WD 2012/ 078373PCT/ US2011/ 062064 METHOD AND APPARATUS FOR OBTAI NI NG
AROVATI CS FROM DI VERSE FEEDSTOCK CROSS REFERENCE TO RELATED APPLI CATI ONS

5[ 0001] Thwe 2arppi78zzat i on clainms priority to U S. Provi si enalusPat msocs
Application No. 61/421,917, filed Decenber 10, 2010, which is herein
incorporated by reference in its entirety. FIELD OF THE | NVENTI ON

10[ 0002] The invention relates to a process for obtaining purified aromatic
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BACKGROUND OF THE INVENTION
15  [0003] Xylene isomers find wide and varied applications. They are especially valuable as
intermediates in chemical syntheses. By way of example, paraxylene (PX) is a feedstock for
terephthalic acid, which finds use in the manufacture of synthetic fibers and bottle plastic,
metaxylene (MX) is used in the manufacture of dyes, and orthoxylene (OX) is used as a
feedstock for phthalic anhydride, which finds use in the manufacture of plasticizers. PX is
20  currently the most valuable of the xylene isomers and although patents related to obtaining
(e.g., producing or purifying) PX are too numerous to mention, there is still intensive research
in the area.
[0004] There are many possible feeds currently used to obtain PX. The majority of
paraxylene produced today comes from catalytic reforming, well known in the art, which is
25  primarily fed by naphtha feedstocks. The effluent of the reforming process, known as
reformate, is rich in aromatics, particularly toluene and mixed xylenes, and is used as
feedstock to aromatics plants. Processes exist to increase the yield of paraxylene over the
equilibrium mixture in reformate. These include disproportionation of purified toluene
selective methylation of benzene and/or toluene, among others. Other sources described
30  Dbelow are also possible feeds to paraxylene production processes.
[0005] Steam cracking, or pyrolysis, is the preferred method of producing light olefins
(ethylene, propylene, and butenes) from hydrocarbon feedstock. Pyrolysis involves heating

of the hydrocarbon feedstock to sufficient temperature for thermal cracking of the molecules
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30bel ow are al so possi ble feeds to paraxyl ene production processes.
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20  [0008] U.S Pat. No. 7,301,063 discloses a process to co-produce an aromatic hydrocarbon
mixture and liquefied petroleum gas (LPG) from pyrolysis gasoline. The resulting LPG can
then be recycled back to the steam cracker which produced the pygas. This process involves
contacting the separated pyrolysis gasoline stream, another hydrocarbon feedstock, and
hydrogen into at least one reaction area with catalyst, thus converting the mixture into an

25  aromatic fraction rich in benzene, toluene, and xylenes through dealkylation/transalkylation
reactions and a fraction rich in LPG through a hydrocracking reaction.

[0009] U.S. 7,297,831 discloses a process of preparing aromatic hydrocarbons and
liquified petroleum gas (LPG) from a hydrocarbon mixture, in which a non-aromatic
compound in the hydrocarbon feedstock mixture is converted into a gaseous material having

30 a large amount of LPG through hydrocracking, and an aromatic compound therein is
converted into an oil component having a large amount of benzene, toluene, and xylene
(BTX) through dealkylation and transalkylation.

[0010] WO 02/44306 discloses a process for producing aromatic hydrocarbon
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[0013] See also U.S. Patent 7,176,339.
[0014] The above processes have not been integrated into a single system that offers
significant advantages including higher petrochemical yields and lower energy consumption
over operation of the processes separately, and wherein benzene and toluene are made "on
15  purpose" from a refinery feedstream in order to provide a more advantageous feed to an
alkylation reactor to selectively produce para-xylene (PX).
[0015] The present inventors have surprisingly discovered an advantageous system and
process, including, in embodiments, the combination of various streams and utilities which
provide significant advantages over prior systems.
20
SUMMARY OF THE INVENTION
[0016] The invention is directed to a process and apparatus or system for obtaining C6 to
C8 aromatics, particularly paraxylene, from naphtha-range feedstreams, including one or
more steps of methylating benzene and/or toluene with methanol, wherein a C6-C10+
25  aromatic hydrocarbon feedstream, such as a naphtha feedstream is subjected to one or more
of dealkylation, transalkylation, and cracking, to increase the benzene and/or toluene content
thereof, and then methylated, preferably with methanol with an appropriate catalyst under
suitable conditions to selectively produce para-xylene.
[0017] In embodiments the naphtha-range feedstreams are selected from one or more of
30  pygas from a steam cracker, cat naphtha from a fluid catalytic cracker, coker naphtha from a
coker, hydrocracked naphtha from a hydrocracker, or a reformate stream from a reformer.
[0018] In embodiments the process includes one or more steps selected from

dealkylation, transalkylation, and cracking.
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parts throughout the several views.

