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METHOD AND APPARATUS FOR ALTERI NG A FEED TO A REACTI ON
ZONE FI ELD OF THE | NVENTI ON 10001) The field of
this invention generally relates to a method and
apparatus for altering 5a feed to a reaction zone.

comp b aPe ANT ARG O BErERiNG a7 o

benzene and par a- xylén EONE 3 versatile
pet rochem cal buil di ng block used in many different

products based onpjgi$ dar iiyat QVENTSHNDI Ng
et hyl ben. zene, cunene, and cycl ohexane. Para- 10

l e [
OO e AL bRl E 108 pRURE B B alering
a feed @i mactioarrané.i | ns for rred via terephthalic acid or

di net hyl terephthal ate internedi ates. [0003] An

aromatic conplex may be configured in nmany different

ways dependi n@ACKGROUND i OB dTRE 0NENTION ai | abl e

feedst ocks, and investnent capital available. As an
[0002] anplagy a@dtﬁﬁrc S0yl b SaréRl¥siBRedPicOBhd €iRtlze HECHieRSof benzene and

t ol uene and an aromatic gasoline blend. 15 [0004]
para-yyieiey e Benzee We e Yestidia poreshemivak buiddingblockritsed e apanyadifferent

produ%oe@s&f oggfga@cq{v%ﬁ&n AFudf. %&l%er?{ené (:T‘.%?en rQnCHJ essc Ohexane Para-

IS a rovi egr

xylené Ixﬁadi;(bad irﬁpbrtaﬁt PrikiiCE ot ehieH cam 1@ usedn f(ﬂrth)éipllfbﬂuctﬁm(kﬂ polyester
as benzenge, para-xylene, toluene, and/or an aromatic

fibersqresian; and fhme ﬁf&meéapaetﬁmph@abﬁa%ka@me&wh trenhihadate rgrimediates.
[OOO§5J Xrogl:atlyil A rre%g[gg %“993? gﬁf&?éﬂ? L’\BS’%/ d%agn(tlmg on the

mbodi nent can |nCI ering a
deswed prodmnss| dwildileb deedzooles, layid dhessgheny capitte sivhilatilé. oMs0in @xample,
streamri arqQmati c C9 for increasing

I N an
other Frogici s e rolEd St gl R 2B PRl lend
[000@{Jlr GH&W:V%F emax@ Hltﬁ'}ﬁ? ﬂﬁct §%(‘l Bfeadd!d é}gﬁer-r&?nand for one or

hod can 1 ncl pr oviding t e streamr
more a)f a}mbl modigts. r ﬂmsec[uemts)t, therads iaodasire dn rovide tgnater flexibility to

eceives an effluent froma second fractionation zone. .
produl, B0 GEm BB pradhEl Syt S PR BTy nsﬁaﬁwe% andioy 2 grgmatic

gasollﬁé 6lend "Heﬁ&ndlm mafke: ndfipngene and tol uene. The
streamrich in the aromatic C9 can be at | east
partially conprised in at |east one of the feed to the

transal kyl atBﬁfEfzgr@)(M oGk ¢ &Rl i ne bl end.
[ 0006] Anot her exenplary ?r%:g[rmsnt can |ncI ude a

t eac
0008F 5. Sk AE LR By AP AL + o
transalk@lation ezonp diyacharlghigea defghation ¢ff 9rRting @céhSQ{ Iaﬁearblhﬁd'kﬂ C9 for
Generally, the nmethod inc|ludes providing a streamrich
increagipg gRodicHipmtaf catdgast i of benzene, floliers, orfgt-xanes iwd an aromatic
oasohﬂeeﬂ@hd’ ' ?He thelta%ah iR RE r}ﬁgﬁgﬂfé thé g&éa'n? n& l °ah £ 8Mtic EBefrom a
cond fractionation zo Feam rich i
first fr&ttldnetam{ zoma eha keco Bz emefflaest ft(mh Wesnd Gankomtiby zorteh €he second
streamrich in the aromatic C9 is conprlsed in the
fractiogptifpatqne A BIodHes 2 StreAefigh imst ieniapie of bavgenpeandoigluene. The
streamfrithiif ?l'iei SOPRGL 89aPBS 5 1851 ialfugﬁ? c&ﬂ{)n‘?éég B & gt least ong of the feed to
par a- xyl eneseparati on zone"an ? t)
the tranclaécylaexed zbhe adghe titvenapagasaliye lead separ at | on zone to
ncr ea§1e the production of the aromatic gasol i ne bl end

(0008, Angihes RcpblaticfabediBretheam st & mseal ol ingn feed to a

I |
reactxog rlggﬁ 2(%1] xg%eésgéggﬁroﬁg%g)gcﬂf%@ (ﬁl?li(ﬂ% HHe gt, rrée?)mt%n?ra%/am xylene, and

i ncl ude a nethod for |ncréa3|ng productlon of at | east
10 one of benzene, toluene, para-xylene, and an
aromati c gasoline blend. Generally. the nethod

i ncludes providing a streamrich in an aromatic C9
froma first fractionation zone that receives an
effluent froma second fractionation zone. The second
fractionati on zone can produce a streamrich in at

| east one of benzene and tol uene. Cenerally, the
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[0010] A further enbodi ment may include an aromatic
production apparatus. The aromatic production
apparatus can include a naphtha hydr ot reati ng zone, a
reforning zone, an extraction zone,

o o R T B SRR B 58 b

mommr@% frdhea ﬁﬁ:,f ﬁﬁéﬂoggu&paﬁe Qécrél\fu?g,p@fe\éﬁ £ &HC'OH@ tﬁiictfd'n‘am)n zone.

napht ha hydrotreating zohe. Genera
The mom@ﬁnctmmaz@neomeecm yesluee histrsdmf nighe o mnleﬁstocmat dfebenzene and

refarm and. t.he para-xylene-se n zone
totuen Gerrzalfl, Tedlisnd Hondb trebftonnbe s caRbysddn i Soatic sasoline
blendan@)pﬁoﬁzﬂ@nstﬁé eidd AP REm %ﬂlﬁ:sapdcs!slﬁéta fée@cthfdﬁ?ﬁtd Bhkra-xylene-
zoné and second fractionation zone fir
separgtiGcang mad ilonitingnee chia)tho éadethepugh tlesapara-xylené-separation zone to

e Sy Ry 8 BB R 0 P AL BIEESh he aromas
gasolﬁh@ mT8ad ipectfueton fhtbsdb IiREdabe/thdiphia-{yetpraeabiiatat i on
one and an aromatic gasoline blend to provide at

IOOOVéasfc\ farthys repbgdinent phe 18<t1\d@fa«'|trm€ﬂl9ﬁ fpningteasing preguptgonCy at least

h sal k one or asol
one of Bakafe. YIBRCREXHSleh S A Sl Dn @R, (FRRRY o methon
includee npreviglingod Wirardnebhaint @ WediRateoCU NiRom Ge figdt ArdcYiondthd zone that
bottom stream fromthe toluene columm is provided to
receivie @nfefflugnt fioge eissernd; lsectippption 20p00lhe serpit Epgiaatiomgone can

produggg Bednf AL, &raQYéanng SPhERehd hd oﬂ eﬁ@nﬁf &35@{ 'ﬂﬁgstre%ﬁ tich in the
antage can i'NCT easi ng of
arommr@ iyak doast, pabeizeomprisad e écasOoneast safcedvat 4 &a@&ﬁﬂidnﬁ &nd the
bl end deggwﬁlng on mar ket conditions. BRI EF
aromatie gesqlipg OF THE DRAWNGS [0012] FIG 1 is a

h , £ [
0008558 8okl B PRI & gy oo
apparadepi Thd @omefic prodtdtan appanyls any inehdaatfirst fprcadmmionmne a second
i SRR B PSTA) FLGSOAAL, A pereu b he Lo
provicRUH kRIBNch LS UR ARHARY Cg’ NEdOK B ek B %Rrh?&natlc C9, the second

