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DESCRI PTI ON  CATALYST FOR PRCDUCTI ON OF AROVATI C
HYDROCARBON COMPOUNDS Technical Field 5 [0001] The
present invention relates to a process for producing
aromati ¢ hydrocarbon conmpounds froma |ight

hydr ocar bon feedstock by neans of a catal ytic

cyclization reaction, @gEStRIRTICAYal yst for use
therein. More specifically, the present invention

; . :
AT o R S TN G, AR AT C BB ROTARBON COMPOUNDS
feedstock into contact with a zeolite-containing
nol ded 1o catalyst, and to a zeolite-containing
nol ded catal yst for use in this nethod. Background Art
Techniggbieler ocesses for produci ng aromatic hydrocar bon
conpounds using zeolite <catalysts are already known.
[000TMhe bTbgeptespnbbneerstion trelatés tor ecgxeesssoffoprpradecing aromatic
15 aromati ¢ hydrocarbons by catal ytic cyclization
hydrécabbn @ompatindg feanld lightdaidabesrben deeddtocis by mekmangf a catalytic
deterioration, in which catalytic activity declines as

cycliZRIOPORACHON Sand 8 8 dRhIysEfHRRSINeRSIn OVbREs SRSt the present
during the reaction, and second, regeneration

d
verkBF FEAGEL, degeRdal 1a ol GE5HAT, REERKARN compounds by
ormnafa 5 B E0 BB P SR R Sl Bl moiec
material on the deteriorated catalyst is renoved by

catalygnB0d t¢ arzactta-eeriaing maldrd eatalysy far usg iniisurethadt he

zeolite lattice is lost due to the presence of steam

occurring in the high tenperature atnosphere. In

recent years there have been many proposals for
BackatdoHdartt hese two kinds of deterioration. 1 [0003]

or exanple, Patent Docunent 1 discloses a nethod

[oooXher eﬂvac'e§s%iE 3&2?50%‘6%%”5[0%aﬂénﬁycﬂj.o@é‘ltbo%i %ﬁo%@é‘ﬁsing zeolite

nd prefera ver cCations are included |
ornder to ove.th

catalgftgltair{tgeag%%\idyt@ogv& arbg%ﬁgq%@&etgl,g%%rv%#%g%"ocsetsggé Io.lf &)¥oducing
aromatic hydrocarbons by catalytic cyclization reactions using zeolite catalysts are
first, coking deterioration, in which catalytic activity declines as carbonaceous
material is deposited on the catalyst during the reaction, and second, regeneration
(permanent) degradation, which occurs because a catalyst that has deteriorated due
to precipitation of the carbonaceous material during industrial use needs to be
regenerated, but when the carbonaceous material on the deteriorated catalyst is
removed by combustion to regenerate the catalyst, aluminum in the zeolite lattice is
lost due to the presence of steam occurring in the high temperature atmosphere. In

recent years there have been many proposals for solving these two kinds of

deterioration.



10

15

20

25

Pat ent Docunent 1 does not include any exanpl es of
catal ytic cyclization reactions, 5 nor does it
descri be coking deterioration or zeolite particle
di aneter. [0004] Patent Docunent 2 reports that
deposition of the carbonaceous material in the

[OOO%]eaCt FONekampRe PABH BlocafheMid BRCRRBSMY nitBb@didreh IB group
ue to de-alumnation during catalyst regeneration

catloééo ' ﬂVQ@HfE?ﬁ)g’P!{ %Y&ﬂgef?r}obﬁré’féfd?%é %H? rgEat'T’drH %Feemcluded in the

aneter, ratio urface a o0 tot acid . 1
zeol PeOfgﬁatoa\%%rﬁveifeeB %mi&f%qwoéﬁh%é%ﬁs Glalyst: However,
ter steamtreatnent or in othe wor ds exhi biting
Pate@b@@PW‘@“Eﬂaﬁ#@@s"‘PH”ﬁ'@ﬂ@ K %Xa%‘ﬁ@\@rcat@ﬁ@ EV@F@F'?@deaCt'O"S
ZSNb zeolite in this nmethod is synthesized by a
nor deeshbbdesasibegokéwgidatietorationviri zgoliteagantiolerdiameter.
productivity, and since the stable production range of
[0004]he ZBMznt )duntents? Pegdr@vhat iepositibhast-tak Warbenaddoes material
ratiois limted and the primary particles tend to be

in thé %é&tﬁdﬁeké(n %ge&é}{t&ﬂled%?d)bghﬂgnérﬁ &34raBhtidP GUBRBtde>alumination

coking deterioration and regeneration
e 1
durlng. c%tggg %ﬁﬁ% o gnﬁtgreﬁeg%slgpﬂrtev%ﬂ@ Ez L{sﬂg#a Eh%ll%% zeolite
er|o ation wo to be i ci ent
catalfS il e oaeot wegle SRRy BP0l LTasesaat it to total acid
woul d be preferable, but according to Patent Docunent
site and pmauRt of pxedinepadsaptivnbatues anthatter sierMEeatfent @isin other
during the 20 reaction, and regeneration (pernmanent)
wordd exphitriting specific changes @ aaidi sitey . Hotveser, the oreiesteani8M5 zeolite
are extrenmely problematic for industrial production of

in thay gRBthbe ishkgihbiearzBanbg oanasmde. ukPeOskednsignfmMitici®thas poor
a method using a proton-free zeolite is that disclosed

prodb&lwtgaéﬁ(?‘gs rE%Ctngé?éblé 5pra_{f§ctfb"f‘1t &h étoflfﬁ(?‘iS%B YBbfke is narrow, the

ectively S regen rat

sics L AR T p—
i kel y when usi hydr ocar bon feedst ock contai ni
g AGCRIEHTS s Fotai G- eyt oG eler 9T FHReand, segeneration

mention of the effect of particle dianeter of the _
degradatidn wens @gniralled chutatgnsidering ther tarpe rsizee at the zeolite particles,

the effect on coking deterioration would not appear to be sufficient. A zeolite with a
smaller primary particle diameter would be preferable, but according to Patent
Document 2, in this case more carbonaceous material accumulates during the
reaction, and regeneration (permanent) degradation occurs more rapidly. These
circumstances are extremely problematic for industrial production of aromatic
hydrocarbon compounds.

[0005] An example of a method using a proton-free zeolite is that disclosed in
Patent Document 3. The catalyst used in this method effectively resists regeneration

degradation, but the problem of coking deterioration remains. Consequently, coking

2
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[ Patent Docunent 1] Japanese Patent Application

Lai d-open No. S59-117584 5 [Patent Docunent 2]

Japanese Patent Application Laid-open No. H10-052646

[ Pat ent Docunent 3] WO 1996/ 13331, panphl et Di scl osure

of Invention Problens to be Solved by the Invention 10
deteli®@@6h |§SI|K@I§WGsﬁB°H§dro%MHn ﬂfédsﬁfcfke&ént%ﬁung many olefins.

proposals for solving“the twn problens of coking

More%%teﬁr%&%ﬂf P%Bu%g}] %ggﬁf@&% ﬂ ?ntﬂﬁ’%iaﬁ\%t éf‘f?ébt%\f R%Hﬁmé Qiameter of

resent 1tvention 0
ve t hese o, Sol ving the Probl ens
the Zf@ '”&Q%IEB@&WF“%OMEQ%QW ‘ve research ai ned at

solving these problens, the inventors perfected the
[Patggt Mmem\ﬂénﬂa@an@% Ratani Apwlieatian kaidtonsst NocSRPg 7584

deterioration and regeneration degradation could be
[Pateit drauinesnitid) dapanedd Pdtany Applicatioi bgideoperoNo nidn @-052646
netals selected fromthe group consisting of the

[PatdR D caimdit| NGV 0N 998/ {338 Mpahdphiétd B, 111B and VI in
the periodical table in a zeolite-containing 20 nol ded

catal yst used in a process of producing aromatic
hydr ocar bon conpounds by bringing a Iight hydrocarbon

i S nto contact with a zeolite-containing
D'Sdﬂgﬁ%eéiﬂ%x%?té%st wherein the zeolite contained in the
zeol i ont ai ni ng nol ded cat alﬂXIPB is a mediumpore

di ane @rbﬁez'@él 1o 08 FRIVEHEY Aha puvG primary particle
di ameter and containing at |east one netal selected

[0008) om ABediggunsedcabevest pigy aft effersnee gireposas Her solling the twin
to Goup IB of the periodic table. 3 As descri bed

probleeisouf, cdkiveg petsiendtiomarmn tegenapaiion degradationbychepld methods. It
produci ng the aromati c hydrocarbon conpounds by the

is anGH@dt Y tfe pYAenT AfveAlioh It@gbrweetheéé BRibidmgr ocar bon

feedstock, along with the catalyst for use in this
nmet hod. [0008] The first aspect of the present
I nvention provides 5 [1] a zeolite-containing nol ded

catal ighol 96r $5firg 1 MbBesRS © Produci ng an

[0007] As a result of exhaustive research aimed at solving these problems, the
inventors perfected the present invention upon discovering that both coking
deterioration and regeneration degradation could be dramatically controlled by
including one or more metals selected from the group consisting of the metals
belonging to Groups IB, IIB, IliB and VIl in the periodical table in a zeolite-containing
molded catalyst used in a process of producing aromatic hydrocarbon compounds by
bringing a light hydrocarbon feedstock into contact with a zeolite-containing molded
catalyst, wherein the zeolite contained in the zeolite-containing molded catalyst is a
medium pore diameter zeolite having a specific primary particle diameter and
containing at least one metal selected from the group consisting of the metals

belonging to Group IB of the periodic table.

3
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aromati ¢ hydrocarbon conpound by catal ytic cyclization
froma light hydrocarbon feedstock, wherein the

zeolite contained in the zeolite-containing nol ded

catalyst fulfills the follow ng conditions (1), (2)

and (3): (1) the zeolite is a nedium pore di aneter

zeol i he weddiibrdPee v aRtREs@ht inh@ntibRNbRvidesd tke Asrocess for
(2) the zeolite has a primary particle dianeter in a

prodfi@h thé’farc‘;rrngp?é 21 Qr?o(fa‘?oorpcgﬁp%hdé'?) tﬁé)cattélgté(???éliz%?ﬂg from the

contal ns at t one nmetal el enent sel ect om

. onsg st.i of, the. al el enments bel gnging t
ight B ida B eRb R cpiobd Mt <ol T8TRE Bed o P hed
eolite-containi ng pol ded catal yst al sg conprises at

000§ cqs  TBa el aseretit Baingerey 'm%{%@ﬂmxowﬂsap consi sti ng
of the el enents belonging to Goups IB, IIB, IlIIB and_

[1] & eeolite-candaiping oaided atatalys H9r wise irarapyetesacebmiddigcing an
toitem[1], wherein the zeolite contains silver, [3]

arontalie loairatarbonacarapdumg Hyo catadriicl dyclieati¢r? frorheetight hiydeocarbon
zeolite is an MFl zeolite, 20 [4] the catalyst

feed 66! WhBEkih Ahaedite PhtdihédEn [the 3&yiitdkbontfhgi Mokt catalyst
zeolite-containing nolded catalyst is heat treated at

: L r f steamprior to

fulﬂll%@%ﬁg@?m{\ﬁﬁqﬁorﬁ té&%legﬁt&a%g@gggr bon feedstock. [0009]

Mor eoyer, the second aspect of .the invention provides:

2 1510 the 688UEE & el g cismares ReoNte AP BRHbgRmeter of

compound, conprising bringing a |light hydrocarbon
fromﬁé@cﬁs?&‘dk into contact wWith a zeolite-containing

nol ded catal yst according to any one of itens [1] to

[4], (®]he zeolieorasa uvanydpartjckodiatrete] ] a rahge of froan 0.02 to

reactor used in the process is an 5 adiabatic

0.25 Likemhdbed reactor. Advantageous Effects of the
I nvention [0010] Wth the zeolite-containing nol ded

cat al y§h@nNBRL BBhidind " R5&f BAR metal element selected from the
group consisting of the metal elements belonging to Group IB in the periodic table,
and wherein the zeolite-containing molded catalyst also comprises at least one
element selected from the group consisting of the elements belonging to Groups IB,
[IB, 1B and VIl in the periodic table,
[2] the catalyst according to item [1], wherein the zeolite contains silver,

[3] the catalyst according to item [1] or [2], wherein the zeclite is an MFi zeclite,

[4] the catalyst according to any one of items [1] to [3], wherein the zeolite-containing
molded catalyst is heat treated at 500°C or more in the presence of steam prior to

contact with the light hydrocarbon feedstock.

