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1 FIELD OF THE | NVENTI ON The present invention rel ates
to a nethod of optinzing operation of a sinulated
countercurrent xylenes separation nethod under hybrid
operating conditions. BACKGROUND OF THE | NVENTI ON 5
Chr omat ogr aphy-based separation or fractionation

met hods are nost often inplenented in a separation
system conpri si ng ( FIHLDIQF THRIN¥FENIAOM| ums or
colum fractions interconnected in series, formng a
cl osed | oop. A porous solid of predetermned grain

si z&he prsentt it asiohhelasdksabi DarthodphbetimiZing dheditivheoft  simulated
be separated is fed into the colum, then displaced

- lemﬁ&%ﬁﬁelﬁfxyfénﬁééé:pbﬁﬁoﬁ Injsicith Qindde ﬁwmqétég)ymﬁaﬁome

10 various constitfuents flow out successive
according to whether they are retained nore or |ess

greatly by the s i BT ' ' oints for

the m xture or fggygﬁ{%}%ﬁgi ni n%mm Ig

constituents to be separated and the sol vent or

desgy bent EL d .extraction paints f.or an.extract Ex

con T et RpeRgone Or  fralikation; PREEH| A most often
solvent, and for a raffinate Rf. containing all the
geplemenisd de pisgRaation systen sempHsing dFig 10 riyseriss of icglupgispor column
These points delimt various zones (Z1 to Z4 for
Gretinmis e jnteropnnegtedt i aseries,qdomningt acelosdd dowp.t K opogbus solid of
all the colums or colum fractions of a zone. A punp

Predetermintd ggiml size oBwiianes the stafiendro @hade0 The @Mkide: to be separated is
circulation of the fluid in the direction shown in

taendi S EAlMnn! thed dispBle L B BleRALHN 4 EftierSBRE Bf‘g@:é&[’oen% (BL) and the

system a fixed and constant concentration 0 pro
I e ey Lnjechi nd .

S PR EAT AO0 SRRk Yl oolhEs 18 et Phef e ssfgined more
liquid 2 ve jn a countercuryent. fl ow. solid .

o 853 g, bY Lhe siow B ci“é“ﬁ‘eﬁfppqi‘}ts% ﬁL%rm%ﬂgeoor feed F
at the junction of zones Z1 and Z4,

containing all of the constituents to be separated and the solvent or desorbent EL, and
extraction points for an extract Ex containing the product to be upgraded, diluted in
solvent, and for a raffinate Rf containing all the other constituents are distributed along
this loop. These points delimit various zones (Z1 to Z4 for example). An identical liquid

stream flows through all the colummns or column fractions of a zone. A pump P is

arranged somewhere in the loop to provide circulation of the fluid in the direction

- shown in the diagram.

In a real countercurrent separation system, a fixed and constant concentration
profile develops where the positions of the injection and extraction points remain fixed. -
Adsorbent solid 3 and liquid 2 move in a countercurrent flow. A solid entrainment

system and recycle pump P, both arranged at the junction of zones Z1 and Z4, -
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2 respectively allow to send back the solid fromthe
base to the top and, conversely, the 1liquid fromthe
top to the base. Systens known“as simul ated novi ng bed
systens allow to overcone a major difficulty inherent
in true noving bed nmethods, which consists in properly

i l.ating 5 .the i h W thout creatin
SRRl s i BB SPAE 51 2 es oG 1G9 apheconversel, the
ed, porosity in relation to the porosity of a fixed
BQH?dgﬁms‘ﬁ‘?ﬁﬂPéPéhq}f@e-di spl acenent, the solid is
pl aced in a certain nunber n of fixed beds (generally
4 <n< 24) arranged in series and it is the
con&gstematknewnp pp sinvalated amoving diedpsystames allow to overcome a major. .
substantially uniformvelocity all around a closed
|diifjoulty nhereant tin Gee nsadae bed vetlds! whichEonsists I8 properly circulating
i nj-ection and extraction 10 points is obtained by
HBABSHPphade WATRUY cNAINE afFitiOP b NitlBhY cRsidRratly iftSeding the bed
suitably controlled on off valves. This circul ar '

| k Ay . e r+.od. of. the. .
Y e b B e R BTGP e i Bisgiagapent, the soia
directjon anpynts %o sinqul atin di spl acenent _of the .
Soplaeed. s restain munbena of bixed beds (@epaelly drs nFhd4) arranged in series
separation systens used for Xxylenes separation nost
ohd éris terwnetuation profilertian is diflaedes a sibstartialy emifbsn velocity all
systens with five zones where part of the extract
aenad af ﬁdseﬂﬂ@ﬂ?.tmq:rﬁcﬁic‘éﬁﬁiccésiiv%eéﬁﬂic A8 lilfR8tHon and extraction
extract draw off and feed injection. hers can al so

B §5i MRaith B \fang %@%smgﬁgr&h%e&@@% xiufgw io?% %griggvxf suitably

o rinse lines’carrying sutcessively several

o._prgvent cqntam nations..ln the text )
BRI PO Eesy 1 e Pafihing et Pt cagh: perigg. of the
-.Lontrolled variables ;. variables that have to be . )
o peqmiggaEgaiee Hapdelows dn ¢ giyen digstinggameynts 4p simulating
and whi ch show the snooth running of the process. It
displaggmert of thessolihpsorbertién fherdppysitefditebiortonst i t uent s
of an extract, the yield of the separation unit for a

The separation systems used for xylenes separation most often consist of four main
zones. There are also systems with five zones where part of the extract separated from
the solvent is reinjected between extract draw-off and feed injection. Others can also
have five to seven zones where secondary fluids allow fo rinse lines carrying

successively several fluids so as to prevent contaminations.

