Met hod of Cooling Using Extended Binary Refrigeration System Background The
enbodi nents di scl osed herein pertain to refrigeration systens and
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Mixed refrigerant systems are known. 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 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 5,979,177 in which the refrigerant is
a mixture of methane (carbon number 1) and either ethylene or ethane |
(carbon number 2). A binary refrigeration system uSuaIIy operates with a
fixed composition at given temperature and pressure conditions. However,
such a binary refrigeration system is limited 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.

U.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, ethyiene and prdpylene (carbon
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- Summary

It is an object of the embodiments disclosed herein to provide a
simplified, single refrigeration system utilizing a mixture of methane with a
C3 hydrocarbon as a binary refrigerant.' As this binary system is not a
continuous mixture of carbon number hydrocarbons but rather has only C1
and C3 hydrocarbon components, this system is referred to as an extended
binary refrigerant. This extended binary system can be used to replace the
sebérate propylene, ethylene and methane refrigeration systems associated
with a recovery process using a low pressure demethanizer, or the biﬁaw or
tertiary refrigeration systems utilizing hydrocarbons with consecutive carbon
numbers. One use for the system is in an olefins plant. ,

One embodiment is 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 muiltistage
compressor having a first stagé and a last stage with a last stage discharge
containing at least 60 mol % of the C3 hydrocarbon, and being divided into



an extended binary refrigerant containing a m xture of nethane and a C3
hydr ocarbon sel ected fromthe group consisting of propylene and propane,
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a
to condense a portion t%ereo provi de a vaporous methane-rich binary
ref ri ger antfrarhthecoated feeblgns by Gactignatmrar bon-rich binary refrigerant
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produce -an extended binary refrigerant vapor, (b) cooling the 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, (c) employing the methane-rich
binary refrigerant stream and the C3 hydrocarbon-rich binary refrigerant
stream to effect cooling, and (d) returning the methane-rich binary
refrigerant stream and the C3 hydrocarbon-rich binary refrigerant stream to
the compressor.
Sometimes, in (c), the methane-rich binary refrigerant stream and the
C3 hydrocarbon-rich binary refrigerant stream cool a charge gas comprising
hydrogen, methane and ethylene. The charge gas typically is used to
produce ethylene.

. Yet another embodiment is a method to be used in the production of
olefins from a charge gas containing hydrogen, methane, ethylene and
optionally including other C2 and heavier hydrocarbons, 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 comprising a mixture of methane and a



hydr ogen, nethane and et hyl ene. The charge gas typically is used to produce
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" 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 compressor 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 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
systefns.

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



stream for cooling at |east one of an ethylene fractionator, a deethanizer
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higher pressure. Sometimes the higher pressure tower overhead vapor is at
least partially condensed iﬁ an interreboiler to provide reflux for the high
pressure tower.

In one embodiment, the method further comprises the step of
deethanizing the charge gas, wherein no deethanizer condenser is provided
and reflux for the deethanizer is withdrawn proximate a feed tray where a
deethanizer gross overhead enters the fractionating tower. The charge gas
typically is derived from refinery offgases, the catalytic hydrogenation of
propane, or steam cracking of hydrocarbons.

A further embodiment is an éxtended binary refrigerant compfising

a mixture of methane and a C3 hydrocarbon selected from the group
consisting of propylene and propane, the extended 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 % hydrogeh, 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.



and reflux for the deethanizer is withdrawn proxinate a feed tray where a
deet hani zer gross overhead enters the fractionating tower. The charge gas
typi cal | ywo=oterssaed fromrefinery of fgases, the catal yrce/usgasogan@at i on of
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concepts utilized in e enbodinment of Figure 2 . Figure 4 is a schematic
fl ow di agr aignifipartrefrigaigtiomsupplydacieastal heat exchange concepts, which
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exchange concepts utilized in the embodiment of Figure 2.

Figure 4 is a schematic flow diagram, which illustratés 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 an extended binary refrigeration system which can be used in a new
olefins plant or a major expansion of an existing olefins plant.

Description of the Preferred 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 temperatures
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



when additional refrigeration capability is required due to an expansi on of
ol efin plant production. Figure 6 is a schematic flow di agram show ng

anot her ewbadiomasgisof an extended binary refrigeration sgstusaosiies can be
used in a new olefins plant or a major expansion of an existing ol efins
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cases, a pyrolysis gas is first processed to remove methane and hydrogen
and then further processed to produce and separate selected olefins. The
separation of the gases in an ethylene plant through condensation and
fractionation at cryogenic temperatures requires refrigeration over a wide
temperature range. The capital cost involved in the refrigeration system of
an ethylene plant can be a significant part of the overall plant cost.
Therefore, capital savings for the refrigeration system can significantly
reduce the overall plant cost. _
As used herein, “éxtended binary refrigerant” refers to a refrigerant
system that includes two hydrocarbons with carbon numbers that differ by at
least 2 and does not also include the intermediate hydrocarbon. For
example, an extended binary refrigera.nt containing methane (a C1
hydrocarbon) and propylene and/or propane (C3 hydrocarbons) does not
contain ethylene or ethane (C2 hydrocarbons).
Ethylene blants 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. Ethylene refrigeration at

approximately —100 °Cto —102 °C is typically used to chill the gross



and then further processed to produce and separate sel ected ol efins. The
separation of the gases in an ethylene plant through condensati on and
fracti onavoamoeatieasyogeni ¢ tenperatures requires refrigecatisossovans a W de
tenperature range. The capital cost involved in the refrigeration system of
an ethylene plant can be a significant part of the overall plant cost.
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reduce the overall plant cost. As used herein,."extended, binar

refriger antdesfgvﬂe@r‘é’ﬁ?@ low preSsyee Qﬁf“"gp@'t“éﬁ{ Pigh PR%'I%%%QG{% aﬁ%} ocar bons
Wi th carborp i Wgﬁ‘é gd15di) ahd GeReRily® tHeermigedf o4 iR 0BatMRA S0 td1C! ude the
I nt er medi a'[?é tly ro§3ar bonl).gFe(j)peeian%l e, an gxtended bi nary ref?i ger ant

cont ai ni ng 188t pEieEnd witkovehediiteargerajures ih theoppge né- 140 Chlo prafdhe ( C3
hydr ocar bons) does not contain ethyl ene_or _.ethane (C2 hydrocarhgons).

Byl ene. pTEAMESIMeR NG PTRRraLTP ARVt FRIHSS AR 1 A H e R Dk R o

hi gher tha ' iDredblirB ASmeHRIRAdalee eIl Rtaypiasel |y in

t he range gd%aégé\é’tggof ﬂ%b&%greﬁé{gl ene%pgri gerat% at appr_ogi mately -
100 o - IaRve® requisgment lapdusteel towec hidtal plentgeapitaleoesthaviileeth@ver head

od fl . A | desi d with |
Hanot hant 2 iSiERA G i ihe itWerd ERlgTBtoR oMb SRE Padrd ety st Br e o T i
the range %e?ﬁe%ﬂﬁo?&m"etﬂ%? P@ﬁg%g&idn%y%@n%bbdﬁﬁﬁ R dePyRiiEeasd

tenperatures in the range o Cto - 140 0C requires fethane
t enper at ur grbpylehe oéfrigefatiogersystamst o Geaeseparatien| ak. C3lse raguises ages of

the | ow pressure denethanizer are the ]o o] I r I rement

and the | O&EF‘H%?%EFG%!%HH'“% r&r@ é‘f“%@'t 4%\/\&? g tﬁl—ﬁlsﬁgg@%ﬁéﬁgiﬁé uip§gtI he | ower
refrigeratigAgh &Mies akigndetiasivaragnitaturbeasjer e, the need for a methane
refrigeration™systemin addition to the ethylene and propyl ene

][ef ri g(raﬂr)at i on syBheextentnd bingsurefriperans comprises aquixiuees of meang Withs r angi ng
[ - 30 ' . ded
bi nary cenmiPbisP8 Britigh lohdrl) PRRRhairy St B sbARE of e Rftsiahe 112

m xture of dreir§@aAdwhakeup, a small quantity of hydrogen can also be present. The
concentration of methane and propylene can vary depending on the

ethylene plant cracking feedstock, the cracking severity and the chilling train
pressure among other considerations, but will generaily be in the range of
10 to 30 mol percent methane and 70 to 90 mol percent propylene as
measured at the compressor discharge. A typical composition for an olefins
plant with a low pressure demethanizer would be about 20 mol % methane
and 'about 80 mol % propylene. The use of the single extended binary
refrigerant provides all the refrigeration loads and temperatures required for
an ethylene plant while obviating the need for two or three separate
réfrigerant systems. The refrigérant usually circulates in a closed loop
system.

