8 Decenber 2006 CONVERSI ON CATALYST FOR ETHYLBENZENE CONTAI NI NG XYLENES'
AND PROCESS FOR CONVERTI NG ETHYLBENZENE CONTAI NI NG XYLENES BY USI NG
CATALYST BACKGROUND OF THE | NVENTI ON 5 The present i nvengiDecemter att8s to a
conversion catalyst for ethyl benzene containing xylenes and a conversion
process by using the catalyst, nore particularly, a process in which
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Ot ho- xyl ene anﬂé nmet a- xyl ene whj ch are xylene isoners other than
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making it j| triall i mportant to copvert theminto para-xyl ene. Since
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recovery rate -of para-xylene per one pass can Inp
-concent r atiyléne@intopaFabgdender 2006 para-xylene contained in the supplied
raw material .
. Of xylene mixtures, para-xylene is now in particular an industrially
important produgt. The demand of para-xylene has remarkable increase as a
crude raw material for polyester, a synthetic ﬁber.. It is expected that para-
15 xylgne will continue to have such increase in the demand. Ortho-xylene and
meta-xylene which are xylene isomers other than para-xylene are extremely
lower in the demand than para-xylene, thus making it industrially

important to convert them into para-xylené.

| Since individual isomers of xylene and ethylbenzené are close in their
20 - boiling point, it is practically impossible to separate para-xylene through
distillation method. Thus, low-temperature separation and adsorption
separation processes are used for this purpose. The low-temperature
-separation process is restricted in recovery of para-xylene for the para-
xylene recovery rate per one pass due to eutectic point, thus resulting in
25_. - relatively high concentrations of para-xﬁene in raffinate fluid after recovery

of para-xylene. In the low-temperature separation process the recovery rate

of para-xylene per one pass can be improved with the high concentration of .




In contrast, the adsorption separation process is able to recover para-

Xyl ene at 100% for one pass. Nanely, the concentration of para-xylene in
taffi'nate fluid after the adsorption and separation is ezDeesnwiey2008w or it
can 5 be reduced to al nost zero. However, in this process, it is

et hyl benzene that inhibits nost the separation of para-xylene anong C8
aromati ¢ hydrocarbon m xtures. Thus, the reduced concentration of

et hyl benzene in a raw _material supplied for adsorption and separation
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improving the capacity of producing para-xylene in the same facility for

adsorption and separation.
Therefore, raw materials for xylene to be supplied in the separation
process should be those in which the concentration of ethylbenzene is kept
15 as low as possible and the concentration of para-xylene in xylene kept as
high as possible by which the concentration of para-xylene can be kept high
in C8 aromatic hydrocarbon mixtures.
In general, industrially available xylene raw materials are reformed
xylenes which are obtained through reformation of naphtha and subsequent
20 . aromatic extraction and/or fraction or cracked xylenes which are obtained by
subjecting decomposite gasoline (by-product of thermal decomposition of
naphtha) to aromatic extraction and/or fraction. Cracked xylenes are
characterized by two-times higher concentration of ethylbenzene than that
of reformed xylenes, a representative ingredient of which is shown in the
25  table below. |
Table: Ingredients of xylene

Ingredients - reformed cracked




Ortho-xylene 21 16 5 As shown in the above, in general, xylene m xtures
have-a substantial quantity of ethyl benzene. Failure in renoving

et hyl'benzene by any nmeans - would result in an undesirabl &Dscdmizt 2@ wher e
et hyl benzene accurul ates after repetition of separation and isomerization
steps, thus resulting in a higher concentration of ethyl benzene. Under

t hese circunstances, refornmed 10 xylenes lower in the concentration of

et hyl benzene are now used as a preferable source as freshly supplied raw
material s. HoWdhelbenzene ecent years wHéweight¥t ed a@&iW@lﬂ{lﬁi%y of
petrol eum has_caught attention, reevaluation is nade for thermally cracked
xyl enes as angﬁﬁéPW%V#bne source. In dﬁ& case, it islﬁeCessary to reduce

t he concentration of ethyl benzene, for 15 which several processes have been
proposed and ¢ “BHeRfiem have been a&k all'y done on®&n industrial scale.
These processes can be roughl classifjed into a progess in which
ethylbgnzene ?Eig@ﬁﬁﬂgﬁbd gs ?t is andzhanother prgce i n which
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2006 O her processes for renoving ethyl benzene include those for

convept i RG1eidY IReaZ SAethd icBnbS@iritiohNef @FhfibkzeddGirbCRGRS QBERIAY QL
processes are shown below. (1) a process for converting ethyl benzene into

xyl ene (fpefexBlPlburcedas efr€shly Osulmladte $awPad Letiall. HbXe4eh 660 Greldite
enbodi nent 3 on page 3),

years when a limited availability of petroleum has caught attention,

reevaluation is made for thermally cracked xylenes as another xylene source.
In any case, it is necessary to reduce the concentration of ethylbenzene, for

15 which several processes have been proposed and some of them have been
actually done on an industrial scale. These processes can be roughiy
classified into a process in which ethylbenzene is separated as it is and
another process in which ethylbenzene is converted into other wuseful
compounds through reactions.

20 Distillation is a process for separation of ethylbenzene. In this process,
ultra-precision distillation is needed due to a small difference between the
boiling point of ethylbenzene and that of xylene, thus requiring a great
amount of investment for commercial production facilities and making the
operational cost higher and economically unfavorable. There is another

25  presented process by which adsorption and separation process is employed
to separate ethylbenzene. This process is, however, not well satisfactory in

the separation function.




(2) a process for converting ethyl benzene into benzene and diethyl benzene
.through disproportionate reaction (for exanple, refer to Japanese Patent
No. 1978-41657 (on 32nd -33rd line, 19th colum, page 10) Deaadbet@ode3) a
process for converting ethyl benzene into benzene and ethane through
deal kyl ati on reaction (for exanple, refer to Japanese Patent Laid- Open No.
1982- 200319 (enbodi nents from2 to 4 on pages from7 to 8). O the above
process, the process (1) for converting ethyl benzene into xylene
i ndi spensabl y Otbets pppegsserinfora tﬁm@@ngxwhsflbﬁmpn@cﬁmdﬁettilme t for 15 be

- contained in a catalyst. Further, conversjon of ethylbenzene into_ xylene
needs t hEopredting eetiyihenzanconittpc uselitledingmedientsh the nagpresentatived
paraffin in view of reaction mechanism wth the concentrations of such
i ngr edi eMr8cesies AEe SRR DEPWT oduct ranging from several to 10 + several
per cent ages. e process.is al so controuged f or . conver si op, of eth%lbenzene

by 20 t her nodyHafh RFOEEH tﬁ?le?%Yﬁr_éﬁg eHavlbpprene butor xelens tipk c&ginD Fhese
ConvePt | TEE AyBaHEn Lot Bend LHABERR i w hydiRrphanamEs gh the
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et hane t Qpgugh deal kyl ation reaction has becone predom nant in recent
years. When et hyl benzene is effected deal kylation froma raw material of 5

xyl-eng i somer (Hoatiiobad féit ByhRERERNBtRALERIMEY IntoObOSAARN G nANStHAREN

proceeding isonerization of ortho-xylene and nmeta-xylene to para-xylene, it
is preferhbhegt GealkPatidie réQtYeH $of ex@imElb Y4 BL 18 TP anssd Pt IRASSI bl €

ror Open No. 1982-200319 (embodiments from 2 to 4 on pages from 7 to 8).
Of the above process, the process (1) for converting ethylbenzene into
xylene indispensably needs platinum, a quite expensive precious metal, to
15 be contained in a catalyst. Further, conversion of ethylbenzene into xylene
needs the presence of non-aromatic ingredients such as naphthene and
paraffin in view of reaction mechanism, with the concentrations of such
ingredients in the obtained product ranging from several to 10 + several
percentages. The process is also controlled for conversion of ethylbenzene by
20  thermodynamic equilibrium and therefore restricted thereby. These matters
| are disadvantages of this process.

The above process (2) is for converting ethylbenzene into benzene and
diethylbenzene through the disproportionate reaction. Benzene produced by
the process is then hydrogenated to cyclohexane, a greatly-demanded raw

25 material for nylon, a synthetic fiber, whereas diethylbeﬁzene is hardly
demanded and must be further converted into a useful éompound, making

diethylbenzene less favorable in an economic point of view.




the reduction of the cost of the separation of para-xylene. It is also
 preferable to reduce the |loss of xylene as little as possible for reducing
the 10 original unit for the production of para-xyl ene ag®easassdoosgl y for
lowering the cost of para-xylene production. Fromthis point of view, an
attenpt of using zeolite, the crystallite size of which is greater than 1
mcron (for exanple, Japanese Patent No. 1987-56138 (enbodi nents from4
through 6 on page 10 and 11)), an attenpt of reducing the diffusion speed
of ortho 15 xiﬁfrslgee (theseexcinmphmstarapanesbe PatrentssNo (399 forl 66ddveiting

enbodi ment on page 5 through page 7)) and an_attenpt of using zeolite

whi ch hagtbxlbeagens intg fangend ptheneathmsughr dealkybitiGnoeaction diaer (f or
exanpl e, US. Patent No.4,163,028 (enbodinents of 1 and 3 on page 14)) were
done. Hokegeme nrademinantan xaggnt yesrse | oss of xylene is still high in
relation 20 the conversion tq, ethylbenzene. Further, an attenpt of
decr easi ng th&‘?heflb%h CRYERMAS &I@CJFEH%/ deatkykafiom dremng aiagy gnatesial of

et hyl penzene is not able to keep.the isonerization qf ortho-x(ill ne and
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provi ded“a conversion catalyst enzene contai'ni ng Xyl'8nes which

i ncl yges oMplindlRRitZ28Pkht Srofludiion %f?agrérq%irywﬁe aﬂ@ranzéoﬂ’i‘ﬂglg:cfdgilﬁge hg20 to 85

wei ght parts, wherein X-ray diffractio ntensity ratio crgstal

75 MopuaceasphtG e sl i SRR IINEY, 8 suman e,
zeol ite hsing zedliteane EFy@apallitd Olzé Q)f%hie@iois g-reater than 1 micron (for
~ example, Japanese Patent No. 1987-56138 (embodiments from 4 through 6
on page 10 and 11)), an attempt of reducing the diffusion speed of ortho-
- 15 xylene (for example, Japanese Patent No.1996-16074 (the embodiment on
| page 5 through page 7)) and an attempt of using zeolite which has extremely
high silica/alumina mole ratio of 500 or higher (for example, US. Patent
No.4,163,028 (embodiménts of 1 and 3 on page 14)) were done.
However, iﬁ'theéé attempts, the los-sr 6f xylene is still. high in relation
20  to the corﬁersion to ethylbenzene. Further, an attempt of decreasing the
loss of xylene and increasing the conversion to ethylbenzene is not able to
keep the isomerization of ortho-xylene and meta-xylene to para-xylene
sufficiently high.
SUMMARY OF THE INVENTION
25 The purpose of the present invention is to provide a conversion

catalyst for ethylbenzene containing xylenes and a process for using the

catalyst, more particularly, a process for treating ethylbenzene containing




wherein a silica/alumna nole ratio of the MFI-type zeolite is | ess than or
equal to 45, and wherein rhenium silver, and at |east any one of

al kaline-earth nmetals selected fromcalcium strontium @peksitdetDoa €
contai ned respectively at 0.005 to 1.5 weight % 0 to 5 weight % and 0.05
to 5 weight %in rlation to the catalyst. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 11 X- iff ti tt f M-L-t lite obtained in the
erbodi eSS e giech hygtRenaen o SEUEYGEAN 6F ORITEAMNG CYBEISBN t o
obt ai nedsthdheaP@ higheodiafi® iso Yol RiuckPy #RARWIE Fehe obbBrindoh SoRRridatidY

diffraction pattern of hydrous alumha used in the enbodinent 1; Fig. 4 is
an X- r ayof@rthpratancgnd preta-sylaneinta prea-gleat.yst A obtai ned in the enbodi ment

1, Fig. 5is ~ray diffracti.on pattern of th -al um na us in the
corparat tve. BRetg®o Lok AE Rerith, Blef & prp el st s fohe

cat al ystetl/IbdnizahdeshtaiRinghe/laREmaid iiM€ud &X MPL-Bpd zedlitd at 151t S0Nweghtay
diffraction pattern of the catalyst C obtained in_the conparative exanple
2. Fig. Dartsandalumingat 20 g B3 sveighi ppds. (verasein Xiney diffragtignsintapsightaiionfd in t he
6 8 Dec . [ ival] | - SE e ] |ew
(magni f ﬁg‘gggf?aﬁgé%%@?msg?aﬁo% diy eg?f;/g'ébé%gﬁzﬁg %glyé?cﬁgodgl?éﬁ%%e% g{r?bodi ment
5; Fig. ctgstaldattive plan Shding denluatdf OB 36i-0808mh alHgtdGo MPRlyp zedlitdd int ype 5
zeol ite obtained J].n %he %B diment 8, Fig. 11 is an FE-SEM observation vi ew
( magni f %485/ T80/ 46891 P §’ of MFI-type zeolite obtained in the

embodi ment 9.y ieréin aldlidatal@Rink hél¥ rShid bf %g;ﬂa[?ﬂt}%@tz%&ﬁt@ ifest BanGRlghyst K

obtained in the conparative exanple 3;
to 45, and wherein rhenium, silver, and at Ieast any one of alkaline-earth metals selected

from calcium, strontium or barium are contained respectively at 0.005 to 1.5 weight %, 0
to 5 weight % and 0.05 to 5 weight % in rlation to the catalyst.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an X-ray diffraction pattern of MFI-type zeolite obtained in the
embodiment 1;

Fig. 2 is an FE-SEM observation view of MFI-type zeolite obtained in the
embodiment 1 (of 10,000 powers);

Fig. 3isan X-ray diffraction pattern of hydrous alumina used in the embodiment

Fig. 4 is an X-ray diffraction pattern of the catalyst A obtained in the embodiment

Fig. 5 is an X-ray diffraction pattern of the o-alumina used in the comparative
example 1;

Fig. 6 is an X-ray diffraction pattern of the catalyst B obtained in the comparative
example 1’;

Fig. 7 is an X-ray diffraction pattern of the catalyst C obtained in the comparative
example 2; |

Fig. 8 is an X-ray diffraction pattern of the catalyst D obtained in the




10 Fig. 13 is an X-ray diffraction pattern of the catalyst U obtained in -
t he ." enbodi nent 36. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Raw nmateri al s
to be used in the invention include reformed xylene whi ghekisndefbstigned by
al | owi ng napht ha obtai ned through petroleumrefinery 15 to contact with a
catal yst and subjecting the naphtha to aromatic extraction and/or fraction;
or cracked xylene which is obtained by subjecting cracked gasoline, a

by- product of thernal deconposition of naphtha to aromatic extraction
and/ or freashddiment®®;h of the reforned xyl ene and cracked xylene are xylene
i sonmer m xtures which contain ethyl benzene. 20 Since these ethyl benzene

cont ai ni ng xyFened is aneFESBMUsiesreatibaiview (afagmifibé g 20,000 eimescst r at i on
close to the equilibriumconcentration, the mxtures are firstly

t r ansf er MEltypazedperditanrdsnahecfmbadiment! 5ine to separate para-xyl ene.
Raffinate ingredients with | ower concentration of para-xylene are then
‘transferred t &ignlQ moaeFEzSEM obs¢mvation yewf (of 0 200qeweass bOMEIf type

et hyl benzene and i sonerization reaction to para-xylene at the sane tinme to
renove t leoliteyoltained i the émhodineentdi | i ng point than xylene and those

wi th [ower boiling point_than xylene by fractjoning. Thereafter, 7 8
Decenber 2006Figi This ae FeWEMsehssrvadon svewdmagnafied biyel (4000 funes)
ingredients are again transferred to the separation step of para-xylene to
“separ at e b BL-fxperrolita phtainediindhe embodiment &oncent rati on of para- xyl ene

is recycled. Eurther, i recent years, an atienpt has_been mgde (n which

xyl ene i soner hg'x]&ﬂsé%n %’Wn(@g&ﬁ?%@lpﬁé@ﬁn@? Iﬁﬁ? Eéﬁﬁw&i’ém&ém €cont act
with a catﬁllé)yst an advzn e, thus causi ng hydrogenati on and deal kyl ati on of
et hyl benS8RParAtIge eBAMPIA S 8Pflane to reduce the concentration of

et hyl benzene, di.n grder to i ease the con trati.o f . para-xylene in the
suppH?ed i qu?&g'tgﬁeanm(ﬁﬁ%a%éoq R@gtﬁﬁ?z?gg@? Bﬁt@lgg;pgroﬁ?wds'%aet ®and al so
ef fecti V%h?bo%ﬁ&[%gl%%% 10 para-xylene. In this case, there are two processes
avai l abl € 7or attaining this purpose, nanely a process in which xyl ene

| somer MpEHERIPTIONOF PHE PREFERRED EMBODIMENTS

Raw materials to be used in the invention include reformed xylene
which is reformed by allowing haphtha obtained through petroleum refinery
15 to contact with a catalyst and subjecting the naphtha to aromatic extraction
and/or fraction; or cracked xylene which is obtained by subjecting cracked
gasoline, a by-product of thermal decomposition of haphtha to aromatic
extraction and/or fraction. Both of the reformed xylene and cracked xylene

are xylene isomer mixtures which contain ethylbenzene.

- 20 | Since these _ethylbenzene cohtaining xylene isomer mixtures contain
para-xylene at the concentration close to the equilibrium concentration, the
mixtures are firstly transferred to a separation step of para-xylene to
separate para-xylene. Raffinate ingredients with lower concentration of
para-xylene are then transferred to an isomerization step to perform

- 25  conversion of ethylbenzene and isomerization reaction to para-xylene at the
same time to remove the ingredients with higher boiling point than xylene

and those with lower boiling point than xylene by fractioning. Thereafter,




et hyl benzene are made to contact wth a catal yst outside a | oop during
~which raffinate ingredients after separation of para-xylene are recycled
for ‘the isomerization; and another process in which raf gipaadfndr Besedi ent s
‘after 15 the separation of para-xylene is directly supplied to an

| somerization catalyst present in a |loop during which the raffinate
ingredients are recycled for the isonerization. They are both preferably
“used. Zeolite to be used in the invention is M-l-type zeolite. MI-type
zeol i t e wathtihe avvdyi svgeplind hawi mgtehal, Xheagafflihdte argredieniatdrer mgaghown i n
the 20 table below. The X-ray diffraction pattern is deternmined by a
process ftrangierraditor thi separatom stgipef péra-zydgna $o rseperatedphye-kilenase of a
recorder- equi pped Ceiger counter spectroscope to obtain diffraction

pat t er ns antamfanate wath v ceneantsatipatof @aragtylens is yenycledo (Furshen. dnt i ce

pl ane spacing Rel ative intensity 25 d(nm .(l/]0 1.120.02 S 1.010.2 S 8 -
-- ---- Treceni.yeagsaRaA#QNPPdve besmemdninmhisk Zylene vorgers nustings W

0.5710.01 W5 0.5580, 01 W_0.4370.008 W _0.4270.008 W _0.3860.008 VS
0. 3820. 00ENNENIE Areshs sthykbenzene Preo made o confes. Wuh g catalyst in

advance, thus causing hydrogenation and dealkylation of ethylbenzene into

benzene ethane to reduce the concentration of ethylbenzene, in order to

increase the concentration of para-xylene in the supplied liquid to be

supp]_ied‘to the para-xylene separation step and also effectivelsr separate

.10 para-xylene. In this case, there are two processes available for attaining this

purpose, namely a process in which xylene isomer mixtures containing fresh

ethylbenzene are made to contact with a catalyst outside a loop during

which raffinate ingredients after separation of para-xylene are recycled for

| the isomerization; and another process in which raffinate ingredients after

15 the separation of para-xylene is directly supplied to an isomerization

catalyst present in a loop during which the raffinate ingredients are

recycled for the isomerization. They are both preferably used.

Zeolite to be used in the invention is MFI-type zeolite. MFI-type

zeolite 1s characterized by having the X-ray diffraction pattern shown in the

20 table below. The X-ray diffraction pattern is determined by a process in

~ which irradiation of copper K-a ray is recorded by the use of a recorder-
equipped Geiger counter spectroscope to obtain diffraction patterns.

Table: X-ray diffraction pattern of MFI-type zeolite

- Lattice plane spacing Relative intensity
25 d(nm) (I/Te)
1.1220.02 S
- 1.01£0.2 ‘ S




0.3000.005 M 0.2000,005 W15 In the table, the relative intensity
(100I'/10) is expressed as follows: VS= very strong, S=strong, M-
noderately strong and W weak. M-I -type zeolite can be oliiéagst: bypst he
ZSM5 synthetic process as shown in Japanese Patent No. 1971-10064 in

whi ch tetrapropyl ammoni um hydroxi de is added to aqueous reaction m xtures
to synthesize the zeolite, 20 the TSZ synthetic process as shown in
Japanese Patent No. 3-45010 in which the zeolite is synthesized from
aqueous reacthe@ifigst ures practicgjly nade up of inorganic reaction
materials, or the pentasil-type zeolite synthetic process as disclosed in
Japanese Pat eglgsfiep (40- 35284 in wgych aliphatic carboxylic acids or their
derivatives are added to aqueous reaction 25 mi xtures to synthesize. O

t hese MFI-typgegoeebigies, M-I -typeyweolite which can be preferably used in
the invention is zeolite having the crystalline major axis and mnor axis
in a range from7@+f.0o10 2.5 mcronyand 9 8 Decenber 2006 silical/alum na
(herei nafter abbreviated as "SI Q21 A12C3") nole ratio from30 to 55. Mire
pref € abl e MO 56gpe.(Zeolite is thd having the crystalline magjor axis and
mnor axis in a range froml to 2.5 mcron and Si 2/ A12G3 nole ratio from
35 to 45. Cat@up3#8.008epared fromWFI -type zeolite, whose 5 crystallite is
smaller than 1 micron or nore particularly smaller than 0.5 mcron, wll
result in a g0dlF$0.008ss of xylen® on conversion of ethyl benzene
cont ai ning xylenes, mainly due to _transal kyl ati on occurred in nethyl group
of side chai n@386+Q¥08nes or in eVM%| group of side chains of ethylbenzene.
Such transal kyl ati on may result in increasing of an area of _
extra-cryst al 9-388t8®08ur f ace due V& a snmaller size of the crystallite of
MFl -t ype zeolite _and occur at solid acid points on the extra-crystalline
surf&ce. The %ﬁ??‘ﬁ-@p%stal line sHrface is considered to be different from
the interior i ores of MFl- type zeolite but a free space, thus
~easily causi nﬁfﬁ‘t’&ﬁﬁi’g kyl ati on, wRich is a binolecul ar reaction.

