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APPARATUS FOR REGULATI NG THE FLOW RATE OF AT LEAST ONE FLU D IN
SI MULATED MOVI NG BED SEPARATI ON UNI TS The invention rel ates
to an apparatus and to a process for indirect regul ation of the flow
rate of at |east .one fluid, for exanple an effluent, in a
chromat ographi ¢ zone containing a fixed,phase, for exanple an adsorbent or
nol ecul ar sieve. Mdre particularly, it énables pressures to be produced
which are 5 APP\ka"WSnRSR (FECH ST ENGTHE (FLOW RRSEIQF AT TFasT SEr BanD Bnd _
downstream of one or SIMULATED MOVINS B} SERPARATTIONBUNIT®S Oof regul ating valves in

Jona. e et e FRERE Flher v v, pPNT Bl Bt Bedao gL |

zone. S of part | east
one xyl ene i segittion of the flow Fatet diCh Rist RHEAAURY| RSB & birdeRCH o f eed
containing it. 10 The prior art is illustrated in European patent

EP- A-0 415 gzwomppgiaghic zone cogfagiings a piixed nphaiss- far Sxdr5ple 786 adsocbeft exmch
- A- 0 ' d ' t he npst effective
D b onrat S Rl el SRR LRE s e bR R SRR o s

i mpl ement ati on.

t hr ee chr enatwighiaphiptedetr@med pressureaﬂl‘{lgéltl?gﬁw|a‘.rﬁdfwnsﬁéarﬁiMeon@%_({'h of the
zones being constituted by at |east one 1 colum or columm section. At

| east one poiMefeFdIaenlut 2briegnlating svalvss| inj @ crounter-current dree@}_culgnem;a
fracti onat ed ﬁlﬂgla?ehfhws%?&%f&s%& bet ween two zones acts to inject an

el uent or desorbent or ven F¥ &1, the sinul ated novi ng bed conprises

at | east onie ipef partibwir ¥y ihﬂroavvbrsg;t;_@ﬁnrﬁgmna&st oRELYREL isolier, &huent
I njection point _ and the feed injection point |ocated downstreamin

t he desor bentPafiqudasiPata-priengifrasee h!ﬁiz@d?on feqtl-oatainiegtt one poi nt L;)r nd the
i i i : . n n
o) o o0 H0RbR DS e AACE kAR MSE RO 417 P Dl
desor bent ci r&aleapatent US-A-5 156 736 and French patent FR-A-2 743 002 which describes
the most effective implementation.
A simulated moving bed comprises at least three chromatographic zones,
advantageously four or five, each of the zones being constituted by at least one
15 column or column section. At least one point between two zones acts to inject a
feed to be fractionated and at least one point between two zones acts to inject an
eluent or desorbent or solvent. Further, the simulated moving bed comprises at
least one point for withdrawing an extract between the eluent injection point and
the feed injection point located downstream in the desorbent circulation direction
20 and at least one point for withdrawing a raffinate between each mixture injection
point and the eluent injection point located downstream in the direction of
desorbent circulation.
The set of columns or sections forms at least one closed loop containing at
least one recycling pump, between two sections, which pump is flow rate regulated
25  (between the first and last section, for example).
In general, the injection and withdrawal points are periodically shifted by at
least one section in the same direction (upstream or downstream).
It is essential to observe the flow rates of the effluents which circulate from
one zone to another and which must remain substantially constant in a given zone.
30 A small variation in flow rate, even in a single zone, can have a very large influence

on the separation results.
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The set of columms or sections forns at |east one closed | oop containing at
| east one recycling punp, between two sections, which punp is flow rate
regul ated 25 (between the first and | ast section, for exanple).

In general, the injection and withdrawal points are periodically shifted by

at | east one section in the sane direction (upstream or downstrean).
It is essential to observe the flowrates of the effluents which circul ate
from one zone to another and whi ct?Trust remai n substantially constant
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desor bent and tienftet handfteedutgnirg stwameuhe exregt sid méfimge.t he extract and

raf fi nate. .Zone 1 is Ilﬁégted betwe&n the desorbent and the
extract: zone 2 isZeschisdecatesl betyes lesqrient and the extragt zape gdslpcatedne 3 i s
| ocat ed bet e .fe . fdi: ! A cat.ed

bt veen the Vel e EliR ind M fect, 28! 3118 Heiod BAWEA Bretrce dl-dle

di fferent zonaffinatee and zomd 4 BViscardibetrivien fhe mffinsteiand ziendesdrbefior Thx Aopl e:
Flow rate in zone 1:é£urrp fl ow rate; Flowrate in zone 2: flowrate in
zone | -fl ow rrates iptheghifferaptizonggpre afolavs 2then the BURRS 40 Zanegdyfergxample: zone 2
+ feed flowr : . X ip..zone 4: flowrate in zone 3 -
raffinate flolavgg'arfuéa’.m Zonﬂ'%\%{paﬁ&"ﬁ\ﬂn? errors in the flowrates of the

incomi ng or OEb@QhRUn IOHAER Mo FidSin zone |-fIRF taedf extratthe recycling flow rate
and thus nust_be controlled wi th precision. Each tinme that one

of the i ndom Rgwortednrges Hiflast ramimszooe 2titfecd Boy rissses 15  fromone to the
rredt at el y. afipg s neane Y s i Rearareny T99eeB for of the recycl i ng
punp when OpRhAtdRgs il (el oA e FOMBLIREGTRHE TR NutgdiM® setedrhd Ghld i es
occur fromthe point of view of the regularity of the flow rates:
reflect on the recycling flow rate and thus must be controlled with precision.
Each time that one of the incoming or outgoing streams of the loop passes
i5 from one to the other side of the recycling pump, for example from a position
immediately anterior to a position immediately posterior of the recycling pump
when operating in simulated counter-current, two difficulties occur from the point
of view of the regularity of the flow rates:
e the first difficulty concerns the recycling pump, when it changes zone. It is very

20 important that its flow rate is modified almost instantaneously and that the new
flow rate, that of the new zone in which it is to be found, is precisely and stably
regulated without the transition from one flow rate to the other being too slow
(in the case of damped regulation) or with fluctuations about the new value (in
the case of fast response regulation).

25  This first technical problem is related to changing the zones. It is actually very
important that the flow rate passes instantaneously from a first value to a second
desired value. As an example, it has been shown that a variation of 0.6% in the
recycle flow rate produces a variation of 4.2% in purity.

It has been shown that a flow rate regulator which stably regulates the flow rate

30 to which a new set rate is supplied takes a certain time to regulate to the new

value. As the transition from one flow rate to another must be very rapid, the



the first difficulty concerns the recycling punp, when it changes zone.

It is very 20 inportant that its flowrate is nodified al nost
i nst ant aneously and that the new flowrate, that of the new zone
in which it is to be found, is precisely and stably regul at ed

wi thout the transition fromone flowrate to the other being too slow

(in the case of danped regulation) or wigh fluctuati ons about the new val ue
(in the case of fast response regulation). 25 This first
technical problemis related to changing the zones. It is actually very

i nportant that $3eOf hGicEUper pasiocle higlyt imthineasesiegulptiomisaiot iveryt stabie.ue to a
second | val ) n.exanple.. .kt has been shown that a
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variation  of amd @Y%ble teBulafol ity with inertia. NéitHeaSofbeREe TH8WbLILRGE & f! ow
rate regulator which stably regulates the flow rate 30 to which a new

set rate is supisceriable aen reguding gisimulatag moyingdgd! whieh aimstth @rovame high
val ue. As o he truarﬁlseisti on fromone flow rate to another nust be very rapid,
t he P ) - 3- gain

of the regul al oThd@Roh® dificdliyHdncddls Y fow 328 of 'tRE Wr&drh Qﬂte-}igg Eg?eawﬁlrgy

st abl e. Thus we havé to nmake a chol ce between rapi
fluctuating regheamitorTherflow rete of that flux amet bd kdpt eonsgu) atd with beity géddh
inertia. Neither of thﬁ%&ttv\u solutions is accept abl e when

regul ating a siMaFaPCEIV TP IR, NUGHH Y PTaY ithdrawal asys &emht 1 pressure,
ities. g jfLi . f..th
B r eam ent er i ng™3} °f 0%, PEAP M, RS Heh BriQECHRR of e bl iBbEel T,

must be kidpt copstsand differeticartdriesy@idg 1g @@cbressure drop iPthe QrGipOsE coMis bt S
poi nt of injection or wthdrawal passes froma |ow pressure, t hat
of the punp int@NENNSECURNH;: gh pressure, that of the punp discharge (the 10

pressure differenc or to t ressure _draop in the graoup of
col ums or k &c\(')e{rgﬁlrl%gg%}titg%ts .%Seo probleths” afe qur{;orP% Qg’/e‘%}a‘f‘ Pt ant
that these praephefsnasaitover cone to obtai n good separation results.
The solution proposed in the prior art consists of not allow ng the

regul ator 15 to %be selrtégerepropesed iy thepiring ar consipsiobrotatlowing the eaulaterans
whi ch canllsact on_the | ator, to cause that regulator to

h regu
tenporarily srtoo_?)Ct_raé%f_l?l Bt PPQ,“S’B$ AUAAERES S 3ny;Qher means 3 gbcat At fy its
action (pre- pRghiatdNMdhubd raf fdghi R 18 YeHpdaaly std}PreBEMIRE Sirfilltaneously to

cause it to modify its action (pre-positioning the action) such that the new action

imposed, such as a percentage valve opening, a current frequency for a motor, a

voltage, etc... corresponds to the new conditions enabling the flow rate under
20  consideration to be properly regulated and then, but in fact almost immediately, to

restart the action of the regulator:

* in the case of the recycling pump, to change the flow rate from one zone to

another;

* in the case of an effluent, to maintain the flow rate in the presence of a large
. 25 variation in pressure conditions.

Thus good flow rates are obtained without oscillations and almost
instantaneously. The ensemble of operations described take between 1/100 and 10
seconds and usually between 1/10 and 5 seconds, depending on the case.

The examples described in the text of the prior art are applicable to a pilot

30 unit comprising24 beds, for example, and to a single circulating pump.



i nposed, such as a percentage val ve opening, a current frequency for a
notor, a vol tage, etc... corresponds to the new conditions enabling
the flow rate under 20 consideration to be properly regul ated and then,
but in fact alnost inmmediately, to restart the action of the

regul ator: . In the case of the recycling punp, to change the flow
rate fromone zone to another;_,_ .1n the case of an effluent,
to maintain the flowrate in the presence of a |large 25 variation in

ressure conditio Thu flow rates. are obtai ned_w t hout
gsm |lations and alMedtthe process fag é?ﬁ“irﬁ@ ’g‘F ho"fh@[eén%% engF %bé’?%ti ons

descri bed takgs n, en
1710 and & Secoﬁ?ﬁ@& p;iph(éﬁl r@?ﬁlg%ﬂ?hdéegcnbed in F%Fe@nl% I@Qnd"’s;qfilzirybé)&fe\qe
descri bed i n thhve réseduial @Ertﬁﬂbﬁtmfsl subsigd; tin gaeticafpl in ciab| raffinateaflipw| Bte 3£l:e uni t
conpr|5|n924 beds, for _exanple, and to a single circul ating punp.
F"’umv\ﬁé\ﬁl)?hé[)p ©cess for regulating the flow rates of the

prior art PR ARYURRARN, F oRRPIGLEH: LRSI Yy ISP Ghd BEA A Fiigur oS

A 1B an e seen resi per ons st, in
particul ar i nbdti’ée uhddrbiobat Bight@wAr éﬁdelﬂ SRR how the PreSuF@ndNowdBiesdPa 3C) S
An exam nation of these figures enables the nature of the problemto be
bett er under SQIOM logp giiP# Sedsiconpidtuling éﬂhomﬂmdmemw@slsem esgudatetl.f Tow r at es

in a of, .24 beds con t he d noying bed are
ogul at ed. - Tubteorser B384 2siet Somatiy S bedihl- £ dni Feudh Fho il Fahenhel o
and 7.6 min diaRi@ss-9 and 10 Immma@d?znﬁ&dmé%gdrb&gl «'ﬂﬁowrﬁ&bps'aﬂa' de the
adsorbers. A flow neter 3 and a 10 |l ow rate regul ation valve 4 control a

fl ow rat el®f ﬁ@wmerregma@oramdves@@mnuevmﬂow rate bibbateeen A0amkB200 mamd 2

th a very hj reci s ressu lled raffinate
m t hdr a\\//val Y G"%geg" AL, %ﬁsné aélg /%tw é‘g§‘?}Veh‘5h Areqigign |(ﬁt23‘§e dF pressurenmp 9.
A control vaI é’&tn%ll@@'rm Fhﬁt@%mt"hg?ﬁal Rhfe %%\Aﬁnt%m@t stepgrésmrgg dt In® HiBk 10
Wth reference to a cycle of perlods ere ah esorbent 1s 1 njected

into the firspurdp 9. Becomifol adEeerﬁxﬁmﬂamsCa)@étrpﬁhssu&l Vet thd Mildt no Pungcl 0.
communi cation_wi th _adsor ber during periods 1 to 3 and 16 to 24
(Figure 1 b) 3fith quq:pcg(ggg,cb@; of 241pgriodg Where; the desorbent is injected into the first

