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C al kyl benzenes, ethyl benzene (EB), para-xyl ene (PX),

ort ho-xyl ene (OX) and neta-xylene (MX) are often

present together in a typical industrial Cg aromatic

r oma chem cal plant or a refinery.
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chem cals. However, it is often difficult to use such
produge gugheesici®nal fractional distillation technol ogy to

separate the EB and different xylene isoners '
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[0004Et di f Feactippal distillation is a commonly used method 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 Cs 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.



tenperatures. Due to its higher freezing point, PXis
usual ly separated as a solid in such a process while

WO b@sae42e8 conponents are recovered in a PX- depCBUSH08/055845
filtrate. H gh PX purity, a éey property needed for
satisfactory commercial conversion of PX to PTA and/or
DMI in nost plants, can be obtained by this type of
fracti onal crystalIlzatlonTh@EIPatent No. 4,120,91 1

0

At ent NgB 3, 662, 013. Conger ci al | y[avai | abys procegses

P

apd crystallizerslinclude the crystallization isofging
pf ocess, Pthe continuous cﬁﬁntercur ent crystal lizafion
p
S
a

+ 1o PN H o+ U
ULTOoS, WEC Ut 1 C\a bUIIl alt3|9 w Clhy l al | I Lcil% arre—tne

Craped mcrystallizer.""Due to high uti y usage
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is usually nore advantageous to use a feed with as
high an initial PX concentration as possible when
using fractional crystallization to recover PX. [0006]
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I ch certain reac ions can occur because the
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the zeolite pores or cages. Another type of
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when GOR¥ fo&h@ﬁl%ducté\%@ﬁﬁml@ave It&S 8eolite channels. Product distributions can also be

altered by transition state selectivity in which certain 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 pore system. A small change in the dimensions of the molecule or the

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



N. Y., 1981, p. 72. Such nethods typically result in
the production of a m xture including PX OX5 and MX
woeesnzi2eg) upon the degree of selectivity of tPEI/US2008/055845
catal yst for PX (para-selectiyvity) and the reaction
conditions, different per cenl3ages of PX are obtained.
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ep to separate the rocar bons
condidepl et ed streamto forma C7- and C9+ depl eted stream
which is enriched with C hydrocarbons as conpari ng
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separate the C9+ h%grocar bons fromthe

produgﬁs rnegm Ihoyieldp abaut 2d% e mbsbdt s MB athd abaut 2220/@))( among xylenes.

separation step to separate the C7- hydrocarbons from
[0009] he Co<omegitieonally. $¥% prafvationfbyrtplugnrispranerticgatiateqontises:
stream which is enriched with C hydrocarbons as
cehpar ialgensi tdspréperiprmadoact stsp r@amrochrceSa ardict atidai@9-having Co-

te Cr- + hyd b :
i om ¢ heoBrahom QSRR PR P e L eSSk ardge PX. X
st r eamophiagf cthg11RALIEhARH @Myd@camaa@ocar bons as
conparing with'the pr oduct stream and- Ac) a PX
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Convem ent | ’Ct @8%43 %%10?12?[9]%25 S%ﬂlrﬁg G 60) h{ﬂcﬁB%ﬂ)&% from the product

conpr I ses a Cr ySt
stream to form a C;- depleted stream; and a Cy+ separation step to separate

the Cot+ hydrocarbons from the Cs- depleted stream to form a Cs- and Co+
depleted stream which is enriched with Cg hydrocarbons as comparing

with the product stream; or

2. a Cot separation step to separate the Cot hydrocarbons from the product
stream to form a Cot depleted stream; and a C;- separation step to
separate the Cs- hydrocarbons from the Co+ depleted stream to form a C7-
and Cot depleted stream which is enriched with Cs hydrocarbons as

comparing with the product stream; or

3. a Cs- and Cot separation step to separate C7- and Co+ hydrocarbons from
the product stream to form a C;- and Cot depleted stream which is

enriched with C8 hydrocarbons as comparing with the product stream; and



to produce a PX product with desired purity, e.g., at

|l east 99 wt% At least a portion of the C7- and CO9+
waelgpBatee stream i s used as a feedstock for theCPKS2008/055845

separation step (c). Dependlqg on the desired purity

of the PX product and dependi’ng on the PX

concentration in the C7- and C9+ depl eted stream

ne) ti - stPRgecrarstionaten Kasinsrtei Rt from &f laast v postienyef the Cs- and Cot

adsor pyl y be needed. [0011] Crystallization
nethod§ @§%Hg%&ﬁ£gd to separate PX (p-xylene) froma

aro tic.st mat er |
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the relative proportion of xylene isomers is close to
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convegHpRAl rl’a%cryrthlélzrtwo&rogf‘éﬁeét thedecdepnirinabpat 250 dwut &3 wg % PX. This
is thd % L r es t{ ?sﬁ 6&1268?1}}9%95me-5hﬁoﬁ1r Xzﬁﬁlgh? eogma dBFqlaphtha, xylene

tion 1s recryst
1someﬂe411mnahmdinm-slfapﬂlaelﬁemvd tetypee dispropoftmmatiex (T RXcesses, in which the
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osed by. t he
relaﬂ\%urf@e%ﬁﬂe 0& rﬁYi‘?nﬁt IHPIRETS B8 COSE 3¢ é’ﬁk}ﬂl Hoth aéofﬁ%‘}éli‘?{“i {gpgpratures. For the

produ@ﬂid&?&ﬁh gth'ifn 5\9 g SSRES99 § v&%)effcﬁjnltbfesle'fgédsthEs% feeds are cooled,
about % Therefore, these processes generally

crystalzeed ahé sqnafaaubfrtaibreey edd m@npmfstun?o npamadly -6 ta K. 3¥€whrorder to recover

most ?afd tilg@gif, %1‘81’-?1 s%ﬁlg t@.%:( eﬁig %(\P/Iglrg Vgﬁla %% igg(zl’eii %ﬁ? fgwcaasnabout -85°to -

95°F. Cla érpbtaidNile GRGHea! i@ tl@@ﬁésﬁltm%%hﬁ]onussrec@%lhzé@ .and separated at a
5,448,005 di scl oses a crystal l'i zati on process for PX

warmergiggperajure forgnagmen BXpneiriat. uBecagss/eft the |cmz%i1tainﬁ Amposed by the cutectic
tempeﬁ%ﬁ%g g’t)éa?%?%E@gﬁroﬁlsc Lr}%glqtlcfn%Lo%f)agla%hﬁlg Bf &esge% eLgr%ﬂy limited to

ncent Ion a
aboutfa00MH 506t Ofhigesteredileps pipoEdstOfAlcta0Iy IQIVE)CI@SS"avorable economics compared
to the newer adsorption based PX recovery technologies, which can recover 97 — 98% of the feed

PX, and have lower capital and operating costs.

[0013] U.S. Pat. No. 5,448,005 discloses a crystallization process for PX recovery. A
single temperature crystallization production stage is used for producing PX from a feed having a
PX concentration above equilibrium, such as from a toluene disproportionation process.

Scavenger stages are also used to raise the PX recovery rate.



Scavenger stages are also used to raise the PX

recovery rate.[0014] U S. Pat. No. 5,498, 822 di scl oses
w@2@sgse8 | i zati on process for PX recovery. A BCHGEM08/055845

tenperature crystallization stage is used for

produci ng PX froma feed havi'ng an above equilibrium
PX concentration, such as fromtol uene

[0014i spr opbP+ PEndloi SrtI8[838 155¢larsh jaotrystakizptinis PeesskigpWAC recovery. A

e t s ' e I v -
sl QO el 65 BRSO PHRGERLSEK LY ey n aove
equilibBum PX4&Bhc8ithtion, SKB ad fidd toluedd BisPdPortionaitoh. 099,
5,403, 800, 5,365,004, 5,610,1 12, 5,455, 213,
[0015P, 516, X2BioudndHodOa?, knowe3B theldit fdr,iRGBasHiBthe aflfideB8ity of zcolite
and 6,777,583. [0016] A nodified crystallization
catalygﬁ%@és@am@éléaﬁaf@N%}%&lééeaﬁ%émt-‘né49,b1é’e| 5,476,823, 5,367,099,
ta re i y <hi oncgntrat i X
54053001 S5 0t oL BIOYELY LA SRR | SRS TIIE scsooon
6,576383ph®pATV58Rat i on (STDP) processes general |y contains
over 70 wt % PX. For this type of feed, high recovery
[0016PF PX iAS nfd@sFddoé§stiBizigor poicg! gvopsuiemfgga 'bj?_%ﬁeditwhen the feed
. : e

relatively high tenperature, - 80C to 1C ) .
contaipnp prelatiecly bighreopeendiation pf Biighhsre wpmae eixemvabtieed from selective
t ' . =28, b 1. .
totuerf A4S Ao 1130y RS sep PIREIIR, o Sy Wy B ffor this ype
of fedal, ddglc r¢coneist aeXF or pbdsivdd upipi 4 isibgtd produdiienstafe aCrelatively high
aromatic mxture contains over 97%PX, it is possible
temprFuight bi-H ColPet0° 6o od heo BlIAS: {p PiRcessed HypughyersdRic pEHscavenger stages
' t_ ~90( i 14N V. I
opera A BREIBIEARYS) LRI LT AR eout i DR EORIGARR iy rocveled o
the pr&didiopsage $rdmali pumifcatiosi Wiea thodi hioathtic atiatuys tontains over 97% PX,

.. [0017] Because of their reduced refrigeration , o

it is FPSEH 'R AOTALL OSFICh  dStoBFD Bt AT PIPELE A ronssating at 289°C to

10°C, WoRS G0 RN drlg8d sty ngs'/Z@hvgn SRERGERARS: Ah§ BEHRAREL Yrom STDP
conpetitive with adsorption based processes. It is

processe$ igned siliiamodifecdfcetadicst.ock to the crystallization
step (c) requires very low |l evel of C9+ hydrocarbons,

[00179hi ch Bayausobéthcarredwict mefriigerapen tayuramerts @hd gleater potential recovery
crystallization unit. Therefore, a C9+ separation step .

of PX; eve it wgvth DA ROSCHTHE EROTBROERIBPALFad B4sorbtion bascd

proceskt§ P1t(igbe iRl Mt t¥e Be§3ckdiosthe kfﬁ{aill%ti&ﬁ’ 'sﬂég"ﬁc)' r2qUliE&s low level
to achieve desired C9+ |level in"a feedstock for the P

of Coselpairadarlymss tvpch( vy 1hEOE8] with thaspartenmbeesnof the crystallization unit.
urprisingly. found that .t C9+ separation ste be
ThereffE R 3t BebaipioR b S8inits) o Fee b nabToe SSfiebRiesnt of sep (),
norm#&B £Ct+ URtildtestBureh $Ph&ed td AdadedtsREPCES fevhinCfeedstock for the
produces a Cg stream and a crystallization process.

PX scparatien ptap (@t i on or mi ni mi zati on of the C9+ separation

step can reduce energy consunption, capital cost,
[0018bper at iltdranowdsien sampdsiaglyseinahthabthe{e+ scparation 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 reduce 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.



environment for a PX production plant, which wll
translate to | ow PX cost of production and |ess
weriosseaes to the | ocal environment. SUMVARY OF AGHUS2008/055845
DI SCLOSURE [0019] In sone emhodi nents, this disclosure
relates to a process of producing PX conprising
roviding a Cs+ feedstock, having C hydrocarbons and

SUM Yo BAEANSELOSURE crystal |ization unit under
cryst aI |ization conditions to produce a PX enriched

[0019i;t r eamith aohngerab@mn@mtﬁc &nis rdasdlasnraofrelates Itea%tpr@@% oftpducing PX

sireal

ny i
compyifiae dsigiogcn L b Hetiloek’ BRibg (o P A et BgEetvons, to o
crystallthatibYuRia sRdkr @Ay stDliAkioMRbetitiordf topYd RIS PXehriBedteam having a PX
f eedst ock, which the Cs+ feedstock having a C9+
concepiyafiascelr #derst 89Ackt batcdom th vecighidhg PEnentigheshstresmy gvherein the

c RHRRRRS BR, RSB oL B0 B BB SRR oL ines n e

Cyt fe@lstocRr atibsthofCypr foeditddkghd e Q- Isidigtartioay doneutitetiog in a range
a toluene f §edst ock having toluene to a reaction zone;

from } wppegAtlctt/nbrsehen the tQh évewhf pf the Cat dsdstockinder

t ol uene di sproportionation conditions to form an
[0020kf f | uetr ofeyi prba@imenlydiiie alissénsyic Clagurtocambesss ghdgroducing PX

comp@ng :&%ﬂ 5390 @gﬁv\h}%\éﬂeﬁ Ife%d?tﬂ g?vﬁlé] }éog{x Q%gé tﬁgﬂgé&%ﬂ% ' kS &)) contacting
the toR@NE @ith laatatadyst ahdatolueesdisptOportidnhimaedndifiohdodbrinah giftuent having

of xylenes in the effluent; (c) separati | east a
Cr- hpfélchar&ﬁn%f Cehydrrrarionarasdn ot rividraqaeboss I“g'éfﬁm tthe fG o fpydrocarbons

