lIV_Ietth of Coo_llng Usi_ng Extended Binary Refrigeration System Background The embddiments
dlsqlosed_ herein pertain to refrigeration systems and refrigeration methods. Ethylene plants require
refrigeration to separate out desired products from the cracking heater effluent. Typically, se a?rat
propylene and ethyl_ene refrigeration systems are used. Often, particularly in s;}stems usyln Igw °
pressure demethanizers where lower temperatures are required, a separate methane refrigeration
system is also employed. Thus three separate refrigeration systems are required, cascadir?g from
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using low pressure demethahizers where lower temperatures are required,

a separate methane refrigeration system is also employed. Thus three

separate refrigeration systems are required, cascading from lowest

temperature to highest. Three compressor and driver systems complete

with suction drums, separate exchangers, piping, etc. are used.

Mixed refrigerant systems are known. In these systems, muitiple
refrigerants are utilized in a single refrigeration system to provide
refrigeration covering a wider range of temperatures, enabling one mixed
refrigeration system to replace muitiple 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 désign 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 usually operates with a
fixed composition at given temperaiure and pressure conditions. However,
such a hinary 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, ethylene and propylene (carbon



whlph thg system can be operated and therefore it must be cascaded against a sepdrate propylene
refrigeration system that provides the refrigeration in.the temperature range of -40C and warmer.
Thgrefore, two separate refrigeration systems are required. U.S. Patent 6,637,237 teaches the use of
a S|_ngle refrigeration system for all of the refrigeration requirements of an ethylene plant. The
refrigerant used is a mixture of methane, ethylene and propylene (carbon numbers 1, 2 and 3). The

system is capable of supplying refrigeration at temperature levels from below -1400 to near ambient
temperature lauatbers 1, 2 and 3). The system is capable of supplying refrigeration at

temperature levels from below ~140C to near ambient temperature level.
U.S. Patent 6,705,113 teaches the use of a single refrigeration
system, again with three components, ufilizing 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
temperature and pressure does not correspondtoa unique composition but
rather to a range of compositions. Thus, the composition of the refrigerant
mixture at any given point in the system can vary. While this variation is
small and does not appreciably detract from the performance of the
refrigeration system, it may be preferable to operate a system that has no
refrigerant composition variation at a given temperature and pressure to
more easily adjust to changes in ethylene plant operating conditions.

Summary

It is an object of the embodiments disclosed herein 1o provide a
simplified, singte refrigeration system utilizing a mixture of methane with a
C3 hycirocarbon 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 toas an extended
binary refrigerant. This extended binary system can be used to replace the
separate propylene, ethylene and methane refrigeration systems associated
with a recovery process using a low pressure demethanizer, or the binary or
tertiary refrigeration syétems 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 multistage
compressor having a first stage and a fast stage with a last stage discharge
containing at least 60 mo! % of the C3 hydrocarborn, and being divided into



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 temperature and pressure does not correspond to a unique composition but rather to a

range of compositions. Thus, the composition of the refriger [ lyen point in the
system can VHAAWGIHROWRG %ﬁ%ﬁbﬁqg Wﬁﬁ%%%&géar%%ﬁgéﬁcﬁgﬁcget a%t%ér‘({)ﬁrr? the performance
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to provide a sisaplifigdnsirglRopiigeeatiossysteasas|itiadostHirgs distAEIRAME MR a C3 ,
hydrocarbon as a binary refrigerant, As this,hi 3 is IefBdrpntinuous mixture of carbon |
number hydraéiﬂ?o’ﬁ@[b tqhe[%\grnﬁa%né?né@ %IBa@@yﬁmgrbon components, this system is referred -
to as an extended bidiey refrigesaat Whis ofiheded bitkipgaskan s S5ARYENSU T fislace the separate

propylene, ethylene and.met H@eraﬁ'ﬂg\(ﬂ epie AgsRatay wikhg resegemmrocess using a
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method comp{'@j%g ﬁ@l%gﬁ@gﬂ@%gsjg%@w%@d@m réfrigenantasasitiieg a mixture of
methane and a 03 hydrocarbon selected from the group consisting, of rogﬁlﬁ{beoq propane, the

extended bin4Bpecgngeenainsag elsfipaaddas SR 6 Presa0r having a first stage and a
last stage with g lpgi s rafedissbargesaaptaiatnghatiteast 60 mol % of the C3 hydrocarbon, and being

- divided into a liquid coolant stream and a gaseous.coql %E@% . TheC3
hydrocarbon preferaﬁlWQ%EW@?ﬁ%ﬁ&li@t%tgbeéﬁ(ﬂgc%%rgég@g%cﬁh@ﬁcontains at%?ast 70 mol %
propylene angreimeliTigs aireestphising:Ye poopyleessing soriicae cOMREFHA 4848 discharge
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C3 hydrocarbBif e remainder being propane. Typically, the extended binary
refrigerant comtainstis GHuUpatansisitmné pIP YIS E5ane| LRSI IBnd, CATRREBRTENIHRs 18-22 mol %
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comprising 10,40 mal, 26 maihans i GanaRmebiyetaitlesstane @adydroutibrGRlected from the
group consisting of propylene and propane in a com reisor to rqduct% ar&ls%ﬁ%ﬁggﬁ'?inary refrigerant
vapor, (b) cooWQ@f@@&@ﬂMﬁ?ﬁ&ﬁ@?ﬂﬁ@ﬁﬁ%&gr &) a¥d 2 Botion thereof and provide a

vaporous metmﬁmi@@r,@mﬂg&mamrmuwmmmmﬂmioa,rwefrlgﬁnamary refrigerant
stream, (c) employing the r&ethane-gch binl%éy Jﬁirig%{ﬁﬂﬁrqﬁ@ ﬁ%{%ﬁ@ﬁéwdﬁ%@on-rich binary
refrigerant streXfiaB et # 88Tt CARE (B e tiHing the methane-ric  binary refrigerant stream and
the 03 hydrocaetageraht birsayn iy b6 Bsiyeacasbon-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
gasis 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