[0009] Moreover, the second aspect of the invention provides:
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conmpound produci ng process according to the present
invention, it is possible to 10 stably produce
aromati ¢ hydrocarbon conpounds with high yield by
catal ytic cyclization fromthe |ight hydrocarbon
feedstock. The zeolite-containing nolded catalyst

(5] éiél%@ebgféﬁlﬁoﬁbéiﬁﬁ%m OPRRREFRIr864B6H ddehddunid) BoRIPSRIY bringing
invention is resistant to coking deterioration

a Ilgﬁtnﬁ)(dr‘égﬁlrb%rn feﬂgto%?%?:dgts Et w-ﬁheas% tg%rﬁélﬁﬁgf‘ﬁw%lded catalyst

ext use atronin
ctl on of ona drocar bon 15 conpounds. Best

acco% ?SPV(?&Pr%fan‘fcf] &?E I nvention [0011] The present

invention is explained in detail below A so-called
(6] theeRfiogRD GeECHWiIRER demy &I whereiRi 3 reactpbreediindie droggss is an

from5 20 to 6.5 Ais used as the zeolite contained
adiabatia fikedzleed reasteront ai ni ng nol ded cat al yst accordi ng

to the present invention. As used in the present

[ nventi on, the term "nmedium pore dianeter zeolite"

neans "a zeolite with a range of pore dianeters

bet veRBvMBgBeLS EbBRRITNE mergﬁﬁl | -pore zeolites
(typ| cally type zeo Ites the pore dianeters of

[001 Oj]‘r 9EMREY "?n oh r(té%‘lmgc Z?rh(g&?ﬁoéaqg&gf %tngn %rc?%éﬁc,p %ydrocarbon

d Y-ty pe zeo as an

10- nenbered ox en ri e,crystal structur
compEEP g sXSes: AeChitfhou i 8 Dreseanksiahi i dossible to
i nclude ZSM5 and so-called pentasil zeolites,
StabIWh ptthmee ageMae uhudiogarion |campaIrEisMVEth Trigl evielsc i eatalytic
ZSM 5, ZSM 8, ZSM 11, ZSM 12, ZSM 18, ZSM 23, ZSM 35,
cyclimMnSﬁom thédight keydratarbbheedstaki t dhe tzkeliteaxintaining molded
desirable types of zeolites are those represented as

catal?gtl used i te Fcﬁﬁjoﬂﬁ?glgmﬁé%@ adccordiag ttRAe pre’BRCInvEHtien is highly
zeol i te rarrevvor ks, and ZSM5 is particular

resmf%ﬁﬁ 't %Bk Ct e%ﬁ?r]atlén nERfticA! (ﬂég{i‘gdéﬁor]l e?ﬁbsé"ﬂ‘?opemes are

romt oup consi s |ng of

extf@?'ﬁ r é«%ﬁﬂ?#é? Bt ap %ati@e ot &agasnat'%whocarbon

ot her words fromthe group consisting of copper,
COMRAYNEEr  and

Best Mode for Carrying Out the Invention
[0011] The present invention is explained in detail below.

A so-called “medium pore diameter zeolite” with a pore diameter of from 5
to 6.5 A is used as the zeolite contained in the zeolite-containing molded catalyst
according to the present invention. As used in the present invention, the term
‘medium pore diameter zeolite” means “a zeolite with a range of pore diameters
between the pore diameters of small-pore zeolites (typically A-type zeolites) and the
pore diameters of large-pore zeolites (typically mordenite and X-type and Y-type

zeolites)”, and this zeclite has an 10-membered oxygen ring in the crystal structure.

5
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10 gold, is used as the zeolite. O the Goup IB
nmetal s, copper and silver are preferred, and silver
is especially preferred. In this description, the term
"periodic table" nmeans the periodic table described
on pages 1-15 of the CRC Handbook of Chem stry and

[0018hysi Esafpiedofet melium Bavé didfeter Q@o%s&hay,irﬁme ZSM-5 and
Press Inc. (1994-1995). [0014] The term "zeolite

so-célié@&;?éﬁt%sﬁtzeloﬁﬁ‘a%.t, V\ﬂ’ﬁ@? '5?%§tr&k&?ﬁ£%irﬁﬁé@fbt ggll\:g—ﬁ.o.mrggf% include

oup consi sting net a "'enent s ngi n

| B Jdy.the riQdi | e a t .
2SR SV 2l S e et om 5 2RHE 2abRaner thpiike. Of
correspondi n cations. [OOlSL In_the
thesg ggplies. deans IRFIAIRI &P esaPhaEGRlteaBriiPag repragested as MFI
present invention, Goup |IB netal cations carried by
struciyas Beehedige tothe HdPAEoNemenalature forniaselite frarogworks, and ZSM-5
cracking activity. [0016] Exanpl es of nethods for
is partioedaresibbley t he Group | B netal elenment into the
zeolite may include nethods in which a zeolite

[0018ont aA@e@Qté‘@or@ém bBieBt Bhe infetal §88ERd fRymtthe df@@;?\’ﬁonsisting

i on- exchange net to incorporate the netal el enent,

of metHid bél‘a?ﬁn@p%itgub% 38Cof z)éggaf&g%bqﬁﬁ%%fgégg%?%ﬁed to as

or a s hase 1 dn exchang treat

«~. Which the.,inpregnated catal is subjected t .

Groy ff Toeitfich S8 2thes ek Fithg,oove SPhkstingwl fopher. siiver and
Goup IB netal is incorporated into the zeolite by

gold.dgassedias therzeskitehal &m&mw IB mnefals; coppemandesibigs are preferred,
netal must be used. Exanples of Goup IB netal salts

and sitvgr imespeibalyi preferred.t frathés destrigionadies tdren “peiriodar table” means
sul fate, copper chloride, copper sulfate, copper

the peiribtRt @bandegaitsedcoh paigds. 1-56 lof eie CROIH R ORr ofcOR@@Istry and
nitrate is preferred, and silver nitrate is especially

PhysRIs78M&Rftior)0BA¢L, ﬁh@d@%%@ngﬁé PPiﬁ%ylﬁ&Pg@%& gfal in

the zeolite-containing nolded cat st” as 1B netal

00157 | 958 Sl 8ot STIAE o B 5B ssttg rom e
arou bR S A el S RO BT R b vl
mear%r ?h%ﬁ t#}g zggltitgl coinstaiggttﬁé%rlo%p IB metal in the form of the corresponding
cations.

[0015] In the zeolite-containing molded catalyst according to the present
invention, Group IB metal cations carried by ion exchange on the zeolite are a cause
of cracking activity.

[0016] Examples of methods for incorporating the Group IB metal element into
the zeolite may include methods in which a zeolite containing no Group IB metal is
treated by the known ion-exchange method to incorporate the metal element, such

as a liquid-phase ion-exchange treatment method or a solid-phase ion exchange

treatment method in which the impregnated catalyst is subjected to high-temperature

6
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10 determ ned by the exchange capacity and the zeolite

content of the zeolite-containing nolded catalyst.

Therefore, the exchange rate of the Goup |IB netal

cations as a percentage of exchange sites in the

zeolite should be in the range of generally from 5%
treath’ﬁsn@%%th@rlﬁéer‘é\maﬁ HeOBFARYE In&Vas n%bﬁpd}éﬁioefr@@tb{e zeohte by

fronbO to 85% since if the exchange rate is too

sucha‘fﬁé bﬁ%x%eﬁ%e)eme&%fé%ﬁptof lC?rouEJ @em%i%ﬁh%nu%[a be used.
s too e i on-exc nepeparatlon ste
t 00 ffi Not e .t h t t he cont ent

Exartples O Graidh 36 PR A5 ogey BODHR Do dieatr ﬁﬂ&erbec%tﬁée, silver

known met hod such as x- ray fluorescence anal ysis. )
sulfajey 0a@resschiaride.agoprs'ngUlfFiel Gaerer nittate Q@mgo{(é chioride.  Silver

cations, the Goup 1B netal in the zeolite-containing
nitrat&ﬂrdmppeaniirqxeﬁs pepfemed carsbsiivec Initcd i$ aspedialhnpreféresd.

than 20 cations as discussed bel ow, such as an oxide
[001TJor m The chirtents o dthee Graup hiBs nastdl tih ol z&bKkeconBaining molded

nmetal contributes strong dehydrogenation ability to

catal&@lea§¢3%¥ caﬁSﬁQﬁéj'nﬂg sfrfbtlﬁ/hﬁnr%cﬁscﬁﬂtsm&’ isiRa-dHina mole

is included in ord er to inprove the yield aromat i c

atio KOO Al T Al M s et L %’*ﬁ)@ﬁﬁmg?@a%ﬁé ynee the

nthez |tecota|ne |nteze i tescont
metads S dher oot GG thy GNP [Ehverlal iy naturally
are of course exchanged W th protons or netal cations,
detempiged oy thg excbaage yamwaargbmweqﬁlte;pwaqent gthel zeolite- contalnlng
cations or netal cations belonging to Goup I|1B, IIIB
molded odtalyst. [ 0B26dforEh)ehsidxchangd watenaf the Growy iIB métal leations as a
zeolite is preferably at |least 60 but no 5 nore than

percé@fge Idf éxBRafhé isf@s M tHE BeolftelsholRt be ih thd %ﬁgé brJe®tally from

the catalyst will be sonewhat |ess stable w't
o SR eh SpLTG RO 0% 53 1 v

o ESRUE A oot i b ek $ii LA g o
the case of industrial application to the production
high 8re ignsaxghanasykreparatisthnste s isgtoo difficult. Note that the content of

the Group IB metal in the zeolite can be determined by the known method such as x-
ray fluorescence analysis.