R s L e
on totehweight bbHkglenaseinght efffuehh e(cﬁg:pafaﬁagi sit bekt; a podioadf C;- hydrocarbons

up at | east portio fthng+f ck to a
from SR G Gt BednRr e BTG e ORO oyt § Cohydrocarbons
concehRatRSOHNRE] &ppR BNF0 @W@ %a§&f &2 MeBMl W&ight B¥the Cot feedstock; and (d)
concentration of at least 99.5 wt % based on the wei ght

supplypfat ti¢est RXpation o etlje sﬁgrre&mist@c@:omp qrpstelbpasions pat ugdef crystallization
di scl osur dst ck sSu ied to the
condifighsSio o PG B giviohet STy T ERoEois Bt of at least 99.5 wis
based ©anBé Gtighgorhis Xt dnaichyd ffcam( @) a tol uene purifying
step to produce a tol uene feedstock conprising at
(0021} €aSt  9Dsopbe %E@ck Benes @ldohPd 1R R & ﬁﬁglﬁ&?@&ﬁ@&%stalhzatlon unit
ranging from1 to 10 w % baséd on the wel ght of
is madadhyue REDPgeastoakisistihe essemtiallyeoft ol uene purifying st ep
has feed(s) conprises an aromatic product streamfrom
a(oat alaytbluener @ﬁﬁfym stepurto girodeti « tqhnand ufet dssdakeaomprisary at least 90
a catal c cracker, and/or an aromati c proguct st

rom a"erb i Slon-aiBstes By A aTbs eRaRe BPPc Ry 10 W0o based on
str eamtﬂer WELA srahaloyidnt fERERERBNhertif®he toluene purifying step has feed(s)

comprises an aromatic product stream from a catalytic reformer, an aromatic
product stream from a catalytic cracker, and/or an aromatic product stream from a
steam cracker, wherein the aromatic product stream from a catalytic reformer, the
aromatic product stream from a catalytic cracker, or the aromatic product stream
from a steam cracker comprises at least 1 wppm to about 15 wt% non-aromatic

hydrocarbons;

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

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



aromati c product streamfroma catal ytic cracker, or

the aromati c product stream from a steam cracker
w@owpnees at | east 1 wppmto about 15 wt % nonPEr/ORMNSE/ES5845

hydr ocar bons; (b) contacting_the tol uene feedstock

with a catal yst under toIueﬁg'disproportionation

conditions to product a toluene disproportionation ) )
pr oduc PXh AKn§X, i(ghendyarisactediolmae, wReremxtheolugpg)disproportionating
unr eac"st%? I{aglauforllt?ene%ﬁ@gﬂ 1 ntJ&ﬁ‘ 15? lﬂ'b%ﬁ]edbout 15 to 35 wt% based on the
di sproportionating step Ras & ToFuene ‘Conver si on

r angi ngliigremimlbicutolddmet feedsioslt, Yandasddretn thdolti@leudiproportionation
in the toJ uene feedstock, and V\,h(frei n the toluene

di spr opBduFohRsta Bet qoneRnietion9é agleex dhwtérhaset Pofptal xylenes in the
at | eagfrydfd M1 RAG&GHHAR piRiud; o%y! €nes in the toluene

di sproportionation product; and (c) separating at

| east [ f | i S t t '

of 8 he S Plle R 0 £ DEloh 8 PRERYsp kL RAR BRGLE BR Bz, and a
t ol uenéabtr anpdrtien todl the nenrdacs@l oo Goai itlen tgluaru dispitoportionation
produce the feedstock of g]% one of claims 1, 2, 3, 5,

6, andPredupigernducs thedredsiaekodrpearso! ¢laims lasdideguand 7-
relates to a process of producing PX consisting ,
[0022¢ssent imisppcogmbgdimentss diisiehieclopyrd rslptag) tataepracgss of producing PX

olg : _uene feedstock conprising at |east 90
COHSI%%%%%P%%@ and non-aromati ¢ hydrocarbons rangi ng

fram1l to 10 wt %based on the weight of .t ol uene.

f 6dsi 8CRICIREPEIIY Her 8 et i ilhor g B et Ring ot cast 90

f eed( s)yt O MIdrz@Rd HAn AR 1y RS Qb rSidiRaFo OB B) wt% based on

catalytic reformer, an aromatic product streamfrom a

cat al ythecveighicfdhe todyre deedsteckirwhrieindhpiobepne pusfiriemstep has feed(s)
froma cr.a , in.the ar ti 0 ‘
st r oam PO SoaimyriecNBaRs s AR sl R g g aromatic

st r eampfddand Arcamt fadn tal ctatytRodtsdker, @hdloh en arodmaicipgoduct stream from a
product stream fraom a steam cracker conprises at | east
1 wppmSieamagaker. yaheirindiroronpiaaiodectsfigradim grrgtalytigyreformer, the

i . ni
contac tafogiﬁst% :}gocrhﬂtlt Yelim ?ﬁ%ﬁg 3 ‘c%%%&ttﬂé" ctren:k@r %"flttlge! d%t?%nagg (B%duct stream

t ol uene portionation co ions to pr

t ol uenéodi spteapocrhclanabmprisgsradesst 1happmdo labglit 1 5g@t’e on-aromatic
Bz, PX &élx EX, _Cg+and unreacted tol uene, wherein the

t ol uendy PEPPBPorti onati ng step has a tol uene

conver si on ran%i % fromabout 15 to 35 wt % based on ) )
t KR t orQpeingrihe fRlugns fgedrbodkenils paafelysh yadsireluens disp@portionation

tol ueng, ;568 %&iugpgttdl&&le disproportionation product having light gases, Bz,

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

toluene disproportionation product;

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

product to produce a Cs+ feedstock; and

(d) providing the 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 the PX enriched stream, wherein the Cgt



product has a PX concentration of at least 70 wt %
based on total xylenes in the toluene

waele@pnapes ti onati on product; (c) separating atPCEHSI008055845
portion of the |ight gases, %t | east a portion of the
Bz, and at |east a portion of° the unreacted tol uene
fron1the t ol uene di sproportionation product to produce

a Cs+ fecdsteelodirs adivd coagenyiBon @f r@g 1Qaﬁb7Q:sY\41%f bawdtacfotal weight of
toac 5%1%{1@5] 1|n'tE@E' 0 fke&ﬁbé&%@c@{ the ' %Jdlsfoélg A\Qﬁ%a C§+ [g)szdrocarbons

conditions to enrlc ream

concen t:dhaiehmﬂldhf 1na1t rah@afbmIN0D V\qﬁ}ﬁrﬁ e s o tWrbakdcomhiegbital weight of
of the PX_ en stream wherein the Cs+f eedstock

has a PX & ﬁ%@%ﬁﬁ tion of at |least 70 wt % based on

t ot al ht of xylenes in the Cg+ feedstock, which

t ﬁt@a@tporfag é@bp@g}@nﬁamlm@lsglowqrqﬁ%ﬁg& ‘@@@ra@@ﬁrgtus for producing a PX rich

streangas a on {)]{1 i {){)1 a?ea[c?cﬂqgw{ng 'ﬁ‘t Efgp %19(1/\@1? S’t (i)gﬁ\%ﬁ@ratlon unit having

an inladdhd kofsi oﬁléﬁ@@ldmi‘ﬁﬁcsnd toltlst, dhes Gll@sofr the rsebe&htﬁﬁl tdit dBing fluidicly
paratus for Produ0|ng a PX rich stream whic
conne@%ﬁﬁ? |tl§‘e%utle 3§ he reacien and (i qgﬁst%lhze}tmné%mtalﬁalr&]an inlet, a first outlet,

and a%%dn%t utl(ef:))th@nflﬁ%ftﬁé e C?‘ﬂﬂahi)ll? %ﬁit{%%lé@nﬂl?let o?@m&ﬁct@d to the second

first outlet an sec out
outletoé gerseparatiorumiit. bei ng fl uidicly connected to the
outl et of the reactor; and (c) a crystallization unit
having an inlet, a first outlet, and a second outl et,
the inlet of the crystallization unit being fluidicly

DETAIQRMEDESARIPTION: second outl et of the separation unit.
DETAI LED DESCRI PTI ON [0023] As used in this

[0023?pec' fiaAGatde@Mn thﬂes i tidd, QH@W“fr%ﬁ@wor‘kst S€d Lkkd in the sense
he sense described Iin the "Atlas of Zeolité FrameworKk

describypasthe “Adaslof ZatizAfratswosetlyesy €i08]. t he nunberi ng
schene for the Periodic Table Goups is used as in

em c r . : :

10024 005 eBSE noraih LN Sigriciobtiy Febiofi Fimbs Ompus s used as in
Chemﬁﬁ[ErﬁEl@gméﬂrﬂnglmsbm%@|29'f(1198.‘[)0026] Al'l weights of
nol ecul ar sieve, weights of binder, and wei ghts of

atal yst conposition, as used in herein, are based on
[00251 he callBp fam wanghtasuse@herends defined aspata pryanillipnghy weight.
for at least one hour). [0027] The term"Cn"

[0026;ydr océﬂp%l%‘fﬂ@ g Iﬂoféculﬁr %{bvgo%}e‘iézh\f@ of NGiRQG" 'ang \gelght% of catalyst
as used herein
cCompoR@ITS aauktyidnél@mm@m bkawd ng the caleibet weight@ehonlcaedat §)0°C in air for

at lease one hour).

[0027] The term “C,” hydrocarbon wherein n is an positive integer, ¢.g., 1,2, 3,4, 5,6, 7,
8,9, 10, 11, 12, as used herein means a hydrocarbon having n number of carbon atom(s) per
molecular. For example, C, aromatics means an aromatic hydrocarbon having n number of
carbon atom(s) per molecular; C, paraffin means a paraffin hydrocarbon having n number of
carbon atom(s) per molecular; C, olefin means an olefin hydrocarbon having n number of carbon
atom(s) per molecular. The term “C,+” hydrocarbon wherein n is an positive integer, ¢.g., 1, 2, 3,
4,5,6,7,8,9,10, 11, 12, as used herein means a hydrocarbon having at least n number of carbon
atom(s) per molecular. The term “C,-” hydrocarbon wherein n is an positive integer, e.g., 1, 2, 3,
4,5,6,7,8,9,10, 11, 12, as used herein means a hydrocarbon having no more than n number of

carbon atom(s) per molecular.



nol ecul ar. For exanple, Cn aromatics neans an aromatic
hydr ocar bon havi ng n nunber of carbon aton(s) per
woredogaed22s ; Cn paraffin nmeans a paraffin hydr oRGr/D82908/055845
havi ng n nunber of carbon atgn(s) per nol ecul ar; Cn
ol efin means an ol efin hydrdcar bon having n nunber of
per nol ecul ar. The term " Cn+"

car bon atgggﬁ%%w”
[0028hy dr ocdhp FoifpdRtorls, VAeTeIB i I Bl @OPIHY @ HERLCT . 2. 1,234,567,
6,9, 20 1 15 xhnelbsrein frealy o Redybli opriSie HRMORRF &hdhugs than 50 wi
basedaimﬂ‘i(eSt))taﬂJ@velgmlcﬁfCthé déedst'ﬁble) h@trotarbans havygr sicldaddannumber of carbon
t i) . - SR | 1 ) . ) ) 4 ) 5 i)
atom(g) pery%Il ecrh:l)alrsIger]te%%s‘JCIéyf%gés?Qéé@ﬁqq@S@glﬁ aﬁ@gﬁgv%‘?’nteger, eg., 1,2,3,4,
5,6, ’}]389901:(?1@0[]2 %Ws&ghé}gmrfﬁéa%sta sthek %Hﬁihm‘ﬁg ac}ﬁ H{} (greater than 50
aton{s) per 'nol ecular.[0028] The term ds ogk,
wt% lvdsed en thertotad warghp of thtei feedstavk e bedrocabans, ha]zmgmo 13pre4t,ha15n number of
b 8, 9, 10, 11, 12, as used herein neans a
Cm’o?é@ﬂ?fﬂ%ﬁ“&&ﬁﬁ#VS|ng a majority (greater than 50 wt %
based on the total weight of the feedstock)
[00290ydr oc &k hone Bavédigedts, kaaslisdboskT@htcOfto CAPRRRss of producing PX
aton(s) per nolecular. The term"Cn-" feedstock
compyiag @iroviingsa &nt feedstacke hiving der hydsogprbong, angl, Cgf hgdrogarbons, to a
crysta?lzaé()rtl §m|2 %ndeq’%rysi!a:l'hzaﬁ%n cgﬁ\‘legrfs&o %r(gllggeﬁ?ﬁgrn g% stv\%a‘% having a PX

concebﬁtst&dl (ﬁﬁ’lattIMt DQBalft"/HVba@ﬁtonOﬁhe tvii‘&glfteﬁ disd¢ PXkgnriched strearn wherein the
ydrocar bons having no nore th n nunber of carb

Cot f%adéﬁ?e }wsp% Pmn@@maapn of gblzast 7|0nwfs/e> h@seér%daiah@vﬁtgéﬂ of xylenes in the
Cgt f%&isﬁ)cﬁ' S5l cASHE %gﬂeﬁeé&s‘?&&@a@g’gst ﬁ‘i@dﬁ’% calidd L&%h&gmp%%n in a range

nprising providing a 0 avi ng
from hyvqbpwarlbomé/ basdd 68 thahtptht ecahbohthe (ko f@edstock
crystallization unit under crystallization conditions
[0030§ 0 pr odte ecren Morearbimati€thypdro@aborhaamga ayd¥carbon havmg no aromatic
concentration of at |east 99.5 w % based on the
ring. Framples X R AremeHC dyregabonae d?aﬁafﬁﬁ@),colﬁﬁﬂ@éd@tcae kparafﬁn(S) or
PX concentration of at least 70 wt % based on
Cydwnﬁ?gﬁ wei ght of xylenes in the C8+ feedstock, which

