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WO 2006/096394 PCT/US2006/007146 IMPROVING PRODUCT
RECOVERY FROM SIMULATED-MOVING-BED ADSORPTION
WEANGKERBUND OF THE INVENTION [0001] Para-xylene anBCT/US2006/007146
meta-xylene are important raw materials in the chemical and fiber 5
industries. Terephthalic acid derived from para-xylene is used to produce
polyester fabrics and _other articles whjch in wide use today.
Meta-xylene is a R RAYENS %‘?‘%‘ﬂin@é&%gﬁa numbe?lof useful
products ingROg SNGETt iSRS MOMBSG BRI cAHRSORITEAN a combination
of adsorptive separation, crystallization and fractional distillation have
been used to obtgjg thestoXENDISOMmer MWihnadearptive separation
capturing a great majority of the market share of 10 newly constructed

[0001P 2540k Hhg drminantNaieaxy aporiaaer. HR0R]sRiatessesidalrand fiber

) adsorptive separation are widely described in éhfg Ilte({ature1 F%refxgrqgg)la% d

industriey, o HerpapHelic AgiAF iy e et R?rﬁiéyf PRy O TAr Xy IBAE Was

other aplicReMEDRIpagei IOt thénySdiiamilend B AGaditianrial Ohthisaiufacture of a
Engineering Progress.(Val. 66, Ng 9), T I st '

numberreq_g%?é!a x%dglc? nc?ud(n i SF% (i__j}l(fg al‘ld 19(?[{2%1%1% Ll%ﬂg (9111% oy ggrﬂ\ylﬁgﬁ(m%f

scriblng useful adsorbents a esorbents, mechanica

adsorplisetsepdratibs, siystiHisdion enshiippiianalytistietival benp fersarsdsaioiainghese
xyleneqk%ﬁﬁalg}i@%ﬂi %E&élﬂ)@%eﬁ@r%ﬂ@ﬁ%b%ﬁ@ atbRAdsashe b ahemRRESAAE of

control 'systems. The principle of using a simulated moving bed to
newly contirngtrdanesis far fie P IBBKRIEHENISISIMERd mixture by contact with a
solid adsorbent is as set forth in US 2,985,589, US$.3,997,620 applies the
[OOO%rinE}Bfgss?s[ﬁg gﬂm&e@:&%eﬁwa 48 avigeﬁfh escrlbeg in tg Kterature. R arrgrl}:)le,

recovery of para-xylene o

a gencfaf@EStSHIRANiIRRRIAINIY EB eagropins, ghud iBpBacIcd20ge ae pé@he
Septe@%gﬁld%gﬁigeco%ﬁ nIfc?a ﬁ‘g%é%%'ﬁ%té' %? K\i&;i;%&[%o%] /i‘ﬂ&%rgté\ﬁ%ng

ON UNItS Processimg C8 aromatics ge y use a simulated
historgofiteiteblrerferemvoedesmibofathes lladtrbents Aafrs qesnts teeshanirpgarts of a

simulasﬂerg Hjlgyfﬁl%?e@ %rg%m%gluﬁﬁfé] %%Wl@%qgr %Hm&fﬁ‘gql RTINS AUVREHRIR of
the adso

ent 1S held in place in one or more cylindrical adsorbent

.

the adserhenbelranshrs i pONbRSIENHHIAG PRELREATSIRG SN M & priteke ©

contiRIYEE RS deRYSothsoRRRITr s ae Slaudy shiiedaleng dkelieagibraditfie as
eds. Normally there are at least four streams feﬂl, desome(pt extra
é{fﬁ oithe a

etfob i i . simu 1 Bgdto
set forthy i HiASEY WY S 1T A1 FRoes dhr P URARISS BT 4 WRHIRS

the refeee-pBHpdeseyhestisiicaBsientaintterchang €k arubthiesaditiSahdR6,092

hraffinate Ztrean’(lf)‘!eeav,[xra()th(?1 Eh_%pb% are séignultaneously shifted in the
teaches et enR TRV ER: HoTb A/ AT EAeh SAIFE i location of the transfer points

[OOOQfFliVE&?O%’LEQ@%QE@%&%%K%&ssing Cg aromatics generally use a simulated

countercurrent movement of the adsorbent and the feed stream. This simulation is performed

using established commercial technology wherein the adsorbent is held in place in one or more
cylindrical adsorbent chambers and the positions at which the streams involved in the process
enter and leave the chambers are slowly shifted along the length of the beds. Normally there are
at least four streams (feed, desorbent, extract and raffinate) employed in this procedure and the
location at which the feed and desorbent streams enter the chamber and the extract and
raffinate streams leave the chamber are simultaneously shifted in the same direction at set
intervals. Each shift in location of the transfer points delivers or removes liquid from a

different bed within the chamber. The lines at these transfer points are reused as each stream
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30 different bed within the chamber. The lines at these transfer points are
reused as each stream -1 WO 21)1)61096394 PCT/US211116/11117146
WA YBMaves the associated bed, and each line therefore B&FES28p@087146

the four process streams at some point in the cycle. [0004] The art

recognizes that the presence of residual compounds in the transfer lines

can have detrimental effects on a simulated-moyving-bed process.
enters G RS R 01 S PSIE 00 BB PG PR BBy LBk e
streamBusking pbiktadithe cgeel to deliver the feed stream to the adsorbent

chamber as a means to increase the purity of the recovered extract or
[00043orBhtetaempariess (IBLIe fitashieg efvesiieimmpaprdion Bridiansirtnes can

have é%?éﬁé’t’@ﬂé&ﬁk}?&%iﬁaﬁh@@%va%t)&aw@&@srm@i,ammgm,smmpen it

IS subsequently used to withdraw the extract stream from the ch m(?er
5,554,078 1,604 385 MhoHAS HTLIFAS rolois 6L B5TLIRGE Th e
strean? Bf iR2IASHRAM KRB EIEAste MvAis e et adafep diwtitréafliaateewttwenor

this line is used tg deliver the feed stream t {.Eea sorbent chamb I
ot B AR AL SUER T Bk AL TS e
compdiRambEhdii ivaisiatipdnttidsdaparatioit losubveithintli@cidamiyishdraw the

extrac%%}%%o nﬁrg tgchill-al_r'nEbel:rN %%@Blﬁ I§]9[§) Pega‘leé Mggxgﬁ%ﬁﬁl%‘iiﬁéﬁﬂ&%@a% remove

