WO 02/ 40432 " ADSORPTI VE SEPARATI ON PROCESS FOR RECOVERY OF PARA- XYLENE"
FIELD OF THE | NVENTION 2 0 APR 2005 PCT/ US01/ 45529 The invention relates to
a process for the adsorptive separation of a xylene, 5 preferably 7 0 APR 2005
par a- xyl even2/4em a feed stream contai ni ng an adm xt ure of PCOBUSINGREYI C

hydr ocarbons. Mrre specifically the invention relates to inproving the
performance of a simnul at, gi pq e | qui d- pha rptive separation
process for the recoveryﬁg?% a-yg %Aﬁéﬁ@ghéﬁﬁéggmtlc hydr ocar bons.
RELATED ART 10 Si nul at ed 8RR REWYEFIMVE)F tRARAKEEENE used comercially in
a nunber of large scale petrochem cal separations.: The general technique
enployed in the performance of a sinul ated noving bed adsorptive separation

is well described in the opeRlELReDhtTHE. INNUENTKINance a general
description directed to the recovery of para-xylene was presented at page
70 of the Sept er 1970 edition of enmc 15 Engi neering Prqgress (Vol.
56, “No 9. A gl mVERbn delaq B Brecars 1otahs Ao EREE SEPAn SN o
mat hermt | GabicTReg!d oty ofDadéed Bfedic@hRALINGNA] adBRie!# T5r8Maii

" Fundarren:ig{as 0 9Eélrspor ti(;e?l"r, Schl oss El mau, Uplpgr B%V&I‘I a, rman{?l lgn May
6-11, 198dwhyodarBon®r blaybtspeciindldha inntionaklatedNimiemmosingdbder avai | abl e
ref erences descri be ny. of tge rTechsni (I:al, p%rts of a simulated 20 noving
bed syst erRSHORRRHER R & YMii'ateq AnQdag Pe avidRhane: 3ARFINING SRRIEEUI d £ 1 ows,
the inter SRR _h@rg}%r 50 =&- 3, 686, 342
descri bes p{?ﬁ%@sﬁfgg?lﬁlﬂon obp ggé%@x I] eneﬁ?'?ortgnhm Qgeg%mxét‘iﬁgwgi%ﬁas'fdﬁaém mul at ed
countercurrent adsorption enploying a zeolitic adsorbent and para

di et hyl benzene as the desorbent. This conmbination is a good 25
representation of a commercial opeRELAIED &RThis particul ar separation.
US-5A- 3, 510, 423 provi des a depiction of the customary manner of handling the

raf fi pate and tract strea r froman,SMB process,. Wih the
desor bént bei n?ﬁ %@Qr@ﬂvm%mcﬁﬂ&é@yﬁ?%eéﬁﬁorﬂwq?@& inghaypmber
distillati | AEhicarysd Betidr. t g IAR;i ol 06, 197
extends t rﬁ?ihrgs%t&gta%c%éﬁ% on ggsoﬁ)eﬁttl rec-’;/}gel ?ng&{agfe{cﬁﬂgg‘égégn !Eu)ﬁee(é\\'tﬂggsor bent
m xt ur es. pdaFoAmahcg o astRuEEed moving bed adsorptive separation is well described in
the open literature.” For instance a general description directed to the recovery of
para-xylene was presenied at page 70 of the September 1970 edition of Chemical

15  Engineering Progress (Vol. 66, No 9). A generalized description of the process

with an emphasis on mathematical modeling was given at the International
Conference on "Fundamentals of Adsorption”, Schloss Elmau, Upper Bavaria,
Germany on May 6-1 1, 1983 by D.B. Br_oughton and S.A. Gembicki. Numerous
other évailable references describe many of the mechanical parts of a simulated

20  moving bed system, including rotary valves for distributing various liquid flows, the
internals of the adsorbent chambers and control systems.

US-A-3,686,342 describes the separation of para-xylene from mixed
xylenes using simulated countercurrent adsorption employing a zeolitic adsorbent
and para diethylbenzene as the desorbent. This combination is a good

25  representation of a commercial operation for this particular separation.

US-A-3,510,423 provides a depiction of the customary manner of handling
the raffinaie and extract streams removed from an SMB process, with the
desorbent being recovered from each of these streams by fractional distillation,
combined and recycled to the adsorption zone. US-A-4,008,197 extends this

30 teaching on desorbent recycling to three component descrbent mixtures. US-A-
-1-



4,036, 745 describes the use of dual desorbents with a si ngl e adsorption zone
fc provide a higher purity paraffin extract. US-A-5,948, 950 desc} (J&R 1805
process for separating para-xylene froma Ca feed in a sinmulated noving bed

brocess U374 atridestha 486 HPBIAl d¥Rsents fRR A ARIE adkiphbh 7afks e 1o uene.

The patent stresses the i1 nportance of proper hy e zeolite to
good sepprevidea higher@uniynparaffin extvache hydrati on IgavelI bei ng mﬁi nt aihneﬂ by
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and 5 zedesbesent, Whicip eafh berfaloene.0The patent giressed the maponase ofrprbpsms of a
performance ind nated I P. This reference, like the others cited
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invention 1'san a ve separati on proces over of pare

xyl ene f riwoughithe tdserbeht. CEhedesarbemst tb ek d raiol(SyF). disdissaarintisiss i s oper at ed
at conditjons, includi n&-ﬁhi gh desor bent 'é)ﬁuri ty. providing inproved overall
per f or marfeterence varesdram W iehd by iTheratargn derctibes the use,0 SVBAID/F). The 20

i nveptio ; i LALd , i ' ' on feed

compadi ¢ mdleCf slepe bekpd aBkiehf AuRE bahlAC Kibs G BRRERMANC
operati Bgadnd‘gzpelites.u%e pErfermancensfi the pm;esfbds m%h axdan terens @fsa? si mul at Ied
novi ng be sorptiv epar at | on process for t separati on of para-xyl ene
froma f QW',@FE? E‘d(;% C@‘é?ﬁﬂ"“?@ \%g Is refgeancgliked ﬁ&tﬁ%ﬁ cﬁ?‘gﬁﬁ?‘{% § n which

t he feed di ha i i s AR of Thé %6 ich sieve
has been ég‘% %gng)eﬂo?av{nﬁﬁghgﬁéfgfads%g&%ba@ipﬁﬁnﬂ) tgtthggg]gérjpt | oc% o;)fft’g‘?réte?rra\ghcondi tions
I ncl udi ngoracessiperature ranging from 99 to 149C (210-300F), para xylene is
'sel ectively adsorbed on the nol ecul ar sieve and subsequently renoved using

a desorbent stream conprising toluene, 30 characterized by maintaining a

perf @fnance i ndex abovBRIEFRRSUHAMMARY 1OF i THEfINVENTION2 0 , APR 2005 WO
02/ 40432 PCT/ USOL/ 15529 0.5 to 0.7 by operating with a toluene purity in the

adsor bent abovEheiavenlioris an ddsorstiyecepaaitionbrateseriol BeActtlarpobpary. 6 to 2. 3,
where xylene from a mixture of Cq aromatic hydrocarbons. The process is operated at
conditions, including high desorbent purity, providing improved overall
performance at the same volumetric ratio of deserbent to feed (D/F). The
20 invention allows the D/F ratio to be more widely varied depending on feed
composition, target performance levels and 'desired adsorption zone operating
temperature. |
The invention may be characterizéd asa simﬁlated moving bed adsorptive
separation process for the separation of para-xylene from a feed mixture
25  comprising at least one other Cs aromatic in which the feed mixture is contacted
with a zeolitic molecular sieve, which sieve has been exchanged with at least
barium, at adsorption promoting conditions including a temperature ranging from
99 to 149°C (210-300°F), para xylene is selectively adsorbed on the molecular
sieve and subsequehtly removed using a desorbent stream comprising toluene,

30 characterized by maintaining a performance index above 90 at an A/F ratio of fromn



A =rate of sinulated circulation of selective pore volune through the
process, 5 F = volunetric feed rate of the feed m xture' L3 = |?quﬂnt\BRflliﬂ&w

rate thr@yahgene 3, and | P = square root of (yield % ti mpeyRWhkasad) of
para xylene in the extract product stream of the process. DETAILED