[003 lj: he GCs o?ﬁeqsérggodlm%nts n gﬂl?r e qu}/ {recfgt?o Q(? o RERERS, gg Oproducing PX

oncen ratlon I'ha range

cornpﬁﬁng f(%) bﬂiv&ilng\/altglilbné)feetiﬁtsd@a*vuﬁg@ &ﬂﬁdn@&& a 1c88@B] zohbe(b) contacting
non- aromati c" hydrocarbon nmeans a hydrocarbon
the tOWaW Wih Rt eiarde @luery. dispiapritiaaation crpditighoieeere an cffluent having

} S CVY.Gl

- UFEGRBREED, 65 ABHRAL By Oy X0 e €. osarons
compastiidj Mahtisd ODhIV\dledaus deasfinant hed aPEsconocnarapowofstdeast 70 wt% based

oduci ng PX co Si rOV|d|n a tol uene
on oL ¥aEbeR Habsrg the elBfan () sbbog b ot gortip)of Cr- hydrocarbons
from Eh%rEfﬁﬁéﬂt %9 AP ol QI UBBRIH Rt o/t Flg ! HIEDE hydrocarbons

di Spr oportl onati on condi tl ons to forman effluent
concchastiongfr@n- 1 Iwyogmotoa]r(bwt% ,bagedhgrd thectatab eresghaof] theoGs+ feedstock; and (d)
suppl§|;] ag & rabf))or}fcibn V\ol?et 3 g+t g%ds?ocqygorg c%ys AZation 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 the PX enriched stream.
Cst feedstock

[0032] The Cst+ feedstock useful for this disclosure has Cs hydrocarbons and Co+
hydrocarbons. In some embodiment, a Cg+ feedstock useful for this disclosure is produced by

separation/purification from a hydrocarbon stream made in a reforming process, a hydrocracking process,



conprise PX, MX, and OX, wherein the effluent has a PX
concentration of at |east 70 wt % based on total wei ght
W@RoogAgteees in the effluent; (c) separating atPCEHSI008055845
portion of C - hydrocarbons E omthe effluent to from
a Cs+ feedstock, wherein the 'Cs+ feedstock has a C9+
hydr ocar bons concentration from1 wpopmto 10 wt % based
a tolugyp d{spl‘r@pquQrgpoprﬁqst, a g¢legtiyg tofuene fl]égwnowgpeesd)i toluene methylation
procesSUBPLY, RimbiRARL MerP@ tinONCO! EdiGtolls tusbREASE QRK diSci&ure has a PX
crystal l'tzation unit under crystallization conditions
concehatpmoefUat deast PX valir bashd dngotrabaeigha ol ngleacsPX the Cst+ feedstock and the
concentration. of at |east 99.5. wt.% based_.on e wejg
Ot PR ERE b ST SRS SRe Rl o o OEk D Bob AP 1D w6 based
on thd@gtal Heads bPek usetddstobler this disclosure has Cg
hydr ocar bons and C9+ hydrocarbons. I n sone enbodi nent,
[0033f CB+ TREARINRGHKe P?(ecfo%erft&'ﬁoﬁ N Svt9 %b@ay {dal | SoiPFQIUGRAes in a ot
y separatlon/purlflcatlon rom a hydrocar bon Stream
feedstoelderd wselul devorhi ngnagnogesdjmias foy di dcspb)simemgoqﬁs@se@s 74, 80, 85, 89,

93, antd§5 eﬂg fg lg% tﬂ!)lgzﬁg{rz;l % B}%ﬂ@e i)gﬁedgonts tg% i.’g\fl? of xylenes in the Cs+

feedstBElE Wé @ehi) 'ﬁpE&@@é&iceﬁﬁratﬁﬁMnﬁm ﬁﬂﬁis@%sﬁﬂ%%&‘&ses T91e 98, 97, 96, 95,
Cs+ feedstoc useful for this disclosure has a PX

and 9¢.ohbeRKrcan¢antratben, an Wit wehesedran intadonsadhe af sylenetinthafeitgfisedstock may
be pref,?entxl%l %S%ﬁ%uné lgggn -Srnf %egv%‘t/ tt%k99awg)/ 1H %ng%-r'-nbo(a%qefntt aClJt%inatlvely 75

$ORS concentrat i on
wt% OISV, a]l&rﬂwh%l aeafl 30nvithes 9Dhedo, Wedrgdtivedf 83 ttﬁ‘9£$v’t%, alternatively
feedstockabOOSS] The foIIOMAQ PX cqpcentratlon
85 wii 9 X asteel agamaBray angdfrgme8ont’z 10 Shesroiin aaot@%rﬁmbodlment
feedstock, are useful [ower PX concentration limts '
[0034f or al IT hdif@léovwgg Kegrydeessgoss concengationBdasgison 8, togs weight of the

Cgt+ %e&jstt i 1216 2 usfe ! OWI nQT( Eﬁléc rggaer (%I{sat II]?_C%PtI‘atl (r:nklg ?or all disclosure

proce&@‘é@flubvpphﬂpg rwlﬁ%l CSO‘K}p@fﬁt [@Wp@ﬂl |50 Wﬁp‘in fl@)() vappgm, 200 wppm, 500 wppm,
di scl osure processes: 99, 98, and 90. The
1000 pyprawn @it mnanSOQOnW@p% Hagu, o??n ‘Yt& alp v@.@% ofhe Tollowing Cyt

hydroéz}%gﬂkecsonkéht{aﬁgn roased grgﬁl%tt@%i(w@%ét 9@%}9 c&* %Etdsﬂo@k He useful upper Cot

mount rangi ng one
hydroezn‘bomh dmnetntraabh dmﬁ‘atﬂ)n/a:-ll Yisalbsunt podcosse8 100 Sgppm, 200 wppm, 500 wppm,

altern vel Ovvt%to 7 %, alteronatlv y
1000 pvypras, ﬁé% \‘?’é’PS}l o5 s § "0 W W47 an 0Ywibi. The Cot
hydro@zirto@ﬁsr@ﬁlbé&ﬁ}aﬁﬁoﬁ‘%s&{ Qﬂrﬂf%scof%ﬁ Weldt gf’th\é’tco/ 0.1 B ARRK B8fy be present in an
enbodi nent. [O he fol l owm ng C9+ ydrocarbons

amougtorRggng fant @nzyppmaye ¢|0 ovi%t imeorteoetnahodwmrghaltemmattvhb' Qywppm to 5 wtYe,

ar e fu +_hydroca .
sterngGREE PR ShomiEet e SROERIR dOTRELRE! B Goalgmively 2 wppm o 1
wt%, WAt Mo 5 t&-pw\f%ﬁﬁ]an&ﬁeﬂ’@%ﬁdlrﬁ&ﬁ. wopm 200
wppm 500 wppm 1000 wppm 2000 wppm 5000 wppm 1

[0035M % 2 h’f\'ts(c){?n%néjmﬁodﬁﬁle(ﬁts The ol le sﬂ)@kqﬂ rﬁiﬁﬁé}céd' i\ naphthalene.
concentration ased on the tota MEIg of the +
Whenfrapbithtlsok js mesentusdheCsufedsto9 the naphthalene concentration, in mol%, based
on the PX free Cs+ in the Cgt feedstock is ranging from about 0.0001 to 10 mol%. The following
naphthalene concentration, in mol%, based on the PX free Cst+ hydrocarbons in a Cs+ feedstock,
are useful lower naphthalene concentration limits for all disclosure processes: 0.0001, 0.0002,
0.0005, 0.001, 0.005, 0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1 mol%, 2 mol% and 5 mol%. The following
naphthalene concentration, based on the PX free Cg+ in the Cs+ feedstock, are useful upper

naphthalene concentration limits for all disclosure processes: 0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1

mol%, 2 mol%, 5 mol% and 10 mol%. The naphthalene concentration based on the PX free Cs+



hydr ocar bons concentration limts for all disclosure
processes: 100 wppm 200 wppm 500 wppm 1000 wopm
wQo®s/12psm 5000 wopm 1 W% 2 wt % 5 w % andPQDUSR098/055845
The C9+ hydrocarbons concentration, based on the total
wei ght of the Cg+ feedstock™ nay be present in an
anpunt_ranging from1l wopmto 10 wt% i n one
hydrogrbenti itenCst Erddedkampy bf y)rquntV@F@mampugt nggng from 0.0001 to 10 mol%

in on%%rlﬁnﬁc{hg%jﬂtaa%e aﬁ?%egna | Vg});éa é‘g?l\l%%%’il egﬁa&%mﬁr%ﬂoﬁle lOYOO% to 2 mol%,

alternativiety 0800 Vel ynaitd, fltcenatiyciyppaod2oto Inindob,al@neitivelly and from 0.0005 to
1 mol]?e/gbg)ggnlfog{qgteﬁg{gomosﬁqts] hilg?e Iiag) ng%g%%%?r%‘rz@%fyg ?noﬁfhased on the PX free

Cgt hg%@&%@ﬁseiﬂ% ¢S RERRRRS Edlcdigd %ﬂi tﬁ@ﬁ)‘#l%wﬁ‘?é(equtaﬁgn
hal ene concentration, 1 n nol% based on the
free Cg+ in the Cg+ feedst ock is rangi ng from about
0.0001 to 10 nol % The fol |l ow ng napht hal ene

concentration, .| | %.,,bas n [ +
napYeleRc ar bons i nOtagl rrcl the ? ch%enéalrnethasé f?eﬁftﬁk/e)r( 100

concpripiional ene m ts fo cl.gs
processes: ?HEE% hﬁ_&ﬁéhe €8+0% dsq?ﬁ‘odﬁ Pe(?%@i(
0.02, 0. 05, 01 0.2, 0.5, MhrGdefeessioskos and 5 mol %
The foll owi ng napht hal ene concentrati on, based on the
PX free Cg+ in the Cg+ feedstock, are usef ul upper
napht hal ene concentration limts for all disclosure
Xe rodect, 0.02, 0.05, 0.1, 0.2, 0.5, 1 nol% 2
mol % 5 nol % and 10 nol % The napht hal ene
[0036¢ oncentr an¢ embbdisedt, dhe PReciPhéd eteea@g progdeacby Bongystallization unit

has a ?F(%s%nﬁe ﬁlg%tltoo a‘rllaa%g$$ W i)ﬁ.getd %tga r?ééﬁg uﬂher}a}? %nmgled stream. The

fouovah%epmadﬂcmwma -J108c PX énrivBbdbtraint, 6h Rabd, \vabad éd @@ weight of the PX
02 to 2 nol % alternatively O 0.0001 to 1 nol %

enrichgf tsepamat ary apafuldowgoPXtcongenirstion limits dorredl d%@s)ur%n@ce&s@%n% 96, 97,
1 | % ioh t e

%8, 99 @gt ha e6ﬁe9§gzng%r§t r%trg% Onwgl(ﬁ%% aseyg1 " ? he TB?( following PX

conceﬁfraﬁon@-ltheh pPHrenciahidiogdamninaws -Poaﬁedadﬁs theokeiglst of ahecRX @hfiched stream,
wi.th the foll ow ng ﬂuatl on: naphthal ene - total nole

are usgful pBeT R FPREANEAROD Hmits dorcell disalogure gpocssespfp. 8, 99.85, 99.86, 99.87,
C td +

99.88f 22 gg ”30% 9&‘ 9_9%'\% !ﬁ@ 2? 9%9)(9@?n ﬁedfo%@vﬁrggg}gsdtoggid&g%@ Bf the PX enriched

streanennlwﬂ%:doasd:dr eanhepworkht bf tlﬁd@@]enhnhe@lnﬂreamb adiynEEnpresdnihén an amount

enr tream uce t he crystall i on.
ranginfgn o 0 s 1T SRe SRR gh it veign logd o Ml izelygfiom 99 to
99. 990511térﬁ@mw gbts fof 99@@ ﬁ%@ﬁ%@@ﬂé 36 19930, akE@afiRlly %Yiﬁ Mebm 99.7 to
PX conceritration of the PX enriched stream in wt%
99.99 ha getharemblodinggitght of the PX enriched stream are
useful | ower PX concentration limts for all
Crystdlizatioosonditipnocesses: 95, 96, 97,

[0037] In some embodiments, the crystallization unit is normally operated at a
temperature of at least 1°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 Cst
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 Cs+ feedstock)
or PX with other Cst+ 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



98, 99, 99.5, 99.6, 99.7, 99.8, 99.85, 99.86, 99.87,
99.88 and 99.9. The follow ng PX concentration of the
woened2ehed stream in w% based on the wei gheT/U820081€55845
PX enriched stream are usef upper PX concentration
limts for all disclosure protéesses: 99.8, 99.85,
99. 86, 99.87, 99.88, 99.89, 99.9, 99.95 and 99. 999999.
point ghRXf with Wnﬁxpﬂﬂtéﬁ‘f&@rﬂl@mtﬁ“@ﬁn arphthdemxsguescahidthe Cst feedstock)
or PXSHAHE Bifer L] W%g/roocﬁgoc’r?sd %IP gbtﬁ@@m%dlgll%ts O{he c%talflﬁ%a?ml EH %joperated at
stream may be present in an anoun om ¢
a temli&ﬁ)tuirmra@]ﬁlgeﬁ’dmdf)mmm@ TaEdématﬂ\i'e\l/ﬁlA?CQ& SUQC ,Ql@fhatively, 5°C to 50°C,
ternatively from99 to 99, 99 alternatlvely 99.5 to
altem%"@&) Sl %Q%a?’i @}Eelr%at@QlYﬁStCotog@ alternatively and
from99.7 to 99.99 in another enb_odl_ ment .
[0038Ey yst alln apaﬁtfiﬂmd @@b@ﬂlmie@h ghe @msarl}lzthnswfels Onpathdrad gttgmperature of

