1 - PROCESS AND SYSTEM TO CONVERT COLEFINS TO DI ESEL AND OTHER DI STI LLATES
FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to processes and
syst ens twetomrwsi2zde for the conversion of ol efins to dipesalS2amnmbé@p1 ot her
distillate products. BACKGROUND OF THE | NVENTI ON [0002] It is believed by
some that, in the future, the i ncreasé lim demand for diesel and ot her
distillate products will outpace the increase in demand for gasoline.
Accordingly, there is a need for additional techniques for obtaining diesel
and other distillate fuels. [0003]Light olefins are produced in typical
hydr ocar bon refi ni n®RPEESS AND SYITEM 9O CONVERTHOFIFINN di stillate
products. There is a dedi0 BIESEbLANDNONHER DISTOLLASIES nogas and di esel
end products per unit volume of crude oil extracted upstream To suppl enent
obtaining diesel fromnew y-extracted crude oil, and to neet the rising
demand for diesel and other distillates, it is desirable to make use of

i ght ol efi i M di esel and other distillate products.

[ 0004] I't is%“CI L;béua 'gi EN h\In ol efins fromnnatural gas and coal
sources via conversion of nethanol and other oxygenates via the use of
zeolite catalysts. Wiile processes exist to convert olefins to gasoline, it
woul d al so HeOMdvantixgeisset tycplen FlreHgrEoeassrscid SRS Hfat PEqVe met hods
of converti ' - ' i.stillate products. There is a
Thusdest r e 0iabs SUI O UE B gy T B U RS REREs e 2
conversions based on |light olefins out of the nogas pool and into the

di esel pool by oligonerization and aromatic al kyl ati on reactions. SUVMARY
OF THE | NVEBACKIGROUNDOF AEEDN VBN TION pr esent i nvention provides a
process for producing

[0002] It is believed by some that, in the future, the increase in demand for
diesel and other distillate products will outpace the increase in demand for
gasoline. Accordingly, there is a need for additional techniques for obtaining

diesel and other distillate fuels.

[0003] Light olefins are produced in typical hydrocarbon refining operations
that also produce mogas and distillate products. There is a desire to obtain
higher amounts of mogas and diesel end products per unit volume of crude oil
extracted upstream. To supplement obtaining diesel from newly-extracted crude
oil, and to meet the rising demand for diesel and other distillates, it is desirable
to make use of light olefins to yield additional diesel and other distillate

products.

[0004] It is also possible to obtain olefins from natural gas and coal sources via
conversion of methanol and other oxygenates via the use of zeolite catalysts. While
processes exist to convert olefins to gasoline, it would also be advantageous to provide
more economically efficient methods of converting olefins to diesel and other distillate

products. There is a thus desire to provide an economically feasible process to move



a hydrocarbon fuel conposition that includes introducing an olefin feed
conposition including light olefins (e.g., C to C6 olefins) to an

ol i goner iwatnarm7seBal yst to yield an internedi at e conpo®criusaoioneisadi ng

ol efins having at |east four carbon atqgms, introducing the internediate
conposition and a second feed of aromatic conmpounds (e.g., a feed
containing from2 to 99.9% al kyl atable aromatics) to an aromatic al kyl ation
catalyst to yield a hydrocarbon fuel conposition. [0006] Anot her aspect of
the present invention provides a systemfor producing a hydrocarbon fuel
conposi t i onceortvatsiangbisadies ligh otsifias pui of the dndgachaed prvigntojtghdicss] efil bg (e. g., C2
to C6 ol efi L ] tai ning an oligonerization

cat al yst ingﬁ%ﬁ? Z%%%%%%%%%%%%%ﬁﬁyﬁﬁﬁgﬁgﬁﬁ?rst feed to yield an

i nternedi ate conposition including ol efins having at |east four carbon
atons, a se ?ﬁﬁ?ﬁkﬁp@ﬂiﬁiﬁﬁbﬂfﬂﬁéai”i”g an aromatic al kyl ati on catal yst
in fluid co feed of aronmatic conpounds and the

i nternedi ate conposition to yield a hydrocarbon fuel conposition, and a
collection assenbly in fluid communication with the second reaction vessel
to recover {00ShydrQOuoaadpenct dfith¢ presernsasianiion pfavadastah@osdss éamredudngig t he

reaction vessel, contaihing the aromati | kyl ati on catalyst. BRI EF

DESCRI PTI ONAdFdige HepAls! PP@‘@‘@‘?]ﬂﬁénq(i‘ﬂf&éﬁ%tf ctig an 946%)\13/ Feddescr i bed in
conj uncti on cYnhBsitiBie ik iGN @W, 9o | 5o an ligonl?QG T gure 1
is a concepfua? %#océsgﬁgggag%iag%a§1g%g%ngggéﬁﬁ%g?égﬁbe#%ﬁ5% of a C2-C6

ol ef i n f eedcalyat wiygsldlanandrgeasatkicompbsiebn cwhbsg diefing havndg at €25t C6
paraffinic conposition. [[0009] Figure 2 is.a conceptual process_flow di agram
Glepi | ng. r SRGEAOY Sy Bl A i Hem a4 Ermpedcoom<Es SE 9010] Fi gur e
318 @ concephivlaidlcBRfBAndd @W. di 268 BB AN ARG B3B3 afhAgeNTi nal e

al kyl ati on process in accordance wth a single feed enbodirnent of the
present i nverimaies) foGhktdimrgualeyktips catalybkoto ydddardgdrahitog fikle conver si on of
benzene, 1-hexene .and toluene as described in Exanple 1. [0012]Figure 5 is
a pl ot based°PROt'HRY-GC anal ysis of the feed and product, as described in
Exanpl e 1.

[0006] Another aspect of the present invention provides a system for
producing a hydrocarbon fuel composition that includes an olefin feed including
light olefins (e.g., C, to C¢ olefins), a first reaction vessel containing an
oligomerization catalyst in fluid communication with the first feed to yield an
intermediate composition including olefins having at least four carbon atoms, a
second reaction vessel containing an aromatic alkylation catalyst in fluid
communication with a second feed of aromatic compounds and the intermediate
composition to yield a hydrocarbon fuel composition, and a collection assembly
in fluid communication with the second reaction vessel to recover the
hydrocarbon fuel composition from the stream exiting the reaction vessel

containing the aromatic alkylation catalyst.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The invention will now be described in conjunction with the

accompanying drawings in which:



[ 0013] Figure 6 depicts an ASTM D86 test nethod anal ysis of the aromatic
feed and al kyl ated product after reaction with hexene, as described in
Exanpl e IwoO[20014F28gure 7 depicts an ASTM D86 test net hedTasadiyss@onf an
al kyl ated product after reaction with %ropylene and an al kyl ated aromatic
product after reaction with hexane. [0CI5]Figure 8 is a second GC anal ysi s
of the feed and product of Exanple 1. -4- DETAILED DESCRI PTI ON OF THE

| NVENTI ON Definitions 100161 As used herein, the term "produced in an

i ndustrial scale"” refers to a production schene in which gasoline and/or
distillate ¢008br odbiguse hisa porwdpivelproncsa flovndingiaouderensirstiigvi t h t he

er o of PR GEogor Gy B (30184 Apbelia g TR RSSO T e

expect at i on (Qfc gapsatiald dehgRRaues fromthe sale or distribution of the gas
and/or distillate. Production at an industrial scale is distinguished from
| aboratory or pilot plant settings which are typically maintained only for
the limted geri od of the experinent or investigation, and are conducted
for resear chOQ poskigurad indeongeptyak precess post diegiom SIPIGEREEIAE r evenue
fromthe sal r.. di stirihuti f. the soline or distillate produced

t her eby. [Oaﬁq?ai&smgt}%%hdn%(Laarl%slgﬂr,eg%tﬂltdsy&ﬁ%ss speci fied ot herw se, "gasoline"
or "gasoline boiling range conponents” refers to a conposition containing
at | east predom nantly C5-Cl2 hydrocarbons. In one enbodi nent, gasoline or
gasol i ne boi[0010y r aRigarediPDo@reptualbprovcsk e diegianefdr bd GE@haithd and

conposi tion containi ngf at | east predom nantly C5-Cl2 hydrocarbons and
further havPtRRTRASHIRTIREPTY RIRERSS i 24C08IANSS B nvpgte fesdghehadimedof they an

al ternative enpadi pept,,, dasoline or gasoline boiling range conponents is
defined to Fefer to a conposition containing at |east predom nantly C5-C12
hydr ocar bons, having a boiling range of from about 100F to about 360F, and
further defined to neet ASTM standard D439. 5 - [0018] As used herein, and
unl ess specil001dd ot Figave 4 é5 a ploe d¢rmomsttading thd damtversionrof bathadnie] 1-ateereoi | i ng
range conponents” refers fo.a conposition containing predom nately C10-C40
hydr ocar boné@dfﬁu%@sgﬁ%&eﬁé‘hﬁxg‘gpgtli-I late or distillate boiling range
conponents is further defined to refer to a conposition containing at |east
predom nat el y Cl10- C40 hydrocarbons and further having a boiling range of
from about PRIt 0 piaKe 51lOPk: biea®altBS Gef afdlyald dfltRE RdAhd Pradutt,| at e

boi i ng range conponents include, but are not limted to, naphtha, jet

fuel , di eselas déssribekmelxamplatli on gas, fuel oil, and bl ends thereof

[0013] Figure 6 depicts an ASTM D86 test method analysis of the aromatic
feed and alkylated product after reaction with hexene, as described in

Example 1.

[0014] Figure 7 depicts an ASTM D86 test method analysis of an alkylated
product after reaction with propylene and an alkylated aromatic product after

reaction with hexane.

[0015] Figure 8 is a second GC analysis of the feed and product of
Example 1.



