; e3ey&y<R6T& W~2 WO 03/ 059852 PMI’WM&E PARA- XYLENE AND ETHYLBENZENE @
SEPARATI ON FROM M XED C8 AROVATI RENCE TO RELATED APPLI CATI ONS

s This appliGakd clains benefit undg§ .5 USC 119(e) of | sional

Appl i cat P@p 0&@?483}8/ 347,063) filed January 9, 2002, incor pggiftuesgi/g)yh

reference herein. BRAKARKYNENI-ARNBEETNYERENEENESBPARATIONNvent i on rel ates
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using near-infrared (NI R %W@@%@a%@ﬁgﬁ cularly, 10 the present
invention relates to a nethod and an apparatus for controlling and

optim zing a para-xyl ene ngar ation and isonerizati on process wherein the

conponents of the prlddeSS BEFERENCE TR HELATERAMLIAIONTt roscopy in an

“in-line or ongl.in er, proyiding., r -t for, pr.o s,cont.rol, and
opt i i zat 1 on. TR CRATRRER HSRUAY St g oFien 3RSkt o 1ok PO e PGl oRe

| mpor t anhppiidagia TNG. B0/ 847,063 Jetl dakBaryr BIEY0 hcohpGrafed by ek fintg Hrarene,

tol uene, and xylenes (BTX), which is a source of raw materials for high
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10 associated with an optimum process operation. Ootaining sanples for

nmeasur enent of required conponents in the |aboratory, using off-line gas
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WO 03/ 1159852 PCT/ US02/ 397(~S 5 absorbance data; and (e) controlling
process conditions to optim ze production of at |east one of the conponents
based on {pgsfeaks ti me quantitative data. The adsorption progReS;Mid | be
operated to produce a hydrocarbon proguct streamenriched in pX content
relative to the feed stream In one enbodi nent, the s adsorption process is

oper at edos Qriv perfinHeee of Uhet &drBhty bBHT End Herhvi@doBmpAiHaRY| fEnt hisfthch
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pr ocess. Sigauled SBpRRRRRE, tisdapg Aoy iaha st ofs BhiareRadl, folles ' "
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streans gener al I%/p,é is not so limted. BRI EF DESCRI PTI ON 'HE' DRAW NGS 2s
Fi gure Welksuited-fos piferive eal-disemeantrd) pf rocassas ydthpzhashcyale timesssel

together wt ; t ' tUS, | d wWth an
enbodi ment of PR dooRR e B8 KEb] BRI L ABRF HiE plinebEan g
sanpise cAI0 sOSOLEITB C tivgreo@es Sdisclose® SR C hretihedise rfoangnaipsis cof am-UairidP*]edfer
with fiber ogt'hc connectiops.  Fi %Jre Zkls a schematic representing the
stages O1YURCAAOB $HEBRS-cyt &-BorP AENH NES 68544 iSHTRIRS 9 Bpardipearben
subst antjak b r Nigt aa% as,
for exarr%l eJ,aé’sa‘*fg,@éF&";g,e E%?éﬁgwg}%%g: %Pgaggé:%&rr%ﬂaslﬁb%gés%r%W?ﬁ?rglaﬁ%g r e|a3 IS
a gr aphiusing pN&3ent Acdasdingf toheatestegs, hyhki oealinsorprpaess anopitessyr magndbet he
pX conce tCr ti|05 8f .tilhe@%?ro arbon. phase in the adsorption effluent from
the 3s a sc?ﬁbrﬁs ERRVA 'BH" o cycles fromthe run of Exanple 1. WO

U3/ (9852 PCTTRE(12 bBRIRDr & T Ry Upectfodcodpd t@ tapitbiCakylBhe sephatioAhroteddd
total hydrocarbon partial pressure and the pX concentration of the

hydr ocardisflopeide Y-t Ratedsbpptd. 470.4821 uéweordingn tohpatamienspt then disstnseds
f t : : o aEl .S ical .
br esent ApLiniages Rk Rl dinflle PAAERAf ok AL, i HEHBh Eaucve.

