;

CONVERSI ON CATALYST FOR ETHYLBENZENE CONTAI NI NG XYLENES AND PROCESS FOR
CONVERTI NG ETHYLBENZENE CONTAI NI NG XYLENES BY USI NG CATALYST BACKGROUND OF
THE | NVENTION 5 The present invention relates to a conversion catal yst for
et hyl benzene cont ai ni ng xyl enes and a conversion process by using the.

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

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

“hydrogen, thus effectin dealﬁl ation of ethyl benzene mainly into benzene
wga ‘

10 and at t RONYFERS] CATALYET sdRRi z ATHYLBENZENE xyCONTARING -
meta- xyleng_into para-xylene. O xylene m xtures, para-xylene is now in
particul ar mﬁ%mﬁi r Mﬁy PRQ&E$SntF©BodG&NVE%Pﬁ&%&rB¥HYIpEENZENEﬁe
has remarka ' a_crude raw material for polyester,. a
synthetic " H@%ﬁﬁém'ﬁhgﬂﬂﬁ EABALY$Mene will continue to have
such increasg i ho- xyl ene_and neta-xyl ene which are xyl ene
| soners ot h§%¢ﬁ§i{t§m3‘k&§mﬂ‘l@%| y lower in the demand than

par a- xylene, thu,f maki ng it industri al%‘é i mportant to convert theminto
para- xylEne. Si ntRe| AFCTPRiualnveRbimy sTelRtes | dhe mnqorYaryiosengatadysi efar ose

in their 20,heiling point, it is, practically inpossible to separate
par a- xy| enee‘i]ﬂ’fi edP%ﬁﬁ% 65{1%‘%%3 FhERRVersiRnt BYRsersitlr esinpahet i on

and adsorpt] eparation..prpcesses are used far, this. purpose. The , -
| owt enper a'lféu}rréleY Ssts%glfeatq%ﬂgﬂﬁ'ﬁ@es@ PXOCRES 110y Fhaghi¢f f§ gpntaining

- xyl I , d '
bt ni ) nusaRer er e, B (BRECERIC IR shBtlict el BR B! bieseof tone

' ~af fi nat | 3 f | . Inth t t
EREHIT S e g S IR O
| mprove@ wWiddy LRgHRI Qﬂn? }iYhE r:‘:{tf:ﬁh{u?@ iﬁimelg}zgﬂf)ﬁfc&yclr?ﬂg' RIRAL NG Defdle
supplied raw material. In contrast,-the adsofption separation process is

able to recgiehe PR¥cPparaykfABgeat 100% for one pass. Nanely, the
concentration of para-xylene in

Of xylene mixtures, para-xylene is now in particular an industrially
important produqt. 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
-Jower ri‘n the demand than para-xylene, thus making it industrially

. impoﬁ:ant to convert them into para-xylene.
| Since individual isomers of xylene and ethylbenzene are close in their
20 - boiling point, it is practically impossible to separate para-xylene through
dist:i].lation method. Thus, low-temperature separation and adsorption
: 'separation processes are. used for this purpose. The low-temperature
‘separation process is restricted in recovery of para-xylene for the para-
‘xylene recovery rate per one pass due to eutectic point, thus resulting in
25 relatively high concentrations of p ara-xyiene 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



raffinate fluid after the adsorption and separation is extrenely low or it
can 5 be reduced to al nbst zero. However, in this process, it is
et hyl benzene that inhibits nost the separation of para-xyl ene anong C8
aromati ¢ hydrocarbon m xtures. Thus, the reduced concentration of
et hyl benzene in a raw material supplied for adsorption and separation
makes it possible to inprove the adsorption and separation function of
par a- xyl ene and increase 10 the concentration of para-xylene in the raw
mat erial supplied, thereby inproving the capacity of producing para-xylene
in the sampafsaxyleneyohtained s thpsuppliehdawepaterialon. Therefore, raw
materials for xylene to be supplied in the separation__process. should be
those in whi ch Inheonéoardethe adsasntion sepiayhbien aneessgsiebin to ¥eLoxsT PEFRas
possi bl e and the concoentration of para-xylene in xyl ene kept as_ high as
possi bl e YiaRe &t 19 don ast passi dvemelpdihe- sapcentration obpReHSEYIRNGNR i n C3
aromati c hydrocarhon m. xtures. In general, industrially avajil able xyl ene
raw mat er ik aF%Eliued afigedhe AJsEpEon,and FepAEAtHN 1§ HEER gl@&hmi Y $hat i on
of napht ha and, suhsequent A 20 aromatic .extraction. and/ raction, or
cracked x eeﬁ‘“e%u%%i @I#‘é‘?%gt&ﬁf%i B eF§T STk @Fﬂ‘&saegdﬁﬁgéﬂﬁ’éna%&% thak
(by- product ,of.. t her deconposi tion of . naphtha 0 aromatj c,extraction
iy or ' SDBTHE T e ORI i P iaP A AT G A A b HEeR i Gher
concentration of e | bepzene ;thap that . of.ref d | enes,. a
r epr esent dPP&élr?%g%Sen eofre\()‘ﬂ?%dr: FORCEREAT ™ cﬁ\g%hﬂgx?% e BelPot®¥rabl e:
I ngr edi ent Xyl 1. poredi o) d : %IE h
wei ght % égaggeﬁlélﬁts%? gr goﬁx?lag%@ti@; 1%&@@9&)2‘3%%9‘5@% %Sgé b‘%gé ﬁggxy ene
-21 16 "5 i : ol teal i E[ng
subst anti a{'ﬁfp %83%&%%&%@%@5%@%\%?@5% %trlﬁg%oﬁgfg‘&rm lfe%%%%a(ﬁg%%eene by
any .mggns 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 ethylbenzene is kept
15 as low as possible and the concentration of para-xylene in xylene kept as
high as possible by which the concentration of para-xylene can be kept high
- in C8 aromatic hydrocarbon mixtures.
In general, industrially available xylene raw materials are reformed
“xylenes which are obtained through reformation of naphtha and sﬁ,bsequent
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 xylenes are
characterized by two-times higher concentration of ethylbenzene than that
of reformed xylenes, a representative ingredient of which is shown in the
25 table below.
Table: Ingredients of xylene

. Ingredients - reformed cracked



woul d result in an undesirable situation where ethyl benzene accunul at es
after repetition of separation and isonerization steps, thus resulting in a
hi gher concentration of.ethyl benzene. Under these circunstances, reforned
10 xylenes lower in the concentration of ethyl benzene are now used as a
preferable source as freshly supplied raw nmateri als. However, in recent
years when a limted availability of petroleum has caught attention,
reevaluation is made for thermally cracked xyl enes as anot her xyl ene
source. In any case, it is necessary to reduce the concentration of

et hyl benzene, flghyibengenen several procebsweighie been 3 BpEdddand some of
t hem have been_ actually done on an industrial scale. These processes can
be roughly cl 3efsdens nto a process i i ch ethylbeﬂi%he is separated as
it is and another process in which ethylbenzene is converted into other
usef ul conpouﬂﬁ%uTﬁY@th reactions. 20 ‘®xstillation igﬁ% process for
separati on of hyl benzene. In this process, ultra-pregjsion distillation
i s needed due t g“’ B€ di ff erence between the boiliﬁggpoint of

et hyl benzene and

h f | th i ki f..
i nvest Ment for %&éﬁgﬁgg&rﬁ %?%%gﬂ:%yﬂ%?eg@%é rg%vﬁgan %tht tantial
ti | t  hj d 1 cal l f. ble. Th i 25
P esent od BOHESsO! AFSIRnEEBRIRE IR AP AR pasRE S, hBy MG
to. t hyl ] . BNl S, i t
0 e abGe FevlE B A yndbiR PO BRRAGLT BNy denC biciahlatod CLOTY

nol ude 1998 TRl GAN e cbh AR IEENG AHoh UABEULORHIEAL S oThe

representative “processes are s tess for conVerting

et hyl benz ??hgkgnﬁé%ﬂ ngg%ﬁﬁ@ﬂ&&%@??&i & esh QirtRARaSRe s MmN -

1974- 4660 _ I ment page a process for converting
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reaction r exanple, refer to Japanese Patent No. 1978-41657 (on 32nd
-33rd | i ngyrefctable @blifdd aPa@eshl) supplied raw materials. However, in recent
| years when a limited availability of petroleum has caught attention,
- reevaluation is made for thermally cracked xylenes as another xylene source.
In any case, it is necessary to reduce the concentration of ethylbenzene, for

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

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

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

the separation function.



and 10 (3) a process for converting ethyl benzene into benzene and et hane

t hrough deal kyl ation reaction (for exanple, refer to Japanese Patent Laid-
Open No. 1982-200319 (enbodinments from2 to 4 on pages from7 to 8). O the
above process, the process (1) for converting ethyl benzene into xylene

i ndi spensably needs platinum a quite expensive precious netal, to 15 be
contained in a catalyst. Further, conversion of ethylbenzene into xyl ene
needs the presence of non-aromatic ingredients such as napht hene and
paraffin in view of reaction nechanism wth the concentrations of such

i ngredi ents i nQther opradasees pfodurmedngi ephybemzere enntlude 1those sérer al
percentages. The process is also controlled for conversion of ethyl benzene
by 20 theraopagriimg c ethplbenteneunintod udedvlef mezedients.i cteel raRrespylatifese
matters are disadvantages of this process. The above process (2) is for
conver t i ngPrecespepane ehewnhedowenzene and di et hyl benzene through the
disproportionat% reacti on. Benzene produced by the prfces is the

hydr ogenat ed t 8UcicPrsiessader canversing pthlbanerne intp zxlens: ot Axampleny| on,

a synthetic fiber, whereas diethylbenzene s hardl.y depanded d nmust be
"urt heP cd'ﬁi%rrttoeiﬁﬂaﬂ@ée i’aﬁ%’éﬁ ﬁlllo- X%ﬁ%&ﬁﬁgg (Fhaem OdﬁP%‘%gFOB‘é?‘Pzg@n '| ess

favorable in an.econom c point of view 4 Under these.circunstances,; the
process (3) fo?z)co?"lvé’lrf’ﬁ’eﬁﬁ fgfhff’ﬂ@ﬁ’ité‘?‘% ?ﬁfﬂg%%e’%ﬂd H&RE ta}?rdough

deal kyl ati gn,,reacti on econe predom nant in reeent yeans. n

ot hyl bens GHECOGH4eB8, Lhranell EGroopaRITTAR, Badiratar exraane. 2R e o

i somer corg.ainin hyl ben  La-5Qn t n edi n

| somer izt pRusre ERbOHE BT 1825 M1BoT 30U Yol Ra R B R A gBE S hligh. pReSTGe N0
pr ef er abl make t he conversion of ethyl benzene as high as possible for
the reduction of the cost of the separation of para-xylene. It is also
prefegghle 10 (H0HGHLOS 1aS Sofleptil UenPPehbddd SRS HBAZSHD!dhd Gthdrluct ng
the 10 ori gi nal "uni or the production of para-xylene and accordingly for

Lt?\tl\gr;) tngbfthb@uéipabanéyw&aﬁﬁ&kﬁ&ﬁ (RIrOsiGh h RN refol A8 J a1 snde@i Phtedt DHi@W, an

‘Open No. 1982-200319 (embodiments from 2 to 4 on pages from 7 to 8).

Of the above process, the process (1) for converting ethylbenzene into

xylene indispensably needs platinum, a quite expensive precious metal, to

15 be contained in a catalyst. Further, conversion of ethylbenzene into xylene

needs the presence of non-aromatic ingredients such as naphthene and

paraffin in view of reaction mechanism, with the concentrations of such

ingredients in the obtained product ranging from several to 10 + several

percentages. The process is also controlled for conversion of ethylbenzene by

20 . thermodynamic equilibrium and therefore restricted thereby. These matters
are disadvantages of this process.

The above process (2) is for converting ethylbenzene into benzene and

. diethylbenzene through the disproportionate reaction. Benzene produced by

the process is then hydrogenated to cyclohexane, a greatly-demanded raw

- 25  material for nylon, a synthetic fiber, whereas diethylbenzene is hardly

demanded and must be further converted into a useful é:ompound, making

diethylbenzene less favorable in an economic point of view.



using zeolite, the crystallite size of which is greater than 1 mcron {for
exanpl e, Japanese Patent No. 1987-56138 (enbodinents from4 through 6 on
page 10 and 11)), an attenpt of reducing the diffusion speed of ortho 15
xyl ene (for exanple, Japanese Patent No.1996-16074 (the enbodi nent on page
5 through page 7)) and an attenpt of using zeolite which has extrenely

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

No. 4, 163, 028 (enbodi nents of 1 and 3 on page 14)) were done. However, in
these attenpts, the loss of xylene is still high inrelation 20 to the
conversion to dfhgébenhene. chetihesncead aheenptoceds d€g) edsi ngohbertigoss of
xyl ene and i ncreasing the conversion to ethyl benzene is not able to keep

t he i sonmerethyibanzent mitd Heneghe rmdirthart ahxyhginelentkylatianxydaetion has
sufficiently high. SUMMARY OF THE | NVENTI ON 25 The purpose of the present

I nvention bemnﬂnnmedmndaaatmmmmem&w@ars catalyst for ethyl benzene contalnlng
xyl enes and a process for using the catal nore particularly, rocess

for treating etWheheethytenzene disnéffepted lariattonofrem @craWymam}em]aD on and

deal kyl ation of ethyl benzene into benzene and ethane at a high Ievel and
al so f& redeee igomes cuyeinihgxgthsibenrener t¢ mynyart $onkenzeme snd
ortho-xyl ene and neta-xyl ene into para-xyl ene. Accordln% to the present

i nventi on pmﬁeﬁ@ngslsememzaeanep cotherglens and metarxylene emya%lez@nét
cont ai ni ng xyl whi ch i n¢l udes MrRI-type zeolite at 15 to 80

parts and lammf %ﬁtozelatk@ %V@ﬁ%mﬁaaf@hﬂ%ww]awg b ag poss @%
Intensity ratio of st al ttice plang sp Ci d-val ue_ of

01967 . 0 dBnTedSttinR eﬁiﬁé%ﬂﬁn et Rebaidriey B Ptk FElEns Spting
d-val ue of 0.38 ed to eollte from
7100 to BP0 PRI St 2 e ppesibh {f%re%a fhe
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THE DRAW Ng‘(i;ng zeolite, the crystallite size of which is greater than 1 micron (for
example, Japanese Patent No. 1987-56138 (embodiments from 4 through 6
on page 10 and 11)), an attempt of reducing the diffusion speed of ortho-
15  xylene (for example, Japanese Patent No.1996-16074 (the embodiment on
page 5 through page 7)) and an attempt of using zeolite which has extremely
high silica/alumina mole ratio of 500 or higher (for example, US. Patent
'No.4,163,028 (embodiments of 1 and 3 on page 14)) were done.
However, in'fheee attempts, the lossr e'f xylene is still high in relation
20 to the conversion to ethylbenzene. Further, an attempt of decreasing the
loss of xylene and increasing the conversion to ethylbenzene is not able to
keep the isomerization of ortho-xylene and meta-xylene to para-xylene
sufficiently high.
SUMMARY OF THE INVENTION
25 The purpose of the present invention is to provide a conversion
catalyst for ethylbenzene containing xylenes and a process for using the

catalyst, more particularly, a process for treating ethylbenzene containing



Fig. 1 is an X-ray diffraction pattern of MFl-type zeolite obtained in the
enbodi nent '1; Fig. 2 is an FE- SEM observation view of M-I -type zeolite
obtained in the enbodinent | (of 10,000 powers); Fig. 3 is an X-ray
diffraction pattern of hydrous alum na used in the enbodinent 1; Fig. 4 is
an X-ray diffraction pattern of the catal yst A obtained in the enbodi nent
1; Fig. 5is an X-ray diffraction pattern of the a-alumna used in the
corrparatlv exanp diffr |on att rn of the

cat al yst B/gFalne eﬁ#)@'ﬁ%ﬂ&%ﬁ%ﬁ%@ Sk Igffect 3% nd Jtp Seggene. Ay

di ffracti gifamaditadiph fgvelteﬂﬁ AR Bt Ve?lhc&?% l%b@@idx)’léhetcl%@urﬁﬁ Al @metatiGranpl e

2; Fig. 8 is an X-ray diffraction pattern of the catalyst D obtained in the
6 enbodi nefmrﬂm—x:ﬂf:@em@lm@aamleﬁExrﬁEmbg@Wat i on view (magnified by 10, 000

t f  MFI - t bt t h nb
FE-SEM obser varlSHATE 1 Pre b o A i PRI e na A st Bt a ne

in the en&ﬁﬁl'bﬂﬁ&le%ontﬁirﬁhg Allehes vl cir Emofalibo DByl 201! £\ 5(taegivbighd by
100, 000 times) = of MFI-type zeolite obtained in the enbodi ment 9; Fltg 12

i s an X- r BartscRuds fluminac ?-Bat@ B8rweight narie, wherainy S¢-ray &ifrashior intensity vatio o

Che oat al 4 & THRIEpEicS py sophal Braideiol D198 0B g o Bed B2y
EMBODI MENESsthiolattive tpddri splasing @-vaducuiefni3 6300008 ninnassighedto MRChypdereokieds ted

xyl ene which is refaormed by allow ng napht ha obtai ned through petrol eum
refinery aﬂaﬁg?gogbﬂtlé)gtm\ﬂsf%oa catal yst and subjecting the naphtha to

aromatic extraghl@f a silica/alumina mole ratio 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 respectivel_y at 0.005 to 1.5 weight %, 0
to 5 weight % and 0.05 to 5 weight % in rlation to the catalyst.
BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

1;

Fig. 4 is an X-ray diffraction pattern of the catalyst A obtained in the embodiment
1; |

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



and/or fraction; or cracked xylene which is obtained by subjecting cracked
gasoline, a by-product of thermal deconposition of naphtha to aromatic
extraction and/or fraction. Both of the reforned xyl ene and cracked xyl ene
are xylene isoner mxtures which contain ethyl benzene. 20 Since these

et hyl benzene contai ning xyl ene isoner m xtures contain para-xylene at the
concentration close to the equilibriumconcentration, the mxtures are
firstly transferred to a separation step of para-xylene to separate
para-xyl ene. Raffinate ingredients with | ower concentration of para-xyl ene
are then tembhsfietargd®;t 0 an i sonerization step to perform 25 conversion of
et hyl benzene and isonerization reaction to para-xylene at the sane tinme to
remove the i ngfigi @n¢ anWFESEMbleserbatibnngewdinragrtifiad byy1@A0 timesh ¢fose
with | ower boiling point than xylene by fractioning. Thereafter, 7 -
---------- MFI-type zeolite-obtuindd inhihermmbydisuppiFed raw material, the
raffinate ingredients are again transferred to the separasion step of

par a- xyl ene t o Fsgpk} tat @n - lobrer vattr wibw (010,000 powens ebNEE Y&t i on of
para-x%I ene is recycled. Further, in recent years, an attenpt has been
nmade i B wieehtagbtamaed tohke embedurest 85 contai ning fresh ethyl benzene are

made to contact_with a catal yst in advance, thus causing hydrogenati,on and
deal kyl ati on ofFI%tMFﬁbéﬁzEEégEM ﬁbse’é'éiﬁ?@ﬁé’l‘é‘f’mﬂ%m ed ulé&pﬁ times '
concentrati f ethyl benzene, .in order, t i ncrease the concentration of
par a- xyl er?é?\ﬁﬁ?'ﬂ%e §‘iﬂ%ﬁ?i°§(§ameéﬁpc¥%€&%}é°‘ﬁ§‘l?ﬁ’§ﬁ’ed to the para-xyl ene
separation step.and al so.effectjvel.y separat 0 Par.a- e. In.this case,
there are two %ﬂ%@%&s&“ gﬁﬁ éﬁr CJF%PP %&Prﬂ%ﬁéetcﬂ?%lyséﬁr%)ggg}eaﬂ?h@ey a
process in which .X¥| ene | s%,r.rer m xtures containing fresh ethylbenzene are
made to c&ﬂ{’:ﬂ)@f'a%" ﬁxﬁn?éf’ ’ﬁ‘gfl outside a |loop during which raffinate

i ngredipents af ation. of [-a- Le T .

i somafquati on; %eééidﬁg%ga%grmﬁ’r %ﬁgégtlﬁ%%fegﬁ o‘;i*gﬁ? ic%a%iggfggéﬁgg}%rﬁ@ %et er 15
the separ at, s -xylene is directly supplied to an isonerization

cat al yst %Eﬂesen#le#rel%?l oop during which the raffinate ingredients are

recycl ed fogstREPTIORCOFFHE PREFERRIES FMBODIMENTS! y used.
Raw materials to be used in the invention include reformed xylene
which is reformed by allowing naphtha obtained through petroleum refinery

15 to contact with a catalyst and subjecting the naphtha to aromatic extraction
and/or fraction; or cracked xylene which is obtained by subjecting cracked
.gasoline, a by-product of thermal decomposition of haphtha to aromatic
extraction and/or fraction. Both of the reformed xylene and cracked xylene
are xylene 1isomer mixtures which contain ethylbenzene.

20 Since these ethylbenzene containing xylene isomer mixtures contain
para-xylene at the concentration close to the equilibrium concentration, the
mixtures are firstly transferred to a separation step of para-xylene to
separate para-xylene. Raffinate ingredients with lower concentration of
para-xylene are then- transferred to an isomerization step to pe;form

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. Thereafier,



Zeolite to be used in the invention is MI-type zeolite. MFI-type zeolite
Is characterized by having the X-ray diffraction pattern shown in the 20
tabl e below. The X-ray diffraction pattern is determ ned by a process in
which irradi ation of copper K-a ray is recorded by the use of a recorder-
equi pped Gei ger counter spectroscope to obtain diffraction patterns. Table:
X-ray diffraction pattern of MFl-type zeolite Lattice plane spacing

Rel ative intensity 25 d(nm (I/lo) 1.120.02 'S 1.010.2 S 8 0.980.02 M
0.6370.01 W 0.6.000.01 W 0.5710.01 W5 0.5 580.01 W 0.4370.008 W

0. 4270. 008vith the3s8ewl068pMEed Fagsatitenal, idel faffind?s dngoalicts0aI®72gai008 S
0.3660. 005 M 0.3000.005 M 0.2000,005 W15 In the table, the relative

i nt ensi ty tra0gkried) te $he gspesatden afep off | pana-xylvse toesgpagatongra-s¥lineong, Me
noderately strong and W= weak. Ml -type zeolite can be obtained, by the
ZSM 5 syntanst raifipese sgsh dew comeontrabiongfprrsexygnens ragyclad Aurtbeb4ni n

whi ch tetrapropyl anmoni um hydroxide is added to_aqueous reaction m xtures
to synt hedrent Frarsegm adenyd haw beeyy mode puiwhichr srlens 1gemen anxtyres

Japanese Patent . No., 3-45010_in . .
P % contar.{mn-g fresh etll:nylbenzene are made to contact with a catalyst in

advance, thus causing hydrogenation and dealkylation of ethylbenzene into

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

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

supplied to the para-xylene sei_:aaration step and also effectively separate

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

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

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

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

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

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

catalyst present in a loop during which the raffinate ingredients are

recycled for the isomerization. They are both preferably used.

