
SF-2209 1 DESCRIPTION PROCESS FOR PREPARING COPPER-BASED CATALYST,
COPPER-BASED CATALYST, AND PRETREATMENT METHOD OF THE SAME 5 TECHNICAL
FIELD [0001]The present invention relates to a process for preparing a
copper-based catalyst which is used for methanol synthesis reaction or its
reverse reaction, methanol reforming reaction, shift reaction or its
reverse reaction, etc., a copper-based catalyst and 10 a pretreatment
method of the copper-ba sed catalyst . More particularly, the invention
relates to a process for preparing a copper-based catalyst which is useful
for synthesizing methanol from hydrogen and carbon oxide (CO2 alone or
mixed gas of CO2 and CO), a copper-based catalyst and a pretreatment
method of the copper-based catalyst. 15 BACKGROUND ART [0002]Methanol
synthesis process using a synthetic gas (mixed gas of CO and H2) as a main
raw material (containing a small amount of CO2) is a basic process that is
extremely important in chemical 



20 industry, and increase of efficiency of the process has been always
desired in the past from the viewpoints of energy saving, economy, etc.
One of the most important techniques in the methanol synthesis process is
to provide a catalyst of high performance. As conventional catalysts,
three-component catalysts, such as Cu/ZnO/Al203 catalyst  SF-2209 2
(catalyst for industry at present, e.g., "Shokubai Koza (Lectures of
Catalysts)", vol. 7, edited by Catalysis Society of Japan, issued by
Kodansha Ltd. on July 20, 1989, pp. 21-39 (non-patent document 1)) and
Cu/ZnO/Si02 catalyst (JPA-1988-39287 (patent document 1)). 5 are known.
[0003]On the other hand, methanol synthesis using CO2 and H2 as main raw
materials has been particularly paid attention recently from the
viewpoints of recycling of carbon resources and global environmental
problem. In the synthesis of methanol from a 10 raw material gas having a
high content of CO2, a catalyst having higher activity than a catalyst
adopted in the synthesis of methanol from the above synthetic gas has been
desired because of thermodynamic equilibrium of the reaction and the
reaction inhibition effect of water formed together with methanol (Applied
Catalysis A: General, 15 38 (1996), pp. 311-318 (non-patent document 2)).
In the synthesis of methanol from a raw material gas having a high content
of CO2, lowering of catalytic activity presumed to be attributable to
water formed together with methanol is very severe as compared with that
in the synthesis of methanol from a synthetic gas. On that account, 



20 a catalyst having much higher durability than a catalyst adopted in the
synthesis of methanol from a synthetic gas has been desired. The reason is
that the three-component catalysts adopted in the above methanol synthesis
are insufficient in the catalytic performance. [0004]From such viewpoints,
copper-based  SF-2209 3 multi-component catalysts obtained by further
adding components, such as copper/zinc oxide/aluminum oxide/zirconium
oxide catalyst and copper/zinc oxide/aluminum oxide/zirconium
oxide/gallium oxide catalyst, have been developed (see, e.g.,
JPA-1995-39755 (patent 5 document 2), JPA-1994-312138 (patent document 3),
Applied Catalysis A: General, 38 (1996) , pp. 311-318
(non-patentdocument2)) . Moreover, a catalyst of high activity obtained by
adding 0.3 to 0.9% by weight of colloidal silica or water-dissolved silica
as silica and calcining the resulting product at 480 to 690C has been
developed 10(JPA-1998-309466 (patent document 4)). [0005]These catalysts
have high activity, but the activity is not necessarily reproduced
sufficiently in some cases even if they are prepared by the same
formulation. It is generally known that stable pH in the precipitation
step and sufficient washing 15 of a precipitant are necessary in order to
obtain a catalyst of high activity with good reproducibility (e.g.,
JPA-1977-76288 (patent document 5), JPA-1995-8799 (patent document 6),
JPA-2007-83197 (patent document 7)). A large number of improving methods
for that have been carried out, but it cannot be necessarily said that
their 20 reproducibility is good, and further improvement has been
desired.        [0006]The above catalysts are useful because of high
activity. However, the preparation steps include, for example,
precipitation, aging, washing, filtration, drying, molding and calcining,
and become long- In the industrial production, therefore, 



