
1 SPECIFICATION TITLE OF THE INVENTION:  METHOD OF MANUFACTURE FOR AROMATIC
COMPOUND 5 TECHNICAL FIELD  [0001] The present invention relates to
advanced uses of gases which contain methane as a principal component, such
as natural gas, biogas and methane hydrate. The present invention
particularly relates to a chemical catalytic 10 conversion technique for
producing aromatic compounds (containing benzene and naphthalene as
principal components, which are materials for chemical products such as
plastics and the like) and a high purity hydrogen gas from methane.
BACKGROUND OF THE INVENTION 15 [0002] Natural gas, biogas and methane
hydrate are regarded as the most effective energy resources against global
warming, and therefore an interest in techniques using them has been
growing. A methane resource is expected to be a novel organic resource in
the next generation and to be a hydrogen resotirce for use in fuel cells,
by virtue of its clean property. 20 [0003] As a method for manufacturing
aromatic compounds such as benzene and the like and hydrogen from methane,
a process for reacting methane in the presence of a catalyst has been
known, as discussed in Non-Patent Publication 1. As the catalyst used in
this process, molybdenum impregnated on ZSM-5 is said to he an effective
one. [0004] However, there are problems of serious carbon formation and low
methane conversion rate even in the case of using such a catalyst. Carbon
formation in particular is a serious problem directly associating with a
degradation phenomenon of the catalyst. [0005] In order to solve these
problems, Patent Publication 1 discloses that a 30 mixture gas obtained by
adding CO2 or CO to methane is provided to a catalytic reaction under a
condition where the temperature for the catalytic  



2 reaction is set within a range of from 300 to 800 "C. With the addition
of CO2 or CO, carbon formation is inhibited and additionally catalyst
degradation is prevented, thereby allowing stable production of aromatic
compounds. [0006] In Patent Publications 2 and 3, a reaction for producing
aromatic 5 compounds and a reaction for regenerating a catalyst used in the
aromatic compound-producing reaction are alternately switched thereby to
inhibit the catalyst from degradation with time so as to maintain the
catalytic reaction. In other words, a lower hydrocarbon serving as a
substrate for the reaction, and a hydrogen-containing gas (or a hydrogen
gas) for maintaining or regenerating 10 the catalyst are periodically
alternately brought into contact with the catalyst. REFERENCES ABOUT PRIOR
ART  PATENT PUBLICATION [0007] Patent Publication 1: Japanese Patent
Provisional Publication No. 11-060514 15Patent Publication 2: Japanese
Patent Provisional Publication No. 2003-026613       Patent Publication 3:
Japanese Patent Provisional Publication No. 2008-266244 NON-PATENT
PUBLICATION 20 [0008] Non-Patent Publication 1: "JOURNAL OF CATALYSIS"
1997, volume 165, pages 150-161 SUMMARY OF THE INVENTION PROBLEMS TO BE
SOLVED BY THE INVENTION [0009] Of the problems as discussed with citing the
above conventional 25 techniques, the catalyst degradation caused by the
carbon formation and exemplified by Non-Patent Publication 1 is critically
important for stably producing aromatic hydrocarbons and the like over a
long period of time in a fixed-bed reaction system in particular. 



[0010] In view of this, Patent Publication 1 proposes a process for
initiating a 30 contact reaction between a feedstock gas and a catalyst
with the addition of CO2 or CO on the condition that the reaction
temperature ranges from 300 to  3 800C, thereby inhibiting the carbon
formation so as to prevent the catalyst degradation. According to this
process, the catalyst is greatly improved in stability but nevertheless
tends to be reduced in maximal benzene yield. [0011] Meanwhile, there is
proposed in Patent Publication 2 a process in 5 which a deposition of
hard-to-remove cokes is prevented by switching between a reaction gas and a
hydrogen gas or hydrogen-containing gas at certain intervals thereby
obtaining aromatic compounds stably over a long period of time. In this
process, a regeneration treatment is performed before the deposited carbon
accumulates, in which it is possible to maintain the benzene 10 yield
(which serves as an index of a catalytic activity) over a long period of
time. Incidentally, the benzene yield depends on that in an initial stage
of the reaction. [0012] In the initial stage of the reaction, hydrocarbons
converted from methane are to convert into benzene with high probabilities
due to the 15 catalytic action, since the amount of the deposited carbon is
small. With increasing a methane-conversion ratio (for example, by setting
the reaction temperature at 800 t or more), it becomes possible to obtain a
higher benzene yield in the initial stage of the reaction. However, in the
case of increasing the methane-conversion ratio by performing the reaction
at high 20 temperatures, there comes up a problem where the carbon
deposition becomes remarkable and the catalyst degradation is accelerated
by the accumulation of carbon.    [0013] Hence there is strongly desired a
process which effectively acts on removal of the deposited carbon even at
high temperatures and which never 25 reduces the maximal benzene yield.
MEANS FOR SOLVING THE PROBLEMS 



[0014] The method for manufacturing aromatic hydrocarbons according to the
present invention, which can solve the above-mentioned problems, is a
method for producing hydrogen and an aromatic compound containing an
aromatic 30 hydrocarbon as the principal component by initiating a contact
reaction between a lower hydrocarbon and a catalyst, characterized in that:
carbon  4 monoxide is added to the lower hydrocarbon; and a reaction
temperature is higher than 800 C.  [0015] In the method for manufacturing
aromatic hydrocarbons, it is preferable that the carbon monoxide has a
concentration of from 0.75 to 20 % relative to a reaction gas. In the
method for manufacturing aromatic hydrocarbons, it is further preferable
that the reaction temperature is not lower than 820 C. [0016] In the method
for manufacturing aromatic hydrocarbons, it is still further preferable
that the aromatic hydrocarbon is produced by repeating a 10 reaction
process of initiating the contact reaction between the lower hydrocarbon
and the catalyst and a regeneration process of regenerating the catalyst
used in the reaction process. EFFECTS OF THE INVENTION [0017] According to
the present invention, it is possible to contribute to 15 inhibition on the
catalyst degradation and to improvement in aromatic compound yield, at the
time of producing aromatic compounds by inducing the contact reaction
between a lower hydrocarbon and a catalyst. BRIEF DESCRIPTION OF THE
DRAWING 



