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Separaﬂon on S1mulated Moving Bed

Eield of the Invention

This invention relates to a method for adsorptively separatmg one or more
components through the selectivity of an adsorbent from a mixture of feed containing
both selectively adsorbed component A(containing one or more components) and a
relatively less adsorbed component B(containing one or more components). More
particularly , this invention relates to a method for separating a kind of isomer from a
mixwre of hydrocarbon feed containing several isomers. This invention specifically
relates to a method for producing high-purity para-xylene through the improved

adsorptive separation process from a mixture of feed containing para-xylene and its
other isomers. '

Background of the Invention -

It is well known that adsorptive separation is one of the separation methods
widely adopted in the chemical industry, especially in petrochemical industry . For
quite some time, this method has beed adpoted to separate a component which is
difficult to be separated by other means from a mlxture of feed containing various
components.

In the prior art , there are abundant patent literatures describing methods for -
separating one kind of hydrocarbon from the other isomers. For instance, methods for
separating para-isomers of monocyclic aromatics substituted by dialkyl group from
other isomers, especidlly for separating paraxylene from other xylene isomers by
employing a specific zeolite molecular sieve adsorbent to preferably adsorb para-
1somers have been published in literatures of US 36265020, US 3663638, US 3665046,
US3700744, US3686342, US373447, US 3394109, US 3997620, CN1022622,
CN1022826, CN10493294, CN1051549A, CN1064071 and CN1047489A in which
benzene, toluene, chlorobenzene, fluorc-aromatics, halogen toluene, para-
didelkylbenzene,diethyltoluene, and tetraline are respectively __,recorhmended as the
desorbent depending on the composition of mixture of the feed.

i
is Sheet Has Been Rep laced :

T




separati-on process froma mxture of feed containing parg=xylene—ant-its
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hal ogeeference to the accompanying drawing . .
The drawing is a principle depiction of a continuous adsorptive separation system
of a simulated countercurrent moving bed.
Referring to the drawing , a adsorptive separation system comprises four zones,
consecutively as adsorption zone, purification zone, desorption zone and buffer zone.
In the drawing, F represents a feed stream containing a selectively adsorbed
component A and a relatively less adsorbed component B, D represents a desorbent
stream, E represents an extract, i.e. a stream of desorbent containing the selectively
adsorbed component A, R represents a raffinate, i.e. the remaining stream containing
the relatively less adsorbed component B after desorption, Hy and Hou respectively
represent an inflowing and an outflowing stream enriched in said desorbent for the
primary flush stream for the lines connecting the adsorptive beds, X represents the
secondary flush stream for the lines connecting the adsorptive beds, and M represents
the simulated adsorbent moving direction shifted by the rotary valve. Zone I is between
F and R wherein the charged feed contacts countercurrently with the adsorbent , and
the selectively adsorbed component A shifts from the feed stream into the pores of said
adsorbent, displacing the desorbent D from the pores at the same time. Thus, zone [ is
defined as adsorption zone. Zone II is between F and E. For the reason that the
adsorbent adsorbs selectively adsorbed component A and a little amount of relativcly
less adsorbed component B as well, in zone II said adsorbent contacts with the stream
containing only A and D coming from upstream of zone II, relatively less adsorbed
component B is displaced gradually from the pores by selectively adsorbed component
A and the desorbent D by means of appropriate adjustment of flow velocity of the
stream in the zone. As the adsorbent has a stronger adsorption selectivity to component
A than to component B, component A will not be completely displaced at the same
time and thus will get purified in the zone. Zone II is consequently difined as
purification zone. Zone III is between E and D wherein pure D contacts with the
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. tolyene, para-dial kyl benzene, di et hyl tol uene, and tetraline are respectivel

reconmended as the desorbent depending on the conpositi NrQis PHRS%E;& P
f eed. A process of adsorptive separation may be effectjied WRQPQRC%D d
bed or a noving bed , preferably on a sinulated counter

system For exanple, a sinulated countercurrent noving bed system has been
i | adof e HRALRL i BoRe IR oAl @BnlRe RIRGA G ASAARIRVORR IO
has hsdefidied dsodesbrptionSRA0 Zoheal ipbetweed O aBdnR wherdindhe ﬂownah@o D or
T T Y
The d¢revemycompaneni Bdrainegattingdntotheostream amizone stthmmmmnat@ themxtmt on
a i T, sRiscadRe & Gt 8 BUASE B0k, o Conpr i ses four zones. consecut i vel y
as adsor dniaperatior , spatdlfing squipmenhee. gesatanyt valvez otee is employed to recycle
the inflowing and outflowing streams and shift the four zones in furn to realize
simulation of adsorbent moving . During rotary valve switching, it is necessary to flush
the residue out of the adsorptive bed connection lines to ensure purity and recovery of
the purified component. Locations of Hyy) , Hiow and X are shown in the drawing and
thus zone II and III are devided into three sections of II’, II” and IIT".

With regard to flowrate of Hjny and  Higuy, on one hand if the flowrate is set too
small, the residue in the lines cannot be flushed away, which will subsequently affect
the product purity and recovcry; on the other hand, if the flowrate is too big , when the
flush stream enriched in desorbent is drained through adsorptive beds after flushing the
connection lines, adsorptive space of the adsorbent will be occupied by the desorbent
in the flush stream , whereby weekening the adsorptive power of said adsorbent to the
selectively adsorbed component, which will also result in the decreased purity and
recovery of the selectively adsorbed component .

In the prior processes, the set flowrate Wy and Wiy of primary flush stream
to each adsorptive bed connection line is calculated based on the following formula (I):

Wg(in)= Witouy=2 V1/T (D

wherein:
Vi---volume of the longest connection line,m?
T----time interval of rotary valve switching, h

Based on volumetric equilibrium of the adsorber, the following formulas can be
adopted for calculating flowrate in each zone :

WEWi+Ws+Wr
Wo=Wyt+Ws
Wnn=Ws - Wx
- Wm=Ws+WE - Wy
T T 3
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“and..buffer zone. In the drawing, F represents a feed streamcontaining a
sel ectively adsorbed conponent A and a relatively |ess adsorbed conponent

‘B, D represents a desorbent stream E represents an extract, ,Sl : %?QT
of desorbent containing the selectively adsorbed conpone %s%tRéé%g

araffinate, i.e. the remal ni ng stream containing the relau
adsor bed conponen %(rw 'E%ptl , Herr] and Herr] respectlvel y
represent an infl hg ad'E tf1'0W% ng streamenriched in said desorbent

for the primary f€WRE-W#+8dmf oW g keWines connecting the adsorptive beds,
X represenfls the secondary flush streamfor the |lines connecting the

adsor pti W& FEL and M represents the sinulated adsorbent noving direction
shifted by the rofWﬁyu-ﬂaWate zf)the nmrjaﬂushem'eﬁxmnd R wherein the charged
feed contacts cou%er Cﬂrren% ¥ m th angrE nt and the selectively
adsor bed conponent pprate; of, et#é: SRSHCAM 0 the pores of said
adsor bent, di spl adeg--ﬂdjwfalQS@ﬁtﬂnerfeeﬂ)shreamthe pores at the sane tine.

Thus, zone | is d ds tiqn ‘éo Zone Il is between F and E. For
the reason that th Eéi'd 8?”5@ o?’i tr&f"f’fvely adsor bed conponent A and

alittle anount ofwbd-ﬂbmtqof&fesdmbehestrmponent B as well, in zone I

sai d adsor bent co st.ream con nin y A and D comng from
upst r eam of --- {é oP’&le streain spectffi z% M |

In an actual system, however, because of the different position of each bed spaced
in the adsorber and different distance to the rotary valve, the volume of each line
connecting bed with rotary valve varies a lot. For this reason, the calculation of the
flowrate of primary flush stream for each line based on formula (I) in prior proeess will

result in higher flush stream ,which will hence decrease the purity and recovery of the
preduct.

Summarv of the invention

The object of this invention is to provide an improved method of adsorptive
separatiion on simulated moving bed to increase recovery and purity of product and
reduce the flowrate of primary flush stream and production cost.

In the method according to the present invention , the flowrate of the primary
flush stream to each adsorptive bed connection line is associated with the volume of
each line to reduce the amount of the primary flush stream so as to overcome
drawbacks of higher flowrate of flush stream and lower purity and lower recovery of

. the product, which are displayed by prior adsorptive separation process, and to realize
the abovementioned object of this invention .