The purpose of the disclosed embodiments is to provide the
neéeséary refrigeration to separate hydrogen and methane from t’he 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. |



propyl ene and/ or propane. Dependi ng upon the source of the mnmethane charge
and nmakeup, a small quantity of hydrogen can al so be present. The
concent r avpanioafiesmet hane and propyl ene can vary dependi rgTars2e0seostihyl ene
pl ant cracking feedstock, the cracking severity and the chilling train
pressure anong ot her considerations, but will generally be in the range of
10 to 30 nol perBefote desdrinirg thecextended bihamprefpgeration systam thedlone neasur ed

t th di sch . ALyDI i tion.f i i
2 : ov/vepfig’s@qrﬁéé?fbaaééﬁa?&@mﬁﬁ@'%%*%ﬁ&ﬁﬁ%%%&%%@ﬂg%é%&%ssgﬁlfd{“ 8
nmol % pro : e - ) . \

P DBQP?SQF thﬁﬁ’r?ﬂ?@g dsbg@g iREINAEE 18X paRResbf MAlstratiohrdr@gr ant  provi des

all the refri _ tenperatures required for an ethylene plant
whi | e obvi ati ng Rigerendedbdicts amvenbanced dinaypfrigeratien isygtamardesigist ens. The

fri 1Ty .Gi in a.clos .
i scl osed g RLAEanadheBrienal 66 BRR oGy R e HRaERE " opar ot o
hydr ogen angoggetinslaht tHat id6eihBan&reasad impdpadify i Tiee etikingardn feed t he

dermet hani zer. Optionally, the nethods provide some or all of the other
refri ger at i horchprge gasnwiicbiis thespwatyisischarae gasepodidioned asireauied he

the syst emdi EoOBBYaLEBAEY % 4 reBRarpn s obAboBLapr R K 200 &8 ds e ng
i ncl uded T QfroRMiROSEEDABNL £I1bUSH mﬁaomm})iamdiéguwo jo e psis, and ashanced

binary refrigeration systemdesign useful for adding increnmental
refri ger at itypicalpabvaparystreamn kxdesigng tbatemploy beliuyepehapddiftuid hat i s

being increasgd in capacity. The.chilling. traLn : . 0L, as,

whi oh 15t HOEOFBPYE Syeta i oot Wttt PalL By siE et Pubut®ass 857 ¢
typically aiquid teikafeat This SfreakoBbniting hiyarcferC rasthamepraat Geand about 2
to 3.5 MPa (approximately 280 to 500 qu5|), and is typically a vapor stream

In desi gns hemereeqmponedsringluging etfvlanesend ProRIeRGr b8 @iliegdraifhe feed
Lt PSS € BB Bb AR, G e RgoRch SEH o it earm
exchangers 18, 19, 20 and 21 with appropriate separations being made to
produce demethanizer feeds. ,

In addition to the chilling train feed 16 and the binary refrigerant
streams, there are various ethylené plant streams at various temperatures
which also pass through the heat exchangers for recuperation of cold, such
as stream 13.

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 system, either a
classical cascade of propylene and ethylene refrigeration, a classi¢a|
cascade of propylene, ethylene and methane refrigeration systems, or a
mixed refrigeration system. The design as depicted provides only
refrigeration for charge chilling and demethanization and does not provide
for fractionation refrigeration for C2 and C3 separations.

The chilling train feed 16, is chilled in exchangers 18 and 19, and
partially condensed and then separated into a vapor stream 22 and a liquid
stream 24 in a separator 26. Liquid stream 24 flows to 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



heavi er conmponents including ethylene and propylene. The chilling train
feed 16 is progressively cooled by the refrigeration systemin the heat
exchangerwo2810/a1881520 and 2 1 with appropri ate separati ea3/usesosgogsagie t o
produce denet hani zer feeds. In addition to the chilling train feed 16 and

the binary refrigerant streans, there ar afio t hyl l.ant st t
various terdSdn GeRarajpli 4 hias 5‘&@%”&?9 ﬁlﬂ\fhfr'é%&%@}ﬂ a/@;%g Zé]rsaéso{eans :

recuperati 9Re E{‘%gﬁégl’%‘}éﬁﬁ%@é‘%r'wﬁ gﬁea,ﬁhqw%ﬁ%ﬁ{ﬁ%é,{m&hgw el

utilizes two ression to produce refrigeration from anbi ent
t enper at ur cheddexdhangeou21 -whée dedgs colathiandigsirtiallyi sondepsedreandiry to an

existing refrigerati t I 1h I | cal d f I d
ot hyl ena 1 GePRUREAINGr Ao sHeamt af apgdbtS Garp g renea gt 3 B an
Tethane T efiglAPEAELANSEYE AT T0IGEst HeThEMANTAK 1Tbear WARHY Streaienaa The design

as depicted provides only refrigeration for charge chilling .
derret hani zdurtber chitied ¢t shownrolvigdd andrthen sepamted inde araidrogen BEM on for C2

and C3 separation The chi]ling train feed 16, i ' | angers 18
and 19 , a_rﬁ.‘lreﬁgﬂ t‘f%lapg ?dJna 4 NG UG @e&%?é@gﬁ({’ﬂoﬁg %@pgﬁgﬁlt ream 22
and a |iquigdnfhe8a® te bihaty SeRRJchfion 2ystdr bl Gidnamerhdtvorks of o t he

denet hani zer. Vapor stream 22 flows to heat exchanger 20 .where it is cooled

and parti aléxchaogeen2bRG@, t1Beand d parespeatively ofon recqysry of Feldn 28 and a

|l iquid streanB0 {,n_a_separat.or i qul f t he
denet hani zer as T'P‘u% eﬁfﬁ'@%ﬁ@éﬁgpﬁg?m%gﬁudrﬁééneaﬁ%i%grets%ﬁ?gar%é{@%gﬁest ream 28
then flows d@eh@ad b setigeratich edr@predsor 59, asoaBdcamdinzaat leabl §0 condensed
and separated into a vapor stream 34 and liquid stream 36 in se$ar ator 38.

The |i qui d ot%£e3 Bediosarhen, witriberemairdarhein@methane. S9He 689&%am 34 i s

furiner i el 80, Rbbdiriibrer piopanal st 104y g ooen

returned tometrare cernpositdn. gstag nsthays heakeuped the compyessoretystark  of

exchangers ig v&i{hdzrg\’/vnlf?(’)mlt%eac?gmé’?ﬁanrizeesrpneeqttcgvveerrl\géd fng)oF ;e)(r:é)a/uecrt)(/viﬁ']:ou?o' d.
further processing, some hydrogen is contained and the methane content is
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 refrigeratidn system.

