; E¥e0&<"J6Tnald7, 366 PARA- XYLENE AND ETHYLBENZENE SEPARATI ON FROM M XED C8
AROVATI CS CROSS REFERENCE TO RELATED APPLI CATI ONS Thi s application clains
benefit under 35 USC 11®aaA0fYL¥:NE ANDE HP0BENZEN E GEP ARANDNG0/ 347, 063,
filed January 9, 2002, incorporated by reference herein. BACKGROUND OF THE
| NVENTI ON ent inventi diROM MiXEDtGe ARRMABICS or control ling and

opt i n“‘mumﬁﬁ@mu@&@ yl ene separation process using near-infrared (NI R

spect e particularly, 1 o the present invention relates to a

met hod anwo@#* apparatus for controlling and optim zing a para-xyl ene
separation and i sonerCRUSSREFERERESEMIEr BELATED aPRICAMONSS the process
stream are neasured usin | R spectroscopy in an in-lLine or on-line

N
manner provi difA @Pﬁlicqt%_ﬁb cpitng Pepefly seess Torddeh 1aRtP)opt iUz deayisional | n
the petr Oﬁpgﬁ‘&c%%'n 196 06613l 7 B 3C Rl yarfiy 9f 2bO8, iRBS dré‘i@ert%ﬁ%?eré%gﬁgfeih.s

the 15 Cs aromati cs stréam contal ni hg bénhzene, tolu and xyl enes
(BTX), which is a source of =1 i e downstream
products. O the C8 aromati%é@kp@aggﬂwﬁgm%%\qumHmteri al in the
manuf act ure of TherpeesdritahventRm dlates té hemstirid fdesonablieg aBdatistizinge para-
boiling points of ethyl benzene (EB), o,rtho-lel ene (o0X), netaz2o xyl ene (nX)
and par a- XY/ERRSePaFAtioaRIOGEFS usigenerdntrareds (NIEY speg FPQW'-)M&'% partigsgarly,

t hey e diffi r Wnf LagGhl |, 4} St j Lye
ot ol 1 018 pLtt, ReRRHTBldter o B e e Sh abBaidth 6} (RpRBlK and
art, incl oglimidg aat ipanaixylenest sdpdratién oandndsadrngtizatiophapecests owpierain. the
Processes in wide commercial use for the productjon of I%}(zthave typi cal l

i ncl uded EOMBPAGRISAHINBPrPcRIPHISAIR B8R MFATIed HEINGINUT S '

Y
EISFePM 22 n-fice.
Fractiona : bZat bR € ' : age of
the fact PR RLThaddt, bRRidiRa FoA0RAL Sk R B S o IR a L Ry 20
i soners. The chythiegbdtrachentioal propectidrucieaiof opeof thel@®o3Umpofttant waealrls izdise at

-25.2C. apd crystallizes at -47.9 The three isoners als m t.\Wo.

bt nar §6 euedt Ceariales shisam conemngRepsana aiinene g wekes FRFEhaviief e
the start 55@rce0dPRW MaBrigk foP®igh YhllleedoRhsiPeardr proidatis. Zes the @Y hRfnatics,
m xture, the nother |iquor approaches these binary eutectic conpositions.
When one para-kdere HpXhra rawitreateriesin the eadhéartutsoohtargphtbalic ard, is Kenmost
co-crystal,l i.{,ebel owering the pX purity. In comrercial practice, pXis
crystalli 98%' %A that the binary eutectics are only approached but not
reached. 37B3864udey/ nhé abdiling tptinteqol lethyibérzet@n¢EB), I atthe-rylehe ppOX)N ndeta-
m xed C8 aromatic streamfroma catal ?{wst reactor is about 22 w % Avoi di ng
the ed? eckylenpdimt) and trara-wisneufeoliertiyqly refRsTste dfovedapiRalifgsk afd Ciasbut
05% 0f  NHoyalUifricuft18's@Bh & B rd ARNAI biRAar. NEnSHBNDE nMith RS forieigfity
and ortho-xylene 1n the aromatics streamsent to a crystallization
secti on wpll tlormethedSe aramatics ysteaain derer wad ekopen dni the edstinclud@ngi thdtiopal he

- xyl t ent of j ot talli ti ti
iso makeoheialielpn b Gt phAraReea RS Bfaceates MuutfipBReTaREe whate
and reduchuchien P haté tAIEAIEYinBRABALIMLIRAHEHES bf ISomd&rT2aGb@ WilhzRatigharnd

purification of para-xylene. Adsorption processes for separating the
par a- 2y eagystaligatinont of a C8 aromatics streamare widely known and wel |

d ibed int t., S d ad bent i | |
such pr ocesses A Caa EPRLURFRE; o arpredar P ess it fkercad ndiB ob e
5,922, 92453, that . p{ Cergstdilized 29t a2 highdr RBimperaturBatieimt tHe 4atAer’ 9%6omearsd | The

publ i shed Chi nese Patent Application 1136559. 15 More recentg, in US.
Pat ent ApplhystalizationSienperator) odmX fis| #3.35G) yoX oyrystetizes t #fer2b.R2¥C diasd s¥ed

d ti f i t.i f th ired C. ts. f
Foeq st r oERIUfeR: @l nd 7ok Gy oritte dBreeriiaoppt e (OFR' L6P LRABE Sikedis: "
(adsoppti pRpGharddee tﬁér?xllrﬁ'x %Eg HROPRIGN. DehehBIrRCon Wee FRIMPEORPBoSitioR -of tHE

i soneri zation upon desorpti at “substantially isothernmal tenperatures to
provi de anthdupe,oasiqiX srystalizésfiong thehaidure, | beemotigr pauer- appieashasdhese

thyl b d duct st i | | s of -
one ot o Bk eudtil CunBtson S WRRH IR ST MEERCbinaR Bleclis i ro8eEY 38,
for examplindt¥ Vil acéh edalrystalighaldwerinlg BB pX QuBtRVirfleompiEatianpiathicy, pMrie

par a- xyl ene, ethyl benzene, ortho-xyl ene, and neta-xyl ene products. 25 The
process i srystalines s@ WRatngher hivayaGURRAICS ndlee ANharapRredeed husi petngeached.
adsor benﬂl"mlmmmmmﬁmmlml evated tenperature and pressure to acconplish a rapid
adsor pti tion of the desired conponents. A non-acidic nol ecul ar
sieve, such agogdéd icalite (MFl structure type with little to no al um nun),
is used to selectively adsorb pX and EB. Desorption fromthe adsorbent is
significantly faster) and 30 reactions of the adsorbed nol ecul es (pX and
EB) do not occur. In addition, olefins do not adsorb on the silicalite, so

o o o o B Y M o o N e o N 1 o oy



Spersgescopi ¢ net hods have al so been disclosed in the art for this purpose;
In ~5°"WD 99/02973, there are disclosed NIR nethods for analysis of a

variety of C B & : g ; 1 f a
nyclr ocar bonPrage e 8Bt Toncefirdtioh fFHE) aftixe) Gy Stohidfe oT2AR) Fonhs
and t hen zatdlystgdactor iggabbiR 22ed % dAngiding {het euteetic poitrit of dilsimietyre dicdtssthe
nonitorin be acconplished within 15 mnutes. 20 The use of NIR or

FT- IR speW&é@%\fﬁPﬂ‘P%’ ‘g%ﬁtpcﬂebo W@%%@B&Hﬂ on process is disclosed in
U.S. Patent No.A SigffitadBroduteRidiitdafk@ubbe Mctaswyldreant 8rheS§RRNEaANAL @les

require no sanple preparation, are accurate, rapid and non-destructive) and
can be5pe@dfomaties citraamesent ta-a j erustallizptioni srctigat avauld | issesasranapacityn aind,

whi ch t | ates into,. ildkty. . to | nmedi i.sel trol th
val ue of SesBR AU B iy RERRENEYe BRI B anigaet BincCle he®
separ at i ognEtQiefon séctidh asayPulseUiidkadit Pdssitne dof mninate endn/shalizads aaphigon
step before breakthrough of adsorbate requires real-tinme informtion about

the feed £AHIPERENtyERBISsEANEangducip@ethg sunounit ¢f f eaerayhe@epded it aamnguchehe

adsorpt i O'apfsttﬁﬁzm% é@#’ﬁé’atn‘&?\c&fr a%%—txﬁlren?r eakt hrough or well so before,

significantly ["'owering A ency.p ans 1Tor rapidly and continuously

anal yaong f eed Aaisdrptiond pedcedsesafy saplematingettad ipayaogletiet iconspanent esfl at iOze

woul d al |l ow continuous control and optim za}ti on of %he cycl e éi m ng, flow

rates and 3PBaUCT SreamBroWIGR]Y (RQWEHaRd e ijS%“ég%e i Fr@yéﬁcy. uchy processgse

SUMVARY i i J L. S;
Oﬁ@%&%"’?%@? 5%6!@ f??ﬁs@ WQL?&JVEFHCGSE% als Ba8EHbdd) YG ExlaPibib mat'].SS. .

appar at us entrfyrng an uantifying conponents i n'a proce
st ream f r PatentpNos: x§,32060610, 081922394, uB|A24, pr@&ef amchbB,y 2815a3,dinn@ritish Patent
adsorption process for separatign of | ene 5 isoners_froma C8 aromatic
hydr ocar bdrf&%%i 3 'Qrﬁ“eig'éf‘ﬁdgg'b@?%ﬁ ééte&g Icating ﬁ?ﬁ%ﬁ%pr ocessor and a
near - ygpfrared Wr@reé@ﬁt‘ﬁ, AP Ee P A blﬂ%ti@nS@ﬁﬂf’bQ/Q&I,igé, hflét%‘gllgllly‘lgm.%@t,

| east a porti on of_ a process stream ma flow, a source to em
radi at i ontheref ighdisclosehasn adsomtion | pieess hfawughpidaiseépprasioos of sthee algsirad

generate SRTBPREABANE fed SedngondBingte BFalE TRKBITERE gS dridctive
conponent adgbrptidhd(adcegRRR 6f fIRABMaIBE O3l iBosaed) sihd idafedtiosniieRitiora1%0r he

NIR I'ight at one or nore of the NIR wavel e_ng{t hs, and an out put apparatus to
provi de t OM@EAIBANHRONdesoPHorhat alkstapliaibeisodierma de@pgaratyes to provide a

m cr opy oc i g d | dent | d ani L I I Lty
o salh cBraiet P B IANNG CotriyrlcSrlevels, BICoSBRNAY AF BubingiEnd Hh &
daéI a. In p:@qlmrb@tﬁéamnhavihb_eephmu lévalensfi @ﬂh?&y@ermetdmﬂ nieta-xytke. i f Yhag
and quantifying conponents in a process, streamfroma para-xy|ene .

P oduct ] oRORIRSRESE Mo BIHRSS P HBAS, S panT NS SapaH 0N 10 X ABPlS: dBekectemlam
t hrough a i | | NIHR I X i

por t1on | 5T ERIERE, ho PAULE b RS HAr S TTIeRe b ANS: Rnb0iene.
wavel engt land mbtargilenepuddusts.t he conponents of said process stream absorbs
NIR light at o or _nore of th urality of N R.wavel enaths; .(c) defecting
the NER |1 ght *dBecpriFass: BuimpnBled ising admonsnidemplriy spibeRalAEne
data for @asbrieht LA GANBANSIBY StedatEmpébatigréaBhtlf prergurRad QécdrmglishoBpeasat s
by applying the absorbance data to a calibration equation for each

conponent adgoptien anddesnrpier ob the degiredraeaponeqtfandi non-acidie wplechlar sieve,

he” oper asigh 257 e B TERhcrols Bl AR AR o BRIrRA. i oS EBlerliily

anal ysi s efdsemnoeitds BB aDpsoaRs $Sohreanel adsorbeptiria- sighifioanthyr daktet,i and
process, conpri si ng (a) advancing a portion_of the process st r_eamth{,y_s)]su h a
sanpl 80 cereactioms &dhe adgorged raplacuiasnipreand EB) do) Nt QasHT-nl addition aletns A9

t he sanpl i L L gt ] 1.t RN rel
each of tﬁ‘g?%g%%}ynéﬁtt@g %‘Eéggdsgﬁ%%ggég@?‘r" :gaér% ac&%‘ﬂ?&ﬁﬁé&%ﬁﬂ%ﬁ? %Tg@ﬁeﬁgﬁ

more of thedfregquant reconiditidnihgwvedteaghibsd. (c) detecting the NIR |ight
passi ng through the sanple cell and generati ng real -time absorbance da‘iﬁﬁ\‘re
for each of thETESTHIBSUARS adpaRPlion RIOFESSESATe NPCLSRREN SYFic BLSEFSER Fi d

therefor) £&&ddbif8iz3a Rt daseidatyrid @mdshilehé ISHBRE (sEESRAL eminutes).