Detailed Description of the Invention

Referring to the drawing , this invention relates to a method to adsorptively
separate a selectively adsorbed component from a relatively less adsorbed compoonent
in a mixture of feed containing both the components by utilizing an improved
adsorption system of simulated countercurrent moving bed. The method comprises the
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~zone 11, relatively | ess adsorbed conponent B is displaced gradually from
t he -pores by sel ectively adsorbed conponent A and the desorbent D by neans

of appropriate adjustnent of flow velocity of the stre

the adsorbent has a stronger adsorption selectivity to c SrHSoRAER T AAS BERN:

corrponent B, conponent A will not be conpletely displaded at RERLACER: +

and %&t ggt purified in the zone. Zone Il is conséquently difined as
puri |cat| Zone |11 is between E and D wherein pure D contacts with
the &tepdd bmgrled in zone Il and displace A from said adsorbent pores,

mgfef 2' ﬁlfé{ﬁ? (%Aﬁsgg&baﬁ%dﬁg @%gle:]ﬂg,t d:&itaéﬁﬁ? ad?é’@ﬂldnvzbﬁe qeémefdaﬁaﬁlﬁ

so. t

d
t he »dfe thadedsorbent sdrchoselsetively: adsodsepompengaheh: | @Ymgﬁ;vgr@%ﬁr SBm 0
t he % Eﬁéﬁi'lﬂ#l%ﬁ%b}lesk%&eﬁﬁopergfpl%nbﬁﬁBeXtraCt Thus, this zone is

defin as bu , Switching equipnent, e. g. rotary
val v§telét—a Purdywgl oyed to

The adsorbent adsorbs component A and a small amount of component B as well.
This step is to let a portion of stream containing both component A and the desorbent
contact , in purification zone II, with the adsorbate after step 1, displacing component
B from the pores of said adsorbent , purifying component A .
Step 3) Desorbing |
The desorbent contacts in desorption zone III with the adsorbate enriched in
component A, desorbing the purified component A from said adsorbent pores to obtain
a extraet E. A portion of the extract is used as the adsorbent for purification as
mentioned hereinabove in step 2 and the remaining is sent to distillation . High purity
product of component A is recovered and the desorbent is circulated for reuse.
Step 4) Buffering
In buffer zone IV, the stream of desorbent D is made to flow upwards under
flowrate control, preventing the raffinate containing component B from getting into the
stream in the desorption zone to contaminate the extract.
Step 3) Switching
In the process of adsorptive separation, the four steps mentioned hereinabove are
 made to repeat in turn by using a stream switch-over device. Each zone is made to
become adsorption zone , purification zone , desorption zone and buffer zone
successively, realizing cyclic moving of the four zones in the system. Switching
devices employed in the preferred embodiment of this invention ¢an be a rotary valve,
a switching valve, or any equipment with a function of stream shifting .Rotary valves
for the above functions recommended in the United States Patents 3040777 and
3422848 are incorporated herein by reference.
Step 6) Flushing
In the process of stream switch-over , it is necessary to flush the lines connectmg
adsorptive beds with switching device to remove the residue in the lines prior to

introducing new streams into each zone. A solution enriched in desorbent is usually
selected for flushing.
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“recycle'the inflowi ng and outfl owi ng streans and shift t , s
turn to realize sinulation of adsorbent noving . During || dB& $HERT H8S BEEN
switching, it is necessary to flush the residue out of the ad®&PYACER bed
connection lines to ensure purity and recovery of the pui ' :
Locations of Herr], Herr] and X are showm in the drawing and thus zones

i eqe 8RR EPELN it by R, P IR TRt T R Sl
s sprodust . Stha flowraie 2Vl 0¢ the primeany; fiesh staeameadapted bshie mgg,prtms(%
Ny v&‘l}l"ﬁ%?ﬁ%&?ﬁé%ﬂ@;ﬁ Bgledsive Eiﬁgﬂ %&t\?hagy é?ﬂééuﬁﬁﬁgl &R Wakte SitediC, BitEso

hand, t 0Q , t hed i n

dgg orbl%‘m adsomw?awséaﬁ%sﬁ%mgﬁedémﬂm d@gomg in @rﬁughiggp%r '; E@g‘&iﬂgéb?i on
[ [ ' ' ent
" ChBOWES T tBE AR dp Rel ifyelg BABAS EbiniponE MEkDellicily e RS

adsor aedpurigy of tke selestivelycadsarbed apmpenantonent, which will also result-in

the decr epRgqnvaitbls YiskBYef BERYE ihe fowrate 5F bﬁﬁ%&ﬁfé&?ﬂn%@ﬁ@ﬂﬂfy

In the prior processes, tﬁe set O\Nrate%/\?err an rel o rimary_flush

st r eatie ineseonngrimgrachebed ¢ salentaied and oprsaied bﬁ&%?@lﬂ@mgumda ({he

ol | ofjengbboé Midritided shott€binlings can be overcome to realize economical flushing ,
increased recovery and purity of the selectively adsorbed component, and higher

capacity of the entire adsorptive separation system.
" Wiinyn=Wrounn=Ka © VU/T 41y)

wherein:
Wyn-—flowrate of the primary flush stream for
flushing the line connecting the nth bed, m’
Ky—--volume factor of the nth connecting line, the
value of which can be expressed by the
following formula (III):

K=K’ - VJ/VL (D)

wherein:
K’-—-coefficient of volume factor, the value of
which is in the range of from 0.5 to 3.5
Vp---volume of the longest conncetion line, m®
Vy-~volume of the nth connection line, m®
T----time interval of rotary valve switching, h

-

In formula (II), the selection of K, is related, on one hand, to V,/Vi(different .
V/Vy for different line volume),on the other hand, to the chosen coefficient K’ of
volume factor. The value of coefficient K’ depends on the length , diameter and shape
of a connection line. For lines having shorter length, bigger diameter and less bendings,

_— 6
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-3 ' wher ei n: V[err]---volunme of the Langest connection

I'ine, njferr] T----time interval of rotary val Yepg §1—FE@T N%hs BEEN sed
on volunetric equilibriumof the adsorber, the foll oW ng%@g%@@ucan b
adopted for calculating flowate in each zone: [err] =

11

smaller K’ (0.5~2) is appropriate, e.g. 1~1.5. For lines having longer length, smaller
diameter and more bendings, bigger K’(2~3.5) is suitable, e.g. 2.5~3.0.For lines of
intermediate extent, coefficient K’ of 2 is preferable. |

By chosing an appropriate coefficient of the volume factor, the flowrate of the
primary flushing stream can be set in the most reasonable way by having it associated
with the volume of each connection line and adjusted with sequential control to assign
different flushing flowrates. to different conneclion lines, which can not only save
flushing stream but also increase recovery and purity of the selectively adsorbed
component.

By using the improved method of this invention and under the prerequisite of
ensuring flushing effect , the flowrate of the primary flush stream can be set smaller so
as to reduce the space originally occupied by the desorbent, getting more adsorptive
space for desired product.In this way, the recovery can be increased by 4~5%, the
purity by 0.1~0.2%,and the unit capacity indirectly by 3~5%.

The simulated moving bed system disclosed in this invention can comprise one or
more adsorbers, each of which may contain any reasonable quantities of adsorptive
beds , usually eight or more beds, e.g. 8~24 beds. Beds of integral multiple of eight are
preferable, e.g. 24 beds.

The feed applicable for the simulated moving bed adsorption system of this
invention can be any feed suitable for adsorptive separation. The feed can be a mixture -
of various components having different adsorptive properties produced in
petrochemical process. Said mixture may include various paraffins and substituted
paraffins, e.g.. haloalkanes, cycloalkanes, olefines, etc., various aromatics and
substituted aromatics, e.g. alkyl aromatics, halogenated aromatics, heterocyclic
aromatics, etc., and alkyl amines, alkanols, alkyl ethers, alkyl esters, etc.

In the preferred embodiments of this invention, the feed to”be separated may be
various applicable paraffins or a mixture of Cg and Cy aromatics. In the specially
preferred embodiment ,the feed is a mixture of various isomers of dialkyl benzene,
especially xylene. _

The adsorbent adopted in the simulated moving bed adsorption system used in this
invention can be any applicable adsorbent that can separate the feed stream. Selection
of adsorbent is primarily based on the properties and concentrations of various
components in the feed, and the interaction of components with said adsorbent.
Different natural or synthesized adsorbents can be chosen for different feed

e —
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wherei n:’ Werr]---flowate of the primary flush g

W-err]-flowate of the secondary flush stream W 6 W#QSHEEWABQBEJEN
the feed stream Werr]---flowate of the extract [streaMEPLACED
Werr]---flowate of the desorbent stream Werr]---Trowate ol

stream specified in zone || In an actual system however, because of

t he didhgesifionBCsudH Q@nﬁfmﬁﬁ%ﬁ‘ s ﬁxe%?fé‘c?ﬂe IRe§ e, gla‘i'ﬁ@l'éﬁﬁ[araéigvég of 9( epty
di stance to the rotary . valve, vol ugedcmd each Tine cannecti ng @/}ate

r ot aryPeal aetl%tﬁde wming anér sihea g8 t moleculatn Sie%e sememrf 0
of priliiiNodilivate withadiffetant waedllit 'c%ﬁoh@%?\?moﬁ@ﬁcﬂﬂé dekkloped fbcerhPlReesS

wWll result 1n higher flush stream, which decredase the purity
and r%BRAFS: of the product. Summary of the invention

The desorbent adopted in the present adsorptive separation system used in this
invention can be any liquid which has a different adsorptive power as compared to
already adsorbed component, and can displace the selectively adsorbed component.
from said adsorbent which can be continuously used in operation. The desorbent to be
selected should be compatible with various components in the feed and the adsorbent,
and can be used repeately after recovery by easy separation from those components by
other means, e.g. distillation. The desorbent adopted in the present process includes
various applicable paraffins, aromatics and their substituents.

Conditions for adsorptive separation comprise témperature ranging from ambient
temperature to about 250 C,with the range between 60 T~200 C being preferred,
and pressure ranging between 1~40 atmospheric pressures. Conditions for desorption
are the same as those for adsorption. -

The following examples are for the purpose of further demonstration on the effect
of the adsorptive separation with decreased amount of primary flush stream involved in *
the preferred embodiment of this invention. However, the method in this invention is
not limited to the examples illustrated herein. Exactly in reverse, the scope of this

invention includes all methods of adsorptive separation with reduced amount of
primary flush stream.

