PROCESS FOR ALKYLATI NG BENZENE STATEMENT OF PRI ORI TY [0001] This
application clains priority to U.S. Application No. 13/105, 680 which was
filed on wayokl1i5448011. 5FI ELD OF THE | NVENTI ON [ 0002] TireTAISe@2MB627MIvent i on
generally relates to a process for al kylating benzene. DESCRI PTI ON OF THE
RELATED ART [0003] Typically, an aromatic conplex can process a
hydr ot r eat ed naphtha feed to produce various products such as benzene and
one or nore xylenes. However, it may be 10desirable to produce higher
substituted aromatics depending, e.g., on nmarket conditions. In addition,
when produci ng notor fuel PR QR ALK IaHNGOBENEENENgent envi r onnent al
regul ations can require | ower benzene content. As a consequence, there is a

dermand for alternative processeaTEMENTEOPYRIGRDENZene from e.g., gasoline.
Thus, systenms and processes that allow flexibility to convert benzene to

ot her and [0OORET Tha!apBkkaRbPEbiGE DribBY tH€ S AdPEEHBRNS. 11/ ABHRD wHRMEVAT |

exi sting processes can use expensive catal ysts and/or reactants that can
require fdved@Mpr bleédkling to separate undesirabl e by-products. Thus, it
woul d be advant ageous to provide an agent that can convert benzene to other
substiguted aromatics whil e mBLD @F NKHRINHNEENTAONE products and/ or side
reactions. 20[ 0005] One exenplary technol ogy can nethyl ate benzene using an

al kyl ati ngoeoﬂpt The Pros @ YhveiticdnaRh@alS UGS to dMecdd ky hRylang: B@esk. can be
obtained froman aromatic extraction raffinate and/or a |ight naphtha. In

such a process, a signifi i Q r inate and |ight naphtha
can be converted to prop&ﬁ%ﬁﬁ?ggggi(ﬂ%ﬁ%giggLé&%h 6’ cesses have several
di sadvant 3gee3] | tryprullyd ab robrietdniiléd cah Proced aitgeftrkdtyd @pathbFdcliteze ot her

sources within a refinery or chem cal panufacturing conplex for providing
the suit aBfulues yayouy l?rﬂ§m§@@?h as DeRZeRg G TG T M9FYBEISHI §OEVEY HdP YSenzene

et hyh@t i @BsisbRA& ploGudéthidheZ fHstithBl eldnkaR Rpdnlifig, & aSH hhikb@Bhdiieleeh i Vi ty
for producing the desired al kylate. As a consequence, there is a desire to
provi de f [2adifigf. Mhey prodecing mpteT Bisbgrodictshingreaningly HHagMECERpNER2lwhen

;It Ik;/: g ![ gg ré%gajtiﬂﬁ‘sr Yhin Yequi BRIV ef BlnZBRNBHRRE Wil aNGnSEL&ERIBNrOF aRIcRIMEfRT
alternative processes for removing benzene from, e.g., gasoline. Thus, systems and processes
that allow flexibility to convert benzene to other and higher valued products may be

15 desirable.

[0004] However, existing processes can use expensive catalysts and/or reactants that can
require further processing to separate undesirable by-products. Thus, it would be
advantageous to provide an agent that can convert benzene to other substituted aromatics
while minimizing undesirable products and/or side reactions.

20 [0005] One exemplary technology can methylate benzene using an alkylating agent from
any suitable source. The alkylating agent can be obtained from an aromatic extraction
raffinate and/or a light naphtha. In such a process, a significant portion of the raffinate and
light naphtha can be converted to propane.

[0006] However, such processes have several disadvantages. It would be beneficial to

25 identify and utilize other sources within a refinery or chemical manufacturing complex for
providing the suitable alkylating agent. In addition, often only a single benzene methylation
stage is utilized, which can suffer insufficient selectivity for producing the desired alkylate.
As a consequence, there is a desire to provide flexibility and efficiency within an aromatic
complex when utilizing refinery or chemical manufacturing streams for producing alkylates.

30



SUMVARY OF THE | NVENTI ON [ 0007] One exenpl ary enbodi nent can be a process
for al kyl ati ng benzene. The process can include obtaining at | east a

porti on oVoaostrsesm from a transal kyl ati on zone, conbi nipag/ush@2as6272ast t he
portion of the streamfromthe transal kyl ati on zone with a fuel gas stream
and 5providing at |east a portion of the conbined streamto a benzene

net hyl ati on zone. Typically, the fuel gas streamincludes an effective
anount of one or nore al kanes for alkylating at |least partially froma
hydrogen purification process tail gas. [0008] Another exenplary enbodi nent
may be a process for al kyl a3UMYylAaR\ANEHETWESVENGE@Ss can i ncl ude provi di ng
at least a portion of a streamfroma transal kyl ati on zone to a 10first or
a second H’)@a%he Qnetehgrpiedy smbediment gan bv b dioggss dorfadledhting benzain Fhomeocetrs nor e

CA+ hydrocar hofg. @&alhﬁ{g?{ LiPh &%Q& Paesn%%l*}%k?% ffra%an’z Qt?on Ahd CSBEQin | ng at

| east a portion o uen I nc udln ect1Vve anoun e or nore
al kanes f dlre @ ldaytltiat pongorf afdlm arehydtlooghﬂtrpuamﬂaMZoonwph@dmgawmdtm,a:mdI east a

portion of an.effluent incl nor e nﬂmexw{ ?rbons fromthe

first enféonvédlrﬁ%%tlealgtatl?oghonzoone gflﬁdsgeeaglotﬁ enzene "RVfAti on 15zone.

[ 0009] YetTyaicathdr feeigmspdtmam iiehdlodameficticammdnet & qpe ocass aﬂmnesa‘blkyl ating
benzene. raII ess. i ncl udes. pr.ovi din t least a portion of a
strean1ha§ﬁﬁ§n@% %F% ‘§W3§¥1%§ﬁ$%%8PB%% “??%m¥§9?®§ﬁbe absorption zone to
a benzene [0008Y| atroar é)&ﬁ@lar}USrﬁl&)ddthent e bbepzres fomiliytal beixedO Mheoper at es

at a tenperature of 700 ressure of 100 2 21,000 kPa for
pr oduci ng PEIFESSGAD ws%uée RW‘é‘H‘é&t lef‘ﬁ(?}f@ﬁtlogﬁ %WB@JF%M@“%&%\?P%%P“H& Bin can

utilize atfirdt®nstecandnkdn@ cdfylafidh oS pdl iif@iFecdSHAiAS ot Jr WRlre @S St Team
froma hydrogen purification process tail gas or a raffinate streamfroma

t r ansal ky hE¢oeaibons fathe §rys beerrenethdpfinasre a&f# rapbiting gt lspgehportigfy ofii@nzene.
Gener al | Y effifend ificlMifd &1 éffeémtmouhhﬁ oAk Ky halclal@n@asiy R At £8yheREeNe to

formone or nore xylenes. 25Usually, a benzene methylation zone along with
an opt i on&PrisgngRroses it B%ﬁtzeﬁ@owﬁa%ﬂwa@aluﬂ@g@ne erraeraCGic appar at us

for inmpr 0‘ﬁ!y&‘x%ceﬁ‘l!;@@%hﬁhé‘h}‘sﬁ&%&@netﬁﬁat%‘%m’f‘ext‘é"i’i’fé' ?E&ﬁd%@f&%ﬂé HEM}atich Pl urality

of benzene net hyl ati on zones can be utilized to further enhance
sel ect? vi tzgne. DEFI NI TI ONS 30[ 0011] As used herein, the term"zone" can refer

to an ar e*’[‘ogﬁé udi g, Ane e;Qerméjga{r%& gmﬁ?d‘f%\gﬂ{‘%gﬁ bd &ﬁ%@es?‘ﬁ)q/a%laﬁﬁ'fbe%geﬂgo re

sub- zones qul pnent 1tens I nc e one or
Generally, the process includes providing at least a portion of a stream having one or more

C3" hydrocarbons from a sponge absorption zone to a benzene methylation zone. Usually,
the benzene methylation zone operates at a temperature of 250 - 700° C and a pressure of 100
20 - 21,000 kPa for producing one or more xylenes.
[0010] The embodiments provided herein can utilize at least a portion of various streams,
such as a fuel gas stream from a hydrogen purification process tail gas or a raffinate stream
from a transalkylation zone to provide a suitable alkylating agent for benzene. Generally, it
is preferred that the alkylating agent methylates benzene to form one or more xylenes.
25  Usually, a benzene methylation zone along with an optional sponge adsorption zone can be
added to an aromatic apparatus for improving aromatic alkylation. In one exemplary
embodiment, a plurality of benzene methylation zones can be utilized to further enhance

selectivity.

