[Title of the Invention] PROCESS FOR PRODUCTI ON OF

AROVATI C  HYDROCARBON Techni cal Field [0001] The

present invention relates to a process for producing

an aromatic hydrocarbon such as benzene froma | ower

hydr ocar bon such as nethane. Mre particularly, the

present invention relates to a process for producing

an aromati c hydrocarbon, using a hydrocarbon having 1

to 8 carbon atons obtained fromgas such as |iquid

petrol eum gas, liquid natural gas, coal carbonization

gas, refined petrol eum gas, naphtha, organic matter

fermentation gas, organic matter dry distilled gas,

coal refornmed gas, nethane hydrate recycling gas or a

deconposition product of any of such gases as

starting material. The present invention also relates

tlTridlecat ahySinvedit iphdd EHROTESEFOR PRONUOT Thi ciroxreoMaTa ¢

using a | ower hydrocarbon as starting material.
HYDRR&8REP®uUNd Art [0002] while aromatic hydrocarbons such

as benzene, toluene and xylene have been and bei ng

mai nly produced from naphtha that originates - 1 - 0

from petrol eum processes for producing an aromatic

hydr ocarbon such as nethane or benzene froma | ower
TechlYJLPFREPEN directly by a catalytic reaction in the

presence of a catal yst, which is nolybdenum carried on
[00013ynt het | cTREPhrckbenZ Sivant abe rkNaves (6eLproddsy f@t pAoducing an

Non- Pat ent Docunent 1). However, the use of such a
aromgaiahydro¢sriapconpank dnzene dxona dgveahydpeetbapssuch as

i ncludi ng an increased deposition of carbon, a |ow
methapey MoEPRnrtigtlar by, tha Repenientdrd-dedesdat ¢ srocess for

proa GRS PR E i E900 P OCRS35 LA BLOENEI 8 canbon
atonSBbRANE &5 BB ARG SPAL 31: B8 J-eYBi ity §EACA RARShatural gas,
coal carbonization gas, refined petroleum gas, naphtha, organic matter
fermentation gas, organic matter dry distilled gas, coal reformed gas,
methane hydrate recycling gas or a decomposition product of any of such
gasges as starting material. The present invention also relates toa

catalyst for producing an aromatic 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



directly by a catalytic reaction in the presence of a
~catal yst of -nolybdenumor zinc carried on ZSM5 wth
or W thout carbon dioxide added to the nmaterial gas
by a smal|l anmount have been proposed (see, inter alia,

Pat ent Docunents | and 2). [0004] with any of these
processes, it has been confirnmed that an aromatic
conmpound such as benzene is produced efficiently from
nmet hane- cont ai ni ng | ower hydrocarbons and the catal yst

fromp L 5B, BY6ELLSIY FYr HRbdac! N En rBRat HOWgUEOcarbetisuch as
roved processes for converting nethane into an

metmmf ben bt eeah Barywaishydy crazabaldisectdy byedcaoniytic
ZMS-5, are still acconpani ed by problenms such as that

reacriomatn the pydsenes bbmscarelwsdi Whiah kflnbyRdends cgrgied on
napht hal ene are produced with a selectivi
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“here ong for catal ysts that show

ratﬁ‘ﬁo@ ?ﬁ@@h&ﬁé‘ bng 2eagdicP8e S {d-0iRNWE aath BiStacAlvity se
he aromatic hydrocarbon production efficiency and

[0003] he benzemeosebess ifvitprodndisy abl arameitatdividroparbon from a
catal yst performance for a long tine. Non-Patent
mateRded s such JOURKARNOPTagHAEnS) SonaF ing) Lowesphydppcarbons
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to tﬂé ﬁ\é@@l‘lai Bé{g Bl o‘QQmSPl B&l@ﬁh@ haFeWtledl Piidpdsell (see, inter alia,
I mul t aneotsl Yy pro uci ng benzene or aronmatic

Patéﬁ@ﬁ&ﬁﬂﬂ@&tﬁqnﬁﬁiﬂlng benzene as mai n conponent and
hydr ogen gas

[0004] With any of these processes, it has been confirmed that an
aromatic compound such as benzene is produced efficiently from
methane-containing lower hydrocarbons and the catalyst performs
excellently for a long time. However, such improved processes for
converting methane into an aromatic hydrocarbon, us ing a catalyst carried
on ZMS-5, are still accompanied by problems such as that aromatic
hydrocarbons including alkyl benzenes and naphthalene ar.e 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 toa 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.



with a high conversion ratio and a high selectivity,
using a | ower hydrocarbon such as nethane as starting
material, that can stably maintain its catalyzing
ability of converting a | ower hydrocarbon into an
aromatic conpound for a long tine and al so a process
for produci ng benzene or aromati c conpounds contai ning
benzene as nmi n conponent and hydrogen from a | ower
hydr ocar bon by using such a catal yst. Means for

Nonéggt\én@%ééﬁﬁteﬁ'ﬁ qhl RBRRKH cABLOFSHI) 363 @) L 136- rF1eaeIm)

i'nventi on, e above problemof the invention can be
patdHtSSeEMRGLDY. Bp QWi dh12g23w6pr ocess for producing an
aromati ¢ hydrocarbon, using a | ower hydrocarbon as
Pate&itapddungente? 0P al- 11498514pr ocess conpri si ng heating the
hydrocarbon in the presence of a catalyst carrying a
nol ybdenum conpound or a rheni um conpound on a
netallosilicate carrier nodified with a silicon

Disclasysaf the IBUrRM Tonpound or a cal ci um conpound,
haracterj zed.i.n t.hat t silicon conpound is a silane
Pr°b§§#p%%h8 Sloé. sflr}]:a’ %lh Envgnetlén

asi ¢ group selected from
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of a size equal to or greater than the pore size of

invert@ on'® gt wisdd 4 cat el gt roeldaiue daheous Iy pabdkoxiygarghzene or
tri phenyl groups and the sodi um conpound or the

aromaalici ampoonps wedt i $ning bepoeme 2l avingcawposeghmng bydyrogen gas
o group of a size equal to or greater fhan the pore

withga %é
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sodi um conmpound or Said cal ci um

compRRRHIth t BRg ahaldiasil dCatrceakki fir ptdducint emdene or
subsequently heat-treating it in an oxygen-contai ni ng

aromatiospimprendPrehes aplng benpene es safiorequpengst wgddiydrogen from
aromati ¢ hydrocarbon as _defined above is

a low¢rabdérerarnsd hnushad StRB aced@ Y&t cont ai ns pl ati num

or

Means for Solving the Problem

[0006] According to the present invention, the above problem of the
invention can be dissolved by providing a process for producing an
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 metal losilicate
carrier modified with a silicon compound, a sodium compound or a calcium
compound, characterized in that the silicon compound is a silane compouhd
having a basic group selected from aminopropyl 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



rhodi um [0007] In another aspect of the present
invention, there is provided a catalyst for producing
an aromati c hydrocarbon, using a | ower hydrocarbon as
starting material, the catalyst carrying a nol ybdenum
conmpound or a rhenium conpound on a netallosilicate
carrier nodified with a silicon conpound, a sodium
compound or a cal ci um conmpound, characterized in that
the silicon conpound is a silane conpound having a
gropASt & AFRURSEtS 6L chEeM RN Sed s@nd oty
groups and an organic group of a size equal to or
metagneat & cdtwand Belpot&d Siawe cabwh ke heet dtaliuoroaert amadlione
selected fromtrial koxy and tri phenyl groups and the
and solivimcetapatmdirst satdhuetal kisimhicehp canyies bgingmeddfiged so
havi ng an organic group of a size equal .to or reatgr
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carrier with it and subsequently heat-treating it in
defiaad abpge n-sceim v dtiend zad iosyiizdar ehe Pred bysibbgntains platinum or
catal yst for producing an aromatic hydrocarbon as
rhod@efi ned above is characterized by carrying platinum or

hodi um conpound in additiqn to th | ybd. .
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[ ower hydrocarbon such as nethane with a high

comp&QfY O S Hifleriiatn eorfguingl d gmetsdll oslliddtye carrier modified with

_Particularly, it provides a high benzene selectivity ‘
a sildegn dreworndan setlabih goprodud O & eabeiun ATEPOEKE BAzacterized
. cont ai ni ng benzene as, nain . .
in that the silicon compound is a silane compound having a basic group
selected from aminopropyl 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, and said
metallosilicate carrier being modified so as to make an oxide thereof by
impregnating said silane compounds, said sodium compound or said calcium
compound 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.