Stream 1 is cooled by water or air, preferably cooling water, in heat

exchanger 52 and partially condensed and then separated in a separatdr
drum 54 into 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 thfough 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 to a low
pressure using an optional control valve 82. Temperature controller 91
adjusts the pressure outlet 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
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The extended binary conpressor discharge stream 1, |eaving the extended
bi nary refrigeration conpressor 50, usually contains at |east 50 nol % C3
hydr ocar bwo,20wvatibsishe renai nder bei ng net hane. In sone ea¥AS20080EasN 1
contai ns 60-90 nol % propyl ene (or propane) and 10-40 nol % net hane
conposition. As the nethane nakeup to the conpressor dI'hdrawn

fromthe dendemamrodde e requireraeeliog forstinasm 8@angip @th?Qﬁ%tﬁlsw
pr ocessi ngf%%ﬁﬂﬁﬂ%?tﬁ@%rﬁeﬁ ,}% P"eg"g% %@e mth RGO RSHE, e reduced

by a small or exarrp % 1n he conpressor discharge

w th a 0.5 tgmpefatbpdobstesarad@)tvemith idataonitbiaation of stganss tdrel Saaflesonet i mes
desirable to reduce the hydrogen conteE\8 for exanple by controlled venting
in the ref tﬁ@%ﬁ%@l'@ﬁ%@ﬁé‘ﬁpu 1 daleg cool ed by water or air, preferably

cool i ng water, id) gﬁé%ggfie%n%ﬂerpgé Bh%éVaﬁd’r%gr% QBPéHi‘nﬁ en

separated in a separa ‘or into a vapor stream and a |IC]UI d stream
3. The vapatust3Zignsad, tomtrdom\vreal pommmfhheeaposstmam@rmssﬁ a@mnyebar at or

d 54 dth | ed nt ual t | d
exehanger s 8 B3 Gu5R ixedanie Berarmbbad RattaliBhearst W BEREARD: dr um
56. The congen gr?cb 'tbQBFO\/ & rdl’ﬁlﬁﬁ@”fo %bh@éﬁké hyd?obﬂ%nbeio denh &g 0Ss a

control valve d optional l y"any uncohdensed vapor 5 is cool ed by
expansi on nruieembdmteptempew%umde@emammnfeadlstr&am! 80l valve 82. Tenperature

controller ust s res ur ou let fro | v Val ve 82

provi des the prat%‘i’%e@i‘ﬁﬁ q%é‘gré’ﬁ @%Y%?&S??ﬁg%%%@ﬁeﬁﬁgm [ schar ge

vapor fromzsoahﬁﬁhyvé\bw%mﬁ] éomBWa{p@lr%tr@grrpiolt@b@rm&@dtvhm llﬂ\lesgﬁélﬁéw& pressure

fromcontrol valve 8 1, the tenperature entering exchancg‘a[m . is raised or
¢

| over ed | nmebeated@tmamigoa;:roa@armmml walvedi iQi@fOiV@te ther i nsure
col dest |dfeedflowfor h la stream 36. I n one

enbodi rrent ?H\@ F@%Q?H{%’P%ﬂ%ﬁg &eﬁﬁﬁvgaﬁtﬁ?ﬂ?ﬁﬁﬁ S a conbi nation of steans 4
and 5, after preswatifis|ehHeWD hre RimEd by 186 c@b@ﬂn? ©f shieaim arthyough
tenperature controller 92 on the vapor stream 28 [eaving drum 32 is used to

| et down a ipierehasngedn expbanggysr1 Sandaeh §ha@pmsal%b¢ftth6$e streams is
unchanged as stream 2 cools to form streams 8, 10 and 15. Both the vapor

and liquid from separator 56 are recombined and become part of streams 6,
9, and 13. ‘

The heavy liquid stream 3, leaving separator drum 54 provides some
of the refrigeration for chilling of the chi|ling train feed 16‘in exchanger 18
and also chills and partially condenses light refrigerant stream 2 in
exchangers 17 and 18. Stream 3 leaving separator drum 54 is chilled in
heat exchanger 17 by reheat of process streams and by letting down a
portion of the chilled heavy refrigérant of stream 3 to a lower pressure as
stream 11. A temperature controller 94 on the remaining portion of stream
13, i.e. stream 12, lets down stream 11 across a control valve 85. Stream.
11is véporized in exchanger 17, is routed to drum 77, and then.flows to the
second stage suction of compressor 50. The balance of the heavy
refrigerant stream, liquid stream 12, is further cooled in exchanger 18. Itis
then let down to the lowest refrigerant pressure across control valve 86
providing additional cooling and then mixed with light refrigerant stream 13
to form stream 14. Light refrigerant stream 13 is the total light refrigerant
and composed of streams 6, 8 and 10. The mixing of stream 12 with

11



valve 83 to be m xed into the conbined partially reheated |ight refrigerant
stream 6 to provide chilling to condense hydrocarbons to formthe

i nt er mediwoeotoanpasat ur e denet hani zer feed stream 30. APCEMS200810094@8
controller 93 on the vapor stream 22 |eaving separator 26 simlarly lets

down some vapor stream 10 to be m xed wth the partially reheated stream9
across a cdéhtead 1gdpwersihe terpperatide efream 19 E%VQQ;ﬁ&rﬁcﬁf’é’e\ﬂanst :

denet hani z b i Hi t ran i PrEeEshdy the

cool i ng of qégﬁl@g%taét@lﬁ"%ﬂjﬁ I nt er@#;ngge{h%ﬁn%)?%ﬁgé%@}%%ﬁg%d 20. The

conposi ti orflofs ttbefisst sstagensompressitmngections dsumed® andotihen tto the m streans

8 , 10 and 15 . Both_the vapor and uid from separator 56 are reconbi ned
P gton f

| i
and becone GRPRIESEOL?P rstgtage gu e heavy liquid stream3 ,

| eavi ng separ at f ' i§o frfle i ' BAl £hilling
of the chilli ngolﬂr}%jipﬁégee%g’d%%ﬁ? ﬂﬁzi' hgﬁ%@;ze%g&asggj gldsbgﬁ@{r?:slg?rs and partially

condenses Iretiigerart composad essestiall of mettanenged propylene tepratideam 3

| eavi ng sepatator..drum5b4 is chilled {n heat exchanger 17 t of

br ocess st MElHSTati g tst Fei§Weanient (e aiih O e ahEE 5]
refrigerantarfut St BeYBg3 C. OT s iP¥EYorid BeSdhged$ ahly bR™Fy t§stefn LiEMeG at ur e
controller 94 on the remaining portion of Stream 13, i.e. stream 12, lets

down st r eamionbegutives catbarpmumbersal e igdicaged ehovel Figureapsiapield @ n

exchanger 17,.is routed to drum 77, and.lhe o o.the sec t age
suction of ¥ e{%%%56).(8%%8%a?faﬁee&gp&$r@ahta\\,/@n&e?r$§r§'§§ngpg§'$eam
l'iquid streaffigetation 8efdridaest the dl&hs ;lﬂaﬁt(lshﬂéﬂﬂ'ith1l8is-cdn1fighmttdﬂen | et down
to the | owest refrigerant pressure across control valve 86 providing

addi ti onal cool iiguen@ deeistsriae@xignded binary rrefrigejatiamtsysteaalariad to form

stream 14. L] Jl.gerant st - e ' i ant and
conposed ofédsrﬁ&ggér’é{e@ !qg @legrﬁd Aqldg f?@%]ééﬁ%g? fantécp‘norfetqgirr@}gésl nqlt % 9]& m’eteé]rrgtc rgggm 13
| ower s t he dsyopRited uith cin slefiednplhnt spanaticrhalysteohidosigh,bwhetredugi ng t he
pressure. Stream 14 is then reheated in exchanger 18 and flows to first

stage conpreBplstely newiRiantnan expagsipn ¢rmbe supplied by this configuration.
Figure 2 describes an olefins plant design utilizing a front end depropanizer

" as the first light hydrocarbon separation distillation system. However, the
extended binary refrigeration concept can also be utilized to supply the
refrigeration requirements of an olefins plant with a demethanizer or
deethanizer as the first light hydrocarbon separation tower system, as well
as other distillation or fractionation concepts that will separate and purify the
products of a steam cracker charging a hydrocarbon feed and producing

* cracked products therefrom.