conponerdrsd can theeperdisrorgat bodinef 61 inditte for provideedatdsior Ipss timary @ssiuge f whichwo
cycles fromthe run of Exanple 2. Figure 6 is a graphical presentatiaon of
the tot éfaqﬁﬂfﬁﬁcﬁ‘?%oﬁepépﬁ.‘it\éltopﬂ@ %e%(nénghBr%g@ Bt atheoryabte (Hea
hydracarna@Bast.in the desorption effluent fromthe adsorption vessels
for 14 cycles of the run of Exanple 3, shown in two cycle overlay. to
Figure 7 is &Optimj@ing ayclpr teéng an i am adsottiient sepdratignrproaesonr pach iad by

pressure_and the estimted unts_ of ..t he indiyvi dyal ar ic C onents
Pt ho e, pRTeRR AT kRl Bl b et Sl B SRRl o dsSRBR Ty o
the run phuirsamdidinfe irfoeMatich abbikededEHdnéfHiueht sthearh8MIRABRYise FE@ffe 8
is a graphical presentation of the total hydrocarbon partial pressure 1 s

" and t he <herigeddo ansuiesadsorphien isteR Mayuedtuadly ee@ieafiar yealbreughsof wellhe

desqypti f Tk ues - i | 5, f . run of
. Exanl o PPof sigtert S 70 BRRRY, MelaRT uip bbbedy s BN
enbodi neeed hhe prodeit | RreaPSPUNGRS opeREig- tonditoes ioNrédl-tamal waed 2fow
system adapted to nonitor and anal yze a process stream of an adsorption
uni t f orCpHPHES cORtret aﬁﬂ aRéMiZatioh oo e émedﬂ"ngulﬁlgt“’afﬁtﬁﬁquﬁ BECSHGRN
schemat i; rémnggwfkgggﬁ640%;£gﬂﬂggggftion unit is a conponent suitable for
use with para-xylene production unit, for exanple, a para-xylene
production unit conprising a catalyst reactor for isonerization of
aromati cs. Such para-xylene production units typically 25 further conprise
a catal yst reactor for ethyl benzene conversion, one or nore distillation
colums for separation of aromatics and, optionally, a fractional
crystallization unit for separating para-xylene from ethyl benzene.
Typical ly, such para-xylene production units include a plurality of such
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I n optical conmunication with the cell may be located renotely, in a
control roomor other suitable | ocation. Qther suitable NIR anal yzers may

be | ocat IB0Ss9ser proxinmty to the sanple cell and may irectly
connect eg\q%ﬁ/t"hjg‘zzarrpl e cell 10 withoyt the use of fiber Sgﬁg‘%’% e entire

NI R anal yzer systemis under conputer control using process-nonitoring
software. The spectroneter may be selected fromthe wide variety of NIR

spectroneters well known andSUMMARYUSedHE INMENIHON or anal ysi s pur poses,

i ncl udi ng, for.exanmple, Fourier:transformnear-infrared (FT-N.R .

spect r omet ers,‘n d?'i ee'QPPQEH(?%I F&h?5%§%see tr&m@PéPE, 'ssc,aa{hrﬁﬁ(? rfpi ¢ %Qictdi'réﬁ”y

grating MNeRtifmeg tarmimejuahsifyins Gepigorepits dnt anglilcess i difing (ARITE) pafaltyi&hie