[0018] As well as being included in the zeclite as cations, the Group 1B metal in
the zeolite-containing molded catalyst may alsoc be included in a form other than
cations as discussed below, such as an oxide form. As discussed below this
additional Group IB metal contributes strong dehydrogenation ability to the catalyst
according to the present invention, and is included in order to improve the yield of
aromatic hydrocarbon compounds.

[0019] The ion-exchange sites that are not exchanged with Group IB metal

cations in the zeolite contained in the zeolite-containing molded catalyst according to

7
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to [0021] If the silica-alumna nole ratio is over
200, however, the carried anmount of the Goup IB
netal will be insufficient, detracting from cracking
activity and from aromatic hydrocarbon yi el d.

Mor eover, ion-exchange rate of the zeolite nust be

the préssraasgshtion redsrcoupsaagkdtdngeanith prlohBoMRieddl cations, and are
content proportionately so as to naintain the

[vii i _ Cl S
pref 800 ichanBen i gl oL ESRbhs Br FRStaF LAt BRAGiha to Group
e he ion-exchange rate efficiency of the Goup IB

lIB, Iﬂét%a{ﬁll}ll ower and catal yst preparation nore difficult,
nd ig, highly inpractical for industrjal _purposes.
1002y e ‘EF@S CatAlyminen@ods r3tivaetalhgracRitentsi Rrefdzably afisasib0 but no
zeolite is at least 80 but no nore than 120. The
moresthanca0@l uhithe: sitiseealvminapmstle trakio e ddgst bapaO dlae catalyst will be
determ ned by the known nethod, such as for exanple a
somewehditoless rstaibie okith Ineseed|to thigh-terdfeatungl steehy adddesd vesistant to
in an aqueous al kali solution or aqueous hydrofluoric
regeAiationS@bgradaton aRhiéi as I Gsdtdirable TlcHLEOMtheS agialyy e dikely to
by plasma em ssion spectronetry or the like to
et . ‘ Cari : C
deciig pglf i Belhirfe of oo dafl 2 MRSRTalbT T e case of
. fr.amewor k. .ar epl aced.. b t ons_.of Fe, B, O or
inaustfil iseth fhaBRE s oCeRmaendionsbon Saormauiis.
al um num atons in the zeolite framework are repl aced
[002Y py K shcamuminaimalesatipds g¥eu2@@ hawevesdihe@riggamount of
this case, the silica-alumna nole ratiois
the GredupulBitredtahfvwikrbec dnsufficienty detractiontfeormn scratkinpeactivity and from
af orenenti oned elenents in the netalloalumnosilicate
aromaticnieydrbtadohi giaide iMbreover, eenaixchhbige nate [0PARS]zebiie must be
primary particle dianeter of the zeolite is in the

increé@@@%ofgrdﬁﬁl C#Hé@@t_ e Golp4B. ﬁ{@tﬂp&ﬁ{téﬁﬁ'ﬁwporﬁ@@atglyogo as to

primry par diameter 1s in the range of fromO.
. . o pref.er . . -
e poB BB B PRI il By ¥ i
i ndi vi dual particles or as secondary ,aggregates. Sinc
alumin rajley bob i8S mates Bier arrcpangs crleseoarenal 0s Gpdb b metal
secondaré {Jarti cles, and since the primary particles, .
loweg esdreatalyst preparation merenditfigoll, and rig ddahly rigpraeticee fer industrial
di aneter (see The
purposes. More preferably, the silica-alumina mole ratio of the zeolite is at least 80
but no more than 120. The silica-alumina mole ratio of the zeolite can be determined
by the kncwn method, such as for example a method in which the zeolite is
completely dissolved in an aqueous alkali solution or agueous hydrofluoric acid
solution, and the resulting solution is analyzed by plasma emission spectrometry or
the like to determine the ratio.
[0022] A metalloaluminosilicate in which some of the aluminum atoms in the

zeolite framework are replaced by atoms of Ga, Fe, B, Cr or the like, or a

metallosilicate in which all the aluminum atoms in the zeolite framework are replaced
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10 Society of Chem cal Engineers, Japan Ed., Kagaku
Kogaku Bi nran (Chem cal Engi neeri ng Handbook),

Revi sed 6th Edition, p. 233) froma scanni ng

m croscope inmage of zeolite powder taken at 100, 000x
magni fi cati on can be adopted for neasuring the

by suiiH a@hys, Rahtdisd eedisededLing Fedlife Y Be€Bhse, e RilicAalumina mole
Primary particles having this particle dianeter

ratio %‘@é‘lbglaﬁcﬁéﬁéﬁ&{) e‘f’tﬂ{bs Hel éﬁrﬁ%@t’s df?ﬁé%f&@m@ﬁ%g@@%&zm?nts in the

nore prefera east % by mass e tot

| I f the
met%%ﬁﬁim@&é%gi%s 35%%?@4@55?@ FELFPde area
|ch s known to_he an advantage in terns of ot
(002301 i vTbg PAMATY PEtide AT BIer OF 316 gpolitg e e fedgg of from 0.02 to
di aneter of the zeolite is influenced not by the
0.25 pan.t Pegferably atinet primarty partoledtiapeterris i thes rangenefdroip 0.02 to 0.2
aggregation of primary particles, but by 20 the
um, mare praferatilyafretred.06fto OIS pm'.rraThe paintarg| meatitlbatof caoliteemay be
di sti ngui shed at 100, 000x magnification under a

presGReayinds/idhA Paridlesos %@%@Bﬁda@%@gﬁ@@ﬁ@s' YSink86n hstlcases the
di aneter of the primary particles of zeollte as

o T AT,y g

02
paﬂf%?@%ﬁavm&%@yaqg"s%t%u g0 B mesupipahe TS femdigf(see The
nstable, . the_lattice al um numis easil det ached b

SOC'ﬂwgﬁftQW@w&i UERAINERS: nd3Ran fEd- hd<agakes kyf Biragn{Chemical

as described in Patent Docunent 2, and such poor
Engingering Itandabok) tRévised " Editiokelpy 238)daamea scanning microscope
regeneration (permanent) degradation. Surprisingly, 5

imagbBove vasoliteM gdwddre tatedl st e10®m00ax ninagnimiehtied At dey Hdopted for
used in the present invention hydrothermal stability

meaéuﬁrur@-‘% bﬁf?l%\@)’%grtﬁ:‘t@ﬂldnﬂeﬁep% ‘fl*?é?r@?;erﬁ ihldiftiopar F’hﬁ{a‘?y particles

zeolli te, regeneration degradation can be greatl

havu'fgﬁel% 4'{?&80 nfeg 4 %nglg\n@lé?c%{aﬁg {;(gﬁ%tﬁeﬁg%ggent 50 % by mass,

in the zeg |te co ing nol ded catal yst is
morea;&rﬁf hg' W‘?%‘ﬂ@s p‘ﬁ%’?h t he conventl)/onal

1o probl ens of coki ng det erl or ation and regeneration
[0024iet er Te smaller the particle diameter of the zeolite, the greater the effective

surface area, which is known to be an advantage in terms of both activity and coking
deterioration. The particle diameter of the zeolite is influenced not by the particle
diameter of secondary particles formed by aggregation of primary particles, but by
the particle diameter of the primary particles that can be distinguished at 100,000x
magnification under a scanning electron microscope. Consequently, the Feret
diameter of the primary particles of zeolite as measured by scanning electron
microscopy of zeolite powder at 100,000x magnification is preferably in the range of

from 0.02 to 0.25 um.
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[0026] At |east one elenent selected fromthe group
consisting of the elenents belonging to G oups |B,
1B, I1IBand VIIl in the periodic table is included
in the zeolite and / or the zeolite-containing nolded
catal yst in order to confer strong dehydrogenation

[0028i | | HpweRet, tRez@9btal etrGOtFaionistgh P fieghariaiial2eslite is unstable,
accordi ng to the 15 pr esent |nvent| on. The netal s of

the Fe\@lfi’c}?eeralur%'irﬂﬁn %a((;'a'swymdétaéh pfg"te ahdtarl UBARNt in the

pl ati num and oxi and co hereof are

presflidh & HEGm ?Sgiféf”f?%%ﬁéheﬁﬁg%%@wﬂ% T yShbPy hydrothermal

used as the nethod of incorpqrati.n
Stab'gﬁyen'ﬁeﬂj't@%aﬁ% CRIHRSo IRGRNAlinR t RETBPBRBYL geiﬂf@ﬂéﬁ%“ ngasltl{fp"s'”g'%
Goups 20 1B, IIB, IlIBand VIIl in the periodic
howeve! withrihe zewite-sentaininaroldedr catalyst ueed dntthe riiregent invention
nol ded catal yst in order to confer strong
hydratebydaboglabiity 0 nadsh intproved tdvenzieothet ease ontaafime-particle zeolite,
nol ded catal yst according to the present invention.

and &Q@é’rﬁ?éraﬁaﬁ deBrHAkticH dahﬁbgeggﬁéatﬁ;l BORING B NEls Cc,camwdeﬁmunt of

metal el enents belonging to Groups IB 1B,
carb&%e\éh%gn{a%n‘égg% ulgg&r)]rg }A@%ﬁjuﬁfé Hée %r‘g% gtlr |ﬁ9éﬁ‘ﬁcﬁp the zeolite-

cor R BAE s AP s RN 8k B g comventon

nol ded catal yst according to the present invention is
problgaeplgaking f!@wl@r@'qrbarztrem%serﬁmdetgflafaélpab| y from5
to 20 % by mass as elenments. [0029] In the
[0026Gleol i Atleashoaerdamenb sdedterhirahytte awopr dinsisting ohie elements
present 5 invention, the binder or nolding diluent

belogmg to Hrouss (BN, alIByarkl Wi iaube periedi-tabki istiacluided in the zeolite
i norgani c oxide such as alunmina, silica, silica/

and a,i Ugp "tﬁe %ebﬁfé%%taﬁw'iﬁganh\%ldecﬂ é’étg%ﬁei‘husor%l‘tfb Ofgnfer strong

clay. Alumna or silica is preferréd, andaumnals

dohyFRREFAbh a0y 7 HHE beo] St BiMig Fbh N 5o 88LirkRg to the
presgdgnyiont B¢ AFIG TR RROE AT f&aflpuwm'% wigkslgpaliagium and
platlr{{ﬁt@rért);}]gréldglfsngrpe({)ﬁp%lﬁ@(:ggltd%gtthtepeegfe:rfe [I)l%fgrrree(; egr?(? Iz}|/ncI gnd zinc
compounds are more preferred.

[0027] lon exchange or impregnation is generally used as the method of
incorporating metal elements and compounds of metal elements belonging to Groups
IB, 1B, 1IB and VIl in the periodic table into the zeolite and / or zeolite-containing
molded catalyst in order to confer strong dehydrogenation ability on the zeolite-
containing molded catalyst according to the present invention.

