H GH ENERGY REDUCTI ON I N A PROPANE DEHYDROGENATI ON UNI T BY UTI LI ZING A H GH
PRESSURE PRODUCT SPLI TTER COLUWN FI ELD OF THE | NVENTI ON [ 001] The present
invention relates to an inproved process for the production of olefins, and
in particular for separation of olefins produced by a dehydrogenation
process fromparaffin feed stocks. The process is particularly suited to
separation of propylene frompropane. In this enbodi nent, a high pressure
product splitter is used to separate propylene fromresidual propane
produced in a dehydrogenation plant. The use of a high pressure splitter to
.-.separate propyl ene from propane provi des a process for recovery of a high
purity propytENE EDRRILY REDIUATIONEN A PREOTANIC DESYNROGENATHONASITIRY pri or
art processes. BACKGROUND OF THE I NVENTION [2] O efin hydrocarbons are
useful for the prnoduLZiNghA@IGH PRERSURDPROSDIVOL BENITHIR pOadIMNS, such as
pol ymers, notor fuel blending additives, and other products. Short chain
saturated hydrocarbons having from2 to 5 carbon atons per nolecule are

of ten subjected to dehydrogendlEleh GRoTHEANVENLIGN r espondi ng ol efin. The
olefins, in turn, may be used in the al kyl ati on of isoparaffins in the
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useful olefin is propyl ene, uce b dehydr ogen tlon
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feed stocks. The process is particularly suited to separation of propylene from propane. In this

embodiment, a high pressure product splitter is used to separate propylene from residual propane
produced in a dehydrogenation plant. The use of a high pressure splitter to separate propylene
from propane provides a process for recovery of a high purity propylene product with lower

energy consumption compared to prior art processes.

BACKGROUND OF THE INVENTION

[002] _Olefin hydrocarbons are useful for the production of a number of petrochemical i
products, such as polymers, motor fuel blending additives, and other products. Short chain
saturated hydrocarbons having from 2 to 5 carbon atoms per molecule are often subjected to
dehydrogenation to form the corresponding olefin. The olefins, in turn, may be used in the
alkylation of isoparaffins, in the etheri.ﬁcation of alcohols to make motor fuel blending additives,

or as monomers used to produce various polymer materials.

[003] One particularly useful olefin is propylene, which is produced by dehydrogenation

of propane. Propylene is the world’s second largest petrochemical commodity and is used in the



production of pol ypropylene, aciylonitrile, acrylic acid, acrolein,
propyl ene oxi de and glycols, plasticizer oxo al cohols, cunene, isopropyl
al cohol and acetone. The growth in propylene production is prinmarily driven
by the industry demand for pol ypropyl ene, which is used in such everyday
products as packaging materials and outdoor clothing. [004] Propylene is
primarily produced fromthe dehydrogenati on of propane. A conventi onal
propane dehydrogenation process involves the foll ow ng steps:
dehydr ogenati on of propane to propylene in a reactor, conpression of the
reactor effluent, and recovery and purification of the propylene product.
Figure 1 siedustiome pelbaisnylpis TQnvEn i difarid resrm)dn BENERS %ﬁ%ﬁﬁwé@é& In the
dehydr ogenati on step (1&, t he conversion of propane to propyl ene s
typi cal | y Repipiza@xeeohgiserumgng igoaiopy tlcotih andeeptpige rthe o3k Hpgopylene
dehydrogenation unit is conpressed in a conpressor (2) to a sufficiently
hi gh pr essmedictienip primiuily ddBo by diegndystrspgearpdior pelppre eyhighhp ssgd iretgclpr opane
and propylene fromlighter conponents in a recovery section. [005]In the
recovery stvepdfyIrodurties prolquiressatdialseateudoorfléthment is successively chilled
with refrigeration to nmaxim ze the recovery of propane and propyl ene for
further purification. The offgas fromthis prqocess mainly consists of
hydr ogen, #29%ane, %PH%%@’%HH“@DHVW@H?.“Th@eﬂgﬂgﬁéﬁpwﬁﬁgpFW@ﬁ%fhe recovery
step (3) are then_ subjected to distillation in the purification step. (4).
In a firstcoBvatipna BepHa deypigasatiop perstsHayhFe the fliopiigestens; delmdw@florggfs es are
recovered as overhead offgas, and propane and propylene are recovered in
t he deet haFPRAB? OERDY SHE ISt TPAS I COMPTessicBed B deagies il renh eRdis eV #i%, general |y
referred to as a product splitter, propylene product is recovered as
over head awefipitiopahige propieictpeodyeit £isris 1 sgowebyHersdp bepikentional he
dehydrogenation step. A purge stream of fresh propane and recycl ed propane
are di st i |debyfireasnatioprpipeeshelnihedehrdsersorionssp §1).ahp Rersend @sopanedpr i ng
purification, the product splitter is typically reboi |ed by using an
ext er nal hvemylege@mdéca(les:agr.wdhena@vepmmﬁa)lys\vmﬁweéﬁlnemtﬁ@not\beé@éérdg%wunit$S
conpressed and used as the reboiling medi um

compressed in a compressor (2) to a sufficiently high pressure, typically 150 psig or greater, to

recover unreacted propane and propylene from lighter components in a recovery section.

