H GH ENERGY REDUCTI ON | N A PROPANE DEHYDROGENATI ON UNI' T BY UTI LI ZI NG A H GH
PRESSURE PRODUCT SPLI TTER COLUWN FI ELD OF THE | NVENTI ON [ 001] The present

i nventi orwoebwrmEs3tto an i nproved process for the productcosedoonkseBs ns, and
in particular for separation of olefins produced by a dehydrogenati on
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 fron1propane provi des a process for recovery of a high
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and in particular for separation of olefins produced by a dehydrogenation process from paraffin
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
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 etherification 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



[003] One particularly useful olefin is propylene, which is produced by
dehydr ogenati on of propane. Propylene is the world' s second | argest

pet rochervoabiooamitedi ty and is used in theproducti on of PpDIUsRI9pPYS28NE,
acrylonitrile, acrylic acid, acrolein, propylene oxide and glycols,

pl asticizer oxo al cohols, cunene, isopropyl alcohol and acetone. The growh
in propylene production is primarily driven by the industry demand for

pol ypropyl ene, which is used in such everyday products as packagi ng

mat eri al s and outdoor clothing. [004] Propylene is primarily produced from
t he dehydrogenati on of propane. A conventional propane dehydrogenation
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conventional dehy rogenatlon process. In the dehydrogenation step (1) t he
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propane to propylene in a reactor, compression of the reactor effluent, and recovery and

purification of the propylene product. Figure 1 shows the steps in a conventional

dehydrogenation process. In the dehydrogenation step (1), the conversion of propane to

propylene is typically carried out over a catalyst. The effluent from the dehydrogenation unit is

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 dehydrogenation



(4). In a first distillation colum, a deethanizer, ethane and |ighter
gases are recovered as overhead offgas, and propane and propyl ene are
recover edawonotoma4zieet hani zer bottons stream |n a secon@Cuitszéooloas28on
colum, generally referred to as a product splitter, propylene product is
recovered as overhead and propane fromthe bottons is recycled back to the
dehydr ogenati onstep. A purge stream of fresh propane and recycl ed propane
are distilled to renove heavier conponents fromthe process. During
purification, the product splitter is typically reboiled by using an
external heat source (e.g. heat punp) whereby the overhead vapor is
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by feeding propane to a dehydrogenation reactor containing a fixed bed Chromium-Alumina

catalyst. There are typically multiple dehydrogenation reactors operating in parallel to allow

catalyst regeneration to occur in some reactors while others are in operation. The

dehydrogenation reactors are typically maintained at about 600-650°C.

The effluent from the dehydrogenation reactors is cooled and compressed using a steam
driven product compressor. The compressed product is sent to a recovery section where inert
gases, hydrogen and light hydrocarbons 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 the

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



propyl ene is separated from propane as described above. [006] The
purification step of a conventional propane dehydrogenation process is
shown i n Wogoree12311The product splitter ( 110) in the ceavarstéoonas2sprocess
is fed the heavy end from a deet hani zer which contains C3+ conpounds
t hrough feed Iine (100). This feed is distilled in the product splitter
such that the propylene product is recovered in the overhead stream (102)
and the majority of the remai ning conpounds, including unreacted propane,
exit in the bottonms strean(128). This conventional product splitter is
operated at pressures of about 80-100 psig and tenperatures of 40-60F.
[ 007] (I283. duBrchewhtipnad pyddeoespliapois opemednt prefiresi of abeutt0ndd psigtdndt he
overhead (105) from separator (150) and sent to heat punp (130) through
line HQYaturther hegbeppunp is driven by steam turbine (131) using high
pressure steam provided through line (133). The exhaust steamis discharged
through line (122) to condenser (160), where it is cooled and di scharged
from thgAl ant. 1O n heat
punmp ( 0) and g%§§§£?%@'6%%@%?5cgafgggﬁﬁﬁ%5q§§%§&$§§g?gélde E§§§?$g5
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propyl ene stream (102) fromthe product splitter

discharged through line (122) to condenser (160), where it is cooled and discharged from the

plant.

