WD 2004/ 065337 PCT/ US2004/ 001059 A efin Plant Refrigeration System
Background of the Invention 5 The present invention pertains to a
refrigeration systemto provide the cooling requirenments of an olefin'
plant. More particularly, the invention is directed to the use of a
tertiary oWOR200466337refri gerant conprising a mxture of RETVNEHW/OYOFY| ene
and propylene for cooling in an ethylene plant. 10 Ethylene plants require
refrigeration to separate out desired products fromthe cracking heater
effluent. Typically, a pro@leéimePlmt Refriggérdtion Sesterger ant are used.
Oten, particularly in systens using |ow pressure denethanizers where | ower
tenperatures are required, a separate nethane refrigeration systemis also
enpl oyed. Thus three 15 separate refrigeration systens are required,
cascading fromlowest tenperature to highest. Three conpressor and driver

systens conpl %%&%Bnd%f%ifeqﬂvgﬁﬂ , separate exchangers, piping, etc. are

required. An onal haneé refrigeration conpressor, either

reci procatgng or CERé prédétrdlinverionnadridiad by adefriiratibl® spsieint 8 pe@stie savi ngs
resulting from 20 the use of |ow pressure denethani zers. M xed refrigerant
systens have bdencoelihg kequitementseofi aduskefip plaot. mivigred pestdi@gdariy n théese
systens, nultiple refrigerants are utili ze? in a single refrigeration
system to provl¥entien isgargetash teoths juss af v dertianyaphdlripery divpageient es,

component _cascatoreng 4 8RB DERERE. hdgat FedEBeeri BrEaBiBE iny st ems
have found w dgspfiRAEneRarit? base load liquid natural gas plants. The
application of a binary mxed refrigeration systemto ethylene plant design
is discloged in U FEthddrentplan®7edinve refrigdrationt he sefaragerautt diesirad m xt ure
of met hane and either ethylene or : .
products from ‘the cracking heater effluent. Typically, a propylene and
an ethylene refrigerant are used. Often, particularly in systems using
low pressure demethanizers where Iower temperatures are required, a
separate methane refrigeration system is also empioyéd. Thus three
15 separate refrigeration systems are required, cascading from lowest
temperature to highest. Three compressor and driver systems complete
with suction drums, separate exchangers, piping, etc. are required. An
additional methane refrigeration compressor, either reciprocating or
centrifugal, can partially offset the capital cost savings resulting from
20 the use of low pressure demethanizers.
I; Mixed refrigerant systems have been well known in the industry
for many decades. In these systems, multiple refrigerants are utilized
in a single refrigeration system to provide refrigeration covering a wider
range of temperatures, enabling one mixed refrigeration system to
25 replace multiple pure component cascade refrigeration systems. These
mixed refrigeration systems have found widespread use in base load
liquid natural gas plants. The application of a binary mixed refrigeration
system to ethylene plant design is disclosed in U.S. Patent 5,979,177
in which the refrigerant is a mixture of methane and either ethylene or

30 ethane. However, such a binary refrigeration system cascades against

a separate propylene refrigeration system which provides the



30 et hane. However, such a binary refrigeration system cascades against a
separate propylene refrigeration system which provides the WD 2004/ 065337

PCT/ US2004n00 20Rss37r ef ri geration in the tenperature ran%rl%w,gp(,,(ﬁ,@nd
warner. Therefore, two separate refrigeration systens are requi reci.

Summary of the Invention 5 It is an object of the present invention,
therefore, to provide a sinplified, sing#e refrigeration systemfor an
olefin plant, particularly an ethylene prant having a | ow pressure

denet hani zer, utilizing a mxture of nmethane, et hyISne and propyl ene as a

tertiary refrigdnggatiomia ther qapgratys: datgepPhczdOt He 38daMAEYr opyl ene,
et hyl ene and L, ?Srelqueréer%E@?%iﬁ@g?éz@rrf%fge?rﬁé’%lrélﬁ&f}g‘“ h a recovery

process using a I'ow pressure deme hventTon drvol ves the
separation of the tertiary refrigerant fromthe discharge of the final
stage of a conpressor into a nethane-rich vapor fraction and two | evels of
propyl ene-ri chSuminarydef e berendiopr ovi de vari ous tenperatures and | evel s of

refrigeration 15 in various, heat exchange stages while paintaining a nearly
constant  Pef ri ger alitis hPBIIGL Wntheaprenent iR RN nlcselarar todirgiide an t he
conpressor and_.w t.h the. byl .t ot al u frigerant flow going to
the first st ag%”@g'%?’eg’é@e Eﬁﬁ@eg%?mrﬁ}’%‘?&{ni‘gﬁ érg Oi%@ P%“E-i B??'Cu?%'f\?ﬁaer ant
systemto Coméﬂﬁlérfevgrawelné% a lbuﬁprez.%m@@ibﬁ]é%ﬁahﬁew LiliARg W mikfife Of
separate conpressors for separate refrigerants. This tertiary systemcan
al so be appl i egf reethane} retheleaepbadtpropilens hs g tertdayurefrigeearet hartizer in
whi ch case the tertiary systemonly supplies propylene and ethyl ene

refrigeration testipr sysies replaces thmeeptipte PP ieneRibiviane anthmeivaat ages

of the rea@i geregt.i on.s sterPPof t he el esent. invention will 25 rljage L2PRar ent
S

from the o rlieftigeratign” sYsiegpy gigociated with a récovery process’usi

pressure demethanizer. The invention involves the separation of the
tertiary refrigerant from the discharge of the final stage of a compressor
into a methane-rich vapor fraction and two levels of propylene-rich
liguids so as to provide various temperatures and levels of refrigeration
15 in various heat exchange stages while maintaining a nearly constant
refrigerant composition, as measured by molecular weight, in the
compressor and with the bulk of the total return refrigerant flow going
to the first stage compressor suction. This enables the tertiary
refrigerant system to compete favorably on a thermodynamic basis with
20 the use of separate compressors for separate refrigerants. This tertiary
system can also be applied to an ethylene plant with a high pressure
demethanizer in which case the tertiary system only supplies propylene
and ethylene refrigeration temperature levels. The objects, arrangement
and advantages of the refrigeration system of the present invention will

25 be apparent from the description Whiqh follows.



