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"USE OF RAFFINATE LINE FLUSH·IN A SIMULATED CONTINUOUS 
MOVING BE~ ADSORPT!~ SEPARATION PROCEss· 

The invention =ela~es to a ~r9cess for the 

adsorpcive separation of hyd:.cocarbcns for example, a 

process for the c:cntinuous simulat.~d countercurrent 

adsorptive separation ct aromatic hydrocarbons. A 

preferred application of such a process is the separation 

of aromatic hydrocarbons such as the separation of para­

xylene from a feed mixture comprising at least two xylene 

isomers, including the para-isomer, using a zeolitic 

adsorbent and a particul~ de~orbent. 

BACKGROUND 

The polyester fab~ics and articles which are in 

wide use today are produced from a polymer of ethylene 

glycol and teraphthalic acid. Ter~~hthalic acid is 

produced by the oxidation of. para-xylene. · I>ara-xylene is 

typically recovered from a !)redorni~antly C, aromatic 
hydrocarbon fraction derived from various sources such as 

catalytic reforming by liquid-liquid extraction and/or 

fractional distillation. The para-~lene is co:rmnercially 

separated from a para-xylene-containing feed stream, 

usually containing all three xylene isomers, by either 

crystallization or adso~ti ve separation or a combination 

of these two techniques. Acsorptive separation is the 

newer technique and has captured the great majority of the 

market share of newly constructed plants for the production 
of' para-xylene. 

Essentially all of these .adsorptive separation 

units use a simulated cou.~tercurrent movement of the 
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adsorbent and the xyle.."le containing feed stream. This 

simulation is performed using_ established commerc:ial 

technology wherein the adsorbent is held in place in one or 

more cylindrical adsorbent ch~ers and the positions at 

which the streams involved in the process enter and leave 

the chambers are slowly shif ced along the length of the 

beds. Normally there are at least four streams (feed, 

desorbent, extract and raff inate) employed in this 

procedure and the location at which _the feed and desorbent 

streams enter the charnber and the extract and raff inate 

streams leave the chamber are simultaneous shifted in the 

same direction at .set intel:'Vals. Each.shift _in location of 

these transfer points delivers or removes liquid from a 
. . 

different bed within the cham.C?er. This shifting could be 

perfonned using a dedicated line. for each stream at the 

entrance to each bed. However, this will greatly increase 

the cost of the process and therefore the lines are reused 

and each line carries .one o~ the four process ·streams at 

some point in the cycle. 

US-A-3, 686·, 34.2 is representative and describes the 

separation of para-xylene from mixed :xylenes using 

simulated countercurrent adsorption employing a zeolitic 

adsorbent and para diethylbenzene as tl~e desorbent. The 

art also includes a recognition that the presence of 

residual compounds in the transfer lines can have some 

detrimental effects on a simulated movi~g bed process. 

OS-A-3,201,491 and WO 95/07740 both address the flushing of 

the line used to deliver the feed stream to the adsorbent 

chamber as a means to increase the purity of the recovered 
extract or sorbate component. This step avoids 

contamination of the extract stream with :raffinate 

CO:trg;lonents of the feed. remaining in this line when it is 

subsequently used to withdraw the extract stream from the 
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chamber. Both ref~rences employ a desorbent rich steam to 

flush the contents of this line back into the adsorbent 

chamber. 

StJMMA.RY 

The invention is an improvement tc si..Tt\Ulated moving 

bed adsorptive separation processes and includes the step 

of flushing the transfer line through which the raffinate 

stream was just withdrawn from the adsorbent chamber, 

whereby the capacity of the process is increased. 

A broad embodiment of the invention is a process 

for the continuous simulated. moving bed adsorptive 

separation of a desired first compound from a feed mixture 
: . . . . ·. . 

comprising at least the first compound and a second 

compound, which process. co~rises passing a feed stream 

comprising said feed mixture through a first conduit into 

an adsorbent chamber which contains a number of beds of an 

adsorbent which selectiv.ely retains said first compound, 

with the adsorbent b~ds being separated by transfer points 
. . 

for the process streams used in ~he process; withdrawing a 

raff inate stream c~mprising the second compound from the 
. . ' 

adsorbent at a second point through a second conduit, 
. . 

passing a desorbent . ~tream ~.nto the.· adsorbent chamber at a 

third point through a third . conduit, and removing an 

extract stream comprising the desorbent and the first 

compound from the adsorbent chamber at a fourth point 

through a fourth conduit; periodically incrementing the 

location of the first, · second, third and fourth points 

along the length of the adsorbent chamber and thereby 

changing the conduits used to carry the feed, desorbent, 

extract and raffinate streams to simulate countercurrent 

movement of the beds of adsorbent and the feed stream; 
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further characterized by =lushing at least a port~on of the 
residual contents of the conduit used to remove the 

raffinate stream f.rom. the adsorbent chamber by causing a 

stream of liquid to flow ~hrough the second conduit. 

Preferably the contents are retur~ed into the bed of 

adsorbent at a transfer point immediately upstream of the .. 
new second point at which the raffinate stream is being 

withdrawn from the adsorbent chamber. 

