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liquid flows run r ums or colum fractions of the sane
zone. The method notably applies to the separation of aromatic hydrocarbons.

BACKGROUND OF THE INVENTION

In industry, there are many continuous separation processes based on -
selective adsorption of at least one component among several in a mixwre of
fluids, notably processes known as simulated countercurrent chromatography
processes where the property of ce;tain porous solids. in the-presence of -
liquid, gaseous or supercritical mixtures, of retaining more or less.significantly -

the various constituents of the mixture is used.

Séparation or fractionation processes based on chromatography ‘are most:: -
often implemented in a device comprising a set of columns or column fractions
interconnected in series, fdriniﬁg a closed loop. Irjection points for the
mixture to be separated and the solvent or desorbent, and fluid exwaction
poiats : extract and raffinate, delimiting different zones are distributed along
this loop. Identical liquid flows run through all the columns or column

fractions of the same zone.



The devitces nost often consist of four main zones. However, sone have only
three zones (in this case, the zone contained between the raffinate draw
of f "'point and the solvent injection point is omtted). There are al so
devices with five zones where part of the @xtract separated fromthe _
solvent is reinjected between the extract draw off point and the feedstock .
I njection point. O hers nmay conprise five to seven zones where secondary
fluids allow to flush lines carrying successively several fluids. so as to
prevent contam nation. A porous solid of determ ned grain size forns the
stationary phase. The qelxby ffost BBE cSRRRATGT RUr nfaih 28ndN HowERr CHEMavd hen
di spl aced by a carrier fluid or desorbent, and the various constituents
flow out succesgilyeheeames dinndlist sttt kofic chamintebatwedr trdraflfiste Arad-£SS
significantly by the stationary phase. In a real countercurrent process
(Fig. 1), a fixsfd poict e sheasdlvemnméestiontgodmt jsraorbitted) d€herkagrs dlso devices
separation colum 1 where the position of the points of injection of a

f eedst ock A+B. withafivel zomes @heranpavfofdthewestractoseparatedtfremt (HEAsalventofs a
raffinate RB remains fixed. The adsorbent solid 3 and the liquid 2
circulate in a ciatted barvesntthe psiract Aravoioffipeiat aRd thg fegditesk iairgtianpeincl i ng
punp P, both placed on the | ocatjon of the colu (at the ju Cti_Oﬂ of zones
| and 1V) wher eOHeES SY% COBBEFRSIVEr BsENEN | ZPNER Y ‘-‘l"ﬁu“ieﬂo%cg“{}\éﬂ}‘d’aé‘ PH tthe
solidis the elytion carrier fluid, allow rﬁ'@P$Ctivel¥ to -runn%he. solid
from the bot t ordl¥sh KBRS GaBynghccessiveissnvyral KRGS 50,23 ' PEYER @ {aPinaHoRne
bottom Processes known as sinmul ated noving bed processes allow to avoid a
maj or difficulty inherent in real noving bed processes, which consists in

correctly circul at \ng e <504 iof dBiRRmet HURHLiz€ 16Ahd B &bfiShdry Phaddi0The

W t hout
mixture to be separated is fed into the column, then displaced by a carrier fluid ~ -

or desorbent, and the various constituents flow out successively according to

whether they are retained more or less significantly by the stationary phase.

In a real countercurrent process (Fig.1), a fixed and constant concentration
profile develops in a separationi column 1 where the position of the points of
injection of a feedstock A+B. of an eluent S, and of draw-off of an extract EA
and of a raffinate RB remains fixed. The adsorbent solid 3 and the liquid 2
circulate in a countercurrent flow. A solid carrying system and a recycling
pump P, both placed on the location of the column (at the junction of zones [
and IV) where the only species present in the liquid as well as in the solid is
the elution carrier fluid, allow respectively to rﬁn the solid from the bottom to

the top and conversely the liquid from the top to the bottom.

Processes known as simulated moving bed processes allow to avoid a

major difficulty inherent in real moving bed processes, which consists in

Y

correctly circulating the solid phase without creating attrition and without



3 considérably increasing the bed porosity in relation to that of a fixed
bed. .In order to sinulate the displacenent thereof, the solid is placed in
a certain nunber n of fixed beds (generallg 4 [err] n[err] 24) placed in
series and it is the concentration profile-which is displaced at a
substantially uniformspeed all around a closed |loop. In practice,
successive shifting of the injection and drawoff points is perfornmed by
nmeans of a rotary valve or nore sinply by neans of a set of properly
controll ed on-of f valves. This circul-ar shift. perforned at each period, of
the various i ncegtisiderablydatmesing oves bed) parogity én reiation tto ahatastoa fitksd thed. In
simul ati ng a di spl acenment of the solid adsorbent in the opposite direction.
Count er cur r ent omdecacwimahite shardisplasémeoty thegedfe dhe Isobdres quacedhin prasctsses
are for exanple described in patents US- 2,985,589 or US-4, 402,832, A system
for separating. nimbehe qirfexeshnbedsdgerarallp 4s€ oRe24| Rlagad inasaries andod s the
conprising at least two constituents into at |east two, h&act_i.ons general ly

t
conprises n cl osentapor RESHET YR hiESPLASEd A2 sibstanuathy unitrm eprednifling ed
in series (generally 4 é_err%2 n[err] 24) where a pressurized |iquid.
supercritical oto§BE@dtesedilQ®Rire is circulated, the |oop conprising at
| east one feedstock injection current, at |east one eluent injection
current, at |east one extract drawoff current and at |east one raffinate

draw. of f current, 10 £A08! ShtBive shlfhE UpVins OhetioR B0 dFRY- B pBidfIgE 11
' performed by means of a rotary valve or more simply by means of a set of
properly controlled on-off valves. This circular shift. performed at each period,
of the various incoming-outgoing flows in a given direction amounts (o

simulating a displacement of the solid adsorbent in the opposite direction.

Countercurrent or cocurrent simulated moving bed chromatography -

processes are for example described in patents US-2.985,589 or US-4,402,832.

A system for separating. in the presence of at least one eluent, a.feedStc')ck_-
comprising at least two constituents into at least two fractions generally
comprises n cldsed-loop - chromatographic colufnns “or column sections
mounted in series (generally 4 < n <24) where a pressurized liquid.
supercritical or gaseous mixture is circulated, the loop comprising at least one
feedstock injection current, at least one eluent injection current. at least one
extract draw-off current and at least one raffinate draw-off current, the
constituent preferably sought being mainly either in the extract or in the

raffinate.



raf finaté. 4 The main inlet flowrates are the feedstock flow rate and
the gluent flowrate. The outlet flowrare is the extract flow rate. The
raffinate i's withdrawn under pressure control. The raffinate flowrate is
equal to the sumof the inlet flow rates nffnus the extract flow rate. In
addition to these controlled flowrates there is a controlled recycle flow
rate whose val ue al so depends on the position of the punp at a given tine.
The relative | ocation of each of the four flows around the beds is
calculated so as to obtain a satisfactory behavi our dependi ng on the type
of separation to GEh@emimintedflawdatelsuse def faedstoth flovdiase iand tthe ohuest flowt he
case of the process shown in Figure 1. Parents US-5,457,260 and 5,470, 482
descri be a proadets Thenoutlst|flavg raieds the exteatt fiow nagebétic syéinarm fsovith&pwnat i ng
a mxture of constituents, conprising.two |oop interconnected myltiple-bed
col urms, wher e URder PERSSULSRONSIOh, Hea Biffinate flow saie Ak eqund 1o Uhg sYm of the inlet
constituent or the yield.thereof or @8cor_1bi ng’{i n.of both is cg{g} rohl ed.
The process corft¥ JeEs RIS e FXIRE Elgic B+ 1 AddugR Phbet FoRilied Tow
constituents of the mxture circul ati in the interconnection cjircujts of
t he col ums, ndf\%|t§}€f§y‘srf’959flq‘ﬂfeaﬁ%cqg5@é‘{ FHS CUliRse V&ﬁ‘lf §§? AP RSt i ve

Cvbe it ch ¢ endostiph St bl ALA e 0B LB fin O b rdhe BT 1
characteristic fg 3.5fld ¥R bikisUR daftufarE®'sbs ol B&N2 sHrisFAl%ry behaviour

depending on the type of separation to be performed and thus defines four

distinct zones in the case of the process shown in Figure 1.

Patents US-5.457.260 and 5.470,482 describe a process controlling a
simulated moving bed system for separating a mixture of construents,
comprising two loop interconnected multiple-bed columns. where at least one
characteristic such as the purity of a constituent or the yield thereof or 2
combination of both is conwolled. The process comprises measuring the
concentration of the various constituents of the mixwre circulating in the
interconnection circuits of the columns, notably by near-infrared spectroscopy,
and using an iterative adjustment algorithm of multivariable regression type or -
of neural network type which tends to decrease the difference between the
actual value of the characteristic and a sét value up 10 a certain threshold. The
-algorithm used is of the "black box™ type with all the drawbacks linked with
this type of approach : a considerable implementation time since the result is
obtained only after many tests; it is exploitable only in the field of the tests
carried out and it is obtained with very little precision. that of the modeling of

nonlinearities in general.

