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BACKGROUND OF THE | NVENTI ON The present invention relates to a

cat al yst conposition and a nethod for isonerizing hal ogenat ed

aromatics. Particularly, the present idvention relates to a catal yst- and
a nethod for isonerizing hal ogenated aromati cs such as dichl orobenzene

(DCB), chlorotoluene (CT) ﬁi_ﬁﬁgﬁﬁglbﬁglﬂ&ﬁﬂ;iﬁlﬂ) etc., for increasing

m DCB, m CT, or one of halogenated aromatics,
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the misoner is necessary. F ‘W@Fﬁ@ &d afﬁgagéfﬁo of demand for respective
DCB isonmers is often diff. ) hje. respective isoners
produced by chlorination. gctive utilization of

DCB, a DCB i sonpy wemmtﬂg%mm @@lmer&ensﬂ@&hwa' si gni fi cance.

When any one of respectiv i'somers or oduced by
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Japanese Patent Publication (Tokko Hei) Nos. 1-12732 and 7- 86092 di scl ose
an adsor ptd o teyartataingn anwebd dafidraisenboizing halogenated

aromatics such as dichlorobenzene (DCB), chiorotofuene (CT)-
or dichlorotoluene (DCT), etc., for increasing m-DCB, m-CT,
2, 6-DCT or 3, 5-DCT. | |

DCB, one of halogenated aromatics, can be obtained by
chlorinating benzene. However, since this reaction is
strong in o-orjentation and p-orientation, isomerization
must be used when the m-isomer is necessary. Furthermore,
the ratio of demand for respective DCB isomers is often
different from the ratio of the respective isomers produced
by chlorination. Therefore, also for effective utilization
of DCB, a DCB isomerization method has an important
technical significance. .

When any one of respective DCB isomers or the m-DCB
produced by isomerization is used alone, it must be
separated.

Distiftlation as a method for separating isomers
requires many rectifying cotumns since the respective
isomers are close to each other in boiling point. Recently,
lapanese Patent Publication (Tokko Hei) Nos. 1-12732 and 7-
86092 disclose an adsorption separation method and a method

of using adsorption separation and distillation in



of using adsorption separation and distillation in conbi nati on
I't is economically very inportant that the DCB i soners remai ni ng after

separating and renoving the intended DCB isonmer are re-used for

I sonmerj zation reaction, to increase t he concentration of the intended
| somer . Subsequently t he i ntended DCB isoner is separated and renoved
agar n,

ipeaé .the cycle. As2a net hod for such isonerization
reactlon $8P288&100p,t ent Publication (Tokko) No. 64-9972, etc. disclose
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I somerization nethod has an inportant technical significance. When
any one of reneatobds schile.ne m CT produced by isonerization is used al one,
it rust be sepqiate Distillation as a_nethod for separating the

i SOMET S method for such isomerization reaction, Japanese

Patent Publication (Tokko) No. 64-9972, etc. disclose a
method of using acid type mordenite or a zeolite, the
aperture of the largest pore of which comprises the 10-
membered oxygen ring, as a catalyst. However, also for
this method, it is industrially important to further
improve isomerization activity.

CT can be obtained by chlorinating toluene. However,
since this reaction is strong in o-orientation and p-
orientation, isomerization must be used when the m-isomer
is necessary. Furthermore, the ratio of demand for CT
isomers is often different from the ratio of respective CT
isomers produced by chlorination. Therefore, also for
effective utilization of CT, a CT isomerization method has
an important technical significance.

When any one of CT isomers or the m-CT produced by
isomerization is used alone, it must be separated.

Distillation as a method for separating the isomers
requires an ultraprecise rectifying column since the
respective isomers are close to each other in boiling point,
and cannot be said to be an industrial method. Recently,

Japanese Patent Publication (Tokko) Nos. 63-24495 and 6§3-



requires an ultraprecise rectifying colum since the respective isoners
are close to each other in boiling point, and cannot be said to be an

i ndustrial nmethod. Recently, Japanese Patent Publication (Tokko) Nos.

63- 24495 and 63- 3 64412 di scl ose an

adsorption separation nmethod and a netﬁod of using adsorption separation

and distillatj j.N conmbi nation. .. It i.s econgmically very. jnportant
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(Tokko) No. 62-13%0%@ ‘dlcaabgseamyrrebhsadimﬁﬁrvsnngtﬁiazepﬁétﬂ ffgnaperture
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removed again, to repeat the cycle.

As a method for such isomerization reaction, Japanese
Patent Publication (Tokko) No. 62-15050 discloses a methoﬁ
of using a zeolite, the'aperture of the largest pore of
which comprises the 10-membered oxygen ring, as a catalyst.
However, also for this method, it is industrially important
to further improve the isomerization activity.

Furthermore, in general, DCT is obtained by
dichlorination of toluene. This reaction is a strongly
oriented reaction, and the production ratio of the obtained
isomers is 20 to 35% of 2, 4-DCT : 25 to 55% of 2,5-DCT : §
to 35% of 2,6-DCT : 8 to 12% of 2,3-DCT : 5 to 12% of 3, 4-
DCT. This reaction does not yield 3, 5-DCT, and to obtain
3, 5-DCT, DTC must be isomerized.

When any one of DCT isomers or 3, 5-DCT produced by
isomerization is used alone, it must be separated.

These isomers cannot be séparated by distiflation
since they are close to each other in boiling point. So,
for example, as disclosed in Japanese Patent Publication
(Tokko) Nos. 1-45457 and 1-40016, the separation can be

effected by an adsorption separation method or a method of



When any one of DCT isonmers or 3,5-DCT produced by isonerization is used
“al one, it nust be separated. These isonmers cannot be separated by
distillation si*nce they are close to each other in boiling point. So, for
exanpl e, as disclosed in Japanese Pategt Publication (Tokko) Nos. 1-45457
and 1-40016, the separation can be effected by an adsorption separation
met hod or f i . ek a < 4 . usin

adsor pt i on%s@yﬂggtsi%éﬁt R4 aegﬂﬂéwoﬁndi?1‘%5%“1%&9'%‘" comb”ﬁ’ct‘i"g" very
economcally i Woﬁka%r}h%&ﬁ@ﬁ; &My sp,m,st ect edxmm :gctTer's at| ng

and renovi ng the intended | SONEr are su to 1soneriz |

reaction ageima.iniag alfmereslsﬁame:sgrlﬁwtfaidmmﬁé‘%trhtrﬁiw ct Sorter
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Japanese Patent Publication (Tokko) Nos. 4-37054 and 37055 di sclose a

met hod of uspmgaaeni)helemneenypaetmlafc et Keheirnetiemaffetderi s omeal | ed
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to further SUhpravent he thonktiondedPCT deonery iis sgparated and a

I f hal ted
aromt | co. FEREVEL: %%?%,agéierréasq%fﬁﬂm (¥ perfor ance with the | apse o
ti S th t d b t t
by cal ci nat i on, Kt £ HEt O Fo Gu el 3955 (34a 185" rRRRE Fie SooaiPse -
advant ageopgtip "Bl PO IPCTIKEY Wos, " 99979540 a0, 8955 tge§01%'f these

conventi ona nown | sonerization cata can Foved in
activity, éh@efmtdpmsft@mer@wremt%artyla% h@%f‘@@ (hekénﬁa?%ﬁ' ySt s
It

used for reactlon t he catalytlc activity declines,
calied "mordenite”). However, also for this method, it is
industrially important to further improve the isomerization
activity.

If a zeolite-containing catalyst is used for
isomerizing halogenated aromatics, the catalyst generally
declines in performance with the lapse of time. So, the
catalyst must be replaced by a new catalyst or regenerated
by calcination, etc. at a proper time, and it is
industrially very advantageous to prolong the life or
regeneration period.

If these conventionally known i§6merizati0n catalysts
can be further improved in activity, the reaction
temperature can be lowered. [f a catalyst is used for
reaction, the catalytic activity declines, and it is
generally practiced that to compensate the decline of
activity, the reaction temperature is raised. Therefore,
if the reaction temperature can be lowered, the catalyst
can be used in a wider temperature range, and as a result,

the catalyst life can be prolonged.



generally practiced that to conpensate the decline of activity, the
‘reaction tenperature is raised. Therefore, if the reaction tenperature can
be | owered, the catalyst can be used in a wider tenperature range, and as a
result, the catalyst |life can be prol onged.

5. From the above points of view™ the inventors studied I ntensi vel y
on the nethod for inproving the catal ytic activity, and as a result,

found that if tHdaftiheumbovei aednds 8f ¥dewndihe p&YQﬂbﬂé% studiedolite in
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result, found that if halogenated aromatics wth a diss oxygen

content of t5 iwtomeprinzer had¢egeantedsedomt bicsleasi | vatimir ofed,t N
zeolite-containing catalyst can be inhibited, to prolong the life of the
cat al yst, fagh igivieowhegpekseatennventoorri zati on of hal ogenated aromati cs.
OBJECTS OF THE | NVENTI ON An object of the present inventionis to
provide a cat aF}‘§tth§6W96§1 ttbe imyente gh teyvheifated fartdeatmirdmary

|soner|zat|on ac
rtic sa%e of mordenite used as a zeolite for

isomerizing DCT is reduced, the catalytic activity in the
DCT isomerization reaction can be improved, to achieve the
present invention.

Moreover, the inventors investigated on thé method for
isomerizing halogenated aromatics, and as a result, found
that if halogenated aromatics with a dissolved oxygen
content of 15 wt ppm or less are used, the deactivation of
the zeolite-containing catalyst can be inhibited, to
prolong the life of the catalyst, for allowing efficient
isomerization of halogenated aromatics.

OBJECTS OF THE INVENTION

An object of sthe present invention is ta provide a
catalyst composition with high halogenated aromatics
isomerization activity.'

Another object of- the present invention is to provide
a method for isomerizing halogenated aromatics, which can
prolong the life or regeneration period of the catalyst.

Further other objects of the present invention will be
clarified in the following description.

BRIEF DESCRIPTION OF THE [NVENTION



Anot her object of the present invention is to provide a nethod for
‘i soneri zing hal ogenated aromatics, which can prolong the life or

regeneration period of the catal yst. Furt her other objects of the
present invention will be clarified in the follow ng description.
BRI EF DESCRI PTI ON OF THE | NVENTI ON 6 6

The present invention is going to achieve the above obj ects. The catal yst
conposi tion forTheopeesenhginvémt bgreniag egb banid | och icfv ¢ Meh epradaat '
invention is a catal yst conposition for isonerizing hal ogenated
aromatics, 0bienkpact Ehe zedta hys hatonmes ivbixd mubn di issoatesi zdfngsecondary
particles of the zeolite in the formed catalyst is 5 microns or |ess. The
i soneri zi nfatagangted cangmat t¢Hro brthe tmie pritk ety anbient iisn-ai ncl udes t he

foll ow n referabl e enpodi nents. a), Sai d hal ogenated aronatics are
conpoﬂ%dg E%E?E§§ t%ﬁm%?s'PE$% Qﬁlkﬁﬂ( tﬁ#&ﬁeﬂafQéAﬂﬂtéd(ﬁYPmatiGﬁhere X1
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G Chl o abonsene. and T ChY or orol uene et 2] e T o B o BF et co 2o

X, a hal otjen ptesemts invention includes the following preferabie
embodiments.

(a) Said halogenated aromatics are compounds represented-by

the following general formula ().
W@ﬂ'-m

(where X1 stands for a halogen atom; X2, a hydrogen atom or
halogen atom; and X3, a halogen atom or lower alkyl group).
(b) With a halogen atom selected as X1, a hydrogen atom as
X2 and a halogen atom or methyl group as X3 in the general
formula (l), the aperture of the largest pore of the
zeolite comprises the 10-membered oxygen ring.

(c) Said halogenated aromatics are dichlorobenzene and
chlorotoluene.

