WD 2006/ 094007 PCTI US2006/ 007169 -1 PROCESS FOR MAKI NG H GH OCTANE GASOLI NE
W TH REDUCED BENZENE CONTENT FI ELD OF THE | NVENTI ON [ 0001] This invention
relates to a process for the production of gasoline boiling range notor

fuel by the polynerization of light olefins and their reaction wth other
hydr ocar bons produced in the refining of petrol eum crudes. CROSS REFERENCE
TO RELATED AWBEP‘@&’I‘P@\IS [0002] This application clai nsPEFVE60§716% om U. S.
Application Serial No. 60/656,955, filed 28 February 2005, entitled,
"Process for Making H gh Cctane Gasoline with Reduced Benzene Content”.

[ 00031 This application is related to co-pending applications Serial Nos. ,
, and , of even date, claimng priority, respectively from Applications
Serial Nos. 60/656, 954, 60/656,945, 60/656,946 and 60/656,947, all filed 28
February 2005 2ZROCBSSIRORMAKBNGIEIGH/OCYANE@ASOLINE Production By defin

Pol yneri zat i on'WITRVRBEDUCEDISENZENEBONTENA kyl ation Process”, "Liquid Phase
Aromatics Al kyl ation Process” and "O efins Upgrading Process”. BACKGROUND

OF TIIE I NVENTI ON [ 0004] Fol Il owi ng the introduction of catalytic cracking
processes in petroleumrefining in the early 1930s, |arge anounts of

ol efins, parti ¢uiigy by THENVENDEN Ns such as et hyl ene, propyl ene, butyl ene,
becane available Th coprous quantities fromcatalytic cracking plants in
refineries. Wile these olefins may WO 2006/ 094007 PCT/ US2006/ 007169 -2 be
used as petrocH8flcal Thiedysntirakrelates iy & prooesatfpo gl prpduction of gasoling neri es

produci ng. pet r gl et dyehStR Akt by e poigibizaRbE of Wit GIRRAMNE ik (HlciGH t 1 NG these

with other hydrocarbons produced in the refining of petroleum crudes.

CROSS REFERENCE TO RELATED APPLICATIONS

[0002]  This application claims priority from U.S. Application Serial No.
60/656,955, filed 28 February 2005, entitled, “Process for Making High Octane

Gasoline with Reduced Benzene Content™.

[0003]  This application is related to co-pending applications Serial Nos.
. s and , of even date, claiming priority,
respectively from Applications Serial Nos. 60/656,954, 60/656,945, 60/656,946
and 60/656,947, all filed 28 February 2005 and entitled respectively, “Gasoline
Production By Olefin Polymerization”, “Vapor Phase Aromatics Alkylation
Process”, “Liqmid Phase Aromatics Alkylation Process™ and “Olefins Upgrading

Process™,

BACKGROUND OF THE INVENTION

[0004]  Following the introeduction of catalytic cracking proce;.sses in
petroleum refining in the early 1930s, large amounts of olefins, particularly light
olefins such as ethylene, propylene, butylene, became available in copious

quantities from catalytic cracking plants in refineries. While these olefins may



materials to petrochem cal uses. Processes for producing fuels fromthese
cracking off gases are therefore desirable and fromthe early days, a nunber
of different processes evolved. The early thernmal polynerization process
was rapidly displaced by the superior catalytic processes of which there
was a nunber. The first catalytic polynerization process used a sulfuric
aci d cat al yXO 20981 yrer i ze i sobut ene sel ectivel y t o BHTASERE0RE? ch coul d

t hen be hydrogenated to produce a branched chain octane for blending into
aviation fuels. Oher processes polynerized i sobutylene with norm
butylene 40 or.-- a co-dieter which again results in a high octane,
branched chain product. An alternative process uses phosphoric acid as the

catal yst, on abe fiedthsSpanactcmidul deddithbdk, RixAf @5hvenidial PeralaIRl MfMeridsO convert
all the C3 and C4 olefin ingﬁ:hh:ip%h octane rating, . branched chain pol ymers.

This process n¥§uemEPES lybresanis| agg mpt faPable &f divstingothess) ect i vel y

convert only isgliiene fp@frgdheltnnglnu@y.t EBecBRs fbrs BRIMLAAE fueldidm MeRCess has the
advant age over the sulfuric acid process in that ene may be

> propyl
pol yner i zed ascraging ok saspears teerfers dsigblatand fremythe saint day peumpbheofs ol i d
phosphori ¢ aci gfftreibroBbeBolvedt IR eﬁfl?ctﬁéﬁlaf ?{Is‘l’g}r?%zah&? PReds WwALPor t ant

refinery polynerization process for the’ produc of nmotor gasoline. [0005]
In the SPA polppidlyi displaesd tyr theeiperior cratidytiar mogesses rod awlich there @apwe  hydr ogen

sul fide and NorNolge! ' ;-?5( ' nr nd be
unaccept abl eﬁoth'f?%m%%%%woggfbn gwp?%ggg%ﬁ%%‘ngﬁgc?@?g%wgnd upon the
ability of thetopelythstize ischutepr fdeativelp tediviersovhighntoald theghd IpddiagestedTypi cal |y, a
feed is wash | j L emyve.hydragen. sul f.i.d d capt ans,
after which f\tﬁ p&%&ug\/\%(séﬁ%éﬁ%g? tﬁ%togrrtlrgnet Bor?lbg?lr]o%gl %%Q%Jﬁl'lilt‘é)%b%gis's %ﬁ any caustic
carryover. DBauoeatsses prlygerizqir nohoydaret hith depat butylene 86 ffrar n\cordiheri al s on t he

catal VoL, 00 bl ke S YRl ol Bl AL RMIEE. B ka0 907
presence of vagromssusdpliteflniio 24idQs tHeCilaly§? 06 6/s61a17shipPort ardl this process
can be operated to convert all the C; and C; olefins into high octane rating,
branched chain polymers. This process may also operate with a C, olefin feed so
as to selectively convert only isobutene or both n-butene and isobutene. This
process has the advantage over the sulfuric acid prbcess in that propylene may
be polymerized as well as the butenes and at the present time, the solid
phosphoric acid [SPA] polymerization process remains the most important

refinery polymerization process for the production of motor gasoline.

[0005] In the SPA polymerization process, feeds are pretreated to remove
hydrogen sulfide and mercaptans which would otherwise enter the product and
be unacceptable, both from the view point of the effect on octane and upon the
ability of the product to conform to environmental regulations. Typically, a feed
is washed with caustic to remove hydrogen sulfide and mercaptans, after which
it is washed with water to remove organic basis and any caustic carryover.
Because oxygen promotes the deposition of tarry materials on the catalyst, both
the feed and wash water are maintained at a low oxygen level. Additional pre-

treatments may also be used, depending upon the presence of various



contamnants in the feeds. Wth the nost comon solid phosphoric acid

catal yst, nanely phosphoric acid on kieselgubr, the water content of the
feed needs to be controlled carefully because although a |limted water
.content is required for catalyst activity, the catalyst softens in the
presence of excess water so that the reactor may plug with a solid,
stone-|i ke Wet2006i02400Mhi ch is difficult to renove wi t%SUPS@WOP?IP%g or ot her
arduous operations. Conversely, if the feed is too dry, coke tends to
deposit on the catalyst, reducing its agtivity and increasing the pressure
drop across the reactor. As noted by Henckstebeck, the distribution of

wat er between the catalyst and the reactants is a function of tenperature
and pressure uwintadinansy jh fheofeedsni (WitlD thenirost éonendno solidhplosplesis aazidli f f er ent

water concentrations are required.in the fee to differept, units.

Pet r ol eum Pr oc&@?s?rgnmﬁh P?Wﬂr%'g agid omkistel '?tﬁ%‘gat,er gontept Oﬂg’r‘?c{%ﬁ er beck
MG aw Hi ||, 10&8s td 00Q6ytrdfied ciRfullpriediicé aibugh anBhitdd Gaeotdnigt @l y but ene
and lighter olefins _are _enployed as feeds to, pol ynerization processes as

heavi er ol ef i nEaBEPdfar cabist activtss thy catglyst sefiens HEhPTFvsReq 3f SXoRSOFEET at ed i nto
the gasoline. Wih thdRadlsAndy AIGEWTR a sOHQRYAERL Adchial Whith &\BsREESat | sfactory
f eedst ocks and et hyl ene mml so be included, to produce a copol yner
product in theT§e3e mithent golling oy other grduousioperatiens. Liopvamicly. éf thofpeddi ene may be
perm ssi bl e al i | ] i . lg&gqtg Lbg tendency to
produce hi gher{oﬁoqlﬂggﬁl g@\?\g{ g%?t&i'l{)% @?reyﬁ{r?%%;’r{gﬁtgg@ lt:ftccel ?g‘% %E]_g!éstﬁ%si tion of
coke on the cathalpyessure drpp agspssdksrsagiern eysalotey by Ftenclistebecky the distributiont i vel y mi | d

conditions, typ I 8p§£ end of

t Hi s range bet %e‘gﬁérl% an%ﬁ%&éﬁpﬁﬁene gﬁgaggﬁ#}ﬁ%gé%ﬁlgﬁwp f/\a%‘?lx@red Hi gher

t enper at ures npiysshes whickl viahe fropr opy te it snd fur| thiderdason diftrentfwsger 1 n a wel |
establ i shed co J YEh I . %ﬁii lefin.feed together
with paraffinic di @Geﬁ‘f‘?‘P"{A‘E&@e"éﬁ{é‘%ﬁéﬂ {r%erhélﬂg{rgﬁr% a 'eﬁr’epr teef‘ﬁd%éﬁgsé{?eat ed by
exchange wi t h Phirciplesatid Appliaitivhudht], Hik 2806k 09AD07-HHRLTI988S20061007169 -4

[o006]  For the production of motor gasoline only butene and lighter olefins
are employed as feeds to polymerization processes as heavier olefins up to about
Cyo or Cy; can be directly incorporated into the gasoline. With the PSA process,
propylene and butylene are satisfactory feedstocks and ethylene may Ialso be
included, to produce a copolymer product in the gasoline boiling range. Limited
amounts of butadiene may be permissible although this diolefin is undesirable
because of its tendency to produce higher molecular weight polymers and to
accelerate deposition of coke on the catalyst. The process generally operates
under relatively mild conditions, typically between 150° and 200°C, usually at
the lower end of this range between 150° and 180°C, when all butenes are
polymerized. Higher temperatures may be used when propylene is included in
~ the feed. In a well established commercial SPA polymerization process, the
olefin feed together with paraffinic diluent, is fed to the reactor after being

preheated by exchange with the reaction effluent.



[ 00071 There are two general types of units used for the SPA process, based
on the reactor type, the unit may be classified as having chanber reactors
or tubular reactors. The chanber reactor contains a series of catalyst beds
wWth bed volunme increasing fromthe inlet to the outlet of the reactor,
with the nost common conmmercial design having five beds. The catal yst | oad
di stri buti owo mos/@em? gned to control the heat of converCIiusmos4@BA81 Chanber
reactors usually operate with high recycle rates. The recycle stream
depleted in olefin content follow ng polymerization, is used to dilute the
olefin at the inlet of the reactor and-40 quench the inlets of the follow ng
beds. Chanber reactors usually operate at pressure of approxi mately

3500- 5500 kPag Bﬁbo goagem eﬂ\?ﬂa% rb(}um%n%%ﬁﬁ%r;%ee%lﬁﬂ@%&%g bg?g to 200C

(about 350 - 4 & conversron pass o0 eferm ned by
the ol efin spexciifei reatarampd, the et PGhp chekifidd sst}:raehmchﬁnm hedc@edor HSV i s

usual Iy | ow, r oxi mat e .4.t0 0 1. The cy l,e of chanber
reactors is tyg’g ﬁe?‘°‘6em7e°g‘ﬁ"‘5°ft’8“?fﬁaﬁi‘ﬂ%“P ?%?53‘?% reactor is
basically a i hecl.ﬂllmamtréau:bg ﬂmatheemfrdna@gﬁr?uﬂlat oﬂ\giecrbadt&iﬁwﬁtﬁhgm{dstzati oln
reactions take place in a er .o ralle ubes i ed in a cooling
medi um and fi | PEEEH ?Wﬂ%‘glégo 555 °L & Fatalyst ‘%@HP’Q"?%S control | ed
with the cool |Mlgﬁaﬂ¢ol¢3hﬁdlméq1rema,%e,hvmfogr i n comercial units, that is fed
on the shell side of the reactor. The heat released fromthe reactions

taki ng place inside the tubes evaporates the water on the shell side.

Tenperature prgfig) 'Oﬁaﬁb&r%&{o?srusﬁﬁﬂ%gfate'v?xﬂPﬂ:%?ﬁq‘}c% 1 RO! PR @Bcle React or
tenperature is primarily control é nmeans of the shell sidée water

priessure ( conttieamsdepletnddp glclip soment dollopinepalanerizativg. is aesiia dijuteyhet he react or

feed tenperatyg bet ween 5500
and 7500 kPag (%o%t%g’%&pgfﬁ%&%%&% reg%}’u@g%égg gfg‘hrfﬂhzoi’%sﬁbout 400F) .

Conver si on perChaarbsr tesct%mlauaﬁlly oh¢rgte at preesyrecPfapprownARl0ASMR$SbhiPagveral | WO
2006/ 094007 Pc@é&&?‘%@@-@b@%&éﬁgmd terperature between 180° to 200°C (about 350° -

400°F). The conversion, per pass of the unit, is determined by the olefin
specification in the LPG product stream. Fresh feed LHSV is usually low,
approximately 0.4 to 0.8 hr'. The cycle length for chamber reactors is typically
between 2 to 4 -months.

[0009)  The tubular reactor is basically a shell-and-tube heat exchanger in
which the polymerization reactions take place in a number of parallel tubes
immersed in a cooling medium and filled with the SPA catalyst. Reactor
temperature is controlled with the cooling medium, invariably water in
commercial units, that is fed on the shell side of the reactor. The heat released
from the reactions taking place inside the tubes evaporates the water on the shell
side. Temperature profile in a tubular reactor is close to isothermal. Reactor
temperature is primarily controlled by means of the shell side water pressure
(controls temperature of evaporation) and secondly by the reactor feed
temperature. Tubular reactors usually operate at pressure between 5500 and
7500 kPag (800-1100 psig) and temperature of around 200°C (about 400°F).