" photonmeters and the |1 ke. The anal yzer system enployed in the followi ng
descri pt PEfiucHEN uddtl Riaferably inclipdigigean r&yé@r@trqn ptagess Spesepambiparoft yerse nay

be sim | e 0 o Cild hi.g: 4 j.Qn .The NIR
rants, manerR i Grerifig ArdBEamcrCeciofaty i B R oofBa, 2
fi ber optricropeddessodiarette chdag-isfraredr (NIR) spepiremetdr] inefudilte Atdapmpiat oéll
t hrough addi tj onal fiEBer optic cahbles, and then deliyered through another
fi ber optrEUGRNINCh héeast ghPorias U PHCGTSISIEAThENaY HawsaseLEce B emdrNiFhe

att enuat ik : t if; [

Sadi 11 anciciatin, b IHANSA. padefho IR} IBhEfEAG Al BodcRs SRS 4 MRt 1g
det ect or detscetransimitdd NI light &rssilécted svaveiergthednd hd geasratd ebsorbaate slagnal
that i s processed into an int ity spectrum The attenuator channel

pr ov?‘leiesgﬁert(?f @Eﬁﬂ%’@f‘cﬁrc’fbgﬁz\ﬂﬁhhéﬂs B@c Pﬂﬁ?mPBn?’ﬂ Rfléa%ar%éﬁ; stregm,

sanpl e cehbr&iRagad! dirde dempBnbRIsCAbeY APRCHGH Tt 5Re earirbver RS aq iy
|l ogarithm for the ratio of the foreground over The background spectrumis

t he absomaseleagt)secandinanf owlput eppaaatbiseto Arovideathes elbsorbanseb alakayrtouthie
spectrum be nmeasured through the sanple cell . neking.the attenuator
innecessHToPRIGERSRn MiErelr % Berinfo k8L i fiagramied, B idetind sf ifartly
non- abs oetm biniiee pPhihlityueh sasd RokipeRmts MadeadapoRrthe hgbddrsensd dat@Sin@di C
basis to neasure the background spectrum ~1' O 113/ (159852 PCT/ U

S02/ 3®7caaldbrewen datd.pl urality of process streans are to be anal yzed, each

may be provid it l. cce : n zer
as different Eﬂé’\r‘:‘lﬁeps on i%hﬁnﬁgwlﬁ%gﬁgr'wﬁ%ﬂegsst% @%‘W%ﬁ%“&&‘gr%g

st r eam f hoantitiying denparsardd it fr progbss Breaat front heparhxylepepproguttien bag:dsisire
in the response framthe NI R analyzer 5 to a mninum S ectF’a are
conveni eﬁ?'ﬁ‘?”ﬁ@&s(ﬁ eadw%%@agpﬁérn@f dBgnRrosess, siteast G'tﬁ)riob‘ﬁ of SEENRIg ¢elbver

a wavenu . : : C .
i o. EaEIou36E MR Spes¥ithe, 160 Boiing 8 RIS TP BiereBhpRe B bwith IR
meas@e entight ai e pluraity| ofvNiBswhveleogthst vilgerein eaahsef tieocompsnehts of said

t ti [ I nf | OF t of th
Spect a Pioges RueaT aupSbE I IR AE Shrk B S BU ARy B E N R andfsz e
syst em wid)ldetectirensierNict Bshttpassipgtaicight thehingple call eddtgemeestig diiso rbacoV er
the range of operati pressures enployed in the process e pment,

gener al | jaker fn eady 0? ﬂaﬁ ww%t&ggﬂ@?(é) Rt §§pa.ofmgu$@ﬁ9@mqﬂtgrtév of

the cell [ ' ' g tekn;: Zelscgl-a I ;
greater ? %Ikln%%w%@[bgbg%ﬁ%eé%\ﬁaﬁﬁ]gélsl%r]r&ggpm Waﬁ’onbf(;bqe%cﬂ gP@'%ioﬁeﬁ ﬁén gaas
phases at macrppprcessor programmed foequeprifiaeacty of tregeompondiat not hi ng condenses
on the sanpl e cell . . L . .
In one embodiment, the invention is a method for controlling the operation of
an adsorption process based on the real-time quantitative analysis of components in
a process stream from a para-xylene production process, comprising (a) advancing a
portion of the process stream through a sample cell coupled to a NIR spectrometer;
30 (b) scanning the portion in the sample cell with NIR light at a plurality of NIR
wavelengths, wherein each of the components of said process stream absorbs NIR
light at 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



w ndows that could obscure the path of light. The sanple cell path Iength
wll be determned in part by the absol ute concentration range of the

conmponent §§, process stream Conveniently, the 20 sagp 4qray have
a path IeﬁéﬂLm P‘Q?lo cmfromthe input to output w ndow, pr oVl 3?%?"

