8 Decenber 2006 CONVERSI ON CATALYST FOR ETHYLBENZENE CONTAI NI NG XYLENES
AND PROCESS FOR CONVERTI NG ETHYLBENZENE CONTAI NI NG XYLENES BY USI NG
CATALYST BACKGROUND OF THE | NVENTI ON 5 The present i nvefRtOesembe28P@s to a
conversion catalyst for ethyl benzene containing xylenes and a conversion
process by using the catalyst, nore particularly, a process in which

et hyl benzene containing xylenes are nade to contact with a specific
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recovery of.para-xylene. In the |owtenperature separation process
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hi gh concentration of 1 8 Decenber 2006 para-xylene contained in the -
suppl i ed r &wlena Brtogiara-xylene.

Of xylene mixtures, para-xylene is now in particular an industrially
.Important produpt. The demand of para-xylene has remarkable increase as a
crude raw material for polyester, a synthetic"ﬁber-. It is expected that para-
15 xylgne will continue to have such increase in the demand. Ortho-xylene and
meta-xylene which are xylene isomers other than para-xylene are extremely
lower in the demand than para-xylene, thus making it industrially

- important to convert them into para-zylene.
| Since individual isomers of xylene and ethylbenzene are close in their
20 - boiling point, it is practically impossible to separate para-xylene through
distillation method. Thus, low-temperature separation and adsorption
-séparation processes are. used for this purpose. The low-temperature
_separation process is restricted in recovery of para'xylé.ne for the para-
Xylene recovery rate per one pass due to eutectic point, thus resulting in
25  relatively high concentrations of ,para'xyléne in raffinate fluid after recovery
of para-xylene. In the low-temperature separation process the recovery rate

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



In contrast, the adsorption separation process is able to recover para-
xyl ene at 100% for one pass. Nanely, the concentration of para-x%lene I n
raffinate fluid after the adsorption and separation is B eF rﬁ Pow or it
can 5 be reduced to al nost zero. However, in this process, it is :

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

et hyl benzene in a raw naterial supplied for adsorption and separation
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possi bl e by which the concentration of para-xylene can be kept high in C8

aromatfc Mhgdfedere®ed adincktibe®. Howariieialthid prhessd, iinlid ¥tiapehecthat! ene
raw materials are reforned xylenes whi ch ar'e obt ai ned t hrough reformation

of - napht hanhildtssiasethesdparationafeahielend AavngdDs ancthatichydabéabonr
cracked xyl enes which are obtained by subjecting deconposite gasoline
(by- pr oduchizdhirdsheThat, dheorgbsieti @onoéntratipht bf)ethyllsonmenti &n ext pawt i on
and/or fraction. Cracked xylenes are characterized by two-tines higher
concent r amaterw] ewpplidskroenadsdrationhand ckparatior mdkey| #nesssible to
representative ingredient of which is shown in the 25 table below Table:
-1 ngr edi-eni®poeve vhe adsorptioadihsepanstimBctioncqeraxydeDe aodtincra6e6
Et hyl benzene 18 wei ght % 39 weight %_ Para-xylene 19 13 Meta-xylene 42 32
10  the concentration of para-xylene in the raw material supplied, thereby
improving the capacity of producing para-xylene in the same facility for
adsorption and separation.
Therefore, raw materials for xylene to be supplied in the separation
process.should be those in which the concentration of ‘et.hylbenzene is kept
-15  as low as possible and the concentration of para-xylene in xylene kept as
~ high as possible by which the concentration of para-xylene can be kept high
- 1n C8 aromatic hydrocarbon mixtures.
In general, i.ndlistrially available xylene raw materials are reformed
-xylenes which are obtained through reformation of naphtha and subsequent
20 . aromaticextraction 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 xylenmes 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



O'tho-xylene 21 16 5 As shown in the above, in general, xylene mxtures
have a substantial quantity of ethyl benzene. Failure in renovi n%

et hyl benzene by any means would result in an undesirabPEPSERRIAEH wher e
et hyl benzene accumul ates after repetition of separation and isonerization
steps, thus resulting in a higher concentration of.ethyl benzene. Under

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

et hyl benzene are now used as a preferable source as freshly supplied raw
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t he concentrat?%%53§¥%§%ylbenzene, for 15 which severaﬂ%processes have been
proposed and sgﬁgaq%dgﬂgn1have been actggal |y done on &g industrial scale.
These processes can ‘be roughly <classified into a process in which

et hyl benzene i gy$ppaahRd as it is and ggnother procesgg n which

et hyl benzene is convéerted into other useful conpounds through reactions.
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process, ultra-precision distillation is needed due to a snmall difference
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requiring a great anount of investnent for -commercial production
facilitiesvauld rekitngh aheundesrablieogithatiors twhdrg hahyinch e naorueaiibies
unfavorable. There is another 25 presented process, by which adsorption and
separ at i oafrorgesiticn efisbpyediont andejsanmtrizationystiepnz elves rébuléingr orass i s,
however, not well satisfactory in the separation function. 3 8 Decenber
2006 Ot hdighenmcessatratim obethyilbenzentey (belerahesé obicutstancse reformed
converting ethyl benzene into useful ingredients. The representative
pr oce$@es sxlaneshiowebénothe copcentprtionsef ethylbentene iarg BowyusethAs& into
xyl ene (for exanple, 5 refer to Japanese Patent No. 1974-46606 (the
enbodi nentrefesablgagewsp as freshly supplied raw materials. However, in recent
vears when a limited availability of petroleum has caught attention,
- reevaluation is made for thermally cracked xylenes as another xylene source.
In any case, it is necessary to reduce the concentration of ethylbenzene, for
15 - which several processes have been proposed and some of them have been
actually done on an industrial scale. These processes can be roughly
classified into a process in which ethylbenzene is separated as it is and
another process in which ethylbenzene is converted into other wuseful
compounds through reactions.
20 - Distillation is a process for separation of ethylbenzene. In this process,
ultra-precision distillation is needed due to a small difference between the -
boiling point of ethylbenzene and that of xylene, thus requiring a great
amount of investment for-commercial production facilities and making the
operational cost higher and economically unfavorable. There is another
- 25  presented process by which adsorption and separation process is employed

to separate ethylbenzene. This process is, however, not well satisfactory in

the separation function.



|

(2) a process for converting ethyl benzene into benzene and diethyl benzene
t hrough di sproportionate reaction (for exanple, refer to Japanese Patent
No. 1978-41657 on 32nd -33rd line, 19th col um, page 10 Despraber@oe®) a
process for converting ethyl benzene into benzene and ethane through
deal kyl ati on reaction (for exanple, refer to Japanese Patent Laid- Open No.
1982- 200319 (enbodi ments from2 to 4 on pages from7 to 8). O the above
process, the process (1) for converting ethyl benzene into xylene
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a synthetic fiber, ereas diethyl benzene is hardly denmanded and nust be
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favorable in an econom c point of view 4 8 Decenber 2006 Under these

ci r cunst adapsnedehPatpmtdds.s14B-41657 con82ndi-88rdelihy) betiveslanimtpmgeci®ene and
et hane t hrough deal kyl ati on reacti on has becone predom nant in recent
years. \Wandet hyl benzene is effected deal kylation froma raw material of 5
xyl ene isoner containing ethyl benzene to convert to benzene and then
proceHdi hg i sol@@ra zeveess fir comveotingl ethylbenzemet inteybenreneoapdrethapkene, it
is preferable to nmake the conversion of ethyl benzene as high as EPssibIe
for - through dealkylation reaction (for example, refer to Japanese Patent Laid-

- '‘Open No. 1982-200319 (embodiments from 2 to 4 on pages from 7 to 8).
| Of the above process, the process (1) for converting ethylbenzene into
xylene indispensably needs platinum, a quite ex'pensivel 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 Turther converted into a useful éompound, making

diethylbenzene less favorable in an economic point of view.




the reduction of the cost of the separation of para-xylene. It is also
preferable to reduce the |loss of xylene as little as possible for reducing
the 10 original unit for the production of para-xyl ene &Recapberd@lhgly for
| owering the cost of para-xylene production. Fromthis point of view, an
attenpt of using zeolite, the crystallite size of which is greater than 1
mcron {for exanple, Japanese Patent No. 1987-516138 (enbodi nents from4
through 6 on page 10 and 11)), an attenpt of reducing the diffusion speed
of ortho 15 xylene (fqr exanpl e, Japanese, Patent hb.é§96-16074 (the

embodi nent on 5tHe5E o UGECHREEADORS: akbe arPTeEesnpldlof falsi RYPREHNEL €
whi ch has t enel .hjgh silicalalung na | e rati a.of 500 or higher (for
ol o GSVERge ity heRenc 35 et MRrghopedliglarion sRctt bty ) wer o
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ort ho- xyl ene and net a-xyl ene into para-xylene. According to the present

i nvent i onpréfeesisiel td eItk AbE 185 8N ¥§leTicoss Livflalaxspossilile 1o bydhanzane
cont ai ni ng xyl enes which includes MFl-type zeolite at 15 to 80 wei ght

par t si@nd oaiginainanidtfo? Ghé prédusibig bl ppad-kylenshaid iabcotdimglydot flowetihgn
intensity ratio of the crystal lattice plane spacing d-val ue of
0. 196. 0. OZhencasts bfjparh-kplameuptatmctiont Mronc thistpdint af tview, phamttematiofg
d-val ue of 0.3860.008nm assigned to MFl-type zeolite is in
using zeolite, the crystallite size of which is greater than 1 micron {for
:ekample, Japanese Patent No. 1987-56138 (embodiments from 4 through 6
on pa.gé 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'tﬁeéé attempts, the 1ossl 6f 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
_-Suﬁiciently 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



a range from 7:100 to 35:100, wherein a silica/alumna nole ratio of the
MFl -type zeolite is less than or equal to 45, and wherein rheniu sil ver,
and at |east any one of alkaline-earth netals sel ected 8MesAneI28P%im
strontium or bariumare contained respectively at 0.005 to 1.5 weight % O
to 5 weight %and 0.05 to 5 weight %in rlation to the catalyst. BRI EF
DESCRI PTION OF THE DRAWNGS Fig. 1 is an X-ray diffraction pattern of

MFI -type zaaldsi® edRimabgeRatidiCand H@eﬁb 198 chﬂ:;etlﬁ}lﬁenzgné 16 befikeneEMd

observation view of MFI-type zeolite obtained in“the enbodinent 1 (of

10, 000 posthans)at afhigh legeliapd alvoXor myualing fhedoss dfrxyfsae becurriog omjsdmsugatainuni na
used in t nbodi ment  Kg..41s an X-ray diffraction pattern of the
cat al yst &e%_@?_ y%}?apﬂqa%déxglﬁ%%’&f%ﬂ?"xy??eﬁ g. 5is an X-ray diffraction

pattern of theAge@iig tahe paskehtinvBRioa0 A At préide@ 4adomlersibh datalyst Gori S an

X-ray diffraction pattern of the catalyst B obtained in the conparative
exanpl e 16thyltpepzene pentaining yyagnesivhieh dpflodes) MFkhype geolitsat d atta 8Psweight

obt ai ned 5.t Ak . I bl ' - A ton

pat ter n dite it (EATRI SE0 NS s SRR cinslyldely 3] ECS DAL EBRACT
Fi g. 9 i sharrystal $Hkite bkae \sphding dwabw ¢fred0oL.08dnibyassidneDb tiumisy tothe

MFl -type zeolite obfained in the enbodinent 5; Fig., 10 .is an FE:SEM

obser vat i SFR}ilatice 8 ﬂfe?%@gﬁ'al?a@r%f)o-%ﬁéiwwwp’*éﬂglaedztewl-efps59 Ha&H™ n t he
enbodi meny rafee fb&- 7:380 S 381 05E- SEM observation view (nmagni fied by 100, 000
tinmes) of I\ﬁ—.“l-type zeolite obtained in the embodinent 9; Fig. 12 is an
X-ray diffractwhenein padilieralurninatthele gatiabf) e MFbhytpeizeeliteiin ldsh éhan or equal

to 45, and wherein rthenium, silver, and at least any one of alkaline-earth metals selected

from calcium, strontium or barium are contained respectively at 0.0035 to 1.5 weight %, 0
to 5 weight % and 0.05 to 5 weight % in rlation to the catalyst. |
BRIEF DESCRIPTION OF THE DRAWINGS |

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

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

Fig. 3is 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 embodiment
I
Fig. 5 is an X-ray diffraction pattern of the o-alumina used in the comparative
example 1;
Fig. 6 is an X-ray diffraction pattern of the catalyst B obtained in the comparative
. example 1.;
Fig. 7 is an X-ray diffraction pattern of the catalyst C obtained in the comparative
‘example 2; |

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




conparative exanple 3; and 10 Fig. 13 is an X-ray diffraction pattern of
the catal yst U obtained in the enbodinent 36. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Raw naterials to be used in the invention i AdeGeebe@PeR ned
xylene which is refornmed by all ow ng napht ha obtai ned through petrol eum
refinery 15 to contact with a catal yst and subjecting the naphtha to
aromati c extraction and/or fraction; or cracked xylene which is obtai ned by
subj ecting cracked gasoline, a by-product of thermal deconposition of
naphtha to gropatic __extraction and/or fraction. Both of the reforned
xyIene.an&ngﬂéggﬁﬁtgylene are xylene isoner m xtures which contain
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material, the raffinate ingredients are again ster o the

separ at i opf SilPRie RAlide BBtENEA iR tAERARIEmRAES; Xy! ene  and raffinate wth
| ow concentratidn of para-xylene is recycled. Further, in recent years, an

attenpt has bepjy madg dXViiyCiffFyAtERE ph e bf Th E4f8PstIK GBBiakAliAgher esh
et hyl benzene are made to contact with a catalyst in advance, thus causing

- hydr ogenatbpasagdvélerataylaB) aad of et hyl benzene into benzene ethane to

reduce the concentration of ethyl benzene, in order to increase the
concendr ati on Big. (3ria-axyXeang diffrddiéorspptibiedf thetatehlya Debtsinpgdlinglet o t he
par a- xyl ene separation step and al so effectively separate 10 para-xyl ene.
In this cemdoditnent3fre two processes available for attaining this
DESCRIPTION OF THE PREFERRED EMBODIMENTS
| Raw materials to be used in the invention include reformed xylene.
which is reformed by allowing ﬁaphtha obtained {:hrou-gh‘petroleum refinery
15 to contact with a catalyst and subjecting the naphtha to aromatic extraction
| and/or fraction; or cracked xylene which is obtained by subjecting cracked
-gasoline, a by-product of thermal decomposition of ﬁaphtha to aromatic
extraction and/or fraction. Both of the reformed xylene and cracked xylene
are Xy-lene isomer mixtures which contain ethylbenzene.

20 - Since these ethylbenzene coirtaining 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. Thereaffer,



pur pose, nanely a process in which xylene isonmer m xtures containing fresh
et hyl benzene are nade to contact with a catal yst outside a | oop during
which raffinate ingredients after separation of para-xyBélesenap® 208 ycl ed
for the isonerization; and another process in which raffinate ingredients
after 15 the separation of para-xylene is directly supplied to an

| sonerization catalyst present in a |loop during which the raffinate
ingredients are recycled for the isonerization. They are both preferably
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advance, thus causing hydrogenation and dealkylation of ethylbenzene into
benzene ethane to reduce the concentration of ethylbenzene, in order to
increase the concentration of péra'xylene in the supplied liguid to be |
supplied to the para-xylene seﬁaration step and also effecfiveljr 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 'rafﬁnat-e ing;:edients 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 is-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 irradiéltion 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

- Liattice plane spacing Relative intensity
25 d(nm) (/1o
1.12+0.02 )

1.01£0.2 S



0.3000.005 M 0.2000,005 W15 In the table, the relative intensity
(100I/10) is expressed as follows: VS= very strong, S=strong, M=
moderately strong and W= weak. Ml -type zeolite can be &esember 4906t he
ZSM5 synthetic process as shown in Japanese Patent No. 1971-10064 in

whi ch tetrapropyl ammoni um hydroxi de is added to aqueous reaction m xtures
to synthesize the zeolite, 20 the TSZ synthetic process as shown in
Japanese Patent No. 3-45010 in which the zeolite is synthesized from
aqueous reaction mxtures practically made up of inorganic reaction
materials, or @88P&% asil-type zeBlite synthetic process as disclosed in
Japanese Patent No. 60-35284 in which aliphatic carboxylic acids or their
derivatives ar@63d#8&lt o aqueous r®hction 25 mixtures to synthesize. O
these MFl-type zeolites, MI-type olite which can be preferably used in
the invention 98098801t e havi ng the crystalline major axis and mnor axis
in a range fro(g] 8.7 t(i 2.5 mcron d 9 8 Decenber 2006 silicalalumna
(hereinafter a B &iP-Qled as "si o/ 203") nole ratio from30 to -55. Mire
pref erabl e M %%Q% éellol iteis th having the crystalline major axis and
mnor &xis in % % froml to 2.5 mcron and Si O21A1203 nole ratio from
35 to 45. Cat pared from Ml -type zeolite, whose 5 crystallite is
smal | er than i(l)%@i%%ﬁbgr nor e partw;ul arly smaller than 0.5 micron, wll
result in a gr(?%hgiok@? of Xyl eneygron conversi on of ethyl benzene

contai ni ng xylenes, marnly due to transal kyl ati on occurred in nethyl group
of side chai ns(?g{gﬁé(ybgges or in ety group of side chains of ethylbenzene.
Such transal kyl'ation may result in I'ncreasing of an area of

extra-crystal lgRgold§opyr f ace due tgga snaller size of the crystallite of
MFl -type zeolite and occur at sol ig acid points on the extra-crystalline
surfage. The gxiiargopstalline sugface is considered to be different from
the interior of fine pores of MFI- type zeolite but a free space, thus

easi |y causi ngy gransabkyl ation, whgch is a binolecular reaction.
Crystallite greater than 2.5 micron will reduce the

0.366+0.005 M
0.300+£0.005 M
0.200+0,005 w
15 In the table, the relative intensity (100I/Io) is expressed as follows:

V8= very strong, S=strong, M= moderately strong and W= weak.

MFTI-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 agueous reaction mixtures to'syﬁthesize 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




15 reaction activity, which may be due to a difficult arrival of reaction
nol ecul es at deeper areas of the crystallite according to a greater size of
the crystallite of MFI-type zeolite, thus resulting i n8&acewks 2069 1i zati on
of fine pore space. In contrast, decreased Si 2/ A1203 nole rati o of

MFl -type zeolite to 35 or further to 30 or lower will increase the |oss of
xyl enes, which may be 20 due to increased solid acid points on the
out-surface of crystalline which will then augnent the transal kyl ati on

2cl VLY, OB e PELASSt 5L A3 Tt Bl ML e
N T

i i i 1A1 i Q. .VEL - . i 45
P sy R B AR B BT,
reol e hayigll & BhegEbcc,an SRha b Mgty fod0d. WAgE o1
has begn f?ﬁ}t‘ilsﬁﬁéafs dfla &Y tth%#laf“h:ici-&? oS g%:ﬁ&ﬂ%&‘g’l —E:;!ﬂa%r haphugsi n the

. C.
zeolite res In a renarka suppr essi on trans ation on side

chains of fgkby! Wil Oin XY¥r8RterTloss of k§fenegh BnPérsFi ¥ ey Rne

et hyl benzene. This finding is estimated due to a .greater 10n radius of

stronti Umc@ﬁtaﬁﬁiﬂ%‘ﬁdbﬁ@@, thB dllyQdud B8 BRSisd Mk tioR VcEhtrdd il ﬂne@ﬁdyl\/%’rioﬁb are an

al kal i ne-earth ne t hereby sel ectively ‘reducing solid aci-d points on

the extraoflsydd ahhineofSiyleace ornineetlsfl @bubi dfesidpaitRsns bE elBphieasendlat ent
No. 1971- 10064 described the ZSM5 synthetic process using

t et r apr opywehneahsaikhladionxinds, reznltoingaitreasingpd uncthrea @fteairs-ogstallihegen
conpound, nore particularly, described in lines from 8th to 11th on the
col uni0 5 thafact tdve toonpmadidrwaze of theoesnepaltiad by MBlihgbe zeolite axshpased of
smal | crystals (about 1 micron) and sone gel -particles". It 15 was also
descri bed at recdlideacidbpainbeon the lextra-tuysz8ling haficey Bhe 2oy stalbine ratio
of 31.1 was conposed of very fine crystals (about 1 micron), in
-surface is considered to -be different from the interior of fine pores of MFI-
fype zeolite but a free space, thus easily causing transalkylation, which is a
bimolecular reaction. Crystallite greater than 2.5 micron will reduce the
15  reaction é.ctivity, 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 SiOg/Al203 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
SiO2/Al;03 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 SiOs/AlsOs mole ratio of MFI-type
zeolite to 45 or further 55 or greater.