[ 0019] As used herein, and unless specified otherwise, the term"diesel"
refers to mddle distillate fuels containing at | east predom nantly Cl2-C25
hydr ocar bwo=011a15528e enbodi ment, diesel is further defi rea/useowodb@pito a
conposition containing at |east predom nantly Cl2-C25 hydrocarbons, and
further having a boiling range of from%bout “ 330F to about 700F. In an
alternative enbodi nent, diesel is as defined above to refer to a
conposition containing at |east predom nantly Cl2-C25 hydrocarbons, having
a boiling range of from about 330F to about 700F, and further defined to
meet ASTM standard D975. [0020] For those enbodi ments of the presently

di scl osed subject matter in which the hydrocarbon fuel conposition includes
di esel, the FAHEDDESCRIPTION OEFHEANVENTION can vary. In one

enbodi nent the recovered di esel has a cetane nunber of at |east 35, or
alternatively has a cetane value of at |east 40, or still alternatively has
a cet ane valpéginfiomt | east 45. [0021] As used herein, a feed is rich in a
certain conponent If it contains at |east 50 wt% of that conponent. In
certain enbodinents, a feed is rich in a certain conponent contains at

| east 75 W % or at least 90 wt % at_least 95 w%or at |east 99 w % of
that conpond¥l6l gAs uf@d@ﬁl%th%%@ TrepdicRd iparspausigkscalt dPipEtO%ef ers to a
catal yst wh acid of
phosphor us. PaEagh Bt vihh lsclihe aRboFi@Rke LAYIRBRLE AaBbE AR Beed
herei n, a M§atcppen@misdayis (wltB tlie @@bptiorsef neavisay duezeMMY flasmewor k
topology as classified by the Structure Conm ssion of the |nternational
Zeolite Ass&IHENBIGCLRSHRR @ﬁ@n@%ﬂ parodrafitieac G2+ BT AUBAY A0H8K 8553 on on

ﬁgﬁihg? NCRF@%{’ gg%ﬁgﬁgﬂﬁgﬁﬁbgﬁﬁﬁr$éﬁﬁ' 2€HF%§N“%E?%5§ﬁ?£§ lse hereln

the term " aldisytitattiblof tir giveinides distidther Productivnmaiin hdostipbicatisist hat can be
al kyl ated under suitabl e alkylation conditions. \Wile benzene is the
pr ot ot ypi cadisingyishadsiena 1%'?%?1‘89( e« Pijqt pjagt sriteessVRish afapicallky| at abl e

aromatics ¢ | , nes and
| ower alkylﬁ%gﬂ%%%%gﬁ%“%gﬁmlnhHafggkggﬁgyéé% Hﬁ%ﬂﬁang%sgﬂﬁg?ﬁﬁgé#gtood
that ref er enordiceedrfenzseach putposs adplot edthitbeiexpectabion ofgtiexatigf al kyl ation
reactions al so enconpasses other. al kyl atable aromatics in addition to
benzene, su&fyCeaYC {RBSEC é%‘ﬁﬂédﬁ&ébvd’%@rf itregpsabies/ & diptdbpspidnesdence will now
be made to IRPS aspects and enbodi nents of the presently disclosed
subject matter 1'’n view of the definitions above. [0026] One aspect of the
present invention provides a process for producing a hydrocarbon fuel
conposition (e.g., diesel or other distillate) that includes introducing an
olefin feed [Qﬁiﬂﬂ)osim; osedi ec¢indimdginlésg kpecofiat otherwise, dgasoﬁnc’omrposi tion

contai ning G2 olefins) to an o[uggnerlzatlon cata

MCM 22, ZSM é%o pe 8 TARESICQMPORFNI orefGra FYa SAMPOAPHERRt P’élg@éh%é%l tion

i ncl UP" ng Oi)?édoﬁﬁnaﬁft‘ ingcaty Oyh?o%%%bofng’utn GRY BRMbH RMeRE &s%hﬁe or BaspAAPOSi ti on
that includes at |least 1 W% or | east 5 wt % of [east 10 wt% or at

| east 25 wt Upiling range components is further defined to refer to a compos1t1on containing

at least predominantly Cs-C, hydrocarbons and further having a boiling range of
from about 100°F to about 360°F. In an alternative embodiment, gasoline or
gasoline boiling range components is defined to refer to a composition
containing at least predominantly Cs-C,, hydrocarbons, having a boiling range of
from about 100°F to about 360°F, and further defined to meet ASTM standard
D439.



7 - or at least 50 wt % C5-C16 ol efin oligoners), introducing the

i nternmedi ate conposition and a second feed of aromatic conpounds (e.g., a
feed i nclwoizag/d7sz2m 2 to 99. 9% of al kyl at abl e ar omat i csPCraSacnoas@ont i C

al kyl ati on catalyst (e.g., a MCM22 type catalyst) to yield a fractionation
feed to provide a conposition which can be further refined to provide one
or nore hydrocarbon fuel conpositions (e.g., C2-C6 paraffins, gasoline and
a distillate (e.g., diesel)). In one enbodi ment t he hydr ocar bon f uel
conposition is produced in an industrial scale. [0027] The ol efi n feed
conposi ti on[¢HS] be sbusidiweecing dnidiunlgsg spodifsed @t@elpwm;élmtegnféah’éa th| n a

hydrocar bon re ant, fromchenmca n so r.ces,

i xt ot o ¢ nerbotsTEHB! Bt mrones Bt ins FRBBS i ESRER o obt ai ned
from fuel ??edoﬁﬁ@aﬁ.bl?@m- 9Hﬁ1r8&é?9&ﬂse'lﬁoné @ﬁq’bﬂ&"rﬂenﬂrcﬁﬁﬁla&! SRMLARe Ppol ymer
grade propylene, |iquef led petrol eum gas (LPG, light cracked naptha (LCN)
process str éaﬂmg rsmgf qomaioael(lth yﬁﬁm@ﬁbd@“wédo L)) topr GrEmsitenreas)ing

dehydr ogenat roces i i t ha nd butyl ene or
but yl ene- coﬁfgf“% iPh 0[5918% 4&5%%8@%?8 a%ﬁgﬂ&%d&mg)%b?lﬁga)rangpn anot her
enbodi ment , of RPNt B‘OGO@QG a@@ﬁnqm)w OExéIﬁplg@biadhE‘tﬂqjatésr&r&ﬁﬂﬁﬁc coki ng
operation, such as a FCC off-gas or coker off-gas stream or froma steam
cracki ng opépaingaangd @OEBINTHis 1iadledd, huicdre goﬁblirllt@d)m, oaphtha jetdoch nt er medi at e
stream can var eendln ontheoefln ntent in.the olefin feed stream
o o1t PTG Bepeug hotH IR o ol ef i n feed stream
Wiile the internediate streamin sone enbodi nents of the presently

di scl osed subject matter contains at |east 50wt % ol efins oligoners (e.g.,

at | east 50[g613 Co- A4 iscal 1Rkdin, Aldi @R kpdcifiet fBervasd @ wrnt'gickdiat enpl oy a
more dilute olefin feed streamwil | provide an internediate wth a | ower

concentrat i é@feﬁfto onuddlicglstiblategfpls contagnigg at lgest peegemimaniydoéns at | east 10
W% or at he 1%gn§M % Ou%od?mggt 160%%%%81$%eﬁ d%o ref%r t§%9] Simlarly,

the feed of ArofaLlc co can b ai ne - exi% process

streans Wt Iabmpasmmd t@ainbRat &k ﬁﬂed&nﬁiaﬁﬂif C,J-0, anRIreaBsshs rmﬂtfurthae
aromati c conpounds are obtained from]| |g reformate, a benzene heart-cut
reformate, Hhewng ar@ilmmﬁ%e off fjpm aib@ﬂ"o?ri@aféo @l?OUé aﬂﬁﬁFytIiﬂ@n@rltﬁm@éMe napt ha (cat

of - goner i zatTERTIARE 8 Boy WAPGFAERETS RBASRURSER PU R ar yer

MAWV t ype Caﬂ@'sﬁ/}ﬁ’é&orﬁfnaﬁﬂ}z@}& Ci@ﬂﬁ/d@@iaﬁdoyﬁthav-lﬂgaa @élllﬁgr@fgewﬁoﬁﬂamt al yst can
be selected from for exanple, a MCM 22 cataly a ZSM 22 catalyst or a

ZSM 57 cat aPyetE togbont t¥kbi mjtﬁuﬁheltctreﬁné@ﬁo mebﬁﬁTMmmaﬁd}B@% he aromatic
catalyst is a MCM 22 catalyst. O her solid acid catal ysts can be enpl oyed
and optim zed to provide desired product properties. [0031] The

ol i goneri zaty cat Gk, :%ﬁj I n one
enbodi nment , t[?(%eb] r eaﬂ% ?‘[gélseves %gﬁ%g%h%ﬁﬂeéepkgd{)s?@g%dn@ élc(??ﬁ B i Cat al yst is

a fixed bedwhegdctht dndiveseh fuclrenipoxiedn h&!ﬁld@@d@ﬁsbbfhe\&mlvahﬁﬁob&leof a
chanber design or a tupular design. In one enbodi nent, the reaction vessel
cont ai ni ng t¥@Veleh glissel §anaiern nineicambodiment ihg rreaysieddigselhapagsiane e of from

about 200 p%hﬂl&%%o@?%b%ﬁé%?gﬁéﬂnﬁﬂ@@?h% a?itil/ a%aﬁﬁ'&)gf A4 s?4§)f fsﬁﬂm about

100F to about e aronmatic a Ion cata can al so be
cont ai ned i altanagegdy haa vaesisevalud of aneaseshodi nent, the vessel cont ai ni ng
the aromatic al kylation catalyst is a fixed bed reaction vessel. The fixed
bed reaction vessel can be of a chanber design or a tubular design I n one

enmbodi nent , ves ta| ni the aromatic al kyl atian cat al i's
mai nt ai ned zﬁédﬁ] %H?’eéi f It aa%g@lﬂs B ra Cfé@”b%‘i“@};/ 1% tor 1500
psig and at I@asﬁm%%tf%a% cOhpbRQM BPOMaiBANBEdiHAAR, & RecBROHEL BPP F.

certain component contains at least 75 wt%, or at least 90 wt%, at least 95 wt%

or at least 99 wt% of that component.