Conversion per pass is usually high, around 90 to 93 % and the overall



conversion is around 95 to 97 % The space velocity in tubular reactors is
typically high, e.g., 2 to 3.5 hr LHSV. Cycle length in tubular reactors is
normal |y between 2 to 8 weeks. [0010) Anot her problemfacing the refining
industry at the present is that current refinery regulations related to
nmotor fuels have Iimted the anobunt of benzene which is permssible in

mot or fuel s wOTtsemugs0egul ati ons have produced subst antiCA{USYRENGEE i n
refinery operation. To conply with these regul ations, sone refineries have
excl uded C6 compounds fromreforner feed so as to avoid the. production of
benzene directly. An alternative-approaéh is to renove the benzene fromthe
reformate after it is formed by means of an aromatics extraction process

such as the Sulhdvelsameis Riamess ©r97IEXTR §§cloéﬁ§|1!u tubllireREAbEds ref i neri es
Wi th aromatics extraction units havF: flexi b| lity € accommodat e t he benzene

requi rement s bitpigaly jhighngge 2dtor 3.5 duil (LHSY. r’r@&@lctkwsﬂl Bembearerespersiis i cati on for
refineries w t houdanl BewRELIT R we Q%t raction units. 10011) The renoval of
benzene is, however;, acconpani ede y a decrease in product octane quality

si nce benzene and ot her single ring aromatics nake a positive contribution
to product oct Ce ee erting the
benzene in ar o@ﬁ]cs %ﬁoﬂcglp%b?%?r%%ﬁgnag%gfm% &dﬁ)ﬁl& tstﬁgpfeféés}é 1§@{§¥| C

al kyl ar omat i cs cgwmph rt:ﬁ;:e@o‘cglé&t@namdated Iwinotoeﬁmﬂsrﬂmvwﬂmmhdtﬂkaemejnwaﬁ are

Nobi | Benzone PR VRRS s heERRARTR ROR s, T deBfifiebs vty Br ot voe
Process, used mbfsiamaﬂlchmge:zenlreﬂne:ycqieadﬁybﬁtw molﬂplﬁrlvﬁlﬂi' th’eeﬁﬁgﬁllatlbﬂ alicylate
benzene in reformate to,from acll%y‘%aronatl CS suc # uen MBR and
MOG processes SHPreHREE PHEFA R CoBRPWAYE FoRigE °na°r 0, 387;

4,992,607 andihd,pféductidlof Biaretie tivebtBA 0Ax al?éiﬂdx)@&@ﬁﬁé&&il@&.uuﬁ 90121 The

fluid bed MBR rocesjsI us gs a shage sel ectlve r‘rjet allosi|icate .
enzene from the reformate afier it 1s formed by meamns of an aromatics

extraction process such as the Sullfolane Process or UDEX Process. Well-
integrated refineries with aromatics extraction units have flexibility to
accommodate the benzene requirements but it is more difficult to meet the

benzene specification for refineries without the aromatic extraction units.

[0011] The removal of benzene is, however, accompanied by a decrease in
product octane quality since benzene and other single ring aromatics make a
positive contribution to product octane. Certain processes have been proposed
for converting the benzene in aromatics-containing reﬁnery‘ streams to the less

(- toxic alkylaromatics such as toluene and ethyl benzene which themselves are
desirable as high octane blend components. One process of this type was the
Mobil Benzene Reduction (MBR) Process which, like the closely related MOG
Process, used a fluidized zeolite catalyst in a risér reactor to alkylate benzene in
reformate to from alkylaromatics such as toluene. The MBR and MOG
processes are described in U.S. Patents Nos. 4,827,069; 4,950,387; 4,992,607
and 4,746,762. '



_catalyst, preferably ZSM5, to convert benzene to al kyl aromatics using
olefms fromsources such as FCC or coker fuel gas, excess LPG or light FCC
napht ha. Nornmally, the MBR Process has relied upon light olefin as

~al kylating agent for benzene to produce al kylaromatics, principally in the
C7-Cs range. Benzene is converted, and light olefin is also upgraded to
gasol i ne co@re0epoli th an increase in octane val ue PQIIHEHAHA of |ight
FCC naphtha ol efins also leads to substantial reduction of gasoline olefin
content and vapor pressure. The yield- octane uplift of MBR nakes it one of
the few gasoline reformulation processe® that is actually econonically
beneficial in petroleumre cling. 100131 Li ke the MOG Process, however, the

MBR Process regidhed i it endi ture, Cl. whi ch did
not favor its &H{d%s pr@%gmﬁggg‘{ ?@‘?iﬁ“@#n‘%ﬁ %@aﬁéf Se@%‘ﬁct m%é%‘?%‘ltl%ée mar gi ns.
The MBR pr ocessatdys.oprafestlynZSMc to connpreberizenecis adlythrdifaties ebios olefics oct ane

ratings could n certain ca be .deleteriousl ffec not her factor

whi ch did not 3@5?“%%!%’5%?%@@ Gt fqlﬁeﬁélf %ﬁ’.e"cﬁ%’gg F i‘ﬁf‘ﬁgﬁ?‘gm’é’ﬁ‘ Besses have
al so been pr opNeafghilypthd @MBR Brdckssthae redied bpiigho blefie k< sk Fatingf dpa@rfyr ol ef i ns and
gasol i ne; proc ssestof t islkgnd have often fu CE%%Qed by, the al kyl ati on of
benzene with oPBFHS 8P YLARTUIRIPANTE; PF@“"&’@QHP% JEEC St HAASIS to form

| ess toxic al kydneéresdptah€ LHRRCEIES & Slso Bg@.m‘dafoy Ropeesmesrat withhiss kind are
described in U, S. Patents Nos. 4,950, 823; 7%,179; 5,414,172; 5, 545, 788;

: 4.9
5, 336, 820: 5, 4B§re35pGD QRS valyes Caanssiqnoy dight K¢ maphihedefing alssicads resses are

technical ly atubagitia¥ SedubtM of gadofind BRfin MekieNold VBR: Q688 SBR. yidlav e
encountered the dlsadvantaﬁe of needing to a reater or |esser degree, sone

capi tal expenddtaneapliff of malgsiiepeaiithe fewegpsolipe refprgiulation 2ra8%ses hem i n

present Cir CUNbLERE&Sally WiHomicaP 66HRL a1 i par i RFRBSmg.hat  1s, as near as
possi ble, a "drop-in" replacenent for and existing refinery process,

capable of utilizing existing refinery equi pnment as far as possible. WO
2006/ 094007 P%&JH§2OQ§1&OQIZ€1@?0G' ?’rocess, however, the MBR Process required

considerable capital expenditure, a factor which did not favor its widespread
application in times of tight refining margins, The MBR process also used higher
temperatures and Cst+ yields and octane ratings could in certain cases be
deleteriously affected another factor which did not favor widespread utilization.
Other refinery processes have also been proposed to deal with the problems of
excess refinery olefins and gasoline; processes of this kind have often functioned
by the alkylation of benzene with olefins or other alkylating agents such as
methanol to form less toxic alkylaromatic precursors. Exemplary processes of

, this kind are described in U.S. Patents Nos. 4,950,823; 4,975,179; 5,414,172,
5,545,788, 5,336,820; 5,491,270 and 5,865,986.

[0014]  While these known processes are technically attractive they, like the
MOG and MBR processes, have encountered the disadvantage of needing to a
greater or lesser degree, some capital expenditure, a factor which militates
strongly against them in present circomstances, What is-needed is a process that
is, as near as possible, a “drop-in” replacement for and existing refinery process,

capable of utilizing existing refinery equipment as far as possible.



10015) For these reasons, a refinery process able to al kyl ate benzene (or
other aromatics) with the olefins would be beneficial not only to neet
benzene specification but also to increase notor fuel volume with

“hi gh-octane al kylaromatic conpounds. For sone refineries, the reactive
renoval of C2/C3 olefins could alleviate fuel gas capacity limtations.
Such a procwesesheowdd: Upgrade C2 and C3 ol efi n from PORISIIMHOTE hi gh oct ane
bl endi ng gasoline Increase flexibility in refinery operation to control
benzene content in the gasoline blending pool Allow -refineries with
benzene problens to fccd thc C6 conmponénts (I ow blending octane values) to
the reformer, increasing both the hydrogen production fromthe refornmer and
t he bl end pool octane. Benzene produced in the refornmer will be renoved in
order to conply with gasoline product specifications. Have the potential,
by the renoval [oons] ol Fbt thesef rembhs) beefiber prages able @o dlkylile B&ene(@patiért y i n t he

fuel systemfacility. For so refineries this benefit could allow an

i ncrease in se‘?f@‘f"?tf_) Wﬁ&sﬂ’ﬁegeﬁ%v ‘f"@ﬁ‘?r‘i’gﬁi”“ﬁé’é&ié@é ,°”-{3’C@, meﬁtyb‘?”ﬁ?!’teacke_r,

coker, etc. | negpadifitdtibh!t b@N als® Bl Mcredle RAAGE TSRS vEl@Ne CHith Slfh-bAnechem cal s
production which require high purity feed conponents, allow normal refinery

streans with t#e§o epmmonads. | Bay spime yfinerigs, thetrpasive ppmewal afdep/Caat

consequent | o d 5 ' ikdtishs. log@ation No. ,
claimng pri o\r/\?fﬂ;ﬁgéﬁl E\hpgﬁ%ggltc%ﬁQ@é&%@%&&%%ﬁ%@%&@%%@@ii bes a process
gragi¢

for the conversi onUp pand (s lolefih fromdued igasto hightoplennblendingyasdlmae, and
but V| h g e ' . HE I at
utyl ene to gaso Iﬂlgrr?g% f}%"ﬁ‘?’éﬁ@%ﬁ{‘{ﬁ&@{m‘“’w‘?kﬁ"’!‘*ﬂ’&gﬂ% ﬁﬁ%%‘ B@. ymeri zation

(condensation, oligone whi ch i's capab ei ng used as
a replacenent for gasbhntPhelepyori c acid catalyst in process units which

have previously begoyseth Lol wid'Bashie RISGESR 120 IBAN iow
blending octane values) to the reformer, increasing both the hydrogen
production from the reformer and the blend pool octane. Benzene
produced in the reformer will be removed in order to comply with
gasoline product specifications.
Have the potential, by the removal of olefins from the fuel gas, to increase
capacity in the fuel system facility. For some refineries this benefit could
allow an increase in severity in some key refinery process, FCC,
hydrocracker, coker, etc.
In distinction to similar processes now current for chemicals production
which require  high purity feed components, allow normal refinery
( streams with their concomitant levels of impurities to be used, at

consequent Jower cost.

[0016]  Co-pending U.S. Patent Application No. , claiming priority of
Application Serial No. 60/656,954 describes a process for the conversion of light
olefins such as ethylene, propylene, and butylene to gasoline boiling range motor
fuels using a solid polymerization (condensation, oligomerization) catalyst
which is capable of being used as a replacément for solid phosphoric acid

catalyst in process units which have previously been used for the SPA process.



-8 The catalyst described in the application is a solid, particulate

catal yst which is non-conosive, which is stable in flxed bed operation,

whi ch exhibits the capability of extended cycle duration before
regeneration is necessary and which can be readily handl ed and which can be
finally disposed of sinply and econom cally w thout encountering

si gni fi cant wersssroassent al probl ens. Thus, this proce¥€T/HEHIEEE an
economcally attractive alternative to the established SPA process which
provi des a solution to the problemof using the light olefin production in
an econom ¢ manner. Thus, the process dé&scribed in U S. Application No.
(claining priority of Ser. No. 60/656,954) can be characterized as a near

“drop-in" repI f ablis SPA r ) eing readily
capabl e of oper aﬁ;%%&s\}mdtg nwf]ﬁ%é épg@éa@é&?bsm{ﬁglgaéu&uag a?%égw}?r‘fg\}m process.
Sunmary of themmmwwanw[hﬁﬁlﬁ]sm hra \fixed (hed deperation] &hioh caxkidbits wid ch enabl es

light refinery ol e rne d|| nverted to sollne l.i ng range

fuel product's 3‘?’?&? ! O%Eﬁgndegr‘%cle AR bgf?é%{eg%ue{aﬂgn}s m}dbciﬂ%pl y With

gasol i ne benzessm bpe&dilycm&ml&nd'ﬁhﬁch oirD G& SFtnaltp cﬁde%eJdade Exﬁxptyhaldor ocess
on No.  (clai of  Ser.

described in U.S. n r|or|t
60/ 656, 954) | n%@ﬁoﬁbm Quk FRGeuptering %Wé%“g b problsos, ﬂ?"@her boi | i ng

products in theigmsedss provives lah RPoroafi@Ry iatiradtivel alRhalifSito Gdlealabtishéa Process
using a zeolite_catal yst, the di fference being that in the present case,

the reactions 3P4 PRSP WHclhprovides a salution & the paotigm BE wsiaghibe AigBE i onal | y

other |ight apQBRiibe if OPeHABRIc MenMdf OTPRR, #hePh@ Qtde&%aﬁiﬁlwg a high
octane rating characteristic of the alky | aromatics resulting fromthe

al(kyl ation of OndicgderNpe with t(ﬁ@nm%mqn%y pf Sgeho. $H636:A54) eamcbe [ 0018)
According to tth%mla{ee_%é%”&s L MG by 96 arcﬂﬂa&%%%uib h:?; e Al d:sBpfised s?w?h as.a mx
p an ty

of at least two of ethylene, pro ene ene, optionally wth other
| i ght ol efi ns, Prepess, rbemtre@ﬂvlqanahle OﬁpR%Memhin the piogéss vartsorsad fog theonpound such
as

known process.

Summary of the Invention
[0017)  We have now devised a process which enables light refinery olefins to
be readily converted to gasoline boiling range fuel products and, at the same
time, enables the refinery to comply with gasoline benzene specifications. The
process is similar to the process described in U.S. Application No.
(claiming priority of Ser. No. 60/656,954) in that light refinery olefins are
converted to higher boiling products in the gasoline boiling range in a fixed bed
( catalytic process using a zeolite catalyst, the difference being that in the present
case, the reactions are carried out in the presence of benzene and optionally other
light aromatic compounds, to produce a product possessing a high octane rating
characteristic of the alkylaromatics resulting from the alkylation of the benzene

with the olefins present in the feed.

