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ADSORBENT FOR AROVATI C | SOVERS AND PRODUCTI ON OF AROVAYICEAS T 7 N
BACKGROUND OF THE I NVENTION 1. Field of the Invention: aghedpggs t! i -~ 5
invention relates to a process for producing aromatic isoners by adsorptlon
separation and to an adsorbent used thejefor. 2. Description of the Rel z@ﬁ
Arts: As processes for separation of aromatic isonmers, particularly ﬁp 43
hal ogenat ed aronatic isoners, rectification, cryogenic separation, and
adsor pt i ADS@RBEMT | BOARaAROMATWG SGAMERS ANIEpPROBUCTHORNIGFORFOIMAEERC t O
aprocessforadsorption separation. Separation by rectification suffers the
di sadvantBs@MBRSrequiring a rectifying colum with a | arge nunber of plates
because hal ogenated aromatic isoners differ fromone another only slightly
in boiling point. Cryogenic separation suffers the di sadvantage of
requiring val uabl e equi prent and hi gh energy costs for cooling. I n order
to eli m rBAeKtREOSRD dDB atNBNIRYERNTIONOCesses for adsorption separation have
been studi ed and devel oped. Japanese Patent Publication No. 5155/1962
di scl osesy | hati gy asgls arheninwepased by i ntroduction of alkali metal ions
or alkaline earth netal ions into zeolite X can be used for separation of

hal ogenat ed aro | 6 r ; | :
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aromatic isomers by adsorption separation and to an adsorbent

used therefor.
2. Description of the Related Arts:

As processes for separation of aromatic isomers,
particularly halogenated aromatic ispmers, rectification,
cryogdenic separation, and adsorption separation are known so
far. The present invention relates to a process for adsorption
separation.

Separation by rectification suffers the disadvantage
of requiring a rectifying column with a large number of plates
because halogenated aromatic isomers differ from one another
only slightly in boiling point. Cryogenic separation suffers
the disadvantage of requiring valuable equipment and high
energy costs for cooling. In order to eliminate these
disadvantages, processes for adsorption separation have been
‘studied and developed. Japanese Patent Publication No.
5155/1962 discloses that an adsorbent prepared by introduction
of alkali metal ions or alkaline earth metal ions into zeolite

X can be used for separation of halogenated aromatic isomers.



for separation of specific isoners froma m xture of dichlorobenzene

i sonmers by neans of an adsorbent prepared by introduction of Cs or Rb ions
into zeolite Y. Japanese Patent Laid-Cpgn Nos. 31627/1982, 35528/1982, and
191933/ 1982 di scl ose a process for adsofption separation of chlorotol uene
i soners by means of K ion-exchanged zeolite Y as an adsorbent. Japanese

i-d- . d / i di scl A
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Y to be used as an_adsorbent. for se%gratlon of _m ¢hl or ot ol u.eq}el% Thes
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adsor bent & Ser FEPEETACR | & of PEFEAALI 1P EBHEPs %ﬁ?mtﬁﬁifmﬁﬁ 5t eis
not satisfgctary. SUMVARY OF THE LNVENTION Lt is an object of the present
vent i on ST RARRA S ARSPHERT THoPBBReRt: 38 ALTa b bP AP ard R
aromatic i,soners froma mxture_of aromatic isgoners, particularly a m xture
of ol ogerAtdPAHGHRN OF CHrfdk RO LPRF LI EROL 18] Lt | APIPRSEEARANT
i nvention _to provide a process for production of hal ogenated aronatic
i soners byaHdsERAT orN%%'par%itq?oWquzn t o AP 8dis ordeht 19493 18{A her
obj ect of the present invention to provide an adsorbent for separation of a
net a- i somLIGRHE R PP GRES f ORiH B PR geRATAALPE ¢E GHEorotialyeneanot her

obj ect of 3 the present invention to provide a process for production of
a met a- i sGEQMeES dysvepne ot fepanackehanoerd zeebikesoasean adsorbent.

Japanese Patent Laid-Open Nos. 131923/1983 and 176223/1984
respectively disclose Ag ion- and K ion-exchanged zeolite Y
and Na ion- and Cu ion-exchanged zeolite Y to be used as an
adsorbent for separation of m-chlorotoluene.

These adsorbents permit separation of aromatic isomers

but their performance is not satisfactory.

SUMMARY OF THE INVENTION

It is an object of .the present invention to provide an
adsorbent for selective separation of desired aromatic isomers
from a mixture of aromatic isomers, particularly a mixture of
hologenated aromatic isomers. It is another object of the
present invention to provide a process for production of
halogenated aromatic isomers by adsorption separation with the
above adsorbent.

It is another object of the present invention to provide
an adsorbent for separation of a meta-isomer from a mixture

of dihalogenated aromatic isomers. It is another object of



-The first aspect of the present invention resides in an adsorbent which
conprises a zeolite containing Cs and/or Rb, the zeolite being _
characterized in that the ratio of [the nunber of noles of Cs and/or Rin
the zeolite] to [the nunber of noles of 3A in the zeolite] is 0.1 or nore.
The second aspect of the present invention resides in a process for
production of hal ogenated aromatic isoners which conprises separation of at
| east one SPRFERST ARt ion keaPiPYidrea BreseTmtiar Prodctign loft he ai d
of an adsorbent which is a zeolite containing Cs and/or Rb, the zeolite
bei ng charAdierd z%%om%rt%taqwma%% PR MUNIdh 6P idohdsosbens .and/ or
Rin the zeolite] to [the nunber of noles of Al in the zeolite] is 0.1 or
more. BRI EF DESCRIETIIGN U apme IIRAN NGS Birgsenti dnyestHeomatries idiesgriam
showi ng the procedure for adsorption separation by a sinmulated noving bed,
whi ch is ot a¢eodberhtvwhitcorainprises ke zuadsidiet dombarimiiony dsi @nd?drs a
di agram showi ng the change with tinme of the anmount of effluent of each
conponent R, Blwmngleellideobeihg ghasaoterhzedtironhafi ghe3rati@ off d@ham
showi ng the change with tinme of the anmount of effluent of each conponent in
Conpar at i veuitxenpd® molebs 6f €5gand/ o5 R idi apeaseshové Nt RAIHPhidber
separation of dichlorobenzene isoners in Exanple 12 and Conparative Exanpl e
of moles of Al in the zeolite] is 0.1 or more.

The second aspect of the present invention resides in
a process for production of halogenated aromatic isomers which
comprises separation of at least one species of isomer from
amixture of aromatic isomers with the aid of an adsorbent which
is a zeolite containing Cs and/or Rb, the zeolite being
characterized in that the ratio of [the number of moles of Cs
and/or R in the zeolite] to [the number of moles of Al in the

zeolite] is 0.1 or more.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram showing the procedure for
adsorption separation b.y a simulated moving bed, which is one
erﬁbodiment according to the present invention.

Fig. 2 is a diagram showing the change with time of the
amount of effluent of each component in Example 10 of the
present invention.

Fig. 3 is a diagram showing the change with time of the

amount of effluent of each component in Comparative Example



9. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The adsorbent used in the
present invention is a zeolite containing Cs and/or Rb, the zeolite being
characterized in that the ratio of [the nunber of noles of Cs and/or Rin
the zeolite] to [the nunber of noles of 4Al in the zeolite] is 0.1 or nore.
Zeolites wusually refer to porous crystalline alumnosilicates.
Zeolites used in the present invention may include crystalline
netal | osi I8 cate in which alunminumis substituted by iron or gallium Any
netallosilicate is acceptable; but those capable of ion exchange are
desirabl e and trifid-erk 6 adidifiganam wioaing ladsamps imne stasinattlan ol it es
used in the present invention are not specifically restricted; however,

t hose havidichloorkenrzere idicamstinl Bxgreple HahaadrCogpafatiPve ¥gatp lad ons
and having a nultidimensional pore structure are desirable. Exanples of
such zeoli%®es include [err]-type zeolite and faujasite-type zeolite, with
the latter being preferable. Alum nosilicate is represented by the
following formula: 0 .9 0. 2 Merr]/nO: Al[err]O[err] : XSi(err]

yH err]O0 5 where, M denotes a cation and n denotes its valence. In the
case of fRESCRIPTIONIGFUBHBI PREFRRREB EMBOPIMENTSOM 2 to 6. Faujasite is
classified as zeolite Xif xis 2 to 3 and as zeolite Yif x is 3 to 6.

Zeolite Y may becmieadkbidshablisedeal ti€ present invention is a zeolite
containing Cs and/or Rb, the zeolite being characterized in
that the ratio of [the number of moles of Cs and/or R in the
zeolite] to [the number of moles of Al in the zeolite] is 0.1
or more.