(d) With a halogen atom selected as X1, a halogen atom as
X2, and a halogen atom or lower alkyl group with 1 to 4
carbon atoms as X3, or with a halogen atom selected as XI,
a hydrogen atom as X2, and a lower alkyl group with 2 to 4
carbon atoms as X3 in the general formula (1), said zeolite
is mordenite.-

(e) Said halogenated aromatics are dichlorotoluene,
trichlorobenzene are chloroethylbenzene.

(f) Said zeolite is an acid type zeolite.



X2, and a hal ogen atom or |ower alKyl group with 1 to 4 carbon atons as
X3, or with a hal ogen atom sel ected as X!, a hydrogen atomas X2, and a
| ower al kyl group with 2 to 4 carbon atons as X3 in the general formula

(1), said zeolite is mardenite. (e) Said halogenated aromatics are

di chl orot ol uene, trichlorobenzene are 7chl oroet hyl benzene. (f) Said

zeolite is

' | i . 7
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catal yst conposition. - (k) Said catalyst conposition co alns enlun1and
silver. (olf) 0S2i chichreni om i 8ssonhatnedl Hygds O5a % s 205’“%@%1!”“?&@3{ based
on the wei ght of the catal yst conposition, and said silver is contained
by 0.5 to Panktixlas et &l mbasedsoort hess. wei ght of the catal yst
conposition, (m Said rheniumis contained by 0.05 to 1 w % as net al
based on tﬁé)méﬁgﬁtCéiaﬂhétcaQGDWSttbmmptﬁntatnﬁ eireh isei.d - silver is

tQ .7 % as metal based on the ht of the catal yst
ggﬁ;g;?ffc y) Sa Q rn%n%um is contained by 0.05 to égwt% as metal Y

based on the weight of the catalyst composition.

(k) Said catalyst composition contains rhenium and silver.
(1) Said rhenium is contained by 0.05 to 2 wt% as metal
based on the weight of the catalyst composition, and said
silver is contained by 0.5 to 10 wt¥% as metal! based on the
weight of the catalyst composition.

(m) Said rhenium is contained by 0.05 to 1 wt% as metal
based on the weight of the catalyst composition, and said
silver is contained by 1 to 7 wt% as metal based on the
weight of the catalyst composition.
(n) Said catalyst composition further contains at least
either of fluorine and phosphorus.
(o) Said at least either of fluorine and phosphorus is
contained by 0.05 to 2 wit¥ as fluorine atoms and/or
phosphorus atoms based on the weight of the catalyst
composition.
(p) The silica/atumina molar ratio of the mordenite is 15
to 30.

Furthermore, the isomerization method of the present
invention is a2 method for isomerizing halogenated aromatics,

comprising the step of bringing the catalyst compound



(n) Said catal yst conposition further contains at |east ei ther of

‘fluorine and phosphor us. (o) Said at |east either of fluorine and

phosphorus is - contained by 0.05 to 2 wt% as fluorine atons and/ or

phosphorus atons based on the weight ofgthe catal yst conposi tion. (p)

The silica/alunina nolar ratio of the nordenite is 15 to 30.

Furt her nore, l.sonmeri zatiQ pr es |ny ntion is a nethod
? R 8807t (LiEe PEFRERE

for |sonerﬁfaﬁ§ deo&@HaP@& 8 g?% ew% p of bringing the
catal yst C%@H%%@“ated aromatic hape isom erizatio thqf%f“fﬁi'n any one

of the above i cont act ena ed ar onm |cs e 1Sso rlzatlon

met hod of e senRtr efmrntl:auelahtmdwcwéleﬁqIh@«i‘@é g4 erabl e
enbodi nment s. (q) Hal ogenated aromatics wth a dis oxygen cont ent

of 15 ppm emblodsmeants. brought into contact with a zeollte- cont ai ni ng
catal yst. (r) Before the hal ogenated aromatics are brought into cont act

with the zdq)i Helogenatedngroma bi ystwi tthea dihesowethtoacy gemoratn fem tar e
treated by dissipation treatnent. reduced pressure treatnent or
distillatief dbeapmenr, leds arenbreugiht o beotomth oixwicrh a2 zew)l ite-d
zeolite- contalnln? catalyst I s the catal yst conposition stated in any of
the above. contaiaing capEinst.ED DESCRI PTI ON OF THE | NVENTI ON As the

zeolite usqd,i Be%orepiﬁ eﬁaléggfg%ef "dromztics are brought into

contact with the zeolite-containing catalyst, the
halogenated aromatics are treated by dissipation treatment,
reduced pressure treatment or distillation treatment, to
remove the dissolved oxygen.
(s) Said zeolite-containing catalyst is the catalyst
composition stated in any of the above.

DETAILED DESCRIPTION OF THE INVENTION

As the zeolite used in the present invention, any
zeolite preferable for the halogenated aromatics to be
isomerized is selected. In the present invention, it is
preferable that the zeolite is of acid type.

The halogenated aromatics preferably used in the
present invention include the compounds represented by the
following general formula (1):

Xi e o(1)
(where X1 stands for a halogen atom; X2,.a hydrogen atom or
hatogen atom; and X3 a halogen atom or lower alkyl group;
it is preferable that the lower alkyl group has 1 to 4
carbon atoms.)

In the present invention, when the halogenated

aromatics are compounds with a halogen atom as X1, a



zeolite preferable for the hal ogenated aromatics to be isonerized is
*selected. In the present invention, it is preferable that the zeolite is
of acid type. The hal ogenated aronmatics preferably used in the
present invention include the conpoundg represented by the follow ng
general forrmula (I): [err] (where X

stands or 1y drdgeded (dhodk K2, afdhycigesRe ! 28 # o A OBFP A And X3 a

hal ogen atom or |ower alkyl group; 1t IS pre al kyl

group- has X3t dnd thar geneaadnfokmufa (1) Ntédhpaws eperd|d Maty Qywa hen the
hal ogenated aromatics are conpounds with a halogen atomas X, a

9 hydrogemodtestnlags X2zandaazbal bgen ahenamerhmﬂdndfgxhhulﬁxgesﬁﬂbdﬂ@ the
general formula (1) to have a relatively small nol ecul ar size, a zeolite,
the apertuod w#lphecpapgessSpbhe 10omemie ted coryednsgs ghe ¢k enber ed

oxygen rin fer used. Furthernore, when the hal ogenated
argmatics gt’é? ﬁggl‘ﬁnﬂg &n %’&?b@%ﬁevat'ﬂlﬁ'hs“be haal"geH‘éItG@en atom as X2

1to carhQon atons as X3,

o it E""L‘)ﬂi%éﬁ?‘gfé#%@%%”% P68 St AR 210 2dnd 1 Rower al Ky
OLoup, vt nELbBen, $168 PO F £3ha 0k NP R st BTHT, kibab P
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di chl orobeXteng, hydrogen atom as X2 and a lower alky! group with 2 to
4 carbon atoms as X3 in the general formula (1) to have a
relatively large molecular size, mordenite can be |
preferably used.
Halogenated aromatics with a halogen atom as X1, a
halogen atom as X2 and a halogen atom or methyl group as X3
include chlorotofuene, bromotoluene, dichiorobenzene,
dibromobenzene, chlorobromobenzene, etc. The present
invention is effective for isomerizing especially
chlorotofuene and dichlorobenzene.
Halogenated aromatics with a halogen atom as X1, a
halogen atom as X2 and a halogen atom or lower alkyl group
with 1 to 4 carbon atoms as X3 include dichlorotoluene,
dibromotoluene, chlorobromotoluene, trichlorobenzene,
tribromobenzene, dichloroethyibenzene, dibromoethyibenzene,
etc. The present invention is effective for isomerizing
especially dichlorotoluene and trichlorobenzene.
Halogengted aromatics with a halogen atom as X1, a
hydrogen atom as X2 and a lower alkyl group with 2 to 4
carbon atoms as X3 include chloroethylbenzene,

bromoethylbenzene, chloropropylibenzene, etc. The present



di br onobenzene, chl orobronobenzene, etc. The present invention is
‘effective for isonerizing especially chlorotoluene and di chl or obenzene.

Hal ogenated aromatics with a halogen atomas X, a halogen atomas X2 and
a hal ogen atomor |ower -alkyl group wgdgh | to 4 carbon atons as X3 include
di chl or ot ol uene, di bronotol uene, chl orobronotoluene, trichlorobenzene,

{ri br omobeng@ad 1dhClisOpebRY| PENFSPSy s 6 bF PEPRE WA PEIERNG | eto. The

present invention is effective | someri zi ng ~ especl di chl or ot ol uene
and trichl @nhalaeezeA®ibenzeneHal ogenated aromatics with a halogen atom as
X, a hydrogen atomas X2 and a | ower alkyl group with 2 to 4 carbon
atons as X3 incZedéithbor biet hypbetwena f  tironeatdes togpozene.f which

chl oropropyl benzene, etc. The present

10 i nvenppmnrﬂgeéftbetWemﬂmbetesd)rmryezémgr ioshedirs Ikywwn as

chl or oet hyl benzene. Zeolites, the aperture of the |argest pore of

whi ch coﬁﬁﬂﬂééé'Tﬁépiozﬁ%hbb#%d %ﬂd@ﬁﬂﬁkfrﬁ?mﬂﬂﬁétMN@Wnﬂag pent asi | -t ype

Patent N, P384eBkon RaPESLL 1] o artwep”i&ft adeol e $434488. pore of
GG TR ot et W I R T
Lhe reo! L EBRPEIGHEURY R Say el ST TR BiRLSIERSS Tor
in JapaneﬁeoPatenmﬂubiwadﬁma(lT%kththcr-e 33242480n H2Vudd 271, 30

March, 437 (1978) and the zeolites considered to belong to

the same series. They include, for example, said ZSM-5, |

ISM-8 stated in GB Patent No. 1334243, ZSM-11 stated in

Japanese Patent Publication (Tokko) No. 53-23280, ZSM-21

stated in US Patent No. 4001346, ZSM-35 stated in Japanese

Patent Laid-Open (Kokai) No. 53-144500, zeolite zeta 1

stated in Japanese Patent Laid-Open (Kokai) No. 51-67299,

zeolite zeta 3 stated in Japanese Patent Laid-Open (Kokai)

No. 51-67298, etc. Any zeolite, with a structure in which

the aperture of the largest pore comprises the 10-membered

oxygen ring, can of course be used, without being limited

to those enumerated above.

