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PARA-XYLENE BACKGROUND OF THE INVENTION Field of the
Invention The Invention generally relates to a method of obtaining
wB¥Rp0IeNe from a feed of Ce aromatics comprising xylene,SpRGaaBo49s1
Brief Description of Related Technology Hydrocarbon mixtures containing
~ C5. aromatics are by-products of certain oil refinery processes including,
but not limited to, catalytic reforming processes. These hydrocarbon
mixtures typically contain up to about 30 weight percent (wt.%) Co.
aromatics, up to about 10 wt.% non-aromatics, up to about 50 wt.% 10
ethylbenzene, the balancﬁﬁ . éﬁl ut 1 Oﬁg ing a mixture of
Xyiene isomers. Mo¥EE o%ﬁl%p%ip &#‘18%%& IgFomatics are
ethylbenzene ("EB"), and xylene isomers, including meta-xyiene ("mXx"),
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among tmeo%%eeirgm |g%s, ethylbenzene is present in a concentration of
up to about 20 wt.0b based on the total weight of the Ce 15 aromatics. The
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(oX:mX:pX). Thus, as used herein, the term "equilibrated mixture of
Xyene ine MRGIpIRIC 6 R iae@Pdersotaytaining the isomers in the weight
ratio of about 1:2:1 (0X:mX:pX). Ethylbenzene is useful in making styrene.
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to mafie refracyaltpgrstes Snsitingr Sutpheh nidotee SHEYID ribioTRing mEcpssses.
usefulrirgn aldngphih ahicraal ity vdnialn ipal @bousaiuldighthpdeeent (wt.%)
phthalgie hasadlagficy sV hie wReianmlaremand, O ao\dsaR e wt.%
UgefuLiamate!igle lamands, foldhe 36d5OmE w3 MYS AR MAYSyiene

therefrom are. not as great as the demand for para-x lene a dthe =~

matengEerﬁa&?e"?Fc?ﬁﬁ"gng e AR BT X REIES TR Tateral userl
in maRTRgYSEpISaRETRE: disidingh neigrayeraimeh)afsifsatens itke and para-
polymeisies(iok"as Polydiutehen teressht ratang) isofs(ethipiding ethylbenzene is
terephtegdate) a anctaaypT opyicnateiephihaiaisge Becas $R0WEBE of the C,
ugefulpsasRiligRnimepayRienehrSRRARLBE RN MR AR C,

isomers rom eagh, other 13l BAHIan AN C R IR G ety ég- pX)
Depeﬁ |Irr1‘g upon the goncentra |prc1's In which 2ach is resentin a 'g?('p i
aromafiig Fs8 GaTBa0 T 4ePt PRIESEIEA BOER 2 B IRNRI5PEILh gofers ©© &
depereiiftierooiaining terlsaneron Anp atieh) stinsefAeaubleiitn-autere or

ethylbenzene g aynaigrial Made herRlioRy: SERALIGRAINERY RekPG:

Sz%fﬂc'r%g&irtlg isophthalic acig, which itself is useful o make specially polyester fibers,

paints, and resins. Ortho-xylene is useful in making phthalic anhydride, which itself is
useful to make phthalate-based plasticizers, While metfa-xylene and ortho-xylene are
useful raw materials, demands for these isomers and materials made therefrom are
riot as great as the demand for para-xylene and the raierials made from para-

25  xylene. Para-xylene is a raw material useful in making terephthalic acids and esters,
which are used to make polymers, such as poly(butene terephthalate), poly{ethylene
terephthalate), and polty(propylene terephthalate),

Because of their usefuipess, efficient separation of ethyfbenzene and the
“various xylene isomers from each other is of particular and continuing intgrest.
30 Depending upon the concenirations in which each is present in a Cy aromatics



obtain adequate quantities of any particular isomer. For example, because
there is generally a higher demand for para-xylene compared to its other
isomers or 5 ethylbenzene, it is usually more desirable to increase or even

wiRdigadmara-xylene production from a particular CB arorpaiiasshabsi fs:
Thus, separation of para-xylene oftentimes is coupled with isomerization

of meta- and ortho-xylene isomers to the2 desired para-xylene and,
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?orth oﬂély g Rggg 6 £ Aﬁgglc%lumn to remove heavies, such

as Cy. hydrocarbons A lighter, overhead stream from the column, predominantly
containing a Cg hydrocarbon mixture comprising the xylens isomers and
30 ethylbenzene, can be resolved in a separation unit, Because ethylbenzene, meta-,
ortho-, and para-xylenes have identical molecutar weights and have similar boiling
points {of about 136 °C, about 138 °C, about 138 °C, and about 144 °C,
respectively), separation by way of fractional distiliation is impractical. An alternative
to fractional distilation includes low-temperature crystatiization, which exploits the
35 differences in freezing or crystallization tempearatures of the various components —
para-xylene crystaliizes (at about 13.3 *C) before the other xylene isomers (ortho-



xylene and meta-xylene crystallize at about -25.2 C and about -47.9 C,
respectively). In the physical system of the three xylene isomers, there are
two binary eutectics of importance: the para-xylene/meta-xylene binary
woURGliBAN the para-xylene%ortho-xylene binary eutectic pp$/ar004/004981
para-xylene crystallizes from the 5 mixture, the remaining mixture
approaches one of these binary eutecticé, depending upon the starting
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ethylbansenc cames % Wﬁ gnd the other of which contains para-xylene,
ethylbenzene, and desorbed feed present in void spaces of the adsorbent. The
30  adsorption is carried out al a temperature between 140 °C and 270 *C, a pressure
between atmospheric pressure and 300 kilopascals (absolute) (kPa) f{about 65
pounds per square inch absolute (psia}), and with the aid of Mobil-5 (MFI} type
zeolite molecular sisves, including ZSM-5 (Zeolite Socony Mobil zeolite motecular
sieves are commercially available from ExxonMobil Chemicals), ferrierite, and
35 silicalite-1 zeolite molecular sieves, including binder free silicalite-1 zeolite molecuiar

sieves. The desorption of the para-xylene and ethylbenzene can be carried out with



WO 2004/099108 PCT/US2004/004981 4 a gaseous desorbent
containing water at a temperature within the same range of the
adsorption, and at a pressure between atmospheric and 1000 kPa (about

wodaoksldlesAIternatively, the desorption can be carried out Witheldh 4004081
desorbent, by mere depressurization at a pressure between 1 kPa and 4

kPa (about 0.15 psia to about 5 0.58 psid). In such a method, a
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purge, sweep, or othahNisa ahidve dasdbfort S tht for ~hydrocarbon

purifications, parficularly purification of hydrocarbons that are liquid under ambient
conditions, however. One notable exception is the ISOSIV™ process, developed by
30 the Union Carbide Corporation, which is useful for the separation of straight-chain or
normal paraffinic hydrocarbons from branched or iso-paraffinic hydrocarbons, The
ISOSV™ process operates at substantially constant adsorption pressure (ie.,
constant total pressure in the adsorption unit during the adsorption step) and uses an
inert gas {e.g., hydrogen) to purge, sweep, or otherwise achieve desorption of the
35  adsorbed hydrocarbans from the adsorbent. See U.S. Patent No. 3.700,589. Over
time, the 1ISOSIV"™ process was improved by adding additional adsorption units in the



35 adsorbed hydrocarbons from the adsorbent. See U.S. Patent No.
3.700,589. Over time, the ISOSIV" process was improved by adding
additional adsorption units in the WO 2004/099108 PCT/US2004/004981
wo arlseielin step, thus permitting recycle of feed to improvedhg;ox@iabaos1
purity and recovery of the desired iso-paraffin. See U.S. Patent No.
4,176,053. The use of multiple adsorpt?on units during the adsorption
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30 Deckman et al. (Exxon Chemical Company) U.8. Patent Appiication
Publication No. 2002/0065444 A1, for example, discloses & method of making para-
Xylene from mixed xylenes specifying a PSA or temperature-swing adsorption
("TSA" unit and at feast one isomerization reactor. The Deckman publication
teaches an isomerization reactor immediately upstream of the PSA unit and no

35 compression step between the reactor and the PSA unit. See Figures 1 and 2 of the
Deckman publication. Such a teaching implies to one skilled in the art that the



("TSA") unit and at least one isomerization reactor. The Deckman
publication teaches an isomerization reactor immediately upstream of the
PSA unit and no 35 compression step between the reactor and the PSA
wonilefgefdgures 1 and 2 of the Deckman publication. SucBafealoii@sos1
implies to one skilled in the art that the WO 2004/099108
PCTUUS2004/004981 6 reactor operat%s and reactor effluents exit the
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Deckman publication at a pressure high enough such that the reduced
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steps. 30 SUMMARYh%FihEEI %rg\\l/\a/n%tl}lsﬂgtwods of obtaining para-xylene from a Cg

aromatic mixiures, these methods are very complex and include necessary and
expensive upstream and downstream processing steps.

30 SUMMARY OF THE INVENTION

Disclosed herein is an improved method for making and obtaining para-
xylene from a mixture of xylene isomers. in one embodiment, the method includes
contacting at a substantially non-decreasing total pressure a2 gaseous mixture

comprising xylene isomers and ethylbenzene with a para-xylene selective adsorbent
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Disclosed herein is an improved method for making and obtaining para-
xylene from a mixture of xylene isomers. In one embodiment, the method
includes contacting at a substantially non-decreasing total pressure a
gaseous mixture comprising xylene isomers and ethylbenzene with a
para-xylene selective adsorbent 7 to oltain a para-xylene depleted
raffinate and a desorption effluent comprising a para- xylene enriched

roduct. The method m Iso inglude isgmerjzing at least a partion.of
TRCSbien 2 RS R B S S R S o = pere
MEERSERBPBASIRY YRk StBpEGH Pd)Maalstattiifaiwwsgrstmanifpst a portion of
nbaesrsasiagitplaldaresstea gaseous mixture comprising xylene
isomers and ethylbenzene with a para-xylene selective adsorbent to
obtain a p#taaxifiehasgepletbereafimatuidgst 3 testptiomneiingnthe steps of: (a)
Wﬁtﬂﬂﬁiﬁ?g;ﬁa{ar@s?@ﬁﬁl@ r&lﬂtﬂélﬁélaﬁmf?!é@él Bieds(R) isgaeesizngiatileashiprising

i e - e ted, raff rej id i iz .

SRS b e MR B0l G SRS WIS S EBAIAT cvn
Ssararieafydeoieige craHEg 804 Freitnelion LHSh CaBIPEETIharPRsa-xylene
provttled prodetiodrenniprismgetirngteplcakt (a) poariaciingatarficsilene depleted

PRSI RIS COMPHSIDGFURDS SIS IAACLE DREBZRE ML cBual to or

ara-xylene selective adsorbent to obtain a para-xylene depleted raffinate

ﬁﬁﬁf‘éh%%rﬁ?ﬁﬂ%‘&@@&ﬁffﬁ@ﬁ%@géoﬁ%{ﬂ%ﬁ%ﬁe enriched product;
d, (b) i izing at t ion.of .
an Isqmdgrgf!e%%(?rg% e ts‘?!?é’r'éqsoﬁ?&ﬁb'ég 4 Mﬁ&?&%ﬂﬁ&n&aﬁkg%ﬁ?ps of: (a)

para-xylene de ate, wherein the first pressure is eq .

g“r%'&f’é}/'?ﬁaﬁﬁ ﬁﬁ%é’éﬁ?ﬁﬂ‘@réé@lﬁ%fel RPN HIERE (PRIRSTR td Fiegzene with
meﬂmwn@rmlmttm stizpsefit (&) mmarmeiir@mmibamedepmpd_smginate and a
XYL ERABAR DFRERNE nant @ e AASER PR ROLLEC AR VS FRRzing at a

with a para-xylene selective adsorbent to obtain a para-xylene depleted
FSTARRS NG & RSO ARON LRI eaApHERY %FB'&F%@}/%H@%HHH{%‘B the first
prasects éneljud)tdsogresiantan thaseeopotiensofehe para-xylene

depleted raffinate, wherein the gas is present in an amount sufficient to

ensure a rdffifatdHraseh KEiRITPHYGRhRr REhohCosntitRg i riers ot (@)
pregsutieg vahméxiuz daamnginb expangalspressu eshyfbibreayte rmdsemensadsodable,

&I BN IREREENS ALREPS W ARG SRS REINGCANIRASAUR DR SBES AR depleted

xg%gne 25 isomers and ethylbenzene..In another embodiment, the metho
intl

h
R AN ARG RGO R RS B8 A SRR R I8 RSO RTe PLogHE: and. (b)
geepliedringras \oikt @ pardiony ertbes phsativieae staeletcafiimtiinwherein the gas is

PR pnadpneiRd sfifipat e and rde satpHenRildeRt SQBIREYNgrdater than an
para- x I(%ne enriched Broduﬁéln thi emb%jiment the metho

also ,
R S g b 1 A e R EBTENE Aol omers

rafth&teylrezetmast eheplanidnpréasnady o icondensriing issipureartd the xylene
gthylernzenetyilesséhan the total pressure of the mixture.