In the text hereunder, the following variables are defined as :

- controlled variables : variables that have to be constantly close to a previously
determined set value and which show the smooth running of the process. It can be, for
example, the purity of the constituents of an extract, the yield of the separation unit for a

given constituent, etc.
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gi ven constituent, etc. 3 - operating variables :

vari abl es that can be nodified, by the operator, such
as the flowrates or the valve switch period allow ng
to simulate di spl acenent of the beds, etc. - contro
variables : variables that act mainly on a single

ZQ for e le on.t art  of..bhe,concentratio

2 i SRR el G e a7 25T SHh ke o5 the fow
are .determned . by .the cqontrol. a]J gorithmand are

355, the xefve ﬁWEde%F%F oy mgiq Sipplete dipplageames @?the beds, etc.

rem nded that the goal of an advanced control system

A j : ' : |.at: t& ol , _
RPhEvalighRs D AGRAE waback Ty Al A8 Pl op the part

e values of the operating v

se.as to.: .- control operation, i.e. calcuylate.a .
BB R eonohaigrioR Ao IUE AoRARES & P R0 TBRS F! bt g getermined
%vvo di stinct val ues of one or nore a priori selected
% e eanireliplgarithapandsare figpslated gyo operating gatablen, | . e.

calcul ate a control |aw all ow ng best conpensation (in -
advance or at |east asynptotically) of all the ' :
out Bicde belrernindpdthet theagsal afamadvahes systonapplied to a process
the a priori selected controlled variabl es keep a -
fpuasdalondass h aphtryblavelalll of thinealoesef e cpefdtini| vakables in time) so as
countercurrent separation unit, regulation can al so
ip. conpensate for disturbances due to an evol ution
with tinme of the thernodynam ¢ and geonetric
paraneters of the adsorbent (of course for a limted
d sorirélqpetdtion, bé. callmilate @swmirehlavpthap ean ieasiyre thth grgmsition between
obj ectives are reached with the automatic control
predetsct hakes oDonecorihére adprioridetidtedaoxtrollydeariabidanimiue,
or on a nore controlled approach all owed by non-Ilinear
20 nodel ling of the separation process. Patent L

> opsgationsi-¢ aieplaig s rontreldaw gllowing bgshrempgnpsation (in advance
descri bes a net hod
or at least asymptotically) of all the outside disturbances acting on the process so that

the a priori selected controlled variables keep a quasi-constant value.

In the case of a simulated countercurrent separation unit, regulation can also
compensate for disturbances due to an evolution with time of the thermodynamic and
geometric parameters of the adsorbent (of course for a limited deterioration of the

adsorbent properties).

These objectives are reached with the automatic control pilocess based on either a
“black box” type technique, or on a more controlled approach allowed by non-linear

modelling of the separation process.

- Patent EP-875,268 (US-5,902,486) filed by the applicant describes a method

intended for automatic control of a simulated moving bed separation system for



10

15

20

| e dpyg nptableoflow sge gyt
vari abl e neasurenents at a plurality of neasuring

i ntended for automatic control of a sinulated novi ng
bed separation systemfor 4 copstituents of a m xture
of circulating fluids, notably®aromatic hydrocarbons,

. which can have notable flowrate or feed quality

variations. Control of the process (of non- |inear

mul tivariaple type cactried ouyt.fro know .e or .
Ep it b Sriehh oF Skt i dhidso GOPly. ARRHR HiGrhrhgns, which
poi nt, performed from i nput/output representation 5

Q&f gyality variatigng. GoRwel ofgthe process (of non-

finkart smaticmipbleh éypeo omried omte fiomata dnewlkdge f drolineart ewdel in the
for exanple) and of characteristic nmeasurenents of
tnbighbburhesd bnjae%mﬂwaﬂ@%epbmcp@ﬂmeatﬂ@ﬁ ifRERRe U \tepr¥sentation -
indicative of the ratio, 1n each zone, between the

fnﬁd&eﬁgﬁé %M#i%@f)ﬁtswﬁﬂg RS SRR bE q?jnf?ﬂé ﬂ{egﬁﬂémeltlts at a plurality of

subst anc OW rates are determ ne _ rom curren_
SRl SR GhET U SRS O 2 K o ant of

vari abl.es. Values to_b jven to the erati ) )
Fhatpelptigtic meagirementy of he gigu wqqsgﬂlefgﬁmmfggmos respectively
vari ables to determ ned set values are determ ned from
iriensive anfl the ratid, i cach izpuis pretiveant theclbwid ridiw ralies @bl dhe simulated
are available for exanple, the four ratios in each

adsebent Gubstarbtflosd kaeh ardaletaabined haveuk@nbeontrolled variable values
determ ned. 15 The control process conprises a

?t?:’nﬁﬁ‘ﬂu@ﬁtis Ny, 9AEIAL m&%@ &Y AbR2didaN6n i hR8sured variables.

om t he neasurenents obfai ned, which are necessary

e riea | _ _
et e eS To e SRFafE GRS 1 (BB, e FJUE o controlid
HCE N TOCT TR S T —

a conbi nation of nonovariable |inear nodels, each
eespral sariablag aterpvailaltie forexample, the or etiop ir eqch zone, four controlled
controlled variable) inrelation to an input (a
eanidbied havato bolaprmikecbwi ng t hat conbi nation of these
linear nodels is often referred to as "black box" by
speci al i sts.

The control process comprises a calculating algorithm which determines the ratios

from the measurements obtained, which are necessary for calqulation of the controlled
variables. This calculation can be carried out in two completely different ways : either
using a non-linear physical model of the true moving bed separation unit, or using a
combination of monovariable linear models, each representing the behaviour of an
output (a controlled variable) in relation to an input (a control variable), knowing that
combination of these linear models is often referred to as “black box™ by specialists.
Determination of these simple models is performed from a set of experimental
measurements obtained on the process working in a state close to its planned stable

state.
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Determ nation of these sinple nodels is perfornmed from
a set of experinental neasurenents obtained on the
process working in a state close to its pl anned st abl e
state. 5 In its devel oped xyl enes separation version,
the process is used to purify the paraxylene present

in feeds cont ai,ni nost |y .xyl enes, but also C9
ar o.f%tl 5 éevgﬂ)@edp’sﬁ%feﬁ. seatation | veysiozy gss ifpused to purify the

‘avai l able in two versions : the standal one version,

warastilear | pessnt on rfeedsheantainingt pogtho weleges, vt oglsafed gtgnatics and
hybrid version which is 5 dinensioned to reach a

paraffiys of limited ansentsoft 8mveillalle il wo vetdiens vihesitamlabhe version,
the process, described for exanple in patent

ERisB hild@d tol feafRiaKBIRY NokvB FIgH 1% 0Rn@Tthe hybrid version which is
crystallization process allow ng t'o reach the desired