Example 1
This example Lllustrates separation of feed containing para—xylene and its isomers
using the following process conditions:

Composition of feed: p-xylene,o-xylene,m-xylene, ethylbenzene ,etc.
Adsorbent: X type zeolite molecular sieve containing potassium
and barium
Desorbent: paradiethylbenzene
Primary flush stream H(in): solution enriched in paradiethyl- benzene
Temperature: 177 C
Pressure: 0.88MPa.
R 8
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.The" obj ect of this invention is to provi de an inproved nethod of

adsorptive separatiion on sinulated noving bed to incr sf%‘é-ggggﬂ_gggﬁt;q

purity of product and reduce the flowate of primary fljush Stg8qIR
production cost. '

met hod according to the present invention, the flowate of the prinmary

flush streamto each adsorptive bed connection |line is associated with the

vol une of each line tg reduce the armount of the pri margy flush stream so as
ded &

to over chlpviates\phthefeed strepm through the-adsorberndpa oXind | ower purity

and | ower- recovery of the product, which are displayed by prior adsorptive
separation prQgess,, a to realize the abovenenti oned
P Pk 0 "

F=224m
Wp=336m’/h
We=132m’/h
Wx=1 8m3/h
Wg=446m’/h |
Time interval of rotary valve switching was:
T=101.45=0.0281h
The adsorber contained 24 beds. Volumes of lines connecting each bed are shown
in Table 1. ' ,
Selected value of the coefficient K of volume factor was 2, volume factors K, of
each bed connecting line were calculated according to 2V,/Vy,which are also shown in
Table 1.
Based on the value T, volume V., of the longest bed connection line, and volume
factors K, of each bed connection line, the flowrates Whiinjn and Wiounn of the primary
flush stream can be calculated by the formula :

Wi = Wioun =K © VL /T,
which are also shown in Table 1.
Table 1: Values V, ,K; and Wiiny, of bed connection lines
Va 074 059 055 054 057 056 067 0.69

Ky 150 120 110 110 120 110 140 1.40
Waann 534 427 391 391 427 391 498 4938

Vi 068 068 071 077 1.00 085 070 071
Ky 140 140 140 150 200 170 150 1.40
Whingn 498 498 498 534 71 60.5 534 4938

Va 070 064 068 064 060 0.59 059 063
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-obj'ect of this invention. Detailed Description of the |[nUdISHEFT HAS BEEN
Referring to the drawing , this invention relates to a ffet hodRER-ACED
adsorptively. separate a selectively adsorbed conponent froma relatively
| ess adsorbed conpoonent in a mixture of feed containing both the
conponents by utilizing an inproved adsorption system of sinmulated

count gheurrent] govi ng, 3ged. 1TAp@ mer Red comy i sqsz@ he .00l ow]By) steps: Step

2o Wrtgount %8 10381 WSt helbdeor Bart wieh sAHodt VB3 adsorbs

conponent A, I eavi ng a raff| nate R enriched in relatively | ess adsorbed
conpop e Pur i he adsor bent adsorbs conponent A and a
smal | Q\Zbu‘fﬂl Qﬁ%&ﬁ@g‘t"s@r&% linerhi s step is to let a portion of
stream COB8As308 t@ W}g& n §H6whhﬁ Tatsierbonith eacH Hiek vdlime of the

fi the adsorbate after ackn
P omhoddabtd Soicting BB?%sreaﬁe%ta\f T adprsaent on the HowrateoRt iAo fush op
3) Des&ebmnm eachl lifle 4290b® eedlizrh beGeguentislesortbdl OWHON opkrdtion bt stible,

a0 S B aﬂé'xfép%"”géhsoﬂuatgé’féiéﬁ’% P fq?““ed%ﬂgﬁpt”?%t‘\.i”m

used as the adsorbent

Comparative Example 1
" Process conditions for comparative example 1 were as same as those for example

1, except for the values of Wyin) and Wy which were calculated based on the
~ following formula:

Whn) = Wrow=2VL/T=2 x 1.00/0.0281=71(m*/h)
The recovery for p-xylene was 90%, preduct purity 99.3%.

By contrasting the primary flush flowrate for each line in example 1 with the flush
rate 71m’/h for each line in comparative example 1, it is apparent that the amount of
primary flush stream employed in the preferred embodiment of this invention is
15~45% less than that in the prior process, average 30% less or more. As the amount
of flush stream in comparative example 1 is more than that in example 1, it will

inevitably result in lower recovery of the selecnvely adsorbed component and lower °
product purity as well.

rd

Example 2

The process in Example 2 was carried out under the following parameters with all
other conditions being as same as in example 1.

Wr=235m’/h
Wp=355m’h
Wg=140m’/h

i0
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- for.-purification as nentioned hereinabove in step 2 and the remaining is

sent to distillation . H gh purity product of conponent A_iS recovered and
the desorbent is circulated for reuse. Step 4) Buffeffuns coeed 1, 00
zone 1V, the stream of desorbent Dis made to flow up ’IB@'%F"a}e
control, preventing the raffinate containing corrponent' - ‘ p
getting into the streawln_ gp‘ﬁﬂgesorptlon zone to contam nate the extract.
Step 5) Switching I]| cess of adsorptive separation, the four
steps mentioned herei n3Wgwd63mE/ade to repeat in turn by using a stream
swi tch-over device. Each zone is nmade to becone adsorption zone ,

purification zone, desorption zone and buffer zone successively, realizing
cyclic nbime gntefval of rotary valve switching was:

T=99.35=0.0275h

Selected value of the coefficient K’ of volume factor was 1.8, volume factors K,
of each line were calculated by 1.8V/Vy, which are shown in Table 2.
Based on the value T, volume V of the longest bed connection line, and volume
factors K, of each bed connection line, the flowrates Wiyiny, and Weyoun of the primary
flush stream can be calculated by the formula

Wtnn = Whioutn =Ka " VL /T,
which are also shown in Table 2.
Table 2: Another group of values K, and W;;(;n);\ of bed connection lines
Va 074 059 055 054 057 056 067 069

Ka 133 106 099 097 103 1.01° 121 124
Whinn 484 385 360 353 375 367 440 451

Vi 068 068 071 077 100 085 070 071
Ka 122 122 128 139 18 153 126 128
Wainn 444 444 465 505 654 556 458 465

A 0.70 064 068 064 060 059 059 063
Ka 126 115 122 115 108 106 106 1.13
Wiggn 458 418 444 418 393 385 385 411

By associating Wyinj, and Wgguye shown in Table 2 with each line volume of the
24 lines respectively, adjustment on the flow of primary flush stream to each line can

1
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- the four zones in the system Switching devices enployed in the preferred

enbodi ment of this invention can be a rotary valve, a[pwrtcTnlD ENol
any equipnment with a function of streamshifting. Rot rJ*\'/%P £ é%%%e |
above functions reconmended in the United States Pate

3422848 are incorporated herein by reference. Step 6) Flushi ng In the

rocgss. 0
Conndt TSzt dBr g Hetal cBhRl , Whel diRFRAIGE aBt stbie. B aba8vity S orarens
t he Ireackedupdao 26%i and the productepursty @h686. nt o each zone. A sol ution
enri ched S N5u3l d,f
crepie 37 GEROEHAR et 2, %*%%*%ﬁhﬁﬁ 1, 3 i, aPSAE thay g Tebpirg B
pr odymirity dfHi@-kyline élaweZthm frtien indreasqe bgraﬁmtfdrum][dlmu:]gahe thgesbpf
t he not only result in excessive ush stream an
subswm&gﬁg\gﬁ ream but al so have adsorptive spaces occupi ed by the
desorbent in the flush stream, reducing the power of the adsorbent to
sel ectively adsorbed conponen . ' recovery and purity of
t he sel ectively adsorbed corrpgﬁﬁg’aﬁ%%%\%nt ors discover that if the
f1 ow at e Rriocess:conditiong for comparatinenexample 2ewere as same asthaserfios exampleach
bed i$ 1 (Il
ot o e it g LR A R AP i BT R en or AU RS RES.
i ncr ed%dm Yk cohicly am\da]mﬂaueyl bdsedhen fomhulat (Ve Whedsopérationogetostable, thed
hi ghere GIRAF bE P-BHehd w90 2%, and the product purity 99.3%.
By contrasting the flowrates of primary flush stream for each bed connection line

in example 2 with the flush rate of 65.4m’/h in comparative example 2, it is apparent

that the amount of primary flush stream in the preferred embodiment of this invention

is 15~46% less than that in the prior process, average 32% less or more.

Example 3 |
This example illustrates the adsorptive separation process for a mixture of feed

containing m-Xylene and its isomers with the following process conditions:

Composition of feed: p-xylene,o-xylene,m-xylene, ethylbenzene ,etc.
Adsorbent: zeolite molecular sieve -
Desorbent: toluene

Primary flush stream H(in): solution enriched in toluene

Temperature: 180 C

Pressure: 0.90MPa.
The adsorber contains 24 beds, and time interval of rotary valve switching was:
T=90s=0.025h |
Seiected value of coefficient K’ of volume factor was 1.90, on which the

flowrates of primary flush stream to each line were calculated. Sequential control was
utilized to adjust the flowrates of primary flush stream to each line. When operation

12
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: adsorptlve separation system [err] wher

6 - Werr]---flowate of the primary flu ﬁ"%@?@_&fﬂAc@SBEEN
flushing the Iine connecting the nth bed, nferr]/h | KRS
-factor of the nth connecting line, the val ue of which can be
expressed by the following formula (I11):

got stable, the recovery for m-xylene reaches up to 60%,and the product purity 98%.

