WD 03/ 087022 PCT/ US03/ 10873 A efin Plant Refrigeration System Background

of the Invention The present invention pertains to a refrigeration system

to provi dwo whe7epol i ng requirenents of an olefin plant. WMomaramdsrgul arly,
the invention is directed to the use of a tertiary or trinary refrigerant
conprising a m xture of nethane, ethylene and propylene for cooling in an
ethylene plant. Ethylene plants require refrigeration to separate out

desired products fromthg crackin eater efflugnt, Typically, a propyl ene
and an ethylene refri geréﬂﬁ{'ﬁféau’&e'geﬁ@?@{mﬂ;§YFWF‘érIy in systens using
| ow pressure denet hani zers where | ower tenperatures are required, a
separate nethane refrigeration systemis also enployed. Thus three

separate ref rﬂ&ﬁ"@ﬁﬁmﬁﬁé fFeritigh required, cascading from | owest
tenperature to hi'ghest. Three conpressor and driver systens conplete wth

suction druns, sepdieapresencinaageors pepaipsrig,a etfigeratien isgeten éal provnde
addi tional nethane refrigeration conpressor, either reciprocating or
centrifugal, tha&ncoRING &eqyiresperts: of i Ofin AlantostMeLR, iPREHECY R théig from

e on | T BAFSPE SN ANRE  Bsp WriE ki) BF BMNarpYRIAgBRIEY ® Poe

wel I known i e 1 ndus many decades. ['n 't hese syStens, nmultiple

refrigerants @eprilihg iaZ@iktutd oRnidtRghe dthflengeirdf ppyferet fincooling avi de
refrigeration covering a wider range of tenperatures, enabling one m xed
refrigerati orarsgttydene plantepl ace nulti pl e pure conponent cascade

o Sy s e AL U SRR ARG RREY,  o
" US,  par ot oBBgloRETINCErack L RERP oMM P RLAL. Bt at T2 hane
and ei ther etdiyk@idens refeigesdare. ardovegzider Oftang paatibuladyyinrsafstegerstingn syst em
cascades agai nst a separate propylene refrigeration systemto provide the
refrigerati ofownpressure demethanizers where lower temperatures are required, a

separate methane refrigeration system is also employed. Thus three

separate refrigeration systems are required, cascading from lowest

temperature to highest. Three compressor and driver systems complete

with suction drums, separate exchangers, piping, etc. are required. An

additional methane refrigeration compressor, either reciprocating or

centrifugal, can partially offset the capital cost savings resulting from

the use of low pressure demethanizers.

Mixed refrigerant systems have been well known in the industry

for many decades. In these systems, multiple refrigerants are utilized

in a single refrigeration system to provide refrigeration covering a wider

range of temperatures, enabling one mixed refrigeration system to

replace multiple pure component cascade refrigeration systems. These

mixed refrigeration systems have found widespread use in base load

liquid natural gas plants. The application of a binary mixed refrigeration

system to ethylene plant design is disclosed in U.S. Patent 5,979,177

in which the refrigerant is a mixture of methane and either ethylene or

ethane. However, such a binary refrigeration system cascades against

a separate propylene refrigeration system to provide the refrigeration in



WO 03/087022 PCT/US03/10873 2 the tenperature range of -40C and war ner.
Therefore, two separate refrigeration systens are required. Sumrmary of,
t he | nvenwioas/0870k2 i s an object of the present invention, pPdrarses/mse; to
provide a sinplified, single refrigeration systemfor an olefin plant,
particularly an ethylene plant having a | ow pressure denethani zer,
utilizing a mxture of nmethane, ethylele and propylene as a tertiary
refrigerant. This tertiary systemreplaces the separate propyl ene,

et hyl ene and thettheperdidre edngegeft adDo@ angswarmens Jberefoer] twia beparpteovery
process using Fr | ow @gr essure denet hanj zer. The invention involves the

separation offetrigeration syatams ar¢ retes from a conpressor interstage

di scharge and the final conpressor discharge into a nmethane-rich vapor
fraction and two | evels of propylene-rich liquids so as to provide various

t enper at ur es Siinaey @f2hd IneGénti®i ri geration in various heat exchange stages
while maintaining a nearly constant refrigerant conposition flow ng back
to the cobpressor It im@nwehiact A thelkesanttingenidernl theselara, temrovdeamt f1 ow

going to.the first , stage conpressor suction, This enables.th ertiary
refrigerant Wiﬁ?diﬂnggn‘ﬁgﬁ' eriaﬁ%rsé(ﬁf m g an totlueetrls%@&? ’aﬂ?%'cﬂgagysa% th the
use of 20 Senﬁhekﬁe%}m{ RaviAGSa oW preparratdenm&hiahaRr abtinzind i mitard i ary
system can also be applied o an ethylene plant with a high pressure

denet hani zer ofi methad) etsderdanideptaprignes st anteotidry sefpigeras. pridys/| ene and
ethylene refrigeration tenperature |evels. The obj c}s, ar rangenent and
advant ages oftefisy rsystergdentacen 189 Seeaiate PIORYIBR®s § hafe | be 25

e AL AR R R

Dr awi ng \ matc gramo ion an
et hyl ene pl andrekédrasddmbiiihifie TREQNVEMUN fvollies €ed separationosf shyst em 30

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

advantages of the refrigeration system of the present invention will be

25 apparent from the description which follows.

