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 | NVENTION 5 The present invention relates to a conversion catal yst for
et hyl benzene contai ni ng xyl enes and a conversion process by using the

catal yst, nore particularly, a process in which ethyl benzene contai ni ng

xyl enes are made to contact with a specific catalyst in the presence of

hydrogen, toesvERSICN ngcdgeikybat i pOR! BUiyYHBEAZENTRI nhGNTUOVRgNZEene

10 and at the sanme tinme attaining isonerization of ortho-xylene and/or

neta- xyl eEX¥TENESPaAdDY I FROCEES XWWERE CONVERTING EFAVIBENZFEIR i n
particular an industrially inportant product. The demand of para-xyl ene

has remar kgONTAINT NG KYAELNESCRYAESING CATelvsTf or pol yester, a synthetic
fiber. It is expected that para 15 xylene will continue to have such

i ncrease i BAUKGROWND O THE INVENTA0N net a- xyl ene which are xyl ene

| soners ot her than para-xylene are extrenely lower in the demand than
par a- xyl ene, t Hiise nplresanti t idveddstr | adlhyes | dpord astntersivonyedtalystenfornt o
par a- xyl ene. Since individual isomers of xylene and ethyl benzene are cl ose
in their ahybodddemg portainingt xylenesasthdcal tonviergionspiicess dbys apimatihe

par a-xyl ene through distillation nmethod. Thus, |owtenperature separation
and adsor peatelysts epercatpiagticplaslissgepratess usewifich ethytenrepesenntaliming

| ow-t enperature separation process is restrjcted in recovery of

par a- xy| enevlppes tare prade txydoatect; Bitly &r ywreeifls patalviteimdbe Hresense eeft ectic
point, thus resultipg in,25 relatjvely high caoncentratigons of para-xyl ene
inraffin geng thie eP%&v@%‘b@FI%Pgemlb%ze%mm@lﬂ HHOL RERASTEL ur e
separ atj on ocess the recovery, rate of para-xylJene per one ss can be
rpr ol A% BEHDNTERe (EREGHF RS iSRS TIZAHPR. O TERe T ReRRUST HotHe
supplied raw material. In contrast, the adsorption separation process is
able tor 8?”& %graanlgﬁg. at 100% for one pass. Nanely, the
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mportant product. The demand of para-xylene has remarkable increase as a

crude raw material for polyester, a synthetic ﬁber; It is expected that para-

15 xylene 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-xylene.

Since individual isomers of xylene and ethylbenzene are close in their

20  boiling point, it is practically impossible to separate para-xylenme 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-xylene 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



5 be veduced to al nost zero. However, in this process, it is ethyl benzene
Ipat‘:inhibits nost the separation of para-xylene anong C8 aromatic
hydrocarbon m xtures. Thus, the reduced concentration of ethylbenzene in a
raw material supplied for adsorption and separation nakes it possible to

I nprove the adsorption and separation function of para-xylene and increase
10 the concentration of para-xylene in the raw material supplied, thereby

10 the ! . he raw materi lied, ther
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t he concentration of para-xylene can bé kept high 1n C3 aromatic

hydr ocar beaffifiate Yhig-aftdr BRNEI@hptibAGH sdirhYiodiaidxdiiBe NbeNSr 1taWn
materials are reformed xylenes which are obtained through reformation of

napht e abe redbsed] te almo2Dzéo0 HdwevedX if abid Procasl/iefis btidbbAfety tledcked
xyl enes whi ch are obtained by subjecting deconposite gasoline (by-product

of t her nainlibitanmost theosepafrativapiftpgaah-iyders anfingtC® arémeticdiydrodiHon
fraction. Cracked xylenes are characterized by two-tinmes higher

concent r amigtums. eThys,béhzenedudedn coha¢ntrafionebbr edylbord2nes inaa raw
representative ingredient of which is shown in the 25 table below Table:

| ngr edi enmatefialyseppliad doedadsurptionf amde depasation Bakebyitb @ossibdd Storei ght
%39 wei ght % Par a- xyl enel913 Met a- xyl ene4232 Ot ho-xyl ene2116 5 As shown in
t he abovelmprovsetes afdsorpfioandisspanasipthfinstionsefipacantylane agpdaivciregseof

et hyl benzene. Failure in renoving ethyl benzene by any nmeans _would result

i n antQind&R¢ reepcentyptioa: pbParRsHdeRe i bhpkate matemal supplieds thereby

repetition of separation and i,sonerization steps, .thys resulting in a
P 1mprov1ng the capacity of producing para-xy epne in the same facﬂ?ty 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
16  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



hi gher concentration of ethyl benzene. Under these circunstances, reforned
10 xyl enes lower in the concentration of ethylbenzene are now used as a
pref erabl e source as freshly supplied raw nateri als. However, in recent
years when a limted availability of petroleum has caught attention,
reevaluation is made for thermally cracked xyl enes as anot her xyl ene
source. In any case, it is necessary to reduce the concentration of

et hyl benzene, | ch several proc ¥e been pr d, and sone of
t hem have beeﬁﬁa%@%E% ﬁadone on an ind§§$§%§F§§€ale. ?ﬁégégégdgesses can
be roughly cl?%ﬁngﬁgeinto a process i Rgwhi ch et hyl beqgene is separated as
it is and another process in which ethylbenzene is converted into other
usef ul CO”DOUHﬂﬁaﬁghﬁﬂgh reactions. 204Bi stillation ig9a process for
separation of ethylbenzene. In this process, ultra-precision distillation
i s needed due {ptip-gRhe difference betypgen the boiling point of

et hyl benzene and that of xylene, thus requiring a great anount of
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cost higher and econom cal ly unfavorabl e. There is another 25 pr esent ed
process byunhtigh ofdsbyeneenanBall apaintreaibvih® ¢ehFlbeszen® hyyety méarmepar at e
et hyl benzene. This process is, however, not well satisfactory in the

separ at i owdulid aesalt. in3aft nedegiraliessitsation wherevithyglisinyehbeistcanenlated ude
those for converting ethyl benzene into useful ingredients. The

r epr esent affiev erepptitivassk separatsmoand hebmerizétipnasiepsc ébss fresultbig/ & ta ng

et hyl benzene into xylene (for exanple, 5 refer to Japanese Patent No.
1974- 4660bighdrecomepntiiationt ofetdyylpenpgens) Undey thepe sirsumstoncesnmeforniady

et hyl benzene i nto benzene and diethyl benzene_ through di sproportionate
reactl®n grlemesxlowsre in ridfee coneentyafioncele etharlbanzene are7gow1§s9d (& a32nd
-33rd line, 19th colum, page.10) and 10 (3) a process for converting

et hyl benzreferabls sumsenes drrebdy hampliadn rawgmatenials: Bomsivere b tiessnl( f or

exampl o, Lelel e dapaese Dol e o h )i 9 200250 (SRAGTEC S
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 roughly
classified into a process in which ethylbenzene is separated as it is and
another process in which ethylbenzene is converted into other useful
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.



O the above process, the process (1) for converting ethyl benzene into
Mylehe I ndi spensably needs platinum a quite expensive precious netal, to
15 be contained in a catalyst. Further, conversion of ethylbenzene into

xyl ene needs the presence of non-aromatic ingredients such as napht hene and
paraffin in view of reaction nechanism wth the concentrations of such

i ngredients in the obtained product ranging fromseveral to 10 + several
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convertin enzene I Nto benzene a énZene

di spropor i.ogzggée% C{I%asq%?ivﬂpbeﬁgﬁzene produced by the process is then
e 0 cyclo

hydr ogena exane, a greatly-demanded raw 25 material for nylon,

a synthetic fi@zéa ip%gﬁ%rd%ﬁ%j%ggﬁﬁﬁﬁb%@% fﬂﬂé’i X BABNGSM c@Qfhpist be

further conver nto a use yl benzene I"ess

favor apl erdfBy a9 JSHLRESE PakRitNo.Of9M- 28606 (the A GBI AIES Bn Palpe W) Bt ances,

the process (3) for converting ethylbenzene into benzene and et hane

through deal kylat izonpF&ags | gk ha@ny&eﬁgmem@me@@ntmw Reeshe Yoaids. Wen
et hyl benzene is effected deal kylation froma raw material of 5 xylene

i somer cogiethyibeazesdytthenzkndispRosartiteiate t feceione (for avgably) réfepciedi ng
i somerization of oktho-xylene and neta-xylene to para-xylene, it is

pr ef er abl dapansmkBatent NonVEISEb65Dloe8Rul b8dzd ineadoth gblvasn pomgd bk f or
the reduction of the cost of the separation of para-xylene. It is also
pref erabl entlo reduce the | oss of xylene as little as possible for reducing
the 10 original unit for the production of para-xylene and accordingly for
| overithg the @dsa robegnsr forxgonsreatimeodthstibenzerer imtot heszens andoethaney, an
attenpt of. using zeolite, the crystallite size of which is greater than 1
M cron (f 8irrougha lmﬁml%f%mexmmplwwfesGmsbp(a@ﬁﬁexﬁagfﬁm daidom 4

through 6 on page 10 and 1 n attempt of reducing the diffusion speed
of ortg ho Open No. 1982200319 grr?lbogiments from 2 to 4 on pagegs from 7 to 8). P

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 diethylbenzene is hardly
demanded and must be further converted into a useful éompound, making

diethylbenzene less favorable in an economic point of view.



15 xyl ene (for exanple, Japanese Patent No.1996-16074 (the enbodi nent on

.Rage‘5 t hrough page 7)) and an attenpt of using zeolite which has extrenely

high silica/alumna nole ratio of 500 or higher (for exanple, US. Patent

No. 4, 163, 028 (enbodi nents of 1 and 3 on page 14)) were done. However, in

these attenpts, the loss of xylene is still high in relation 20 to the

conversion to ethyl benzene. Further, an attenpt of decreasing the |oss of
si ng,the conversion to gthyl benzene ot abl e E%g keep
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xyl enes aggco%%)hg ifa iﬂsr'e?&?f{ﬁbﬁagrscat al yst, nore particularly, a process

for treating e enzene conta 5 xylenes to effect hydrogenation and

deal kyl atlon OWHLMIRAREERG %ty PifcO2AZEORIONAIGH AR &lraly MMy and

al so for reducing the“loss o ene occurfing on 1sonerization

ort hosyl gPRnaNthoRRid ciil-3hfd RERyMahIerY | 1BNBonvdt HolBenkondtd M thbfie above
purpose, the invention is conprised of the 5 follow ng: a conversion

cat al yst pRiceding ROAERMALIANGPHIhBSYIVIERRE mbREkiRink& o0 alkyleybeitzeol i te
and alumna in which the X-ray diffraction intensity ratio of the crystal

lattice plspefendlé B nialathe cohvdrsiIOot Shdlbens ABIEH 8s pbistbRafdro t he
crystal lattice plane spacing d-value of 0.386f0.008nm assigned to

MFI -t ype tleoldedectieni of aheangst fof othel (RpAratdord Oofl @Rrdxydénavellt 18Sakopr ocess
for converting ethyl benzene containing xylenes by making ethyl benzene
cont ai ni nprefgtablegotredoonthe tloss vhxyleaecad Lttlstas pBRIHE fRESGRIATEGMeOF THE
DRAWNGS Fig. 1 is an X-ray diffraction pattern of M-l -type zeolite
obt ailfed prigindlamdihtiod tineprodyctic pf gar®xylensnart aseEnmdonslyrfoantlowaringew of
MFl -type zeolite obtained in the enbodinent 1 (of 10,000 powers); Fig. 3
is an X-r e aestt elaperasayleaetriodustiony direms this paink of séewi ant afdempinfdi nent
1; . o . . C oy .
using zeolite, the crystallite size of which is greater than 1 micron (for
example, Japanese Patent No. 1987-56138 (embodiments from 4 through 6
on pagé 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 (embodiments of 1 and 3 on page 14)) were done.
However, in these attempts, the loss of xylene is still high in relation
20 to the conversion 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



Fig. 4 is an X-ray diffraction pattern of the catalyst A obtained in the
20 embodiment 1; Fig. 5is an X-ray diffraction pattern of the a-alum na
used in the conparative exanple 1; Fig. 6 is an X-ray diffraction pattern
of the catalyst B obtained in the conparative exanple 1; 25 Fig. 7 is an
X-ray diffraction pattern of the catalyst C obtained in the conparative
exanple 2; Fig. 8 is an X-ray diffraction pattern of the catalyst D
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DESCRIT ﬁﬁo‘éﬁngHEa PBEEEﬁg?EB %@BH\’E%E ?il&lggﬁﬁﬂea'%y%gizﬁgﬁﬁgﬁﬂe@ the

i nvention include refor xyl ene * whi c or med napht ha

obt ai ned {AMQ4EH JTEMIT-BPO t&JlitBeANd alantifaCRNGAREL WhihXaragahatstioand

subj ecting the naphtha t0o aromatic extraction and/or fraction; or cracked

Xyl ene whirtBnkisy @atial sTaheitysiddilgttidnplatleasieRthg @aslb B .0. POdR0.00RMct  of

t hermal deconposition of naphtha to aromatic extraction and/or fraction.
Bot h of thssigeddr tedabuhieae tandher agetdl XpkEoe pRme %pukine d-vah®y off xt ures

whi ch contain ethyl benzene. 20 Since these ethyl benzene contai ni ng xyl ene
i somer i §1386¢6.008nhai assigredaix WIEhdypt Adolite dadanhrengen fivhosHXD tohe
equi libriumconcentration, the mxtures are firstly transferred to a
separkll i oh0@Bepmovedaan axytoenss far converting ethylbenzene containing xylenes
by making ethylbenzene containing xylenes to contact with the catalyst.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an X-ray diffraction pattern of MFI-type zeolite obtained in
the embodiment 1;
15 Fig. 2 is an FE-SEM observation view of MFI-type zeolite obtained in
the embodiment 1 (of 10,000 powers);
Fig. 3 is an X-ray diffraction pattern of hydrous alumina used in the
embodiment 1;
Fig. 4 is an X-ray diffraction pattern of the catalyst A obtained in the
20 embodiment 1;
Fig. 5 is an X-ray diffraction pattern of the a-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;
25 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



separ.ate para-xylene. Raffinate ingredients with | ower concentration of
‘p‘ara-‘xyl ene are then transferred to an isonerization step to perform 25
conversion of ethyl benzene and i sonerization reaction to para-xylene at the
sanme time to renove the ingredients with higher boiling point than xyl ene
and those with lower boiling point than xylene by fractioning. Thereafter,
7 with the newy supplied raw material, the raffinate ingredients are
again transferred to the separation step of para-xylene to separate

par a- xyl eﬁ@i’oa}fﬂeﬁlﬁé’fi nate with | ow concentration 01}/ par a- xyl eﬁe i s
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supplied liqu ene separation step-and al so

effecti?/gk%(ol&@%rtmd]%b?%régﬁggai%t g:n this case, there are two processes

avail a or attarnin purpose, nanmely a process in which xylene

i somer m xt ur ep;CaRt /i fh - bbsBETMERE R EnlicRifiBd Byl L0000 dGhed)i th 2

catal yst outside a loop during which raffinate ingrediéents after

separ at i Opf MFIPRAR-266lieHEb@iifled 26 YRb @ehHolimehp®; i SOMEri zation; and anot her
process in which'raffinate ingredients after 15 the separation of

par a- xyl ene i sFiH. 14k layr Xtapl diffiadtiordpaitetief tiatatilysiChichityisleddnedent in a
| oop during which the raffinate ingredients are recycled for the

i somer i zatoapardiiey essmpboBhapd ef erably used. Zeolite to be used in the
invention is MFl-type zeolite. MFl-type zeolite is characterized by having
the X@ay dif fFrctliBan amaX treyrdiffhaction patthen of the edladydtell mbtaified iX-thay
diffraction pattern is determned by a process in which irradiation of
copper K- embodyment Bécor ded by the use of a recorder- equi pped Gei ger
counter spectroscope to obtain diffraction patterns. Table: X-ray

di f f ract i EHRIRTHON OFHTHE BREAdLRRED EMBOLIMBNIN® spaci ng Rel ati ve
ntensity 25 dﬁgvrp m(altlell*igis 1:01 'b%azgégdz ix? the invention include reformed xylene
which is reformed by allowing naphtha obtained through petroleum refinery

15 o 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 containing 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,



1.010.2 S 8 0.980.02 0.6370.01 0.6000.01 0.5710.01 MWw W5 0.5580.01 W
10 0.4370.008 0.4270.008 0.3860.008 0.3820.008 0.3750.008 0.3720.008

d, 3660. 005 0.3000.005 0.2000,005 W W VSVS SSMMw15 In the table,
the relative intensity (1001/10) is expressed as follows: VS= very strong,
S=strong, M= noderately strong and W weak.

with the newly supplied raw material, the raffinate ingredients are again

transferred to the separation step of para-xylene to separate para-xylene

and raffinate with low concentration of para-xylene is recycled. Further, in

recent years, an attempt has been made in which xylene isomer mixtures

5 containing fresh ethylbenzene are made to contact with a 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-xyleme in the supplied liqmd to be

supplied to the para-xylene separation step and also effectiveiy 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/1o)
1.12%0.02 S
1.01£0.2 S
8



MFl -type zeolite can be obtained by the ZSM5 synthetic process as shown

i n Japanese Patent No. 1971-10064 in which tetrapropyl anmoni um hydroxi de
i's added to aqueous reaction mxtures to synthesize the zeolite, 20 the TSZ
synt hetic process as shown in Japanese Patent No. 3-45010 in which the
zeolite is synthesized from aqueous reaction m xtures practically nade up
of inorganic reaction materials, or the pentasil-type zeolite synthetic
process as disclosed in Japanese Patent No. 60-35284 in which aliphatic
carboxyl i ¢ aciti@8#0.0Bheir derivatiMes are added to aqueous reaction 25

m xtures to synthesize. O these MEl-type zeolites, M-l-type zeolite which
can be prefera(bﬁ@#:%@él inthe inveftion is zeolite having the crystalline
maj or axis ang) .‘Ff'% Xis in ara fromO0.7 to 2.5 mcron and 9
silicalalumn (% Blnafter abbreW ated as "Si 02/ A1203 ") mole ratio from
30 to 55. More ﬁ:ﬁgﬁiable MFl -typg, zeolite is that having the crystalline
maj or axis arth® axis in arahge from1l to 2.5 mcron and Si02/A1203
nole .ratio fr&g&éﬂ%&bﬁ 45. Catal ys prepared from MFl -type zeolite, whose
5 cryé[allite ) er than 1 miCron or nore particularly smaller than
0.5 mcron, W t in a greafer |oss of xylene, on conversion of

et hyl benzene %C%%]?ia(?ﬁﬁ%g xyl enes, %i nly due to transal kyl ati on occurred in
met hyl group (9%2§%@60ghai ns of Xy{zenes or in ethyl group of side chains of
et hyl benzene. “"Such transal kyl ation may result in increasing of an area of
extra-crystal ld 88gd§08ygr f ace due tgga snaller size of the crystallite of
MFI -type zeolite and occur at sol ig acid points on the extra-crystalline
surface. The qxgsargopgtal line suykace is considered to be different from
the interior of fine pores of MFI- type zeolite but a free space, thus

easi Iy causi nq). 87ap3.8bRy! ati on, whigch is a binol ecular reaction.
Crystallite greater than 2.5 mcron will reduce the 15 reaction activity,
whi ch may be dug72e0.808i fficult arBival of reaction nolecules at deeper
areas of the crystallite according to a greater size of the crystallite of
MFl -type zeol i0.866+0085resulting iNMa | ower utilization of fine pore
space. In contrast, decreased Si 02/A1203 nole ratio of MFI-type zeolite to
35 or further 0.808680.005 ower will Micrease the |oss of xylenes, which my
be 20 due to increased solid acid {)K(f)i nts on the out-surface of crystalline

which will 0.200x0,005
15 In the table, the relative intensity (100L/Iy) 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 in
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 Japanese 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 zeolites, MFI-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



t hen .augnent the transal kyl ation activity of methyl group. I|ncreased

'Si 021A1203 nole ratio of MFI-type zeolite to 45 or further to 56 or nore
wi |l decrease the deal kylation activity of ethyl benzene or the