‘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 exch,aﬂ ers. The claa%e a3 is cooled in a

method comSiifydrasadienree@nied ons R CERENPRIFG n%ﬁ&p &S

mprising a mixture of

methane andya, 03y precannasssiestrafresa shaavnpecansistaypaimdapidshetage propane in a
multistage compressor having a first stage and a last ffg}ge with aéa%t st %[qi%?rﬁr e; (b) cooling to
condense a p¥ifiod deshSBAR MISHG: y&é?frl‘b%‘?i‘ﬂg PG Thelalt Stage discharge to form a
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. portion of therrgminingreatengecchiriagerefriprpylienapbandhetseleetsst andiigolf a light refrigerant
stream; (e) bringing the heavy refriger Qi Igel 3R BiHYA heat exchange
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whereby the cbifgergatsvapooledsenaratanydetoghnaionassrneeidRAsEM BANIER Abated and

vaporized. ang e ol el etnBbaFA solioranlcraad aninsel antitboerrdenoed and then

vaporized; and etuarn rant stream and the heavy refrigerant gsi}leam to the
I

compressor. a lighiyefigerentrareeanyakhiaingtepdaavyselitian @ pRAAA8R used for cooling
in (b). The Iignémfmﬁwaﬁf@ﬁ@aﬁ%ﬁ? iRstiahnsangeeribdey Wim avyseiiidgesadt stream and

further condened through self-refrigeration. In some cases, the compressor igcludes an intermediate

stage. The m&@RfY SHIRERALNURHBR GBS B8R B EaUG TR id&rahEAFEaRPTOR cooling at least
one of an ethy/ppedkalianaiargs §asisanisridandanseryandtigateptpicenreicoodiedser.  The

composition of propylene in the last compressor stage discharge i t 50 mol percent.
The composit%?poﬁﬁ%m@ AT e"ﬁ‘é’&&%ﬁ u@"ﬁ:t%'&ﬁrlgrﬁ'g é??ég%fr%é}mget m%ﬂﬁé gr%%ater than 80 mol
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ethylene refriég : n'some cases, the met s using the light liquid stream to
provide additicoatpedsgeration duty. In certain cases, the light refrigerant

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 cqndensed through
self-refrigeration. In some cases, the compressor includes an intermediate
stage. The niethod sometimes further includes using the heavy refrigerant
stream for cooling at least one of an ethylene fractionator, a deethanizer
condenser and a depropanizer condenser.

Thé composition of propylene in the last conipressor stage discharge
often is greater than 50 mol percent. The composition of propyiene 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
systems. -

In some cases, the method includes using the light liquid stream 0
provide additional refrigeration duty. In certain cases, the light refrigerant



vapor, at low pressure, is injected into the liquid refrigerant stream entering an ethylene fractionator
condenser, downstream of a valve regulating flow of the liquid refrigerant stream into the ethylene
fractionator condenser. Optionally, the direct refrigeration duty of the extended binary refrigerant is
decreased by heat exchange between an ethane recycle to a cracking heater that is produced at the
bottom of the fractionating tower, after pressure letdown, and a gross overhead vapor flowing from the
top of the fractionating tower. In another embodiment, the direct refrigeration duty of the extended
binary refrigetanids depwanesshychidhjpotbdng tehliqoid aefdgesnit sitgane e61g6acking heater that
is produced at the bagttom, of the frﬁctior'],l%lirg% égwoeorwﬁt}%%ﬁq%ﬁlgg@wg%ghIgﬁﬁgu%\gpfrigerant flowing
to the ethylen%nfl%t&Y éﬁ? ‘8’88 U me cases, the first light hydrocarbon separation tower is
a depropanize, ted!iitpsidi epiigeraitasivedasiphoithe teibyiener§amipnaie AORA/IRS pressure.
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to provide re ressuretower. In‘one embodiment, the method further comprises the
step of deethaieicingabe bydngetgexshengr betverib @R RaeyRerR BrelaRsiNnd reflux for the

deethanizer ig, il OIS Bethiayoapicdt drethagiisiaingonerheaenters the

fractionating tower. The charge gas typically is derived from refinery offgases, the catalytic

hydrogenatioPstaBdatl s taBeha BRI\ AgaFLraPeH AOWING TEofIAEtemBbHIfent is an
extended bingpy IGHiGe s e afRethans Ensteréfigynesathan selected from the

group consisting of propylene and propane, the extended binary refrigerant containing 10-40 mol %
methane, 60- @mﬁdal?*r@éytfeﬁ@@@H&@Q@SFB%%@?P&J?B&#&?&‘%V@% %%V%ce)ﬁsa}srgting of propylene
and propane. Jipareffgs/antieaniainsing Mesdhtmanisoptdinvekdaiyr agdomvih the total mol % of
methane, 03 hydrqcarbon and hydrogen being,100 %. Usuall ' frigerant can
provide refrigéé HANRHAG et fpjﬁﬁ%uiggggﬂogwgbgﬂﬂéé%?@ @ﬁgﬁ%ﬁﬁ@grl{)&eg. C. The
objects, arrangghyiznicsinactionatdagesdeiiser refrigeration system and methods will be apparent from

the description which follows, Brief Descripi rawi Qg | atic flow
diagram of a first el%bsé)cﬁ?neleﬁ?%%ga r%%igg%t%%@y%@r@ t%ygﬁg%g?lcguﬂ%ﬁgﬁ a]tpdﬁfggsb%e\‘/iv?en additional
refrigeration cdpammﬁ&ee,cﬂmb‘tﬂieldenmaﬂ!dig‘émiﬁﬁbﬁﬁ@ﬁﬁ%ﬁﬂﬁ%l{?@gﬁ?@aﬁ&ity. Figure 2
s a schematiq gy ARG Of & ARIGHIERR RN SIL.RBAEPSLeiRRAL offieIStien concept that s
applicable to a rew olefins plant design or to a major expansion of an olefins plan r_eﬂuiring a
significant refﬁg@%mﬁtgﬁpjp}?mﬁ@mm an interreboiler to provide refiux for the hig

- pressure tower. :

In one embodiment, the method further comprises the step of
deethanizing the charge gas, wherein no deethanizer condenser is provided
and reftux 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 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 % methane, 60-80 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
tota! 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.



Figure 3 is a schematic flow diagram, which shows some of the heat exchange concepts utilized in the
embodiment of Figure 2. 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 an extended binary refriger tiongsﬁlstem ¥vhich can be used

in a new olefins plant BE 8B5Sy @pRASBRNI AL ad@Mg RUTPER PRF¥R'GF the Preferred
~-Embodimentsgnq tHagrigs inmaskappaskmeanisinxel desbamrpraviion fflihesextended 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 gprbiayekrAbtRirosr aie Dinwanges heat exchange stages. It can be advantageous to
cool and partially condense the vapor separated at the compressor,disc previde a second :
vapor further enriche 'QHrﬁétHEr?e%%}%%ﬁ%tf&W 'Hﬁ%g&?%n el 'Eﬁ%%%@%@rﬁéﬁatégn%y can be used in
an ethylene plastigaratiyingystom ptieasuie (entathianiy e ainlicalsie carnbe aaptidignalan ethylene plant
with a high pressure demethani in which. e hin oyld hmirally.aply supply
refrigeration af F&%}%ﬁ%‘ a%%?gﬁ%ﬁ%ﬁ% %&“ﬁ&?ﬁ?&e@eéﬂ%ﬁ%ﬁﬁé gystem ngld supply
refrigeration teprymiretioredspatitfrom just below ambient to approximately - 100 C with no refrigeration

directly supplied at ey IPBRSIaN g5 Y A6 IF iAgATPBr Y Sl iap Sidaniespnary refigeration

system also can be uséd to supply refrigeration to récover ethylene from refinery offgases.