Zeolites usually refer to porous crystalline
aluminosilicates. Zeolites used in the present invention may
include crystalline metallosilicate in which aluminum is
substituted by iron or gallium. Any metallosilicate is
acceptable; but those capable of ion exchange are desirable
and trivalent or divalent metal silicates are desirable.
Zeolites used in the present invention are not specifically
restricted; however, those having a pore inlet diameter larger
than a ring of 12 oxygen atoms and having a multidimensional
pore structure are desirable. Examples of such zeolites
include B-type zeolite and faujasite-type zeolite, with the
latter being preferable. Aluminosilicate is represented by

the following formula:

0.9x0.2 Mz/no : A1203 H XSiOz H YHzO



(USY) upon deal um nization to have the value of x of 6 or nore. Any of
these zeolites may be used in the present invention. However, zeolite X and
zeolite Y are preferable. Zeolite X and zeolite Y may differ in performance
for adsorption separation depending on tshe kind of hal ogenated aromatic
isoners to be separated. For exanple, in the case of separation of

m chl orot ol uene froma m xture of chlorotol uene isoners, zeolite Y would be
desi r abl e Wheng. dhidenstt@su@neaitioa avf- addenptesel tompokrmte ( oy &hfei nat e)
and zeolite X would be desirable if mchlorotoluene is an adsorptive
conponent qase &t fastjasilteci dedisabbyaliiyeinakthe pénge vaff i fasomepardiong on
the degree of hydration. The cation Min zeolite of faujasite-type usually
i ncl udes gdijasitiis clwsoif ey abezacl e ¥di Hy ang tot handoae zky liide
exchange. Cation exchange may be acconplished usually by bringing zeolite

i nto cont actifivist hisar8 aguedus ZeollittieoN afya beemel nd teastabliengedia téesi r ed
cation. Exanples of such a conpound include chlorides, nitrates, sulfates,

car bonat es,usay ulpyar exalleninThatasAWY hefve eReeXEd10€ ¥ ¥ 6SodaRgRdi ng on
the kind of cation; it nmay be established as desired according to the

amount of xafien tHeddzaUERRES w8 Wd UbeNdin tHe PR sRWIehvRN Hikh .
exchange treatnents. |on exchange should be foll owed by thorough rinsing

for removatowdvdhosgedDite (BUSHA ASe§DHLENYI 9PS, pEBESFLBEel ONS, and nitrate
ions) which have been exchanged and di ssolved in the aqueous sol ution.

Zeolite X and zeolite Y may differ in performance for
adsorption sepafation depending on the kind of halogenated
aromatic isomers to be separated. For example, in the case
of separation of m-chlorotoluene from a mixture of
chlorotoluene isomers, zeolite Y would be desirable if m-
chlorotoluene is a non-adsorptive component (or raffinate) and
zeolite X would be desirable if m-chlorotoluene is an
adsorptive component (or extract). Incidentally, the value
of y varies depending on the degree of hydration.

The cation M in zeolit_e of faujasite-type usually
includes sodium. This cation may be replaced by any other one
by ion exchange. Cation exchange may be accomplished usually
by bringing zeolite into contact with an aqueous solution of
‘a compound containing the desired catilon. Examples of such
a compound include chlorides, nitrates, sulfates, carbonates,
and hydroxides. The amount of ion exchange varies depending
on the kind of cation; it may be established as desired

according to the amount of cation in the aqueous solution and



The adsorbent used in the present invention should contain Cs and/or Rb as
essential cations. These cations may not be at ion exchange sites so |ong
as they are contained in zeolite. However, they should preferably be at ion
exchange sites. The content of Cs and/og Rb shoul d be such that [the nunber
of nmoles of Cs and/or Rin the zeolite] to [the nunber of noles of Al in
the zeolite] is 0.1 or nore, preferably 0.3 or nore, particularly 0.5 ore

nore. Sucithe spebed ofcdoherkchangyec axsartndits ef foai erthaagar ghan qof
hal ogenat ed aromatic i soners. The upper limt of ion exchange is usually

equal to beefoLlbeeddy thbesugh Mind ng&ld témol a1 @eho¥Biths i(kuch about
1.0. However, in the case of the adsorbent used in the present invention,

the upper alsi Bodi@in i1@hsgXchanga neoulohshe adao i tdatebeoausewhechahkhves
and/ or Rb ions exchange with ions in zeolite X or Y because of their |arge

i oni ¢ radbéen Biemafeland @GS 1 MY Hgudsterddnediéf. any manner,

such as atom c absorption spectronetry, fluorescent X-ray analysis, and

ener gy di spersi oppX- 12 ARRIMS I $se i £ 1S ﬁ%(ﬁnf@§9i5XiQ?JdTareuio

of elenments. To be concrete, elenents contained in zeolite are traced and

det er m ne@o%ﬂrh@scgﬂafgf # oS e%?%é}giaa?ﬁ.h%igﬁy. nafr?%%lsd%}tnigﬁos? of

nol ded 7/ zeolite containing a e content 0 . . may be
Covont "oy Aok oR 850268 SRS AR 81 sBUUENRLR e il
and/ or szie'?)l”.lﬁ:tea.l S}I%%ﬁ:%krlég‘i,nghey should preferably be at ion exchange
sites. The content of Cs and/or Rb should be such that [the
number of moles of Cs and/or R in the zeolite] to [the number
of moles of Al in the zeolite] is 0.1 or more, preferably 0.3
or mére, particularly 0.5 ore more. Such a specific content
is necessary for efficient separation of halogenated aromatic
isomers. The upper limit of ion exchange is usually equal to
the number of moles of Al in zeolite. In other words, it is
about 1.0. However, in the case of the adsorbent used in the
present invention, the upper limit of ion exchange would be
about 0.7 because not all Cs and/or Rb ions exchange with ions
in zeolite X or Y because of their large ionic radius.
The content of Cs and/or Rb may be determined in any
manner, such as atomic absorption spectrometry, fluorescent
X-ray analysis, and energy dispersion X-ray analysis, which
is capable of specifying the ratio of elements. To be concrete,
elements contained in zeolite are traced and determined and

the content of Cs and/or Rb is estimated. In the case of molded



Si and Al (if the ampunt of the binder is unclear). The kind of the netals
that can coexist with Cs and Ro without adverse effect varies dependi ng on
t he hal ogenated aronmatic isoners to be separated. For exanple, the presence
of Kand/or Ag is desirable if mchlorotoluene is to be separated as
raffinate froma mxture of chlorotoluene isonmers, or the presence of Pb
and/or K (in addition to Cs and Rb) is desirable if m dichlorobenzene is
to be sepaealétieasonsbfinmageafpbnier m hereonteni ot @ laeydzere RbSAERT S.
Adsorbents are usually used in the formof granules obtained by

coagul ati hg catohilated byGsabtiratitang why cbetaacoms asbednwit Ant keeai d of
a binder such as alum na and clay. Ganul ati on may be acconplished by

m xi ng zeblihtert g€t heve winidunt WiMddle wXidewi g khewR) XbHr €+t RAGUER an
extruder, and shaping the extrudate into spheres by using a Maruneri zer.

The partigbplaiced by taeacbyteatger tBaan@/brmb Rarhbehes sgBhlLainghan 0.1
mmlead to an increase in pressure |loss. The upper Iimt of the parficle

size is usuahhy B1MTAf Thge adsOibeds UsRd vihddY S PREARLANYERL RRghoul d
preferably have a smaller particle size for efficient diffusion because it

contains bargReGRAtLNS tSHeh % €9e: 4 tFRRithNes p@ﬂ(ﬁilfﬂ %i%&,]%%tsga%%g
bly sma .5

preferably 8 be smaller than 1 nm nore prefera I'er "t han

Prior to dgeechnoaddagr RERLASIAY an%hgeﬁﬁggg¥ﬁxl&@el Y a %mg.g.gct gsgggﬁg -
remove wat er alnost conpletely from zeolite. e adsorbent "accordi to the
present iguepLi 98bdhSats8d For example, the presence of K and/or Ag is
desirable if m-chlorotoluene is to be separated as raffinate
from a mixture of chlorotoluene isomers, or the presence of
Pb and/or K (in addition to Cs and Rb) is desirable if m-
dichlorobenzene is to be separated as raffinate from a mixture
of dichlorobenzene isomers.