Vapor stream 101, leaving compressor 150 is cooled by an ambient
temperature cooling medium such as cooling water or air, preferably cooling
water, in a heat exchanger 152 to near ambient temperature. The mixed
vapor and liquid stream then flows.to separator drum 154 where it is
separated into vapor stream 102 and liquid stream 103. In one
embodiment, vapor stream 101 has a composition of about 10-40 mol %
methane, or about 20-30 mol % methane, and about 60-90 mol %
propylene, or about 70-80 mol % propylene. The composition depends
upon the feedstock to the steam cracking'heaters and the conditions under
which the hydrocarbon is cracked, and also upon whether any additional
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conpressor 50 as the first stage suction flow The process shown in Fig. 1
utilizes a single conpressor and a refrigerant conposed essentially of

nmet hane awo 2proapydiene to provide refrigerati on from justcChalSowsandient
tenperature down to a tenperature of about - 136 deg. C. This is beyond the
range of an binary,systen1utiIizin%,cons cutive c ng nunbers.

-
i ndi cat ed nsconipining stregays are flgwng (@ e S#efme&@ Hsf&HPVEFY 8h ol efins
pl ant. Onl ti i~ h | ' 2g-Nals ik b plant is
et wi ¢t fr 2088k i Badhioh  Enfidldl BRI RHARIANASTRARDL Diiafy plisLie e

ref ri ger at imnethayst and fpropglecemit & eecdgrized thdtasomeAhydroigenhean die i ger at i on

i ol ef i ns gl nt separation
n

i ts of th ted with
Syst em desiQAARAERR GPESAHPRLR o] HEWwo G O! oo TReERpE a3 be

suppl | ed bnhkdn GRBT3AIHE HrbBline TaAUSE cBntififéd HR%F cBRsElEMdEs okt desi gn
utilizing a front en epropani zer as the first |ight hydrocarbon
separ at i on stiusee |df atheoprapyteremcheoye\and, makeupxtae e erhianged beary ger at i on
concept can also be utilized to supply the refrigeration requirenents of an
olefins p "hani zer or deethanizer as the first |ight

| efi | dARINIRrRYOL SYRIRRT hani deet hani he fi ligh

hydr ocar bon sepanagniél che¥etheWappMstreaneb I@sving Repattitst i b4 aidsca or
fractionation concepts that will separate and purify the products of a

st eam cr ackwmiophmgthgna ¢onnentratiponoff 88 Ml pteo fRrcanypPitehdadithir oduct s

therefrom Vapor st 1 | eqvi r essor. | an

anbi ent terﬁ‘S &é‘?ru%ebg-’g)gh ﬁﬁ%&?@?& Q%P&%E{sé @o%ﬁ{yr%?%é%@scg%@?q, e|oref erably
cooling Watcﬁackih?_r@a!f@at FexKkgraseRydrbzartich feealstauksi @vd h eratking. The

m xed vapor and Tiquid streamthen flows -to separator drum 154 ere it is

separat ed ineateregeking seuafitieoomattane goneeRYIELFADICIEASS WP W di ment ,
vapor stre Ilg/ﬁ.;nFSFg%g@ﬁ%‘é@?’d%@%f%@k%tatl%w@ IR erifeLEHAn eg(r) about

20-30 mol % e, propylene; or about - nmol %
propyl ene. comeentratios isbhmtintepemidevmasettbels motisd.ock to the steam cracking

heat ers and t he condjtions under . .

The liquid stream 103 leaving separator 154 sometimes has a
nominal propylene concentration of 80 to 90 mol %. With varying process
conditions, propylene concentration can be as low as 70-75 mol % and as

- high as 92 mol %.

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
streams 102 and 104 and for chilling other process loads, as required,
including stream 123. This vaporized stream 111 then flows to a
compressor second stage 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
chilled stream 119 is let 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,
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whi ch the hydrocarbon is cracked, and al so upon whet her any

addi tional ol efin-containing streans are flowng to the olefins plant for
recovery wo 2proadegiss. I n addition, although the refrigePamuse@smadamsy a

bi nary m xture of nethane and propylene, it is recognized that sone
hydrogen can be contained as a consequence of the source of the nethane
char ge andSHek @gstegam §@|59Tbed§§r'@ef@§ﬂn ipsovided 4 HEzagstoochilh RERERRSNce of the

source of 0 t nary
refrigerat %gﬁamfsgé gaﬁ"&Pg%%%ﬂc%é]g‘r%ﬁ?Vag\grtggi@ggﬁ?%@q q&eaw ng separ at or
154 has a nom nalaprmtéwam qoaqvammghe@n cHilléR ah8 patiap Eomdengedpircal

napht ha cracker at 50 to I ght _propyl ene to et tYl ene ratios | eaving
t he cracki ﬁgch@a@@s 11Ii’cﬁncl 1%!%?“%@85'&?@%’ totallysQrgpRetiveenNdgnad cracki ng
heater cra t [ [ to 65 nol
% For hea@& ﬁ‘ﬂﬁgr'acéed A %f%\ﬁg iggerl ﬁgg rre'?%gﬁgl c%ﬁ\hcentratlon

soneti mes teat dmrrawme@ﬁrmﬂec%y prozelss setieats asevaildoig, sectvas; separ at or
154 sonetines has nom nal §§I ene concentrz}}cgﬂl of 80 to 90 nmol % Wth

varying pr §He3g égﬂdﬁﬂﬁj cm/s'e“b\go werR fiE RAshen ed: M 04. &% as 70- 75
ol veand e ?1@5a<9r§s§%|v%’1e‘7’s l%fﬁ;; Fye fdciiétin 16 neAMHOSuctidr €am 104,

is chilled at exchanger of a core or brazed al um num
exchanger @eesssgme ﬁihltlhda|e)gem®e¢)rtomaQedeﬁmgem1m1es:9mmaemrs15@ avidid abl e

i ncluding process stream 106 and ttin a. portion chilled
St r eam 104 GEEIRG Rartomor steds B stinart J0Yedng P Rashnadpeditiune
reducti on ingaPleRERahGerdSh, ! £ HRRIGH bf %lsaéil‘éa‘rﬁ i Set! i ! @RSBrh 01 0 Ovi de

chilling for streans” 102 and 104 and for chil ot her process |oads, as
required, iacodsSsiComniraltvadweni &QsThemesnanamgrmrﬁdnsx rSér@ﬁﬂllQ7tl$1§HeﬁrTbvvs to a

COTDT S 182 el DOV AR H el B et Bl BT o
exchanger hfingesichaRgerrZhrnerdowd Berddssvalve 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 109. Not shown in Figure 2 are the temperature controllers on

-steams 122, 128 and 134 that adjust the letdown valves 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 reheated in heat |
exchanger 119. The refrigeration provided is utilized to cool and pariially
condense the chilling train feed 116 which then exits exchanger 119 and
flows to separator drum 126. A liquid stream 124 is separated and flows to
the demethanizer. The vapor stream 122 leaving separator 126 flows to
heat exchanger 120 where it is chilled and partially condensed and then
flows to separator drum 132. In drum 132, stream 122 is separated into 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
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chilled stream 119 is |l et down through valve 182, resulting in a reduction
I n pressure and tenperature and then flows back to exchanger 118 to be

vapor i zedwendiweabsaat ed before flowing to a conpressor secou$eBagaisucti on
drum 176. Chilling is also provided by process reheats as avail abl e, such as