In the text hereafter, the following terms designate :



algrorithmused is of the "black box" type with all the drawbacks |inked
wi tth this type of approach: a considerable inplenmentation tinme since the
result is obtained only after many tests; it is exploitable only in the
field of the tests carried out and it is ®btained with very little
precision, that of the nodeling of nonlinearities in general. In the text
hereafter, the follow ng terns designate. - controlled vari abl es

vari abl es which nmust be constantly close to a precedingly specified set
val ue and whi ch show t he snooth running of the process. It nay be, for

exanpl e, the pughfioiild LARKGRES! IVaeBles @hich Rk’ BC Loorsiify Elolke o e

separ ation unit a glven constituent - operating

variabl es whi ?Ped’eﬁﬁl@? sﬁ@@iﬁw ad: Qﬁlukhﬁmdoﬂﬁﬁéi SFow SHE nforh [raNAIRS SIS
val ve switching periods allowing to sinulate the displacement of the beds,

etc.; - contrekoscsss.ileblagbe, arrdxahipts thd perticynafi thé Yoagiueits af 54 BYr&crzdae for
exarrpl e on the part of the concentration profile contained in a zone. These

control vari alyieid ofitlee shpemtivnnedt foy atgieenccomstivienglegor i t hm and are
translated into operating variables. It may be rem nded that the aimof an
advanced process intended for control of the runni r_g of a separation | oop
is to cal cul at ®paratingt vaslablesw (aiablestwhikh caalhgemodifiedhlzy Sieeoperatoy sughi abl es
in the course of time) in order to: - contrgl operation, i.e, to calculate
a control |awag Slospraieoer malke ayitchiag periods allowing to simulate the displacement

of the beds, etc.;

- control variables : variables which mainly act on a single zone. for example
on the part of the concentration profile contained in a zone. These control
variables are determined by the control algorithm and are translated into .

operating variables.

It may be reminded that the aim of an advanced process intended for
control of the running of a separation loop is to calculate a control law (all of -

- the values of the operating variables in the.course of time) in orderto :

- control operation, i.e. to calculate a control law capable of making the
transition between two distinct values of one or more controlled variables

selected a priori, and

- regulate operation, i.e. to calculate a control law capable of compensating as
., much as possible (in advance or at least asymprotically) for all the external -
disturbances acting on the process so that the controlled variables selected a

priori keep a quasi-constant value.

In the case of a simulated moving bed unir. regulation can also

compensate for disturbances due 10 an evolution in time of the thermodynamic



transition between two distinct values of one or nore controlled variabl es
selzected a priori, and - regulate operation, i.e. to calculate a control
| aw capabl e of conpensating as nmuch as possible (in advance or at | east
asynptotically) for all the external distfrbances acting on the process so
that the controlled variables selected a priori keep a quasi-constant
value. In the case of -a sinulated noving bed unit regulation can al so
conpensat e for disturbances due to an evolution in time of the
t her nodynani ¢ and geonetric parameters of the adsorbent (of course for a
limted deterigadatgeomenfic t parapewyer of ethe obdsdrberadsol bmmatge. fdheselinfifedcti ves
are fulfilled with the process intended for automatic control of a process
for separ at i ngletareniiomefithe prbperties rf theedsérbent)cul ati ng fl ui ds according to
the invention, which allows to overcone the aforenentioned drawbacks. It is
not based on a "black box" type technique but on a nore controll ed approach
permtted by a nonlinear npdeling of the separation process, SUWARY OF THE
| NVENTI ON The prokhkess eRieefivasniet ililied iwithe fie @rocgppitnteadedofarhautematicol  of
a sinul ated novi ng bed system éor uni trz for se%?rahi ng.const '_tu_en\t S.,
conpri sing a CPBERY A od PrecHsifer SFRAYING FROSUYT Oh fe FVXIBIF Ph cuERlagasg of
beds contai ni Rﬁuan adsor.bent sol.id .material, hdihst rhbut ed into severtgl zones
delinmited by : %I accordlng to the invention. 'whic ailows [0 overcome <
aforementioned drawbacks. It is not based on a "black box" type technique but
on a more controlled approach permitted by a nonlinear modeling of the

separation process.

SUMMARY OF THE INVENTION

The process according to the invention aéplic; to the conurol of a
simulated moving bed system (or unit) for separating constituents, comprising
a closed loop consi_stiﬁg o_f the iﬁterconnec_tidn in series of beds containing an
adsorbent solid material, distributed into several zones delimited by fluid
injection and extraction points, means for injecting fluids into the loop, means
for exwacting fluids from the loop, injection point and exwaction point
permuration means, allowing to simulate countercurrent displacement of the
beds, and means for measuring various variables (such as concentrations, flow

. rates, the valve permutation period, etc). It comprises :

- measuring operating variables and concentrations of certain constituents
necessary for calculation of controlled variables in a number of points of the

separation loop at least equal to two;



i njection and extraction points, neans for injecting fluids into the | oop,
means for extracting fluids fromthe | oop, injection point and extraction
- poi nt pernmutation neans, allowi ng to sifulate coun —ch acenent
of the beds, and means for neasuring vafious varigb & HAS: BEEN
concentrations, flow rates, the valve pernutation [peri oBEPIAGED. |t
conprises: - neasuring operating variables and concentratrons of tain
constituents necessary for calculation of controlled variables in a nunber
of points of the separation |oop at |east equal to two, - determning
from actual deteoratning, froasacwadl wahicabdfe sncasaredyvarmbiey andidiyerusinged nodel
of the working of the separation system (either a non |linear nodel, or a

| i near nodeldetpsmined giodéﬁ()fr thanverkingnfrihe sepasations SYSEY (giFher @anqn,/ knear
respectively of the ratio, in each of the various zones. between the fluid

flow rates egdelaRe 2 ireasimedel near 3dI%EN BHNIAG POMLL| ARG (R IEECHIEE) so as
val ves. and RSt o e roe i e 86 e riisC e 4B BB B0%en ¢

rray of contiesi0ed Ao ne Shedlaff altiolBe padaP AR Al 05 9Rs GRPIng 19 27
ol enar e RESBARS HERBALdechBRALARS: (rddnifedlaAliegdRd var | ab) ee (%)

depending o ow rate concentratlion ues with mless than or
equal to n, neasuring (only in the case of a non linear control nodel)

concentrat i Qngetbphinidl,  6ml tH FaR2F€), values 1o be given to the operating

variables.

On a section of the separation loop comprising an anfay of contiguous
stages including n zones. where n ratios (Rk) are defined. the process generally .
comprises defining m controlled variables (C) depending on tlow rate (D) and
concentration (X) values. with m less than or equal to n, measuring (only in
the case of a noa linear control model) concentrations (X) in the liquid phase
at the extreme points of the section, and determining m said ratios (Rk) or m

combinations of said ratios comprising (n-m) parameters.

According to an embodiment, with a separation loop comprising four main
zones, several controlled variables (§) such as the loop efficiency and the
purity of at least one constituent of the mixture are simultaneously controlled

from in-line measurements of different concentrations.

A Raman type in-line analysis, chromatographic analysis or near-infrared

(NIR) analysis is for example used for concentration measurements,
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“at the extreme points of the section, and determning msaid ratios (Rk) or
m conbi nations of said ratios conprising (n-m parameters. According to an
- enbodi ment, with a separation |oop conprising four main zones, several
control l ed variables (S) such as the | oob efficiency and the purity of at

| east one constituent of the m xture are simultaneously controlled from

I n-1ine measurenents of different concentrations. A Raman type in-line

anal ysi s, chronmat ographic analysis or near-infrared (NIR) analysis is for
exanpl e used for concentration neasurenents. 8 According to an

embodi nent, in tAccording tofanaembpdingnt,cin theicas®of ayperativh tunif ousystenes, at -
| east one of the followng four quantities is selected as a controlled

vari abl e: t hevigufouryzamesaatf lenstoneoofsthiet fodawinignfaur fquandtiexisr seédcert &5 am t he

| oop, the yield of the separation systemfor a constituent (the same as the
first consti coetmelled vanabinerthe payity af arfamst corfstisueintinf arfhtid esmractied feom at t he
back of a first_one of the four zones in relation to the direction of

circul ati on 8t 1P, e yiedd of Hey saparation: sysiem &3¢ mronsyfuenp fthe samei asubet s

except for S?Id first constituent at ”gllﬁ grot of a lLast of SS%@ fo}ur zones
in relation {5SYIPRSHUEBEPT PIBF Wiecdiiray Pb ! fflfffrf&nﬂlﬁh'm‘sa‘ tht22¢epha

al |l ows know the v rati os a aratlons stem i_n¢l udi ng a
certain nunbg‘?st )i ogéﬁﬁiou‘t 6°T&Fét'é’r’fﬁﬁ5;“t ﬂ%?oa\rg“é‘&?nﬂq ﬁbc\/‘%l%?fo‘ﬁ
additional T # Qs Ah&RYAd A ' 3N dfthe SEMEIIEAR dlebl BrSERYIA! LOR AR ©f

at the front of a last of said four zones in relation 1o the direction of circulation

of the fluids.

The method allows. knowing the values of ratios (Rk) in a separation
system including a certain number p of zones, to determine the corresponding
values of additional ratios resulting from introduction in the separation loop of
at least one additional injection point and/or at least one draw-off point,
depending on the known value of the ratio in an adjacent section and on the

considered injection and/or drawing-off flowrare.

The value of a ratio between concentrations of constituents in a drawn-~off

fluid can be selected as a controlled variable.

An algorithm of optimisation for the following through of orders fixed for

controlled vanables can be favorably used.