Equi pnent itens can I nclude one or nore reactors
fracticpatiore got® caw essparhts, athkeatteos, of éupazemeoaml opaxmhﬂy] geluepe from a

v By BP0 Bt A i v i

fraction88&Llone Gah rédéfv‘éhﬁé sthdAf] MELInORE aRmAR(E £#OlPthe Hrst fractxonatxon
sub-zones. 100151 As used herein, the term"streani

zone. can dfBuent ronedlm thindl fiatitiogaticar ranescanyhir diceatlycomprised in a para-
as_str ht - chai n, branched, or cyclic
xylend RSt Zanedtitlo  babd A Bsn S o rvone. and
[0009)Pt ixgRalct ¥xehpRfy SHPSIiARRESan fidfilleas A898ERe p?ocﬂlctlon apparatus.
hydrogen, or i1npurities, such as heavy netals.
The arpppagigraredustian sﬁmpmtub ude iacludati Grsafdchomntion gone |f@r providing a

stleamb%cqxa g?:;z%g%t%téca Q%r Qfl'?it?tl] ?xcﬂ)ﬁ%hx? \%?ﬂr?? i (? ? ﬁ flgsz éﬁxf:ﬁonatxon
zone cafi®c RoMBRIi@fedCaln wathOfBeakfior B&lehé&ﬁraﬁpﬁrbﬁz@ﬁc @Pﬂlo‘ﬁﬁé‘ bb&nd to
and be further 5 characterized by a superscript
providgpat least asperon of |the sieram weh iith Sreaniematia Cttp dhgrreaction zone or the
mvma S@{g&g &ﬁpd e.g., as containing CT can include
rocarpnons of three carbon atons or |ess, such as
one or nore conpounds having three carbon atons, two
carbon atons, and/or one carbon atom Also, the synbo
"A9" may be used belom1to repr esent an aromatic C9
hydr ocarbon. 1In addi tion;2the terns "streant and
“l'ine"” may be used interchangeably in the description
10bel ow. [0016] As used herein, the term"aromatic"
can nean a group containing one or nore rings of
unsaturated cyclic carbon radicals where one or nore
of the carbon radicals can be replaced by one or nore
non-carbon radicals. An exenplary aromati c conpound is
benzene having a C6 ring containing three double

P —
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communi cated with another streamor zone. [0019] As
used herein, the term "gasoline blend" means a product
that can be bl ended with ot her hydrocarbons to create

e or re gasoqline products. 100201 As used herein,
10018¢ &Ko phereRtiodigadt aha, é‘}‘iﬁéu%%ﬁ%orﬁﬁ%cr produgin ggparatus.  The
, o/ ifd £lhe, £RorRAY
wom Moo 0R o S NSLC) pr RIS B, ARt on.
extracl o zopy, awrgitylenofseparatiompoentd adransilhgstiaf zawmpdindfradtivnation
a(itrean1fg%002%% As USﬁH h?reLn, the term. i
zone A STERE T OPATRE A0 a (NP PO TR G it clfipent from the
naphth& 8§dro@8ng Po8E. eGRRINIY P06 e aRetiOPLdIBktved W hirsPHraction from the

wei ght, of "a conpound ‘or class of conpounds in a
reformging ezonme, DET Alel FDe-RFESGREEPRFONN GPnT HECH WYENT¢coN Fojc00® Sbm the

ferrin 0 FIG, |, .an exenpl ary ar tic. production
extraiin iy § i afiS Wt it T bliioB @y o ocond
fracti6rR@i64 6. aTk S8PHA&IONAIToZ 210 Tan PHAMIAS sttealiPRE han aromatic C§
hydrotreating zone 120, a reform ng zone 140, an
and a gledn gich dh an aieEig 6.9. LLencelyatbryfirsitirasHonagivn zeR0is emmunicated
. - ration pe 410 n_al kyl ic .
et YRS AR ARRBIRA 8 580 Tp S dpa i s Bp Nl BeRTHO piace ot tewst o
portiod4dT, tha skesanichl hakk i Rodhtio T9zente 28Gsallylattn’ £bne or the aromatic

fractionation zone 320, a fourth 15 fractionation
gasolipg flendy I hesegqne fractipaationone icam inchile adpmzengrplyna pnd p toluene

ra [ S he e .
columst 2Ekh 2 88 R0Gc A, B BREIBRE kR REPRVREATS e fins
fractiohafiG®z@®8 Bl (Sullivan et al.). [0024] The feed to the

napht ha hydrotreating zone 120 can be provided by a
10011 npiesorknihersac ap Kth g,rovbciﬁg%%@b@ﬁeinomawa@u&%-eﬁé'é,advantage

et LofOi e, ] i t T i
can e R RE o anty e ol o PerliOenel I, e Sromaric
gasolihg/blend dending lhamanket @omdipbiisha hyt hotreati ng cat al yst.

Generally, the catalyst is conposed of a first

conponent of cobalt oxide or nickel oxide, along with

a second coBRIBERDESORIADIGN deh riBXIRIAWINGUNgSt en

oxi de, and a third conponent of an inorganic oxide
[0012LpIRAGE 1 isMuchbmatsc depRitiealof ¥n axdd@iry Rtbnhdtit pRbdiiEtiBR apparatus.

Cenerally the cobalt oxide or nickel oxide conponent
[0013k HIGy r%ys iy #ngehepptiq depBipnpgf apsthee exgraplarynaromtagic production
appm_.rmlybdenumoxide conmponent is in the range of 6 - 25%

zBY'meight. The bal ance of the catal yst can be alum na

so all conponents sumup to 100% by wei ght. One

exenpl ary catal yst i s ODEBINI@®eNSIi n US 7, 005, 058 Bl

(Tow er). Typical hydrotreating conditions include a
[0014]i quisdudeaUidrdinS PRCRrel06&t Yad kdfeMVlo @h ddead iclufnd6néd or more

. a pressure of 690 - 6900 kPa (100 -1000 psi), and a
equipmspd AtgEs rinfl{op Rng Pr pTe BERZNSE.nEldripaEnhBEMS il 0Gludgowe or more

. o 002 he_effluent fromthe naphtha o
RS i M ST R T ——

controlidre. Aetinfonhilg az @QeipARR: itdrh, SubR a§ @fr@Ictor v vERBE cdiftfirther include
par af fi ns and napht henes may be converted to one or

one or Y RZeIeH RESYZASHpounds. Typical ly, the reform ng zone
40 : |, 0k J Lol ent:, ~
100153035483 e AP AEHC s Ko SOUTLIIn S rgoron

molecudass Guthnasr @fayhi-0Rdie, biacludder dyoliaXkdiked ealkéiRs, alkadiencs, and
production of one or nore aromati c conpounds. This
hi gh severity operation al so can renbve nonaronatic
hydr ocarbons in the ce fraction of reformate, and thus
can elimnate the extraction of the aromatic C8 and
C9, [0026] In the reform ng zone 140, the hydrocarbon
streamis contacted with a reform ng catal yst under
reform ng conditions. Typically, the reformng
catal yst is conposed of a first 10 conponent of a
pl ati num group netal, a second conponent of a nodifier
netal, and a third conponent of an inorganic-oxide
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hydr ocarbon streamcan be a first fraction fromthe
napht ha hydrotreati ng zone 120 and/or the 30reform ng
zone 140 after passing through the fourth
fractionation zone 340. The extraction zone 180 can

0 t raffinate streamin a line 184
“lky’%ﬁdm PP%@??% @E%rlfd Ubs{anges. et 24855e & & BHBIORE O HEBATHigS, such as
heav% UsdaldS NERZLREMABH Alsot ALMAL Sromitic@ ahd MonlBOmhitathy&RBarbons.
e sent to a second fractionation zone 280 (descrlg d
Morefpgere |thvahy@o<)d1b<mhmo}eaﬁlﬁ$ ity ebesahbeewiated 10 €2bI8nded Cnnvigere “n”

) asol ., ne sed .as feedstock for an et ene

repreff3RC U SymibRE P STHDTT SRR D 5y eibbny BRI gid e further

charadleBIB®E bifa BiRENAEDI ‘O @PPasaites kOQich IR dsBnte, %Cs‘iﬂeﬁ’rﬂ ch®&erized,
180 can utilize an 5 extraction process, such

e.g., daonéning €3d¢antin¢lpda hysinocartiogs ofithrseyuaidnesoms o k@m sush ag one or

| traction/extractiv

more (SATRHCIRY hiht sk 8o Sl b SAOHL ARG | afror gng sagion atom.