IS a process for thé separation of a ed 15 compound from a
the rafedkrstitumeooniyrising v viemiordnshBeadicetertipetnithenjhirintdteied to
deliver 8 %@&FES&H%QEQ RIYSSERALAIRP hesEinea(Red SiEearhaNthBhing such

desorbent stream are injected into at least one multi-bed adsorben

J t
lines tetslintscthe asprRsgr bepIbea PO SEases HisintettiRy anite hedagber

points via different transfer lines and an extract stream comprising the

desired compound %gmﬁ{f{p@g SEeamRENTiOtgually withdrawn from

the adsorbent chamber at 20 two different access points by two additional

[ooosjansferdipesn thaipriion At iheatsoIPE PR dEbambRE Befuvassh withdesived!
of the raffinate and the injection of the feed stream bein

! ( de in‘gad as an

compaishfiohh Seh BN G ARG RY Qi B oA REL SRR e e
count@karRartianafiteedeadinixiticecans foeatertamritiddr desnrfromstieem are injected
. adsorption zgne as a raffinate flush to flush away from th Sor:
into o B OB BHRS P T T o PecB AU e
differtatrasmey @dines naffididfestreansfordinetrnd ds oxbraet stteamlsempifig the desired
compD% R b 1r|1\211t9|%r-era|§FaQ %WM%;%%M%&%%&%@%@%&@%r at

iustration of simulate -movmg-lbed adsorption
two different access points by two additional transfer lines, the portion of the adsorption

chamber between withdrawal of the raffinate and the injection of the feed stream being defined
as an adsorption zone, the improvement which comprises directing one or both of a portion of
the feed mixture and material withdrawn from the adsorption zone as a raffinate flush to flush
away from the adsorbent chamber the contents of a transfer line which previously has been

used to remove the raffinate stream from the adsorbent chamber.

BRIEF DESCRIPTION OF THE DRAWING

[0006] The drawing is a simplified illustration of simulated-moving-bed adsorption

showing features necessary to understand the invention.
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showing features necessary to understand the invention. -2 WO
21)1)61096394 PCT/US2 006 /111171 4 6 DETAILED DESCRIPTION
WRNDPREFERRED EMBODIMENTS [0007] Adsorptive sepalf4titii§3006/007146
applied to the recovery of a variety of hydrocarbon and other chemical
products. Chemical separations using this approach which have been

crom BB A S R o B S Rt P g

[0007Eydr0 arbons oSG NEE Ps % g'%ocfl@‘@%%f tOP: RAPEEh S HBon and

omprs g bot aromati paraffins, of"’chiral compounds for use in

other qhminahpediictsiCheulifipksereriRna s B s geRrrd Sdtirhdeva srpisgiaged
1nclud§m§ Rp AR o CRARRIMNAIPSPHER AfoSipEaTR ALRMEIGRRERALTIIRBS from

Inc ude mixtures of dialkyl-substituted monocyclic aromatics %rnd of

nonlinggrltPRAtiABH IS TEHE BY R s RanE o FHBFCIBT A R SRR A48 AL
mixtul§'6ofREHSR b BréatiRiesan pa e, of Uitribiawiognde sariptécn of the

present invention without s limiting it, is the I f
pharmé?‘ﬁfi’fb‘ia"ﬁ 3?§ %9%%’8%18%511? ptire a(ieééu ar%srﬁact?g\s/ ?SX nd %r%a)r%{ ggﬁcs
carbomsuauym alesipach mmmmmasqmmmmmmexrwqm @fadeaynd Jers R

monocgg 12 1t}3trrr]1at1fcosl Iao ?cp héh SS;FIC angdr %&%ﬁ]@f'%ﬂ@ﬁl@f ?ﬂ?ﬁﬁfﬂﬁ“@ﬁl@ﬁ

merization O aromatic treams in such com lexes;

forms ghofieaticefdenpnialiyeiBesesn ﬁﬁ@@%}?ﬁ seblowine dorsre @’6 ﬁfép‘g Bffgent invention
Wlthoﬁtgy Illﬂﬁﬁﬁf‘gq? i &%%é&%@%%%@@m%mm&aﬁ@mm 1hB@ures of Cs

adsorption generally is directed tq the recovery of hi urlt}/ en
cromabieh Sy AT ASGHE SR QIR ST AR BT HEIER R Gt
reforn{Yhg 6t 9&5%@@%%@59 duhctanthpdatecabivtiinaadydeadsulkyidH008]

1som%rﬁhggg]nv§g%%§%ac X IS%%%?%ucﬂ I(:%l%nlea)gessoﬁli)tl e S%%S%{ra%gog r%%gss

HEVRIAGH Of the a
compﬁb&’l’eomlibduig Jimyidasi dasasibed chiytheezdnet Rrnvassinisofie premetessimulated-

movnhg ﬁ?é af[}%i(ﬁlﬁtén%%ggrs R % ctgg?otﬁ%trgéﬁg %@H&h%r‘}y%a%geﬁ@% high-

tincfions and properties of adsorbents and desorbents in

puritstiveeteybmeatoighaphiity seprlairofe e saiceRsShE s Yrefihs dkpRproduct,

and p% e[ﬁ gpfggg Hayhedpade to US 4,642,397, which is incorporated
erein, for additional description of these adsorption 25 fundamentals.

looogfsﬁﬁféfﬁ&%é{l %%IBI?? bed orls hllate ovm ebs%da%% %{g&rg{% L%W

EPsRhAration e?%penc or such separations
s1mu1ﬁnasbﬁuﬂérhecbmyﬁmc:nasfaus odptidang anﬁdequyﬂm tigeidaodesenibed

above ncl'rlr?elflys SO %klngagtll%gg 1W|$Q&&85H{Q%9H§J&§q;rocess, like that disclosed in