[0023] Figures 1-6 illustrate embodiments of an integrated system according to the

present invention

15 DETAILED DESCRIPTION
[0024] According to the invention, in embodiments, there is a process for manufacturing
para-xylene using a feedstream comprising naphtha which is processed to increase the
benzene and/or toluene content thereof prior to contact with a methylating agent in the
presence of a catalyst selective for the production of para-xylene, and a system adapted
20  therefor.
[0025] In embodiments, the process comprises: (a) dealkylation and/or transalkylation
and/or cracking (D/T/C) of the naphtha stream over a catalyst at reaction conditions to enrich
the benzene and/or toluene concentration and produce a light paraffin by-product; (b)
addition of a methylating agent to all or part of at least the benzene/toluene portion of the
25  product from step (a) and contacting the mixture with catalyst selective for para-xylene
production at reaction conditions to produce para-xylene and light olefin or light paraffin by-
products; (c¢) recovery of purified para-xylene from step (b) as the product of the
manufacturing process.
[0026] In some embodiments, all or part of the naphtha feedstock may be supplied to a
30  reformer, steam cracker, or catalytic cracker prior to the dealkylation/transalkylation/cracking
("D/T/C") reactor. In preferred embodiments, the reforming step may include conventional
reforming, single-bed naphthene aromatization, or HDS reforming. HDS reforming is

discussed, for instance, in U.S. Patent 7,563,358. Steam crackers and catalytic crackers (cat
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[0019] It is an object of the invention to provide a process allow ng for

I ntegration of systens to provide heretofore unobtainable efficiencies in

t he prodwwOi2ore/©o837par axyl ene. [0020]1t is further an objpeTiusod110b964

i nvention to increase the benzene and/or toluene content of a refinery
feedstream prior to nethylation. 5[0021] These and ot her objects, features,
and advantages will becone apparent as reference is nmade to the foll ow ng
detail ed description, preferred enbodi nents, exanples, and appended cl ai ns.
BRI EF DESCRI PTI ON OF THE DRAW NGS 10[ 0022] I n t he acconpanyi ng draw ngs,
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system according to the present invention 15DETAILED DESCRIPTI&N

[ 0024] Accorsgimstjzation theonveivethylbawene tp xglarsdi ments, there is a process for
ST VRN 35 b SR, LAY FOMBRTPELALE RIS o,
cont act Swi thindratreatingprogess ngreageant pprion healpefagbedicdefoR, & natakysporgen ecdli ve
for the prodyction of;,para-xylene, and a system adapted 20t herefor.
[0029] In some embodiments, all or part of the naphtha feedstock and/or product from
step (a) may be subjected to a de-hexane process where C6 paraffins are separated from C6
naphthenes and benzene.
10 [0030] In some embodiments, all or part of the naphtha feedstock and/or product from
step (a) may be subjected to a de-benzene process to remove at least a portion of the benzene
in the feedstock. In preferred embodiments, the separated benzene can then go through an
extraction process to be sold, or it can be recycled to another step in the aromatics circuit.
[0031] In some embodiments, all or part of the naphtha feedstock may be subjected to
15  fractionation to remove toluene prior to the dealkylation/transalkylation/cracking reactor.
[0032] In some embodiments, all or part of the naphtha feedstock may be subjected to
any combination of a hydrotreating process, reforming process, isomerization process, de-
hexane and/or de-benzene and/or de-toluene process, and/or optionally with an extraction
step to remove at least a portion non- aromatics (naphthenes and paraffins) prior to contacting
20  the dealkylation/transalkylation/cracking reaction zone and/or the methylation reaction zone.
[0033] According to the present invention, particularly advantageous sources of naphtha
feedstock include pygas, cat naptha, coker naphtha, hydrocracker naphtha, and reformate.
Pygas as used herein means a C6-C10+ cut of the pyrolysis effluent from a steam cracking
furnace.
25  [0034] Additionally, the light paraffins and light olefins produced in the above processes
can be transferred to the steam cracking furnaces and/or recovery section to enhance the yield
of light olefins.
[0035] Typically, the pyrolysis gasoline contains from about 15 to about 65 wt%
benzene, and from about 5 to about 35 wt% toluene, and contains at least 1 wt% non-
30  aromatics but can be up to 50 wt% non-aromatics depending on composition of feedstock to
the steam cracker, intensity of the pyrolysis reaction, and separation and processing scheme
for the pygas stream. Generally, as the intensity of the pyrolysis reaction increases, which

can be noted by the rising outlet temperature of the reactor or by the changing of the ratio of
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[ 0025] I n enbodi ments, the process conprises: (a) deal kylation and/ or
transal kyl ati on and/ or cracking (D/T/C) of the naphtha stream over a

cat al yst WO 202408376n conditions to enrich the benzene amdrars2eiolocz®ne
concentration and produce a light paraffin by-product; (b) addition of a
met hyl ati ng agent to all or part of at |east the benzene/tol uene portion of
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para-xylene and light olefin or light paraffin byproducts; (c) recovery of
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napht ha f e&YLEGER 1y 0¥ fae t a& 's "5y F%P?’Sé%u ?1 Gcels %"*Baraé“r%o ve a
portion or danh, wificht dae ognenallgbe ilSegraed Wik %\p@folﬁlspﬁlfriat@lﬂa dn'op abd thohedvivet
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[0037] Other potential feed sources are “Cat naphtha,” which is produced from a fluid
catalytic cracker; and reformate, which is a common feedstock to traditional aromatics plants.
[0038] The invention may be better understood by reference to the accompanying figures,
which illustrates an embodiment of the present invention.