Adsorbents are usually used in the form of granules
obtained by coagulating zeolite. Granulation may be
accomplished with the aid of a binder such as alumina and clay.
Granulation may be accomplished by mixing zeolite together with
a binder, extruding the mixture through an extruder, and
shaping the extrudate into spheres by using a Marumerizer. The
particle size is usually larger than 0.1 mm. Particles smaller
than 0.1 mm lead to an increase in pressure los$s. The upper
limit of the particle size is usually 5 mm. The adsorbent used
in this present invention should preferably have a smaller
particle size for efficient diffusion because it contains large

cations such as Cs and Rb. The particle size should preferably



for adsorption separation of a specific isomer froma m xture of

hal ogenated aronmatic isoners, and this adsorption separation may be either
chromat ogr aphi ¢ separation or separation by sinmulated noving bed. The
latter is preferable when only one specigfic isonmer is to be separated. The
conti nuous adsorption separation by a simulated noving bed basically
consists of the cyclic steps of adsorption, concentration, desorption, and
recovery &f &ESFrlahtthadl ch mt e mogs aradenad lon snallexdsdran i mm t hi s
step, the feed stock containing a m xture of 2-substituted or 3-substituted
aromati c i soner sPirdopr §egksei.ntbecadsacbentt Ahohédadsonbahedofistaklyr esent

I nvention. Selective adsorption takes place according to the adsorptive
strength @ft 288t 60PdBen refoyesva baylalmadtocdeplebapy feoim zeoletover ed as
t he extract conponent together with the desorbent as mentioned later. (2)
Concentration: Theadsakbentadsopirddngonpoheniredentf iintBrtibndughsednt o
contact with the adsorbent, so that it is purified and recovered as the

raf f i nat e ficagetiserpiiion tbpagdasoohent .a 6Bcifibesosmét From &heiveaksy
adsor bed conponent, which has 9 been highly purified, is recovered as

the raffird e haldgdiets@nNeatoti®sid heisémerg) Y aggor brds Cognenspt ibs
expelled fromthe adsorbent by a desorbent and recovered as the extract

conponent defgatdefom iyt hBedeSDEMEA .chromatographic separation or
separation by simulated moving bed. The latter is preferable
when only one specific isomer is to be separated.

The continuous adsorption separation by a simulated
moving bed basically consists of the cyclic steps of adsorption,
concentration, desorption, and recovery of desorbent which are
explained below.

(1) Adsorption: In this step, the feed stock containing a
mixture of 2-substituted or 3-substituted aromatic isomers is
brought into contact with the adsorbent of the present
invention. Selective adsorption takes place according to the
adsorptive strength of each component. The strongly adsorbed
component is recovered as the extract component together with
the desorbent as mentioned later.

(2) Concehtration: The weakly adsorbed component is
further brought into contact with the adsorbent, so that it
is purified and recovered as the raffinate together with the

desorbent.

(3) Desorption: The weakly adsorbed component, which has



(4) Recovery of adsorbent: The adsorbent, which has adsorbed
substantially only the desorbent, is brought into contact with part of the
raffinate flow, so that part of the desorbent contained in the adsorbent is
recovered as the recovery flow of the dgsorbent. Fig. 1 schematically shows
the procedure for adsorption separation by a sinulated noving bed. There
are shown adsorbing chanbers 1 to 12 filled with adsorbent, which are
serially beemcbtighiliyopurifieafiatisnreddrecredras dilso ralfdimatedesatbent feed
line 13, an extract discharge line 14, an isoner mxture feed line 15, a

raf fi nat esdimechdmge theestfonglgeadsbebedr ecapenynlti e é¥peanddaryamve 18.
The isonmers for adsorption separation according to the present invention

are thosethk aidqweibentc apoandssopbeher abldy dedgana e afl@Babkerserpounds
represented by the followng formula. X (where X denotes a (Jerr] alkyl

group or aohplod@sit, tvYethedCRA®Ss the Hoohdmagen.) Exanples of the
hal ogenat ed aronmati ¢ conpounds i ncl ude chl orot ol uene, di chl or obenzene,

chi or oet hylshenzepgcoBk9r ¥ Opnkbeneais, ChHhar 0£4UEASenaNd @-@ipt fppyene.

The adsorbent of the present invention fully produces 1ts e Fect enit is

used for g@RYTHLPLEY st AANY UGNE, itk diEhl PEORENZERELESATRE Sinto
contact with part of the raffinate flow, so that part of the
desorbent contained in the adsorbent is recovered as the
recovery flow of the desorbent.

Fig. 1 schematically shows the procedure for adsorption
separation.by a simulated moving bed. There are shown
adsorbing chambers 1 to 12 filled with adsorbent, which are
serially connected for circulation. There are also shown a
desorbent feed line 13, an extract discharge line 14, an isomer
mixture feed line 15, araffinate discharge line 16, a desorbent
recovery line 17, and a valve 18.

The isomers for adsorption separation according to the

present invention are those of aromatic compounds, preferably

halogenated aromatic compounds represented by the following

formula.

(where X denotes a C;.¢ alkyl group or a halogen, and Y denotes



The desorbent enployed for the above-nentioned procedure of adsorption
separation is not specifically restricted; it includes, for exanple,

al kyl -substituted aromati c hydrocarbons, hal ogenated aronati c hydrocarbons,
and hal ogenat ed al kyl -substituted aromati c hydrocarbons. Exanpl es of

the al kyl-substituted aromati ¢ hydr8car bons include toluene,

et hyl benzene, xyl ene, propyl benzene, but yl benzene,

trimet hyl #enaesgend) et hyl benzene, and tetranet hyl benzene. Exanples of the
hal ogenat ed aromati ¢ hydrocar bons i ncl ude chl or obenzene,

di chl or obenzene,Examplefdd theahh DéeheizeNromedi 8smpbuhhe @b pggsat ed

al kyl -substituted aromati ¢ hydrocarbons include chl orotol uene,

di chl or ot ghuepeto2adnell or oxyi RLorIhesLeAESOr ber&ﬁlé@aeégyw%zfﬁéne or in
combi nation with one another. An adequate desorbent shoul d be selected

accor di ngch PotBErepPshansenkd R KERM M, 'éngi% 'ttotihh%%e h%gge”at ed

aromatic conpounds are to be separated into m form (as the raffina

conponent dasf2beR¥AGP! Ehd oAU OLANERY Ird 8TR1S BEBalB.RC BePapaleg 1nto

m chl or ot o or obenzene | sonmers a € Separated’into m

di chl or obgpz ne?ng%Qdeﬁggée gg§or$§§5E%§ gnhg&ggggﬁ%éggggiggﬁéLcaggnpound,

preferably alky Sti ed aroma ﬁ%oun . SUC e,

g?;tiguL2&£¥th}é¥£SQSne iSLEGQESUbStitUted hal ogenat ed aronati ¢ conpounds

The desorbent employed for the above-mentioned
procedure of adsorption separation is not specifically
restricted; it includes, for example, alkyl-substituted
aromatic hydrocarbons, halogenated aromatic hydrocarbons, and

halogenated alkyl-substituted aromatic hydrocarbons.

Examples of the alkyl-substituted aromatic
hydrocarbons include toluene, ethylbenzene, xylene,
propylbenzene, butylbenzene, trimethylbenzene,

diethylbenzene, and tetramethylbenzene.

Examples of the halogenated aromatic hydrocarbons
include chlorobenzene, dichlorobenzene, and
trichlorobenzene.

Examples of the halogenated alkyl-substituted aromatic
hydrocarbons includé chlorotoluene, dichlorotoluene, and
chloroxylene.

These desorbents may be used alone or in combination
with one another. An adequate desorbent should be selected

according to the substance to be separated. If disubstituted



separated into mform (as the extract conponent), an adequate desorbent is
xyl ene, particularly p-xylene. The conditions for adsorption separation are
not specifically restricted. The tenperature is usually in the range of
fromroomtenperature to 350[err]C, prefgrably from50 to 250[err] C.  The
pressure is usually in the range of from at nospheric pressure to 20 Mra,
preferably from atnospheric pressure to 3 MPa. The procedure for adsorption
separ at i ofradexgeTdi e taramet ¢ esempoundentairen tpapebsepacareld shdw im- gas
phase; however, it should preferably be carried out in liquid phase so as

t o reduce fipmgetas dilceraf fenatacompuneait ¥ eEdstegrinpdre HE Sdrllvantt dlyudesepi ng
the operating tenperature |ow. The term "procedure for adsorption

separ at i oisarensedren tdie ber eseparabedntimoto nemach loab tolluenesepar aif on”

but it also production of specific substances by adsorption separation.

12 EXAMPLES cHIoroheaniémsn Widdmbesdeacei bed wbeh sebarered t ardtwe fmel | owi ng
exanpl es. I n exanpl es, t he adsorbi ng characteristics of the
adsor bent @lchIaynaseshdy hhe atlsidte odesohdehitvity a defidwrcth prdde

equations below. Fraction by weight of p Fraction by weight of m A [err]
p/ m = Fr acirdduatbic Weiogipoudfd P preferably alkyl-substituted aromatic
compound, such as xylene, particularly m-xylene. If
disubstituted halogenated aromatic compounds are to be
separated into m-form (as the extract component), an adequate
desorbent is xylene, particularly p-xylene.
The conditions for adsorption separation are not
specifically restricted. The temperaturé is usually in the
range of from room temperature to 350°C, preferably from 50
to 250°C. The pressure is usually in the rangé of from
atmospheric pressure to 20 MPa, preferably from atmospheric
pressure to 3 MPa. The brocedure for adsorption separation
according to the present invention may be accomplished in gas
phase; however, it should preferably be carried out in liquid
phase so aé to reduce undesirable side reactions of feedstock
or desorbent by keeping the operating temperature low.
The term “procedure for adsorption separation” as used

in the present invention means not only "separation” but it

also production of specific substances by adsorption

separation.