DESCRI PTI ON AND PREFERRED EMBCDI MENTS 10 The pol yester fabrics and articles
whi ch ar e Gt ddyvieperabuyithrastobrenguepetly iF henedsgbephabows 98vhiYene gl ycol

and teraphthalic acid. Teraphthal.ic.acid ] roduced by the oxidation of
par a- xyl eﬁ@?ﬂﬂ&?ﬁ%@?%’h@t %’%E?/%\féhgr?fﬁ_ré)&réén\“’%?&%v mat eri al the pol yester
and chemi cal i pdusiteid?Simimated Kydutafor &f daiditRal poreVRRAMENBHLgh'RE a

predom nantly C8 aromatic hydrocarbon fraction which is derived from 15
vari ous seuwaass, of aromati c hydrocarbons, such as catalytic reform ng, by

liquid- liquid_extraction_and/ or actiqgnal distillation. The para-xylene is
cormegci ally gee‘_p‘él?[é!fr@tﬁmf' fe@rﬂd@?%gf‘%‘-%fﬁﬁaﬁ@x%ﬁt aining feed stream usually
contai ning all tangea; ' r 4 her crystallization or
adsorptive sepé’%atlﬁgﬁwg&%gh | atz;%gr?b‘xoﬁoft hese two techni ques. Adsorptive
separation is ihe guyeees rdccifyigidesdimledparitll Gor appamed/lengireiie extpor i ty of

t he mar ket share of ne{:V\{Q&/ constructed plants for the production of

par a- xy| eREOAYES SERRMNATtYS RIGCESH- t he conmercial adsorptive separation units

for the recovery of para-xylene use a sinulated countercurrent novenent of
the adsorbent and the xylene containing feed stream due to superior

per f or mance 25 mermaged GWIP‘EI@QQAWWF%hEE{hREPiEl\ﬁﬂ@@!ﬂﬂ'ii\ﬁgscmc

adsorbent novenent 1s perforned using est conmer ci a hnol ogy

wh i bed ' 2L |, i cal
Adsoritont - chanbir SoyRabIGE aff BrkECuhERRIRSE ik B3 (e ROl he

pr ocess efvoat apolynearaf etitiiene glysohendicaaphtsbhivbyids Nidrapitraliongidise | engt h of
the beds. Normally there are at 30 | east_four streanms (feed, desorbent,

extract aRiPGueeHibydne Pxiiairs\al @ararxyiane. PaicoRdeis & hHg ahigWUtEE 1M at whi ch
e e e
streans | geveapreiominaniheCs vramatid hydivedibondsaction whichlit dedoedirem fted in
the sane direction at set i i ) o
15 various sources of aromatic hydrocarbons, such as catalytic reforming, by liquid-
liquid extraction and/or fractional distiliation. The para-xylene is commercially
separated from a para-xylene containing feed stream, usually dontaining all three
xXyiene isomers, by either c:ystaliiiaﬁon or adsorptive separatio.n or a combination
of these two technigues. Adsorptive separation is the newer technique and has
20  captured a great majorify of the market share of newly consfructed plants for the
production of para-xylene. |
Essentially all of the commercial adsorptive separation units for the
recovery of para-xylene use a simulaied countercurrent movement of the
adsorbent and the xylene containing feed stream due to superior perfo'rrhance
25  compared to swing bed adsorption. This simulation of adsorbent movement is
performed using established commercial iechnology wherein beds of the
adsorbent are 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
30 feast four streams (feed, desorbent, exiract and raffinate) employed in this

procedure and the location at which the feed and desorbent streams enter the
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I ntervals. Each shift in location of these transfer points delivers or
renmoves liquid froma different bed within the adsorbent chanber. This
shifting could be 5 performed using a dedicated bedline for each stl BARR 31@5
t he entrawoaztiouz@ach bed. However, a | arge scale SMB procegg/usoiissm | |
normal |y have at | east 8 separate beds, with many of the comercial units

havi 24 te b te bed f h st t
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art as 20 unms t he esor ent

separat ed fifeoproces apxtihaeforarnte betifingate: cuspdutittseachisedipratdrging cbr$e in
this way recovered, and it is then recircul ated to_the adsorption_zone as a
procedd st pEiw fpRf EFQC@StSB'EﬁéTSe@W%e PO I E¥LPYSat Tg‘ﬁr‘%érhlgmyl stoRiifipflact i ce

of the preg t m xture conprising two or 25 nore cl asses
of hydrocar% sdns%‘c th8r§}1|\ﬂ% FOZarbons of different skeletal structure and

al so other di ffNsaiﬁsdnhddmﬂfé)@f@reme@@&@@dbbhé LCArgBMBgroeesepraiueed st of an
adsor bent V\/m ch sel ectively adsorbs desired paraffins of one class (skeletal -

st ruct ur e) lagst veo plluent sirpgmst Al eXEaRPYRAT §0BRINIAG arcasPHbach wasass

t hrough t one part of a
o orn o SRRl Pt A AR ARNA FRRAR 4B BRGSO R
st oppad andoinpeunéd(ts whith aerg adeadsorbben Bfoltmmedxttam aamrq@ rafnal et
mat eri al s surroundi ng the  adsorbent. Thereafter the adsorbed hydrocarbon is

desor bed fwdhalﬁqa@oata;wl%ﬁ@sorbemwmga@ﬁ) 2 The spreenfuionmtthe desebssbo by
passing a geparR&iic Shhamhhy QHEHI VIR VAR SIrRERhaffith iR BUMghpXt F act

incrementai shifting of the process bed lines due several faciors. The extract and
raffinate streams are passed into fractionation columns, referred to in the att as

20  the exiract and raffinate columns, in which the desorbent is separated from the
extract and raffinate compbunds. The desorberit is in this way recovered, and it is
then recirculated to the adsorption zone as a process stream referred to herein as
the desorbent stream. _

In the practice of the present invention, a feed mixture comptising two or

25  more classes of hydrocérbons such as hydrocarbons of different skeletal structure
and also other different hydrocarbons is passed through one or more beds of an
adsorbent which selectively adsorbs desired paraffins of one class (skeletal
structure) while permitting other components of the feed stream to pass through
the adsorption zone in an unchanged condition and become part of a raffinate

30  stream. The flow of the feed through the adsorbent bed is stopped and the
adsorption zone is then flushed to remove nonadsorbed materials surrounding the
adsorbent. Thereafter the adsorbed hydrocarbon is desorbed from the adsorbent



stream The desorbent material is comonly also used to flush nonadsorbed
materials fromthe void spaces around and within the adsorbent. BbfHPR1805
raf fi natwoandiogset ract stream contain the desorbent conpourrdI®)soand?zare 5
fractionated to recover the desorbent. Nunerous reasons exist as to why,
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initial design of these colums may have been nade esire to

m ni mze vegetiall foom dpe vaidi spRces strsuach dndivtithouther axtsogménti ddototthd he

| nportance qf desorbent stream purit n unj t perfor e. second reason
% 9 )

is that féﬂzg’"‘%@p%ﬁ BXERCLENRRE EYNiGIN W@%t OFHP @&€col utms can
becorrg tﬁé@ﬁﬂﬁ@ﬂ&&h@cz}fa‘?@hé@b Qnt hese colums is increased due to an

I ncrease In sorption un| eed rate. It may be possible to address

this problem tNmmuk&eas@méx:byastmwg sdurihg ihe recoesmal asd/fenef thee of the
colum e:g. by the installation of er capath trays or by changes in

the oper abelaagonthaing pedarmesin Tk@.@ﬁracéﬁéﬁ‘lj@%a@ WAN NPt IeeLlRIna |inited

armount of erformance of
t he col uﬁh&%lfﬁﬁ@gﬂ%@&éf&é?@ rg%%aéﬁgmé Q‘%iﬁ%%% &t“?g.{eo Such
| ncr easesdbsorent beednt. aFlfSttmetthmaBdéﬁ%@bfﬂm@ero’@idmﬁ@tr% meQQanrmad@n occur
due to an increase in the rate at which the feed is being charged to an

exi stifng witb@ gesisn iaminipuzg e3pita ob pParatingcostssand withed rgcegniten @w@e