[0018] Fig. 1 is a graph showing changes in benzene yield with time,
obtained 20 by continuously conducting a catalytic reaction in the presence
of a Mo-HZSM5 catalyst;       Fig. 2 is a graph. showing changes in benzene
yield with time, obtained in the case of continuously conducting a
catalytic reaction in the presence of a Mo-HZSM5 catalyst (with the
addition of CO); 25Fig. 3A is a graph showing changes in benzene yield with
time, obtained in the case of repeating a catalytic reaction process and a
catalyst regeneration process;          Fig. 3B is a graph showing changes
in benzene formation rate with time, obtained in the case of repeating the
catalytic reaction process and the 30catalyst regeneration process; Fig. 3C
is a graph showing changes in methane conversion ratio with  5  time,
obtained in the case of repeating a catalytic reaction process and a
catalyst regeneration process;         Fig. 4 is a graph showing changes in
benzene amount in 100 RI of gas with time, obtained after the reaction in
the case of adding carbon monoxide; 5 and       Fig. 5 is a graph showing
changes in benzene amount in 100 id of gas with time, obtained after the
reaction in the case of not adding carbon monoxide. DETAILED DESCRIPTION OF
THE INVENTION 10[0019] The present invention is an invention relating to a
method for manufacturing aromatic compounds (containing benzene and
naphthalene as principal components) and a high purity hydrogen gas, by
initiating a contact reaction between a lower hydrocarbon and a catalyst
for converting lower hydrocarbons into aromatic compounds (which catalyst
is hereinafter referred 15 to as merely "a catalyst"). The present
invention is characterized in that the contact reaction is conducted with
the addition of carbon monoxide to a reaction gas served to the contact
reaction at a temperature of higher than 800 V, [0020] According to the
present invention which relates to the method for 



20 manufacturing aromatic compounds, it is possible not only to inhibit
degradation of the catalytic activity of the catalyst used in the reaction
but also to improve the maximal benzene yield more greatly than in a
contact reaction made between pure methane and the catalyst. [0021]
Additionally, to perform a catalytic reaction, process and a catalyst 25
regeneration process alternately allows keeping the reaction stable over a
long period of time while maintaining a high yield without accumulating
hard-to-remove cokes.    [0022] An embodiment of the catalyst used for the
method for manufacturing aromatic compounds according to the present
invention is, for example, a 30 metallosilicate on which a catalytic metal
is carried. [0023] Examples of the metallosilicate on which the catalytic
metal is carried  6 include a molecular sieve 5A which is a porous material
formed of silica and alumina, faujasite (NaY and NaX), ZSM-5 and MCM-22, in
the case where the metallosilicate is an aluminosilicate, for example.
Furthermore, there are also included, for instance: a zeolite substrate
characterized by being a porous 5 material containing phosphoric acid as a
principal component and by having micropores and channels of 6-13
angstroms, such as ALPO-5, VPI-5 and the like; and a mesoporous substrate
characterized by containing silica as a principal component and alumina as
one component and by having cylindrical pores (or channels) of mezopores
(10-1000 angstroms), such as FSM-16, 10 MCM-41 and the like. In addition to
these aluminosilicates, metallosilicates formed of silica and titania, and
the like can be also used as the catalyst. [0024] Moreover, it is
preferable that the metallosilicate used in the present invention has a
surface area of from 200 to 1000 m2/g and has micropores or mesopores of
within a range of from 5 to 100 angstroms. When the 15 metallosilicate is
an aluminosilicate, for example, it is possible to use one having a content
ratio between silica and alumina (silica/alumina) of from 1 to 8000 as
generally available porous materials; however, it is further preferable to
set the content ratio (silica/alumina) within a range of from 10 to 100 in
order to perform the aromatization reaction of lower hydrocarbons of the 20
present invention at a practical lower hydrocarbon conversion rate and at a
practical aromatic compound selectivity. [0025] As the metallosilicate,
those of a proton exchange type (a type H) are normally used. Additionally,
a part of protons thereof may be exchanged for one kind of cations selected
from the group consisting of alkali metals such as Na, 25 K, Li and the
like, alkali-earth metal elements such as Mg, Ca, Sr and the like, and
transition metal elements such as Fe, Co, Ni., Zn, Ru, Pd, Pt, Zr, Ti and
the like. Furthermore, the metallosilicate may contain Ti, Zr, Hf, Cr, Mo,
W, Th, Cu, Ag and the like in a right amount. 



[0026] Moreover, it is preferable to use molybdenum as the catalytic metal
of 30 the present invention, in which rhenium, tungsten, iron, cobalt also
may be acceptable. These catalytic metals may be carried on the
metallosilicate in  7 combination. Furthermore, one kind of element
selected from the group consisting of the alkali-earth metals such as Mg
and the like and the transition metal elements such as Ni, Zn, Ru, Pd, Pt,
Zr, Ti and the like may be carried on the metallosilicate together with the
above-mentioned catalytic metal. 5 [00271 In the case of carrying the
catalytic metal (or a precursor containing the catalytic metal) on the
metallosilicate, the weight percentage of the catalytic metal to the
substrate is within a range of from 0.001 to 50 %, preferably within a
range of from 0.01 to 40 %. As a method for carrying the catalytic metal on
the metallosilicate, there has been known a method of 10 conducting a heat
treatment under an atmosphere of inert gas or oxygen gas after carrying the
catalytic metal on a metallosilicate substrate by impregnating the
substrate with an aqueous solution or an organic solvent solution (such as
alcohol and the like) containing the precursor of the catalytic metal or by
ion-exchange process. Examples of the precursor containing 15 molybdenum
which is one of the catalytic metals include halide such as chloride,
bromide and the like, mineral oxides such as nitrate, sulfate, phosphate
and the like, and carboxylate such as carbonate, acetate, oxalate and the
like, in addition to ammonium paramolybdate, ammonium phosphomolybdate and
a 12-type molybdic acid. 20 [0028] Referring now to an example case of
using molybdenum as the catalytic metal, the method for carrying the
catalytic metal on the metallosilicate will be discussed.. First of all, a
metallosilicate substrate is impregnated with an aqueous solution of
ammonium molybdate thereby carrying the catalytic metal thereon. Then, a
solvent is removed from the substrate by drying under 25 reduced pressure.
A heat treatment is thereafter conducted in a nitrogen-containing oxygen
flow or pure oxygen flow at a temperature of from 250 to 800 t (preferably
from 350 to 600 DC ), thereby producing a molybdenum-carried
metallosilicate catalyst. [0029] The metallosilicate catalyst on which the
catalytic metal is carried is 30 not particularly limited to the
above-mentioned embodiment and therefore may have any form such as powder,
granules and the like. Additionally, the  8 