Also,i thedéysgiodsed ﬁlaihﬁiTﬁ&deel&Otbdfe[g@ése@ an arddtic C9 hydrocarbon.
Sul f ol ane Process Handbook of trol eum Refi ni ng

In adgigpelhie dermsyisceams [pd | lipgo By teprseqnierchangepbligdn the description
w004), pp. 2.13-2.23. Preferably, extractive

belo
dIStI||atI0n is utilized, which can include at |east

[0016)e A@Iwemhkrﬁm\(\/lﬁlea&rmlarc&ndml’ eaflingdah | 4 g:hupra:oﬁ@lrﬁk@owdr more
nprise a second col unn known as recovery

rings b |ua$ﬁﬁum'[eé<§2§}c Exeammidicols vhees pIe Bt MOFe elac é@r@an atdicals can be
u

replacR BN o T2 bAaBBR radker Rh cYBbly bk Sofihfds pensene

having nt € ding €dntizimfing taremiqubhmqnds:t Mogealies tchbﬂaetbnnng @alam or zone
above, the entry point hydr ocar bon stream bei ng

as m@???%c?@d”m e§6WV§ﬁ?‘ ?Wé@PCPWEO Wssatility of

[001‘7?‘e SOURANRRLS, B tetnlﬁe‘uﬁg EQS& Q%ﬁ%ﬁ@ﬂ@a 2 33tP2h hbN@ibject to a

different tenperatur to facilitate elr

Separﬁwpezloat i suph aEx eonsd cam;mmng v éntsoriatich volemn, an adsorber, a crystallizer,
_h drotg hene 1-dioxide, i.e. sulf E,

an ex a‘f‘%ﬂ PTG prats H’ebel’flmée one\ @4 mofe ﬁ‘é‘f‘ﬂ‘}ﬂeﬁﬁfr ‘&}Put Hrigeam, or fo a

reactibn @one Whle g M8 BnPLNER! of the keldhy hRNRaGbY, CS"\rv “unprocessed”
tetraethyl ene glycol, nethoxy triethylene glycol, P

Streamnmv be @ubjh@rtebeatmetom Goolmgmcﬁ heatemer Birmrgy, aaﬂl@oemanger a cooler

or an SULL g) g agg I.n conbination with those

T ? gf)@ - ) 98°m ‘E‘)ﬁ' P e’i PE8 a portion of the

[0018] I eRMuEddCherkiR, tﬁwteﬁh Iasly 08H ACMTAdCaRONRBENE bib; ect 0 a
the line 186 can be conblned with an effluent fromt

separation reoae kol m¢tm meboi@@ Yelieg oomalfmeér Ordmnmb@a!):dawdl another

aonati o

srear 0 Bt AL PERTIB A St B e SRBRR o BRERs o B steam by

proces3& 34N as Ra@fdaatd, Yrystalleaf 6 QasbrpliGE hh @BAENRRLSP N rdRfon zone
i ncl udes a plurallty of colums, nanely a benzene

can resgl g opguors iydsocerione e thelstivain 300t repkieT e reperat 0pe or more

hydroc%)%olﬁmnﬁ% gltféeo Mﬁ%%r%@ﬁ af’ t%l gt 5(‘!“?)%/ :cgn Sﬁ‘f ﬁ(ﬁeg %ﬂ@%&ﬂ(gﬂaglon or
1somet&zdt)1©ht Hid B vie aimteansepsbeadibjaat ty/ héalingR cOblitPhE e.g., a heater, a

aromati ¢ _hydrocarbons that can enter the tol uene
furnacg,g hghexshengsr g t‘@omrms apggaporfer erdre combings with asler stigam, and
sill e ERREE o i SR b dolorp QUGREw B MBS Ry g
a portion of the streamrich in toluene can pass via a
val ve 310 and be recovered as a product 30via a |line
308 and/or at least a portion recycled by passing
t hrough a val ve 312 into 4 line 314. Optionally, this
streamrich in toluene in the line 314 can be conbi ned
with a streamin aline 394 and a streamin a line
276, as hereinafter described. A streamrich in C8t
aromati ¢ hydrocarbon can exit as an effluent fromthe
bott om of the colum 300 via a line 244 and be a feed
to the first fractionation zone 240. [0031] In this
exenpl ary enbodi nent, the flrst fractlonatlon zone 240

P P
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5 the nmethyl substituted aromatic conpounds, such as
triniethyl benzene and tetranet hyl benzene. [00341 In
the transal kyl ati on zone 220, the streamfroma |ine
224 is contacted with a transal kyl ati on catal yst under

ansal kylati on conditjons. Preferably, the catalyst
(003 aiﬁe"(squ %Elieabi“i*q ey ereiva lspdamesns aaaradups that Sie e dlended
with 6BEARYREcaBMRs tGLA gn@oﬁﬂbfe%'aﬁﬁfng pfgfipgnent, a 10
nmet al” conponent, and an 1 norgani ¢ “oxl de" component. The
[0029] | dsasédheranpbeent “KNIT Al lnlegnd eneahpeahdsictriczend pdrgear.
[ i ncl th t f MF1, MEL, MI
[OO%I! CR&F&X@&I n'Cl{x,gt s K@%‘és 3 gzgﬁ rgﬁar ensd}qomﬂnp generally of at least 50%, and
refePIBIETIOb HyUi@ght, & L&nthoAR b Liss of | :
P Desirablggﬁi% IS nosggnite zégli?gngIdgﬁpégﬁ?gble
[0022]| i &s astdhareinpibn derts “sobstaitindllylide meazart emolNEFeharpliéy of at least
zeal i F1,. MAPO: 3 MAPSO- 31, SAPO-5, SAPO1 |,
90% Zelab Bt S SHOMA1Y 90%. B3 YREIH 91k BRI pEr LSt fsompounds
inas¢emhi te Orega. Further discussion of the Zeolite
Orega, and NU-87, EU- 1, MAPO 36, MAPSO- 31, SAPO 5,
SAPG- 11, and SAPO-41 zeolites is provided in US
7,169, 368 pHrApeD DIFCRAPTRIN)OF [AMBIAVIPIEN | v, the

nmetal conponent is a noble netal or base netal. The
0023901 g | e ' . KAL) .
1002890 RePEUY 0530, BeuPo Rl MALERCAR B BBl i
that c@eielalel one drhsorbasetiombhad séparatibs RbikE sichras QEIpHAI Hy@iotreating
h d, éobal t, nickel, indium gallium zinc, urani urp(ré
zone %gp‘rrs ERE 19951 PP U exractonzqiey 89, atrasaledationstonr 238y para-

xylen@@e;ﬁx%hnﬁﬂe\Mlbhaﬁréﬁﬁlib%mg’fi’nf foffRfi#tion%ond 400, 8 M&PkEtionation

met'al . Preferably, the netal component” | ncl udes

zone 24Bniaupecostli fratibeativat abnea@B@ntsthird frheticna@es abky | 320] an fourth
-.10% preferably

fracti(?nglhgxlé%?nﬁ%gg@.ez{[%%th}é%{c%g&zgiog\ﬁq%6 31/ aq(hﬁgséxtb AEstipnaion zone 380.
At leadsolY SEHGRL - zonk LAD! & 20} it 1% |

t at al yst r angezofar%or%ﬁ? ‘ﬁ“%%?}j Z‘grglseg’gmg'?r%lm (%zﬁl_gne $h ‘%L) and
US 7. o3 6808 | challlixanfet alh 25 - 75% by wei ght. The bal ance of

o020 BB R TR b b 60T
be naplAly, ipgads, 8l oPhYd Yfledds! 8MDidiendNPrdrBAREL tORES is ﬂ_e@&gfha. The

bi nder should be uniformin conposition and rel ati y
naphthae fiydietrenting Seriet 4BY ecahi indbnds @ anaplithe | hydeotieatsr dhauving a naphtha
oSS D B oo i) B, FRCRS R ent of cona
oxide ph@SqXBRbLIde Zal0fg Mithd® séideld Tohpeaent RiFah&BRINMM 8iHERRungsten

., is a binder. One exenplary transal kylation catal yst is
oxide, gind @ thisd gompongst 5f g nopH@Iq etk smorst which)is typi@Ug@thigh purity
. | Voar,t kyl at.i on_zone 220 erates at

alumir Sy AP o 3Bl R RO B Bt TR T nE 4 - 5%. by

weightpred shr @obbdé&fth ox#id 40nipBaert 106 1ROEn@SH) 6 - T3, by weight. The
transalkxlation reaction can be effected over a wde

balancg of e Galysh sam by alusiing pesll camppnanisgiver up pad@0%, by weight. One

oGkhi£S;:. e [N [ I I 0-Of . par azxyl en t :

cremp s U BBy S5 T ORR0s Bl Ry SePR L TRl Ry Rgeaing

conditispainelude ladizjuid/hdwslyl patecls@RIEHSV)Af D.5 - 2OhhY, alpresTi8 of 690 -
feedééock is_freferably transalgglated in the vapor