1SR YO 925, Wb POl LY AR AL St 15

alternetisie®e1i0eC ,ml)ﬂeﬂtatloély PﬁeONaItérnhﬂi@elWGMaIthnﬁlt&i\fﬂhi b, enelternatively 10°C.
(when naphthal ene is present in the Cg+ feedstock) or

[0039PX Wi t Itn @bMerentibtiines, OFBED RS Cot Medbtdek HRMPQGAA PN ESncentration of
t he cr(i/stal lization unit is operated at a te erature

greategfthagy 74 gdlst bapedcon gctotd gglensy @ oyt frgdstododhe gpstallization unit is

operat]eﬁx?l {Ilg]aTSSQ@e %‘{Otdﬁ% Q&hﬁrr%lhpﬁég%h[@l tl%lﬁ&%?’&%e% gt l[o 10°C, wherein

the ﬁlltla’@l‘llts @%@mdltﬁrng%ﬁabr inforé Beaveigeer lseges bpektingodt 16%er temperature, -
t her Cg+ hydrocarbaons. |n other enbodi nents,

t he
28. 9°<é rt%% éTGth dECQRT af#filtloriwé Pohevhieleds meyeeq &rﬁ&&rpdv@waf stage for final
QG r
purlﬁ 10HDJsed1§(ﬂ@sréﬁ élgsgggt'jé@% pAgll 8 tg%%gvheﬂ tﬁg%(; #%%595'&% having a PX
concenﬂmthinh af gr@te(rwhem IMapttl Nzseheni the pots exytenies i hiee C3+ feedstock, the
eedstock) or PX with other. Cg+ hydr.ocarbons. ln sone . o
CWStaL‘}FBHB‘F H%lﬁgT?Y btel?é’e@ﬁ?’s‘{séﬂ% 1 784¢8 é’ﬁo‘ﬁﬂli’n ?@g%ﬁ%err%ﬂ%até% 4 C to 10°C,
with h@"@%ﬁ{? Wf QrabaNgi ABclhsQMid CWO@@Q%@WCTh@'etnﬁfé?@tdeW(Y95/26946 and
to 5Q0C, "alternatively, 50C to 500C,
W0959(l26954(7rm€ mﬁemﬂratabby tader8@IC, or alternatively, 50C to
2Q0C. [0038] In a preferred enbodi nent, the
[0040]:r ySt alThe zempontumsi teférsnaed edbat e esthinatot thiepelddstceystallizer stage. In

st -300C, alternativel 250C, alternatlvelé/ :
practlcezclblé nawpé%){a{w%' ree :I_sga@és éﬁl faéllgﬁ&f i q;gpega UK (g€ 1 eded to obtain an

accep’?albIé)eﬁlgﬁ?hM 8! X phSHfet. %%Célatﬂe\/t%}ﬂeraﬁl@@of ﬁﬁetd%[cfé@tt ét%%el i¥ significant

ernatively 50C, or alternatively 100
becaupmit dotramismbthdineimsm R exovérs g mafydedibtondd, havu ng a
PX concentration of greater than 70 wt % based on the
[00411 ot al R daafpdeaed filttdie imtycﬂerédstamhks,tagehe control the solids content of the

I I
Crystaﬁr%aﬁ qe'aﬁ ' %%e%g{tg ﬂés%%)lf 3 é&ﬁ ﬁ?réﬁa't? i ?'@?%r gormaﬂy a centrifuge.
The f‘ n]ay BRGIIR Htet WNELEER WiRe a fl'l(%l{l& abRedrsH1PHIGLSE/Y PX product, to

rou h one or nore scavenger ages operatl ng at
dlSplab@ti@rremémbéiﬂtmt@fremthe%t950:@to -1.1 0C, to recover
addi tional PX, which is recycled to the production
[00423t age flwsorhid¢ e@bodiments, 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 Cgt+ 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 Cs+
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



purification as disclosed in W05/ 26946.

Al ternatively, when the Cs+ feedstock having a PX
w@omwsanest i on of greater than 97 w % based onP@TES2008/055845

total xylenes in the Cs+ feeg tock, the

crystallization unit may be’ %ér ated using a single

production stage operating at -28.90C to 100C, with no
embodigenb redisrnasivalye’ Qo 4P e lrbgaatyaly \Wows 8969499, affeenatively 85 to 99.99,

I LT L e

er int the ol dest crystallizer stage. In
Selec i Bis i E\]7'8‘51that two or three stages at a
ange eratures ar eded to pbtajn an
[0043 ccept g&'@ H)?sz]ﬁe%ﬁ pch§ss|:§zr Bg‘@gﬁ%g P-X \%‘goluelnﬁ gonversions of at least
10 witEmefeRivl &t Rast MuEabdBShiiogt AU 4 PXSLAH G A greater than 85 wi%,
because it determ nes the maki num PX recovery tgnat may
preferpblyabtcastrt@dvt’p b d jon ¢ deyd kptcaeb hithe pratlecti s recycl ed
to each stage to control the solids content of the
[0044¢r yst alThe zeluced fdedstntk niwgt bd proslandd by ah;aesebzirqubrdteshhﬂqde such as,

distill%t} % Iifq%aé:OB arat u P@@S\ggﬁl@lﬂ%%ﬁ¥ g&m i u @ng to ﬁegel a?relan aromatic
produbf ﬁfré:‘ahf"gf ¥ éll'tegﬁloo %fbltrr}{er P?ﬁl RF QML ]ﬁroﬁﬁ’ctdétl%%a&fea th@lytic cracker, an

residual filtrate fromthe wet ca I n sone
aromagigtyddunt strsgm i et sieqmtcaadkmzamaom oambnnantlsn dkwn:(aﬁ: dul seint spects, the

recovery o | east e foll ow ng, PX :
aromdfigc o A Pog bR trioTE: B e pBlRgiin of @ catavi
crack@! 6r W8 @fdhatic ucPrda@C OV LEt¥arh ichck s th®f o 9lﬁidnaﬂijl sejas ‘ﬂcf Extraction to
processes: 7 75, 80, 85, 90, 91, 92, 93, 94, 9
remoxg7Ioreg oafe d9drorsbonoliv B Rome VY s amIik o other aspects, the
h t
arornal?% e& S)gg %n‘%Sm""Sf gpégtﬁ%%‘% \?egfroﬁ%% 1, e Sl%in%) r1c a1¥ ?8@& S egrglu?fe a catalytic
crackfﬁt Oﬁﬁ&&@naﬂ&pro&&t s86am 902 s&:'hm 8acked Bay bt sﬂﬁect@@ ﬁx@a?c,tlon process
98, 99 and 99.99. The follow ng PX recovery,
withopaEEmpVie RoRsaiREaght Yé¥009ﬂ>@n$>>€f0inh SYf rgrgatiq E@é%to%ﬂ@am(s) The non-

aroma!m%ggngoo foné %nté 11?‘&164%@9(% feregég)gélpg Sggﬁllggﬂo%?ofttﬂe f"egg cblﬁgomtlon and

i ment, ternatlve ternativ
separdtioaned@idquo/ e%qleta:lytusedlmtpmdalw tBStoluen® FecdXpck.
alternatively 90 to 99.99, alternatively and from 95

[00451 0 99. Q‘Beitaluamtféfaﬁstoemp@ﬁ%mm mcﬁﬁbe@béuteSOTmt%etmeloo wt% toluene,
Di spr oportl onati on [0043 STDP provi des a process

more greferably ghlogstappetnt) wivo telpensrasehon thedpighweight af the é%lgffne feedstock.
Othericg)rxﬁﬁto{?lds%lfcﬁga'f'sa&h%ﬂ%t xirltgﬁecsh t@@t&}r %f?ze%é W% (?n\’\%joﬁlaﬂcf %flay also be

ctivity greater /o prefera
preseitaashe 8luant Yediboel varhouhedvtoodedy affydtmpabe pwstt’neilsclosure The amount

pr oduct 0044] The tol yene feedstock produc .
of thewnaﬁﬁ&}mgfé JPat POl 4 BRgn QD Oélafva@e togfi Ibé‘ffido‘?? @11% total weight

of the®ofuRRI F&ARLAL r’[’H@Q”oH@Jvﬁﬁ%%n-a?&ﬁﬁ@?&seﬁl o, 8ds8&En the total welght of the
cont al ni ng toluene are an aronatic pr oduct stream of
toluengafieadsyacke arcedsofuldowy cramnazromaticclipite dercall étspleaumqfrocasses 0.01, 0.1,
0.2, O%?tl?h}lg,l 4?, 5C,r6?91,<§,r 9, f‘(ﬂ 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.



aromati c product stream of a steam cracker, or any
conbi nation thereof. In sone aspects, the aromatic
wee@doze2st ream of a catal ytic reforner, the aPCIES$1008/055845
product stream of a catalytig cracker, or the aromatic
product stream of a steam cf atker may optionally
ject to extraction to renove non-aromatic

[0046hydr ocdhpdnakicrs deadsterk mmorke ke prest ué tdesirgde di(as ynanpgy which will
mmmﬁ&e?ﬁ{ms%ﬁ@ fite 1n Hﬁ@re%{:tﬁ@%n% %%Poqfs %étﬁ?c?srﬁ%t%f\mam the art arc suitable
ticre e aromatiC uc ream o
for drgiag alheytbh(enﬁ bl&ﬁ“g@fqr 1054 plbh%s af dfm:llSdDospfeO dtede rﬁéth@dsr’[hdﬁdeapercolatlon
steam cr ot subject.to xtractlon pr oces ,
througgy pmyg alfltaﬁ%gw%@mngw RREWI i SH 193y oRAVBISA 214G @ﬁfeaular sieves or
other 1&%@5‘&3 Qﬁ&gus‘ﬁrl % e SIS ion, ARG oPRRA QHPE({ltﬁd charée dryers.
yd rocar ons co In the’toluene eeds ock 1
unct i 0 t t
10047} ¢t Qe et %ﬁ%%ﬁaé’ SRR OB B S PRER bl he methods of the
preseﬂt&ﬁﬂﬁdsﬁ%are [Iﬁéféﬁt]alyﬂmethb chbzdleigen ffeedptioct nodifiestdd, Yut may be in the
i ncl udes about 50 wt%to 100 wt % t ol uene, nore
ammagiup &F sediymaform eRisferaliy, the gatalitiv,eJr tHH S HEOMMBisct peintermediate
pore- stlféhﬂble}f\ﬁ% Oitvuch Q? Q@![\/PgnESI(/leleldhy?Uglﬂ glbleﬁ %Pﬁ@ﬂ/i" B8Ss discussed

suc enzene, fenes, trinet enzene, and
abovendhe aatalytit lrrméeqmm] swvsmalhxeplpfeslﬁmﬁlavma Cloesttavhtiedex of about 1-12. The

oty BB (Sl R PR AP BE Gy . Pt o

4016@18%ﬁaﬁp&h&ﬂnﬁﬂﬂﬂb fcf¥RRAE.t0 15 wt % based on the tota
wei ght of the toluene feedst ock. The foll ow ng

[0048I1on ar fﬁ{@t é?ol&ﬁﬁd?%l tulé]%i h@[reﬂll 15\9516%%1 greater than 0.1
he tol uene ee stoc are useful Towe aromat ics

microhi Tihd scchimte mkdsudimsait of arystapsioe eﬁmek:.cul@r Sitye ﬁlafbnam 2 frequently very
it MicgeBly FistiAdn-eB IR 88 TMugihooTishosat i ¢hige methods require
measdr@ﬁl@ﬁts Vil ShhrefndnliRr toq’ | 40085 fa%@dt%tr %gh c?fs%l Us&fsitled, values may be

hi gher non-aromatics linits for all disclosure
requirpd o8 egs &5 thrag diner@iond, Fer Z8M-3, rngterlgls de@eritiet, 1n1’Qle q;@rnples below,
.14 and 15, The fall owi n nonar ol .
estimifs R Pt s SR8y “rore S0 ORH-F gl 5 RfCor sortion of
2,2-dipfc@s@hitarichat B0 @NEHANE kPAR %lyﬂl@cﬁﬂb@ﬁnpﬁssﬂurb OTHDcriyBtalb§ige is computed by
enbodi nent, alternativel to 10, MteHmUveB%ﬂ@

applymgithe disfusightcapaiini gnéﬁrrybxa}/ {ankp "The Matheaatige p{ Diffigsgonf )xford at the

Clare@%ﬁ%{%ﬁ% L}];%?%Bﬁg%-%gﬁgt Ahileh gar‘%é %Tf Jﬁ?ohgtgke bya? soh% whose diffusion

propetiics ean bé hppaesintaed, by’ diplandTERoemodli Bﬂad\dlltidn merailﬁfmgﬁl constant of 2,2-
, | sture_enterin reaction z ne uner ous met hods
dlmetgﬁamw > t“ﬁéeréL?Se 5%1911% igfkentte, érSgﬂlQ]g %Z%P ol uene
charge for thebprocess of the disclosure. These
[004%et h od§ hi getelydietop STEN) mey b a chiebisgielestiyatsd by 4pke silicon, metal(s), or

r exanple, silica gel, activated al um na,
anycgﬁﬁh&%ﬁn%mgﬁgves or ot her SU|tabIe subst ances,

tr | st atlon
100505 2 60 g Topiiihy FitaRREedhs pre ot dB pis K dplagure wil afec
the pd#&-8EI0tivify BRICOMRANEEnWIrdibn t hiRhrehbrdss afclddethe 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



present disclosure are preferably in the hydrogen form
prior to nodification, but nmay be in the ammoni um or
waoasum2eorm Preferably, the catal ytic nol ecuPEr/USI008/@55845
conprises an internedi ate pore-size nol ecul ar sieve
such as a ZSM5, ZSM1 1, ZSM 22, ZSM 23, or ZSM 35 as
) di scussed above. The catal ytic nol ecul ar sieves also )
increasingfthe sly langiheofthesptatysaiFat cxamgs, ibhasgbrsntobseryed thapen increase in
[ . . | € aint Index is
ternpe%%ﬁn% Jaﬁ 1190f eatsg @neﬁh@ﬁ’f Bg%le\fpﬁlﬁdﬁ@edféga%sr No.

erm ned are descr . Pat.