AR o PO DY 00 RO BT P rocss,
e g TR

type process, the goal is to calcul ate,

Rtprefest lowing: knreashi basdesired éadglaupﬁnty Units working in
constltuents necessary for cal culation of controlled
hpbiid indogle  consitti afsat (Ieds 12 espewtsi whkseas tletire atel atdeast 24tdodumns for
ratio, in each zone, between fluid flowrates (Qk) and
thsstgidalonatnesdiefl | ow rate of adsorbent material (@) so
as to bring or to bring back the controlled vari abl es
to 15 determ ned set values. In a second stage, the

val yaRaRk of Rfh-fiddat QftdnMi &Iﬁﬁ‘@f ghﬂ:%% ¥ hlbIR& box type process, the

converted to operatlng variabl e applled to the

HACESS %! uis&n 01%]c % O%AI}EEPa{tlglggf %81%1{1 %onstltuents

FOCEsS us al br ou h

t&g@gﬁfx\,\? [fé]lq? S wq%rggﬂé& géé)llésm{yat?o% JR(B ectl £cat1ve of

the ratio, in each zone, between fluid flow rates (Qk) and the simulated flow rate of
adsorbent material (Qs) so as to bring or to bring back the controlled variables to
determined set values. In a second stage, the values of the ratios thus determined will be
converted to operating variables applied to the process by means of conversion

formulas.

The control process thus allows the separation unit to be brought to a working point

where the following four parameters are brought to specified values :

1. The purity of the paraxylene in the extract defined as follows :

Pxex!?'act ]
Purity = Do [gpe where
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20 1. The purity of the-paraxylene in the extract
defined as follows : P~'"'a~ Purity =apt , where Px +
IMP wma 6 Px is the paraxyl end concentration in the
extract, and 1npe7"a~ represents all the inpurities
in.the extract. Deternination of this controll ed

Exte| ui res online.neas rement the extract,
E’% r2 3 Do o e P reRB ST Hutt EHEREGRBent  at Lo and

ot her hand, of all of the other constituents; .
imP e%ﬁ%ﬂ@}@eyﬂﬂmﬁlﬁfmﬂ@w& defined as foll ows
. Pxrnate.Yield = 1- Qrf + Px not' ¢ ' where ragnate

Qeriract Px ~ .and Prate respectively represent the :

par Betermimation nafe titis apnolléd vatigblexteruicds oalimb inmeatdrement in the
raffinate, and 10 Qraffinate and Qextarct respectively
eRpARS@Nthetde Haadfofthé paraRlefX tomehtrationandabR $he other hand, of all
Determ nation of this control | ed vari abl e requires
QPiHeNRhdFRAAMIGIRNt Oof the paraxylene concentration in

the extract and I'n the raffinate, and neasurenent of

the extract and raffinate flow rates 3. The anount

'. gfet gtr %ﬁhggﬁéﬁﬁg‘?%?‘g@%% g?ﬁ&gl var| a %e gqui res the

same online nmeasurenent as devel oped for point 1. 4.
The anount of paanyI_pJp@ﬁn@xzonel at a point of zone 1.
Yield =1— where

raffinate extract 7
Qmﬁinate P X + Qen‘mct x

Px™™* and Px™™™° respectively represent the paraxylene concentration in the extract
and in the raffinate, and

Qrasfinate a0d Qexiract Fespectively represent the raffinate and extract flow rates.

Determination of this controlled variable requires online measurement of the
paraxylene concentration in the extract and in the raffinate, and measurement of the
extract and raffinate flow rates.

3. The amount of ethylbenzene Eberc in the extract.

Determination of this controlled variable requires the same online measurement as
developed for point 1.

4. The amount of paraxylene Px,one1 at a point of zone 1.

Determination of this confrolled variable requires development of a specific

measuring point in zone 1, i.e. between solvent injection and extract draw-off.
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Deternination of this controlled variable requires
"~ devel opnent of a specific mneasuring point in zone 1,

i.e. between solvent injecti on’and extract draw off. 7
If the first two controlled variables clearly .
correspond to production objectives, the last two are

dir ly.linked with the object of the present . . .

i nviﬁilieo‘i{st iwoef?onifail?fiﬁ%b?#ﬁww RIS tocpﬁgci%il% Rbjectives, the -
Control of the separation unit requires concentration
e dwe eneditertiytlinked sdthdibg obieet of fheintessniomvention, bemptimization of - -
These neasurenents are carried out by neans of-

dhe ombbpgraiaphy or Raman spectronetry, as described in

patent FR-2, 699,917 (US-5,569,808) filed by the

applicant. Online calculation of -the purity and of the

yi elGbne8HofMMba seffea®ml wilf reljliRes @iBetittatioh nidabiyreRRAE I ehree distinct
in the extract requires two nmeasurenents whi ch provide

[Rhts 6P 353, athl b t | '

s PSR Sp el gL 5 o S SE ooty o

the extract 'and int g _
IREF G ap e 3 e el i et bR et SEN B Ea k3508 fed by the

( n spectronetry) and 20 m nutes_(chromat ography).

@BRUGaE  PRlne; srlcaiL AL ghe pywity Fndy Wésh?nﬁ?ﬂ‘? %f’ sayirement of the

and 8 hours), the quality of the process control is

aotount pEethylbehzenetin the sikiraétsrequimes two imeasueeraenis whiehs provide the

t han one hour. Conversion of the control variables

(conadenaatidtls) oft the ‘diffrremnddnenidkiits o Sieabxtngt add inv el ralfirgse. The last

is always possible, apart fromthe real physical

difuk PAL,LPPeRBS b nklaBhrind hHMETh YdelZ 1. hﬁleCibﬂ%%'f QR'dflysis ranges

of "the process and its equi pnment, because there Is a

Q08 i bet ngge

conaeite ? i goﬁﬁ grggér@&i @{g T nﬁe\ég%grgga% i na%gygpeﬁrrﬁrgfé‘?sf é%I%rPlf/Jatograth)‘ ,
ntrol.lahle. It is well-known that operation of a ;

oG e GRones. BIecht (6 i iz & S R HOSrSoge guality of the

nearly identical to that of a true noving bed system

iPfocessrontrpbisingt affgcted biathe|apakysis time if it remains less than one hour.

Conversion of the control variables (ratios Rk) to “conventional” operating
variables is always possible, apart from the real physical application constraints linked
with the dimensioning of the process and its equipment, because there is a one to one
relation between them, a necessary condition for making the separation system perfectly

controllable.