2120 posthbgidadie, B rBBRALBlr B o RUFE aeBRfTH 85 AREEH [N inc cased

to, due thmatltﬁérs@bbﬁﬁo@.rbapfacapoffm.fémmét éﬁé@éﬂﬁﬁﬁie SdluiRfs icBRTRGeARNt i n sone
operational 25 aspect of the adsorption zone such as inproved controls on

t he shi ft taxgdonvhendhe jegibaie to theseqvdumas is mqrse@sad daefip @ndnerepbe dhthst r eans
or dlfferet fl.us of. |t t rsc occur during the
Fevanpi noOroRSBBTERERLRR, Bhians pasiab s RIS BlhOBPT festndar at Pon
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At this point the performance of the columns will begin degrade with increased
column feed rates. Such increases in the feed rate to the extract and raffinate

20  column can occur due to anincrease in the rate at which the feed is being
charged to an existing adsorption chamber(s) or by an increase in the size of the

} chambers which allows operation at a higher feedstock charge rate. ltis also

possible that the throughput of the adsorption zone will be increased to due the
installation of an improved adsorbent or an improvement in some operational

25  aspect of the adsorption zone such as improved controls on the shifting of the
zones in the chambers, use of different fiush streams or different fiush methods,
etc. All of these factors can occur during the revamping or debotlienecking of the
adsorption portion of the separation unit.

It is an objective of this invention to provide an adsorptive separation

30  process for the recovery of para xylene from a Cg aromaiic hydrocarbon feed
mixiure. It is a further objective of the subject process to provide a simulated
moving bed adsorptive separation process which allows optimum utilization of

5.




existing fractional distillation colums used for desorbent recovery after -
an expansion of the adsorption zone or a significant increase inZ Qh@Rf}EEd

rate to tiep oHuREAl | process. It is a specific objective ofpdhgsinyeption to .
optim ze the performance of a tol uene-desorbent based adsorptive separation

process for the 5 production of para xylene. It has been discovered that
the purity @¥stingdraptionebdistiiaioneaimes use@tpr daserheniscesterdefiennd raffi nate

I h Lani f t t he .per h t,] :
ho used herepRnRR ¢y AERRBLUEReRR frety BB AR o T e el B Bt 8o, *"
tol uene or vkl pidesesbens acpmRBdvHsive e FRNvEAtidME dRkipeapient stream
delivered to the flow distribution device e.g. rotary valve of the

adsor pt i on p&ipmence T iehlancetgrashed baspd adspgdiviei sepapatiopspracesmtor the

hydr ocar bons_such as. et hyl benzene or xylenes present in the feed stream The
use ofaS; dﬁB&%@WP ftf?éé'grﬁyfecﬂ‘?tai ning | ess than 1000 ppm C8 aromatic

hydrocarbons is |phgé Qééﬁ@scﬁﬁ%tpﬁﬁiﬂ@tﬁﬂﬁy 8f tHeBd S BB Srdird r@GafdoNs 1 n

the 15 desorbent stream of only 2000 ppm has a marked effect on the

per f or mancdrash the aetracicvesafinade icolumnsehas & sigrificgint E8eel ornfhd perforimaycéor t he
desorbent. It hag al so been discovered that.by operat.iqn in relatively
narr ow rangfg%&? 3359@?'Pr‘o?r?§]eofAs ?%@?rﬁiwlgﬂ&fﬁi%ﬁa%%ec{’ﬂge%?Pgmnce of the
separation, [ | ' i gh | evel
By nt ai OAERE G @lehS or o tlesg Bt Sl AN Pedinin e
referrBll t didserlsnt sireanhdebiorgd kathe flow dishibution aldvinet e gombby Vedvef oirthed by

two or nore conmpounds if sugch a two co nent .system: desifed. While this
descri pti orﬁ‘%‘f”r &}ﬁlﬂé@%e %%51%gxwé{%ww&%awjﬁeeﬁi@?@”ﬂ@m i mport ance of
desor bent ' }@gﬁ I : ' d in -
whi ch raffﬁwgl{(sedég%ﬁ'g%%gﬂ?égm I%%nrr%h tQ gdrc nt grgﬁp?\g e t"ﬁ\lgRé d\:aes%g%&eér%t?r." gﬁ%h

appl i cat i onssei ofc delsorbbat stesameoptaiing tessehapd 080fppms Gararomatticns from m xed

acyclic hydrocarbons, It is preferred to o ate the adsorption zone at
Gondi t i ons HHIRIRTPRRS Irrelerad b CPRESHTA0BI Bl 3 PEIRBIDR ORI DORS & BPov! des

e | e eraERctnt sHednt 870 5opg b b B ERBRRL Ko SRl P12
(250- 275F) ths phoggssyamt isferatalile Mgiotdvel of impooityt fonthe pesatbieabalt heagisabl e i s
5885Mt er Cb%rétneé}écoo\}cerég ?he?tib%{vczepere-lljcri]ci)nsinvaarrélaqtkfleﬁr rile'tsrrc_)\g r%g (2:rf'L égﬁcﬁt?oznszofo APR
temperature and flows the performance of the separation, as measured by an IP
index, can be maintained at a high level by maintaining an Ls/A ratio above 1.95.
20 The desorbent is normally referred to herein in the singular, but the desorbent
could be formed by two or nﬁore compounds if such a two component sysitem is
desired. '
While this description primarily addresses the recovery of a xylene, the
importance of desorbent purity should extend to other SMB process applications
25 inwhich raffinaie components may come to contaminaie the desorbent. Such
applications include the recovery of normal paraffins or olefins from mixed acyclic
hydrocarbons.
It is preferred to operate the adsorption zone at conditions which include a
temperature below 177°C (350°F) as this provides better selectivity and capacity.
30  ltis especially preferred to operate in the temperature range of 99-149°C (210-
300°F). A temperature of 121-135°C (250-275°F) is highly preferred. Another

important operational variable is the water content of the sieve. This variable is
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PCT(US01145529 described for instance in the Hotier reference cited above
and other references such as US-A-3,734,974. As a conmercial prode$4PR 7005
oper at esygpiddnypusly with the adsorbent confined within gl ghers the
acknow edge(d)zt nmet hod of operation includes addi ng water, aés(h]?g%ﬂ?'sie% , to
feed stream The level of 5 hydration of the adsorbent is reported on a
vol ati | e Seswisskiosinsianeg i therkiplier esferanceddiledralipvecand olhes seferences

[ gnition( ' i ny US- A 90 3..1nt LO .test the volatile
ot er CooRhpe YIS RRE T A8, The Bl Tante pisctss dherd sy R kg

di f f er encgheodiirpest durffinee vithin 8id eiaribyisiBe aickabWlRigeld metiodpstsor bent  at
500C under an inert gas purge such as nitrogen for a period of 10 tine

suf fi ci enppekstigon saddng tveaier, wsirgatired taifegd stre@n. | Ehetaveholdesi red at
hi gher opgrati.n ratures. A hydration,level givin n LA of 2.8 - 4.0
[ sg_ p$ ef ESY@F&&Wtﬁﬁﬁg%%éﬁ?%@ﬁt@%ﬁ?imi \&l%tﬁeief 5% g_r Bb_aher oper ating
vari abl espdzRgtaifieni eerted] © &Rl b8s éﬁ‘l’gﬁiﬁ'@\}(ﬁbﬁ a&bibSeriveddpfiiged herein. The