in another embeodiment, the method includes contacting a gaseous mixiure
comprising xylene isomers and ethylbenzene with a para-xylene selective adsorbent fo
obtain a para-xylene depleted raffinate and a desorption effluent comprising a para-
xylene enriched product. In this embodiment, the method also includes isomerizing at
least a portion of the para-xylene depieted raffinate. The sum of the partial pressures of

the xylene isomers and ethyibenzene is less than the total pressure of the mixture.
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7a In a fourth aspect, there is provided a method comprising the steps of:

(a) contacting a gaseous mixture comprising xylene isomers and

ethylbenzene with a para- xylene selective adsorbent to obtain a

para-xylene depleted raffinate and a desorption effluent comprising a
para-xylene enriched product; and, (b) ifé)merizing at least a portion 5 of

the para-xylene depleted raffinate, wherein the sum of the partial

pressures of the xylene isomers and ethylbenzene is less than the total
pressure of hd I SReAt e isiRoXiteR hiBrized BpTis M s aleea of (@)
at@pisgr Qdhatis egxtatdconiess thaiersaiddotas @esstngbehsand with a para-
f@gﬁ@_sg@dﬁbé( elRRRIar s Bbed e dh61netaes i udam SRNUALING & orption

i
x% ne jisomers. mixture and a non-adgﬁéb ble gas with a para-xylene
s

RS YDRGHIE R B3 BB B CPEaS Hepicrd SRR SshRyPortion
hyldtiez Rdienylemd steplatsity frlinaie pahenjicthe sund af dbsarptioh mfiseres of the

CRAESGRBEANHANBARERDGE REAdaR The Methedsnay @linaidR. and
Is\rv%ne}ergazlgaqqaﬁtslc?n?g}zainazsrg Ionlso L%%erpa%%a_glgnee%% lrgtﬁ)d tr?sl‘fgn%g.tgfloe less than
gas 18I Ron-Teactvewith the mixture (':?urlng HREESRtas Ing s%ep, and is
preisdataPeasatsotiiveIdumfEiBRt to provide a gas-to-hydrocarbon mole

ratio in the para-xylene depleted raffinate of about 0.1:1 to about 10:1. In

a fifth aspegf, eiﬁo'tﬁé%r%gc?&i'n"f‘eﬂ%%bo%ﬂ%%%]D&’e goﬁggg?;%tgger?eoisomers

contacting a Xylene iIsomers mixture and a non-adsorbab

dﬁiﬁ%ﬁrl@ﬁ% ZORIATECHRRRIPoeRR WA PerAISpRIA R Setedeatinbtain a
Cpm‘mmslmga hwrﬁedmm_ts_m:bstaﬂﬁia@)hﬁmecefmwsm}bﬁmiandf@e of para-xylene
A8 RP PO AT BHERMRURBAhE & daryIeNE-£aHAba Rdue aRd: Rinod may

isomerizing at least a portion of the para-xylene depleted raffinate,

VIR IRYAR '§aTSTiRn a5RH R ReTiPthY ARG AVIRRG YRR'HsH ctinalesdpe gas
(&) n2B-wmadttreevgtistiv pnesent dorang dracontastiffeceep, terpi dvpfesant in an amount
GasriGehY A pRRiRe R BIRISLANG hIbE RALR XMiBNR HeRlsiedyisinalsiatd raffinate
abog)t 0 :ﬁ_to about J,'g)i and wherein said isomerizing step is

u?'{c? ng ] 'gllt%a[?lpelgs re‘that is equal to or less than the total pressure of

said mixture. WO 2004/099108 PCT/US2004/004981 8 Additional

features of fhe; iIAKRNEiRRMAMNEGOPRARBRENHEERPSESIa MIA of: (a)
om adsyiaw,ofihe follguing detalled descripion. {ake. 1 CONUATHON, 1, jene
with the %Iraw%gs, the examples, and the appended'c Ame BRIEF Paraxy

DelsdiraErROReDHT PRI S Keplstathrefisieperaprising hydrocarbons
uetataamlingeef thepituagtion,. telerenrechouid dirudnadentprifingallpuiacylene
%ﬁ@ﬁ&%ﬁg&?'%&?fﬁf&%%ﬁ%ﬂwg B%Y"%‘%%MY%W@‘Qhe%%‘z’é%é%adepzeted
process flow diagram illustrating one cycle of a two-be

raffinate, wherein the gas is non-reactive with the mixture during the contacting step (a),
and the gas is present in an amount sufficient to provide a gas-to-hydrocarbon mole ratio
in the para-xylene dépleted raffinate of about 0.1:1 fo about 10:1, and wherein said
isomerizing step is undertaken at a pressure that is equal to or less than the total

pressure of said mixture.



partial pressure swing adsorption (PPSA) system suitable for' carrying out
the disclosed method; 10 Figure 2 is a process flow diagram illustrating
one cycle of a three-bed PPSA system suitable for carrying out the
' ethod; Figure 3 is a process flow diagram illustrati cle
“%%1&%%%? Bééd PPSA suitable for carrying out the disclosed %%%1%0%&%%&&%81
4 is a process flow diagram illustrating offe cycle of another three- 15 bed
PPSA system suitable for carrying out the disclosed method; Figure 5 is a .
process flow diagearpnblugiratin grae @xentiplonalydaoee sopdriegsating Eifed
PPSA s)BLEsRFSR QI il IHE 85iidwiig Qe tied RBE SRR CHREMDEIGIRction with
Figure tgelﬁrg. “%aé)tt]‘glgxt;m% ag&w%eggg&g%%%@enzene yield versus
recovery in conhection wi xample 3; and, 20 Figure 7 is a graph
showing compositions of various streams of a simulated PPSA system in
connection with Exampgsér\Ofderiraidis dosat DRERGEsUsceptible of
embodiments in various forms, there are illustrated in the drawings (and-

wilPhereafter b& e EIFEn iR iRasEHAEAHHRE K BN ne&saR AP be
the undradsimbinglidvaraldetzliestitssonieting méﬁmmxbmammsrand
is not intended tg _|imit the_ inventi ecific embadiments
described and i%&%&e% ﬁe‘?ﬁﬁ%@%&ﬁg%ﬁ)‘bgé% "I?B%'BI\TYgT'—' QI.[I-aHEtwo"becj
INVENPE PSR SH S n A& RIRRy (FERM Y8 SHGR R SR It the
pressufERAAIgNaE Phrtial pressure method of adsorbing para-xylene from

colootipgan s neh o S nar e USSR e I b
unabsolﬁpstée%szﬁaer 34 gﬁ%&‘&é‘%’é{%‘}% ﬁiﬁg‘fgﬁ%@i%gﬁ -

PCT/US2004/06¢9%13 % poptisasefibe ferehto puatiteg ene by ex0h lesea
isomersp ¥hici6RMPEGRRYURGA: Wit 18 RGka!n Oone embodiment, the

method includes contacting at a substantially non-decreasing total
pressure a gas&BYE ikt REOeeTH feIsHiporaMeie 1SEraers s¥e of another three-
etry/|beng EFS Adthtarpalabey fenasedg ctivadsdobahtitthoditain a
para-xylene deetetedgaffinate anqla dgesor tiiﬂn teﬁj{luent corrllprlisin%]a
para-xylene enfiched: ProdUeteThe Tt s RUB e TROMB AL Mg %
least a'PRAIREPESIRAEHarssiane seoHepIBRIEPHNSHE) frtd iesRykedderein;
pressure that isRHALIR Qrdesh thathlparalbRIRNR KRS8 RESRS N Gersus

total pressure acrc}d more ;mgra ly af a pressure that is'10 less than the
- gdﬁf I . and, ,
substantia ﬁ/ryn%n-'a%ecrggé%ng t’(()a{gpgr%sasngre. The sum of the partial

20 Figure 7 is a graph showing compositions of various streams of a

simulated PPSA system in connection with Exampile 4.

While the disclosed method is suscepfible of embodiments in various
forms, there are lilustrated in the drawings (and will hereafter be described) specific
embadiments of the invention, with the understanding that the disciosure is intended

25 o be Hiustrative, and is not intended to limit the invention to the specific embodiments
described and flustrated herein,

DETAILED DESCRIPTION OF THE INVENTION

The invention generally relates fo a non-decreasing tofal
pressure/swinging partial pressure method of adsorbing para-xylene from a feed of

30 Cg aromaltics comprising xylene isomers, desorbing and collecting an adsorbed para-
xylene enriched product, and isomerizing an unadsorped (para-xylene deplated)



pressures of the xylene isomers and ethylbenzene preferably is less than
the substantially non-decreasing total pressure, and more preferably the
sum of the partial pressures is about 15% to about 99.5% of the
wayRplpsdiady constant total pressure. More preferably, the ssge§18/004981
partial pressure is about 35% to about 15 75% of the substantially
constant total pressure, and most prefer%\bly the sum is about 45% to
about 60% of the substantially constant total pressure. The method also
can inplutisn 2 parttd gosubsientativtipere paeasxytenesfirentitrardaescrptided
effluentiprefesaply at a pressure that is equal to or less than the
substantially non- decreasing total pressure, and more preferably at a
pressure that |§4é§§tﬂ@ﬁ°ﬂ¥€e‘ﬁot§ﬁl5§‘fgﬁﬂdﬂ9’%ﬁ -ERAGEISIRY fotypstantially
pressuren-dacthisisgriod ressiira e gastvsditb sec epmiprisiog ecdens sningyswati
the midyiERdRNwatisarpableyas tbabisvaomseaetivadvibidie apsrarg/lene
during G GPIARIRO SIER: Bé@& ﬁawyemfga&fﬁpﬂgﬁaegtgarg.sangmahed

suff|C|ent fo pravide a _ga rocar on.male rafiq in a-xylel
ceplo R mehed S LSRR AR s B X e

additicieal ﬁ’eqh‘@@%ers%?@é% ﬁta"h RISt gﬁfﬂtﬁie‘?ﬂ“ﬁﬁ tt@n%’u|l%‘3fhé1't‘7‘fh(—f\h‘* |
substzavtisttptiathnroedecrsiing ol Inpresyse RMSR BISEra rba fEp e thahis
ismme rézatinam Stepspressitg, while meaiigitingthespartiahprass wictiel tasial
xyleneprﬁsem@sr%ﬁm %h%hae&a&g Ah@rastoun bR IBRRasklySs less than the
condepsalion presSUieS ki to&i'%&%é&%maﬁ{é %@% SdRERZ RS Sum of fhe

Prefera e gas IS rese (g LlClentto ensure
eé .fe

su bsta?ﬁ'%ﬁ\f%ﬁ"&@dfea@f% ?cf’l?a‘f’p?%%% forURRER AL consw"t o
isome ARARWA stepse PedeiEhYy. WIWH&P‘%H@%S&’%@%IWWE%R%PP“‘
ams anTe#nbisticidntardialy cichslendetd arrssust. thedalet eigemidy shénsam is

alternaiiser amb e bdhomeaibasstaalbges cantartin graésadrSthe method
pres&gu@@.ﬁﬂ%&a&%@&@w RS m%ttyﬂ 99@?%539 mxl%omtm

|somer uan pref ra Xf nzenseu% a‘% ar%)l( (v} %%glﬁg;[,“{ n?é?i%;tr?onu
obtain® para-xylene de alg{g inate an dpersorptlon e uen

comprﬂ:ﬁﬁ@%‘ﬁaﬂ“&%ﬂ%ﬁé’%ﬁf@n@&r@\ﬂ?fﬁ@eX/Bb@i’f%s‘”e that is fess than the
POT/US2aaipagsdeciape iR tFrrmethod also includes isomerizing

at a second prqsstﬁgee%égﬁﬁéﬁt Rt tIRPALG- ??M!E&l?«%%’iﬁ&?gdwam the
raffinate, Wherel e flrsa\%?ressure iS.e uaI to or Qﬁha er than the seconi_t‘j

|C)I’€SSL“’\8(t Lg.?](f %'}’ea%B eln?ﬁe‘?rs?n ?eeascé'ﬁere IS reeatné? li’i‘lr'g

secon@opiedag ﬁéeprh@@ﬁﬁf"&f%é’%ﬁl%ﬁ?é&@ﬁ%%?%%ﬁ'é t%Bf?l‘é‘i‘% 5
and etpgdbehzbosuprefaribiptisitebs tacifrodidetipiabeliratantoheat8.1:1 to
peaferabytitdst. ahetialady, t alaakhf, Wb dak theréisshimensmout? sefiadily,
the f'f%@ﬁéﬁy(ﬁ.&&mwwuwmﬁqs@aﬁém@ﬁ@%ﬁygaoBh&é&eﬁm

also can Jnclu ese ratlrrlgnsu s ntlallxé)r%s @grgaryglene rom

fag
desorption ré‘ﬁ?uenot SrErably &t & pressur pressure of the xylene

isomers and eth benzene or beiow the respectwe condensation pressures of the
xylene isomers and ethylbenzene. Preferably, the gas is present in an amount

30 sufficient to ensure that the substantially non-decreasing {otal pressure is greater
than the isomerization step pressure. Still further, the gas preferably is present in an
amouni sufficient fo avoid condensation of the xylene isomers.