15 [0039] Figure 1 is a schematic showing a system for obtaining paraxylene (PX) wherein a
feedstream comprising C6-C10+ aromatic hydrocarbons, such as conveniently provided by
naphtha, is provided to a steam cracker to yield steam cracked naphtha (SCN), light olefins,
and fuel oil (FO). Details of the steam cracker system, including furnaces, compressors,
refrigeration, fractionator, and the like, required to provide the various streams shown are per

20  se known and within the skill of the ordinary artisan to design. SCN is passed to a first
fractionator 1 to provide C9+ hydrocarbons as a bottoms product and lighter materials,
including xylene isomers, ethyl benzene, and C7- aromatics are taken overhead. The
overhead is sent to a reformer to provide feed to a second fractionator 2, while the bottoms
product yields C9+ aromatics. The second fractionator 2 yields an overhead comprising

25  benzene, a side stream comprising toluene and some benzene, and a bottoms product
comprising xylenes. As shown in the embodiment of Figure 1, the bottoms product of the
second fractionator 2 and first fractionator 1 are merged and this mixture, comprising C8+
aromatics, is then mixed with the overheads of the second fractionator 2 and provided to a
reactor for at least one of dealkylation, transalkylation, or cracking ("D/T/C") comprising the

30  appropriate catalyst system ("D/T/C catalyst system"), which can be selected by one of skill
in the art in possession of the present disclosure without undue experimentation. In the
embodiment according to Figure 1, a transalkylation reactor is shown as the D/T/C reactor.

The C6+ product from the D/T/C reactor is sent to the fractionator 2 while the C5- product is
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step (a) may be subjected to a de-hexane process where C6 paraffins are
separated from C6 napht henes and benzene. 10[0030]In sone enbodi nents, al
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separ at i on camprifPKOrPRI i Grs GBAERI| Dfirst L8z PNARTInSL (19EHF eI ItY takdSut he
intensity of the pyrolysis reaction increases, which can be noted by the

ri sing out Idispes @}%@Wﬁfl%r?@ddﬁe& e fragtignster Lor Thsylight £0c Raeigrady i bnBiriigit i o of

15  processed by methods per se know in the art and the bottoms product comprising C6+
aromatic hydrocarbons is sent to a second stage hydrofiner (2nd HF) to reduce the olefins.
The product stream is then fractionated in fractionator 2 to provide three cuts, which include
a C10+ bottoms which may find disposition as Fuel Oil, a side stream comprising mostly
C9+ with some C8, the side stream ultimately being sent to the D/T/C reactor (shown in
20  Figure 2 being joined with several other streams to be discussed), and a C6 to C7 overhead,
comprising some C8, which is sent to a reformer where at least a portion of the naphthenes
and/or paraffins are converted to aromatics. Alternatively (not shown) the stream may be
sent to an extraction unit where the aromatics are extracted from the non-aromatics with the
aromatic portion being sent to the D/T/C reactor and the non-aromatic portion being routed to
25  another disposition which may include steam cracker feed and/or gasoline blending
[0041] As shown in Figure 2, the side stream from fractionator 2 and the product of the
reformer are merged and sent the to D/T/C reactor where the combined stream, comprising
C6-C9+ aromatic hydrocarbons is contacted with at least one catalyst and under suitable
conditions to increase the benzene and/or toluene content of the stream. As shown in Figure
30 2, the product of the D/T/C reactor may then be fractionated in one or optionally two
fractionators ("3/4" in Figure 2) and separated into various constituent parts, such as, in this
embodiment, a C6 stream, a C7 stream, a C8-C9+ stream, and a C10+ stream. The C6 and

C8-C9+ streams may be recycled to the D/T/C reactor, as shown in Figure 2, the C10+
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WD 2012/ 078373PCT/ US2011/ 062064 two products, such as propyl ene and

net hane, nore aromatics will be present in the effluent. [0036] Al so, as
conposi t iwo 20f2/a7883f eedst ock to the pyrolysis furnace clramgsg)iiobm®eyi el d of
aromatics in the pygas will also change. Hi gher nol ecul ar wei ght feedstocks
tend to produce nore aromatics though they nmay be nore dilute. Lower

hydr ogen content 5 feedstocks also tend to produce nore aronatics.

Napht has and gasoils are conventional feedstocks to steam crackers,
including virgin and hydrotreated streans. Resi d-containi n% f eeds
(consi der albPE&MoPIOfeH car fndsoreys dsesenyyushesugl By FPp.stndghe &7 n%fefﬂﬁir ough

the ConVeCTob{?dhaﬁﬁ%ekééﬁ &ifth 51Iner §tp%f3cf8nccff3cﬁé< C@Qgtr%é&ﬁ n1§%@nt th hﬁ’@alﬁﬁ%&ﬂ%a&@r a
vapor/liquid separating drum which can optionally be integrated with the

pyrolysi s {MPABEY) tq be d}mbteémreﬁef@b%@alw|n@§1anqlotprmedchrﬁele[=m%7]p@xawgﬁlene
potenti al id
Catalytic oneopRaiaRge T el ARG ARor OVl S1h LSRR o Ml
tradi ti dnalprapynet isomt phart dut n@Y 8] roTthe t¢ pvdsrosinn ety oloBnshescoery, hader st ood
by referen e i nt
of the pr eggaﬁ%eqlféne@én Og%w%g%oﬁ%g?ﬁg&r@d Wlﬁlg C%yllsa(tzl g?r%w'?j%: %Ztﬁ%vn\fr%g&gaq%dﬁ tem
for obtai n|1mgolpmnaSgW1dné1e(®)@heamaglﬁempmdmmde;ng eanricd npthesalkgatich- féicﬁer
aromati c hydr.oc veni ent rOVI