Crystallite gég%%-otogan 2.5 m crop will reduce the

0.3000.005 | M

0.200+0,005 W
15 : In the table, the relative intensity (100I/Ip) is expressed as follows:

VS= very strong, S=strong, M= moderately strong and W= weak.
MFI-type zeolite can be obtained by the ZSM-5 synthetic process as
~ shown in Japanese Patent No. 1971-10064 in which tetrapropylammonium
hydroxide is added to aqueous reaction mixtures to synthesize the zeolite,
20 the TSZ synthetic process as shown in Japanese Patent No. 3'45010 n
which the zeolite is synthesized from aqueous reaction mixtures practically
made up of inorganic reaction materials, or the pentasil-type zeolite
synthetic process as disclosed in Japanése Patent No. 60-35284 in which
aliphatic carboxylic acids or their derivatives are added to aqueous reaction
| 25  mixtures to synthesize. Of these MFI-type zéo]ites, MF1-type zeolite which
can be preferably used in the invention is zeolite having the crystalline

major axis and minor axis in a range from 0.7 to 2.5 micron and




15 reaction activity, which may be due to a difficult arrival of reaction-
ol ecul es- at deeper areas of the crystallite accordi ng to a greater size of
the 'crystallite of MFl-type zeolite, thus resulting in ggeo¥ederdbds | zati on
of fine- pore space. In contrast, decreased Si O2/ Al 203 nole ratio of

MFl -type zeolite to 35 or further to 30 or lower will increase the |oss of
xyl enes, which may be 20 due to increased solid acid points on the
out-surface of crystalline which will then augnent the transal kyl ati on
acti vity sificahiinlosrpindfoar ebinediatsdQRd ALTBAROLY mald Latdd frh-30/pe
zeolite to 45 or further to 56 or nore will decrease the deal kyl ation
activity tof5etMytdprafersbleMETeyps aoditeziat han hevihg ¢he yroftalideenmjoiThe
decrease may be.due to decrease in the solid acid 25 points of zeolite
accor di nexie ancndasedxsi 02/aAr208 e Ir ta 205 ahickdd andpBiOZAablstmoleo 45 or
further 55 or greater. To be surprised, however, in the case of MI-type
zeolite rmmonéromoSé Pecknbertadpst ngmtedl Frome Weflotypax zeolied whossr axi s
fromQ.03 to 7 mcron and silica/alumna nole ratio from18 to 30, it
has been %‘@tﬁélh‘ﬁehsﬁ smalles thiaoul anicrpmairumioss potrtisulagi istraller tham 0d in the
zeolite results in a remarkable suppre55|on of transal kyl ati on on side
chai ns  offifEphy Wilhresigt an axgrester loss of aylanes wai soaversien i¢) pthylbemzare

Sl S PR 8 S BB S R ATL S 2,
ety il e ﬁ&%gfﬁfﬁgg@fﬁ{ Eﬁitli Y ety b gide BBR oftp R erenta: ot
Do T oot or T B RETRe ot Bl e ﬁiﬁ?ﬁ%é%gr@é&ﬁ%rses%%fﬁ%?% PRl gen
COMPIHNS. o RS B 1 SULREAY HESPEPE il -GS A Sk he

oun Was “m Ccr oscoprca osed of
. [ t I
descr i bed™ %4‘%%%@%%1. i 0 A PRI s av?%-STEE ’st%ﬁ%‘%t e ratio
of 31.1 VRSFHFRMRODILiRIred §oYhd biFferEhY Hoth The AR or of e Pblres of MFI-

type zeolite but a free space, thus easily causing transalkylation, which is a

bimolecular reaction. Crystallite greater than 2.5 micron will reduce the

15 reaction activity, which may bhe due fo a difficult arrival of reaction

molecules at deeper areas of the crystallite according to a greater size of the

crystallite of MFI-type zeolite, thus resulting in a lower utilization of fine

pore space. In contrast, decreased SiQ2/Al20O3 mole ratio of MFI-type zeolite

to 35 or further to 30 or lower will increase the loss of xylenes, which may be

20  due to increased solid acid points on the out-surface of crystalline which will

then augment the transalkylation activity of methyl group. Increased

5102/A12032 mole ratio of MFI-type zeolite to 45 or further to 56 or more will

- decrease the dealkylation activity of ethylbenzene or the isomerization

activity of xylene. The decrease may be due to decrease in the solid acid

25 points of zeolite according to increased SiO2/Alz0s mole ratio of MFI-type
~ zeolite to 45 or further 55 or greater.

To be surprised, however, in the case of MFI-type zeolite having
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association with sonme gel particles. A decrease in Si 2/ A12C3 nole ratio in
. the -presence of organic conpound containing nitrogen will result in an
~increased crystal distortion 20 according to crystallingpgischzdvecause of
- the presence of bul ky organi c conpound containing nitrogen at a cation
exchange site. As the result, the crystallite can not grow bigger, with
the average crystallite size of less than 1 mcron, for exanple, 0.5

m cron in nost cases. In contrast, EP26,963A1 described that the ZSM5
zeol ti e kaystafihdemay@r ages caydt alihot easisz €ronti 000B 26 007 Zmidrehoandas
obtained in the condition where SiO2/A1203 nole ratio was 180 or higher.
Thi s was shecdabemmahingle St frA1h? A8 to8@, it dtasdeaeasiinddhan ia paréieatarcat i on
exchange sites. Therefore, a fewer nunber of organic matter- 11 8 Decenber
2006 contclusiony of attrexswpr esdrarinm in ctdei pevldrctandie &i tee repsrkablei der ed
toresult in less distortion during the crystal growh and a greater size
of the cryppaessiomef pransadkylhtionsymishdsichamg offmetlyylegroapl of wyleealy i s used
preferably in the invention, nanmely, having the crystalline_major axis and
nmi nor 5 axistde ehaingef ethrykgronp of gthylbenzewe.sihis dwdang s petimeted dueite af r om 30
to 55 can be fayvorably carried out in the absence of organic conpound

cont ai ni ggealsrt isyeadiug of Steginge vagberiym thanabba 08 BREBEFHHM Orconpound

containing, .nitrogen, in the course gf crystal grow h can nake the crystal

i st or t | GRICS] Rllr Of bIcH: 4 %ﬁe%%“ewbs%ﬂt\gii sheweby seleetivelye” i n
spite of a.smaller.,10.Si 02/A1203, nole ratiq.,.Crystallite size pf. zeolite

o b eZERRGRECId RPN G 2hf srErERALiREA T Age AOpET eb ek

m'croscop% FE- SEND and others. The MFl-type zeolite of the present

i nventi off %7 have the crystalline major axis and mnor axis in a range

et OF Ry hav " : and i no ran
the 877 cot 1 nARPERECTRARl  NBSFYTETOREEY BREMIL Siel 7 A7 sPRREHe g

axi’s and

PO, ol O B oy s B WEEBLE conff b oLy
vari ous REAERBHES nit6BeR Lo, %ﬂ%?é RatrBBuBRRS L dMBHEY in lines from
8th to 11th on the column 5 that “the compound was microscopically found
to be composed of small crystals (about 1 micron) and some gel particles”. It
15 was also described in the embodiment 2 that the ZSM-5 having Si02/Al203
mole ratio of 31.1 was composed of very fine crystals (zbout 1 micron), in

association with some gel particles.

A decrease 1n Si02/AlsO3 mole ratio in the presence of organic
compound containing nitrogen will result in an increased crystal distortion
20 according to crystalline growth because of the presence of bulky organic
| compound containing nitrogen at a cation exchapge site. As the result, the
crystallite can not grow bigger, with the average crystallite size of less than
1 micron, for 'example, 0.5 micron in most cases. In contrast, EP26,963A1
described that the ZSM-5 zeoltie having the average crystallite size from 1
25  to 2 micron was obtained in the condition where SiO»/Al;03 mole ratio was

180 or higher. This was because a high Si02/Al203 mole ratio resulted in a

fewer cation exchange sites. Therefore, a fewer number of organic matter-
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met hod, fluorescent X-ray diffraction and I CP (inductively coupled plasm)
.20 emission spectrochenmi cal analysis. In addition, any zeolite synthesized
either in the presence or absence of organic conmpound cgmeadiiengodal t rogen
‘can be used in the process for synthesizing the preferably used zeolite
for the present invention, which has major axis and m nor axis ranging
~from0.03 to 0.7 mcron and 25 silica/alumna nole ratio from 18 to 30;
however the zeolite synthesized in the absence of organic conpound

cont ai ni ngntaining eatitiss preseat &b laycativadexchdagkidite wiathesdaasd tordshit
presence of organi c conpound containing nitrogen 12 8 Decenber 2006

cont ai ns inrdgsndistoritionodpanng ahe erystsligltowtdodnd e greatexrumké yf e aiysteled in t he
presence of og{gen to renmove organic nitrogen cation, during which the
zeolite may bdhefireressfbeeyrthasyziogMdFhitybaredlite wikichds useh @refeysbly
lattice defect nay easily cause deconposition in association with the
react i on 1ofthesinyenfgni saswipobavasvihencrystalhnermainr ads Andsmingy axisesi zed
zeolite is usually available in a powder form It is inportant tqo nold
zeol i Pe ifMamB @& 7sigh3Oamicrem gnd siliea/ajumineomole irﬁQOifromngrto dheenthe al

catal yst. 6 Hydrogenated ingredi ents _nust be supported on a, catalyst so that
et hyl benzf@ﬁ%raé'iﬁ WTW%d P&geﬁat &w ARsenen| ¢y CEEERICt 6OTPOHAR N FYRIgdhIENe

et hane, which is_the main sybject of the present jnvention, The .

hydr ogendib@epRglicth ersidenad, that thRcahsRre of FERRls Ptk epntaiping

ticular, heni is | in th I hyd ti i f
bhenyl - GHBGESENE Ca CBBNIa b AT N Rt ek GRE | B ARSI OBur pose
f  effectiwvel tal ni the hyd {i d | kyl at i ' f 15
et nyl bengerdiyedl kb e 1G-S PEE D BRePBl PER RN P8I ERE ene
and HBt a-gw&@n | Bt Je REf;R- Xyl ene on a catalyst, it is inportant to provide
a unrform |sgce)?5|on of MFl-type zeolite crystals in catal yst particles,

and also i ”P@rﬂz%tl]ifeosi% of izg&ifbe%ﬁ'ﬂ Q'e3ky Qi@@«%fmﬁ{edr%ﬁ ﬁqgeqﬂ%trﬁ'gsion

ingredients in “catalyst partic . For "acconplishingthe purpose, zeolite
powder '%c%ﬁﬁﬁk-%%e%gégtﬁﬁ IARFSRRPE OXEGENMPVEE] GARErd. NFRe AMPE-Bfbe A

di l ut ed i norgani ¢ "oxi
zeolite of the present invention may have the crystalline major axis and

minor axis in a range from 0.7 to 2.5 micron. The “average” crystallite size is
15 described to the effect that the sample (zeolite) has the crystalline major
axis and minor axis. ranging from 0.7 to 2.5 micron at 50% or greater,
preferably at 70% or greater. The silica/alumina mole ratio can be easily
determined by various processes such as atomic absorption spectrometry
method, fluorescent X-ray diffraction and ICP (inductively coupled plasma)

20  emission spectrochemical analysis.
In addition, any zeolite synthesized either in the presence or absence
- of organic compound containing nitrogen can be used in the process for
synthesizing the preferably used zeolite for the present invention, which has
major axis and minor axis ranging from 0.03 to 0.7 micron and
25 silicafalumina mole ratib from 18 to 30; however the zeolite synthesized in.
the absence of organic compound containing nitrogen is preferably used.

Zeolite synthesized in the presence of organic compound containing nitrogen

12




favorably used in the present invention is alunmina. Alumna is available as

~boehnmite, boehmte gel, gypsite, bialite, norstrandite, diaspore and

anor phous alumna gel. Any types of alum na may be used iglhobdindr BNt i ON.

‘A particularly preferable diluted alumina is boehnite having the lattice 25

pl ane spacing that can be determned by X-ray diffraction as shown in the
table below. It is also possible to add other inorganic oxides to the
boehm te, whenever necessary. 13 8 Decenber 2006 Table: X-ray diffraction

pattern ebnthihst@ganidfittogdichti6n. Buehezeobide izt ealeinanédnaithe d(nm
(I/10) 0.6270.02 M5 0.3170.02 M 0.2340.02 M 0.1850.01 MIt is well

known t hatresdnesi ofa okgg@ontverdrove pEgawic, nittegenb catibnaduyirey vellidlyi the
dependi ng on .cal cination course. Boehmte, the diluted alumna 10
f avor abl yeokted nay tbeeofier saffidcteédbyntiyenal iatties gbefocts t Thie tenysihl détdivges i n
the course of preparing the catalyst related to the invention, thus
resul ti nglefeet whanepsslyl pandee dbermpesitiph ame asseiithon Withirtheardactipheoff or m of
catal yst favorable in the invention is that-having the |lattice plane
spaci fg dromiats eompoIksewithoReonversiopaatalyst.ar, a catal yst whose X-ray
diffraction intensity 15 ratio of the lattice plane spaci ng d- val ue of
0. 1960. 002nm a¥Bihpsated geokifarisnuseally navailahle cin ;1 amsvdgradorry. divisl ue of
0. 3860. 008nm assi gned.to ﬁ/FI -type zeolite in t he c_at%l}yst, ranges from
7:100 t o BPorERtsioomold geolite intora sHEstanalty dHgeTHES XOF Bying Hf 4280 on
I ntensit atio.can be determned as . follows: the catal yst | round into,
a pomder%(%‘i‘&“irﬁlaaﬁl Yﬁneﬁy dgqﬁgzgg};ecf(_lggr epLs l?léls?gtt‘*o Bogs‘?ﬁt %B Bse of a
recor der - egyi_pped | ger, unter spectroscqpe to, obtai i ffractiaon
bt  or ns OHYRE G SRR FURTRFPLERs SRS ba: Parheerare? ol angReBEed i ne
greajgst nﬂﬁﬁf%éﬁ%feeghla{r%f r\lvghl'cﬂ ib QEelﬁclutnl g&bject of the present invention.
The hydrogenated ingredients include rhenium, platinum and nickel. In
particular, rhenium is lower in the nuclear hydrogenation reaction of phenyl
group and can be favorably used in the invention. For the purpose of
effectively attaining the hydrogenation and dealkylation reaction of
15  ethylbenzene into benzene and the isomerization reaction of ortho-xylene -
and meta-xylene into para-xylene on a catalyst, it is important to provide a
uniform dispersion of MFI-type zeclite crystals in catalyst particles, and
also important to provide a uniform support of hydrogenated ingredients in
catalyst particles. For accomplishing the purpose, zeolite powder is mixed
20 with an inorganic oxide powder and then diluted. A diluted inorganic oxide
favorably used in the present invention is alumina. Alumina is available as
boehmite, boehmite gel, gypsite, bialite, norstrandite, diaspore and
amorphous alumina gel. Any types of alumina may be used in the invention.
- A particularly preferable diluted alumina is boehmite having the lattice
25 plane spacing that can be determined by X-ray diffraction as shown in the

table below. It is also possible to add other inorganic oxides to the boehmite,

whenever necessary. -
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pl ane spaci ng d-val ue of 0.3860.008nm and the |attice plane spacing d- '
val ue of 0.1960.002nm from whi ch the background is deducted to give the 25
intensity ratio. The catalyst used in the invention is chacasherbgged by
this intensity ratio... Use of the catal yst whose X-ray intensity ratio
ranges from 100: 7 to 100: 35 is able to reduce the |oss of xylene. 14 8
Decenber 2006 MFI-type zeolite and diluted alum na used as raw materials
of the catalyst are preferably available_in a powder formand nust be

nol ded wheTakdedXanyatiffiraction pasterspefdiluted Apmaingdg et hods i ncl ude
conpression nolding, rolling nolding, extrusion nolding, and extrusion
mol ding is Istpicefrdanpbpacing t he relativesid@nsiy di ng, inorganic bi nders such
as ‘alum na sol, . alum na gel, be ite and kaolina and surface active
agents suchlﬁsnﬂsodiun1dodecy|be esul fonate, sorbitan lauric acid
nonoester, sorbitan palmc acid noester, sorbitan stearic acid -
monoest er, <bFBI*¥AA2st earic aci d™MO triester, sorbitan oleic acid’

monoest er, sori%&i oleic acid trinester and their ethylene oxide

add®ti ves (ﬂb?l ﬁgle, Span or in made by ICl Inc.) are added, whenever

necessary, @g}ﬂb g agents to i{ﬁl -type zeolite powder and al um na powder
for attaini ?@2 or m di spersi of the zeolite powder and then kneaded

t oget her. f.erabl e bindergsare alum na sol 15 and al um na gel.
Pr ef er abl e%?@@ﬁh‘iml di ng the %t alyst are 15 to 80 weight parts for

MFI-type zeg,i i%fw Fﬁokﬁgwgq%gngieurmﬂﬂ t:s _&ggeg%u?_%ﬂgagl’s g.{n R orad e t 0 30

wei ght partsf organi.c S I'n terns ute dry " standard

(cal cul : | i8%ioDR édiftiski BReRMiR)-tHendilatéd labihnid on  at
5000 . %@ﬁgaﬁ%%?a@ﬁggéﬁogr@e 208to 68 vveli ght e’parts for MFI-type 20

zephi t epaviab BRI e pRAELE if Pentdbh, WikdergbbgstracantiCHamgdintlight parts

for i norgani c binder. Were alumna is an inorganic binder such as-alum na
sol or awend ;&@baﬂﬂg tHe/ patAest rékited tatthéSnventionyvthgbtregalting, imor e
t 200to 80

preferably, " wei ght parts. Wiere alumna ingredients are diluted
al uni nacleSgan in N dniticedipldne spudings Adluminaa is otheoforiouef ratayst t he
| favorable in the invention is that having the lattice plane spacing d*valu_é of
0.196£0.002nm. In particular, a catalyst whose X-ray diffraction intensity
15 fatio of the lattice plane spacing d-value of 0.196+0.002nm assigned to
alumina to the lattice plane spacing d-vélue of 0.386+0.008nm assigned to
MF I-type zeolite in fhe catalyst ranges from l7:100- to 35:100 should be used
in the invention. The X-ray diffraction intensity ratio can be determined as
follows: the catalyst is ground into a powder and irradiation of copper K-a
20 ray is recorded by the use of a recorder-equipped Geiger counter
fspectro.scope to obtaiﬁ diffraction patterﬁs- Thus-obtéined diffraction
patterns are used to obtéin the greatest intensity peak found in the lattice
| plaﬁe spécing d-value of 0.386+0.008nm and the lattice plai:;e spating_ d-
wvalue of 0.196:1:0;002111:6. from which'the background' is deducted to give the
| 25  intensity ratio. _The catalyst used in tﬁe invention is characterized by this
- ~ ' intensity ratio.. Use of the catalyst Whoée'_X-fay intensity ratio ranges from

100: 7 to 100: 35 is able to rediice the loss of xylene. -
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25 zeolite is at 20 to 85 weight parts, or nore preferably, at 60 to 80
_weight parts on the basis of conbined alum na ingredients. A kneaded
ingredient is extruded froma screen. On an industrial ggal&nheaBodXtrusion
rmachine called 15 8 Decenber 2006 an extruder is used. The kneaded
substance extruded fromthe screen is nolded into a cylindrical form A
nol ded article is decided for the size by the dianmeter of the screen to be
used. The diameter is preferably at 0.2 to 2.0 mmt , and nore preferably
at 0.5 to 1.7MEDtypy evdliiengnd yilutddi glaimal akydb tasSrawmhadrfds wft thet he
dianeter of 0.2 to 2.0 nm It is preferable that the <cylindrical substance
ext r uded chtayst lree spredambdh civiadlabte tineatmevaért forsn amk bt bal inetteals
“Marunerizer" for renmoving edges. Thus-nolded article is a cylinder having
0.2 to 2vthemuised discaretivdusini] @atalyst. Modding metlgids ianthdedeonepiregtion
tenperatures from50C to 250C. After drying, it is subjected to 10

cal ci nat imeldamg,t epidimzatmelding,r extir2600 trooBB0g, amd préfusichmoeldingmisB350C to
600C for inproving the nolding strength. It is preferable to make the

di aneber paptezablgyst particles smaller than 2.0 nmand nore preferable to
make it smaller than 1.7mm because i ndividyal _isomers of ethyl benzenes

and xyl enes af® e egbiugjeny melding. s irenggnic hindensi spch@s alupingi sols

oot | on Alumazs Eek deenta’ 8nd hErolng o (1SR 20VS HEAURCSM Bs ||
par o xy1 SRGiES gty e Rteibatey Ot dRGUF e ORISR OB aBont r ast
cat 21 Yo! AL S8R A BB R RS Moo

| 2VO300 gl RRRATIRTAS ALRekEGT, SAOMY SO hA RIGIAREE £ 0o

sol i acl . part acidity i'nctude a net hod to
o1 B SIS IRRRS RUSRALEO bl N GO SRAON, org o o
25,1 CHARILE foutbycetind STLRRY Senls WO
I on powder and alumina powder for attaining a uniform dispersion of the zeolite
| powder and then kneaded together. More preferable binders are alumina sol
15 and alumina gel. Preferable rates in molding the catalyst are 15 to 80
weight parts for MFI-type zeolite, 20 to 85 weight parts for diluted alumina
and 0 to 30 weight parts for inorganic binders in terms of thé absolute dry
standard (calculated on the basis of loss on ignition on 20-minute calcination
at 500°C). The more preferable rates are 20 to 60 weight pai'té for MFI-type
20  zeolite, 40 to 80 weight parts for diluted alumina and 0 to 30 Weight parts
for inorganic binder. Where alumina is an inorganic binder such as alumina
sol or alumina gel, MFI-type zeolite is at 15 to 80 weight parts, more
preferably, at 20 to 80 weight parts. Where alumina ingredients are’ diluted
alumina and an inorganic binder such as alumina sol or alumina gel, the
25  zeolite is at 20 to 85 weight parts, or more preferably, at 60 to 80 w.eight

_parts on the basis of combined alumina ingredients. A kneaded ingredient is

extruded from a screen. On an industrial scale, an extrusion machine called -
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exchange site of zeolite with the conpounds containing acid (for exanple,
16 8'Decenber 2006 HC, HNG3 and H3PO4). Because the latter nmay damage the
structure of zeolite, the former, that is to say, the cgmagdmuds 26Nt ai ni ng
‘ammoniumion is preferably used for the ion exchange treatment. The latter
may damage the structure of 5 zeolite. It is also preferable that

al kaline-earth netal ions should be avail able besides hydrogen ion in the
~invention. Al kaline-earth netals include magnesium calcium strontium and
barium Bar ekerddar iy wedf dabkeeads® dstdntd extirndsd ifvsmatkk Bafdernisbecause
they can reduce the | oss of xylene. MI-type zeolite having the

cryst al | ineldedjiato axyHEndridahiorar. Axiclddd ardclgiindetidethibr O3e sizehyrtha cron
and the silica/alumna nole ratio from18 to 30 is particularly preferable
because sliametériof dind séreehun be eisall] Theddiagretat isy prefaraddytdte 2oks2.Of

xyl ene. The al kaline-earth netal ion exchange is treated wth the
conpoundsnomshy ad nnge girkferably #@d thtonkfahmi®sroviding aybadpical catalpsti de,
nitrate and acetate) and introduces al kaline-earth netal 15 ions into an

i on efchamgtickst widf theolliameter) Kalithdo e2bt mmethlisi prefepabiarthat they be
done at the same tinme with, before or after ammoni umion exchange

Furt her, Cﬁh@ﬂemablsybaﬁamelaf@ré@d Hremt the sereepeshonldobie doeate: Wiitha@dl ng the
corrpounds cont ai ning al kaline-earth nmetal at the tinme of nol ding. by

kneadi ng tvthing salled gisi “Manyaaerdreniifon remoineedaesml has paokderd Béﬁwleownders

20 The content_of, al.kali arth net Is n rel at on_to the cat

total of 2 nciegrp!éa%sﬂ%@érfbnm 's&aaé) i&oﬁpéql@r eyeﬁe 5 to 5 .
wei ght % re prefera d t % | nt.roduction of silver
Ponols e AL raBr e %@%3{%@8%9%5?%\9 ArSipe He Rt GupARE ey D