conmponent for a long tine. Best Mbde for Carrying out
the Invention [0010] As a result of research efforts,
the inventor of the present invention found that a
catalyst having a netallosilicate carrier that is
nodified typically by nmeans of alumnumsilicate to
produce aromati c hydrocarbons can i nprove the
conversion ratio of aromatic hydrocarbons containing
benzene as namin conponent, reduce the ratio of
AdvaH@Qg%éé@ Mq,enttggnconversi on product and stably show
performance for a long time if conpared wth
[oopoFonvent i oagh-oeat alrystsrodatt i g ardreitak Inarpoaendn suchrding
as nol ybdenumon a netallosilicate carrier. [0011] A
to tHesppddensi 1eaite ohaarepursbrbeasn eabuh i hydredagioongrrom & lower
produci ng an aromati ¢ hydrocarbon is a porous
hydrgcishameech af aeicbane wisha ]Zéﬁﬂl P@@V@ﬁ%ltoncﬁﬁlﬁ #ad &gty

and al um n
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henc% cf‘é‘osi tlaégy BrgHeF &5 Om‘atw y%éto gg#%%&ﬁr F%Ig%%mﬁgsbeél ool oo man
compg:k beineend- 4 and 0.7 nm [0012] For a reaction
convert| ng a lower hydrocarbon into an aromatic
conpound with a conversion ratio and a selectivity
that are feasible for practical applications
Best mlderﬁzbi/rrﬁgaﬂmrinlgeaqﬁels@ﬁnvem' ion, the
silica/lalumna ratio is preferably between 1 n
[0010}or e prefis ame;‘ﬁﬂﬁé%ﬂ/\;'é%?gaﬁ?ha‘ﬁ‘af s, thg lnvﬁngﬁgf 1t Fresent
nmetal Losi|icate carrie
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I'T"con conpounds that can be used for
hydré@éi:‘ﬂoﬂsrlgaﬂ DpordiRt ahd eshléesich eatid of arbmbtile hyivsearbons
having a basic gr oup t hat reacts
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.

[o011] Ametallosilicate to be 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 53, faujasite (NaY) and NaX, zZSM-5, zZsM-11,
ZRP-1, MCM-22, ferriorite and B -zeolite. Preferably, the metallosilicate
has a pore diameter between 0.4 and 0.7 nm.

[0012] For a reaction of converting a lower hydrocarbon into an
aromatic compound with a conversion ratio anda selectivity that are
feasible for practical applications according to the present invention,

the silica/alumina ratio is preferably between 10 and 100, more preferably

between 20 and 70.
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with the netallosilicate surface such as an am no
group, an alkylamno group or a pyridyl group and a
bul ky organic group of a size equal to or greater
than the pore size of the netallosilicate such as a
trial koxy group or a triphenyl group. [0014] Specific
exanpl es of silicon conpound that can be used for the
pur pose of the present invention include
met hoxyet hyl tri et hoxysi | ane,

[0013}- acet oxy phapdtbni ek hoxysid aaer =06 aopitepyketderydihqto the
ne, N (2-am noet hyl ) - 3-am nopropyl t ri net hoxysi | ane,

presRinti iToRRegh tiki cRiriex) 3 i Irexde £3ed fiyreo pi bpydrdeampdiyide elapdium
xysi | ane,

compduadi acplopyth coinpetkd Ry diheakidseN- phenyl ami nopr opyl tri et
hoxysi | ane, 2-

(4- B+ GRA FORRBINEGRAT G PRYSES: FPAbE STt opy! ) -
4,5, .. . . :
metalRBHT LT HiCE T e R 9 HSE R PRV H e e R S P et 3t

witho%(ly% hg%/éﬂo%qwibate surface such as an amino group, an alkylamino
diet hy enetrlan1ne,b|s?tr|nEthoxyIpropyI)an1ne,b|s

grou?r@f Bydyeii ey herynp Ry 3 80l Be okyan b beoapeithy b tize khoabsb or
ane,

grealebrmmpriepydte bthé ofddid metes Bdsridropre pypEh sisne EhbRIXY
| ane,
groupmpmg firépbery hgrewp-net hoxysi | ane, chl or onet hyl tri et hoxy

[00143: Ingtn ﬁ;” C% %:: 0 'eqn% %r%{easngf ngL?}:QX lcglméaglr;r?d that can be used for

the GEAE AL EOLOLOSHL nGe L 165! DL AL ROXNSH ARG E SBiHAys  1ane,
3-acEtOY ¥¥SLdRn8:ANERY! 3 TdniRBexsYH & Etsybt Lanenyd ani

nosilane, triphenylsilane, tetraethoxysilane,
(2 - arfi 16 12054 3 -ame nogr bpeinst imeneoxgs i e, and
trinmethylsilane. [0015] Mre preferably, the silicon
aminophpayiitimethekxyet kane oaminopropyldimethylethoxysilane,

met hoxyet hyl tri et hoxysi | ane, 3- acet oxypropyl et hoxysil-an _
i e e S

(a-py 5D LRPLARKLLLH BRLNOX U L AR AP 1AL -BL OXYS
dihy%i?@{%@@ﬁ-d(tﬁéhﬁbﬂm)@@ by 20€i e, 3Ni(Peniabkys i DRt fropyl)
diethylenetria;nine, bis (trimethoxylpropyl) amine, bis
(methyldiethoxypropyl) amine, bis-chloromethyldichloros ilane,
3-bromopropyltrichlorosilane, 3-bromopropyltrimethoxys ilane,
parachloromethyltrimethoxysilane, chloromethyltriethoxysilane,
cyclopentylsilane, diethylsilane, dimethylchlorosilane,
dimethyldichlorosilane, dimethyldiethoxysilane, dimethylethoxysilane,
ethylmethoxysilane, phenyltrimethoxysilane, triphenylaminosilane,
triphenylsilane, tetraethoxysilane, dichlorosilane, diiodosilane, silane
and trimethylsilane.

[0015] More preferably, the silicon compound is selected from

methoxyethyltriethoxysilane, 3 -acetoxypropylethoxysilane,



N- phenyl am nopropyl tri et hoxysi |l ane, 2-(4-pyridyl)trieth
oxysi | ane, N-

(3-triethoxysilyl propyl)-4,5,di hydroi m dazol e, 2-
(triethoxysilyl) pyridine, 3- (trinmethoxysilylpropyl)
di et hyl enetriam ne, bis (trinmethoxypropyl) am ne and
bi s (et hyl di et hoxypropyl) am ne. [0016] Techni ques
for causing a netallosilicate to carry a silicon
conmpound i nclude inpregnating the netallosilicate

3-anfidbpir-8py VéiHbxF8 1 18hgan @-spintthyabl ution containing a
sil1con conmpound such as a solution using benzene,
-3-dmihopnepy etimek borystilaore, de;inoptiaryditarine theseid ane,
tetrafuran, ethanol, propyl _alcohol, diethyl ether or
3—ant15n@p|rpmel®zsne§bwéﬁho:@fmc1&a§i I inRRTRRY AF F RS HEPERE L A5
adsorb and carry a silicqn co und i iLnert._qga
N-pki&rag&ﬂ?h’é%r%&ﬁré?th?’ﬁ%é@ﬁ?’ Fe g by Dk dRC Ry Lage, v-
en .qr..carb i Qxi : :
A e A P e
pyridinges: GoRhat ARk i@ﬂ%@ﬁ?ﬂ@iie[tggizhei;ﬁianﬁ)h@[@iQ, a

catafyst_can be prepared tTor the purpose of the
(criReeB6RypidpyRNEh DI Biid bTBrRgHTatliaiethowpergpyZhEnay t h a

tol uene solution of 3-am nopropyltriethoxysilane,
[0016lenpvi ng tTkehsbimwemfobyauding plnefEldesihderts bggesygy @ silicon

pressure and subsequently heat-treatjing the |, )
comnqwgggwévég Olﬁ@mewtmge RELabios bl G BTGP EEAY

at, to C in an air fl.qw.t 1.cal I f ;
orsshe Sk P terTald alp QYR RETAR L b son
usirgMddfhel Qo SRl m@tflgﬁ.éﬁ@ Bhlgm%q_orbhgrrﬁ,%xﬁn@f tdd¥& furan,

iTrcon tonpound relative to the nmetallosilicate

etha®dl ! bEbpy1Sa el aBkynP1 80het orihakighbspailveon®r causing
nore preferably 0.01 to 10 wei ght portions, npst

the patefldrabl ycdtd tdbadsonbiagiit camor & iséAd con eomppyrd ip appnert gas
wei ght portions of the netallosilicate in terms of

atmogphpre Fuskidgenyisiagien. heviun or prgPY|CN ke ARIYSEEEGHOT carbon

diox%ggp a%lflnrc])gplglérea aggls%?b%@qggg&%}lﬁga’é —Stxge%rtriin%dchbé/ métallosilicate in
an oxygen-containing atmosphere.