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

30 of the present invention.



WO 03/087022 PCT/ US03/10873 3 Description of the Preferred Enbodi nents The
present invention relates to an olefin plant wherein a pyrolysis gas is
first prowess@d/oep renove net hane 'and hydrogen and thenpPomacsess@dsi n a
known manner to produce and separate ethylene as 5 well as propyl ene and
sone ot her by-products. The process will be described in connection with a
plant which is primarily for the produ8tion of ethylene. The separation of
the gases in an ethylene plant through condensation and fractionation at
cryogeni ¢ t erPesciptiopsof thegBriefersed Embagdimentsn over a wi de tenperature
range. The capital_cost 10 involved in the refri %gqr;atiqn system. of an

ethyl ene plant canl Mo R{ES&RtMRYELGN: Tlates JP @Re OHIK & ?nbl\’é{h?reé'?)s? .
Therefore . e . L ! st i cant |
erefore, ¢ rBﬁJlsus;?éfé @ﬁrsftoﬁrog%ﬁ%d £ e aela m%aﬁgﬁ%ﬁhg@dsgew grd ficantly

affect the overa ant cost. ene plants wt essure

derret hani zer sthepgratéss@tl in @r lassmn @sarrieyteprotiace and Sephiatd 41/ I@sd hswi th an
over head tenperature 15 typically in the range of -85C to -100C. Ethyl ene
refri gerabi onwall agpprapyieng ang sonte otberLby®rpduetispi dREIRrogess Wi i |1 and

produce .overhead,reflux. An ethyl ene plant. designed w.th | pw pressure
denet hani zer @&ﬁ%‘ﬁe p&} a'“‘toég‘eﬁﬁpBwV‘é{ﬂbu? g'.aﬁi W%é"qt dgopﬁgﬁrﬁl n]pr Sg%eral ly
in the range ghdQcdPot Bthiidh4 Wha skp&ation brhe Habes Ravetily gt prat head

tenperatures 1n the range of -1 10 to -140C requires nmethane tenperature

| evel s of refthrogeghatdiamensatiemearad efraetidénptionThed adic@enaygdeofperatures ow

pressure denethani zer is the | ower total n%;ant power . uirem?nt and the
| ower total plegHires spfriogratiqispvemhp veideriempesatiiasenge Tine ¢aital Grst

e haoer 3; Mgl SITRAL A e ERULLAG Whioh'8F DTyl NGRE 2R bTa

nmet hane refrigeration systemin-a 'on to the et propyl ene
refrigerati onsigisic8A® park st %@rd\)eiéI}’ﬁ[aﬁftrdo@@I dMeréforé heapit 3a0IngisMeeNnt i on
t

conprises a mxture of nethane, ethylene and propyl ene. The percentage of
t hese the refrigeration system will significantly affect the overall plant cost.
Ethylene plants with high pressure demethanizers operate at
pressures higher than 2.76 MPa (400 psi) with an overhead temperature
15  typically in the range of -85°C to -100°C. Ethylene refrigeration at
approximately -100 to 102°C is typically used to chill and produce
overhead reflux. An ethylene plant designed with a low pressure
demethanizer which operates below about 2.41 MPa (350 psi) and
generally in the range of 0.345 to 1.034 MPa (50 to 150 psi) and with
20 overhead temperatures in the range of -110 to -140°C requires methane
temperature levels of refrigeration to generate reflux. The advantage of
the low pressure demethanizer is the lower total plant power
requirement and the lower total plant capital cost while the disadvantage
is the lower refrigeration temperature required and, therefore, the need
25 for a methane refrigeration system in addition to the ethylene and
propylene refrigeration systems.
The tertiary refrigerant of the present invention comprises a
mixture of methane, ethylene and propylene. The percentage of these
components can vary depending on the ethylene plant cracking