AT S e P S T ol W A
&ge. et NQGSedfoct B fndkoStEs BRY Gndin " ‘Elte‘?{g%ﬁl B iophiEFatI8oCXGRA R MBY be
diameter of catalyst particles smaller than 2.0 mm and more preferable to
make it smaller than 1.7mm, because individual isomers of ethylbenzenes
and xylenes are not delayed in diffusing to reaction activity points present
15 inside the catalyst particles under reaction conditions or the reaction is not
suppressed either. In particular, orthxylene and meta-xylene are not
delayed in having isomerization reaction to para-xylene, and side reactions
are not relatively augmented. In contrast, catalyst particles having the
diameter greater than 0.2 mm would not render the pressure loss greater
20 during the reaction, which is favorable.
These molded bodies are treated with the ion exchange to impart solid
acidity. The methods for imparting solid acidity include a method to perform
the ion exchange treatment with the compounds containing ammonium ion
(for example, NH4Cl, NHNO;, (NH»2S04) and introduce NHy4 ion into an
25 ion exchange site of zeolite and then convert into hydrogen ion by drying
and the calcination, and a method to introduce hydrogen ion into an ion

exchange site of zeolite with the compounds containing acid (for example,
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8 Decenber 2006 treated at the sane tine with al kaline-earth netal ion
_exchange or ammmoni umion exchange, or may be treated separately. As a
conpound containing silver ion, silver nitrate is prefegabtamyssashe The
hydr ogenat ed active ingredients can be supported after such 5 treatnent.
Hydrogen is allowed to be present in the catal yst reaction system to
support the hydrogenated active ingredients, thereby making it possible to
i nprove the hydrogenation and deal kyl aton reaction activity of ethyl beneze
i nt o benZg0t HNO:eiddHePO®3) Wel | as to control coking on the catalyst and
prevent the deterioration with time of the property of the 10 catalyst. As
t he hydr ogenaBedaast thve latttaimay [emiawg thd atruetmreaofl zevlideelthe doempr,ef er abl y
‘used. Rheniumis particularly preferred. Rheniumcan exist in such forns
as net al ,thakiigéo sayl fliedeorapousds eontainoEnpmmehiand idihés préferablpsusede
rheni umingredi ents, perrhenic acid, perrhenic acid amonium and others
can . be fpathe doh axichapge fteeatagentis Ttheelatteat inagrmd mguze dibensteuctise of
chloroplatinic acid and chloropl atinic acid amoni um and others_are
par ti 8ul @ebliteyr efteis edso Trefenadie ithpt odlkalisetopdtio guatale tbrecshosld hgr edi ent s
to be supported is preferable fromO0.005 to 1.5 weight %in relation to the
cat al yst availahle bssidesnhydogencisay énsthen imeesition. A pauthy mehals| er
quantity of the hydrogenated active jngredients will result in, a
i nsuf fi ciiBrudemMAgHRANE, SALCHM;, Firoptiyim epghhasaNRe Haqalarly preferale; vel y

or0er a0t ol ohiSt L PIRTELS Budioanel o, SeSRmPogtn 4, oLl
et e LSRG BRSS9 SRS LB B B ¢, e
2e0l1he, FfgFaPHEH B 0T MALERTRA A0 DM FRE TR S 45 Bt oo
L0, SPOL iy 5 KRR, BLPRSRTSE o R R, 900,

greatly reduce the loss of xylene. The alkaline-earth metal ion exchange is

treated with the compounds containing alkaline-earth metal ions (for

example, chloride, nitrate and acetate) and introduces alkaline-earth metal

15 ions into an ion exchange site of zeolite. Alkaline-earth metal ion exchange

may be done at the same time with, before or after ammonium ion exchange.
Further, preferably alkaline-earth metal can be introduced after adding the
compounds containing alkaline-earth metal at the time of molding by
kneading MFI-type zeolite powder with diluted alumina powder and binders.
20 The content of alkaline-earth metals in relation to the catalyst (a total of
MFI-type zeolite and inorganic oxide) is preferably at 0.05 to 5 weight %
and more preferably at 0.1 to 2 weight %.
Introduction of silver ion is also preferable because of improvement in
the catalyst activity.
25 Preferable content of silver ion is 0.1 to 5 weight %. Silver ion can be
introduced by any method of ion exchange, impregnation or kneading, but

the methods of the ion exchange are preferable. Silver ion exchange may be
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t he hydrogenated active ingredients are supported. Usually, such treatnent
~is done at the roomtenperature and up to 5009C, preferably at the
tenperature from 1001 to 450C in a hydrogen sul fide atnDgpledsfver 25 5
‘treatment by sulfuration is able to suppress the deconposition and the
activity of alkyl aromatic hydrocarbons. The nethod for converting xyl enes
I ncl udi ng et hyl benzene described in the invention is to nake the xyl enes
contact with the catalyst (the <catalyst of the invention) under the
presence tpéateidrn@geie ddifie CORH twiths allkalife-bietht iniEtadf idhiekchangacdr i s
reaction tenperatures from300'C to 4801, preferably from 3500C to 4801C,
reacti on qanassuem iorexthangn dVRmy bpriebatedbbypdraoehy0. Ast a cdBRaund?/ C8
aromati ¢ hydrocarbon m xtures (xyl enes containing ethyl benzene) fromOo. 2

t o 20nol/makainingtdvebion, kilver ditrate 5Gmefdrably agatl.wei ght space vel ocity
fromO0.2 to 30hr-1, preferably from2 15 to 20 hr ' . Any C8 aronmatic

hydr ocar bon m xThedsydmgehateds ectiva ingeediententdmoie suappdréed adterhsychcont ai n
et hyl benzene. Preferable m xtures are raw materials _for producing p-xylene
such &s dgeatmpent. HydipgendinrHoweditrtherpresenitia hedcatplyst apactinmaystewht ha and
t he subsequent extraction andlor fraction, C8 20 aromatic hydrocarbon '
mi xt ur es tolrunnest thy hydrogenatgd mebiveniagpedients, tharehsr makine it pessbles for
extracting napht hene and paraffin to cqntai napht hene, and par.affi n havi ng
the carbdf rgH¥eVe ofthgr 3wﬁa0@e:naémp can ard@ﬁ'ﬁﬂlétqwdﬁﬁc&%orﬁ%‘%%r@g

i on and/,or fraction rack oline ich is

BPE—SLQ o %ggfﬁ)ueg@zgﬁtaﬁ?@né?nﬁ Redngthangs aﬁe?f%lmlr%;% & ToRbSH ki A8 the
oo Tt ] S A T LB B e s 1
bl o Bk o RS Wi PR e
are preferably used. Rhenium is particularly preferred. Rhenium can exist
in such forms as metal, oxide, sulfide and selenium compound and the like.
As the rhenium ingredients, perrhenic acid, perrhenic acid ammonium and
others can  be particularly preferred. As the platinum ingredients,
15 chloroplafinic acid and chloroplatinic acid ammonium and others are
particularly preferred. The quantity of the hydrogenafed active ingredients
to be supported is preferable from 0.005 to 1.5 weight % in relation to the
catalyst in any case on metal conversion basis. An excessively smaller
quantity of the hydrogenated active ingredients will result in an insufficient
20 conversion activity of ethylbenzené while an excessively larger quantity of
them -will promote hydrogenation decomposition of alkyl aromatic
hydrocarbons, both are not preferable.
After the hydrogenated active ingredients are supported, drying and
the calcination are conducted. Ammonium ions present at an ion exchange
25 point of MFI-type zeolite are converted into hydrogen ions, thus imparting
| acidity to the catalyst. Calcination can be preferably done at the |

temperature from 800_°C to 650C in an oxygen-containing atmosphere.
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catal yst A) 5 Caustic soda aqueous solution (NaOH content of 48.6 weight %
. H2O “content of 51.4 weight % Mtsuwaka Pure Chemical Co., Ltd.) of 40.9 g
and tararic acid (Cahc Co., Ltd.) of 15.7 g were dil utedpadhner2éhed Of

wat er and dissolved. Soda al um nate solution (A1203 content of 18.9 weight
% NaOH of 25.4 weight % H2O0 of 55.7 weight % Daiso Co., Ltd.) of 12.83
g was 10 added to thus-prepared solution to give a uniformsolution.
Hydrous silicate (SiOQ2 content of 90.4 weight % NaCOH content of 0.22

wei ght % Al2Qhe ealygbiof the Onvihtve ghprdferdilpicaited by saflfifatdnveiight %

Ni pseal VN-3, Japan Silica Corporation, now called Tosoh Silica
- Cor por at ithe)hyalfro§mZed asive iagdrialienisashesd upported. hEssallyitsueh tweatment rri ng
to prepare a uniformslurry of 15 aqueous reaction m xture. The reaction
m xt ure haddetee dtnghedicom teatperatyrenlandr api ¢p 2Q0 Kol preferalsiyoat AAlEC3 55
OH/Si02 0.26 A/ A1203 4.0 (Atartrate) 20 H20/ SiO2 22 The_ reaction
ni xt ure wempsratioe froms 10080 tal456pakn ayhydrogen spdfideditmpsphere. Wheeh was
then nade to react for 72 hours at 160C, with stirring at 800 rpm After
conpl Bt i dheatimente byeswlfieation hewhle cisasunprasst thee daegmpesibion: asfythashed
with distilled water and filtered 5 tines, and then dried 25 overnight at
about 12@ctivityeokakyl aromatiobydzeneabans det ernined by an X-ray
di ffracti onet equ%g%z_d with Cu tube and Klu ray radiator, the result of
whi ch was showe Dt R RORYeTIREoXY leRefiLgC ugling ethglbengsng, despribache
obtai ned .zegl it.e was MFl -type zeolite.. The zeqlite was, ,subjected 0 FE-SEM
obser vat /1Bn g HBVFRSER150fS TR thie Sy leHBRnctiHas Jrite. iR GIEradt i ze of
the crystallit s of the lor xi.s of 1.8.m.cron apd the.m.nor_axis of
13 m br skt Phe frvstiie) Spder 48 nirdnce iRy ctectRa g of
diff 5.6Ct 'tR8 time of this contact is reaction temperatures from 300°C to 480T,
preferably from 350C to 480°C, reaction pressure from 0.2 to 5MPa,
preferably from 0.4 to 3MPa, Ha/C8 aromatic hydrocarbon mixtures (xylenes
containing ethylbenzene) from 0.2 to 20mol/mol, preferably from 1 to
10mol1/mol and weight space Velocitjf from 0.2 to 30hr™, preferably from 2
15 to20hr.
Any C8 aromatic hydrocarbon mixtures may be used in the invention,
as far as they contain ethylbenzene. Preferable mixtures are raw materials
for producing p-xylene such as C8 aromatic hydrocarbon mixtures obtained
by reforming naphtha and the subsequent extraction and/or fraction, C8
20 aromatic hydrocarbon mixtures obtained by reforming naphtha but not
undergoing processes for extracting naphthene and paraffin to contain
naphthene and paraffin having the carbon number of around 9, and C8
aromatic hydrocarbon mixtures obtained through extraction and/or fraction
of cracked gasoline which is produced as a by-product of thermal
25  decomposition of naphtha.
[Embodiments]

As follows, the present invention will be illustrated in more details
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Si 21 A1203 nole ratio of this zeolite was 43. 10 g of Ml -type zeolite
synt hesi zed as above nentioned on the basis of the absolute dry standard
{calculated on the basis of loss on ignition at the tingmkehbs 2006
calcination for 20 m nutes at 500C) was added to hydrous 10 al um na (A1203
content of 75 weight % the X-ray diffraction pattern shown in Fig. 3,
SASOL Co., Ltd.) (30 g as A1203) of 40 g and alum na sol (A1203 content of
10 weight % Nissan Chem cal Industries Co., Ltd.) (6 g as A1203) of 60 g

d wel | _nixed. Thereaf th I tant. Laced | t at
120C andGeFBaE SR e SROOHERER S, d o ERtotds TuahRReo s HLIIER o)) 15

Thus-preﬁarbe .knegded subst ance was extruded through a screen having
1. 2rm( D RBIPOSMBPRE ext r uded nol d body was dried overnight at 120C and

- cal cined at 540% for h -er |57 h tur ldey from
3501 1o 5400 hodtiaeBe IS RERE G, UFIRet "FdRIPEEA, Webp HAMIE oY o
sol uti on&&l ﬁj" anmoni um chl oride (Signma Aldrich Corporation) of 2.2 g 20

and cal crumhl'ori de di hydrate (Cahc Co., Ltd.) of 1.3 g were dissolved in
60. G501 di St bhhigflc WA andBtls [bARIGH (L0 lohBintlof MBI weighb 96 CHZO! Onal

stirring. After such treatnent, e aqueous solution was renoved and the

resul tan nt?%m%tfaymmghﬂ GD AR O ¥ NI RRACHE thikadiGH. | 1Y oAby ¢ ad

. L
filtered % Imes. The Substance was saturated with perrhenic acid aqueous

sol uti ong4Paieadd (IR CBr AddOtdfors. & weks didutéd wdbh B29coof aidtengnRe of 80
mg at the room tenperature and left stand for 2 hours. Stirring was

conduct edigebred. 3Sodaraluihesate Tdtdatioh HAlSMpatraane of 18:/8 whight %h&a@kst ur e
was renoved was 21 8 Decenber 2006 dried overnight at 1201. After drying,
t he subsbmses wasisht da) EBOWOS 155. hywright s,s Dafisod €ogt LABD b {182 ghowass in a

- hydrogen sul fide atnosphere, and then calcined at 5401 for 2 hours in the
ai r.10s faddedus thubprepamdysluiisn talgiveaivatifgnt solusianal xdrons silieatei um
content and sodiumcontent in the 5 catalyst were determ ned by an atomc
absor pt i 68iQweatens cdp§9.daweighte §ul NaOH heontent it 0-23swoight (i é-hiE)?-% as Ca
and 0.3 weight %as Na. The quantity of rhenium s,ul;l)port in t{}ﬁ gat al yst
was det econiead of 036 mEighhi%asHs® content of 9.12 weight %, 1pseal -3,

Japan Silica Corporation, now called Tosoh Silica Corporation) of 95.2 g was
added gradually to the solution with stirring to prepare a uniform slurry of
15 aqueous réaction‘ mixture. The reaction mixture had the ingredient ratio
(mole ratio) as follows.
Si102/A1205 65
OH /5102 0.26
Al AlxO3 4,0 (Atartrate)
20 H20/ 5102 22 |
The reaction mixture was placed in a 1000 ml-capacity autoclave and
sealed, which was then made to react for 72 hours at 160C, with _sﬁrring at
800 rpm. After completion of the reaction, thus-prepared mixture was
repeatedly washed with distilled water and filtered 5 times, and then dried
25 overnight at about 120°C.
The resultant substance was determined by an X-ray diffractiometer

| -equipped with Cu tube and Ka-ray radiator, the result of which was shown
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spetrography, as a result; the quantity was 0.36 weight %as Re netal. This
catal yst was ground and subjected to X-ray diffraction, the result of which
10 was shown: in Fig. 4. It was found in Fig. 4 that X-rgpsiddeh agfsl on
intensity ratio of the crystal lattice plane. spacing d-value of 0.196nm
(20=46.18) to the crystal lattice plane spacing d-value of 0.386nm
(20=23.04) was 30:10G 20 () value or d (nm value in the X-ray diffraction
pattern vvas obtai ned by referring to the Bragg's Law. 2dxSi nO = nxA (on

st
gg?l:?lrjllaﬁ gﬁ oi'; Eggi e Was s ﬁcégit%ﬁ‘]i? gﬁ“ll\? oi)ﬁe% ¥t lpfarfgs% ?ﬁ?‘é h2

(X ray o STt K 2 WGierfRe 105 SFHRE ol WAL MshEima 0
and al uni 818 st Rog ety s BRGSO SSan cem cal | naust 11 es
re-shl%;gt)wgg ;g)I ggeeﬁksﬁﬁ)aogit%%?a%eygat 1230@3&2%30 ;Iélhgir ntlfﬁ%éStM{lh

DI st ur e GONAGIY. ¥R%e dﬁq‘ﬁ%ﬁ‘ L.Qebhed wak 43 cl ay. Thus-prepared kneaded

substance was extrude roug a screen having 1.2mml' hol es. The extruded

ol d body wasj@rg sEiviaSsype Heblidd @ﬁ%@@a%%b&vmﬁﬁﬂ&% tles basis22 8
Decenber 2006 hours affer raising the tenperature gradually from 3501 to

540C. Thef the!absbRiy Adndasd (edlctiiRed VnCilabhsik ofldsploacaition tate
aqueous solution in i ch anmoni um chl ori de (Si %ma Al drich Corporation) of

2.2 g andheaimé whthehdad¢ihdeiodi foy Rahrin(tahat 6007 )Livds )adaied toShydneese
dissolved in 60 g of distilled 5 water, and treated at 80t for 1 hour, with
occasd onalumina (ARYs cohtent siieh weugha%mhe X-rire diffrendion patitets showas
renoved and the resultant substance was repeatedly washed with distilled
wat er andnfHigt 8y SAKL iGres Ltdhd30 gibs tAdrde ofad0 |glmd9éurmna§9l (AkRsc acid

2?“28“%%3;3;%&?&%&&%2 *Nissan Chemioal Industrios Cb., Ltd) (6 & 2 AliG) | 0
of 60 g and well mixed. Thereafter, the resultant was placed in a dryer kept
at 120°C and dried until the moisture content was reduced to that of a clay.

15 - Thus-prepared kneaded substance was extruded through a screen having
1.2mm® holes. The extruded mold body was dried overnight at 120°C and
calcined at 540C for 2 hours after raising the temperature gradually from
3507C to 540°C. The calcined mold body of 20 g was placed in the aqueous
solution in which ammonium chloride (Sigma Aldrich Corporation) of 2.2 g

20  and calcium chloride dihydrate (Céhc Co., Ltd.) of 1.3 g were dissolved in 60
g of distilled water, and treated at 80°C for 1 hour, with occasional stirring.
After such treatment, the agueous solution was removed and the resultant
substance was repeatedly washed with distilled water and filtered 5 times.

'The substance was saturated with perrhenic acid aqueous solution (Rare
25 Metal Production Co., Lﬁd.) of 30 ml containing Re of 80. mg at the room

temperature and left stand for 2 hours. Stirring was conducted every 30

minutes. Then, the substance from which the moisture was removed was
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10 tenperature and left stand for 2 hours. Stirring was conducted every 30
m nutes. Then, the substance from which the noisture was renoved was dried
overnight at 120t. After drying, the substance was treat gghewbdider 2606dr ogen
sulfide at 2501 for 2 hours in the hydrogen sulfide atnosphere, and then
calcined at 540 C for 2 hours in the air. As follows, the catalyst is 15
abbreviated to "catalyst B'". Calciumcontent and sodium content in the
catal yst were determ ned by the atom c absorption spectroscopy, as a

resul t ,driedecconight ata3Z0TLS Afteghdrydngs tlia sauldtinée weaghttedfedswith. The
guant i-ti)r: of rheni um supported in the catalyst was determ ned by the ICP
eni ssi dnydepgeotsudfidepity25Q€ forr2bonrs in Adsglragen tsnlfids adndiphedeghnd % as Re
metal . 20 This catal yst was ground and subjected to X-ray diffraction, the
resul t en whalcihedvat 8481 fon 2-hgurs in |thewais. f dsnfbllaws;i the 6atahat ishe
crystal lattice _ plane spacing d-value of 0.386nm (20=23.04) was found
wher easabbreviatpd: to “catalys d\p| Lradckiymcondert wad)sodiurg. coademt (R ohel6. 18)
was _hardly_found. Conparative exanple 2 (preparation of catalyst C 25 The
MFI 5t y preatadvsh vereydetaymined by, abi stomisabspmiion speriroserdy, éstotisnlint 1 on

| i 1 cHRe,EoRRBE T3m0dH PRIERL AT A GO WEBAL Horo Dn. ThommBBEERDer 2000
o e IS0 A ot
N1 (TR RRPE LY B8 ch rarugpe v BEtR e eS P FeseRhle fs e metal Thitr epar ed
creaced MISLPUSE AR A SRAER S SRERCA. I AT AIEAES | T
104D, YA AR NERES BTk O, ORI i,
oo SO s S e, Sps e of bgaiGont g T
vat er ofhéergital Rittlcé peahe dpaingU-taheof 0.886Hm WE-RILIH QN3 100.
20 .(°_) value or d (nm) value in the X-ray &if&-actio_n pattern was
 obtained by referring to the Bragg’s Law 2dxSin8 = nx (on the conditions of
15  p=1and}=0.15406nm). . |
Comparative example 1(preparation of cata.lyst‘B)
The I\{FI-fype ‘ zeolite of 10 g syntheéized similarly to in the
| _c-ambodi'ment 1 on the basis of the absolute d.ry standard (calculated on the
" basis of loss on ignition at the time of the c_a.lciﬂation at 500TC for‘ nﬁnutes)
| 20  was added to @-alumina (as Al;03) (X-ray diffraction pattern shown in Fig.
5, Wako Pure Cl;em,iéal Industries Co, Ltd) of 30 g on the basis of the
_absolute dry stan:dard and- alumina “sol (Al:03 content of 10 weight %,
Nissgn Chemical _Industr’ieé Co., Ltd) (6 g as Al:03) of 60 g and well I'nixed.'
T_iléreafter, the resultant was placed in a drye; kept at iZO“C and dried untﬂ
25  the moisture content was reduced to tha.t__t of a clay. Thus-prepared kneaded

. substance was extruded through a screen having 1.2mm® holes. The

extruded mold body was dried overnight at 120°C and calcined at 5407 for 2
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stirring. After such treatnent, the aqueous solution was renoved and the -
_resultant substance was repeatedly washed with distilled water and filtered
b5 times. The substance was i mMmersed in perrhenic acid aggerusmssloodg on 15
(Rare Metal Production Co., Ltd.) of 30 M containing 80 ng of Re at the
roomtenperature and left stand for 2 hours. Stirring was conducted every
30 m nutes. Then, the substance from which the noisture was renoved was
dried overnight at 1200. After drying, the substance was treated with

hydr ogen howukt izdterabaidbls €hé aempebating mddadlyh Yiebnd B0 Wof 5467 Cat igpher e,
20 and then calcined at 5400 for 2 hours in the air. As follows, the

cat al yst mald Wl sf2@pedtdraheaaldhitivn Gras pRlced imtho riggebuspelusimai Hhm
content in the catalyst were determ ned by the atom c absorption

spect r os adpiyh sasmaniesuthloride {BigmatAddrichaCSoporativel of?.2% asd Calcian 0. 5

wei ght % as Na. The quantity of rhenium supported in the catal yst was

det er ni netildrjde HihsidzRte Cake Gn., J8d9pdck. 8 @ywarhitissakved inddug of didtdlegual ity
was 0.21 weight %as Re netal. This catalyst was giroyngj and subjected to
X- r ay5di fWatett dod treafedrats 80T &ir Whiovin, witls ostasignalrstiziring. 7 After sweh f ound
in Fig. 7 that the crystal lattice plane 24 8 Decenber 2006 _spacing

d- val ue dfeaynssenkhe ZopEeue Apluiden Wamtempeed andt the respdtaat substanese pl ane
spaci ng d-val ue of _0.196nm (20=46,18) was not found or less than 5:100 at
nost, if veafy repppisdbnereshed prith Hstilen prtentand fHteppd Thdimes. t zeolite
of 20- g synthesized simlar]y to in the _enbodinent 1 on (the basi s, of the
absol ut e8&¥§t9§{csnﬁaﬁdme@§riqﬂ w sgrehenisaacid aqueoys salution(Bagri Mesal at t he