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

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

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

Lattice plane spacing Relative intensity
25 dnm) (1o |

1.12+0.02 S

1.01£0.2 S



which the zeolite is synthesized from aqueous reaction m xtures practically
made up of inorganic reaction nmaterials, or the pentasil-type zeolite

synt hetic process as disclosed in Japanese Patent No. 60-35284 in which

al i phatic carboxylic acids or their derivatives are added to aqueous
reaction 25 mxtures to synthesize. O these MFl-type zeolites, MI-type
zeolite which can be preferably used in the invention is zeolite having
the crystalline nmajor axis and mnor axis in a range from0.7 to 2.5
mcron and 9 -- ----------- silical/alum na (hereinafter abbreviated as
"S1AJA12G8") nplggypagz o from 30 tag"55. More preferable MFI-type zeolite
is that having the crystalline mgjor axis and mnor axis in a range from1l
to 2:5 mcron gER7EBipdRy A1203 nole watio from35 to 45. Catal ysts prepared
from Ml -type zeolite, whose 5 crystallite is smaller than 1 mcron or nore
particul arly sgmdosi.gthan 0.5 mcipn, wll result in a greater |oss of

xyl ene, on conversion of ethyl benzene containing xylenes, nainly due to
transal kyl ati 00.50e®0%d i n nethyl Wroup of side chains of xylenes or in
et hyl group of side chains of ethyl benzene. Such transal kyl ation may

resul t5in i ncr 6i&H.0f an area of Vxtra-crystalline 10 surface due to a
smal l er size of the crystallite of MFI-type zeolite and occur at solid

aci d points onOt485+8X30&-crystal | i M surface. The extra-crystalline

surface is considered to be different fromthe interior of fine pores of
MFl - type zeol Di42THH00B free spaceWthus easily causing transal kyl ati on,
which is a binolecular reaction. Cystallite greater than 2.5 mcron wll
reduce the 15 PSS %ctivity, V\N%h may be due to a difficult arrival of
reaction nolecul es at deeper areas_of the crystallite according to a
greater size of-38%&0.Q08/stallite ofYSMFI-type zeolite, thus resulting in a

| ower _utilization of fine pore space. In contrast, decreased Si Q21A1203
mol e }4tio of %7-5F9rﬂpszeolite to>~35 or further to 30 or lower wll

i ncrease the Iﬁlsiszzgh | enes, which, nmay be 20 due to increased solid acid
poi nts on the “surtace of-cryst&lline which will then augnent the
transal kyl ati O@ %%%tibvd&tsy of nethyl ygroup. Increased SiO 2/A1203 nole ratio
of MFl-type zeoltet0“45 or furth to 56 or nore wll

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

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

MFI-type zeolite can be obtained by the ZSM-5 synthetic process as
shown in Japanese Patent No. 1971-10064 in which tetrapropylammonium
hydroxide is added to aqueous reaction mixtures to'syﬁthesize the zeolite,

20 the TSZ synthetic process as shoﬁvn in Japanese Patent No. 3-45010 in
which the zeolite is sjnthesized 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 agueous 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



decrease the deal kyl ati on activity of ethyl benzene or the isonerization
activity of xylene. The decrease may be .due to -decrease in the solid acid
25 points of zeolite according to increased Si 02/ A1203 nole ratio of

MFl -type zeolite to 45 or further 55 or greater. To be surprised, however,
in the case of MFI-type zeolite having 10 crystalline major axis and m nor
axis from0.03 to 0.7 mcron and silica/alumna nole ratio from18 to 30,
it has been found that in particular inclusion of strontiumor bariumin
the zeolite results in a renmarkable { suppression of transalkylation on

si de chai nslict/ahemina (hgretnaftsr ahbravéated as 5SiQ:il-Oni melorate femgiloup of
et hyl benzene. This finding is estimated due to a greater ion radiys of

st ront i um B 5BaMoverpreferahln MFitype gaelite i that haying the caystabinema®r are an
al kal i ne-earth netal, thereby selectivel reduci ng soli g,(slci oints on
the extra-¥fysand Miger oxis e @ raRegs fﬁ&moﬁ/wi%mlsmre@dl r B85t ent
No. 1971- 10064 described the ZSM5 synthetic roc usi n }

t et r apr opy?3 PRy G déﬁtﬁﬁsﬁ/@a@@%'ﬁﬁ%m ai%ﬁ?]ﬁ@’ nEPSyen
conmpound, nore rticul arl described in lines fro 8th to 11th an the
col um s t%ﬁt&lﬁﬁ%l%awa%ﬁﬁhﬂ@ﬁwagc@p%? IRATHGHRLY tsmﬂ&@ercéwp%@g’d of
smal | crystal s (abgut m cron) ,and so -gel particles". .lt, 15 was al so
Secer i bon bR N Sbaldh & SaEr fok PTiftte. sRcionyeasion o esbEbelBie o7 o
of 31.1 was _composed, of ver i Re _¢gryst al out 1 m.cfen '

Ssoni ati GeriRiAnE Swistis: Satpl AR o RRtli LRt octutte M bt gow. 4 1,
the prese . I i o) L.0i i.11.0 i LA an

i ncr gasedné(;ffsfg%acl%agﬁgs]? (f;rx?Z |i:e(;’:{ngg %%g&ggﬁrfé%ﬂ?gfé{%ggﬁn}@n%ﬂ g{k@i\,\y %ﬁzbelggéuse of
t he prese - ' : Al ' 1 ON
exchange. orif trgdép LS GEIAY FAREMISMEAR RN Mdd OSRR crferaMiddl |

the aygragg, $fossd td hemMidesioh Jrens daanith ﬁlﬁﬂ%yp&%oﬁﬁ@ﬁﬂh%cc& 5
mcron in nost cases. I n contrast, EP-26, 963A1 escii bed that the ZSM 5

zeol tie haw Bglid RRIRYEIAYLIf thet ddthrh {cPysthHend &Qfade 2ThieOeraiceySalNGsS
obtained in the condition where Si 2/ Al203 nole ratio was

surface is considered to be different from the interior of fine pores of MFI-

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

bimolecular reaction. Crystallite greater than 2.5 micron will reduce the

15 reaction éctivity, 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 SiQs/Al;03 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

S102/Al205 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 SiOg/AlzOs mole ratio of MFI-type

zeolite to 45 or further 55 or greater.
To be surprised, however, in the case of MFI-type zeolite having

10



180 or higher. This was because a high Si 0O?2JA12G3 nole ratio resulted in a
fewer cation exchange sites. Therefore, a fewer nunber of organic matter-
11 containing cations present in a cation exchange site was considered to
result in less distortion during the crystal growth and.a greater size of
the crystal. The process for synthesizing MFl-type zeolite which is used
preferably in the invention, nanely, having the crystalline mgjor axis and
mnor axis 5 fromO0.7 to 2.5 mcron and silica/alumna nole ratio from 30
to 55 can be favorably carried out in the absence of organic conpound

cont ai ni ngcrysidllingemajbi afiscandi deirgd thad fide QBRNRe GF arigam anconpound
containing nitrogen in the course of crystal growh can make the crystal

di st ort i onsilisaaldminasnble ehsiorfromeld 4o 6y itchassbedn fiwel float Bopartidubar i n
spite of a smaller 10 SiOQ2/Al2C6 nole ratio. Crystallite size of zeolite
can be easidcusien exfrstrendtinm arf betidne thsHicoreoktranedwts tinpe xenewtable

m croscope (FE-SEM and others. The M-l -type zeolite of the .present

i nvent i on supprhesien idferanyalkalatior onagide carins ahwmethyherowxiof Xyleng 9ange
fromO0.7 to 2.5 mcron. The "average" crystallite size is 15 descrrbed to
the ef fect sidhghairseofethpl arqupcel ¢thabengene nEbisrfrdiaig ispstimgterd dupded and
mnor axis ranging from0.7 to 2.5 mcron at 50% or greater preferably at
70% or gr edkeater Tore mding Hfaprenbiayte basuny than Hhak el P}ag%%‘l%?n?rned by

vari ous pro esses suc om ¢ absqyption ectro met

{ I uor escenfalsuy al OF  HbisTbrArgn e rlrl%rﬁarﬁ@\/éw 2o J%lreé%bsbr%s‘i%s"%o

em ssron spect roch cal. ,anal ysi s. ddition,.any z ollt |

ei t her feﬁgc §§'ﬁn‘iea°6‘ﬂ ROBREHeB tb(?f %’@W talline SRR HY ﬁ’r"ﬁ %et rogen
can be used i n the process for synthesizing the preferably used zeolite
for the pr¥¥&Ht invention, which has major axis and minor axis ranging

howevaP t h2°228§P?88ée‘y’RPﬁ £ N RTIARe RalBef 1R ASM AT R
cont ai ni ”gql%' cddO9Rn t&rﬁ%ﬁdp@?&%ﬁgﬂ%ﬁ%& nﬁﬁﬂdx&&e S%[LH N&atd Ldhnpdifnd

presence organr onpou rogen
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/Als0s

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

A decrease in SiO2/AlsO3 mole ratio in the presence of organic

compound containing nitrogen will result in an increased crystal distorfion

.20 according to crystalline growth because of the presence of bulky organic

compound containing nitrogen at a cation excha_nge site. As the result, the

crystallite can not grow bigger, with the average crystallite size of less than

1 micron, for example, 0.5 micron in most cases. In contrast, EP26,963A1

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

25  to 2 micron was obtained in the condition where Si02/Al2Os mole ratio was

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

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

11



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

| attice defect may easily cause deconposition in association with the
reaction of 5 aromatic conpounds with a conversion catal yst. Synthesized
zeolite is usually available in a powder form It is inportant to nold
zeolite into a substantially large size for using it as an industri al

catal yst. Hydrogenated ingredients nust be supported on a catalyst so that
et hyl benzetntemngeaiosquesentsior 2 natice akkiiagedite ovaOcomaideryd bemesdt
ethane, which is the main subject of the present invention. The

hydr ogenat Btlesagisiardan siuring thiecryaaligrawthland a gneated siref éhe crystal.
particular, rheniumis lower in the nucl ear hydrogenation reaction_ of

phenyl group ahee pzerese femsonthesigings M T typereolite srithis ued preferahly pose

of effectjvely. attaining the hydrogenation and deal kyl ati on reactiqn of 15
et hyl benzeHethé inventiom reamaly, tising dhe crysdellsre meaer s shd sRN0E-3¥F ene

" 1 nBRR Dk 8 G GRicuR e F R Rane pelearario rauh il (B0 Pel es
ar edi ont EVPRAbearyef Bt URc s, aporacs, CorpHEAC: G FOEE B8 | e
G ut ed | BASRRED e GanSHertt SR Ui Bhcriee B OTHaalE RomPRuR ol ing

nor ot randi PO, 4 G bl Re Sy Prmbce Bt sRGAS R P i e ey
pochn te NEUTAG: AAS LR thedEG dAlode MAdbB U, 5 e IR, ©
X-ray @ ffSWAE@sﬁgol%%‘ﬁb.i n the table below. It is also possible to add

ot her 1 norgani c oxides to the boehmte, whenever necessary. 13 Tabl e:

X-ray diffract iR spalie sizebt sHolitd 88n HeldidiRy dé@riifsd By BeRPeMiSbon
relative intensity d(um (1Qo)
scanning-type electron microscope (FE-SEM) 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 spectrochemical analysis.

In addition, any zeolite synthesized either in the presence or absence
of organic compound containing nitrogen can be used in the process for
synthesizing the preferably used zeolite for the present invention, which has
major axis and minor axis ranging from 0.03 to 0.7 micron and

25 silica/alumina mole ratio from 18 to 30; however the zeolite synthesized in
the absence of organic compound containing nitrogen is preferably used.

Zeolite synthesized in the presence of organic compound containing nitrogen

12



0.6270.02 M 5 0.3170.02 M 0.2340.02 M .0.1850.01 MIt is well known that
alumna is converted intoy, rl-, 6- or a-type alum na depending on
cal cinations course. Boehnmite, the diluted alumna 10 favorably used in
the present invention, undergoes structural changes in the course of
preparing the catalyst related to the invention, thus resulting in changes
in the lattice plane spacing. Alumna in the formof catalyst favorable in
the invention is that .having the lattice plane spacing d-val ue of
0.1960.002nm In particular, a catalyst whose X-ray diffraction intensity
15 ratio afonthimsl aiganée nitragen sptiohnGuthvadalitedl Wsubllyt Ealoh2rted dasilgned to
alumna to the lattice plane spacing d-value of 0.3860.008nm assigned to
MFl -t ype zeekéha ofl ddygenabatemove argenid nirogerl @atipo, i) velichl thebe used
in the invention. The X-ray diffraction intensity ratio can be determ ned
as fol | owsolithenanttal pieni affeptedihy crysal dapinaddefeehdlhe rcamtaﬂl aitiesf
copper K-a 20 ray is recorded by the use of a recorder-equi pped. Gblger
count er splafectomeopeasily obusd declirhpesitionoin pasedaiien wikhsthebregobion o
diffraction patterns. are, used to obtain the greatest intensity peak
found Bn taremaiiq ¢cureporpm@ﬁﬁ1t§1pme¢m@ramm¢at@1w 0. 38610. 008nm and t he
| attice plane spacing d- .value of 0.196tO0. 002nn1fron1mh ch the chkground
i s deduct ed toémhe?ﬁ%d 2@01% disiusyally pyailable élat%urgpﬂ et darmn 1t
i nvention.is characterlé E{ this intensity ratio. Use of the catalyst
te8L2ben Hefs

whose X-r aylnqursm gl a substAntiply lorgesizh dor 35T0E HEFET o

v ot er AafosEisk g a'd%é‘faﬁ&é{owt%&&néééhi‘ T VB oS SRR & or
"hel ude. c%ﬁﬁgﬂ.s& tﬂ“ﬁﬁle&?ﬂx@%n%%ﬁ“@”%ﬁf GoedRiPRh Ao igetald e
extr uibon nﬁuﬂg ri%ﬂl ﬁ{l%gt]gr eJ e“rr s thd Jztnré?n E)Je%i? ?@hﬂk%e@ﬂ’ 1nkfgﬁﬁgﬁm ¢

bi nders suc
The hydrogenated ingredients include rhenium, platinum and nickel. In

particular, rhenium is lower in the nuclear hydrogenation reaction of phenyl
group and can be favorably used in the invention. For the purpose of
effectively attaining the hydrogenation and dealkylation reaction of
15 ethylbenzene into benzene and the isomerization reaction of ortho-xylene -
and meta-xylene into para-xylene on a catalyst, it is important to provide a
uniform dispersion of MFI-type 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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alum na gel, bentonite and kaolin and surface active agents such as sodium
dodecyl benzenesul fonate, sorbitan lauric acid nonoester, sorbitan palmc
aci d nonoester, sorbitan stearic acid nonoester, sorbitan stearic acid 10
triester, sorbitan oleic acid nonoester, soribitan oleic acid trinester and
their ethyl ene oxide additives (for exanple, Span or Twin nmade by ICl Inc.)
are added, whenever necessary, as nolding agents to MFI-type zeolite

powder and al um na powder for attaining a uniformdispersion of the zeolite
powder and then kneaded together. Mre Pr,fera | e bi nders are al um na sol
15 and al uni nBaljel X-myddiirastiennatéern al AHMEGY W3 at al yst are 15 to 80
wei ght parts for Ml -type zeolite; é(r).to,85 vu%i ght parts for diluted
alumina and battiseadaneFpaAtingar t s FPAULTHEFEIRE binders in terms of the
absol ute dry Il%‘gldard (cal cul at e%@r} the basis of loss on ignition on
20-nmi nute cal émmdtion at 5001). nore preferable rates are 20 to 60

wei ght parts far_M-l-type 20 zeol i}%[e, 40 to 80 weight parts for diluted

al uni na and 006874%0%ei ght parts or inorganic binder. Were alumna is an
i nor gani ¢ bi \rll\g%r %51 g as alumna g0l or alumna gel, MFl-type zeolite is
at 18 to 80 i(};ﬁ %rts, nor e pP’ferany, at 20 to 80 weight parts. Were
alum na i ngre&izgé?%inoﬁre di |l uted lfum na and an inorgani c binder such as -
al um na sol or- nfa gel, the 257zeolite is at 20 to 85 weight parts, or
nore pref erab@i @(g go to 80 weighy parts on the basis of combined alunina
i ngredients. A Eﬁe 8 d ingredient Ts extruded froma screen. On an

industrial scgle -af Eé&é.gs?%tm t RiRs =abdfdrtePidtd SXtRUdT ok &-typed. The

kneaded substance extrud e screen is nolded into a cylindrical

form A j i Sndegband Si td,hehe diiAredesunding h
orm A Rl il AL GhiBel on USNLHAMIGHY obleees BRR L, e wing ho

screen to dianmeter is preferably at 0.2 to 2.0 nm(D, and nore
pref @r abfp b Ssddinlthe prasent RhG¥hEbAJualbigods staictardltlymmges ipdhe i cl es
Wi

th the dianmeter of 0.2to 2.0 nm It is preferable that the cylindrical
subst ancgo@pde’ sfim@phip the cacsleen rehaetdtdthet imantbmithmsareswlidpg #e cal | ed
as "Marunerizer™ for renoving edges. Thus-nolded article is a cylinder
havi ng OcBahge®ifl ths ilattiteaploae apacifigl Ahrddraminnthefgrm afdcatalystd at
tenperatures from50C to 250C. After drying, it is subjected to
favorable in the invention is that having the lattice plane spacing d-value of
0.196£0.002nm. In particular, a catalyst whose X-ray diffraction intensity
15 fatio of the lattice plane spacing d-value of 0.19640.002nm 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 7:100 to 35:100 should be used
in the invention. The X-ray diffraction intensity ratio can be determined as
follows: the catalyst is ground into a powder and irradiation of copper K-a
20 ray is recorded by the use of a -recorder-equipped Geiger counter
spectroscope {o obtai'n- diffraction- patterns. Thus-obtéined diffraction
patterns are used to obtain the greatest intensity peak found in the lattice
| plalie spécing d-value of 0.386+:0.008nm and the lattice plahe spacing d-
wvalue of 0.196+0.002nm from whjch'the ba_ckgroundv is deducted to give the
25  intensity ratio. The catalyst used in the invention is characterized by this

"~ intensity ratio..Use of the catalyst whose X-ray intensity ratio ranges from

100: 7 to 100: 35 is ablé to reduce the loss of xylene. .
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10 calcination at tenperatures from 250C to 650C, or preferably, from 350C

to 600C for inproving the nolding strength. It is preferable to nmake the

di aneter of catalyst particles snmaller than 2.0 mm and nore preferable to

make it smaller than 1. 7nm because individual isonmers of ethyl benzenes

and xylenes are not delayed in diffusing to reaction activity points

present 15 inside the catal yst particles under reaction conditions or the

reaction is not suppressed either. In particular, orthxylene and

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

par a- xyl ene, arMdFiitgpe realité and ddttedalmhédatisvé!as aagnenitedals of ¢lont r ast ,

catal yst particles having the dianeter greater than 0.2 mm woul d not

render thecginbstume podbraplgatexilalile nuni pgwtle forachhdnmueahibehniadded

favorabl e. These nol ded bodies are treated with the ion exchange to inpart

solid aciwhey. usBdeasrebhodustroal ¢atplysti Mplduig vhebloodt incliude comipressiet hod to

perform the ion exchange treatment with the conpounds contai ning ammoni um

ion (for melkdipige rofieimoldiniCextrnidy 280ldingarahd rextodsion Mdingnis nto an

25 ion exchange site of zeolite and then convert into hydrogen ion by

dryi ng® anpreféwsbdel ci nati on, and a method to introduce hydrogen ion into an

I on exchange site of zeolite with the conmpounds contajning acid (far

exanpl e, 16 HAR thExtanHoRsmoldingpaastranic Hindgrs duchaps RlivEyaa; K

structure of zeolite, the former, . that is_to say, the conpounds contai ning

anmoni um | ¥xina, geh ebemtopites dad kgplipreapdnsesiate mpdiver ég?%%ntswﬁhés | atter

may damage the structure of 5 zeolite. It is also preferable that,.