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



conponents can vary depending on the ethylene plant cracking 30 feedstock,
the cracking severity and the chilling train pressure anong WD 03/ 087022
PCT/ USO3/W083887042 ot her consi derations, but will generall ycrasosridashe range
of 7 to 20 percent nmethane, 7 to 30 percent ethylene and 50 to 85 percent
propyl ene. A typical conposition for an ethylene plant with a | ow pressure
denet hani zer woul d be 10% net hane, 10%@1hy| ene and 80% 5 propyl ene. The
use of the tertiary refrigerant provides all the refrigeration |oads and

t enper at ur es ¢Wgniqansidesatiams,ebut veiHegeneially e Ine thebigngei ot 4 e 2eed for

two or three separate refriggerant.systensg. . The pur f e _present

i nvention is ?gCS?BW%aPﬁegﬁéee‘éga ?;cepnﬁfeghélgpgtqrgqq%f‘%q e%gr Bgré:ef'ﬁe

hydr ogen and fr | CRAIER d Q2B RS Y Infiehtt edjor the
denet hani zer g@b&e@‘% as/pg?%@i%deaf opgf\stnﬁogﬁg?hern refyip? gerpgﬁ otr}ﬁtrﬁcec%iuﬁvgrrents of
t he entire plpressurBedenethagizeowoltd be 1€% frethanb,otio e rthydénd dred BOYeNt i on

shown in the drawing which is for a |ow pressure denethani zer, the
tertiary PefrPigevianeon Jet evei o Hhe diegeryt sefiiasiante RIPVidss @He thequi red

| evel s of ref reif rd iiﬁ)'p R e1 peer rle Lﬁl ngoria'ﬂé Ie%%rﬂlgr?t W(}flgeat
exchanger s 10 e e 1§ ) A S %EXE nger's can beé

conbi ned as f&syAALtINGIthE n@Ed fBXPRBCAUHIEE Separdits péfRigePaHtD8fstoinsuni t s
depending on the particular needs for any particular ethylene process and
in particular on tThee popesief éfctheheregentginyentiopista posvidd kg ngcessaypi cal |y
plate fin type_heat 20 exchangers and are preferably packed inside of a
heavi | y i nsul &fdgeraten G‘étsﬁpﬁra?%#é‘? F‘l)égm@Sné’@'damEHTad‘ebfégmt%‘ep‘fwg?lﬁaﬁeat gai n
and to | i t t kQn. r TN’ he
and, 10, 8RL1 88 ol el UCAHE Sy RN NI AF BRI & BRORGRDERGL N
systemw || b@hedaefrigdigdomirbuieeraeptLef ahe e fplent. eRefeainy es ther

purposes of 25 illustration only. The charge gas feed 22, which is the
pyrol ysi s gasspasiis embadiment of the invention shown in the drawing which is for
a low pressure demethanizer, the tertiary refrigeration system is
arranged to provide all of the required levels of refrigeration for an
15 ethylene plant in the series of heat exchangers 10, 12, 14, 16, 18 and
20. These heat exchangers can be combined as fewer units or
expanded into a greater number of units depending on the particular
needs for any particular ethylene process and in particular on the
specific charge gas composition. They are typically plate fin type heat
20 exchangers and are preferably packed inside of a heavily insulated
structure referred to as a cold box to prevent heat gain and to localize
the low temperature operation. Before describing the tertiary
refrigeration system, the flow of the charge gas through the system will
be described with examples of specific temperatures for purposes of
25  illustration only.
The charge gas feed 22, which is the pyrolysis gas conditioned
as required and cooled, is typically at a temperature of about 15 to
20°C and a pressure of about 3.45 MPa (500 psi), and is typically a
vapor stream. The charge gas contains hydrogen, methane, and C2 and

30 heavier components including ethylene and propylene. The chafge gas



as required and cooled, is typically at a tenperature of about 15 to 20C
and a pressure of about 3.45 MPa (500 psi), and is typically a vapor
stream Twe wfearoge gas contai ns hydrogen, methane, and C2pamdisBfiidseavi er
conponent s i ncluding ethyl ene and propyl ene. The charge gas WD 03/ 087022
PCT/ US03/ 10873 5 22 is progressively cgoled by the refrigeration system of
the present invention in the heat exchangers 10, 12, 14, 16, 18 and 20
with appropriate separations being made to produce denet hani zer feeds. The
charge gas 222 és pregressiyelyeeo¢lad tihe the sefrigecation sisteno ofnidpe1preggih to 5

about -35C at. 23...1n.heat exchanger 14 e.gh e.qas,4s cpoled .from -35C
to -60C at 23WVEHIHLAR tg?cﬁ%ﬂgﬁ’r‘g'l%',gelr? ‘t(g égolaL f@mﬂé 6&61903[00‘"1‘ Cwth

t he condensat j ; i ; he ndensat e
i o T oaar PR idte sBBaioht BRinc hale kb GrafRRY ddfetBinizet Food TR D ror 50

i s then cool ethatg®gas 22Gstfost 8Gdled in 1ide heat exotangege i O EHhidw 2 ldowvire to
condensate 32 in the effluent 34 being separated at 36. This condensate 32

is a mddPe fabetrddihat 2fenithaatiexepangsicl 4.4p61charde 9as isetPaer f1987 cool ed