[005] In the recovery step (3), the compressed reactor effluent is successively chilled
with refrigeration to maximize the recovery of propane and propylene for further purification.
The offgas from this process mainly consists of hydrogen, methane, ethane and ethylene. The
hydrocarbons from the recovery step (3) are then subjected to distillation in the purification step
(4). In a first distillation column, a deethanizer, ethane and lighter gases are recovered as
overhead offgas, and propane and propylene are recovered in the deethanizer bottoms stream. In
a second distillation column, generally referred to as a product splitter, propylene product is

recovered as overhead and propane from the bottoms is recycled back to the déhydrogenation

N



One common process for production of propyl ene by dehydrogenati on of
propane is known as the CATOFI N process. In the CATOF1IN process, propane is
converted to propyl ene by feeding propane to a dehydrogenati on reactor
containing a fixed bed Chrom um Al um na catalyst. There are typically
mul ti pl e dehydrogenati on reactors operating in parallel to allow catal yst
regeneration to occur in sone reactors while others are in operation. The
dehydrogenation reactors are typically mintai ned at about 600-650C.

The effluent fromthe dehydrogenation reactors is cool ed and conpressed
using a steamdriven %gopﬁcé conpressor, . The coqg.e§§ d rodggt.is sent to
a recover yS'Pect PBEE AP &' FroB propyisgadrecysled PEpaTT 25 “1F§HV'ﬂ9ﬁ 5¢arbons are
renmoved fromthe conpressed reactor effluent. The propylene rich gas from
the recovef§PPARiPfs fToan P BIRCSE nPUTng PrRkCa %ﬁﬁ@fodﬁﬁrSPl Heglymesaiy @%?*?%??ymher e
propyl ene is separated from propane as described above. [006] The

puri fi cat i WHESPEHCHR hsalsoRthE: ALY WhHFRY ey dFulgeRts (mpsrsesdens i s
shown in Figure 2. The product splitter (110) in the conventional process
is fed theuspbesye sbpilifemitiun deet hani zer whi ch contains C3 conpounds t hrough
feed line (100). This feed is distilled in the product splitter such that
the propyl ene @nedstthon SroéLERYpbARHbIbftpheyRYES @A Sdeh@RMof frdgne and t he
majority of the remaini ng conpounds, including unreacted propane, exit in
t he bott ongosh heAPCATD2) proddis. SnGUI/ETORINpRdceR] 6a6¢ isSPhickiéEd picpyleper at ed
at pressures of about 80-100 psig and tenperatures of 40-60F. [ 7] The

over head mngéﬁhr%?ﬁo WAPR dSikydRARadOR)c1orT oSk B dedtich ThidAgumavnermead (105)
from separ at or 563 and sent to heat punp (130) through line (106). The

heat punp dagyAf itheR amyﬁéaﬂ?muﬁméﬂe r&gkRatbon HSkBE ofdrShglf pEAKI & Bbeam
provi ded through line (133). The exhaust steamis discharged through |ine

(122) to conAensghebdEAd ocdPBIsEmt bealtSrs GRAL Sferafd iflipsahar ggd from the plant.
[ 8] The overhead vapor stream (102) is conpressed in heat punp (130) and

f1ows thrOdég%rsig'e_ﬁrﬁfaﬁ;éaaoisia&%yﬁiéafﬁglnatn@@i&egvab%66@.9500@9 product splitter

reboiler (1 e warned propylene 1s split, with a portion flow ng back
to the product splitter through line (114), and the remai nder flow ng

through line (¥t RbAMCIhRBRREAbR Feadidid Wcoodmmd¥RPREBE udiddbdeat OM t he

separator (150) is conbined with the overhead propyl ene stream (102) from
the produciiyePhblifcetor sdr€@hd QnipR8scl fANud Wiknttd 3Rbo RS, dappihiRdn@bove. The

propyl ene product (118) fromthe bottons of the separator is sent to other
units for gaws,t}l}gfogpr{ £85I Y8rocarbons are removed from the compressed reactor effluent. The

propylene rich gas from the recovery unit is then sent to the product purification section where

propylene is separated from propane as described above.

[006] The purification step of a conventional propane dehydrogenation process is shown
in Figure 2. The product splitter (110) in the conventional process is fed the heavy end from a
deethanizer which contains Cs+ compounds through feed line (100). This feed is distilled in the
product splitter such that the propylene product is recovered in the overhead stream (102) and thé

majority of the remaining compounds, including unreacted propane, exit in the bottoms stream



[9] The product conpression machine is driven by steam turbine (141) which
is fed high pressure steamthrough |ine (143). The product conpressor is
fed the product fromthe dehydrogenati on reactor (not shown) through |ine
(127) for conpression. The conpressed dehydrogenati on product is fed

t hrough line (126) for separation in a deethanizer. In conventional plants,
t he exhaust steamfromthe steamturbine (141) is discharged through |ine
(124) to condenser (170), where it is cooled and discharged fromthe plant.
[ 0010] The bottons of the conventional |ow pressure product splitter

conpri ses nainlg$propane. The bottons are discharged through |line (128) and
split, w th2& pbscpryentivhaliprslugieplitents operalpd Riguess sl gbeut S%éOQO(prPdto
reboiler (120), where it is heated and sent back to the product splitter
(110). Theemparatimaglefr400°K.he bottons are di scharged through line (116) and
sent back to the dehydrogenation reactors. [0011] This conventi onal