o ovided t SHOSE el SRUET o E i RRY SRR le® K thS i B R RL IRy ot

ol ef i ns, amdttdraeprodrict bdikegJent tDatsaaolns fiaftidnhter 6,tvaer e Akl aﬁwsﬁmd sietnudi ng
furnac ressors, refriger fracti opat or d th e, ui red
Lo provlie T AB Gt ot olpeLit hbhdraretier b St ur B aw Enad (Resnioih he
skill of t keabuiddiin@tcydedict irdantell 8y dREI"YWhicBiNréBrapgasedydidlizer bd mficated in

fractionator 1 to. provide CO+ hydroggrbons.as a bottons produc and | i ghter
mat eri al's, TRt & gHE 4 B SORRTPIMSSRDAEHLN WiHdOCPMeHBHRY 8% ar e
t aken over hgadnentighcON@ENRE 36hpl EndS@PNikE. OTRe F-BfiEERY fillrte BFoaVihd RrysRaHel & a
second fractionator 2, while the bottons product yields C9+ aromatics. The
second f ra®faf@mRlY 620t 20 i dSPERECHHOTD YIBFh RECR-EPRIHNEE HEPRTich dipy dhfebressn pifle

st r eam;§ONRfdLSinfpdritiQ! M%nﬁav%ﬂﬂle%e%ﬁs Qﬁ%e&?doxﬁﬁgeaﬁn Eﬂérétm IR 'r'é}ﬁoval of
conprising xylenes. As 'shown in the enbodi ment of ure 1, the bottons
product of okYesnseeninefimaetiticsnthe oeraXylene denlatedt stcprady reéﬁéftdobacli tthe DiBCged
and this %gcgh conprising C8+ aromatics, is then mxed with the

over heads o e second fractionator 2 and provided to a reactor for at

| east one d#04dkal Kyduat Bonlustratanget| dopthat icotpodiorenc pidkd meps¢rt DATYNELY).  The
conpri sing t m'),
whi ch can Sglgg% %tlggl%ﬂp{ il th 8@\&%} F%Lre %;“ee rﬁ’a&llg g)s? gsgsag!f%ﬁ}on?txf%%

pr esent20di sclddedre tak tdlﬁﬁ:|@8 uvmlhmdmopbe rerﬁmneat iflnﬁnproduct bhthe eefooakir merytthen

according to Fi qure 1. a tra ti.on i.s shown as the,D).T/C
eact or - OTke b dircork BT BN RRPLEE BY e bR SR BB BTG o or
2 whi |l e t heefatate fhe edoratatel 1ﬁto\mrgﬁéﬁﬁso2837£€@'5/@§2ﬁ)dliC%gﬁﬁﬂq Teecyet eekatno t he

St ream fr o ERESRanE PRRER GRS o ETrl 1ohE Al epice”

bleEzlene | $“MBHIAM‘Q ® tenzaned @HldﬁvOFTHthfiJﬁfb@malk Kéﬂtaﬂirb@l?' tbem:Dmr/c(re@%r
al kyl atl on

to be onv ted to xylen pr ef er abl hanol
(MeOH) XRhi g}?rglgg Wﬁ%ﬁh%étfﬁamt oy t Ef‘E'i‘,‘tS‘\?%r“)‘}“uﬁle E Ftloéle‘m“Slykor’i‘Svﬂzl t\LTEL‘%Yhe art
(e.g., crysgtfakdncasetyddenRagRX T Nh@d5ArR I8 25 eml@re@{rac@ien Uik, tkr sd Bhowingh @hed PX
rich stream and a PX-depleted stream (the |l atter not shown) The, PX

depl et ed sPleEm Pragymitios expEqne that Grtragte aompfiesnegist from naAdY Qratis ApgicstFam can

be isomeri 41§Qid11 uf‘%’loé&'tljaét%' YO Ydr @RESHRY dVRINRASImREhotR %e»ﬂ@é kncmol\mm Bret he
art and recycled to the PX recovery unit. C5- products may i ncl ude

et hyl ene ardc prgpstiogne)it lise adantageouslyk plegadi ewtrﬁ@ﬁcctforrheaﬁgf@u it e spytesent
10 enb%@' ﬁ@ferakﬁ s ﬁf(‘)(’vﬂ%j Fg’u;eh& tln%n&ﬁer lg%f&%ﬂ%mb%ﬁnﬁe‘ﬂ? nB{ s"ﬁB@ﬁl tﬁy J:}?Hlabt%h

reactor a returned to thé steamcrac recovery and/ or upgra 1 ng.
unit may be placed after the second hydrofinisher in Figure 2, thus providing a liquid feed

substantially free of non-aromatics.