SF-2209 4 it is preferable to simplify the preparation steps, however
little, to thereby reduce a burden in the production, and such improvement
has been also desired. [0007]It is known that the main cause of such
lowering 5 of catalytic activity of the copper-based catalyst is decrease
of surface area due to sintering of copper. It is known that copper is a
metal readily undergoing sintering among various metal catalysts, and it
is necessary that the reduction temperature of a catalyst before the
reaction and the reaction temperature should not be raised. For 10
example, it is described in JPA-2004-298685 (patent document 8) that the
reduction temperature of a Cu/ZnO catalyst is in the range of preferably
100 to 300C, more preferably 150 to 250C; it is described in
JPA-1994-254414 (patent document 9) that the reduction temperature of a
Cu/ZnO/Zr02 catalyst is in the range of preferably 100 to 300C, 15 more
preferably 120 to 200C; and it is described in JPA-2007-83197 (patent
document 7) that the reduction temperature of a Cu/ZnO/Al203 catalyst is
in the range of preferably 100 to 300C, more preferably 110 to 280C, still
more preferably 130 to 240C. The reason is that if the reduction
temperature is raised too high, the copper surface 20 area is decreased by
sintering of copper. Accordingly, improvement in the pretreatment method
(reduction method) of a copper-based catalyst whichdoes not cause
sintering& copperhas been also desired. Citation List  Patent Literature
SF-2209 [0008]  5 



Patent document 1: JPA-1988-39287  Patent document 2: JPA-1995-39755
Patent document 3:  JPA-1994-312138 5 Patent document 4:  JPA-1998-309466



Patent document 5:  JPA-1977-76288  Patent document 6:  JPA-1995-8799
Patent document 7:  JPA-2007-83197  Patent document 8:  JPA-2004-298685 10



Patent document 9:  JPA-1994-254414  Non-patent Literature    [0009]
Non-patent document 1: ShokubaiKoza (Lectures of Catalysts), vol. 7,
edited by Catalysis Society of Japan, issued by Kodansha Ltd. 15 on July
20, 1989        Non-patent document 2: AppliedCatalysisA: General, 38
(1996), pp. 311-318 SUMMARY OF INVENTION 20 TECHNICAL PROBLEM [0010]The
present invention has been made in the light of such circumstances as
mentioned above. It is an object of the present invention to provide a
process for preparing a copper-based 



catalyst which exhibits good catalytic activity, markedly excellent
SF-2209 6 durability and good reproducibility in catalytic reactions, such
as methanol synthesis reaction or its reverse reaction, methanol reforming
reaction, and shift reaction or its reverse reaction, and a copper-based
catalyst. It is also an object of the present invention 5 to provide a
process for preparing a copper-based catalyst, comprising more
simplifiedpreparation steps than those of conventional processes, and a
pretreatment method of a copper-based catalyst, which does not bring about
lowering of catalytic activity. 10 SOLUTION TO PROBLEM [0011]In order to
solve the above problems, the present inventors have earnestly studied. As
a result, they have found that the above problems can be solved by
carrying out (1) a step of continuously bringing an acidic metal salt
solution containing copper 15 and a precipitant solution into contact with
each other to obtain a slurry solution containing a precipitate of a
catalyst precursor, and (2) a step of bringing the slurry solution and
awash liquid into contact with each other to wash the precipitate, with
substantially keeping the suspended state, and they have accomplished the
present 20 invention. [0012]In particular, the present inventors have
found that (1) by bringing a slurry given in the course of the catalyst
preparation into contact with water under the specific conditions, a
copper-based catalyst having good catalytic activity, markedly  SF-2209 