To be surprised, however, in the case of MFI-type zeolite having
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association with sonme gel particles. A decrease in Si 2/ A1203 nole ratio in
the presence of organic  conmpound containing nitrogen will result in an

i ncreased crystal distortion -20 according to crystall éhecgnbaitdi®because
of the presence of bul ky organi c conpound containing nitrogen at a cation
exchange site. As the result, the crystallite can not grow bigger, with
the average crystallite size of less than 1 mcron, for exanple, 0.5
mcron in nost cases. In contrast, EP-26,963A1 described that the ZSM 5
zeol ti e having,the average.-créatal.lite size froml1l 25 to 2 nicron S

obt ai ned | FYFREIRG NI AR eRBA STEPPRI2BE Mo PAS Fouds’ TaEOBr aRfigher .
I e DSERURR R A0SR AR T SRR RS e RIS o0
200 oor SR, SR B g e P BB
I R T R SN N

m nor - gxi Ssg%esgﬁéiﬁg‘og th%lgslr%lug dﬁ‘ggpﬂi‘;ﬁﬁ?ﬁ%& ;thﬂiﬁ ﬁn%iﬂgiig 8stlafed Ahb o fa(rjhom 30

to 55 can avor a sence of ~organi ¢ conpoun

cont a1 N el RCRadhis of SOARAR o6 bhAknt 8aR0REACREa0bBANLF GoTPOUN

cont ai ni n nitrogen I1n the course of crystal growh can makKe the crystal

di stortionga$aml | £ NdyhhaiaRet BE hAfORTe-CAA! fetdl 2 EhéQbyS WRCAiVE | N
spite of a smaller 10 S Q21 A12G3 nole ratio. Crystallite Size of zéolite

can be .ea%bﬂﬁciﬁ%t@ﬂm Befdl PYirisidifltHe @BtESLABtaBIANBLIRCS iRterede6f Fi9R
m croscope (FE-SEND and others. The Ml -type zeolite of the present

i nventi on pggys. have the crystalline major axis and minor axis in a range
fromO0.7 to 2.5 mcron. The "average" crystallite size is 15 described to
t he elfect thafapdeeseaRdtentz &l 197F)-10064 t Qescribest ajbel ESMeS osynthetizs and
m nor axis ranging from0.7 to 2.5 mcron at 50% or greater, preferably at
70% or gr pabemss Thmgsi fetcaprapylammombhe rlgtdroxden be eagahiy cdmipeonined by
various processes such as atom c absorption spectronetry
containing nitrogen compound, more particularly, described in lines from
.8th to 11th on the column 5 that “the compound was microscopically found
to be composed of small crystals (about 1 micron) and some gel particles”. It
15 was also described in the embodiment 2 that the ZSM-5 having SiO2/AlxOs
mole ratio of 31.1 was composed of very fine crystals (about 1 micron), in
association with some gel particles.
A decrease in Si02/Al:0s 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 SiO2/Al;O3 mole ratio was

180 or higher. This was because a high S10./Al203 mole ratio resulted in a

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

11




met hod, fluorescent X-ray diffraction and I CP (inductively coupled plasm)
-20 em ssion spectrochem cal analysis. In addition, any zeolite synthesized
either in the presence or absence of organic conmpound &&eceMbr 7§ %i trogen
can be used in the process for synthesizing the preferably used zeolite
for the present invention, which has major axis and m nor axis ranging
fromO0.03 to 0.7 mcron and 25 silica/alumna nole ratio from 18 to 30;
however. the zeolite synthesized in the absence of organic conpound

o1 G RS AN L VB BERUBB o W
conta 1o IR0 SR ADERLGE L U IO A A LY oL, L
zeol e My bealtSooald RSSHKIALY MR o Bb LbSR LRS! TR poLkShBy

|attice defect easi ause Fon in assocr at|

reacti on. Sh b ARARRLHC AMOURMGAY G ErnERRNGskafboRE A miBkPhes! Zed

zeolite is usually avarl e'ln a orm 1t s 1nportant to nold

zeol i t g | Hema) FURSLAN iRk ah@ HcThRini ntblb M tiot 16 80 tol 8%ush el

catal yst. Hydrogenated. i1ngredients nust be supported on a catalyst so

that ethylfhenz®le eanide dudiRoanatadeans sRrkyhRt %Qm?guﬁe B%ﬁghﬁiﬂgenzene

et hane, which is the main subject of the present invention.

hydr ogenatifitkoeBa! Efliscodissidareldugiat rihe raBEEncs lofitdrBbiiicadtn G bontlaining
particular, rheniumis lower in the nuclear hydrogenation reaction of

phenyl  grdtypgandinC dhe hpulksy of abystall geowith ¢die rhakenhk ofryst0r disbetiv pose
of effectively attaining the hydrogenation and deal kyl ati on reaction of 15
et hyl benz aneliert and eatzénehaidrgeherysabuizezat isome fiant imspitd oba tdnmalied ene
and neta-xylene into para-xylene on a catalyst, it is inportant to provide
a unilPor miOeddeDsivorie vhtivVFl -t ype zeolite crystals in catal yst particles,
and also inportant to provide a uniformsupport of hydrogenated .
“i ngr edi ent s i nCrestadlitessize of zeolitescarrbe casidy Wetémhineg hshe fiald paissioneol i t e
powder is mxed 20 with an inorgani c oxi de powder_and then diluted. A
di | uted i Seryaimectype glectron microscope (FE-S M) and others. The MFI-type
' 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 spectrocheniical analysis.
In addition, any zeolite synthesized either in the presence or absence
of organic compound cohtaining 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



favorably used in the present invention is alumna. Alum na is avail able as
boehmte, boehmte gel, gypsite, bialite, norstrandite, diaspore and

anor phous al umi na gel. Any types of alumna may be used8BgceReeriZR0@nt i on.

A particularly preferable diluted alumna is boehmte having the lattice
-25 plane spacing that can be determ ned by X-ray diffraction as shown in
the table below It is also possible to add other inorganic oxides to the
boehm te, whenever necessary. 13 8 Decenber 2006 Table: X-ray diffraction
pattern of diluted alum pa Lattice plane spacing relative jintepsit d(nm
(U o) 0.6ORERIBS QB Bityegesn Cafion, 5yab wlitr 18 uenshlyoalmated 30,1  known
that alumna is copverted. into Y, n-, 6- or a-type,. al Hm'.na g‘ﬁﬁ n&é}gg on
cal ci nat | SRCYUEsL BB NP FERNE OHIHC BITLIERR [AF0R0 AHERS gb din
the present J.nvention, undergoes. structural chan I Rt he couy se,, of
prepari ng ZF?FépecE%aa}T §t°¢g%’i1 aﬁﬁgﬁgﬁdo ¥ h%rxsﬁ%kﬂt%(‘}ﬁ,g&%ﬁs%beesﬁmﬁ%ﬂ%i'f‘wmechanges
in the lattic | ane spacing. ;Alum na..in the form of cat st .avorable in
the i nvendeiit Baf TGS dftenheiing iy Areetliet mBh Hhd lrackPi o™

0. 1960, 00 i [, Ly X-ray diffraction intensity
I5 ratto Sropabt AR A SRRSh JaREE:

| 'ane “spacin e of 0.1960.002nm assigned to
alumna to the | € I SPAC] -V 8 n Si dto
MFl -t ype zeol i tsgﬁ‘lt’l#sg%ecpczg?g?eygg {r;é;%btg}é r%fn%b% 1’85%[ 339)&&{%?0885 'O&P(rj]l%be used
in the iny | h L,ayi; Qi | ' ' rasd glinl%e-d m ned
as foll OVY\]l% ?B%%gltctgt gﬂoél%tza?{%ﬁg{r%g?\&g%}lﬁ%%cﬁﬂ% gﬂgﬁ\%’?F Sg%\%l@ci’lfraadi-a%ti %g?lﬁgf,

copper K- gndudtriaay cAalyRC M@oY atdie iMgBedEbnts MBGSY 4RF sAfPbAREAd offehger
counter spectroscope to obtain diffraction patterns. Thus-obtai ned

]glloL 1;] (r]I af:tn i t@ﬂteal?ﬂ isiag g§at 2tRylbbiashd @afbbai Rylsyetiatad agid ideadiplateyd pwak

10 mainly benzene ethane, which is the main subject of the present invention.
The hydrogenated ingredients include rhenium, platinum and nickel. In
particﬁlar, rhenium is lower in the nuclear hydrogenation reaction of phenyl
group and can be favorably used in the invention. For the purpose of
effectively attaining the hydrogenation and | dealkyiation 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 is mixed
20 with an inorganic oxide powder and then diluted. A diluted inorganic oxide
favorably used in the present invention is alumina. Alumina is available as
boehmite, boehmite gel, gypsite, bialite, norstrandite, diaspore and
amorphous alumina gel. Any types of alumina may be used in the invention.
A particularly preferable diluted alumina is boehmite having the lattice

25 plane spacing that can be determined by X-ray diffraction as shown in the |

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

whenever necessary.
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pl ane spaci ng d-val ue of 0.3860.008nm and the |attice plane spacing d-

val ue of 0.1960.002nm from whi ch the background is deducted to give the 25
intensity ratio. The catalyst used in the invention is é%ﬁ‘@?@%o%d by
this intensity ratio...Use of the catal yst whose X-ray intensity ratio
ranges from 100: 7 to 100: 35 is able to reduce the |oss of xylene. 14 8
Decenber 2006 MFI-type zeolite and diluted alum na used as raw materials
of the catalyst are preferably available in a powder form and nust be

nmol ded when %ﬁ%ﬁ}‘??& %g&%?g?e%tﬁdﬁﬁted!\@hﬁﬁﬂg met hods i ncl ude

conpr ession ng, extrusion nolding, and extrusion
nmolding is . nNothe g J i ng, inorganic binders such
as alum na Sg[ra?h%éﬁg%?éngp%éelﬂ bent?é(;Itr?ili:;tJ‘fgal %H%g)gl ina and surface active
agents such qﬁ%m?odi um dodecyl benggpgsul fonate, sorbitan lauric acid
nonoester, sorbitan palmc acid nonoester, sorbitan stearic acid

monoest er, sqj_@'bfﬂg]ogteari c acid §f triester, sorbitan oleic acid
nonoester, soribitan oleic acid trinester and -their ethylene oxide
addigives (fqygexampbe, Span or TMn made by ICl Inc.) are added, whenever
necessary, as nolding agents to MFl-type zeolite powder and al um na powder
for attaini ng p3449.062r m di spersi oM of the zeolite powder and then kneadéd
together. Mre preferable binders are alum na sol 15 and al um na gel.
Preferabl e r g, e8540m000l di ng the cMalyst are 15 to 80 weight parts for

MFI -type zeolite, 20 to 85 weight parts for diluted aluming -and O to 30
wei ght parts Itds wellrigawx thiatdehenina teremverted Hatansom & Arya B&eandar d
(calculated on the basis of |oss on ignition on 20-mnjnut ¢ caﬂkc' nati on at
500°-C) . allmeminar deperaliog ais .galcane@oasmseoBeﬁhm&egﬁbep‘gﬁP Gwimﬂﬂa-type 20
-zeolite, 40 to 80 weight parts_for diluted alum na and,0,to 30.wsi ght
pari@ ffaworm'dvg&ﬁﬂdnﬂ%ﬁd%‘ﬁ.sewglr‘@‘m% qrgo%srﬁtirﬂ%é'ﬁic@aﬁgﬁﬁgrﬁ)seuch as

alum na sol or alum_na gel, | -type.zeqlite.i s at. 15 10 80 wei parts,
nore presiuxsa s \prepering tg’@ WXF]%?tgﬁ‘iplaﬁ%‘i &.thw}ﬂ?’ﬁnaté?%&ﬁsirﬁéw s are

Ot e s Y00 FkedoRCpHERS Colche ARl T ROt et 12

favorable in the invention is that having the lattice plane spacing d'valu,é of
0.196+0.002nm. In particular, a catalyst whose X-ray diffraction intensity

15 fatio- of the lattice plane spacing d-value of 0.196+0.002nm assigned to
_ alumina to the lattice plane spacing d-value of 0.386+0.008nm assigned to

MFI-type zeolite in the catalyst ranges from l7:100 to 35:100 should be used

in the invention. The X-ray diffraction intensity ratio can be determined as
follows: the catalyst is ground into a powder and irradiation of copper X-a

20 ray is recorded by the use of a -recorder-equipped Geiger counter
spectﬁmpe to obtainl diffraction patterﬁs. Thus-obtained diffraction
patterns are used to obtéin the greatest intensity peak found in the lattice
plane spécing' d-value of 0.386£0.008nm and the lattice _pIahe spacing d-
wvalue of 0.196t0;002nﬁl from which'the ba_ckgrolund. is deducted to give the |

95  intensity ratio. The catalyst used in t1£1e invention is characterized by this
. intensity ratio..Use of the catalyst whose _X‘fay intensity ratio ranges_fro:ﬁ

100: 7 to 100: 35 is able to reduce the loss of xylene. .
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25 zeolite is at 20 to 85 weight parts, or nore preferably, at 60 to 80

wei ght parts on the basis of conbined alum na ingredients. A kneaded
ingredient is extruded froma screen. On an industri al 8§tespmBber2f0&xt r usi on
machine called 15 8 Decenber 2006 an extruder is used. The kneaded
substance extruded fromthe screen is nolded into a cylindrical form A
nol ded article is decided for the size by the dianmeter of the screen to be
used. The dianmeter is preferably at 0.2 to 2.0 m(D, and nore preferably

at 0.5to0 1.7 provi.ding cyl.jndrical catalyst 5 particles w,h the

i aneter of 0. MFGtRo skt fof dilehoam et et efgar gpietle 4 Debst ance
extruded fr t he screen ould.be.treated wwth.a machine called

Ver unor | FBTAINED B8 GHEHTADE GyaLat, 08 hroaRr e i st B I RRKER havi ng
0.2 to 2.Qymin dianeter,and 0.1 t.0 i.n_length an ried at .

enper at urEaoh opt oB0e P Baga? cheiget- g |die ritids SRk fpShsion

cal cinatiQn @t teqperatu . from 250C tqQ 0C. ar spreferably 2 50C to
500¢ for ThoRind ~IRERS! WMcifind CTGator Wbty ShaPRELEERA dnoldifl {00

di ameter aof. f‘e%gjteyst particles smaller than 2.0 nmand nore preferable to
make it sraller than 1. 7mm because individual isoners of ethyl benzenes

and xyl enes ar g, gl debagmh iloblL UBhAaht: BEARLEOLLAL s bltmp NoP

present 15 inside the catalyst par under reaction conditions or the

reaction ixjufifha %PR%%%&%% eahdCkaotdh R IRWERE, allitd dtiE fitth as

et a- Xyl ene are not el ayed in having isonerization reaction to ,

par a- xyl ergdiwan dicdedfIbeAachdfonadé e stuMitdre Ak lcYd aHenBEted. sdrBitaant r ast ,
catal yst particles having the dianeter greater than 0.2 mm woul d not

render thgapmesssdendRsster, eatlsitan 20040 h¢id thbGodstas doehitanRtedyid acid
favorabl e. These nol ded bodies are treated with the ion exchange to inpart
sol i d10 aciteliebter, Stebited lodeis d@d mopacsteng seibitan asleit byid thihedeem andt hod to
perform the ion exchange treatnent with the conpounds containi ng ammoni um
i on (for thaamnthglenhid&ifle aNBitNGS, (f¢NeganpROSpaancr Twtinodade b lore.)i nt o an
25 i-on exchange site of zeolite and then convert into hydrogen ion by

- drying aage tdddeslal whenevem neagssany neshorlding agentiude Mitriopenzéditei nt o an

i on :
powder and alumina powder for attaining a uniform dispersion of the zeolite

powder and then kneaded together. More preferaBle binders are alumina sol

15 and alumina gel. Preferable rates in molding the catalyst are 15 to 80
| weight parts for MFI-type zeolite; 20 to 85 weight parts for diluted alumina
-and 0 to 30 weight parts for inorganic binders in terms of 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 paité 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 fo 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 prefer:ibly, 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



exchange site of zeolite with the conpounds containing acid (for exanple,
16 8 Decenber 2006 HC , HNO3 and H3PO4). Because the |atter may damage the
structure of zeolite, the former, that is to say, the &dfs8uReL®nt ai ni ng
amoniumion is preferably used for the ion exchange treatnent. The latter
may damage the structure of 5 zeolite. It is also preferable that

al kal i ne-earth netal ions should be avail able besides hydrogen ion in the
i nvention. Alkaline-earth netals include nagnesium calcium strontium and
barium Particul arly, preferabl are_calcium strontium and barium because
they can r%@é&f‘-\%ﬁé IpodgedofThe Jnegded pubstange 2%@1“1'?1?@ fg]%"i fReen 1s

and e SiBPERHARtALAOFIEe} BEry & poalah aF eleag deciing oF 2t S PTME r bl o
oyl one. THUSEORSY PhEbe SFTOeIt BF R bBEhe o BROMECN A% .20

i Tate arfiuRord aod ar e PHAE DS &L mrdboni Rt G el RRE7,
P R R R A e

Fur ther . piaterall Yool dengenfRLA Nrdfa! e SRR chBIOBUCEEA Bhetpddi g

the conpotnds containing a ne-eart e tine o ng by

kneadi ng_ NELoii%Reo7El 4 MBANEE- L S Ak S48 ThRABERIedaHdicl ler S.

20 The content of aline-earth netals In to the catalyst (a

total of MHlidddReh£HEREI0.2 1830 her Padiatn At 481 0.3 B BfBhf Jen@th Guld> 1o 5

wei ght % and nore preferably at 0.1 to 2 weight % Introduction of silver

ion is al sEidy af eEAePalfes UBEMO50ICTRE REERENAftdY diviggCH B yelijectetlitt ty. 25
Preferabl e content of silver ionis 0.1 to 5 wight % Silver ion can be

| nt r odocedahynativyn MRiteatherhtines fexra BN, td 6H0%T At preferably feadi 3EN°Cout

the nethods of the ion exchange are preferable. Silver ion exchange may be

17 to 600°C for improving the molding strength. It is preferable to make the

diameter of catalyst particles smaller than 2.0 mm and more preferable to

ﬁaake it smaller than 1.7mm, because individual isomers of ethylbenzenes

and xylenes are not delayed in diffusing to reaction activity points present

15 inside the catalyst particleé under reaction condifions or the reaction is not

| suppressed either. In particular, orthxylene and meta-xylene are not

delayed in hav:ihg 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 treatrﬁent with the compounds containing ammonium ion
(for example, NH4Cl, NHsNO;, (NH92S04) and introduce NHi 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 info an ion

exchange site of zeolite with the compounds containing acid (for example,

16



8 Decenber 2006 treated at the sane tine with al kahne-earth netal ion
exchange or ammoni umion exchange, or may be treated separately. As a
conpound containing silver ion, silver nitrate is pref8PgBeybaig8® The
hydr ogenat ed active ingredients can be supported after such 5 treatnent.
Hydrogen is allowed to be present in the catal yst reaction system to
support the hydrogenated active ingredients, thereby making it possible to
i nprove the hydrogenation and deal kyl aton reaction activity of ethyl beneze

i nt o ‘benz g et he Il as to control coking on the catalyst and
pr event tﬁiebzgﬁjwﬁ]ﬁ@ﬁ th time of the property of the 10 catalyst. As
t he hydrogenat act i al, rheniu atinum and.ni ckel ., ar referably
used. Rhon um Bechis Hhe TRy v rbmae Phe et 2t e thR CrBRt o me
as netal, ,oxide, sulfj.de and sehkeni um.conpound and the.like.

hen um | ABRLAF SRty HiE eBReRRAE PR R BHo Al ORI Ry S8Bher o
can be pardjcularly r h | at.l i i ,

chl or opl atf%nr'l&glealglnoe }%ﬁghgéltg?%t[ﬁlﬁ nftgﬁ agaltt a%lgé%%gggé h%t Igltér?tgtuarre eOf )
particyl arl.yy:preferr | t f .y, d; [ ' edi ents
to be §uppég)rgllg% igtrpl)ge gggﬁegé%?%ém%?gogf%%n%%’r\i\eg%%{tﬁ%%g rS}e&I&:ilt%dl]gfr(la to the
catal yst | : ﬂl?g ORMELSI gﬁ@é el ﬁ}]&gﬁﬁg.gﬂtﬁ stmhiser
quantity oa{iraﬁ%hﬁ;%rgb&gégngfe ggt Fﬁlﬁngbe |enrt&é0nv6\vi IT result inan
insuffici 6RE1AR AABNGHSID RaRShY sirontlurk g RATERN PRI Ra Ay pR¥feaBlevel ¥

| arger quantity of - themw || pronote hydrogenation deconposition of alkyl
aromati ¢ gy g6k 0BSronbiRi P baeiul’ BE@ab! theyAbhgrediige Nher bgenstt ed
active ingredients are supported, drying and the calcination are

conduct ed xyfsrmnIMRI-twanRs zguliteciiviag the dr9stdkabangpr a38s paidninindr biis-t ype
zeolite are converted into hydrogen ions, thus inparting acidity to the

cat al §8t . reakigfionn0.08a0 & micedre naldl thedhliea/alumirea moderpatiatrom 18riom 3001

to 6501C i n an oxygen-contai ni ng at nosphere. 18 8 Decenber 2006 The
cat al yst @0 idearticelarlyopreferpblef beednhse streatioun band bdrimat aon alfle eto

greatly reduce the loss of xylene. The alkaline-earth metal ion exchange is
treated with the compounds containing alkaline-earth metal ions (for
example, chloride, nitrate and acetate) and introduces aika]ine-earth metal
15 ions into an ion exchange site of zeolite. Alkaline-earth metal ion exchange
| may be done at the same time with, before or after ammonium ion exchange.
Further, preferably alkaline-earth metal can be introduced after adding the
compounds containing alkaline-earth metal at the time of molding by
kneading MFI-type zeolite powder with diluted alumina powder and binders.
20 The content of alkaline-earth metals in relation to the catalyst (a total of
MFI-type zeolite and inorganic oxide) is preferably at 0.05 to 5 weight %
- and more preferably at 0.1 to 2 weight %.
| . Introduction of silver ion is also preferable because of improvement in
the catalyst activity.
25 Preferable content of silver ion is 0.1 to 5 weight %. Silver ion can be
introduced by any method of ion exchange, impregnation or kneading, but

the methods of the ion exchange are preferable. Silver ion exchange may be
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t he hydrogenated active ingredients are supported. Usually, such treatnent
Is done at the roomtenperature and up to 5009C, preferably at the
temperature from 1001 to 450C in a hydrogen sul fide at nB&}ssepesr 2pf@ 5
treatment by sulfuration is able to suppress the deconposition and the
activity of alkyl aromatic hydrocarbons. The nethod for converting xyl enes
I ncl udi ng et hyl benzene described in the invention is to nake the xyl enes
contact with the catalyst (the catalyst of the invention) under the

f h . Th diti Oth ' 1 hi tact |
Feact i on Herefiatlr Bie (R JOBEC TEN4BIAInG TG, HAPL B e368AEY 500G
ti e f 0.,2 to 5MPa, f ly f 0.4,to0. 3VP / C8
ST DI o S i M
D ) i s % |
fromO0.2 tc8n§%1ﬁ1u;g Sﬂ‘ﬁ P8 é@%}: ?&g%eégrﬁ%gfe{}gggﬁ?&d A%y C8paromat I C d _
hydrocar bon m xt g 6% et Ha ATk {HEIUAR!LONbe Ahplofed Sl Suciont ai n
e aw S r

et hyl benzene. Préeter m Xtures aré hateri a produci ng p-xyl ene

h ' ' i ; th d
Fuch 28 L S5NTA1 SeRUOLAC) B0 A 1L Mo cOUAE bGP OEa p0erapl 12 o
m xtures %Qt:ﬂigﬁb%ﬁt Be h%gﬁg&h’&%d‘%@ﬁ%%@yédiaﬂﬁs, tHORD IR aken PO BSHBR T Or
extractli ng na t

ene and paraffin to contain naphthéne and paraffin having

the carbonsnyphipbvel tRE OURErchendRbnCBandr AeRlkytafdndrRGetiBAN Bty esf
obt ai ned through extraction and/or fraction of cracked gasoline which is

produced aghplbeess bt beRferdchahiBéthatle decasID@SI fd Goniebl Rakhiddn the
[ Enbodi nent s As follows, the present invention will be illustrated in

mor e det aichsalyd® ahdDpeeveigr ti0 Aeteriefatiod reith otifneeof thodpropetrty of hithe
invention is not limted to the follow ng enbodinents. Enbodi nent
1( synl@esicatalfrstViAs the dydeotdrtatednattpreepatal, irhanofm, 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 plaﬁnum ingredients,
15 chloroplaﬁnic acid and chloroplatinic acid ammonium 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 ethylbenzené while an excessively larger quantity of
them will promote hydrogenation decomposition of alkyl aromatic
hydrdcarbons, both are noﬁ preferable.
After the hydrogenated active ingredients are sﬁpported, 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 300 to 650C in an oxygen-containing atmosphere.
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catalyst A) 5 Caustic soda aqueous sol ution (NaOH content of 48.6 weight %
H20 content of 51.4 weight % M tsuwaka Pure Chemcal Co., Ltd.) of 40.9 ¢
and tararic acid (Cahc Co., Ltd.) of 15.7 g were dil ut 80Perpmber289® g of
wat er and dissolved. Soda alum nate solution (A12G3 content of 18.9 wei ght
% NaOH of 25.4 weight % H20 of 55.7 weight % Daiso Co., Ltd.) of 12.83
g was 10 added to thus-prepared solution to give a uniformsolution.
Hydrous silicate (SiOQ2 content of 90.4 weight % NaCOH content of 0.22