A'F ratio sets an operating curve, specific to a particular L3 rate.
Oper at i ngSWO0B2h Imdire kOt tast die volatilesmaenconteént gfrtbe eeobil: adspbenidss uni t

oper ot o abetem R pLheAORF uPRrdheg ek caleye AR e S8t 4 RBEPIRObr oauce

| ow puri ttheoa%@éil}iﬁéntfﬁt %@i%d@fﬂ hinﬁuerft s peesh BGch Qs%itrch]éfﬁﬁo@bipe?rﬁﬂ o |

operate in the | ower portion o I's fange.” The operating conditions

i ntedfct Hmersufficienideachlavespoomsianipaeigbt. ndigherddii is eftepdeasiredsg t he
ffect . 20 al di t.i : | e.of l,abl e i | ay,

oL et <. olcPRe B RIAD 1SRRI RS B0 28R T o pl T B AL Y b

ci ncul ati grufetrbd withih Q@sd?@éﬁﬂcdrﬁéﬁhgigt%n %(Sze@»ﬁfmmérﬁfp%fr&frfge\%ﬂa%lé@dm mze

both L3 and A, which | eads to a need alance initial désign an
oper at i onihcluliedhetlisifgradio and the) NFrratio @salefinediheteis. tTheAS radio seizéerred. The

DF ' b i ed hased n_feed i_tion, 25, d
ur 1y, SPESRIRG ALRE Sherio i iRty Ak DRrmk Wi SR AYE SRRRRIC LY 1)
| S nqy adgpd.7tie p?é\‘ieﬁ_ebl.iAtpr@ée@nﬂ{iﬁ@ééggnéfcﬁgdr%hﬁany PRIl HigHpamy be

characterized as a sinulated novin d adsorptive separation process for

t he separ praduet (F.9028%) Will epeyate aitha highat endafihis genswplrespag Uiitsl east one
ol ecul ar Ceraet fo hfhaliCe iy PR BRUR & athErieni D Ia LBkl bl G a
adsor pt i ogr/RtMERY WiDogSaeE il 1BBIoWBEHOHHDA DS tid . aTHE ©peAtigEnURioRk
99-149C, para xylene is selectively adsorbed on_the nol ecul ar sieve and -7
WO 02/ 4048teract such that overall optimum performance requires balancing the effects of
20  several conditions. As an example of variable interplay, increasing the La/A ratio
increases recovery but requires more desorbent circulation. i is 1o be noted that it
! is normally preferred to minimize both La and A, which leads 1o a need to balance
initial design and operations. Operating at an La/A ratio of from 1.6t0 2.3 is
preferred. The D/F ratio can be varied based upon feed composition, target
25  recovery and purity, sieve hydration level and operating temperature. Desorbent
purity is now added to this list of operating variables.
The invention may be characterized as a simulated moving bed adsorptive
separation process for the separation of para-xylene from a feed mixture
comprising at least one other Cg aromatic in which the feed mixture is contacted
30  with a zeolitic molecular sieve, which sieve has been exchanged with at least
barium, at adsorption promoting conditions including a temperature ranging from

99-149°C, para xylene is selectively adsorbed on the molecular sieve and

7-



2 0 APR 2005 PCT/ USOL/ 45529 subsequently renoved using a desorbent stream -
conprising toluene, characterized by maintaining a perfornmance i !Zq}eKPRaﬁW?l:e
90 at anM)\b.h@Gi0 I ess than 0.7 by operating with a tol U?E?/LBW/J%E% in the
adsor bent above 98 vol.% allow ng operation at an L3/A ratro greatér than
1.95. 5 The adsorption and desorption steps can be perforned in a single

| arge bedsWiseqyeotysemoved HaiNga, desPrbpat siream qssaeishng lseeg bed basi s.

provi des sehARGer288 byrapiuhaga SRR TRA PR SoiGTLRY s or e,
nmany comeihgndl.7 $yederaliref with kewiale seRpimtHeoadsorbenesbeld 98 tbigge for the
separation of xylenes and 10 m xed normal paraffins are perforned using

si mul at ed aliawing opgratiomn aimivby rebe greatepihanetRfol ogy. The previously sited
f ' t ed_ f t hel. hi h f f thi

techn e, Fur t fOF Syeoiel skl denatBlion stRE A B b tiet e SUMERS an 'sve

process nayedef Aasivheniola-anvaral (R 8RS beliSofr a dwikbedd Basi¥StHvwbvaP 3 Hak3

US- A- 3, 455, 815; US- A-3,523,762; US-A-3,617,504; 15 US- A-4, 006, 197;

US- A- 4, 133bserefoundithabsireulaieganogng beddidsospiére sepqiation praides sevedalnovi ng
bed operatign which can be, perfqrned using sim| ar egui pnent adsor bent and
condi ti onsa‘g nt@\%’%ﬁ“& %Flgfﬁegur b TERYY OW%@??rﬁe SERer &callr%i qui d
in the adsgspddteimiehPsdRratidrs, @ap6EaRRthosa foPtH dertlZidPeér ANehdsart

4,498, 991.'9%%6The adsor berntl chan%erl(gf of the adso‘fegt i[on z%e and ot her
porti dhs omixadenompnal pesaificaardpedpanad adingtsicwiated count@rcwmrdindvimsbedi ng

th i [ t. Th . I | ti I
odsor bent - GuaES BenoR Ry P brovib ShR R ERTeRo0Rs RISt BRdoa el bant as
the per f or @BRRRGRN iHtperfifffatice dIMRRASEHiGUECFaRIENtRNs BAtdpteitiely are

not normally inferchangeable. 25 That is, 'a desorbent which tfunctions well
Wi th one aigcbnioees fof Using ot an &048 puecess may be fguod in BSuAtZ20H,883UdEAwi th a

based uporB 2T DD RaPar S BrAL Ao B 45232601 DBl b Gt or red
and w$h alDSW%@&"PQ?P!QﬁI@WSEBQQ‘, &nd /8 ALg 400l 0. KR TRRGLA! tg%e pfeferred.

It is known in the art that ion exchange of the zeolite with di fferent

cations wi$imuiaiadgaoving badamepatiamwbisiireas e petfpused Bsingisimilgreeatipmeoh of

D o el B B BRSOl S RLES B e FRRS50b PSR A 1

20 to 29 -Ryuid in the adsorption chambers is described in US-A-4,402,832 and US-A-
4,498,991.

20 The adsorbent chamber(s) of the adsorption zone and other portions of the
process can be operated at conventional conditions using otherwise standard
equipment. The process also employs a conventional adsorbent-desorbent
system. The adsorbent is linked with the desorbent as the performance of the
overall process is dependent on both and they are not normally interchangeable.

25 That is, a desorbent which functions well with one adsorbent will not necessarily
give good results when used with a different adsorbent. The preferred adsorbents
for the subject process are based upon zeolitic molecular sieves, with X and Y
zeolites being preferred and with an adsorbent containing an X zeolite being
especially preferred. 1t is known in the art that ion exchange of the zeolite with

30 different cations will change its adsorption characteristics. For the separation of
para xylene from Cg aromatics it is preferred to exchange the zeolite with barium
and/or potassium. The use of a barium exchanged zeolite containing 20 1o 29

8-



2 0 APR 2005 WD 02/ 40432 PCT/ USO / 45529 percent bariumis especially
preferred. Another highly preferred adsorbent conprises an X zeol EtUeAP‘Rth
has been ion exchanged to contain both bariumand potassium Further
I nf or mat W@wamysdsorbents is available in the patent |itermtns e
preferred desorbent used in the subject process is toluene. The 5 invention