[0028] The amount of the metal elements and compounds of metal elements

belonging to Groups IB, IIB, IlIB and VIl in the periodic table that is incorporated into

the zeolite and / or zeolite-containing molded catalyst in order to confer strong
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90 % by mass, nore preferably from5 to 50 % by nass,
based on the total weight of the zeolite and the
matri x or binder. [0030] The zeolite-containing nol ded
catal yst according to the present invention can be
subjected to heat treatnent at 500C or nore in the

dehyﬁf BnohbififyeamtRe | RAolitelBohtairifi s iHew dlaly/be abédiing to the
rocarbon féedstock with the al m of i nproving

pres%rﬁ’té]ﬁ E{?ﬁs g%n%?é‘i l@%rﬂeﬁ.?“{é{ 9‘5 ur 3 %re?e{r&ﬁ‘l%?d?{w 59 20 % by

m 500C, but _no nore than 900C, under a steam parti al
as%%%%rpgntgf 0.01 atmor nore. [0031] In a preferred
exanp| e of the present invention th
(00290 i tre- BSntZSPHﬁrﬁ?ntQ'O'%IrB%'ﬁ‘eéatcat%}‘ﬁt aeedidinthgior dhe present
the present invention contains a mxture of a Goup IB
inventigna the kisiden ge snddingi dikient (matrixhis generaitp ambrongrfearhe-resistant
and alumna, and in this case the high-tenperature
inorgaheanptideatsoent aseralesinay silrbi | sitieat he aliminac ogipeureat titania,
in the catalyst as zinc alum nate, thereby achieving

diatohkcdediddriNar CIQPJ MEmia OF §f%é Ys pFABtES) éhd‘glumma is especially

scattering loss Of zinc 1n the reaction atnDsp ere

prefe}%ﬁsﬁlg‘? d(ec'cil W‘thrtﬁg?egﬂ 61% &%Yiﬁgé%g) i\?lghthgf% )il]ure is melded, and

appl | ¢at

the r%‘%@%mﬁéﬂrq%ﬁiﬂé@@sp %W#n?éﬁené?@gék?&d%‘é RS when
application has an x-ray diffraction pattern identical

using e matipapt bindegi hercametobped-is pegfernstdy @ e rargmoof from 5 to
Vol . 11, 38(1953). [0032] Aromatic hydrocarbon

90 %:byrpmssdmurarpreferaﬂdy dniome & tbybOp#cty ngassubased ob the total weight of
specific zeolite-containing nolded catalyst into a

the zeeR@et£1d thanflabix stBinded.t i nto contact wth the |ight
hydr ocar bon feedstock to thereby performthe catal ytic

[oo3gyc! i #/é 'zﬁﬂlltercgﬁ'ﬂéth Bﬂgaoggﬁggfs I‘éc&Yr@ ﬁ’%”present invention

conmpounds can separ at ecte the known

con SRS B A BT SrghASRE g oo
to CO(nF%)tCWIg'?ﬁ'}% &H&?&Séé]rhgﬂgee%;gg@me saellme((:)} ?rgp}coranrS resistance
to coking deterioration. Heat treatment is preferably performed at a temperature of at
least 500°C but no more than 900°C, under a steam partial pressure of 0.01 atm or
more.

[0031] In a preferred example of the present invention the zeolite-containing
molded catalyst according to the present invention contains a mixture of a Group IB
metal-exchanged zeolite, zinc and a compound thereof and alumina, and in this case
the high-temperature steam treatment serves to stabilize the zinc component in the
catalyst as zinc aluminate, thereby achieving the additional object of greatly
controlling scattering loss of zinc in the reaction atmosphere. This effect is extremely

advantageous for industrial application to the production of the aromatic hydrocarbon
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hydr ocar bons have 2 or nore carbon atons and a 90 %
distillation tenperature of 190 or |ess. Exanples of
such paraffins may include ethane, propane, butane,
pent ane, hexane, heptane, octane and nonane. [0034]
Exanpl es of such ol efins may include ethyl ene,
compBiig! eNhe PHhENSIMIARteP AN RREed NAXERE dERIHABR of the present
octene and nonene. In addition, cyclopentane,
. - i C e . .
apod haY SroPRL) Ao DA R ERN P battom glven in JOPDS 5
hex t cl ool efins and / or
Oﬁﬁgﬁﬁg#gngggﬁkggglﬁﬁ%f&ﬂ%éne, pent adi ene,
cycl opent adi ene and ot her di enes may be included.
[003%10035$rqmﬁlwua@qarbcm @ﬁmnw@déc%arbgﬁsomw%b byseasking such a
the raw material, or 20 nethane, hydrogen or an inert
specifieszexlitthcastaiming oydded catabyst idfioox iré@gtoc aarisbbringiog dixinte contact
or the Iike may be included in the mxture as a
with dhé URJHL - nfdROS@bomhreeIstickuBNttserddy S&erm ttHE ecatalytic cyclization
preferably 20% or |ess, nore preferably 10%or I ess

reacﬁ&h.v?hérﬁorﬂaﬁiciP?ydP@éérbSH'c@Héﬁnﬁsgida‘ﬁbﬂ) sbBaHaﬁ%d @nd collected by

m xture contal ni'ng sat urat drocarbons”an
the KBRRHEMNGTE LRI Aot Racha Rl Pt Do or o oo

aturated drocarbons to unsaturated, K hydrocarbons
003Fr ¢ %nga{thé‘xﬂé‘i’%go'ﬁ ataesisFork rie %&gW W HPSereR, feedstock
[0037] For the light hydrocarbon feedstock, it is ‘
contgjoingi lat eleast e t3ndectad ofrererthe opladiney andc aprdfins, wherein the
m xture, or the C4 fraction of a high-tenperature 5
hydrggarbbys ihaverd ducihoref carbpatatohguand add® Cardistillatioe teaperature of
napht ha, a fraction obtained by renoving the butadiene

190°a8d 1dssOb s es fof JUChUBara®ir{s? nidyafidaie ethheCpropane, butane,
fraction of a high-tenperature pyrolysis product of a

f ' btained b
oo ELEHE, SR digipner 2,

rerovi n ehes a Cs5 fraction, thermally

racked gasoline rafi nate obtained, by extractij
(0034} SRR sl asudn S fiioRe RECHS Sl PRRYIEE, butene
gasoline, a rafinate obtained by extracting aromatic
pent¢Rryr dexePBnsheRtens FEsiemss, antcroperRkedNgAdlitigs &yclopentane,

reformate, or coker LPG straight-run naphtha or the
methyldyelopentane, cyclohexane and other cycloparaffins, cyclopentene,

methylcyclopentene, cyclohexene and other cycloolefins and / or cyclohexadiene,
butadiene, pentadiene, cyclopentadiene and other dienes may be included.

[0035] A mixture of light hydrocarbons may be used as the raw material, or
methane, hydrogen or an inert gas such as nitrogen, carbon dioxide, carbon
monoxide or the like may be included in the mixture as a diluent.

[0036] These diluents may constitute preferably 20% or less, more preferably
10% or less by volume. It is particularly desirable to use a mixture containing

saturated hydrocarbons and unsaturated hydrocarbons at a weight ratio of between 1
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but of these, it is particularly desirable to use the
4 or C5 fraction of a high- tenperature pyrolysis
product of a petrol eum hydrocarbon such as naphtha or
a fraction obtained by renoving sone or all of the
but adi ene, isobutyl ene, isoprene and 15

/ 0.3Gyshd®pent2as eneTHe amighiciatio &ff ssturated MRtocarbans to unsaturated
material in which the weight ratio of the C4 fraction

hydré@arb@ﬁs ferd ﬁ%‘éﬁw%‘?ﬁe ight rétid th }?19/ %@dhéd PRt-gul arly

desi rabl e. wel ght “ratio o G4 fraction to the

003t £y O T FRBE Mt o B dibile to use the

f eedst ock al so contain, inmpurjties, tert-but

aforegaSREBRo VOISR (IR T Ta8 it | FARORA b @ apigh tomperature
ot her oxygen-cont ai ni ng conpounds. [0039% The

pyrolysis dired v Hf reopetroleumdnalrgeardon yeich ast nanhtha s fragtipryaptpined by
according to the [|ight hydrocarbon feedstock and

remqvarg theubatatienecarat tiobgtyend fronT sligt 8@, fractiont, theiCs fraction of a
ol efins and paraffins in the feedstock, but a

high-t&rfiperaatiner gyrofysly prodie of @ p&Psleum hi?d’r@b@ﬂﬁrb%fractlon obtained
partial pressure of between atnospheric pressure and

by ré?o?ﬁwgl | %'65}1(;3%26% %hugggggé @ﬁ:ﬁtﬁsm’zﬂ a/; Xréc?@ﬁvéasolme a

a referr refe ably,
raf'”é‘ga ?*%ﬁ&ﬁ e P PieTol Sriainm Faaoge BB sty cracked
J8040] A fixed-bed reactor - bed reactor
93301"”% ai 'pipaiseabtaings by %ﬂraé?'ﬂgaﬁfpn”taft'ﬁn@ﬁgf’@arWQﬁé‘FﬁrBa'ﬁCC LPG,
be used in the present invention as the reactor for
FCC quaetiag pasolhecyr refesmaien oofcokhe LPIGy htraighirrooanamtha or the like,
feedstock using the zeolite-containing nol ded
but efattadsestit i particudany ddsirasien eiseditRd @, or fCx@dctied of a high-
reactor is preferred. [0041] The zeolite-containing

tempeRAtdrd pGad| |¥56roﬂﬁb!t e ff Sétrél%hhﬂ%yﬁﬁk%rrb&ﬁ %tu'cﬁnaé fhaphtha or a

used in“catal ytic conversion for ' ong period
rcifh Bl i} wabv%gzﬁfﬁs;og%g%ﬂﬁﬁ%bﬁfﬁe T —
CVC'Ogﬁﬁ%é%ﬂi? ﬁ5%¥ Sy & Jroop 8 ao i el o Yy e WA rato of
an inert this treatnent is hereinafter referred
the Q4&I’Qf§lonct§ yéqfra@t@jh@riyt?, da 7 / 3 is particularly desirable. The weight

ratio of the C, fraction to the Cs fraction here means the weight ratio of the supplied
mixture.

