DESCRI PTI ON TI TLE OF | NVENTI ON: CATALYST FOR AROVATI ZATI ON OF LOVNER
HYDROCARBON, AND PROCESS FOR PRODUCTI ON OF ARQVATI C COVPOUND 5 TECHNI CAL

FI ELD [ 0001] This invention relates to an advanced use of natural gas,

bi ogas and net hane hydrate which contain nethane as a main conponent.
Natural gas, biogas, methane hydrate seedito be the nost effective energy
source for fighting against grovel warm ng, and attentions to 10

technol ogi es for using themare ing}@@@m@TﬁNenti ons are paid on nethane
resources as next-generation new organi c resources and hydrogen resources
for fuel CEBITEFoOFalN&ENGIMEhane resources make their cleanness effective
as they are. This invention rel ates'lparti cularly to a catalytic chem cal
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cont ai gi ng¥§r§3 1 'IE&BWEQ benzene and napht hal enes serving as raw

materi al s em cal products such as plastics. 20 BACKGROUND ART [0002]

As a procde®0fdrTIpisodiientgo @ e BidsCt & 8 APAINIIS. Sl GR o A @@ﬁiﬁdlegf@é“,%i g%‘sl i ke
and hydrogen_ from | ower hydrocarbons such as nethane and the TiKke,

process f dindrakégpirehsdirabe ofhichwerntaidrimeshbor anatheaipreesepcee nf.

talyst i : : tal yst f t.hi | ybd , 5n, " -
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excel l ent . V. | . | : r ction.efficiency of
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crystabl i nechabiddiesifbr eali fgUdRen asedint@eabal y SAtfeditid A Sré §a6HI & has
usually a solid acid characteristics and a crystal pore dianeter of several

angst r ons Ipebhapg aEPPRIcE a9 next:gencufion oresy iomgeaseresowSMss)nder vi ng as

a ol ecul é}{y(fz_joeg\é%' resources for fuel cells because the methane resources make
their cleanness effective as they are. This invention relates particularly
to a catalytic chemical conversion technology for effectively producing

15 aromatic compounds and high purity hydrogen gas from lower
hydrocarbons such as methane, and to a process for producing a catalyst
therefor, the aromatic compounds containing as main component
benzene and naphthalenes serving as raw materials for chemical
products such as plastics.

20 BACKGROUND ART
[0002] As a process for producing aromatic compounds such as benzene
and the like and hydrogen from lower hydrocarbons such as methane and

the like, a process for making reaction of lower hydrocarbon in the

presence of catalyst is known. As a catalyst for this process, molybdenum
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Citation 1). However, it is desired to develop a more excellent catalyst in
order to further improve the production efficiency of aromatic compounds
and hydrogen gas.
[0003] Zeolite as an example of crystalline metallosilicate used as a

30 catalyst for this reaction has usually a solid acid characteristics and a

crystal pore diameter of several angstroms (for example, 5 to 6



[0004] In a reaction in which aromatic hydrocarbon such as benzene or the
like is produced from | ower hydrocarbon, it is assuned that sequenti al
reactions occur on a catalyst where an active species is 5 carried on
netal l osilicate thereby producing aronati,c hydrocarbon. [0005]
Specifically, at the first stage of the Sequential reactions,

conbi nation-reaction is nmade anong | ower hydrocarbons such as net hane or

the |ike upgdestibhes agtcdaer HfZEMP53aREV AL sReLneslcRulARLAvsSpeci es such as
nol ybdenum tungsten or rheniumor carbides thereof, 10 thereby producing

st r ai ght - cl¥i0 I hid pomarchom awi g haa canboiv hyibecadfor? sachny benklext orat

the second stage,. the above-nenti oned straight-chain hydrocarbon nakes its
cyclizati othg isoprQid fl}?éngemeé f@#oqaﬁ o¥pak % agpuppmrdhat