I's believed to be.generally. applicable to other desorbents inclyding para
di ety bEREERE BoRHE Erepetialf PiareRads A Rentual Rinen eyt or al 1y
gover ned B¥m@FERBSENCK La6HE Whi¥hhal Dedriibh Rxehsh e & Hovh Bfifiaramnce of
t he adsorbent-desorbent pair in terns of recovery and purity at specific

condi t i onpotasgiunt.ofFugipetinforendtissdor agipodienioiavaitile & thepatenttitepatefeer ences
expressed herein are, 10 termned by.technol o factors such adsor bent
capabi 11ty and 10egtetaed desdrBeal Gerdh G DIGERGRES K Bte o o purity.
Thesespre ' ] h W ' | | t of
speci ?i C ﬁﬁ?ﬁgﬁﬁiss%nliéme}ﬂﬁglgg %@é\}é‘w ﬁgs esl rgc?tg@%dﬁﬁbggf%ﬁﬂ@bgg@ z??#ng and

capi tal cdthyldienzbreoVéeahboige oicas adeameneddserbenpsrsidmds nofmehe extract

and desorbent colums 15 at condjfions which resuylt. in the presence of a
great er a@BYRHNEGOYBCUITNEIREIrS WRIhINARK %r@IWOKQfSJPH pﬁﬁgﬁ;ﬁfﬁgngﬁ B&?‘Besi gned

for . O { gcoichi Bbadah 89asin b roBIe SRR SCe ST RER N

only a reasonably goo lon 1S nee si'nc roduc

separ at i oforispegificyfead contpessitioinsy Thergfdredmet mafarehtes gsrebseahhdelredrs ned,
however, that the purity of the desorbent js a separaf_e and 20 sensitive

varidfl e pigtarenin Yﬁ?%@'%cfﬁcioﬁ% Sélﬁhé‘szﬁﬁsf’ﬂ@ﬂﬁ?ﬁ?%@i gk SGHOMIB| ecul ar
Sl eve or ?ﬁoﬁgﬁfcﬂté%e%cﬁéﬂ‘léﬂ 6H@§ct iy ?s égt(sft 0 Fl'h@?é ﬁ%‘e{é}ﬁ%@ vfﬁfl %@?usl y

di scussed "1 n the ar rtance o rben y I's 1lIlI'ustrated by

t he fol | owithghexaonbmic &ad bdsinpes sitohtien obsmddificowdise testing invol ving the
separation of para xgcl)ene from 25 a mxture, of ortho, neta andaFara xyl enes

and et hyl benzeﬁ@.@?ﬁ negsakovgtne @Qﬁi(ﬁj@t"@iﬂ‘"ﬁ?‘eﬁbgep?@mamﬁ FQﬁjl d phase
condi ti O”B&ﬁl@éﬁf?fg_ﬂrél%'s%ﬁﬁ 185d fo oPERf %?Ehéﬂgt{éct%ﬂh%%romt%% @éegmr At o

exchanged Zeo e tests were perrtorned an a
(A(Fi50f @t borditiomswhnhAesalt irothef prés8Bce ol Dheater asweant ol rgmiatesdesor bent

36 pur 1 ¢ . ARG NEHENGErEAE TR REIZ i OF e Al SERO PLPe it o 1 2l o
rppen SEHGPIERBSNR hRCLEbR0 Ry Y L eiBheb Rl oV
needed since the product of the separation is only an internally recycled stream. It
has been determined, however, that the purity of the desorbent is & separate and
20  sensitive variable in its own right much the same as the hydration of the molecular
sieve or the operating femperature. This factor has not been previously discussed
J in the art.
The importance of desorbent purity is illustrated by the following example
based upon actual small scale testing invelving the separation of para xylene from
25  a mixture of ortho, meta and para xylenes and ethylbenzene. The tests were
conducted at 125°C (257°F) under liquid phase conditions employing toluene as a -
desorbent and a barium and potassium exchanged X zeolite. The tesis were
performed at an adsorbent {o feed ratio (A/F) of 0.5 and an Ls/A ratio of 1.98.
With an essentially pure desorbent stream the para xylene recovery from the feed
30  was 95.6 vol. % with a 95.0 % purity. When the desorbent contained 2000 ppm of
the raffinate materials (all the feed components including para xylene) the para

xylene recovery dropped to 95.0 vol. % with the purity to 85%. While this may not

9.



2 0 APR 2005 . WD 02140432 PCT/ USO01/ 45529 seem | i ke a big change, ii i? .
poi nted out the change in recovery was three tinmes the change in hé R 2005

desor bent, pys g, The invention may accordingly be char actf(f—}gg‘q,ﬁﬁgan
adsorptive separation process to recover a xylene froma feed stream

conprising at |least two 5 xylenes, which process conprises passing a feed
st r eam corffamilig abig cesigeall 19 paintegitdhe ebange inlesaveryivas giieads®spt i ve

separatio Q ' i | ntai ned at adsorptive separation

pronot i ng%‘ér@%ﬁ%@%%?ﬁggﬁb@t Bﬂﬁgrrper ature of 99 to 149C, and contacting
the feed streanThetifivéniRel By b¥coraihe®y e bharacisizeatdsva dds@hivai ng the first
xylene in the selective adsorbent, and recovering from 10 the adsorptive

separ at | orfefEatian PaPeassde cocnves anytanepiroi antpesl slwson bempriging atHeastdweond
xyl ene, whi ih i Sé’ﬁ?t sel ectively.retained O%@fdh% sel ecti ve. adsigrb nt;

passi my a Ve HMHICE ProCETS CORITISeF gsay & EFALFORIFEIH B8 Fconpound
nto the aiispaRdiaSomRR i an Sdsaidilaseparbazhndl Wicensas ect | ve
adsorbent under desorpti'on pronoting conditions and produci ng an extract
st ream 15 meaimjainedra adserptve@epardticamitotrivdingicostitions eadudifg adeimpesstiirg t he

extract an ffi e sfreans.to, recoyer the desorpent co und and

produci ng ‘%nggre&{ ?%@f& mmﬁ@Ctm@ﬁﬁ?eis{rﬁﬁm ‘Nﬁ? 8 SSMM%Png?%@é‘g\ and a
recover ed S : ' or bent
Eraam & niSo R oeR FotairhiRple 1B ERSAAG sBloctifdabls B, trfieBovolty FERC Do

c Ear gB:g : dhermjamrpﬁ\s?sepﬁr?ﬁdnasommia_eafﬁihate stream chogeising & Uean%ree_nbar{m:heyd

char ge o an conventional . adsorptive separatio rocess. Typica ee

Sty eans i J9000GAPHE RO IS TS S1eciVelY TRIBIE AT S S6SEhe: adsasbest

et hyl benz ; | _ ] 2 | feed
St r eam cabiesing's detoment SyEARFETnbRNG &t Rlast 86 vbl o BeSiEREBoimBoliid | 2005
ext ract i oriniaf thar adsdrptivéhyebaretiorieose &ndinta coapdut hithiibe lsehgtiveadeorbehbr nat e
f ol | owed 53/ fractional disti]J]lation to isolate Ca aromatics. The feed may

al so be BRUD RIPNGHEG SBREONE A OZBRBI AN Hragt FadBal kyl ati on
PrOCEEs Orccﬁ'npﬁth‘?QS JBL SR HPSH%}H‘@%{ %eﬁé;ol?ﬁﬁﬁnaﬁﬁg; gc%y%ﬁgaéﬁ ahfi nate

conmpounds rejected from tﬁe_su | ect separation are to an
i somer i zatraffiinate straamsio reboverrike dbsotbenBOorhpsund dngydredecing apreottaced. Thus
t he adsorptive setgar ation_and isonerization, K6 zones rggy forma |oop in which

feed xyl erfd9ddFeSIERRMe FiliNaIFPrOLHE HEeam AR GECOWREIdespihast strear and

passing at least a portion of the desorbent stream into the adsorptive separation
zone..

20 Feed mixtures which can be charged to the process of this invention are
those which are normally charged to an conventionai adsorptive separation
process. Typical feed streams will contain a mixture of all three xylene isomers
plus ethylbenzene. The relative concentration of the three xylenes in the feed

“stream can vary significantly. The feed stream may be produced by liquid

25 extraction of aromatic hydrocarbons from a naphtha boiling range reformate
followed by fractional distillation 1o isolate Cs aromatics. The feed may also be
produced by a xylene isomerization zone or by a transalkylation process or a
toluene disproportionation process. Often the raffinate compounds rejected from
the subject separation are recycled to an isomerization zone in which more of the

30  desired xylene is produced. Thus the adsorptive separation and isomerization
zones may form a loop in which feed xylenes are converted and separated to one

single xylene.