[0038] The light hydrocarbon feedstock may also contain, as impurities, fert-butyl
alcohol, methyl tert-butyl ether, methanol and other ox.ygen-containing compounds.
[0039] The conditions for the catalytic cyclization reaction vary according to the
light hydrocarbon feedstock and particularly according to the relative amounts of
olefins and paraffins in the feedstock, but a temperature of from 300 to 650°C, a
hydrocarbon partial pressure of between atmospheric pressure and 30 atm, and a

weight hourly space velocity (WHSV) of from 0.1 to 50 hr™' based on the weight of
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process"”). [0042] Because the zeolite-containing

nol ded catal yst according to the present invention is
resistant to deterioration due to coking, aromatic
hydrocarbon 15 conpounds can be stably produced over
a long period of tinme even using a fixed-bed reactor.

the nfbldeg dafByientiprefesreialt aubtgrefdriaBfd titadtactioh tasperstufdis in the
to the present invention is also highly resistant to

rangg%fﬁ]omﬁé%gﬂo*@ the presence of high- tenperature
steam it un ergoes very little permanent degradation

lOO4§LS§ﬁ§?{ R0, rBEaRE bkt et M G YE wartpr sp stream

ittle loss of activity even after repeated reaction
"an%)ﬁ’&t PYeme FaR iRsh Usqthdp dhe rRresenty ivghtien @pdinecEgastar for catalytic
conpounds can be produced stably and with high yield
cycligation af therdighp dwyiduatashon ifeedstTole ssirfg theirzeslitgreontaining molded
extremely useful for industrial application in the
catalpsiodusttucturatiy simnmleeddiabdtydixedaydapreactmrpovreierrefi0043]
Exanpl es 14 The present invention is explained in nore

[004¢et ai Th@eée%mebd’orﬁfﬁﬁ‘fﬁg MoldEx 2aRIIRs ARY &%P%RHQV&tenoratlon if
exanpl es, but the present invention isS in no

used |hr83"t£gtlc Pgn\yé}g @%ngﬁerlwh?tlﬁ'{%z%up@aﬂg Sé?enfh% d&teriorated

es an conpar ve exa

Cata@?ﬁff ﬁﬁﬁ?ﬂ%{a#af @%&[ma@é‘“&‘se@q S A b tpmperature

er sanple was taken in a Teflon(r) vessel and
of froam 1489 tad@0; Cosallyanan imasphere obair @' eamRegus maistire of oxygen
grade) and 1 m of fluoric acid (ultrapure grade),
and aadnde gaspibisdtreatiatitss dlereidaftet hefarist| tesavrieatélyske regeneration
Et hos 10 Plus m crowave | abstation. Once dissol ution
proc¥gss).conpl ete, pure water was added to a total of 20
g. The resulting zeolite solution was diluted with

o045 BRI RSl oo RECPER LG b e resen
inveﬁ’f"oﬁ‘nh i€ resistant to deterioration due to ccking, aromatic hydrocarbon
compounds can be stably produced over a long period of time even using a fixed-bed
reactor. Since the zeolite-containing molded catalyst according to the present
invention is also highly resistant to de-alumination in the presence of high-
temperature steam, it undergoes very little permanent degradation (regeneration
degradation) during the catalyst regeneration process, and consequently suffers very
little loss of activity even after repeated reaction and regeneration. Therefore,
aromatic hydrocarbon compounds can be produced stably and with high yield over a
long period of time. These features are extremely useful for industrial application in

the production of aromatic hydrocarbon compounds.

[0043] Examples
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pl asma spectroneter (1CP device), and the
silica-alumna nole ratio of the zeolite was
calculated fromthe results. 15 [0044] |CP device and
measur enent conditions Device: Jobin Yvon (JY138
U trace), R gaku Corp. Measurenent conditions:
Si |'i cPRe BrasURE IRRNtIVAVIE! §0F4iRed Sk RIOrdBetdl WEIGWMY means of
nmeasur enent wavel ength 396. 152 nm 20 Plasna power 1.0
| . ' . .t .
exanfeh S A fibaite Sdrtes. Blitne 88T BeRETis £ b ey imitec
b thof zeolite primary particle dianeter 15 A zeolite
y ESW‘%‘?"@\%I e was held with carbon adhesive tape on an
al um pnum sanpl e platform  and subjected to Pt i
deposiNPidhal Mmeasyrerpantspin the examples M cempeetive examples
mai ntain conductivity. SEMinmges were taken with a
wereparfrniedr®s BHMMES- 800), at an 5 accel eration vol tage
of 20 KV at magnifications of 500, 15,000 and

(004400, 000.Mesmromdat yf pidtd-atiminaaneleattienf ookted by
aggregation of fine primary particles in the zeolite

used inghe Bf 986RE HEWES B%Plegﬂ?vatsh%kgﬁriﬁta SefBRELYSssel, and
of 20 or nore primary particles that were determ ned

aftertsél?:lng rProif S &%i%cﬁ%@i?r&%L{ﬁtﬁaéﬁqu@g%%@q ‘P olf rﬁlbjoric acid

€ nmasses Wt X scann
el ectron .10 m groscope i mage were asured, and the
(utreR ¥ et adh OBroRebsed Soh asgved v @ Wiediane. Gfneral Ethos
When the primary particle dianeter was so | arge that
Plus microwave labstatipd. &ngediseeiution wasconuwete, Susmmiatey was added to
el ectron m croscope i mage, the scanning electron
a totali ofr 23 gopEhé mesydting zeolkite didldtemewss milgtéd withtiomexohanged water,
sel ected appropriately
the silicon and aluminum concentrations in the diluted liquid were measured with a
plasma spectrometer (ICP device), and the silica-alumina mole ratio of the zeolite
was calculated from the results.
[0044] ICP device and measurement conditions
Device: Jobin Yvon (JY138 Ultrace), Rigaku Corp.
Measurement conditions:

Silicon measurement wavelength 251.60 nm

Aluminum measurement wavelength  396.152 nm

Plasma power 1.0 kw

Nebulizer gas 0.28 L/ min

Sheath gas 0.3t0 0.8 L/ min

Coolant gas 13 L/ min
[0046] (2) Measurement of zeolite primary particle diameter
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for purposes of conparison, and the primary particle

di aneter was determned in the 15 sane way. [0047]

[ Exanmpl e 1] (Catal yst preparation) The primary

particle dianmeter of an Htype ZSM5 zeolite power

with a silica-alumna nole ratio of 92 was 0.06 pm as

m%aSUAedecﬁlrtQWpd\h@erSQQﬁ?iI@@vﬁ eRld Qfith 28riBrt=@pesNe tape on an

i mage taken at a magnification of 100,000x. 1.3 kg o

' ' t h at. e 3N TIRIY <14 Lengded
alunﬁmrﬁLpﬁ é;érh%l@ E%atf'ft%ﬁﬁ ¥R s bR Pt PtNdesitiole vﬁﬁpaﬁ dsputterer

IS zeollt'e powder so as to achieve a
, [ | tio.of 8 / 2. This was m xed and
(Hnaéﬁ@%&§§0@ﬁfhﬂﬁﬂgﬁwéﬁgﬁgwgﬁ%ontent adj usted as
neceiégr ,. and extrusioE nolded to 1/ 16" X 5 to 10
mm e¥R9GShgVee: rtakednWithl dediitaghhl F5rSHML (®-BRE). at an
for 25 12 hours at 120C, and then burned for 6 hours
accelgrationepitage tiekr of 2hKViratgnagnifigatianscof&o; v6P0 and 100,000.
zeol i te-contai ning nol ded catal yst was dispersed in 1
N sodbeoomidryapartispseans oft@nuforemed By aggregationl dedine primary
zeolite), and subjected three tines to ion-exchange

parti¢lee 3 M bebiRe UseQOHthatpré QNI RMRINASEtRe FelBl diaWRsters of 20 or
then filtered, water washed and dried. This was then

morégkgﬁ%{:ﬁ/‘?ﬁéﬂuﬂgg alé%t'\{nlgr deY&miRgd 6t ; g@ﬁ%gytﬁ)ﬁ%ﬁé I2Rause they

zeolite), and su

xchange.treatnment for, 2 hours at rpo rature.
appeRiFd FSdiEn R Syt B8 LGSRk aibdrbing etectron
.__prepare catalyst A The Ag content of catalyst A as _
m*Cﬂ?&QQ@@r Bgags wergomanseed.x apdythenaversige Wagsavegoas, thg primary
mass based on 100 % by mass of catalyst A The ion
partigle cliamgterr aivbentbe giringanyvparticetdiametareivas isedatge that it could not
zeol ite exchange sites was estinmated to be 66% (Steam

be evakatetrnh)a 1000,000% svabhalngs elestrons nilgolksedpe Nmaige, the scanning
Hastel | oy reactor tube with an inner dianmeter of 27.2

electgﬁmngtgﬁgrgg%é g?gggu%rf ietf’i‘e iffdrBWt Riagificaf@8 WA selected appropriately
for purposes of comparison, and the primary particle diameter was determined in the
same way.

[0047] [Example 1]

(Catalyst preparation)

The primary particle diameter of an H-type ZSM-5 zeolite power with a
silica-alumina mole ratio of 92 was 0.06 um as measured from the scanning electron
microscope image taken at a magnification of 100,000x.

1.3 kg of zinc nitrate hexahydrate and alumina sol were blended with 2 kg
of this zeolite powder so as to achieve a zeolite / alumina ratio of 8 / 2. This was
mixed and kneaded with the moisture content adjusted as necessary, and extrusion

molded to 1/ 16" x 5 to 10 mm. The resulting extrusion molded catalyst was dried for

12 hours at 120°C, and then burned for 6 hours at 500°C.
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and then steaned for 3 hours under conditions of steam
flowrate 218 g / Hr, nitrogen 15 flow rate 220 NL /

Hr to obtain catalyst A-1. A simlar steamtreatnent

was also performed but with a processing tine of 10

hours to obtain catalyst A-2. (Catalytic cyclization

react Nemt, ttaet jestltingt aingtdarymir Fedibioontdiamgt hoMdew atalyst was
performed using the reaction apparatus shown in FIG

dISpéIrS@Bqna'l N %@lJﬁWﬁ%@CE%@@duéqgo%moﬁ h@xé’é“? d- rribﬂv\gd“%@@hte) and

wei ght ratio of of catalyst A1

s dgeligd L Lot oni ;géa&?exea‘%.rﬁ%ggpat B Thheraure.
This r\/\éq%ﬂ‘tﬁn glg%ga ?v%ﬁérowtqgﬁ%é %Z]ﬁ%iq;gzgﬁlsz @s lstpgadlgggrgeg in 0.1 N

evaporator 5. The tenperature of the reactor catalyst
silver f\jtsateyagueess solutien et cs15g-m9ldegdareolde), ered tsubjected to ion-
furnace 8. The reactor outlet gas was cool ed by cool er
exchangé tea‘aﬂmapmrai édbursibd rgzm tamgeratqee.d Tihys was-theqdiltdred, water
separ at or and the gas conponent 17 was exhausted

wasmﬂémdiﬁrléﬂ@ogv?aﬁglc‘étélyﬁfﬁesswe control valve 12. A
pressure of G was mai nt a| ned i nsi de the

syst efhhyadre ?Hf%n?fof%agaﬁ%é{rﬁ a‘éoﬁfer ?Iu@:?esce-ﬁpﬁ -ray analysis

syst em was  al so hea eat r so as

was Eié.sﬁ/ ArRstaas o 1R % Berbs tsﬂp?%?v%%\”ﬁﬁm%?%?@ﬂnge rate

he 5 reactor outlet conponents could be sanpled and
of S"&%W%@ rglatiye da 2eplifs eharge Aitps w@siestimaled te pPr®c .
after the supply of feedstock was initiated, the
r eact {Yeapy betorenths i ntroduced directly fromthe
reactor outlet to a gas chromatography (TCD, FID
det ecl100Q )g aihchtalyst dowps packed imasHasiallyy eeactdOOAR] withen inner
conditions for gas chromatography anal ysis were as

diamedrl SVIB7.2 P, ReNiceeto 630 TRzl fI@Q Hifr&§E M BD atrRYSH R pressure,

(U.S.) SPB-1 customcapillary colum (Tnner dianeter

and @e%%t@?ﬂneb ?8195 Iﬁoﬁ?s mﬁd%rJ édﬂdﬁtmn“smes?é?rﬁ f%g\gf%? %gg! PHr, nitrogen

Ine maln
flow rateC%2O NL / Hr to obtain catalyst A-1. A similar steam treatment was also

performed but with a processing time of 10 hours to obtain catalyst A-2.