Furthermore, teideydashbinanbestigaiation ppreastiduhib aeelieadigctonfopsi ieliig byproduct
ethylene produged: bycatalvsic febydhagsnalipardfigiosrnmio fenrsnnaty Rigayiagesproduct. The

system is applicable to any process where the range of temperatures for refrigeration duties is from
ambient to ab&ignfisem&RfrigerationWRRYHBAGAPBe described in connection with an olefins plant

which is primarily for theupseridcliseheheihyipoR angriopWens shaeseoassestremaalysis gas is first
processed to remove methane and hédrogen and I%TH further ;?:r.ocesgﬁed to produce and separate
! ol

selected olefin®SHRNGE FAMRM LY HESTREOHeNRarY anetifoigh condensation and
fractionation at nyogﬁ@ar&MQ@rmmaéqﬂbﬂ&iiagigmaﬁbimlmmsaameam&ﬁpp@mtrange. The
overal plant oS58 RSP ERRal CHET G br e Ve crau LA 8 Bt e cice the
overall plant cesticepts shown in Figs. 2 and 3.
Figure 5 depicts another embodiment that is particularly applicable
when additional refrigération 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



As used herein, "extended 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 refrigerant containing methane (a Cl hydrocarbon) and
propylene and/or propane (C3 hydrocarbons) does not contain ethylene or ethane (C2 hydrocarbons).
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 -85C to -100 C. Ethylene refrigeration at

approximateljn-20GBiden@ planiampicaing B dom @ @B ¢RaethaBiR_iINBHI AP FBMead vapors to

produce refluy. I [ i ESS e iemaHpmeer imimMsioperates below
about 2.41 Mé%%%ggggsﬁ]gnr%@}lgeﬁgI?ﬁﬁg%&]ﬁé%%%345 to 1.034_Mlga 5!Ot 150 psi) and with

overhead tentrsatbeinamsysiageveILitiypicalian SupaiierioRy &iifte levels of
refrigeration tgﬁ@@gﬁgfl@hggﬁﬁgga@@gg‘s ofrthat Iy BressyiteremeibrNigepplte the lower total

plant power requiremént and the lower total plant capital cost while the disad.van{%ge Is the lower
|

refrigeration tE@Fgataties eMpRsatERICHRIPAro R JYRERRRY AOPLISRLIA ARRTRHNRIANon system in

addition to the géhientans raragylane effesiptiuppistemsolioe eempestionesi§3saequires
temperatures ranging from ambieng to -30 C. Th'g, re resgnts the up &l rﬁqnaqg?oéatﬁggxtended binary
[ e

temperature rEF{g@e ateM SYSESALAGRERPIER EOSTRLSYRRUNE ®f methane with propylene
and/or propangsddereadifgyunsingbmsonrte afdiheemethpleae farge winenaldigaseSmall quantity of
hydrogen can also be present The concentration of et%?}ﬁ depending on the
ethylene plan ﬁiﬁ&@&@%ﬁ)&?ﬁ%@ &%%k%gus?’éa\ge%y a Pﬁg%ﬁﬁﬁr% %ﬂ?ﬁgri%g{sﬁtfﬁ among other
considerationprbpvleilt genksatiotadnethyleargeaiuedbgcadyedstydmesnalionnl 70 to 90 mol
percent propylene as measur t ISC [ W@% r an olefins plant
with a low pregrs{ﬂf?gnoee?%ffﬁrgrﬁg%%{%%ﬁ%%qﬁ%%ﬁaz%&mZﬁ%‘?g%ﬁ:ga‘ind about 80 nffol % propylene.
The use of thesitgks extenddth agerofriganasr Prea daraetrigadtine dites Bai9%hd temperatures

required for a%m% g@ﬁﬁ@/\ml%%&@g the need for two or three separate refrigerant systems.
The refrigerant usually circulates in a closed loop system. The purpose oL\the is¢losed

embodiments is to prowdEeiBaskuilk S IrRseREdHInRNESsERRTH AR, 8IPURS Ridthane from the
charge gas aw%gqygﬁ%mywmh@@mgbam%@gwu,-;shggmem,odmrzrmride some or all of
the other refrigeration requirements of the entire plant. Beforeﬁ%%ﬁscribiﬂg Ijtlhgféx?rpded binary
refrigeration s§38S%, BHRYIRNAE: 98 Wgﬁ@@&?ﬁgﬁiﬂ MR R IR G HIBET With examples of
specific tempegaliesroRinBsnphedessied mippodasofiltliseptimt@aiectedritpiinsl Tbpicts an
enhanced binary refrigeration system design yseful for adding. in igeratian capability to an
existing olefing 35’& i fgﬁt FRIPR Pe ng{;f‘LrilR Ie'%i{lseeg %“%%Q?@ﬁﬁ?ﬁ%ﬂ%ggﬁa%@eed 16 or charge
gas, which is thagtipredyisis ehargeqgaicdentitoatiasaguiiesdrafigendied asaygiddmg at a temperature
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typically a vapor stream. t employ both vapor and liquid hydrocarbon dryers, the feed to

the chilling tragnisedhyteniirziaoh sapobsicridignifiorst astsabaie RYREMsM9BkERSE: methane, and
02 and heavierrorpaaeisIRSIUSHIM SRR APEMERPAIRIE sTBRENRD dighirigadiEo is

progressively cooled by the refrigeration system in the heat exchangers 18, 19, 20 and 21 with
appropriate seig@RRerRRRHBBE S oduce demethanizer feeds. | -
As used herein, “extended 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 refrigerant containing methane (@ C1
hydrocarbon) and propylene and/or propane (C3 hydrocarbons) does not
contain ethylene or ethane (C2 hydrocarbons). '

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 —-85°C to ~100 °C. Ethylene refrigeration at
approximately =100 °Cto —102 °C is typically used to chill the gross



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 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 classical cascade of propylene, ethylene and methane refrigeration systems,
or a mixed refjigaeatianizysteveridu designssaepitdeaer@fiass oy AFRMEBIRRr charge chilling

and demethaaizatio%ﬁ%ﬂtg%eﬁ nogt rBE%YIi eJBHéﬂ%.iHﬁ@F%hf@if\riS Eaii fosiew and@d3 separations.