7 excellent durability and good reproducibility is obtained, (2) by
controlling a water content in the drying step of the catalyst
preparation, a copper-based catalyst having good catalytic activity
anddurabilitycanbepreparedwithhighproductivitywithout carrying 5 out steps
of addition of water and standing which have been carried out in
conventional preparation processes, and (3) by the pretreatment method
wherein reduction reaction is carried out in the specific temperature
range, a copper-based catalyst having good catalytic activity and markedly
excellent durability is obtained. 10  [0013] As describedinthe above (3) ,
thepresent inventors have found that in the case of the copper-based
catalyst obtained bytheabovepreparationprocess (particularly, copper-based
catalyst composed of metal oxides containing copper oxide, zinc oxide and
aluminum oxide as essential components and containing zirconium oxide, 15
gallium oxide and silicon oxide as arbitrarily components) , sintering
hardlytakes place even if reduction is carriedout at a high temperature,
or rather, pretreatment wherein reduction is carried out at a high
temperature makes it possible to obtain a copper-based catalyst which
exhibits excellent durability in methanol synthesis reaction using 20 002
and H2 as main raw materials, and other reactions.        [0014]That is to
say, the process for preparing a copper-based catalyst of the invention is
a process for preparing a catalyst composed of metal oxides containing
copper oxide as an essential component and is characterized by comprising
the following  SF-2209 8  steps: (1) a step of bringing an acidic metal
salt solution containing copper and a precipitant solution into contact
with each other to obtain a slurry solution containing a precipitate of a
catalyst precursor, and (2) a step of continuously bringing the slurry
solution 5 and a wash liquid into contact with each other to wash the
precipitate, with substantially keeping the suspended state. [0015]The
catalyst composed of metal oxides containing    copper oxide as an
essential component preferably further contains at least one oxide
selected from zinc oxide, aluminum oxide, zirconium 10 oxide, gallium
oxide and silicon oxide. [0016]The catalyst composed of metal oxides
containing 



copper oxide as an essential component is preferably a catalyst composed
of metal oxides containing copper oxide, zinc oxide and aluminum oxide as
essential components and containing zirconium oxide, 15 gallium oxide and
silicon oxide as arbitrary components. [0017]The wash liquid is preferably
water. [0018]It is preferable that the acidicmetal salt solution
containing copper and the precipitant solution are both aqueous solutions,
and after these aqueous solutions are mixed in water to 20 form a
precipitate of a catalyst precursor in the step (1) , dissolution
equilibrium of an alkali metal of the precipitant component is
sufficiently reached in such a state that the precipitate is highly
dispersed in water, and -the slurry solution and a wash liquid comprising
water are brought into contact with each other to wash the precipitate,
SF-2209 9 with substantially keeping the suspended state, in the step (2).
[0019] It is preferable that the step (2) includes a step of continuously
carrying out drawing of the slurry liquid phase portion and feeding of the
wash liquid comprising water to remove the alkali 5 metal of the
precipitant component, and the step (2) is followed by (3) a step of
drawing the slurry liquid phase portion outside the system without adding
water to thereby increase the concentration of the catalyst precursor
contained in the slurry solution and to obtain a precipitate in the foimof
a cake, and (4) a step comprising 10 drying and calcining the precipitate
in the form of a cake to obtain metal oxides. [0020]It is preferable that
the precipitant is an alkali   metal salt, and the alkali metal is removed
until the concentration of the alkali metal contained in the catalyst
becomes not more than 15 0.1% by weight in the step (2). [0021]The
temperature of the slurry liquid phase portion 



and the temperature of the precipitate in the fouu of a cake given after
water is drawn out and before the precipitate is dried are each preferably
in the range of 10 to 40C. 20[0022]Itispreferablethat inthe step (1) ,
pHforfoiming the precipitate of the catalyst precursor is in the range of
5 to 9, and the concentration of the precipitate of the catalyst precursor
in the slurry solution is in the range of 0.5 to 12% by weight in teLlas
of a metal hydroxide.  SF-2209 10 [0023]It is preferable that in the step
(4), the temperature and the pressure are controlled so that the water
content of the catalyst precursor after drying may become 8 to 17% by
weight, and thereafter, the catalyst precursor is calcined. 5[0024]It is
preferable that in the step (4) , drying of the precipitate in the foim of
a cake is carried out at a temperature of 100 to 400C. [0025]It is
preferable that the catalyst is molded by tablet making. 10[0026]It is
preferable that in the step (4) , calcining of the catalyst precursor
after drying is carried out at a temperature of 280 to 690C. [0027]The
copper-based catalyst of the present invention is characterized by being
obtained by reducing a catalyst obtained 