i n heat exchangep 20 ~{so0m.-93C - ' e A At he
effluent 42 b’glgn tos_eepéardgttaéafgit Ir&li\.ea;f%gga%ﬁn%%nté;t .éqggggi;%gﬂ g‘p%de&j to the
denmet hani zer .40 13 2Pewi®MebdHlierBBR 246nithetdifileSERBIRIMRS sepaatedawn) to
produce the hydrogen stream 48 and the | ow pressure nethane stream 50. The
cool i ng | oop B2 i Théocoratmmisaty 2inds matewat [fged ciod &ms idegnethanizew (poessur e
denet hani zer overhead to generate reflux. The remaini overhead  vapor
from the deme1X¥izelhe BHRRININGVINYP D IS ooled HoRR- réé‘h‘g@ G The

nydr ogen, & r Gam 48 4K oL1a d QAR RoARRL SRS Y G TRINET ri A4 UBEO and 54

provi de addi ti oorFrng 1 at “exchangers. 0 conplete th
description ofepaffte8hat 9g869asThisOWondéndatet B2 isleareinidié zfdeddabt @@ whi ch

contains the and heavi er conponents which is sent for the recovery of
t he et hyl ene demdethroizet.eiibe angonBBds 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.
15 The remaining vapor 46 is then separated (not shown) to produce the
hydrogen stream 48 and the low pressure methane stream 50. The
cooling loop 52 is for cooling and partially condensing the low pressure
demethanizer overhead to generate reflux. The remaining overhead
vapor from the demethanizer forms the high pressure methane stream
20 54. The hydrogen stream 48 and the low and high pressure methane
streams 50 and 54 provide additional cooling in the heat exchangers.
To complete the description of the charge gas flow, it is the
demethanizer bottoms which contains the C2 and heavier components
which is sent for the recovery of the ethylene and propylene and other
25 components.

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

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



25 conponents. In addition to the charge gas streamand the tertiary
refrigerant streans, the streans 55, 56, 57 and 58 are various ethyl ene

pl ant stweas®smb2 vari ous tenperatures which al so pass throagrsos/s7heat
exchangers for recuperation of cold. Merely as exanples, stream55 is 30
for the recuperation of ‘the cold fromthe | ow pressure denethani zer side WO
03/ 087022 PCT/ US03/ 10873 6 reboiler. SBream 56 recuperates the cold from

t he deethani zer feed and the | ow pressure denethani zer bottom reboiler.
Stream 57 i s reboilerr eStigamdi6 mecupkratee thesolthfiopethe desthanizer éadshard recycl e,

the ethylene fractionator side rehoiler and bottomrghoiler_and  th
et hyl ene - pr odh€t IoV% AIRESYTES e@\e%%m?%%%eg\?é?sr Ruer. ecﬁﬁgl?ré‘t i5g§'%ff°f:gl d from

the | over d%@y}a&aﬁ%h Sof ’dé&ﬁaﬁ%l@%k@é’tﬁ Pe0stHahe rbBFcIB! BB AGNE! € and

the refrigeration consumed In a ubl e- pressure depropani zer system The
maxi mum ef f i drggrohavbr Sidatreboitsrsdrel borbmeboilenandnthe eitldyleaagpredwel d f1 ui d
I s achi eved when the tenperature difference is low A 10 m xed
refrigeraht, Jhenags spieapoSSdcpuenshihe repunaraiden olacoldnfrome thedowsr
tenperature wth increasing,vaporization, a fixed e Jhis is as
di sti ngui she\é}gweﬁ?'éerpu?%&cm?pgﬂéﬂ?% é?rpldti%{”a e & |acrheo\t;/§ octil'l£ And tagtﬂt‘ga
constant tenmatdidthfioAicoRsiimeddnid 888bletprebstie dprBpaRiabr Epétenger ation
systens therefore tend to be nore efficient when the process 15 condensi ng
t enperat ures are uhwheregg@uunoefficémty vélhgatitr@inafeydigtvweeena vivarinmdluidol ed,
and relatively |less effjcient when Br ocess tenper at S decrgg/ge when

bei ng cool ed.antha Cﬁf‘?(@&liq"éfal‘ihgeé’re&t‘fv ﬁ”st%tt@ﬁ’é),e'@i%?}'é& ereRFe R it this
o Ehe 080, | FleH G aRL RSB iRl B TRy ldbri ALV Ikfeagibgn - SO

of the c i ng Services réquiri efrigeration dre at atively
constant tenpehijdiaRie aith FRIGasHE vaboriAtioneas arfixedemeesaeur Hss id s t he

pending U S. Patent Application Serial No. 09/862,253, entitled, Tertiary
Ref ri ger at i ordiSisgeighédfrarn taypereecomponent refrigerant which vaporizes at a
constant temperature at a fixed pressure. Pure component refrigeration
systems therefore tend to be more efficient when the process
15 condensing temperatures are unchanged, or relatively unchanged, when
being cooled, and relatively less efficient when process temperatures
decrease when being cooled. For mixed refrigeration systems, such as
proposed in this invention, the relative advantages are reversed.
In an ethylene plant, some of the cooling services requiring
20 refrigeration are at relatively constant temperatures and some are at
decreasing temperatures. In the pending U.S. Patent Application Serial
No. 09/862,253, entitled, Tertiary Refrigeration System for Ethylene
Plants, and filed May 22, 2001, a mixed refrigerant system for ethylene
plants is described which emphasizes a constant composition
25 throughout the system. Thus, a somewhat lower efficiency in the
constant temperature heat transfer services has been understood. The
present invention proposes to improve the efficiency of the mixed
refrigeration system by varying the composition of the mixed refrigerant
used for these constant temperature heat transfer services. This