calibration equation and the real-tine _ .
35 The cycle timing, flow rates, temperatures and pressures are typically arbitrary, based
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- 437,37, 366 absorbance data; and (e) controlling process conditions to
optim ze production of at |east one of the conponents based on the

real -ti meofuBhbt patforMafaé dof THe aadBAIdM | I98Y RIrRE RRFivil | émPRICAME RSB thikfric
produce a hydrocarbon product stream enriched in pX content relative to the
feed streanaliylinalodtacigismartmaverage gffluerbepmiponitipnoctRe requisive data dnay bas
to produc i . . | t S [,on ocess
s operat oarned BV, ety B WeRhor Ta g GATIREHBR shch 08, Ritaminierval oF
mX and oXiiné andraf-tmd gds mbrsmatdyeapitls oGatichifopamgashy tequesaireiysidtinrest of
produce a,m xture conprising pX and EB which contains no nore than a total

of abodt HOThBITBINWeS Ehabeut ane AryroXWherea phialilyfrsitaagms protebe megitased
further opgrake : G i -l :
cont ont 1 oAyt s®of SRk SEBATAE B SHbRRMGEPhT oRHicel cBegBndfg to
process nthe bEspeptvaties soadeised tpravdidcdelay$ Yo cagbentislyr awlygogrpiorei thgna
m xture of mX ,and oX subsiédintially free of pX and EB. In one enbodi nent,
the procef88emiiPame og SKiale deyices” ke 'E‘Péﬁd@%i%“%oﬂiﬁw gagrahsematqasaphy has
conprisin g I J i 0 i t

about 25 Dora e PP ko TONGIE iRk BTAE Sonal BbRNefiTahe! Sradths
r eal - 10 neassd@atedt withh anezpdissumoratésswopenatione Obtaminglsamples foradeaswrement
continuing,optimzation of an _adsorption process. during the operation for
whi ch t heOl RO REamPoReNB ik FDOTRIREY. e frigerdis Shrpat o aRAY (RSMYeand
process cople SdditiMallte theallall whaiy dpag/sidtiman Gas ChrehhRrighy iis is not
separation of conponents of a Ce stream by an adsorption process, It Is to
be under swetiguitadfon effective reaktimplagstrobef procpasemwi sbartycyclertimesat t he

i nvention, appkl r. oad| 0, hydr rbon_.or tre eneral | v, is
not so lim tedbpéﬁﬁ%&%twwéa%é%ﬁ%ﬂ@ﬂégg% é.fegﬁ'?gg rlt%fssplérposx, In
schempd | cWEPYeLRY73! | heref an distiesdd INIR Unkthodessel dnageidest wi LAriafy NFR
spectromet er anal ysis apparatus in_accord with an enbodi ment of the

i nvent i onhydiesaiaay sHeamssorlpt Yon Fatend| Nos Setf3. 6t sampless ofpit diydeesasbamd

m cr oprocarzAcl MdRrRAE! SOBRIGT A PLARInBH! SAPlENted idify HeAPangRLbS
connectiohs. Figure 2 1s a scheratic representing the stages of an

adsor pt i onsiegcINIRf or Agoo Bt gpeteateesn i amlinpe padassaimaenifesingntrhay | ye
constant system pressure and uses an inert sweep gas such as, for exanple,
CH4, 02, 3EEOMRYS e&rwﬁ@? ToMieespl i sh desorption. Figure 3 is a graphical
presegtation o hg ot pt ( J i ;
conce%% ration f(gP I;"tlﬁg dﬁy@bo@%ﬁgﬁag hgggg‘i%rﬁ )Jt l?eccgg@%ﬁ&o’?‘%é#ﬁgﬁ(pﬁcggst' e
ss adsor pdisolosedsiellbSf dtatenb No:c5450{482 t Aecardimgoto Bademtees.] the Sdiscldged66
Figure 4 |s a.qgjraphi cal rIé)resent'ati on of. the total h droccgrb n c?artital ti
pressure S FESIRWERANSPAIIRIG PrBPAHR h I SESY SR [RIL 8NP ngThgestiuctive,
adsor pt i oangfdanuse petopiiet eh-asks oF M-iNd ty @re@He data i VessChahes niha®, tWisich un
of Exanple 2. Figure 5 is a graphical presentation of the estinmated anpunts
of the inHaRslates irtoctherahilityi o dowpediatelys and tprecikelocentreh teef valeat of rdm
t he a%orgﬁéﬁpte\{,gﬁgel s for two cycles fromthe run of Exanple 2. Figure 6
is a graphical presentation of the total hydrocarbon partial pressure and
the pX concent Optinizingf cyiche tinyidlgoimaahcadguipten iseparaticte pesqesison idh uenby
fromthe adsorption vessels for 14 cycles of the run of Exanple 3, shown in

two cycl ecuning|off, feedhflewdtor end the agdsgimtion stap bafecRieakisaugh of adscspate —
hydr ocar b tLalii . i t heyih D M Ce
o ot ¢ ol (RS RUBR Al 1R JoqIh ey oM shedlng, UM TR ¢
for two cytihesfdadotn ehad themdsbrifioanstep May sictuallypoest iaftat bdeaktioough @f wekhe
conponent igure 8 is,a graphical. presentation of the total hydrocarbon
par 11 ppeladranineadingiofeig.ficiabih” Bt ST sPihend thrinugliph sy g
ar omati ¢ RPN foditt! BReRSOURHEP Htralintg WorldittRst e RERAMRL nJulY CaIRSY S
for 10 cycles of the run of Exanple 4,

continuous control and optimization of the cycle timing, flow rates and pressures,

improving the overall process efficiency.



shyvessl N two cycl e overlay. DETAILED DESCRI PTION I n one enbodi nent, the

i nvention conprises a near-infrared (NIR) anal yzer 20 system adapted to
nmonitor and anal yze a proces gﬁ\,oé i unit for separation
of pX and EB from mX and oX, s%%h@?anti afﬁ&%ﬁgﬁgfv\méﬁchemti cally in Figure
1. The adsor pt lroronsmi émbedimardnpibee presaritt ableatibor isusen vaggaratusarfer Xgiteen
production unit, for, exa e) a para-xylene production unit conprising a
cat al yst Idé’Qé'%Y&?Q f1d g M&Qﬂtqompqm% dfad | RI9CO8 HIGMP a{'%ﬂl éngara-xylene
product i oprdHiictin LR, GRbleYasly ihbILBINGT af ABRGIStforf pfctiedk Yok

et hyl benzgne conver si gﬁ one%r%m?@%i gqg'l :r@ti oﬁ col ums S%E?F"’Is‘@f}a‘f?g%’('%ﬂe of
ar onat$ csisamirs dparh an &gl gromeaticr hydrooadioncfegst stréamatsawhappaatdsocomepiaingt 4 ng

par a- xyl ene from et hyl benzene. Typi cal l such para: xyl ene, production unjts
Cncl ude aTRFOPRAESObANd &, NeacaErRan (IR, SPeeangis g, & Jamplessoitne
NI R anal ygfrbugly WHidh Hﬁléa%?%ér%n%frheﬁfode@&rsﬁfe%% MRIoWPE HoUrB I EmMIBNIR
fiber optic nultiplexer, at 1east one sanple cell, an optical attenuator
and a det easiationsendght aad tnassl tRel Nihiightriwoualmsiaid peddesgi strease, pldetector to

t he adsorpti rocess it and connected to an inlet or outlet port

ther cof 1 HeteChuRRSRRERLNIR liaf' s soferley Wevelihatis By % 8he Al aBio8nte data,
W Il pessdtérieugbsébanee! df tHed IRt ightPbgvak! toreipenentat bhgakPprdddsanstrear,

37,366 Optical connections between the sanple cell and the system
conponent Whereig| eafim@f tthe sp@penentst apsonbs| NIRI ighdsat gapeeptat@e ahdhe NIR

det ect or de [ ' I.her, opt.| abl es

exanpl e, %gglgﬁgﬁh bl arf’%? eérlﬂééfgﬂp%ﬁg%/@%%tosi rlb\gggf meera%gf%&?at%{agéto the
Opti cal | ymicroptdcegsdheaviseratn thes Alitroproddsiser iaprwraminéedvso ident®y @t quantipe
operated wi thin the harsh environnent of process hardware to thereby .

m ni ni ze 8a%kplafnther phisalitynel spick companents hasethepor dhgi absabanes tdaiai 2nd
conponent s ueal conmmunication with the cell may be | ocated renotely,
in a {(}gnt ?e(u)l'd??@dgrjim&i%t%. ot her suitable location. Qther suitable NIR anal yzers
may be | ocat edin onel eswodpnent, ntheypresenh énveantipheisc al medimat fawy iderdifyibg and

directly con ted to the sanple cell (o wifhout the e of fiber optics.
The ont 1 r SURFIRAABRANIYS 1o/ ProcaRt SlreaBhArE? RAATYENe Rofyction Process;

pr ocess- MBiinbALIhGY(a3 Chdvikchhg -Eh?oﬁ%cbf qaeg%pa@y hRapeteueH Armplaecyp de
variety of NIR spectroneters well known and wi dely used in the art for

anal ysi s penpedde a Nigdlspdctigmetten, (Bkacqannang toepogion mathef samplecee!t withrMiRed

FT- CcLyanet er i arr ~l | R ~s spectroneters, scanni .
i 11 o) Bl R, SoB0F Bhinaths e SB BER O, Biele RERRRRBYof saic
(ACTF), fpidcets RhebATBHSSHSANR fidgh dtidtR ol iR ré@ Rkt Blurahts to? INIBTRARYEAgthe;
the foll ow % description included an FT-NI R spectroneter; other

spect r onetcddetggiieg thaNIpdight presingyhraygpttba sppiple sell apdgep et aksorbangai s
i nvention 0 | rgo,mém,q t t 8l i to
t he nul ti%?%xfeoy]%/éwaa iﬂbo(gr optic é%’b?'g(,j qg? ﬁq}eﬂ'gpg toég??hcgrthfhéorﬂg%%!@gce I
or the atapplymgothet hbsodianadddataotala taliwatioptequatiabl s, eanhd cotmpondet iivex ed
throu%h anot her fiber optic caple. The |ight @‘%sses t hrqugh either the
sanpl @ ceMiCTBPracresek pregrAnmed toayaatif e PLNeHROMRPIe P exes and t hen

delivered thr OHQB?@%M l'?%lnt,fthg%vé’rﬂ drPiscélm\a@tlﬁogﬁfoF Q@nfrﬂmhgrﬂw@%peration of

Gl li um Arseni de (I nGAs etector, ere t ight intensitTy 1s converted

i nto an eae@dsprionsprgoeass bhaed icn theorabting quanditative analysistof coprranams imhe
at t enuat or channel rovi des a refy(?rence o; background S ectr%n to the NIR

anal yzer ; 2RSSR A1 SR RXYIeNS Bl QN PEOERSo GRATPLISING: (A} AdVRAGING a

negative pagenlét thegqsobbddnsireamt fholigh hOsahpleheelf 5 RIsP A M Bpbiteometer;
background spectrumis the absorbance spectrum of so the sa

, . abs . , mple.
Al t er3at i (B] gcanrtirg Bhe kpediondins Hee tsamplaagelbavithe A G dght Bt cugiureliy hriiRe
cell, makj he, at t 0 essary. IS I I a |l e
ol 1" be- 1 MAPRRAGE: VB eadTRE R, Shtponplls"ol o8t Sk hotniBs U
the |ike Rmghtaat one or more of the plurality of NIR wavelengths; (c) detecting the NIR light
passing through the sample cell and generating real-time absorbance data for each of
the components; (d) calculating, in a microprocessor programmed therefor, real-time

35 quantitative data for the effluent from the calibration equation and the real-time
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pey7iggdl ¢ basis to neasure the background spectrum 37,366 Were a
plurality of process streans are to be analyzed, each may be provided with

separate I and ssed. t he NI | vzer as djfferent.
channel s BRCOENGE| dataf BRaREr RBTFQUEY riles PRt oPlmide bEHERY e, afiat
be passediddst ongloftihe cémiponehfiiRind deaR rRaltiiRe §agntitai® datal he response
fromthe NIR analyzer 5 to a mninmum Spectra are conveniently neasured by

averagi ng 16 sdBfsadgorgtior Jupeesomilbbergpeinted dQ frogdugriae RYaSArEeh geoduatm
9000 to 4900, MEnricHed ™ pRUEHESR r%flat@%at'asmef fledCd & Hg%r%gﬁ'ﬁ)gf,cﬁﬂ’eﬁﬁ the

may be used, if desired, to shorten e neasurenen |
resol us i oadsdrptibneprocess Se spamtezhsot he toepsaduesestibstantallyy purer @dai na bhe o
necessary i nformation caﬂr;ltent of the spectra to zggrform real -time anal ysis.