Comparative Example 3
Process conditions for comparative example 3 were as same as those for example
3, except for that Wiyin), and Wyoury were calculated by the formula:

Wiiiny) = Wiiouy =2VL/T
The recovery for m-xylene was 51%, and the product purity 95.0%.

By contrasting example 3 with comparative example 3, we can notice that
~ decreased amount of primary flush stream demonstrated in the preferred embodiment
of this invention may greatly increase the recovery and purity of the product.

Although only a few examples and their comparisons are illustrated in this
invention, this invention is not limited to the illustrations herein to those skilled in the
art. Just the opposite , many changes and modifications could be made on this basis .
The scope of the modification and changes will be defined in the following claims.

13
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. [err]h V\/nerelhn K ---coefficient of vol u\r;E féctlor SV%_FEAngeESE[N
shren 1" e cangmunt IS0 e o) A S |

nerr] T----tine i‘ntérvll df Yotary valve switching, h I n
formula (11), the selection of Klerr] is related, on one hand, to

V[err f grent V[err]/V|ierr] for dlfferent line vol urre) on the
ot herthgrtlgéq e"@lie hosen coeff|C| ent .K' of, vo] u ac or,. The valu

coeffici ehtAme adsprpiy @Veﬁ?@@ﬁaﬂngﬁéﬁiﬂc@ﬁ’e GHMROR em ®n
| i ne. relbpriyeld ”l%%s hidsorged fb’dlﬁ onéRNé . rhixtgrer oﬂ'féﬁ&tw wtilizihg san bﬁm‘bﬂeé

" engt imulatert SOURHeRPERL o r"ﬂﬁtgi Bsdn ATGERGH g5tere, ( FCH) CPIRIARthe,
e.g. pllovwing steps:| i nes of internediate extent, coefficient K of 2 is
Phe 11 on@ sugpﬁﬁﬁé*%??éﬁﬁ%ﬁ%ﬂ@@%“ %ééﬁﬂxﬁﬁ%&%ﬁ%% Rl Fﬁ%‘ﬂﬁ%ﬁ%‘” |
reaso}ﬁabl a m;be v cempongent: Bisbocadsemption: izonge Ivovbessin: thecfeedormeatastsn
line fcﬂr Wlﬂi‘ tiRe Hsofteit, S8t Adorbéntoselbaiively’ dBaRBE comysotied A
flowrat od| er ent

f the % ed , leaving a raffinate enriched in component B;

(2) letting a portion of stream containing a mixture of selectively adsorbed
component A and the desorbent contact with the adsorbate after step (1) in purification
zone II to displace relatively less adsorbed component B adsorbed in step (1) in the
pores of said adsorbent so as to purify component A in the adsorbent pores;

(3) letting the desorbent contact with the adsorbate after step (2) in desorption
zone [II to desorb the selectively adsorbed component A from the adsorbent pores,

- obtaining an extract ennched in component A, whlch becomes a high purity product A
after distillation;

(4) controlling the flowrate of the desorbent stream in buffer zone IV to prevent
the raffinate from getting into the desorption zone to contaminate the extract;

"(3) cyclically moving the aforementioned four zones in the adsorption system by
employing a kind of stream switching device to recycle the inflowing and outflowing
stream , during the switching , using a flush stream enriched in adsorbent to flush out

the residue in the lines connecting the adsorptive beds, the primary flush flow rate Wy
is calculated on the formula of

Whinn = WhHoun=Ka - VL/T

wherein:
K, is the volume factor of the line connecting the nth adsorptlve bed, the value of
the factor is expressed by the formula
Kn=K’ : Vn/V L

wherein: .
Va-—-volume of the nth connection line; m’
Vio—-volume of the longest connection line ;m’
T----time interval of rotary valve switching; h

. 1.4
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- copnecti on

n_not only save flushing ase

T ecovery and purlmmﬁlﬂ"’m I'! LI vel y adsor bed corrpéEEHtS SHEET HABBEEN hg ﬁ

- the inproved net tion and under the prereqfiEELAEERS
ensuring flushing effect , e flowate of the primary fTush stream can be
set smaller so as to reduce the space originally occupied by the desorbent,

etting nore agsor ecover

gan begl ncr eased b‘{/géﬁ Ebﬁﬁ t (fg’dgg]r&lle?t)%ét)&e(g %chd@nc'eglohqﬁe 159 valu " Y
t he unwhieh garges,/betvesane t Py 3-5% The sinul ated novi ng

bed systg aysééia@mgdmenﬂhsh StreBHE Wl the 9BRERBTT G hOBeIREeHDR Hnedhayugdy s,

each tﬁ’ef VO ﬂrﬁg ac & floRrites of e Oﬁus% stream are sequentially controlled in such
a manner that dlfferent flowrates of flush stream are adopted for different connection
lines.

2. The method of claim 1 wherein the value of K, is 2 V/V., V, and Vi have the
same meaning as above.

3. The method of claim 1 wherein the feed to be separated is a mixture of
paraffins and isomers of substituted paraffins and a small amount of other by-products.

4. The method of claim 1 wherein the feed to be separated is a mixture of
aromatics and isomers of substituted aromatics and a small amount of other by -
preducts.

5. The method of claim 4 wherein the aromatics are dialkyl benzene,
dialkylphenol, dinitrobenzene, dihalogeno-benzene and dialkyl naphthalene, etc.

6. The method of claim 5 wherein the dialkyl benzene is toluene.

7. The method of claim 6 wherein the para-xylene is recovered as product.

8. The method of any one of claim 1 to claim 7 wherein the adsorbent is a X type
zeolite, Y type zeolite, or crystalline alummosﬂlcate with metal cation introduced by
ion exchange.

9. The method of any one of claim 1 to claim 7 wherein the desorbent can be any
kind of applicable paraffin or their substituents, or aromatics or their substituents,
which can displace the selectively adsorbed component, and is compatible with the
adsorbent and the feed stream and readily separable from the selectively adsorbed
component. -

10. The method of claim 1 wherein the adsorption system comprises one or more
adsorbers. '

11. The method of claim 1 wherein the adsorption system comprises eight or more
adsorption beds. '

12. The method of claim 11 wherein the number of the adsorption beds is of
integral multiple of eight.

13. The method of claim 7 wherein the adsorbent is X type molecular sieve K-
Ba-X, and the desorbent is paradiethylbenzene.

-
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guantities of adsorptive beds , usually eight or nore beds, e.g. 8~24 beds. -
Beds of integral multiple of eight are preferable, e.g. 24 beds. The
feed a4 for the sinulated noving bed adsorption %#{a@ of this

i nvention can be any feed suitable for adsorptive separat HW%%Led can
be a m xture of various conmponents having different adsorptive properties
produced in petrochem cal process. Said m xture may include various

paraffins and substituted paraffins, e.g. haloal kanes ﬁmg Kames
“Zg REPL

olefines, etc., various aromatics and substituted aro A ?%@N
aronatics; halogenated aromatics, heterocyclic aromat al k
am nes, al kanols, alkyl ethers, alkyl esters, etc. In the preferred
enbodi ments of this invention, the feed to be separated nay be various
applicable paraffins or a mxture of Clerr] and C[err] aromatics. In the
specially preferred enbodiment,the feed is a mixture of various isoners of
di al kyl benzene, especially xylene. The adsor bent adopted in the

si mul at ed novi ng bed adsorption systemused in this invention can be any
appl i cabl e adsorbent that can separate the feed stream Sel ection of
adsorbent is primarily based on the properties and concentrati ons of
various conponents in the feed, and the interaction of .conponents with said
adsorbent. Different natural or synthesized adsorbents can be chosen for
different feed conpositions, such as natural or synthesized zeolites, e.qg.
nol ecul ar sieves of X or Y type, activated alumna and silica gel, and

nol ecul atr Spew&—adSUﬁbﬁﬁ%ﬁ—ﬁ#—ﬁ+ﬂﬁ+ﬂ@€+¥+€&%@—MAth
_ e
HE <
Jiis
. X >
. J1}
D.’ rM
£ o
I
R -
. I\
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d|fferent metallic cations by ion exchange devel oped srﬁee—+ﬁe~+ae%—+eﬁ
yEars The desorbent adopted in the present adsor dthm&emnm‘iﬁm
systen1used i'n this invention can be any |iquid which pas a"ﬁ“TT@Tﬁﬁt
adsorptive power as conpared to al ready adsorbed conpo e@ r88ds

di spl ace the selectively adsorbed conponent fromsaig '%nt gh {can
be continuously used in operation. The desorbent to pe 1 g be
conpatible with various conponents in the feed and the adsorbent, and |can
be used repeatedly after recovery by easy separati on fTOMTITOSE comnmponent s
by ot her neans, e.g. - 8

distillation. The desorbent adopted in the present process includes various

appl i cabl e paraffins, amq%ﬁ@m&ﬁsaroﬁﬂéﬁd%fﬁﬂ%-

Separation on Simulated Moving Bed

Field of the Invention

This invention relates to a method for adsorptively separating one or
more components through the selectivity of an adsorbent from a mixture of
feed containing both selectively adsorbed component A(containing one or
more components) and a relatively less adsorbed component B(containing
one or more components). More particularly , this invention relates to a
method for separating a kind of isomer from a mixture of hydrocarbon feed
containing several isomers. This invention specifically relates to a method
for producing high-purity para-xylene through the improved adsorptive

separation process from a mixture of feed containing para-xylene and .its
other isomers.