DETAILED DESCRIPTION AND PREFERRED .. EMBODIMENTS 

In numerous processes des~ribed in the patent 

literature zeolitic.adsorbents are used to separate various 

hydrocarbons and other chemical compounds such as 

chlorinated aromatics. The chemical compound separations ... 
which have been the specifi_c focus of these processes 

include linear versus nonlinear aliphatic hydrocarbons and 

linear versus nonlinear olefinic hydroc;:arbons. Another 

example of hydroca~bon separation by c~ass is the recovery 

of either paraffins or aromatics from a feed mixture 
comprising both aromatics and. paraff::.ns. The subject 

process can be ezqplcyed in these SeParations or in the 

separation of other coinPounds including chiral compounds 

for use in pharmaceuticals and fine chemicals, oxygenates 

such as alcohols and ethers, c~rbohydrates such as sugars, 

and dimethyl naphthalenes. Efficiency is a more important 
factor in the commercial success of small units producing 

separated chiral compounds and other fine chemicals than 

for large scale units such as those producing para-xylene. 
The foll.owing description of the subject invention will 
however be presented basically in terms of the separation 

of various isomers of dialkyl substituted monocyclic 
aromatics from the other .isomers, which is normally 
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performed in large scale units. 
During the adsorption step of the process a feed 

mixture containing a mixture of. isomers, such as xylene 

isomers, is contacted with the adsorbent at adsorption 

conditions and t.he: desired isomer is selectively adsorbed 

and retained by the adsorbent while the other components of 

the feed mixture are :relatively unabsorbed. The feed 

mixture may contain comp;;unds other than isomers of the 

desired compound. For instance, a mixed xylen.e feed stream 

may contain ethylbenzene a.Tld/or c, aromatics. When the 

adsorbent contains a near equilibrium loading of the more 

selectively adsorbed isomer, it is referred to as a •rich" 

adsorbent. The unabsorbed raffinate components of the feed 

mixture are then re~ved from th~ inter~tit~al void spaces 

between' the particles of adsor~ent ~d from the surface of 

the adsorbent. The adsorbed ~somer is then recovered from 

the rich adsorbent by contacting the ~i.ch adsorbent with a 

stream comprising a desorb~nt. ma~erial at desorption 
conditions. The desorbent displaces the desired isomer to 

form an extract ·streaxt'., which is transferred to a 
' . 

fractionation zone :or recovery of the desired isomer from 
. . : .. :. . .·. . . . . 

the mixture containing the desired isomer and desorbent. 
. . ·.. . . . 

Processes for the ~dsorp~ive separation of para-

xylene from . other xylene isomers by simulated 

countercurrent adsorption are bclth wid.ely described and 

widely practiced. 'I'hese. processes typically include at 
' . 

least three or four separate steps which are performed 

sequentially in separate zones within a mass of adsorbent . . . . 
retained in one or more vertical cylindrical adsorption .. . . 

chambers. Each of these zones normally is formed from a 
plurality of beds of adsorbent,· sometimes referred to as 

subbeds, with the number of ~eds per zone ranging from 2 or 

3 up to 8-10. The most widely practiced commercial process 
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units typically contain about ·24 beds. All of the beds are 

contained in one or more· ve~tical vessels referred to 

herein col lee ti vely as the adso·r!>ent ::hamber. The beds are 

structurally separated from <?ne another by a horizontal 

liquid collectionid.istributicm grid. Each grid is 

connectad to a transfer line defining a transfer point at 

which process streams enter ·and. ledve the vertical 

adsorption chambers .. 

In the first step, normally· being labeled as 

occurring in the adsorption z~ne or Zone I of the chamber, 

the feed stream is contacted with a selective adsorbent 

which adsorbs the desired isomel:_'. This removes the desired 

isomer from the flowing liqu.:i,d. Thi~ depleted liquid and 

any desorbent whlch.,'.bec:omes a~ixed wi~~ it during passage 

through the adsorption zone is. · r.emov:ed from the process as 

a process stream referred to a_s the ra;f~nate stream. 
. . . 

The adsorbent in Zone I is surrounded by liquid 

which contains the undesired· isomer_(s), that is with 
. . . . 

raff inate. This liquid is removed £r_o~l the adsorbent in 

zone II, referred to as a. _purification zone. In the 

purification zone the i.mdesfred raff inate components are 

flushed from the.. void volume. of the. ·adsorbent bed by a 

material which is easily _separated from the desired 

component by fractional distillation. 
In Zone III of.the adsorbent chamber(s) the desired 

isomer is released from the adsorbent by exposing and 
flushing the ads~rb_ent with a __ liquid called desorbent. The 

released desired isomer and accompanying desorbent are 

removed from the adsorbent in the form of a stream ref erred 
to herein as the extract stream. Zone IV is a portion of 
the adsorbent located between Zones I. and III which is used 

to segregate zones I. and III. =!=n Zone IV desorbent is 

partially removed from the adsorbent by a flowing mixture 
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of desorb~t and undesired components cf th·e feed stream. 

The liquid flow through Zone IV prevents contamination of 

Zone III by Zone I liquid by flow cocurrent to the 

simulated motion of the adsorbent from Zone III toward Zone 
I. A more t.horc1.igZ.., e:ic:plu:iation of simulated moving bed 

processes is given i...i. the Adsorptive Separation section of 

the Kirk-Otmner E:r;;;:vc.,j;onegi_a of .~hemiJ:al 1'ecbnology at page 

563. 