I somerization activity of xylene. The decrease may be due to decrease in
the solid acid 25 points of zeolite according to increased Si 2/ A1203 nol e
ratio of MFI-type zeolite to 45 or further 55 or greater. To be surprised,

h i ¢ T y . 1 . .
and m nor “HicrRRRRE (Bo By LR € At B HOR A SRR B0, G
18 to 30, .i&xh d Ihlaé 'l is ' ' . i

bari 3m i nt(% %g ;&gog?&frgfé;rgg% ]f\/fs [ éenzre%%%i%gg gf hgup?r{é%és?%ﬁeo .r&%dlurﬁ o
transal kylad Qﬂd%ﬁ%r iShal era%]‘gﬁn% h @ QWPnRErghy Aﬁaesdi f@z@'a%ofé"a' ns

d
of ethyl group of ethylbenzene. is finding is estinmate ue to a greater

ion radi usa@h BLEPTHY UH 25. WtaWBts NeFephad RbnAFESyPE olitealwheys al |
of which are an al kaline-earth nmetal’, thereby selectively reducing solid

aci d ppi NESypANtES sethABe ENgh Al khiBfors bk 6k 'gameﬁmboéﬂam@ thaer 8 10
Japanese Patent No.1971-10064 described the ZSM5 synthetic process using

t et r apr opyiaFam) R dandly IXh Geeatt 1059 8NkFleteTHA BHveRdeH of Bilagbohtdmgen
conpound, nore particularly, described in lines from 8th to 11th on the
colum 5 téwiaihirpexglefipsundinigsius o tserpilodhtignfeoarkedt i hethyhpasgd of
smal |l crystals (about 1 mcron) and sone gel particles". It 15 was al so
descri bedof sBidehehamizoafi xElehe? crhiat etiyd FSMpSothandench8n82/fAdtdeBbenmehe. ratio
of 31.1 was conposed of very fine crystals (about 1 mcron), in

associ at i Smchitransdkplagein payt resulsin hcleating of anrargia0s/exte8rysteBineat i o in
t he presence of organic conpound containing nitrogen will result in an

i ncr elb ed surfase sluediosa smallen sizpohtho existgllite of rME?‘é}’P@ Aeolieomrd opeause of
t he presence of. bul ky organi c conpound containing nitrogen at a cation
exchange 8fts®lidaacidnpoings omy the extrasexystaliine swdaee nbbhe pxbtaBrggating, t n

the average ¢crystallite sjze_ of | ess than m cron, r exanpl e, 5
mcron i ns%épe daseusidered fhbea ,erﬁﬁzgto%é o TS ob Baechaes R MIEN 5
zeoltie h%engeél_?t% But 4 e é:pr cse} gklullsl, ;[aaes' 3'? (Zzgugiilgrpr&nsa]kylation, which is a

bimolecular reaction. Crystallite greater than 2.5 micron will reduce the

15 reaction activity, which may be due to 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 SiO2/Al03 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
S5102/A1203 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/Al203 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

10



25 tq 2 micron was obtained in the condition where Si 2/ A12G3 nole ratio
‘was 180 or higher. This was because a high Si 02/ A1205 nole ratio resulted
i'n a fewer cation exchange sites. Therefore, a fewer nunber of organic
matter 11 containing cations present in a cation exchange site was
considered to result in less distortion during the crystal growth and a
greater size of the crystal. The process for synthesizing MFlI-type zeolite

g eat ef ne crystal | ® o, ! |
o or 2t SSEITRE AR g anE B 80 ORI BREOD0 ey HRIS ot e
ratio frogﬁ%ﬁgfaa{lﬁm?(éa%&tebr%tfoa%ﬁ%%% it ggs g&ﬂ%@{i%ﬁ?gﬁ@%ﬁtﬁo a3 gani ¢

conpound nrng nitrogen. I's consi der e he a nce organi c

conpound d%@@ﬂi & st ng;ﬁﬁﬂﬂe& igarﬁﬂﬁ. fiPYhe e%e%iité? r¥%shik o %@m%gﬁamke the

crystal ron s er and retain t arger crystal size for sonme

time in sg,#%eggioﬁ ?ﬂ;ﬁlglgtgéejrkl%}&i&% SH20hATRL S rabiy] Soudt 6 kjleBerze of

zeolite ca e easl ned by a field em ssion scanning-type

el ect rpn  Biqer B3RP éfify] 2Edp BN ELIBHIBSASene] MRhidAhdlyPes eteRhtdEdA tb e

present invention may have the crystalline magjor axis and mnor axis in a

range frogrdhtér tion2radilsCHORtroltBumave! feumc tighathdtt of ShagnéSiubbd or
described to the effect that the sanple (zeolite) has the crystalline mgjor
axi s and plAimaxdld ¢farghil hfonaR. Jlkabind-darth ciataht th&¥ber sgleetively,
preferably at 70% or greater. The silica/alumna nole ratio can be easily
det er m nededucingrdobids agidopainte ors thé extratysiellales suyfhconnsgrémt ob deter y
nmet hod, fluorescent X-ray diffiraction and I CP (inductively coupl ed pl asna)
20 emi ssi parespect rochem cal analysis. In addition, any zeolite synthesized
either in the presence or absence of ortgani ¢ conpound contai ning nitrogen
[

can bE) used i nJapangseodatent oNo. B3k hee64i AescrihedprideerZBMyS uspathedts i t e
for the present invention, which has, major_axjs and m nor, axi s rangi ng

f r om 0. 03Presegs 7 uming dietzangopglasnmoninm BHAFaxiAs) e 2RatOr §ARICoFOIPIHT30;

however the zeolite, synthesized in the absence of , organi.c. conpound

cont ai ni n§ORiAERBIFRitrazen cpmpopmd, Jugre Paykenlarly, s385c Aoist ey frem

presence %%h ?:cr) %r% Conci(:)h 8&?1%11% %n%]iaeiltn‘jtﬁg cg;:{;{o%%%nwg 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/A1203

mole ratio of 31.1 was composed of very fine crystals (about 1 micron), in
association with some gel particles.

A decrease in SiO2/Al20Os 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 exchange 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, EP26,963Al

described that the ZSM-5 zeoltie having the average crystallite size from 1

25 to 2 micron was obtained in the condition where S102/Al203 mole ratio was

180 or higher. This was because a high SiO2/Al2O3 mole ratio resulted in a

fewer cation exchange sites. Therefore, a fewer number of organic matter-

11



contains organic nitrogen cation. Such zeolite is usually calcinated in the
‘presence of oxygen to renpbve organic nitrogen cation, during which the
2eolite may be often affected by crystal lattice defect. The crystal

| attice defect may easily cause deconposition in association with the
reaction of 5 aromatic conpounds with a conversion catal yst. Synthesized
zeolite is usually available in a powder form It is inportant to nold

(oo SR e PR Rt ST,
R e e S e e

et hane, e mins e present1rnven

hydr ogenat ed i ' | ;. ' | ng ;Ri

particular, r hrr;%lé g?r{)‘?es% ?%%@@%E%%g%lgw %%/déiri ggmé%ggilgn%;gg g?ji}e?)%blo%

phenyl 9{:9@19? 3Aei38n PEa R YL R M UBRLr Bt NBe IMYRRLA88 andomihbie aRily POse
of effectively attaining the hydrogenation and deal kyl ati on reaction of 15

et hyl benzene, i0M 2o L5 281G 0ANhd BEidaSAMR NG 3o rafie Frb@N30fto B3 bon b ene
and neta-xylene into para-xylene on a catalyst, it is inmportant to provide

a unifor |\wbira BB Tafiell oiE! irf Vide zdebhdée ofr yeglis compatialysbénipaniniec! es,
and also inportant to provide a uniform support of hydrogenated

i ngr edi enh$trogen.CRtial goisideaed ithiae the Fbseace of pkgsiticngnifeirpli cposdningeol i t e
powder is mxed 20 with an inorganic oxi de powder and then diluted. A

di | ut ed i norggem dnotheleoufsayof abystaligrdwiin dare npales dhe dryweit disfontmn
alumna. Alumna is available as boehnmte, boehmte gel, gypsite, bialite,
nor st r andsmeledi sasbrataimbbe larger phystel alzerfongomel timanin spipeof ofsnadlled na may
be used in the invention. A particularly preferable diluted alumna is
boehm@e R0 AQhmolaratiee 25 pl ane spacing that can be deternined by
X-ray diffraction as_shown in the taple below It is al so@(ﬁgssi ble to add

ot her i nor gani ET¥steliéle sise oheepldenan e ea_ﬁéﬂ%r‘i’é’f%rrng%ée@éér BIREte:
X ray Ot on Pal LR o ok e AR 2L Sl e PR 2L ve
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 silica/alumina mole ratio 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



0.627=b0. 02M 50. 3170. 02M 0. 234+-0. 02M 0. 1850. 0IM It is well known that
alumna is converted into y-, xj-, 8- or a-type alum na depending on

¢al ci nations course. Boehnmite, the diluted alum na 10 favorably used in
the present invention, undergoes structural changes in the course of
preparing the catalyst related to the invention, thus resulting in changes
in the lattice plane spacing. Alumna in the formof catalyst favorable in

he i iQn.i hat. hayi he. | ' | . ' - )
0. 196+ 0. USRS OFHCHaPRHHRR, ot ol ABORRS L RREALY feipRielsif me
0. 196+ _ _ fode Praction e
;22?Sﬁééyl?%é%eé?%lﬁ?n%%%%?ﬁ%af%éﬁ*’?cé’* i aBERERR, fatfE Faxle, MRS C oo
[ : - ' | : f ; 100: 35
houtd ertdith kB ARRERecl bR SR Uttior TAET, (MAreRal kR U o

be det er ”E'lél%gt% %g% fekdy vgd:us% Wb f¥lst3dn id ggd@giyaﬂ%dmﬁt@ tREWSELiBA S

i rradiation per K- O ray I1s recorde he use of a recorder-

equi pped & ic GORo r RSoh@a0katn diffraction patterns.
Thus-(%t afﬁﬁl\d&‘égflaf%ffla??figﬁﬂ%%rgt%?gs are usgg to obtain the greatest

i ntensity peaksyihadized ©B6lifedlis | €fialBl A @iRDAC| Y L podee Brm. It is

0. 386J=0.008nm and the lattice plane spacing d- value of 0.1960.002nm
from whi cimpbeabagkanelindedlstedpdoct edbitangially ldige2fzé itrensingyitr & iad The
catal yst used in the invention is characterized by this intensity ratio.
Use of thimdaitaiky séatahese Bydwwgehateehdnbyediahto masiése fsupporttdOon7 at o 100:
35 is able to reduce the | oss of xylene. 14 MFI-type zeolite and diluted
al unmi na uesdlyst sawthwt ethydbenzdne lvan bat hygsigemadedraickrdasdlylated @bl e in
a powder form and nust be nolded when used as an industrial catalyst.

Mol di¥Yy netainlisbémzanedethemep vduch 6% themhaiimsubieot of the potsgnbgnventiensi on
nol di ng, and extrusion molding is 5 preferable. In the extrusion nolding,
i nor gani c Thenhedeogenateddngradients innlude aheming, geletingant apd tickeld Itaol i na

and surface active agents, such as . .
particular, rhenium is lower in the nuclear hydrogenation reaction of phenyl

(3}

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 zeolite crystals in catalyst particles, and
also important to provide a uniform support of hydrogenated ingredients in
catalyst particles. For accomplishing the purpose, zeolite powder i1s 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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sodi um dodecyl benzenesul fonate, sorbitan lauric acid nonoester, sorbitan
‘pal mc acid nonoester, sorbitan stearic acid nonoester, sorbitan stearic
acid 10 triester, sorbitan oleic acid nonoester, soribitan oleic acid
trinmester and their ethylene oxide additives (for exanple, Span or Twin
made by I1Cl Inc.) are added, whenever necessary, as nolding agents to
MFl -type zeolite powder and al um na powder for attaining a uniform

di spersi on of zeolit owder and then kneaded.together. Mre

pref erabl e bi n’hg?% Y 01 B Snﬁﬁﬁé\%ﬁﬁiaﬂ‘émﬂ]%?. Preferable rates in

nol ding the ¢ | yst ;.are 15 to 80 i.ght. parts for MFl-type zeolite, 20 to
85 wei ght par ta];‘%f%ie RIAPRERACIREU N nﬁéﬁgﬁa lﬁg‘ﬁ?i 0 wei ght parts for inorganic
bi nders in ter(gz%1 f the absolute qulﬁl standard (cal cul ated on the basis of

|l oss on igniti n 20-m nute calc ion at 5001). The nore preferable

rates are 20 t L,ght parts fofs MFI-type 20 zeolite, 40 to 80 wei ght
parts for dil u@gggﬁm na and O toIV{iO wei ght parts for inorganic binder.

Wher e §I um na (it)glq:rgoi organi ¢ bi ndgf such as alumina sal or alumna gel,
MFl -type zeolite’is att 15 to 80 weight parts, nore preferably, at 20 to 80
wei ght parts. YBanpegglunm na ingredpents are diluted alumna and an

i norgani ¢ bi nder such as alumina sol or alumina gel, the 25 zeolite is at
20 to 85 wei gh@.lgg;bg;m or nore prejgrably, at 60 to 80 weight parts on the
basi s of conbi ned alum na ingredients. A kneaded ingredient is extruded

froma screen. 1{Oy @Rl REGFh {12t ahahtha a9 coxvertsd dntaehhnedcat leethpkb an
extruder is used. The kneaded substance extruded fromthe screen is nol ded

into a cyhiwdihsdepbading énroaldedtianti whesé.sBdelunded therdilitedsahenina t he

di aneter of the screen to be used. The diameter is preferably at 0.2 to 2.0
mm t 10 anfaverablspusdkimtie/prdsefit Tavemtion, undsrgpeostirdetvgat ghanges tathe
catalyst 5 particles with the dianeter of 0.2 to 2.0 mm_1It is preferable
that the coytsenoff prglarmghthacatalpstt reldtefl te shetingentisnethuhseswtng ¥ eat ed
with a machine called as "Marunerizer" for renoving_ed Thus- nol ded

3 es.

article i shangeylinntles latliteplane spacing #MprHngi dhdber %%Fﬁ%l of catdy$onm in

l ength and dried at tenperatures from50C tg 250C.. After drying, it_is

subj ect ed favorablein thainvession ist thed haying ébe flamﬁezﬁ@eets@aemch, “Vgiue of
referably, from 350C _to 600C_for inproving the_nolding strength. It is

Br ef er abl é.l&ﬁ%@@zqrﬁe In particular, a catalyst w ose%('ray él?gactmn ]%%GIISILY

15 ratio of the lattice plane spacing d-value of 0.196+0.002nm assigned to
alumina to the lattice plane spacing d-value of 0.386+0.008nm assigned to
MFI-type zeolite in the catalyst ranges from 100: 7 to 100: 35 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
spectroscope to obtain diffraction patterns. Thus-obtained diffraction
patterns are used to obtain the greatest intensity peak found in the lattice
plane spacing d-value of 0.386+0.008nm and the lattice plane spacing d-
value of 0.196+0.002nm from which the background is deducted to give the

25 intensity ratio. The catalyst used in the invention is characterized by this
intensity ratio. Use of the catalyst whose X'ray intensity ratio ranges from

100: 7 to 100: 35 is able to reduce the loss of xylene.
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di aneter of catalyst particles smaller than 2.0 nmand nore preferable to
‘make jt snaller than 1.7mm because individual isoners of ethyl benzenes
and xyl enes are not delayed in diffusing to reaction activity points
present 15 inside the catal yst particles under reaction conditions or the
reaction is not suppressed either. In particular, orthxylene and

net a- xyl ene are not delayed in having isonerization reaction to

Cataryar “par OEIEHR, RATARC R Mgl BurNi R AP TSI BB
I . : . . \
voreol Lo AERUEE SRR AT IR RSO bR

solid ackfllVysedgs Tl {dl.fe?ﬂ%tltigf chiPEL ![l\ﬁgltdzlgé inget%%hggﬁbﬂdd@céo Rsft hod to

perform e 1 on exchan reat nent” w conpounds contal Nl ng amoni um

ion (f Orgﬁg%{gﬁg, g;rc%ljgb‘g%ol&#ﬁ‘é'\'c@xtr{lﬂdﬁ) 2 MIn @Ndnfinki O Nallldinp 'ibs';to an

25 ion ex f Zeolite and then convért iInto hydrogen ioR
drying apgefbhspeal cination, and a method to introduce hydrogen ion into an
ion exchange site of zeolite with the conmpounds containing acid (for

exanpl e, 16 HGh tHNO:BtrasibnHaMing, BasgHaR biwddrat tedch nRY aliamige ddie

structure of zeolite, the forner, that is to say, the conpounds contai ning
anmoni um hlwmia Rl deabdniteiseil Kalinheaerdswefebhaagdvé ragintentuchlifes | atter
may damage the structure of 5 zeohte. It is also preferable that

al kal i ne- sadin rdeidekylibenzesdsmlfotiabe sarbatdn bh eribexid anohyeiteyesorboan n t he
I nvention. Alkaline-earth netals include nagnesium calcium strontium and
bari um Paalmiuteidngopsaster, abtletamstearat a¢idnmontesier,isonbiad stearicacisecause
they can reduce the |loss of xylene. MFl-type zeolite having the

cryst¥l | i beestejrosorhitan aleicnacidrmanpesten, seribitag elegmacidirimesier ander on
and the silicatalumna nole ratio, from18 to_ 30 is particul arllg( f)re)ferabl e
because stheimthileaermde pdditaves dor exampleyrSnan gr Ixdodaade by Hsking.

xyl ene. The al kaljne-earth netal ion exchange is treat ith the,
conpounds a&dradded, nWhanREEs NECceIBAL, Mt IO 8—3}% agepts tex M Brec reshiteye,
nitrate and acetate), and intré)dutﬁes al.kaline-earth . metal. 15 . 0ons iﬂ%o an
on exchaRgE der padilupygena dex 1o8 AHFAIDERS RS LBRTERRILGE zoolite

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 O to 30 weight parts for inorganic binders in terms of the 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 pafts 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 weight
parts on the basis of combined alumina ingredients. A kneaded ingredient is

extruded from a screen. On an industrial scale, an extrusion machine called

15



may he done at the sane tine with, before or after ammoni umion exchange.
+Further, preferably al kaline-earth netal can be introduced after adding the
¢onpounds cont ai ning al kaline-earth metal at the tinme of nolding by
kneadi ng MFl -type zeolite powder with diluted al um na powder and bi nders.
20 The content of alkaline-earth metals in relation to the catalyst (a
total of MI-type zeolite and inorganic oxide) is preferably at 0.05 to 5

vl O % SN TOES. B SLEL°RY Bleich L0y 2 Ue) iedlid Mt haReplcst ver
Pref er abl og(ge”%fé}to rﬁﬂi@%&ﬁ il Aslﬁlglcfedt QP18 SQr%idg/& £ h{eeéizé %é} #han be

i ntroduced I"on - exchange, I npregnati on or kneadi hg, but

the met Nogs Olick N3 8 FXGI04E AL PIR Sidlbfer & biEENIN £XEhaR0E oTRY e

17 treate g sane tine Wth a Ine-earth ne i on” exchange or

anmoni um LRGE%HIANGF phlfe PRy 0588110 SRR ding AS1IAdEIRAD oM Ay st

contai ning silver ‘ion, ver'nitrate 1s preferably used. The hydrogenated

actives i g 180t withafhd QlisHiRes b8 af ter2.6Uah. B & ger@able Midt ogen is
al I oned t e present 1 n the catal yst reaction system to support the

hydr ogenataeh @&Gta1v subdtaheslieitisded HRimk btheMBireBl tHoulaské hreatetlowitipmove t he
hydr ogenat’i on and deal kyl aton reaction activity of ethyl beneze into

benzene agthchiRaBL1ES aveMarasndrdzed0fidy fdmovinignglges. Thas-meldatl yatickns
prevent the deterioration with time of the property of the 10 catalyst. As

t he hydr ogepiinddr deivivge OrEet@R,0 mhenhdinnmpitet andrd. Arkd 10nwkein leageh pmef er abl y
used. Rheniumis particularly preferred. Rheniumcan exist in such forns
as netal , deieddst, températares drove| HFiCute 25670uAdteandrryihg, it Isesubjpetedhke

rheni umingredients, perrhenic acid, perrhenic acid ampnium and ot hers
can bE) pacalcindtion gt pemperatades feom $S03CH0i 6RATC, wymyaferably, figm 350°C
chloroplatinic acid and chloroplatinic acid apnmpnium and others are

parti cul abd PORPEffer improving themelding stiemethy Hr sypreferablg do; ndt%edi ent s
to be supported is preferable fromO0,005 to 1.5 weight %in rglajjon to the
catal yst drmatercefseatalyshmagticlesnsealies thpas-Q map ag‘gc%'é’g‘? PEP rgﬁﬁl {]oer

?ﬁgﬂ} :c ;[ Zi Qg];,q]geh(iat led of %ﬂgtnelc.j.'?%(fﬁli, \()%cajquer emdciigln&lfalvgscl)llnezr:se % letthyirﬂ)eanrz]enes
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, NH:Cl, NH4NOs, (NH»2S04) and introduce NH, 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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20 conversion activity of ethylbenzene while an excessively larger quantity
«of themw |l pronote hydrogenation deconposition of alkyl aromatic
hydrocarbons, both are not preferable. After the hydrogenated active
ingredients are supported, drying and the calcination are conducted.
Ammoni um i ons present at an ion exchange 25 point of Ml -type zeolite are
converted into hydrogen ions, thus inparting acidity to the catalyst.

an oxygenEiIn bV ABB TG hor 6. 16 The catalyst of Che invention is
nor et ont s ar Be@REOR R g Bbiee e BB AR he Frmer o1
4500C 1 Bl oo dnrPaipouPldl Siiatin ah B ETRAL B BESLIATRHC 1D
Pyc ocar be Heriolt SERERRTERACHICRR, P HSierBbY Mol et nuPhamit ¢

descr igjed%ﬁ]ﬁe}cet heygi fveNg ?@?{l]&af)lé HRke J1R81iXY 8RS HerlatdndVshhuldde

cat al yst catalyst o e 1nvention) under the presence of hydrogen.