The chilling tr RPRY is&Emiediiexc angers 18 and 19, and partially condensed and then
separated int@ 4 vates (Spsiparxhgendtalivistioa rangeietisiiahi08 MRid2i®am 24 flows to

* the demethanizer, Vapnor oo AR JIans i BeRLAENARRREANISTR b i sgalesbac partall

condensed an eparated 1nto a vapor stream 28 and a liquid stream 30 in @ separator 32. Liquid

stream 30 theredoires tneteaderenipanitarelevals iptepraarationin geRAFHE gl sthsm. vapor stream |

28 then flows ta he ' It Js A frogialeopgaitseiiadpdeseparated into a
vapor stream %%%ﬂ?%ﬁé&?gﬁgm \g{}g Eé,%eﬁggsrgt%? gg‘ The liquid stream 36 is tt}& gﬁldest

demethanizerfesdr taguiremsain aads hetHewekilkste!nBlaHokARIRIFPE) My'thdA%eparated into a

hydrogen rich gtream 49-and déeihanesigbistisateddétarenatinsddmnnithtreforeiumed to the
binary refrigeration system heat exchanger network of excr@ﬁ@e t21 20 %9,! 1%%% 17, respectively,

for recovery offeolteed fanragibane dakige eI My SR feaving the extended
binary refrigergtign RerRPreftafionSeaticnnntairbial |sapthation o 0G Jydregaitssn, with the

remainder being methane. In some cases, stream 1 in - |9 or propane) and
10-40 mol % ﬁ%ﬂ%@t%%ﬁagﬂfaﬂ-.@@%ﬁﬂ%eﬁgé'ué‘ E)%Egpg%%nepﬁ{i{sﬂcgéégt%eén is withdrawn

from the demeHiajizsirinetexiendedmirapyi@myurratwiirangtirther processing, some hydrogen is .
contained and the methane, content.is re YR HeS M RARAMK0.5 mol %, in the .
ﬁﬁtgrtgg%%tngj;yggﬁl %%@cﬁméﬁnﬁgﬁgg 2

compressor discharg mol rogen content. Note that it is possible, and sometimes

desirable to rephopyiteshatiiayepropatent, ReperainglepONcBiRrEMEGRtiHi MED 38R geration
system. 5%%8@%%@0‘5&%&9% %%l%@ﬁt%?ﬁ%%ﬁ@ﬁ'% watshdpleaahexrhanger 52 and

partially condense en se In‘a separator drum 54 into a vapor strean}ﬁ%and a liquid

stream 3. The seeanétasiam of éﬁﬁmi@ﬁ%tﬂwfﬁ’%imﬁﬂmrmgt% 54 and then

cooled and evgpialigtalcPs R b 6ABERRSER Eraviahaseossity ity cvabhilngndiseparated, if
necessary, in separator drum 56. The condensed light retﬂ&%:%l@t%%a%m [ I%tfdown across a

; 4. 1is th
control valve SAr@FRYEHABIAIG ARG LFRGHHSFERISBYE ¢! Q‘bg}lesl}oaﬁ Qg a low pressure
using an optioRg! gPREokG peant erefieaatlsndontrated® Iradjpstedné prepylareodset from control

valve 81. Valve 82 provides, the pressure drop.necess I ) ' Klischarge vapor
from control véﬂﬁaag) f%{ﬁ?iﬁ? B}qi&ﬁgﬂh%[#gaé%%dhgﬁgé%ﬁggﬁég@g@ cﬁg)r[l\%rﬁglé\r/ég?ve 81, the
temperature eplaringitxalowgeegduie cesaetbanites weould hedhiod BHUIGE @R d cooling for

stream 28 and in uar1$ §&|%%S}é\llﬂll,g% Er%géﬂg%for-ﬁns ggggrméizsqﬁdl@ alfRpdcopiRa@pe embodiment, :

the temperatur%n f Stream ombination of steams 4 and 5, after pressure letdown is about
-136 deg. C. refrigerant provides all the refrigeration loads and temperatures required for

an ethylene plant while obviating the need for two or three separate
refrigerant systems. The refrigerant usually circulates in a closed loop
system.

The purpose of the disclosed embodiments is to provide the
neceséary 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.



Similarly, a temperature controller 92 on the vapor stream 28 leaving drum 32 is used to let down a
portion of the vapor stream 8 across a control valve 83 to be mixed into the combined patrtially
reheated light refrigerant stream 6 to provide chilling to condense hydrocarbons to form the
intermediate temperature demethanizer feed stream 30. 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 form the warmest demethanizer
feed, liquid stream Béfore Sesaining tecexeaseipinay Kitisew@inmeysietetn ®Wrough interchange

in eXChangersfjtﬂga%gag%%@%}% ‘ﬂ‘?FBB@?i{ir‘Pé‘ SiBasaleaNsderiseeharBaskamptesach 2 cools to form

streams 8, 18an e vapor and liquid from separator 56 are recomhined and become part of

streams 6, 9,spedifie temprathErs/Haeingiinsivess for RARASESPHIMBY AN EY provides some of the

refrigeration for chillﬁ@_@é the ehibRodraihiaatdd nrRgheneseBiamdarachidsignd partially -
condenses light refrigerant stream 2 in exchangers 17 andatﬁl,&‘gbr)eam 3.Ieg1vmcg ST arator drum54is -

chilled in heatesishipiRsdingiprepmenttisrRIHgeLPa £7R &R aEUsh A Do rtion of the chilled

heavy refrigeaphiQk e 1oRilovangIacRISESIS CapaTill. Aenfitingaraitderdller 94 on the
remaining portion of stream 131 i.e. stream 12, lets down stream 11.acr valve 85. Stream
11 is vaporizd® #f Earamges it RE NG 75 %?@%%fﬁ@ﬁﬁgﬁ%%ggﬁ%ﬁ stage suction of

compressor 5t J hgdradansayelsanheruysaipeerantsteabuuiol B StrienR0 1L @rfdréher cooled in
exchanger 18. It is then let down to the lowest efrigerantl%res e1AGE88 tg}ld/%ve 86 providing