dehydrogenati on progess has so inherent |imtatians. . ri.ma

limtati onl?¥k he a?ﬁ?t?ﬁ?rg‘ff‘ﬂ PROPB TR ERer Yy éllc?g} 1Fé‘éf“‘f‘Bedp‘?“ﬁmHE%gvefh%J%P%pyI ene
product. Currently, the total energy consunpti.on far_the conventi onal
dehydr ogerf&t® %?ﬁarﬁ%b@é%)saf‘d FSt tOéB‘E%Ir?B’In&mi%%t et ((568kg£ﬁ hRPustP ‘E)P%‘f??l%?éne
product. As such, there exists an ongoing and unnmet need_in the industry

for a | esS@RPWREE (IS | hpvpetigherressyre étF%PrO??@F%@H’“%P“GdéWdFWéH%‘Fi RGP

propane. SUMVARY OF THE | NVENTI ON o )
discharged through line (122) to condenser (160), where it is cooled and discharged from the

plant.

[o08] The overhead vapor stream (102) is compressed in heat pump (130) and flows
through discharge line (108) to provide heat to product splitter reboiler (120). The warmed
propylene is split, with a portion flowing back to the product splitter through line (114), and the
remainder flowing through line (112) to product separator (150). The overhead (105) from the
separator (150) is combined with the overhead propylene stream (102) from the product splitter
and fed to the heat pump (130) as described above. The propylene product (118) from the

bottoms of the separator is sent to other units for further processing.

[009] The product compression machine is driven by steam turbine (141) which is fed
high pressure steam through line (143). The product compressor is fed the product from the
dehydrogenation reactor (not shown) through line (127) for compression. The compressed
dehydrogenation product is fed through line (126) for separation in a deethanizer. In
conventional plants, the exhaust steam from the steam turbine (141) is discharged through line

(124) to condenser (170), where it is cooled and discharged from the plant.



[ 0012] The present invention relates to inproved processes for separating
ol efins produced in dehydrogenation reactors fromresidual paraffin feed
stocks. The process may be used, for exanple, for separating propylene from
propane follow ng a dehydrogenation process to produce propylene from
propane. The high pressure product splitter has a reboiler that utilizes
heat supplied fromthe exhaust steamfromthe steamturbines driving a
dehydr ogenati on reactor product conpressor and a refrigeration conpressor
Use of this exhaust steamall ows the product splitter to be operated at

hi gher pressures than in conventional dehydrogenation systens [0013]The
feed strekE®10d t he ThE §bitqurses shercenysnenablowapishure iodypasplier mevied B@ Y om any
type of plant that converts a paraffin to an olefin, such as propane to
propy! enepropmg. The bites age dwpaeet thonglslinedd2® endwhhmath e poweratthebtpasal f i n
fromthe olefin product. In one enbodi nent, propylene nmay be produced for
t he processydéd thiveglplieddi) td rhalt (180), whérndf inptetl ppdbscof badeleyhkirroghiptat i on
process to convert propane to propylene, such as for exanple the CATOFIN
process. bplitar i @f dhe ethaentboditimenttpms ve discladaed thraughdiaed Ifl 6)omy sdmeback to
dehydrogenation unit is further treated, such as by conpression and

r ef ri ger athe@ahydtogetia@inmwectonert gases, hydrogen and |ight hydrocarbons. A
steam driven conpressor is used to conpress the product streamfromthe
dehydrogenati on reactor. The product streamis preferably fed to a

deet hani Z¥01ad| urm,T hisr?oWnﬁwagkhaﬁagqnﬁf@mmce&%ﬁbWd?@% kimitaligpy &Wei n an
overhead stream while the bottons streamis conposed of propane and
propy| enepwinet limisted i thygmeritof inpet elge FedrhgslipiPiddass thenprgwﬁ)ege BB ment, the
deet hani zer bottons streamis fed to the high pressure product splitter
stage of Cheentlyabetetal prrvasronsmptip & 4lcicanvsaidonghdsBriroasnttiop Procesd fPinvent i on,
the product purification stage generally conprises the high pressure
product splantpleets abolt hfthkcabiksofaaenyiane biodect.dfs sush, thest eXigieaenEene ¥¥ipmesssor, a
steam turbi ne driven dehydrogenati on reactor product conpressor, and at

| east onen¢edloihk erduspydoadbleys expensige bietinore effisenipnesbledclor depydregeastionof um. A
feed stream from a dehydrogenati on plant, such as the bottons froma

deet han zpmwpamit used in a propane to propylene dehydrogenation unit, is
fed to the high pressure product splitter. The high pressure product

splitter preferably operates at a pressure of between about 200 psig and

[0012] The present invention relates to improved processes for separating olefins
produced in dehydrogenation reactors from residual paraffin feed stocks. The process may be
used, for example, for separating propylene from propane following a dehydrogenation process to
produce propylene from propane. The high pressure product splitter has a reboiler that utilizes
heat supplied from the exhaust steam from the steam turbines driving a dehydrogenation reactor
product compressor and a refrigeration compressor. Use of this exhaust steam allows the product

splitter to be operated at higher pressures than in conventional dehydrogenation systems