The condi LignshRt hdfdbderydrBBeRlichNis @RNIBRItionh.  CANKHIRTE-é&RReRRitales from
300t to 4801, preferably from350t to 480'C, reaction pressure fromaO0.2

to S5MPa, jpuIalehednesinaMActuhOsibRbunidhEdhananntP ortivndsds prbfepablext ur es
(xyl enes containing ethyl benzene) from0.2 to 20nol/nol, preferably from1l

to 10nD13s®lcaddidm)estpbhtiapacad dhenirh ybdoanse Gh2yt caBeduce fheelmsadl y from
2 15 to20hr-i. Any C8 aromatic hydrocarbon m xtures may be used in the

i nvent i ongyleas. f MFlagpehmplite Haiing ehbydrpstalbne mBoefaxislang minouass ar e
raw materials for producing p-xylene such as C8 aromatic hydrocarbon

m xt ult®s ohhgingehtomby.0Bdb & Hinmigrom phdrhesmlica/abingings srple matiefrom ks ©n

and/or fraction, C8 20 aromatic hydrocarbon m xtures obtained by reformng
napht ha b&0 imparﬁa@l@rbbmmgfepablee¥>§%useostr@ﬁtM%tauh@ hampwehagse M8 Yaraffin
to contain naphthene and paraffin having the carQon nupber of around 9,
and C8 agueRtly cedyes ﬂ@fal%rpfnﬂklﬁaﬁe?h@tﬁ%éﬂh@%reﬁﬁ? matabien sEehapEa Y/ or

fraction ) . .
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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of cracked gasoline which is produced as a by-product of thermal 25
~deconposi tion of naphtha. [Enmbodinments] As follows, the present invention
will be illustrated in nore details 19 referring to the enbodi ments. The
invention is not limted to the follow ng enbodinents. Enbodi nent
1(synthesis of MIl-type zeolite and preparation of catalyst A) 5 Caustic
soda aqueous sol ution (NaOH content of 48.6 weight % H20 content of 51.4

ight % M ka,P Chem cal .Go. . ; ' i
ﬁ’e_c;ﬁci o"gﬁr,ea‘ﬁi@ﬁ_“’% Jpe1 Bome, R o iR kel cctal B extBAAE ! @

I ssol ved. Soda. al um | ) [ 0
of 25,4 warRpRyn A" 8 chaBs ok Ml Y U0l EpbrRleldS. As I GpA I B H, |
added to 2 SOl U : Is ' | ution.
i1 cate COURBERANES o8 Al b B AepB UBL D 1 0" D et ot %
Al203  content GjpD héoﬁ_}-%%érr&%d %etFROirtABHRM: s Aandbd 2ot Ytehi ifcdal

VN-3, Japan Silica atron, now called Tosoh Sili'ca Corporation) of

95.2 & Wafrea%ﬁié%?. I%?ag%%ﬂd % 41w tSBh proshtvhithe thtalysDgedRidH SRAER a

uniformslurry o eous reaction fmxture. The reaction m xture had the

i ngr edi engg rsﬁb?@rt {H@hgdfcﬁtghale@acﬁeé |iﬁ%f£edi&h@,2 1R 2Dy3mekin it HGESIBID. 26 A/
A1203 4.0 Wartrate) 0 H?Q Si 02 22 The reaction m xture was placed in a
1000 nl - capaginpyordlt fhd algd@@nasionl edhd Wikalkyl@snt hemctipde dativigacof for 72

hours at 160'C, with stirring at 800 rpm After conpletion of the
reacti on, ethylbepeapartedbenzdne endasthamepastvesll yasvizs beuitrad tchkifigsonl thed wat er
and filtered 5 tines, and then dried 25 overnight at about 120'C The
resul tant catdlystnand preveddt tharideseribsation Xvithytiwief pf rihet properéy ofethdl pped
with Cu tube and Kcrray radiator, the result of which_was shown
10  catalyst. As the hydrogenated active metal, rhenium, platinum and nickel
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 chloroplatinie acid and chloroplatinic acid ammonijum and others are
particularly preferred. The quantity of the hydrogenated 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 ethylbenzene 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 300C to 650C in an oxygen-containing atmosphere.
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20 in Fig. 1. It was found that the obtained zeolite was MFI-type zeolite.
+The zeolite was subjected to FE- SEM observation, the result of which was
shown in Fig. 2. The average size of the crystallite was of the major axis
of 1.8 mcron and the mnor axis of 1.3 mcron. 5 As the result of the
analysis by a fluorescent X-ray diffraction, Si O21A1203 nole ratio of this
zeolite was 43. 10 g of MFI-type zeolite synthesized as above nentioned on

oni Cron at ¢ he eRHAYGE SFHE oaPhERAte e Bl BRRRed By MEndAR0R el 25000"
pat 107 - Sy ErdpERTed QoAU prities g ConPRREIL (Rudl schibrafimonet

alum na gl o200 0ROTEA 18hpl0aEkohh A ST CrepeRkobdus pies Co.

Ltd.) (6 g as Al well m xed. Thereaftéer, the'resultant was

bl aced i Ny gyt Gobm 90020 40 Al £%yblin IHShEDIathisspher! eftic vas

reduced to t a clay. 15 Thus-prepared knheaded substance was extruded

through aisChaRRthEY | AfurhtRHTID A0 &5 supsretytihisdddcdtBposibioady andstldy i ed

overnight at 120 and calcined at 540t for 2 hours after raising the

t enper atuhgtig{t?qgﬁnkyl dvonRtidhflrdcarbdfsl. The cal cined nold body of 20 ¢
was placed in the aqueous solution in which ammonium chloride (Sigm

Al drich Corporghbofptidd Porleshvi@tiagdxylahes imelaling edeyldehyeltatesdriladt Co. ,
Ltd.) of 1.3 g were dissolved in 60 g of distilled water, and treated at
80t for 1ihmothe, imvdrdtimcdastoomadkettiher kplpnes Afdndacts webh t theateabalyst t(tle
aqueous solution was renoved and the resultant substance was repeatedly
washed wi chtayst of thedimventonindder the peesehceiofdydrogie Thissoadiidonmat
saturated with perrhenic acid aqueous solution (Rare 25 Metal Prodyction
Co., 10d. pheftise nf thimcantadtgisReeastingn teagparatuges rfsom %Q%e?caﬁﬁp and

|l eft stand for 2 hours. _Stirring \m conducted every 30 mnutes hen, the
subst ance prefsmelly Eromnd508: stirdBliks Feabivld PResswe Bomed)-évEr rAMEE: at

25000 T omreiemabkeIPR 4 4 ipiRtben FA P FaEmR I SEHEF bR Rt ER (BYeBFRed at
240" C Tor cgn{]aoiggﬁg ier]chgr %nazieilé) %ol];lOlOl.é) V%so’ 2 Qc(?ol g:}oil ?:(tafeireslbly from 1 to
10mo1/mol and weight space velocity from 0.2 to 30hr™, preferably from 2
15 to20 hr™,

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 subsequenf 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/for 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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abbreviated to "catal yst A'. Calciumcontent and sodiumcontent in the 5
catal yst were determ ned by an atom c absorpti on spectroscopy, as a result,
the content was 0.17 weight % as Ca and 0.3 weight % as Na. The quantity

of rhenium supported in the catalyst was determ ned by an | CP em ssion
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-ray diffraction

i nt ensi t weferetrigtothe kelbodistents.| Bhe inventiomds awidimifed-toathecfoblowangoenm
(28=46.18) to the crystal lattice plane spacing d-value of 0.386nm

(20=23. 04mbedindd®s= 30. 28 () value or d (nm value in the X-ray
diffraction pattern was obtained by referring to the Bragg's Law 2dxSi nB =

nXA (on the cdmbodimentorl(systhepist ofn MREbYRe As0hity . 28 nBEFRATRHOT Ml e

1(preparation of catalyst B) The MFI-type zeolite of 10 g synthesized
simlarl ycattﬁlﬁshﬁ)he enbodi nrent 1 on the basis of the absolute dry standard

e
ey, 8 L1Lact P BRLLEAT SMOMD LD EL S Tty U O EDEIR 850 Angs 1 s
sol (A12002001 508 (hyB0ot 950 o Mg, G E Sl BOUSLEf GrbPap 10

D ece ey S5 im0 SR ARG NDLAPST 5 FRighugOIEn v

e ESEN Y 3, T e By st s

over ni ght "a Tor 22 hours after raising the

tenpeyat uf g3 4 ?@%&?%%éréﬁ%%%ﬁ %o 2 a ubiRrnBd1dtBAdVHPAr AR dligdteer the

cal ci'nati on was d’in the aqueous solution in which anmmoni um chl ori de

(Sigma A (Hibferboﬁ%ﬂprﬁt $@8) welghd. %, INaOH calntbuiofchiRar wdegltd By dARGR ( Cahc
Co., Ltd.) of 1.3 g were di sso%ved in 60 g of distilled 5 water, and

treated atofi@ht fd¥r 0 Deh@eights, NHeOC sstene! ofSOi T weightARs,eNipseah VN-8at ment,
t he aqueous sol ution was renoved and the resultant substance was
repeat edl Jap@s SeHcaMToRpsiatio, lnee vallel Tassh Bili¢eeCotp@atiom of 9%lkeg was
added gradually to the solution with stirring to prepare a uniform slurry of
15 aqueous reaction mixture. The reaction mixture had the ingredient ratio
(mole ratio) as follows.
Si02/A1203 55
OH /8102 0.26
A/ Al203 4.0 (Atartrate)
20 Hz0/ Si02 22
The reaction mixture was placed in a 1000 ml-capacity autoclave and
sealed, which was then made to react for 72 hours at 1607C, with stirring 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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substance was imersed in perrhenic acid aqueous solution (Rare Metal
Production Co., Ltd.) of 30 mM containing Re of 80 ng at the room 10
tenperature and left stand for 2 hours. Stirring was conducted every 30

m nutes. Then, the substance from which the noisture was renmoved was dried
overnight at 120'C. After drying, the substance was treated with hydrogen
sulfide at 250r, for 2 hours in the hydrogen sul fi de atnosphere, and then
calcined at 540'C for 2 hours in the air. As follows, the catalyst is 15
abbr evi atipdFig0 1" Jatwdy/Biund tha€aheiobtaizedizeslitancdsddBl uppe andlétet in fhe
catal yst were determ ned by the atom c absorption spectroscopy, as a
result, the cthy esdliteasad siBjestudgtt FErAEM abserdabiod, vke ghsulvcofisviNgh The
quantity of rhenium supported in the catal yst was determ ned by the |ICP
em ssi on wapethbmwagimfiy, 2asThe meendde sizecofgilentivsyaliie wa of ihe ghalo¥ as Re
metal . 20 This catal yst was ground and subjected to X-ray dif&action, the
resul t of axiatof dt8 wesrarhamth the nFingr agis ¢f 1.damidrennd in Fig. 6 that the
crystal lattice plane spacing d-value of 0.386nm (20=23.00 was found
whereds the cristthie resulti ok the aanalysicihyy ad fugrascest & reghdifiragon. 18')
was hardly found. Conparative exanple 2 reparation of catalyst C 25 The

. . (
MFI - t ype 2¥d/Alsoholegrajicseifine gelie @ﬁﬁi‘lgarl y to in the enbodinent 1 on

the basis of the absolute dry standard (cgl cul ated on the, basis,of. | oss on
gni Lion at t H EiotOMET-tvpe el RETHERYSHASHRANE FSRUSmed P ihe PASE vas

?ﬁﬁﬁ?t el z”%%lﬁs@g\%@ dav%osigv‘é@%%igéaé%ﬁl@%%ﬁnbﬁ% biidizet] 105 gPcH f”%ﬁ?'%the
| B8 3 5 . . .
cont ent ”tmg!ei ?@ﬁ%%@%ﬁ? SHfmetit o G nte A 5§§§3a§éé%‘?#é§?é’dhi%§°§5§'n§te:r ’
DG 1o2 :
vas ot ecnpuapH GhEOs oG UL IR Weldhe 16 THP 2 b Bite - OE S Do
ralsing e K eMRetae 4 2hed ot [ AAIADY! 57 46 AN 1 ThBng Aok (el o

body of 24 S placed 1Tit0 an aqueous “solutio anmoni um

o1 9 AR 1Y VP Ay gl Bttt i yabaods -
60 g.. angs bhgalediwall B%E4. 1 Phededtd thokédulRHHPRRO Phced 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 120C and
calcined at 540C for 2 hours after raising the temperature gradually from
350C 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 (Cahc 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 aqueous 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
95 Metal Production Co., Ltd.) 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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stirning. After such treatnent, the aqueous solution was renoved and the
‘resultant substance was repeatedly washed with distilled water and filtered
6. tines. The substance was i mersed in perrhenic acid aqueous sol ution 15
(Rare Metal Production Co., Ltd.) of 30 ml containing 80 ng of Re at the
roomtenperature and | eft stand for 2 hours. Stirring was conducted every
30 m nutes. Then, the substance from which the noisture was renoved was

ﬁLL?SgZX:éﬁirs?f‘i&veeartatg]hﬁgégaﬁﬁeé i ryie, B8 SURTRER S e BB o
20

catal yst TEAORGH S é@ﬁlg%a%@”@é%’? Héu?gﬁ:? A A RO,
cpoctroschi s X THOC! FrcF MR IRCURY o7 B RS R, Q@aﬂ%ttdl

wei ght % %ﬁ%{ﬂ%ﬁ% f@“ S}s)ﬁ Aot C%M%o%ﬂﬁ%ﬁc?%o&ﬂtﬁh&n‘%éﬁﬁ'ﬂSﬁhe""as

determ ne sl on 25 spectrograp as a result, the quality

3 d
was 0.21 e}gﬁagﬁt w/@?es 4 resu z{ﬁ%toxﬁi’é%é&bt%%&%%@éoﬁﬁ%s%‘%ﬁﬂte to

X-ray d|f f which was Shown'in Fig It was found
in Fig. 7tﬁétaanﬁettev@ats\/@thlwé@htI%%sqb@aﬁdzﬂsmghﬂ% fs N U Hef qih BN M
(20=23.04") was found whereas the crystal l|attice plane spacing d-val ue of

0.196nm (£ Orébind8’ suppestedoin tReRdtaliyst 88% déteaminf bybaat ICP Bmiskionany.
Enbodi ment 2 (preparation of catalyst D) 5 The MFI-type zeolite of 20 g

synt hesi zggbt3ogidpliy, vistaordsmlt, hBe qeaboity vead 0.B6oneight %hasiRe afettheThixsol ut e
dry standard (calculated on the basis of loss on ignition at the tinme of
the cal ci catialyst whs $0906dfa0nd 2GbjentediteXyrayadificdton; sheydsulisofavhmina W203
content of 75 weight % the X-ray diffiraction pattern shown in Fig. 3,
SASOL1{Co. walstshowif 20 Eigg4ast weadound iof F@7 4gtlm’ﬁd§a1awnd1tﬁ‘asbbn waosigont ent
of 10 weight % N ssan Chem cal Industries Ltd.) é S A1203|)El %f 60

and wel | natiedf theenpataldettichplaneapacingtd-vakiepoh d@tpm 4

120' C and dried until the npisture _ caontent was reduced t that of a clay

Thus- pr epieearystablsstice nb@eam@mﬁds@me ofi @ezBenm {2823 042k wan 198vi 3ty

1.2 D holes. Th extruded 15 bo ried erni ght at 120r and
cal med at 54@9@ galve m;'ufi ér,alue dy t\:lﬁe )gray d]gﬁ\éact?or? pattern was

obtained by referring to the Bragg’s Law 2dxSin0 = nxA (on the conditions of
15 n=1and A=0.15406nm).