US 4,402,832 and 4,478,721. The functions and properties of adsorbents and desorbents in the
chromatographic separation of liquid components are well-known, and reference may be made
to US 4,642,397, which is incorporated herein, for additional description of these adsorption
fundamentals. Countercurrent moving-bed or simulated-moving-bed countercurrent flow |
systems have a much greater separation efficiency for such separations than fixed-bed systems,
as adsorption and desorption operations are continuously taking place with a continuous feed'
stream and continuous production of extract and raffinate. A thorough explanation of
simulated-moving-bed processes is given in the Adsorptive Separation section of the Kirk-

Othmer Encyclopedia of Chemical Technology at page 563.
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stream and continuous production of extract and raffinate. A thorough
explanation of simulated-moving-bed processes is given in the Adsorptive
WEHaieéMt section of the Kirk- 30 Othmer Encyclopedia of CIREHE82006/007146
Technology at page 563. -3 WO 21)1)61096394
PCT/115211116/11117146 [0009] The drawing is a schematic diagram of
a simulated-mqving-bed adsorption process . employing the present
10005F, iR i SEE B AL AL & R S e T process
emplogilgaiberisenritaiagibin The presssisegnehtiatliz sortats 2Fedseiardte with

adsorbgr)l(tt rca%iasltreem tirllleE:I;/frscs) gn&aafﬂgﬁtl%é{{ egi; Re élpa{pgn extract stream “E” from a
Simulated-moving-bed countercurrent flow system, progressive 5 shifting

raffinate stretipl&R gl theesiendpiddomsing-hed egunsmEabIAT SR OPIRgHESSIVe
shifting %?%Hﬁfp?émm%éﬁ QN MeNET SRR RASQIR SsRHRRAEDE: Bi@ulate

chamber. The adsorbent in a simulated- moving-bed adsorption process.is
the upgerianErkntRiapteTber SoR‘EREIIR e AhayRRLe AR TR R PR AT
moving%drawﬂﬁ%arﬁeﬂa_mmdahtbmwav\milﬁaebdye@sae eontaiasaliipeo

eds of adsorbent in ggﬁcessm%ésgaces 10& e‘?d 2%%‘: Jes) ecrtrll\éﬁi ) Ebae(ag of

vessely,§ B0l 2000 Sorles 3ty SABYP &t 15 SH¥ELE: naiRts Fetating 1o the number of
adsordegtin et adsangaptcanth tmposiijosspiciinelie cashrefifie Fessris bebemuinper of

D, extract stream E and raffi r re shift e AeaSsRam F,
access oollrII{t%éq' 8? aglr}%l‘ﬂ?ﬁlg gurlﬁoslir?g %Qégg?t)ag%tg%e P%‘?ﬁ%{é glsgﬁll%pl%d comprisingm
desortas one, exuat saeahrBiirdbreinttustrantRrogghifivd Yeagdhs asrstigppimts to

i spRetivele RystemiRisapuelinendlex el and raffinat
Slmul%ﬁgﬁgﬁégﬁg%%gbégzgibed ingu%g,S% g%S, ut the p?artic:ljlar:ré)f r:uclrrl]a °
A HOTG

circulalps@raugibe M5yiels SuceehiarBrhe B SREEMCIX YS! the

flow ofei¥EuBRRear claand dadzBel i ©SIBpos bt 3ne $aridianncl 3ydR 2ySbds are

A LRSS A6 e e, IR g

arious’streams involve
examSient LR a0 Tahe 8, 420584 Rlicifoals iHushifiag if thheterawinigna dydrssorbent

cha%racteriz d as Iollows. %"feed stream” is a mixture containing one or
cham% o simulate cotintercurrerit tlow

more extract components and one or more raffinate components to be

separated by the process. The "extract stream" comprises a component, .
[001 Q) ke trsigassea Pt SN SV S AR Qe hRERy SRR &% By straked in
the drafiaQrReRtbd BRriatinate SKARWS. CAMREses@ar ponahisiwkinhaatingless or
selectively adsorbed. "Desorbent"” refers to a material ca abI%3

more GBS AP B RGP QREPAl 8 Al eg v e proces
The "e@ifapoieats"abihpriesd strepumeat dealijyieatraiaiprodBefrovhidoihmese
select?\)/g[}?' gésao?gem)ey Ecﬁgiz{]cﬁg?bent. The "raffinate stream" comprises components which are
less selectively adsorbed. "Desorbent" refers to a material capable of desorbing an extract
component, which generally is inert to the components of the feed stream and easily separable

from both the extract and the raffinate.

[0011] The extract stream E and raffinate stream R from the illustrated scheme contain
desorbent in concentrations relative to the respective product from the process of between 0%
and 100%. The desorbent generally is separated from raffinate and extract components by
conventional fractionation in raffinate column 400 and extract column 500 as illustrated in the

drawing and returned to the process in stream D. The drawing shows the desorbent as bottoms
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[0011] The extract stream E and raffinate stream R from the illustrated
scheme contain desorbent in concentrations relative to the respective
WQRHRIeIGFHM the process of between 0% and 100%. The de$§rb&is006/007146
generally is separated from raffinate and extract components by
conventional fractionation in raffinate column 400 and extract column 500

as illustrated in the 30 drawing and returned to the process | e .
S e e S R R
differchiG3iirhooRa Dufifs £bd the Bdpdr@idnorfiGherpesiss tue iyl either liglplpriparat
desorbtel’rll%. h rbt%rr]l%%esz hr%&%ﬂlih @&%%ﬁ?&&’é Ef}ﬁifb?ﬁ%e iffRenhconinRLeial
tnis TOY the separation of Cs aromatics employ either light or heavy
from tresdrberstssaMhB radihatefinsthmierp Rir R 6EePIBRIcRIM s bR FYEct

produPSESRAGLEERYE e, (iamathe RiastotpRRHaNdHE Gilfionteihtsepata-
R in the respective columns; the extract 5 product from the separation of
xylene@adamsiazy %nﬁswatlm?orﬁfﬁﬂ%féé’ﬁﬁﬁBm%wa&ﬁ&%}'ﬁ%ﬁ{%ﬁd%‘gig%ﬂ%seand

ethylb@i@d¥ieta-xylene, with the raffinate being principally non-adsorbed Cs
aromatics and ethylbenzene. [0012] The active liquid access points A