DEFINITIONS
30 [0011] As used herein, the term "zone" can refer to an area including one or more

equipment items and/or one or more sub-zones. Equipment items can include one or more
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reactors or reactor vessels, heaters, separators, exchangers, pipes, punps,
conpressors, and controllers. Additionally, an equipnent item such as a
react or owovesgsi4s7can further include one or nore zonePCHUSSURAICNRS.
[0012] As used herein, the term"stream can be a stream i ncl udi ng vari ous
hydr ocar bon 5nol ecul es, such as straight-chain, branched, or cyclic

al kanes, al kenes, al kadi enes, and al kynes, and optionally other substances,
such as gases, e.g., hydrogen, or inpurities, such as heavy netals. The
stream can al so include aronmatic and non-aromati ¢ hydrocarbons. Moreover,

t he hydr oceretosrorneictor ueseds. irsaterbescdstipieidxghangerel pipegRUNES, compressath apgher e " n"

t t db
represen 1%8&51?18% gaggllog;eug?%ry Qgibn?eﬁla@&n I Jgarg%ﬁorref%?e%;& ngg{@&;&hau@@ e

further superscrip such an
i nst ance, oac stmeamchar abtmnészed, e.g., as contalnlng C3-, can include

hydr ocarb 86 IQL tAhsru ec{ }?e?‘én? Q?e te}ng) m%rea%l" cat%soe a s?rgam }ncﬁldl%%%ar%us hgdr%catrgormou nds

havi ng th ee Car bon roon om Al so,
t he syfnbolmoldk lek mquSttﬁlghﬂ-ahalny\brhﬂfChad rwcmmalalkamml/ dlrenss, slkpéiemsranpt pl us or

m nus may pe use Io t resent qne or nor romati c_compounds. As an
exanp o ehEndeTispgunil s SREER Ry o e QARG o PR B AES o

hydr ocar bossry rﬁ@ﬂs’LSIheAsreaiﬁedl heriatlide drbr@aticnhdnomsomati¢ h‘.ydr@bafboﬁ”@an a group
contalnln one or re rings of unsaturated cyc dlcals wher e
one or ‘”8P@fﬁﬁﬂggﬁﬁﬂ' g%ﬂf@ﬁ??“@Qﬁ”%%”W@ﬁ §§e§26§{ g 3&

non- car bomegr@sem@aiesmnﬁa cﬁ%ﬁﬁ@ﬂ abms & AR} drécafRiRRIdIciafid Benz@ne haVI ng a C6
ring contalnlng t hr ee doubl e ds. Moreover, characterizing a stream or

zone Mas chafpcierizes Eyaé%wpm"”%r" " Bimbebrla spbrandpsance. AR Fharctselinds

[0014] AS cysedchirlifihd C3t B hahdB hydtdRirbofa? ifFEAshri aedmw?tlesg%ﬂ&faalohy of at
| east 50% and preferably 70% by weight, of a conpound or class of

conpounds OF AOE coMpewtAs hptina ByceAsibys algmieicRrbor pems andior eraratbeneioal. | y* can

mean an amwthegms&a& Yn &a‘nﬂatmdn%ﬁ{ Mral%@/fo% ﬁ@bﬁéc@% fus BPRiRR Ml | Y
99% by wei ght, a conmpound or class of n a stream " [ 0016]

As used héraiad, betonewtrqqr%ﬁﬂtsp@b etmprgiapgpratie aﬂmm;mdal Awnatxentplasthoei ght per cent

of conyver nag» + al I on the total
alkangi |%ﬁgeﬁgggk?%n%?ggggggﬁgﬁfgg?oﬁ %¥+%%§$ﬁ§?§Q%?&§Ikanes in a fue
gas, e.g. [0Q13[4 Asyxﬂecbhrae'imdhmterm aanorpgict' hen lvmngmmlpmooermngﬁnea)r karee s

converted to Qups an uel gas_ conpou gh net hane 30and
et hane. [ 6161§s7?6f7 uKSa%%ra%d cgch cgr%on ra%ca hel% ¢ gL rsggrle OPER car?yon radécgls san nQ

referred treplicad By Gﬂmgx&aebhgn mboneacgca,ls. |Ame®mppl’}pﬁ’8mati(ﬂﬁ)dﬁ),oulﬁf if betmathes,
products, hO r1ng§ :51 c%%rﬁg containing three double bonds. Moreover, characterizing a stream or zone
20 as "aromatic" can imply one or more different aromatic compounds.
[0014] As used herein, the term "rich" can mean an amount generally of at least 50%, and
preferably 70%, by weight, of a compound or class of compounds in a stream.
[0015] As used herein, the term "substantially” can mean an amount generally of at least
90%, preferably 95%, and optimally 99%, by weight, of a compound or class of compounds
25 in a stream.
[0016] As used herein, the term “selectivity” can be calculated as weight percent of
converted alkanes that become A7" alkyl groups based on the total alkanes in a reaction feed.
Similarly, selectivity of alkanes in a fuel gas, e.g., C1-C4 hydrocarbons, can be the weight
percent of alkanes converted to A7" alkyl groups and fuel gas compounds, such as methane
30 and ethane.
[0017] As depicted, process flow lines in the figures can be referred to interchangeably

as, e.g., lines, pipes, feeds, effluents, products, or streams.
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0018] FIG 1 is a schematic depiction of
an aromati c production apparatus. [0019] FIG 2 is a schematic depiction of
anot her ewerepi2arsy4sar omat i ¢ producti on appar atus. S5DETAI PEDUSEBCRBRTS ON
[0020] Referring to FIG 1, an aromatic production apparatus 100 can

i nclude an extraction zone 150, a transal kyl ation zone 180, a stripper zone
200, a fractionation zone 220, a sponge adsorption zone 250, and a benzene
met hyl ati on zone 270. Typically, the aromatic production apparatus 100 is

part of a refinery or chem cal manufacturing facility and 10produces a
desired xyl ene, such asBRAFRA-DEAGHBRTIGN mdt 4By PRAVIN@D21] General ly, the

cxiract Ofogtep 150 FRY.LRCEI AR P RASSAMA plaludi ng one or rore

CT hydroc e refornmate tarn rom an over head
st ream of [QOL®} oGt Z2is spthentage defiigion lof atatlen expoiplam arowhatic prodwctibur n may be

obtained fr om.a reform ng zone that converts paraffins and naphthenes into
one or nore arormatic conpounds. 15Typically, a reform ng zone can operate

at very high severity and produce 100 - 106 research octane nunber gasoline
refornate in order to nmaxi m zeEIILEPoBESCRBWION one or nore aromatic

corrpounds.[o ﬁfr %elf in al;or%)fgrp%grr% ralltigtrr Sl?c%ont aira I?Sl llOﬁ cfh 91?1%9(—1: al?na’ IS
contacted™W a reformng cat aflys uhder” refiorm ng conditions. Such a
r ef or m ng exwavdion gondil$@,laas@chlkyitgtior zgne, 130 Appper Nowe 20Q /68811 dimtiod rdne@20,anuar y

19, 2010. 20[002 The extyacti.on zone 150 can uti.Lize an exiraction
Pl 1 Lt L L P R b P R R A A e LA
conbi ned Ipragluttibnl appathtds €00LiK pot bfuvefixdry acdheicabtingifidnainic @acilpy ae®ss. An
exenpl ary extractjan prgcess is disclosed in Thomas J. Stoodt et al., "UCP

Sul f ol'%ine PRIYREdesirodxyish SKODGS PR e SBEr M Ry Processes, MG aw Hil |

(Robert AJOORYP! Gendhbly, Hb oxtrd@df onddIB0 cdn Aedeide 2@ forfaRffeddalolyinclgdihg afd | ve
distillation is utilized, which 25can include at | east one col um known as

a main di SfMerefeT Gndrecarbams Abfarefraate diedr! P4 eandbebiagned fiog Brmycialuiead a

recovery @@h WiSmalQBRR&r dRXhiRmtcbNEindivaich id @t QLY Kbt RRFF AL SrebRRNENt S
having nearly equal volatility and having nearl’y the same boiling point.