ln an alternative embodiment, the method Includes contacting at a first

pressure a mixture (preferably a gaseous mixfure) comprising xylene isomers and

35 ethylbenzene with a para.xylene selective adsorbent te obtain & para-xylene
depleted raffinate and a desorption effluent comprising a para-xylene enriched



that is equal to or less than the first pressure, and more preferably at a
pressure that 10 is less than the first pressure. In this embodiment, the
method also can include combining with the mixture a non-adsorbable

warmishabdppon-reactive with the mixture during the contacting 3&Bho4/004981
Preferably the gas is present in an amount sufficient to provide a

gas-to-hydrocarbon mote ratio in the pdfa-xylene depleted raffinate of
about 0.1:1 to 15 about 10:1. Alternatively, or additionally, the gas is
presepidfLan amorehstificiewdoienaintainithepartisbaiesaereef sheast a
Xybn%&ﬁ%ﬁ‘g{ EQBQ&{W@%@@ %ﬂa@%r@ﬁ HERREGHNE e ts equal {o or

condensatlon ressureso the ene is rs nzen
e e

condéﬁ%ﬁ%sé%i’%ﬁéf?e iSHTRIR %@Wﬁﬂﬁ&ﬁ@%‘l’f@?ﬁgﬁ%wme isomers
embodimetizenetieicratylisdess dom Auifirgt @resiutarantmereripigraply it is
gaseqabsiningire) AR BISNGKHe Nisisoraas, cthythany ane firatndeasure is a
non-aggQtlahle: m&a@gl grassuith m%%%&@spmm@mmg
to obtaw ar}aal‘g er¥ lene et?rgnﬁitnﬂno%tse r%[] c.q‘\ %ﬂ@en‘?rB E?Qa% f Qﬁgtpressure

comprising a - ene enrlc ed I’O uc |somer|2|n t least a

porﬂoW?ﬁf‘?ﬁé“ﬁéﬁ%"k %srl@a%“agﬁbﬁé‘ﬁsr‘gﬁ'lﬁﬁ?@*ﬁ@rﬁfﬁg@'&‘@%ﬁﬁweawat
amouistiessifhaie hettrs peggeere raffinate  pressure equal to or greater than

an isomerizatiqp %‘i?pe%%iﬂ%ﬁ Whiledpaintaining,a .@ﬁ&%‘i@.ﬂ&%ﬂ%@f

the xylene isomers an enzene at or below th pe% 4 h

condeNER p'}%gfﬁ%'gag‘%/ﬁé"i( Bh& i SSERS SR % Mixkjre, during the
AlternerRnRpnopteR|ditrefesRly th dpadsersriinaR ﬂﬂ@%‘rﬁ#ﬂ%ﬁ*éﬁm‘ﬁ?e a
sufficigat-tpt8tranasarenaoicafiiivatelipr esturdegectarle tiaafthetd shaverizdfidro
Siep pEsSRY IR Mestapiaie tahldithaagn this Jacs erisiknan anaeuoit suffitéant
to avoid,candRpsatianAkiie RGHReRE Rl srshedina: ekt he
method th%\, onta%tln% step rseﬁlitﬁrabl |§1ca Zﬁgge osg&zﬁ-gr? %“QS%W@%M

re. The meth

non- decPeasmchoteﬁn ress Iso can inclu
separgfﬁia%msbélearﬂ?auﬁ efafe“bg'ra&m@ﬁaﬁ?ﬁ% ‘B IR RRIBR LT e

preferatiggedsemprassure that is equal to or less than the substantially

n%nadecreaSInsantgmremsﬂo@/@n&aﬁ@%%@8n%wumgé@&4&% .

nd more referablé/ at a reswret at is less t?ant e subst n&)axllxene

non-dEEFEESIRETEEN r8§§ Cranerndtve empodiment, th
methdf‘i'n%lﬁ‘éfé%dﬁ‘éfh‘t’a@tlﬁ@“deﬂ:%% @6% Y R OB Rl SR AR PRI
and etibdiven pereyicith depaled xsffimate B e|detivetion sBrsehtasroBnuR aara-
para-xylene geiphetegrealinaisdarenateso ytiesse tl weniboosm prisingaaxylene
Paya-XaNELARRIET PROQUE I FRISPMSH ZINGLAL Lomekat ROBIGH. a raffinate
pressure equal to or greater than an isomerization step pressure, while maintaining a
the partial pressure of the xylene isomers and ethylbenzene at or below the
respective condensation pressures of the xylene isomers and ethylbenzene.
Alternatively, or additionaily, the gas preferably is present in an amount sufficient to
30  ensure a raffinate pressure greater than the isomerization step pressure, more
preferably the gas is present in an amount sufficient to avoid condensation of the

xylene isomers.

in this embodiment of the method, the contacting step preferably is carried

out at a substantially non-decreasing total pressure. The method also can inciude

35  separating substantially pure para-xylene from the desorption effluent, preferably at a
pressure that is equal to or less than the substantially non-decreasing total pressure,



of the para-xylene depleted raffinate. In this embodiment, the sum of the
partial pressures of the xylene isomers and ethylbenzene is less than the
total pressure of the mixture, and preferably it is about 15% to about
woherhbihe total pressure. The 10 total pressure preferablydg;szo04/004981
substantially non-decreasing. The para-xylene depleted raffinate is
isomertzed preferably at a pressure that!is equal to or less than the total
pressure, and more preferably at a pressure that is less than the total
pressusts Mg srednos) AlsPpardRrokle sepanaiing Substaip!hondeereasing
para-xyjgn Jgg&]:]ethe desorption effluent, preferably at a pressure that is
equal to or Iess than the total 15 pressure, and more preferably at a
pressure that istfegsfutipar gilertetiuk mmbatimentn tisidnetvsbilichent, tbrdacting a
methodasisaLcaninel to@wrmpigias withéreamixthyR e -agisarbablelene
9ag thaLiRARNAIRBBINE WILRHE Mpsiars e inesiBed GRRIARINA S Qesorptfon
R Ry e e A S T
total pressure IS eqUAl 16 OF Oreater t n iIsomerization st pressure,
white 26 %ﬂﬂéuﬁﬁﬂ%ﬁ@%ﬂ?ﬂdﬁﬁﬁ‘@&uﬂ@ &%ﬁ@’?‘fﬂéﬂeé“rs%éﬁ‘g‘é’ﬁ&e partial
ethylb@fesewesaeidrelisne Bereespuehtesmnersdiforinarcbs et mpspise of
Xylenethsonxais.cmnd gifgtieniz erebouP 18 tabbput9e. Sfavithpitesepessuan The

amounbeuUficient toreasuiedRat AR LI ESSUEONS diRAtertRath R pleted
isomerizafion .§R§M‘?ﬁ§§‘é¥8reé§§f&a§';{ e A AL é&lél% Pe98Ran the total

referabl\és gresent In an amount sufficient to avoi ondens tion of the

xyleneP BB HIG A L1978 PIAYALP RSPV Smbodifndht ‘WL RISEHBy The
includESBeRtAIM G Kb ienraieaiRsofRle R IgaRgasas fom the
mixturdysmdien rmifivent Soefeniiiy ghs prathuze peatixyinnktsaicietivdhan the total

adsorhesisicepMamnacinsRyicRe peplaie thatiliaith=panansisipissure.
hydrocarbons substantially free of para-xylene and a desorption effluent

30 comprising &"p&Fa-XYREAE eIt BPPBYHE° £AD iadvie Mg ekt e
portiorrbfufve apataradsiabrbld egfie tha! raffivateanivhividnibo direrst, dwing dee
IS nonveestivg swih thefembiiure ghsrin gréberConiastiognsteficanddkesgashat
presengdnad sreumRt s WHipientdogBEaYIfatgastRaiidsn GRIP QRQLE whik
raztbo 'Mﬁtﬂ%@ %X'S%a?’&r@k‘ﬂﬁ%ﬁﬁé% &Qﬁsﬁp&s’tzagﬂ]&&u eﬂ?&%ta]‘gifjﬁelow

The g spreferab | presentln an amoynt suff C|er1t to 5 ensure
rafflnaaf\é pre ureeyecc?ua?ff%at(')or" cater tha alﬁ E’;‘m omenZaton Ste Euﬁ’pgenﬁrc'ae

while R&fRERNEEERS ﬁaﬂ’ﬁé?'ﬁﬁéégﬁfé°ﬁ‘?ttﬁ@ﬁﬁ%r‘%%‘é‘fﬁé'?§‘ Hgdotat prassure
ethylbé&rgrester shanrth BoR@IHEIFID RSTR) NS0 AV 38 Fddibtriiotadives
respegivereanae paationipepssvses: altivintyle nedigamessantn of the xylene
ethylbgnazene. Alternatively, or additionally, the gas is present in an
amount sufficient to ensure a raffinate pressure greater than the

isomerization ple¥sirecteaidlirorevrateadBRPtHBegaEtiednslERt Renderting 2
amounyshifigimmrtondixoie (poricletigatigmafthaixture) and a non-adsorbable gas
with a para-xylene selective adsorbert to obtain a para-xyiene depleted raffinate
comprising hydrocarbons substantially free of para-xylene and a desorption effluent

30 comprising 2 para-xylene enviched product, and isomerizing at least a portion of the
para-xylene depleted raffinate. in this embodiment, the gas is non-reactive with the
mixture during the contacting step, and the gas is present in an amount sufficient to
provide a gas-to-hydrocarbon mole ratio in the para-xylene depleted raffinate of

about 0.1:1 to about 1G:1. The gas preferably is present in an amount sufficient to

35 ensure a raffinate pressure equal o or greater than an isomerization step pressure,
while maintaining the partial pressure of the xylene isomers and ethylbenzene at or
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sufficient to ensure that the pressure at which the contacling step is carried out is
equal to or greater than the pressure at which isomerization step is carried out. The

gas also is referred to herein as a “sweep” gas.
As nated above, the non-adsorbable gas, combinable with a fresh feed

35  mixture of Cs aromatics fed 1o the adsorbent bed, should be present in amounis
sufficient to ensure a pressure gradient between the contents of and streams exiting



sufficient to maintain the partial pressure of the xylene isomers and
ethylbenzene at or below the respective condensation pressures of the
xylene isomers and 5 ethylbenzene. Alternatively, or additionally, the gas

wo BiESeRLde an amount sufficient to avoid condensation of {erpdeR€oo49s1
isomers. The presence of this gas during the contacting step permits
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para_x}@%l&?@? 'Sé%dx{/%ﬁl{‘%ﬁc}éwuéml&% RGBS The term “para-xylene
depleted” when used in the phrase “para-xylene depleted raffinate” merely means
30 that the concentration of para-xylene in the raffinate is lower, preferably substantially
lower, than the concentration of para-xylene present in the mixture contacting the
adsorbent. The term does not maan that the raffinate contains no para-xylene.
Thus, the para-xylene depleted raffinate likely will contain a iowef concentration of
para-xylene, higher concentrations of xylene isomers other than para-xylene,

35  ethylbenzene, and other non-Cy aromatics that may have been present in the feed.



substantially free of para-xylene (e.g., meta-xylene, ortho-xylene, toluene,
C84 aromatics, and C9 paraffins and naphthenes). Because a
non-adsorbable gas non- reactive with the mixture may be combined with
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equipment and controls necessary to carry out the method. Such processing
equipment includes, but is not limited to, appropriate piping, pumps, valves, unit
30 operations equipment (e.g., reactor vessels with appropriate inlets and outiets, heat
exchangers, separation units, etc.), associated process control equipment, and
quality control equipmeni. if any. Any other processing equipment, especially where

particularly preferred, is specified herein.

Adsorbents most useful in the method generally comprise a non-acidic,

35  molecular sieve and a binder. The molecular sieve should be capable of selectively

adsorbing para-xylene within cavities, channels, and pores of the sieve while not



15 adsorbing meta- and ortho-xylenes and non-C8 aromatics (i.e., total
exclusion of meta- and ortho-xylenes or having much slower adsorption
rates compared to para- xylene). Among the suitable sieves for use herein

wa 8otlias6;Haat selectively adsorb not only para-xylene, but glse/usaoo4004981
ethylbenzene, since ethylbenzene has a molecular 5 size and
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The binder preferably is selected from the group consisting of alumina,

30  aluminum phosphate, clay, silica, silica-alumina, silica-alumina-magnesia, silica-
alumina-thoria,  silica-alumina-zirconia,  silica-beryllia,  silica-magnesia,  silica-
magnesia-zirconia, sifica-thoria, silica-titania, silica-zirconia, fitania, zirconia, and

mixtures thereof.