[0018]  According to the present invention, a mixed light olefin feed such as a
mix of at least two of ethylene, propylene, and butylene, optionally with other

light olefins, are reacted in the presence of a light aromatic compound such as



WO 2006/ 094007 PCT/ US2006/ 007169 -9 benzene or a single ring aromatic with
a short chain alkyl side chain to forma gasoline boiling range [C5+ -
200°) [Cb+ - 400'F] product containing akylaromatics. The reaction is
~carried out in the presence of a catalyst which conprises a nenber of the
MVWfamly of zeolites, a famly which is currently known to includes

zeol i t e PSHW® 2004084002, MCOM 36, MCM 49, MCM 56, SSZ 2BCTESHM6MAHE | TQ 1. The
process is carried out as fixed bed operation; the reactor nay be either of
t he chanber type with feed dilution or added quench to control the heat

rel ease or in a tubular reactor with ext-ernal cooling. f [0019] In
additional to their easy handling and anenability-to regen ,a on, the solid

catal ysts used,d : AT . Vit el ectivity
and stabi|ityqié'r%%ﬁt"?gf’ ?’{ﬁ%ﬁ’g‘gpﬂﬁ%@%ﬁﬁ gégﬂogo%lrpmgre %’3@%1%%“%%“@ %5 itself is

at | east fivesasolinesboitige rangei [fat+an 2081 niGst cartPOF] ryeduct teabthipingor t he
producti on of 0asof | . . I | j fin feeds,
The catalytic gerﬁ)ﬂ}lgn%n?éé %ﬁc@édggﬁgﬁ?é‘ﬁwgeg%tgﬁlgﬁﬂgwg%rﬁrpar able to

t hat of the fresiprisdvi@vhk@iberefithe YBYW &mity nftepkites, adartibavhithis coaemlyyst i s
anenabl e to cqgnvent| | I, dgtd i i 20] The
conver si on ofqgﬁ%g Aﬁ@§$§§§§“%§$?%?%kgggg3@@%ﬁﬂgfﬁﬁ&9ﬁéﬁ§$§§%hgg nol ecul ar
sieve based ca@S5alERBtE ahhER@ 0The proos iisS&dried sut 2k ifiked pbd opsshtidagdtawi ng t he
sol id phosphoric_ acid.[SP, talyst fromthe unit and Joading an olefin
condensat i on ST blé'(?ﬁ@’iOEﬁ‘r‘?ﬁi‘éﬂbWF?é%‘I}}F"tdéﬂhﬂ?‘b?ri afde ‘ilﬁeBg’ttﬁe reactor of
t he process Urdohtrolfigd He@itelBge Whinta taRNNGERIoP With eltembiRbblg Y ol ef i ns may be

processed with the light aromatic streamto formthe high octane, |ow
benzene gasoline fuel product using the appropriate process conditions

descri bed bel qgo1g) DRAVYINGInMED 264044 4 in P Gld oAbt /B hcraticz,
the solid catalysts used in the present process exhibit better activity, selectivity
and stability than solid phosphoric acid; compared to SPA, MCM-22 itself is at
least five times more active and significantly more stable for the production of
motor gasoline by the polymerization of light olefin feeds, The catalytic
performance of regenerated MCM-22 catalyst is comparable to that of the fresh
MCM-22 catalyst, demonstrating that the catalyst is amenable to conventional

oxidative regeneration techniques.

[0020]  The conversion of an SPA process unit to operation with the present
molecular sieve based catalysts therefore comprises, in priziciple, withdrawing
the solid phosphoric acid [SPA] catalyst from the unit and loading an olefin
condensation catalyst comprising an MWW zeolite material into the reactor of
the process unit. Following unit conversion, the refinery olefins may be
processed with the light aromatic stream to form the high octane, low benzene

gasoline fuel product using the appropriate process conditions described below.

DRAWINGS



-10 10021) Figure 1 shows a process schematic for the olefin polynerization
unit for converting light refinery olefins and benzene to notor gasoline by
the present process. [0022) Figure 2 is a graph showing the al kylation of a
light aromatic fraction wth ethyl ene and/ or propyl ene. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON SPA Unit Conversion [0023) The present process
is for the wwopoeakiong? of |ight olefins in the presenc®CoUSIPA{I6Hr onatics to
produce a high octane rating, aromatic notor gasoline of reduced benzene
content which may be fed directly into the refinery gasoline pool as a high
val ue bl end conponent. Al so, by suitabii®-adjustnent of the reaction
conditions, other fuels, for exanple, aromatic road diesel and kerojet

bl end stocks nmugzlie PriREE ¢ 8bws d1RoREOTESRatlcTor 1L SRER PollReffalt W @
repl acenent for the SPA gol meri zation process wth the added advant age of

renmovi ng benz&i&copyeginglight reterneefinsgad benzens thmetod sgrobive bythreprpicals ent

upgr adi ng ProCgR3essUSes a catal yst which can be used as a direct replacenent
for SPA and so enabl es existing SPA units to be used directly with the new
catal yst with (@08nalFigure 2 is avgreplf showirigahe alkylaticniod aight arothadicfaketiont ages of t he
new catal yst a effectively exploited while retaining the
economni ¢ benef9ﬁh§P8%§§§m%§?§¥%ﬁg‘ refinery equi pnent. 10024) The process
units used for the operation of the SPA process for the catalytic
condensat i on ODETAZHED BIESCRIPTION @F THEONVENTIONf uel s are wel |l known. The
chanber type units typically conprise a feed surge drumto which the

ol efins and any diluent are supplied, followed by a heat exchanger in which
the feed is psph&ndidtbobysiexchange with the reactor effluent, after which it
is charged to the reactor where the polynerization (condensation) takes

place. Control o V0 400 O est To Lo a0 Sr il Of light olefins in the

presence of light aromatics to preduce a high octane rating, aromatic motor
gasoline of reduced benzene content which may be fed directly into the refinery
gasoline pool as a high value blend component. Also, by suitable adjustment of
the reaction conditions, other fuels, for example, aromatic road diesel and kerojet
blend stocks may be produced. The process is intended to provide a replacement
for the SPA polymerization process with the added advantage of removing
benzene from the refinery gasoline blend pooi. The present upgrading process
uses a catalyst which can be used as a direct replacement for SPA and so enables
existing SPA units to be used directly with the new cataljrst with minimal unit
modification, in this way, the advantages of the new catalyst and process can be
( effectively exploited while retaining the economic benefit of most existing

refinery equipment.

[0024]  The process units used for the operation of the SPA process for the
catalytic condensation of light olefins to produce motor fuels are well known.
The chamber type units typically comprise a feed surge drum to which the
olefins and any diluent are supplied, fo].ldwed by a heat exchanger in which the
feed is preheated by exchange with the reactor effluent, after which it is charged

to the reactor where the polymerization (condensation) takes place. Control of



-11 the heat release in the chanber reactor is acconplished both by feed
dilution and by the injection of recycled quench between catal yst beds in
the reactor. The reactor effluent, cooled in exchange with the feed, is
directed to a flash drum where the flash vapor is condensed and the
condensate cool ed. Sone of the condensate is recycled for use as feed

di | uent and WQUHEN40OFE| ash drumliquid flows to a stafiCHUBHPRHE? e t he

pol ymer gasoline product at the desired Reid Vapor Pressure [RVP] and |i ght
ends are separated. The |ight ends may_ pLe sent to a C3-C4 splitter
depending on the refinery needs. Units With tubular reactors have simlar
ancillary units except that in this case, the necessity for the recycle and
quegc_h ethli pnerthe heat refamviache cﬂmﬂ%}ea&tbxkxea&Bﬁplxiﬂgemlbﬁwaﬂut&inQﬂf catal ysts
used in the prese roces non- corr osi ve, but ess i cant
advant ages W t%yrtggbtg‘é‘fm?& °q9f‘°’t‘ﬂ‘a1? Tq‘i&mgfs‘eb"r‘?g a’§t‘°aaﬁ'f°é Ijrl"‘%ss subj ect

to break down abgicireffident, @8I ﬁm&mgé Q4th ke féemeisaﬁwﬁatmqfﬂae@tda&nl n the
feed. The present catal ysts are readlly regenerabl usin conventl onal

hydrogen stri ppthfee Bie ish d&RqT\?‘ieG?DégébeF’éj( FbGrF‘m‘%ﬂ“Faé? cqpiade ofpthet e

catal ytic acti \gohdenbste SRS R bhske s ! rf@catd%@:ﬁ an@¥BbRht | Ixﬂiﬂ%ﬁ m RE8d
regenerat|on or reactivation is reqwre my be si x nont h S, one ear, Or

even |onger, f@ﬁﬁéﬁeﬁﬁﬁﬁb@wa "éﬂjrﬂm pelamer Basplinsy pradiet abtherdesimd, Reifl nce
conventi onal APt Endd GfeSRRRLtkd. YT N pht! gl kdgpes for the
di scharge and reI oad| ng of ata sts as a result erc}ifi”l'h ﬂﬁs;lﬁort %n:tfe of a
catal yst, thesdo eﬁst%wdcm@nggn@ewmmés tHeltqow@s@hulaIrmamm ar sieve
catal ysts. They in-situ

r elgener ation si %Eégs ﬁ}qgtaélg adtag%?xs %Y%tglecﬁi?ﬁwalqlgél%% ﬂﬂlﬁ%lgg ‘gém s before
it requires di #pdguednch Fwpmapt weebayed.si eve catal ysts used in the present
process, however, are fully regenerable and for this purpose, can be

wi t hdrawn fromthe reactors for ex-situ regeneration. This will typically
be a sinple natl®0és] t oLike SBAgbe melengartsiese sgpalpsts used &l thsprestnsbasrze  equi pnent

of the SPA uni tyon BhdR bl polsl sitnttickMhallhe WHPREIL: oSS ih e |

they are more stable, less subject to break down and are largely unaffected by

'-l

the amount of water in the feed. The present catalysts are readily regenerable
using conventional hydrogen stripping or oxidative regeneration, after which
complete catalytic activity is substantially restored. Cycle times before
regeneration or reactivation is required may be six months, one year, or even
longer, representing a significant improvement over SPA. Since conventional
SPA condensation units necessarily include facilities for the discharge and
reloading of catalysts as a result of the short life of a catalyst, these units may
readily accommodate the present molecular sieve catalysts. The SPA units do
not, however, include facilities for in-situ regeneration since the SPA catalyst is
used on a once-through basis before it requires disposal. The molecular sieve
catalysts used in the present process, however, are fully regenerable and for this
purpose, can be withdrawn from the reactors for ex-situ regeneration. This will
typically be a simple matter to arrange using the spent catalyst discharge
equipment of the SPA unit. Similarly, the SPA charging equipment lends itself
directly to the charging of the zeolite catalysts into the reactors. If suitable



directly to the charging of the zeolite catalysts into the reactors. If

sui tabl e WO 2006/ 094007 PCT/ US2006/ 007169 -12 provision for in situ
regeneration can be nade, an appropriate regeneration circuit maybe present
in the unit. Unit Conversion (0026] A schematic for a converted olefin
condensation unit made by the conversion of an existi A unit (chanber
type) is sh& P *®hplified form in Figure 1. A li glﬂ%qﬁégapf’??%réeed,
typically C2, C3 or 4 olefins or mxtures of these olefins froman FCC gas
plant, is led into the unit through ling 10 and conbined with a |ight
aromati c stream contai ni ng benzene entéring through line 11. The conbi ned
stream t hen passes through heat exchanger 13 in which it picks up heat from

the reactor effiovisioh foefiositn beemngation dgite hadel @fclppopriate eégRaaaior € i n heater
14. From heater, 14, tSe feed.flows through a guard bed reactor 15a to
remove cont ani FEH 28X BERTSP B PEHPE nitrogen and sul fur- contai ning
inpurities. The guard bed may be operated on the swing cycle with two beds,
15a, 15b, one bed being used on stream for contam nant renoval and the

ot her on regendPACPHIESIHN t he conventional manner. |f desired, a three-bed
guard bed system may be used with the two beds used in series for

contam nant renoval and the third bed on regeneration. Wth a three guard

system used t ol0028thi &y &chewaicc fonaaspnpenied qlefipesandensatiopounivymade byyheser i es

sorption, the Opdsi¥h bf an Basing SPAURR (RMLY HPHVERWA ih Ringfined fPmcycl € of
regeneration, second bed sorption, first béd sorption. The m xed

ol ef nl benzene BHdgwEe 1t hérlighhelstn feedHypiodlly G b vo« eBfpHoRmixtHe ofe ol efin is
reacted with tﬁa&eadimtﬁogﬁ at @C@%ag‘pialﬁ?, is $QSihicSle A Yl-BIAMRIC! fp Mgoduct of

r éduced benzene content during ils passage over a sequence of catalyst beds
in the react orcombinefl yaha ekt sromatin atrearh cotfaining penzgre enteringbyiugieline exchanger