-10-



WO 02/ 4(5432 2 0 APR 2005 PCT/USQO /45529 The subject adsorptive separation
process can be used to produce a high purity xylene product streafrd@PR 2005

. greater thamn298:35% pure) or a lower purity xylene of e.g.p8bUsikiyidsene. The
| ower purity may be suitable as a solvent or may be passed into a '

roduct - For | ndaroliett AlsqBla ol bR Rande LT Lo Bltkbict a0l
ﬁoul d be pangseidratFodusisnehm | §rRiieohar ST Purk)er idwers @ity soeMey of a
igh purity xyléne 'stream The preferred product of the subjeCt process is
para xyl eneg. Botexgene.t ibe ipverquuiy imaynhe seitalle misteesbivent aiimay hepasped | y
chosen adsor bent ,/ desqr bent .s§stem]c 18_' and smtab{[e 0 eratl.F .CCfndItlonS
other xyl JREL2SHEERNYRNSRRAGIGH FoNe TREMS HOLATQN of ¢ bichar pugi 58%’? i cant

i nteresgt | r f | ; nd
operat|§on @g#;u?%l ﬁ?\’g“?{g)rﬁc?’htg r %ov r@ag?’[ é#gagﬁ gﬂr‘gr)\%h b&%@ @QEQ%%@%B%Q% by

- ref er ence pasdds iAicBa 8461datio20Ae 4083108, Ulliiatd UScAvdry3F &, bigh; puddy xfede 571, 441
and US- A-5,382, 747 which are incorporated for this teaching. 15 QOperating
condi ti onsSIRBMbe set by several considerations. For instance, there is
often a tradeof g&]% ; | r t hi gher
purity at | omrﬁpg%%\@g?gwés. ,&gigﬁgﬁéﬁcﬁrgﬁ%%]ﬁgpégg%ﬁ@bﬁg&gﬁg@ggﬁhﬁcI ude

a pressur epioekhs (d wottsd limitsl adivithtahpropedy eassén adsrbent I dastrdeptestemwhi ch
may be from atnospheric to 42 bars. Desorption conditi ons@gener ally include
the safie 20nd exitehaoperdingf@ngitiens gtireylangseauld badRePRduwh E6Adi tions. The

bper at | ng S Ghae RapulineRd SR BRoPen St iAte Pioiadl ' "

adsor bent ehatbersentsTand opsratibh eondiions herthe irocevesp afhrita Ryleherraly er emai ns
at; the sane tenperature throughout the process. 25 The A/F ratio is a

separ at e Ay redereace e Ur-8ra840.6185 U8A-4 36, 196 Y orardnab,092;te-

ale
process ang t. of & he GESS, Hidht inectl.y to the
gquantity o‘g éaggljggirﬁn%r%$2\ ﬁ@?gi n twgﬂbﬁ%ﬁc}gﬁ? 6%:&%&@3{1@% tggér%"éﬂ' AFratio
| eadsidirectly Opetdimigneeditions neay Bé get by BelverbPcaetidaranons e Fbhmsageer bent .
The cost of the adsorbent itself al so increases. Therefore it is desired to

oper at e atthgre Boofigma iadpald bepwean bigherracavery atdngherdemparaivrathaenth shoul d be
g 0D B0 A ot o PRI Rl Rhidr g ot
- a pressure sufficient to maintain the process fluids in liquid phase; which may be
from atmospheric to 42 bars, Désorption conditions generally include the same
20  temperatures and pressure as used for adsorption conditions. The practice of the -
subject invention reguires no significant variation in operating conditions,

i adsorbent or desorbent composition within the adsorbent chambers. That is, the

-

adsorbent in a chamber preferably remains at the same temperature throughout
the process.
25 The A/F ratio is a separate design variable which greatly effect the
performance of the process and the cost of the process unit. As A relates direcily
1o the guantity of adsorbent retained in the adsorbent chambers, a high A/F ratio
leads directly to the need for a larger unit to accommodate the adsorbent. The
cost of the adsorbent itself also increases. Therefore it is desired to operate at a
30  minimum acceptable A/F ratio.
Another ratio which should be minimized is the La/A ratio, where L3

represents the net liquid flow rate through the adsorption zone. As the flow of the
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-11 WO 02/111432 2 0 APR 2005 PCT/ 0S01145529 feed streamis set, L3 can
basically be varied only by varying the flow rate of the desorbent.
Mninizing this flow reduces required fluid flows which allows for 0 &Rfall0Er
transfer W gessdnd reduced size and operating costs for thecexkiagtsand
raffi nate colums. 5 Performance, neasured by both selectivity and capacity,
varies greatl bet ween different sor bent/desorbent systens. It is

AT ectedl B96F SHBRTLBARbd G DAURAN e Y HLb AR, B SPeve e gtgt i on. 1
has now b%@%ort?@ﬂt?r%ﬂﬁginﬁh% ﬂ%@b Yé‘diIce@%%E:i ecﬁ‘ﬁﬁid%logw\ﬂgfchca%f%vs'fﬂpaﬁ on
overal I process pertornmafice and nmust als e considered along wth these
ot her f actsmnalieddranséer lih€s mndaedaceld sizgraraincbarpéing tosts. follthe exttdciandonponent
of the adsorbents is normally used in the formof particul ate aggl onerates
havi ng hi JRENaEHGRIUEHIS- strength and attrition resistance than the active
conponents the h B . 3y ;?a%v . LRtive
materirbgl di speﬁg%fde{ 'ﬁ?}ang-r%’ g-'rf%% ghousg%%ﬁi?gggﬁ@%add&ga ortg]b‘l?arl]%%?@%h%i ng 15

channel s ardween idifferent adsorbentiddstibemtatysierhs Uitds bffeledidssickie adsor ptive
material. Methods for formng the crystalline powders into such

aggl oner atC&NPORQH OPEfRiingHatinaraivre fndrsigveonydatienbithlaes nowdigsral 1y a cl ay

powder | n gtdingA ROV Buf bl SRR pbfes Ao A aS ot ng che
crystal | i neriafanebemd mist 56 peasbralred BIEPRItD Giisebiib i tdrauliag ext r uded

into cylindrical pellets or formed into beads which are subsequently
cal ci Hed ipioeesiedesign epgdwperatidie clay to an anorphous binder of

consi der abl e hanical strength. .The adsorbent al so ,be.bound .into

i rregul ar shape epgpﬁv?ecchgp?%%;eétlg?lagﬁp%n&?i%%lygfﬁgmHbe ml%{r ger
masses f%dr@dlﬂﬂte%’gg%lﬁérﬁéé ﬂﬁﬂhp%igﬂ'@%@@.ﬂl Qﬁ‘@hgtﬁadﬁd Shfnreyistdiee be in
the formof 25 extrudates, tablefs, spheres or granules having a desired
particl e rthag#e peiidecearbpynerite thernselvam Toezgglomerades conigin thecdetivesh
(Standard U S. Mesh)) .. Clays of .the kaalin type, water .perpeapl e organic
bol yrer s GESOMNEIAErahHREErRa R 20 e Ty e E B ek ac i ve
Dl ecid ar chHaPKBIsAHIPEARIEs Pkrdih vHES BhABBITRIIMO hoddsditRarddsyriie mitekial. t he
formof small crystals present in the adsorbent particles in anmounts rangi ng

from 75 t oMeghads 1 dorming tpenystdliindpewdersrinicosunh aggiomerates innbede then.

Volatile- fe{aed’?tion of an inorganic binder, generally a clay comprising a silicon dioxide and

aluminum oxide, to a high purity adsorbent powder in a wet mixture. The binder
aids in forming or agglomerating the crystalline particles. The blended clay-

20  adsorbent mixture may be exiruded into cylindrical pellets or formed inio beads
which are subsequently calcined in order to convert the clay to an amorphous
binder of considerable mechanical strength. The adsorbent may also be bound
into irreguiar shaped particles formed by spray drying or crushing of larger masses
followed by size screening. The adsorbent particles may thus be in the form of

25  extrudates, tablets, spheres or granules having a desired particle range, preferably
from 1.9 mm to 250 microns (16 to 60 mesh (Standard U.S. Mesh)). Clays of the
kaolin type, water permeable organic polymers or silica as appropriate are
generally used as binders.