[001 zjffeff;ﬂ‘e/%'éﬁgé"ﬁ 6iihg AdsprRsnhclAmRRE NiQ; kARG FeREhiMichimo ve
s the access points are shifted. The adsorption zone is located 10

separatsotones wiieheend aiche gessss RO PR aNERMHh aldOirerrtipaones logricd

betwed PR 28 fERASIARK FONRAS HIRRESAINE Vi B ITBCGOPOR IR S stock
adsorbed, and a raffinate stream is withdrawn. Immediately u strea,[rm
contagfgithe-adirskent M RITRA PR FRITiRAIRS Ao %Ié%ﬁg?fea%}[ﬁ% 3 e

hnme&l@f&f@ﬁstf@rﬁﬁ[ﬂﬁﬁe@pﬁ&tcsﬂ@iarﬂd@ anthépadseaiiniebatieingd 4 e
purification zone, the raffinate c ent is,displaced f o s
adsorf RERUET 1 ORGP R A B At L e picaton
zone, i wilnarcsurposcnt adisraent Shiftihg tutsdvidironeibyPansingihe whaibent
and deos]:)reb)géar% St{ﬁea r%(r)%]%ﬁfﬁ% !)?%Mf‘@a%et%? é&éﬂ&ﬂ@&%&%@mﬂﬁi%%r 9§" Bhksing a

Zone, upstrea the purification zone, is defined as the adsorbent

portiobeieatctrtreies orserialilfedne Sinriaserntion zensEbFieai 42 ZpRe upstream
of the%%?ﬂf&%%h RARSINGJRCHS ARNADISRIAGRENES B REbARMPABED anihich

was adsorbed by previous contact with feed in the adsorption zone. A
extraqh R GHBCDE-HERR deiP PRt BARHAS R P SAREIPRAST R 1R EXHALLTBERE e

whicliWet steaBdd ¢ prResivesiaamauRt O desetheptictilizad iA tufer zone

desorptign step, jn that a portion of the raffinate stream enters the b
e R e S

desorblasatfitied #ote dEswepiiufieerzantaonpaitioentilg madfisdelsepatoepiery dhr
bufferr %I)frll%%toed?s%rlg Y Qeesghsoefr'i? Qa%%%?B}QSEmQI}%t zone into the desorption zone. The
buffer zone contains enough adsorbent to prevent raffinate components from passing into the

desorption zone and contaminating the extract stream.

[0013] Each of the zones described above generally are effected through multiple
compartments or “beds” as described in US 2,985,589. The positions of the various streams
described are structurally separated from one another by a horizontal liquid
collection/distribution grid. Each grid is connected to a transfer line defining a transfer point at
which process streams enter and leave the adsorbent chamber. This arrangement facilitates the

distribution of fluids within the chamber through eliminating channeling and other
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desorption zone and contaminating the extract stream. 25 [0013] Each of
the zones described above generally are effected through multiple
WQampaPedtdnts or "beds" as described in US 2,985,589. The RSsSItiorRIs1007146
the various streams described are structurally separated from one
another by a horizontal liquid collection/distribution grid. Each grid is
. connected to a transfer line definin ransfer point at '
ne G Y SHEITGHUE 1 AL bl T PRt
primarfeitilitafies/haddftaisttiatipation Mfimsontithirthtrreigh thebeambesJéssh of the

zones liminad %han i A Hs%E*L luﬁlwgf%]t))lﬂg,%% usually 3 to 8, beds.
LA A o

. 1 17146 inefficiencies, prevents convective
A typitshshomiptadepotvingobiss adshasivariaib poranreses Mdreds shiadadbrtid flow, and
prevents migration of adsorbent through the chamber. Each of the zones
[001 42 G‘tSE g@k;gdf@ca@aﬂauauwwapaiaeﬁs&plmamm@m pOinaAdwhivhei Ustiadly
0 8, beds. A typical simulated-moyving-hed.ad ' ' '
s R G A B OO DA L S o i WA end
of a stting wilarematefspdithe Aomipomds freinigedsadttoaravichese sapieenads are

removgge %%@Mt%% g %%%ﬁ%ﬂ%@ﬁ@%ﬂ%&ﬁ?ﬂ@?&éﬁl&%f%@l?p&iﬁﬁ@l@ﬂﬂ% @baow

P Il remain e compounds forming that stream until these
unused:omsfsutids wib therefouebeirBhetihiavsy e REofER R AL PRHST 2
proceﬁf@ﬂﬁ&%@%ﬁ% !ﬁgﬁﬁfb&@% Wr&@#ﬁ@dh@@ﬂﬁﬂfeﬁﬂ ehadlbtrereianade
ither withdrawn from the process as the. initial part of a 10 process :
transfegHog SAVEFR SVETBIFAA%CH B BISASFCEP iﬁ%‘ﬂgﬁs&’%a‘éto“r%ﬁ%éhé?n §ggribed
aboveW(ijilﬁfé If)b‘&ktf@riﬁfw@hﬁsiisﬂe oAl iesogitelamtrtinpeschoof thegsassiddalntontheunds
. adsorbent ch er. As cribed above, those ing.in thi Raye:
in the fra0g ﬁ??éet? fﬁ%%ﬁféreﬁ?g‘slseﬁcgvgﬁtﬁegsug er\clieqs?& S‘é‘%%? ég%% gt éirr%:éth‘?(ﬁaﬁtransfé1 r
adsorineshanish preioesiyinaderbeeralisBectoaethoper formpafnrfie smakied-

movi nfé rgdtgc?s Oggqg%rls‘)%a&nﬁﬁgg)%@n have some detrimental effects on the
er ula

ormance of a simulated 15 moving-bed adsorptive separation process.