13 and then ¢ O S cdliReded el Jd ORI, fraPERGGL: 1PASSRR Ut Of T ash

drum 20 throu line 22 to the fractionato to pr
picks up heat from the reactor effluent before being brought to reaction

temperature in heater 14. From heater 14, the feed flows through a guard bed
reactor 15a to remove contaminants such as orgamic nitrogen and sulfur-
containing impurities. The guard bed may be operated on the swing cycle with
two beds, 15a, 15b, one bed being used on stream for contaminant removal and
the other on regeneration in the conventional manner. If desired, a three-bed
guard bed system may be used with the two beds used in series for contaminant
removal and the third bed on regeneration. With a three guard system used to
achieve Jow contanunant levels by the two-stage series sorption, the beds will
‘ pass sequentially through a three-step cycle ofi regeneration, second bed
sorption, first bed sorption. The mixed olefin/benzene charge then passes
through reactor 16 in which the olefin is reacted with the aromatics to form the
desired alkylaromatic product of reduced benzene content during its passage
over a sequence of catalyst beds in the reactor. Effluent passes out of the reactor
through heat exchanger 13 and then to flash drum 20 The alkylaromatic product
passes out of flash drum 20 through line 22 to the fractionator 25 to provide the
final stabilized gasoline blend component in line 26 with reboil loop 28



final stabilized gasoline blend conponent in line 26 with reboil [oop 28 WO
2006/ 094007 PCTI US2006/ 007169 -13 providing colum heat; |ight ends

i ncl udi ng unreacted ol efins pass out through Iine 27 fromreflux | oop 29.
100271 Normally, the recycle and quench used in the chanber-type olefin

pol ynerization units will not be necessary since the incomng aromatics
stream provV8e804% 8¢ uate dil uti on of the ol efin streaRCTos2008aper at ur e
control. If, however, additional feed dilution and/or quench are required
for tenperature control for exanple, if it is desired to operate the unit
wi t hout aromatic co-feed as a sinple ol®fin polynerization unit as

descri bed in co-pending application No. (claimng priority of US Ser. No.
60/ 656, 954) (" i J ; -'gnmf ' We]aNAREYY chanber
type reactor s%%&g%?ogn ?gér&’rﬁeg(%gl?aé ugrlﬁgﬂ que%c¥g%n§§ﬁ€%dsgrln§%teﬁgggﬂc]escri bed in
t hat appli cati dine 27fempefvgdedp 2% covery section of a converted tubul ar type
SPA unit may be simlar with the exception that the recycle and quench

| ines are not necessary in any event since any required reactor tenperature
control is eff @®dd DyormeBnsthefredyble dand gmemthased antheashambérayhalefin si de of t he
react or assenbl 0281 T. t st _used.in.the quard bed wll normally be
t he sane cat al \}’S‘Pm%ﬁ%n }‘%‘&f‘H@a"é’F%I’%ﬁ%‘H S}né:%g]teol?coggﬁgdmﬂ%ﬁcg\ﬁﬁ%@ operating
conveni ence buprdvities adeuate tdilutien of tledolefid stesi fe deapaithver conadlal Ifst or

sorbent to renpve cont.am n fomth feed may used,.typically a cheaper
guard bed sor gg%"tv?veré.aéi%go’ﬁagglae%cé'[“glwﬁgﬁ S‘ﬁngéﬂrgtrﬁ%q’mgrf%g er#’"éa/ll um na. The
gbj ecti ;/ﬁ o; tgthUMdi(m?%iiﬁitﬁm?m: e;p?’aﬁ mdnmm\giﬂionaﬂb@gﬁd@?fgei]et; eed
efore the feed caone e.reaction ca st an rqvi ded.t ha isis
ac{ﬂ eved, ther® F§m\'ﬂ§"c18f%9’érl"i°g?’§f“5?“°8Hﬂftcaéadﬁg""%’%"aﬁh‘éor'%“gﬁé apdlé‘iag?rﬂ/st s and
conditions uselNal to{cldihinhgeHidrityGITS &8N/ \ED/BSHIBLY 9380 neddR AL/ 007169

Olefin Polymerization™) with chamber type reactors, provision for recycle and

quench may be made as described in that application. The product recovery
section of a converted tubular type SPA unit may be similar with the exception
that the recycle and quench lines are not necessary in any event since any
required reactor temperature control is effected by means of the liquid coolant on

the shell side of the reactor assembly.

[0028)  The catalyst used in the guard bed will normally be the same catalyst
used in the alkylation reactor as a matter of operating convenience but this is not
required: if desired another catalyst or sorbent to remove contaminants from the
f feed may used, typically a cheaper guard bed sorbent, e.g a used catalyst from
another process or alumina. The objective of the guard bed is to remove the
contaminants from the feed before the feed comes to the reaction catalyst and
provided that this s achieved, there is wide variety of choice as to guard bed

catalysts and conditions useful to this end.

Catalyst



-14 [00291 The catal ysts used in the present process contain, as their
essential catalytic conponent, a nolecular sieve of the MWNWtype. The MWW
famly of zeolite materials has achi eved recognition as having a
characteristic framework structure which presents unique and interesting
catal ytic properties. The MWW topol ogy consists of two i ndependent pore
systens: a SYQUEHIAM ten-nember ring [10 MR two di nETES3NeP ¥ Rannel
separated from each other by a second, two dinensional pore system
conprised of 12 MR super cages connected to each other through 10 MR

wi ndows. The crystal system of the MAW 4 r amewor k i s hexagonal and the

nol ecul es diffuse along the 1100] directions in the zeolite, i.e., there is

no communi cat i @oze}l ONEhet dafikts-hod BF HcOReddil oG EdHeain PRI BSr cdsBndalle hexagonal
pl ate-1ike crystals of the M/\Wlty e zeolites, the crystals are formed of

rel atively snaFtaliifesspopmmt.ainelecul siske ofitee MWD tynet iTon MW Wofamilyefi t of
whi ch, much of ,tdig ﬁ%ﬂhymcac%%edwe&agﬁiﬁ%? qyﬁavfu@ kel feridtid fandwpit ed on the
I the formof the

external surface of the crystals in tr rm . he cup-shaped cavities. In
the interior sructiee whishpfesents wugue and ijeresting pataliéc Praprartigs. Sthe MW MCM 22, t he

cup- shaped cayjihjoes G Qietv&oolg@{eﬁ(;égﬁ%ntl goge%%:iaugtﬁ?s%ﬁﬂﬁmnmbw 22 famly

of zeolites has attracted sign n cre ention since its
initial annouriogeE@MRDywd dimreosiomal chdnneltsepanat&tirem cecl2@hsr byl @edd]13 11994)

and the later_re ni.tion th he fam | rrently kno i nclude a
nunber of zeoft ﬁ%%%l%%a?ipgt{es%?ﬁ%hm "ﬁ’%*—ﬁlfSi,zsk/%\]/f‘?ff ¢ cﬂ@\,%ﬁfgﬂ 56, SSZ 25,
ERB- 1, | TQ 1, ehdothdrhtiwragh L b dRt winllowsAl QRE odyutl adystele bl nigg MWW, Paper
292J. [0030] The relationshi ween the.yarious ne rs of the MCM 22
fdnily have b§?ﬁ°‘7&°€ éﬂ‘%‘%%?’ﬁ“ﬁ“?‘ﬁ%%@?‘“%ﬁd‘%'ﬂfﬁl °8§tﬂ|‘°oﬂ§€] Sreption gni fi cant
menbers of t hehefzadlitt,yi.earthedyGivind ZomiuMcaifon Ay 4E c-dectiddCDdoGn ddhen

initiall t hesi f I xture includi f silica, alum na,
Sodi um  and nEFEeh e REep e ey af % BRI BEe tnen S of b otluc

wi Il be MCM 22¢crystals are formed of relatively small number of units along the c direction as a

result of which, much of the catalytic activity is due to active sites located on the
extermal surface of the crystals in the form of the cup-shaped cavities. In the
interior structure of certain members of the family such as MCM-22, the cup-
shaped cavities combine together to form & supercage. The MCM-22 family of
zeolites has attracted significant scientific attention since its initial
announcement by Leonovicz et al. in Science 264, 1910-1913 [1994] and the
later recognition that the family is currently known to include a number of
zeolific materials such as PSH 3, MCM-22, MCM 49, MCM 56, SSZ 25, ERB-
i 1, ITQ-1, and others. Lobo et al. AIChE Annual Meecting 1999, Paper 2927,

[0030)  The relationship between the various members of the MCM-22 family
have been described in a number of publicatiéns. Three significant members of
the family are MCM-22, MCM-36, MCM-49, and MCM-56. When initiélly
synthesized from a mixture including sources of silica, alumina, sodium, and
hexamethylene imine as an organic template, the initial product will be MCM-22
precursor or MCM-56, depending upen the silica: alumina ratio of the initial
synthesis mixture. Af silica:alumina ratios greater than 20, MCM-22 precursor



precursor or MCM 56, depending upon the silica: alumna ratio of the initial
synthesis mxture. At silica:alumna ratios greater than 20, MCM 22
precursor WD 2006/ 094007 PCT/ US2006/ 007169 -15 conpri si ng H bonded
~vertically aligned |layers is produced whereas randomy oriented, non-bonded
| ayers of MC-56 are produced at lower silica:alumna ratios. Both these
materi al s mayo eS8 erted to a swol len material by tHETESEHPTI] pi| | aring
agent and on calcination, this leads to the lamnar, pillared structure of
MCM 36. The as-synt hesi zed MCM 22 precursor can be converted directly by
cal cination to MOM 22 which is identical®>to calcined MCM 49, an

I nt ermedi ate product obtained by the crystallization of the randomy

oriented, as- %Mﬂlghﬁﬁ% 6bnbEdMreficany il dbrs &s odu@éiﬁﬁvﬁer@iseraﬁ&m#ent |y

bonded with an Interlam nar spaci n%‘sl ightly dgreater than that Tound in the
cal ci ned MCM  Zrientei ap-hendedr laggrs of THE-56rrey ipradeesid s dowes siliesalvmipabe cal ci ned
itelf to form Ci MO ' ' b Sit.] ' 22/ MCMt 49
in having a ran ghiBgﬁlglrll entégﬂgg{aﬁg?k%ﬁﬁggﬁe%??gﬁ]%gr s%?iu ttﬂ?egs.e n the
patent |it er atapibarkigMg@R and onl edcinitivadthisriedds §) thPdangingr, piflared s@84yr825 as wel |

as in US 5 Y/ 4, 82, 742 49 | Lbed in U S
5, 236, 575; I\/CI%?? g‘%&?‘na‘ﬁué@.%g”é, %‘?{g@“’;&n‘g%ﬂé‘é‘%"ﬁ % °§°AV§“%°E§§J€B§ 10031)
The preferred dgotaltingionatoe MEGM-20whitheisi idehtivel datcalcyst MCM-HL, pnesent
process is MCM.22 al.t hou eplit 49 be und tq.have certain
advant ages rel a“%?%ed{age ‘ﬁ%@?&mflffhgg‘\é}b%ﬁaqﬁ%aﬂﬂ 0{ ﬁ‘ﬁtm’f‘iﬁ’EﬂW‘ﬁ 'may be
ei ther used fr eshyntlidatd MCM-56t I M0, hieclaydpy 8 covaRhily besidd asthan cat al yst or
alternatively, .regenerated V.22 may be used.. Regenerated may be
Gsed arter 11 (HEHTRER BEoe FHER, Boer et B SPPRLE B SUCOEL e wni ch i
is suitable, 20000 490mbtetalflr The BhsyphatRs MIM-Bhitghbd bicitat @eyysé has shown
itself remain _activye aft en. nul tiple regenerat.li , .al so be
possible to usé."mM/%{W%aMg:MS%lé” i‘Eﬁ‘sH‘ﬁvﬁﬁ%W”b%%gﬁg@Mq}ggé Pn ot her
comrer ci al progesifes randomly oriented rather than a laminar structure. In the patent

literature MCM-22 is described in U.S. Patent No. 4,954,325 as well as in U.S.

5,250,777, 5,284,643 and 5,382,742. MCM-49 is described in U.S. 5,236,575,

MCM-36 in U.S. 5,229,341 and MCM-56 in U.S. 5,362,697.

{0031]  The preferred zeolitic material for use in the catalyst of the present
process is MCM-22 although zeolite MCM-49 may be found to have certain
advantages relative to MCM-22. It has been found that the MCM-22 may be
either used fresh, that is, not having been previously used as a catalyst or
[ alternatively, regenerated MCM-22 may be used. Regenerated MCM-22 may be
used after it has been used in any of the catalytic processes for which it is
suitable, including the present process in which the catalyst has shown itself
remain active after even muitiple regenerations. It may also be possible to use
MWW catalysts which have previously been used i other commercial processes
and for which they are no longer acceptable, for example, MCM-22 catalyst
which has previously been used for the production of aromatics such as
ethylbenzene or cumene, normally using reactions such as alkylation and

ﬁansa]ky]aﬁon. The cumene production (alkylation) process is described in U.S.



and for which they are no | onger acceptable, for exanple, MOM 22 catal yst
whi ch has previously been used for the production of aromatics such as

et hyl benzene or cunmene, nornmally using reactions such as al kyl ati on and
transal kyl ati on. The cunene production (al kylation) process is described in
U S. WD 20061094007 PCTI US2006/ 007169 -16 Patent No. US 4,992, 606

( Kushner i ck v 20ed/0p400Ft hy| benzene producti on processes PCAS2EEHWEWP bed in U. S.
Pat. Nos. 3,751,504 (Keown); 4,547,605 (Kresge); and 4,016,218 (Haag); U. S.
Pat. Nos. 4,962, 256; 4,992,606; 4,954,663; 5,001, 295; and 5, 043,501
describe al kyl ati.on of aromatic conpourfis with various alkylating agents
over catalysts conprising MAWW zeolites such as PSII-3 or MM 22. US Patent
No. 5,334, 795 pgaamNdes 4!5926059%%@43@%@@%%&& plodu@iol ptdeesnzene with

MCM 22. As noted above, cat al ener at ed after cat alytic

use in these Fedlauihed i {ES. &ahehlosaﬁﬂgrbﬁ%ﬁ(mhﬁ‘é%&%ﬁwé@s
conventional ajfe 91 AfkPYS ARNNALEIEEIE 42 flk; 138 B3 seb1udgs! h ot her
zeolite catal ysts. nvéntional "alrr ‘oxi'dati on 't ec¢hfii ques are” also suitable
when regener at amly 503,50t adestnbst slkplatiay odiseromramct rvempowlslenwlﬂprwess [0032] In
rocess i 11 ofiiatntl Bl et GRRARCEmerhidf MNP A0HS bk o380} €, FLESEN
aﬁequat e strenytMLe. l[XSePaIail.td‘FO/s%B%gﬁMekcn}bss the lmunl}/phksetshmhekmof ed por gsi ty
characteristic EQ§ catal yst. Hi gh actjivity catal ysts however, be
formul ated in %H%Q%lnd%r free form by ﬂﬁgluse of suitable ex ggion
techni ques, faAs nebedrapb&, maémwmmmbﬁ@enmtmmeimmm ilsed, matrix
m?‘t eri .al s sui ocl:csscs S! ogll ugls(glgl%cs?*lgl?l@%ﬁgrr é}olcq’%)sgﬁ, tH/ conv 218 %,1' tutam a,
zi‘rconi a, and i nor anlc I % he
formul ati on ofoxidﬂtaenuteahzu@eevsﬁ:ﬂmataalty@éSuseEownhls&mnJ:drhee maag/sm process,
the | evel of 22.1n a fi d matrixe i call from
20 to 70 % byl\@{{v&ﬁ}o’nalaﬁa oiu athB S?chelgggﬁsare also sutta%llé/ wgen regenera%ng)(lp y
catalysts afier use in the present process.