metallosilicate catalyst on which the catalytic metal is carried may be
formed in pellets or an extrusion with the addition of a binder such as
silica, alumina, clay and the like. [0030] In the present invention, "lower
hydrocarbon(s)" refers to methane or 5 saturated or unsaturated
hydrocarbons having 2 to 6 carbon atoms. Examples of the saturated or
unsaturated hydrocarbons having 2 to 6 carbon atoms are ethane, ethylene,
propane, propylene, n-b thane, isobutane, n-butene, isobutene and the like.
[00311 A reactor used in the method for manufacturing aromatic compounds 10
according to the present invention may be a fixed-bed reactor, a
fluidized-bed reactor or the like. Referring now to some embodiments, the
method for manufacturing aromatic compounds according to the present
invention will be discussed in detail.      [0032] (it) Changes in
catalytic activity with the addition of carbon monoxide 15(Referential
Example H       In Referential Example 1, the method for manufacturing
aromatic compounds according to the present invention was embodied in a
method of producing an aromatic compound and hydrogen gas by initiating a
contact reaction between a catalyst and methane, in such a manner as to
initiate a 20 catalytic reaction with the addition of 0.75 % carbon
monoxide relative to a reaction gas at a temperature of 780 C. [0033] As a
metallosilicate substrate of Referential Example I. of the present
invention, a catalyst was produced in the use of an Fl-type ZSM5 zeolite
(Si02/Al203=40) by the following preparation method. 25 [0034] 400 g of
ITZSM5 was added to an aqueous solution obtained by dissolving 456.5 g of
ammonium molybdate in 2000 ml of ion-exchange water, followed by stirring
at room temperature for 3 hours, thereby carrying molybdenum on HZSM5 by
impregnation. [0035] After drying the thus obtained molybdenum-carried
fIZSM5 (Mo- 30 ITZSM5), the substrate was calcined under atmospheric
conditions at a temperature of 550 C for 8 hours, thereby obtaining a
catalyst powder on  9 which molybdenum is carried (i.e., a catalyst having
a weight percentage of molybdenum of 6.8 wt% relative to the total of the
catalyst). Furthermore, the catalyst powder is extruded into in a pellet
form upon the addition of an inorganic binder, and then calcined thereby
preparing a catalyst. 



5 [00361 The catalyst prepared by the above-mentioned method was charged
into a reaction column (18 mm internal diameter) of a fixed-bed flow
reactor, the reaction column being formed of Inconel 800H whose portion to
be brought into contact with gas is subjected to a calorizing treatment.
Upon setting the reaction temperature and the pressure of the interior of
the reaction column at 10 780 t and 0.3 MPa, respectively, methane to which
0. 75 % carbon monoxide was added relative to the reaction gas was supplied
thereinto at a flow rate or a space velocity (SV) of 3000m1./hr/g-MFI,
thereby conducting an aromatization reaction of methane. Then, an
evaluation of the catalytic activity in a reaction for forming benzene and
hydrogen by the aromatization 15 reaction of methane was performed. [00371
The catalytic activity was evaluated on the basis of "benzene yield",
"methane conversion ratio" and "benzene formation rate". Incidentally,
"benzene yield", "methane conversion ratio" and "benzene formation rate" in
Examples were defined as follows: 20"Benzene yield (%)"4"an amount of a
formed benzene (mol)"/"an amount of methane provided to a methane-reforming
reaction (moln X 100       "Methane conversion ratio (%)"d("a flow rate of
a feedstock methane" --- "a flow rate of an unreacted methane/In-/he flow
rate of the feedstock inethanel X 1.00 25"Benzene formation rate
(imol/g/s)"="the number of nanomoles &mob of benzene produced on 1 g of the
catalyst per second" As a pretreatment for the catalyst conducted before
feeding the reaction gas, the catalyst was increased in temperature up to
550 C; in air flow and kept therein for 2 hours. Then, the air flow was
switched to a 30 pretreatment gas containing 20 % methane and 80 % hydrogen
and the temperature was increased to 700 t and kept thereat for 3 hours.
The  10 



pretreatment gas was then switched to the reaction gas and the temperature
was increased up to a certain degree (780 C), followed by carrying out an
evaluation of the catalyst.   [0038] Hydrogen, argon, methane were analyzed
by 'MD-GC, while aromatic 5 hydrocarbons such as benzene, toluene, xylene,
naphthalene and the like were analyzed by FID-GC. [00391 (Referential
Example 2)       In Referential Example 2, the method for manufacturing
aromatic compounds according to the present invention was embodied in a
method of 10 producing an aromatic compound and hydrogen gas by initiating
a contact reaction between a catalyst and methane, in such a manner as to
initiate a catalytic reaction with the addition of 6.4 % carbon monoxide
relative to a reaction gas at a temperature of 780 C. [0040] Since the
catalyst used in the method for manufacturing aromatic 15 compounds
according to Referential Example 2 of the present invention was the same to
the catalyst (Mo-HZSM5) used in Referential Example 1, a detailed
explanation of a preparation method therefor is omitted. In addition to
this, a pretreatment for the catalyst, and also analysis methods for
respective substances were the same to those in Referential Example 1, so
that detailed 20 explanations therefor are omitted. Furthermore, reaction
conditions with the exception of an additive gas were all the same to those
in Referential Example 1, so that a detailed explanation therefor is
omitted too. [00411 (Comparative Example 1) In Comparative Example I, the
method for manufacturing aromatic 25 compounds according to the present
invention was embodied by initiating a contact reaction between methane
only and a catalyst in such a manner as to initiate a catalytic reaction at
a temperature of 780 IC thereby producing an aromatic compound and hydrogen
gas. [00421 Since the catalyst used in the method for manufacturing
aromatic 30 compounds according to Comparative Example 1 of the present
invention was the same to the catalyst (Mo-HZSM5) used in Referential
Example 1, a  detailed explanation of a preparation method therefor is
omitted. In addition to this, a pretreatment for the catalyst, and also
analysis methods for respective substances were the same to those in
Referential Example 1, so that detailed explanations therefor are omitted.
Furthermore, reaction conditions with the exception of a gas supplied to
the reaction were all the same to those in Referential Example 1, so that a
detailed explanation therefor is omitted too. [0043] (Comparative Example
2) 