(e of S SRSk BL oD 2) SDUCPT R0 mLovkes) Ry adied ho ugrous
BT T L ST TN RN
2203 O B8 0 DB, M0 AT BRI 1,
that of Eﬂrfét?\ﬁveﬁﬂ'éﬁt RteR3Hed k&ﬁ;@p%yﬁ&&sﬂ?en%ﬁbstance was treated with
hydrogen sulfide at 250C for 2 hours in the hydrogen sulfide atmosphere,
and then calcined at 540C for 2 hours in the air. As follows, the catalyst is
15 abbreviated to “catalyst B”. Calcium content and sodium content in the
catalyst were determined by the atomic absorption spectroscopy, as a result,
the content was 0.18 weight % as Ca and 0.2 weight % as Na. The quantity
of rhenium supported in the catalyst was determined by the ICP emission
spectrography, as a result, the quantity was 0.21 weight % as Re metal.
20 This catalyst was ground and squected to X-ray diffraction, the result of
which was shown in Fig. 6. It was found in Fig. 6 that the crystal lattice
| plane spacing d-value of 0.386nm (26=23.04°) was found whereas the crystal
lattice plane spacing d-value of 0.196nm (26=46.18°) was hardly found.
| Comparative example 2 (preparation of catalyst C) o
25 The MFI-type zeolite of 40 g synthesized similarly to in the
embodiment 1 on the basis of the absolute dry standard (calculated on the

basis of loss on ignition at the time of the calcinations at 500C for 20
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was extruded through a screen having 1L2mm D hol es. The extruded nold body
. was 'dried overnight at 1201 and cal cined at 540'C for 2 hours after
raising the tenperature gradually from 3501 to 540t. Theg¢rt&hmgdodgo! d
body of 20 g was placed into the aqueous solution in which amoni um
chloride. (Sigma Al drich Corporation) of 2.8 g and cal cium chl ori de

di hydrate (Cahc Co., Ltd.) of 3.2 g were dissolved in distilled water of
60g, and treated at 80 C for 1 hour, with occasional stirring. After such
t r eat nentmpinteshgqesoaddsb ol oning sot éAbRdcameant b2 10resightas) Nishet ance
was repeatedly. washed with distilled water and filtered 5 times. The
subst anceChemi¢ahindyettidsnlige) (the asAlaCbofAug and veal utixed. (Rare Met al
Production Co., Ltd.,) of 30 m containing Re of 80 at the 3 room -

t enper at ure aridhareaftent thedressdtanthwiassplaged rini aginpes dac i€ evand) 30
m nutes. Then, the -substance from which the noisture was renoved was
dried ovekiedHintak thoonoistuwe epnthnti Wgs retucedbin dhek ofea dapat Fhusith 25
8 Decenber 2006 ydrogen sul fide at 250 C for 2 hours in the hydrogen

sul fi Be ATeBappLrkneadady substance cvasdexirudad” thromghy smosereennbanmair. As

foll , talyst i bbreyiated to "catalyst D'. Calci tent and
sodi um cohPBHEaHRoRe The.eRirpaed arkl hede e Robty verscht o OIaBibt | on'
t t,o.th tent . 0.43 i ght % d 0.6

va ght o6 atciRe® i AB T 2 hOTFS RRBHTAIAILE HEr ORI s FoMas
determ nech‘t)ot@ & @Q@P m'gai Qn spg&r gr?%@y asdﬁ reiiul t, the quality was
0.37 wei ght” %'as’ Re~het &l © Gihed mo P§ 1 FEE FASRIaceh Mo 8aPetS o X-ray
diff ti . t A ch i Lg. 8. It f din Fig.
8 that PR T EEh ot WS ididh CBrmplat®D i ine
vl et AT (03 atPoo’, IR0 HE2 e R G ol SPac! "

t al t i el | ) . t i Z i, : i th
catalyst Eiibe Wilor UPBOECIAP terdd n0eBTIES EESUIA Ul 1 L hC
basi's. of gtRemEON AfGR ducAtrahtthORt,- tHe' ARuus {utish Hha2teRABva) 20tHe for 20

resultant substance was repeatedly'washed with distilled water and filtered

5 times. The substance was immersed in perrhenic acid aqueous solution

15 (Rare Metal Production Co., Ltd.) of 30 ml containing 80 mg of Re at the

room temperature and left stand for 2 hours. Stirring was conducted every

30 minutes. Then, the substance from which the moisture was removed was

- dried overnight at 120C. After drying, the substance was treated with
hydrogen sulfide at 250°C for 2 hours in the hydrogen sulfide atmosphere,

20  and then calcined at 540°C for 2 hours in the air. As follows, the catalyst is
abbreviated to “catalyst C”. Calcium content and sodium content in the
catalyét were determined by the atomic absorption spectroscopy, as a result,

the content was 0.71 weight % as Ca and 0.5 weight % as Na. The quantity

of rhenium supported in the catalyst was determined by the ICP emission

25  spectrography, as a result, the quality was 0.21 weight % as Re metal. This
catalyst was ground and subjected to X-ray diffraction, the result of which

was shown in Fig. 7. It was found in Fig. 7 that the crystal lattice plane
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m nut es) was added to hydrous al um na (A1203 content of 75 weight % the -
X-ray diffraction pattern shown in Fig. 3, SASOL Co., Ltd.) (30 g as A1203)
of 40 g, alumna sol (A1203 content of 10 wei ght % N s§aRcHRP

I ndustries Ltd.) (6 g as A1203) of 60 g and barium acetate (Cahc Co., Ltd)
of 1.5 g and well m xed. Thereafter; the resultant was placed in a dryer
kept at 120'C and dried until the noisture content was reduced to that of
a clay. Thus- prepared kneaded substance was extruded through a screen

havi ngpatizgniivahiecof 01386mnr (RAFRH04T pody fovasd dwhedexs/ ¢hai afstaht 1201C
and calcined at 575t for 2 hours after raisi ng t he tenperature .gradually
from lasgeeplansgpacinghd vadieiofcdi 1A6nm LRRAGLEI0wWgswast frwdedt less 0 an
aqueous solution in which ammonium chloride (Signa Al drich Corporation) of
1.1 g_thmis 5di08s'al med, if anydi sti |l |l ed water of 60g, and treated at 80 C for 1

hour, with_ 26 8§ Decegzer 2006, occasiognal_stirring. After such treatnent,
the aqueouwbpdiment ddprepanationiobsatalyst Phsul t ant subst ance was

repeatedl y shed with distille ter and filtered 5 tinmes. The substance
was i mmer sgg\ﬁl ﬁ&éf‘ﬁﬁ’@ni@" FdO?aaﬁ/gcgusSY?G eticed ermilarhetta imr Beructi on

i i o 50 PG o 8GRI 5,27 1
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det er mi ne mC Spectroscopy, as t he

cont erge ngpgnag%}@]ﬂ%]sgi’ QA1 ciidnb-of W"%‘hﬁf’ﬁi NRsad iEheuipl 1 LY Of

r heni um supporte the catal yst was determ ent ssi on

spect Mp@hieivs 1A3.)2(6 85'st ALLDY ofIBONE i dnd WAl ndldiei PR s fie Metal .
This catal yst was ground and subjected to X-ray diffraction, resulting in

gl ; lng d‘fﬁgﬁ?%t“aﬁ glralfgagif&i %ﬁ’?gﬁ %epit HteNP0 Cyah@tdrPe P fudtiete wotsphrd attice
content was reduced to that of a clay. Thusprepared kneaded substance
was extrude'd through a scret_aﬁ having 1.2mm® holes. The extruded mold
body was dried overnight ﬁ_t 120C and calcined -at 540C for 2 hours after
raising the temperature gradually from 350T to 540C. The calcined mold
-body of 20 g was placed into lthe aqueous solution in which amm‘oﬁium
‘. , chloﬁde_ (Sigma Aldrich Corporation) of 2.8 g and calcium chloride
~ dihydrate (Cahe Co., Ltd.) of 3.2 g wetediséolved in distilled water of 60g,
L and treated at 80C for 1. hour, with occasional stirring.
After such treatmeﬁt, the aqueous-solution was removed and the
resultant substance waS*repéatedIywaished with ‘distille'd water and filtered
5 times. The substance was immeréed in perrhenic acid aqueoué solution |
"~ (Rare Metal Production Co., Ltd) of 30 ml _céritaining Re of 80 mg at the
5 room.temperature and left stand for 2 hdurs. Stirring was conducted every
-30 mjnutes._ Then, the: substance from which the moisture was removed was

dried overnight at 120C. After drying, the substance was treated with
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(20=46.18) to the crystal lattice plane spacing d-value of 0.386nm
(20=23.04) was 9:100. Enbodinment 4 -not formng part of the present
i nvention (preparation of catalyst F) The catalyst was pirpahedosign |l arly
to in the enbodinment 1, chloroplatinic acid solution (Tanaka Rare Metal
Co., Ltd.) in place of rheniumwas imersed in the solution containing 100
wei ght ppmas Pt in relation to the catalyst. The Pt supported on the .
catal yst was deternmined by the |ICP em ssion spectrography, as a result, it
was 69 wei ght ppm The catalyst is abbreviated to "catalyst F. Enbodi ment
5 (syhydzegen selfidn af 280G elorid hoyng ipribeahndrogencfulfide atgdspberdher 2006
catal yst. G Caustic soda ﬁqueous sol ytion (NaOH content of 48.6 weight %
H2O  8adhen elcmedsatipd@ it toy 2 opgswaithe pire AshieHpwal tieocatalysd iy of 3f7. 19
and 15.1 g of tararic acid ( c,Co., Ltd.) were diluted with water of 529
g andagbafﬁ‘géﬁﬁ%a. cg é(sﬁllgm' %%h‘él%@ centent (md sedicunteomtenss ofi ghe wei ght %
NaCH of .25.4 wei.ght % O Qlfb? 55. T_vve%ght % Daiso Co., Ltd.) of 14.25¢g
was afatalyst Uef?légt"ﬁr'%‘ﬁ’&:&éay L% AE9BIF RBSEPHIONSNERITOEP0RYs @5 @ TesHIt, Hydr ous
silicate (S content of, 90. 4 ight % Na ont ent 0.22 weight %
AL2 0o the sbatt raS B EE el 85 Laptnd 08 struenk s BiaveThnausntify paca
VN-3, Japan.Silica 1 rperati. o now cal | ed. Tqsoh Si l.i Cor poration) of
95. 2 aﬂﬁlg‘snh‘aﬂeﬁlppéfg%ﬁ?ﬂ?‘et‘i?tfi‘ﬁ’e“s‘s?ﬁﬁgb?{mweaﬁb%%ﬁ? rlﬁ%gemﬁf“‘b‘i‘ epare a
uni f or |l urr ague [490, M. X . The feaction mxtyre had the
i ngr eaﬁ%ﬁtfggrgﬁhgrf, ag ?f‘o %Sq#g'tqh%a&%ésﬁﬁyoWng’es%fgeﬂ%tA ‘fzft‘ﬁahgdmf%' gﬁ‘? Si 02. 0. 24
A AL o tartir ) | G2. . tjyon_m xt ure,was placed in
a 10069%*1-§ %gg(g(%i %th%g!t&t %{cl?as\}l_elﬁ%n' d%g %I%ﬁ ; %ﬁéﬁgﬁa@e‘t ﬁeesﬁﬂrr’rﬁfjgh\é\@" react at
160t T Qfas/shdiPn'if Pt B. St/ whiBufd in Fig. 8 that X-ray diffraction intensity
ratio of the crystal lattice plane spacing d-value of O.;196nm (26=46.18°) to
. the crystal lattice plane spacing d-value of 0.386nm (20=23.04°) Was 10:100.
Embodiment 3(preparation of catalyst E) |
The MFI-type zeolite o_f 10 g syntheéized similarly to in the
" embodiment 1 on the basis of the absolute dry standard (calculated on the
basis of loss on ignition at the time of the calcination at 500 for 20
minutes) was added to hydrous alumina (A1,03 content of 75 weight %, the
X-ray diffraction pattern shown in Fig. 3, SASOL Co.; Ltd)) (30 g as Al,O3) of
40 g,‘a.l-umina sol (Al:03 content of 10 weight %, Nissan Chemical Industries
Ltd.) (6 g as Al;03) of 60 g and barium abetafe (Cahc Co., Ltd) of 1.5 g and
! well mixed. Theréafte‘r, the resultant waé placed in a dryer kept at 120T
and dried until the moisture content was reduced to that of a clay. Thus-
- prepared kneaded substance was extruded through a screen having -
 1.2mm® holes. The éxtruded mold body was dried overnight at 120TC and
calcined at 575%C for 2 hours after raising the temperature gradually from
. 350C to 575C. The calcined mold body of 20 g was placed into an aqueous
__-solution in which ammonium chloridé‘(Sigma Aldrich Corporation) of 1.1 g

was c_iissolved in distilled water of 60g, and f:i:éated at 80°C for 1 hour, with
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20 800 rpm After conpletion of the reaction, thus-prepared m xture was
repeatedly washed with distilled water and filtered 5 tinmes, and then dried
overni ght at about 1201C. The resultant substance was degeregimss 2006 an
X-ray diffractioneter equipped with Cu tube and Ka-ray radiator, as a
result, it was found that 25 the obtained zeolite was M-I -type zeolite.
The zeolite was subjected to FE- SEM observation, the result of which was
shown in Fig. 9. The average size of the crystallite was of the major axis
28 8 Decenber 2006 of 1.3 micron and the mnor axi's of 1.1 micron. As a

resul hepfsibhgl antahsgs bafleReshithotRSERMNEX (Y fHddoudClbRition™As ratio
Si 02/ AT203 of this zeéolite was 37. MrFl-type zeolite of -10 g synthesi zed as

above rERitved it ¢het REuPRSItSSubRtShicd RersaRgRlatbdycwishédreel digpaul ated on

the basis of loss onignition at the time of the calcination for 20

M nut gfatalr HDGItered Fedres.t THayskinitance s fm:ﬂé&@é’d dapeerkerit acil % by
wei ght, the X-ray diffraction pattern shown in Fig. 3, SASOL Co., Ltd.)

(30 gatmebtid@3jutién {Rage Metad Produnetisn|Co.( Bt@P3f 80nhkotntafinih@ Ré bg/ wei ght ,

Ni ssan Chemnical Industries Co., LTd.) (6 g 10 as A1203) of 60 g and wel |

m xed 80T ey adfther ro@ﬂnetempai'atanme and lpftaskchd fora2 bHoym. SEpinmtwdP0C and
dried until the noisture content was reduced to that. of a clay.

Thus- pofacted &eyddd mubyesn dhemdhexsuhstance frooughhigh thermeistuwevi ng 1. 2nm
1 holes. The extruded mold body was_ dried overnight at 1201 and cal ci ned at
15 S4vdsremoveswasdried qvar@igilvg athk2Q epphft W&haéubytamcema%o to

Tn v f &?Aé’éq”éﬁlé% Giri> ﬁﬁﬁe@p&ﬁé&gﬁ Sooen lidna
L7 Wik B P B i o RO 20
SHHEIR PR b . P R e
' and sodium content in the catalyst were determined by the atomic
absorption spectroscopy, as a result, the content was 0.39 weight % as Ba
and 0.3 weigﬁt % as Na. The quantity of _rhenium supported in the catalyst
wis determined by the ICP emission spectrpgraphy, as a resuli, the
qué.ntity was 0.37 weight % as Re metal. This catalyst was ground. and
_ éubjected to X-ray diffraction, resulting m a finding thatf X-ray diffraction
_intensity ratio of the crystal lattice plane spacirig d'vélue of 0.196nm
(20=46. 18°) to the crystal lattzce plane spacing d- value of 0.386nm
© (26=23. 04°) was 9:100.
| Embodiment 4 — not forming part of the present invention (preparat:on of catalyst F) -
The catalyst was prepared sxmﬂarly to in the embodnnent 1,
chloroplatlmc acid solution (Tanak-a Rare Metal Co., Ltd.) in place of -
rhenium ﬁr-as immerseci in the solution containing 100 weight ppm as Pt in
-rélation to the catalyst. The Pt supported 0.11' t.he catalyst was determined
.+ by the ICP erﬁissiori speétrography, as a i-esult, it was 69 weight ppm. The
catalystis sbbreviated to “catalyst F”. | |
Embodiment S (synthesis of MFI-typ_e ;_eolité' and preparation of
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5 tinmes. The substance was i mersed in perrhenic acid aqueous sol ution

. (Rare Metal Production Co., Ltd.) of 30 ml containing Re of 100 ng at the
.r\oom’tenperature and left stand for 2 hours. Stirring wag sRedp&toess every
25 30 mnutes. Then, the substance from which the noisture was renoved was
dried overnight at 1201C. After drying, the substance was treated with
hydr ogen sul fide at 2500C for 2 hours in the hydrogen sulfide atnosphere,
29 8 Decenber 2006 and then calcined at 540t for 2 hours in the air. As
fol | ows, qatalysh lyst is abbreviated to "catalyst G Cal ciumcontent and
sodium content_in the _catal yst were determ ned bagt he atom c absorption

spect roscopy, eaushiq kody aquequresalativaniNaE onteniwef ¢Bt6 weightCh, Al 0. 3

ot or i neight pEoT AV RS b Mitsuiseas Byre bippmisel Gos dadiol Ahb By ¢ y
Xeray di 1HEAE PhARIAFctit hahe o LT EhaearwHaywarer phe2d elicht ens. t y
o tnd crbSraped spraathiningrd pilatios" B Ataatesm 668 MHiEhd oI BOF vas
e W R B
;: lrJrrrsn (r)]:‘le ttﬂet calﬁc}‘{aﬁagl on a%l go%*% F;)ar? Or%ﬁ?ilf’tré%i %ﬁ?&ﬁéﬁ%&eftﬁ%ﬁssmm
in Fig. ?(fé hcht § %(ﬂ"f%‘t )Z’%’( Iﬁ‘é.‘”-gqgmé%eﬁﬁiifo%?‘l et J& A iaftdhd 5 A1203
s, om0,

60g and cal ci umchl or rate of to n after, the

" esubantoigeratios.Cdob cAlled YPssdieBilied Cdidbaid) GEigsly UNgLL daigedmol sture

content was reduced to that of a day. Thus-prepared knea stance was

oot i gatauty b 32yt s s olpiopa, SRRy e
~ the tenpeigicoue @hadoathikthf@mMThe reaction mixture had the ingredient ratio
(mole ratio) as follows.
S5i02/A1203 50
15 OH /SiOq 0.24
A/ AlsOs 3.5 (A : tartrate)
H20/ Si0g 22
The reaction mixture was placed in a 1000 ml-capacity autoclave an.d
sealed, which was then made to react at 160 Cfor 72 hours with stirring at
20 800 rpm. After completion of the reaction, thus-prepared mixture was
| repeatedly washed with distilled water and filtered 5 times, and then dried
overnight at about 120C. -
The resultant substance was determined by an X-ray diffractiometer
equipped with Cu tube and Ka-ray radiator, as a result, it was found that
25  the obtained zeolite was MFI-type zeolite. |
The zeolite was subjected to FE-SEM observation, the result of which

was shown in Fig. 9. The average size of the crystallite was of the major axis
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350°C to 540" C. The cal cined nold body of 20 g was pl aced into an aqueous -
. solution in which amoni umchloride (Signa Al drich Corporation) of 1.6 ¢
was dissolved in distilled water of 60g, and treated at 8@kGedd: 2doghour ,
with occasional stirring.. After such treatnent, the aqueous sol ution was
30 8 Decenber 2006 renoved and the resultant substance was repeatedly
washed with distilled water and filtered 5 tines. The substance was

i mersed in perrhenic acid agqueous solution (Rare Metal Production Co.,

Ltd.) of o3Q.3rimicmt @hdthe nfiBoPhxisBdF 1Y nderddie room tenperature and |eft
stand for 2 hours. Stirring was conducted every 30 m nutes. Then, the

substance fromswhiredult vf thiei sidlysis hyashé EhRvestend K-8y effeacdion, ghéleat 120t .
After drying,. the substance was treated with hydrogen sulfide at .2501

for 2 houwasioiSiOheAkQdbgkizs ulité deas 3t nosphere, and then cal ci ned at 5401C
for 2 hours in the air. As follows, the catalyst is abbreviated to

"cat al yst H'. MEI-gypenzendiie efitl Cagndyathtisivad aoabevd noemtidnedoad dhey bhsiser e
determ ned by the atom c absorption spectroscopy, as a result, the content
was . 9. 31fwhe ghisobstasdiGastamdadd Acalmalaghd o tse MasisTolelogsiant ignytioh atheni um
supported in the catalyst was determined by the |ICP enission

spect r ogthpitimenf thereadginationhfor Rhminuges ab§00 DswaeiagidedooabyRwuset al .
This catal yst s_ground and subjected to X-ray diffraction, resulting in
a findi ngtemana gpnteniceli 8p Yonbwieeight, the K ray diffsaciionspatterattice

pl ane spaci ng d-yalue of 0.196nm (207-46.18) to th crystal lattice plane
- spaci ng &R0EPR Efg-&’a‘géﬁ&'« %Qsszt. 453%55351 ,2935)9%%%@%%]{“@1113 t

cat al yat (Blejsoatets 0 L by 6. DResthbaicH [RarEes pPadet) 160 a
soluty on Lyl ) Skl N AR OO e e e o
et ormi ndi g Reh8 o FPEE: B! Slried, whP Mo, LS Loblnd PR FBelTn Tty
was 850 yghohk PPy -‘iliﬁlscl?lleﬁlaé@& WraRBR HRLES Hs SAFAIE Ehf&ugh a
screen having 1.2mm® holes,
The extruded .mold body was dried overnight at 120C and calcined at
15 540C for 2 hours after raising the temperature gradually from 350C to
540°C. 20 g of the calcined mold body was placed into an aqueous solution
in which ammonium chloride (Sigma Aldrich Corporation) of 1.1 g and
calcium chloride dihydrate (Cahe Co., Ltd.) of 1.3 g were dissolved in
distilled water of 60 g., and treated at 80°C for 1 hour, with occasional
20 - stirring. After such treatment, the agueous solution was removed and the
resultant substance was repéatedly washed with distilled water and filtered
5 times. The substance was immersed in perrhenic acid aqueous solution
(Rare Metal Production Co., Ltd.) of 30 ml containing Re of 100 mg at the
room temperature and left stand for 2 hours. Stirring was conducted every
25 30 minutes. Then,.the. substance from which the moisture was .femoved wés
dried overnight at 120°C. After drying, the substance was treated with
hydrogen sulfide at 250C for 2 hours in the hydrogen sulfide atmosphere,
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Enbodi nrent 8 - not formng part of the present invention (preparation of
catalyst J) Raw. materials simlar to those used in the enbodinent 1 were
used to prepare an aqueous reaction m xture having the B@e-ambdr@oos
ingredients. 31 8 Decenber 2006 SiQ2/A12C83 77 OH4/SiO2 0.30 A/ A1203 5.0
GAAartrate) H20/ Si02 25 The reaction m xture was put in an autocl ave
capacity of 1000 mM, to be sealed, which was then allowed to react for 72

oS B ROk ot a SRR B i R0 Lh Bl e R
o TR Al O o el AR SRS soBDa cheAl I gBeDct e

FeSur « RPN Bty ”ecé@?ﬁfcté%%ﬁ%wﬂ;?ﬁq%ﬁrﬁ@y 6.4 Ml aver age

i mor - ¢ SRt SR 1o ReRY A Cbay BTh el Be B %E‘aﬁa%%@tﬁé 51 by a
2%“%?2%?9%)&% %a%di‘éé'tt?%nc%% <t nass%&%‘)“s A b7 88 Ifheniedioy o 40 o.
\(/\/:?;H/Qéﬁk?é Lt Chem cg?&? Ares ?’k%ga%?‘?le%é@%‘%o%q%ﬁo B 012\- 1b03
ggs?sgm\ﬁ%&éﬁl ute dry stancflﬂé‘&% CXIM‘:vl g}%‘&%ﬁ% Oké%"gtslggo’# ?gnl '?InO'I[’lhe

duri ngfiAQidg thae X¥ag BaFRRioR! Lﬁggsfa' rﬁﬁw&f%b'?&%@ (tﬁgg %{‘unu ] ‘o

resultant m xture was placed in a dryer kept at t he

st o 0 i i o
: ~ d-value of 0.386nm (20=23.04°) was 9:100.
Embodiment 6 (p;eparation of catalyst H)
| “The MFI-type zeolite of 15 g synthesized similarly to in the.
embod_iment 5 on the basis of the absolute dry standard (calculated on the
basis of loss on ignition at the time of the-calcination at 500°C for 20
minutes) was added to hydrdus alumina (Al:03 content of 75 weight %, the
X-ray diffraction pattern shown in F1g 3, SASOL Co., Ltd) (25.5 g as A1203)'
of 34 g alumina sol (AlO; content of 10 we1ght %, Nissan Chemical
Industries Ltd.) (6 g as Al,03) of 60g and caleium chloride dihydrate of 3.0 g