Various methods for producing pentasil-type zeolites
have been disclosed, for example, in Japanese Patent Laid-
Open (Kokai) Nos. 52-115800, 53-134798 and 57-123815, etc.
It is preferable that the molar ratio of

silica/alumina constituting such a zeolite is 10 to 100. A

more preferable range is 18 to 50. If the silica/alumina

mofar ratio is less than 10 or more than 100, the catalytic

activity tends to decline.



stated in US Patent No. 4001346, ZSM 35 stated in Japanese Pat ent
*Lai d- Open (Kokai) No. 53-144500, zeolite zeta 1 stated in Japanese Patent
Lai d- Open (Kokai) No. 51-67299, zeolite zeta 3 stated in Japanese Patent
Lai d- Open (Kokal) No. -51-67298, etc. Any zeolite, with a structure in

whi ch the aperture of the |argest pdte conprises the 10-menber’ed oxygen

ring, can of coqk§gemqtﬁsgg,?3%Eg@ytebﬁﬁpghlé[qggugn ¥or §ypose enunerat ed

above. Vari ous netho produci ng pentasi|-type Zeolites have been

di scl osed, didrf recamolnepaittedapsnens Pateabléajd- Open (Kokai) Nos.
52- 115800, 53-134798 and 57-123815, etc. It is preferable that the

mol ar rati dTafbi=i ItiJca/ al umi na constituting such a zeolite is 10 to 100. A
nore preferable range is 18 to 50. If the silica/alumna nolar ratio is

| ess than 10 or Mesdenihaninobydeshea cmatisal corabudtviand tacrsgm tthe tdecl i ne.
Mordenite is a zeolite which gives an X-ray diffraction pattern shown in
Table 1. Prpdycd. 17 In the prpsehi tavemki Ubesthe et synddedti cand a
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silicalal ugpea WRbREI)aN6S. 55+ FEEE2amdF8-91032, ete. .
It is preferable that the moiﬁr ratio of _
silica/alumina constituting the mordenite structure is 15
to 30. If the silica/alumina molar ratio is less than 15
or more than 30, the catalytic activity tends to decline.
Mordenite with a silica/alumina molar ratio of 15 to 30 can
be obtained by acid extraction, etc. of mordenite for
removing aluminum, or directly by synthesis. 1n the
present invention, directly synthesized mordenite can be
preferably used.
I't is more preferable that the primary particle size
of mordenite is 0.2 micron or less in longest axis.
As a general trend, the primary particle size of
mordenite tends to be smaller if an nitrogen containing
organic base such as tetraethylammonium hydroxide or a
surfactant such as polyethylene glycol is present in the
reaction mixture, though this cannot be generally said
since the primary particle size is affected variously by
the reaction mixture composition at the time of synthesis,
crystallization temperature, crystallization time, stirring

speed, etc. Furthermore, for the composition ratios in the



or nore than 30, the catalytic activity tends to decline. Mrdenite with a
‘silica/alumna nolar ratio of 15 to 30 can be obtained by acid extraction,
etc. of nordenite for renoving alumnum or directly by synthesis. In the
present invention, directly synthesized nordenite can be preferably used.
It is nore preferable that the prinaryégarticle size of nordenite is 0.2

moron of 1853 4 19936 Singe the RXLRLPFACt fhe AR IADERLL ™Y i ng

particle size of enité fends to b
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pol yet hyl ene glycol 1s present in the reaction mXture I S cannot
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the reaction mxture conposition at the time of synthesis, crystallization
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the conposition ratios in the 12
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or less in the tongest axes of its primary particles. _
The primary particle size of mordenite can be easily
examined by a scanning electron microscope (SEM). It is
preferable that the molar ratio of silica/alumina
constituting the mordenite structure is 15 to 30. If the
silica/alumina molar ratio is less than 15 or more than 30,
the catalytic activity tends to decline.
When }he zeolite is powdery, it must be formed for use
as an industrial catalyst. |t can be formed'by various
methods such ‘as compression forming, kneading, oiling and
dropping, but in the present invention, kneading can be
preferably used. For kneading, a binder is generally
necessary, and an inorganic oxide and/or clay is used as
the binder. The binders which can be preferably used in
the present invention include alumina sol and alumina gel.
The amount of the binder is 5 to 30 parts by weight as
absolute dry weight per 100 parts by weight of the zeolite.
A preferable range is 10 to 20 parts by weight. |f the
formability is poor, it is effective to add an alkali metal

salt or an alkaline earth metal salt such as sodium



The primary particle size of nordenite can be easily exam ned by a _
‘scanni ng el ectron mcroscope (SEM. It i's preferable that the nolar ratio
of silical/alumna constituting the nordenite structure is 15 to 30. |If the
silicalalumna nolar ratio is less than 15 or nore than 30, the catalytic
activity tends to decline. When the zeolite is powdery, it nust be

formed Tor Wiy (%, 2Ralghd4Tup, Bh GR1BRY AL hEiGRGRFoF REESS Y var ovs

met hods such as copressi on and “dropping, but in
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bi nder is generally necessary, and anh inorganic oxi de and/or clay I's used
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i nvention include alumna sol and alum na gel. The anount -of the binder is
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is then dried at 50 to 200-C, and subsequently calcined at

350 to 600-C, to be higher in strength.

The secondary particles of the zeolite used in the

present invention are formed by'aggregation of primary

particles of the zeolite. The maximum diameter of

secondary particles in the formed catalyst can be easily

examined by a scanning electron microscope (SEM).

For the objects of the present invention, it is

effective that the maximum diameter of secondary particles

of the zeolite in the formed catalyst is 5 microns or less.

When the raw zeolite is homogeneousiy mixed and formed with

an inorganic oxide and/or clay, the secondary particles are

partly broken and dispersed. |f the secondary particles of

the zeolite, in the formed catalyst are sufficiently small

and are well dispersed, the effective catalytic reaction

rate is higher, and a higher catalytic activity can be

achieved in isomerization reaction. The maximum diameter

of secondary particles in the formed catalyst can be

controlled by forming conditions., the maximum diameter of



Is then dried at 50 to 200-C, and subsequently calcined at 350 to 600-C,
:to be higher in strength. The secondary particles of the zeolite used
in the present invention are forned by aggregation of primary particles
of the zeolite. The mexi-num di anmeter @ secondary particles in the fornmed
catal yst can be easily exam ned by a scanning electron m croscope (SEM.
For the objs@tdiondafryt ParRieIest ofNYRBLF8W, zeb1i 8e pék@et, vetd.hatag he maxi num
di anet er of secondary particles of the zeolite in the forned catalyst is 5
m crons or fl\assi.ng \Ghaditthensawtheotime forhbmogéhepushy nawesk @hidtd or med
with an inorganic oxide and/or clay, the secondary particles are partly
br oken and adidspar dadrganiichexsdeoand/grpatayclivster cambenrboldte, dne t he
formed catalyst are sufficiently small and are wel] dispersed, the
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activity can be achieved in isoperization reacjiion. The xi yrum dj anet er
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conditions. .t xi.mum di;a 14
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catalyst is preferably smaller. Furthernore, the nmaxi rum dianeter of

secondary pdixitiugleea totheheinavo £eoyitiee posyes ry cal thie atdmtr dlilmed by t he

conposition ratios of the reaction '
stirring conditions, drying method, etc. The synthesizing
conditions must be selected properiy since they depend on
the raw material used and cannot be generally specified.
According to the findings obtained so far, if the
alkalinity in the reaction mixture at the time of synthesis
is lower or if the crystallization time is shorter, the
maximum diameter of secondary particles tends to be smaller.

fn the present invention it is preferable that the

zeolite contained in the formed catalyst is of acid type.
If the zeolite is of acid type or ammonium ien type acting
as a hydrogen ion precursor or organic cation type before
forming, treatment for conversion into acid type is not
necessarily required. However, if the zeolite contains
alkali metal ions or alkaline earth metal ions, etc., ion
exchange treatment for conversion into acid type is carried
out. As ion exchange treatment, the zeolite can be
directly converted into acid type using an aqueous solution
of anm inorgaﬁic acid or organic acid, etc., or the zeolite
can be ion—-exchanged to have ammonium ions introduced using

an aqueous solution of ammonium chloride or ammonium



m xture at the time of synthesis, crystallization time, stirring

‘condi tions, drying nethod, etc. The synthesizing conditions nust be

sel ected properly since they depend on the raw nmaterial used and cannot be
generally specified. According to thg:.findings obtained so far, if the
alkalinity in the reaction m xture at the tinme of synthesis is lower or if
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effective for inhibiting side reactions and prolonging the

catalyst life. | |

For isomerizing DCT, TCB.or CEB, etc., it is

preferable to load rhenium with hydrogenation activity on

the catalyst or to introduce silver ions into mordenite,

for more effective functioning of the catalyst. It can

happen that silver ions cause reduction or are forﬁed into

another compound during reaction, but this does not pose

any problem in catalytic performance. It is also

preferable to add fluorine and/or phosphorus to the

catalyst. When the catalyst is used for reaction, it is

preferable that DCT as a raw material supplied is brought

into contact with the catalyst, in liquid phase. It is

also preferable that hydrogen is present with the raw

material supplied, since the decline of catalytic activity

can be inhibited. |If hydrogen is dissolved in the DCT

liquid phase, a higher effect can be manifested. To

dissolve an effective amount of hydrogen into DCT, it is

preferable that the reaction pressure is 4 MPa or more.

The introduction of silver ions into mordenite can be



subsequently calcined at 350 to 600-C. to be used in the reaction for

‘I soneri zi ng hal ogenated aromati cs. In the isonerization of CT or
DCB, the presence of an aromati ¢ hydrocarbon or any other hal ogenated
aromatics i s effective for inhibitiggﬂside reacti ons and prol onging the
catalyst life. For isonerizing TCB or CEB, etc., it is

pref erabl e dad 1924 ch1@ed ™y § BnDUdERTRRTH RN BCE MY ?‘ﬁ/éeﬁ"f ggatal yst or

to introduce silver ions |n?no nordenite nore e uncti oni ng of
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into another conpound during reaction, but this does not pose any problem
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phosphorus to the catalyst. Wen the catalyst is used for reaction, it is
pref er abl e ish&: 5Dty 48 ut%amﬁnucéalabasaﬁpon eth¢ woirghighaf Ghe o contact

wi th the catal in liquid phase. Is also preferable that ?ydrogen IS
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mordenite gan-be converted into the metal or any other

compound such as chloride during reaction, but this does_
not lower the catalytic performance.

Especially when rhenium is loaded with the catalyst
for isomerization reaction in the presence of hydrogen with
DCT as liquid phase, rhenium functions as a hydrogen
activating component and removes the high boiling point
compounds which cover the active sites of the catalyst and
poison the catalytic performance, thereby effectively
maintaining the catalytic activity. The rhenium compounds
which can be used here include perrhenic acid, ammonium
perrhenate, rhenium chloride, etc. 1t is preferable that
the amount of rhenium carried is 0.05 to 2 wt¥% as metal
based on the weight of the catalyst composition. A more
preferable range is 0.05 to 1 wt¥.

The catalyst composition produced like this is dried
at 50 to 200-C and subsequently calcined at 350 to 600-C,
to be used for DCT isomerization reaction.

It is also effective for DCT isomerization that at
least either of fluorine and phosphorus is introduced into

the catalyst composition.



It is preferable that the amount of silver ions introduced is 0.5 to 10
‘W % as netal based on the weight of the catal yst conposition. A nore
preferable range is 1 to 7 wt % A catal yst conposition containing silver
ions is effective for -inhibiting siﬂ reactions in the DCT

| somerization reaction. The silver io i ntroduced into nordenite can be

converted into the otégl e@ﬁg?prg%??héiﬁgwﬁyn&hé A APs c‘mtprdede during

reaction, but thi's catalytic ormance.
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poi nt conpounds which cover the active sites of the catal yst and poison
t he cat al ywisedpdefrer iandedet maetebysefiktei fbhorimaicdmioumis tshehcatsal ytic
activity. The rhenium conpounds which can be used here include perrhenic
acid, amoiinmaniyar fhaasdi de. r ene ferehl orpesphars 1qonpo undst ehdlsihe t hat
t he amount of rheniug1ﬁarried ls 0.05 to 2 ww% as netal based on the
wei ght of CAA b& 4s§d: NepepbRe 1Ude Wil ep w0 | Uit dhaspdiorasgsompoyngs 1o 1
wt % ggg takﬁst co ositéon roduced .Jike this is driedq at 50 to
200-C and & ea SPRATEY nd&! 4yt B RNasPhats gad, aggondumpcr
i someri zat i i ' ctyg.ve f.Qr [ ri_zation
that at - Igggtrs_g?ﬁhg?%%?a* 'uorilfnei s;r@le;ﬁeo'ga{o 'ger uljgmiets fﬂr’ftomﬁcéﬁq?ﬁtro t he
catal yst cOHB9Bhbr@®  is contained by 0.05 to 2 wt¥ as fluorine atoms

and/or phosphorus atoms based on the weight of the catalyst

“composition.

The catalyst composition produced like this is dried

at 50 to 200°C and subsequently calcined at 350 to,600i1

to be used in the reaction to isomerize halogenated

aromatics.

For the reaction to isomerize halogenated aromatics,

any of fixed bed, moving bed and fluidized bed can be used.

In view of easy operation, fixed bed flow reaction is

especially preferable. [t is preferable that the reaction

temperature is 250 to 500C. A more preferable range is

250 to 350C. The reaction can take place in either of

vapor phase or liquid phase, but if any high boiling point

compound is byproduced, liquid phase reaction is preferable.

Furthermore, water can be removed as stated in Japanese

Patent Publication (Tokko) No. 4-46933, or a diluent stated

in Japanese Patent Publication (Tokko) No. 62-15051 can

also be added.