[008] 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.



and fed to the heat punp ( 130) as described above. The propyl ene product (
1 18) fromthe bottons of the separator is sent to other units for further
processi yO 2p0PAY31The product conpressi on nachi ne i s driPC&rusk§oodssam
turbine (141) which is fed high pressure steamthrough line (143). The
product conpressor is fed the product fromthe dehydrogenati on reactor (not
shown) through line (127) for conpression. The conpressed dehydrogenati on
product is fed through line (126) for separation in a deethanizer. In
conventional plants, the exhaust steamfromthe steamturbine (141) is

di scharged through line (124) to condenser (170), where it is cooled and
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recyc through line (104) to reboiler where i't is heated and sent
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required to produce the propyl ene product. Currently, the total energy
cons uthptdebydrogmmatitrereacdonsent i onal dehydr ogenati on process, for exanple, is
about 100 kcal / kg of propyl ene product. As such, there exists an ongoing
and unnmet need in the industry for a | ess expensive and nore efficient
met hqéofia] dehythis gemeahtioml déhydrogenation process has some inherent limitations. One

primary limitation is the amount of input energy required to produce the propylene product.
Currently, the total energy consumption for the conventional dehydrogenation process, for
example, is about 100 kcal/kg of propylene product. As such, there exists an ongoing and unmet
need in the industry for a less expensive and more efficient method for dehydrogenation of

propane.

SUMMARY OF THE INVENTION

[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



propane. SUMVARY OF THE | NVENTI ON [ 0012] The present invention relates to

i nproved processes for separating olefins produced in dehydrogenation

react ors woamwoasgitdual paraffin feed stocks. The proces®Crag26p0/0u284, for
exanpl e, for separating propylene from propane follow ng a dehydrogenati on
process to produce propylene from propane. The hi gh pressure product
splitter has a reboiler that utilizes heat supplied fromthe exhaust steam
fromthe steamturbines driving a dehydrogenation reactor product
conpressor and a refrigeration conpressor. Use of this exhaust steam all ows
the product splitter to be operated at higher pressures than in
convejati®jal defielfend stmedtnn anths highgmedsG@ p3jduthsplitteenhay be prvided ftanearyi gh
pressure product splitter may be provided fromany type of plant that
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utiliZes a separation stage to separate unreacted paraffin fromthe ol efin
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the p dSENt n-usin ena i'on process to convert
propane to prop Iene éﬁ as for exanple the CATCFIN process. In a
pr ef ePFopyl eaﬁﬁ@a ﬁ@mduC% r fhegurpesss ok the RFeSeIH dentien wripg #odBERat i on unit is
further treated, such as by conpression and refrigeration, to renove inert
gases dehyyldrgagaionepldcdsi; htonkgrtl popandio ipsopylenst @rmasl faresamplopr €EAOFINs used
to conpress the product streamfromthe dehydrogenation reactor. The
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treated, such as by compression and refrigeration, to remove inert gases, hydrogen and light
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 propane 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



C2 and |ighter conponents are renoved in an overhead stream while the
bottons streamis conposed of propane and propylene with a small quantity
of ot her woparowaikias. In this enbodi nent, the deet hani zePChaiSbanw4sB8s eam i s
fed to the high pressure product splitter stage of the present invention.
[0014] In one enbodi nent of the invention, the product purification stage
general ly conprises the high pressure product splitter colum, a steam
turbine driven refrigeration conpressor, a steamturbine driven

dehydr ogenati on reactor product conpressor, and at | east one reboiler
operably connected to the product splitter colum. A feed streamfrom a
dehy dtengerstic@f apduaB0F ®ulddd *Bs Thdevdlodat atrearh from the geelubiaspliter columit isused i n
a propane to propyl ene dehydrogenation unit, is fed to the high pressure
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a pressure of between about 200 psig and 375 psig, and at atenperature of
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splitter as a reflux strean1and t he remai nder conprising a product stream
whi chPIOsCSEi$t 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
spl i tHAOL5]1EX haudtSteRERRing grrquﬁéfrgp@aﬁil COMPIER®S I sed ta proyide heattte ghe
refrigeration conpressor and the dehydrogenation

process by heat exchange with a portion of the bottoms from the product splitter. Exhaust steam

from the steam turbines used to drive the refrigeration compressor and the dehydrogenation
reactor product compressor is fed to a reboiler to provide process heat used to separate the
products in the product splitter column. In some embodiments of the invention, the exhaust

steam streams are combined before being fed to the reboiler.