WD 2004/ 065337 PCT/ US2004/ 001059 3 Brief Description of the Draw ng The
drawing is a schematic flow diagramof a portion of an ethyl ene plant
illustrating one enbodi nent of the refrigeration system of the present

invention. g JBssdssption of the Preferred Enbodi nents TheppgrRR8sLnbiheeNt i on
relates to an olefin plant wherein a pyrolysis gas is first processed to

renove net hane and hydrogen and then processed in a known manner to produce
and separate ethylene as 10 wel|l as propy ene and 'sone other by-products.
The process will be described in connection with a plant which is primarily

for the produygti of . et hyl . ~nlhe.separation of the gases in an ethyl ene
pl ant throug;&'&%ﬁgﬁﬁgﬁeﬁ'%oggﬁe Pr"a\?'t"?%nat I on at cryogenic tenperatures
requires refrigeralign d@ing il HRChBRRRIAHIF digidfn Jhs faRidrRlorcast 15
involved in the refrigeration systemof an ethylene plant can be a

signi ficant pasthylehet planovkrsatdting ané eolsédimBinref§ treerefeigpidtiin spstengs for
the refrigeration systemw || significantly affect the overall plant cost.
Et hyl ene pl antas thiet presegh iprasdinn: e denret hani zers operate at pressures

hi gher thas 2.76 MPa (400 psi) with an overhead tenperature 20 typically in
the range of -85 Cto -100 C. Ethylene refrigeration at approximately -100 C

to -102 Cis tynd Il : ce overhead reflux. An
d%ecgﬁigtL%h dHS\n %bgeﬁéh‘eh Elﬂﬁgdm%ﬂ%“

et hyl ene pl ant ow pressure denethani zer which operates
bel ow about 2.41 MPphé 35fkseat )invantdogengss! Yoi Ant BRfinidantofwRerddd 40 1. 034

MPa (50 to 150 psi) and 25 with overhead tenperatures in the range of -110 C
to -140 C requivrelysisrgahasdirst pperessad dol enedee oiethaheianel bydwgenoangéner at e
refl .UX' The then processed in a known manner to produce and separate ethylene as
| 10  well as propylene and some other by-products. The process will be
described in connection with a plant which is primarily for the
production of ethylene. 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
15 involved in the refrigeration system of an ethylene plant can be a
significant part of the overall plant cost. Therefore, capital savings for
the refrigeration system will significantly affect the overall plant cost.
Ethylene plants with high pressure demethanizers operate at
pressures higher than 2.76 MPa {400 psi} with an overhead temperature
f 20 typically in the range of -85 °C to —100 °C. Ethylene refrigeration at
approximately —100 °C to -102 °C is typically used to chill and
produce overhead reflux. An ethylene plant designed with a low
pressure demethanizer which operates below about 2.41 MPa (350 psi)
and generally in the range of 0.345 to 1.034 MPa (50 to 150 psi) and
25  with overhead temperatures in the range of -110 °C to - 140 °C requires
methane temperature levels of refrigeration 10 generate reflux. The
advantage of the low pressure demethanizer is the lower total plant

power requirement and the lower total plant capital cost while the

disadvantage is the lower refrigeration temperature required and,



advant age of the | ow pressure denethanizer is the lower total plant power
requirement and the lower total plant capital cost while the disadvantage

i's the | owgyo t@fiiobBeF ati on tenperature required and, WO 2@04hR8hRA%61050
PCT/ US2004/ 001059 4 therefore, the need for a nethane refrigeration system

in addition to the ethylene and propyl ene refrigeration systens. The
tertiary refrigerant of the present inverjion conprises a mxture of
nmet hane, ethyl ene and propyl ene. The percentage of these 5 conponents can

vary dependi “ﬁﬁg&g%l #bMdeaNeor %&hﬁ@%ﬁg%rgftﬁgn%? o int MR T kR

severity and 'ing train pressure a r-consi derations; but

wi Il general | yeth@ldne ame prapdeneireffigepatiéh BPkterf§r cent nmet hane, 7 to 20 nol
percent ethylene and 50 to 90 nol = percent propyl ene as neasured at the

conpr essor di schar gEhe Aertjqiyc sgfrigerargnpbsihei preseot ianestibnl eommppiseatawi th a

| ow pressure denet hanizer,, woul e 10%,nmet hane, 10% et hyl ene and, 80%
propyl ene. Thé'"g&a"e 8* methapg, ?ﬂ}ﬁ?f"? andinjapyisnenr the percertpoe ipd these