tenperature of about 80F to I60F. The overhead stream fromthe product
splitter colum is split, with a portion of the overhead streamreturned to
the product splitter as a reflux streamand the renmi nder conprising a
product streamwhich is sent to storage or to another unit for further
processing. [0015] A steamturbine driven refrigeration conpressor is used
to provide heat to the process by heat exchange with a portion of the
bottons fromthe product splitter. Exhaust steam fromthe steam turbines
used to drive the refrigeration conpressor and the dehydrogenati on reactor
product conpressor is fed to a reboiler to provide process heat used to
separ at e E4f233r odudihs faed stenen torlesdught Pressier prodrct splitighmay heaprevded fomasdi ment s
of the invention, the exhaust steam streans are conbi ned before being fed
to the relbokbéplant[iGOdB)vénts amotieio aawivddi svetnts rofpanhie prapyient pshitiligdsé over head
product streamfromthe product splitter is separated into an overhead
product ssepemfivanaiedo sephiaigunsastedparathafrom shefadefingaeduct dn erveendpdimenter col um.
The product streamis sent to other units for additional processing. In yet
anot her ephpdiementy @fpredueedonibe swco of thepressweintdnooy udtgenpper bead product
streamis cooled in a condenser before it is split to forma reflux stream
and a pr odegtirogéraganprofe@Ot epitee poabomprapl leeq rudhrag for exenphr b GSTOEM i t t er
may be split into a recycle streamand a bottons return stream In one
enbodi menproodsst e [pPefaceissybotiient, éepeddectstrea@afiom shefdeblydraqgesdtioh e@sit futher
reboiler where it is heated by exhaust steam fromthe steam turbines

dri vi ng t heatédefuch gebpdongiessionpidasBigeradoigliotri@owriodugkesclodpgessdiight

hydrocarbons. A steam driven compressor is used to compress the product stream from the
dehydrogenation reactor. The product stream is preferably fed to a deethanizer column, in which
C, and lighter components are removed in an overhead stream, while the bottoms stream is
composed of pfopane and propylene with a small quantity of other impurities. In this
embodiment, the deethanizer bottoms stream is fed to the high pressure product splitter stage of

the present invention.

[0014] In one embodiment of the invention, the product purification stage generally
comprises the high pressure product splitter column, a steam turbine driven refrigeration
compressor, a steam turbine driven dehydrogenation reactor product compressor, and at least one
reboiler operably connected to the product splitter column. A feed stream from a
dehydrogenation plant, such as the bottoms from a deethanizer unit used in a propane to
propylene dehydrogenation unit, is fed to the high pressure product splitter. The high pressure

product splitter preferably operates at a pressure of between about 200 psig and 375 psig, and at a



[0018] I n anot her enbodi nent of the invention, the bottons return streamis
split into a first return streamand a second return stream The first
return streamis fed to a first reboiler where it is heated by exhaust
steamfromthe steamturbines driving the refrigeration conpressor and the
product conpressor. The second return streamis fed to a second reboiler
where it is heated by the output product streamfromthe refrigeration
conpressor. [0019] The separation process described may be used in any

ol efin conversion process to separate an olefin froma feed stock such as a
paraffin. The process of the present invention is particularly advantageous
for procesigaperatugo! thogidoretogl 0Fnsihderabrag stasmUm Be Pisdugs spldeospideds by a
steam turbine or that requires energy intensive separation because the
product s alrewgh g pertipn ofi the eveghised silearn retiyadd th g prasivpeplatton pea HO20FaMand
processes of the present invention are particularly useful for separation
of propyl ehercfrrprsrgpopasie a Ppdichdivamvhigh isobnitiheopgeganancthsyent foofrthe t hat
the inclusion of a high pressure product splitter using | ow pressure steam
heat reduqgescetshe. energy requirenent to produce propyl ene as conpared to

ot her dehydrogenation processes. This advantage is given by way of
non-limting exanple only, and additional benefits and advantages will be
readi |y app@F¥nt t oM 6RuREBUERS fifver rofiigeratian cRmprEssPrys e orPrevids ha%tg%}hf? ption set
forth herein. For exanple, total energy consunption using the product

puri fi cat iRseressdpday cxthangsevihrageion of hg apftansrromhire pedire éplgtﬁ’é ExBgus stegier gy
consunption by as nuch as 10-15% as conpared to conventional CATCFIN units.
Ot her advditaige steat turhiees ypesice d8 esthepefrigratipnspamtgsn a4 the ddhadiagrsatiosnt t o
those skilled in the art based upon the follow ng detail ed description of
pr ef er r ed ressivo giofwas cQnpravser is fegite axcheilsr torprovideeresassdiatastdde swpiafsthcon of t he
present invention to the dehydrogenati on of propane to form propylene is
merely il Iposstuetain theprofuct spditigrenebymal Ipsamecimbpdmentp oothg mglerdionaikd dxhapst bei ng a
practical exanple of an industrial use of the invention It should be

under st oodteahowernsrare dohkined beforeibping éd tothe sabetteran enbodi nent for the
particul ar naned conponents and the equi pnment arrangenent specified is not

intended as limting the inyvention in_any,max.
[0016] In another embodiment of the invention, the overhead product stream from the

product splitter is separated into an overhead product stream and a reflux stream that is fed back
to the splitter column. The product stream is sent to other units for additional processing. In yet
another embodiment of the process of the invention, the overhead product stream is cooled in a

condenser before it is split to form a reflux stream and a product stream.