15 bed of adsorber 1, control valve 6 is in direct communication with adsorber 2
during periods 1 to 3 and 16 to 24 (Figure 1b) and with adsorber 1 during periods
4 to 15. Between periods 3 and 4 raffinate withdrawal passes from the bottom of
adsorber 2 to the head of adsorber 1; between periods 15 and 16, raffinate
withdrawal passes from the bottom of adsorber 1 to the head of adsorber 2. On-off
20  valves enable a given bed to be placed in communication with the withdrawal
circuit, taking about 2.5 seconds to pass from the open position to the closed
position (or the reverse). The average pressure drop in each of the two adsorbers:
is 4.2 bars. When control valve 6 is connected to the bottom of one of the two
adsorbers, it is about 67% open; when it is connected to the head of one of the
25  adsorbers, it is about 55% open, with the time taken to pass from 67% open to
55% open being about 2.5 seconds. In the prior art, the best results are obtained
by causing control valve 6 to go to 55% open about 2 seconds before manoeuvring
the on-off valves and by maintaining this degree of opening for about 6 seconds; at
the end of the 6 seconds, the valve is re-set to automatic by the controller. It
30  should also be noted that the best results are obtained with slightly different

anticipation and maintenance times during two transitions from the bottom to the



4 to 15. Between periods 3 and 4 raffinate w thdrawal passes fromthe
bott om of adsorber 2 to the head of adsorber 1; between periods 15 and
16, raffinate wi t hdrawal passes fromthe bottom of adsorber | to the
head of adsorber 2. On-off 20 valves enable a given bed to be placed in
cormuni cation with the w t hdrawal circuit, taking about 2.5 seconds
to pass fromthe open position to the clgsed position (or the
reverse). The average pressure drop in each of the two adsorbers is
4.2 bars. gog E g;?is\%ﬁonnected to the bottomof one of the two
adsor ber s, |t °PS %44 /%rbp &3vest 4 jaad Soprgamanoguyrsd us@gHbagame one of
t he 25 ads i Rass from
67% open to C}frﬁx%fp‘-ie gb%eg%evﬁhﬁeffﬁgﬁa r@ﬁ@%#é@%&ﬁn}ﬁ&l {;@n{aﬁ%&gp?eot M8 t, the
best results are dfigaieri2ehows the dosanganait g thoMltithatawadl Mel ﬁjetcﬁoﬂomt Be55%
open about 2 ecog& ﬂgfgr]; or e._manoeuvri ng the on-of f val ves and by
mai nt ai ni ng tAPR dBgrtnats wihdramaleircayt CQ‘B‘BUQCS§4§é&fﬁﬁéVCS@pmber€d 60lite end of
the 6 secandssz ot u IIer [t 30
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shoul d al so be noted that best res s are 0

di fferent valves ainé icohmpatedon apeksste RbAHNEINGAv ViBmes 60 BY dnWsi I gisi ti ons
fromthe bottomto the

- 5- hesatragk with@agakaicnis compagss 24 ain-ofivelues opmeheredsl 20 gonii@emdr ed
using the sa p hoyeve di f eret ant i pation or
retardation 2% g i enancl Yaef\r?ng PATV R ‘b0 e s PYBlart 2% Ve hre

arrangenment Qfonhéedd N6 ér lqrtﬁ'ldhala%w ARScdnfrol tf"zﬁve 12 via ]fn@@pZ(P -EBT
raffinate withdrawal circuit conprises 24 on-off valves nunbered 601 to

612 and 691 tande@2. (Thel fped aljaction 60duit confiBenid o6 BIf valveS 5RmbeedsiBowny; t hese
24 val v ar e ure control valve via lines 60, 61
and 62. The f312% g%f’sgé ?ﬁmfya\’ﬁa E%gdﬁ?ffo“ﬁﬁn%‘ﬁes%‘sv@@soﬁﬁ@ semeqisiy es
number ed 120%o0t0p &rﬂ%aSaﬁ'q‘low meter Jrziﬂxdrt&a]f%@ﬁraﬁé)% o\f%K/@sBl\%%ir 253 are
shown), these 24 valves are connected t [ow et er

fl ow rate contiicindidRy&ht Aesarbent unjmmﬂlZchlﬂ.éﬂmﬂrQes zabd-oIfZ\&-lveII‘rlﬁmB@&d

injection circuit co riaes 24 on-of f val ves nunbered 1301 to 1312
and 1351 to 1 (’o‘rﬁ@ apg| \pa 1 195462 Sorlp yalys : 1653 dssehopum)thespe2d stleescannect ed
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130, 13 1 an esor I njectron Clrcui
on-of f val vedimesnB@risd and 132. 1601 to 1612 and 1651 to 1662 (onI y val ve 1653
is shown); these 24 val ves_ar
. igures 34, 3B, 3C and 3D show recordings of the four principal flow rates
during a complete cycle. The set values for the flow rates for the desorbent
(Figure 3A), extract (Figure 3C), and feed (Figﬁre 3B) are respectively 830 m3/h,
20 320 m’/h and 480 m’/h. It can be seen that the amplitudes of the variation about
the set value are plus or minus 5 m'/h for the extract and feed and plus or minus 5
m’/h for the desorbent. The average resultant raffinate flow rate (Figure 3D) is
990 m’/h. for this particular stream, the variations in amplitude are +/- 50 m'/h
instead of the 20 m’/h which should be expected (sum of the amplitudes of the
25  variation in the other flow rates). Under these conditions, a para-xylene
production of 74 t/h was produced, with a purity of 99.87% and a yield of 94.5%.
There are two types of perturbations:
I} Each time raffinate withdrawal is permutated from upstream to downstream of
the recirculation pumps, despite pre-positioning of the raffinate control valve
30 and anticipation of its operation so as to take into account the manoeuvring

time of several seconds and the pressure difference of several bars, it can be



15 connected to a punp 18, to a flow neter 17 and to a flow rate control
val ve 16 via i nes 130, 131 and 132. Fi gures 3A, 3B, 3C
and 3D show recordings of the four principal flow rates during a
conplete cycle. The set values for the flow rates for the desorbent

(Figure 3A), extract (Figure 3C), and feed (Figure 3B) are respectively 830
nerr]/h, 20 320 m[err]/h and 480 n[eFr]/h It can be seen that the
anplitudes of the variation about he set value are plus or mnus 5
nerr]/h for the e for
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despi t e pre- posiriffionteripvofatet he raf fi nate control vaI ve 30 and

anticipation of it per tion so . as . to t ke i nt ount t he manoeuvring
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be H een
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the raffinate f Isopplreataempmslai flow aatpgit hayrtbadeiovsrdimensiongd ciapired with afaet her
of the principal streanms is pernmutated fromthe head to the bottom
of the addBrber meertgHararPRESlowUate- perturbation can be seen in the flow 5
e O LNe, SUh oA E! AfRR A e Plel ARG RO Tbhal BENCRLd P L Ie

rafflnateflow ages o such i ons

in the raffinat q;afti@wfryah 20@¥sE3 and 4 of thk)sirdhlnee rhdi\ﬁndjbéii i §b at t@ﬂu&ﬁht@!im
| ocat ed downstream of the raffinate control valve is ppI ied at a

pul sed fl ow r at éhatj the lggastiteenibe obiher rifimeies¢annedtravargrat@y i thi ﬂspwr aate g
nore regul ar supp f.l ow raffinate flow r

ate, . A |
cause pul sation?%’ Hgftlpé"’s t%i’%(%‘if:edf’ " (Eiwz'?l a‘éeégrlg’erslteﬁow rate has {q ke, Ingsese %iwltgones 3

and 4 of tjge si mdREE WBMiPEaB6H- IPOrdRP ndCroXdaE@NhEBow rate in zoh@%t(ahﬁe
constituents of the raffinate cannot traverse zone 4, the flowrate In

zone 4 has to behusthecfeet floweaate dndeindihs @niethe ﬁrbdnmwmy of Hesunit), Héoss vcr eased
with desired constituent in the extract has to be tolerated which is a little higher than
that which would be obtained with ideal operation.
It is thus clear that the prior art cannot produce a highly regular raffinate
20  flow rate, and for the other streams, each change in step gives rise to a small
perturbation which is clearly observable in the recordings shown in Figures 3A, 3B,
3C and 3D.

The invention aims to reduce those residual perturbations in the flow rate

to a minimum using at least one simple mechanical means. More generally the

2%
W

invention aims to produce, in the separation unit in simulated moving bed
separation units, inlet and withdrawal flow rates and internal flow rates which are
as constant as possible, and indirectly to use less desorbent and increase the yield.
One particular aim of the invention is to ensure a substantially constant
pressure just upstream of the valves regulating the withdrawal streams from the

30 simulated moving bed. A second aim of the invention is to ensure a substantially



15 respect to ideal operation. In order not to reduce the flowrate in

zone 3 (and thus the feed flowrate and, in the end, the
productivity of the unit), a | oss of desired constituent in the
extract has to be tolerated which is a little higher than . t hat

whi ch woul d be obtained with ideal operation. It is thus clear

that the prior art cannot produce a highly regular raffinate 20 flow
rate, and for the other streans, each change in step gives rise to a snall
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the yields Proportional, Intega]ebemamw@m@) addomtigh ahd@ vaRERubQRriySodtahensur e a
substantially constant pressure just upstream of the valves

regul ating t Hellewinaduneiians:streans fromthe 30  sinulated noving bed. A
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t he si mul(at ehpi¥ielFoP8herturbations); It i s known that a sequence
for regul ating the FIOM/rate or pressure, constituted by a sensor, a

regul at or ge%r&dtthlyl thpaniue mnghq set aeluo rad guisklywist possihle Bhen Ridgsrvaluerial
I nt egral, Derl \Y; PI [2)2 Z%g Ehm and a val ve, nust carry out the
f ol I owi nd%f unctS 6 (e r'méﬁr t%%ain, as closely as possible, the set

val ue when the SetInVaale ﬁla{eﬁ'}ﬁd lgédxﬁﬁce a sequence(df vﬁthdri»@d?é she AR GFdRN Of

perturbations); urn e value to the set value as quickly as
possi bl e V\hemndanﬁct&mts maiewe a serila@ of beds, ammmgﬁch €luideis ,flomdny, dhd peeskirag) .

In a sinmulated novi ng} bed, since a sequence of w thdrawal s_are nmade from
and i nj ecti ortPsHa¥B 9 ghe veEdraval gpivee s thy Areypire ownsireamy of $her INiRREAR, t he
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Wi t hdr awals pasig tediins deastamtbuy inbethe conditions at one of the ports of the regulating
valve vary, the PID regulator must thus readjust the position of the valve at each
permutation. |
The invention thus consists of placing one or more mechanical pressure
reducing devices which are advisedly located in the pressure controlled withdrawal
20  circuit (generally the raffinate), and preferably of placmg one or more mechanical
pressure reducing devices in each of the circuits for withdrawing or introducing
into the loop of beds constituting the simulated moving bed.