Comparative example 1(preparation of catalyst B)

The MFI-type zeolite of 10 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 calcination at 500°C for minutes)

20 was added to ¢-alumina (as Al:Og) (X-ray diffraction pattern shown in Fig.
5, Wako Pure Chemical Industries Co., Ltd.) of 30 g on the basis of the
absolute dry standard and alumina sol (AlO3 content of 10 weight %,
Nissan Chemical Industries Co., Ltd.) (6 g as Alz03) of 60 g and well mixed.
Thereafter, the resultant was placed in a dryer kept at 120°C and dried until

25 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 body was dried overnight at 120°C and calcined at 540C for 2
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rai si.\ng the tenperature gradually from 350'C to 540' C. The cal ci ned nold
+body of 20 g was placed into the aqueous solution in which ammoni um
€hloride (Sigma Aldrich Corporation) of 2.8 g and cal ci umchl oride -
di hydrate (Cahc Co., Ltd.) of 3.2 g were dissolved in distilled water of
60g, 20 and treated at 809C for | hour, with occasional stirring. After
such treatnent, the aqueous sol ution was renoved and the resultant

subst ance, was repeatedly shed with distilled ter fi tinmes.
The substBHEE AT THERSCS FBBFTAIIAT éf&éﬂaﬁaﬁa 35087 b1 HPECRIEE Mot

g ;ﬁﬂzfzi 5% f@h’ad:ﬁtgf?bfo afar thy cSenbich Ve ?%fhgg a@f&ﬁ%@ﬁﬁtﬁi‘&ﬂé@e 30
' . T ,
over nf ght ™Hieh SEHRORIR GBIt [ éﬁ;‘a "Dﬁ'eérsttté” e R Bl e

Qﬁgr? ﬁgﬂ G R VY 1.”'%% oY 00178a e %ﬂgfm ERREL P ot
Wg.?ér, %DE&) tre&dh aﬁ%q‘?efor qainﬁhf' %%&f&tsmﬁﬁq SN agnbedicrof the

cat aI erm ne at'om ¢ sor ption spectroscopy, as a

resul t 5 ﬁe?@m%ﬂ@t 8 2 30193 é(zlu\ﬁfdng%s%&&?v% and GheSrotRiiGhl JGRsaN®e The

quantity ent ums porte I'n the catalyst was determned by the ICP

en ssi on w%@ef%de%]% Sévas?a%dawfiﬁﬁl&tmté@ewgb@ and Wgerfd 35 tieieght Theas Re

metal. This was ground and subjected to X-ray diffraction, the
resul t of syhitalce Woss SHINBrded frl ?erﬂleﬂlé ARd o si gblfiign ReraMoXal ay
diffraction intensity 10 ratio of the crystal lattice plane spacing d-val ue
of 0. 196npPriRactith 166) Led.) tdte 30r ystt abntainihg eRpl afie8Gpagi ay thevaloum of
0.386nm (20=23.04") was 100 : 10. Enbodi nent 3(preparation of catalyst E)
The M9 -t ypapeedhire aid 10ftgstaydt foes2 dmdirsi Stiraigy was conddnsed ervievylidtent 1
on the basis of the absolute dry standard (cal cul ated on the 15 basis of

| 0ss on i grintites dtheinhehei sthsdandehfronalvdiicht thenmuisiBoerwas sempvediwag es)
was added to hydrous alum na (Al 20,3 content of 75 weight % the X-ray

di ffract i dniedabvemigbhanl2MCri d\fter dspsa. the substanye (was dreated) vath or

40 g, alum na sol (A1203 content of 10 wei %. Ni ssan, Chem cal | ndustries
Ltd.) (6 Gydsogerpeudiidst ab@5§ ader Bahounm Jabglt%tbéf Qg selfide phrgosphare 5 g

and
and then calcined at 540°C for 2 hours in the air. As follows, the catalyst is

o

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 subjected 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)

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 500°C for 20
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20 wel | m xed. Thereafter, the resultant was placed in a dryer kept at
‘lZO'C and dried until the noisture content was reduced to that of a clay.
Thus- prepared kneaded substance was extruded through a screen having
1.2mm( D hol es. The extruded nol d body was dried overni ght at 1209C and
calcined at 575r for 2 hours after raising the tenperature gradually from
25 350cC to 575C. The calcined nold body of 20 g was placed into an agueous

vas. i sooPuEy g HA e A r oo B Soflber o U PGP Mo
with 26 0pgasiAnRindldil19d A6Lhs A U SHIIBAN wdhriggueous sol ution was
t edly wa

renmoved an € resultant substahce was reped shed wWith distilled

water and filtepeehaFidrl TRS reblifadbRha MG Sn m&ﬁﬁqcép@ afP@nbReny aci d
aqueous solution (Rare Metal Production Co., Ltd.) of SO ml containing Re

of 5 80 mMirRd LRSI ARMMAREEAEMMIRNENFat efddust@ng tRAt &fNPWIgy. SThiki Ng was
conducted every 30 m nutes. Then, the substance from which the noisture

was 1 egrovgdepaeddilirddedesibsitincat wadrextihied cHinouph, 4 hsrsshshantes Was
treated wth hydrogen sulfide at 250cC for 2 hours in the hydrogen sulfide
at nospher ¢,2macD thudes. c dhei exgdudéd EIdDbddyr washbrtied overright aitr12080 Asd
follows, the catalyst is abbreviated to "catalyst E'. Bariumcontent and
sodi um contleited at tH467C fom Bylsdunses fterl ehmsimg thel thynpehatintontaduadlyshont i on
spectroscopy, as a result, the content was 0.39 weight %as Ba and 0.3
wei ght % 850K to Do gu At calcivedrmeld body ofiBp@ wad placadhmtoatmbgseounas
determ ned by the ICP em ssion spectrography, as a result, the 15 quantity
was 0. 37 weluinn b schish ammaniumhelovdedSyemakbingioGopartions i B8iad o
X-ray diffraction, resulting.in_a finding that X-ray diffraction jntensity
rati ot®f BRd calgiymchloridy télbyéh@es@%(ﬁwlcﬁém@ %2 DWene dassolyerbiye. 189
to the cryst attice plane spacing d-val ue of, 6 0.386nm (.20=23. 040). was
100 : 9. é@ﬁt%df%%ﬁtofﬁw F-ep aﬁe@ﬁe%fatc%ﬁ@% Ipovge wikk fogasiopal
prepared sjmlarly,.to in the enbodigent 1, chloroplatinic acid splution
(Tahaka RAHETIE! hfies such F63tmanG hecaieous RRtinhyEas Frmered arichtie

sol ution %gst]&l%éxr{]é Sdbs ggcél\%la%hr:[epgg@;(ﬁff Wpéslz{eﬁ with distilled water and filtered

5 times. The substance was immersed in perrhenic acid agqueous 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 250C for 2 hours in the hydrogen sulfide atmosphere,
20 and then calcined at 540C for 2 hours in the air. As follows, the catalyst is
abbreviated to “catalyst C”. Calcium content and sodium content in the
catalyst 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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rel ation to the catal yst. The Pt supported on the catal yst was determ ned
*25 by. the I CP emi ssion spectrography, as a result, it was 69 wei ght ppm
The catalyst is abbreviated to "catalyst F. Enbodi ment 5 (synthesis of
MFl -t ype zeohte and preparation of 27 catalyst G Caustic soda aqueous
solution (NaOH content of 48.6 weight % H20 content of 51.4 weight %
M tsuwaka Pure Chemcal Co., Ltd.) of 37.1 g and 15.1 g of tararic acid

Cah Co.. Ltd. ' d_w nof 5 5 di | ved d
o nat ot LyATiS o eRm GBS MouflarRiareds B8 U5l v
H20 of 55 ' % ' , frohd. o
t hus?pr ep?&g%@gg%fi ﬁcﬁl? g%\?ga % 05#‘?%%%@5@#6# %3% y%&?gggg%#fggtl%ss( Si 02
cont ent Oﬂi‘a?'&léﬂ\sg’l Mconmsﬁﬁ lJ[\IQ | cont ent of 0.22 weight % Al p,03 content of

0.26 weig et 0f“9.12 weight % N pseal VN-3, Japan Silica 10
Cor poration, rﬁﬂb%g]li_r_lngﬂt72'%9&%3?&!&'0&80{%%&8;8@@)%) of 95.2 g was added
Wi

gradually to the solution, stirring, 'to prepare a uniformslurry of

aqueous reactipRe MKtUiHe RR1EA6ET 90 B XH{IRHad tdgmildayedd enf #iRtio
(nmole ratio) as follows.” Si Q2W03 50 1 /S 02 0.24 A/ 'A1203 3.5 (A

tartrat epmbddBhest Q202 2hd si£8£ the AbEbIEY Idey Vi an AL AT €chltHladed B0the

m - capacity autoclave and sealed, which was then nmade to react at 160' Cf or

72 hours basia of lédsi 68 @nitidh HOEhe PNiineAbf ehe calpinaitionn adf 500 rfeac0 on,
t hus-prepared m xture was repeatedly washed with distilled water and

filtered mihues, wanddibéno dydreds abwming Al-Oat combent of Z69Geighhe% €=l t ant
subst ance was determ ned by an X-ray difEractioneter equipped wth Cu tube
and Kcrr aX-ragddfraction pasterassiawn in Figs3,fSAROL: Gat, Ltdd @0 glasadin®d
zeolite was M -tycge zeolite. . The zeolite was subjected to FE-SEM
obserlQit i oh 27t peandealtiming sphi(AkOamesntendwd 1th waight 9, Miesaay Ehamuicel ze of
the crystallite was og the major_axis .
Industries Ltd.) (6 g as Al2Os) of 60 g and well mixed. Thereafter, the
resultant was placed in a dryer kept at 120C 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
15 body was dried overnight at 120C and calcined at 540C for 2 hours after
raising the temperature gradually from 350C to 540C. The calcined mold
body of 20 g was placed info the agueous solution in which ammonium
chloride (Sigma Aldrich Corporation) of 2.8 g and calcium chloride °
dihydrate (Cahc Co., Ltd.) of 8.2 g were dissolved in distilled water of 60g,
20 and treated at 80C 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 immersed in perrhenic acid agqueous solution
(Rare Metal Production Co., Ltd.) of 30 ml containing Re of 80 mg at the
25 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 120°C. After drying, the substance was treated with
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28 of 1.3 mcron and the mnor axis of 1.1 mcron. As a result of the

anal ysis by the fluorescent X-ray diffraction, nole ratio Si 02/ A1203 of
this zeolite was 37. MFl-type zeolite of 10 g synthesized as above
mentioned on the basis 5 of the absolute dry standard (cal cul ated on the
basis of loss on ignition at the tine of the calcination for 20 m nutes at
500C) was added to hydrous alum na (A1203 content of 75 % by wei ght, the
X-ray diffraction pattern shown in Fig. 3, SASOL Co., Ltd.) (30 g as

A1203) ofhABogeANhIAHYMHENZEEO! for (Z\hadss ¢nrtherliydrbgdh sififie wtingispheidd,ssan
Chem cal I'ndustries Co., LTd.) (6 g 10 as A1203) of 60 g and well m xed.

Ther eaf t espd then cekithddat SMaL fiheL ¢durs in thdmyer Alsdpllows, lx0Catalystdsi ed
until the noisture content was reduced to that of a clay. Thus-prepared

kneaded sallsteqirtedwas “@thived el .t hEalsghmacorstent emdavdivgn lconveiDofidbes. The
extruded nol d body was dried overnight at 120r and calcined at 15 _540C for
2 hours addtaiystavaiendpteheinahbeihe atemde absprpkipnfspest®seapy, @is Hugpudt, 20 g
of the calcined nold body was placed into an aqueous solution in which
amonisum the coritdet (Sisghd3 Aveight 56 asGroanditbh wesght % ag) Ngnd The guantthy
chloride di hydrate (Cahc Co., Ltd.z of 1.3 g were dissolvggﬂgn distilled
wat er of 6Drkeniuamgupperteddnathegoatalyst wapsleterminad by a8 R eISSOR; 1 v ng.
After such treatnment, the aqueous sol.ution was re vgﬁ agg th resul t ant
subst ancespeetrogapphy cas ¢ e sheanplity Has §-84 WRigRt "8 o F‘tegff‘]ed times.

Product ofiadyst Wad EFouRd FndieaBIRIED 1 Ayt A argeTghs fopil o BRieh '

Gt es. | TiRePROFTL IS H6: indb AR BhFih TACKday GREAENE DY %3 Moy

A 0 S o RTLTR DO S5 o o
t]ae P]@Istt%lgfégpg% p?e{gezs@%ﬂég d-vhilBSrd 486 (ROL29VAs) HHE 1@_@t-al|®’h st Is

abbr evi at um content and sodi um content in the

catalyst vere fehfiahiat rdifaAbRTECaBiFARY | 0N spectroscopy, as a
The MFI-type zeolite of 10 g synthesized similarly to in the
embodiment 1 on the basis of the absolute dry standard (calculated on the

15 Dbasis of loss on ignition at the time of the calcination at 500C for 20
minutes) was added to hydrous alumina (Al2O3 content of 75 weight %, the
X-ray diffraction pattern shown in Fig. 3, SASOL Co., Ltd.) (30 g as Alz03) of

40 g, alumina sol (Al;03content of 10 weight %, Nissan Chemical Industries

Ltd.) (6 g as AlzO3) of 60 g and barium acetate (Cahe Co., Litd.) of 1.5 g and

20 well mixe&. Thereafter, the resultant was placed in a dryer kept at 120
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 body was dried overnight at 120°C and
calcined at 575°C for 2 hours after raising the temperature gradually from

95 350C to 575C. The calcined mold body of 20 g was placed into an aqueous
solution in which ammonium chloride (Sigma Aldrich Corporation) of 1.1 g

was dissolved in distilled water of 60g, and treated at 80C for 1 hour, with
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the content was 0.18 weight %as Ca and 0.3 weight % as Na. The quantity 5
of rheni um supported in the catalyst was determ ned by the | CP emi ssion
spectrography, as a result, the quantity was 0.47 weight % as Re netal.
This catal yst was ground and subjected to X-ray diffraction, resulting in a
finding that X-ray diffraction intensity ratio of the crystal lattice plane
spaci ng d-val ue of 0.196nm (20=46.18) to the crystal lattice plane spacing
10 d-val ue of 0.386nm (20=23.04) was 100 : 9. Enbodiment 6 (preparation of

catal yst d.,fdgalFétitiRg. Zesftbt eswfh Hregtmynt,heke zagusius |sabitjon owias the
enbodi ment 5 on the basis of the absolute dry standard (cal cul ated on the
basis of }J@ssvedahdthel @Ruttant kebkiareofas repeatiediy atashedawithodistilled 20 15
m nut es) was added to hydrous al um na W203 content of 75 weight % the
X-ray di fihaat 4ed fMedredr s tahennThe stibgtance BASGmmersed indpyrrhppicagidas
A1203) of 34 g alum na sol (A1203 content of 10 weight % N ssan Chem cal
| ndust r i esqhdahs)solfitigndRard Mgpl Brodocicm oc dutdh Lvh hmdraoataaing diele of
3.0 g and well mxed. Thereafter, the resultant was placed jn a dryer kept
at 20 512080 ang alr tkel ronti temperatvire tand lefsnstend (Rs2 haywrse StEng, Hasof a
clay. Thus-prepared kneaded substance_ was extruded thrqugh, a screen having
1. 2nm hol emnduted exeryd8dnimitgshokBemddefubsta ﬁphmhlgg t@%&‘“&ﬁge

3501 o 5906 remITEdaVes EEC BRI AT Z0D- A TES LTEeth? AER AR A ous 25
vas. i Soofpaded Wit SOIOTPEER GG BF 2600 Thd Prwin i oh tearor sTiadk,
30 r emoveatmAmRee, rodPERfASTEEERA0 (IS P REBHENCS Wih aret ) ed
é’;ﬂﬁé})ﬁi‘ ”SOL';JL Eﬁrﬁ%?%%mél S%ﬁf{&%&i%”gﬁﬁﬁen%;@%%g?%&%fﬂ%é %ﬁ%?gﬁ*ﬁ?ﬁg' %,Zs
5 conducr:nfJ atide e chﬁeﬁ esnf"il %% n,@a& Ilpé&s m%%aﬁggéﬁlgr%ﬁdv\h% F:th? htglt%ihg? ure

{reat od wP RO gE e PR o bt e O e e su 11 de
and 0.3 weight % as Na. The quantity of rhenium supported in the catalyst
was determined by the ICP emission spectrography, as a result, the

15 gquantity was 0.37 weight % as Re metal. This catalyst was ground and
subjected to X-ray diffraction, resulting in a finding that X-ray diffraction
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
(26=23.04°) was 100 : 9.

20 Embodiment 4 (preparation of catalyst F)

The catalyst was prepared similarly to in the embodiment 1,
chloroplatinic acid solution (Tanaka Rare Metal Co., Ltd.) in place of
rhenium was immersed in the solution containing 100 weight ppm as Pt in
relation to the catalyst. The Pt supported on the catalyst was determined

25 by the ICP emission spectrography, as a result, it was 69 weight ppm. The
catalyst is abbreviated to “catalyst F”.

Embodiment 5 (synthesis of MFI-type zeolite and preparation of
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at nosphere, and then calcined at 540°C for 2 hours in the air. As foll ows,
‘the catalyst is abbreviated to "catalyst H'. Calciumcontent and sodi um 10
content of the catalyst were deternmined by the atom c absorption
spectroscopy, as a result, the content was 0.37 weight %as Ca and 0.2

wei ght % as Na. The quantity of rhenium supported in the catal yst was
determ ned by the | CP em ssion spectrography, as a result, the quantity

was 0. 38 wq%%?%‘%yas Re nmetal. This catal yst was ground and subjected to 15
X-ray di f ¥4 Tom, resulting in a finding that X-ray diffraction intensity

Lo the Ccryotaretapf ol hbefud SRRIGPERECAT Lol opne 8 yoRRTAZIRO oo
100 - 15. cdﬂ’ﬁ%ﬁ‘é'o?%’it.zi %W%?&" o9k a aRLAR! @'ﬁéz%kéalﬁ‘tﬁ, E@&.?“OY%IT.P@% ed

simlarly as in e enbodl was pl aced Into a solution rn which

ni ckel ni§&at %|°§?§%¢9acwﬁ§&boﬁ%ﬁ'%% Guted RAVRIWARS Jftabo gVaSl

contained In rhenirum at 1000 weight ppmas N in relatron to the

catal ¥t . giHR6IA. SORPPEhaH Rt tdReutEah AAYZH3 ¥aistent OF ARG RRAINY %, N2 OFP

em ssion spectrography, as a result, the quantity was 850 weight ppm The

catal yst pf25Rb%eMHR0edHE0 of GH Besghi %, ThaibsriDedi Ingink of814.p5¢ persoddded of
catalyst J) Raw materials simlar to those used in the enbodinent 1 were

used to §J epas-preprrduRduiion eactiveon wiifstn eohavwmgHyldeofiolsilasita §SiO:
ingredients. 31 Si02/Al203 77 OH/Si2 0.30 A/ A1,203 5.0 Wartrate) H20/
Si @2 25 Scamented@d.dwaight 66, NaOI pantent «fr). 2R tvozight 86,cAbARI doptefit 6000 nl
to be sealed, which was then allowed to react for 72 hours_at 160'C, while
bei ng sti Ora& waigl®00%, riisd) cabtent 0HO. T2 aveighh Ynalinseal VNt Jrapan Seligts
washed with distilled water and filtered repeatedly 5 tinmes, and then dried
at abbut Cropaxatimmi gow. caldedrikosols SilicentCoypprataewe ohdp-deE eWaF neddesy an

X-ray diffractoneter _ equi pped wi.th Cu. tube and K al ph%it[ay radi ator. The
subst ancegnadualdyf@ the solution, with stirring, to prepare a uniformm slurry o

aqueous reaction mixture. The reaction mixfure had the ingredient ratio
(mole ratio) as follows.
S102/Al:03 50
15 OH /8i0z 0.24
A/l Al2O3 3.5 (A : tartrate)
Ho0/ Si0O2 22
The reaction mixture was placed in a 1000 ml-capacity autoclave and
sealed, which was then made to react at 160Cfor 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 1207TC.
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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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 mcron at the major
axis and 1.5 micron at 15 the mnor axis. The Si Q2ZM20s nole ratio of the
zeohte was found to be 51 by a fluorescent X-ray diffraction analysis.
Hydrous al um na 0, 1203 content of 75 weight % X-ray diffraction pattern
shown in Fig. 3, SASOL Ltd.) of 40 g. (equivalent to A1203 O 30 9.) 20
and al um na sol (A1203 content of 1? wei ght % N ssan Chem cal Industries
Ltd.) of @OlémJ(Cé%iB@élt@ﬁtmﬂt?Tm%S bl BIGOR. wer e added to above

Sandard - (calAuPAteLRTT Fhia ABAIGES bl eI PTesroR Ny ShteRaRe Hole Y
ca g
&S's%{‘gé'e%}féﬁi AyOsef it eclic E‘fégg %7;5? i ed unt |hle e oSt ure cont ent
was reduce
screen E?vi ng%f%g%ﬂ?f) zea]&:e gia?qrgesyggyﬁggﬁg }%(P‘%ol%f}m@éng Hg@iedpg%gg%h :
over ni
ol evath orofofbe Bfialily Ay Staffe R1ARLRL of the e Bt 10K Bnenfliod it 0o
20 g. Wa h%d{j%g of t?@ ca.?cg#ﬂigﬁ 'fé gt ?lﬁﬁéfe@ ME?@D@@Q@ ﬁb&%oﬁﬂ’(ﬁ%uﬁs' gma