[0017] The bottoms stream from the product splitter may be split into a recycle stream
and a bottoms return stream. In one embodiment of the process, the recycle stream is fed to at
least one reboiler where it is heated by exhaust steam from the steam turbines driving the

refrigeration compressor and the product compressor.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0021] This invention i s best understood
fromthe follow ng detail ed description Wien read in connection wth the
acconpanyi ng drawi ngs. [0022] Figure | shows the steps of a typical prior
art propane dehydrogenation processing schene. [0023]Figure 2 is a
schematic drawi ng of a conventional prior art processing schene for
separation of an olefin product froma paraffin feedstock. [0024]Figure 3
is a schematic drawi ng of one enbodi ment of the inproved

[0018] In another embodiment of the invention, the bottoms return stream is split into a
first return stream and a second return stream. The first return stream is fed to a first reboiler
where it is heated by exhaust steam from the steam turbines driving the refrigeration compressor
and the product compressor. The second return stream is fed to a second reboiler where it is

heated by the output product stream from the refrigeration compressor.

" [0019] The separation process described may be used in any olefin conversion process to
separate an olefin from a feed stock such as a paraffin. The process of the present invention is
particularly advantageous for processes that require a considerable amount of power provided by
a steam turbine or that requires energy intensive separation because the products have a small

differential in boiling temperature.

[0020] The processes of the present inventibn are particularly useful for separation of
propylene frofn propane. One advantage of the present invention is‘ that the inclusion of a high
pressure product splitfer using low pressure steam heat reduces the energy requirement to
produce propylene as compared to other dehydrogenation processes. This advantage is given by
way of non-limiting example only, and additional benefits and advantages will be readily
apparent to those skilled in the art in view of the description set forth herein. For example, total
energy consumption using the product purification scheme of the present invention may reduce
the total energy consumption by as much as 10-15% as compared to éonventional CATOFIN
‘units. Other advantages of the processes of the invention will be apparent to those skilled in the

art based upon the following detailed description of preferred embodiments. The limitation of



hydr ogenati on process of the present invention. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON [ 0025] The present invention relates to inproved processes for
energy intensive separations, such as in the production of propylene from
propane. In the processes of the present invention, feed froma process for
conversion of paraffins to olefins, such as the bottons froma deethanizer
colum, is split and fed to a high pressure splitter colum to separate the
ol efin product fromthe paraffin feed stock. [0026] The foll ow ng
description of preferred enbodi ments of the present invention are provided
as exenplary only, and are not intended to limt the full scope of the

i nvent i on Heduilep descrapign of & mssknhiayaation forthexdelydiggpnation oEpropsing tofernunder st ood
that the processes described bel ow may be used in any ol efin conversion
process t areppar strecrdnilobtefivnofithagenaalfposdplet oed vesies veliss EEingarmadctical. | n
particular, the process may be used for separations that require a

consi der aldxemplpoliantindktripbwe pf the mvéntied Ibyhoalddeeadardtemdbhavevar théthlageripagui r es
energy intensive separation because the products have a small differential

i n boi | i ngpftehpercabautigent for the particular named components and the equipment arrangement

specified is not intended as limiting the invention in any way.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] This invention is best understood from the following detailed description when

read in connection with the accompanying drawings.

[0022] Figure 1 shows the steps of a typical prior art propane dehydrogenation processing
scheme.
[0023] Figure 2 is a schematic drawing of a conventional prior art processing scheme for

separation of an olefin product from a paraffin feedstock.

[0024] Figure 3 is a schematic drawing of one embodiment of the improved

hydrogenation process of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0025] The present invention relates to improved processes for energy intensive
separations, such as in the production of propylene from propane. In the processes of the present

invention, feed from a process for conversion of paraffins to olefins, such as the bottoms from a



[ 0027] One enbodi nent of the present invention relates to a use of a high
pressure product splitter in a propane dehydrogenati on systemfor the
production of propylene from propane. The present invention uses increased
pressure inside the product splitter and steamrecovered or supplied from
ot her equi pnent for reboiling, elimnating the need for an external heat
source. The total energy consunption for a dehydrogenation process in a
CATOFIN(r) wunit using a high pressure product splitter in accordance with

t he present invention, for exanple, is about 85-90 kcal/kg of propylene
product, a reduction of about 10-15%total energy per kg of product.

[ 0028] An dseilmpizer qobvning {ssplitian fedyase kigh preeyyretsplitss clymp togppasste e olefin

dehydr ogenati on system (not shown) of the present invention is shown in

Fi gure 3. pfadughemehbpadiffefeed sibck he processes of the present invention
described in detail below propane is fed to any type of conventional
dehydrogenation reactor to produce propyl The dehydrogenati on reactor
pr oduct SF¥E§A1(58ﬂhF§”@8ﬁ§ﬁ@§§8ﬂﬁVﬁp&%%ﬁ&é@é%?m?%ﬁyhg S ?mP%mﬁﬁ?ecovery
unit through line ( 0. maxji.m ze recovery ropa ylene The
conpresseﬁ“ﬂéﬁ?ﬁ%ﬁ&@ﬁ%@ﬁﬁh’?%%ﬂﬁ%%lﬁﬁﬁﬂh%ﬂmEVP%gHﬁﬁ?CQEﬁ?”W tﬁ deethanizer
col um where and |ighter conponents are renoved as overhead vapors and
C3+ conpoﬁ%gﬁ’t"%edaifl‘édé‘&ﬁg Aptpigdn f‘rﬁ( waie lisBeul bhsundprsiogd Bridheppeseaftioticirent, t he
dehydrogenation units are CATOFIN type reactors. [0029] The roduct splltter
(14) may below @y brases it 2y pkelin EOYversiHpr RS QEELREAN 2lefin alln&rf?Fd(SWé}lf sughown) .
The bottons fromthe deethanizer colum contain C3+ conpounds, |nclud|ng
propylenea%mﬁﬂﬁﬁ@p@ﬁ@ﬂw$Weﬂﬁ@ﬁ&ﬁ@ﬁmg@FPﬁﬂ@ﬁsﬂ¥&¥mp%mﬁﬁﬁwa?éﬁ”é@mé Pressure
hi gher than the pressure used in prior conventional purification systens.

