WO 2008/ 124228PCT/ US2008/ 055845 - 1 - PROCESS AND APPARATUS FOR PARA- XYLENE
PRODUCTI ON FI ELD OF THE | NVENTI ON [ 0001] The present disclosure relates to a
process for the production of para-xylene using a conbination of a high

sel ective tolwgr‘?g 8474 opor ti onati on” process which prodfELESYORBIZ r eam
and a crystallization process that separates the para-xylene fromthe C8+
stream BACKGROUND [ 00021The C8 al kyl benzenes, ethyl benzene (EB),

par a- xyl ene (PX), ten present
together in a typi cﬁd%é@%&%ggﬁ%ﬁé@%%ﬁ@é%@ﬁ@%m a chem cal
plant or a refinery. For instance, commercially avail able PxMax, Mobil

Sel ective Tol uene Disproportionation and Mbil Tol uene D sproporti onati on

processes nﬁgLBr&dﬁg@[WEﬁT%@tream [0003] OF the three xylene isoners, PX
has the larg PX is used primarily for manufacturlng

purified t er;oﬁtﬁ{]‘tDR/% ' fhca]ﬁésgnt(dll:)-glao‘)sur@%téﬁtg g@{}}&@k&%& p‘?§&u@ﬁ(§1l &:f'féer x@ﬁngh@ hy

t erepht hal at e , are used ng vari ous s suc

pol y( et hyl e%éor{l‘éﬁeélphtoﬁal lagle)gele%lrve II'ETIEHe mbﬂpw@pm®wmenvé00@®r ’elplhh ivedidages )a, Cor
PPT, - and Pl RUENG AARARN DA Bl tuREE pa L i iBh (X @dSgal PET are
used for many different popular consuner goo s such as , synthetic
fibers, and plastic bottles for soft drinks. PPT and PBT may be used for
making simlar products with different properties. [0004] Fracti onal
distillati agacsGrROCEMMONl Yy used net hod for nmany processes in many
industrial plants to separate chem cals. However, it is often difficult to
use such a [OGImIenti oml Cf dligtitchanal, efﬁbﬁ)ﬁﬂzlcﬂlea@HH)anrﬁﬁﬁﬂm ©@JY, driloS@lad ave) t he
EB and differen rt SOIEL.S effi wn@jgy ?/\F econg @?)F] y because, t he
boi I i ng poi‘At &% a\rx ‘ﬁlg ar?}? 3}8%051 &ge WP hPEUSTE 5 Al PEUFtange,
from about skB&GCfibm a&bauitcalmafh(bf(aseﬁnéfab[:@ idgtancd Rembwoiclallp gvplablaPsmMeat, Nedbiland

apart . as leEdt Tou s e atosiih RN vy bty oS on g or

subst ant| alprcrdawmblesmwaml d be required to provide effective and
satisfactory xylene separations. WD 2008/ 124228PCT/ US2008/ 055845 - 2 -
Tabl e 1 C8 [¢Wdpound Boht img Pddna isofnes) PXheethe iggdBotammdt @sl) merBet 1 B& is used

primarily for manufacturing purified terephthalic acid (PTA) and terephthalate esters such as

dimethyl terephthalate (DMT), which are used for making various polymers such as
poly(ethylene terephthalate), or PET, poly(propylene terephthalate), or PPT, and poly(butene
terephthalatc), or PBT. Different grades of PET arc uscd for many different popular consumer
goods such as films, synthetic fibers, and plastic bottles for soft drinks. PPT and PBT may be

used for making similar products with different properties.

[0004] Fractional distillation is a commonly used mecthod for many processes in many
industrial plants to separate chemicals. However, it is often difficult to use such a conventional
fractional distillation technology to separate the EB and different xylene isomers efficiently and
economically because the boiling points of the four Cg aromatics fall within a very narrow 8°C
range, from about 136°C to about 144°C (see Table 1). The boiling points of PX and EB are
about 2°C apart. The boiling points of PX and MX are only about 1°C apart. As a result, large
equipment, significant energy consumption, and/or substantial recycles would be required to

provide effective and satisfactory xylene separations.



-95 PX 138 13 MX 139 -48 OX 144 -25 [O00051Fractional crystallization in a
crystallizer takes advantage of the differences between the freezi ng

poi nts and so s of the C8 aromatic conponents at differe

t enper at ur es. {V&fgds %)12 8ts hi gher freezing point, PX is ugﬂulsff""g%ﬁsé?at ed as
a solid in such a process while the ot heQ-corrponents are recovered in a
PX-depleted filtrate. H gh PX purity, a key property needed for
satisfactory cormerm al conversion of HXplea PTA and/or DMI in nost plants,
can be obtained b : i S Pat ent No.
4,120, 911 provi g | al i zer that may
operate in this|mannerggs descftibed 1 gUS Pat gnt No. _g3, 662, 013.
Commercial ly available processes and crystallilzers include the
crystal lization|isofinPfg process, thBScontindous codAtercurfent

crystal lization|procesgy the d{rect cpgract CQZ crystglitizer, and the
scraped drumcrystallizer Duelta high utility usage and thel|fornmation of a
eutectic between PX andXMX, it|is us ubi4 y mor § advant?égeous to use a feed
wi th as high an Tnitiat—PXToncentrationm as possi e wren—ust ng fracti onal
crystallization to recover PX. [00061The term "shape-sel ective catal ysis"

descri bes upgdect edF&éFo%Ll%:‘y&alﬁ?a‘th&tlﬁV' Edy@R11ibd tél?e@'Jd‘i&ﬁageT&etihQrdﬂ&érR'eﬁs
behi nd shape sel ective catal ysis have been revi ewed extensively, by

N. Y. Chen,bofrece. thesdffageag peing md eplulpligesy of thgp aragestie caompendaatst afl gisiesnt n
I ndustrial AppdhicRL.T ORS o 1@@1gh%ﬁ&%lng%h}feﬂs){ 1§ B&all gﬁ%&%)ed MLt RN iRsggol ite

pore, hydrocarbon conversion reactions such éqpara in isomerization,
ol ef i n skelBPeHs WhiledBtipiher C@Hﬁﬂ“ﬁ“@oﬁﬁ‘é@%"éﬁddﬁd -{egisirdrfilzate.i Bighahe peritprat i c

di sproporti@p @&dp@@y nd@bkloRbakiORc oy bhaRRal kydvalioRBr PRAE PTRANAI/B BMAOK §{REd by
constraints |rrpose by the channel size. Reactant selectivity occurs when a

fraction ofPlats say8t GBRIFd by ghis|tupegel frastian erystaHatinso| PP a5l 8. ¢429.8Hct ;

whi | e produgévigsh@edclipidndor @EEMERIME Bry SANE:r @fat TBEo RELIMGRIS mEARP R EBUE the
zeolite channel s. Product d| stributions can also be altered by transition

state sel edBit Pyont MNaui @R 0% r Cammerdyravaiblcchinsstes god gryspibiads sisludpdhe

reaction troasilliaem isdfai précelsOe lcadiB8odsQofQErBi Wt (E}?ﬂalﬁﬂﬁoiﬁl@bésg fhd@fLS Ofr
cages. Anot her t (gze of selectivity results fromcontigurational constraints

on di f fusi SAMHETE Theliifchend thsrstapsd dive GrpttadleasT e Dup B bigl ik pagstand e

zeol i te porfern)ist 6 cufecEBtlve&NBOGRI 1IN, 1 heusdhivBRSE @@@n@%eo‘hb% ek egddl@mor
the zeolite B]igge can result in |arge di f f usi on changes eading to different

product di <f riEBat }n&ﬁéprﬁ‘i%mw FOTST A A DIBIEE/VSHTO S UEEEAEON o Fecovgr e of
shape sel ect | cat i S . nst rated, for. exa in selectjve

t ol uene di g@‘%gort i glhé%frﬂln 380 e WV%%alysfboéiﬁ’ﬂ‘Wém%Bﬁ%‘id Wﬁlcd?lcqﬂ%‘ie%m
typically paﬂftcgr mlmyxptc@buﬁrnashdpesqarcap@rcauﬁ@mahmrbcﬁmgmcxaccp@&@hyap andsr
conversi on t he t i sproportionation,
descri bed 15\?7032’ Eh :\& E%%z{n?‘?t V@éefaﬁ%ﬁ’ ‘H‘r"Scéazlartﬁiﬁsr‘rS t‘i‘oﬂ%? §f‘lons"
Academ ¢ PraggBcatibhsy’. 36, MM8d&] Dpkker,2nc. 3[1198@) WIt]ilﬁdlSzenytBIpGﬁl hydrdScﬁﬂddh tcomvRrsidae
production of .a m xtur udi n pon t.he degree
of sel ect i ViFy St butcflledscg%mﬁjystm g'rlzaﬁs’?(éﬁplé gg‘mt v&f‘ﬁggj £RECFELRR on
condi tions ,Ollghnfleﬁ‘le:tt@nt aqdeatromﬁﬁcagepropcfru&mlm ealipldtiah rtedtranIehEylaldoel @actione arc t he
anount of XY, | en rod S a, proportign. of t st oc

af f ect ed b)% egé’ 4 if/lr%l ' Im%‘)sf\%gyt?‘gé%aflfl%ﬁms%eﬁ f“ftgﬁfécqw %B‘i‘fg’ﬁﬂ’ﬁ égﬁﬂft}‘inbrl um
reacti on f of atférdstcdnivess iacge tofenteothienditt poney keervectantlildgndienesiectivity occurs

when some of the products cannot leave the zeolite channels. Product distributions can also be
altered by transition state selectivity in which ceIitain reactions cannot occur because the reaction
transition state is too large to form within the zeolite pores or cages. Another type of selectivity
results from configurational constraints on diffusion where the dimensions of the molecule
approach that of the zeolite porc system. A small change in the dimensions of the molccule or the

zeolite pore can result in large diffusion changes leading to different product distributions. This



products normally yields about 24% PX, about 54% MX, and about 22% OX anong
xyl enes. [0009] Conventional |y, PX production by tol uene di sproportionation
conprises: a) ?)olou/ene di sproportionation step to produce _a product stream
having C7- hydPSt&M9Hs i ncl udi ng benzene and tol uene, ESTRYEPHERDons

i ncluding PX, MX, OX, and ethyl benzene, -and C9+ hydrocarbons; b) a
separation systemconprising: 1. a C/7/- separation step to separate the C7-
hydr ocar bongpé ra@mstidpe pleductcagtysicam dombdrived 6F- cdeplet Bd ssbdRanohrig a
C9+ separati.on stﬂe tto separ ate the C9+ hydrocarbons fromthe C7- depl eted
streamto f&PHPERERAIRIPEY S Yepl et ed stream which is enriched with C8

hydr ocar bon conparing W.th . prodyct stre r 2.. a C9+ separation .
step to sep@ro gzje the?@gﬂ%?rb%ftad?ggﬁ%pl H%H?I?%@eﬁgotaﬁ‘g?e @fprr%pgﬁqqngtnﬁ&vmaa Co+
depl et ed stcagdyst vaddl @nGfsios epatitink.0BxSipd ioluse plar atlent hispfopertydivacas bons
fromthe CO+ depleted stir. o for 7 - d C9+ depl eted, stream which is
enr 1 ched w T eBt By Esthr TBnCh Sy Gol sl Bt CoPatlaet - SerERA VB3
C7- and CO-NgepaBhii th Ssthepethals sppallates (G theanaluC@ah ofiy dii-acaitzordmgfPeomx he
product str forma C7-. and CO+ depl eted strea ich is enriched wth
&5 hydr ocar Bt EhThEnmh i £ o8 H R A Cotiefebli) B
2008/ 12422 8RCihtisa 008105534 Berentdercen)grs BXPX epastatinan Tt @pldf ice.,.skpanatne oPX
fromat le rti f the C7: and C9+ depleted, stream .
100107 Conveeab PG AL Berblnftlps BROrE s HERMRSER T I Snserging rgpoon
crystal |l i zahdhost ep to produce a PX product with desired purity, e.g., at

| east 99 wt% At least a portion of the C7- and C9+ depleted streamis used
as a feedstl8@®Blfor tHe @ldeparsicion fattbp c¢ryisioDedaldingoonylanhend ésizeed
purity of B{P@du@%n&%gy%teldg%ﬁ@pﬁpg! 900 01& Fr?é a%&ﬂ%%td)@%ﬂi% Qgﬁ-n&he C7-

and C9+ depleted strea I -stage crystallization uni

nul ti-st aggﬂﬁﬁfor Pt | GdhviliohalFRYxX BRJINEBH Y oA ld-EFo¥sdn@lidnl BAbHQE: met hods
can be used to separate PX (p-xylene) froma C8 aromatic starting materi al
whi ch contains gf hyl brBzeRRpropstivRkibn aged RE JBIRE XVhENRL is%@afﬁ?rl%winngh-as a
freezing point of 13.3C, MX has a freezing point of -47.9C and OX _has a
freezing point of - t?ﬂfoﬁ@boq%%\?’é}g,bo%ﬁ‘?/@%tt?léﬁ‘éi Cidpgeocapens 2uglydiig FRe e ds
can be used to make X Jll bilyBedbdd nd QF hPHBEardds;S W . % only with great
expense. [0012] Crystallization processes to recover PX froma m xture of Cs
aromati cs requi bes aepdritdg sydien fmedisivkxt ure. Because its nelting point is
much hi gher than that of the other Cs aromatics, PX is readily separated in
the crystallizer aftler refi geratioronicrofo dehaats tilice@mhylifdcalomy dvkd B akoda
crystallization processes, the.feed.contains abou 2 to about 23 wt. % PX
This is the type of feedbtfﬁ%ré]tqo fam gace{?fég%?ﬁ%? %B"f[%tiaﬁ 8%?J? ?)Cﬁ?rété\‘fna‘ltt?t%? geparate
reform ng of naphtha, xylherte+ihgdomrtionafromnhe Grdeptaat shape fehadt;t uel ¢.ol uene