ol R nat BPn dRREORENE dRMRERD UEBENARG| bt Inko brileRk M HIFR T PG M | ©

obvi ati ng need for two or ree sepdrate refri Syst The

purpose of thefeBHSERIK thBURBEKIAD develrRy RINAVIHEChI g BGAS PREssuré &inibiger at i on
to separate the hydrogen and nethane fromthe charge gas and provide the
feed for the dehet censkleratensydiut will geoeally Yeoin theerargehef 7r &f 20gemodt i on
requi renents of the entire plant. _Referring to the specific enbodi nent of
the inventi on RAEERt iMethapedr AP ndOwmot irargent ethene |and b deup@ mol

of the-requi r ATFRYEPtoRlend it ARPLI IR SiBreBsoiRBRgRE A RPRAL Cer e
of heat exghanaghgodiionlfor d ethflenddplant widR a ThWSEredsate AatERaAIzercan be
conbi ned as fewer units or : :

would be 10% methane, 10% ethylene and 80% propylene. The use

of the tertiary refrigerant provides all the refrigeration loads and

temperatures required for an ethylene plant while obviating the need fof

two or three separate refrigerant systems.

15 The purpose of the present invention is to provide the necessary
refrigeration to separate the hydrogen and methane from the charge gas
and provide the feed for the demethanizer as well as provide for the
other refrigeration requirements of the entire plant. Referring to the
specific embodiment of the invention shown in the drawing which is for

20 a low pressure demethanizer, the tertiary refrigeration system is
arranged to provide all of the required levels of refrigeration for an
ethylene plant in the series of heat exchangers 10, 12, 14, 16, 18 and
20. These heat exchangers can be combined as fewer units or
expanded into a greater number of units depending on the particular

25 needs for any particular ethylene process and in particular on the
specific charge gas comp_o;sition. They are typically plate fin type heat
exchangers and are preferably packed inside of a heavily insulated
structure referred to as a cold box to prevent heat gain and to localize

the low temperature operation. Before describing the tertiary



expanded into a greater nunber of units depending on the particular 25 needs
for any particular ethylene process and in particular on the specific
charge gas conposition. They are typically plate fin type heat exchangers
and are prefenablnsspacked i nside of a heavily insul ated Sﬁcfﬁﬁﬁi%ﬂmﬁﬁsfye”ed
to as a cold box to prevent heat gain and to localize the low tenperature
operation. Before describing the tertiary WO 2004/ 065337 PCT/ US2004/ 001059

5 refrigeration system the flow of the gharge gas through the systemwil|
be described with exanples of specific tenperatures for purposes of

ilTustration ouerddish ggﬁﬁg‘ﬁ c}ﬁ@?ld(\r@gﬁl 1R€ chai & Bad ThidkighPineddvstbs WP

conditioned 5 as requir cool e I's typically at "a tenperature of
about 15 C tobeZdeseribedl wifh esamptes0bf apeulfic3terhpéffauldsOfomppudposasdof s
typically a vapor stream The charge gas contains hydrogen, nethane, and C2
and heavi er HBBisERTER 9nlvacl udi ng et hyl ene and propyl ene. The charge gas 22

I's progressively cagl ed by the refrigerat.ion systemof.the present 1

i nvention in the hedt® 8?%%&%@9%& 15"%'? 1S %ée PYEOlySIF 98s \ﬁof]ﬂﬁ"ﬁ'ﬁ’ﬁfopri ate
separatio bei C S%rr%} | a ecg?§ 22 is
first coolr%d %hqtgﬁgﬁgga%n%egéﬁgﬁg%r ) ”S'?\-cr’d]H %‘;Eg{ \%E&t%cr)e-gggaobtftq{-ggc at” 23. In
heat exchangepQldc At achraksigredas absut B BMPANBO0- g88if; 4Ad i6¢piakild4k | n
heat exchanger 16, it is cooled from-60 15 Cto -72C with the condensate 25

in the effl uenapdtstreany $bpahatgaigancoaing hydugete msathangsand Gy dreher f eed

to the denethani zer (not shown). .The renmai ning vapgr 30 _is then cooled from
-72C to -98C ?‘ﬁa"}?éé}cofﬁ&‘&??dﬁaé?g'%"\ﬂ piviane Eod aisRvpRe s N CPRECHTT Lent 34

e 2R e OO B TP B S Ra o 8 et
10 invention in the heat exchangers 10, 12, 14, 16, 18 and 20 with
appropriate separations being made to produce demethanizer feeds. The
charge gas 22 is first cooled in the heat exchangers 10 and 12 down to
about —35°C at 23. In heat exchanger 14, the charge gas is cooled
from —35°C to —60°C at 24. In heat exchanger 16, it is cooled from -60
15  °C to —72°C with the condensate 25 in the effluent 26 being separated
at 28. The condensate 25 is a lower feed to the demethanizer (not
shown). The remaining vapor 30 is then cooled from -72°C to -98°C in
heat e)&changer 18 with the condensate 32 in the effluent 34 being
separated at 36. This condensate 32 is a middle feed to the
20 ;:Iemethanizer. The vapor 38 is then further cooled in heat exchanger 20
from -98°C to -130°C with the condensate 40 in the effluent 42 being
separated at 44. The condensate 40 is a top feed to the demethanizer.
The rematning vapor 46 is then separated (not shown) to produce the
hydrogen stream 48 and the low pressure methane stream 50. The
25 cooling loop 52 in heat exchanger 20 is for cooling and partially
condensing the low pressure demethanizer overhead to generate reflux.
The remaining overhead vapor from the demethanizer forms the high
pressure methane stream 54. The hydrogen stream 48 and the low and