[0043] The extraction unit as shown in Figure 3 provides, from the C6 feedstream
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[ 0040] Anot her enbodi nent of the present invention is illustrated in Figure
2. A streamconprising naptha is first treated in a first stage hydrofiner
(1st HF iwoORbN78372) to take out dienes and styrenes an®CThESR011062064
fractionator 1. The light C6- overheads may be further 15 processed by

met hods per se know in the art and the bottons product conprising C6+
aromati ¢ hydrocarbons is sent to a second stage hydrofiner (2nd HF) to
reduce the olefins. The product streamis then fractionated in fractionator
2 to provide three cuts, which include a ClO+ bottons which may find

di sposi ti ofverseadipé fragtynptor(s) 34 debenzane s¥hand Aprifiadtnep s porgonyfich Albte C8,

the side streammubt ihg%ﬁie‘ﬁe By NGe3E Witk Qe tBBedd (T cﬁ?%ﬁloﬂhe (8O0MEhtioRed 20
Figure 2 being joined with several other streans to di scussed), and a C6

to C7 over Hegiebnaoympnidsr al os emertios of wisi kenzdng isermyided oatl@r@flbmrthmﬁéﬁét at

| east a Pof Oﬂac‘ﬁ%nﬁftags') RAP Y ﬂﬂ@ﬁb‘?’ﬁ/@@% WH&Elﬂfﬂflé %z%%m&@f‘%ﬁfeﬁ@%tﬂ&t is
aromati cs. ternativ not shown e stream nay be sent to an
extract fon inpmasedvmﬂmeremli@ntmr@dmt isoscyaled besdt toatbe 84 fractinmatdrés) nQefiinato fimtni cs
with the ar 0 i r

mon- ar omat 11 pariel S b RaPE s e B o sl LSRG BTIANS  Mwan o

i ncl ude st damssedak®r) th ésalcaantiglorolgmsitline Uskénada bignd e@ﬁﬁo]neﬁxsfoslbmdnmgn
Figure 2, the.side streamfromfractionator 2 and the product of the
reformer af® ﬁ% ged and sent the to D) T/C reactor where the conbi ned
stream cor[ltplr4|415| NFigube £Bths teate@nsEit] iaﬁothgtcénﬂmdﬁhieﬂtrtﬁ‘ theSpres@nt iacdneion. WintHiguat 4) east
one catglyﬁ{ under SU|tab condi ﬁ |nq{ease t he b nzene agd/o
t ol uend eel?cheé-? OpHEIcE P4 é‘&ﬂﬁla K2 ﬁ}eg‘ﬁ’ Istigglion bipe rﬁ?tt%l%ﬂ?‘i Zof the
E/ T/ICr eacmlichrmypetrdi&ﬂ ub%r Eérﬁﬁﬁdél@ ﬁnﬁﬁglentlt@pmﬁle gdir 2008 di@nAdehiy, n¥Rding ethyl

racti onat i.n Figure separated into various consti.tuent
parts, suc ergg& 13 )t Hrieh ’éﬁ%?&di’i“??ﬁ%%?g thioreeh Eby Ipenm{zationcpitdp peryift BB fednizesl:
stream angyRndslOo pérRambowil e tHebar@ el (B -4Gl% BluftRANTanbRYr RRsibRANE!£dhd O t he
DT/ C reactor, as shown in Figure 2, the Cl0+ WO

2012/ 07837 3PP Ugnyuasdofonghe tszsfﬁcaﬂ% upitotrtich it fEspetitien OhPPBERS 8% &Hhedet i ons
such agsFuglg &&&n&ﬁgmwlﬁgd the C7 stream optionally nmerged with all or a
portion of tR C6 stream is sent to the alkylation reactor (MB/TAM to be
al kyl at ed pOMSEr alsing ofitherpdittagsh of the prosens dineationsas| ibestriated iy Fighees 3-Ocly [thne .
The lighte t o]
contai n et By eng andy R uep e GRS LU Praf bRy T
d|sp05|t|omuﬁmrwéﬁ@%mn@ypemmhmrVvdst@QWﬁnmaﬁk@nmf@émtmamﬁmﬁhmmuemmuhal The
C6+ product, n t.ar | w5,
with the ove(/)[ﬁ3 %%Fflléml ef%&lf)l?o c%gi I%erlﬁén&e%egg%: 1563&{1&11%{1 %;e?q gﬁr& Onolgntr eact or
(opti onAl ptartglg cbmcenedwoes bigh amauightheofX ofn profezan ontdfitbssdlgioshote 1dyel of
dotted line fr1 erd 10n achle abrleo 1 rOdH:Ct tf‘fe%h g’Xslento tg entra edoepn% I Ce;[nl lgnat or 6,
where the heagles A BCLIS Wb REPPY SRS Wh B TR EOITYTAE ovehyt “VEo+
w th a di spoagictaton (ea]syléneed:vebrelt‘r1gel=a(ﬁ)an) andjutrbetoxyy sedtiés tlmanguSﬁ‘pbaf mhexdnl n the

device indicated, b ef er abl are stalli.zer as
o oot ed IR MRE e R SRRy W RO R R BB endS ati on
unit, or sqEe6pt hegusy Stimrates Jet, stilfRMAbhan@nbodith@in @8 ted@pentiam dirhike thithke. The

rafflnate or filtrate fraomth allizer, is prefer sent to
deoxygenat 6P 0%‘%‘&@%‘%‘95@%‘86 {‘aﬁﬂﬁlﬁaxqeﬁmq fithceRperpign Bfgfb 9§¥8‘?é9¥§ Za%_w

such i nmpur irf inepro¥BY sheWiEbHRkEs! radiRnabl 2B lperaidd dOWasHER 3MheRBIsBEdiRARK
After renoval of oxygen-containing inpurities, the para-xylene depleted

streamis Petydongwih 0 sBeqsetopermerce@aith dhe CF god SPFifgtien om)theighs &t es

yet anot her, SIRQGLARAL iRk rihELPiESiSMod J ent i on. The enbodi ment is simlar
to that shown in Figure 2, except that The process at fractionator 2 is
[0047] Figure 6 illustrates yet again another embodiment of the present invention. This