CK Ve
It is well known that adsorptive separation is one of the separation
methods widely adopted in the chemical industry, especially in
petrochemical industry . For quite some time, this method has been adopted
to separate a component which is difficult to be separated by other means
from a mixture of feed containing various components. _

In the prior art , there are abundant patent literatures describing methods
for separating one kind of hydrocarbon from the other isomers. For instance,
methods for separating para-isomers of monocyclic aromatics substituted by
dialkyl group from other isomers, especially for separating paraxylene from
other xylene isomers by employing a specific zeolite molecular sieve
adsorbent to preferably adsorb para-isomers have been published in
literatures of US 36265020, US 3663638, US 3665046, US3700744,
US3686342, US373447, US 3394109, US 3997620, CN1022622,
CN1022826, CN10493294, CN1051549A, CN1064071 and CN1047489A
in which benzene, toluene, chlorobenzene, fluoro-aromatics, halogen



Condi tions for adsorptive separation conprise tenper R ACHMEND SHEBT

arrFl ent: tenperature to about 250[err]C, with the range tweeT
60

err] C-200[ err] C being preferred, and pressure rang n
at nospheric pressures. Conditions for desorption are @ng"‘ﬁ]

adsor pti on. The foll ow ng exanples are for the purp sb of further

demonstration on the effect of the adsorptive separat on W th decreased

e

for

anount of pr| mary fl uﬂli( ibream i nvol ved i n the prefered-enmbodrmentof
i nvent i of0lUEBRePaFa-didky,

exanpl es reédrﬁﬁ{érﬁe@daéwﬂseewsm@eﬁw eh&1ﬁ§¥5ﬁ%@ cdrhpo§ﬁw%ﬁoﬁhlsémx%

I nvention 1ncludes all nethods of adsorptlve separation wt

mzene, iethylkoluenentansh tesaline arﬁnmsmcmelme

this

reduced anount

of primathe ¢qtsh stream Exanple 1 Thi s
exanpl e "'A' 6c9és§so iwerse@tara&&%infésnbé'eﬁffewe%bﬂcg&' £ fi%edBbd blfs

| Ssoners usi n the faoll ow ess condi'ti1ons osition of feed:
p- xyl ened WOVERE, m@yb cBEE Qtﬂw 98n 2e §Emulated counmgwsahtmovmo bed

tg fgssfﬁ%'yginegn Fef %&Hxﬁples'f\gfmg%l@ﬁaééﬁﬂlﬁrcurrem movin stem has
Pri mar y f q%lhag \é%mfﬂ( .aﬁge&awat $Wéﬂ9ﬂcﬁbd~153 éé §§2 g@@h
Tenper at Uy§3268605 ,whileld #6®iy Malve for the system of 51mulated countercurrent
moving bed has been disclosed in US3040777 and US3422848. Some
drawbacks in the prior art , the objects of this invention and the scheme of
settlement will be further explained hereinafter with reference to the
accompanying drawing . .
The drawing is a principle depiction of a continuous adsorptive
separation system of a simulated countercurrent moving bed.
Referring to the drawing , a adsorptive separation system comprises four
zones, consecutively as adsorption zone, purification zone, desorption zone.
and buffer zone. In the drawing, F represents a feed stream containing a
selectively adsorbed component A and a relatively less adsorbed component
B, D represents a desorbent stream, E represents an extract, i.e. a stream of
desorbent containing the selectively adsorbed component A, R represents a
raffinate, i.e. the remaining stream containing the relatively less adsorbed
component B after desorption, Hy,, and H,y, respectively represent an
inflowing and an outflowing stream enriched in said desorbent for the
primary flush stream for the lines connecting the adsorptive beds, X
represents the secondary flush stream for the lines connecting the adsorptive
beds, and M represents the simulated adsorbent moving direction shifted by

the rotary valve. Zone 1 is between F and R wherein the charged feed

contacts countercurrently with the adsorbent , and the selectively adsorbed
component A shifts from the feed stream into the pores of said adsorbent,
displacing the desorbent D from the pores at the same time. Thus, zone 1 is
defined as adsorption zone. Zone II is between F and E. For the reason that
the adsorbent adsorbs selectively adsorbed component A and a little amount
of relativcly less adsorbed component B as well, in zone II said adsorbent
contacts with the stream containing only A and D coming from upstream of

(8]



Werr]=224nferr]/h _
V\[err]—132n{err]/h Werr]=18nferr]/h Werrl]l= ﬁGH[beg;éélﬁs Tijme

interval of rotary valve sw tching was:
9

Pressur e: 0.88MPa.  Flowates of the fWLg@@@NT@M the
adsor ber (| oaded 95%: f=336nferriy/

zone I, relatively less adsorbed component B is displaced gradually from
the pores by selectively adsorbed component A and the desorbent D by -
means of appropriate adjustment of flow velocity of the stream in the zone.
As the adsorbent has a stronger adsorption selectivity to component A than
to component B,-component A will not be completely displaced at the same
time and thus will get purified in the zone. Zone II is consequently difined
as purification zone. Zone III is between E and D wherein pure D contacts
with the adsorbate 'pun'ﬁed in zone II and displace A from said adsorbent
pores, thus this zone is defined as desorption zone. Zone IV is between D
and R wherein the flowrate of D is defined so that D is made to flow
ﬁpwards in the zone under flow control so as to prevent component B from
getting into the stream in zone III to contaminate the extract. Thus, this zone
is defined as buffer zone .

In operation , switching equipment , e. g. rotary valve, etc. is employed to
recycle the inflowing and outflowing streams and shift the four zones in
turn io realize simulation of adsorbemt moving . During rotary valve.
switching, it is necessary to flush the residue out of the adsorptive bed .
connection lines to ensure purity and recovery of the purified component.
Locations of Hp, , Howy and X are shown in the drawing and thus zones II
and III are further divided into three more zones of IT', II" and IIT".

With regard to flowrate of Hgy) and Hiyyy, on one hand if the flowrate is
set too small, the residue in the lines cannot be flushed away, which will
subsequently affect the product purity and recovery; on the other hand, if
the flowrate is too big , when the flush stream enriched in desorbent is
drained through adsorptive beds after flushing the connection 'lines,
adsorptive space of the adsorbent will be occupied by the desorbent in the
flush stream , whereby weekening the adsorptive power of said adsorbent to
the selectively adsorbed component, which will also result in the decreased
purity and recovery of the selectively adsorbed component .

In the prior processes, the set flowrate Wyy;,) and Wy, of primary flush

stream to each adsorptive bed connection line is calculated based on the
following formula (I):

W™ Wiomy=2V /T ¢))



T=101. 4s=0. 0281h The adsorber contai ned 24 beds. Vol

connecting each bed are shown in Table 1. Sel eét ed |REP MMWMET

coefficient K of volume factor was 2, volune factors]| Kferr| of each pef
connecting line were cal cul ated accor di ng to 2V[err]/ VY| ¢r rdﬁwrp_:lgc@ggre al so

shown in Table 1. Based on the value T, volunme VL off §he [ ongest be
connection line, and volune factors Klerr] of each bed cderfrectt+omiTTe, |t he
flowmwates Werr] and Werr] of the primary flush stredm can be cal cul at ¢d
by the fornmul a: [err] which are also shown i T1apre 1. Table 1:
Val ues V[er‘r)Jh é‘ err] and Werr] of bed connection lines V[err] 0.74
0.59 0.55VAeE 0. 57 0.56 0.67 0. 69 K[err]a 1.50 1.20

1.10 1.10 1. YQ—--ﬂzolhﬁne of the longegtOcoffrection BRedn” 42.7 39.1 39.1 42.7
8971 49.8  49. 81 VI gtelintOna8 of 8tf¥ vaife s%vxtchmg7 100 0.85  0.70
Based on volumetric equilibrium of the adsorber, the following formulas
.can be adopted for calculating flowrate in each zone :

W=Wy+Wst+We
W =Wy+Wg
W=Ws-Wy
Wi=Ws+We-Wy
Wi=WstWe+Wy-Wy
Wi=WetWy-Wp-Wy

wherein:
Wy---flowrate of the primary flush stream
Wx---flowrate of the secondary flush stream
We-—-flowrate of the feed stream
We--—-flowrate of the extract stream
Wp---flowrate of the desorbent stream
Wg-—-flowrate of the stream specified in zone II

In an actual system, however, because of the different position of each
bed spaced in the adsorber and different distance to the rotary valve, the
volume of each line connecting bed with rotary valve varies a lot. For this
reason, the calculation of the flowrate of primary flush stream for each line
based on formula (I) in prior proeess will result in higher flush stream
,which will hence decrease the purity and recovery of the prcduct.

Summary of the invention
The object of this invention is to provide an improved method of
adsorptive separatiion on simulated moving bed to increase recovery and

purity of product and reduce the flowrate of primary flush stream and
production cost.