The para-xylene-selective adsorbent should be capable of adsorbing
35  para-xylene preferenfially over meta-xylene and ortho-xylene when subjected to an
equimolar mixture of xylenes in the vapor (or gas) phase at 50 °C, such that the total



equimolar mixture of xylenes in the vapor (or gas) phase at 50 'C, such

that the total WO 2004/099108 PCT/US2004/004981 16 para-xylene in a

desorption effluent of the method is at least about 75 percent on a molar
wensisfémiglative to the total amount of CB aromatics presep-inidaos/004981

desorption effluent, preferably at least about 80%, more preferably at
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30 The adsorbent can be contained in one or more containers or vessels
{also referred to herein as adsorption columns or beds) in which separation of a
substantially pure stream of para-xylene and ethylbenzene from a mixture of xylene
isomers and ethylbenzene is possible using controfled (or programmed) flow into and
out of the containers or vessels. The separation of components taking place in the

35 bed is a madified partial pressure swing adsorption ("PPSA") separation wherein the
cycle time is defined as the interval of time starting when a feed mixture is admitted



out of the containers or vessels. The separation of components taking
place in the 35 bed is a modified partial pressure swing adsorption
("PPSA") separation wherein the cycle time is defined as the interval of
wiineesi@digg when a feed mixture is admitted WO 2004/099488/us2604/004981
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about 2068 kPa (about 65 psia to about 300 psia).

30 As the term “isothermal” implies, the operating temperature during each of
the adsorption and desorption stages of the contacting step should be maintained
substantially constant. Reference to the term “substantially constant” as used in the
phrase “substantiatly constant total temperature™ means that, during the associated
stage, there is no appreciable change in temperature of the bed. In view of the

35  teachings herein, those skilled in the art will recognize that there may be some slight
variation in temperature due fo changes in flows andfor dug to heats of adsorption



substantially constant. Reference to the term "substantially constant” as
used in the phrase “substantially constant total temperature” means that,
during the associated stage, there is no appreciable change in
wienpesatyse of the bed. In view of the 35 teachings herein, §eseSkillgsibk:
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temperature due to changes in flows andfor due to heats of adsorption
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non-decreasing total pressure,” meaning that the successive 25

desorption staglsCeRitRFBRIERof B5atL 3t FeRAH e sigRie gagied out at
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rtactin sﬁg can. be Carnied O ail raté isobaric pressures, the Jsobaric
desorption and adSorption stages. Such ah operating
pressure of a successive désorption stage should nof be less than the isobaric
pressure of the preceding desorption and adsorption stages. Such an operaling
30 parameter advantageously permits recycle of selected cuts of desaorption effiuents
(as dascribed in more detail below) to a bed operating in the adsorption stage, and
combination with a fresh C; aromatics feed, withoul requiring expensive pumps and
compressors to re-pressurize the effiuent to the pressure of the fresh Cg aromatics
feed or the adsorption stage pressure. The higher pressure in the desorption effluent
35 (higher relative to the adsorption stage pressure) advantageously obviates the need
for pumps and compressors to convey the effluent to other downstream processing
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catalysts.

30 Other catalysts are more suited to converting any ethylbenzene present in
the raffinate and producing benzene and ethane, as byproducts of the removal.
Conversion of ethylbenzene can occur by any catalyst system for ethyibenzene
dealkylation, hydrodeethylation, or hydroisomerization. Such catalysts include, but
are not limited to, those disclosed in U.8. Patent Nos. 4,899,011 (hydrodeathytation),

35 4,908,342 (dealkylation), 5,028,573 {hydroisomerization), 5,367,099
(hydrodeethylation), 5,908 967 (hydroisomerization), 6,150,282 {(hydroisomerization},
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conversion of ethylbenzene is desared then the lsomenzat;on should be carried out
al a temperature, within the aforementioned temperature ranges, higher than aboui
300 "C. Conversely, if conversion of ethylbenzene is not desired, then the
30 isomerization should be carried out at a temperature, within the aforementioned
temperaiure ranges, lower than about 300 °C. If an isomerization unit having
multiple zones (or reactors) is being used, it is preferable to maintain a first zone (or
reactor) at a temperature, within the aforementioned temperature ranges, higher than
about 300 °C, and the second zone {or reactor) at a temperature, within the

35 aforementioned ranges, lower than about 300 °C.



occur to any significant extent at temperatures less than about 300 C.
Thus, if conversion of ethylbenzene is desired, then the isomerization
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the first bed 12 is adsorbing (A1), the second bed 14 is desorbing in one of the two
desorption stages (D1 or D2) and, accordingly, when the second bed 14 is
30 adsorbing, the first bed 12 is in one of the two desorption stages. Additional

reference can be made to the following Table §:



25 purposes of more dearly illustrating the single cycle. The beds are
shown arranged in series, wherein a first bed 12 is operating in an
adsorption stage ("Al1") and the second bed 14 is operating in one of two
wersRIRilLstages ("D1" and "D2"). When the first bed 12 ispaga@ihinthosvsi
(Al), the second bed 14 is desorbing in one of the two desorption stages
(DI or D2) and, accordingly, when the se€®dnd bed 14 is 30 adsorbing, the
first bed 12 is in one of the two desorption stages. Additional reference
can be made to the following Table 1: W&2004/099108
PCT/US2004/004981 22 TWW(M) Stage Al D1
Stage Al D2 Stage D1 Al Sta.g.e.D.ZA eference to Figure
1, a feed mixture comprlsmg >§H§ne i&dmers anHEthbeenzene (also
referred to herein as a "C8 a¥t¥fatics™dr 5 "hydR3carbon” feed) Is fed via
an inlet line 16 to a bottom pétegen 18mf the first ded 12, and contacted
therein with a para-xylene sgiggtive aggorbent upger the aforementioned

conditions (e.g., temperature-pressures-eter—pen-sueh contact,

para-xylene and ethylbenzene resent in the mixture are adsorbed by the
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the sesgggqao@%j 81 QHlRBL SR ARG INEANRES QRS HORABRIRE thixture
hydroc nsé an erg)ther %a%%rqﬁ%nt n vgld %{s(pe}ce?s of the adsorbent and
second ed 14. The effiuent 20 from the D1 esorption stage exits the
second bed 14 Waanv@uwlbnme:?@stthm effleenbptimarily)coataining Hea 14
swegep Qﬁ%@m RikdsRmBAbA NS MR G COIRRARIE QbR ar4Qs that o§ib&ncany,
feed MiHHedQ @U@HQ&&%LFQ@QBMQE@@Q@%M l.ﬁéwpoeygsmm 26 of

Portion o line 30, can be combined with
% f%cp vetly sweeping out through a bottom portion 28 of the

secon
second bed 14 an effluent containing the sweep gas, unadsorbed hydrocarbons, ‘and
other gas present in void spaces of the adsorbent and second bed 14. The effluent

20 from the D1 desorption slage exits the second bed 14 via an outlet line 30, the
effluent primarily containing the sweep gas and hydrocarbons with a composition
similar to that of the feed mixture {or siightly enriched in para-xylene and
ethylbenzene). Portions of the effluent in outlet line 30 can be combined with fresh
mixture fed to the beds (e.g.. via inlel ine 16 of the first bed 12) to form the

25  converged feed mixture for the adsorplion stage (A1),

As in the D1 desorption stage, during the successive D2 desorption stage,

sweep gas is continuously fed via the infet lire 24 fo the top portion 28 of the second

bed 14, effectively sweeping out through the bottom portion 28 of the sacond bed 14

any hydrocarbons and other gas present in void spaces of the adsorbent and second

30 bed 14 and adhering to the adsorbent. The desorption effluent frorn the D2
desorption stage exils the second bed 14 via an oullet line 32. Uniike the



mixture fed to the beds (e.g., via inlet line 16 of the first bed 12) to form
the 25 converged feed mixture for the adsorption stage (Al). As in the DI
desorption stage, during the successive D2 desorption stage, sweep gas

wis SnliosRysly fed via the inlet line 24 to the top portion 26 pEhgssafRRIds1
bed 14, effectively sweeping out through the bottom portion 28 of the

second bed 14 any hydrocarbons and dther gas present in void spaces of
the adsorbent and second 30 bed 14 and adhering to the adsorbent. The
desorptienefftiventfromedifiesi 2bbbawdr friontistdie derhpthe dagoigwvdrl e
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stage. ¥he “duratidn o??ﬁe various desorption stages can be adjusted
aceoordingly depsnsing: Bipgar this fetxkpted d@Siosthehdd, aiebhéyahying
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each ifeRsae 8 caHIBBistt RGPUIEN A At AR SHRAR ANt S RIEBLTRRETbed
eveén thaeighooplyccestad imiretsiean BunitstinoPeindipapsiah\Wditiang reference
expressiy sesabedntSderpinTingmrposes of more clearly illustrating a
single cycle. Additional reference can be made to the following Table II:
Table 11 Bed First (42) Second (44) TARH t46) Stage AID1 02 Stage D1
D2 Al Stage D2 At D1 Bedindriratééin Feasiedi(4hdThimigt®e 2, when the
first bed 42 is adsorbifigagl (A)aIne Secorish and thiradeeds 44 and 46,
respectively, are opera;@gein degsprption sggges DI angy D2, respectively.

Similarly, when the thirg bed 46 is adsorbing (Al), the{jrst and second

beds 42 and 44, respegﬁa\?eel r&’3 ) J ges D1 and

D2, respectively. When the second bed 44 is adsorbing (Al), the third and
As indicated in Table Il and in Figure 2, when the first bed 42 is adsorbing

20 (A1), the second and third beds 44 and 46, respectively, are operating in desomption
stages D1 and D2, respectively. Similarly, when the third bed 48 is adsorbing (A1),
the first and second beds 42 and 44, respectively, are operating in desorption stages
D1 and D2, respectively. When the second bed 44 is adsorbing (A1), the third and
first beds 46 and 42, respectively, are operating in desorption stages D1 and D2,

25  respectively.

With the first bed 42 serving as a point of reference for the beginning of an

on-going, three-part cycle, in the first part, a Cs aromatics feed is introduced 1o 2
lower porticn 48 of the first bed 42 through an inlet line 50 over a time period (A1)
during which the second bed 44 undergoes the D1 desarption stage and the third

30  bed 46 undergoes the D2 desorption stage. Within the first bed 42, the C; aromatics
feed contacts the para-xylene selective adsorbent (not shown) under the



first beds 46 and 42, respectively, are operating in desorption stages DI
and D2, 25 respectively. With the first bed 42 serving as a point of
reference for the beginning of an on-going, three-part cycle, in the first

witdloBbR@romatics feed is introduced to a lower portion 48 of the fiksls0s1
bed 42 through an inlet line 50 over a time period (At) during which the

second bed 44 undergoes the D1 desorption stage and the third 30 bed
46 undergoes the D2 desorption stage. Within the first bed 42, the Ca
aromagiferdRREheaEBRERINE RAGRURNEnEalaEte BESAIRCHLLBRLIRNAVRL
under the WG e8I INUHE MiSaRGAARAIR s ot tr’i‘é(?%]%&f%zgéa%%gorbed

conditions, and pars-xylene and ethylbenzene present in the are
oS S SE SR OREC R SA® I GPYRLPBE 8RR 5 the
adsorlfEtd Pafd2 tHiaSnAdiRVBRtAAR AispRKEEN B eMeBREN Rl d T irorefTigate
tof® portohGRahth & nicstdpad AR prszd. Aty fme Svasreapaisameyieation unit
depletechsaffinategdibea@ finatee>oanheifaaie dohRMRs G @D Haromatics
passeg,girectly to a downstream isomerization unit to obtain an
equilibrated mixture of xylene isomers combinable with the C8 aromatics
feed. While theVirie hedirabi 48 sortsadpioa i thihsseoimd brshd # desorbing in
desorhia@inddhepish drgerBicestages Biveeprgastisnesb\inaaroipletdings of
56010 AHEPRBHEINRPB40TerbilaE SRRRpHPSH Horfies huabrSHpRRAINE GHine
thro“%&M&%’H&%ﬁ%ﬁﬂ%ﬁ%?rﬁnseﬁﬁ&l;\%’e%ergg‘s‘.“uﬁ&?é%%ﬁ'PJ DA L g
the sweep gas, unadsorbed hydrocarbons, other gas present in vol
pace ST HE REBTDAn YA SRS SLIRIBET 22! THL "B RSth dhe B
desorSfiba fife tasity Wrsapiomtege @da Dmsarroditet Hdeigan eHitetiifie 6at
contaithiegfitenisweispinthasckby deo cadiyisagitions stipasipositsmsitailatao
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substantially higher purity than that of the feed.