The sanpl BMRAAMERL, He ARFEPHARIRFIRSSIF OPEFAIRAISC BRICRIVGHFE &MBIYIE et ad
at the el epal@SuthREIR 164 dF RhPYR! hN6nd SiiSodineAB NI AdMrRidT BIIRSs is
e S y fr psla

enpl oyed 1nt procéss equi pnent, general om | ess than to nore
t han 400 ppemtedise astppraduceea oiixtune comiprising pXbendrEBmnivhichembndding meaineire

than 250 C, an ef erabl y t reater, than 300 C to assure that the
streans vﬁlaln %gotg[]?f{;@@ Qﬁfnpﬁégﬂﬁgnb‘l’fa@ %Rdggﬁy pressure wthin the
oper atd ng rang S ; | pn%@,d I |

coul d‘i%bscure ?ﬂg %ﬁﬁg?mﬁrgﬁg The ggﬁglﬁgegg}pg?fﬁg?[}al grr?gfgﬁjex {Fﬂ%‘{)@ecatrﬁéﬁ

det er mi nedtreamp&nrichgd t ine raX¥seahdt eXc oanient r rglativie tanthe deed hetreampohenose of
the process, stream nveni enﬁl , _the 20 saml e cel |l rgay have .a path | ength
?{ﬁtp S

of 10 cm PF‘&M’H@"H' n ?%5068 Wﬁcﬁﬁ%v{naﬁr 0‘?9%%? pgé)ctqsaltoal%%qlﬂﬁfnc
peak abOVﬁy&u’@@ahﬂﬁﬁéﬂré@n(ﬁorﬁWﬁ? Q- PixtlienBEmMMXhand X sGBétantalRNFde Ak Px and

pressure in psia, when intended for use fromabout 20 to 100 psia of -,
hydr ocar bBB. palt iane srelediment, Tihe tpraeersarbay: baireperptast sosasetp mrpdueg ya

o 11 57 phidietplton ShAR el il ST e S e Pafalls A e s o

be pref er aactal dhaebdlitr2s awi® petdent BEpElapet EBMagnet i c spectrum fal l's bet ween
the visible region (which ends at roughly 14000 cm.1 ) and the infrared
regi on (whi ch BHB8i REesgNt dR¥RAtiaNo Prevides, t%? raaldime dntormation aeadsst e yafow

i nvol ves | - ahs : | - Ot v

conti nati BPEVed ot Uhd HhARAAGS EoRin iy ARzt of Y S6b0RESN Hepse
i n nol ecubesng The opseratinnrier whiahg theoinf@dtidro ist 6btimed,' thuagirodiding healitimest
overtone of the CH absorbance @angﬁ geng a fgﬁrti on of the fi rat cogb% tion
bands20 ThRR2lYSET AN PIeGasT e s AVaile Mg faflawing, desenplion &, ireols e
conbi nat i 98HAANER - ofBbMIPOREAY oP& USLEHEamNBYT afli 4ddistitn RFGKERSS i€ @b NS
(i.e. higher pressure) and/or analyzer confiqgurations (i.e. |onger path

| engt h) . ugderstood that this is for illustrative purposes only, and that the invention, applicable

broadly to hydrocarbon process streams generally, is not so limited.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Figure 1 is a schematic representation of an adsorption unit vessel together
with an NIR spectrometer analysis apparatus in accord with an embodiment of the
invention, showing the adsorption vessel, feed lines, NIR sample cells and
microprocessor, NIR spectrometer and optical multiplexer with fiber optic connections.
Figure 2 is a schematic representing the stages of an adsorption cycle for
30 pX/EB separation which operates at substantially constant system pressure and uses
an inert sweep gas such as, for example, CHs, CO», Ha, N, or He, to accomplish
desorption.
Figure 3 is a graphical presentation of the total hydrocarbon partial pressure
and the pX concentration of the hydrocarbon phase in the adsorption effluent from the
35 adsorption vessels for two cycles from the run of Example 1.
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3B73@ Particul ar bands have been disclosed in the art for use in the
determ nation of ,aromatics, including: For benzene: 4762 - 4630 cm-'; 6250

-+5988 cm~'; a ‘S 2D, . XVl : = -
4002 o+ 6250 DEQgh 5% & IEPLEDY ProsRancrt o REgi? Mincinith PRHia) pif okl
4630 cm-' and 106 X cor@bfratiomof the hid@sarbciOghdsecimthe auisdrR@befflu8btPomnthe.
For al kyl benzenes: 8651 - 7911 (im'; Gégg' - 5988 cm': 8237 - 8130 cm';
7576 - 67§$S%f|ﬁ’+t'°f‘ vPEFels for 4ya gyclegfrom E“—Ofg'g@é"lé'ﬁ}ﬂ-; 8237 - 7911 cm-';
and 5076 - 490g; 5 i ' j ; | "Tfﬁ@ ; .
still further E% sarr?da'lgmr){:l'e-ﬁ(;rlg?fﬂcpcf F ?%ﬂatﬁﬂ%%iﬁ%e?ﬂ%g@ié I ?é?ggﬁlgﬁ@e Frrr1:51ra§%/h(<j;1'1'aslo
be fouhd Syiaramiatic icompanenisiinpibeeadsofptidn ffiuentfroimothe Bisoeptidn vegsets fafr two

determ nati gns,my, be ma by the, NIR anal yzer systemto nonitor the
operati onc\‘ﬁe? Hgnlv)mcré‘é‘s&%’ﬁvmﬁ?e%ul Iy quantifying the conponents of-the
process streanFidupé 6 1REPy@phicat phadgtinestpen ttﬁ@ﬁéthﬂhx@fo@%%ﬂrﬁpﬁﬁbﬁl BRessure
conveniently estimated fromthe difference between the absorbance val ues at

5893. 4 anand4lus pX eancentratien of §8Bydrocatboncphasssipdhea sleserptionagftinent frora-the

hyar ocar bonCaRUgR BEREaS fa01f Ryeieb 2L RIrD by EXahPf SATEML Mo et overlay
approxg mately ERuréimmsatdraphidiaf %mg;gi of e ¥al Hpdicah s PARIaF Préssure

operating terTPerat ure range of 300 to 350 C. The NI R anal yzer system mag:
al so be uded the mdimaledaamavntsueinthe aindividyaldCeatirasnatis “campqans xin dhe

et caos e Plibf b Hont K BAG5RIRN RBSSHs OIS, RBINREIIRF Example
t he fol | ow siipwingrastiaiatéd amouns o the cormpoRém847. 1 ) + A(5908.8) -

A(5978.2) - A(5785.4)) | (A(5893.4) A(6495 0)) + b where A(xxxx.x) is the
measur ed absor big¢e &is a,graphicahprgsepftatian af Hiriteabpydrosahonapadial pressure

coeffjcie t t SO C I At O ek 3 :

Absor %ncgaéafﬁsesg'%EQ??ﬁr{@Hg?S@Ow @g}wl{a?rle@ i?@gﬁﬁycorrﬁﬁﬂ% %no t?&
30 whi | e desmplianeffluaitdesn dhe 2988rpRioanadsséBSod 10royclesra thaven of Bxample 4,
correlated to pX Dividing by the absorbance difference between 5893.4 cm-
and 6495. SR N Mﬁgq{ggtvgga%r t he hydrocarbon partial pressure to produce

a value that tracks the pX content .in_the hédrocar bon phase. Spectral
deterninations are rapid; for mB&TAURREEPGRIGTION | able FT-NIR 35

i nstrunments, gt I?Pogg?g@rgahirﬁ@ﬁﬁ %S"iﬁ\%ntf&n”@o?gﬁrig?é %Gﬂg%}nf%réﬁqgﬂe\z \#g%b/r%gé !

average 16 g _ scans at a resol uti over
r ange2d r osy9800atapt¢80d monitor and andigze angrocasestreamapf ba ddaanptio unddgor r e

Spocd. A SERAIPUSE A ENCAER, EORFRY A crtan Ry s RBCWD I heRaRAY
met a- xyl epgyupe (IMX)TheP aH80PPYIbRNENIE B5<h: caifoRémty buikdz 5 ubERYitE anpanekfisndf
a hydrocarbon stream
production unit, for example, a para-xylene production unit comprising a catalyst
reactor for isomerization of aromatics. Such para-xylene production units typically

25 further comprise a catalyst reactor for ethylbenzene conversion, one or more
distillation columns for separation of aromatics and, optionally, a fractional
crystallization unit for separating para-xylene from ethylbenzene. Typically, such
para-xylene production units include a plurality of such adsorption units, operating in
parallel.

30 The NIR analyzer system may comprise a near-infrared (NIR) spectrometer, a
fiber optic multiplexer, at least one sample cell, an optical attenuator and a detector
sensitive to NIR light.

The sample cell will be placed in the adsorption process unit and connected to
an inlet or outlet port thereof in a manner such that at least a portion of the process

35 stream will pass through the cell under the prevailing operating conditions.
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mgy 3ge made using correl ation nodels devel oped with various regression
nmet hods well known to those skilled in the art such as, for exanple,

partial -1east sghales,{{abnk AiEREh e SO AR ¥nltFe "BARR S p8Sents,
g e[?éegégy mat emgtl c‘{aél 'y conbi

devel oped usi ng" specira genera I'ng pure
conponentinsipdiiy theo$paiormdter ptudtipliexss, attenuetol angl detettontrhay bbydade arshapns

as required, obtained by vaporizin hese conmpaounds. and fl ow ng t hem
t hr ough t%tag’&h%g%r eeiig cap §‘b‘é’b?gatf95fe¥arf@p'§u@@068f?ﬁ%éit‘ﬁ’§eﬁrIqor%elow‘OH

measur ed @i-pfi . . [ y d
abaor banca ol acoeR babIERE TDReAy UM SRS el an HE A RIS Y ©
densi tsi escélintat be gperapdrhsetHin rthe arish cemaronménti ot eramstssonardward e nthieretay | y
produced spectra fromthese pnure c onent ctra will he nearly identical
Po "t hose TRINZRAATORS (FBae oTHsShoaes B Iaer SRS Iperaigs sompsapnts
provi de gn\spticabtoMhfunidRloreiWitRthe \c@il Ra) it Rch@d fAdhoteRf, id REcHR) IrBbRALY

PLS nodels. 'To account for the expected absolute and partial pressure
vari at i or@hey tshitablehooationes Othar dtuitable MR poslyizbre naylbendpasted e clasprt e

cell, the 20 caljbration ectra will be pre-processed prior to being used
Co devel GORRED ISl SARBRERED dhofoey BRnEbE diertif FRhefer b bd smPk-eal
to these wilidut@lel s BEfiBEE oplifs. WITHR] Bnth@eNIR GindljiRs SyBtEnP 95 @M de PeBR7IENT
spectra of process streans neasured in real-time during the operation of

t he proceontigl psingPrpeersemwaioring saftvaent i cal fashion prior to the

Socuracy of t NISESPRARIMERE B SeliuPl Rl MW Yot e i Bl 8fggers
spectra ofellrkidwn emd @itdely tisBd ih ke APPTorEnAyss Pyascssal Mulsding hes @xapgsé a

can be used to sup%emnt the mat henatically produced spectra or entitel
on their FAuierdransiiite naardntaas atb T8 nogeeatrometess nadiadg, sy NI

r el atj-.onshi n : J L g f ] Xt

e S L el T L R e R R
acgulrat elbf\lmleasi%A@EF)a,rfMef ptr:u_tcmnetess:hnd tlmalbeltlleelr(.m ned usi Rg t he plrlel i minary PLS
and are wi del R GEWEH DRIE SuPpsedan M BIReS RFIIOR TRiRFD 2 VIR
syst em wWiddech8nRiant &fet & _ﬂbﬁ%teraybe%n%ééz%easﬁﬁl%@s§d§5tre@af8roﬁs@nn the
adsorption unit for separation of pX'and EB from nX s5 and oX. The

separ at i gnactigeeofthiscidventiom| ecul ar si ze and conprise the selective -10
37,366 adsor pti.on the smaller .Ca aronmatics X and EB) .,on a nan-acidic,
pat 2 Do et | vel TN pAF riTEab AR Rt ot ds BRRvereh S b mbBms
the bed andibareopirt caBRordirsbtedrtf BiIGEH Yhe tdaen@ESesIPior otheUBiténidtbl thRough
operated as a fixed-bed, batch-w se, 5 substantially isothermal adsorption

process dasisttipnatiibes optibheatinsi and heroirlivarrd thseugh phether fiber pplicseatie. The
rocesses,nal r r i e S i ar ty

< accomErEiEgshS BTt (Afiof MhECsRBRCEEA“or U SHBRLAGA I LEHE 4 1T

t he adsorrhattiplexar tanal thare sieliveredvitroudie addiionbk fibebegtic Asabieyplotiea hdiuen-n,

the term“sybstantially isothermal™ neans that . the only 1 o change .
{ enpePat (FaNGT-ARenies YGRS GBS HBSE dBesiEyeieDsi TadonBnER Nt 2s
of adsor r&é&ﬂcarﬁd NASARP HoceddEd frit mmg%ﬁbbﬁhw TRE altBAbatdr RRAHAS!
and "substanti al ?/ constant operating pressure” are intended to nean that
t he adsorgrovidas a reference, or background spectrum, to the NIR analyzer; the sampie cell
channel provides a foreground spectrum. The negative base-10 logarithm for the
ratio of the foreground over the background spectrum is the absorbance spectrum of

30 the sample.