Typi cal | y Zo%¢ Ggicowyerts paraffiss p Blenen o anqintPreRomads FamRodndst i | ati on

col ums abq\ysicmea%fwnﬁn@n@tcalpépe}ata@atwgw%web&ny $id ;8L 20M ) RASELLACT €d.
The solvent may affect the volatility of tThe conponents of the hydrocarbon
st r eam boioFtapgnuaber p4sperearaformepperrdirie aeximzefthepioilucsipe of ¢nsior moepar at i on.
Exenpl ary . [ r i ng 1,3- 0l 0x] i f ol ane,
ot or ! warBtF Phind A6, 466ch s ANRLED B RRIENEpialy EhKiSy obm Gy

di et hyl ene regfoyaiog catalyst@ndey reformigd gunditions. efuch e rdiyinemezapk ysobiclosedkinhogy

triethyle I I L xiure ther O her glycol ethers may al so be
sui tabl e ’Sﬂ%%@ S }i%/g%é%é;ﬁﬁ]ﬂ%%a%%%?%n with those |isted above.

20 [0022] The extraction zone 150 can utilize an extraction process, such as extractive
distillation, liquid-liquid extraction or a combined liquid-liquid extraction/extractive
distillation process. An exemplary extraction process is disclosed in Thomas J. Stoodt et al.,
“UOP Sulfolane Process”, Handbook of Petroleum Refining Processes, McGraw-Hill (Robert
A. Meyers, 3rd Ed., 2004), pp. 2.13-2.23. Preferably, extractive distillation is utilized, which

25 can include at least one column known as a main distillation column and may comprise a
second column known as a recovery column.

[0023] Extractive distillation can separate components having nearly equal volatility and
having nearly the same boiling point. Typically, a solvent is introduced into a main
extractive-distillation column above the entry point of the hydrocarbon stream being

30 extracted. The solvent may affect the volatility of the components of the hydrocarbon stream
boiling at different temperatures to facilitate their separation. Exemplary solvents include

tetrahydrothiophene 1,1-dioxide, i.e. sulfolane, n-formylmorpholine, i.c., NFM, n-
4



[ 0024] The extraction zone 150 can produce a product stream 156 incl uding
one or nore 5aromatic conpounds, typically benzene and toluene, and a

raf fi nat ewetznearsu®38. Generally, the raffinate stream 1P8Tamnoke3eENt
outside the aromatic production apparatus 100 and utilized in any suitable
process in the refinery or chem cal manufacturing facility. In an
alternative enbodi nent, the raffinate stream 158 nay be provided to the
benzene nethyl ati on zone 270. 10[0025] The product stream 156 incl udi ng one
or nore aromatics can be conbined with a stripper bottom stream 208, as

her ei naf t eretiydneclipisenc. to. NPniigthrionbelnesd triebderidyaob tethethyleacelyemat i on

zone 220. .. Mr?ﬁ‘ﬁhlé n@%;yc 0N oZPRE e BhefBR O@%ﬂ%&gé}gpﬁ Bfo hé ?Lgeblgnat hon

zone 230 an ¢tionation zone nzene
fractionasbbﬁu&dmm(zﬁmmudnmnmnhmﬂduaedmstﬂmwat|on col um that provi des an

overhead o688 238 SR UT g OF AR R PR SO PR RLRAL G g v 1

one or npoun HOm st Peam Vi as a feed
t 0 t hest olatemgic f:orapnlmdsa a}tpuc(ahy bmene.?&ﬁﬂ toludmic cdnd eayffinae ktuchen E 8diGeherhllyat | on

colum an vi de an erh tre 244 inclu t ol uene nd a bottom
or oam 2ad eGSR PP SRS RO UG P sibatene e OB EEBI B P e bt t om
st ream 246Gtitiad mmgisudaalapmc@uldta@feﬁnmuaienﬁéal ﬁﬁﬂﬂ&wmlfg faciRy. mlamel y A8+
conpounds hat . can be used to_manuf act Ienes i cal l e bottom
stream 248@3??1%8“‘8?@9169%&‘6{% la%%ﬁeamﬁ §8f9é(id§9 t%‘ﬁ oyt ea‘H%F Ylatlon

i soneri zatpgyp7mone as disclosed in, e.g., US 7,727, 490, for pr oduci ng
desired aronmatics, such as para- xylene or neta-xy Iene A product stream

i ncl uil ng [PR28] xyihe REOdHehyreman bifélacla%m&%ee%dl&r%wmﬁc%%P%&bgnqddmt a

manuf act Ukgipp&- tgu@m@ﬁedne@@gt a@tﬁ@m@iftep@ésyﬁ&ehytb@&% 4 Shnsitaedaat t@m@ purified
25t erephthal i ¢ acid. The overhead stream 244 can be sent to the

transal kylfaeioationseac 280, Tedmetqnalion #eag R0 erotincladsta heazone fiBetionaitiaony any
theory, a-'[234) &bt tofuldRe frﬁ‘@i%ﬁdti%ﬁ %ﬂne@aﬁe b\éne[rglys Qfe%gﬁ)fehé ﬁ%%hﬂﬁn@&% 230 can

transal kyl ation can occur in t transal kylation zone 18

di spr opor tiichriigtaidatillpteccpluom thaimrdvidsh ameverﬂ@aéﬁtmgl %%nqlmlmzmlaed:ml es to
form benz l. a n can
react ol Gara g 290 EIR ARG by AT tehliGud SRS LTl bO
nDIeculespnmgwdmseﬁadpi@emﬂmmeﬁ@SQQdumUDth%)hh@hsaWkw%abm@muﬂaamtlon a

r eact ant of one mol e.of tri h | be | ue can
generate t V\}Omn an grov%de an |overﬁﬂ,3 SS%% gs 1ncelu(?n%(to uene 'crlTrRl aeoo?tom Sgaauc?é% The et hyl ,

propyl, amehhiigher oahkyLA@Tnummxﬂbstltuted aronatlc CB ClO can convert to

Lghcer o ?ﬁéﬁ&éhﬁgﬂé@nﬁf@ghc@ﬁ%ﬂ@ Tt st Rt AT PR . ¢ or m
tol uepe. Rampy Ipbgé naﬁp@ndmawab enaeade mandadiirekiyhdemzsinalycas bbgongonver t ed
to benz en%tréarr]nr 24t%an gg arloi\s%lleg :[tol & pira -)[hl%nens%t at]r%/tllo-nsz%gg :c[lrlldt 1lsjotn$e(¥1zg’tlio%nzao£1é o &9
t ol uene, p para-xy P
disclosed in, e.g., US 7,727,490, for producing desired aromatics, such as para-xylene or
meta-xylene. A product stream including para-xylene may be used as a feedstock in a
process to manufacture, e.g., at least one of polyethylene terephthalate and purified
25  terephthalic acid. The overhead stream 244 can be sent to the transalkylation zone 180.
[0027] Although not wanting to be bound by any theory, at least two reactions, namely,
disproportionation and transalkylation can occur in the transalkylation zone 180. The
disproportionation reaction can include reacting two toluene molecules to form benzene and a
xylene molecule, and the transalkylation reaction can react toluene and an aromatic C9
30  hydrocarbon to form two xylene molecules. As an example with respect to the

transalkylation reaction, a reactant of one mole of trimethylbenzene and one mole of toluene

can generate two moles of xylene, such as para-xylene, as a product. The ethyl, propyl, and

5



5can further convert via disproportionation or transal kylation to benzene
and xylenes. If the feed to the transal kyl ati on zone 180 has nore ethyl,
propyl, awo 2hixisers7al kyl group substituted aronmatics, mpCe/Usenz@®s@7tan be
generated in the transal kyl ati on zone 180. Cenerally, the ethyl, propyl,
and hi gher al kyl substituted aromatic conpounds have a hi gher conversion
rate than the nethyl-substituted aronmati c conpounds, such as

trimethyl benzene 10and tetranet hyl benzene. [0028] In the transal kyl ati on
zone 180, the overhead stream 244 may be contacted with a transal kyl ation
catal yst braheralkyl grovaisiiptintddarorssindit ¢ Bhsan pedretodightpr smgierrlea@r@WEQS is a
met al st abi | n i | ude a
sol i d-aci i deﬁ lﬁ%%n? &%{H%Lﬁ)le%e ﬁl%gie%ﬁ?’iben%ﬂg%nﬁﬂ%%&lgr% g‘g’rggl?g%du%gnponent .
The soli ddaaikx:latmrmmmrtolutqpp|Pc<anlylb¢nzese Potylperdesintl dedpltichzne eaiteh may
include th ture T FER PAC. €0 sion on
Zeol i te l\IorSr%Vr?%:thj f ubreré e%e ﬁlr%ugg dealﬁ/"?'l'tliotng/ul:\fll\é l’l’llv{{lyl %bgntute%l a!om%ecs e. gbnfneé is a
nordens te czreﬁlkﬂwreon@hex dispropatibratisodr tdmead:ltﬂatmo npbmeatesing aylenaac [fuhke