More precisely, the invention provides an apparatus for regulating the flow

rate of a fluid in a simulated moving bed separation unit comprising a plurality of

o
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beds disposed in a closed loop in at least one chromatographic column and
comprising at least one means for recirculating fluid and comprising at least two
lines for injecting fluid at a controlled flow rate and at least two lines for
withdrawing fluid, one of said withdrawal (extract or raffinate) lines being under
flow rate control, the other being under pressure control via at least one control
30 valve, characterized in that said pressure controlled withdrawal line comprises at

least one restriction means enabling the pressure downstream of at least one of the



15 thus remai ns constant but since the conditions at one of the ports of

the regul ating val ve vary, the PID regul ator nust thus readjust the
position of the valve at each per nut ati on. The invention
t hus consists of placing one or nore mechanical pressure reduci ng

devi ces which are advisedly located in the pressure controlled w thdrawal
20 circuit (generally the raffinate) ,_ga_nd preferably of placing one or
nor e nmechani cal pressure reduci ng devices in each of the circuits for
wi t hdrawi ng qr jintroducing, .. . intqg the |oo f beds nstituti,ng the

si mul at ed rma?eﬁlﬁr}Beth reducel, ddv‘mtageok/g?{ ebeg“r’eee@i e](lgills,t ‘{”ﬁe"ffﬁ\?e etdiso"ﬁ‘dp‘%Svi des
an appar at us [;rggsufee‘gj,l,lt@t tnge.the flow rate of a fluid in a sinmulated
novi ng bed separation unit conprising a plurality of 25 beds di sposed in
a closed | oop in aln theamse ohgilgthemivedrogradiphdustad lunitsy apidgle apparabsngari si ng

at | east one rreg(?s for .recircul at. nq%af Icgi.d ag&/ conpri si ng at qlleast t wo
lines for inj¥ERFTAYNOAT N SEABYRITBITPL P ORVPIT TGRS FEXEPT /3 | i nes
for 3Nt e AR chdeUdidRui@RiHRta Al FheM ?n:j;ééfiﬁw\@lhid( @4 ldpRGEarR présdfik! nat e)
| i nes bei ng under flow rate control, the ot her being undér pressure
control via ateghlastis asel. cBhese gurdy mechamioabdevidea vaitheare zeell kmowrhat theai d
pressure controlled withdrawal || onpri ses at | east one

| ine
restriction neaQfATeHa BRI er@ni}ft@g%-ﬁyésa&aﬁwf“e‘aﬁ%ﬁm& | east one of the
- 8- beds to e ed, v y e : t he
beds and the gfé@esg#g %ol%?grqoﬁ%%lg@g'ﬂ%’ tk@seh\‘iﬁ & Qﬁqa&lﬁﬁitg ggtg(\a’ggf pi | ot
uni ts or smal suidabRUAEstly At isusd Espensives hiHecor@idy dus atdaesiopeime is longWilt isdiiawn or
injected streamis required; it is a dowstream pressure regulator or a 5
wei r in tHe ceweh grore | Ripgicol fordheupesssuriseRrolnp@ ctithdgrvtal ing O LOMRABSE Ream
pressure . p]turaeﬁ%sj !3? Fe%{ric&ign lrlnseggs nTpQ?‘ﬁEn gru{nesleXe oc‘}l]sa{z')' r%?\h%age%ﬁ' C?éssmy Ch. are
wel | known inPtHe priorar ' Brecedsential 1y const 1 tu egpby a spring

and a nmenbrangpstream of the valve dodtrblligg GBS &ithlirawr @R aind AuEHin bareddidérbfinedt hi s
type of apparatus is not very suitable: firstly, it is too expensive

and secondl y, range. Peeferablyn this withdrawibling. camprises # iplisalitp of calisaredroriéices
practical for the pressure cantrol |ed vm'th(gra | 1i tg conprise a
bl ural ity of IeSEPTCE DIRERTE PR apstue Grvrhean dhe vl RN MEA ai n
the pressye jpjection Lﬂﬁ%hﬁxe@f”hﬁgtrehﬁeoﬁ/ 2l MReCRBAIME hNGithd¥gwi dthdrawny, st reans
Wi thin a predeterm ned range. Preferably, this withdrawal |ine
conpri ses a phaniaiont theofitleladwdiliae edhicbrdofripciess a pressure eongned yalge gomprises,
substantially constant pressure dD?vvns ream of a val e reg[ui ating an
as the restriction means enabling the pressure to be reduced, east ont valve
regulating the pressure differential at the ports of the pressure control valve, said
ditferential pressure regulating valve being located downstream of the pressure
20  control valve and in parallel to the withdrawal line.
In a preferred embodiment, the pressure control withdrawal line comprising
at least one restriction means is the raffinate withdrawal line.
The other withdrawal line can comprise a flow rate control valve and at

least one restriction means located between at least one of the beds and the
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(upstream) inlet for the flow rate control withdrawal valve. In a variation, it
comprises a flow rate control valve and at least one valve for regulating the
differential pressure at the ports of the flow rate control valve, said differential
pressure regulation valve being located downstream of the flow rate control valve
and in parallel to the withdrawal line.

30 In a turther feature, at least one of the fluid injection lines comprises a flow

rate control valve and at least one restriction means located between the



15 injection stream or upstream of a valve regulating a w thdrawal

stream In a - variation, the withdrawal |ine which conprises a
pressure control valve conpri ses, as the restriction neans enabling
the pressure to be reduced, at |east one valve regul ating the

pressure differential at the ports of the pressure control valve, said
differential pressure regulating valve heing | ocated downstream of the
pressure 20 control valve and in paralllel to the withdrawal |ine.
In a preferred enbodi nent, the pressure control wthdrawal |ine conprising
at | east one (Aewpstream) owtineliom theflowsate spatrolatabeding e feasieane|bedso as to
The ot her w thdrawal, | i .can rise at trol ,val ve .and at
| east one restIER (Str‘le Q%ﬁ‘s‘ I 8@@13% Pel a/ette“lhotg&lgélges% 8’3‘5 l (‘)’?lv? h‘é"%‘@dg and
the 25 (upsfré®adtnihet presshrapgre flow rate control wthdrawal valve. In a
variation, it conprises a flow rate control valve and at |east one
val ve for regul atilmgp vivation, at leagt $rfecofcthe flaid ipleesenulings gpmptises poflaw rok t he
flowrate_control, valve, sajd differenti al . ressure.requl ati on val ve
bei ng | ocdt e IBRhERVEAN F Rt Bieat Fenlrins she bEripee difterentiafy g
parall el to thewrihdnewahielcbigol vale, said differentidl Bre@srél rédu@itioh aive H8ingat
| east one of the fluid injection |ines conprises a flow rate control
val ve and at Ibeased upsieanmesitthe fvowontermans! Yabeaanddn ipetalieden thehimjection line.
(downstream _Putle fromthe flow rate control valve %Fﬂgéat .| east one bed

i

so as to PRI IPESPHTE SE R ¥ oty s Fogtigs the SRtvciioa metisr ol
val ve W thin @enioned RbEAE LS WHidREFhRLBR T4ELit i@ MBGted upstream of the ﬂ%vo fr?[gw Cate

vari ation, at [east one of the fluid injection [ineS conprises

5 contrid valnwel axide aistcheé afbeinncaad dewhseamegul ati ng the pressure
differential at the . ports of the flowrate control_ valve, said
differential presstbeimegitmatisoarayidesa perssy for regulapg oy wirst ysagnthst t he

fl t 0l (o J l : i nj [ L : Thi
G f1erenti ol SoletPipbRREy chPaiey yEvgl £ oblific e ile 80 1o RBiished o0,

means Mol RIedaABAY @ne rditridiibf neda, trefedably LCplaRlifyt ofi Bsthiot@t fdargpst r eam
of the flowrate 10 control valve instead of being |ocated downstream

The i nvent i oningpasallghosin geresa op swibablpssiterin raelifigl @Fi%&dﬁwg fhide fromsiheg t he
descri bed, appar,at us, characterized.in that. Ltabl e pressure drop is

ot abl | shes pypiombr SBETTEHEP<eh R aselt B0y P R SRR LRl

plurality of [RadsiiftsaRnwitB@awal line (dxfraftasldiflatdlso B &LbbR aYressuiet abl e
size, inaline for wwthdrawing fluid fromthe 15 colum or col unms

bet ween at | eaptreameobfaid hvalveewhiaral rangprafsealwes ipohe rrangey irbinethe lowest ocat ed
In said wt hd\rw?t rlawlail glgeséu?é( tPl(’)aa%Ei sglrd vraﬁfef lg'd.| ?ntc?e)asesdobyag flta.(c::)tioonb%fsl ithré pareg)s{lreessur ©
drop in the column, and preferably equal to at most said value PO increased by
20 50% of the pressure drop in the column, and particularly preferably equal to at
most said value PO increased by 10% of the pressure drop in the column.
In one feature of the process, a suitable pressure drop is established by
providing at least one restriction means, preferably a plurality of restriction means

in parallel or in series, of suitable size, in at least one of the lines for injecting fluid
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into the column or columné between the flow rate control valve located in said
injection line (feed or desorbent) anc_i between at least one of said beds so as to
obtain a pressure downstream of said valve within a range of values in the range
"from the highest injection pressure PM and said value PM reduced by a fraction of
the pressure drop in the column, preferably at least said value PM reduced by 50%
30  of the pressure drop in the column, and more particularly equal to at least said

value PM reduced by 10% of the pressure drop in the column.



upstream of said valve within a range of values in the range fromthe
| onest w t hdrawal pressure PO and said value PO increased by a
fraction of the pressure drop in the colum, and preferably equal to
at nost said value PO increased by 20 50% of the pressure drop in the
colum, and particularly preferably equal to at nost said val ue PO
i ncreased by 10% of the pressure drop im,4he colum. In one
feature of the process, a suitable pressure drop is established by
providing at |east one restriction neans, preferably a plurality of
restriction means In a variptipny 2he, prespurg [drog, "‘Eéﬁ‘q qrts (9}( % Jeashine flgw satej n at
| east one of I i nj I | Wi D i or, col umms
bet ween the f og\%ok é{? lggééc%gerdoflﬂ @g{ed\?ggpéggtt %d%?e ﬁtlgﬂéiﬁsh& &&% &?h%?(r:]?elnbnlsl i ne
(feed or desorepeintell BNplading wekfferadtial rsiure® fegutition alalle hREiFeH® 0B thd Aow
obtain a pressure downstream of said valve wthin a range of values in the
range f ragmeartieo] viskypewtparaliebet the dlupsk wjestiore limavisadg e @btin a lpoessiak
reduced by. a f.raction the pressure drop in the colum, preferably
L least gay BT Bthe dars o Bof 3¢ Egbaifh, Ak I8 5 AP, A ahe
columm, and NREGeRAT JdlthRfl bild @8ERhcd ??alé‘é idcP@8dd BRlalfraction oftak ‘{ﬁes@Melr educed
n a

by 10% of the pressure drop in the col um.

vari ation, théropriesbucaunnopreferatihequabta st mbstaaid efasencermaluel ingveasati by
control valve o d in at |east one of the inj.ection lines (feed or
desorbent) i 55662 Oaftﬁ?‘ﬁdﬁ?séi‘r&o‘;r% % the pime, #ick P ‘ﬁf‘ﬁ%?%?%@% L?&Balrré’g%ﬂ ation
val ve upstream,@f o1 GerbleR% value inchedled @PM%% tHelpYeBsurk gi,r irAtHeSlollfn ! NE
fluid injection line, so as to (;lbtaln pressure 5 I fference at the
ports of thhe jdidvefercateevalwgusually beiny al the rangetti ta &0 dersf mora paticularly in
reference value and said reference value increased by a fraction of the
pressure thgrapes B ¢%2 P&t urm, preferably equal to at nost said
reference value ingf eaaad, e of the Bolesh shRBICHESIH Gof iRl £O! U,
and particularly prefera fy equal to at nost sal ef erence vdl ue
increased by p¥diig hileaddions seshctidhieans) préterablyl iploralifyOof residicdor alegfissnce
val ue usual ly bei n? in the range 0.2 to 10 bars, nore particularly in

the range 0. 5intparglebgr in series, of suitable size, i ading der Wishdrawing fluid of the selusiocess,

a suitabl FS pr grs g(%’l{lrennsq Egt%/eleé ate I%gs?%lné: %P gacljd Bé(ds and a flow rate control valve located

in said withdrawal line (extract or raffinate) so as to obtain a pressure upstream of
said valve within a range of values in the range from the Jowest withdrawal
pressure PO and said value PO increased by a fraction of the pressure drop in the

column, preferably equal to at most said value PO increased by 50% of the pressure
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drop in the column, and more particularly preferably equal to at most said value PO
increased by 10% of the pressure drop in the column.