In Comparative Example 2, the method for manufacturing aromatic compounds
according to the present invention was embodied in a method of 10 producing
an aromatic compound and hydrogen gas by initiating a contact reaction
between a catalyst and methane, in such a manner as to initiate a catalytic
reaction with the addition of 1.2 % carbon dioxide re].ative to a. reaction
gas at a temperature of 780 C. [0044] Since the catalyst used in the method
for manufacturing aromatic 15 compounds according to Comparative Example 2
of the present invention was the same to the catalyst (Mo-HZSM5) used in
Referential Example 1, a detailed explanation of a preparation method
therefor is omitted. In addition to this, a pretreatment for the catalyst,
and also analysis methods for respective substances were the same to those
in Referential Example 1, so that detailed 20 explanations therefor are
omitted. Furthermore, reaction conditions with the exception of an additive
gas were all the same to those in Referential Example 1, so that a detailed
explanation therefor is omitted too. [0045] (Comparative Example 3) In
Comparative Example 3, the method for manufacturing aromatic 25 compounds
according to the present invention was embodied in a method of producing an
aromatic compound and hydrogen gas by initiating a contact reaction between
a catalyst and methane, in such a manner as to initiate a catalytic
reaction with the addition of 3.0 % carbon dioxide relative to a reaction
gas at a temperature of 780 C. 30 [0046] Since the catalyst used in the
method for manufacturing aromatic compounds according to Comparative
Example 3 of the present invention was  12 the same to the catalyst
(Mo-HZSM5) used in Referential Example 1, a detailed explanation of a
preparation method therefor is omitted. In addition to this, a pretreatment
for the catalyst, and also analysis methods for respective substances were
the same to those in Referential Example 1, so that detailed 5 explanations
therefor are omitted. Furthermore, reaction conditions with the exception
of an additive gas were all the same to those in Referential Example 1, so
that a detailed explanation therefor is omitted too. [0047] Fig. 1 is a
graph showing changes in benzene yield with time, obtained by continuously
conducting a catalytic reaction in the presence of a Mo-FIZSM5 10 catalyst
under reaction conditions discussed in Referential Examples 1 and 2 and
Comparative Examples 1 to 3. [0048] It is found therefrom that the catalyst
activity is lost after 7 hours of reaction in the ease of using pure
methane during the contact reaction (Comparative Example 1) while that in
the case of using a carbon 



15 dioxide-added methane during the contact reaction (Comparative Examples
2 and 3) is inhibited from reduction. Particularly with the addition of 3.0
% carbon dioxide (Comparative Example 3), the early maximal benzene yield
is maintained even after 15 hours of reaction. [0049] As compared with the
case where pure methane was used during the 20 contact reaction
(Comparative Example 1) thereby exhibiting a maximal benzene yield of not
lower than 8.0%, the case where carbon dioxide was added (for example,
Comparative Example 3) exhibits a maximal benzene yield of 7.0 % and
therefore inferior in maximal benzene yield. Additionally, it is apparent
from comparison between Comparative Examples 2 and 3 that the 25 maximal
benzene yield decreases with increase of the amount of added carbon dioxide
[0050] This means that the addition of carbon dioxide to the reaction gas
increases the time during which the catalyst can keep its activity but
decreases the maximal benzene yield if the reaction temperature is
constant. 30[0051] On the other hand, the ease of initiating the contact
reaction between the catalyst and the carbon monoxide-added methane
(Referential Example 1)  13 is improved in maximal benzene yield as
compared with the case of initiating the contact reaction between pure
methane and the catalyst (Comparative Example 1). Particularly from
comparison between Referential Examples 1 and 2, it is apparent that an
increase in the added amount of carbon monoxide 5  relative to the reaction
gas improves not only the stability of the catalytic activity but also the
maximal benzene yield. [0052] (2) Changes in catalytic activity, caused by
the difference in added amount of carbon monoxide (Referential Example 3)
10In Referential Example 3, the method for manufacturing aromatic compounds
according to the present invention was embodied in a method of producing an
aromatic compound and hydrogen gas by initiating a contact reaction between
a catalyst and methane, in such a manner as to initiate a catalytic
reaction with the addition of 1.5 % carbon monoxide relative to a 15
reaction gas at a temperature of 780 C. 