It is well-known that operation of a simulated countercurrent separation system is
nearly identical to that of a true moving bed system if, for the latter, the flows

circulating countercurrent to the main liquid flow meet the equivalence relations

" described in the aforementioned patent EP-875,268.
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circulating countercurrent to the main liquid flow
neet the equival ence relation described in the

af orenenti oned patent EP-875,268. 8 The contro
variables (ratios RK) are determined in relation to
t hese equi val ences as the di nensionless ratios

bet ween the npip |iqui | ow rates ,i.n h zone and. ,
Ul eontrol varihles s i 9 et e e ion RO Tpd Rivalences as

separation unit : R =Qk. s 5 Selection of these ratiQgs .
the|dimensidnlesmreiios hatgeast the eaindiquid Hewaica it safiq%faleia@asthﬁ solid
of the nodel of a true noving bed separation unit in

16w ratk athichng cynssamtie therwlle sdparationpitt:i on that i s

di scretized. The nunber of ratios .is equal to the

nunber of zones that nake up the unit, each zone

bei pg_cBaracterized by a main liquid flow rate ,

di st¥ncy Trom the contiguous zones. 10 SUMVARY OF THE

| NVENTI The net hod according to the invention all ows

to optimze operation of a unit intended for

separ,ati on t he.copst it yent : :
corgifetion ot Shesk 3T RBR M B Mg b, B8 batance equations of
i nterconnection of, a _series qf beds. contai.ning a solid
RESERIR T @ (e CPPHNE fb5AreRgratien SR I R cRathuR Y Preligin,§ column
feed and sol vent injection points and 15 extraction

pattint shdtds disicestized. gEhe mumbesfofimios sojuabto the mepphes Of zones that
containing a first constituent of the feed, and of a_

fnaké h;ﬂ tHeunit] BdchCiohe beipgichiractariebdebt 4 amin hiquigdlomt sate distinct from
switching neans allowi ng to sinulate countercurrent

ﬂi'e%%ﬁﬁ,ﬁﬁﬁ?%négf the beds and neans for neasuring

operating variables. It conprises using a control
algorithmfor bringing the separation unit to a

wor ki ng SUMMARY OF THE INVENTION

The method according to the invention allows to optimize operation of a umit
intended for separation of the constituents of a feed and comprising a separation loop
consisting of the infercomnection of a series of beds containing a solid adsorbent
material forming several zones delimited by feed and solvent injection points and
extraction points for discharge, out of the loop, of an exiract containing a first
constituent of the feed, and of a raffinate, iﬁjection points and extraction points
switching means allowing to simulate countercurrent displacement of the beds and

means for measuring operating variables.

Tt comprises using a control algorithm for bringing the separation unit to a working

point where the purity of the first constituent in the extract (such as paraxylene for

| example) and the yield of the separation unit as regards production of this first

constituent are brought to specified values.
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20 point where the purity of the first constituent in
the extract (such as paraxylege for exanple) and the
yield of the separation unit &s regards production of
this first constituent are brought to specified

val ues. 9 According to a first inplenentation node,
for a given val ue of the conce ation %cc

ext fegording o 3 T iyp n@a]t?glpp , 1052 giyen Yaé%edo he concentration, in

et hyl benzene for exanple), set val ye of

t he
eriimet af A opeast] congiinent oF ﬂ@%f?g@ {nigh s eﬂﬁ’"%?&?‘%&?t fog exgmple), the

a zone | ocated between the solvent injection I nt
et Cvallze o xhe actceataticac of dre ficit onstiuend is adjustidhiny e zoge located
the proportion of solvent in relation to the feed.

pelivést mRNo1Adnt tifSctfodl paiRARINEhe Aixtratt ssd@laukor Point so as to minimize
advant ageousl y obt ai ned by neans of a nonovari abl e

B B o BB S IR R, S0t s

preferably achieved to maxi m ze the capacity of the

S < E&i Oer}g §F JH}G &V\% %orﬁc%g%a(t) o7} %1%{1% gdvaﬁ&ﬁ%%w bbthied by means of a
|an enment ati on node, the set val ue of the

BWREEHIAIE OWMIZEN  t he extract, of the second

constituent of the feed is adjusted to obtain

maxi m zation of the capacity_of the separation unit

wi t Adjustoient wé e seycencaniratiopyvayerpfithe ﬁc(’@@ cnsiitqnt mrhe extract is
set concentration value, in the extract, of the second .
sfifiatbly uehieved &f masinlize thi Sapavityas’ the begasation. dt Withindhe working
% BRI EF DESCRI PTION OF THE FI GURES Ot her features and

gtgggi%;gﬂﬁgo@gmghﬁltnet hod according to the invention
be <clear fromreading the description hereafter

.of an enbodi nent given by way of non limtative

% gggél:o%din\éﬁ th b e P meh@tibh ndifeC EPREXARE JiTtB¥icEAGntration, in
the extract, of the second constituent of the feed is adjusted to obtain maximization of

the capacity of the separation unit within the working stability limits of said unit.

The set concentration value, in the extract, of the second constituent preferably

ranges between 0.02 % and 2 %.
BRIEF DESCRIPTION OF THE FIGURES

Other features and advantages of the method according to the inve;ntion will be
clear from reading the description hereafter of an embodiment given by way of non

limitative example, with reference to the accompanying drawings wherein :

- Figure 1 diagrammatically shows a separation unit with four zones having intercalated

injection and extraction points,- Figures 2a, 2b respectively show the variation of the
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20 - Figure 1 diagrammatically shows a separation unit
with four zones having intercalated injection and
extraction points,- Figures 28, 2p respectively show
the variation of the 10 solvent ratio (S/F) and of the
nmean recyle flowrate (MR) as a function of Pxzone 1

and Ebextract and - Figure 3._.sho congent.r at |

Sohioet e (BASywdrotshe el i AP e LB PR oF P 1 and
| oop at the opti mum working points in the sense of :
Elthid) andit constant purity and yield. DETAILED .

DESCRI PTI ON The net hod according to the invention

Jo t,0o optim.ze ratj Of ~e ta :
SR S i ThGaBROR bl (AL BY DRSS MEE AR hE eparation
appl ying the control  process whi IS the object. of . .