In the reaction to isomerize DCT, CEB or TCB, etc., it

is preferable that the halogenated aromatics in liquid



17 ' At | east either of fluorine and phosphorus can be i ntroduced
‘int.o the catal yst conposition by inpregnation or m xi ng, etc. Preferable
fluori ne conpounds which can be used here include water soluble fluorine
conpounds such as amoni um fl uori de. Preferabl e phosphorus conpounds

whi ch can be used here include wate¥8 sol ubl e phosphorus conpounds such
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to be used in the reaction to I somerize hal ogenated — arona For
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fl ow react ipondiusedesmedhal rgaptebar &bl lowtou s of efing ady st d)aty it wieact i on
tenperature is 250 to"500t. A nore preferable range is 250 to 350[err]C.
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i f any high boiling point conpound is byproduced, |iquid phase reaction is
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Pat ent Publicatiopn (Tokkp) No., 4-46933, or a dilyent stated in Japanese
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catalyst, for removing them, and as a result, that the .
deactivation of catalytic activity is inhibited. It is
preferable that the amount”of hydrogen is 0.005 to 0.2 as a
molar ratio to DCT. A more preferable range is 0.02 to 0. 2.
In this case, it is especially preferable that hydrogen is
dissolved in DCT for manifesting a higher effect. For
dissolving hydrogen into the liquid phase DCT, it is
preferable that the reaction pressure is 4 MPa or more,
since the deactivation of catalytic activity can be
prevented.

The weight space velocity (WHSV) is 0.05 to 10 Hr™%

A preferable range is 0.1 to § Hr™\.

In the present invention, if the dissolved oxygen
content of the halogenated aromatics is kept at 15 wt ppm
or less, the deactivation of the catalyst can be prevented.
[t is preferable that the dissolved oxygen content is as
small as 5 wt ppm or less. More preferable is 1 wt ppm or
less. _

The dissolved oxygen content of halogenated aromatics

can be measured using a Beckmann dissolved oxygen meter or



18 phase are brought into contact with the catalyst in the presence of
- hydrogen. The reaction wth the hal ogenated aromatics in liquid phase
causes both the high boiling poi nt conpounds and the reaction product
respectively produced-in the reactixmn to flow out of the system mnthout
covering the active sites of the catalyst, thus inhibiting t he '
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directly blown into halogenated aromatics {iquid in a

storage tank for bubbling, or halogenated aromatics “and N,
are brought into mutual contact in counter current in a
plate column or packed column, etc. The operating pressure
can be any of atmospheric pressure, pressurization or
reduced pressure. The operating temperature is usuailly
tower than the temperature at which the halogenated
aromatics can be kept in liquid phase.

As reduced pressure treatment, for example, a storage
tank which contains halogenated aromatics containing
dissolved oxygen is reduced in pressure by a vacuum pump,
etc., or halogenated aromatics liquid is treated by reduced
pressure in a plate column or packed column, etc. for
expelling dissolved oxygen. The operating pressure can be
vacuum or atmospheric pressure, but a lower pressure is
preferable. The operating temperature is usually lower
than the temperature at which the halogenated aromatics can
be kept in liquid phase.

Distiltation treatment can be executed according to a

conventional method. The distillation column can be a



can be measured using a Beckmann di ssol ved oxygen neter or

- 19 pol arographi c di ssol ved oxygen neter, etc. The di ssol ved oxygen
content of hal ogenated aromatics can be kept at 15 w ppmor |ess by

di ssipation treatnent, .reduced pressgge treatment or disti
treatnent, etc. - In the present
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aromati Ccs

if the dissolved oxygen is decreased, the decrease of

active sites can be prevented, allowing the catalyst

regeneration period to be prolonged.

For the isomerjzation reaction, any of fixed bed,

moving bed and fluidized bed can be used, and either flow

method or batch method can be adopted.

According to the present invention, the catalytic

activity in the reaction to isomerize halogenated aromatics

can be improved, and the reaction temperature can be

lowered. In addition, by decreasing dissolved oxygen, the

life or regeneration period of the catalyst can be

prolonged.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing an SEM image of the

catalyst compound A produced in Example 2.

Fig. 2 is a diagram showing an SEM image of the

catalyst compound B produced in Comparative Example 1.

Fig. 3 is a diagram showing the reaction times and m-

DCB concentrations in the reaction solutions in Example 5

and Comparative Example 2.



be kept in liquid phase. Distillation treatnment can be executed
-according to a eonventional nethod. The distillation colum can be a

20 plate colum or packed columm, etc., and the operating pressure can be
any of atnospheric pressure, pressurization or reduced pressure. The
di ssol ved oxygen, if contained in the Zml ogenated aromatics, reacts with

t he hal ogenated aromatics in the isonerization_reaction, to produce an

oxygen-cpntaUﬂrﬁf&cdhﬁéuﬁdﬁiﬁﬁi@@a§ﬂﬁ§iﬂﬁeaﬁnﬁﬁﬂuﬁﬂﬁgﬂepbhfh&nd_coVering
retivity. | e cqabau B ¥35nucad 48" EXARD 1 pr PBne i seol ved oxygen i
catal yot | regendr i an et d3iEs iR ShbETakqRn. SN FHERLTSY  Bhe COLTY: Lot on
i ther 1] ovt ey o 1 e Pt nba at) EERBRR EE T o 0 °T0 the
present invention, the catalytic agjaighes N the reaction to isonerize
hal ogenated aromatics can be inproved, and the reaction tenperature can be
| ower ed. | n. addiTthieorinviey tdear h$inpeddssot vbeld okyomere tdetai ) fvei 11
regeneration period of the catalyst can be prolonged. BRI EF
DESCRI PTI ONedr regE eDRaWtiHES fo | lowiFggexamp e s, divlabelnna shiove hoi mineBEM | mage
of the to restrict the scope of the invention. '
Example | (Synthesis of penfasil-type zeolite) |
An aqueoﬁs solution was prepared by di#solving in .
583.8 g of water, 7.3 of solid caustic soda (containing
1 96.0 wt% NaOH and 4.0 wt% H,0, from Katayama Kagaku) and
10.2 g of tartaric acid powder (containing 99.7 wtX
tartaric acid and 0.3 wt¥ H,0, from Katayama Kagaku). To
this aqueous solution was added 35.4 g of sodium aluminate
solution (containing 18.5 wt¥% A{,0;, 26.1 wt¥ NaOH and 55. 4
wt¥ H,0, from Sumitomo Chemical). To the resulting
homogenous solution was slowly added with stirring 111.5 ¢
of silicic acid powder (containing 91.6 wt% Si0, 0.33 wt¥
Al,0; and 0. 27 wt¥% NaOH, “"Nipseal VN-3" from Nippon Silica).
There was obtained a homogenous aqueous slurry having the

following composition (in molar ratio).

$i0,/A1,04 25

H0/8i0, 20

0H /50, 0.164

A/A1,0; | 1.0 A : tartrate

The slurry was heated at 160-C for 72 hours with
stirring (250 rpm) in a 1-liter autoclave. The reaction

product was washed with distilled water and filtered five



catal yst conmpound A produced in Exanple 2. Fig. 2 is a diagram
- showi ng an SEM i mage of the catalyst conpound B produced in Conparative

Exanpl e 1. : Fig. 3 is a diagramshowi ng the reaction times and m DCB
concentrations in the reaction solutigns in Exanple 5 and Conparative
Example 2. _ .21 Fig. 4is a

di agram shqwmgg andSklvenm@ere®fotenigitbtad yatiowonzHed CTAuGdYGRd el N
Exanpl e 10. - Fig. 5 is a diagramshow ng an SEMinmage of the

catal yst ceegpogbdainpdogugenlta i Cotmpe atdo/ki fxawtlch Fives an X-ray

Exanpl es . The invention will be described in nore detail wth

reference tdffhnectdbdhopa hte exasipdwes, i Wi odhl erk anat . hiast dided to restrict
the scope of the invention. Exanple 1 (Synthesis of pentasil-type zeolite)
An aqueoussédliga/ahunina prepas ebla"&ﬂ d}fséo{\ﬁ-ng in 583.8 g of water, 7.3 of
solid causiic ?od (containing 96. 0 Wt % NaOH and 4. 0 wt % H20, from

Kat ayana :K 6éku?_ d 10.2 g of tartaric acid powder (containing 99.7 w%

Lar 2t o SESuRTE P (Poidbt Pl PR AR sopBant BRI ,
A0S 20 4 MILSETL R, T n B TSI RAT 6L, IO
2% otk Rach LSBT A SN 1 PN, 04 31 Wl 203 and O
' (cpntaining 10 wt¥% of Al,05, "Cofloidal Alumina 200", from
Nissan Kagaku), 3 g of alumina gel {(containing 70 wt% of_
Al,0;, "Cataloid AP (C-10)", from Shokubai Kasei), afid
distilled water. The mixture was kneaded. During kneading,
a proper amount of distilled water was added, while the
kneaded state was observed. After kneading for about 2
hours, the paste was formed into pellets like noodles
through a screen with 0.8 mm dia. holes. which was dried
overnight at 120C and then calcined at 500°C for 1 hour.
The formed pellet (30 g dry base) was treated with 10
wtX aqueous solution of ammonium chloride at 80-85TC for 1
hour. The ion-exchange treatment was repeated § times in
the same manner as above. The treatment was foliowed by
rinsing with distilled water 5 times. [t was dried
overnight at 12613, to obtain an ammonium ion—exchangéd
formed pellet. Then, it was calcined at 550°C for 2 thours,
to convert ammonium ions into hydrogen ions. Thus there
was obtained a catalyst compound A, which contained an acid
type zeolite, the aperture of the largest pore of which
comprised the 10-membered okygen ring. SEM observation

shows that the maximum diameter of secondary particles of



There was obtai ned a honbgenous aqueous slurry having the follow ng

‘conposition (in nolar ratio). Si 02/A[err]Of[err] 25
H20/ Si 02 20 .OH err]/Si02 0. 164 . A Al120[err]
1. 0 A tartrate . The slurry was heated at 160-C for 72 hours

with stirring (250 rpm) in a 1-liter Z3tocl ave. The reaction " product was

hed with, distill. d . fil d fi .
vaned W Ut P BT S Shs i Basses. e psesvac,aen

obtai ned a Eff§953§'§_ﬂﬁiqﬁpkﬁﬁﬁ.whiCh gives an . X-ray diffraction pattern

shown in Table 2 and has the Silical/alumna nolar ratio of 21.9.

2]  Exanpl Gowp 4 Fi PR &tk adip 1@f lca(tPQJe\b%tr:'a't%trlabifsg?QQW??i:t&?P%Nst

paste m xture was prepared from 30 g (dry base)" e zeo e” powder
obt ai ned ‘i ncdm@popi €ialn B4 of alum na sol (containing 10 wt % of A1203,

"Col | oi dal Al umina 200". from Nissan Kagaku), 3 g of alumina gel

[ Tabl e

(containing'70 v %adfal yat2@8mpbEattdoai 8 ARs(Chbid)Hed faond Ehoktbed Kesei),
add distilled water. The m xture was kneaded. During kneading, a proper
amount of ARRANIHE vidreec atad Yaddeampesiitéonhd oknexamnl! &t bt ee xvep bbser ved.
After kneading fqr about, 2 hqurs, the paste was forned into pellets |ike
ke &

noodl es 't 2di 0gi dAme. Sofmratal ypb| barmiwg e weab it

oy o e e AL aE L AR RPLERS S Pl (8o
of secondary particles of the zeolite in the formed
catalyst was 10 microng. An observed SEM image is shown_in
Fig. 2.
Example 3 (CT isomerization reaction)

The catalyst composition A (Example 2) and the
catalyst composition B (Comparative Example 1) obtainéd by
the above method and different in the maximum diameter of
secondary particles of the zeolite, the aperture of the
largest pore of which comprised the 10-membered oxygen ring,
in the formed catalyst were used for CT isomerization
reaction tests in fiquid phase. The resulfts are shown in
Table 3.