9 - [0033] Anot her aspect of the present invention provides a system for
produci ng a hydrocarbon fuel conposition that includes an olefin feed

i ncl udi ngwQ@20t1078@30l efins, a first reaction vessel conPaTAISAEOAN491

ol i gonerization catalyst in fluid communication with the olefin feed to
yield an internedi ate conposition including ol efins having at |east four
carbon atons, a second reaction vessel containing an aromatic al kylation
catalyst in fluid communication with a second feed of aromatic conpounds
and the internediate conposition to yield a hydrocarbon fuel conposition,
and a col | e¢?028h as&entsddyheireinfd HPA-tgpheaialy staticontovd catelyievisdtond reacti on

vessel to recover the h rocarb n fuel conpositio the streamexiting
e eact | ofOUBLS AN BB &1 MiPa R APBREETS Aok AT AR G h
[0034]EX6ﬁpbﬁhM_byﬁiQ@Eaﬁ@p&qmﬂﬁahédof t he present invention are provided
bel ow for illustrative purposes, and not for purposes of limtation.

Reference to the systemw || be made in conjunction with and understood

fromthe method disclosed herein. [0035]An exenplary process flow di agram
(100) is shdMR3ln FAgused hereipmp MW Wneé@tﬁls@@rﬁﬁo@awlwmaym@e MOWMai ni ng C2

woi oh Saett Ml ISR S A iR A S BRRCARE L BReliGaS bOReZO0%, (102). )

(e.g., afi Xﬁ@rtﬁﬁdnaﬂ%@h&%@@&hﬁbxﬂha@rcﬂﬂgt?dthg(?ﬂ[%’é befeilDPAGat al yst) . Besi des
olefins, the olefin feed conposition can al so contain paraffins, hydrogen,

and/ or ot heﬁqnﬁ@nssloe @mZ@gh@sN ommzaweﬂ@i richigles tpr ¢xamplwizgokites PSHan

i nt er nedi at s conbined with
a benzene cgh ai |ng eedﬁéﬁgQ?qg %q%%%ﬁfﬁﬁgT%irggﬁﬁﬁ§ i ntroduced to
an benzyl (or aromatic) reaction zone (105), which can include an aromatic
al kyl ati on catal yst housed in a reaction vessel (e.g., a fixed bed reaction
vessel ). TheoqRapducAs (dldjerein, thbecrberutiyllatole aromdilts” refe@maticaticeact i on
zone is then introduced to a _fractionation operation (107), .in which a

C2- C6 par af FPmMPEURdSHRR<sAR bealkylaied under saisabls slkyigtipn porslifientgeVhie eri al (109)
and a di eseh, pojl | '15“1916({5) g@,ﬁ{&f apggléabgel&%ahé @&%\ﬁa&%&ﬁ%ﬁ%ﬁ&?@gct s. The

fractionati on oper at'i I 'nc ractionation colums or “st whi ch
can be oper at@ohtichden alkeaafuden ia@dditioh ombeharawn tdlagerichoplensfandioweaar y ski |l |
in the art. h%437]F|gure 2 provides anot her exenplary enbodi nent of the

present i nveldi BeIZenes (G &ﬂhﬂb%ﬁ%@pﬂh%houb#%&E%u%@?ﬁfftp%ﬂﬂaf TeieTeRe00) i s
shown whi Chtc%a%ﬁee@e 1%15&%&{6% lﬁh?ed&b%%x%% Q@aﬁﬁhﬁ&ﬁgsﬁg igg of 45-55+. A

feed (201) is provi can be ric rich in C4

ol efins, or catdngpa’sdsi ofledriallcadtalsloat@naticd imadditioe tobenZdn@RachCh thbkf i ns. The
feed is introduced to a _fixed bed reaction vessel (202) containing an

ol i gonmer i zatPBROGHISAeyatbedaRoyhi s enbodi nent, the vessel (202) is
mai nt ai ned a tenperature of about 150-200C and a pressure of about 500 to
about 1200 psig. The LHSV is fromabout 0.1 to 10hr-1, preferably about 1
hr-1, based ggashe RobAhcBWRRby Yo MARI bRafiBRths L&gé&l BeabsdihicAg gt il to
Flgure 2, the oligonerized olefin strean1eX|t|n e reaction vessel (202)
i's conbi nedtlva trhscatly efisstovad sulgtctematicoin vieef(tROBmfiolzeabpeae, t ol uene, and
xyl enes, and the conbined stream (204) is introduced to fixed bed reaction
vessel (205) containing a aromatic alkylation catalyst. In this enbodi ment,

th I t t t f about .200C. a
bressur o of 1Bk, Lol esd dahe PlestuitiRteRsthig = Faest rvheiina: 1
hr-1, based a%@dﬁota@rb@muatcoﬁ{po%@ﬁI(@igf ardel oftendpldaditiatc) &?a@ﬁ)cmcﬁ:@w ng the
reactlon vessél wll contain al kyla aromatic coqpoun s that can be

recovered t ontodsuaing aa aéfastsied camposibop owiludinglighttohefmsdeigane rati ng of

45-55 F i b 4
dogecyl beRSuRRRihreRTEC Hetaine o iy gl Shtore e BoR bR G, £ '
respectivel yach22 szwmr%smwca@m&sft)etroeﬁéld%qﬂﬂéﬁhed@@%ﬁ@omlbh be formed

havi ng a range of cetane nunbers
including olefins having at least four carbon atoms (e.g., a composition that

includes at least 1 wt%, or at least 5 wt%, or at least 10 wt%, or at least 25 wt%,



-11- 100391 The heat generated by reaction vessels (202) and (205) can be
managed by interstage cooling or by recycle streans. Reaction vessels 202
and 205 cwi02exiEss2as two physical reactors, or alternatipcelug2atosyodenn be
conbined into a single vessel. [0040]C1ef|n feeds containing rich in near
linear olefins with a mininumof five carbon atons are, in certain

enbodi nents, preferred in order to provide a diesel fuel conposition with
hi gher cetane ratings. Benzene rings with an n-al kyl substituent from®6 to
9 carbon atons have a cetane rating between about 40 and 50.

A i goneri zaor @tnlemé@tv'vt&fmcz@n(eolpﬁamgwembti@mocawmgethe anecheslidten f eed
conposition is i nﬁroducﬁ an oI metrl zation gt al %fit t.o IBﬁEOVi de an

i nt er medi at EC'CBRYYET £ %Setcﬁﬁfi erﬁicq a8 ?Wfiﬁ o EeARCIUifE cer t ai n
embodi ment s £y b ?@9@99&@31@1%@@tdr&ﬂatlés?ﬁ) al Méﬁﬁﬁ& Ian@mﬂ cadly@kyst will be
contained within a vessel (e.g., a reac iS referred to herein as
the first réagtadClY¥eablpe cAtapst)goryiadd acfraﬂtmmtyonémd fopravidae art can

det th t dit] d.t th dit
For the 11 Sompedfion shPeebB ERRATHBRMe 5™t b ot WPl BN ng. For
exanpl e, C2¢8 c6hPbiiRdnd Q(é.g(,i ©J-; pitafiitk SEIIBR ARl £ONROSTE Kéﬁ”dfé@él})a' ni ng at
| east four carbon atons (e.g., a conposition containing Cl6 ol efins).

[ 0042] | n cedn aiqrewhddidicneite hiyttosatbes de¢l coompsitinh ngprodecad ingoner i zat i on
catal yst (i.e ttgf first reaction vessel) is nmaintained at a tenperature
ranging fro %?)F to about 600F nore preferably from about 200 to
400F. In certain enbodi nents, the vessel containing the oligonerization
catalyst is naintained at a pressure ranging from about 200 psig to about

1500 psig, neoxg]prefies @bliy fédduvnifeiiion 48R bt ebahRdtutiliHg &t proced? -
[0043] I n certain enbodi nents, the conversion of the olefin feed conposition

after bei ngSeempavitia anydioqaseorolcliguwgan antafrporehemical geade olafesourgesm about
50 to 100% g?ec\};m u afghlt%%)%tf Zn oﬁe en%9 (?1m8{1tf {I{e 0%1%?96%& Cgl(fﬂ-)‘lgbgltlgécf)/ The Process

can be oper ower “conversion It necessary le if the

refinery wepBtaafdmesth ¢@dl loys, Rabanel pade E@p?[@l@%ﬁh@@' @hddepylen@er son of
ordinary skill in the art can adjust t | ow rate and operatin

t enperat ure p@kym%@raﬂeéﬁowle@ehq@%fmddmﬁpmm gas (&PGor light Céag%eehtl@tg@ t he

desired oli t|on nver in feed can
be operat ed%ve pro Snsg';’rél“%“gﬁS oie n (}lyép %grgd)egi\]g‘ﬁmce%se&rr%gr t({ijre range of
200- 400F. [ @0drd &wédﬂpw plob@@rméarﬁsa(ughnvfrgmiapﬂfa) candutjl@Rsorar € al so

di sclosed in U. Publ i shed Patent Application No. 2007/0173676, which is

her eby i ncobpbieneeRpniNng PErcesrcwroamsi(e-g.. enellybanion ferd ilmarsber Conposi ti on
[0045] The ul.f 8RS R Bfebindbedt LMt i§ BB filAMHn BIRYIcQing e ol ef i n feed

operation, such as a FCC off-gas or coker off-gas stream, or from a stecam

cracking operation.