125. T fri ded [ i hi |1
St eams 2o extbanbeu b P Biake Ads Hidieriued allt par Gty sohdeiset i *vapor
stream 102 r{@a;f'tg hi thgﬁsgreadm yddréféd’nf&@‘ﬁ&ﬂ@%irédﬂn qrehaiepers 117

and 118 is chilled t ot or nostly condensed by consecutive
chilling i n/apmlstragm 34 iroa separatandrub? 138. Tigquid sireamB36 Aowsde th&xchanger

119 is prov roc s,,avai l.abl e,  suc 129, and
by | ext | ng degrnatiZRr 88 158 ot g nvAp e BarB s luitle QoRbiRed o
across val gy %éﬁard’l\l'ohhnﬂf Ry&dgRNCeEH Ght GRetHan@each Ts’t’réaﬁt!;CtOhﬂllrﬁ)g e$sure of
the extended bihary refrigeration conpressor 150. The -remai ning portion of

stream 102 stecasn r1@8ris poovides byairoeesprahistaty astavailgblen naludingfdivged 120, a
portion of

Nt S e e R P A R o

chilled in rbﬁéhtwg@harmetra|£y2va§)or§trrgemnr@>ébh'éngét ep1exiting exchanger 12 1 is
| et down across val ve 185 uci ng both pressure and tenperature. This

stream now r epr d8dhisglasign, awl %@?th@ﬁ%%ﬁ?@%ﬁoﬁwsﬂﬁ BrAVIdRd @8t h t he
systemin ét%%rnﬁés %'e'"??ﬁgg q&@ﬁ%@&)@?ﬁlﬁ%g F?ﬁlﬁ?@'n%‘?r feed by

cooling stre Yeam reheat ed

stream 115 reQutré@nThushheeibmeﬂhhn&telrm&%mg)ccblomn SThne@mH(QﬂmeMt shown
in Figure 2 are the tenperature controllers on steans 122, 128 and 134 that

adj ust t he 9ast @ beacoaligured, to @nablg) cegling ofi tha, demetBaniZerdrrss of
demet hani Zec% grﬁggévéégr taggoélaé reﬁi{li §§§hja%rﬁft &%&é@& s%ﬁQEBF&&H n heat

exchanger using process rehe as avai stream 133,
and conbi ned wi tliqeidrsteeant 105 isiviithdraendrorhistresns t O8andlis3ebdowg imeheat ed

i n heat exchanger 119. The refrige i on provided i zed to cool and
partial |y JURESHEAGTRES SANITP| Y@}V81 %ntof%@ 'dflﬁ“mﬁgcfﬁrﬂ}?e VRIS YR changer

119 and 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 to the ext’ended binary
refrigeration 2" stage discharge drum 177. Stream 156 exits drum 177,
and a portion of this stream, stream 158, returns to the extended binary
refrigeration compressor 150 as the 3" stage suction flow. The remaining
portion 160 flows first to the ethylene fractionator reboiler 162 and then to
the ethylene fractionator side reboiler 164 where if 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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flows to separator drum 126. A liquid stream 124 is separated and flows to

t he denet hani zer. The vapor stream 122 | eaving separator 126 flows to heat

exchangerw0201odies1e it is chilled and partially condensedrarsdoosiessis| ows to
separator drum 132. In drum 132, stream 122 is separated into a liquid

stream 130 and a vapor stream 128. Liquid_stream 130 flows to the
denet hani zd752nd isethentlel dewn aceosseydee 484 te neae dhe suplinn Brassure 958 exits

separ at or . . e e hid s f her
chilled angﬁ%ar%’égﬁ?‘?@%é@%@\éﬁeéﬁ@?@h?ﬁga@%@ ﬁ%thg{r%g%r Sliét'dfﬁt htﬁést reamis
separ at ed igxpandedistigiath & themcddbineadwih stieam st 8aafotd4ticana 13dpar at or
drum 138. Liquid stream 136 flows to the denethanizer as the col dest feed.

Vapor stred¥hieRais @ fmMxeHevapeb i Jifuid SIERMAr at 18R NYNST NERRAR&- ri ch and
nmet hane ri LA:h) f e 8. i S reheats
as avail abfdg),n%%h{??ﬁ%i\ ﬁ%ﬁ%%tlrage;@rme%én ?H@ gfﬁg%ﬁﬁjégf%dggrﬁgg%g?mé%%@% stream
115 acrﬁss Wﬁaethé%)vmgdthie&twaph énaguemitlmacgl’rrmlid%d amm‘rdefdst@amgénchanger 12
1. In this design,._ no nmet hani zer over head condenser js oVi as stream
136 1's ch ISERATIA74 Bep fipas g Shulnedmionatir ovetiardaoensel 148 s not
required. is WapoRieBE! SXa0Iche] cHfliAg ol LBRUSASE ALHIR-toTBhaDRIMARS ent can
al so be contigured'to enable cooling of the denethani zer gross over head

vapor to preepadatioredfpolymsr gradsl etbyleaedropn ethane. descayse apinedajetioni qui d
stream 105 i,s withdrawn from stream 103 and i et d N pressure across
control vald SEaE 13 o, RS H 72 Mg Presur ot sheph Lk gnl HRBBRhni vor
condenser ldie MalRaintRPaN e€8hbMibal %éﬁlﬁéfﬂt&@diﬁéréﬂl%mirﬁfh@éi&@n‘gé h
vaporized stream 112 as stream 114. This streamis conbined with stream 168
as stream 1I6%. andsf thewsvaporizede streaded B rflaws rtef dryer d7Po@ndotip@ressor

seoond St a45uel oAl BohAd e STARH Y BRGNS DIRRR R o e
conbi ned Widdmnpraeesi 780, & higtiNpréds@e dddreased fe pewver ﬁed;liﬂé@i by the t he
extended binary refrigeration 2nd stage di scharge drum 177. Stream 156
exits drumrefrigeration 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 inlet 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 flexibility
thus aIIoWing the system to have a wider range of duties for providing
refrigeration for a new olefins unit or méjor 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 206, an ethane recycle
208 and a reflux stream 210. Ethane recycle stream 208 is passed across
valve 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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and a portion of this stream stream 158, returns to the extended binary
refrigeration conpressor 150 as the 3rd stage suction flow. The renaining
portion 1O 20loomesifi rst to the ethyl ene fractionator relpairiuseookéo4and t hen
to the ethylene fractionator side reboiler 164 where it is nostly but not

totally condensed before flow ng to se_lparator drum 166. The vapor stream
168 | eavi nfedeprshanger? (168 Fig ebnbl M SURFOPING falt @erwWs iBhgat14 and

flows to t ' ' ' r e suction
ir o 176, RGNS RalRey i€ FeadRiEhoRTaRPEPLREDN 1 A2 f8RGred Rite BUol
suction flthe C2 ftautionatproondensédSutyin@16i (@BY. st ream 172 | eavi ng drum 166
is heated i n heat exchangerl?S nd is.then | et down across val vt58187 to

| (2 S..
near the sucti ohlessyse depigtshe selah iIpioh ihe deeinanizer 404019 V8npr essor
first stag ' Thes e ethust fHepdd SR AR ream 113
to form st regjﬁéf‘?@%t%élﬁ ié@%é m >t<|2’cllr vapcl)ér ﬁ%tr?ggf}’. qui d st reégrq&‘llﬁg hi gher
met hane cooceneadtstrean 2R2 oeadthe desthadizadr. Ratux fontlee deethanizer @0ganded