Alternatively, the background spectrum may be measured through the sample
cell, making the attenuator unnecessary. This would require that the sample cell be
filed with a non-absorbing material such as nitrogen, hydrogen or the like on a

penodic basis to measure the background spectrum.



uni7B66emai ns at a constant total pressure, with mnor variations in
pressure due to changes in flows, etc. i 5 The adsorption process enploys a
par a-sel ecti venarsor benlrdiff StepAIcRE OBtr@dmBXaf 4o Ea 4 ﬁél}g &ed

aromati cs. By "para- se‘?]egtﬁ/e agsor bent ™ Qéls meant oan adso {)Eent % t be
subj ect edproyided wquasleparﬂtarsampdemeilsoand:lacaessmi bysthatN(&ﬁDawaLgdetoabshfpéfeahd

EB f tiall h t the, tot X d EB in t d b i t
Feast - abotanials Sa e iPukigery A Bafte Rordin sl dntte syspdl dovalbs Bagsed
total Ca fReodiPtR 66 thamyaéwﬁgeme ERytiAe ihuhé h@épm REMSthieZ9IR 8RaRzer

par a- sel ective, non-acidic, nolecular sieve, preferably a nedi um pore
mol ecd artosd ByRimMusa| ect ed from the group of nol ecul ar sieve structure types

par i oul ar'y <oerei & soliveme mderare in Eine e (4 SOLE il ite

st ruct ur ecrhY pRes BotavahuNitsr rangaopm 90O ZSMI5B0 chivés ‘Fe%‘(ﬁuhﬂ%@ @ﬂ@cans for
structure as the acidic zeolite ZSM5 nol ecul ar sieves but with the acid

si tes rephareRlendon asdawras 2niiaythecuses it degiredsdo sbpaen the measyeement time.

17 oal 1 16 o 3Rp08R5n 4116 SBETlSETRINIRO M ERBsRRGRRRERMer nEPipEls L
siliceali tmecmsbanyt inforhmatiod ohbent X tike dpé&tira topederm redlttinke ahialgsist S5,

silicalite contains no acid sjites) and pX and EB are t hus selectively

adsor bed becaub® sampiecell ofdhe AR analygerasysiemewil SiP?l@@nﬁtlﬁ%Ctﬁﬁlt@cQHeé@tea?'e
only ads

desorpti 8?1‘%%?@?‘3?%% n%ﬁé"@@ éﬁﬁ{;éﬁf%gg}éﬁtfgﬁﬂ er. g/t?rﬁe@ éec,’ '”pSE'e
does not prsoesmequlpewn @ener&llysﬁoml iesattbent B0npsicata mesrentbaas4@i ystao Miee

th t -11 37, 366 ti | e. f
e 2 BB e SeaT S 55 abheg 3L sieReR 850 L, aricyleon
catal ﬁét ' “gréﬁf#?tthé’rﬁ‘éog* C foCasiipet qh@%tr@ﬁ%s‘%ll tf’é‘@ntn*éﬁf?iﬁ%ﬁ@ adé%’bl’?a“s'edétcany

silicalite I's |l ess subject to adsorption of olefin contamn

adsor pt i qneeapmcwﬁ&mdbesop@'andgcraageese|tgai fiothang Icpndenses epehe esample cell
adsor ption/desor.pti o tog 5 orption of olefin conmponents in
the ar oma?''8° E’?rg "'éﬁ'(’ﬁé “%8[1?&? si eve, conprising orthorhonbic
crystal s havi ntharsaavsieagell rpdthm@mgm n@iNs bendéefermirdddn Opat oyMtRs Qtﬁﬁﬂ@t%r
has hi gh para-xyl ene and et hyl benzene selectivity. During adsorption,

and oX ar@@@ﬁyﬁtam irangg afoheagypppeentsupl the pr@% strpalie  SQBYERIARtAI tlhy
adsorped rtla SR td-ve o]
o zatear L el BveTe RASRHGR, of A Gl AR ECInbuE R B Windod
capaci ty mbvidirey ai épmﬁaltabs@ﬁbmdeepéak sabawvel tt'uesbaéeIWe%)f abetbtef)abl fimas theast

2 W % d nost preferably from about 3 to about % at, saturation. .
Adsor bentWRpsRPRY PaSiapsesiTegn darh MEENISGOREORHSH I9H ebGR D © HR BFieal
adsor bed) e ht
20501 bed)othyMpsiob SIAEPpRASEOS AR EREE i) BRRTSS oy difo
st ruct ur engayerate 1@0&’6 opﬁre)absmiateeprealserdqab‘ong@nemolr doweopatigl presaugs, a

d t h, Id b
expecbed TSR R At palf et G ndaBh Pk O Rp BEGRhr 51 eves are
classified as TRIINIR POGiIBNNBI Bsa!l AbcthdrRd§SetiOshettramdialg pefwetP the|visiblear

sieves that may find use in the present rnvention are structure t)() pes MI'W
(12 ri ng regianctwhieh eadsgat, ropgily1P4000AT0- 1)12nd ithe) infrargdiregion whigh begine@tsl

, NES . . - i : e Qe
Theta 1. FHH00 (G O ThE o B Hfe SeEERUT Sl RERE ool froad
st ruct ur edbsopdidr BaAndsd AdeIbréleirtohes and-Sorabhatibn bavidslatisiigfrom the) VIZEMOW)
AEL (10 ring structure, e.g., ALPO-11 ), AFO (10 ring 2s structure, 5§Qh

c

ALPO-31) , of i, Bz QH,(an! ﬁngorﬁSr!ndﬂgbéweSLaWeWBWéﬂﬁB%'@@Barof&09%@ 4
as mordenije mcﬁ&ﬁ’éé i B8t emﬁe LANeE spsomcarsar ge%a @ﬁaﬂrohe& R 4
as silica, alumna, an are non-selective theretore un e5|rabe

for use |domblaaﬂorewmisl nVBlst tetglbn vhiftegiueneies sleo ecantaihs tthe )sezond asertone
zeolite boo smal | ngm t pX
4

pX and
dsor bentANALGOMBINAtan kasr MBI s usafpsaar foieBf Bidtess CoBRTions (4 oup
consi st i i a-al um na,
sili camagr}ﬂ%@%ra&leglgﬁI |92§H§]!c;r}(;aagrﬁw ek %Bf‘t'%dg%ﬁ ﬁg€|('zfz lé@c%t%grdﬂt rﬁl a,
silica-titania, silica-alum nat hor i a, silica-alumna-zirconia,
silica-al um na- magnesi a, silica-nmagnesia-zirconia, and al um num phosphat e.
Preferably, the adsorbent will contain f.gom about 5 to about 35 100 wei ght
percent nol ecul ar sieve. -12 37, 366



The, orbent may be contained in one or nore containers or vessels in
whi ch separation may be effected using programred flowinto and out of the

cont ai ner or v se sel is descri having an inlet, or |ower
port, and an o rg(fular()gan%%gave)g,ep (ﬁf"ﬁ ngﬂ‘ glf‘cﬁ"\feé 8¢ & e delasminatiop of
di sposed \é@bﬁ-,laﬁéléhb{d%'h a physical 5 upper port and a physical |ower port,

it will be understood tHat by | ower port or i nl et |s meant the port Wnere
t he hydrocar borfror dedzsne:ednt? s 4680iam &B250 + H8Y est elandHel Soy538them 'port or

outlet is nean the ort unad ed rocar effI ent .,Sstream
exits the vesstep t?@éd%?@n'g‘@gg &ejg &5 ‘Em15188 9 of
the cysl 982t3|790rﬁ1'05618; rsrsebeérabl xm@umte%b%w‘eﬁbaw tImoﬁe@fﬁ I\$7@5r%%§

of the io copntercurrent flow, it will be understood that by upper port or
inlet is eEantandBy2r 956heme .t he inert gas sweep is introduced, and by

| ower port or I t p ne b )
product exits '?'Izisté V%y%ﬂg@ni%%?.i r?g%ﬁheggi%%tl g??@t egégé %g é?é; 2@%‘80""
process, 78g6CYEA5T ovnl'] 11768 ude 11 ehat ®8%R -09568isAT HiBRER -StEN_ @AU; angBogsng
or desorption step. The adsorption step will be operated by first i 5

passi ng a-f9k8EMy.dr ocar bon stream cont ai ni ng EB, pX) nX and oX over a
fixed ,ped of sidical h_pr n be
adsoerd mX alnrldl Og§ :'slhl?eogﬁ]%ﬁb g I/i\ntql\ﬁﬁ' EH Cgogg-qéartﬁga E’?’E&aggﬂﬁﬁ EH'? \rg&eﬁ'ags
t hr ough t freqaedcied withire #ne wBSrtaaﬁélrﬁé)I wlsenibé ¢k Bultaﬁ(eaddth@blmbsébléﬂi thig
coll ected at the upper port of the bed during the adsorption step until the
bed is satfefigd- and the feed i s 20 discontinued. After saturation of the

silicalite, th I r

Such as Cris, | COSYERE B! SfmifaondtmB0 e fide Y theBiRNEhdh A it to
count er currmcemtdryhe \dmekammohtma prom@sa vathroa it anIIy QUaaﬂlfymgeNnemcenpd'ﬂimtfseﬁdhe
contained in the non-sel ective vo vol une, wi | 1iﬁquaced t he B

gas and, |h%95§55tf?@tﬁ‘ht PE@P‘I"‘BWI'est édeQC@rIB%J’ RdNABREICAYP

foll oved Ryrimadd ABM ?rIUU%?deé‘b@%e%?ﬂth’é‘%bé!ﬁﬁ@ﬁ@@Qaf@éstél%s"%d:&'%‘?’n@ @Pg@@d
pX partial - pressures over the adsorbent bed as a result of the inert gas
sweep. At coperabhereg 5888@ecat uroesregpeladsmotéhmarmmr ﬁrldfabsmbqn@ daindr anthan
about 230 e rates of bot h agsor. n_an. des tion are

i i i 2 G ERE €T e, & RO ey CAsEliee | Wt e Bk PO b stihange:  The
when f eed hyaroxambdr edmamtp:reasu/reswl b@ra@p%bdmge@tmdmnwsnm.é agterense at ithe
purged and ready for the next addition of feed. The cycle tinme can thus be
char ag® er thRieRl sammie cell preratingrieaIPesRtuhranos @ed0q v 3dPressuri zed adsor bent
vessel is inithate u ,

inat es, every TIE Mot lyzel, §stor Hal) i 15 Yok @”I%I%‘If?’%ﬁ e tuahitagye
carried ourdicationhef thanmrapdym (pG) rincentnstidroin thhyﬂrocmsb&nl predsedbat shows

t enperatures from apout 1760(50 about 400C, . preferabl roma %ﬁg 250C t

about 400@PPIRXIBlS KCEanss,and drrasses oYPEEmS CagHFEEONN PE[feres
to maint ajp, i vapor phase at system pressures from about 5
30 psia (GSS%Eggqawﬁgdﬁrﬁ@go psia (2760 kPa), preferably from about 150
psia 29030 kPapXt (wi¥heum 3@USP47 4) ¢-24BO0RRY ) ALRS78. PrePé5 285.9))f/ ( AH SR —
200 psia &\]@?{? 5}1@ to about 300 psia (2070 kPa), and with pX parti al
pressures ¥ aBout 30 to about 150 psi (from about 200 to about 1000
kPa), preferablyhers Afoaikotis Mk hivadbfst aBadtbBRte Gt kR ant, wiie haarmbe e
800 kPa). 1o The conPonents in the streanms fromthe adsorptl on unit may be
further sepbratied cog l@etrmwtmomrttme ahgorhance terpr e @eccongestratien.al |y pure

para- xyl ene, ethyl n X e e

i nvention w || ﬁ)ea?'fzzg \?%JH%% diacy;l f%@% igg%geérﬁer%t i gﬁeéé ‘g&?‘%é p")egx
oper agp ng wilosh geeAnce valhesaeIIS&JMQ%dpsmeaSGml‘l aresinveisety s@helavéd eablXy
in Figure 2. i s Specific term nology used for the sake of, C|al‘lt¥§IS nog

i nt ended CWidBg| b thengabsarbapga dieipnger betywren h%ﬁgc’eacﬁmspé@pf BE9p & Bm

| ud
acoonpl 1 s omPeRsafteriRr e BUIRICERGh, BAET pPREE R fo biodycy afle M MIakethe
phase, pr ipXciqraghtyinpbe ahdroEBrbdmyh@smt ai n other adsor babl e corrponents such

as benzene, toluene, 1, 420 nethyl ethyl benzene 4- di et nzene j
paraffins (typiPgeirg! @Q}erﬁh’datl'ﬁm’oaﬁ%trﬁﬂ bPan'(T,‘ﬁ’éH C&&?’H‘Ff g?‘@'lé‘elet ﬂf@&ﬁl y