[0032] In addition to the MWW active component, the catalysts for use in the
present process will ofien contain a matrix material or binder in order to give
adequate strength to the catalyst as well as to provide the desired porosity
characteristics in the catalyst. High activity catalysts may, however, be
formulated in the binder-free form by the use of suitable extrusion techniques,
for example, as described in U.S. 4,908,120, When used, matrix materials
suitably include alumina, silica, silica alumina, titania, zirconia, and other
( inorganic oxide materials commonly used in the formulation of molecular sieve
catalysts. For use in the present process, the level of MCM-22 in a finjshed
matrixed catalyst will be typically from 20 to 70 % by weight, and in most cases
from 25 to 65 % by weight. In manufacture of & matrixed catalyst, the active
ingredient will typically be mulled with the matrix material using an aqueous
suspension of the catalyst and matrix, after which the active component and the
matrix are extruded into the desired shape, for example, cylinders, hollow
cylinders, trilobe, quadlobe, etc. A binder material such as clay may be added
during the mulling in order to facilitate extrusion, increase the strength of the



from25 to 65 % by weight. In manufacture of a matrixed catal yst, the active
ingredient wll typically be mulled with the matrix material using an
aqueous suspension of the catalyst and matri x, after which the active
conponent and the matrix are extruded into the desired shape, for exanple,
cylinders, hollow cg/l i nders, trilobe, quadlobe, etc. A binder material such
as clay may BO28%EMY during the mulling in order to f&€TAUBwes0716Xt r USi ON,
increase the strength of the WO 2006/ 094007 PCT/ US2006/ 007169 -17 final
catalytic material and to confer other desirable solid state properties. The
anmount of clay will not normally exceed’10% by wei ght of the total finished
catal yst. Self-bound catalysts (alternatively referred to as unbound or

bi nder-free cahaloyglytit matddal addSto csﬁfEﬁ&tuétd%SM1e%bwaat@%p%e£ iR a

separately added matrix or_ binder material, are useful may be produced

by the extrusi aRowbofsley widstor neymally exegeds 10%chy. weight of thee@t@f@ls ¢ whi ch

reference is ”@zﬁﬁ btuﬂﬁ‘ ruded
products obtai ne ?ﬁlﬁouggg&mﬁ%daﬁ&n&ﬁ'dgbﬁg@tpggémﬁrﬁ% ena ?ée% ext rudat es
havi ng hi gh copmlvﬁﬂ)nthnglsscatdmﬁwhmbdomet gm@atue@cbamlr@dﬂﬁémmen ext rusion
eaui prent. and BH6E! Sl ard D8ATSH0 Al b8 FTRBETY Y chlth Sl P 08Ul N0

the high activity se bund ¢at al ysts are pro uced by
nul l'ing the zeddscited 'asu;&sEm Ped 45(821815 toPa&uchl\bferendsa 582pRikSforvd th water to

a solids |evel dc%]é%pg%n ‘%g@%’e Otfltt}‘ure?rhudsegn ¢& of othng'd %381‘%“53 ?%% of basic

materi al such as I‘OXI s are fund in U.S.
Pat. No. 4, 582m8thbd d&nbafda:hbry endthes extrhdatds Gravidg htgh abystrhiningastrelgth to

ch,ar acterized @S%rﬁﬁﬁteh%%lc%e aﬁe%“?“’?é&‘g{”’q%ﬁg{,‘é dfngly,'EhSt AN of

extrudates or SOntAr M ng a usus y at | east 95
wt. pct., of tiaeenamdnhyem tabxofor tpeodacing diveltigh mtivhymdfbemﬂr:mtagfsg: ‘ftded brnder

material e.g. alumna, silicas alymn I ca, 0|aetc
Extrudates may° abﬂgymn °‘i‘8ﬁ€8ﬁt’?‘§ﬁ“éﬁ 8“"s"l"f'ﬁl P8 ﬂféﬁ“ ﬁ%ng%‘r " hol | ow
cylinders, tri 4sm15qwaﬁmmm d dolitls 1p+ea_beiseﬁos'5att%.m tHe@oBBdce S 0. Bﬁ)toed above,
MM 22 and ot hﬁ{ wg’;l ?lessict: ?na eria sucﬁ er'nY h}rrTgXxigc? Further details are to be

found in U.S. Pat. No. 4,582,815, Generally, the self-bound catalysts can be

characterized as particulate catalysts in the form, for instance, of extrudates or
pellets, containing at least 90 wt. pct., usually at Jeast 95 wt. pet., of the active
zeolite component with no separately added binder material e.g. alumina, silica-
alumina, silica, titania, zirconia etc. Extrudates may be in the conventional

shapes such as cylinders, hollow cylinders, trilobe, quadlobe, flat platelets etc.

{ [0033]  As noted above, MCM-22 and other catalysts of this family may be
regenerated after catalytic use for example, in the present process or in the
cumene, ethylbenzene and other aromatics production processes, with the
regeneration carried out by conventional air oxidation techniques similar to those
used with other zeolite catalysts, Regeneration of the catalyst afier use in the
present process results in only a modest activity loss, with the catalyst
maintaining more than 95% of fresh activity after the first regeneration. Even
after multiple regenerations, a reasonable and acceptable level of activity is

retained. The catalyst bas been found to maintain more than 80 % of fresh



regenerated after catalytic use for exanple, in the present process or in
the cunene, ethyl benzene and other aromatics production processes, wth the
regeneration carried out by conventional air oxidation techniques simlar to
those wused with other zeolite catal ysts. Regeneration of the catal yst after
use in the resent process results in only a nodest activity |oss, with the
cat al yst MORIMY nore than 95% of fresh acti vi tyngHUé%W%’/‘ﬂ@G?i r st
regeneration. Even after nultiple regenerations, a reasonable and

acceptabl e level of activity is retained. The catal yst has been found to
mai ntain more than 80 % of fresh WO 20887 094007 PCT113S20061007169 -18
activity after 6 regenerations. Following the air oxidation, the catalyst
may be recondiduvdp Gflert repaitratids, FORRREE e QGddibSahdeRblyH Shejbevat er or a
mldly alkaline solution, for exanple, a dilute solution”of ammonia or

sodi um car bonkrenditipned Mifesqueays (TRcoRditioning et Uik WaI o Pt ur es has
been found t 0aRAnEf idfioh Gor Ehfingld "5 'AURNEAAATof AhotH of Sofil ed and then
imersed in a water bath’ a?ter |’ch| It is rieg and returned to service.
The recondi t i opdrbrpatet /Toeatment witwatdy @lope pit drvhicat teimperaures hasbéeni found y

determ ned ti i - S rdoPrerfidy L e i perties. It
is theorized t al}tw%fﬁ%w?eg?#n%ﬁ%gg%l ng &a{ar?}ég}t{snﬁ edrlllgbtﬁ%ts%ezgcgw‘ca&nol gr oups
on the surfaceweter bile aflegoihitleittip diel ad-rbtumee do sarficer Thé eccombdmingat i on
treatment with | i f lviig,: rties. which, in
favorabl e caseg%“ﬁn%‘?%%%g.%5“%%%’(%?}4’??9‘5?@5?’%}6%%3?%@5& SJ&)lﬁ%nfresh

cat al yst. [ 0034] irfheveowttainysatalyst pabpertiest hit ig) theodzedgbatvthd recomtitiominigy be t he

same cat al yst i | tion.r t a te f rating
conveni ence buF&tﬁﬁ%é e’lggé’}egg%e%ﬂ%lcl]g'lo‘rl%sa":n tlﬁ‘?&]crifeaé? ?iel&i %eﬁgicﬁ%?e %éf? 'gﬁ%?st or
sorbent to renufice thomegenemidmt sredtmonm whie a temequenty rassodisn tofpeatdyticy a cheaper
guard bed sorbent, ..e.g.a used catalyst from..another process or,alum na. The
obj ective of t hieP dé%%?rvgm%e SO ae%%\?éaytpﬁ%mhc%ﬁ;{tgﬁslt r"fg?ﬂs{s:%“%?&ﬁ% %ehe feed

bef ore the feet adosiesatdlystt he reaction catal yst and

[0034]  The catalyst used in the guard bed will normally be the same catalyst
used in the alkylation reactor as 2 matter of operating convenience but this is not
required: if desired another catalyst or sorbent to remove contaminants from the
feed may used, typically a cheaper guard bed sorbent, e.g a used catalyst from
another process or alumina. The objective of the guard bed is to remove the
contaminants from the feed before the feed comes to the reaction catalyst and
provided that this is achieved, there is wide variety of choice as to guard bed
{ catalysts and conditions useful to this end. The volume of the guard bed will
normally not exceed about 20% of the total catalyst bed volume of the unit.

Olefin Feed

[0035]  The light olefins used as the feed for the present process are normally
obtained by the catalytic cracking of petroleum feedstocks to produce gasoline
as the major product. The catalytic cracking process, usually in the form of fluid
catalytic cracking (FCC) is well established and, as is well known, produces



provided that this is achieved, there is wide variety of choice as to guard
bed catalysts and conditions useful to this end. The volune of the guard
bed will normally not exceed about 20% of the total catalyst bed vol une of
the unit. Oefin Feed [00351 The light olefins used as the feed for the
present process are normally obtained by the catal ytic cracking of

petrol eum f SBAIEHYTt 0 produce gasoline as the naj orPPY GNP 14 he

catal ytic cracking process, usually in the formof fluid catalytic cracking
(FCC) is well established and, as is well known, produces WD 2006/ 094007
PCT/ US2006/ 007169 -19 large quantitied?of light olefins as well as olefinic
gasol i nes and by-products such as cycle oil which are thensel ves subject to

Further 'ref | ni gyl Btin T U1 Mot FoBheaRfOBGAN stsr Ul 10 the

present process are the lighter olefins fro ene to butene;

al t hough t he hesagycls oibmdichrase thepselvescubjectito dirthee cefining eneeatiprsocBaesi ng, t hey
can generally i : .ﬂarﬁi -V sQl kha: t where they
provi de a val ug%ﬁé&g%%?rgfc uti o ?%ﬁ%gglhg?egﬁg%ﬁrg%sagin%h@qﬁ%%glgg&i s highly
advant ageous i fromfethyldnt upid butenopalthveghrtialtialigr olefinsoudyyalseibehinchided mne and
propyl ene but gl s e gy ne_a hys provi.des val yable route for the
conver si on of i%ogﬁgéﬁ](ﬁ’(ﬁc 'lby %ep%rglgy& etmom’t%ﬁléa\/ege@'ferc “gtaﬁ@‘i ﬁaﬁ‘éuber oduct. For
t hi s reason asprodhdt vemrd they rprovidedy valiahle abattibitionith dcéange Theaprédesti €S in a
refinery, mxed olefin streans such FCC O f-Gas streans (fypjically
contai ning etHyFERLS hwgpﬁéﬁggﬁm%@ﬁ%@’ﬂ%%%éw@%aﬁ @8?’1&8 si on of the
C3 and C4 ol ehitéheland ptdplre hiitQiSotwith cliydék iand thak e sdes pvaMbilefur di rect
route to the bég ch chain . C7.an Ss?rpf{)rodu ts which are sq highly

desirabl e in gRE&E WEVEFEHPE s crgeking uchio ¢ dpined BRAT PRA¥Loct ane.

Besi des the FQforlihik teasdn' i wEIDEE the® Ir@idav-FkEiBHTE B quatilRR tdd RGkrf,r om ot her
process units including cokers, visbreakers and t%ermal crackers. The

presence of diB%edi Heiysreamsgirhpa Flfun@ffiGrs stivpame f tyPigEE cco8PEENs i s not
di sadvant ageoughyAidiC fropedd il Butés)the, HAWefartdnVerSibn of the C; and C,

olefin fractions from the cracking process provides a direct route to the branch

chain Cq, C; and Cg products which are so highly desirable in gasoline from the
view point of boiling point and octane. Besides the FCC unit, the mixed olefin
streams may be obtained from other process units including cokers, visbreakers
and thermal crackers. The presence of diolefins which may be found in some of
these streams is not disadvantageous since catalysis on the MWW family of
zeolites takes place on surface sites rather than in the interior pore structure as
with more conventional zeolites so that plugging of the pores is less problematic
[ 'cata]ytically. Appropriate adjustment of the process conditions will enable co-
condensation products to be produced when ethylene, normally less reactive than
its immediate homologs, is included in the feed. The compositions of two
typical FCC gas streams is given below in Tables 1 and 2, Table 1 showing a
light FCC gas stream and Table 2 a stream from which the ethylene has béen

removed in the gas plant for use in the refinery fuel system.



zeolites takes place on surface sites rather than in the interior pore
structure as wth nore conventional zeolites so that plugging of the pores
is less problematic catalytically. Appropriate adjustnment of the process
conditions wll enable co- condensation products to be produced when
ethylene, normally less reactive than its imedi ate honol ogs, is included
in the feed WORW6MMGOsi tions of two typical FCC gas BEVERPASM36%i ven bel ow
in Tables | and 2, Table 1 showing a |ight FCC gas stream and Table 2 a
stream from whi ch the ethylene has been renoved in the gas plant for use in
the refinery fuel system WD 2006/ 09400270 PCT[ US2006/ 007169 -20- Table 1 FCC

Light Gas Stream Conponent W. Pet. Pct Et hane 3.3 5.1 Ethylene 0.7
1.2 Propane 14.5 15.3 Propyl ene 42. % | so-butane 12.9 10.3 n-Butane
3.3 2.6 Butenes 22.1 18. 32 PentF g Table 2 C3-C4 FCC Gas Sirearn
Corrponent W. Pct. I-Preg)ene 18. fé‘ﬁ }ﬁq 15 | sobut ane 19.7
2- Me-| -propene 2.1 1
Ethane
' Ethylene
Propane 14.5 15.3
Propylene 42.5 46.8
Iso-butane 12.9 10.3
n-Butane 33 2.6
Butenes 22.1 18.32
Pentanes 0.7 0.4
‘ Table 2
C C3-C4 FCC Gas Sircam
Component 7 Wt. Pct.
1- Propene 18.7
Propane 18.1
Isobutane 19.7
2-Me-1-propene 2.1
1-Butene 8.1
n-Butane 15.1
Trans-2-butene 8.7
Cis-2-butene 6.5
Isopentane 1.5
C3 Olefins 18.7
C4 Olefins 25.6
Total Olefins 44.3