0015] All of the prior references mentioned teach flushi h
1001 e e B TS B DR GLENE PR G A S

hate stream
previdiSRHAR Belspibanoclamaehbadkiatosthanaftsor tendhemiiehahbe back into

increasing the separation loagd within the ¢h £ Resylli f
T e
passagoaffdesesbunitinROthkadiosivatidsunber onsdsiorpipas Hirsdesnrhent competes with
the de%g‘gc? F?(?rg t %@%&%&%@ﬁ%ﬁ R SHeANBAIEfOT B SwA LRI IMRICARAGERY 6 the

simplified summary of this is that the adsorption capacity of the
adsorptive capacity. A simplified summary of this is that the adsorption capacity of the
adsorbent in the adsorption zone is the sum of the desired isomer and the desorbent compound
which is adsorbed on the adsorbent. Decreasing the amount of desorbent charged to the
adsorption zone therefore increases the amount of adsorbent capacity available for para-xylene

or any other desired compound.

[0016] In contrast, the present invention teaches flushing away from the adsorbent chamber
the contents of a transfer line which previously has been used to remove the raffinate stream
from the adsorbent chamber, using a raffinate flush which thereafter preferably is directed the
flush to the raffinate column. The raffinate flush may be one or both of the feed mixture and

material withdrawn from the adsorption zone. This is illustrated in the drawing as line 10 from
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adsorbent in the adsorption zone is the sum of the desired isomer and the
desorbent compound which is adsorbed on the adsorbent. Decreasing
WG of desorbent charged to the adsorption zone thePR&f6feS2006/007146
increases the amount of adsorbent capacity available for para-xylene 25
or any other desired compound. [0016] In contrast, the present invention

teaches flushing away from_the adsorbent chamber the conte
the adsQepiioR iR ACBIENG 10 aese%eé]éggm or?%%%t\%: ﬁumn 6 o

e raffinate
particuSiFa e drimdiditedagsteodmiviinpistivaringside sorkiffii dte ushtiphiehthe flush
.thereafter. preferably is direct f{ [ T,
Q06 WD e 26
materig, ?ﬁrnlgteev\‘ftu%s ra%ré)?r grél oy epg}i%{ﬁ%? tﬁi%ee‘cjfnm iﬁ%gr&é@agﬁg%jo %léltgrialny

access\pithdiraivhin iitine. abtsEabH o estmhpieriol i Ahsdn e BRawiHERdg
just prg%%u]sgf f&%]?ecf %W%fﬁih}é)sﬁ%%% ARG TP 8cBebs @éihl FhithinAo Heess

. sorption zone which joins the raffinate R as feed to the raffinate column
points sfitheTrasfsa Hicurasdiffe ieriaratde dFrdy eRArEiadSSthRE é“(;f)?& it
order w%]mt%a@ 9&&, Aot SR orpaierialaainde withidewiredror faey speint is

. within the adsorption zone to flush a line ny_access point within, thi
injctcp GBI B (PERORM A EEOTS e T A b AB ey et

of the [FRViolig!flwheded therasfifnsteobiraarthés: frsity @ fthaadsodens gumberithnet

affect téfoﬁ?ecfgre BT Hl%i Qgﬁﬁ%get Ne fransier line Hast (R BEHAMNOHHASHE eIy 6QUR to
0 the & so}r'bentc amber, In order to minimize the amount of desorbent
from OSrtedrirignesthotinerefdreblyrtore84d tarbafimssiapscoatmatbiertds fidd:in

times,ﬁﬁﬁlﬁ%ﬁp{}omrﬁé QEeeSEF AR ANeW A InlY i satiaoy HiahRNTeBhsebdhacd

. eing flushed to the raffinate column, the capacity of the adsorbent
valvingivafeisée 1Berlve abriate dRMErERCATSIRATEE OrHeeaiE Med to
flush the raffinate transfer line is equal to from 0.5 to 2.5 times, more
[001 TYrefetaiyabinmdd hdaubibctinesytamdwptinsaltysignifieus ehangdestinrisraing
condifjsns ARYRITE RLIELRUIAE AslehoR.ARA espelaiRdualagefine
associate vaﬂvmg reters fo the valves and related appurtenances
chambonriBctedlycigrficanseird, JooL7 foihe PRseFRBREs iLRdmFRASHToN

deliveé%%%&r ol ﬁ%ﬁ%ﬁcﬁ%}%ﬁ BreRSialingredm aRNEHIDRSAAsAEREBEA from

rbent composition or mechanical changes in the adsorben :
the oIS P G IR SLHE A RARJE P BraSCs L sagsgine
this lite faahopggesdd oo Haliveracuntiaisdgyasttitybdf madedn bodmedrtthe égeipment

stream and an intermediate st f he ad i i f
v e Fm et o 0 S A 5

on anliBgstghaitafinatedifibutivn hhisseqoranyewhid gietisdblid Hewe in atnclﬂS
near the equipment
[0018] In selecting an adsorbent for the present simulated-moving-bed process, the only
limitation is the effectiveness of the particular adsorbent/desorbent combination in the desired
separation. An important characteristic of an adsorbent is the rate of exchange of the desorbent
for the extract component of the feed mixture materials or, in other words, the relative rate of
desorption of the extract component. This characteristic relates directly to the amount of
desorbent material that must be employed in the process to recover the extract component from

the adsorbent. Faster rates of exchange reduce the amount of desorbent material needed to

remove the extract component, and therefore, permit a reduction in the operating cost of the
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20 used to control the flow of the process streams; thus, the subject

process may be implemented on an existing unit by a modification in the
WeaMipiesthwhich directs fluid flow. [0018] In selecting an adsBfIeéHbIo6(BE’ 146