Tobi a4 PRI BN RAIER {1 P 5655 0F 2%/??436 Sqnsjigh iy and yield.
poi nt where two controlled variabl es characterizing
directly the quality and the production of the
product, i.e. the pUPETATEDDESERIDIONene in the
extract and the paraxylene yield defined above, are
brought to specified values. Optim zation is conducted
usiThg fibthod antardingatb gbe invientiole sdowh éel opligizei gperatign of a xylenes
order to optimze operation, since we have four
depAIaRGD HEM tin BOBHIA Modéaritiaide zopibd) dirftobrouglet] bpspplying the control
each zone) and since two other controlled vari abl es
@'?ﬁe‘% LidiSis B8 kBt B the AreRhtidned Atk EP-§73868, to a working point
yFbenzene concentration in the extract, Ebextract,
that can be vant ageousl| -de ' ' ;
g fyp gu svaid S?@?a%%%ngé .ﬁ%&gﬁ@c ri yé,nﬁgdr}% production of
t he paraxyl ene conceptration._at a given poini .of zon .
ths (e ichkp- 45 PHEN; i REHOM el TeiiaR Gui Yo pasiene yield
injection and extract draw off), Pxzonel which can be
@ffindé nbove, medroyehttaspecified vahws.par axyl ene
concentration at a given point of zone ZI.

Optimization is conducted using the control algorithm described therein. In order to
optimize operation, since we have four independent control variables (the four ratios of
each zone) and since two other controlled variables have to be determined, we act
upon :

- the ethylbenzene concentration in the extract, Ebexmact, that can be advantageously

determined using the measuring means used for measuring the purity, and

- the paraxylene concentration at a given point of zone Z1 (defined as the zone
contained between solvent injection and extract draw-off), Pxome1, Which can be

determined by measuring the paraxylene concentration at a given point of zone Z1.

The ethylbenzene concentration in the extract allows to characterize the position of

the ethylbenzene profile in zone Z2. The paraxylene concentraiiop at a given point of
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The et hyl benzene concentration in the extract allows
to characterize the position t he et hyl benzene
profile in zone Z2. The para%ﬁlene concentration at a
given point of 11 zone ZI is determned to control the
paraxyl ene flow downstream fromthe-. sol vent

| %%s@g‘?‘f‘%%hﬂ% y Th%{ﬂlatfxt : WO Zeﬂoglr @%&ggﬁoﬁ the solvent

defined as a function of a prlorl set production

injsftéen paitls (economic cost for exanple) 5 for this

type of separation unit, such as, for exanple : 1.

M ni mi zation of the sol vent ratio defined as the ratio .
'betEhedast e controliadtvaribles areused 4p dnaxiraize O do MiBiRize p dunctional
2. Maxim zation of the feed flowrate. 3. Mnimzation

&ffinkias FFaitioAc el 1:&10fri @t/pratuetiolebbjeetiveaedomohbasost far example)
.NbZone 10 Qnent = E 1t Q , where colum i=1 Nbzone

fHE B Qbfsérpﬁfatﬂﬂlﬁgﬁrsu@ﬁag%ﬁ&iaﬁplé he unit Nbcol umn
repre nts e total nunber of colums 1i represents

t he nunber of columms in each zone Q represents the

| i gui Miditndeationtof thawscdeanih ratimndefined amithg rasin prtwean giggopvent flow
are going to be dealt with in the description

B pAfthefeed MRGAMEE Optim zation of point 3 is
equi valent to that of point 2. Points 2 and 3 are

opty ny i&gg)?ltd}qﬁe}g@&gga,emkhey are connected by the
honbgeneirty o he system of equations relating the

' atg OVfisimiz ang attlon 0 rn%éa'n”x%c;}’c% AR5 defined as follows :

NbZone

ZI 0, , where

column =1

Oean = Nb

Nbzone Tepresents the number of zones of the unit
Nbeolumn Fepresents the total number of columns
}; represents the number of columns in each zone

Q; represents the liquid flow rate in each zone.

Only points 1 and 2 are going to be dealt with in the description hereafter, because

optimization of point 3 is equivalent to that of point 2.

Points 2 and 3 are optimized together because they are comnected by the
homogeneity of the system of equations relating the ratios and the operating variables.
Any flow rate increase can be compensated by an equivalent increase in the other flow
rates and a decrease in the same proportion of the valve switching period. Maximization
of the feed flow rate can therefore be directly associated with minimization of the

recycle flow rate in the sense where the lower the recycle flow rate, the greater the
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Any flow rate increase can be conpensated by an

equi valent increase in the other flow 20 rates and a
decrease in the sane proportilgn of the valve sw tching
peri od. Maxim zation of the feed flow rate can
therefore be directly associated with m nim zation of

the, recycle flow.rate in the sens ere.the.la I

ARl B EvEeT RIS fed, Dok datgy AUEE, i PoidepgionS i} timited in

increasing the feed flowrate. These "ideal™ g )

tractisie e bydrodwnandesesuchrast &t ¢¥ample, Fhe iipgedsy in the axial dispersion -

hydr odynam cs such as, for exanple, the increase in

Whieh ey qualilepieslli with thdwebduityarf itheesfhajd dul het dugside porepitsh

the velocity of the fluid in the outside porosity. .

Point 1 relates to the excess consunption of sol vent ]

WhQRgnidil ftdidd Btthe Bxee$ borsempiigh of sdivéntvindsa distiflatiaf cost is high.

the separation unit, in the sense of points 1 and 2,

hs,-0bt ai Ludiel i agll ghat 0 [ $ obtained b
LT {6@612%3 iﬁ%g@é?éalcﬂino*%,aﬂ fﬁ%s‘éﬁﬁ 09&)0‘.&@@1 bﬂ(pg, §S Y

Z0 mul ation results W show with
the.simy ation at _th optj mi.zati on objectives are
Jﬁglclquﬁg@b’émw%%r?&%mﬁszﬁxﬁnﬁe g] B|Z°§"“ﬁh absol ute m ni mum
for the solvent ratio depending both on Pxzonel 10 and
Ebextract. W will see, with the experinental results,
th i nd operation under optinmm conditions
(to guarantee unit stability) however allowing to

bt el . e ( _—
0 \Weghu t"iﬂhg‘%? St (\)/]\ft&hyﬁ@&e pinhiSafotjenael iné @findependent

The reés sl mul™ation are summari zed in

t he.graphs. of Fi . _The cuLv I S :

spd R o, el ek i SPRPEAED dpbfiding both on Pima
recycle 15 flowrate as defjned aboye, .as a functio(P

o1 EbararaVaavidl sepx wilh GW@E%)W?“XHS’ ﬁaaé Wyl feomment
Ebextract value, at constant purity, constant ﬁi eld .
anlér optisiuan toridigehsf (to\guarantee UPifestebility)  hasveyen pllpwgng) to obtain a
are strictly concave both in relation to Pxzonel

Lok Sofveiatib BAd eapavieg paiand to Ebextract since the
curve (Ebextract =1.59% is above curves (Ebextract=

operation

The results obtained with simulation are summarized in the graphs of Fig.2.