Fraction by weight of mU Fraction by weight of o Fraction by weight of m
Aferr]Jo/m= Fraction by weight of o Fraction by weight of mU (where o, m
and p each represents the o-isomer, misonmer, and p-isomer of disubstituted
aromatic isoners; and A denotes the adspsption phase and U denotes the
liquid phase in equilibriumw th the adsorption phase.) These equati ons
suggest that as the value of a becones larger than 1, misoner becones |ess
prone to &¥adPIESON t han o-isonmer and p-isonmer, and that as the value of a
becones smaller than 1, misoner becones nore prone to adsorption than
o-isomer and p-i $heeinvEationi sOIErbé Adecsipad aliath aefdie g fionahe
conponent 13 (unadsorbed conponent), it is necessary that the val ues of

bot h [errEoa/iowdnd [ eredanasshoul d ba gresh@pibBan linpref guabyihg? or
nore fromthe standpoint of separation efficiency. For m isonmer to be

separ at ed cha e epildtiicds COIPORABL 4QESPHBRE CORDONBHDesddd | HyICERESArY
that the values of both [err] o/mand [err] p/m shoul’d be snmall"er than 1,

Pl nunber Sfoorpadaaf SISO AR o) PRI RGN 1

zeolite]" indicates the content of Cs and/or

Fraction by weight of p )

Fraction by weight of m A

J

[ Fraction by weight of p ]

o p/m

Fraction by weight of mJj U

([ Fraction by weight of o |

L Fraction by weight of m

o

a o/m

([ Fraction by weight of o

. Fraction by weight of m | U

(where o, m, and p each represents the o-isomer, m-isomer, and
p-isomer of disubstituted aromatic isomers; and A denotes the

adsorption phase and U denotes the liquid phase in equilibrium

with the adsorption phase.)
These equations suggest that as the value of o becomes
larger than 1, m-isomer becomes less prone to adsorption than

o-isomer and p-isomer, and that as the value of o becomes
smaller than 1, m-isomer becomes more prone to adsorption than

Oo-isomer and p-isomer.

For m-isomer to be separated as the raffinate component



Rb which are determ ned by energy dispersion X-ray analysis. Preparation of
adsorbents Adsorbent 1 Sodiumtype zeolite X (Na-X for short hereinafter).
100 pbw of "Zeol unt-9" powder (from Tosoh Corporation) is mxed with 25 pbw
(in terns of alum na) of alum na sol as g bi nder (#200, Al[err]O[err] = 10
wt% from N ssan Chem cal Industries, L% .). The resulting mxture is nade
into granules, 0.15 to 0.5 mmin particle size. The Na-X zeolite in

granul ar flemadsoahddedonpotdter rit Csangce heary dhaitnede a1 ef ot The
content of Cs is 0. Adsorbent 2 Sodiumtype zeolite Y (Na-Y for short

her ei naf t ef Jo/nil Ghdplowvpgin ‘shealldnbagreh tér powden ( brerelewsaly Gorpeat i on)
is mxed with 15 pbw (in terns of alum na) of alum na sol as a binder

(#200, Al fmenrd Gfmom | tire 19tahdpoinomobi separ@tewnC alf flikdesicy .eSFor mé
Ltd.). The resulting mxture is nade into granules, 0.15 to 0.5 mMmin

particle distaerTheo Noe Ysapalrated msgrinel extfasm tomgbheftal abdr@fdd C and
then calcined at 500[err] C. The content of Cs is 0. Adsorbent 3 10 g of

adsor bent abrigforldHEY Sat 18 Ae88kuUbLQN:RLCERL WA BiEbln% P diriFol ved

in 40 cc of pure water at 80C for 1" hour. The treated adsorben _
f'|ter3d‘Hfb/d'éﬁgﬂi&iﬂawﬁﬂﬂﬂﬁérE¥H§J'f?“ﬂﬁ%f&f§§ky1ﬁ%’%&nﬁ%@§(¥}é%;'S
0.4. Adsorbent 4
the standpoint of separation efficiency.
" [number of moles of Cs and/or Rb in zeolite]/[number

of moles of Al in zeolite]” indicates the content of Cs and/or

Rb which are determined by energy dispersion X-ray analysis.

Preparation of adsorbents
Adsorbent 1

Sodium-type zeolite X (Na-X for short hereinafter).
100 pbw of "Zeolum F-9" powder (from Tosoh Corporation) is mixed
with 25 pbw (in terms of élumina) of alumina sol as a binder
(#200, Al,0; = 10 wt%, from Nissan Chemical Industries, Ltd. ).
The resulting mixture is made into granules, 0.15 to 0.5 mm
in particle size. The Na-X zeolite in granular form is dried
at 120°C and then calcined at 500°C. Thé content of Cs is 0.
Adsorbent 2

Sodium-type zeolite Y (Na-Y for short hereinafter).
100 pbw of "Zeolum Na-5.1 Y" powder (from Tosoh Corporation)
is mixed with 15 pbw (in terms of alumina) of alumina sol as

a binder (#200, Al,0; = 10 wt%, from Nissan Chemical Industries,



.10 g of adsorbent 1 is imrersed in a solution of rubidiumnitrate (3.00 g)
di ssolved in 40 cc of pure water at 80[err]C for 1 hour. The treated
adsorbent is filtered off, rinsed thoroughly, and finally dried. The
content of Rb is 0.2. Adsorbent 5 10 g pf adsorbent 2 is imrersed in a
solution of potassiumnitrate (4.0 g) dissolved in 40 cc of pure water at
80 Cfor 1 hour. The treated adsorbent is filtered off. This procedure is
repeat ed ktdghi .t iTes fesultoirgd mindiume fiseslaldy pnépagednpdeassd ubsnidrat e
solution. The treated adsorbent is filtered off and rinsed thoroughly. The
adsorbent0i s furihepartielsediza.a Tod Na-0n Déorsé U Nytd@i Baf 7£@4mg)
dissolved in 40 cc of pure water at 80[err] C for 1 hour. This procedure is
repeat ed 1@ @eiédnat ot 20°)c usidghieneshllyipeapatesloses] umhai Epatensobyt i on.
The treated adsorbent is filtered off, rinsed thoroughly, and 15 finally
dried. Thescpatent of Cs is 0.5. Adsorbent 6 10 g of adsorbent 2 is
imrersed in a solution of potassiumnitrate (4.0 g) dissolved in 40 cc of
pure wat esgabr8ehers] C for 1 hour. The treated adsorbent is filtered off.
This procedure is repeated eight times (in total) using freshly prepared

pot assi um ni trat gy $pb¥t 588ordbet T q&l eAmadsrELENt, i lyﬁligﬁggﬁ oLLsapd

rinsed thoroughly. "The adsorbent is further inmerse ut1on of

silver nihiabgtbl(7698)gflipSAloRhd 1900600 PliL VRl at 80argds for 1
hour. The treated adsor%ent 'S
1 hour. The treated adsorbent is filtered off, rinsed
thoroughly, and finally dried. The content of Cs is 0.4.
Adsorbent 4
10 g of adsorbent 1 is immersed in a solution of rubidium
nitrate (3.00 g) dissolved in 40 cc of pure water at 80°C for
1 hour, The treated adsorbent 1is filtered off, rinsed
thoroughly, and finally dried. The content of Rb is 0.2.
Adsorbent 5
10 g of adsorbent 2 is immersed in a solution of potassium
nitrate (4.0 g) dissolved in 40 cc of pure water at 80°C for
1 hour. The treated adsorbent is filtered off. This procedure
is repeated eight times (in total) using freshly prepared
potassiumnitrate solution. The treated adsorbent is filtered
* off and rinsed thoroughly. The adsorBent is further immersed
in a solution of cesium nitrate (7.21 g) dissolved in 40 cc
of pure water at 80°C for 1 hour. This procedure is repeated
twice (in total) using freshly prepared cesiumnitrate solution.

