METHOD AND APPARATUS FOR CAPTURING AND USING HEAT
GENERATED BY THE PRODUCTION OF LIGHT OLEFINS BACKGROUND
OF THE INVENTION This invention relates to a system for capturing the heat
generated by the catalytic cracking of a heavy hydrocarbon feedstock and
using the captured low level heat to provide heat for the reboiler(s) of a C3
splitter or propane-propylene fractionator. The invention also relates to a
method for separating C3 hydrocarbons, such as propane and propylene,
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fractionator. The invention also relates to a method for separating C3 hydrocarbons,
such as propane and propylene, from a light olefin feedstock and separating propane
and propylene by capturing and using the heat generated in the catalytic cracking of a
heavy hydrocarbon feedstock.

Light olefins such as ethylene, propylene and butylene are the basic building
blocks for hundreds of petrochemical products used by consumers everyday. Light
olefins are obtained by cracking a number of feedstocks, such as ethane, propane,
butane and various refinery streams. Some examples for obtaining light olefins are
described in United States Patent Nos. 4,832,919; 6,576,805 and 6,667,409. One method
employed to prepare light olefins is steam cracking C2-Cs light paraffins or from
refinery streams. More recently, methods for improving light olefin production by
catalytic cracking heavy oils have been investigated. For example, Fluid Catalytic

Cracking (FCC), Residue Fluid Catalytic Cracking (RFCC), Deep Catalytic Cracking



(DCC), Catalytic Pyrolysis Process (CPP), Ultimate Catalytic Cracking (UCC)
and High Severity (HS) FCC have been investigated and in some cases
actually used to generate light olefin feed stocks from heavy oils. In the
typical catalytic cracking process, heavy feedstocks, such as vacuum gas
oils and residues (hydrotreated and nonhydrotreated) are catalytically
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resulting vapor/liquid stream, sometimes referred to as‘a wet gas, is
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than 150°C) from the catalytic cracking reactor can and has been recovered by steam
generation in the main fractionator. The overhead vapor released from the main
fractionator consists of a raw gasoline product and lighter hydrocarbons together with
steam, hydrogen and inert gas from the reactor. Traditionally, the overhead vapor from
the main fractionator releases low level heat (less than 150°C) to the air and/or air
cooling water and is partially condensed. The resulting vapor/liquid stream,
sometimes referred to as a wet gas, is separated and further processed. The wet gas is
compressed and cooled in a multistage wet gas compressor. The low level heat from
both the main fractionator overhead vapor stream and wet gas compressor has been
unused and wasted in the past. In the prior art processes, there had been no successful

attempts to integrate the low level heat produced in the main fractionator with any

downstream processing. It would represent a notable advance in the state of the art if



downstream processing. It would represent a notable advance in the state of
the art if 2 the cost of producing product propylene could be lowered while
concomitantly increasing the overall thermal efficiency of the catalytic
cracking process by making use of a heat source that previously not only
was wasted, but required cost to reject to the environment. In an effort to
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It is a further object of the present invention to use the hot overhead vapor from

a main fractionator of a catalytic cracking system in a closed water recirculation system

for operation of a C3 stripper or propane-propylene fractionator.

SUMMARY OF THE INVENTION

These and other objects of the present invention are achieved by a system and
method that captures the heat generated by various condensers and coolers in the
production of light olefin feedstocks and uses the captured heat to operate the boilers
and/or reboilers of a C3 stripper or propane-propylene fractionator.

The system of the present invention comprises at least one condenser and/or
cooler associated with the production of a light olefin feedstock, a closed water

recirculation water system and a C3 stripper or propane-propylene fractionator. The



cooler associated with the production of a light olefin feedstock, a closed
water recirculation water system and a C3 stripper or propane-propylene
fractionator. The 3 closed water recirculation system further comprises at
least one boiler or reboiler for heating the feedstock of the C3 stripper or
propane-propylene fractionator. The at least one condenser or cooler is
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the h832d water in the closed water recirculation system to a C3 stripper or propane-
propylene fractionator, heating a feed to the C3 stripper or propane-propylene
fractionator with the heated water in the closed water recirculation system and
returning the water in the closed water recirculation system from the C3 stripper or
propane-propylene fractionator to the at least one condenser or cooler for reheating.
The at least one condenser or cooler is preferably a low level heat condenser or low
level heat cooler associated with the catalytic cracking of heavy hydrocarbon, preferably
an overhead vapor stream from a main fractionator of a catalytic cracking unit. It has
been discovered that the heat emitted by the various low level heat condensers and
coolers employed in the catalytic cracking of heavy hydrocarbons is ideal for generating
the heat required to operate C3 strippers or propane-propylene fractionator.

