DESCRI PTI ON PROCESS FOR PRODUCTI ON OF AROVATI C
HYDROCARBON Techni cal Field [0001] The present

invention relates to a process for producing an

aromati ¢ hydrocarbon such as benzene froma | ower

hydr ocar bon such as nethane. Mre particularly, the
present invention relates to a process for producing

an aromatic hydrocarbayng ¢gigigg mrhygnpcarbon having 1

to 8 carbon atons obtained fromgas such as liquid
petrol eum gas, liquid natural gas, coal carbonization

gas, refined petroleum gas, naphtha, organic natter

f er ment alPROCES3SFOR PRODUCTIOR IOFEARCMATIE EYDROCARES ,

coal reformed gas, nethane hydrate recycling gas or a
deconposition product of any of such gases as

starting material. The present invention also relates
TechnicahtFilelst for produci ng an aronatic hydrocarbon,
using a lower hydrocarbon as starting material.
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matter dry distilled gas, coal reformed gas, methane hydrate
recycling gas or a decomposition product of any of such gases as
starting material. The present invention alsoc relates toa

catalyst for producing an arcmatic hydrocarbon, using a lower

hydrocarbon as starting material.

Background Art

[0002] While aromatic hydrocarbons such as benzene, toluene and
Xylene have been and being mainly produced from naphtha that
originates from petroleum, processes for producing an aromatic
hydrocarbon such as methane or benzene from a lower hydrocarbon
directly by a catalytic reaction in the presence of a catalyst,
which is molybdenum carried on synthetic zeolite ZSM-5, are known
(see, inter alia, Non-Patent Document 1). However, the use of such a
catalyst is accompanied by technological problems including an

increased deposition of carbon, a low conversion ratio of methane



[ 0003] Processes for producing an aromatic hydrocarbon
froma material gas such as nethane or

net hane- cont ai ni ng | ower hydrocarbons directly by a
catalytic reaction in the presence of a catalyst of
nol ybdenum or zinc carried on ZSM5 wth or w thout
carbon di oxi de added to the material gas by a small
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perfornms excellently for a long tine. However, such
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aromati ¢ hydrocarbon, using a catalyst carried on
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cazpbn [dhlctide addedtodisedaberiahgesiucaisnall ahowpt have been
| ower than 209. to reduce the selectivit f benzene

propasedt(speyd nrer elas, PrEepELasumeREs b ﬁné cat al yst
|s egraded to a certain extent as the reaction tine
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aromatic hydrocarbons including alkyl benzenes and naphthalene
are produced with a selectivity of not lower than 20% to reduce the
selectivity of benzene to about 70% and that the performance of the
catalyst is degraded to a certain extent as the reaction time
increases, which make the processes less feasible.

Thus, there is a strong demand for catalysts that show an
excellent reaction efficiency and also can raise the aromatic
hydrocarbon production efficiency and the benzene selectivity and
stably maintain the catalyst performance for a long time.
Non-Patent Document 1: JOURNAL OF CATALYSIS, 165 (2), 150-161 {1997)
Patent Document 1: JP -A-10-272366

Patent Document 2: JP -A-11-60514

Disclosure of the Invention

Problem to be Solved by the Invention



[ 0005] Therefore, it is the problemto be solved by
the present invention to provide a catalyst for

si mul t aneously produci ng benzene or aromatic
conmpounds cont ai ni ng benzene as mai n conponent and
hydrogen gas with a high conversion ratio and a high
selectivity, using a |l ower hydrocarbon such as nethane
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catalyzing ability of converting a | ower hydrocarbon
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present invention, the above problem of the invention
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an aromatic hydrocarbon, using a | ower hydrocarbon as
mgtaridahghatmeanisgablyres intocias st oareilyizagatatitliity ehe
hydrocarbon in the presence of a catalyst carrying a
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metallosilicate carrier nodified with a silicon |
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characterjzed in that the silicon gconpound i.s a
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ami no, .al kyl am.no and pyrid roups and an organic
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of the netallosilicate and selected fromtrial koxy

and triphenyl groups and the sodi um conpound or the
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group of a siZe equal to or greater than the pore
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cal ci um conmpound being nodified so as to
aromatic hydrocarbon, using a lower hydrocarbon as starting
material, the process comprising heating the hydrocarbon in the
presence of a catalyst carrying a molybdenum compound or a rhenium
compound on a metallosilicate carrier modified with a silicon
compound, a sodium compound or a calcium compound, characterized in
that the silicon compound is a silane compound having a basic group
selected from amino, alkylamino and pyridyl groups and an organic
group of a size equal to or greater than the pore size of the
metallosilicate and selected from trialkoxy and triphenyl groups
and the sodium compound or the calcium compound is a compound
having an organic group of a size equal to or greater than the pore
size of the metallosilicate and selected from crown ether,

hexafluoropentanedione and acetylacetonate, the silane compound,

the sodium compound or the calcium compound being modified so as to



- 3 make an oxide thereof by inpregnating the
netallosilicate carrier wth it and subsequently
heat-treating it in an oxygen-containing atnosphere.
Preferably, a process for producing an aromatic
hydrocarbon as defined above is characterized in that
the catal yst contains platinumor rhodium [00071 In
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material, the catalyst carrying a nolybdenum conpound
aBfiogplidieni um conpound on a netallosilicate carrier

nodi fied with a silicon conpound, a sodi um conpound or

a calmaffaratlyoansocdss ot ericded ing drharohaeis hiyideogarbon

conpound is a silane conpound having a basic group
asdeddined dbwm asigheracakelnikzedi itothat the tayalystogpstains

and an organic group of a size equal to or greater
riatinumerpdrasiigince of the nmetall osilicate and

selected fromtrial koxy and triphenyl groups and the
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ydrocarbon as defined above 1s characterized by
s £BEAY IBApBLAL NG a basic group selected from amino,
alkylamino and pyridyl groups and an organic group of a size equal
to or greater than the pore size of the metallosilicate and
selected from trialkoxy and triphenyl groups and the sodium
compound or the calcium compound is a compound having an organic
group of a size equal to or greater than the pore size of the
metallosilicate and selected from crown ether,
hexafluoropentanedione and acetylacetonate, the silane compound,
the sodium compound or the calcium compound being modified so as to
make an oxide thereof by impregnating the metallosilicate carrier
with it and subsequently heat-treating it in an oxygen-containing
atmosphere.

Preferably, a catalyst for producing an aromatic
hydrocarbon as defined above is characterized by carrying platinum

or rhodium compound in addition to the molybdenum compound or the

rhenium compound.



or rhodi um conpound in addition to the nol ybdenum
conpound or the rhenium conpound. 4 Advantages of
the Invention [0008] A process for producing an
aromati ¢ hydrocarbon according to the present

i nvention can produce an aromatic hydrocarbon from a
| ower hydrocarbon such as nethane with a high
conversion ratio and a high selectivity.
Particularly, it provides a high benzene selectivity

A80EnbEHES ot hes Akt DoRAUCe aromatic hydrocar bons
cont ai ni ng benzene as nmai n conponent for a long tine.
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metallosilicate to be used as catalyst carrier for
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(0] convertlng a ower ocarbon into an

aromatic hydrocarbons can improve the conversion ratio of aromatic
hydrocarbons containing benzene as main component, reduce the
ratio of naphthalene in the conversion product and stably show a
good performance for a long time if compared with conventional
catalysts carrying a metal component such as molybdenum on a
metallosilicate carrier.

[0010] A metallosilicate tobe used as catalyst carrier for
producing an aromatic hydrocarbon is a porous substance referred
to as zeolite that contains silica and alumina as main components
and can be selected from molecular sieve 57, faujasite (NaY) and Nax,
ZSM-5, ZSM-11, ZRP-1, MCM-22, ferriorite and (B -zeolite. Preferably,
the metallosilicate has a pore diameter between 0.4 and 0.7 nm.