[0017] 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 subseguently heat-treating the
impregnated powdery ZSM-5 at 250 to 800 ° C, preferably at 350 to 600 ° ¢ in
an air flow to chemically modify the ZMS-5.

[0018] When causing a metallosilicate carrier to carry a silicon
compound, the ratio of the silicon compound relative to the
metallosilicate carrier is preferably 0.001 to 50 weight portions, more

preferably 0.01 to 10 weight portions, most preferably 0.1 to 5 weight

portions, relative to 100 weight portions of the metallosilicate in terms

of silicon oxide (Si0J).



chemcally nodified netallosilicate, the sodium
conpound or the calcium conpound is preferably a
sodi um conpl ex or a cal ci um conpl ex, whi chever
appropriate, having a bul ky organi c group. Exanples of
such compounds include 12-crown-4 (1,4,7, 10 - tet
raoxacyc 1 ododecane), 15-crown-5
(1,4,7,10, 13- pent aoxacycl ododecane), 18-crown-6
(1,4,7,10, 13, 16- hexaoxacycl ooct adecane, (18-crown-6)

[001592’ 3,11, 13p{et4 862 BR¥¥hb&undBEt @ calcium compound is carried by a
-am nonet hyl - 15-crown-5, 2- (hydr oxynet hyl)
chemib1QK0W&i418d melhydl exyTiRidtyl fhe Eodtnowomnbo@ad or the calcium
(hydr oxymnet hyl ) -18-crown-6, 2-
comddundr tx prefdndblard Bodiun nonel ¢rerafdl crkopentamlsHebirhever
m sodi um 2, 4-pent adi one salts,
apprapripta: kavinged Ryl Praress greuRalfx@mples of such compounds

tringethyl sil di lts,
T
- 0X [
0.4 TP B E O Db Bo bt andt) 18N Bo6) O et ate,

(1,4,7|3ﬁi, & 1$ThBkSokfnfa boée §adele, (EREBEM-6) -2,3,11,12-tetracarboxylic

uor o- 2, 2-di net hyl - 3, 5- oct adi one, cal ci um
acid)exahi nairaget 13 -ageiat §2- dnydroyghechel) hy? enminadizno
compounds. Techni ques that can be used for nodifying
(hydtrheymettgtl) 047 droane 5By (hydrprymethy -dByarv@-6dnpound
containing either of the above netals_are imlar.to
(hyd@gﬁmefmsé ERCRRRAE TTHR H%’d%’?%H%QPFHEa%?%%Og%PYH Tyt
ans  of a .sili.co 0 n . A_C t
24-DRBE R PRG R b e ERERE ST aTe Pen e she By
trin{é%g%éf%a%% DYCRAHSA TN, & -TTBL Bld (0 5 8 Borksbiyl er
no I e y nmeans of a ’'silicon conpound, a sodium

dietGOTRASHEL Mind, €abEt dhtse@ina e ([inK! piechadloayentescri bed
manner to carry at |east nolybdenum or rhenium MNorge

tri-sphutylpaiiylaltbeidetcallicovhldceay dacetatse cadaiupird8s.7,7.8.8.8)
to carry nol ybdenum or rhenium by inpre tin th '

heptaLaPTORA THREERYA 11 B LaREPTSrP oI 3™ HGeaPSbragT Rgetate
netal c onent and heating. t he i npregnated

and G149 %@? 'eggaéa?‘hn%ﬁo%%}é&ehh% cont ai ni ng at nospher e.

Techniques that can be used for modifying the metallosilicate by
means of an organic compound containing either of the above metals are
gimilar to those listed above for modifying the metallosilicate by means
of a silicon compound.

[0020] A catalyst according to the present invention can be
manufactured by causing a metallosilicate carrier modified by means of a
silicon compound, a sodium compound or a calcium compound in the
above-described manner to carry at least molybdenum or rhenium. More
specifically, the metallosilicate carrier can be made to carry molybdenum
or rhenium by impregnating the metallosilicate witha solutionof a
precursor of the metal component and heating the impregnated

metallosilicate in an oxygen-containing atmosphere.



8 0 [0021] Exanples of precursors of nolybdenum and
rheniumthat can be used for the purpose of the
present invention include ammoni um paranol ybdat e,
phosphonol ybdi ¢ acid and 12-silico-nolybdic acid as
wel | as oxides, halides such as chlorides and

brom des, salts of mneral acids such as nitrates,
sul fates and phosphates, carboxylic salts such as
carbonat es, acetates and oxal ates, carbonyl conpl exes

[oo2gnd net al E&Qﬂﬁi@é( 8% prickGirbgis @fewxglbamﬁm ahdmekeat um that can
salts such as acetyl acetates of nolybdenum and

be uséefibuhe[H022ke Bethdprbsaht ynvent foretnclude ammonium
netallosilicate carrier can be nmade to carry a

paramollybdetr phosnhonmbly i caaeitband A2 toifjsaniobypdic acid as well
it with an aqueous sol ution_ of

s oA AAL 67 By R b e G 2B Gretdinpmel acis
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met a OSI Icate carrier with an agueous

inc188i 8§ i-eRp DExHBP Rt B JMltyhdieas deytyhddtagnd of molybdenum
subsequently heat-treating it at 250 to 800 C

and yhreefiemabl y at 350 to 600 Cin anair flow [0023] Wien
causing a chemcally nodified nmetallosilicate carrier

[0022{ o carry Woe Vh@@h Br mpRthiethpet il eldApres CRRELGEan be
‘ ratio of th bden t he chem ca
made; &P T067 ML EPASTYN BPEPRrI PG Ao o corip ety freanat ing

e 5o St B A0l P

procQ§§ éthféaltLeaéﬁtn{go@Q% dicatal yst according to the
present invention nmay further .contain platinumor

r habibnd tanaeds tdhemitallpeoddf ydtleatal brsilientamatalyst
conponent. [0025] Wien a platinum or rhodi um conponent
carrying peivelieram ¢at be prepared by impregnating the chemically

modified metallosilicate carrier with an aqueous solution of ammonium
molybdate, drying it and subsequently heat-treating it at 250 to 800 °q
preferably at 350 to 600 ° C in an air flow.

[0023] When causing a chemically modified metallosilicate carrier
to carry molybdenum or rhenium, for example, the mass ratio of the
molybdenum to the chemically modified metallosilicate is preferably 0.001
to 50 weight portions, more preferably 0.01 to 30 weight portions, relative
to 100 portions of chemically modified metallosilicate.

[0024] A catalyst according to the present invention may further
contain platinum or rhodium in addition to the molybdenum or rhenium
component.