[0053] Since the catalyst used in the method for manufacturing aromatic
compounds according to Referential Example 3 of the present invention was
the same to the catalyst (Mo-HZSM5) used in Referential Example 1, a
detailed explanation of a preparation method therefor is omitted. In
addition to 20 this, a pretreatment for the catalyst, and also analysis
methods for respective substances were the same to those in Referential
Example 1, so that detailed explanations therefor are omitted. Furthermore,
reaction conditions with the exception of an additive gas were all the same
to those in Referential Example 1, so that a detailed, explanation therefor
is omitted too. 25[0054] (Referential Example 4)       In Referential
Example 4, the method for manufacturing aromatic compounds according to the
present invention was embodied in a method of producing an aromatic
compound and hydrogen gas by initiating a contact reaction between a
catalyst and methane, in such a manner as to initiate a 30 catalytic
reaction with the addition of 3.0 % carbon monoxide relative to a reaction
gas at a temperature of 780 C.  14  [00551 Since the catalyst used in the
method for manufacturing aromatic compounds according to Referential
Example 4 of the present invention was the same to the catalyst (Mo-HZSM5)
used in Referential Example 1, a detailed explanation of a preparation
method therefor is omitted. In addition to 5 this, a pretreatment for the
catalyst, and also analysis methods for respective substances were the same
to those in Referential Example 1, so that detailed explanations therefor
are omitted. Furthermore, reaction conditions with the exception of an
additive gas were all the same to those in Referential Example 1, so that a
detailed explanation therefor is omitted too. 10 [0056] (Referential
Example 5)       In Referential Example 5, the method for manufacturing
aromatic compounds according to the present invention was embodied in a
method of producing an aromatic compound and hydrogen gas by initiating a
contact reaction between a catalyst and methane, in such a manner as to
initiate a 15 catalytic reaction with the addition of 11.9 % carbon
monoxide relative to a reaction gas at a temperature of 780 t [00571 Since
the catalyst used in the method for manufacturing aromatic compounds
according to Referential Example 5 of the present invention was the same to
the catalyst (Mo-FIZSM5) used in Referential Example 1, a 20 detailed
explanation of a preparation method therefor is omitted. In addition to
this, a pretreatment for the catalyst, and also analysis methods for
respective substances were the same to those in Referential Example 1, so
that detailed explanations therefor are omitted. Furthermore, reaction
conditions with the exception of an additive gas were all the same to those
in Referential Example 1, so that a detailed explanation therefor is
omitted too. 



[0058] (Referential Example 6) In Referential Example 6, the method for
manufacturing aromatic compounds according to the present invention was
embodied in a method of producing an aromatic compound and hydrogen gas by
initiating a contact 30 reaction between a catalyst and methane, in such a
manner as to initiate a catalytic reaction with the addition of 20 % carbon
monoxide relative to a  15 reaction gas at a temperature of 780 C. [0059]
Since the catalyst used in the method for manufacturing aromatic compounds
according to Referential Example 6 of the present invention was the same to
the catalyst (Mo-HZSM5) used in Referential Example 1, a 5 detailed
explanation of a preparation method therefor is omitted. In addition to
this, a pretreatment for the catalyst, and also analysis methods for
respective substances were the same to those in Referential Example 1, so
that detailed explanations therefor are omitted. Furthermore, reaction
conditions with the exception of an additive gas were all the same to those
in Referential Example 101, so that a detailed explanation therefor is
omitted too. [0060] Fig. 2 is a graph showing changes in benzene yield with
time, obtained by continuously conducting a catalytic reaction in the
presence of a Mo-HZSM5 catalyst under reaction conditions discussed in
Referential Examples 1 to 6 and Comparative Example 1. 15 [0061] The case
where the carbon monox de-added methane was used in the contact reaction
(Referential Examples 1 to 6) was not only prevented from degradation in
catalytic activity but also improved in maximal benzene yield as compared
with the case where pure methane was used in the contact reaction
(Comparative Example 1), not depending on the added amount of 



20 carbon monoxide. It is apparent that an increase in carbon monoxide
improves the effect of inhibiting the degradation of the catalytic
activity. The maximal. benzene yield was little impaired even if the added
amount of carbon monoxide was as much as 20 %, indeed the maximal benzene
yield exceeded 9 % with the addition of 6.4 % carbon monoxide. 25[0062] (3)
Changes in catalytic activity in the case of repeating a catalytic reaction
process and a catalyst regeneration process, caused by the difference in
added amount of carbon monoxide (Example 1) In Example 1, the method for
manufacturing aromatic compounds 30 according to the present invention was
embodied in a method of producing an aromatic compound and hydrogen gas by
initiating a contact reaction between  16 a catalyst and methane, in such a
manner as to initiate a catalytic reaction with the addition of 3.0 %
carbon monoxide relative to a reaction gas at a temperature of 820 C.
Moreover, 1 hour of catalytic reaction process and 3 hours of catalyst
regeneration process were alternately conducted. [0063] Since the catalyst
used in the method for manufacturing aromatic compounds according to
Example 1 of the present invention was the same to the catalyst (Mo-HZSM5)
used in Referential Example 1, a detailed explanation of a preparation
method therefor is omitted. In addition to this, a pretreatment for the
catalyst, and also analysis methods for respective 10 substances were the
same to those in Referential Example 1, so that detailed explanations
therefor are omitted. [00641 The catalyst prepared by carrying molybdenum
on HZSM5 was charged into a reaction column of a fixed-bed flow reactor,
the reaction column being formed of Inconel 80014 whose portion to be
brought into contact with gas 15 is subjected to a calorizing treatment.
Upon setting the reaction temperature and the pressure of the interior of
the reaction column at 820 and 0.15 MPa, respectively, methane to which 3.0
% carbon monoxide was added relative to the reaction gas was supplied
thereinto at a flow rate or a space velocity (SV) of 3000m1/hr/g-MEI,
thereby conducting an aromatization reaction of methane 



20 (the catalytic reaction process). The reaction process was conducted for
1 hour. After the reaction process, hydrogen gas serving as a regeneration
gas was supplied at a flow rate or a space velocity (SV) of 3000m1/hr/gMEI
upon setting the reaction temperature and the pressure of the interior of
the reaction column at 820 and 0.15 M.Pa, respectively, thereby conducting
a. 25 reaction for regenerating the catalyst (the catalyst regeneration
process). The catalyst regeneration process was conducted for 3 hours.
Then, an evaluation of the catalytic activity in a reaction for forming
benzene and hydrogen by the aromatization reaction of methane was
performed. [00651 (Comparative Example 4) 30In Comparative Example 4, the
method for manufacturing aromatic compounds according to the present
invention was embodied by initiating a  17 contact reaction between a
catalyst and pure methane in such a manner as to initiate a catalytic
reaction at a temperature of 820 C, thereby producing an aromatic compound
and hydrogen gas. Additionally, 1 hour of catalytic reaction process and 3
hours of catalyst regeneration process were alternately 5conducted.  [00661
Since the catalyst used in the method for manufacturing aromatic compounds
according to Comparative Example 4 of the present invention was the same to
the catalyst (Mo-ITZSM5) used in Referential Example 1, a detailed
explanation of a preparation method therefor is omitted. In addition to 10
this, a pretreatment for the catalyst, and also analysis methods for
respective substances were the same to those in Referential Example 1, so
that detailed explanations therefor are omitted. Furthermore, reaction
conditions with the exception of a reaction gas were all the same to those
in Example 1, so that a detailed explanation therefor is omitted too. 15
[00671 (Comparative Example 5)       In Comparative Example 5, the method
for manufacturing aromatic compounds according to the present invention was
embodied in a method of producing an aromatic compound and hydrogen gas by
initiating a contact reaction between a catalyst and methane, in such a
manner as to initiate a 20 catalytic reaction with the addition of 1.5 %
carbon dioxide relative to a reaction gas at a temperature of 820 C.
Additionally, 1 hour of catalytic reaction process and 3 hours of catalyst
regeneration process were alternately conducted. [00681 Since the catalyst
used in the method for manufacturing aromatic compounds according to
Comparative Example 5 of the present invention was 