The treated adsorbent is filtered off, rinsed thoroughly, and



filtered off. This procedure is repeated twice (in total) using freshly
prepared silver nitrate solution. The treated adsorbent is filtered off
and rinsed thoroughly. The adsorbent is further imrersed in a solution
of cesiumnitrate (7.21 g) dissolved imgl0 cc of pure water at 80[err]C for
1 hour. This procedure is repeated twice (in total) using freshly prepared
cesiumnitrate solution. The treated adsorbent is filtered off, rinsed

t hor oughl £ inadd yf idndldd. dfhedconteetcoift €st ief 0CS.is 0.5. Adsorbent 7 10 g
of adsorbent 2 is imrersed in a solution of potassiumnitrate (4.0 Q)

di ssol vedAdsotbent &f pure water at 80[err]C for 1 hour. The treated
adsorbent is filtered off. This procedure is repeated eight tinmes (in

total) using fresblg/oprepimdnior dssimivrseatia £8blitadn of potassium
Thetr eat edadsorbent is filtered 16 of f and rinsed thoroughly. The

adsor bent niirfatie hiar. o geasedonvea $al wbi 68 OF Hitd Gfatiisd 1Al @k 26.9)
di ssolved in 40 cc of pure water at 80[err]C for 1 hour. The treated

adsor bent 1itsod#| t enpdtebhtedds HHRGRINE S i 1% JrRRESEET tﬂfgpg.—'gee Q! )

using freshly prepared silver nitrate solution. The treated sorbent is

filtered ol reftthiddsedghboronell (in fHGPISAEHE! rhsshupt BEk iy sed in

a solution of cesiumnitrate (2. Q) di ssol'ved I CC O ure water at

TRl FP s R A AR e {4 e 1o i
off and rinsed thoroughly. The adsorbent is further immersed
in a solution of silver nitrate (1.26 g) dissolved in 40 cc
of pure water at 80°C for 1 hour. The treated adsorbent is
filtered off. This procedure is repeated twice (in total)
using freshly prepared silver nitrate solution. The treated
adsorbent 1is filtered off and rinsed thoroughly. The
adsorbent is further immersed in a solution of cesium nitrate
(7.21 g) dissolved in 40 cc of pure water at 80°C for 1 hour.
This procedure is repeated twice (in total) using freshly
prepared cesium nitrate solution. The treated adsorbent is
filtered off, rinsed thoroughly, and finally dried. The

content of Cs is 0.5.
Adsorbent 7

10 g of adsorbent 2 is immersed in a sdlution of potassium
nitrate (4.0 g) dissolved in 40 cc of pure water at 80°C for
1 hour. The treated adsorbent is filtered off. This procedure
is repeated eight times (in total) using freshly prepared

potassiumnitrate solution. The treated adsorbent is filtered



.Adsorbent 8 The sane procedure as for adsorbent 7 is repeated except that
the anobunt of cesiumnitrate is changed to 1.44 g. The content of Cs is
0.1. Adsorbent 9 The sane procedure as for adsorbent 7 is repeated except
that the anobunt of cesiumnitrate is c ged to 0.72 g. The content of Cs
I's 0.05. Adsorbent 10 10 g of adsorbent Is imersed in a solution of
potassiumnitrate (4.0 g) dissolved in 40 cc of pure water at 80[err]C for
1 hour. afk antatiegesdsbebenphily.fiTheratsaffent Iki Suptbeedimmeersed epeat ed
eight times (in total) using freshly prepared potassiumnitrate sol ution.
The treat®d adsolbbhonigffsiteerdnbtfatad(li nsegl) tdisoubhed. idheo astsor bent
Is further inmersed 17 in a solution of silver nitrate (1.26 Q)

di ssol vedof npdPecwabérpates8dbCefont 18Apar:] THortdedind . addwrivscat £
adsorbent is filtered off. This procedure is repeated twice (in total)

usi ng fredhlyepedpafed sThyerppoteaueesdlsutriepeatbie thviea edimdsordent is
filtered off, rinsed thoroughly, and finally dried. The content of Cs is O.

Adsor bentuddndOf ge Sh1pdssherdd &i1S d MBISREd Bo2utebHl | OPhft ROIASSI UM

nitrate (4.0 g) dissolved in 40 cc of pure water at 80[err]C for 1lhour.

Thetr eat edagsepbgbt is fiillnRADT beeThhaaPr PLREMM € thoroughly. The
adsorbent is further immersed in a solution of cesium nitrate
(2.88 g) dissolved in 40 cc of pure water at 80°C for 1 hour.
The treated adsorbent is filtered off, rinsed thoroughly, and

finally dried. The content of Cs is 0.3.

Adsorbent 8
The same procedure as for adsorbent 7 is repeated except

that the amount of cesium nitrate is changed to 1.44 g. The

content of Cs is 0.1.

Adsorbent 9

The same procedure as for adsorbent 7 is repeated except
that the amount of cesium nitrate is changed to 0.72 g. The
content of Cs is 0.05.

Adsorbent 10

10 g of adsorbent 2 is immersed in a solution of potassium
nitrate (4.0 g) dissolved in 40 cc of pure water at 80°C for
1 hour. The treated adsorbent is filtered off. This procedure
is repeated eight times (in total) using freshly prepared
potassiumnitrate solution. The treated adsorbent is filtered

off and rinsed thoroughly. The adsorbent is further immersed



is repeated eight times (in total) using freshly prepared potassiumnitrate
solution. The treated adsorbent is filtered off and rinsed thoroughly. The
adsorbent is further imersed in a solution of silver nitrate (1.26 Q)

di ssolved in 40 cc of pure water at 80[esr]C for 1 hour. The treated
adsorbent is filtered off. This procedure is repeated twice (in total)
using freshly prepared silver nitrate solution. The treated adsorbent is
filtered phfaasdlatheadoft baloeghhytrat&heladsogheatsse1{eat her4ongersed in
a solution of rubidiumnitrate (5.45 g) dissolved in 40 cc of pure water at

80[ err] C éorplirbowate¥hatt Beategozdsonbert. i Bhéitieaedaohdsordbhe psocedure
is repeated twice (in total) using freshly prepared rubidiumnitrate

sol ution. fiThertaeared adnesberboceduird tiey exbpddted | fiptsk t Ot'sia!aya and
finally dried. The content of Rb is 0.4. 8 Adsorbent 12 10 g of

adsor bentugihg FPEBh39dpréparse@! 4l v of1 139 @asS HdiMtiidd at @hé‘ltpegie
dissolved in 40 cc of pure water at 80[err]C for 1 hour. The treate

adsor bent gigokbkher£srofiterélicefr LSRG Hord edngiggl I?Ha};'l_tlﬁﬁl

total) using freshly prepared potassiumnitrate sol ution. e“trea

adsor bent hed ¢f & nged thoroughly, and finally dried. The
cont ent o?h%SEPQE% %A gb?ﬁ%ﬁf ?g 10 g of adsorbent 2 is inmmersed in a

sol ution ghsBALARY YT

10 g of adsorbent 2 is immersed in a solution of potassium
nitrate (4.0 g) dissolved in 40 cc of pure water at 80°C for
1 hour. The treated adsorbent is filtered off. This procedure
is repeated eight times (in total) using freshly prepared
potassiumnitrate solution. The treated adsorbent is filtered
off and rinsed thoroughly. The adsorbent is further immersed
in a solution of silver nitrate (1.26 g) dissolved in 40 cc
of pure water at 80°C for 1 hour. The treated adsorbent is
filtered off. This procedure is repeated twice (in total)
using freshly prepared silver nitrate solution. The treated
adsorbent 4is filtered off and rinsed thoroughly. The
adsorbent is further immersed in a solution of rubidium nitrate
(5.45 g) dissolved in 40 cc of pure water at 80°C for 1 hour.
The treated adsorbent is filtered off. This procedure is
repeated twice (in total) using freshly prepared rubidium
nitrate solution. The treated adsorbent is filtered off,

rinsed thoroughly, and finally dried. The content of Rb is

0.4.



nitrate (4.0 g) dissolved in 40 cc of pure water at 80[err]C for 1 hour.
The treated adsorbent is filtered off. This procedure is repeated eight
times (in total) using freshly prepared potassi umitratesol ution.

Thetr eat edadsorbent is filtered off and rinsed thoroughly. The adsorbent is
further imersed in a solution of leadl8itrate (2.45 g) dissolved in 40 cc
of pure water at 80[err]C for 1 hour. The treated adsorbent is filtered
of f and rRdsedbensdraddghly. The adsorbent is further i mersed in a solution
of cesiumnitrate (7.21 g) dissolved in 40 cc of pure water at 80[err]C for
1 hour. The tréatedfaadsobeentisibiineeesedfin a Bulutprocefwetdsstwpeat ed
twce (in total) using freshly prepared cesiumnitrate solution. The
treated ansorhest (4sof g)t@tesobféd innsedd ldr pugel yatandati sed ¢yeshi ed.
The content of Cs is 0.5. Adsorbent 14 19 10 g of adsorbent 2 is

i mrer sed Lmoursol ChiectrodtPdhassirbenti i dieteted B Ji ThAvUEbdeddde cC Of
pure water at 80[err]C for 1 hour. The treated adsorbent is filtered off.