[0025] When a platinum or rhodium component is introduced into a
catalyst according to the present invention, a compound selected from

compounds containing halides such as chlorides and bromides, nitrates,



catal yst according to the present invention, a
conpound sel ected from conpounds contai ning halides
such as chlorides and brom des, nitrates, - 9 - 0

sul fat es, phosphates and carboxylic salts such as
carbonates, acetates and oxal ates of them can be used
as starting material. [0026] The mass ratio of the
plati numor the rhodiumrelative to the carrier is
preferably 0.001 to 50 wei ght portions, nore

sul f%%@geﬁﬁcg’éﬁha(%eg%ﬁ@caﬂ%ﬁﬁﬁﬁ@al&@réﬁ&ﬂés caebaid e, hBetates and
O portions of the carrier. [0027] As in the case of

oxallaﬁbéQﬁlﬁhéiﬂcmlbkéhMm Epapt imematdeidical | y nodifi ed
metal losilicate carrier, the chemcally nodified
[002det al | 0si The atesceatricert tha tBatinde ordharrglipmare ke to

or rhodium by inpregnating the chemcally nodified
the gamiarobs brefeaRiar§- Q,lrt%?é] weé.ﬁht RATEHORS SoFETs SRRy 001 to

precur sar, of t
40 we o e Ginaes Fsa | Fbpar e e she el Y |
[002711ar - [ OOZ?AL ¢ -];xeﬁj?é” ?Q? S et NAL-oRR 1 R nﬁi%déﬂmﬁ; ages chhe

er o ySt"to carry the nmetal conponents

chenti RS ¥0R061F 1&@H§t§gl$shﬁ iCAEEIRfrriier, €t Ejedicdlagsiodified
ei ther the nol ybdenum conponent or the rheni um

metal0BPONERte @tk isthsanbe maldy warayriaplaeasim et rthedium by
pl ati mum or rhodi um conponent, (2 causi ng the

impregnat #1g the chemjcatly vadifisd nerablostiiliGAE S CarRber With an

conmponent and subs t] th
aqueRps AdER LA e&?paﬁﬁﬁfr%%n%ﬁlgﬁi%% r&%ﬁﬁssﬂé‘ﬁ’? ARgeEtly

Cauﬁ:gleglrtﬁpg% C%Era?nret'é?l ﬁff/cattlg 1%' £PHP nents by

heat
eatpig Grion con al Al Ng east e|t er the

[0028]0! Ybdenum COMRARENEnAY cah R dslé@tél PhGeaReRarrasd oft the
east either the platinum conponent or the rhodi um

catalPsPeaaiirry 1020tV tbmponexanphel wfe $ilcbaesirgt tiodcaorier to
causing the carrier to carry the netal conponents, a
carryghenmemdt githati the dokpbdénws CPrRenatcay therhepdum component

i npregnated with
and sdg:gs@@ggngby GREBR agff ra%(jteéa.eghrgrngfat um%rgnt (IJ.‘E‘ ¥h8(§.lum component, (2)

causing the carrier to carry at least either platinum or rhodium component
and subsequently carry either the molybdenum component or the rhenium
component and (3) causing the carrier to carry the metal components by
means of a solution containing at least either the molybdenum component or
the rhenium component and at least either the platinum component or the
rhodium component.

[0029] With an example of such a method for causing the carrier to
carry the metal components, a chemically modified metallosilicate carrier
is impregnated with a predetermined quantity of an aqueous solution of
ammonium molybdate, then dried, subsequently heat-treated at 250 to 800° ¢,
preferably at 350 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 ° Cinan
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amoni um nol ybdate, then dried, subsequently

heat-treated at 250 to 800 C, preferably at 350 to

600 Cin an air flow, thereafter inpregnated with an

aqueous solution of chloroplatinic acid or rhodi um

chloride, then dried, and finally heat-treated at 250

to 800 C, preferably at 350 to 600 Cin an - 10 - O

air flowto produce a chemcally nodified

nmetal losilicate catalyst carrying a nol ybdenum
air EOHPRBYHodRBE AcidntdNURA fEHTFARE e tell 13st heraeatd talyst

nodi fied netallosilicate catal yst carrying a
carihyghdeslybdamponmporent and a pddi imue copporent, of 608@nically

While the chemcally nodified netallosilicate carrier
modiifs edimgrddnat bicatie batabtrtperiy iawn BPAYRgeIecomRopent and a

conponent of the <catalyst to carry the latter and

Y- heat-treated in the above description,

rho
Ite tively t tallosili i . . .
003 ot Y fp S AT eGSR B carvier 1o

BB ARV Gy 5 ) Lo o o

catalyst tAdaddy the Qut t@ddinkii Ribdlklpeh 0Dy Bgaat exkaredhiathe above
aqueous solution of chloroplatinic acid or rhodi um
descehipot byl téirineti vé he hhb ewtted las i REH teocBO0ier 1@y be
_ preferably at 350 to 600 C, in an ajr flowso as to
impregnayed wibh pRIHaAUSCEMRIEHERt o hammen Iupe hhAats bRy the
or a pol ybdenum conponent a edium _co nen °
Lo el VD i EORat B4 ] 810 QanRELBI VN o &0
. SQl ut] f .Ql. LD . .
B e A

ch1ok-8PPYi 110 & H&i $ 6k ek URAeN ok 86 C@el o, @hstitRagBd altiBs0 to 800 °
heat-treated at 250 to 800 C, preferably at 350 to

c, pr868rarly &t 38Mtai6n0 f | oyih enpriodfibew aocat &b yerry a molybdenum
according to the present invention. [0031] In a

component pud F PlapiEHUCPRRPIERE A0 Ol PASERB CarBeRent and a rhodium
according to the gresent i nvent.i o .S S

comoQa i EREEORET P ABRERA 1 KL O oA HE AL LA G gLt don of
toluggg g:'olfll@a%)ﬂrﬁ 3 —énﬁq{o%r%p&mt:ﬁf&ﬁ&{y@iqgng%aﬂgy the latter,

removing the solvent under reduced pressure and then heat-treated at 250
to 800 ° C, preferably at 350 to 600 ° C, in an air flow to produce a catalyst
according to the present invention.

[0031] In a catalyst for producing an aromatic hydrocarbon
according to the present invention, it is safe to assume that molybdenum or
rhenium and platinum or rhodium exists therein in the form of metal or
metal oxide. Therefore, for the purpose of the present invention, the
expression of the molybdenum component in a catalyst according to the
present invention refers to that the catalyst contains molybdenum at
least in the form of metal or in the form of metal oxide.

[0032] With a process for producing an aromatic hydrocarbon

according to the present invention, an aromatic hydrocarbon is produced by
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nmetal oxide. Therefore, for the purpose of the present
i nvention, the expression of the nolybdenum conponent
in a catalyst according to the present invention
refers to that the catal yst contains nol ybdenum at

| east in the formof netal or in the formof neta
oxide. [0032] Wth a process for producing an aronatic
hydrocarbon according to the present invention, an
aromati ¢ hydrocarbon is produced by 11 0 way of a

way 68katatd16§th eatlEic@ionsd iy & 1lbaeehydydeariasbas saarting
starting material and a catal yst having a chemcally

matemidilfdreda netalysis hhvieg e cheavichélty asddésed mpeal kasgdd cate
that is made to carry a nol ybdenum conponent or a

carnifsriUAeLBIREIHOWE Eratoi S WRCRG® C3 B aMHYRAEBHpEAARnent or

onent . added thereto, in_a

oo R PRSI, B 1SS0 L 005 PSR

f | t. 4 7 01
B By S8, 745l 0B B ks
to 800BY Re ;cRRIUGLRAL  A56 BE 779F MeOhindat fhe s8a6d b0.00 O 1l 1w,

reaction, although it is preferable to conduct the

prefeeably of 0.ntébg My m of flow reaction using a fixed
bed, a noving bed or fluidized bed. Wen the form of

f | ovhe eagttiiom nay beplanduagted i teg §hrm hédratphsiaaegion or flow
velocity (wHSv) is 0.1 to 10, preferably 0.5 .to 5.0.
reacthen idRusbd tikt BrPAPEaPIRFe I9BANAE SHFTHRAST 1PBAT Fifytorm of

are collected apd a recycl ed r, th Qnat. zation

Low R OR L 095T TEEMEParS HPYCay BaRS T Rt H A s e
as Cﬁﬁeq{ {:}g@ Qogﬁto%r%ﬂvﬁreiﬁi&f 2duehgydd) tHOMBEIHE hourly space
hydrocarbon for the purpose of the present invention

velok ey URBswat droat ed 1arskdrsabuyateto bydrreathosscteawiatgrials
1 to 8 carbon atons in a nolecule that are gas in the

left teindintlivorchouf neaetinpgetreornl legpedidndcarx aapyekedfos bh
hydrocar bons include nethane, ethane, ethylene,

aromgk bERAen ¥r35HH8ne, n- but ane, isobutane, n-butene,

[()(BSj sobut eneLov?eeP h%ri]xe'écarbons that can be used as starting materials
for producing an aromatic hydrocarbon for the purpose of the present
invention include saturated and unsaturated hydrocarbons having 1 to 8
carbon atoms in a molecule that are gas in the conditions of the reaction.
Specific examples of such hydrocarbons include methane, ethane, ethylene,
propane, propylene, n-butane, isobutane, n-butene, isobutene, pentane,
pentene, 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 mixture or a product of
any of various chemical processes. Examples of such gaseous product
include petroleum gas, coal carbonization gas, ref inery gas, naphtha,
organic matter fermentation gas, organic matter dry distilled gas, coal

reformed gas and methane hydrate recycling gas.