Al drich rpora ron I'um chl ori de d| ydrate (Cahc

Ltd.) of 2@35054%@59'&% o _%&élghfedtwwfayofaﬁpaamﬁ@qtﬁe&ﬁat ed at

80' C for our eing stirred intérmittently. After such treatnent,
the aqueoéﬁoﬁﬂ'lﬂtF%“ msogr@é!eltar)d(%hg asCAU0LRBE 401 %:Tahhﬁeal\ﬁ@ﬁm&ﬁ@dlw wi th

distilled water an tered repeatedly 5 tines. Furthermore the m xture

was i mer gadol Boﬁ‘tenQQﬂ’rl@e%lHy w6ightaMHaRuSChemitdldmduBanes Wet, dLTE) ¢elgct i on
Co., Ltd.) of 30 nL 10 containing Re of 100 ng and left at roomterrperature

for 2houss Alyby of 6(0gidig welirmeebdevEhyradftor, thié essultdmtewasidacal ftare in
the m xture was renoved and the m xture was dried at 1201. overnight, the
m xt ure wasyert kept atl M@ drydl doipen uatil fiheenaist2BO Lohtentowas ureslucad o
hydrogen sul fide stream and subsequently put under cal cination at 540t
for 2 houtlmti of ahedag5Thusgaphered knkaded audistancei wasepdrudetl threush @at al yst
J" hereinafter. Contents
screen having 1.2mm® holes.
The extruded mold body was dried overnight at 120C and calcined at
15 540°C for 2 hours after raising the temperature gradually from 350C to
540°C. 20 g of the calcined mold body was placed into an agueous solution
in which ammonium chloride (Sigma Aldrich Corporation) of 1.1 g and
calcium chloride dihydrate (Cahc Co., Ltd.) of 1.3 g were dissolved in
distilled water of 60 g., and treated at 80C for 1 hour, with occasional
20 stirring. After such treatment, the agqueous solution was removed and the
resultant substance was rep'eatedly washed with distilled water and filtered
5 times. The substance was immersed in perrhenic acid agueous 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
95 30 minutes. Then, the substance from which the moisture was removed was

dried overnight at 120TC. After drying, the substance was treated with
hydrogen sulfide at 250°C for 2 hours in the hydrogen sulfide atmosphere,
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of calciumand sodiumin the catalyst were determned by an atomc
-absor.ption spectronetry, resulting that Ca and Na were of 0.15 weight %
and 0.3 weight %respectively. A quantity of rhenium supported in the

catal yst was determ ned by I CP em ssion spectroscopy, resulting Re netal 20
to be of 0.37 weight % This catal yst was ground to be neasured by X-ray
diffraction, and the X-ray diffraction intensity ratio of the crystal

oo o otBOFHAR SHAERA R ST RART A M el i

| t ’ s | '
(ﬁtr) gga;n;'? ?%ﬁreg?sa/%gt gqs;é%t%k&el?gw tng%'gﬁg%l g&gq%%rbﬁ%é&fs 8 % aosé&&gggglﬁn@t e
ol ou o Tl e Pl G MBS SRR FEE SR b (e
A12032. 5( A5t abhieat @%;q%oéj#ﬁt%gﬁ %ﬁw ahﬁﬂ?Biv&ﬂgﬁt b Y NN THRUud dtigN

aut ocl ave capacity o e seal ed, 'ch was then allowed'to

react for off 2hhoWLS s géﬁ% inVihd %atahﬁémagtdétéﬁﬂiﬁéd% | HePIO'P AfrhREidahe

reacti on was over, t m xture was washed with distilled water and

filtered spneaAdbky? aki #88suBNEht hAmMtifyethasad. 40l M ayRAigédal. 10 The
resul tant substance was determ ned by an X-ray diffractoneter equi pped

with Cu t qipes aashlistatvialgroandr &ed aubjectdd €o Sibay Aiffeactm, fresultting on ke

MFI -type zeolite. The result of FE-SEM observation of zeolite is shown in
Fig. 11. FhdingubaadE-rayydiffddetiva mitzasitpsradidfnfher orysibl ddkticeapbmenxi s
and 0.05 mcron 15 at the mnor axis. The Si 2/ Al2G3 nole ratio of the
zeol i t e wepadingnitvahiebef 95 96pna (26+4@ A8V cntheerwtalildtticaqnlaos spagingsi s.
The above-synt hesi zed MFl -type zeolite powder of 30 g. on the basis of the
absol1@ e dryalue af @386 420TLA04Y Wﬂ@ﬂcﬂgﬁ@-l oss on ignition during 20-

Embodiment 6 (preparation of catalyst H)

The MFI-type zeolite of 15 g synthesized similarly to in the
embodiment 5 on the basis of the absolute dry standard (calculated on the
basis of loss on ignition at the time of the calcination at 500C for 20

15 minutes) was added to hydrous alumina (Al2O3 content of 75 weight %, the
X-ray diffraction pattern shown in Fig. 3, SASOL Co., Ltd.) (25.5 g as AlO3)
of 84 g alumina sol (AlzOs content of 10 weight %, Nissan Chemical
Industries Ltd.) (6 g as Al203) of 60g and calcium chloride dihydrate of 3.0 g
and well mixed. Thereafter, the resultant was placed in a dryer kept at

20 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 extruded mold body was dried overnight at 120C and
calcined at 540°C for 2 hours after raising the temperature gradually from
350TC to 540°C. The calcined mold body of 20 g was placed into an aqueous

25 solution in which ammonium chloride (Sigma Aldrich Corporation) of 1.6 g
was dissolved in distilled water of 60g, and treated at 80C for 1 hour, with

occasional stirring. After such treatment, the aqueous solution was
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20 mi,nute cal cination at 5001) was added to an aqueous solution in which
<ammoni um chl oride (Sigma Aldrich Corporation) of 15.2 g. was dissolved in
distilled water of 150 g. and treated at 80t for 1 hour while being stirred
intermttently. After such treatnent, the aqueous solution was renoved and
the resultant m xture was washed with distilled water and filtered 25
repeatedly 5 tines. The resultant m xture was imersed in a perrhenic acid

o150 oY hop et s AR E o rsrRbiialy Yashed Bl aRteR oo 5
et o o vt 38 M5 BT Tl St Pahlie B hilbraltCid SERYEA:CRA e
25 . vao g RERAESuih (RSE NG ERPERAMOR ol () SRS 1 eonbBAR HE GOEW
g. 5 havi 89 %gogl@tggrﬁgﬁﬂ%émglmu@'&ﬁqgﬁe $andl £, ikt BehyHO%RR

sulfide a ourS 1n a hydrogen sulfide streamand put under

cal ci nat i gi Alcte@4Qefy 5O mANRNT STHdh, Hhe AIERSRNLHBm WHish ¢BE dhistudeS

referred to as "catal'yst K' hereinafter. Sodiumcontent in the catalyst

was det er gaaqdnfdbeliiPas Akl dveaREMtRIt TIDSPeAfEPHRYiNY, thesubitange Nad 0 be
of 0.4 weight % A 10 quantity of rhenium supported 1n the catal yst was

det er mi negreYed Gth &¥idy6ge salfedy ho V5O for @shbintsnih Ree Mptiadgdroshifidef 0. 11
wei ght % This catalyst was ground to be neasured by X-ray diffraction.

Fig. 12 showesplere, neduiienacalcided a¢ 549 Cifdy Radnhirenni thecami t fsrfallowspof t he
crystal lattice spacing d-value of 0.196nm (20=46.18) to the crystal

| attice stimcicatplgtstad wbboéviaidl Go 38ataly¢t2 6E23 Cxdyiumasoptentednd osagéum00: 3.
Enbodi nents 10 tol7 and conparative exanples 4 to 6 Catalysts fromAto K
wer e T0 | | eshitient o of edhe i oatalyste swerss péetervdghed bpy #he qtomme abperpsion
cont ai ni ng et hyl benzene were put under gas phase reaction in the presence
of hydr ogepectieasopy.l aanal reanlte the sepmfenhavae H3t gveight % as Ca and

weight % as Na. The quantity of rhenium supported in the catalyst was
determined by the ICP emission spectrography, as a result, the quantity
was 0.38 weight % as Re metal. This catalyst was ground and subjected to
15 X-ray diffraction, resulting in a finding that X-ray diffraction intensity ratio
of the crystal lattice plane spacing d-value of 0.196nm (26=46.18°) to the
crystal lattice plane spacing d-value of 0.386nm (20=23.04°) was 100 : 15.
Embodiment 7(preparation of catalyst I)
The catalyst prepared similarly as in the embodiment 5 was placed
20 into a solution in which nickel nitrate solution (Hayashi Pure Chemical
Industries Ltd.) was contained in place of rhenium at 1000 weight ppm as
Ni in relation to the catalyst. The Ni supported on the catalyst was
determined by the ICP emission spectrography, as a result, the quantity
was 850 weight ppm. The catalyst is abbreviated to “catalyst I”
25 Embodiment 8 (preparation of catalyst J)
Raw materials similar to those used in the embodiment 1 were used to

prepare an agueous reaction mixture having the following ingredients.
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OH-/Si02 0.30
A/ Al03 5.0 (A:tartrate)
H20/ SiO2 25
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 120 Covernight.

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. 10. The
average crystallite size was 1.5 micron at the major axis and 1.5 micron at

15  the minor axis.

The SiQ2/Al20:; mole ratio of the zeolite was found to be 51 by a
fluorescent X-ray diffraction analysis.

Hydrous alumina (A1203 content of 75 weight %, X-ray diffraction
pattern shown in Fig. 3, SASOL Ltd.) of 40 g. (equivalent to A120sof 30 g.)

20 and alumina sol (A1:03 content of 10 weight %, Nissan Chemical Industries
Ltd.) of 60 g. (equivalent to Al2Osof 6 g.) were added to above-synthesized
MFI-type zeolite of 10 g. on the basis of the absolute dry standard
(calculated from the loss on ignition during 20-minute calcination at 500C)
to be well mixed. Thereafter, the resultant mixture was placed in a dryer

25 kept at 120C and dried until the moisture content was reduced to that of a
clay. The kneaded mixture was extruded through a screen having 1.2mm

holes. The extruded mold body was dried at 120°C overnight and put under
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calcination at 540°C for 2 hours after gradual elevation of temperatures
from 350°C to 540°C. The calcinated mold body of 20 g. was added in an
aqueous solution in which ammonium chloride (Sigma Aldrich Corporation)
of 1.1 g. and calcium chloride dihydrate (Cahc Co., Ltd.) of 1.3 g. were
5 Qissolved in distilled water of 60 g. and treated at 80C 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 repeatedly 5 times. Furthermore the mixture was immersed in a
perrbenic acid agqueous solution (Rare Metal Production Co., Ltd.) of 30 mL
10 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 hydrogen sulfide at 250°C for 2 hours in a hydrogen sulfide
stream, and subsequently put under calcination at 540°C for 2 hours in the
15 atmosphere. This catalyst is referred to as “catalyst J” hereinafter. Contents
of calcium and sodium in the catalyst were determined by an atomic
absorption spectrometry, resulting that Ca and Na were of 0.15 weight %
and 0.3 weight % respectively. A quantity of rhenium supported in the
catalyst was determined by ICP emission spectroscopy, resulting Re metal
20 to be of 0.37 weight %. This catalyst was ground 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 crystal lattice spacing d-value
of 0.386nm (26=23.04°) was proved to be 100 : 11.
Embodiment O (synthesis of zeolite) and comparative example 3
25 (preparation of catalyst K)
Raw materials similar to those used in the embodiment 1 were used to

prepare an agueous reaction mixture having the following ingredients.
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S5102/A1503 30
OH-/S10-2 0.176
A/ AlsQOa 2.5 (A:tartrate)
H20/ Si02 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 160TC, 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 120" Covernight.

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 SiO2/AloOs 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 500°C) 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 80C for 1 hour while being stirred
intermittently. After such treatment, the agueous 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 perrhenic acid
aqueous solution (Rare Metal Production Co., Ltd.) of 100 mL containing Re

of 150 mg at room temperature and left for 2 hours, while being stirred
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every 30 minutes. After the moisture in the mixture was removed and the
mixture was dried at 120°C overnight, the resultant mixture was molded
into a Smm-across cylinderical form by a tablet machine. The mold body of
25 g. was ground to be classified by crashing to obtain a mold body of 15 g.
5 having 12 to 24 meshes. The mold body was treated with hydrogen sulfide at
250C for 2 hours in a hydrogen sulfide stream and put under calcination at
540°C for 2 hours in the atmosphere. This catalyst is referred to as “catalyst
K” hereinafter. Sodium content in the catalyst was determined by the
atomic absorption spectrometry, resulting Na to be of 0.4 weight %. A
10 quantity of rhenium supported in the catalyst was determined by ICP
emission spectroscopy, 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 crystal lattice spacing
d-value of 0.196nm (20=46.18°) to the crystal lattice spacing d-value of
15  0.386nm (206=23.04°) was proved to be 100 : 3.

Embodiments 10 t017 and comparative examples 4 to 6
Catalysts from A to K were filled into reaction tubes respectively by
7.5 g. and xylenes containing ethylbenzene were put under gas phase

reaction in the presence of hydrogen. Table 1 and Table 2 show the results.
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w  O,37 Table 2 Performance of each catal yst Embodi nent
' Enbodi ment Enbodi ment 56 Reaction conditionCatalyst B Catalyst CCatalyst K
feaction tenperature C360 360360 action pressure MPa- Q.64 0.640.64 |F

g-cat-hrl g-nol 30 3030 21F nollnmol 3.5 3.53.5 Supplied aw materi al

Cl w9%0. 00

"00.00 C2.47 3.243.21 C30.04 0.100.08 C40.01 .020.03 C7- wt %). 000. 03

ngoigg C8NP. 070. 03 0. 060. 03 1370. 015. 37 . 375.11 OL1.50.00 3.225. 69
.166.26 .175.17 -X. 0.9118.59 18.8417.78 X56.802.53 2.3139. 34

- X25. 4719. 73 1Bakip12 Penformanceeof sackhca@dy®o To. 030. 44 . 331. 21 TMBO. 03. 43

.32.95

10

FB. 00T, 07 . 850. 62 [X0. 00k Hodinfe2® . BRbéARE:. PKboBuneat 3. 18
4 5 6

Reaction condition Catalyst B Catalyst C Catalyst K
Reaction temperature °C 360 360 360
Reaction pressure MPa-G 0.64 0.64 0.64
W/T g-cat.hr/g-mol 30 30 30
H2/F mol/mol 3.5 3.5 3.5

Supplied

raw

material
C1 wi% 0.00 0.00 .00
Cc2 2.47 3.24 3.21
C3 0.04 0.10 0.08
C4 - 0.01 0.02 0.03
C7- wt% 10.00 0.03 0.05 0.04
C8NP 0.07 0.03 0.06 0.03
BZ 0.01 5.37 6.37 5.11
TOL 1.50 2.00 3.22 5.69
EB 15.16 |6.26 4,17 5.17
D X 0.91 18.59 18.84 17.78
m-X 56.80 142.53 42 31 39.34
lo-X 25.47 19.73 19.37 17.91
Pr-B 0.00 0.00 0.00 0.00
ET 0.03 0.44 0.33 1.21
TMB 0.03 0.43 0.32 2.95
DEB 0.00 1.07 0.85 0.62
EX 0.00 0.96 0.72 0.65
C10+ 0.00 0.04 0.03 0.18
IEB conversion wi% 58.7 72.5 65.9
p-X/ZX 23.0 23.4 23.7
XY loss 2.8 3.2 0.8

According to the comparison 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 lattice spacing d-value of 0.196nm+0.002nm to the crystal lattice

spacing d-value of 0.386nm=0.008nm ranges from 100 : 7 to 100 : 35 shows

low xylene loss under reaction conditions where the ethylbenzene conversion

rate and the rate of isomerization to para-xylene are high.

Embodiment 18 (preparation of catalyst L)

Hydrous alumina (A1203 content of 75 weight %, SASOL Ltd.) of 40 g.

(equivalent to A1203of 30 g.) and alumina sol (A120; content of 10 weight %,
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B copversion w%8.7 72.565.9 -X/ E X3.0 3.423.7 loss2.8 3.29.8 According
‘to the conparison of the enbodinments from10 to 17 with the conparative
exanples from4 to 6, the conversion catal yst for xylenes containing

et hyl benzene in which X-ray diffraction intensity ratio of the 5 crystal

| attice spacing d-value of 0.196nnf0.002nmto the crystal lattice spacing
d-val ue of 0.386nnl0. 008nm ranges from 100 : 7 to 100 : 35 shows | ow
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ext ruded a screen having hol es. The extruded nold body

was dried &%Otwé)sv_eerx@i‘%gd ahdoRgh Hngéfeeﬁahn%i\rg%ci PRmmAt®54016sf he? hours

after gradual el evation tenperatures from 35 to 10 540 C. The

cal ci nat egﬁﬁﬁh_@d Baglq BédP a3 dMEE a8 AR beeraiglenand yrutsehddr exlciratioshi ch
ammoni um chl orirde (Sigma Aldrich Corporation) of 2.2 g, was dissolved in

di stil| edalerC Ty BOh@ursadfier beahed levAHof of aempebatiresvinoine35®Ei tg
stirred intermttently. After such treatnment, the aqueous solution was

renovesl apdotheTlie suldigatedninsidibedyas 20aghwds widided diosan lalgedowaselutiond 15
filtered repeatedly 5 tinmes. The m xture was imersed in _a perrhenic acid
aqueous sok wihich (RaneoniabalchRredki¢Bigma Galdridk Eorpofatigunef 8dhgaivashgy Re
of 80 ng at roomtenperature and left for 2 hours, while being stirred
every dissolved in distilled water of 60 g. and treated at 80T 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
15 filtered repeatedly 5 times. The mixture was immersed in a perrhenic acid
aqueous 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 resultant mixture was treated with
20 hydrogen sulfide at 250C for 2 hours in a hydrogen sulfide stream, and
subsequently put under calcination at 540C for 2 hours in the atmosphere.
This eatalyst is referred to as "catalyst L” hereinafter. Sodium content in the
catalyst was determined by the atomic absorption spectrometry, resulting
Na to be of 0.4 weight %. A quantity of rhenium supported in the catalyst
25 was determined by ICP emission spectroscopy, resulting Re metal to be of
0.85 weight %. This catalyst was ground to be measured by X-ray diffraction,

and the X-ray diffraction intensity ratio of the crystal lattice spacing d-value
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30 mi.nutes. After the noisture in the mxture was renoved and the m xture
"was dried at 120" C overnight, the resultant mxture was treated with 20
hydrogen sulfide at 250 C for 2 hours in a hydrogen sulfide stream and
subsequent |y put under calcination at 540C for 2 hours in the atnosphere.
This catalyst is referred to as "catalyst L" hereinafter. Sodium content in
the catalyst was determ ned by the atom c absorption spectronetry,
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resultant mxture was plac In a dryer kept at 120'C and dried until the

noi sture gQHodhedy e thiCBasik@ftthaboblude @ \stadderd@abadateddrfrsiutlee was
extruded through a screen having 1.2mm (D hol es. The extruded nold body

was driedigds drQeliteoreduirphl 20ndinute caldaratival aitnB000h todbe 54l Ghixed. 2
hours after gradual elevation of tenperatures from 350r~ to 15 540r,. The
cal ci p@t e@hwpbsftdn dheofestltagt mituae dexs phacad iaquaryer keptiat 20T ranhi ch
anmoni um chl oride (Sigma Aldrich Corporation) of 2.2 g. and nmgnesi um
chlori de dewedhynitibtke prasur€xonkent. fasfreduesdyto thakofia chayt. videe kneadedti| | ed

water of 60 g. and treated at WC for 1 hour, while being stirred
i nt er ni t t emixtyre Avasrexwufied r daonght 2 sheeegaing s di2mmof whsleserbi®d and
20 the resultant m xture was washed with distilled water gnd fjltered
r epeat edl pxrudedemoldrhedyiwas dredasd 1 oyegnight AndpikBgeh R ICHAHRR aci d
at 540°C for 2 hours after gradual elevation of temperatures from 350T to
15 540°C. The calcinated mold body of 20 g. was added to an aqueous solution
in which ammonium chloride (Sigma Aldrich Corporation) of 2.2 g. and
magnesium chloride hexahydrate (Cahe Co. Ltd.) of 1.8 g. were dissolved in
distilled water of 60 g. and treated at 80C for 1 hour, while being stirred
intermittently. After such treatment, the agueous solution was removed and
20 the resultant mixture was washed with distilled water and filtered
repeatedly 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 every 30
minutes. After the moisture in the mixture was removed and the mixture
95 was dried at 120°C overnight, the mixture was treated with hydrogen
sulfide at 250C for 2 hours in a hydrogen sulfide stream, subsequently put

under calcination at 540C for 2 hours in the atmosphere. This catalyst is
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sol utyion (Rare Metal Production Co., Ltd.) of 30 nL containing Re of 80 ny
‘at roomtenperature and left for 2 hours, while being stirred every 30

m nutes. After the noisture in the m xture was renoved and the m xture 25
was dried at 120' C overnight, the m xture was treated w th hydrogen
sulfide at 250' C for 2 hours in a hydrogen sulfide stream subsequently put
under calcination at 540'C for 2 hours in the atnosphere. This catalyst is