30  embodiment differs from earlier embodiments principally in that the overhead from
fractionator 2, after passing through the reformer, is merged with a C8/C9+ cut from said
fractionator and sent to a reactor where the material is subjected to dealkylation and/or

transalkylation ("D/T") to increase the benzene and/or toluene content thereof. The product
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20 nodified to take a C6-C8 overheads to the refornmer. The product of the
reformer may then be sent to one or nore fractionators (as indicated by the
one or nowe2erlarsdTs "3/ 4" to separate the refornmate int@Craseogis®ans, a
C6, a C7, a C8, and a C9+ stream The C9+ streamis returned to
fractionator 2 ("T2"). The C7 streamis sent directly to the al kylation
reactor ("MB/ TAM'), to be discussed below. The C38 streamis sent directly
tothe DDT/C reactor, 25 nerging with the streamfromthe Extraction unit.
The Extraction unit is one of the key differences between Figure 3 and

Fi gures 1 &hthe®/TTeelopkthaorpasiscd ¢ Simpar mawekigivheicarichembadimeniafighee any
unit or system hbat r&¥iE-ack SqARMRL k§lefREblaGRd HFRAMHAAM &) WB tHabtichRORL £S
e.g., liquid-liquid extraction systemor extractive distillation unit, both
per se knowddt jThet(estrgam is migecsgodtip 4¢WP staeueryttaliiser f i athalgeolsxsl yelperaten

upst ream of, L he, b vty i@ e SHALS MerdRe REEERE b ¥hAS ihdy Fbgwe 3-

I n anot her B%ve?(gr ?%%eﬁglggilneﬁﬁ?@ﬁé'{&gﬁo&n,&%ﬁ a;(}al[xtra tel%gﬁwl}%l?l%h ﬁ%yq%ee

pl aced aft elkylahen sieeatord (MBArASYI. ni dleshowm Fi ghe digdre, t thescrpytdliadi Ailfrate fiS qui d
feed subst j fr - [ P I i S
shown i - FeoBted (EREL sPREEL RIS g Bfite KafedoRh b Bt shr &

2012/ 07837 3P@Vit 1SRO 11t/ V6ROGhawiemneaaticnfcah mko bi nstdan (Is) st8f.4A mardeenaebre cut
and a raffipate, conprisin on- ar tics.. Al or.a portion of the benzene
my mer ge W RS Cdn el OB oG e ar B ERt bRl Lot or (o)
and/ or all 2qT2Ra Thettd anecafrydidikzebemaenpened prioy tttlddne-lopdl irefrigdratjond t h t he C8
cut fr fractjonatar(s) .3/4, .to the.D T/ C.reactor., erein the. benzene
and or Dol BRY CodvBlk T dfeguinicpmlGumentr b R aGn o Berclenribef BBt e
back to theamdicdlafityak twinmat@adrspodRabf Vahe ofheOfodifieatRxi KalCbé appacain tdgndsent
to a steam cracker. (SCer in Figures 3 and.al so Figures 4 through 6,

di scussed 1581 Bjcadity THE e |S%91§r—ff inghefr Wﬂﬁ% derardie e theeid o ke of
conmponent fi@ringnaeiici ng gasoline. [0044]Figure 4 illustrates still another
enbodi nent of the present invention. In Figure .4, 10 the process operates
subst ant i allf4#hs {Trdeingireugd hepan weyndraadfict i ohyRal v 5 Wbl otdicaing,

whi ch 11§ opgk dlethntddely lgeoﬂg{eEﬂe@'Bz SHbif ab&Rk HRNRI QY1 dRyf ALy Be (Bisthde
stream including ethyl" benzene (EB), which is then procéssed through EB

| soner i zat it@¢empks in varieis vErictieB. 0l patoaecind priepepplicalians. fsetrprecsdwrbich n t he
art. i our g AShheltblti U HARa 2l AR IROSSN Bk kBliinels &ibE nOERZEOG
produced fromthe extraction unit, ich’is disposition of benzene as to
sal es 15di spperiotdtalbyamtiranbetol thk exterft @@h5]i@suisfis ndiancadsistent agisthis finviehigon
present in e} I: : ' [ -6 15.1he -