Al kal | ne- sy dpdgestbenzenegufibnsfe. ‘Sepaitan ppdritcatidemanpaFEse ST n ¢ he

i nvention. QIkaIin -earth nmetals _include nesi um ca%g%ﬁpgzstront'un1and
AR B

bari um PaRFPUGRGT POROEFIET HFTRIIR WEARC ACHHTODOPEET; §PR A9 ADYecause

(Y, S, R 05t S5y SRR R, B e, o,
ond e o BLELAMI R G0 L Ralbibesy oAt K LY praged T o
xyl ene. Trﬁealaﬁala&,n%ﬂ?ﬁ{e%r nﬁéc%%sé.&? &K %Héi&ﬁgi agents to MFI-type zeolite
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 500C). The more preférable rates are 20 to 60 weight pai‘ts for MFI-type
20  zeolite, 40 to 80 weight parts for diluted alumina and 0 to 30 weight parts
for inorganic binder. Where alumina is an inorganic binder such as alumina
sol or alumina gel, MFI-type zeolite is at 15 to 80 weight parts, more
preferably, at 20 to 80 weight parts. Where alumina ingredients are diluted
- alumina and an inorganic binder such as alumina sol or alumina gel, the
25 - zeolite is at 20 to 85 weight parts, or more preferably, at 60 to 80 weight
parts on the basis of combined alumina ingredients. A kneaded ingredient is

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

15



treated with the conpounds containing al kaline-earth nmetal ions (for

exanpl e, chloride, nitrate and acetate) and introduces al kaline-earth netal
15 ions into an ion exchange site of zeolite. Alkaline-earth nmetal ion
exchange nmay be done at the same tine with, before or after ammoni umion
exchange. Further, preferably alkaline-earth netal can be introduced after
addi ng the conpounds containing al kaline-earth netal at the tine of

nol di ng by kneading Ml -type zeolite powder with diluted al um na powder
and binders. 20 The content of al kaline-earth nmetals in relation to the

cat al yst (a@n tegtalde?fis Vidd.t'Yhe 1areldet eswibifanewegtnidedoftbaethe scrreaf & abl y
at 0.05 to 5 weight % and nore preferably at 0.1 to 2 weight %

| nt roduct | @Bld¥d it welylindRidad fexins 0A phisltied alrtieldmodacsdedofor ithp sisechrethe i n

the catal yst activity. 25 Preferable content of silver ionis 0.1 to 5

wei ght % &ianwster iobithe anrdem to bt roddc Sthebdisamstends hydferhblyoat &:& badde,

i npregnation or kneading, but the nethods of the ion exchange are

pr ef er abl emnBD| uad mare predéxnbde atrfld be 1. 717 P predding cindracad catakysiv t h

al kal i ne-earth nmetal ion exchange or ammoniumion exchange, or. may, be
treated sepmtided witlhsthe dompotexdof dohttei Rithagnsi. | Meis poﬁer%blpv@%atn¥h¢ ate is
preferably used. The hydrogenated active ingredients _can be supported after
such 5 tredindorma]l suhstareesnextrugedoliem the msrepmesdanld bet W@aé%ffa‘i‘mj%ta
reaction system to support the hydrogenated active jngredi s,,.thereby
meking it peskins ealledns Hiaswaertrer hipt Temavarg eAgeh dl LHsy e?{i%#l‘h%é%t i on

e rtadth heve o Bonee b A ge s nt ot Hiu S Jepifrindl,
B o i At AR AL e DS POV S RS B e b ™
D A e B Ts0S PR BB Crheb ePiig et b o
e B e APELY UA oA BB R, 15 Bl by pPOIE Lo A

amoni um agd OALT cBtalyst particles smaller than 2.0 mm and more preferable to

make it smaller than 1.7mm, because individual isomers of ethylbenzenes
and xylenes are not delayed in diffusing to reaction activity points present
15 inside the catalyst particles under reaction conditions or the reaction is not
suppressed either. In particular, orthxylene and meta-xylene are not
delayed in haviﬁg isomerization reaction to para-xylene, and side reactions
are not relatively augmented. In contrast, catalyst particles having the
. diameter greater than 0.2 mm would not render the pressure loss greater
20  during the reaction, which is favorable.

These molded bodies are treated with the ion exchange to impart solid
acidity. The methods for imparting solid acidity include a method to perform
the ion exchange treatment with the compounds containing ammonium ion
(for example, NHCl, NH:NO3;, (NH92S04) and introduce NHy 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,
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particularly preferred. The quantity of the hydrogenated active ingredients
to be supported is preferable from0.005 to 1.5 weight %in relation to the
catal yst in any case on netal conversion basis. An excessively snaller
gquantity of the hydrogenated active ingredients will result in an

I nsufficient 20 conversion activity of ethyl benzene while an excessively

| arger quantity of themw || pronpte hydrogenati on deconposition of alkyl
aromati c hydrocarbons, both are not preferable. After the hydrogenated
active ingredients are supported, drying and the calcination are

conduct ed. HEinBNQsand #E:P@g#sent at an ion exchange 25 point of MI-type
zeolite are converted into hydrogen ions, thus inparting acidity to the
catal yst. Cal ciBeaiuse tbadatter pnayedabhge dbaestenctube of tzenliee, sther forfresm 300° C
to 6501C in an oxygen-containing atnosphere. 18 The catalyst of the

i nvent i on thatpsdbetaablte compoundscontainima sinpnonfumariontih@raferablyensaded
active ingredients are supported. Usually, such treatnent, is done at the
room t enpefonttihecioanexahangs @eatmenpr cFleg i@ﬂtyr may Hemagenphe stuncdure 8in 100C
to 450 C in a hydrogen sulfide atnosphere. The 5 treatnent by sulfuration

i s abl & t cZaolispr edt ishalsacerripriilei Bintantkalinecarthi matyl gpns) sBAWld bt i
descri bod BYalale ORAAR BEARoden Shulo LhAmtghabs AJREALE oAt HAS
e oS ol AP SR BB SSRGS BT, o
300t to 480 C referably from 3501C to 480' C, reaction,pressure fromO0. 2
Lo 5MPa,  BeekRicRy SHRBHUR ARG BARED BoGedsea iRt GBI TPt ur es
(xyiencs, Saphe, WA SRRSO DTV dah oS R o SR | o
2, 55200, Helfin o0 07 LY BE SRS SRl
;Tf“)’("t H‘rategr 'O ! ;1"5 %%tiﬁ%%@%&w'w&sugy%a&i& 2hAMBhiand e OGRTD B
greatly reduce the loss of xylene. The alkaline-earth metal ion exchange is
treated with the compounds containing alkaline-earth metal ions (for
example, chloride, nitrate and acetate) and introduces alkaline-earth metal
15 ions into an ion exchange site of zeolite. Alkaline-earth metal ion exchange
may be done at the same time with, before or after ammonium ion exchange.
Further, preferably alkaline-earth metal can be introduced after adding the
compounds containing alkaline-earth metal at the time of molding by
kneading MFI-type zeolite powder with diluted alumina powder and binders.
20 The content of alkaline-earth metals in relation to the catalyst (a total of
MFI-type zeolite and inorganic oxide) is preferably at 0.05 to 5 weight %
- and more preferably at 0.1 to 2 weight %.
| . Introduction of silver ion is also preferable because of improvement in
the catalyst activity.
25 Preferable content of silver ion is 0.1 to 5 weight %. Silver ion can be

introduced by any method of ion exchange, impregnation or kneading, but

the methods of the ion exchange are preferable. Silver ion exchange may be
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by reform ng naphtha and the subsequent extraction and/or fraction, C8 20
aromati ¢ hydrocarbon m xtures obtained by reform ng napht ha but not

under goi ng processes for extracting napht hene and paraffin to contain
napht hene and paraffin having the carbon nunber of around 9, and C8
aromati ¢ hydrocarbon m xtures obtained through extraction and/or fraction
of cracked gasoline which is produced as a by-product of thermal 25
deconposi tion of naphtha. [Enbodi nents] As follows, the present invention
will be illustrated in nore details 19 referring to the enbodi nents. The

i nventi on irsatedt dti mh¢ eshme tinee fwithowlkglineebudi meetad. idEnirr¢hange or
1(synthesis of MFI-type zeolite and preparation of catalyst A) 5 Caustic
soda aqueowmnsmliuti éon (EXaltrhgnmemapbesgestade separatelyods aomwmepaunsk 51, 4
wei ght % M tsuwaka Pure Chem cal Co., Ltd.) of 40,9 g and tararic acid
(Cahc Co. ,cantadiningisilysr jory silgeenifirate wbrgpienabkpusefl.of water and di ssol ved.
Soda al um nate sol ution (A1203 content of_18.9 weight % Na of 25.4

wei ght % H20 of Ths. hrydusiggneter agkive gnegredientsycgn de sppmayted afteri8uchyded t o
t hus- prepared solution to give a uniform sol ufiaqn. rous sji.licate (S Q2
cont enP of treptmentetgFarogen i ellowsditerhe H“ES@??@&&%F%?E? I£9ReN S¥YRTent of

Cor por at | of%, SWERATE 456 Qi GFBEEHAaR 4<Lir BB pEt BTSSR E L POl
Saucous | el ROV 1hF o YREERRHRTE oA ACRETALER « REAACHGT o it T 461 o
(102120 0 B U SR AP B i 288500, 0480 o B
m - capaci té’atg_ﬁrtsgcellrﬂ/ eprgggnt the deterioration with time of the property of the
10 catalyst. As the hydrogenated active metal, rhenium, platinum and nickel
are preferably used. Rhenium is particularly preferred. Rhenium can exist
in such forms as metal, oxide, sulfide and selenium compound and the like.
As the rhenium ingredients, perrhenic acid, perrhenic acid ammonium and
others can be particularly preferred. As the platinum ingredients,
15 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
hydrocarbons, both are not preferable.
After the hydrogenated active ingredients are supported, drying and
the calcination are conducted. Ammonium ions present at an ion exchange
25  point of MFI-type zeolite are converted into hydrogen ions, thus imparting
acidity to the catalyst. Calcination can be preferably done at the

temperature from 300 to 6507C in an oxygen-containing atmosphere.
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seal ed, which was then nade to react for 72 hours at 1601, with stirring at
800 rpm After conpletion of the reaction, thus-prepared m xture was
repeatedly washed with distilled water and filtered 5 tinmes, and then dried
25 overnight at about 120 C. The resultant substance was determ ned by an
X-ray diffractioneter equipped with Cu tube and Ka-ray radiator, the
result of which was showmm 20 in Fig. 1. It was found that the obtained
zeolite was MFl-type zeolite. The zeolite was subjected to FE- SEM
observation, the result of which was shown in Fig. 2. The average,ksize of
the crystallité'hmeatalystind thajioventasa és preferabliitreated hydsulfierafioronften s of
1.3 mcron. 5 As the result of the analysis by a fluorescent X-ray

di f f ract i othe hlrogeratedaratbiecingaedionts arnsurnastnd.t Fsually 4such tregtigent

MFl -type zeolite synthesized as above nmeniioned on @e ba§i s, , of th}g

absol ut e di®y denenafarthe (ropme tezpprraghre andayp $00P0P dss Raniarahly idnthR  the

time of the calcination for .20 mnutes at. 500 0 added tq hydr.us 10
al uni na ( AEFeReragire oMy rl0P- \fei 4 /&ntahgygé:orgg %&W%P%ﬁagte ® shown
in Fig.,_ 3,, SASOL ., Ltd.) .(30 g as A1203) of 40 g, and al ym na _sol, (A1203
cont ent® oftr%t%Pbcﬁ’tY %"{fNF%fé 1Bnabiectl SURELRSS b %qjﬁ?‘.”?lplﬁjﬁ gn (aé“fg)ﬂ%é
A1203) of 0.%1a€g'évxill m xed. JThereafter, the resultant was placed in a
dryer kept2ct5ity; 9haksyl arogatie AYFEPeaTRORS moi sture content was reduced to

Screen QZVFLSV T p ﬁ%Béﬁ%%ﬁ%rt%ﬁse?f%ﬁ%&ssﬁ%?@%ﬁ%%ye“f’&%b%é%%é%ef%vséﬁh?%ﬂ? ot
1201 j . 5401 ISk ng:

gL aduglnl y ﬁi%ﬁ}f n%%ﬁgﬁo_gopssﬁégﬁm‘%ﬁe%ﬁ%ﬁ%e rﬁ%ﬂ&%&giﬁo& ég&%&%y{% Efaced in
Cor porat 1 oo SR ST SRE ihfribyd e SRl SO ety Thrtions pt | )
1.3 gereHdl 8308 Vcﬁdifﬂi’s" ol N rdhstibh ! RehpiRbBliresafilnt rFRIEd 1@t4HPOC for 1

hour, wth occasional stirring. After such treatnent, the aqueous sol ution

was I endv eghefdtd by efrh @S B50A0T 1o SAEFTANGRaMAsh PHRSAIRA ioriag Ize do WEMPa,
distilled water and filtered 5 tinmes. The substance was saturated with
perrheni ¢ Reifck 3y 8RS 05Pt¢! BMIPa, (FRFTS aromatic hydrocarbon mixtures (xylenes
containing ethylbenzene) from 0.2 to 20mol/mol, preferably from 1 to
10mol/mol and weight space velocity from 0.2 to 30hr™, preferably from 2
15 to20hr.

- Any C8 aromatic hydrocarbon mixtures may be used in the invention,
as far as they contain ethylbenzene. Preferable mixtures are raw materials
for producing p-xylene such as C8 aromatic hydrocarbon mixtures obtained
by reforming naphtha and the subsecjuentl extraction and/or fraction, C8

20 aromatic - hydrocarbon mixtures dbtained- by reforming naphtha buf not
undergoing processes for extracting naphthene and paraffin to contain
naphthene and paraffin having the carbon number of around 9, and C8
aromatic hydrocarbon mixtures obtained through extraction and/or fraction
of cracked gasoline which is produced as a by-product of thermal

25  decomposition of naphtha.

[Embodiments]

As follows, the present invention will be illustrated in more details
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25 Metal Production Co., Ltd.) of 30 ml containing Re of 80 ng at the room
tenperature and left stand for 2 hours. Stirring was conducted every 30

m nutes. Then, the substance from which the noisture was removed was 21
dried overnight at 1201C_ After drying, the substance was treated with
hydrogen sulfide at 250 C for 2 hours in a hydrogen sul fide atnosphere, and
then calcined at 5401 for 2 hours in the air. As follows, the catalyst is
abbreviated to "catalyst A'. Calciumcontent and sodiumcontent in the 5
catal yst were determ ned by an atom c absorption spectroscopy, as a result,

th tent 0,1 % d 0.3 9%. t
of r honi urfeGBs (bibs AtigREEE yOre R L LA AL R I phg IR Y

spetrogra\ﬁé}i‘b s a,result, the guantity was O. 36 vvel ght % as Re netal This
cat al yst ‘{jﬁw and subj ected to X-ray dimaction, the result of which

10, v shown ! lhplhnd IURRAR A QA e iiodpttangh on,

(20=46. 18) E\%@ S{\z,%? crystal lattice plane spacing d-val ue of 0.386nm
(20=23. 04) d 10 20 () value or d (nm value in the X-ray

diffragti on pa be 48iP@ag1ghtBWHdXSi nO
= nx- k%(on thqu{]s |c¥€0§ﬁs£®%@dl%%lgﬁogﬁgﬁglgq%gzg%ﬁlm Corrpa}ggltl ve ezxarrpl e

1(prepar atdaf.ff ofcsf 8 vﬁ%gh@% TRt M aklayPars EeidigaloCo.] 0.48.) Hf e g el

simlarly to in the dinmént 1 on the basis of the absolute dry standard

(cal cul at ady9c bRl (05BE TOf LIRS Sf 15.7 §Rrdrecdil@ed With! 528 gaff witer and
cal cination at 500 C for m nutes) 20 was added to a -alumi na (as A1203)

(X-ray difdisagtddn SodhtAumiahenvsolution (Al20k contétitwf AR @ walight éaINaQlust ri es
Co., Ltd.) of 30 g on the basis of the absolute dry standard and al um na

sol (AL20%fczRidenbight %0 Hg) Gft5854 weighs i, Oeiso (3., ILAdusefr 1283@®.was t d.)
(6 g as A123) of 60 g and well m xed. Thereafter, the resultant was
pl acedoi n midedyerthiepireptrd®8olGtmmctodived unifotm 26lutien nBiydrovesdisatent was
reduced to that of a clay. Thus-prepared kneaded substance was ext ruded
through a (SiDgeontemti of) 90.2mdight| %s NaGEl centerntdefj Ont? veishy “fa $ed
overni ght at 1201C and cal ci ned at 5401 for
content of 0.26 weight %, H20 content of 9 12 weight %, Nipseal VN-3,
Japan Silica Corporation, now called Tosoh Silica Corporation) of 95.2 g was
added gradually to the solution with stirring to prepare a uniform slurry of
15 aqueous reaction mixture. The reaction mixture had the ingredient ratio
(mole ratio) as follows.
Si102/A120s 55
OH /810;: 0.26
Al Al2O3 40 (Atartrate)
20 H20/ 8102 22
The reaction mixture was placed in a 1000 ml-capacity autoclave and
sealed, which was then made to react for 72 hours at 160C, with 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 which was shown

20



22 hours after raising the tenperature gradually from 3509C to 5401. The
nol d body of 20 g after the calcination was placed in the agueous sol ution
in which anmoni um chl oride (Sigma Aldrich Corporation) of 2.2 g and
calcium chloride dihydrate (Cahc Co., Ltd.) of 1.3 g were dissolved in 60
g of distilled 5 water, and treated at 801C for 1 hour, with occasional
stirring. After such treatnent, the aqueous solution was renoved and the
resul tant substance was repeatedly washed with distilled water and
filtered 5 tinmes. The substance was imersed in perrhenic acid aqueous

solution (Rare Metal Prodyction Co,, .Ltd.) .of 30 nt ai ni.ng Re of 80
at the r 0((3% Hig- dedharas Pgﬂéhﬁtgh‘ff’b?ﬁ%ﬁ Z%‘&‘tezw A% 1[]§f%§{% %G‘P:l]ﬁg was’ "

a1 omoved. waTHersoE S8 HHRE o o DBOC AT g RS TARCe vas

2t mospher ces et g & e By ien O st iy ReuIlf RIS SRR 7
cont ont 1 voviRgY 1EpRRYREAERE pifer ARRE) Rl om ¢ mbsor ption o
i gt 536 a5 ha Reritab i ' O SRRLERG, Poa S PRR AN KR E R0 2

determ ne\cl\lsei(b/gz{éﬂ%ééaﬁq,gﬁ%sdfﬁﬂisz%&?ﬁ%_%@@hy, as a result, the quantity

was 0. 21 e et a hi's catal yst was ground and subj ected

to X-ray diff rg@t%BPMﬂfgﬁggeeﬁéﬂ e;% ntHELiZdY WE Sbabe Mehtiofid Don Ghe [Hast@s

found in Fig. at t ysta ttice plane spacing d-value of 0.386nm

(-20=23. 04) @RS HIWHE WA LEANArAS(CEIONFARM on 3hbIHRRIPbAMEsSRRGEMIgiof 4l ue of
0. 196nm (28=46.18) was Hardly found. Conparative exanple 2 (preparation of

cat al yst GheZfmelbetidbalchiRRiZEe My 26 Ain1Als Gt HOUDEtamedddedrtd dydyouso in
the enbodinent 1 on the basis of the absolute dry standard (cal cul ated on

the hesi salaniha(alMy édtteht of 78twailaht % NheoX -ralyed i€rh ctiom pastesnathos@0” C f or
20 23 mnutes) was added to alum na sol (A1203 content of 10 wei ght %
Ni ssan ChanFial3, ISHSeLs Ces Itdd. (30( 6 ag AROAL 20D pfand0alpnainch swll (Alsdxed.

content of 10 weight %, Nissan Chemical Industries Co., Ltd.) (6 g as Aly09)

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 120C and

- calcined at 540°C for 2 hours after raising the temperature gradually from
3507C 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 (Cahc Co., Ltd.) of 1.3 g were dissolved in 60
g of distilled water, and treated at 80C 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
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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- 5 prepared
kneaded substance was extruded through a screen having 1.2m{D hol es. The
extruded nol d body was dried overnight at 120 C and calcined at 540 C for
2 hours after raising the tenperature gradually from 350°C to 540'C. The
cal cined nold body of 20 g was placed into an aqueous solution in which
ammoni um chl oride (Sigma Aldrich Corporation) of 8.8 g 10 and cal ci um
chloride dihydrate (Cahc Co., Ltd.) of 5.2 g were dissolved in distilled
wat er of dg®dgoveranight ratal88%Gt dfted frying, tbersulwitahcocwasitveated withr ri ng.
After such treatment, the agueous solution was renoved and the. resultant
subst ancbydaggﬁre@e&dajw%ﬁ%h&r Sibomrgie @ hydeeantsalfidacatiidsphesgang ti mes.
The substance was imersed in perrhenic acid _aqueous solutjion 15 (Rare

Met al  Pr bHemtgadmned at Eé@% for Zbomrs dpnthe Aimg B0 folpws, tee gatalys$ isr oom
tenperature and left stand for 2 hours. Stirring was conducted every 30

mi nut es. abheeviateds ta ylsatalyet A orPals1Em ¢ontenbiand sedim eentsnbdnvide  dri ed

overnj ght at 1201. ﬁfter drﬁ'ﬁg, t he substance was treated with hydrogen
sul f ite Setalgst wese deterzpingd by anoatppac TRt P chiosEehetea reilland t hen

e Lo otEh coathe a9t 9T Sk P b i oS iefeh s e ity e
el oftebindhibmitedty, A o, ReRerie e nar el 1o

! . . i e
e ssi on“pérghiRih g RpALcEe Rubifey SR 36 AR BB s oo e
osult of* Gy anoutiBia i tiaRag 5 R-RE Afhiich: Ble Jebifityif, "
CLLA0n WS KRR A" Pre. T IERAE] Reuth 18 T, 2/418e 0RDNGRATER00 BBy Oun

whereas the crysta ane spaci val ue © n . 18)

was not {94BbfGhel &S Stall Rafice piafe: B d-vdludBf-0.F | Brtegl1s°
(preparation of gaﬁgl yst D) c%% N‘E?‘:’Epta%’? zeol }lte of ggﬁgi synt eg}s‘?%é%

sim | arl ¥hé eryddak RRtice plane spacing d-value of 0.386nm (26=23.04°) was' 30:100.
26 (°} value or d (hm) value in the X-ray aif&actiqn pattern was
obtained by referring to the Bra_gg”s Law 2dxSin8 = nx) (on the conditions of
15 n=1andA=0.15406nm). |
Comparative example 1(preparation of catalyst B)

The I\{Fl-fy'pe ‘zeolite of 10 g synthesized similarly to in the
_embod.i'ment 1 on the basis of the absolute dry standard (ca]culated on the
" basis of loss on ignition-at the time of the qalciﬁation at 500C for. minutes)
20 was added to @-alumina (as Al;03) (X-ray diffraction pattern shown in Fig.
5, Wako Pure Chemiéal Industries Co., Ltd) of 30 g on the basis of the
absolute dry stan:dard and alumina ‘so] (Al203 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 iEOCC and dried until

25  the moisture content was reduced to tha# of a clay. Thus-prepared kneaded
- _substance was éxtfuded through a screen having 1.2mm® holes. The

“extruded mold body was dried overnight at 120C and calcined at 540C for 2
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enbodi mrent 1 on the basis of the absolute dry standard (cal cul ated on the
basis of loss on ignition at the tinme of the calcination at 500t for 20
m nut es) was added to hydrous al um na (A1203 content of 75 weight % the
X-ray diffraction pattern shown in Fig. 3, SASCL Co., Ltd.) (20.2 g as

Al 203) of 27 g and alum na sol (A1203 content of 10 weight % N ssan
Chem cal Industries Ltd.) (6 g as A1203) of 60 g and well m xed.
Thereafter, the. resultant was placed in a dryer kept at 120t and dried
until the noisture content was. reduced to that of a clay. Thus' prepared

kneaded subsairanefeer wasiex tthe dethpidraough gpadedlbe firdtaVa50JC L2540 .hdTles. The
extruded nold body was dried overnight at 1201C and cal cined at 5401 for 2
hours af t efold body 6f)20 lgeaft@ntier @il cina tiphastaa placefirianhdsiEote sbUGim inThe
calcined nold body of 20 g was placed into the aqueous solution in which
anmoni um  whichr amenor(iSirgclloAider(Segmedd daicht Carporatiof) 8f 9. 2agdndatadtium
chloride dihydrate (Cahc Co., Ltd.) of 3.2 g were dissolved in distilled
wat er of 6ddorideddhydraae édahe CoOtLtdor ofl h8ug wend tissobvedsindihg of distillerdy

After such treatnment, the aqueous , solution was renoved and the resultant
subst afice Wakerr apddreated amggﬁeﬁomvlthpm tith losepsipnalr starring.i 1Afserguchs

times. The substance was i mersed in perrhenic acid aquequs solution (Rare
Met al Pr odieatmentodhe agupopsgoluponiwas pemiorned godethy repligntagsubstancs oom
tenperature and left_stand for 2 hoursg, Stirring conducted ev 30

m nut es. THEh reppatedlyb¥ashad with FRCROISY GHEPTRAs br FRFec bR

dried overnight at 1200. Aftey .drying, the gubstance . treated, w t 25
hydr ogen StPEiaReeqWassymper znmﬁx?gemﬁ s %We?f)v@g‘loﬁ %B ere,

0" et euratBaPy Coar g3 b0 A3 cRREtHECRe 2L LA GO SRETDT the.
I d ' h ' b A

Fesul 10 Y%ﬁ;al%@gﬁ%%%%&ﬁ?eﬁy a%%%e?%ﬁﬁ‘ Bpe” S 78" SR BT v TR e
e _ _ _ The

st on SipultEFogt ik, BRCEN bl ¥ bR He MIRAREGVEL Se kWi T

fggﬁ: : l}[‘ﬂ%ﬁd&%@@ﬂi&h"@? 196eUndaARRY BNRAECHERA sLBstiidcBYwik irbA6d With the

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 abbreviated to “catalyst B”. Calcium content and sodium content in the

catalyst were determined by the atomic absorption spectroscopy, as a result,

the content was 0.18 weight % as Ca and 0.2 weight % as Na. The quantity

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

‘spectrography, as a result, the quantity was 0.21 weight % as Re metal.