present simulated-moving-bed process, the only limitation is the

effectiveness of the particular adsorbent/desorbent combination in the

desired separation. An important characteristic pf an adsorbent.is the rate
procest, WA U SRR IELHTH oS ToP B0 S Coh 0 s Lo 8
procesiixiganatainis die bxvibestwardr tikeseciatheepratessf desorption of the
extract component. This characteristic relates directly to the amount of
[0019§1eSPHRSRL MAEFALhA UL BRiSMBIAYS Adi iMteRrRcaSIiRdEROMRIER f any
~ extract component from the adsorbent. Faster rates of exchan e r?duce
partioulqe ahAERAH BF HEQHIERCF IR ACHERRRoPS EHIOUREAE AP e

combifREBROR A TE: nekeéarSepesmihe Thd uatiabeit they operafing: bestzsbilie

-7 WO 21)1)61096394 PCT/115211116/11117146. Wi "
eyl ATAEHAA Y B EEAFBA MR P e S R L Lo ioate

molecERGRS@SiNdIsEipgatbonfiamdmoidiracssyeanilivlifeand the rsipibivess.

anmif QRS RERES SlG SUBISELIRVENOn iR ke atatt G ApbmiH
e use ofany particular adsorbent or adsorbent/desorbent

and syotinediireftiomyen thérsrinigroiverdendldselar SsrBmaRYIfshie US el f984;

Whichgﬁ%gq;&ﬁ@@ﬁpgﬂ Sortf ALSRHRE MDA RIBAYREFRAIEEPHISS be obtained

xamples of adsorbents which may be used in the process of this
from G/AABEH AR A8R7bak¢ ARt tidt &N es including carbon-based
molecular sieves, silicalite and the crystalline aluminosilicates molecular
[0020jevasadiaspifiedapandian dryczssolitedithaeiisadly treansraisdsioeinutely at
synthesis of many of j . : i i R
e g o G g R
must efeniesstibio swtisfisevbhesiteris Bish He dpsabragmmbsielgudgtisplage an

extract @b 431 Yd48: AnchAdD: 86 nd0R M M TRESRIBS VeTBeRAIRIDRing so

, whi i i
- CRUR CUC R e T

matergafmagﬁnbmm&brmu’ﬁtcpa&@gp@aoiﬁa&m shveralatieta i prefheed

esorbent material should displace.an 15 extract componen

ot R P ST AL IO AReS BT T ok en St e

compaflsanibed iak fortheldégpberenti@riz xiitotespriponanfinetn wWimplisty the
desorbent material.in a followin j ' rms of

secon AR et 1 b RS P A S MRS B e Re

particofahfeabmixttcoMperieatifivatly s Bsyeeesonat rgfnea s destroy the capacity of the

adsorbent or selectivity of the adsorbent for an extract component with respect to a raffinate

component. Additionally, desorbent materials should not chemically react with or cause a
chemical reaction of either an extract component or a raffinate component. Both the extract
stream and the raffinate stream are typically removed from the adsorbent void volume in
admixture with desorbent material and any chemical reaction involving a desorbent material
and an extract component or a raffinate component or both would complicate or prevent
product recovery. The desorbent should also be easily separated from the extract and raffinate
components, as by fractionation. Finally, desorbent materials should be readily available and

reasonable in cost. Benzene, toluene, and p-diethylbenzene are described as suitable desorbents
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component than it is for the desorbent material with respect to a raffinate
component. 20 Secondly, desorbent materials must be compatible with
WoREeAHSMar adsorbent and the particular feed mixture. MorBEHESEMAIN 7146
they must not reduce or destroy the capacity of the adsorbent or
selectivity of the adsorbent for an extract component with respect to a
raffinate component. Additionally,, desor materi .
fo PSR PR 5 L S By A ahe (e e become o
commeainpaaehidfa tafiomettoroRshis Bhbaid dssvhenpigherbailipgithia
para-xr?fge Ale JHS gﬁ@rt%rt%zpsll%?‘UXCE@WM?%QQ@EB%&@%%Mﬁﬁg NEdUBTBrifte
Admiiure with desorbent material and any chemical reaction involving a
stream@dydfibetinnalatisiiiitiand an extract component or a raffinate component or
both would complicate or prevent product recovery. The desorbent should
[00213Is0AhR el Geidaiatethfsenerthénekitaattemperafiicatageofifpandftsp 48 b

... Jractionation. Einally, desorbent materials s he readi lable:aRda;
wi g A0l E e fermenl melCIs e, sy miplafinonds
includd eqerbadeasfEivitable weintrivdinsid shase which) gpydeIoum atmospheric to

42 MPs B%%)% 30@(&1@1&&57&%@4 RerRIE M RENE SRy IR iR e ressure
with p-diethylbenzene (p-DEB) having become a commercial standard for
as usethfosegraration cmdiiomsis i fkisat yoriions arp PrgherBafhiley tHigh extract
compHR@xylene) which allows for easier recovery of the desorbent from the
extract and raffinate streams by fractional distillation. 5 [00211 Adsorption
conditions in general include a temperature range of from 20' to 2500C.,
with from 60 to 200 C being prefegeeigrgoara-xylene separation.
Adsorption conditions also include a pressure sufficient to maintain liquid
[0028ha38 oricl RRAYyR:fTeBGRaPhacttd fdn\ReanDRetionptionnymiitionss
generally include the same range qf temperatures and.pr : d
perfowga%ro%fﬁtf(?ﬁoc%ﬁ’d%gﬁ?ﬂf 8‘?ean gcotf&&%éxasfeﬁa%o eqf:)gae%g?r%{f ?oera 0 ir
compexiiacl déeinvhizhirics bESXAMPh ESO02RIY preditepnd cemrifaigwith the actual

improvement expecte e inventi &%ﬁ\&a{é oRNAS s Heumsd
Opera#bor é)gcroer?:lg\%cr?% %ee%é{{%qig?eﬁléﬁ\éggfggggsx ene frgm E$ arrz)m_atics .
recovasingaxgonsputbozedasisas fipms H’a’éﬁﬁféé’ig eRFrisRInsET uFRETPHak pnit

had t\ggq}p-%{l? it Withathe, actiRidea BRSO O eRIMMelidal el -four port rotary
simulated-moving-bed adsorptive separation units used to recov

valvieAlSEY R BN o ATSESEASRE o &SRR GBI IERES GRS Wt
% forSIRRWAsaHJdt: targets:

Meta-xylene Para-xylene
Toluene 0.01 0.33
Ethylbenzene 24.03 9.35
Para-xylene 2.01 21.68
Meta-xylene 64.78 50.03
Ortho-xylene 8.31 16.91
Non-aromatics 0.86 1.70



10

15

20

ULV UMYV I TRl W TN I VL.
targets: 20 Meta-xylene Para-xylene Toluene 0.01 0.33 Ethylbenzene
é4.g3 9.35 Para-xylene 2.01 21.68 Meta-xylene 64.78 50.03 25

rt o-xyé) e 8%&_ 13?9]_} Non-ar i - 4

ResutpEeTy £ K DD BRI S a Bea S Tt et e

away fretativechanthentofideva wmepndffbpainty/rashvers flush away from the
chamber to normalize product purity/recovery: Meta-xylene recovery:

Meta-yR3€ fe€Sription Feed Rate Puri Recovery 5 Base No raffinate flush

ase 99.66% 89.65% Invention Raffinate flush from chamber Base
Case 99.64%I889&Rkoninvention Raffinate HaghRaten chBmlter 1. Re@zew

99.64%_99.48% K{TO n art Raffinate fl to ch 0
B t& YN 30 besase @640
ase 99.56%01\?Rﬁ%%%aaer %affmate flush to chan?ber 1?2@)( Ba/fe 998%92% 91.43%

Inventit® ParaReffmats fbrsb\ory: GasbeDescripBa Feed Red*Puri REcHvary
Tnvent33S® N sAfinaR e RaRg:AR 2%196,8086: Inwntion Raffisaigsfush
rom chamber Base 99.75% 98.59% Invention Raffinate f|US£I f
KnowelaimbeRaffing el 5ochambei. 9796 1:P5823] THE Peshiting B se in
KnowRaPACIRAWES A HuiMhe trEessatering meta-Rylene 800b4%% WHEA3%
recovering para-xylene. Note that recovery was not maintained when the
raffinate flush was directed to the chamber. [0024] The above description
Para-xylreseenysies are intended to be illustrative of the invention

Case Description Feed Rate Purity Recovery
Base No raffinate flush Base 99.72% 96.80%
Invention Raffinate flush from chamber Base 99.75% 98.59%

Invention Raffinate flush from chamber 1.1 xBase 99.73% 96.97%

[0023] The resulting increase in capacity was 40% when recovering meta-xylene and 10%
when recovering para-xylene. Note that recovery was not maintained when the raffinate flush

was directed to the chamber.

[0024] The above description and examples are intended to be illustrative of the invention
without limiting its scope. The skilled routineer will readily understand how to extrapolate
parameters of the disclosure to other embodiments of the invention. The invention is limited

only by the claims set forth herein.
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-10 CLAIMS: 1. In a process for the separation of a desired compound
fammaeed mixture comprising two or more chemical compounds by
simulated counterc&grent adsorptive separation wherein a feed stfream

and a desbrBEsSt8h SR Lnt SH1ENSCORBOEThUIRBeY focd mixture

adapiient @hambe,m@mmﬁm doRlpsanty of agartadlonimeidwRdifiasetive
access EYH;% via different transfer lines and an extract stream compyisi n%ne

@A B SR AN AatEs StPER S AV IBSERS) Jithatt

fraumithel aammbﬂrmﬁaeﬁ b@mﬁiﬂg) a giffenenbaserssonintst byd\ddferent access

additional transfer I|n portion of the adsorption . chamber between
R A0h G H1E PR e e o ER o B i B gpound

dafinechafnao a@mmp&mnmﬁm&uahg inmfhdememgoinwhichdsomyptishsmber at two
djrecting one or both fa portion of hef ixture and material .
RO L P B L e Mo Qi dgortion
feanmbiae lrtsesibenthdramibet therafintentadiie trgasier inewviiah stream being
gc{% éjsw has been used tg remove the r ﬁ‘lnate stream.from the

658 Jua

FhERE A %%‘BSP“&RHG EHE LYt ‘r‘iPs%P’Mé*? HSFé?lﬁr?Eebéu pgh of a
fhaﬁ%h@do\ﬁltﬂa thel raffinatediLshttaa vaditraie fondibtiddsioptionluona aga Tdfénate

I1thht tthffflhf th
TGS b M S TR e Fine AL L aime Vi
fpnsheukat}as leenassd poirinyith thetmcﬁﬁammﬁ)lﬁltﬁnahﬂmiibﬂmfeihﬁﬂﬁer, and
df f the t t
3[)& § ﬁl% cog{elnr‘g.lf %[![Bn 9 ns (9§ Emeq% ?lt %laéq' ?[h‘le ra ‘&%a? %hto a a%rﬁnate

process of claim erein olume o rom
atoilibGob ctduabout 2.5 times the total volume of the raffinate transfer line
and associated valving. 25 4. The process of claim 1 wherein the volume
of the raffinate flush is from about 0.5 to about 1.5 times the total volume
A& the rafitinatedsansidailine dmdlassmmedzvaliﬂngat&h&'hﬁ“@memmmm the

slaimd whersin the valume, of e cafinale fush s oM AROHO (011 4eces
a tlmes the total’ volum era |na rans erline an
aesacatbol valyimge80points of the transfer line being used for injection of the feed

stream to the adsorbent chamber.

3. The process of claim 1 wherein the volume of the raffinate flush is from about 0.5

to about 2.5 times the total volume of the raffinate transfer line and associated valving.

4. The process of claim 1 wherein the volume of the raffinate flush is from about 0.5

to about 1.5 times the total volume of the raffinate transfer line and associated valving.

5. The process of claim 1 wherein the volume of the raffinate flush is from about 0.9

to about 1.1 times the total volume of the raffinate transfer line and associated valving.