di sproportionation (TDP) ,processes, ji.n which the.r ti,ve proportion. of
xyl ene i somers is close g%lcgcdzlu%c?rﬁr\?}ﬂ% 4t CnflélécgtYV%lh%Jfg‘ﬁ%rgFa UY €8 “OBBY Ehe
production of high purit yitPXe@prdi9ctsirtam; »99. 8 Wt % from t hese feeds, these
feeds are cooled, crystallized and separated at a very cold tenperature,
normal ly -65 to -7025C. # Rsosdertionstereoeparatentist Codfhytitvearbds firoonths pladtigton,

t he feeds sonetines have, b | ed t .as about. -85" - . 95F. The
crystals are nelted, and“%e e @e@ﬁﬁtﬁ §99+ gﬁ%ﬁ gt#d?lé dfg(g@r ‘t§/7§t g’?qdlr%%ﬁ bf'f dto
separated at a warner t esperathor@- fhydropmbxintimmP Gardeplyted Bewaus éorofa §he
constraint inposed by thg edteqly G.d GIRAT AhihSs eﬁf&t{eﬁ%ﬁﬁd h},&r%@égbone a
conventional crystallization processes I's generally Tinmted to about 50 -
65% Therefore, these provwsgesvigeihepwidie sivaveot ess favorabl e economi cs
conmpared to the newer adsorption based PX recovery technol ogies, which can
recover 97 - 98% of 3t he ¥ EednbKyt saparahen ven owerardapi-taafl Candybgrerbans figm
costs. [0013]U. S. Pat. Nge prodhfBsiRAm i Reh0S@S. &ndiys udhibibd RkbaRD WREACESS
for PX recovery. A single tenperature cr{stal l'i zati on production stage is
used for produci ng PX frdfickedratddmdiosydenspxeemmeantvitathicorpduggiream; and

equi librium such as froma toluene disproportionation process. Scavenger
stages are also used to raise the PX recovery rate.



WO 2008/ 124228PCT/ US2008/ 055845 - 5 - [0014]U.S. Pat. No. 5,498, 822

di scl oses a crystallization process for PX recovery. A single tenperature
crystallization sta is used for producing PX froma feed having an above
equi | i brium P‘Xoc??)"ﬁ/d%ﬁ%sr ation, such as fromtol uene di spPEFEFPPERAL on.

[ 0015] Vari ous net hods are knovvn in the aput. for increasing the
para-selectivity of zeolite catalysts, for exanple, U S Pat. Nos.

5,349, 113, 5, 49&) 8144 P, 3atbhdtepro bdfuad? BX B8 7ef308 podiod BB (B, and Cot

5, 365, 004, 5,610,112 , 455,213, 5,516, 736, 5, 495,059, 5,633, 417,

5,659, 098, 6. 576, 5823KNFdg%™ 583. [0016] A modified crystal lization
process (W 6946) . when the feed cqontains a relative hi gh
At TR Je e R RN e M IR

t ol uene di sprpog@iacd 4 BNatddaey WiSTdR)cdFOIEL s $E It @&ﬂ@@ akdyAciomt aipbisionsethe (9- Wt %

X o L glorosle e, ML eEoyEty o1 B Lo pRseL o Ughnge 100l

filtrate i sdepiraicesised thhrrduplodanand depandies sm&m&rrgedmcsﬂt&gexs 1romercat amtgca{
| ower tenp cover d| t

c

oeve ea T ol Shesmt d i G e R S eSO S
aronatic m e con Quer 0SS tal n ver. 90%
oouery | rRHIE CPOERMAT NS el (ns Lo P RERSER G B M DehEhed®
scavenger stage (nvte@éﬁlv@!fﬁgﬂ%)ltausmwlhﬂwehwcesmmgs the tlodst wlmdsdrmamnm a

rocesses (o) ced
Iroef rigerat :Jfgéﬁglg%gﬂﬁer éaflnlg’raigt éslqg%% aggé‘%g}é@ %Oqlﬁteon L?g%z]raggg)\?ggg ‘ifree%% PP lﬁ{ gpu
nmodi fi ed cripsX’@l Haveeaen mnvgttmcséss@@llaat@ngeaﬂmdabdnybeommtmcm V& witht dpurity of
adsor ption hased pr 9%?. Ig&ee&nggl ieved that the feedstock to the

crystallization ste UI res very low |l evel of C9+ hydrocarbons, which
may interf@qpgaMth t@?st@lﬁéafn%%@ esOb rld3Ger P /bifa 'dx&{%rréh% Uzi‘rb&lancl_*? nelore,
a C9+ separation step’is required to renove C9+ fromt roduct stream of
step (a), rforlingl thy feed ouxtugi Hepqubaits altiag parh isi Budhelighed thap ﬂaﬂé Hif éeeotbier sty ed
Co+ | evel aﬂ)rﬁanfcseef@@tqugadflprbeﬂdpﬁedD % %p%éﬁlh&? d?trelepefﬁge)[dtloho&lﬁ]: | freft@STNOW

been surprisi ngly found that the C9+ separation step may be el im nated or
m ni m zed B9rYeREOnebRHrEeligHionprogesgts, @efe@éw%nwpwﬁéo ghogploplote P26 Ais on
process Wh'1§3tﬂqep{yﬁg%@%dathmtssécﬁ%lw 3Bdindd oS bkl i Alrd R PEORERER, Tehe
elimnation or mnimzation o C9+ separation step can reduce energy
consunpt i onOMEEFItPRand 8et-shappisiestivoRbiFncdYropogiegationi(8RP bnogesscy. i which the

envi r onmenteelfie fo%mﬁir&d{lﬁ‘ehé %@m@xlsqmclmé’%' DilWhidih ot fé%&ﬁ)’natgﬁpetrgurleQ\’FoPﬁleCOSt
of production and | ess em ssion to the cal environnent

W02008/ 124 258petpn 9§ 2ahigrobsBs 5> 2% tosﬁ?@mW)dmerESﬁemGEwRéeeﬂ%@%om sone

enbodi ment %rysiamz&l cﬁll'd%gﬂa%d&ra@a (f@r&@&lg%rﬁ&raﬁlrcp'hgﬁx?aﬁz &0 W@Q%Q%P ¥ recover
conprising provid )g a C8+ feedstock, havin drocar bons and C9+

hydr ocar borst qfcsheal’ fro@saiuripns i fegds @ttml?né@’ic tQ P%%ﬂdlt? #alpven abashdidt ioons to

produce a BXrenht chedissdé ermdand i R ConaRnts cRRIREd 8hd b@aRted H 5 Wt %
based on the weight of the PX enriched stream wherein the C3+ feedstock

has a PX cOREBHETHICragHe &1 mprimunBX ryotywss asfdhorensiernimpgspd bt theeuigsficenes
in the C8+tdngRESLOCKK r(\/&’G{/&Jﬁ flohe c&eRientfoB QUS| R lkzahdV hRdBesdes G Lokl OGAIidA0RS

concentration in a ra(r%lg16 rom1l wpmto 10 wm % based on the total weight of
the C8+ fedlfdf 82k o510 1@?%6 dhe Progsitis dr et d1ave lipssfernralily eropemaics e1Ed to a

process of tthedied BghofNo BB PX irddgvert REhrdIoR1k AiHeh @n tRbuene-berdsteaicd
havi ng t ol ﬁgne to a reactjon zone (b) contacting the toluene with a

catal yst undedhgy/are gpi f"&%%??‘ia e on conditions to forman effl uent

Gy ocat SR comprr e o MR8 AReRes an ey Srlivatie PO RF dBEX HEQVTPR
concent r at siagle &ﬁnpaltatull ceasstramﬂnwt Probasiedstagt it aledorwaidgliig PX syl aﬂE&ShalviilgTahe

effluent; |n S. rei of hydr ocar bons fromt

of {1 uent ¢ 551 rERRT B Paosp Bl Bitein el splionE S GRR ORADn oD oG
hydrocarbolewaQﬁcﬁq&fatabnu%ﬂﬁmm&eWnWmh%@w&@rM&@bbased on the total weight
of the C8+ feedstock; and (d) supply at |east a portion of the C8+
feedstock to a crystallization unit under crystallization conditions to
produce a PX enriched stream having a PX concentration of at |east 99.5 W%
based on the wei ght of the PX enriched stream [0021]1n sone aspects of

this disclosure, the feedstock supplied to the crystallization unit



is made by a STDP process consisting essentially of: (a)a toluene purifying
step to produce a toluene feedstock conprising at |east 90 wt. %t ol uene and
non-aromati c QédroFar bons ranging from1l to 10 wm % based on t he wei ght

the tol uene fE&8dEPIER*® wherein the tol uene purifying st & NELFEEHT <)

conprises an aromati c product streamfrom-a catalytic refornmer, an aromatic
product streamfroma catalytic cracker, and/or an aromatic product stream
from a steapedlacker U.Sipar elon 51408820 GisEbC a RERAUCEtIHE fre@mB fof X Rcdabalyti c

reformer, the aromatjc product. streamfroma catalyti.c cracker, or the
aromatic pr %ﬁﬁ%fe”?f”raé’é%&ﬁmgﬁ?aiio% P& (’:lfeélcf[lg]‘é?rog‘t? réisé fama4 %Fig%vfnglm\/\i?ﬁﬁ‘? to
about 15 wt &quitibrin@aroimhécntriniod) @ctasscansiolucMigéhdiba#bd8 PCT/ US2008/ 055845 -

7 - PX, MX, OX, C9+and unreacted tol uene, wherein the tol uene
di sproportiBAkdli ng sVeqoukasthadt ot kerve: o drever fot @oreasaigghaygrd-setmtiaaiftzedle t 0

35 wt % based, on,.the tol ye ig.the t ock,. ,and i
tol uene di s%‘?a?ﬁto”r Olr(%%r{qi'ld%nnﬁ'ps)‘r gac}'ucf’ > ﬁgs‘ﬁg?%i’@g%?én%ﬁgtl?%’ni%%g? ’ gééjs]@gm
W % based oh4@3cR08] 53¢5.e0kssoH,11Be J450¢he 541 &P pASi06NaticdR 4 pr, oslaixg98and

(c)separati | e ortion of the |ight gases, at |east a portion of
t he Bz, and&g%@stgan@?s’%%%égrti on of the unreacted toluene fromthe tol uene

di sproporti ion p kit f VAN cl ai 1,
2 5 5", PO O PGS QRIBAUEE R (RRSRBE Ry MBS 4R BT 2
process of (onuseirdgivei heghreohenirrignes B¥nfThall yrowhtic fhijuraottohaddimen glactifeyi ng
step to pr . : LSn . .9 | e and
non- ar omat ?gf‘dfg}r%d(?bg E:(g)lrogg)ﬁ%oﬁ ﬁg?@g’%ﬁ gs%”gén}[g %l Iy1 gon\?\%l % O%%Ziod‘gg%\ﬂ%(h f O%Agl%sg of

t he t ol ueneoffleaddighciccovaivepiePR it pessitdd e apinglef piodestion efogh as relatigely dijgh
conpri ses ti d . iC.r romatic
B oduct st 1 aB foin 4 Lo Pt oo P R R e R e S
from a st ediFetiacKdywer ymmeeaive, - Hed Grio mat Cetopewduatidigerab Biq Whidmisacwaltdioyt i ¢
reformer, tRen BRI R urBEAR MWL R & %haha/&ﬁxffurs@qmrme 794 PR
aromatic product streamfroma steam cracker conprises at least 1 wppmto
about 15 wtitfsrieprille enettaie opgf HOYcHEDETsin a( elepreusden fags dnsrating aledd.9°C to
feedstock Wt A} daVSlgeURHRT (WEds420887)d! SRR ARQt MNAL LO8ht G S FPpt O
product a toluene disproportionation product having |Ight gases, Bz, PX

MX, OX, Co-Paffessemisegarsdye moflifiehertalyther ei n t he tol uene di sproportionating
step has a toluene conversion ranging fromabout 15 to 35 wt % based on the
tol uene in [PHdltol ueE?féaLf*%éﬁ@ﬁlﬁ@&?oeéﬁegfﬂ&m@wéir?ﬂUtrﬁéenﬁwd@ﬁ@ter potential recovery

di spropor t iopRat ihegk REREMCIyNlS afBorPplo&0RE BRt deAdrhB cofpe@tve vaRSIdstPioM Sadas ed
on total xylenes in the toluene disproportionation product; (c) separating
at | east aPpSFBtort sdchned frghe fydued o e mesidizationsgnt Foraees vé ey leveind at
| east a p0|’01f|CQﬂ_I@ﬁroEﬂ@on@,n6vﬁ@th%§ foRteN@itf HRMEREndned BERR crystallization unit.