The curves represent the variation of the solvent ratio (S/F) and of the mean recycle
flow rate as defined above, as a function of the value of Pxyone1 (abscissa) for a given

Ebexrace Value, at constant purity, constant yield and constant feed flow rate.

Tﬁe variations of (S/F) are strictly concave both in relation to PXzone; (obvious from
the curves) and 10 Ebexyace since the curve (Ebexme = 1.5 %) is above curves (Ebexiract =
0.5 %) and (Ebexiract = 0.9 %) and below curve (Ebexiract = 0.35 %). There is therefore an

absolute minimum for (S/F) whose value is not represented in these curves.

The variation of the mean recycle flow rate (MR) in relation t0 Pxyone1 and Ebexmact

is strictly inéreasing monotonous. The value of the mean recycle flow rate (MR)-



0.5 %9 and (Ebextract = 0.9 % and bel ow curve
(Ebexract= 0.35 % . There is werefore an 20 absol ute
m ni mum for (S/F) whose value*1s not represented in

t hese curves. The variation of the nean recycle flow
rate (MR) in relation to Pxzonel and Ebextract 1is

trictly. increasi.ng nonotonous. The val ue,of nme
Atcisrre WD bt 78 oo BEent stk of P Breases, all
I ncreases and_ i ncreases when the vakue of Pxzonel
thetker specibigationp beipg Repstaitheci f i cati ons bei ng constant.
The results presented above show that simnultaneous
"optimzation of points 1 and 2 (i.e. mninzation of
S/ FThntesnitspreserded ahwvefshowdhstesiultansany eptémizatiorhef points 1 and 2
possi ble. There is an absolute mnimumfor (S/F)
Vity. elingdegionadt B ahé spaidizhdod bEthp dssi fidw rafenismotpossible. There
likely to be reached by the nmean recycle flow rate.

5 @%F%ﬂsaﬁ'eé AinitREH e SEWRISR Qb bR RrrebRsid tb&h@gi)/@ibl@@linjmum

In the pilot unit confi'rmthe tendencies shown t he

i nul.ation. .1 I f : I he .
gk%é‘?"%?e%ﬁl}(ezdgbr?’eﬁwit%%g?é entigo(}p%{éuggutsgrthgn iynh Eence

of Ebextract on the unit operation is clearly nore
evident, and .therefore requires no specific

SXPERIEnLa I dar i son of the following 2 stationary

points : Stationary point No.1lStationary point No.2

PUr Tk extpefimmertal rdshifs ohtdmedtin e fHiof ull chpfiet thetefenbtes shown by
Ebextract = 0.06 %bextract = 0.06 % Pxzonel = 4

e Rkon, 18 %

10 In the example hereafier, only the effect of PXyme: is presented because the
influence of Ebexgact o1 the unit operation is clearly more evident and therefore requires

no specific experiments.

Comparison of the following 2 stationary points :

Stationary point No.1

- Stationary point No.2

Purity = 95 %
Yield =96 %
Ebexiract = 0.06 %
PXyonet =4 %
Qfoq = 68 cc/min
Qrecyete = 379 cc/min
S/F=1.15

Purity = 95 %
Yield =96 %
Ebextract = 0.06 %
PXzonet = 1.8 %
Qfeeq = 78 cc/min
Qrecyele = 379 ce/min
SF=1.1

‘shows that, for the same purity and yield specifications, it is possible to pass 10 cc/min
15  feed more, to obtain a slightly lower solvent ratio and to keep the same recycle flow rate

" by changing only the set value of PXzone1.
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Qeed =68 cc/mnQeed = 78 cc/mn Qecycle = 379
cc/mn.Qecycle = 379 cc/mn S F=1. 155/ F=1. 1 shows
that, for the same purity and yi el d specifications, it
is possible to pass 10 cc/nmin 15 feed nore, to obtain
a slightly lower solvent ratio and to keep the sane

recycle flowrate by changing.only the set val ue of

Px qqteq@c&qgﬂg@gﬁugwog%sg "GHE opt i mum poi nt s

obtained . In order to conpare the different optinum _
POIRlRadr B c&ﬁlgaz%emé Qiffbrerttptiftiui Poied (10 thetdentsStFthy minimization
obt ali ne& above by sinulation, we trace on the

& @@‘3’} AaifEF BRR by YrmliBifion, SR0 GERE I 8 RbRHrle! Bk all of the

e separation loop for three
significant _values of Ebextrac The vertihcaleli ‘s
GmieREtigRapnilss Crigng the-chliups 9@?1;7 ﬁﬁB%fP@%‘Ié 1o P e significant
left to right extract drawoff point Vex, feed
vaipesatfibbacpei nt VF and raffinate draw of f point VRAF
The profiles go down when the nmean recycle profile
decreases. Close to extract draw off point Vex, the .
varTheueertical flinee of theegmph tof Fig.3 trespectivady sepsescph drom Ieft to right :
proportions 10 between the inpurities in the extract
%afats SMRSSEPbineVey, obd igection pofnt Myew rdfibaiy|dendéipint Vear.
Is the paranmeter characterizing these sinulations. In
zone Z3, contained between feed injection VF and

r aff+§ﬁo%%r %Y"'dg% wheR tHeh@edl Rlchéie profilet dueroasss. @lsse to extract

Si nmu ons are rather "close". Their shape clearly

! i . | cad roportions
GaRrT i i 18, QI ARSI e itk FRORT thcalsp) fhe proport

action Is always

at the base of .the .15 paraxylene profi]e.i.n zan )
frgtwreen 1 the, BN, (R; HhE) THRCE I a‘?‘%‘?ﬁ%‘i“'é‘i‘%g' $0% %he of them

concentration value at the |evel of the raffifwate .
(itlapdbanfzena) a5 theepaspstes g@da%gnzglg;gﬁgq sipulations. In zone 73, contained

between feed injection Vg and raffinate draw-off Vrar, the profiles of the various
simulations are rather “close”. Their shape clearly characterizes the optimum operating
modes of this separation unit, i.e. raffinate extraction is always at the base of the

paraxylene profile in zone Z3. The differences obtained for the paraxylene

~ concentration value at the level of the raffinate draw-off can be explained by a constant

yield value for all the simulations. The small variations of the Px concentration value

compensate for the variations of the raffinate flow rate value specific to each

simulation.