In & second part of the same cycle immediately following the first part, a

Cy aromatics feed is introduced to the bottom pertion 68 of the third bed 46 over an
identically long tima period (A1) for adsorption therein, during which the first bed 42

30 undergoes the D1 desorption stage and the second bed 44 undergoes the D2
desorption stage in the manner described above. In a third and final part of the cycle
immediately following the second part, a C; aromatics feed is infroduced to the
pottom portion 80 of the second bed 44 over an identically long time period (A1) for
adsorption thergin, during which the third bed 46 undergoes the D1 desomtion stage

35 and the first bed 42 undergoes the D2 desorption stage in the manner described



In a second part of the same cycle immediately following the first part, a
C8 aromatics feed is introduced to the bottom portion 68 of the third bed
46 over an identically long time period (Al) for adsorption therein, during

%t}m/mﬁ(ggst bed 42 30 undergoes the D1 desorption Stag?@ﬁgs%‘ﬁ /004981
second bed 44 undergoes the D2 desorption stage in the mann
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PPSA s s em sun or carryin
PPSA system 90 includes manyyof e features of the three-bed PPSA systemn 40

described above and shown in Figure 2. Notabiy different from the three-bed PPSA
system 40, however, is the presence and operation of a fourth bed 82 in the four-bed
30 PPSA system 80, and a third desorption stage (03). In processes having only two
desorption stages, the effluent from the second desorption stage will typically contain
the desired product and during the stage there will be a point at which the effluent
contains a maximum amount of the product. A benefit of the D3 desorption stage is
that it provides an opportunity to end the D2 desarption stage just after the point of
35  maximum product is attained, and to coliect the remaining, less-pure product in the

subsequent D3 stage,



the disclosed method and, specifically, the contacting step therein. The
four-bed PPSA system 90 includes many of the features of the three-bed
PPSA system 40 described above and shown in Figure 2. Notably
wdissepdigm the three-bed PPSA system 40, however, is theAiespie6ios1
and operation of a fourth bed 92 in the four-bed 30 PPSA system 90, and
a third desorption stage (03). In proces®&s having only two desorption
stages, the effluent from the second desorption stage will typically contain
the desired proskiehand idurigigetheistagystéhede vdubes dqpoinéaitaysiglarthion

effluenfodzapiaip g mfa@'mumdamemh et direeuets ADRREHE A (Hie RRvn)
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st@ge. SIS OGG4/6%08! EEERss B OBde i1 the frlvwisa kil Figure 3,
the system 90 includes four identical sgpaggtion .beds 42, 44, 46 and 92

-'identical" in th entical
inlets and outletsB&SenHEUEH oRRFUEHAR nxl'éﬁg (o) Jiwan %?)each are

shown and exprésaty des@ibed hereli for purpd¥es of moRS clearly
illustrating a 5 sigde cyclesAdditionabreferenc@gan be made to the
following Table |g,;5§ble IhBed Firstf42) Secorg (44) Thiigy(46) Fourth

(92) Stage AID D2 D3 Stage D1 D3 Al S ge D2 D3 Al D1 Stage
D3 Al 01 D2 As % §£ I%% 7 ? irst bed 42
is adsorbing (Al), the second, third, and fourth beds 44, 46, and 92,
respectively, arks dginaieshty Fabe0tidedanFigrestages DefrbbriiDB adsorbing
respeghve e Stavihar yi-whes theaf odthib e, A2dsadsgraingiy/d)e dpeditag in
S@50NHe RARINLEAJRE TS Hottfr 541945 HRSPC SHYRIMy WRerPPRIBLIAYHRY 92 is
desorpﬁOﬂ@ﬁg&@ﬁéa YRLAD SOPREH . YNGR 6 U thORUAGy oo

adsorbin first an second beds 92

respe dRIEANSRL SRR HF9R A %&%%%ﬁétaegs@s%ﬂe{mmgeﬁ '15%‘“‘“’ bed 48 is
respe@@vemngiAallyngieertHist SresesaedtEd4%Ri S4B Bt EEATF YR are
third, foperthingrial fiestrbtals steye@2D anldoddh E5s pestrielyardropirathepirthe
desorpigshsinaes ikl duasah B3, irspactivalynViith the s bedsd2and 42,
serving. a3 &\ RN Ob LEIRIRNG B 506, begiRMehRLEN p8 PGl pur-part

cycle, the first three beds operate in substantially the same manner as in
the three-part cyshetti Seibse d2500ns and HHOWHSISENGE far e\RAgiRifgeof an

on-going, four-part cycle, the first three beds operate in subsfantially the same
manner as in the three-part cycle discussed above and shown in Figure 2. While the
20 first bed 42 is adsorbing (A1) and the second and third beds 44 and 46, respectively,
are desorbing in desorption stageé D1 and D2, respeactively, the fourth bed 92 is
desorbing in a third desorption stage, D3. As in the D1 and D2 desorption stages,
during the suceassive D3 desorpiion stage, sweep gas is continuously fed via an infet
fine 94 to a top portion 96 of the fourth bed 92, effectively sweeping out through &
25  boitom portion 98 of the fourth bed 92 any hydrocarbons and other gas present in
void spaces of the adsorbent and fourth bed 92. The desorption effluent from the D3
desorption stage exits the fourth bed 92 via an oullet line 100. Hydrocarbons present
in the effluent obtained from the D3 desorption stage, though- at a low partial
pressyre, are more rich in para-xylene than the feed, but not as rich as the effluent
30  obtained from the D2 desorption stage. The D3 desorption effiuent is similar to the
gas exiting the recovery drum(s) 74 in that the effluent cantains a small fraction of



20 first bed 42 is adsorbing (Al) and the second and third beds 44 and 46,
respectively, are desorbing in desorption stages DI and D2, respectively,
the fourth bed 92 is desorbing in a third desorption stage, D3. As in the
wol@ltddsqgesorption stages, during the successive D3 deseiptioaatailss:
sweep gas Is continuously fed via an inlet line 94 to a top portion 96 of
the fourth bed 92, effectively sweeping &t through a 25 bottom portion 98
of the fourth bed 92 any hydrocarbons and other gas present in void
spacescabibe Upgrh i AGdHaLEHliReN Zontire desatiithe MisRalLbom wis
the D3 p&tﬁﬁq&em§$&%§oﬁ%mﬁcmtmmﬁz%%aaaﬁ@@ugsgH@soﬂn%ed with
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greater; r&-zg%g‘llb brium content of para-xylene. Because of this purity,
the D3 desorption e¥fluent can be advantageously recycled and combined
with the feed tGfonthen ifigoreVeishegtiitihaadyicki oA pastemylénalimbivefor
D3odesarntignoue tb erbidBdadsiiinnalank aRambie usnadvay tagarefen. As
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low, rat ) sired
hydrogér %C%yg‘r%'@ér%agﬂ MRS MSHEREN A2 RN Gt (pys and
and, uRKititeRyeniipnotonin steaititieiset wiatedisartie ahpwn and expressly
isomerfzatithacipfiteiS fro\wanpsPigefreete Sleartyt fiasttiiiem hsiob e RBA. systitivnal
116 suisdpbadocad Cecrsag agHaubithediselnsrd method and, specifically,
the contacting step therein. As shown, the system 110 includes three
identical separation beds 112, 114, ahtPEL¥ - 'identical' in that each
includes an adsorbenBédot Shetihi2an&dckanstidasinlErirdi{idsputlets, even
though only certain THglgeand QATIETS OT €agh are Snowgizand expressly
described herein for BUposes Qf more clegly illustrating a single cycle.
Additional 15 referergie can b%{rinade to tlE following Table IV: Table IV
Bed First (112) Seconda?f‘[l4) ird (116) %age Al D1 D3 Stage Al D2 03
Stage D1 D3 Al Stag¥?8® D3 BF Stage D8AID1 A1

Stage o3 Al b1

Stage D3 A1 D2

As indicated in Table IV and in Figure 4, when the first bed 112 is
adsorbing {A1), the third bed 116 is operafing in the D3 desorption stage, and the
20 second bed 114 is operating in one of desorption stages D1 and D2. Simifarly, when
the third bed 116 is adsorbing (A1), the second bed 114 is operafing in the D3
desorption stage, and the first bed 112 is operating in one of desorption stages D1
and D2. Finally, when the second bed 114 is adsorbing (A1), the first bed 112 is
operaling in the D3 desorption stage, and the third bed 116 is operating in one of

25  desorption stages 01 and D2,

With the first bed 112 serving as a point of reference for the beginning of
an on-going, three-part cycle, in the first part, a C; aromatics feed is infroducad to a
lower portion 118 of the first bed 112 through an inlet line 120 over a time period (A1)



Stage D3 Al D2 As indicated in Table IV and in Figure 4, when the first
bed 112 is adsorbing (Al), the third bed 116 is operating in the D3
desorption stage, and the 20 second bed 114 is operating in one of
esorption stages D1 and D2. Similarly, when the third bed '
“g)dz%)r ‘%%gl ), the second bed 114 is operating in the D3 eé%r% fopo04981
stage, and the first bed 112 is operating #8 one of desorption stages D1
and D2. Finally, when the second bed 114 is adsorbing (Al), the first bed
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displaced (by in ing.fe Q to rtion, 122 of irst bed 112
via an outlet finég%%p'éiga%sﬁ %ﬁgg?ﬁ?gﬁg%ﬁgéﬁé‘ N i égg—[‘ﬁ%s’%ﬁ{‘ﬁa gl 114

can be'REYHRES PFOIRIN0LR, SUBE e SR Rfages BoIRL (Reantpecifically,
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second bed 114, errectvary sweeping ott threagh achotont FeRitR {40157
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hydrochabenise gedrontee (usiasentsheddidrepacimobtdetysorenl. and
sevondbedshdoT bifluefflnenitkpime 18204 dasbirat Gm Jage3exiit thesh feed
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as a ar at of the
K R g CE T
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D%(de%%ﬂk%?gs&“?'iﬁri"@fé@ﬁ%@ /0B E Y LGS BRLINSESARR 1 of the
adsor%té%lnétggde ‘ml)ény hydrocarbons and other gas present in void spaces of the
adsorbent and second bed 114 and achering to the adsorbent. The desorption
effiuent from the D2 desorption stage exits the second bed 114 via the outiet line
132. Unlike the hydracarbons in the effluent obtained from the D1 desorption stage,
30 however, the hydrocarbons present in the effluent obtained from the D2 desorption
stage are rich in para-xylene and ethylbenzene — substantially higher purity than
that of the feed.

The flow rate of sweep gas during the D2 desorption stage may be the

same as or different compared to that of the D1 desorption stage. Depending upon

35  the flow rate of the sweep gas. the effluent from the D2 desorption stage can contain
a significant amount of sweep gas. Thus, to separate the sweep gas from the para-



As in the D1 desorption stage, during the successive D2 desorption stage,
sweep gas is continuously fed via the inlet line 126 to the top portion 128
of the 25 second bed 114, effectively sweeping out through the bottom

o dais0f the second bed 114 any hydrocarbons and o g p
ngr)ese‘{r]}%;?r? void spaces of the adsorbent and second bed 11t%'ef ’ daﬁ) 04/004381

adhering to the adsorbent. The desorptiare effluent from the D2 desorption
stage exits the second bed 114 via the outlet line 132. Unlike the
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While the figsbbadyd L2 isradrrsiing: )i 2ad iR sRene BEH-ddfhons present
in the effiuent obtained from the D3 desorption stage, though at a low partial
pressure, are more rich in para-xylene than the feed, but not as rich as the effluent

30  obtained from the D2 desorption stage. The D3 desorption effiuent is similar to the
gas exiting the recovery drum(s) 74 in that the effluen! contains a small fraction of

xylenes having a higher than equilibrium content of para-xylene. Because of this

purity, the D3 desorption effluent can be advantageously recycied and combined with

the feed to further improve the purity and yield of para-xylene in ihe D2 desorption

35 effluent. An additional and non-obvious advantage of utilizing a four-bed PPSA
system and the D3 desorption stage is that the sweep gas (e.g.. hydrogen) flow rate



undergoes desorption in successive desorption stages DI and D2, the

third bed is desorbing in desorption stage D3. As in the D1 and D2

desorption stages, during the successive D3 desorption stage, sweep gas
wi GRRigsQusly fed via an inlet line 138 to a top portion 1400fthe Jhkt 4051

bed 116, effectively sweeping out through a bottom 25 portion 142 of the

third bed 116 any hydrocarbons and oth&® gas present In void spaces of

the adsorbent and third bed 116. The desorption effluent from the D3

desorpganpstagesedte hiedhirddatdaldiida g Rl dirdd fhitio of the feed in
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depleted raffinate can serve as an inlet for sweep gas during the desorption stages,

and the inlet 24 (in the second bed 14) for the swesp gas can serve as the oullst for
the para-xylene depleted raffinate during the adsorption stage.

30 Shown in Figure 5 is a process flow diagram illustrating an example of a
process 150 integrating the aforementioned PPSA systems. The process includes
one of the aforementioned PPSA systems (shown in Figures 1 through 4) or
appropriately modified systems thereof, designated 152 in Figure 5. Exiting the
PPSA system 1862 via a line 154 is a para-xylene depleted raffinate, which is passed

35 toaheaterfflumace 156 to increase the temperature of the raffinate (if necessary) to a
temperaturg suitable for downsiream isomerization. Exiting the heaterfiurnace 156



piping, valves, and other process control equipment, certain of the inlets
and outlets 20 can be combined since, depending upon, whether the bed
is in an adsorption or desorption stage, the inlets and outlets can convey

flerenbdNaterial. For example, and referring back to Flgur
V‘Siesorptlon effluent outlets 30 and 32 can be combined into o%%%ﬁ 104981

with a valve therein capable of controllingtwhere in the downstream
process the effluent is to be sent (e.g., recycle or reject in the case of 25
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raffinate, which is next passed to an isomeri on Unl
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via a I|ne 1 6, C8 aromat ?So asgleov? r%t d and eX|t tﬁ gé)aratlon Ltml
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and rec%cled via aline’l/6 to e ot as streams
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is a destias prestuekatangers iNsipaatise camiaising Q@M&ykﬁ%@%nw
ethy|b€dl§ﬁﬁ@a THHS deske ot uaLaRamcan be FE@S%%E% 0%15 urati
suitable downstream processes not sh?wnr? to further process or p ur|
aration steps ahd complex eguipmen be used as needed io resolve the

the product
tsomenzed product mixture in the separation unit 164. Importantly, however, the
30 disclosed method is advantageous over other methods in that no compression
squipment is necessary between the PPSA system 152 and the downstream

isomerization unit 160 and, therefore, none is shown in Figure 5.