di sproport i on product. to produce a C8+ feedstock; ovi di ng

ionag i and (d) pr
the C8+ feéfggrf Bk 2tCgT Seneraiien stFl |7 squieh usmevuhdelore fpredurt sigtm ghstep (2),
condi ti ons nb@naply @AUE &isallF¥n @BlnG NEAbc8dd 18 ABRIBRWA L] T, PXevei0R GeBddk@tl R tRf at
% based on the weight of the PX enriched stream wherein the

| east 99.7 g )
C8+ WD 2008/5tPUsP8 et (Us2008/ 055845 - 8 -

[0018] It has now been surprisingly found that the Cot separation step may be eliminated
or minimized by the combination of high selective toluene disproportionation process which
produces a Cg stream and a crystallization process. The elimination or minimization of the Co+
separation step can rcduce energy consumption, capital cost, operational cost, and emission to the
environment for a PX production plant, which will translate to low PX cost of production and

less emission to the local environment.



feedstock has a PX concentration of at |east 70 wt % based on total weight
of xylenes in the C8+ feedstock, which the C8+ feedstock having a CO+

hydr ocar bons @gqﬁ(ﬁgtratl on in a range from5000 wopmto 10 wt % based on the
total weight “Z8+ feedst ock. In additional &MHEIHERTYS this

di sclosure relates to an apparatus for pwoeducing a PX rich stream which
conprises: (a) a reactor having an inlet and an outlet; (b) a separation
unit havi ngSEmMAREOFarHE RISGUOSTURGUE | et and a second outlet, the inlet of
the separation unit being fluid icly connected to the outlet of the
reactor; anWo{d) a ciyséna kinbatimerns, ulmistdmawrngelams itt laeproceds foifr;ﬁdduauglmst

and a second oqut]| et t r I|z i on IU|d|cIy

connect ed ton%pﬁlsmgé%oé’hdn%uﬁ 3 fee ftofliﬁ%a ’é%ys flr8ﬁ Wtanéjgjﬁ%wg PEEECRI PTI ON

[ 0023] As us@agstillizatibn mnsplden ciyscaatzamn'm,cohdmoﬁsm produfee ammrlkheﬁyp@m heSingoePX i n

t he sense d oAt | of Zellte Fra

[ 00241As usgégﬁwﬁn or' L N rsm“ét??bnasedo fre® gtrotﬁewgél’fl?co &trdfiglblwger@néﬁeps i's

used as i n CHehids@mbk Jaasd PEhg]nn@mamcmg)ﬂNIem&,t 7634%)b¢be275n ¢01<98&)ght bDQ’Iéﬁ]ﬂ:bTiﬁ&hd erm
"wppnt as used ef i S rts p 26] Al |

wei ght s of ﬁ%l fgec%{ong sllm?ah AE'c efdﬁ%iamﬁ); Vblgndg? H;'(Jr%fd% i %;Otngené‘gu%laltnaﬁ d§¥

conposi t i onfroras wpsedo i(hwt%bfsr:chon the etdasgbit ccfmhetﬂ’ze f@d!sthkned wei ght (i .

calcined at 510C in air for at |east one hour). [00271The term"C""

hydr ocar bonl00#ér ei n In ptheragmippggnanisy ¢hip liselgens reatgs fo 2, prggess of grodseing PX7, 8,

9, 10, 11, c%%vpnéﬁg L{§)e[goxn$¥1§h Qolﬂ&]@rfécdgoayﬁ(/ﬁg%lg&g t@g\{éa@gonnzo'ﬁg:@fgon?acn il bon

aton(s) per nol ecular. For ex C, aron#tics neans an aro

hydr ocar borthhiglichyvith seahest w@ﬂer @éwmsm@mﬁ(ogytw@@pndmﬂe tauform an Fflupwhafidg n

means a para@f fi.B0yesRC ar g r t )

nmol ecul ar; % 3 mbl ﬁgn?regnggl glﬁ)@%}%@ il @mg‘g?‘%ﬁb"% a%?%elgntg%(%b%}gﬁ%fl rb((:)%fr bon

at om( s) percof’f’ml@cﬁ}i MX, TR OX é/ﬂ‘lwm@l@efﬂmﬁha@éé’P(b@nceméme|0ﬁdtdeqbts70aw‘/<pbﬁs¢dt ive

integer, e.d totallweight o ’xyl%nebﬁn R efquené3 (c)O Fp Tt %jag'lea&% po?%n%%d- Eﬁﬁc@a ofFans

a hydrocarbon havi ng at " | east n number |'ecul ar. The
term"C'- Warhé@&h@@trfom eiCat feeilgocknwiksein tiho/Es i faedsigelk haSea o, hytlrocarbors 4,
3, 6, 7, 8,cofventhflion :E%m ﬂ-a/Bprﬂsto Y& @)@%mﬂeﬁ'oﬂ tﬁ'@et%gl? wglgm/&# tf?&@&bf‘%@ds%w 44 (550

more than n number of car bon at om( nmol ecul ar.

2008/ 124228F01Y BSEe8sy puiey st ihe9C?-+ e@ﬂgm]tmé %réﬁtarﬂlza@mvmf aadps teaxsiellizaffsr ei n
N is an posbhdiNs tOHRAGE: a 8Xenricted sfeans hafing 2:PX0eonbent@tiondof &Qeastd9.5 1y, as
used herein neans a feedstock conprising a nmajority (greater than 50 w %
based on tﬁ’ésefiﬁfléhe‘\ﬁéﬂh@ﬁﬁth‘b?xfiﬁ@h%%%ock) hydrocar bons having at |least n
nunber of c&rbon atorr(s) per nol ecul '-" feedstock wherein n
is an posi 921§ nt e glsomeeasgects of thl?dlSCéObu@ thsfee@?toci; bu[g)hec’gto tllq};rybj_aihza&gl ungfs
used her ei s ARRDS d@@qﬁ&b@%nmﬂ?ggsgt@%@f majority (greater than 50 wt %
based on the total weight of the feedstock) hydrocarbons having no nore
than n nunber ofa) carboeat prfsihg PP tcmpfoﬂﬁdﬂ aﬁltolueh@@ééaitd)dk sapesieghodhgiBnt s,

this disclosure rel at r ocess cin onprisin roviding a
C8+ feedstock, havi ﬁ”a%@ﬁ%%?@cr%ﬂlﬁ‘fﬁ%a lérhrgé Reckt °H§/81P%‘8% rBIg‘ﬁsto 1p 8‘% FBascdon' 0
crystallization uni tthamdgt o€ thy sdhadnb fcﬁ&itcbd&ﬂwh:@ﬂd'tticlt@lt)&cb@n@h@dtt@@aﬁfc&%s)

enri ched stream having a PX concentra C]Eul on of at ast 99.5 wt % based on the
wei ght of the PX enrcf"gﬂ‘”&ﬁb st raé"élf‘ﬁ CVHETES Hrehe %%+ faéaékﬁ‘éctﬁ‘?{mﬁra?“aﬁlwt‘c
concentration of at pkelaststrdh hbabaggdc aiaclaeﬁtaadl/oml agdthatiofprodydteiresn fitmthe

C8+ feedstock, whi h t h + f eed d
conceﬁ?r:lt |Ogn in ;Crse%rﬁe "&W@%&SB‘WP@ (?38% %a%th‘y E‘t%?cfgly{‘)%‘t"gclrm% M§ht of

the C8+ feedstock. [0020¢ ]Fiﬂ)éudt atreant ﬁﬁlﬂ-aafaml}?ﬂt |cfackdn,yairthxcabrbart m"&aiaSstﬁam
hydr ocar bon havi ng no_ar gmat dr ocar bon
are paraffin(s), ol efint&ym (Q,m%lfer Egnp%%? %rqﬁa(S§ WpB’r"‘l t8>?§‘i“1?rc@ &téqf'?c%(a&mdm

[ 0031] I n ot her enbodydrecitsns;t h| s disclosure relates to a process of
produci ng PX

(b) contacting the toluene feedstock with a catalyst under toluene disproportionation

conditions to product a toluene disproportionation product having light gases, Bz,



conprising: (a) providing a toluene feedstock having toluene to a reaction
zone; (b) contacting the toluene with a catalyst under toI uene

di sproporti on Zg‘ﬁ/ g%dl tions to forman effluent havi n% %drocar bons,
C8 hydr ocar bo d*¢8+ nhydrocarbons, wherein the C8 hy FES/&E?‘OB W4 onpri se
PX, MX; and OX, wherein the effluent has7a PX concentration of at |east 70
wt % based on total weight of xylenes in the effluent; (c) separating at

| east a portion of CPX, Myﬁlﬁ)cafrgb@ﬂslnfeﬁ@m toheneg ffikets@inthe toduche aRp@péeBanating

f eedstock, wherein t dst ock has a.COr hydrocarbons ¢ centrat I on
e AR SR S i i A
(d) supply at |east alypos tii ot @luchhdeed@dcld ardsitetin te @lwehidy displopdrdatation

unit under crystallizati itions to duc a . PX enriched strea
havi ng a PX concent r%rtofhbcgrﬂ‘(‘) ggcf”écﬁ%tfm@’é g“t\/\f‘% goa%{ﬂ b&?’?gtoﬁéo%ygﬁﬁ‘fs ‘8159‘? he
PX enriched stream G8rknd dgigioatiatjdd@ahdthandC8+ feedstock useful for this

di scl osure has C8 hydrocarbons and C9+ hydrocarbons. In sone enbodi nent, a
C8+ feedst ock usef ul schamntitghit deasti aswirt@munt ¢hel Iighpgaady atdehsby portion of the Bz, and at

separation/purificat rocar tre de jn a.refor
process, a hydrocr ac{<|snga ?r%%ggxgc %eafgeggfﬁufﬁezg@fgﬁfl@f 'G%rg%%g%nagﬂb a
t ol uene di sproporti olmaducom pprdoceds feedstwk batyioneof addimehe?, di SpranpGrt i onati on
process, a toluene nethylation process, or any conbination thereof. The C8+
f eedst ock U832l f orlnt fninge ikl éhibhaésclasX rdape énter projesh obfprralicihe®3 70
wt % based %nblggggeqsmlag%f of xylenes in the C8+ feedstock and the C8+
feedstock has a + hydrocarbons concentration in a range from1l wppmto 10
Wt % based on t heyt Otz?-kohl’éﬁé abtiry E;s‘ielﬂeto(;?odut@@(i!&{xé?ﬁkfee{d%égl:m&nglalt Qukingh PX
concentration, in wt% based on total weight of xylenes in a Cb5-
feedst ock, are usef ult-Todlasnepyd ensentticdyigprbangranging diomal fo 1@ vt bpsest e
processes: 70, 75, 8f¢ wSght F%he i9Bencq8Mstd; whBEinfiRd toRUA rlP%M%QF&@(Ef on,
in wt%based on total weight of xylenes in the C8+ feedstock, are useful
upper PX concent r at | GAPIIPS sarpypticaprdugt sEgags ffpa we}elé%%é%f@mgg anggomgfr, 96,
95, and 90. The PX Gos&RNahifdh a daflyMe %biRs e6ldPat Q&ﬁ!mcvﬂ%cglbttbtr@jm ¥¥menes
in the C8+ feedstock may be present in an anount ran rom70 wt%to 99
W % in one enbodi mentearricksnyh§reia e sramaficoadyctogesn g&méloﬂ@lfyﬁ&tqf%fé]ey ther om

80 w%to 97 w% al&@hdRtprotRbtystr8m H8mIPcalihc k&l fahé ¥BhMtiSRoMiYadam99
W% alternatively and from85 w%to 95 W% in another embodi nent .

[00341The fol | owi ng €% HFHP SEAFBSAPRSH ARty AtYIHH: topphewdl Sokt™e A-sremaic
wei ght of the C8+ figedsieslk, are useful |ower C9+ hydrocarbons
concentration limts for all disclosure processes: 1 wppm 2 wppm 5 wppm

10 wppm 50 wpp() 1Q@nM@ﬂ@]theZﬁQlewadstoEQQnmwmalylﬁlﬂﬁer\/\@m@me EHIEhovRARAONS000
wppm 1 wt% 2 wt % and wt % The dr ocar pons tggncentratlon

f

based on the total vﬁgP%‘%ﬂ*&r PORE! ¢ ef‘%g’dgzg?)‘gﬂondﬁ%éprﬁ et (Vingdishr e4g+ Bz
hydr ocar bons concenthxgiNXONOK] 03+asd futactldtoldéns DG tih hcDib RERSEHGHOpotHAatiMgP M
200 wppm 500 wppm 2000 W% 5 wt%
2nd 10 w9 The Cov W dPoaap BRI RO aDE Q™ BESkA® oot e Bed ondicght
of the Co5+ feedst ockolnay hethprtelaetat fetddtoaky antowhdrein adigitslgenkr disprdpoipiriono 10
wt % i n one enbodi nent Iter |ve mtaq,5 | ternatively from
20 wppmto 2 w% al fdedl’lﬁahdw cope ﬁ)ﬁ‘ﬂ“t?\,)%pagle\ﬁft&;o "Ql%lée}sﬁ P k! ylﬁn%%meto 1

w % alternatively asldertdeproportipppivd producet % i n anot her enbodi ment. [0035]In
sonme enbodi nents, the C8+ feedstock nmay further conprise naphthal ene. Wen
napht hal ene i s (@F esestardting tthleasC8 porfier dtho biht gja:km anmakttatmhmne)fdmﬁaeamd ation,
in nol % based on the P t
about 0.0001 to 10 n%lft}(p?hm% (@ﬁgvﬁnﬁeaagd% al ennz tgoﬁct’:l%eﬁlter pg%ao%onauon | %
based on the PX fre@r@SwtmmdmaI(bbfﬁsdsmkaan%+ f eedst ock, are useful |ower
napht hal ene concentration imts for all disclosure processes: 0.0001,
0. 0002, 0.0005,(dD. 00LyVidnds, (9t OtcdsQclodeo ©.@Ballgation Enip, unders cryitaﬂrlmtﬁzel 2
mol % and 5 mol % Thefql ngw L{aégwga% 8 sEORERR adtlb@ ncORSEGh Qi 1g PX
free C8+ in the C8+ fee toc are use upper na ene concentration
limits for all discP8durtéo ;bm@é@@s@s weigho pf te 6X, er@l.cm@, bt(?ama wherRin e s+l
ml % 2 nmol % 5 nol % and 10 nol % The napht hal ene concentration based on th
e PX free C8+ WD 2008/ 124228PCT/ US2008/ 055845 hydrocarbons in a Cs+
feedst ock nay be present in an anpunt ranging from0.0001 to 10 nol % i n one
enbodi nent, alternatively 0.001 to 5 nol% alternatively fromO0.002 to 2
nol % alternatively 0.0001 to 1 nol% alternatively 0.0002 to 1 nol %
alternatively and fromO0.0005 to 1 nol% in anot her enbodi nent. The
napht hal ene concentration, in nol% based on the PX free C8+ hydrocarbons
in a C8+ feedstock is calculated with the follow ng equation: naphthal ene
concentration total nole of the naphthalene in the C8+ feedstock x 100