S

additional codE§RHE HleARtilea Wit r%f(f@oé)r%@ﬁea% tSform Strdam 14. Light refrigerant
stream 13 is Wpitaim} lighhpeirigetanhanth aesignsethal strployst®B xARA0RThAGHIGIng of stream 12
~with stream 13 lowers the temperature of str t %‘Hﬂﬁ}{ 2o r‘%@'ng the pressure.
Stream 14 is]m’ Or(é?fz?gf%é%eg cﬁ‘aeng%aer %gﬁgﬁt@@%&‘%& Eﬁége comf')ression suction drum 76 and
then to the collgpi¢ssbiaRas Thisfisttestay catiaion fiydiogeT napieas aMbhhriAMg. 1 utizesa
single compressor. reft ] ssf\wssentially Ridpetiane e mneRy eam to provide :
refrigeration f?’oené)\f%%)grégéﬂgnﬁﬁgﬂn@%%ﬁogeratlﬁéﬁédown tgﬁa??ﬁperature of a%gut -136 deg. C. This is -

beyond the raiege oitais, DingrgssysRshranipthe - shedeifoeralipfoRstRAb s Maiated above,
Figure 1 depigls 2 sysieaior {Besxpansewrhapplefinateaspdrmipretssiiemeddeasefrigeration

demands of the olééﬁ(f?s plant is met with this configuration. Figure 2 depicts an extended binary
refrigeration sﬁ&éﬁﬁﬁﬁ%ﬂ&%@%ﬁ@ﬁﬁﬁ% plant. All of the refrigeration requirements of the process

associated with an ojgfingiRlaRt eepmationrsyiem desionsvereitas sotempletzigarant plant or an
expansion can be supplied by this configuration. Figure 2 describes.an o Hﬂ; esign utilizing a
front end depréfFRRReriagrtharfieigHe Yé%é‘?tﬁ%%”iéb’&%’ﬁ&? g‘lls?tﬂ?a %%lgs s?g%nr}h%wever, the
extended binaghisiirigesaies trocghtthamaitebenarigesd for sepppetatiartfgeidisndfequirements of
an olefins plant with a demethanizer or deethanizer as the first light hydrocarbon separation tower

system, as w68 Histillation or fractionation concepts that will separate and purify the products |
of a steam cracker ciagaygtarahowarlonigesd hutiisrsduariiages i GPRRIGEREANANefrom. :

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 classical
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 186, is chilled in exchangers 18 and 189, 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 fiows to heat exchanger 20 where itis cooled and partially
condensed and then separated into a vapor stream 28 and a liquid stream

9



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 mot % propylene, or about

70-80 mol % propylene. The composition depen on egm gracking heaters
and the cond%%r‘l% %ﬁ&@ﬁmﬁﬁ%heﬁf%d;%qﬁ%gﬁ%?gﬁf&e%@éﬁ%ﬁ?%&%ﬁether iny additional
olefin-containipg Fiteanesiate fieryiaeatarh Bopliefistsqalant Vapeairanahieend@viiaddition, although
the refrigerant is mainly a binary, mi ture 01{ %etg{g\ﬂ%@%ar%)%/ﬁé@ ikshRGRizaddhat some

ort

hydrogen can 58 A% 1c seéduence of the source e'methane charge and makeup and
some propanggsardiedimisinapassireansd4aoddigoittaiamni@e BReRAGE#en BRarge and makeup

to the enhanced %n%% refri Egt E%‘é%%’é} dem@ﬁ&%ﬁé@éz thpab%p@i@mrggﬂigz leaving
2Nommin

separator 154“%\ methane concentration of 52-55 mol % for a typical naphtha cracker at

0.50 to 0.55 vieitinsmroipgts retshanyiendigioansifiag seeaialad R f e 27 ibfter nydrocarbon
feedstocks a”%{'éi%e&?r g&r}g heater & aringrsauaniies e kang sRnCenteiiDIhean increase up to

65 mol %. For heavier feedstocks cracked at lower severities methane conceEtra ionfsometimes can

decrease to ABHHONSE. 0 thenSinGHHTaiaprAiion RSP LR S5 AWELARIRES Ras a nominal
propylene co%ﬁgq%g;soj_ﬁoz@ 90, gl Withagsutiiyaikgdesscconeitjonisc@cbpylene concentration
0-75

can be aslow as 7 mol % and as high as 92 mol %,. A portion of. liquid st 103, stream
104, is chilled in hea?Eﬁ&ﬁﬁ@@?qPﬂ@y’}?iegmfé?as%fgwgiﬁh %%%U?r%%@éea@ger design.
Chilling is proigeshayrneasssainaition avaiipizssocitlingyatressisirsnal EBSEHE by letting down
a portion of the chiolled stream 104 as sfream 111 ..acro . Kh.subsequent reduction
in pressure an@%rﬁ&?&’(ﬂa@%%qﬂ%i éhﬁ?&%ﬁ@aar%l %c? r&%@%ﬁ%ﬂﬁrﬂ‘g& 1‘(3Trgs éﬁgﬂa%%s 102 and 104 and for
chilling other pipeass 1oaststais reongtehahAustiopyitreanrPRORRR) asbiiSctPsiehr 111 then flows

to a compressor ﬁﬁgﬂﬁfﬁﬁ% ﬂ?ﬁhi@ﬁ\g%ﬁﬁgg mak-Ehu‘fJ Rgi{ﬁg%m‘gg_g%psg%mfter withdrawal of

stream 111, is"Gff IS'stream Is € In exchanger 118. Exiting exchanger 118, the
chilled stream s Mitisdesvdoivarthtoaglemetkanizer rastiByR iead ¥aeeiH eRYWE¥RUnd temperature

and then flowsy ek 18 SACKERGEL B QYR BSKlanE  Bhewechhafaiediaigtisa compressor

second stage suction drum . Chilling'is also provided by process reheot?as avajlable, such as
Yas't

stream 125. TiiedegageRitich BraRid8aRUINIAN B@MPE 088 s PednROh#edlirdd such as stream
127, and to chill,3ysaakdPdischarge 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 refrigeration 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 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 eventuaily totally or mostly condensed in exchangers 17 through 21
and separated, if necessary, in separator drum 56. The condensed light
refrigerént 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 controi vaive 82. Temperature controller 91
adjusts the pressure o&ttet 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