The method presented can be readily used to control as many controlled
vaq'ables (§) as there are_satios (Rk). These controlled variables may be, for

example, productivity, solvent proportion, trail measurements, etc.



at | east one additional injection point and/or at |east one draw off point,
dependi ng on the known value of the ratio in an adjacent section and on the
considered injection and/or drawi ng-off flowate. The value of a ratio

bet ween concentrations of constituents i® a drawn-off fluid can be sel ected
as a controlled variable. An algorithmof optimsation for the follow ng

t hrough of orders fixed for controlled vari ables can be favorably used. The
nmet hod presented can be readily used to control as many controll ed
variables (S) as there are ratios (Rk). These controlled variables may be,

for exanple, proe t&lgﬂ,{ﬂ a%.{]oqa MeNb 4R E‘B%Htf Jnovssf AR Ws%z{m@hgrmﬁ& C.

9 The net hod accor |ng fiventl on a to maintain a e Tunni ng.

of the separa i 0 ok
qual ity vari aH (@)ﬂlrilbslt'I Rllgéﬁ%rgé%&%%?'? %E\I@%%Q%e ét he W'l[@‘Eé?ﬁgdS]E ead‘%}rﬂﬁyand

advant ages of ¢hhaidmt hod according to the invention will be clear from
readi ng the description hereafter of a non limtative enbodi nent exanpl e
with reference to the acconpanying drawi ngs wherein - Figure 1 is a

fl owsheet of a real noving bed separation loop. - Figure 2 illustrates the
principle of the discretiBRIBFODESERIPTEIN (O Tht PRAWINGISance equati ons,

Other features and advantages of the method according to the invention
will be clear from reading the description hereafter of a non limitative

embodiment example. with reference to the accompanying drawings wherein :
- Figure 1 is a flowsheet of a real moving bed separation loop.

- Figure 2 illuswrates the principle of the discretization used for the material

balance equations,

- Figure 3 is a flowsheet of an interzone between two sections of a loop

illustrating the ratio calculation,
- Figure 4 shows a flowchart of the varions phases of the loop control process.

- Figure 5 schemarizes a separation loop with four zones, four injection or

draw-off points and eight measuring points,

- - Figure 6 shows a chronogram of the changes brought to the composition of a
feedstock in order to illustrate a regulation example in the following

simulations,



- Figure 3 is a flowsheet of an interzone between two sections of a |oop
illsustrating the ratio calculation. - Figure 4 shows a flowhart of the
vari ous phases of the |loop control process. - Figure 5 schenatizes a
separation loop with four zones, four injgction or draw off points and

ei ght neasuring points, - Figure 6 shows a chronogram of the changes
brought to the conposition of a feedstock in order to illustrate a
regul ati on exanple in the follow ng simulations, |0 - Figure 7 shows
chronogranms of the evolution of two controlled variables, i.e. the purity

of an extract d th nit yield, as resul t. of . | duced, -
Fi gure 8 shom‘a?'fgéﬂ’e?fsﬁeﬁ”éﬁﬁ&P“BE‘-“"E‘He°f3B%F‘r’%J‘FE‘8P8\9}“%@586%@‘?‘?%’4{%%%& :
condi ti ons by plyi: he. pr.oce ceordi-ng,: the.ip t) -
Frgures 9 to 135 REIPE st T RARAER RndchP e ApRy | 122, UL 0P The Hfdnies

vari abl es durii’ﬁg'otdﬂ? ptabilization of the process, respectively the recycle
flowrate (Fig.9), fe extract flow rate (Fig.10), the pernutation period
(Fig.11) and the raffinate flowrate (Fig. 12). DETAILED DESCRI PTI ON OF THE

I NVENTI ON' A sepgiaife0B Hoiws ARRFiGMY 8f ¢hoSRMndeRRbAde®Nudedthdi dane
simul at ed noving Beds is divided into”at |east four zones. each zone being

separ at ed conditions by applying the process according to the invention. and
- Figures 9 to 12 show evolution chronograms relative to four operating
- variables during the stabilization of the process, respectively the recycle flow

rate (Fig.9), the extract flow rate (Fig.10), the permutation period (Fig.11) and

the raffinate flow rate (Fig.12).
DETAILED DESCRIPTION OF THE INVENTION

A separation unit comprising a closed separation loop with simulated
moving beds is divided into at least four zones. each zone being separated
from the next one by an injection or draw-off current. the injection and draw-
off currents being permured at substantially constant time intervals. The loop
contains a pump for recycling said mixwre, whose output is controlled and
which is placed between two successive columns or column sections and
possibly at least one means for measuring the concentrations of the liquid

. phase, also placed between two consecutive columns or column sections.

A Raman type measuring device such as that described in patent
FR-2,699,917 (US-5,569.808) filed by the applicant. which gives access (o a
great number of real-time-concentration measurements and thus allows to

\

obtain. the concentration profile at various points along the loop, can be



fromthe next one by an injection or drawoff current the injection and
draw off currents being pernmuted at substantially constant tine intervals.
The | oop contains a punp for recycling said mxture, whose output is
controll ed and which is placed between tMo successive colums or.col um
sections and possibly at | east one neans for neasuring the concentrations
of the lIiquid phase, also placed between two consecutive colums or colum
sections. A Raman type neasuring device such as that described in patent
FR- 2,699,917 (US-5,569.808) filed by the applicant which gives access to a
great nunber gfvah@gkolslyRise@nS&ednat frodly Nk afiedsarandns dhdzenBaslyatdn@igs t 0
obtain the concentration profile at various points along the loop, can be
advant ageous|petwsen twdedreictichg {dir £ eé¢paratiore sysuera neith Solin zgwssg jadiciousgngi ng
between two and eight for a separation systemw th four zones) judiciously
di stribut ed idistribatedain thesvarionegones is Hen sififiest en¢nstice smeotherunniong 6f :
running of the algorithmcontrolling the process. |) Selection of the

vari abl es a) teatgasithedcopsolling the pmgesscont rol | ed vari abl es are defined as
functions [err] of several variables: [err] - X is a vector representing
the concentrations of the various constituents in the |iquid phase at

different points.(4his, val can ei t her instantaneous, or an average of
t he val ues takeﬁnié‘f’?%?t%?ﬁﬁﬁfﬁgﬁg%éri od ).

a) Controlled variables

The controlled variables are defined as functions S of several variables :
¢)) £ = F(D,X), where

- X is a vector representing the concentrations of the various constituents in
the liquid phase at different points (this value can be either instantaneous, or

an average of the values taken in a permutation period).
- D is a vector each element of which is an internal injection or draw-off flow

rate.

The purity  of a constituent in the liquid phase at any point of the unit (in
an outgoing flow for example) can be mentioned as an example of controlled

, variable :
£ =x; / (x; + Imp;), where

- X; is the concentration of the constituent i at a given point,



u fer A852T3T

- Disa vector each elenent of which is an internal injection or draw off
flowrate. The purity [err] of a constituent in the |iquid phase at any
point of the unit (in an outgoing flow for exanple) can be nmentioned as an
exanple of controlled variable: [err] - Xx[igrr] is the concentration of the
constituent i at a given point. 12 - Inp[err] is the sumof the
concentrations of the other constituents considered as inpurities at this
poi nt (which can exclude sone constituents such as the eluent for exanple).
Cal culation of this controlled variable at a given tine thus inplies

measur enent of_ g i;J;@S%%&ﬁsmr{e%n%@arﬂro%%'ftmé BitloP Botsuiibtnkt AiaRRrad apne or

nore points of €S€é neasurenents can exanpl e be perforned as

menti oned abovﬁngﬁrim{' chi¥ iﬂp%gﬁhscﬁr ePNud %ol N&InsBRRABS Such TAE the
controlled variables can a lori be selected freely. In the case of a

four-zone uniteh{ela@f&@%igqg)es whi ch the operator is used to seeking nost
often can for exanple be sel'ected as controlled variables: 1) the purity of
one of the constituents in the extract. 2) the yield of the unit for this
constituent, 3) the trail, at the back (in relation to the direction of
circulation of theCalculation of this controlled variable at a given time thus implies
measurement of all the concentrations present in the liquid phase at one or
more points of the loop. These measurements can for example be performed as

mentioned above by Raman type 'analysis or by any other process.

..... The controlled variables can a priori be selected freely. In the case of 2

_four-zone unit, the quantities which the operator is used to seeking most often

can for example be selected as controlled variables :
1) the purity of one of the constituents in the extract.

2) the yield of the unit for this constituent,

3) the trail, ar the back (in relation to the direction of circulation of the

fluids) of zone 1, of the constituent considered in points 1) and 2).

4) the trail, at the front (in relaton to the direction of circulation of the
fluids) of zone 4, of all of the constituents except the constituent considered in

points 1), 2) or 3).

b) Control variables

The method according to the invention comprises selecting control
-

variables by means of which the values to be given to the operating variables



f1uids)” of zone 1, of the constituent considered in points 1) and 2). 4)
thestrail, at the front (in relation to the direction of circulation of the
fluids) of zone 4, of all of the constituents except the constituent
considered in points 1), 2) or 3). b) ConBrol variables The net hod
according to the invention conprises selecting control variables by neans
of which the values to be given to the operating vari abl es 13 in order
to control the evolution of the controlled variables can be directly

det erm ned. Conversion of these control variables into "conventional"”

operating var;aRJe8&: t cShYEY thePORDMIICoOHeSESRIGIRE VA AbIRNS 6&ldirecty

application constraints Iinked with the dinensioning of the process and of

t he equi prent dsiepsenddiere is a one-to-one rel ationship between them a
necessary condition for the separation systemto be perfectly controllable.
In cases where all the operating variables are free (i.e. their value can
be freely fixed without the physical constraints concerned being reached),
the necessary nur@mivepsion nofephkesde cbnwalntvatidblesrinab| ‘esnventeqaldl operatihg
nunmber of zones form ng the separation unit. It is well-known that the :
oper ation of aagabilekas atvaysyporyitie dussedeathat icah pbysicad mppbicajirs ronsdmmts cal t o

that of a real noving bed systemif, for the latter,
linked with the dimensioning of the process and of the equipment. since there

is a one-to-one relationship between them, a necessary condition for the

separation system to be perfectly controllable.