KN

0.64
1.20

st abl e,

99. 46%

0.60 0.59 0.59 0.63 KN 1.40 1.50

1.20 1.30 Werr] 49.8 53.4 49.8 46.3 42.%7 4§%7rEé3§%
* V[err]: volume of the |ongest connection |ine. ‘B
and Werr] shown in Table 1 with each line volune of §{the 24 bed connect
lines respectively, adjustnent on the flowate of pri

each |ine cin tbe method edcordingaicethe prresensrinventionhthe

1.40 1.40 1.40 1.50 2.00 '1.70 1.5d‘1EP[AGBMEMPrSHEEg'

49,8 .49.8 49.8 53.4 71 60.5 53.4 49.8 .V[err]
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with the volume of each line to reduce the amount of the primary flush

stream so as to overcome drawbacks of higher flowrate of flush stream and
lower purity and lower recovery of the product, which are displayed by

prior adsorptive separation process, and to realize the abovementioned
object of this invention .

etai 1pti elnv
‘Referring to the drawing , this invention relates to a method to
édsorptive]y separate a selectively adsorbed component from a relatively
less adsorbed compoonent in a mixture of feed containing both the
components by utilizing an improved adsorption system of simulated
countercurrent moving bed. The method comprises the following steps:
Step 1) Adsorbing
A feed to be sepai'ated is made to contact in adsorption zone 1
countercurrently with the adsorbent which selectively adsorbs component
A, leaving a raffinate R enriched in relatively less adsorbed component B.
Step 2) Purifying
The adsorbent adsorbs component A and a small amount of component B
as well. This step is to let a portion of stream containing both component A
and the desorbent contact , in purification zone II, with the adsorbate after

step 1, displacing component B from the pores of said adsorbent , purifying
component A .

Step 3) Desorbing

The desorbent contacts in desorption zone III with the adsorbate enriched
in component A, desorbing the purified component A from said adsorbent
pores to obtain a extraet E. A portion of the extract is used as the adsorbent
for purification as mentioned hereinabove in step 2 and the remaining is

sent to distillation . High purity product of component A is recovered and

the desorbent is circulated for reuse.
Step 4) Buffering

In buffer zone IV, the stream of desorbent D is made to flow upwards
under flowrate control, preventing the raffinate containing component B



Conparative Exanple 1 Process conditions for conpar ag - -,.g e
as. sanme as those for exanple 1,) except for the val uestH Tm i rr]

whi ch Wwere cal cul ated based on the follow ng formul a: [ erir]

The recovery for p-xylene was 90% product purity 99.3p} @®FEBORPSasting
the primary flush flowate for each line in exanple 1 W{h the flush riatie
7/inferr]/h for each line in conparative exanple 1, it s apparent That the

amount of primary flush streamenployed in the preferrgd enbodi ment of this
i nvent i ofrors g&tuRoANtes she hstnearhain ithet desorption moneets Chaiamaate 30 | ess
or nore. e%a‘:ge anount of flush streamin conparative exanple 1 is nore

t han t hat anple 1, it will inevitably result in |ower recovery of the
sel ecti V(Stgpédﬁwib&nng)nponent and | ower product purity as well.

In the process of adsorptive.separation, the four steps mentioned
hereinabove are made to repeat in turn by using a stream switch-over
device. Each zone is made to become adsorption zone , purification zone ,
desorption zone and buffer zone successively, realizing cyclic moving of
the four zones in the system. Switching devices employed in the preferred
embodiment of this invention can be a rotary valve, a switching valve, or
any equipment with a function of stream shifting. Rotary valves for the
above functions recommended in the United States Patents 3040777 and
3422848 are incorporated herein by reference.

Step 6) Flushing '

In the process of stream switch-over , it is necessary to flush the lines
connecting adsorptive beds with switching device to remove the residue in
the lines prior to introducing new streams into each zone. A solution
enriched in desorbent is usually selected for flushing.

The flushing step is of utmost importance to the final recovery and purity
of the product . The flowrate 2V /T of the primary flush stream adopted by
the prior process will not only result in excessive flush stream and
subsequently waste stream , but also have adsorptive spaces occupied by the
desorbent in the flush stream , reducing the power of the adsorbent to
selectively adsorbed component, and reducing the recovery and purity of
the selectively adsorbed component.

The inventors discover that if the flowrate of the primary flush stream
supplied to the lines connecting each bed is calculated and operated by the
following formula (II) , the above mentioned shortcomings can be overcome
to realize economical flushing , increased recovefy and purity of the

selectively adsorbed component, and higher capacity of the entire
adsorptive separation system.

WH(in)n=WH(out)n=Kn’var (H)

wherein:



T=99. 3s=0. 0275h

Exanpl e 2 The process in Exanple 2 was carried out (g ot

parameters wth all other conditions being as same as |hG N?SHEET
Werr]=235nferr]/h ' Werr]=355nferr]/h -
Werr]=140nferr]/h Werr]=19nferr]/h 06FEB 1598
Werr]=467nferr]/b Time interval of rotary valve swtghing was:

Wy-—-flowrate of the primary flush stream for
flushing the line connecting the nth bed, m*/h

K, -—volume factor of the nth connecting line, the
value of which can be expressed by the
following formula (11I):

K =K.V/V, (i)

wherein:
- K'---coefficient of volume factor, the value of
which is in the range of from 0.5 to 3.5
V,—volume of the longest conncetion line, m’
V,—--volume of the nth connection line, m’
T----time interval of rotary valve switching, h

In formula (II), the -selection of K, is related, on one hand, to

'V,,NL'(different V. /V, for different line volume),on the other hand, to the

chosen coefficient K' of volume factor. The value of coefficient K’ depends
on the length , diameter and shape of a connection line. For lines having
shorter length, bigger diameter and less bendings, smaller K' (0.5~2) is
appropriate, e.g. 1~1.5. For lines having longer length, smaller diameter and
more bendings, bigger K'(2~3.5) is suitable, e.g. 2.5~3.0.For lines of
intermediate extent, coefficient K’ of 2 is preferable.

By choosing an appropriate coefficient of the volume factor, the flowrate
of the primary flushing stream can be set in the most reasonable way by
having it associated with the volume of each connection line and adjusted

with sequential control to assign different flushing flowrates to different

conneclion lines, which can not only save flushing stream but also increase
recovery and purity of the selectively adsorbed component.

By using the improved method of this invention and under the
prerequisite of ensuring flushing effect , the flowrate of the primary flush
stream can be set smaller so as to reduce the space originally occupied by
the desorbent, getting more adsorptive space for desired productln this
way, the recovery can be increased by 4~5%, the purity by 0.1~0.2%,and




Sel ected value of the coefficient K of volunme factor wa
factors Klerr] of each |ine were calculated by 1.8V[err]

shown in Table 2. Based on the value T, volune VL of t
connection line, and volune factors Klerr] of each bed c
flowates Werr] and Werr] of the primary flush stream bhe cal cuI at id
by the formul a [err] which are also shown in [Table 2. Table 2:

Anot her group of values Klerr] and Werr] of bed connectteft+pes—V-errl]
0.74 Otﬁaum@c%famtyﬁhrﬁﬂrect EYJ~5(%56 0.67 0.69 K[err] 1.33 1.06

0.99 0.97 8.5 36.0 35.3
378 367 A% Stywlgted VIRPYINg @eéssyﬂef\%é{lsgl@s?g {h §h%, nvemign A a5

0.70 0. ch“ijhQé ohe orlm%?e ad%oﬁibrs éac&ﬁof vuihl@l@ ma)1 c%ﬁtamlaﬁreasbnaﬁle 1.28
Werr] cﬁ'antmes of adsorptxve gegs usual]y elggt or more A{)edSS e.g. 8~24 beds.
Beds of integral multiple of eight are preferable, e.g. 24 beds.

The feed applicable for the simulated moving bed adsorption system of
this invention can be any feed suitable for adsorptive separation. The feed
can be a mixture of various components having different adsorptive
properties produced in petrochemical process. Said mixture may include
varigus paraffins and substituted paraffins, e.g. haloalkanes, cycloalkanes,
olefines, etc., various aromatics and substituted aromatics, e.g. alkyl
aromatics, halogenated aromatics, héterocyclic aromatics, etc., and alkyl
amines, alkanols, alkyl ethers, alkyl esters, etc.

In the preferred embodiments of this invention, the feed to be separated
may be various applicable paraffins or a mixture of Cg and Cq aromatics. In
the specially preferred embodiment ,the feed is a mixture of various isomers:
of dialkyl benzene, especially xylene.

The adsorbent adopted in the simulated moving bed adsorption system
used in this invention can be any applicable adsorbent that can separate the
-feed stream. Selection of adsorbent is primarily based on the properties and
concentrations of various components in the feed, and the interaction of
components with said adsorbent. Different natural or synthesized adsorbents
can be chosen for different feed compositions, such as natural or
synthesized zeolites, e.g. molecular sieves of X or Y type, activated alumina
and silica gel, and moleculatr sieve adsorbents of aluminosilicate with

different metallic cations by jon exchange developed since the last ten
years. '

The desorbent adopted in the present adsorptive separation system used
in this invention can be any liquid which has a different adsorptive power as
compared to already adsorbed component, and can displace the selectively
adsorbed component from said adsorbent which can be continuously used in
operation. The desorbent to be selected should be compatible with various
components in the feed and the adsorbent, and can be used repeatedly after
recovery by easy separation from those components by other means, e.g.