4,016, 218, i.ncor.porated herein .by reference. [0048 .
001 oo et SR B e PR Sy S G CTE Rl b dontacted with
toluerfel fkadtadd Yin@dreadmlitidnlafor Goffectih€ Vapor-piiSe aEubRir€onation. Conditions

measur enent of crystal size of nol ecul ar sieve ) ) )
cffectiygt for pegosnnlishinghe bigh pargselgctaifyf ndupaceptpple rtekierg isproportionation
conve?ﬁérﬂ ?%gs 11‘?&1?& §%&&d ilﬁgMe{I@re%t&fet (?fnfl‘uﬁle gbongﬁ L500‘3’¢.(3’?‘oe about 600°C,

nmet hods require neasurenen on a large numpber o

preferablyStoah 85@00ofaboutesAONC ey pradsate dfefashinbeht 1088 kPa-aeubod 34.48 MPa-
uired in ug$to t hree di nensi ons. For

ZSNE 5
o, prefrghly framsatgus s Bt thale ORAVpi-es2 BEBY,of o akgus -1 to about 20
hr!, p%ﬁbﬁ&n%%oﬁt@toejbfoﬁﬂd M€ %@Eggﬁ%@ %I¥03é ?&ltiosdflzfgon?ﬁbout 0.1 to about

nmeasuring the rate of sorption , I met hyl but ane
20, prafer&h@ Gomanlbu8 2ktPaabauh§.dflos ardvess mae $s woaductdieinceithst batch or fluid

size is.capputed by applyi.ng the di.ffusion uatio
bed ogrgg. B HAhe Heridant bolbits OREIE AR N BRI PRQLRpl The effluent may
be scparhell dnatdisdiRdGoacaRIONNEUESRd Frdadot, PP, %_Zx%)%e, LW other by-
rate of sorbate uptake by a solid whose diffusion

produpisopéiemiatecly.ahe be fraspewxiaydicenibisyted tpfamler shpesationpdelin the case of
In addi.tjon i ffusion constant of 2, 2-
ylendy! @58d Qrvdfedtioh oHRLASRTEAMER (2% ( aken to

e 1.5x] O 14 cn®/sec,. [0049].The catal yst, for STDP .
j00s2he 3 Syl SORnE B AL Ui SR ErE 1 R by undesirable
by-pr&fuc%ﬂ?a&i@ﬁf@ﬂ? AHyRntOR! ¢RE stalAHAAE afRE SRt tASk the reactor effluent from

conditions enpl dyed in the process of the present
standatil stolvese rdisprppdrtiaifatient typivellp aoatagws| awit \1.3% ethglbenzene by-product.

tpl. yene c ersion. Such conditipns j.neclude the .
Upon illEfgp i dhe sFastigh niodispa di Leber ef et ape Cpfraction often
increds&etol @aGEaNitdut 3Ptarldn®o hYHEIK 0GR of ethidh2mand afad¥®ptble for polymer
ratio (H2/HC). It has al so been observed that an )
grade e engs sig s pag benesne dn the B-yHSW Pedicteiiigheanaved. degrades the quality
I ti Vi i fi t £
of bR AFRLE irblintd Hork B, PRI BfbSE, TSyt ptpytbenzen content of
the pehd¢rcpaydust inusofbet Reptmivdy f iTee spatificytsdn @b aves atlowvable amount of
substantjal ly inproved throughput when conpared to .
cthylbenzenenp thoprélcer Rrodyraas g%e%%ﬁnaaéi i B INGuptry 45D g than 0.3%.
V . . .
Ethyl%&?%r%e é)te ng.’Sﬁ%ﬁﬁ”ggég&%?%dﬁ%ﬁég&gg{rl BG ST SerfFBMidAGtion processes.
ramat i i.ncr ' t f
100535 oy 4 Bl B G5 BRE I e SpEX Bt BE by Db I gomgyet. the fovel of
ethylbeRggne@as eby-prddasper & ur adeanadedaslgaseretiii@dact byi t Vinedrporating  a
e nodi fied catal yst

hydrofggnation/dehydrogenatlon 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



[0051] A selectivated and steaned catal ytic nol ecul ar
sieve may be contacted with a tol uene feedstock under
w@omdirz42es for effecting vapor-phase PCT/US2008/055845
di sproportionation. Cbnditiogé effective for
acconpl i shing the high para-Selectivity and acceptable
tol uene di sproportionation conversion rates include a
ammONEFR tafrate nine@rdgie i PRt Ercofatplysinfoafisusmpeopa fegn. The catalyst is

s SR TR, LA B0 O o i

platlnﬁaﬂﬁ@a). chibatier 'H]h)é yamry@mab Ohin 589'111(:‘5%&1 avdsbedlmatht W@teB %nd calcined at
from about 1 to. about 2Q hr

temp%%t@feé Pé%llog;n Pl?%2é8 suto o St 1t gﬁ appregipigd & tbygseickilled i the

art thamgin%larr%Bhﬁdé?gtlcfﬂs%g%@tf@gI'ocQ@hs s h&o%@&lkﬁgmz@ﬁ@sﬂﬁﬁ@rt&% 8luene

from about IS process y be conducte
f or fluid bed operation, with the
Amo%ﬁﬁp?h%ﬁ%gkgﬁﬁgg?ts of either operation readlly
bt ai n

[0054E| sti| & a(?q ‘8 zﬁg{l})f l uen Sd gﬁ%’ f,héglos}rg%%}éa{ese gq atéapparatus for producing a

PX rlcﬂr 2N QhickSconBIrlse@ $a)f REEtoPNav O and\ah 8UM&L (Y &ls¥paration unit
t he fractlon may be subjected to further separatlon

having qn; mlqt w@dcea;ﬁéstdfutlﬁs, R asSeceiydh Jogﬁ@teéhq gilet of the separation unit being

ﬂuldl@gt¥§+rgel ted%gttﬂ ]g ftﬁg ?ealgt:rféa,l alfnﬁ é% EIP cr:]&%tﬁl an 110 @n?@?v ing Eﬁl inlet, a first

outlet} el aresond cmftleu nkke il ¢tadd] the loyyspilldation sinit ﬂﬁ[ﬂgl QuildRty yonnected to the
et hyl benzene. The state of the art is such that the
second guilgtof ther sepfatien #hibm st andar d t ol uene
dlsproportlonatlon typically contai ns about 0.5%
[0055¢t hyl bénzé]ﬁl@lcﬁy prlecngct disppepartipingtion | anrpmﬁs ofcompyises a  toluene
[ c f
dlsp1r01p%aC ) a@gnh %at%golf tl“ﬁlélre%ggeeesdgtzégk 6% tf%é tég1n¥ﬂ ol c Lgﬂalg%f}or%tlon reactor
optlon'ﬁlﬂyscd fdelitofHetThy| fredee nerislly raampﬁpdsam eC-f d[ydmﬂaﬁmﬁﬁ (including
p- Xyl ene, since ethylbenzene inth

benzeB@)Q&‘@Cl{ydrqoprhqgﬁ (m@hagl‘p@dPde #d<0X p}éln&L@q }(1 r@q,arbons The product
strea sbg&ﬁfeh‘lleﬁ l{n/—%lg{h%d R{)) qducied of KPR u;ﬁﬁée %]p ?@F%ﬂgﬁ which may be

nsequent enzene content o
recyclpd oal thet tohngsé disprdpeptonhm reattor, diphc pdsce dtcnaencfasront Hamal product, and

toluer i thon s EbdtieRen Bev et GsproRtripherrrtere T rsbagthe product

after §eli5§1rﬂtt1@n 3¥or,ElioMl PRRZ G- GRNMCRIAS! ARtdIRIMY Jr6ARY 8Fcam, contains
by crystallTzation or by superfractionation processes.

mainly 0Q%3is land dfstehydrocaabmisd Goheemerly, flor Cdoumstpaatad from the xylenes

Ibenze veI f et hyl benzene
beforg fiRhrEGREED P%Oﬁﬂ%gﬁ?aaé’éﬁ&w% tliced by incorporat ng
10056 o 21 0 0BG B S 48 oD ool b R g s fed (0 a

crystaﬂ?zteﬁlvvlﬁﬁfﬁp‘m@ ¢t.,3) sepﬁ%ﬁnasstelpl Byl élHﬁ'ith’ingo gt icgu ngebhﬂatlon step, e.g.,
platinumis the preferred netal, other netals

ellmn@log psdlstlltlajlo]_lﬂowfer foresdperatiogixylchab Ifmns Goh, hege energy savmg may be

achle%ﬁo é[a d?ﬁlfllr%y gﬁ?ﬁﬁ] 1¢ ef? p@r ell?X Crgcgqavg%'y %nﬁlbyu Egvggsg%h?b% crystallizer, the

crystalliZ2A magiHAGe to be operated at a lower temperature due the presence of Cot in the Cgt

feedstock, which may need more energy to operate the crystallizer for the same PX recovery. For
a Cgt feedstock having a PX concentration of greater than 70 wt% (based on total xylenes weight
in the Cg+ feedstock), a Cot concentration (based on the total Cs+ feedstock weight) of less than
10 wt%, and a naphthalene concentration (based on PX free Cgt in the Cgt+ feedstock) of less
than 10 mol%, the energy saving of eliminating the Co+ separation tower surprisingly outweights

the extra energy needed for the crystallization unit to have equivalent PX recovery. Another



cadm um and m xtures thereof, may be utilized. The
nmetal nay be added by cation exchange, in anounts of
wo e@afiaf2esit 0. 001 wt % to about 2 wt% typi cal | BCHDS20D8/055845

0.5 mt% For exanple, a platkﬂunlnodified catal yst can

be prepared by first adding thée catalyst to a solution

ofammoniumnitrate in order to convert the catalyst to
advangags famie slimimatien @f thee Togparyer ster isslapseepps#fingcost for operating one

- [ m ne

less SGAMBRLRE, VhicH i CEhyRRHERHEL BRL, 40 S HRlAAAT,

chloride. The catalyst can then be filtered, washed

with water and cal ci ned at tenperatures of from about

500C ut. 5000C. It will b preci ated by those
100578 1 | ed T ﬁgﬁmm& PAHRAES wilert gpg%fﬁﬁ@?ﬁequﬁoﬂgéf% ynd are by no
meand RO BSREPMIMY I Qo spthbanépags. ot her than
tol uene. Apparatus for PX Production [0054] In

Exam ggitional enbodi nents, this disclosure relates to an
‘———gpparatus for producing a PX rich stream which

onpri ses: ) react or .hav an.inhlet and an .
100380t T et 2B Ryl RF By oy B Ml e S s gt the product
recovérylish figittibRbf aRrdedl B conctnautibeind thb€enhpdr@tireddf thdroldest stage. The
separation_ unit being fluidicly connected to the
follovgpg |cguation foncalcalating recoyay fadlowy feem) napyaralhmash balange around the
l.ng an inlet, a first outlet, and a second outlet,
CryStathﬁzé{'i nlet of the crystallization unit being fluidicly
connected to the second outlet of the separation unit.
[0055] A typical toluene disproportionation process
cqngt%ﬁéé&@.LéLuene di sproportionation react ey 1]
Tol uene Xgedstock is fed to the tol uene
di sproportionation reactor optionally co-fed with H2.
The product normally conprises H2, C - hydrocarbons
( wheteu®i prattemakreeyverCgt P¥dr ocar bons (i ncl udi ng PX,
MX, and OX), and C9+ hydrocarbons. The product stream
I S conXenri @uiiliyivsw PRI doattnt of Ritraerat és wlidchr agder; amdt i on
units to separate H2 which nay be recycled to the
t ol ueng,di BYIcoRent dfgRah ifd. react or, |ight gases,
benzene as one final product, and tol uene which may
[0059] ecycl anbafek frhcifle dOlHRRRIAL SRQPONY itRAatHecORemperatyre should be
reactor. The rest of thé product after separation of
maintg{ped pf ]gmt 3gad¥s (5 bdAZBrabous thet witastin é@mpgwtyrq/to@faid contamination of

roduct,, st r.ea contains mainly xylenes an + .
the pRFocBHES hash Sk Rk 6% TRER0BRY, Sq pmmgpgare, which
deterrhings XY bedeerddef @k gedoveityhgiPXxsepar ati on of PX at a

crystallization unit. [0056] In sone enbodi nents of

[0060f Ni s diTRElQRHWiRe ckiMRpIERLinRIASY e BIduEABhIcT tﬁeealééc@ic%mperature and

crystallizer without the C9+ separation step. N
poteniedli B menovery frdre tigomoddipdraystdhzattopproeesg based|dnrixpatth gomposition

i sti ion tower for separating xylenes from C9+,
ﬁnnlﬁggéné§g#8§”gg§ﬁﬁg may be achi eved. To achieve the

ame | evel of PX recovery i.n the downstr X : .
[0061ir yst aﬁ"\pllpifélr Cs} @ct?on \éorn oslltlon rom %\Hﬂ’ ande glﬂ)ll:; processes are listed in
Table 2 and these are the basis for the simulations in examples 1-3:



crystallizer may have to be operated at a | ower
tenperature due the presence of C9+ in the Cg+
W0 e@dazaek, which may need nore energy to operBCEUSI968/055845
crystallizer for the sane PX 5gecovery. For a Cg+
f eedst ock having a PX concent? at i on of greater than 70
wt % (based on total xylenes wei in the Cg+
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S,

||ap||L||a| CII UIIL; ILI a T T L | T CAIT
+ feedst o qnéts ;EJFf §d ol J/Examge %ner a0UXA
% el imnat.i nn( )112 CO+ Qﬂé tiom t r(ﬁxpplur nﬁfﬁfﬂpﬂ’/ J
| Ethylkaweoms ght s |t hel33% a_ener gy-Meeded f 093 he 2.87
p-Xylemgystal | i zati orffifit {o hadded%equi val a4 PX 11ecovily.
m-Xyhmet her advant agel.for the e7.78 nafi on10H9t he |C9+ 6.11
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Durengf oduct re¢ovelit.63s alfunctl@h of t hed.6ked PX 0.00
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1. Frogy yEachpichlAdsta Begk grPcireleumaRefiting’t dihet abditien.s¥aul Pbe
[ 0
2. Thée@itgg%s?hgg é%':i)netrlsg f{sctgd g%r coglggmgj"sc(::l%s%%am ng 11% Ml%l 1|§$rﬁgrs.
3. 1, puosidetramdther eneée, the eutectic tenper at ure sets the
col dest st age tenperature, which determ nes XE and
4. Fregzeaaamyis ligty qr&élahﬁ@w of PX. [0060] The follow ng