20 - This catalyst was ground and subjected to X-ray diffraction, the result of

"~ which was shown in Fig. 6. It was found in Fig. 6 that the crystal lattice

plane spacing d-value of 0.386nm (26=23.04°) was found whereas the crystal
lattice plane spacing d-value of 0.196nm (26=46.18°) was hardly found.

Comparative example 2 (preparation of catalyst C)
25 The MFI-type zeolite of 40 g synthesized similarly to in the
embodiment 1 on thé basis of the absolute dry standard (calculated on the

basis of loss on ignition at the time of the calcinations at 500C for 20
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was 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 0.196nm
(20=46.18) to the crystal lattice plane spacing d-value of 0.386nm
(20=23.04) was 1G 100. Enbodi nent 3(preparation of catalyst E) The

MFl -type zeolite of 10 g synthesized simlarly to in the enbodinent -1 on
the basis of the absolute dry standard (cal culated on the basis of |oss on
ignition at the tine time of the calcination at 500 "C for 20 m nutes) was
added to hydrous alum na (A1203 content of 75 weight % the X-ray

di ffracti omipatdse wasshdded it afiigind, soBASRIO Covnteht df )1 RQighta%, Alid8d) O

40 g, alum na sol (A1203 content of 10 weight % N ssan Chem cal Industries
Ltd.) (6 gChemAtAdBdubtrs hthh(b pasiAlrOaket 60 ¢ ap@ahell Goixedltd.) of 1.5 g
and well mxed. Thereafter; the resultant was placed in a dryer kept at
1209C and dri étharnafter,tthe meswitamt vweonplaved vias ar dager ekepitoat HR0Gfamd ¢l ay.
Thus- prepared kneaded substance was extruded through a screen having

1. 2nm4) holwed il ¢he rudisturelcanbenty wess rethiced tn/etgat gift aatlay20 Thuand
calcined at 575 C for 2 hours after raising the tenperature gradually from
350" C Po Srsperedhkneaded rratbstenee body extraded shroyghacadsinees davirgieous

solution in which amonium chloride (Signma Al drich Corporati og% ﬁf 1.1 g
was di ssol emmP bples;i | Thayevndedgnobbhody s ddad exyesrighbiats 30 amshir

s emoVRCIRRY Ao LARPUS BEER oA RS bp BB ea WA Gl B
05111 09 il | L SL S IS bR LRSS TR 250ebfe 2o
com a1 11t gk in e ShuidSube PR A besand, 1o o3 Pour s
subst Mce Mgk cAPRn FIRATR: H RSt CERY o LD 2 A s ey
hvdrogen, sukn vRLESPEN g, 00 UM SPSEO e 2 L i Sty
content  apg, 300 WRGUH A Yrehfinbie 4R Ah¥SSu" B fitidRI WL LBADVRY &I Rl om C
resultant substance was repeatedly washed with distilled water and filtered

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

15 (Rare Metal Production Co., Ltd.) of 30 ml containing 80 mg of Re at the
room temperature and left stand for 2 hours. Stirring was conducted every
30 minutes. Then, the substance from which the moisture was removed was
dried overnight at 120°C. After drying, the substance was treated with
hydrogen sulfide at 2560C 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 “ecatalyst 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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absorption spectroscopy, as a result,. the content was 0.39 wei ght %as Ba
and 0.3 weight % as Na. The quantity of rhenium supported in the catal yst
was determ ned by the I CP em ssion spectrography, as a result, the

gquantity was 0.37 weight %as Re netal. This catal yst was ground and
subjected to X-ray diffraction, resulting in a finding that X-ray
diffraction intensity ratio of the crystal lattice plane . spacing d val ue
of 0.196nm (20=46.18) to the crystal lattice plane spacing d-val ue of
0.386nm (20=23.04) was 9:100. Enbodinment 4 - not form ng part of the

present spaMapt 1ealP SP U 3eéom (R0s28.04)stwds follhd adicrexsttheasryptadpar ed
simlarly toin the enbodinent 1, <chloroplatinic acid solution (Tanaka

Rare Melatic@pland lspaking devalire of 0.196am (REwA6. 18Nreraedot foutiosWsyt i on
containing 100 weight ppmas Pt in relation to the catalyst. The Pt

suppor t teawns:10ee Rl wShywas determ ned by the I CP emission
spectrography, as a resuI{, It was 69 weight ppm The catalyst is

abbr evi at ed Embodanahy$ (prepaFatiodiofreatalgst Bynt hesi s of Ml -type zeolite
and preparation of. 27 catalyst G Caustic soda aqueous sol ution (NaCOH
content of 4Bhé MEhtype, zétlBe cfni2éntg osyrsthesizgdi hmidgriy teumakhe Pur e
Chenmical Co., Ltd.) of 37.1 g and 15.1 g of tararic acid (Cahc Co., Ltd.)
ver e di embodiment 1ven dhedsasis itherabsmlatesduy stbandamut fcalrulatedior thel ut i on
(M203 content of 18.9 weight % NaOH of, 25.4 weight % H20 of 55.7 weight
% Dai sbagis. of lass. pnoignitiopsgt ihe fime of the walangtiop s SATufaroR0t o gi ve

cont ent TBRIES aRAdAedp BIGRSONTNE G200 COBLGRE GhTOR RIS aNE nt of
S 1 oa oot HEReRyS Sty HoROTRLR e, CASRIAr Ty e AR LERAAIE with
Ceact i o e dod ALmERS QAP Rent of 10 BRI ey Chei T
SI I ALZ R &%es Led) (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 the moisture
content was reduced to that of a clay. Thus prepared kneaded substance
was extruded ﬂ:u:ough a scr-ee_an having 1.2mm® holes. The extruded mold
boﬂy was dried overnight at 120TC and calcined -at 540C for 2 hours after
raising the temperature gradually from 350C to 5407T. The calcined .mold
-body.of 20 g was placed into the aqueous solution in which ammonium
| ' cMoﬁde, (Sigma Aldrich Corporation) of 2.8 g and calcium chloride
. dihydrate (Cahc Co., Ltd.) of 3.2 g were dissolved in distilled water of 60g,
and treated at 80C for 1 hour, with occasional stirring.
Aftér such treatmeﬁt, the aquéouS‘solut-ioh was removed and the
resultant substance was repeated]y.wzished with -distilléd water and filtered
5 times. The substance was immc_eréed in perrhenic acid agueous solution |
(Rare Metal Production Co., Ltd.) of 30 ml containing Re of 80 mg at the
- room temperature and left stand for 2 hdurs. Stirring was conducted every
- 30 minutes. Then, the -substance from which the moisture was removed was

dried overnight. at 120C. After drying, the substance was treated with
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15 OH/Si02 0.24 A/ A1203 3.5 (A :tartrate) H20/ SiO2 22 The reaction

m xture was placed in a 1000 nml-capacity autoclave and seal ed, which was
then made to react at 160 Cfor 72 hours with stirring at 20 800 rpm After
conpl etion of the reaction, thus-prepared m xture was repeatedly washed
with distilled water and filtered 5 tines, and then dried overnight at
about 1201. The resultant substance was determ ned by an X-ray
diffractioneter equipped with Cu tube and Ku-ray radiator, as a result, it
was found that 25 the obtained zeolite was MFl-type zeolite. The zeolite
was subj ected to FE- SEM observation, the result of which was shown in Fig.
9. The lydabgee sulfide cit Rfﬁﬁe"CqutSZ dokirsanvwile hydtdgennsjléide satomosphérayf 1. 3
mcron and the minor axis of 1.1 micron. As a result of the analysis by the
f I uor esnrhthet calyinid at &d0Gor Zficairsfin thetaio. FCRlasZ)Shotatdlyst iseol ite
was 37. MFl-type zeolite of 10 synt hesi zed as_above nentioned on the

basi s dbbakvidted diostdatakystrD” stémhamm content| and sodinmhenrisent of dhel oss on
ignition at the time of the calcination for 20 m nutes at 500C) was added
to hydratalystweredet¢maiesl bpiheatomic absmaptt}omme}hmswm ag-g pgsWdt.f fract i on
pattern shown in Fig. 3, SASOL Co, Ltdz5 as- A1203) of 40, g and

al unm ndheatontentiweos Q;é&mghéf% ap Ua ppdie gm'lgh s aaNachdhe @rantHyust ri es

rosul t aiiehandu spebe an theyatabisk wae dAoTmarei b7 itba IoH PRUEHERTDI St ur o
xtr 53§2€frprg§§i’ﬁﬁdaé§ rehlh A DAl et 3 BeEh ?E{«Sggiﬁerraa B3 body vas
B e e
cal ci nEdas § own 1n F1g %3 piéa %v%% mnFlagq ‘éeﬁl icijalfrtdlﬁgactlon intensity
‘ratio of the crystal lattice plane spacing d-value of 0.196nm (20=46.18°) to
the crystal lattice plane spacing d-value of 0.386nm (26=23.04°) was 10:100.
Embodiment 3(preparation of catalyst E) | | |
The MFI type zeolite of 10 ¢ synthe51zed sumlarly to in the
" embodiment 1 on the basis of the absolute dry standard (calculated on the
basis of loss on ignition’ at the _tix-r.le of the cadc_iq&tion at 500C for 20
minutes) “.ras added to h}{drous alumina (Al503 content of 75 weight %, the
‘X-ray diffraction pattern shown in Fig. 3, SASOL Co., Ltd.) (30 g as Al:O3) of
40 .g,‘allumina sol (Al203 content of 10 weight %, Nissan Chemical Industries
Ltd) (6 g as AL of 60 g and barium acetate (Cahe Co., Léd) of 1.5 ¢ and
:  well mixed. Thereafter, the resultant was placed in a dryer kept at 120TC
and dﬁed until the moisture content was fedl-xced to that of a clay. Thus-
prepared kneaded substance was ',.extruded through a screen. having
1.2mm® holes. The éxtruded ﬁ;old body was 'driéd overnight at 120°C and
éal'ciﬁed- at 575C for 2~h6urs 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 chloride (Sigma Aich;ich Corporation) of 1.1 g
was dissolved in ch'stilled‘water of 60g, and treated at 80T for 1 hour, with.
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I n which amoni um chloride (Sigma Aldrich Corporation) of 1.1 g and

cal cium chloride di hydrate (Cahc Co., Ltd.) of 1.3 g were dissolved in
distilled water of 60 g., and treated at 80t for 1 hour, w th occasional 20
stirring. After such treatnent, the aqueous solution was renoved and the
resul tant substance was repeatedly washed with distilled water and filtered
S tines. The substance was immersed in perrhenic acid aqueous sol ution
(Rare Metal Production Co., Ltd.) of 30 ml containing Re of 100 ng at the
roomtenperature and left stand for 2 hours. Stirring was conducted every
25 30 m nutes. Then, the substance from which the noisture was renoved was

dried i gh : 1. i it h
h;ljfog?&\’{r‘gé%bﬁfitje&éﬁﬁggt)‘ C&?%r%r 59%%{1?%%t#ﬁtzuﬁ%r pg_ er?%alsﬂlggﬁgﬁvn%%:)her e,
29 and LOERePLEN 168 Alsubl dllstZnbBOWS HpddtEdyl wasthed haith Gsilldde

cat al y§'tem|L reviate catalyst G'. | ci um content and sodi um

cont ent i 106 sfahakys kimMes e 19! Sabitande Wad MenAlresd GnaRsehaiiceeid |

spectroscopy, aS a result; the content was 0.18 weight %as Ca and 0.3

wei ght é’{ge.%%gg%ﬂgﬂaanna% Matal ProdheoHTS U PRA) beB80Im] thetaining Bs bf was

determn I CP em ssion spectrography, as a result, the quantity

was - 0. 3370 I Ofit £} 380rBe témpataturéhind deftakyaid ¥as 2chourd Stisrisgbyasted to
X-ray diffraction, resulting in a finding that X-ray diffraction intensity

ratio Qbndletdd ¥oé 30 ahiresp|Finen, trasilrgadey fitome vohich. Bcmoistate-=46. 18)
to the crystal lattice plane spacing d-value of 0.386nm (20=23.04) was

9: 100. .was Fefedédaris Griedroveanighitaat b20Tat ARestdrying), theesulstancgpeaseol ite
of 15 g synthesized simlarly to in the enbodinent 5 on the basis of the
absol uttgesited sithnhgddogenkalfide atl 250 Hor Dohoies i the hydneeerysulfidm at t he
time of the calcination at_500'C for 20 minutes) was_ added to hydrous

al uni natelasphdre cand thenitakinednl§d0d, for2 hoyrs i) the i¥.act i on pattern shown

in Fig. 3, SASOL Co., Ltd.) (25.5 03) .of 34.9 aluni nanz(g)ll'l (A1203
j t P

as A
content of ¥ fedlogrs the cRtalyshisabbrevanted by satalyet Jripg Prienini203) of
60g and cal cium chl ori de di hé_:jrate ff 3.0 g dand wel Id rgxecL.- Trtlereafter,
the reand ssndives gantert 1 theygadalystpvesp determined by the atomic

absorption spectroscopy, as a result, the content was 0.39 weight % as Ba
and 0.3 weigh’t'% as Na. The quantity of ‘rhenium supported in the catalyst
was determined by the ICP emission spectrqgraphy, as a result, the
quémtity was 0.37 weight % as Re metal. This catalyst was ground- and
_ éubjected to X-ray diffraction, resulting m a finding thatj; X-ray di__ﬂ'raction
_intensity ratio of the crystal lattice plane . spacing d-vélue of 0.196nm
(26=46.18°) to the crjstal- -latticel plane spacing d-value of 0.386nm
© (2023049 was 9:100. |
Embodiment 4 — not forming part of the present invention (preparation of catfﬁyst F)
The catalyst was prepared similarly to in the -emqui_meﬁt 1,
chloroplatinic acid solution (Tanaka Rare Metal Co., Ltd) in place of -
rhenium fv-as immersed- in the solution containing 100 weight ppm as Pt in
: re-lation to the catalyst. The i’t supported o.n' tiie catalyst was determined
" by the ICP ex:ﬁissiori spectrography, as a fesult, it was 69 weight ppm. Th_e
éatalyst is a'bbrev.iat‘ed to “éatalyst F. 7
Embodiment 5 (synthesis of MFI'tyi)e ;;_eolité and preparation of
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120' C and dried. until the noisture content was reduced to that of a clay.
Thus- prepared kneaded substance was extruded through a screen having
1.2mm(D hol es. The extruded. nold body was dried overnight at 1201C and
calcined at 540'C for 2 hours after raising the tenperature gradually from
350" C to 540' C. The calcined nold body of 20 g was pl aced into an aqueous
solution in which amoni um chloride (Sigma Al drich Corporation) of 1.6 g
was dissolved in distilled water of 60g, and treated at 80'C for 1 hour,
with occasional stirring.. After such treatnent, the aqueous sol ution was
30 renpvedcatalyst® resul tant substance was repeatedly washed with distilled
water and filtered 5 tinmes. The substance was i mersed in perrbenic acid
aqueous sol ut i dPaysir spdveaghedrsoshlutioonMNOH tandent of 486 meighinVailfiChg Re
of . 80 ng at the roomtenperature and_|left stand for 2 hours. Stirring
was conduesmdent bl 43veight 9 MitsTiveaka Poee ShesigakGof, dgd i Thltehand

noi sture was renoved was dried gvernight at_ 1201C. After drying,. the
subst ance #&d g of tanasie wdr(Qaﬁa@r%eﬂJtégmmedee@mlf@ WGFQIZO%E gg anfl t he
hydrogen sul fide_  at nosphere, and then, cal cined at 540 C for 2 urs. in the
air. f ofisgpiged. tst‘i’é{ac%l!l&}lwie seluiimy A28 cantent-ofal P yReight .%&19 m

sontent an sed e TP Pl Hhe CAL VAL ete et SRS by hgagd o
o 0.2 e il Sl VB0 & fahrir L PSS 65 o VS
St e PGS Pt AN B A T P

91 ract] SHabrbeaih . £ oy 0Nk By AN A PSR e v
s ool ( b, Bhw BafiBd TR IR Clroriibn) YRS BAacOhlE
simlarly 3 qhB11yNe ¢ARoITEDL mfgﬁ%&d toiﬂ}te?a?e %'M&Eﬂﬂ%?b

ni ckel nitrate solution yash cal ndustries Ltd.

conk e, e Agehaeabing AR TAOORIELTLLAR o the it v (1
(mole ratio) as follows.
Si02/A1203 50
15 OH /SiO2 0.24
A/ AlzOs 3.5 (A : tartrate)
H20/ Si02 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 120TC. -
The resultant substance was determined by an X-ray diffractiometer
equipped with Cu tube and Ka-ray radiator, as a result, it was found that
25  the obtained zeolite was MFI-type zeolite.
The zeolite was subjected to FE-SEM observation, the result of which

was shown in Fig. 9. The average size of the crystallite was of the major axis
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determ ned by the I CP em ssion spectrography, as a result, the quantity

was 850 weight ppm The catalyst is abbreviated to "catalyst |" Enbodi nent
8 - not formng part of the present invention (preparation of catalyst J)
Raw. materials simlar to those used in the enbodinent 1 were used to
prepare an aqueous reaction m xture having the follow ng ingredients. 31

Si 0z/ A1203 77 OH1SiOz 0.30 A/-4,1203 5.0 (Atartrate) H2O Si02 25 The
reaction m xture was put in an autoclave capacity of 1000 nL to be sealed,
whi ch was then allowed to react for 72 hours at 1601C, while being stirred

at 800 1 prh ¥ Likxdifigoll TRE LG YRR QR midign T Xt Ure vas washed with

distilled water and Itered repeatedly 5 tinmes, and then dried at about

120" Cover ni ght AsTRGeE@R W ! a841581sAHF ShydRudies@nt Xedy liffadctiod, ayole
diffractometer equipped with Cu tube and K al pha ray radiator. The

subst ance pa@k $i0undal, s dfehMtedlitovedi.ite. The result of FE-SEM
observation of zeolite is shown in Fig. 10. The average crystallite size

was 1.5 micron MFI-tfe peglite cXi(bganttlesizad a5 aboaé mérttomsdon thaibasisThe

Si WA1203 nole ratio of the zeolite was found to be 51 by a fluorescent
X-ray @i f fofabiei shschmal g starddeddolealcallatednen ¢hd 2031 oflesstomfgidbionsdtght %
X-ray diffraction pattern shown in Fig. 3, SASOL Ltd) of 40 g. (equivalent
to A1203 ;theftid@ of dhe emldirsitiom Az 80mMinwaP a3 FHTE L masoiddsl tehyhrows

Ni ssan Chem cal Industries Ltd.) of 60 g. (equivalent to A -h03 of 6 g.)
we=e addecltminddd-Qy rohbaritzefl 75MA byyweighéolthe eXuhy 1diffractden tnadterasi s of
the absolute dry standard -(calculated fromthe |loss on ignition during
20- mi nut e sbamei imFlign3.aBASEH: €o-, Ltd-bzmvgl as MilzQq of TR ge%ﬁl(? @lumings so
resultant mxture was placed in a dryer Kkept at_1201C and, drj til the
moi sture dbhsronient pbllgehy eighhiNisran Chemical Industries Co., L) t8'e

10  as AlzO3) 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. 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

15 540C for 2 hours after raising the temperature gradually from 350C to

540C. 20 g of the calcined mold body was placed into an aqueous solution

in which ammonium chloride (Sigma Aldrich Corporation) of 1.1 g and

calcium chioride dihydrate (Cahc Co., Ltd.) of 1.3 g were dissolved in

 distilled water of 60 g., and treated at 80C for 1 hour, with occasional

20 stirring. After such treatment, the 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 aqueous solution

(Rare Metal Production Co., Ltd.) of 30 ml containing Re of 100 mg at the

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

256 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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clay. The kneaded mi xture was extruded through a screen having 1.2m%)

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

32 calcination at 540 C for 2 hours after gradual elevation of tenperatures
from 356C to 540t. The cal cinated nold body of 20 g. was added in an
aqueous solution in which amoni um chloride (Sigma Al drich Corporation) of
1.1 g. and calciumchloride dehydrate (Cahc Co., Ltd.) of 1.3 g. were

di ssolved in distilled water of 60 g. and treated at 801C for 1 hour, while
being stirred intermttently. After such treatnent, the aqueous sol ution
was remmdetheanchliched at @403hfom? bburs imdhevaish edls falldwgjithe ichtagstust er and
filtered repeatedly 5 tinmes. Furthernore the mxture was imersed in a

per r heniabbaevidted|teoimtalystt Gon CRarunMxirdien®r aud ctodirmGemontent dn)thef 30 niL
containing Re of 100 ng and |eft at roomtenperature for 2 hours, while

bei ng statalydt weee determimed by thaxptenic Absonption spedtroschpy, s gesultas
renoved and the m xture was dried at 1201C. overnight, the mxture was

t r eat ed the chntantrwge )-8 Iweight % a9 Sand 0.3 weighd 92 asNany dhegrendifiyf i de
stream and subsequently put under calcination at 540t for 2 hours in the
at mosph®f chemim supparjed insthecadplyst was determaned by the Kl empission, |
Contents of calciumand sodiumin the catal yst were determ_pned by.an

at oni ¢ PPECABSTHRRRAY. oS @pé@%‘?l&nﬁer gpap&tmwgﬂﬂﬂawe@ta%dﬂwﬁ%@%f 0. 15

the” catlis Gatalyst FEAS ErpHRY 3 TpeamLe Srepeitfodion orvibis 1 Ay Ro

Xoray  SRECAI K A Rgastan, fulghEps datn of enchia Hge PapRe

crystal L aiiee TRReadotal ubcoh RSV 2000 Rk QUle kel

Cor opar B T e AP AR B0 Wb D100 T Par ' To't hose used in the -

?g})?gim'nﬁgti ﬁg\r‘}@Sl e%?egﬁ §gpre$%gm&§dgga%gygpy® reacti on. m xt ure havi hg t he
‘The MFI-type zeolite of 15 g synthesized similarly to in the

| embodiment 5 on the basis of the absolute dry standard (calculated on the
basis of loss on ignition at the time of thevcalcination at 500°C for 20
minutes) was added to hyd.rdus alumina (Al203 content of 75 weight %, the
X-ray diffraction pattern shown in Fig. 3, SASOL Co., Ltd.) (25.5 g as Al:02)

_ Vof 34 g alumina sol (ALOs cqntenf of 10 weight %, Nissan Chemic;al

~ Industries Ltd) (6 g as Al:Os) of 60g and calcium chioride dihydrate of 3.0 g

. and well mixed. Thereafter, the resultant was placed 111 a dryer kept at

‘v - 120C and dried until the moisture content was r_edtxced to that of a clay.