In one enbodinrefrowet brevidebitrcticasphibinear thareg e encety IalensicerRaSoR e of

bet ween about 200 psig and 375 psig, and at a tenperature of about 80F to

| 60F. | n beprefiemretice iinsdi smeH differdntial i badliegt tempdritiieer i s operated at a
pressure of about 330 psig, and at a tenperature of about 130F. The high

pressure product splitter is a_distillation c i cal design used
for separ&?ﬁah of &neempedimengef SPﬁ???Hgm“QHEﬁﬂﬁéo?H“?ﬁggéﬁﬁg?%f|on of
propane and propyl ene, and designed.to operate at, the reSﬁ s used in the
processes Prpfugt ﬁ@l“ﬁ’r 1§§é)mpapenq;a§}z‘c{rpgjaﬁatlon system for the production of propylene from

propane. The present invention uses increased pressure inside the product splitter and steam
recovered or supplied from other equipment for reboiling, eliminating the need for an external
heat source. The total energy consumption for a dehydrogenation process in a CATOFIN® unit
using a high pressure product splitter in accordance with the present invention, for example, is
about 85-90 kcal/kg of propylene product, a reduction of about 10-15% total energy per kg of

product.

[0028] An example purification system (10) to be used after a dehydrogenation system
(not shown) of the present invention is shown in Figure 3. In one embodiment of the processes

of the present invention described in detail below, propane is fed to any type of conventional
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[0030]"The feed (12) is distilled in the product splitter (14) such that
the propyl ene product is recovered in the overhead stream (16) and the
majority of the remaining conmpounds, including propane, exit in the bottons
stream (18). In sonme enbodi nents, the overhead stream (16) fromthe product
splitter (14) may be fed to a cooling water condenser (20) to reduce the
tenperature of the overheads and to convert the overhead vapors to |iquid.
Preferably, the overhead streamis cooled froma tenperature of between 50F
to 130F to a cooler tenperature of between 48F to 128F. If desired, the
overhead stream may be split with a portion being sent back to the product
splitter tdabsiogandtionesa¢touy pasiugeafropyiene ahies dehedrpgenstionirqagioopredisesidars {18 am
(22) containing the propyl ene product being sent to storage or for further
pr ocessi ngs ¢ompotskedrin comipressor(0Q3hd fencloagewbvery opit isoygh dvé @érko maxijprizyvi de
additional heat to the process through heat exchanger (40). A potion of the
bott ons f ranvdrhef poede aid [gpbyildnt.eThd doowsested delyglogkhanen {e28)r pralutteataneix changer
(40), where the bottons streamis heated by maki ng heat exchange cont act

Wi th a conpnessdédihnefaricgemanthefedt) ahdligthe chapinea akaagerd hhwveihghl dapsre (64) .
The heated bottons streamexiting the heat exchanger (40) is fed back to

t he produetd 6plcbimp@ients Are@ughinkd nehd Bbapms.[ BG4 dhel coophessad refri gerant
fed to heat exchanger (40) exits the heat exchanger through line (66) and
is fed todegtirdggerial ikl 20T EBBIOYpdB4jors. The conpressed refrigerant may be
used in other parts of the process before condensing in heat exchanger
(40). The conpressed fluid exits the refrigeration conpressor through |ine
(64), | n B929%¢nbodiTientodugtiplitieefli4) yey banfed ihs botempy @2)fewn the deetlpniegsur e of

bet ween about 250 psig and 375 psig at a tenperature of between about |05F
and 150F kelumhénot gfoping erlattiodeme Gomp tiesisghanizndoleri tataih€s+ hempovedsc hanger  (40)
a pressure of between about 240 psig and 365 psig at a tenperature of

bet ween abwoluding@&Eyrndantipdfpane. The product splitter (14) is operated at a pressure higher than

the pressure used in prior conventional purification systems. Inone embodiment, the product
splitter is operated at a pressure of between about 200 psig and 375 psig, and at a temperature of
about 80°F to 160°F. In a preferred embodiment, the product splitter is operated at a pressure of
about 330 psig, and at a temperature of about 130°F. The high pressure product splitter is a
distillation column of a typical design used for separation of olefins from paraffins, such as in the
separation of propane and propylene, and designed to operate at the pressures used in the

processes of the present invention.