The pressure drop produced by a restriction orifice is proportional to Krv?,
where K is a constant, r is the density of the fluid and v is the linear velocity in the
orifice. In general, the maximum tolerable velocity in the orifice is of the order of
25 15 metres per second, and the maximum pressure drop produced by a calibrated

orifice does not exceed about 1 bar.
The process can be implemented as follows:
The simplest method would be to use a number of restriction orifices
depending on each of the pressure and withdrawal levels for each bed, between
30  each on-off valve and the common withdrawal or extraction line. As an example, if

the pressure drop per bed is 0.35 bars and if twelve beds are located in each of the



providing at |east one restriction neans, preferably a plurality of

restriction neans in parallel or in series, of suitable size. in a
line for withdrawing fluid of the colum 15 or colums between at | east
one of said beds and a flow rate control valve |ocated in said

wi thdrawal line (extract or raffinate) so as to obtain a pressure upstream
of said valve within a range of valjues in the range fromthe | owest
wi t hdr awal pressure PO and said value PO increased by a fraction of

the pressure drop in the . colum, preferably e | to at st said
val ue PO incr é%‘gﬂ’sby:' 86‘%"0? CORBAY (RIS HeUPsLIGAM eraoﬁﬂﬂﬁr%gc‘é‘af‘ﬂoﬁ@?veand
more particul gily A SLAR kot Frst (0P ltl%mﬂicﬂgsﬂveﬁﬁfﬁgesvﬁkz li@caa_% hin series dafff " €ased

by 10% of the pressure drop In the co e pressure drop
produced by a predding atpregsuerdrbp ©€0i7sbapy ayplosrte avifek providing aressure drop of wher e
Kis a constant. r is_the density of the quid‘gng %%is the linear velocity
in the &3% bare. When yathdraying rp@ thasecrithPt GF SpSn ke QuliSss jars/lopsted he
orifice iscof : . Qr . 25 e haRECRA, WAk mf'g' BB fEum
pressure d?opléggjgéggggyVgggh?Pg%§¥gg&ﬁ)éf&?g?ﬁﬁiceghoes&ﬁo€ exceéﬁyabout

1 bar. third of the bEds, fHEOGEFRs a@rlofitted M feetlck pravddifiglal pp¥ssure drop
The sinplest nmethod would be to use a nunber of restriction orifices
dependi ng on &dch7obars handppee suifise apravidingharerersirg dien 9f1Q35 deh Pgn

bet ween 30 each on-off valv nd ecm@nwi.hr | o6 .extraction
line. As an exanplraviet rc_’m (ﬁ!‘e Fo[uﬁtg %tirtgggﬁ?se rro%nfé)cgg age\é\%cfltgdd‘%é”%a?as?gand_ | f
twel ve beds argoligmat£@rdssur€@Aedp 6f 07NGars. When withdrawing fr&@l tHEWEth $fochebt ai n
a constant pressure upstream of a w thdrawal control valve, when

wi t hdrawi g f rbeds.ttheeefarifises ot ledaediie derjes feasheprovidingoepressuee iopanfdl’ barsseri es
A T W e A
e o h B AR ey DR SR i M bl
of 0.7 bars. When withdrawing from the seventh of the beds, two orifices are
located in series each providing a pressure drop of 0.7 bars and one orifice
I5  providing a pressure drop of 0.35 bars. When withdrawing from the eighth of the
beds, two orifices are located in series each providing a pressure drop of 0.7 bars.
When withdrawing from the ninth of the beds, one orifice is provided to give a
pressure drop of 0.7 bars, and one orifice provides a pressure drop of 0.35 bars.
When withdrawing from the tenth of the beds, one orifice is provided to give a
20  pressure drop of 0.7 bars. When withdrawing from the eleventh of the beds, one
orifice is provided, providing a pressure drop of 0.35 bars. Thus there are 36
calibrated orifices per column and per injected or withdrawn stream. The total

number of restriction orifices for the whole loop would thus be 288.

Happily, a more sensible disposition for the above case can reduce the

o
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number of restriction orifices per column and per injected or withdrawn stream
from 36 to 11: when withdrawing from the first bed, one orifice is provided
ensuring a pressure drop of 0.35 bars. When withdrawing from the second bed, no
orifice is provided, and in the common line between the second and third bed one
orifice is provided ensuring a pressure drop of 0.7 bars. When withdrawing from
30  the third bed, one orifice is provided ensuring a pressure drop of 0.35 bars. When

withdrawing from the fourth bed, no orifice is provided, and in the common line



third of the beds, four orifices are located in series each providing a
pressure drop of 0.7 bars and one orifice providing a pressure drop of
0.35 bars. Wen wi t hdrawi ng fromthe fourth of the beds, four
orifices are located in series each providing a pressure drop of 0.7
bars. Wien withdrawing fromthe fifth of the 10 beds, three orifices are
| ocated in series each providing a pressige drop of 0.7 bars and one
orifice providing a pressure drop of 0.35 bars. Wien withdrawing fromthe
sixth of the ds hr. or i,fd re |. X i 1L SEeLl e rovidi-ng a
pressure dr opbl%(a’veen &c}? Ecﬁﬁqx ‘g‘grdsf&e%ﬁgﬁg\?\f 16‘%&% ggﬂ‘)ﬁ%dfe%drﬁﬁ%h‘leg%%\l}gen rr?po%f t he
beds, two ori(.7&es. #ien withdrdwigaliReh the fiFeYr beds ofa6H{igY B\UréViddd énspFigsaur €
drop of 0.7 bars and one orifice 15 provi ding a pressure drop of 0.35
bars. Wien wiRrhssueenilieg ¢fr O3S thes. eVhen witbframing from the spxéle ded,tngoouifigef isces ar e

| ocated in serie ach .providin ressure dr of 0.7 bars. : . When
L hdr awi ng. (TRERE LR bt CiEbvesBe S pilseriotn BB Bae 6rfiss i ve
pressure & opoglidld éndidhg a pRAGurR i85 0.1 Bfs PWAYA ARBdAwRIEEEH R hemnof 0. 35
bars. en wthdrawing fromthe tenth of the beds, one orifice is

provi ded to ghedeose ofice isprasdedreasutimgm pessOredropes0.3Mbam. wi t hdrawi ng from
the el eventh of thg beds, one ori.fice is provided, vi di ng .a
pressure drop of O “B%Ef}?.ra“i*ﬂ%uérofrh@reeﬁ‘%}ﬂé%%‘% no °“ﬁlceclélpf%‘}r?%t%ea“%r"'?fheces per
col um and peg,dabg§; g d 5he obifikels_provided BASIPRE 20f
restriction oé?'#"ﬁlégg“’?%?%ﬁ*é“%%r@“%%ﬁ‘ﬁ% dt hgs] be Szpég\.” © @

Happi |l y, a nopessendrdg of di7simosi Whem withdratviveg frbovihe cargl bednonedrifiee ishe 25

nunber of restriction orifices per colum and per injected or wthdrawn
stream 10 proyided gnsusing g prggsure dipp REP-awibAG- fvpb"rﬂ Vhdrpy ingifroga he (GRw
orifice is proyj P SUFiNg - r - g r n

W thdr aui ng | e BRETSs s Rge A8 yFne cBRRRhTRELIReh e S BT |
comon |ine beédePB biifices & PRsViddad ehdring Heite’d® drop of 00.7f bare | IViyrovi ded
ensuring a pressure drop of 0.7 bars. Wen withdrawi ng from 30 the third
bed, one ori f Witbdiawing &omddd edevenihi beg. angoafet sePi@rsisd.ofnspring ampyessurafen

W t hdr awi ng fﬁ%@&ftb%sf&yrg.th bed, no orifice is provided, and in the comon

l'i ne _ o _ _ - -12- bet ween
the fourthsand fif{RpbRAnOOE QY icldraed ipfeshir® WabftbneRaty, i tAd nembéressbEds, dr op
of 0.7 bars. When withdrawing fromthe fifth bed, one orifice is

provi ded ensuthenapmaber of recirculation pumps in the loop and the manoeuvring time for the
control valve, 2 to 30 calibrated orifices can be provided per withdrawal circuit.
The invention will be better understood from the following examples:
Example 1: Figure 4 shows an embodiment of the invention in the case where
20 about 1 bar of pressure variation is tolerated upstream of the raffinate control
valve: 6 calibrated orifices-are required to obtain a pressure in the range 8.35 to 9.4
bars. Only adsorber 1 is shown in Figure 4.
The pressure drop for an average internal flow rate of about 2000 m*/h is
4.2 bars; the average pressure drop across each bed is about 0.35 bars; this
25  pressure drop being distributed in an amount of about 0.27 bars for the molecular
sieve and 0.08 bars to traverse one of plates 101 to 111. Plates 101 to 111 also
contain a series of holes for distributing the injected or withdrawn principal stream.
The diameter of these holes and that of the lines placing the holes in
communication with each of four flanges for connection to the exterior of the
30 adsorber have been calculated so that the pressure drop between the interior and

exterior of the adsorber is | bar. Withdrawal valve 601 is unique since it is directly



pressure drop of 0.35 bars. Wien withdrawing fromthe sixth bed, no orifice
is provi ded, and in the common |ine between the sixth and seventh bed
one orificeis 5 provi ded ensuring a pressure drop of 0.7 bars. Wen

wi t hdrawi ng fromthe seventh bed one orifice is provided ensuring a
pressure drop of 0.35 bars. When wi thdrawi ng fromthe eighth
bed, no orifice is provided, and in the_;,_ common |ine between the
eighth and ninth bed one orifice is prOV|aed ensuring a pressure drop
of 0.7 bars. 1L hde aw fromthe ninth .one orifice is 10

provi ded ens UW%“}Q“‘%‘? %éog‘wggg}eoﬁscgﬁwgg obahe e lls?&lqwg’rﬁvﬂﬂ Léjr WG 45 t he
tenth bedvithBe Qfivehti6® thiee RaFhEde Grifigdd200N20 hand 207 RAVe bR phrEUgEN t he
tenth and el eventh bed one orifice is provided ensuring a pressure
drop of 0.7 baing 60 (INcerrespondiggtdrdicesplaegdfin dine 6 heowriestingadsobed 2 Figurori fi ce

is provided, ur i a _pressure . dr of, 0 ars.. 1

Dependi ng on ‘?‘ ° f%rfqgijgt’l&a%plf%g%tdpgw{}éﬂ g‘ﬁ%i?%‘ﬁe)r a%%@fa??c{]%”fﬂ'ﬁﬁ%&pr?)‘imcﬁéds,
the nunber sof urgieidupdiiaip 8N 1 BARPHhilecd1BeitdOORIIRE DO N dTBIO BT r_eeuéé,l ge for
t he control valve, 2 to 30 calibrated orifices can be provided per

wi t hdrawal ci peesstre drop of 1.4 bars. Tbhemplify ¢g desaripiiidr, aleeribeof bvo ualibestsd ood
fromthe follow_.ng exanples: Exanpl e 1: Figure 4 shows an, enbodi nment
of the invent ioaﬁcgﬁneﬁqﬁg@eg%n&vﬁ@@%rﬂ?’oa@%@f bt fas ilrferbf%@g r E2HPEMERL i on
is tol erated upgiLer Qhd tforh@bf bREC2BPNt Mk pressure ‘alaf ggﬂtlo%ﬁbé Z&@t ed

orifices are reqwre%]g]to obtalin a pressure in the range

bars. Only adgoffinete witlidsaved @ositiomisFgigurbelod: The pressure drop
for an average internal flaqow rate of about 2000 nB/h_is | 4.2 bars;
the averad8 prieEedre raffigpeds abdrazacyia yalye 68 1 apysspurginsscisgagion fines 23

pressure drop g pg.dlgLELAULSE I AR 391l ol ARSHE, Do TRkl e he

fice
nol ecul ar eve an averse’'one o t6%111.

Plates 101 to 20110 bsdis; pressureddMndirdhnfoS@ific@2020.4dres for distributing the
injected or withdrawn principal stream The di aneter of these hol es

and that of tH&rolnegainaleingitdeawioyiasalva 602: presguseni pdsosler o phite HOéach of

four flanges faF npnection to. the exteri f e 30 adsor ber have been
cal cul ated so I?h%sfngrﬁ’ep TR S R %girfe\gghqtl ﬁ%%aﬁst’enf?s&“ea(ﬁ) hSireait of

ext g_ri orth‘s t hifd 201 h645itarsh pRasure YW eI oMaiky 20565 barsuni quelgi nce it
is directly -13-

i n comuni cat i Remiodi & raffineteds yothdrayen vt vialve G03c pressiiratin edsopbermt blate 1162
accordance 12.5 bars; pressure upstream of orifice 201 11.5 bars; pressure downstream of
orifice 201 10.1 bars; pressure downstream of orifice 202 8.65 bars.
Period 7: raffinate is withdrawn via valve 604: pressure in adsorber at plate 103
20 12.15 bars; pressure upstream of orifice 201 11.15 bars; pressure downstream of
orifice 201 9.75 bars; pressure downstream of orifice 202 8.35 bars.
Period 8: raffinate is withdrawn via valve 605: pressure in adsorber at plate 104

1.8 bars; pressure upstream of orifice 202 10.8 bars; pressure downstream of

orifice 202 9.4 bars.

I3
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Period 9: raffinate is withdrawn via valve 606: pressure in adsorber at plate 105
11.45 bars; pressure upstream of orifice 202 10.45 bars; pressure downstream of
orifice 202 9.05 bars.