15 by the above preparation process at a temperature of higher than the
catalytic reaction temperature but lower than the calcining temperature in
a stream of a hydrogen-containing gas, and is preferably obtained by
reducing the catalyst at a temperature of 300 to 550C. [0028]The
pretreatment method of a copper-based catalyst 20 of the present invention
is characterized by comprising reducing a catalyst obtained by the above
preparation process at a temperature of 300 to 550C in a stream of a
hydrogen-containing gas before the catalytic reaction, and the hydrogen
concentration of the hydrogen-containing gas is preferably in the range of
0.1 to 10% by  SF-2209 11 volume. ADVANTAGEOUS EFFECTS OF INVENTION
[0029]The preparation process and the pretreatment 5 method of the present
invention have high reproducibility, and the
resultingcatalystexhibitshighactivity, maintainsthehighactivity overa
longperiodof time andis excellent in durability. The catalytic activity
maintenance effect of the catalyst is remarkable, and excellent activity
and durability which cannot be expected from 10 copper-based
multi-component catalysts for methanol synthesis used or proposed at
present are obtained. The present invention is
extremelyusefulparticularlyindustrially. Accordingtotheprocess
forpreparinga copper-basedcatalyst ofthepresent invention, further, a
catalyst having the above characteristics can be prepared through 15 more
simplifiedpreparation steps than those of conventionalprocesses . Decrease
of the number of steps is extremely useful because it leads to lowering of
the production cost. BRIEF DESCRIPTION OF DRAWING 20[0030]Fig. 1 shows a
chart of thermobalance analysis 



of a cake 1 and a cake 2 described in Example Bl. DESCRIPTION OF
EMBODIMENTS  SF-2209 12  the preparation process of the invention are
described below, and then details of the process for preparing a
copper-based catalyst and the pretreatment method of a copper-based
catalyst of the invention are described. The copper-based catalyst
prepared by the preparation 5 process of the invention is also referred to
as a "copper-based catalyst" simply hereinafter. [0032]Copper-based
catalyst          The copper-based catalyst prepared by the preparation
process of the invention is a catalyst composed of metal oxides containing
10 copper oxide as an essential component, andpreferably further contains
at least one oxide selected from zinc oxide, aluminum oxide, zirconium
oxide, gallium oxide and silicon oxide. [0033]The copper-based catalyst
prepared by the preparation process of the invention is particularly
preferably a 15 catalyst composed of metal oxides containing copper oxide,
zinc oxide and aluminum oxide as essential components and containing
zirconium oxide, gallium oxide and silicon oxide as arbitrary components.
[0039]The copper-based catalyst may further contain other oxides within
limits not detrimental to the spirit of the present 20 invention. As other
components, oxides of noble metals such as palladium are usually used in
some cases because of high reactivity, but the copper-based catalyst
prepared by the preparation process of the invention tends to be able to
exert high catalytic perfounance even if the noble metal oxide is not
used. 



SF-2209 13 [0035]The proportions of the components are as follows. Based
on 100% by weight of the whole catalyst, the proportion of copper oxide is
in the range of usually 20 to 60% by weight, preferably 30 to 50% by
weight; the proportion of zinc oxide is in the range of 5 usually 10 to
50% by weight, preferably 20 to 40% by weight; the proportion of aluminum
oxide is in the range of usually 2 to 10% by weight, preferably 4 to 8% by
weight; the proportion of zirconium oxide is in the range of usually 0 to
40% by weight, preferably 10 to 20% by weight; the proportion of gallium
oxide is in the range 10 of usually 0 to 10% by weight, preferably 0.1 to
5% by weight; and the proportion of silicon oxide is in the range of
usually 0 to 2% by weight, preferably 0.0 to 0.9% by weight, more
preferably 0.3 to 0.9% by weight. The present invention can be favorably
applied to the preparation of a copper-based catalyst having such
proportions 15 of the components. By properly determining composition
according to proper formulation of the catalyst and the desired reaction,
catalytic perfoimance suitable for the reaction can be obtained.
[0036]In the copper-based catalyst of the invention, silicon oxide may be
derived from colloidal silica or water-dissolved 20 silica. The colloidal
silica and the water-dissolved silica may be used in combination. In the
case where a copper-based catalyst is preparedby adding sodium silicate
(water glass ) or potassium silicate , a copper-based catalyst having the
prescribed effect cannot be sometimes obtained though such a compound is
also a silicon compound.  SF-2209 