: Thus_-prepaxed kneade& substance was extruded through a screen having
1.2mm® holes. The extruded mold bod_v,.r was ‘dried overﬁight at 120TC and
calcined at 540C for 2 hours after raising the temperature gradually from

.850T to 540C. The calcined mold body of 20 g was pléced into an aqueoﬁs
solution in which ammonium chloride (Sigma Aldrich Corporation) of 1.6 g

. was dissolved in distilled water of 60g, and treated at 80°C for 1 hour, with

occasional stirring.  After such treatment, the agqueous solution was
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510W A1203 30 OH/Si2 0.175 A A1203 2:5 Wartrate) H2O Si02 20 5 The
reaction mxture was put in an autoclave capacity of 1000 nL to be seal ed,
whi ch was then allowed to react for 72 hours at 160t, 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 at about
120t overni ght. 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

pos . e AR tbh Sl SHE S b ronteia Ui S KL, 017
The Si 2/ A12C3 ' f t qlit f d to, be 25 by .a_.
1o eeseaier Bt 5. et TR b Sen B Besh PR bR el e
lit wd 30 5 f h t andag d ¢
(cal cur ABHeRRalviee e MEBR RS tn ongl BO AP R bREERt on o
500" C d i | ' ' : L de. ( Si
A dr i en EoPBE e iy WHARHECSE SP Tt A e TR SR W =1 207
d t ) . . i , . i1
o e Soffubled o iR MieR, 16N Honl BB SbIar e
T Xt Ur € s rdfs0es wisdridl svdraigtle WRIRIDCIduhL] BYiRg, 2he CEBEALREIRAS L NMES.
The resultant mxture was imrersed in a perrhenic acl aqueous sol ution
(Rare Myf@dtedr QSHEChy @dgER sulhld- Ae 25010% 2 KARLANNIKY hPdrofin LaEd® at

roomtenperature and left. for 2 hours, while being stirfed 34 every 30

M nut es atfdsphetd)Canilidr eglcined e FA0CUfR 2Dure IRV 21Xl Abdollowit ure was
dried at 120 C overnight, the resultant m xture was nolded into a

3mm acr ehe @tialybda'&i dbiblretiated by “cdtalystt HTRCCal@uml bentaritdahd dsoddim:

“ content of the catalyst were determined by the atomic absorption

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 the ICP emission spectrography, as a result, the quantity
vé_as 0.38 Wéight % as Re metal. This catalyst was ground and subjected to -
X-ray diffraction, resulting in a finding that X-ray diffraction intensity ratio
‘of the crystal lattice plane spacing -d-value of 0.196nm (20=46.18°) to the
crystal lattice plane‘spacing d-value of 0.386nm (20=23.04°) was 15:100.
- Embodiment 7 — not forminé part of therp.resent invéntion (preparation of catalyst I)
The catalyst prepared éiﬁailarly-zis in the embodiment 5 was placed.
* into a solution in which nickel nitrate solution (Hayashi Pure Chemical
Industries Ltd.) was contained in place of rlienium at 1000 weight ppm as '
Ni in' relation to the catalyst. The'N_i supported on the catalyst was
.deterﬁined by the ICP .emi'ssion sﬁectrography, as a result, the quﬁntity
was 850 weight ppm. The catalyst ié abbrevidted to “catalyst1”
. Embodiment 8 — not forming part of the present invention (preparation of catalyst J)
' Raw materials similar to those used-ix:._l tﬁe embodiment 1 Wére used to

prepare an aqueous reaction mixture having the following ingredients.
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25 g. was ground to be classified by crashing to obtain a nold body of 15
g. having 12 to 24 neshes. The nold body was treated wth hydrogen sul fide
at 2501 for 2 hours in a hydrogen sulfide stream and put under cal ci nation
at 5401 for 2 hours in the atnosphere. This catalyst is referred to as
"catalyst 1C hereinafter. Sodiumcontent 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 0.11 weight % This F
catal yst wa to be asured by X-ray diffraction. Fig. 12 shows the
result and ?ﬁezggﬁgb difffgﬁtion intensity ratio of the crystal lattice

spacing d- -af 0.196 0=46.18) to the crystal lattice spacing
4-val ue of v(gt%éﬁ% (20:22,@ ) was proved to be 3:100. Enbodi ments 10 tol7

and conpar atA)/_ﬁ:z@&arrpl es 45 pho 6 %ﬁgﬁ&yﬁt@ fromAto Kwere filled into -
reaction tubes respectively by .5 g. and xyl enes contai ni ng et hyl benzene
were put undgipgd@sphase’ ggeaction in the presence of hydrogen. Table 1

and Table 2 show the results. 33 owq+ oao. CL.-. E_o=D U v
' 0,6 MN. < Phrefdtioh mhitud/ wakfplit in an- abbcCRRAPaMyTHE 1000 il t6l~DOh
000000..0 PP MONNN+O Ca'd VOOkn UNDb4LNnC7tl YmTrtl Cy+V

KTE b Sealedy {wthivh wa€ thel 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 q._tied
at about 120 Covernight. | -

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

The result of FE-SEM observation of zeolite is shown in Fig. 10. The

. average crystallite size was 1.5 micg;on at the major axis and 1.5 micron at

the minor axis.
" The SiddAlea mole ratio of the z.eo]_if;e was found to be 51 -by a
: ﬂuorescent X-ray diffraction analysis. |
_ Hyd_rous alumina (Alz()g‘content of 75 wéighf %, X—ray- diffraction .
| pattern shown in Fig. 3, SASOL Litd.) of 40 g. (et.luivalentr to | ALO;, of 30 g)
and alumina sol. CAIZOJ;,-_ content of 10 ﬁveight %, Nissan Chemical Industries
Ltd) of 60 g. (e’q'ixivaleﬁt to _Aﬂzoa of 6 g.) were added to a'bove-synthesize(i.

" MFI-type zeolite of 10 g. on -the basis of the absolute dry standard
(calculated from the loss on ignition durmg 20-minute calcination at 500t)
to-be well mixed. Thereafter, the résull;{m_t mixture was placed in a dryer

" | kept at 1207 and dried uﬁtﬂ the moisture content was reduced to that of a

" clay. The kneaded mixture was extril_ded ti:u‘jou.gh a screen having 1.2mm

holes. The extruded mold body was dried at 1207C overnight and put under
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calcination at 540TC for 2 hours after gradual elBVétIOD or} temperatures

from 350C to 540°C. The calcinated mold body of 20 g. was added in an
aqueous solution in which ammonium chloride (Sigma Aldrich Corporation)- _
of 1.1 g. and calcium chloride dihydrate (Cahc Co., Lt(i.) of 1.3 g. were
dissolved in di,sl;illed water of 60 g. and treated at 80C for 1 hour, while
being stirred intermittently. After such treatmeﬁt, the aqueous solution was
removed and the resultant mixture was washed with distilled water and
filtered reﬁeatedly '5 t’imes. Furthermore the mixture was immersed in a
perrhenic acid aquéous sdlution (Rare Metal Production Co.; Ltd.) of 30 mL
" containing Re of 100 mg and left at room temperature for 2 hours, while
being stirred every 30 minutes. After the moisture in the mixture was:
removed and the mixture was dried at 120°C. overnight, the mixture was
treated with hydrogen sulfide at 250'C for 2 hours in a hydrogen sulfide
stream, and _subsequently put under calcination at 540%C for 2 hours in the
atmosphere. This catalyst is referred to as “catalj;st J” hereinafter. Contents
of calcium and sodium in the catalyst were determined by an atomic
~ absorption spectrometfy, resulting that Ca and Na.were of 0.15 weight %
* and 0.3 weight % -respectively. A quantity _of rhenium supported in the
" catalyst was determined by ICP emis_sio'n spectroscopy,.resultiﬁg Re metal
0 k to be of 0.37 weight %. This catalyst was grodﬁd to be measured by X-ray
diffraction, and the X-ray diffraction 'intehsfty ratio ﬁo‘-f the cryétal lattice
" spacing d-value of 0.196nm (26=46.18°) to the cryl'stal lattice spacing d-value
of 0.38.6_11111 (26=23.04°) was proved to be 11:100.. |
Embodiment 9 (syntﬁesis of zeolite) and comparative example 3
5 (brepara;tion of catalyst K)
Raw materials similar to thoseltilsed in thé embodiment 1 were used to

_prepare an aqueous feaction mixture having the following ingredients.
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S102/A103 30

OH-/510¢ 0.175

A/ Al:03 2.5  (Aitartrate)

H:0/ 5102 20

5 The reaction mixture was put in an autoclave capacity of 1000 mL to

be sealed, which was then allowed to react for 72 hours at 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 dried
at about 120 Covernight.

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

The result of FE-SEM observation of zeolite is shown in Fig. 11. The
average crystallite size was 0.05 micron at the major axis and 0.05 micron

15  at the minor axis.

The Si02/Al:03 mole ratio of the zeolite was found to be 25 by a
fluorescent X-ray diffraction analysis.

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

20 minute calcination at 500C) was added to an aqueous solution in which
ammonium chloride (Sigma Aldrich Corporation) of 15.2 g. was dissolved in
distilled water of 150 g. and treated at 80°C for 1 hour while being stirred
intermittently. After such treatment, the agueous solution was removed
and ‘the resultant mixture was washed with distilled water and filtered

25 repeatedly 5 times. The resultant mixture was immersed in a perrhenic acid
aqueous solution (Rare Metal Production Co., Ltd.) of 100 mL containing Re

of 150 mg at room temperature and left for 2 hours, while being stirred
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every 30 minutes. After the moisture in the mixture was removed and the
mixture was dried at 120C overnight, the resultant mixture was molded

into a -3mm'across cylinderical form by a tablet machine. The mold body of

25 g. was ground to be classified by crashing to obtaiﬁ a ﬁold body of 15 g. ‘

having 12 to 24 meshes. The mold body was treated with hydrogen sulfide at
9250°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 spectrometrf; resulting Na to be of 0.4 weight %. A

.qxiaﬁtity of rhenium supported in the catalyst was determined by ICP

emission spectroscoﬁy, resulting Re metal to be of 0.11 weight %. This

_catalyst was ground to be measured by X-ray diffraction. Fig. 12 shows the
" result and the X‘ray diffraction intensity ratio of the crystal lattice spacing

d-value of 0.196nm (26=46.18°) to the crystal lattice spacing d-value of |

O.?;BGnm (26=23.04°) was proved to be 3:100.

Embodiments 10 to17 aﬁdrcomparative examples 4 to 6

Catalysts from A to K were filled into reaction tubes respectively by

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

" reaction in the presence of hydrogen. Table 1 and Table 2 show the results.
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chggr}errpelragure C 360 60 60 64 .64 .64 action pressure IVPaMG 00 /F
g cath 27rrg )9 35215 353 (2)/4F Tgl/ggl prlolled raw mat eri al 1 w% .00 3.00
04 8NP 1-07 .03 .06 .03 Z 1.01 5 7 11 o150 00 3 22 589 b
) ) ) ) .37 .37 .11 OL 1.50 .00 3.22
é?4%61§2$3'ig 2?117 §f '?151?'88 18684037'83 X 6.80 12.53 42.31 gé§g4 B-x
. . . - . . . . Z. .03 .44 .33 1.21
comversion oK U587 128 5.0 X EX 3.0 9.4 5.7 l0ss 8 2 .8 Ac 03,18 &
t he conparison of the enbodinents from10 to 17 vmotsfl °2 .8 According to

Table 2 Performance of each catalyst

Embodiment PZmbodi.ment P‘]mbodiment
4 5 o G )
action condition Catalyst B [CatalystC _ Catalyst K
action temperature °C 360 1360 360 '
action pressure MPa-G 0.64 - |0.64 0.64
fF g-cathr/g-mol 30 30 30
2/F mol/mol , 3.5 - 3.5 3.5
Supplied | .
raw
oaterial
wt%- 0.00 0.00 - 10.00
2.47 3.24 13.21
10.04 0.10 0.08
o .01 ’ 0.02 0.03
wt% [0.000 [jo:03 0.05 0.04 -
0.07 0.03 '0.06 0.03
0.01 5.37 5.37 5.11
{1.50 2.00 3.22 - .69
1516 .26 4.17 5.17
"10.91 18.59 " NhB.84 17.78
56.80 4253 42,31 39.34
25.47 19.73 19.37 17.91
0.00 0.00 0.00 - 0.00
).03 0.44 0.33 1.21
0.03 0.43 0.32 [2.95
0.00 11.07 0.85 0.62
0.00 0.96 0.72 ] 0.65
0.00 0.04 0.03 . 10.18
"[EB conversion wi% 58.7 72.5 65.9°
E\I{UEK S | 23.0 03.4 23.7
loss ‘ 2, 8 . 3.2 - 19.8

" According to the oompanson of the embodiments from 10 to 17 with

" the comparative examples from 4 to 6, the conversion catalyst for xylenes
containing ethylbenzene in which X-ray diffraction intensity ratio of the
crystal lattlce spacing d-value of 0.196nm:h'0.002_nm' 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 CODd.lthD.S where the ethylbenzene convéréipﬁ

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

Embodlmcnt 18 - not forming part of the present invention (preparafion of catalyst L)

Hydrous alumina ( A,05 content of 75 welght %, SASOL Ltd.) of 40 g.

(equivalent to A1:0;0f 30 g.) and alumina sol (A3),0; content of 10 weight %,
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t he conparative exanples from4 to 6, the conversion catalyst for xylenes
cont ai ni ng et hyl benzene in which X-ray diffraction intensity ratio of the
crystal lattice spacing d-value of 0.196nm -0.002nmto the crystal lattice
spaci ng d-val ue of 0.386nnf0.008nm ranges from7:100 to 35:100 shows | ow
xyl ene | oss under reaction conditions where the ethyl benzene. conversion
rate and the rate of isonerization to para-xylene are high. Enbodi nent 18 -
not formng part of the present invention (preparation of catalyst L)
Hydrous alum na (A4-1 03 content of 75 weight % SASCOL Ltd.) of 40 g.

(equi Wikenh ClerAlhl ndist3tesglid And 60 grienmisalent Ab-AkBs coh6 @t were 10 wei ght
% 38 N ssan Chemcal Industries Ltd.) of 60. g. (equivalent to Al203 of 6
g.) waddedaddde MFIttype Meblity syntbosized shyianlysiy sal thersmbedipnend § n t he
enbodinment 1 6 on the basis of the absolute dry standard (cal cul ated from
t he | oasthe basis gofi theombeohiteg d2g- standaad c&iaémﬂa{@cbrfram ghot dosgromp g. to
be well. mi-xed. Thereafter, the resultant &xture was ac |n dryer

kept agnitket damihg 80imethutet ¢alcinatinniah HOQ d?ftmngv@s ~that of a
clay. The kneaded mi xture was extruded thr ougg a sgpe hla%d]ﬁ 2mi

hol es Theweaftex thedeesubisind wawtune svas plagedin @ Bt g”diﬂ under
calcination at 540t for 2 hours after gradual el.ev t|o of te atures

fr om 85ikd uotil $he nmistnye comtenh e redEd H@&;‘%Pf n@‘* 0 an

2 grinites Wngs oF VUt CIRE | BaSGERED, Har 3'35”‘% (¢ Bdled B 50 't or
5932;9@4@33@3}' I%@%@f%éﬂ@ raeRh HE g B EERUIR edl\t/\nhl(:a? d
e phird B iﬂa e 2d] %ﬁ%&w@%@’érﬂa@%&%ﬁ%ﬁg Lid.) o
ot th»%@‘*%&i@e” S5etning T he R0 SRR U Bt st v,
xt P VB a?%a%rﬁﬁnwmﬁtc%lﬁvgsﬁ%%m R S
hydr 0%‘%?#&& 'ﬂeﬁﬁﬁﬁgci‘%a@}dof 60 g. and treated at 80C for 1 hour, while

being stirred intermitténtly. After such treatment, the agqueous solution was

removed and the resultant mixture was washed with distilled water and
filtered repeafédly 5 times. Tﬁe ﬁMe was immersed in a pgrrhenic acid
aqueous solution (Rare Metal Productioﬁ Co., Ltd.) of 30 mL oonta_mmg Re
| of 80 mg at room temperature and left for 2 hours, while being stlrred every
30 mmutes After the moisture in the mixture was removed and the meture
‘was dried at 120C overnight, the resultant mixture was treated with
hydrogen sulfide at 250C for 2 hou:;é in a hydrogen sulfide stream, and
subséquenﬂ‘y put under f:aléination at 540 for 2 hours in the atmosphere.
This catalyst is referred to as "catalyst L hereinafter. Sodium content in f,he
catalyst was determined by the atomic absd;ption spectrometry, resulting |
Na_ to.be of 0.4 weight %. A quantity of ;henium'supported in the éatalyst
v 'was determiﬁed by ICP emission sPectroémpy, resulting Re metal to be of
- 0.35 weight %. Tlns c;aﬁalyst was ground to be measured by X-ray diffraction,
aﬁd the X-ray diffraction intensity ratio of the crystal lattice spacing d-value
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subsequent |y put under calcination at 5401C for 2 hours in the atnosphere.
This catalyst is referred to as "catalyst L" hereinafter. Sodiumcontent 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 catalyst -was determ ned by.|CP em ssion spectroscopy, resulting Re
netal to be of -0.35 weight .6. This catal yst was ground to be neasured by
X-ray diffraction, and the X-ray diffraction intensity ratio of the
crystal lattice spacing d-value 39 of 0.196nm (28=46. 18) to the crystal

| attice spacing d-val ue of 0.386nm (20=23,04) was provgﬁa ‘2 él 100;
Enbodi mesft 0.196nnn €26£46.18Mg tpahe Olfystﬂelﬁtl.‘@emaqmﬁéilﬂ"ﬁ (08 g% B on of
catalyst M Hydrous-alum na_ (Al b03 content of 75 weight % SASOL Ltd.) of
40 g. H26ef8i044) wnat provéd tebB8081:300.9.-) and al unmi na sol (A1Z03 content of

10 ht % N enfibn cati a A1203
wel Ot 2 SR TS TR EPhnhREHELF Erckhinerin @rdraibporiatnlen) {0

o Bh) et i h (o e P e e oL 10 9 Synihesiecd 5 arly o
e RIS o b
?’Lelﬁgea(ggglvﬁp?(??r gﬁb Ohoii%fﬁtﬂ%cftﬁir hﬁ%lmg&gé cf’ggﬁict ﬁbo tF% g)l 2Sday
e e e
from 3503!1_ %B’ ‘tﬁ’eTﬁ%Oltf}ﬁl ngyﬁﬂ%%gze of aglilngg g%rggé@to an
0501 b “a%l o apn%ﬁ%oaﬁmxgh&@ 0 R Gylncngogons o) of

dissolved in_ distill r gat '@tgq)@via]ni]xbdur
whi | e bePfg & &f@é‘&n 'lgn e 7 {T'Fbg %??gl&gugﬁ@ea{ nment, the aqueous

sol gb' O“Eié?ﬁa[f%g‘éiéﬁ é‘&ﬁt&&t tﬁf‘eswafsaﬁ'lac@uhta dryes keps aed 20°C rard st | | ed

repeated 5 tinmes.” The mxture was i mersed in an

e RN o b Lt o et 0

bei ng stifLEeCVRlY extﬁﬂied through a screen havmg 1.2mm ® holes. The
‘extruded mold body was dried at 120T overmght and put under calcination
et 540C for 2 hours after gradual elevation of temperatures from 350C to
15 5407T. The calcinated mold body of 20 g. was added to an aqueous solution
" in which ammonium chloride (Sigma Aldrich Corpora-tion) of 2.2 g. and