Period 10: raffinate is withdrawn via valve 607: pressure in adsorber at plate 106

11.1 bars; pressure upstream of orifice 202 10.1 bars; pressure downstream of

30  orifice 202 8.7 bars.



with the invention, three calibrated orifices 200, 201 and 202 have been

pl aced in line 60 (the corresponding orifices placed in line 61
connecti ng adsorber 2 (Figure 2) to control valve 6 are not shown in
the Figure). Calibrated orifice 200 produces 5 a pressure drop of | bar,
while calibrated orifices 201 and 202 each produce a pressure drop of
1.4 bars. To sinplify the description, ajgeries of two calibrated

orifices each producing a pressure drop of 0.7 bars has been terned
"calibrated periodo({: fx’aFfﬁ'mt%QQ— v@l’ﬂgm%l \h‘b’i/%t/@@o@r reds6f BOsorber ASHIREBPIUT €

bal ance follow ng the finate wthdrawal position is given below 10
Period 4: raf{0.Ratbars; $rmurhdtpamnnvoaoma¢wé0239ﬂp tpre gesserei dowmwaeamudfat i on
line 13.2 bara&y&;gs_gre downstream of orifice 200 12.2 bars; pressure
downst r eam of O3S ars201 10.8 bars; pressure downstream of orifice
202 9.4 bars £ I h&h i ressure
i n adsor ber a!t)e” datl eerrilg‘ﬂﬁlu3555 “;lﬁl%d“g)a\; é’?@?\@tﬁ?e sgs\r{ygb l\lﬁlp;glts er@é%&o@ S)%rliogl ce 201
11. 85 bar s§ pn(egsaursepfb@msum\ewtrnemhoIoEfic@E(bZQ@(ba&Ol 10. 45 bars; pressure

downstream of orifice 202 9.05 bars. Period 6: raffinate is w thdrawn
via val ve 603Per¢ﬁdsé% uiedmare i gEBEE vie vpiva a0 pressure in adsorber paplate KPessur e
upst ream of or 1 r.eam of orifice 201
10.1 bars; pre grs gr]ess:herg%%aso a%?’l |f(S:§e ggg@@?é bars. Period 7:

raffinate is %Muﬂmmmﬂaa: ¥ itRrfildfHvia MARE $U 1 Eplebsuddl oddgeibenhr Plhat F10103 20
12.15 bars; pressure upstreamof orifice 201 11.15 bars; pressure

downst r eam of 9.7 bars; pmssrirpciewzsmeagl @fswrtﬁap 202 §r7é31§,5ur e downstream of orifice
202 8. 35 finate a.,val v

pressure ?‘ﬁr 28889 dr: rd"%rrfﬁl a\LSeWl W hin 08 Va]i’lf%é Brregsur?)f“egcgﬂ?b&r ﬁb@??eeglrﬁ of

orifice 202 19.33 hgag Spreﬁﬁx%ﬁﬁi%rﬁtr%ﬁvﬂﬁbflﬁ&éﬁ&f 8.35 bars, OT'd pre@uildedufedar s.
25 Period 9 raffinate is wthdrawn via val ve 606: pressure in adsorber

at plate 105 between omﬁcaﬂfEO?omdsqonpobﬁﬁw@vumsﬂapm(8f35(fmdf9 4£bar20LZohGoU5
bars; pressure downstream_of orifice 202 9.05 bar riod 10:
raffinate i s WPYRAPEHRS 84 38‘\/‘& Q7e-6Bhe PIsrRASLIRPIS; %dé%'ﬁf?‘ﬂglg the Vﬂl’%ﬁg g10

L1.1 bars: pressyaeptines 63 9hn®h! f bies 2Parklr2, 406, B GEU6 S AGHNSt T eam
of 30 orlflce 202 8.7 bars.

- 14- 15 24. The observed fluctuation in raffinate flow rate was about +/- 30 m’/h about
the average value. With this modification, the flow rates of the desorbent and
raffinate were reduced by 20 m’/h while retaining identical performances; it could
also be seen that the loss of desorbent at the head of the raffinate distillation
column was also reduced by about 30% because of more stable operation.

20  Example 2: Figure 5 shows an example of an implementation of the invention when
a pressure variation of about 0.1 bars is tolerated just upstream of raffinate control
'valve 6: thus 24 calibrated orifices are required to obtain a pressure of the order of
8.35 bars upstream of said valve. In accordance with the invention, twelve
calibrated orifices 200 to 211 are placed in line 60 (the corresponding symmetrical-

25  orifices placed in line 61 connecting adsorber 2 to control valve 6 are not shown in

the Figure). Calibrated orifices 203, 206 and 209 each produce a pressure drop of
~ 1.05 bars; calibrated orifice 201 produces a pressure drop of 1 bar; calibrated
orifices 200, 204, 207 and 211 each produce a pressure drop of 0.7 bars; calibrated
orifices 202, 205, 208 and 212 each produce a pressure drop of 0.35 bars. The
30  pressure balance following the raffinate withdrawal position is as follows: Period 4:

raffinate is withdrawn via valve 601: pressure in recirculation line 13.2 bar;



Period 1 1: raffinate is withdrawmn via valve 608: pressure in adsorber at

pl ate 107 10. 75 bars; pressure upstreamof orifice 202 9.75 bars;
pressure downstream of orifice 202 8.35 bars. Period 12:
raffinate is withdrawn via valve 609: pressure in adsorber at plate 108 5 .
10. 4 bars; pressure downstream of orifice 202 9.4 bars. Period 13:
raffinate is withdrawn via val ve 610: prigssure in adsorber at plate 109

10. 05 bars; pressure dommstreanrof orifice 202 9. 05 bars. Period 14:

raffinate is AR @ VEan Y5810 BPSEUS 5l adRaLRETaollyshlah & 10

9.7 bars; pressure wnstreamo or| I ce erio
raffinate is oMficBAQ0BWNO.MH daval presstrt 2dovatsasstr e orificdd308 berr bark; predége 111

9. 35 bars; pressure downstream of orifice 202 8.35 bars. The pressure
measur ed %ﬂoﬁpilm%@%@ Bai8l control valve 6 varies between 8. 35
and 9.4 bars. 0 5% to 67% osi.ti oni ng
and mai nt ai nin eé‘? r\‘}g]n\‘}tg 1?6’\“ h‘graW'Pvm V@E’SG%).ZI Berwia A g?sé)h%erft r‘fg ibb and
8, 11 ands12,)21gs 8iid phécurd UpdRhrQr odflcdeh 1185 tid; T&%@Qﬁﬁ)’n‘éﬁgam of
fluctuation in raffinate flow rate was about +/- rr[err]/h about

t he average vaifige.20% 1 hSthawrs presdivfe ct;artnsunz;mtdfe)rfﬂcov@%at(éé’i bhrst pecssiesor bent

and raffinate were .red /[ h whi | denti cal
per f or mances:; A4YNSEEYR T oririce y(gqegé%"é HE® ret nSfrign nggfe‘&f%(@e@% %‘Eﬁt at the
head of the raffdangt @il idldrh via va]vecahug[:bsg\ﬁ‘é 1@|a§§>rﬁe°rdit'gﬁﬂ e Qg about
30% because of nore stable operation. 20 nple 2: Figure 5 shows an
exanpl e of anli. nrrljae;nprre‘smre apstoefant b orifive 203 dnl 5/\,hm pressure alopmsssam enf

vari ation of about | bars is tolerated just | 7r§am of raffinate
control 10 Or\’/féﬁev'@%lo‘f'h%“’ Pressyre ‘B?"é‘%séfﬁd%rqffoir lé% 8% &-4 BRysi dnstsadpt ai n a
pressure of t &noQf 8. 35 bars upstream of said valve. In

accor dance vm%}eorm]g |0%\%e3nbttfa(r)sn twel ve calibrated orifices 200 to 211

are placed i npdriode7: %fﬁﬁa&&s&@rtﬂcﬁmﬂﬁi Vilves§Om Bk ¢skwralin 2Bsorbardtfilaesiopl aced
in line 61 connecting adsorber 2 to control valve 6 are not shown in
the Figure). Gal? bretRsessaie ynstream 203rifipp@04rid. 1208are sesspreodisistraapr s sur e

Arop Of 11 br adrdP a0 1bias R DERLEE BOLLGS0200 RALYGES) 2 LRSS0 0P O

| bar; cal i br¥&y I’C each praduce “a

pressure gy opd®inredmhdosifice 209 Prabed. orifices 202, 205 208 and 212
each produce a pressure drop of 0.35 bars. The 30 pressure bal ance

fol | owi ng t hePeradd 8 netienap tshitkdgewn prmsrzrlreoépq prefsufeon |agseyberrir platg 14

LZITI nate is le %héjarra\f)mrn'esgulrg u\f) lré/aer"n% orlﬁ € %%%u{OeS Ibrz{rsr %(r:elzsggrlejlc?c}ulmos reI | nef 13.2

orifice 205 10.45 bars; pressure downstream of orifice 206 9.4 bars; pressure
downstream of orifice 209 8.35 bars.

20  Period 9: raffinate is withdrawn via valve 606: pressure in adsorber at plate 105
11.45 bar; pressure upstream of orifice 206 10.45 bars; pressure downsiream of
orifice 206 9.4 bars; pressure downstream of orifice 209 8.35 bars.

Period 10: raffinate is withdrawn via valve 607: pressure in adsorber at plate 106

11.1 bar:; pressure upstream of orifice 207 10.1 bars; pressure downstream of

N
(%)

orifice 207 9.4 bars; pressure downstream of orifice 209 8.35 bars.

Period 11: raffinate is withdrawn via valve 608: pressure in adsorber at plate 107
10.75 bar; pressure upstream of orifice 208 9.75 bars; pressure downstream of
orifice 208 9.4 bars; pressure downstream of orifice 209 8.35 bars. Period 12:
raffinate is withdrawn via valve 609: pressure in adsorber at plate 107 10.4 bar;
30 pressure upstream of orifice 209 9.4 bars; pressure downstream of orifice 209 8.35

bars.



pressure downstream of orifices 200 and 201 11 .5 bars: pressure downstream
of orifice 203 10.45 bars; pressure downstream of orifice 206 9.4
bars; pressure downstream of orifice 209 8.35 bars. Period 5:
raffinate is withdrawn via valve 602: pressure in adsorber at plate 101 5
12.85 bar; pressure upstreamof orifice 202 11.85 bars; pressure downstream
of orifice 202 11.5 bars; pressure-igoewnstream of orifice 203 10. 45
bars; pressure downstream of orifice 206 9.4 bars; pressure downstream
of orifice 2 35:. e wi i .' A IiS W r hagval ve
603: pressur g%rﬁdagss'gr lg?teaﬁ Wﬁrg’?g’h%@“vg afdif.?gsrsﬁrgrl;ﬁ a%%%rfg%u@ ltﬁ%slta?eam of
orifice 203 1M.G5 bar Srepuesspsireartd wfngifice @l d3.05 bars; peassire clowab@ead) . o5 bar s;
pressure downstream of orifice 206 9.4 bars; downstream of orifice
209 8.35 bar sorifice 21 B} ls-7: raffinate is withdrawn via val ve 604:

pressure in aid&%rgb . ke al 3&?@‘3&&" via yaige &Pl :Bﬁéésuﬁrigfalﬁ’f{frggugﬁgtgg%Of

orifice 204 11. ars, pres ownstream o 5 bars;

pressure downsmaaprédsuRnipsirésn 306rifce? 1258.9 balt pRSstir€ ddwnstredBVETSSrirR@M of
orifice 209 8.35 bars. Period 8: raffinate is withdrawn via val ve 605:
pressure in adlso¥-Bebamt plate 104 11.8 bar; pressure upstream of

orifice 205 10Q.8 bars; . .pressure downstream,of orifice 205,10. bars;
pressure down 4 foéiaﬁr?r‘d'flm(%f"ieflf (‘,Vét%_gﬁév Ng"1% V%ﬁ? g?:;"p?rg_%ggffr '_8 adsor%erdngit[:rlggm of
orifice 209 8935 phahfessit® upstRef Fdeshlatichivalvdad €35 sard t hdrawn via val ve 606:
pressure in adsorber at plate 105 11. 45 bar; pressure upstream of

orifice 206 10. 45 The prespure swaswred pwnspsteeamn affcontrol valeg Hfi§ 885296s with bar s;
pressure downstream of _orifice 9 8..35 bars Perio 0: raffinate is
wi t hdr awn' i a/NRPRHONE §F _:es_f)r”é"é’s%fg?aWSn ﬂlfs‘é’r"b'@} vajye ﬁﬂaétago‘itofg] % open. P¥er 1 bar;
pressure upstyeamife Of Ldntof vAN 6 Whs holBhser nRERSHY! Thd QMRS IELARuRTon25
orifice 207 9.4 bars, pressure downstream of orifice 209 8. 35 bars.