[0034] With a process for pfoducing an aromatic compound according



pent ene, hexane, hexene, heptane, heptene, octane and
octene, which may be straight chains or have a
branched or ring structure. Such hydrocarbons nmay be
used al one, as a mxture or a product of any of

vari ous chem cal processes. Exanples of such gaseous
product include petrol eum gas, coal carbonization
gas, refinery gas, naphtha, organic matter
fermentation gas, organic matter dry distilled gas,

to thedrededt GivRAL 988, BidcaEbhanephy il idhneor ERY BluirBgcgads . the
[00341 Wth a process for producing an aromatic

catzmotirtbacuppdefged by BAding Hydrbhenprasemt monpzekde] ozbon
~ the carbon deposition on the surface of the catalyst
dioxigle dedsuppressser 15 2P g per ok, PEaf&or IR Ritgel0 volume

carbon _ di.oxi de_and/or steamby 1 to_20 v

I :
Portians FHet iNpdi T3t e RRYIPRERY bPg &é’weﬁgw%iiggﬁgrbon in terms
£+ Iativ§.to 100 vol ume potions of the |ower
© Vﬁ;ﬂ?%&? Bdn in terms of volunme ratio. [0035] A

[0034)" ocess T Q\r%zgcg : Cf@gﬁgd@éﬁ@éﬁ & rBYSE PEALEPOcarbon aaccording

accordi ng e present 1nvention is characterize

to th¥ pReedie iiRgehy D g8 Rha%achy Pl AU} prodadind hpdrddgen as
aromati ¢ hydrocarbons mainly containing benzene.

bypr@enet alr yddiwiin too provasisc hpdreragdens g imigraggéaining benzene.
involving wutilization of reform ng vapor of |ower
hy dFererrdidas Wt i RECIRSShERePEARN AL NIl gsent I pdy 188
..a shift converter, all the carbon_in the |ower
Ut RFaF bR P T RS veaomfﬁbﬂwedﬁ YR e By BUUR ke and 2
subsEBLRR ALY I8l b+ ALIERBLACE I BAO LDELAL AUSRNEL ! ©
rarsé the Toad of the environnent. To the contrary,

hydr¥ch Podnd EAEES 0GRl DibiGet 1R PHEPBaubY 88 bANdioxide is
all the carbon in the | ower hydrocarbons are utilized

dischergedduce tarcimidsphelry droorai deotise 1dhd oL tHreepyisement.
i nvention is advantageous fromthe viewpoint of

envFe Shensenarany.obiténs PRREASS RECAYAIHER thediRsegtaqvention,

bhyproduct .is used far fuel cells. C o .
allt epcarbon in the lower hydrocar%ons are utilized to produce aromatic

hydrocarbons. Thus, the present invention is advantageous from the
viewpoint of environmental problems when the 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]
[0036] (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 adsorbéd and carried by

the carriers. Then, the carriers were dried at 120° C for 16 hours and
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Now, the present invention will be described further
by way of exanples and conparative exanples. [Exanple
11 [0036] (Preparation of Sanmples | through 4) 10 g of
. HZSM5 showing a silica/alumna ratio of 32 and a
specific surface area of 320 n2/g was used as each of
the netallosilicate carriers of the four sanples.

Et hanol sol utions respectively containing 37 ng, 92 ngy
184 mg and 368 ng of 3-am nopropyltriethoxysilane

bakeies € 5s0itled ihaHderricegpestifse 4 Aetad kosibtagatfuearri ers
so as to be sufficiently adsorbed and carried by the

silicanrbeide -kl i et stiab caerieve tbatveae rardif2ed tO feapective
16 hours and - 13 - o baked at 550 Cin the _
anougtrozphémeipbE PaThders 445 WhidtPIgUons, 0.5 weight portions and
s |.i con-oxi de-npdi fi ed SM5 carriers that o .
LO wrih PRECAQHS B pctive LORBHIE BYEiG- Pt BRt=L losilicate in
ortLons, 0,25 weight portions, 0.5 weight portions
term%noof sgfjoc%?}éh?e'porti ons relative to 100 wei ght

[oo3Apor tions af ARlraldPfhd CALSr it orsl @B wOfe Sbth 4N with
oxi de. [0037] Each of the HZSM5 carriers that were

diffebtat peduirt s bf rdidiffereni ormway ninprefmanst i thbnayusass
i npregnated wi th an aqueous solution prepared by
solutiies pirepaged by M sgodiringnid i grehehydrdiamene lyboate] inpl7 ml of
. ion exchange water and baked at 550 C for 10 hours.
ion exchapgewatersngipadeed at of) ougHoF Weh@isht AF ReePsitlithSamples 1
respective anmounts, of silicaon oxide Lfjcation of
enzolgR RGeS nepdsid Vel st b M S0 O
: 0 [ romati ¢ hydrocar bon
modlgwg@f&w@% REOSHGL 38 niCald a%@. bon

roduction te con using 1.2 g of

[0038pf the cat @lnsahsit hyBredaesordpraderaidnctdntdr ocar bon,
usi ng gas containing nethane and hydrogen as starting
An anmebed b alydransgriocomprodudthieon pest sasmooducted by using 1.2 g of
cat al yst.
"each of theycatalysts to produce an aromatic hydrocarbon, using gas

containing methane and hydrogen as starting material, and confirm the

performance of the catalyst.

In the production test, the catalyst was filled on a fixed bed and
its temperature was raised to 550 ° C in an airflow 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 ° C, 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 m1/g/h.

[0039] 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.
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In the production test, the catalyst was filled on a

fixed bed and its tenperature was raised to 550 Cin

an airflow for 1 hour. Subsequently, the | ower

hydr ocarbon starting material containing nethane by

93 vol une% and hydrogen by 7 volunme 96 was supplied

and the tenperature was raised to 650 C, which

tenperature was mai ntained for 1 hour. Thereafter,

the tenperature was raised further to 750 C and

M Xthen@asit oot wbdindesbtiessuire]l 6bcOnBpdPd @bt the

a wei ght hourly space velocity (VWHSV) of 2,700
catally=y, br fHeQ38jbethef hyshlsgehhpddoddreand elfamat ighydeocarbon, was

reacti on product were neasured by gas chromatography,
useq)gp igdgxtdfeperpfior@gndact i vity detector, while the

hydr ocarbon in the reactjo roduct was neasured, by .

5 SERE GRS TSBLES GasHig 23 1y GPB GEA- R SHE e e ehgym in Table L

- 14 - 0 The anount of reaction product obtained in 1

second per | g of the catalyst, or the nunber of n
[Exaphs 2pf hydrogen and aromatic hydrocarbon, was used

as 1 ndex of performance. Sone of the results obtained
[004d]y t he neaduresmniitisheStamsldans Tabbegti7) [ Exanpl e 2]

[0040] (Preparation of Sanples 5 through 7) The

Thpepprast bm processobHExExphplleval Mokl dwsid exgapteiiedpt

t hat 3- anjnogropy] t ri ethoxys i l|ane used for . _.