'magnesmm chloride hexahydrate (Cahc Co. Ltd.) of 1.8 g. were dissolved in -
d.lstl.lled water of 60 |2 and treated at 80T for 1 hour, .thle being stn'red
intermittently. Afber such treatment the aqueous solution was removed and

2'0'- the resultant n:uxture was washed with d_lstﬂled water and ﬁltered |
repeaEdljr 5 times. The mixture was-immereed in an agqueous perrhenic acid
solution (Rare Metal Production Co., Ltd.) of 30 mL containing Re of 80 mg
at room -temperatﬁre and Ieftffor: 2 hours, while being stirred every.30
, inihutes After the moisture in the mixture was removed and the mixture
25 was dred at IZO'C overnight, the mlxture was treated with hydrogen
i sulfide at 250C for 2 hours in a hydrogen sulfide stream, subsequently put

under calcination at 540TC for 2 hours in the atmospher_e. This catalyst is
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m nutes. After the noisture in the. mxture was renoved and the m xture .25
was dried at 120' C overnight, the mxture was treated with hydrogen

sulfide at' 2501 for 2 hours in a hydrogen sul fide stream subsequently put
under calcination at 5401 for 2 hours in the atnosphere. This catalyst is
40 referred to as "catalyst M hereinafter. Contents of magnesium and
sodium in the catalyst were determ ned by the atom c absorption
spectronetry, resulting that My and Na were of 0.13 weight % and 0.3

wei ght % respectively. A quantity of rhenium supported in the catal yst was

wel ght referted so eseRATSURS BTOURATED BeRrEIs O Sogy Lm0 2
- val utn ghe satmpsezo_determyiied vhatE: plific pEpRiuSL kRGN0
S AN LR
wei ght I%Pe‘ﬂ‘éei%n fen@neely, 8 ugﬁg?g)s{nL% g‘.p?'ho GSmS%l(eeqct%%%lg%ten?@%o
?ﬁ%zf)ga;ﬁré’gl&eﬁlmﬁﬁ gcﬁgﬁ’?}%ihg n%%t%%e%éqg ?%;R%%é&glbg;b&m}a?dst andard
(cal culBkefle b Ohik8 odyRE S ol bro ARl to s Aidalslfed By N-RaY diffdlctionpbndn at

5001) ! ter, the resultant was placed in a dryer
kept, agml%g.l an 5@_&@1 Wtddsity! BRidOF $he Ry §tantigiticeegadigg deedueeft hat of a
@ k8% AT X

cl ay. ure  was extruded through a screen having 1.2m%'

hol es. 0115‘61?6{ g%%e_%?gt)d%?b&g,y Mostdr iRdicat s g dwedneobf (e386mut under

cal ci natTon a hours after gradual elevation of tenperatures

from 3p63L 5 Theed €#bei A@tgs. nol d body of 20 g. was- added in an
aquedu-gggg?%@#oﬁﬁ%ﬁ p\/\/ni ch ammoni um chl oride (Sigma Al drich Corporation) of

1.1 g. and mabsdiwent 20 (repdeatibhycatadystChic Co., Ltd.) of 1.8 g. were
dissolved in distilled water of 60 g. and treated at 801C . for. 1 hour,
whi | e bei ng Fsfdrous Gliptia fis,ep toytent AfftHr weight Y% 4SRN Bcreous
solution was renoved and the resultant. . _
(equivalent to A0; of 30 g.) and alumina sol { ALO; content of 10 weight %,
Nissép Chemical Industries Ltd.) of 60 g.. (equivalent to Au?zgsof 6 g) were
| added to MFI-type zeolite of 10 g. synthesized siinilarly as in the
* embodiment 1 on the basis of the absélute dry standard (calculated from the
loss on ignition during 20-minute calcination at 500T) to be'well_ mixed.
- Thereafter, the resultant was .pl_aced in a dryer kept at 120C and dried unt;l.l
o -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 12QC o_vernight and put undér calcination at 540TC for 2
hours after .gradual-elevation of temi)erafufes from 350C to 540"0. The
calcginated mold body of 20 g. was’ added' in an aqueous solution in which
ammc;\niilm chloride (Sigma Aldrich Corporation) of 1.1 g. and calcium -
.chloride dihydrate (Cahc Co., Ltd.) of 1.8 g. were dissolved in distilled water
. of 60 g. and treated at 80C for 1 hour, while being stirred intermit@ently.

" After such treatment, the aqueous solution was removed and the resultant.

mixture was washed with distilled water and filtered repeatedly 5 times. -
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m xture was washed with distilled water and filtered repeatedly 5 tines.

41 The m xture was i nmersed in an aqueous perrhenic acid solution (Rare
Met al Production Co., Ltd.) of 30 nL containing Re of 80 ng at room
tenperature and left for 2 hours, while being stirred every 30 m nutes.
After the moisture in the mxture was renoved and the m xture was dried at
1209C overnight, the m xture was treated with hydrogen sul fide at 2501 for
2 hours in a hydrogen sulfide stream and subsequently put under

cal cination at 540‘C for 2 hours in the atnosphere. This catalyst is

referr gﬁa& é%fi#%‘%ﬁ %fggh,g{ Gn'3bhebus PeppRie Afid clativm @adesodi um in

t he e ‘atom ¢ absorption spectronetry,
resul ti at Na yygne 1.8 cHRiHing RN o1 BE nigi Moo
respectl\rig@?]y% u ;b} \%? ﬁeﬁou%nsupportedgol n the catal ysws
det er m.ned SQRRNg stiefd évdry Feminttds. Aftelve of
"0, 35 \kgpbqﬁryig}lr%d R cfﬂa?ﬂoﬁi’@%hﬂ gs g .

yst was ground to be neasured by X-ray

di ffrag Ls"’ Hioid rn?ﬁ%etupé fb 48 Gbhvednaed Sheymiatire whast dged afst al
| attice C|ng of -0.196nm (20=46.18) to the crystal Iattlce

spaci n £0¢ 0738 teédtedasithiiyalregden cubizd8at 250C
Enbodi glét{t;d‘}é?%ggpar}g%?g%% of catal yst 0) I—|ydyrﬂ(§33 al um na. ( A1203 cont ent

of 75 wp Yo s%sqydﬂ)geﬂ giilfide Gstrefeyuud snbsequentlihoput omdey g, ) and
al um na so ]E 203 content of 10 weight - 20 Ni ssan Chem cal Induaerl es

Ltd.) Cﬁaléﬁaﬂion(my@l P12 houhd 2 Bhefatmogphene Bhisdatalyeb IV TFfe zeolite
of 10 g. synthesized simlarly as in the enbodinent 1 on .the. baq s of .the

absol utt%, sy “@taRLand (kerebna ferd Contentshof dadeiynp rand; fodivm iRy iJrﬁ’g

20-mi nute cal cination at 5000 to be well m xed. Thereafter, t resul tant.

was pl agRelat werdr Jeterintned ity 120 atmiel absomiiomspectyomety. FEF IR cont ent
was reduced to that of a clay. The kneaded  m xtur.e % ext rt"'djd %Zhrough a

screen giait 0g dndiNal vheecsf 0THe wesighti Yo and 0 Pt FEFPPERVAL- T201Cc

overni ght and put under cal ci natlon t 540" C for hour gr adual
el evat | uandity efpdreniume suppontesh ct%% ogAplyet WA d‘ﬁermmeé & 18P

' ennssmn spectroscopy, resultlng Re metal to be of 0. 35 weight %. This
catalyst was ground to be measured by X-ray diffraction, and the X-ray
| diffraction mtensu:y ratio of the crystal lattice Spacmg d-value of 0.196nm
(20=46.18°) to the crystal latticé spacing d-value of 0.386nm (20=23. 04°) was
proved to be 30:10C. .
Embodiment 21 (preparatmn of catalyst O)
" Hydrous alumma ( AL,0; content of 75 wexght %, SASOL Ltd.) of 40 g.
| (equivalent to A,0, of 30 g:) and alumma sol { A1203 conbent of 10 weight %,
20 Nissan 'Chemical Industries Ltd.) of 60 g. (equivalent to ALO; of 6 g.) were
‘added to MFI-type zeo]'ite of 10 g. s'ynthesiz.ed similarly as in the
embodm:\ent 1 on the basis of the absolute dry standard (calculated from the ‘
loss on ignition during 20-minute calcination at 500C) to be well mixed.
Thereafter, the resultant was placed ina dryer kept at 120C and dried unil
25 the moisture content was reduced to that of a clay. Thé kneaded mixture
o ‘was extruded through a screen havmg 1. 2mm<1> holes. The extruded mold

‘body was dried at 120°C overnight. and put under calcmatmn at 540C for 2 .
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calcinated nold body of 20 g. was added to an aqueous solution in which
anmmoni um chl oride (Sigma Aldrich 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 intermttently.
After such treatnent, the aqueous solution was renoved and the resultant
m xture was washed with distilled water and filtered repeatedly 5 tines.
The mxture was i mersed in an aqueous. perrhenic acid solution (Rare
Metal *~ Production Co., Ltd.) of 30 nL containing Re of 80 ng at room

t enperature nd left for 2 hoursg, while. ' [ OmmRenuUt eS.
Af'[ne)r ﬁﬁg‘rs rﬁ:f&é't g?‘éa‘ézl‘l F{?@’%ﬂ%ﬁ& ete%éer?%%%/sggr%hé 5t e %18%%9}2 \/\'I/amsen gri ed at
120" C oyernj ght, e Jn X e was, t ] fii 250' C
for 5 calimatatnmoly adl i 205 e W' AR o 4ah (LR LBIntiLL R ORRM 7
calcination .at :yH540lC.&Qr q. | BhIE re- [ st is

r ef elr'ré‘ﬂ’lllj’(?né'ém c%%@é%l@gh%%;%ﬁ)@%m ent gpgfés?rﬁgln?rﬁ?r% -sol:li um

in the c@%ﬁ@’g‘fﬁ%ﬁ @ &f figﬂg_gwggez mﬁimnccl@mﬂmam SABOGE. ket ry,

resul t ™ were I ght % and 0.3 wei ght %
{jgfgfﬁq&gée’fgﬂegyaq“gg@% ¥ Wfur, WS BRiAEARAAN A dirtBrih e nelyalAfelr such

em ssion 3pectroscopy, resulting Re netal to be of 0.35

vel ght (oot (e Skole SolGGH Wat Grobfovaaudethd yesultany mixthract i on.
and the X-tay diffraction intensity ratio of the crystal lattice spacing

d-val u%n?% @%&@%{tﬂoaﬁ@m@& wheer B & Iséid Irepeatedlys phctimgsd Thed ue of
0.386nm (20=23.04) was proved to be 30:100:. Enbodi nent 22 (preparation of

cat al Y $hi e MO b8 lia. anAlpRdueopéehienid a¢il selugion (BasAdetaltd.) of
33.3 g. (equivalent to : Al1Jp3 of 25 g.) and alum na sol (A1203 . content

of 10 PyejdabtioeCe 334D o8 ndakcontaining Resofl 8@ ng af réomgtemyergbual ent to

A1203 of 6 43 g.) were added to MFl-type zeolite of 15 g. synthesized

si mi | apd dsfti fort % haanbpdirhilat bdingn sthveed aevegyo B0t FUNHEES | rdtBe st andard

(calculated fromthe loss on ignition during 20-m nute calci ni%bgn at

BOOC) tmoisturedf the xeikturdveas zémovediand the unire was griedert dryer

kept at 120 C and dried until . : ,
overnight, the mixture was treated with hydrogen sulfide at 250C for 2

hours ina hydfogen sulfide streain, and subsequently put under _calcination
at-540C for 2 hours in the atmosphere. This catalyst is referred to as
“c‘atalyst-vO" ﬁéreinafter. .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
‘A-rlzl'enidm supporfed in the caialyst was determined by ICP emission
'- spectroscopy, resulting Re métal to be of 0.35 weight %. This catalyst was
| ground to be measured by X-ray d.iﬁ_fraction, "and the X-ray diffraction
intensity ratio of the crystél lattice spacing d-value of 0.196nm (20=46.18°)
to tht'a crystal lattice spacing d-value of 0.386nm (20=23.04°) was proved to |
be 30:100. - | |
" Embodiment 22 (preparation of catalyst P)
Hydrous alumina ( ALO; content of 75 weight %, SASOL Ltd.) qf 33.3
" g. (equivalent to --AH;203 of 25 g) and alu;niﬁa sol {{ALO; content of 10
weight %, Nissan Chemical Induétries Ltd) of 60 g. (equivalent to ALO; of 6
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5 the noisture content was reduced to that of a clay. The kneaded m xture
was extruded through a screen having 0 5mm(D hol es. The extruded nold body
was dried at 120t overni ght and put under calcination at 5401 for 2 hours
after gradual elevation of tenperatures from 3501 to 5401. The cal cinated
nol d body of 20 g. was added to an aqueous solution in which 10 amoni um
chloride (Sigma Aldrich Corporation) of 1.65 g. and cal cium chloride

di hydrate (Cahc Co., Ltd.) of 2.7 g. were dissolved in distilled water of
60 g. and treated at 809C for 1 hour, while being stirred intermttently.

'r?{];'?lrjr ZU%gF)Cﬁ@%egga%q tﬁggl/[s? :ﬂ‘Héézewa]f ggr’f anc?'f ﬁln'ltrt% e% rtsapeat elgl y&'r 5 'ltﬂllérrggt 1|5
T : o : _ : . . Ve
e mxtur gg@@%%;%gft%%gs BEHIRONDSAREY BRLG AR (SAbulbkan fofatRe Neta

Pr oducti on cont al ni ng at room tenperature

and | eft 1 fes 2o 9Pk Rion Aok 20 Ainthib I d-AUNEYBRY 2 BBO0 e wéll! Rixddhe

{
noi sture in the ure was renoved and the m xture was dried at 1201C

over ni ght, TREe St Yhe r¥RTtdriiSM4EPlabelInhy dFRaapt Wt 1206 ahd2b@dd 2@tllor 2
hours in a hydrogen sulfide stream and subsequently put under calcination

at 540ts f Ofh2 nhiGidfisrel EbritBBt HSERMRE] toTthat 6PhaAllyE! The Wiadedemhixtiure as
"catal yst P" hereinafter. Contents of calciumand sodiumin the catalyst

wer e det er giaResktpidéd ehehdt 6 sabeat baving rfanr dnkoley., Thesxittudegl nidldt Na
and Ca were of 0.27 weight %and 0.3 weight %respectively. A 25 quantity
of rheni unbsdyppard dded mtt1297T avainight vasl pret andenealchatidPat 6403s ifon2
spectroscopy analysis, resulting Re netal to be of 0.37 weight % This
catal yst wasugy afiet gdual ndesaticad ofteXaperptaest frant i30AC diod540E XThay 44
diffraction intensity ratio of the crystal lattice spacing d-val ue of
0.196nm (&dsimtad)mobl bbdy of 2 gl waat added $pagi aguecymbelatvn o

(20=23.04) was proved to be 15:100. Enbodi nent 23 (preparation of

catal yii Qunipomiows ciloride(Sizmazabdcdht Soxposativs) & HAP 8 asdseplcym) of

33.3 g¢. (equivalent to 11203 of 2 .)_and aluym n ol Al1203 .content of
T0" “ve ght citpriesbhndeaerCodic Gndlit) b2 T 2qwprofiasonsd retsrdadoRiioro
A1203 offd

of 60 g. and treated at 80C for 1 hour, while being stirred intermittently.
After such treatment, the aqueous solution was removed and the resultant
mixture was washed with distilled water and filtered repeatedly 5 times.
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 120°C overnight, the mixture was treated with hydrogen sulfide at 250
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 fo be of 0.37 weight %.

This catalyst was ground to be measured by X-ray diffraction, and the X-ray
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g.) were added to MFl-type zeolite of 15 g. synthesized simlarly as in the
enbodi nent 1 on the basis of the absolute dry standard (cal cul ated fromthe
|l oss on ignition during 20-m nute cal cination at '5001C) to be well m xed.
Thereafter, the resultant was placed in a dryer kept at 1201 and dried
until the noisture content was -reduced to that of a clay. The kneaded

m xture was extruded through a screen having 1.2mm D hol es. The extruded
nold body was dried at 1209C overni ght and put under calcination at 540'C
for 2 hours after gradual elevation of tenperatures from 3501 to 5401..

The cahfrnatief iR skitp P4l o20h@ cryial ddtieek spacingadrvabus of6l196non i n
whi ch  ammoni um chl oride (Sigma Al drich Corporation) of 1.65 -g. and

cal ci unfoghi 18 eo €hb e stab 14 tidecsparing Qtvhlueiof B.IB8enmeH=28i0d90Fased i n
distilled water of 60 g. and treated at 80t for 1 hour, while being
stirredpided toidet er3tiop. After such treatnment, the aqueous sol ution was
renoved and the resultant mxture was washed with distilled water -and
-filtered reBadbodithgnt®3t (preparatitreoftatalyss Qhs i mersed in an aqueous
perrhenic. acid solution (Rare Metal Production Co., Ltd.) of 30 niL

cont ai ni ng RlydfowB0ahymana ( dds0; temjest of Mdcwaight) % SASWLLHIN $3.-3ni | e
being stirred every 30 mnutes.” After the noisture in, the m xture was

r emov edgaeqivalemitx tairstog sofi 28 ¢ Jaand 1glmminge sal gkixl;01 heomtert of elias
treated with hydrogen sulfide at 250t for. 2 houys i.n a hydr n sulfide
st r eam waaght%bMisgam Ohenpgal Tndrastriesd tda) of 61hg; Eﬁﬂ"di’ajﬁﬂé*@ﬁﬁ%i ‘?sfgour sin
t he at nosphere. .This catal yst is retpz_r rfgd to.as. catal iiSt Q#ehe ei nafter.
Cont ent g)owermaddedntart i gapenraalite i 128 sypthesized syatlarlyi Bt 1P t ne

atom ¢ absorption_spectronetry, .resulting ‘t hat ,Ca an f O{heo' 25 _
e ombdipeat ke ke breciate ae ity anderd GenaF BRrCthe o7 e
;Aﬁ:ag\cat | yst was. detrg nine(}(gf_)q\l;.lclg ebfssi-o;ﬁ?ipgﬁb%s&o%,w ;Sr {ngggrl?g -
met al -t %eOBf‘gﬂt%%W o%fﬂf‘ec?‘ﬂl%%?%?yast was ‘ground %o € neasured
by X-r di ffj j d_{ he X- -di f ' ' [ ' th

o yat ol fhererd thaderglant Ml id huiRF keRE p WPHC s daid ulll T
atticegpacing, & ¥aldig . ofa s S800M (FEEZEPH) cl¥9S The kneaded mixture

was extruded ﬂﬁ:ough a screen having 1.2mm® holes. The gxtruded mold

body Was-_dried at 120C overnight and put under calcination at 540T for 2

5 hours after: gradual elevati;)n of t.empg'ratures.from 350C to 540T. The
. éalcinaied mold - body of 20 g. was added to an aqueous solution in which
ammonium chloride (Sigma Aldnch Corporation) of 1.65 g. and calcium

" chloride dihydrafe (Cahe Co., Ltd) of 2.7 g. were dissolved in distilled water
of 60 g and treated at 80T for l'hour, whileBeing stirred intermittently.

3 After such treatment, the aqueous solution was removed and the resultant
_mixt‘ure‘-was_Washet.i ﬁrifh distilled water and fltered _repeate_dly 5 times.
The mixture was immersed"in an aquedus perrhenic- acid solution (Rare
Metal Production Co., Ltd) of 30 ml containing Re of 80 mg at room
~-t_emperature‘and left for 2 hours, while being stirred ev-ery 30 minutes. After
the moisture in the mixture was remcéved and the mixture was dried at

- 120C overnight,- tl;e mixture was tréabe‘d’ with hydrogen sulfide at 250C for |

'-2 hows in a hydrogen sulfide stream, and subsequently put under .
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proved to be 16, 100. Enbodi nent 24 (preparation of catalyst R) Hydrous
alum na ( A1203 content of 75 weight % SASOL Ltd.) of 33.3 g. (equivalent
to A1203 of 25 g.) and alum na sol ( Al1203 content of 10 weight h, Ni ssan
Chem cal Industries Ltd.) of 60 g. (equivalent'to A1203 of 6 g:) were
added to MFI-type zeolite of 15 g. synthesized simlarly as in the

enbodi nent 1 on the basis of the absolute dry standard (cal cul ated' fromthe
|l oss on ignition during 20-mnutée calcination at '500'C) to.be well m xed.
Thereafter, the resultant was placed in a dryer kept at 120'C and dri ed

until  dalEnBBon At $40°0Moe 1 huars fredHe edmiczphbad. ThisccataByst id hefekrdaded
m xture was extruded through a screen haV| ng 1. Stm®$ hol es. The extruded

mol d  keduswastslysedathekdfiiafomer Togbéntandf pislciunsesind cadditnatihothe at 540t
for 2 hours after gradual elevation of tenperatures from 350" C to 540t.