40 _refer_redf to as "cat 81.:| éSt , herei af:t Lo I’Slt nt s of .magnesi um and
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simlarly as'in-the odinment 1 on the basis of the absolute dry
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calcination at 5001) to be well m xed. Thereafter, the resultant was

pl aced i n(2a=L304°)keRs padvelP@®lb@ndodid0ed until the noisture content was
reduced to that of a cFay. The kneaded m xture was extruded through a
screepghavi ng EndssdisRnt@erefiation ofakdlysN) 20 body was dried at 1201
overni ght and put under calcination at 5401 for 2 hours after gradual

el evation of t Eiydeons ahesifa 6AilZB0@utentahT5 wright 8a AR bitdbrH4d&dy of
20 g. was added in an aqueous solution in whi m ammoni um c¢hl ori.de (Si gma
Al drich Cdegaivaldmrtp A120acf 3 g.hnddednaiinmsol kA laQarondent et 40 &7eighh®: co. |
Ltd.) of 1.8 g. were dissolved in dj stilleg wat er 25 of 688 an)d treated
at 80C f orNissto(hemital dnfusiriesLid.) fi 60 & dpayiviadent tp Al2030f 6 g.) were

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

15 embodiment 1 on the basis of the absolute dry standard (calculated from the
loss on ignition during 20-minute calcination at 500°C) to be 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. The kneaded mixture
was extruded through a screen having 1.2mm® holes. The extruded mold

90 body was dried at 120°C overnight and put under calcination at 5407 for 2
hours after gradual elevation of temperatures from 350C to 540C. The
calcinated mold body of 20 g. was added in an aqueous solution in which
ammonium chloride (Sigma Aldrich Corporation) of 1.1 g. and calcium
chloride dihydrate (Cahe Co., Ltd.) of 1.8 g. were dissolved in distilled water

25 of 60 g. and treated at 80°C for 1 hour, while being stirred intermittently.
After such treatment, the agueous solution was removed and the resultant

mixture was washed with distilled water and filtered repeatedly 5 times.
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Afteg such treatnent, the aqueous solution was renoved and the resultant
‘mxture was washed with distilled water and filtered repeatedly 5 tinmes. 41
The m xture was imrersed in an aqueous perrhenic acid solution (Rare Metal
Production Co., Ltd.) of 30 nL containing Re of 80 ng at room tenperature
and left for 2 hours, while being stirred every 30 minutes. After the

noi sture in the mxture was renoved and the m xture was dried at 5 1201
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ot end 1 1A0CT Brigh Hheubdinf o BEhielrioAiy et dullag Bt 50T on

(20=46. 18 o.the.crys ti ' - =
proved tobb O¥gd " 3%. Lg%d(%%@%@ﬁ;%a%ﬂgggglgr étﬁpgﬁug%e%%%%%cg%ﬁ%%l?ghsms
ayumna (%%%%tﬁf%gf%o@ f3152‘(’)lﬁu?gtin%he%§gsphb9e.)Tﬂifs Aalyst i€ efeimeal ent to

_ _ allumna s A1203 content of 10 weight % 20 N ssan
Chem cal Lciskthiatydd or) Hoteifafiar. (CRftitbuel oft cdloiid 208d ododiug. Jnvélie added
to MFI-type zeolite of 10 g. synthesized simlarly as in the enbodinent 1

on the baghg9ét (Waee AsimtRAIbY thé andaiid abeatptidmipectiometthaestitsrg on
ignition during 20-m nute calcination at 500 C) to be well m xed.

Ther epft efthat T8 hadUNaRersas Mi8cedight % ang d.3kepighat %18Gpectavelydd ed
until 25 the noisture content was reduced to that of a clay. The kneaded
mxture asngtyr ofledephioughpporsed den thaviaiglyst 2was ( deteomased Tie 168 r uded
nold body was dried at 120 C overni ght and put under cal cination_at 540'C
for 2 42 heoissioal spsctossedpp) reswiiang %;e oietabrtpebatefr 085 meighbdochids 540, C.

The
catalyst was ground to be measured by X-ray diffraction, and the X-ray

diffraction intensity ratio of the crystal lattice spacing d-value of 0.196nm
15  (20=46.18° to the crystal lattice spacing d-value of 0.386nm (26=23.04°) was
proved to be 100 - 30.
Embodiment 21 (preparation of catalyst O)
Hydrous alumina (A1:03 content of 75 weight %, SASOL Ltd.) of 40 g.
(equivalent to A12030f 30 g.) and alumina sol (A1203 content of 10 weight %,
20 Nissan Chemical Industries Ltd.) of 60 g. (equivalent to A120s0f 6 g.) were
added to MFI-type zeolite of 10 g. synthesized similarly 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 mixed.
Thereafter, the resultant was placed in a dryer kept at 120C and dried until
95 the moisture content was reduced to that of a clay. The kneaded mixture
was extruded through a screen having 1.2mm® holes. The extruded mold

body was dried at 120 overnight and put under calcination at 540C for 2
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cal ci:nated nold body of 20 g. was added to an aqueous sol ution in which
"amoni um chl oride (Signma Aldrich Corporation) of 1.1 g. and strontium
ntrate (Cahc Co., Ltd.) of 1.9 g. were dissolved in distilled water of 60
g. and 5 treated at 80'C for 1 houx, while being stirred intermttently.
After such treatnent, the aqueous solution was renoved and the resultant
m xture was washed with distilled water and filtered repeatedly 5 tines.
The mxture was i Mmersed in an aqueous perrhenic acid solutiop (Rare Metal
Product i olioGe. aftet cgradafl 3levaticn of diemparaReresf frem @§0de tcoéﬁfDLt]CenB‘éneat ure
10 and left for 2 hours, while being stirred every 30 mnutes. After the
noi st ur e @flcinatedimold bodpof 2éhgy shsandded do i agheown solriay intwhish C
overnight, the mxture was treated w th hydrogen sulfide at 250" C for 2
hours in ammyciriogechdotide dsim&eéldndhﬁwpsﬁa@@nﬁﬂ-b&- A Strouidinat i on
at 540'C for 2 hours_ in the atnosphere. This catglyst is referred to as 15
"cat al yst niitateciGsihea€oe Ltdgﬁ'ﬁtleﬂ]g-sw@w dissghvedum ‘gﬁ%ﬁg‘é(ﬂ atsr Pﬁ Gb He al yst

were determ ned by the atonic absorption spectranetry, resulti.ng that Sr
and N& wetreatgd @t280 hefgni beummdvbils bﬁépgrﬁtﬂ%ﬁiég%%@#%e@ &%ﬁaﬁﬂ"ﬁy of
rheni um supported in the catal yst. was determ eg‘Bay | CP_enissian

spect r oscHigpimeasuthe RAURSUAEIARNPR BEsS JeRP gihte 98s ¢ iie SWSF was
"t ool ©ywioar PeDpd; Mats eviled eer ch e a Ron B0 DBl e | "
20=46. 180). ,to the . tal, lLatti | 1d- 8 £28. 04'
\(Nas pr oveﬂg%ur%o@ago‘%‘glﬁﬁ%d ﬁ?&&hﬁ%ﬁ@f‘%&%&%@%@?éﬁ %é\luo ﬁcgif%e%%ﬁ%f 25 :
d ] .(A1L20 s o .
(ot val oREORGotGH LS LAOLOER) o8l coRrlshOe Rebe BfSHE ob bl Rrpbindurd. |
% Ni ) | gd ' Lt dg ) I wal AABQ 6 43
g?) @&?&%ﬁ?#gﬁh? g@%%é’ezg%]ltei ,Péu% S?@“gd é‘%\i‘?;’lggl gggug%hi | ar ?yﬁﬁées I n
the e”bogn%;(ﬁgﬂirelof)ﬂlé Hﬁxﬁﬁ%i walfreldiedbsl Uhe Hintusé sreintieiedcal ¢ROE ed
0SS on ignition

fromthe uring 20-mnute calcination at 5001) to be
vel | m xedye FOREepld Ghixthie wASHda88d with BY@geni sulfiddr yer5k&ptfoat2 120t

and dried untiF 5 the noisture content was reduced to that of a clay. The

- kneaded mipgtE $n a hydrogen sulfide stream, and subsequently put under calcination
at 540°C for 2 hours in the atmosphere. This catalyst is referred to as

15 “catalyst O” hereinafter. Contents of strontium and sodium in the catalyst
were determined by the atomic absorption spectrometry, resulting that Sr
and Na were of 0.20 weight % and 0.3 weight % respectively. A quantity of
rhenium supported in the catalyst was determined by ICP emission
spectroscopy, resulting Re metal to be of 0.35 weight %. This catalyst was

20 ground to be measured by Xray diffraction, and the Xray diffraction
intensity ratio of the crystal lattice spacing d-value of 0.196nm (26=46.18°)
to the crystal lattice spacing d-value of 0.386nm (20=23.04°) was proved to
be 100 : 30.

Embodiment 22 {(preparation of catalyst P)

25 Hydrous alumina (A1:0s content of 75 weight %, SASOL Litd.) of 33.3
g. (equivalent to Al120s of 25 g.) and alumina sol (A1:0Os content of 10
weight %, Nissan Chemical Industries Ltd.) of 60 g. (equivalent to A12030f6
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was extruded through a screen having 0.5mm (D hol es. The extruded nold
"body was dried at 120C overni ght and put under calcination at 5401 for 2
hours after gradual elevation of tenperatures from 3509C to 540t. The

cal cinated nold body of 20 g. was added to an aqueous solution in which 10
ammoni um chl oride (Sigma Aldrich Corporation) of 1.65 g. and cal ci um
chloride dihydrate (Cahc Co., Ltd.) of 2.7 g. were dissolved in distilled
wat er and treated at 80t_for 1 hour, i]e bel t|rred

LRée?;”sbf?E%T?”emai‘fi?iwgwﬁ&im o oS gt S s s an
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\thgsrzng(rr)lrjgé fo(:%% hog}?fﬁ?n :t :gv%ﬁé:gﬂ?%{fm %;i%rr;fwsﬁ gﬂ%ﬁiﬁ;%agrtggl%?ﬁiﬁi Se
lrjggg;red tﬁ;ﬁg?sf)w %O%tﬁatc‘f’?% ‘g%egau? G that ohé é@%o'l; ere. @%I S ca%1 E?I?/ : :?]
the cataMst ng%%!ﬁ ned Jz}?gm ¢ a%gﬁth%l&' PR ttfdeltinofel ¢

sorption spectronetry,

resul ting é’P %‘@I@adat éf‘ve‘}hl%u@&n kﬂhimfég%dcﬁa%o%tgbm% for 2

respectiv uant I um pporte in the catalyst was

determ “eq_&o t'agér %ﬁ%&tﬁl%‘le%ﬁﬁShré‘Pﬁ&ﬁﬁeﬁﬁké@'fﬁomr35@@ B RECTETRE to be

of 0.37 weig s catalyst was ground to be neasured by X-ray

di ffracti aaiciRidd Aol ol g0 6§ fwas dadedi @ eAsdduediat éfdutibnt e wtisist al
| atti ce spacing d-val ue 0.196nm (20=46.18") to the crystal lattice

spaci g  GmyRbneuRl cRlo3RRN(Big20r 281deh) Cmapordticn)edf 1106Hez. 180d : cal&um
Enbodi nent 23 (preparation of catalyst Q 5 Hydrous alum na (A 1203 content
of 75 wei ghloftde 3A8Mdrats (CaheTo3AAL) of 2.Feguwerel dissolved Ad 20stiBéd Featgr) and
al um na sol U1203 content of 10 weight % N ssan Chem cal Industries Ltd.)
of 60 g. (f@l gakadttreatedl20808} for 1ghjumewkiledeeny sbirked intgymittestin e of
15 g. synthesized simlarly as in the enbodinent 1 on the basis of the
absol ut e difjerstachl drehtiealte thanguebussoititon was removed and the resultant

mixture was washed with distilled water and filtered repeatedly 5 times.
15 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 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 hydrogen sulfide at 250C
20 for 2 hours in a hydrogen sulfide stream, and subsequently put under
calcination at 540C for 2 hours in the atmosphere. This catalyst is referred
to 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 % respectively. 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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10 less on ignition during 20-m nute calcination at 500'C) to be well

‘m xed. Thereafter, the resultant was placed in a dryer kept at 120'C and
dried until the roisture content was reduced to that of a cl ay. The
kneaded m xture was extruded through a screen having 1.2m4) hol es. The
extruded nold body was dried at 1209C overni ght and put under cal cination
at 540'C for 2 15 hours after gradual elevation of tenperatures from 3509C

to 540' C. The calcinated nold body of 20 was add [%'ri] ous
sol uti on difrantion intenait yatier dihed@'Y@gﬂg]f@& 100 FPREW ‘ﬁé ?‘3 1. 65 g.

and cal ciym chl o I de. di hydr (Cahc, Ltd di ssol ved
in disti |tj?&a=4@al?e° to ghe ew%af]gﬁwaw% ﬁﬁa%lé‘a%ifa 3%%’%(2@& \%ﬁvﬁ?ﬁ"é’@ng
stirred i nterEett ent I@/ 20 After such treat rrent t he agqueous sol uti on was
removed aP¥PVeRdoReslfq al®- nixture was washed with distilled water and

LLH‘E;‘S?&ZE?%%F tisp %Eairgep%%éfﬁ‘pxqﬁrcaﬁq}gﬁ?@sz?e&h” “of 30t
ol ng &t or od T sé'%l i REEALH, B idehf oe SRGOF, Lok ot ad¥ | o
renmoved and the t%"sﬁ%ﬂr&z@& a?gzéé) dez néogh@ﬂé@g X4 6F WS

treated V\Ft ours I'n a hydrogen sul fide

stream ap( %g@h%,rgﬂs&{ f&hpiyiggém% fﬁeg 5&9%@%00@ @ u%@éntfwmcw@ in

t he atrmsp I'S Ca IS referred to as taly Q' hereinafter.

Cont ents ?4 LR ARG wa[t?gb ' zéoh’ﬂee of 48t 2l ésﬁﬁth\é/é{z%ddﬁhﬂldﬂﬁ od BytHene

atom c ab orp I on spectrone resulting ~tHhat and Na were of 0.25

wei ght % anghodirdeWeh B 16 Bgﬁe%@ttha%golu/ee m@@ﬁam ehlahemidufrositipor t ed
in the catalyst was determned by ICP em ssion spectroscopy, resulting Re

netal1( o BRsOdn QgRft 16@?%%(@0Tﬂﬁmutec@dlam&ion/\@s R dot e keelheaixeded by
X-ray diffraction, and the ray diffraction intensity ratio of the

crystal | Sers£fionati resdiynt wasqflatdidbadryé2kegitatl 830 Coand drimdysntal
| atti ce spacing d-val ue of 0.386nm (28=23.04) was 10 proved to be 100: 16.
Enbodi nenth@4néptepacaitent wds eadwdedsto f)atHylda adiay.alThe kaegda® @sixtura ent of
75 weight % SASOL Ltd.) of 33.3 g. (equivalent to A1203 of 25 g.).and
al um na sotas &ti2@3ed ahrewgh of s&@en having 1.2mm$P holes. The extruded mold
body was dried at 120°C overnight and put under calcination at 540°C for 2
15 hours after gradual elevation of temperatures from 350C to 540°C. The
calcinated 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 80 for 1 hour, while being stirred intermittently.
90 After such treatment, the agueous solution was removed and the resultant
mixture was washed with distilled water and filtered repeatedly 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 every 30 minutes. After
25  the moisture in the mixture was removed and the mixture was dried at

120°C overnight, the mixture was treated with hydrogen sulfide at 250C for

2 hours in a hydrogen sulfide stream, and subsequently put under
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wei ght % N ssan Chemi cal Industries Ltd.) of 60 g. (equivalent to A1203 of
"6 15 g.) were added to MFI-type zeolite of 15 g. synthesized simlarly as
i-n the enbodinment 1 on the basis of the absolute dry standard (cal cul ated
fromthe loss on ignition during 20-m nute calcination at 500C) to be well
m xed. Thereafter, the resultant was placed in a dryer kept at 120C and
dried until the noisture content was reduced to that of a clay. The

et uded PAPPATiTY: dd e DTS 30 106 ARFIHRREF e (P SRLOAL T CAPEat i on
5400 Thetd cil SGAELE bl DOTRBgTET. Conentanat ARKIHRT crath BATBLL: SBRuL i on
cal of um 29 BN VERE BefRpaed HCHRe 2emie abrarti et Bl o
Stirred i g e 2o Ny erf PEOLESERRERp g O el MbeRTA o
i1 orba Pomeipety fho it Srbltel Fn/ T "BIGR b Siebhumal ETCR anc
Cont ai ni ngEREsigR ek BehtT Foeliihy RE AOE! HbTf 0B bl X Thle
emoved anETe e B O e o e T & ke

treated Wyl YRnoRARnSHY HatR & 12Dk sthPlatRicB ifawingd davAlnersfoBn96Hhd i de

stream and subsequently” put under <calcination at 540 C for 2 hours in the

at nospher ¢pJ44. $89abahydryital lefiRerdcid®d aalie of 0)386n (222002 Wwas .
Contents of calciumand sodiumin the 10 catal yst were determ ned by the

at om pp abpeswid bspeot:ri@retry, resulting that Ca and Na were of 0.24
wei ght % and 0.3 weight % respectively. A quantity of rhenium supported in
the catal yst Wasnlstelierenitridphypd@Riorcod catalyrstect r oscopy, resulting Re
metal to be of 0.33 weight % This catalyst was ground to be geasured by
X-ray diffract Hydroasdlunénx(AyOdeontent 0§ 76i weighh?enSABPL htdd obBHhe
crystal lattice spacing d-value of Q.196nm (26=46, éﬁé to the crystal
lattice sgadequivident de 8120z 88@mg26ad3abmingsol fAdeQd eopteat DEol0 15,
weight %, Nissan Chemical Industries Ltd.) of 60 g. (equivalent to A12030f 6
15 g.) were added to MFI-type zeolite of 15 g. synthesized similarly as in the
embodiment 1 on the basis of the absolute dry standard (calculated from the
loss on ignition during 20-minute calcination at 500°C) to be 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. The kneaded mixture
920 was extruded through a screen having 1.5mm® holes. 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 350 to 540C. The
calcinated mold body of 20 g. was added to an aqueous solution in which
ammonium chloride (Sigma Aldrich Corporation) of 1.65 g. and calcium
25  chloride dihydrate (Cahe Co., Ltd.) of 2.7 g. were dissolved in distilled water
of 60 g. and treated at 80°C for 1 hour, while being stirred intermittently.