Period 11: rabf iheataffinate flow hdeaws sbhomt v 28 nﬁfﬂBanmtebes averagn vadsorbier at

pl ate 107 . 10.75 bar;_pressure upstreamof orifice 208 9;75 bars;
pressure downSRRIBXGMEN over Exampl fj was noygrery spopiapual wgggs&%ﬂi PRIOHN&HPSam of

b 52,200, SR SrpBt G pomgy a AENE g iEP RN 12 v
orifice 209 9E4arhple3: Al 65 tHerifjeckioMaid &R6T te withdrawesl R8s &rd8Bquipped inbar s.
accordance with the invention: in the withdrawal circuit, a pressure variation of the
order of | bar is tolerated; thus 6 calibrated orifices are placed in the circuit; in the '
raffinate circuit, a variation of only 0.35 bars is tolerated and thus 12 calibrated
orifices are placed in this circuit.
20 In the feed circuit, a pressure variation of the order of 1 bar is tolerated,
thus 4 calibrated orifices are placed in.this circuit: in fact, the equivalent to orifice
200 in Figure 4 is not necessary in this case. Figure 6 shows an example of an

embodiment of the invention where a pressure variation of only 0.35 bars

downstream of desorbent control valve 16 is tolerated. Only adsorber 1 is shown

[
(%))

with its 7 orifices numbered 300 to 306, also the desorbent injection circuit
comprising 14 orifices. Calibrated orifices 300, 302, 304, 306 each produce a
pressure drop of 0.35 bars; calibrated orifice 301 produces a pressure drop of 0.7
bars; calibrated orifices 303 and 305 each produce a pressure drop of 1.05 bars.
To simplify the description, a series of two calibrated orifices each producing a
30  pressure drop of 0.525 bars is termed a “calibrated orifice 303”. It should also be

noted that line 162 is connected to the top part of line 160 and not to the bottom



Period 13: raffinate is withdrawn via val ve 610: pressure in adsorber at
pl ate 108 10. 05 bar: pressure upstreamof orifice 211 9.05 bars;
pressure downstream of orifice 211 8.35 bars. Period 14:
raffinate is withdrawn via valve 611: pressure in adsorber at plate 109 5
9.7 bar; pressure upstreamof orifice 212 8.7 bars; pressure downstream of
orifice 212 8. 35 bars. Per|0q715 raffinate is withdrawn via
val ve 612: pressure in adsorber at plate 110 9.35 bar: pressure
upst ream of ula lve o I
measur ed | ustpggpsst E'{e%u\c@ 200#?‘ For 0 ééufk\?{)gl nee foélowgl °bglre ) t éafgﬁﬁyar“?al
fluctuati ons pkitiorssadfoow§). 1 bars. The control val ve was about 67% open.
Pr e- positioning of control valve 6 was no | onger necessary. The
observed fl udteuigdi briiesorbentyis ipjpgted é(faf valur 64 1: quessareein\ibie regitsytation ling5
mMerr]/h abou e v rovenent over Exanple | was
P s R sl oo B

not very subs essentially

origi nated freymode E9pibedt rshlgeétwetamweorm)zr @rets!aﬁem B&orisdr M Plde 1P
Exanple 3: Al of the injection and all of the w thdrawal points are

equi pped in Y’85b@ﬁdﬁﬂﬂ&ﬁﬁéV@WGhﬁﬂhé35hm§nt|on in the withdrawal circuit,
a pressure vag iat.i bar is.tolerated; .th 6
calibrated or |?}°((,1 g %P%rbﬁim 'éé@e(ftﬁd Vﬁlevaé rL@‘q’t preis%urF A adsorber q(gaﬁk?tf’ t@ge
circuit, a vatz95&Qnm@&ugnhwug@qgop@3§bhg tolerated and thus 12 calibrated
orifices are placed in this circuit. In the feed circuit, a
pressure var iRdriodm: odesotbentonsdajected via M\re 1604t prasswt eal adsorber attptaus 143
callbrate O“fl}%%s are aced is.circuit: in fact, U|vlent to

A RIS %aa V?lge r}éB dééés@aﬁ wr?%ﬁurtehlfpétf&%{g ?9‘—‘\ K816 shows

orifice

an exanpl e of gg enbodi nent of the invention where a pressure

vari ation of on y 'br 35 bars downst ream of desorbent control valve 16
i s tol erat ed. PodyS:adtsortesy islinje&ted Wavwnla51603nipkdssirt dn Zxdsmbéri aqsatauidder ed
300 to 306, also the desorbent injection circuit r|S|nP 14
orifices. CallbP&pBapeesrs eb&al@oté%s@z% baygpressyE ‘&éHﬁ%PS&Hﬁ%ﬁ a0r13.5

pressure drop% 0.35 bars; calibrated orifice 301 produces a pressure drop
of 0.7 ar's; calibrated orifices 303 and 305 each produce a pressure

drop of L5 beid 6: desorbeRDisSihprled fia Vd1ee U606: Ipr@dbtrern adssibéd £splat 1050
calibrated orifices each producing a 30 pressure drop of 0.525 bars is

termed a "cal | bfabeas: respureat yoalye 1606 IHSuUbars; airesutseupstiream o rdget3Vat | i ne
162 i's connec ’?9 bars prrclegsuré)ttljps?ream o?onllce ?Ollfi}OS %nd not to the bottom

Period 7: desorbent is injected via valve 1607: pressure in adsorber at plate 106

11.1 bars; pressure at valve 1607 12.1 bars; pressure upstream of orifice 303 13.15
20  bars; pressure upstream of orifice 301 13.85 bars.

Period 8: desorbent is injected via valve 1608: pressure in adsorber at plate 107

l10.75 bars; pressure at.valve 1608 11.75 bars; pressure upstream of orifice 303

12.8 bars; pressure upstream of orifice 301 13.5 bars.

Period 9: desorbent is injected via valve 1609: pressure in adsorber at plate 108
25  10.4 bars; pressure at valve 1609 11.4 bars; pressure upstream of orifice 304 11.75

bars; pressure upstream of orifice 303 12.8 bars; pressure upstream of orifice 301

13.5 bars. |

Period 10: desorbent is injected via valve 1610: pressure in adsorber at plate 109

10.05 bars; pressure at valve 1610 11.05 bars; pressure upstream of orifice 305

30 12.1 bars: pressure upstream of orifice 303 13.15 bars; pressure upstream of orifice
301 13.85 bars.



-17- part as in Figure 2. The pressure bal ance foll ow ng the

raffinate w t hdrawal position is as follows: Period 1: desorbent
is injected via valve 1601: pressure in the recirculation |ine 13.2
bars; pressure upstreamof orifice 300 13.5 bars. 5 Period 2: desorbent
IS |njected via val ve 1602: pressure in adsorber at plate 101 12. 85
bars; pressure at valve 1602 13.5 bars. Period 3: desorbent is
|njected V|a val ve 1603: pressure in adsbBber at plate 102 12.5 bars;

pressure at | ve &603 1 4: desorbent is injected via

e G0a:  +Rstod o sorhert ot Biseiedt vin vy 1 b3 Prepoure 1 200t B S 0sr e oy
val ve 1604 13y i%dgawess@é 9§§Meemmsw ogreguef p;g?reé%fonﬁce éoﬁ’%% bars.

Period 5: desorbent

Injected via va 1605: pressure I n adsor
plate 104 bars; Jpleésuimar;s;rem ef suﬁ& m3 1/.238 berslﬁ:@ﬁsuieZuﬁknteamsqf qiifies 301 e
upstream of orifice 301 13 Perlod 6: desorbhent is

inj ected via \hpparsiBeaed b?* ékeé‘ﬂﬁbéml I$ ‘%ﬁe@r‘ﬂ%l”al&? 1] % theessiys in adsorberiatgs
bars; pre%sur@at%tl &, 3’5‘3 %%%&eorl & P61 ﬁ%?@?&%&%@gﬂ&%@&rﬁﬁ ge 302

12. 8 bars ssure up s ice

desorbent is 30§ e@wqﬁrswpaesm&hw@sti&wof PHife305€l 175 aﬂsopsﬂessnreaﬁpqvﬂeaﬁqa)fl06
11. 1 bars; pressure at valve 1607 12.1 bars; pressure upstreamof orifice
303 13.15 20 orifieer3)3 Br%b@&rme&sp@twp@énﬁnwf &sificei30é 13§D, 85 bars.

Period 8: desorben |s injected via ve 1608 S N ad orber at

ol ate 107 oo P30 e Bishe® Fichtied| far gt e T8 4bis PR PRy
upst ream of Onslt@els’%% bars. Thd Zoftr&aVfve @,r&we&ew%sﬁﬂdeam%obp@w free 301
13.5 bars. Period 9: desorbent is injected via valve 1609: pressure

i n adsor b&} apoq@ﬂl(an@ oD@ B! valvd 06 4s aiangepressssarye Rre-peattieing@gonttod bars;

pressure upstr 304 11.75 bars; pressure upstream of
orifice 303 1% geso‘grgs P, ‘ieg:g[?r"‘@"l?ﬂ??eﬁéﬁ% of orifice 301 13.5 bars.

Period 10: desorbeﬁﬁa 'o%sér%oeﬁﬁﬁgaﬁﬂnaofvﬁl‘:v ﬁ%@éoﬂovprra%%seasdat 2@soLbgy at
pl ate 109 10. 05 bars; pressure at valve 1610 11.05 bars; pressure

upst ream of oni'fhi abeuBME a3€taoe vdl@e. 1 Thaolserved émstungorupsthe dmbﬂnt fioifriace 303

13.15 bars; p{vt'alg ?elég (tahalrjle-sl:[ g %‘?ﬂ E(l)bell? trhlefalvgleace value. %831 ﬂ&c?tuz?t?ong n ﬁ1e feed and
15  extract flow rates observed about the average value was about +/- 2 m’/h.

The improvement over the prior art was very substantial: by reducing the

desorbent and raffinate flow rates by 40 m’ /h, while keeping the internal flow rates

in zones 1, 2 and 3 constant, the purity remained identical and an increase in yield
of 0.45% was observed, which meant that production increased by 0.3 t/h.

20 The invention includes a further advantage: during permutation from one

bed to the next, and for a brief period (about 2 seconds), there is the possibility of

a by-pass between these two beds (the next valve may open before the previous

valve closes). To prevent this undesirable by-pass, an anti-return valve can be

installed between each on-off valve and the common injection and withdrawal

[\
(o)}

lines. This causes the following problems: these valves are mechanically very
highly strained (a large number of cycles between two stoppages) and can be
damaged by jolts which they may receive; in particular, those valves located in the
bed where the pressure is the lowest for the withdrawals and those located on the
bed where the pressure is the highest for injections suffer very violent shocks
30  compared with all of the others. Restriction orifices, while not completely

eliminating the possibility of by-pass, at least limit it considerably.



Period 11: desorbent is injected via valve 161 1. pressure in adsorber at

plate 110 9.7 bars: pressure at valve 1611 10.7 bars; pressure
upstream of orifice 305 11.75 bars; pressure upstream of orifice 303
12.8 bars; pressure upstreamof orifice 301 13.5 bars. Period 12:

desorbent is injected via valve 1612: pressure in adsorber at 5 plate 111
9.35 bars; pressure at valve 1612 10.35_bagrs; pressure upstreamof orifice
306 10.7 bars; pressure upstreamof orifice 305 11.75 bars; pressure

upst r eam of Whdn @R Lﬁﬁ}&s RisbdDd & maRiRSS Y/BickiBE | [®BMo0F2008) bf e 301
13.5 bars. he pressure neasured just ‘downstream of control
val ve 16 i s innmira capavie or when, 1i8. ®ntrast1 8. 86 foafumctidfhet eominimimvef ite i s
bet ween 46% and 47% oP E’é P(% ﬁ osr t.i Qni ng. of control va ve 16 is no
| onger necesSAPAFILY HYBIALE PR b6 %ff’sc‘&’i‘?'f‘ capacity), thejatig Of she Bow ategng 13
remai ns neces r finate
flowrate vvaséa e%%%w%(?)ase? Varie(g from -Eﬂgn(f Bar?] q %%ﬂﬁpm{ngﬂ\joelfa%%&\%g{u% The
observed 5l uakemin are bedstiherapesivnabrd thel flow ratte The resultais th&s®striedon +/ - 5
nMerr]/h about the average value. The fluctuations in the feed and 1 5
extract fl oworiifesadapiest (fethelyenmingl rapagjtyr agydongsl cemmgtelya il their -rofe.
merr]/ h. When lo g terr-llrhﬁgl:r:{mr Oﬁlteﬁr% eéacqve\{/ r(t,lp?s Qr:ga? Farﬂfgt di ot €6 Ythe

substantial: by re dtcih and ow rates by 40
nferr]/h, m'rﬂo&u‘&ﬁ%ﬁpd@:ﬁlyt@@nwd&g&[ hiis 131}3@1\{\41&&6 @6place themi Witk @fgtBerlset fand 3
constant, the purity renmained rdentical and an increase in yield of
0. 45% was ob@@rfmeﬁadamddh thﬁermwomem@rtnvpﬂqmmm on increased by 0.3 t/h. 20