[Table 3]

From Table 3, it can be seen that if the maximum
diameter of secondary particles of the zeolite, the
aperture of the largest pore of which comprises the 10-
membered oxygen ring, in the formed catalyst is smalfler
than § microns, the catalytic activity is higher and the
reaction temperature can be lowered.

Example 4 (DCB isomerization reaction)

The catalyst composition A (Example 2) and the

The



wt % aqueous sol ution of ammoni um chloride at 80-85[err]C for 1 hour. The

‘i on-exchange treatnment was repeated 5 tinmes in the sanme manner as above.
The treatnment was followed by rinsing with distilled water 5 tinmes. It was
dried overnight at 120[err]C, to obtgjn an amoni umion-exchanged forned
pellet. Then, it mas caIC|ned at 550[err]C for 2 hours to convert

Sommound. k"é‘m%" R Lo B F O Se ERBnBTRI D Ep Faf Bt U e
| ar gest por?a@famecmemrapr'n%ef&.trf%%éjefatm?ﬁb%@dmgwﬂ tg.gm?fl &t o

observation shows that the maxi Ianeter secon ary

23 the zeo&eé@hdmt r&alcalexsto f\a%he3 280G RS- th@‘naBPF?ﬁ fEM | mage is
shown in Fig. ) nparati ve Exanple 1 (Preparation o

cat al yst mmmsu tpoare B)Y which cAmQaﬁabuS&hGOWGﬁeﬁb@ﬂe8 m@ﬁ’tﬁ ngd as
descri bed for preparing.the catal yst conposition A of except
that the kniemditey ftoirme df cmatadwaltywerhoundgfwsoamomt186Jmermzmltﬂ$ SEM
observation shows that the maxi mum di anet er of secondary particles of the
zeol-i'te in Reat kigmdestscat Ahgsrestd tsoamecsbokn pm Dokke vied SEM i nage is

shown in Exanpl e 3 (CT isonerization reaction) The
catalyst_cdﬁb@gﬁtﬁén A (Exanple 2) and the -catalyst conposition B

gggrﬁﬁgﬁé?;ﬁefé?qgh I%%lng?iP?dch b%h?eggoyfipEIP cLé”E%quL&Frent 'n the
diameter of secondary particles of the zeolite, the
aperture of the largest pore of which comprises the 10- _
membered oxygen ring, in the fﬁrmed catalyst is smaller
than & microns, the catalytic activity is higher and the
reaction temperature can be fowered.
Exampie § (Infiuence of dissolved oxygen)

The raw material obtained by nitrogen bubbling of o-
DCB for removing oxygen (dissoived oxygen content nearly 0
ppm, measured by a polarographic dissolved oxygen meter)
was treated to be dehydrated by a molecular sieve, and
brought into contact with the catalyst composition A, for a
liquid phase isomerization reaction test. The reaction
conditions are shown in Table &.

[Table 5]

The degradation rate of the catalyst is expressed by
the m-DCB content decrease rate in the DC isomer mixture
used as the reaction solution. The catalyst deactivation
rate in this example is shown in Fig. 3 and Table 6.
Comparative Example 2

An isomerization feacfion test was carried out as

described in Example 5, except that o-DCB saturated with



secondary particles of the zeolite, the aperture of the |argest pore of

‘whi ch conprised the | 0-nenbered oxygen ring, in the formed catalyst were
used for CT isonerization reaction tests in |liquid phase. The results are
shown in Table 3. [Tabl-e 3] From Table 3, it can be seen that if the

maxi mum di ameter of secondary particlzs of the zeolite, the aperture of
the | argest pore of which conprises the 10- nenbered oxygen ring, in the
forned cat aliyst(diis soduedepxyghanconteetoabout 40 cpaml ylea;stemd vikyais
hi gher and the reaction tenperature can be | ower ed. nple 4 (DCB

i somer i zat Pl aregeaphhy dissolypd %é!&??s‘l'e%l‘)pﬁ%l“ﬁﬁ%a(s&x@wplfe“z) and

h t B
Ecgnpar ati Pategdab e Theopesyhey M/e 5‘3?1‘%" ab‘b\/'alga;e%/i dgﬁgobd:ef:‘sgpent in the

naX|nun1d|gg§B gﬁ secondary particles of the zeolite, the aperture of
t he | arg Egr of whi ch conprised the 10-nmenbered oxygen ring, -in the

formed cat € (WS (0P ' zat i on reaction tests. The
results arﬁkx Rt (#gthEPfs °|i B Egﬁffé B From Table 4, it can be
seen that if thg mbgmo@sW@Jupfsmppﬂwr%sowdp@'r%% gy the zeolite,
the aperture of the largest pore of which conprises the 10- nenbered

oxygen rindissbhvihe {orden gaghil gbsti bl edodd tr, Wha0 T wifcsendd the

catalytic activity is higher and the reaction tenperature can be |owered.:
caustic soda (contalnlng 96.0 wtX of NaOH and 4.0 wt¥ of
H,0, from Katayama Kagaku), 23.89 g of sodlum aluminate
solution (containing 18:5 wt% of Al,0;, 26.1 wtX of MaOH-
and 55.4 wt¥% of H,0, from Sumitomo Chemical) and 55.2 g of
tetraethylammonium hydroxide (hereinafter called TEAOH)
(containing 20 wtX of TEAOH and 80 wt¥ of H,0, from Sanyo
Chemical). To this aqueous solution was slowly added with
stirring 65.5 g of hydrous silicic acid (containing 91.6
wt¥ of Si0, 0.33 wt¥ of Al,0; and 0. 27 wt¥% of NaOH, Nipseal
VN-3, from Nippon Silica) was gradually added with stirring.

There was obtained a homogeneous aqueous slurry having the

following slurry (in-molar ratio).

$i0,/A1,0, 22
OH /S0, 0. 245
TEA/Si0, 0. 075
H,0/5i0, 35

The slurry was heated at 160-C for 7 days with
stirring (250 rpm) in a 1000 ml autoclave. The reaction
product was washed with distilled water and filtered five
times and then dried overnight at about 120C. Thus there
was obtained mordenite which gives an X-ray diffraction

pattern shown in Table 1 and has the silica/alumina molar



Exanpl e 5 (Influence of dissolved oxygen) The raw materi al obtained
- by nitrogen bubbling of o- DCB for renoving oxygen .(di ssol ved oxygen
content nearly O ppm neasured by a pol arographi c di ssol ved oxygen neter)
was treated to be dehydrated by a nolgeular sieve, and brought into
contact with the catalyst conposition A for a |iquid phase isonerization

The. dear adch| bh $a LEar 1 oo SIMALH UR R008T e RRLBeacal Com et

The degrada presse cont-ent

decrease 1oy &odvled Ny BEM ST 0798 WiS rdfSSR Al N8 a3 hg_@sgol ution. The

catal yst deactivation rate in this-exanple is shown in Fig. and Table 6.

Conpar at i \@x%@@lp Gynthe s oo rideatiit@n 2)eaction test was carried out
as described in Exanple 5, except that. o-DCB saturated with

25 air (dissolA drhmpgeden usonigario uabawtl u4G oppwasnpaspaeddblya

pol ar ogr aphi.c di ssol ved oxygen neter) was used as the raw naterial. The
resul ts ardi stwhwiden il 753 eand Tdlsitd lded watalwl e06p3 gErfinpbéi® (Synthesis
of nordenite %Q A honobgeneous aqueous sol ution was prepared by -

di ssol vi naus Ha7 spds (wodetiaiind @ endbe O, wd%40 fgNaPHsandq4. Bausiéiefsoda

Kagak) . 390801§0Br KadayaRrok aRFkile 28ch uf  oh Tebhitk i wate 5w o6 of
ATerrIOleid e idh Xc¥nfalnilfd*e. 5 wtx of A1,0, 26.1 wt¥ of NaoH
and 55.4 wt¥ of HzO.'from ﬁumitomo Chemica!) and 66.6 g of
TEAOH (containing 20 wt¥X of TEAOH aﬁd 30.wt% of H 0, from
Sanyo Chemical). To the homogeneous Sn]ution was added
slowly with stirring 78.7 g of hydrous silicic acid
(containing-91.6 wt¥% of Si0, 0.33 wt¥% of Al,05 and 0. 27 wt%
of NaOH, Nipseal VN-3, from Nippon Silica). There was
obtained a homogeneous aqueous slurry.having the following

composition (in molar ratio).

Si10,/A1,0,4 25
0H'/Si0, 0. 246
TEA/Si0, 0. 075
H.0/8i0, 30

The sturry was heated at 160-C for 7 days with
stirring (250 rpm) in an autoclave. The reaction product
was washed with distilled water and filtered five times and
then dried overnight at about 120%C. Thus there was
obtained mordenite which gives an X-ray diffraction pattern
shown in Table t and has the silica/alumina molar ratio of
21.5. The primary particles of the mordenite observed by
SEM were 0.16 micron in the longest axis.

Example 8 (Synthesis of mordenite 3)



and 55.4 wt % of H20, from Sum tono Chem cal) and 55.2 g of :
-tetraet hyl ammoni um hydr oxi de (hereinafter called TEAOH) (containing 20 wt %
of TEAOH and 80 wt % of H20, from Sanyo Chemical). To this aqueous sol ution
was slowly added with stirring 65.5 g; of hydrous silicic acid (containing
91.6 W %of Si02, 0. 33 wt% of A1203 and 0. 27 w % of NaOH, N pseal VN 3,
from N ppon Silica) was gradual |y added with stirring. There was obtai ned
a honogeneous alliede st ursy! thibhdmgrahe r eraneshibiyy ddisgiory imign oS8 rati o).
Si 02/ A1203 22 " OH err]/S 02 - 0,,245 . - TEA/ Si 02

0. 075 g mﬁoﬂsstlb!zed-wiw' 21, 321&1é’fs|&ﬂ‘r';ﬂ_v9a3§'sﬁéa&éc? % 160-C for 7

Sgﬁsmgstﬂgd Gprhaiflee PES Mtk Ot He i rarl £ 0 ﬁ'gg-e BB hen o Peg !
t T j deni te whi ch
olvee oo xRhiEVaHE SERaflN 1dng B (N PO IS0 plaREn 1O v of
silicalal ugLpataPhPfig 99.7 wt% of tartaric acid and 0.3 wt¥6of Hap) 0 of

18.5. The primary particles of the nordenite observed by SEMwere 0.12
mcron in fhem! RAEEPIMAH Seaku)EXam) ethe (sinitioN wagf awdede2dt @- 2) of A

honbgeneous aqueous sol ution was prepared by ~ dissolving in 575 g of
distilled yatéeom H &idimatd ssoollu th oncafcwtnta indag (1801t aitXi od A6,0;, wt % of NaCH
and 4.0 wt % of H20, from Katayama Kagaku), 25.0 g of sodium al um nate
sol ution (2&nl aw b ngf 18305 andoSd. 4avtd enfr H.006f ramvwiugbtomaoH

Chemicat) was added. There was obtained a homogeneous

solution, to yhich was added slowly with stirring 111.5 g

of hydrous silicic acid (containing 9i;6 wt¥ of sso; 0. 33

wt% of Al,0; and 0.27 wt¥% of NaOH, -Nipseal VN-3, from

Nippon Silica). There was obtained a homogeneous aqueous

slurry having the following composition (in molar ratio).

OH"'/Si0, . 0.25
H,0/8i0, 20
T/A1,0; 2.5 T: tartrate

The slurry was heated at 160°C for 3 days with
stirring (250 rpm) in a 1000 m! autoclave. The reaction
product was washed with water and filtered five times and
then dried overnight at about 120C. Thus there was
obtained mordenite which gives an X-ray diffraction pattern
shown in Table 1 and has the silica/alumina molar ratio of
18.6. The primary particles of the mordenite observed by
SEM were 0.36 micron in the longest axis.