. and well mixed. Thereafter, the resultant was placed in a dryer kept at

[

- 120TC and dried. until the moisture content was reduced to that of a clay.
Thus-prepared kneaded substance was extruded through a screen having
1.2mm@® holes. The extruded mold bodsr was .dried overﬁight at 120C and
calcined at 540C for 2 hours aﬁ:er raising the temperature gradually from

.8507T to 5407T. The calcined mold body of 20 g was placed into an aqueous-
solution in which ammonium chloride (S1gma Aldrich Corporation) of 1.6 g
" was dissolved in _,c.iis-ti']lled water of 60g, and treated at 80T for 1 hour, with

occasional stirring. Aﬂer such treatment, the aqueous solution was
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hol es. The extruded nold body was dried at 120t overni ght and put under 32
8 Decenber 2006 calcination at 540t for 2 hours after gradual elevation of
tenperatures from 3501 to 540 C. The cal ci nated nol d bo@ypPeotmBd 2606 was
added in an aqueous solution in which ammoniumchloride (Sigma A drich
Corporation) of 1.1 g. and cal ciumchloride di hydrate (Cahe Co., Ltd.) of
1.3 g were dissolved in distilled water of 60 g. and treated at 801C for
1 hour, while being stirred intermttently. After. such treatnent, the

aqueousreaﬁiv@w@ﬁu\m@reéﬂ@ﬂ@suagshﬂ&ewaﬁ%bké&dl%gért Y mg?ﬁiﬂﬁ @ with
u

distilled water and filtered repeatedly 5 tines m xture

was i meeiteechid filter@B Srh@REC 'pnecéuaﬁmw%@hmxhepsém ?eMHe% Begduct i on
Co.; Ltd.) of 30 nmL containing Re of 100.ng and left al roomtenperature

for 2 hquesuswbhitivn (RuiredMetdlrPestetesy C30 mmsiego offf dotaldife TRIGH Ure in
the m xture was renoved and the m xture was dried at 120t. overm ght, the

m xt ur 80vasg af rdwt edmitempeydtwgeamlldft deanld R502 Hodrs2 Shavigy wWisa
hydrogen sulfide stream and subsequently put under calcination at 540t

for' 2 houducted every 38 misptesr €Théh| she aubbisicel Formetvdicle dhé enétstureat al yst
J" hereinafter. Contents of caleciumand sadiumin the catal yst were

det er rrm@drebpo'eﬁd wes diried exezoight ah leﬁ&;t ddbet duyingethd Silnganbatvaca and Na.
were of 0.15 V\Blgh % and_0.3 wei % respectively. A quantity of rhenium
suppor teasted with hydrogen sulfde ac}e@g‘?'ﬁ frad2 thourginethieshydrogepesdlfidecopy,
resulting Re, netal -0 to be of 0.37 ght % This catalyst was ground to be
measur 8HngspRere, andqthen a&rﬂﬁ%efo)(?f hours i thetdion Anfdhsisy ratio

of the_ _gcryst atti I n lue of 0.196nm (20=46.18) to the
cr ystaFﬁ‘F St 35 2 'ﬁ@v‘&@‘?aﬂ[caltﬁg‘caé?ﬂétﬁmn@ zpupscontenfand sodiant o be

o onoPantei SR MBS b IEs saleabiel Uy Ple ¢ 3&&&2&%@@3&*’{ he.
oLy Bl detBl a8 el e, RREPReRR RIS DHT ERE 8T &5 i WY N9 (N
‘ We1ght % as Na The quantity of rhenium supported in the catalyst was
determmed by the ICP emission spectrography, as a result the quantity
was 0.38 welght % as Re metal. Thls catalyst was ground and subjected to
X-ray diffraction, resulting in a finding that X'ray d.tf&actmn mtensﬂ:y ratio
.of the crystal lattice plane spacing- d-value of 0. 196nm (26=46.18°) to the

crystal lattice plane spacmg d- value of 0. 386nm (28 23.04°) was 15:100.
-Embodiment 7 — not formmg part of the present invention (preparation of catalyst I)
The catalyst prepared sm:ularly as in the embodmaent 5 was placed
" into a solution In which nickel nitrate solution (Hayashi Pure Chenncal
Industries Ltd.) was contained in place of rlﬁenium at 1000 weight ppm as
Ni in relation to the catalyst. The Ni supported on the catalyst was
determmed by the ICP em1ssmn spectrography, as a result the quantity
was 850 weight ppm. The catalyst is abbreviated to “catalyst I”
Embodiment 8 — not forming part of the present invention (preparation of catalyst J)
- Rawmateﬁals similar to those ased‘ir___l tﬂe embodiment 1 Ware used to

prepare an aqueous reaction mixture havingthe following ingredients.
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8 Decenber 2006 5102/A1203 30 OH/Si2 0.175 A/ A1203 2.5 (Atartrate)
H2O' Si2 20 5 The reaction m xture was put in an autoclave capacity of 1000
m. to be sealed, which was then allowed to react for 72seusspbeatodsc0l,
while being stirred at 800 rpm After the reaction was over, the m xture
was washed with distilled water and filtered repeatedly 5 tines, and then
dried at about 120tovernight. 10 The resultant substance was determ ned by
an X-ray diffractometer equipped with Cu tube and K al pha ray radi ator.
The subst ang@.masofound 40 be MFI-type zeolite. The result of FE- SEM
observation of zeolite is shown in Fig. 11. The -average crystallite size
was 0. 05 m@HYsie, the mp@p axis and 0.05 micron 15 at the mnor axis.
The S12/A12CG38 nole ratio of the zeolite was found to be 25 by a
fluorescentaAfdley di ffrag.oon aflitustiste)fhe above-synt hesi zed Ml -type:
zeolite powder of 30 g. on the basis of the absolute dry standard

(cal cul at e #0/dBidhe | 0ss2bn ignition during 20- 20 minute cal cination at
500" C) was added to an aqueous solution in which ammonium chloride (Signma
Al drich Coffimr peaction nfixthire?wgs pastsitdaasahtoethviercapdicitlyl of T0DOVELIE o Of 150 g.
and treated at 80t for 1 hour while being stirred intermttently. After
such treecaserded, withich avpase hen sadlawéd rtonesact cfon Vi hoars! #th#60%€s wwhdat i xt ure
was washed with distilled water and filtered 25 repeatedly 5 tines. The

r esul beang ritaradeat880i rpmr s ddtamthe meactioni wasaiver, sheemutuselwas on (Rare
Metal Praoduction Co,..Ltd.) of 100 nL containing Re of 150 ng at room

t enpemeashed with dagtilled,water andsfiltared Geb%ﬁﬁﬁéhsgitimea, asd then dried -

T atabout TR0 Covernight. |
The resultant substance was dEtermined by an X-ray diffractometer
equipped with Cu tube and K alpha ray radiator. The substance was found .
to be MFI-type zeolite. | | |
The result of FE-SEM observation of zeolite is shown in Fig. 10. The
average crystallite size was 1.5 m,ic;;on at the major axis and 1.5 micron at
the minor axis. |
"The Si04/Al203 mole ratio of the zeo]ife was found to be 51 -by a
fluorescent X-ray diffraction analysis. | |
Hyd;ous alumina (AlO; content of 75 wéighf %, X—ray- diffraction
| pattern shown in Fig. 3, SASOL Ltd.) of 40 g. (ec.luivalent' to 5:A1203 .of 30 g.).
| and alumina sol. GA1203;' content of 10 ﬁveight %, Nissan Che’miéal. Industries
i Ltd) of 60 g. (equivalent to AtkOs of 6 g)) were added to abbve'synthesized .
" MFI-type zeolite of 10 g. on -the basis of the absolute dry standard
'(calcu.l.ated from .the‘loss Ion' ignition durmg 20-minute calcination at :'SOOPC)
to be well mixed. Thereafter, the reéult,a’r;t mixture was placed in a dryer
s ' kept at 120C and dried uﬁtil.the moisture content was reduced to that of a |
" clay. The kneaded mixture was extruded thl.jou‘gh a screen having 1.2mm®

holes. The extruded mold body was dried at 120C overnight and put under




every 30 mnutes. After the noisture in the m xture was renoved and the

m xture was dried at 120t overnight, the resultant m xture was nolded into
a 3mmacross cylinderical formby a tablet nachine. The g@ededdvo® 25 0.
was ground to be classified by crashing to obtain a nold body of 15 g:
having 12 to 24 neshes. The nold body was treated with hydrogen sul fide at
250t for 2 hours in a hydrogen sulfide stream and put under calcination at
540° for 2 hours in the atnosphere. This catalyst is referred to as

oyt e inatice SESADRE) B 2 BReRE B SRbed S B MRS e e o
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'rZ?L?L@%a“u?%g%ﬁ%@niﬁ#%%ﬁ%‘ﬁiﬁ% Biord e s ARHE Corbhhtiond .0 e |
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and CodiRanald i cﬁéaﬁ@he&#?ﬁ gfy @o%.t Qﬁa%&é%ée;&y)gfe Ro® fr hEuf 'vaﬂg into

reactit es respectlv? 775 °g. and X nes contal ni ig ethyl benzene
A L T e S e G
0 H p Qmovedl and tHe redblthid YiktdrelwasQrEsHEABHILE HistiNe@QNELCAAW O° Er
m-QOW Ogg.+BPaNaQ\INN' MDOOCP OV boOyo: _
 filtered repeatedly 5 times. Furthermore the mixture was immersed in a
perrhenic acid aquéous solution (Rare Metal Production Co.; Ltd.) of 30 mL
“-containing Re of 100 mg and left at room temperature for 2 hours, while
being stirred every 30 minutes. After the moisture in the mixture was
~ removed and the mixture was dried at 120°C. overnight, the mixture was
treated with ﬁydrogen sulfide at 250C for 2 hours in a hydrogen sulfide
stream, and subsequently put under calcination at 540°C for 2 hours in the
.+ atmosphere. This catalyst is referred to as “catalj%st J° hereinaﬁer. Can_tents
of calcium and sodium in the catalyst were determined by an atomic
" absorption spectrdmetfy,_ resulting that Ca and Na.were of 0.15 weight %
- and 0.3 weight % .respective_ly. A qugntity .Of rhenium supported in the
catalyst was determined by ICP emis_sidn spectroscépy, .resul_tilig Re metal
0 “ to be of 0.37 weight %. Thxs catalyst was grmiﬁd to be measured by X-ray
diffraction, and the X-ray diffraction intensity ratio of the crystal lattice
* spacing d-value of 0.196nm (26=46.18°) to the crj}stal lattice spacing d-value
of 0.38.6,nm (20=23.04°) Wasr proved to be 11:100. . |
Embodiment 9 (synthesis of zeol:_ite)' and comparative example 3
5 (breparatiou of catalyst K)
Raw materials similar to thosei'_lsed-t in thé embodiment 1 were used to

_prepare an aqueous reaction mixture having the following ingredients.
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Si02/A1203 30
OH-/S102 ' 0.175
A/ AlpOs 2.5  (Aitartrate)
H:0/ 5102 20
5 The reaction mixture was put in an autoclave capacity of 1000 mL to

be sealed, which was then allowed to react for 72 hours at 160°C, while
being stirred at 800 rpm. After the reaction was over, the mixture was
washed with distilled water and filtered repeatedly 5 times, and then dried
at about 120Covernight.

10 The resultant substance was determined by an X-ray diffractometer
equipped with Cu tube and K alpha ray radiator. The substance was found
to be MFI-type zeolite. '

The result of FE-SEM observation of zeolite is shown in Fig. 11. The
average crystallite size was 0.05 micron at the major axis and 0.05 micron
15  at the minor axis. |
The SiO9/Al:0; mole ratio of the zeolite was found to be 25 by a
fluorescent X-ray diffraction analysis.
| The above-synthesized MFI'type zeolite powder of 30 g. on the basis of
the absolute dry standard (calculated from the loss on ignition during 20-
20 minute calcination at 500C) was added to an aqueous solution in which
ammonium chloride (Sigma Aldrich Corporation) of 15.2 g. was dissolved in
distilled water of 150 g. and treated at 80°C for 1 hour while being stirred
intermittently. After such treatment, the aqueous solution was removed
and the resultant mixture was washed with distilled water and filtered
25  repeatedly 5 times. The resultant mixture was immersed in a perrhenié acid
aqueous solution (Rare Metal Production Co., Ltd.) of 100 mL containing Re

of 150 mg at room température_and left for 2 hours, while being stirred
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. mixture was dried at 12 overmg t, the resultant mixture was molded

o

into a -3mm-across cylinderical form by a tablei;, machine. The mold body of
'25 g. was ground to be classified by crashing to obtain a mold body of 15 g. |
having 12 to 24 meshes. The mold body was treated with hydrogen sulfide at
250TC ‘for 9 hoursin a hydrogen sulfide stream and put under calcination at
5407T for 2 hours in the atmosphere. This catalyst is referred to as ;‘catalyst
.K” hereinafter. Sodium conte.nt in ;he catalyst was determined by the
atomic absorption specfrometrj; resulting Na to be of 0.4 weight %. A
} _qﬁaﬁtity of rhenium supported in the catalyst was determined by IcP
emission spectroscoﬁj, resulting Re metal to be of 0.11 weight %. This
.catalyst was ground to be measured by X-ray diffraction. Fig. 12 shows the
" result and the X-ray diffraction intensity -ratio of the ﬁrystal lattice spacing
d-value of 0.196nm (20=46.18°) to the crystal lattice spacing d-value of |
- 0.38611111 (26=23.04°) was proved tobe 3:100.
Embodiments 10 to17 and comparative examples 4 to 6
Catalysts from A to K were filled iﬁto reaction tubes respéctiveiy by
. 7.5 g. and xylenés containing ethylbenzene were put under gas phaée'

“reaction in the presence of hydrogen. Table 1 and Table 2 show the results.
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_ GO NA
Enbad'Y FaW 37 8 Decenber. 2006 Tabl e 2 Performance of each catal yst 2 X
odi ment 3mbodi ment nbodi nent action condition atal ystDeBembalysd C
Catal yst K action tenperature C 360 60 60 action pressure MPa-G 3.64 .64
.64 IF g-cat.Lrlrmol 0 30 30 21F nol/mol 3.5 .5 .5 upplied raw material

1 w% .00 3.00 .00 2 .47 3.24 3.21 '
3.00 :03 .05 .04 - 3 3.04 310 .08 4 Al .02 .03 7- Mm%

Table 2 Performance of each catalyst

FEmbodiment Embodjment Embodiment
action condition Catalyst B atalyst C _ [CatalystK
action temperature °C | 360 1360 360 '
action pressure MPa-G 3.64 - 10.64 0.64
{F g-cat.hr/g-mol 30 30 30

2/F mol/mol , 3.5 : 3.5 3.5
Supplicd § '
raw
material
wt%: | 0.00 0.00 - 10.00
2,47 3.24 ' 3.21
.o 0.10 0.08
. 0.01 : 002 0.03
wit% 0.00 0:03 0.05 0.04
0.07 0.03 '0.06 0.03
0.01 5.37 5.37 5.11
J1.50 2.00 3.22 - 15.69
1516 16.26 4.17 5.17
‘bo1 hsse - 884 17.78
56.80 42.53 42.31 39.34
25.47 [19.73 19.37 17.91
0.00 0.00 0.00 - 0.00
0.03 0.44 - 10.33 . 1.21
b0z  0.43 .32 2,95
0.00 11.07 0.85 0.62
0.00 0.96 0.72 - 0.65
0.00 0.04 0.03 . 10.18
B conversion wi% 58.7 72.5 65.9
-X/EX . _ 23.0 23.4 03.7 .
Joss ’ ) .8 . 3.2 - 9.8

~ According to the companson of the embodiments from 10 to 17 with

" the comparative examples from 4 to 6, the conversion catalyst for xylenes
containing ethylbenzene in which X-ray diffraction intensity ratio of the
crystal lattlce spacing d-value of 0. 1960m=0. 002nm to the crystal lattice
spacing d‘value of 0. 38611m:!:0 OOBnm ranges from 7:100- - to 35:100 . - shows
low xylene loss under reactlon condltlons where the ethylbenz.ene conversxoﬁ
rate and the rate of isomerization to para-xyiene are high.

Embodlment 18 not forming part of the present mventlon (preparation of catalyst L)

Hydrous alumma ( A}, content of 75 weight %, SASOL Ltd) of 40 g.

(eguivalent to AH,0;0f 30 g.) and alumma sol (AthO; content of 10 weight %,
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8NP .07 3.03 3.06 .03 Z 3.01 5.37 .37 .11 .69 01, L.50 .00 3.22 B 15.16"
3.26 .17 .17 X 91 18.59 18.84 17.78 -X 56.80 12.53 2.31 3934 -X 5.47
19.73 19.37 17.91 rB 3.00 3.00 .00 ,.00 T 03 3.44 _33 3 De2dmbed30ds 43 . 32
.95- EB 3.00 1.07 .85 .62 X 3.00 3.96 ).72 .65 10+ 3.00 .04 .03 .18 B
conversion wt%58.7 12.5 -X/EX 3.0 3.4 3.Z . 9o0ss .8 3.2 According to the
conpari son of the enbodinents from10-to 17 with the conparative exanpl es

from4 to 6, the conversjon_catalyst for xylenes contaiping ethylbenzene
i n whitesanCheynigak Indnstrins Ltd-20£i6Q 8y &ﬂ%"%‘ﬁnfﬁ’é Alé@iys?tl;ﬁ a%aW?rece spaci ng

8 RIS COZ0 S e TP A RGBS O e
| conRi Dt TEHRiR ST ihen ARGPIHE. AFE HANAT iy GAUHATHE £80m (B¢ T8 g part of
cont BHROGR 9uRE g ReSlbRatdn g STVE) s sV e ML BECS o 507
N Lo TR b Ranlete o8 e Wb Whodl id & Wrlbet ARSI o)
wer e addedsf o DG NGLe (HREAERd fodéBl BEThALH 8 a2t Bieddbd Mo
mixture was extruded through a screen having 1.2mm ® holes. The
extruded mold bodg was dried at 120Covernight and put under calcination
at 540TC for 2 hours after gradual elevation of temperatures from 350C to
540°C. The calcinated mold body of 20 g. was added to an aqﬁeous solution
in which ammonium chloride (Sigma Aldrich Corporation) of 2.2.¢. was
| éi.issolved in distilled ﬁvater_ of 60 g. and treated at 80°C for 1 hOﬁr, while
being stirred _ihtermitténtly. After such treatment, the Aqueous solution was
removed and the resultant mixture was washed with distilled water and
filtered repeai:édly 5 times. Thé mﬁtwe was immersed in a pgrrhenic acid
aqueous solution (Rare Metal Productior-l Co., Litd.) of 30 mL oontammg Re
. of 80 mg at room temperature and left for 2 hours, while being étirred every

30 minutes. After the mois_tiu:e in the mixture was removed and the mixture
‘was dried at 120C overnight, the resultant mixture was treated ﬁth
hydrogen sulfide at 250C for 2 hou;é in a hydrogen sulfide stream, and
subsequently put under éaléination at 540C for 2 hours in the atmosphere.
This catalyst is referred to as "catalyst L7 hereinafter. Sodium content in the
catalyst was determined by the atomic absorption spectrometry, resulﬁng |
Na. to be of 0.4 weight %. A gquantity of rhenium'suppox"b_ed in the éatalyst
i “was determined by ICP emission spectroécopy, resulting Re metal to be of
- 0.35 weight %. Thls ¢atalyst was ground to be measured by X-ray diffraction,

- and the X-ray diffraction iﬁtensity_ ratio of the crystal lattice spacing d-value
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on the basis of the absolute dry standard (cal culated fromthe |oss on .
ignition during 20-m nute cal cination at 5000C) of 10 g. to be well m xed-
Thereafter, the resultant m xture was placed in a dryer lgapkenber2dés C and
dried until the npisture content was reduced to that of a clay. The kneaded
m xture was extruded through a screen having 1.2m holes. The extruded
nol d body was dried at 120' Coverni ght and put under calcination at 540'C
for 2 hours after gradual elevation of tenperatures from 350t to 540'C

The cal cinated mpl d body_.of 20 g. dded to an aguenus hon in

ah ch ShibAPERE S GBS e par Tl Fesipomaetor SR ST HdbeaR 1"
dissolved in distilled %qe of 60 g. and treated at 801C for 1 hour, while
bei ng. (2023947 hwas pr Y% g"?' AF4@9< such treatment, the aqueous sol ution
Was I enoveEmBetimédi @9 L aoifbinding patt ot SressBsinvensbre(praphdatioofahialybied) wat er and
filtered repeatedly 5 tines. The mi xture was immersed in a perrhenic acid

of 30y at Hefiteb ARERAT Pl BSREN U fPgeigtiide) SESGR LRIy L-PbE%hRe
g at iy efahd T ert | _ .,

R e O R S e T R

wth

e ; _ _ | t
and s bsé%%%@%%?ﬁ&%g?é%gﬂﬂ of dﬁpgr ﬁadu?val@nf‘wrﬁ%@g T8 i) deeret r eam

. cirnation at” 540 C for hours in the

at nosp hing PR3 Yadolite 'off Q07 @d Epn@desized! dimskarly Heri neet er.
Sodi umr}tc?{od:létdenttE F\%F?he. c%%oal yst was gcejt ejf;nm ned by the atom c absorption

spectr @fﬁﬁédimérﬁsybﬁ itR balts of thdabeflufh dryeiagidardc(cdlcalebed frymother heni um
supported I n the catal yst - was determ ned by I CP em.ssion spectroscopy,
resul ti)pgs Ba ipRiitibntdulisg 020-midulb cadéightionbat SHDE ) to dey sellvadxed.ound to
be measured by X-ray diffraction, and the X-ray diffraction intensity
rajgo ofhéreafierydicakedudtdntcmispac wgsplectdien: rikentatd 2080 @ndof
0.196nm (20=46.18) to the crystal l|attice spacing d-value_of 0.386nm

( 20=23.dded waitil ghe uadisterdeotttnt00as Eerhbugdiorthat®f a elay. flhedksrpdsdrt of the
present invention (preparation of catalyst M_ Hydrous (gl uhm na (1ATh03

cont entmituzs wasghxtiadedatioroughi 3 egreap paving "1.2mm oles. The

‘extruded mold body was dried at 120°C overnight and put under calcination

at 540C for 2 hours after gradual elevation of temperatures from 350C to

15 540TC. The calcinated mold body of 20 g. was added to an aqueous sglution

" in which ammonium chloride (Sigma Aldrich Corporation) of 2.2 g. and
‘magnesium chloride hexahydrate (Cahc Co. Ltd.) of 1.8 g. were dissolved in -

é.istﬂled water of 60 g. and'trea-te.d at 80T for 1 hour, _while being stirred

_ intermittently. After éuch ti-eatment,. the aqueous solution was removed and

90 the resultant mixture ‘was washed with distilled water and filtered

'repeat.edl.y 5 times. The mixture w'as-inimers..ed in an aqueous perrhenic acid

solution (Rare Metal Production Co., Ltd.) of 30 mL containixig Re of 80 mg

at room temperatﬁre and left ‘fo-r_. 2 hours, while being stirred every. 30

minutes. After the moisture in the mixture was removed and the mixture

95 was dred at 120 overnight, the mixture was treated with hydrogen

o sulfide at 250C for 2 hours in a hy_drpge;n sulfide stream, subsequently put

* under calcination at 540°C for 2 hours in the atmosphere. This catalyst is
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5 (equivalent to A-11203 of 30 g.) and alum na sol ( A1203 content of 10 -
wei ght % Ni ssan Chem cal Industries Ltd.) of 60 g. (equivalent to A1203 of
6 g) were added to MFI-type zeolite of 10 g. synthesi zed etémbparrbos as in
the enbodinent 1 on the basis of the absolute dry standard (cal cul ated
fromthe loss on ignition during 20-minute cal cination. at 500°0) to be.
well mxed. 10 Thereafter, the resultant m xture was placed in a dryer kept
at 1201C and dried until the noisture content was reduced to that of a

cl 2+ oRf GRS dop MNP WAL EH LSS BT AR N ale olihud. 2T 4

hol es u was dried at 120t overnight and put under

cal cination a4 f 1 fiter IspBctebmbBRPEr at ur es
from %&Pgt ?@}%48’3&8 tg%%;gigﬂiﬁl%‘fggén%%ﬁ%ggysgéﬂg%i g59 was ag‘?gd to an
aqueo ti ' ' | M 91 wdpHtSeg nend\ 0181 Glei per ati on) of
2.2 g&a@@h%n;g%%s%m%frg?wﬁée@h%ate Cahc Co. Ltd.) of 1.8 g. were
di sso ' 4 tit@t 8f Phelnd. sapfoitedatiad the @aidlyborwashour,

whi | ei%%i@ﬁgﬂg%}ﬁr%dhhiﬁﬁt‘g?m ttently. Aftgg such treatnent, the aqueous

. SO| Ut JoR e ASPIEY aRdssibn IspectrestdpygresultiigiRe nrsalwsbedf\d.835 distilled
water and filtered repeatedly 5 tines. The m xture was i nmersed in an
aqueoyRi ISk %) aMHiS cagdl¢st wakgrband tRbeembhsatedbpdicay diffiGotion) auid) of 30 ni
containing Re of 80 ng. at roomtenperature and |left for 2 hours, while

bei- ngtisd X-eef deffeictiond thtenkityteio of the crywahbatticerspacing Hevalue pfure was
renmoved and the mixture .25 was dried at 120 C overni ght, the m xture.was
treat 096 (B4R E8°) sal thederpstabdattiter spacingr 4-vialue ofy Br3$§amisul fi de
stream subsequently put under calcination at 5401C for 2 hours in the

at nosf2x23.03M was pravedto bg 3010008 Decenber 2006 referred to as "catal yst
DT hereinafter. Contents of magnegi um an odiumin the catal yst were

det er mi ned Bnybadimentddf: fabéb‘#tmliﬁmtr fretry, resulting that My and Na

Suppor t ed Frdrmus ebumina L Akbds STaE A HBavElEt b SaL0l WAL Bodcopy,

sul ti R fy0. i ght ; %, . Thi I '
:nggukqgjl n]gibrﬁ%rgﬁtéa 'lfhtchf(% Og.z)%.,n v H\Aﬁ!ﬂg St01 @Alg ;&I&%&%O}(ib W"@Ehgt%? und-to be

Nissan Chemical Industries Ltd.) of 60 g. (equivalent to Ag?zp3of 6 g) were

added to MF I-type zeolite - of 10 g. synthesized similarly as in the

" embodiment 1 on the basis of the absc;lute dry sté_ndard (calculated frorp the

loss on ignition during 20-minute calcination at 500C) to be‘well. mixed.