spectral absorbance peak above the basel i ne of about 0.01 tines the
hydr ocar BESORANEE Hatar agd yek cpptroling progass ¢oftdiliensdta eptimize produstitivef a0

to 100 p%@st%ewweam%en?gﬁéééq&ﬁ@gﬁ m%uéug aaaan partial
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respectivel eferred. The NNR region of the el ectromagnetic
" spectr umSV&\F/‘FbeBréQhﬁéEH‘ B%eCQﬂ%“tb'leéath@gtiooWe(f\ﬁﬁpcﬁr%qf\'ﬂs ﬁtoﬁ%ﬁglbpﬁ'ni@fm@‘%m 1
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~of the spectruminvolves re I vely weak S due 0
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Fod0 R Pt sthgdih odigind & fibaiustor ik BN tx 86sEBRAY frel? P& And
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be fo“ndastH{ati%PESoutgés % %§RF(F§ I nvention. Several types of
determ nations may be y the analyzer systemto nonitor the
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absor bance band and 6495.0 cm' is a point on the basel i ne with
hydr 8¢ ar BoalYaBs cinshmgecespheontrol.  While the following description is dlrected to the

separation of components of a Cg stream by an adsorption process, it is to be
understood 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, COz, Hy, Np, 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.



hydr ocarbon partial pressure will be approximately 100 tinmes this
difference at the 20 typical sanple cell operating tenperature range of 300
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and  knowpieRbASRM SHluBSCROMGNE RISTRARIHN RshsaksRIrBaNGR eSS rah %f'é%&%léﬁ
related to concentration, and the low densities in the gas phase Iimt ’

ol ecul ashe®n inttwpaycleemeriayat hemat i cal |y produced spectra fromthese pure
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for actual mixtures. Accordi ngDETAIRED BESGRIBTIONMery sinple, yet

effective, caljibration set for the prelinmnary PLS els. To ount for
The expect ed dbebTtelbaiingaft i RyPhlul FoRfinkeS, 7 sie” faarer WYIET et
har dwar e syafrin peRptdd € hHiloRGrf ahl§z6 anptsteee!direahh@f 20 ga@ddrbfied it for
spectra will be pre-processed prior to belng used to devel op the nodels,

conduct e¢eRaEdaN algPXoard &FRifom mX Rodsote BPPRABNRAIV 8s Shewa sgfiamatically; it he
art and w us f e r; e

v eans mdSe Ly Fhe Bl hiERCuRtP 35 Empot8ar aHRile 8P s I SR RIere
processegroduction dait! ferabxdmply, oin garaayldne predugtiant inittdoverid@tiee ancatlysons
usi ng the grel impary PLS nodels. 25 Thg aﬁcurac of tggge ,Erel i.mnary PLS
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appr 9Br | dftndy ERTAIRORS caldlgse ERA6H I1Br CatlyBRnpERs ddhvaniBh eTRR! of Nfhore
mat hemati cal |y produce pectra or entirely’on thelr own to produce nore
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~techniques aré well known to those skilled’in the art and are w dely Used
for thesd®apahgloses. The near-infrared (NIR) anal yzer systemwi || be adapted

to itor an n tre . j {
sopadltion of X S eRaReBE SR BT AR AL IPLERINIRL bat lomstey o
nol ecul arfiber ZptisAultipiERET, <t 16Ast Gifd eafriple cell Vdn Oplidal/ &teRBRMPEAd BSddtatidd 7Co
11 adsorption of the smaller C8 aromatics (pX and EB) on a non-acidic,

par a- sel &@hsijiye 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.



nol ecul ar sieve such as silicalite; nX and oX pass through the bed and are
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structure type are mcroporous materials having sinmlar pore size and
adsor pt i watiocafpthei foyegrounFloventhechackgrsurel spectaurd, is dse absdrbanoelispebgum of
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Alternatively, the background spectrum may be measured through the sample
cell, making the attenuator unnecessary. This would require that the sample cell be
filled with a non-absorbing material such as nitrogen, hydrogen or the like on a

periodic basis to measure the background spectrum.