Cs). ke I RiYe?

ot her %onma%@d?%rgﬁ g{ég%&n%%%{eﬁﬁga%gﬁﬁgépﬁ?%e? ﬁi/l é{b%@eﬁggcgﬁshfe? )élv gorrers of
met hyl et hyl benzene and di et hyl benzene, )@;:I oparaffins (typically C9), and
other stericafly bulky conponents in the Teed. 2s The illustrated

enbodi ment conpri ses a gas-phase process wherein the tenperature is
substantially isothermal and the total pressure is substantially constant.
The pressure and terrperature are. sel ect ed to aI I ow for rapi d adsor pt| on and

o B Y M o o



vai’dB6épace and | arge non-sel ective pores. The sweep or purge gas will be a
vapor or gas over the range of tenperatures and pressures enployed in the

process, gedhsiad h rBgolufiBh tof\Wie B 'esRacd waehlifber haﬁgewnb@@oeqmaﬁﬁ&ﬁ] and
sel ect ed to be unreactive with respect to the adsorbént. Gases which may'be

sui t abl e #0d othrsdestpumpbiseday el faded @WQW|PSHﬂmqV2Th%ﬁdlCHtatlomHen%wgebe
SWi ng pro L?r?ctfo% cgfetﬁgrrhlgﬁo rbgeggggggggdet ail in US. Patent Application S/N

09/ 902, 19§?as a pressure ion with inert purge gas. Turning now

to Figure 2, dasedrnpletg qdammﬁeaadategnm@bﬁ off tHeherthdsglare X), nsalhe
the purge swing process wll be seen to conprise two phases or steps,” an

adsor gt i ofin¥}: @aramylenedeXdr #nd sthykbepzens, hma@wwsm hytdigearboristream
adsorbe“tn%gsbﬁvu?ﬁ?&% gﬁ@%%ukho#%&’éng%&ﬁferdg% HinaAmoLE! i re%%.oﬁm d "gﬁé&s

f eed and n swee |ng press
subst ant i well ynbwaeoahomeknbe@lrbttmsan isach adj fug e@am'me r’mématsl,eaat squres(RLS) of

the cycle. Oge CO eﬁeg}%(ﬁl 's 1 descr Fﬁ% lpp% be under st ood t hat
the pract {@9esHoR-hE BIM S ﬂ?elYn Ve E%@8|§P§°59 qesyseater Ry
sai d cycl gstherhdall: cdmhiSiRing ﬁ@ﬂ%ure mborfiit 3PS ARVK, n?%t bRlarROEg" B%:\T@h%{(

pX and EB Feed conprising a substantially aromati Ccs
pX, EB®) ief pteschydrbcabghst ae requiesd, potutalrmukjby ntapariznga theeseptompourds ednd

di spl acin the ur The pX and EB conponents are adsorbed into the
pores of @ ﬁ%@&ﬁéﬂ”%\ %\‘?esa"i’@ﬁ flg mX and oX in the void space. As the

front of the Teeel bpaitreBafepuid Lopiciert@Swills b SRbasidd! B 08 9Bofditnt

vessel toward the upper port of the vessel , passing through the upper
sanpl e ceﬂem;(erattse mkppwd)pressa@e Baceusertbeeneasmed albeorpance vghmsi are

substantia he voi action t a Product i on ,of
i and oxigatty S5 e T SandsangR . H8u e b Hp Binesih e 8 iack B giethsr
cont i yauesintera6ivrly, rhAthensivaly | FIBdUESS ehectpX frdtH thBsé %Urbnétﬁnb@némséﬁébtifﬁt 0
t he nol ecul ar sieve and nX and oX are displaced fromthe void fraction by

i nconi ng Wélefe mﬁerhanmgb%ieép clhepentet swoud &ed %@S%ﬁﬁitquh@dvébsfemlaﬁst he

oy e’ 3G SSHERE S ulel, WORGbof YRR SER.' 4B Abcfle; 1RMbitkhCRg), 180 A
and col | epfelimmart, RI® nﬁﬁﬁeﬂﬁld ToXaeddurydot thel egsotted abpollité @ gurhal plegsure

br eakt hrouqh of the feed at the uﬁgv port of the vessel, At this point the
vessel wi YANAIGAE aviihiadee ey xharvas. " ARd nRssiRle deving of the, samplgy ehethe

W th e r I nt
of t hgeoef cejceé(]bﬁtr)gnrf s;'f)]gctbagl JYP r acrttal ;(ﬂ;"rc‘])&%\%!b}edppﬂ@r toult%lgéqg;segl gg? \?blolpltﬁﬁ (ROGETE,
adsor pti ocmmmcm acd:gmdmgatd ytandard eratbodenelltimomretd trmseoskilEs! ar theadit end

durlngthe %{: Xand E%are res gads rbedinside#he
por 65 ot WiETuL i 1hes ofiwdse ShoBniveBeperira o BudediTiears romettad G
As purge gastifet @lifnd tHe 65avation oiltthé ?R)dé%@%llrb%rﬁrbcégﬁaé RESh mem»@arefashuon
contained in the void fraction w | hus be di SP aced through the | ower

port and prigdothe gughtitative Ki@v%mlrsetmﬂswsm the pretigdnany ilspewdelsthi s portion

Fecydied baok 11 RETEEYdpda BrolsfitnZPLRdRbLb R ert U8 e iy B8ing |
conpl et e spuracsismdituRis! gorrdihingf thehepgrepdate hyidioearbpas.si Dhysd egerttksebamti&

m nor anounts of desorbed pX and EB, has been purged fromthe vessel, i.e
when desd#$5shtg uRpiaMent é‘a‘?rﬁ%?féﬁﬂ?"éﬁ")t H@%’&Paesp?ﬂféa?ﬁ ertigelyi oy thele olvanier

port are sURREE oA h¥cdrfd PREChodel2IAIBmAIE)IHE tatidsHi tRWe&Pihe true

compositions of these mixtures and the corresponding results from the preliminary
30 PLS models can be used to accurately adjust any future results determined using the
preliminary PLS models. All of these technigues are well known to those skilled in the
art and are widely used for these purposes.
The near-infrared (NIR) analyzer system will be adapted to monitor and
analyze a process stream of an adsorption unit for separation of pX and EB from mX

35 and oX. The separations are based on molecular size and comprise the selective
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t 33.306ce the feed is displaced fromthe void fraction, the effluent becones
hi ghly enriched in pX and EB. Since the purge gas |lowers the parti al
pressure glsenstisNbfbRel smag @E‘%%rhﬁﬂés x@%%ﬁid EBX gid h-adiaic fb@?a %ene‘éﬁw b
fromthe nol ecul ar sieve and are swep romthe adsorbent vessel through

the | ower Metrquiaingieyangiah @sl silicalte:t maX and oX pasméhroughiibs bed angr gee gt
stream reag d the lower port and 20 the sanple cell contains m nimal

hydr ocar bon” conponent, the void fraction and nol ecul ar sieve pores are
essential l'y fi Prefdrabily,htheuageo@tion @it wilhees ppbrited sad A fixePbed! batth-@ise,
begin Stage 1 again. It will be apparent that determ nin changes in the
conposd t i shbantially '59'6@@@@ §ﬂﬁ@mn®r§§¢q¥g condygig atrdbsiadially g@nstans total
sanpl e ce | 1RT, d n R0 (4 he
cyol e ti npiosstls R St BrdoBL RIS e el RAGE Svind Hbéctsel deRhinEh fud
adsorpti oregimepatwri is deteniplished by penging obr bwdepingr bdith an ihba gas] thersbyge

1 and sig the tinjng of the collection of tream while

anal ysi s (ﬂd agjﬁ g?ﬁfﬁcﬂ?é?ﬁl -RIEGTE Qyer the agﬁ?ﬁbﬁ‘?t gﬂ increase in the
relative |evel pgfg t u i I
the timng forAgnJﬁ%qggtgﬁeﬂé}gEqug tgF ggtg)lg{r?rr\'lh%@l férll)g'u?rfr']nea?t ﬁg%sn%stvr\%ggﬂé drﬂg

Simlurl ychem:ga moﬁemxgpraneem‘fftheeaﬁsodwntr@rmlgethdepmcms oycleusaduedodhe dreatse
change in nent .| evel WI | | ncrease i

or co
o attve PhadebHpn, 20hB8sabtoR hdhenterrs <ossiablEiv SRERRE ABEIUR" 19nd ne
hydr ocar b%bb@fmbn@boha@n%ee%u@t p#8sdre" Hr8NAlen@8d tBSnbamitig theraddaf tion
collection of the pX/EB stream Timng these events in real-tinme, rat
than thr ou@h remgins shial gonstant ta@al paBsdea,i widl pinot yegatienizins pregsiuoe d.tleato
nore precj £ |sq|q@M§nd | mproved process efficiency. A detailed kS
|nterpret% p Hﬁnges in the conposition of the process steans
during the adsvh@tad@arpamh grTeEdldrmplofs ePppad-sdlecthv@oaisarivenefdr epara@idrd Bf
about 5 the kKinetics of these processes. Thus, the real-tinme nonitoring
will provP¥eanh&R fom dnixed Coraremiatiand Byt Paaseleptive @ééoamt"p@r Feaghsan

vessel o, IPROCRERoAngh SUbidTER T 3 il B R R MeCT Cu el e ie B BHE

f ol | owi Nga@scBB ppcandl EEpasieraptiaNy, de@httRat theustal @b(eamEBamnh@rai@@drﬁm@wat 10
EXAMPLES A pilot scal e separation apparatus conprising two adsorption

col ums a@agb@@put AP Yee 8B Predferably SFRAMAT itharriaheud 725%cn¢éatyedt%m¢1 otal Cs
Silicgi tgromlcgperated substantially as described, is fitted with an NIR
anal yzer system i ncl udi ng conponents as follows: ' 15 Fourier-transform
near-infrared TF§ dﬂsﬁ)bapemaydﬂeﬁmherommnmmzédm Blapa rat sete Give d sionaaaidic,

O St R 9Bi, e BHh b &S8Rl SRS it B Ao bhoi™®
Anal yti caby n{cﬂéfém@n sféeeZQr&g&tecw&&t LSRR of AERITEN, MPM BYP™MEL, and

Anal ytical, Irving I um i um Arseni de (1 nGaAs) detect'or)
obt ai ned FEBm Gal i | eo El ectro Optics, Sturbridge, M
25 Adsorbents which are particularly suitable include non-acidic molecular sieves

of the MFI structure type such as, for example, Na-ZSM-5. These have the same
structure as the acidic zeolite ZSM-5 molecular sieves but with the acid sites replaced
with neutral moieties so that the molecular sieve is non-catalytic and does not
isomerize xylenes. The preferred adsorbent is silicalite, an all silica, isostructural form
30 of ZSM-5. Like H-ZSM-5, silicalite selectively adsorbs pX and EB. However, unlike
H-ZSM-5, silicalite contains no acid sites, and pX and EB are thus selectively
adsorbed because of their smaller molecular size. Since the molecules are only
adsorbed physically, and not chemically as with H-ZSM-5, the desorption rates are
high and the cycle times are shorter. Moreover, pX does not isomerize, even at the