The active molecular sieve component of the adsorbents will ordinarily be

30 inthe form of small crystals present in the adsorbent particles in amounts ranging
from 75 1o 98-wt.% of the particle based on volatile-free composition. Volatile-free

compositions are generally determined after the adsorbent has been calcined at
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conpositions are generally determ ned after the adsorbent has been cal ci ned
at -12 2 0 APR 2005 WD 02/ 40432 PCT/ USQ / 45529 900C in order to dri,ve ORL@
all volatile matter. The remai nder of the adsorbent will normall yztﬂem% 05

| nor gani g o@ldie of the binder present in intimte mxturew it Lg, small
particles of the adsorbent material. This matrix material may be an adj unct
of the manufacturing process for the silicalite, for exanple, fromthe

i nt ent i orRPQY irpoidet dargrive eff pliniolatiamagierofThenemainderafitbe adaerbegt wills
manuf act ur e [ hpor racter st. f an _adsorbent is.the . of
exchange Tl SEREHARlard AR5 S o difud nBRoBlB T RERS meratui R, by o
mat eri al sgragll piaﬂticﬁéé"@f ‘rhe%s@‘ﬁbeﬁthﬁaireﬁbﬁt MR rhati® rﬁé’ieﬂﬁﬁm’é?tﬂeoéh Qrﬁjuhble
extract co:gonent. This characteristic relates directly to the amunt of

desor bentoffBiegnpavfachuingrrecessefas i sifiedlitenfor iexanple furedhe indentiopeler t he

extragt conponent fromtihe sor.bent . Faster rates of exchange reduce the

anoun ofmggg}p?%@rﬂurﬁ'ﬁ?@?r?.F&?@MEF{@U?%@?@EE ad¥t& act  conponent , and

therefore, per gf; dr@ﬁv&ﬁ+r@etér§tséBﬁgﬁ%%rs%mé}ﬂ_@ﬂfetra?é ofsfcri%rn@%eo‘fgwe Wth
h nped th

faster rates of exchange, |less desorbent naterial has to be p rough
t he pr ocedasarhantiopdna tridadicompdrend of tree foest medumefroaterialssa, imothbe process.

15 Exchange rates are often.tenper.atur degendent. IdeaIJ[]_ . cf%gorbent

mat or i al SOk, e relate Tt f Bes0ppy ObdimpXier LOBIPANeNbh TS TBsacteialle 1 wi t h
respect t G i t ents can
be gesorb':aél gé Og'@gpggﬁsthv%c %ﬁggﬁgﬁ%@r%g?éeﬁﬁgﬁnra g?%%%ﬁ%t gés%ﬁ'%%@@ﬁgri al ,

and $0 t haocess iacdcomentmnextiact campdnanéfrorh B adsdriskasioHastdr radsesfial in a
subsequent adsorption steg. 20 I n adsorptive separation processes, which are

gener al | yEXHENEEd@duUss His Aeust of desarbest aateral needem ia mpoye Beitest and a

‘ e ST ) _ ! :

narcl ousygmbBhed, ahtihsRior; bt B1BGoudf B TRpRPl (R BLUR pters

nmateri al $idfabtdr epbaokethagiel keb dasﬂsﬂmmtuatbﬁamastﬂmda@Famgbdnhrow'ghh
y

reasonable mass flow rates without itself being so stron 5 adsorbed as
t o undul yihgrpeass aRd sepataied Jerphirediract sirramsier lrusegnihe Preressr bent

_ ol ) | : . ;
22][ Z?z#?wff:gd%l"{g%l ia?%‘% g%erred{{ ha@%%lﬁé(aae SoF g%?&%aggh%%]%&@éﬁg@ fe\}‘e%feor all of
t he ext r agiiould brweresslsctivity Rquabet br bkiglttlyriesd thaat ewith megrento bhexrtradt is for

the desorbent” material with respect to a raffinate conponent. Secondly,
desor bentCompPeReRissashakak of e wdiashermpengniscambe gaseibediasa gasemiiént and

the Par ! gulsahahRefbulaiby cP s BER APRGHAI SR Y 1ndMSaBHSbmpBhefiSBuRe O

destroy the capaci Re~a
later displace desorbent material in a subsequent adsorption step.

20 In adsorptive separation processes, which are generally operated
continuously at substantially constant pressures and a temperature which insures
) liguid phase, the desorbent material must be judiciously selected to satisfy many
criteria. First, the desorbent material should displace an exiract component from
the adsorbent with reasonable mass flow rates without itself being so sirongly
25  adsorbed as to unduly prevent an extract component from displacing the
desorbent material in a following adsorption cycle. Expressed in terms of the
selectivity, it is preferred that the adsorbent be more selective for all of the extract
components with respect to a raffinate component than it is for the desorbent
material with respect to a raffinate component. Secondly, desorbent materials
30 must be compatible with the particular adsorbent and the particular feed mixture.
More specifically, 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
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selectivity of the adsorbent for an extract conponent with respect to a
raffinate -13 2 0 APR 2005 WD 02/ 40432 PCT/ USOLl/ 45529 conponent. .
Additionally, desorbent materials should not chemcally react with ZOQAF%quge
a chem calygr@agijon of either an extract conponent or a rabiirRaLfissr
conmponent. Both the extract streamand the raffinate streamare typically

df th d t i,d | | n. adnmi xt ith d bent, terial
and 5 any CHETAT. AR, TGP e HECCRIRN MRRE ORISR & RPN R act
component Qfysed; EAMICAE2 G tré‘i’*tg r 8f gklg%xgtoé’é@g&&qecrﬁ@?'a' Sftfrg®! Prevent

product recovery. The desorben oul easi |’y separated fromthe

extract arsbmpdhematBothdogeaitacttsreaasabgt tie exffinaieaticam afé typidajly desor bent
mat eri al s shoul d be rﬁadily avai | abl e and reasonable in cost. 10 For

pur poses dPMayes! HRIENANe RAseHPsT veKlValuDe AR RERRHFE Wik desprasnhmaterdliandd  as

fol |l ows. . ) "o Jn. xt L.l !

o oug e B4 on T K QLB AR A i e I G
process. Teffigate cdrapongitreedoth wodidcedraglicats bF prvent pﬁ)d{.@@tbdﬂﬁ'végur'ﬁ"aeml ch
Is passed into contact with the adsorbent used in the process. An "extract

13 cogpgngiﬁSD;b%n@m%§m®ea$Na§§@aﬁt?d6&@;&@111?1@&&(&@?&(&%&& sel ecéI ively
type of . cmGtEnar by letdtd SRl rPS e BES s shBup e R e

conmpound” ay¥RaBR AMesaldnabi Rdoati al capabl e of desorbing an extract
conponent fromthe adsorbent. The term"raffinate streani or "raffinate

out pul0 st reant hempyrposes of thie deseriptianial thainvehiipm sadousoieposene define@noved

from the adsprbent fter the adsorption of extract ds. Th
composi 11 i GSHRe A depRrETe: S eAad odrinip o &k G080r PAFY 1000

desorbent JphSohathts LhESREDE idleé VarfRRdodortddritdiSto 5O 8BOAaMShy tHee term