Separation unit optimization and operation
After examining the results obtained by simulation, completed by the experimental
results, we can set out the following rules for optimum operation of the separation unit

in hybrid mode in the sense of minimization of ratio (S/F) and of maximization of the
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yi-eld value for all the sinulations. The snall

vari ations of the Px concentration value conpensate
for the variations of the raffinate flow rate val ue
specific to each sinulation. 20 Separation unit

opti m zation and operation After examning the results

obt ai ned by sinul ation, conpleted byt experj

chsvE 55 HIREITRS Of B0 SHBO P NJEr o1 G4 PoeHTaLY” process a
opti mum operation of the separation unit,  in hybrid ble in
maxiieuinn ambents e Seedo fAnplicatian af itk QFIRIZaLR §t§t¥gy Ahgossiole m
of maxim zation of the 15 capacity, i.e. adjustnment of
prifics &MY i MBansnbe a cdatrbhalgofithne ancipas.efiri evample, . the algorithm
process a maxi mum anmount of feed. Application of this

PPRhiTh 3t UorR bl fafenPBPSNNIO1i 0 practi ce only by
0]

neans a control algorithmsuch as, for exanple,.
the algorithm presented in the aforenentioned patent

E)F: Zﬁg%éifl %éc:}e%go‘llu . s‘é’t QM3 fg{%’g“%{ WEB%&%HIOW@"{@ @8ach the separation

extract a o reach the separation.

unit operation optijumin the. se f et Rh g Zatd; ;

ol egertt PR SO P i Lot af TS Rdbe B fipgh, plrity and
we know, fromthe surveys carried out by simnulation,

#i¢ldt the curves are always strictly concave (Fig.2)

and that, by varying Pxzonel, we can nove 10 al ong

such curves, and because of the constraints_inposgd on ih
s etConaiderinEliknttwa &powo fogu theasiraey sneatried 23t by #pﬂa igg, that the
capacity while guaranteeing unit stability, a very

v Be aBivaxRl EXctly pencan (Rigr2) ainl ehatp thy riazang PxXyone1, WE Can move
wel | -known to specialists, can be used for iterative

' i § Mpoeaton atuealnd Eboxaet 10
%;J(ﬁg %{i &g‘jg.ih 4 BRanshof He bhBuARE posdto ot

_ an optimzer is practical because it
G2 T DR SR ey, v il
s?ij;l';gl%?cr ty%]; Sa\égéxlrja?%aib%n gpt?xﬁaizteEeW%ﬂ-%(tnoiwlﬂn&)t 'sg&léﬂﬁsg Nean! Pe used for
iterative antomatic online search for the optimum set value of PXzonet- Sucl_l an optimizer
is practical because it can work without having to calculate numerical gradients. The
advantage is that it limits the number of evaluations of the cost function which, in the

case of the present method, correspond to as many working points of the separation unit

potentially outside the optimum working point.

Within the context of this application, optimization will be achieved with generation
of triangles in the plane, each vertex of the triangle being a potential solution. At each
stage of the search for the optimum, a new poinf, in the current triangle, or close thereto,
will be produced. The value of the function at the new point is compared with the values
of the function at the vertices of the simﬁlex, and usually one of the vertices is replaced

by the new point, thus giving a new simplex and a better estimation of the cost ﬁmctipn.
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case of the present nethod, correspond to as many
wor ki ng points of the separatjon unit potentially
out si de the opti mum wor ki ng ﬂ'int. Wthin the context
of this application, optim zation will be achieved
with generation of triangles in the plane, each

56 TSR o REESIGE D, Sk o8 clmce

point, in the current triangle, or close thereto, will

- glecdoduced. The value of “the function at the new

point is conpared with the values of the function at
the vertices. of ‘the sinplex, and usually one qf ,the ;
veruilicenis selecticnfsetvalus Fldrec: Al gharaniqe raaxymization of the umt
new sinplex and a better estimation of the cost '

éa?aﬁty,bﬁtwilﬁﬂﬂﬁoﬂowmgwoic&mmmm ed until the dianeter
of the sinplex is smaller than the tolerance sel ected.
Judi ci ous sel efctl n .of set val uefsgext rai(it. al | ows h}(}%case’ the

Hubhe Aptamumevalvg of this setoyaly samef be Fgaehed (Recaysg, 1n)

the followng two comments : 5 1. The opti num val ue é)f .
¢peratingatondislone raseladdhy the uniaenbet sebieJa dact; § verpjstight decrease
case, the operating conditions reached by the unit i

Ak Sedyele fiivakite gerleratésat inceasing ymebitgiethyeneensacepmulated in the
the recycle flow rate generates an increasing anount

&flﬁ?ﬂﬁ,h% RNEARE (AL Pttt Rhafhitl diffidi® toCoYekti® bedwis€ lthe dynamics of
makes the separation unit difficult to operate because

itg?%@?%@ﬁt@ Gonodht ?t}%ﬁ&ﬁ)@ﬁ%ﬂ? fin ttﬁbeezgﬁgat‘ W mBéh faster than the decrease

zeéne 1n Xxtract s nu aster than the
gecrease 10 dynami cs. 2. The optinmum set value for Eb
%%rns of capacity does not coincide with the
val ue sought for optimzing (S/F), which is smaller.

?Oﬂ?é gggc{dnﬂﬂ P Cath P CEANEN 8 tSRRVEE ca:phciiysdtwsaicﬁ redbicide with the
ofa

ur the separation unit stability and to
Rk SR PR AT g esmtte oo 1o
Considering the two comments above, it is preferable to favour the separation unit
stai)ﬂity and to select, in this context, a set value Ebextract gua;‘anteeing maximization of
the capacity, without trying to reach the possible optimum. In this configuration,

optimization of (S/F) amounts to the optimization described above.

Considering the experimental and simulation results, the value selected for Ebexiact
directly depends on the performance of the control system of the separation unit and on

the purity value selected.