Sapo 41 cnat BTt s ab pt e RV LA S TR ROARY R Br (her

di scussi oRuigfitutdierddeaics, tntorE@@enc camtle g&ﬂera&aaﬂ the EﬂaJns’hlkyMﬁE’ﬁ)zaﬁ 130APSO- 31,
SAPO- 5, S

an APO- 41 zeo S i |ded in, e. 69, 368
Bl . [0029 e‘i*?fﬂ\}%élﬁ‘{;“ ftpﬁ@”yrlr@{liﬁlglﬂ ﬁﬁ@h@ﬁ’ﬁ “P@ ATORBHF &OW s hgye Bé@é et al .
The nobl e comfedlionaa tia tRe REAYILNBTRNGEPAMPMIRS @mpindd] Atk Hutfincglbeadhaim
rhodium ruthenium_ osmum or iridium GCenerally, the base netal is

rheni (fn  ePhtetry@sthehsngaie | ead, cobalt, nickel, indium 25gallium zinc,

urani um q!déﬁsps 'Ih'me utahﬁlklyndﬁeh zc')IfeQ'QO tﬁpb%m@@ meamtzm%ty% ’coﬁﬁct&i Wik ur e.
The base netal may be conmbined with another base netal, or with a noble

metal . PrdReselwyiajion eaidysrandar rarsalisletion candiiond dcierbhi Gecatgystisdmetahet al
amounts | @tamge&t%@amllhydn%ya%@t %%E@L xaﬁalya%ﬁ%@ihaeya mp%idfcga?%&n{% g} - 10%
Q = Q

preferably range fromO opti mal rang rom 0. ' by
wei ght . Suctad bpreponenti ilrtdeanamrmosomdﬁ qohworct. aT1}ﬁ5Sl011 -agid eorhp@anntity picaig o

pr ef qubl pelﬁtgsﬂf{ ]\thch 1%9)/ ncﬁlﬁgthgg&ﬁéglﬂleér o 1\];[1:’10 E%S MT\%%%’FTE d ﬁ@kght The

bal ance o yst can’ be conpose a ré ractory’ or matrix
that is opIUPGSr(éCblylrmﬂsmh|oz@doltt@Nf0mendlattual ebﬁabmlctator @morq@nmumlrsltly,engt h,

and r edUCEf‘ Cl%?ltd%nl ezeglltgl Bﬂ} 1151‘[21191 sgi élle) aci cnolrr]; Béﬂtl n (fnclﬂpd%% 221% N%QQy

relatlvely re rac s ca e inor anlc OXi es such
as at | eagtolon&lbf, MAB@}%aMAPS@msSAPOzj rsmm Bl,, amh$®]?ﬂ)a,1 Gleilemliilya, bor a,

(o2, PASSBSL e ELG LR GRS SRR gL UE - DL,
5[ 0038 Usaaly, MAP®-36, anse8 (g | sHA RN 5 Z3110-1 8Gind BaPat Aszealitedis pesvpkd at, ur e of
200 - 540 e% US 7,169,368 B1.
[0029] Typically, the metal component is a noble metal or base metal. The noble metal
can be a platinum-group metal of platinum, palladium, rhodium, ruthenium, osmium, or
iridium. Generally, the base metal is rhenium, tin, germanium, lead, cobalt, nickel, indium,
25 gallium, zinc, uranium, dysprosium, thallium, iron, molybdenum, tungsten, or a mixture. The
base metal may be combined with another base metal, or with a noble metal. Preferably, the
metal component includes rhenium. Suitable metal amounts in the transalkylation catalyst
generally range from 0.01 - 10%, preferably range from 0.1 - 3%, and optimally range from
0.1 - 1%, by weight. Suitable zeolite amounts in the catalyst range from 1 - 99%, preferably
30 from 10 - 90%, and optimally from 25 - 75%, by weight. The balance of the catalyst can be

composed of a refractory binder or matrix that is optionally utilized to facilitate fabrication,

provide strength, and reduce costs. The binder should be uniform in composition and
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and a pressure of 690 - 4,140 kPa. The transal kyl ati on reaction can be
effected over a wi de range of space velocities, wth higher space

vel oci t i ewOebfxise48ng a hi gher rati o of para-xyl ene at theCeAsenzm3afs
conversion. Cenerally, the liquid hourly space velocity is in the range of
0.1 - 20 hr-1. The feedstock is preferably transal kylated in the vapor
phase and in the 10presence of hydrogen. |If transalkylated in the Iiquid
phase, then the presence of hydrogen is optional. |If present, free hydrogen
can be associated with the feedstock and recycled hydrocarbons in an anount
of 0.1 - ugathwslyrefrrtires Sul@éle basiees, capfnchide dlokganigrogivias. isech 45 @0IRas omhef

transal kyl, 1 I n fdl t 184.
The transa ?étlgn ?b%gme hﬁ%ﬁ? %%ﬂgggﬁggﬁﬁ%gﬁkgﬁg mﬁpﬁﬁd§£gﬁ§§%e
nethylat|@nﬁ@awgﬂmﬁmhﬁhuémm&ﬂ7ﬂne®SHMEmEmmmﬂkﬂﬂmme@mbwbedmdedmmeg,
alternatl f ment, the transal kyl ati on zone effluent 184 may be
provided to enzene nmet hyl ati on zone 270. The effluents 184 and 274 can
forn1a55t100$9} ﬂﬁedbaﬂﬁtmﬂhﬁqﬁmmnp@eﬂ809@ﬂm&&ﬁanam@mnme@éﬂXLdMDhé strlpper

zone 200. 032] Generall e Stri r.zone 200 in a strl

ol o i oY gy ool o kb ale eBRRuESL iR BB HEERI S B o heat
exchanger raige begpaacelociiy, ahﬂymglielﬁ €past {félétﬁ@d’s cPoadlgumighcefab bﬁpdrbl&ylehﬂw ds
therein to Eroduce a strip ove@$%55 eaq1204 an d.a strhggi bot t om

st r eam 208" NEEFREPE 9 §°n‘ieFf nst YL PRASGNT %tz( it ihgEngR of east a
portion ofy it tw it angafekytork isqiefZ@PE tRhaly@Add iR theSp@PRastB4d fn@e t he
transal kyl ati on zone 180. The stripper bottom stream 208 can be conbi ned

with fhe proensecs Bidregsh ifspnsalofassdin thediaihrbiassethen thegresqnse obly dieasa iS bed

above. 25[8033l. ﬂ:?f%se?ﬁ B RGdro QMRER 8@-5’55&1&%&2@1@ &A% EAEHEIREd Wi th a
fuel gas stream 112 to forma conbined feed 248. Cenerally, the fuel gas

stream 11Pyémearbens it an et o) t i vl oyl 0gislesi prEeanole: ehenskylaraingtitl e sour ce,
such as a 655&129% El‘a’ﬁéafk‘y&%ﬁ %eﬁg@ﬁﬁigmvﬁl@qtllaﬁ&mmoﬁlao&femfem M@ amount of

one or anes an exa as stream 112 can be obt ai ned
froma t aﬂ]he ga@akwbmlazcmdffblg@ri 8691111 4 qoatbingd mﬁuatben@ngmeﬁly]@tlelsme SWi ng

Tao. CguaffiRe Rkleane LeRn RofgHaRs obdfchs BRI Eone and
other Ii ghfﬂydemsny@mb@@?dymdg@meselszammabylmmmgemo &l effypnts 84 sndi ncl udes
hyogen, TFLIRSs  SHRR e AT RLRORN e TGy UL Sl 112 oo
such as pl0P3aARE. (euO3Ky, thAt stdippasiona 2Q@mtiudes a(ls’ftr;ppefkdﬁpﬂndﬁrzﬁﬂg}any tiliebkt r eans
112 and 2%gat%glprcg gllic afsjl a%?erslglrlzecfi steam heat exchanger or furnace. Usually, the stripper
20  column reboils the liquids therein to produce a stripper overhead stream 204 and a stripper

bottom stream 208. Generally, the stripper overhead stream 204 can be at least a portion of

the transalkylation zone effluent or stream 184 from the transalkylation zone 180. The

stripper bottom stream 208 can be combined with the product stream 156 to form the

combined feed 212, as described above.
25 [0033] The stripper overhead stream 204 can be combined with a fuel gas stream 112 to

form a combined feed 248. Generally, the fuel gas stream 112 can be at least partially

obtained from any suitable source, such as a hydrogen purification process, and include an

effective amount of one or more alkanes. As an example, the fuel gas stream 112 can be

obtained from a tail gas from a hydrogen purification unit, e.g. a pressure swing adsorber, and
30 from the light ends produce in the transalkylation zone 180. Usually, the fuel gas stream

includes one or more C3™ hydrocarbons and other light non-hydrocarbon gases such as

hydrogen, and typically includes hydrogen, methane, ethane, ethene, and propane. The fuel

7



feed 248 to the sponge adsorption zone 250. Al so, the overhead stream 232

i ncl udi ng 5benzene nmay al so be provided to the sponge adsorption zone 250.
The spongeoadeorsptsion zone 250 can renove C3 hydrocar borsT/tsaeh/ 0ae7pr opane,
fromfuel gas using benzene. Cenerally, the sponge adsorption zone 250 can
provi de a fuel gas stream 254 having a simlar conposition as the fuel gas
stream 112 m nus one or nore C3+ hydrocarbons, and a bottom stream
providing at |east a portion of a benzene nethylation zone feed 258

i ncl uding one or 10nmore C3 and aromatic hydrocarbons, typically benzene.