Mol e of C8+ hydrocarbons in the C8+ feedstock - Mle of PXin the C8+
feedstock PX enriched stream product 100361l n one enbodi ment the PX
enriched st ream B)roduced by the crystallization unit has

concent r ati onV8" %8 ¥ast 99.5 wt % based on the wei ght SFT’PHQOWS&IH ched
stream The foIIovm ng PX concentration of-the PX enriched stream in w%
based on the weight of the PX enriched stream are useful |ower PX
concentration |imtsfédtochlbhs diPS(Cl:théiﬂﬁtlcﬂf OCRIGRST0 W% B6d S/ totad SueigBDof

99.5, 99.6, 99.7, 99.8, 99, 87 9.8 e follow ng

PX concentration of f ?é‘eff’%tg ééjﬂm%lf P’Vzéf%thQ‘T%J“\megSm%g?é‘&gér@T R%dr%'éf bgRt  of

the PX enriched st reaﬂibenaﬁ@nusefraﬂgetﬂmesoow £0RE A bisodon thditdts Wediht af |

di scl osure processes; P%WB 99 85, 99.86, 99.87, 99.88, 99.89, 99.9, 99.95

and 99.999999. The fUffs eﬁ‘b‘f& concentration of the PX enriched stream in

w % based on tt t P i ched st resent,jn an
anount rangi ng %@gg egl%ﬁﬁﬁle?tﬁ %ﬁglsg?%%dfﬁéh{o,anga}’?ag%a I ey e t%nﬁ‘ 99,
al t er nat i veldtryarh, rwziml%ntpm@Q(AQQreaabrt lewingtah wedt yn®@h Sutlen (199, BPuratwh tueit hatingvel y

99.6 to 99. 99 [ ively not her .emhodi pent
Crystal i zat' 8lr?%ocﬁd? Stt et ‘foﬁ‘g 08&% g‘f‘rﬁ%ﬁf ‘?%%ﬁ? %epa]taﬁ 3 ?IFE?%HB}"Q%?&EW
unit i s noraahdcied opee atm{m ofathe aeabterrraeat ab larce/stafhzatonIuﬁaﬁhwﬂgﬁld”m@berf rithatett he

hi ghest eutectic P ene apht hal ene
i s present al?l tgﬁw%g}?ftleft e%%lls>l(et\,\/lﬁ§he CW”B%Z&Q[H unh[tbﬁl gr}%ﬁﬁd}ﬁ vt é%%r@oﬁ pec da

ot her enbodiuteint! the stihetion st al [ i zati on unit is operated at a tenper ature of
at least 2C, 3C, 4C, 5C, 6C, 7C, 8C, 9C, 10C, 15C, or 20C higher than the
hi ghest eutectic point of PX with MX, PX w th napht hal ene (when napht hal ene
is present in the 08+ feedstock) or PX with other C8+ hydrocarbons. In

ot her enbodiakidi Mgl LSkl i zation unit is operated at a tenperature of
no nore than 100C 50C 40C 30C, or 20C higher than the highest eutectic
VO 2008/ 124983bcT/ uSbopsA 05 8igs specifiption, Hisi tHim oframuaif fee UK tipitichsense

napht hal enejc{cbanin RPALRSI OBl SraplcRS &Ny pkdy d00e Cg+ feedstock) or PX with
ot her C8+ hydrocar bons I n sone enbodi nents, the crystallization unit is

oper ated at enper at ur rang romlC to. 1 ively, 2Cto
operated Ayl S BRI A L O 3G HO SR S 12,
5C to 20C. (hema8ldnd EagipsceihgNeed ogfshadimset, the crystallization unit is
operated at a tenperature of at [east -30C, alter natively - 25C,

alternativ 20C, e I I natively
-10C, al te?nat veI y ﬁg%q&n% %ng{%g%ﬁ’e&%%%&ﬁge{a %% A |pélerf1&1§0g Y e‘ig%

alter nativel¢/ 10C. [0039]In sone errbodl ment s, when t he 08+ feedstock havi ng
a PX concen®®8ti on ¥l gtshisest maleaulznsinrysragied obRindpre spdtvatichiy bBsaialystn t he
C8+ f eedst Qekposttd®, £uYSitiRhdkiaddt QReHB the 'cc§c19&le\5<§§k§ H2hiRGe@atSI 59! if air for
production stage at relatively high tenperature, 7.8C to 10C, wherein the
filtrate i $ti5#be®d9BA t hr ough one or nore scavenger stages operating at

| ower tenperature, - 28.9Cto -1.1C, to recover additional PX, which is
recycl ed t gotehe pr odue tar@CsStBd®cirdén Whadeh nMnipf)&lﬁ‘é&lhﬁﬁbr,aéSgﬂj,3,03,@5&@ 7,n
W95/ 26946 er |veI when t he + feedst ock havin PX concentration
of ot aat o St Bl 6 95 B OB CBPAPTRI GRS 1 PG O EEOrSRISRDRE  t he
crystal | i zafolcotatirHot cramypld)eC opemaicedndasi ag a&ﬁ&tlﬂ@b&ow’rmﬁuh‘dﬂr@nﬂ st@ape of
operating at,-28.9 no..scavenger as_di c .osed |

V005! 26647 SHBIRRED Pl IOl obs PIRG AT LSRG MGDR SUPRT by
ref erence. c{roii¢nilaeper evpedlat Uf, elsfin eteianoktn ajzcherlmem\angwn tomticdhef @edodest
crystalliz I |ce hree st s,at a
Fohoe of + Shnty BT P RS leG g o tBe P et b e e PR S g b
product. Héwever 3, 4, M@, ltielpes atdihecioincbibe hydlodebdn lsaget lest s hghlbet bLarton

because it de rone X, recover,y that may .be .obt

[00a1] Px aeBrLs B PR R S E bR Sttt g P N aRPr B K e 25 1 ds
cont ent of 4t%hé, 7,8 §,90al I, i Zes vefihbi@mnteahhathydrecatben iattig doheork ittgpu indrusibér o
separati on_a nadrioat(u) or O{egqarl y a centrifuge. The final crystalline product
is washed w U cF d preferably hi gh purity PX product, to displace the
resi dual f||trate fromthe wet cake. [0042] I n sone enbodi nents, the

crystallization unit is operated wwth a PX recovery of at




| east 65 wt % The follow ng PX recovery, in w% based on the PX in C8+
feedstock, are useful lower PX recovery limts for all disclosure
processes: 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 and 99. The
fol I owing PX YORBBAIYS i n w % based on the weight of tRETERPHIHE ca+
feedst ock, are useful upper PX recovery.-bi.mts for all disclosure
processes: 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 and 99. 99.

fThedf ol | EWi MO287X 1 ecONEkedm “C.H” WelbtodrasREiOA 1512@@)]:0%{1@1‘%6;;@]‘ ghg Pzgd rs 6 he Cs+
eedst ock, e present n an anou N rom?9 in

2008/ 124228%/@&6 b8 e Basg e pens agﬁ%i ar “Slagtaé‘i’%%tttt té’é??\}ef el ‘@‘8 9,

al t er nat : Vvebaged 610m|689ta1t gelg& ,ofahd eetw«tcky@dyo&&ot@haﬁ&g% rlﬁ;l@tljﬁ eHirigd |o‘t’@!|1r]60r90 to
99.99, alternative an om95 t0.9 i.n_anot her enbaodi nent . ective
Tol uene Di s‘B?‘B{jt)P i e&t"ﬁ‘b%ﬁﬁﬁﬁB@STfﬁﬁ‘? g\)‘ihﬁrégl IS 3P BRELE IRIGHCT. St ool 2

p- xyl ene at 5,t6pl L[EBEI(E@HMQI&Iu@meEHin fmbant &&&Hbtockcboh\iﬁ)%mg)di ehprabkawt thtneﬁst

about 15-25 % th a PX s rea er than 85 wt referaply
o st oovilt bhshb e Stovah St XeltaskLnt e RbRs e BRne ro BB o

t ol uene f eedsioackni®ypeheolprueduced by any separation techni que, such as,
distillation of a feed containing toluene. Exanples of a feed cont ai ni ng

t ol uene are aroma I [ arPgimau c
pr oduct str[eginbt of a t:a HF ?I?%Od‘(iznrl%t(t: gfr%gnd%dogmg%&?my% %olgfgég rsrfrpm m o

st eam cr ack@mpriging @Wlde@rrb|cmaﬁ¢edmo¢l¢teae@g Cs Ihmdrsmrﬂmnaepeﬁgs hydmetrlmnentata
product str t t i t a
Catal yti o o by eidh fifl Adk ol Eh R IBR syt ® FOATEL PR MHOM SR LT
optional ly ®u¢ﬁjﬂ§®t0nt0(5 agletst 420 ivoh ttdeﬁdrcertb&/evellgbtmfah@h@tew@hh@/stre@mawb@pns ttier om
sai d ar orratéq fQJthgHgﬁasﬁtI?@&%e% rati nrl)fgt lggs't 76905 %B%d oIl ltb?al%\r @1&&99‘!
stream of a ‘catal ytic reforner the aromati ¢ product stre a cata yt|
cracker, oﬂkﬁﬁbﬂ§®dﬁaﬂu@1@ﬁéﬁté@ﬂsodemwn@ﬁi@ﬁs@ﬁbﬁ@@pQCKEﬁmnwymmebl@mb]eet
to extracti %éuyrg(toﬁ%tr%tne@@e&dtt ARkl Gyfpydr ocar bons from sai d

aromatic pro uct trea non-aromat i c hydroca ons cont ent in the
toluene feq@gfopck ist@ rt&mqtoh%netwtmréc%gn %nﬂtodsrl}ldt&nrbamld

techni que/ effi ci ency used produce the tol uene feéedstock. The

t ol uene fedtgt cﬁéaémﬁtSe@%mamrymttmtmgrbarb@tﬂ p%@fﬁt\fﬁ%ql?ﬁnmocww/opﬁ@ wéﬁeor nor e
preferably @tid#amts)about 80 wt % tol uene based on the total weight of the

t ol uene feedst ock. %Iher conmpounds such as benzene, xyl enes,

trimethyl bqogape, and ARA-@REMIhES HiBVisAbSSe BRatf &S € Nrodek bhgmtiedm!gemg
feedst ock wit hout adversely af f ect | n?g t he present disclosure. The ampunt of

t he non- ar SREPI'EY )Pr%véd”i‘%ﬂa lyean fed ‘P%rﬁ%ﬁ% dRuepe ipp Rt EPn12sn gy () PAREN 0N

the total weightncobithh@itd Bl uRiBeohueRABippkrtioniiRn toldins RFoRP BT SN hdGS, 1N
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[ 005611 n sone enbodi nents of this disclosure, the C8+ product streamis fed
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concentration of the PX enriched stream, in wt%, based on the weight of the PX enriched stream,

are useful upper PX concentration limits for all disclosure processes: 99.8, 99.85, 99.86, 99.87,
99.88, 99.89, 99.9, 99.95 and 99.999999. The following PX concentration of the PX enriched
stream, in wt%, based on the weight of the PX enriched stream, may be present in an amount
ranging from 95 to 100 in one embodiment, alternatively 98 to 9.99, alternatively from 99 to
99.99, alternatively 99.5 to 99.99, alternatively 99.6 to 99.99, alternatively and from 99.7 to

99.99 in another embodiment.

Crystallization conditions

[0037] In some cmbodiments, the crystallization unit is normally operated at a
temperature of at least 1°C higher than the highest cutectic point of PX with MX, PX with
naphthalene (when naphthalene is present in the Cgt+ feedstock) or PX with other Cgt
hydrocarbons. In other embodiments, the crystallization unit is operated at a temperature of at
least 2°C, 3°C, 4°C, 5°C, 6°C, 7°C, 8°C, 9°C, 10°C, 15°C, or 20°C higher than the highest eutectic
point of PX with MX, PX with naphthalene (when naphthalene is present in the Cgt feedstock)
or PX with other Cgt+ hydrocarbons. In other embodiments, the crystallization unit is operated at

a temperature of no more than 100°C, 50°C, 40°C, 30°C, or 20°C higher than the highest eutectic



potential PX recovery fromthe nodified crystallization process based on
expected conposition from TDP and STDP processes. [0061] Typi cal C8+
fraction conposition from TDP and STDP processes are listed in Table 2 and
these are theVBALPL2EYr the sinulations in exanpl es 1- 3PCTA{PFO08/055845

20081124228PCT/ US2008/ 055845 - 18 - Table 2: Typical C8+ conposition for
TDP and STDP processes Typi cal C8+ conposition, wt% Freeze Point (C)L2
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or PX with other Cgt+ hydrocarbons. In some embodiments, the crystallization unit is operated at
a temperature ranging from 1°C to 100°C, alternatively, 2°C to 50°C, alternatively, 5°C to 50°C,

alternatively, 5°C to 30°C, or alternatively, 5°C to 20°C.