6900 KPRALR) 2HPQ piik HBd grhvelergsa flow Al ogethnoyntalized m’/m” (100 -3000

SCFBﬁransalkylated in the liquid phase, then the presence

of hydrogen is optional. If present, free hydrogen is

associated with the feedstock and recycl ed

hydr ocarbons in an amount3of 0.1 noles - up to 10

nol es per nole of an al kylaromatic. 10100371 The

effluent fromthe transal kyl ati on zone 220 can exit

via a line 228 and be conbined with the effluent from

the extraction zone 180 in the line 186. This conbi ned

streamin the line 284 can enter the second

fracti onati on zone 280, as di scussed above, 100381

Referring to the first fractionation zone 240, the

~ -~
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[0041] The raffinate fromthe para-xyl ene-separation
zone 410 can be depleted of para- x ylene, to a |evel
usual Iy I'ess than 1% by weight. The raffinate can be
sent via a line 418 to 5 the al kylaromatic

t00351° bt iy h i heﬁ? G RPEdUr 1AL 6h via & Tine 130 to
the Iﬁﬁﬁﬁlrr%q%ﬂe' Mg, umy Qhe?tréﬂoﬁﬂﬁgoibn@fl%}’ & FagrisS AIE B§phtlﬁﬁ‘1¥s may be

et hyl benzene in the para-xyl ene-separation unit
converids ﬁOrfaEeorﬂayretﬂeomattmennmmder Teplicalty, sltidicforomag zone 140 runs at

very @g,egegy%ﬁg SBTHERL & %ogmgx?lglz o g:{cim%g ‘Number (RON)
gasoliteaeforhtk! 0@4)7%&1@ lt& ndakBnidd Il RERIBEL 6f d)r&erriﬁ(Srh 2R Cgmpounds

zone 500, the raffinate streamin the |line 418 can
This bighwever ’ésdomratwnﬁol %0 m@rmwammmaa@ awgcarMen the C8" fraction of

| Liqn 9] rization
refork 8 LG GRTLERRRL b SRR RERL B et onent . 3
[0026]t aIn e Fpfonain, zoad d4@hé ﬁyurg@iam Qchfiis COMRAABE Rlith alR€orming
nol ecul ar sjeve conponent can all ow control over the

catalyshpggey sefopping spaditiens- bBxnigsdly. e rgopeing eplelyst is composed of a first
comp_;fé%g% E}ﬁ‘jldn%g%%ﬁ% %&Ml P?{&g@ %orggg\#elﬁ}/o § n?o'?hﬁer metal, and a third

over a eman enzene

comp@mm@ﬂla& I’mtdrgamct beidevhgoun, ahichi @Y ®elEgh ?ﬁlt @latuifia. 2Generally, the
zeolitic altunl nosilicate or a nan-zeolitic nol ecul ar

platinymsgraup piegal i 801 ri%0% Rintvaighs pné theempdificrzmetal eemponent is 0.01 -

nt y e [ z
T T
compBERIY U RADOZa Y eighn Tie Fetrint-grovpmaasl @b beglatinanb @hRadium,
o oL S, el (e pencaeel e

1 Bﬁlam? % 0 f
p atm H\@O"n%‘ertzg nrg(\?(\gfleleﬁﬁg %@Jldeeg gg@ii%gﬂ |][§I/n’ I%%@é%ﬂg& fezi.tggéo%af?, nickel,
mdltlmegadllllmompgnHMIumady‘tpeoswm,oﬂhbldaunebala mxxmv@ tendof. @ reforming

B T I I N T,
refornfifl |c‘énﬂ'iﬁbﬁ'4 inch® NBBLRA KRER! spIBY vBRcRy BE @4 DUBPRPUR, ratio of

metal of platinum palladi dm rhodium rutheni um
hydfog%mm hydiocarbon @ b - THE nivdeseofrbydibgaa perbmotef of A§drocarbon feed

| ead di
emeifefp it o FRLAR Aoy e ool Fffo s
[0027] Xt’l@fe@efo'ﬁﬁﬁt@%freduth SoRP&e rélfing PaYe 80 @zﬁﬂ&lt&eﬂjllﬁ\é U,h into the

anot her base metal, or with a noble netal. Suitabl
fourtht feetiongidem|zoaeroidft s The frhetiongidere zoaa 3O ncapaimlydet one or more

omO0,01 - 10W ly fromO0.Q1 - 3% b
tacti RGO &by s, Aol deflincitersd M el £20 afrtes the
mcom[n@rk@%aﬁlﬁﬁ’tmalc? f2806n @Ilﬁﬁ§fr@ﬁ| tMe ot t90361uBR 3 50912 line 344 and

preferably 25 - 75% he 30bal ance of the

C8" exitingfrpsy th é»%@mpéglwcqienm @68 gimd binoR# 81t the tded fractionation zone

One exenplary isonerization
3m)«$¥$%§£k%¥¥ﬁﬁggge in the present invention is disclosed

[0028])n Wﬁe4q.y819>9a1@612 s(r&as i 08y 1ied 384 can ent@P 43 dxtFatBibs Fone 180. The
i somerization conditions include a tenperature in the
hydrocaghogetream grmbe a figy frectiqom the napbtia hydepigatingsrone J 20 end/or the

t 4 P The

etorm OB AL kYRR R IR bpn e bR cRracion
zone 18@kat produdeon bypprodatiuatfingfe st@hmlii tlineais4 bad hrs@ead rikh 188t least

hr-i. Cenerally, the hydrocarbon contacts the catal yst

in adm xture with gaseous hydrogen at a

hydr ogen-t o- hydr ocar bon Mdle ratio of 0.5:1 -15:1 or

nore, and preferably a nole ratio of 0.5 -10. If

liquid phase conditions are used for isonerizatiort,

then typically no hydrogen is added to the

al kyl aromatic isonerization zone 500. 1010044] At

| east a portion of the effluent fromthe al kylaromatic

i sonerization zone 500 in a line 504 can enter the

fifth fractlonatlon zone 360 The flfth fractlonatlon

~ o~ o~ o~ —
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par a- xyl ene-separati on zone 410 by bl ocking the flow
to the line 364. In addition, at |east a portion,

preferably all, of the bottomstreamin the |ine 262
can bypass the sixth fractionation zone 380 by closing
the zone's 380 i I and passing the strea
one JrOMAEIMRWPEUY ?Fé?nﬁeﬁ‘io’ét “Ge‘nzf’o%“ %‘[p’?h?"é‘ Reqgent to a

secodd' ﬂ&txﬁgﬁl(fnofon@ 290 Q@é&@ﬁbed@i&?&nﬁ&ri Ue Ritfinatd Brdali ﬁ'lay be blended

mbodi nent, 5 these alternative destinations are
into gms@irer aieles [fefedstbek far as ethyleae planh at iconvertoh e1t@ ddliltlonal benzene by

recyejp 1P Gy e ProlliiioD PraRS TR CHE TARIoRezpne ag iy uilize an
extra&%nhyﬁ&@aﬁ&ﬁn& eRrdcdie | diftBlaBSR, i h té)éira@tl&l"‘ or 2 %)mbmed

Ydrocarbons in the |ine 262. 10047 ferring to
hqulct 1qlad@<rre¢t10@kmp¢tafteydlaulbmn|moq§:s<odm ¢mnnlmytexnsctlon process is

s SERSE a3 TR RLESOTR ke S Opheg o ot

Refm;higo Prd&sQQS mcmw AoV Rob&K CEPIMdyRR, c3 ), aém)hq@ 2 13-2.23.
a top stream 254 and a bott om st ream 262, whi ch

Prefer:z@}v BEUrgshive dsullamryw aififieask Wpéchi qantipluder a Aeast eneceelusni fsown as
a malﬁidﬁﬁﬂﬁ{g@?coﬁp n}é& ;&% %gmﬁra% 'c«(%d Jo?%fu%}ﬁrpgsb It% (gvetrpgolumn

are on

[0029]r eBouraGide distillatich @n®epirhe <Rpohistis ma:ﬁg)@éwly%qualb@mumy and
_.recycled to the transal kyl ati on zone 220 via the |ine

havmgweeab‘y thasemeg beiling (Rgntt hd ypigpie 2 3olvapidisointiggicedeinto a main

d
cnd B MBS LA RL SO oy, Vam e
extradded. t D il veeamay Gfecabe baatsiftl iof tHercoadppngito poiht ihgdrocarbon stream

bet ween these two destinations. Also, a line_ 266

boilingphAiHprent ERPRFA e Fﬂa%qcrlﬁ@e BT BRPARIISN; dexeanniy gelvepigrinclude
i t| a S a el

tetrahgﬁ‘x%t product . gh\g% ve g% %‘g gyopgn elaﬁ}qmlogjhggne Le! NPM,
n-methfipptrolideaiet oepINKR diethylyndgticol; aribthplend rgbyeot, hetraethylene glycol,

ar ona ducti on apparatus. 6 004
meth Gy camy rE eBIobior e DB datols 85" SROGTBLTS i lsfybe suitable
solveﬁtgﬁkbﬁé dr &fcoﬁ%ﬁ%%i@ﬁm&%&%%ted%w{?@t ic gasoline blend