high pressure methane streams 50 and %4 provide additional cooling in



from-98C to -130C with the condensate 40 in the effluent 42 being
separated at 44. The condensate 40 is a top feed to the denethanizer. The

remai ni Ng \@hWPosAbsshe then separated (not shown) to produ gen
stream 48 and the Tow pressure nethane stream 50. The 25 ggn?l ng"W%’QSZ in

heat exchanger 20 is for cooling and partially condensing the | ow pressure
denet hani zer overhead to generate reflux.s The remai ning overhead vapor from
t he denet hani zer fornms the high pressure nethane stream 54 The hydrogen

stream 48 and e [ es e st d 54 prow de
addi ti onal coo *}%nﬁéﬁg)%"'%@%%%i?neg %ﬁ?ﬁf%‘gﬂ fﬁﬁﬂ?égg ﬁé‘%{’?
exchangers. Tofg@m Blhet demeermiiedtitoRl ubrl?i%h%zﬁft%s%% ci hA¥hdalidrS the
deret hani zer bottons which contains the C2 and heavi er conponents which is
sent for the remopengnts whighelisyderre fandhe pramudeepeofintheotchieylenenpagents. 5
In addition to the charge (%as streamand the tertiary refrigerant streans,
the streans 55PTopylens7and@they GPBPPRENHUS et hyl ene plant streans at vari ous

tenperatu whi ch al r o t he heat exc ecy eration

of cold. I\/g’r ely as @k%@%&gg {h egﬁﬁ%ﬁ A sﬁgpm[ ﬂ@g%ﬁgf}ﬁgﬁl%t\’l S{rgeratie col d
fromthe | ow pseesmse tHe®E&ARS 258 §ed6571%nrd699' h&! varbli§3thy ferreeleﬁrat es
the cold fromthe deethanizer feed and the | ow pressure denethanfzer bottom
reboil er. Strestedmsi st arious elenpeeraties wﬂthnealskmqidsantmugheelﬁb Hd#e et hane
recycle, the ethylene fractionator side reboiler and bottomreboiler and
the et hyl ene pe¥angers foreracyperationeahrold. clUl@éwqware@@ﬁeﬁapaa*nS&ISCm d

o et SRl ER o458 e o MR BB Rl S &
cold fluiqgs %%Bil@?(egtﬁ%ﬁ'%hh%chﬁgr%%@tﬁg Bold fr&ﬁf ﬂ‘l%cﬁeétﬁah%r féed and
the low pressure demethanizer bottom reboiler. Stream 57 is for
recuperation of the deethanizer feed, the ethane recycle, the ethylene
fractionator side reboiler and bottom reboiler and the ethylene product.
The last stream 58 covers the recuperation of cold from the lower
15 deethanizer feed, the ethylene product and i:he ethane recycle.

The maximum efficiency of heat transfer between a warm fluid
and a cold fluid is achieved when the temperature difference is low. A
mixed refrigerant, such as proposed in this invention, has an increasing
temperature with increasing vaporization, at a fixed pressure. This is as
20 distinguished from a pure component refrigerant which vaporizes at a
constant temperature at a fixed pressure. Pure component refrigeration
systems therefore tend to be more efficient when the process
condensing temperatures are unchanged, or relatively unchanged, when
being cooled, and relatively less efficient when process temperatures
25 decrease when being cooled. For mixed refrigeration systems, such as

proposed in this invention, the relative advantages are reversed.
In an ethylene plant, some of the cooling services requiring
refrigeration are at relatively constant temperatures and some are at

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



m xed refrigerant, such as proposed in this invention, has an increasing
tenperature with increasing vaporization, at a fixed pressure. This is as 20
di stingui shed froma pure conponent refrigerant which vaporizes at a
constant tevpanakssser at a fixed pressure. Pure conponent pefflgG6i@boidRn
systens therefore tend to be nore efficient when the process condensing

t enperatures are unchanged, or relatively unchanged, when being cool ed, and
relatively |ess efficient when process tenperatures 25 decrease when being
cool ed. For m xed refrigeration systens, such as proposed in this

i nvention, g Qhgldere 288y ARARRE PEGiahe HERIiGE atioh 3)RLAVIS GG . some

of the cooling services requiring re'?rl geraﬁ?on are g? relati vgl% const ant

t enperat ures @htsoamd filedl May 22C0O0YI AdhH&ADFAGSEAS s\{ét@nﬂ her @@RAAg U. S.
Pat ent Application Serial WO 2004/ 065337 PCT/ US2004/ 001059 7 No.

09/ 862, 253, eplarticeds Uestiibed Mlichgearaphasizédy saemonstarit hydmpesitlirant s,

and filed May 22, 2001, a m xed refyigerant system for ethylene plants is
descri bed whi &f é'%itf'éss‘é?t@ﬂhstEEFSCB@%PWWWQW’OGE%GFGY He st em