[0028] The olefin oligomer content in the intermediate stream can vary
depending on the olefin content in the olefin feed stream, which in turn may vary
depending on the source of the olefin feed stream. While the intermediate
stream in some embodiments of the presently disclosed subject matter contains
at least 50wt% olefins oligomers (e.g., at least 50 wt% C;-C4 olefin oligomers),
other embodiments that employ a more dilute olefin feed stream will provide an
intermediate with a lower concentration of olefins oligomers (e.g., at least 5

wt%, or at least10 wt%, or at least 25 wt% Cs-C, olefin oligomers).



conposition entering the oligonerization reaction zone. If the olefin feed
conposition is rich in C3 olefins, the first reactor will yield an

i nt er medivsiDeotiaTpi2si tion rich in C6-Cl2+ ol efins. AlterraTivsedly/o6i4b1t he
olefin feed conposition is rich in C4, olefins, the product produced in the
| argest quantity will be C3-Cl6+ olefifs. If the feed contains a mxture of
C3 and C4 olefins, the product produced in the largest quantity wll be

C6- C16 ol efins. Generally higher oligoners are preferred such that they
produce nol ecules within the distillate boiling range as these higher
oligonmers tend to produce al kyl aromatics with higher cetane values. It is
preferred to sel ect an ollaﬁnerlzatlon catal yst that provided near |inear

ol i goners ad0029¢r eaSiHigrlyi ée@dgieéom@%@cmp@wérca@m petgppsAdeont o i ncreasi ng

cmboa ment  ERanapecbRruRnXy AT bl orubor frapERAR. 1SRG 02071 The

process of th®odi@senhe hlfbvlf’cm"clc@ﬁ}poaﬁdsdﬁé @btab@d fediy WaBl @fdrthatd)ias
application, in order to obtain a hydr ocar bon fuel conposition rich in Cb6-

Cl2+ ol ef i ndenzmne épqréﬁntaﬁfqr@a@rrb@@iyrféfqrm@mﬁdbl@@rwltfe@nqam@ytac ¢reedebdri ch in
C4 olefins f e t.he t descri bed
anywhere in %?’II S Caapt)f)l htﬁ g b n%ﬁth%d%rrhydr@cr%%% na%tﬂ % ngasr%oﬁlsf uel
conposition rich in C8- 016+ olefins. Aromatic Al kylation Reaction Zone

[ 0047] The i nternmedi ate conposition obtained fromthe oligonerization
reaction zomn@3oknd Bheelignttrizatoh cdtalgstamathca sotidphospddric acidiSPaguced to an
aromati c al kyl ation catal yst to provide a hydrocarbon fuel conposition. The
i nt er nedi at éaféb’ﬁbééYIWWﬁYEea?ﬁt%StéSﬁﬁnzﬁéértmet%t%ll‘ﬁé dBe BHEOPEFESN ar omati ¢

conmpounds u f Y, S t hat one feed
cont ai ni ng E%tt%hgt Ee %ﬁ%%ﬁ&#gﬁ@;%&g&@h%g@gn @att éf‘[;irlggjél/g?r%ounds is

i ntroduced tatalyheorer BERE-HT cathlyyd, at aomb@hﬁbry&iereoﬁl Ireommémb@hmenttﬂhe

i nternedi ate conposition and the second feed of aromatic compounds can be

i ntroduced SEAHIRRIAYYL 6 %M@\Ar%%alzstaﬂzwréph@ﬁméiaqa&ulx%& canbe certain
enbodi nent s yl ati on catal yst wl|
be contai neg&hlwglgﬁﬂg% ﬁl’ﬁﬁzeidrf%{g%\h&’é“deshgg d(El)wfiIjvxgel‘?ihé(| s referred to herein
as the second reaction vessel. [0048] A person of ordinary skill in the art
can determ ne the proper reaction conditions, and thus the proper

condi ti ons f@0314 he Elm:dtgbmmeaaﬁbmmtalgsmh beicnntatrdadrinameminnefestseh heed t hat

i ncl udes, for i nt er nedi te CO ition a feed containing
C9- C16 ol ef H%?mggg‘n%?néé %W&Ctﬁ%l“e%lesé CQPBHY $ e&%&%ﬁgﬁﬁagﬁ@ecaéalyﬁés feed
contai ni ng %‘x@@bﬁ&@é&@ﬂ&@@é’ss@l“@fhgtfﬂ%ﬁ bRl Mcﬁ&ﬁ%s‘%el%ﬁ%tdf%%aﬁﬂely ield a
conposition which i1 ncludes a hydrocarbon fuel conposition. The hydrocarbon
- 14 - fuel dcogposa tuboiardanghe [ir exoaeb@iiment, ehe, refatronhessel saltamed) usi ng

refining and separatjon techni ques. known to those or in skill in the
art. [0049] Oeig‘-fr?ﬁl?ﬁ‘tza%‘?n %?rt?t1 %%‘F%ala ﬁtaatPrd?%S“i‘f%Of{ﬁ I&é%toof

aromati c cogpaunaso gé‘@ aYﬁon at E%mﬁ@cﬁl%‘&fr&rﬂ%b&ﬁ%@% foeﬁ%u%o@ds}@”at' ¢
conpounds can 1 nclu | east 1 or at least 5 w% or at least 10 W%
of al kyl atable aromatics, based on the total weight of the second feed of
aromati ¢ conmpounds. [0050]1n certain enbodi nents the vessel containing the

aromatic al k§033{ i onTlemarampge alkiylasion catadyss exoaisb beewttaiosd iesgetior s

mai nt ai ned at mper at ure om about. 80F t t. 600F, or from
about 100F tVBSsgbolﬁ ng §god Iﬂe‘ﬁetﬁ ?ﬁegm%p%ﬁ]gesaro ﬁ%ﬁ?ﬁ%ﬁo ficont ai ni ng t he
aromati ¢ al kylagkt Qn ﬁ%&ﬁadeﬂ%ac'tl%n WRdsal. al ek @ bed PARRAWeSsel 8adbdgr 4 r om about
50 psig to about 1500 psig, from about 100 psig to about 1000 psig.

[ 0051] The cehaeberidssigofor armimlan designmpo anelsmbedimeat, yhe vessedvenamiogli nent ,

the aromatic alkylation catalyst is maintained at a pressure from about 50 or 100
psig to about 1000 or 1500 psig and at a temperature of from about 80 or 100°F
to about 600 °F.



the conversion of aromatic conpounds ranges from about 50% to about 100%
H gher aromatic conversions are preferred to naxi mze the anount of

di still atwoppodus®ed. [ 0052] The feed anmount of aronmatic eoFpsadscEnd
intermedi ate conposition to the aromati c al kyl ati on reaction zone can al so
vary. It is desirable to operate with & Tolar ratio of Oefin:Aromatic of
0.5to 3, nore preferably about 1. [0053]In certain enbodi nents, the

ol i goneri zation catal yst and aromatic al kyl ation catal yst are housed in
separate vessels. Alternatively, the oligonerization catalyst and aromatic
al kyl ati on ¢603lyst Agethctaspbewd dlab prasanh evsanen prossisk a systecmrfbodi nents in

whi ch the oligpnerizatjon catal yst and. arpmati.c, - 15 - al kyl gti.on catal yst
re housed PrERDEdmereSd) el ErmdRidure buderanoleinBerdh Rl ¢ ons
for the respged CyBlRSSLlist FREESN {Qsé1QJGHIAAg §RBHLShOMMtbRkataRAE inpOr ti on of
the vessel that contains the oligonerization catalyst, or aroratic

al kyl ati on daid¢omsmpniggtieppithphd elcan f@idriglyeclder cht@meddmic f@Opadition cert ai n
enbodi ments.of the present. invention, the pre- oligoperization.,step is

ol i m nated ARNEgRBBETEYiBA EERCPH AP B Lo WGt WSt hree
carbon at ongohtdinfyRH Nethavit bikyBioa st f flgi@donANchiéARNGANPL fREngt reami s
introduced to an aromatic al kylation catalyst (e.g., a MCM 22 type

cat al yst) t deegl ddlagormatiryehmepambeand thelinteongbstc composiFon teyighld e, exi sting
streans within a hydrocarbon .r.efinery that contajn.bath ol efins and

romat 1 cs ( el BRAsET aoepPulif g s IA AR R 4 Fuit bR

i ntroduced L@l 3¢Q@RBYELtiBh k¥dsat loGBeRRE BledSdrdc@rdonsudl @ngsRitiohuel -

[ 0055] An exenpl ary single feed enbodinent is shown in Figure 3. A FCC

Napt ha st r edion{ hoBjream cxvingi thetcagiiomvessgdcanfaimag thestromaiie {lkpRjionand t he
conbi ned strea[n1(403) is introduced to a fixed bed reactor (404) containing
MOM 22 cat af§8PS%Prior to being introduced to the catal yst, nitrogen and
sul phur contai ni ng conpounds are renoved fromthe FCC Naptha stream since
t hese conponents cause detrinental effects on the catalyst. In this

exanpl e, theot3d¢ NaptinhslaSt fufBen drdtbimemsbatirsprafatinyefticiDife pkwaadd ol ef i ns
(as a percentage of total olefin content), wth the balance being primarily
mono- br anch&glosi if ilhstratiyepyreatsst andgos ferdueposss pblimitedos) Refgrnge £ a di esel

U'S. Pat ent sSR! et PRFHCRL bR, R Bk kg AR MePeicnce.

zeolites ardiselodsshérerd by the Structure Conm ssion of the International
Zeol ite Association according to the rules of the | UPAC Conm ssion on
Zeol ite Nonenclature. A franmework-type describes the topol ogy and
connect i vi t% of the tetrahedrally coordinated atons constituting the
framewor k ah®P3PhkesABSXeBRIEFAROLS fow digaraghd®Py ischprape Ftgues 11 6 t hose

mat eri al s. i i.ch t t tablished are
assi gned a PRy EaurE bR O g G o B ol e
Framewor k Tyfgsmedidiioadeddtion zofd Sl@2),evhich cadimoludEaglodgomeaibh, which is
hereby incorporated by reference in its entirety. o

catalyst housed in a reaction vessel (e.g., a fixed bed reactor containing an

oligomerization catalyst). Besides olefins, the olefin feed composition can also

contain paraffins, hydrogen, and/or other inert compounds.

[0036] Referring still to Figure 1, an intermediate composition (103),
containing Cy-C¢ olefins is combined with a benzene containing feed (104), and
the combined stream is introduced to an benzyl (or aromatic) reaction zone
(105), which can include an aromatic alkylation catalyst housed in a reaction

vessel (e.g., a fixed bed reaction vessel). The product (106) of the benzyl (or



[ 0057] Unl ess specified otherwi se, the oligonerization catalysts of the
present invention is without limtation so long as it facilitates the

ol i goner iwatpom76§23an ol efin feed conposition. |In one embwdiSa®nieosdhe

ol i goneri zation catalyst is selected froma solid phosphoric acid catal yst
(SPA), a MW type catalyst and a ZSMt§/ e catal yst. [0058] Solid phosphoric
acid (SPA) catalysts are known in the art and are commercially avail abl e,
for exanple, fromUOP LLC (Des Plaines, IL). Further details regarding the
conposition and production of SPA catalysts can be obtained fromU.S.