35 elevated temperatures necessary to make the separation process economically
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O3fi36&l connections between the FT-~NIR, multipl exes, sanple cell,
attenuat or and I nGaAs detector were made using 300-m cron di aneter core,

| ow- CH si pigeficabiBEr e it hCnbARIcRfic aRBldcular™BlctE bRMhat@PtRE NestUrfdide of
Pol ym cro Technol ogi es, Phoeni x, AZ. The entire NI R anal yzer systemis

under conpidesirabimcatalytigsieagtions of thevaeseibedeEB anth pXoandgbeedtssanen-ackiy

i ded i , -1 ] g ,
P edi ct 1 oS i B UGS BisorboRBT s O ioe§, FR-EBERRE sepapiy
cust om sofiéar ot eeps 488 signfidaeitiyr Wit aepealirr kasompioniiRebigtidnEydeH iR fed
by setting the multiplexes to the attenuator channel. Sanple, or foreground

spect ria WedSOTRYERR Of alefipyconmpronants intheyaremaligit@amy setting the nul ti pl exes

L oughput so oRat e RABEELar SRS RER ool Sk fe filvind A7 el

cel | chanméniswnT hdifneRisionsoff @rolie G2ManaNdt idrelergdias thigbepatasdiete dhd! |
channels and to optim ze the signal-to-noise ratio of the spectrum The -17

37, 366 nediRyiberzeng esalgclivityar | PHANG opdsaeretieat imXoAndheXs gre grubshantialigr nohe
back ' ;
port o of SHREEATHANS B dRa PR UBNIRARER) dtcdbed B LAGRGE pataf dfée.

| east1ca pand selectifely Hesefbddusitti netisenstizhtiondt 4 foevergatigitpressuséep from both
5 colums may be directed into and passed through the sanple cell.
Li kewi se, the |Rvdargayienespdsorptigncanscityrfcthieystisalie adearhent) igedt laast 1

val ued st baiedbly SeRRsRRA% A Hlost BERIBHHN FBin SbOGRINAIUbOANI4 Moe ot

desor ption ‘st col unris” may be rect 0 and passed 1 hroug
the sanpl sataedtion. Exasgrbentl cagadiiyxis tymicaiynefisechgs gramndadborsdie ,(i. a3 nhteridl

w9, pX (22.4 o.wm%, and EB (5.4 W% i,s fed to the adsorption -
appar at usé,gﬁ?ép?l‘a)afjﬁ’&egtbya gf%’ﬂﬁeé‘?ﬁ%’%“‘o\angzﬁa'ta'%‘bé?eateéﬂreﬁe uBS taveahy y
constant fEessUbEmRitigNAIngBya00M th a hydrocarbon feed rate of about 15
grans/ m nute, and operated’using a nitrogen sweep gas flow rate of 10

st andar d- cubi Nér-ecidiermibtagularTisieveanpf dheeMEL fstructaret dypenaareami¢ropdeaiis
upper ports,of .the two .calur~ins, monitors the hydrocar content of the
0 ox St reaer s Ry bl per sizs B cdsdaih SRR BWer e Seyelo
the | oweramprds SlicH, Weoliti'tsd egpécsled b WohavBBdiMilaiyneBOMRA 4Rl MEL Adlddutarent
to charge the adsorbent bed, then switched to the second said colum and

cont i nuedsiewgs arej klaspidiedoas mesiume pare coplasulas sieyesi r Pthepl mediunTheore

. . . | . .
Rccon 1 oMUfERR Melos tall SR NG LRYIA ThE foddu ilfericnirerttutiilel fipes Mrw,
and to th@2séupsniuctare;n gwhi Z8ME1E), ATIG (1Z eihgretructuragei 9., ALR@ad ), NBS (10

i df i od_of ab ) h i i
P door ot 100 BHTGaER & NG o7 ONp RO st lird. i ThATE: hpN22 L T2 0cam
passi ng t%&%ﬂbctﬁ?ﬁeégnpiSW@é)', ﬁEF?S\é*?ﬁqu&Fl%tun%‘?,r ESI0 $1 Wagt&f&%rgx rwth

anal ysis system T bsorbanceé val des are measured at 25 wavenunber's o
6495. 0, 508.ri1)g §908uB), 539ISM-5BRAEL (Hhdng B8Ecuwirens-g,, Ald¥pdd),i ARDy(10Ting

ot T TR R VT E o el Wbt e
Fg\r/te: 2' O]IP][ eZts ng& gmc?rg%éfefchl&?@ie\}é%?rsﬁéﬁ%% MR deriftiZdbliteBétA, WhBEagiites,
and amorphous adsorbents, such as silica, alumina, and clays, are non-selective, and
therefore undesirable for use in the present invention, while small pore zeolites, such
as zeolite A, are too small to admit pX and EB into the pores.

30 The adsorbent may further comprise a binder, preferably selected from the
group consisting of clay, alumina, silica, titania, zirconia, silica-alumina, silica-
magnesia, silica-zirconia, silica-thoria, silica-beryllia, silica-titania, silica-alumina-
thoria, silica-alumina-zirconia, silica-alumina-magnesia, silica-magnesia-zirconia, and
aluminum phosphate. Preferably, the adsorbent will contain from about 5 to about

35 100 weight percent molecular sieve.



3y 7cwgest ant val ue once the purge gas in the void space of the colum has
been displaced. The concentration of pX in the hydrocarbon phase simlarly

increases, , b t : - ratio up
o mbout 22wt S r Ry DBt R R e B B e
and essenseparajioheunay Deokffedted uding pregradtfedfflovhntd eed oytcofethe- déhtaindr o366

In this run_the erati q c ndi.él ns é\c.cle tirp'n , flowrates
t enper at u’&¥S€an ‘?)ty@§§?r]r @gesﬁf' e‘greﬁi ?‘é??;aq nigl %r 'Bﬂeéﬁﬁar ant amartieteor
det ecti Onuﬁ'ﬁérhﬁgrtgr Auh&agh %uéhmkegea@%%alﬁpgapb% WeRICAgAAD apawéicgall

pressure and t X content of the effluent that nay be useful to contr
and op?i nmipeet pert @andpephysiog lowediportoit will be-urlleratoiod that by owatqurbor et is

t [ ted tantigll d i,b ' le, 1 t
el ng- sublant PF pProREe &P furatihdeot i i aumilid B SRR S1 andby
X/ oX str gpperd F@fﬂ dMeuBElSRr RidaAD s Qe WHERS the NaRidRaked Bl/8fotanssh @flend
period of about 1.8 hr., using operating cycles (adsorption plus

desor pt i oflyeamn exiisribgi vassel guingrihe adsprptien $em ing\iBe sieshrrtipel step (af woe

adsorptio e f eac ), are s gr i VA
Fi gure 4. Q)@éwﬁﬁ? gewsgsen)rgfnecrégl ggegﬁnt%ﬁ%#%e“ﬁyt Fo?‘%r 'onAgng frg%u%r%{;s"& e
in theo ef tbustetcurremt dRwe St Wil ye Udgedtoodtiat By appenport ov élist i8frheant thef port | Y

i
constant val ue once the purge gas in the voi 3‘ space of the colum has been
di spl acedWhergthg,pedgrepveap iv mtivdugsd; and By layar Bed a5 outighigs@eant the port

e U 1 06, 843011t By ihyd PSR IR TS
concentration Bparnsurfeswiagprotassaliveicydle will%ncludé!zchamgihgor adssiption stép

the amount of pX in the mX/oX effluent_stream and a significant s
i mpr ovenefBdi & RUBINGXOT SESOERIPN 8lePe onfhier AdSPPliERaREPeWH! PeyoRRIAlRh dYNtirsho

the cyel ephidify aTifed FiRHoEABOR' RN LoHEIMiAL W)k RAXCARY axcEHXvaepné ffelbéde

begi nning o adsorption step and the ste ncrease i n
2 suggest ot hificalitt et fréghl pregserex déwedsX tane EBt @oroporents vl iberadatdieed;t e and
tenperatu ressur of these.r Thus) ..t he

re and condi tion ns. rrocess
conti & | onbXcSmEBNERS,BF B¢t A Bely SIS Ao FFEL ST ats B, A
conposi t i sfgdmdiiatantiafly @PReRad itkXOan@b Xt ey TRiSbe collédted MKk Dpar pyk ane,
and et hyl benzene conponents in the hydrocarbon phase of the mX/ oX effl uent

stream f othe thed: @oring cihes adsetntiont stepusintily thaebed Isnpaterated gprd sthewfeed 1s
graphipcal Ly in.Eigure 5. It will be seen that the tinme dependent behavi or
of th%&m(maé'ﬁén%@%%oncentrati ons are quite 30 simlar because they are both

substanti al | y aabr agaoratied oh théesialittnte deeoiptioh sependene bohadvited bf
the pX and EB concentrations are also quite simlar, and ?ﬁ%)rﬁgte t hat for

X and oxfeasditkafurgnapssuehiat HHsubSeahie: Bliof Nedodhseispiban dedo pifiRERblY
Exanpl e 3.4 g;&ﬁn}%@t While FREREARNG éEgﬁ&%h{‘tc%?b@étsggre?m?ﬁ&%é?@.o'n}'anﬁéd%5
anpl e’ 1 out 20 g

described I'n , except the“feed rate I1s a ranms/ mnute. In
this run #9 non3sel@éive hoid anglumecatill be displacddt byt the rpamgé ofaedandwer a

orts of the two colums to nonitor the hydrocarb ontent of the pX/ EB
DO F caft bePAiGlptEnt Shibepnteraaees frroualt ety [ Hark nofieE Rk a Rt ghrreed
second paff p¥ ahBeE®ESQ6drbed 5§ ARe RduebaIeB*and hEX CRANIEPHRs8irdshBvdOitise
vol une of the adsorption columms, which is swept fromthe 5 adsorption

col ums dadsergent hgd o & segliltyef thedingrtigas sweepmfit OpesatingsiempriatwAs grealer
pX/ EB rich material desorbed from,the adso il . be asured. The
process c&‘?ﬂ Eﬁﬁé‘&af B're? rab rpﬁft%ﬂ'?ﬁoﬁﬁo%éﬁﬁﬁ',wﬁsﬁaﬁ%s 8!%931 AR§ORNand
(adsorpti ggs(s}bugn%é%g,tMhigﬁ%agaéqmi,é'mteI y 100 sec. The hydrocarbon

. ; . o

content is repeatedly determ ned ing baseline and hydrocarbon absorbances
measuBed at ~oTheaveyulertiens infthé4senkl aofdtimeogtagingriwhenr teedeist admitied Te X

concentration, is repeatedl stipated using the additi | .,absor.ban

measur ed_ 4SS DA ARG e R BE Kisa s Puiged AR IAGIRE v BRICARERG oL
presents iRy dphé csleqirs cahdnhis BbicharacérizdtPasiu timel infBiva e waiice fdad to a
about 14 conplete cycles. The left half of the plot corresponds to the

stage 4 speassurized efisedlemtesseligl initinted; gig. eMANY 1 MinLde.(pNerR 5 Minuteg every

begi nni ng,Qf . e 4 rQcarbon partial pressure in each of the
col unms hég "B‘Z‘Ea’%%rg 89@?[‘@9@8& €20 psia, fromthe operating pressure of

60 psia,
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ddd36® renoval of the feed in the void volume of the adsorption colum. The
ef fluent stream contains the pX/ EB bei ng desorbed fromthe colum that is

diluted with Ztheatis@@ton PEEPsYMil bésaslie@eutirc iy vapssphdses Cyddnieas fen
partial pressure of the effluent continues to decrease as Eé(/EB desorPtlon
s r

i's conpl éhelcnroqﬂrﬁ@ ibetusientermparatures figxn ia;bouhémi@rt@caémbbﬁog preferably |

| L% L OF p OO PTG ETHTS
A oher 1 aveul pa0rEud Bont ARprGrrine Bretiaty ity nalllpiscel AN HL6% ok
porti ons suffididvd tbafAdintdintdompechty M tHEevapst pHieZRt Sysfh présduies SnRBBoEB

t hat are being desorbed fromthe adsorbent. As stage 4 continues) the pX

conceft r &0 psia ¢899 kRay to aboutdoQ psia (RF60&dna)yprederabhy from aliaut 166 psis YOS

concent r & a0 2Py 200 E 17410 REAT ool sReBRRLy FioPdoblERaF B8 LiothkP e
used to eorboat 300 HsEPIA0NCUP A ahbavity eX pdriial pressuirds Do absuf 8016 EBHE:
It will be so further aﬁgarent that the concentration of pXin the pX EB

