| I NTEGRATED CATALYTI C CRACKI NG AND STEAM PYROLYSI S PROCESS FOR OLEFI NS
Background of the Invention jOOot ) This disclosure relates to the
integration of catalytic and 5 pyrolytic cracking units to produce ol efins
froma variety of feedstreans_ 100021Qleftns have |ong been desired as
feedst ocks for the petrochem cal industry. O efins such as ethyl ene,

propyl ene, but enes, BVWIEGRATERCSATALYIFEF CRACKINGAMNDISTEAMM de vari ety
of end products, including polyethylenes, polypropyl enes, polyisobutylene

and other polyners, 10 al cpRpFLYSISPROTVESS FOR OPFFIRG, acrylonitrile,
met hyl tertiary butyl ether and tertiary anmyl nethyl ether and ot her

petrochem cals, _.and a vari.e of _rubbers such as butyl rubber. A large
nunber of proces@ég‘gr‘ﬂ’é’g ithg&“‘feﬂnof'he literature, are directed to the

production of olefins. In recent years, there has been an increasing
demand for |ight oll@RinThis gdisdesurhirelatesujspltheedniegragpn sof (AT @8dst ocks
for producing such ol efi ns have declined. Thus, the petrochem cal industry

i's continuousl y pyfsdiaidgradiang priicae pseiice alghbs fomfa vapregveldieadsmeams.oved
flexibility in producing various olefins from hydrocarbon feedstocks.

100031 This is espggjoiy Okfih§ URaveO lohgd) Cbdtin0 dieGitddO NasOf fepdstgks eder thee 20
| ar gest source of petrochem cal propylene on a worldw de basis is that 2

produced o | e R RN YBARHYC NS LB IREU RIS iyl Bl

pentenes are useful for preparing a2 wide variety of end products, including
polyethylenes, polypropylenes, polyisobutylene and other polymers,

10 alcohols, vinyl chloride monomer, acrylonitrile, methyl tertiary butyl ether
and teruary amyl méthyi cther and other petroé}iemicals. and a varniety of
rubbers such as butyl rubber. A large number of processes, described in
the literature, are directed to the production of olefins. In recent years,
there has been an increasing demand for light olefinic gases while supplies

15 of suitabie feedstocks for producing such olefins have declined. Thus, the
petrochemical industry is continuously looking for processes capablé of
providing improved flexibility in prdducing vanous olefins from
hydrocarbon feedstocks.

{0003) This is especiaily true for the production of propylene. The

20  largest source of petrochemical propylene on a worldwide basis is that



about 15 to 20 wei ght percent pTopylene and provide about 70 percent of

t he propyl ene consuned by the petrochem cal industry. Petroleum5 refining,
predom nantly from fluidized catalytic cracking ("FCC'), is by far the
next |argest supplier of worldw de propyEene production, supplying about
30 percent of the petrochemcal requirenent. In the U S, FCCs supply
about one-hal f pfoduhesd pmthmnemac@ypxpdwwfeqtbylmmufa;mby thermnallemand f or
PTOpyl ene is expected to nore than double, 10 primarily dniven by the
rapi dly increasipgkiggr Keihylde MahtihemheNguid REGRYIENSpict vay the
petrochem cal industry is prol ected to increase nore rapidly than the

demand for et hyl u% 153}8%@ wgigpwgg'@gnt%r nepz{n(ags}‘}gslde oG R !fruc than

propyl ene, and g new ‘e ene plants 1In co ion are
based on et hane feed wi.th no pyl en roduc reases in
propyl ene from HECPRAY e“SeCP%ﬁ‘Uﬁde Yt enﬁ%‘f CPFF@‘C TSIHQU%WI |}3: FP I
increased demand. 100051 U.S. Patent 5,026,936 teaches a process for the
preparation 6f refioms predorhingntCironr fhidigedrcatabetits cagkiag dOHBE Nass BA of
cracking and netathesis wherein the higher hydrocarbon is cracked to form
et hyl ene and 20 fprhpybanagandupphdredsiordwide priopylenobradoetiet, syprdmegi s.

net at hesi zed to 3 propylene. See also U S. Patent 5,026,935. 10006)

Processes for n@ﬂo&%mbé&erﬁ%ﬂ ﬂﬁeqfe%k}ae%qcm@ Gt i Taatht Y. S G ROk ng
hydr ocar bon feedstocks are well Known. Steamcracking in a furriace and

contact with hoguﬁpqyaﬁﬁh%kg-th'aﬁ" P Pt ArGieAPrdfTer¥ fentafl. Vel |

10004} The demand for propylene is expected to more than double,

16 primarily driven by the rapidly increasing market for polypropylene.

Propylene demand by the petrochemical industry is projected to increase

more rapidly than the demand for ethylene. Since ethylene plants produce

more ethylene than propylene, and since many of the new ethylene plants

in construction are based on ethane feed with no propylene co-produced,

15  significant increases in propylene from FCC will be required to meet the
increased demand.

10005] U.S. Patent 5,026,936 teaches a process for the preparation of

propylene from C, or higher feeds by a combination of cracking and

metathesis wherein the higher hydrocarbon is cracked to form ethylene and

20 propylene and at least a portion of the ethylene 1s metathesized to



5 known non-catal ytic cracking processes. Exenplary processes are
described in U S. Patents 3,407,789; 3,820, 955; 4,499, 055; and 4, 814, 067.
Fluid catal ytic cracking and deep cataly%ic cracking are two wel | - known
catal ytic cracking processes. U Patents 4, 828,679; 3,647, 682;

S.
3,758, 403; 4,814, 067; 98 ; nan A65 disclose exenplary 10
processes. 1000]?ff’pﬂ?§F'gsel‘7zfggog‘g'§nP%F&§ aCtivity to integrate catal ytic and
pyrolytic cracking processes with each other.' U S. Patent 5,523,502
di scl oses a proced90ddspepssesorfon| mmgrtgdyioadlle t ictaskingc pporcatelybgalin
integrated deep catalytic cracking unit and a then-nal cracking unit.

Deep catal ytic dackingdiidagtattonafepdsiks sird Avelinkitwm  [Steahie atackinpyidraocar bon
feedstock is cracked over a heated solid acidic catalyst in a reactor at

tenperatures 1 apgiRoHrmAPRth h%?ﬁ&-cét%&??%ﬂﬁichla@é&)‘liﬁﬁ ak S RafIENt

6, 033,555 discloses a process Involving ytic cracking of a

hydr ocar bon feegdst ock foltllo§,ed bg 1 herrmafI:S oy acgixg ']a4 Sl.}gﬂé&sgéé %fre t he

Di scl osure 100081°%hi ROTFAEPEs ufé ]'P’é$ H'EEXG a proceey tHar™ t egrat es
catalytic and pyraolytic/thermal crackin nits to xi mze efficient
production of AeCEBehENY alPatcaEdstbeks: gisﬁf)@ag;a‘f’f‘%%ng%ﬁ apf & 814494 al | ows

production of an 5 overall product stream w th maxi mnum val ue by routing
various feedstFhadreaahdichyragiingland dedpr easatptia erackiagann roprvelk knawmcki ng
technol ogy. This integration enhances the value of the material bal ances

produced by thecauslyegr ateeHingniprsceeseen Whi.S.e Ragnmg 4,828,6 e St647H80e

3,758,403; 4,814,067, 4,980,053, and 5,326,465 disclose exemplary

10  processes.

[0007) There has been little activity to integrate catalytic and pyrolytic

cracking processes with each other. U.S. Patent 5,523,502 discloses a

process design for olefin production incorporating an integrated deep

catalytic cracking unit and a thermal cracking uwnit. Deep catalytic

15 cracking i1s a process in which a preheated hydrocarbon feedstock is

cracked over a heated sohd acidic catalyst In a reactor at temperatures

ranging from about 925°F. to about 1350°F. U.S. Patent 6,033,555

discloses a process involving catalytic cracking of a hydrocarbon feedstock

foliowed by thermal cracking.



feedstreans. 10 100091 An enbodi ment of the present invention provides an

olefin process that includes: (a) passing a light al kane stream conprising
et hane, propane or a conbination thereof through a steam pyrolysis zone
and quenching effluent therefromto ford a pyrolysis effluent enriched in
et hyl ene, propylene or a conbination thereof; (b) cracking a light 15

hydr ocar bon st r camumanpef telgisdbsfriens havi ng at | east 4 carbon atons in a
first FCC zone to forma first FCC effluent enriched in ethylene, propylene

or a conbination thesRPThis(GdclnACHKkIARG 18 of @bidieihat StEgams eampPricundg gas
oil, full range gas oil, resid. or a conbination thereof in a second FCC

zone to forma se((?:l?{]%g}% achEalcﬂﬁxg Iuﬁlgsr irﬁgﬁgxm%@?zﬁggﬂg%ﬁfuwgﬁe&e or a 20

conbi nati on t herf@d raction t I'r's FCC effluents 5

together to renove heavy naphtha, |ight. cyc oi | | urry .oil r_a

combi nati on t herréSPchRTRCRlE Cﬁ& h&%%?t%%o#otﬁﬁf‘f”ﬁ% %]Zcfwsa]?rﬁp‘ﬁcémﬁé Mt action;
(e) conditioning the pyrolysis effluent together with the conbined FCC
fraction to renweradkyprodatiesireaii ¥i§ageaximysy evaley BY cORBNHalRRNS5 t her eof
to forma conditioned stream (f) separating the conditioned stream into
at least a tail fgag&nshmeannd abyagirdducensarqamaduot the r epprppmatpr ofArkinge

product stream a |ight hydrocarbon stream conprising ethane, propane, or

a conbi nation t herfRfoay@NThistifte FRHbR EfhanEECRBGNIEST the A&l balabBesol ef i ns,
and a heavy stream conpri sing and hi gher hydrocarbons; (g) recycling 10

the 1ight hydr ocarRen Sy ST hfkoldifs SHEQTERY T OhSISingORR: 104 (faluel ecycl T ng

the internediaté streamio the first FCC zone.
feedstreams.
10 10009] An embodiment of the present invention provides an olefin

process that includes: (a) passing a light alkane stream comprising ethane,
propane or a combination thereof through a steam pyrolysis zone and
quenching effluent therefrom to form a pyrolysis effluent enriched 1n
ethylene, propylene or a combination thereof; (b) cracking a hght
15 hydrocarbon stream comprising olefins having at least 4 carbon atoms in a
first FCC zone to form a first FCC effluent enriched in ethylene, propylene
or a combination thereof; (¢) cracking a refinery stream comprising gas oil,
full range gas oil, resid, or a combination thereof in a second FCC zone to
form a second FCC effluent enriched in ethylene, propylene or a