[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.



reactor product conpressor is fed to a reboiler to provide process heat
used to separate the products in the product splitter columm. In sone
enbodi nerwe 20fo/disa1i nventi on, the exhaust steam streansParasScagiousred before
being fed to the reboiler. [0016] In another enbodi nent of the invention,

t he overhead product streamfromthe product splitter is separated into an
overhead product streamand a reflux streamthat is fed back to the
splitter colum. The product streamis sent to other units for additional
processing. In yet another enbodi ment of the process of the invention, the
over head product streamis cooled in a condenser before it is split to form
a ref[l00183t r eanincamdthar pmbatlinkentsifiteamveitdn] thp botiemb otttrastean isepit intom t he
product splitter may be split into a recycle streamand a bottons return

St T eaffist fdurfl @ﬁeﬁﬂﬁﬁ’cﬂh §RBhd %mrh@aeaﬁﬁ OTﬁé first k@ SREMER llsefeattd £8F5 ksboflgd to at
| east one reboiler where it is heated by exhaust steamfromthe steam
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return stream is split i nto a first return stream and second return
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heat ed by exhaust steamfromthe steamturbines driving the refrigeration
conpr kesswirbyahel ottipet podult streano frpmebs mftigerteonsmorpmessoet urn streamis fed to a
second reboiler where it is heated by the output product streamfromthe
refrigeration conpressor. [0019] The separation process described nmay be
used [0018Qy ol eThascpamtien piooess Pespcibsd miap 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 invention are particularly useful for separation of
propylene from propane. One advantage of the present invention is that the inclusion of a high
pressure product splitter 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 conventional 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



separate an olefin froma feed stock such as a paraffin. The process of the
present invention is particularly advantageous for processes that require a
consi der awbeoswmusit of power provided by a steam turbi n@Comseéa4s28qui r es
energy intensive separation because the products have a small differential
in boiling tenperature. [0020] The processes of the present invention are
particul arly useful for separation of propylene from propane. One advant age
of the present invention is that the inclusion of a high pressure product
splitter using |low pressure steam heat reduces the energy requirenent to
produce propyl ene as conpared to other dehydrogenati on processes. This
advanthagletailsd desesiptidryofhy prkermdnvehiion fol thg)dehydragegatonlof prapate ddirhi onal
benefits and advantages wll be readily apparent to those skilled in the
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consunption using'the product purification schene of the p ent 1 nvention
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converniied B gastigl F bEe GRABHOT, 4o Shhen nSnriond o iet JB8 r S
invention will be apparent to those skilled in the art based upon the
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ofthe detail ed description of the present invention to the dehydrogenation
of pr geariedtiondtontandedapyinetieg the imentblyin dnlyuwsdyr at i ve of t he general
principles involved as well as being a practical exanple of an industrial
use of the invention. It should be understood, however, that description of
such an enbodi ment f @RIEE DESCRIPIION ORTEHEDRAWENES and t he equi pnent

arr angement

[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



specified is not intended as limting the invention in any way. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0021] This invention is best understood from
t he fol | omDreglodasaill ed description when read i n connect POm/USRe00/088284
acconpanyi ng drawi ngs. [0022] Figure 1 shows the steps of a typical prior
art propane dehydrogenati on 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 nent of the inproved hydrogenation
process of the present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
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i ntensi ve separations, such as in the production of propylene from propane.