(i ch st r I PEAH0ET 8R0H{RDA G0 Stheye 1909 Prefeptiy o8 abPEpABJacHsS 120
real -ti HS’SEQﬁﬂﬁ{abm%egér?%?g“ﬁ_ggjfﬁg)-cOnt rol and optim ze additional

operati I ons. e’’adsorpti on apparatus is again operated
substianti al | y Tare desponeeds iin theaspeams, fram dhecaddmeptiom unitimpdye b feieapt

the feed rate is about 9 sb5 grams/mnute and the swee s flowrate is

6.75 st aﬁeaaeﬁteab%m%tepdﬁémmm theart 3o prog*ﬁ?sﬁ%%ﬁ%% RWie PRRA-XYleR®J

to the | to nonitor the hydrocarbon
”ge@‘\{tﬁéﬁfé%é, YRo-Bede qﬁgufd_ %Bfé-&%\@n& rbﬁﬁ}ﬁ% y

cont ent e process strearh being swept fromthe adsorption col ums
during the entliheeimestoptwilnbe theyitef siredpestdodnfilomt agmsjder&part taf ;a pirefelred

effluent streamfromthe adsprptjon apparatus .are repeatedl vy asyr.ed=i

Feal 1 PSRN GeHBRHsEev O1dnG RO Rce St TR Sahe g eg bl Baigire 2
(adsqspt ighachicienAfRMSEY LSED 16 tha RRkeXdf BmY Ys AofMintendBdo e idRMg2 R Will be
partial pressure and tHhe concentration of ortho-, nmeta- and para-xyl ene,

and et hylupdersined dhat eratesprailicitarm inshidesi atetegbnigg! end@valents whichiepetateainar e
presented graphically.in Fiqures 7.and 8 Figure 7 presents the continuous
trend pl &Qgﬁgr?@g%F%?gc% Bpﬂ’&aﬁmg%c%urBPg’%{he 1 o two columms. The HC
trace is the pathé dbseriionstBabfollBwd ties atbomedrshdsee pAngipaky pRoandelE, My
traces are the percent concentration of each conmponent in the hydrocarbon

phase. D&PNkYN staljer 3, adsesbabipt | gpmpapentst  sHeh svitsep PepRengesiteluanef eddi s

bei i . . e
par ¢ 29 TR ERDGagtE, T B eRaERe | Al FRhatife! (ibicdlly cly U RS
oper at i ngngthgk brarehet] pardftves dalisor fypically ddd)umbikewdse] theenarxpdsitbepiXphasel EB
concentratjons, are

Wht ch coProgaNl G¢ ABd.o%, Hey hoomal et opddsDime ‘Compbiats sich® &b
trimethylbenzenes, other isomers of methylethylbenzene and diethylbenzene,
cycloparaffins (typically Cg), and other sterically bulky components in the feed.

25 The illustrated embodiment comprises a gas-phase process wherein the
temperature is substantially isothermal and the total pressure is substantially
constant. The pressure and temperature are selected to allow for rapid adsorption
and desorption, leading to rapid loading and unloading of the adsorbent bed. Cycle
times may be as short as about 30 seconds to as great as about 30 minutes,

30 preferably no more than about 25 minutes, more preferably no more than about 20
minutes, still more preferably about 1 to about 15 minutes, and most preferably, about
3 to about 15 minutes. Shorter cycle times reduce the amount of adsorbent required.

The adsorbent vessel will preferably comprise a fixed adsorbent bed. A

suitable bed of molecular sieve adsorbent typically contains about 20-30% of its
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rate. Data fromthe NR analyzer thus allows the operator to control and
opti m ze hyssocarbans aineluging Ov arematics, rattlge start pbthedsysiet One carepletascye isl

and sfage L agsur | i e ry. o B L. | ar | nal ysi s
o tne pr kB B RRRMRL I bR A P roseE i Blve s RBTBHM o
and the tproabediyigibyoapbating shidiiclkg. t he operator to control and optim ze
the sweep gas flow rate and the cycle timng between diverting the

appr oxi neg@lgy 1 eBpfiERRsitidf Plird@ b8 Al iBNBPAdddrpiidA BEpX Qi MBIl ume of the
adsor bent” columm (stage 3) and collTecting the pXEB rich effltuent that is a
desired productegdcagwrising Fhnstwenelr sukstantiallydes eromphiesui@i, e X/ EB) 1s

duct it t.h t of di h b terjial, T
G ver ted MPHcERR s TP o A P 30 A oRSRE s E0, BiokBima e pHeoe
f eed, 2d hugad. NERE pXoast EIBCESMpohémeree ddierisumuts the pdieesdt the @tblebahr e@Re be

charged to the adsorption unit..
leaving mX and oX in the void space. As the front of the feed flow advances, the

purge gas is displaced through the vessel toward the upper port of the vessel, passing
through the upper sample cell (if so equipped). Stage 1 is complete when the purge

gas is substantially displaced from the void fraction.

25 Stage 2: Production of mX and oX and saturation of the adsorbent with pX and EB

As the feed continues to enter the adsorption vessel, pX and EB continue to
adsorb into the molecular sieve and mX and oX are displaced from the void fraction
by incoming feed. The unadsorbed components, mX and oX, exit the vessel at the
upper port and pass through the sample cell as an effluent stream, which may be

30 substantially free of pX and EB. The feed will be discontinued and collection of the
mX and oX effluent stream stopped just prior to breakthrough of the feed at the upper
port of the vessel.

At this point the vessel will contain adsorbed pX and EB in the molecular sieve,

together with feed mixture in the void fraction.
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control other process paraneters including tenperature and pressure of the
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whi ch theﬁg"g‘s@yﬁﬁ‘ﬁﬁeg%é?ﬁﬁ!f%%‘%Fﬁg‘?’ﬁ’ﬁﬁ’%‘i‘%&m vessel is varied; the
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di spl ace ; e - ' | | 0
| oweri ng \{vﬁén ngegér%%gpgr%g%grbggaw& pﬁ?%&?hifqhg%drrggrﬁ{ '%\?g%\slg+% IEHdéegj(’)\"r";prtri)oorh
of pX EB. afensytatartizdlyesreasddi nent, pX/ EB is desorbed by |owering the
absol ute pressure within the adsorbent vessel, and displaced fromthex:

non- sel ec§ia¢e 4-0Pfodisttisi® K andEROe stream of substantially pure nX/ oX
The process may be operated whereby depressurization occurs in at |east two

st eps15 such t h@ncgdbe ffeednisidisplasedrfromtthervaid fiastian.t ibepefusil becoraes highly

Canal s oo S o R ana FEE. SiftelinE B a3 Towe s el 8SSieor pX and €8
pressur e gthel adsarbent, vezsphi/pEBand EB: cohtipueptd desdrd fdeaahptmolecolar givieBary

depressuri zation, and an nX/ oX purge step may, be 1o enpl oyed. The preferred
const ant - PifeUeRtINthe AAEPTegh¥eRH géroaserﬂa%/ iQ¥erort Ad sreweR sell.t oget her

with alternati | i g '
greater detail x?thBtE%Q&)g?Sr egseg‘?gwﬁéﬂé%g? (Fa%t 6%%8?@%@?{%%%8/ ﬁ%Qllbggg ,p?gsé.md

Wi | e2a hethengampierceallasoftaérs mihinsdlr hydrdchsbome anspoheshethe ivoide ftactiomeards,

these are not intended to be limtjng. .Further additions nodj fi cat.i ons
W It b TEORSHAN 5945 paren are erobaRs ] i AligR.bafy andihe elem 58 'n A
nmodi fi cat sHifitigh b g@?htgtggéq &JHin processes and apparatus enbodyi ng them
are contenplated to Tie within the scope of the invention as defined and

set forth in tHhavill bel appatgntcihat getermiging cranges iTitiag gemposition of the process
streams passing through the upper and lower sample cells will provide information

25 needed to control and optimize the cycle timing. Thus, monitoring the absorbance of
the effluent during the adsorption step will detect the presence of hydrocarbon at the
end of stage 1 and signal the timing of the collection of the mX/oX stream, while
analysis of the major component levels will identify the increase in the relative level of
pX due to breakthrough at the end of stage 2, signaling the timing for ending the feed

30 and beginning the inert gas sweep. Similarly, monitoring the effluent during the
desorption step to determine change in the major component levels will detect the
increase in the relative levels of pX and EB at the end of stage 3 and the reduction in
the hydrocarbon level at the end of stage 4, signaling the timing for the collection of

the pX/EB stream. Timing these events in real-time, rather than through empirically
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1.37.066 par a-xyl ene production unit conprising a catal yst reactor for
| soneri zation of aromatics, a catalyst reactor for ethyl benzene conversion,

and one Oi4efiREE Prtielsk! Addels, Caligrdas af Phorse ) Of e}
adsorption l_,lll’_lit ?or s%par at’ion o?m(%orerlpon%nt %@&%0@9{% %ﬁ‘g‘%b@(?rdg@é?%%sﬁ
st ream aneffici@néyonal |y, a fractional crystallization unit for separating

ara-xyl ene fragm gt hyl benzene, ..t he i nproyenment wherein said unit further
Eonpri Zes a neg)f fe&ﬁ%z&f ﬁe%ﬁtla)t@@ro']s% é’ﬁf’ﬁﬂ%\%t"_écfﬁ?o?o'ae?émﬁ? n?infe REOCeSS
presence gtedths Rl tﬁ@%dawﬁiftif@ﬁaérhpaewaﬂ@ﬁ%wps' wmgalflé B%é [Hib@RAtiorPabdite

par a- xyl ene production unit of claim1 wherein sai ydrocar bon 10

conponént the kiepties cof fthese tprocessasy cdmsisstthag redl-tinse amamjtariog amilbrprovide
par a- xyl et ] enzene, _ont hq- xyl epe, .and neta-xyl ene. .3. The

par a- Xyl eﬂﬁbﬁﬁé%ttgoﬁoﬁﬁ‘ﬁta ¢ %qu%eln%é?% r‘?rkaélipa'r%?/cﬂaﬁcgpﬁ’oﬁé}gﬁnﬁ%ﬂe‘ﬁ?
i s det er mopefhthy RMPPERESs bR IprsidiBes BEtHE &isorpfion (8dsed¢lvanci ng a stream
or a portion thereof through a sanple cell fitted with a near-infrared

source to enit Theafnventioar will badbatteoindedstagdpby ccansigesation hef Hearfollowing

112, Gk o ok MR SLEARRAIRRRR 1O 0, 0ot oo

sanple cell with NIR energy at a plural,j NI R wavel engt hs, wherein each
of théoc':orrponents absorbs N R energy %A%é'%fo? 20 nore of the plurality of

NI R wavel engt hgy piled séfleeGbpahtioReaPbar Rl @mnmHsd ot Ea%mohh@o@ﬁr[fg' 8s
cell and generating absorbance data for each of the conponents; an )

quia_nL i fyi ggneeally é@sqrib@dc@ngoﬁmwm ibyFigpe 2, reharged abitfordibieadite datch ope(rjaied
t . t t
quanti 1y SASAHRANPE; HBSCARELEATEE WiR'ar i aMabiar SR BRI BN iR Resf

cl aim 3 wherelisgwsai d m croprocessor outputs a signal or signals indicative
of one or nore_hydrocarbon conponents to control an operation of a

par a- ¥§1 ene pr §QUEET-BAngfogvaar-infraredd FaNRspestieomated wbtaioad diom Hemipai m
3 wherein ' LG sg@r so outputs the quantified data in readabl e
form - 243%%g9t,r§%§’ %%$ﬁ§ %gr a-xyl ene production unit of claim1l wherein
sai d stream of fipar dptidBmaltiptedrcolbitaiientcaoipodomotmaliiies, pang-Gxl ene)
et hyl benzene, ortho-xylene, and ta-xylene. 7. The para-xyl ene production
unit of clai m $2NR &Ph ARG @nPathy l@atinoR) 105 A3 9d§§%’%e§¥'Pﬁbﬁ5@§§'C3'-
m Ccropr ocggsRr OoN ogrammed to quantify each of the conponents of a stream
8. The para- Xyl ene production unit of claim7 wherein said mcroprocessor

20 optical attenuator, obtained from Axiom Analytical, lrving, CA

Indium-Gallium-Arsenide (InGaAs) detector, obtained from Galileo Electro-
Optics, Sturbridge, MA.
Optical connections between the FT-NIR, multiplexer, sample cell, attenuator
- and InGaAs detector were made using 300-micron diameter core, low-OH silica fiber

25 optic cables about 1-meter long, obtained from Polymicro Technologies, Phoenix, AZ.
The entire NIR analyzer system is under computer control using the FT-NIR process
monitoring software PC80, provided by Hamilton Sundstrand, Pomona, CA, real-time
chemometric prediction software “ InStep” from Infometrix, Seattle, WA, and several
custom software programs.