After such treatment, the agueous solution was removed and the resultant
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Enbodi nent 25 (preparation of catal yst S) Hydrous al um na (Al1203 content of
"75 weight % SASOL Ltd.) of 33.3 20 g. (equivalent to A1203 of 25 g.) and
al um na sol (A1203 content of 10 weight % N ssan Chem cal Industries
Ltd.) of 60 g. (equivalent to A1203 of 6 g.) were added to M-I -type
zeolite of 15 g. synthesized simlarly as in the enbodinment 1 on the basis
of the absolute dry standard (calculated fromthe 1loss on ignition during

" esul { ang moEe] HaE Fvashel Byt iR A0 PR A RRRPTA (h 4RGPt ur e

v ough A1BerBUHRVIAG EUPRCOR oL 2T TR det atrh Autc A7 BRGHES “ari e
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(S g A AR RBTROL ot b 2 EaYy Wl Helle el Shor AP IRHTAED, DG ¢
{rear di ahtgdcbpgmoffatin HRREEERP R rilo R il B kel e BRE UG,

Lreat nent ,, 4 BB BUEAUEHE AHY kR iB Sy LIRUEEH ¥ith hpgxﬁgmae a2BOW e, was

washed wi Irstil water and filtered repeated i mes. The m xture

was i nmmer i u hegi ; | uhigo tahnd
) ﬂoﬁ?saf‘lg g?ﬂg%ﬂ%h SHIdAGhda2s, ﬁ%lﬂ SukbdRfently bel er

Pr oducti on Co. , containing Re of 80 ng at room tenperature
and | ef t {9kiathoing 5407 Ifer Raicwds ShitheetneepherdThisruatelyst inkeferrdde

noi sture in the mxture was renoved and the m xture was dried at 120CC
over ni ght ¢, t4ie “Ahselyste Rvahetdieated. \@ddteftdofgedciom f ane sudi@m e 2
hours in a hydrogen sulfide stream and subsequently put under 15

cal ci @t i eatAystH4ReE dedsrmintdubys tha dtbmiatabssrténe spdtiromettyalrpsulting
referred to as "catalyst S" hereinafter. Contents of cal ciumand sodiumin
the catakliat Ceenadddaeweraad MP4tweight ot andib3rpeight Ypeaspeevelyy A
resulting that Ca and Na were of 0.23 weight %and 0.3 weight %

respect i vepantidy ofiahehiymosuppeted mos the oratelystnwesedetermijed hadCP
determ ned by ICP 20 em ssion spectroscopy, resulting Re netal ao}oﬂg of
0.32 wei glmibsioTihspectrescapys reswling: Kenandtsl fo hefuPed meight gp- This

diffraction, and the X-ra . .
catalyst was g'rouna/ to be measured by X-ray diffraction, and the X-ray

15 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 100 © 15.

Embodiment 25 (preparation of catalyst S)
Hydrous alumina (A1203 content of 75 weight %, SASOL Ltd.) of 33.3

20 g (equivalent to A150s of 25 g) and alumina sol (A1:0s content of 10
weight %, Nissan Chemical Industries Ltd.) of 60 g. (equivalent to A12030f 6
g.) were added to MFI-type zeolite of 15 g. synthesized similarly 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 mixed.

95 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. The kneaded mixture

was extruded through a screen having 1.7mm® holes. The extruded mold
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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 0.386nm
(20=23.04) was proved to be 100: 15. 25 Enbodi nent 26 (preparation of
catal yst T) Hydrous alum na (A1203 content of 75 weight % SASOL Ltd.) of
33.3 g. (equivalent to A120s of 25 g.) and alum na sol (A1203 content of
10 48 weight % N ssan Chem cal Industries Ltd.) of 60 g. (equivalent to
A1203 of 6 ~g.) were_ added.to M-I -type zeolite of 15 g. synt L Zed

si ni | ar | ybedy wastdyeed afid3i ter’?&gg\gat PR, Up eBFﬂf%gﬂ%&té@s%ﬁﬁ‘ &t andar d
(calculated fromthe [|oss.on ignition during 20-m cal i [ at
500C) to b@uﬁeﬁﬁeﬁi?@é,‘lﬁﬁ%\‘@é‘?’f ,tef:q{éerpgg:%st %r?fn :/5;’20@% gocﬁéﬂﬁf ?Bgryer
kept at 12Q1, and_dried, until e noi sture, content was r ced . t of a
Cl by, " ThecalReded TPl BRY ofed B MASIBUTH S h S EEhe eRTUHEH i e, {1
hol es. The extr.uded | d dried at 0 i=glt and s umnder
cal ci nati BWI%?%tchqugﬁ @gﬁlﬁﬁiﬁ%’? g@&&ﬁ‘%? ec\'/\{[z? irgogﬁgbf ter?pglégrl%%ur es
from 350C t.o 540 he al gi.n |4 .b 5 agded at& an
aqueo sﬁmﬁfaéndkmgﬁﬁ%&a i 'n?t‘ﬁ?ﬁ??'rﬁ 'e&gé? ginsa%%‘%irllcﬁ o bor ation) of
4,94 g. andesilversnitr ) CR1GR RO bibedoft2ridiently! ©

di ssol vedofﬁﬁog'sqerilq Itreec?‘t\%/g'?aetré(??g%% ﬁlg]?%}éhg’ treated at 80t forr 1 ho%?, whi | e

bei ng st i fé%@e%é&&?:ﬁf&%ﬁ@ %,l the %ﬁ&fus Se166ohwas Fefovel e AENE oEISALIL | ON

was renov e result’ant m xture was washed with distilled water

and filtergdy i B SdistifiB8 WhidrUaRd ilteidiessededly 8 timesheni c
aci d aqueous éﬁﬁﬁ%gﬁhﬁﬁyl Met gl Production Co., Ltd.) of 30 niL

cont ai ni ngyRenAktHE0WIR Bhnlc@®dd iheARaiqidiue phdheaid atidr sdubiowr Rawhi | e
being stirred every 30 minutes. After the noisture in the m xture was
renoveg anfalePFidtiction Gas Uxd2dbof200ain]l 20atxintngi Bditof 8bemg &t nmoenvas
treated with hydrogen sulfide at 250C for 2 hours in a hydrogen sulfide
stream amempubsieayemtd ieftuforu@drourss abhiladtding stirredOevdryr 30 mdmmeesin t he
atmosphere. This catalyst is referred to as "catalyst S' hereinafter.
Contents gfftei theemaisithre ddi the imxtuve was abypoved veard thie mixbireew apydrietd

atom c absorption spectronetry, resulting that Ag 25 and Na &vere ofncl. 7
vei ght % atd20°0. essrglight/the spisture wiag treatedamithi hydsogen sulfide at 250

for 2 hours in a hydrogen sulfide stream, and subsequently put under

15 calcination at 540°C for 2 hours in the atmosphere. This catalyst is referred
to as “catalyst S” hereinafter. Contents of calcium and sodium in the
catalyst were determined by the atomic absorption spectrometry, resulting
that Ca and Na were of 0.23 weight % and 0.3 weight % respectively. A
guantity of rhenium supported in the catalyst was determined by ICP

20 emission spectroscopy, resulting Re metal to be of 0.32.weight %. This
catalyst was ground to be measured by X-ray diffraction, and the X-ray
diffraction intensity ratio of the crystal lattice spacing d-value of 0.196am
(20=46.18°) to the crystal lattice spacing d-value of 0.386nm (26=23.04°)
was proved to be 100 © 15.

25 Embodiment 26 (preparation of catalyst T)

Hydrous alumina (A1203 content of 75 weight %, SASOL Ltd.) of 33.3
g. (equivalent to A130s of 25 g) and alumina sol (A1:0s content of 10
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rheni,um supported in the catalyst was determ ned by I CP en ssion
*spect.roscopy, resulting Re netal to be of 0.67 weight % This catal yst was
49 ground to be measured by X-ray diffraction, 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 (20=23.04)
was proved to be 100: 15. 5 Enbodinments 27 to 30 Catalysts fromL to O
were filled into reaction tubes res ectivegy

b : :
cont ai ni ngeightylbbhssameChemicad Indystiaes §bd: ﬁﬁﬁéeg- z@%&%ﬂ%ﬁr}%n&ﬂ@%ﬁ%esence

of hydrogen. Table 3 shows the result. Table 3 Performanc f each,cat al yst
Enbodi mengErvensi addedrte dMEEYP® gaehtenef 2983y a%ltzﬁ‘iﬁ”@éﬁa& Paﬁ%a@%aygt Yo
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e N';g“ %gbﬁi’é;gcﬁz ?a%mzwgzogﬁng%’zésﬁv SCRAIBTTOR 61 BP0l b ey 0s
515, 255, oBBekindier dbe sesulfary s Dl Jhig et RO C il furta i
the moisture content was reduced to that of a clay. The kneaded mixture
was extruded through a screen having 0.5mm® holes. 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 540C. The
10 calcinated mold body of 20 g. was added to an aqueous solution in which
ammonium nitrate (Sigma Aldrich Corporation) of 4.94 g. and silver nitrate
(Sigma Aldrich Corporation) of 2.3 g. were dissolved in distilled water of 60
g. and treated at 80°C for 1 hour, while being stirred intermittently. After
such treatment, the aqueous solution was removed and the resultant
15 mixture was washed with distilled water and filtered repeatedly 5 times.
The mixture was immersed in a perrhenic acid aqueous solution (Rare
Metal Production Co., Ltd.) of 30 ml containing Re of 160 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
20 at 120°C overnight, the mixture was treated with hydrogen 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 “catalyst S” hereinafter. Contents of silver and sodium in the catalyst
were determined by the atomic absorption spectrometry, resulting that Ag
95 and Na were of 1.7 weight % and 0.1 weight % respectively. A quantity of
rhenium supported in the catalyst was determined by ICP emission

spectroscopy, resulting Re metal to be of 0.67 weight %. This catalyst was
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- X56..8942. 623. 0743. 383. 26 - X5. 3719-2519. 4419. 720. 34 r-B0. 000. 00. 000. 000. 00

"TO. 050. 51- 250. 170. 16 TMBO. 030. 560. 440. 33. 24 DEBO. 00. 38. 120. 14. 16
X0. 000. 55. 080. 10. 07 C10+0. 000. 040. 100. 030.01 B conversion
W %76. 074. 475.174.5 - X/ E X23.53.523.523.0 | 0ss2.71.71.21.0 10 The

enbodi ments from 27 to 30 indicate that the presence of alkaline- earth
50 Enbodi nents from 31 to 35

by Sinagn diiactiogy anhabe 5385, it
l e.4 shows t.he re
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Q{%Pigggejg;j(% .64.64 0.64 |F g-cat.hrlg-nol 3015 3030 30 2/F

5 3.5 upplied aw materi al
= 44?5 34 . 452E§1%0%i1f’1%nts 27 to 30

Cl wt% 01.01 .00.01 0.00

Catalysts from L to O were filled into reaction tubes respectively by

7.5 g., and xylenes containing ethylbenzene were put under gas phase

reaction in the presence of hydrogen. Table 3 shows the result.

Table 3 Performance of each catalyst

Embodiment [Embodiment [Embodiment Embodiment
27 28 29 30

Reaction condition Catalyst L Catalyst M [Catalyst N [Catalyst O
Reaction temperature °C 366 370 376 379
Reaction pressure MPa-G 0.64 0.64 0.64 0.64
'W/F g-cat.hr/g-mol 30 15 30 30
H2/F mol/mol 3.5 3.5 3.5 3.5

[Supplied

Taw

material
C1l wt% 0.00 0.01 0.00 0.00
Cc2 12.75 2.90 2,86 2.88
C3 0.10 0.05 0.06 0.05
C4 0.01 0.01 0.01 0.01
C7- wth [0.01 0.16 0.10 0.08 .05
C8NP 0.09 0.07 0.05 0.05 0.05
BZ 0.01 7.12 7.46 7.42 7.48
TOL 1.48 3.22 2.94 2.55 2.43
B 15.21 [3.65 3.80 3.72 3.80
p-X 0.86 19.01 19.19 19.38 19.00
m - X 56.8% |42.62 43.07 43.38 43.26
o-X 25.37 |19.25 19.44 19.72 20.34
Pr-B 0.00 0.00 0.00 0.00 0.00
IET 0.05 0.51 0.26 0.17 0.16
TMB 0.03 0.56 0.44 0.33 0.24
DEB 0.00 0.38 0.12 0.14 0.16
EX 6.00 0.55 0.08 0.10 0.07
C10+ 0.00 0.04 0.10 0.03 0.01
['B conversion wi% 76.0 74,4 75.1 74.5
p-X/ZX 23.5 23.5 23.5 23.0
%Y loss 2.7 1.7 1.2 1.0

The embodiments from 27 to 30 indicate that the presence of alkaline-

earth metals in the catalyst reduces xylene loss.
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C30.-Q50. 07 .06.07 .06 C4.010.01 .010.01 0.01 C7- WM9%00.040.05 0.08.05 .12
*C8NP..08. 070.05 .05.05 0.07 Z.01.586.60 .63.60 .83 (O.1.48.202.49 .552.49
2.32 B15.155.325.26 5.185.37 5.15 -X0.8918.9718.77 18.0917.55 19. 18
-X56.873. 7143.61 3.7844.02 3.05 0-X5.4619. 7919. 92 0.3520.69 0.04

r-B0. 00.000.00 .000.00 .00 T7.03.20.18 .170.19 .17 TwWB02.24.27 .33.25 0.29
B)Egg Og. 24. 19 . ;|.40. 19 0.18 X 00.130.08 .100.11 .09 C10+0.00.00.10 .030.00

) conversion w%4.95.3 5.864.6 66.0 - Xt EX3.022.8 22.021.3 23.3
| 0ss0.91. 1 1. HmbodimenisframdlitosAt s from 31 to 35 indicate that the rate

of isonerizatign - xyl h

particle incr &%@stp@ogngy e WlFrs%r equnggﬁrgg}:Qﬁ%&uﬁggtrgéqgtgfk Bt &Yt
|somar|zat|onto xyl ene, incre by th t roduct

10 Enbodi #n ,3en@p;n§lﬁgpatqoaﬁammsa?éas@@%neewé?‘a[ﬁ it eaag%alé% Cont ent

of 75 wei
and al um

fhctioh inABORFERER R PTEORER. TAPYT 9&*%@%&9&%22#223  ndustr] es

Ltd.) of 60 g. é nt toA20 f ) were added to MFI-typezeolite
of 15%. synt hg‘ E %Ffﬁirf]%ﬁnrc\? %%?‘ﬁgysgrrbodl nt 9_on the hamyg of the
absol utf dry standard (callcul atf&dbddummttiﬂwaoﬁnﬁe@sEmbndlmgm@mb?dﬂémtlﬁ?gbomem
20-m nute calcination at %001) dlo he 132 mi xed B3 34 35
Reaction condition Catalyst P {Catalyst Q@ |Catalyst R |CatalystS _|Catalyst T
Reaction temperature °C 383 382 382 382 382
IReaction pressure MPa-G 0.64 0.64 0.64 .64 0.64
W/F g-cat.hr/g-mol 30 15 30 30 30
[H2/F mol/mol 3.5 3.5 3.5 3.5 3.5
Supplied '
Taw
material
C1 wit% 0.01 0.01 0.0 0.01 0.00
C2 2.44 2.34 2.45 2.35 2,43
C3 0.05 0.07 0.06 0.07 0.06
C4 0.01 0.01 0.01 0.01 0.01
CT- wt% 0.00 0.04 0.05 0.08 0.05 0.12
C8NP 0.08  [0.07 0.05 0.05 0.05 0.07
BZ 0.01 5.58 6.60 6.63 6.60 6.83
TOL 1.48 2.20 2.49 2.55 2.49 2.32
B 15.15 [5.32 5.26 5.18 5.37 5.15
DX 0.89 18.97 18.77 18.09 17.55 19.18
m-X 56.87 43.71 43.61 43.78 44.02 43.05
o0-X 25.46 [19.79 19.92 20.35 20.69 20.04
Pr-B 0.00 0.00 0.00 0.00 0.00 0.00
ET 0.03 0.20 0.18 0.17 0.19 0.17
TMB 0.02 [0.24 0.27 0.33 0.25 0.29
DEB 0.00 0.24 0.19 0.14 0.19 0.18
EX 0.00 0.13 0.08 0.10 0.11 0.09
C10+ 0.00 0.00 0.10 0.03 0.00 0.01
[EB conversion wi% 64.9 65.3 65.8 64.6 B6.0
X/ 2 X 23.0 22.8 22.0 21.3 23.3
loss 0.9 1.1 1.2 1.1 1.1
The embodiments from 31 to 35 indicate that the rate of isomerization
to para-xylene is reduced as the diameter of the catalyst particle increase.
The embodiment 35 indicates that the rate of isomerization to para-xylene
increases by the introduction of silver ions.
10 Embodiment 36 (preparation of catalyst U)

Hydrous alumina (A1203 content of 75 weight %, SASOL Litd.) of 33.8
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Thergafter, the resultant was placed in a dryer kept at 120 C and dried
‘until. the noisture content was reduced to that of a clay. The kneaded

m xture was extruded through a screen having 1.6mm | holes. The extruded
nold body was dried at 120 C overni ght and put under calcination at 540 C
for 2 10 hours after gradual elevation of tenperatures from 3501 to 5409C.
The <calcinated nold body of 20 g. was added to an aqueous solution in

whi ch ammoni um chloride (Sigma Al dgich Corporation f_ 3.30 g. bari
nitrate (gakegudvalentt i, )A]G9310f725gg5v\%¥1‘33 %lugﬁaﬂvé%i %&ﬁ?%ﬁ’%tcpmegﬁ &f;ﬂ@r a(r)} ug]o

L AR i TR SRR
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At 5400 1 DpeRonfas enf e b oS B thd HEPGRAR 101 0E HRTRARAIET! on
o YS! i AGEELAAIREns CPI S04 Sl (D BRALEE ANCla3 A IhBad P nSRIRISY ST, 25

were dete om < absorptron spectronetry, resulting that Ba

and Na wege, 0f Q3. 48! W5255e8n Th A8 h g it 6340k €S BRI, VIEHeY extudedthbldy of
e g y

r heni um suppor atal yst was determ ned by | CP em ssion 52

spectr oscgga}, wASHibE M mm@rnléhtb@n@bue Rl eWaialdihatfon Tdt 54076t falr\st  was

ground to be neasured by X-ray difiraction. Fig. 13 shows the result and

the 19ranodicd larast bR S8Ghtivn' & tempérdthees fiahaB50Et tb cBiEPacTheg
d-value of 0.195nm (28=46.44) to the crystal |attice spacing d-val ue of

0.385nm  %41c20523. RBld Wedynsfoled. twadadied to 0. adindousi sdutioB7n( whégiar at i on
of catalyst V) Fifteen grams of the MFl-type zeolite synthesized simlarly
as in the anembadimeohlofiden (Sipena dalirechwiGdrpotetiaDs of 18.80 dg.y andabakin
(calculated on the basis of loss on ignition for 20-m nute cal ci nation at
500° O) wasiaatdedCabc Co., Ltd.) of 1.77 g. were dissolved in distilled water of 60 g.
| and treated at 80°C for 1 hour, while being stirred intermittently. After such
15 treatment, 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
Production Co., Ltd.) of 30 mL containing Re of 160 mg at room temperature
and left for 2 hours, while being stirred every 30 minutes. After the
20 moisture in the mixture was removed and the mixture was dried at 120%C
overnight, the mixture was treated with hydrogen 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
“catalyst U’ hereinafter. Contents of barium and sodium in the catalyst
25  were determined by the atomic absorption spectrometry, resulting that Ba

and Na were of 0.5 weight % and 0.1 weight % respectively. A quantity of

rhenium supported in the catalyst was determined by ICP emission
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10 hydrous alum na (A1203 content of 75 % by weight, SASOL Ltd.) of 33.3 g.
*(25 ¢g. as A1203) and of alunmina sol (A1203 content of 10 % by wei ght,

Ni ssan Chemical Industries Ltd.) of 60 g. (6 g. as A1203) and wel | nixed.
Thereafter, the resultant was placed in a dryer kept at 1201 and dried
until the noisture content on to that of a clay. The thus-prepared kneaded
15 substance was extruded through a screen having 1.6 nmmt holes. The
extruded was dried overnight at 1201 and subj ected to 2-hour calcination

at 5401 affeBfrogéciil desaltivaBeomethl tebpearfad.6beweight %85This caBdpet Wasent y
grams of fhe thus-calcinated substance was placed into an aqueouatggl ution
in which di terbenidenatirebby X-84y diffnastigna Fig.d3 shows tporetilband 488 i um 20
nitrate of 3.3 g. (Signa Aldrich Corporation) and silver nitrate of 2.3 g.