I n thgoRhQERMSBR pafaffilfcBkRERNt invention, feed froma process for
conversion of paraffins to olefins, such as the bottons from adeet hani zer

colum, is split and fed to a high pressure splitter colum to separate the
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description of preferred embodinments of the present invention are provided
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described and claimed herein in any way. It should be understood that the processes described

below may be used in any olefin conversion process to separate an olefin from a feed stock such

as a paraffin. In particular, the process may be used for separations 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.

[0027] One embodiment of the present invention relates to a use of a high pressure
product splitter in a propane dehydrogenation 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

10



described and clainmed herein in any way. It should be understood that the
processes described bel ow may be used in any ol efin conversion process to
separ at e W 20108fie311f rom a feed stock such as a paraf fi nPCruspavvis2ed ar, the
process may be used for separations that require a considerabl e amount of
power provided by a steamturbine or that requires energy intensive
separati on because the products have a snmall differential in boiling
tenperature. [0027] One enbodi nent of the present invention relates to a
use of a high pressure product splitter in a propane dehydrogenati on system
for the production of propylene from propane. The present invention uses
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supplied from other equi pnent for reboiling, elimnating the need for an
ext er pabnheateSALb %resIJ}QS@)Odtn@lseﬁqg59%098‘9%“%1’09@1 figd () gehydrpgenati on
process in a CATOFI uni't using a |g pressure pro uct splitter in
accordance i resent ention s .abou 5-90 kcal / kg
o - or SapTn 8t paiticrR pER R, o e R bR sy S S Befn i SN S g o
product. [0028] An exanpl e purrfrcatron system (10) to be used after a

dehy diagEasediniss sdbwng Adereshotid) ighter crmbpReaiicie ramaNeA eF everheadsnes i n
Figure 3. In one enbodi nent of the processes of the present invention

descr arge@s+icompenaitd arbeburaine irotha bettorms. f kach grofeany emppdineht, the
conventi onal dehydr ogenati on reactor to produce propyl ene. The

dehy diQ@gaRakhAnUBARS heIC ATOFBE type kéLRIM.(58) is conpressed in conpressor
(50) and sent to a recovery unr? through line (56) to maxim ze

[0029] The product splitter (14) may be fed the bottoms (12) from the decthanizer
column (not shown). The bottoms from the deethanizer column contain Cs+ compounds,
including propylene and propane. The product splitter (14) is operated at a pressure higher than
the pressure used in prior conventional purification systems. In one 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
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recovery of propane and propyl ene. The conpressed dehydrogenation reactor
product streamis sent to a deethanizer colum where C2 and |ighter
conponentwoanw/medmved as over head vapors and C3+ conpomRemus2@ma4828nt ai ned
in the bottons. In a preferred enbodi ment, the dehydrogenation units are
CATOFI N type reactors. [0029] The product splitter (14) may be fed the
bottons (12) fromthe deethanizer colum (not shown). The bottons fromthe
deet hani zer col umm contai n C3+ conpounds, i ncluding propyl ene and propane.
The product splitter (14) is operated at a pressure higher than the
pressure used in prior conventional purification systens. In one
enbodiemgrtaturt o€ therovetheadssyplditd t@tveitshopetindad dapdrs & aued.sPregerally ik ween about
200 psig and 375 psig, and at a tenperature of about 80F to 1600F. In a

pr ef egyerkarhesdh oled iGn RIGANG R itk hvilen 5B OREIAPE &) @&oc@erRérﬁﬁér%?e of
about 330 psig, and at a tenperature of about 1300F. The high pressure

pr oduc | it ill t|on ical des sed f
Cepar ot POReat 46T 4 Farr pEiioned el hsrth oy R BHESuubERutPa HO8E st opane
and propyl ene, and designed to operate_ at the pressures used in the
proc e‘%‘@s}o dlfe Rraduch ﬁ@%ﬁgvplﬁsbelmei (gfh) asrosopnd s reraigingioxpriead sream (2Ped i n
the product splitter (14) such that the propyl ene product is recovered in
t he owendinmg tlst prepytefcifipdan teihpeentay storagy oofor tfinther prakssingin odrep avinds,
i ncludi ng propane, exit in the bottons stream (18). In sone enbodi nments,
t he over head stream