20 combination thereof; (d) fractionating the first and second FCC effluents



100101 The heavy stream can be recycled to the first FCC 'zone. Depending
on feedstock availability, the |ight al kane stream passed through the
steam pyrol ysis zone can al so include naphtha or |iquefied 15 petrol eum gas
(LPG. Sinilarly, the light hydrocarbon streamcracked in the first FCC
zone can include naphtha, preferably FCC napht ha, mpre  preferably Iight
cat naphtha. THegethér nerxpmsve ebaave r aanhehs, | FEh heyclte SdnFBCEik offe & s
preferably a waxy gas oil. 100111 In anot her enbodi nent, the process

i ncl udes hydr otgge@ihftthn theeof2@nde@vyvest § emttinedo idinrcantdimdg of C€at ed
stream extracting a product stream 6 conprising benzene, toluene, xylenes

or a mixture thereaf {e{g%%&lﬁ inf J@&&ﬁag@ﬁu@hf@@&h&mmwa@mwfl nat e

stream | ean in ‘aromat ‘r"ec g the raffinate streamto the steam

pyrol ysis zone. 0 21 1 n _anot her enbodi nen the esent \Y4

provi des an ol eE& tﬁpc}ee\’ggmﬁﬁ,‘)f‘}’%ﬁnﬁﬁs p%lci’[(itlgfl %5%?%?66%@?56 i ght
olefin FCC and gas oil- resid FCC zones for produm ng a,conbj ned effl uent
conpri sing ei hythereef taframsr epditioned sreasn; (HoEBYaURSIDE CQP%’BOPWJCSII{PB@S means
for conditioning the conbined effluent to renove oxygenates, acid gases
and water to fomm at leenditail cgaedtrsam,eamnethafﬂﬁjlerma‘ﬂisﬂfstrﬁa@epa?famy f%fF t he
conditioned streaminto 10 at least a tail gas stream an ethyl ene product

stream a propyheagctiRetcs h%htf IpRifdcatboni sglaim Sbmpaising @rtpne spropenet bane,
propane, or a conbination ereof, an internediate streamconprising C4 to

f/g ol efins, and @%ﬁﬁﬁ,\éﬁm %P&?@nﬁﬁ%h&h@%ﬁ%m%ﬂﬁphbﬂhfm 1B Y oQeTRspONS .
ans are provi G recycling the light streamto the steam pyrolysis
zone and the i ngneJ amﬁeavy Stream comprising C; and higher hydrocarbons; (g) recycling
10 the light hydrocarbon stream to the steam pyrolysis zone; and (h) recycling
the intermediate stream to the first FCC zone.
{0010] The heavy stream can be recycled to the first FCC zone.
Depending on feedstock availability, the light alkane stream passed
through the steam pyrolysis zone can also include naphtha or liquefied
15  petroleurn gas (LPG). Similarly, the light hydrocarbon stream cracked in
the first FCC zone can include naphtha, preferably FCC naphtha, more
preferably light cat naphtha. The reﬁnerj' stream cracked in the second
FCC zone is preferably a waxy gas oil.

10011} In another embodiment, the process includes hydrotreating the

20  heavy stream to obtain a hydrotreated stream, extracting a product stream



15 streamto the first FCC zone. Brief Description of the Drawi ngs 100131
Figure 1 is a schematic representation of a dual riser cracking reactor.
100141 Figure 2 is a schematic representation of a |ight hydrocarbon 20
cracking reactor adapted for olefin prodecti on. 7 100151 Figure 3 is a

bl ock process flow diagram for é(gn enbo?li ment of the prese tﬁi nvehnti on

i ncor porating APTIISEYF REREEEL &SNSy POTISRES <Ot 2 RETUF EFRP! WM i ser FOC
reactor. 100161 Figure 4 is a block process flow diagramfor an enbodi nent
of 5 the presdntdrotrasertt storani ne ebpor at iafignasn sireane geant BdaxOMeaRspddol ysi s
reactor, a 'I FCC reactor, and a |light hydrocarbon FCC reactor. waxy gas

ol Descriptionepfciindand A¥EME QPeakPRLRE stiEhth pyfbilgsd omar e details the
fl exi bl e production of olefins and other petrochem cal feedstocks by the

paray | el integratign, o, biiondldfitfhin 0 pfechn iRRGELEProvfiganedrh @ steam

pyrolysis reaction ese reaction zones are integrated with effluent
ehct fon | zohesprots PHOBELPIER) EEPOPALYYS TRIIAE bk BLEt 8l ene,
xyl enes (BTX) production and raffinate recycle to the ste rolysis
reaction zone. Itsidl'ﬁ@@%n%tfqrcﬁi@dl&*%Ricﬁﬁlbﬂﬁélﬁfh‘l’%i‘@glpf’ﬁ‘é‘ﬁ %gﬂ]ﬁﬁ%e
petrochemcals, A-- IM o
and propylene. The process unit also includes means for conditioning the
combined effluent to remove oxygenates, acid gases and water to form a
conditioned stream, and means for separating the conditioned stream into
10  at least a tail gas stream, an ethylene product stream, a propylene product
stream, 2 light stream comprising ethane, propane, or a combination
thereof, an intermediate stream comprising Cs to C¢ olefins, and a heavy
stream -comprising C; and higher hydrocarbons. Means are provided for
recycling the light stream to the steam I-Jyro]ysis zone and the intermediate
15 stream to the first FCC zone.
Brief Description of the Drawings
10013} Figure ) is a schematic representation of a dual niser cracking
reactor.

|0014) Figure 2 is a schematic representation of a Jight hydrocarbon

20  cracking reactor adapted for olefin production.



i ncludi ng steam pyrol ysis technol ogy and FCC technol ogi es of various W-
types can be used in an integrated fashion to enhance product vyields,
particularly PTOpyl en e and et hylene. The integration allows petrochem cal
conpl exes to be operated using a variety7of |ow value feedstreans. The 20
intearation allows production of an overall product streamw th paxi mum 8
val ue by Touting of0ovamigpue 3oy apgreckurreeess Slophaagpm fonan embetimsgt of

technol ogy. For exanple, fresh feedstock can be routed to either FCC or

st eam pyr ol ysi SieYpesen€avledlicn ifébriortiing sn irmeghed siEEX pafolysisateactoar e
recycled to either a separate |ight hydrocarbon FCC-type reactor or to a

second riser 5 E il O convert these streams to propyl ene and
et hyl ene. Sat urglg? %gggfggogggﬁgst?éans such as et hane, propane and/or BTX

raffinate are recycled.to pyrolysis to i.Im. thyl fon. 100n]
Integrating the thﬁ”ﬁﬁﬂzl%WSékﬁsﬁgMW}iwoﬁww ggrlllle &@p@g agfm' ﬁqcbg?grl%ﬁ :O&(‘:

cracki ng processes as described herein provides a sur rilsi.ng[%%éfi roved 10
degree of ol &f i thenrestit iNvERIFLYEYPRTAING 3B IEFAITA SIARRXGYFS "84 Uet i ve in
utilizing C2 -C4 paraffin-containing feedstocks and enphasi zes the
production of ethyyeaeoihRECHeapyt, anda light hydradagoadiG §88F€Tcr acki ng
processe5 provide significant propyl ene and higher olefin yields. 100201

St eam pyr ol ysi s 1Rkei§p@ekofNdelnooftiaes are wel |l known to those 15 of
ordinary skill in the ari. Steam cracking processes are generally carried

out in radiant f ur g FEAC QiGuRl dahiRY BleefetiBRDRbatdHoRSO Blefishand
resi dence tines ITe mintaining a | ow reactant partial pressure,
relatively high other petrochemical feedstocks by the paralle] integration of two different

10 FCC reaction zones with a steam pyrolysis reaction zone. These reaction
zones are integrated with effluent separation, olefin recovery, and saturated
hydrocarbon recycle 1o the reaction zones. The process can preferably
include benzene, toluene, xylenes (BTX) production and raffinate recycle
1o the steam pyrolysis reaction zone.

15 [0018] Various cracking technologies that produce petrochemicals,
including steam pyrolysis technology and FCC technologies of various
types can be used in an integrated fashion to enhance product yields,
particularly propylene and ethylene. The integration allows petrochemical

complexes to be operated using a variety of low value feedstreams. The

20 integration allows production of an overall product stream with maximum



mass velocity, and effecting a | ow pressure drop thTOUch the reaction
zone. Any of the known furnaces nmay be used in accordance with this

di scl osure. 20 Exenpl ary steam cracki ng processes are disclosed In U S
Patents 9 5,151, 158; 3,274,978; 3,407,789; 3,820, 955; 4,780, 196;

4,499, 055; and 4,762,958. )0021) Optionally, the recycle feedstocks to the
st eam cracki ng dalue byratpubag sobplaavent BUPIRREHS atoy 4h§ ABFIYIM ofTREHNE | at i vel y
| i ght hydrocarbon 5 feedstocks such as ethane, propane, butane, naphthas,
gas oils, mxtuteindlogy.ebbr examplbefréshifeedsidui cay deaoaret om efteed GO ot he st eam
cracker can be in the liquid or vapor phase or may conprise a m xed

| i qui d-vapor ph ; nelss \o i aMdapOfechPflage in the
reacti on zone. “ai'ﬁgmfpﬁﬁyﬁgmyyﬂjl’quﬁi}?‘alcr 3’ (Ejeg %@ééﬁ%%}—)géafgﬁﬁ a prehgat zone from
about anbient 10 tenperature.t n, i nt.er Late r reheat ed
feed is then Mt ?‘glgeg@é;ﬁpﬁrﬁl%lggt @%dr{%aélfolncr?ﬁ@g' e %?Hgﬁ%f}%%lsg%?n-sﬁ stf?nace to
further preheat the feed to a tenpergture bel ow t hai, at i ¢h.significant
reaction takés OBIth‘éé:,cce?'ij’??or%d:o@"?rb%‘?*égSE‘?aW’WOc REPPS1eRR &BFi 5y 181%p, t he
feed is vaporized and superheated. Steamis generally added to the feed at
some point pri oSalatedbypreducid@iresrns sushes ctane.grierase apiier BJForafgpaie f ur nace.
The steam functions to maintain |ow hydrocarbon partial pressure and
reduce coking. Zherebpeet toimsrelyas kemaxginizeetyrylangprotestiper at ures, e.g., up to
about 930 C, in the radiant reaction zone. 10022) Typical operating

condi tions conpri sgyms Infblefiting AP RleAhal lcPackhg With BifferémeyREbf baalytiog section
of the furnace ranging fromabout 560 Cto

cracking processes as described herein provides a surprisingly improved

10 degree of olefin product selectivity. The steam cracking is effective in

utilizing C; -C4 paraffin-containing feedstocks and emphasizes the

production of ethylene and propylene, while the catalytic cracking
processes provide significant propylene and higher olefin yields.