the same to the catalyst (Mo-HZSM5) used in Referential Example 1, a
detailed explanation of a preparation method therefor is omitted.. In
addition to this, a pretreatment for the catalyst, and also analysis
methods for respective substances were the same to those in Referential
Example 1, so that detailed 30 explanations therefor are omitted.
Furthermore, reaction conditions with the exception of an additive gas were
all the same to those in Example 1, so that a  18 detailed e xp la na tion
there for is omitted too.  [0069] Fig. 3 is a graph showing changes in
benzene yield with time, obtained by repeating a catalytic reaction process
and a catalyst regeneration process in the presence of a Mo-HZSM5 catalyst
under reaction conditions discussed in Example 1 and Comparative Examples 4
and 5.  [0070] The case where the carbon monoxide-added methane was used
for the contact reaction (Example 1) was not only prevented from
degradation in catalytic activity but also improved in maximal benzene
yield as compared with the ease where pure methane was used in the contact
reaction 10 (Comparative Example 4). The case where the carbon
dioxide-added methane was used for the contact reaction (Comparative
Example 5) was also prevented from degradation in catalytic activity as
compared with the case where pure methane was used in the contact reaction
(Comparative Example 4), but the maximal benzene yield of Comparative
Example 5 never exceeded that in the 15 case where pure methane was used in
the contact reaction (Comparative Example 4), as shown in Fig. 3A. The case
where the carbon monoxide-added methane was used for the contact reaction
(Example 1) was improved in methane conversion ratio as compared with
Comparative Examples 4 and 5 thereby being improved also in benzene yield,
as shown in Fig. 3C. 20  [0071] (4) Changes in catalytic activity with the
addition of carbon monoxide, caused by the difference in reaction
temperature (Example 2)       In Example 2, the method for manufacturing
aromatic compounds according to the present invention was embodied in a
method of producing an 



25 aromatic compound and hydrogen gas by initiating a contact reaction
between a catalyst and methane, in such a manner as to initiate a catalytic
reaction with the addition of 3.0 % carbon monoxide relative to a reaction
gas at a temperature of 890 C. [0072] The catalyst used in the method for
manufacturing aromatic 30 compounds according to Example 2 of the present
invention was the same to the catalyst (Mo-HZSM5) used in Referential
Example 1, with the exception  19  that the catalyst was in the form of a
fine powder, so that a detailed explanation of a preparation method
therefor is omitted. In other words, the catalyst used in Example 2 was a
fine powdery one prepared by impregnating HZSM5 with molybdenum to carry
it, drying the Mo-carried substrate and 5 then calcining the obtained
catalyst powder. Furthermore, a pretreatment for the catalyst, and also
analysis methods for respective substances were the same to those in
Referential Example 1, so that detailed explanations therefor are omitted.
[0073] The catalyst (0.4 prepared by carrying molybdenum on HZSM5 was 10
charged into a reaction column of a fixed-bed flow reactor, the reaction
column being formed of glass. Upon setting the reaction temperature and the
pressure of the interior of the reaction column at 890 and 0.15 MPa,
respectively, methane to which 3.0 % carbon monoxide was added relative to
the reaction gas was supplied thereinto at a flow rate or a space velocity
(SV) of 15 10000mlihr/g-MFI, thereby conducting an aromatization reaction
of methane. Then, an evaluation of the catalytic activity in a reaction for
forming benzene and hydrogen by the aromatization reaction of methane was
performed. [0074] (Example 3) In Example 3, the method for manufacturing
aromatic compounds 20 according to the present invention was embodied in a
method of producing an aromatic compound and hydrogen gas by initiating a
contact reaction between a catalyst and methane, in such a manner as to
initiate a catalytic reaction with the addition of 3.0 % carbon monoxide
relative to a reaction gas at a temperature of 8'70 t. 25 [0075] Since the
catalyst used in the method for manufacturing aromatic compounds according
to Example 3 of the present invention was the same to 



the catalyst (Mo-FIZSM5) used in Example 2, a detailed explanation of a
preparation method therefor is omitted. In addition to this, a pretreatment
for the catalyst, and also analysis methods for respective substances were
the 30 same to those in Referential Example 1, so that detailed
explanations therefor are omitted. Furthermore, reaction conditions with
the exception of the  20 temperature were all the same to those in Example
2, so that a detailed explanation therefor is omitted too. [0076] (Example
4) In Example 4, the method for manufacturing aromatic compounds 5
according to the present invention was embodied in a method of producing an
aromatic compound and hydrogen gas by initiating a contact reaction between
a catalyst and methane, in such a manner as to initiate a catalytic
reaction with the addition of 3.0 % carbon monoxide relative to a reaction
gas at a temperature of 850 C. 10 [0077] Since the catalyst used in the
method for manufacturing aromatic compounds according to Example 4 of the
present invention was the same to the catalyst (Mo-HZSM5) used in Example
2, a detailed explanation of a preparation method therefor is omitted. In
addition to this, a pretreatment for the catalyst, and also analysis
methods for respective substances were the 15 same to those in Referential
Example 1, so that detailed explanations therefor are omitted. Furthermore,
reaction conditions with the exception of the temperature were all the same
to those in Example 2, so that a detailed explanation therefor is omitted
too. [0078] (Comparative Example 6) 20In Comparative Example 6, the method
for manufacturing aromatic compounds according to the present invention was
embodied by initiating a contact reaction between a catalyst and pure
methane, in such a manner as to initiate a catalytic reaction at a
temperature of 890 C thereby producing an aromatic compound and hydrogen
gas. 