(Catalytic cyclization reaction test)

A catalytic cyclization reaction was performed using the reaction
apparatus shown in FIG. 1 and a mixed feedstock having an n-hexane / 1-hexene
weight ratio of 1 /1. 60 g of catalyst A-1 was packed in Hastelloy reactor 7 having an
inner diameter of 27.2 mm. The feedstock was mixed in feedstock tank 1, and
supplied to the reactor by pump 3 at a supply rate of 300 g / Hr while being vaporized
via evaporator 5. The temperature of the reactor catalyst layer was controlled at
515°C by means of electric furnace 8. The reactor outlet gas was cooled by cooler 9

and separated into gas and liquid by gas-liquid separator 11, and the gas component
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Tenperature program Mintained for 12 m nutes at 40C,
then raised to 15 200C at 5C/ mnute, then

mai ntai ned for 22 mnutes at 200C Split ratio: 200 : 1
Carrier gas (nitrogen) flow rate: 120 nL / mnute FID
detector: Air supply pressure 50 kPa (about 500 niL /

was BXhatisted oUiyide aBeysteRvia preesary BofolkRavd abOUA ppdsdilre of 0.5
/ mnute) 20 Measurenent method: A TCD detector and

P 8 S S EANIREer, By AR PR voe 12

rhe SR s A TSP APBEy B LRGP LARyAprase v

det ect or out put was swjtched fromTCD to FID, 18 que

to theegRs FBPPRIGEIRRMWBRMAIRS P8 d hat i reprtehrutichse dhathall of the
reacti on was perfornmed continuously for 48 hours. A

reackor giutlgt corepeneda oaull besampiactiand anglyzad aisyasgasenus, phase.
The resistance of the catalyst to regeneration
degr adaprenietevasined dimat after the supplynef ddedstockravasc dilitiated, the
val ue obtained fromthe followng Fornmula (1), which

reacREPWBrodule @asr eRpedudedacditectiy Y fiofn I #leate@Btdro outlet to a gas
steaming time. That is, activity at the start of the

[ n
chrolg Bk bRy LTCDR TS bl A the Boicaor e bhaRgel s
ang in pyridine adsorption apount. [0049] T
1004812177 e £PpBiinR S gr B SR il ysls Wee ad ollows.
Regeneration degradation index C= (1 / BZ- 1/ Az) x
1000 Peyice\pbiraadrBGE-1Mtial reaction rate constant
K(2) at 10 hrs of steamtreatnent A = initial
r eact Colunmnmait Supelnst(&h$.)KEBB-acustom sapillagt ealwmn (inner diameter
treatment K(2): reaction rate constant at 2 hours
0.25 (i tenglth 80t Miltrythickbeks B0 umry reaction rate

constant based on hexane) = WHSVxLn (1 / (1 -

Sample gas volume: 1 mL (sampling line maintained at 200 to 300°C)

Temperature program: Maintained for 12 minutes at 40°C, then raised to
200°C at 5°C / minute, then maintained for 22 minutes at 200°C

Split ratio: 200 : 1

Carrier gas (nitrogen) flow rate: 120 mL / minute

FID detector: Air supply pressure 50 kPa (about 500 mL / minute),
hydrogen supply pressure 60 kPa (about 50 mL / minute)

Measurement method: A TCD detector and FID detector were connected
in a line, hydrogen and C; and C; hydrocarbons were detected with the TCD

detector, and Cj3: hydrocarbons were detected with the FID detector. 10 Minutes

after the start of analysis, detector output was switched from TCD to FID.
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conv / 100)). [0050] The resistance of the catalyst to
coking deterioration was evaluated in terns of the

coki ng deterioration rate constant D, which was

determined by the followng Formula (2). 20 K(48) /

K(2) = EXP(-D*t) (2) wherein D: coking deterioration

rate gpaséaction KoHBkt wasamidly@d a4 ﬁpﬁl@gyﬁbm"&vhﬂé tH8 reaction was

hours K(2): reaction rate constant hours (initia
v, Na tk
peridiiedcdntinuofisl for 1 EbrE M Sy itk btor b Her e ysing catalys
A2 haV|ng unstabl e crystal structures and poor
hydrot hernmal stability, but it can be seen fron1this
exanpl e and from Conparative Exanples 1 and 2 belo
t hat EE% pesigtanshtofithe rgtalystitndepaneniatire degeadatian Wﬁﬁ@Valuated
zeol i te-contai ni ng nol ded catal yst according to the
in tepne oé @t Numedeali @iud abtdined froemihe fajlowdnd Formuleetnawhich shows
stability and is highly resistant to regeneration
the deéegraseaini amtivityl reretatin foesteamira) tineg That s dactiqityby Bie start of the
according to the present invention also exhibits

reacfdr Wé% §t§1§§llt0{tbucmcﬂ‘1@| edPRisRIskHl Y PRI UMMMNY above for
somewhat high silica-alumna ratio. OF course, this

evalueft n@eﬁfﬁlﬁ% %%‘?%ﬁahgﬁeél tp%vﬁiuh@ﬁ?&&%ﬂéﬁtaﬂddrﬁ even

eam ng” pr e- necessary to

ontr coki g deteri or . 10 ] [Conparative
10048 nm be £65 %et%gvnzgﬁ%ﬁaéoﬁnq eAoa synthes zed by
t he nethods described in Ie 1 f the,
speci RB@@W@HOBN%@W“%@% T ( trel £ A8Lx 1PAQ (1)
zeolite has a silica-alum na m)le ratio of 42. A
wherpowder of this zeolite had a primary particle
di aneter of 1.54 pmas nmeasured by scanning el ectron
m cr ogcopitictredctiohTatesmdtasieki20at a0 hks 0P8fdam treatment
A = initial reaction rate constant K(2) at 3 hrs of steam treatment
K(2): reaction rate constant at 2 hours (initial activity)
K (primary reaction rate constant based on hexane) = WHSVxLn (1 /(1 -
conv / 100)).
[0050] The resistance of the catalyst to coking deterioration was evaluated in

terms of the coking deterioration rate constant D, which was determined by the

following Formula (2).

K(48)/ K(2) = EXP(-D*) (2)
wherein
D: coking deterioration rate constant
K(48): reaction rate constant at 48 hours
K(2): reaction rate constant at 2 hours (initial activity)
t: reaction time (Hr).
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An H ZSM5 zeolite-containing nol ded catal yst
containing 10 % by nmass of zinc, catalyst B, was

obt ai ned by the sane nethods as in Exanple 1. Catal yst
B was subjected to steamtreatnent by the sane net hods
as in Exanple 1 to prepare a 3-hour treated catal yst

[OOS(FlB 1) FinBthdtidIe-A@Hest dreair e ffid i yHnowtPidr Brading unstable crystal

eactions were perfornmed in the sanme way as the

L |

struchFbe Yo @{dﬁ@%m‘ SR iR S o APl o ithole and
Table 1 .and_Fl G n_be seen fr aratijve

from &8 mBP &8, Rt MRIsEh 1 s CoReBH: [ SR S TR0 & fine-particle
zeolite system even |f the zeolite (herejinafter

Zeo"‘:‘?n ti yeplpGangining 'HQ'deQe‘Eﬁt?WEt %@COr@@gﬁattl@ﬁtpr%%”ddﬁ\ﬁ”t'o” has
2") has the physical properties stipulated in the

extremalgngooth bydethermtal slablitenan , ishyeghdy hessisiant to  regeneration
stability is nmuch I ess than with the catal yst

degradatiomdi nhe ozedlite-cqonesiring moléed | cataly§hadccosdingt to the present
appears that using the zeolite of Patent Docunent 2,

mverm@hrm@@ré&h%ﬁgrsa%@ émawf@g?a&raﬁbh %t.dmgaé\@kﬁté ﬁQ\)lng%\ somewhat
kely to progress over tiime in t he course of

high bﬂg %tllﬁrhg"fa %T’ ?enC?‘fb&%gg Mhid gg) Fé cflllgreq f%%s o aEﬁ\ﬁty even

zeo Ite cument arger han

arti Ie di r_of the zeolite used i
after B, PR B3 pre Frebge Aol tancsgat S qanbiph Faghe desdibration.
resent invention, and consequently the rate of
[005§et erl[Coraparative EXampPl9dbei pi t at i on of car bonaceous
material during the reaction (coking deterioration)
i s muh habype Z&ii-& rdalite wash symtbegized i hyethel methods described in
cont ai ni ng nol ded catal yst according to the present

Exanplgeniof aRe speafidhtioi-ofmrtent Decwrenplze ZheNasuling zeolite has a
exchange and Ag ion exchange of catalyst B were

snllcapzﬁ[lfr%émﬁol@yratﬁ)th $BTE A gﬂ) e ¢ &ﬁs 'E%bh@dﬁaasa'&lrpary particle

anple 1 to prepare cat e Ag content

d'amgfet osl a1 %éségéé%sﬁ”‘% oo PR iBRRopy at

magrﬁ(car{Pon Of11§806)repare a 3-hour treated

An H-ZSM-5 zeolite-containing molded catalyst containing 10 % by mass
of zinc, catalyst B, was obtained by the same methods as in Example 1.

Catalyst B was subjected to steam treatment by the same methods as in
Example 1 to prepare a 3-hour treated catalyst (B-1) and a 10-hour treated catalyst
(B-2).

Reactions were performed in the same way as the catalytic cyclization
reaction test of Example 1, but using catalysts B-1 and B-2. The results are shown in
Table 1 and FIG. 2.

It can be seen from Comparative Example 1 that with the conventional H-

type zeolite system, even if the zeolite (hereinafter simply referred to as “zeolite of

20



catalyst (G 1) and a 10-hour treated catalyst (C 2).