metal | osil ] j . rier and,of Brs ted acid point. .I.n other
wor ds, by %%ﬁ%@ggé%ﬁﬁlgﬁﬁﬁc‘é?%é)ing%tc%g%g H Y%l%%?/d}%gﬁgﬁfgng%%gg Pts
hydr oggnat d0iié @ aat in@iallesPgc S06CH Gl yf OF Sdeinhbes £bY Ak Hgd?@@é{ﬁf&xﬁd to
aromati ¢ hydrocarbon which is unsaturated cyclic hydrocarbon such as
benzene or[0WS] FkesiliBplyh atathevirsesteant bAkhe eagricontss] prarmsns,

hydr ocar bon i %&% qQduced from | ower hydrocarbon. PRI OR ART Cl TATI ON 20
NON- PATENTCQER 71814 (RO 1R36610 TNeh M @ A @ g A0 WeH hy drpoprian s GrabaTAL YS! S,

1997, pp. “RR- 0- 1 OF THE, | NV PROBLEMS TO.BE

S0 NED B PP RRERTH A P00 LS GALP B e (P eRRGS OpPbeiith ng
aromatic hyeesarhen 44 alplyBuehuly i ecaiRNor tREnMAPSE Al bidd£tse Qfopor es
at the crystal surface of netallosilicate per unit volunme or unit weight,
he., tlRe pdregebnlretoddensitatrbgdunebam hydirocavhounitfavisizon caaben aoniubelk| i ng.
Under a dir{;;ff si on rat]gr-contro | ed condition, there arises 30such a problem
that the rfl eQHI™PrSi o¢Stdakt Ssteﬁénao“rté§eoﬁ3h§é’! e e auipvedef f ecti vel y

function sq,bLnate-EREINSyArob RATSE AaRESTHELy QF LIS n MRt I€ undRY the

actions of the spaces of pores of metallosilicate serving as a carrier and of
Bronsted acid point. In other words, by this reaction, the straight-chain

15 hydrocarbon makes its hydrogenation reaction to be cyclicly formed
thereby being converted to aromatic hydrocarbon which is unsaturated
cyclic hydrocarbon such as benzene or the like. By the above sequential
reactions, aromatic hydrocarbon is produced from lower hydrocarbon.
PRIOR ART CITATION

20  NON-PATENT CITATION
[0006] Non-Patent Citation 1: JOURNAL OF CATALYSIS, 1997, pp. 165
pp. 150-161
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

?

T .

26 {0007 However, in the above-mentioned prior art, in the renctinn of
producing aromatic hydrocarbon from lower hydrocarbon, the number of
inlets of pores at the crystal surface of metallosilicate per unit volume or
unit weight, i.e., the pore inlet density becomes a factor of diffusion
rate-controlling. Under a diffusion rate-controlled condition, there arises

30  such a problem that the molecular sieve due to the pores of zeolite cannot

effectively function so that coking of reaction product occurs with the



progression of the reaction on the catalyst thereby lowering the long term
stability and the reaction efficiency of the catalyst. [0008] Specifically,
zeolite used as the catalyst for this reaction has a solid acid
characteristics and the crystal pore dianeter of several 5 angstrons
serving as a nol ecul ar sieve. Usual zeol i¥e has a crystal size of about
several pmwhich is very large as conpared with the crystal pore dianeter
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to be put 1nto a diffusion rate-contr ing-conditio ere reacti

gover ned btewnfdtabilty abdr tve raaetival e fiinde pipddchevddthlystl0zeol ite crystal
rat her tha{] by its solid acid characteristics. In other words, since the
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| owering the yield of aromatic hydrocarbon. [0009] Accordingly, an object
of the predéneier drcosfinglyt on pasei de tazdditer ishysrdeardontalowatheat i on
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catal yst is characterized by having an average crystal dianeter of not
| arger t haWosde simeeNha pevriiniedrdensity as dpwdibiene iprobtts dlormaer ofmat i ¢
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reactions into pores, so that straight-chain hydrocarbon which cannot
15 reach to cyclization reaction makes its coking at the surface of zeolite
thereby providing the factors of lowering the stability of active life of the
catalyst and of lowering the yield of aromatic hydrocarbon.
[0009] Accordingly, an object of the present invention is to provide a
lower hydrocarbon aromatization catalyst which is high in reaction
20  efficiency while reducing the influence of diffusion of substances within
pores by using nano-scale zeolite whose zeolite crystal is small-sized.‘
MEANS FOR SOLVING THE PROBLEMS
[0010] The lower hydrocarbon aromatization catalyst for attaining the
above-mentioned object is 4 catalyst for producing aromatic compound
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tE LR AN ot S S SR I A S S R EN h\h')‘ DA A RS AL A By PEN VY As L AcAL ERAL fEopSud N Ll