stream 172 further, | owers the tenperature of, the conbined ex ded stream
174. Str_ealﬁSPPzP“_?ﬂ@Nﬁ‘ﬁeﬁ%%ﬂgdm&g@ﬂﬁﬁ‘?'@ﬁge%%@qtmg? raei(?v%?'ﬁg% fcondenser
178 and is ju‘é?B@fdviﬁginPﬂ%{gﬁ’é gﬁ?]s@"'ﬂebb'fﬂﬂnttﬁe AeBfRmtRIIRN, direhm 228Dl e the
separation’ of polyner grade €thylene fromethane. Because of the injection
of stream éaters theoCRfrastionaiv? 218h Stygams 2119 és egoled indweat exahangeri2d 6hi gher

whi I'e mai ntai,ni_ ng. an_ec I cal te rature differenti | n..the exchanger
175, © aat nBny RE0F 16 B El, K Bortin B stbata o5 Bln Bk BB ent 1y
becones t hhes sy inthb! RActichadide a8 XStrsutRd280 MY tHe Fé$tORr Arh&Ve @EPr essor
150, a higher pressure decreases the power required by the refrigeration

conpr essor ettpienemprodpctinstreane 206n Thepntegeatianofithg deethanirar L04@dsone heat
"1t ho-oxt CRJEA BRI EdF gt andRRER Bt SesitPBRR R%AATH © 11 om
the bott ommf exteaded mindrpeefrigeeaticnsyfierm.s | et down to near the inlet
pressure of the cracking heaters and is then va2por ized in an exchanger 175,
| ocated in 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 to 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 liquid refrigerant stream 103
and recycled to the second compression stage. This in turn reduces the
power requirements for compressor 150. Stream 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 normal
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 C2 fractionator 318, is let down across a valve 330 to near
cracking heater inlet 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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the overhead of the ethylene fractionator, reducing the duty of exchanger
178 and chilling the refrigerant 172 flowi ng to exchanger 178. Use of a
vapor w tworawalicgi60 from the second stage of the extenaed/uszovanys41s
refrigeration conpressor 150 allows for additional process heat flexibility
thus allow ng the systemto have a wi der range of duties for providing
refri ger at ileavifig theoverveat eff tims tawen31@. Tisg Bowed streanvh7asfroongraned to a
ion as in In Figure 3, t ctiognator system

| | Fi 2. h f
Senhr ot o oS TRobRed @5 1P iy Taaulad of aEndnger $15 T IREOPENE L Vet
206, an et meof 8xotdrRyer886anG @ar{@é ken fii Figare 2, diucirfg thisfow ¢£3Z! e stream

208 is passed across valve 281 , |etdown to near cracking heater inlet
pressure, andFigura Passduceshtheugrt vapor avithdsayarfromithe seeondstagschanger

val ve 214 (IEHe O8RS SEAIL ST, ThiBaften Be e PhoB o Binarp 1 A3HAR) g hat
occurs in hﬁﬂiugﬁxtﬁéasit%%m%n@&hé%m&ehbﬁedmdrﬁﬁréésémBGI? of stream 172
required for the C2 fractionator condenser duty in 216 (178'). Figure 3

al so depi cts t hd\etgpiigesation lpads and poweescppsumplionas regueekusingthect i onat or

2 18 . Signdl | - ead
stream 222rH‘era g%\gglﬁ]%ﬁ(%eéﬁ%ﬁjlti @r F'Bﬂg%/ﬁgﬁ?%f ﬁ?&g&g@g@ ﬁ%ﬁé\éée{rh%zfg%ﬁ:’eg supplied
by stream Zdl@ntigevof chtilifatipg tHee pr@cdgsadbsighasng the ep@aitioh et ties | ust

bel ow point that the gross feed fromthe deethanizer 204, stream 222,

enters the @gendetbinghateliigeralign ComrIGRsY Divdeaeasibodhe grosetiewa fbhanger 2
16 and Semth%Oe SHIAS Bi a“ryp?éﬁigngtfbfn }é«éﬁe?ﬂ“ épégtﬁdyﬁé@%ﬁ%ﬁ% 2ypgturns to
t he or as and e ved as

the top of ract1ona ream rest 1s re
et hyl ene prrequicémientss of deaia€lfg Vidpori atedicaid doadd drhéhelesysteniaed 204 and
C2 fractionator,. 2,18 in this manner can facilitate the design and operation

of the ext e?ﬁ’@@ﬁicﬁfl)ﬁwﬂ?épmfﬁgﬁ%@ﬁ-on. system Figure 3 also depicts an
i nterreboil er Zzaﬂgu@@d%ﬁﬁﬁté@aft&'ﬁté thﬁ@rF‘?Q?r'eJ 1e§%ﬁe°mg.r e urfe(r) mthe C

fracti onator 18%at a poi In the tower below the entry point feed

stream 222 procesthehetries \Gporostrearn 402 eamd 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 406, reducing the pressure of this withdrawn liquid across
valve 481, and heat exchanging with partially cooled stream 401 in heat
exchanger 408, which is downstream from cooling'water exchanger 452. As
a result of this éonfiguration, 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
configuration 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 flow is relatively low and would result in an inefficient

centrifugal compressor design.
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225 to the bottomreboiler, 224. G oss overhead stream 226 fromthe
depropani zer is cooled and partially condensed in the inter-reboiler 220.
By i ntegrwoi2np/oasgil t he C2 fractionator in this manner, PChasc@adodsos
exchanger 142 (Fig 2) is reduced. This provides flexibility for the system

and reduces the Ff,l owg stream |iOS W % hdr frgm heavy hi %ui d refrigerant
stream 103 and rd8yé& aeP'StStEI‘féa 8" %@}%‘@E%‘% RrAES§SCheMEWNR™S ur n
reduces t hen oy i_%eHawg%U%géani‘ 0 1C QRBOEorhpPessdrr 650N i3280be@M t he

| 4
inter-reboiler 220 is a™m xture of vapor and liquid and 1s sent to a drum
f or separ atseparatedviapdrunprfdu intof liquid reifeam . 563 Lednvapy swgaad80Li onal |y be

cooled in ot hger exchanger ef or hi s _xapor,- | i id separation either to
satisfy no%rf&%'m?ﬁrcé’ﬂ“ﬁﬂ cgrsl%ge[agpt e ﬁ?&EMM @%&%Bg.a PP@iPr”eo depi cts
a variati the%f\/ytlgf.lri‘cgir%@?& 3007 86 tFediR E06 Uiedchiy tHe Ptéémmffimyr ation,

stream 308, the i ycl e wi t hdrawn fromthe bottom of the C2
fract i onat ovittgirawniliguickaciwservais 683, and hieat e3canging #th streami Q! heat er

ecycl o 1 Wil Poe i GORthd AR P alert o L EpeRRfbesr da iR L over head
of the toweke ferhBeratdfieof thewodied stréam S0 Renteringdtunns 6 lower @itlieed as the
duty required of exchanger 3 12 is reduced by the duty of exchan%er 3 16 .