. Thereafter, the resultant was placed in a dryer kept at 120C and dried unt:l
o ~th§ moisture content was reduced to tﬁat of a clay. The kneaded mixture
- was extruded through a screen having 1.2mm® holes. The extruded mold

| body was dried at 120 oyernigﬁt and put under calcination at 540C for 2

hours after gradual -elevation of temperatures from 350C to 540C. The
calt;inat'ed mold body of 20 g. was' added’ in an aqueous solution in which
a-,mméuium chloride (Sigma Aldricﬁ Corporation) of 1.1 g. and calcium
chloride dihydrate (Cahc Co., Ltd.) of 1.8 g. were dissolved in distilled water

. of 60 g. and treated at 80T for 1 hour, while being stirred intermit@ently.

' After such treatment, the aqueous éolqtidn wa-s removed and the resultant.

: mixture was washed with distilled water and filtered repeatedly 5 times. .
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the X-ray diffraction intensity ratio of the crystal lattice spacing
d-value of O 196nm (20=46.18) to the crystal |attice spacing d-val ue of
0.386nm (20=23.04) was proved to be 30:100. Enbodi ment 2bdcphepaned i on of
catal yst N) Hydrous alumi na (A11203 content of 75 weight % SASOL Ltd.) of
40 g. (equivalent to A411203. of 30 g.) and alum na sol ( Al1203 content of
10 weight % N ssan Chemical Industries Ltd.) of 60 g. (equivalent to A4}
p3of 6 g.) were added to MFI-type zeolite of 10 g. synthesized simlarly
as in h a9 uebut heerahemicuaeiddsol usioan(Rurd
ﬁlrienéﬁgﬂr%jomv&’ﬁ;tlm&&@ea B Rasiay hge ol

(cal cu | oss on ignition during 20-m nute cal cination at

5001) Nt e PesibctionqCh., 1Haer eaf3®@rmls bentAnilg &y ofeB0 phgcad rooma dryer
kept at 1201 and dried until the npisture content was reduced to that of a

clay. tznﬁpéi—aaﬁ%%me& 6162 hoass ewhilededng lstiorgheeeryc3@erinkted. Adter. 2mm 4)

hol es. ThHe extruded nold body was dried at 1201C overni ght and put under

cal i Rpel RibisturS4Alth®miktube uwrss abtmovedr aﬂdlaﬂheeh:ﬂxameowa@f dne‘ﬂrp?ér at ur es

from350 C to 5401. The calcinated nold body of 20‘3‘.i ded in an

~ aqueous2e0l axeiraiphitp thdimikturenwasitveated withchy dreggnes d|¢|aéﬁ5 7 ation) of
1.1 g. and calcium  chloride di hydrate (Cahc Co., Ltd. goOf 1. 8(%. wer e

di ssolyeHours dnsta |Hyattogen esulftde 69trgamanandr enbeenuantho 1puk ginderhoyr,

while being stirred intermttently. After_ such treatnent, ?I}JP ueous

sol ut i cadcinasioneato§40Cafont 2 heur%smltharﬁtmosn?hﬁwr'ﬂuﬁa?@tw§ﬁé‘ar TR%i stilled

water and filtered repeatedly 5 tines 41 8_Decenbe 06 The,m xture was -

| mrer sted aisn“catakygt ST sheyein c%@@opﬁtq"’éﬁ“ﬁaﬁ'&i 3&'&ct i on Co.

Ltd.) of 30 nL contai ni ng. Re room te er at re an Ieft for 2
hour s,cathiiss wetlendetermined bé'v ﬁﬁﬁ%@twﬂr% TQIRELTY, FESHIRE 1 t he

T xt UrataGa kg o Pl “rﬁawf? il 958 et &b BREETEAL LUdr ogen
i B G e i TP 7 T
her e.l ng{ntidgsrlon Cs%gga'gtsc%pg’t r%%uﬂlﬂén Rgdm%%gl e 0&‘%35 weight %. This
| catalyst was gfround_ to be measured by X-ray diffraction, and the Xray
| diffraction intensity ratio of the crfst_al lattice spacing d-value of 0.196nm
(20=46.18°) té thie crystal lattice spacing d-valﬁe'éf 0.386nm (26=23.04°) was

proved to be 30:10¢.
Embodiment 21 (preparatlon of catalyst O)
" Hydrous alumina. (AL, content of 75 welght %, SASOL Ltd.) of 40 g.

(equivalent to A1},0, of 30 g2) and alumma sol { A1203 cont;ent of 10 Welght %,

20 Nissan Chemmal Industnes Ltd) of 60 g (equwalent to ALOs of 6 g) were
‘added to MFI-type zeohte of 10 g. synthesized similarly as in the
embodiment 1 on the basis of the absolute dry standard (calculated from the _

ioss on ignition during 20-minute calcination at 5007C) to be well mixec_i.

Thereafter, the resultaul; was placed.in' a,.dryer kept at 120C and dried until

25  the moisture content was reduced to that of a clay. Thé kneaded mixture

o ‘was extruded through a screen having 12mm¢’ holes. The extruded mold
" body was dried at 120'(:_ overnight-aﬁd put u_nder‘calciﬁaﬁon at 540C for 2. .
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catal yst were determ ned by the atom c absorption spectronetry, resulting
that Ca and Na were. of 0.18 weight % and 0.3 weight %respectively. A
gquantity of rhenium supported_in the catal yst was det er gipeeshibyy 2006P.

em ssi on spectroscopy, resulting Re netal to be of 0.35 weight % This
catal yst was ground to be neasured by X-ray diffraction, and the X-ray
diffraction intensity ratio of the crystal lattice spacing d-val ue

of 0. 196nm (20=46.18) to the crystal lattice spacing d-value of 0.386nin

20=2 : ' rapdi ' f
((:at al §8ﬁ4%)"&%3d?g%§'ya ﬁirﬁ%r?gson(’s%{g%ga%eolﬁtent %5%?8%?%08%6\%’&@Ltd.) of

40 g. ' 0 | j - t t f
g %ﬁ%&a@%ﬁdg 3995 0y 280282 3% R d¢jliedas $OlufioAtROBhEgNt ent O

10 we n Chentcal Industries Ltd.) of 60 g. (equivalent to

A1203 ng?% v @g@@ atienPlof 101 . auAtdiesitiesh simlarly
' aﬁ%ﬁ e ogi rrerﬁitéd&én@al\ﬂ&ﬁ&ps 0 Fationp & ‘

as in 1 on the basi t he absolute.dry standard

(cal crlales (EaRe 0 aLtd. Pes 1 Tg.i wekd dinsoliwd inodidbilled i teradl60i gaindn at
500°C) to be well mxed. Thereafter, the resultant was placed in a dryer
kept gfedteQ 4t 801 dbi ed horir| lwiile Hednguoithtrad eintenhi#tténtlps Afted unmh t o t hat

of a clay. The kneaded m xture was extruded through a screen having 1.2m%
hol estradtenént} thdedquedub sbhajovasasimeatbved 484 theovesuligitt napbuysut under
calcination at 540'C for 2 42 8 Decenber 2006 hours after gradual

el evaiw g wishedmveitht distilléd ownBa0and fHtered. rapeatedlyt &b rtamest Fihed body of
20 g. was added to an. agueous solution in which anmoni um chloride (Signa
Al dri ehixBoreersat immerséd inlay. aquedust ponbenia apid: selutionctareddetal t g, ) of
1.9.g. were dissolved in distilled water of 60 g. and treated at 80 C for
1 houProdhctien K.nkitdd iof BhmIncentaining Reyof §Q rag akreom tepperabige t he
aquéous sol ution was rermv]gﬁeand t he resuyltant gbxture washed with

di st i amsh lefit for 2ndomrss arlade raIng: stArped qveREs: TWén“Fﬁs\x(\? BT W i rmer sed
L7 Shasaieae PR TEILE el st cnd RS ML o B gt om g ) L)
whil eol%r%irrrn]iggh%,t Itlrng. el%bg:\{l% ngg trpégt%tde %itﬁ‘fﬁyed’rotggg su]ﬁde at 250C for 2
hoursina hychfogen sulfide streém, ‘and subsequently put under _calcinatio.n
at. 540C for 2 hours in the atmosphere. This catalyst is reférred to as
“c‘ata.lyst.O" ﬁéreinafter. Contents of strontium and sodium in the catalyst
| were determined by the atomic absorption spectrometry, resulting thét Sr
"and Na were of 0.20 weight % and 0.3 weight % respectively. A quantity of
- rhenium supported in the cafalyst was determined by ICP emission
: spectroscopy, resulting Re métal to be of 0.35 weight %. This catalyst was
| ground to be measured by X-ray diﬂfraction, “and the X-ray diffraction
| intensity ratio of the crystal lattice spacing d-value of 0.196nm (20=46.18°)
to the crystal lattice spacing d-value of 0.386nm (26=23.04°) was proved to |
be 30:100. - | |
" Embodiment 22 (plj_eparat;ion of catalyst P) ,
Hydrous alumina_(; AlL,O; content of 75 weight %, SASOL Ltd.) of 33.3
" g. (equivalent to ..Ayéos of 25 g) and alumiﬁa sol ((ALO; content of 10
weight %, Nissan_Chemical.InduStﬁes Ltd.) of 60 g. (equivalent to ;': ALO; of 6
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nmoi sture of the mixture was renoved and the mxture was dried at 120 C .
~overnight, the mxture was treated with hydrogen sulfide at 250 C for 2
hours in a hydrogen sulfide stream and subsequently put gyndemnp&ahed nation
at 5401 for 2 hours in the. atnosphere. This catalyst is referred to as
"catalyst 0" hereinafter. Contents of strontiumand sodiumin the catal yst
were determ ned by the atom c absorption spectronetry, resulting that Sr
and. Na were of 0.20 weight % and 0.3 weight %respectively. A quantity of

rheni um sgippasrbesiddd E&MF?%}E}JeV?éolﬁﬁsofd% el @'ggﬁ@bsl%dl G 4016 H<Oth the

spectroscopy, resulting Re netal to be of 0 wei ght % This catal yst was

ground t eiBodiasnt’ Banlthe bésiadf thef dbsthteOdy staddhP® (dlé@utel frohachd on
intensity ratio of the crystal lattice spacing &alue of 0.196nm (20=46. 18)

to the crigss ah iatitionedsriagi 2@ntnvisé waldhafloBdAnS0GT)$d3bO4yelhvanixptdoved to
be 30: 100. Enbodi nent 22 (preparation of catalyst P) Hydrous al um na.
(A1203 cdlhharafiel, e vaindant %asSAaCkd b d. Jryef k3t 3t 1807 egdidraddeuntil o
.A41,p3 of 25 g.) and alum na sol (A1203 content of 10 weight % N ssan
Chem 6al thednsistues donteyt whsG@dyced (teqphiatalfemicldayo HiR GXealed mABude
Decenber 2006 g.) were added to MFI-type zeolite of 15 g. synthesized

si mi | ar | ywas eixtruded thowbgli arsateen bavingeObasingd dioleh ellab satmadeddmpldt andar d
(calculated fromthe |oss_on ignition during 20-mnute calcination at
5000) t o hselywwis drisdeat 120%epeemright andeuternderaerlcinasion atc 840 Tnfox ir yer
kept at 1201 and dried until 5 the noisture content reduc to that of
a clay. THeugnabeeerafuel elevaiion e&ﬁpm@aaw%mmﬁg@%eéﬁ M ngllee snmd t
hol es. The extrugded | d. bpdy was dried at 1201 overni ght, and put .under
cal oi nat i@haaates gRoldghody ofgl & wae ddedatn,ap 2AURPRS BB 18P ur es

o090 500 e TRLELNACH 0 o0y o 20 i ves adiegiio on
o Lo A SO ERLPUCoL PP S ¢ e s b aflaled LT
bei ng st 'd’fr &%j gJ e ﬁ?etalt,e%uc‘tl: B0C for 1 hour, while being stirred ihtermittently.
After such treatment, the aqueous solution was removed and the resultant
mixture was washed with distilled water and filtered repeatedly 5 times.
15 The mixtﬁre was immersed in an aquéous perrhenic acid solution (Rare
Metal Production Co., Ltd.) of 30 mL containing Re of 80 mg at room
temperature and left for 2 hours, while being stirred every 30 minutes.
After the moisture in the mixture was removed and the mixture was dried
at 120C overnight, the mixture was treated with hydrogen sulfide at 950C
20.. for ‘2 hours in a hydrogen sulﬁde stream, and subsequently put under
calcination at 540°C for 2 hours in the atmosphere. This catalyst is referred
fo as “catalyst P” hereinafter. Contents of calcium and sodium in the
catalyst were determined by the atomic absorption spectrometry, resulting
that Na and Ca were of 0.27 weight % and 0.3 weight % respectiveljr. A
25 | quantity of rhenium supported in the catalyst was determined by ICP
| emission spectroscopy analysis, resulting Re metal to be of 0.37 weight %.

This catalyst was ground to be measured by X-ray diffraction, and the X-ray
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After such treatnent, the aqueous solution was renoved and the resultant -
m xture was washed with distilled water and filtered repeatedly 5 tinmes. 15
The m xture was imersed in an aqueous perrhenic acid sokubi&anbe Rse Met al
Production Co., Ltd.) of 30 nL containing Re of 80 ng at room tenperature
and left for 2 hours, while being stirred every 30 mnutes. After the

noi sture 'in the mxture was renoved and the m xture was dried at 1201
overnight, the mxture was treated with hydrogen sulfide at 250cC 20 for 2

hour s gig&gcd?aﬂﬂm&%i@y Lhii6 o fStlce amst AN th 1L SQAeRE |dyvalule oh0do6nmal ci nat i on
at 54 “for 2 hours’in the atnosphere. This catalyst is referred to as

" cat agzet:mhaboeioew@&a@tal Iaaticepaciely @ alatusiof O1886s0sl (20n23104Derascat al yst
were determ ned by the atom c absorption spectronetry, resulting that Na
and ‘Cq, 4ok t8be018:400ri ght % and 0.3 weight %respectively. A 25 quantity
of rhenium supported in the catal yst was determ ned by ICP em ssi-on

spect r 0scombodinyent 23 (peipdratipnRed catalyst@ be of 0.37 weight % This
catal yst. was ground to be neasured by X-ray diffraction, and the X-ray 44
8 Decenber R@l¥ousdilitmimat § AbO;ntomient of 7atweight %.hSAS0Is14d.) b&83:3ce spaci ng
d-value of 0.196nm (28=46.18) to the crystal .lattice spacing d-val ue of

0. 3861 (efisedent\tonasl,oprodvad g.b and alsmina. sdrbatiOrerrongent pf dfar ati on of
catal yst Q Hydrous alum_na ( A1203 COnéent of ;75 weight SAi& td) of 33.3
9. (equeightdmtNissaniChemics] halustiies hdddiof 60 (egnivalentstaf 60f 10

wei ght % N ssan .Chenical Industries_Ltd.) of 60 ¢. .(eguival ent to A1203 of
6 g.)g-hovereathied %Wl‘i.’t%é?e?ié@ﬂ P?és'og- gyp ?S!szfat‘ﬁ%-ﬂaztéﬂ agitpither |y as in

the embodinent 1 on the basis of . the ahsol ute,dry, stand | at ed
{1 om tr@bortiaentch ongHa b ahihagbselons T et earerd GIGHAG Boe 4" o' oo

|} njxed. Thereafter, | Lant | \n 3 d t 1201
nd arioss aamigmaopyaurbie irab R Pl BHREIC) Jolhe ] L0 0 1
kneadeg, ni xt t : h ’ . Th
ot rugbheratre g ol VE] sAFEqtRle Ay el BA FE1200 dnd el BIES, o on

at 540&19; Qloisture content was reduced to that of a clay. The kneaded mixture

- was extruded ﬂirough a screen having 1.2mm P holéé. The e_-xtruded mold
body was d.ried at 120C overnight and put under calcination at 540C for 2
5 hours after- gradual elevatibn of témp_eratures.from 350TC to _540‘C..The
' c;,alcinéted mold body of 20 g. was added to an aqueous solution in which
ammonium chloride (Sigma Aldrich Corporation) of 1:65 g. and calcium
" chloride dihydrate (Cahe Co., Ltd) of 2.7 g. were dissolved in distilled water
of 60 g and treated at 80C for 1 hour, whﬂe-Being stirred intermittently.
y After suc;,h treatment, the aqueous solution was removed and the resultant
mi.xtilre'Was_Washet-i ;wif:h distilled water and filtered _repeate,dly 5 times.
The mixture was immersed in an aqueous perrhenic acid solution (Rare
Metal Production Co., Ltd) of 30 mL containing Re of 80 mg at room

.temperature'and left for 2 hours, while being stirred ev.ery 30 minutes. Aftér |
the moisture in the mixture was remq-ved and the mixture wés dried at

- 120C overnight,- tﬁé mixture was tréated with hydrogen sulfide at 250°C for |

2 howrs in a hydrogen sulfide stream, and subsequently put under




hours after gradual elevation of tenperatures from 3501 to 540t.. The

cal cinated nold body of 20 g. was added to an aqueous sol ution in which
ammoni um chl oride (Sigma Aldrich Corporation) of 1.65 ¢. sandes@coosm
chloride dehydrate (Cahc Co., Ltd.) of 2.7 g. were dissolved in distilled
water of 60 g. and treated at 801C for 1 hour, while being stirred
intermttently. After such treatnment, the aqueous solution was renoved and
the resultant m xture was.washed with distilled water and filtered

r epea&mh%aéoﬁ LEBIOC THe2Matird méa't{spgﬁ?&%f &%g%@%ﬁeﬁsr&@{rg eni c acid

solution (Rare Metal Production Co. 0 taining Re of 80 ny

at roginad epPENAUEe ABfeingHiler! OCoRtMT 66 Rih& %ial%ogiﬁrhrﬁﬂ tyery 30

mnutes. After “"the noisture in, the mxture was renoved and the m xture

vas deafflyst weid deferdfitied B tthet Adnlicdbiopphiti dpelttdifletty! Pefiihggen

sul fide at 2501C for 2 hours in a hydrogen sul fide stream and
subseghg G/ apdt Naneere of0.850getritet 38d60.3Calees gl GRspdcthaly. A for 2

hours in the atnosphere. This catalyst is referred to as "catal yst @

her ei qahheity éPrhefiuan ofuppirted nirrtltes ealialyati washdetenhitieds by TR :
determ ned by the atom c absorption spectronmetry, resulting that Ca and Na

wer e emifsish spscgiuscépynseshltinge Rehmétal eopbetof @35 weightatit iThis of rheni um
supported in the catal yst was determ ned by ICP em ssion spectroscopy,

r esul catedyste wast gtownl be tef nedSured Yt XatayTdiffractionglamst thaX-gayund to be
measured by X-ray diffraction, and the X-ray diffraction intensity ratio
of t hdiffragtionl intensity gativaed the ¢rystalidatticedspating d wvabzet6f 08)96nm t he
crystgi Iattise spaci ng d-val ue of _0.386nm (26=23.04) was proved to be

16: 1020EHh %) te the paysta} ladticaisnasing devalup 9£0.386nmd208523 M40hwas ( A1203
-content of_ 75 weight % SASOL Ltd.) of 33.3 g. (equivalent to A1203 of 25
g.) aRovad,tn by 3@i0Q: A1203 content of 10 -weight A, Nissan Chenical

:\/E??f;[raleeiggﬁ?’ldimg;‘t %g(gref’gﬁe)%ﬁfégﬁl) %&ab?% V_ g??yogséi ngi %emrererbgg?refgnt o1 on
the basis Blatdiss SRSRIM £ A%l0, SARARLE 6 Reiztt % P8 AJOI AT of 333
g. (ec';i;ivalen’t to Alz(.)';;l_'of 25 g) and alumina sol ﬂAizog content of 10
weight %, Nissan Chemical Industries Ltd.) of 60 g. (ec.luival'ent'_gp- ALO, of 6
g.) were added to MFI-type z;aolite of 15 g. syntﬁesized siiniléﬂy as in the
embodiment 1 on the basis of the absolute dry standard (calculated from the
‘loss on ignition during 20-minute calcination at 500C) to be well miie‘d.

) Thé're&ﬁer, the resultant was placed in a dryer kept at 120C and dried unﬁl

the moisture content was reduced to that of a cla-y. The kneaded mixture

| .‘w'as extruded through a screen ]:zavingr 1.5mm® holes. The extruded mold

- body was dried at 120C ove.rnight and put un.der.célcination at 5407C for 2
hours after gradual elevation of témpératures from 350T to 540C. The

éalcinai:ed mold b.oﬂy' of 20 g. was added to an atiueous solution in wlﬁc‘h

amimonium chloride (Sigma Aldrich Corporation) .of 1.65 g. and calcium

- chloride dihydrate (Cahe Co., Ltd.) of 2.7 g. were dissolved in distilled water

‘of 60 g. and treated ai: 80T for 1 ho‘ur,‘ wﬁﬂé being stirred intermittently.