/or para-xylene can be made. Any of the valves,

[0039hr tm:lghmal gomd!reoii/&llwafsar@ 9i6h am the39 Seaanorleosro@@ic epmdpound in the
line l%égcrgg an Qp&l in (f ?fﬂtsxgrgffr(?réé g{trgg%ak}(e?qﬁ%)% zro%g lﬁl28t(ﬁ(’emixmfter
descr:bécﬂ%@' éﬁYér Qﬁé SE0R® MAcEARISN Fodd B3R PRBLBnd 88&1dnABon zone 280

bl end, and thus increase or decrease product vyields.
can intdudgrat émhpnfec‘plefrmr r Profgrabdy, th6 sedoqd flactiomagiontzope @80 includes a

e N R T R -

columAPPB @h Peodkd® afsteith iR ih besiend hﬁﬁ\%'t?" 8t ieoRANEL28 Mt can exit
Sending the streamfromthe line 258 to the aromatic

via a hees 394 pred pbeltem éaﬁmg@hemm@tlﬁkby €7beng enmoksyargingtic hydrocalbons

hat G By 8t R0 Rl oy o kTl o G B o

streanPHGdHClolRRe oAbitRianaallyv@léne tHe cat extRtheQof aRal hﬁhe%cbd endieast a
30production can be increased by sending the stream
portiop |06 thet fheam; tigh inggluere ¢anepasy aidsaidye at0 and boresoverdl a5 mproduct
| | e |
viaa 1# 23\/(\)/% t (?/8ﬁ gtﬁez%sg Bgﬂt iod r&syglgg %kr g%@cfn}%dihr i 6%%1; gg]%(;l{lg a line 314,
Option 90t suefim ridhah tdlGen¥ah ehe 1iMke3 UQaH &8 oMb@d Glithanst@am in a line
be increased by opening the valves 272 and 310 and
limting the production of par a- xyl ene and the
aromati ¢ gasoline bl end by reduci ng the flow t hrough
the valve 398. Additionally, the paraxyl ene production
can be increased by opening the valve 274 and limting
the production of 5 the aromatic gasoline blend by
limting the flow through the valve 398. Referring to
FIG 2, simlar product flexibility can be obtai ned by
sending at |least a portion of the streamfromthe |ine
262 (|nstead of the line 258 |n FI G 1) to the
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EXAMPLES [ 00541 Conparison Exanple 1 and Exanpl es 2-4
have a small addition of toluene/ benzene feed m xture
to the aromati c production unit. Conparison Exanple 1
5[00551 In this conparative exanple, the first

t t. 240 omtied, and {he bott
304 8 SHEBR dn A RS Pdraiy tRCIoETRE BRGIER. hOTFRAIDAR C& Momatic
hydr&:‘ﬁfﬂontcgn bhiead i@rdaf thotn 6@ 'EJ@it&ﬁ o\f"tﬁerboﬁthﬁn s&PHah®ink P84 and be a

rd fractionation zone 32 Al so, toluene is
feed tOelbglthé&a@tmﬂahen rorgrdal kyl atl on zone 220 by cl osing

1008 1] KBt i ol ey PP e o Pish e azons AP i pide at teas
one c3RniL250. PELLEASAA 280 dart SrBat¥ ﬂlré’@fré’cll%n@ @ﬂtlﬁg it RPN Side L Ad bottom.

recycle all fractionated toluene to
A strpqrr@mxg,hmk@ﬂa’f fromatio hpdrogegboraepnpa i véa @é{mﬁ A6Ffghe pixth fractionation

zone %g@& 0 a ﬁ’f"%@%‘%@ %?Lfﬁ hﬂgvxgéirﬁ%lzﬁy g’lfs)c%s (phere?ilnz{f?er A stream
rich ma;rraﬂ@;(y Congdpscaghont dagrextythé icBlubinn@sa iea amatsm:arﬁfvia a line 258.
recycle through the line 394 by throttling the val ve

At lemst s0mae Af ihicstecagecapaaseiodhs promabic gaseding bleng, the rguwtkylatien zone
220, ggpétgqgaé)éﬁ)gg%vee?y, (Hxé) ﬁh&gZ%S dvf%v ePa%t,7 ?rgg%nld’xl%a;tho? the stream

par axyl ene

rich ihithe &rongtit e }@maiboﬁfcaﬂi Be y@it & tﬂamdkg;hmithm bly I@perﬁﬁé dhysing, or
throttling the 2Qval ve 396 can increase the aromatic

ool B HEoboh i e e s
blende lvee 2’Fi | BW0CIbO 6o %trg%g' ’I'ICR tltL H r&%ﬂgozlzcan pass

fixing t earonratlc gasol' I ne pro
throug}n mhet valge e andthentineo 7§ rcod Uit 4()D,r wugb thé etrmi ¢an BQ@ent to the
i ncreasj ng the anmount of recycle

srom{t i elre R P é?ﬁ%’!@ﬁ)ﬂeé 3ithi ather Equponenisia Ciga mgasgine product.

IOOSQSr arf )leé ﬁféﬁm‘ i9 sdli %o e Monéhiylaci ﬁé h 8@ MEXAE2 B Qin be closed so
0601 In this conparative exanple, as in Comparison

the stEaampre inl thetdnemétia €9 hydmctrbom agn pzrss ZlmoeglR 4@ vadveolii2t tiedhe line

t he bottqnms fromthe s ractionation zone 280
276. e sty i g 276 S0 b EomBing oo (o Maat gt Buspld enter the
transaltyiflicnené e8¢l to the third fractionation zone 320.
However, at |east a portion of the toluene is

[0033¢c ol él@naék}thMUe:ondmZZQp@m prpdube additiveal3xgienes and benzene.
n d| next tP e, exa

Aoy 5Ny ‘@bt BOUbcednLolaTS) dhe FEORES gRERR, namely
dispropofiongiiéh Al tfiRalk{1a€oBEM delht. DRheldGRY R EShaldn RaOEbICean include

reacting two toluene molecules to form benzene and a xylene molecule, and the
transalkylation reaction can react toluene and an aromatic C9 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 higher alkyl group substituted aromatic C9 —
C10, can convert to lighter single-ring aromatics via dealkylation. As an example, the
methylethylbenzene can lose an ethyl group through dealkylation to form toluene.
Propylbenzene, butylbenzene, and diethylbenzene can be converted to benzene through

dealkylation. The methyl-substituted aromatics, e.g. toluene, can further convert via
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Exanple 6 [0062] In this exanple, closing the valve

274, opening the valve 272, and fixing the toluene and

the aromatic gasoline blend production rates can

i ncrease par a- xylene yield. Exanple 7 10[0063] In yet
anot.her. exa

03|n the v 272, en| e .
disprlghasof of AAEFHHLRG § HEIZBr HXTEiS. SQeCmed dpetiac the feed
to thé aﬁ&ishlﬁ?laﬁbﬁ %n@ s | N6CARF, BROAHEN G rh@éix‘é? ta'll@i‘ Fr8&;£ Substituted

and reduce tol uene productlon rates.
arompm%m]orﬂ beraefieucaniizr gearatedl ig, the tr@malkglatxhe Lmaﬂ v@emewly, the ethyl,

prop JEERh e il S0 CmaPRGr ervionifl dirq BRiePT sugion rate than

the lzﬁ@th%is @uﬁq@ikd!&ﬂe PEREIUCT cOMpHdES - sd@063ad Rﬁ%kﬂflﬂ)eﬁﬁene and
anples 1-8 are deplcted as KMIA in TABLE

tetraraefhyjhenzRetysand- | bs. per hour in TABLE 2 beI ow. TABLE
[003]4]( A{n ngl t}asﬁsélﬁyl}ﬂ%p‘%on%xﬁm Ithe strea%l t?iom a llne 52§ 1sP rcgt%accted with a

transalkylation catalyst under transalkylation conditions. Preferably, the catalyst is a metal
stabilized transalkylation catalyst. Such a catalyst can include a solid-acid component, a
metal component, and an inorganic oxide component. The solid-acid component typically is
a pentasil zeolite, which may include the structures of MFI, MEL, MTW, MTT and FER
(IUPAC Commission on Zeolite Nomenclature), a beta zeolite, or a mordenite. Desirably, it
is mordenite zeolite. Other suitable solid-acid components can include mazzite, NES type
zeolite, EU-1, MAPO-36, MAPSO-31, SAPO-5, SAPO-11, and SAPO-41. Generally,
mazzite zeolites include Zeolite Omega. Further discussion of the Zeolite Omega, and NU-
87, EU-1, MAPO-36, MAPSO-31, SAPO-5, SAPO-11, and SAPO-41 zeolites is provided in
US 7,169,368 B1 (Sullivan et al.).