The steepness of the profile (all the profiles of the various simulations are similar)
in zone Z3 and the specific position of the extraction point for raffinate Raf at the base

of this front show a high sensitivity of the yield value to small flow rate variations or o



15 the capacity, without trying to reach the possible

optimum 1In this configuratigg, optim zation of (S/F)

anounts to the optim zation scri bed above.

Consi dering the experinmental and sinulation results,

the value selected for Eb a directly depends on the 7

~ performance of the cantrol system,f the s ' s hi
e PR BTG RO & Lk Bopiogh SE s brofie. This high
steepness of the profile (all the profiles pf.%ﬁ&k. !

yield sensgiivityrshb s Histh operaidorsela it 3t itsj GppNER PYET i§ i, manually.
specific position of the extraction point for .
raffinate Raf at the base of this front show a high
sensitivity of the yield value to small flow rate
variations or to 17 any other disturbances generating

a variation in the positi.on of the profile. This high.
yield sensitivity shows that operation of a unit at

its optimumpoint is difficult manually. 18 CLAIMS 1)

A met hod of optim zing operation of a unit intended

for separation of the constituents of a feed,

conprising a separation |oop consisting of the

i nterconnection of a series of beds containing a

solid adsorbent material form ng several zones

delimted 5 by feed (F) and solvent (S) injection

poi nts and extraction points for discharge, out of

the | oop, of an extract (Ex) containing a first
constituent (Px) of the feed, and of a raffinate

(Raf) injection points and extraction points swtching
nmeans allowing to sinmulate countercurrent

di spl acenent of the beds and neans for neasuring

operating variables, conprising using a contro
algorithmfor bringing the separation unit to a 10
wor ki ng point where the purity of the first .
constituent in the extract and the yield of the

separation unit as regards production of this first
constituent are brought to specified
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val ues, characterized in that, for a given value of
concentration (Ebextract), in the extract, of a
second constituent (Eb) of th& feed, the set val ue of
the concentration (Pxzoneli) of the first constituent
is adjusted manually in a zone (Z1) |ocated between
the solvent 15 injection point and the extract.
extraction point so as to r@lnAMSe t he sol vent/ f eed
ratio (S/F). 2) A nmethod as clainmed in claimai,
characterized in that said concentration val ue
(Ebextract) - is adjusted so as to maxi mze the capacity
of hha sRBRHAbT Optimbidg Wigéﬁa'tian tdfea waRetdnidod fot abpdrition of the -
limts of said unit. 20 3) A nethod of optim zing

Qcﬁﬁﬁﬁé ﬁ%f%ffe%% lég . n’slfé %C"ég%a{ i 100pRBA&ALR o Othe t'11|B:Src:01111<:ction of

cons uents eed rrsing a separation [oop

rttent's or a"feed: 1 g SR
Rt o s Goulsiing AaEhT BNEooh Pt P 5Pl pEy Selimited
Ftords P s oPeic) e Bm Rl G BB GROTHS o BRelygRe, out of

the loop, of an extract (Ex) containing a first

thenlsopt ofean ety (B%) condainingda fustdcarstiarent 639 ofathe feed, and of a
(Raf), injection points and extraction points

faffiha0| (ReHMEEB&IH beinisngnd extradtion! péiatscountiing meaaastallowing to
di spl acenent of the beds and neans for neasuring

Qf}ﬁﬂeﬁé icEQntg%ﬂfrE&b&li@ﬁaceﬁ%‘ﬁP bif $hd BeddSAI0mBasORr dasuring operating
al gorithm-for brinding the separation unit to a

wor ki ng poi nt. where th r ik Ve ' . .
IR oBRphind ARRE A Rl ddorcfi g e poparation unit o a
separation unit_as regards_production.of this first .
WEHdRg p@@hwﬂgqeéh%pg%@ th bg%qspflgat F&@é, t 'and The yield of the

characterized in that the set value of concentration .
gcBoeation auit) as regads pesduction offthiy firskeenstitueat ate; brqught to specified
(Eb) of the feed, is adjusted so as to obtain

values cahdtonzed intthe, for amientyahef oft doacedméivatFoamuhiin the extract,
Wi thin the operating stability limts of said

SR @E@hﬁ%ngtﬁuéﬂii@b) of the feed, the set value of the concentration (PXzope1) of

the first constituent is adjusted manually in a zone {(Z1) located between the solvent

injection point and the extract extraction point so as to minimize the solvent/feed ratio

(S/F).

2) A method as claimed in claim 1, characterized in that said concentration value
(Ebexiract) is 'adjusted so as to maximize the capacity of the separation unit within the

operating stability limits of said unit.

3) A method of optimizing operation of a unit intended for separation of the
constituents of a feed, comprising a separation loop consisting of the interconnection of -
a series of beds containing a solid adsorbent material forming several zones delimited

by feed (F) and solvent (S) injection points and extraction points for discharge, out of
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4) A nmethod as clainmed in claim1 or 2, characterized
in that said set value of copncentration (Pxzonel)is

adj usted by neans of a nonovariable optimzer. 5) A

method as clained in claim 3, characterized in that

said set value of concentration (Ebextact) in the

t t [ ust in.t. b 2 9%
£585 50t 5o BT R Mgl 08 5RER Bo) R hET? mnd of 0
previous clainms, characterized jn that the _first .
wbirate (Baf inipeionnpoigiscat cxEHdon: pRIME Tfiidhing meaps gflewing to

paraxyl ene and et hyl benzene respectively.
simulate countercurrent displacement of the beds and means for measuring operating

variables, comprising using a control algorithm for. bringing the separation unit to a -

working point where the purity of the first constituent in the extract and the yield of the
separation unit as regards production of this first constituent are brought to specified
values, characterized in that the set value of concentration (Ebexmc), int the extract, of a
second constituent (Eb) of the feed, is adjusted so as to obtain maximization of the
capacity of the separation unit within the operating stability limits of said separation

unit,

4) A method as claimed in claim 1 or 2, characterized in that said set value of

concentration (PX,oge1) is adjusted by means of a monovariable optimizer.

5) A method as claimed in claim 3, characterized in that said set value of

concentration (Ebegae) in the extract is adjusted in the range between 0.02 % and 2 %.

6) A method as claimed in any one of the previous claims, characterized in that the
first constituent and the second constituent of the feed are paraxylene and ethylbenzene

respectively.