catalyst is characterized by having an average crystal diameter of not
larger than 500 nm.
[0011] Additionally, a producing process for aromatic hydrocarbon,
according to the present invention is characterized by allowing a

30 reaction gas containing lower hydrocarbon to react with a catalyst

inciuding metallosilicate having an average crystal diameter of not



| arger than 500 nm [0012] According to the |ow hydrocarbon aromatization
catal yst and a process for producing aromatic conpound, of the present
invention, the crystal diameter is rendered nano-sized so that the density
of pore inlets 5 is increased thereby makjng it possible to increase the
chances of diffusion and penetration of &rai ght - chai n hydrocarbon into
pores. [0013] An exanple of the above-nentioned netallosilicate is ZSM5
zeol ite. Adgidd,onghsooBhybdenum nay be carried on the above-mentioned
metal losilicate. 10 EFFECTS OF THE | NVENTI ON [ 0014] Hence, according to the
present i nl@di2bAcrendiraned thbdee, hiydreenteat hemmeiti fatibe catalPst §ngarpound
produci ng process _using_ the | ower hydrocarbon aronati zation catal yst, the
yiel d of aPseRScinypretusmenaktaatisecapprpyad, iof dhet B deintyirofertthen cehal yst
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an enbodi ment of the present I nvention. HE

| NVENTI ON [t 6]o rAahavipe n bipditoma bl aor sigditedhi ziat hodreaidoSin@rserding to an
enbodi ment .of the present invention can be obtained by causing a precursor
cont ai ni ng ¥} Shdareramplee! dherakay omentianedsnetatosiliqaio iz1Z 8Naspl es of

netall osilj et -used for .t cat al yst ;are nol ecul s". alum na,
faujasite (%@%‘f-%ﬂgﬁé?ﬁ Pfo%‘?cili‘"ggf”é‘“%éﬁa%’el\ﬁ%“? I\W‘S?{“F-I- ZSM 5. Anot her
exanpl e of gpBtahhestioned & dtaiRgissd for the catalyst is a porous carrier
such as ALPO- 5, VPI-5 and the |ike containing phosphoric acid as nmain
conponént BEFAFECTS OH6/THE DAVHNTION: act eri zed 30 by micro-pores or
channel s hm{% ore diameters of 0.6 amto 1.3 nm further exanple of

met al | osi | nse, seer B ththe prapyat ingentionsmendseonpdrdoyer ous

component e ety e M gt SiBuirarita BRA“Delg Berisrast daim She by
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hydrocarbon and the active life stability of the catalyst are improved.
15 BRIEF DESCRIPTION OF THE DRAWINGS
[0015] [Fig. 1] shows variations per hour, of benzene yields (%) in
aromatization reactions of lower hydrocarbon by lower hydrocarbon
aromatization catalysts according to an embodiment of the present
invention.
20 MODE FOR CARRYING OUT THE INVENTION
[0016] A lower hydrocarbon aromatization catalyst according to an
embodiment of the present invention can be obtained by causing a
precursor containing molybdenum to be carried on metallosilicate.
[0017] Examples of metallosilicate to be used for the catalyst are
P maolecular sieve 84 (UJTAY fornun ¢ o porous hody containing silica and
alumina, faujasite (NaY), and aluminosilicate such as Na¥X, LSM-5,
H-ZSM-5. Another example of metallosilicate to be used for the catalyst
is 4 porous carrier such as ALPO-5, VPI-6 and the like containing
phosphoric acid as main component and is a zeolite carrier characterized
30 by micro-pores or channels having pore diameters of 0.6 nm to 1.3 nm. A

further example of metallosilicate to be used for the catalyst is a



5 [0018] Exanples of the precursor containing nol ybdenum are amoni um

par anol ybdat e, phosphonol ybdi c acid, 12 siliconolybdic acid, and hal ogeni de
t hereof such as chloride, bromide and the like, mneral acid salt thereof
such as nitrate, sulfate, phosphate and the |ike, carbonate thereof, and
carboxyl ate thereof such as oxal ate and the |like, 10and the |ike thereof.