[0011] For a reaction of converting a lower hydrocarbon into an

aromatic compound with a conversion ratio and a selectivity that

are feasible for practical applications according to the present



aromatic conmpound with a conversion ratio and a
selectivity that are feasible for practica
appl i cations according to the present - 5 invention,
the silica/lalumna ratio is preferably between 10 and
100, nore preferably between 20 and 70. [0012] The
netallosilicate carrier of a catalyst according to the
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conpound sodi um comnpound, ci um conpound or
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sPaien somponhd) Aeatetiam amipawst er thechilks a trial koxy
group or a triphenyl group. [0013] Specific exanples
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of the present invention include
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propyltrlc orosi | ane, 3- br omopr opyl tri met hoxysi

mE@H ethyltriethoxysilane, 3-aceto ropyltriethoxysilane,

par ac Ioronethyltrlnethoxy3|lane chl oronet hyl tri et hoxy
3ShhBpropylethoxysilane, N- (2- aminoethyl)
-3-aminopropyltrimethoxysilane, aminophenyltrimethoxysilane,
3-aminopropyldimethylethoxysilane, 3-aminopropyltrimethoxysilane,
N-phenylaminopropyltriethoxysilane, 2- 4-pyridyl) triethoxysilane,
N- (3-triethoxysilylpropyl) -4,5, dihydroimidazole, 2-
(triethoxysilyl) pyridine, 3- (trimethoxysilylpropyl)
diethylenetriamine,bis(trimethoxylpropyl)amine,bis
(methyldiethoxypropyl) amine, bis-chloromethyldichlorosilane,
3-bromopropyltrichlorosilane, 3-bromopropyltrimethoxysilane,
parachloromethyltrimethoxysilane,chloromethyltriethoxysilane,
cyclopentylsilane, diethylsilane, dimethylchlorosilane,
dimethyldichlorosilane, dimethyldiethoxysilane,

dimethylethoxysilane, ethylmethoxysilane, phenyltrimethoxysilane,

triphenylaminosilane, triphenylsilane, tetraethoxysilane,



cycl opentyl si |l ane, di et hyl si | ane, di net hyl chl or osi | ane,
di net hyl di chl or osi | ane, di net hyl di et hoxysi | ane,

di met hyl et hoxysi | ane, et hyl met hoxysi | ane, phenyl tri net ho
xysi | ane,

tri phenyl am nosi |l ane, tri phenyl sil ane, t et raet hoxysi | ane
, - 6 dichlorosilane, diiodosilane, silane and
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oxysi | ane, N-phenyl am nopropyltriethoxysi |ane, 2-

-8 dampiriomiydpgy ttrieehtoyysilane, amlnophenyltrlmethoxys ilane,
N-(3-triethoxysilyl propyl)-4,5,dihydroi m dazol e, 2-

3(amlmpmpmdlyde)tgnyrluedhpays1@@nerétam>qmmplyémwﬁyhowﬂlane
di et hyl enetriam ne, bis (tr|nethox opyl) am ne and
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causi ng a netall osi |cate to carry a SI#ICOH
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oxygen- cont ai ni ng at nosphere For exanple, a
wiehalystgssic Re1ReaPH A& %N é&@ti’iﬂﬂ@gﬁa $if1 i con compound
such as a solution using benzene, toluene, methylene chloride,
chloroform, hexane, tetrafuran, ethanol, propyl alcohol, diethyl
ether or the like as solvent or causing the metallosilicate to
adsorb and carry a silicon compound in an inert gas atmosphere such
as nitrogen, helium or argon or in an hydrogen or carbon dioxide
atmosphere and subsequently heat-treating the metallosilicate in
an oxygen-containing atmosphere.
[0016] For example, a catalyst can be prepared for the purpose of
the present invention by impregnating powdery ZSM-5 with a toluene
solution of 3-aminopropyltriethoxysilane, removing the solvent by
distillation under reduced pressure and subsequently
heat-treating the impregnated powdery ZSM-5 at 250 to 800 °q,

preferably at 350 to 600 ° C, in an air flow to chemically modify the

ZMS-5.



the present invention by inpregnating powlery ZSM 5
with a toluene solution of

3-am nopropyl tri et hoxysilane, renoving the sol vent by
di stillation under reduced pressure and subsequently
heat-treating the inpregnated powdery ZSM5 at 250 to
800 C, preferably at 350 to 600 O C, in an air flow
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causing a netallosilicate carrier to carry a silicon
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portions, nost preferably 0.1 to 5 weight portions,

moed priefertbl @0 wed db twepghitti most ofng, mest preferably 0.1 to 5
nmetallosilicate in terns of silicon oxide (SiQ2).
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carried by a chen1call¥ nodi fi ed netallo ilicate, the
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uch conmpounds include, 12-cr
cleqmacaylhzompéf-%si W%&é&é&ﬁﬁ&? tli% SOAGHR-Gompound or the
4,7, 10, 13 t dod
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%tr|nethoxy3|IyIpropy1)d|ethylenetrlan1ne
(1,4,7,10,13,16 hexaoxacyclooctadecane, (18-crown-6)
-2.3,11,12-tetracarboxylic acid, 2-aminomethyl-15-crown-5,2-
(hydroxymethyl) -12-crown-4,2- (hydroxymethyl) -15-crown-5,2-
(hydroxymethyl) -18-crown-6,2- (hydroxymethyl) anthraquinone,
hexafluoropentadionesodium, sodium 24-pentadione salts,
lithiumtetramethylpentanedione salts, trimethylsilanate sodium
salts, N- (trimethoxysilylpropyl) diethylenetriamine,
t-butoxysodium, Na (Li, K) phthalocyanine, tri-t-butylpropylalcoxide,
calcium acetylacetate, calcium-bis (6,6,7,7,8,8,8)
heptafluoro-2,2-dimethyl-3,5-octadione, calcium
hexafluoroacetylacetate and cyclic ethylenediamino compounds.
Techniques that can be used for modifying the

metallosilicate by means of an organic compound containing either

of the above metals are similar to those listed above for modifying

the metallosilicate by means of a silicon compound.



t - but oxysodi um Na( Li , K) pht hal ocyani ne, tri-t-butyl propy

| al coxi de, calcium acetyl acetate, calciumbis

(6,6,7,7,8,8,8)

hept af | uor o- 2, 2- di net hyl - 3, 5- oct adi one, cal ci um

hexaf | uor oacetyl acetate and cyclic ethyl enedi am no

conpounds. Techni ques that can be used for nodifying
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specifically, the nmetallosilicate carrier can be nade
mage ¢ ¢3rriompbrbAeny® oIy Heen i by ingiesmeaingg-ie
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[00211 The chemically nodified netallosilicate carrier
mE€ABrHE acids such as nitrates, sulfates and phosphates, carboxylic
salts such as carbonates, acetates and oxalates, carbonyl complexes
and metal complexes including complexes of metal salts such as
acetylacetates of molybdenum and rhenium.

[0021] The chemically modified metallosilicate carrier can be
made to carry a molybdenum compound or a rhenium compound by
impregnating it with an aqueous solution of the compound or by
means of a ion-exchange process and heat-treating it inair.

For instance, a chemically modified metallosilicate
catalyst carrying molybdenum can be prepared by impregnating the
chemically modified metallosilicate carrier with an agqueous
solution of ammonium molybdate, drying it and subsequently
heat-treating it at 250 to 800 ° C, preferably at 350 to 600° C in an

air flow.