This simulation is performed using established 

commercial technology wherein . the adsorbent is held in 

place in one or more cylindrical adsorbe.~t chambers and the 

positions at which the streams involved in the process 

enter and leave ~he.' chambers are. slow~y shifted along the 

length of the beds.. The si~9-ular. nc;>Un chamber is used 
·: .; ·. 

herein to ref er tq . one or more chanU::>ers. Normally there 

are at least four streams (feed, desorbent, extract and 
. . . . '• 

ratfinate) employe~ _in tI:iis procedure ~d the location at 
; . . . . . 

which the feed and de~orbent streams .e~ter the chamber and 

the extract and raf-:inate strea.TtlS l:.ave the chamber are . . . · .. ; . : . ·. . . 

simultaneous sh.if tee in the sa..--ne direction at set 

intervals. Each shift in loc:a_tion. of th~se transfer points 

delivers or removes ·1iquid from a different bed within the . . . .·· .. · ... 
chamber. This shifting could be __ performed using a 

.. 
dedicated 

chamber ( s} • 

line for each stream for each bed in the 

However,. 

of the process and 

different streams at 

this will greatly increase the cost 

therefore the lines are used for 

different times. Each line carries 

each of the four process st:::-eams at some point in the 

cycle. 

It is readily apparent that when a transfer line 
. . 

which is being used to transport a, particular stream is 

left idle at the end of a st_ep it will remain full of the 

compounds forming that stream until . these compounds are 
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removed from the line ·by ~ · sec~::md ~l_owing stream. The 

residual compounds left in th~ _now unused transfer line 

will therefore be eit~er withdrawn_ from che ~rocess as the 

initial part of a process strea.i"-n. remc~1e"d from the process 

or forced into the a.dsorbent chamber when the transfer line 

carries a stream rsmoved from or passed, into the adsorbent 

chamber. 
It is an objective ~f the subject invention to 

provide an improved process for the simulated moving bed 

adsorptive separa_t:Lox:i of chemical compounds, for example. 

aromatic hydrocarbons. It .. ~s another objective of the 
. . 

subject inventio~: t~ provide a_ process_ which.increases the 

capacity of a simulated. mov~ng bed . a~so~tive separation 

process to recover a_ selectively adsorbed ~o~ound. It is 

a specific objective to inc~ease the capacity of a 

simulated moving bed·. unit to ~ecover · ~ara-xylene from a 

·feed stre~ comprising a.mixture of ~~ene isomers. 

It has been found that these objectives can be 

achieved by flushing the contents of· the transfer line 

which has just been used to remove the raffinate stream 

from the adsorben~ chamber ·using a stream of the feed 

material. The use of the·: sub;:iect invention can provide a 3 
.. 

to 6 volume percent_increase in the ~apac::ity of an existing 

unit to produce a desired adsorbed isomer. The amount of 

increase will depend on such · factors as the amount of 

capacity which is l?st when the raffinate components of the 

process are preferably forced back into the adsorbent 

chamber, which will vary depending en the compounds which 

are being separated using this :process. 

It must be recognized that ~he ~ubject invention is 
. . . 

directed to flushing a transfer line which carries liquid 

to and from the adsorbent chamber. It is therefore not 

related to technology which involves flushing the beds of 
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adsorbent material.· 

At least tyre points dist~nguish the subject process 

from the prior art >·thich teac:i.1 flushing· of the line which 

has just carried the fee~ $trearn into.the process. First, 

the subject _process· is =oncer.1~d. wi ':h th.a flushing of a 

different line in the proca~s. Ir.stead of flushing the 

line which has just been used 1:0 add tl:.~ f:eed stream to the 

adsorbent chamber. the subject ~rocess flushes a different 

line, the one just used to r~Ir.OVe the raffinate stream. 

Second, the invention flushes this line using a different 

media. Furthermore both the· purpose · and effect of the 

flushing steps are different. It is known that it is 

undesirable to .leave the residue of the feed stream in the 

line which is s~sequ~tly used t~. withdraw the product 

stream as the raf;inate ·coropc::inents o_~, -~e feed stream will 

contaminate the p_rod~_ct. In. contrast , _the subject process 
, '. .. . . . ·. . 

removes raffinate from the __ pr9ce~~ .. line prior to the 

transfer line being used to pass the.;eed stream into the 
. .. . ., . . . . 

process to avoid_ pass_ing th.e desorhent_. ~resent in the 
. . 

raffinate stream back into the-·ad;sorbent.:._chamber. 

The passage of desorbent. intc•:._the· adsorbent chamber 
. .. . . . . . . 

through the feed line is undesirable as the desorbent 

competes with the 

the adsorbent. 

-~e~ired i~omer f~r .adsorptive sites on 

The two compounds COil'\Pete for the 

adsorptive capacity_. A simplified summary of this is that 
. . 

the adsorption capacity of the adsorbent in adsorption zone 

(Zone I) is the sum ~f .the desired iso~er and the desorbent 
. . . 

compound which i_s ac;lsorbed on the adsorbent. Decreasing 

the amount of deso:rbent charged to the adsorption zone 

therefore increases the amount of adsorbent capacity 

available for para-xylene or any other desired compound. 

The terms "upstream•• and "downstream" are used 

herein in their normal sense and are i~terpreted based upon 
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:.he oV'erall direc'i;:ion· ·in wl?.ic:h liqu:~a~ ·i~ .- flowing in the 

adsorbent chamber. That is, if l·;iqu:.d i.s ge~erally flowing. 

downward through a .. verti.c:al adsorbent chamber I then 

upstream .is equivalent to an upward 9r higher location in 

the chamber. This is primarily important in describing the 

transfer line which is flushed in the subject invention. 

It is the line wh,Lch w·as used to remove the raffinate 

stream before the·~ last. ·inc:rem.~nting of the transfer points 

during the simuiation of countercurrent moving bed 

operation. Therefore it is tne. transfer line just upstream 
of the line presently. us.ed as ~he raffir~te line. 