" [0036]  While the catalysts used in the present process are robust they do have
sensitivity to certain contaminants (the conventional zeolite deactivators),
especially organic compounds with basic nitrogen as well as sulfir-containing
organics. It is therefore preferred to remove these materials prior to entering the
unit if extended catalyst life is to be expected. Scrubbing with contaminant
removal washes such as caustic, MEA or other amines or aqueous wash liquids
will normally reduce the sulfur level to an acceptable level of about 10-20 ppmw
and the nitrogen to trace levels at which it can be readily tolerated. One

atiractive feature about the present process is that it is not unduly sensitive to



1-Butene 8.1 n-Butane 15.1 Trans-2-butene 8.7 G s-2-butene 6.5

| sopentane 1.5 C3 Oefins 18.7 C4 Aefins 25.6 Total Aefins 44.3 10036]
While the catalysts used in the present process are robust they do have
sensitivity to certain contam nants (the conventional zeolite deactivators),
especially organic conpounds with basic nitrogen as well as

sul f ur - cont avermgesen’gani cs. It is therefore preferredP@TRWHBATEO hese
materials prior to entering the wunit if extended catalyst life is to be
expected. Scrubbing with contam nant renoval washes such as caustic, MEA or
ot her amines or aqueous wash |iquids W!l normally reduce the sul fur | evel
to an acceptable IeveI of about 10-20 ppnw and the nitrogen to trace |evels

at which it cap, k& Pgﬁ t out the
present pr ocess are [{'%ﬂ? |}ésﬁlt S n(%%} ﬁc saet%s%ﬂ'eﬁ%{h\té%i{?\%?%g/% 4007
PCTI US2006/ 007 $BA unitg1 Usdike SPA1tkizaglite pathlessionsemesscamy thopregncs of wat er
entering the rea tor t.h befozeollte

I ke
cat al yst does r“é?]rﬁl “”mﬁragp""ﬂ’cgl’é eref\tﬂgttg? (?Dg falnt ai n
activity and t h:&éﬁ:igoahe utin el @atkntibyal E@Adm&dhb@ﬁtef ﬁmtcﬁﬂtyﬁfcﬁll}gndeﬂhe unit. In
conventi onal the ter conte ically nee o be held
bet ween 300 totqs%gﬂé ot 3008 tp@lrglchr@%@atﬁﬁptpyéty gtﬁt time,
retaining cat ahmstretamneg&atmyst mTE@tpr qﬁ@ﬁ)icséﬂ%dlft@céiﬂ&s@d msivsVer hﬁwever may
readily tolerate up tio about 1, pmw wat er. al t hou | evel s above about

800 ppnw may Feadibctolete PR/F"t%W“td]e?f@rﬂ’FﬁbWBW tepgy 15y @"’V‘N‘l&“h%qq i =. need

ppmw may reduce activity, depending on temperature.

Asginatic Feed -

{0037} In addition to the light olefin feed, an aromatic stream containing
benzene is fed into the process, as described above. This siream may contain
other single ring aromatic compounds including alkylaromatics such as toluene,
cthylbenzene, propylbenzene (cumene) and the xylenes. In refineries with
associated petrochemical capability, these alkylaromatics will normally be
removed for higher valne use as chemicals or, altematively, may be sold
separately for such uses. Since they are already considered less toxic than
benzene, there is no environmental requirement for their inclusion in the
aromatic feed stream but, equally, there is no prejudice against their presence
( unjess conditions lead to the generation of higher alkylaromatics which fall
outside the pasoline range or which are undesirable in gasoline, for example,
durene. The amount of benzene in this stream is governed mainly by its source
and processing history but in most cases will typically contain at least about 5
vol. % benzene, although a minimum of 12 vol. % is more typical, more
spectifically about 20 vol. % to 60 vol. % benzene. Normally, the main source of
this stream will be a stream from the reformer which is a ready source of light
aromatics. Reformate streams may be full range reformates, light cut

reformates, heavy reformates or heart cut reformates. These fractions typically



(0037].In addition to the light olefin feed, an aromatic stream contai ni ng
benzene is fed into the process, as described above. This stream may contain
ot her single ring aromati ¢ conpounds including al kyl aromatics such as

tol uene, ethyl benzene, propyl benzene (cunene) and the xylenes. In
refineries wwth associated petrochem cal capability, these al kylaromatics
wi || normal | YOB®60MEMFpved for hi gher val ue use as chenPCHUS0G5{007169
alternatively, may be sold separately for such uses. Since they are already
considered less toxic than benzene, there is no environmental requirenent
for their inclusion in the aromatic feéd stream but, equally, there is no
prejudi ce agai nst their presence unless conditions Iead to the generation
of higher al kyLafiaH8fnbes aiﬂehﬁbof%&erh9%§&9&st®$caﬁﬁeéslmasa«ﬂ%wr whi ch are
undesi rable in gasoline, for ex dur ene he "anobunt of benzene in this
streamis goveCaeandniower \hyBpearbons sendr ewall ;ameupis crfe Beaviey Wﬁb‘gﬂsbut in nost
cases will typi o RO t hough a

m ni mrum of 12 \%’?éah éﬁgés)tmn‘géﬁeauﬁlspf ?%ﬂ‘y noretmsgp]éh\(ﬁ%liei(‘:oa gé;ﬁ:g[ual 0 vol. %to
60 vol . % benzeeniain Nerymwiv gqlomtseofnaﬂfnr s&;ms@lyoﬂleythlawsb@nrwhjmtvd kd be a
streamfromth \/ eof i Cs.

Ref or mat e stregrrsl;"ﬁ:’ H§J Oﬁlt refo ﬁ%rﬂﬁ% H{’mgpr?ducﬁfo ormat es, heavy
ref ormates or heﬁepresmﬁpfoeés@bmfm &hqx&l;fhmbvabnsmmfwab:hyham 2006/ 094007
PCT[ US2006/ 00716tﬁ g onta n. smaller amounts of |ighter hydrocarbons,
typically |ess s 8’d ca(%“%nd | ower hydrocarbons and small anounts
of heavi er hydrocarbons, typ| cally less than about 15% Cr+ hydrocar bons.

These ref or mat ed suaII n s of . s

usual Iy, they ﬁ’ﬁ%ﬁi b °r§’6§51 d“il ’B’l‘gﬁ ‘i“ﬁ B‘}’F’B}ngbj’@g?’ef orning so
that the resul kb RGO dfdiRien DRI Grhosf %éfmdrefbr?natelma&wﬁsgnh B=Acess contains
an acceptably low |level of sulfur for conpliance wth current sulfur

speci fi cat i onsTeiqrmgtegThirsy Ryeigmably reforraaipiaving # ningy boilng rapgsmbef&Gm a fi xed

bed, sw ng bedpQty/C; fraction. This fraction is a complex mixture of hydrocarbons recovered

as the overhead of a dehexanizer colum downstream from a depentanizer
coluron. The composition will vary over a range depending upon a number of
factors including the severity of operation in the reformer and the composition of
the reformer feed. These streams will usually have the C;, C, and lower
hydrocarbons removed in the depentanizer and debutanizer. Therefore, usually,
the heart~cut reformate will contain at least 70 wt. % Cg hydrocarbons, and
preferably at least 90 wt. % Cg hydrocarbons.

i [0039]  Other sources of aromatic, benzene-rich feeds include a light FCC
naphtha, coker naphtha or pyrolysis gasoline but such other sources of aromatics

will be less important or significant in normal refinery operation.

[0040] By boiling range, these benzene-rich fractions can normally be
characterized by an end boiling point of about 120°C (250°F)., and prefefably no
higher than about 110°C (230°F). Preferably, the boiling range falls between 40°
and 100°C (100°F. and 212 °F)., and more preferably between the range of 65°



nmovi ng bed reforner. The nost useful reformats fraction. is a he cr', cut
reformate. This is preferably reformate having a narrow boiling range, i.e.
a C6 or C6/Cr fraction. This fraction is a conplex m xture of hydrocarbons
recovered as the overhead of a dehexani zer col utm downstream from a

depent ani zer columm. The conposition will vary over a range dependi ng upon
a nunber of WP30968%4807 ncl udi ng the severity of operati BEI/UF0884&16%f or ner and
the conposition of the reformer feed. These streans will usually have the
C5, C4 and |ower hydrocarbons renoved_ 441 the depentani zer and debutani zer.
Therefore, usually, the heart-cut reformate will contain at least 70 wt. %
C6 hydrocarbons, and preferably at least 90 wt. % C6 hydrocar bons. (0039]
Ot her sources aé 95 ©(EROPE to PehZR amd evien imotemdferablycitidetha rdrigglof 7@ napht ha,
coker naphtha Q.Y Ql¥Si ol i ne but such other sources of aromatics
will be less i %Bo&(la?ﬁt ¥'t?§gQ%§i ficant in normal refinery operation. [00401
By boiling range, these benzene-rich fractions can nornally be

characterized by an e%(; boi l'i ng p%i nt of %out 1%80 §250F)., and preferably
§teatys

no higher thad®bout Aetnepesiaps)of tyy tpispldgpr cutyr REBYE f al | s

between 40 angn ¥9Klés § 20K beRWd Thé Zefbimate Hotn B TELIPUGE £ raRIvéiyhRdreeen the
range of 65 WO 2006/ 094007 PCTI US2006/ 007169, -23 to 95 C (150F. to 200 F)
and even nore prEfiastputerefyhich nexerthglescatainganarg bengene thangihe put of o 200 F) .

[ 0041] The co e 3l 288N i eans are given
in Tables 3 an Ekgél OW. Q#ﬁ%@?%@%@?@%ﬁ%ﬁi&% %Jgg%lgflélﬂ%ih?mg%sél atively nore
paraffinic cut but one which neverthel ess contains nore benzene than the cut
of Table 3, malting it a very suitable gyhsirate for the present alkylation

process. Table 3 C6-C7 Heart Cut Ref e+ mRifou 326

KON 82.6
MON 77.3
Composition, W,
cl.

i-Cs 0.9
n-C; 1.3
Cs napthenes 1.5
i-Ce 226
n-Cg 11.2
Cg naphthenes 1.1
Benzene 32.0
i-C, 8.4
n-C—; 2.1
C; naphthenes 0.4
Toluene 17.7
i-Cy 0.4

i H-Cg 0.0
Cy aromatics 0.4




MON 77.3 Conposition, w. pct.

1-C5 0.9 n-C5 1.3 C5 napthenes 1.5

I - Co

22.6 n-C6 11.2 C6 naphthenes 1.1 Benzene 32.0 i-C7 8.4 n-C7 2.1 C/ n
ht benes 0.4 Toluene 17.7 i-Cs 0.4 n-Cs 0.0 Cs aronmtics 0.4 WO

2006/ 094007 PCT(US20061007169
RON 78.5 MON 74.0 Conposition, wt. pct.
CoSna t henes WOB006/094007

Ref or mat e

PCT/US2006/007169
-24 -
Table 4
Paraffinic C6-C7 Heart Cut Reformate
RON 78.5
MON 74.0
Composition, wi.
ct.

1-Cs 1.0
D-Cs 1.6
Cs napthenes 1.8
i-Cg 28.6
Il-Ce 14.4
Cs naphthenes 14
Benzene 39,3
i-Cq 8.5
n-C; 0.9
C; naphthenes 0.3
Toluene 2.3

[0042] Reformate streams will come from a fixed bed, swing bed or moving
bed reformer. The most useful reformate fraction is a heart~cut reformate. This is
preferably reformate having a narrow boiling range, i.e. a Cg or C¢/C, fraction.
This fraction is a complex mixture of hydrocarbons recovered as the overhead of
a debexanizer column downstream from a depentanizer column. The
composition will vary over a range depending upon a number of factors
including the severity of operation in the reformer and the composition of the
reformer feed. These streams will usually have the C;, C; and lower
hydrccarﬁons removed in the depentanizer and debutanizer. Therefore, usually,
the heart-cut reformate may contain at least 70 wt. % Cg hydrocarbons (aromatic
and non-aromatic), and preferably at least 90 wt. % Cg hydrocarbons.

[0043]  Other sources of aromatic, benzene-rich feeds inclide a light FCC
naphtha, coker naphtha or pyrolysis gasoline but such other sources of aromatics

will be less important or significant in normal refinery operation.

-24 Table 4 Paraffinic C6-C7 Heart Cut
i-C5 1.0 n-Cs 1.6



i-C6 28.6 n-C6 14.4 C6 naphthenes 1.4 Benzene 39.3 i-C7 85 n-C7 0.9
C7 naphthenes 0.3 Toluene 23 [0042] Reformate streans will conme froma
fi xed bed, swing bed or noving bed reforner. The nost useful refornate
fraction is a heart-cut reformate. This is preferably reformate having a

narrow boiling range, i.e. a C6 or C6/C7 fraction. This fraction is a
conpl ex m xt YY@28¢0980Gr ocar bons recovered as the over hemrt/osboosortbehexani zer
col um downstream from a depentani zer colum. The conposition will vary

over a range dependi ng upon a nunber of factors including the severity of
operation in the reformer and the conpegstion of the refornmer feed. These
streans will usually have the C5, C4 and | ower hydrocarbons renoved in the
depent ani zer a g@?ﬂtani.zer. Therefore, usually, the heart-cut reformate
may contain at 1@ ¥gafPn o5 C6 hydrocarbons (aromatic and non-aromatic),
and preferably at least 90 wt. % C6 hydrocarbons. [0043] O her sources of
aromatic, benzene-rich feeds include a light FCC naphtha, coker naphtha or
pyrol ysi s gasol P41 puDvsing thegprpgsss. sorpmehss ob mechapigtinally. dhfferpnt reagtionses g

i nportant or sigg E,jag@nt TH: Mcgﬁé rE&fiEd@eﬁlgggﬁ?iétmnbe 006/ 834007

PCTI US2006/ 007169 " 25 " Product Formation [0 During the process, a nunber
of mechani st i catrdngalkildtionreagtions balveroths aromaties avd dheeolefinge Thederredctitns r eact i ons

taking place w4 ﬁ?ﬁioﬁ:ﬁ%é ﬁ%ﬁ&nﬁ‘?%vcrttﬁé‘ﬁ%ﬁﬁ I5¥gr8d bPLefif fh iR afRRt WEEN the

aromatics and the "ol e ese reactio
which occurs since the aromatics are readily sorbed onto the catalyst and

preferentially occupy the catalytic sites making olefin self-condensation
( reactions less likely to occur as long as sufficient aromatics are present.
Reaction ratec apd thermodynamic considerations also favor direct olefin-
aromatic reactions. Whatever the involved mechanisms are, however, a range of

alkylaromatic products can be expected with varying carbon numbers.