30 Reference or background spectra were obtained by setting the multiplexer to
the attenuator channel. Sample, or foreground spectra were measured by the NIR
analyzer system by setting the multiplexer to the sample cell channel. The attenuator
is adjusted to vary the light throughput so that the signal level is approximately the
same as the sample cell channels. This allows for the same amplifier gain to be used

35 on all channels and to optimize the signal-to-noise ratio of the spectrum. The
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owymscs a signal or signals indicative of one or nore hydrocarbon
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id d | I [ . 30.15. Th t f C.aim1l10
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nmet a- xyl ene. -25 37,366 16. The apparatus of Claim 10 wherein said "=
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one or nore hydrocarbon conponents for controlling an operation of a
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f - xyl f { f id Ce ti hyd b f id
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it Cof ol ai m 1 PURRETBEE HRERThATTE abion 1€ oBRIF: F¥A BB RipElRY e

separati ng gantored ®yeNIRoAhAlySi¥ dytanhboIThet abasibanbprvaliey aparmesyledeannd
et hyl benzene. 20. The para-x eneizroducti on unit of_ claim18 further

conprisi nyavenumberse oo GA9RE. 1287820\ AMNEBeRBIBohy 18470h. 2086578514 AN.'A
. Al E. Al E %Eﬁé FY. A A3. A

. A3l . AFY. AUFY. AY2. AYE. AFY. AFY. AN3| . A3l . Aa. A A/Hp )d\] g !
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o cal colcalcalesl cal salled) caled) ool el col ) P G L2 1 RN
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] ca] ca] ca] caJ ca] caJcalcalcalcaJcaJcal9C: ::

30 constant value once the purge gas in the void space of the column has been
displaced. The concentration of pX in the hydrocarbon phase similarly increases, ,
but at a slower rate. The concentration increases from zero up to about 22 wt%,
which is approximately the pX concentration of the feed, and essentially levels off for

close to 30% of the feed cycle.
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of these runs. Thus, the process conditions can still be further optimized using the

25 real-time compositional data.

The concentration of the meta-, ortho- and para-xylene, and ethylbenzene
components in the hydrocarbon phase of the mX/oX effluent stream for the two
cycles, estimated using the PLS models, are shown graphically in Figure 5. It will be
seen that the time dependent behavior of the mX and oX concentrations are quite

30 similar because they are both substantially not adsorbed in the columns. The time
dependent behavior of the pX and EB concentrations are also quite similar, and
opposite that for mX and oX, because they are both substantially adsorbed in the
columns.

Example 3. The adsorption apparatus is again operated substantially as

35 described in Example 1, except the feed rate is about 20 grams/minute. In this run
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wavenumbers of 6495.0 and 5893.4 cm’ , respectively. The pX concentration is
repeatedly estimated using the additional absorbances measured at wavenumbers of
5978.2, 5908.8, 5847.1 and 5785.4 cm™',

Figure 6 presents the data as overlaid profiles of the dual column sequence for
about 14 complete cycles. The left half of the plot corresponds to the stage 4 sweep
of column 1 and the right half is column 2.

At the beginning of stage 4, the hydrocarbon partial pressure in each of the
columns has been reduced to about 20 psia, from the operating pressure of 60 psia,
due to removal of the feed in the void volume of the adsorption column. The effluent
stream contains the pX/EB being desorbed from the column that is diluted with
nitrogen sweep gas. As stage 4 continues, the hydrocarbon partial pressure of the
effluent continues to decrease as pX/EB desorption is completed.

The concentration of pX in the hydrocarbon phase is approximately 50 wit% at
the beginning of stage 4, which is significantly higher than the feed concentration of
22.4 wt%, and represents the final portions of the feed in the void volume and the
start of the pX and EB that are being desorbed from the adsorbent. As stage 4
continues, the pX concentration continues to increase to nearly 70 wt%.

It will be apparent that the decrease in hydrocarbon partial pressure and
increase in pX concentration serve to provide reproducible real-time signals that may
be used to control and optimize of the cycle timing and sweep gas flow rate. It will be
further apparent that the concentration of pX in the pX/EB rich stream recovered
during stage 4 serves to produce a reproducible real-time signal that may to used to
control and optimize additional operating conditions.

Example 4. The adsorption apparatus is again operated substantially as
described in Example 1, as described in Example 1, except the feed rate is about 9

grams/minute and the sweep gas flow rate is 6.75 standard-cubic-feet-per-hour. The
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pX, and EB traces are the percent concentration of each component in the
hydrocarbon phase. During stage 3, the initial parnt of the sweep, the residual feed is
being swept from the void volume. When the sweep begins, the hydrocarbon partlal
pressure is about 59 psia, which corresponds quite well with the operating pressurg of
15 the adsorption columns, and the oX, mX, pX, and EB concentrations are about 25
wt%, 48 wt%, 22 wt%, and 5 wt%, respectively, which correspond quite well with the
feed composition.
After residual feed has been mostly flushed from the void volume, the oX and
mX concentrations will be seen to decrease quickly, and the pX and EB
20 concentrations are seen to rapidly increase, signaling the beginning of stage 4. The
hydrocarbon partial pressure simultaneously decays in an exponential fashion as the
stream increases in nitrogen concentration. At the end of stage 4, the HC content is
about 10 psia, and the Cg aromatic concentrations are about 10 wt%, 25 wt%, 55
wt%, and 10 wt% for oX, mX, pX, and EB, respectively, or about 65 wt% combined pX
25 and EB.
Figure 8 presents the overlaid profiles of the dual column sequence for about
10 complete cycles of the desorption. The first half of the plot corresponds to the
sweep of column 1 and the second half is column 2. The exponential decay of the
hydrocarbon partial pressure, the decrease in oX and mX content, and the increase in
30 pX and EB as the desorption step proceeds will be apparent.
With the particular combination of instrumentation and microprocessor used in
these examples, and the brief cycle times typical of such processes, only from 9 to 26
data points will be obtained and calculated per cycle. Faster spectrometers and
microprocessors are available, and it will be recognized that such instrumentation

35 may be usefully employed where more frequent results are desired.
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column (stage 3) and collecting the pX/EB rich effluent that is a desired product
(stage 4). This controls a trade off between the pX/EB product purity and the amount
of diverted hydrocarbon material. The diverted hydrocarbon material can be recy‘l;c':led

15 and combined with the feed, thus these conditions influence the amount of fresh feed
that can be charged to the adsormption unit.

The operator may also use the information from the analyzed streams to
control other process parameters including temperature and pressure of the process
to optimize the total recovery and purity of the product streams. These analyses also

20 provide information about the selectivity and capacity of the adsorbent.

The NIR analyzer may also be used on the feed stream to perform feed
forward control of the adsorption process. The feed will generally be a process
stream having compositional variability, and possibly the addition of a recycle stream
(from stage 3) to the fresh feed to create the total feed. Knowledge of the feed

25 composition is useful in controlling many of the process parameters.

Data provided by the analyzer may be output in readable form for use in
manual operation. More preferably, for microprocessor-controlled processes the
output of the analyzer will be supplied as a signal to a microprocessor programmed to
control the process parameters.

30 It will be understood that alternative methods for operation of the adsorption
process are also possible. For example, the cycle may include pressure swing
adsorption (PSA) stages in which the absolute pressure within the adsorbent vessel is
varied; the absolute pressure is reduced to desorb the pX/EB component, and then
raised to enhance adsorption of the pX/EB component from the feed stream. In a

35 further embodiment a rinse stream of substantially pure pX/EB is used to displace
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cess, together w alternatlve methods of operatlon are set forth and described in
greater detail in the aforesaid U.S. Patent Application S/N 09/902,198.
While the invention has been illustrated by means of specific embodiments,
these are not intended to be limiting. Further additions and modifications wnll' be
15 readily apparent to those skilled in the art, and such modifications and additions, and
processes and apparatus embodying them, are contemplated to lie within the scope

of the invention as defined and set forth in the following claims.
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(a) advancing a stream or a portion thereof through a sample cell fitted with a
15 near-infrared source to emit near-infrared radiation and adapted to pass the near-
infrared radiation through the effluent stream and a detector to detect transmitted

near-infrared radiation;

(b) measuring the portion in the sample cell with NIR energy at a plurality of
NIR wavelengths, wherein each of the components absorbs NIR energy at one or

20 more of the plurality of NIR wavelengths;

(c) detecting the NIR energy passing through the sample cell and generating

absorbance data for each of the components; and

(d) quantifying each of the components by applying the absorbance data to a
calibration equation for each component in a microprocessor programmed to quantify

25 each of the components.

4. The para-xylene production unit of claim 3 wherein said microprocessor
outputs a signal or signals indicative of one or more hydrocarbon components to

control an operation of a para-xylene production process.

5. The para-xylene production unit of claim 3 wherein said microprocessor

30 outputs the quantified data in readable form.
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control an operation of said para-xylene production unit.

10 9. The para-xylene production unit of claim 1 wherein para-xylene selective
adsorption means comprises an adsorbent vessel containing a para-selective, non-

acidic, medium pore molecular sieve.

10. An apparatus for recovery of para-xylene from a Cg aror;.iatic
hydrocarbon stream comprising a near-infrared (NIR) analyzer system and an

15  absorption unit comprising an adsorbent vessel containing a fixed adsorbent bed, said
NIR analyzer system adapted to determining the presence of at least one

hydrocarbon component in a stream of said absorption unit.

11.  The apparatus of Claim 10 wherein said adsorbent bed comprises a

para-selective, non-acidic, medium pore molecular sieve.

20 12.  The apparatus of Claim 11 wherein said para-selective, non-acidic,
medium pore molecular sieve is selected from the group of molecular sieve structure
types consisting of MF1, TON, MTT, EUO, MEL, and FER.

13. The apparatus of Claim 11 wherein said para-selective, non-acidic,
medium pore molecular sieve is silicalite comprising orthorhombic crystals having an

25 average minimum dimension of about 0.2 um.

14. The apparatus of Claim 11 wherein said para-selective, non-acidic,
medium pore molecular sieve contains about 20-30% of its volume in molecular sieve
pores which selectively adsorb pX and EB and 80-70% of void space and large non-

selective pores.

30 15. The apparatus of Claim 10 wherein said hydrocarbon component is
selected from the group consisting of total hydrocarbon, para-xylene, ethylbenzene,

ontho-xylene, and meta-xylene.

-25-



F3N008%: ()- FI 1#10%4& ()- / 10%4& ()- 1JQV7/ 10
110% & ()-1y9a00 & () -3 (1096 8 (L HLORE () & 10968 ()-10% & ()
10HFD* aB7/ 10&169% & THe- 2RBATGHES ?& igbd @ whereim s3idenear-iglifanrdsapglyzer system

s#10% & ()¢ ’E}Bgﬁ%y fygﬁ%@ﬂﬁ’%veﬁ& ﬁg%ﬁnﬁﬁﬁgwﬁé(ﬁénr}ﬁ@)&@mf ethylbenzene, para-

10% & () - 10%

10910% & (Kylenx, B&tacglenp-antl 6aRE: xylen2EDsp @ dnts of AI@HM Bgrpel.- s10% & () - pH
~\= 10yt 10% 0& ()-!, @A0% o' 0& ()-! #10% o' 0& () -G 10% o0& ()- 10  10°

10" " <10% & () - H7! & [T¥e\ apparatus of Claim 10 wherein said near-infrared analyzer system
109&<10% & () - #910% 0& ()-1! 10%0& () -1 #10% 0’ 0& ()-F16 &10% 0] 0& ()- "I D
&10% ok 0&OUIRUts Mo signal or - egrRls gndisplive ofenf 9y elec nydigsamary campenents for

" Headi e ' e ' u ing 73]c" "Heading 83]c"
Headi ng_ 59y ound Bt bt 2 pEEAX AR TEbEvanaliBRaY (31T, oo N0 BRIe
"$&(*, . 022891 TV5 R& . . iy .

" 3%%) +/ 358: ?Alx&:%a@é%% APOGYRIAN | Mk GIPRITRY| sEijivtic means  for
ef T(4NQDOZ§6#né¥CzIa’tiU&6T¢frmroNMchnaMnihgl Gagaher folevédpdratibon of Cs aromatic

Ent r yWor dDocunent n " #$9&R' ()*+,-./0123456789:; . )
<=>? @ BCDAFdIGCIRRMNOIORS FUWRRQgarpon “sifade  iem; RRignelghsicunrRPs{ ppra-xylene

10  selective adsorption means for separation of para-xylene from a stream of said Cg
aromatic hydrocarbons from said distilling means, thereby providing a stream
enriched in para-xylene and a stream reduced in para-xylene, relative to the para-
xylene content of said stream of said Cg aromatic hydrocarbons, and near-infrared
spectroscopic means for determining the presence of at least one hydrocafbon

15 component of one or more of said hydrocarbon streams.

19. The para-xylene production unit of claim 18 further comprising fractional
crystallization means for separating para-xylene from a hydrocarbon stream

comprising para-xylene and ethylbenzene.

20. The para-xylene production unit of claim 18 further comprising catalytic

20 means for ethylbenzene conversion.
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