After such treatment, the aqueous solution was removed and i_;he resultant
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| oss on ignition during 20-m nute cal cination at 5001C) to be well m xed. "
Thereafter, the resultant was placed in a dryer kept at 120 C and dried
until the noisture content was reduced to that of a cl agDeddrabdsnemded

m xture was extruded through a screen having 1.5m% hol es. The extruded
nold body was dried at 1201C overni ght and put under. calcination at 5401C
for 2 hours after gradual elevation of tenperatures from 3501C to 540t.
The calcinated nold body of 20 g. was added to an aqueous solution in

whi ch [ hl ' -4 Si i,ch i 6b d I ci

v ch o RPR S SRS G465 G RES LR alo oS dinegnd, cal ciun
t f 60,0. . L ' ' d

10t et il i dke S bR 30 hitbud Pvbenihi MR Gaed

the. " G3uLBloadfich RereTaRD 2P giL LAEANG, 1B hecyiihl St shil o0 vator

and fi ed repeate The m xture was i mrersed in an agueous

perrhqpic a sQhyty uhEt Whild edusd iseiiréd evekyd30 Minudds.nl

cont a?ﬁﬁg &e of Qgg lr?gwgéﬁ?(v)é)hr% t'enp aturgQ%md | ef t fgsrr 2 hours, while
bekng gSfit gﬁvdﬁf‘di%}fe%ﬁ A Wiifbure MalsSFerhbved ABUSHher Rikturkheagririedr e was
renoved and the mxture was dried at 120 C overnight, the m xture was
treat g 1900 JusdhRdRN LB il ixdaerawadiésted @itl2hidrogen sulfideyatr2680 sul fi de
stream and subsequently put under -calcination at 5401 for 2 hours in the
at mos FRLre . hollrk Sirc at Alydeégdrs sudfider stdeam, asnd caitaleyaently hat aimdeft er .
Contents of calciumand sodiumin the catalyst were determ ned by the

at oni eaddisatiphixtr54038 dor Gnhouss i tselbtinogphertea(TiGa catalyshisveeferrefl 0. 24
wei.ght % and 0.3 wei ght % respectively. A quantity of rhenium supported in
t he cabahysicatalystiReheirabmfbar. | Chntentissef salaipartanss soginmr is bei ng Re
metal to be of 0.33 weight % This catalyst was ground to be neasured by
X- 1 ay citifyshotererdetarmingk bx- theyatamic absarpbion; snestram ety areBUBPE he

crystal lattice spacing d-val ue of 0. 196nm (20z46.18) to the cryst al
| at t | dag paziamg a?a/ame off 0843 wErehy 2’&@2& @zé weight % gespeqtiyele %5: 100: ;

Enbodi ment 25 ti f catalyst S .
° anlf;ntiw o’E‘ prr_h%%?tru% Isggpgrteﬁagr? éffé cazalyst was determined by 1CP

emission spectroscopy, resulting Re metal to be of 0.33 Wéig_’ht %. This
“catalyst waé ground to be measured by X-ray diffraction, and the X-ray
diffraction intensity ratio of the crystal lattice épacing d-value of 0.19_611_131
" (20=46.18°) to the crystal lattice spacing d-value of 0.386nm (26=23.04°) was
| " proved to be 15:100:. _ _ |
" Embodiment 25 (preparation of catalyst S)
Hydrous alumina ('ALO; content of 75 weight %, SASOL Ltd.) of 33.3
-"g. (écitﬁvalent to ALO; of 25 g) and alumina sol ( ALO; content of 10
weight %, Nissan Cheﬁ@ Industries Ltd.) of 60 g. (equivalent tu AlLO; of 6 E
* g.) were added to MFI-type zeolite of 15 g. synthesized similarly as in.their
em-bociim‘enf 1 on the basis of the absolute dry standard (calculated from the
.‘ Ioss on ignition during 20-minute calcination at 500C) to be well mixed.
Thereafier, the resultant was placed in a dryer kept at 120°C and dried until
" the moisture content was reduced to t_haf of a clay. The kneaded mixture

| was extruded through a screen having 1.7mm ® holes. The exfruded mold
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Hydr ous al um na(A1203 content of 75 weight % SASCL Ltd.) of 33.3 g.

(equi valent to A1203 of 25 g.) and alum na sol (A1203 content of 10 wei ght
% Nissan Chem cal Industries Ltd.) of 60 g. (equival ent giDaceri?@feof 6

g.) were added to MFI-type zeolite of 15 g. synthesized simlarly as in.the
enbodi mrent 1 on the basis of the absolute dry standard (cal culated fromthe
loss on ignition during 20-m nute cal cination at 5001C) to be well m xed.

" Thereafter, the resultant was placed in a dryer kept at 1201 and dried

il i I ded

ot oA R i A BYE e R thdeb Uighafial AYSITLDEREAT e
ld 47 8 oG o d ! . j t d

(r:ne)ll Ci &?%%ﬁ?%%ﬁ@?%ﬁevﬁ ours a %fﬁgr?%dl%?ng?@\g{ i@%ﬁﬁ%ﬂf"@?g‘n@%gr a’ltjﬂr :;

f 35Q31. . ' ;

a(rqa(rano : g%:}ta&ta‘?ég&ldnggﬁ (?E@(gm%ﬁranaghﬁo@?%% (%eé%g;gll%?ﬁgﬁﬂdcgglp)%ga? inon) of

1.65 3 ,g,,ﬁ%l, IH1G} S?%‘l!n e AJaRYH" é @x 1ld5 gl £id Zalci@m Wer e
di sso%\l/%lgﬁl n |gt%}%lﬁlggmwa erg Agf‘ 60 g?ggn?mat ed at g%3010 for 1 hour,

whil e Goioamesdiby et @ARTs Bod) Bf 2.7 Wers didsolvepinmaidtilléhwatsueous
solution was refmoved and the resultant m xture was washed with distilled
vat er gngof & 48T esbateaeatsoICyfdy 1 ihvey, wHikebeing stieredeintermittentdyi n an
aqueous perrhenic. acid solution (Rare Metal Production Co., Ltd.) of 30
L conA@ier fithReeatm8at, nheadqueanm sdlabjper whs remavdd | afd theretltamir s, whil e
being stirred, every 30 minutes. After the noisture in the mxture was

r enoveghighalrd Wasnwvathed witls dstildd watd2and fdverad ppeatedly fitkmese was
treated with hydrogen sulfide at 250°C for 2 hours-in a hydrogen sulfide
st r eanfThenthistibeewasnitimersed imcr agugosisnparrbanie: agidoselutinn glgamrs in the
atnosphere. This catalyst_is referred to as "catalyst S" hereinafter.

. Y,
Cont enMetal Rrmideictionafd. sbbl-limfi 30 trds centaining Red 8RtmEnPhd@OBYy the
.atom ¢ absorption spectronetry, res ing. that and were of 0.23
nei ght tOBRREAITe HRY dﬁ#_f%rislp@ﬁsi w&ikrﬁsmaﬁmrggwmr'\lﬁgnmmﬂt&appomed in
e o it i E Sy O a STL 2V OF oSRTE R3EARY whsSldd N0 e

at 120%C, overnight, the mixture was treated with hydrogen sulfide at 250T

for 2 hours in a hydrogen - sulfide stream, and subseqqently- put under
calcination af. 540°C for 2 hours in the atmosphé'r‘e. This catalyst is referred
" to as. “catalyst §” hereinafter. Contents of calcium and sodium in the
catalyst were determined by the atomic absorption specfro'metry, resﬂﬁng
fhat Ca and Na were of 0.23 weight % and 0.3 weight % respectively. A
guantity- of rhenium supported in the catalyst ;wa_s determined by ICP
emission spectfbscopy,'resulting Re metal to be of 0.32 weight %. This
cﬁtalyst was ground to be measured by X*fay diffraction, and the X-ray-
diffraction intensity ratio of the cry_stai lattice spacing d-value of | 0.196111i1
(29=46.18°) to the crystal lattice s;inacinlg d-value of 0.386nm (28=23.04°)-
was proved to be  15:100..4. - ,
Embodiment 26 7_.:-10t fo_nﬁing part of the present invention (preparation of t_:ata!)(st T)
i | Hydrous alumina { A15,04 _coﬁtent of. 75 weight %, SASOL Ltd.) of 33.3

g. (equivalent to A1L,0s of 25 g) and alumina sol (A}_igog__content of 10
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catal yst was ground to be neasured by X-ray diffraction, and the X-ray
diffraction intensity ratio of the crystal lattice spacing d-val ue of
0.196nm (20=46.18) to the crystal lattice spaci ng d-val 8@eoémiitr 3@&BNM
(20=23.04) was proved to be 15:1100.11,. Enbodi nent 26 - not form ngpart
of the present invention (preparation of catalyst T) Hydrous al um na
(A11203 content of 75 weight % SASOL Ltd.) of 33.3 g. (equivalent to
Al -11203. of 25 g.) and alum na sol (A471203 content of 10 48 8 Decenber
2006 wej ght

A1203 Brebt %, NisnencC Bema s et L LT FOE Gatierignfio AL HERG™ 1
iml ' di . basi f .t he absol dard
(cal oo hbuaersdied o MFOSEPEREPEe Aol Gudy Aipestred FERBooaI 4 fulidn ot
cept mbodtindiih g o it OF LEE LSl oL SRR ool ReaB0R WY, had o
| ay. The kneaded ni.: ' : 0. 5mmit

ﬁofeg. Oﬁé)%éﬁ%}?glddﬂnﬁ%u Ezg.é%y vvagé r#%%ﬂg{lk%tg@é:gv%ﬁﬁ?g tﬁ]%g@ght under
o S Pl Ml 05 it 100 sbabgpr o e
304 g PSR The ATIREA B A T e e AR e
di SSO'%&Q dxtrnfded thiRE Al Rredd H?cpving]-co.%'ﬁﬂmtfli aptad Fie 8Rtxadedrmaldour,

while berng stirred intermttently. ter such treatnent, the aqueous

sol ut i VRS s BHEY a8 1IB0C thernipdit 488 puthhxder @lMBatioases40TCt ford still ed
wat-er and filtered repeatedly times. The mxture was imersed in a

per r hephrsaafidragradaat elevatiownof( Ranperdfeiral Ay 380 oo @HQTLtThe) of : 30
m. . containing Re of 160. ng at room tenperature and left for 2 hours,
whirl e &deigited i mokdbederof ZDgnivwag esldedAfd en dqueonsi silutieniim whechni xt ure
was renoved and the m xture was dried at 1201C overnight, the mxture was
t r eat esmwhddiumy ditrgbe (Signia dddeich260fm0ratiom) 2f KO4r 5. and silwgdmnitlgate sul fi de
stream and subsequently put under calcination, at 540t for 2 hours in the
at mosplSigma Ahdsick Soapgrationd ofe?.3r gewere dissolved in distilled water of 60
' g. and treated -at 80T for 1 houi', while being stirred‘inte'rmittently. After
such treatment, the aqueous solution was removed and the resultant
mixture was Washe'd with distilled water and filtered repeatedly 5 times.
" The mixture was immersed in a perfhenjc acid aqueous solution (Rare
. Metal Production Co., Ltd) of 30 mL containing Re of 160. mg ‘at room
} températuré- and left for 2 hours, while being stirred every 30 minutes.
~ After the ‘moisture in the mixture was removed and the mixture was dried
at 120C overnight, the mixture was trested with hydrogen sulfide at 250C
for 2 houis in a hydrogen sulfide stream, and sﬁbi;equenﬂy put under
calcin_atibn_ at 540C for 2 hours in ﬂ_m atmosphere. This catalyst is refgrred :
to as “c‘ataljrst S” hereinafter. Contents of silver and sodium in the catalyst
wéré determined by the atomic absorption spectrometry, resulting that Ag
. and Na were of 1.7 weight % and 0.1 weight % respectively. A quantity of
~ thenium supported in the catalyst was determined by ICP emission

~ spectroscopy, res'ulting Re metal to be ‘of 0.67 weight %. This catalyst was

49




to as "catalyst S" hereinafter. Contents of silver and sodiumin the

catal yst ~were determ ned by the atom c absorption spectronetry, resulting
that Ag and Na were of 1.7 weight % and 0.1 wei ght % r egpreérhdelyos A
gquantity of rhenium supported in the catal yst was determi ned by ICP

em ssion spectroscopy, resulting Re netal to be of 0.67 weight % This
catal yst was 49 8 Decenber 2006 ground to be neasured by X-ray
diffraction, and the X-ray diffraction intensity ratio of the crystal

| attice spacing,d-valu 746, ‘ e t |  ce

spaci HOHB_ alft?gbgf [%afglégan ?éggg-gy éﬁgﬁm%é‘%g‘?’ oa\lllé(g t?% XE@SZFL%@%&A
Enbodi.nent s, 27 .t t 0 : e.f ' e by on tubes
res pe&P IV Tﬁ/ﬁg ?§gh§%§%%3 légtﬁtféan@é%%gt(%r%gotfep hiyﬁ]eﬂﬂzqnezge&&mgrge]_ put under
gas phas [ B - (of<y o t result.
Tab! o e B b < e T O T e R r
nbodi ggnt 51@ *.8 * 9 30 Reaction condition atal st L Catalyst Matal st N
atal st 0l gaction tenperature ' C 366 370 376 379 action pressure MPa-G
.64 1.64 . @ulo@fmetts 27 €Bohr/g-nol 30 15 30 30 2/F nol/nmol 3-5 3.5 3.5
-5 wupplied. w alerial 1 w%.00 .01 .00 .00 2 .75 .90 .86 .88 3 1.10

1.05 1. 06 I9Ralykts FomOl tb Olwdfd fllfed inth%ehcbibn. thbed . rb@pdctBR1y HI5
7.5 g., and Xylenes containing ethylbenzene were put under gas phase
i‘eactidn in the presence of hydrogen. Table 3 shows the result.

Table 3 Performzincé of each catalyst.

Embodiment

Embodiment

S Embodiment Embodiment
: _ ' ' g7 * g * 29 30
[Reaction condition _ICatalyst I,  |Catalyst M [Catalyst N CatalystO .
JReaction temperature °C 366 370 376 - 379 '
action pressure MPa-G 0.64 0.64 0.64 - 0.64
fF g-cathr/g-mol 30 15 30 30
2/F mol/imol - 3.5 3.5 3.5 3.5
‘ , §uppl.icd. ' ' '
W .
material | . .
wit% 0.00 0.01 0.00 0.00
.75 2.90 'R.86 2.88
.10 0.05 0.06 0.05
- 0.01 0.01 0.01 0.01
wt% 0.01 D16 0.10 0.08 0.05
- 0.09 - .07 005 0.05 0.05
.01 a2 7.46 7.42 7.48
1.48 .22 2.94 255 243
1521 13.65 . |3.8o 3.72 3.80
0.86 }19.01 fha.19 19.38 ho.00
T 56.89  142.62 43.07 " 43.38 43.26
25.37 {19.25 19.44 19.72 20.34
0.00 .00 0.00 - 0.00 0.00
0.05  0.51 0.25 0.17 .16
0.03 .56 o4 0.33 0.24
0.00 .38 0.12 0.14 0.16 .
0.00  J0.55° 0.08 0.10 0.07
.00 o4 p.10 0.03 0.01
B converion wi% 76.0 744 75.1 Jids
-X/ITX 23.5 23.5 23.5 23.0
loss 2.7 1.7 1.2 1.0

* Does not form part of the present invention -

The embodiments from 27 to 30 indicate that the presence of alkaline-earth metals in -
the catalyst reduces xylene loss. '
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P .09 .07 :05 1.05 .05 01 12 7.46 1.42 1.48 L 1.48 3.22 .94 .55 .43 15.21
3.653.80 3.72 3.80 1.86 19-01 19.19 19.38 19.00 X 56.89 12.62 43.07 13.38
13.26 5.37. 19.25 19.44 19.72 0.34 B .00 .00 .00 .00 . @Wetedberdodwl 125
1.17 .16 03 .56 1.44 133 1.24 DEB 1.00 .38 1.12 1.14 .16 X 1.00 .55 1.08
1.10 1.07 10+ 1.00 .04 1.10 .03 .01 B coavenion wt% 76-0 74.4 15.1 .74.5
-XIX 3.5 3.5 190 3-0 JKY loss .7 1.7 1-2 1.0 * Does-not formpart of the
present invention The enbodi ments from 27 to 30 indicate that the presence
of aI kal i neEasbadimentalfzoinBl tthd5cat al yst reduces. xyl ene | oss.
8 Decenber 2006 Enbodinents from31 to 35 Cataly 1;j
T were £i 1| Gatalysts Froan (P da Topexe @E@elﬂtpv@%ﬁt@? tubes ﬁ?SPe%ttﬁlf '-Yqhyenes
cont ai ni ng ethylbenzene wer e put phase reaction in the presence

{}4% gas
of hyd2dgen. arshixl ep%@ﬂgt@ménge% sibemzens wete P { BRfEh €2 SRhasee

cat al yst Enbodi nent nbodi nt nmbodi px 2 34 35*  Reaction
~condi tF%?P%‘MH‘%‘FPPe%%HCES‘I 2BHB ﬁg&tg}%%ﬂ“fi’eﬁ@ﬁ fon tenperature C

3835 38? 382 ’Fa%%e 4 Performance of each catalyst

fromPto

: mbodiment Embodiment EmbodxmentFEmbodlmenttEmbodime[
' |— 31 32 33 5% .
[Reaction condition Catalyst P [Catalyst Q@ [Catalyst R Cata]yst S [Catalyst T
action temperature °C - 383 382 382 382 382
action pressure MPa-G h.64 0.64 0.64 0.64 0.64
- [W/IF g-cat.br/g-mol 30 15 30 30 130
2/F mol/mol : 3.5 3.5 3.5 3.5 3.5
Supplied|
- Faw
- material _ §
C1 wit% 0.61 0.01 - 0.00 0.01 0.00
C2 2,44 2.34 .45 2.35. 2.43
c3 0.05 07 0.06 0.07 0.06
"IC4 0.01 01 0.01 0.01 0701
7 Cwt% .00 .04 - p.os 0.08 0.05 0.12
8NP ’ 0.08 0.07 .05 0.05 0.05 0.07
Z 0.01 5.58 5.60 5.63 5.60 6.83
1. 1.48 R.20 2.49 2.55 2.49 2.32
B 15.15 5.32 5.26 .18 5.37 1515
-X 0.80 [18.97 18.77 18.09 17.55 19.18
-X 156.87 H3.71 43.61 3.78 44.02 43.05
X 25.46 J19.79 19.92 20.35 20.69 20.04
Pr-B 0.00 0.00 0.00 .00 0.00 0.00
T 0.03 0.20 0.18 0.17 0.19 0.17 .
0.02 p.24 p.27 0.33 0.25 . P29
EB 0.00 p.24 019 0.14 '0.19 0.18
JJEX 0.00 0.13 0.08 0.10 0.11 0.09
10+ : 0.00 0.00 ‘0.10 0.03 0.00 0.01
B conversion wi%h ' B4.9 55.3 . B5.8 164.6 66.0
X/EX 23.0 22.8 - 22.0 21.3 23.3
[K¥loss 0.9 1.1 f.2 ha 11

* Does not form part of the present invention

The embodiments from 31 to 35 indicate that the rate of isomerziation to para-xylene is
' reduced as the diameter of the catalyst particle i increase. The embodlment 35 indicates that the
- rateofi asomenmtlon to para-xylene increases by the introduction of silver fons.
' Embodiment 36 (preparation of catalyst U)
Hydrous alumma{ A1203 content of 75. welght %, SASOL Ltd.) of 333"
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Reaction pressure |.1Pa-G 1.64 7.64 .64 .64 WF g-cat.hr/g-nol 30 15 30
2/F mollrmol .5 3.5 .5 3.5 Supplied aw material 1 w% 7.01 .01 .00 3.01
.00 2 .44, 2.34 .45 2.35 2.43 3 .05 .07 :06 .07 .06 4 g.ptembtt2dod0l Al
.01 7- wt%O00 04 .05 1.08 .05 .12 8NP .08 ).07 .05 1.05 .05 .07 3z 1.01
.58 .60 3.63 3.60 .83 L 1.48 .20 .49 .55 2.49 2.32 B 15.15 .32 i.26 5.18
5.37 5.15 X 7.89 18.97 18.77 8.09 17:55 19.18 X 56.87 43.71 3.61 13.78
14,.02 3.&3 -X5.46 19.79 19.92 2Q.35 Z 0. 69 20.04, rB-1.00 100 .00 1.00 :00
.00 B-.(®aujvalent 1t AtkPs ob 25 g rppd7 abpminz 450l A7 ALy omtenbef BEB ). 00

7.24 119 7.14 .19 . EX 1,00, 113 108 7.10 .11,.09 10+ 1.00 7.00 110 7.03
éheml*;ﬁ]hf@lﬁtewg&@)ﬁi@ g: pquialent bxAR D @ 22. 0

7.00 weighk % JNissAg, _
embocEneTere ithto SFTHYPR qeebie of A i REnHSioRs) SHEURY A e 10
T D o S R el SRS ShBISo st g 1TSS,
| nereysss o?lyigtnrfaoinn ﬁ?&%cbbplﬂiﬁ?liteg \(/:ﬁ{atiigﬂ] it 500TC) to be well mixed.
Thereafter, the resultant was placed in a dryer kepf at 120C and dried until
the moisture content was reduced to that of a clay. The kneaded mixture
was extruded through a screen having 1.6mm holes. The extruded mold
f-body was dried at 120°C overnight and put under calcination at 540C for 2
-hours after gradual e_alevaf.iOn of temperatures from 350C to 540C. The
calcinated mold body of 20 g. was added to an aqueous solution in which .
ammonium chloride (Sigma Aldrich' Corporation) of 3.30 g. and barium
nitrate (Gahc; Co., Ltd.) of 1.77 g. were dissolved in distilled water of 60 g.
.and treat_ed at 8()‘0 for 1 hour, while being stirred 'interﬁ:ittently. After such
tréatment, the aqueous solution was removed and the resultant mixture
was washed with distilled water and filtered repeatedly 5 times‘; The
" mixture was immersed in a perrhenic acid aqueous solution (Rare Metal
. Pfoduéﬁon Co., Ltd.) of 30 mL cbntéining Re of 160 mg at room temperatlire
" and left for 2 hours, while ‘be.i'ng stirred every 30 minutes. Afber the
moisture in the mixture was removed and the mixture was dried at 120C
overnight, the mixture w-as' treated with 'hjr’drogen sulfide at 250T for 2
‘hours in a hydrogen sulfide stream, and subsequently put under calcination
 at 540C fbr 2 ‘hours in the atmoéphére. This catalyst is referred to a‘sl
.“cataiyst U” hereinafter. Contents of barium and sodium in the catalyst
were determined by the atomic absoiption spectrometry, resulting that Ba
' _aﬁd Na were of 0.5 weight % and 0.1 v&éigﬁt % respectivély; A quantity of |

‘rhenium supported in the catalyst was -determined by ICP emission

52




Enbodi ment 36 (preparation ofcatal yst U) Hydrous alum na A1203 content of -
75 weight % SASOL Ltd.) of 33.3 51 8 Decenber 2006 g¢. (equivalent to :
Ad-1 03 of 25 g.) and alum na sol e A1203 content of 10 gwicehberYpodN Ssan
Chem cal Industries Ltd.) of 60 g. (equivalent to A1203 of 6 g.) were
added to MFI-type zeolite of. 15 g. synthesized simlarly as in the

enbodi nent 9 on the basis of the absolute dry standard (cal cul ated fromthe
|l oss on ignition during 20-m nute calcination at 5001) to be well m xed.
Thereafter, the resultant was placed in a dryer kept at 1201C and dri ed
until speletrosoipst, uresudtingeRe mekalrtodhe off .65t Weighd %6 o Thig catylyst Fasaded

m xture was extruded through a screen having 1.6mm 1 holes. The extruded
mol d  greepdvedaimessuredinoX cay\diffsretien oHig-phi shavae thecrgsuitand the at 5401
for 2 _hours after gradual el evation of tenperatures from 350t to.540 C.