Reactions were perforned in the sane way as the

catalytic cyclization reaction test of Exanple 1, but

using catalysts C-1 and C2. The results are showmn in

Table 1 and FIG 2. 20 It can be seen from Conparative
PateRXBBBLReRt PNalad theCHRAM ] ?J%bé’i’tié@ stip@latdd Wﬂﬁ@ invention of Patent

catal yst, hydrothermal stability is greatly inproved

Docuﬁﬂer‘&sé n %Bﬁ&ﬁ%ll s{afbuﬂy is %&nks%gm{h f’ﬁe"‘tét‘é al%'t l2%E6rding to

exchange

p&%ﬁefnft;@\zean;fegzr R BSR40 pocument 2

[0054] [Exanple 2] 21 (Cat aI yst preparation) 1.25 kg
pem@r‘em degradatiand regsnargieradegtaadtionuis hikely ép niegress over time in
bl ended with 3 kg of the Htype ZSM5 zeolite powder
the opurde eof sidustrial alsani Maraowvee thatpasticié di@metestofibs zeokbtedof Patent
in Exanple 1 so as to achieve a zeolite / alum na

Documénto2 0§ [&rger har -the YprivNaryesartibleagiamaier behiad izésliteoused in the
zeol i te-contai ning nol ded catalyst). This was m xed

zeolitPEbMARAIE dmodd) Eheyy®i %Q:Hén%iﬁ”fc?”;headbﬁé%bﬁﬂ ﬁfVention, and

necessary, and extrusi‘on nol

cors AL L A 7 5y
durlngoq?]ceqtﬂe%gg €?I%x'lfmgz rtlg@girl% |c>¥)I %n@% ltrlﬁtg?er %%th "With the zeolite-

zinc-carrying zeolite-containing nolded cat al yst was
contaipimgrreelder cadalysicansoudingite the prasephireestivmyt i on

containing 30 g of silver nitrate dissolved in 500 g
[C053) i Ofbeempdratige Exaatpde 2] and t he noi sture was then

distilled off wth a rotary evaporator at a bath

t enpeNatigh &xehah@E anddAg iBh @XeHERgObf eatd@itIB wkte performed by
dri ed nol ded catal yst was collected, dried for 5 hours
the %grtm%ﬁ@ﬁex%ﬁgné)é”rﬁ@ﬂoég aslm E%ém'B%JﬁStoabre%%P&c%?al?Qt@! NThe Ag
content of catalyst C was 1.87 % by mass based on 100 % by mass of catalyst C.

Catalyst C was steam treated as in Example 1 to prepare a 3-hour treated
catalyst (C-1) and a 10-hour treated catalyst (C-2).

Reactions were performed in the same way as the catalytic cyclization
reaction test of Example 1, but using catalysts C-1 and C-2. The results are shown
in Table 1 and FIG. 2.

It can be seen from Comparative Example 2 that in comparison with the
H-type catalyst, hydrothermal stability is greatly improved by using the zeolite of
Patent Document 2 with silver carried thereon by ion exchange. However, coking
deterioration is still much greater than with the catalyst according to the present
invention.

[0054] [Example 2]
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1.25 kg of zinc nitrate hexahydrate, 120 g of silver
nitrate and alum na sol were blended with 3 kg of the
Htype ZSM5 zeolite powder with a silica-al um na
nole ratio of 92 that was used in Exanple 1 so as to
achieve a zeolite / alumna ratio of 9/ 1. This was

m xed(Gdidlysnergrdatidri)h the noisture content adjusted
as 20( necggsgry, andr{)extrusi on nolded to 1 / 16" x 5

i 381?S‘Brkd{??ﬁ@%ﬁﬁ*féié“?%%%ffdﬁf]‘%%den ”ﬁﬁ%ﬁ?ﬁ%‘*?@em with ¢
kg of ¥ e 25bE Afited Bherc Qi syl BRE TS Bt g rat wes

analysis were 1.85 and 1.96 % by mass, respectively,

usedylSeRrae 1080 AsHp arMaveR ZGQBtecfz\Q'HW%Q gatis ah@ /g, (7\/\% ih &y mass
the zinc contents were 7.32 and 7.22 %y nass, 22

as zineseplative e zgoliteananityising Mmolded Gtalyst. alhis wasusived amdl kneaded
powdered, added to 1 nol / L aqueous sodiumnitrate

with 8@l mibistn®, candnisadjusted donedkdsary, anat exifSionhwlded tad$ / 16” x 6
were filtered out, the Ag contents in the sol utions

to 10M@Ine W@Sr@%ﬁ@in%éﬂ&u%fb% rh@%ééﬁéféts@st a4 drikased 1th6Dm§rS1a§ 120°C,

nmeasur enent s, e Ag concentrations of catalysts

ara Bl P P50 5P ot oyt e B8l gt contaming

thg%s of these exanples, the silver is contained in

moldgﬁ&a ¥¥'ite exchange sites in the form of cations.
(Steamtreatnment) Catalysts D and E were steamtreated
for 3NBY¥urKkef B50EsHYing incsa@rsying Zeptitenerntaigingymolded catalyst
Exanple 1 to obtain Catalysts D01 and E-1. (Catalytic

was gyiiersst innanrapeoiusrsilves nitjat€aodltion cortaivling 30i @wof silver nitrate
reaction tests were perfornmed as in Exanple 1 except

dissdiveat irt BO0 @ oflipisbxEnargatowatiruandWae rhBistluret Was then distilled off
feedstock supply rate was 150 g / Hr and the reaction

i [ . j
win 3883935004t oSO ST S of o o T

dried bRl Eatghﬂst Was g&f)e\@ed,ndrﬁé%b%o? £hours at 120°C, and burned for 15
hours at 500°C to gbtain catalyst D.

1.25 kg of zinc nitrate hexahydrate, 120 g of silver nitrate and alumina sol
were blended with 3 kg of the H-type ZSM-5 zeolite powder with a silica-alumina
mole ratio of 92 that was used in Example 1 so as to achieve a zeolite / alumina ratio
of 9 /1. This was mixed and kneaded with the moisture content adjusted as
necessary, and extrusion molded to 1 / 16" x 5 to 10 mm. The resulting extrusion
melded catalyst was dried for 12 hours at 120°C, and then burned for 15 hours at
500°C to obtain catalyst E.

The Ag contents of catalysts D and E as measured by fluorescence x-ray
analysis were 1.85 and 1.96 % by mass, respectively, based on 100 % by mass of

catalysts D and E, while the zinc contents were 7.32 and 7.22 % y mass,
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[0055] [Exanple 3] A catalytic cyclization reaction
test was perforned with catalyst A-1 (60 g) wusing the
same apparatus as in Exanple 1. For the raw materi al
i ght hydrocarbon feedstock, the C4 fraction and C5
20 fraction shown in Table 3 were supplied by punps 3

respé’é"t@eﬁl. f ¢ Ay RINDRIE El b rel A8 Srushe@Ehdpow8emec bbdéed Yo 1 mol / L
m xed and used. The weight ratio of the C4 fraction to

h
aquebll§ s%iur%érﬁﬁ%ﬂeo&lmé:a% gtji}?ec}"ﬁd.rrg?bgﬁ?%%{%@tc. The solids were

unsatura hydrocarbons to sa drocar bons I n
merdo3: Tt 88 LRl K SOLIBR RPErhORuEutird fp covic, anc
(WHSV = 2.8). 23 The reaction tenperature was 515C,
basefihen tagze inrpgewsiie M e onealrations ghgatalysts D and E were
reaction tinme was 72 hours. After conpletion of the

found daclhé oh75t ared 1aB8&I Ysby wasss,etpspectivalyl byhishehows that with the
foll owi ng procedures as the catal yst regeneration

prepfiatiofs methbdy agethasas exabpildd, uthed silberass tdomtsiatdl stthe zeolite
was heated to 420C over the course of 2 hours, and

exchBhbé QAEQirHIHEUbRA ARatiyhd.n an oxygen concentration of 1
% Was then substituted to initiate regeneration. The

CO an ﬁg%‘;}g%lﬁ‘:e%);ati ons of the outlet gas were

noni t nperature and oxygen concentration

were gradual |y raised, and nitr subst |
once Cefilyain ) abd s Heat Saaeh i Pairpat BeysaDyiibe same
detection Iimt at the final oxygen 10 concentration

methed avindnmmplageioaakipin GatahsteD-tangikdi ng t he cat al yst

regeneration process. The tine required for the
cat al {Gatalybgeyeliztionmepctaretestsjas 20 to 24 hours.
This cycle of 72 hours of reaction followed by 20 to

24 hoghtalgfc coeER2EbAt FEUTBAS tests PRGe betBrbdess i in Example 1
conti nuous operation. The results are shown in FIG 3.

cxcopEe IRECEBRGTPRERIInt s 1750 SRRyt s 150
g/ I-frharn%eth%ayesac%n (il(l)’]’?é iwréusogg hours. atl'ih%nre%aft]s %? rg§§%rﬁpﬂeisl$§189rformed
using Catalyst A-1, Catalyst D-1 and Catalyst £-1 are shown in Table 2.
[0055] [Example 3]

A catalytic cyclization reaction test was performed with catalyst A-1 (60 g)
using the same apparatus as in Example 1.

For the raw material light hydrocarbon feedstock, the C4 fraction and Cs
fraction shown in Table 3 were supplied by pumps 3 and 4 from raw material tanks 1
and 2, respectively, mixed and used. The weight ratio of the C4 fraction to the Cs
fraction was 4:6. The weight ratio of unsaturated hydrocarbons to saturated

hydrocarbons in this mixed light hydrocarbon feedstock was 47.8 / 52.2. The raw

material supply rate was 168 g/ Hr (WHSV = 2.8).
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wi thout difficulty and w thout adversely affecting
deterioration, the anmount of carbonaceous materi al
that accumul ates during the reaction can be renoved in
a one-day catal yst regeneration process, and the
initial activity of the catalyst is not 20 di m nished

by repaatreagtidMRnigaaiurewdds1 5 shelB98RIn bfesalRl fadlo.
The primary parti cﬁﬁdirarret er of aneH.typen ESM B a8lo.5 MPa

/G%thtrsamﬁhe‘%é&@hgaié ica-alumina nole ratio of 83
was O ’

.13 pmas neasured wth the scanning el ectron

mcro e at a.magnificatian of, 100,Q000x. 24 1.3 k
of o1 R8P oM iR R b BAsTng the GaStepS isignerdled by the
bl ended with 2 kg of this zeolite powder so as to _
followinoRTRcedures| 3% ke cafplyst rrRpensratioroprogess.2 Nitrpgen was substituted
m xed and kneaded with the npisture content adjusted
as thescatalysbwas \neaternite 42016 over theotalese tob 21hdurssand nirdgen diluted
10 mm The resulting extrusion nol ded catal yst was

gas With ed dygenTohZehpation of 1942066 tieerd stbstutedrtoasitib @ reégeneration.
hours at 500C. The resulting zinc-carrying

The CePhnd CCLNRiehtAdoADbERRE S@ictigastw Smoﬁfltogr%@gqcsenlg\legggﬁ)erature

1 N sodiumnitrate aqueous sol dtion (10 cc
It : |.ac r i mes a _1-hour .
and 68 Sneciforiol B dRBpbI ledd. s hitleh i subgfiuted once
t he iltered, water washe nd dried. This was )
the °di“§g§@e8°'ﬂ??r6rai'om ad G elawas 5 terdioBolrsit 6 the ifial oxygen
f(310 cc / ga nmol ded zeolite), and ion-exchange treated
concegiratiorhplip% and terpeaiateiepelr 33QCe completingatha patalyst regeneration
filtered, water washed and dried to prepare catalyst

procgss. Thiee fecrequizad fof theataadlystt reGeasrativaguroessswas 20 to 24 hours.
fluorescence x-ray analysis was 1.77 % by mass based

This eyclz08F 78 Mouraos rebctict RlibdedDby 29 (©OSP&#HBUrE @ArEEBharation was
100 g of catalyst F was packed in a Hastell oy reaction

epeSBRAONHES b Ifous ARG, o, 272 Pested (o

The results are shown in FIG. 3.