5. Na@%ﬁﬂ%eeﬁoﬁ gﬁg% B ﬁ%? lb%%g Al éa@dﬁlﬂéd ?eﬂ@d 6H tt(ﬁglt IhSIe of naphthalene

enper atur otentia recovery fromt
dividadogi the emialcmg]stod Isi ZmthednepwohesPXhase Maro esiqqzahtitaknie in PX-free Cgt

tion from TDP and. STDP proce es 0061]
fractl%pﬁ@i4( olihalgns @rﬁgéd?@boml ARG §pl Jand STDP
processes are listed in Table 2 and these are the

basis for the sinmulations in exanples 1-3: Table 2 :

Typi cal Cs+ conposition for TDP and STDP processes
[0062] For purpose of simplicity, we assume that the Co+ removal step removes all Co+

UJ

«w @D
=3

3
i)
P ¢
u

.’ 3

in the Cgt+ fraction. The typical Cgt fraction composition from TDP and STDP processes after
Cot 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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Pet r ol eum Refi ni ng",

May 1992. 2. The hi ghest freeze point
WO gooBi1s2es’]l f or conpound cl asses havi ng nul ti pl BCT/US2008/055845
3. 1, 2, 4, 5-Tetra
is listed for bi phenyT :

benzene. 4. Freeze
Napht hal ene nol

percentage on PX free basis is cal cul ated based on
t dehle Jdlypicak Cﬁafﬂﬂmélt@ﬁéOTdTDP dBd SEPPtmecqswsalftehSﬁeremoval

bg'i"l ”,..l IIB IEBU V\II lIIU T I"}\ T ti‘Ca, V_(f)I 6\&&6{{ I1 é/ene T TI

r/\-11TCT \’U I Adltl

ORISR 2 e a AR S E %gawleﬁ

QInﬂ|IPIfV mp( une th} Inp Co+ K EQP I prSTDP)
Ethylhesaenees al | Co¥8.95 t he Cg+ %¥action. ThE typical X
p-Xylfmact i on conposit§on from2AD® angd STDB.pt ocgsses8hdt er
m-Xy{&@¢ renoval are4enorpal i zdd3& o 100% HNSD are |ist@dBin
o-Xyld@bdl e 3 and thegeare[the hagis for theysi mil atiquggin
Ethyl ®(RIR €5 {3 Ta & 3 Typi gal C$+ conp@si tifon fory TDP
Trme lﬁbe%;gfes UCESSES af after Cof, T )Voli+ [06)63] '_?L 'Lh@ )
Indang o ooy ot ur g whill ,ﬁﬁﬁw ene (100 co-crystd TR SAMI)
Propyfhenzengs 1 hd (‘g]|-4(}-$lar~t on_tWe nmixture Ant ailns snad|
Naphtpalgoent r at i ons! @52t her _congbnents whi ch _have free@ing
Durengoi nt s above PX4.6Bhese ni xtWres generaldy exhibit 0
Other@aberizdeal | sol utg.mn behavi org i n which thhe freezi ngo
MethyR4ghkhA&RE ¢SSI ayy ©f each component 1s dgpendent ongits
Other _e conpomnent |y {perfies and nole fracgion.
Arom. efore, even L ough a conponent has a hlqher

i | eez g0t Aat—than—PxX H—wiH—et—neecessarid Y

conceﬁ{rﬁ‘?ottds r (?t&

component i 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 eutectic point

crystallize before PX, depending on its nole fraction

in the m xture.

R(T *)

é pur

of Sop SRRk tvnith

conponent

In the exanpl es,

[0063pOi Nt Fo6F tIRACK fiEcHdnsl ehrnaiedR! QUi BRthtdtsItNG the MREHckite’ where m-
version of the van't Hoff equati on: Al

xylene .(MX) cepgystallizos) witbkgRX2] Heethe &g= fracton. dth@hgépétu}feo fcontains small
l%q"gpf éré%{ﬂgnﬁa iﬁts aﬂ‘oRzg eIZ)k NYThese mixtures

generdlgnpelibit wees-idod Jtitfonfbehavior iR veliylo $igo frieezin® Ppeindrdepisssion of each

the limting eutectic

In(X)

a cryoscopi ¢ constant, K

for each mixture was determined using a modified version of the van’t Hoff equation:

where

In(X,)=—A(T*-T)[1+B(T*-T)]

[Eqn 2]

X; = liquid phase mol fraction of component i at equilibrium

T* = freezing point of the pure component, °K

T = mixture temperature, °K

1
T

AC,
2AH *’

*

. o -1
=——, a cryoscopic constant,’K
R(T *)

, & Cryoscopic constant, oK



* 2DH *DH* = nol ar heat of fusion at T*, kcal/ nol DCp
= difference in nolar heat capacity of liquid and
walsd42kgal / nol -K R = gas constant, 1.9872 KREI/US2008/055845
nol - K [0064] Equation 2 is applicable for ideal
solutions, such as the Cs+ hydrocarbon fractions
consi dered in these exanples. It differs fromthe
si npl e Ak~ ol theatef fationst By keelemgli ng a correction
for the variation in enthal py of fusion with
t enper &Cure diffarcrics in motastherterapaniy cddiguidaand smhérkcaharad-K
is a significant depression of the freezing point.
Val ues Rof gashmnstayind O8p2 kcaddnsil-dkit s A and B for the
conponents of interest are given in Table 4 . Table 4
[0064] CryoSgogich TRphACHLE: Br aded] $liitns Pch MXthe@X+ H@Broo@ﬂﬁbn fractions
napht hal ene [0065] Then the concentration of PX at
consiqegain BesaBHVBDIPhe lbGEEE Tomuds Uels Y dBoH #quARoR g including a
I ver
core iPh 0% 18 bR LA bbb BRYE, s B brg mpre accurae
when Itlmne'rs)a, sigificait ﬂﬂpmsn(ﬂmfshﬂﬁvnezhﬂ[@pomh eV desafttieetlyoscopic constants A
nt was limted at a tenper e of -64.3C. Al ow ng
and B{iGE th cagencily of Rickbb e 1B b Jebleck c, the cold stage
operating tenperature is -59.3C._ At thls t enper at ure,
estTabla ‘é%?rry@i,cep@rcymftmts paang Byfap, P MK e XndiB, gnd napgthalenc
[0067] Without the C9+ rennval t ower t he sij rml ation
shown t{HaampdentX eut ectilc poAsK was |i mi tBdKat a
tenper dtgikdend -67. 2C. For theosaoe recovex()2ss the
case W tx@efd+ removal tjowery oigag S! ul aty @aoshown

that t qn\rxs,ge%reo cot dstjage apenat i Ny tery pFrure vas
sl sEolbondS) o opdrat MDEST ST
U'J at T U [ TTC 1 CIIUV
t ower. j - nis
nore than offset by the uti I|ty savi ngs achi eved by
the elimnation of the CO+ renpval tower. Exanple 2
0068] 1 apyt lat i
10065 Con £ hst PR L X ARt S BT (AL (fReRESvas used to
determipopler @ttemel olovd@@ bt €qualondwi ng for the 5C margin
above the eutectic, thecold stage operating
ExampRniperature is -58.4C. At this tenperature, estinmated
recovery for 83.5 wt % PX feed was 97.4% Al though the

[0066§0! d St@@e t1z00)drpIvantdva |(YorRenRREY als8taBéd €28 wHe), tht simulation
I's advantageous in this case to design the cold stage

showif that thenYlrmitectie pput atag dignited ab e demnperatued ¢frioAgte. ﬁﬁl@wmg for the 5°C
rnarglﬂ ealggve . e%{elgw: SRE %lﬁfslia{ 0 Ip%?]%llhg I‘%I?a%eé‘a%\?\l,aeslg r—¥9.§‘IC. A&? %15 temperature,

er ature
estimated recovery for 24 8 wt% PX feed was 61.7%.

[0067] Without the Cyo+ 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 Co+ 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



simul ated as 85.4% [0069] Wthout the Cg+ renvoval
tower, the sinmulation has shown that the
woaphtibekene/ PX eutectic point was |imted at BCT/US2008/055845
tenperature of -63.2C Allom'ﬁgg for the 5C margin
above the eutectic, the cold“stage operating
tenperature is -58.2C. At this tenperature, estinmted
cold stagecnsrafinRgrmperagIies B Ceedt His t@BDTaRIY, gsynged reqvery for 83.5

wt% pﬁ@&w&?%&%n%é@gﬁ% ’ﬁl %/ct?gc{"’%t%t%ﬁogl?tg ot‘é’h eﬂlytl% %p%‘c[)ated at -58.4°C, it is

advantepey iat thisecave® da2di. théRedldi sy abi wmlgﬂleﬂwmratmnﬁ dBder to climinate
in this case _conpared to operatigon with the Co+ i
the neleg rorvathyleRsefigagive JBF recoNey %C}%gﬁ&f Yo tegyperature for this case was
simuldt€d b4 @eiation is nore than offset by the utility
savi ngs achi eved by the elimnation of the C9+ renoval
ower . (29
[00693 he MGl ecth% C’:s + glgnggzll tWémtl}erﬁﬁmﬁ%?ot{ ﬁ%psﬁglé/}lgl?\@@ﬁe’ na1phthalene/PX

eutectiGgoiAGraflihnbrad Rg aftahpérhlﬁré&" mrcn f‘alﬂxﬁ)\/lﬁg tfbﬁthe lﬂ"ecrhargm above the
the cold stage operating tenperature is -

cutectiqy the Gt pagRPRATEINZSEMPHAIUER IS-a8 vfer {rt Hbt teg@egww %Wted recovery
f o, |

o R ATea Ty B8 b afd i aa AT SRR B sargvim e O

rernovalh tdWﬁr:{85:a%e tho sxﬂmﬂatgah coldetapoltempirage: Way -23°0i Glagrgeration demands

: te rature in er to.eli t he need for

increast ) Py STPPGED SHEneire Wil b sy Hovagen o dowpuggehe increased

cost off @&H%él@hélﬁ & MBfe thith 8GR tﬂ@ﬁtlﬁﬂtyr@d{fﬁ%@ deasvaAlby4He climination of the
[007I] Wthout the C9+ rénoval fower, the similation

Cot rghowghtavwsait t he napht hal ene/ PX eut ectic poi nt was
limted at a tenperature of -32.1C. Allowi ng for the

ExamblI€ Jrar gi n above the eutectic, the cold stage operating
tenperature is -27.1C. At this tenperature, estimted

[00701 ecoyeW1tlf te 89 fefovaladWirf the d\/[Wa@t&:qu%ntl i8 liwiteg at @ temperature

ain the sane recovery as the case with the C9+
of - 67r4ef¥o\ﬁdl0W16&é9r the3’ (“4@1)@1&%111l h'@@thwa?@t@nthemidcm&fooner?émg temperature

is -62t4b¢ aQkls %ﬁgﬁﬁg n&gﬁlﬁtté{f @cmzy f&%@%@%@/}/ P&Qeécpwaszé&% Although
geration S I ncrease In IS case conpare
the cdld sirage cauild potontidlty béep&8ted rat AeR/41C, htom&dvaﬂfh:gmeuﬁm thidmlse to design
[ ncreasfPliil ost of refrigeration is nore. than

fs
the cqld) stage | § ETRETARIE BVIECHE §lHRnate; th Hﬁ?dr 891 ealryl?rr%refﬂgeram

The r&%ver?ea'frol\@at cbRMEI e TaRp Gatre fortHTBIsY vk sEMIIEEH hE91.4%.
poi n operati ng tenper atures and PX recovery of

[0071§X anpl Si¢sup thd %712 lrerfibial g@&fgtn tﬂ? .S Exﬂllagg)tn Asrsb%)wn tha1h thg %aphthalene/ PX