V[err] 0.70 0.64 0.68 0.64 0.60 0.59 0.59 RE%&%&ENESHEET(
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1.15 .1.22 1.15 1.08 1.06 1.06 1.13 Werr] 4§. 9 117X
41.8 39.3 38.5 38.5 41.1 By associating Werr] encbw;%" bgghom
in Table 2 with each line volune of the 24 |ines respect]iVely, ad] ustnent
on the flow of primary flush streamto each |ine can be|reatrzet—by~

sequential control . Wen operation got stable, the recqvery of p-xylene
reached up to 96% and the product purity 99.5% By contrasting exarmpt
2 with exdispllation. iThe desqubaneadopbed in the rpresemt process inchides wdripusy!l i ne

have beer, LUl LRGX LAGFRAS GHomkEY BSheb HRkeddte 11O rates of brimary
Conditions for adsorptive separation comprise temperature ranging from
ambient temperature to about 250°C,with the range between 60°C~200°C
being preferred, and pressure ranging between 1~40 atmospheric pressures.
Conditions for desorption are the same as those for adsorption.
The following examples are for the purpose of further demonstration on
the effect of the adsorptive separation with decreased amount of primary
flush stream involved in the preferred embodiment of this invention.
However, the method in this invention is not limited to the examples
illustrated herein. Exactly in reverse, the scope of this invention includes all

methods of adsorptlve separation with reduced -amount of primary flush
stream.

Example 1
This example illustrates separation of feed containing para-xylene and its
isomers using the following process conditions:

Composition of feed: p-xylene,o-xylene,m-xylene, ethylbenzene ,etc.

Adsorbent: X type zeolite molecular sieve containing
potassium and barium

Desorbent: paradiethylbenzene

Primary flush stream H(in): solution enriched in paradiethyl- benzene

Temperature: 177°C

Pressure: 0.88MPa.

" Flowrates of the feed stream through the adsorber (loaded 95%): -

Wp=224m’/h
Wp=336m’/h
Wg=132m’/h
Wy=18m’/h
Wy=446m’/h
Time interval of rotary valve switching was:



Corrparati've Exampl e 2

as sane-as those for exanple 2,
flowate Werr] and Werr] for all

Process conditions for conparati
except for that the pri
lines was 65.4nferr]/

cal cul ated based on formula (I1).

of p-xylene was 90. 2%

When operation got stall
and the product purity 99.3%
flowates of primary flush stream for each bed connectio
with the flush rate of 65.4n8/h in conparative exanple 2,
that the anmouBE10f.45=M0O2§1RI ush streamin the preferred
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Adsor bent factors K, of each brsxb | ¢armertingc direr wem/e:alculated according to
2V, /Vy,which are also shown in Table 1.

Based on the value T, volume V| of the longest bed connection line, and
volume factors K, of each bed connection line, the flowrates Wy, and

Wiiouyn ©f the primary flush stream can be calculated by the formula :

WH(in)n'_'wH(out)n =K,-V./T

which are also shown in Table 1.

Table 1: Values V, K, and Wy, of bed connection lines

Vv, 0.74

Kn 1.50
Wiom  53.4
v, 0.68
K 1.40
WH(in)n 49-8
v, 0.70
Ky 1.40
WH(in)n 49.8

0.59
1.20
42.7

0.68
1.40
49.8

0.64
1.50
53.4

0.55
1.10
39.1

0.71
1.40
49.8

0.68
1.40
49.8

0.54
1.10
39.1

0.77
1.50
534

0.64
1.30
46.3

0.57
1.20
42.7

1.00
2.00

N

0.60
1.20
42.7

* V_: volume of the longest connection line.

By associating Wyny, and Wy gy, shown in Table 1 with each line
volume of the 24 bed connection lines respectively, adjustment on the

flowrate of primary flush stream to each line can be realized by sequential
control . When operation got stable, the recovery of p-xylene reached up to

95%, and the product purity 99.46%.
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0.56
1.10
39.1

0.85
1.70
60.5

0.59
1.20
42.7

0.67
1.40
49.8

0.70
1.50
534

0.59
1.20
42.7

0.69
1.40
49.8

0.71
1.40
49.8

0.63

1.30
46.3



Desor bent : t ol uene Primary flush streamgH

L J |
enriched in toluene Tenper at ur e: 1 SO[RtrléU—_ edsbbe
0. 90MPa. The adsorber contains 24 beds, and tinelifqtérval of rof A
val ve switchi ng was: T=9 Os ‘OG gggﬁ]ng
Sel ected val ue of coefficient K of volunme factor was 3. 90, on he
flowates of primary flush streamto each |ine were calicH-ated- chtc.. :1
control was utilized to adjust the flowates of prinmary flush streamto
each line. Wen operation got stable, the recovery for~mrXyTene reacnes up
to

Comparative E)ga;}nple 1
Process conditions for comparative example 1 were as same as those for

example 1, except for the values of Wy, and Wy, Which were calculated
based on the following formula:

W™ Whiom=2Vi/T=2 x 1.00/0.0281=71(m’/h)
The recovery for p-xylene was 90%, product purity 99.3%.

) By contrasting the primary flush flowrate for each line in example 1 with
the flush rate 71m>/h for each line in comparative example 1, it is apparent
that the amount of primary flush stream employed in the preferred
embodiment of this invention is 15~45% less than that in the prior process,
average 30% less or more. As the amount of flush stream in comparative
example 1 is more than that in example 1, it will inevitably result in lower

recovery of the selectively adsorbed component and lower product purity as
well.

Example 2

The process in Example 2 was carried out under the following parameters
with all other conditions being as same as in example 1.

We=235m’/h
Wp=355m’/h
We=140m’/h
Wy=19m’/h

Wy=467m’/h

Time interval of rotary valve switching was:

T=99.35=0.0275h '

11



60% and t he product 'jouri ty 98%

Exanmpl e 3

t hose for exanple 3,

the fornul a:

was 51% and the product purity 95.0%

[err]
By contrasting
conparative exanple 3, we can notice that decreased ano
stream denonstrated in the preferred enbodi nent of this’

Process conditions for conparative exanple
except for that Werr],

B

and Werr]}wer
The regoye

8856 !

RERIAGHIAENY SHEET|
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unt of primary fl

greatly inciSelensed ivalneqafvtrey caeffigient & off vohumefediort was 1.8Avolamsgh onl y
a-few exgqgploes 1Nl 1iHe"WeFd 2alku1ated by ' U8V Aredvitfich are shown in

Table 2.

Based on the value T, volume V, of the longest bed connection line, and
volume factors K,, of each bed connection line, the flowrates Wy, and
Wiyyomn ©f the primary flush stream can be calculated by the formula

which are also shown in Table 2.

Whiinn =Wiougn =Ka " VL /T,

Table 2: Another group of values K, and Wy, of bed connection lines

Whiinyn

0.74
1.33
48.4

0.68
1.22
44.4

0.70
1.26
45.8

0.59
1.06
38.5

0.68
1.22
44.4

0.64
1.15
41.8

0.55
0.99
36.0

0.71
1.28
46.5

0.68
1.22
44.4

0.54
0.97
353

0.77
1.39
50.5

0.64
1.15
41.8

0.57
1.03
37.5

1.00
1.80
65.4

0.60
1.08
39.3

0.56
1.01
36.7

0.85
1.53
55.6

0.59
1.06
38.5

0.67
1.21
44.0

0.70
1.26
45.8

0.59
1.06
38.5

0.69
1.24
45,1

- 0.71
1.28
46.5

0.63
1.13
41.1

By associating Wygnn and Wyou), shown in Table 2 with each line
volume of the 24 lines respectively, adjustment on the flow of primary flush
stream to each line can be realized by sequential control . When operation
got stable, the recovery of p-xylene reached up to 96%, and the product
purity 99.5%.

By contrasting example 2 with example 1, it is apparent that the recovery
and purity of p-xyline have been further increased by further reducing the
flow rates of primary flush stream. |



this invention, this invention is not limted to the illu v e
to those skilled in the art. Just the opposite , many ch!} %Mﬁﬁ? S%EET

nmodi'fications could be made on this basis. The scope of t hel modi fi cati on
and changes will be defined in the follow ng clains. O6FEB 1598
Comparative Example 2

Process conditions for comparative example 2 were as same as those for
example 2, except for that the pnmary flush stream flowrate Wy, and
Wiiouyn for all lines was 65.4m */h, which are calculated based on formula
(II). When operation got stable, the recovery of p—xylene was 90.2%, and
the product purity 99.3%.

By contrasting the flowrates of primary flush stream for each bed
connection line in example 2 with the flush rate of 65.4m°/h in comparative
example 2, it 1s apparent that the amount of primary flush stream in the
preferred embodiment of this invention is 15~46% less than that in the prior
process, average 32% less or more.

Example 3

This example illustrates the adsorptive separation process for a mixture of
feed containing m-xylene and its isomers with the following process

conditions:
Composition of feed: p-Xxylene,o-xylene,m-xylene, ethylbenzene ,etc..
Adsorbent: zeolite molecular sieve
Desorbent: toluene
Primary flush stream H(in): solution enriched in toluene
Temperature: 180°C
Pressure: 0.90MPa.