The precise amount of Il'.a.teriai ·which. is used to 

flush the raffinate line is not important, but measurement . . . . . . . . . 

of this quantity is :cequired.. I~ is b~lie:ved there is only 

minimal back-mixing· of . liqu~ds in the transfer lines and 

that therefore the amount of flush liquid need not greatly 
. . 

exceed the total volume of t;he. transfer line(s) .which is to 

be flushed. The transfer "line" may be in several parts 

linked together ~. _valv~s or some other connecting device. 

A broad range of ·.the. required quantity of the flush liquid 
. . . 

is from 0. 4 to 2. 5 times ·this total. volume. A preferred 

quantity of the · f~ed stream : ~sed to .flush the raffinate 
.. 

line and any associated valving is from a . 5 to 1. 5 times 
. . ... 

this total volmne. While larger amounts of flush may at· 

first appearance seem.beneficial as th~y.woulQ. increase the 

degree of raffinate removal, it mu.st· be recognized that 

this flush material is.preferably passed into the adsorbent 

chamber. Passing significant quantities of the feed stream 

into the chamber near the raffinate withdrawal point will 

change the concentration profiles in the adsorbent chamber. 

This m~y increase the quantity of the desired product that 

is contained in ths raff inate stream. 

The inve..'ltion will normally be employed in an · 
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adsorptive sapar3tion process which simulates 

ccuntercurrent :nov_e.."t'.ent of the adsorbent . . and surrounding 

liquid but it may also be practiced in a cocurrent 

continuous process, !.ike that disclosed in US-A-4, 402, 832 

and US~A-4,478,721. The t".lll~tions . and. ~roperties of 

adsorbents and desorbe~es in r.he chromat~~raphic separation 

·of liquid components are well-known, and =eference may be 

made to US•A-4, 642, 397 for additional description of these 

adsorption fundamentals. 

The practice of the subject i_nvention requires no 

significant changes in operating c:ondi tions, adsorbent or 

desorbent composition o.r mechanical changes in the 

adsorbent chambers. No new _input streams are needed and 

the output streams are also· essentially. unchanged except 
. . . 

for the resulting improvement ~'1.d some minor change in 
... • . . .... 

co~osition. The only significant requi~ed .change to the 
. . 

process equipment is that n~eded. to deliver .a controlled . : . '· . 

quantity of the fe~d .. stream to the l"~ne to be flushed. 

These changes are preferably r~ada in and_, near the equipment 
. . . . ·.. . 

used to control the flow ._:>f the process streams to and from 

the adsorbent chamber essentially in the same manner as in 

the previously ref erred to Stine et al . reference. That 

is, the subject process may be implemented on an existing 

unit by a modification in the equipment which directs fluid 
. . . 

flow. The amount of t..,"'ie flush material is preferably 

controlled by a singl~_valve o~ a single line through which 

the flush material flows before enter~ng the line and valve 

system to be flushed. 

The practic:·e of the subject_. invention is not 

believed related to or limited to .the use of any particular 

adsorbent or adsorbent/desorl:ent ccml:ination. The only 

limitation is the effective~ess of th·e adsorbent/desorbent 

combination in the desired separation. Examples of 
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adsorbents which may · be used in the · process of this 

invention include nonzeolitic molecular sieves 

ca.rbcn-based mol.ecular sie•1es, silicalite 

including 

and the 

crystalline aluminosi~~cates mol~~ular sieves classified as 

X and Y zeoli tes. The adsorbent may or may not be a 

zeolite. The scr.p~ive properties: of o~e nonzeolitic 

molecular sieve, .~P.o~s·, are described in a paper printed 

in the Journal of Catalysis 111, 23-40 (1988) . Details on 

the composition and synthesis of many . of. t,hese microporous 

molecular sieves are provided i~ US-A-4,793,984; 

Information on adsorbents may· also be:' pb.tained from US-A-

4, 385, 994; US-A-4,605,492; .US~A-4,3t0;440; and, US-A-

4,440,871. Differing sieve/dE;!SOrbent.cqmbinations are used . . . . 

for different s~p~_rations ... For ~nstaiice, x zeolites, 

specifically X zeolite_s excha~~ed with barium or barium and 

potassium ions at their exchangeable sites, · are the 

pref erred adsorbents for p~xyiene recovery from xylene 

mixtures. 
. ! 

Zeoli tes :t.ave: known· s-age structures in: which the 
. . . .. ·. . . . . 

alumina and silica tetrahedr~ ar~ ·intim,ately connected in 
. . . 

an open three-dimensional network to form cage-like 

structure.s with w~ndow-like · :.~or~s. The tetrahedra are 
.. ,; 

cross-linked by the sharing of oxygen atoms with spaces . . . .· ..... 
between the tetrahedra occupied by water molecules prior to· .. . : . . . 

partial or total dehydra~ion of t~is zeolite. The 
dehydration of the :zeolite results . in· crystals interlaced 

with cells having molecular dimensions. Thus, the 

c:cystalline aluminosilicates: · are often referred to as 

molecular sieves when the separation which they effect is 

dependent essentially upon differences between the sizes of 

the feed molecules: ·a:s, for instance, when smaller normal 

paraffin molecules are separated from larger isoparaffin 

molecules. In the preferred embodiments of this invention, 
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however, this basis for. t:h.e term molec-.ilar sieves is not 

strictly accurate.since cha sepa~ation cf specific aromatic 

isomers is apparentl¥ :~lso highly depel~~en~ on differences 

in electrochemical attraction between ~~e different isomers 

and the adsorbent rath~= t.:.ii.an. purely on physical size 

differences in the isomer molecules. 