Example 9 (Synthesis of mordenite 4)
A homogeneous aqueous solution was prepared by
dissolving in 562 g of distifled water, 42.6 g of sodium

aluminate solution (containing 18.5 wt¥% of Al,0;, 26.1 wt%



and 55.4 wt % of H20, from Sumtono Chemical) and 66.6 g of TEACH
‘(containing 20 wt % of TEAOH and 80 wt % of H20, from. Sanyo Chemical). To
t he honpbgeneous sol ution was added slowly with stirring 78.7 g of hydrous
silicic acid (containing 91.6 W% of _§ 02, 0.33 wt % of Al 203 and 0.27 wm %
of NaOH, Nipseal VN3, from Ni ppon Sil9%ta). There was obtained a -
honbgeneousy AL Sa f | | ar
ratio). Si O er r'fd/ %2%13%\% W e, ?Hﬁ“&ﬁ‘ﬁh t&'f) iéng%l)( dhd™

0. 246 - SIBNVGSIdf TBAOH (contalnlng QOOWQX of TEk@Q/E%@ZSO wt¥ of = 30
The slurry was heated at 160-C for 7 days with stirring (250 rpn) in an
aut ocl ave. Hife feamt SanyprOblemicahhs wWisheli sv aduebss idd lact iwat avasand
filtered five tines and. then dried overnight at about 120[err]C. Thus
there was astted dd@wiyr wddie & timsirdmegiT8ed a&noX- hugrousfs ttébn patdern

shown in Taple | ,and has the zlllca/alzumna rmlar ratio of 21.5. The -
primary par Goytad ndme; 194 SoNdénofe SéBser Gedid pytX gfv Al @7d60n2Eron in the

I t Sy B nordenite

27"0°t ants, A MR pG PSR Raihp%pgrga B7pBrecs] Ui 8- n Heor e gran
dtIId t 1,3 n 96.0 W % of NaOH -
aln(stl I4 Oewt \Ogc?)t?r lq[eérr]agm?%eﬁ% at agu%h&aggﬁjpsya %Pé'ié “bﬁgof tartaric acid .
powder (CQ%h@mahﬂ9099(7nwh%QQF rgtigyic-acid and 0. 3 wt%of Herr]0, from
Kat ayama Kagaku). To-the solution was added .29.2 g of sodium al uninate

sol ution (cont asnop,gqﬂ,aﬁ wt % of AlP3, 26. 1 wt % of NaOH and 55.4 wt % of

H20 fromSum tono

0H™/Si0, 0.315
TEA/Si0; 0. 079
H:0/8 10, 30

The slurry was heated at 160°C for 7 days with
stirring (250 rpm) in a 1000 ml autoclave. The reaction
product was washed with distilled water and filtered five
times and then dried overnight at about 120°C. Thus there
was obtained mordenite which gives an X-ray diffraction
pattern shown in Table 1 and has the silica/alumina ratio
of 13.1. The primary particles of the mordenite observed
by SEM were 0. 11 micron in the longest axis.

Example 10 (Preparation of catalysts: catalyst compositions
C and D)

A mixture was obtained by adding 4 g of alumina powder
(containing 75.0 wt% of Al,0;, SCF type, from Condia) with
boehmite structure (a-alumina monohydrate), 15 g of alumina
sol (contain{ng 10 wt®% of Al,0;, Colloidal Alumina 200,
from Nissan Chemical) and 4.3 g of alumina gel (containing
70 wt% of Al,05, Cataloid AP (C-10), from Shokubai Kasei)

to 30 g (absofute dry weight) of the mordenite powder



Chem tal) was added. There was obtai ned a honbgeneous solution, to which
-was added slowly with stirring-111.5 g of hydrous silicic acid (containing
91.6 Wm % of Si02, 0.33 w % of A1203 and 0. 27 wt % of NaCOH, Nipseal VN 3,
from N ppon Silica). There was obtai ned a honbgeneous aqueous slurry
having the follow ng conposition (in 2®lar ratio).. CH[err]/S|0[err]

?arf?ate ob aTHEdsfﬁrF§aﬂ&§eh%é?gﬁdayaiggfééﬁﬁﬁl% %ﬁﬁﬂ;\ﬁﬁﬁl stlrrlng
(250 rpm ng?“%ogQF.ve t°§|ﬁygpeghfmﬁfﬁftdf"Hl§¥F¥¥E§ WS Maaied with

wat er and |nes and then dried overnight at about 120[err]C.

Thus there, &, OPHFIQGF'hEmkﬁ'@Né& 3 €8 my%m%day Thiefrfer aqisi on pattern
shown in Ta " and has the silica/alunmna nolar ratio of 18.6. The

primary pabbtﬁi@&doi past yon theti € obisie v ora OYf o (GiFdd Vierte Qeddetiscron in the
| ongest axis. Exarnple 9 (Synthesis of nordenite 4) A honpbgeneous
aqueous sol ikeomoowhbe pr tes egh by sié ssot winth ih Ham d il diodteist | ed heat er
42.6 g of sodium aluminate solution (containing 18.5 w % of Al[err]O[err]
26. 1 wt%product was dried overnight at 120C andgthgp sabeined 8% 2 w % of

H20, from Suni t oo Chen1ca|) ‘and 69.9 g of -TEACH (containing 20 w % of
TEAOH and 800§ obagr 2 hﬁﬂfs'fronlsanyo Chenlcal) To this aqueous sol ution

Contai ning o1, e aird g of L) (b Y R 0B SRR K1 89710, 04 o

E%ggbeﬁtgzs?%qué%égu%r%@p%PLaV|ng t¢¢&ﬁ®%%&%ggﬁ??§ﬁ@?lguﬁ?%g;nfg{?g)

S'O[Grr]/Aﬁéﬁfr]O[Fﬁéllon exchangeldtreatment was repeated 5 times in
the same manner as above. The treatment was followed by
rinsﬁng with distilled water § tlmes. It was dried
overnight at 120C, to obtain an ammonium ion-exchanged
formed pellet.

One half of the ammonium ion-exchanged formed pellet
was immersed in 30 g of an aqueous soflution containing 75
mg, as rhenium metal, of perrhenic acid, at room
temperature for 3 hours. Then, the immersed pellet was
filtlated, dried overnight at 120C and calcined at $500C
for 1 hour and in succession at 540C for 3 hours, to
convert ammonium ions into hydrogen ions, for obtaining a
catalyst composition C containing acid type mordenite. The
catalyst composition C contained 0.3 wt% of rhenium. SEM
observation shows that the maximum diameter of secondary
particles of the mordenite in the formed catalyst was 3
microns. An SEM image observed is shown in Fig. 4.
On the other hand, the remaining half of the obtained

ammonium ion—exchanged formed pellet was treated with 30 g

of an aqueous solution containing 0.45 g, as silver metal,



OH err]/SiO[err] : 0.315 TEA/ Si O[ err] 0.
.079 : H20/ Si O[ err] 30 - The slurry was heated at

160[err]C for 7 days with stirring (250 rpm) in a 1000 m autoclave. The
reaction product was washed with distilled water and filtered five times
and then dried overnight at about 120P& r]C. Thus.there was obtai ned

A ed overni ght at ! ! nas_0ot J
nas the si Prca) bRl RAFFafe oY foqa’ Ghidpth i B AL ML h o

nor deni te 9psesyeflon byt SEMOVEor Q. WouT.Cr Ohei Nolihexkchraget tagagmenkxanpl e
10 (Preparation of catalysts: catalyst conpositions C and D) A

m xture waga9btai newe yb ndeli ngi Mg ow bt h ad s N gxdbwdketre r (SCctritsaeisni ng £75. 0 Wt %
of A1203, SCF type, from Condia) with boehmte structure (a-alumna
nmonohydr ate3s d6i gdoévetuhtnt atol 2§ Contisimeirsgd1dnwdd ef 6A1203, Col | oi dal
Alum na 200, from Nissan Cheni-cal) and 4.3 g of alumna gel (containing 70
W % of A120@ue@hs as ®) Wt e (@abyin ki BHtgufs nieddium medade @ f(absol ute

dry weight) of the nordenite powder - . _ 29
obt ai ned i he EBeHI € sCignyt & nkeRRer &t ef s 32 WdusSs. BB ng kneading,

obser ved. TRRE 80 4P lfs 7 €1 o 87 ARG PR S AT e T "
e ared SELFRPERCEL SOEEOToR, ACHRE?, Hak" 1, BuBERSSPonchh Cpep fi DY ocuct

hours. ?uha-ﬁ‘ﬁ‘s,f Of §e¢h e # €1a ffmdh igtnﬂri)bd%aSQt)St[oW%%dtéb Otrneiowiﬂ hd9 w %

aqueous solution of amoni um chl oride at -80-85[err] ~hour. The
i on- exchang®t 4 r ehi et c 9661 y S ardnirh S5 Liid®eP iconitlad ndage acddneypas_above.

The treatnment was followed by rinsing with distilled water 5 tines. It was
dried overméoghen bte.120(tee rdat a ltys toletoaipe seirt immnbnicomtiadinedx@h8nyéd of or ned
pel et silver and 0.3 wt%¥ of rhenium. SEM observation shows that
the maximum diameter of secﬁndary particles of the

mordenite in the formed catalyst was 3 microns.

Example 11 (Preparation of catalysts: catalyst compositions
E and F)

A mixture was obtained by adding 4 g of alumina powder .
(containing 75.0 wt¥% of Al,0;, SCF type, from Condia) with
boehmite structure (a-alumina monohydrate), 15 g of alumina
sol (containing 10 wt% of Al,0,, Colloidal Alumina 200,
from Nissan Chemical) and 4.3 g of alumina gel (containing
70 wt% of Al,0;, Cataloid AP (C-10), from Shokubai Kasei)
to 30 g (absolute dry weight) of the mordenite powder
obtained in Example 7, and was kneaded for about 2 hours.
During kneading, a proper amount of distilled water was
added while the kneaded state was observed, to obtain a
pasty mixture. 1t was formed into a pellet like noodles
through a screen with 0.3 mm dia. holes. The formed pellet

was dried overnight at 120-C and then calcined at 500C for



One half of the ammoni umion-exchanged forned pellet was imersed in 30 g
- of- an aqueous solution containing 75 ng, as rheniumnetal, of perrhenic
acid, at roomtenperature for 3 hours. Then, the imersed pellet was
filtlated, dried overnight at 120[err3{ and calcined at 500[err]C for 1
hour and in succession at 540[err]C for 3 hours, to convert anmoni um i ons
into hydrogegnjns. for obtaining a catalyst conposition C containing acid
type nordenite. The catalyst conposition C contained 0.3 wt % of rhenium

SEM observati qmyesfoumeldnple 118€ 1By pugr #i 9§§5Prw9§ BEEPRERIwi tiparg i cl es of
the nordenite in the forned catalyst was 3 m crons. An SEM i mage observed

is shown iwt#iaguedus solu®ionheforihmonhamdchlbeidenat ngthes el ffoaf It he

obt ai ned anmoni um i on- exchanged fornmed pellet was treated with 30 g of an

aqueous sdioutri.on Thentiginriexghdngs Yreatmentveasncepeated 5 times in '