10020} Steam pyrolysis or cracking processes are well known to those

15  of ordinary skill in the art. Steam cracking processes are generally carmed

out in radiant furnace reactors at elevated temperatures for short residence

times while maintaining a low reactant partal pressure, relatively high

mass velocity, and effecting a low pressure drop through the reaction zone.

Any of the known furnaces may be used in accordance with this disclosure.

20 Exemplary steam cracking processes are disclosed in U.S. Patents



30 about 7400 C and an outlet tenperature ranging from about 815 to about
930 C. The feed rate is such that the velocity through the radiant coils
ranges from about 90 to about 245 ms based on the total flow of steam and
hydrocarbon. Steamis typically enployed® n amounts to provide a steam5 to

feed weight ratio ranging fromabout 0.1 to ahout_ 2. 0  The residence tine
of the feed in PHS kG I’ LTSk it '0f8% hgeé%prgggki"m'ba%c&ﬁl’ 4g@r?é§§l’ 124t anges
fromabout 0.1 to about 1 second. 100231 To prevent production of |arge

anount s of undediT&@A5€. by- products and to prevent severe coking, it is
desirable to rapidly cool the 10 effluent product gases issuing fromthe

radi ant zone from gaexOhribRMREER Hic1OffeddsRkaROWe Sihk drackabpuhii930C to a
tenperature at which the cracking reactions substantially stop. This can

be acconpl i shed by vf 8lihef8PLIAY LE-PLE bENEca RGN AR ot a0l ©

heat exchange a irec enc{)n ng, out 35C to about

320C. The cooling 15 step.is carried out very rapidly after the effluent
| eaves the radi dfIsEeks SBH a%Fg‘f“ﬁ% Ffrﬁﬁ’af?&cg?‘a#’é’a,%h‘gﬁ%uﬁas g bmdemres

mlliseconds. See U.S. Patents 3,407,789 and 3,910,347, for exanple.
100241 in cat al yhireofcondid hig. Tathydgererhearferd [edef@rmeReed ARPE Pnt r oduced
into a fluidized cracking zone with a hydrocarbon feed. The 20 cracking
zone tenper at ur ehé Eqiiipr vapdryphage ortradyneingrise mmibeditiqag3@perophase. Tgout
705' C. Any of the known catal ysts useful in fluidized catalytic cracking
nmay be enpl oyed HyArdddtboRliaebikAlyoh thé @aptr @hestini thy eatii@nzone. The feed
will generally be preheated in a preheat zone from about ambient
10 temperature to an intermediate temperature. The preheated feed is then
introduced into a convection zone of a pyrolysis fumace to further preheat
the feed to a temperature below that at which significant reaction takes
place, e.g., 590° C to 705° C. In the preheating step, the feed is vaponzed
and superheated. Steam is generally added to the feed at some point prior
15 to the radiant reaction zone of the pyrolysis fumace. The steam functions
to maintain Jow hydrocarbon partial pressure and reduce coking. The feed
is cracked at very high temperatures, e.g., up to about 930° C, in the radjant
reaction zone.

[0022) Typical operating conditions comprise an inlet temperature to

20  the radiant heating section of the furnace ranging from about 560° C to



IDincluding but not limted to Y-type zeolites , USY , REY, RE-USY,
faujasite and other synthetic and naturally occurring zeoll'tes and

m xtures 5 thereof Exenplary FCC processes are disclosed in U S. Patents
4,814, 067; 4,404,095; 3,785, 782; 4,419, 291; 4,828, 679; 3,647, 682;

3,758,403; and RE 33, 728. 10025) One of the fl.ui %@cat a(la%%i go cr%&:?k' ng
processes in t hebpre4@hC andnpepiitled HrpnemiBESaBeIne gy apet i8] s a
refinery streamboiling in a 10 tenperature range of from about 650" C to
about 705' C. | ngagroCheTheefdsdditaantycht thet freeddemykhidugh ghe eddiangopilst r eam
boiling in a range from about 220'C to about 645 C. In a third enbodi nent,

the refinery stegam ool livuf S0 AUGUISARR L dCorAROWaIGRS! 6T atamenbspher | ¢
pressure. The ydrocarbon fraction boiling at a tenperature ranging from

about 285'C to ]15.about 645’ C.i r@# Jqehe {9 @Svide 38Sedph | boiling
range component NYGICFEOR HECH) o §3’g°rea@gr$ dr]%/?f:ti on nlE)OI K ngﬁ}at a tenperature
rangling fromabout 220'C to about 645* i ener I# fer- g to as a
fall range gds roifeed weight ratiogapgigs fpm égP‘d}n@I%&%%a‘Z‘ 3. 205 Gidd 026)
Hydrocarbon fractions boiling at a tenperature of bel ow abOﬁt 20 220" C are
general |y nmore pinof of thblfsedrin chamadiant sestigmebibesEACkiRgFoHBEREIaHY 18°€%F 1 act i ons
boiling at a tenperature ranging from about 220'C to about C) 355'C are
general ly nore pig bbahloy Wisbeantledesal di stillate and di esel fuel product
pool's, but can be, depending on refinery econonics, directed to a
[0023] To prevent production of large amounts of undesirable by-
products and to prevent severe coking, it is desirable to rapidly cool the
10 effluent product gases issuing from the radiant zone from an exit
ternperature of from about 815°C to about 930°C to a temperature at which
the cracking reactions substantially stop. This can be accomplished by
rapidly cooling the effluent, such as in a suitable heat exchange apparatus
or by direct quenching, to from about 35°C to about 320°C. The cooling
15 step is carried out very rapidly after the effluent leaves the radiant section
of the furnace, i.e., about 1 to 40 milliseconds. See U.3. Patents 3,407,789
and 3,910,347, for example.
{0024] In catalytic cracking, catalyst particles are heated and

introduced into a fluidized cracking zone with a hydrocarbon feed. The

20  cracking zone temperature is typically maintained from about 425°C 10



fluid catalytic cracking process for further upgrading to gasoline. 5
[ 00271 Hydrocarbon fractions boiling at a tenperature of 2greater than
about 535" C are generally regarded as residual fractions. Such residual
fracti ons commonly contain higher propor]ti ons of conmponents that tend to

formcoke in the flud,catalytic, cracking process., Regi dual. {rackions al so
general |y cont aiﬁ?f’“ﬁwéﬁeﬁ c’g?%(?ﬁttp%ltkinfﬂﬁg %fa%(fﬁsdgﬁ b @“%ﬁ%& ésm%ﬁ%#] as 10
ni ckel and vanadi um which ftmher catalyze the formation of coke. Wile
upgr adi ng resi derackiogrpey et Smpdoyed gine they gragace |Bwhe BESIN GVEH®r ocar bons
is often profitable for the refiner, the deleterious effects of higher

coke producti oninchudedy amt hicghBmiteé gen¥raper zebirgse U Yir 8EY,| BReWSYcat al yst
to oil ratios.. accelerated catal yst deactivation, |ower conversions, 15

and increased ugg; | MERYhdOar@a bidiHibe &Rt M8tmbeireset al s
control nust beﬁ\%éél%g[ ggatggﬁaéf%\}é#{ﬁ%}d;%e baene?@l’ts 10028) Typi carlrl gas oil and

coveral 1ot i Rt PepTaeot ERged Condtaeierg. gt Roreeey s BRE o,

several refinRer i'hg but n mted to a I ow,
medium or high SURT crude unit_atimspher] nd é_gg_v C 9.
distillation tohsi4087det40b80Br %Ta%i:" e€1=4&%§?ﬂg %sc S, a']ia 4%8“(:& alytic
hydr ocr acki ng process, and/or a distillate, gas oil, or resid
hydrotreating pBdé8493; avsrRIo¥2728f | ui d catal ytic cracking feedstocks can be
derived as by-products fromany one of several lubricating oil
manuf act uri ng faci l|dob$)eBnd b Ithidiffludd chralyticotrat¢king tpeckesses anl Bbrpresantng oil 5
viscosity fractionation unit, solvent extraction process, solvent dewaxing
process, or hydiplehBad ipRthesdet ACRESstodDMERMETS, a Tréfitietly 8BE4h Wollingciraeki ng
10 temperature range of from about 650°C to about 705°C. In another
embodiment, the feedstock is a refinery stream boiling in a range from
about 220°C to about 645°C. In a third embodiment, the refinery stream
boils from about 285°C to about 645°C at atmospheric pressure. The
hydrocarbon fraction boiling at a temperature ranging from about 285°Cto
15  about 645°C is generally referred to as a gas oil boiling range component
while the hydrocarbon fraction boiling at a temperature ranging from about
220°C to about 645°C is generally referred 10 as a full range gas oil/resid
fraction or a long resid fraction.