Thi's procgguirepen tedpaatditk et Ohds t { MBS t()italt)oﬁﬁihgysﬂﬂébﬁﬂfsﬁﬂﬁ?ﬁ&@ar ed
potassiumnitrate solution. The treated adsorbent is filtered off and

rinsed thgeedgbhivim dhera6sabhartions uhtheledta®ssssrbond is0tii{OR@f | ead
nitrate (2.45 g) dissolved in 40 cc of pure water at 80C for 1 hour. The

treated agdgerbphsid €hdtSaghof fand iea8ad 151@F 288N Yen@dofdand! by @gied.
The content of Cs is O.

is 0.
Adsorbent 13

10 g of adsorbent 2 is immersed in a solution of potassium
nitrate (4.0 g) dissolved in 40 cc of pure water at 80°C for
1 hour. Thetreatedadsorbentisfilteredoff. This procedure
is repeated eight times (in total) using freshly prepared
potassiumnitrate solution. The treated adsorbent is filtered
off and rinsed thoroughly. The adsorbent is further immersed
in a solution of lead nitrate (2.45 g) dissolved in 40 cc of
pure water at 80°C for 1 hour. The treated adsorbent is
filtered off and rinsed thoroughly. The adsorbent is further
immersed in a solution of cesium nitrate (7.21 g) dissolved
in 40 cc of pure water at 80°C for 1 hour. The treated adsorbent
is filtered off. This procedure is repeated twice (in total)
using freshly prepared cesium nitrate solution. The treated
adsorbent is filtered off, rinsed thoroughly, and finally dried.
The content of Cs is 0.5.

Adsorbent 14



~Adsorption experinents Exanples 1 and 2 and Conparative Exanple 1
Adsorbents 3 and 4 were exam ned for adsorption selectivity in the
adsorption of chlorotoluene isomers which enpl oys p-xylene as a desorbent.
The procedure is as follows. An autoclage (6 m internal volune) is filled
with 2.6 g of liquid phase m xture and 2.4 g of the adsorbent (calcined at
500[err]C). The autoclave is allowed to stand at 130[err] C for 1 hour,

wi th occasi onal 0s¥ ofr pdgorberkhel fsglnBephad dmpxgetetien ednpotedsdam

n- nonand, desorbent (p-xylene), and chlorotoluene (oomp = 39.2 : 40.2 :
20.6) in Bitzete 6f.9: 90: Gbssoyved §ht 40 ¢r mdhaverd yadddedtag80ag £arer nal
st andard substance for gas chromat ography. It is substantially

i nactive lihpuxhi Shexpeedbehadsorbeddolptiiiditered ¢bf Th'Higpirdcetiuse

m xture which has been in contact with the adsorbent is analyzed for its
conposi ti 88 heppesteshraigtitogtiiphy. (The tadsdr)ptissimgef eeshliy t prépared

chl orotol uene isoners is calculated fromequation(l). Theresults are shown
in Tabl e pothssismpperetd sbilamitahl eThetthrdattdibaddsebbanti ©fizearefe X
containing Cs or Rb can separate mchl orotol uene (as the strongly adsorbed

conponent ofif &hé eiised tthearmenant.) Themadsorséht el ®ffurinrol ahuened
i soners. Table 1 Adsorbent Desor bent [err] p/m [err] o/ m Exanple 1
Adsorbent i3 a spiuyhencor016dd nitPabd (2.45 g) dissolved in 40 cc of

bure water at 80°C for 1 hour. The treated adsorbent is

filtered off, rinsed thoroughly, and finally dried. The

content of Cs is 0.

Adsorption experiments
Examples 1 and 2 and Comparative Example 1

Adsorbents 3 and 4 were examined for adsorption
selectivity in the adsorption of chlorotoluene isomers which
employs p-xylene as a desorbent. The procedure is as follows.
An autoclave (6 ml internal volume) is filled with 2.6 g of
ligquid phase mixture and 2.4 g of the adsorbent (calcined at
500°C). The autoclave is allowed to stand at 130°C for 1 hour,
with occasional stirring. The liquid phase mixture is
composed of n-nonan€e, desorbent (p-xylene), and chlorotoluene
(o:m:p =39.2 : 40.2 : 20.6) in a ratio of 5:50:50 (by weight).
n-nonane is added as an internal standard substance for gas

chromatography. It is substantially inactive in this

experiment for adsorption.



.Exanpl e 2 Adsor bent 4 p- xyl ene 0.63 0.71 Conparative Exanple
1 Adsorbent 1 p-xylene 0.65 0.99 Exanples 3 to 7 and Conparative
Exanpl es 2 and 3 The same procedure as in Exanples 1 and 2 was repeated
except that the absorbent was repl aced %y adsorbents 5 to 11 which were

cal cined at 500[err]C and the desor ben?%was repl aced by m xyl ene. The
results are shown in Table 2. It is apparent from Table 2 that the

adsor bent of zeollheel¥qubdiphasegqi®twre Rhichrmase twedt énnechtacdtwiltdrene (as
the weakly adsorbed conmponent or the raffinate conponent) froma m xture of
chl or ot ol udree iasizoetbent t iiss ahadyzededfbbatitde cslmsoitdonsabgectdadty of
[err] o/mis lowif the content of Cs is 0.05 or |ess. 21 Table 2

Adsor bent chrdiestsdeayihy . ['Iefdi]id@bﬁ"ptlon[s%rlre]ctq/\mt@(ﬂﬂﬁkﬁxl%rotoluene
Adsor bent 5 m xyl ene 1.80 1.47 Exanmple 4 Adsor bent 6

m xyl ene isdméds is call &6l &xedBromequation (lﬁ\dsoﬁ’ﬁé'ﬁes{llts Hi:éyglﬁﬂﬁu
1.98 1.48 Exanple 6 Adsor bent 8 m xyl ene 1.45

Conpar at i vith Bxasmd €1 2 TAJSY hgifar®nt fPoV A e 3 q_%alt g3 %E%éﬁﬁ ve
Exanpl e 3 Adsorbent 10 m xylene 2.14 1. 30 Exanpl e

Adsorbent gld 5eoTH Rnéontagngﬂg Cs or RB mﬁ%exﬁmﬁtﬁﬁ{%é The

sane procedure as in Exanples 17and 2 was repe

absor bent was th%DEEESHg?.¥ Q&é&f@&&t&&&@é}& or the extract component)

from a mixture of chlorotoluene isomers.

Table 1

Adsorbent Desorbent ap/m ao/m
Example 1 Adsorbent 3 p-xylene 0.67 0.67
Example 2 ' Adsorbent 4 p-xylene 0.63 0.71
Comparative Example 1 | Adsorbent 1 p-xylene 0.65 0.99

Examples 3 to 7 and Comparative Examples 2 and 3

The same procedure as in Examples 1 and 2 was repeated
except that the absorbent was replaced by adsorbents 5 to 11
which were calcined at 500°C and the desorbent was replaced
by m-xylene. The results are shown in Table 2. It is apparent
from Table 2 that the adsorbent of zeolite Y contai.ning Cs or
Rb can separate m-chlorotoluene (as the weakly adsorbed
component or the raffinate component) from a mixture of

chlorotoluene isomers. It is also noted that the adsorption

selectivity of a o/m is low if the content of Cs is 0.05 or

less.



.12 which were calcined at 500[err] C and the desorbent was replaced by

m xyl ene or 3, 4-di chl orot ol uene.