Pat ent Nos. a®nIBE) &2Rti013ZQBOS 4RB; ingodlic8d 132 firodonagion opcratien €HYM, iher eby

i ncorporated. by reference.i.n their..entjrety. 059]. di sclosed .in U S
Publ | Shed. ASISLACF S PRGBS 9RGos8TE O irotes R B s oSF At eq. by
reference i 1d9)angaldidsel boilihBangE AR VRY) iCpRdvRRAIRE eNd fRRu¥s! hrie carri er,
such as a naturally occurring porous silica-containing - 17 - materials
(e.g., Kiesétagdmatiokapkiation caf insbide dtactanationaotingisarrctHe.evush ear bdh) . As

di scl osed therejn, the SPA catglyst.can al so be.enpl oyed,i.n.conjunction

Wi th oryst aPPPAEIIECREOLOudiops Kip Y fa hosg e odtnary Jildg et zam 22,
ZSM 23, SAPO- 11, ZSM 48 or other nol ecul ar sieve catal ysts described herein
or otherwi se known in the art. [0060] MW type catal ysts are al so known in
the art and[mml] be EigREr piodldcy afdthéd B@ehpldrp@nbo@im@x afHeeredexk onMbbi |

Cat al yst Technol ogi es LLC (Baytown, TX). As disclosed in U 'S. Published
Appl i cat i oniNgNtioOOBMdMduDomcepiyrkproress seriagyationeGOpdisshewnpyhielef er ence,
the MAW f am el i i i e cogny ti S having a
charact eri st %écldu? %Sa%g%tlﬁ% &&g%ﬁ\@ﬁ%%ﬁ%ﬁ%ﬁ?ﬁh&o\eﬁs égﬁhi‘ggéeeda(ggl)ﬁ%t eresting

catal ytic ppapeddd ®Bich The b8V i1000bletNs, 0P Figh %it €, Bfeffaworiandepangdent pore
systens: a sinusoidal ten-nenber ri nge 10 MR two di nensi onal channel

separ at ed f caht@Hen agnixareiof Ca asé Eanieiinswd heifeaslis insrasiucesbioen ixask bogh
i sed of 12 t : t h h 10 MR
o nove. el TR eOe 0 AR F AN e B R e e and the

ol ecul es  diefbdgiencalt,an@ véRel (02 Big nhRitGinied attaﬁﬁgl@mlré bEabout €50-200/€T € is no
comuni cation along the ¢ direction between the pores. In the hexagonal

pl ate-1i ke engspsissurgiof eheutpte ppeutAde0 psigs The hdISY yis frignsabyug Osldpned of
relatively Ll n rof unjts.alan h ir FOon result of

whi ch, rruchﬁgﬁr fﬁglf%qgﬁlgla%ﬂncmé%t’ Pig/l?e y it}sle goﬁgél g%ouglg{)f@gﬁgi %S | ocated on the
external surface of the crystals in the formof the cup-shaped cavities.
MANM t ype catal ysts that can be used in connection with the presently

di scl osed sy@)38¢t nRéfeming sitl todigurb@t therodigomierikédolefin stream BSHNg thdVICM 22,
MCM 36, MCM 49, MCME 56, SSZ-25, ERB-1, EMM 1, EMM 2, and I TQ 1 catal ysts.
[0061] I n on&easHpdaesyEHE 02} Weompinedypidh & sefarmyase sreang or Eed 660 0bm a Mo

catal yst (e MaM: lé{ﬁ:l;(ll '\c{gg“t MM l. MM cat al yst's
are known irl?g%?g ar t]“l,%a%ir?1 C ﬁe%l%sé 0 t}gﬁ‘?cnoggﬂ ﬁ? om aﬁggﬁgigr%pﬁ?{éa%% om - 18 -
ExxonMobi | Gatdbysteadieahnakeagbes) donfaifiBaytaemnaticlalkylafbsMt dtylgst. datlakyst s,

i ncluding synthesis details, are described in, for exanple, U S. Patent
Nos. 7,198, #mbodignessghe xgssely 209)is megntamed agp tepaperafies of 280U srdd

hcor par at od By et ey chr e 2 RBRR GrbbfIZE iy UENRS YA RE i ent . e
MAW t ype cabadedsin the amolvhiMf2efaafeatly The product (206) leaving the reaction

vessel will contain alkylated aromatic compounds that can be recovered to

obtain a diesel fuel composition with a cetane rating of 45-55+. For example,

the end product can contain n-nonylbenzene and/or n-dodecylbenzene, which

have cetane ratings of 49-51 and 55-68 respectively. It is expected that different

product isomers will be formed having a range of cetane numbers.



MCM 22 is described in U S. Pat. No. 4,954,325 as well as in U S. Pat. Nos.
5,250, 777; 5,284,643 and 5, 382, 742. MCM49 is described in U S. Pat. No.

5, 236, 575yvoNEMV@6528n U. S. Pat. No. 5,229, 341 and MCM 56 PCm/uS280/08&91 No.
5,362, 697. Each of these patents are hﬂTgby incorporated by reference in
their entirety. [0063]In another enbod t he ol i gonerization catal yst
is a EMMcatal yst (e.g., EMM1 or EMM 2 catal yst). EMM catal ysts are known
in the art and are preferably obtained from ExxonMbil Catal yst

Technol ogi es LLC (Baytown, TX). Synthesis details regarding EMM cat al ysts
can be found(039%r e?laaﬂpﬂaegeﬂmateﬂsyr@atielmwemls (202)288 (3A9 cantte 6, 787, 124 and

U. S. Published | i cation Nos. 6/ 0079723, 2009/ 0163753 h of which
at e her aby PHOBPULPAE NGy FER BESROd TFoY oIS Seame T MERyIon Gorly 107 Bt

embodi ment , 2blslea19!:>hgtoat§&6vb ?g@a r6adkés &talﬂeﬁqaﬁva Yhéyom Keacto%‘t){ﬁéd infoM
(Zeolite Socony Mobi|) catalysts are novvn in the art and can

comerci al | yﬂlsmgieaimed or synthesized. Commercially avail able ZSMtype

catal ysts can be obtained from for exanple, Zeolyst Internati onal
Corporation (Valley Forge, PA), BASF Catal ysts LLC (I'selin, Sud- Cheni e

| ncor por ate ui sy el I n tal yst
Technol ogi egmﬁ?i (B(é%ftﬂ(r)l\it}a‘ﬁ S&?tal g&fgﬁ? S:ﬁggarl 4 %dﬁ%g%wﬁh rrsllg\g detail s,
are gener al |ﬁ‘!(le desohiabres arbOih cexaitnthodifieitds, ?ret@ﬁ"e@liﬁ ofesto frovidé.al0o0;

4, 845, 063; 872,968; - 19 - 4, 076,842;: 4,046, 859; 4,035,430; 4,021, 331;
4,016, 245; Qlegvlzfuglgmmr@sgm \@dsfllglaela@ﬁzamzr@tmg Byozgregings, wigpaises:;

3, 303, 069; en her eby
i ncor porate H%'l gieos lélr%telﬁééml 6nt%t ééal?fr}én iPe Vggf’%ﬁ'g{%fal%%%ﬁ%’p%%r%%(%?tﬁléqslt t he
ol i goneri zatfm@socat alyst is a ZSMtype catal yst selected from ZSM 5,

ZSM 11, ZSM 12, ZSM 22, ZSM 23, ZSM 35, ZSM 48, ZSM 50, ZSM 57 catal ysts.
In one enbodi nent, the ZSMtype catalyst is selected from ZSM 23 and

ZSM 57, or a conbi natjon thereof I n one enbodi nent the oligonerization
catal yst i s QligomgyizationReaction Zpagr 23 and ZSM 57 catal yst, since this

conbi nation yields a hi gh amount of |inear ol efins. [0066] I n one

enbodi nent, the oligonerization catalyst is an | TQ type catalysts. ITQ type
catal ysts, io®i1yidi ngs aytet absvcs adetadinl focd esrepabétsmr ik heebduoed fooan exanpl e, U. S.
Patent Nos. 7,449,169; 7,081, 556; 6,709,572; and 6, 469, 226, as_well as

publ i shed UCBZOMpTatioacplyskip ProviggrpdntenBeliategompasitipn dig ncBides ences ar e

her eb b f
ner oy | nCOLpRL AL SRS BSOS e AR e
10x10x9- menmb#pommetigsionRatayss wzlebe Oi)nttulﬁed WIQirl 3 vewsel (4.g8 axrchetdr)Avh#h8 X 5.1

A, 4.0 x 4.8 A (9-nenber. ring 8] @ her nol ecul ar sieves _catal ysts can
be used as iH& quderliﬂﬁﬁﬂiﬁst‘ihérﬁr%f-d?%’lW§tVeSSFhe§é’eé°&Pé?l ygdlgawlﬂhl@é ?hose

gglsﬁLIOIbSd e Ynﬁét%ﬁ] ’thmggf&gvﬁc ﬁfo er edy?hlﬁs\r/@gpm !)e\lgﬁ%y reference

inits enti If@‘tthe first réddtion vessel, in order to convert a feed containing, for example,

C,-Cs olefins to yield an intermediate composition containing at least four

carbon atoms (e.g., a composition containing C4-C;¢ olefins).

[0042] In certain embodiments the vessel containing the oligomerization

catalyst (i.e. the first reaction vessel) is maintained at a temperature ranging from
about 100°F to about 600°F more preferably from about 200 to 400°F. In certain
embodiments, the vessel containing the oligomerization catalyst is maintained at
a pressure ranging from about 200 psig to about 1500 psig, more preferably from

about 400 to about 1100 psig.