[0022] When causing a chemically modified metallosilicate



made to carry a nol ybdenum conpound or a rheni um
conpound by inpregnating it with an aqueous sol ution
of the conmpound or by neans of a ion-exchange process
and heat-treating it in air. For instance, a
chemcally nodified netallosilicate catalyst carrying
nol ybdenum can be prepared by inpregnating the

c&hefd £l yamdhbh gHaERER DrOoshdn Ga, doiaéfcé@ﬁlé’yi tdHe @dss ratio
aqueous sol ution of amoni um nol ybdate, drying it and

of ltlh%eﬂélﬁ}l%dé’nunhﬁéttﬂef €RémIgally abd250etimeBBQ 1o€ilicate is
preferably at 350 to 600 Cin an air flow [00221

pYBear£16Lis 01001 &oc3lewd Latht yomradbhspaorepaklfesably it to 30
9 carrier to carry nolybdenum or rhenium for
wekghplperttbasnaskatate ao W0 pdie inplsybfiememite liftanodified
chemcally nodified netallosilicate is preferably
mét&DIlos Dl HEtwei ght portions, nore preferably 0.01 to
30 _weight portions, relative to 100 portions of
[@R3hi cal¢ataintitf aecordinatpdsie peasent [loyegrign may further
catal yst according to the present invention nma
confaiePlagopbRiar phadiwn dnorddHokim P tieamet YPerre or
t he nol ybdenum or rheni um conponent. [0024] Wen a
TRt PAGRMBPRERBdi um conponent is introduced into a

B BB S0 2t PR PSR EebELLO Ro tnco o
B SR AR BTl bl B ecrea
CRGFSA BRI U 05 e 60 S8R, LS gl s,
n?%?%%é%\n,le éILgJL?atﬂpe\oé? P?“%ﬁ??lg?r%fg’?ﬂd 8LrbSxPl & 8habkYe1 P4
carbonates, acetates and oxalates of them can be used as starting
material.

[0025] The mass ratio of the platinum or the rhodium relative to
the carrier is preferably 0.001 to 50 weight portions, more
preferably 0.01 to 40 weight portions, relative to 100 portions of the
carrier.

[0026] As in the case of introducing molybdenum into the
chemically modified metallosilicate carrier, the chemically
modified metallosilicate carrier can be made to carry platinum or
rhodium by impregnating the chemically modified metallosilicate
carrier with an aqueous solution of a precursor of platinum or
rhodium and subsequently heating the impregnated metallosilicate
carrier in air.

[0027] Techniques that can be used to cause the carrier of the

catalyst to carry the metal components include {1) causing the

carrier to carry at least either the molybdenum component or the
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preferably 0.01 to 40 weight portions, relative to 100
portions of the carrier. [0026] As in the case of

i ntroduci ng nol ybdenuminto the chemcally nodified
netallosilicate carrier, the chemically nodified
netal losilicate carrier can be made to carry plati num
or - rhodium by inpregnating the chemcally nodified

rh8h Bl @Sinbbfiahe artPEbSEqUtT ABadgieeubesdt etithergflat imum
precursor of platinumor rhodium and subsequently

oheicdn amt denporrag 2t etusEing tisichiredte tacaarigrati east
air. [0027] Techniques that can be used to cause the

etahet plagfintineor eabtdl ys icomponant \artdhsubee@henoigpoaeny sither
include (1) causing the carrier to carry at |east

tieé rodybtleeunttopipteremh eotrberdrmniom cheporenip anghBhi cawsing
conponent and subsequently carry at |east either

the aeivmigr o cahoHithe @@h@ﬁ FORPONERY s dalmeaRs Ofea solution
carrier to carry at least either platinumor rhodium |

cebhRbhEr akneaibsttienthy rekyRdenuhepmpepent or the rhenium
nolybdenun1congonent,or t he rheni ym conponent and ES) .

CEERRReRE aPAAt ApAPEeith el S PLAL IR ACMOGRES R Shpyrhodium
means of a solution containing at |east either the

CHBPYBE UM conponent or the rhenium conponent and at

GRD onBHER T 3aTEs i SR SR FO5 oA o e pher to
c%%gﬁ:t%% ‘]t%farr]g g?@?gﬁeﬁ‘g ’a%: %E@%ﬁ.&gflg‘ﬁoﬁl f‘igm%ml%s % icate

( cal ( ["osiTicat carrier
oS EPLEDLE SRS Lo AR a1 of g cecns
=S RS £GY 87t d By hb ERb &L &l 1RDat Pe80Subdequdrifigr abl y

at 350 to 600 Cin an air f low, thereafter
hE 80! et &4 2 Wi 2Ash N8eIUegUsSr S #iH18nNa®f350 to 600 ° C in an air
flow, thereafter impregnated with an aqueous solution of
chloroplatinic acid or rhodium chloride, then dried, and finally
heat-treated at 250 to 800 ° C, preferably at 350 to 600 ° C inanair
flow to produce a chemically modified metallosilicate catalyst
carrying a molybdenum component and a platinum component or a
chemically modified metallosilicate catalyst carryinga
molybdenum component and a rhodium component.
[0029] While the chemically modified metallosilicate carrier is
impregnated with a compound containing the metal component of the
catalyst to carry the latter and subsequently heat-treated in the
above description, alternatively the metallosilicate carrier may
be impregnated with an aqueous solution of ammonium molybdate to
carry the latter, dried, then heat-treated at 250 to 800 °q

preferably at 350 to 600 ° C, in an air flow, additionally impregnated

with an aqueous solution of chloroplatinic acid or rhodium

- 11 -



chloroplatinic acid or rhodiumchloride, then dried,
and finally heat-treated at 250 to 800 C, preferably
at 350 to 600 Cin an air flowto produce a
chemcally nodified netallosilicate catalyst carrying
a nol ybdenum conponent and a pl ati num conponent or a
chemcally nodified netallosilicate catal yst carrying

cBLoPDAY RSN GRAPRNAES 28050 tA8ul Une Goraxeely at 350 to
[0029] while the chemically nodified netall osil iycat e

60T I ¢ 6fn e aiPLEGRA &€ ¢ ddray amBIsHHemANt bt Ard a
nmetal conponent of the <catalyst to carry the latter

paadisuhseapenthy dieamdlybdieadn dorigtheraban@ a rhodium
description, alternatively the netallosilicate carrier

comyondet,| syysegnaned ywi npregnaasrbeiish sol orgam osolvent
anmoni um nol ybdate to carry the latter, dried, then
sbiat ion edt el wn&ont @iy 3Camprepreppl tr atigsysidane to
600 C, in an air flow, additionally inpregnated wth
canradireolat ol teneyioy e spdprat iwiderateduend PREEFYRE and
- 11 chloride, dried, thep heated at 250 to 800 G ,
theehepsbityeatedsd 2 te8080 "cC. preharabty Atowlsy U t oF inan
carry a nol ybdenum conponent and . a | af i num conponent_ .
a&F TOHoh ) BABAURT CORBOALIE S ARIORSHREAI AP dimeGRentnvent ton.

[%@Bﬁfﬁ%ﬁ”%}:&rgﬂggﬁg%g}oﬁg% i hed B RS SR arpon

- am tri h S| G

PR RG tRr L BrE AR MR R okt 5 Pee RS0 Fras
mhggtt)&%[u?reto%dr@éni%ﬁno {18 %%.Qingm %Bgaﬁﬂlln%ﬁtst%%é&in in the
5 .1 N an alr?O\ﬁto produce a cat al yst

fgg@gfsljg?%io ?)rtrﬁ@c I 8368L. ITHEEARR £ok0030bulBose of the

produci ng an aromati ¢ hydrocar bon

pReLan fiiRGehe ibiet RE @38k ssR¥ANT e ndlydet@ntcdponent in a
assune that nol ybdenum or rheni um and pl ati num or

cbhati #Ma@xostisSn e €he prieskhe iftwdrieidn fefels ao tkdtakhe
oxi de. Therefore, for the purpose of the

catalyst contains molybdenum at least in the form of metal or in the

form of metal oxide.