Thus, a sofrevhal o WGEn ekt E ekt S SertRRS Y hdSTBRARIGEa NoRle

transfer services ahas en un%er st ood. %he present 1 nvention proposes to

i nprove the ePf‘és‘érﬂnEMeﬁﬁohhprdﬁdS@d t6 Gfipre@s aheOBIfMEHhE&Y &y @bt t he
conposition of the mxed refrigerant used for these constant tenperature
heat transf er relkeigeratézs sy#tes by vagyingdheiconepgritdon jof theimixed adfrigerahe
refrigeration systemutilized in the 10 separation of _ethylene frgm ethane
whi ch has a v&8§d| Hrgdhesss cogsraty 6ﬁmpﬁéﬁ'$&n’?‘? Rt ranglerc sReeRs-cad M so be

o re o SRRk SRR ol A AL A W et
i nventi om gt hgehgfdlondst ¥tilfeddfrom ethane which has a very targe refrigeration
requirement. The concept can also be utilized for other constant
temperature heat transfer services with lower heat transfer duty such
as the deethanizer.
For the purposes of the present invention, the total duty of the
15  ethylene fractionator condenser 59, the total duty of the deethanizer
condenser 69 and the total duty of the low pressure depropanizer
condenser 79 are handled outside the coldbox with special
consideration. As known from the thermodynamics, the condensation
of the process stream with constant temperature, such as the ethylene
20 fractionator overhead and the deethanizer overhead, as well as the
depropanizer overhead if a single low pressure tower is employed, will
be less efficient if a mixed refrigeration system is used where the
vaporization curve is sloped with temperature. The wide cold-end
temperature approach indicates inefﬁciency’and results in higher power
25 consumption for the tertiary refrigeration system, To make the tertiary
system competitive in power consumption to a system designed with
separate compressors, a concept to generate a heavy refrigerant stream
approaching the conventional propylene refrigeration is called for in the

tertiary system of the present invention. In the present invention, the



15 et hyl ene fractionator condenser 59, the total duty.of the deethani zer
condenser 69 and the total duty of the |ow pressure depropani zer condenser
79 are handieshipudsssde the col dbox with special consi der goras200480k3oWN
fromthe thernodynam cs, the condensation of the process streamwth
constant tenperature, such as the ethylene 20 fractionator overhead and the
deet hani zer overhead, as well as the degyopanizer overhead if a single |ow
pressure tower is enployed, will be less efficient if a mxed refrigeration
system s used:gissdiibACor whka BRI AiCHSHBplics ShORBHdbLRd-CRBRLANY & The
wi de col d-end tenperature approach 1 ndicat 's) Inefficrency and results in

hi gher power Zmppliadbybisepatate propyleid camprésior] Betylitaly ay&dtemthd® nake
the tertiary systemconpetitive in power consunption to a system designed
with separat S¢oglrreisensprapWeneept to generate a heavy refrigerant stream

approachi ng the conyventional propylene refrjgeration is called for_in the
tertiary system of nqlq{é"rtﬂ' ékoé’ﬁt{q %8&&89@%5’? RESTIHM SRSH SPn\fgﬁt teA1ary he wo

2004/ 06533 PCIR20REANARIoR ERIBOR b1 ARG oF FABMA0, L EhouRp | es

the refrigeration norna suppl 1 ed by a separate éne npressor, is

typically gregirepyleharndSe dorhpieesed bl hednyitictgye BffigeRgiono¥orprédier
refrigeration systemper se, 'the tertiary 5 refrigerant as identified

earlier is a Gt dndhefilusiratedeembolirent thete apr tyglectemanessas stagps essed
by the nultistage. refri ation conpressor 60. I, the illustrated

enbodi ment , ¢ HabeB rren@'qm’eiav%ﬁaﬁégg%fﬁt@eaa%@erm?Fh@4'nt%rﬁaa%cwo{em Hhe

i nterstage co T, i r i :

di schar ge. Thgg%{tﬁ%e %?cs(%: a?ééeé'%g’%@%g ‘F?'t i-gl-lq? ;in%b%l(i:%n Zﬁggfj@pg pzﬁfr@gﬁ%\rge
cool er 7410y csttdeRgeda @Iiscﬂmd%é edigtEPRbRDling whtde sHdithei®skpaiiteyi de the

heavy liquid refrigerant 80. The remaini n?_ ] ‘ o
in the drum 78 to provide the heavy liquid refrigerant 80. The remaining
vapor 82 from drum 78 is cooled in exchanger 10 by heavy refrigerant
from drum 78 and partially condensed and then separated in drum 88
to generate a medium liquid refrigerant 90 and a light vapaor refrigerant

15 92 by phase separation. The light vapor refrigerant generated from
drum 88 is cooled in exchanger 12, 14 and 16 by medium liquid
refrigerant and then condensed in exchanger 18 by self-refrigeration.
The typical operating conditions and the range of operating conditions

for the compressor are as follows:

20

Range of Suction Pressure | Typical Suction Conditions

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

3" Stage 0.90 - 1.40 1.20 30




vapor 82 fromdrum 78 is cool ed in exchanger 10 by heavy refrigerant from
drum 78 and partially condensed and then separated in drum 88 to generate a
mediumliquid refrigerant 90 and a |ight vapor refrigerant 15 92 by phase
separ at i onyghigudsssat vapor refrigerant generated from dearruSBod/enicsol ed in
exchanger 12, 14 and 16 by nediumliquid refrigerant and then condensed in
exchanger 18 by self-refrigeration. The typical operating conditions and
the range of operating conditions for tge conpressor are as follows: 20
Range of Suction Pressure Typical Suction Conditions MPa MPa Degree C 1 s'

Stage 0.011 - 0. 01GH@. Rt reftigérahtTHAq%o R e Brom 985;9ass]é% tWofig ﬁt
0.90-1.40 1.20 30 W 2604/ 005355 BT UR3004] 001059 9 The |ight refrigerant