25 [0079] Since the catalyst used in the method for manufacturing aromatic
compounds according to Comparative Example 6 of the present invention was
the same to the catalyst (Nlo-IIZSM5) used in Example 2, a detailed
explanation of a preparation method therefor is omitted. In addition to
this, a pretreatment for the catalyst, and also analysis methods for
respective 30 substances were the same to those in Referential Example 1,
so that detailed explanations therefor are omitted. Furthermore, reaction
conditions with the  21 exception of a reaction gas were all the same to
those in Example 2, so that a detailed explanation therefor is omitted too.
[008W (Comparative Example 7) In Comparative Example 7, the method for
manufacturing aromatic 5 compounds according to the present invention was
embodied by initiating a contact reaction between a catalyst and pure
methane, in such a manner as to initiate a catalytic reaction at a
temperature of 870 C thereby producing an aromatic compound and hydrogen
gas. [0081] Since the catalyst used in the method for manufacturing
aromatic 10 compounds according to Comparative Example 7 of the present
invention was the same to the catalyst (Mo-HZSM5) used in Example 2, a
detailed explanation of a preparation method therefor is omitted. In
addition to this, a pretreatment for the catalyst, and also analysis
methods for respective substances were the same to those in Referential
Example 1, so that detailed 15 explanations therefor are omitted.
Furthermore, reaction conditions with the exception of a reaction gas were
all the same to those in Example 3, so that a detailed explanation therefor
is omitted too. 



[0082] (Comparative Example 8) In Comparative Example 8, the method for
manufacturing aromatic 20 compounds according to the present invention was
embodied by initiating a contact reaction between a catalyst and pure
methane, in such a manner as to i.niti.ate a catalytic reaction at a
temperature of 850C thereby producing an aromatic compound and hydrogen
gas. [00831 Since the catalyst used in the method for manufacturing
aromatic 25 compounds according to Comparative Example 8 of the present
invention was the same to the catalyst (Mo-IIZSM5) used in Example 2, a
detailed explanation of a preparation method therefor is omitted. In
addition to this, a pretreatment for the catalyst, and also analysis
methods for respective substances were the same to those in Referential
Example 1, so that detailed 30 explanations therefor are omitted.
Furthermore, reaction conditions with the exception of a reaction gas were
all the same to those in Example 4, so that a  22 detailed explanation
therefor is omitted too. [0084] Fig. 4 is a graph showing changes with time
in benzene amount in a gas after the reaction, obtained by continuously
conducting a catalytic reaction 



under conditions discussed in Examples 2 to 4 in the presence of a
Mo-FIZSM5 5 catalyst. On the other hand, Fig. 5 is a graph showing changes
with time in benzene amount in a gas after the reaction, obtained by
continuously conducting a catalytic reaction under conditions discussed in
Comparative Examples 6 to 8 in the presence of a Mo-HZSM5 catalyst. [0085]
As shown in Fig. 4, it is apparent that the case of initiating the contact
10 reaction between the carbon monoxide-added methane and the catalyst was
increased in maximal benzene amount in the gas after the reaction, with an
increase of the reaction temperature.   [0086] On the other hand, the case
of initiating the contact reaction between pure methane and the catalyst
brought about a little change of the maximal 15 benzene yield in the gas
after the reaction. [0087] As discussed above by reference to Examples, it
is possible not only to inhibit the catalytic activity degradation but also
to improve the maximal benzene yield, by conducting the contact reaction in
such a manner as to add carbon monoxide to the reaction gas to be provided
to the contact reaction at a 20 reaction temperature of higher than 800 C.
[0088] With the addition of carbon monoxide to the reaction gas, the
maximal benzene yield is improved with an. increase in. reaction
temperature; therefore, this is particularly effective in the case of
requiring a reaction to be instantaneously high in ;activity, for example,
in a reaction using the 25fluidized-bed reactor. [0089] Additionally, the
effect of improving the maximal benzene yield is remarkable at a high SV
(i.e., under a condition where the space velocity is high). it is therefore
preferable to initiate the contact reaction at an SV of not lower than
3000m1/hr/g-MFI, particularly at an SV of not lower than 30
5000m1/hr/g--MYI. [0090] The difference in a reaction for forming an
aromatic compound,  23 between the case of adding carbon monoxide to the
gas used in the catalytic reaction and the case of adding carbon dioxide to
the same, will be hereinafter discussed.     [0091] A reaction for
producing benzene (C61-16) and hydrogen (H2) from 5 methane (Cf14) is
represented by an equation [1]. 



[0092] 6CH4C6H61- 9H2[1.]       Moreover, a reaction for producing cokes
(C) is considered to be a reaction represented by an equation [2]. [0093]
CH4 --> C + 21-12[2] 10Furthermore, a reaction for producing methane may be
caused by a reversible reaction of the equation [1], as represented by an
equation [3]. [0094] C6H6+ 9H26CH4[31       It is considered that a
coke-removing reaction is to occur when adding carbon dioxide (CO2) to the
reaction gas. 15 [0095] CO2+ C2C0[4] Additionally, it is considered that
carbon dioxide is reacted with methane thereby producing hydrogen, as
represented by an equation [5]. [0096] CO2+ CH4 -> 2C0 + 2H2[5] In the case
of adding carbon dioxide to the reaction gas, therefore, 29 hydrogen is to
be produced by the reaction represented by the equation [5]. Benzene
formation is considered to be prevented because a benzene formation
reaction represented. by the equation [1] is an equilibrium reaction so
that the equilibrium is shifted due to the produced hydrogen. [0097]
Moreover, carbon dioxide sometimes reduces an active species 25 molybdenum
carbide (MoC) by being reacted with molybdenum carbide, as shown in an
equation [6]. This reaction is considered to tend to occur at a high flow
rate (for example, at a space velocity of 10000m1/hr/g-MFO. [0098] 4CO2+
MoCMo03 + 5C0[6] Meanwhile, when adding carbon monoxide (CO), a reversible
reaction 30 of the equation [5] is initiated thereby producing carbon
dioxide. This carbon dioxide is considered to induce the coke-removing
reaction as represented by 