Aromatic Al kylation Catal ysts [0069] Unl ess specified otherw se, the
aromatic al kylation catal ysts of the present invention is wthout

limtati omo01lw0sip3as it facilitates the aromatic al kyl aCirars2ab/oe0391
intermedi ate ol efin conposition. In one enbodinent, the aromatic al kyl ati on
catalyst is a MW franmnework type cat ari% i ncluding the MW type catal yst
descri bed above. In one enbodi nent, the M/\Y/Vtype catalyst is a MCM 22
catalyst. It is also contenplated that zeolites beta catal yst and USY

catal ysts may be used. Exanples [0070] The present application is further
descri bed by0t#8hns Infcerthien enxodphnests, the egererseon bethowlefiMhigedise of such

exarrpIeS|S|IIus .rat onl n y limits the sco adrreanlng of
The Tnvent ; RmBP Pt Ay SeRB AR ieh e SHeopishieaon GRS SRS TBRT o ot
limted to @Bé(ut%rtb'lgg%abr Ro8f Souer) &dd sl ag&ﬁcgo'tb%%heﬂ% n. Indeed,
many nodifications and variations of the invention will be apparent to

t hose skil | gtbdess Qaméoeaopterambatt arlewdi eqpvetsian Epecdstary afior oxamplkef thavention is
therefore tg be limted h‘%lab% he.tﬁlrlms 8f ttmn ed cl ai along with
the full sc6 B“G&W%Fu?cx%’%l JyioglaRpingAhs predestig TP, Exanple 1
[0071] A f ee@rdlﬂﬁkl%ﬁﬂﬂﬂ tBOar® cih g/é(.ilﬂisthﬁé(ﬁﬂ'@:rat%%n@ %P&lﬁ%f@ﬁﬁb@am?e cﬂftl’ié % tol uene
and the additional conponents identified belowin Table 1 was prepared. -
21 - 4000 oldButfapdc@npr2eomiodrdirdo-opertatoas tie desoed 402@nAtasIonC4 Par af fin,
0. 0008 : :

conversion. In one embodiment, the olefin feed can be operated over a range of

0.1 to 10 LHSV and over a temperature range of 200-400°F.
[0044] Suitable oligomerization reaction conditions are also disclosed in

U.S. Published Patent Application No. 2007/0173676, which is hereby

incorporated by reference in its entirety.

Olefin Feed Composition

[0045] The ultimate product distribution can change based on the olefin feed
composition entering the oligomerization reaction zone. If the olefin feed
composition is rich in C; olefins, the first reactor will yield an intermediate
composition rich in C4-C,+ olefins. Alternatively, if the olefin feed
composition is rich in Cy, olefins, the product produced in the largest quantity
will be Cg-Ci6+ olefins. If the feed contains a mixture of C; and Cy olefins, the
product produced in the largest quantity will be C4¢-C4 olefins. Generally higher
oligomers are preferred such that they produce molecules within the distillate
boiling range as these higher oligomers tend to produce alkylaromatics with
higher cetane values. It is preferred to select an oligomerization catalyst that
provided near linear oligomers as increasing linearity of the oligomer

corresponds to increasing cetane of the resulting alkylaromatic.



4101 G- 2-Buterte 0.0000 4102 T-2-Buterte 0.0000 4104 1-Butane | so-butane
0. 0000 5000 n-Pentane 1.0945 5001 |so-Pentane 1.0712 5093 Ot her C5

Par af f i nsw0.2008858300 1- pentene 0. 0000 5101 ci s- 2- pent ePCe/U32Q0460451.02
T-2- Pent ene 0. 0075 13

[0046] Accordingly, one embodiment includes selecting a feed rich in Cs
olefins for use in the process of the present invention, as described anywhere in
this application, in order to obtain a hydrocarbon fuel composition rich in Ce-
Ci,t olefins. An alternative embodiment includes selecting a feed rich in Cy4
olefins for use in the process of the present invention, as described anywhere in
this application, in order to obtain a hydrocarbon fuel composition rich in Cg-

Ci6t olefins.

Aromatic Alkvlation Reaction Zone

[0047] The intermediate composition obtained from the oligomerization
reaction zone, and a second feed of aromatic compounds is introduced to an
aromatic alkylation catalyst to provide a hydrocarbon fuel composition. The
intermediate composition can be combined with the second feed of aromatic
compounds upstream from the aromatic alkylation catalyst such that one feed
containing both the intermediate composition and aromatic compounds is
introduced to the aromatic alkylation catalyst. Alternatively, the intermediate
composition and the second feed of aromatic compounds can be introduced
separately to the aromatic alkylation catalyst. In certain embodiments of the
present invention, the aromatic alkylation catalyst will be contained within a

vessel (e.g., a reactor), which is referred to herein as the second reaction vessel.

[0048] A person of ordinary skill in the art can determine the proper reaction

conditions, and thus the proper conditions for the second reaction vessel, in order
to convert a feed that includes, for example, an intermediate composition (e.g., a

feed containing Co-Ci¢ olefins) and a second feed of aromatic compounds (e.g., a
feed containing 2-99.9% benzene and other alkylatable aromatics) to yield a

composition which includes a hydrocarbon fuel composition. The hydrocarbon
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fuel composition can be recovered (i.e., further isolated) using refining and

separation techniques known to those of ordinary skill in the art.

[0049] The amount of alkylatable aromatics in the second feed of aromatic
compounds can vary. For example, the second feed of aromatic compounds can
include at least 1 wt%, or at least 5 wt%, or at least 10 wt% of alkylatable

aromatics, based on the total weight of the second feed of aromatic compounds.

[0050] In certain embodiments the vessel containing the aromatic alkylation
catalyst (i.e., the second reaction vessel) is maintained at a temperature ranging
from about 80°F to about 600°F, or from about 100°F to about 400°F. In certain
embodiments, the vessel containing the aromatic alkylation catalyst is
maintained at a pressure ranging from about 50 psig to about 1500 psig, or from

about 100 psig to about 1000 psig.

[0051] The conversion of aromatic compounds can vary. In one embodiment,
the conversion of aromatic compounds ranges from about 50% to about 100%.
Higher aromatic conversions are preferred to maximize the amount of distillate

produced.

[0052] The feed amount of aromatic compounds and intermediate
composition to the aromatic alkylation reaction zone can also vary. It is
desirable to operate with a molar ratio of Olefin: Aromatic of 0.5 to 3, more

preferably about 1.

[0053] In certain embodiments, the oligomerization catalyst and aromatic
alkylation catalyst are housed in separate vessels. Alternatively, the
oligomerization catalyst and aromatic alkylation catalyst can be housed in the

same vessel. In embodiments in which the oligomerization catalyst and aromatic
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alkylation catalyst are housed in the same vessel, it is understood that reaction
conditions for the respective vessels refer to reaction conditions for that portion
of the vessel that contains the oligomerization catalyst, or aromatic alkylation

catalyst, as appropriate.

Single Feed Option

[0054] In certain embodiments of the present invention, the pre-
oligomerization step is eliminated and a composition containing olefins having
at least three carbon atoms is combined with an aromatic feed, and the combined
stream is introduced to an aromatic alkylation catalyst (e.g., a MCM-22 type
catalyst) to yield a hydrocarbon fuel composition. For example, existing streams
within a hydrocarbon refinery that contain both olefins and aromatics (an FCC
Naptha stream and/or a scanfinate stream) can be introduced to an aromatic

alkylation catalyst to yield diesel fuel.

[0055] An exemplary single feed embodiment is shown in Figure 3. A FCC
Naptha stream (401) is combined with a scanfinate stream (402), and the
combined stream (403) is introduced to a fixed bed reactor (404) containing
MCM-22 catalyst. Prior to being introduced to the catalyst, nitrogen and sulphur
containing compounds are removed from the FCC Naptha stream, since these
components cause detrimental effects on the catalyst. In this example, the FCC
Naphtha stream (401) contains about 20-30% linear olefins (as a percentage of
total olefin content), with the balance being primarily mono-branched olefins.

The resulting product stream (405) contains a diesel fuel composition.
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Oligomerization Catalysts

[0056] As disclosed in U.S. Patent No. 7,361,798, which is hereby
incorporated by reference, zeolites are classified by the Structure Commission of
the International Zeolite Association according to the rules of the IUPAC
Commission on Zeolite Nomenclature. A framework-type describes the
topology and connectivity of the tetrahedrally coordinated atoms constituting the
framework and makes an abstraction of the specific properties for those
materials. Molecular sieves for which a structure has been established are
assigned a three letter code and are described in the Atlas of Zeolite Framework
Types, 5" edition, Elsevier, London, England (2001), which is hereby

incorporated by reference in its entirety.

[0057] Unless specified otherwise, the oligomerization catalysts of the
present invention is without limitation so long as it facilitates the
oligomerization of an olefin feed composition. In one embodiment, the
oligomerization catalyst is selected from a solid phosphoric acid catalyst (SPA),

a MWW type catalyst and a ZSM-type catalyst.

[0058] Solid phosphoric acid (SPA) catalysts are known in the art and are
commercially available, for example, from UOP LLC (Des Plaines, IL). Further
details regarding the composition and production of SPA catalysts can be
obtained from U.S. Patent Nos. 3,050,472; 3,050,473; and 3,132,109, which are

each hereby incorporated by reference in their entirety.

[0059] As disclosed in U.S. Published Application No. 2007/0173676, which
is hereby incorporated by reference in its entirety, the SPA catalyst can be

provided with a carrier, such as a naturally occurring porous silica-containing
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materials (e.g., kieselguhr, kaolin, infusorial earth and diatomaceous earth). As
disclosed therein, the SPA catalyst can also be employed in conjunction with
crystalline molecular sieve catalysts, such as, for example, ZSM-22, ZSM-23,
SAPO-11, ZSM-48 or other molecular sieve catalysts described herein or

otherwise known in the art.