In cases where all the operating variables are free (i.c. their value can be
freely fixed without the physical coastraints concerned being reached), the
necessary number of independent control variables is equal to the number of

zones forming the separation unit.

It is well-known that the operation of a simulated moving bed separation
system is quasi-identical to that of a real moving bed system if, for the latter,
the flows circulating countercurrent to the main liquid flow are given by the

following relations :
(2) Qs = (%Vmicro*Vcolumn) /T

. Qs 1s the "solid flow" (corresponding to the effective capacity) equivalent to

that generated by the valve permutation in the simulated moving bed unit.
(3) qe = (% Vmacro+%Vmeso+%Vvi)*Veolumn) / T

ge is the "liquid counterflow" equivalent to that generated by the valve

permutation. [t corresponds t the quantity of liquid contained in the meso-



the flrows circulating countercurrent to the main liquid flow are given by
the followng relations: (2) & = (%V mcro*Vcolum) / T @ is the
“solid flow' (corresponding to the effec ive capacity) equivalent to that
generated by the valve pernutation in the simulated noving bed unit. (3)

ge = (% V macro+% V nmeso+%WWi)*Vcolumm) / T ge is the "liquid countefl ow'
equi val ent to that generated by the valve pernutation. It corresponds to
the quantity of liquid contained in the neso- 14 and macropores, as well

as in the external porosity or in the grain porosity added to the bed
porosity. It 4msl gquaeopares #seWel rasding Be £XteraplopRONY Pr dvthe 8eais ROFPHY 11 ow.
It corresponds to the immpbilization of a I;lgmfd"t hat is. not.ad?@r hed in the
m cropor osi t yadsiedt ke thebes MORRSILY} At jSegenerais retshred, ¢y a8 3OPPIRE FIOW 1Or | 4| e
of the period of perputation of the valves of the.sinulated npving bed
unit, - Vcol FAYI8EtHaWe Ik FORFSRIAGS JPuWE BRIMGD tion, 8 4 Eﬁ“‘{g@‘uﬁe“&
cont ai ned between t uccessive..jnj i [or draw off points. active
or not). %/mi %8&%8@8,“1%69%{?;1%6%aée)i{&é%g'specti vely the percentages of
m cropore (effective capacity), mesoporé macropore volune and of the
external porosity of the bed. '

In relations (2) and (3).

. T is the value of the period of permuration of the valves of the simulated

moving bed unit,

- Vcolumn is the elementary volume of a unit section (volume contained

between two stuccessive injection and/or draw-off points. active or not).

- %Vmicro, %Vmeso. %Vmacro, %Vvi are respectively the percentages of
micropore (effective capacity), mesopore. macropore volume. and of the

external porosity of the bed.

The presence of a dead volume which does not appear in Equation (3) and
which corresponds to the dead volumes between the successive sieve beds is
however taken into account through the artifice of a global increase of the

various percentages of Equation (3).

The external liquid flows are the same for the two unit types. On the other
hand, the internal flows are different between a simulated moving bed and a

real moving bed. These flows are related by the following relation :

Qe=F¢+qe



The presence of a dead vol une which does not appear in Equation (3) and
which corresponds to the dead vol unes between the successive sieve beds is
however taken into account through the artifice of a global increase of the
vari ous percentages of Equation (3). Thetéxternal liquid flows are the sane
for the two unit types. On the other hand, the internal flows are different
bet ween a sinmul ated noving bed and a real noving bed. These flows are
related by the following relation: Qerr] = F[err] + qe 15 where Kk is
the liquid flow running through zone k of the sinulated noving bed

unit, Fk is tRendrt @} B fheamuid TomneuriniiOlobugtopshekk oF hd §inifaled RYing bed
unit. If we take the exanple of the non- adsorbed tracer that is to b&

mai nt ai ned i myedil e, the necessary flowis zero for a real noving dgfél unit,
whereas it is equal to the stopping flow ge for a simulated noving bed
unit. In viewFfis theeliquiddfovnintrinimgsthrough Zond dgnfribe ndal emvingbedramit.abl es
selected are 4 dinensionless ratios or ratios Rk (k =1, 2. 3 or 4) between
the main liquid flows in each of the zones and the solid flow which is
constant in the whole unit: (4) = der ré Sel ection of
the 4 ratios Rk fibwertke ghenexample of Fwnfmﬁrhqdetr%ei fhah@ tf be maintained

immobile, the necessary flow is zero for a real moving bed unit, whereas it is

equal to the stopping flow ge for a simulated moving bed unit.

In view of these definitions, the independent control variables selected are
4 dimensionless ratios or ratios Rk (k = 1, 2. 3 or 4) between the main liquid
flows in each of the zones and the 5olid flow which is constant in the whole

unit :

" Selection of the 4 ratios Rk for the contro! follows from the writing of the.
material balance equations of the model of a real moving bed unit in the steady
state on a column portion which is discretized. A discretization performed with
three points (j-1, j, j+I), considering the countercurrent fluid flows, is

represented hereunder by way of example.

By denoung the concentration of constituent i at the point j in the liquid

phase by x;; and the concentration of this constituent at equilibrium in the

» . solid phase at point j by ¥;;. (Fig.2) the material balance for this constituent is
written as

_follows :



mat eri al bal ance equations of the nodel of a real noving bed unit in the
steady state on a columm portion which is discretized. A discretization
performed with three points (j-1, j, j+1), considering the countercurrent
fluid flows, is represented hereunder by wa#y of exanple. By denoting the
concentration of constituent i at the point j in the liquid phase by x[err]
and the concentration of this constituent at equilibriumin the solid phase
at point j by y[err] (Fig.2) the material balance for this constituent is

witten as

fol | ows: 16 [err] I « -xig=® Wth the
respective definitions Q;‘F(Qé \)’ Ct?ﬂ@' res ) (?( érllatlgons (D, (2): [err]
and Equation (5) is witten as foIIovvs (7) [err] The only control

variable (the freely nodifiable paraneter of the equation above) is ratio
Rk whi ch consi derig, b divddihgbytQon t hereof, is known in each zone forning
the unit. There are as nmany ratios as there are zones. These ratio

(5) (QWQSXX;j.p - Xij) + (Vigar - ¥ig) +(qe/Qs)Xijus - Xi) =0

With the respective definitions of Qs and ge, expressed by Relations (1),
(2):

qe _ % Vimeso + % Vmacro + % Vvi

= = Ko =constant
QS %o Vmicro

and Equartion (3) is written as follows :
Q) Rk (x;5.1 - Xij) * Yigar - Yig) + Ko (Xjjer - %i5) = 0.

The only control variable (the freely modifiable parameter of the equation
above) is ratio Rk which. considering the definition 'thereof_. is known in each
zone forming the unit. There are as many ratios as there are zones. These ratio
values can be translated, according to the user or operator's preference, into
usual operating variables with the nonsingular algebraic relations relating the

values of Q.

In a 4-zone unit, there is a one-to-one relation between the 4 ratios and 4

of the following 5 operating variables :

- -~
T, QI, Qsolvent, Qextract, Qfeedstock, .



val ues” can be translated, according t.o the user or operator's preference,
into usual operating variables with the nonsingul ar al gebraic rel ations

relating the values of Qerr]. In a 4-zone unit, there is a one-to-one
~relation between the 4 ratios and 4 of the followi ng 5 operating vari abl es:
T, @, solvent, Qextract, feedstock, 17 the 5th variable being a

paraneter (param which one decides to fix. It is nost often the feedstock
flow (feedstock. As a result, the following relations relating the ratios
to the operating variables are obtained: . if param= (feedstock T = W

3 *\/ | * . c ) = . — , t =
par ant ( R Ra) P Ry apabledRIAT baramel (B vHEApRE eeidhs'td bk, (RORIEE 7,
defined if pas@m the Orebdibad flow BROIKSEK. VAL GNtesu®. RBe F211B%Ing F6lafi6HE NI 4

variables from5 allows for exanple to work: - either with aTonstant or a
vari abl e feedgiflg thewhtivdioahe bferatin@sathblys ddadbpiigekss, - or with a

const ant sol vent f1 ow,
if param = Qfeedstock
T = % Vmicro*Veolumn*(R3-R2) / param
Q1 = param¥R 1 / (R3-R2)
Qsolvent = param*(R1-R4) / (R3-R2)
Qextract = param*(R1-R2) / (R__3-R2)_,

This system is defined if param <> 0 (Which is also equivalent 10 R3 <

R2).

Selecting 4 variables from 5 allows for example to work :

- either with a constant or a variable feedstock. but which is imposed by
the process,
- or with a constant solvent flow,

- with constant valve permutation periods, etc.

