains 15-25 mol % methane and 75-85 mol % propylene.

6. A method according to claim 2, wherein said exiended binary refrigerant

coniains 18-22 mol % methane and 78-82 mol % propyiene.

7. A method according to claim 1, wherein the extended binary refrigerant
can provide refrigeration within the temperature range of from -136 Deg. C to 25
Deg. C.

8. A method according to claim 1, wherein said feed gas contains an olefin

and the method comprises removing said olefin from said cooled feed gas by

fractionation.
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(c) separating said heavy refrigerant stream from said remaining extended binary refrigerant vapor in a

separator; d) cooling to condense at least a portion of said remaini %9 g li)énary refrigerant
) . PG, 1194 .
vapor from sa sgé}ﬁ)‘g%\%%to form a light refrigerant stream; (e) brlnglngﬁstg‘l Igeavy refrigerant

stream and said light refrigerant stream into heat exchange contact with themselves and each other
and with said chargk mathivd ssichsdirie $cofibbaBexdteaeiparsidvblefebs stidiemerge gas is cooled, said
heavy refrigerant stream is cooled and then heated and vaporized, and said light refrigerant stream is
first cooled and at least partially condensed and then vaporized; and f) returning said light

refrigerant streattParftie8iBaARAPIEINGE SRR IRIPILRRIESRRST88SIHMEF . A method according to
claim 16, whereipsaibsootirsyth ecoacassmakleast a portion of said binary refrigerant vapor comprises
cooling with cooling water. 18. A method according to claim 16, wherein a portion of said heavy
refrigerant stream obtained in (c) is used for cooling in (b). 19. A method according to claim 16,
wherein said lighitrefigratieocesarding jariaiy SowherRiB $#i¢ SEtSRAR/JisehRg@fant stream and is

further condenseg tpdain seifmsfrigaratinBne2hfonedhabracoiyariocatasn. 16, wherein the

compressor further includes an intermediate stage.

12. A method for cooling with an extended binary refrigerant comprising:
(8 - compressing a mixture comprising 10-40 mol % methane
and 60-90 mol % of at least one C3 hydrocarbon selected from
the group consisting of propylene and propane in a multistage
compressor to produce an extended binary refrigerant vapor,

(by  cooling said extended binéry refrigerant vapor to condense
a portion thereof and provide a vaporous methane-rich binary
refrigerant stream and a liquid C3 hydrocarbon-rich binary
refrigerant stream,

(© employing said methane-rich binary refrigerant stream and
said C3 hydrocarbon-rich binary‘ refrigerant stream to effect
cooling, and

(d) returning said methane-rich binary refrigerant stream and
said C3 hydrocarbon-rich binary refrigerant stream to said
multistage compressor.

13. A method according to claim 12, wherein said methane-rich binary
refrigerant stream and said C3 hydrocarbon-rich binary refrigerant stream

cool a charge gas comprising hydrogen, methane and ethyiene.

14. A method according to claim 13, wherein said chargé gas is used to
produce ethylene.
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21. A method according to claim 20, further including using a portion of said heavy refrigerant stream
for cooling at least one of an ethylene fractionator reboiler, a deethanizer condenser and a
depropanizer condenser. 22. A method according to claim 16, wherein the content of propylene in
said last stage dischangehisi greadetitihan sRimot 2owideik theteatbadedrdimaryo elagerd:@, wherein the

content of propylene.in said ligujd refrigerant stream is greater th mol.o thod
according tocté)rg/iﬁgoi’ ,%\ﬁ%} ?g%h%newx%%ﬁnd%ejdé g%’r@%rraeﬁ"r%g%%e c%iﬁg?gvri?d%éreﬁég%a%c?r? within the
temperaturelbagg€ of from -136 Deg. C to 25 Deg. C. 25. A method according to claim 16, wherein
said method for cooling is utilized to increase the total refrigeration capacity of an existing olefins plant

employing a cascade refrigeration system having separate L}propylene and ethylene refrigeration

systems. 286A mBtr st drigths Qs eEoTurhelRiauERY B 8%k dRRIEPSRIABormed in () to
provide addifigaalgefigacatianddid ghyiemeihasaeceriingnarglaigabisvbesrio the light refrigerant

vapor, at low ressug—:-, is i%[ected into the Iiﬁuid rFHIe% rant stream enterirgg(igr} oq_tr(%lqne fractionator
Sa S

condenser dOWHSHE4MN & %IV@Y%%ﬁﬁg?ﬁ)\?\/ 0 iﬁ)ﬁ:thﬁn %r]srigaerrgﬁ '8

Fearn fhto Said ethylene
fractionator caitiehsere @8 ¢ompthiod:according to claim 16, wherein the direct refrigeration duty of

said extended bina{gbreégg%r QALis egﬁeaégg_r@ége%@@hqgg%g}%pp@%w eggﬁ%rﬁgaycle to a

cracking heater produced at the bottom of said fractionating tower, after pressure letdown, and a gross

overhead vapstirGRgdehItydsprareaiceisstrshiaRytRgaspup consisting of propylene

and propane, in a multistage compressor having a first stage and a last stage
with a last stage discharge;