[0035] 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,
gallium, zinc, uranium, dysprosium, thallium, 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 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 relatively refractory. Suitable binders can
include inorganic oxides, such as at least one of alumina, magnesia, zirconia, chromia, titania,
boria, thoria, phosphate, zinc oxide and silica. Preferably, alumina is a binder. One

exemplary transalkylation catalyst is disclosed in US 5,847,256 (Ichioka et al.).
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P- Xyl ene 1200 1200 1200 1221 1200 1226 1200 1200
Benzene 456 490 440 441 352 332 420 316 Tol uene O

[0036] Usually, the transalkylation zone 220 operates at a temperature of 200° - 540° C.
(390° - 1000° F.) and a pressure of 690 - 4140 kPa (100 -600 psi). The transalkylation
reaction can be effected over a wide range of space velocities, with higher space velocities
effecting a higher ratio of para-xylene at the expense of conversion. Generally, liquid hourly
space velocity is in the range of 0.1 - 20 hr''. The feedstock is preferably transalkylated in the
vapor phase and in the presence of hydrogen. If transalkylated in the liquid phase, then the
presence of hydrogen is optional. If present, free hydrogen is associated with the feedstock
and recycled hydrocarbons in an amount of 0.1 moles - up to 10 moles per mole of an
alkylaromatic.

[0037] The effluent from the transalkylation zone 220 can exit via a line 228 and be
combined with the effluent from the extraction zone 180 in the line 186. This combined
stream in the line 284 can enter the second fractionation zone 280, as discussed above.
[0038] Referring to the first fractionation zone 240, the effluent from the top of the
column 250 can exit via a line 254. This effluent can be combined with an effluent from the
fifth fractionation zone 360 from a line 364. These combined streams can enter a line 366.
The combined stream in the line 366 can be again combined with the bottom stream from the
column 350 in the fourth fractionation zone 340 in the line 348. These streams can be
combined and enter the third fractionation zone 320.

[0039] The third fractionation zone 320 can have a column 330 producing a top stream in
a line 334 and a bottom stream in a line 338 (described hereinafter). The top stream can be
rich aromatic C8 hydrocarbons and can enter the para-xylene-separation zone 410 via the line
334. This stream can be a second fraction from the extraction zone 180 and transalkylation
zone 220 after passing through the first fractionation zone 240 and second fractionation zone
280. Generally, this stream in the line 334 is directly comprised in the feed of or sent directly
to the para-xylene-separation zone 410.

[0040] The para-xylene-separation zone 410 may be based on a crystallization process or
an adsorptive separation process. Preferably, the para-xylene-separation zone 410 is based on
the adsorptive separation process. Such an adsorptive separation can provide a stream
containing substantially para-xylene, such as over 99%, by weight, para-xylene, in a line 414.

The feed to the para-xylene-separation zone 410 can be limited by, e.g., throttling a control
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0 0 0.222 222 142 266 Gasoline Blend 481 432 509 481
315 315 315 315 Raffinate 304 304 303 304 304 304 304

303 Light End

valve, to direct molecules to other zones, such as a transalkylation zone 220, to generate other
products such as benzene and toluene.

[0041] The raffinate from the para-xylene-separation zone 410 can be depleted of para-
xylene, to a level usually less than 1%, by weight. The raffinate can be sent via a line 418 to
the alkylaromatic isomerization zone 500, where additional para-xylene is produced by
reestablishing an equilibrium or near-equilibrium distribution of xylene isomers. Any
ethylbenzene in the para-xylene-separation unit raffinate may be either converted to
additional xylenes or converted to benzene by dealkylation, depending upon the type of
isomerization catalyst used.

[0042] In the alkylaromatic isomerization zone 500, the raffinate stream in the line 418
can be contacted with an isomerization catalyst under isomerization conditions. Typically,
the isomerization catalyst is composed of a molecular sieve component, a metal component,
and an inorganic oxide component. The molecular sieve component can allow control over
the catalyst performance between ethylbenzene isomerization and ethylbenzene dealkylation
depending on the overall demand for benzene. Consequently, the molecular sieve may be
either a zeolitic aluminosilicate or a non-zeolitic molecular sieve.  The zeolitic
aluminosilicate (or zeolite) component typically is either a pentasil zeolite, which include the
structures of MFI, MEL, MTW, MTT and FER (IUPAC Commission on Zeolite
Nomenclature), a beta zeolite, or a mordenite. Usually, the non-zeolitic molecular sieve is
one or more of the AEL framework types, especially SAPO-11, or one or more of the ATO
framework types, especially MAPSO-31. The metal component can be a noble metal
component, and may include an optional base metal modifier component in addition to the
noble metal or in place of the noble metal. The noble metal may be a platinum-group metal
of platinum, palladium, rhodium, ruthenium, osmium, or iridium. The base metal can be of
rhenium, tin, germanium, lead, cobalt, nickel, indium, gallium, zinc, uranium, dysprosium,
thallium, or a mixture thereof. The base metal may be combined with another base metal, or
with a noble metal. Suitable total metal amounts in the isomerization catalyst range from
0.01 - 10%, preferably from 0.01 - 3%, by weight. Suitable zeolite amounts in the catalyst
can range from 1 - 99%, preferably 10 - 90%, and more preferably 25 - 75%, by weight. The

balance of the catalyst is composed of inorganic oxide binder, typically alumina.
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One exemplary isomerization catalyst for use in the present invention is disclosed in
US 4,899,012 (Sachtler et al.).

[0043] Typical isomerization conditions include a temperature in the range from 0° -
600°C. (32° - 1100° F.) and a pressure from atmospheric to 3450 kPa (500 psi). The liquid
hourly hydrocarbon space velocity of the feedstock relative to the volume of catalyst can be
from 0.1 30 hr''. Generally, the hydrocarbon contacts the catalyst in admixture with gaseous
hydrogen at a hydrogen-to-hydrocarbon mole ratio of 0.5:1 —~15:1 or more, and preferably a
mole ratio of 0.5 ~10. If liquid phase conditions are used for isomerization, then typically no
hydrogen is added to the alkylaromatic isomerization zone 500.

[0044] At least a portion of the effluent from the alkylaromatic isomerization zone 500 in
a line 504 can enter the fifth fractionation zone 360. The fifth fractionation zone 360 can
include a column 370 for producing a top stream rich in C7" hydrocarbons that are purged
from the aromatic production apparatus 100 via a line 362. A bottom stream rich in aromatic
C8" hydrocarbons can be produced from the column 370 and exit via the line 364 and be
combined with the stream in the line 254 to create the combined stream in the line 366, as
discussed above.

[0045] Regarding the third fractionation zone 320, the bottom stream rich in C9*
hydrocarbons in the line 338 can be sent to the sixth fractionation zone 380. The sixth
fractionation zone 380 can include a column 390 producing a top stream rich in aromatic C9
hydrocarbon and a bottom stream rich in aromatic C10% hydrocarbon in a line 404 and
incorporated in a product, such as fuel oil. The top stream in a line 392 can be sent to the
aromatic gasoline blend, recycled to the transalkylation zone 220, or split between the two
destinations in any proportion. If at least a portion is provided to the aromatic gasoline blend,
the stream can pass through a valve 398 and combine with a stream in the line 278 before
exiting the aromatic product apparatus 100 via the line 400. If at least a portion is recycled,
the stream in a line 392 can pass through a valve 396 and the line 394 to the line 314. The
combined stream in the line 318 can be combined with the stream in the line 276. This
combined stream can be recycled via the line 224 to the transalkylation zone 220, as
discussed above.