[0045] The objectivé normally will be to produce fuel products having a
carbon number no higher than 14 and preferably not above 12 since the most
valuable gasoline fuel hydrocarbons are at C;-Cpp from the viewpoint of
volatility including RVP and engine operation at varying conditions. Di-and tri-
alkylation is therefore preferred since with the usual C,, C; and C, olefins and a
predominance of benzene in the aromatic feed, alkylaromatic products with
carbon numbers from about 10 to 14 are readily achievable. Depending on the
feed composition, operating conditions and type of unit, the product slate may be
varied with optimum conditions for any given product distribution being

determined empirically.

Process Parameters



wi |l predom nate significantly over the mnor degree of olefin

ol i goneri zati on which occurs since the aromatics are readily sorbed onto
the catalyst and preferentially occupy the catalytic sites making olefin
sel f-condensation reactions less likely to occur as long as sufficient
aromatics are present. Reaction rates and thernodynam c consi derations al so
favor direct W8 89#64/034008r ot i ¢ reacti ons. \Wat ever the PRFYBPEMOTEL hani sns
are, however, a range of allcylaromatic products can be expected with

varyi ng carbon nunbers. [0045] The obj eg%i ve normally will be to produce
fuel products having a carbon nunmber nd“hi gher than 14 and preferably not
above 12 since the nost val uable gasoline fuel hydrocarbons are at Cr-Cl10
from the vi ewpojobde] of The Predbit |pkdckssi i abidble Bt iB\Bpamely @PBERE opRAERL ON at
varying conditions. Di-and tri- alkylation is tﬂere ore preferred since with
the usual C2, CoVaremRSIstyee fandmdery mpdesgice gesaiuFesn c dn ofengiah Jeme s t he

aromatic feed, ghlpeMhRé QTR FonP BIRMH P35 tél"'sidﬁc (SRGOBD 15 BEIEY sdfih fi¥@bout 10 to
14 are readily achi evable. Depending on the feed conposition, operating

condi tions and e¢appebasieenri50° andZS01Y 1308 tex $80°Fony Tepeperapes (fd 70 toh opt i num
conditions for ' ] L, utd I ] -enpirically.
Process Par anet gépéc%&’d;%g}ggﬁ%ﬂ%%%ﬁ%/%Mgbfog?%e?F%rgl%%] he present
process is not atpitenef while highee apupisrdtires) wil ndreially boppprapréste for feddowithenper at ur es
and under noder [ el.n_gener er he  f.epperature will be
from about 120 %%‘ﬁ g%ﬁ%ﬁ%t‘)fﬁﬁ% G%gm%ndﬂir%\q%slg‘lgﬁ%atg%]ge%%e\/\een 150
and 250C (‘about opsfdion to &f3Gre satisTeetvpe ethyleticnedrsidr/ Présouresh@ill' ool bet 0 355F)
will normally be found opt.inmumf.or .feeds,conprisin ut en il e higher

t ehper at ures Wi %pe?f}éf'trr%’} ﬁ@?& B%“%‘F(%fl“ﬂ’tagy fwgﬁ nf’i%’ﬁ;ge%qu"ﬁ?@f]@m‘#ﬁgcant
anounts of prop@abent Eshphigneitinildw t¢ efpderaR presglres; nbanigrmt ubeve HVSr ation to
ensure sati sfachory GUVI TG 508" Bhik Chvored °ESH" SRurthent 29" Tiiche”®

considerations although higher pressures are. not unfavorsble in view- of the

volume change in the reaction; in most cases, the pressure will be in the range of
2000 to 5500 kPag (about 290 to 800 psig) in order to make use of existing
equipment. Space velocities can be quite high, giving good catalyst utilization.
Space velocities are normally in the range of 0.5 to 5 hr’ WHSV for the olefin
feed, in most cases, 1 to 2 br’’ WHSV. Optimum conditions may be determined
empirically, depending on feed composition, catalyst aging and unit constraints.



dependent on unit constraints but usually will not exceed about 10,000 kPag
(about 1450 psig) with low to noderate pressures, normally-not-above 7,00()
kPag (about 1,000 psig) being favored from equi pnent and operati ng

consi derations although higher pressures are. not unfavorable in view of the
vol une change in the reaction; in nost cases, the pressure will be in the
range of 20082P%50%8¥0 KPag (about 290 to 800 psig) i nPEVHEPIOHIMake use of
exi sting equipnment. Space velocities can be quite high, giving good

catal yst utilization. Space velociti e%tare normally in the range of 0.5 to
5 hf' WHSV for the olefin feed, in nost cases, 1 to 2 hfl1 WHSV. Opti num
conditions may be determ ned enpirically, depending on feed conposition,
cat al yst agi ngoasr] unlwo cfacieds r affectisg dnﬁcQOHGibﬂﬂ;éﬁ&?eRGI/hEsZﬁé)%QDHGQ -27

[0047] Two factors choi cg. er at e feed
conposi tion an8 ??Péqzﬁ’ %hﬁg’mﬁ‘fﬂcf ’ﬁ‘eé‘ %Hnﬁ'éﬁ ‘I’Iflﬁ’i ﬁ“{ Bl efin feed
stream As noWgChoRldoaRve, BiH}¥ene i€ lesS rdatsie th@ﬁprbpyaaletmrropﬁﬁmeh@ﬂe and for
this reason, et htémene containing _feeds will require |gher t enper at ures

than feeds froRhYiFRe CAntaiRing %@ﬂ%p‘ﬁwermmr%hgsgrewwa%rﬁ% fesfls d0 se t hat

hi gh ol efin coamh&hﬁ@ompﬁwﬂ%hﬁs% asEﬁ:HﬁgBhb&ndéthi% foldfinSnverg@ct i on
tenperatures at the higher range, i.e. above 180C or higher,

e.g. 200 or 22GClegred @rﬂnS\DPIDF Of)'éewpﬂeéqﬁéﬂﬂ@@eﬁ&?fe%ﬂﬁbq kigker eeth0fi ni ng
feeds. Sulfur Wel by &OTEDMoYe B8 ?rﬁsl‘ﬁ cr'@ tﬂﬁ" oP|2§|§°b”ord1ﬁ9§§ Jfiope t he FCC

unit in the formo varlous sulfur-c nta| ounds~e.'g, nercaptans,
and since sul f prefeanet Jorpthylene-mouthigog feeds. sSJﬂfuamll F@Inmnlww presepivnrtesact i on

t enper at ur es, y 1;@(9 DYt 4has re ffect at
hi gher tenper a%’%?}égf%%og?ﬂl@% Qﬁn ﬂﬂ ﬁ).rﬁ] Lﬁ%%%'s 8@&’%‘%% Botenti al
for sul fur conpummadd)elgngwpuagﬁmtandam@l snlfat acta zpr ef'.etal‘eﬂ“cmme‘r ature
regi e above Apoukel o0 kbl HRIRERA! WreSurRaNg 1BRCYR wil BRRl Pl O

preferred, e.g esufur Jntent will
be above 1 pphitlestiedtat h@mﬂ témpermhses mBeESO%(bmvlﬁgtfcr ppgmo@(ll 120fC, thd¢ has been
f ound potential for sulfur compounds being present may dictate a preferred temperature
regime above about 150°C, with temperatures above 180°C or higher being
preferred, e.g. 200°.or 220°C or higher. Typically, the sulfur content will be
above 1 ppmw sulfur and in most cases above 5 ppmw sulfur; it has been found
that with a reaction temperature above about 180-220°C, sulfur levels of 10
ppmw can be tolerated with no catalyst aging, indicating that sulfur levels of 10

ppmw and higher can be accepted in nonnal operation.

( [0048]  Operation may take place under vapor phase, liquid phase or
supercritical phase conditions (reactor inlet). Frequently, mixed phase
conditions will prevail, depending on the feed composition and the conditions
used. At the reactor outlet, liquid phase will prevail under normal conditions
with the product including significant proportions of Cg Cjo and higher
hydrocarbons. With signiﬁcant amounts of ethylene (FCC Off Gas) in the olefin
feed, operation will commence (reactor inlet) in the vapor phase or under mixed
phase conditions and when higher olefins including propylene and butene are

present, operation may frequently commence in the supercritical phase. Vapor



that with a reaction tenperature above about 180-220C, sulfur levels of 10
ppmw can be tolerated with no catal yst aging, indicating that sulfur |evels
of 10 ppmw and hi gher can be accepted in nornmal operation. [00481 Operation
may take place under vapor phase, liquid phase or supercritical phase
conditions (reactor inlet). Frequently, m xed phase conditions wll
prevail, dep¥RWPEPoeA’ t he feed conposition and t he conacrivemesooused. At the
reactor outlet, liquid phase will prevail under normal conditions wth the
product including significant proporti o&s of C8, C 0 and higher
hydrocarbons. Wth significant anounts ©f ethylene (FCC Of Gas) in the
olefin feed, operation will commence (reactor inlet) in the vapor phase or
under nixed phasR &RNHika %ﬁseaﬁ}s!ceyya@mmhlﬁbﬁfre&lrpﬁicbéascohﬂgdmmgn@rOpyl ene
and butene are present, operation nay frequently comence in the

supercritical [meeses couditiens e 2issabin - redingsousenety 1 §sd pa¥@t phase and
l'iquid phase pry ﬁéﬁ&g Wist Refi Rfgr red process conf i(ah!'?&?ifgﬁﬁ process
S I ' y Tl pat ent

conditions are closed 1 n co-pending, concurrentl _
appl i cati ons U./AppliSdions|SeNoNos. (6604 apd i 6OF656,04F, r entitledypiquidaPhasps Ser. Nos.

60/ 656, 946 and QQ/ 628, %g%]%l%ﬂt' o Sgh &#ll q"“’ﬂ?"’f)rﬁa%r (@é@é@ctsl kyl ation

Process" and "Vapor Ph ronmati cs yl at'ion to I'ch reference
is made for a deswmss”po wbich offertive Ssanqie deeskasiptiprOéiAdse fiocessaat | 0 bet ween t he
ol efin and aromatic feed conponents is nornmally chosen to achieve the
desired process objective, be it benzene reduction, olefin conversion or a
nunber of obj eqttssjes. Thé rinin beween eku6lefif Nands arcinatic [feddBsnipedbitect i ve, a
relatively | ow aronatics: ol efiﬂ, ratio.is desirable in ogde,r to favor
aromatics al kyPSERal GRISHY 10 Hshieys des dgired Locess, OPRFtec RE Jt BEpzeng preferred
that the rati o refucidér) BRfih Gonvefbiddl @ faindmbeFuhtcfial, eXeasae tadketiy ivei ght .
Using ratios below 1l in this way wll, besjdes_decr ea(g#irrl%lb_enzene in the

product, |im t DCERYEY SPIBHVEMreRt RV arepRicE Qe imatigfs K IOFET on;
conversely, usihvii S8Bktics alkylation using the excess olefins. In this case, it is preferred

that the ratio of aromatics to olefins should not exceed 1:1 by weight. Using
ratios below 1 in this way will, besides decreasing benzene in the produect, limit
conversion and increase the extent of di-alkylation; conversely, using higher
ratios above 1:1, for example, 1.5:1 (aromatic:olefin, by weight) will increase
conversion and the benzene in the product but reduce di-alkylation. Optimal
conditions may therefore be determined empirically depending on feed

composition, available feed rates, product objectives and unit type.

( [0050] By appropriate adjustment of the reaction conditions, the product
distribution may be modified: shorter feed/catalyst contact times tend to a
product distribution with lower molecular weight oligomers while relatively
longer contact times lead to higher molecular weight (higher boiling products).
So, by increasing feed/catalyst contact time, it is possible to produce products in
the middle distillate boiling range, for example, an aromatic road diesel as well
as kerojet blend stocks. Overall feed/catalyst contact time may be secured by

operating at low space velocity or by increasing the recycle ratio to the reactor.



rati os above 1:1, for exanple, 1.5:1 (aromatic:olefm by weight) wll

i ncrease conversion and the benzene in the product but reduce

di -al kylation. Optimal conditions may therefore be determ ned enpirically
depending on feed conposition, available feed rates, product objectives and
unit type. [00501 By appropriate adjustnent of the reaction conditions, the
product  di sfpibdbesesy My be nodified: shorter feed/ capatyShosPnisact tines
tend to a product distribution with | ower nol ecul ar wei ght oligoners while
relatively longer contact tinmes |ead to higher nolecul ar wei ght (higher
boiling products). So, by increasing feed/catal yst contact tine, it is

possi ble to produce products in the mddle distillate boiling range, for
exanpl e, an aropati¢c road diesel as well as kerojet blend stocks. Overall

f eed/ cat al yst . desmple !l ¢ e may be secured by operating at |ow space
velocity or by increasing the recycle ratio to the reactor. WD 2006/ 094007
PCT/ US2006/ 007169 -29- Exanple | [00511 An aromatic feed was alkylated in a
fi xed-bed reactl®¥tht Apsmomsngfeed wavalkdited irom fixedbrdaeantaraéd725kReEng fr om 180
to 330C (356 t . ' I . d r 8 of: was either
benzene or a rggg‘ﬁ%@emwganr%t cufgﬁﬁaég?%ggﬁgo\%agg@ﬁ%t@%@i‘{@% shown in
Tabl e 4 bel ow. odfefiy e@-ftedeThe arameticClsnpves tithen benzene ot refor@ste $eattidqut C6 29. 000

Benzene 24.157 g Gl 1 £ o IRASIG: Amwl$orans Sudg  ToLal 99,937

Table 4
Reformate Composition, wt. pct.