Desor bent
m xyl ene

3, 4-di chl or ot ol uene

Adsor bent
Adsor bent 10

m xyl ene 2. 17
and 2 was Tradpdeat2d

[err] p/m

2.14

The results are shown in Table 3. Table 3
[err] o/ M Conparative Exanple 3
1. 30 Conparative Exanple 4 Adsorbent 10

1.31 1.44 Conpar &thi ve Exanple 5 Adsorbent 12
1.18 Exanples 8 to 9 The sane procedure as in Exanples 1
except that the absorbent was repl aced by adsorbent 6

whi ch was—eat-et+nred—at—500herr—Gand—thedesorbent—w \ged—The results
are showp_in Tahle 4 1t i|"dsAWSPlent firASCPEM e 4 |thelf xyl ene/M s desirabl e
as the dedsebprtd and m Xyl |ekdsoibsnyfar t i jooixgetey desi|rasd e as| t.he desprbent to
separ at e | Exa@ple@r ot ol uene laggsbi@nterl T 1 NAKQesLMPONEN g5 2P, dgbl e §

Adsor bent i, roert FerT i —m T of rExganpte+#

Adsor bent %‘aHS[E%} xy-ene 'ﬁd.%gv nt/ 1 6‘@1 y ple-8 18T 48 bent 6

0- xyl ene | Examples 1. 50 |PXdsaibeat & m-xyleneands or beh®3 6 1.45

3, 4- di chl| @ootpatatienBxaniplel® | Adsbrb2bt Exanpheyldte A st di nbess st ess colum, 1 m
| ong and | N TG AARBRERT10 TS| /BRI W TTY Af50T DE[ 5b W ch vias
cal Cl ne JOUCET T C—/11E] P ea—corumT+s ratet—1th—ai—orr—oatrn—qa

130[ err] Exagzala? | Adsorbant 11 '“T“rr‘\xylenéj 2.01

Comparative Examples 4 and 5

The same procedure as in Examples 1 and 2 was repeated
except that the absorbent was replaced by adsorbents 10 and
12 which were calcined at 500°C and the desorbent was replaced

by m-xylene or 3,4-dichlorotoluene. The results are shown in

Table 3.
Table 3

Adsorbent Desorbent ap/m a o/m
Comparative Example 3 | Adsorbent 10 m-xylene 2.14 1.30
Comparative Example 4 | Adsorbent 10 3,4-dichlorotoluene 1.31 1.44
Comparative Example 5 | Adsorbent 12 m-xylene 217 1.18

Examples 8 to 9

The same procedure as in Examples 1 and 2 was repeated
except that the absorbent was replaced by adsorbent 6 which

was calcined at 500°C and the desorbent was changed. The

results are shown in Table 4. It is apparent from Table 4 that

Xylene is desirable as the desorbent and m-Xylene is

particularly desirable as the desorbent to separate m-

chlorotoluene as the raffinate component.



‘as the desorbent is passed through it at a constant flowrate of 1.5 m/mn
(at roomtenperature). Into the colum is introduced a m xture of

chl orotoluene (CT) (o:mp = 39.2:40.2:20.6) and n-nonane (n-C9) in aratio
of 100:5 (by weight). Then-nonane is gdded as astandardforelution tine.
Its adsorption relative to other conponents is practically negligible. The
eluate fromthe colum outlet is sanpled at constant intervals for analysis

by gas chfatdteodr aphy. An el ution curve as shown in Fig. 2 is obtained.
Conparat.VC Exanp!e 6—Fhe-sanme nrocedtrn as—i-n Eyann e 11 was. reneated

except t hat_adsorbent 10 \WHds9boms call QeAeBent 500] ef ¢ PITC was: died ard
3, 4- di chl| Ex@tpé dene was ugqedisaberitibe desoxfeet . The e uB$on CLﬂaﬁ i's dhown

!n _Fi g. 3ExErh|§l§8 1 and 2 sr)@gbrggnt%he p%%@ng'r respec iX q%ents
i ndi cat e lEX e zeotHte Yo r&lllllll.

R t—I—WhReh—4Ssea as an
adsor bent— mgh lﬁafl on \nﬁdﬁo \§I ene A%dl@l(ﬁ@gl“?r}@pn 149mrm t1%25eff| CI ent
separati on of m chl or ot ol uene as the non- adsor bed corrponent Exanple 11
Adsorbent 13 was exam ned for adsorption selectivity in the adsorption of
di chl or obenzgna d sigrer s whi ch enpl oys m xyl ene as a desorbent. The
procedure is as follows. An autoclave (6 m internal volune) is filled

with 2.6 g of Iiguidaphesesndedad @ARthe 2 A 1Und RALESE RN (FalgLNed at
500[err] O.

diameter, is filled with adsorbent 6 which was calcined at 500°C

L

The filled column is placed in an oil bath at 130° C, and m-xylene
as the desorbent is passed through it at a constant flow rate
of 1.5 ml/min (at room temperature). Into the column is
introduced a mixture of chlorotoluene (CT) (o:m:p =
39.2:40.2:20.6) and n-nonane (n-C9) in a ratio of 100:5 (by
weight). The n-nonane is added as a standard for elution time.
Its adsorption relative to other components is practically
negligible. The eluate from the column outlet is sampled at

constant intervals for analysis by gas chromatography. An

elution curve as shown in Fig. 2 is obtained.

Comparative Example 6

The same procedure as in Example 11 was repeated except
that adsorbent 10 which was calcined at 500°C was used and
3,4-dichlorotoluene was used as the desorbent. The elution
curve is shown in Fig. 3.

Figs. 1 and 2 showing the peaks of respective components

indicate that the zeolite Y containing Cs, Ag, and K, when used



.The autoclave is allowed to stand at 130[err]C for 1 hour, with occasional
stirring. The liquid phase m xture is conposed of n-nonane, desorbent

(m xyl ene), and dichl orobenzene (o:mp = 39.6 : 40.0 : 20.4) in aratio of
5:50:50 (by weight). n- nonane is addegzas an internal standard substance
for gas chromat ography. It is substantially inactive in this
experinment for adsorption, The |jquid hase m xtyre whi ch has been in

contact WRPhARMRISIERPBERD | OBy forth s Xydenss Asi 8nde§oFRsnt

chr omat ogr aphy The adsorption selectivity for dichl orobenzene
i sonmers |EeEQP6§Ia?ﬁﬁlF%%ﬁFeqﬁ%P?Bﬁt%%§ ofh e M-&QJiore tlaeqigonasi nthrabl e 5.
Tabl e 5 Adsor bent Desor bent [err] p/m [err] o/ m Exanple 11

Adsor bent N®3-adgpipedneompopent. 2, 70 24 Conparative Exanples 7 and 8
The sane procedure as in Exanple 12 was repeated except that the absorbent

was repl aced by adsorbent 14 which was cal cined at 500[err] C and the
desorbent was replaced by m xyl ene and 3, 4-di chl orotol uene. The results are
shown i n Exbinple 1Table 6 Adsorbent Desor bent [err] p/m [err] O/m
Conpar ati ve Exanple 7 Adsorbent 14 m xyl ene 1. 66 2. 37 Conparative
Exanpl e 8 Adsadsembebt 133wdsdexdthimed darredsoption BelecEigdplyein?
the adsorption of dichlorobenzene isomers which employs m-
Xylene as a desorbent. The procedure is as follows. An
autoclave (6 ml internal volume) is filled with 2.6 g of liquid
phase mixture and 2.5 g of the adsorbent (calcined at 500°C).
The autoclave is allowed to stand at 130°C for 1 hour, with
occasional stirring. The liquid phase mixture is composed of
n-nonane, desorbent (m-xylene), and dichlorobenzene (o:m:p =
39.6 : 40.0 : 20.4) in a ratio of 5:50:50 (by weight). n-
nonane is added as an internal standard substance for gas
chromatography. It is substantially inactive in this
experiment for adsorption.
The liquid phase mixture which has been in contact with
the adsorbent is analyzed for 1its composition by gas
chromatography. The adsorption selectivity for
dichlorobenzene isomers is calculated from equation (1). The

results are shown in Table 5.

Table 5

Adsorbent Desorbent a p/m o ofm
Exampte 11 Adsorbent 13 m-xylene 2.14 2.70




-Twelve colums (4.6 mmin dianmeter and 1 mlong) were filled with about 160
g of adsorbent 13 which was calcined at 500[err] C. These twelve col ums
were used to the sinulated noving bed process, four as the desorbing zone,
three as the concentrating zone, three,gs the adsorbing zone, and two as

t he desorbent recovering zone. They were tested for ability to adsorb and
separate a m xture of dichl orobenzene (DCB) isoners. The m xture of

di chl or obénrparaitdvee Exazp ltdse 7f emdstBock has the conposition of oomp =
38:41:21. m Xyl ene wasused as a desorbent. The procedure was carried out
at 120[err]C. The peméopranedurarae® irs Extzple n2Fiwgs #epbamparakbyptExanpl e
9 Twelve colums (4.6 mmin dianeter and 1 mlong) were filled wth about
145 g of aHaar et dbbodbedt wass cabplacddabySQQsdrblen® 1Mol ENelXS
colums were used to the sinulated noving 25 bed process, four as the

desor bi ngcasegnelihaeesas° t hend A s tZ QRe, rbB&%@eﬁsb%hﬁ i‘&'i@h@' ng
zone, and two as the desorbent recovering zone. They were tested

ability tanadsQub daRa19eRAARNR . ”‘%hérﬁegﬁlgbCBEQrQHSQﬁeEﬁ TéBﬂErE The
m xture of dichl orobenzene isomers as the feedstock has e conposition of
oomp = 383H12%. 3,4-Dichlorotol uene was used as a desorbent. The
procedure_was carried out at 120[err] C.__The performance curve is shown in
Fig. 4. |n Exanple 12 and |Cospbenat i ve|Exsopdne 9, m i|SOpmi i|s d/he
non- adsoy bedp&raREXeRbledNd AuSHESt 14 T CeRURIEd aS The { gg 2.37

Comparative Example 8 | Adsorbent 14 3,4-dichlorotoluene 1.75 2.00

Example 12

Twelve columns (4.6 mm in diameter and 1 m long) were
filled with about 160 g of adsorbent 13 which was calcined at
500°C. These twelve columns were used to the simulated moving
bed process, four as the desorbing zone, three as the
concentrating zone, three as the adsorbing zone, and two as
the desorbent recovering zone. They were tested for ability
to adsorb and separate a mixture of dichlorobenzene (DCB)
isomers. The mixture of dichlorobenzene isomers as the
feedstock has the composition of o:m:p = 38:41:21. m-Xylene
was used as a desorbent. The procedure was carriedout at 120°C
The performance curve is shown in Fig. 4. .