II) Ratio calculation algorithm

1) Non linear model

The calculation algorithm. which allows to calculate the ratios (as defined

>

in paragraph ) so that the controlled variables take values fixed a priori,



- with constant valve permutation periods, etc. 11) Ratio calculation
algorithm 1) Non |inear nodel The calculation algorithm which allows to
calculate the ratios (as defined in paragraph Il) so that the controlled
vari abl es take values fixed a priori, i8ncl udes a nonl i near physi cal
nodel of the real noving bed unit. The cal culating nethod is robust, very
fast and inplies that enough nmeasurenents are available in line. a)Ratio
cal culation principle A nunber mof controlled variables of the formgiven
by Equation (1). suitably selected by the man skilled in the art. with m
|l ess than or egilafied @ MmonBfi€arS physidhl amee€lt oPrthei re@l roERE 189d Q@R | THOUS
stages including one or nore zones where n ratios are defined. By neans of
t he al gebr ai c celgubdtingnaeth6y isedbusi,ngryt st abdimpliesotiel emughohedsheergams | abl e
measurenents of the concentrations in the |iquid phase at the extrene

poi nts of theaseatdilable toHéme m controlled variables allow to cal culate m
rati os or m conbinati ons of these ratios conprising (n-m paraneters. b)
Purity cal cul ation exanple for a 4-zone unit: The purity [err] is only
defined fromthe know edge of Ehe conposition of the extract (Xext): [err]

= F(Xext). a)Ratio calculation principle

A number m of controlled variables of the form given by Equation (1).
suitably selected by the man skilled in the art. with m less than or equal 10 n.
are set on a section, i.e. a set of contiguous stages including one or more zones
where n ratios are defined. By means of the algebraic equations (6) defining
the static model and of the available measurements of the concentrations in the
liguid phase at the extreme points of the section. these m controlled variables

- allow to calculate m rarios or m combinations of these rarios comprising (n-m)

parameters .

b) Puritv calculation example for a 4-zone vpit -

The purity ¢p is only defined from the knowledge of the composition of

the extract (Xext) :
¢p = F(Xex).

A section (Fig.3) consisting of a part of zone | and of a part of zone 2,
wherein 2 ratios can consequently be defined, is selected. Knowledge of ratio
Rl (imposed otherwise), of the concentrations of all the constituents in the
liquid phase at the extremoe points Xe and Xs and of the set value of purity

(controlled variable) allows-to calculate ratio R2.



A section (Fig.3) consisting of a part of zone 1 and of a part of zone 2,
wherein 2 ratios can consequently be defined, is selected. Know edge of
ratio RL (i nposed otherw se), of the concentrations of all the constituents
in the liquid phase at the extrene pointsi¥Xe and Xs and of the set val ue of
purity (controlled variable) allows to calculate ratio R2. 19 In fact,
we can wite, fromEquation (7) and for a constituent i (exponent denoting
a really measured value): -on stage e+l : R [err] (x[err] - x[err]) +
(y[err] - y[err]) + K(x[err] - x[err]) =0 - on stage j contai ned between

stage e and the exraet il &t Rlife. ?tkfi‘lgﬁqﬁift‘ion H)%'a]fo(‘ﬁ[&'hgthuentxi@'xg]))xer_fft

(y[err] - yl[err]) + (x[err] - - 'on stage ext corresponding to

the extract dravvd@asmﬂferanynqeswealvamenerrl) + (y[err] - y[err]) + K
(x[err] - x[err]) = 0~ on Stage k contai ned between extract draw off stage

ext and stage s- 1 Rerr] (x[err] - x[err]) + (y[err] - y[err]) + K (x[err]
- x[err]) =0 on stage s- 1 : Rerr] (x[err] - x[err]) + (y[err] - y[err] )
+ K (x[err] - Xx[erudystagde+L) Existence of a solution Considering the form
of the preceding equations, there is a single solution if the nunber of
equations is equal to the nunber of unknowns The unknowns

Ry (XM - Xies1) + (Fies2 Yierl) + K(Xies2 - Xjes1) =0

- on stage j contained between stage e and the extract draw-off stage ext :
Ry (Xi1 - Xig) + (Figer - Yig) + K (Kijar - xi5) =0

- on stage extcorresponding to the extract draw-off :

Ry Kiexel = Xiext) T Viextrl = Yiext) + K Kiexrt1 = Xiext) =0

- on stage k contained berween extract draw-off stage ext and stage s-1 :
Ry (Xike1 = Xik) + Fiket = Yidd + K Kigeey - %) =0

- on stage s-1:

Ry (X562 = Xis-1) + (VMg - Vis-1) + K (XMs - X5.1) = 0.

¢) Existence of a solution

Considering the form of the preceding equations. there is a single solution
if the number of equations is equal to the number of unknowns. The unknowns
are the concentration values of the constituents present in the liquid phase on
each stage plus the ratio in zone 2, i.e. : nc (s - e + 1) + I. where nc denotes

AY

the number of constituents.



are theé concentration values of the constituents present in the liquid
phase on each stage plus the ratio in zone 2, i.e.: nc (s - e+ 1) + 1.
where nc denotes the nunmber of constituents. 20 The nunber of equations
is equal to the nunber of stages containggl between e+l and s+1 nmultiplied
by the nunber of constituents, i.e. : nc (s - e + 1). A conplenentary
equation is given by the value of the desired controlled variable, i.e.:
[err] - F(Xext) = 0. This system of non |inear al gebraic equations of
dinmension: [nc (s - e +1) + 1] * [nc (s - e + 1) +1] is solved by a Newton

Lon. g o Lne (s el ey
(750 1’5, can e adtinayiHTof dufteng WIEPID, ity o sEmed RIS e
on the flow rsec%vee%'éﬁsadd@g%ﬁgm ed Bfg“:gﬂ mbé?%ifc@ﬂ%’t‘i@ﬁ)érﬁs. i.te.h?nEfé‘SFIe_,% ;J]e;mt/ 1

yield of the separation uni defined by: Yield =100 - (Qaf* x ]
(X eedsrockt *x B.eArdo}nplé'ﬂﬂbﬁtaﬁUE%iiiaﬂ i€ aiveR DyStheWaliefthe B Side B SoMrdgiet | on
of -the ratios: Yield = 100 - ( - R4¥x[err]) / (RB - R2 x[err]). d)

Exanpl es The shfiblafi@nLpprBXeri)edd.bel ow relate to a xyl ene separation unit
wi th sinmulated noving begs and 4 zones (which does not limt the range of

This system of non linear algebraic equations of dimension :
c(s-e+ D)+ 1]*[nc(s-e+ 1)+ 1]

is solved by a Newton approximation method. Other output functions such as

yield, productivity, trails. can be defined similarly. -

Some output functions explicitly depend on the flow rate values imposed
on the unit. For example, the constitvent 1 yield of the separation unit is

defined by :
Yield = 100 - (Qraf* x,_m,;) ! (Qfeedstock™X, feedstack)-
This function can be simply expressed as a function of the ratios .
Yield = 100 - (R3 - R4%x) ;5¢) / (R3 - R2 X) feedstock)-

d) Examples

The simulations presented below relate 0 a xylene separation unit with
simulated moving beds and 4 zones (which does not limit the range of

_ applicétion of the invention in any way). One seeks 10 purify the paraxylene



application of the invention in any way). One seeks to purify the

par axyl ene 21 recovered in the extract. The feedstock.contains 5
constituents paraxyl ene, netaxylene, orthoxylene. ethyl benzene and
paraffins. The two nain controlled variabl.gs are the paraxylene purity and
t he paraxyl ene yield of the separation unit. The values of the controlled
vari abl es depend on the position of the separation unit in the aromatics
processi ng | oop. The anal ysis nmeans nust be suited to the output functions
to be neasured in terns of precision and of response tine. e) Selection of

e, cont ol ed kgLl e B e SRR SR LiRRREC

auerage val e oL huBR! SAKLERS RBRLEAN A0 A S NS A
th tit i i L : t
gLt Conell VDRI e ki i BaSo B, Ltebe e ety o

val ue of [err] gmiMe dﬁ‘a%d& e {;&J&rc?\ggg ;ﬁdb%? cﬁ:@@ﬁ&'%ﬁx B2 pbsition 2of( thae)

substantially constant e maln s ont ratio in-zone
separation unit in the aromatics processing loop.

The analysis means must be suited 1o the output functions to be measured

in terms of precision and of response time.

¢) Selection of the controlled variables :

1) The purity of the paraxylene in the extract defined by the relation :

£l = PXe / (PXe + IMPe), where

- PXe is the average value of the paraxylene concentration in the liquid

phase at the extract draw-off point,

- IMPe is the sum of the concentrations of the other constituents present in
the liquid phase ar the leve] of the extract draw-off point apart from the solvent

(and possibly the paratfins).

The value of §1 mainly depends on the value IMPe because PXe is

substantially constant. IMPe mainly depends on the ratio in zone 2 (R2).