[ 0019] A general nethod for causing nolybdenumto be carried on

net al | osi | negdPpbse porbak!c@idicr s @l akl PSM 162 CMF 41 8hd Bhé TREELINaL ed

wi th an aqueous sol ution of the above-nentionéd precursor contal ning

mol ybdenumcsotaimangthbicprecarmainiconcaonéed and paetlearlnneina hker eafter, 15
the inpregnated carrier is subjected to a heating treatnené inthe air.

[0020] A cépEmdmendanpiheine ehinractarizgidhy relindaicad peresolahowenels) or
net al | osi | %@Oeﬁégésrnﬁ%fgéné%aﬁgﬁ&gnflrté%d'i()‘s“”l@?fbﬁ%zd carries amoni um nol ybdat e.

After drying, t arri cted to a heating treatnent
at 250 &£ t Q0BG Bxalh ST dlle $00c& Rt d0D -Gnifle 2h61 her eby
produci ng a netall osi}lgi cate c% al glst. [002f] TIE% ca@?%g{‘ﬁtﬂga)bete used in the
present i neenhoomunayabeniodybddté,nloogetdabdyledicaacidx tRud&dopi AgBEEe a¥pPN
bi nder such as s't lica, alum na and/or cl|lay being added. [00221 Here,

exanpl es ofth g}‘?}'ﬂéﬁ_@&é‘%%ﬁf gaed gsnchlvalgh cermnide Yo Gralidre) mmemtlhane.
et or bl ofi, Pl uRAYLE CUEH RO B ROk RO TSk Bhbte G6 DBy s gne
pref er abl ycaéhd et t W& PFOY nWRl G x9 a fRERANS £ ST QQ%XWté:Q?HgﬂPcOI%(%, .

saturated or unsaturated hydrocarbons haying carbon nunbers o
addi t ilén t ondetheahée theawpfes of the 30saturated or unsaturated

hydr ocar bo ing carbon nu rs of 2 to are ethane, ethylene, propane,

p)rlopyl ene, @@%’éﬁ%{nqr@gﬁﬁ?w %hr pateHg malgbdeagynttenkes andedner? | i Ee.
0023] Aro I L e I . awer .hydrocarbon in a.pr.ocess for

[ | IRithf .tsgl(f at(rie ACLL P10 - mdetam)s%fcl?%% CATIILT 48 AmIreepated

produci ng aronat’ ydrocar bon"and hydrogen !
accordi ng wtlhi A& REREEAS solYEBhI St HARLBSe ARE AR BT BYr & DR o of
a flownode. Particularly, it is preferable to acconplish the reacti by

the flow noddybdengmaspithed thedprecurserng deediedohl thadtzrdehethepsafbe
ke 00241, A gataLYELE LSRR QML TRIP (£Y, BONLACH L9 Lhe, Faw aterial of
[0020] A concrete example of this carrying method is as follows: A
metallosilicate carrier is impregnated with and carries ammonium
molybdate. After drying, the impregnated carried is subjected to a
heating treatment at 250 °C to 800 °C, preferably 400 °C to 700 °C in air
20  stream, thereby producing a metallosilicate catalyst.
[0021] The catalyst to be used in the present invention may be formed
into pellets or an extruded product, upon binder such as silica, alumina
and/or clay being added.
[0022] Here, examples of lower hydrocarbon used in the present
“h 0 wnverniion sre methane, and seturated or unsaturated hvdrocarhon
having carbon numbers of 2 to 6. It is preferable that a gas to be reacted
contains at least 50 % by weight, preferably at least 70 % by weight of
methane. The gas may contain saturated or unsaturated hydrocarbong
having carbon numbers of 2 to 6 in addition to methane. Examples of the
30 saturated or unsaturated hydrocarbons having carbon numbers of 2 to 6