[ 0035] TheasiisHgd ladyongudaon leagio, PEderels lﬂ%clp}umeleaortemaylom%ac ked absor ber
or conbin y absorber, and may be operated at a preferred
tenperatu?glggﬁ%ﬁg’ §£&Q?Q%5?e preferably 10 - 20 C, and at a pressure of O
- 5,000 kI{ﬁ03ﬂ} efAariait Wpolt,i@ﬁif md@c@c&@tlklﬁaa strwlps tidl dng 204 tran fatys ocdyebinaber at es
in a gas ron1 il rays. Distillation
trays can e%%ﬁg? t‘ﬂ? VBV Q&ég%) Ot I]t% 25? g e Ove heaé %} rbggél? uedrmgcan al so be
desi gned \lvemzlencemwmiso laze Irrawdmmdre s@bmgacaﬂwrﬁd)npawiﬁﬁ)g ThAspungd edsogption

distillation a e t he packin c nr e from4 - 75. The
Cheor ber a0 DR RERaRh b a5t iy S e Hhat BRFS: WidThstmas vor mal
carbon st eheraity) (ﬂletsbeng%bﬂﬂfr[bl&fn Zoh @y cﬁﬁprobﬁie@@"ﬁks ghdrticard 264 Davig 4 fiwflarcar bon
or stainless steel. acking. jis.used, it c e either rbon or

st ai nl ess C%‘E‘B%*Ftlonéé ﬂmfg%ggss%r&amﬁ, 58‘.“61.5 ongg “7?@%@, g&%‘o“ﬁﬂ’onf @68%? H9R benzene
net hyl at i QRcanOpeviiRgd: REE 2 pafioh of P@vbmaskthationeoReRZETsS inBtdiYd ald®n zone
270. The benzene nethyl ation zone 270, such as an al kyl, preferably nethyl,

can oﬁ%raP%”%ﬁéé?d%HVN§UD@&BW@O@bH@F?HbW§EWW the liquid or gas phase.

Particul arblﬂas}&h@fh&@%dhgé SRk oBDFE 2GRSO BAT 1%1&1§d@4tre%r 6r nRel ablrRr 6f 250 - 700
C, preferabl 50 C, a 25pressure of 10 000 kPa, preferably

1,900 - 3co0binpgpacked m@htram&aﬁmbyr By bﬁérp@@rewtww@wd gmpgraure ofiQQ hf | |
preferably, é b 1.1 -
5:1, prefera Iyxgﬁgﬁfﬁ?dﬁfﬁ? %ﬁ¥?%@?gﬁﬁp%%%?gﬂ%n9g%m&%ém%%%% quﬂ t he fuel
gas streadﬂmQRPadhmmﬂWIm@MmemakemuphhygmqgamanmyMD@wwﬁmmdedﬂ)The

reactl n . 0 faci rack

non at a5 S ERSs BAG3S Okt SR EIAE I EE ound by

t heory, i tabjosbebedn asoed dekighcdivieh dithoraatmdoat omrhg/tdxred@mldﬁfgnsA anmbeobf sat ur at ed
groups will .faormpeth i nst ead of Kyl oups. wever, it should
e under stlsabtionsies iy E sk Rk ieren iy - Do LBSRPPRG RIS e or oups
such as, eoftructed By anpsiofyle matiay kuchaR dofiad babori@URSd theabsoaeer st i t ut ed
to the one or nore aromati co;gw;nds In an exe l.ary enbodi nent, the C3

hydr ocar b&A RoTAPiFusted Aroghsit or pginigss e, I gdp %@useérltfwebecf&heferted c3
hydr os@r bemba¥h stdiyleWRicaNbs disBscd B, £8NVSIABd suopbhe desired product (A7+

al kyl gro?g mth%e%ngnggkqder can_be converted to
ylation zone feed 258 can be provided to the benzene

methylation zone 270. The benzene methylation zone 270, such as an alkyl, preferably
methyl, can operate under any suitable conditions in the liquid or gas phase. Particularly, the
reaction zone can operate at a temperature of 250 - 700° C, preferably 350 - 550° C; a

25  pressure of 100 - 21,000 kPa, preferably 1,900 - 3,500 kPa; a weight hourly space velocity
(WHSV) of 0.1 - 100 hr, preferably 2 - 10 hr';and a hydrogen:hydrocarbon mole ratio of
0.1:1 - 5:1, preferably 0.5:1 - 4:1. Sufficient hydrogen may be present in the fuel gas stream
112, or additional make-up hydrogen may be provided. The reaction may occur in a gas
phase to facilitate the cracking of non-aromatic hydrocarbons.

30 [0037] Although not wanting to be bound by theory, it is believed that the non-aromatic

hydrocarbons and/or saturated groups will form methyl groups instead of alkyl groups.

However, it should be understood that at least some alkylation may be occurring where
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5fuel gas, typically d and C2 hydrocarbons. Preferably, the conversion of
a substantial portion of the C3 hydrocarbons to fuel gas does not degrade

t he val uewof2012s4487r eam because typically the feed i s apCuals2gas®3@rs eam as
opposed to a petrochem cal grade propane. Thus, the functional selectivity
of the alkylating agent to A7+ aromatics is typically 100% by weight, even
when a substantial portion of the C3 hydrocarbon is converted to a lighter
product. The 1Ounconverted hydrocarbon C3 can be recycled back to the
benzene nethyl ation zone 270 via the transal kyl ati on zone 180. Once through
hydr ogen iggoups &fch ps. @ ¢therl. treopy h buthil. gid nglhds greaips, ar keopbstisetedhipdhoeperer

Al ternati }%|ré/ arofhafi é@e&&{rﬁJoﬁn&aﬁn &?&e&ﬁlaﬂ“@ﬁﬁddﬁ%mﬁh@@é’hﬁﬁ& n@toﬂ%?vefég ”S such

as but no imted to pressure sw tion 38] Any
sui t abl e cat ld 086, byreeidhe pat pdss. z@ﬂthsu@ﬁela@(éih}lde@gtbomﬁ@%nw ecghtamagbeve

15i ncl udi 106 fe?tgd Ol'ﬂlet (?elglre n?(tiuc ‘f}h éllk%ogrgié[alwhule theorel%!culnldcr c%rhbe c-%rr]lg r?e%ttgl lyst can

i ncl ude an ive ano si eve, € a zeolite
with at | dasgasongicply €1 had/Chlydockboos. H’re@hably the ehieversidnng astlhsswntmlr e and can

h h | | | i Si/A 2 |
oo 0r apuiab 8 S VaER B INR] &R bt S B D R e i sl o
ﬁl eves csm;;pmﬁym&‘gaﬁé\ad ﬁMI' igys stréddch §d %&tﬂlt?ﬁpﬂﬁ_ﬁnﬁ&lfﬂdﬂphfphﬂb dlhbgl_ (Cﬂ]l\leandlvF s
exagona or.ns n Z | A, ,

o VR i et PEa o gtk e asR) AT ORGSR a0y DY Righn) | 1o

can be Mrlyvandidra sw\{s{nu&wohml &t}ieeroj wdeocamaﬂ Hstc%n'ifdﬂteﬂ hﬁa E%ﬁalpycﬁmctme range
froml - 99% and preferabl om 10 - 90% b e bal ance of the

cat al ¥&t &a?PnB@Te@@ﬁﬁ@ﬁ%meb@y %ﬁnrt@fr?cae%wktwﬁﬁ n?@Pe Wﬁ&hﬂakort Fae 27 via

opt i onal | Yhditdnkdiig@slichQofcd@ol i0ngd & L%phy&agénqglpre%@&u&ieetoSeﬁer}ﬁ%gﬁl@ma&nﬂ reduce
costs. 25Suitabl e binders can include 1 norganic oxid such as at | east

one of al ureyRad hydiegeas PdemativebbATesycle Bisoish Re Peficd iy &ny prseptable pisaisi a,

phosphate,su&ﬂa!a%u%tﬁﬁme@m)résg&rb%mgws%ﬁ%lon@@@ﬁ{eaquaxe the catal yst is
essentl al\lgé absent of at l'east one metal, and typically includes |ess than