In a hydrated form, the t:y-pe X alurninosilicate 

zeolitas are represented by the formula below in terms of 

moles of oxides: 

where "M" is a cation having.a valence-of.not more than 3 

which balances thE! . e.lec:troval~nce . of the tetrahedra and is 

generally referre~ to·as an excha.i.igeabl~ c~tionic site, 0 n" 

represents the valence 9£. .the cation, : and "Y", which 

. represents the moles. ·of water'· .. is a value up to . 9 depending 

upon the identity of."M" and the degree.a~ hydration of the 

crystal. The cation "M" may b.e mcnovalent, divalent or 

trlvalent cations or ·mixtures thereof. FOX' instance, for 

the separation of xylenes·"M" may be barium or a mixture of 

barium and potass~u:r •. 

Zeolites ~a.re used in· .ac:Isorpt:i,on separations in the 

form of particle agglomerates ·baving high physical strength 

and attrition resistance. The a~g~omerates used in 

separative processes contain the crystalline material 

dispersed in an amorpho~s, in~rganic ~trix or binder, 

having channels and cavities therei~. ,·.i11hich enable liquid 

access to the crystalline material. Me~hods for forming 

the crystalline powders into· such agglomerates include the 

addition of an inorganic binder, generally a clay 

comprising a sili~on dioxide and aluminum oxide, to the 

high purity_zeolite powder in wet mixture. The binder aids 
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.. · 
in forming or agglomera~ing th~ crystalline particles which 

.· 

otherwise would comprise a fine powder. The blended clay-

zeolite mixture. is ~xtruded . _in~o cyliI1.drical. pellets or 

formed into . beads . ·~.hich are s~i?~_eque~tly calcined in order 

to convert the clay ·to. ar.. amorphous binder of considerable 

mechanical strength. The ~ds~rbe.~t particles may thus be 
. . . 

in the form of extrudates, ··_tablets, roac:rospheres or 

granules having a desired particle range, preferably from 
. .. '· 

1. 9 mm to 250 micro_ns · (.16 to 60 .. Standard U ~ s ~ Mes.h) . Clays 

of the kaolin type, water permeable organic polymers or 

silica are generally used as.binders. 

The perfo~nce o.f an adsorbent is greatly 

influenced by a nurriber of factors not related to its 

composition such a~ <?P_erating conditions, feed stream 

composition, water ' content · of the adsorbent and the 
. ;. ·. =.. . . .• 

desorbent composition~ · · The ·optimUil": adsorbent composition 

is therefore dep:~~ent upo~-.. a n~~r of interrelated . . •. 

variables. On~ such variabl~~is the wat~r content of the 

adsorbent which is expressed herei~' in terms of the 
.. . . ... 

recognized Loss on _Ignition (LO:L} test. In the LOI test 

the volatile matte£ content ~Qi __ the ;eolitic adsorbent is 
• ' • I 

determined by th~ ·weigh~ q~~f ~rence obtained before and 

after drying a sa?C'!Ple of the adsorbent at SOOoC under an 

inert gas purge ._such as nitrogen for. a period of time 

sufficient to achieve a constant weight. For p-xylene 

recovery it is preferred that the .water content of the 

adsorbent re:sul ts .. in an LO~ at 500oC of less than 7. 0% and 

preferably withi~-t~e. range cf from 0 to 6.~ wt%. 

The zeolite will ordinarily Qe in the form of small 

crystals present in the·part~cles in amounts ranging from 

about 75 to about 98 wt. t of the· particle based on 

volatile-free composition. Vola~ile-free compositions are 
generally determined after the adsorpect ~as been calcined 
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at 900a C in order to drive. off all .. ...,-clatile matter. . . . :· The 

remainder of. the adsorbent. w_il:1 generally be the inorganic 

matrix present in intimate mix~ure wich the small particles 

Of the zeolite material. This matr:i.x material may be an 

adjunct of the manu:facturing ~rc_cess for the zeolite (for 

example, from the intentionally i;icomplete purification of 

the zeolite during its .~i:anufacture) or it may be added to 

relatively pur~ zeolite, bu~ in either case its usual 

purpose is as a binder to aid in f orrning or agglomerating 
. . . 

the zeolite into che hard part~~les. 

In the practice of the present invention, a feed . . 

mi~ture comprising two or ~ore isomers is passed through 

one or more beds of an adsorbent wh.i,.ch ·.selectively adsorbs . ,· . . . . . . . 

the desired xylene whiie _ p~rmi.tt.ing othe~ i~-omers and other 
. . . . 

components of the feed stream t~ pass through the 
..... 

adsorption zone in an unchanged condition. The flow of the . . . .. . ... 

feed is stopped and .t~e adsorp_tion zone is then flushed to 

remove nonadsorbed materials' surrounding . the adsorbent. 

Thereafter the desired isome~ is desorbed from the .. .. 
adsorbent by pas:i;i,:i.1g a. dte"sor.bent stream through the 

.. 

adsorbent bed. The. des_orhent: materi.al is co.aU"Ronly also 
... . 

used to flush nonadsorbed. ma;~rials from the void spaces 

around and within the adsorbent. 

Benzene, toluene, and p;...diethylbenzene are 
. . . . . 

normally described as suitable desorbents for para-xylene 
. . . 

recovery in the references, with p-diethylbenzene (p-DEB} 

having become a commercial s~andard for the separation. P­

DEB is a "heavy" desorbent (higher boiling t~n p-xylene) 

which allows for easier recovery of the·desorbent from the 

extract and raffinate streams·· by fractional distillation. 

Various terms used herein are defined as follows. 