A fresh feed of xylene isomers to the PPSA system 152 and any

downstream recycle streams (e.g., from the downstream para-xylene/ethylbenzene

35  purification unit) are not shown in Figure 5. Such fresh feed and recycle can be
integrated in the process shown in Figure 5 in a variety of locations lo accomplish



into its constituent parts, namely para-xylene and ethylbenzene.
Additionally, a portion of the para-xylene depleted raffinate can be passed
to other suitable downstream processes (not shown) to further process or
wioHdbu s, paffinate to its 20 primary constituent parts, namepér is2004/004981
meta-xylene. ortho-xylene, and sweep gas. As noted above, subsumed in
the disclosed method (and the various . émbodiments thereof) is an
understanding by those skilled in the art of suitable processing equipment
and codittatsnpesssaneiantas yhetd theamothobte HtehicpiaRessiitge the PPSA
equipmgatinakides bubisaRO bR a2 RRrRRY eI BrdHBR0 223 be

valves i SRP HIORS SSUPIRSI Gad SB0E RTRS VIR RORELS
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advaniageus, oKeLaibes mehads i hALaAGRDRIGSSion equipment is

necessary between the PPSA system 152 and the downstream
isomerization uRivercDaiwkatier aferiesumaribeis sind wihén daigemert madifiestons
feed okbeylEne i@pimers gontlae D spséem thb3rand any downstream
recycle streams (e.g., from the downstream para-xylene/ethylbenzene 35
purific&templest) are not shown in Figure 5. Such fresh feed and recycle
can be integrat ocess shown in Figure 5 in a variety of locations
to accomplish \%%M%@iﬁ@’%é?ﬂ 4900558 B 'Bﬁ%é’?eﬁf"gﬂglg‘“
For exlsisied inlmbtagrensnidhestpbe introduced directly into the PPSA
system 152. Al%lge{Wsoﬁzmgqeqm ﬂ@ﬁ%%ﬁrpf&hg%ét;@@%sﬁg&ve
cgp be d&%o P‘fh wté) gue atlon uplt 164 to % ﬁ?pcrn plmdz rther
processin ucts. ﬁfitern?gttlveij or argdl ona orionsort ke
RN SRV A e Sl A
isomeR®AHEA SMRIL8EPaiosrMBRFMI aifate BxessiingMeazien@uhntkanyarious
non-CBatitenaiideisenpdate eursdue éebibed M@ SBosyesmatisampi 36 Biranet to
separaiethin PPRArgNesHUsekRRnA BRI thasendepliansusa RAiGRNS dRIeH

asgharl aLINE RIASSNLINYEHLAN-SeXendan, forednind disglapule,these and
other eq ‘%ment n@dch?tlons 1(? should be within the purview of those

skilled"R gga{ﬁr?d xam nIshe ?oﬁowmg examples are provided to

illustrate the method, but are not inteade 1o limit the scope thereof.

Example 1 is directed to the preparation_of a para- t)Alene selective
As noted above, this example is directed to the preparation of the para-

xylene selective adsorbent that was subsequently used to camy out the disclosed
25 method in the manner set forth in the subsequent examples.

A para-xylene seiective adsorbent was prepared by formulation of 80
wl.% silicalile and 20 wt.% binder (85 wt.% calcium clay and 15 wi.% silica, based on
the total weight of the binder), based on the fotal weight of the adsorbent. The
silicalite has the MFI structure type and can be prepared from a variety of standard

30  procedures. A typical procedure is to combine 18.4 grams sodium hydroxide (NaOH)
and 12.8 grams tetrapropylammonium bromide in 227.6 grams of water. After
dissolution, 122.6 grams Nalco 2327 sllica sol (40 wt.% silica) was added and sfirred
for two hours. Concentrated sulfuric acid (H,SO, } was slowly added to achieve a pH



15 adsorbent that was subsequently used to corny out the disclosed
method in the manner set forth in the subsequent examples. Example 2 is
directed to a partial pressure swing adsorption ("PPSA") sweep
W@gﬂ}scarried out under variogs (_:onditions in four sepgFate IS dRes:
two-bed PPSA system. Example 3 is directed to another PPSA sweep
experiment carried out under various cofitlitions in eleven 20 separate
runs in a two-bed PPSA system. Example 4 is directed to process
modelig anthatientiansconsi daraiteinst dodamnplandnds petedraboyECHBN™-
exampigds AliERERddotadiaRAdRabie patrcrylene selective
adsorbent that was subsequently used to carry out the disclosed 25
method in the manner set forth in theEs&BB4uent examples. A
para-xylene selgctiygadaQrRenWasRRP R eddaebornuItion ofl0,Wing
slialte 200,20 WhS0OINGeL (99 MLt PIClm ClaY And £ W68k em
baged SHCHE Total Weibhfvo? the Binder), ased on the total weight of the
adsorbiFereretodiif SRrdifoas ‘t‘h@WP?&l‘fﬁ’é‘fﬁ’?é’hfﬁ@%ﬁdbﬁm)oegﬂ?e‘iﬁ’é%ﬁm
from aprepisey &f Shemeiigdt 30aprusestiinrdie AepAsrtian prestelturbdsvasious Runs
combiniestfeddgranas Sedittsthbycredinshia@tdyndnthd 2:8egrartien of Table V.
tetrapropy RN IEDVBRP BR IS Rt 0 Braims e WalakidAle fefliss QhiliRihg
1%%.6 %ﬁ%@%ﬁgﬁﬁ e%ﬁg%%!ica sol (40 wt.% silica) was added and stirred
for two ofice

ours. trated sulfuric acid (H2SO4) was slowly added to
achieve a pH WQ 201 4[&%9@9&%7&5@2@04&)@3&9@]0033 of 13. The
‘resulting solution was heated urilieighheft§deneedis pressure in a TEFLON--
lined autoclave for one to seven days ath§{())fOXF ("142d C;::)s Example 2 As

noted above, thieexemple (s} difectod- 1o oeparh : otre;m ing 500
adsorption ("PPSA") sweep ex eriment carfied outin a two-péd PPSA

system according to the condifigkis dirtheisippsagortion of Table V
(below). The ad@ﬁ?ﬁ‘@ﬁfeiﬁ)%ﬁareglﬁw@&ﬁmlﬁ Twas Used in the
separation beds for the various Runs described below. Results from the
Re#s are shown in the lower portion df¥8te V. The yield and recovery of
componenkanand the recycle yield are @efined according 10 to the

following egtiat i

IO S -V VEAT !

X100 Weight of X jn.Feed Recovery o ) ed In

Stream X1 GsWeeié%%f X jn Feed -Weit#t of XGRecyfR) 1690
Sweep Flow (SCFH' Ny 154 300 154 500
Feed HC Flow {g/min) 20.1 19.6 237 212
Feed NofHC Flow {moi/mol) 00 1.1 0.0 18
Wi.% pX+EB in HC Feed 27.4 274 274 32.4

. Wt.% mX+oX in HC Feed 72.8 726 7286 6876

A1 Stage Time (seconds) &4 64 64 64
D1 Stage Time {seconds) 18 12 12 17
D2 Stage Time (seconds) 46 £2 52 47
D2 pX+EB Recovery (%} 85.0 84.0 85.0 88.2
D2 pX+EB Purity (wt.%) 82.3 80.7 73.1 83.6
‘AT mX+oX Purity (wt.%) 96.3 94.1 94.8 94.9
D1 Recycled Yield (%} 25.0 20.0 25.0- 310

D1 Recycle pX+EB Purity (wt.%) 377 315 8.4 40.2

TSCEH s an abbreviation for standard cubic feet per hour.



Recycle Yield (%) = Weight of Recycle Collectod X100 Weight of Feed 15
Table V Run A B C D Temperature (C) 251 251 249 276 Pressure (kPa)
414 807 690 1890 Sweep Flow (SCFHt N2) 15.4 30.0 15.4 50.0 Feed

wiGeldawe{@min) 20.1 19.6 23.7 21.2. Feed N2(HC Flow (m@ifinal)dd @ dads1
0.0 1.8 Wt% pX+EB in HC Feed 27.4 27.4 27.4 32.4 Wt% mX+o0oX in HC

Feed 72.6 72.6 72.6 67.6 Al Stage Timgé(seconds) 64 64 64 64 D1
Stage Time (seconds) 18 12 12 17 D2 Stage Time (seconds) 46 52 52 47
D2 pX+EB Rectvesy#a)igt 0ig4S8s 088 Frangep Kus=pep gty pReosa the
82.3 8R4dbrbant db3chiv el iBXaaMiePuriyLtw i p @68 DWete 34n8u8%HDadddrding fo
g! 7e t;yglﬁé;agﬁﬁlﬁkfé/%gét&% %;Q-_%é 9 éé;.%@&l%ga@%%@&ﬁ@ﬁﬁ}wﬁ@p
: : : . is_an abbre
5;'5%337 8558 f%gl:l Eﬁ]sji%w Pat?é M@ém Jfﬁ@x’f'ﬂﬂFgth‘rtﬂgsﬁ rp(ﬁé of

hour. < 2004/004981 "24 irTwo se ar%tigtgegﬂétss ns
(béds)rerRidpemgwasioasfite Hideedh¥imEr tij‘_% GGE8HER described n
Exampi¢hiougiobr Sépinaatonssmbeeaporien ceadiace Sraisgdly apparent from a
conditierisweptabiciand delényagiie) orethmreratssarpsetiodhcherdineltpsn gas
sweep flow ratg, CB feed é"HC"l mass flo(yvi ‘gatk% _molar flow, of iq%;gd own in

(nitrogen) gas ﬂ@? TRt 5p %z g’ﬁ%ﬁ"tﬁ%ecomposfl’f)arrln 8‘13 _tﬁ;etrﬁco_ ]

wherefriotie Toadries deseibisdriadatie dand heAreRIpRBYIng fgREPLPMRIIHRS
intthe sepertétirecnelitiozly.are mitidifemppraleRutr i 2 Cederdwast imtseas to
and thedmpesiisivendimgperass: areseainar (A Hedeiing fedicT beidd/txbestond
PPSA SYSIRIHSadIB i Sxampigits L) es RRYE ihidniGei®y & i@Rteriod
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same. MoTé spréu cally, an rg rence to‘fu "A," a?af fd was .
ntrod B ECHEFDARVBHHSE [EAGEPDY BeP QX ARTEAl stimng ime
which pesidddAhe detonehidedetedovint RS dremant dueshiRIsn Sergmion
the firsitafes/hishila stochartinse:pddisctoofid B3k eod tre EaIndpidutins Sstasnts
of whichdastegh46 seconds (D2). Immediately thereafter, a Ca feed was

introduced to the second bed over another 64 second time _
Desorption was carried out with the aid of an inert sweep gas (nitrogen).

The entirety of the desarption effluent obtained via the first desorption stage D1 was
20 collected as a recycle product in each of Runs A through C, but was not actually
recycled; however, it was recycled in Run D. Normally, in @ continuous process,
portions of the effluent from the first desorption stage D1 would be combined with the
feed to further increase purity and recovery of the overall process. The raffinate
contained predominantly meta-xylene and ortho-xylene. The D1 desorption effluent
25 contained predominantly excess feed, unadsorbed hydrocarbons, and nitrogen. The
D2 desorption effluent contained predominantly para-xylene, ethylbenzene, and
nitrogen. In practice, a portion of the D2 desorption effluent can be refined to remove
the nitrogen and then recycled {though it was not in any of Runs A through D of this

exampie).