{(b) cooling to condense a portion of said extended binary refrigerant
vapor from said last stage discharge to form a remaining extended binary
refrigerant vapor and a heavy refrigerant stream having a greater percentage of
propylene than said selected mixture;

(c) separating said heavy refrigerant stream from said remaining
extended binary refrigerant vapor in a separator;

(d) cooling to condense at least a portion of said remaining extended
binary refrigerant vapor from said separator to form a light refrigerant stream;

{(e) bringing said heavy refrigerani stream and said light refrigerant
siream into heat exchange contact with themselves and each other and with
said charge gas in said series of heat exchangers whereby said charge gas is
cooled, said heavy refrigerant stream is cooled and then heated and vaporized,
and said light refrigerant stream is first cooled and at least partially condensed
and then vaporized; and

(f) returning said light refrigerant stream and said heavy refrigerant

stream to said compressor.
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29. A method according to claim 16, where the direct refrigeration duty of said extended binary
refrigerant is decreased by heat exchange between an ethane recycle to a cracking heater that is
produced at the bottom of said fractionating tower, after pressure letdown, and said refrigerant flowing

to the ethyleng fragtioradescandenses. 18GiArmeRoghresnrdinig tooding &H codwsieda the first light
hydrocarbon separation tower is € dagropapizer com rising two.towers ?t different Bfessures, and the

higher pressSAF tGWRY IR RSV ANOPTE HF SRR NTRE) CORURIRSEASRC €Pto provide

ensedn a{ﬂqn\?'étrf}e ol
reflux for thewsgher pressure tower. 31. A method according to claim 16, further comprising the step
of deethanizing said charge gas wherein no deethanizer condenser is provided and reflux for said
deethanizer is withdrawn proximate a feed tray where a deethanizer gross overhead enters said
fractionating t®werA 32sthoghetrsarditsor@ingabelafn voSFRRréintaltpexfintid BifaKy refrigerant
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through self-refrigeration.

20. A method according to claim 16, wherein the compressor further includes

an intermediate stage.

21. A method according to claim 20, further including using a portion of said
heavy refrigerant stream for cooling at least one of an ethylene fractionator

reboiler, a desthanizer condenser and a depropanizer condenser.

22. A method according to claim 16, wherein the content of propylene in said

jast stage discharge is greater than 50 mol %.

23. A method according to claim 18, wherein the content of propylene in said

liquid refrigerant stream is greater than 80 mol %.

24. A method according to claim 16, wherein the extended binary refrigerant
can provide refrigeration within the temperature range of from -136 Deg. C to 25
Deg. C.

25. A method according to claim 16, wherein said method for cooling is
utilized to increase the total refrigeration capacity of an existing olefins plant
employing a cascade refrigeration system having separate propylene and

ethylene refrigeration systems.
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26. A method according 1o claim 16, further including using the liquid
stream formed in (f) o provide additional refrigeration duty.

27. Amethod according to claim 186, wherein the light refrigerant vapor,
at low pressure, is injected into the liquid refrigerant stream entering an
ethylene fractionator condenser downstream of a valve reguiating fiow of
said liquid refrigerant stream into said_ ethylene fractionator condenser,

28. A method according to claim 16, wherein the direct refrigeration duty
of said extended binary refrigerant is decreased by heat exchange
between an Aethane recycle to a cracking heater produced at the bottom
of said fractionating tower, after pressure letdown, and a gross overhead
vapor flowing from the top of said fractionating tower.

29. A method according to claim 16, where the direct refrigeration duty
of said extended binary refrigerant is decreased by heat exchange
between an ethane recycle to a cracking heater that is produced at the
bottom of said fractionating tower, afier pressure letdown, and said
refrigerant flowing to the ethylene fractionator condenser.

30. A method according to claim 16, wherein the first light hydrocarbon
separation tower is a depropanizer comprising two towers at different
pressures, and the higher pressure tower overhead vapor is at least
partially condensed in an interreboiler to provide reflux for the higher
pressure tower.

31. A method according o claim 16, further comprising the step of
deethanizing said charge gas wherein no deethanizer condenser is
provided and refiux for said deethanizer is withdrawn proximate a feed
tray where a deethanizer gross overhe.ad enters said fractionating tower.
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32. A method according to claim 16, wherein said exiended binary refrigerant

vapor leaving said compressor comprises no more than 1 mol % hydrogen.

33. A method according to claim 16, wherein said exiended binary refrigerant

vapor leaving said compressor has no more than 10 mol % propane.

34. A method according to claim 20, where said extended binary refrigerant
is configured to increase the total refrigeration capacity of an existing olefins
plant by replacing a cascading refrigeration system having separate propylene

and ethylene refrigeration systems.
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