10026} Hydrocarbon fractions boiling at 2 temperature of below about

20 220°C are generally more profitably recovered as gasoline. Hydrocarbon



feedst ocks can al so be derived through recycle of various product streans
produced at a fluid catalytic cracking process. Recycle streans such as
decanted oil, heavy catalytic cycle oil, and light catalytic cycle oil may
be 10 recycled directly or nmay pass thro@gh ot her processes such as a

hydrotreati ng process prjor to the fluid catal ytic cracki prqcess. 100291
The catal ytic cfréﬁtlk?‘ﬁgg‘ﬁl’ﬁ%éésaeée%web?&g%r éPW @Mréﬂ% 10 ‘ﬁﬂuhde a
reaction step wherein a catalyst is contacted directly with a feedstock
and a catal yti cab$y aneagrnerhllyrodiecirofisbiyodimettd w dieplatatndmisseefiel5 wher ein
the catalyst is separated fromthe catalytically cracked product, a

stripping step phsfuel focls, Jbeimbe,i Rbertiimuat radinehhecodytiac dirbned tohat
remains with the separated coked catalyst is renoved, and a regeneration

step wherein C°hﬁidﬁaﬁfﬁﬁﬂ‘gg%Eﬁﬂggg%&eﬁﬁﬁwﬁﬁ%ﬂ?‘f‘ép‘r"f%’a%ﬁﬁéi n the reaction

step. 20 100301 pro escripti a ul atal ytic
cracking 14 _process_in,accordance with the present inyention rally
begins i th 4 1 eellRdcl Braad frgiss Bglne s« BEREEH o SGHaraT | y
preheated fromwaste heat provided from domséL{aﬁezm {)r ocgss fractionation
steps i ncl udi ngab®ut535hét are agnerdlyt Beardad ARl ARETOMNacyFD ﬁ?fr‘r%&:l ound

systenms. These main 5 fractionator waste heat punparound systens circulate
fractionator st freansns coomponlyicongfamnygher padforignscf aoangus diar iwad 19 ght
catalytic cycle oil, heavy catalytic cycle oil, and decanted oil or slurry
to facilitate them esmval theffiuibeatalykic wmdkingt proatsss Betidwn fravfionhalso
fractionator. The feedstock preheat tenperature prior to reaction
general |y rangeg.fid /g abpiin 90%het QoRORMhtions of undesirable metals such as
10 nickel and vanadium, which further catalyze the formation of coke. While
upgrading residual components to higher value, lower boiling
hydrocarbons is often profitable for the refiner, the deleterious effects of
higher coke production, such as higher regenerator temperatures, lower
catalyst to oil ratios, accelerated catalyst deactivation, lower CONnVversions,
15 and increased use of costly flushing or equilibrium catalyst for metals
control must be weighed against these benefits.
10028} Typical gas oil and Jong resid fractions are generally derived
from any one or more of several refinery process sources including but not

limited to 2 low, medium, or high sulfur crude unit atmospheric and/or

20 vacuum distillation tower, a delayed or fluidized coking process, 2



10 370C. [0031] The preheated feedstock is contacted with a regenerated

fluidized catal ytic cracking catal yst provided at a tenperature generally
rangi ng from about 425C to about 815C, ?ﬁd i medi ately and substantially
vapori zed and reacted through and within-a riser reactor or 15 fluidi zed

bed reactor. The m xture of catal ytic cragking.c Ly ytically
cracked hydr ocaf¥aiyugeneagrp ‘%S(i%o“teﬁ% PR, & 8&@@%5 ZU’%S Z&Hr%'gg%s?%n

t enperature rangi ng from about 450C to about 680C in one enbodipent. In
anot her enbodi megdrotrtfingeprotess.Sviproatrufleidicatal Yishraghong feedserks €8 Bhout 645C,
and nore preferably from about 480C to about 20 595C. The pressure of nost

nodem flui d cat abytddC £ afkhaBudis OfemSemylonpi of general lybrrcatipgesof r om about
68 kPa to about 690 kPa.” Ty ical catalyst to oil ratios, neasured In

wei ght of catal yst I,0Rt0f.. b bludgenehahby 1manrgero krobhehmgt o2: 1 to
about 20:1 in o an@%gglﬁlﬁeﬁqmﬁeﬁ angtlhg’r enbodinent. the ratio ranees from
about 4A to about 14:1

1 In a.third enpodi N o {Atdn® geapgas from
about 5:1 to Sabdicosty: fri‘:tf%?n?)'éélpg’r%Oggﬁnggﬁ%ggzé%&rﬁe’ proc?ess descri bed
herein al so includes at )east one fluidiz catalytic cking,zgne, other
than a conventi gmedesOT JdrOUrerBRe ProGeght E'P%Wrﬁﬁcg%@oﬁa\%{é@gsf %gk)% Such
catalytic cracking units may be of the type des%gri ed to enhance PTOpyl ene
yi el ds from FCC feendskocksalsObe detieds thoough ieeisi enta BHaPredit LA cracki ng

unit, increasing propylene yields by conbinino the effects of additive
formul ations conrgauteddt i ghid exslysc ofacking process. Recycle streams such as

decanted oil, heavy catalytic cycle oil, and light catalytic cycle oil may be
10 recycled directly or may pass through other processes such as a
hydrotreating process prior to the fluid catalytic cracking process.
[0029) The catalytic cracking processes described herein generally
include a reaction step wherein a catalyst is contacted directly with a
feedstock and a catalytically cracked prodﬁct is formed, a separation step
15  wherein the catalyst is separated from the catalyncally crac.ked product, a
stripping step wherein a substanual amount of the hydrocarbon that
remains with the separated coked catalyst is removed, and a regeneration
step wherein coke is combusted from the catalyst for reuse in the reaction
step.

20 |0630) A detailed process description of a fluid catalytic cracking



M ZSM5 and dual riser hardware technol ogy, includes, in addition to'a
first conventionally operated riser, a second high severity riser designed
to crack surplus naphtha Or other |ight hydrocarbon streans into |ight
olefins. 15 This technology is availabl d%y ]license from Kell ogg Brown &

Root under the desicynation MAXOFrN . 100331 FCC naght ga&. gr ef.erably
li ght cat napli presesscianadserdanes. with SR Bresent WP YRILBP SERTTALY BFUDSHIE 2 hj gh
cat-to-oi | ratios, and high riser outlet tenperatures to produce ol efins.

For maxi mum ol eféedsytiebekheatmgseaoiitle 2@dstiogers geaeralbe prehsited from wase
processes recycl ed naphtha and operates at a riser 16 outlet tenperature

of appr oxi mat el %e%@@ﬁdfz@ #bAP8EwnshRB3 4k odeie raendafiah iseps afclutigd) tuenper at ur e
and high levels 0o M5 allow the gasoline-range |ight olefins and |ight
paraffins to crack,. Th

high_ri t At ndebe ptiigh heat of
reaction naxi ni 28 E‘HBICEStOeft e aiu?/ZIlr’?gg%Hak)% W I\I-S%%g?ti ve. [00351 At a
| ower cost than a second ri ser, na%ht ha,can al t.ernqti vel-é/nap§ Stnre ycl ed to
e Fesh Yee

the "lift zode" fEFlenMOTMa%E BFat PHEPRICNR] SYmhE A 't A2 nozzl es.
This |l ocation produces the highest tenperature possible ipn a.unit wth
only one riser. chowesieg,anyrert '@f@@@Qélﬁa@@&sBﬁfitrfétaé?é‘fc%c%goﬁl’ &%s 10 than
wWith a separate riser due to reduced residence tinme and inefficient gas-
sol i d cont act i ngataRgicacycisoill t andodeetiitad pilairdguray to Sicilijprelthe roueyal Hid
selectivity is better for |lift-zone naphtha cracking than for
separate-riser RARNERg, ShiREKsAGondidfEMeEr fradtioaateecBhd feddserck gprebsatmor e

operating flexibility,
temperature prior to reaction generally ranges from about 90°C to about
10 370°C.

[0031] The preheated feedstock is contacted with a régenerated
fluidized catalytic cracking catalyst provided at a temperature generally
ranging from about 425°C to about 815°C, and immediately and
substantially vaporized and reacted through and within a riser reactor or

15 fluidized bed reactor. The mixture of catalytic cracking catalyst and
catalytically cracked hydrocarbon generally exit the riser reactor at a
reaction temperature ranging from about 450°C to about 680°C 1in one
embodiment. In another embodiment, the exit temperature is from about

425°C to about 645°C, and more preferably from about 480°C to about

20 595°C. The pressure of most modem fluid catalytic cracking processes



especially when it is desirable to maxim ze the distillate and |ight

ol efins 15 with m ni num gasol i ne produced. Thus, the choice between a
lift-zone and a second riser depends on the need for operating flexibility
and capital availability. 100361 A typildal dual riser MAXOFIN FCC
configuration is depicted in Figure 1. 20 10037] Another form of
unconvent i onal E&@rilbctangésofjgmubetds kPa tchebowt §90 kPocdspesl @ealysii®ed herein
is a process that enploys a fluidized cataM C reactor to convert |ight

hydrocarbons, ggN1ga@dd, Yndaturkd RE®ichO6F Eatiigntae, wdighiaf ol géresralisatange pr oduct
st Team rich In propylene. This FCC technology 'Is available by license

schomat tc for tReTGRERE Ee BATAG [, SR ABRER, 2n R St e

schematic for t a Ing technology is depicted in
Figure 2. SUPERFLE technology is g  prqcess,that enplo Tl uidized
catal ytic react 81 1agodansare ffont Pwa'lh&d&%%’b%‘ang? adgﬁ‘é?é%f)y”?er? ’ tﬂhem t
range, to a higher value product streamrich in PTQpylene , Streans with
rel ativel y hisghralcefanges feamebont Sar @ abouy Hi! fudesredds f or t he SUPERTLE X
reactor. Thus, olefins plant by-product C4 and C5 Cuts, either partially

hydr ogenat ed or as |6e3af Theyabeest deseribed haxinraet indudgraderssoneafieidiggdel | ent
feeds for this type of FCC unit. One of the benefits of the process is its

ability to process)cNGhciResd ehtd, ahiley thawa doabeiionkleF COsurit, dor asligheans. such
as FCC and cokeT I'ight naphthas fTomthe 35 refinery. These StTeaMs, in

consi del "2tion %&d&%ﬂb’éﬂtf?édsgﬁﬁmsiu@ﬁ cata S| RLdkASuliRUAsbO f vap&he
pressure, ol efi ns content an oxygenat e
designed 1o enhance propylene yields from FCC feedstocks. One such
10 non-conventional catalytic cracking unit, increasing propylene yields by
combining the effects of additive formulations containing high levels of
ZSM-5 and dual riser hardware technology, includes, in addition to a first
conventionally operated riser, a second high severity riser designed 10
crack surplus naphtha or other light hydrocarbon streams into light olefins.
15 This technology is available by license from Kellogg Brown & Root under
the designation MAXOFIN.
10033} FCC naphtha, preferably light cat naphtha, can be re-cracked in
the presence of ZSM-5, high cat-to-0il rauos, and high riser outlet

temperatures to produce olefins. For maximum olefin yields, a second

20  riser can be installed that processes recycled naphtha and operates at a riser



if may have increasingly |l ow value as blend stock for spec icati | |
gasoline, but are good feeds for the SUPERFLEX reactor. In addition to