As can be dberiempearatuie cof2streard§Oil nigavings COPiNG Waten exghanger 852) reduces
the net Va%qfeé’?%tg{ﬁﬁrigmgavr\}f %@ﬂgh@% \ﬁiﬁ?gt?garﬁtﬁglﬁtp%ﬁﬁ%ﬁr%%ﬁ} ﬁ@?,s\kﬁi‘éﬁr@ 153. This

reduces the over Inary refriger e 'system and t he

power requiroeted or sexomar stage discharg®lelrumne3 77 gs ipatti ofrsttezad $5an anpawer
consunption are reduced using the heat exchange concegt':s in Fi ?ures 3 and

4. The cond@stien REUES ERLETs the REMPIBSSAN SRILINSTIAMIa i3t hRghird 81499 ces s
desi gn and 4 g0 APaHRlEaNALAAIR 54 BRORY hnf Alum 557 AR Ahichlin GqUpT essor by

decreasi ng the gross OWs 0 he exten binary refrigeration system and
t hus decr eaghioly cohwbimes)with estreainss 6505 laaldg1d tugfovmptbe faed to tlypisdcomdids on t he

i ficall h . Fi ' I
S e Rt e o LB 5500 oo Hrebssufbd & 1ot e 10

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 too 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 second 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 %
propylene (also containing 0.5 mol % hydrogen gas) was used as the
refrigerant in the process depicted in Fig. 1. The pressures and
compositions of the light refrigerant stream 2, heavy refrigerant stream 3,

19



process schene,
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portion of this enters the conpressor 550 in stream5 13 at the third stage
suction. The rest of stream 554 exiting fromdrum577 fornms stream5 14 |
whi ch comwonen/msdin streans 505 and 5 12 to formthe feedTius2aiseosesond
stage of the conpressor 550 in stream 570 after providing process duties
for the ethylene fractionator reboiler and ethylene fractionator side

r eboi | er . ‘E&M&uni d stream 504 fromthe separator 554 is
conveyed t hrough heat exchanger 5 17. The advantage of this alternate
configuration is that the total flow | eaving conpressor 550 is higher and

the pressure Asnbtgd cdmprisihg dobﬁngiag*eea dassediegan asénded biray i s t hus
increased greatly and this can be beneficial when the conpressor discharge

atly ni,
vol unet ri ¢ fefrigerast epmaininga mixiremiimethangand /&3 Bydragadyan ci ent

oreat e SiRimet gRatian cient
o ovess shomet AR BraiZbonaiaihd B logR e Y bR B 7 st ead o

three as i retendec biharyhefrigecant beirsd comprédied ia alultimagey routed to the
second stage discharge drum(third stage suction). Exanple A conputerized

process si MAMBRICSAOWHEVIBG RSt ERICANARSIHAGK VIR BSHSIAYS) refri gerant
formed fr O'Hié&eﬂ‘gla c%h'@m?@”% 1854 ﬁpnﬁl%bso/ﬁﬁr%éﬁlb%’ﬁeaﬁa'ﬁé?n ontai ning 0.5
9 used as the

nol % hydr ogen S) was refrigerant 1n the process depicted in
Fig. 1. Theipidedsdntoes liquid coofedsticaomandfa gasedusytdolart stregmafterstream 2
heavy refrigerant stream 3 ,and the suction stages of the conpressor are
shown on Tagp'é‘pie%?"&w. The extended binary refrigerant successfully
provided for refrigeration in an ethylene plant having a | ow pressure

denet hani zer, and al so can be used in a plant enploying a high pressure
denet hani ze?.. ATagthodiavcarding tolciaimetl, wherein saidn@8hydracarponds ng cool ing a
feed gas usj ng an_extended binary refrigerant containing a m xture of

met hane and'q Yﬁ ﬁydrocar bon selected fromthe group consisting of

propyl ene and propane, said extended binary refrigerant being conpressed in

a nultistage
3. A method according to claim 2, wherein at least 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 extended binary
refrigerant contains 18-22 mol % methane and 78-82 mol % propylene.

7. A method according to claim 1, wherein the extended binary
“ refrigerant can provide refrigeration within the temperature range of
about —136 Deg. C to about 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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conpressor having a first stage and a | ast stage with a | ast stage

di scharge containing at |east 60 nol % C3 hydrocarbon, and bei ng divided
into a | iwoi2diocaediant stream and a gaseous cool ant streaOTASR@S/009418
conpression. 2. A method according to claim1, wherein said C3 hydrocarbon
is propylene. 3. A nethod according to claim2 , wherein at least 90 wt %
of said C3 yélrmethasbactasdingdpydlaines, wheminsaitbaletiodsethviena.o claim 1,
wherein said | ast stage di scharge contains 10-40 nol % net hane and 60-90
mol % C3 hydrocarbon. 5 . A nethod according to claim2, wherein said | ast

stage di scheg.ga metHod awcqléing&omin%e,nmémsameéa- , fithe?o propyl ene. 6.
A et hod accordi n% to claim?2, wherein said extended binary refrigerant
I

contai ns 18noldgsinydyegarmane methang- 82 nol % propyl ene. 7. A net hod
according to claim1l, wherein the extended binary refrigerant can provide
refrigeration within the tenperature range of about -136 Deg. C to about 25
Deg. C. 8 .1A Aehbtbdeacuordingdotaiain 8] whéreinvsaldeliast stage dissitarges cont ai ns
an olefin and the nethod conprises renovi n& said olefin from said cool ed

feed gas byCAHaiPs;1hae inpl. % Methansaad £0:-90 Mel o tlo3 BYdiogaEOMher ei n sai d

olefinis ethylene. 10 . A nethod according to claim$8, wherein said feed
gas further includes hydrogen and nethane. 11. A nethod according to claim
8, wherei n tai A hetitodsfoageoling vithrareextentad mindr§-réigesantibomplising: and 60- 90
mol % C3 hydrocaybon. 12. A pethod for cooling with an extended binary
refrigerant corrp{as)si n@‘?mf’%ﬁssﬁlﬂ@ﬂ@wrﬁé’oﬁmﬁﬁ%ﬂ@'%# vaMmeihane 40 noi %

et hane and_60- 94nd1Bb.lh ol & of BPRsPORe €4 YGHoESRAIdRASLIBEeRTGH [T om the

group consi sting of propylene and propane In"a nultistage conpressor to
produce an ext eritiedqgroup@onsistingiojeropylenapod,propane in a multistage

compressor to produce an extended binary refrigerant vapor,

(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,

(©) 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
muitistage 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 ethylene.

14. A method according to claim 13, wherein said charge' gas is used to
produce ethylene.

22



(b) cooling said extended binary refrigerant vapor to condense a portion
t hereof and provide a vaporous nethane-rich binary refrigerant streamand a

l'i qui d Cowbydroomesibon-rich binary refrigerant stream (@LTaspdosyings said
met hane-rich binary refrigerant streamand said C3 hydrocarbon-rich binary

refrigerant streamto effect cooling, and (d) returni ng sai d net hane-rich
bi nary r ef rigefdRethodraceerding te slaimch2 hybersinthaextendad Binayy refri ger ant

streamto ' | . . 3 . ording 4o claim 12,
wher el sai g HST Rt BRfid RRHGERRIon, vithin S RABErAGRIFGRDH 3
hydr ocar borabiguth-1B6rDey. € ¢b abgat 28tDegf.1G:am cool a charge gas conpri si ng

hydr ogen, net hane and ethylene. 14. A nethod according to claim 13, wherein
said charge gas is used to produce ethylene.15 . A nethod according to

claim12, whergy Qngé}ﬁogxfé%geﬂ?ggggﬁ/of ?{?@h%ggﬁﬂé ‘fc”?}%%;ﬁ\é' de refrigeration

wi thin the tenperature range o 25 Deg. C 16.
I n a met hoccdntainirtgehyriroget metharfe ahe etmderie aineaciolsaid)ehgeage gasisai ni ng

Fefr i gor at [ GHPISY BY GrieHIARTAHOR SYRIEn: BUNDife 88 05 CF AP E 3RO o T or
e r1 gor ant s O B g i scar bon el ect od 11 om ¢ he
group consi st (&g obmpregsimgas extendedbimacy reéfrigerantivepet agrtagongr essor
ool ing to comiBnate anga Erutbecuitn Badel srBanPURFTGRRE! vapor
from sai d | astprappefedniChrapanet i 4 Miultistahe TanpredsSrhAndga fspary
refrigerant vapor and a heavy refrigerant “stream having a greater
per cent age of 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 refrigeraht 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 exiended 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 streém;