020 3 N B P RS B o
Cor ot 211 981 58S e ORISR Ao R RN QR by 1 o
m X e " A OBl ables R Sl 091 Bieir PR 45 55

m Xt ur e V‘%m‘ﬂeﬁ‘&ﬁﬁe@o@%@ﬁ@ b AR ¥ %8%&1%%1&&9 atARRpBEre. WIIHeh Was

then made toreact for ours at 160 C, 'wth stirring at "800 rpm After

conpl ei Oirtl-cfetg,éﬁé}& heaslib@htidd 4 -8 PR §epiest UKe WS mpeHeRhedhd tMashed,

W th dist water and filtered 5 tines,” and then dried 25 overnight at

about 120Gt g Sredkyl Adim SHP Byars@rhess.det erm ned by an X-ray
diffractioneter equlipped with”Cu tube and Kcrray radiator, the result of

whi ch was showTheZ@ethdde fQNERive?fide xylBnkd Snclhdind etiddbbaruith tbedritede

obtained zeolite was MFl-type zeolite. The zeolite was subjected to FE- SEM

- observati da, thheénvasidd ief tovhgke thesxglkows dontiditgwith fHee catedysigétiei ze of

the crystallite was of the major axis of 1.8 mcron and the m nor axis of
1.3 ni cr oratdlydsof the ineentiondiintlbe the prywnse bf hydfégeor. eThembniiticns at
@ ffr?gt | Ci):]:r:]u,a time of this contact is reaction temperatures from 300C to 480,
preferably from 350°C to 480°C, reaction pressure from 0.2 to 5MPa,
preferably from 0.4 to 3MPa, H»/C8 aromatic hydrocarbon mixtures (xylenes
éontaining ethylbenzene) from 0.2 to 20mol/mol, preferably from 1 to
10mol/mol and weight space velocity from 0.2 to 30hr‘17, preferably from 2
15 to20hr™. |
| - Any C8 aromatic hydrocarbon mixtures may be used in the invention,
as far as they contain ethylbenzene. Preferable mixtures are raw materials
for producing p-xylene such as C8 aromatic hydrocarbon mixtures obtained
by reforming naphtha and the subsequenf extraction and/or fraction, C8
20 aromatic hydrocarbon mixtures 6btained- by reforming naphtha buf not
: underg‘oing processes for extracting naphthene and paraffin to contain
naphi:hene and paraffin having the carbon number of around 9, and C8
aromatic hydrocarbon mixtures obtained through extraction and/or fraction
of cracked gasoline which is produced as a by-product of thermal
25 decomposition of naphtha.
[Embodiments]

As follows, the present invention will be illustrated in more details
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Si 2/ A1203 nole ratio of this zeolite was 43. 10 g of Ml -type zeolite

synt hesi zed as above nentioned on.the basis of the absolute dry standard
(calcul ated on the basis of loss on ignition at the ti S&asempere006
calcination for 20 m nutes at 500 C) was added to hydrous 10 alum na (A1203
content of 75 weight % the X-ray diffraction pattern shown in Fig. 3,
SASCOL Co., Ltd.) (30 g as A1203) of 40 g and al um na sol (A1203 content of
10 weight % Nissan Chemi cal Industries Co., Ltd.) (6 g as A1203) of 60 g
and well m xed. Thereafter, the resultant was placed in a dryer kept at

1201 and Qefepfineniol thd e bFRISE S THHRRhtsass estiliadtddtd ted fdfowingl ay. 15
Thus- prepared kneaded substance was extruded through a screen having

1. 2mD holegshodihenext ruded nol d body was dried overnight at 1201 and
calcined at 540 C for 2 hours after raising the tenperature gradually from
3501 to 5401. Eathocdhwinted (syeitHediodyf diFItygewasolpteaced iprepieatigu
solution in which ammonium chloride (Signma Aldrich Corporation) of 2.2 g 20
and cal ci watalpstod) de di hydrate (Cahc Co., Ltd.) of 1.3 g were dissolved in
60 g of distilled water, and treated at 80t for 1 hour, wi th occasional
stirrifg. Aft Enustichsotinerturems,soldaom NeOS contenti an4&§sw¢16h§\/edHan t he
resul tant substance was repeatedly washed with distilled water

filtered Bontemsof 51Thaveight /@ri\désmgkgd?lmea@bw&lkp%ew%@ﬁf éoéacg &néqueous

solution (Rare 25 Metal Production Co., Ltd.) of 30 cont |n| n of 80
mg at t he tavsgig ag ha G peIaiiﬁ‘deeﬁ 7£ Hiege tzdﬁmmé 29 0 W‘Fﬁ@lg\%g

a1 ooy dassaipd. 2508 BlumNBRIC SUBHOLIARS CRERE ﬁﬁﬁlﬁm pigpich NOR ' ©
0rYi10, U DS AEE eSS SRR MLl BIUSRIED U 167 SIS 2
A B 8 e A bR Bife T, k.
S g I R A
catalyst v(\:/grslted%tgfr E'é}}e %Q&h\?%} gDOe B2 of 9.12 weight %, N1pseal VN-3,
Japan Silica Corporation, now called Tosoh Silicg Corporation) of 95.2 g was
added gradually to the solution with stirring to prepare a uniform slurry of
. 15 aqueous réaction mixture.r The reaction mixture had the ingredient ratio
(mole ratio} as follows.
Si02/A1203 55
OH /Si0z 0.26
A/ Al503 4.0 (Attartrate)
20 H>0/ SiO2 22 |
The reaction mixture was placed in a 1000 ml-capacity autoclave and
sealed, which was then made to react for 72 hours at 160°C, 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 120C. |
The resultant substance was determined by an X-ray diffractiometer

equipped with Cu tube and Ka-ray radiator, the result of WhiQh was shown
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spetrography, as a result; the quantity was 0.36 weight %as Re netal. This
catal yst was ground and subjected to X-ray diffraction, the result of which
10 was shown in Fig. 4. It was found in Fig. 4 that X-r&PesemperadPPon
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
(28=23.04) was 30:100.: 20 () value or d (nnm) value in the X-ray
diffraction pattern was obtained by referring to the Bragg's Law. 2dxSi nO =
nx?X (on the conditions of 15 n=1 and X=0.15406nm . Conparative exanple

1(prepar atihqfig.gi.t Et;‘%v%ﬂslﬁﬁﬁd A dbthyRed %&Q_itletv@aéDMIﬂIOtyge uplifesi zed

simlarly to enbodi nent 1 on the basis of the absolute dry standard

(cal cul ated oNnTHREeoRES Whsfubj@ged 99 FEHSEMbsaivitich, theweshlttdfavhich
calcination at 5001 for mnutes) 20 was added to a -alumna (as A1203)

(X-ray di §agd ERGwhak Fid) BhaMa averkie. sizd of tMékgystRllite. wabefithal mbjwtust ri es
Co., Ltd.) of 30 g on the basis of the absolute dry standard and al um na

sol (Al1203x¢96f €8t midron Gndeitehhider adik 9§48 tierincal | ndustries Co., Ltd.)
(6 g as A1203) of 60 g and well m xed. Thereafter, the resultant was

pl acedsi n a dr yer theptesalt b2Otheamaaliysiedbyina i fludestdre Xoiagt uhiffracmemnt was
reduced to that of a clay. Thus-prepared kneaded substance was extruded
t hr ough a SiOedrObhamdlegatio 2fitiisizebbte walket3.ext ruded nol d body was dried
overni ght at 1201C and calcined at 540" C for 2 22 8 Decenber 2006 hours
after raising e oEMIErtiperzeoljiadmathegizadons 3bove memioped omhéhe ksl body
of 20 g after the calcination was placed in the aqueous solufiqn in_ which
ammoni um ofitbeiahsohgeydny staandard (Guepkntadiamphebasispolijlogs @ncignatigh, at |
chloride di hydrate (Cahg Co., Ltd.) of 1.3 g re.di ssolved in, 6 of
di sti || edtheiamerof éWdC%I?’@&F’Qé tor Qé;bpﬂflblﬁe%ahgﬁp,ecwtaﬁ %’é@gs'i%h&& i rring.
After such, treat t, the a us.sol ytion s ved and, .t he resultant
subst #fce alyming é@&w@e%&ﬁmlg b %é@ﬂ’f@ﬂy\ﬂgﬁﬁﬁwﬁt?’f%ﬁéa‘?‘@ times.
The substange i rsed.i r heni I d ueou ol ution e Met al
Product i ohng‘.g; %%&%fé‘%olﬁt@) ggﬁtgaﬁ'ﬁi‘ﬁﬁé eo%?aﬁ)aﬂ'a ai’(milﬂ% Slpg)g%ﬂc%

content of 10 weight %, Nissan Chemical Industries Co., Ltd.) (6 g as Al:Os)

of 60 g and well mixed. Thereafter, the resultant was placed in a dryer kept

at 120°C and dried until the moisture content was reduced to that of a clay.

15 Thus-prepared kneaded substance was extruded through a screen having
1.2mm® holes. The extruded mold body was dried overnight at 120°C and
calcined at 540°C for 2 hours after raising the temperature gradually from
350°C to 540C. 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 (Cahe 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
25 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

21



10 tenperature and left stand for 2 hours. Stirring was conducted every 30
m nutes. Then, the substance from which the noisture was renoved was dried
overnight at 120°C. After drying, the substance was tre8fegempar#00hydr ogen
sulfide at 250t for 2 hours in the hydrogen sulfide atnosphere, and then
calcined at 540t for 2 hours in the air. As follows, the catalyst is 15
abbreviated to "catalyst B". Calciumcontent and sodium content in the
catal yst were determ ned by the atom c absorption spectroscopy, as a

quant | {58 SRERTENG SEol Foo KRIF Ar8R o Tk BURalirner BiAR Feek 6 Wik | o
A G
crvotar e AR RGeSk s PR o Bt din
was har (ﬁ %e%%%aa%on%%%j a’lfvsﬁvép'exg%rl)ﬁﬁg&g c?%?%ga?é i%o(rglggl g:%fl a I§/tg’tn € 25 2I'he
the Baciealy sl AP RiAR LICRR Mi0nt hsPirdod St drboRey RRENSEE 00"
2006 moan S0y ak O TR R A A A R NG The e oy

Ni ssan  ¢hehddian %ﬂﬁPﬁfﬂeﬂeﬁl khe-cathfysy vags GetdPBnidkdtBy G 1€ P eklssiin<ed.

Thereafter, the resultant was placed in a dryer kept at 1201 -and dried
until t hgpeteographe, 89atRRul\aEe (RIURRS Wwas DIBH welgld % 2y Re TheGl. Thiy epar ed

kneaded substance was extruded through.a screen having 1.2nm D hol es. The
ext rudedatalykthesy gvasndirirel sabjectidybé Xaiayl d0fFravtibn, thlecidaydt af whith C for 2
hours after raising the tenperature gradually fromi 350 C to 5401. The
cal 9 nedwvasishobadin big.24 I was fphindaa Fig o tmtafuagudiffisetion mberisibywhi ch
ammoni um chl oride (Sigma Al drich Corporation) of 8.8 g 10 and cal ci um
chl ori deratith i theceystabhatt@e. planeispacing 51-palpenef 6. 186090 (284518%)diost i | | ed
wat er ~of 60 g.; and_treated at 80 C for 1 hour, w th occasi onal
- the crystal lattice plane spacing d-value of 0.386nm (20=23.04°) was' 30:100.
20 (°) value or d (nm) value in the X-ray diffraction pattern was
obtained by réferring to the .Bragg"s Law 2dxSinB = nx\ (oh the conditions of
15 - n=1 and 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 500C for minutes)
20 was added to « ralumina (as ALOy) X-ray diffraction pattern shown in Fig.
5, Wako Pure Chemical Industries Co., Ltd) of 30 g on the basis of the
] abselute dry standard and alumina sol (Al;Os content of 10 weight %,
Nissan Chemical _Industr‘ieé Co., Ltd.) (6 g as Al203) 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 tha{t of a clay. Thus-prepared kneaded

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

. extruded mold body was dried overnight at 120C and calcined at 5407 for 2
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stirring. After such treatnent, the aqueous solution was renoved and the
resul tant substance was repeat edI y washed with distilled water and filtered
5 times. The substance was inmersed in perrhenic acid agleeesbas@fff i on 15
(Rare Metal Production Co., Ltd.) of 30 M 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
dried overnight at 1201. After drying, the substance was treated with

hydrogen sul fide at 250 C for 2 hours in the. hydrog n Ifi t phere,
20 and t héWuga adtetctrigings e c@em@eraﬂxeﬁ@%ﬂy R o‘?d‘f%ﬁs"%ﬁ

caal e ixgqlﬁib%@?ﬁvfﬁk/ggfffﬁgﬁégﬁt WibeSranei B %ﬁ?éﬁﬁ%g%?%qﬁ iy
R e o L A e
vas 0.21 }R%F‘%’Hi &hﬂ%@%ﬁg BZ;%:EF? e ev%}gsoéwa% Sfﬁ?fegutn :
::InvZ: ge Z?%gg%ﬁﬂ%tc% 3%@%%% ao(f:t 1°Ce ;i)lﬁ rfe%ﬁ%g&% Srder s%am ngIOI e
spaci ng d- 5%tue gm%‘g%&g‘g"‘g %814‘@531118}%@(’1-9‘9@%? oun eclre%ﬁlesét Slu% 100 at
most, i fss‘;%éhegégz%e al?WaIs%eﬁp&?ﬂ?rcﬁéﬂlﬁgd% n%eégéhﬁsﬁl@edT he ti\fﬁbstyqﬁezem ite

of 20 arly toint I ment on the basis of the
absol ute dusiah@pdzad ikfaALAUITHP BoPie adiPaiheohs | @FEION (RARS VBRIAL e

time of the calcination at 500t for 20 mnutes) was added to hydrous

al um na ( pk8@dcteaNtERt Did.Y oWB09Ril %nidifin gmyoﬁlamaqﬁgom Akt @66 shown
in Fig. 3, SASOL Co., Ltd.) (20.2 g as Al20 of 27 g and al um na sol

(A120fn Coﬂéxﬁpérdﬁud(bﬂﬂ? lefbtstind Nog SAhoGhenBeiating! weeSdonidestdd eviry 80g as
A1203) of 60 g and well m xed. Thereafter, the. resultant was' placed in a

- dryer, kelﬁim&tesJ,ZQ‘heﬁndhdrsu%ﬂtaﬁﬁel frotthevhich $harmoistord enis wasovatdased t o
that of a clay. Thus prepared kneaded substance
. dried overnight at 120°C. After drying, the substance was treated with
hydrogen sulfide at 250C for 2 hours in the hydrogen sulfide atmosphere,
“and then calcined at 540°C for 2 hours in the air. As follows, the catalyst is
‘15 abbreviatéd to "catalyst B”. Calcium content and sodium content in the
| catalyst were determined by the atomic absorption spectroscopy, as a result,
the content was 0.18 weight % as Ca and 0.2 weight % as Na. The quantity
of rhenium supported in the catalyst was determined by the ICP emission
spectrography, as a result, the quantity was 0.21 weight % as Re metal.
20 - - ‘This catalyst was ground and squected to X-ray diffraction, the result of
" which was shown in Fig. 6. It was found in Fig. 6 that the crystal lattice
plane spacing d-value of 0.386nm (20=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

23



was extruded through a screen having 1.2mm D holes. The extruded nold body
was dried overnight at 1201 and calcined at 540 C for 2 hours after

rai sing the tenperature gradually from 35010 to 540" C. $RecembeiZi8d nol d
body of 20 g was placed into the aqueous solution in which anmoni um
chloride. (Sigma Al drich Corporation) of 2.8 g and cal cium chl ori de

di hydrate (Qahc Co., Ltd.) of 3.2 g were dissolved in distilled water of
60g, and treated at 80t for i.hour, with occasional stirring. After such

v s pes B ARt dh o UL S0k i ™
Product i on”¢d’ }ngﬁﬂ.ablgt&esggt%ng&g%ﬁfﬁﬁq)gd%%@ %fmé(fv‘?‘}gnﬂf‘e@'he room

s e o AT
Eﬁlcfeinger af@k)%b lhysilr oger{n%ﬁ‘#&dg a%inggga% ]f‘eorm‘ﬁché)ufgaif Ho'lt?‘lec ?‘derggjélﬁ_ -
foll ovxg , H?gﬁgg%%ns%ﬂég S%E’%F%\géleatvg%gt%ugé %I ‘;‘/ﬂsji%u@% %Ca%c%?%lgn E:lgﬁltngnt and
sodi um cont eatn @f hd1BS mtwaaem%@mdsa%gag&g%@a o%ﬁi@bfgig G 28RS Yt | On

spectroscopy, as a result, the content wei g and 0.6

vei ght % aaldied BRSM@ Tht Yhots AREP rH{%RsRRO tEEGD e M lBene@uailyStroMas

determ ned by the I CP em ssion spectrography, as a result, the"quality was

0. 37 wei gi350% as 530 WEe calbined MalEbydy ofBE LwadPadilintbRires§ebds0 X-ray
diffraction, the result of which was shown in Fig. 8. It was found in Fig.