[0030] The feed (12) is distilled in the product splitter (14) such that the propylene
product is recovered in the overhead stream (16) and the majority of the remaining compounds,
including propane, exit in the bottoms stream (18). In some embodiments, the overhead stream

(16) from the product splitter (14) may be fed to a cooling water condenser (20) to reduce the



[0033] he refrigeration conpressor is driven by a steamturbine (80a) driven
usi ng high pressure steam supplied through line (70a). In one enbodi nent,
the high pressure steamis supplied at a pressure of between about 580
psig and 660 psig. The exhaust steamfromthe steamturbine (80a) is
di scharged through line (62) and used to provide heat to reboiler (30) as
descri bed further below. [0034] The dehydrogenation reactor product
conpressor (50) is driven by steamturbine (80), which is supplied high
pressure steamthrough steaml|ine (70b). The exhaust steam from steam
turbine (806) exits through line (52), and used to provide heat in reboiler
(30) as desurrdvadobibt overhepdOB8 joltvavasiphe etedreabpirewiis liqud ntreferablbighpr i mari |y
propane, exit the product splitter (14) through bottons stream (18). The
bot t ons stoveheadisseaspis icpolédran a tempeature dtbeeam §PF Yo BHAF & rwelycimpattpeam
(26), which exits the plant through line (26) for further processing, such
as by recy€bétweentd8°R fod 28Rh i fidesigeintt bomhaad btteamThaey tesplitrwithstpogmmbeigg spt i t
into a first return stream (38) and a second return stream (28). The first
return st mbedm g prteldcttshlito ghodgh hide (2389s refbuxyiaal therembBOy oanrteafi edeaba@k) i nt o
the product splitter (14) through line (32). Preferably, the first return
stream i s ch@ah@g tHeprdpgleat product BOYg dedr tastbpperfat furtber @fockrinpienhet 0fiks. and
160F. Heat energy in the formof steamis fed to the reboiler (30) from
exhaust steam stream (62) taken from steamturbine (70a) and from a exhaust
st eam st r E¥0A1052) taesed flqoprs mroeded tp aroyideedqigots) heat i thygsgcesdhropghdiettno
streans (62) and (52) nmay be conbined to forma single steamline (54).
exchanger (40). A potion of the bottoms from the product splitter flows through line (28) to heat

exchanger (40), where the bottoms stream is heated by making heat exchange contact with a
compressed refrigerant fed to the heat exchanger through line (64). The heated bottoms stream

exiting the heat exchanger (40) is fed back to the product splitter through line (42).

[0032] The compressed refrigerant fed to heat exchanger (40) exits the hegt exchanger
through line (66) and is fed to refrigeration compressor (60). The compressed refrigerant may be
used in other parts of the process before condensing in heat exchanger (40). The compressed
fluid exits the refrigeration compressor through line (64), In one embodiment, the refrigerant is
compressed to a pressure of between about 250 psig and 375 psig at a temperature of between
about 105°F and 150°F in the refrigeration compressor, and exits the heat exchanger (40) a
pressure of between about 240 psig and 365 psig at a temperature of between about 105°F and

150°F.

[0033] he refrigeration compressor is driven by a steam turbine (80a) driven using high

pressure steam supplied through line (70a). In one embodiment, the high pressure steam is



[ 0036] The second return stream (28) is fed to heat exchanger (40) and fed
back t6 the product splitter (14) through line (42) after being heated in
t he heat exchange' Heat is provided to reboiler (40) by the conpressed
refrigerant line (64) as described above. differs froma conventional
systemin at |least the follow ng ways. The product splitter (14) of the
present invention is operated at higher pressures as a result of capturing
the heat energy fromthe steam turbine exhausts For exanple, in a
conventional propane dehydrogenati on the product splitter is operated at
pressures between 65 psig to 175 psig and tenperatures between 50F and
150F. [ 0038piiied ttvepresoume ehtetvonea kbosit Fidpeig ah@ &0 Hswr The bdiaht pigank o @pspl i ed
usi ng an external source, such as a heat punp, and the steam and/or
condensed swatenrbine (3Pl ik disstaemdthue el libo(6drdnd @sedhe povidaheat Wrrbhones3¢)as t he
heat punp (or a refrigeration conpressor) and the product conpressor is

di schar gediesdrihedofnghee ivbloeti nent of the present invention, the heat energy is
supplied to the heat exchanger(s) for reboiling using a | ow | evel steam
fromthe exhaust of the steamturbines. By capturing this energy, the
product sp?P93dler rnﬂ@e@éﬂ@ﬁ§$%W@Hm&ﬁ“ﬁ%ﬁ%@ﬁ”ﬁ?@§§ﬂ@@)ﬁFPﬁﬁGWSFﬁE“H@@H f or
addi tional energy input. This allows a high yield of Eurlfled propylene to
be obt ai nd80thiwiich ipsupplicsaghgyessyp steam theryeh ﬁe%h‘%ﬁe(ﬁ%)o by exbigust depgn I

[0039] Wil e preferred embodi nents have been shown and described, various
nodi f i cat istsam terbipe B¥bhexdte threngh Hee (P enslyisedsto greayideihba dn wbalre (G FsHlspribed
departing fromthe spirit and scope of the invention For exanple, the
process déslomi bed above may be used in any ol efin conversion process that
requires a considerabl e anount of power provided by a steam turbine or

requires ene i ntensi ve separation, because the qduct s  hav
t e(r:]rper at ukeP ]Yf er spﬁ/tter boers contalﬂmng prlmalslly propanep exit tHe product s ?lttel (?

through bottoms stream (18). The bottoms stream is split into a return stream (27) and a recycle
stream (26), which exits the plant through line (26) for further processing, such as by recycling to |
the dehydrogenation unit. The return stream is split into a first return stream (38) and a second
return stream (28). The first return stream is fed through line (38) to reboiler (30) and fed back
into the product splitter (14) through line (32). Preferably, the first return stream is heated in
reboiler (30) to a temperature of between 100°F and 160°F. Heat energy in the form of steam is
fed to the reboiler (30) from exhaust steam stream (62) taken from steam turbine (70a) and from

a exhaust steam stream (52) taken from steam turbine (80b). If desired, the two streams (62) and

(52) may be combined to form a single steam line (54).