Z.~ PTQpyl ene, the process al so produces bypr oduct et hyl ene and a high
octane 20 gasoline fraction which adds fore value to the overall operating
margin. t:1 C- 18 10038) The reactor (converter) conprised of four
sections: r|sePP?%é@ﬁﬁ?muﬁﬂgéﬁpﬁﬁgpmfhhﬁpp6H€H2Q9% regenerator. Associ ated
systens for the reactor nay be standard FCC systens and 'Include air
supply, flue -as @sm]lThegoarbdhaheatof hexhavepsratuReant mgh daretshefatBMar e cool ed
and % vashed to recover entrained catalyst, which I's recycled back to the

reactor. The negjnnugé @%ﬁﬂml?frﬁ?x‘?gécﬁgﬂtsolé%'&ﬁi light! paedrBes k@ k. PTRMEIY
fiactionator in the o ef 1 ns plant; although dependlng on the avail abl e

capacity in a gh}?ﬁ hise gef te}nggﬁhe@%tﬁﬁh?k gh Al ?F? ?(r?h’}a%rﬁ@%:ollzy be

further cool ed e oIt T S npr essor .
10 100391 Figure 3 is a g s.flom/for an enbodlnent of the
processes degcrFﬁ@ﬂ“ﬁéﬁépﬁgﬁ¥gQF§ﬁ% AfdHYGt depicted is one incorporating a
MAXOFTN dual -n'ser catalytic cracker 2 as described above (see Figure 1)
and. a thermal fur 9338 Atralorer cop! e STepauhyiser.dwaithe san allgratiysixbe
enbodi nent is a cras oil stream6 that is fed to the gas oil catalytic
cracki ng 15 zoneecgeled its ére ‘ilift 2dne” BQOBease of2the Tiver addmivv denizeshrieed ser in
the FCC unit 2 is supplied with a feed streamconprising C4 to C6 ol efins,
for example a pozzles. This location produces the highest temperature possible in a unit
with only one riser. However, in this scenario gasoline cracking is less
10 than with a separate riser due to reduced residence time and inefficient gas-
solid contacting. As a result, olefin yields are slightly lower and selectivity
is better for lifi-zone naphtha cracking than for separate-riser naphtha
cracking. However, the second riser gives more operating flexibility,
especially when it is desirable to maximize the distillate and light olefins
15 with minimum gasoline produced. Thus, the choice between a lift-zone
and a second riser depends on the need for operating flexibility and capital
availability.
10036] A typical dual riser MAXOFIN FCC configuration is depicted

in Figure 1,

20 10037] Another form of unconventional FCC technology useful in the



recycle of effluent stream 36 fromthe gasoline splitter 32 as descri bed
bel ow. The effluent fromthe catalytic cracking unit 2 is conprised of

met hane, ethyl ene, propylene, burylene, cracked gas, and heavier 20
conponents. 19 100401 At the sane tine that the fresh feedstreamis fed
to one of the risers in the catalytic cracking unit 2, a_hydrocarbon

recycl e stream ipsodessgs desrribge hsyainps aipsocessy hatemploye Rifhudizesheatalytithe
recycle streamis conprised primarily of ethane and propane. The effl uent
fromthe catal ytrégtgrrnackhvegt bghirtiydrataitens, @@nérallaif thadd,itoGatrenged td or
separation of heavy naphtha, light cycle oil, and/or slurry oil in stream

10. The effl uen%éé}%gﬁ%%uﬁ?éo%yc{t%hﬁm% riﬁf}ﬁeﬂhﬁﬁenéo‘?ﬁis%@@,t&qﬁ’hbﬁ)@yiiE‘ quench

tower 12 and the e eff fromfractionator' 8 to form

stream 14. 10041) . eam.14 is_.pr rized in,c ressor, 16 to ressure
of from So abodt a‘f%’é)e Eba{w%seaggﬂteﬁ% 1%93’.” ‘?‘hgg%r'&d%w}?ez GRS agg mis8 is
conventionally subjected to treatnent as necessary in unit 20 to renove
oxygenat es, &ci @@%ﬁ@@ﬁd ahyYBtRerseheRiic d9edhs RN EX ackelytigas

stream followed by conventional drying in dryer 22. The dried stream 24
is typically fedrachingepriophngyzedeigeddreriguten SYPERM-EX techaeclagynated into a
15 heavier stream 28 containing C4 and gasoline conponents and a |ighter

stream 30 cont aipabdegs ahef iehpt@PanenidizedThealigiaviattost reaondt i $ghmouted to
a gasoline splitter 32 where the streamis separated into a gasoline

conponent streanfy 3 atdnd fefedafly &F 18 Tl 48T rBldeC @M IBgherhiaile prodi@cycl ed
to the second riser in the cat a?'ytl c cracker and/or to the pyrolytic
cracker stream rich in propylene. Streams with relatively high olefins content are
10 the best feeds for the SUPERFLEX reactor. Thus, olefins plant by-product
C; and Cs cuts, either partially hydrogenated or as raffinate from an
extraction process, are excellent feeds for this type of FCC unit. One of
the benefits of the process is its ability to process other potentally low
value olefins-rich streams. such as FCC and coker light naphthas from the
15 refinery. These streams, in consideration of new motor gasoline
regulations regarding vapor pressure, olefins content and oxygenate
specifications, may have increasingly low value as blend stock for
gasoline, but are good feeds for the SUPERFLEX reactor. In addition to

propylene, the process also produces byproduct ethylene and a high octane .

20  gasoline fraction which adds more value to the overall operating margin.



20 4, depending on desired product bal ances. The gasoline conponent stream
20 34 is fed to a gasoline hydrotreater 38 for stabilization. 100421 In

t he enbodi nent depicted, the treated gasoline stream 40, containing C6 and
heavi er hydrocarbons, is preferably fed o a BTX unit 42 for recovery of
benzene, toluene, and xyl ene conponents. Any 5 conventional BTX unit is

sui tabl e. Exenpl ar yﬂﬂﬁbﬂmde%%r USPRErEDe 15 d8YBPREEd 9fn feprs sepugnsnt

6, 004, 452. In the enbodi ment depicted in Figure 3, the raffinate recycle
stream 44 i s fedsdroeddne, tisenigaakr, Gtrippkeindregerriter. nAtsocetad, systermsdior 44 i s
recycled to the MAXOFIN catalytic cracker 2, e.g. the light olefin

cracking zone Ofhelik$@6n m@y bk lstan@rdDECE@ sPRAALEAd iddeqir SLUBpR! @GESEs 100431
The lighter stream 30 fromthe depropani zer is conpressed i'n conpressor 46

to a pressure of fromabout 500 kPapto about Kk t.0 _f ssurized
LT o a6 whi chIPIIRG A At RO o BaRt @ By pre (i Cung LIS L 250
is renoved fromthe chil| train as a fuel )gcgs The heavi er 1a_hstream 54
fromthe chifl Facays sngramed caiplytSWprl s 6FYdehhack 16r18¢ fGF s JP&MEbN of

olefin streans. Specifically, the stream54 is typically fed to a
denet hani zer 56¢vash¢éashpdodusetypically ghuted deyibp rERYHRBBNEAY 1B theavi er
product stream 60, which in turn is routed to a deethani zer 62. The
deet hani zer 62 skfias a=s, hlteughs dependingcorathe gidilablenpapaeint irstar gisien 64 20
containing ethylene. Stream 64 is separated into an ethylene product 21
stream 66 and apjagt WaNRasbF eFeRBcdullPhitdrsaté9 BEGhRHert @oRralybined & acker 4.
the olefins plant cracked gas compressor.
10 [0039] Figure 3 is a general process flow for an embodiment of the
processes described herein. The embodiment depicted is one incorporating
a MAXOFIN dual-riser catalytic cracker 2 as described above (see Figure
}) and a thermal furnace cracker 4. The fresh feedstream in this
embodiment is a gas oi] stream 6 that is fed to the gas 0i] catalytic cracking
15  zone or riser in the FCC unit 2. The second zone or riser in the FCC unit 2
is supplied with a feed stream comprising C4 1o Cs olefins, for example a
recycle of effluent stream 36 from the gasoline splitter 32 as described
below. The effluent from the catalytic cracking unit 2 is comprised of

methane, ethylene, propylene, burylene, cracked gas, and heavier

20 components.