14 [0037]In the case where colloidal silica is used, it is preferable to
use colloidal silica having a sodium oxide content of less than 0.1% by
weight, particularly not more than 0.06% by weight , i.e. , colloidal
silica substantially having no sodium content. Many 5 grades of colloidal
silica have a sodium oxide content of about 0.2 to 0.6% by weight.
[0038]In the case where water-dissolved silica is used, natural fresh
water, tap water, well water, industrial water or the like is employable.
Such water contains dissolved silica in an amount 10 of about 20 ppm to
100 ppm. The dissolved silica is silica whose test water is measuredby
absorptiometryusingmolybdenumyellowmethod or molybdenum blue method (said
silica being commonly called "colorimetric silica") . [0039]Process for
preparing copper-based catalyst  15The process for preparing a
copper-based catalyst of the invention is important in order to bring out
performance of a catalyst of proper composition to the most. One
embodiment of the process for preparing a copper-based catalyst of the
invention is also intended to simplify the molding steps, and optimization
of composition of 20 the catalyst according to the desired reaction is
important in order to bring out perfoiniance of the catalyst to the most,
as described above. [0040]The aforesaid catalyst (aforesaid conventional
SF-2209 



15 A liquid made of an acidic metal salt solution (e.g., A liquid made of
an aqueous solution containing a water-soluble salt of a metal component)
withB liquid made of aprecipitant solution (e.g. , B liquid made of an
aqueous solution of a precipitant containing a basic 5 substance) to forma
precipitate that becomes a catalyst precursor, properly aging, then
carrying out washing in order to remove the precipitant, drying the washed
precipitate and then carrying out calcining treatment at 280 to 690C to
form a calcined product. [0041]The present invention is characterized in
that 10 in the above washing to remove the precipitant (more particularly
alkali metal of the precipitant component), a slurry solution containing a
precipitate of a catalyst precursor and a wash liquid are brought into
contact with each other to wash the precipitate, with substantially
keeping the suspended state. The expression 15 "substantially keeping the
suspended state" means a state where the slurry solution keeps fluidity.
The condition of the precipitate, e.g., fluidity, varies depending upon
the particle size and the composition of the precipitate, even if the
content of the precipitate in the solution is the same. As a measure,
therefore, a state where 20 the weight concentration of the precipitate in
the slurry solution is in the range of 0.5 to 12% by weight in terms of a
metal hydroxide is defined as "substantially keeping the suspended state".
[0042]The acidic metal salt solution is preferably an aqueous solution
containing a water-soluble salt of a metal component,  SF-2209 16 and the
precipitant solution is preferably an aqueous solution of a precipitant
containing a basic substance. The wash liquid is preferablywater. Water
used as the wash liquid is water substantially containing no alkali metal,
and is desirably water having an alkali 5 metal content of not more than
100 ppm, particularly not more than 10 ppm, moreparticularlynotmore than 1
ppm. Suchwater substantially containing no alkali metal is also referred
to as "clean water" in the present invention. As the metal component,
copper is an essential component, and zinc, aluminum, zirconium, gallium
and silicon can 10 be mentioned. A preferred embodiment is described
below, but the present invention is not limited to the embodiment.
[0043]For mixing the A liquid with the B liquid to foim 



a precipitate, not only a method wherein the A liquid and the B liquid are
mixed all together to precipitate the components of the A liquid 15 but
also a method wherein the A liquid is divided into two or more portions,
then the A liquid made of an aqueous solution containing one or more
components of the water-soluble salts of the metal components is mixed
with the B liquid made of an aqueous solution of a precipitant containing
a basic substance to precipitate the 20 components oftheAliquid, andtothe
liquidcontainingtheprecipitate is addedtheAliquidmade of anaqueous
solution containingthe residual components to likewise precipitate the
components is adopted. For the mixing, other various methods are
available. The mixed liquid of the A liquid and the B liquid to fo ma
precipitate of a catalyst  SF-2209 17 precursor has pH of preferably 5 to
9. [0044]As the water-soluble salts of metal components other than the
silicon component among the above metal components, nitrate and nitrite
both of which have excellent water solubility 5 are preferably used. As
the basic substances, alkali metal salts, such as sodium carbonate,
potassium carbonate, sodium hydroxide and potassium hydroxide, are
preferably used, and according to circumstances, ammonia, alkanolamine,
amine, etc. can be also used. When sodium hydroxide or potassium hydroxide
is used, blowing of 002 10 gas is also used in combination. [0045]In the
present invention, it is preferable to allow the precipitate to adsorb
colloidal silica or water-dissolved silica in the formation, aging or
washing of the precipitate. In order to allow the precipitate to adsorb
colloidal silica in the formation 