8 that X- sabutibf i adiitle rnhmbaisit yhlofide (Sighat ARlridhy Sodporadion) & o ane
spaci ng d-val ue of 0.196nm (20=46.18) to the crystal lattice plane spacing
d-val 1@ ofand G8Gmm Rk 04)ihydedte. (CeMe. Co ElibddiofenN? g3¢pre disalviednnof
catalyst E) The MFl-type zeolite of 10. g synthesized simlarly to in the
enbodi mendistillerh water bfs66 of andetmased wteS0T)y fot dndlanr, ith ootadienalon t he
basi's of loss on ignition at the tine of the calcination at 500 C for 20
stirring. After such treatment, the aqueous solution was removed and the
resultant substance was repeatedly washed with distilled water and filtered
b times. The substance was immersed in perrhénjc acid aqueous solution

15 (Rare Metal Production Co., Ltd.) of 30 ml containing 80 mg of Re at the
room temperature and left stand for 2 hours. Stirring was conducted every
30 minutes. Then, the substance from which the moisture was removed was
dried overnight at 120°C. After drying, the substance was treated with
hydrogen sulfide at 250°C for 2 hours in the hydrogen sulfide atmosphere,

20  and then calcined at 540°C for 2 hours in the air. As follows, the catalyst is
abbreviated to “catalyst C”. Calcium content and sodium content in the
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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m nut es) was added to hydrous al umi na (A1203 content of 75 weight % the
X-ray diffraction pattern shown in Fig. 3, SASOL Co., Ltd.) (30 as Al1203
), Of 40 g, alumina sol (A1203 content of 10 wei ght % Ne&ssemeseRPeal

I ndustries Ltd.) (6 g as Al 28 of 60 g and barium acetate (Cahc Co., Ltd.)
of 1.5 g and well m xed. Thereafter, the resultant was placed in a dryer
kept at 1201 and dried until the noisture content was reduced to that of a
clay. Thus- prepared kneaded substance was extruded through a screen having

1.2m hol es. The_ extruded nol d, hoc dried overnjght at 120'C and

cal ci nePagingbyahuy of Qoif6nmy f%‘%a@ﬁnﬁ'aﬁhg"!‘gﬁp‘ﬁhﬁﬁﬁse the sty from
350t tq 575 C, The cal ci ned nol of .20 | aced [ ntq an agueous
sol ut i JAttife WaRs, SEAHS rﬁaéHP(ﬂ(}l(ggg%%@l&iji\g@h&éﬁr%%‘ﬂ“&ﬁ'%ﬁ 1.1 g
was di sz,%lol ved in distilled water of 60g, and treated at 80t for 1 hour,
with h 36 008 abmeetnibeny.occasi onal stirring. After such treatment, the

dehod w o EmBpEE: 2P R BT s e et ance vas.
10 of 30 T CHRIHR, Feak®y S50 8 dyvifesipRhr spBBep 8 4T HEF of
cubst ardBb BT o bhe Y4 BE me AMEURLE e Qb Rl IR ho e £
2ot 1 (S afIett [ RO TR R o i M BB B ] S e

240t T Ghidufi8) sl UAdIP 18 HdrBis hPnOR (AL, SHRNYIE 15 weREoR! aled to
"cat al yst E'." Barium content __an_d_ sodi um content I n the cat y_s‘t were .
det er mxiedy it dRicH UL rndIRFPIn Pig SHESABOICORY, LAE) J.23Wd AlLobhe
content was 0.39 weight %as Ba and 0,3 weight %as Na. The quantity of

r heni urafsP ROk ha daluinin2e s6B (Al D5t contest &t B0 Raight 98, Niesd L RCIRmissl on
spectrography, as a result, the quantity was 0.37 weight %as Re netal.
Thi s ' c dndugstiesvdddr Bingd azndlGdofe60 egl dral Xeelhymihidd. r ALhdrenfter, el ting in
a finding that X-ray diffraction intensity ratio of the crystal lattice
pl ane .resphanbgvab phiced iof aGlrye6kept at 120 and dried until the moisture

-

confent Was,fédliced to that of a clay. Thusprepared kneaded substance
was extruded thro.ugh a screen having 1.2mm® holes. The extruded mold
bo&y was dried overnight at 120C and calcined at 540°C for 2 hours after
;éiz-ﬁng the temperature gradually from 350°C to 540C. The calcined mold
-body-of 20 g was placed into fhe aqueous solution in which ammonium
 chloride (Sigma Aldrich Corporation) of 2.8 g and calcium chloride
- dihydrate (Cabe Co., Ltd.) of 3.2 g were dissolved in distilled water of 60g,
and treated at 80 for 1 hour, with occasional stirring.
After such treatmeﬁt, the aqueous - solution was removed. and the
resultant substance was' repeated]y.wéshed with distilled water and filtered
D times. The substance was immeréed in perrhenic acid agueous solution |
" (Rare Metal Production Co, Ltd) of 30 ml @ntﬁmng Re of 80 mg at the
.+ room temperature apd left stand for 2 ho_-urs. Stirring was conducted every
.30 minutes. Then, the -substance from which the moisture was remove& was

dried c_)vernight- at 120C. After dryirig, the substance was treated with
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(20=46.18) to the crystal lattice plane spacing d-value of 0.386nm
(20=23.04) was 9:100. Enbodinent 4 - not formng part of the present

i nvention (preparation of catalyst F) The catalyst was8pleepaba@C% milarly
to in the enbodinment 1, chloroplatinic acid solution (Tanaka Rare Met al
Co., Ltd.) in place of rheniumwas imersed in the solution containing 100
wei ght ppmas Pt in relation to the catalyst. The Pt supported on the
catal yst was determned by the ICP em ssion spectrography, as a result, it
was 69 wei ght ppm The catalyst is abbreviated to "catalyst F. Enbodi ment

cat al ybydgyeenngalide abem03q ieb SheBruen dhe RbRERs SELATE afmash Boitel ght o6
20 Cone T PluSheh DG bR RE e BFhGRL G pdiled 7 L0
8,20 sl BS 47 ond SR ROTR il 4Py 15 50,
125, 20y AR 0 SR ARy O
S e e Pu BB SRR Regll A T lhplhoe
35 ot Thepa GroRUELA bt Rt Ul 1 U 0B clfuifparc
5 4 e B ol O IR B O 2 0,1

Al Al2 ate The reacti.on mxture was placed in

Too-or a5 RRR IR AL Ra K ey AlbhGAR BBkt O2Ct ¢
‘was shown in Fig. 8. It was found in Fig. 8 that X-ray diffraction intensity
‘ratio of the crystal lattice plane spacing d-value of O...196nn1 (26=46.18°) to

- the crystal lattice plane spacing d-value of 0.386nm (20=23.04°) was 10:100.

.‘ Embodiment 3(preparation of catalyst E) | | | |

The MFI-type zeolite o_f- 10 g syntheéized similarly to in the
_- Embodiment 1 on the basis of the absolute dry standard (calculated on the
basis of loss on ignition’ at the ‘tix.:‘1e of the céic_ir;ation at 500C for 20
minutes) ﬁras added to hy&rous alumina (Alea content of 75 weight %, the
' X-ray diffraction pattern shown in Fig. 3, SASOL Co., Ltd.j (30 g as Al;03) of
40 'g,‘al.umina sol (Al20; content of 10 weight %, Nissan Chemical Industries
Led) (6 g as Al;03) of 60 g and barium abetafe (Cahe Co., Ltd) of 1.5 g and
*  well mixed. Thereafter, the resultant was placed in a dryer kept at 120TC
and dﬁed until the moisture content was fedn-.lced' to tha_t of a clay. Thus-
prepared kneaded substance was extruded through a screen- having
1.2mm® holes. The éxtruded ﬁ;old body wasdriéd overnight at 120C and
calcined at 575C for 2 héurs after raising the temperature gradually from
.. 850C to575C. The calcined mold i)o'dy of 20 g was placed into an aqueous
solution in which ammonium chloridé‘(S_igma Aidﬁch Corporation) of 1.1 g
was .dissolved in disti]led‘water of GQg,' and fréated at 80°C for 1 hour, with_
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20 800 rpm After conpletion of the reaction, thus-urepared m xture was
repeatedly washed with distilled water and filtered 5 tines, and then dried
overni ght at about 1201. The resultant substance was deB&easnleai 2896 an X-ray
diffractioneter equipped with Cu tube and Ka-ray radiator, as a result, it
was found that 25 the obtained zeolite was MFl -type zeolite. The zeolite
was subjected to FE- SEM observation, the result of which was shown in Fig.
9. The average size of the crystallite was of the major axis -28 8
Decenmber 2006 of 1.3 mcron and the mnor axis of 1.1 mcron. As a result
of the analysis by the fluorescent X-ray diffraction, nole ratio

Si.02/ ALQOxiehalt Ritirrigal | tefteassiich tvEhtmpps, 2bel kueons 1eolytiopn®assi zed as
above nmentioned on the basis 5 of the absolute dry standard (cal cul ated on
the bagbmorbdlaskthe regaithnbsubstandeewas mepeatadiy vashad aithodistidledoo

m nutes at 500C). was added to hydrous alum na (A1203_ content ,of 75 % by
wei ght wathe a%dr filteded Br iatésonThatsubshanethvias immersed & pepdepicacid |4, )
(30 g as A1203) of 40 g and alum na sol _ (A1203 fpont nt of , 10 % by. wei ght,
Ni ssanaGuenis sblutiuRareeMetal Productjon Eog Ll hef 30 HRIMBE, a‘#d el |

m xed. Thereafter, the resultant was placed in.a ryer t.at 120C and
dri ed 86t Mg ahdheorommrtemperadnre and Tefd stead; - 2 ﬂ'&{“r@f %Pfé‘f%?"as

~ Thus- prepared kneaded substance_ was extruyded t hrough,a reen _havin
1 e e ucied Hig T4t ouomtaD, Thesebacubarity SoBr mgre 1 SosAREeN G

From Sanaammsdsoacsied et et at S h 3L bR 211015,
G Erented arich, b ok BERr A AP QL ptids® ST G BEIBRRL T O)
di ssol ved .i di stidq €. . ], 80 f 1h , With
ol:izg'r_v H\Jsgberselt'%m#P&%’%ﬁggedg%tcﬁg??e%r%ﬁ?{l t eﬂ%qﬁgbus sglrut [ o,gl)u\r/vasWlt

removed and il Estid BRtalH TS Ale viEd EPERLtOENS Shtthabichiist 11| ed
" and sodium content in the catalyst were determined by the atomic
| absorption spectroscopy, as a result, the content was 0.39 weight % as Ba
And 0.3 weigiit'% as Na. The quantity of _rhenium supported in the catalyst
" was determined by the ICP emission spectr_o_graphy, as a result, the
quantity was 0.37 weight % as Re metal. This catalyst <was ground. and
' .s‘ubjected to X-ray diffraction, resulting m a finding thai_'; X-ray diffraction
_intensity ratio of the crystal lattice plane. spacing d_'vzilue of 0.196nm
(20=46.18°) to the crjrstal lattice plane spacing d-value of 0.386nm
- (26=23.049) -was 9:100.
Embodiment 4 — not forming part of the present invention (preparation of cat?Llyst F)
The catalyst was prepared similarly to in the emboldi.meﬁt 1,
chloroplatinic acid solution (Tanéka Rare Metal Co., Ltd) in place of -
rhenium ﬁras immerse‘i in the solution containing 100 weight ppm as,Pt in
-re;lation to the catalyst. The Pt supported oﬁ' the catalyst was determined
.~ by the ICf’ erﬁissioxi spectrography, as a fe_sult, it was 69 weight ppm. Thg
éatalys—t is a—bbre\;iat:ed to “éatalyst F. - |
Embodiment 5 (synthesis of MFI-tyﬁe ;_eolité and preparation of.
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"5 times. The substance was i mersed in perrhenic acid aqueous sol ution
(Rare Metal Production Co., Ltd.) of 30 ml containing Re of 100 at the
roomtenperature and left stand for 2 hours. Stirring wdPeconericled every
25 30 mnutes. Then, the substance from which the noisture was renoved was
dried overnight at 120" C. After drying, the substance was treated with
hydrogen sul fide at 250°C for 2 hours in the hydrogen sul fide atnosphere,
29 8 Decenber 2006 and then calcined at 5401 for 2 hours in the air. As
fol |l ows, %Qgﬁfaiﬁbyst is abbreviated to "catalyst G'. Cal ciumcontent and
sodi um co St W/t he catal yst were deternmined by the atomic absorption

ZE?SH "% as N CHHRER TR fyo s TR AR s bR v Bl S PRgR
mééeémggfgcg%i*@% SELORED A MSRREAECPLRY ?ﬁeaﬁ§313?é-§%§hgaé%?§£%@”£3t o
Tattb of (e & ettt (0ahP b, LEES otel ARlief WtR Phler Boo B bl 1)

Lo thescr yalahviat @'gag ARARL RPN, Gr¥Ph ‘éﬁnféﬁt%f?lh%g@ dighea 040Hmas

9: 100. I ment preparation of catalyst “type zeolite of

1e Choo o ! _ Sty A
9 SYNt WESIsZeGetiil hH,D 8054.9 dight SNIIMSHRY), BedVof 16288 Addddhe

absol ute y standard ( on the asis of loss on ignition at the

time of thg tﬁ%b‘iir@?hi‘&f‘srﬁhti@ﬁocé%ﬁr@ra #hlifoFth el @dn Wiy e ds &l tb YSIOWS

al um na (A1203 content of 75 weight % the X-ray diffraction pattern shown

in Fig. 3cobtesydlof00.4 wéight %,2NaBH BatAl263).220feight §6,aALD NSOt 6A1203
content of 10 weight % N ssan Chemical Industries Ltd.) (6 g as A1203) of

60g and cd.26 weight 64, HeOQdehtehtiof D12 Ivdight YanNipuelal ViIN>G dlapbiie Seladat er |
the resultant was placed in a dryer kept at 120'C and dried. until the
noi st e dlrperdtiowms nowdoakied tDodohaiSilita sCatpayatioh o -3F.8 parwds kaddeded
substance was extruded through a screen having 1.2nmm4) hol es. The extruded
mol d body gradually e thersolgfionatwitl20st@ring) ta girepameed aanndipomCshamry2ofhour s
after raising the tenperature gradually from L )
aqueous reaction mixture. The reaction mixture had the ingredient ratio
(mole ratio) as follows.
Si02/A1:03 50
15 OH /Si0; 0.24
| A/l Al2Os3 3.5 (A : tartrate) -
H:0/ 8102 22
The reaction mixture was placed in a 1000 ml-capacity autoclave and
sealed, which was then made to react at 160 Cfor 72 hours with -stirring at
20 800 rpm. After completion of the reaction, thus-prepared mixture was
repeatedly washed with distilled water and filtered 5 times, and then dried
overnight at about 120C.
The resultant substance was determined by an X-ray diffractiometer
equipped with Cu tube and Ka-ray radiator, as a result, it was found that
25  the obtained zeolite was MFI-type zeolite.
The zeolite was subjected to FE-SEM observation, the result of which

was shown in Fig. 9. The average size of the crystallite was of the major axis



350 to 5401C. The calcined nold body of 20 g was placed into an aqueous
solution in which amonium chloride (Sigma Al drich Corporation) of 1.6 g
was dissolved in distilled water of 60g, and treated at 3&Beemesr 280%our ,
with occasional stirring.. After such treatnent, the aqueous sol ution was
30 8 Decenber 2006 renoved and the resultant substance was repeatedly
washed with distilled water and filtered 5 tines. The substance was. -
imrersed in perrhenic acid aqueous solution (Rare Metal Production Co.,
Ltd.) of 30 mM containing Re of . 80 ng at the roomtenperature and |eft
stand f or oR1!8omicron Srid thenginesaxisofidubbadraavery 30 ninutes- Then, the
substance from which the noisture_ was renoved was _dried gverni ght at 120t.
After drying, .As meresudepéitbe anadysis hyathedfluprasceyt Rotpon diffnactige. solosoic
for 2 hours in_the hydrogen sulfide atnosphere, and then calcined at 5401C
for 2 houratip $iOpe ApQs opthis gpelateswas Bfle catal yst is abbreviated to

"catal yst H'. Calciumcontent_and sodium _content of the catal,ys re

det ermi ned by MHE typaizseiite ahdBhevniRessd As sREprentiongd X e[%’a%liﬁe'
Fhen Uin s G EPEOAE tire TAPATYS Icaiealated OBy ThenBeriny finie PEmsBHRRL Py
Thi s cat afbRHmAS! ghBIRIFBAGOR BT Shr Bnbes S Py VH adeedr Wil Ny i o
ol ane. spaei A (AR b GRS (haRhar ekl i Rfls, MR, BroteBh ) 0
Form ng parevBroeFig 3 SusiP L bGeditig ol 5 A LR, o FAPE R e Wnfnip 9

catal ySt *pLEBALEH: ST dobhsPelghe! REsGRPOALARN 5a48H18 860014 Nigga

sol ution M- wRi ch 1ic Ion (Hayashi Pure Chemi ca

| ndusty | ege L) %eF et RRMl hivdd. 3PReRlatiche BhaiRelltahR0RuGI 0 BPm as N

inrelation to the caralyst. _ The N supported on the catalyst was _
det er m nedyhye kéist hEA T SHAP Arfde GhEi HhaPRiistase ohesitl was tleduteditdi ty

was -850 wei'ght ppm The catalyst is abbreviated to "catalyst |I" Enbodi nent
8 - not fgKd¥ BYaPdky. Thushfephrse Rhehdy@Rubsthrcer #Rsextiwied thmaighl yst J)
séreen having 1.2mm® holes. | |
| The extruded mold body was dried overnigﬁt at 120C and calcined at
15 540 for 2 hours after raising the temperature gradually from 3507 to
| 540°C. 20 g of the calcined mold body was placed into an agqueous solution
in which ammonium chloride (Sigma Aldrich Corporation) of 1.1 g and
calcium chloride dihydrate (Cahe Co., Ltd.) of 1.3 g were dissolved in
distilled water of 60 g., and treated at 80°C for 1 hour, with occasional
20 stirring. After such freatment, the -aqueous solution was removed and the
resultant substance was repeatedly 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
25 30 minutes. Then, the substance from which the moisture was removed was
" dried overnight at 120°C. After drying, the substance was treated with
hydrogen sulfide at 250°C for 2 hours in the hydrogen sulfide atmosphere,
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Raw. materials simlar to those used in the enbodinent 1 were used to
prepare an aqueous reaction m xture having the followng ingredients. 31 8
Decenmber 2006 SiQOz/A1203 77 OH/SiQz 0.30 A/ U203 5. 08 Pecaraprer 280%)  H20/
Si 02 25 The reaction mxture was put in an autoclave capacity of 1000 nL to
be seal ed, which was then allowed to react for 72 hours at 1600C, while
being stirred at 800 rpm After the reaction was over, the m xture was
washed with distilled water and filtered repeatedly 5 tinmes, and then dried

ohser veA RO BT bR, o TR St S SE A e o1
Si @2 kAl‘f’g%'f’fﬁ% IYE® ’.?ea‘ﬁcfktc? rfﬁ"bfiﬂ«? Y)Z(%%| %@éﬁ?%ﬁgﬂt%%ﬁgbg%p? Y Qg a x%?hlcs)cr escent
Xray ol eepE e i o Ce R Bl R R PV e
N ssan ChinpSire Pupbretth S Shfityseups RrthFel B e IoRBSM 5.
wer e ad%geggﬂto%rgp% a3 R'R%IE Q?% -qutitiest 4Rgs 260} i dieht % UsOReORetdle Dasi s

of the stan ted fromthe Foss on i.gnition during

20- m NUpRiLal G wal @lou0hnd stibjdetedveb | X payedifirAbAbRFdsalting it 4 esul t ant

m xture was placed in a dryer "kept at 1201C and dried until .the noisture

oL iy S kg Uttty o PG Ui
1201C oypicihgld-vahe o00.196Heh (26=46.18°)‘t0 the crystal lattice plane spaci'ng‘
~ d-value of 0.386nm (20=23.04°) was 9:100. . |
Embodiment 6 (p;'eparation of cataiyst H) |
‘The MFI-type zeolite of 15 g synthesized similarly to in the
embodjment 5 on the basis of the absolute dry standard (calculated on the
basis of loss on ignition at the time of the.caléination‘at 500C for 20
minutes) was added to hydrous alumina (Al;Os content of 75 weight %, the
X'ray diffraction pattern shown in Fig. 3, SASOL Co., Ltd.) (25.5 g as AlzO3)
of 34 g alumina sol (AlOs co_ntent of 10 weight %, Nissan Chemical
~ Industries Ltd) (6 g as Al:03) of 60g: and calcium chioride dihydrate of 3.0 ¢
. and well mixed. Thereafter, the resultant was placed in a dryer kept at
«r + 120C and dried until the moisture content was ;educed to that of a clay.
Thus-prepared kneaded substance was extruded through a screen having
- 1.2mm® holes. The extruded mold bodﬁ was ‘dried overﬂight at 120T and
calcined at 540T for 2 hours after raising the temperature gradually from.
-350C to 540C. The calcined mold body of 20 g was plécecl into an aqueoﬁs-
~ solution in which ammonium chloride (Sigma Aldrich Corporation) of 1.6 g
" was dissolved in _ﬂiétiﬂed water of 60g, and treated at 80C for 1 hour, with

occasional stirring..  After such treatment, the aqueous solution was
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32 8 Decenber 2006 calcination at 5409C for 2 hours after gradual

el evation of tenperatures from 350 Cto 540 C_ The cal ci nated nol d body of
20 g. was added in an aqueous solution in which anmoni 8fee¢inleari28eS (Si gma
Al drich Corporation) of 1.1 g. and cal ciumchloride di hydrate (Cahc Co.,
Ltd.) of 1.3 g. were dissolved in distilled water of 60 g. and treated at
80 ' C for 1 hour, while being stirred intermttently. After such treatnent,
t he aqueous solution was renoved and the resultant m xture was washed w th
distilled water and filtered repeatedly 5 tines. Furthernore the m xture

1] ed wat | ! : ° Lne mxl
\Acfg_s; ! m*g.g,;.%g?a %1658 n{ﬂbeféslﬁqﬁﬂxﬁ_ mcaaefs% sty GRALRdNRItAl dRtindact i on

( ( contai ning Re of 100 ~and’l eft at roomtenperature
for 2 houftsr AMal hRerddel REmes.l MR sA¥SEIcBOwEE TibnSersedf inSperrtheniDigdure in

‘the m xture was renoved and the m xture was dried at 120 C. overnight, the

M Xt ur ea@asout sAakRE (Walrh Myidl Teiduwwtich 06., Aitd IR BY & cdnhiirisg Re of

hydrogen “sul fide stream and subsequently put under cal cination at 5401C
for 2 hgormg at tthe rosimesmperaturthaadchifalsysid ifor 2 houredStioring waat al yst

J" hereinafter. Contents of calciumand sodiumin the catal yst were

det er m seddtedrevety S0animbtesr fFhen, tpestboimeice Wromewhidh the nmstu@a and Na.
were of 0.15 weight % and 0.3 weight % respectively. A quantity of rhenium
suppor t echsi rerhdved was diiedtoveemigldt 2¢ AROED Ayter @2yomg,sdiecsubspanea wesopy,
resulting Re nmetal 0 to be of 0.37 weight % This catalyst was ground to be
neasur etirdage&-wish hydirogemeulfite asRbQGefox-2 hpuds in rtézctﬁlﬂirdgﬁneﬁgﬁd? ratio
of the crystal lattice spacing d-value of 0.196nm (20=46.18) to the .
cryst al atmpspheres gadi %ndcalgmg_abp‘i@%%éanr% howesom phe aips A5 SHOWs 0 be