20 nol ecul ar sieves that may find use in the present invention are
structure types MIW (12 ring structure, e. g., ZSM12), ATO (12 ring

St ruct ur ey ofi3/08gsy ALPO-31 ), NES (10 ring structure) e. gpcphdyBiohss TON (10
ring structourre] e.g., Theta-1, ZSM 22y, MIT (10 ring structure,’ e.g‘.,

ZSM 23), FER (10 ring structure), EUG (10 ring structure), MS (10 ring

structure, e. ; I r . O 1 i) ...AFO (10
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kPa) to about 400 psia (2760 kPa), preferably from about 150 psia (1030
kPa) to about 350 psia (2410 kPa), nore preferably from about 200 psia
(1380 kPa) to about 300 psia (2070 kPa), and with pX partial pressures of
fromabout 30 to about 150 psi (from about 200 to about 10Q0 kPa),
preferably from about 40 to about 120 psi (from about 265 to about 800



operating enbodi nent of the adsorption process, illustrated schematically
in Figure 2. 15 Specific term nology used for the sake of clarity is not

i ntended /@ BRsdgsgm ting;, it will be understood that each ?F’f’ﬁlisﬁi./ﬁnfﬁerm
i ncludes al'l technical equival ents whiych operate in a simlar manner to

acconplish a simlar purpose. In the descriptions that follow, the adsorbed
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substantially j e and the total pressure is substantially constant.
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si eve adregrupaaiestwipieshe (NIBoange meawnbise be dowahsitatile for theymrpessssh 8
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or purge gas Sevetalligpes vhpeterminagtithsavay Hehmadange tiad NiRErRiyeH 59 stedi ¢o
pressures enployed in the, process, and will be inert with respect to the 5
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the adobrhei BRcien SEBRUEY ¢ KETBaPARIS P rn GBCELS G | AroTBaoe PONEOR | se.
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including two stages. The adsorbent columm or vessel | 'be purged prior
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approximate increases and decreases over time. This calculation will be performed
using the following formula:

25 pX (Wi%) = m * (A(5847.1) + A(5908.8) — A(5978.2) — A(5785.4)) / (A(5893.4) —
A(6495.0)) + b

where A(xxxx.x) is the measured absorbance at xxxx.x cm’', while m and b are
calibration coefficients that convert the absorbance term into a concentration.
Absorbance values at 5847.1 and 5908.8 cm™ are directly correlated to pX,

30 while absorbance values at 5978.2 and 5785.4 cm™ are inversely correlated to pX.
Dividing by the absorbance difference between 5893.4 cm” and 6495.0 cm’
compensates for the hydrocarbon partial pressure to produce a value that tracks the
pX content in the hydrocarbon phase.

Spectral determinations are rapid; for most commercially-available FT-NIR

35 instruments, the spectral measurement time is only about 5 seconds to average 16
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20 calibration spectra will be pre-processed prior to being used to develop the models,
conducted according to standard methods well known to those skilled in the art and
widely used for these purposes. Subsequent spectra of process streams measured in
real-time during the operation of the process will be processed in an identical fashion
prior to the quantitative determinations using the preliminary PLS models.

25 The accuracy of these preliminary PLS models can be further improved using
spectra of mixtures containing the appropriate hydrocarbons. These spectra can be
used to supplement the mathematically produced spectra or entirely on their own to
produce more accurate PLS models. Alternately, the relationship between the 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 techniques 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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35 elevated temperatures necessary to make the separation process economically
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25  structure, e.g., ALPO-41), and SUZ-4 (10 ring structure).