[0031] A closed loop is provided to provide additional heat to the process through heat

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 heat 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
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(16) fromthe product splitter (14) may be fed to a cooling water condenser
(20) to reduce thetenperature of the overheads and to convert the overhead
vapors t owbDi2quiwd431Pr ef erabl y, the overhead streamis co®eCa&dSkeoomigess
tenperature of between 500F to 1300F to a cool er tenperature of between 48F
to 128F. If desired, the overhead streammay be split with a portion being
sent back to the product splitter through line (24) as reflux, and the
remai ni ng overhead stream (22) containing the propyl ene product being sent
to storage or for further processing in other units. [0031] A closed | oop
is provided to provide additional heat to the process through heat
exchasupplied 40) presdupatfibetwesh abde 580 psigraed H6Opsig hEhpexddusttsteapl fromele f | ows
through line (28) to heat exchanger (40), where the bottons streamis

heat egletl niFBik 180N BAdis ¥ fRA REBUADIMAGD) Mt Re@tCRBPIHe BeR o FdbNEgs0RRt fed to
t he heat exchagge? t hr ouggﬁ Iineg}f()164e)a(. )The heat e% bot t ons streal{rln e%i@ti ng the

heat E;E&[&gﬁ is fed back to the product splitter through line (42).
[0032‘?8§ e co%érze}%)soe‘% refrigerant fed to heat exchanger (40) exits the heat

exchanger through Iine (66) and is fed to refrigeration conpressor (60).

The r,essed frhogerant .. ed i n_other ts..0f 1h I bef ore
ConddRBBaTeT o ] Al Blea e PR Yo or HEphlot St B8] 3 Sla b fiehp R6R2
refrigeration conpressor through line (64), In one enbodi nent, the

r ef r i GEPANthIGHSS spRbicd StghPressuts Sirasinugh steapdingd 0P ad b exbayet seamyframg 375
psig at a tenperature of between about 1050F and 1500F in the refrigeration
conpr gsswtyrbian @8ty exiss thiveighdiat (EXchmdnged to pt0Yide heat és sboiderd B 0 estdaseibedbout
240 psig and 365 psig at a tenperature of between about 1050F and

below.

[0035] The splitter bottoms, containing primarily propane, exit the product splitter (14)
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.
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1500F. [0033] he refrigeration conpressor is driven by a steamturbine
(80a) driven using high pressure steam supplied through line (70a). In one
enbodi merwQ 20tve1d1gh pressure steamissupplied at a prefsuusS2ab/oeBneen
about 580 psig and 660 psig. The exhaust steamfromthe steam turbine (80a)
i s discharged through Iine (62) and used to provide heat to reboiler (30)
as described further below [0034] The dehydrogenati on reactor product
conpressor (50) is driven by steamturbine (80b), which is supplied high
pressure steamthrough steaml|ine (70b). The exhaust steam from steam
turbine (80b) exits through line (52), and used to provide heat in reboiler
(30) [@03dgscr i bEhe tedraniun dfARSEEh plessue@piodti@rsphindrt(d4sin tieopresenningntipmi mari |y
propane, exit the product splitter (14) through bottons stream (18). The

bot t ogEfesd fr&aM dofivetibhdl sya&ﬁ iflaf 1€£§t' e féilé&ﬁg‘v&a?y@ TH@Hroﬁuét%ﬁM@ér‘%l@)tJf M
(26), which exits the plant through |ine or further proce55| ng, such

o o pleff Fefdod B r?ps&aF%&ﬁ%ﬁgé SRRheR B i sk of Briefietbi i e F3H WPl [ o

return streamis fed throug Ilne (38) to reboiler (30) and fed back into
the pfleRm&IDERIERRAuSTS. (Fﬂayxatm%u@ﬁCPmWétl?r@i)vropp%@%wdmgynattoﬁéhq Pedicty et ur n
streamis heated in reboiler (30) to a tenperature of between 100F and
160F. splietat isemperatpd 4t prashieed mtweaf 6 spséatm 175 phigchnt] gerhperratnesdy bictvesen 08T arfdr om
exhaust steam stream (62) taken from steam turbine (70a) and from