are ethane, ethylene, propane, propyiene, n-butane, isobutane, n-butene,



| ower hydrocarbon with the catal yst at a reaction tenperature of 300 C 10
to 900 C, preferably 450 Cto 800 C, and at a reaction pressure of 0.01 MPa
to 1 MPa, preferably 0.1 MPa to 0.7 MPa. [0025] The present invention wll
be discussed nore in detail with reference to Exanples. An average crystal
di aneter is deternined by cal culating an"@verage val ue of particles
randomy selected froman 15 el ectron m croscopic picture. A benzene yield

i s defineditybifesd AddPwhpgigquation (1): Benzene yield (% =
[ (quantity of benzene produced) / (quantity of nethane supplied to a

met hane re{@@a8hg rvasstizativh xedkfn of 16%)kr HGaIRRERbbYWE nEX HWc8sd For
20Conmer ci al Ié avai l able Htype ZSM5 zeolite (Si02 / Al 203= 28) having an
average crpEparcuispseeatys hy dsacarbem aanbbndroge ooy Mase mhyddoasrison

i seol vi ng i SGEGR Bhabehnhor youkes G4 DOMIRHS hoA ok Brmgaderter
The aqugou O I 1LALN -cart | L Ar p. Lypregnat ed

W h A o e e e YRaAP e Rk tPR L bR ARSI R e
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The same preparation as in Conparative Exanple I was carried. 30out Wltfi’l

t he except k8-t hat zeolite havi ng a different average crystal dianeter was
used. Specifical Ly, 400 .9 of conmercially avail abl e type ZSM5 zeolite
(5102 / Al 2@@2‘%)‘3%534’ ﬂg 2 A8y h?ggwdjr%/éYéP“&F‘QFﬂé‘tge%%F‘a%ma@@l&lu%f was

m xed as a Ny raer ..l e | yt.ion which R

pr epar ed b%/dwg(}g?gﬁ?/%%ﬂﬁﬁﬁﬁ ghotlfh %a%%?g%a% g%%caﬁgnﬂ%nl%%ﬂre VF?OO C
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stirred at]aioom te%rature for 3 hours so that the carrier was I npregnated
with and c¥Hrade lalBai nreteorpha st & MRat &y Odk MBa. t he carrier was cal ci ned

at 550 C f rs thereby obtainin tal yst. [0027] .(Exanple 2) The
sanme pr epaﬁ%ot%}rﬁ?gg Ry ﬁﬁé?’g{l?ﬁ{})él &gln%? gﬁi‘”\‘/%%edcéﬂrriee‘dl detah vt h t he
exception tdraregeOkht 8¢ | ren nystaly di 2t en ,was
used. Specifi cgl Ff/) bé{g)é&gwéggcigﬂgie‘i%i%a I‘E/n%égli ?gﬁﬁngetlgﬁlgﬁigqé%gg%ebﬁ ite
(Si02 / AQUsulatidp dwavivegagn waleragkp artisleal vk doml ersedict3Q0rBM Was M xed

as a netal Ilosi |icate carrier in an aqueous solution which was prepared by
di ssoli ng® 44Oy YCTARFAFHE UHL hiT e eazere5edd is defined by the following

equation (1):
Benzene yield (%) = {(uantity of benzene produced) / (quantity of
methane supplied to a methane reforming reaction)} x 100 ... (1)
(Comparative Example 1)

20 Commercially available H-type ZSM-5 zeolite (Si0; / Al;03 = 28)
having an average crystal diameter of 1 ym in an amount of 400 g was
mixed as a metallosilicate carrier in an agueous solution which was
prepared by dissolving 44.2 g of ammonium molybdate in 1500 ml of
ien-exchanged water. The aqgueous solution containing the carrier was