[0038] In a preferred embodiment, the crystallization unit is operated at a temperature of
at least -30°C, alternatively -25°C, alternatively -20°C, alternatively -18°C, alternatively -15°C,
alternatively -10°C, alternatively -5°C, alternatively 0°C, alternatively 5°C, or alternatively 10°C.

[0039] In somc embodiments, when the Cs+ feedstock having a PX concentration of
greater than 70 wt% based on the total xylenes in the Cs+ feedstock, the crystallization unit is
operated using a single production stage at relatively high temperature, -17.8°C to 10°C, wherein
the filtrate is processed through one or more scavenger stages operating at lower temperature, -
28.9°C to -1.1°C, to recover additional PX, which is recycled to the production stage for final
purification as disclosed in W095/26946. Alternatively, when the Cs+ feedstock having a PX
concentration of greater than 97 wt% based on the total xylenes in the Cgt+ feedstock, the
crystallization unit may be operated using a single production stage operating at -28.9°C to 10°C,
with no scavenger stage as disclosed in W095/26947. The entirety of W095/26946 and
WQO95/26947 are incorporated by reference.

[0040] The temperatures referenced above pertain to the coldest crystallizer stage. In
practice, it is known that two or three stages at a range of temperatures are needed to obtain an
acceptably high purity PX product. However, the temperature of the coldest stage is significant

because it determines the maximum PX recovery that may be obtained.

[0041] PX depleted filtrate is recycled to each stage to control the solids content of the
crystallizer efflucnt that is sent to the liquid-solid separation apparatus, normally a centrifuge.
The final crystalline product is washed with a liquid, preferably high purity PX product, to

displace the residual filtrate from the wet cake.

[0042] In some embodiments, the crystallization unit is operated with a PX recovery of at
least 65 wt%. The following PX recovery, in wt%, based on the PX in Cg+ feedstock, are useful
lower PX recovery limits for all disclosure processes: 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96,
97, 98 and 99. The following PX recovery, in wt%, based on the weight of the PX in the Cg+
feedstock, are useful upper PX recovery limits for all disclosure processes: 75, 80, 85, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99 and 99.99. The following PX recovery, in wt%, based on the weight of

the PX in the Cgt feedstock, may be present in an amount ranging from 95 to 100 in one
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embodiment, alternatively 70 to 99.9, alternatively from 80 to 99, alternatively 85 to 99.99,
alternatively 90 to 99.99, alternatively and from 95 to 99.99 in another embodiment.

Selective Toluene Disproportionation

[0043] STDP provides a process for obtaining p-xylene at toluenc conversions of at Icast
10 wt%, preferably at least about 15-25 wt%, with a PX selectivity of greater than 85 wt%,
preferably at [east 90 wt% based on the total xylenes in the product.

[0044] The toluene feedstock may be produced by any separation technique, such as,
distillation of a feed containing toluene. Examples of a feed containing toluene are an aromatic
product stream of a catalytic reformer, an aromatic product stream of a catalytic cracker, an
aromatic product strcam of a stecam cracker, or any combination thercof. In somc aspects, the
aromatic product stream of a catalytic reformer, the aromatic product stream of a catalytic
cracker, or the aromatic product stream of a steam cracker may optionally subject to extraction to
remove non-aromatic hydrocarbons from said aromatic product stream(s). In other aspects, the
aromatic product stream of a catalytic reformer, the aromatic product stream of a catalytic
cracker, or the aromatic product stream of a steam cracker may not subject to extraction process
without removing non-aromatic hydrocarbons from said aromatic product stream(s). The non-
aromatic hydrocarbons content in the toluene feedstock is a function of the feed composition and

separation technique/efficiency used to produce the toluene feedstock.

[0045] The toluene feedstock preferably includes about 50 wt% to 100 wt% toluene,
more preferably at least about 80 wt% toluene based on the total weight of the toluene feedstock.
Other compounds such as benzene, xylenes, trimethylbenzene, and non-aromatics may also be
present in the toluene feedstock without adversely affecting the present disclosure. The amount
of the non-aromatics may be in a range from about 1 wppm to 15 wt% based on the total weight
of the toluenc feedstock. The following non-aromatics, in wt%, bascd on the total weight of the
toluene feedstock, are useful lower non-aromatics limits for all disclosure processes: 0.01, 0.1,
02,05,1,2,3,4,5,6,7,8,9, 10, 11, 12, 13 and 14. The following non-aromatics, in wt%,
based on the total weight of the toluene feedstock, are useful higher non-aromatics limits for all
disclosure processes: 1, 2, 3, 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14 and 15. The following non-
aromatics, in wt%, based on the total weight of the toluene feedstock, may be present in an
amount ranging from 0.1 to 15 in one embodiment, alternatively 1 to 10, alternatively from 3 to
15, alternatively 3 to 10, alternatively 4 to 15, alternatively and from 4 to 10 in another

embodiment.



Tri nmet hyl benzenes -13.62 2.28 0.20 0.12 Indane -60.54 0.13 0.06 0.12

Propyl benzenes -140.81 0.04 0.00 0.06 Naphthal ene 176.52 0.59 0.71 1.50
Durene3d 174.63 v o
WO 2008/124228 PCT/US2008/055845

-14 -

[0046] The toluene feedstock may also be dried, if desired, in a manner which will
minimize moisture entering the reaction zone. Numerous methods known in the art are suitable
for drying the toluene charge for the process of the disclosure. These methods include percolation
through any suitable desiccant, for example, silica gel, activated alumina, molecular sieves or

other suitable substances, stripping, distillation, and/or the use of liquid charge dryers.

[0047] The catalytic molecular sieves useful in accordance with the methods of the
present disclosure are preferably in the hydrogen form prior to modification, but may be in the
ammonium or sodium form. Preferably, the catalytic molecular sieve comprises an intermediate
pore-size molecular sieve such as a ZSM-3, ZSM-11, ZSM-22, ZSM-23, or ZSM-35 as discussed
above. The catalytic molecular sieves also preferably have a Constraint Index of about 1-12. The
details of the method by which Constraint Index is determined are described fully in U.S. Pat. No.

4,016,218, incorporated herein by reference.

[0048] The crystal size of molecular sieves used herein is preferably greater than 0.1
micron. The accurate measurement of crystal size of molecular sieve materials is frequently very
difficult. Microscopy mcthods, such SEM and TEM, are often used, but these methods require
measurements on a large number of crystals and for each crystal measured, values may be
required in up to three dimensions. For ZSM-5 materials described in the examples below,
estimates were made of the cffective average crystal size by measuring the rate of sorption of
2,2-dimethylbutane at 90°C. and 8 kPa-a hydrocarbon pressure. The crystal size is computed by
applying the diffusion equation given by J. Crank, "The Mathematics of Diffusion" Oxford at the
Clarendon Press, 1957, pp 52-56, for the rate of sorbate uptake by a solid whose diffusion
properties can be approximated by a plane sheet model. In addition, the diffusion constant of 2,2-

dimethylbutane, D, under these conditions is taken to be 1.5x10™"* cm?¥/sec.

[0049] The catalyst for STDP may be a catalyst selectivated by coke, silicon, metal(s), or

any combination thereof.

[0050] Operating conditions employed in the process of the present disclosure will affect
the para-sclectivity and toluenc conversion. Such conditions include the temperature, pressure,
space velocity, molar ratio of the reactants, and the hydrogen to hydrocarbon mole ratio (H,/HC).
It has also been observed that an increased space velocity (WHSV) can enhance the para-
selectivity of the modified catalyst in alkylbenzene disproportionation reactions. This
characteristic of the modified catalyst allows for substantially improved throughput when
compared to current commercial practices. In addition, it has been observed that the

disproportionation process may be performed using H, as a diluent, thereby dramatically
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increasing the cycle length of the catalyst. For example, it has been observed that an increase in

temperature can increase the activity of the modified catalyst.

[0051] A selectivated and steamed catalytic molecular sieve may be contacted with a
toluene feedstock under conditions for effecting vapor-phase disproportionation. Conditions
effective for accomplishing the high para-selectivity and acceptable toluene disproportionation
conversion rates include a reactor inlet temperature of from about 200°C. to about 600°C,
preferably from 350°C to about 540°C; a pressure of from about 101.3 kPa-a to about 34.48 MPa-
a, preferably from about 689 kPa-a to about 6.89 MPa-a; a WHSV of from about 0.1 to about 20
hr', preferably from about 2 to about 10 hr™'; and a Hy/HC mole ratio of from about 0.1 to about
20, preferably from about 2 to about 6. This process may be conducted in either batch or fluid
bed operation, with the attendant benefits of either operation readily obtainable. The effluent may
be separated and distilled to remove the desired product, i.e., p-xylene, as well as other by-
products. Alternatively, the Cg fraction may be subjected to further separation, as in the case of

xylenes, subjected to crystallization process to yield p-xylene.

[0052] The catalyst may be further modified in order to reduce the amount of undesirable
by-products, particularly ethylbenzene. The state of the art is such that the reactor effluent from
standard toluene disproportionation typically contains about 0.5% ethylbenzene by-product.
Upon distillation of the reaction products, the level of ethylbenzene in the Cs fraction often
increases to between about 3% and 4%. This level of ethylbenzene is unacceptable for polymer
grade p-xylene, since ethylbenzene in the p-xylene product, if not removed, degrades the quality
of fibers ultimately produced from the p-xylene product. Consequently, ethylbenzene content of
the p-xylene product must be kept low. The specification for the allowable amount of
ethylbenzene in the p-xylene product has been determined by the industry to be less than 0.3%.

Ethylbenzene can be substantially removed by crystallization or by superfractionation processes.

[0053] In order to avoid the need for downstream ethylbenzene removal, the level of
ethylbenzene  by-product is  advantageously  reduced by incorporating a
hydrogenation/dehydrogenation function within the catalyst, such as by addition of a metal
compound or metal compound(s), such as platinum or platinum/tin. While platinum is the
preferred metal, other metals of Groups 6 to 12 of the Periodic Table such as palladium, nickel,
copper, cobalt, molybdenum, rhodium, ruthenium, silver, gold, mercury, osmium, iron, zinc,
cadmium, and mixtures thereof, may be utilized. The metal may be added by cation exchange, in
amounts of from about 0.001 wt% to about 2 wt%, typically about 0.5 wt%. For example, a

platinum modified catalyst can be prepared by first adding the catalyst to a solution of
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Apparatus for PX Production

10054] In additional embodiments, this disclosure relates to an apparatus for producing a
PX rich stream, which compriscs: (a) a reactor having an inlet and an outlet; (b) a separation unit
having an inlet and a first outlet and a second outlet, the inlet of the separation unit being
fluidicly connected to the outlet of the reactor; and (c) a crystallization unit having an inlet, a first
outlet, and a second outlet, the inlet of the crystallization unit being fluidicly connected to the

second outlet of the separation unit.

[0055] A typical toluene disproportionation process comprises a toluene
disproportionation reactor. Toluene feedstock is fed to the toluene disproportionation reactor
optionally co-fed with H,. The product normally comprises Hy, Cs- hydrocarbons (including
benzene), Cg hydrocarbons (including PX, MX, and OX), and Cot hydrocarbons. The product
stream is conveniently supplied to a series of fractionation units to separate H, which may be
recycled to the toluene disproportionation reactor, light gases, benzene as one final product, and
toluene which may recycle back to the toluene disproportionation reactor. The rest of the product
after separation of H,, light gases, benzene and toluene, namely Cg+ product stream, contains
mainly xylenes and Cot+ hydrocarbons. Convenicently, the Cot is separated from the xylencs

before further separation of PX at a crystallization unit.

[0056] In some embodiments of this disclosure, the Cgt+ product stream is fed to a
crystallizer without the Cot+ separation step. By eliminating the Cot+ separation step, c.g.,
eliminating a distillation tower for separating xylenes from Co+, huge energy saving may be
achieved. To achieve the same level of PX recovery in the downstream PX crystallizer, the
crystallizer may have to be operated at a lower temperature due the presence of Cot in the Cy+
feedstock, which may need more energy to operate the crystallizer for the same PX recovery. For
a Cst feedstock having a PX concentration of greater than 70 wt% (based on total xylenes weight
in the Cgt feedstock), a Cot+ concentration (based on the total Cgt+ feedstock weight) of less than
10 wt%, and a naphthalene concentration (based on PX free Cygt in the Cgt+ feedstock) of less
than 10 mol%, the energy saving of eliminating the Cot separation tower surprisingly outweights

the extra energy needed for the crystallization unit to have equivalent PX recovery. Another
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advantage for the elimination of the Co+ separation step is lower operating cost for operating one

less separation unit, which is environmental, energy, and cost beneficial.,

[0057] The following examples reflect embodiments of the disclosure and are by no

means intended to be limiting of the scope of the disclosure.

Examples
[0058] A general feature for p-xylene (PX) crystallization processes is that the product
recovery is a function of the feed PX concentration and the temperature of the coldest stage. The
following equation for calculating recovery follows from an overall mass balance around the
crystallizer:

X, -X, ol

R=2r"tng 1 Eq. |
-X, X, [Eq. 1]

where R = fractional recovery of PX;
Xg = equilibrium PX content of filtrate at the coldest stage; and
Xr = PX content of fresh feed.