[0031] With a process for producing an aromatic hydrocarbon

according to the present invention, an aromatic hydrocarbon is

produced by way of a catalytic reaction, using a lower hydrocarbon

as starting material and a catalyst having a chemically modified

metallosilicate carrier as described above that is made to carry a

molybdenum component or a rhenium component with or without a

platinum component or a rhodium component added thereto, in a gas

phase where oxygen does not exist at 300 to 800 ° C, preferably at 450

to 775 ° ¢, under pressure of 0.01 to 1 MPa, preferably of 0.1 to 0.7 MPa.
The reaction may be conducted in the form of batch reaction

or flow reaction, although it is preferable to conduct the reaction

in the form of flow reaction using a £ixed bed, a moving bed or

- 12 -



present invention, the expression of the nol ybdenum
conponent in a catalyst according to the present
invention refers to that the catalyst contains
nol ybdenum at |l east in the formof netal or in the
formof netal oxide. [00311 Wth a process for
produci ng an aromati c hydrocarbon according to the
FPLESEFEG baMent i on, an aromati c hydrocarbon is
produced by way of a catalytic reaction, using a | ower
hydr ogaidinPhe o8l Of iFlBG reiErical iarthpd oyatiat istweight hourly
having a chemcally nodified netallosilicate carrier
spacdesdbiched @bTwe ikatl ts 10pcesfarasly §.5c0 fidl yHdenum
conmponent or a rhenium conponent with or wthout a
uptrad ¢ inedmecepdadatledit belhhodiiwirhootpmeerttingdahezi collected and
thereto, in a gas phase where oxygen does not exi st
an¢ r30@ciledsior te guaefadrigbtioatretBriare 775 C, under
&éessure of 0.01 to 1 MPa, preferably of 0.1 to 0.7 )
[0082] TRevesdwdnesarbprisehamgaptkeuprad PFeStAF RN materials
batch reaction or flow reaction, although it is
f ¥ PredHsLEgtN 25ABAELC iErreasPrBfoy ke RPesk of the

OFFaPEF ABCBRACT RIS G 1 PROWRAEREPERY, Y drodarbons
I d, ,th ight h I | oci VHS '
hgving etlfb,slcaff@%%'r%w oz g1 SBGEE HRE="Tht Yap e’ °
' t behipd wt . A '
cgﬁég‘g %?rég’ Pgﬁfy%e[ Ega?g%oﬁhe p%l'gl £ 1%ag)tc%m|[|}gleasr 8 Cﬁqlc!glﬁﬁirggocarbons

aronmat1 za n reactl
. h i
AR 0 B0 D A s S e

1586u PP —gar}‘g:ferfé? § soBlLEERB! pLAVER I ULt dHd Wd®ane, hexene,

saturate ~unsaturated hydr ocarbons having 1 to 8
hEAERRE B, Bt sk S5t betbhal wi{ en 88§ B stRRight chains or

conditions of 'the reaction. Specific exanples of such
hBVE088HENSd or ring structure.

Such hydrocarbons may be used alone, as a mixture or a
product of any of various chemical processes. Examples of such
gaseous product include petroleum gas, coal carbonization gas,
refinery gas, naphtha, organic matter fermentation gas, organic
matter dry distilled gas, coal reformed gas and methane hydrate
recycling gas.

[0033] wWith a process for producing an aromatic compound
according to the present invention, the carbon deposition on the
surface of the catalyst can be suppressed by adding hydrogen,
carbon monoxide, carbon dioxide and/or steam by 1 to 20 volume
portions, preferably by 3 to 10 volume portions relative to 100
volume potions of the lower hydrocarbon in terms of volume fatio.

[0034] A process for producing an aromatic hydrocarbon according

to the present invention is characterized by producing hydrogen as

- 13 =



i ncl ude net hane, ethane, ethylene, propane, propylene,
n- but ane, isobutane, n-butene, isobutene, pentane,
pent ene, hexane, hexene, heptane, heptene, octane and
octene, which may be straight chains or have a
branched or ring structure. Such hydrocarbons may be
used alone, as a mxture or a product of any of

bYFbAUS: SReAEA i Y 06 a3oRs L i EXAAIRS @onsUfidlinjAaseAtsining
product include petrol eum gas, coal carbonization gas,

péRidREry gas, naphtha, organic matter fernentation
gas, organic matter dry distilled gas, coal reforned
gas argkrsrahianewhytraapeocees far pepdasing BP8Bbg#it tinvalving
process for producing an aromati c conpound according

ut bl i ket jore s € nte fiarwelmigi wapor bé ardaohydeposihbomsn suahtase
surface of the catal yst can be suppressed by addi ng

méyangend a sabbequenhmsiedef acsitbfdhcdhvst et .ankl she carbon in
steamby 1 to 20 volunme portions, preferably by 3 to

the levermsy donasddhens ehas fo ¢arbpdiosideangothiopsognced
the | ower hydrocarbon in ternms of volune ratio. |,

caupzaPisxpAsdasdipehapyed dBt R ha ENBRRESES FPdrdsH bBR 10ad
according to the present invention is characterized

ob NS FUGEFRY SR fdr ogen as - 13  byproduct in addition

to aronathc h drocarbogé mai nl contai ni.n benzene. .
Gener al1 Y8 SELLS PoPenPavery RS DGR bresen
,invol vin u i zation. ‘o
SRR b O R LS A A00E s OURL s e o

SRy BAL rBRAEE Akl ol o el ngson i

rocaroons 0 car e pro

a&@éﬂ@%%gel% e dEm i 15l SERRE B8 ol U B/ RS RIFRI PHESIS] dnfs when the

ralse oad of the 'environnent.
hydrogen produced as byproduct is used for fuel cells.

Now, the present invention will be described further by way
of examples and comparative examples.
Example 1
[0035] (Preparation of Samples 1 through 4)

10 g of HZSM-5 showing a silica/alumina ratio of 32 and a specific
surface area of 320 m*/g was used as each of the metallosilicate
carriers of the four samples. Ethanol solutions respectively
containing 37 mg, 92 mg 184 mg and 368 mg of
3-aminopropyltriethoxysilane were added to the respective
metallosilicate carriers so as to be sufficiently adsorbed and
carried by the carriers. Then, the carriers were dried at 120 ° C for
16 hours and baked at 550 ° C in the atmosphere for 4 hours to obtain
four silicon-oxide-modified HZSM-5 carriers that were modified to
respective amounts of 0.1 weight portions, 0.25 weight portions, 0.5

weight portions and 1.0 weight portions relative to 100 weight
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To the contrary, with a process according to the
present invention, all the carbon in the | owner
hydrocarbons are utilized to produce aromatic

hydr ocar bons. Thus, the present invention is

advant ageous fromthe viewpoint of environnental
probl ens when the hydrogen produced as byproduct is

p&SerbAHb s ndla10@)slis i chlow, irt Berig esesilituenkias. wil |
be descri bed further by way of exanples and

[0pasipar BN @ FexEepizes!- 5 Dsafilee st hd DW30é dbedpadiati tdn
of Sanples 1 through 4) 10 g of HZSM5 show ng a

a 51 é 0@ tahnounas ot hoed of 1 Gt iandwas sipgriebine tedwiftdcan agqueous
area of 320 n2/g was used as each of the
soktal dropirepaaté bycdi ssehnsing 1M gfoliameenplemolpbdahelin 17
sol utions respectively containing 37 ng, 92 nmg 184 ny
mhod 368 erghangs warrieromd ppkediat by st IfarelGeperaddeda
to the respective netallosilicate carriers so as to
resulufdanglest | hyavehdeermabtasredat Wy resrelaryg apgunts of
Then, the carriers were dried aé 120, _C for hour s
s hhicoaREdda mastd i cetipndle 3AMen P Rar L34 BY a3t o
Q in, four silicon-oxjde-nodjfied HZSM\5 carriers
[‘loﬁéf PEOHBET F NYGre63 T PEE FEG YIRS of 0. 1