15 of the precipitate, a method of adding colloidal silica to at least one
of the A liquid and the B liquid, a method of mixing the A liquid with the
B liquid in water containing colloidal silica, or the like is adopted.
From the fact that the colloidal silica is not actually introduced into
the supernatant liquid in the foliation or aging of 20 the precipitate and
that the silica component does not actually flow out even if washing is
carriedout afterthe colloidal silica is adsorbed, it can be understood
that the colloidal silica is not merely mixed with the precipitate but is
adsorbed on the precipitate. In order to allow the precipitate to adsorb
water-dissolved silica, a method  SF-2209 18 of preparing an aqueous
solution containing a water-soluble salt of a metal component or an
aqueous solution containing a basic substance by the use of water
containing dissolved silica, a method of washing the precipitate by the
use of water containing dissolved silica, or 5 the like is adopted.
[0046]After the formation of the precipitate, aging is 



properly carried out, and then washing is carried out in order to obtain a
catalyst precursor of high activity. This washing is carried out in order
to remove the alkali metal of the precipitant component, 10 and it is
known that if the washing is insufficiently carried out and if a large
amount of the alkali metal remains, activity of the catalyst is markedly
lowered in the methanol production that is carried out later. On that
account, washing is usually carried out until the alkali metal is removed
to such an extent that the alkali metal 15 exerts no influence on the
methanol synthesis reaction or the like.       [0047]As a usual washing
method, the following method is used. The precipitate in the slurry is
subjected to filter filtration by compression or the like to remove water
together with the dissolved precipitant, and then clean water is added to
the 20  precipitate to redisperse the precipitate in the water added. The
resulting slurry wherein the precipitate is dispersed in water is filtered
again. A series of these operations are repeated until the concentration
of the alkali metal of the precipitant component in the precipitate
becomes the aimed concentration or lower. Or,  SF-2209 19 after the slurry
is filtered in a filter plate to prepare a precipitate in the fo mof a
cake, and then wash water is made to flow over the filter plate (or the
precipitate in the form of a cake) to expel the filtrate present in the
precipitate in the form of a cake by 5  substitution, that is,
substitution washing is carried out. Most of the alkali metal of the
precipitant component is usually present in water because a compound
having high water solubility is used. Therefore, through the above
operations, the alkali metal of the precipitant component is efficiently
removed by wash water. 10  [0048] According to the studies by the present
inventors, however, it has been confirmed that in the above method, the
alkali metal frequently remains in the precipitate in a concentration much
higher than the alkali metal concentration in the filtrate in spite that
the alkali metal concentration in the filtrate is sufficiently 15 lowered.
That is to say, the alkali metal is not readily eluted into the filtrate.
Accordingly, even if the alkali metal concentration in the filtrate is
lowered, it does not necessarily follow that the alkali metal is removed
from the precipitate. [0049]According to further studies by the present 20
inventors, it has been found that in the above method of washing with
clean water after formation of the cake, it is necessary to allow the
slurry solution to stand for at least 2 hours with stirring after addition
of clean water, in order that the alkali metal concentration in the
filtrate and the alkali metal concentration in the precipitate  



SF-2209 20 may become the same as each other. The cause of this is
presumed to be that the alkali metal is ionically bonded to the
precipitate, and the alkali metal is slowly dissolved in water at
equilibrium, or the precipitate is formed into a cake by filtration, so
that even 5 if water is then added in order to disperse the precipitate,
the precipitate is hardly diffused and the alkali metal remaining in the
precipitate is hardly removed. Therefore, when filtration and dispersion
are repeated, at least a number of repetition times are necessary. It is
desirable to remove the alkali metal until the alkali 10 metal content in
the precipitate becomes not more than 0.1% by weight based on the
precipitate. However, washing by repetition of such filtration and
diffusion into water needs a long time.        [0050]In the prior
techniques, there is no description of a washing method particularly, and
with regard to the reproduction 15 of the catalytic activity, satisfactory
result is not necessarily obtained particularly in the scale-up case (e.
g. JPA-1995-8799, JPA-1995-39755, and JPA-1998-272361) . [0051]As a result
of further studies in the light of the above circumstances, the present
inventors have found that in 20 the washing to remove the alkali metal of
the precipitant component, it is necessary to continuously bringing the
slurry solution containing the precipitate of the catalyst precursor and
the wash liquid into contact with each other to wash the precipitate, with
substantially keeping the suspended state, in order to efficiently remove
the alkali  