A "feed mixture" is a mixture containing one or more 

extract cornpor.ent~ and one or more raff inate components to 
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be separated by the process·. The "feed stream" 

indicates a stream cf a feed . mixtur~, '. which is passed into 

contact with t:he adsorbent used in the process. An 

"extract component" is a compoU:~d or .class of compounds 

that is more selectively adsorbed by _tte adsorbent while a 
"raffinate component" is a co!l~pounC. _or_ type of compound 

that is less selectively ad;;or:bed. The term "desorbent 

material" shall mean gene:rally a material capable of 

desorbing an extrac~ compone}1..t from the adsorbent. The 

ter.m "raffinate stream" or "r.?lffinate output stream" mea..""l.s 

a stream in which a raf finate component is remaved from the 

adsorbent bed after · th.a adsorption of extract compounds. 

The composition of .. ~he raf~inate stre~ c~n vary from 

essentially 100% d~sorbent ·~_teria~ -~o essentially 100% 

raf finate comPonents. The , term "extract stream" or 

"extract output stream 11 ~eans 'a s.tream. in which an extract 
:· . 

material, which has been desorbed by a desorbent material, 
. · ... ·.. . .· . ' . . . 

is removed from the.adsorbent_ }?ed. T~~ ~omposition of the 
extract stream can._ 'vary from essent.i-~1,l)' 100% desorbent 

material to essentially 100% ~x~rac~ components. 

At least portions of t.he extract stream and the 

raff inate stream a.re passed to· separation means, typically 
. .. . . 

fractional distillation colUinns, where at least a portion 

of desorbent material is recovered to produce an extract 

product and a .·raffinate product. The terms 11 extract 

product" and '':raffinate product" mean. products produced by 
. . . 

the process containing, resp~ctively, an_extract component 

and a raffinat.e component in higher concentrations than 

those found in the extract stream and the raf finate stream. 
. . . 

The term "rich" is intended to indicate a concentration of 

the indicated compound or class of compounds greater than 

SO mole percent. 

The sele~tivity, (B) , as used throughout this 
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specification is defined as the ratio cf the two components 

in the adsorbed phase divided by the ratio of the same two 

components in . the unabsorb~~ phase at equilibrium 

conditions. Relative selectivity is giv·en by the equation: 

Selectivity = wt, pe_:i;-~ent C .'wt, perc;ent D ,. 
wt . pe:-"."e.n t C .'•t1i: • percent D u 

where c and D are two components of the feed represented in 
. . . 

weight percent and the s~.script.:: ;... and iJ represent the 

adsorbed and unabsorbed phases, re$:pectively. The 

equilibrium conditions are detenriined when the feed passing 

over a bed of adsorbent does· not c..'h..ange composition, in 
.·· .. .· ·' . . 

other words, when there is no net transfer of material. 

occurring between the unabsorbed and adsorbed phases. 

Relative selectivity.can be l!Xpressed not only for one feed 
. . 

compound as compared to· ·another but · can also be 

between any feed mixture component and the 

material. 

expressed 

desorbent 

Where .sel·ect'i\7ity ·c.E··· twc· ··components approaches 

1. 0, there is no pref erentia,!. adsorption of one component 
. . . . . . . . 

by the adsorbent with respect to the other; they are both 
adsorbed to ahou t the same . d.egree ~i th . respect to each 

. . 
other. As S becornes less than or gr.~a ter ·than 1. 0 , there 
is a preferential ·adsorption by the adsorbent for one 

component with respect to the other. When comparing the 
selectivity of the adsorbent for component C over component 

D, a g larger than 1.0 indicates prefe~ential adsorption of 
component C within the adsorben~. A ~ less than 1.0 would 

indicate that component D is preferentially adsorbed 
leaving an uncabscrbed phase richer in component c and an 

adsorbed phase r~cher in componenc D. 

An important characteristic of an adsorbent is the 
. . 

rate of exchange of the desorbent for the extract component 

.. .., 
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of the feed mixture :::natez:ials or, .iz-•.... ~th~r words, the 
• ;• • • I •" ' • • "•. .• • "• .: I 

relative rate of desorption of th~ extract ~cmponent. This 

characteristic relates directly.to the.~~t of desorbent 
material that must be employed:. ::in the .proc~·ss to recover 

the extract component from the adaoroent. Paster rates of 

exchange reduce the amount of d~sorbent material needed to 

remove the extract · compone~t. and therefore, permit a 

reduction in the operating co~t of the process. With 

faster rates of exchang~, less d~sorbeµt material has to be 

pumped through the.process ai~d sepa~ated from the extract 

stream for reuse :!.ri :the process.. Exchange rates are often 

temperature dependerit. Idealiy, descrbent materials should 

have a selectivity .equa1·~0 about 1 or slightly less than 1 
with respect to aii·.· ~tract . c.bniponents. s~ that all of the 

extract componen~'~· .. c:~n b~ ·."ci~·sorbed as . a class with 

reasonable .flow ra~es of desorbent rna:terial, and so that 
. . . . . . .. · . 

extract components can lat~r displace ·desorbent material in 
. . . 

a subsequent adsorption step. · . 