(e) bringing said heavy refrigerant stream and said light

refrigerant stream into heat exchange contact with themselves

and each other and with said charge gas in said series of heat

exchangers whe'reby said charge gas is cooled, said heavy

ref}igerant 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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propyl ene than said selected m xture; (c) separating said heavy refrigerant
stream from sai d renmai ni ng extended binary refrigerant vapor in a

separ at orwo(2djo/aesai ng t o condense at | east a portion ofPcyaisdoos@nsiifi ng
extended binary refrigerant vapor fromsaid separator to forma |ight

refrigerant strea bri,nging,sai d_ heavy.refrjgerant. stream and said

| Fant refr1 br ATedEReRiHIY HRER e RS ShIL Ot GArERDSP s and
each ot her ad: dpohicrbOs&iBdiErydefrigetastldhor Vohfstisels diihgasmaanger s

wher eby said charge gas i's cool éd, said heavy refrigerant Streamis cool ed
and t hen heeqalingamatev.apori zed, and said light refrigerant streamis first

cooled and at |east partially condensed and then vaporized; and (f)
returning said light refrigerant stream and said heavy refrigerant stream

to said conpgepsmettol adcdraingd qgiePn 8] Waeten @l irflbA &f suleneavy sai d cool i ng
to condense at |east a portion of said binary refrigerant vapor conprises

cool i ng wi tiefigriaNhgtreameebtaingd ip (BeisHseddes spalingin ®)cl ai m 16, wherein a
portion of said heavy refrigerant streamobtained in (c) is used for
cooling in (b). 19. A nmethod according to claim 16, wherein said |ight

refrigerant 16t AeaBthic aecdriinlgl ty cainteeswHekyin saidligr agfrigeeant steszamt stream
and is further condensed through self-refrigeration. 20. A nethod according

to clai m 16S Rkl eondensedripr eaid deavy retiigeramtipdes agd is fudhefedi at e st age.
2 1. A net h&ﬂ}daecr%%d(hf&ghoséﬂ- 'fﬂpgr%,noburther i ncluding using a portion of
0

said heavy rerrigeran ream cooling at |east one of an ethylene
fractionator reboiler, a deethani zer condenser and a depropani zer
condenser. . A mar;thod according to cl a'hm 16, wherein the content of
propyl ene i40- 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 deethanizer condenser and a depropanizer
condenser.

22. A method according to claim 16, wherein the content of propylene in
said last stage discharge is greater than 50 mol %.

23. A method according to claim 16, 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
about —136 Deg. C to about 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 havihg separate
propylene and ethylene refrigeration systems.
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said | ast stage discharge is greater than 50 nol % 23. A nethod according
to claim 16, wherein the content of propylene in said liquid refrigerant

st ream i swgreswmssishan 80 mol % 24. A net hod accor di ngPCo/Uska@ismndts
wherein the extended binary refrigerant can provide refrigeration within
the tenperature range of about - 136 Deg. C to about 25 Deg. C. 25. A

met hod acco26li Agnethad accordihg totaaiet h6shirthemindlodingasingtid iquids utilized
to increase the total refrigeration pacjty.of an existing ol efins plant
enpl oyi ng aStEERBAQENS N @b?@fqv §9§€'@H?er§¥ri'9?da§8‘ﬁéﬁ’é¥'e propyl ene and
ethyl ene refrigeration systens.26. A nethod according to claim 16, further
including using the liquid streamfornmed in (f) to provide additional
refrigeratidh dungthatracoordimgodlaiot d6dwhgraio the ight refrigerantvaper, t he | i ght
refrigerant_yvapor t low pressure,. is injected ipto the lLiquid refrigerant
Stream ent e A RESSHR LGRS it ghe Tighit sidsrant steamanetioar o varve
regul ating é&thunef fra@iohakordbrdenebr Heenaftbant 6aVaivBiregaRitiAgSiow bene
fractionator Condenser. 28. A method according to claim16, wherein the

di rect ref rsajdliguidoiefdgeranbstreamdntasaidesbylena dractioaatar gengdenses decr eased
by heat exchange between an ethane recycle to a cracking heater produced at
the bottomof said fractionating tower, after pressure | etdown, and a gross

over head vap®r Afiewdtatcardinghte digim 06, whbekih tiee Hireoaicfigeragveduty?9. A
met hod accor di rgg to claim16 , where the direct refrigeration duty of said

ext ended bi Pla§ajd extandgst Rinary efigerpahfedpypased by beah EXgRAMIE ween an et hane
recycle to @etWe%‘ﬁkéﬁgﬂﬁ%‘ét r%'i:\/f:la% d éra%ﬁ%@éiefiérot&%ggQitttf?@b(a{'toﬁf' d
arter p d ., an

fractionating tower, essure’ I'e sard refrigerant flow ng
to the et hybfesad fragtibhatired towerpattenprrssubd letdowr| &gl aagross dvedhdaal cl ai m 16
, Wherein the first |ight hydrocarbon separation tower is a depropani zer
conpri si ng Y%RP"tﬂS\)O@rr‘%frg’f“HT o)y @r3aid frackigpating ivWer he hi gher pressure tower
overhead vapor is at |east partially condensed in an interreboiler to
provide reflux for the higher

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 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 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 overhéad enters said fractionating tower.
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pressure tower. 3 1. A nethod according to claim16 , further conprising
the step of deethanizing said charge gas wherein no deet hani zer condenser

i s provi o®d 2arvb16&s] ux for said deethanizer is w thdrawecpruszeosmosia feed
tray where a deethani zer gross overhead enters said fractionating tower. 32.
A net hod according to claim 16, wherein said extended binary refrigerant
vapor | eavid®) Aandthoohaccesding tomipim $6swhereimsaid exdandedbinanyhydr ogen. 33.

A nethod according to claim16, .wherein said extended binary refrjgerant
Vapor | eavi RSEIAd: UehirBelb Sl CRE RS chat s P i dnobg ™ A
met hod accofdiyiohencl ai m 20, where said extended binary refrigerant is

configured to increase the total refrigeration capacity of an existing
ol efins plant by replacing a cascading refrigeration system having separate

Fer ) gor antoLomPeUTRGAGH R BTp P B bR s ot BB pon el ect ed
fromthe gregigaransigporeanhgRafPEbRipResstt HIsORAARTre then @BtrAod bi nary
refrigerant containing 10-40 nol % net hane, 60-90 nol % of at |east one C3

hydr ocar bonP™®@R8€t ed from t he group consi sting of propyl ene and propane,
and not nore than about 2 nol % hydrogen, the total nol % of nethane, C3
hydr ocar bon and hydrogen being 100 % 36. The extended binary refrigerant

of cl ai m 3534 whahethod ecdrdingytdrataien BOpwherepsaigyexesvededBBinafpe ext ended
binary refrigerant of claim 35, wherein the refrigerant can provide
refri ger at i GWIGREAL 1 eadiguesmdia CRase hegotareligsiation eapaiyPf am o about

et ger ant SeanG TS SRR by eRplolng R ks EhAR eRladafoT by entifiRy” = @

separate propylene and ethylene refrigeration systems.

35. An extended binary refrigerant comprising a mixture of methane and
a C3 hydrocarbon selected from the group consisting of propylene and
propane, the extended binary refrigerant containing 10-40 mol %
vmethane, 60-90 mol % of at least one C3 hydrocarbon selected from the

- group consisting of propylene and propane, and not more than about 2
mol % hydrogen, the total mol % of methane, C3 hydrocarbon and
hydrogen being 100 %.

36. The extended binary refrigerant of claim 35, wherein the C3
hydrocarbon is propylene.

37. The extended binary refrigerant of claim 35, wherein the refrigerant
can provide refrigeration within the temperature range of about —136

Deg. C to about 25 Deg. C.

38. The extended binary refrigerant of claim 35, wherein said refrigerant
contains 15-25 mol % methane and 75-85 mol % propylene.
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