0.1% 0381 , Aoty stisebid capbrsamapbeetilizehsuches sidtaghinearoledrber siaral yst .
I\/br €eo Y. bly has
ose. {han 5 GHERS UERIPEALAL hullRo B8R, MGG G HREhen)

total net amOblas)édleomlwuélr wevq hvhicbfcart beea zatiwiwithtat le%m)ee pérk pavinge 1henz ene

met hyl at i zZon n enz th ef fluent 274,
whi ch can(i)lbgtlal A lflglflb 935 gtéu cgur ara[dcan?ia‘feh s ﬁggergf II% Té%‘caﬁglst%cei f%oélltjessed
above. [ 0@dDhavRefSEAlL mge taio IBf Geat?r tham b hqxrefemﬂnﬁ[)ar Wodr dneftirel meledilct | on

oPEar LS 200 1 B A T S R B RSS2
ar onapo ¢ phdgdotite SON VAR AITAL UEH, 300/, MHL IFERl 1DdBI MIFS, BXW;, 3IHI| B0 ZMme, 150, t he
(ransal by 190 £ng A0 L1554 reee) 20ne 200, (1 fragh gpay on zone
simlar tguitifsLodRuGloumneth @B eMEyst may range from 1 - 99%, and preferably from 10 -
90%, by weight. The balance of the catalyst can be composed of a refractory binder or
matrix that is optionally utilized to facilitate fabrication, provide strength, and reduce costs.
25 Suitable binders can include inorganic oxides, such as at least one of alumina, magnesia,
zirconia, chromia, titania, boria, thoria, phosphate, zinc oxide, and silica.
[0039] Generally, the catalyst is essentially absent of at least one metal, and typically
includes less than 0.1%, by weight, of total metal based on the weight of the catalyst.
Moreover, the catalyst preferably has less than 0.01%, more preferably has less than 0.001%,
30 and optimally has less than 0.0001%, by weight, of total metal based on the weight of the
catalyst. Generally, the benzene methylation zone 270 can provide the benzene methylation

zone effluent 274, which can be utilized as a part of the stripper feed 196, as discussed above.
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In addition, the streans flowng to and fromthese zones can be
substantially simlar as the streans descri bed above. In addition, the
aromat i ¢ Woadwtsikasn appar at us 300 can al so i nclude a fi PEST/USRM20BE75

met hyl ati on zone 320 and a second benzene net hyl ati on zone 360. [0041]
Generally, a reformate feed 304 can be provided to the extraction zone 150.
The 10extraction zone 150 can provide a product stream 356 and a raffinate
stream 358. The raffinate stream 358 can exit the aromatic production
apparatus 300 and be used el sewhere in the refinery or chem cal

manuf act ul@A40} adicfartiyg todj@@i braacbthe;r exemnpliy agamagic praduétion apparathe3q04f f i nat e

stream 35%6[%9th Qlﬁ? gl RGhigg atsﬁ'ﬁla% i‘arcﬁitty n%%ﬂﬁgdﬁ%e ?[Ei‘ilgl}/ﬂrg&dc%rhs %Iﬁa?tg

[ 0042] The 'produc strean1 can be co a stri tom stream
332, as bﬁmhanmmpaﬁwa$HHE§mﬁmbmdmcanﬂuﬁmmmpmnﬁwEHWBﬁBnmbdtﬂeeknambhonation

zone 220. z-orrlpe r%?%r' nsa 10h zo%m:f8(?%he s 1p£)e} zo% g@& l‘E ggaﬁgfna.nzrlﬁne nfer228 nation

zone 230 an ractlonatlon one can be
provi ded tle stpb@etmdmrﬁtm ZHna30 diratmly) tirenson28de smh]ac’m) thassetdmt:anmrabwdes an

head 0 b whi ch to 372
one D659 Th AR R b iR B ERE FOR e Ol E e SEr BB A R I o oo

or nore Aftrediydicaeidedatnse. Thhdditod, terarsihieaivditGorCappalats POOYIntEd ihdudehe
t ol uene fr ctionation.zone 240, The tol uene fract onatlonﬁé&re 240 can

provi de a2BBYCEHCEY ?Eﬁ?ﬁa%%hzoinﬁé%ﬂﬁdﬁgfe%‘ bp-chpPEthngtongog The bottom

st ream 384004m] besaacany, deehotmat@yd S04 daalbk rozaRe to Gl @ﬂra@ﬁorazomanmyt@ne
separation zone and an isonerization zone for obtaining one or nore desired

produdd s, eEREoRyERR PP e RIpYdea Profest mm@é&ngﬁf%ﬁvﬁ@mam 3781 4BF ng t ol uene,
can be proukgadstant 3¢ caﬂ ahsdd khnatid ﬂﬂd&ﬁﬂ@aﬂ;ﬁ%tusb@@% be%s@@é@émre ihhe

transal kyl ati on zone 180, as described above, can provide a transal kyl ation
zone ef f| eafefigpgor Chﬁ@w@frlawgléacmnatfacéﬁy Z@pidonally, |aul@h9ct apogoe ahthp &aftwnidi ned

with the %&&%stb&aﬁ%@aﬁe&@ttawe%gt%z%f%@ﬁeﬁ?lfm%ﬁl 36#, as hereinafter
descri bed forma 30stripper feed n an a ternative enbodi nent, the

transal ky [00423h Adaeradhetistream 308N rayorbingst widh ettipres bottam ftraagt33Besszene
met hyl at | %@refn@@% ﬁ%%g@d‘%&’ orﬁ%%’é&dsglég@@g R ATRLAN ALt 95, Zﬁﬁ%%gtg&l’at}%% 0045]

The stripper can be provi hie strippér zone

stripper zome222@8n mahdpﬁm\bemtencafnaowmtlloeaohes?dﬂ@adnhBWu@ndrasmqnh@qaezonbot tom
stream 332,,This overhead stream 330 may i nclude one or nore C3+

hydr ocar bons due to deal kyl ati on of one or nore C9+ aromatics. The stri pper
bot t om st [@a#8B3Xhe fed 363 cartleipn@ddeaditd thetbhezeps Hattiohatioh ze@@3B856hich in turn

provides an overhead stream 370 including benzene, which can be split into streams 372 and

20 374 as hereinafter described, and a bottom stream 376 including one or more A7"
hydrocarbons. The bottom stream 376 can be provided to the toluene fractionation zone 240.
The toluene fractionation zone 240 can provide a bottom stream 384 including one or more
AS8" aromatics. The bottom stream 384 can be provided to any suitable zone, such as a para-
xylene separation zone and an isomerization zone for obtaining one or more desired products,

25 as described above. The overhead stream 380, including toluene, can be provided to the
transalkylation zone 180.
[0044] Generally, the transalkylation zone 180, as described above, can provide a
transalkylation zone effluent 308. The transalkylation zone effluent 308 can be combined
with the second benzene methylation zone effluent 364, as hereinafter described, to form a

30 stripper feed 312. In an alternative embodiment, the transalkylation zone effluent 308 may be
provided to the first benzene methylation zone 320 and/or second benzene methylation zone
360.
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5to formthe feed 368. [0046] The overhead stream 330 can be conbined with
a fuel gas stream 306. Generally, the fuel gas stream 306 can have the sane
conposi t iwo 20p/t587f uel gas stream 112, as descri bed abeoee/uside/osszreans 306
and 330 can forma conbi ned stream 310, which in turn can be conbined with
benzene froma stream 372 split fromthe overhead stream 370. Thus, 10 the
sponge adsorption zone 250 can include at |east a portion of,

i ndependently, the overhead stream 330, the fuel gas stream 306, and the
stream 372 froma fractionation zone 220. The streans 310 and 372 can in
turn, be d@@BPhedhestripperiecd 3l eeh Bovided to ithe sypwaronaddbrreistwpgicieee 250, as
descri bed i t ovided to
and nixedzﬁga% éoé%%%ggéggégé%?ngg%%%%géggPé%%l%%%9%Z%hgﬁgggﬁgéﬁadsorption
zone 250 ctaernpiBvingeincuboinconmste @hrhy8HRarhod dan tadeelkliption gtaneamm8s4, whi ch
can includeg+a fuel havi n 084t | ubstant.i.ally th me,as the
Fuel gas. Sor BaiiBe, 405 OB GuSPIRETS RPs SRTRAEHE Yol 0G sERTE