( Cs 8.744

Co 29.000

Benzence 24.157

C7 11.734

Toluene 25.844

C8 0.458

Total 99,937

[0052]  The olefin feed was either chemical grade ethylene or propylene,
mixed with nitrogen and hydrogen when simulating FCC Off Gas. The unit was
started-up on chemical grade benzene (BZ) and ethylene only. Propylene was
added at 2.5 days on stream. Nitrogen and hydrogen diluents were added at 7
days to simulate FCC-Off-Gas. Propylene was removed at 15 days and added
back again at 18 days to evaluate ethylene conversion in the absence of

propylene.

Changes in feed composition and temperature were made during the run as

indicated below.



[ 0052] The olefin feed was either chem cal grade ethyl ene or propyl ene,

m xed with nitrogen and hydrogen when sinmulating FCC Of Gas. The unit was
started-up on chem cal grade benzene (BZ) and ethylene only. Propyl ene was
added at 2.5 days on stream N trogen and hydrogen diluents were added at 7
days to sinulate FCC-Of-Gas. Propyl ene was renoved at 15 days and added
back again ¥OIW/P44PI t 0 eval uate et hyl ene conver si on BGI/USpS6/BENCce Of
propyl ene. Changes in feed conposition and tenperature were nade during the
run as indicated bel ow. WO 2006/ 094007, PCT/ US2006/ 007169 -30 Days on
Stream Action Inlet Tenmp. (C) 0 (St ar't39||'o) Feed benzene (BZ) only 180 2.5
Feed BZ+C2=+C3= 180 4.0 Change feed to 180 Reformate 7.0 Add N2 and H2

di luents 180 9.0 | ncrpageniStdtm 2Wttiod 0. 0 | ncreasem&nnmg_Z?@) 12.0 Increase

tenmp. 260 13.0 Increaggs . 288 FeddPneizdme BB h1y288380 16. ncrease tenp.
315 17.0 Increase tenmps 330 18.0 feain @3:26’.0151§ecrease tenp. 288

[0053) The results aregghown in FigyLe.2 ang.gdenogstiggte high propyl ene
conversion over MCM 22 in the vaporp aliase environnent.

7.0 Add N2 and B2 diluents 180
9.0 Increase temp. 204
10.0 Increase temp. 232
12.0 Increase temp. 260
13.0 Increase temp. 288
15.0 C3=off 288
16.0 Increase temp. 315
i 17.0 Increase temp. 330
18.0 C3=on 330
20.0 Decrease temp. 288
[0053] The results are shown in Figure 2 and demonstrate high propylene

conversion over MCM-22 in the vapor phase environment.



-31- CLAIMS: 1. A method for the conversion of an SPA ol efin oligonerization
process unit to a process unit for producing a gasoline product of high
octane rating and producing the gasoline in the unit, the nmethod conprising
rconverting an SPA olefin oligonerization process unit which includes a
downfl ow reactor in which light olefin feed is oligonerized to form
gasol i ne boiling range hydrocarbon psfdduct, by adapting the unit to
operation with a nolecular sieve based ol efin oligonerization catalyst,
conprising the step of withdrawing solid phosphoric acid [ SPA] catal yst
fron1the(#?%b¥@nd | oadi ng an ol efin condensation catalyst conprising an MAW
zeolite i he reactor of the process unit and contacting (j2 a |ight
olefin feed strean1conprising C2 to ¢4 ol efns produced by the catal ytic

cracking .of a  pe | eump f eedst.ock_in fl.uj atal ytic cracking unit and
Gy ar omas Betngd 56 e, contsavian Af A SBA. pleat oGme P aE-s LS 12 vol
percent BReRganeit &r grodidingOa Ghsoind® PeddusSoft Righ WcRhé R&ingOindeye@RiigNtel: 1 by

weight, with the catalyst to react the olefins with benzene in the aromatic
co-feed igAsoline 4 dhatnibsthyl Rythed FOMPIREC BeRing 0t FeA | qlgfh obswen7aiBd stream

and the p?&@?s%ﬁ \ﬂﬁ)altlﬁﬂﬁaégg nhEF JedbP xﬂﬁcﬁ R Otk 13 iEBRGRYiSL thhe

catalyst "in the 1 qu phase (reactor Inlet) at a tenperature above about
200C and f@ﬂp@@@bﬂﬂ@lm rapgec bsiocathon Pr@ied, kpadppting therupituie eoperieigr withaat i ¢

product s (S8IRl 00y 8Ll Pt ALEXLAN OB CcIMIAE LGRS of GundaBLNOd

accordin alm zeofite i ses er o t he
MCM 22 f anfid phasiaharmohmd ¢SPAB cat#lysteﬂrcbmdhamm radd rlgadlmg éi alafin2candensdtiooh t he
cat al yst ri ses .a re t hod. accor di ng to
PR L R R SR e T SR R G

met hod aqgighr deMpfetd stedagd mxﬁpdsﬁlg\mlta T, bh:ﬁn@bleﬁ\ld&ﬂ @yfﬂ&eauaxﬁmicmg ol am xed

| i ght oleflnlc eed contauﬂwgg at Ieaskﬁtmn ol efins sel ected fron1ethy|ene
propene, PeeletR, ?%t%llem CAPRIP £F°KRE pYrc 8 i R FEPHAC DaRzene-

t enper at WoRtaihin@nBoliell bohiadRAE A Mhs1 PLESHeRt BinzBRL at 8Mt&R 6f alohffies 10000 kPag.
olefins not exceeding 1:1 by weight, with the catalyst to react the olefins with benzene in the
aromatic co-feed in an aromatics alkylation process with the light olefin feed stream and the
benzene-containing co-feed passing in downflow mode over the catalyst in the liquid phase
(reactor inlet) at a temperature above about 200°C and a pressure not exceeding 10,000 kPag

to produce alkylaromatic products comprising Cyg to Cy4 alkylaromatic hydrocarbons.

2. A method according to claim 1 in which the MWW zeolite comprises a member of
the MCM-22 family of zeolites.

3. A method according to claim 2 in which the catalyst comprises a regenerated MCM-

22 catalyst.

4. A method according to claim 1 in which the catalyst comprises a self-bound MCM-
22 catalyst.

5. A method according to claim 1 in which the olefinic feed comprises a mixed light
olefinic feed containing at least two olefins selected from ethylene, propene, butene, in which
the alkylation process is operated at a temperature from 150 to 350°C and a pressure of not
greater than 7,000 kPag.



-32- 6. A nethod according to claiml in which the olefin feed is processed
with the aromatic co-feed over the condensation catalyst for a cycle
duration between successive regenerations of not less than six nonths. 7. A
'met hod according to claim1 in which the aromatic co-feed contains from5 to
60 weight percent benzene. 8. A nethod according to claim1 in which the
wei ght ratio of the aromatic co-feed-$38- the olefin co-feed is | ess than

1:1. 9. A method according to claim1 in which the weight ratio of the
aromatic co-feed to the olefin co-feed is from1:1 to 2:1. 10. A nethod

accordingst o CAghfhda bitolile b ElQ[?n MeRCHhLR the’ o ﬁﬁriieﬁfji OfocdsBed@whR afer
reactor conprising a plurality of sequential fixed edg o? catalyst or a
tubul ar ramwaty co-taedvers fha copdansdtion | catalyaic foorascyste durbtidnabetwemf ugeassivd on

i mrer sed }égerleifa?igzilsd%f%}fﬂ:%%ans}xlmox@PsPr ocess for the production of high octane,
ol :

aromati c gdsoline I'ng range end conponent including products boiling
in the C5-200C range by the al kylation of a benzene- containing aromatic

feed with,m | i.,ght ol ef in t - CA duced t tal yti
cracking B a paERASRTEERYBEk! THYES} HE EroaE aP PR GHeE - the
process e pefdcithepatsi Ng the olefinic feed with a benzene-contai ning

co-feed containing at least 12 vol percent benzene, at a ratio of aronatics
to olefins not exceeding 1:1 by weight, to a fixed downflow bed of an

ol efi n cogdensatmhaaaalckyrhiak tOBamal 3 Which QRIPEEIRIHYD Sthé BRnARS by tegd al ytic
conponent, an MAN zeolite at a tenperature from 200 to 350C, a pressure not

greater tsakfingodeed fulessdbap lah ol efi n space velocity of not nore than 5 WHSV
[ hour 1] to produce al kylaromatic products conprising C, 0 to C 4

al kyl aromati ¢ hydrocarbons. W) 2006/ 094007 PCT/ US2006/ 007169 -33 12. A
process agcor dimgethad asteriing 1d claim Win which the weightageo of theelematc of-feeth éo

C5-200' C t i.s.at.least 1.8 [ME/C8]. 13. A process according to claim
12 in Mi%%gﬁlgc%$%9%g%$ 1eRithg of the

10. A method according to claim 1 in which the reaction is carried out in a chamber
reactor comprising a plurality of sequential fixed beds of catalyst or a tubular reactor

comprising parallel reactors of tubular configuration immersed in liquid coolant.

11 A process for the production of high octane, aromatic gasoline boiling range blend
component including products boiling in the Cs-200°C range by the alkylation of a benzene-
containing aromatic feed with mixed light olefins in the C; - C4 range produced by the
catalytic cracking of a petroleum feedstock in a fluid catalytic cracking unit, the process
comprising passing the olefinic feed with a benzene-containing co-feed containing at least 12
vol percent benzene, at a ratio of aromatics to olefins not exceeding 1:1 by weight, to a fixed
downflow bed of an olefin condensation/alkylation catalyst comprising as the active catalytic
component, an MWW zeolite at a temperature from 200° to 350°C, a pressure not greater
than 7000 kpa, and an olefin space velocity of not more than 5 WHSV [hour'] to produce

alkylaromatic products comprising Cyo to Cy4 alkylaromatic hydrocarbons.



C5-200"C fraction is at least 2.25 [IME/ Cl2]. 14. A process according to
claim1l in which the feed conprises ethylene or propylene. 15, A process
according to claim11l in which the feed includes sulfur conpounds and the
reaction tenperature is at |east 180C. 16. A process according to claim1l
in which the aromatic co-feed conprises fromb5 to 60 vol. percent benzene.
17. A processWae®ofdiig to claim 11 in which the octenercomppesenic of the
C5- 200" C product conprise at |east 85 wei ght percent di-branched C8
hydrocarbons. 18. A process according to claim 16 in which the .octene
conmponents of the C5-200'C fraction cOdprises at |least 88 to 96 wei ght
percent di-branched C8 hydrocarbons. 19. A nethod for the conversion of an
solid phosphoric acid [SPA] olefin oligonerization process unit which
includes a reactor in which light olefin feed is oligonmerized to forma
gasol i ne boi | i nt2-r adgprobesesl nesoriuigote dlamm| 11pn orchicht the avdnagelbrowhing of then net hod

converts the SP t L nol ecul ar sieve based catal yst by
wi t hdrawi ng sol |6 méé"tﬂ%@ﬁ%&z%%@%cm’%gt fromthe unit, WO 2006/ 094007

PCT/ U820061007169 -34 |l oading an aromatic al kyl ati on cat al yst conprising as
the active cata conponent zeol.i.te materi n e reactor
of the process 5‘t ?W’g’glgamf‘i}% 248 vy *ﬁév%ﬁc%r?’é’bm 51ﬁr oducing a
hi gh oct ane ratd:;amo (g&aaidnﬂeau&mlj,zﬂgamam,e, gasol i ne bl end conponent

contai ning al kylaromatics by the <catalytic alkylation of single ring
aromatics in a light aromatic feedstock conprising benzene with |ight

olefins in the @ - AGhodesd'&@iBortdidg 3\ claine 1 i whicH @6 &2l 6lkp :%Q%feﬂe &y the
catal ytic cracking of a petroleumfeedstock in a fluid catalytic cracking

unit, by passi iJ°B¥¥@€o| ef i ni ¢ and aromatic feedstocks to the

15, A process according to claim 11 in which the feed includes sulfur
compounds and the reaction temperature is at least 180°C.

16. A process according to claim 11 in which the aromatic co-feed comprises

from 5 to 60 vol. percent benzene.

17. A process according to claim 11 in which the ociene components of the
C5-200°C product comprise at least 85 weight percent di-branched C8
hydrocarbons.

18. A process according to claim 16 in which the octene components of the
C5-200°C fraction comprises at least 88 to 96 weight percent di-branched C8
hydrocarbons. '

19. A method for the conversion of an solid phosphoric acid [SPA] olefin
oligomerization process unit which includes a reactor in which light olefin feed
is oligomerized to form a gasoline boiling range hydrocarbon fuel product,
which conversion method converts the SPA unit to operation with a molecular

sieve based catalyst by withdrawing solid phosphoric acid catalyst from the unit,



fixed bed of catalyst in the reactor, at a tenperature from 150 to 350"C, a
pressure not greater than 7000 kPag, and an ol ef m space velocity of not nore
than 5 WHSV [hour '] and an aromatic:ol efin weight ratio of not nore than
2:1 to alkylate single ring aromatics in the aromatic feedstock. 20. A

met hod according to claim19 in which the aromatic feedstock conprises a
reformate. WO 2006/094007 PCT/US2006/007169

-34.

loading an aromatic alkylation catalyst comprising as the active catalytic
component, an MWW zeolite material, into the reactor of the process unit to
provide a fixed bed of the catalyst and producing a high octane rating, gasoline
boiling range, gasoline blend component containing alkylaromatics by the
catalytic alkylation of single ring aromatics in a light aromatic feedstock
comprising benzene with light olefins in the C; - C4 range in an olefinic
feedstock produced by the catalytic cracking of a petroleurn feeds{ock in a flmid
catalytic cracking unit, by passing the olefinic and aromatic feedstocks to the
i fixed bed of catalyst in the reactor, at a temperature from 150 to 350°C, a
pressure not greater than 7000 kPag, and an olefin space velocity of not more
than 5 WHSV [hour'] and an aromatic:olefin weight ratio of not more than 2:1

to alkylate single ring aromatics in the aromatic feedstock.

20. A method according to claim 19 it which the aromatic feedstock

comprises a reformate,