30 of silver nitrate at roomtenperature for 30 mnutes and in succession

at 70[err]ther same mamner Iseaboreexchlegbrea buembwas wia! kawadbviad by |
rinsing with distilled water -5 tines. |t  _was drjed overnjght at 120[err]C,
i mersed ifd 13d g &t tind‘é(ﬁt&é@)% ket i vnt EBet-ai n‘ ho"#8 4 €hs 1 heni um :

metal, of rr, I ¢ . .agl t yoomt.enperat f.or ouyr i mrer sed

. pel | et vvaéwgﬁgi'%gg, %érﬁzgtgve{%iég;ﬂntta 'Q{) afch?'{é"r%rn]'%maﬁc?m gé?éfaﬂgggat 500[err] C.
for 1 hourfoq@qdi eqq%qessi on at 540[err]C for 3 hours, to convert ammoni um
ions into hydrogen ions, for obtaining a catalyst conposition D containing

acid type norgqei hgif dPCtRat Awed i $P PO d g P Voaimed pd-19 et % Of
silver and 0.3 wt% of rhenium SEM observation shows that the maxi num

di aneter efasseqaadaeyd pargbcgesf of N tdwmombumwenl dox iide taygefoarsned cat al yst
was 3 mcrons. Exanple 11 (Preparation of catalysts: catalyst conpositions
E and F) solutAoni stureomatenpe ni hede bfo mdihoy s, g aofd dileniimmepseder
' pellet was drained and immersed in 30 g of an aqueous
sofution containing 75 mg, as rhenium metal, of perrhenic
acid at room temperature for 3 hours. The immersed peliet
was drained, dried overnight at 120°C and calcined at 500C
for 1 hour and in succession at 540°C for 3 hours, to
convert ammonium ions into hydrogen ions, for obtaining a
catalyst composition E containing acid type mordenite. The
cataiyst composition E contained 0.3 wt%¥ of rhenium and 0.9
wt% of fluorine. SEM observation shows that the maximum
diameter of secondary particies of the mordenite in the
formed catalyst was 3 microns.
On the other hand, the remaining half of the ammonium
ion-exchanged formed peflet was treated with 30 g of an
aqueous solution containing 0.45 g, as silver metal, of
silver nitrate at room temperature for 30 minutes and in
succession at 70C for 1 hour. The ion-exchange treatment
was followed by rinsing with distilied water 5 times. [t

was dried overnight at 120%C, and immersed in 45 g of 1IN



(containing 75.0 wt% of Al[err]03, SCF type, fromCondia) with boehmte

. structure (a-alumna nonohydrate), 15 g of alunina sol (containing 10 wt%
of Al 203, Colloidal Al um na 200, from N ssan Chemcal) and 4.3 g of

alum na gel (containing” 70 wt % of 03, Cataloid AP (C10). from Shokubai
Kasei) to 30 g (absolute dry weight) of the nordeni te powder obtained in

amount of HIELH TR (R, ade e a i VI p¢ PeRaRBELeLiPhsPaBserved,
to obtain f ,pasty r‘?l?%thBGlhe m‘ﬁ?esrs ﬁq I_FE fa§ B?BH%F: Fﬁ’ noodl es

through a screen ‘Wi th or e was dried

overni ght gineedsd ﬁﬂckﬂt tke’bfoit'th'a'Et%ofltts QQQhQﬁthcf)ﬁ'talnlng 75 m

31 2 hours. formed pellet (30 g dry base) was treated with 10
Wt % aqueouss SEH e i uin m:a‘taammrfl lprélrQ’Weerlchc&H 80- 8bom tempdrabers. fdpe

i on-exchange treatment was repeated 5 tinmes in the sane manner as above.

The treat nkritowwes fdllieovmdletmedr ipedilred wiaish ttieat drhédedatéri&dti mes. It was

dried overnight at 120[err]C, to obtain an anmoni umion-exchanged formnmed

pel let. overmehhat 120 h@ﬂémhchhﬁdome&%ﬁtﬁné@d flohgtd padl én was

uori de agueous solution at .foom

l?nrﬁéfgf u:["tre]"‘?‘gersg%"oétbl]j‘rl\lts,%q?ﬁﬁ 0E' 3 oRak ey %et%tewaéntgt% 193§ e sea
30

o hen oridlh 3 (ﬁ%?&m%t%@l%'e(?'ﬁ{ﬁ?@t*?h?"' 38, 40p 20 (2 AT 1, e

drained. <oy ek MY Fyph2RbSURh RN TRPCERER fh e SORRIEfiod % 1 Powr

and i n successi on hour s
contained 2.8 wt¥ of s1|ver, 0.3 wtX¥ of rhenium and 0.9 wt¥

of fluorine. SEM observation shows that the maximum
diameter of secondary particles of the mordenite in the
formed catalyst was 3 microns.

Example 12 (Preparation of catalyst: catal&st composition
G)

A catalyst composition G was obtained using the
mordenite powder obtained in Example 8, as described for
preparing the cataltyst composition C of Example 10. SEM
observation shows that the maximum diameter of secondary
particles of the mordenite in the formed catalyst was 4
microns.

.Example 13 (Preparation of catalyst: catalyst composition
H)

A catalyst composition H was obtained using the
mordenite powder obtained in Exampie 9, as described for
preparing the catalyst composition F of Example 11. SEM
observation shows that the maximum diameter of secondary
particles of the mordenite in the formed catalyst was 4

micrans.



convert ammoni umions into hydrogen ions, for obtaining a catalyst

_ conposition E containing acid type nordenite. The catalyst conposition E
contained 0.3 wt% of rheniumand 0.9 w % of fluorine. SEM observation

shows that the maxi num di aneter of segpndary particles of the nordenite in

the fornmed catal yst was 3 m crons. On the other hand, the remaining

half of the ammniuhal A EXENARIECT BV RE|dLLrVERIGER: Ch Y30, 9 O

~an agueous solution containin g, as silver netal, ver nitrate
at room tenper at ucesfasiti@aninutes and in succession at 70[err]C for -1
hour. The ion-exchange treatnent was_-followed b¥ rinsing wth distilled

B

water 5 times. It was dicrddlSechrgpti Henrbords optainedias asddbednfus g of

1IN inari : ' ' )\ l4Qr| qu

sol ution at room f&f aerr'ggughee fcértalﬁs%o%%g?g en, F{T#e E:*%%?ge@'pgwé;‘ft was
drained and inmretred the RRediak QlmaquFoust Holsut formiagnids nNibd@t7d0 Ny, as
rhenium netal, of perrhenic acid at roomtenperature for 3 hours. The

i mersed pel | et wasttbesn d$EH wdgerrbiod shows difight ther mapdRwst dji oneter

calcined at 500[ergy]C for 1 hour:and i. ccessipn a Olerr for 3
hour s to  conver L binsaREnty BALH ES o sPEGETIEREE o PIOUELRRT 1o h
catal yst conposit s (fyst CRAY qigni NG Gl d AY FENPREENIbSe r e iSL RISt n

conposition F contained 2.8 w% of silver, 0.3 wt% of rheniymand 0.9 wt %
of fluorine. SEMtdsérvation shows that the maxi num dianeter of secondary

partioles of, the SRRH T8 ok PhldIERyEBghtuige 3 morons:  Bxamle

Seven catalyst compositions € (Example 10) through |
(Comparative Example 3) prepared as described above were
tested in DCT isomerization reaction. The resuits are
shown in Table 7.
[fable 71

From Table 7, it can be seen that if the maximum
diameter of secondary particles of the mordenite in the
formed catalyst is smaller than § microns, the catalyst
activity is high, and so the reaction temperature can be
lowered. Furthermore, it can be seen that if the primary
particles of mordenite are smaller than 0.2 micron in the
longest axis, the catalyst is more excelfeat and that if
the silica/alumina molar ratio of mordenite is 15 to 30,
the cata{yst is excellent. |
Exampie 15 (CEB isomerization reaction)

The catalyst composition F (Example 11) was tested in
CEB isomerization reaction, and the results are shown in
Table 8.
{Table 8] .

From Table 8, it can be seen that the catalyst
composition shows high activity in CEB isomerization

reaction,



A catal yst conposition G was obtained using the nordenite powder obtained
i n Exanple 8, as described for preparing the catal yst conposition C of
Exanpl e 10. SEM observation shows that the -nmaxi nrum di aneter of secondary
particles of the nordenite in the fogged catal yst was 4 mcrons. Exanple
13 (Preparation of catalyst: catalyst conposition H) A catal yst
COWPOSi“O[f‘raghg?%]otxf-%iaf}edmiraetﬁba paRtdeni b€ pondieni bbt ai ned in Exanpl e
9, as described for preparing the catalyst conposition F of Exanple 11.
SEM observati on shows that the maxi num di aneter of secondary particles of
t he nor dgMizEETdeTspatanEOr NEd GacANySt was 4 m-cr phetensity

33 Conp@aretTve Exanpte 3 (RBIEgrar ati on of cat af ¥st: cat al yst

conposi t iy ACat giygl. COMpoSi tIon | S obtal ned as des¢ri bed
for pr epggtng—the—cataystggrgosTtTom F of EXg§ple 11, except '
that . t he jkregerg—t-re—tor—eqtg yst—formny wes ' SEM

observati N'l.4 ‘“d"‘.“.i'rﬁﬁi afret-et ofgsecondary part "ﬁ"'F of

t he nord "ub.g_l_n_l_he—f-gn-n@c.t ivdatia! yst—was—i6- e .
observed |i hown in Eig 5=% evaml e 14 (DTN : : on)
Seven cat|l# 4% conpositions ¢CH%EJanple 10) th N AN ve—Fxanpl e

T - < LCU’ 1 ] \W!IFTQ.I‘TJ.L .
3) preparldd®as described aboyét%dPe  tested in "ST" -sorer-zati-eon—efct i on.
]

The resulit re shown in T3f%0% [Tahie 7] —From-Table—7— can
b +0. 08

-
D
s

-
=

b

g

be seen t i f the -maxi nrum
3.76 +0. 08
3.53 +0. 05
75 +0. 05 ¥3
338 +0. 05 S i
3. 28 +0. 05 ¥
3. 20 +0. 05 ' S
15 +0. 05 W
7. 89 +0. 05 M
751 +0. 05 H

[Table 2] X-ray diffraction pattern of pentasil—-type

zeolite

Lattice spacing d(A) Intensity
T1. 2 %0, 2 B
10, 1 +0. 2 S
7.3 +0. 2 ¥
6. 37 +0. 1 L]
5. 00 +0. 1 ¥
571 +0.1 [}
5.58 +0. 1 L]
4. 37 +0. 08

327 +0. 08 #
7. 86 +0. 08 Vs
3.82 +0. 08 Vs
3. 75 +0. 08 S
3.72 +0. 08 S
3.686 +0. 05 M
3.00 ' +0. 05 ]
2.00 +0. 05 W




di aneter of secondary particles of the nordenite in the formed catal yst
'is.smaller than 5 mcrons, the catalyst activity is high, and so the
reaction tenperature can be |owered. Furthernore, it can be seen that if
the primary particles of nordenite are smaller than 0.2 mcron in the

| ongest axis, the catalyst is nore ex3@ lent and that if the

ilicalalum ' f denjte js. 15 tp 30, th talyst i
SR o RO £k R LRk TRECPELA Fih s e fapined "EeBRLoL YL 2
ConpOSItlO@sngF¥EHPH8Pﬁ}é$§gf%ﬁ§8ted in CEB isonerization reaction, and

the results are shown _ [ Tabl e 8] From Table 8, it can be
seen that the catal yst conposition shows high activity in CEB isomerization
reaction. Mtatalyst _ A (Example 2) | B StCo ve
diffractipn pattern of nordenite Lattice spaciing (A
| nt ensi ty] A&cBion conditions . 2 M 102
0.2 9.0 Reac.oR Cewplrature C 260 0. 126940 0.1
6. 05 Reaction pres®ure MPa-G 3.4 3. 80 ' 0.1
4.52 WHSY Hr ™ 0.08 1.5 &H5599 0.
08 3.83 R . 008344 _ 0-08-3.53
0. 05 : eaction time va3. 16 202 755. 05 Vs
3.38 S"nplieﬁbraw materigs 3. 28 +0. 05 :
0-CT/benzene wt/¥t O 1271 27
\é\/53.2 239 o-CT Tsomerization rgte wi% | 51.2 45.35' 1?,, > 51 ) 0.
0 05 LT isomer ratio wif —~ T | : :
; : 0-CT/CT ik Hrabi-gg2—*—+ay—di-{rasti-onpattern of
pentasi | - bypg—cr7erT 7T 337 —
p—-CT/CT 13. 6 12,5

[Table 4] Evaluation of catalytic performance (DCB

isomerization reaction)

Catalyst A (Example 2) B) (Comparative Example
1
Reaction conditions
Reaction temperature C 350 350
Reaction pressure MPa-G 2.9 2.9
WHSVY Hr' 4.0 4.0
Reaction {ime Hrs 24 74
o—gCB conversion percentage|68.2 57. 9
wt
Reaction product wt¥
CB ] 0. 01 0.02
o-DCB 31.77 42,13
u-DCB 486. 50 41. 43
p-DCB 21.72 16. 42
P I 99. 99 99.98

Note: CB = Chlorobenzene



eolite Lattice spacing d(A) intensity 11. 2

z

.0. 2 10.1 0. 2 9.8 0.2 6.37

0.1 6.00 0.15.71 0.1 5.58

0. 1 4.37 . 0.08 4. 27 0. 08 3.86

0. 08 ' Vs 3. 82 36 0. 08 VS
3.75 0. 08 S3.72

0.08 - [Table 5] S 3.66 0.05 _ M
3.00 0. 05 M 2. 00 0.
05 W 35

[ Tabl e 3] [ Ewadtiiot itempofateat AL yti c perfofddce (CT  isonerization

reaction) | ReacGadmlpyessure MPa-G 3.3 A (Exanple 2) B
(Conpar at | WESVERANpPl e Reaction conditi bhd Reaction tenperature [lerr]C
260 ) 260 Reaction pressure MPa-G 3.4 .