%m@;rgﬁ:aﬁﬁg%i&frnf%s%eﬁgﬁﬁmﬁ%ﬁ%C?}F‘éteiﬁ‘gF“%is’. PRl using 129
- ) rel . |
RS e RV
g%r% %%P}ﬁggﬁﬁgﬁtr@ﬁ%%ev‘éﬁ& hgte'g%&\%ﬁt%{? sREPUM S mBkerial, and

Was 1 npregn an aqueous solution

cOLEPAR eHle P HB3RINHNGE Tnd 7 0 13fstammoni um nol ybdat e
In 17 m “of 1on exchange water "and baked at 550 C

for 10 eHE Sroffficeichesdlt, theadPt £5ydt WhERIAN <4 YR ef ixed

obtai ned wi fth respective anmounts of
bed and its temperature was raised to 550 ° C in anairflow for 1
hour. Subsequently, the lower hydrocarbon starting material
containing methane by 93 volume% and hydrogen by 7 volume% was
supplied and the temperature was raised to 650 ° ¢, which
temperature was maintained for 1 hour. Thereafter, the temperature
was raised further to 750 ° C and mixture gas was supplied under
pressure of 0.3 MPa at a weight hourly space velocity (WHSV) of 2,700
ml/g/h.

[0038] The hydrogen and the methane in the reaction product were
measured by gas chromatography, using a thermal conductivity
detector, while the hydrocarbon in the reaction product was
measured by gas chromatography, using a hydrogen flame detector.

The amount of reaction product obtained in 1 secondper 1lg

of the catalyst, or the number of n mols of hydrogen and aromatic

hydrocarbon, was used as index of performance.
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silicon oxide nodification of 37 ng, 92 ng, 184 ng and
368 ng. [00371 (Aronmatic hydrocarbon production test)
An aronatic hydrocarbon production test was conducted
by using 1.2 g of each of the catalysts to produce an
aromati ¢ hydrocarbon, using gas containing nmethane
and hydrogen as starting material, and confirmthe

per f orgBRce s @het Ao CRiAbpshinéd bihehmedyairenant este, shown in
the catalyst was filled on a fixed bed and its
TédeI@er ature was raised to 550 0 Cin an airflow for 1
hour. Subsequently, the | ower hydrocarbon starting
mat erial contai ning met hane by 93 vol unmes and
hydrogen by 7 vol une% was supplied and the
Exanmpbr dt ure was raised to 650 0 C, which tenperature
was. mai ntai ned for 1 hour. Thereafter, the tenperature
(003¢] r ai (Beepauat her ofcSammpleTS ahdonakt Ur e gas was
supplied under pressure of 0.3 MPa at a wei ght hourhy
IheceTreRABRE IGN PYPSSSS O Example hiwagy F]‘?l{@ﬂ%%fxﬁ’ﬁﬁt that

L T e R B
oSSR SELEELPL w05 B CERE R
oA KSR A T Bl v
oGRS YIRS, 2oL el gatnanr i

egggéfg}nygi%.%éeg{%$é§¥m§3q§5 gesults obtained by the

neasur enent e shown 1'n Table 1. Exanple 2 [00391

3 (LR RS rAneBRBRY8S 1 8nk Wa@Uged ko prepare Sample 5 showing
an amount of modification of 1.1 weight portions in terms of silicon
oxide relative to 100 weight portions of the metallosilicate
carrier and 180 mg of propyltriethoxysilane was used to prepare
Sample 6 showing an amount of modification of 1.1 weight portions in
terms of silicon oxide relative to 100 weight portions of the
metallosilicate carrier, while 375 mg of tripheylaminosilane was
used to prepare Sample 7 showing an amount of modification of 1.1
weight portions in terms of silicon oxide relative to 100 weight
portions of the metallosilicate carrier.

[0040] (Aromatic hydrocarbon production test)

An aromatic hydrocarbon production test was conducted as in
Example 1 by using 1.2 g of each of the catalysts to produce an
aromatic hydrocarbon and confirm the performance of the catalyst.

Some of the results obtained by the meésurement are shown in

Table 1.

Example 3
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The preparation process of Exanple 1 was followed
except that 3-am nopropyltriethoxysilane used for
nodi fying the netallosilicate carriers was repl aced
by silicon-containing substances having different
composi tions, which substances were wused with
different anounts for the respective sanples of this

[0043)D| EprMBaLatPesid Sahpdes & &ndany of
3- am nopropyl tri nmet hoxysi | ane was used to prepare

Sanpl eThe Prepane.tidh pronsds of matiplliechwasrfadflcivell except
wei ght portions in terns of silicon oxide relative to

tHAO 3wanghbppopy 1 s tdfosxtyird laeiealsed fbiroaids £ yciaor tlee
and 180 ng of propyltriethoxysilane was used to
mprephre 1 St eadr séwsivag meplammihby ¢ ebitok splohien
1.1 weight portions in terns of silicon oxide
comtainimg 28 ng@inks gmompxrﬁtsqsiwnbsalheor 275 mg of
metal losilicate carrier, while 375 of
hexa bhegrenAmeaiading sRAluysadtite Br@a@?% c8spplgty of Sample 8
showi ng an ampunt of nodification of qa
apd CEMEHS 9 @atc@r%%own%ﬁp|aé@m?%@0fié|féﬁﬁ\f/é°?g> bb weight
wei ght ortlons I S|I|ca e_car
PPEBHS CR T OF RAOBEIE (o) cPe bc TR i TaY weigne
aromat | C roductlon test was conducted as
ppRt l%&%ﬁf”%qfﬁ&fﬁﬁi £:2 g of each of the catalysts
onfirmthe
%ﬁ%ﬁ mgg%C%ﬂgpgb F%é&hggﬁkggggﬁgﬁéaresults
0 ta'”ﬁﬂ q é%%ﬁB L8438V, 1t st [ Boducted
Exanpl e f@%dﬁ} %ﬁ%ﬁ%ﬁ. repgrat?onﬂg? Sgnp les 8 aﬂﬁ eaas
iRExH l@r PB rL@.st:L'r@"l PPSESRB o EX BB R ah S £6/redede an
excep 3-am nopropyl tri et hoxysilane used for
aPodhf yé ‘Plg'dtrB@arbon and confirm the performance of the catalyst.

Some of the results obtained by the measurement are shown in

Table 1.
Example 4
[0043] (Preparation of Sample 10)

The preparation process of Example |1 was followed except
that 3-aminopropyltriethoxysilane used for modifying the
metallosilicate carriers was replaced by 230 mg of calcium
acetylacetonate to prepare Sample 10, showing an amount of
modification of 1.1 weight portions in terms of calcium oxide (Ca0)
relative to 100 weight portions of metallosilicate.

[0044] (Aromatic hydrocarbon production test)

An aromatic hydrocarbon production test was conducted as

in Example 1 by using 1.2 g of the catalyst to produce an aromatic

hydrocarbon and confirm the performance of the catalyst.