. (Cahc CoXsrajt diffraction ifitensity echtion of i thei crestahdeticeoFPaeng. ?1"’ HetMeat ed
at 80t for 1 hour, with occasional stirring. After such treat t he
aqueous B.095hio {2046 ribvied the deryRalr le%tt!imﬁaﬁi)a@ﬁSsaé Eev@’g edl y
washed w th distilled water and filtered 5 tinmes. The substance was
submerge (262350650 wes pfovedtp hentQ0 220.d aqueous sol uti on (Rare Metal

Production Co., Ltd.) containing Re (%f 1%8 ag, at room tenperature and
allowed to st démbodiment §3(preparabion;gfcatalyshid gi ven every 30 mnutes.

Then, th I st 53 f t bst : t

i o over ni ghEeem@me OkFRRTAT 7RG Zohs SURCLANes SRutRe 2hay A "

hyd | fide at 250'C f 2 h ' d ' ,

and Chen SEpERPeat SoitoarsaRance ATk 4bs SvoaltE S AAnI i (R ALRERET &
bst i s. hereinafter. 3 cy-t t. Vs ' \ d

ot um coReRBRsRE Ioto il 4,20 nty B cABRAGER At H0TT) WiB o e o1

e hiron & 3Rt (A Rk LA GFab ogn wliple, BAGDL, BEd Paf 38.5 6% DY

wei gh A quantity of rhenium supported in

the catal S, ast gy yn &Ein bE <) ReatdRIFAR0Y %A bl Weight,

resul ti ng@% g\(g/aﬁ %@12%%;?.%8%3% yﬁe@ijgﬁ‘??g%%s Re netal . Th?s g:a%al yst

was 9r°““%g§€£a %Q{Pénﬁfctafcinhas%iésau&b fdrrar gl ©6.g. da0bObNgnd rwell fmixdidng t hat
iffracti

the X-ray on intensity ratio of the crystal lattice spacin

g]: vgl- 3240%(3(%%&253 ;{%@%gsg‘ﬂtégg éziﬁggﬂﬁébldg i_iﬁa(&’ryéi: &kpt at 120€ andakiedgudtiVal ue
the moisture content on to that of a clay. The thus-prepared kneaded
15 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°C after gradual elevation of temperature from 350C to 540C. Twenty
grams of the thus-calcinated substance was placed into an aqueous solution
in which ammonium nitrate of 8.30 g. (Sigma Aldrich Corporation), barium
20 nitrate of 3.3 g. (Sigma Aldrich Corporation) and silver nitrate of 2.3 g.
(Cahc Co., Litd) were dissolved in distilled water of 60 g., and treated at
80°C for 1 hour, with occasional stirring. After such treatment, the aqueous
solution was removed and the resultant substance was repeatedly washed
with distilled water and filtered 5 times. The substance was submerged in
95 30 mL of perrhenic acid aqueous solution (Rare Metal Production Co., Ltd.)

containing Re of 160 mg 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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Enbodi ment 38 (preparation of catalyst W 15 Fifteen grans of the M-I -type
'zeoht.e synthesized sinmilarly as in the enbodinent X in accordance with the
absolute dry standard (calcul ated on the basis of loss on ignition for
20-m nute calcination at 500'C) was added to 33.3 g. of hydrous al um na
(A1203 content of 75 % by weight, SASCL Ltd.) (25 g. as A1203) and 60 g.
of alum na sol U1203 content of 10 % by wei ght, 20 N ssan Chem cal

I ndustries Ltd.) (6 g. as A1203) and wen m xed. Thereafter, . the resultant
was pl acesnioved ftoyethesyhstance 20d thasabgtance wias Ariegpyerpighdiat tont ent

to that of a clay. The thus-prepared kneaded, sybstanc was e
t hrough aAfter devinigathe gubstmnemwas trepted Withehzdrg é?ﬁt@e@%r gr i ed

i ght at 120' C and bjected to 2-h | ci paitiopn. 54Qt aft

O adual  chauest ora iy diespar Gelide RPBAFBERFeC 4B SO, SURREIRY 1o R0l ¢ he
0. of amesDRtm oF A0 SngRes At | LB CHPSEAE B poiriaepsy i gp” 1 O

| ci hl ori de di jjydrat Ca Co., Ltd. ' d,i f
i st1 18 ccmaraialy it aHEE B b eoR B Fontap i Sh e E bt Sy g
Af t t t t, the. .sol uti | { . t
SUbst anc ST TR APTIE AT SReCAF S e e DaRass 14 Chieedt s,
5 Th b b p . 30 | €oaf laut i
(Rare Net k0 rSuHEeOrEChe 20k o 37 ssieaf of RS S0F OLF of BpargpeasNachl | on
temper at Uy ¢, 306 Ald NS e ShRRMd P in 20 Watalyh Gyal | ddibRAINAS 1) VP every

, the nolrstu r

30 ni nut e84 Wwas renove m t he substance and the
substance oy ' : thid Bl a0EYABG of BE8SHhsE Jeeghivas 10
treated weﬁg%%rsgg%t%}‘g{ﬁﬂr}gg%n?ﬁ%ég%% oré2 hours i'n a hydr gg_{en sul fide
at Mmospher gq I@é‘ﬂaétﬁf.” T81BI BEABYt WalpRAHd aalCidlbiten tal XesgChfiractibe, air .
The substance Is hereinafter ‘referred to as "catalyst S". Barium content

and  sodi W AARLSRla Gndifie that the XtratedEfrdetionihtatkity ratioof thabsatal i on
spectronmetry, réesulting in a finding of 0.9 % by weight as Ba and 0.2 % by

é 2t \tlaura Im'g Eg}jﬁﬁyyﬁs&&éﬁ? g{ivg}]ues gc?'ggg Ir gﬁ] S/( ﬂggglr 32%34 I,Dh rJG g QﬁT e;: ?ﬁ?tiyﬁ ﬂ:ﬁ??an di ng
of 0.32 %shyciveidbslrsoffR38%enan (207ki23.¢20abys100&3d9gr ound and subj ected to
Embodiment 38 (preparation of catalyst W)
15 Fifteen grams of the MFI-type zeolite synthesized similarly as in the
embodiment X in accordance with the absolute dry standard (calculated on
the basis of loss on ignition for 20-minute calcination at 5007C) was added to
33.3 g. of hydrous alumina (A120s content of 75 % by weight, SASOL Ltd.)
(25 g. as A1203) and 60 g. of alumina sol (A1203 content of 10 % by weight,
920 Nissan Chemical Industries Litd.) (6 g. as A1203) and well mixed. Thereafter,
the resultant was placed in a dryer kept at 120°C and dried until the
moisture content to that of a clay. The thus-prepared kneaded substance
was extruded through a screen having 0.5 mm @ holes. The extruded
article was dried overnight at 120C and subjected to 2-hour calcination at
95 540°C after gradual elevation of temperature from 350°C to 540°C. Twenty

grams of the thus-calcinated article was placed into an aqueous solution in

which 1.65 g. of ammonium chloride (Sigma Aldrich Corporation) and 2.7 g.
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Ix-rag{ diffraction, resulting in-a finding that the X-ray diffraction
intensity ratio of the crystal lattice spacing d-value of 0.195 nm (26 =

46.44) to the 20 crystal lattice spacing d-value of 0.384 nm (28 = 23.12)
was 100: 19. Enbodinments 39 to 41 Reaction tubes were filled with 2.5 grans
of catalysts U through W respectively, and ethyl benzene contai ni ng

xyl enes were subjected to gas- phase reaction in the presence of hydrogen
the result of which was shown 25 in Table 5. 55 Table 5 Performance of ’
eac 3_ cat adcﬂéeallcimo%ﬂcaoﬁdeWm(mﬁmﬁdéwerﬂeﬁeﬂmﬂ in 60 g. of

condi ti onCat al yst tal yst VCatal yst R Reaction tenperature_ C0

Pt eact i ondiptidleduwatdfaanED .tﬁelatEdOa’6£0l°(l:‘- forchthow, gWHfglp QCPEGINAD | ﬁiﬁ%ﬁ%

nol I nol 3.5.53.5 Supplied raw material Cl w %0.010.010,01 2.332.542. 28
(30, 05, 03AFRS soehreainent (7. aqam0zo oD v:S PoiDaKed A0, T Tl EHt

5. 343, sitnitase: snommeasaly Ao wBpgisulied water and fltered 5 times.” "

5 The substance was submerged in 30 mL of perrhenic acid aqueous solution
(Rare Metal Production Co., Ltd.) containing 80 mg of Re at room
temperature and allowed to stand for 2 hours. The stirring was given every
30 minutes. Then, the moisture was removed from the substance and the
substance was dried overnight at 120C. After drying, the substance was
10 treated with hydrogen sulfide at 250°C for 2 hours in a hydrogen sulfide
atmosphere, and then subjected to 2-hour calcination at 540TC in the air.
The substance is hereinafter referred to as "catalyst S”. Barium content and
sodium content of the catalyst were determined by atomic absorption
spectrometry, resulting in a finding of 0.9 % by weight as Ba and 0.2 % by
15 weight as Na. A quantity of rhenium supported in the catalyst was
determined by ICP emission spectrography analysis, resulting in a finding
of 0.32 % by weight as Re metal. This catalyst was ground and subjected to
X-ray diffraction, resulting in a finding that the X-ray diffraction intensity
ratio of the crystal lattice spacing d-value of 0.195 nm (26 = 46.44° to the

20 crystal lattice spacing d-value of 0.384 nm (26 = 23.12°) was 100 - 19.

Embodiments 39 to 41

Reaction tubes were filled with 2.5 grams of catalysts U through W,
respectively, and ethylbenzene containing xylenes were subjected to gas-
phase reaction in the presence of hydrogen, the result of which was shown

25 in Table 5.
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r- B.Q00. 00. 000. 00 TO. 030. 11. 110. 09 020. 34. 360. 22 DEB. 00. 10. 100. 09
*X..000. 11. 1i 0. 08 C10+0. 000. 00. 000. 01 B conversi on w %2. 95. 860. 65

* X/ Ex23. 53. 823. 6 | 0ss0.91.20.8 It was found fromthe enbodinments 39 to 41
that the presence of bariumions and/or silver ions in the catal yst nade
It possible to reduce the |oss of xylene, thus attaining conversion to

et hyl benzene and isonerization 5 to para-xylene at a high rate under the
condition where WF was 10g- cat.hr/g-nol, or so called a limted quantity
of the catal yg!‘abl@‘&lﬁenférmend:e bﬁeadimhtah&toz/Al Gs mole ratio of 25 and the

average grystaH+te—stzeof—the g Ot Enpinen: Ganblariap jand the m nor
axi s was j0. 05 mcron. The presery inventijgh 1's a I(41to deal Kyl at e

et hyl b-enZRéé{é m(_a i hc. t6—+e (?altal%f.(’b at ugta_[y% € |ERRy4t¥S [of Xyl ene
occurrin . mi e LT FSOMET;&at T O O o XYdzgne and et a- xyl ene

I nto par aﬁgggﬁn éﬁéﬁ:“ﬁﬂﬂ%the 5( ‘%;?t al yst \g@l ch I n¢j gdes MFI|-type zeolite
and al um A % ray djy ractiorﬂolntenmtmratio of the crystal

| attice SEQ&FIQ& 1va ue of| 0.19p9. 002 nngsassignedggo alunmijna to the
crystal |@ttice spacing d-Nghkl [of 0. 386pP. 008 nm gssi gned tjo MFl-type
zeolite ijs in a range fromaf00: 4 to 5 10D:35. O XAylene m xtures, a
particularly inportant onemhtemmian industfial point of vi i's

par a- xyl ejpg, a raw mat @t%al for ®gnt heti cpfoitber pol@ster. O tho-xylene
and net a- gyl ene which are kyl eng2.8%onmers BtsMer tharg-Para xylene are in nmuch
less demaed than para-xylepe, arlodherefofd3 it is 0.05

C4 0.01 0.01 0.01
C7- wt% 0.02 0.09 0.06 0.12
CaNP 0.08 0.04 0.07 0.04
BZ 0.01 6.59 6.97 6.48
TOL 0.15 12.22 2.26 2.06
EB 15.19 15.64 5.20 5.94
DX 0.87 19.31 19.52 19.44
m-X 56.84 143.54 43.35 43.22
o~ X 25.41 19.50 19.28 19.85
Pr-B 0.00 0.00 0.00 0.00
IET 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
X (.00 0.11 0.11 0.08
C10+ 0.00 0.00 0.00 0.01
[EB conversion wit% 62.9 55.8 60.65
p-X/EX 23.5 23.8 23.6
loss 0.9 1.2 0.8

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 xylene, thus attaining conversion to ethylbenzene and isomerization

5 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 SiO2/AiOs 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

10 level and also reduce the loss of xyleme occurring at the time of

isomerization of ortho-xylene and meta-xylene into para-xylene by using the
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10 industrially inportant to attain conversion of these xylene isoners into
'par a--xyl ene. The use of the catalyst clained in the invention nakes it
possible to attain an effective deal kyl ati on of ethyl benzene into benzene
easily separable from xylenes and al so i sonerization of ortho-xylene or

nmet a- xyl ene into para-xylene, with the | oss of xylene from ethyl benzene 15
contai ning xylenes kept lower. 57t V CLAIMS 1. A conversion catalyst for
et hyl benzene contai ni ng xyl enes which includes MI-type zeolite _and

al umi na, afteleitnwhith ¥adasedMF-4ppé aeoliteaass alyming voheypin feeckyadal

| attice plane spacing d-value of 0.1960.002nm 5 assi gnedéio Ium'tga to
the crystdiffrhatibhcanpimsity syated nof dtheal ceyséal olattied. ePa%iREa ’V@ﬁ@d ¢

MFl -typezeolite is in a range from 100:7 to 100:35.. 2. The c.nmwsif)n
catal yst 049661002 menzssignesbin alwning 1o thaewstaklagtios sBag8d XpHe°
wherein al kaline-earth netal, silver and at | east any 10 ,one fé] .3hte

subst ance®.38610008dnm essignedi tonMI e aaelite 1 &k range HHELIPES O
respectively at 0.05 to 5 weight % 0 to 5 weight %and 0.005 to 1.5

wei ghtd % ilﬂgzﬁél ation to the catalyst which contains MFl-type zeolite at 15

to 80 weight parts_and alumna at 20 to .85 weight parts. 3, T. rsion
catal yst for ePhyivlane BHETWES! &i bc";lﬁlgr?@%po %ngggsr%?%lga}tlo ug}c'% ,

wher ei | kal i ne- t.h netal il d at.l t . f
Slibst ancoROTH SLFER if GRRASAF T & et o T altierE T polEstor

tivel t 0.05tQ 5 ' % ' o g 5)
wei gt 9 PitpEratem bt BRES sdlie, biich np Wbpinth iR bt Bl pabel
to 60 i gh t ] 0 ' hg i
conver &1 oV EaEarye o P LT Rt BaCpURLENIoRE it derdlondTe 1% any

one 250 % BRI ulRoaNe acdhis! EbivdibRod/oF (1688 xyleablisonged ides o

cryst maj or axis and mnor axis fromO0.7 to 2.5 mcron

and t he 5%‘&&%@&:&@ NPRE R 684he datIPsBQlanES. inSthel hevasimeaikes dat al yst
for ethyl benzene contai ni ng xyl enes )

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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25 agcording to any one of clainms from1 through 3, wherein the Ml -type
*zeolite includes the crystallite having the major axis and nminor axis from
1 to 2.5 micron and the silica/alurmina nole ratio from35 to 45. 58 6. The
conversion catal yst for ethyl benzene containing xylenes according to claim
4 or 5, wherein an alkaline-earth netal is at |east any one of the
substances selected fromcalcium strontiumor barium 7. The conversion
catal yst for ethylbenzene containin hf es 5 according to any one of
claims from1l through 3, wherein thgléé -gype zeolite includes the
crystallite having the nmajor axis from. 0.03 to 0.,7 ycron

e e e s S Lt
kol e, SEREERATE e L Bl L Vet cor DA o
conta i ol b Gt G BB S ETRG S B AU
;géo'rrdienc%‘?“ﬁ}%?% 0 c%lif%fﬂ?&if’o;fgt %‘sfsl%elnzenecc-o%@zﬁll ni Rg %ﬁneﬁe? 12&9 _ -
scoor ARG, oAU Py O 2. UKDt cri s 1<

containingoé%%gnes by maki ng et hyl benzene contai ni ng xyl enes contact with
the conversion  catalyst for ethyl benzene containing xylenes according to

any one of cla Mrh20cdnvefibnt RARUGH 1Rri BthfBeREaSe NERta{niREdQUADs 59

according to claim 1, wherein alkaline-earth metal, silver and at least any

10 one of the substances selected from rhenium, platinum or nickel are
contained respectively at 0.05 to 5 weight %, 0 to 5 weight % and 0.005 to
1.5 weight % in relation to the catalyst which contains MFI-type zeolite at
15 to 80 weight parts and alumina at 20 to 85 weight parts.

3. The conversion catalyst for ethylbenzene containing xylenes

15 according to Claim 1, wherein alkaline-earth metal, silver and at least any
one of the substances selected from rhenium, platinum or nickel are
contained respectively at 0.05 to 5 weight %, 0 to 5 weight % and 0.005 to
1.5 weight % in relation to the catalyst which contains MFI-type zeolite at
20 to 60 weight parts and alumina at 40 to 80 weight parts.

20 4. The conversion catalyst for ethylbenzene containing xylenes
according to any one of Claims from 1 through 3, wherein the MFI-type
zeolite includes a crystallite having the major axis and minor axis from 0.7
to 2.5 micron and the silica/alumina mole ratio from 30 to 55.

5. The conversion catalyst for ethylbenzene containing xylenes

25 according to any one of claims from 1 through 3, wherein the MFI-type
zeolite includes the crystallite having the major axis and minor axis from 1

to 2.5 micron and the silica/alumina mole ratio from 35 to 45.
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6. The conversion catalyst for ethylbenzene containing xylenes
according to claim 4 or 5, wherein an alkaline-earth metal is at least any
one of the substances selected from calcium, strontium or barium.

7. The conversion catalyst for ethylbenzene containing xylenes
according to any one of claims from 1 through 3, wherein the MFI-type
zeolite includes the crystallite having the major axis and minor axis from
0.03 to 0.7 micron and the silica/alumina mole ratio from 18 to 30.

8. The conversion catalyst for ethylbenzene containing xylenes
according to claim 7, wherein an alkaline-earth metal is at least any one of
substances selected from either strontium or barium.

9. The conversion catalyst for ethylbenzene containing xylenes
according to any one of claims from 1 through 8, wherein the catalyst
particle ranges from 0.2 to 2.0 mm in the diameter.

10. The conversion catalyst for ethylbenzene containing xylenes
according to any one of claims from 1 through 2, wherein the catalyst is
treated with hydrogen sulfide.

11. A process for converting ethylbenzene containing xylenes by
making ethylbenzene containing xylenes contact with the conversion
catalyst for ethylbenzene containing xylenes according to any one of claims

from 1 through 10 in the presence of hydrogen.
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