[0060] MWW type catalysts are also known in the art and can be
commercially obtained from, for example, ExxonMobil Catalyst Technologies
LLC (Baytown, TX). As disclosed in U.S. Published Application No.
2006/0194999, which is hereby incorporated by reference, the MWW family of
zeolite materials has achieved recognition as having a characteristic framework
structure which presents unique and interesting catalytic properties. The MWW
topology consists of two independent pore systems: a sinusoidal ten-member
ring [ 10 MR ] two dimensional channel separated from each other by a second,
two dimensional pore system comprised of 12 MR super cages connected to
each other through 10 MR windows. The crystal system of the MWW
framework is hexagonal and the molecules diffuse along the directions in the
zeolite, i.e., there is no communication along the ¢ direction between the pores.
In the hexagonal plate-like crystals of the MWW type zeolites, the crystals are
formed of relatively small number of units along the ¢ direction as a result of
which, much of the catalytic activity is due to active sites located on the external
surface of the crystals in the form of the cup-shaped cavitiecs. MWW-type
catalysts that can be used in connection with the presently disclosed subject
matter include, but are not limited to, PSH-3, MCM-22, MCM-36, MCM-49,
MCM-56, SSZ-25, ERB-1, EMM-1, EMM-2, and ITQ-1 catalysts.

[0061] In one embodiment, the MWW type catalyst is selected from a MCM
catalyst (e.g., MCM-22, MCM-36, MCM-49, and MCM-56 catalyst). MCM

catalysts are known in the art, and can be obtained from, for example from
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ExxonMobil Catalyst Technologies LLC (Baytown, TX). MCM type catalysts,
including synthesis details, are described in, for example, U.S. Patent Nos.
7,198,711; 5,639,931; 5,296,428; 5,1460,29; and U.S. Published Application No.
2006/0194998. Each of these references are hereby incorporated by reference in

their entirety.

[0062] In one embodiment, the MWW type catalyst is a MCM-22 catalyst.
MCM-22 is described in U.S. Pat. No. 4,954,325 as well as in U.S. Pat. Nos.
5,250,777; 5,284,643 and 5,382,742. MCM-49 is described in U.S. Pat. No.
5,236,575; MCM-36 in U.S. Pat. No. 5,229,341 and MCM-56 in U.S. Pat. No.
5,362,697. Each of these patents are hereby incorporated by reference in their

entirety.

[0063] In another embodiment, the oligomerization catalyst is a EMM
catalyst (e.g., EMM-1 or EMM-2 catalyst). EMM catalysts are known in the art
and are preferably obtained from ExxonMobil Catalyst Technologies LLC
(Baytown, TX). Synthesis details regarding EMM catalysts can be found, for
example, in U.S. Patent Nos. 7,255,849 and 6,787,124 and U.S. Published
Application Nos. 2006/0079723, 2009/0163753, each of which are hereby

incorporated by reference in its entirety.

[0064] In one embodiment, the oligomerization catalyst is a ZSM-type
catalyst. ZSM (Zeolite Socony Mobil) catalysts are known in the art and can be
commercially obtained or synthesized. Commercially available ZSM-type
catalysts can be obtained from, for example, Zeolyst International Corporation
(Valley Forge, PA), BASF Catalysts LLC (Iselin, NJ), Sud-Chemie Incorporated
(Louisville, KY), and, preferably, from ExxonMobil Catalyst Technologies LLC
(Baytown, TX). ZSM catalysts, including synthesis details, are generally
described, for example, in U.S. Patent Nos. 5,367,100; 4,845,063; 4,872,968;
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4,076,842; 4,046,859; 4,035,430, 4,021,331; 4,016,245; 3,972,983 3,965,205;
3,832,449; 3,709,979; 3,702,886; 3,303,069; and Re. 28,341. The contents of

each of these patents is hereby incorporated by reference in their entirety.

[0065] In one embodiment, the oligomerization catalyst is a ZSM-type
catalyst selected from ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-35,
ZSM-48, ZSM-50, ZSM-57 catalysts. In one embodiment, the ZSM-type
catalyst is selected from ZSM-23 and ZSM-57, or a combination thereof. In one
embodiment the oligomerization catalyst is a combination of a ZSM-23 and

ZSM-57 catalyst, since this combination yields a high amount of linear olefins.

[0066] In one embodiment, the oligomerization catalyst is an ITQ type
catalysts. ITQ type catalysts, including synthesis details, are described in, for
example, U.S. Patent Nos. 7,449,169; 7,081,556; 6,709,572; and 6,469,226, as
well as published U.S. Application No. 2008/0021253. Each of these references

are hereby incorporated by reference in their entirety.

[0067] In one embodiment, the ITQ type catalyst is ITQ-13. ITQ-13
structure is 10x10x9-member rings. Pore sizes of the ITQ-13 are 4.8 x 5.3 A;
4.8x 5.1 A; 4.0x4.8 A (9-member ring).

[0068] Other molecular sieves catalysts can be used as the oligomerization
catalyst. These catalysts include those described in R. Szostak, Handbook of
Molecular Sieves, Van Nostrand Reinhold, New York, N.Y. (1992), which is

hereby incorporated by reference in its entirety.
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Aromatic Alkylation Catalysts

[0069] Unless specified otherwise, the aromatic alkylation catalysts of the
present invention is without limitation so long as it facilitates the aromatic
alkylation of an intermediate olefin composition. In one embodiment, the
aromatic alkylation catalyst is a MWW framework type catalyst, including the
MWW type catalyst described above. In one embodiment, the MWW type
catalyst is a MCM-22 catalyst. It is also contemplated that zeolites beta catalyst
and USY catalysts may be used.

Examples

[0070] The present application is further described by means of the
examples, presented below. The use of such examples is illustrative only and in
no way limits the scope and meaning of the invention or of any exemplified
term. Likewise, the invention is not limited to any particular preferred
embodiments described herein. Indeed, many modifications and variations of
the invention will be apparent to those skilled in the art upon reading this
specification. The invention is therefore to be limited only by the terms of the
appended claims along with the full scope of equivalents to which the claims are

entitled.

Example 1

[0071] A feed including 30.8 wt% 1-hexene, 17.0 wt% benzene, 3.4 wt%

toluene and the additional components identified below in Table 1 was prepared.
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(Table 1 continues to next page)
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] 3DMAET Benzene: 0.0023
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Table 1. Composition of Feed composition

[0072] The feed was passed over a MCM-49 catalyst containing a 80/20
zeolite:binder ratio and 1/20” quadrulube in a fixed bed reactor about 1” in
diameter. 177g/hr of feed was passed over 63g of the catalyst at around 400°F
and 600 psig.

[0073] The resulting product was analyzed by gas chromatography (“GC”).

The conversion of the feed is shown in Figure 4 and Figure 8. The weight
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percentage of the feed and product, as analyzed by GC is shown in Figure 2.

The majority of the product was Cyy+, shown in Fig. 5.

[0074] An ASTM D86 analysis of feed and typical product is shown in
Figures 6 and 7. ASTM D86 is a standard test method known to those skilled in
the art. There, the movement in MW of the feed from the mogas boiling range
to the distillate boiling range can be seen. The y-axis represents the boiling
point in degrees F and the x-axis represents the liquid volume % off the sample

at each corresponding boiling point temperature.

[0075] The present invention is not to be limited in scope by the specific
embodiments described herein. Indeed, various modifications of the invention in
addition to those described herein will become apparent to those skilled in the art
from the foregoing description and the accompanying figures. Such
modifications are intended to fall within the scope of the appended claims.
[0076] It is further to be understood that all values are approximate, and are

provided for description.

[0077] Patents, patent applications, publications, product descriptions, and
protocols are cited throughout this application, the disclosures of each of which

is incorporated herein by reference in its entirety for all purposes.



10320 1235TM Benzene 0.0014 10321 1245TM Bz 0. 0000 10360 Napht hal ene 0. 0000
10370 M I ndane 0.0000 10998 O her CIO Aromatics 0.0163 Table 1.
Conposi t iwo 20f/eed conposi tion [0072] The feed was pass@edTaser10acMIM 49
catal yst containing a 80/20 zeolite:bi Eiier ratio and 1/20" quadrulube in a
fixed bed reactor about 1" in dianmeter<*177g/ hr of feed was passed over 63g
of the catalyst at around 400F and 600 psig. - 23 - percentage of the feed
and product, as analyzed by GCis shown in Figure 2. The majority of the
product was G o+, shown in Fig. 5. [0074] An ASTM D86 anal ysis of feed and
typi cal prodUcAIMS: shown in

1. A process for producing a hydrocarbon fuel composition comprising:

(a) introducing an olefin feed composition including C, to C¢ olefins to an
oligomerization catalyst to yield an intermediate composition including olefins
having at least four carbon atoms;

(b) introducing the intermediate composition and a second feed of
aromatic compounds to an aromatic alkylation catalyst to yield a fractionation
feed containing a hydrocarbon fuel composition;

(c) recovering the hydrocarbon fuel composition from the fractionation

feed.

2. The process of claim 1, wherein the an olefin feed composition is
obtained from fuel gas, chemical grade propylene, refinery grade propylene,
polymer grade propylene, liquefied petroleum gas (LPG), light cracked naptha
(LCN), scanfinate, de-hydrogenated light virgin naptha (LVN), a butylene

containing stream, an alkylation feed, FCC oftf-gas, or coker off-gas.

3. The process of claim 1, wherein the oligomerization catalyst is
selected from a solid phosphoric acid (sPa) type catalyst, a MWW framework
type catalyst and a ZSM framework type catalyst.

4. The process of claim 3, wherein the catalyst is selected from MCM-22,
MCM-36, MCM-49, MCM-56, EMM-1, EMM-2 or a combination thereof.

5. The process of claim 3, wherein the catalyst is selected from ZSM-22,

ZSM-23, ZSM-57 or a combination thereof.

6. The process of claim 1, wherein the olefin feed composition is

introduced to the oligomerization catalyst in a first reaction vessel maintained at
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catal yst is sel egfetihd peddvkiotm IMMeRbn VD ASsic MicMatibn cllVkilis aEMW 2 or a
conbi nati on t her eof 5. The process of claim 3, wherein'the catalyst

i s sel ect ed MWVOIMtABNaRystZSM 23, ZSM 57 or a conbi nati on t her eof

11. The process of claim 10, wherein the MWW type catalyst is a MCM-
22 or MCM-49 catalyst.

12. The process of claim 1, wherein the intermediate composition and the
second feed of aromatic compounds is introduced to the aromatic alkylation
catalyst in a second reaction vessel maintained at from about 50 psig to about

1500 psig at a temperature of from about 80°F to about 600°F.