24 the equation [4] thereby inhibiting degradation in catalytic activity.
It is further considered that hydrogen is consumed in the reversible
reaction of the equation [5] thereby shifting the equilibrium so as to
accelerate the benzene formation. [0099] Moreover, carbon monoxide is
considered to cause a reaction represented by an equation [7]. This
reaction also is an equilibrium reaction. [0100] CO C + 0 [7]          It
is considered that an oxygen atom formed by the equation [7] consumes
hydrogen in the reactor thereby shifting the equilibrium of the 10 equation
[1] so as to accelerate the benzene formation.  [0101] As discussed above,
the method for manufacturing aromatic compounds and hydrogen in the use of
a catalyst for aromatizing lower hydrocarbons, according to the present
invention can produce aromatic hydrocarbons such as benzene and the like
with high yields. More specifically, 15 it becomes possible not only to
maintain the catalytic activity over a long period of time but also to
obtain a yield sufficient for practical use, with a reaction temperature of
higher than 800 t and with the addition of carbon monoxide. [0102] In other
words, it becomes possible not only to inhibit the accumulation 20 of the
hard-to-remove cokes by adding carbon monoxide, but also to obtain a
maximal benzene yield of not less than that obtained in the case of adding
methane only by increasing the temperature of the catalytic reaction. On
the contrary, CO2 has the effect of inhibiting the aromatization reaction
so as not able to obtain a benzene yield (or a catalytic activity) of not
smaller than the maximal benzene yield of the case of adding methane only.
[0103] Particularly in the process of repeating the catalytic reaction
process and the catalyst regeneration process, the yield at the initial
stage of the reaction is important. In the process fox producing aromatic
hydrocarbons, according to the present invention, it is possible not only
to obtain benzene at 30 high yields but also to inhibit the formation of
deposited cokes hard to remove for regeneration. With this, high catalytic
activities are maintained over a long  



period of time even after repeating the catalytic reaction and the catalyst
regeneration reaction. [0104] Although the invention has been described
above by reference to certain embodiments and examples of the invention,
the invention is not 5 limited to the embodiments and examples described
above. Modifications and variations of the embodiments and examples
described above will occur to those skilled in the art, in light of the
above teachings. [0105] The present invention is characterized by
accelerating the removal of cokes with the addition of carbon monoxide to
the reaction gas containing 10 lower hydrocarbons and by improving the
benzene formation rate. The catalyst for aromatizing lower hydrocarbons is,
therefore, not limited to molybdenum carried on metallosilicate; more
specifically, it is apparent that effects equal to those in the Mo-carried
catalyst can be obtained also when rhenium, tungsten, iron, cobalt and a
compound of these (including molybdenum), selected from 15 various
catalytic metals whose effect as the catalyst for aromatizing lower
hydrocarbons has already been confirmed and discussed in some reference
documents (e.g., "Surface", Vol. 37, No. 12 (1999), pages 71-81, "Catalytic
chemical conversion of methane-Direct synthesis of benzene using molded
zeolite catalyst"), are used singly or in combination. 20[0106]
Additionally, in the case of repeating the catalytic reaction process and
the catalyst regeneration process, a reaction time and a regeneration time
are not limited to the examples and therefore may be suitably determined
within a time period of not depositing the hard-to-remove cokes, for
example, by switching from the catalytic reaction process to the catalyst
regeneration 25 process before the catalytic activity is reduced, on the
basis of changes in catalytic activity. For instance, the catalytic
reaction process and the catalyst regeneration process may be switched
depending on changes in catalyst temperature measured during the catalytic
reaction process. The reaction for aromatizing lower hydrocarbons is an
endothermic reaction, so that the 30temperature of the catalyst is reduced
during the catalytic reaction process. Additionally, the activity in the
aromatization reaction of lower hydrocarbons  26 is to decrease with
catalyst degradation, so that the degree of catalyst degradation may be
detected by measuring changes in catalyst temperature. It is therefore also
acceptable to switch from the reaction process to the regeneration process
after the catalyst temperature starts increasing, with 5 which aromatic
hydrocarbons become more efficiently produced and additionally the catalyst
degradation becomes more efficiently prevented. Furthermore, it is possible
to save energy for increasing the catalyst temperature up to a temperature
required for the reaction in the catalyst regeneration process, by
switching into the catalyst regeneration process after 



10the catalyst temperature is increased. [0107] Moreover, in the case of
repeating the reaction process and the regeneration process, the
regeneration gas used in the regeneration process is not limited to
hydrogen, and suitably usable if containing a reducing gas such as carbon
monoxide and the like.  27 CLAIMS 1.A method for manufacturing aromatic
compounds which method produces hydrogen and aromatic compounds containing
an aromatic hydrocarbon as the principal component by initiating a contact
reaction 5 between a lower hydrocarbon and a catalyst, characterized in
that: carbon monoxide is added to the lower hydrocarbon; and       the
contact reaction is initiated between the lower hydrocarbon and the
catalyst at a reaction temperature of higher than 800 C. 10 2.A method for
manufacturing aromatic compounds, as claimed in Claim 1, characterized in
that the carbon monoxide has a concentration of from 0.75 to 20 % relative
to a reaction gas.  3. A method for manufacturing aromatic compounds, as
claimed in Claim 151 or 2, characterized in that the reaction temperature
is not lower than 820 C.  4. A method for manufacturing aromatic compounds,
as claimed in Claim 



1 or 2, characterized in that; the aromatic compounds are produced by
repeating a reaction process 20 of initiating the contact reaction between
the lower hydrocarbon and the catalyst and a regeneration process of
regenerating the catalyst used in the reaction process.  