45 stivved at room temperature for 2 hours so that the tarrier was
impregnated with and carried ammonium molybdate. After dried, the
carrier was calcined at 550 °C for 8 hours thereby obtaining a catalyst.
[0026] (Example 1)

The same preparation as in Comparative Example 1 was carried

30 out with the exception that zeolite having a different average crystal

diameter was used. Specifically, 400 g of commereially available H-type



15 m of ion-exchanged water. The aqueous solution containing the carrier
was stirred at roomtenperature for 3 hours so that the carrier was
i npregnated with and carried amoni um nol ybdate. After dried, the carrier
was cal cined at 550 C for 8 hours therebyrobtaining a catalyst. [0028] By
using the catal ysts prepared respectively under the conditions 20 of
Exanples 1 and 2 and Conparative Exanple 1, aromatic conpounds were

produced f zomitHwesliby dBo0ar ane, ﬁ@%@@@viﬁ%ﬂ%ﬁe@ﬂg@@r?@’%ﬁ dREhkeLBpCes
of the catal ysts. The index of the catal yst performance to be evaluated is
a rate of BOrz&Aexmovhewrixdi dracardtadldsibeitigcatwiondh dhe qatalysslution
1.0029) A E"’ﬁ‘éa c catal yst S &_arr' ed out under a reaction test condition
where a mePHHAR WasPreBATed Myef ek e ngads 23p of aramemayen meo bl ag e3 nVPBO O and
a wei ght hqurly. sp | 0gi Wl SV) was 3000 .1 /g/h. .A.reaction gas
used as thge}ﬂr%%oﬁrg?grglﬂéﬁggg Vﬁ%aéerr y%l\?%élgf’%ns gon gcbrhii?d?i“t’g G FrETH8Y ng
90% 300¢f MBtangradt alGo¥nPte ARRRALuLS 1OF Behohifs gérthﬁtq:lll{? ¢PEiEFRELd ON
test, a pretreatnment of the catalyst was nade in which the tenperature of
the -8- chupplryghated withseud rarbb@l Crimohbenstrdgbiate ahfteandrikdpthbor 2

hours; and thereafter, the tengera})ture of the catalyst was raised to 700 C
upon repl aBtHge MR A adt vRAt e T §dwwenthanebygolgizieg areeteystand

80 % of hy n t,zsfor 3 hours. Thereafter, the pretreatnent gas 5
was repl acgjo‘ wat?]ﬁ%]%éﬁ)rqgggti on gas, and the tenperature of the catal yst was

raised to 780 C TReanGARYrepArhbRd 83Gh OOm A Wsi cOMILABNY 1t ﬁscc%&g}%it

performance of the catal yst upon evaluating the activity of the ¢

[ 0030]10Hy deayenthdigoexandioetthateocite amalngy edliffferant appataieusyk@a TCD- CC,
and aronmatic conpounds such_as benzene, toluene, xylene, naphthal ene and
the Iike werEngH V’z’*eqduﬁz‘ifia%p%b‘gh?raggﬁs‘iqf? B-deompuIralliavpsiablecutyme ar e

Fespect | ve onr 4 saRe (B0 1 Al G 27 N3 ab G ATHFERT o il bl o of
the reacti®no digwad BN a¥al bddtiallissilioaReEa AUl in0in WRGIRRZENRLYIE! dS
with the respective catalysts. [0032] [Table 1]

which was prepared by dissolving 44.2 g of ammonium molybdate in 1500

15 mlof ion-exchanged water. The aqueous solution containing the carrier
was stirred at room temperature for 3 hours so that the carrier was
impregnated with and carried ammonium molybdate. After dried, the
carrier was calcined at 550 °C for 8 hours thereby obtaining a catalyst.
[0028] By using the catalysts prepared respectively under the conditions

20 of Examples 1 and 2 and Comparative Example 1, aromatic compounds
were produced from lower hydrocarbons, thereby evaluating catalyst
performances of the catalysts. The index of the catalyst performance to
be evaluated is a rate of benzene to lower hydrocarbon flowing through
the catalyst.