13. The process of claim 12, wherein the second reaction vessel is a fixed

bed reactor of chamber or tubular design.

14. The process of claim 13, wherein the aromatic alkylation catalyst is a

MWW framework type catalyst.



6. The process of claim1, wherein the olefin feed conposition is
introduced to the oligonerization catalyst in a first reaction vessel
mai nt ai newloan11/07525 - from about 200 psig to about 1500Pp3iU$2@N/060491

tenperature of from about 100F to aboué 600 F. 7. The process of
claim1l1, wherein the internediate conp Qition includes at |east 10 wt%
C4- C16 ol efins. 8. The process of claim1l, wherein the second feed of

aromati c conmpounds is obtained fromlight refornmate, benzene heart-cut
reformate, heavy reformate, full reformate, catalytic cracked naptha (cat
napht ha), coker naptha, virgin naptha or hydrocracked napt ha. 9. The

process of clai , ~wherein the.second feed.of argnatic conpouynds contains
D T east 10% al Kyt Bbpecep srmiga Whereis g iR E SRRV i 1

wherein thegagggmatic al kylation catalyst is a MW type catal yst. 11.
The process of claim 10, wherein the MW type catalyst is a MCM22 or MCM 49
cat al yst. 12. The process of claim1l, wherein the internediate

conposition and e.second feed.of aromatic conpounds.is .introduced to the
ronat ¢ alkylat | GnTEepR st Efid 150uBrE BsEiR Dedisd HliRG ned at 1rom
about 50 psighaksi actRAR AP mdtedihl RaviR P BbidihE Hei®bf foRMIRPYS0POF to
about 600F. 13. The process of claim 12, wherein the second reaction
vessel is atdaboad 70@d.r eact or of chanber or tubul ar design. 14. The

process of claim 13, wherein the aromatic al kylation catalyst is a MW
framework type catalyst. - 26 - 15. The process of claim1l, wherein the

hydrocarbon fuel | £0oMROBIJcEQRMD ichiM 185 Rherein the diéel Hi& REARERMIRE of bl M 15,
wherein recovering the diesel includes separating by fractionation materi al

havi ng a boildasndp.poi nt of from about 350F to about 700F. 17. The
process of claim 17, wherein the diesel has a cetane nunber of at |east 35.

18. The process of claim 1, wherein the hydrocarbon fuel composition is
selected from, naphtha, jet fuel, diesel, kerosene, aviation gas, fuel oil, and

blends thereof.

19. A process for forming a hydrocarbon fuel composition comprising:

(a) introducing a first feed including olefins having at least three carbon
atoms and a second feed of aromatic compounds to an aromatic alkylation
catalyst to yield a fractionation feed containing a hydrocarbon fuel composition;
and

(b) recovering the hydrocarbon fuel composition from the fractionation

feed.

20. The process of claim 19, wherein the second feed of aromatic
compounds is obtained from light reformate, heavy reformate, full reformate and

catalytic cracked naptha (cat naphtha).

21. The process of claim 19, wherein the aromatic alkylation catalyst is a

MWW type catalyst.



18. The process of claim1, wherein the hydrocarbon fuel conposition is

sel ected from naphtha, jet fuel, diesel, kerosene, aviation gas, fuel oil,
and bl endsothawesdf2319. A process for form ng a hydrocar pom/dse@h/oc@aposi ti on
conpri si ng: (a) introducing a fiézt feed including ol efins having at

| east three carbon atons and a second feed of aromatic conpounds to an
aromatic al kylation catalyst to yield a fractionation feed containing a
hydr ocar bon fuel conposition; and (b) recovering the hydrocarbon fuel
conposition fromthe fractionation feed. 20. The process of claim 19,
wherei n the secoddl Teeproséssaforamid , vhopouddMWsWdpacatalystiis e MCMght

ref ormat e, av te,, full reformate and catal ytic cracked napt ha
(cat napht h?{?or&éﬁ'%%wg'process of claim 19, wherein the aromatic

al kyl ation catalyst is a MW type catalyst. -27 - 22. The process of
claim 21, wherein the MW type catalyst is a MCM22 or MCM 49 catal yst.

23. The process 3. Thapreces, of whemeidn whheeithiherhydenchhonffuel coomepidiont i on i s

di esel . The process of claim 19, further including introducing a
pre-feed feésodf“ﬁ“cl uding C2 to C6 olefins to an ol i gonerization catal yst to
yield the first feed including olefins having at |east four carbon atons.
25. A system for producing a hydrocarbon fuel conposition conprising:

(a) an olefin fe% Eb@rp@séssmfnlaimdl%ﬁirﬂ@r (I@lucbng:@tlodeﬁhggpre feed fe¢d) a

first reactlo ol i on ¢ n.fluid
communi cat i &hc ﬁoe fPtegP e%Ha]fg?ng/‘ir%age%ﬁa ttPﬁ%%éi?%ﬁr%#?ﬁgm tion
i ncl udi ng Oh&%dlﬁ BRYinGadhg heRadt fHQWarlidl #QRs.at Ons; (d) a second
reacti on vessel cont aining an aromatic al kylation catalyst in fluid

comuni cation with a second feed of aromatic conpounds and the internediate

conposition to yield a h ocarbon f a collection
assenbly in fl ui‘lé? ‘g‘ f%)rﬁmﬁﬁnlg quﬁéocgér%&fﬁelrC@Qﬁ%ﬁ‘r‘?“ﬁ@é@é’l“ﬁ% recover
the hydrocarbon faygh of&ﬁm%&érﬁﬁosﬁtﬁ&mn%fh@n@@%r@&%ﬁﬂsng the reaction
vessel containing the aromatic alkylation catalyst 26. The system of

cl ai m 25, wher ei (b)aHestanadioafviensef e@@tammgms@hgoomrlzstl@ibczmlmetdnfmm fuel gas,
chem cal grade propyl ene i quef. ol eym ga LPG) or. t..cracked
mapt ha ( Lo omrRiniRing Wiy e BEE aR5N 3n RHELARRHE parholien BRINBHES T 2at i on
catal yst i s of@in@hheidgfal REV B! ChrBhiPEBRARI i ¢ acid (sPa), a MWW type catal yst
and a ZSM type catal ysts.
(d) a second reaction vessel containing an aromatic alkylation catalyst in
fluid communication with a second feed of aromatic compounds and the
intermediate composition to yield a hydrocarbon fuel composition;
(e) a collection assembly in fluid communication with the second reaction

vessel to recover the hydrocarbon fuel composition from the stream exiting the

reaction vessel containing the aromatic alkylation catalyst.

26. The system of claim 25, wherein the an olefin feed composition is
obtained from fuel gas, chemical grade propylene, liquefied petroleum gas
(LPG) or light cracked naptha (LCN).

27. The system of claim 25, wherein the oligomerization catalyst is
selected from solid phosphoric acid (sPa), a MWW type catalyst and a ZSM type

catalysts.



- 28 - 28. The systemof claim?25, wherein the internediate
conposition is at least 10 wt % C5-C16 ol efins. 29. The system of claim
25 wher eiwotzhe/wes2end feed of aromatic conpounds i s obt acmas2dmwonebi ght
reformate, heavy reformate, full reforggte and catal ytic cracked napt ha
(cat naphtha). 30. The system of “¢lai m 25, wherein the aromatic

al kyl ation catalyst is a MW type catal yst. 31l. The systemof claim
25, wherein the second reaction vessel is a fixed bed reactor of chamber or
tubul ar design. 32. The system of claim 25, wherein the hydrocarbon fuel
conposition is d2®séhe system oBgainTRe, whertiwrtheinteinzidmte somphretiasi is at he

col l ection assenbly,, includ a fractionating colum. 34. A systemfor
fornming a h?‘iﬁﬂo@ﬁ% SfQJéIO?%Bﬁposi tion conprising: (a) a first feed

i ncluding olefins having at |east four carbon atons; (c) a first
reaction vessel containing an aromatic alkylation catalyst in fluid
communi cati on w 2% Thesysians bf ¢lemnl 25 mdhezein drmedorfceiedd of armanmimat i ¢ conpounds

to yield a hydrocarbon fuel .co itiLon; a cpllection assenbly in
1l o commuibOROTEA TP AIEHARR Bkt iBRbreohe vt it RULE by A%

hydr ocar bon chidBkic CPBREE hiptAN (cat napht®D: The system of claim 34 wherein the
second feed of "aromati ¢ conpounds is obtained fromlight reformate, heavy

reformate, full reformate and catal ytic cracked naptha (cat naphtha). - 29

- 36. The stemof claim3 erein the aro i.c alkylation
catalyst 15 of iy TOREN RS 35, MRk bty albtedor A NED oot em
of clai m 34 Mwherghdeakdigsthydr ocarbon fuel conposition is diesel.

31. The system of claim 25, wherein the second reaction vessel is a fixed

bed reactor of chamber or tubular design.

32. The system of claim 25, wherein the hydrocarbon fuel composition is

diesel.

33. The system of claim 25, wherein the collection assembly includes a

fractionating column.

34. A system for forming a hydrocarbon fuel composition comprising:

(a) a first feed including olefins having at least four carbon atoms;

(c) a first reaction vessel containing an aromatic alkylation catalyst in
fluid communication with the first feed and a second feed of aromatic
compounds to yield a hydrocarbon fuel composition;

(d) a collection assembly in fluid communication with the first reaction

vessel to recover the hydrocarbon fuel composition.

35. The system of claim 34 wherein the second feed of aromatic
compounds is obtained from light reformate, heavy reformate, full reformate and

catalytic cracked naptha (cat naphtha).
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36. The system of claim 34, wherein the aromatic alkylation catalyst is of

MWW type or MCM-22 or MCM-49 catalyst.

37. The system of claim 34, wherein the hydrocarbon fuel composition is

diesel.