"extract streant or "extract output streanf nmeans a streamin which an
extract ngirocess., Thaitemm hksdistieamidsdicdied dyireardad arfbedmizibrerathighiial , i s

e e gt el L e, AR ARk kR BEL oot o2 can
CoIPoBST. ofhoRacl BROH AR s AIELER BAN BRIC ORI 1oL, o1 cam
where at |agdsorbed 8§ therdsorbent wités ar'raffinatestampaenent Sisreecampognt] antyparof
PO L P SR e LMo P e B b ob e P T 2t
means generally a material capable of desorbing an exiract component from the
adsorbent. The term "raffinate stream” or “rafiinate. output stream” means a
20  siream in which a raffinate component is removed from the adsorbent bed after
the adsorption of extract compounds. The composition of the raffinate stream can
vary from essentially 100% desorbent material to essentially 100% raffinate
components. The term "exiract stream” or "exiract output stream" means a
stream in which an extract material, which has been desorbed by a desorbent
25 material, is removed from the adsorbent bed. The composition of the extract
stream can vary from essentially 100% desorbent material to essentially 100%
extract components.
At least portions of the exiract stream and the raffinate stream are passed
to separation means, typically fractional distillation columns, where at least a
30  portion of desorbent material is recovered and an extract product and a rafiinate
product are produced. The terms "extract product” and "raffinate product' mean

streams produced by the process containing, respectively, an exiract component

-14-



streans produced by the process containing, respectively, an extract
conponent -14 20 APR 2005 WD 02/ 40432 PCT/1JS01/ 45529 and a raf f i h&AER 2009
conmponeniyd h2/p@her concentrations than those found in thepeyikmakszoSt ream
and the raffinate stream w t hdrawn from adsorbent chanber. The extract

streammay be rich in the desired conpound or nmay only contain an i ncr eased
concent r aBnera raffieatesqmpenariin highene ratigng mﬁrbﬁloéeafokéﬁﬁﬂéﬂter%ﬁtfa@ﬁ of

the 5 '“%ﬁ@hﬁ&’aﬁ@fﬂ?@%ﬁn% e%ﬁ?pﬁ?bdr%%ﬁoﬂ&) H5tcha e"B{tF‘acPerce”t
|t has becorne cust onmar rou e NUNMEr ous he SMVB
adsor pti ostrebamresy(isd nclmtrotha dwrbd rconipcmttﬂe@r méjg oakd aoritdie afrr mcmetfs
described in terns of 4 o ones. First contact between the feed stream

and the aggpeseliation. STHQE%"”I 'H'%I?e‘ntenqeﬁetodﬂ@éﬁﬁta epncasiEationy ﬂ%@lsorbent or
The. undos IGARE ddoddyTP Oreles BEAHBoR GHRRG AN spir B hat PR Vot oo

- from the adsor heRis bacdoBeustomafieiedite grah eMihéiotaties iemesSMB t he
purification zone the undesired raffinate conponents are flushed fromthe

voi d vol usgdsefrptiaiechansbeiRritioreaumpen ohasres. alUswaIIydhe .psor:@@ss dgserdyest at ed

2dsor bent TLIRITBEP (2P oo aes el LafaEeR e Ll e 2 AdRE adopisart by
exposi ng %I‘ﬁédéiﬁmdmelt%Qﬁﬁﬁbﬁ@ﬂ&oﬂétﬂ'hé%@sémf BE8iatioAR n@/\)&rgas@hﬁse) The

rel eased desired i sonmer and acconpanying desorbent are re fromthe
adsorifent anetlrtwdom@ﬁ arrounsleshhy gt shickesontziondhe undesieedisotrian(s) dhat he

d b I Z I d Z
Fand 111 15 300 B i BB it riSobRal BEP R I T bent
by, a flowsgg ﬁhﬁﬁdﬁti%n ﬂ:fnedEIﬁ %é’ﬁﬂﬁﬂc@ﬁ@n%ﬂ@%é BAIESFRPARI Ste Horiftheheed

stream The liquid flow throu Zone 1V prevents contam nation of Zone Il
by Zone | afé ﬂushledbfmmtlrwvm@uulurrmof the adserlmnmledtt@oa mateal vafich ise adsor bent

f Z 1] h h f d
o b egast sa8aEted 05 the desi BN el RRL BY et S Budh s BE ot ¢ he
Ki rk-@ hrgg t@ﬁﬁ%rﬁ@ﬁ%ﬁa@ﬁe@eﬂb%@sma oS! IQ%’IeﬁéedPﬁfgm ﬁ%a%&w

"upstream’ and "downstreani are used herein in their normal sense and are
i nterpret edp@amgdanabfmmgetm\@samemIwrdrnmedesorbenwnobﬂda phasel) i Bhe |l owi ng in

t he adsor b é%ﬁg&;go%@ That is 8} 3%&586&2{ al I agnmr&g?degmmard
t hr ough al i il 'pnaacf%) i nt to an
upwar d or oRsgRNt P &R foBR dfihé Bﬁtr%’[%ﬂé@h 20Re APB aqﬁgﬁion of the adsorbent

located between Zones | and 11l which is used to segregate Zones | and ll.

20  In Zone |V desorbent is partially removed from the adsorbent by a fiowing mixture
of desorbent and undesited components of the feed stream. The liquid flow
through Zone IV prevents contamination of Zone |l by Zone | liquid by flow
cocurrent 1o the simulated motion of the adsorbent from Zone Il toward Zone 1. A
more thorough explanation of simulated moving bed processes is given in the

25  Adsorptive Separation section of the Kirk-Othmer Encyclopedia of Chemical
Technology at page 563. The terms "upsiream" and "downstream"” are used
herein in their normal sense and are interpreted based upon the overall direction
in which liquid is fiowing in the adsorbent chamber. That is, if liquid is generally
flowing downward through a vertical adsorbent chamber, then upstream is

30  equivalent to an upward or higher location in the chamber.
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CLAIMS: 1. In a sinulated noving bed adsorptive separation process for the
separation of para-xylene froma feed m xture conprising other C8 aromatics,
in which process the feed m xture is contacted with a zeolitic rrg e;‘fP‘R'@
sieve, which 5 sieve has been exchanged with at |east barium at (Qsor 'on
pronoting conditions including a tenperature ranging from 99-149C para
xylene is selectively adsorbed on the nolecular sieve and subsequently
renoved usi ngf a desorbent stream conprising toluene, the inprovenent which
conpri ses GkAiIMSai ning a perfornmance index (IP) above 90 at an A/F ratio of
fromO0.5 to 0.7 by operating wwth 10 a desorbent streampurity above 98

vol . % al |l om ng operation at an L3/Aratio of 1.6 to 2.3 where A = rate of
sinul ated circdlati dma(simslatete:bmiovhagmadeadsomfwe seipaatipn procesypiootiess, F =
volumatrlcfee eed turxf 15 L3.:I'gu'dflowﬁ‘ratethrough
rone 5, asgPRstan 2 faBeidss MR s feliHidire chiwriing ehh aiofics i) ene i §
the ext ra%hlcrpﬁr%@éﬁ thel fe8a Mifurd RECIMARES FithZ zeblific hidiSallaCsewd, viHigh m 1
wherein the volumetric ratio of desorbent to feed is maintained | ess than
1.2. 20 3.snwad1a8rh®me>@habgettwahmt leashbarum, atradsomtion pomatingrcandisionsf C8
aromatici. |t| n the desor ent ty.ea |slesthan2000 ppm 4. The
i nvention' n%f" W?é‘r"?rﬁngwg g? 1:’:4% @eﬂ?rraaﬁy '3fsegﬂ'vﬁlyomat e

i npuriti e%dé@rbbﬁ%rﬂﬁé%&é@lﬁiaﬁélé@éiﬁhd %ub§étﬁ1én|ﬂ?'?eﬁaoo@@ uQTﬁﬁ‘a SesofbéntPr ocess of
claim1 wherein the nol ecul ar sieve has been " 25 exchangéd with both barium
and pot asstream @mprsingiloluanss tbe inpwvemeniidick conprisasevainiainingeonpri ses at

O R RAE e e PP 8058 2 M AP Rt B B Eo AR Wy Thev
ol ecty ar adeR¥fodrt stam plrkEabbie98 vol.% allowing operation at an La/A ratio of 1.6
to 2.3 where
A = rate of simulated circulation of selective pore volume through the
process,
F = volumetric feed rate of the feed mixture,
15 L3 = liquid flow rate through zone 3, and
IP = square root of (yield % times purity %) of para-xylene in the extract
product stream of the process.
2. The invention of claim 1 wherein the volumetric ratio of desorbent to
feed is maintained less than 1.2.
20 3. The invention of claim 1 wherein the total concentration of Cg
aromatic impurities in the desorbent stream is less than 2,000 ppm.
4, The invention of claim 1 wherein the total concentration of Cg
aromatic impurities in the desorbent stream is less than 1,000 ppm.
5. The process of claim 1 wherein the molecular sieve has been
25  exchanged with both barium and potassium.

6. The process of claim 1 wherein the desorbent comprises at least
99.9% toluene.
7. The process of claim 1 wherein the molecular sieve is an X zeolite or
a'Y zeolite.
30 8. The process of claim 1 wherein the molecular sieve is an a 'Y zeolite.
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