I catl ons, test procedur es
eutectanpbmt wes hdmredlmeattsrnperhmd: bes3el lﬁCarAellcfvuhg )for the 5°C margin above the

i ncor ated by reference to xte such
eutectif, g %i‘i:? {a8q QYN HRBHAUST @n%ﬁn‘f l%temi\?@ﬂff?o%tlﬁmfd recovery
for 89|fo 5;7? vrvn@% Ipx £46H S5 90109519 bRl GhtaURE sdrRCRLBRARY 812 daSe 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 more than offset by the utility

savings achieved by the elimination of the Co+ removal tower.
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A process of producing PX conprising providing a Cs+
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[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



Paragraph 2. A process of producing PX conprising: (a)
provi ding a toluene feedstock having toluene to a

WO 2@8t2e8 zone; (b) contacting said tol uene w RPEI/EHS2008/055845
cat al yst under tol uene di spC%)orti onati on conditions
to forman effluent having hydrocar bons, Cg
hydr ocar bons and C9+ hydr ocarbons, wherein said

smyl@pb@ra@@ IsBRBOl Bifietias ik theyrmes mepyce Prafseted s %ﬁ% trademark rights,
e.g., t@{fs %%?E% e{g?s%er?d P?ﬁieq’rﬁa?ﬁseigt\faﬁf)hso 1iQdicns! €ast 70 wt %

ot a es In said effluent; (c)

007sTer G envhBefte 16 alne;ﬁq%%in‘?%’%%& (85 TREBEp} 18 ea i

part1c€ﬂgt*1t3f aaisitRGkhdbdfod thfl valyeh GBaIhediscams 4l batapdient to and can be
fromlwppmto 10 wt % based on the total weight of the

read11y;gma¢eebﬂ ghqﬁ@kskﬂégqid{nd;hes@rp pYithost deasteg gro‘% thg spirigfand scope of the
k I d
dlsclo§@es tg?cfolrélgl gatogso% (}I 1{1?6(1)1%%&’ tﬁ%a‘? tﬂlé é&%)le cIelaH#‘Hg eﬁfé)gnded hereto be

limite8 té eRroxbiaples gnddB¥riptisGent foaﬂhlmfbmbuta’athleeaﬁt th8 @ldmwwb&@onstrued as
based on the_ weight of sajd PX enriched stream
enconpgs i afhths, feﬂubqsoe%ggt%ﬁabbr BRAEEY nghis r@@ﬁ%.lgtthﬁg)resent disclosure,
1nclud§1§‘% %E'géélﬁgl%s%’ \gﬁ{lcg r}&e&%% g%i@%ﬂg ne ¢ ?élilfgli‘[% g&gft}f %g/ th&e sk1lled in the art to
whichwhe estlobure pertaingl non- ar onat i c hydr ocar bons rangl ng
from1l to 10 wt % based on the wei ght of said tol uene
f eedshoakbodilment) thissAsdbsuad netins tpuri f yi ng step has
feed(s) conprises an aromati c product streamfrom a

Paragfephal YA 9rdc@§sobﬂ@fodu@ﬁllgamﬁmmp‘ndmg)gmdlﬁg read fle@ftRk, said Cot
cat al yt| C cracker or an aromatic pr oduct stream

feedstpelophas Shehrdropatbiusr andhErbi hydsegagbansortat e cpysglizetion unit under
crystaﬁszag {:(fn{(ﬁtnan% t§ %tr@(il%g a(‘i’){ gﬁtr?({hgg rstre?rcfﬁ‘ &gwgé QR cgrgzentratlon of at least

reamrroma cCca crac or sal

99.5 W@H@hd@nﬂt@ﬂught caﬂsaﬁl&mfeﬁ@cmea sgtagam cracker conprises
at least 1 wopmto about 15 w % non-aromatic

hyheREREAANS+ febdst6XNhACS IPRY cSRleftritRInUeNS keRIBL A8K based on total
wth a catalyst under tol uene di sproportionation

cﬁmghtt idnsyleeespinoduidt Ca teddsionle, ihaghr 63idr €itorerdsiopk having a Cot
O&’rogeirb qu% entragigﬁ ig g%anlg’e f%m 1 % Cﬁpm% l(p % %%aseew (gn the total weight

feac éne, where sald

dbsm@pj@%fdedﬂa&k ng step has a tol uene conversion
rangi ng fromabout 15 to 35 wt % based on the tol uene

Paraghdph2ai A §LaieBE pioRBEiaL PXKeonditdinpher ei n sai d tol uene
di sproportionation product has a PX concentration of

ata)I e aﬁfov?cgnﬁ\'ta BihaRad. Ribck ‘Na@llng XHLERES alBactidh QOne,

(b) 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 Cg+
feedstock, wherein said Cs+ feedstock has a Cot+ hydrocarbons concentration from

1 wppm to 10 wt% based on the total weight of the Cgt+ feedstock; and



tol uene di sproportionation product; (g) separating at

| east a portion of said |ight gases, at |east a
weosian2of said Bz, and at | east a portion of PGEUS2008/055845

unreacted toluene fromsaid | uene di sproportionation

product to produce a C8+ feedsiock; and (h) providing

said C + feedstock to a crystalllzatlon uni t under

cf@st apunpiatat depst 8refrtion s st Hro (ﬁ%ﬁéiétoak pX aegiypieHigation unit under
stream n 9
based oﬂ@tﬁﬂ&%m@n %Sn((‘iﬁ ga%o d%&é{ﬂfén“ Cﬁ% q @?L%ted gtrearﬁMhermg a PX

wher ei Ejoﬁ;‘c&h’dat@rfoff a@ tastt ICK wita bagedROh tho maxiytit bébdid ®Xodnriched stream.
at | east 70 wt % based on total weight of xylenes in

Parag@h@ Coproesd oF producink PXhcongisind&sserdtRBYSFOCK having a

+ hydrocarbons concentration in a range from 5000

Wepm t Q hRicHk %‘hﬁﬂﬁﬁ% sQP th r}ﬁ'o&&'éad td@ﬁélﬁhfee&fto&aécgnﬁfng at least 90
f eedst ock. Paragrap he process of paragraph 2

3, whem¢i%htaduans é@d)rlonfaquinatge@daodaylthne gergiigadn lmnelr(bwt% based on

said tgluen portion |t|ons e tolu

di spr og‘lﬁ Yvue‘cgrl?gé’i %t g’élheéle @%ﬁ g‘f%f £y S8ig %ﬂfbﬁ‘r‘?u%ﬁl ing step has
condi t iFQAGs) CMrisSE oA LOIREE a$rdfiget] Arcdnl HOGE af EQRNEO Qeformer, an
to 7000C, a pressure in a range from 100 kPa-a to

10000 RFoanagic moqu\ﬁtﬁeﬁmafrp@ngecafqlﬁm eraeber #8d/Q0e0 dipmatic product
based 8@?(3&1? %réll\ﬁl aglgfea fcfsa%k% W{flﬂ a?(%‘[ll IC gl‘oldggtle %treaarn frorn a

f eedst OC a nol ar rog en over

range tatalyio rdfotraer? @ald I%&Brﬁg[cﬂplbdﬁct stbem [fr@n as&tabincaﬂycker or said
one of paragraphs 2-4, wherein said Cs+ feedstock is

suppl i AEPMAICHTRIUEE BiETam Tam o¥icah crackfaRBUiseed dfast | mgppm to about

Cg+ hy@ﬁ%ﬂ@ﬂﬁ?ﬁé@ﬁﬁﬁ@h @ggnggf f eedst ock. Paragraph 6.

The process of any precedi ng paragraph, wherein said

Wé‘) ¢ On&%‘{géyt | 2l 8 ue% fée?gt?.}sk %?thvxt c%;tﬁ?if %%E)anto u%}lg Hlsl%roportlonatmn

ght enes I'n Sal ar agrap

The pr oeedigomfto Piyduet e(tcﬁdetrfeghnﬁb;&gﬁamlpn\m@met l‘iavﬁiﬂg tght gases, Bz,
PX concentration said PX enriched streamis at | east

99. 7 WP HASeBXofotHEl wispastrd tofucae whaosin saidj telige disproportionating
str eamsteﬁ HaQY ﬂ)@&ng cozt)@r Bh%g%ﬁ%car rﬁ)ﬂo&r ?5:%1 13BGw1, based on the

par agr ap wherei n said ons concentrati
is in ®lharge fadnol5eR0fadgotk, and whéfchased t«iineﬁdﬂélsproportionation

total wei ht of id Cs+ f.eedstock. r
pr oces®r apﬁgccgaequag% gg ?talﬁﬁst 7\I§h %é ﬁsp g‘,ﬂndto@i' Xylenes in said

feedStQQKGEQﬁﬁﬁﬁ&Hﬁ&ﬂﬂbh%ﬁﬁmﬁﬁphtha|ene and said Cg+
feedstock has "a napht hal ene ndl ar concentration of

S t Q%r&&gﬁtﬁ%ﬁfﬁ%ﬁoﬁ Bf §ah(?l1glgtgﬁgesfr91! Eas?h p‘i)ﬁﬁ)nq)cf%aid Bz, and at

rocaronons
least a portion of said unreacted toluene from said toluene disproportionation

product to produce a Cs+ 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 Cgt
feedstock has a PX concentration of at least 70 wt% based on total weight of
xylenes in said Cst 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



Par agraph 10. The process of any precedi ng paragraph,
wherein said crystallization unit is operated at a
W@ eoopaeaesire of at | east -300C. Paragraph 11. AGEUS2008/055845
process of any preceding pangr aph, wherein said
crystallization unit has a recovery of at I east
85% Paragraph_ 12. The process of producing
toluer@(ﬂmq)gqryi@tl mt@mqyl,s ﬁgmﬁn@‘;a,.tep@@ﬁmr@ d a e (frogg .1.00 to 700°C, a pressure
0 i
ina rafn%%r é?‘f{f(? kKPaa Iﬁg%mu(ﬁ):' Oﬁ%g&ﬁcsﬁcg} gﬁniggéigﬁl 666?%‘?@00 8! based on
the waglfmld)ﬂ dath®ldecne i edd celuenc¥cdynrdke b @bl st tagakt hediopeh avdPXoluene in a
concent ration of at least 99.5 wt % based on the wei ght
range $onk @il 4o % enri ched stream wherein said Cg+ feedstock
is made by a STDP process consisting essentially of:
Paragraph 5 tTbf feasessprfranyyeng @f @ﬂ@gra@bs aﬁomhlé@ﬂrasev@lc@érﬁ@dstock is supplied

toa c&?ﬁﬂ%&%ﬁrﬁ%lﬁf)aﬁﬁ%lﬁ' (E:Lgar %ﬁnrgs d%)ca r g#o%l %ﬁ?&]? Pe%g/stock

thevve ht of adtounef
ParasGRR " JPeaHER A Y e Lo by HAE o Rhr Sy RhR OBERgRIch of at feast
85 wi® 6UIBd bie topd] QetiEt o kiyRA ihis@id @& +daddtaeki ¢ reformer, an
aromati c product streamfroma catalytic cracker,

lor f
P BT T (SASOSS PRl LSRR8 ShEETncuion i PX

enrichgd atredny i at lgagf Yt ety mad¢dorathometight op sad ek ethh@(hstrdano m
a catalytic cracker, or said aromatic product stream
Paragfapbi® a Tat epuocessaok emyc q)rqaediagSpmgﬂaplastwhkraiwp peaid dCot+ hydrocarbons
about 15 wt % non-arqnptic hydr r cont acting
concegigyiipm 5] hEnge daeh ER WIPR 10 & a}) §§Stedlmd 1P gepalt of said Ct
feedstgbkc,pr oportionation conditions to product a toluene
di sproportionation product having Iight gases, Bz, PX

Paragglﬁgh ooy 4%8&‘3% :{]ﬁgﬁ@t él%g% é ZJ%P%F%)W %Iﬁk&n Sal (fj C,t 9 l H&difock further

Spr oport I Oha ehe conversi 0
comptisn gmplghﬁlemmﬂbsald CgHSfebd)st&St hla\“s%ﬂapbthdleﬁxnmbm codeueramon of less than

uene feeds ere| sai d tol uene
10 mQ!l%stBIS?fg%‘} ﬁ‘ieé‘ﬁé& mgls Ogrﬂlf‘dé@th %Ca’é gﬁ’%%r ation of
at | east 70 wt % based on total xylenes in said tol uene
Paraggip§ dPodbe tireerss iddnaryr peRgeding Aergranh. selpeiat saidy caystallization unit is

opera Fg:g??g te%lﬂ%?a{tﬁlle%g Efeasctaé(sj)d i ght gases, at least a

I on o and at |east a portion of said

pareeliPhaRe T g bcet Aacdng mGalEoapegt S b G g wnit has «

PX reBaVed@bPdtNeasPRs93gr aph 13. An apparatus for producing a
PX rich stream which conpri ses:

Paragraph 12. The process of producing PX comprising providing a Cgt+ feedstock, said Cgt
feedstock has Cs 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 Cgt+ feedstock is made

by a STDP process consisting essentially of:

(1) 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 stream 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