Large pore molecular sieves, such as mordenite, zeolite Beta, and faujasites,
and amorphous adsorbents, such as silica, alumina, and clays, are non-selective, and
therefore undesirable for use in the present invention, while smalil 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.
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the prod
The adsorbent vessel will preferably comprise a fixed adsorbent bed. A

suitable bed of molecular sieve adsorbent typically contains about 20-30% of its



20 provide information about the selectivity and capacity of the adsorbent.
The NI R anal yzer nay al so be used on the feed streamto performfeed
forward c@ptd:Rkes’s the adsorption process. The feed will ggqﬁjrs Aopede a
process stream having conpositional variability, and possibly the addition
of a recycle stream (fromstage 3) to the fresh feed to create the total
feed. Know edge of the feed 25 conposition is useful in controlling nmany of
the procesmniirlddifar $BY@ pBFEY WHRK SMebiRIPRBLIBESX TRY BB M BOL70 of
readable formfor use in manual operation. Mre preferably) for
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Clains: 1. In a para-x%ene production unit conprising a catalyst reactor
for ?&ordasi ZBeiRIhapd BB spmppragntsareadgoyked ida theporesrofdhayneleaglansieve,

conver si Ry iy0aRAX TP bR LLaLT OfL B9l WERE of o RERRNAL Sloes. the

aromatics, arr adsorption unit r separation s of conponents
ar omat i cphnger gasaistiisplaced imoagil theopessul ddward the fuppet portalf thoe yessal| passingn

it f ti - xyl . t hyl . the i t wh [
Sai d uni 1VOUSH i UBBRDFIRE SPhULFSRFIRRRCh SHa9S Jdb CopHIER Wash fuPLGEe |
det er m njagid SiHRAREINTsMacet frbfPthke WIE frA¥§6pcar bon conponent in a stream
thereof. 2. The para-xylene production unit of claiml wherein said

hydr gcar g génl_;ecﬁzmﬂr'?)%ﬂf;ti&ﬁ oﬁﬁlﬁgﬁﬁgxfém&t}?at?f OSRNE ASbHdt Yith X 8halER
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The par a- xyl eAs theddadtdontinues to @nter 'dtieﬁz’adswdptioreiveswj th;yrmtl &Bacoutinue to
t i ' b incl udi t t f:
ComjonenadIsosrbdl(l?&oe{hné| pn% eCLP(arasig\sg %%%ismkngnéj owgre crillgpl?ﬂcgg Yrom 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.



(a) advancing a streamor a portion thereof through a sanple cell fitted
with a 15 near-infrared source to emt near-infrared radiati on and adapted

to pass tl 8fes4 Nfrared radiation through the effluent a
det ect or \nggﬁtjese% transmtted near-igfrared radiation; (Eﬁ&r@@%?&ng t he
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passi ng t hr ou@wédye os popdee gaslid feand mrmiisnrpti@w abssel pypwalld@abanfeocu reacthtoof
t he conponents; and (d) quantifyin eélch of the conmponents by applying the
absor bandie #aw:0f(es %roé‘&flltf%rcﬁirln&rihégﬁ% S¥P-f or each conponent in a
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PCT/ | ~Sf12/397C5 2~ 6. e para-xylene production unit of claim1 wherein
sai d st r qamiar of dhel effuento sabstantiglyr ofctaeiioasmposition.stypiosdy awoujd deerecycled

et hyl benzene,, ort ho-xyl ene,. and ta-xylene. 7. The para-xyl ene production
unit of a&%r’rf’ih%%‘?‘igtﬁe?{@a{ﬂ ﬁ?‘f%@ﬁ%ﬂﬁ%mﬁaﬁcegzanal yzer systemincludes a
M Cr Ofpr 0Cessorstpfedy %’Té@ﬁ?b@e Whantddasnaamh ahiof e fasnpvaent, poesiby Sigetsan
8. The para-xylene production unit of claim7 wherein said m croprocessor

out puts awith giaer amosingaf dlesadiegarX\anchEEp fiasobestb PErgRfdfeRainsoressel, i.e.
SomReneN dndr) gﬁg&tbre(&l pR ArdPEBAbntS B th® Pfad ¥ ERR ﬂ%%eﬂmgtthenower bort! 0