The invent,i on |ncI des furth advant age rin tion fromone
bed to tné next, B?ahcgmfﬂr gfthﬁewgﬁlogaiﬁ%ug §83%8hgﬂsu)a%°¥%3% YOS he
possibility cB‘ompnsmg @plbbﬁh%ﬁor@@ﬁ%ﬁ@s EDBTR SWhSsctiohd r Rekdravdliye may
open before the previous val ve cl oses). To prévent this undesirable
by- pass, an éf’rtermvmtmnnawdbwbe ahied &0 “Sorbex”rtymramlsedn Besawerirs, @ fotayii- of f
val ve and t he fv Lines. .This c;

nj e on an I es the
fol | owi ng profit'& ace? ﬁ%‘ihé’%\? Rrds ogrhé H’é‘g %ﬁ?’@éﬂ“lg)be@érr meunlcatr‘ﬁ“g‘ﬁ‘ﬂili >
strained (a 'rer%\%ﬁegﬁ%&ﬁ%ﬁyﬂﬁ%ﬂﬁhwmeto\mhé?%@@9@%@&%@3%@%

damaged by jolts ey nay recelve; in particular, those valves
| ocat ed il t hepe units ishid tidyesrdy hine qmemuamonﬂmt Iper baxlaebt the @asd bta 24
wi t hdrawal s and those | ocated on the V\,her%)the pressure is the

hi ghest for if e‘b‘"tl‘i BigROss i éWO\Pé?‘?fb%@%fhf”l@h%k%dss I eXagipsardbdeatt df al | of
the others. $ v@)tu'ld)ﬂe %éJe'dC %ate{ﬁ"‘?r}r touﬁ&w,ﬁ% BeVhi FE’F“ prédbd g1 gat i ng

the possibili pass, eas consi dera
When the uni tprb&u@U@ Ipesésdré) vanmvnl cmme(otrwlofall bar dgk@arh of kRO YA ffiadte idnd

nom nal capacity or when, in contrast, it has to function at a m ni mum of
its extract control valves. For the injection circuits, the pressure difference
20  downstream of the feed and desorbent control valves would thus be substantially
increased, since injecting into the beds at the adsorber head would mean injecting
rnto the highest pressures in the loop, which would further increase the pressure
drops in the restriction orifices; this would, of course, result in disadvantages

which would be clear to the skilled person.

[\]
(9)]

Two alternatives thus present themselves: thanks to a modification of this
type of unit, the preferred apparatus of the invention can be used; a further
possibility consists of using a variation of the invention.

To use the preferred apparatus of the invention, two rotary valves must be
used: orle dedicated to injections, the other to withdrawals. Further, two lines per
30 bed are necessary: one connecting the bed to the injection rotary valve, and the

other to the withdrawal rotary valve. In this way, the restriction orifices adapted



capacity (typically 55%to 60% of its nom nal capacity), the ratio of the
flow rates in these two cases varies fromone to two. To a first
approxi mation, the pressure 5 drop in the beds is proportional to the
flow rates. The result is that restriction orifices adapted to their
nom nal capacity no |l onger conpletely fulfil their role. When | ong
termoperation at a capacity which is sigmficantly different to the

nom nal capacity is envisaged, it is inportant to replace them wi t h anot her

t of dito th t
The appl i cat | BhYBOEHET P Gne G AL s AoBECnd buct it B IR roter
conprising a Rhiye aka.wce@fm %h@rfafua}@in&eﬁdé‘ﬁéh&éﬁtl@?th@‘%&stﬁ&ﬁm‘ SHifRES h ed’

wi t hdrawal s. he invention can al so be appli to "Sorbex” pe units.
In these unitéQ 1rgecuo¢ns anty be placed inathe dingd conasctangcodachfof theebdisds thé rbtaey

si mul at ed nDV|n§ |n conmmuni cation wth 4 to 7 injection and

Wi t hdrawal st @ F‘r|§ie leffed iy injeglOhar t i cul ar features of Sorbex 1 5 type unlts
is that they only t

bed uni t i sposed i ya ol arae ihaRior 1 RRYrceRH hdte IR (eI RARE B 21
16 or i f iregsatinguthel dtfkram&&l@tﬁelssuﬂeam aieepi)rlsrbf tah éadtGoneuint greferablyhtotthe

hi ghest pressure tq duce a pressure variation of the order of |

bar upstream P 9E cpelt pf ‘rli‘stﬂé’WaWEF or pressugs,ganiel valyest (ftuialys whateverghe ¢t he
injection cir t fen do ed and
desor bent con%%‘%l&\?%lr\gg\gﬁﬁgﬁyﬁhﬁgé bsg)l'g&%gtcéﬁ lStml WB{EB&QQFQ%:PE%E@%? si nce
i nj ecting int appirabed hedhvdntien astbve bedaidaact ey dpaseidle. i nj ecti ng

into the hlghest pressures in the | oop, which would further increase the
pressure 10 dr ogds shonld he netedtthdt @t asangantiflovernte and epaning of a weuleton se
result in dlsad an{a to the ski

o5 Rl SRl cxnstii ol b biuitel FoQrE of . Brebifie kiR % °

modi fication (Hro&b:‘eé downstreaﬂﬂ@ﬁh@f\/awé‘ ke tis rcﬁ@&e@ﬁﬁtﬁ&ﬁqgn@@cﬂﬁf@%uﬁ ¢br hhe
i nvention can be used; a furt possi bility consists of "using a

vari ation of tligeid nyestion onlve whlch has to operfe aise cohstanyrilofve ratecindppith asus of
the invention, two rot argl1 val ves must be dedi.cated to

I .use(g: . 0@3 l
i nj ections, t NN ROSSIHE ARSFCERIRES Op?f'lﬂct FegrlatipR O thedierspiial fsessuigal o ¢

necessary.: laone(hgﬁaﬂgcbtf' tho ﬂbu/erapeeg?rﬁﬂaltvgﬁe icBh 86oib acr1 f r¥ridk@by RostrRien t he
other to the wthdrawal rotary va

his wa he restriction orifices
adapt ed orifices in the injection lines, for example (in the case of Sorbex type unitsZ0r each to
wi t hdrawal can be placed in the |ines connectin 9 aé ﬁf t he E gs to the
rotary vativiae dBes EQRnsefingocam thRe AR Kot dvalNehd P dhid &t e dHerent

restriction Ordbiies RegRERte rei nstrreuémhg&}emnéf GRMnREA AGE Fald'cbifol! | NeS

connecting ea s o thetotar I cate
injection. 5 valves. In a variation of the invention, the restriction
means can be a val ve for
20 At the ports of the desorbent flow rate regulation sequence constituted by
the flow meter and the control valve, a differential pressure sensor is installed.
This drives a second control valve which enables liquid to be returned upstream of
the desorbent pump.. When the rotary valve advances from one position, the drop

or increase in pressure between two consecutive beds will be reflected upstream of

o
(9}

the flow rate control valve. Opening or closing the differential pressure control
valve will thus maintain the pressure drop constant across the flow rate control
valve. In the particular case where desorbent injection passes from upstream to
downstream of the recycling pumps, pre-positioning of the valve described in the
prior art will, of course, be employed. Adding the differential pressure control
30  valve does not simply displace the problem from one valve to another strictly

identical valve: since the liquid pressure is regulated in parallel from the injection



regulating the differential pressure at the ports of at |east one and
preferably to the ports of each of the flow rate or pressure control
val ves. Naturally, whatever the si mul ated noving bed unit type,
solutions consisting of blending the preferred ~ apparatus of the
invention and the variation are always possible. 10 It should be
noted that at a constant flow rate and oqfﬁlng of a regulation val ve
(for exanple when it is in nanual node) a pressure perturbation is

produced downstre is reflecte strean1 an versely).
For & i do v duichy BT et che et 15 BEErp SO VAR 1 1
rate and wit hvﬁﬁment to re&&@?ﬁ@{?ﬁssﬂﬁe @eéédnbb@mé ﬂBWﬁé%ﬁG@l PRNI Ng,

regul ation of the differenti pressure at he ports of the flowrate
control valve can Mmddavpdlacamge areaeedi sﬂmﬂaﬂy mtﬁaremmi ipoassure control af klees i n

the injection |ines, for exanp (Int case of Sorbex type units on each
of the lines B%rﬁﬁ@éttf“hg’oé%lhvﬁéﬂ “ﬂ% bteh ctdaby Rlaginged seeqqidy porirql aedve ¢ he

di fferent ransm tted upstream of the

i njection %Ingvg%gﬁggﬁﬁggﬁ%ﬁﬁngMJe 3ﬁnﬁﬁg At the ports of the
desorbent flow rat gloweget, af therprefeftoe apgaraa of tHelihathtiby (a series of keificeYv et er
and the control valve, a differential pressure sensor is installed.

Thi's drives awhishgaerieistanieneanslyyediffsrestialamessrregegylaiangegesnse ﬂlfv@tys,u Ated

upstream .Of a rﬁ%ctlgn? 69 esagd lgl%n r&hc{?%%s\é\gﬁﬁ%ésp thé hgw taéve?lst ?u ¢ e from

one position, essure

consecutive beggsondidfhiwbeotisiéd E&kﬁﬂi vAIP&! dré atdrO Biffidult totrbgnitk OhnrtBib& ¢ant r ol
val ve. Opening or closing the differential pressure control val ve
wi || thusl@mi singlervatvgée pressure drop constant across the flow rate contro
valve. In the particular case where desorbent injection passes from

upstreamto downstream of the recycling punps, pre-positioning of the
val ve described in the prior art will, of course, be enployed. Adding
the differential pressure control 30 valve does not sinply displace the

probl em from one valve to another strictly i dentical valve: since the

liquid pressure is regulated in parallel fromthe injection

line, a low liquid w thdrawal between the punp and flow rate control valve
will be sufficient to reduce the pressure upstreamof the flow rate
control val ve. Wthdrawal s can be treated simlarly:
differential pressure control at the ports of the control valve wll
be effected by placing a second control valve 5 downst ream of said
control valve. In parallel. However, in the preferred
apparatus of the invention (a series of orifices), whi ch reacts

i nstantaneously, a differential pressure regulation sequence always has

a reaction tinme, and small residual oscillations in the flow rate persist,
further the



actions of two coupled control valves are nore difficult to regulate than
those of a 10 single valve. _

-22- CLAI M5 1. An apparatus
for regulating the flowrate of a fluid in a sinmulated noving bed
separation unit conprising a plurality of beds disposed in a closed loop in
at | east one chromat ographic columm (1) and conprising at |east one
means for 5 recirculating fluid (9»2and conprising at |east two |ines
for injecting fluid at a conQﬁgk,ﬁg flow rate and at | east two
lines for wwthdrawing fluid, one of sa wi t hdrawal (extract or
raffinate) |i me%nbﬁdﬁﬂglt&h"‘@?rrecfuhﬂwo rtﬁé Bow Qe dTla fililen @lshiRilated moving b&P)
bei ng under pressure control Vvia at |east one control valve 6
characterized i aeuahatonsmldccpmwm & phwality @lf lbeds dispdsdd amal cld)sedelo();m) at

conprises at 10 | east one restri ct ans 0 enabling the
pressure downst IESPEE clPmaegLgphic column () ‘Hf‘prfﬁgfé %%‘8%-“ %‘eﬂﬂgqr‘égr%ed

2. An appasat usr@&&e[aﬁhwlumo(gs'aﬁa ot rl%lﬁ'v Whiegdt tdelidds 885 gje%uﬁ@%{do!n' gd

Wi t hdr awal neé conprises at |east one restriction means enabling
t he pressure betkoeesllal flow rate and dtdénst tonéined forheitlpaiging rithid, henepofesadir e
control valve to be reduced. 15 An appar at us accordi ng to claiml or
claim2, in whic¥thdrmwa eesst er é%fﬁft’art@l Iinggy bemg under floy trﬂﬁr‘%%HP |the, gther
conprises a plur |t tr n ns e

so as to maint al(ﬁd)th%m%r élégﬁr é)lretcjégl{sr? rcg‘ﬁniaocl)f v h%tp?%%%r P gl ?E{Jew%?)hdr awn

streams within @h&faeﬁﬁtﬁi’mtﬁﬁckarda;ﬂﬁﬁure controlled whhddaoal lir&t @0y egrmbrides an
apparatus according to any one of clains 1 to 3, in which 20 t he
pressure d8ntr oll¢astong r%&rrcamalmqanﬁé?%ﬁmhns thenpressirs fowpgream of at lgast A f| ow
rate regul ation E ff\rtatus ﬁo eg to any one of clainms | to 4, in which
at least one of ¥HE | t?ﬁ lécéitS (130) conprises a flow rate control

val ve (13) 2. Ana @mauaaccb@ﬂﬁ tood]zﬁmrﬁEiﬁ Whithith) pRBARS cd Ak &/ iRENREN t he
(downst ream outlet from he flow rate control val ve and at | east
one bed so as t dinedompaises athleasproesswttectm means enddmﬁ§h¢ emssm betweehn|asw r at e
control valve wi,thin a IO\(/ivrate regul ation

appar at us accor df#v Of'?)ogttrkfgg'(’)‘ﬁf'eang}tgec?rﬁf%e qongrgl yalvg 5‘? WF% at | east

one of thesinjecii Qﬁ%drhtﬂ%c&)?&m& kS ERinf | for QWirh 2! & wRRA 1IN pr‘é?éuY@c@r&Ebll%H | east
one valve for regulating the préssure differential at the ports of the flow

rate contthdrhweldineepmpeaised adplbfabryenftresatictpmessans én paglld] ar iimseneal ve
bei ng | ocated upstream
so as to maintain the pressure upstream of the control valve for withdrawn
streams within a predetermined range. |
4. A flow rate regulation apparatus according to any one of claims 1 to 3, in which
20 the pressure controlled withdrawal line contains the raffinate.
S. A flow rate regulation apparatus according to any one of claims | to 4, in which
at least one of the injection lines (130) comprises a flow rate control valve (13)

and at least one restriction means located between the (downstream) outlet from

the flow rate control valve and at least one bed so as to maintain the pressure

o
n

downstream of the flow rate control valve within a predetermined range.