The system and method of the present invention may also comprise an

additional heat source for the water in the closed water recirculation system if the heat



coolers employed in the catalytic cracking of heavy hydrocarbons is ideal for
generating the heat required to operate C3 strippers or propane-propylene
fractionator. The system and method of the present invention may also
comprise an additional heat source for the water in the closed water
recirculation system if the heat 4 provided by the various condensers and
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United States Patent Nos. 4,753,667; 5,157,195; 6,218,589; and 6,576,805. In addition the
terms “boiler” and “reboiler” are used interchangeably in this specification and claims
unless specifically noted.

In a preferred embodiment of the present invention, the light olefin feedstock is
generated in an FCC, RFCC, DCC or CPP unit for the cracking of heavy oils. The heat
for the closed water recirculation system is obtained from the main fractionator
overhead vapor condensers(s) and main fractionator wet gas coolers. The heat for the
closed water recirculation system may also be obtained from coolers associated with
intermediate streams from the main fractionator and gas plant, such as lean oil, LCO
and Naphtha coolers and condensers or from equipment necessary to improve the
emissions of the cracking unit, such as deoxo reactor effluent coolers. It is also within
the scope of the present invention that any one or combination of the aforementioned

low level heat sources can be used in the present invention.



closed water recirculation system may also be obtained from coolers
associated with intermediate streams from the main fractionator and gas
plant, such as lean oil, LCO and Naphtha coolers and condensers or from
equipment necessary to improve the emissions of the cracking unit, such as
deoxo reactor effluent coolers. It is also within the scope of the present
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In another embodiment, the heated water in the closed water recirculation
system is used to heat the reboiler of the C3 stripper or propane-propylene fractionator
and also an intermediate zone of the C3 stripper or propane-propylene fractionator.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is simplified flow diagram of one embodiment of the present invention
that shows a catalytic cracking unit 4, main fractionator 6 and closed water recirculation
system 100.

Figure 1 is presented for illustration of the invention and does not include all the
details of the invention such as pumps, instrumentation, compressors and similar

hardware that are not essential to an understanding of the invention. Such

miscellaneous equipment is well within the purview of one skilled in the art.



that shows a catalytic cracking unit 4, main fractionator 6 and closed water
recirculation system 100. Figure 1 is presented for illustration of the invention
and does not include all the details of the invention such as pumps,
instrumentation, compressors and similar hardware that are not essential to
an understanding of the invention. Such miscellaneous equipment is well
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and feedstocks will be within the purview of one skilled in the art based upon the
following detailed description.

As shown in Figure 1, a hydrocarbon feedstock, such as, but not limited to, a gas
oil or resid, enters an FCC unit 4 via line 2 and is catalytically cracked using cracking
conditions known to those skilled in the art, such as those described in United States
Patent No. 6,576,805 which is incorporated by reference. The resulting hot cracked
gases from the FCC unit 4 are sent via line 8 to a fractionator 6, sometimes referred to as
a main fractionator, and are cooled, condensed and separated to produce a range of
products such as slurry oil, HCO, LCO, lean oil and an overhead vapor stream 18. The
overhead vapor 18 of the main fractionator 6 comprises a variety of materials, such as
raw gasoline product, lighter hydrocarbons, steam and inert gases.

The resulting vapor/liquid stream is further processed for separation into

products and/or feedstocks for the petrochemical industry. In one step of the further

process, the cracked gas stream is cooled and partially condensed in a condenser 20.



Patent No. 6,576,805 which is incorporated by reference. The resulting hot
cracked gases from the FCC unit 4 are sent via line 8 to a fractionator 6,
sometimes referred to as a main fractionator, and are cooled, condensed
and separated to produce a range of products such as slurry oil, HCO, LCO,
lean oil and an overhead vapor stream 18. The overhead vapor 18 of the
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processed, as is known to those skilled in the art, for separation of the stream into its
component parts for use in the petrochemical industry, such as methane, ethane, Cs
feeds and Cs4 feeds. For example, in a downstream depropanizer (not shown), the Cs
hydrocarbons (propane and propylene) are separated as an overhead vapor stream 28
from C4 and heavier components. The C3 hydrocarbons from the depropanizer in line
28 are then typically separated in a Cs splitter 10, discussed in more detail herein below.