3-amApaPFIRIG HikEhary Sl a5 ysehfer medi fYing thadstapfagiedcate

cors Db B0 O, L, DS ARG N2 08 L Ao st rerene

compBi EELE AR UG L Ake L UB o RRRACE I 81 PRI SarurkBifor cthe
exanpl e. re specifically, 175 ng of

respdclil-& @RMODYS bt shownlkantoraspdserl daQ 191 Efsatigof
Sanple 5 show ng an anount of nodification of 1.1

3 -amiwebpttpylart metisoxys itlenasasf used to@reprirdSamnpée Jtdhawing an
100 wei ght portions of the netallosilicate carrier and
amoung@ijpedification of 1.I 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.
[0041] (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 arométic hydrocarbon and
confirm the performance of the catalyst.

Some of the results obtained by the measurement are shown in Table I
[Example 3]

[0042] (Preparation of Samples 8 and 9)
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of propyltriethoxysilane was used to prepare Sanple 6
showi ng an anmount of nodification of 1.1 weight
portions in ternms of silicon oxide relative to 100
wei ght portions of the netallosilicate carrier, while
375 ng of tripheylam nosilane was used to prepare
Sanple 7 show ng an anount of nodification of 1.1
wei ght portions in terns of silicon oxide relative to
100 wei ght portions of the netallosilicate carrier.

[ 004iile pAESHRItionicReardoRxanmdut wasfolléewdd ARcept that
aromati ¢ hydrocarbon production test was conducted as

3-animobxapyl erikthpxyaslane tsed Jorfmoddfkiing thhaegalapgstisate
to produce an aronmatic hydrocarbon and confi Q}the

Carﬁg?rfso‘férﬁgﬁglél%ﬁedt%aéﬁ%%ﬂ- So38féoBOPhBIFEELFYSMI Of

obt a

—c[r%:.é:e ég ﬁlg&’{‘ﬁ n-cla-gbér? édy)lm salt to
pre}%a%el ca%agt%tgro%pg&ﬁ;aleog] gB §e @f %é gﬂb@lﬂg %Samount of

except an1n propy triethoxysilane

modi4sied thi8h J¥Odi Lyl fg: bBee 1Al h @Sirhk G&t b 10T &t ieTes (N5
repl aced by an ethanol solution containing 280 ng of

relatlvermvoltrsiagictumsalons of m@Thl npidficate.
hexaf | uor opent anedi on sodiumsalt to prep
[004Hat al yst s dM@mmJCeh@mrSaﬁmr@dQCtB@eﬁ%aow ng an
anmount of nodification of 1.1 we ort
Cer rﬁlﬁowcmﬂ%ﬂcééb?m@iuc%?%g?% %@%fﬂaﬁ? in
t ons of t al
el RA 0N B GHE SR Tobts CRRLLT Sty L TRr s an spacie
hyd#IcAOHEE H0R dd t_L QB aSA th @é‘.’@'& | by
ydsoed é ? each of the ca?alfgtgato produce an

usi ng

ar osaﬁé 6f 'dh)édfélﬁﬂltbctbbtﬁldleaojﬁ t iemehsupeidmr amnekowd in Table 1.
the catalyst. Sonme of the results obtained by the

[Examphsdl enent are shown in Table 1. [Exanple 41
[0044] (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.
[0045] (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 1.
[0046] Comparative Example 1
(Preparation of Comparative Sample 1)

10 g of HZSM-5 was impregnated with an aqueous solution prepared by

dissolving 1.17 g of ammonium molybdate in 17 ml of water and baked at 550 °c
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[0044] (Preparation of Sanple 10) The preparation
process of Exanple 1 was foll owed except that
3-am nopropyl tri et hoxysilane used for nodifying the
netallosilicate carriers was replaced by 230 ng of
cal cium acetyl acetonate to prepare Sanple 10, show ng
an anount of nodification of 1.1 weight portions in
terms of calciumoxide (CaO relative to 100 wei ght
portions of netallosilicate. [0045] (Aromatic
for Yy dbQ€8 BB HRA atIGH1 PHadrRtd-rafly BIOHBSN -G &yt lgeardxon
production test was conducted as in Exanple 1 by
Compustatg véBagpde It he catal yst to produce an aromatic
hydrocarbon and confirm the performance of the
[004dat al yst. dpnemattic hedreeanbes RISCHFRERR b§Sthe
measurenent are shown_ in Tabhle 1. %0046 Co agaéive
Ex arfil 879 OB RGO & 2 FTE° SRRty o502 10

f , ' i
s B LA LT 20 SR SO o,
and hgngﬂhgge%ﬁﬁaﬂédop akedaakipsp C - 16 - o for 10

ours to obtain a nol ybdenum carryi ng HZSM 5 cat al yst

as sGeEpardaid ¥esSanpbstaindddbA ?ie mAnsardnenthy s shawban Table 1.
production test) An aromatic hydrocarbon production
test was conducted as in Exanple | by using 1.2 g of
the catalyst to produce an aronatic hydrocarbon and
confirmthe performance of the catal yst. Sone of the

results obtained by the neasurenent are shown in Table

1. 17 - 0 [00481 Tablel reaction production rate

(nmol / s/ g) catalyst tinme hydrogen benzene tol uene
napht hal ene



3 hours 3876 1537 93 284 Sanple |
97 201 Mo/ S1HZSM5 24 hours 3835 1307 70 156 3 hours

4516 1598 108 165

Mo/ Si HZSM5 24 hours 4369 1385 54 7 3 hours 3867 1260
38 10 Sanple 4 8 hours 3689 1154 43 7 Mo/ Si HZSM5 24
hours 3487 898 35 12 3 hours 4024 1744 64 5

8 hours 3947 1475

_ sanple 2 8 hours 4365 1630 99 112
Mo/ Si HZSM 5 24 hours 4120 1562 102 76 3 hours 4729
1541 89 10 Sanple 3 8 hours 4510 1485 67 9

sanmple 5

[004 hour$, 3897 174p4 55 8 Mo/ Si HZSM5 24 hours 3571 1690
9 10 3 hours 4/85 1580 78 158 Sanple 6 8 hours 4853
1479 65] 215 M/ $i HZSM5 24 hours 2570 857 38 132 3
hour s 39‘_635@]1%80 189 87 sanpioeuacl&a haurismod 5k 4686 135
e ol LS © 21 TS 320 S0 T Pt 0
Mb/ NaZSE18upat_houls 3625 767 75 8 31Wahrs 3629 %19 284
sampheQ 5 pAMmRbe 9 8 hours 3%4p 1678 1234730 NMb/ NaZBM S 201
Mo/ Bz RS Padasd 1007 8% 8 g4 1307 70 156
3 hours 4516 1598 108 165
Sample 2 8 hours 4365 1630 99 112
Mo/SiHZSM-5 |24 hours 4120 1562 102 76
3 hours 4729 1541 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/SiHZSM-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 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 1 8 hours 4682 1286 90 413
Mo/HZSM-5 24 hours 4444 1126 90 234
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3 hours 3528 1986 45 13 Sanple 10 8 hours 3287 1785
195 10 No/ Caz54-5 24 hours 2750 1635 115 8
Conparative 3 hours 4851 1259 105 553 Sanple 1 8
hours 4682 1286 90 413 Mo/ HZSM5 24 hours 4444 1126
90 234 0 - 18 Exanple 5 [0049] (Preparation of
sanpl e 11) The preparation process of Exanple | was
foll owed except that 3-am nopropyltriethoxysil ane
used for nodifying the netallosilicate <carriers was

ExanfAR! siced by 475 ng of 3-am nopropyl trimethoxysilane to
prepare nodified netallosilicate, show ng an anount of

[0049]0di fi cat i dPrefarhtionwe ggatplEotl)i ons in terns of
silicon oxide (Si(2) relative to 100 wei ght ortions
of IEapTersireitean@roThes of1Equplefl vae £ @gwgaxcept that

nodi fied netall osi|]jcate was i npregnated. with_an .
3 -amIBARERRY ISV GENBRY D 0k &RFDY R i“@%?m% tye gty fgsilicate
amuoni_um __par ar.hen i n.30 '
carr R R B B B Port kg il R ERRE AL o
prep%hle'nfcﬁi'f@é&, tH@%éifﬁa%s%éwﬁg%%muﬁeraﬂfmmfication of 1.1
rhenium oxide as Sanple 11. [0050] (Aromatic
weighy PReabhon npf HEAMECHT @ 11 €6 px e ASQOA T€1dnidicarat(foreight
production test was conducted as in Exanple | by
portusha@fimetad lobil heatomt al yst to produce an aronatic
hydr ocarbon and confirm_the performance of the _
cat Bigms S SefEhsfoRtinedNAKS igpmAtIddopy  t¢are vas lmpregnated
withrge}laasulfurleeoraesnéoﬂ{tej_o%hpol\fl\gp:;rgdq%/bllgsszo'lvi%xgawg g o? ammonium
pararhenate in 20 m1 of ion exchange water and then baked at 350 ° ¢ for 10

hours to obtain a silicon-oxide-modified HZSM-5 catalyst carrying rhenium
oxide as Sample 11.