recrystall ?éggtrfdro%lvﬂg?drléedg&rﬁg{ %{r%gcsltu %holr:{ﬁ%?ﬁ@?@fsfpe{ %lélteg- Xy eglnlgjn%%l??elﬂ “of the
C8 stream ilisits80dmuroericyl ypepyhenage llisted heref rangmriatm any loger dguite ay dpper t he
crystalli Zer . arratoql?rm tlanacp et hylene level refrigeration. PX can be recovered
Wi th propylene F S B T i geration if it's 20starting concentration is high
enough the PX can be frozen out of the solution at the |evel of
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refrigeration achievable with propylene. If the PXis not concentrated
enough, then | ower tenperature (ethylene |level refrigeration) is required
to cryst avDizae/a783y3PX out of the solution. Using only propgisesna/ obmeel
refrigeration will reduce equi pnent and energy requirenments. [0046] Figure
5 illustrates yet still another enbodi nent of the invention, simlar to the
25 enbodi nrent shown in Figure 3, with the exception of the operation of
fractionators 2 and 3/4. In the process shown by Figure 5, fractionator 2
is operated so that nost of the C38 species are sent, along with C9+

speci es, t&MErged with the C8 and C9+ fraction fromthe one or nore
fractionators illustrated by fractionator 3/4. [0047]Figure 6 illustrates
yet agai n anot her enbodi nent of the present invention. This 30 enbodi nent
di ffers fro¥haéwddimed 8mbodi nents principally in that the overhead from
fractionator 2, after passing through the reformer, is nerged wwth a C8/ Co+
cut fromsaid fractionator and sent to a reactor where the material is

subj ect éd tlo dedlpkydesstdoomrisingt/ or transal kyl ation ("D/T") to increase the

benzene and/ or I c e roduct -

2012/ 078373PCT/ {ﬁgé‘%%?%o%%ﬁ%?&?ﬁ% %56@%5@#%9 Jtls ?f\rgg%teapn? SESSTGINIG
simlar manner ascken ¢ofier, dgdioc@ckeentebulimom ning .thd-ligeirendér alimblestvouwsionsetovery
of equilibriumxylenes obtajned fromt or t fractionator(.s). 3/4.
The (8 st ream | Bl R cohd Ml I, Bom i REhe P PR ove
refrigerati on nawini egukadedyt,craked oker, hydrodisckti guieyrmed atouthtio Gy decgborg W t h
t he xyl.enes obtai ned fromthe 5 alkylation reactor (M3/ TAM. As shown in
the fidlre, the t#{Pststiizer filtrate i s deoxygenated ("DeOx") and then

subj ected to |i@yidehlph@R@ an8OMRirsIaYIa@h dnd/od cREEEEES TABNof S&d kaown strdant he
art. Vapor phase isonerLégtiqn an ?Iso e usﬁgqin this Le&% A pgr%e may
be required to PY&UUME Yotk Girlet vpgst cuit reﬁ%tfPZ‘e‘??éal,no O OL%A de
routed to fract ipQatredm Bavid2dn indR&sell WonRhAGR) GTyIRéR dohi#8f conparclevidparat ed
using ethylene-level refrigeration. 10 [0048] Wiile the illustrative
embodi ment s of 95e04 S¥eeReIOA gy varaBidy Rfedteti bed with particularity, it

wi bQSund?rStRQQmﬁﬁﬁam,Qﬁﬂ&@§a?Bﬁﬁﬁ;ﬁ@ghﬁhﬁ@kﬁ&ﬁﬁwWhbhn&ﬁy@ﬁ@?&%ﬁ%uio and
can be readily made By those skilled in the art w thout departing fromthe
spirit and scopelestivelierodpceanird-wrenc[apd gofionalye lighirdeflinaddr Hightaramtip &y-
indicated by a [Mjsynbol or 0 symbol, indicating 15 that the names nay be
protected by certain trademark rights, e.g., they may be registered
trademarks in various jurisdictions. Al patents and patent applications,
test procedures S M e : . et ' | ot her
docunent s %itedTﬁigggﬁgéggﬁﬁg}ﬂyhPﬁgipﬁgbg’éﬁggg%?éggﬁg%%g]%%kfﬁgggﬁ?ent
such di28cl osur exylsnerafiter stepclonsi stent with this invention and for al
jurisdictions in which such incorporation is permtted. When nuneri cal

| ower 20limts and nunerical upper limts are |isted herein, ranges from
any | ower [3i m t Thop@ogss wp@ddiml i, Whereht aid eectbadpdt@bm@ds cond®rted in a single-bed
2012/078373PCT/H%%8}1/062064

cne aromatization, multi-bed reformer, or HDS reformer before the

dealkylation and/or transalkylation and/or cracking (D/T/C) of step (b).

25
4. The process of Claim 1, wherein said first stream, prior to step a, and/or said second
stream, prior to step b, undergo at least one process prior to steps (b) or (c),
respectively, said at least one other process selected from: (a) an isomerization
process to convert ethylbenzene to xylenes; (b) a hydrotreating process to remove a
30 portion or all of the di-olefins and/or a portion or all of the mono-olefins; (c) an

extraction process to remove non-aromatic hydrocarbons; (d) a de-hexane process
where C6 paraffins are separated from the C6 naphthenes and benzene; (e) a de-

benzene process to remove at least a portion of the benzene in the feedstock,
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CLAIMS: What is clainmed is: 51. A process conprising: (a) treating a first
hydr ocarbon streamin at |east one of a steam cracker, catalytic cracker,
coker, hywopaor2zzokys, reformer, and the |ike, under suit &braSeands106ons to
produce a second stream conprising C6-Cl0+ aromati c hydrocarbons,
respectively, a steam cracked, cat cracked; coker, hydrocracker or reforned
aromati ¢ hydrocarbon 10stream then (b) deal kyl ati on and/ or
transal kyl ati on and/or cracking (D T/C) of said second stream by contact
with a suitable catal yst under suitable reaction conditions to produce a
third stream hadftiegalinththiceegsdqngienrerded fd 3stianaliqiea derpeyistieHencBivp & ed