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 exhaust steam stream (52) taken from steam turbine (80b). If desired, the
two streans (62) and (52) nay be conbined to forma single steamline (54).
[ 0036] Thwo=zemandaBmeturn stream (28) is fed to heat exclramgseooo4@28and f ed
back to the product splitter (14) through |line (42) after being heated in
t he heat exchanger. Heat is provided to reboiler (40) by the conpressed
refrigerant line (64) as described above.[0037] The operation of the high
pressure product splitter (14) in the present invention 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 capteordinglyt hes fodrtunderetogy tat dr présentsiheannioh habbaea dexdibad bg walFof exanpl e,
in a conventional propane dehydrogenation the product splitter is operated
at préé@%m@éxpﬁkg?@mﬁgﬁoﬂsig to 175 psig and tenperatures between 500F and
1500F. [0038] he conventi onal schene, heat for reboiling is supplied
usi ng an external source, such as a heat punp, and the steam and/or
condensed water fromthe steamused to drive the steamturbines for the
heat punp (or a refrigeration conpressor) and the product conpressor is

di scharged. I n one enbodi 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 splitter nmay be operated at higher pressure w thout the need for
additional energy input. This allows a high yield of purified propylene to
be obtained with | ower
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energy input than in conventional systens. [0039] Wile preferred

enbodi nents have been shown and descri bed, various nodifications my be
made to twe 2proonesses descri bed above wi t hout departi ngPCrarseedam4spd rit and
scope of the invention. For exanple, the process descri bed above may be
used in any ol efin conversion process that requires a considerabl e anount
of power provided by a steamturbine or requires energy intensive
separation because the products have a snmall tenperature
differential.Accordingly, it is to be understood that the present invention
has been described by way of exanple and not by [imtation. CLAIMS What is
clainmed is: 1. A process for separ @AMSf an olefin froma paraffinin a
product stream from a dehydrogenati on system having a steam turbine driven
dehydr ogenati on reactor product conpressor, conprising the steps of: (a)

f eedi Wanissdlsimmthiconpri sed of a m xture of an olefin and a paraffin to a
product splitter colum having a product splitter colum reboiler to

produce an overhead stream gnd gﬁbottons stéean] (g) sglit%}ng t he bottons
streafm int & }gogeéggmsgpagth@ 28 Q¢F iR Trom g PATadlin WARTAArt e §Mt%he return
streamto the product splitter colum reboiler; and (c) feeding the exhaust
st eandé¢hydmgehasict systamthavivigrastadn wugnng drevedelelivlirogemation mractor product
compressor, comprising the steps of:
(a) feeding a stream comprised of a mixture of an olefin and a paraffin to a product

splitter column having a product splitter column reboiler to produce an overhead stream and a

bottoms stream;

(b) splitting the bottoms stream into a recycle stream and a return stream and feeding

the return stream to the product splitter column reboiler; and

(c) feeding the exhaust steam from the steam turbine driven the dehydrogenation
reactor product compressor to the product splitter column reboiler to provide heat to the product

splitter column.

2. The process of claim 1, wherein the product splitter column is operated at a pressure of

between about 200 psig and 375 psig and a temperature of between about 80°F and 160°F.
3. The process of claim 2, wherein the olefin is propylene and the paraffin is propane.
4. The process of claim 1, further comprising the steps of:

(d) splitting the overhead stream to form a product stream and a reflux stream,;
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reactor product conpressor to the product splitter colum reboiler to
provi de heat to the product splitter colum. 2. The process of claiml,
wherei n twe 2proadugatt splitter columm is operated at a pr @s3aseooof4$28t ween
about 200 psig and 375 psig and a tenperature of between about 80F and
160F. 3. The process of claim2, wherein the olefin is propylene and the
paraffin is propane. 4. The process of claim1l, further conprising the
steps of: (d) splitting the overhead streamto forma product stream and a
reflux stream (e) feeding the reflux streamto product splitter colum. 5.
The process of claim4, further conprising the step of: (f) feeding the

overhead s{d)eantdiagtlidieflpx ogeaat togbdict sylitiepcslu@andenser to cool the
overhead streamprior to splitting the overhead streaminto a product
streamand a reflux stream 6. The process of claim11, further conprising

the s5eps @he plodss P blalh 4NBirthBecIAPrisBIFRhe &E}%’E)f! streaminto a first bottoms

return stream and a second bottons return streamand feeding the first
bottons return streamto the product splitter colum reboiler; (h) feeding

t he second, bott . return.streamt e chapnaer ;. (i h i he
second bot ffgms g’gﬁ | Ehes?\/reé}gfaﬁi gtfr}eaﬁne%? %etg%ﬁltét)ﬁlgé ngcjl)ltrtl g?:? C\g/)vrl1 %eﬁseg% 8?0? it%eer ant

circulated through a refrigerant |ogp having a steamturbine driven
refri @gqr]aq\%i stream prior to splitting the overhead stream into a product stream and a reflux stream.

6. The process of claim 1, further comprising the steps of:

(2) splitting the bottoms return stream into a first bottoms return stream and a second
bottoms return stream and feeding the first bottoms return stream to the product splitter column

reboiler;
(h) feeding the second bottoms return stream to a heat exchanger;

(1) heating the second bottoms return stream by heat exchange contact with a
refrigerant circulated through a refrigerant loop having a steam turbine driven refrigerant

Compressor;

) feeding the heated second bottoms return stream to the product splitter column;

and

(k) feeding the exhaust steam from the steam turbine refrigeration compressor to the

product splitter column reboiler to provide heat to the first bottoms return stream.

7. The process of claim 6, further comprising the step of:
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conpressor; (j) feeding the heated second bottons return streamto the
product splitter colum; and (k) feeding the exhaust steamfromthe steam
tur bi ne rwbroganaiiion conpressor to the product splittePCralseon/onseBoil er to
provi de heat to the first bottons return stream 7. The process of claim6,
further conprising the step of: (1) conbining the exhaust steamfromthe
steam turbi ne driven dehydrogenation reactor product conpressor and the
exhaust steamfromthe steamturbine driven refrigeration conpressor and
feeding the conbined streamto the product splitter colum reboiler. 8. The
process of claim?7, wherein the product splitter colum is operated at a
pressure ofl) bet vebinbigok ext@0stperg faom 18 7ASeapsiugbinn drivent dehpdmogenatien of

bet ween about 8Q0F and 1600F. 9. The process of claim8, wherein the olefin
IS prRpYbepRdaidohipecshsial thdexhusepaTdm #He stehhtuliRC @S enebfrigkation 9,
further conprising the steps of: (m splitting the overhead streamto form

a pro r J | 4X. Streamto
prod ugckiﬁ‘érs Sltog ? Igdrqeggﬂ%?rtnw. C%w%flﬁsrgre%ﬁg%teh(g g)r %411%% éilqtrghr é(gsmpgédtoﬁérr conpri si ng
the step of: (1) cooling the overhead product streamfromthe product

ts gl ![ L%.elr, el(‘: ?ngrr%gésirs] Bgclggﬁgsg(ggrrgpeﬁé Srrodxtu% s{)ﬁt?edrlcg rrEnhi%‘ oggr%{e %?g p erssou(?”éJ 811: stream

between about 200 psig and 375 psig and a temperature of between about 80°F and 160°F.
9. The process of claim 8, wherein the olefin is propylene and the paraffin is propane.
10.  The process of claim 9, further comprising the steps of:
(m)  splitting the overhead stream to form a product stream and a reflux stream;
(n) feeding the reflux stream to product splitter column.
11.  The process of claim 10, further comprising the step of:

) cooling the overhead product stream from the product splitter column in a

condenser prior to feeding the overhead product stream to the refrigeration compressor.