[0036] The second return stream (28) is fed to heat exchanger (40) and fed back to the
product splitter (14) through line (42) after being heated in the heat exchanger. Heat is provided

to reboiler (40) by the compressed refrigerant line (64) as described above.



Accordingly, it is to be understood that the present invention has been
descri bed by way of exanple and not by limtation. Wat is clainmed is: 1.

A system ' for producing propyl ene, conprising: a dehydrogenation reactor
that converts propane in a feed streamto propyl ene, producing a
dehydr ogenati on reac- tor effluent,

[0037] The operation of the high pressure product splitter (14) in the present invention
differs from a conventional system in at least the following ways. The product splitter (14) of the
present invention is operated at higher pressures as a result of capturing the heat energy from the
steam turbine exhausts. For example, in a conventional propane dehydrogenation the product

splitter is operated at pressures between 65 psig to 175 psig and temperatures between 50°F and

150°F.

[0038] In the conventional scheme, heat for reboiling is supplied using an external
source, such as a heat pump, and the steam and/or condensed water from the steam used to drive
the steam turbines for the heat pump (or a refrigeration compressor) and the product compressor
is discharged. In one embodiment of the present invention, the heat energy is supplied to the heat
exchanger(s) for reboiling using a low level steam from the exhaust of the steam turbines. By
capturing this energy, the product splitter may be operated at higher pressure without the need for
additional energy input. This allows a high yield of purified propylene to be obtained with lower

energy input than in conventional systems.

[0039] While preferred embodiments have been shown and described, various
modifications may be made to the processes described above without departing from the spirit
and scope of the invention. For example, the process described above may be used in any olefin
conversion process that requires a considerable amount of power provided by a steam turbine or

requires energy intensive separation because the products have a small temperature differential.
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a conpressor that conpresses the dehydrogenation reactor effluent to forma
conpressor effluent stream a first turbine driving the conpressor, the
first turbine having a steaminlet, and a steamoutlet containing a first
steam effluent stream a deethanizer that receives the conpressor effluent
stream renoves ethane, ethylene and |lighter conponents in a top outlet,
and. renoves C3+ conponents in a d.eeethanizer bottons streamthrough a
bottom outlet, a high pressure product splitter that receives the

deet hani zer bottons streamas an inlet stream renoves a propylene stream
through a top outlet, and renoves a propane streamthrough a bottom outlet,
t he productccspinglyt ©is topeunraltistogd Gbt the peesisuveetiafhabbiendesarizeddutva200 psi g and
375 psis; and a tenperature of about 80" F. to 1600 F., and a first
splitter rehoplteid dohatlimedieats a first portion of the propane stream before
the first portion is returned to the product splitter, the first splitter
reboiler having a steaminlet that receives the first steameffluent stream
fromthe first turbine as the first reboiler steaminlet stream 2. The
separation systemof claiml, fiwther conprising a second splitter reboiler
in which a second portion of the propane streamis reheated before the
second portion is returned to the product splitter. 3. The separation
system of claim2, wherein the second portion of the propane streamis

heat ed using a conpressed refrigerant streamfroma refrigeration
conpressor. 4. The separation systemof claim1l, wherein the
refrigeration conpressor is driven by a second turbine.



5. The separation systemof claim4, wherein the first reboiler steaminl et
stream further conprises a second steameffluent. streamfromthe second

t ur bi ne.

What is claimed 1is:

1. A system for producing propylene, comprising:

a dehydrogenation reactor that converts propane in a feed
stream to propylene, producing a dehydrogenation reac-
tor effluent,

a compressor that compresses the dehydrogenation reactor
effluent to form a compressor effluent stream,

a first turbine driving the compressor, the first turbine hav-
ing a steam inlet, and a steam outlet containing a first \
steam effluent stream,

a deethanizer that receives the compressor etffluent stream,
removes ethane, ethylene and lighter components in a
top outlet, and removes C3+ components in a deeetha-
nizer bottoms stream through a bottom outlet,

a high pressure product splitter that receives the deetha-
nizer bottoms stream as an inlet stream, removes a pro-
pylene stream through a top outlet, and removes a pro-
pane stream through a bottom outlet, the product splitter
operating at a pressure of between about 200 psig and
375 psig, and a temperature of about 80° F. to 160° F.,
and

a first splitter reboiler that reheats a first portion of the
propane stream before the first portion is returned to the
product splitter, the first splitter reboiler having a steam
inlet that receives the first steam effluent stream from the
first turbine as the first reboiler steam inlet stream.

2. The separation system of claim 1, further comprising a
second splitter reboiler in which a second portion of the
propane stream is reheated before the second portion is
returned to the product splitter.

3. The separation system of claim 2, wherein the second
portion of the propane stream is heated using a compressed
refrigerant stream from a refrigeration compressor.

4. The separation system of claim 1, wherein the refrigera-
tion compressor is driven by a second turbine.

5. The separation system of claim 4, wherein the first
reboiler steam inlet stream further comprises a second steam
effluent stream from the second turbine.