2) The paraxylene yield of the unit defined by the relation: [err] or the
equj val ent thereof in the steady state: [err] where PXc, PXs and PXr are
respectively the val ues of the paraxyl ene concentration in the liquid phase
in the feedstock, the solvent and the raffanate. Qerr], Qerr], {err]
and Jerr] are respectively the extract, feedstock, solvent and raffinate
flowrates. The value of [err] mainly depends on the value PXr. therefore
on the ratio in zone 3 (R3). It also depends on the feedstock, solvent and
raffinate flow rate and on the paraxyl ene conposition of the feedstock and

Che nanber of - cont Se parRaisted oI B SR QUFEASIRE BB PTG Tour zonee.

two additional controlled variables nust be sel ected. 3) The paraxyl ene

trail in the liquid phase ,bhe“ back (in relation to the direction of
circul ati on of thézH-&Fdﬂs)—%—-%A%—l.—%i ch can be defined by the relation
23 [err]3 = PX4. The R%«a@fmdm +p°df$9§°l\sel ected is situated at [err] the

| ength of zone 4. The '

or the equivalent thereof in the steady state :

r o PX<Qfeedsiock + P XsQéclvcnt - PXQraffinate
PXcQreedsiock + PX<Qsolvent

where PXc, PXs and PXr are respectively the values of the paraxylene

concentration in the liquid phase in the feedstock, the solvent and the raffinate.

- Qextracr Qeeedstock- Qsotvent an4 Qpafrinae are respectively the extract,

feedstock, solvent and raffinate flow rates.

The value of £2 mainly depends on the value PXr. therefore on the ratio in
zone 3 (R3). It also depends on the feedstock, solvent and raffinate flow rate

and on the paraxylene composition of the feedstock and of the solvent.

Considering what has been precedingly explained concerning the number
~ of control variables available for a unit comprising four zones, two additional

controlled variables must be selected.

3) The paraxylene trail in the liquid phase at the back (in relation 10 the

direction of circulation of /t_he fluids) of zone 1, which can be defined by the

A}

relation :



value of [err]3 mainly depends on the ratio in zone 1 (R 1). 4) The trai

of all the constituents except the paraxylene at the front (in relation to
the direction of circulation of the f|Uid§$ of zone 4. which can be defined
by the relation: [err]4 = I MPl where IMPI“1s the sumof the concentrations
of all the constituents present in the |liquid phase except paraxyl ene and
the solvent (and possibly paraffins). The nmeasuring point selected is
situated at [err] the length of zone 1. The value of [err]4 nmainly depends
on the ratio in zone 4 (R4). f) Inplenentation of the control algorithm
control variables or ratios cal &}=aPXdn The control principle consists in
usi ng the nodel equations on unit sections. In the case sel ected, the
following three sections are used: - The first section Tl is contained
between the m ddl ghefméRnfing p%ﬂﬂ delRted ddiarld Ztoﬁethé-lehéthaéf‘ M 4. The o
si mul t aneous cal cul ation of "the ratios in zone 4 (R4) and zone 1 (RI'). This
i's possible beOﬂu&%fgbenﬂﬁl}ide(pbhdiﬂon/ﬁhéira@d: a@szo 1 IR1pnd [err]4 are defined
on this section. 4 - The second section T2 is contained between the

m ddl e of zone 1 and the mddle of zone 2. This section allows to calcul ate
ratio R2 knowing RL. Variable [err]2 is situated in the mddle of this
section. 4) The trail of all the constituents except the paraxylene at the front (in

relarion 1o the direction of circulation of the fluids) of zone 4. which can be

defined by the relation :

4 = IMP1

where IMP1] is the sum of the concentrations of all the constituents present in

the liquid phase except paraxylene and the solvent (and possibly -parafﬁns)_. _.

The measuring point selected is situated at ' the length of zone 1. The

value of &4 mainly depends on the ratio in zone 4 (R4).

f) Implementation of the control aleorithm : control variables or
ratios calculation

The control principle consists in using the model equations on unit

sections. In the case selected, the following three sections are used :

- The first section Tl is contained between the middle of zone 4 and the
middle of zone 1. It allows simultaneous calculation of the ratios in zone 4
(R4) and zone [ (R1). This-is possible because the controlled variables £3 and

\

&4 are defined on this section.



- The third section T3 is contai ned between the m ddle of zone 3 and the
m ddl e of zone 4. This section allows to calculate ratio R3 knowi ng R4.
Variable [err]3 is situated in the mddle of this section. From a
practical standpoint, it is thereafter adw%able to select the operating
vari abl es which are actually available in the unit. The follow ng four

vari ables are selected the extract flow, the recycling flow, the eluent

fl ow and the val ve pernmutation period T (consequently the feedstock flowis
sel ected by the operator and the raffinate flowis deduced all the tine by
mat eri al bal anceThe Foendossetiog T ist tomtaihed hietwerrothet ineddlaiof Zoge dhanvh then
Fig.4 for the exanple considered. e) Sinulation A simulation has been -
performed frommiddiowfezime dodbls wfctivhcallosyra tatdatoulaigintio Rz hkeowisgeR 1.

i ncl udes thernodynam ¢ type know edge and ki netic type know edge. The
system t her nodYariahle £2iis simssebinahe sriddle ofdbisrSERSR | sotherms. In the case
studi ed -here, these isotherns are nonlinear and coupled. It may be a

el ootivity) o BRERBISANICSTaR Lot FRRRGALTRCHER: BRStdRE Sb Bl At £ such
P constituent QBIENG e, And i PEP BRI RE Bl B RSRuina Re.
25 15,1 epresentggfife BASPL Lkl e BRI Bk Betlbaper st on coer i cf en
From a practical standpoint, it is thereafter advisable to select the
operating variables which are actually available in the unit. The following four
variables are selected : the extract flow, the recycling flow. the eluent flow and
the valve permutation period T (consequently the feedstock flow is selected by
the operator and the raffinate flow is deduced all the time by material balance).

The looping of the algorithm on the unit is shown in Fig.4 for the example

considered.

g) Simulation

A simulation has been performéd from a knowledge model of the
separation unit. Such a model includes thermodynamic type knowledge and
kinetic type knowledge. The system thermodynamics is represented by
adsorption isotherms. In the case studied here, these isotherms are nonlinear
and coupled. It may be a n-constituent generalized Langmuir isotherm
(constant adsorption selectivity) or preferably an isotherm with non-constant
selectivities such as selectivities with two thresholds connected by a slope, or a

n-constituent generalized Langmuir-Freundlich isotherm. The system kinetics
P



each one of the n constituents. The nunber of neasuring points used is 8,

di stributed as shown in Fig.5. The knowl edge nodel used in this case is a
Langnui r- Freundl i ch i sotherm associ ated wi t35 a cascade of theoretical

pl ates. The nunber of neasurenents and the position thereof depend on the
choi ce of the sections which have been sel ected as nmentioned above. O
course, this selection is here nerely illustrative and the invention covers
all the section conbinations conpatible with the required objective(s). The

result presenteg. | I . ) . g f i i-

o " S ok LA P ED B AR or s AGRESEn LABLARSPUES o

conposi tion of the, B&@Qﬁg&cﬂ(c&fs[iﬁmﬁn“ all'y changed. The change in the
u

feedstock quality 1s produced after ten mnutes stable running (Fig.6). One
substitutes, for a feedstock whose volune conposition is as follows: Tol =
0. 022 Px = 0.290 MkOx= 0.598 EB = 0.102 Par = 0.032 26 a feedstock
whose vol ume conpodiHe mmbar esmtaiurimggsoimelused i08,0B4tributed as shown in Fig.3.

The knowledge model used in this case is a Langmuir-Freundlich isotherm
associated with a cascade of theoretical plates. The number of measurements
and the position thereot depend on the choice of the sections which have been
selected as mentioned above. Of course, this selection is here merely
illustrative and the invention covers all the section combinations compatible

with the required objective(s).

The result presented is an example of control. The process functions with
constant set values of purity (95 %) and yield (95 %). whereas the composition
of the feedstock is substantially changed. The change ia the feedstock quality
is produced after ten minutes’ stable running (Fig.6).

One substitutes, for a feedstock whose volume composition is as follows :

Tol =0.022
Px =0.290
MxOx = 0.598
EB =0.102

P N Par =0.032



Px = 0.290 MKOx= 0.512 EB  =0. 190 Par = 0.032. The effect of the

di sturbance described in Fig.5 is shown in Fig.7 in the absence of the
control algorithm It is translated into 1.2 %purity decrease and a 4 %
yi el d decrease. The -process is therefore highly sensitive to this feedstock
qual ity disturbance. The sane disturbance is applied to the process
according to the invention (Fig.8). Stabilization of the process is
performed in about 180 m nutes, i.e. 3 hours. The purity difference is
insignificant. The maximumyield difference is le 3 than 0.45 % |t can be
noted that the fo@rfeRdSHCKSY %ivammaﬁ%aeﬁlyoema/% PMsgs. 9 to 12)
significantly. In the presence of disturbances, operation of the separation
| oop is hardly controllable 3ylan_q$8; tor who nust act, as nentioned, on
four variabl es sinultaneously:®uUndetVstich conditions, it will take at best
24 hours and several successhxp qu?k%?zation operations for a highly
experienced operator to hope to restabilize the process. 27 The

consi derabl e decrease in the gfibxshgs§idication transient production periods
necessary for stabilization, permtted by inplenmenting the process

EB =0.190
Par =0.032.

The effect of the disturbance described in Fig.5 is shown in Fig.7 in the
absence of the control algorithm. It is translated into a 1.2 % purity decrease
and a 4 % yield decrease. The process is therefore highly sensitive to this

feedstock quality disturbance.

The same disturbance is applied to the process according to the invention
(Fig.8). Stabilization of the process is performed in about 180 minutes, i.e. 3
‘hours. The purity difference is insignificant. The maximum yield difference is
less than 0.45 %. It can be noted that the four contwrols simultaneously evolve

(Figs.9 to 12) sienificanly.