11: 100. Enbodi ment 9 (synthesis of zeolite) and conparative exapgple 3 ;5
(pr epar the satalyst is ab@ngde&w catalystid . sifalrium eontrat angs i ¢ he

Fol T ovl ehtendr oh o scatolres” soban caplespgped by AR Slomil pifpif' "9 (e
spectroscopy, as a result, the content was 0.37 weight % as Ca and 0.2
" weight % as Na. The quantity of rhenium supported in the catalyst was
determined by fhe ICP emission spectrography, as a résult,- the quantity
ﬁas 0.38 weight % as Re metal. This catalyst was ground and subjected to
| X-ray diffracﬁon, resulting in ‘la finding that X-ray ‘djffraétion intensity ratio
‘of the crystal lattice plane spacing d-value of 0.196nm (20=46.18°) to the
erystal lattice planelspacing d-value of 0.386nm (26=23.04°) was 15:100.
- ‘Embodiment 7 — not forminé part of the pfesent invéntion (preparation of catalystI)
The catalyst prepared .sil‘:nilarlyas n the émbodiment 5 was placed
*into a solution in which nickel nitrate solution (Hayashi Pure Chemical
Industries Ltd.) was contained in place of rﬁéﬁm at 1000 weight ppm as '
Ni in relation to the catalyst. The.Ni supported on the catalyst was
o determined by the ICP emission sﬁectrography, as a result, the quantity
was 850 weight ppm. The catalyst 1s abbreviited to “catalyst I"
Embodiment 8 — not forming part of the present invention (preparation of catalyst J)
' Raw.materials similar to those used'ix.; tﬁe embodiment 1 wére used to

prepare an aqueous reaction mixture having the following ingredients.
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Si 2/ A12G83 30 OH/Si®2 0.175 A A1203 2:5 (Atartrate) H2O Si02 20 5 The
reaction mxture was put- in an autocl ave capacity of 1000 nL to be seal ed,
whi ch was then allowed to react for 72 hours at 1601, wRiDeeemRE2AP stirred
at 800 rpm After the reaction was over, the m xture was washed with
distilled water and filtered repeatedly 5 tinmes, and then dried at about
120t overnight. 10 The resultant substance was determ ned by an X-ray
diffractometer equipped with Cu tube and K al pha ray radiator. The
substance was found to be MFI-type zeolite. The result of FE-SEM
observati onS10,/28eDite i s79hown in Firg. 11. The average crystallite size
was 0.05 micron at the major axis and 0.05 micron 15 at the mnor axis.
‘The Si 2/ Al ©B-/81D¢ rati o MBOthe zeolite was found to be 25 by a
fluorescent X-ray diffraction analysis. The above-synthesi zed M-I -type
zeolite powddale®330 g. od.@he beftsrighte)t he absol ute dry standard )
(calculated fromthe loss on ignition during 20- 20 minute cal cination at
5001C) was MG an aqu¥dus sol ution in which ammoni um chl oride (Sigma
Al drich Cor %orat ion) of 15.2 g. was dissolved in distilled water of 150 g.
and: t r eat ed The BGctibormixiygervampué Beanguotlave ¢apaeitsrofi 008milyto Af t er

such treatnent., the aqueous sgllutio was renpved and the resultgnt mxture
was wabBecsealedy wibagh masqthien OQYﬁf{f"PIR?@FEJOQE']ZrEM 881 1p0C  while The

resultant m xture was_inmmerseq._in perrhenic acid agueous solution (Rare
Met al bﬁ%@@l"ﬁ?&@i 809 iy ogf‘féoahﬁ_ TERFAM FaY ORET. BRe MEtHP 2% oom

cvory Soahed vk detlled whiehprd alerad ranRatetl  FEn P RO G (ho
m xt-ur %t I %ug&:bs%gfter%g ]tC overni ght, the resul tant_ m xture was nol ded
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 MFItype zeolite. |
The result of FE-SEM o_bs_ervation of zeolite is shown in Fig. 10. The
) average crystallite size was 1.5 mic:,;on at the majof axis and 1.5 micron at
the minor axis. |
" The SiéﬂAle; mole ratio of the zeolife was found to be 51 ‘by a
o ﬂuoz;escent X-ray diffraction analysis. |
Hydrous alumina (Al,0; content of 75 weight %, X-ray diffraction ‘
| pattern shown in Fig. 3, SASOL Litd.) of 40 g. (et.luivalent,' to ALO; of 30 g
and alumina sol. (:"A12031 content of 10 ﬁ*eight %, Nissan Chemical Industries
Litd) of 60 g. (e'q‘iaivaleﬁt to A0 0f 6 g)) were added to above'synthesizeci.
' MFI-type zeolite of 10 g. on the basis of the absolute dry standard
'(calculéted from ‘the.loss on ignition dunng 20-minute calcination at 500"’(3_)
to be well mixed. Thereéfter, the reéultgiqt mixture was placed in a dryer
" ' kept at 120°C and dried ui;til,the moisture content was reduced to that of a |
" clay. The kneaded mixture was extruded t.hl-jou'gh a screen having 1.2mm ®

holes. The extruded mold body was dried at 120 overnight and put under
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into a 3mm across cylinderical formby a tablet machi ne. The nold body of
25 g. was ground to be classified by crashing to obtain a nold body of 15
g. having 12 to 24 neshes. The npld body was treated mﬁﬁ%cﬁyﬁﬁéﬁ sul fide
at 250 Cfor 2 hours in a hydrogen sulfide stream and put under
calcination at 540 C for 2 hours in the atnosphere. This catalyst is
referred to as "catalyst K hereinafter. Sodium content in the catalyst
was determ ned by the atonm c absorption spectronetry, resulting Na to be
of 0.4 weight % A quantity of rhenium supported in the catal yst was

deter m c%q:ﬁ:x%rll Gt s80%c Sft’o?r\Z nErs ré?l%é‘lDEi‘adﬁEP WdviathoRef TBhpbrdturbe of 0.11

wei ght cat al was ground to be nmeasured by X-ray diffraction.

Fig. 1 h 4 tihgted RNadbbay aftawe. ivdsLadddd inadn o of the
crystal%r at |c°§ gz’pasglﬁﬁyg Téé\?%]ule of O. 196nm%20 46@18) to the crystal

lattic ' el B sAlaristedotporation) 100.
Enbol:li %@B@ﬁig@%ﬁ?ﬁgﬁ;?%ﬁpﬁ%@ Ive fa%g?rﬁlagg‘g}lg% %mCat al ygb; f f omAto K

vere figel pd & nhad eAehimNchleRe aitsdeatd (Gahdbo, TLELY of N8 ytweres
hy

contalnlng e benzene were put under gas phase' reaction in the presence

of hydrcﬁ&%lk'edTﬁ?hﬂsﬁlléﬂdwieé}I & 60 hamd breateduatt 80°C3 far & Idaue vkile 2006 C a
U a QMNda-K QOtOONPM-. ni-.No OO d0dO t- n'

ren CCmm)}(ﬁ'lI:lEg gEtpﬂE@émg@éniﬁeﬁﬂgrl ARRYsqch tidh trient) YhOagueous silubion wasb - T m
removed and the resultant mixture was washed with distilled water and
filtered repeatedly 5 times. Furthermore the mixture was mersed in'a
perrhenic acid aquéous solution (Rare Metal Production Co.; Ltd.) of 30 mL

" containing Re of 100 mg and left at room temperature for 2 hours, while
being stirred every 30 minutés. After the moisture- in the mixture was
removed and the mixture was dried at 120C. overnight, the mixture was
treated with hy&rogen sulﬁde at QSO'C 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 J” hereinafter. Com'tents
of calcium and sodium in the catalyst were determined by an ato_ﬁ:lic

" absorption specfrometfy, resulting that Ca and Na.were of 0.15 weight %

g and 0.3 weight % ‘respectively. A qu_antity Vof rhenium supported in the
catalyst was determined by ICP emis_sio'n spectroscopy, resulting Re metal

0 " to be of 0.37 weight %. Tlns catalyst was grodﬁd to be measured by X-ray
diffraction, and the X-ray diffraction 'intehsfty ratio '-o.f the cryétal lattice

' spacing d-value of 0.196nm (26=46.18") to the crj;'stal lattice spacing d-value

of 0.38611:11 (29=23.04°) waé- proved tobe 11:100. .

Embodiment ‘9 (synthesis of zeolite) and comparative example 3
5 (i)repara;tion of catalyst K) |
Raw materials similar to those‘l'_lsed.. in the embodiment 1 were used to

prepare an aqueous reaction mixture having the follewing ingredients.
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hnoo. > 4 .. Eb;"~vyn OMM O O +P. +O mm PONNANO Pfd p 0 o y~ 0o x U O
hNn -O m- E O Og. OOVbNnhNVMm Qd. .0 hO nd - m ~O-O n OPOOOOMN O. +M x+00
b~P mT Cm. +h OPPPWm. m OG N O mCCw-~ ~ fPeseepen2do d 7
t mtl. d Gn +Vm . h.D .+MOOCl n.DO . ONGZ m a Ed tlbmn Gh0000h O AnQ
9 00 bah m~ Q W UObLN bCUCwhm oE4 momA af{,. dn.d.-.O
NnQO P ~P*. nhnD dom y m - EM +bbOn OY. -1r. +. wOOdoOVPQ+NOOO ~n.d G O w ID

CHUDb.. .+d.-~O1Ol-. OYmC mamw N oPl - p'.'~m EwCaa Q
O+dOdd.+bbhhm'VAnNOdMMnNn'. dTCax o a
S102/A1:03 30
OH-/SiO: 0.175
A/ Al:Os3 2.5  (Atartrate)
Hz0/ 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 160C, 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 d.ried.

at about 120Covernight.

10 The resultant substance was determined by an X-ray diffractomefer
equipped with Cu tube and K alpha ray radiator. The substance was found
to be MF1-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 ﬁlajor aﬁs and 0.05 micron

15  at the minor axis,

The Si0s/Alz0z mole ratio of the zeolite was found to be 25 by a
fluorescent X-ray diffraction analysis.

The above-synthesized MFI-type zeolite powder of 30 g. on the basis of
the absolute dry standard (calculated from the loss on ignition during 20-

20 minute calcination at 500C) was added to an aqueous solution in which
ammonium chloride (Sigma Aldrich Corporation) of 15.2 g. was dissolved in
disti]ied 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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mixture was dried at 120C overnight, the resultant mixture was molded
into é 3m.m'across cylinderical form by a tablel; machine. The mold body of
25 g. was ground to be classified by crashing to obtain a mbld body of 15 ¢. |

having 12 to 24 meshes. The mold body was treated with hydrogen su]ﬁde at

250°C for 2 hoursin a hydrogen sulfide stream and put under calcination at

540C for 2 hours in the atmosphere. This catalyst is referred to as ;"catalyst

K” hereinafter. Sodium conteﬁt in. t_he catalyst was determined by the

atomic absorption specﬁrometrf; resulting Na to be of 04 weight %. A

- _qdaﬁtity of rhenium supported in the catalyst was determined by Icp
emission spectroscoﬁj, resulting Re metal to be of 0.11 weight %. This

_catalyst was ground to be measured by X-ray diffraction. Fig. 12 shows the

. resuit and the X-ray diffraction intensity ‘ratio of the brystal lattice spacing

d-value of 0.196nm (20=46.18°) to the crystal la&i_ce spéci_ng d-value of

' 0.386nm (26=23.04°) was proved tobe 3:100.
| Embodiments 10 tol7 and comparative examples 4 to 6
) Catalysts from A to K were filled mto reactlon tubes respectlvely by
. 7.5 g. and xylenes containing ethylbenzene were put under gas phase’

* reaction in the presence of hydrogen. Table 1 and Tabl_e 2 show the results.
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ﬁ;ogi %ﬁfﬂb:gt ?gg6co-rl1-giblt ?oﬁ Z?;}‘ Sr[ragce o:‘ each catal yst Fatal yst nbodi ment
: S atal =st K action te
Sgp?ictelciopa\?vr glerjirgl I\/P(il\(AB't Ey640.06€;0 /|F g-cat.br/g-nol 0 08 DEF%%%E%F C5605
0. .00 2 .47 3.24 3.21 3
0.01 0.02 0.03 7- W%.00 :03 .05 .0 ' A T S
. : . .04 8NP 07 .03 .06 .03
.11 OL 1.50 .00 .22 .69 B 15.16 .26 91 1¢ Te84 13 78
. . . . .17 .17 -x .91 18.5
6.80 2.53 2.31 39.34 x 5.47 19.73 19.37 17.91 rB IN. 009. (])-g .861017;|_7803_

.44 .33 1.21 B .03 .43 .32 .95 EB 00 :
1. 07
.00 -04 .03 .18 B conversion w%8.7,12.5 5. 85 62 X.00.96 .72 .65 10+
Table 2 Performance of eac catal

X

Embodiment [Embodiment mbodiment
4 o . )
action condition Catalyst B [Catalyst C _[Catalyst K
action temperature °C 360 1360 360
action pressure MPa-G 0.64 - j0.64 0.64
{F g-cat.hr/g-mol 30 [30 30
2/F mol/mol ‘ 3.5 : 3.5 3.5
Supplied )
raw
material
wt%: | 0.00 0.00 P00
2.47 ‘ 3.24 3.21
10.04 - .o 0.08
0.01 - o2 0.03
wt% [0.00: 0.03 0.05 0.04
0.07 0.03 .06 0.03
0.01 5.37 6.37 5.11
{1.50 2.00 3.22 - {5.69
15.16 6.26 4.17 5.5 7
‘091 [1859 - j18.84 17.78
56.80 42.53 231 39.34
2547 [19.73 19.37 17.91
0.00 0.00 0.00 - 0.00
0.03 0.44 _ .33 B 2
0.03 0.43 .32 2.95
0.00 1.07 0.85 0.62
0.00 0.56 0.72 ) 0.65
0.00 0.04 p.o3 - {018
“IEB conversion wi% 58.7 72.5 65.9
-X/IZX , _ 23.0 23.4 23.7
toss A 8 , 3.2 - 9.8

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

- the comparative examples from 4 to 6, the conversion catalyst for xylenes
containing ethylbenzene in which X-ray diffraction intensity ratio of the
crystal lattice spacing d-value of 0. 196nim=0. 002nm to the crystal lattice
spacmg d'value of 0. 386nm:!:0 008nm ranges from 7:100- to 35:100 shows
low xylene loss under reactlon oondltmns where the ethylbenz.ene converswn

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

Embodlment 18 - not forming part of the present invention (preparation of catatyst L)

Hyd.rous ah_lmina ( A1,05 content of 75 we1ght %, SASOL Ltd.) of 40 g.

) (equivalent to AibOs of 30.g.) and al-umma sol (A31,0; content of 10 weight %,
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-XIEX 3.0 3.4 3.7 1loss .8 .2 .8 According to the conparison of the

enbodi nents from10 to 17 with the conparative exanples from4 to 6, the
conversion catal yst for xylenes containing ethyl benzen8 Desembgr@R0K- r ay
diffraction intensity ratio of the <crystal lattice spacing d-val ue of
0.196nm 10. 002nmto the crystal lattice spacing d-val ue of

0. 386nm - 0. 008nm ranges from 7: 100 to 35:100 shows |ow xylene | oss under
reaction conditions where the ethyl benzene conversion rate and the rate of

e, pRasaR Chevsint) BRbrEnd- 2 oh oot - GRARAER jo Ay 18 KIS (A108
o0 comeie unithe MBF tyng zedigsernthsitha Senderigas i the Bl 0% 00
et o O tigia 96 ) pNTS oY (eteBard (pBUAR, Bl LG 0 O

he. i1sReton dvge AERIATES dlolRidnag dURCyel 10 Bas HEll Shalee T TT e
ot 1obheRenfer dpeaRetfiber PR e W ralRE BACRE 1D AR o

ror 2T T b B G e B Bl e T e oat uncir

hol es~

cal ci W @%54 g&%ﬂ—&ﬁ]@fc&&oﬂgﬁr%aﬁs&ngﬁ%@ 1ebRMAtd Orhdlbs.t Thiger at ur es
(0] .

from e calcrnated nold body of 20 g. was added-to an
aqueo%&[a 8 body waldi GHed HO IR0 ak-Right & ShabaiAledr dadéinGtiopor at i.on)
of 2.72g. %g lhgjl'lﬂs_soljced_ in distill eq_vvat'erglgf 60 g. and treated at 801C for
1 hougs sWhit Gor DehditsSfter @dadBbE elvaltivil b/ tedpérituses fromBf0terp, the
aqueous solution was renoved and the resultant m-xture was washed with

di sti5k6 Phe baRithtellithbRl bddyasfe20 ediwassaddabto abhaqueonisisautias. i mer sed

in a perrhenic acid aqueous solution (Rare Metal Production Co., Ltd.) of

30 i eiahni AginRhingl cBlbride dSigoamAldripk rGorpozation) | off 2.2f gr w2shour s,

whi |.e- being stirred every : , ‘ L
dissolved in distilled water of 60 g. and treated at 80°C for 1 hour, while

being stirred intemiitbéntly. After such treatment, the aqueous solution was
removed and the resultant mixture was washed with distilled water and
filtered repeaf:édly 5 times. The mixture was immersed in a perrhenic acid
aqﬁeous solution (Rare Metal Productioﬁ Co., Ltd.) of 30 mL oont:ammg Re
. of 80 mg at room temperature and left for 2 hours, while being ét:irred every
30 minu,tes. After the moisture in the mixture was reﬁ;oved and the mixtqfe
‘was dried at 120C overnight, the resultant mixture was treated with
hydrogen sulfide at 250C for 2 hou;s in a hydrogen sulfide stream, and
subséquenﬂy put under éaléination at 540°C for 2 houré in the atmosphere.
This catalyst is referred to as ”catélyst L” hereinafter. Sodium content in fche
catalyst was determined by the atomic absorption spectrometry, resuléing |
Na to.be of 0.4 weight %. A quantity of ;henil_un'supported in the catalyst
1 'was de‘termin.ed by ICP emission spectmémpy, resulting Re metal to be of
- 0.35 weight %. ThJs 'c—atialyst was ground to be measured by X-ray diffraction,
| aﬁd the .X-ra.y diffraction intensity ratio of the crystal lattice spacing d-value
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30 mnutes. After the noisture in the mxture was renoved and the m xture
was dried at 120t overnight, the resultant m xture was treated with
hydrogen sul fide at 2509for 2 hours in. a hydrogen sul f Bdecembara®6 and
subsequent |y put under calcination at 540t 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, '
resulting Na. to. be of 0.4 weight % A quantity of rhenium supported in
the catal yst was determ ned by.|CP em ssion spectroscopy, resulting Re

netal to_be_of 0,35 weight, %, This catal.y: AR5 QoSO 0P ®. S8 ed by
X-.r ay dPfch@f;i“Gn,@%Sf%i%ﬁet%(PngcrHF?afqrga#l?%néﬁ?‘g?%}s| ty ra'? I o of the.
crystal tiicespacin -val ue . 39 8 Decenber 2006 of 0.196nm (20=46.18)
to the éégﬁééﬁﬁl a"p?‘? Bég%eg’a‘é’uaiﬁ% @E/ “ue of 0.386nm (20=23.04) was proved to
be 31:.100: - Efbdidsénment nck Jormimppart af thri presenganventidn (preparpians getalystiddht i on
(preparation of catalyst M Hydrous alum na (A41203 content of 75 wei ght

% SASOL Ltdygy. 4 . | 39%, SASOI) 14dd ofding.na sol
((,)6\1203 conteﬁy(%;’“ﬁghgv\%%%t(hoq‘-él\l@%%&gh&grﬁélﬁgl ndustri e% Ltd) of 60 g.