30 Multipte runs were conducted under the various different conditions to
determine the recovery and purity levels achievable, keeping in mind downstream
unit operations necessary to isomerize, for example, the raffinate containing
predominantly meta- and ortho-xylenes. As previously noted herein, commercial
xylene isomerization reactors typically operate at a pressure within a range of about

35  atmospheric pressure to about 6895 kPa (about 1000 psia), and more typically at a



15 period (Al), during which period the first bed underwent two different
desorption stages, the first of which lasted 18 seconds (D1), and the
second of which lasted 46 seconds (02). Desorption was carried out with
wihepaidehan inert sweep gas (nitrogen). The entirety of thexdasospiamossst
effluent obtained via the first desorption stage D1 was 20 collected as a
recycle product in each of Runs A throu{;’h C, but was not actually
recycled; however, it was recycled in Run D. Normally, in a continuous
processsspoetivihg of rdngeafflatent Rt Riadofitsul 85or stia teseatelDeiatoahgut
be conduned)\ib ibe tdapstdarmibes inereasmandp ahod momgﬂat the
overall process. The raffinate contained predominantly meta-x ene and
ortho-xylene. THEIB P &sHIB G &rm@&t%@&h@lﬂ'é‘&ﬁ»#@&%’ﬁ%’ gl pare-
excesyyfewd depleted orfindteyelio cartromerizdigmittagen vrke e desespitited
efiuentppndieacaneshgennantiyupaea-es/lencz e thyihditastheinenased furmace
n'trog%apéa {@sma?eig%&@@hefrshﬁﬂ@sd&%ma&}e siflyenteanke toloedy
[0 reMPR S MAge A ineR, v§g¥r%l%§ 9!&8559& hARARL AL Alquired
Runs ﬂwroug%mf) this examp ' tiple runs were conducted
underW%WW&W&BH&%%GWPMrWeifﬁe TR e'Fs'vaerfd’ m both
purity fapidexpsiiditng rRndieeaiiine fFPRAAPERHOYATSARAE unit operations
n%;essary to ISﬂrﬁgF‘lée Ef%ﬁé%}glgylén@ J@}m%t?aﬁﬂg@m&%re was achieved

predomlnantl meta- and ortho-x ycalp |us noted xpmemme

. commBr&EIPSENERE 108 2RRSH Fon S orgety |c'a lly dgearge ar a pressure
within %‘Faﬂ@@néf‘a?)@ﬁﬁ%@“aﬁﬁ@é?ﬁheﬁﬁ“&%% dreenamotie @@@Wr{éﬁ&@{
1000 psisdyrarnksmorptaipidaliy aeaivva@0LGFIIN08t a higher total pressure in
PCT/WS2004/00¢ 3l hopt eaaLBewithsaraizgrigentdan ot BetnllcRatined in
abput o TakRadabay! téﬂa@S@gﬁgapqut OB siR)eANShRld tERIPRIHRs.
with a (ay S 120016200 S A0 B bl LG GRUAR O TR
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s e% a-
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excham@%ﬁ@tarfﬂr?ﬂﬁmpﬁ?a%‘%vé‘ﬂ%@%sf@?ﬂﬁc&ﬁtﬂ?%l%ﬁ%ﬁ?ﬁ%é@ Xylene
capacispriterad@nuadelyrsaise the raffinate's temperature and pressure prior

to feeding it to th«alsogw z t| n reactor leen the ¢ é)l‘ldIUOI‘ISO the

|
Yw agSUfe. Was Increas InCreasin onl the
inate and the requwéd‘ Xy ene |somer|za lon conditions sucﬁ < Y

equ.pmﬁwaawww@xaeﬁ%wes%vﬁsoeﬁvdsamﬁaaﬁéﬁaﬂfaﬁiéc%wam
continfrous thpedsimisnsbarsipdineses s irmuRB, Gshiyh BrbiliracRsaeisd para-
depletegeraffinatehpieaseie was gehipviaddédyeessicsaimiganviterigBen A) o
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was mamtained at a nearly constant level, but at a higher tofal pressure in
unobvious benefits.

In Run D, an attempt was made to mimic the behavior of an operating

PPSA sweep process with recycle. Because of the recycle and the attendant higher
concentration of para-xylene and ethylbenzene therein, the composition of the Cs

3¢ azromatics fed 1o the adsorption unit had a higher concentration of para-xylene and
ethylbenzene (32.4 wt.%) compared to the prior Runs A, B, and C (27.4 w.%). Also,

the amount of nitrogen co-feed was increased to reflect that the recycle also
contained gas, which would be recycled aiong with the hydrocafbons. Computer
simuiation of & material balance of the converged process (i.e., one with racycie) was

35 used to predict these changes. The results from Run D show that at even higher



the bed. The results from Run B are essentially identical to the 'results
obtained in 15 Run A with only small changes in the observed purities and
recoveries. Advantageously, the para-xylene depleted raffinate stream in

woB/e¥isd the adsorption bed at a pressure of about 807,Ra;£30QWh 4081
117 psia) and, therefore, would integrate directly into the desirable range
of operating pressures for xyiene isome#zation reactors. 20 In Run C, the
total pressure was increased by increasing only the hydrocarbon

pressuigrietatunés s beRsWASIER eRHnt R B30 R 8RR TN §pe of
fed to %}gca{:i,&.‘oﬁaﬁf?% B@ﬁreﬂ@?d&%ﬁ‘gﬁnm F%(;BPQE&? g %angrt‘hgomdeﬁjzaﬁon

observed para- xylene and ethylbenzene + EB) purity decreased from
025 wiEGEEh BCR e e SIEECtole sl oh e el | Thus.
additioFrR K& FORRIEESTE PRNEEN B AdTPMRRR tiibdnfcite dpemereation unit are
ad$orprimagdfidprovides desirably significant and unobvious benefits. In
Run D, an attempt was made to minggheiebghavior of an operating PPSA
sweep process with recycle. Because‘o%e*recycle and the attendant
higher .concentratiaiteafapava-iydanerael ie iy tienze aePHE @ipetieent carried
comp%itiammit@&&aﬂ ﬁf&éﬁﬁ@ﬂé{&@dﬁ@é&%@éﬁ%@ﬁ&@%}ﬂittﬁ%@ h.igit;l&{a.
conce | - a % red to
the pri%%“%gg?Atﬁéf‘%%%‘z%ﬂ%%% R
cohoe PRES RS M SR o e e FmioR EoaR DL RC APy ionoed i
which §5018¥b&rdRipETERS Af ABI A HTRIM HoRRAD 618 @biiiterrty of para-
simulatidene fad eibydantdnelamzdiofizéte Toaveried gtbeeagsofption stagewiitiwas
recyclejanamad a1sed tedpnasliatdaesrchang e3. dEhaRsUMSH GMaRIA Rried
show tﬁ@k@éﬁ@&&%ﬁn‘é\/@%@%@%ﬁ@%E&Té%%ﬁ%%é@%é%ﬁ% Wi varied
teyprefatiies andpressuley ahpurity and recouely are potamablein,
this type oF process. %_ucch a pressure is idel o hiegration A
downsedif M8 AssRliRsns PEBR (EMAIRACOTRYSRR ﬁééa%r(ﬁe’t’@ﬂ‘?frergﬁﬁr% more
adjustifiziedidersrifiatdeTpiserristparb Rrsubinh agri Ttiemoee nhtwl be
adsorptite tmftigunel thEetdonsriziat cesamitiareadcnotangiod dd: Lxaempled) as
As notgaahape 2this example is directed to a PPSA experiment carried
out in a two-bed PPSA system utilizing the adsorbent prepared in
Example 1. MoféeYEPetFhEES, T thisekatPislectele FerPiditg (matietesorditives
E throrpierdd live [ Wefee 1 (eopatticte drosaeneinitbesdl yrstiyree thw rate, G,
desorpéansiayeni ianatb) nuasichanged(iirgas)gespdomist Rt aminthe
optimalghiatign dpheachsaiaasalywhich purity of para- xylene and
ethylbenzene is maximized. The duration of the adsorption stage Al was



maintained at 128 seconds in each run. The D1 desorption stage time was
varied between 50 seconds and 123 seconds, and the D2 desorption
stage time was varied 15 between 5 seconds and 78 seconds - thus, in

woNEiNes) dain, the aggregated time for the two desorption §ag8%&»q04/604981
remained constant at 128 seconds. For a more detailed description of the
adsorption and desorption stages, refefénce should be made to Figure 1,
Table t, and the descriptions accompanying the same, as well as to
Example 2. 20 Eleven separate runsieieVéonducted according to the
conditions reported i EgRFGILLI-€., lemperaturrupeEssre, nitrogen gas
sweep flow rate, CB fegd};ﬁ%%ﬁ—w—%mfe,—mmw of inert
(nitrogen) gas per mole 6 ﬁ,‘ane the composition of the HC feed),
below. WO 2004/09910%98 ¥%004/004981 3% able VI Conditions
Runs E -N Temperatu@wep s SFshek (kPa) 225 Sweep Flow
(SCFH.N2) 9.25 Feed kedrowita/igimin).0 Feed NZYHC Flow (mol/mol)
0,0 Wt.% pX+EB in HGe&a¢/R2-BioW/ e oX inlC Feed 64.4 Given
the foregoing condition%g; egg@aq;‘l'p’{&r}_seglthrouggi\é, the following

recovery and yield data Were obtained when the duratjons of the
desorption stages 5 DM BN TAred. The (Llé;ta are set forth in
Table VII, below. Table VIl Run D1 D2 Total pX+EB D2 D2 D2 Stage
Stage Feed prashist fhXroeBop cdnBitoXsHiRathinicRTnmne gua)Ny tetddiowing
Eg ‘;%Vrg%é@e&)%(%ﬁsf% c(zé‘%@ »L\é\éteg/ebt@msmgﬂﬁe@ﬁaﬂoﬁaé ﬁ%geg%pjog&ﬁg&
106 28 S PAmE L Nira T I T D e

118 10 448.027.117.062.591.9 J 118
10 448.0 28.517.9 62.6 92.3 Table Vil
Run D1 D2 Total pX+EB D2 D2 D2
Stage  Siage Feed product pX+EB  pX+EB pX+EB
Tima Time {g) {g) Yield P. Recovery
{sec) {sec) (%) {wt%) (%)
E 50 78 4544 62.5 38.6 69.7 96.3
F 50 78 454 4 62.5 38.6 69.3 96.3
G &8 40 4420 426 27.1 £§9.9 Q4.8
H 100 25 448 4 35.5 222 63.0 93.7
| 118 10 448.0 27.1 17.0 62.5 91.9
J 118 10 448.0 28.5 17.9 62.6 g2.3
K 118 10 441.6 26.9 17.1 §2.2 1.9
L 123 5 441.6 5.0 3.2 47.7 68.0
(] 123 5 47386 4.4 28 45.0 633
N 123 5 428.8 38 25 47.0 624

The observed purity of paraxylene and ethylbenzene (P;) was

determined directly from an analysis of the accumulated product stream from D2.

10 Instantanecus purity of para-xylene and ethylbenzene (P} is defined as the para-
xylene and ethylbenzene purity of the hydrocarbon stream exiting the bed at a given
moment in time. Direct measurement of the instantaneousﬂ purity {P) is a
complicated analytical problem, but by varying the durations of the D1 and D2
desorption stages while maintaining & constant desorption time of 128 seconds, it is

15  possible to observe the purity of different fractions of the total material collected in



K11810441.626.917.162.291.9 L 1235441.65.03.247.768.0 M
1235473.64.42.6 46.063.3 N 1235 428.83.82.547.062.4 The
observed purity of para-xylene and ethylbenzene (P) was determined

weirggtholrg an analysis of the accumulated product streanp ik idd«0dHs1
Instantaneous purity of para-xylene and ethylbenzene (P;) is defined as
the para xylene and ethylbenzene purit@sof the hydrocarbon stream exiting -
the bed at a given moment in time. Direct measurement of the

instantaen essudepanityp(@cissheanim plirizec apbdyeicand foden® Hunrbgrize the
varyingsthiaedzaiions of the D1 and D2 desorption stages while
maintaining a constant desorption time of 128 seconds, it is 15 paossible to
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WO 20e608m1 saop (IMRe)S 208 4505 dIBsarandcyerecstivglprigutad in the
- streamsvebapledMd yliovin, @owh Figsirthd cllected rizel thteconlotaimes date. last
Based,qdtnsr airingshAalapRkns thetbsa Wahnb! tsh evnitialitherRe afasbR}on

desorgian. AugBE° fle Lge &q;f@'%.—m&és&ﬂme@smswa%%w a7

resulted in the 5 lowest pro 0Se runs the oIIecte rod

corresfofids {8hBPHuet péﬁ'ﬁ%rf" ‘%lh%?a?B’car SHS ﬂt f’rometh%aﬁe’g urlﬁa
the copHibylPRiFERCATHEasEd 36/ PiCH JSeapRie T agn HSIneTensqdu iy sxamale. a
produCRstiesamption tirgsaimens’ Whseabwist il ta0profbe pith ductbpreicdnaity
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about purl tO INcrease In t IS a

instant?h Eﬁffé‘?!lﬁ‘?{?%?g)bt?f"fﬁ%‘ éﬁ‘?ll@? Ziernd (&% soFafn atlisagoservation
ctilectadtipedorts ive this reskatiergPi2desuelinusipens derthiradead? dhgpieson
instansaesius purity (Pl) than the material collected between the first 123
and 128 seconds. This gobservation 15 contmuesﬂt‘o be true foir shé) tig‘ar Dhl
desorption stad'%“(’%ﬂ%%é’@?rﬂfﬂeasn&rﬁ? BRI AR WithSiEpEing™ e
boundPBSPams PRI HeEIESHDS SePBEREV S %H%&%@* m%éﬁaﬁefﬁam&ﬁés
becausestherstpardtimorohsivieizesizn Msdicmoporeciigsliteshiss Miletvoicaid
basedhaRo poralpsimgs sizaoMadiumyprieszgolitessaiaBas Miblakypicatyd
éo ha\é%ﬁ@é&&%eﬁﬁi]&éggé AR ﬁeﬁcaa%&g@%f(éﬁom akONtRBRDout 6.0 At
ara-xylene and e enzene, molecul av. S
T

more dﬂm|mhl%@fgc%mlm%c dlamefars of about 6. 8 . While the meta- and

ortho-xylene molecules do adsorb to some extent, they do so at a rate much slower

25 than that at which para-xylene and ethylbenzene adsorb. Conventional shape-
selactive, adsorptive processes, such as the ISOSIV" processes (which are directed
to separation of paraffins), teach that the other components do not adsorb 1o any
significant extent. This is true for the case of iso-parafiins on small-pore zeolite A.
Alternatively, equilibrium-based separations would suggest that the product purity

30 confinues to increase during the desorplion stage rather that decrease as the above
datz illustrate (Ralph T. Yang, “Gas Separation by Adsorption Processes,” pp. 237-
274 {Butterworth Publishers, Boston, 1087) (TP242.Y38)).