with said secongcstieamdntnduli@ihcRBKAL [hiopy- product; 15(c) methylating

i
at least a portion of said third streamw th a nethylating agent to

sel ectively produce para-xylene and optionally a light olefin and or Iight

par af f In b%Pr Od?ﬁé rofess m%lﬁﬁpﬁeﬁﬁer@& spddoiif? ;treafnuirstslﬂﬁjr ctEd}% Hgé %nﬁré&fp (d)
conpri si ng recoverPng‘para- 20xyl ene after step (c). 5. The process o

Cl ai m 15 wher ei hydeticdting cofedmigr eameiiztioondehexade iand/ar siehgizenbedd/ paght hene

analor transal kytiars RS BT Ao TRy Drtenpl Ayt RaRER et on

process of C ai benkgnewihndrogitoluei ahdfor rpstaffat fremngaidpfeedtock prst eép centacingltlor sai d
second stream pri,or to, ste . under.go at | east one process, prior to steps
05y o0 (o) e Tes iyt Gl RiaPORgiEd rBhuat SHREAR0F, RecteLnbl Haelom

(a) an isonerizaicon process to convert ethyl benzene to xylenes; (b) a
hydrotH ating process to renove a 30 portion or all of the di-olefins
and/ or portion or all of the nono-olefins; (c) an extraction process to
renove non<ar onghd Srofty €6 0CIaiD D Rftierdiflyaid@fitlestiRex 30Rp Ne® GRMEhawbiested f£6m the
paraffins are separated fromthe C6 napht henes and_benzene; (e) a .

de- benzene pr 00 808P CHRERDIR b mye%a%fut&qﬂ& RYTERS IS TuRR fB‘éﬁi‘é&F@“ﬁ faglng

feedstock, opt igmat; (¥) themph@s aa £duRndlaBicr@eysd sl (30 fdfofiaG (5 oqaki on to

remove toluene prior to the dealkylation/transalkgfatlon/cracking reactor.
naphtha; (6) hydrocracked naphtha; (7) and mixtures thereof.

15
7. The process of Claim 2, wherein step (d) comprises the use of a crystallizer.
8. The process of Claim 2, wherein step (d) comprises the use of an adsorptive
separation unit.
20
9. The process of any one of the preceding claims, wherein said methylating agent is
methanol.
10. A system comprising:
25 (a) at least one apparatus selected from a steam cracker, a cat cracker, and a reformer,
fluidly connected to
(b) at least one reactor suitable for at least one of dealkylation, transalkylation, and
cracking of a naphtha feed, and comprising a catalyst therefor, fluidly connected to
(c) at least one reactor suitable for methylation of benzene and/or toluene, fluidly
30 connected to

(d) at least one crystallizer or adsorptive separation apparatus;

wherein (a), (b), (c) and (d) are fluidly connected in series;
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5. The process of Claim1, wherein said first streamis subjected to one or
nore of hydrotreating, reformng, isonerization, de-hexane and/or

de- benzerwoant/wos37de-t ol uene and/or optionally with an exrnseeliLosnostep to
renove at |east a portion of the benzene and/or toluene and/or paraffin
fromsaid feedstock prior to contacting the

deal kyl ati on/transal kyl ati on/ cracki ng reactor zone and/or the nethylation
reaction zone. The process of Claiml, wherein said first stream conprises
napht ha sel ected fromthe group consisting of él a s cut of the

pyrol ysis ef f | ueonplhohavaiestiegrisgidickiih §raerrblz ’éuld(lgljﬂd%%zﬁraﬁfﬁb RE PEEH S a
fluid catal yti Cd1§t'il@a‘ﬁ%§'é a"i]a["!ﬁjs ﬁlﬁgtreﬁﬁfa%ﬁrfﬁﬁ(ﬁy comkec @K theNFHR N Ribre Gfaratus
hydr ocr acked napht ha; 93 m xtures thereof The process of Caim 2,
wherein step (dﬁw@@@%ﬁﬁ@bs the use of a crystallizer. The process of C ai m
2, wherein step (d) conprises the use of an adsorptive separation unit. The
process of any one of the preceding clains, wherein said nethylating agent
is nethanol. A systemconprising: (a) at |east one apparatus selected from
a steam cracker, a cat cracker, and a reforner, fluidly connected to (b)
at | east one reactor suitable for at |east one of deal kyl ation,
transal kyl ati on, and cracking of a naphtha feed, and conprising a catal yst
therefor, fluidly connected to (c) at |east one reactor suitable for

nmet hyl ati on of benzene and/or toluene, fluidly connected to (d) at |east
one crystallizer or adsorptive separation apparatus; wherein (a), (b), (c)
and (d) are fluidly connected in series; optionally having an extraction
unit, preferably liquid-liquid extractor or extractive distillation
apparatus, upstreamand fluidly connected to the one or nore apparatus
specified in (a).
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