3.4 VHSV H 1.5 1.5 Reacti on
time Hs - 202 206 Supplied raw nateri al

o- C1/ benzerqga\%?mf] 2/ 1 ' 2/1 o-CT :

i somerization rate wt% 51.2 45.6 CT isoner ratio wt%
o- CT/ CT Dissolved “okygen content of [Catdifst degridetloni rate

37.6 F3rak materpad CT : 13.6 :

12.5 [ Tekdn@ 1|5 EVidd ppal on Of catal yiI c perips.iahtdy(DCB 1 Soneri zgti on
reacti on) [ConGataf iwst| Approx. 40 ppm N.6Bk&dmyl e 2) B (Conpdrative
Exanpl e FBe¥®i®F cdnditions
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[err]
.of catalytic performance (CEB
Suppl i ed raw mat er al

isone r |
F (Exanple |1) Reaction conditions

38 [Tabl e 8] Eval uation

zat ion reaction)

Reacti on

Cat al yst

tenperature [err]C 245 Reaction pressure
MPa- G 4 0 H DCT rmle/rmle
0. 06 VWHSV Hr[err] Reaction tine
Hrs oduct wt % Low
boi | i ng p0|[nt bcorrp] Eyaluation of catalytlc &@ﬁfﬂﬁa&fdoeor[d%rBBenzene
0. 10 Et 0.21 0. 38
Chl orobenzel%ﬂ%zﬁrﬁon reactlog) 0.61 [err] CEB
99.73 95.79 ngh bolllng poi nt products
2.10 CEB irsg ) lh’d L material |F (Bxampde 11)
m CEB/ CEB [Reaction CoRdTTians 3
8. 17 Reaction gaﬁ,&ztmlﬂj ecove y rate V\r% 245
39 What S (Raaiciibah pséssurd .MFaAG catl al ySt CoONMpoSIi t1 on 1 Orf 4. 8. omeri zi ng
hal ogenat 0 AACO aRllegdale char act eri Zgd T rnar _tne maxijl | of
secondary [Parjisy g t0f the zeortte rnjthe formed catal yJii. § 1S o mCrjons or
| ess. Reaction time Hrs 183
Reaction product wtX
Low botling point compounds 0. 02
Benzene 0.10
Ethylbenzene 21 0. 38
Chlorobenzene 0. 06 0.61
SCEB 9973 98, 79
High boiling point products 2.10
I'CEE isomer ratio wiX
0- 53. 13 31,96
m-UEB/CEB B. 70 48. 12
p—-CEB/CEB 3817 . 9¢
CEB recovery rate wt® 96. 08




" Acata ys Ltion. according to claim 1. mhereln t he hal ogenat ed
.aromatics arejﬂgiﬁﬁu ﬂﬂ! Elknted by the followi ng general formula (I):

(where X1 sta atom X2, a hydrogen atom or hal ogen at om
and X3, a hal ogen atonlor | ower al kyl group.) 3. A catal yst conposition,
according to claim2, wherein wth gghal ogen atom selected as X, a
hydrogen atgm: -iSelq@iGd @3 sX2 and a hal ogen atom or nethyl group selected
as X3 int B 1), the aperture of the | ar gest pore of the
zeol ite conprisgs ctaftaw@trrem%edtuo@xygennsbmenzuﬁg hétsabmh el
conposition, according to claim3, whereirn". the hal ogenated aromatics are
di chl or obenzema tdrd, chhlracdieslizede.inS thatAtbet mhyshumodpasetéeprigfaccordi ny
to claim2, wherein wth a. hal ogen atom sel ected as X1, a hal ogen atom

sel ected &®cthdary pardlioden aﬁodﬂcrzbodﬂﬁeahkythgrbwpmmdthanalnsﬂ “car bon
atons selected as X3, or with.a halogen atom selected as X1, a hydrogen
aton1se|ecﬂédsaglxzoaﬁdoé ﬂ@ﬁér -alkyl group with 2 to 4. carbon at ons
selected ag X3 i er al

Poroolod 397 Wacalaiyst Fompasitippe. 2650 %ing 9 Jot2 Wb e ek or di ng

Ol S RaTaah R e RARARLES, ErE T uSTuRE ELELOEPLE) Y ths,,

accordi ng %%:nggﬂ%eﬁghe?hﬁ'?Er%uﬁHfQ ?h 6, wher®in the zeolife is an acid

type zeoli I someri zing catalyst |t|on according to claim

5, which contains nordenite of 0.2 mcron n-(bhe | ongest axes of

the primary particles.
(where X1 stands for a halogen atom; X2, a hydrogen atom or

halogen atom; and X3, a hatogen atomor lower alkyl group.)
3. A catalyst composition, according to claim 2, wherein
with a halogen atom selected as X1, a hydrogen atom '
selected as X2 and a halogen atom or methyi group selected
as X3 in the general formula (1), the aperture of the
largest pore of the zeolite comprises the 10-membered
oxygen ring. | .
4. A catalyst composition, according to claim 3, wherein
the halogenated aromatics are dichlorobenzene and
chlorotolfuene.

5. A catalyst composition, accordiag to claim 2, wherein
with a halogen atom selected as X1, a halogen atom selected
as X2 and a halogen atom or lower alkyl group with 1 to 4
carbon atoms selected as X3, or with a halogen atom

selected as X1, a hydrogen atom selected as X2 and a lower

alky!l group with 2 to 4 carbon atoms selected as X3 in the



di anet er jmﬂ ! jw'“ﬂlrs of the nordenite in the formed catalyst
contalnlng S 0.2 micron or less in the |ongest axes of the
primary partlcles IS 5 mi'crdns or |ess 0l0. A catalyst conposition,
according to any one of clainms 5 though 9, which contains rhenium 11. A

catal yst cogppstiio rdiyng %Oqswmgng@,qgld rheniumis
cont ai ned bgpo 55 t?&ﬁgwpﬁ)gps) rret?% qbasedt on the weight of the catal yst

conposi tiong, 12.A s €Alyd t donpUNQUS| taic@Rd.r d iagcQodicng iimo5anwheneiaf thkai ns 5
t hrough 9, which contai-ns rheniumand-silver. 13. A catal yst composition,
according thatépema tld avomaticssaird rdichilomoite loeneai hedchyo@ob8ntzeng W %
as netal based on the weight of the catalyst conposition and said silver is
cont ai ned bynb eh tor aot hbhenzene. al based on the wei ght of the catal yst
conposi tion, A catal yst conpaqsition, according to claim 13, wherein
said rhenluﬁqls cﬁnﬂ%ﬁ%ﬁﬁftbf°@985'ﬂdOErmﬁg@aédhﬂga °b&§éd°“e of

41 on the ht of the at al t cqnpqsi tion.and said

Sont ai ned YA ¥ o Wheydda i AR RERRE B8R uc{fetunal vt
conp05|t|onzleo'1€51 A‘catalyst conposition, according to any one of clains
10 t hrough |ch further contains at |east either -of fluorine and

phosphor us. g, % IngC QAR5 OBomBES PO HORY 0chtal fip 1By Vherein

sai d at |east elt er -of fluorine an phosp orus Is contained by 0.05 to 2
W % as 1 uogidiem &,0nE iayhd/c@mn t aiAQS Roedes i 86088 Dagedi OPoh her weeght i f the
catal yst conposition. 17. A catalyst conposition, according to any one
of clains the hicugesttt axesendi thehprimargaparbichasnol ar ratio of the
nordenite is 15 to 30. 18. A method for isonerizing hal ogenated ° -
aromat i cs, &har dcteartiadgs ti nomnatsuttmencaaacgsdlmzmp@sﬂwn &t arhareim any
one of clalns 1 through 17 is braqught Eto contact with halogenated

aromatics. theg. maxAr‘l“'i“bJrfél"'lezt&trl 8 ﬁEFHB arycpapticl ey thetleep of

mordenite in the formed catalyst containing said mordenite

9. A catal yst conﬁ§5|t|on accordlng to claim8, wherein the maxi num

of 0.2 micron or less in the longest axes of the primary
particles is 5 microns or less. |

10. A catalyst composition, according to any one of claims
5 though 9, which contains rhenium.

11. A catalyst composition, according to claim 10, wherein
said rhenium is contained by 0.05 to 2 wtX as metal based
on the weight of the catalyst composition.

12. A catalyst composition, according to any one of claims
5 through 9, which contains rhenium and silver.

13. A catalyst composition, according to claim 12, wherein
said rhenium is contained by 0.05 to 2 wtX¥ as metal based
on the weight of the cétalyst composition and said silver
is contained by 0.5 to 10 wt¥ as metal based on the weight
of the catalyst composition.

14. A catalyst composition, according to claim 13, wherein

said rhenium is contained by 0.05 to | wt¥%X as metal based



bringi ng hal containing 15 ppmor less-of dissolved
:oXygen into mﬂ “ﬂl:ﬂ““ lite-containing catalyst. 20. An
|soner|zat|o &CCoOr ng to claim19, wherein before the hal ogenated
aromatics are brought into contact with said zeolite-containing catalyst,

said hal ogenated aromatics are treatdd by any of dissipation treatnent,

reduced. pressure l,t“r gﬁgnﬁnitghqr oqil id Iclaqtallpglt t{]&gfmmoa tad SEPY SsiN&r

di ssol ved oxygen. someri zation” et according to claim 19 or

20. wherein the zegolciohea bawit dyni Ny dJawakyss setatthbacad a:lnysnecmwsu foifon

stated in any one of clains 1 through 17.
the catalyst composition.

15.° A catalyst compos:t{on. accordiag .to" any one of claims
Ic'th}ough 14, which-further contains #t Ieist either of
fluorine and phosphorus. _ .. _
16. A catalyst composition, accordiag to claim 15, wherein
" said at least either of fluorine and phosphorus is
- contained by 0.05 to 2 wtk as f\uoriﬂe atoms and/or
. phosphoru? atoms based on the weight of the catalyst
composition.
17. A catalyst composition, according to any one of claims
5 though 16, wherein the silica/alumina molar ratio of the
mordenite is 15 to 30.
18. A method for isomerizing halogenated aromatics,
characterized in that the catalyst composition stated in
any one of claims 1 through 17 is brought into contact with
halogenated aromatics. _
19. An isomerization method, comprising the step of
bringing halogenated aromatics containing 15 ppm or less of
dissolved oxygen into contact with a zeolite-containing
catalyst.
20. An isomerization method, according to claim 18,
wherein before the halogenated aromatics are brought into
contact with said zeolite-containing catalyst, said
halogenated aromatics are treated by dny of dissipation
treatment, reduced pressure treatment or distillation
treatment, to remove the dissolved oxygen.
21. An"isomerization method, according to claim 19 or 20,
wherein the zeolite-containing catalyst is the catalyst

composition stated in any one of claims 1 through 17.