In the presence of disturbances, operation of the separation loop is hardiy
controllable by an operator who must act, as mentioned. on four variables
simultaneously. Under such conditions, it will take at best 24 hours and
several successive stabilization operations for a highly experienced operator to

hope to restabilize the process.



according to the invention, is translated industrially into a correl ative
productivity increase. h) Variants: The algorithmcan al so be used in
associ ation with a nunerical sinulation nodgl of the process in order to
position all of the operating variables. The aimis here to optim ze the
runni ng of the unit nodel in several instances: unit dinensioning, unit
start, final optimzation close to an already correct solution, use of a
pre-existing unit with a different separation problem etc. O course, this

ly b i .
dascribed I 1 the prlEotR ALY Borerpee 1Rt Qi opedig|oiEyabdRhd bipgiion

mayThen be. | oWBFIGHS AEGRERY fan *‘f‘ﬁigﬁﬁ‘%ﬁsﬁg (DS R BTE A R Bhcebtr s
of the sinulat 69%%;28&'-, i ORR riﬂvé}mobhen R{lhtEH”ldﬂ'uLﬂrﬂilgeﬂu ! 50% %a ive

precisely reach Specifications Trom t ese approache ues. | hear
model Accordi ng Fdi‘iu%u%ng‘?x%}eﬁém ement ation determ nation of ratios (Rk)
from actual val es of asured vari abl es can be perfornmed by using
nonovari abl e (representative of the behaviour of an output in relation to
the variations of an input) or nultivariable (representative of the

behavi our of several outph)Vahitints: 28 relation to several inputs) linear
nodel s. Determination of these "sinple"

The algorithm caa also be used in association with a numerical simulation

model of the process in order to position all of the operating variables.

The aim is here 10 optimize the running of the unit model in several |
insmnces - unit dimensioning, unit start, fjnal optimization cloéé té aﬁ alf'e-a.dy' |
correct solution, use of a pre-existing unit with a different separation problém.
etc. Of course, this use can only be viewed with a model close to the physical
reality as described in the preceding lpa:agraph. In this case. of course, the
adjustment value does not produce exactly the expected performances, they
may then be IOWé; or higher than those desired. according 10 the precision of
the simulated model. Looping of the algorithm will then allow to precisely

reach the specifications from these approached values.
2) Linear moadel

According to a second emplementation determination of ratios (Rk) from
actual -values of measured variables can be performed by using monovariable
(representative of the behaviour of an output in relation to the variations of an

. . . - - . . .
input) or multivariable (representative of the behaviour of several outputs in



nodel s i's perfornmed froma set of experinental neasurenents obtained with
the,process running in a state close to the expected stable state thereof.
These nodel s are generally only representafgi ve close to a stable working
poi nt of the system A conventional linear control |aw (of the

I nt ernal -nodel control, predictive control type, etc.) can be readily

synt hesi zed fromthese nodels. The sinplicity of the nodels allows to
readily cal culate sinple and robust control |aws conpensating in a way for

;Eff L?ﬁ%ﬁﬁ?i g&%@“&&g Gt T el JuSqaF cBelsruli B b s Sfoles
physi cal model pUrd® BefBBRER by sErR HgRl ﬁ%ﬁ%ﬁ%?%ﬁ”ﬁ SRR ¥ithna
| hjecting poi nige E?sceﬁ%mn@mha@%g&e%%ée @Eed%%‘lé&% hégofiel ! ned

above, presented i'n the I nstance o 4-zone n can a ute y apply to
separation units conprising a greater nunber of zones generated by adding
one or nore fluid injection points. In this case, calculation of ratios Ri,

R2, R3 and R4 renghsse hddelalie deheraly o adpiiesentatinatciddaecasidiableoBrking
injection flows) are inposed by the operator (directly or indi rectly as a
proportion of tdwnfeedisseakmor extract flow for exanpl e) The val ue of the
rati o(s) depending on the new injection(s) 29
A conventional linear control law (of the internal-mode! control. predictive
control type, etc.}) can be readily synthesized from these models. The
simplicity of the models allows to readily calculate simple and robust control
- laws compensating in a way for the imprecision of the representation selected.
In simulation, the performance tests of the conuol law thus calculated are

_ equivalent to those obrained with the control law calculated from the non-

linear physical model of the process.

0D Implementation variants

1)_Additional injecting points

The use of non-linear and linear controls, as defined above, presented in

the instance of a 4-zone unit, can absolutely apply to separation units

. comprising a greater number of zones generated by adding one or more fluid
injecrion points. In this case, calculation of ratios R1, R2. R3 and R4 remains
the same if one considers that the additional injection flow(s) are ;mposcd by
thé operator (directly or indirectly as a proportion of the feedstock or exwact

flow for example). The valye of the ratio(s) depending on the new injection(s)



sinply Tesults fromthe value of the known adjacent ratio and fromthe
val,ue of the injection flow considered. 2) Additional draw ng-off points
The use of non-linear and linear controls.,qas defined in extension No.1,

" presented in the instance of a 4-zone unit, can apply to units conprising a
greater nunber of zones genérated by adding one or nore fluid draw off
points. In this case, calculation of ratios R2 or R3 is generalized to the
additional ratios generated by the new withdrawal s. An output function
therefore has to be defined for each fluid drawn. off as a function of the
desi red speci f iSEBPIYoFESESE fHom they V‘ﬁl“’epﬁ the,kRqwa \QEJPF%‘H pge i@Q?ﬂﬁPéﬁ? V2% hi s
case, each addﬁg dr aw- of f {ll ow val ue beconmes a new i ndependent operating
variabl e for t 198 ¢ gyecton flewconsideredt cation is desired for the additional
wi t hdrawal then the value of the flowis inposed by the operator and we are
-in the sanme situation as in extension No.2 3) Additional injection and

~drawi ng-of points T% A’rfcﬁti&’ﬂal'?l?ﬂi'ilnioflﬁ?goﬁif@ | i near controls, as defined
above, presented intfre T =Z0he unit. can apply to units
conprising a greater nunber of zones generated by adding one or nore fluid

injection and one or nore fluid drawoff points. The argunents described in
the two precedi ngTRANABEGIPA-TIR&TR 4ndS findt@V@dntdldasrepratdd anchsidmdi.1zed.

presented in the instance of a 4-zone unit. can apply (0 unils comprising a
greater number of zones generated by adding one or more fluid draw-off
points. In this case. calculation of ratios R2 or R3 is generalized to the
additional ratios generated by the new withdrawals. An output function
therefore has to be defined for each fluid drawn off asa function of the desired
specification (purity or yield specification for example). In this case. each
added draw-off flow value becomes a new independent operating variable for

the process.

If no specification is desired for the additional withdrawal. then the value
of the flow is imposed by the operator and we are in the same situation as in

extension No.2.

3) Additional injection and drawing-of points

The use of non-linear and linear controls, as defined above. presented in
the instance of a 4—26ne unit. can apply to units comprising a greater number
of zones generated by adding one or more fluid injection and one or more fluid
draw-off points. The arguments descﬁbed in the two preceding paragraphs - -

‘then just have 1o be repeated and globalized.



30 4) Optional controlled variabl es Whatever be the sel ected control nopde
ei t,her non-linear or linear one of the 4 cited controlled variables: purity
of a conponent yield of a conponent (the same as for the purity or another)
“and value of the trails in zone | and in ¥bne 4, can be replaced by a new
control | abl e variable which is the value of the ratio between the
conpositions of a drawn off fluid. For exanple, in the extract, one nmay
~choose to control both the purity of paraxylene (minly with R2) and the
vari abl e defined by the ratio between the ethyl benzene concentrati on and
the sum of the netagyDetiensArdneslidibxarablke concentrations. The latter
variable will be mainly influenced by ratio R4. 5) Optim sation of the
control nodes The non-linear and |inear controls as defined above can be
interfaced with akhapvémbethtisacat gonirellmods aipesinng-lincseei kecapions ef theal ues
for the controlled variables described in extension No.5 thus allowing to
guar ant ee opt i frsitedsonuelleshvarinbless pisity ef @)Foalpﬁﬂ@ﬁ(m’b_eéd pba companentrighd on .
defined by the operation constraints. 31 CLAIMS 1. A process for
controlling a twnees {erdhe PS‘éﬁé?laMQSlﬁﬁf%%‘{ MGt AP iy Y %H’%W‘ﬁg“ BRMs

conpri sing a closed separatjon | oop cons t n
P g , can be Slaced gv a nev ;omroflzﬁ: e v%.nalf)le WﬁlCh is the value of the

ratio between the compositions of a drawn off fluid. For example, in the

extract, one may choose o control both the purity of paraxylene (mainly with
R2) and the variable defined by the ratio between the ethylbenzene
concentration and the sum of the metaxylene and orthoxylene concentrations.

The latter variable will be mainly influenced by ratio R4.