6. A flow rate regulation apparatus according to any one of claims | to 4, in which
at least oné of the injection lines comprises a flow rate control valve and at least
one valve for regulating the pressure differential at the ports of the flow rate
control valve, said differential pressure regulation valve being located upstream

30 of the flow rate control valve and in parallel to the injection line.
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30 of the flowrate control valve and in parallel to the injection

l'i ne. - 23- 7. A
flowrate regul ati on apparatus according to any one of clains 1 to 6, in
whi ch the other withdrawal [ine (120) conprises a flow rate
control valve (12) and at | east one restriction nmeans | ocated

bet ween at | east one of the beds and the (upstream) inlet to the

flowrate controlled withdrawal valve. -5- 8. Aflowrate regul ati on
appar at us accgrgfrl]qq1<| one of clains 1 to 6, in which

ot her withdrawa é‘“EB‘?%‘ [3HIOR 3PRRARIIHIGCPEIRE Oy OFE of SRifEs biRu6.dn Wlﬂ@st one
valve for regul gl diflet \bﬁf‘h(ﬁﬁ@ﬁsﬂﬁég 18t LRfpRad! zfiflo@tratg Q%nt'?glr\;ﬁvel (fag# gﬁd fet!’;l?\\llve

rate control val ve, said differentia ressure reqgu
bei ng | ocated diastsomeesirition means locatetiHEt\f/d:an\ntrlaiw o@@ﬁifrtﬁé bedd Wed and i n

parallel to the injectjon |ine. A flow rate regul ation apparatus
according to an{MRS garg}m}gtggWgﬂf“ﬁrateg:onqrwlqw@hﬁirawal valve.  sajd w t hdrawal

restricti on nobhe ChaRr Praih SppRRLt Bieol @ FIMRE oflinT e At avietval ve

for r echdl ethenyithd@wal Resetngprided 4 €loeNfatedtorfol WRIRe RAA b 1kt Lhe -
pressure control valve, said differential pressure regulation

val ve being | océ{?léﬁl foigweetingzhe ﬁfebfiqﬁ@dlﬂsrentlal%ﬁlé,ﬁswtse)fcbfnﬂwalrawa:louarohnd in
paral lel ‘to they, %\f PWRerdline Qrﬁﬁsu[e reoH@tlgrh galA ve %emoelocabc;do 8(1) la%t {)EQST I ow

rates using an appar us accor d

characterized i thelfiei rae SaHtloRPAIGe MR PefaBe b AR infecBST B i shed by
providing at |east one restriction nmeans (201), preferably a plurality of

restricti 6 nBadsflow rgparegulation appdrarus ecdoeding ufarsfwnb@lﬁblmrm ke 8,in whi¢H ne
(60) for 20 id fromthe colum or colums between at

| east one of théalgévdé’lamwa i why HGOE‘I’B?eéé‘sREFﬁu@dﬁ’PFBl vajue GANRTESSS. |ag ket ed i n
said w t hdrawal réstﬁlﬁloﬁ%éin@%alﬂfn\%n %pressure rigfee! &?ﬁ@e)d 3P 128t %’/&i Qg)lkfé“fgr

pressure upstream of said valve I'n a range o ues in
range from the Freguisingwht ipcissiwel differesmline tepatsdot tedbreahireecdfrol valve,
I ncreased by a frgc‘“fon of the pressure drop in the colum, and preferably

equal 25 Y Bial PypgpuLF, Fegulapen |‘4‘1‘E’Fe%§'é’d lopptedodgwpsticam pF ékssur e
drop in the col upRgyre contE)ol valv?ggq Rfatdifeoahd %nﬂ&ﬁ&%m%' y equal to at most

sai d value PO increased
10. A process for regulating flow rates using an apparatus according to any one

of claims 1 to 8, characterized in that a suitable pressure drop is established by
providing at least one restriction means (201), preferably a plurality of
restriction means in parallel or in series, of suitable size, in a line (60) for
20 withdrawing fluid from the column or columns between at least one of the beds
and a pressure control valve (6) located in said withdrawal line (extract or
raffinate) so as to obtain a pressure upstream of said- valve within a range of
values in the range from the lowest withdrawal pressure PO and said value PO
increased by a fraction of the pressure drop in the column, and preferably equal
25 to at most said value PO increased by 50% of the pressure drop in the column
and partic.ularly preferably equal to at most said value PO increased by 10% of

the pressure drop in the column.
L. A flow rate regulation process according to claim 10, characterized in that
a suitable pressure drop is established by providing at least one restriction
30 means, preferably a plurality of restfiction means in parallel or in series, of

_ su1table size, in at least one of the lines for injecting fluid (feed or desorbent)



the pressure drop in the colum. 11. A flow rate regul ation
process according to claim 10, characterized in that a suitable
pressure drop is established by providing at | east one restriction 30
means, preferably a plurality of restrmction neans in parallel or in

series, of suitable size, in at | east one of the |lines for
injecting fluid (feed or desorbent) _24
-24- into the colum or col urmzs between the flow rate control

val ve | ocated St lufahd j [ g f rbent) an
bet ween at | east ong gtjung%%c%léﬁgé géc}wggrp%% s gdtgggmg%tvgﬁ%?%c‘lgerdte%‘ssﬂ

downstr eam of smjedtivaline (fedd b desarbemi@ad bétwean bEBadt dné BE sdi@BE&s so as to
fromthe highest injection gressure PM and sai d val ue PMreduced by a

fraction 5 obtaigfa prewupsy Frear pbprid Malyhwithivlagnge ¢ fuss abthe rangd east
said value PMr T 50% th ressu drop i.,n the col um
ﬁﬁh’ﬁﬁg hgréa% lll’lj‘%CélOfl tpr?sgureq;M ang sdid 3 ggﬁ’@[ (Fg}l%éi W Pré?ftﬂf’e d by

and nore particular . a east
10% of t hes pr esstihe pessOre idfop EhE QA ILRAR, preferably kdeast saﬁcﬁYﬁﬁ@Pﬁﬁﬁede@erd by
e

as
regulating flow rate according to claim 10, in whicl
pressure drop abO%Hd thopressuse deap ingbs tolome ahil avere puwicolorly equalvalavéeakocat ed
in at 10 | east one,of the.injection Iines (feed or desorbent) is

regul ated and i ‘ﬁdl%?lgﬁﬁgﬂedu%d by io%?# Etpé‘ﬁf‘frﬁpgog?rlgg}é%‘ioéurp%'gyl ation val ve
is placed !Jp_suz.eamoF;ch@ for QueUIAtR BORIHR! according to clﬁﬁ#lvl%’, ih Wi @d el to
the fluid injection [ine, so as to obtain a pressure difference at
the ports of thpref$usevdront & the gottatoif anleustl one flow tdie coangjevalveolbtated éf &r ence
val ue nd sai %eterenCS,value i ncreased by a fraction of the
pressure Hop i ey the mjectiop jips (fprdperesorapnb s arsuaedandrswhichi
reference val uegiednBassessh ég\%%tﬂ&f valve s placed @J?l%&ﬁro?%ﬁéjﬁgwqﬁt%pcol Rof e
colum, and particularly preferably equal *to at® nost Said

ref erence val uevilngrieasmielhy tHdfhidfinjeh®npine ssuisetodsbogin iarprédigrecdiffev@hce sai d
reference value usually being in the range 0.2 to 10 bars, nore
particul arly i na g ports of the flow eaigyeegplation walye iihe range from a gferenceavaliccess

f lati : ' f ' ,.
O hegul ating LOWiRALR AL UALRARADY, PS80 B A BAA HdPiy e o1

in which a suitabl e pressure dr €s i's y pr

restrictith meacsiimpy piefiradly ¥q@nl pb Ut Most Yai@kefeRadd valhd MRrdIBRNBy 5D7P8f al | el
or in series, of suitable size, inaline for wthdrawng fluid

from the col umthsrpressure drop igghe eplinise pok eartiglatly pseferably asfuak treabewst and a
flow rate contrgjy Y@fla?éﬁcé P& %greased by 10% of the pressure drop in the column, said

reference value usually being in the range 0.2 to 10 bars, more particularly in the
range 0.5 to 2 bars.

20 13. A process for regulating flow rate according to any one of claims 10 to 12,
in which a suitable pressure drop is established by providing at least one
restriction means, preferably a plurality of restriction means in parallel or in
series, of suitable size, in a line for withdrawing fluid from the column or

columns between at least one of the beds and a flow rate control valve located

2
(92

in said withdrawal line (extract or raffinate) so as to obtain a pressure upstream
of said valve within a range of values in the range from the lowest withdrawal
pressure PO and said value PO increased by a fraction of the pressufe drop in the
column, preferably equal to at most said value PO increased by 50% of the
pressure drop in the column and more particularly preferably equal to at most

30 said value PO increased by 10% of the pressure drop in the column.
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25 in said withdrawal line (extract or raffinate) so as to obtain a

pressure upstream of said valve within a range of values in the
range fromthe | owest w thdrawal pressure PO and said val ue PO
increased by a fraction of the pressure drop in the col um,

preferably equal to at nost said value PO increased by 50% of the
pressure drop in the columm and nore partjf,cul arly preferably equal to at
0

nost 30 said value PO increased by % of the pressure drop in the
col um. 14 o 3

A process for regul atplr?lcg?(S Tocr)vrve?'ué‘%“gga{]gg’orrd dccortdcl)noatr? ERe 8¥ Cl‘m% TO 0 bz 'to 12
in which the preaswiieh dicopresdurd Aeoppar the p@ftsaif dteaﬁt ofd €lofv Aiee batp@esgﬁre
pressure control valve located in at |east one of the injection

lines (feed or d@é‘éﬁolbéﬂw lgcgted in at leastong off sheeigjepijorplings i(fegd @1 desdrberhisi al
pressure regul at| g lf“ l,ve dovvnst ate cont rPI val ve,

in parallel to th i % Rigg %‘cf‘l r?r]tquLpre§s(51reagegPHt18% VO]V?‘\ dgwnstream of fieassur e

di fferencesat thgowQhleSconfrol Rave, 89 phalidIan NakMR lhjacct,ch\em{ea@g%s ftb QB
reference value and said reference val ue increased by a fraction o the

pressure preghuep differarie at dheiparts pf ehe regdillatiopqudte nothet rangs tfrosmiad
reference val ue |r£crease 6}}/ 50% of .t he é)d' essgq‘le droip in the
col um, and par t FCEEPEFI XS A0H SPIJEIFTeagE RIUE fciggsed D Rt b iRiessateer ence

val ue increased &y ]190(9113 edihe ﬁfe‘?ﬁ}’éiuaq”t&ﬁt hﬂstt Q‘?d reference vahfd M%ase%ia' d

reference val ue usual y being n the range 0.2 10 bars, nore
particul arly in bh&0%afgbe ﬁre§su1re)d|2>pbaltlsa column, anﬂii)artlculdslg p@éferablyaemllnalr tat us

according to any one of cla tlms 1to 9 and to process according
to any one'%f cl ¥i mestepid ge EEF“F%r"a]é‘éﬁ&‘irs%sFﬁdWalO%e%fsWCdeESSEE drop inj §8nmer of

xylene froma mxihg GeNtaLRhAGVAYd GOBI) $8HB iR the range 0.2 to 10 bars, more
particularly in the range 0.5 to 2 bars.

5. Use of an apparatus according to any one of claims 1 to 9 and to the

process according to any one of claims 10 to 14 for separating at least one

15 isomer of xylene from a mixture containing xylene isomers.
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