[0046] In an alternative embodiment, at least a portion, preferably all, of the effluent from

the first fractionation zone 240 can pass through a valve 264 and a line 256 to the feed of the
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para-xylene-separation zone 410 by blocking the flow to the line 364. In addition, at least a
portion, preferably all, of the bottom stream in the line 262 can bypass the sixth fractionation
zone 380 by closing the zone’s 380 inlet and passing the stream in the line 262 through a line
406, a valve 408, and into the line 404 for a product, such as fuel oil. In this embodiment,
these alternative destinations are preferable if the first fractionation zone 240 provides a good
split of components in the line 244 with mostly C8 hydrocarbons in the line 254, mostly C9
hydrocarbons in the line 258, and mostly C10" hydrocarbons in the line 262.

[0047] Referring to FIG. 2, another exemplary aromatic production unit is depicted. The
aromatic production unit 600 is substantially the same as the aromatic production unit 100
described above, except the column 250 has only a top stream 254 and a bottom stream 262,
which can be particularly effective if the aromatic gasoline blend has an imprecise end point
requirement, and the line 406 and the valve 408 are omitted. The bottom stream 262 rich in
aromatic C9" hydrocarbons can be recycled to the transalkylation zone 220 via the line 276 by
passing through the valve 272 and/or can be passed to the aromatic gasoline blend via lines
278 and 400 by passing through the valve 274. The bottom stream 262 can be split in any
proportion between these two destinations. Also, a line 266 communicates with the line 262
to provide a purge from the aromatic production apparatus 600 to, e.g., a fuel oil product.
A valve 270 can be opened, closed, or throttled to purge heavy hydrocarbons from the
aromatic production apparatus 600.

[0048] In operation for ecither apparatus 100 and 600, varying amounts of benzene,
toluene, aromatic gasoline blend and/or para-xylene can be made. Any of the valves,
particularly the valves 396 and 398 and/or 272 and 274, can be opened, closed, or throttled to
regulate, respectively, the amount of recycle to the transalkylation zone 220 and the aromatic
gasoline blend, and thus increase or decrease product yields. As an example referring to
FIG. 1, aromatic C9 hydrocarbons can be provided by the line 392 from the sixth
fractionation zone 380 and the line 258 for the apparatus 100 from the first fractionation zone
240. Sending the stream from the line 258 to the aromatic gasoline blend can generate more
benzene by also sending at least a portion of the stream in the line 392 through the line 394,
and limiting the para-xylene production. Alternatively, the aromatic gasoline blend
production can be increased by sending the stream from the line 258 to the transalkylation

zone 220 via the line 276, closing the valve 274, increasing the flow through the valve 398,

- 13-



10

15

20

25

2575 Inport BT Feed 23 23 23 23 0 0 O O Total Feed
2608 2609 2607 2607 2586 2586 2587 2586 TABLE 2 (Al
units in one-thousand | bs. per hour) Exanples 1 2 3

and limiting para-xylene production. What is more, the toluene production can be increased
by opening the valves 272 and 310 and limiting the production of para-xylene and the
aromatic gasoline blend by reducing the flow through the valve 398. Additionally, the para-
xylene production can be increased by opening the valve 274 and limiting the production of
the aromatic gasoline blend by limiting the flow through the valve 398. Referring to FIG. 2,
similar product flexibility can be obtained by sending at least a portion of the stream from the
line 262 (instead of the line 258 in FIG. 1) to the transalkylation zone 220 or the aromatic
gasoline blend.

[0049] If the first fractionation zone 240 provides a good split of components in the line
244, at least a portion, preferably all, of the effluent in the line 254 containing mostly C8
hydrocarbons from the first fractionation zone 240 can pass through a valve 264 and a line
256 to the feed of the para-xylene-separation zone 410, as discussed above.

[0050] The valves 264, 270, 272, 274, 310, 312, 396, 398 and 408 can be control valves
and throttled to allow at least a portion of the hydrocarbons associated with their respective
lines there through.

[0051] Thus, the above apparatuses 100 and 600 can provide flexibility to produce

various products, as further illustrated in the examples below.

ILLUSTRATIVE EMBODIMENTS

[0052] The following examples are intended to further illustrate the subject process.
These illustrations of embodiments of the invention are not meant to limit the claims of this
invention to the particular details of these examples, These examples are based on
engineering calculations and actual operating experience with similar processes.

[0053] In these prophetic examples, the aromatic production apparatus 100 as depicted in
FIG. 1 uses generally the same condition for each example, such as the same feedstock
composition at the same feed rate and LHSV, hydrogen to hydrocarbon molar ratios, reactor
pressures, catalysts, catalyst distribution, and catalyst circulation rate, except for flow rates as

depicted in the Table 1 below.
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EXAMPLES

[0054] Comparison Example 1 and Examples 2-4 have a small addition of

toluene/benzene feed mixture to the aromatic production unit.

Comparison Example 1

[0055] In this comparative example, the first fractionation zone 240 is omitted and the
bottoms from the second fractionation zone 280 in the line 244 is sent to the line 328 to
combine with the feed to the third fractionation zone 320. Also, toluene is recycled to the

transalkylation zone 220 by closing the valve 310 and opening the valve 312.

Examples 2-4

[0056] In the following three examples, the valve 310 can be closed and the valve 312
can be opened to recycle all fractionated toluene to the transalkylation zone 220, as depicted

in FIG. 1.

Example 2
[0057] In this example, closing valve 272, opening valves 312 and 274, and fixing para-

xylene production by limiting the amount of recycle through the line 394 by throttling the

valve 396 can increase benzene yields.

Example 3
[0058] In another example, closing the valve 274, opening the valve 272, and fixing para-
xylene production by limiting the amount of recycle through the line 394 by throttling the

valve 396 can increase the aromatic gasoline blend.

Example 4

[0059] In yet another example, closing the valve 274, opening the valve 272, and fixing
the aromatic gasoline blend production by limiting the amount of product through the valve
396 (and correspondingly increasing the amount of recycle through the line 394) can increase

the amount of para-xylene in the line 414.

Comparison Example 5
[0060] In this comparative example, as in Comparison Example 1, the first fractionation

zone 240 is omitted and the bottoms from the second fractionation zone 280 in the line 244 is

-15-
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111 111 88.7 83.7 106 79.6 Toluene 0 0 O O 55.9 55.9
35.8 67.0 Gasoline Blend 121 109 128 121 79.4 79.4
79.4 79.4 Raffinate 76.6

sent to the line 328 to combine with the feed to the third fractionation zone 320. However, at

least a portion of the toluene is recovered as product by opening the valve 310.

Examples 6-8

[0061] In the next three examples, the valve 310 can be opened so at least some of the
toluene in the line 304 can be recovered as product.

Example 6

[0062] In this example, closing the valve 274, opening the valve 272, and fixing the

toluene and the aromatic gasoline blend production rates can increase para-xylene yield,

Example 7
[0063] In yet another example, closing the valve 272, opening the valve 274, and fixing

the para-xylene and the aromatic gasoline blend can increase benzene production rates, and

reduce toluene production rates.

Example 8

[0064] In a further example, closing the valve 274, opening the valve 272, and fixing the
aromatic gasoline blend and para-xylene production rates can increase toluene production
rates.

[0065] Results of the Examples 1-8 are depicted as KMTA in TABLE 1 and as one-
thousand-1bs. per hour in TABLE 2 below.



76.6 76.4 76.6 76.6 76.6 76.6 76.4 Light End 39.1 44.1
36.0 37.3 44.9 43.8 48.4 43.6 Heavies 3.0 2 3.0 3.0
3.8 3.3 3.8 3.3 Total Product

TABLE 1

(All units in KMTA)
Examples | 1 2 3 4 5 6 7 8
Product
P-Xylene 1200 | 1200{ 1200} 1221 1200| 1226 1200} 1200
Benzene 456 490 440 441 352 332 420 316
Toluene 0 0 0 0 222 222 142 266
Gasoline 481 432 509 481 315 315 315 315
Blend
Raffinate 304 304 303 304 304 304 304 303
Light End 155 175 143 148 178 174 192 173
Heavies 12 8 12 12 15 13 15 13
Total 2608 | 2609 | 2607 | 2607 2586 | 2586| 2587 | 2586
Product
Feed
H2 10 11 9 9 11 11 12 11
Reformate 2575 2575 2575 2575 2575| 2575 2575| 2575
Feed
Import BT 23 23 23 23 0 0 0 0
Feed
Total 2608 | 2609 | 2607! 2607 | 2586 2586 2587 2586
Feed
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657.2 657.5 657.0 657.0 651.7 651.7 651.9 651.7 Feed