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



Plants, and filed May 22, 2001, a m xed refrigerant systemfor ethylene
plants is described which enphasizes a constant conposition 25 t hroughout

t he syst ewo 0Blogm22 a sonewhat | ower efficiency in the con®cantsos/essper at ure
heat transfer services has been understood. The present invention proposes
to inprove the efficiency of the mxed _refrigeration systemby varying the
conmposi tion of the mixed refrigerant uéed for these constant tenperature
heat transfer services. This 30 invention is especially directed to the
refrigerati orsepgeatam of ethytee fram ethane WBjchaTaRa VROT Iange 3¢fimgratiory

: ¢ . . :
R L AR A e
t enperature f ' ' I ch as
t e deot hani 387 PSR et TRKIE S erbiceS RN WAE Bt A o, ot o
duty of the Rttne @ewhbniaet.i onator condenser 59 is handl ed outside the

col dbox with special consideration. Shell and tube exchangers are
typicall 1§ used fdor theeowphgescnb the presesrdoventidhddiestahduty of thef er

[ lth h | at ef i h ' h | [. b
ot sed o S0enBE b e DS po 3918 ReDeled pEidh B eolfBEs BR° e
process streamopd |30n§ﬁ@a?§tﬂﬁ1t. Sﬁ&PEﬁ@&HB@ex&tﬂ/ &§ drbeymEAY *REd for

fracti onator overhead an t he deet hani zer overhead, as well as the

depr opani zer theeetigdehe ffractisiangl eohdengerebeat dramsfer sesvieapakheagh wi |1 be

|l ess efficient if a mxed refrigeration systemis used ere the
vapori zat i on Rigielie exchangpesd awlmg\hggo{cbﬁgé,r &an Ao %H“Uﬁegg £51Moavy

tenperat ype %P&&&ﬁ%ﬂp%ﬂﬂ%gﬁa%icsiH\%féér?.e?\ggﬁoﬁ%?ébngig%ée%siﬁr i Yty Pover

consunption for y refrigeration sys the deet hani zer

condenser, thgrsedrnt Gehpdrafite, 686h R thepsthiyRthebraétiénftbhyhertedd &ed i onat or
side reboiler with near constant tenperature on both sides. However, there

i s no alt er nghevdeectbahiger oiverteady |asnedllr ag tthe rdensppanizeie ayerheadi i s t he
bi ggest refrigeration . . - ) .
single low pressure tower is employed, will be less efficient if a mixed
refrigeration system is used where the vaporization curve is sloped with
15 temperature. The Wide cold-end temperature approach indicates
inefficiency and results in higher power consumption for the tertiary
refrigeration system. For the deethanizer condenser, the refrigeration
can be supplied by the ethylene fractionator side reboiler with near
constant temperature on both sides. However, there is no alternative
20 for the ethylene fractionator condenser which is the biggest refrigeration
consumer in the ethylene plant. To make the tertiary system
competitive in power consumption to a system designed with separate
compressors, a concept to generate a heavy refrigerant stream
approaching the conventional propylene refrigeration is called for in the
25 tertiary system of the present invention.
Turning now to the refrigeration system per se, the tertiary
refrigerant as identified earlier is a mixture of methane, ethylene and
propylene and is compressed by the multistage refrigeration compressor

60. In the illustrated embodiment, there are five compressor stages 61,

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



consuner in the ethylene plant. To nake the tertiary system conpetitive in
power consunption to a system designed with separate conpressors, a
concept twogengmate a heavy refrigerant stream approachi PgTIU$83/10873
conventional propylene refrigeration is called for in the 25 tertiary
system of the present invention. Turning now to the refrigeration system
per se, the tertiary refrigerant as idéentified earlier is a mxture of

met hane, ethylene and propylene and is conpressed by the nultistage

refri gerati on/Qémpt thesihvird sage dischaege V2 ywebilethadinserstageneenler {Ads étare five

conpressor st 61, .30 62, 64 d 68 wi.th,t L nt erstage . coolers. The
i nt er st age cc}ﬁg?lo”(fé %}gﬂ%@‘ﬁ?@fr%?gug@é‘? %ggdgn%ls%upg sztf”g? STRA9% st age
di scharge 72 yd/l he id ) ' ide ke hESW Fdiri

di schar ge 76.éﬁl’%{ec%lo}hagil%Q%F%{r?%?gﬁftouﬂrﬁhs?gég%a?@g%ar ge %teﬁ%’%g?i ng is
separated i n 8bhe Thenrefditiog prapard@?2 tfinemhdawy 78fisirgeuraet tBohe Tifeh

remai ni ng_vapor 82 fromdrum 78 is returned to the fiffh 5 conpressor stage
68 and exPr aciasarressenatager6s, agd Laracted asahe fifthetage finaligfdluedh 88 of £ | uent