6. The process of claim 1 wherein the feed stream comprises Cg aromatics and an

extract product comprises high-purity meta-xylene.
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aromatics and an extract product comprises high-purity para-xylene. 8.
Tihe prasessetaaimbimhereidrthe freftGiraaanCOmMpses QNG @fidieyand an
nonlinear 5 aliphatic and olefinic hydrocarbons. 9. The process of claim 1
\ﬁﬁtéar‘éiHr?ﬁgcfégalwgéﬁ\g@&%tﬁé@?a%@a'mixture comprising both
aromatics and paraffins. 10 10. The process of claim 1 wherein the feed
sfream_comprises (f:hhral com ou,nt;ltﬁ f?sr\?ﬁjse in pharmaceuticals and fine,
chemichtS. PIACoHhe! 5138 S O EmATCL I GSH STt TREECS (PRAT CSHsHLgear
afighatimateritabokxarebeiRers. 15 12. The process of claim 1 wherein
the feed stream comprises one of the group consisting of carbohydrates,
sugars, and combinations thereof. 13. In a process for the separation of a
desiredrsepaeurd dfoshimfeiedvirieitrehe? Gecdepeisin@ dMprioésmoed mixture
chemical compounds by simulated countercurrent adsorptive separation
WwHBPEH & é’gbag(fpéaé]r?? éﬁadpgr Lrbent stream are injected into at least
one multi-bed adsorbent chamber comprising a plurality of access points
two different access. points via different transfer lines and.an extract
Tonm L6 ARHE wic b idB. S S0 s FRHRTES et dipunds for
inghivichhatyiaséthidedwn e dienadsorbent chamber at two 25 different
access points by two additional transfer lines and passed respectively to
extract and raffmate distillation columns for recovery respectively of
etracthoptoctsand ddimaffwiaieipbditet] theapariioprioédbecadsarpetideohols and
ci&?mber between withdrawal of the raffinate and the injection of the feed
stréam being defined as an adsorption zone, the improvement which
comprises directing one or both of a portion of the feed mixture and 30
teriglithdrawn, from the adsorption 200e as.a raffinaie lush (o fih o
the raffinatd” Colunin fhe Contents of a ranster e whi previously g5 OUP
lweasistisg dftcarenhplretthsupaffmatecstibmntidronhdleefadsorbent chamber.

13.  In a process for the separation of a desired compound from a feed mixture
comprising two or more chemical compounds by simulated countercurrent adsorptive
separation wherein a feed stream and a desorbent stream are injected into at least one
multi-bed adsorbent chamber comprising a plurality of access points at two different access
points via different transfer lines and an extract stream comprising the desired compound
and a raffinate stream are individually withdrawn from the adsorbent chamber at two
different access points by two additional transfer lines and passed respectively to extract
and raffinate distillation columns for recovery respectively of extract product and of
raffinate product, the portion of the adsorption chamber between withdrawal of the
raffinate and the injection of the feed stream being defined as an adsorption zone, the
improvement which comprises directing one or both of a portion of the feed mixture and
material withdrawn from the adsorption zone as a raffinate flush to flush to the raffinate
column the contents of a transfer line which previously has been used to remove the

raffinate stream from the adsorbent chamber.
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the volume of the raffinate flush is from about 0.5 5 to about 1.5 times the

total volumg ebibefrafiinate wisnstembneland dasecittiactyalying. fiém Thsit 0.5
process of claim 13 wherein the yolume of the raffinate flush is from about
SR oSS 16 AL YRS ] VAN Y HHE SHARE S ST e e

associated valving. 10 17. In a process for the separation of a desired
xylene jsomer fro mixed C8- argmatics feed stream by simulated
Bnton SRS S A SPS S VALRS A HE PR W lieribout 0.
desbsbent siifRarMeattinjsaieddnii: 2ifibast onefiuiichad AdsoiRaralving.
chamber comprising a plurality of access points at two different access

points via different transfer lines and an extract stream comprising the
deésiredrkyleoecisomaiian avhaftinate stiemeoftae kbt ivitiul iy Witk ditaw 0.9

from the adsorbent chamber at two djfferent access points by.tw .
OO TP BN AL PR PR CR i P
distillation columns for recovery respectively of one or both of the desired
ene isomer and of raffinate product, t%e. rtion of the adsorption .
Hambdl BEREER (atnEF et O e rArtRaLE e e IBEiOR Bt the e Co
sir@astidodbed definctl amaitadsoiptiotuzenesdiepfiVdsepioa@imentrein the feed
comprising directing one or both. of a portion of the feed.mixture and
T AT AR R & SRS OS5 BT e T s

MAaten
thenaffingte phoilipfhecesnieints aftadraifisterntl nvecsshpompravidiftiyiasnsfer
geen uaed to.remove the raffinat est eanhfrolm the adsorbent chamber

er.

AR 1 S OPTAPR LA M e e S TAGRE g e srm are
dodnpdisdly evithdmbothoroftiiglisptlrity chetitbetyde neoatiffentghapteritypoints by two
para-xylene. 19. The progess of claim 18 wherein the desjre lene. ... .
Ol L B RO R S R S e Bt
pricess Gfrdaiovetd wiyereiveihefdesired botlené isodwirabrglsis éseamtially of
%ff‘?ﬁ%{é’%‘#&ﬁ{ceaﬁ%’x lene: Fihe adsorption chamber between withdrawal of the
raffinate and the injection of the feed stream being defined as an adsorption zone, the
improvement comprising directing one or both of a portion of the feed mixture and
material withdrawn from the adsorption zone as a raffinate flush to flush to the raffinate

column the contents of a transfer line which previously has been used to remove the

raffinate stream from the adsorbent chamber.

18.  The process of claim 17 wherein the desired xylene isomer comprises one or both

of high-purity meta-xylene and high-purity para-xylene.

19.  The process of claim 18 wherein the desired xylene isomer consists essentially of

high-purity meta-xylene.

20.  The process of claim 18 wherein the desired xylene isomer consists essentially of

high-purity para-xylene.
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