[0059] Another principle of crystallizer design is that the temperature should be
maintained at least 3 — 6°C (5 — 10°F) above the eutectic temperature to avoid contamination of
the product. Therefore, the cutectic temperature sets the coldest stage temperature, which

determines Xg and thereby, the recovery of PX.

[0060] The following examples simulated the calculation of the eutectic temperature and
potential PX recovery from the modified crystallization process based on expected composition
from TDP and STDP processes.

[0061] Typical Cgt fraction composition from TDP and STDP processcs are listed in

Table 2 and these are the basis for the simulations in examples 1-3:
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Table 2: Typical Cs+ composition for TDP and STDP processes

Typical Cs+ composition, wt%
Freeze Point Example 1 Example 2 Exarple 3
)" (TDP) (STDP) (STDP)
Ethylbenzene -138.95 2.36 2.99 2.87
p-Xylene 55.86 23.02 79.24 85.06
m-Xylene -54.12 47.78 10.99 6.11
o-Xylene -13.30 19.83 1.63 0.93
Ethyl toluene -80.16 2.71 3.30 2.12
Trimethylbenzenes -13.62 2.28 0.20 0.12
Indane -60.54 0.13 0.06 0.12
Propylbenzenes -140.81 0.04 0.00 0.06
Naphthalene 176.52 0.59 0.71 1.50
Durene’ 174.63 0.00 0.00 0.00
Other Cyo benzenes 20.75 0.03 0.00 0.12
Methylnaphthalenes 94.24 1.17 0.53 0.68
Other Cy;+ 156.56 0.06 0.35 0.31
Aromatics’
Concentration in PX-free filtrate, mol%
Naphthalene’ 176.52 0.64 | 2.94 l 8.81

1. From “Technical Data Book — Pctrolcum Refining”, API, 5" Bdition, May 1992,

2. The highest freeze point is listed for compound classes having multiple isomers.

3.1, 2, 4, 5-Tetramethyl benzene.

4. Frecze point is listed for biphenyl.

5. Naphthalene mol percentage on PX free basis is calculated based on total mole of naphthalene
divided by the total mole of Cg+ in the feed without PX, i.e., Mol % Naphthalene in PX-free Cs+

fraction = mol% of naphthalene in Cg+ /(1 - mol fraction PX in Cg+).

[0062] For purpose of simplicity, we assume that the Co+ removal step removes all Cot
in the Cgt fraction. The typical Cst+ fraction composition from TDP and STDP processes after
Co+ removal are renormalized to 100% and are listed in Table 3 and these are the basis for the

simulations in examples 1-3:
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Table 3: Typical Cs+ composition for TDP and STDP processes after Cot removal

Typical Cg+ composition, wt%
Freeze Point Example 1 Example 2 Example 3

(9] (TDP) (STDP) (STDP)
Ethylbenzene -138.95 2.54 3.15 3.02
p-Xylene 55.86 24.76 83.54 89.57
m-Xylene -54.12 51.38 11.59 6.43
0-Xylene -13.30 21.32 1.72 0.98
Ethyl toluene -80.16 0 0 0
Trimethylbenzenes -13.62 0 0 0
Indane -60.54 0 0 0
Propylbenzenes -140.81 0 0 0
Naphthalene 176.52 0 0 0
Durene 174.63 0 0 0
Other Cyo benzenes 20.75 0 0 0
Methyhaphthalenes 94.24 0 0 0
Other Cy 1+ 156.56 0 0 0
Aromatics
[0063] For the Cg fractions, the eutectic point of interest is the temperature where m-

xylene (MX) co-crystallizes with PX. For the Cg+ fraction, the mixture contains small
concentrations of other components which have freezing points above PX. Thesc mixtures
generally exhibit near-ideal solution behavior in which the freezing point depression of each
component is dependent on its pure component properties and mole fraction. Therefore, even
though a component has a higher freezing point than PX, it will not necessarily crystallize before
PX, depending on its mole fraction in the mixture. In the examples, the limiting cutectic point

for cach mixture was determined using a modified version of the van’t Hoff equation:
In(X,)=—A(T*-T)[1+ B(T *-T)] [Eqn 2]
where
Xi = liquid phase mol fraction of component i at equilibrium
T* = freezing point of the pure component, °K

T = mixture temperature, °K

ES
. -1
=-——, a Cryoscopic constant,’K
R(T*)°

1 AC,

T oAm*

a cryoscopic constant,’K’
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correction for the variation in enthalpy of fusion with temperature. It is therefore more accurate
when there is a significant depression of the freezing point. Values of the cryoscopic constants A

and B for the components of interest are given in Table 4:

Table 4: Cryoscopic constants A and B for PX, MX, OX, EB, and naphthalene

Component AK! B,°’K"
-Xylene 0.02509 0.0028
o-xylene 0.02660 0.0030
m-xylene 0.02742 0.0027
cthylbenzene 0.03479 0.0029
naphthalene 0.01830 0.0027
[0065] Then the concentration of PX at least 5°C above the eutectic was used to

determinc the potential recovery by equation 1.

Example |

[0066] With the Co+ removal tower (conveniently also called Cg tower), the simulation
shown that the MX eutectic point was limited at a temperature of -64.3°C. Allowing for the 5°C
margin above the eutectic, the cold stage operating temperature is -59.3°C. At this temperature,

estimated recovery for 24.8 wt% PX feed was 61.7%.

[0067] Without the Co+ removal tower, the simulation shown that the MX eutectic point
was limited at a temperature of -67.2°C. For the same recovery as the case with a Co+ removal
tower, the simulation shown that the required cold stage operating temperature was -61.3°C.
Refrigeration demands increase slightly in this case compared to operation with the Co+ removal
tower. However, the increased cost of refrigeration is more than offset by the utility savings

achieved by the elimination of the Co+ removal tower.

Example 2
[0068] With the Cot+ removal tower, the simulation has shown that the MX eutectic point

was limiting at a temperature of -63.4°C. Allowing for the 5°C margin above the eutectic, the
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simulated as 85.4%.

[0069] Without the Co+ removal tower, the simulation has shown that the naphthalene/PX
eutectic point was limited at a temperature of -63.2°C. Allowing for the 5°C margin above the
eutectic, the cold stage operating temperature is -58.2°C. At this temperature, estimated recovery
for 83.5 wt% PX feed was 96.7%. In order to obtain the same recovery as the case with the Cot
removal tower (85.4%), the simulated cold stage temperature was -23°C. Refrigeration demands
increase in this case compared to operation with the Co+ removal tower. However, the increased
cost of refrigeration is more than offset by the utility savings achieved by the elimination of the

Co+ removal tower.

Example 3

[0070] With the Co+ removal tower, the MX eutectic point is limiting at a temperature
of -67.4°C. Allowing for the 5°C margin above the eutectic, the cold stage operating temperature
is -62.4°C. At this temperature, estimated recovery for 89.57 wt% PX feed was 98.7%. Although
the cold stage could potentially be operated at -62.4°C, it is advantageous in this case to design
the cold stage for a higher temperature in order to eliminate the need for ethylene refrigerant.

The recovery at -18°C cold stage temperature for this case was simulated as 91.4%.

[0071] Without the Cot removal tower, the simulation shown that the naphthalene/PX
eutectic point was limited at a temperature of -32.1°C. Allowing for the 5°C margin above the
cutectic, the cold stage operating temperature is -27.1°C. At this temperature, cstimated recovery
for 89.57 wt% PX feed was 92.0%. In order to obtain the samc rccovery as the case with the Co+
removal tower (91.4%), the simulation indicated that the cold stage temperature was reduced by
7°C to -25°C. Refrigeration demands increase in this case compared to operation with the Cot
removal tower. However, the increased cost of refrigeration is morc than offsct by the utility

savings achieved by the climination of the Cot+ removal tower.
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[0073] When numerical lower limits and numerical upper limits are listed herein, ranges

from any lower limit to any upper limit are contemplated.

[0074] The meanings of terms used herein shall take their ordinary meaning in the art;
reference shall be taken, in particular, to Handbook of Petroleum Refining Processes, Third
Edition, Robert A. Meyers, Editor, McGraw-Hill (2004). In addition, all patents and patent
applications, test procedures (such as ASTM methods), and other documents cited herein are
fully incorporated by reference to the extent such disclosure is not inconsistent with this
disclosure and for all jurisdictions in which such incorporation is permitted. Also, when
numerical lower limits and numerical upper limits are listed herein, ranges from any lower limit

to any upper limit are contemplated. Note further that Trade Names used herein are indicated by
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which the disclosure pertains.
In some embodiments, this disclosure relates to:

Paragraph 1. A process of producing PX comprising providing a Cgt feedstock, said Cgt
feedstock has Cg hydrocarbons and Co+ hydrocarbons, to a crystallization unit under
crystallization conditions to produce a PX enriched stream having a PX concentration of at least

99.5 wt% based on the weight of said PX enriched stream,

wherein said Cg+ fcedstock has a PX concentration of at least 70 wt% based on total
weight of xylenes in said Cgt+ feedstock, which said Cgt+ feedstock having a Cot
hydrocarbons concentration in a range from 1 wppm to 10 wt% based on the total weight

of said Cgt feedstock.
Paragraph 2. A process of producing PX comprising:
(a) providing a toluene feedstock having toluene to a rcaction zone;

) contacting said toluene with a catalyst under toluene disproportionation conditions
to form an effluent having C;- hydrocarbons, Cg hydrocarbons and Cot
hydrocarbons, wherein said Cg hydrocarbons comprise PX, MX, and OX, wherein
said effluent has a PX concentration of at least 70 wt% based on total weight of

xylenes in said effluent;

© separating at least a portion of C;- hydrocarbons from said effluent to from a Cgt+
feedstock, wherein said Cs+ feedstock has a Cot+ hydrocarbons concentration from

1 wppm to 10 wt% based on the total weight of the Cs+ feedstock; and
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(d) supply at least a portion of said Cgt+ feedstock to a crystallization unit under
crystallization conditions to produce a PX enriched stream having a PX

concentration of at least 99.5 wt% based on the weight of said PX enriched stream.

Paragraph 3. A process of producing PX consisting essentially of*

(e) a toluene purifying step to produce a toluene feedstock comprising at least 90
wt.% toluene and non-aromatic hydrocarbons ranging from I to 10 wt% based on
the weight of said toluene feedstock; wherein said toluene purifying step has
feed(s) comprises an aromatic product strcam from a catalytic reformer, an
aromatic product stream from a catalytic cracker, and/or an aromatic product
stream from a steam cracker, wherein said aromatic product stream from a
catalytic reformer, said aromatic product stream from a catalytic cracker, or said
aromatic product stream from a steam cracker comprises at least 1 wppm to about

15 wt% non-aromatic hydrocarbons;

® contacting said toluene feedstock with a catalyst under toluene disproportionation
conditions to product a toluene disproportionation product having light gases, Bz,
PX, MX, OX, Cotand unreacted toluene, wherein said toluene disproportionating
step has a toluene conversion ranging from about 15 to 35 wt% based on the
toluene in said toluene feedstock, and wherein said toluene disproportionation
product has a PX concentration of at least 70 wt% based on total xylenes in said
toluene disproportionation product;

(g)  separating at least a portion of said light gases, at least a portion of said Bz, and at
least a portion of said unreacted toluene from said toluene disproportionation

product to producc a Cg+ feedstock; and

h) providing said Cgt+ feedstock to a crystallization unit under crystallization
conditions to produce a PX enriched stream having a PX concentration of at least
99.7 wt% based on the weight of said PX enriched stream, wherein said Cg+
feedstock has a PX concentration of at least 70 wt% based on total weight of
xylenes in said Cgt+ feedstock, which said Cgt+ feedstock having a Cot
hydrocarbons concentration in a range from 5000 wppm to 10 wt% based on the

total weight of said Cs+ feedstock.

Paragraph 4. The process of paragraph 2 or 3, wherein step (b) comprises a hydrogen feed,

wherein said toluene disproportionation conditions are toluene disproportion conditions, said
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appl i cat i onST5¢ B "3 iOe%dures (such as ASTM met hods), and ot her documents

cited herei faul I ncor por.at ed reference to th ent .such .
di scl osure ?{g%’%%pth Syn?(gen rf)és:e? be%?an\\?\lnoﬁ%oﬁﬁfagraaﬁbs%?’ovg ure' %hdgcggéf%edgﬁofl< 's Supplied
jurisdicti otest aystalifreicdn wichthoutcerponaCitorydicsapeniont ed. CsAlfedstoskhen

nunerical lower limts and nunerical upper limts are listed herein, ranges
from any | obisegrénhidi t Thaprageys efppepretadmigtpaagieplc ohtrivpridtPadconMotratidniof eiesst t hat

Trade Namesgisg el & BraPlEotlt RELG: ¥ . WR.4008/ 124228PCT/ US2008/ 055845 -
23 - TM a synbo b%ft{(ghst;nb%%,t%?nﬁ%gﬁbnlgqghatca\t(%e nanes nmay be protected by

certain tr aﬂﬁe?z[ﬁﬁ 701 G SroceSs &F any HREYdiINEYarREapheIhSLR M PiT RHSIBIIGR shid PX

various jurisdictions,

enriched stream is at [east 99.7 wt% based on the weight of said PX enriched stream.

Paragraph 8. The process of any preceding paragraph, wherein said Co+ hydrocarbons
concentration is in a range from 5000 wppm to 2 wt% based on the total weight of said Cg+

feedstock.