[0050] (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
[0051] (Preparation of Sample 12)

The preparation process of Example 1 was followed except that
3-aminopropyltriethoxysilane used for modifying the metallosilicate
cai‘riers 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 (8i02) relative to 100 weight portions of

metallosilicate.

Then, 1.5 g of the obtained modified metallosilicate was impregnated
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[0051] (Preparation of Sanple 12) The preparation
process of Exanple 1 was foll owed except that
3-am nopropyl tri et hoxysil ane used for nodifying the
netallosilicate carriers was replaced by 426 ng of 3-
tri met hoxysil yl propyl di et hyl enetriam ne to prepare
nodi fied netal losi licate, show ng an anount of
nodi fication of 1.1 weight portions in terms of
silicon oxide (SiQ2) relative to 100 wei ght portions
wit®hn akalt @sillit tah @rephedd b . sgodfrindie. 26t aff Aedonium
nodi fied netallosilicate was i npregnated - 19 - O
paranttemasn adubitsy o6lailiconp br Epar e@libe'tn@iOs@odDﬁ/ iiag exchange water
of ammoni um_ pararhenate and 0. 275 of _chl oropl tinic

and sher brkegdatms0of G £ é@(éﬁ‘éﬂ?@ EO\&K’(‘:@FH SRt R8T ke gredified
C.for 10 ho t bt d fi
HZSW%%ﬁ?r@lgﬁFaﬂﬁfwlgégﬁﬂ?gﬁgm ROP RTSS e T RE PR s
anple 12 t
mosﬁest ) An ar(%grra I C L Cﬁ%r ggﬂ)b%:oo g%?(?lgﬁg%gsgcm;gn
CONGULE R&hAS d ByarBaFBbA groficHSbh8edt 228 nduld€ed as in

catal yst to produce an afomatic hydrocarbon and

Exar@Qefli bynukheg perd of raeceatefl yisher cptadyest an Sanwavic hipérocarbon
results obtained by the neasurenent are shown in Table

and @onf iExatipt pe7L¢:0658% ¢Proparsnilpatof Sanpl e 13) 10 g
of HZSM 11 was used as netallosjilicate carrier,

wasSongPf itdiegrrTul tsrRRtegRgedy hie Reafuet Mltorrs E’Pa‘t"? 6H Table 2.

ntai ning 435 ng of 3-nethyl propyltriethoxysilane
Examgg 7a N- phenyl am nopr opyl triet hoxyS| | ane, then dried at

[0053%20 C for ﬂx@e&ﬁ?’_é'i:go %}g,g)q 550 0 C for 4 hours
0 obtain nodifie silicate, show ng an anount
of nodids gatmon wis {Lst weingitia11p8k i @t bart Bsywhath was
silicon oxide (SiQ2) relative to 100 wei ght portions
sufficiently impregnated with an ethanol solution containing 435 mg of
3-methylpropyltriethoxysilane and N-phenylaminopropyltriethoxysilane,
then dried at 120 ° C for 16 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 {Si0) relative to 100 weight portions
of metallosilicate.

Then, 5 g of the obtained modified metallosilicate was impregnated
with an aqueous solution prepared by dissolving 1.25 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 obtain a silicon-oxide-modified
ZSM-11 catalyst carrying Mo-Rh as Sample 13.

[0054] (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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of netallosilicate. Then, 5 g of the obtained nodified

‘metallosilicate was inpregnated wi th an aqueous

sol ution prepared by dissolving 1.25 g of anmoni um

nol ybdate and 0.35 g of rhodiumchloride in 25 m of

wat er and then baked at 350 C for 10 hours in the

at nosphere to obtain a silicon-oxide-nodified ZSM 11

catal yst carrying Md-Rhas Sanple 13. [0054] (Aromatic

hydr ocar bon production test) An aromatic hydrocarbon
Examplleduction test was conducted as in Exanple | by

using 1.2 a)of the catalyst to produce an aronatic

[0055hy dr ocar bofPrepadat dbot o reamipd epldi f or mance of the
catal yst. Sone of the results obtained b

reaJtiP SFERETAF LR RERFES T OF FBeETRe 7 wasfo 10%%@%&% 10g
P f 14). The
of MY 33 s A B LYo PO G S Ce Tt "D o
metak@%fl ggﬁéhgg&ﬁrgqg L\g 9%' | S:AleS cGREL B lt@nggerp@ﬁsrtms

e, ShOWI ng an anount

in téﬂ%‘ &¢ catiQh 8fide Qs%) 1 RAKAEN0 el gh@r¥BrtQlbons of
ilicon oxide (Si02) relative to 100 weight portions

metaDiosﬂHIoaJtlaOSI I | cate. Then, 5 g of the obtained
nodi fied netal losilicate was made to carry catal yst
metZlenc d gpohehe obssined Brdibied Retal psidiigage was made to carry
silicon-oxide-nodi fied MCM 22 catal yst carryi ng Md- Rh

cata lgs tSRfpR o CIUPONIUBHRS Gﬂr%??&'lpilé Ry F’éE%ﬂ"an pr oduct i on

ss11 LG5 B P T SRR PR 0 KB, M 14
[oosefcat al yst t@.,pp LR ayo@g];g@#fo&a&%w&% and

confirmthe per mance o e catalyst. Sonme of the
I esph hgoRdt 2 ﬁﬁdrwaﬁﬂaﬁa PREREIHE BB e A e s Bontudtedladlie

Exampzie 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

[0057] (Preparation of Sample 15)

The preparation process of Example 7 was followed except that 10 g
of B-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 (Si07 relative to 100 weight portions of
metallosilicate.

Then, 5 g of the obtained modified metallosilicate was impregnated
with an aqueous solution prepared by dissolving 1.25 g of ammonium
molybdate and 0.52 g of chloroplatinic acid in 25ml of water and then baked
at 350 ° C for 10 hours to obtain a silicon-oxide-modified zeolite catalyst
carrying Mo-Pt as Sample 15.

[0058] (Aromatic hydrocarbon production test)
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Exanple 9 [0057] (Preparation of Sanple 15) The
" preparation process of Exanple 7 was foll owed except
that 10 g of 13 -zeolite was used as netallosilicate
carrier to prepare nodified netallosilicate, show ng
an anount of nodification of 1.0 weight portions in
terns of silicon oxide (SiQ2) relative to 100 wei ght
portions of netallosilicate. Then, 5 g of the
obtai ned nodi fied netallosilicate was inpregnated
W t hard Br GRAESUEy @&l datriben fifcdpatedn hysdivesotaridugted2s in
of ammoni um nol ybdate and 0.52 g of chloroplatinic
Exanadied] bp uaSny 16f g witEre eathisentbakeducaanIgonati¢ dydyecarbon
hours to obtain a silicon-oxide-nodified zeolite
and cenblysthe parfgrmpapoPthgsasadyrt- 15. [ 0058]