92 fromthe dhest 88ctpagees 12htcoli§rartdhis cdnﬂahsakahdrmﬂ&oﬂ@;moe&iﬁm S
condensed and sent to Ilgg refri.gerant. drum It is then subcooled to
en

about -130C a@r¢meB@xitis ﬁ@hﬁ%‘é‘&ﬁ Toéb@h'énéjgp"(é(?taﬁ% bR frashBedt hr ough
| 96 t de t 5 t t
"145¢ This Fr&?féba'aeﬁerrf%@r' en et 8708 S TBGr i e iR e gas
t t 42 ff fnt |
TG S0 22 S0 19 S PRS0 '

gas tenperat UI’r@frig@r@ﬂdrﬁgm\Bées $hé )mbmj by thé ch@ffe 8is st@ae@nt4d Hoha t he
flow of the light refrigerant in stream100. Typically, the refrigeration

suppl i ed by t e -48P&Grarlioavar and feqrrovide sufficiegdrendliog indthehw B2heat
exchangers 20, A0rks Yeflr fromhe dSmethhniaer overhead s
The charge gas temperature in stréam 34 is typically at -98°C by
; 10  controlling the flow of the light refrigerant in stream 100. Typically, the
refrigeration supplied by the stream 102 will meet the refrigeration
demand in heat exchangers 20, and 18. The light refrigerant is finally
superheated to about -45°C in heat exchanger 14. This provides the
desired superheat temperature of 5 to 15°C when it is mixed with
15 portions of the heavy and medium refrigerate streams for return to the
first stage suction drum 104.

The liquid 90 from the drum 88 is the medium refrigerant which
is subcooled as it passes through heat exchangers 12, 14 and 16. This
medium refrigerant controls the temperature of the charge gas at 24 and

z 20 26 by flashing the subcooled refrigerant through valves 98 and 108.
From valve 98 and 108, the medium refrigerant flows back through heat
exchangers 16, 14 and 12 and then to the suction drum 104 for the
first stage 61 of the compressor. From valve 106, the medium
refrigerant flows back through heat exchéngers 12 and 10 and then to

26 the suction drum 112 for the second stage 64 of the compressor. The
heavy refrigerant 80 from the drum 78 |s about 88% propylene. This
liquid supplies four major duties, i.e., the cooling for the ethylene
fractionator condenser 59, the cooling for the deethanizer condenser 69,

the cooling for the low pressure depropanizer condenser 79 and the

!



super heated to about -45C in heat exchanger 14. This provides the desired
superheat tenperature of 5 to 15C when it is mxed with 15 portions of the
heavy and 0 Mdssfrigerate streams for return to the fpeglysssea@erosiction
drum 104. IQUIJ 90 fromthe drum88 is the nmediumrefrigerant which is
subcool ed as |t passes through heat exchangers 12, 14 and 16. This nedium
refrigerant controls the tenperature of t]Ee charge gas at 24 and 20 26 by

fl ashing the subcool ed refrigerant through valves 98 and 108. From val ve 98

and 108, the ' t exch ers 16 14
and 12 and thgﬁ opq{eﬁgegég?ﬁ%gra%hgn dieaafclke)zc a%gPl rs?osﬁ%djé’rgfﬁ%fse ffhe
conpr essor . Frr@mdq@bﬂsnleﬁ tﬁelmeﬁmiyurefng@ifarﬂcﬁ@rs 8terh! OWH aeg tdesoggh heat
exchangers 12 and 10 and then to 25 the suction rum 112 he second

stage 64 of ttwbcouhrn@sxfd]he Frem;y hea‘argyararﬁfexrgngathb Iﬁiéhtfemhatr@ard‘ri:mrﬁB is
about 88% propél ene. This liqui |ies four nmpjor duties, i.e., the

cooling for tHEex&liafpesweent- r19cp|Qﬂth C‘eo?ﬁaeﬁ@%@wm table '%@(ﬁqfﬁ@af‘bpfthe
deet hani zeg cqpdens oling for the essure ropanlzer
condenser 59 3ﬁ8 e Oﬂﬁ% 385’%%?‘%?f‘%§§?662ﬁ0*8‘f6§‘§“95‘?f%ﬁ§$
refrigeration demand i n heat exchanger 10 to support the self- refrigeration

of the tertiary refrigeration system The degrees of subcooling of the
heavy refrigerant exiting the heat exchanger 12 are flexible between -10C

and -35C. The following table is a sumary of. 5 the suction streans to the
conpressor angl the conpressor flows. W% of Ave. Stjlaggges ¥Pe| OAve. j
Refrigerant total flow MV 1St} Sta Ut RePfger a0 Li dhtotRhis b Or Mty 30. 0
Medi um Refri gerant Stages IFywe _ 9 °
{ 1 Stage Suction 100% Light Refrigerant 10.0
Medium Refrigerant 5.0
Heavy Refrigerant 60.0
1% Stage Flow 75.0 38.1
2™ Stage Side Inlet | Medium & Heavy Refrigerant 10.0
2™ Stage Flow 85.0 38.2
3" Stage Side inlet | Heavy Refrigerant 15.0
3" Stage Flow 100 38.6
10 As shown by the above table, the split of the refrigerant for the

purpose of energy saving and then the recombination of the refrigerants,
particularly the recombination in the first compressor stage of the light
and most of the heavy refrigerants along with some medium refrigerant
to provide almost 75% of the total flow in the first stage stabilizes the
15 compressor wheels. With 75% of the total flow in the first stage and
a relatively uniform molecuI:ar weight throughout preferably varying less
than 5% and most preferably varying less than 2%, a normal speed
control of the turbine by the first stage suction drum pressure becomes
equally applicable to the tertiary refrigerant compressor system as to a
20 single refrigerant compressor system. With respect to the control of the