The chtreyndifractiond intrRsitt raogol ihe erystal dettis sprmag d valugiehn in

whi ch. _anmmoni um chl oride (S gma Al drich Corporation). of 3. . and barium
ni t r at@19EamE (?B?#GL‘%‘@) t‘bftﬁf. ?Wsé?f daracs l%dgi‘)ﬁhb‘% é’ii ‘3-3@8“%t er of 60
g. .~and treated at 80 C for, 1 hour, while being stirred intermttently.

Af ter cﬁg-qﬁrgW",v fé‘l%ﬁqu%)owg"sol ution was renoved and the resultant

%é;“ﬁxt-ﬁm&ﬁ@‘ﬁﬁnﬁ”ﬁiﬂé@%ﬁé@%&?ﬁﬁ%ﬁ%&é}c f%lqbiéﬁﬁ ol uti on {Rare Netal

P [ ., _Ltd. Q i ni-Ng R -16 .

and I'ef 1 datisengeroizhs i b8 WETHIBA-PHEE Thefosided siIRly ARAR T
. For e fieers, - | . . P

over ni rpoRim et 5 HoSorlfined SPH e AHSaG: Bif kM RIe BaBon ) ©)

hour s e Badiy B RIS Shdifla 15k ORI A ARBRARNE L 0T wallilfledo] I nati on

at 540 ours in"the atnosphere. This catalyst is referred to as

"cat al : Exﬁ&ﬁa . EHtbRDGE 781 %Ry I w pASASAIVIMA P of B8.3cat al yst

wer e d}éf%rrogsnz{elg y t%%gat’om C absorptipnyspgﬂgfﬁronetry, resglti ngét hat Ba

and. Na(gaepe 59f Agzéf’s Vandt of/aRiididh %olﬂquﬁﬂbg%dh%@@@flme%ybypwéiﬁhﬂt ity of
i

r heni um support I N the catal yst was determ ned by | CP em ssion
Nissan Chemical Industries Ltd) of 60 g. (6 g. as ALO; ) and well mixed.

- Thereafter, the resultant was placed in a dryer képt at 120%C and dried until
the moisture content on to that of a ciay. The ‘thus-prepare& kneaded
substance was extruded through a screen having 1.6 mm @ holes. _The

- extruded was dried overnight at 120C and subjected to 2-hour calcination

| at 540 after gradual elevation of temperature from 350C to 540C. Twenty

grams of the thus-caléinated substance was placed into an aqueous solution
in which ammomum nitrate of 3.30 g. (Sigma Aldrich Corporation), barium
nitrate .'o'f 3.3 g. (Sigﬁié Aldrich Gorporétio_g) and silver nitrate of 2.3 g.

'(Cahc Co.,.Ltd.) were dissolved in distilled water of 60 g., and treated at
80T for 1 hour, with occasionél stirring. After such treatment, the aqueous .
solution ;vvas removed and the resultant substance was repeatedly washed
vﬁth distilled water and filtered 5 times: The substance was submerged in

" 30 mL of perrhenic acid aqueous sol_utio;i_(Rare Metal Production Co., Ltd.)

i:ontaining Re of 160 llng at room temperature and allowed to stand for 2

hours. The stirring was given every 30 minutes. Then, the moisture was
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52 8 Decenber 2006 spectroscopy, resulting Re netal to be of 0.65 weight -
% This catalyst was ground to be neasured by X-ray diffraction. Fig. 13
shows the result and the X-ray diffraction intensity ragipRcshbdri2eoecr yst al
| atti ce spacing d-value of 0.195nm (20=46.44) to the crystal lattice

spaci ng d-val ue of 0.385nm (20=23.06) was proved to be 20;100:. Enbodi nent
37 (preparation of catalyst V) Fifteen grans of the MFI-type zeolite
synthesized simlarly as in the enbodinent 9 in accordance with the

absol ute. dry.stanpgdar A4 ' i 4191908Con for
20- ni n{ﬁ%"{{%‘#ﬁ%&{ﬁ%ﬁ%’% E%é%%ﬂmggegggg%ﬂfcgb@ %grr%fgs&&aﬁ?%ﬁa 1?131203 cont ent
of 75 9 l-ght.; : - sk} 50@ fer 2f al um na
sol - (A@% %ﬁﬁﬁgnﬁheﬁ%a%%faﬁrgéﬁﬁwﬁgggﬂﬁ élm' cal | ndusst ries Ltd.) of
60 g. ?,gugs 3S Aé?%}gaérﬁbge Uﬁfxﬁ@sgh@i@?rﬁﬁ&tﬁfen sabjdcesd!| toabthovas pl aced.

in a dryer- Kép ried until the noisture content on to that of

a clay -AusHPE e 66 Wieaded Thekhabatmeeniis hexdinafted teficvedtoa screen
havi ngcz?[ljl:'zﬁ% Sdho?es.. The extruded was dried overni ght at 120 C and

~suly ecasd’ch@?.g-shw HhhpaldiRer ahd 36Qhbnaédrtenty afithe aitelyat ivome of
tenperature om 350t to 5401. Twenty. granms of the thus-calcinated

subst agggeMamedl BFestdic abBoRie® spestroniétoy, résultinigs in amfndingnofi trate of
3.30 g. (Signa Aldrich Corporation), barium nitrate of 3.3 g._(Signa

Al dri ch o5 bgreasight hsdBa, 217 %dry mieightt 2s Az 20406l % beardiglbas Na-od vere -
dissolved in distilled water of 60 g., and treated at 80t for hour, with
sy o s e it i
\r/\g{ne)\r/ea_n(ﬁair;fsidd speetrdgraphysanaliisiss mbsﬂ&h@eimpasﬁ%m@?%@&%?% BYseisitor
Cotfh i msrGeReetil. 1BbiargatAoBRet ST LB AN O TT ALEHP or
o e oot oA e Y5 B TLRYS SSenl b a5 ) SR v 53
lattice spacing d-value of 0.195 nm (20 = 46.44°) to the cr&stal lattice
spacing d-v‘alue-of 0.384 nm (20 = 2_3.12°)_ was 19:_1(_)0-5,; .
Emﬁodiment 38 (preparation of catalyst W)
15 R : Fifbeeﬁ grams -of the MFI-type zeolite syntliesized simﬂmlf as in the
embodiment X in accordancé ﬁifh the absolﬁte dry standard (calculafed on
the basis of loss on ignition for 20-minute calcination at 500) was added to
_ - 33.3 :g. of hydrous alumina Q Aléo3 content of 75 % by wgight, SASOL Ltd.)
(25 g. as A1263 }and 60 g. of aljumina sol ( AlLO, content of 10 % by weight,
20. ' Nissan Chenncal Industries 14d.) (6 g as ;Alzdg )and well mixed. Thereafter,
. the resultant was placed in a dryer k:'e‘ptl at 120°C and dried until the
" moisture content to that of a clay. The _thusiprepared kneaded substance
was extruded thrdugh a screen having 0.5 mm ® holes. The exfrud_ed_
article was dried overnight at IZOt and subjected to 2-hour calcination at
. 25 540°C after gradual elevation of tempez.'a_turg from‘ 350C to 540C. Twenty
s grams of the fhusmﬁlciﬁated article v;rés- piac;ad into an aqueous solution in

which 1.65 g. of ammonium chloﬁde _(Sigma Aldrich Corporation) and 2.7 g. .
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renoved fromthe substance and the substance was dried overnight at 1201-1
After drying, the substance was treated with hydrogen sul fide at 2501C for
2 hours in a hydrogen sul fide atnosphere, and then subj ggleesmbep 28ashour
calcination at 540 C. in the air. The substance is hereinafter referred to
5 as "catalyst V'. Barium silver and sodiumcontents of the catal yst were
determ ned by atom c absorption spectronetry, resulting in a finding of
1.0 % by weight as Ba, 2.7 % by weight as Ag and 0.1 % by weight as Na. A
quant i tof @ficiuie vhivride phdsidedte (Cdhe Cal, dlods) wae désselvednad 60y, IEP
em ssion spectrography analysis, resulting in a finding of 0.68 % by wei ght
- 10 as RHstifiedlwatehj andatedated wss8@Eodnd lahdus ubvith t @dasionXl ststing.
diffraction, resulting in a finding that the X-ray diffraction intensity
rati o difteheuck ystaiiment, dhei aguepax tolgtidnvab s eenfov@dl 9hd rthe (B2tltand6. 44) to
the crystal lattice spacing d-value of -0.384 nm (20.= 23.12) was 19:.100-
Enbodi reetbist@6ce( waepapeatestyovashediwith dvytiled midtercamd fdtesed tithes. VI - t ype
zeolite synthesized simlarly as.,in the enbodinent X in accordance with
t heb absbhe substiapce veasianlinergieduina 8¢ anb wf penthdnisi acidfaqueoys selutigmi ti on f or
20-m nut e cal ci nation_at 5001) was added to, 33.3 g. of hydrous al um na
(A1203 Boxeehetal Hsad)@qiyome(%m ,L@zscsgntmu}g $0-5mg of ﬁ{azﬂsr@m 60 g. of
al um na sol .(A1203 c?lnten(iA of 10.% by .wei ght., 20, Ni,ssan Chem cal :
| ndust riesaperagy tostand dor qdiourps Lhe styming sasegiven €WEY r esul t ant

was placed jn a dryer. kept at 120t and dried until, the, noisture content to
that | of 30, memages. TTeny tEeaistiEg T SeRVeR Satanthe Sphstae 2dhe 1 hr ough a

havi 0.5 . hol.es., Th d ti.cle, i ed i ght at

1501 AR B TS TeS HRPIEhf At B0 Aftes itectl sub aRaar O
I ti f f 5 C f

'? h i31&: :'ﬁ%g?ﬁeaq é’g{ﬁz;?’&?%ﬁ%ee%va%u pdgcgéglsgtﬁo?%n Zag%%énsg{hf}&ﬁ-ggeq %ﬁﬁ%l ch 1.65
g. of i h i i i ] At i- > . ;o4 8
0 0 SRBE L0 s SUBEe 0o # loCPRSBLER) B0, o B 2
di ssol v isUpfinde i@herdnabtdr Rt Rl th as?0stalf 62520 Biridil nfet add NOUT
wi th occasional stirring. ' o

sodium contept of the catalyst were determined by atomic absorption

épect_rometty, resulting in aﬁndmg of 0.9 % by weight as Ba and 0.2'% by
15 m.reight as Na. A quantity of rhenium -supported in the catalyst was
determined by ICP emission spectrography analysis, resu.!ting in a ﬁﬁding
of 0.32 % by weight as Re metal. This catalyst was ground and subjected to
X-ray diffraction, resulting in al,ﬁ_ndipg tﬁat 'thé X-ray diffraction mtenéity
ratio of the crystal lattice sbacéing d-value of 0.195 nm (28 = 46.44°) to the

20 crystallattice spacing d-value of 0.384 nm (20 = 23.12°) was 19:100:

Embodiments 39 to 41 o | |

Reaction tubes were filled with '2,5 grams of catalysts U th.rough_W,l
' respe'ctivelly,' and ethylbenzene con'itajning xylenes were subjected to gas-
phaée reaction in the pfesence of hydrogen, the result of which was shown

25 in Table 5.
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After su

ch treatnent,

t he aqueous solution was renoved and the resul tant

. subst ance was repeatedly washed with distilled water and filtered 5 tines.
5 -The substance was subnerged in 30 nL of perrhenic aci d ggspdeabs 2608 ut i on

(Rare Metal

30 m nut

treated with 0 2 hours in a hydrogen sul fide
at nosphere, ‘T‘%ﬂ{ 9%1.%%&1{&13%8&@%&8@%%%1& calcination at 5401 in the air.
The subs{ance is hereinaf{er raFabpduiento[Eaehodiseent| [BmbodgnentBhr i um cont ent
and sodium content of thé cat B%zc'r verelfet ermi ngtl by _atond ¢ ‘absor ption
spect r onmgiepstion ceniifion ng_ih A f i [Gefialygt B ﬁhnﬁw#ﬁ@ uﬁwﬁﬁmt&c a and 0.2 % by
15 wei gh cactionldemperatuamiG {y of [#%enium s ﬁgorted i[#8 he catpl yst was
deternin a@vnlpms@ml\g%ﬁ Bn spec'? %graphy al ysis,[0fbsulting in a finding
of 0.32 zrég% imohs Re|metall? This cafldl yst was!Yr ound ahd subj ected to
X-ray di f# pol/mpl resul tingi f!nd!n$5hnf tha-X—+ay—d-f fraction
intensity ratio of the cr g | | attice $paci ng d-vaI ue of D.195 nm (20 =
46.44) t¢ the 20 crystal c%gll ce spacing d-value jof 0.384 hm (20 = 23.12)
was 19: 1¢g—Enrbedirent s 3 o 4t—React Gt ubes—v i d with 2.5 grans
M 0. . 0.01 i <

of cat al )%t s Uthr ough 'V, regpectivel % -,and et cont ai ni ng
xyl enes were subjected to|gas- ghase reagfgson in tij ce of hydrogen,
t he resulg of which was shown g 11 n Tablggi5. "ber 2006 Table
5 Perf or j@ce of —EATT ZAT 3 ST FRyodl ey dg rent 39 40 41
Reacti onggidi tion Catal ygfosU Tghal yst Vet al yst Ro4 eactiop tenperature C
408 396 48 Reaction pregsgire pa-G 0. 649764 0. 646.48

TOL 0.15 [2.22 2.26 2.06

EB 15.19 P64 5.20 5.94

p X 0.87 19.31 19.52 19.44

m-X. 56.84 |43.54 43.35 43.22

o-X 25.41  (19.50 19.28 19.85

Pr-B 0.00 [0.00 0.00 0.00

T 0.03 0.11 0.11 0.09

TMB 0.02 [0.34 0.36 0.22

DEB 0.00 0.10 0.10 0.09

EX 0.00 [0.11 0.11 0.08

C10+ 0.00  i0.00 0.00 0.01

EB conversion wi% 62.9 65.8 160.65

p-X/ZX 23.5 123.8 23.6

XY loss 0.9 1.2 0.8

5

10

es. Then,

Pr oducti on Co., (
tenperature and allowed to stand for 2 hours.

Ltd.).

containing 80 ng of Re at

room

The stirring was given every
the noisture was renpved fromthe substance and the

substance was dried overni ght at 1201C. After drying, the substance was 10

It was found from the embodiments 39 to 41 that the presence of

barium ions and/or silver ions in the catalyst made it possible to reduce the

loss of xylené, thus attaining conversion to ethylbenzene and isomerization

to para-xylene at a high rate under the condition where W/F was 10g

cat.hr/g-mol, or so called a limited quantity of the catalyst, even if zeolite

had a Si02/AiQz mole ratio of 25 and the average crystallite size of the major

axis was 0.05 micron and the minor axis was 0.05 micron.

The present invention is able to dealkylate ethylbenzene at a higher

level and also reduce the loss of xylene occurring at the time of

isomerization of ortho-xylene and meta-xylene into para-xylene by using the

. 56




/F g-cat.hr/g-nol 10 10 10 2/F nollnol 3.5 3.5 3.5 Supplied raw -nmateri al
+C W%0.01 .01 0.01 C2 2.33 2.54 2.28 C3 0.05 .03 0.05 C4 0.01 0.01
0.01 C7- wt%0.02 0.09 0.06 0.12 C8NP 0.08 0.04 0.07 O0g@fcerdnd? 2606 6. 59
3.97 6.48 (OL 0.15 2.22 2.26 2.06 B 15.19 5.64 5.20 5.94 -X 0.87 19.31
19.52 19.44 X 56.84 43.54 43.35 43.22 X 25.41 19.50 19.28 19.85 r-B 0.00
0.00 .00 0.00 T 0.03 0.11 0.11 0.09 TMB 0.02 0.34 0.36 0.22 DEB 0.00 .10
0.10 0.09 X 0.00 0.11 0.11 0.08 <C10+ 0.00 0.00 0.00 0.01 B conversion

w % 62. 9 ; 3 : : I .4vwound
From t ho ARESAr MAFE S6THARMT R, Zobitte BE S ind bt e ot or
silver | opfyd iddeiki3hdtyStrafBdQfl thBOSEyaaE 1Rti@dUpAcine divasise Obf Xyl ene,
- thus attaining conversioh to ethyl benzene and isonerization 5 to

par a- xyl EU?P? 0.8091HH J58ic8 0N uiifa 8 HHE ldrPstalMiefiRe \SpEcMsd Yalue of
cat.hr/g-nol, or so called alimted quantity of the catalyst, even if
zeolite (.386+0.008 nm assigned to MFI-type zeolite is in a range from 100:7 to
5 100:35. |
Of xylene mixtures, a particularly important one from an industrial
point of view is para'xylene_, a raw material for synthetic fiber polyester.
Ortho-xylene and meta-xylene which are xylene isomers other than para-
xylene are in much less demand than para-xylene, and therefore, it is
10 industrially important to attain conversion of these xylene isomers into
para-xylene. The use of the _catalyst claimed in the invention makes it
possible to attain an effective dealkylation of ethylbenzene into benzene
easily separable from xylenes and also isomerization of ortho-xylene or

meta-xylene into para-xylene, with the loss of xylene from ethylbenzene

15  containing xylenes kept lower.
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had a SiQ2/AiGs nole ratio of 25 and the average crystallite size of the
major axis was 0.05 mcron and the mnor axis was 0.05 m cron. The present
invention is able to deal kyl ate et hyl benzene at a hi gher g pkBerhigy ebosand al so
reduce the | oss of xylene occurring at the time of isonerization of

ort ho- xyl ene and neta-xyl ene into para-xylene by using the 56 8 Decenber
2006 catalyst which includes Ml -type zeolite and al um na wherein the
X-ray dFF?‘¥%§:t’i on intensity ratio of the crystal lattice spacing d-val ue
of 0.1960.002 nm assigned to alumna to the crystal lattice spacing

d- val ue 9f 0.3860. 008 nm assj gned to MI - e zeolite is in a range from
100: 7 toT'5 180598 ¢ %y Fahe ﬁﬁ%(tqﬂ’ﬂfegf:hélki%&ﬁn@uF%?‘Fi‘/”}lr?ﬁoﬁ‘%’éﬁ’ﬂe%ne from

an i nduswhiah ipoiviesoMFIeywd sz@aria-oxX\Wtens, @ rawwsateti ghrforasynt hetic

fiber polyester. hp- xyl ene, met a- xyl ene which are xyl ene, i soners
ot her th%%urﬁ%ﬁaa-a&%(gen °a¥§ iwﬁlﬁﬂghpﬁ’égg' dEhER H%Tﬁab’ard&-f%ﬁ‘%’e‘,m and
t her ef or éntensiity Ixtiindwst rthal lopyisapdr Ladtide @midnai speenaver s-oa1wf t hese

xyl ene is rs pto ara-xyl ene. The use of the catalyst_clainmed in the
i nvent i oﬂgggkiggﬁ'ooﬁgg‘siaﬁls b afPathuBmnef fFectPbe HEar Ry deEbhcDf

et hyl bengepg i Q%Q%ir}ggzmlu%asaé Yo ?@@@fe@*@lbgmﬁr QUL xyl&Pes, ap?:ﬁk&% e

i sonerization of ortho-xylene or neta-xylene into para-xylene,
| oss of %§PEHe fiFoit et HiANgenEepe 7:190c6At P iy xyl enes kept |ower. 57 8

December 2006,nGAM, L. s A icanyensi on gatal Vsl for o et hylbepgeng, cont ai ni ng
xyl enes which includes MFl-type zeolite at 15 to 80 wel ght part's and
al uni na 38°YG ol B5108F ghtapaPts, cadr eich %0 r apndi #heaeid oshenfitonsi ty

ratio of siheGrwstiahe | Bd4dcany! 3Re sPagi g iduval e, fta051960.002nm
assigned to alumna to the crystal lattice plane spacing d-val ue of

0.3860.OE%ﬁWn%@%ﬁﬁjﬁedSF6°NF+@¥y%% barium are contained respectively
at 0.005 to 1.5 weight %, 0 to

2. The conversion catalyst for ethylbenzene Containing
xylenes according to Claim 1, wherein the catalyst contains
the MFI-type zeolite at 20 to 60 weight parts and the
alumina at 40 to 80 weight parts.

3. The conversion catalyst for ethylbenzene containing
zylenes according to Claim 1 or Claim 2, wherein MFI-type
- zZeolite includes a crystallite having the major axis and

minor axis from 0.7 to 2.5 micron and the silica/alumina mole
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zeolite is in a range from7:100 to 35:100, wherein a silica/alumna nole-
ratio of the MFI-type zeolite is less than or equal to 45, and wherein
rhenium silver, and at |east any one of al kaline-earthgpRtahiser s@jeect ed
fromcal cium strontiumor bariumare contained respectively at 0.005 to
1.5 weight % O to 2. The conversion catal yst for ethyl benzene contai ni ng
xyl enes according to Caim1l, wherein the catalyst contains the MI-type
zeolite at 20 to 60 weight parts and the alunmna at 40 to 80 wei ght parts.
3. The canver shen gatad Ysitonf Or, enzgne Nk ani X .accordi ng
to Cdaiml or Claim?2, jﬁ%?éjﬁa%éFy%gpe zeé%??g%%ﬂ%€%%e§¥gﬁgggéﬁglIite
havi ng t FE1RRFOracearsLaadClaithor! axiar fFledr0 27 whepebn nfley MFIabibpe he
si | ical akypinge i@ uac8 8 Deganhien 20081k tm_emgﬁayegﬁsoranaa&ﬂ%#t for

0

et hyl benzene containing _xylenes accordi ng C aim r daim?2, erein the
MFI -t ype 3¥280FFP®R | hcFRidés® amEryRt silld ttdehavilAgal abmidgicomodri sath@ mi nor
axis fromedmt 32t migron and the silica/alumna nole ratio from 35 to 45.
5. The conversion catal yst for ethyl benzene containing xylenes according
Caim1l or 2, wherein the MFl-type zeolite includes the crystallite having

t he maj 06.axi Shandcomid1arioaxi $ataot). 0%t 0 RnG1ALRESHE andbrlchening
silica/akuEgégﬁ nolecﬁgtio Q{OﬁllS to 30. 6. The conversion catalyst for
et hyl benZEne*Cont &M HG'Y xyIDRed accor dPAg 40 EREFTTS, tRetEEntwe

al kal i nezearite netdludess athd easfstanyiesenetissbshansesoseherd egnhd rom
ot ol oy ALEOR LAY OE: R §1s Teo TG FORYELS) OMELRE Vol LY aSlmtns o N2 ene

mole ratio from 18 to 30.

6. The conversion catalyst for ethylbenzene containing
xylenes according to Claim 6, wherein an alkaline-earth metal
is at least any one of substances selected from either

strontium or barium.

7. The conversion catalyst for ethylbenzene containing
xylenes according to any one of claims from 1 through 6,
wherein the catalyst particle ranges from 0.2 to 2.0 mm in

the diameter.
8. The conversion catalyst for ethylbenzene containing

xylenes according to any one of claims 1 through 7, wherein

the catalyst is treated with hydrogen sulfide.
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xyl enes according to any one of clains from1 through 6, wherein the
catal yst particle ranges from0.2 to 2.0 mnmin the dianeter. 8. The
conversion catal yst for ethylbenzene containing xylenes gaseansir2god 0 any
one of clainms 1 through 7, wherein the catalyst is treated with hydrogen
sulfide. 59 8 Decenber 2006 9. A process for converting ethyl benzene
contai ni ng xyl enes by naking et hyl benzene containi ng xyl enes contact with
the conversion catalyst for ethylbenzene containing xylenes according to

any one @f Cl%!%&OEEQQ1%ofhE&Hﬁﬂ}tgnbneEH?lbéHéﬁﬁ%n%%neglKQ%y(§¥ﬁ%nego

by making ethylbenzene containing xylenes contact with the

conversion catalyst for ethylbenzene containing xylenes

according to any one of claims from 1

presence of hydrogen.

through 8 in the
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