26 002481 A vesction test for evaluatin g the catalvet periormance of cach
catalyst was carried out under a reaction test condition where a methane
reaction temperature was 780 °C, a pressure was 0.3 MPa, and a welight
hourly space velocity (WHSV) was 3000 mU/g/h, A reaction gas used as
the raw material of lower hydrocarbon had a composition mcluding 90%

30 of methane and 10 % of argon. In order to carry out the reaction test, a

pretreatment of the catalyst was made in which the temperature of the



Average crystal dianeter Benzene yield Conparative Exanple 1 Average

crystal

dianeter: 1 mcroneter 2.5 % Exanple 1 Average crystal dianeter:

70 - 80 nm_ L 6.7 %Exa tri pi e 2 Average crystal 5 nOn i:ri

10

15

20

.8-

catalyst was raised to 550 °C in the stream of air and kept for 2 hours;
and thereafter, the temperature of the catalyst was raised to 700 °C upon
replacing air with a pretreatment gas containing 20 % of methane and
80 % of hydrogen and kept for 3 hours. Thereafter, the pretreatment gas
was replaced with the reaction gas, and the temperature of the catalyst
was‘ raised to 780 °C to accomplish the reaction, thus confirming the
catalyst performance of the catalyst upon evaluating the activity of the
catalyst. |

[0030] Hydrogen, argon and methane were analyzed by an apparatus
TCD-GC, and aromatic compounds such as benzene, toluene, xylene,
naphthalene and the like were analyzed by an apparatus FID-GC.
[0031] Analysis results are shown in Table 1 and Fig. 1. Table 1 shows
the benzene yields (%) with the respective catalysts, obtained when 3
hours lapsed after the initiation of the reaction. Fig. 1 shows variations
per hour, of the benzene yields with the respective catalysts.

[0032]

[Table 1]
Average crystal Benzene yield
diameter
Comparative Example 1 Average crystal 2.5 %
diameter: 1 micrometer
Example 1 Average crystal 6.7 %
diameter: 70 — 80 nm
Erample 2 Average crystal 4.6 %
diameter 500 nm

[0033] As apparent from Table 1, the benzene yield of Comparative
Example 1is 2.5 %, whereas the benzene yield of Example 1is 6.7 % and
the benzene yield of Example 2 is 4.6 %, so that the benzene yield is
improved as the crystal diameter is smaller. Additionally, as shown in

Fig. 1, with reference to the variations per hour, of the benzene yields, it




4.6 % [00331 As apparent from Table 1, the benzene yield of Conparative
20Exanple 1 is 2.6 % whereas the benzene yield of Exanple 1 is 6.7 % and

t he benzene yield of Exanple 2 is 4.6 % so that the benzene yield is

i nproved as the crystal dianeter is smaller. Additionally, as shown in Fig.
1, with reference to the variations per H%Ur, of the benzene yields, it

-9- is revealed that the higher benzene yields are kept as the crystal

di ameter i9s5@8khedd thROIAL s HdeSIEd L REM 9941H§’al%cﬁ%piaggﬂeoc alf OVer
|

hydrocarbon aromati zation catal yst of the” present enti on, renderi ng
t he crystaldisnditamesermaHleo- si zed, the density of pore inlets becones high

so as to iméreaﬁi ng .t he chances of diffusion and penetration of

st rai ght - chEPA4hyr dessmbadiahayepdrcssrdinge b dhadpyerchedroctibom r eact i on
can snoot hl ogress._theregby. s ressing,a decrease in nunber of the pare
Cnlets, dudtPRadeRting die1ve GEPRe et TrEpbesy hepEeRqrERE (he Grhetlt ne
presents i nieRMiQBr i BPRIZRH e 4DEs TGV LA] 1k i ! LS ear
that a substance Eroduced at the ?ﬁ?s? staglleea%)x%let?ﬁceﬁtefgglc% gﬁé}gesgoansgis:$a
cause for howsrasiggtthe ecanvéd yf diffubéoicanal yshetddtivh @ @t atdlisSchaggor di ng
to the pre;&g& i nvention, chances for reaction to the second stage are

i ncr eased BB Rep pRES BoKES 18cerislingdn o cdizagbrkirpgcEonasan smaghdye t he
stability tiv ife of the catalyst. [0036] As,a result, in. connection
with the rggggﬁ%E;€§é3¥%h%?P95ﬁ$%Hng C6he &%§%¥BB§PBBﬁﬁdﬁﬁbPo?hé“%%ﬁion of
the |ower RydrcashnamnsasonmelijzatdQigatal yst, the yield of aromatic

hydr ocarbon and the active 20 |ife stability of the catalyst are inproved.