The heavier stream 70 fromthe deethanizer 62 is routed to a C3 splitter
72 where the stream 70 is split into a propyl ene product stream 74 and
propane stream 76 that is recycled to thernmal cracker 4. Alternatively, 5
either or both of streans 68, 76, in whdPe or in part, can be a product of
the process. 10044] Integration of the catalytic and pyrol yti cracki ng
units allows for fomhﬁﬁitgﬁtﬁ@mf ﬁnﬁrfééte@gifwghéee\ﬂa??a&gﬁ@ﬁ P OBE S Rks. The
integration allows thermal and catal ytic cracking units to be used in a
conpl enent ary f asdrs onthkQatadytec crevking unier ohiydtoeatbperecyclhetreaml s dahpl ex. The
petrochem cal conplex can be designed to use the | owest val ue feedstreans

avai | able. Inte ﬁkigfbxﬁié Aifa ke QradRIIAMRE UOMTIRIreyRIOMRAR] ik cBRpHued sl at e’
wi t h maxi mum val ue tp rough routing of various by-products to the
t

appropriate cracking t nal ogy. For kL ki S .10 process
a light 15 feedg?méﬂﬁﬁ %fﬁegﬂangsangﬁéo%apeh%%%&hf &rclroadﬁftc?tgﬂ%t% ogrﬁ%éﬁc’gas oi |
feedstream the light feedstreamis fed di recé{lﬁ/ to %‘Hl}lel?qp .rogl ¢/t l‘c cracki ng
unit. Moreo¥er uni Ras frdde @dlzacenypy HEY sreaauon & WS narit '%IP L EYesh
feedstreans to be processed sinmultaneously. For exanple, a fresh

f eedst ream may b#, andéd stwryosibinofreamed Or iTeresliant frA BaPMONNTICCTedRKi ng uni t
while the recycle 20 feedstreamto the pyrolytic cracking unit nmay be

suppl ement ed W tne2? is eddddBr queatintdvwes| 1 dnidghtn torlined satishe effinen100451
Wth the ability to integrate and utilize both thermal and dual - riser

catal ytic crackigag g#hifesatol B 1d Sord $@aRagsi bl e to alter the product rnix
yield froma given feedstreamto produce a m x nost desirable in
10041] Stream 14 is pressurized in compressor 16 to a pressure of from
10 about 100 kPa to about 1000 kPa. The pressurized stream 18 1s
conventionally subjected to treatment as necessary in unit 20 to remove
oxygenates, acid gases and any other impurities from the cracked gas
stream, followed by conventional drying in dryer 22. The dried stream 24
is typically fed 1o depropanizer 26 where the stream is fractionated into a
15 heavier stream 28 containing C, and gasoline components and a lighter
stream 30 containing olefin components. The heavier stream 28 is routed
to a gasoline splitter 32 where the stream is separated into a gasoline
component stream 34 and a C4 to Cq effluent stream 36, which is recycled

to the second riser in the catalytic cracker 2 and/or to the pyrolytc cracker

20 4, depending on desired product balances. The gasoline component stream



5 prevailing market conditions. For exanple, selectively of olefin
production is enhanced. The pyrolytic cracking unit favors production of
et hyl ene and propylene. In contrast, the catalytic cracking unit favors
propyl ene and hi gher ol efins production.20Therefore, when market conditions
favor enhanced E;op | ene production, the &4 to C(, effluent 10 stream 36
depi cted i n Fi gét ts f3d sy epwliap hpdoaeaten3§ fos sebdeaPyi ser in  catal ytic
cracker 2. Wien narket conditions favor enhanced ethyl ene production, the

C4 to C6 effluent piardmiBé eattbdahsrandpjtapahe reeedciRolisd secum 68, depi ct ed
in Figure | may be directed to the pyrolytic cracker 4. 100461 Anot her

embodi ment of {heph RGeS ASRETEPRLHSIRIA, isHrdieRbitedo d BT thifhgur e 4.

Thi s enbodi ment makes “use of two di screte catalyti ¢ crackers and one
thermal cracker. In this er}b di nent, the cat Iét]ic cracker§ are, a

conventional gafoiff<8si P'F Poc k¥Py @ CHPERTELES e r ack® 82 as

descri bed above. The pyrolytic cracker is_a conventional thermal cracking
f urnace 84. :'rhecqr}\@ghorfaée%giérlgatmq FuitaRles  Expoalape RTX Procegadnds 1790 resi due
stream6 that is fed to catalytic cracking zone 80. In the catalytic 23
cracki ng zone 8@esctihed i ds Prieant 084,652 cketdie gmbddmaanit Bepictad ow E1guThe
effluent fromthe FCC cracking zone 80 is conprised of nethane, ethylene,
propyl ene, butyBenies reffmatecdecgalke atehnh ey ierfed apporetesmall @f4Kdr At t he sane
time that the fresh feedstreamis fed to the FCC 5 cracking zone 80,

hydrocarbon recygkfaglegaitteat 84 {s8dcyded ROhSNPEROHRX caflhdl othéier @ acker 82
and pyrolysis furnace cracking zone 84. The recycle streamto the

SUPERFLEX cracker 421§ SR Rfle Yohl Rt ¥, ¥ i Be Fhroduct of the

10 process.

10043] The lighter stream 30 from the depropanizer is compressed in
compressor 46 to a pressure of from about 500 kPa to about 1500 kPa to
form pressurized stream 48 which is routed to a cryogenic chill train 50. A
light stream 52 is removed from the chill train as a fuel gas. The heavier

15 stream 54 from the chill train is fed to a series of separators for isolation of
olefin streams.  Specifically, the stream 54 is typically fed to a
demethanizer 56, which produces a light recycle stream 58 and a heavier
product stream 60, which in um 1s routed 1o a deethanizer 62. The
deethanizer 62 separates the stream into a light component stream 64

20 containing ethylene. Stream 64 is separated into an ethylene product



al kenes. The recycle streamto the pyrolytic cracker 84 is conprised
primarily of ethane and/or propane. The effluent fromthe FCC cracking 10
zone 80 is conbined with the effluent fromthe SUPERFLEX cracking zone 82
and the conbined streamis fed to a fraétionator 86 for separation of
heavy naphtha, light cycle oil, and slurry oil in stream 88. The effl uent
from the pyr ol yieamchtad #ycthiantesterar &8 Bubliscdcydedyivemeplytioweackend and t hen
conbined with the effluent fromfractionator 86 to formstream 92. 15
10048) Stream 9Phd lscapieesisesm 7@ drotmthealepthesiser 6294 rbmed s €5spliteerd from
about 100 kPa to about 1000 kPa. The pressurized stream 96 is then

subjected 10 treREuRE ASafiCRPISapl; iflo U blop)fink CproBRVreaity 98 TAeS, aci d
gases, and any other 1npurities, followed by drying in dryer 100. The

dried stream 102 is typic fed to epr.opani,zer ;10 re t streamis
20 fractionat ed PRYS %‘%ﬁ’é‘?\’ﬁ g}?at 4y ,r%cgﬁ{eﬂdg tggwaéicﬁéc#ﬁr g‘a\;\%ﬁf'ﬁ%n%? onent s
and 24 a Iighter stream 108 cont aj ni.ng I'}tht_ ol efi n_component The

heavi er st rearfitigyor koth g{sEams 8, 7¢;d8 Siloifeor 18 BR8P PIIOWRE e tehe st ream
is separated into a gasoline conponent stream 112 and a C4 10 C6 effl uent
O stream 114, whbedssis recycled to the pyr-olytic cracker 84 or the
catalytic cracker 82, depending, on desired product bal ances. The gasoline
Z~ conponent st r egovdsll hirégatic@dof the cagdyain arepyrgltiotoradingy unitslallovwer
stabilization. 100491 In the enbodi ment depicted, the treated gasoline
stream 116 IS for flexibility in processing a variety of feedstocks. The integration allows
thermal and catalytic cracking units to be used in a complementary fashion
10 in a new or retrofitted petrochemical complex. The petrochemical
complex can be designed to use the lowest value feedstreams available.
Integration allows for production of an overall product slate’ with
maximum value through routing of various by-products to the appropnate
cracking technology. For example, if it is desired to process a light
15 feedstream such as LPG or naphtha, in addition to the gas oil feedstream,
the light feedstream is fed directly to the pyrolytic cracking umt
Moreover, the process described herein allows multiple fresh feedstreams
to be processed simultaneously. For example, a fresh feedstream may be

fed 1o one of the risers in the catalytic cracking umit while the recycle

20 feedstream to the pyrolytic cracking unit may be supplemented with



fed to a conventional BTX wunit 118 for recovery of benzene, toluene, and
10 xyl ene conponents as previously described for Figure 3. In this
enbodi ment, the raffinate recycle stre%gg120 is fed to the pyrolyfic
cracker 84, or Jt could be fed to the UPERFLEX catal ytic cracker 82.

Alternatively, the raffinate.  .str 20 can be a product of the process.
100501 The Iigh?’é‘?th%rtrF%Hﬁ%Yg@mfﬁ%ﬁ%\@ﬁ%ne%propani zer 104 is 15 coﬂpressed
in conpressor 122 to a pressure of fromabout 500 kPa to about 1500 kPa
to form pressuri zewﬂﬁlr\@ﬁhthQablm whinjegraipgeeyities bothghgrogeand dedii |1 train
126. A light stream 116 |1'S renoved fromthe chill train as a fuel Cras.
The heavi er str gg#n dat8yhid oracking aiits) 1t ik mlonpdssibfeed d1eer ahe paydues mof
separators for isolation of olefin streans. Specifically, the stream 20 130

is fed to a deggk*ﬂ@r}if&ﬁra &dn %@ognearfﬁor@ugpo%u@e ld 9k FB6Y BkSrable @AM 134 25

and a heavi er oduct stream 136, which i routed to a deet hani zer 138.

The deet hani zer 138..separates the .streaminto i ght ¢ open ream 140
cont ai ni ng et’hylpéeﬁ’él.]mgt Péaé%?%lﬁﬁnﬁgo?séd {pgr ag)t?ﬁg%%l %Fliecet?‘peﬁﬁlevméelsgﬁi t is
separated into an ethyl ene produ stream 144 and an_et hane, st.r eag1 146 5

that is recycl e@Te@chfIsRRhaRsedc Kdie ROl £raqkng Umt TaYPIa RFOHEROR 05 m t he
deet hani zer 138 is routed to a C3 splitter 150 where the stream 148 is
split into a petyjneraadpprogyicne. stlneconras? thineatal Ype cirhings brie dAYIS54 that i s
recycled to pyrolytic cracker 84. Alternatively, either or both of streans
146, 154, in whekeybiei andatithercatefine prognaitmct dherefoee,pmdersmarked 100511
Integration of the catalytic and pyrolytic cracking units allows for
flexibility in RpRWiBSS AGoR eYiBiriced Yoropyléedridacks, O, ot egredflieam al | ows
10 stream 36 depicted in Figure 3 may be directed to the second riser in
catalytic cracker 2. When market conditions favor enhanced ethylene
production, the C, to Cq effluent stream 36 and ethane/propane recycle
stream 68 depicted in Figure 1 may be directed to the pyrolytic cracker 4.
[0046) Another embodiment of the process described herein is depicted
15 in Figure 4. This embodiment makes use of two discrete catalytic crackers
and one thermal cracker. In this embodiment, the catalytic crackers are a
conventional gas oil-resid FCC cracker 80 and a SUPERFLEX cracker 82
as described above. The pyrolytic cracker is a conventional thermal