84 is cool ed d il l n r [ rum 88
to generate a%nﬁésdﬁﬁ?rl\?@PP%%?&%%@%@%& ggft?ag&té&f%P P ?g%?fgﬁ g'ggttﬁ?/rqphase
separation. ThparytedGal draReB8ticNgesarae ki meaiu@mdefrgg%masg%r@ff aigatati ng
conditions for the conpressor are as follows: 10 nge of Suction Pressure

Typi cal Suct irefrigesanti 92 dysphaspsehpeationgr Bre (YpidaltopSrati corwditions and16 0. 014
-40 2nd Stage 0.4-0.55 0.46.9.0 8rd St ge 0.7-0.95 0. 86 47f |4th_St age 1.1
2.0 1.5 37 heHagpgyd opegating cengitipnsTiol the GRMRATEFFITRIEAR fA9YWS om t he
drum 88 pgsses through all of

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

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

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

generate reflux from the demethanizer overhead.



t he heat exchangers 10 to 20 and is condensed and subcooled in the

process. It is subcooled to about -130C at the exit 94 from heat 15
exchangerwd®3asn2t hen fl ashed through valve 96 to provi de PdTardosnesss
refrigeration tenperature of -140C to -145C. This level of refrigeration
provi des the cooling of the charge gas streamat 42 down to -130C or |ower
and to provide sufficient cooling in t he | oop 52 to generate reflux from

t he denet hani zer overhead. WO 03/087022 PCT/ US03/10873 9 The charge gas
tenperature in strBmshageagas Batnmr@tttllgﬁpunc%ﬂrequcZﬁnandl343@f¢attypl¢a|¢y and -98C

ly b I f th
o6 00, ApbvlBiR - FRBE e oBL e Rhne VB by EBhe B RS ERL ahRuge T
meet the ref rul ' gL fle TR e QA anacfebangg f)ﬁ:aﬁg 18 réfithelSriog e 11 ght

refrigerant i |naI y superheated to -4 eat Xchanger” 14. This

provi des the digplie@dbystHestiean 102npliraeer thofefBgematibnGenendiih hieat m xed
with portions of the heavy and nediumrefrigerate streanms for return to

the first 5sta@@h§09ﬂ&)30dﬁ§nﬁndlﬁ)ﬁ Tilee ralat refgapepndos finghy sHeetheateds is the

medi um refriger ubcoo ses throu changers
10, 12 and 14 %s‘y\h '?T%'&PB ’?Qede)!‘gntﬁi'SnR’P [€°5 p ‘%]SPB%GSF the
charge gas at Btlreast B f1'5a%hwm tibgs wke&%w betfar\sgsmm hEBvpugh
val ves 106 atgg%oég r‘I:from v%l ve 108, ntlhe med |umlre ri glgerate flows %aok
t hrough heat drfdl exdhangefrigedate 3ndadid fandetue o tioe first stagd sactialr dmani04 f or
the first stage 61 of the conpressor. Fromvalve 106, the nedium
refrigerant 1P%ws back through heat exchangers 12 and 10 and then to the

Pty on 1B L2l eed M s oL B R O Y 2,
limted 20 regErduBebaletods lfteabﬁttr%@@angef e)l&wanﬂék§190|1 Di &Y &1, tTigs medi um
is then fed to the suction drum1 14 for the fourth stage 66 of the
conpressor. medium refrigerant controls the temperature of the charge gas at 23 and
24 by flashing the subcooled refrigerant through valves 106 and 108.
From valve 108, the medium refrigerate flows back through heat
15  exchangers 14 and 12 and then to the suction drum 104 for the first
stage 61 of the compressor. From valve 106, the medium refrigerant
flows back through heat exchangers 12 and 10 and then to the suction
drum 112 for the third stage 64 of the compressor. The liquid level in
drum 88 is controlled by adjusting the valve 110 and providing limited
20 refrigeration to heat exchanger 10. This portion of the medium is then
fed to the suction drum 114 for the fourth stage 66 of the compressor.

The heavy refrigerant 80 from the drum 78 is about 88%
propylene. This liquid supplies two major duties, i.e., the cooling for the
ethylene condenser 59 and the major refrigeration demand in heat

25 exchanger 10 to support the self-refrigeration of the tertiary refrigeration
system. The degree of subcooling of the heavy refrigerant exiting the
heat exchanger 12 at 116 is flexible between -10°C and -35°C. The

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

and the compressor flows.