(eqlg']va'(g 'vta?erﬁ]tgoﬁly{z%goq.% '%.?]‘éﬁﬁealu%ﬁ%dsdl@ A¥ids tomtent efl10tweight 1) g.

synt*hesi simlar as in e enbodinent 1 on the basis of the absolute

dry sta ( 1RduéteY LE@) of €9sg.ofequpwilent bo dahOngf Bogkivrrree
cal ci na??%%fgnaqﬁéglg%%? toube. wel | m xed. 10 Thereafter, the .resultant
M Xt ur e s aPl13C SAFI-Bype Gievdite k@Pt 10t gl2&nfthasided dsimianht i 45 tige thei st ure
content was reduced to that of a clay. The kneaded m xture was extruded
t hr ough egnBSdigfmt Heot BHe bagisofihecaleslutihdry stendaud deatoninteddyomddedri ed at
1201 overnight and put under calcination at 5401C for 2 hours after
gradual }eivatigaition dwiper2Q-mrieaté calnigatio ato508 W te benwellamaxethi ed nol d
body of 20 g. was added to an aqueous solution in I ch arrggajﬁym. hl ori de,
(Si pire. Alkbrealefotheoresultant wixture §as placeduyaednvien Rt de¥ ey dr at e
(Cahc Co. Ltd.) of 1.8 g. were dissolved in distil.led water ,of g. and
treat ed dafed@ii€il the nioisbure, carenk WAS refluced tpdfat |°|§tae$ﬁ'y t %@ﬁtwa%%#t er such
t reat,rrer;:'ltlix&lr;s ggg eg;t%tsigcllu%:}lzlgorhg Sa rsecr_}”ggg dhgvni%g 1.9mm ¢ holes. The
‘extruded mold body was dried at 120T overnight and put under calcination
at 540C for 2 hours after gradual elevation of temperatures from 350C to
15 540C. The calcinated mold body of 20 g. was added to an aqueous sqlution
" 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 -
d.istﬂled water of 60 g. and_treated at 80T for 1 hour, while being stirred
intermittently. After such ti‘eétment,_ the aqueous solution was removed and
20 the resultant mixture _ﬁvas washed with distilled water and 'ﬁltered |
'repeat.edl.y 5 times. The mixture Was-imrﬁeréed in an aqueous perrhenic acid
solution (Rare Metal Production Co., Ltd.) of 30 mL containing Re of 80 mg
at room teinperatﬁre and Ieft"for_ 9 hours, while being stirred every .30
" iminutes. After the moisture in the mixture was removed and the mixture
.25 v(ra_s dried at 120 overnight, the mixture was treated with hydrogen
i sulfide at 260T for 2 hoursin a hyd:_o_gen sulfide stream, subsequently put

under calciﬁation at 540TC for. 2 hours in the atmoSpher_e. This gatalyst_ 1s
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20 the resultant m xture was washed with distilled water and filtered
repeatedly 5 tines. The m xture was i mersed in an aqueous perrhenic acid
solution (Rare Metal Production Co., Ltd.) of 30 nL conB&eaemecrR0@ of 80 ny
at roomtenperature and left for 2 hours, while being stirred every. 30

m nutes. After the noisture in the. mxture was renoved and the m xture .25
was dried at 120 C overnight, the mixture was treated with hydrogen

sul fide at 2501 for 2 hours in a hydrogen sulfide stream subsequently put
under calcination at 5401 for 2 hours in the atnosphere. This catalyst is

40 8 De%eﬁ%g%mgggaw{aﬁsﬁtrlt(ﬁ%&éi@ﬁté&@cﬁiﬂéﬁts M herRishahtedd sedinkent s of

rragnesﬁ I am e catalyst were determ ned by the atomc

absof pii Qe PAGHATRIIY, detefithéd MKy that atdinRndbberpoime spéctboBtiyei ght 96
and 0.3 Wel g 0

respectively. A quantity of rhenium supported in. the

cataly. “gﬁ%? NN eghdd N4 GRefsr 6fS 0018 sweihitoscanyd 0.8swleighty “e net al
to be %%S ) q%?glﬁtgnG This catal yst was ground to be mniasured by X-ray
di ffragidQaciveRd A hguntisy 6f f fh@dumonsippertadt yinr dheo catalyble wagst al
latti ggéég%ac]ivn d-vaI&ue o?y 0.196nm (20=46.18) to the crystal |attice

spaci Ngeghrkfinkd 1 [OP38BNAEIon 2peetotebpyvaesplitove Ret mebal Bobedd 0-39bodi nent
20. (preparation of catalyst N) Hydrous alum na (A4b03 content of 75 weight
% SASQei%wm Tois é@tadyst waggroahdrio beonedsund by X gy diffiraghan.aanti na sol (
A1203 content of 10 weight % N ssan Chemical Industries Ltd,) of 60 g.
(equi velhe M-rap diffrakctivininténsity radiceof thrierystal brtticegracingivaloerfio g
synthesized simlarly as in the enbodinment 1 on the basi f. the absolute
dry sterdemn( 2i-=ct6. B8R dtd rihe chestal Jestier SRATIRAE oX VatHS rfgr g@ te

cal cination at 5001) to be well m xed. Thereafter; the resultant was

pl aced(26+28.04)evakppovest tol130:80d dried until the nbisture content was

reduced to that of a clay. The kneaged 'ﬁge was extruded through a
screen havi Eaphodiment 28 Grepayadiqn P ‘Eﬁf@g; 4 body was dried at 120" C

overIONL a0 BuL et SOMSLATLLOR P AU R o SROPTTTAV SR
20 0. po atont to a0, 14T a5 althiRa' 31 WAISH; content of 10 weight%,
| N_isszﬁ; Chemical Industries Ltd.) of 60 g.. (equivalept to AL,0,0f 6 g.) were
| added to MFI-type zeolite of 10 g. synthesized siinila:ly as in the
" embodiment 1 on the basis of the absc;lute dry standard (calculated from the
loss on ignition during 920-minute calcination at 500T) to be-well_ mixed.
' Theresfter, the resultant was .pl_aced in a dryer kept at 120C and dried unt]l
) -thé moisture content was reduced to tﬁat of a clay. The kneaded mixture
| was extruded through a screen having 1.2mm® holes. The extruded mold
| body was dried at 120°C3 oyernigﬁt and put undér calcination at 540C for 2'
hours after --gradual-elevaﬁon of temperatures from 350C to 540°C. The
caléinat‘ed mold body of 20 .g; was’ added' in an agueous solution in which
amméni'um chloride (Sigma -Aldricﬁ Corporation) of 1.1 g. and calcium
.chloride dikydrate (Cahe Co., Ltd.) of 1.8 g. were dissolved in distilled water
. of 60 g. and treated at 80C for 1 hour, Whjle being stirred intermitf_,ently.
.' ‘After such treatment, the aqueous éolqtién was removed and the resultant.

mixture was washed with distilled water and filtered repeatedly 5 times. -
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ammoni um chl oride (Sigma Aldrich Corporation) of.1.1 g. and cal ci um
.chloride dihydrate (Cahc Co., Ltd.) of 1.8 g. were dissolved in distilled
water of 60 g. and treated at 80°C for 1 hour, while b8Dggershsr2P&
intermttently. After such treatnent, the aqueous solution was renoved and
the resultant m xture was washed with distilled water and filtered
repeatedly 5 tines. 41 8 Decenber 2006 The m xture was imersed 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 hoyrs, while

bei ng g‘lﬂ'er Hﬁ%@ée%se*ﬁnmeﬁﬂé&sin aht squedine peoitende acid sohation ARaFe was
removed and the mixture was dried at 120t overnight, the m xture was

tr eat eglquif NploaceBan Coyl Ltd9 of 3256iL{omtaininguRe oh8R MEISGER™ul fi de
stream and subsequently put under calcination at 5401 for 2 urs in the
at mspiepngerditire Ll Ry 2 hourd, evhide being stirred gvary S0 RAnHes Fter.
Contents Of calciumand sodiumin the catalyst were determ eecéi1 b)og t he
atoni ¢ tpESAGRLIAN if pthet mirtire) waseTRIDOVed alt%éib‘? ERxng ‘Nﬁs\kﬁT . 86f 0.18
wei ght % and 0.3 wei ght % respectively., A_quantit heni port ed.
in t he 108(@lovstnighs, thetmixtiwedvasy tregbed wagh %5?13 8 s%to%@tffggulti ng Re

1y @ s sons dyling e %f%%ﬁé%ﬁiﬁ*%ﬁ%ﬁ%@éf@%? e
i ety Sl i RSP TS ARRP R e
o 75 ot anC szl gt folisupt AR BB P48 T
Ltd.) @atalysgwe(reqiﬁt%mlﬁmﬁ by the a9m '%bséi?uﬁgr%écgg’??ﬁ brtli\?F%?Bti?%e zeolite
Sbsol it Ga fgh Bl w et ftogith BRigt 1 And° O WeRHL o4 rofpectehathe of (he

absol u . . , ! rom T'oss on ignition during
I R S ey S Sy ey 102
'-emi_ssi'pn spectroscopy, resulting Re metal to be of 0.35 weight %. This
Cataly§£ Was. éx&und to be ‘measured bj X-ray diffraction_, and the X-ray
. diffraction intensity fatio- of the crfstal lattice spac.:ing d-value of 0.196nm
(-_25-‘-'—46.18") to the crystal lattiéé spacing d-value 'é)f 0.386nm (29=23.04°? was
proved to be 30:100. . ' |
Embodiment 21 (preparation of gatalyst 0)
‘Hydrous alumina. ( ALO; content of 75 weight %, SASOL Ltd.) of 40 ¢.
: (equivalent to A11,0, of .30 g:) and a.luini:'ga gol { Alzds conl?ent of 10 weight %,
20 Nissan Chemical Industries Ltd.) of 60 g (eqiliv"alent to ALO; of 6 g) were
‘added to MFI-type zeoiite of 10 g. s'yn.t'hegized similarly as in the
embodiment 1 on the basis of the absolute dry standard (calculated from the
ioss on ignition during 20-minute calcination at 500TC) to be well mixed.
Thereafter, the resultanf; was placed in a_..dryer kept at 120 and dried until
‘95 the moisture content was reduced to that of a clay. Tl;lé kneaded mixture

‘was extruded through a screen having '1.21.1_1111‘1) holes. The extruded mold

" body was dried at 120C overnight-aﬁd put under calcination at ‘540T3 for 2 .
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25 the noisture content was reduced to that of a clay. The kneaded m xture
was extruded through a screen having 1.2mm holes. The extruded nold body
was dried at 1201C overni ght and put under cal cination &tDesabee208f 2 42 8
Decenber 2006 hours after gradual elevation of tenperatures from 350t to
5401. The calcinated nold body of 20 g. was added to an aqueous sol ution

i n which ammonium chloride (Sigma Al drich Corporation) of 1.1 g. and
strontium nitrate (Cahc Co,, Ltd.) of 1.9 g. were dissolved in distilled
water of 60 g. and treated at 80 C for 1 hour, while being stirred

i nter ”f;&%f‘é’%.lﬁér 'éfétﬁ{alsélﬁbatibheéf iBRiperhhereacfient 85647 utd GA0WasThenoved and
the resultant mXxture was washed with distilled water and filtered

‘repeat &dloynated BRI b'Ehg of 2@t ¢ir Ravasdddadres sedaigneous aolugiors in pdncheni ¢ aci d
sol ution %InRare Met al roduction Co., Ltd.) of 30 nL containing Re of 80 ny
at r ooghiRRRR tdH18riden(Bipaid Aldrich Coupsratidn)l ef Ael gy and strogtauary 30

m nutes. After the noisture of the mxture was renoved and the m xture was
dri ed gitraBdCahc CugTdghif 1.8he weret dissolwed inrdistiBed water o) 80 6gandsul i de

at 250°C for 2 hours in a hydrogen sul fide stream_ and subsequenjly put
under gajatedatisoC for J4BoGrf whilke heings stin'r@dner,lt%rmﬁ@pw&-e.ﬂﬁ%ﬁé‘c at al yst

is referred to as "catalyst 0" hereinafter. Contents of strontjum and:

sodi untieatideat.c shal steouseseludisme wes semoyed hand tthei resalant migre
spectrometry, resulting that Sr and.Na were_of 0.20 weight % 0.3

vei ght witsr esgshedi wekly. &MWatWoaudr flteradh seppsdedlyg 5 ek al yst was

Vel Gt e s eyt s S eatass SRS PRS0 e Lt on
& val UBrofugiomEiam Piblab30L emtating Jechied Bk fLbapderi e o of ©
cat ol ySRAPJelta ois bath FLfe ABRE SOREENE B 780 VBRSO T ) of
g? ' io %:ioiggﬂrlé”ovfat!.heen%aitxgufe -évdébsoén%vezds 29 0N thidbi RasS@lied 21ABDHT content
* overnight, the mixture was treated with hydrogen sulﬁde at 250C for 2 ‘
hoursina hydﬁoéen sul-ﬁde streﬁm, and subsequenf:ly put under ‘calcination
at.540C for 2 hours in the atmosphere. This catalyst is referred to as
“catalyst‘AO" ﬁéreinaﬁer. 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
'_rhéniui_n supported in the cafalyst was determined by ICP emission
: spectroscopy, re.sulﬁng Re métal to be of 0.35 weight %. This catalyst was
v.ground to be measured by X-ray diffraction, "and the X-ray diffraction
intensity ratio of the crystﬂ lattice spacing d-value of 0.196nm (20=46.18°)
to th;a crystal lattice spacing d-value of 0.386nm (28=2.‘_3.04°) was proved to |
be 30:100. - _ ‘
" Embodiment 22 (p;eparation of catalyst P)
Hydrous alumina ( AL,O; content of 75 weight %, SASOL Ltd.) qf 33.3
" g. (equivalent to .-Au;z(’)‘,, of 25 g.) and alumit.{a sol (ALO; content of 10

weight %, Nissan Cliemical Industries Ltd.) of 60 g. (equivalent to. A1203 of 6
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wei ght % N ssan Chem cal Industries Ltd.) of 60 g. (equivalent to A1203 of
6 43 8 Decenber 2006 g¢g.) were added to MFI-type zeolite of 15 q.
synthesized sinilarly as in the enbodinent 1 on the ba§i[%ecé’f‘b‘?rk?go%bsol ute
dry standard (calculated fromthe 1loss on ignition during 20-m nute
calcination at ,5001) to be well mxed. Thereafter, the resultant was
placed in a dryer kept at 1-20t and dried until 5 the noisture content was
reduced to that of a clay. The kneaded m xture was extruded through a
screen having O 5m4) holes. The extruded nold body was dried at 1201

over ni ght @hdveret addideto dEFDtRL tavlitat of51D @ eynthesiundr sinelawdy agr wod thed
el.evation of tenperatures from 3501C to 5401. The calcinated nold body of
20 g. was adbedirhentahoadhedissisa tite arsolutewhiycstatandrimadéulateshfrom the (Si gma
Al drich Corporation) of 1.65 g. and cal cium chloride dihydrate (Cahc Co.,
Ltd.) of 2logspn werbiodi dexhgedD-ivindts caldivatiomtadr 50QE) 60 be well wizedi ed at
80t for 1 hour, while being stirred intermttently. Afﬁr such treatnent,
t he aqueouEhersiaditerotheneasultemb wess plmedmarcé@@rﬂ:an{ at 2Q{uped Waredvaatbd with
distilled water and filtered repeatedly 5 tines._ 15 The m xture was

i mer séd | theamaasfuee wonpent weaireduaeed tedihatidr char elbavkpgpded gaidiron co.
Ltd.) of 30 nL containing Re of 80 ny at room erﬂt}l:”e an Iefth{or 2
hours, whiwas isaitrigest throsghes sexpenohaying @Smm4p thales. bhe sxiuded molq e

e e e v a0 RIS LA 17
For o hourliow Efet AeaRLshalyaton of samprrtiied FaR AFEE” WRARE. Hhel’yC
e e T PRl o AR el SRR R g o
ver e S, O ARnEUEH A SoTnIE i CIBRRIIRL e 55T a8 sl
Shect1 02 SloRBR i ek MR Il § S Sl gttt s
of 60 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 repeatedly 5 times.

15 'The mixtﬁre 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 120C 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 540°C 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

44



8 Decenmber 2006 diffraction intensity ratio of the crystal lattice spacing
d-val ue of 0.196nm (20=46.18) to the crystal |attice spacing d-val ue of
0.386nm (20=23.04) was proved to be_  15:100. Enbodi nent DEgemnbsrafa® ati on of
catal yst Q Hydrous alumi na ( A1203 content of 75 weight % SASOL Ltd) of
33.3 g. (equivalent to A444203 of 25 g.) and alum na sol A120C3 content of
10 weight % N ssan Chem cal ‘Industries Ltd.) of 60 g. (equi valent to
A1203 of 6 g.) were added to MFI-ty-pe zeolite of. 15 g. synthesized

simlarly as in the enbodinent 1 on th basrs of t sol standard
( cal culdiffrdctionimtemsity satomf thmenistal 1‘%@%“?@ %Y@b“@a?‘lclé i%)d‘?%n

5001) to be well m xed ereafter suI n_a dryer
kept at(20xd638%hk the é’éh’ﬁ!rﬂ{llqttlc?r'?é’aﬁ‘(ﬁgs‘f D ‘mgiﬁ géa%ﬁgt-?jﬁtag t hat of
a clay. The kneaded m xture was extruded through a screen havi ng 1.2mm
hol es. prexedto baddd:188/ d body was dried at 1201C overni ght and put under

calcination at 540 C f hour s radual el evation of tenperatures.
from 3501 t dimbodiment Bgéﬁﬁﬂaﬁﬂ’éﬁ“?ﬁﬂam of 20 -g. was added to an

196500° and Hifrdus e, ¢ ABCR Y aP ?‘éaqﬁe‘%%g@%@{“?“%@? Pere
di | ved d | Q d 80, whi |

et ng 51 (eBivalge i Gt 1 2867 ear“%s&iﬁ’g’rﬂr‘ég‘?&‘e O cborBle S ROT 0 :
Filt %reg"évfeiﬁe%aﬁé §“séf‘inﬁitf S{‘t‘ig u(r)é adig s &r@%ﬁfﬁ%ﬁﬁ?ﬂ? .
perrhen z 39‘1%8 (ﬁﬁggﬁé bl J@g%g zeMBbAbf RSU UGl 1R sfzed. sibdi %CAS i3 Ghel

cont ai rff" tenperature.and left for 2 hours, while

bei ng déﬁl'ia lsn%%ﬁié 8§ th&habSslutd ARy RPAsda¥d(daloula bl fromtthee was
renove e mxture was dried at 120 C overnight, the m xture was

“treat edquk t(ﬁn f%ﬂﬁ@ﬂeﬁuﬂﬂgf pOanfiuteSeilcination? abB0GC) rtoabérm‘lbgnmectul fide
stream and sequently put under 45 8 Déecenber 2006 calcination at 540t

for 2’ hpHefedfidr! fife séultaitenas plices incd diryatkepst 2£120Fecand dried until

" the muoisture content was reduced to that of a clay. V'I‘he kr;eaded mixture

_Waé extruded i:hi:ough a ‘screen having 1.2mm @ holes. The gxtruded mold
body was-d:_:ie& at 120 overnight and put under calcination at 540T for 2

;  hours aﬂ;er: éradual elevatir)h of témpgratures.from 350TC to 540T. The
t;alcinzl.ted mold body of 20 g. was added to an agqueous solution in which
ammonium chloride' (Sigma Aldnch Corporation) of 1.65 g. and calcium

" chloride d]hyﬂ.rate (Cahe Co., Ltd) of 2.7 g. were dissolved in distilled water
of 60 g. and treated at 80T for 1 hour, while: bemg stirred intermittently.

. After such treatment, the agqueous solutmn was removed and the resultant
mixture was 'washerl rarriéh distilled water and Tfiltered repeate_dly ‘5 times.
The mixture was immersed in an aqueous perrhemc acid solution (Rare
Metal Productxon Co., Ltd) of 30' mL' containing Re of 80 mg at room
{emperature and Ieft for 2 hours, while being stirred ever_v 30 minutes. After
the moisture in. the mixture was removed and the mixture was dried at

-+ 1207 overnight, the mixture was treabed with hydrogen sulﬁde at 250°C for

.‘2 hours in a hydrogen -sulfide stre-am, and subsequently put under _




to as "catalyst Q hereinafter. Contents of calciumand sodiumin the

catal yst were determ ned by the atom c absorption spectronetry, resulting
that Ca and Na were of 0.25 weight % and 0.3 wei ght % r 88)seemnbar@d{e A
gquantity of rhenium supported in the catal yst was determ ned by |ICP

em ssion spectroscopy, resulting Re netal to be of 0.35 weight % This
catal yst was ground to be neasured by X-ray difaction, and the X-ray
diffiraction 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=23caltinatisn abr5dddd foo 20w WG it0the Ettnodphemt Tids (catalyat it referred cat al yst
R). Hydrous alum na ( A1203 content of 75 weight % SASOL Ltd.) of 33.3 g.
(equi vébems ‘catalgA0R other@mafter. dhontentsi ofi caliuml 2081 codiwnt 1wfthe0  wei ght
Ni ssan Chem cal Industries Ltd.) of 60 g. (equivalent to A12Q3 of 6 ()

wer e adatadysb wieEe -deperanined by dhef atoznig a tieni spegtremetrsy rgswdEngn t he,
enbodi nent 1 on the basis of the ahsolute dry standard (cal cul ated fromthe
| oss othatia asd Mar wege 26-G2Ruvelght & aad B3 weighb ‘e)respedbivelield ni xed.
Thereafter, the resultant was placed.in a dryer kept at _120‘%_ dried
unt il qupatityi of sheniunewppopded r iy fhegcatplyfawas determinednfy IR aded

m xture. s extruded throu s¢feen having t: hol es. .Th xt ruded
s SR AR e ol S O S
cal ci'nﬁ?@yﬁ%l"‘@%gﬂi}“ﬁf tg?})egmg\%%urgadggeggagn%g{@ s"’d?‘ﬁ?ﬁ%rﬁ‘irﬂy whi ch

i or | HEEERkH, ehpedTacie,Sf e aryedf 18t e diind Givalny BB IR (T 1 ca
ot or mi P 1) BRe ST tueklos Sharia 6, Yl E 0. R BB RRLVEET oy ane

the.re 46 8 December 2006 mixture was washed with distilled water
and fi?’?%‘?%&r%%ea{?%@ﬁy 5 tines. The mxture was imrersed in an agueous

23;{ 2.62:?1 a hﬂ)&ﬂiﬁ‘éﬁk%ﬁ'(&:?@ﬂﬁatwacﬁ%@w on Co. ] Ltd.) of 30 nL
i g Re of 80 ng at rooom S
' Hydrous alumina ( Al,03 content of 75 weight %, SASOL Ltd.) of 33.3
£. (eéi;ivalent to Algd.;_of 25 g) and alumina‘ so!l ( Al;O; content of 10
weight %, Nissan Chemical Industries Ltd.) of 60 ¢. (eQuivaIentf!::p ALO, of 6
g.) were added to MFI-type z;ablite of 15 g. sjrntﬁesized siﬁ1ﬂéﬂy as in the
: eﬁ:bodiment 1 on the basis of the absolute dry standard {calculated from the
‘loss on ignition during 20;minute calcination at 500C) to be well rujx"ed.
"Théreaﬂer, the resultant was placed ina dryer kept at 120 and dried unﬁl
. the moisture conterit was reduced to that of a cla;w,r. The kneaded mixture
'.w‘as extruded through a 'sc_reenhaviné l.Sm.mfI)‘ holes. The extruded mold
- body was dried at 120TC ove.rnight and put under calcination at 40T for 2
hours after gradual elevation of témpératures from 350T +to 540C. The ,
@lcinaﬁd mold b.mliy. of 20 g. was ac:ided to an aqﬁeous solution in wﬁic’h
ammonium éhlqride (Sigma Aldrich Corporation) .of 1.65 g. and calcium
| _ chloride dihydrate (Cahc Co., Ltd) of 2.7 g. were dissolved in distilled water
‘of 60 g. and treated ai: 80T for 1 hoﬁr,_ w].:ﬁle' being stirred intermittently.