Some of the results obtained by the measurement are shown in
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metal losilicate carriers was replaced by an ethanol
solution containing 280 ng of 18-crown-6 sodiumsalt,

or 275 ng of hexafl uoropentanedi on sodiumsalt to
prepare catal ysts of Sanple 8 and Sanple 9, each

showi ng an anmount of nodification of 1.1 weight

portions in terns of sodium oxide (Na20O relative to
Td8P=Wei ght portions of netallosilicate. [00421

(Aromati c hydrocarbon production test) An aromatic

[0S} oc adaparatodeEsiamiplieebt was conducted as in

Exanple 1 by using 1.2 g of each of the catalysts to
(Prashuice ian ofCompbire thyergmmarllzol and confirm the
performance of the catalyst. Some of the results

obt ai nédl gyt HEEMAS asuwr Empregra G HbRA amagdedis selution
Exampl e 4 [00431 (Preparation of Sanple 10) The
ppeparedbyohi spalcusy bl7 Bxafpmecniwandlybdghedieklaptof water
that 3 -am nopropyltriethoxysilane used for_ nodifying,
anfdakest aff P | Fdnel hpprert ghtaie /g BRBPIPUBFARFYLNT
of cal cium acet¥I acetonate to Erepare Sanpl e 10,

HZHYve FEtahy SRt OBParHote SamPierd  of 1.1 wei ght

6 2B B esh e S g

hydr o AP R Y BRCF ST RESRabh iR e e BRhfiuctea as
e RS Lt el et i A o A deepatic
rhiEettab iha SO Al choBAaSypepi et AR e

Some of the results obtained by the measurement are shown in

Table 1.
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[ 0045] Conparative Exanple 1
Conparative Sanple 1) 10 g of HZSM5 was i npregnat ed

wi th an aqueous sol ution
g of amoni um nol ybdate in 17 m of water
10 hours to obtain a

at 550 O

C for

(Preparati

on of

prepared by dissolving 1.17
and baked

nmol ybdenum carrying HZSM 5 catal yst as Conparative
[ 0046] (AronaticThpdedcar bon production
test) An aronati c hydrocarbon production test was

[daanpl e 1.

conductedias in Exanple 1 by using 1.2 g of the
catal yst hQap¢ieduce an ar onpiddtctiydaes & ang
confirmthe perfornance of tThe catal yst he
Eatists ol ned byl tHETORERS | e PEM S Sr ol's A
Tabl e 1 3 ibBrs [ 00471 Tabl37d| reacti afd7pr oduct i c9ﬂ rate 284
FABER ha offothe pourk 3676 D47 03 964" banpt ot Bl 20
o8 RESBON(R4 DABS 97 201 NOBEI[HZSM 5 A¥7hours 3838|1307 156
70 156 3 @qHL§S4516 1598 103%[165 Sanpdgg 2 8 hougs 165
4365 163099—112—MNo/-SrHZSM S 24 thours 41201562 102
SpEPLE hour B hepps 1541 89 1043655.arrp| e 318%ours 4578|1485 112
7 s Buzahd SuHESM 5 24 hour s414869 1385 15627 3 hourm| 3867 76
1200738 I, _aPr € 18 NOUL5, 15689 119§, 42 7 89 10
Sample 3 8 hours 4510 1485 67 9
Mo/SiHZSM-5 |24 hours 4369 1385 54 7
3 hours 3867 1260 38 10
Sample 4 8 hours 3689 1154 43 7
Mo/SiHZSM-5 |24 hours 3487 898 35 12
3 hours 4024 1744 64 5
Sample 5 8 hours 3897 1764 55 8
Mo/81HZSM-5 |24 hours 3571 1690 29 10
3 hours 4785 1580 78 158
Sample 6 8 hours 4853 1479 65 215
Mo/SiHZSM-5 |24 hours 2570 857 38 132
3 hours 3965 1780 189 87
Sample 7 8 hours 4512 1686 135 27
Mo/SiHZSM-5 |24 hours 3260 875 82 11
3 hours 3896 1787 75 24
Sample § 8 hours 3988 1686 96 20
Mo/NaZsSM-5 |24 hours 3625 1767 75 8
3 hours 3629 1719 120 5
Sample 9 8 hours 3575 1678 125 10
Mo/NaZSM-5 |24 hours 3420 1659 84 8
3 hours 3528 1986 45 13
Sample 10 8 hours 3287 1785 195 10
Mo/CaZsM-5 {24 hours 2750 1635 115 8
Comparative |3 hours 4851 1259 105 553
Sample } 8 hours 4682 1286 50 413
Mo/HZSM-5 24 hours 4444 1126 90 234
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Mo/ Si HZSM5 24 hours 3487 898 35 12 3 hours 4024 1744
64 5 Sanple 5 8 hours 3897 1764 55 8 Mo/ Si HZSM5 24
hours 3571 1690 29 10 3 hours 4785 1580 78 158 Sanpl e
6 8 hours 4853 1479 65 215 M/ SiHZSM5 24 hours 2570
857 38 132 3 hours 3965 1780 189 87 Sanple 7 8 hours
4512 1686 135 27 M/ SiHZSM5 24 hours 3260 875 82 11

Exafigté s 3896 1787 75 24 Sanple 8 8 hours 3988 1686 96
20 " Mo/ NazZSM5 24 hours 3625 1767 75 8 3 hours 3629

[(048P 12@rbpaBatpbe oF Satwle $1)3575 1678 125 10
Mo/ NazSM 5 24 hours 3420 1659 84 8 3 hours 3528 1986

45 13 ThamtepakitRh privceS28F ExképlEObwas fdub/cBmdSikEept
hours 2750 1635 115 8 Conparative 3 hours 4851 1259
tRA86 3558inSanppel tir B=thovnss 4682 1288 for mddBi fNhIdHZISM 5
24 hours 4444 1126 90 234 - 19 Exanple 5 [0048]
mé Pakbos Bt i cat obaBuipt e was) raplkagrdebardf imehobr ocess of
Exanple 1 was followed except that .
3 mminowmrpyinimeshosy s L pag & uBEEPA R "EdiEieng t he

metallosilicate, showing an amount of modification of 1.1 weight
portions in terms of silicon oxide (sic2) relative to 100 weight
portions of metallosilicate.

Then, 1.5 g of the obtained modified metallosilicate was
impregnated with an aqueous solution prepared by dissolving 125 g
of ammonium pararhenate in 20 ml of ion exchange water and then
baked at 350 ° C for 10 hours to obtain a silicon-oxide-modified
HZSM-5 catalyst carrying rhenium oxide as Sample 11.

[0049] (Aromatic hydrocarbon production test)

An aromatic hydrocarbon production test was conducted as in
Example 1 by using 1.2 g of the catalyst to produce an aromatic
hydrocarbon and confirm the performance of the catalyst.

Some of the results obtained by the measurement are shown in
Table 2.

Example 6
[0050] (Preparation of Sample 12)

The preparation process of Example 1 was followed except
that 3-aminopropyltriethoxysilane used for modifying the
metallosilicate carriers was replaced by 426 mg of
3-trimethoxysilylpropyldiethylenetriamine to prepare modified
metallosilicate, showing an amount of modification of 1.1 weight

portions in terms of silicon oxide (8102) relative to 100 weight
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nmetal losilicate carriers was replaced by 475 ng of
3-am nopropyl tri nmet hoxysil ane to prepare nodified
netallosilicate, showi ng an anount of nodification of
1.1 weight portions in terns of silicon oxide (Si02)
relative to 100 weight portions of netallosilicate.
Then, 1.5 g of the obtained nodified netallosilicate
p&@@ioﬂé@f%ﬁ.@sﬂﬂi@a@@. aqueous sol ution prepared by
di ssolving 1.25 g of anmmoni um pararhenate in 20 m of
I on exehangs yeirerhasdthhasd reaiEd edimaRl bsG lfietatdlvas
hours to obtain a silicon-oxide-nodified HZSM5
igpt@drysied @l t ¥ idigadbensisodui don aarefameldeoy 8isp004ohg 125 g
(Aromati c hydrocarbon production test) An aromatic
oh ythmonad ulhqra yErdsinciticoand 6275 wast chdduopetinsciaeid in 20 ml of
Exanple 1 by using 1.2 g of the catalyst to produce an
ian enehaogematrcacand direandaloah Erdi0t h& per flehmsetobtain a
the catalyst. Sonme of the results obtained by the
s hbbeon evmide -aasisiedrH7SM - STapt 2l pst FRAKYLBI 6 BRGSO
(Preparation of Sanple 12) The preparation process of

oB@ar i uinws s dampiedlexcept  t hat o

el roprsprhesponiellang veed L or, e ying e

L1 TS Bl oS ety antc . PLORRLS o o
TP ks Pl AR B
hﬁ@%&%&%or%&ﬁféoﬂf i‘r%g\{ %}h% g}gﬁfomsﬂce botfHe Yattl$st.

al ne e I cate was
Some of the results obtained by the measurement are shown in

Table 2.
Example 7
[0052] (Preparation of Sample 13)

10 g of HZSM-11 was used as metallosilicate carrier, which
was sufficiently impregnated with an ethanol solution containing
435 mg of 3-methylpropyltriethoxysilane and
N-phenylaminopropyltriethoxysilane, then dried at 120 ° ¢forlé
hours and baked at 550 ° C for 4 hours to obtain modified
metallosilicate, showing an amount of modification of 1.0 weight
portions in terms of silicon oxide (8i02) relative to 100 weight
portions of metallosilicate.