The calataligt etbrendetebmdiyed by2hegatovaic abdagtion epedsiometsy, yekultiogn i n
whi ch  ammoni um chl oride (Sigma Al drich. Corporation) -of 1-65 g. and

cal ci urthat hCardrme N lwedte anfe0 20akeight % lamt 0. Dweighd. %veaspectivalpl BAed in
distilled water of 60 g. and treated at 80'C for 1 hour, while being

sti r.r edpiantétynof trheniym sapperteduth thecazobadyst wae defeemised dyuiICBn was
removed and the resultant 46 mxture was washed with distilled water and
filter cdnissponspettyogopyngssulting ke xmetd de ohe0.88d weightn Yaqlbisus
perrhenic acid solution.(Rare Metal. Production Co., Ltd.) of 30 ni

cont ai wahalysb veas gmowed 4o beoneasurssl b ¥reawmdiffragtion.oand theuXgaywhi | e
being stirred every 30 m nut After. th noi sture’in the mxture was

r enov e dliffraction mtepsiycratin; ofi the Frystal jagtice GhaemgyHevalppof 49608 was -
| 1 | f
St r oam(PHa 288 iae ey gtal e ttickmacing 4 i ne g aonen DA 09 Rt o i n ¢ he

at nospher.e. d&ﬁ)s catalyst is referred to as "catalyst R' hereinafter.
Cont entPEO8¢ Bi M6il8Rd sodiumin the catalyst were determ ned by the

LM © oo SR BRI QB Ge L, 3,0 Navere of 020
the Cat al ystﬁf@gug %3&&%&?%% c&ﬁtent of 75 weight %, SASOL Ltd.) of 33.3
g (eqmvalent to ALO; of 25 g) and alumina sol LA1203 content of 10
weight %, Nissan Chemical Industries Ltd.) of 60 g. (eqmvalent_t_p AlLO, of 6
g.) were adde& to MFI-type z:eolite of 15 g. s_jmtﬂesized similéﬂy as in the
~ embodiment 1 on the basis of the absolute dry standard (calculated from the
'loss on ignition during 20-minute calcination at 5007C) to be well mlxed
) Théreafter the resultant was placed in a dryer kept at 120C and dried unfil
'the moisture content was reduced fo that of a clay The kneaded mixture
was extruded through a screen havmg 1 "5mm<1> holes. The extruded mold
- ‘body was dried at 120 overmght and put under calcination at 540°C for 2

hours after gradual elevation of te'n_lpe.ratures from 350TC to $40°C. The _

balcina&d mold b;oﬂy. of 20 g. was a(:ided to an aqueous solution in which
animonium chloride (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 hoilr,_ while' being stirred intermittently.

After such treatment, the aqueoﬁs solution was removed and the resultant
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em ssion spectroscopy, resulting Re netal to be of 0.33 weight % This
catal yst was ground to be neasured by X-ray diffraction, and the X-ray
diffraction intensity ratio of the crystal lattice spacing d-val ue of
0.196nm (20=46.18) to the crystal lattice spacing d-value of 0.386nm
(20=23.04) was proved to be 13:100:; Enbodi nent 25 (preparation of

catal yst S) Hydrous al um na( A1203 content of 75 weight % SASOL Ltd.) of
33.3 ¢. (equivalent to A1203 of 25 g.) and alumi na sol (A1203 content of
10 weight % Nissan Chemical Industries Ltd.) of 60 g. (equivalent to,

A1203 of .6- g. d - - /
R e

t d L t f. . . O i '

coi i narhbALUES 5y JhHbinR, i 060 el AorpRoi! b ShHA (are ol aced

in a. dr}Yﬁ?ﬂé%@@;ﬁ}&@ﬁSﬂ%%ﬁ%% URYj leontdilitn MRS tof! 80 ORIt abtrovas T educed

to that™ o ed m xture was extruded through a screen

havi ngg%tdg?&fuﬁo LS3 1eF0Fof g MARY, White eindOftyrradSewtiryed0 anichatds.

over ni put under calcination at 5401C for .2 hours after gradual
el evat | SRepithl GABRbRIMIEthd MBRER0 Wdrébied Thd aiminaieedasdribdody of
ed to

20 g. was a an- aqueous solution in which: anmmoniumchloride (Sigm

Al dri chy CPp0T0 drlightQthd méfxtare anh hrehcedimitls hiydrogen dulfidir at 25QCahc Co.
Ltd.) of 2.7 g. were dissolved in distilled water of 60 g. and treated at

80" C f ofpr 12 MRslirs Tid dhydebgen siilfidedstmuer, ahtlestbsequeatlye pus uader eat ment ,
t he aqueous sol ution was renoved and the resultant mxture was washed -with
di sti | ledciiation #n840T! foe2Houepbathelagnmsphees. Thismatalyst as sefarred nmer sed
in an aqueous perrhenic. acid solution (Rare Metal Production Cq., Ltd.)
of 30 nfo eentaitalysy Re hefrebinfier.aContents of madeinmyrandrredive in bh® hours,
while being stirred every 30 minutes. After the noisture in the mixture
was r enmtelystverehdetermined byatheiptenic absorpdivn spradromghy, EREMASt ure was
‘treated with hydrogen sulfide at 250° C for 2 hours in a hydrogen sulfide
st reamtlmtdCaL&mb(ﬁiemﬁry ofliD-3thesicht % anth 0P weigbs 20 respRCHY¥uUAY i n the
at nosphere. This catalyst is referre . ‘
" P quantity of _rheniux>1/1 supported in &e catalyst was determined by ICP
emission spectroscopy, resulting Re metal to be of 0.33 weight %. This
"catalyst was ground to be measured by X-ray diffraction, and the X-ray
diffraction intensity ratio of the crystal lattice spacing d-value of 0.196nm
© (26=46.18°) to the crystal lattice spacing d-value of 0.386nm (26=23.04°) was
~ proved to be 15:100: - |
| Embodiment 25 (preparation of catalyst S)
'Hydrous alumina(*ALO; content of 75 weight %, SASOL Ltd.) of 33.3
g. (equivalent to ALO; of 25 g) and alumina sol ( ALO; content of 10
weight %, Nissan Chemical Industries Ltd) of 60 g. (equivalent ta ALO; of 6 -
“g.) were added to MFI-type zeolite of 15 g. synthesized similarly as in.the |
embodiment 1 on the basis of the absolute dry standard {calculated from the
Joss ‘on ignition during 20-minute calcination at $00T) to be well mixed.
Thereafter, the resultant was placed in a dryer kept at 120T and dried until
~ the moisture content was reduced to that of a clay. The kneaded mixture

.'was extruded through a screen having 1.7mm®. holes. Thg extruded mold.
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to as "catalyst S" hereinafter. Contents of calciumand sodiumin the
catal yst were determ ned by the atom c absorption spectronetry, resulting
that Ca and Na were of 0.23 weight % and 0.3 weight %respectively. A
gquantity of rhenium supported in the catal yst was determ ned by |ICP

em ssion spectroscopy; resulting Re netal to be of 0.32 weight % This
catal yst was ground to be neasured by X-ray diffraction, and the X-ray
diffraction intensity ratio of the crystal |attice spacing d-val ue of
0.196nm (20=46.18) to the crystal lattice spacing d-value of 0.386nm

- .(20=23.0 was - St ' 28¢5 ' art of
e prz'é%‘ﬁ Wﬁéﬂ?‘?%ﬁe‘%ﬁﬁggﬁ%ﬁﬁ% pHtd y?ﬁ%}?&%ﬁﬁ?gﬁﬁgﬁm%ﬁg{ CAL1103

cont enty, of 75 [ 9 g@%u e yvakerg40C. AL203. of
25 g.) %ﬂﬂrsala'tﬁt\%@ré‘%d&@(ei 1 B&Cdgn%een e%}tﬂ%%s %Or\ﬁkee?%oht "% Ni ssan Chemi cal

I'ndustr @?@’%%gfl)emgid ?gdg -of(ﬁﬂ#ih A LAHdEA Wl hgteohs DIutivA i allitdd t o

MFI-typ . synthesized simlarly as in the enbodinent | on

the basjg, u{,fﬂﬂg‘?z%_ﬁﬁﬁh@t Gighs Fardhr Corpattidndt 68l {62, tawd dabdanon

ignition m nute cal cination at 500t) to be well m xed.

Ther eaf {Rforidd@ibyaskie G0{h@6. Dty ef 2.7 go vebiry disdotpéd i diAONE] srdex!r i ed
unti-l the nolisture content was reduced to that of a clay. The kneaded

M Xt Ur eof WBSe Cxid teRieANtBAE forst taar, helile beihstitjedhintesmitteatlyxt r uded
mol d body was dried at. 120t overni ght and put under cal cination at. 540t
for 2 AgeHSs@ht Beatmadtathech@uedisosolatidrewpe ramoved dndhasesdtant 540t .
The calcinated nold body of 20 g. was added to an aqueous_solution in
whi ch  afixentd masi washed @atlyndistillddi wht@bapdrBltered repeatedly & times- si| ver
nitrate (Sigma-Aldrich Corporation) of 2.3-g. were djsso]ved iﬁ?di stilled
wat er ofHe0migturanwasr Bamersest 1B0ATT Fayieonshpeirhentn paidsoltian (Raxgy
intermttently. After such tieat nment, the a,queougﬁsol gél on was renoved and
t he . r esMetart Productione GaasLiths rfd 3Qi mi. rostaming Beiodr SQneg @t 0PEY
repeatedly 5 tines. The mixture was | sed in a.perrheni.c_acid aqueous
© sol uti ohexpperaturpeand lefofpicti %%.?L{[Ttgg%mgf?t_’%@dnﬁ%’n- & H}%geﬁe of 160.
T ot ot Atar th Moiature Sa the mixtuire was 1oicved Hlid Ehe iRl Wishagr o1y 30
at 120C. overnight, the mixture was treated with hydrogen sulfide at 250
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 S” hereinafter. Contents of calcium and sodium in the
- catalyst were determined by the atomic absorption spectrometry, resﬂﬁng
tilat Ca and Na were of 0.23 weight % and 0.3 weight % respectively. A
quantity of rhenium supported in the catalyst was determined by ICP
emission spectfbscopy; ‘resulting Re metal to be of 0.32 weight %. This
cétal-yst was ground to be measured by X-ray diffraction, and the X-ray
- diffraction intensity ratio of the crystal lattice spacing d-value of 0.196nm
(26=46.18°) to the érystal lattice spacing d-value of 0.386nm (26=23.04°)
" was proved tobe 15:100..°
Embodiment 26 - not forming part of the present invention (preparation of g:atalyst T
Hydrous alumina { A1,0; content of 75 weight %, SASOL Ltd.) of 33.3

g. (equivalent to AH,0s of 25 g) and alumina sql'(A»H__z_Os‘.content of 10
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After the. nmoisture in the mxture was renoved and the m xture was dried

at 1200C overnight, the m xture was treated with hydrogen sulfide at 2501
for 2 hours in a hydrogen sulfide stream and subsequently put under
calcination. at 5401 for 2 hours in the atnosphere. This catalyst is
referred 'to as "catalyst S" hereinafter. Contents of silver and sodiumin
the catalyst were determ ned by the atom c absorption spectronetry,
resulting that Ag and Na were of Y.7 weight %and 0.1 weight %
respectively. A quantity of ihenium supported in the catal yst was

el gt e %, st Cepaieal ISttt BESthea Rt Ispess ARSuPEr act i on,
& val ueedrwerosed soMETape eoneht e rtheriin e IpEe o
[ om L pisbodugrBt i at B PR of e oo Rty PETRES (ArPLaggd Ehud the ™' S 0"
e e T SRS S ST ST 7 e
B A A e S AL
353 o oy 30 B0 Y5 it T e e 5
3. 00 10Q ,s%xtfRded Qhrc?t?gﬂ%e’screen having 0.5mm® holes. The extruded mold
body-was dried at iZO"C- overnight and puf under calcination at 5407T for 2 .
hours after gradual elevation of temperatures from 350T to 540C. The
calcinated mold body of 20 g. was added to an aqueous solution in which
ammonium nitrate (Sié‘iua Aldrich Corporation) of 4.94 g. and silver nitrate ‘
- (Sigma Aldrich Co'rpératio_n) of 2.3-g. were dissolved in distilled water of 60
 g. and treated at 80T for 1 hour, ﬁvhile being stirred intermittently. After
éuch treatment, the aqueous solution was removed and the resultant
mixture was washed with distilled water and ‘fltered repeatedly 5 times.
" The mixture was immersed in a perfhem'c acid aqueous s_;olution (Rare
| Metal Production Co., Ltd) of 30 mL containing Re of 160. mg at room
i tempéfah:.re and left for 2 bours, while being stirred every 30 minutes.
‘_ After thefﬁ:‘oisi-:ure in the mixture 'Was removed and the mixture was dried
at 120TC overnigilt, the mixture was treated with hydrogen sulfide at 2’50‘C |
for 2 houis in a hydrogen sulfide st;eaﬁl, and sﬁbéequen!:ly ppt under
calcination at 540 for 2 hours'in .tl;e atmosphere. This catalyst is referred -
to as “catalyst S” hei.'einafter. Contents of silver and sodium in the catalyst
| wéré determined by the atomic absorption spectrometry, resulting that Ag
and Na were ;;f 1.7 weight % and 0.1 weight % respectively. A quantify of
; thenium supported in rlthe cataljf;sf was determined by ICP emission

spectroscopy, resulting Re metal to be of 0.67 weight %. This catalyst was
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3 .10 3.05 3.06 105 .01 3.01 .01 101 7- wt% .01 1.16 .10 .08 .05 NP .09
1.07 0,05 3.05 .05 .01 1-12 1.46 1.42 .48 L . 1.48 3.22 .94 .55 .43 15.21
3.65 3.80 3.72 .80 -X 1.86 19.01 19.19 19.38 9.00 X 56.89 42.62 43.07
13.38 3.26 -X 5.37. 19.25 19.44 19.72 0.34 rB .00 .00 .00 .00 .00 T .05
.51 25 .17 .16 .03 .56 .44 -33 .24 DEB 1.00 .38 1.12 .14 .16 X .00 .5'5
1.08 1.10 .07 10+ 100 J.04 1.10 1.03 .01 B conversion wi% 76.0 74.4 75.1
.74.5 X/ X3.53.5353.01lo0ss .71.71.2 1.0 * Does not formpart of the
present invention The enbodi ments from-27 to 30 indicate that t he presence

:fl;al zaglll‘oqlen eartti)rret al s :?anpghg cat%ﬁ% f du ﬁgle%![gn
ot hy! bRteRgnEr Ho bl rept 865 KBavinB vl O o
thod et bR B SRS Bdlye %Tﬁ?hﬁﬁébﬁ?%

nbodl
be 15:100. -
Embodiments 27 to 30

(28055 18Ot al ni Ng

presence of

(”‘%ﬁ%%ﬁ%?‘%?t.a' yst

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

Table 3 Performance of each catalyst

mbodiment [Embodiment [Embodiment [Embodiment
A p7*x 28 * b9 30
Reaction condition _[Catalyst L,  [Catalyst M [Catalyst N [Catalyst O
action temperature °C 366 370 76 - B79
action pressure MPa-G' 0.64 0.64 64 0.64
IF g-cathr/g-mol . "BO 15 0 30
2/F mol/mol - 8BS 13.5 3.5 3.5
[Supplied. B '
raw
material |
wt% 0.00 0.01 .00 .00
' .75 290 ‘086 B8
.10 .05 0.06 .05
: 0.01 p.01- 0.01 01
wt% 0.01 .16 b.10 0.08 05
- 0,09 ° 007 005 0.05 .05
0.01 7.12 7.46 7.42 48
1.48 322 2 94 255 43
15.21 ° 365 3.80 72 B.80
0.86  [19.01 19.19 19.38 119.00
" b6.89 l2.62 43.07 3.38 43.26
25.37. - [19.25 19.44 19.72 $0.34
0.00 .00 0.00 - .00 D.00
0.05 P51 025 17 p.16
.03 P56 .44 .33 p.24
0.00 .38 0.12 0.14 0.16 .
-10.00 055 0.08 0.10 0.07
“boo  po4 0.10 0.03 .01
JEB copversion wi% 76.0 74.4 75.1 {i4.5
-XIZX 23.5 23,5 123.5 3.0
loss- 2.7 1.7 1.2 1.0

* Does not form part of the present invention

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

the catalyst reduces xylene loss.
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Reaction condition Catal yst P tal

st tal

st 11 C atal

st S atal

-st T

action tenperature C 383 382 382 382 82 Reaction pressure MPa-G .64 1.64
3.5.53.53.5.5

.64 .64 .64
Supplied w materi al

/| F g-cat-hr/g-nol

30 15 30 30 0 2/F nol /ol
ad 1 wA .01 .01 .00
.43 3 1.05 1.07 06 107 .06 Og .01 .01 .01 .01 Al
.05 112 NP .08 3.07 05 .05 105 07 Z .01 .58 -60

149 .55 .49 -32 B 15.15 5.32 26 .18 .37 5.15

17:55 19.18
0.69 0.04

).01 .00 2 .44.

.02 3.24 .27 .33 .25 .29 DEB .00 3.24 119 IN .19 .1

.11 .09 10+ (Gabysss femoP. 3T were dalledinighyesdiopnt
211 1.1

36.0 VEX as.0 8 22.0 1.3 -3 fl.oss 9
the pregeht gi, ramttdangh contpdipgeftRY

of isonerziation to para-xyl :
reaction in the p@esenceyo “hydrogen. Table 4 shows the result.

ne_is

.34 .45 . 35,

7- Wt% 1.00 .04 .05 108
.63 .60 -83 L 1.48 .20
-$ 1.89 18.97 18.77 8.09

rn-g 56.87 43.71 3.61 13.78 14.02 3.05 X 5.46 19.79 9.92 40.35
r Embodidn&its fram 3Doe 360 .00 T 1.03 3.20 .18 117 .19 .17 TMB

1. 00 3f1% éjos .10

e reppgstizely

es .not for

BARRE V8T @-w[gﬁ urdst £358

Y3 34-6

BB ot

5 - Table 4 Performance of each catalyst 7 7
: FEmbodimenthmbodimenﬁEmbodiment -mbodiment [Embodimer
'[‘“ 31 32 b3 P34 35%

Reaction condition ‘ Catalyst P ICatalyst Q [Catalyst R [CatalystS [Catalyst T
. action temperature °C 383 82 382 382 382
kaction pressure MPa-G 0.64 .64 0.64 0.64 70.64
- W/F g-cathr/g-mol 30 15 30 30 30
- [H2/F mol/mol , 3.5 Bb.s 3.5 3.5 B.5
Supplied .
Faw
. pnaterial | _
wt% b.o1 0.01 poo 0.01 0.00
- .44 0 34 0 45 2.35 2 .43
0.05 0.07 .06 0.07 0.06
.ol © 0.01 p.01 0.01 0.01
T wi% .00 .04 b.os 0.08 0.05 0.12
0.08 .07 0.05 0.05 0.05 0.07
0.01 .58 5.60 5.63 5.60 5.83
1.48 R2o 2 49 b 55 2,49 32
15.15 bB.32 5.26 5.18 5.37 b.15
0.80 [18.97 18.77 18.09 17.55 19.18
56.87 13.71 3.61 43.78 14 02 43.05
25.46 [19.79 19.92 20.35 20.69 20.04
0.00 .00 0.00 0.00 0.00 0.00
0.03 0.20 .18 0.17 0.19 0.17
0.02 024 D.27 0.33 0.25 029
0.00 p.24 .19 0.14 .19 0.18
0.00 .13 0.08 0.10 p.11 0.09
.00  10.00 ‘b.1o 0.03 0.00 .01
JEB conversion W% " 164.9 65.3 . B5.8 ‘4.6 66.0
-X/EX 93.0 228 - p2.o 21.3 23.3
KYloss 0.9 1 1.2 1.1 1.1

* Does not form part of the present it{vent_ion

The embodiments from 31 to 35 indicate that the rate of isomerziation to p&ra-xylche is

reduced as the diameter of the catalyst particle increase. The embodiment 35 indicates that the

- rate of isomerization to para-xylene increases by tth: introduction of stlver ions.

Embodiment 36 (preparation of catalyst U)
Hydrous aluminaé ALO; content of 75 weight %, SASOL Ltd.) of 333"
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reduced as the dianeter of the catalyst particle increase. The enbodi nent
35 indicates that the rate of isonerization to pars-xylene increases by
the introduction of silver ions. Enbodi nent' 36 (preparation of catalyst U
Hydrous al um na A1203 content of 75 weight % SASOL Ltd.) of33.3 51 g.
(equivalent to: A44 03 of 25 g.) and alum na sot C A1203 content of 10

wei ght % Ni ssan Chem cal Industries Ltd.) of 60 g. (equivalent to A1203 of
6 g.) were added to MFI-type zeolite of 15 g. synthesized simlarly as in
the enbogiment. 9 on the basis of the absolute dry,standard (cal cul ated

fromtte (oyyalenti tmi4Hsh efr¥hebend mlvmival solnbisid: een®o0f 10 be wel |
m xed. Thereafter, the resuljtant was placed in dryer kept at 120 C and
dried uWeight éh@im@@@%i ustipes ﬁ@ﬁﬁe’é@l}tgo?qmvabméo&ég@s 'qﬁ% kneaded
m xture ,was extruded through a sgcre having 1. 6mm t P hol es. The extruded
mol d @bﬁ%aﬁqiwﬂimemﬁw t 19 %l S@’a{cﬁ%ﬁ*g@ seaﬂeﬂara@#ahﬂa% 5401C -
for 2 hoyrsg. afte radual el evatiqn of t eratures from 3501 to 540t. The
cal oi ndtBHORRRT AP e ba=i5.ohiGe hrabite SaroRqaed (SAICOIRER S RS ch.
ammoni ym chl oti de. (Si,gma Aldri ch rpepratj.on) .o 0] and,.bar i um

it at dOpE ation Agnng, p0piiRul CRRERMiPR o S0 e e WERAANA e of 60
g. an reated at 801G fo hqur. Il ehng, St ik Iintermttgptly.