process chilling duties, the variables which can be used include the



Heavy Refrigerant 60.0 1St Stage Flow 75.0 38.1 2"" Stage Side Inlet Medium
& Heavy Refrigerant 10.0 2" Stage Flow 85.0 38.2 3" Stage Side Inlet Heavy
Refrigerant 15.0 3" Stage Flow 100 38.6 10 As shown by the above table, the
split of t{g fwimdsger ant for the purpose of energy savi ngcang:zdonemoshe
reconbi nation of the refrigerants, particularly the reconbination in the
first conpressor stage of the light and nost of the heavy refrigerants
along with some nediumrefrigerant to provide al nost 75% of the total flow
inthe first stage stabilizes the 15 conpressor wheels. Wth 75% of the
total flow in ddrdli bFtirl a9RiIANendpdrBhutb] By ddflidtAidnTol epid agvepmi ght

t hroughout preferably varying |less than 5% and nost preferably varying |ess
than 2% a nomrgfiigespaedorpasition, abhet hdjustmbnhefoyhd eniparaturst aige tiseict i on

drum pressure becones equally applicable to the tertiary refrigerant
conpressor sy<eRaTaiion ¢irdme 79 agH B8 amd the adiudomsiteat dhe sgampiasswi t h
respect to the control of,.the process chilling duties, the variables which

can be used i MATAENEFEAB' PB4/ 065337 PCT/ US2004/ 001059 11 control of the
critical tgnperaturgye Tcﬂ?se%ldlo't')ﬁtf@?ﬁérﬁefﬁiﬁ@aﬁ&ﬁrﬁ}&erﬁ{ @fitH 95%e8Yr more

conposition, the adjustnent of 'the tenperatures 1'n the separation druns 78
and 88 and t hdntdjstateendf dfie tgresemimmession popddes ianyeesatiiet syonem n The
closed loop tertiary refrigeration systemwith three or nore inter-stages
of the presentWhieheerigHs praflingentacqympesitions sgatlen fasmeghiaod varipews
refrigerant co n be forned,and.yarious, refri.geration |evels can

be provi ded. 1‘%?@95%%%}5?‘38\23‘&% Q% PrYifed o iy Provides precids temparature

control in an efficient and economical manner. Therefore, a single
10 closed loop tertiary refrigeration system can adequately provide all the
necessary refrigeration to the entire ethylene plant with either a low
pressure or high pressure demethanizer at a competitive power

consumption and a lower overall plant cost.



control in an efdi &i-L88-cang ;96RNOW fafragaNNer . Ther ef or eggapgd B8lRT 1B de0SEdos
| oop tertiary refrigerati on systemcan adequately provide all the necessary

refrigeration to the entire ethylene plant W|th ei f | ow pressure or
hi gh*pressure denmet hani zer at a conpetitive poier co tion and a Iovver
over al'l Bilanfdd& L4860k 1T EHGR9 HAE X sYALA G el STAS 998 P06/ 08 OCT 18 ' 06

11: 25 PCT/ US04/ 01059. 13122005 +860- 527-5029 ALI X YALE & RI STAS 610 P04 DEC
13 '05 14:23 12 d ai ns: . In a process for the production of olefins from

a charge gas cont . d et hyl ene and ot her C2
ge gas Bl 5d§¥ Y Legﬁtpsz@ﬁ& y éa{é ﬁ@%lign{as 14:23

heavi er hydrocarbons wherein so arge gas and additiona efi

process streans are cooled by a refrigeratiem system having a series of
heat exchangers, a nmethod for cooling said charge gas and additional olefin
pl ant process streans by the use of a tertiary refrigerant In said
refrigeration systemconprising the steps of. (a) conpressing a tertiary
refrigerant vaporcrmA®rising a selected mxture of nethane, ethylene and

propylenelnarmtlst si St e e
i nternedi ate stage an ﬁ ft{a:%g) t?%ﬁg J@#Jp?gg h{ést%orﬁ %lgﬁ%rﬂg ak \Aﬁ%}ngﬂbn t he
conposi tion of sahyfregest msthag@ Qﬁ%ﬁﬁ@é‘hﬂg %@Gﬁh@?“@ﬂmﬁww%%m@@lﬁ
propyl ene; (b) coahdrﬁwgésoarﬂ@adm&mo@ﬂﬂaram proceRb sfédris &ﬁrdobﬁﬂl‘: REFIGEIaHEH

eFr1 gerant. vapor SYHRM RRYIdEs foes o tka! pEPReSE Aipefa \’/?‘Hé’%ﬁ't""g?“égf'ém gon
per cent age of propsd eﬁﬂtlaﬂahﬂe@aphnbmatemnathyrtbﬁ use Jof actprtiant fefripecnt th
heavy liquid refr gg&ﬁ%edt{oﬂw%h@%@hggmpeu tertiary refrigerant vapor
! r. separator; (a) compresaing a tertiary refrigerant vapor comprising a selected
mixture of methane, ethylena and propylens In a multistage
compressor having a flirst stage, at least one Intermediate
stage and a iast stage with a last stage discharge whereln the
composition of sald (ast stage discharge is greater than 50
mo! percent propylene;

(b)  cooling to condense a portion of said tertiary refrigerant vapor
from sald last stage discharge to form a remasining tartlary
refrigerant vapor and a heavy liquld refrigerant having a
greater parcentage of propylene than said aslected mixture;

(¢ separating sald heavy liquid refrigerant from said remalning

. , tartlary refrigerant vapor In a separator;