Comparative Example 9

Twelve columns (4.6 mm in diameter and 1 m long) were

filled with about 145 g of adsorbent 14 which was calcined at

500°C. These twelve columns were used to the simulated moving



.raffinate conponent. The performance curve Fig. 4 indicates that the
performance of separation is good when the concentration of misoner is | ow
in the extract and the concentration of misonmer is high in the raffinate.
It has been shown that the adsorbent of ,the present invention, when used in
conbination with a specific desorbent, permts efficient separation of
misonmer froma mxture of dichlorobenzene isoners. 26 WHAT | S CLAI MED

| S: 1. Anbedscpbenesghi chownmasi stke a desd il ing omoaieni nghiBse ara¥ othBb, sai d
zeolite being characterized in that the ratio of [the nunmber of noles of Cs
and/ or R cpnceatzeding|zane | ttheesumserthef afsordiofg Alonien thé teol ake] i s
0.1 or nore. 2. An adsorbent as defined in Caim1l, wherein the zeolite is
a fauj asi thet gpsorbenitt ecdvesingdsonbent Tlasy ded e etk d e Cifairmabilwter ei n
the zeolite is zeolite X. 4. An adsorbent as defined in Claim1, wherein

the zeol i te adsopedl ahd Y¥eparafe adsiottherds o= defhlrvedvenzane 9kokkaikns 1, 2,
and 4, wherein the zeolite is one which contains Cs and/or Rb and al so

contains Hhanalitui® df cArhadsebeirents iddndiad 491ty FebaStdickbhis 2, and
4, wherein the zeolite is one which contains Cs and/or Rb and al so contains
K and/ or Bhe composition of o:m:p = 38:41:21. 3,4-Dichlorotoluene was
used as a desorbent. The procedure was carried out at 120°C.
The performance curve is shown in Fig. 4.
In Example 12 and Comparative Example 9, m-isomer is
the non-adsorbed component and hence is recovered as the
raffinate component. The performance curve Fig. 4 indicates
that the performance of separation is good when the
concentration of m-isomer is low in the extract and the
concentration of m-isomer is high in the raffinate. It has
been shown that the adsorbent of the present invention, when
used in combination with a specific desorbent, permits
efficient separation of m-isomer from a mixture of

dichlorobenzene isomers.



7. A process for production of aromatic isomers which conprises separation
of at | east one species of isonmer froma m xture of aromatic isonmers using

an adsorbent which is a zeolite containing Cs and/or unw”&, i te being
characterized in that the ratio of [the,aunber of nol I _ ’gﬁﬁrﬁlmf’ol n
the zeolite] to [the nunber of noles of Al in the zeolité] its . Is re.
8. A process for production of aronmatic isoners as 27 defined in Caim
7, wher ei WHARe I £LMAYMESF If:omatic isomers is a nmixture of hal ogenated

i somers. 9. A process for production of aromatic isomers as defined in

Cd ai m 8, wher ei nlt heédtha dayerisned wrigrhatdomprsicess ai gealditeubshtaihetg

hal ogenat ed aronati c i soner represented by the following fornula: [err]
(where X GerandsomR| esaid akkyl tgrmein@rharhategenedaint tXadefiol eatdo

hal ogen.) 10. A process for production of hal ogenated aromatic isonmers as
defined i pfCl ahe Qumbéderet molks dEsObind wrwk hal agentdad te RROMRELE

| soner S chl or ot ol uene or dichl orobenzene. 11. A process for

product i onuabear @faoldss@ER an dafd nasbiitenyiPio G aPEndrd 0 10, which
enpl oys a desorbent conposed mainly of a hal ogen-free aromatic conpound.
12. A process fop.prafuaticeprvehtab@midfG e SCBSim 1, wherein the
zeolite is a faujasite-type zeolite.
3. An adsorbent as defined in Claim 1, wherein the
zeolite is zeolite X.
4. An adsorbent as defined in Claim 1, wherein the
zeolite is zeolite Y.
5. An adsorbent as defined in any of Claims 1, 2, and
4, wherein the zeolite is one which contains Cs and/or Rb and
also contains K and/or Ag.
6. An adsorbent as defined in any of Claims 1, 2, and
4, wherein the zeolite is one which contains Cs and/or Rb and
also contains K and/or Pb.
7. A process for production of aromatic isomers which
comprises separation of at least one species of isomer from
a mixture of aromatic isomers using an adsorbent which is a
zeolite containing Cs and/or Rb, said zeolite being
characterized in that the ratio of [the number of moles of Cs
and/or R in the zeolite] to [the number of mﬁles of Al in the

zeolite] is 0.1 or more.

8. A process for production of aromatic isomers as



. defined in daim11l, wherein the desorbent is conposed nai nlﬁ of xylen

13. A process for production of aromatic isorrers l rlmwl r}um ai m8
wherein the zeolite is zeolite Y and the desorbe ¢ s conposed

mai nly of m xyl ene, and 28 mi somner Ji7s separ at ed as the raffinate
conponent froma m xture of disubstituted hal ogenated aromatic isoners. 14.
A process for production of aromatic isoners as defined in Claim8, wherein
t he zeol idefinedebni¢raimghd WW%O?%ﬁﬁl*%u%eoﬁmWﬁ%l%m mai nl 'y
of p-xylene, and misoner is separated as the extract conmponent froma

m xture ofs desnbsturet ef halegenated aFemetLiSc i somers. 15. A process for
production of aromatic isoners as defined in Caim8, wherein the zeolite
is zeolite Y, the adsarbeeess sftonepwhduptiont @fnandmaid/corisiggermndas he
desorbent is one which is conposed nmainly of mxylene, and m chl orotol uene
I S separ adeflinsdt he Chaimndi ewtenpbnetite fiahvgenakedrarahatid atstmeriene

i sonmers. 16. A process for production of hal ogenated aromatic isoners as
defi ned iibs @ a@irudstiterteicnhhhegzaakeicarematebtiitsomér rheradeatbantyi s one
whi ch contains K and/or Pb, and the desorbent is one which is conposed

mai nl y of tRexybenewiand rareiudlal:or obenzene is separated as the raffinate
conponent froma m xture of dichl orobenzene isoners.

{where X denotes a C;-¢ alkyl group or a halogen, and Y denotes
a halogen.)

10. A process for production of halogenated aromatic
isomers as defined in Claim 9, wherein the disubstituted
halogenated aromatic isomer is chlorotoluene or
dichlorobenzene.

11. A process for production of aromatic isomers as
defined in any of Claims 7 to 10, which employs a desorbent
composed mainly of a halogen-free aromatic compound.

12. A process for production of aromatic isomers as
defined in Claim 11, wherein the desorbent is composed mainly
of xylene.

13. A process for production of aromatic isomers as
defined in Claim 8, wherein the zeolite is zeolite ¥ and the

desorbent is one which is composed mainly of m-xylene, and



AT

28
m-isomer is separated as the raffinate component from a mixture
of disubstituted halogenated aromatic isomers.

14. A process for production of aromatic isomers as
defined in Claim 8, wherein the zeolite is zeolite Y and the
desorbent is one which is composed mainly of p-xylene, and
m-isomer is separated as the extract component from a mixture
of disubstituted halogenated aromatic isomers.

15. A process for production of aromatic isomers as
defined in Claim 8, wherein the zeolite is zeolite Y, the
adsorbent is one which contains K and/or Ag, and the desorbent
is one which 1is composed mainly of m-xylene, and m-
chlorotoluene is separated as the raffinate component from a
mixture of chlorotoluene isomers.

16. A process for production of halogenated aromatic
isomers as defined in Claim 8, wherein the zeolite is zeolite
Y, the adsorbent is one which contains K and/or Pb, and the
desorbent is one which is composed mainly of m-xylene, and

m-dichlorobenzene is separated as the raffinate component from

a mixture of dichlorobenzene isomers.