A ter STRAFEASER, Pl Rroutinal wheddibed I P28 Brilo g anf SRl ApEL ) o

m Xt ur S.. he | LSt t.er i re edly 5 timnes.
The m xeﬁglgﬁei%égﬁé%&ghiﬁgﬂ E@r@gtg})?ijad C%Aq‘l‘.lggﬁg k&?lgﬁ??or'x(l Fe Metal
Pr oducty i ch 0 Wl f erat-ure
and | eﬁﬁ%‘gg@?%%?%%oﬁl} I%esggﬁﬁgg%ﬁh rg'gngge? yh(%gg)n{ﬂ%%% gg'ﬂ% tﬁelrglqjhe

noi st ul jﬂwtaQ ] r - H{Bﬁtdaa& ' a?ﬁ’?j’ i 20" C

over ni %d the%%h?g%\?_g%‘{egat ed w t%%&%ﬁ%&% | eggtsggggffcr:]%pr 2
hours i{imash¥SEP3aadual fdl8eatibh e e@per SWRES TUER! BFO T ito USLFT . CBACT Nat i on
at 5401C for 2 hours in the atnosphere. This catalyst is referred to as

" cat al yalciHatde peoldabb@y of BMigeRigs alddear toU ihaiqusiid sTutiont ewhadtal yst
were. determ ned by the atom c absorption spectronetry, resulting that Ba
and Na asirforihnd .chlvde h(Sigman Aldrichv @ pbr2Aiess PEC3.BUEEY and Bavdain ty of

_nitrate {(Cahe Co., Ltd.) of 1.77 g. were dissdl_ved in distilled water of 60 g.

and treated at 80°C 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

: Pfoduétion Co., Ltd.) of 30 mL cbntzﬁning Re of 160 mg at room temperature

" and left for 2 hours, while being stirred every 30 minutes. Aﬁer the

" moisture in the mixture was removed and the mixture was dried at 120°C
overnight, the mixture was treated with hydrogen sulfide at 250T for 2
hours in a hydrogen sulfide stream, and subsequently put under calcination
at 540C for 2 hours in the atmoéphere. This catalyst is referred to as
“catalyst U~ hereine_n_ﬂer.. 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 ﬁéight % respectively. A quantity of
rhenium supported in the catalyst was determined by ICP emission
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rheni um supported in the catal yst was determned by ICP em ssion 52 ----
------- spectroscopy, resulting Re netal to be of 0.65 weight % This
catal yst was ground to be neasured by X-ray diffraction. Fig. 13 shows the
result and the X-ray diffraction intensity ratio of the crystal lattice
spaci ng d-value of 0.195nm (-20=46.44) to the crystal lattice spacing
d-val ue of 0.385nm (20=23.06) was proved to be 20; 100 Enbodi nent 37
(preparation of .catalyst V) Fifteen grans of the MFl-type zeolite

synt hesi zed simlazly as in the enbodinent 9 in accordance with the
absolute. dry standard (cal culated on the basis _of |oss on ignition for
20- ni nugpectadscopm! fesuliing Be Ipetalsteabelod .65 wotahs%. JhismrHal (A8 cont ent
of 75 % by wei ght, SASOL Ltd.) of 33.3 g. 5(25 .. as AﬁZOS and .of al um na
sol (Algpfucbt bemedswedbpX my dilfractions Fag- 13 showathe mraudt andthe g ) of
60 g. (6 g. as A1203 )and well mixed. Thereafter, the r.esg{L_ta t wgs pl aced
in a dr ¥erayk dpfractiore Gntensityinmage ohihe cxyrtahdpblich sPRGRESHT2E Ob that of
a clay. The thus-prepared kneaded suhstance was extruded t h_a screen
i o 0 e (CRAELAA I ke i craiell \ngace, shaiBesfnialn of DSaRHE, g

subj ectfd to 2-hour calcipatjon at 5401C-after gradual elevation of

t enper atf 230G hvaspproy Bqlg‘i 26ty grans of the thus-cal cinated

330 . (Sl chebatiment £OUTEPAAG, of SRATERE Vhitrate of 330 (S gma
i ssol ved | niesw EremRel e BIFTRRs Seouts Syaldaired Mifahias M 71T
" emoveaeamginent SCin Ashordaie IR ol sk a R YRR GaRGlutUI 1O
ber rhenpie sy SLJi ol iERtion BF SRATARRE EafiR BULER SRCY as HESG 067

perrhen eous ol ut1 on roducti on

ot o bRl Bastf Xugh, bR P o) Metndighe Samet [l eI koL 2 o
(25 g. as ALO; )and of alumina sol ( ALO; content of 10 % by weight,
Nissan Chemical Industries Ltd.) of 60 g (6. g. as ALO; )and well mixed.
Thereafter, the resultant was placed in a dryer k'ept at 120C and dried until
the moisture content on to that of a ciay. The thus-prepared kneaded
substance was extruded through a screen haviﬁg 1.6 mm @ holes. . The

- extruded was dried overnight at 120C and subjected to 2-hour calcination
| at 5'40“C after gradual elévation of temperature from 350C to 540'C. Twenty
. grams of the thus-calcinated substance was placed into an aqueous solution
in which ammomum nitrate of 3.30 g, (Sigma Aldnch Corporation), barium
nitrate .o‘f 3.3 g. (Sigtﬁé Aldrich Gorporétio_p) and silver nitrate of 2.3 g.
(Cahc Co.,‘Ltd.) were dissolved in distilled water of 60 g., and t?eated at
80T for 1 hour, with oocasionél stirring. After such treatment, the aqueous .
solution Was removed apd the resultant substance was répeatedly washed
Wﬁh distilled water and filtered 5 times. The substance was submerged in
30 mL of perrhenic acid aqueous soiutio;i_(Rare Metal Prociuction Co., Ltd.)
“ "i:ontaining'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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----------------- renmoved fromthe substance and the substance was dried
overnight at 120t. After drying, the substance was treated wi th hydrogen
sulfide at 2501 for 2 hours in a hydrogen sul fide atnosphere, and then
subjected to 2-hour calcination at 540°Cin the air. The substance is
hereinafter referred to 5 as "catalyst V'. Barium silver and sodi um
contents of the catalyst were determ ned by atom c absorption
spectronetry, resulting in a finding of 1.0 %by weight as Ba, 2.7 % by
wei ght as Ag and 0.1 % by weight as Na. A . quantity of rhenium supoéorted in
the catalys rdq [biehRce wRedriaboapmighnat Y206,
resul ti ﬁaﬁokeﬁ?%ﬁ%g%ﬁgy%aﬁﬁﬁhﬁuv@%ht 10 as Re net a'lg. Thi s catal yst
was gr oy AndvbkRCL Bfletal ol v tldibd ith tydrogas shlfidgat 25@Cifondi ng t hat
[ |

the X-ray bn intensity ratio of the crystal, lattice spacing .

d- val ue 30f QO },ZSJ drdfert- 4HS) alttdsphesd,yandl ther tuldectedatn ichauval ue of
0.384 nm (uf =23. ?% was 19;100:.. Enbodi nent 38 (preparation of catalyst ,
W 15 FiLt&aatnlss 5207 e MR -diypeThechilistanynihderenmaftamiefarted @s in the
enbodi rent X in accordance with the absolute dry standard (cal cul ated.on
the Hasisg ofagadast VN iBavitimrsilasr d@dnsoditm cahteintstdfotheacatmdyst) Wekes added
to 33.3 g. of "hydrous alum na (A¥203 content of 75 % by vvel)agt SASCL
Ltd.) (RRepminsd Ay2@Bomianbs6fpionospattotnatrys absultinz(s achndng 10 .%
by weight, 20 Ni ssan Chemical Industries Ltd.) (6 3& as Aégiﬁ %d xll
m xed. Thergdis weighttdseBap8id %aby weighphadtgiand (Gl st wright agNa261C and
dried until the noisture content to that of a day. The thusmr P?ed :
kneaded quhistitynof rhemiunx tsupperteadrivughe Latalystnwag fatprovge -ﬁ§ ol es.

The :extruded article was dried, overpight at_120t a bj gcted o 2-hour
cal ci natémission spectsagraphyr aralygiadesnlting ind @ﬁa’cﬂg Pgﬂbﬁéﬂt ﬁygf 8%m 3501C

to 5409C. Twenty _grans of the.thus-calg¢inated .articlegas gt 1 into an
aquélus spRet imekal. n Thigicatalyssyas gB?“%‘frﬁﬁﬁi sbiertedy hgﬁ"?@{ @%@%iﬂafﬁ ch

wer 0.0 SoRliagn TOSGmBIhAAA A Teh e ot ok Tefe R B 1T

hour, nggﬁggcsaps&;c%?ga ld';srta ue 08 20.195 nm (20 = 46.44°) to the crystal lattice

spacing d-value of 0.384 nm (20 = 2_3.1-2"? was l_éz_IQC%-..
Emﬁodiment 38 (preparation of catalyst W) |
15 R Fifteen grams of the MFI-type zeolite synthesized .si_mi_larly as in the .
embodiment X in aCcordancé ﬁifh the absolﬁte dry standard (calculaﬁed on |
‘the basis of loss on ignition for 20-minute calcination at SQO‘C) was added to
_ - 53.3 -g. of h;lrdrous alumina Q Al}_Og content of 5 % b.y W(?ight, SASOL Ltd.)
- (25 g as ALO;)and 60 g. of alumina sol {ALO, content of 10 % by weight,
20" ' Nissan Chenncal Industries Ltd.) (6 g as ;Alzdj )_:and well mixed. Thereafter,
| the resultant was placed in a. dryer lkfé.;ptl at 120C and dried until the
moisture _cbntént to that of a clay. The thusiprepared kﬁeaded' substance
was extruded tﬁrdugh a screen having 0.5 mm @ holes. The exf:rud_ed_
article was dried overnight at 1go‘i: and subjected to 2-hour calcination at
,25 540‘(3 after gradual elevation of tempefaturg from‘ 350C to 5407C. :Twenty
i grams of the fhus*éalcinated article v-v'ds‘ piaoéd into an aqueous solution in

which 1.65 g. of ammonium chloride (Sigma Aldrich Corporation) and 2.7 g.
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After such treatnment, the aqueous solution was renoved and the resultant
subst ance was repeatedly washed with distilled water and filtered 5 tines.
5 The substance was subnerged in 30 nL of perrhenic acid aqueous sol ution
(Rare Metal Production Co., Ltd.). containing 80 ng of Re at room
tenperature and allowed to stand for 2 hours. The stirring was given every
30 m nutes. Then, the noisture was renoved fromthe substance and the
substance was dried overnight at 1201C. After drying, the substance was 10
treated with hydrogen sulfide at 250 C for 2 hours in a hydrogen sulfide
at nospheg cakeivint didoridebi ey dith teo(Qalio Qo.,chtd) reéreonligsolodd ini 60 g.hef air. .
The substance is hereinafter referred to as "catalyst S". Barium content
and soddiseith@nivatdr, aind heeatddilats 80Ke rfer dethenn; madhbycaisibmal siilosng.pt i on
spectronetry, resulting in a finding of 0.9 %by weight as Ba and 0.2' % by
15 wei ghAfias \eh tfeafuaent,t theohiguieens solutimppwaseemoved endathe yestltams
determined.by | CP em ssion spectrography analysis, resulting in a finding
of 0.32 gtlstawce ghats mpeRtediyt washed) witbatiatilled watemyaodrialtened Stipscted to
X-ray diffraction, resulting in a_.finding that the X-ray diffraction

i nt ebsi t Thersatbstanse wae stibpserged in S00vlsofapdrnbenic acishagheqisighiiom 420 =
46.44) to the 20 crystal lattice spacing d-value of 0.384 nm (20 = 23.12)
was 19: 10%areErMeial nPredugdono Ca, h@g}-twﬁ%ﬁs 8fermgr jof | Bg @ tTRO®. 5 grans
of catalysts U through.W respectively, and ethyl henzene contai ni ng

xyl enes Beéﬁﬁﬁ{%éﬂgcﬁﬂwg‘é@ sanddor qr@n%_‘ﬁnﬁ $HEIPEE R BWeBLVHYdr ogen,
the result of which _was tﬁ.{}gm' 25 in Table 5. ég Ta| Iel%éPerfor ce of.
each cat 30 yBinWesdithah, theomaisheremas femated f3o9m the sudstancend ifdi tion

Cot el 1 G2 5k Vo B, FPpmbon hmecaty 5,8 408,100 A1
10 - treated with hydrogen sulfide at 250 for 2 hours in a hydrogen sulfide
‘a.ttmosl)here, and then subjected to 2-hour calcination at 540T in the air..
The substance 1s hereinafter referred to as "catalyst S”. Barium content and
sodium confenf of the catalyst were determined by atomic absorption
épect_rometijy, resulting in aﬁndmg of 0.9 % by weight as Ba and 0.2'% by
15 'W.eight as Na. A quantity of rhenium -supported in the catalyst was
- determined by ICP emission spectrography analysis, resulting in a ﬁﬁding
of 0.32 % by weight as Re metal. This catalyst was ground and subjected to
'X'ray diffraction, resulting in a‘ﬁnding tﬁat thé_ X-ray diffraction inbenéity
ratio of the crystal lattice sﬁacing d'value of 0.195 nm (20 = 46.44°) to the
20 crystallattice spacing d-value of 0.384 nm (20 = 23.12°) was 19:100:
Embodiments 39 to 41 o ' ' |
Reaction tubes were filled with '2_.'5 grams of catalysts U through_W,_
' respéctivelj,' and ethylbenzene coni:aining xylenes were subjected to gas-
phaée reaction in the pi-'esence of hydrogen, the result of which was _shown

25  in Table 5.
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12/ F nol | nol

3.5 3.5 .3.5 Supplied aw materi al

ad w% .01 3.01 0.01 (2

2.33 2.54 2.28 C3 .05 3.03 0.05 ¢4 .01 3.01 1.01 C7/- wt% .02 0.09 3.06
.12 C8NP .08 .04 3.07 .04 3Z .01 3:59 .97 .48 (COL .15 2.22 26 2.06 B

15.19 5.64 3.20 5.94

g 25.41 19.50 19.28 19.85

3.00 3.00 .01 B conversion wt%32.9 35.8 30.65

-g .87 19.31 19.52 19.44

-Xx 56.84 13.54 13.35 3.22

r-B 3.00 0.00 .00 .00 T .03 3.11 3.11 0.09 TMB
.02 0.34 .36 0.22 DEB 3.00 3.10 .10 .09 EX 3.00 3.11 3.11 .08 10+ 3.00

-% E% 23.5 3.8 23.6 | oss

.9 1.2 0.8 1t was found fromthe enbodinents 39 to 41 that the presence of

bariumions an h SihV i ons.. | e st nade it possible to red
the |oss of Xﬁ'ﬁjﬂg%i’%ﬁéﬂggéﬁ %ﬁ%%&c%aﬁv rgiyon to et hyl Epnﬂane and Hee
i someri zatfon 5 to para-xyllene atEmbodimgint rEmbodimeretr [Enthodisatiiti on where WF
was 10g- clat.hr/g-nmol, or sjo call¥d a Li m4%d quant ¥ty of _the catal yst
even if zeRbdctien condition Si OWAI Os_rést@ystat i qCaialystV an t age ’
cryst al | i tBestigreteafpetaterelidj (or 408 396 438
Reaction pressure MPa-G 0.64 .64 0.64
W/F g-cat.hr/g-mol 10 1o 10
H2/F mol/mol 3.5 3.5 13.5
Supplied
faw
material
C1 wt% 0.01 0.01 0.01
C2 2.33 1254 .28
C3 0.05 0.03 0.05
C4 . 0.01 0.01 10.01
C7- - wt% 10.02  [0.09 0.06 10.12
C8NP 0.08 0.04 10.07 10.04
BZ 0.01 6.59 6.97 6.48
TOL 0.15  2.22 226 2.06
EB 15.19 [5.64 15.20 5.94
p-X 0.87 19.31 1952 19.44
Im-X 56.84 143.54 43.35 43.22
0-X 2541 119.50 19.28 11985
Pr-B 0.00 0.00 0.00 0.00
ET 0.03 0.11 .11 0.09
TMB 0.02 .34 .36 0.22
DEB 0.00 0.10 10.10 0.09
EX 0.00 o.11 p.11 0.08
10+ 0.00 0.00 0.00 j0.01
EB conversion wt% 62.9 5.8 60.65
X=X 23.5 23.8 236
XY loss 0.9 1.2 0.8

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

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

loss of xylene, thus attaining conversion to ethylbenzene and isomerization

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

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

had a SiO2/AiOs mole ratio of 25 and the average crystallite size of the major

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

- 10

The present invention is able to dealkylate ethylbenzene at a higher

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

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



axis was 0.05 mcron and the mnor axis was 0.05 m cron. The present
invention is able to deal kyl ate et hyl benzene at a higher 10 |evel and al so
reduce the | oss of xylene occurring at the time of isonerization of

ort ho- xyl ene and net a-xyl ene into para-xylene by using the 56 catalyst

whi ch includes MFI-type zeolite and alum na wherein the X-ray diffraction
intensity ratio of the crystal lattice spacing d-value of 0.1960.002 nm
assigned to alumina to the crystal lattice spacing d-value of 0.3860.008
nm assigned to MFl-type zeolite is in a range from100:7 to 5 10035. O
xylene m L yiRse Wit HlGHUAY MET-ERAY LanliteCnRd! SRR whEHSL! ikl X-poi nt o
view is pafa-Xylene, a raw material” for synthetic fiber polyester.

Ortho- xyl e A= lAsenkignGatls] GF ahe orbsne IaRie sspatiy dhabupaoh-

xyl ene are 1n nuc ess mand t han para-Xyl ene, and therefore, it is 10

i ndust ri ald Yobapebbaith d<QigHelabhlaaAKartS the @istdldatticeydpaning domdus of nt o
para-xyl ene. The use of the catalyst clainmed in the invention makes it

possi bl e t@®38biaionsaAnehiaehéd ¢o MFIypat zevtitofiseinhy | tamge efreri 1006 bémzene
easily separable from xylenes and al so i someri zation of ortho-xylene or

met a- Xyl engy(:p60 para-xylene, with the | oss of xylene from ethyl benzene
1: 5 containing xylenes kept lower. 57 CLAIMS ffi 1. A conversion catal yst

for ethyl benzen®f gohnai mix@rss;| € pesticulirth importatgsondfrony o medistrial at 15
to 80 weight parts and alumna at 20 to 85 weight parts, wherein X-ray
di ffracti ofpint nifevisit ¥ para-aylehet Berawystaderiphifor spnghetivefibpndokyesier ai ue
of 0.1960.002nm assigned to alumna to the crystal lattice p{lane spaci ng
d-val ue ofOft1RB6fleA68mml asatagrdend ovivEh- axgpaylengoispmers other AbaBRAEaf r om
7:100 to 35:100, wherein a silica/alumna nole ratio of tt}le I-tyPe
xylene are in much less demand than para-xylene, and thereiore, 1t 18
10 industrially important to attain conversion of these xylene isomers into
para-xylene. The use of the catalyst claimed n the invention makes it
possible to attain an effective dealkylation of ethylbenzene into benzene
easily separable from xylenes and also isomerization of ortho-xylene or

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

15 containing xylenes kept lower.
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zeolite is less than or equal to 45, and wherein rhenium silver, and at

| east any one of alkaline-earth netals selected from.calcium strontium
or barium are contained respectively at. 0.005 to 1.5 weight % 0 to 5

wei ght % and 0.05 to 5 weight %in relation to the catalyst. 2. The
conversion catal yst for ethylbenzene containing xylenes according to Cdaim
1, wherein the catalyst contains the Ml -type zeolite at 20 to 60 wei ght
parts and éﬁgmsal_um' na at 40 to 80 weight parts. 3. The conversion catal yst
for ethyl bénzere ‘containing xylenes according to daiml or Cdaim2,
wherein MFI-type zeolite includes a crystallite having the major axis and
m nor axis.fromO0.7 to 2.5 mcron,and th i.licalalumna nole atio from
30 to 45, bp - comvetstoR SRS Eor Sy lonaSns (i on et Al Y 1 or

et hyl benzeweldontrailnidag MRYtenes @eddtdi Bg Chaicm £00we Chlat np2;tamardei n t he

MFI-type zeglite lhclydes a.crystallite having the major axis and m nor
axis f rom%t L%;}Il(l)mfl. étrr:‘iicdrjoﬁo a%%:l Jég%' | PERH u‘ﬁe%glﬁolxerl‘r—%t |d6 r ar“gtn%oﬁS to 45.
5. The conietsisdrivcakablystff oheethybbehzbmet icentrdiankengpagyhenésvaloeor di ng

Caim1l or 2, i he M-t zeolite includes the crystallite havin
Cha Mt orraf 0 DEES Dobuf NEp10HRE +2°B e, "8 MRS RPERAY PLSLLLLe ?
silica/al upidie SR8 ngatd-Lafilemok8 ¢ 036330 . 468 nmd NEsLRPNET SiPNuBRL@lust for

et hyl benzene containing xylenes according to Caim®, wherein an
al kal i ne- e&ttH Seetal 10 i3 TaRIP eHEI™ ahiy- 08nkC ot>:d¥8st ances sel ected from

ei ther —strontiyweinbagi Wiiida/INGGRNVEESE O Gabal ¥st h@r gFhylhenzene
contai nlngzeolite 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 0.09% 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 +he
alumina at 40 to 80 weight parts.

3. 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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xyl enes according to any one of clains from1 through 6, wherein the
catal yst particle ranges from0.2 to 2.0 nmin - the dianeter. 8. The
conversion catal yst for ethylbenzene containing xylenes according to any
one of clainms 1 through 7, wherein the catalyst is treated with hydrogen
sulfide. 59 ------------- 9. A process for converting ethyl benzene
contai ni ng xyl enes by naking et hyl benzene containi ng xyl enes contact with
the conversion catalyst for ethyl benzene containing xylenes according to
any one of clainms from1l through 8 in the presence of hydrogen. 60

CONVERSTI N CARALYSEofidy &5 BHYL BENEENE: CONTAI NdNG1XXLENES AN+ RROLESS FOR
COWERTI NG ETHYLBENZENE CONTAI NING XYLENES BY ~USING CATALYST ABSTRACT A

catal yst iSYIRAFENASETA G| FERHRL | Bn | AF ety 2rat'Perein t Hee AEIstRPe] at ti ce

pl ane Sp&(‘ebmgtéi i/rﬁ:llldl@egf aOcdPblanrikQ. A92MY tidhet REj6FYSLAd drd Wiaerpl ane
spaci ng d- valu E 386[err]|0.008nmis in a_range from7: 100 to,35:100
and a pro@é‘§§ he mt‘:%tf%?? v ttdiee it der/ i et MAlsek2ERR

contalnlngrbmlene&d n4Bhe presence of hydrogen. FIG 1

5. The conversion - catalyst for ethylbenzene containing
xylenes according Claim 1 or 2, wherein the MFI-type
‘zeolite includes the crystallite having the major axis and
minor axis from - 0.03 to 0.7 micron and the silica/alumina

mole ratio from 18 teo 30.

6. The conversion catalyst for ethylbenzene containing
Xylenes according to Claim 6, wherein an alkaline-earth metal
is at 1least any one of substances selected from either

strontium or barium.

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

the diameter.
8. The conversion <catalyst for ethylbénzene containing

xylenes according  to any one of c¢laims 1 through 7, wherein

the catalyst is treated with hydrogen sulfide.

59



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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