10



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

portion of tsEdeEin PR NI PERAI08 T LS BT e LB et e porion o
stream 107 is;slg 3w ik ABHBHseTRasmis/deddm gt ektlonsgembRdirseriatia 15 after exiting
exchanger 121 is let down across valve 185, reducing. r rean Rergfge. This stream

now represent@MRSEHIB ARG WNUFIHE gfsqrené'ggg&vvlt the syst(gmﬁi{r?l:i'gure 1, it is used to
generate the-%@m&h&n&@@@dtﬁ&o@e@n@stream 128 to form liquid stream 136. This partially
reheated stream 115 is then combined wi I SRR A ARy in Figure 2 are
the temperature conﬁgﬂ@gyoﬁgﬁmgaiﬁg?c%ﬁ%%f ]ggdé(g}]ﬁga a jgst the letdown valves 183, 184 and
185 to insure drarfosd aticsedtaEndohanizeotieeiine warpl sieam &aeass foRPRlShrtially reheated in -
heat exchanger 120.ysing br - Bivaliaieidng! velag eiserint kefigurdrombined with
stream 110, \/\)fﬁ'ﬁ%oea%%?n%#{ﬁg( %?%'frﬁﬁl?%} g?éﬁing reheated ?n heat exchange 119. The refrigeration

provided is utitiredrto 6ot aprevidetiaiylinmdensonsensliRydrararRens: 18 UHith tén exits
exchanger 11%@%@8\@@%5?@%@ b daifeligeis seam 824 is separated and flows to the
m

demethanizer. The vapor stream 122 Ieavin\%gseparator 126 flows heat.excha%%% 20 where it is
S

f
chilled and partially dbRTePEEHEAGRERIRSHS R L3 XARRS BreAM 2 S R RYS Yream 122 is
separated intoy liguith 3 RAS GBI @B¢ha vaper stream 128 biguitkstiawith T8orfiotialio the

demethanizer as the intérmediate temperature feed. V [ strea j q@mr drum 132 and
flows to heat ESQARIGGSHEAMRPER safﬁﬂﬂtéplcﬁ\é%%%%g §§|Va|1 f}’%%%ggfr@%%. xiting heat exchanger

121 tge streangs ?ﬁ%@ﬁ@ﬁﬂiﬁtﬁaﬁﬁkﬂd felpdatiyiidbstnedma @dpor stream 134 in a sepafratc;]r drum 138.
Liquid stream 136 flows to the demethanizer as the, S ireamnkadda further
a%/ mr% é anz orr%dém b&o{gg &;ﬁﬁﬁggé‘?‘%ﬂre% (}j

processed for separ 7(5?\%%% en-rich and methane ric ams. Chilling of stream 128 is

provided by pripgessheeiyedtsexstmngiaisié Sinotiahg eeeempesitionPhi BREsEIREME Bown of stream
115 across valye 183 %@a@%\?@%%%l@iﬁ?%‘@%ﬁ@g INEXSAARIFEKR the vapidihis design, no
ide

demethanizer BUEMRESG CORdERSET s prov as stream 136 is chilled to a sufficien ly low
temperature sactd figatiddfim kepataiyGeareTROEMAB A AN RSB R IQIRAT ESumn. This
embodiment cgnﬁj‘ ke configured to enable cooling of the demethanizer gross overhead vapor to
provide reflux as an alternate process design approach. [

C Liquid stream 105 is withdrawn from
stream 103 and is Iet%ﬁﬁ%*@&@@%rﬁemé 'S@Htm%%m%é%%‘ﬁ‘ﬁé%"‘c’ |ﬁ%§o{grg the low pressure
o Sl SO AP B e i
153 from the cempasgers1B0 andhiledSieanith paring $epacsiandain4otda¢iad dBmbined with
vaporized stre r% #@ﬁgﬁ%&ﬁ%ﬁt%ﬁgﬁ q%\g;,gg §sﬂ§?r§§}ﬁ§'% hiyaBrfisirigeniien 2nd stage

discharge dru itsdrum and a portion of this Stream, stream 158, returns to
the extended bpmatipneffitezativieddraprysefigopatahsiman@de duewsh REFSHR38maining portion

160 flows first tq th I ' ' Ansktiendm jienss kretiomator side
reboiler 164 Wk%?%gjﬁg]rlyﬁﬁ%ﬁﬁgﬁggﬁﬁﬁ%ﬁcﬁg&%d before rovt\ﬁE%th’(?;;% ar ‘fr drum 166. The
a

vapor stream 163, leawstigasptiateis slowneant dhBrogfheke 93And flows to the
extended binary {giigeiaiam GOBIIASREESEEAsdingRs deion A and ferTiwvedpdhetream 170

oG e e stage “suchon o1 conprasisr 48 "SRABARREY Hdhe noaw

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
o forrﬁ 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



The liquid stream 172 leaving drum 166 is heated in heat exchanger 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 liquid 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 ethylene fractionator overhead condenser 178 n% IS yapori %d providing chilling
to condense @ﬂ%&%’_&@ﬁ‘f@rfhth§é6%ﬁﬁﬁ%@ﬁl%@?@'&&j’&m§l&’ d @%&#e.%ecause of the

injection of stigaRLhLAHE iR 1 Birdhmprassurenisiieamd. fexehdregbigh@randile maintaining an
economical temperature differential in the ex,chan#gr.l?S. S the/é’a%?éjzﬁﬁjeﬁ”%?%%m flows to drum

179 and then 4eMSelfudiel 1R SO SS00N AW B 1M e itcd Binaly reffigeration compressor
150, a higherﬁﬁﬁﬁ@@gﬁgmg@th@pgﬁgermimdfmnhe refrigeration compressor 150. The

process design depicted in Figure 2 utilizes some heat excha C t @ltailgate the balancing
of vapor and liquid IR P{?ﬁgséx H\é{b'&n‘iﬂi riflﬁ%ﬁézr% ioan%co %r%gggﬁ%%qet ane recycle from the
bottom of the gifiiderenfractigpesed iedsedtally tohpwtiiacdnerdresqiiens the RiAMRAg heaters and is

then vaporizeﬁé{‘gﬁ? ﬁé;ﬁlﬁ%ﬁru% I?ﬁﬂg&aé%ig&p%%%@m%Wﬁﬁtﬁx@ﬁﬁé@ﬁpgwtor, reducing the |

duty of excha Ing the refrigerant owing to exchanger 178. Use of a vapor
~ withdrawal 168tcom-ttR6stem @ SthigciobayesiasdeatrrionebigarsfyateaniERSr 150 allows for

additional proggs g flexibiliy s BIgwino\h G Biciesm 'adbue: rgider fapgeqs datties for providing

refrigeration for a new olefins unit or major expansion as compared to a smaller eEannsion as in'Figure .