12. A process for separation of an olefin from a paraffin in a product stream from a
dehydrogenation system having a steam turbine driven dehydrogenation reactor product
compressor, comprising the steps of:

(a) feeding a stream comprised of a mixture of an olefin and a paraffin to a product
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12. A process for separation of an olefin froma paraffin in a product
stream from a dehydrogenati on system having a steamturbine driven

dehydr ogewetzoovisaact or product conpressor, conprising Prhe/Gsb@ps4s284 (a)
feeding a stream conprised of a mxture of an olefin and a paraffin to a
productsplitter columm having a product splitter colum reboiler to produce
an overhead streamand a bottons stream (b) splitting the overhead stream
into a reflux stream and a product stream (c) feeding the reflux streamto
the product splitter colum; (d) splitting the bottons streaminto a
recycle streamand a return stream (e) splitting the bottons return stream
i nt o aplittet sdlubmtHaoing arpebducn siittee astumndetsvile e wofrddine tah @Werhefl streamsdnd@am and
feeding the first bottons return streamto the product splitter colum
reboi befiomé feab£edi Ng the second bottons return streamto a heat exchanger;
(g) heating the’second bottoms return stream by heat exchange contact wth
a refrigerant circul ated through a refrigerant |oop having a steam turbine

driven ref Ewger?pqﬁug%o [rﬁ’l%lgrt f’% stxf:e(%# f oeadr'(e Sq,x%tggalheacfat%rg %&%{}d bottons return

streamto W steam from
the steamtur b| ne driven refrigeration conpressor

(c) feeding the reflux stream to the product splitter column;
(d) splitting the bottoms stream into a recycle stream and a return stream;

(e) splitting the bottoms return stream into a first bottoms return stream and a second
bottoms return stream and feeding the first bottoms return stream to the product splitter column

reboiler;
® feeding the second bottoms return stream to a heat exchanger;

(g) heating the second bottoms return stream by heat exchange contact with a
refrigerant circulated through a refrigerant loop having a steam turbine driven refrigerant

COMpressor;
(h) feeding the heated second bottoms return stream to the product splitter column;

(1) feeding the exhaust steam from the steam turbine driven refrigeration compressor
and the exhaust steam from the steam turbine driven dehydrogenation reactor product compressor

to the product splitter column reboiler to provide heat to the first bottoms return stream.

13.  The process of claim 12, further comprising the steps of:
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and the exhaust steam fromthe steam turbine driven dehydrogenation reactor
product conpressor to the product splitter colum reboiler to provide heat
to the fiwetotwatigzams return stream 13. The process of eCaiuse@2/04¢284t her
conprising the steps of:(j) cooling the overhead product streamfromthe
product splitter colum in a condenser prior to feeding the overhead
product streamto the refrigeration conpressor; and (k) conbining the
exhaust steamfromthe steamturbine driven dehydrogenation reactor product
conpressor and the exhaust steamfromthe steam turbine driven
refrigeration conpressor and feeding the conbined streamto the product
splitter c@)umcaocdingitheeovertiedd piddectateemdsonotheqiraduct gBittenvkrdnmnm & he pr oduct
splitter colum is operated at a pressure of between about 200 psig and 375

PSi g adifdieAsct BABEO I LM BE obEh¥RER0ARP HeaBdFthe Rdrid&5T: cohfpresthi€ afd 0cess  of

claim 14, wherein the olefin is propylene and the paraffin is propane.

(k) combining the exhaust steam from the steam turbine driven dehydrogenation
reactor product compressor and the exhaust steam from the steam turbine driven refrigeration

compressor and feeding the combined stream to the product splitter column reboiler.

14.  The process of claim 13, wherein the product splitter column is operated at a pressure of

between about 200 psig and 375 psig and a temperature of between about 80°F and 160°F.

15.  The process of claim 14, wherein the olefin is propylene and the paraffin is propane.
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