adsor pi i ono omehe2681 3®N be omitted and the feed 390 can be conmbined with

the first ne.. met hyl atj on ne effluent, 324, .as described bel o
boroous KAGRRET TudBt sl F G B Gl B s aEP eSS0 S5 alY dea 1o
af ihr Ist beinzfasigasmatdaml 306 icﬂﬂlgi{z@ A bs&a@ corﬁmrtigg lafthe Sholghsatreym asz,'railehbenz ene
met hyl ati on zone 270 descri bed aboye. In addition to receiving.the portion
374, the fFicEPedRbRyR nﬁemm ﬁ%iaaﬁg%%@r}%%a %%?P“éﬂdége%géqf VISR I8 apht ha

st ream 31Gan bd€nbikicd GviNRn e FOME &Rah ¥ Ar §hiafrb@NNEe owdiildad dthamBNe. PhusOr €
C5- C6 hydrocarbons are provided with benzene to the first benzene

met hy (@t i G SPSBESREsOIRiPn ZpRshE9rfan dghidp at Igshy periian ol BieRsapstnathapveisad o

depent ani zgEanPYRY, 136kl $hJ @M 360 Lh@ MRl ¥am 3 18dm 2 AR AR SLhE2M. 346 may be
split into nulti eed streans 318 and provided at nultiple feed points

le f
into the fireags 35_8%%7@ G imhiymabe ermbipadeo 820 a frek3BFontlif tnopst ssomPHpect i on of
G5 hydrocgpRong dstcldiBed Adost. Ezﬁé}]ﬁﬁ%ly[% o 1390 a cif Be HRVidERI M@l N hi gh

benzene and pentane ratios. The first benzene nethylation zone 320 often
30i ncl udegnizedsin tirpl sporgsadsanptionxbredat i vel y, the stream 358 may optionally

be conmbin L1 h r.QVi t first benzene
nethyﬁgtiiﬁ0¥ZLe1%%gx%%%%%gﬁéégﬁ%%géﬁ§8”?ﬁ§9???gﬁngﬁﬁggggzhgf%§Iation zone
320 can proewhend saedm B, whehzemmchedt hfilchgdsdavingmeorapdsitive nubsB@daltyth¢ can be
conbined with the.sponge adsarption..zone bottom.stream 352 ich can

o ude b R PR I AP R g Ao 20 S R S RS Ol 80
feed 336, zotu 20 chsbpassedatdhofegh320 bt eomBide] withihe Hira dondbe: mediylstont abl e

heati ng 5devi h as a.f ace. [0050] After being heated, a feed 344
can be pr&9?ﬂ%ﬁﬁ?%y%%gs‘ﬁggﬁg%a8erne net hyl ati on zone 360 operating

sim | a0 | y [@048he Aietmzepatises ydfaid verhzangre2n 370 e ldgseriddaada abovazedd t en,
t he second benzene nethyl ati.on zon '

met hyl at i GHFUREHEN &1 YErtPersbag S R R R e i

t ransal kylaBgvicO M Ztnad tdcbient 1RQRitichS374, the first benzene methylation zone 320 can
also receive a C5 naphtha stream 316, including one or more C5 hydrocarbons. Usually, one
or more C5-C6 hydrocarbons are provided with benzene to the first benzene methylation

25 zone 320. Pentane can be provided from naphtha and/or a depentanizer overhead stream.

Optionally, the C5 naphtha stream 316 may be split into multiple feed streams 318 and
provided at multiple feed points into the first benzene methylation zone 320. The C5
multipoint injection of C5 hydrocarbons in the first benzene methylation zone 320 can
maintain high benzene and pentane ratios. The first benzene methylation zone 320 often

30 includes a single reactor. Alternatively, the stream 358 may optionally be combined with the

stream 316 and provided as a feed to the first benzene methylation zone 320.
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10descri bed above. [0051] Generally, the second benzene nethyl ati on zone
360 operates at a tenperature of 10 - 100 C, preferably 20 - 80 C higher

t han t he wpnet2/tse43zene mnet hyl ati on zone 320. Typi cal | y, PChaSkézss62B®Nnzene
met hyl ati on zone 320 operates at | ess severe conditions using heavier

hydr ocar bons such as one or nore C4+ al kanes. Additional one or nore C3
15hydr ocar bons can be provided to the first benzene nethyl ati on zone
effluent 324 and fed to the second benzene nethylation zone 360. Although
not wanting to be bound by theory, a portion of the one or nore C4+ al kanes
can be co @'r’r?]ad Geperaily theeirstdgazene methy bati@y zong3RG pansprovitiea fiist kanzdnenzene

met hyl at i I :
met hyl at i 81% one 2{33%6 eth?& tg% ha{@gr\l/eéraﬁo'%)wv\ﬁ%% t%ﬁ%p%gﬁ%gég@%a%ﬁgg&% e
reactive. SEpmlbﬁhhhyhcaomhbdéwbsmwb@mmﬂmgwnﬁmhwhanﬁ6&2zuﬁ@4@miﬁmmmt 324

contai ni n%OI%ganCYPG %gﬁratl 5n Z assegglggugﬁlll?ta%g :l]llcg errpe ‘?ab?e l’llen he

second benzene an e eva ure 2] The
first menﬂemeaﬂmmhwhémnmm zone 320 can be operated to achieve 20 - 45@6 by

by vei gt TOBRF or Rt e iy RRE A PLeshBe Buile & B SRh &M PR hnfioBn or

ED g e C4+babm$g&aﬂngriiﬁrgﬂﬁm\émﬂeﬁﬁbnk (meﬂﬁ’&‘u@ﬁ rzldsmrzero,% Heatkikyd abgr@Uu in C4-
yar ocar bo n CT yar ocar 1 one O nore C4+ a anes
sel ect i vi tQchd ﬁ‘i’ prsoHRengne misthy aﬂ?ﬂ%}%ﬁﬁf%@(ﬁ(@@ apecpRRNZIGIRCtiyAtigRi ght |

pref er abl yo@0%6uday 361 i@ ith canlbddogdided withiBe @RalRy1atiddrBnChfiudiy dogear bons
selectivity to the one or nore C3 hydrocarbons are 25- 50% by weight. The

secon®® bedS¥HESIAYOKY| ati on zone 360 can be at an el evated tenperature with

a benzene [GQ5YPE" TcABaM, t@se&&a%nz%ﬁegefﬂlyiaﬁomngbéo ok A8k Q-Q:lngﬁeﬁltturé gast 30%
by wei ght, conversion per pass. Usually at these condition 0%

wei ght oﬂOth@”@gHmﬁdﬂ@&éﬁb&ﬁ@cb@h@éhﬁéheéﬁéhﬂmmmh@ﬂﬁ@ﬁwnaﬁmﬁﬁ@ or nDre A7+
al kylgr Owglch@o%ef&%‘é&%ﬁé metﬁgﬁu@n(/zf? Qhﬁo SRLESLE WL s‘évér@ Bc%gb)% g@% N A7+

al kyl rou e one driocar bons
wei ght, fmbmmnmg$o&ﬁﬂnmﬂdm3@©neGﬁn@eéﬂfwkmmmeAdMHmﬂmomnnemﬁMQ3hydrocarbons

g?gég;g:ﬁ Xéﬁﬁgﬁe ?%hﬁgégﬂﬁ%%Po§%dmh ?%? nﬁk¥ME %%%F dwygéthgiég%?ornance
t hat can hie sachidévednasikcthgladsd zont BE0. f Altisiglh enzendangmetbe pbadtd rthaoyne 320.
portion of the one or more C4" alkanes can be converted to lighter one or more C4 alkanes.
The first benzene methylation zone effluent 324 may be provided to the second benzene
methylation zone 360 at higher severity where C4" alkanes may be more reactive. Optionally,
20  the first benzene methylation zone effluent 324 containing C3 hydrocarbons can be alkylated
with fresh propane in the second benzene methylation zone 360 at an elevated temperature.
[0052] The first benzene methylation zone 320 can be operated to achieve 20 - 45%, by
weight, benzene conversion to one or more A7 hydrocarbons, and 60 - 100%, by weight, one
or more C4" hydrocarbons conversion. Generally, the one or more C4" alkanes can be
25 converted to one or more A7" alkyl groups, C4” hydrocarbons, and C2” hydrocarbons.
Usually, the one or more C4 " alkanes selectivity to the one or more A7 aromatics is at least
20%, by weight, preferably 30%, by weight. Typically, the one or more C4 " hydrocarbons
selectivity to the one or more C3 hydrocarbons are 25- 50%, by weight. The second benzene
methylation zone 360 can be at an elevated temperature with a benzene conversion of at least
30 20%, by weight, preferably at least 30%, by weight, conversion per pass. Usually at these
conditions 30 - 40%, by weight, of the C3 hydrocarbons converted are in the form of one or