After such treatment, the aqueous solution was removed and t_lie resultant
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tenp -ature and left for 2 hours, while being stirred every 30 m nutes. ~I

| After th4 noisture in the mxture was renoved and the m xture was dried
at 1201C overnight, the nmixture was treated w th hydrog8Mesemberd80&t 250t
for 2 hours in a hydrogen sulfide stream and subsequently put, under
calcination at 540t for 2 hours in the atnosphere. This catalyst is
referred to as "catalyst R' hereinafter. Contents of calciumand sodiumin
the catalyst were determ ned by the atom c absorption spectronetry,
resulting that Ca and Na were of 0.24 weight %and 0.3 weight %
reSpeCtu&ﬂag e whs W43hbd twithf didiHld W feppaid Eltdradtiepeatddllys times

det er m ne y ICP em ssion spectroscopy, resulting Re netal to be of 0.33

vei ght T%e Thixbure. %2l Hne#esd Ghoundagaedes peashersd ayd satatiodi Haract i on,

and the X-ray diffraction intensity ratio of the crystal ‘lattice spacing

d- val ugefa]OPahivtion( 29=45.449) of Gt meL.ceosthiningaRei of 8pangnat teaml ue of

0. 386nm (26=23.04) was proved to be 1:5:100:: Enbodi nent 25 (preparation
of catab -Surely ané usftafom2nhont 0¥ hilenbeing stirrsl wreght30mmnges. Ltd.) of
33.3 g. (equivalent to A1203 of 25 g.) and alumina sol (A1203, content of
10 - weiAfiér th. hicisture Ghethiecmiixturéuwasiresnaved. andthgonixture gras/driedt to
A1203 of 6 g.) were added to M-l -type zeolite of 15 g. synthesi zed

si mi | amityl20Ciovernight, thevmdxtrnet wasdneated witdy by@os@nes‘&ﬁéemh%oéﬁy
standard. (cal cul ated fromthe |oss on igniti onsé&,uri ng %0- m nm

cal ci ndor & lwurs0om0at bydeoges suifiste gtreamerand sabseguentigspnt 39defas pl aced
in a dryer kept at 120t and dried ynti|l .the nmojsture gontent .was,reduced
t o t hataldinatien ag-5 foné spinythe at Fet :ﬁfﬂ%ﬂa yotubnrele 8feen

having 1.7mm t hol es,, The .extruded nol Decenber 2Q06 Dbody _was dried
at 120'te averatalnst jﬁ\d{ﬁﬁ? & (S%q“anrd?ﬁt‘?fgﬁa ) 1588‘_"? Wogirég after

gradual elevation of te ratures from 3501C.to 540, C zipated nold
body ofcabalygt wexe %&m@? ﬁﬁ&a@g@cﬂﬁ?{fﬁﬂnﬁ?eﬁ;ﬁogﬁ& hﬁ‘%ﬂﬂhﬁh chl ori de

- (Sigma (e S PIROKAH o2 weftht9% 2RH 63 et % respectively. A

 quantity of rhenium supported in t_:he catalyst was determined by ICP
emission spectxo“scopy, res;ulting Re metal to be qf 0.33 W;e'ig_'ht %. This
“catalyst Wa.s ground to be measured by X-ray diffraction, and the X-ray
diffraction intensity ratio of tﬁe crystal lattice spacing d-value of 0.196nm

- (20=16.18°) to the crystal lattice spacing d-value of 0.386nm (26=23.04°) was

~ proved to be 15:100:; - _ |

" Embodiment 25 (preparation of catalyst S) .
'Hydrous alumina( ALO3; content of 75 weight %, SASOL Ltd.) of 33.3

| g (écitﬂvalent to ALO; of 25 g.) and alumiﬁé sol ¢ ALO; content of 10
weight %, Nissan Chel;ﬁcél Industries Ltd.) of 60 g. (equivalent to ALO; of 6 E

T g.) were added to MF-I-type zeolite qf 15 g. synthesized similarly as in.the'_
embociim’enf 1on the basis of the absblute dry standard .(calcu_lated from the

| Ioss on ignition during 20-minute calcination at 5007C) to be well mixed.
Thereafter, the resultant was placed in a dr)fer kept at 120°C and dried until

~ the moisture content was reduced to thaf of a clay. The kneaded mixture

.;was extruded through a screen having 1.7mm & holes. The extruded mold.
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chloride di hydrate (Cahc 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
intermttently. After such treatnent, the aqueous sol uBibsaemRes 2Pehoved and
the resultant m xture was washed with distilled water and filtered
repeatedly 5 tinmes. The m xture was imersed 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

m nutes. After the noisture in the mxture was renoved and the m xture was

dried 1dylaQt driv@ean1gbC ovdmighk awdepuasntler atkination atyis®gdor Sul i de at
250t' for 2 hours in a hydrogen sulfide stream .and subsequently put under

cal ci ng{daa gﬁeﬁﬁh&iébrél@alnmﬂ of itpotperastrassfroer 8500 to &0y Thej s
referred to as "catalyst S" hereinafter. Contents of calciumand sodiumin
‘the cabakvstedveislddesdy of 28dgbwashadded b ambgoepes solutpe inorkichy,
resulting that Ca and Na were of 0.23 weight % and 0.3 wei ght %

r espectdimetopium chilmide (Figrhar Adduichn Corproatien) iof 188 gatand salapm

determ ned by ICP em ssion spectroscopy; resulting Be netal to be of 0.32
wei ght clofidieslihgdtatey(€ahado. dutsldhef 25 Bewsrmdinselyedyimdisiilled waterct i on,

and:the X-ray diffraction intensity ratiqQ of the ¢rystal latti spaci ng
d- val uefo60 . radntreat¢d ot £ dpribbous, e'ﬂykt%ﬁmsa%tmeé ’é’ﬁ%ﬁ"h‘éj&%&ral ue of

part ofAfiee suchdeentmemeithe AINASRE S ARPB AT rEmORPd Snarie FERIBRY al urm na
gﬁé%?!ﬂﬁ?&;%%g? 75_-9\3\6 ﬁfgﬁr&éﬁ/%%ﬁe %a%g%&%%P%ﬁ?gﬁgféé@gué%%gghbte? 2006
10 G s T T e A SRR 02
from ¢ iAstabdrodhctigh G5 ol Ry of POJEL RARathReRe B T he AETNGH 01 00
and dr | GORBRETE G T JbE %, e SIS AR, SRR g S e The.
k_neadedAﬂe>§t t'flreemoisture iﬁ_the 'mixture was removed and the mixture was dried
| at i20'C. OVerni.ght, t_iie mixture was treated with hs*drogen_ sulfide at 250C
for 2 hours in a hydrogen - sulfide stream, and éubseqt}ently- put under
calcination #t 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 'Specfrometry, resdﬁng
that Ca and Na were of 0.23 weight % and 0.3 weight % respectively. A
quantity of rhenium supported in the catalyst ﬁas determined by ICP
emission spectfbsoopy, ‘resulting Re. metal to be of 0.32 weight %. This
cﬁtalyst was ground to be measured by X*i‘ay diffraction, and the X'rayr
- diffraction intensity ratio of the cryst'ai lattice spacing d-value of | O:lQann.
‘(26=46.18°)t0 the ;:ryst;al lattice spacing d-value of 0.386nm (26=23.04°)
" was provedtobe 15:100..5
_ * Embodiment 26 - ﬁo_t forming part of the present invention (preparation of catalyst T)
| : Hydrous 'alumiﬁa( AlL,0, content of 75 weight %, SASOL Ltd.) of 33.3

g. (equivalent toAAHQOQ,_of_QS £) and alumina sol (A»H__goa_.content of 10
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was extruded through a screen having 0. 5mm P holes. The extruded nold body
was dried at 120t overnight and put under calcination at 540'C for 2 hours
after gradual elevation of tenperatures from 3501 to 548Decembry 208@l ci nat ed
nol d body of 20 g. was added to an aqueous solution in which ammonium
nitrate (Sigma Al drich Corporation) of 4.94 g and silver nitrate (Sigm
Al drich Corporation) of 2.3-g. were dissolved in distilled water of 60 g.
and treated at 80 C for 1 hour, while being stirred intermttently. After
such treatnent, the aqueous solution was renoved and the resultant mxture
was washed, w, | SLI - \\at iyl fyey ' .of gThe

mi.xt ur v’ ‘555?\91 mss%% dljh&%l%%rlgﬁggﬁgeggftgga%%g’gg 0 utl%/%ﬁu%%]agr@z QfI\(/;let al
Productj 0. . I3 ; ind Wy 2

t emper & Eveeggnacfi#ée‘{fjfa ngr?l Otﬁl,gwm%?llery gfﬁgtﬁgs}z%rﬁg% everyaggmﬁhneut es.
After t 1l A ) ‘ ' rfoMchedri ed at
1201 oV IBET Foh e A e e e o 01C £ or
2 hour g5k o (MfERACHusKE’ ROl huteaslcaittion RESSDOD) Ity beltwelh@tixed.
calcination. at 5401 for 2 hours in the atnosphere. This catalyst is

ref err ephe e @ fide, Eﬁf&ﬂﬁntﬁ%aﬁlglﬁe‘(’lﬁfﬂ £1dryes kepnits120°Csahd deiednentibdi um i n
the catalyst were determ ned by the atom c absorption spectronetry,

resul tighg fndRitude coabshi\Nerasereduekdltc thaghif £ chyd Thelkneaddd niixture
respectively. A quantity of rhenium supported in the catal yst was

det er mwgsl eRyrided ehivonighoa scegear having @ 5mmeduhiblesg TRe axtrated onbldof 0. 67
weight % This catalyst was 49 8 Decenber 2006 ground to be neasured by
X-ray diddyrwasidiied abd20R2 oXermighdi4d potiwrderical@natipn atfi4QGCdbr 2he '
crystal lattice spacing d-value of 0.196nm (20=46.18) to the crystal
|atticémpacafugrcgmduage&vaameeﬁrﬁe(memu@qgm (x Ve&oﬁdroe(@e : 100
Enbodi.mrents 27 to 30 Catalysts fromL to O were filled_ into_reagfiion tubes
1 espectdalangptad maldshedy o 28 &ywaseaddedtis apmgueony |selviendn g hput under

as, phase reaction ip the presence of hydr n. Tabl e 3._shows the result.
995 P ammonium nitrate PSlgma Rl‘dersm'h éo,rpora 1on5) %F 4.94 g. and silver mitrate

- (Sigma Aldrich Corporation) of 2.3-g. were dissolved in distilled water of 60
g and treated -at 80°C for 1 houi*, fvhile being stirred intermittently. After
éuch treatment, the aqueous solution was removed and the resultant
mixture was washed witﬁ distilled water and 'ﬁlte_red repeatedly 5 times.
" The mixture was immersed in a perrhenic acid aqueous §olutio‘n (Rare
-, Metal Production Co., 1td) of 30 mL containing Re of 160.mg at room
) tempéfature- and left for 2 hours, while being stirred every 30 minutes.
. After the—'n-a'oisi':ure in the mixture was removed and the mixture was dried
at 120TC overnigilt, the mixture was treated with hydxogen sulfide at 250'C B
for 2 houi:s in a hydrogen sulfide st;eaﬁl, and sﬁbéequenﬂ_y ppt under
ca_lcinatibn, at 540°C for 2 hours'in 't]:'le atmosphere. This catalyst 1s r-efgrred :
to as “catalyst S” hei.'einaﬁ,er. Contents of silver and sodium in the catalyst
-wéré determined by the atomic absorption spectmmetry, resulting that Ag
- and Na were ;)f 1.7 weight % and 0.1 weight % respectively. A quantity of
- thenium supported in ..'the catalyst was determined by ICP emission

spectroscopy, res’ulting Re metal to be of 0.67 weight %. This catalyst was
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Tabl e 3 Performance of each catal yst bodi nent nbodi nent P nbodi nenH. 64. 64
7* as * Reaction condition Catalyst L Catalyst M Catalyst tal st O Reaction
tenperature C 366 370 9 Reaction pressure MPa-G 3. 64 3.8d&ceRber 2006
g-cat.hr/g-nol 30_ 15 2/F nol/mol .5 3.5 upplied. w material O 1 w%
1.00 101 .00 3:00 02 .75 .90 .86 .83 3 1.10 1.05 1.06 1.05 .01 1.01 IN
1.01 7- W%1.01 .16 1,10 1.08 .05 NP .09 1.07 1.05 .05 05 .01 1.12 1.46
1.42 1.48 L1.48 3.22 .94 .55 .43 B 15.21 3.65 .80 .72 3.80 x .86 19.01
19.19 19.38 19.00 -X 6.89 2.62 3.07 13.38 13.26 -X 5.37. 19.25 19.44

19. 72 r- O 04i8mcbibn2 5 . TNEFt06 3. 44
3..33 .%’Z%BEB 1506)%. ?%%Qm%g %??grfi 6 ’EX"%%“?,. 5ngd (J)tgel%%a 01023, 00 3. 04

3.10_. 9aslsinFAQ0 v Ehe By WalA8i® FdacdngA-datheol B/1ICHTA ($954818°5- 0 | oss
7 1.7 1. .0 Does-not formpart of the present invention The enbodinments
from 2¢,t%e3Qyiali ladéice chatidghe vales ©T0386nal @8-28@4chrids privelisto n.

be 15:100:

Embodiments 27 to 30

Catalysts ﬁom L to O were filled into reaction tubes respectively by .
7-.5 g., and xylenes containing ethylbenzene were put under gas phase
1:'eacti6n in the presence of hydrogen. Table 3 shows the result.

Table 3 Performance of each catalyst

Embodiment [Embodiment [Embodiment [Embodiment
_ ' : 07 * bs * b9 Bo
. IReaction condition _JCatalyst 1. |Catalyst M [Catalyst N Catalyst O
action temperature °C 366 370 376 - 379
action pressure MPa-G’ 0.64 0.64 0.64 0.64
/F g-cathr/g-mol . . 130 _ 15 30 30
2/F mol/mol - B.5 B.5 3.5 B.5
‘ Supplied | - T
raw
maferial | 1 .
wt% 0.00 0.01 - P.oo p:00
.95 2 90 k86 088
0.10 B (X 0.06 0.05
‘ : 0.01 0.01- 0.01 0.01
wt% {0.01 p.16 p.lo 0.08 X
- 10,09 po7 .05 0.05 D.05
001 [112 7.46 7.42 71.48
1.48 [3.22 0.94 255 243
1521 ° [3.65 . Bso 3.72 B.80
0.86 . [19.00 1919 19.38 h9.00
" B6.89 26z . 43.07 - 143.38 43.26
25.37  |19.25 19.44 19.72 1£0.34
0.00 .00 0.00 0.00 0.00
0.05 P51 T 025 0.17 p.16
003 b356 = - .44 0.33 0.24
0.00 .38 , 0.12 . 014 0.16 .
-10.00 055 0.08 0.10 0.07
0.00 .04 0.10 0.03 0.01
B conversion wi% 76.0 74.4. 75.1 4.5
-X/ZX 23.5 - P35 £3.5 23.0
loss- o - RT 1.7, - 1.2 ' 1.0

* Does not form part of the present invention -

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

the catalyst reduces xylene loss.
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the catal yst reduces xylene | oss. 50 8 Decenber 2006 Enbodi ments from 31
to 35 Catalysts fromP to T were filled into reaction tubes respectively by
2.5 g., and xyl enes containi ng ethyl benzene were put ung8étecgaBeriife
reaction in the presence of hydrogen. Table 4 shows the result. 5 Table 4
Performance of each catal yst nbodi nent nb di nent nbodi ment nbodi nent

nmbodi mer 1 32 33 34 5* Reaction condition ata] st P tal st tal st R atal
Est s Catalyst T Reaction tenperature C 83 382 382 382 82 Reaction

pressure NIP 64..64 /F g-catbr/g-nol 30 15 30 30 0 2/F
nol / mol . ?rm(?@]al@ gEPﬁBG‘fje material O 1 Ww%1.01 .01 .00 .4 .00

: "%4400 04" %aﬁ'éég I%?Oﬁ“’g‘]eo?@]idgﬂ}“f’%%a? égnq’(j)"%“ egér7es Bé.ctl‘%%y g@éS 760

A 20 4 ; 26nddi8 gad fplask5 g
389 1628 &g P %ggﬁglﬁé debegre I B TIPS s o) X
15.46 119egc id d %hg p?@se%c@%f%;%ogéﬁ TEhle34 GBowstle r@@ultoo 00

5 - Table 4 Performance of each catalyst o |
: : Embodiment [Embodiment JEmbodiment {Embodiment Embodimer
| r 31 32 b3 34 B5%
[Reaction condition - Catalyst P [Catalyst Q [Catalyst R [CatalystS Catalyst T
action temperature °C 383 382 382 382 382
action pressure MPa-G 0.64 - P64 0.64 0.64 ‘0.64
IF g-cat. hr/g-mol 30 - s 30 30 30
2/F mol/mol : B.5 3.5 3.5 . 3.5 3.5
Supplieds . .
raw
: material ' |-
wt% D.01 0.01 -10.00 0.01 0.00
- 2.44. [2.34 2.45 2.35. 2.43
.05 0.07 0.06 ©0.07 0.06
. p.o1 © P01 0.01 0.01 0.01
U wt% 0.00 .04 . -0.05 0.08 005 012
0.08 .07 0.05 0.05 0.05 0.07
0.01 .58 6.60 5.63 5.60 5.83
1.48 220 2.49 2.55 2.49 2.3%_
15.15 p.32 b2  Ba8 5.37 B.15
0.89 [18.97 18,77 " p8.09 1755 19.18
56.87 H3.71 3.61 43.78 4402 - 4305
25.46 [19.79 19.92 20.35 20.69 J20.04
0.00 0.00 0.00 p.00 0.00 0.00
0.03 .20 0.18 0.17 0.19 0.17
0.02 - 0.24 0.27 0.33 0.25 P29
0.00 p.24 019 0.14 pas 0.18
0.00 0.13 0.08 - pao . 0.11 0.09
0.00 o0 . P10 .03 0.00 _boi
"IEB conversion wi% . 49 65.3 . p5.8 1646 66.0
WEX - pso 228 - X 21.3 233
loss . ps  ha h2 1.1 1.1

* Does not form part of the present invention

Thé embodiments frorﬁ 31 to 35 indicate that the rate of isomerziation to pé:ra—xyle_ne is
reduced as the diameter of the catalyst particle incé%c. The embodiment 35 indicates that the
rate of isomerization fo palja—xylen-e increases by th_é introducti;)n of silver ions.