In adsorp~i ve·. separation processes, which are 
. . 

generally operated continuously· at substantially constant 

pressures and temperatures to insure liquid phase, the 
. : . 

desorbent materia.l. ~ust be j'\.l~Cious.ly selected to 

many criteria. .. . First, the desorbent. material 
· ... 

satisfy 

should 

displace an extract component from the adsorbent with 
.. ... . .. ' . 

reasonable mass flo~ rates without itself being so strongly 

adsorbed as to . unduly prevent an extract component from . 

displacing the desorbent material in a following adsorption 

c:yc:le. Expressed· in terms· of the··. ~electivity, it is 
preferred that the adsorbent.be more selective for all of 

the extract components with· respect to a raffinate 

component than it is for the desorbent material with· 

respect to a raffinate component. Secondly, desorbent 

roaterials must be co:mpatible with the particular adsorbent 
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and the particular feed ~ixture. More specifically, they 

must not· reduce o:;- dest:::-oy ~"i.e capacir:y ~£ the adsorbent, or 

selectivity of ~h~ a~sorbent !o~ an extract component with 
·. . .· . 

respect to a rafzin4t:.e component.. Ad.4i~ionally, desorbent 

materials should not chemically reac~ with or cause a 

chemical reaction of either an extract component or a 

raffinate component. Beth t.he extr?..ct stream and the 

raf finate stream are typically re..~oved :fro~ the adsorbent 

void volume in admixture wi tP, 4eso:?:b~nt .material and any 

chemical reaction in'!ol"lring . a desorbent material and an 

extract component or a raffinate c:ov.tPonent or both would 

COtr!Plicate or prevent product recovery. The desorbent 

should also be .~asily sep~~ated from the extract and 

raffinate compon~r.ts. . as .. 1?Y · fra~tionation. Finally, 
. . . . . . . . . 

desorbent materials should be readily av~ilable and 
:-·· . .. 

reasonable in cost. 

Feed mixture~·: ~hicb can ~e utili·~,~d in the process of 

this invention are typically. prepared by fractional 

distillation. They . may compi~sP. para-Xylene ·and at least 

one other c, 
hydrocarbons. 

. . ·. 

aromatic isomer~ a..l'ld. inay also contain other 
Th~s, ·die feed mi.~t~r;.~ ~~. th~ process of 

this invention c~n co~t~in si~able qu~ntities of C1 , c,, and 
. . ·. 

c, aromatics and ma~ also contain quant~ties of straight or 
branched chain paraffins, ~ycloparaffins, or olefinic 

. . . . 
material having boiling points relatively close to the 

desired xylene isomer. The desired xylene may be the para, 

meta or ortho isome:i:··. ~e f~ed can ·alternatively contain a 

mixture of isomers · of other aromatic or . paraffinic 

hydrocarbons. S<:>me: s_pecific .example~ are cresol isomers, 
cymene isomers and dimethyl naphthalene isomers. The 

. . 
subject process may also· be employed ".'.o separate classes of 

compounds such as olefins from paraffins or straight chain 

paraffins from nonstraight chai~; e.g., iso and 

/ 
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4 "'' .-:.. • 

. • .· . 
cycloparaffins·. . .. ·. . :; : .. ·<· 

Mixtures ~ont~ini4g_ subs~antial quantities of 

para-xylene, other c, arorna~ic _,i.s_omers, and other 
.· 

hydrocarbons and c, .arorpatics 

catalytic naphtha refcrrning 

gen.er.ally are produced by 

and/aromatic hydrocarbon 

isomeri~ation processes. These frcces~es are well known in 

the refining and petrochend.c:a.l ar-::s. In a catalytic 

naphtha reformi;ig p:c_ocess a ~aphtha ~o~ling r_ange feed is . ;. 

contacted with a.· platinum and· halogen=-containing catalyst 

at severities select~d to produce _an. e~fluent containing c, 
. aromatic isomers.. . Generall¥, the . refo:pnate is . then 

fractionated to concentrate tlle· C8 a::ol!"a~~c; isomers into a 

c, fraction which wi],..1 also c.~ntain. ~c;>~oiling nonaromatics 

and some c., and C9 ar·Oma.tics. . Fe_ed mi=:c;':J.res for the process 

of this invention nia.y also b~· "obtain~d· . from isomerization 

and trans·alkylation l?roces.ses. F~r . instance, the 

transalkylation ?:f mixtures · of C7 and/or c, ·aromatics 

produces xylene i~o~ers.. . Xy~en_e mixtures recovered from 

the adsorption ~one which are · deficient in one or more 

isomers can be isom_e::-ized, a·c. isc;>merization conditions, to 

produce an effl~eri~-c~nt~i~~ng c1 ~o~tic isomers, which 
. :· ... :· . . . . . 

can then be recyc:l_ed to_ the ad_~orbtion zone for separation. 

Adsorption condi tioris in _ · · ·general include a 

temperature range of ·from 20 ".to 250°C, w;ith from 60 to 200°c 
! . - ~ : . . • : ;-:.·· • 

being more pre~erred for pa~~~xylene separation. 

Adsorption conditio~'.s also include a.pr~ssure sufficient to 

maintain liquid phase, which may be _from 101. 3 kPa to 4. 24 

mPa (atmospheric to 600 psig) . ~esorption conditions 

generally include the same range of temperatures and 

pressure as used for adsorption conditions. Different 

conditions may be preferred for other extract compounds. 