2. In Figusystethefar2thecasparsiosy Hrak Pafae LEBss 15 28 2PPEHR nizer 204, into
an ethylene p%ﬂl@%@@n%ﬁ{gﬁag SeNEIBIciSsandr refhvet sirpamie onfidhanorecycle stream 208 is

passed across valve 281, letdown to near cracking, heater inlet _pressure,?%gg theg fasses through

heat exchanger 212.TigWEare AoRif1S 2 1efider, BiRarY, JRITREIAIASE SRS i°Erfled prior to

passing acrosgyahetd Meh&piand i beaienttigogsiodlf¢litentenid)ofMhe subueesing that occurs in
heat exchanger 212 reduces the re L%ired flow rate of s,[tr%arg %79%1 r%%%%r d f& g Q?afractionator
condenser du@sﬁpﬁ?éeé]ﬂé‘ 1 an %u'lrés:’»pé% JepERR RS 5 OFthe deethanizer 204 to the

C2 fractiongtoc&h@j@@ﬁ@arpﬂﬂamtbemiemn@rhemi h@adapk'ml Iwtthecondiguratiostream 222 from
iTactionator a BB EA PR P B S e

fractionator at a’%om atorjus oW poin e gross feed from the deethanizer 204, stream 222,
enters the C2 &mthiefiasblignishBirecarbprosenasation idisidlationcaergrr 2niowaesci®o drum 232. A

porion of SUgmZI NSl AR ST inda{ 88 ae BRclmalanasHppRIRI0 and theresti

removed as ethylene produc m 206. The integration of the deethanizer 204 and C2

fractionator 21@irigeratinanirsEameRiftat 8k aeligh RIRNLYYIIBnISRNBRZRIEY binary

refrigeration syslghanizoFigifite3iriAgePIpir cHaIBiRT iRileiidRQoTbe dpediin tiisvaterreboiler is
drawn off from the 02 fractionator 218 at a point in the tO\ﬁ.(}aar below the entB/ pm%& feed stream 222
' S

and above theasrailighdsiiation oSmalianatioRennrentkIRLYY SepaLale s, P€am 226 from the

depropanizer igreRRieE and Bastially eerdetsedgndhe hyromzhbiarfaad. iyl iptedusting with the C2
fractionator in this manner, the Igad for exchanger 142 (Fig 2) is reduced. This provides flexibility for
the system angf é@fﬂﬁﬂé"ﬁ%\,\t%&f' §ﬁ8%1 105 withdrawn from heavy liquid refrigerant stream 103 and
recycled to the secorvapamgiressiohldtdgeyvifigisompresssd (&Esise pled &y raqaimbifsiits for

compressor 159, e 228 iR e SIERDICS AANI PR, of pabRARAH and is sent o

a drum for separation of vapor p rom reflux. 28 may additionally be cooled in other

exchangers bef@tethis adsat RyckesgsshBdicnaar ankiashiomRAmRiEFRratid P& up
requirements QLBANAng fiquid 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 %
me_fhane, or about 20-30 mol % methane, and about 60-80 mol %
propylene, or about 70-80 mol % propylene. The composition depends
upon the feedstack to the steam cracking heaters and the conditions under
which the hydrocarbon is cracked, and also upon whether any additional

12



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 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 froglefie-sestaitirgsiseaivenargdlayinseihines glefing RiaRilY dRseRPaPHow of binary .
refrigerant thropgh 1he SysiRIBRIH! A QaMIhecriger o somanessebikaty mixties eefrigeration loads

and power consumption are reduced using the heat exchange concg&t in Figures 3 and 4. The
r

concepts havaBbanenapd vamdgacer fal8Iit86Rg1I7e D SYEBE; gﬁ@% HeEfion of the
extended binagyiafiigeralicn caRvIQssAEdHemessing:the giesndnanotinagxtanded binary

refrigeration system and thus decreasing the re%uireme,nts of balancing vapor a{r#jti uid loads on the
e

system and spRaIRUPRBA SRS RIBRAGCAN e SORIaNGLh A3 FOMREREES gure 1 scheme.
In the FiguresgyearsesehsneopApae stieagettRdnddiaid stetm 408daaed thimagparator drum
454. The final com re%,sor discharge 401 can be cooled further by heat exchange by withdrawing a
portion of hea(/??ﬂ AIAUQRSYR86S as stream 406, reducing the pressure of this withdrawn liquid across
valve 481, and heat éixcloangicapest gy chaech stifaivedOlgindpeastichah §as 408, which is

downstream from coali%{/éater e>é%1: H%%Eiééi%f:ﬁ%]ggsmap%h% ‘C%n{@jég‘i gﬁﬁxgemperature y the.

NEMIf ane ¢ :
cooled stream 401 ShténRg dram IS lower e temperature of Stream 401 when it leaves
cooling water esatieigair 452, Wap&izwight rroppENsatingtbiiementriicsoR avRbiHR with stream 411

o form stream A4 A5 HICE P SRSEPFHATE SN ABUAT BT GRUATE-oRiAgmpressor 450 at

the second suction. The remaining lifuid stream 404 from the separator 454 is conveyed through heat

exchanger 41 hentrr smelitdysayeiitios mARENeHANFARHBHOR A7 NT6RR WWILRing compressor

450 is higher ang;thg PregsUiBASIPMBLHRAdRtha AUIRS® Sa SaP BbTigites i meligve the same
degree of process refrigeration from the combined system. Volume flow is thus increased greatly and

this can be beRRRERNYRYIER FRMEBIMS2c8BRSEPRFGIARMELTR flow is relatively low and would result
in an inefficient centrifugaligaimnsgeant degdaving-igsperatdepicls somstmaseitadhe Figure 2 '
process scheme where the final discharge,stre 1 from c ressar 550 is cooled, separated

in drum 554 in%’ﬂaﬁﬂg BEP&XM%?QRSR?&%&%&%@%@? ’R‘at{d%og’g]l%é’cﬁ%‘é‘%P s[,?rge%sr% 501 is effected
by withdrawingengiiitios, pitedendigoitcstrrativs @2uabsredowsi67 0ethiohed hamierssure of this
withdrawn liqu q@ceé%zizvﬂx??%l, and heat exchanging with stream 501 (after it has left cooling water

exchanger 55 anger 508, such that the temperature of the cooled stream 501 entering drum
554 is lower than theAepiptitatupé Gfidideatresnl ERSingtessingWatts shdirthder % Stream 506 is

then combined,yiih, AHEAM 5,15},55%%%%[%% W brasuahisdakiRd S araKt siggglischarge drum