cracking furnace 84. The fresh feedstream in this embodiment is a gas o1l

20 resid stream 6 that is fed to catalytic cracking zone 80. In the catalytic



pyrolytic and catalytic cracking units to be used in a conplenentary
fashion in a new or retrofitted petrochem cal conplex. The petrochem ca
conpl ex can be designed to use the | owest val ue feedstreans avail able. 15
Integration allows for production of an2dverall product slate with nmaxi mum
val ue through routing of various by-products to the appropriate cracking

t echnol ogy. Forcredangplzene i80, ithe ifesdstessiny exd cragkyst ae alescrdetljaplave. fEeedst r eam
such as LPG or naphtha, the feedstream may be processed by feeding it
directly to theefayem!fydrh theCF@C taaRing Rbike SOVMRIcompeEiked dhaethlnk edisledd, descri bed
herein allows nmultiple fresh feedstreans to be processed 26

si mul t aneousl y. - fed to the

catal ytic crack?§§§ﬁﬁ§?ﬂ§%§FéaFE§§§%%%@fgé§§§3§??§§ﬁ?fo the pyrolytic
cracking unit may be supplenmented with.a relatively li fres edstream
10052) Wth the abif? i Sae i then FET fes%ms%rphw%% &9 ¥4 Bekesoy
catal ytic cracking units, it is also possible to alter the_product m x
yield froméa gireeting sentsid dxdrocarbomresyile srepmy ate fgsdp t%%??ﬁ%féﬁg%
prevailing market conditions. For exanple, selectively of olefin
production is eniigncedickehg? tidepyralysis famktagracing zbee 84 s The aeldsid on of

et hyl ene and propylene. In contrast, the catalytic cracking unit favors

propyl ene and 1QrdaiOfeihe FUEHFERILEX @fldkér 8Mis chiprietdpemamiyest Crsok@f
conditions favor enhanced propyl ene production, the C4 to C6 effluent

stream 36 and thgenddTXTRARLLNA SréfE XS e PUAAM L2RKHCR G @dmphiséd gure 4

may be directed to the catdlytic cracker When nmar ket conditions favor

enhanced et hyl ene ﬁﬁfyo%u&ﬁén%nandyg}%rgﬁng_o TR Shidiem %J?@@&Qﬁ‘}dnéﬂx

raffinate streafi'T
10 zone 80 is combined with the effluent from the SUPERFLEX cracking

zone 82 and the combined stream is fed to a fractionator 86 for separation
of heavy naphtha, light cycle oil, and shurry oil in stream 88. The effluent
from the pyrolytic cracking zone 84 is cooled in quench tower 90 and then
combined with the effluent from fractionator 86 to form stream 92.

15 10048) Streamn 92 is pressurized in compressor 94 to a pressure of from
about 100 kPa to about 1000 kPa. The pressurized stream 96 is then
subjected to treatment as necessary in unit 98 to remove oxygenates, acid
gases, and any other impurities, followed by drying in dryer 100. The
dried stream 102 is typically fed to depropanizer 104 where the stream is

20 fractionated into a heavier stream 106 containing gasoline components and



15 and/ or et hane/ propane recycle stream 154 can be directed to the thernal
cracker 84. 100531 Table 1 conpares the sinulated overall nmaterial bal ances
for wvarious cracking unit configurations in accordance with the present
invention (Runs 1-6) with those for priofdart configurations having only 20
single or dual FCC zones (Base 1 and 2, respectively). Runs 1 and 5 27
represent the efobahiesireapidd: eantaiping; kight 0lafin jcompopendsial Thej Beavier MAXOFI N
unit with a pyrolytic reactor. Runs 2-4 and 6 are for the Figure 4

enbodi ment, i.estraamohldens ironal was gisdlifeCepittreac kY whardSURERTEAN 15
catalytic cracker and a pyrolysis unit. Table 1. Overall Material Bal ances

For Various Confbgif@liifiSs cRONBRLEmbERATE seda? 428 dmnd %@6@ | FfudfrCC Two
Fie.3 Fig. 4Fig. 4Fig. 4Fig.3 Fig. 4 OnlyFCC s FeedLS | SWRLSWR

LSVRLSFOCabi ndal:s’gggnq r&a}ﬁP Whic ni%%ecyge%qgltﬂg pyrro?)%&t Sadker ggsor\(ges c!a\!glytic

cracker 82, depending on desired product balances. The gasoline

L

component stream 112 is fed to a gasoline hydrotreater 114 for
stabilization.
[0049) In the embodiment depicted, the treated gasoline stream 116 is
fed to a conventional BTX unit 118 for recovery of benzene, toluene, and
10 xylene components as previously described for Figure 3. In this
embodiment, the raffinate recycle stream 120 is fed to the pyrolytic cracker
84, or it could be fed to the SUPERFLEX catalytic cracker 82.
Alternatively, the raffinate stream 120 can be a product of the process.
|0050) The lighter stream 108 from the depropanizer 104 1is
15 compressed in compressor 122 to a pressure of from about 500 kPa to
abour 1500 kPa to form pressurized stream 124 which is routed to a
cryogenic chill train 126. A light stream 116 is removed from the chill
train as a fuel gas. The heavier stream 118 from the chill train is fed to a
series of separators for 1solation of olefin streams. Specifically, the stream

20 130 is fed to a demethanizer 132 which produces a light recycle siream 134



Yes Yes Yes No Yes Gas G|

No Yes No No No Yes No MAXOFI N

20

25

and a heavier product stream 136, which 1s routed to a deethanizer 138.
The deethanizer 138 separates the stream into a light component stream
140 containing ethylene. Stream 140 is fed to a C; splitter 142 where it is
separated into an ethylene product stream 144 and an ethane stream 146
that is recycled to thermal cracker 84. The heavier stream 148 from the
deethanizer 138 is routed to a C; splitter 150 where the stream 148 is split
mto a propylene product stream 152 and. a propane stream 154 that is
recvcled to pyrolytic cracker 84. Altemnatively, either or both of streams
146, 154, in whole or in part, can be a product of the process.

10051} Integration of the catalytic and pyrolytic cracking units allows
for flexibility in processing a variery of feedstocks. The integration allows
pyrolytic and catalytic cracking units to be used in a complementary
fashion in a new or retrofitted petrochemical complex. The petrochemical
complex can be designed to use the Jowest value feedstreams available.
Integration allows for production of an overal] product slate with
maximum value through routing of various by-products to the appropriate
cracking technology. For example, if it is desired to process a lght
feedstream such as LPG or naphtha, the feedstream may be processed by
feeding it directly to the pyrolytic cracking unit. Moreover, the process

described herein allows multiple fresh feedstreams to be processed

FCC No Yes No Yes Yes Yes No Yes SUPERFLEX

No



NoNoYesYesYesYesYesYes Pyro]vsis ProductProduct Vied, Wei htPercent
Et hyl ene4. 729. 3513. 6016. 9015. 9616. 5214. 1518. 90

Propyl enell. 5121. 9420. 0625. 5823. 9924. 8624. 8432. 94

Benzene0. 001. 281. 611. 962. 031. 971. 642. 08 2fol uene0. 004. 224. 514. 695. 154. 74
14. 454. 84 Xvl +EBO.006. 486. 556. 847. 86 956, 446,90 1 Tai l

Gas?2. 994. 746. 948]@%1?86(%1‘?% T CRyamp %43 fresh feedstream may be fed 10 the

C4- C620. 330. 0018. 240. 000. 000. 0023. 650. 00 Li ght 20.71 Napht ha Heavy

13. 5413. 8413. 8143al948. S4diong 2715 93kle 6the Nepirtlhafeedstream to the pyrolytic

LCC6. 296. 294. 936. 298. 50S. 332. 833.95 Slurry

Q'15. 495. 504. 395ra6121§o%8ﬁ n%@aae%%g%é&eﬁ@liew& 2R Ri9493icht B6dh ﬂeéém@@ﬂn 12.70i
1. 376.4944.50 Ethane 1.142.060. 000. 000. 000. 000. 000. 00 1 Pro ane

3. 795 000. 000. 000, 3y Pl DOR Y ETH. A0 S0 A0eHOP, 1099, 000. 00

Raf fi nat e

5 catalytc cracking units, 1t is also possible to alter the product mix yield
from a given feedstream to produce a mix most desirable in prevailing
market conditions. For example, selectively of olefin production is
enhanced. The thermal cracking unit favors production of ethylene and
propylene. In contrast, the catalytic cracking unit favors propylene and

10 higher olefins production. Therefore, when market conditions favor
enhanced propylene production, the C; to C4 effluent stream 36 and the
BTX raffinate recycle stream 120 depicted in Figure 4 may be directed to
the catalynic cracker 82. When market conditions favor enhanced ethylene
production, the C4 to Cg effluent stream 114, BTX raffinate stream 120

15 and/or ethane/propane recycle stream 154 can be directed to the thermal
cracker 84.