In addition to overhead vapor 18, the main fractionator 6 may also produce a
lean oil component than can be used in later stages of the FCC processes, such as an
absorber in an ethane and methane separator. The lean oil stream 16 from the main
fractionator 6 can be cooled in cooler 24 prior to its use as an absorber. The lean oil
cooler 24 is also a potential low level heat source for the closed water recirculation

system of the present invention.



component parts for use in the petrochemical industry, such as methane,
ethane, Cs feeds and C4 feeds. For example, in a downstream depropanizer
(not shown), the Cs hydrocarbons (propane and propylene) are separated as
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present invention that there may be more or less than the four shown in Figure 1)
associated with the condensers and coolers and is heated to about 80 to about 120°C,
preferably about 85 to about 110°C, and most preferably about 90 to about 100°C. The
heated water in the closed water recirculation system 100 then travels to a boiler or
reboiler 12 associated with the C3 splitter or propane-propylene fractionator 10. The
heated water in the closed water recirculation system may also optionally travel
through a second boiler or reboiler 14 that heats an intermediate zone of the C3 splitter
or propane-propylene fractionator 10. Although a C3 stripper may be used in the
present invention, it is preferred that propane-propylene fractionator, sometimes also
referred to as a propane-propylene splitter or C3 splitter, be employed.

The water in the closed water recirculation system 100 is cooled in the boiler or
reboiler 12 and optionally 14 to about 50 to about 75°C, preferably to about 55 to about

70°C and most preferably about 60 to about 65°C before returning to the



present invention that there may be more or less than the four shown in
Figure 1) associated with the condensers and coolers and is heated to about
80 to about 120C, preferably about 85 to about 110C, and most preferably
about 90 to about 100C. The heated water in the closed water recirculation
system 100 then travels to a boiler or reboiler 12 associated with the C3
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of the stream entering the lean oil cooler 24 will be about 130°C, while the exit
temperature will be about 70°C. Finally, the temperature of the feed entering the deoxo
reactor cooler 26 is believed to be about 140° C and the exit temperature is about 70°C.

In a preferred embodiment of the present invention, the water in the closed
water recirculation system 100 entering the various condensers and coolers 20-26 will be
about 60°C to about 65°C. This water in the closed water recirculation system 100 will
be heated to about 90°C to about 110°C in the various condensers and coolers 20-26.
The temperature of the water in the closed water recirculation system 100 exiting the
various condensers and coolers 20-26 will naturally depend upon the temperature of
the feed entering the condenser or cooler and the contact time with the water in the
recirculation system 100. For example, it is believed that the temperature of the water

in the closed water recirculation system exiting the overhead vapor condenser 20 and

multistage wet gas compressor (s) 22 will be approximately 90°C and the temperature

10



wet gas compressor 22 will be about 105C to about 115C and the
temperature of the stream exiting the multistage wet gas compressor will be
about 70 C. The temperature of the stream entering the lean oil cooler 24 will
be about 130C, while the exit temperature will be about 70C. Finally, the
temperature of the feed entering the deoxo reactor cooler 26 is believed to

of theg rgnvggeg‘uitnlﬁpe 1 QthQ@a‘?é&ltﬁgéﬁ%ﬁﬁéﬂrt%aﬁe %Q&%tl C:eﬁhgtﬁqgrﬁiu%riggn oil cooler 24

iment of the present invention, ater In the closed” water

and %\%ﬁ%&é@% O, H%&Pgo%igg@ﬁ?ﬁlvﬁ‘éi%%%ﬁf}"ﬂgﬂée s #0d §0QIRLF A%ED in the

out 60C to about IS water in the closed water recirculation

Close@@%acg} %Qgﬁgﬂiﬁ%ﬁgzg%%g@%%ﬁg% g:llt?h%b&e%& 9 go@cfgﬁsg?sr 'SHS Coolgrs 20-26

condensers and coo e temperature of the water In the close

S S L e O TPt
0 ot AT SO0 SN R AR o

supp h"%‘e%'%asé?r%t"" L IRAIRRTRO éX?é%HEF&%;l% h\el‘fﬁe‘é%ﬁet%da‘é%%?rqéi%db%g%%{ jn turn

0 and multistage wet gas compressor € approximat

) tlhe temgerature .10 oﬂ e water in the closed ther r CiI‘CLiJati%li] system 100..
will allow:. ﬁ%piaratlo oI thé gzrlou 3 components Fﬁ‘l 'Il)re er % e f%%aratlon of
existing the'lean oil cooler and deoxo reactor effluent cooler 26 wil

about 110¢. The I’lleeriilet}ed water in the closed water recirculation system 100

the p?%?%nﬁlatﬂe 85%]8&3 condensers and coolers 20-26 will be combined to
PrRvidg.water fohe G3 SYTPREY OrRIORRNS;NIOPYISNE HACHONAMOL - ne propylene

fractionator boiler or reboiler 12 may be pumped to a second or intermediate stage
reboiler 14. The second or intermediate reboiler 14 will heat an intermediate stage
component of the C3 stripper or propane-propylene fractionator to about 55°C. The
water from the boiler 12 and/or optional intermediate boiler 14 may be pumped to a
hot water surge tank 40 via pump 30 prior to reheating by the various condensers and
coolers 20-26. The surge tank 40 and pump(s) 30 will be used to regulate the pressure
and flow of the closed water recirculation system.