SF-2209 21 metal. In particular, the acidic metal salt solution containing
copper and the precipitant solution are both aqueous solutions, so that in
order to efficiently remove the alkali metal, it is preferable that these
aqueous solutions are mixed in water to form a precipitate 5 of a catalyst
precursor, and thereafter dissolution equilibrium of the alkali metal is
sufficiently reached in such a state that the precipitate is highly
dispersed in water, and the slurry solution and clean water are brought
into contact with each other with substantially keeping the suspended
state. 10[0052]The purpose of always bringing clean water and the slurry
solution into contact with each other is to feed water containing no
alkali metal to thereby substitute the water for water in which an alkali
metal is dissolved, and the state where dissolution equilibrium of the
alkali metal is sufficiently reached means a state 15 where the error in a
change of electrical conductance in the slurry solution becomes not more
than 5% of the original electrical conductance in one hour after the
precipitate is dispersed in water in a concentration of 2% by weight.
[0053]A lower content of the alkali metal is preferable, 20 but treatment
to bring the content as close to zero as possible needs extremely much
time. In the present invention, therefore, removal of the alkali metal
until the alkali metal content in the precipitate becomes not more than
0.1% by weight is adequate, or it is preferable to remove the alkali metal
until the alkali metal concentration in  SF-2209 22 the finally obtained
catalyst becomes not more than 0.1% by weight.         [0054] That is to
say, it is particularly preferable in the invention that without forming
the resulting precipitate into a cake by filtration but with keeping the
slurry state, clean water 5 is added while the slurry liquid phase portion
is continuously drawn out to thereby remove the alkali metal of the
precipitant component together with the liquid phase portion drawn out.
The slurry concentration (concentration of precipitate of catalyst
precursor) is not specifically restricted, and as long as the precipitate
can 



10 be maintained in a highly dispersed state, the slurry concentration is
not restricted. Taking operating properties into account, the slurry
concentration is practically not more than 12% by weight. If the slurry
concentration is lower than 0. 5% byweight, a large apparatus is
necessary, and consequently, economical efficiency is sometimes 15
lowered. The slurry concentration is a value in terms of a metal
hydroxide. In the above method, treatment is carried out in such a state
that the precipitate and water are always in contact with each other, so
that the contact time is long, and the washing time canbemarkedly
shortened as compared with the operations of filtration 20 and
redispersion in water. The temperature of the slurry liquid phase portion
is preferably in the range of 10 to 40C. [0055]Generally, repetition of
operations consisting of compressing the precipitate as strongly as
possible to squeeze water out, then newly adding wash water and squeezing
water out again  SF-2209 23 can remove the alkali metal more efficiently.
However, in the case of removal of the alkali metal from the catalyst
precursor composed of metal oxides containing copper oxide as an essential
component (e.g. , metal oxides containing copper oxide, zinc oxide and
aluminum 5 oxide as essential components and containing zirconium oxide,
gallium oxide and silicon oxide as arbitrary components) , it is more
effective to substitute wash water while keeping the slurry state, for the
aforesaid reason. The slurry concentration is preferably maintained at the
same concentration during the washing. 10[0056]The apparatus to carry out
operations of sufficiently reaching dissolution equilibrium of the alkali
metal of the precipitant component in such a state that the precipitate is
highly dispersed in water and always bringing the precipitate into contact
with clean water has only to be an apparatus which is made 15 up of a part
for drawing out water from the slurry, a part for newly adding clean water
and a part for mixing the newly added water with the slurry given after
water is drawn out and in which these parts are connected so that the
slurry can be circulated. [0057]For example, a so-called cake-less filter
(dynamic 20 filter) equipped with traction mechanism which can inhibit
thickening of a filter layer of a filter cake as much as possible during
removal of water is adoptable. Specifically, rotary cylindrical cake-less
filter, Shriver type filter thickener, multi-chamber cylindrical vacuum
filter (Oliver type filter) , centrifugation type slurry filter 