Paragraph 9. The process of any preceding paragraph, wherein said Cg+ feedstock further
comprises naphthalene and said Cs+ feedstock has a naphthalene molar concentration of less than

10 mol% based on the total mole of the Cg+ hydrocarbons without PX.

Paragraph 10. The process of any preceding paragraph, wherein said crystallization unit is

operated at a temperature of at least -30°C.

Paragraph 11. The process of any preceding paragraph, wherein said crystallization unit has a

PX recovery of at least 85%.

Paragraph 12. The process of producing PX comprising providing a Cg+ feedstock, said Cg+
feedstock has Cg hydrocarbons and Cot+ hydrocarbons, to a crystallization unit under
crystallization conditions to produce a PX enriched stream having a PX concentration of at least
99.5 wt% based on the weight of said PX enriched stream, wherein said Cg+ feedstock is made

by a STDP process consisting essentially of:

(i) a toluene purifying step to produce a toluene feedstock comprising at least 90
wt.% toluene and non-aromatic hydrocarbons ranging from 1 to 10 wt% based on
the weight of said toluene feedstock; wherein said toluene purifying step has
feed(s) comprises an aromatic product strcam from a catalytic reformer, an
aromatic product stream from a catalytic cracker, and/or an aromatic product

strcam from a steam cracker, wherein said aromatic product strcam from a



[00751Whil e the illustrative enbodi nents of the disclosure have been
described with parti cularity, it will be understood that various other
nodi fications be apparent to and can be readily ma by those skilled
in the art WWR&U S/I%i'éfjgartl ng fromthe spirit and scope d’FT’tUﬁ@"ﬁ‘?sé%Fosur e.
Accordingly, it is not intended that the2gscope of the clains appended
hereto be limted to the exanples and descriptions set forth herein but
rather that the cl ai oBalag @ehgé mﬁaraﬁlatﬁﬂ;ﬁomaa&hﬂﬁmoad h cathigtid @adkur, @8 sad
pat ent abl e novelty which.reside in resent disclasure, i ncl udi n
Peatur os whi o vioul doBEyG BRI EE-an Gt DAFERT e PHERRORS Bl e rh b aneus Frh i n
the art to which thelflivechesabRatheiyti@icdibons] N some enbodi nents, this
di sclosure relates to: Paragraph |I. A process of producing PX conprising
providing a C8+ (Heedsinoeckyg sl diuGBHedds@ds vtk chaiyst@denycﬂmemearsmmnarado@+
hydr ocar bons, to a Ca‘% tu%!ls t|Ozat gtr;ltu]nle >gynder LI Y st al z ti.on chgndl tions to
produce a PX enriche reamPhaving’a omeentt lgfllp rquc adpe @ gpends w0
based on the wei ght BIK N, OXPXoend umhmbdsblueamvhmhamd wlsat disgBporfieadst ock
has a PX concentrati RfS ghﬂ Last grolowtr%1 bas " at 3&@9}1% of, xyl enes
in said C8+ feedstock: o Sar GUESEYe d;s[%go ?/LII né a He3CarBons
concentration in a r@hgee for enid ﬂolwoprfeetislociko and %bxasxemdomhtehmdimbmimmnqht of
sal d. C8+ feedst ock. r%ﬁ%gfw?ﬁphl’)ﬁ 'cor{Ac‘erRrra? 3 at?eastpfoo\gth}cf)aq g;l)%o%?nggrllem N9id (a)
provi ding a tol uene feeds ock ‘havi ng uene to a reaction zon fb‘)
contacting said tol uehenadispoaripattainysiducingdr t ol uene di sproporti onation
conditions to forman effluent having C7- hydrocarbons, C8 hydrocarbons and
C9+ hydrocar bonk) whispektiinggicdst @gottipd pbwak 1b§dihgﬁ%®o#ﬂ¢4%fscep@t)on dimaid Bacindxg
\Nher el n Sal d ef fl uenlteaslf'i?tspo"f’nda JC%PJCFI{}E?{C?BHI ﬁc&f ﬁ‘% Jaﬁat%hleg r?{%(;t'flbh%go On
total weight of xylenes in sai separati ng t a portion
of C7- hydrocarbons frpdiei waraues Bidfentcedso r@myapr@setmgeerdmmk wher ei n
sai d Cs+ feedstock has a C9+ hydrocarbons concentration from1 wppmto 10
W % based driragien d Ht ar «Rpafelk forgrodusiae €BX rick ipsmepwkich eaipprisa

2008/ 124228PCT/ 4$2008/03384ang ardiftlet arldh ofttePl y at | east a portion of said
C8+ feedstock to a crystallization unit under crystallization condjtions to

produce a PX enfhkhetSeatrioamnl a9y pgahinpxandonisitutigtang g seqongd putich 4 inggols wt 9o

based on the wei ght @ sparbfbnRit®Bihk ARRIShRBMY 1dRE aqgrea@m&eac/&)rpmcess of
produci ng PX consisting essentially of: 515 e) a toluene purify f#\g ste

produce a tol uekd f e‘b‘HH%]ézlén%‘l‘Pﬁtrhdéﬂinﬁ g Byet] sffgioude. 4d et guld thgiglet of

non- aronati ¢ hydr ocanbeRstanafnghneid 6@ HuldRlyl Cotbdedasalt QBoddnsuldeioghte of
sai d tol uene feedstock; wherein said toluene purifying step has feed(s)

conpri ses an aromat .%%%%9&&&4 streamfroma catalytic reforner, an aromatic
product stream fr cat al yt cracker or an aromat i uct stream
froma st egﬂdé?ial&%g]rﬂemﬁéf“é“h gé]dH‘gEf‘PBHét i"e gie’ﬁf”od“lﬁ%tm@fof é%lr?ﬁ‘fpr“i?n? RIENS vt ¢
reforner, sigbbpationsibn ecapidddliied inft bearéLoMsadeatBloysuprlyiag a&k@erne f@ﬁst&@&i d
aromati c product stlrearpfrcﬂma st?am cracker co rlsg a%a 3}@ mto
about 15 WEORROMIPHRRCT 9 THr e R bEmE o ONSAEE T g s e biitst ock
with a cat ahy€t+ uytm@rarbb@d lﬂﬁﬂ%uﬂﬁt%lﬂﬂ&p@dfotdrﬁmadapﬁﬂ t€ fnbldrhl QMg cffucptt @duein a

t ol uene di sproportionati.on duct havin i ght .gases, Bz, PX ,  OX,
C9+and unr é%gtbg%a at“8]i1 i8S aé\%‘)?éegetf’rfcg"é? gelat}ear@orﬂg% ﬁfés;’b'o%dir‘?fﬁ@f’?ﬁ:/go@tsé‘ﬁ has
a tol uene ecfihvearnsiron ar@rdedagtodk edid abfoﬁédbﬂcﬁk he a?@%y%ob&&@d coivehitfdioh Gbuene
in saldtoluene edst rei i, d ortl a

product had ‘WX coﬁ%A’ a?déit?nﬁ \g[# a‘fmq’éa@ hc?é \Aﬁéﬁ}pgoﬁg oﬁ’f 8N tx‘ifjséﬁes in
said tol ues@amlsrpmtp@adamﬂm wililrpy eddiCEt fc(c@l)ocl«sapdiwactrblﬂgalabrykt@l&ﬁcttloa upiofst i on
of said li orti ion of ortion
of said unrge g %(()jpliowfcﬁednﬂef I%rgrlhedsgl g {8Y'0% g%"%@%ﬁ@f‘t ?Sﬁﬁ?s’t §§ %&j@lﬁﬁd to
produce a %Hl‘lef“&%ﬂSd)fGGﬂd,PX&fde}(eh)str@IhOVI di ng said C8+ feedstock to a
crystallization unit under crystallization



conditions to produce a PX enriched stream having a PX concentration of at

| east 99.7 w % based on the weight of said PX enriched stream wherein said
C8+ feedstock has a PX concentration of at |east 70 w % based on total

wei ght of xylenes in said C8+ feedstock, which said Cg+ feedstock having a
C9+ hydrocarbons concentration in a range from 5000 wopmto 10 wt % based on
the total weight of said C8+ feedstockpy7 WO 2008/ 124228PCT/ US2008/ 055845 -
25 - toluene disproportion conditions conprise a tenperature in a range
from 100 tE_ﬁifD&a pressure in a range from 100 kPa-a to 10000 kPa-a; a
VHSV in a range from0.001 to 1000 hr-1 based on the weight of said toluene
in said toluene feedstock; a nolar ratio of hydrogen over toluene in a
range fromi0.1 Wopra€ess Bap@ddudnd PX. corligisiigqeeddingfa @Ryfeaiieockf sapCagr aphs
2-4, wherein said Cs+ feedstock is supplied to a crystallization unit

Wi t hout separ at f&sgsted<-hasyHs Brdrosshens st stahiirogrrbense wathgpkseppafign©iph 6.
The process of I r ; i | : . j.on of at
[oast 85wt % baco Cn A SPLMBRCAAAERTIELEIoR, RAL M ACARGERN] BeF

Par agraph 7. Theypmbzess: ebndiigpnpiepeciweg p@Xagneapied whaeneihavingi a X
concentration said PX enriched s amis at leagst 99 7 wt% ed.on the

wei ght of said BRCEMFIORSH aétei?aéhh{’%ﬁ%ﬁ"/ag’ﬁsfﬂho%alem%‘gf& %‘é@gﬁef& ed
precedi ng par aggah, Wherein said C9+ hydrocarbons concentration is in a
range from 5000 wopmto 2 W % based on the total weight of said C8+

f eedst ock. Par agheipin @id Che fendsioek aos Pangonsertcasinryf qpdeaaty7@pi%o sed ei n

said C8+ feedstock .furth onprises n | ene, and. sai d + feedst ock has
a napht hal ene rrg gortalc‘gﬁl g{]?féﬂgr&% i Sallcgggipﬁeﬁ{%fb’ W&c 038518%+ (g‘?"?%‘?tﬁgkt ot al
ol e of the C8+hdwyill #Car hot®cavbbidedncEhfratiBaiadmante t6n [TRepMteaesstoef any
pr ecedi ng paragéa(a;ph, wherein said crystallization unit is operated at a
tenperature of 2ased enthe togheighholygihs feedstatke process of any precedi ng
par agr aph, wherein said crystallization unit has a PX recovery of at | east
85% Par agraph 12. The process of producing PX conprising providing a Cs+

f eedst ock,2.sai dA @BoccieesddckngBX aC®riing te Chaitnon Surdied c&@pritiygtr ocar bons, to

a crystallizati uni t under crystalli ion conditions to produce a PX
enri ched str_ean(?iﬂavil?{_ﬁv l%ﬁ@ﬁﬁﬁ%%ﬁefi%éﬁ ‘ore ufﬂ“@&éﬁ@@?@%&% based on the
wei ght of said BX enoneaf stid ﬁﬁﬁ@newtgg{ £hialsed lﬂlld@t'bhfe‘EQQEFRﬁ%rﬂo?lafﬁge by a

STDP process consisting esSentially : (1)a toluene puriftying step to
produce a tol uene fewdditiook tonforinsiang eftludneéabavie® Wh- Ohrdodeschramsands

non- aromati ¢ hydrocarhons ,r angi fr 1 tp 10 %.based_.on the i ght of
sai d tol uene feedstoga;mc\%bé)%i Hg%j“dﬁ%f’f?éﬁ%“sp S ﬁ&ﬁs%ﬁlyh‘é&’ afvrf\%’é%(s)
conprises an aromat i@nipreURK, stmeanhd rON awkabl WhidC offficat NRls, adpxar omati c
product streamfroma catalytic cracker, and/or an aromatic product stream
from a st eam cr ackerconggidiaipm o af fpagl Yhaittvecbgsed @ detal tweeghinof xytengs in\D

2008/ 124228PCT/ US20Q8{ 0aR84%. - 26 - catalytic reforner, said aromatic
product streamfroma catalytic cracker, or said aromatic product stream

from a steam crlackerseparagrg stdsasata goed@t off Cywpiardoartaine ditond SaitMe ¥ urantar omat i ¢
hydr ocar bons; (1)co(r}t acting sajd toluene feedstock with a catal yst under

tol uene di sproporti offdti dr-eorardsishs YherpRodiet Ca t bpdiierk has a Cot
di sproportionation %QW%OH@é’dﬂlgntkdt%tfr(Qﬁq %&m??o 167319 s dBh thERaiand

unr eact ed tol uene, erein said toluene disproportionating step has a
tol uene conversi on remglitiod tHer@rh fabdstrick18d o 35 wt % based on the toluene in
said toluene feedstock, a erei.n said,toluene disproporti.onation product
has a PX concentrat iSBPPI?Siapgeta\slﬁ]aeg%‘fm‘?Q?Qill%c??é’?g%‘gé%fkttgtaa ry%},léﬂé@él ™ sai d
t ol uene di sproporti @aaéd @fysﬁﬂmﬁ@ﬁ;coaaﬁioﬁg)tse%@aaéd AOPR! ch@ASH frepRY i On Of
said |ight gases, at |least a portion of said Bz, and at

having a PX concentration of at least 99.5 wt% based on the weight of

said PX enriched stream.