If necessary a supplemental heater 50, preferably heated with heat from a low
pressure steam source, may be added to the closed water recirculation system of the
present invention. The supplemental heater will insure that the heating requirements of
the boiler 12 and/ or intermediate boiler 14 are meet.

While certain preferred and alternative embodiments of the invention have been

11



10 at a preferred temperature of about 90 to about 95C. It is believed that this
water supply temperature will allow the Cs feedstock to be heated to about
65C which in turn will allow the separation of the various C3 components
and preferably the separation of the propane and propylene. As discussed
previously, the water from the C3 splitter or propane-propylene fractionator

set f(?l%) erlf&[ rgﬁgﬁlggész 8}%}{1@8185%:?\50 ﬂi§gﬁﬁ8% Orrﬁ%tﬁﬁé%%'&t% S'Eggﬁqgl disclosed

eboiler 1 e second or inter iate reboiler 14 will'heat an intermediate
0 f th ' 0 e-propyle 1 ot
e s T e R p pppended
Claimg""a%a){rﬁgbrpdj p"c:"cgi .tc")oe’eFI O&lgv%ﬁ%gﬂﬁgﬁ I‘ﬁgk Z&Ot‘%% %%ﬁigrp nofdo oaiéications
reheating by the various condensers and coolers 20-26. The surge tan
thereBH BHMR(S) 30 WILDE H36d 1RISBHASANS RIBSS A AN Igpg the closed
water recirculation system. If necessary a supplemental heater 50, preferably
heated with heat from a low pressure steam source, may be added to the
closed water recirculation system of the present invention. The supplemental
heater will insure that the heating requirements of the boiler 12 and/or
intermediate boiler 14 are meet. While certain preferred and alternative
embodiments of the invention have been 11 set forth for purposes of
disclosing the invention, modifications to the disclosed embodiments may
occur to those who are skilled in the art. Accordingly, the appended
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claims are intended to cover all embodiments of the invention and
modifications thereof which do not depart from the spirit and scope of the
invention. 12 We claim: 1. A system for capturing and using heat generated
during the catalytic cracking of heavy hydrocarbon feedstocks comprising: at
least one condenser or cooler associated with the catalytic cracking unit; a
We Clb qﬁ?d water recirculation system comprising water that is indirectly heated
e at least one condenser or cooler and provides indirect heat to at least

L SR, AR FONOEEIE RO T ko
heavf@g&%g ic.gracking unik 3.J, fai%?ﬁ m described in claim 2 wherein the at

t one condenser oF cooler is ndenser or cooler for overhead vapors

at lea${ 8 r@%(%lf(li%] glonaior o éF%&%S'XEé% epe é‘eﬁ'&i J Qﬁﬁ%gglﬂ?scr'bed

In Claim erein the a east one co enser or CO er IS a conaenser or

ct talhyti
o o000 R DL SRR D A SN S Y A v
least SREMENRRIQLERRIEL i3 and provides indirect heat to at least one reboiler for a C3

stripper or propane-propylene fractionator.

2. The system described in claim 1 wherein the light olefin feedstock is produced by

a catalytic cracking unit.

3. The system described in claim 2 wherein the at least one condenser or cooler is a
condenser or cooler for overhead vapors of a main fractionator of the catalytic cracking

unit.
4. The system described in claim 2 wherein the at least one condenser or cooler is a

condenser or cooler for an intermediate sidestream from a main fractionator of the

catalytic cracking unit.
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condenser or cooler for an environmental scrubber or reactor for the catalytic
cracking unit. 6. The system described in claim 1 wherein the at least one
condenser or cooler is a low level heat condenser or cooler. 7. The system
described in claim 1 wherein the closed water recirculation system
comprises a bottoms reboiler for the propane-propylene fractionator. 8. The