10 [0035] Specifically, since the present invention is applied to the
sequential reaction, there is a fear that a substance produced at the first
stage of the reaction becomes a cause for lowering the activity of the
catalyst. In view of this, according to the present invention, chances for
reaction to the second stage are increased thereby suppressing

15  occurrence of corking so as to improve the stability of active life of the
catalyst.

[0036] As a result, in connection with the reaction of aromatization of
lower hydrocarbon under the action of the lower hydrocarbon
aromatization catalyst, the yield of aromatic hydrocarbon and the active

20 life stability of the catalyst are improved.



10 CLAIMS [I]A | ower hydrocarbon aromatization catal yst for producing
aromati ¢ conpound by contacting with | ower hydrocarbon, characterized by
conpri si ng: netal l osilicate having an average crystal dianmeter of

| ess than 500 nm and carrying nol ybdenum for producing high reaction
efficiency while reducing the |nfluenqﬁ of diffusion of substances within
pores of the catalyst. [2] A lower carbon aronatization catal yst as
clainmed in Claim1, characterised in that the netallosilicate is a zeolite
havi ng pore di aneters of fron10.6nnhL%&%H§nn1or a Mmeso-porous carrier
containing silica as a main conpone alum na as a partial conponent
havi ng porg di anebeeshyfrodarbem amﬂmnmldkocmst beﬂaroAuJ:iﬁg/al‘od‘nM(th’ ocar bon
aromati zation i?eﬂ st as clng%E aim1 characterized in

that the REPRPYSHRY fontagtiaeivgt eS"%%’PW’@” Ch[alﬂc eA"ﬁHg’é{ecé)énpfr@rmE’pr oduci ng an

aromatic corrpoumes,au@ﬂﬁbaemewngad aby;agerarwslaa idbigneter of less thhh 600 ngy draver
hydr ocarbon to co i

r? t Wt actalét i ncl udi ﬁmeta:qsw cate haV|ng an
aver age cFYEYAR MAMHENRM: of 0 RIQEUGIR ﬁ'%‘dﬁﬁ‘m% 63 AP a Vb“delrl? [5] A
process faifliRhedoCdif@sdn odrseBRdices mmmopms asmelcatamﬂ d ai m 4,

character'ﬁed in.that the metal.losilic

di anet er stof f r/érlr'i"iffe%%‘l‘il?ﬂ”t360’1’a'i“,z‘aril‘r‘ﬁ"chat yﬁéé%a%‘f oosdlélé'i‘ ? %&Hsgﬁﬁl i ng
silica astt RifeteoNRRATs Andliad Mvimnep@s danpass oéfroaptirpomeant! . Jravbng por e
di amet er quc]:,o ];)Enoorl?s 1caln1 1ne?1 tcgnt]élonmg, silica as a main component and alumina as a partial
component having pore diameters of from 1 nm to 10 nm.
{31 A lower hydrocarbon aromatization catalyst as claimed in Claim 1 or Claim 2,
characterized in that the metallosillicate is ZSM-5 zeolite.
[4] A process for producing an aromatic compound, characterized by
comprising:
allowing lower hydrocarbon to contact with a catalyst including
metallosilicate having an average crystal diameter of less than 500nm and carrying
molybdenum.
[5] A process for producing an aromatic compound as claimed Claim 4,
characterised in that the metallosilicate is a zeolite having pore diameters of from 0.6
nm to 1.3 nm or a meso-porous carrier containing silica as a main component and

alumina as a partial component having pore diameters of from I nm to 10 nm.