3. A process of producing PX according to Claim 1, further characterized as

consisting essentially of:



| east a portion of said unreacted toluene fromsaid toluene

di sproportionati on product to produce said C8+ feedstock of any preceding
par agr aph. Paragraph 13. An apparatus for producing a PX rich stream which
conprises: (l)a reactor having an inlet and an outlet; (n) a separation
unit having an inlet and a first outlet and a second outlet, the inlet of
the separation unit being fluidicly copgected to the outlet of the reactor;
and (n) a crystallization unit having an inlet, a first outlet, and a
second outlet, fHe i Alteluers pyrHEingryjen Wi produge divluarictlcdslstasly compiriging| ag
connected to the sec t rati.o it.. Paragra 14. The
appar atus of paragr age}%glgfwtviﬁ’etroglljeﬁg E‘ §|d Z‘gggaé%%%t%cn}il}gd}%c zratb(%nécf%?%rrlé) ?%’frhéne

di sproportionation reabl ivo¥,basdi ¢h ihelvediglofofishig tolaand Reddtsckacdpicdd sdi@
supplying a tol uene feedstock conprising toluene to said reactor to form an
ef fluent having C7- MYURISCRHHEHE, Ste Iy dicsdl womprises an cuemaliersedidbons:
said outlet of the r i it i y rein
sai d separation uni tﬁfééhggggfggggylgggg)?%mé agfe[ rﬁx\eﬁg@t@bgodg%{ %tli'l%ﬁ{ (f)r1p m& -

hydr ocar bons from sacaalgfi¢ |coeker, tamdfor cam aroG8tict medsdt osticams fioth @8stedneedst ock

has a C9+ hydrocarbons conc ntratio from_loﬁ\)/i\gpgmto 2 wt % based on .t he
total weight of the P8%FedHETHRKSA AGMEHE PQIETt FEFTHFIIEE; 8 €¥pHGt i on

unit is adapted to WetdieeRWaRkPdrEm&Ec ploaBdstest froAnd cHBBLIchcRA, Br said
crystallization unit is adapted to produce a PX enrichéd stream having a PX

concentration of at #eastic Pgodicivstredradeain onstetre wetkghtconfprisesi at Rxstehr i ched
stream - 27 - CLAIMG. . rnecess of produci PX conprising providing a
C8+ feedstock, said %Hmftégés (%glﬁﬁ’zgoncggﬁlﬁg?o%%g%%ﬁ%nsand C9+ hydrocar bons,

Wi t hout separat(yn ofonsatitg Citd hiptlicae afebdsisckl afh SRicdtaGlt drRledsibRieke to a
crystallization unit under crystallization conditions to produce a PX
enri ched stream havi HgPraPERopEvResandiiong fo product pdakengdisgrapoviasatier’l on t he

wei ght of said PX entighgd,gtlLa ei F A8+ Jxeedst.ogk PX
concentration of atrifeast %ﬁ&%%gg%rs’or?}f ??g’l Mv?g’l gq?? g? a%jl gﬁg%tl&}l sai d
C8+ feedstock, whi chobmhel @Bercineesald ttolknd dispragpoatid@@ting wehpobay hankiene

concentration in a range from1 mto 1Q _wt % _ba on the total weight of
sai d C8+ feedstock. 2 erﬁ’PBc,r_é’%%névg OBt 6%’63360%? ‘ﬁ%g’%‘?ﬁn@}lﬁ@ USnenta
further conprising: @) tdma¥ fefidod, ta@lh%ﬁ@ei&e%tt&ﬁ&é@ié?ﬂ@oh%%&? to a
reaction zone; (b) contacting said toluene with a catal yst under toluene

di sproportionation quadictilanst PE t@rcamtzationf 61 aketaasthaQiwigo Gasedhyurtoebr bons,

C8 hydrocarbons and + hydro bon wherei n.sai d C8 hydrocarbons conprise
LRvHeERlsoR

PX, MX, and OX, whereif sald" SPROPOTIONaton BIodiEs 2t on of at | east 70

W % based on taqtal wepghtingdit 1esast@peﬁiomfsaudi§ﬂf %ds@@,'&t leadt@ por@MRSRdaidNg at
| east a portion of C7- hydrocarbons fromsaid effluent to froma C8+

f eedst ock, wherein d¥ @ndat lqasled gedior ds8idaurreactady@lusea fison said dpleert r at i on
froml wopmto 10 wt I .ght~ of 8+ feedstock; and
cfg@pg y ?ﬁior&rﬂiogl Iﬂ?ocfugtt %{f—{é‘@é:g S(Eggrcfﬁécg%c@and

(d) supply at | east tron of “sal 0 a’ crystallization
unit under crygtpl | ipratiding ceiddi €gronsedstockr aduae cayseliemionchaét undeam

P enti ched Stream BI9IBrbEBE OBt SR SECOFGPHGTE BTG,
further characteri zegdn@stration of at least 99.7 wt% based on the weight of said PX

enriched stream, wherein said Cg+ feedstock has a PX concentration of

at least 70 wt% based on total weight of xylenes in said Cg+ feedstock,

which said Cg+ feedstock having a Co+ hydrocarbons concentration in

a range from 5000 wppm to 10 wt% based on the total weight of said

Cgt feedstock.

4. The process of claim 2 or 3, wherein step (b) comprises a hydrogen feed,

wherein said toluene disproportionation conditions are toluene disproportion



consisting essentially of: - 28 - (a) a toluene purifying step to produce
a toluene feedstock conprising at | east 90 wt. % tol uene and non-aronatic
hydr ocarbons ranging from1l to 10 w % based on the wei ght of said tol uene
f eedst ock; wherein said toluene purifying step has feed(s) conprises an
aromatic product streamfroma catalytic refornmer, an aromatic product
streamfroma catal ytic cracker, and/opgan aromatic product stream from a
steam cracker, wherein said aromatic product streamfroma catal ytic
refornmer, said eensianscsaid sduene dsnrepartion epnditionstegmprise adempkieture gt asai d

aromati c produc oSt e racker [] t. le pmto
Sbout 15 ot 96 nortnae GSa 109 RUACF BN i TanBR R TG Ee b Fogart
feedstock with & £avERYsih dinsge fitoph V@0 tdi 19P0 APOHhicANat tienweighdbf kaas to
product a toluene dispraqportionation product having |light gases, Bz, PX
MX, OX, C9+and Wﬁfe@ae@ &34 tJpensnisedsiprky ainpolagagio fhydisec PedrtalisRe itvhat i ng
step has a tol u&ﬂg ﬁg&V@;%%‘! rangi ng fromabout 15 to 35 wt % based on the
toluene in saidt ?uene eedst ock, and wherein said tol uene

di sproportionati on product has a PX concentration of at |east 70 wt % based

on total xylenes,in said.toluene,di sproportionat] roduct.; separatin
o | Saat aYorCnd Propis i Ry Pensaifs SRR RhéSnatd BR cBhngRtion SCh R “hng

at |east a portgnatRihasdl ch BRI f3EHEOr 1AM R sfill O FRUSoER! uene o
di sproportionation product to produce 'a Cg+ feedstock; and (d) providing
said C8+ feedstock to a crystallization unit under crystallization

conditions.to duce a PX enriched stream havin X concentrat.i on of at
| east 99. 76'vvt %p[;aes 76n The™) rlecé% n‘(”o?lalsné’i ‘(%L?;%me?ﬂ??? ?ﬁ‘gar‘fé“??@&%ea%%ra in said
C8+ feedstock hiasstaoXviepbaedbhalid weighf ofahid E@shriced Wirfarkased on tot al

wei ght of xylenes in said C8+ feedstock, which said C8+ feedstock having a
C9+ hydrocarbons concentration in a range from 5000 wopmto 10 wt % based on
t he total ig f i e colaiin 2 hmnet tfioens, i uene

di spr oport?}ﬁn Q%}Ieglptr;é%h% (gg%{fi @(eég%&? rr%aelpét glrh grel%r)lrgali% a%ge hfyﬁgd%grfégéto
700C, a pressure@ncent@ativangen far anpd Gdnk BAO@ vippni 60 QOwkRalzasecd oHEY tbtal a r ange
from0.001 to 10Q0 hr-1 b sefd n the weight of said toluene in said toluene
f eedst ock; a m)‘f’%{1ghtroaflsf‘18Cg‘fF ﬁ?FgFO(‘}gen over toluene in a range fromO0.1 to
20. 5. The process of any preceding claim wherein said PX concentration of
at | east 85 wt % based on total weight of xylenes in said C8+ feedstock. 6.
The process of Hwwyprcessedi agy girededingnbleime whemind sme €gt ifed¢rstbckt fugthar i s at

| east 99.7 W % based on _t wei ght of i,d.PX enriched stream 7. The
process of any Preced Rap@ﬁ%{?fﬂﬁ %R%esf%q f\cagérafegé(%@a( Wﬁr%&]ﬁplﬁtﬁagn%dﬂ%l%t ration
is in a range foasenh@ith WP thad Y %d1es edsednod fRe ttohRImolei @hihe 0 g1sai d C8+
feedstock. 8. The process of any preceding claim wherein said C8+

f eedst ock f urt heeracaibeps wihowdpht hal ene and said C8+ feedstock has a

napht hal ene nol ar concentration of |ess than 10 nol % based on the total

nol e of the C8+ hydrocarbons w thout PX. 9. The process of any preceding
claim whéxei n Tai procesgsdiakhy zatdedinguniaim) svhepdn ahrl caistallizadopeurad @ e of at
| east -30C. 10. The process of anfy ﬁ)recggjém claim wherein said

crystal | i zat i offPEiHd ahadempgpgture of at Teast -30°C.

10.  The process of any preceding claim, wherein said crystallization unit has a PX

recovery of at least 85%.

11. The process of producing PX according to Claim 1, further characterized as
comprising providing a Cgt+ feedstock, said Cgt+ feedstock has Cg
hydrocarbons and Cgt+ hydrocarbons, to a crystallization unit under
crystallization conditions to produce a PX enriched stream having a PX

concentration of at least 99.5 wt% based on the weight of said PX enriched



recovery of at |least 85% 11. The process of producing PX according to
Claiml1, further characterized as conprising providing a C8+ feedstock,
said C8+ feedstock has C8 hydrocarbons and C9+ hydrocarbons, to a
crystallization unit under crystallization conditions to produce a PX
enriched stream having a PX concentration of at |east 99.5 wt % based on the
wei ght of said PX enriched - 30 - strg@qm wherein said C8+ feedstock is
made by a STDP process consisting essentially of: (a) a toluene purifying
step to producestians| weateinfsast St bdeedsionbris siadg tat a| pPowestt conststhgene and
non-aromati c hydr ocar bOI‘fl_S ranging from1l1l to 10 wt % based on the wei ght of
sai d tol uene fe%ség?baé "Wherein said tol uene purifying step has feed(s)
conprises an ar@yati g teluausirifHing e fof Fotl@cCRiodlant ifeedsRIRICBRIprisiAR a8 OMat i C
product streamfroma catalytic cracker, and/or an aromatic product stream
from a st eam cr acker leagii¥ wf. 1% Whicge apd paparomprtisdudiorhong fatgingrtamcht al yti ¢
reformer, said aromay £ REAYEH & AN AFLAI FALBYfobfi (kAGHELein Afia Sa1 d
aromati c product streamtroma steam cracker conprises at Teas gl wppm t o
about 15 wt % non- ar owhdcne hydymgastberisms {ebd(sk epimpeikésngn sadhatio| predet
feedstock with a catal yst _under tolueng disproportionatjon conditions to
product a tol uene di %‘EF%/‘H‘ng‘Fli dEARIVER TBIogEG AHEOTAYC PIOgHE! Yaeas o2 px

MX, OX, C9+and Unrea@itﬁ?tié QLHROE anWRT & Broddiid %ﬁhﬁ@”&re@&s%ﬁpgr%éﬂ?ati ng
step has a toluene conversion ranging fromabout 15 to 35 wt % based on the

tol uene in said tol uenekef.eadstanksaidromhie eprndedi sirdanl Ueore a catalytic

di sproportionation prgduct h@s a_PX cogcgn%rati on of ta@HI eas}( 70 Wt % based
on total xylenes in SABESRITHRTE SRS EPERAOTDA SFRYHE Sacken gr i
separating at |east g@op@fit ippsuRi seaimdl frdht stoaseGackat cbepsitesdatPRAsti pn of
said Bz, and at least a portion of said unreacted toluene fromsaid toluene

di sproportionation pvpRrade aket pp sdtcronsaipmatighydreearbersck of any preceding
claim 12. The @? Oce&%}a%ﬁﬁgrgli@gm}u%ne ALBduk WIR! & Qa@ﬂ’sp @é’r ShIuERIN IS
p f r yl a

produced by se ation/purrfication oma toluene ne I'on process. 13.
The process accor di ndjsgrop@tignaioa @ihditivas po @eekdt agokikad dispwiperteinatisai d C8+
feedst ock has a PX concentration of 90 wt% aor_ | ess based on total v§i ght of
xyl enes in said C8+ Qrgéltlfgtlgefpp_g light gases, Bz, PX, MX, OX, Cotand unreacte

toluene, wherein said toluene disproportionating step has a toluene
conversion ranging from about 15 to 35 wt% based on the toluene in
said toluene feedstock, and wherein said toluene disproportionation
product has a PX concentration of at least 70 wt% based on total
xylenes in said toluene disproportionation product; and

(©) separating at least a portion of said light gases, at least a portion of said
Bz, and at least a portion of said unreacted toluene from said toluene
disproportionation product to produce said Cgt feedstock of any

preceding claim.

12. The process according to Claim 1, wherein said Cs+ stream is produced by

separation/purification from a toluene methylation process.

13. The process according to any one of the preceeding claims wherein said Cg+
feedstock has a PX concentration of 90 wt% or less based on total weight of

xylenes in said Cg+ feedstock.