Then, 5 g of the obtained modified metallosilicate was
impregnated with an aqueous solution prepared by dissolving 125 g
of ammonium molybdate and 0.35 g of rhodium chloride in 25 ml of water
and then baked at 350 ° C for 10 hours in the atmosphere to cbtain a

silicon-oxide-modified zZSM-11 catalyst carrying Mo-Rh as Sample 13.
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i npregnated wi th an aqueous sol ution prepared by

di ssolving 1.25 g of ammoni um pararhenate and 0.275 g
of chloropltinic acid in 20 m of ion exchange water
and then baked at 350 O C for 10 hours to obtain a
silicon-oxide-nodified HZSM5 catal yst carrying

rheni um oxi de-pl ati num as sanple 12. [0051] (Aronmatic

Jug9Y oCanbena Pl 8 dueirceR rbeatprdctiemetésc)hydr ocar bon
productlon test was conducted as in Exanple 1 by

usi ng AnZréndit ithey@ad @ isdn o etiee tastarayrabnducted as
hydr ocar bon and confirmthe performance of the

it @xapst.1 Spzing 1.he ofshktcataihaimed phpduke an aromatic
measurenent are shown in Table 2. Exanple 7 [0052]
hy&reqeartadn andafondnpl €hd ppridrgante ISMhd tatadyesed as
nmetallosilicate carrier, which was sufficiently
i mpr ecfvateeds wiiehresukitsh ahbhined i bhe oeasaraMAyt agrsshown in
nmg_of 3-methyl propyltriethoxysilane and
Tabphényl ami nopropyl triethoxys i lane, then dried at
120 0 C for 16 hours and baked at 5500 C for 4 hours
EF@‘“B#’G & n nmodified rret all osilicate, showi ng an anount
di fication,of 0 wej gh portions in ternms of
Qﬂsf’ con(PS?PEEa?S?}@ﬂf FUMRLS \]/@ to 100 wei ght portions
of nmetallosilicate. Then th t ai nodifie
net al | 8@?@%%&? E%‘?%“g%g?%‘a\m@ﬁ aff® 3&3% fidd Lfdept
i on ed SSO|VI 0
it JBaboe Me 2o 5as Yo dt BB tnchiiaebss %an mf*ﬂ?frepare
el 'Ih‘g{e %EQaELESg%?%&Qe aghcﬁrﬁ.%gg err%éme m)dl Ea{:{@n of 1.0

er € obtarn & ZSM
wERALRL %%Et‘ieflgyi'ﬂqge%s Rt 851 Rapbgidd- (siodl relatlve to 100

weight portions of metallosilicate.

Then, 5 g of the obtained modified metallosilicate was made
to carry catalyst metal components as in Example 7 to obtaina
silicon-oxide-modified MCM-22 catalyst carrying Mo-Rh as Sample 14.
[0055] (Aromatic hydrocarbon production test)

An aromatic hydrocarbon production test was conducted as
in Example 1 by using 1.2 g of the catalyst to produce an aromatic
hydrocarbon and confirm the performance of the catalyst.

Some of the results obtained by the measurement are shown in
Table 2.

Example 9
[0056] (Preparation of Sample 15)

The preparation process of Example 7 was followed except
that 10 g of 8 -zeolite was used as metallosilicate carrier to
prepare modified metallosilicate, showing an amount of

modification of 1.0 weight portions in terms of silicon oxide (sio)
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[0053] (Aromatic hydrocarbon production test) An
aromati ¢ hydrocarbon production test was conducted as
in Exanple 1 by using 1.2 g of the catalyst to produce
an aromatic hydrocarbon and confirmthe performance
of the catalyst. Sonme of the results obtained by the
nmeasurenent are shown in Table 2. Exanple 8 [0054]

rePhepas dld o Wi betidnhs DemPt£PBstl iaate) ocess of
Exanple 7 was followed except that 10 g of MCM 22 was

used aphémtsad lcgsthé obtainadmeli fiedumepsl ks indisftieeths
netal l osilicate, showi ng an anmount of nodification of
ihpPegnet ghtvipbrdn agsebns teeylng ioh srépaned byiddese3vdRy 1.25 g
relative to 100 weight portions of netallosilicate.
oftemmorE up w61 yihda b eadfe? gwodi ¢hberomhad indsi #¢tdtia 28ad of
made to carry catalgst nmetal conponents as in Exanple

wateo aoist Bhen daked 4t 3Pl oxEdombiheohsd tacap@inat al yst
carrying Mb-Rh as Sanpl e 14. OOSSLﬁéﬁwon&tic
shydFobapbbie pretiicigbrep bt CARadY et Hy G iR 2 hes Sample
groduction test was conducted as in Exanple 1 by

1 sing 1.2 g of the catalyst to produce an aromatic

1o 2o Rns ol T e Rogt R of e
i R G IR ST RN
A | 0l Db 18 BBl aronacic
nPaEBRLELIR Il Eh FRIALLASI ! AN RO RS At ARMNL Of
Some of the results obtained by the measurement are shown in

Table 2.

[0058] Comparative Example 2

(Preparation of Comparative Sample 2)

10 g of HZSM-5 was impregnated with an aqueous solution
prepared by dissolving 1.24 g of ammonium pararhenate in 17 ml of
water and then baked at 550 ° C for 10 hours to obtain an HZSM-5
catalyst carrying rhenium as Comparative Sample 2.

[0059] (Aromatic hydrocarbon production test)

An aromatic hydrocarbon production test was conducted as
in Example 1 by using 1.2 g of the catalyst to produce an aromatic
hydrocarbon and confirm the performance of the catalyst.

Some of the results obtained by the measurement are shown in

Table 2.
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nodi fication of 1.0 weight portions in terns of

silicon oxide

portions of metallosilicate.
nodi fied netallosilicate was
aqueous sol ution prepared by dissolving 1.25 ¢
anmoni um nol ybdate and 0.52 g of chloroplatinic acid