H2 2.5 2.8222.82.83.02.8

TABLE 2

(All units in one-thousand Ibs. per hour)
Examples 1 2 3 4 5 6 7 8
Product
P-Xylene 3024 | 3024 | 3024 307.7| 3024 309.0| 3024 | 3024
Benzene 115 123 111 111 88.7| 83.7 106 | 79.6
Toluene 0 0 0 0O 559| 559| 358| 670
Gasoline 121 109 128 121 794 794 794 794
Blend
Raffinate 76.6 766 764| 766, 766| 76.6| 76.6| 764
Light End 39.1 44.1 3601 373 449 438| 484| 436
Heavies 3.0 2 3.0 3.0 3.8 3.3 3.8 3.3
Total 6572 657.5| 657.0| 657.0| 651.7| 651.7| 6519 651.7
Product
Feed
H2 2.5 2.8 2 2 2.8 2.8 3.0 2.8
Reformate | 6489 | 648.9| 6489 | 6489 | 6489 | 6489 | 6489 648.9
Feed
Import BT 5.8 5.8 5.8 5.8 0 0 0 0
Feed
Total 6572 657.5| 657.0| 657.0| 651.7| 651.7| 6519 | 651.7
Feed
[0066] Examples 2 and 3 demonstrate the flexibility of increasing the benzene or the

aromatic gasoline blend production. The difference can be 50 KMTA (13 one-thousand
Ibs./hr) of benzene (490 to 440 KMTA (123 to 111 one-thousand lbs./hr)), and 77 KMTA (19
one-thousand Ibs./hr) of the aromatic gasoline blend (432 to 509 KMTA (109 to 128 one-

thousand 1bs./hr)).

production. Example 4 makes 21 KMTA (5.3 one-thousand lbs./hr) more para-xylene at
1221 KMTA (307.7 one-thousand 1bs./hr) compared to 1200 KMTA (302.4 one-thousand

- 18 -
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Ref ormate Feed 648.9 648.9 648.9 648.9 648.9 648.9
648.9 648.9 Inport BT Feed 5.8 5.8 5.8 5.8 000 0
Total Feed 657.2 657.5 657.0 657.0 651.7 651.7 651.9

Ibs./hr) of para-xylene made by Example 1, but Example 4 makes 15 KMTA (3.8 one-
thousand lbs./hr) less benzene at 441 KMTA (111 one-thousand 1bs./hr) compared to 456
(115 one-thousand Ibs./hr) benzene made by Example 1. Similar flexibility with same or
different products is depicted in Examples 5-8, where toluene is also a product from the
aromatic production unit. Thus, these examples further demonstrate the flexibility of the
apparatuses disclosed herein.

[0067] In an embodiment the aromatic production apparatus can include a first
fractionation zone for providing a stream rich in an aromatic C8 and a stream rich in an
aromatic C9. The first fractionation zone can be communicated directly with a reaction zone
and an aromatic gasoline blend to provide at least a portion of the stream rich in the aromatic
C9 to the reaction zone or the aromatic gasoline blend. Optionally, the first fractionation
zone comprises a column providing the stream rich in the aromatic C8 in a top stream and
the stream rich in the aromatic C9 in a bottom stream or the stream rich in the aromatic C9
may be provided in a side stream, and the bottom stream may be rich in an aromatic C10™.
[0068] In an embodiment, the aromatic production apparatus may further comprise a
second fractionation zone for separating at least one of benzene and toluene from the reaction
zone and providing a feed to the first fractionation zone; wherein the reaction zone comprises
a transalkylation zone. Optionally, the second fractionation zone comprises a benzene
column and a toluene column wherein a top stream rich in toluene from the toluene column is
combined with the stream rich in the aromatic C9 prior to entering the reaction zone. The
aromatic production apparatus may further comprise: a para-xylene-separation zone receiving
at least a portion of the aromatic C8 stream from the first fractionation zone; an
alkylaromatic isomerization zone receiving at least a portion of the para-xylene-separation
zone effluent from the para-xylene-separation zone; and an extraction zone providing at least
a portion of an extraction zone effluent to the second fractionation zone.

[0069] 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
preferred specific embodiments are, therefore, to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way whatsoever.

[0070] In the foregoing, all temperatures are set forth uncorrected in degrees Celsius and,

all parts and percentages are by weight, unless otherwise indicated.

T
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extraction zone providing at |east 25a portion of an
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bel i eved that one skilled in the art can, using the
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as nerely illustrative, and not limtative of the
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i ndicated. 10071) Fromthe foregoing description, one
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| east one of a first streamrich in an aromatic C9 and
a second streamrich in an aromatic C9 for increasing
production of at |east one of benzene, tol uene,
par a- xyl ene, and an aromatic 5gasoline bl end,
conpri si ng: (a) providing the first streamrich
in an aromatic CO froma first fractionation zone that
CLABgSi ves an effluent froma second fractionation zone
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in the aromatic C9 is at |east partially conprised in
rich4n thearemaine9 of attlpast partiglly epraprised impldlansk pnael ba feedfe the
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aromatic C8-, the first streamrich in the aromatic
prodi@e az0aand mbnm awalatip G~ ydrecarboris@nd jarstraam aich imatogmatic C9”
hdC:lO 3. The nmethod of claim?2, further conprising
yAOsHRRS @i ng a purge streamwith the first stream

i qB) i fasdifeiRsaeRh reh Q?aro%ﬁﬁ oM LR cAbbRd ﬂ&hrtﬁéﬂﬁ‘n’@ fFdtionation
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zonofta kasltdirac;apnztthm Zoue treprotineaie second mpedns eidh imarparbuetic C9, wherein
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5. The net arm 1, e|n the first

fractionation zone conﬁr ses a colum receiving, the
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ter ransa ['ation zone
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aromati c gasoline bl end production rates to increase
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4, fractTRnatigd of Worfeclff BARY 10 NYd8, SheRAMMEIHH s'tr@arﬁrx‘lch in the
aromati ¢ C8- and astreamr|Ch in an aromati c C9;

aromatic C9 comprises at least 70%, by weight, the aromatic C9.

5. The method of claim 1, wherein the first fractionation zone comprises a column

receiving the effluent from the second fractionation zone; and
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(b) a second fractionation zone for separating benzene
and optionally toluene froma transal kyl ati on zone

ef fl uent and providing a feed to the first
fractionation zone; and (c) athird
fractionation zone for receiving the streamrich in
the aromatic C8- 15fromthe first fractionation zone

wher eilitifg Slefpre@ittion bOMetaR@ndthd galolincasléndwalleOthe Fed¥to the

is directly conprised in a para-xyl ene-separati on zone
tranp@isglation gongar a- xyl cne- separation zone. 8.The aronmatic

production apparatus of claim7, wherein the first

6. fract WB%&M&MmCIQWH&@%ﬁﬁ%:UW providing the
streamrich in the aromatic - in atop stream and
t he spassiga feehtlirpughrrepaan-siiene-ser@gation zanpend bmitsig@wmt:
209. The,ar.0 i ¢ prooductiaon apparatus of claim?7 .
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in atop stream the streamrich in the aromatic C9 in
a si db). she teluene andithe abonatorgasoliredrend produdtioarratas tnatiease the
C1q+. 10. Tcge aromati ¢ production apparatus of any one
pargsxylgneprpducsiongates ny 9 wherein the first fractionation
zone is communi cated directly with a reaction zone and

7. an Jax enwvatatic pgakiotiomappadvhsg ndmposipg:ovi de at | east a
portion_of the streamrjch in the aromatic C9 to th

€. .
r ed@) i B, Bagiogationgons fenRie Y ing Yisereg) i8rqg aromatic C8 and a

stream rich in an aromatic C9;

(b) asecond fractionation zone for separating benzene and optionally toluene from a
transalkylation zone effluent and providing a feed to the first fractionation zone; and

(© a third fractionation zone for receiving the stream rich in the aromatic C8~
from the first fractionation zone wherein an effluent from the third fractionation zone is

directly comprised in a para-xylene-separation zone feed to a para-xylene-separation zone.

8. The aromatic production apparatus of claim 7, wherein the first fractionation zone
comprises a column providing the stream rich in the aromatic C8 in a top stream and the

stream rich in the aromatic C9 in a bottom stream.

9. The aromatic production apparatus of claim 7, wherein the first fractionation zone
comprises a column providing the stream rich in the aromatic C8 in a top stream, the stream

rich in the aromatic C9 in a side stream, and a bottom stream rich in an aromatic C10".

10.  The aromatic production apparatus of any one of claims 7, 8, and 9 wherein the first
fractionation zone is communicated directly with a reaction zone and an aromatic gasoline
blend to provide at least a portion of the stream rich in the aromatic C9 to the reaction zone or

the aromatic gasoline blend.
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