[0053) Table 1 compares the simulated overall matenal balances for
various cracking unit configurations in accordance with the present
ivention (Runs 1-6) with those for prior art configurations having only

20  single or dual FCC zones (Base 1 and 2, respectively). Runs | and 5



TOTAL 100. 00100. 00100. 00100. 00100, 00100. 00100. 00300. 00 LSWR = Low Sul fur
Wax LSFO = Low Sul fur Fuel y Residue Ol st African Crude Cabinda = Low
Sul fur We Perronas =Ml aysian Cru de 10054] These data show that the

t hree-zone configuration of the present /nventi on can i mprove et hyl ene

and/ or propylene yield relative to the prior 28. ar i.ngl | FCC
cracki ng zones.™P S@fh%ﬁ@%?‘f‘fﬂbean‘EH’%ﬁd@f 1§‘r’r§§ki"ﬁga %}ﬁ?'{*égfdgégﬁ’%{i\g her ei n
al lows petrochemcal plants to be operated using | ow val ue feedstreans by
enhanci ng pr odudtit ovitlyiae pprodiftichreghtopal Renprotiyetsé arhdor meedigire oh of 5
cracking reactors as described herein may be adopted in grass roots plants
as well as for g@bbdifricht,iing ®xbstentign| @etsl FUR crackagraaSUBRRFLES acki ng
units described herein may be used in an arrangenent for integrating

cracking —operati,ons. @ﬁgkgghgg?}%rggg{migeri vative processing operations as
described in U S “Patent 5,981,7818. 10 100561 All patents and publications

MY o I ‘v la
referred to here "'TSble 1. Overall Material Balances For Various Configurations.
Run | Base | Base 2 1 2 3 4 5 6
Configuration | FCC Two Fig. 3 Fig. 4 Fig. 4 Fig. 4 Fig. 3 Fig. 4
Only FCC's -
Feed LSWR LSWR [ LSWR | LSWR LSFO Cahinda | Pemonas Pemwronas
Cracking
reactors:
Gas i FCC | Yes Yes No Yes Yes Yes No Yes
SUPERFLEX | No Yes No Yes Yes Yes No Yes
MAXOFIN | No No Yes No No No Yes No
Pyralvsis | No No Yes Yes Yes Yes Yes Yes
Product Product Yield, Weirht Percent
Ethviene 4.72 9.35 13.60 16.90 15.96 16.52 14.15 18.90
Propvlene 11.5% 21.94 20.06 25.58 23.9% 24.86 24 .84 32.94
Benzene ] 0.00 1.28 1.6] 1.96 2.03 1.97 1.64 208
Toluene 0.00 4.22 4.5] 4.69 5.15 4.74 4.435 4,84
' XvI+EB 0.00 6.48 6.55 6.84 7.78 6.95 6.44 6.90
| Tasl Gas 2.99 4.74 6.94 812 8.37 7.88 5.59 |. 8.04
| C4-Cé 20.33 0.00 18.24 0.00 0.00 0.00 23.65 0.00
Light 20.7)
Naphtha
Heavy 13.54 13.84 11.81 13.94 8.54 10.42 7.59 10.66
Naphtha
LCO 6.29 6.29 4,93 6,29 8.50 8.33 2.83 395
Slumrv O 4 5.49 5.50 4,39 5.62 6.98 | 6.96 | 2.33 3.19
Coke L 93y 9.40 7.56 11.U6 12.7U 1137 0.4 B.50
Ethane ] 1.14 2.06 0.00 0.00 0.00 0.00 .00 0.00
Propane 3.79 5.00 0.00 0.00 0.00 0.00 6.00 0.00
BTX 0.00 9.90 0.00 0.00 0.00 0.00 0.00 0.00
Raffinaie
TOTAL 1 100.00 100,00 | 100.00 | 100.00] 100.00 100.00 100.00 100.00
LSWR = Low Sulfur Waxy Residue ’
LSFQO = Low Sulfur Fuel Qil
| Cabinda = Low Sulfur West African Crude
i Peironas = Malavsian Crude

tn

10054) These data show that the three-zone configuration of the present

invention can improve ethylene and/or propylene yield relative 1o the prior



i ncorporated by reference in their entireties. [00571 Although the various
enbodi ments and their advantages have been described in detail, it should
be understood that various changes, substitutions, and alterations could
be made wi thout departing fron1the 15 s%ﬁrit and scope of the invention as
defined by the foll ow ng clains. Claims: [cl 1) An olefin process,
conpri si ng: paséﬂﬁ&hdeP¥@W¥F§Kk§ﬁ@ﬂ§$F%ﬁﬁ1conprlS|ng et hane, propane or a
conbi nati on thereof through a steam pyrolysis zone and 5 quenching

ef fl uent theref r omjeassf Bhemiategiatioh ysi srakirguentts descritedederen eflbwks ene,
propyl ene or a conbination thereof; cracking a |light hydrocarbon stream

conprising ol ef(%@&o&i%‘ﬁh&ﬂ plants! RA%E SpesAEDARIRt R \laﬂleaféce'dgt%anFCG\ zone to
forma first F effluent enriched in ethylene, propylene or a combination

10 thereof; cr achhigf bRIALBGY \id %g%@g@@@g HOh BASTRL e biliby [pn0e _0as

oil, resid, or aco ation ereo con Zone-tofTorm a
second FCC efflueng enri ched ug‘géFglene %P yl,ene.or a conbi nation
thereof; 15 fractiGH&TEAGORHS FEFTRErd BAELEEY AE 2EeRE i FUShiO BIg-t her to
remove heavy naphtha, light cycle oil, slurry oil, or a conbination
thereof and recdayellasdontsiiesing estng ehmiai FhsnigtaRraooniof seackmg; units

described herein may be used in an arrangement for integrating cracking
operations and petrochemical dervative processing operations as descnbed
1 U.S. Patent 5,981,818,
10 |0056} All patents and publications referred to heremn are hereby
incorporated by reference in their entireties.
10057] Although the vanous embodiments and their advantages have
been described in detail, 1t should be understood that vanous changes,
substitutions, and alterations could be made without departing from the

15 spirit and scope of the invention as defined by the following claims.



conditioning the pyrolysis effluent together wth the conmbi ned FCC 20
fraction to renpbve oxygenates, acid gases, water or a 30 conbination
‘thereof to forma conditioned stream separating the conditioned stream
into at least a tail gas stream an ethyPene product stream a propyl ene
product stream a light stream conprising ethane, propane, or a

combi nation there®imss an internediate stream conprising C4 to C6 ol efins.
and a heavy stream conprising C, and higher hydrocarbons; recycling the
l'ight streamto [che] staradsiefy pRlcys| Songgideig:and  recycling the internediate
streamto the first FCC zone. [cl 2] The olefin process of claim1, further
conprising recycling o 10 t t - e..[.c] 3] The
ol efin process of cl glégr%?lf, %f ]&‘%}?ﬁée/l)r(a%o?rtg%&|cﬁaﬁpﬁqud§t§%?eg%;9§§% thé heavy

streamto obtain a hydrotreated strea extracting a product stream
conpri si ng benzene, tol uéﬂg',%IWP’én@EreB tgmHg%%rséeaﬁhé’?’E%?“? ORF t Y

hydrotreated streamto obtain a 15 raffinate streamlean in aromatics;
and recycling the raffin&venching ffient thaiefrem confQyr 8l pigplysisoriéluepic] 4] The
olefin process of claim1, wherein the |ight alkane stream passed through
t he steam pyrol ysi s zone ehurhdien etyigoe, [sepylempdrtarambifjaionSherddfe ol ef i n
process of claim1, wherein the light al kane stream 20 passed through the
st eam pyrol ysi s zonecfatkihhes igletmpydré@sbdnPéireadil comprising olefins having at
least 4 carbon atoms in a first FCC zone to form a first FCC
effluent enriched in ethylene, propylene or a combination
10 thereof;
cracking a refinery stream compnsing gas oil, full range zas oil,
resid, or a combination thereof, in a second FCC zone to form
a second FCC effluent enriched in ethylene, propylene or a
combination thereof:
13 fractionating the first and second FCC effluents together to remove
heavy naphtha, light cycle oil, slurry oil, or a combination
thereof and recover a combined olefin-containing FCC
fraction;

conditioning the pyrolysis effluent together with the combined FCC

20 fraction to remove oxygenates, acid gases, water or a



[c] 6] The olefin process of claim1, wherein the |ight hydrocarbon stream
cracked in the first FCC zone conprises FCC naphtha. [cl 7] The olefin
process of claim1, wherein the light hydrocarbon stream cracked in the
first FCC zone conprises |light cat naphttta. [cl 8] The ol efin process of
claiml. wherein the refi ne{;.}g st ream f;r afcked in.t h% econd FCC zone
conprises waxy gas oi | . FQpPmnatsn REFEQT OO 3 copdinensd sigdmy oo isi ng: 10
paral l el steam pyrolysis, light olefin FCC and gas oil- resid FCC zones

for producing a conbicperdtieg thecomditvond siredmgntetahydasinetailagrs siicapykene; neans
for conditioning the conbined effluent to renove oxygenates, acid gases

and water to form a condithiyRRe@rsduteardaniRapspiletic pedaciadtienn, aheght
conditioned streaminto at |least a tail gas stream an ethylene product

stream a propyl ene prodyel, 15,5 SR h d stdreaBnfiiRiohshegoet hane,
propane, or a conbinati (g:)lt?\at"ﬁe? e%r?, an ?I}\tgrg%gl atre stream conprising Ca to

means for Fecycl ing the FFGREPTPRBATEE 1 Cp o oo SRREL BRI 82T 20
means for recyeling the | o Tesh aompasing &) end higher hyarocaroons: -0
recycling the light stream to the steam pyrolysis zone; and
recycling the intermediate stream to the first FCC zone.
[c] 2] The olefin process of claim 1, further comprising recycling the
10 heavy stream to the first FCC zone.
[c] 3] The olefin process of claim 1, further comprising:
hydrotreating the heavy stream to obtain a hydrotreated stream
extracting a product stream comprising benzene, toluene, xylenes or
a mixture thereof from the; hydrotreated stream to obtain 2
15 raffinate stream lean in aromancs; and
recycling the raffinate stream to the steam pyrolysis zone.
[c] 4] The olefin process of claim 1. wherein the light alkane stream
passed through the steam pyrolysis zone further comprises naphtha.

[c] 5] The olefin process of claim 1, wherein the light alkane stream

20 passed through the steam pyrolysis zone further comprises LPG.




h

10

3]

[cl 6] The olefin process of claim 1, wherein the light hydrocarbon stream
cracked in the first FCC zone compnses FCC naphtha.
[c] 7] The olefin process of claim 1, wherein the light hydrocarbon stream
cracked in the first FCC zone comprises light cat naphtha.
[c1 8] The olefin process of claim 1. wherein the refinery stream cracked
in the second FCC zone comprises waxy gas oil.
[c1 9] An olefin process unit, comprnsing: .
parallel steam pyrolysis, light olefin FCC and gas otl-resid FCC
zones for producing a combined effluent comprising ethylene
and propylene;
means for conditioning the combined effluent to remove oxygenates,
acid gases and water to form a conditioned stream;
means for separating the conditioned stream into at least a tail gas
stream, an ethylene product stream. a propylene product
stream, a light stream comprising ethane, propane, or a
combination thereof, an intermediate stream comprising C, to
Cs olefins, and a heavy stream compnsing C, and higher
hydrocarbons;
means for recycling the light stream to the steam pyrolysis zone; and

means for recycling the intermediate stream to the first FCC zone.