(Aromati c hydrocarbo r.oduct i t est 0 .- .
ar oRALF OTHy B%%H]t;(?n&b‘?addﬁtcétck% gﬂ? &eﬁs&ﬁgm%%tn%%%tsél?a%sl n Table 2
jn  Exanpl e_1_by_.usi of the catalyst to
[Oos%r oduce an‘égrrn ?r%?%lc eﬂ%d%mgglaerg)bon and confirmthe
(Pre%%%%le%(glgg‘g?oﬁl abhBei ¢akakysd o) Some of the results

e neasurenent are shown in Table 2.
[ 005915 Eonpamas wde impaaphetdd (Prkpar afussmsofolution prepared by
Conparative Sanple 2) 10 g of HZSM 5 was i npregnat ed
disseiltvingr . 2dqued asmeniut penaphespietn By mldak¥atsy agd Fhen baked at
,g of anmoni um pararhenate in 17 m_of water, agﬁ%then
550 “haxEer M howsptochtain A Weth s T3 Btk TRy PESMeE UM 28
catal yst _carrying rheniumas Conparative Sanple 2.
Compeggse e@ﬂ?B#ﬁ?ic hydr ocar bon production test) An

[006({?:10"&” c hygr geanhon MRduehh Yrdaest ivaeesonduct ed as

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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Exanple 1 by using 1.2 g of the catalyst to produce an
and confirmthe perfornmance of

aromati c hyd

the catal yst.
measurenent are shown in Table 2.
2 reaction production rate (nnol

hydr ogen benzene tol uene napht hal ene

rocar bon

Some of the results obtained by the

22 -0 [0061] Table
/| s [g) catalyst tine
3 hours 4125

1864 84 18 Sanple 11 8 hours 3895 1760 60 13
Re/ Si HZSM5 24 hours 3589 1693 89 8 3 hours 3266 1566
[006ﬁ7 2&'a.b$al”lplla 12 8 hours 3796 1498 55 12

el vial W

-

Re—Pt-SHHHES5—24—thours 287012504893 hours 38406
1736 74 54 |Pexplen 13| 8 hoursrad8800d 688 @125 /9
caedff R0 S 137126Q1 1L 28 MAMER3125%ehf00 TP 181dnfOYlSpntnatene
3 Satp 8—hatrs—3615- 1695135
Mb- Rh/ Si ZSM 1}0“23 hout s ?420”%* 59 84 384! hours ‘2&‘3 )’) 18
samph®86 45 18 |Saspke 15| 8 hoursys3287 183®O[L95 12 60 13
Re/ RIS S UM ZERTa TOU[ S 2750sdsf07 120185 CoMparajglve 3 s
f 4O TS0 I— T U a1 2—8—hott F400Z 14060 J4
523 Re/ HZSVBBo24 houfs 3245260016 75 5 [1 ndust’di al 20
Saqﬁﬁnhlcabl|ltyhmhg062] A processy for pneelci ng anss 12
re-o/QMBLL G NYydT QAT bonAccordigg, 1250 48 9
3 hours 3846 1736 74 54
Sample 13 8 hours 3950 1685 87 25
Mo-Rh/Si B -zeolite|24 hours 3725 1767 75 18
3 hours 3629 1749 129 9
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 12
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 Applicabilityl]

[0062]

to the present invention employs a catalyst prepared by caus ing a

" metallosilicate carrier that is modified by means of a compound

containing silicon, alkali metal or alkaline-earthmetal to carry the

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

A process for producing an aromatic hydrocarbon according

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 with reaction time. Thus, the

present invention provides a highly efficient process for producing an

aromatic hydrocarbon by using lower hydrocarbons as starting material.

- 23 -
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to the present invention enploys a catal yst prepared

by causing a netallosilicate carrier that is nodified

by nmeans of a conpound containing silicon, alkal

nmetal or alkaline-earth nmetal to carry the netal or

oxi de thereof. Therefore, it is possible to produce
[ciaxmghti ¢ hydrocarbons containing benzene as main

conmponent with a high selectivity and a high yield

frcnqthe nitial stages of, K reaction,., usi | ower )

oBRESRE 2R BFCIRtE AR oA S PERrAPoh using

ydrocar

a I&@.{ h93r<§éé§%on-r$y%ta!r:9§n% gtr':aﬁéf:[g | QYE erloQ:@sQ & Ynlrpg‘fglr?g

hi ghly efficient process produci ng "an ar ona
hedtyidrop the lgridogansomgn ohe rpriegpdhes yfthansa e yst addririing a

material. - 23 - O [CLAIMS] 1. A process for
momnﬁow%ﬁﬁt <'r1 CCHAPARB ceampoRnd @n Ry metablasilicate
2 t l..th -
o= LR EET B Unde P Sh b | Aos 08 Shmeumgcon e

calkcit@l abysdurpr EM&P&c@r:L&EJiYM RRHM SUMRAYRLoR Tcohpound is
r heni um conpound on a netallosilicate carrier
a $ig@ing| ednmaurid haglﬂg(aobasquym@nd sel ey firoorgpdaad or

cal ci um conpo characterized. in that the silicon
2L ABRIR e ol Iil| FRPEHBHER PR FTRUB LS & rspaual

to &f g%@&@gr EhOMAEHARe s %QS@ A8 R rl%s@?ié&yé ard g%féscted
an organic group of a size equa 0 or
frqnh tniaHeoxyored st Zighehyl herawpkal tm@ Idada e ecca@ﬁuﬁal &F ttad
fromtrial koxy and triphenyl groups, the sodium
calgsHBotPoYPt e @ ESFRTHAA B%mﬁa ?@aau@oaamnm efmdisg
n u  _than
equé@ & G20 Ltﬁe aI I os | ca rée gﬁ se g%‘t:%%e and

he pore™si ze O

seléb'odad Cf @i cebire re,thbex ahd:tiF QB LR AR QNEna R6hd
acetyl acetonate, and the netallosilicate carrier is
acepy bgzatagatpy %G@ﬁn@ewﬂémlmam chrtier isaprémsredoby

caug.gnn% @{eeglgééfﬁ s111 ar%lr:ilﬁlg 31'?1 o) "Er?lpPéjgnate Wl‘tq'l t@e

ound &'caf C|un1c
silane compound, the sodium compound or the calcium compound and

subsequently heat treating in an oxygen-containing atmosphere so

as to be chemically modified as an oxide thereof.

2. The process according to claim I, characterized in that the

catalyst contains platinum or rhodium.

3. A catalyst for producing an aromatic hydrocarbon, usinga

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 aminopropyl and pyridyl groups and an organic

group of a size equal to or greater than the pore size of the
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subsequently heat treating in an oxygen-contai ni ng

at nosphere so as to be chemcally nodified as an

oxi de thereof. 2. The process according to claiml1,

characterized in that the catalyst contains platinum

or rhodium 3. A catalyst for producing an aromatic

hydr ocarbon, using a |ower hydrocarbon as starting

material, the catalyst carrying a nolybdenum conpound

or a rhenium conpound on a netallosilicate carrier
metalDek {100 el drfl Se Bédt DAr&w BPDaTIhxyoa1sd dic iphepripgrmgpsornd the

a cal ci um conpound, characterized in that the silicon
sodlﬁmmﬁmpndndsraﬂﬁa¢a&m1ummnmmmm@dm&vaﬁ@maoubé§ﬁyl@$@Qﬁﬂgaﬂlc

sel ected from am nopropyl and pyridyl grou nd an
groupcfaniéze gavap tef orngspeeerghar b %6 RSt <ot it g‘? tgﬁ‘an t he

f the - 24 | |
oot L 28 g Lt 0 S cson
and aé:ﬁ:ng'? gtoonratteh gn&%a%'d%&qq@)ggﬂﬂgfé& BafPIPOHEh NAYENE ed so

anire gr oup Size equal to or greater than
as th J@kepgﬁ%ﬁﬁé%ﬁéfrebxhi%y ebAldmegiihpcahedard1ssd eehpdunds, said
fromcrown ether, hexafluoropentanedi one and
sodi@f ebhaeed 6nalaed afldival cbrpeiabl toei hé tdilesddi cater carrier with
being nodified so as to nmake an oxide thereof by
it andnpregaenhyy desd- Sréamgzohpomgxygﬁl‘ﬁo%éaﬂwﬁ atmosphere.
compound or sai d cal ci um conpound t hg net al | osi.| |fci%
{

carri er withcatrlygiyasepetigiveht Fy>He ke
{ { h
AN Ry AeN: con a {#%n %gﬁr(g?)p [8a atggﬁ 2l ¥Siybdenum

CarrLthP eri ze carryin
o] ?i di capgound in addition to the
COMP D yggg%%rhe%ggpoun or the rhenium conmpound. - 25 -
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