The data show that collecting the last portion of the product in a sweep-

based PSA process based on a kinetic separation generally lowers the observed

35  product purity because that portion of the product, in fact, has a lower purity. This
result is not obvious based on prior ant or the observed purity (P,) data collected



xylene molecules (which have kinetic diameters of about 6.8 A). While the
meta- and ortho-xylene molecules do adsorb to some extent, they do so
at a rate much slower 25 than that at which para-xylene and ethylbenzene

wadsekReszgnventional shape- selective, adsorptive processqgsyshasohask:
ISOSIVN processes (which are directed to separation of paraffins), teach

that the other components do not adsorBPto any significant extent. This is
true for the case of iso-paraffins on small-pore zeolite A. Alternatively,
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are considered as a single component. Meta-xylene and ortho-xylene
a@&orb 15 muchavwreresshwalharunuhivs, fard etieit msirhiagequsaprtal). and
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force approximation.

R S e R N T
cytle. "oerig drécthsh e thienauand aliveaesae oHilie nt‘ﬁ%t@!ﬂéﬁéoiﬁ@ para-
purity {P¢)ecamnd ethylbenzene purity decreased. The hydrocarbon content of the stream

decreased rapidly as the desorption stages progressed. At about 254 seconds, the
hydrocarbon feed was once again initiated for the adsorption stage (A1). At this
point, the effluent stream became more rich in meta-xylene and ortho-xylené as the

3¢ para-xylene and ethylbenzene were adsorbed. At about 382 seconds, the bed re-
aniered desorption as cyclic operation continued.

During the adsorption stage {A1), the composition exiting the top of the
bed contained substantially reduced quantities of para-xylene and ethylbenzene
compared to the feed, which in this example, had a para-xylene and ethylbenzene

35 fraction of 0.278, However, when the hydrogen sweep gas was fed to the top of the



effluent composition for one absorber bed operating under constant total
pressure, cyclic partial pressure sweep operation. At about 128 seconds,
the bed entered the desorption stages (e.g. D1, D2, etc). Feed was not

waiiiies Qyring this time as indicated by the constant cumyagiva ieehesos1

curve. At about 150 seconds, the effluent 25 reached a peak in
para-xylene and ethylbenzene purity. Aft@r this time, the para- xylene and
ethylbenzene purity decreased. The hydrocarbon content of the stream
decredsddtnapisiiratetheod songiionestagesppsiigneasady Mt alaaorh 254he begd

secon@grdiiad hydinaasben iar-naman serRoaN HILARO®idhe 7) before e
adsorpfiofsAagafA Ya HHHYS, Point, the effluent stream became more rich

in meta-xylene and ortho-Xylene as the 30 para-xylene and ethylbenzene
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SySteQagorpt;on stage (e.g. during the D3 desorption stage). Thus, the meta-xylene and

ortho-xylene PPSA raffinate can be heated and directly fed into the isomerization
reactor without subsequent processing steps (e.g., compression) and without

30 addition or subtraction of any material. Under these circumstances, there was no
need for additional compression equipment and, because the para-xylene and
ethylbenzene recovery is high (about 87 wt.%), an increased yield was achievable in
the isomerization reactor.

The foregoing description is given for cleamess of understanding onfy,
3%  and no unnecessary limitations shouid be understood therefrom, as modifications



20 The raffinate containing predominantly meta-xylene and ortho-xylene
exits the PPSA system with a hydrocarbon fraction of about 0.3, which
corresponds to a hydrogen:hydrocarbon (H2:HC) ratio of about 2.3. A
waticganaisered acceptable for a feed to the isomerization RaG{RkGG030s1
range of about 0.1 to about 10. Thus, the 2.3 ratio obtained herein falls
within the acceptable range. The H2:HA Y atio of the 25 meta-xytene and
ortho-xylene product can be controlled by adjusting the sweep gas
flowravétietiecepre efdhadnisdtion alsy be 220psEt tintiesa hd vihg dodiginnikityiofhe
the next. adsorption stage (e.g. during the D3 desorption stage). Thus, the
meta-xylene and ortho-xylene PPSA raffinate can be heated and directly
fed into the isomerization reactor without subsequent processing steps
(e.g., compression) and without 30 addition or subtraction of any material.
Under these circumstances, there was no need for additional
compression equipment and, because the para-xylene and ethylbenzene
recovery is high (about 87 wt.%), an increased yield was achievable in
the isomerization reactor. The foregoing description is given for dearness
of understanding only, 35 and no unnecessary limitations should be
understood therefrom, as modifications WO 2004/099108
PCT/US2004/004981 41 within the scope of the invention may be
apparent to those having ordinary skill in the art. 42 What is Claimed is:
1. A method comprising the steps of: (a) contacting at a substantially
non-decreasing total pressure a gaseous mixture comprising xylene
isomers and ethylbenzene with a para-xylene selective adsorbent to
obtain a para-xylene depleted raffinate and a desorption effluent
comprising a para- xylene enriched product; and, (b) isomerizing at least a
portion of the para-xylene depleted raffinate, wherein said isomerizing
step is undertaken at a pressure that is equal to or less than the
substantially non-decreasing total pressure. 2. The method of claim 1,
wherein the sum of the partial pressures of the xylene isomers and
ethylbenzene is less than the substantially non-decreasing total pressure.
3. The method of claim 1, further comprising combining with the mixture a
non-adsorbable gas that is non-reactive with the mixture during the
contacting step (a). 4. The method of claim 3, wherein the gas is present
in an amount sufficient to ensure that the substantially non-decreasing
total pressure is equal to or greater than an isomerization step



pressure, while maintaining the partial pressure of the xylene isomers and
ethylbenzene at or below the respective condensation pressures of the
xylene isomers and ethytbenzene. 5. A method comprising the steps of:
(a) contacting at a first pressure a mixture comprising xylene isomers and
ethylbenzene with a para-xylene selective adsorbent to obtain a
para-xylene depleted raffinate and a desorption effluent comprising a
para-xylene enriched product ; aad, (b) isomerizing at a second pressure
at least a portion of the para-xylene depleted raffinate, wherein the first
pressure is equal to or greater than the second pressure. 6. The method

What is Claim@kGéaim 5, wherein the first pressure is greater than the second pressure.

1.

43 7. The method of claim 5, wherein the sum of the partial pressures of
A tht xylene jsomers and ethylbenzene is less than the first pressure. 8.
& Methgd'ot tE‘jleaﬁlf?ipé,"further comprising combining with the mixture a
non-adsorbable gas that is non-reactive with the mixture during the
(@) contacdingcttepatay Suttatabtheshakeltaining, whereisiia GaS IS QIESSiure
in an muﬂﬁgwe}m@%bﬁ%mamaéwla@re@ﬁg%nfae§§+étﬁy%¥1£h$e?é¥!§£‘eadsorben;
isomegs.aa euAPRIAENG ALQS bsluhe Jespeclye cgnderisation
pressures oefntrQ eﬁ{lﬁne |t$omers and e y’? enzgn@. Yoeiyea rﬁcé?ﬁ%”&a para-
claim ’g’ Wherain tha 4 'p%%sure is a substantially non-decreasing
pressure. 11. A method comprising the steps of: (a) contacting a mixture
(b) compismRyisiptenéssstarerivrethiibearergsrandBepanaasserbable;
non-reactive gas with a para-xylene selective adsorbent to obtain a
wnaraasadoa JeRle 6d lhmnAagd adcsamian e copensng 2,

subPARRa Aen” enriche roduct ; an Isomerizing'a _
the pa%&?/?eeﬁ'éea €| I%ellottedD [&ifit&te, wherein the gas is present in an

amount sufficient to ensure a raffinate pressure equal to or greater than
Theamatthetidalibn. stopreirdbsmen whites manintapréss the dpartialrasaurRQl ang
ethithenzyterieieisanaemandseidherseasakandelan e respective

condensation pressures of the xylene isomers and ethylbenzene. 12. The

[ wherein,.the gas is present in an amount sufficient to
T bk HecR Ao s Aesenare
s ni’%feﬂcﬁﬁ%t‘ﬁ‘g’&r@dﬁ?&’f§lﬁﬁ‘?ﬁ SEREAstingsRitacting a gaseous mixture

~ comprising xylene isomers and ethylbenzene with a para-xylene selective
TheatigibriderittaroiBtainsepatie-guterepiapletAcralfinate A de SAUBIoRa: e
subQEMISTY RARBEISIRG BRI FRURREe ;Er&%ﬁg}e{{i BW%‘&& ek gg)ié%:%@n%gt%p tggg
predGRS! RrAQ Wﬁ%ﬂtﬁﬁikg%a;{aaﬁ?g'&%?sg%p o?ttﬁg gﬁengail;ghers and ethylbenzene at or
below the respective condensation pressures of the xylene isomers and ethylbenzene.

A method comprising the steps of:
(a) contacting at a first pressure a mixture comprising xylene isomers and ethylbenzene
with a para-xylene selective adsorbent to obtain a para-xylene depleted raffinate and a

desorption effiuent comprising a para-xylene enriched product ; and,

{b) isomerizing at a second pressure at least a portion of the para-xylene depieted
raffinate,

wherein the first pressure is equal to or greater than the second pressure.

The method of claim 5, wherein the first pressure is greater than the second pressure,



10.

11,

12.

13.

14,

wherein the sum of the partial pressures of the xylene isomers and
ethylbenzene is less than the total pressure of the mixture, and wherein
said isomerizing step is undertaken at a pressure that is equal to or less
than said total pressure of said mixture. 14. The method of claim 13,
wherein the total pressure is sy?stantlally non-decreasing. 44 15. The
method of claim 13, further comprising combining with the mixture a
non-adsorbable gas that is non-reactive with the mixture durlng the

The me Fuagt r}chStepS(E\Ir)he reih -g?%esmrr? to Of Clalﬂlg]é%éu%gerfe me qa%g isomers and
resent in an amount sufficient to ens re tt e 1o aI pressure Is equa
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wherein the gas is present in an amount sufficient to ensure a raffinate pressure equal to or
greater than an isomerization step pressure, while maintaining the partial pressure of the xylene
isomers and ethylbenzene at or below the respective condensation pressures of the xylene
isomers and ethylbenzene.

The method of claim 11, wherein the gas is present in an amount sufficient to ensure a raffinate
pressure greaier than the isorherizatic_m step pressure.

A method comprising the steps of:

{a) contacting a gaseous mixture comprising xylene isomers and ethylbenzene with a
para-xylene selective adsorbent to obtain a para-xylene depleted raffinaie and a
desorption effluent comprising a para-xylene enriched product; and,

{b) isomerizing at least a portion of the para-xylene depleted raffinate,

wherein the sum of the partial pressures of the xylene isomers and ethylbenzene is iess than the

total pressure of the mixture, and wherein said isomerizing step is underiaken at a pressure that

is equal to or less than said total pressure of said mixture.

The method of claim 13, wherein the total pressure is substantially non-decreasing.
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The method of claim 13, further comprising combining with the mixture a non-adsorbable gas
that is non-reactive with the mixture during the contacting step (a).

The method of claim 15, wherein the gas is present in an amount sufficisnt to ensure that the
total pressure is equal to or greater than an isomerization step pressure, while maintaining the
partial pressure of the xylene isomers and ethylbenzene at or below the respective condensation
pressures of the xylene isomers and ethytbenzene.

A method comprising the steps of;

(a) contacting a xyiene isomers mixture and a non-adsorbable gas with a para-xylene
selective adsorbent to obtain a para-xylene depieted raffinate comprising
hydrocarbons substantially free of para-xylene and a desorption effluent comprising a
para-xylene enriched product; and,

() isomerizing at ieast a portion of the para-xylene depleted raffinate,

wherein the gas is non-reactive with the mixture during the cohtacting step (a), and the gas is
present in an amount sufficient to provide a gas-to-hydrocarbon mole ratio in the para-xylene
depleted raffinate of about 0.1:1 to about 10:1, and wherein said isomerizing step is underiaken
at a pressure that is equal to or less than the {otal pressure of said mixture.

The method of any of claims 4, 11, and 17, wherein the mixture in the contacting step {a) is a
gaseous mixture,

The method of any of claims 11 and 17, wherein the contacling step {a) is carried out at a
substantially non-decreasing pressure.

The method of claim 17, wierein the gas is present in an amount sufficient to ensure a raffinate
pressure equal to or greater than an isomerization step pressure, while maintaining the partial
pressure of the xylene isomers and ethylbenzene at or below the respective condensation
pressures of the xylene isomers and ethylbenzene.