It can be seen that using the zeolite-containing molded catalyst according
to the present invention, three days of continuous operation can be accomplished
without difficulty and without adversely affecting deterioration, the amount of
carbonaceous material that accumulates during the reaction can be removed in a
one-day catalyst regeneration process, and the initial activity of the catalyst is not
diminished by repeating the reaction 10 times.

[0056] [Example 4]

The primary particle diameter of an H-type ZSM-5 zeolite powder with a

silica-alumina mole ratio of 83 was 0.13 ym as measured with the scanning electron

microscope at a magnification of 100,000x,
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and then steamed for 3 hours under conditions of steam
flowrate 218 g / Hr, nitrogen flowrate 220 NL / Hr
to obtain catalyst F-1. 20 (Catalytic cyclization
reaction test) A catalytic cyclization reaction test
was performed as in Exanple 2, but wusing F-1 as the

cat al y$tkg dhené %t@érherxaﬁg@ﬂa@@ afd dlemiRissdl eraattishddd/Rith 2 kg
times. The results are showmn in FIG 4. [0057]

. | | |
of thiszeange oW SER, B el BN STRIGHE SR B8 5 This was

. in a e 2. usi.ng B-1 as . th atal yst. The .
mixeficanst Kaeahed BB ihe iToiteS Bnihy a8l st RaandofRe el extrusion
of Exanple 2, and it can be seen that the yield is _
m°'d§9r¥%\ﬂHgfﬁ o 10uRM: eThe rasingedrysiraimoied catglyshyap dried for

5 Judging from Exanples 2 and 3 and this conparative
12 hewrsrgd|1€0° €hand thear bumeddat Gihourgah@P@féd cat al yst in
the process according to the present invention
provi Ths mnasUitimet kiec-dayding hesome-contdmingt ymolded catalyst was
fine-particle zeolite than conventionally proposed

dispdrséd iE o2 ¢ isbBilrAtrtryet SqudRBSEAUTEH (V0 cbl/ d-Pdldss izBbRte), and
to greatly control the conventional problens of

subjéscg&fﬁg%@ttirﬁ& £9"12H Hi8H—e?}EHaﬁ@é<itr@%tnh&ntd&trﬁghi’fe?ﬁdbﬁgteuée. This

aromatl c hydrocarbon conpounds can be pr
was fr]te?ﬂiﬁ/ezég,ﬁ\%gé}v@a[ gl P@'}/dlﬁlngqgﬁgﬁo\%@%%ﬁ)ﬁ%ﬁ 81d8.qu silver nitrate
aque%%gcs)éllft%nr(r‘]l 02cc / g-molded zeolite), and ion-exchange treated for 2 hours at
room temperature. This was then filtered, water washed and dried to prepare
catalyst F.

The Ag content of catalyst F as measured by fluorescence x-ray analysis
was 1.77 % by mass based on 100 % by mass of catalyst D.

(Steam treatment)

100 g of catalyst F was packed in a Hastelloy reaction tube with an inner
diameter of 27.2 mm, heated to 650°C in a flow of nitrogen at atmospheric pressure,
and then steamed for 3 hours under conditions of steam flow rate 218 g/ Hr, nitrogen
flow rate 220 NL / Hr to obtain catalyst F-1.

(Catalytic cyclization reaction test)

A catalytic cyclization reaction test was performed as in Example 2, but
using F-1 as the catalyst. The 72-hour reaction cycle was repeated five times. The

results are shown in FIG. 4.

[0057] [Comparative Example 3]
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mawoO ZECZNIS) CN~Tcm,,, zzaacs ~1-a
aNd) d)asXZM)O) rQ VOZUWUz Zcn CA Z
Oda. 14 MC6 01 R CC ?r' LUZ ~~ 00 U U 7200 cn CCw

CC QU L OE0OYZCCz aa OMw_ 00 0O0~2 2 LLJ

(Al QNQaOO—I O JFF"» ar CO00 o rn WMcc(n SmQ Q

z0 y & @y@@o@a]ca]tal'}né%gcl@zdﬂow reactioPtddt WiadspéforRled as in
2 pia US r az o~ cCc z~ zx I

Examgle P §IRuSt BYNP {rsieR o TS e e ST 6 gosetner

with the re§ults oquxampIe 2, and it can be seen that the yield is somewhat lower
while coking deterioration is greater.

Judging from Examples 2 and 3 and this comparative example, the
zeolite-containing molded catalyst in the process according to the present invention
provides much better hydrothermal stabilty in a fine-particle zeolite than
conventionally proposed H-type zeolite catalysts. Consequently, it is possible to
greatly control the conventional problems of regeneration degradation and coking
deterioration so that aromatic hydrocarbon compounds can be produced stably and

with high yield over a long period of time.
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[0060] [Table 3]

TABLE 3:

COMPOSITION OF LIGHT HYDROCARBON FEEDSTOCK

C4 FRACTION Cs FRACTION

HYDROCARBON HYDROCARBON
COMPONENT COMPOSITION (wt%) COMPOSITION (wt%)
C3Hs 0.1 0.0
C3zHg 0.1 0.0
CaHqg 17.2 0.0
C4Hg 81.6 0.5
CsHq2 0.4 ' 74.4
CsHqp 0.1 24.6

Industrial Applicability

[0061] Aromatic hydrocarbon compounds can be produced stably over a long
period of time and with high vield by using the zeoclite-containing molded catalyst
according to the present invention, which is a zeolite-containing molded catalyst for
use in a process of producing aromatic hydrocarbon compounds by catalytic
cyclization from a light hydrocarbon feedstock, to produce aromatic hydrocarbon
compounds by bringing a light hydrocarbon feedstock into contact with the zeolite-
containing molded catalyst in a reactor. Such stable production with high yield over a
long period of time can be accomplished by a simple method because the zeolite-
containing molded catalyst used in the process according to the present invention is
highly resistant to both coking deterioration and regeneration degradation. These
features are extremely useful for industrial application to the production of aromatic

hydrocarbon compounds.
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aalL~aaa | VUUU 5 28 [0060] [Table 3] TABLE
3: COWPCSI TI ON OF LI GHT HYDROCARBON FEEDSTOCK C4
FRACTI ON C5 FRACTI ON HYDROCARBON HYDROCARBON
COVPONENT COWPCSI TION (Wt % COWPOSI TION (wt% C3H8
0.1 0.0 C3H6 0.1 0.0 C4H10 17.2 0.0 (41-18 81.6 0.5
C5H12 0.4 74.4 C5H10 0.1 24.6 Industri al
Applicability [0061] Aromatic hydrocarbon conmpounds

B“Gf@%ﬁﬂ'ﬁ“ W%e@f A%y Leing LS”?eof’i e cont ai ni ng.
IOOB%! Sﬁﬁ'\éi éa‘w%ﬁﬁ% o aerel hTaBCT aato Rl pBParaus uses

&gess produci ng aromati ¢ hydrocar bon
p@ﬁ@ﬁFVﬁPEUO%yclization froma I|ight

hydrocarbon feedst ock, to produce aromati c hydrocarbon

conpobias? Isya Braptysiheviagl dhgingen yrl the: eeastian foved Simscio Example 1

into contact with the zeolite 10 containi ng nol ded

of the ptedens inventian eedcCompaiitive Bizabples draxdtbi2t i on Wi th

hi gh yield over a |long period of tine can be

acconpigd shads Byaph ShéWing JdRNGRY iR BtaHERtbADVER Ahid B-Example 3

in an

of the present invention.

FIG. 4 is a graph showing changes in the reaction over time in Example 4
of the present invention.

FIG. § is a graph showing changes in the reaction over time in Example 3

of the present invention and Comparative Example 3.
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cont ai ni ng nol ded catal yst used in the process
according to the present invention is highly
resistant to both coking deterioration and
regeneration degradation. These features are
extrenely useful for industrial application to the
production of aromatic 15 jaAydgocar bon conpounds. 29
Brief Description of the Drawings [0062] FIG 1 is a

| {ng&gﬁpm of a catalytic cyclization reaction test
itus used in an exanple of the present
inventign. s.FIG 2 is a graph,show ng changes in the .
Fenot Fork zaditethisnind RS of HisS IR deaieeSs of producing
i nventjon and Conparative Exanples 1 and 2. FIG 3 is
an apreatioRydReaiieg eapged by cetalytieaydlizationfem gilight hydrocarbon
Exanple 3 of the present invention. FIG 4 is a graph
feedsthokv wherdiartheszdalite lentaned iinrthevagolité-geniamimy anplded4catalyst
to of the present invention. FIG 5 is a graph show ng

fulfills Henfatiowiny thedit@Re()of2)@ner(3):i me in Exanple 3 of the
present invention and Conparative Exanple 3. 30 CLAI NS

I (V) eh@izBbiitd- isA ﬁfé&{j&ﬁ\eﬁ&é i &nBltr LML R bBle 8lameter of

for usé in a process of producing an aronatic

r r.bon conpound by catalytic cyclization froma
from:%’iytghtf?g%ydr ocarbon 5 feedstock, wherein the zeolite

contajned in the zeolite-containin | ded cataly
Ul 1240 kEokET PP AP GRS HTEIeT )2 dapog ) rom 0.02 to
(1) the zeolite is a nedium pore dianeter zeolite wth
0.25 gmpéngl di aneter of from5 to 6.5 A, (2) the zeolite
has a prinmary particle dianeter in a range of from
0. 02 {3 the zeolite contains at least one metal element selected from the

group consisting of the metal elements belonging to Group IB in the periadic table,
and wherein the zeolite-containing molded catalyst also comprises at least one
element selected from the group consisting of the elements belonging to Groups IB,

I1B, IlIB and VIII in the pericdic table.
2. The catalyst according to Claim 1, wherein the zeolite contains silver.

3. The catalyst according to Claim 1 or 2, wherein the zeolite is an MFI

zeaolite.
4. The catalyst according to any one of Claims 1 to 3, wherein the
zeolite-containing molded catalyst is heat treated at a temperature of 500°C or more

in a presence of steam prior to contact with the light hydrocarbon feedstock.
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0 0.25 pm and (3) the zeolite contains at |east one
netal el enent selected fromthe group consisting of
the netal elenents belonging to Goup IBin the
periodic table, and wherein the zeolite-containing
nol ded catal yst al so conprises at |east one elenent

sel ecsed f payvekbe far %dﬁ@lﬂ@' Séﬁ NaroPhatichehrlr6eaBbA compound

bel onging to G oups IB, B, IlIBand VIII in the
d I di 1,
comBRSH Rl 5 i s e oGPk o 4 Belp ceone

con il S el ok Pedrflboda AR AL Tdo o any one

of Clainms 1 to 3, wherein the zeollte cont ai ni ng
nol ded catal yst is heat treated at a tenperature of
500C or nore in a presence of steamprior to contact
wi th 6hd’he grecaspdaceudingntd dddisn dokwhesinla Feagtor used in the
process for producing an aromati c hydrocarbon
processis@madiabatierfixedbed réadtogi ng a | i ght hydrocarbon
feedstock into contact wwth a zeolite- containing
nol ded catal yst according to any one of Clains 1 to 4.
5 6. The process according to aimb5, wherein a
reactor used in the process is an adiabatic fixed-bed
reactor. 32
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