more A7 alkyl groups in the product. The overall selectivity to one or more A7" alkyl
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5[ 0053] As an exanple, the enbodi nents discl osed herein can achi eve 10 -
50% by weight, increase in a xylene yield fromthe aromati c production
appar at usw0Q012mp44801 | i zi ng fuel gas and one or nore CA4+PalrRBe@2/0362he t wo
zones 320 and 360 may have C4+ hydrocarbon stream such as a higher
raffinate or a |light naphtha, selectivity to one or nore A7+ al kyl groups
processing a |ight naphtha or raffinate only in a first benzene nethyl ation
10 zone 320 wi thout subsequent conversion of propane in the second benzene
met hyl ati on zone 360. Therefore, the overall selectivity of alkylation can
i ncrease feraums e dvg owaprgHE4” hygiroparkon infay e B n2@nebymetigll fat ramas Zpad320 and
40% h pen ] I'n an
aIternatr@g@eﬁgmﬁhﬁngO&gﬁg&geo%g%$9§§§§ ?%%ﬁ&gﬁﬁg; ﬁggﬁA& %§§|t|oned
15upstreagmn@sBﬁmﬂkrméunuehZEWngehhybmbm@nmzmdSCEﬁﬂlwﬁhewmmnwnmm@ds of the
first benze ne, 320 d so nmu t he one
or nore Cé ﬁa@g@%cérg% cger#slqcaénsseeasch Ved uﬂ?‘% Oll?lg’ thgbrsg)tﬁe%z%ne etﬂalzilanofl hgréeu fsot anti al
conversiom00531henQfohmMBGMaﬂﬂmmanmmhﬂxmﬁédMﬁahchnmhwvhﬁ)fﬂﬁ&mybenzene

nethylatlon ne 320.is rOV|ﬂ§ gwthe eco dtbenzenq ng qyl @lon zone
360, whi cR&h "SPEFATE RTRY e O et ‘CPFO Co T é?pgr‘ﬁ '4P"8 and/ or
201 ower prf@esgas[)aad og@ommmt‘ aIlkﬁli%rs] OMke tlwo 200¢s8204nd kr;odﬁh @C}?ﬁb?né Al t hough not
wanting t oun eor t he selectiyv t he al kyl ati ng agent can
be maxi mi %ég‘OF"H Q‘}fére%‘?{@fr’\b‘t‘sl %Hgl}eééaé@?%%o% ltglﬁt ‘é@ﬁ%‘@ﬁéle%thdtyé? %’l&rgﬁb‘) ‘gf a or
C2 hydr ocaybansi g’f@tbs@@ocﬁésmgﬁl 1786ndpBHha o} ratdabtisly hurfiri@enfhabemhaktion, it is
believed that one skilled in the art can, using the precedi ng description,

utili 3 t Fensl28dhout sybssAvsnh Fenversiop o prgpanedp thé)??C@H@ benpene itedainnrgne
25pr ef er r gy SpreithicCne a@&m QLI Glkyidieh @InQB&easE @foﬁlezs@p 'B§ Welbgdl vag aner el y

illustrative, and not limtative of the remainder of di sclosure in any
way what sd&y&enzepougbylatin %On@%(b%nég@%ay waight, Wéhﬁé?%?ﬂ@lb@@e@rfée@éﬁtl%rt hin
degrees Cg| g and, all parts and percentages are by weight, unless

ot her wi se i ndi cat ed. [0057] Fromthe foregoing description, one skilled in
the art cd0084ki Ilyamaltearatiag empddemerdGhespoagn 4dadrpidrazoae L&} ¢antbic pgsiogned hi s

v o VIS ERICH BP0 S hydl RRTR.BLgel oo
vari ous usagesatan gormdriﬁ intajy da gailored so that much of the one or more C3 hydrocarbpons
passes through largely unreacted with substantial conversion of the C4” hydrocarbons. The
effluent from the first benzene methylation zone 320 is provided to the second benzene
methylation zone 360, which can operate at higher severity, i.e. higher temperature and/or
20 lower pressure, to convert the one or more C4™ hydrocarbons. Although not wanting to be
bound by theory, the selectivity of the alkylating agent can be maximized in the alkylation
reaction with benzene and cracking of C1 or C2 hydrocarbons may be minimized.
[0055] Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, utilize the present invention to its fullest extent. The preceding
25  preferred specific embodiments are, therefore, to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way whatsoever.
[0056] In the foregoing, all temperatures are set forth in degrees Celsius and, all parts and
percentages are by weight, unless otherwise indicated.
[0057] From the foregoing description, one skilled in the art can easily ascertain the
30 essential characteristics of this invention and, without departing from the spirit and scope
thereof, can make various changes and modifications of the invention to adapt it to various

usages and conditions.
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CLAI M5: 1. A process for al kylating benzene, conprising: A) obtaining
at least a portion of a streamfrom a transal kyl ati on zone; B) conbi ning
the at | esiet20tds4430rti on of the stream from the transal pgiratsean/ozenge 5wt h
a fuel gas stream conprising an effective anount of one or nore al kanes for
al kylating at l|east partially froma hydrogen purification process tail

gas; and C) providing at |least a portion of the conbined streamto a
benzene nethyl ati on zone. 102. The process according to claim1, further
conprising a sponge absorption zone receiving the conbined stream and a

st ream corpAAI¥ISng benzene, and providing an effluent to the benzene

met hyl ati on zone. 3. The process according to claiml or 2, further

conpri si ng, obt ai Jhdagk Br glkylgtﬁ@bjeﬁgeggggh@hﬂgg benzene froma fractionation
zone. 4. The process according to claim 1 or 2, further conprising

provi di ng an ef| ueditaifing ph leasea portipiseli aepeam ifiom ateamealkdatipngond; pper zone.
205. The procesg])?ﬁ%h%ﬁﬂgﬁgy bt e fortibh 6F Gk éaﬁfa‘fr&g ﬂfe%%al MioR 964 ONn of

t he stream‘fro e trans ation zone Is taln rom-t strlpper
zone. B. Thathpriodegssteemepnipriging o ofeaiive amant @‘,onwhemelieralham thuadkylgag st ream

conpri ses aﬁfeagt Sﬂﬁﬁuﬁt%m Q%ym!ge%’ pu?li‘lcacﬁ%ﬁ pPJcenga{iIegag:;Sa-lﬁd hydrocarbons. 25

)] providing at least a portion of the combined stream to a benzene methylation

zone.

10 2. The process according to claim 1, further comprising a sponge absorption zone
receiving the combined stream and a stream comprising benzene, and providing an effluent to

the benzene methylation zone.

3. The process according to claim 1 or 2, further comprising obtaining a stream

15 comprising benzene from a fractionation zone.

4. The process according to claim 1 or 2, further comprising providing an effluent from

the transalkylation zone to a stripper zone.

20 5. The process according to claim 4, wherein the at least the portion of the stream from

the transalkylation zone is obtained from the stripper zone.

6. The process according to claim 1 or 2, wherein the fuel gas stream comprises at least
8%, by mole, of one or more C3" hydrocarbons.

25
7. The process according to claim 3, providing a product stream comprising one or more

aromatics from an extraction zone to the fractionation zone.

8. The process according to claim 7, wherein the extraction zone uses a solvent
30 comprising at least one of tetrahydrothiophene 1,1-dioxide, n-formylmorpholine, n-
methylpyrrolidinone, diethylene glycol, triethylene glycol, tetracthylene glycol, methoxy

triethylene glycol, or a mixture thereof.
14



7. The process according to claim3, providing a product stream conpri sing
one or nore aromatics froman extraction zone to the fractionation zone.

8. The prwoesr/@esording to claim7, wherein the extracPConSzana3ases a
sol vent 30conprising at |east one of tetrahydrothi ophene 1, 1-di oxi de,

n-f or nyl mor phol i ne, n- nethyl pyrrolidinone, diethylene glycol, triethylene
gl ycol, tetraethylene glycol, nethoxy triethylene glycol, or a mxture

t hereof WO 2012/ 154487PCT/ US2012/ 036275 9. The process according to claim
3, wherein the fractionation zone provides a stream conprising tol uene.
510. The process according to claim1 or 2, wherein the benzene nethylation

zone oper at es ?B%;erq&ﬁé@dp%é@g Ltg ﬁﬂmﬁ%ereﬂ %Qoxgctb&%ﬁ’&fez%éé'&l%vfafes #9Ram 21, 000

kPa, and a hydro e ratio
comprising toluene.

5 10. The process according to claim 1 or 2, wherein the benzene methylation zone operates

at a temperature of 250 - 700° C, a pressure of 100 - 21,000 kPa, and a hydrogen:hydrocarbon
mole ratio of 0.1:1 -5:1.
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