The heavy refrigerant 80 fromthe drum 78 is about 88% propyl ene.

l'iquid suppli

condenserwdd3asm2t he maj or

es two mgj or duties,

I.e., the cooling

refrigeration demand i n heat

Thi s
for the ethylene
eTasokarsger 10 to

support the self-refrigeration of the tertiary refrigeration system The

degree of subcooling of the heavy refri

erant exiting the

heat exchanger

12 at 116 is flexible between -10C and I85C. The foll ow ng table is a
summary of the suction streans tq the conpressor apd the coppressor fl ows.
WO 03/087022|PCT/ US03/ 10873 10 \f % of Ave. Stages| Tywre, 8f ReAyd 0¢r ant
total flow MV 1st Stage Suction |10Q%Li L gef VEghai M
Refrigerant 35 —Heavy Strigerant S’({%kbﬂB&fr@%Hn}g glreal ﬁ"g g’vg 38. 14
3°d Stage Si (iastls&kgé siegdim Refri gﬂrcﬁo/@tug?m@ae&.gér&tta;e F.ow 7[L.5 38({14 4th
Stage Side Inlet di um Refri ger aMlediu® HBANSramel ri ger ans 21{ 5 4th|Stage
Fl ow 100 38.48 5th Stage Sucti orn A.éagbtRe&r ghtum an Dsgquar pe Fl oy
Ref ri gerant 2253435 As—shoewn +he—above—tabter—the—sptHt—of—the
refrigerant faor & te Stagé pRse of energy saving and thenésite ressnbi nation of
t he refrlgerchrrS partTcutarty [the reconbimation [ the (1St _COofpressor
stage of the |3 %gtiage Stk Inlest of t|HdedieenRefrigdrenger ant s HPong| wi th gone
medi um refri gerant to provi de allnost 70% of the total _flow |n the|first
stage stabil i|ZesSteaeF Odbnpressor wheels. Wth 70% of t &% ot aP81%W in the
first stage 4n ively un I
speed Contgrolc q‘Stage%da Ie? y | l\ﬂedlunDIJ(eE%ﬁgergrﬁt wei ght '}Br oughout, ja nor mmal
Heavy Refrigerant 21.5
4™ Stage Flow 100 38.48
5™ Stage Suction Light & Medium
and Discharge Flow Refrigerant 22.5 34.35
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As shown by the above table, the split of the refrigerant for the

purpose of energy saving and then the recombination of the refrigerants,

particularly the recombination in the first compressor stage of the light

and most of the heavy refrigerants along with some medium refrigerant

to provide almost 70% of the total flow in the first stage stabilizes the

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

a relatively uniform molecular weight throughout, a normal speed control

of the turbine by the first stage suction drum pressure becomes equally

applicable to the tertiary refrigerant compressor system as to a single

refrigerant compressor system.

After the extraction of the heavy

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

weight in the fifth stage becomes substantially lower.

However, the

fifth stage compression can be designed and the loading variations can

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

effects.

variables which can be

temperature, the adjustment of the overall refrigerant composition, the

used

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

include the control of the critical



10 of the turbine by the first stage suction drum pressure becones equally
applicable to the tertiary refrigerant conpressor systemas to a single
refri ger awpD idospPRESSOr system After the extraction of thecramey10873
refrigerant fromthe fourth stage flow, the flow and the nol ecul ar wei ght
inthe fifth stage becones substantiallﬁ | ower. However, the 15 fifth stage
conpressi on can be designed and the |od f§ ng variations can be controlled
by the recycle flowto the first stage to minimze the effects. Wth
respect to tasljestmens|ofahettemperaisiees incHia sepagjatden degns thifeand 88 and es whi ch

can be used include the control of the critical t erature, the

adj ust ment ofthFrPéH‘dVé?%ﬂﬁ Y ogBpiise oF ShBTR %?D‘Sﬂﬁ%s-v\o 03/ 087022

PCT/ US03/ 10873 1lydiiedBBbp Abriidly fctnBeatioh! §5tbm With 8RB Akops dr ums
78 and 88 and the adjustnent of the conpressor operating conditions. The
cl osed | oop tsidé¢ idaaysriebmi ther edrinpressps tivterwitadesone tioe pnesent isvertiom aws from

the conpressor inter-stages of the present invention 5 provides a
versati | edsysrenides avyersatiesysigm farwhighr wariousoraitgetans fomeresiiens or med

and various refrigerati | evel s can Vi i i de eci se
t enperature <ot bgﬁol negn%néﬁ Y?J(':(?uesn 5‘%%%!:03%‘()3&%%%;# rfb;en%%;v?a’élcﬂe?rerﬁ%r e, a
singl e cl osedylbQRfest ?fédi@r YerBEFdtdRy @bherdl Si SdrefRcient amaquesedmidyl ovi de
all the necessary refrigeration to the entire ethylene 10 plant with either
a | ow pr essurmaonerhi Giherpfars sasmgte aloshd hooretertiaryaefrigarpion systenpoarr
consunption and a | ower overall plant cost. WD 03/087022 PCT/ USQ3/ 10873 12
Claims: 1. | rﬁ‘ge%‘taé‘?!léé’sm‘l"gﬁ a?lh@ed}%g?riyorﬁfggerapgpitﬂstgp Y eﬁh\a?@% gas
cont ai ni h t : [