(1) a reactor having an inlet and an outlet; (n) a

separation unit having an inlet and a first outlet and
w@2@eaane8 outl et, the inlet of the separati on REI/US2008/055845

being fluidicly connected to é\he outlet of the

reactor; and (n) a crystalll'% fion unit having an

inlet, a first outlet, and a second outlet, the inlet

of t hecerlysic apformen SeA aemetioRioductSai Ky acgimetea @acker, or said

to the e

14, | The ARt Sl B SRRRLALL A oo HERYT B to about

react orlsma%aldﬁnpdredlaﬁohydrod:arm di sproportionation

reaction, said inlet of the reactor is adapted to

sgpply b@tﬁacﬁnﬁg@ai&ﬁﬂﬁwﬁ@ ESIAL 6K WetA ¢t S A GinHEH 8RR HRproportionation
said reactor to forman effluent having C -

hydr oc &PIbH@NS lCProdrg o éalrasriisprapprticmtion papdichhwong light gases, Bz,
sai d 0@?& ?JLXOJ)Xt I&e+£n%§fntr&[ctédstoﬁgﬁg t ﬂ‘tr&g S\Md Bg&eﬂé{vd@@lo%omonatmg

ef fl uen wherer n’sal aration’uni

separ atpdiasleasicna qavtbsion @hgiyd -frdhy dibO@taIfmeISwaﬁmmsed on the
said effluent to froma Cg+ f eedst ock, . sai.d
f eedst BIRNGad spiddalugRrd fsdsipeio rradowherain; said |t%1ﬁelfer gigprpportionation

wppm t g (ﬁl N}é?sglaﬁﬁ%ﬁébn%ﬁ 1 8F & le%ﬁ'?%%%)fba&ti%nqgﬁl xylenes in said

f eedst sal d second out et of said separation uni

i s adapilechetdasprorididloraios aratluGy #nd eedst ock; and wherei n

said crystallization unit is adapted to produce a PX

eqit)i cheghasdtingamdagtvd prgtian BXsaid ligientasayt aolbasdh pattidna&shid Bz, and at
99.5 wt % based on the weight of said PX enriched

st r eam'@piap MiSTtiqRs OF jsgidmymy Cacieds flpangsfrom s delusifg disgroportionation

Featst 2*‘??%‘%%“6&129 3%1282?E%Jﬁ‘gﬁgﬁéf’%ipf?ﬁég%%%%% o
paracfigf IS U8 b AANL 00 MM HOSR FIVRLAR IARS Bhprtes: . o

IthI’] enric ream

chr)lcenhﬁr@dcthrha@’hgah ihleasid ADubetpt % based on the wei ght
of said PX enriched strear&ﬁ wherein sajd %+ feedsto
h&8) a PXERGHEGNITHERIVEI T indt apd adirstptist ophasesand ﬁuﬂet the inlet of

total s%E&rai%n i ﬁ%@g ﬂ{éﬁé&%%lnﬁgtgdft@ﬁlg%ﬂlﬂ%f G or; and

said Cg+ st oc rocar bons
c omc entrcagstadlzation anit éuagieg fan omiet] avipgmoutlot, 20d wiséednd @det, the inlet of

on the total ht o i d eedst oc

pr oces&q nyﬁﬁaﬁe&aﬁ%gmﬁ %ﬁ@ﬁ@( Coqngyteﬁrtswhal frgond outlet of the
tol ueng.feadatpgk having toluene to a reaction zone;

(b) contacting said toluene with a catal yst under

Parag}a%htig.nqhgi apphARR' bt %Qpa'gira%ﬂ ?Qn%&ieﬂp§aid reactor is adapted for toluene

disproportionation reaction, said inlet of the reactor is adapted to supplying a toluene feedstock
comprising toluene to said reactor to form an effluent having C5- hydrocarbons, Cg hydrocarbons,
and Cot hydrocarbons; said outlet of the reactor is adapted to withdraw said effluent; wherein
said separation unit is adapted to separate at least a portion of C;- hydrocarbons from said
effluent to from a Cg+ feedstock, said Cgt+ feedstock has a Co+ hydrocarbons concentration from
1 wppm to 2 wt% based on the total weight of the Cg+ feedstock, said second outlet of said
separation unit is adapted to withdraw said Cs+ feedstock; and wherein said crystallization unit is
adapted 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.



to forman effluent having C7- hydrocarbons, Cg
hydr ocar bons and C9+ hydrocarbons, wherein said Cg
woisdsozaebons conprise PX, MX, and OX, wherei nPGHUS2008/055845
effluent has a PX concentrat'%_gn of at |least 70 wt %
based on total weight of xyleéhés in said effluent; (c)
separating at |east a portion of C7- hydrocarbons from
JﬁgdCLA effluent to froma Cg+ feedstock, wherein said
Cg+ feedstock has a C9+ hydrocarbons concentration
We claimm 1wppm t o 10 wt % based on the total weight of the
Cg+ feedstock; and (d) supply at least a portion of
1. saiprotigs of prdstiog IPX anaprisinpspralidirgsd ConfeadstdckyndeiCst feedstock has

crystallization condjtjons to produc PX enri ched .
oG duiraathony e AP% " C BYRIBREPOIT i fofty e liPiRsy Uy Udsy gpystallization
bRk tbﬂﬁoé[@de%f’)(oénr§ﬁédj stReinf REViRL P8 LbR&Mratton 3f at least 99.5
process of ‘produci ng PX consisting essentially of: (a)

awtBl haseromptheiviopghi gt stid BX enrphedistceama t ol uene
feedstock conprising at |least 90 w. %t ol uene and
nerhesio BaEt | CHhieddwedkr ons Pixangicegtrdtioanoflatt least 7Owtv#o based on total

b h d f in.
S GTUEHE Pl Py nGS QLKL MBI Sy lopib@chaving a Ot

anOAREABoRY QAEGHraBibh @@g‘riﬂg@ ot q‘%ﬁfﬂrﬁ{ td £0 8% Yal&S on AR total weight
aromati ¢ product stream from a catal ytic cracker,

antifod Cahfedstoelt.i ¢ product stream froma steam
cracker, wherein said aromatic product streamfrom a

2. ca poydss of peidocing PX cmiisargonat i ¢ product stream from
a catalytic cracker, or saidaronmatic product stream

f (M apadveding 6 &cﬂﬁ&@rfemfﬂ@klhaeﬁg adlubrasta rdactioR Pohd
about 15 wt % non-aromatic hydrocarbons; (b) cont act i ng

sghyd t ebMeAff sﬁ%dt&déﬁé‘w‘fﬂltarba?alﬁ@hﬁ'dléf%luéﬂb‘j(ﬁgprt)ﬁﬂrﬁgﬁh%on conditions
di sproportionation conditions to product a toluene

d| spr oporioimonan i diluprtodeaving hev rlilgdtchtﬂvpn@ aSeshydsocarpogs and Cot

d unreact ed wherein.s | ue .
ot sproBsTer St NhSEFL ST £ ARG TR BRrR ol oS H, wherein
rangi ngaifl efMicabass a PX &&cs&ramto%dfaﬁ e&spmo W% BRbdIBARotal weight of
in said toluene feedstock, and wherein said toluene

di spr opwiensonarideAlemsduct has a PX concentration of
at least 70 wt % based on total l enes in said tol uene
di®pr op@pamtmgant ilaast ppertion of C@d}y eqalbcnsifrogn aaid lcfhent tp from a Cst

ggr fjl CB) ee(a tﬂgka quqreégg%ld ?GHS ﬁkb.? QPWQ hg Pcéagg?tggcfoncentration from
tol uene \AMSH Hioh @hseqraﬁa 1Hé GRAI ORI iPRRL (@M feedstock; and

(d) supply at least a portion of said Cst+ 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.
3. A process of producing PX consisting essentially of:

(a) 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 stream 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



product to produce a Cg+ feedstock; and (d) providing
said Cs+ feedstock to a crystallization unit under
w@eoostizd2b8 zat i on conditions to produce a PX enPCTH82008/055845
stream having a PX concentratjon of at |least 99.7 wt%
based on the wei ght of said PX enriched stream
wherein said Cg+ feedstock has a PX concentration of
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hydr ocarbons w thoyt P The process of any

pr ecedl‘ﬁgl"&?%}iltrﬂfsi’rﬁé}gékéﬁ dé%‘ﬂclﬂ crystallization unit is
operated at a tenperature of at |east -300C.  11. The

prge sacest ofaplying Pet et Vlgrein afo, (bsemgrisessahyrrogen feed, wherein said

gg(%k)%ﬁ%l Jhkﬁr%érﬂgném)'nt cifiofts B {oRRAY Qﬁ%r%orﬁ‘(gn Ic@tﬁﬁttlons, said toluene
disproportion conditions comprise a temperature in a range from 100 to 700°C, a pressure
in a range from 100 kPa-a to 10000 kPa-a; a WHSV in a range from 0.001 to 1000 hr
based on the weight of said toluene in said toluene feedstock; a molar ratio of hydrogen

over toluene in a range from 0.1 to 20.

The process of any one of claims 2-4, wherein said Cs+ feedstock is supplied to a

crystallization unit without separating Cot hydrocarbons from said Cs+ feedstock.

The process of any preceding claim, wherein said PX concentration of at least 85 wt%

based on total weight of xylenes in said Cg+ feedstock.

The process of any preceding claim, wherein said PX concentration said PX enriched

stream is at least 99.7 wt% based on the weight of said PX enriched stream.
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11.

12.

12. The process of producing PX conprising providing a
Cg+ feedstock, said Cg+ feedstock has Cg hydrocarbons

wW@rwsadr2hydr ocar bons, to a crystallizati on unP@T/USINES/055845

crystallization conditions t? produce a PX enriched

stream having a PX concentra 7on of at |least 99.5 w %

based on the weight of said PX enriched stream o
wil8e erescsapfongpreded wgsiank whsreimensd by yGvppbeRiowasentration is in a
c | o,/0f.; i
PR ok LoD B2 i B 0 adll HERE: bl i fBoastoctc

| east 90 wt.% tol uene and .non-ar omat i. drocar hons .
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t ahpreRgedcapdshRoks+ feb®iRikMas aindpAtRAIURN@ORY EbithRgHcht &Mess than 10
has feed(s) c¢ rises an aromatic product streamfrom

onp :
amedtodiayed en theftefphmele of thegeontitdrecaghand wathost F¥am f r om
a catalytic cracker, and/or an aromatic product stream
f Tbmpeosse amany ackeedingwhameiwheseih caal onystellzaperoduigtis operated at a
streamfro cat ic reformer, said aromatic
p&%%ﬁf&tu@tql}lgglﬁa%r'gén%la catalytic cracker, or said
s e e T e A e Lo SPASSEBX recovery

hydraeakons; (b) contacting said toluene feedstock
with a catal yst under toluene disproportionation

SRRy BB Bt AP, PROLIL UL o s
uhae@g¢ hedtotaborsnad @lﬁrdr}elircrc’aﬂﬁina, tb (ai arm;ﬂlizati’on qnit under crystallization

di spr.oportionating_step. has a to|luene conversion,.
r SRSHHNS PGP &%5@%%@8%3% E%&l% adrX CRRCPBPLRIEL at least 99.5

| QtSAlded O HRRGIHIREASLIATK cBitd cIRSLEh Ryiddifl s4iflUe P edstock is made

di sproportionation product has a PX concentration of

aby laedIP TOcess Yobagmg cosentiallyadf: xyl enes in sai d tol uene

di sproportionati on product; and(c) separating at | east

a(por t haoluohe patifyihd giop tggseduccat tdleast feadgpmkt ¢amprosing at least 90
said Bz, and at | east a portjion of said unreacted

t ol uené‘ft-#/uEl &ﬂv@gi adngniaEpiaatys ysessshans s oy bipukd wtve based on

to produyc ' t . dj | Q-1
13 Phetoseatl drcpn LARaS.Sekiak: 30t ssRrA! Aipe o o

conpr i $&d(s) (@mmisceant aonhgvi prgden streket frand aapatalytic reformer, an

outlet; (b).a s ration.unit haying an inlet and a .

First BRvTHE BRICS QeeBnioByt QRN e riToptypt ahgtomatic produc
separ akirQi Urdd P/ tlakeh GInerGRNARE affndtR bRRIuct stream from a
outlet of the reactor; and (c) a crystallization unit '
havi ng caialytinlreformer, $3id sworaitd poduetiream Serondeatliyticeracker, or said
the i nlareotma?ifc product stream from a steam cracker comprises at least 1 wppm to about

15 wt% non-aromatic hydrocarbons;

(b) 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; and



13.

14.

the crystallization unit being fluidicly connected to
the second outlet of the separation unit. 14. The

wappanapees of claim 13, wherein said reactor |BCHUSES845

for toluene disproportionati reaction, said inlet of
the reactor is adapted to sug(gryi ng a tol uene
feedstock conprising toluene to said reactor to form

afC)ef f berapatingaay lqast aarartipy af sred Hplrzasescatiget 8 dartisoraf said Bz, and at

and C9t hydr i Sal f e.r i D
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portion of C7- hydrocarbons fromsaid effluent to from
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oft he atrercHr hasinglen iget andean@ulet eedst ock, said second
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a PX concentration of at |east 99.5 wt % based on the ]
Wé"?)ght agrystalizntip ugi hpripg @ndilets 4 first outlet, and a second outlet, the inlet of

the crystallization unit being fluidicly connected to the second outlet of the

separation unit.
The apparatus of claim 13, wherein said reactor is adapted for toluene disproportionation
reaction, said inlet of the reactor is adapted to supplying a toluene feedstock comprising
toluene to said reactor to form an effluent having Cs- hydrocarbons, Cs hydrocarbons, and
Co+ hydrocarbons; said outlet of the reactor is adapted to withdraw said effluent; wherein
said separation unit is adapted to separate at least a portion of Cs- hydrocarbons from said
effluent to from a Cgt feedstock, said Cgst+ feedstock has a Cot+ hydrocarbons
concentration from 1 wppm to 2 wt% based on the total weight of the Cs+ feedstock, said
second outlet of said separation unit is adapted to withdraw said Cs+ feedstock; and
wherein said crystallization unit is adapted 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.