9. The pa ne pr'oducti on uni n para- xyl ene sel ecti ve
adsor pt i airerspbetartialipiictessaan adsorbent vessel containing a para-selective,

nonaci di ¢, nedi um pore nol ecul ar sieve. 10. An apparatus for recovery of

par a- xyl esygqk NPy dadtiah @FBX shd®Er ocar bon stream conprising a
near-infrare anal'yzer system and an s absorption unit conprising an
adsortsent vesgmcﬁ%@m&? hgdiépépﬁédrcéﬂébﬁ? tyeist fraetipn. Jae @ffluant bearyes: highlyt em
caent ot LoRREEN A5, RRTAER.Rle Bhs et R RIppeSbot pRmRER.
sai d adsdnhratadserbarvesselepXeanh ES- saitintia oedeswh fam die mateclilamsipee @nd
T i o 6 ap o B et BBl B i BaPBat oo 1, om
tEBg GR/EEP g‘; g E@_%Uéﬁd oPLBNR SIWMGT HEplidRE§as SieaMmt leRBhiAl thE lowdiPbrt MRE,
20 the sample cell contains minimal hydrocarbon component, the void fraction and
molecular sieve pores are essentially filled with purge gas, and the system is in a
condition to begin Stage 1 again.
It will be apparent that determining changes in the composition 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



13. The apparatus of C aim 11 wherein said para-sel ective, non-acidic,

medi um pore nol ecul ar sieve is silicalite conprising orthorhonbic crystals
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10%& () tdrhpddtone 6f)22(%@Wg&erébe&a#éwéfa?m@uy%@%&p@ssuké%Z 60 psia, with a
hydrocarbon feed rate of about 15 grams/minute, and operated using a nitrogen
sweep gas flow rate of 10 standard-cubic-feet-per-hour.

The sample cell, fitted to the manifolded upper ports of the two columns,

15  monitors the hydrocarbon content of the mX/oX stream from the adsorption process.
The feed stream is initiated to the lower port of the first said column, maintained for a
period sufficient to charge the adsorbent bed, then switched to the second said
column and continued for a like period, then re-directed to the first column. The
nitrogen sweep gas is fed countercurrently to the first column to accomplish the

20 desorption step while the second column is being charged, and to the second column
while the first column is again charged. The process continued for a period of about
4.5 hr, using operating cycles (adsorption plus desorption) of approximately 8 min.

The hydrocarbon stream passing through the sample cell from the upper ports
is monitored by NIR analysis system. The absorbance values are measured at

25 wavenumbers of 6495.0, 5978.2, 5908.8, 5893.4, 5847.1 and 5785.4 cm’,
respectively.

The data for two such cycles (two adsorption steps for each of the two
columns) are shown graphically in Figure 3. It will be seen that the hydrocarbon
partial pressure in the effluent increases very rapidly with time and levels off at a fairly

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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been displaced.

The concentration of pX in the hydrocarbon phase still increases during the
adsorption stage, but reaches a much lower value than in Example 1 when the feed is
switched to the other column. The pX concentration spans from zero to about 10
wi%, reflecting a reduction in the amount of pX in the mX/oX effluent stream, and a
significant improvement in the pX recovery, as compared to Example 1, by decreasing
the cycle time.