5) Optimisarion of the control modes

The non-linear and linear controls as defined above can be interfaced with

- an optimization algorithm proposing a series of set values for the controlled
variables described in extension No.5, thus allowing to guaraniee optimal
operation in the sense of a minimization of a function defined by the operation

constraints.



i nt erconnection in series of beds contai ni ng an terial,
distributed into several zones delimted by flui m E HB Beaw- of f
points, means for injecting fluids into the | oop, cting

fluids fromthe | oop, injection and draw &If point pernutation nmeans,
allowing to sinulate countercurrent displacenment of the beds and means for
measuri ng operating variables, characterized in tha :
measuring, at a plurality of points along the | oop
characteristic of the fluids injected and drawn of
characteristic of the running of the seganpgM®n system ]
actual val ues of neasured variables and by using a nonlinear m)del of the
separation systens, ratios (Rk) indicative respectively of the ratio, in
each of the various zones, between fluid flow rates (X).and siml ated
adsor bent materi all)f IADV\prlbatezs fJoonudllingsa apnstaueni sgpanridm dysteny Wik to
det erm nded set values controlled variables ([err]) depending on flow rate
val ues (D) and stonulnestt mavingnbecl upesprisigg a atated sdparation hoow corsisimgt dfethe
ratios (Rk), values to be given to the operating variables. 2. A process as
clained in cl aimelconoheiierctiarserigsd ¢ bcq&fatcovmmeg am Weoeoersolid mawrial.

operating variables are determned using a H |  near, nodel of the .
separati on sysgésiibutedzpro several zones delimited by wd Injection and draw-off points,

means for injecting fluids into the loop, means for extracting fluids from the
loop, injection and draw-off point permutation means. allowing to simulate
countercurrent displacement of -the- beds, and means for measuring operating

variables, characterized in that it comprises :

- measuring, at a plurality of points along the loop. variables characteristic of
the fluids injected and drawn off and variables characteristic of the running of

the separation system.

- determining, from actual values of measured variables and by using a
nonlinear model of the separation systems, ratios (Rk) indicative respectively .
of the ratio, in each of the various zones, between fluid flow rates (Qy) and
simulated adsorbent material flow rates (Qg), so as to bring or to bring back

controlled variables (&) to determined set values, and

- determining, from these ratios (Rk), values to0 be given 1o the operating

variables.

2) A process as claimed in claim 1, characterized in that values to be given

to the operating variables are determined using a non-linear model of the
~ .
separation system. \

This Sheet Has Been Rerlace
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3) A process as clainmed in claim1. characterized i mu be
given to the operating variables are determ ned umlM“ﬂﬂllm ﬂﬂ‘[um of the
separati on systemnear a given running point. 4) A ptocesd a¥ cfaitred in
claim1l or 3. characterized in that it codrises, on a section of said
separation |l oop including an array of contiguous stages conprising n zones
where n ratios (Rk) are defined defining mcontrolled variables ([err])
depending on flow rate values (D) and concentration values (X), m being

| ess than or equal to n, and determning msaid ratios (Rk) or m

conbi nations of sgj A rBkdQ%s CAIREH $h BRIrh - Bharddieaized & that SAlués R RCESEnas
claimed in claim2, characterized in that it conprises on a section of said

separation | oo the@petiting variabler aye ddetined gsings liagadeboptheSeparatiog ones.
where n ratios (Rk) are defined. defining mcontrolled variables ([err])
dependi ng on f{yewn atar ¥ giversufdig pothtconcentrati on val ues (X). m being

| ess than or equal to n. neasuring concentrations in the |iquid phase at
the extrenme points of the section and determning msaid ratios (RK) or m
conbi nations of said ratios conprising_ (n-m _paraneters.. 6% A process as
claimed i n one of 4} Acppressadichymstian siimcher dcehoraciendzgdhintthafiit cOMPORRS: at i ng
variables are flow rates and the valve swtching period (T) allow ng -
di spl acenent ofn @hecHeaDl FithSSRMHALIQR, NedNS ABCKEY Ak COMIZURRY Staehny
one of the preceding clains chﬁr act eyi.zeg }\g th? -t hﬁ? epar at i on ngg
conprising f oufCTRRHNE dha8nesc FhEre N | BHOY ARKABFe deppg r?ﬁ WHE A £ONEREEY | d
of the 100p and LS Pl deperlind bn' FF ta@GIEINE) 4 WncBiecddldf vatues (),

m being less than or equal 10 n. and determining m said ratios (Rk) or m

combinations of said ratios comprising (n-m) parameters.

S)A process as claimed in claim 2, characterized in that it comprises. on a
section of said separation loop including an arrav of contiguous stages
comprising n zones where n ratios (Rk) are defined. defining m controlled
variables (€) depending on flow rate values (D) and concentration values (X).
m being less than or equal to . measuring concentrations in the liquid phase at
the extreme points of the section and determining m said ratios (Rk) or m

combinations of said ratios comprising (n-m) parameters.

6) A process as claimed in one of the preceding claims. characterized in
that the operating variables are flow rates and the valve switching period (T)

allowing displacement of the beds to be simulated.

7) A process as claimed in any one of the preceding claims. characterized
in that the separation loop cemprising four main zones. controlled variables (&)

such as the yield of the loop and the purity of at least one constituent of the



33 mxture are sinmultaneously controlled fromin-Ii mﬁluﬂ Lj _
various concentrations. 8) A process as clainmed in gmmﬁmﬂ [I“ cedi ng
clains characterized in that it conprises concentratidn ‘redsuffentnts by
Raman type in-line analysis or by chromatdyraphi c anal ysis or by
near-infrared analysis (NIR). 9) A process as clainmed in any one of the
preceding clainms characterized in that, in the case of a separation system
with four zones, at |east one of the followi ng four quantities is selected
as a controlled variable the purity of a first constituent in a fluid

extracted frompidgrel AePsikfa¥éRlsty ebntrdlRdSABAT A-liAd rHaStRMcn® of various
constituent a trail of said first” constituent at the back of a first of the

four zones, ingnetmtddnsto the direction of circulation of the fluids, or
the trail of all the constituents except said first constituent at the
front of a last of said four zones, in relation to the direction of
circulation of the fluids. 10) A process as clained in any one of the
precedi ng cl ai ns, 8)cAgractseras céuimed it lany caeloishe prgedimg ddlimsachkatagarizaspl ed
and nonlinear isotherms such as two-threshold selectivity val ues or
general i zed Ldngthaitr L Fe@mpiisesc RONGESHRBPRETIEAWISBRYS { BY RIBA% SPBE ok line
system sinulation. 11) A process as clained in any.one of the edi ng
cl ai ms char acta®@y5&00L by Ehemategiap 5|aa§1§5k§f°fﬂﬁé{m€6§-"tfRR)SP?F’éS’ég%ﬁ? tion

| oop including a certain nunber p of zones being known, the correspondi ng
val ues of additional ratios resulting fromintroduction of at |east one

000l 12t 08 ORAS TP Bk BRI SL Do
in that, in the case of a separation system with four zones. at least one of the
following four quantities is selected as a controlled variable : the purity of a
first constituent in a fluid extracted from the loop. thc.-yield of the separation
system for a coustituent. a trail of said first constituent ar the Eack of a first of
the four zones, in relation to the direction of circulation of the fluids. or the

wrail of all the constituents except said first constituent at the front of a last of

said four zones, in relation to the direction of circulation of the fluids.

'10) A process as claimed in any one of the preceding claims. characterized
in that a knowledge model based on coupled and nonlinear isotherms such as
two-threshold selectivity values or generalized Langmuir-Freundlich isotherms

are used for the separation system simulation.

11) A process as claimed iﬁ any one of the preceding claims. characterized
in that, the values of ratios (RK) in a separation loop including a certain
number p of zones being known, the corresponding values of additional ratios
resulting from introduction-of at least one additional injection point in the

separation loop is determined as a function of the known value of the ratio in



34 an adj acent zone and the vaI ue of the injection fl
addj tional. i njection point. 12) A process as clained mmmmﬂmjﬂ “L
preceding clainms. characterized in that thg val ues of

separation loop including a certain nunber p of zones being known the
correspondi ng val ues of additional ratios resulting fromintroduction of at
| east one additional drawoff point in the separation |oop is determ ned as
a function of the known value of the ratio in an adjacent zone and the

val ue of the drawoff flowrat t said dgltlonal aw-of f point,,. 13) A
process as cl a?’?‘ré‘&ﬂcﬁ“‘c?%ﬁ’%‘@ fiaid E dUCRYRTh AW Rk %F d agdigoral; o
bet ween concentrati ons.of constituents in a drawn-off fluid is selected as
a control | ed VTEIANPOIRY) A process as claimed in any one of the preceding
clainms characterized in that an optim sation algorithmis selected all ow ng
the follow ng through of fixed orders for the controlled variables to be

achi eved 15) Appl éd'i‘n ¥inQne
precedi ng cl ai ns gji%‘hée}egée%g%g uﬂ%&’gf&@; g‘r?r%tgf S:He[?%g‘f ocdr olr?s V\nh%ljacgglﬁgﬁd
carbon atons. ij thag the values of ratios (Rk) in a separation loop including a certain number
p of zones being known. the corresponding values of additional ratios resulting
from introduction of at least one additional draw-off point in the separation

loop is determined as a function of the known value of the ratio in an adjacent

zone and the value of the draw-off flowrate at said additional draw-off point.

13) A process as claimed in claim 8, characterized in that the value of a
ratio between concentrations of constituents in a drawn-oft fluid is selected as

a controlled variable.

14) A process as claimed in any one of the preceding claims. characterized
in that an optimisation algorithm is selected allowing the following through of

fixed orders for the controlled variables to be achieved

15) Application of the process as claimed in any one of the preceding

claims to the separation of aromatic hydrocarbons with eight carbon atoms.