577 as part of stream™554, an n of this enters the comfressor 550 In stream 513 at the third

stage suction. FREIRSsiIHPENEERTSEY BIGGRETSRReRTAS7RvRARS IRAIHIBIAPIRGRFFcombines with

streams 505 aggir tolpERdheyfeatig tewseeopamingeriibechmrpressanb304nsiream 570 after

providing process duties for the ethylene fractionator rebailer and ethylene fractjonator side reboiler.
The remainingsﬁ'fﬁﬁﬁlsﬂéém%ﬁsﬁoﬁ?ﬂ%’é’gé’ﬁé\lgto1ré5{54%t‘éo '\’?3 %%ﬂgﬁﬂalhcéﬁ“e%hanger 517. The

advantage of tb&esdtﬁmawcmﬁgaratm,iamumagdmsfmm\;ﬁmg:mmmmngaoﬂs higher and the
D e ST 38 o8 ahd s SRE AP S O B RLE BGIROSRE At el o oan be

beneficial wheh arge volumettic flow Is otherwise tdo small to provide for an
efficient compipskalingsajrearhisti@ghrtfiswanarizgste stimamighidr tham fdlawe g@cass shown in

Figure 5 that rggmﬁgém gg@m(fg%gé %QRQ@WW% as in Figure 2. The recycle stream 506
stade.

is ultimately routed to the secon discharge drum (third stage suction). Example A

computerized proces$hrhalanss oigiresrviftediiciiberawalebaieanihhtyi$&igefant formed from
19 mol % methareaadrie srgith s Eﬁﬂ@d%ﬁ'é)@%@@ﬂﬁiai@)&iﬁg@&bﬂfaﬁgémgsmms) was used as

. the refrigerant in the process depicted in Figtj. 1. The g{essures and com ositié)ns{_of the light refrigerant
stream 2 hea@)‘}‘%‘@ﬂ@&%‘i‘ﬁ‘s}ﬂ@aﬁ@ down through vaive 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 1786. Chilling is also provided by process reheats as available,
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and the suction stages of the compressor are shown on Table 1 below. The extended binary
refrigerant successfully provided for refrigeration in an ethylene plant having a low pressure
demethanizer, and also can be used in a plant employing a high pressure demethanizer. Table 1
Compress or Discharge stream (1) Light Refrigera nt Stream (2) Heavy Refrigeran t Stream

such as stream 125. The refrigeration provided is utilized to chilt 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
h_eat 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 chilled 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 fo
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 teeds 130 and 124.

Stream 109 is partially reheated in heat exchanger 120 using
process reheats, 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 cooi and partially
condense the chilling train feed 116 which then exits exchanger 118 and
flows to separator drum 126. A liquid stream 124 is separated and flows 1o
the demethanizer. The vapor sitream 122 leaving separator 126 flows fo
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
Higuid 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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(3) Compress orFirst Stage Suction (14) Second Stage Suction (11) mol % mol % mol %

exchanger 121 where it is further chilled and partially condensed. Exiting
heat exchanger A1 21 the stream is separated into a liquid stream 136 and a
vapor stream 134 in a separator drum 138. Liquid stream 136 flows to the
demethanizer as the coldest feed. Vapor stream 134 is further proceséed
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 low temperature such that reflux is not
required. Thus, the demethanizer 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 ahd is let down in
pressure écross 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 excﬁanger 140 and then combined with
vaporized stream 111 as stream 154 before flowing to the extended 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 it is mostly but not totally

* condensed befare flowing to separator drum 166.

The vapor stream 168 {eaving separator drum 1686 is combined with
reheated stream 114 and flows to the exiended 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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mol % mol %

H2

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 liquid 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 ethylene fractionator overhead condenser 178

and is vaporized providing chilling to condense reflux to enable the

separation of polymer grade ethylene 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 refrigeration 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 ailowing the system to 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 ethyiene product 208, 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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0.5 1.4 <500ppm 1.2 <500ppm CH4 19.0 41.2 7.4

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 216 (178).

Figure 3 also depicts the relationship of the deethanizer 204 to the
C2 fractionator 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 219 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 to the bottom reboiler, 224. Gross overhead stream 226 from the
depropar'iizer 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 liqu.id 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 narmal
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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36.7 7.4 C3145 80.5 57.4 92.6 62.1 92.6 MW

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 refrigeration compressor by decreasing the gross flows of
the extended binary refrigeration system and thus decreasing the
requirements of balancing vapor and liquid loads on the system and
specifically on the compressor.

Figure 5 depicts an aite‘mate 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 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 configuration, the temperature of the 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
conveyed through heat exchanger 417. The advahtage of this alternate
cohﬁguration is that the total flow leaving compressor 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
cenirifugal compressor design.
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36.9 30.8 40.1 32.1 40.1 Pressur e(psia) 410 405 405 -

Figure 6 depicts an alternate to the Figure 2 process scheme where
the final discharge stream 501 from the compressor 550 is cooled,
separated in drum 554 into liquid stream 503 and vapor stream 502.
Additional cooling of stream 501 is effected by withdrawing a portion of
heavy liguid stream 503 as stream 5086, reducing the pressure of this
withdrawn liquid across vaive 581, and heat exchanging with stream 501
(after it has left cooling water exchanger 552) in exchanger 508, such that
the temperature of the cooled stream 501 entering drum 554 is lower than
the temperature of stream 501 leaving cooling water exchanger 552.
Stream 506 is then combined with stream 511 o 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 with streams 505 and 512 to form the feed to 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 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 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 %
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,
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42 149 Claims: 1. 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 % methane, 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 %. 2. The extended binary
refrigerant of claim 1, wherein the C3 h drocarbon is lene. 3 H‘Bj d.ng'nary refrigerant of
claim 1 or 2, RGN $HE 'r@?r’?ﬁ%ggﬁtoé HOVIHE RSP g%&ﬁ)éﬂ% etzrhsg‘gt fange of -136C to
25C. 4. The extended tmrrr@w r@‘rn@@r@m clLatysyieligf stavined fOr&Mthmmlncﬂalmrafngerant contains

15-25 mol % n}% Wane t?xa 85m %FP

Ien
ene p ant having a low c?emethamzer and also can be used in

a plant employing a high pressure demethanizer.

Table 1

Compress | Light Héavy 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 %
H- 0.5 1.4 | <500ppm 1.2 <500ppm
CH,y 19.0 4120 7.4 136.7 7.4
CaHs 80.5 57.4 92.6 62.1 82.6
MW 36.9 30.8 40.1 32.1 40.1
Pressur | 410 405 405 42 149
e{psia) : ‘
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Claims:

1. 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 % methane, 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 %.

2. The extended binary refrigerant of claim 1, wherein the C3 hydrocarbon is
propytene.
3. The extended binary refrigerant of claim 1 or 2, wherein the refrigerant can

provide refrigeration within the temperature range of -136°C to 25°C.

4, The extended binary refrigerant of any one of claims 1 to 3, wherein said

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