5. SYHEM\AR e%ﬁéé?ﬁ%éﬁ HAMEMIGIRIN SN WA RUBPIRT a5, ALINAIEG! OF8E: is a

source-for t ttoms reboiler to the propane-propylene fractionator is at a
erat ing.fr : - .
con L e Pl I Balyi cracking
¢ propane-propylene fractionator is at a temperature ranging from about 50 to
“about 75C. 10. A method for capturing and using heat generated during the
production of a light olefins comprising the following steps: heating water in a
closed water recirculation system with heat produced by at least one 14
6. CenssLAdIaLaRAIe RRRAIANS APIY R PIOAYSIION AL AL AIS ooter is a
feedstock; pumping the heated water in the closed water recirculation
low 18Y8I%.10.8.18 |SI§rr g‘) rcaofleorwnstream C3 stripper or propane-propylene
ractionator; sai eatecPwatér providing indirect heating for the reboiler of
the C3 stripper or

uni

7. The system described in claim 1 wherein the closed water recirculation system

comprises a bottoms reboiler for the propane-propylene fractionator.

8. The system as described in claim 7 wherein the water supplied as an indirect heat
source for the bottoms reboiler to the propane-propylene fractionator is at a

temperature ranging from about 80 to about 120°C.

9. The system as described in claim 7 wherein the water exiting the bottoms

reboiler for the propane-propylene fractionator is at a temperature ranging from about

50 to about 75°C.

10. A method for capturing and using heat generated during the production of a
light olefins comprising the following steps:

heating water in a closed water recirculation system with heat produced by at least one

14



propane-propylene fractionator; and returning the cooled water exiting the
reboiler of the C3 stripper or propane-propylene fractionator in the closed
water recirculation system from the C3 stripper or propane-propylene
fractionator to the at least one condenser and/or cooler for reheating. 11.
The method as defined in claim 10 wherein the light olefins are produced by

Condgr% q’tgp{&z & ac%lgﬁg %E%a}gtu-r h@ﬁ%g%%%ggﬁgﬁbcﬁgcﬁbﬂac;fna]l?‘%‘ﬁ’pgfgfg}\ﬂfqeeedstock;

east one condens r cooler er or cooler for overhea

por RSN TR 0 PR AR AT Bl o

e enser or cooler is

dowr}%?{ne%?ﬂﬁé g{rgé%%rgpgﬁﬁ?é%lr_?}e ate I%cﬁggt{r&%%}r (%]"_a main fractionator of

e catalytic c ing € met ed in claim 11 wherein

said H&%t%tdeé‘v%tté’%‘%%891%‘?{4%5{11%{198&'jf(eigtiﬁéc%geﬁmseerr%i%%ggﬂe&fot%%”c3 stripper or

environmental scrubberr reactor for treating the cra gases from the

prop{ﬁé%&#ﬁ[gﬁgi?&&Qgh%?drngdn %ﬁl&%ﬂ%%iﬁg eddngarm o gy(?ﬁfl(eﬁigﬂaleéeﬁoﬂer of

condenser or codler Is a eat condenser or co
the C-ghgt{"ri] {ahe‘%do‘%‘?g%%% e'%%#?é%e%?ewg rglgr{[%%l(; l?ﬁet?\élv %i%gerackr\%{@} 'Y8circulation
system - compriSes‘a bottoms’reboiler for a propane-propylene fractionator.
system from the C3 stripper or propane-propylene fractionator to the at least one

condenser and/or cooler for reheating.

11.  The method as defined in claim 10 wherein the light olefins are produced by a

catalytic cracking unit.

12.  The method described in claim 11 wherein the at least one condenser or cooler is
a condenser or cooler for overhead vapors of a main fractionator of the catalytic

cracking unit.
13. The method described in claim 11 wherein the at least one condenser or cooler is

a condenser or cooler for an intermediate side stream of a main fractionator of the

catalytic cracking unit.
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17. The method described in claim 16 wherein the water to the bottoms
reboiler is at a temperature ranging from about 80 to about 120C. 18. The
method described in claim 16 wherein the cooled water exiting the bottoms
reboiler is at a temperature ranging from about 50 to about 75C. 16

14.  The method described in claim 11 wherein the at least one condenser or cooler is
a condenser or cooler for an environmental scrubber or reactor for treating the cracked

gases from the catalytic cracking unit.

15. The method described in claim 10 wherein the at least one condenser or cooler is

a low level heat condenser or cooler.

16.  The method described in claim 10 wherein the closed water recirculation system

comprises a bottoms reboiler for a propane-propylene fractionator.

17. The method described in claim 16 wherein the water to the bottoms reboiler is at

a temperature ranging from about 80 to about 120°C.

18.  The method described in claim 16 wherein the cooled water exiting the bottoms

reboiler is at a temperature ranging from about 50 to about 75°C.
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