(Si @) -

22 relative t

Then,
I mpregn

o 100 wei ght

5 g of the obtained

ated with an
of

[00soR5M of water and thenTaaked at 350 0 C for 10
hours—t o obtatA—a——sieconr—oxde—rpeified—zeot+te
catal yst carrjidagedMa- P} as Sagpbdictidh rdt@0HddL / s
(Aromatic hydfocarbon production tess) An aromatic
tapdbxstar bon pfd@gction|test was conicted as in
Exanpl e 1 by psing 1.2 glyaffogelae Catre}St | t Golieél UCRaphbhalene
aromatTc hydyocar pom _and co mthe TOor man o1
the catal yst. °af he re ?IS s obt é%g bd-by ¢ I'cwsg 18
feasalllenent arshakewn |n Tabsss| 2. [ 00F8] Cbnpaﬂﬁ1|ve 13
SAIpG2 | (YRLELT T o ol a7 VaaSimle Zlnf0 0
—a OV O T ety | IIHI ugllu Vv C o1 /I.II agqou T oy DUI ull U |
prepared by di¥swieing|1. 24 §266] ammoAf@m par ar f¥hat e 20
%a@n oid 1M of  yatgr.and then Baged at 358 C for s50 12
ours to obtafpmramrtEZSM5——catalyst—Tarryrmg T henium
Res PESHHATHL | veddsHFi e P [ 0038)7]0 (Ar ond£9¢ hydr oc&t bon 9
production te$inoB aranaticsmmjrocarbmm producti4pn 54
t est S condficTed as [in EX e L Db sTng 1. of
faeieat al yst %NKFFﬁdnra an—aégﬁaflh ﬁ‘6'8u>ocgrborz‘.gﬂ"ir‘.u 2
worhjging t he pemfeupance of th®scat al yste7| Some of75¢ he 18
resrlég obt ai hed by the neasurement are shown in
- 3 hours 3629 1749 129 5
Sample 14 8 hours 3615 1695 135 12
Mo-Rh/SiZSM-11 |24 hours 3420 1659 84 5
3 hours 3522 1986 45 18
Sample 15 8 hours 3287 1835 195 i2
Mo-Pt/SiMCM-22 |24 hours 2750 1587 120 8
Comparative 3 hours 4851 1369 105 583
Sample 2 8 hours 4682 1485 94 523
Re/HZSM-5 24 hours 3245 1016 75 265

Industrial Applicability

[0061]

A process for producing an aromatic hydrocarbon according

to the present invention employs a catalyst prepared by causing a

metallosilicate carrier that is modified by means of a compound

containing silicon, alkali metal or alkaline-earth metal to carry

the metal or oxide thereof. Therefore, it is possible to produce

aromatic hydrocarbons containing benzene as main component with a

high selectivity and a high yield from the initial stages of

reaction, using lower hydrocarbons and the yield does not decrease
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- 23 [0060] Table 2 reaction production rate (nnol /
s catalyst tine /g) hydrogen benzene tol uene
napht hal ene 3 hours 4125 1864 84 18 Sanple 11 8
hours 3895 1760 60 13 Re/SiHZSM5 24 hours 3589 1693
89 8 3 hours 3266 1566 67 20 Sanple 12 8 hours 3796
1498 55 12 Re-Pt/SiHZSM5 24 hours 2870 1250 48 9 3
whEHr2a2846n /i3, 74104, tRafHedehd thha iomPboviddd alyighly
25 M-Rh/Si 0 24 hours 3725 1767 75 18 -zeolite 3
ehOUE B3 R208448 % Bodwaimy anlardndidly Byd6dEaii@bbfEing
12 M-Rh/ Si ZSM 11 24 hours 3420 1659 84 5 3 hours
139@2 h1986c4tbdfis Saaphet ity Bahenial3287 1835 195 12
M- Pt/ Si MCM 22 24 hours 2750 1587 120 8 Conparative
F24hours s 4851 1369 105 583 Sanple 2 s 4682 1485 94
523 Re/HZSM 5 3245 1016 75 265 |Industria
Applicability [0061] A process for producing an
aromati ¢ hydrocarbon according to the present
i nvention enploys a catalyst prepared by causing a
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metal losilicate carrier that is nodified by neans of a
conpound containing silicon, alkali netal or
al kaline-earth nmetal to carry the metal or oxide
thereof. Therefore, it is possible to produce
aromati ¢ hydrocarbons contai ni ng benzene as main
conponent with a high selectivity and a high yield
fromthe initial stages of 1, Agagtsi on, using | ower
hydrocarbons and the yield does not decrease -24 with
reaction tinme. Thus, the present invention provides a
highly efficient process for producing an aronmatic
hydr odar bon hypnsiesg fooweodoypingear svosatic siydrpragbon,
material. 25 CLAIMS 1. A process for producing an
usiroat laverydydracddven asi stpt ingmea t etk b ddroBroasss
starting material, the process conprising heating the
comrirctlarhbeat bng kdedrydreonashsn in dheapyatenespfya fgtalyst
mol ybdenum conpound or a rheni um conpound on a
caerainosing ey POTEPOURSHPF ide RO+ M £OTPPHRE P 2
conpound, a sodi um conpound _or cal,ci,um co

e RO TACTIAR TERe. S o EarpGnG T GRAT, & sodiun
silane_ c d, havi j . d.f -
ORI Sy PANF T SRR P S S LB st g Rl ¢ 1icon

S5 R A S
rial kqxy _an i . .
o APy T 0 S o o
e%af [ 93 greg{:g ? H:th%fél @hn% ?g?ﬁ%%aéi oE A HY mEf£ai 841 tNdte and

€ pore Size o cate and sel ected

&1 08 & e¥Bmat:NgI 1k oxexdd tHopaRaPl 3fRlipanend e sodium

acetyl acetonate, thé silane conpound, the sodium
c?W &rofhd Be16 @k idempeRRBoiNE digtamaneities ancmwmnic
0

group of a size equal to or greater than the pore gize of the

metallosilicate and selected from crown ether,
hexafluoropentanedione and acetylacetonate, the gilane compound,
the sodium compound or the calcium compound being modified so as to
make an oxide thereof by impregnating the metallosilicate carrier
with it and subsequently heat-treating it in an oxygen-containing
atmosphere.

2. The process according to claim 1, characterized in
that the catalyst contains platinum or rhodium.

3. A catalyst for producing an aromatic hydrocarbon,
using a lower hydrocarbon as starting material, the catalyst
carrying a molybdenum compound or a rhenium compound on a
metallosilicate carrier modified with a silicon compound, a sodium
compound or a calcium compound, characterized in that the silicon

compound is a silane compound having a basic group selected from
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make an oxi de thereof by inpregnating the
netallosilicate carrier wth it and subsequently
heat-treating it in an oxygen-containing atnosphere.
2. The process according to claim1l, characterized in
that the catal yst contains platinumor rhodium 3. A
catal yst for producing an aromatic hydrocarbon, using
arfi i) WAk UAR A6 PPy asapt afrbupe dd ahicdganiikegcaimbyst size
carrying a nol ybdenum conpound or a rheni um conpound
e@ih BtoBH §-éosdt ithaheleapoiers isedof itdd métal lassiiliicade and
conpound, a sodium conpound or a cal ci um conpound,
sehagtanl erom ed ibl kbRatartdher sphéryh grooppauntths spdium
si | ane conpound having a basic group selected from-
cétfpoward 0p,thal &yl @himoompdupst disdy lcogroupsd kawinghan organic
organic group of a size equal to or greater than the
gipopeosizeiné aduelnee alrl deddtieatbanride Bereeiéq If bhe
trial koxy and triphenyl groups and the sodi um conpound
m@almiddlc@it@m%ﬁﬁéaﬁéeg§r&“b%%%ﬁ*&hﬁﬁvi ng an
organic group of a size equal to %Eﬁotgre%gr,gan t he
hewer el unrapepcanre 1opgtld BSPHY LAttt s St BtATT GRIPOUnd,
crown et her, hexafl uoropentanedi one d. N
e EP HBAIRSUBS PhEDS] S WL APBIRES BRARIdIf ifhed so as to
conmpound, or the calciumco und. bei n L :
naEF SRARE S BRTEEE PHeh B By i T BOR AR Ag LPRG. roate Brrier
tallosiligcate caryier ' ' Lo
wﬂ%éllictarrédaf’}lﬁﬁe%e%l{%%e&%%%?%%%?g"%n%%ﬁ at srlp-sl’{l:eorn gaining

aém%gerceat al yst according to claim3, characterized by
carrying platinumor rhodi um conpound in addition to

the nplybdesym GAAQWRdsQotdithg BENIEINE MR teriZéd by
carrying platinum or rhodium compound in addition to the

molybdenum compound or the rhenium compound.
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