One preferred embodiment of the subject p~ocess may 

be characterized as a process for the continuous simulated 
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moving bed adsorp;;i .. re sepap;=:.tion of a desired first 
... 

compound from a f e~d mixtu=e ~vmprising at least the first 

compound and a second cornpO'l~J.°: which process comprises 

passing a feed stream .comprising sai¢i feed mixture through 

a first t::ansfer lina int:.o ar. adsorb;r.;t chamber {s) which 

contains at least. tan sep_araO:::e.d bed$ of a particulate 

zeolitic adsorbent which ~e:i.~ctively retains said first 

cornpound, withdrawing a raffinate st=aam comprising the 

second compound from the ad!Sorbent chamber at a second 

point through a second transfer line. passing a desorbent 

stream into the adsorbent charober ·at a third point through 

a third transfer ; . 
~J.ne, and removing an extract stream 

comprising the d~_sor.bent anc( the first compour..d from the ........ 
adsorbent chambe~ . ~at a f'om:~h. point through a fourth 

transfer line; p~;cfodically .incremen~ing the location of 
' .. . ... . . 

the first, second, ·third and . fourth points and thereby 
. . . . . . 

changing the identity of the· ·t1:'ansfer · lines used to carry 
' • • ~ I 

the feed, desorber..~.. extract and raffinate streams and 

maintaining a fluid . flow through the· charr.ber to simulate 

countercurrent movement: of the beds of adsorbent and the 

feed stream through the use .of a. ro~ary valve; and, 
. . . 

flushing at least a portion of the residual contents of. the 
'. . • := 

transfer line which. has just been used to remove the 

raf finate stream . frOi."tl the adsorbent chamber: These 

contents are pre~~rc:1bly pushed_. back into the adsorbent 

chamber by passing a. stream o·£ .liquid through this transfer 
. ': 

line and into the adsorbent chai"liber. 

In order to verify the improve~ent expected from 

the invention, a comparison was p~:z=-f armed using a 

computerized model which has been ·shown 
predict and correlate with the ··actual 

to accurately 

operation of 

commercial scale simula~ed moving bed adsorptive separation 

units used to recover para-xylene from_ a mixture of xylene 
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isomers. The simu!ated unit had twer.ty-four beds of 

adsorbent divided between. two columns and a 

port rotary valve to direct· the f lcw of 

twenty-four 

the process 
s treazns . The feed to ::.he . ~olurr.n was set to contain the 

compounds set. out. .'...n ·rable 1.. The model produced the 

different required ·.~dsox-bent t:c feed :ratios needed for the 
• .. 

unit to produce an ~:<tract hav:~ ng the required para-xylene 
... 

purity. These. rati~s we~e. 0 .. _7.05 wit:hout the line flush 

and 0.674 with the line flush. Viese ratios translate 
~· .. 

into an approxil1\fltely 4 volume 

capacity of a unit o.f' fixed size. 

Table l 
. . • J •. 

_pe;cent_ 

-Feed Conmosition in wt.·% 

Nonaromatics 

Benz~e 
., . ·. · ... 

Toll,1.ene 

Eth,y~~~nzene 
.. •.: .. 
r....:xylene 

.. :: . 

, ~_-xylen.e 

a-xylene 

c:::, . .,. 

22 

0.68 

0.00 

0.39 

8.10 

23.67 

50.49 

16.67 

0.00 
··= .. 

'0. 00 

increase in 
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CLAIMS; 

1. In a process for the separation of a desired 

compound from a f~et:l mixture co;:ttpris.:.ng two or more 

chemical compounds by simulated cou:r1 t el:'C".lrren t adsorptive 

separation wherein a.feed straOir. and a desorbent stream are 

passed into at least one multi~bed adsorbent chamber at two 

different points via different transfer lines and a 
· raffinate stream and an ~t.ract stream are individually 

removed from the ad.:;.crbent cha"llher at two different points 

by two additional transfer lines, fu=ther characterized in 

that a quantity of. the feed st.ream is used to flush the 

contents of the transfer line which has just been used to 

remove· the raff inate stream. 

2. The process of Claim 1 wherein the volume of 

.the feed stream used to flush the raff inate transfer line 

is equal to 0 • 5 to 2 . 5 times the tota..l volume of the 
.. . . . . 

raffinate transfer l~ne .~d associated valving. 
3 . A p:rocess for·. th~a .conti:q.uous simulated moving 

.. 
bed adsorptive sepa~ati~n of a desired first compound from 

. . 

a feed mixture comp~is~~g at least t~e first compound and a 

second compound, which process comprises: 
: . . : .. 

a. ) p~s;::iT;l.9' a feed . ~tream c;~:rnprising said feed 
. . . ~ ~ . . 

mixture through a first transfer line into an adsorbent 

chamber which contains a nu."'Tlber. of beds of an adsorbent 

which selectively retains said first. compound, with the 

beds being separated by transfer points for streams used in 

the process; 

b.) withdrawing a raffinate stream comprising the 

second compound from the adsorbent chamber at a second 

point through a second transfer line, passing a desorbent 

stream into the adsorbent chamber at a third point through 
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a third transfer line, and removing an extract stream 

comprising the des~:r:::·be~t· and the first ·compound from the 

adsorbent chamber .. ·a.t: .. a fou.ri:.h point: thro:ugh a fourc.h 

transfer line; 

c.) periodically incrementing. the location of the 

first, second, third and fourth points .and. ti.'1.ereby changing 

the transfer lines ~sed to ·.carry the feed, desorbent, 

extract and raffin~t:.e streams . to simulate .countercurrent 

movement of the beds of adsorbent and the feed stream; the 

process being furthe~ characte~ized h'J: flushing at least a 

portion of the residual contents .of the:. transfer line just 

used to remove the·. raffinate stream from the adsorbent 

chamber by causing a stream of liquid to flow through the 

said transfer line. :". 
.•. 

4. The process .of.· Claims . l, 2 or 

the ·:. It\ateri~l flushed 

3 f u:rther 

from the characterized 

transfer line 

in' that 

~hi~h had "j~st previqusly carried the 
... ·. . . . . 

raffinate stream is passed i~to .a bed. of .adsorbent at a 
..... 

transfer point immediately upstrea.ro o.:f the point at which 
. ·. . ..... . . 

the raffinate streai:n is being withdrawn· from the adsorbent . . . .. . . .: 

chamber. 
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