‘Embodiment 36 (preparation of catalyst U)
Hydrous aluminaé‘ ALO; -g:ontent of 75 wéight %, SASOL Ltd.) of 333"
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ET . .03 .20 3.18 .17 .19 .17 3.02 3.24 1.27 .33 .25 .29 DEB 3.00 .24 119
.14 19 .18 EX 3.00 113 1:08 .10 . .11 .09 010+ 3.00 .00 1.10 .03 100 .01
0 B conversion RL %.9 35.3 58 34.6 X/ZX .0 8 2..0 1.38 Bcembys2009 1.1 2
1.1 1.1 Does not formpart of the present invention The enbodi nents from
3l.to 35 indicate that the rate of isonerziation to para-xylene is reduced
as the dianeter of the catalyst particle increase. The enbodi nent 35
indicates that the rate of isonerization to para-xylene. increases by the

ool A A LR g S SR
s S RN € G
syﬂt heg')ggpt(fré?dm ar %%ggﬁt%ﬁ? ﬁgﬁﬁggﬁggﬁeﬁgh%%eﬂ?ﬁlﬁg ga5| g&oaf% %hteﬂegbg-ol ‘ut e
dry st ‘é‘ﬁ:&ﬂﬁécﬁn(éiﬁ'gbgﬂa%%%dig%ﬂﬂ@ abgaﬁ&eca%giegg%g%_g\( : 1Ag28oM tHe €

cal cination at 500 to be well m xed. e resul tant was

pl aced 1pds dndipghitiokhe@tiridly 284nfmatadeslciftiontdt 50009 t30bS twhelP psigBEENt  Was
reduced to that of a day.” The kneaded m xture was extruded through a

scr een PlbreAfler, HE¥osultdtSwad pacd inug diyePkept B U20Wsnd dirkd @itill 20t

overni ght and put under calcination at 5401 for 2 hours after gradual

el evat the @bistai® @oateritewds' pedued16s thabéfta cliye Thakaeadéd shizth@ body of
20 g. was added to an aqueous solution in which. anmmoniumchloride (Sigma

Al dri ckefpeptrugdedothronizh3a 3@repn dracihgri.6mmdi toddse THeabxtrGded mhold. ) of
1.77 g. were dissolved in distilled water of 60 Z. and treated at 809C for
1 hour bodlyiwas deiedyat 12O dvemightiandpuk yndeirtcalcinatinn at 540T for 2

-hours after gradual elevation of temperatures. from 350C to 540TC. The
calcinated mold body of 20 g. was added to an aqueous solution in which.
ammoniwm chloride (Sigma Ald‘rich‘ Corporation) of 3.30 g. and barium
- nitrate (Ca'hc;. Co., Ltd.) of 1.77 g. were d.issoll_ved in distilled water of 60 g.
and treated at 80C for 1 hour, while being stirred intermittently. After such
tréatment, the aqueous solution was removed and the resultant mixture
was washed with distilled water and filtered repeatedly 5 times’.. The
" mixture was immersed in a perrhenic acid aqueous solution (Rare Metal
: Pfoduéﬁon Co., Ltd.) of 30 mL cbntaining Re of 160 mg at room (;emperati:.re
" and left for 2 hours, while being stirred every 30 minutes. After the
moisture in the mjxtu;-e' was removed and the imixture was dried at 120C
overnight, the mixture w.as';- treated . with hydrogen sulfide at 250TC for 2
‘hours in a hydrogen sulfide stream, and subsequently put under calcination
at 540C for 2 houts in the atmoéphere. This catalyst is referred to as
“catalyst U” heminafter; Contents of barium and sodium in the catalyst
 were determined by the atomic absorption spectrometry, resulting that Ba
' and Na were of 0.5 weight % and 0.1 v&éighf % respectively. A quantity of .

rhenium supported: in the catalyst was -determined by ICP emission
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treatnment, the aqueous solution was renoved and the resultant m xture was
washed with distilled water and filtered repeatedly 5 tinmes. The mxture
was i nmmersed in a perrhenic acid agueous sol ution (Rare8Mgcamber2fo@luct i on
Co., Ltd.) of 30 nL containing Re of 160 ng at roomtenperature and |eft
for 2 hours, while being stirred every 30 mnutes. After the noisture in
the m xture was renoved and the m xture was dried at 120" C overnight, the
m xture was treated, with hydrogen sulfide at 250°C for 2 hours in a
hydrogen sul fi de stream and subsequently put under calcination at 5400

O o e om BARE Br Sl 5 SO DI hhehe o5, e i v

wer o ofEToNB e hsrmeasRRAdBY AR SREr LIk o Moy Pt et iRl O

ZSBET’” aay P@éﬁ&%g“?hﬁ‘éifiqsﬁ*%ér%i% %%ﬁee%ﬁé%ﬁiﬁ%?&%%%t%ﬁﬁ:”ber h

Fesul tysiaﬁ’g‘fﬁﬁe?é%?é%@?f f BB et é%%ﬁ%@fé%ﬂ‘%é a‘?f’?ﬁ@ i P
i - 0. (2074644 i C i

& val udPBFER Ok e s eads A L0 ¢ 0 be B0: 100. Embodi ment 37

(preparati OIEBL ﬁﬁaﬁr%ygg %el%{ggﬁg fQ:Ei‘QErsQfV)t he MFI -type zeolite

synt hesi zed "$i odinent 9 in accordance with the

absol ut e. d@i&ﬁ&ﬁ%&ﬂs (dtghe ‘L)'{FI%Q Reolibe shashesifid knsitardy asgnitheon for

20-m nute calcina n at 500t) wasS added to  hydrous al um na (A1203 content

of 75 % Lt 9 i5ASQorlihifed with 8Re Absolute’drystaanlatd L0dchlatedionf al-umi na
sol . '(Al%go%%étﬂeln? of 101'% by wei.ght, N ssan Chem cal Industries Ltd.) of

60 9. {{fhebasiSofTbRE%n igiidiondbt 20msrute dileimaidreat 5000€) mesidddedttonas
pl aced in a dryer kept at 1201 and dried until the noisture content on to
t hat . of hlrehidaluiiaat (4B OYr @mtent ok A5 LMchly weight,aB8S0ebtdkof 838-t hr ough a
screen having 1.6 mm 4) holes.. The extruded was dried overnight at 1201C
and subfggcgedst A1,0;hpandcafcaluainansol ( Al,O; content of 10 % by weight,
Nissan Chemical In&ustries Ltd.) of 60 g {6 g. as Al;O; )_and well mixed.
Thereafter, the resultant was placed in a dryer kept at 1201 and dried until
the moisturée content on to that of a ciay. The thus-prepared kneaded
“substance was extruded through a screen havihg 1.6 mm @ holes. .The
- ‘extruded was dried overnight at 120C and subjected'to_?*hour calcination
| at 540C after gradual elevation of temperature from 350T to 540‘(;. Twenty
grams of the thus-calcinated substance was placed into an aqueous solution
in which ammomum nitrate of 3.30 g. (Sigma Aldrich Corporation), barium
" nitrate .o'f 33 g (Sigtﬂé Aldrich Gorporétio_n) and silver nitrate of 2.3 g.
(Cahc Co.,lLtd.) were dissolved in distilled water of 60 g., and t_reated at
80T for 1 hour, with occasional stirring. After such treatment, the aqueous -
solution ivas removed and the resultant substance was répeatedly washed
ﬁth distilled water and filtered 5 times. The substance was submerged in
30 mL of perrhenic acid agueous soiutioﬁ'(Rare Metal Pro(iuction 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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at 540t after gradual elevation of tenperature from 350t to 5409C. Twenty
grans of the thus-cal cinated substance was placed i nto an aqueous sol ution
in which ammoniumnitrate of 3.30 g. (Sigma Al drich Cor gdregeinbe)200Bari um
nitrate of 3.3 g. (Sigma Aldrich Corporation) and silver nitrate of 2.3 g.
(Cahc Co., Ltd) were dissolved in distilled water of 60 g., and treated at
80t for 1 hour, with occasional stirring. After such treatnent, the agueous
solution was renoved and the resultant substance was repeatedly washed
with distilled water and filtered 5 tines. The substance was sub?&ged in
30 Nl ofeR@vEAFISE thEistabatasasnd dhatsubstsiRer was/dried eyeraight 284 Ltd.)
containing Re of 160 ng at roomtenperature and allowed to stqg& fgr 2.
hours. HEfeersdiyihk thetsbghnes wacetrpaddl withihgdrogemeslfidecatdiCt dPevas 53
8 Decenber 2006 renoved fromthe substance and the substance V\ﬁ]s dried
over ni ghbugé k2@l hydéégent silfidagatmoephbensstand cthess stbsepted| @i €% dr ogen

Subj ect edldinadohont 546 Ghntha obr-arTBH GUbRHRMI BETAE SR L0 o
herei nafter referred to 5 as "catalyst V'. Barium 'si.lyer an odi um -
contient asdfeathlyst 3al Pearrive, silvest andisediupy copteRis © b%’&r %f‘g'ﬁré were
spectronetry, resulting in a finding of it %D |.ght .as .2 7 ¢% by
wei ght detewmined bylatumic absemtion %cuﬂm?f&'&n{?ﬁv‘\ﬁhg’fg f%eﬁi%ﬂ%%pogor ted in
(ne ot alyel wes o ot neg L CE S ST SR RSP SINE R,
Uhe 1 apeaitii o FGRITT SHEPPYEa thotls cRHEDSE JLfs APl &y XL 10 11!
O e A0S (200 s Sl ebs, b il b Gcsohay pagheval ve of
8 RS T el B RO Syt By acion oo 1
o e abBiin? o b R B e e s
SASOL Ltlgtéice spacing d-value of 0.195 nm (20 = 46.44°) to the crystal lattice
spacing d-v'aluelof 0.384 nm (20 = 2_3.12".)‘ was I_Si:_l(‘)()n:-‘. .
_ Emﬁodiment 38 (preparation of catalyst W) |
15 R 7 Fifteeﬁ grams of the MFI-'type zeolite synthesized -simi_larlf as in the
embodiment X in ac',cordancé 'wi.th the absolﬁ,te dry standard (calculaﬁed on
the basis of loss on ignition for 20-minute calcination at 500C) was added to
. ' 33.3 :g. of hy.rdrous alumina Q AI;03 content qt" 75 % by Wt?ight, SASOL Ltd.)
- (25 g. as AlLO;)and 60 g. of aium,ina sol { AL,O, content of 10 % by weight,
20l ' Nissan Chen:ucal Industries Ltd.) (B'Q. as ;Alzdg )_"and well mixed. Thereafter,
| the resultant was placed in a dryer kfépf at 120C and dned uptil the.
moisture _cbntént to that of a clay. The thus-prepare& kneaded substance
was extruded tﬁrdugh a screen having 0.5 mm ® holes. The extrud_ed_
article was dried overnight at 1..‘20'-C and subjected to 2-hour calcination at
25 $40°C after gradual elevation of tempei;aturg from' 350C to 540C. :Twenty
i grams of the fhus-cﬂciﬂa@d article v}ﬁs. p:laoéad into an aqueous solution in

which 1.65 g. of ammonium chloride (Sigma Aldrich Corporation) and 2.7 g.
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‘at 80t for 1 hour, with occasional stirring. After such_treat nts t he
g’i‘ﬁ@ t

(25 g. as A1203 ) and 60 g. of alumna 601 1 A1203 content of 10 % by

wei ght, 20" Nissan Chem cal Industries Ltd.) (6-g. as A1203 ) and well

m xed. Thereafter, the resultant was placed in a dryer 8lspembgr 2029’ C and
dried until the. npisture content to that of a day. The thus-prepared
kneaded substance was extruded through a screen having 0.5 mm O hol es. The
extruded article was dried overnight at 1201C and subjected to 2-hour
calcination at 25 540 C after gradual elevation of tenperature from 3501 to
540t. Twenty grans of the thus-calcinated article was {)I aced into _an
aqueous ofotaltiven chioridéi dibydrase Cabic Gomrddtidinmeieodisselvedi &0 & @fi ch
Corporation) and 2.7g. 54 8 Decenber 2006 _of calciumchlorjde dihydrate
(Cahc Calistilled. watesr endi $xeateddat 8@ for df howr swiith epcagionnl sl r eat ed

aqueous -Afsensudn treadmentp\the aaaeawesolatignrns remmedaaed thage edly
washed with distilled water and filtered. 5.tipes. 5 Th ubst ance was
subner gembstane was seppatadizwashed qithy g&?ﬂie‘ggi%?cﬂp‘f @i&l’%& %é{’%ﬁs'
Production Co,, Ltd.). cogt ai ni ng. 88';?%-40]: Re .,at room, tenper atlu .e_and
al | oved The substance Was robmersedanssd b of PREEDGRIGAFIEAGUFOUS FOIHIMY o5

02 o BAAT M5 LS P T SRR S CHAeL A e LR

T o0 a6 AR I B RIS VIS AUTRRRRCT
L e b BB R eSS AP TRE ps ggf com e
e, A qUeR R died e Rrlighy by RO, SRePRiTibe de BKaIR HELOT, Mo

- A >upl e oo ST\ o
em g§ Ortréggéif ng?g{ @9%%}% ﬁ(lg.Fae A€9960 & Phéutd R Ay Rbedh 4686 by

wei ght as yst was ground and subjected to X-ray

di f fracti@psghess! AhdGHen SubjdidbddotdRbut Relctnawndat H484T iiArhé airensi ty
rati-o of the crystal lattice spacing d-value of 0.195 nm (20 = 46.44) to

'[13?10(2)? Phe §{1€étah§é id B@nﬁﬁ&fde'i.‘&e@el\t@ﬂlﬂ@ a8fcitalyet HT BARivwn23ntka) awds
sodium content of the catalyst were determined by atomic absorption
spectrometry, resulting in aﬁnd.mg of 0.9 % by weight aS Ba and 0.2'% by

15 'vc-reight as Na. A quantity of rhenium -supported in the catalyst WB..S
-Vdetermined by ICP emission spectrography analysis, resu}fting in a ﬁhding
of 0.32 % by weight as Re metal. This catalyst was ground and subjected to
X-ray diffraction, resulting in a‘,ﬁndil:lg tﬁat the X-ray diffraction intenﬁ;ity
ratio of the crystal lattice sbacing d-value of 0.195 nm (28 = 46.449) to the
20 crystallattice spacing _ci-value of 0.384 nm (20 = 23.12°) was  10.100.
Embodiments 39 to 41 S
Reaction tubes were filled with '27'5 grams of catalysts U through W,
' respe'ctivel.y,' and ethylbenzene conia.ining J_(yl_enes were subjected to gas-
phaée reaction in the pfesence of hydrogen, the resiilt of which was ghown

| 25 in Table5.
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Enbodi nents 39 to 41. Reaction tubes were filled with 2.5 grans of

catal ysts U through.W,, respectively, and ethyl benzene containi ng xyl enes
were subjected to gas- phase reaction in the presence of Uepenbee806t he
result of which was shown 25 in Table 5. 55 8 Decenber 2006 Table 5
Performance of each catal yst Enbodinent ' Enbodi ment Enbodi ment 39 10 11 j
action condition Catalyst U Catalyst V Catalyst R Reaction terrperature"C 08
396 438 Reaction pressure MPa-G 3.64 .64 0.64 /F g-cat.hr/g-nol 10 10 10
12/F molInol 3.5 3.5 3.5 Supplied raw material C w%0.01 ).01 0.01 2
2.33 2.54 2.28Tablk Smfokaﬁa&eaﬂeamcamﬂysm 0.01 C7- wt%3.02 0.09 ).06

.12 C8NP 3--08-3—084 0704 —374-3-0
3B 15.19 §.64 5.20 5.94 % .87 B4t Sty Wfﬁ P8 13754 13,35
13.22 - x |5-41-19:50-39-28119-85 000 ' '
Reaction condition Cafalystﬁ UiCatalyst V' UUCH:BE/BtR
Reaction temperature °C M08 396 438
Reaction pressure MPa-G 0.64 0.64 0.64
W/F g-cat.hr/g-mol 10 10 10
[H2/F mol/mol 3.5 3.5 13.5
' Supplied
raw
material
o1 wt% 0.01 0.01 0.01
c2 2.33 12:54 2.28
C3 _ 0.05 0.03 0.05
1C4 ' | 001 0.01 10.01
c7- . wt% 10.02  |0.09 0.06 0.12
C8NP 0.08  0.04 0.07 0.04
BZ C 0.01  6.:59 6.97 6.48
TOL 0.15  (2.22 2.26 2.06
EB 15.19 [5.84 15.20 . 594
X 0.87  [19.31 19.52 19.44
m-X 56,84 143.54 43.35 143.22
o-X 25,41  {19.50 19.28 19.85
Pr-B 0.00  0.00 0.00 0.00
ET 0.03 [0.11 Pp.11 0.09
TMB oz |0.34 036 0.22
DEB 0.00  10.10 p.10 0.09
EX- 0.00 0.1 P.11 0.08
C10+ 0.00 _ 10.00 0.00 l0.01
EB conversion wit% 62.9 165.8 60.65
PXZX 23.5 123.8 3.6
XY loss 0.9 .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 réduce the
loss of xylene, thus attaining convérsion 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 SiO»/AiQs 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 xylene occurring at the time of

- isomerization of ortho-xylene and meta-xylene into para-xylene by using the
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T.03 .11 .11 .09 T™MB .02 0.34 3.36 0.22 DEB .00 .10 .10 .09 % .00 .11
1.11 .08 C 10+ .00 ).00 3.00 .01 B conversion wt% 32.9 5.8 30.65 -YJ Eg
23.5 3.8 23.6 loss .9 1.2 0.8 It was found fromthe enb8&enemnbar2806to 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 catalyst, even if zeolite had a SiOMI O3 nole ratio of 25 and the

average Ciysiight wiifichi #ehnfest REFIFBpOr zeodite sandisalOnlifia nwhersin dhe Ktayni nor
axis was 0.05 " m cron. The present invention is able to deal kyl ate

et hyl benz ghfraitich himgbasity 1@atievef &he arpstat elaitiset lspativgs dvalya edle
occurring at the tinme of isonerization of ortho-xylene and neta- xyl ene
into par a-0<d6EE00Y nus iasgichhé to GbuBibe ce the cregeb latsise spgenadivalig ki udes
MFl -type zeolite and alum na wherein the X-ray diffraction int %it ratio
of the crys386+0.008im asmagialytel MELt¥pofzeobtd 950000 XaREE efE%IPgHS@' t

alumna to the crystal lattice spacing d-value of 0.3860.008 nm assi gned
to MFI5tyd®0zsfml ite is in a range from100:7 to '5 100:35. O xyl ene

m xtures, a particularly inportant one from an industrjal Roi t gf. iewis
par a- xyl ene, aQfawylane anixuréspra porfitderly Impartagd qpssiram 2 dn[aﬁg-lgiﬂlene

e e, 2 S e LSO LR e, ROLE i GRS |
The. Use. ofOrthe aeas v B1HR AR WIRES I CRIEBR TREmet PRict tRA Bat! ene
xylene are in much less demand than para-xylene, and therefore, it is
10 industrially important to attain conversion of these xylene isomers into
para-xylene. .The use of the catalyst claimed in the invention makes it
possible to attain an effective dealkylation of ethylbenzene into benzeng
éasily 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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possible to attain an effective deal kyl ati on of ethyl benzene into benzene
easily separable from xyl enes and al so i sonerization of ortho-xyl ene or

met a- xyl ene into para-xylene, with the |oss of xylene fPbecembgri2Behzene 15
cont ai ni ng xyl enes kept |lower. 57 8 Decenber 2006 CLAIMS 1. A conversion
catal yst for ethyl benzene contai ning xylenes which includes MI-type
zeolite at 15 to 80 weight parts and alumna at 20 to 85 wei ght parts,
wherein X-cmyimdi fraction intensity ratio of the crystal lattice plane
spaci ng d-value of 0.1960.002nm assigned to alumna to the crystal lattice
pl ane spacing d-val ue of 0.3860.00enm assigned to MFI-type =zeolite is in a
range from.7: 100 domvd25160,cadaeretnfar Séﬂﬂﬂ@éﬁkéhﬁl& N&borek 8i k@t 49 st he

MFIl -t ype eolltels | es han o vual to 45, and wherein rheni um
o1 ver o [ibseBond et B kRl ot bl b e ot Sl R D aARTS b

cal ci um sﬂnmﬂmaummomobakjumaam&ngnnﬂpmatyj ma&me@ﬁlxekyy at L5000 1.5
wei ght % OttOSStwergjgt 0/ ngho 05 tt lvwftﬁ r(ln relatlontothe
catal yst. 2. “The tonversia on EAT af §5E - Fort BiHY P hBAZBR e RITH MG %Ry enes
accordi ng 40 €l maroloonhier esdt dra cat ahwatinGONMAI e EhesdMal -1argczeolite

at 20 to 60 weight parts and the alumna at 40 to 80wei ght parts. 3s The
conver si orPI@@teaIWlflér detvhyrbenzere 386k diHinng asejlgends tac oG lditnget o A ai m

L or O ai mcdyiwherel i Wbahyper-eolibe iQekudss, a crystallite having the
major axis and mnor axis fromO to 5°m cronh and the silica/alumna

mole ratio frofezeito 345315808/@9@@@@&?“@3@06rat10 of the MFI-type

zeolite is less than or equal to 45, and wherein rhenium,
silver, and at least any one of alkaline-earth metals selected
from calcium, strontium or barium are contained respectively
at 0.005 to 1.5 weight %, 0 to 5 weight % and 0.05 to 5 weight

% in relation to the catalyst.

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

34 The conversion catalyst for ethylbenzene -<containing
xylenes according to Claim 1 or Claim 2, wherein 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 45.
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4. The conversion catal yst for ethyl benzene containing xylenes according
Caiml or aim?2, wherein the MFl-type zeolite includes a crystallite
having the major axis and minor axis from1 to 2.5 ni cBdlecambert2qed
silicalalumna nole ratio from35 to 45. 5. The conversion catal yst for

et hyl benzene contai ning xylenes according Claim1l or 2, wherein the

MFl -type zeolite includes the crystallite having the najor axis and m nor
axis from0.03 to 0.7 mcron and the silica/alumna nole ratio from18 to
30. 6. The conversion catal yst for ethyl benzene containing xylenes

accordi ngé4to Craem égnwahrerienn antalkal i I‘IB}rearetthyﬂIBélaienei S @htlaea‘smg any one

of  Subst anges, splanted, (g omaliher | SLfantiymor harium L. yThe gonversion

cat al yst enzen ai ni ng es “actor 0 any ofie of
cl ai ns fr@ﬂwh;¢d1n@@ghdﬁs a whersgiag 1t he nﬁﬂxﬂgy$hepmajmxﬂ&xusangesmin@mn 0.2to

2.0 mm i ”axié‘efijér@”ei ey .5 HE rco%”va%rds't% %@F?&%@élffmt‘ih ehﬁ%éb‘é‘géﬁere -

cont ai ni ng enes according to any one of ¢c

t he catalﬁé@mléfiﬁeaté@-mnth hydrogen sulfide. 59 8 EEcenber 2006 9. A
process for converting ethyl benzene containing xylenes by naking

et hyl benzene containing xylenes contact with the conversion catalyst for
et hyl benzene cBht ai #TVGrRyPRNeSaAtALNYr difeg t tAWyborensf cloatasninom 1

through 8yinedde apsfsgnRge okihydrogen. 60 » CONWERSH ON\LAMEYSTFOR
ETHYLBENZ E CONTAI NI NG LENES AND

‘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.

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

strontium or barium.

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

the diameter.
8. The conversion catalyst for ethylbénzene containing

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

the catalyst is treated with hydrogen sulfide.
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PROCESS FOR CONVERTI NG ETHYLBENZENE CONTAI NI NG XYLENES BY  USI NG CATALYST

ABSTRACT A catalyst in which X-ray diffraction intensity ratio of the
crystal lattice plane spacing d-value of 0.196[err]0.062asembentd8€6 cryst al

| atti ce pl ane spacing d-value of 0.386[err[0.008nmis in a range from
7:100 to 35:100 and a process for making the catalyst to contact with
et hyl benzene contai ning xylenes in the presence of hydrogen. FIG 1 -

. 9. 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 8 in the

presence of hydrogen.
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