The immediate breakthrough of small amounts of pX from the beginning of the
adsorption step and the steady increase in Examples 1 and 2 suggest that the feed
rate exceeds the rate of adsorption under the temperature and pressures conditions
of these runs. Thus, the process conditions can still be further optimized using the
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
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

described in Example 1, except the feed rate is about 20 grams/minute. In this run
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(adsorption plus desorption) of approximately 100 sec. The hydrocarbon content is
repeatedly determined using baseline and hydrocarbon absorbances measured at

10 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 swgep
15  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

20 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 wt% 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

25 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

30 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

35 grams/minute and the sweep gas flow rate is 6.75 standard-cubic-feet-per-hour. The
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min. The hydrocarbon partial pressure and the concentration of ortho-, meta- and
para-xylene, and ethylbenzene are determined in real-time using PLS models. The
data are presented graphically in Figures 7 and 8
Figure 7 presents the continuous trend plot for 2 complete cycles of each of the
10 two columns. The HC trace is the partial pressure of hydrocarbon and the oX, mX,
pX, and EB traces are the percent concentration of each component in the
hydrocarbon phase. During stage 3, the initial part of the sweep, the residual feed is
being swept from the void volume. When the sweep begins, the hydrocarbon partial
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
wWt%, 48 wt%, 22 wit%, 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 0X 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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Similarly, analysis of the pX/EB stream using the NIR analyzer shows the
concentration profiles and the total hydrocarbon, allowing the operator to control and

10 optimize the sweep gas flow rate and the cycle timing between diverting the
approximately feed composition material swept from the void volume of the adsorbent
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¢led

15 and combined with the feed, thus these conditions influence the amount of fresh feed
that can be charged to the adsorption 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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, '10045/; (190/% (égéﬁgi\e@végqe? %#r(l) Zg%r ion 0(62/ %é@ (I}'a #1a%%§hegr) embodiment, pX/EB is
desorbed by lowering the absolute pressure within the adsorbent vessel, and
displaced from the non-selective void volume by a purge stream of substantially pure

5 mX/oX. The process may be operated whereby depressurization occurs in at least
two steps, such that gas from depressurization is used to pressurize a regenerated
bed (i.e., the cycle contains at least one pressure equalization step). In a further
modification, a PSA cycle employing pressure equalization, a pX/EB rinse step prior
to desorption of pX/EB by depressurization, and an mX/oX purge step may be

10 employed. The preferred constant-pressure-with-inert-gas-purge operation of the
process, together with alternative methods of operation, are set forth and described in
greater detalil 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 will: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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1
N

5 of components of a Cg aromatic hydrocarbon stream and, optionally, a fractional
crystallization unit for separating para-xylene from ethylbenzene, the improvement
wherein said unit further comprises a near-infrared analyzer system adapted for

determining the presence of at least one hydrocarbon component in a stream thereof.

2. The para-xylene production unit of claim 1 wherein said hydrocarbon
10 component is selected from the group consisting of total hydrocarbon, para-xylene,

ethyl benzene, ortho-xylene, and meta-xylene.

3. The para-xylene production unit of claim 1 wherein said hydrocarbon

component is determined by a process including the steps of:

(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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7. The para-xylene production unit of claim 1 wherein near-infrared (NIR)

5 analyzer system includes a microprocessor programmed to quantify each of the

components of a stream.

8. The para-xylene production unit of claim 7 wherein said microprocessor
outputs a signal or signals indicative of one or more hydrocarbon components to

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 aromatic
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 MFI, 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,

ortho-xylene, and meta-xylene.
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17.  The apparatus of Claim 10 wherein said near-infrared analyzer system
5 outputs a signal or signals indicative of one or more hydrocarbon components for

controlling an operation of a para-xylene recovery process.

18. A para-xylene production unit comprising catalytic means for
isomerization of aromatics, distilling means for separation of Cg aromatic
hydrocarbons from a hydrocarbon stream from said catalytic means, para-xylene

10  selective adsorption means for separation of para-xylene from a stream of said Cg
aromatic hydrocarbons from said distiling 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 hydrocarbon

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.