19 NYSILROSth TR 10\F e&}é&@&% an fidl Beéssete WUHLFRKI RS at a

hydr ocar bons erein sard charg as an i ona In plant 5 process
streans are cashpeétifiye ponafridogieuBiptih Siydadowen\uviegalBplaat icest.of



heat exchangers, a method for cooling said charge gas and additi onal

olefin plant process streans by the use of a tertiary refrigerant in said
ref ri ger awio@a/08%32 em conpri sing the steps of: (a) conpres®CmEsa/iersi ary
refrigerant conprising 10 a selected m xture of nethane, ethylene and
propylene in a multistage conpressor having a first stage and a |last state
and at |least one internediate stage; (B} withdrawing at |east a portion of
said tertiary 15 refrigerant vapor fromone of said internediate stages;
(c) cooling said wWhhds:awn portion of said tertiary refrigerant vapor to
forma remainjng tertiary r frilgerant va l'i quid 20

or and_a hegav
refrigerant havi ndNa? jFe&esst gkt %rﬂrgaﬁc%&‘ Ay BWPQnﬁoFﬁénc 29§ 98% ect ed

m xture; (d) é&?ﬂaifng@d &%&dm@é&xahé%&mﬁérégqafr&mar_fcfzorgndsgggya;eﬁnai ni ng

tertiary refrigera vapor? returning sai emal ning terti

refrigerant Rargem®ontowtizdeinheaidgitharged dagstingt adéitiona) dxfin agiantg sai d
remaining tertiary refrigerant vapor fromsaid |ast stage of said
conpressob a@ndcesobiragMs @re seakassly atrefrigaratian systenahavingea sefies Bér eby

(7092 Tt D 90 L SLIRSTAN B0, LG8 et R
thereof; (f) HEHiRQidt SRCEseHEYnRANGY TRE I fitkrdiary refrigerant in said
refrigeration system comprising the steps of:

(a) compressing a tertiary refrigerant comprising

10 a selected mixture of methane, ethylene and
propylene in a multistage compressor having
a first stage and a last state and at Ieas‘g one
intermediate stage;

(b) withdrawing at least a portion of said tertiary

15 refrigerant vapor from one of said
intermediate stages;

(c) cooling said withdrawn portion of said tertiary
refrigerant vapor to form a remaining tertiary
refrigerant vapor and a heavy liquid

20 refrigerant having a greater percentage of
propylene than said selected mixture;

(d) separating said heavy liquid refrigerant from
said remaining tertiary refrigerant vapor, and
returning said remaining tertiary refrigerant

25 vapor to and through said last stage;

(e) extracting said remaining tertiary refrigerant
vapor from said last stage of said compressor
and cooling to condense at least a portion
thereof thereby forming a medium liquid

30 refrigerant and forming a light vapor



refrigerants and any |ight vapor refrigerant 5 into heat exchange contact
with thensel ves and each other and with said charge gas and additi onal

ol efi n plwatospsmeess streans in said series of heat exchaogarsssmgses eby
said charge gas and additional olefin plant process 10 streans are cool ed
and said heavy and nediumliquid refrigerants are heated and vaporized
and said light vapor refrigerant is firkt cool ed and at | east partially
condensed and then vaporized; and 15 (g) returning said |light and nedi um
and heavy vaporized reaefrigesanint of t enyaiuncoodpnsadoporton | n a process as
recited in claim1l mherﬁiqvgaid step of wthdrawing at | east a portion of
said tertiary refrigeré Br&apor fromone 20 of said internediate stages

Stage. 3. In a prolegs Hindtla TEag (IR I | Bl R BTG of Said
intermedi ate stages i s refiigapemisl bhaedrey sighgesapdd refrigerant
5 into heat exchange contact with themselves
and each other and with said charge gas and
additional olefin plant process streams in said
series of heat exchangers whereby said
charge gas and additional olefin plant process
10 streams are cooled and said heavy and
medium liquid refrigerants are heated and
vaporized and said light vapor refrigerant is
first cooled and at least partially condensed
and then vaporized; and

15 (g) returning said light and medium and heavy

vaporized refrigerants to said compressor.

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

refrigerant vapor from said stage.

3. In a process as recited in claim 2 wherein said one of said
intermediate stages is the penultimate stage.

25