The adsorber contains 24 beds, and time interval of rotary valve
switching was: -

T=90s=0.025h
Selected value of coefficient K’ of volume factor was 1.90, on which the
flowrates of primary flush stream to each line were calculated. Sequential

control was utilized to adjust the flowrates of primary flush stream to each
line. When operation got stable, the recovery for m-xylene reaches up to

13



14 Clains: 1. A nethod for adsorptively sep

arating a selectivel
adsorbed conponent froma relatively |less adsorbed con‘ﬂ REPDACEMENThEMEET
of “feed by utilizing an inproved sinul ated count er curr gnt~rovtng—ted

adsorption system which conprises the foll ow ng steps: éé) byi g
feed containing selectively adsorbed conponent A and r4gl gti IFﬁ@
adsor bed conponent B to adsorption zone | wherein the fle contacts
countercurrently with an adsorbent, said adsorbent sel dctively adsorbs

1%

conponent 6@0%,and the prodiictippatyr@8%. raf fi nate enri ched i*r~eerponent

Comparative Example 3
Process conditions for comparative example 3 were as same as those for

example 3, except for that Wyg,, and Wy, were calculated by the
formula: |

Whin) = Whiom =2VL/T
. The recovery for m-xylene was 51%, and the product purity 95.0%.

By contrasting example 3 with compar_ativé example 3, we can notice that
decreased amount of primary flush stream demonstrated in the preferred
embodiment of this invention may greatly increase the recovery and purity
of the product.

Although only a few examples and their comparisons are iilustrated in
this invention, this invention is not limited to the illustrations herein to
those skilled in the art. Just the opposite , many changes and modifications

could be made on this basis . The scope of the modification and changes
will be defined in the following claims.

14
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extract

(2)y Tetting a portion of streamcontaining a m %Le_o.[_,_se,l ect| y%
adsor bed ¢ desorbent contact with the r[@p‘ﬂgﬁfl‘tmﬁr
(1) in purmmgmam‘zlmlmm to displace relatively | es$ ;i el
B adsorbed tn stap #1)Sin*the pores of said adsorbent go
conponent A in the adsorbent pores; (3) letting the
with the adsorbate after step (2) in desorption zone | I'

sel ectively adsorbed conponent A fromthe adsorbent pofes, obtaining an
Im¥ied i n conponent A, which beconmes a hi gh ptHt+ty—produet—mr

ibé%gﬁi%e%m ‘

oy | o4 Uuuv1

after distillation; (4) controlling the flowate of the desorbent

streamin buffer, z to pr vent therafflnatefr getting into the
desor pti én goﬂ'@ %829513 SOTRI ﬁ’l"ﬁpé?@ﬂ%&@ selectiye] )’QC{,?@F Qét

[err]

ICOMPRRANYY t he
af or emenfiom edrelaivelzolees ddsorbed 2dagidiientin £fikareyf feud b Immﬁngl nd of

during LA iﬁh’@nﬁgﬁ Crﬁ%%aﬂ%ﬁ ontm e

out the mddchicomprisesthe followinmgmstepsng the adsorptive beds, the prinary

flush flow pay gudblyise GPkced dbhthifithg SElecli9eHhasdbed component A and

relatively less adsorbed component B to adsorption zone I wherein the feed
contacts countercurrently with an adsorbent, said adsorbent selectively
adsorbs component A in the feed , leaving a raffinate enriched in component
B; . :

(2) letting a portion of stream containing a mixture of selectively
adsorbed component A and a desorbent contact with the adsorbate after step
(1) in purification zone II to displace relatively less adsorbed component B
adsorbed in step (1) in the pores of said adsorbent so as to purify component
A in the adsorbent pores;

(3) letting the desorbent contact with the adsorbate after step (2) in

~ desorption zone III to desorb the selectively adsorbed component A from

the adsorbent pores, obtaining an extract enriched in component A, which
becomes a high purity product A after distillation;

(4) controlling the flowrate of the desorbent stream in buffer zone IV to
prevent the raffinate from getting into the desorption zone to contaminate
the extract;

(5) cyclically moving the aforementioned four zones in the adsorption
system by employing a kind of stream switching device to recycle the
inflowing and outflowing stream , during the switching , using a-flush
stream enriched in desorbent to flush out the residue in the lines connecting

the adsorptive beds, the primary flush flow rate Wy is calculated on the
formula of :

WH(in)n = WH(om)n =K, -V, /T

wherein:

K, is the volume factor of the line connecting the nth adsorptive bed, the
value of the factor is expressed by the formula

Kn=K,'V nN L

15



wher ei n:
adsor pti ve

‘ s val ue of the factor is expressed L
V[err] ---v m‘mmﬂu im””m:onnect ion |line; 1Er_)r[ err] V[@ghﬂeErBe{@g'BI u

t he | ongest connectlon i ne ,merr] T----tinme ingeqval

[err]

i ne;the value

—K[-err}-is the volume factor of the line (

of rotary

swi t chi ng; K ---coeffl cient of volunme factor off each connectTi o

R

of
Al ve

wherein:
V,---volume of the nth connection line; m’
V,---volume of the longest connection line ;m3
T---—-time interval of rotary valve switching; h
K'---coefficient of volume factor of each connection line;the value
of which ranges between 0.5~3.5
by associating the flush stream with the volume of each conncetion line
through the volume factor, the flowrates of the flush stream are sequentially

controlled in such a manner that different flowrates of flush stream are
adopted for different connection lines.

2. The method of claim 1 wherein the value of K is 2 V,,NL,.V,, and Vi

have the same meaning as above.

3. The method of claim 1 wherein the feed to be separated is a mixture of

paraffins and isomers of substituted paraffins and a small amount of other
by-products.

4. The method of claim 1 wherein the feed to be separated is a mixture of

aromatics and isomers of substituted aromatics and a small amount of other
by - preducts.

5. The method of claim 4 wherein the aromatics are dialkyl benzene,

dialkylphenol, dinitrobenzene, dihalogeno-benzene and dialkyl naphthalene,
etc. '

6. The method of claim 5 wherein the dialkyl benzene is toluene.

16
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vol une ‘of ea m F@#WHB!'F t hrough the vol une factar, ﬁ“"r'rTe*“f“I"UW"aT'G'! @f
the flush st ally controlled in such a
different flowa stream are adopted for dif ret l%[gﬁh%gg[i(n

| i nes. 2. The nmethod of claim1l wherein the val ue of K[lerrjis-2
V[err]/V[err] V[err] and VL have the same nmeaning as apove. 3. The

met hod of cl r fhe feed to be separated is a-nrxture ,

par af f i ns/-a u gt%?g ogccqa W the ParexYdens  recavered &ﬁrmaueﬁr ot her
by- products. 4. The net hod of claim1l wherein the feed to be separated is
a mxture of aromatics and isoners of substituted aromatics and a smal
anount of other by - products. 5. The method of claim4 wherein the

aromat i csg ar-f, dial kuh HELGH Btre of claim 1 to claim 7 wherein the adsorbent is a

X type zeolite, Y type zeolite, or crystalline aluminosilicate with metal
cation introduced by ion exchange.

9. The method of any one of claim 1 to claim 7 wherein the desorbent can
be any kind of applicable paraffin or their substituents, or aromatics or their
substituents, which can displace the selectively adsorbed component, and is

compatible with the adsorbent and the feed stream and readlly separable
from the selectively adsorbed component.

10. The method of claim 1 wherein the adsorption system comprises one or
more adsorbers.

11. The method of claim 1 wherein the adsorption system comprises eight
or more adsorption beds.

12. The method of claim 11 wherein the number of the adsorption beds is of
integral multiple of eight.

13. The method of claim 7 wherein the adsorbent is X type molecular sieve
K-Ba-X, and the desorbent is paradiethylbenzene.

17
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An Improved Method of the Adsorptive
Separation on Simulated Moving Bed

Abstract

. Disclosed is 2 method for the adsorptive separation by utilizine an
improved simulated moving bed. This invention provides an impr:ved
formula for the calculation of primary flush flowrate by correspondingly
_associating the primary flush flowrate with each connection line aby
introducting a volume factor and carring out sequential control so as to
reduce the amount of the flush stream and increase product purity and yield.
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8. The method of any one of claiml to claim7 wherein t
type zeolite; Y type zeolite, or crystalline alumnosilifgate
.cati.on introduced by ion exchange. 9. The nethod of anj

)

tﬂei r isubs_t [ t:Jent 3,Aﬂr1ﬁp(i@iﬁ;@d3&4@thbheb!f s;mithdm?psiWi cﬂcag di Epllace
the selectively ads Qnponent » . and i th the adsorbent
and the feed streamgéﬁggﬁﬁd'% f%e%h?ﬂgﬁgiﬁwﬁ%gsgﬁgctiveI y adsor bed
conmponent . 10. The method of claim 1l wherein the adsorption system

conprises one or nore adsorbers. 11. The nmethod of claim 1l wherein the
adsor ption system conprises ei ght Jbswact adsorption beds.

Disclosed is a2 method for the adsorptive separation by utilizing an
improved simulated moving bed. This invention provides an improved
formula for the calculation of primary flush flowrate by correspondingly
associating the primary flush flowrate with each connection line by
introducting a volume factor and carring out sequential control so as to
\ reduce the amount of the flush stream and increase product purity and yield.
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