(d) cooling t0 condanse at least a portion of sald remalning
lertiary refrigerant vapor from sald separator and thereby
forming a medium liquid refrigerant and forming a light vapar
rafrigarant of any uncondensed portion theraof:

(&)  bringing sald heavy and medium liquid refrigerante and any
light vapor refrigerant Into heat exchange contact with
themselves and each other and with sald charge gas and
additional olefin plant process atreams In sald serlas of

q |"'I-r -.L"‘

""3»\- e,
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(d) cooling to,gon —%@Fﬂ&'lﬁ%&% Rithé on of said remai gdghger bEldck Ay e 11:26

refrigerant vapor from said separator and thereby formng a nmediumliquid
refrigerant and forming a light vapor refrigera any uncondensed
portionyd begeof, .. bringing said heavy and nedi id refrigerants and
any [ S{Fﬁ' @é{pgw"&gh’ﬂ'd@rﬂa%l'"gllﬂtd-h@étﬁmmﬁmge cont aég'uwi th themsel ves and
each other and with said charge gas and additional olefin plant process
streans In said series of PAGE 4/6 3 RCVD AT 12/13/2005 1:17:41PM (Eastern
Standard Tinme)' SwiRaid3PEReEFiRR- 26 Rdrhs2732201' CSID +860 @27 pec 13 a5 14:23
5029* DURATI ON (nm ss): 01- 32 +860-527-5029 ALI X YALE & RI STAS 998 P07/ 08 OCT
18 '06 11:26 PCT/ US04/ 01059. 13122005 +860- 327-5029 ALI X YALE 8 RI STAS 610
PO5 DEC 13 '05 14:23 13 heat exchangers whereby said charge gas and
additional olefin plant process streans are cooled and said heavy and
medium liquid refrigerants are subcool ed and then heated and vaporized and
said |ight vapor refrigeramea sxdhangars oshsirehy asid chaedgss @dd aadditionsin

vapori zed; and (f) returni %fiﬁ%ilé?\é'pi-&%s SShriSle LB and Cedid n AR naZ ed

refrigerants to said conpressor. 2. In a process as recited Iin Claim.l
wherein said step of cool i MPAYN Maid rerigarants arg subconlegrand thep heatad agdy
refrigerant vapor conpri sesapdrizedtanp safd ight vaprg rafrigérantole|firstgcocledtamd. 3. I n a

process as recited in clai @ogdémg{ Sﬁd‘lhﬁﬁ%&?ﬁ%'lﬁ liquid refrigerant and
ornmed b |

said light vapor refrigerant are partially condensivnag sai d
uncondensed vapor usiRg s&PHMINGa A3 gl @ndemeadie fnd heavy VaRoWRedcess as
recited In claim2 wherein réfagerahtis @saly agrpregsir.r i gerant |s partially
co.ensed by said mediumliquid refrigerant and fully condensed through
2. In a process as reclted in claim 1 wherein safd step of cooling to condanse a
portion of sald tertiary refrigerant vapor comprises the step of cooling with cooling
water.

3. In a process as racited In clalm 2 wherein sald medium liquid refrigerant and
said light vapor refrigerant are formed by pertially condensing said uncondensed
vapor using sald heavy liquid rafrigerant.

4.  In a process as recited in claim 2 whersin said light vapor refrigerant ls

partisily condensed by said medium liquid refrigerant and fully condensed through
. sslf-refrigeration by said light vapor refrigerant,

5. In a process as recited In claim 1 further Including the step of using said

heavy vaporized refrigerant far coeling one or more of an sthylene fractionator, a

deethanizer condenser and a depropanizar condenser.

6. {canceled)

AMENDED SHEET
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sel f-refrigeratiese-dzg-seabd Al ghbLevapasTdef rigerant. 5. | g BEALLSS: 88 rae 11:2¢
recited In claiml further Including the step of using said heavy vapori 284

refrigerant for cooling one or nore of an ethylene fractionator, a

deet hani zgr condenser and a depropani zer  condens (cancel ed) AVENDED
SHEET * PIRGE "W/ 6185 ROD” BT A3 LI 2008) 4.5 7 gl ( Eas t andard Tine)'
SVR: USPTO- EFXRF- 6/ 26' DNI' S: 2732201'  CSI D: +860 527 50 RATI ON (mm ss): 01- 32

+860- 527- 5029 ALI X YALE 8 RI STAS 998 P08/08 OCT 18 '06 11:26

PCT/ US04/ 01059. 13; '586‘9_ - =50 | X YALE 8 RI STA P96 DEC .13
'05 14:23 14 7. la%°2§9?|11:}r5%’)&(':ess gé%lrjegl ltg[(%'dé%n claim1 wher e?ﬁ cAhaSi 1 FForte:23

of said heavy liquid r refrigerant Is greatgg than 80 nol percent propyl ene.
6. In a process as recited in claiml| wherein the nol ecul ar wei ght variation
in said conpressor stages Is less than 5% 9. In a process as recited In
claiml wherein the nol ecular weight variation In said conpressor stages is

| ose than 2% AN&\N/gEBﬁ oBAGE: rddia y BEMD1 Ahehei 13 881Aahioh ot 4MEMdabpst €1 1
5038* %[JRAT: gﬁ)( sgg is graatert an 80 mal parcen propylane

8. in a process as recited in claim 1 whersin the molecular welght variation in
sald comprsasgor stages is lesa than 5%.

9. In & process as recited in clalm 1 wharein the molecutar waight variation In
. said compressor stagae is lesa than 2%.
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