SF-2209 24 or the like is employable [0058]The slurry washed as above can
be concentrated as such ( for example, by drawing the slurry liquid phase
portion outside the system without adding water) and subjected to spray
drying, but 5 generally, the slurry is subjected to pressure filtration to
give a precipitate in the faint of a cake. In this case, vacuum filter,
filter press, centrifugal dehydration filter or the like is employable.
The temperature of the precipitate in the form of a cake prior to drying
is preferably in the range of 10 to 40C. 10[0059]The resulting precipitate
in the foim of a cake becomes metal oxides by subjecting it to drying and
calcining. The apparatus for the drying and calcining is not specifically
restricted, and a general dryer is used. When the resulting catalyst is
used as an industrial catalyst, it is generally molded prior to use. As 15
the method to mold the catalyst, extrusion or tablet making is generally
used. When the catalyst is used by filling it into a fixed bed reactor,
tablet making method in which the catalyst is hardly pulverized or broken,
variability of pressure loss is small, and tablets of uniform shapes are
obtained is preferable. In the case of the tablet making, 20 a powder
catalyst is filled in a mortar of a tablet making machine, and a rod is
pushed down to perform molding. The powder is first subjected to heat
treatment to remove extra water content. In this heat treatment, calcining
may be also carried out. However, if calcining is carried out prior to
molding, the catalyst with higher  SF-2209 25 



strength may not be obtained after molding. On the other hand, if
calcining is carried out after molding, because of the dehydration
shrinkage that takes place during the calcining, the catalyst with higher
strength may be obtained. Therefore, before the tablet making, 5 the
powder is usually dried at a temperature lower than the temperature of
actual calcining. That is to say, drying is carried out at a temperature
of usually 100C to the calcining temperature, preferably a temperature
lower than the calcining temperature by 100 to 300C. The particle
diameters of the powder must be made uniform so that 10 the powder can be
filled in the mortar rapidly and homogeneously. In order to make the
catalyst particles unifoim, screening of the catalyst is usually carried
out after drying, but it is also possible that the precipitate in the form
of a cake is formed into a slurry and the slurry is subjected to spray
granulation. The size of the 15 particle is generally in the range of
about several tens pm and sub-mm though it depends upon the size of the
mortar. In the tablet making, molding of the powder is carried out more
easily as the rod of the tablet making machine moves more smoothly, so
that a lubricant that enables the rod to smoothly move, such as graphite,
is generally added 20 to the catalyst powder. Although the amount of the
lubricant can be properly controlled according to the molded state of the
molded product, the lubricant is generally added in an amount of 1 to 10%
by weight based on the catalyst powder. [0060]In the tablet making, the
powder is solidified  SF-2209 26 by a compressive force and thereby
molded, and it is preferable that the strength of the
resultingmoldedproduct becomes as high as possible by application of a
small compressive force. In order to increase bonding power of the powder
particles, a certain amount of water is 5 generally introduced into the
powder. Unless the water is homogenously dispersed in the powder,
variability of strength is brought about. According to circumstances,
therefore, standing is carried out in order to homogeneously disperse
water. With regard to the amount of water added, an optimum amount of
water is examined 10 in advance from the relationship between the strength
and the amount of water. [0061]Accordingly, molding of the powder,
particularly tablet making, has been considered to need, as pretreatments,
many steps, such as pulverization with making the particle diameters of 15
the catalystprecursoruniform, addition ofa lubricant andhomogeneous
mixing, and addition of water and homogeneous mixing. 



[0062]In the light of such complicated operations, the present inventors
have studied, and as a result, they have found that it is particularly
preferable to adjust water content of the catalyst 20 precursor after
drying to 8 to 17% by weight in spite of necessity for tablet making (the
water content in the invention is a value based on the water content in
the catalyst having been calcined at 600C being zero). That is to say, the
present inventors have also found that if the amount of water remaining in
the catalyst is adjusted  SF-2209 27
bycontrollingtheheattreatmenttemperatureofthecatalystprecursor and the
pressure, the aforesaid addition of water, mixing for homogeneous
dispersion and standing can be omitted, and even if the steps are
simplified, a catalyst having high activity and high 5 durability can be
prepared. In this case, when the same treatment temperature is used, a
large difference in content of residual water is not observed even if the
drying time is somewhat different. The lower limit of the treatment
temperature is not lower than 100C, preferably not lower than 200C, more
preferably not lower than 250C, 10 though it depends upon the tablet
making conditions. The upper limit of the treatment temperature is 550C,
preferably 400C, more preferably 300C. Although the drying time is not
specifically restricted, it is preferably not less than 0.1hour, more
preferably not less than 0.5 hour. There is no need to deteimine the upper
limit 15 of the drying time, but taking productivity into account, the
upper limit is 10 hours, preferably 5 hours. The pressure in the drying
step is preferably in the range of vacuum to 0.2 MPa, more preferably
vacuum to noTmal pressure. The drying step may be carried out not only in
air but also in a stream of an inert gas such as nitrogen. 20[0063]In the
case of the catalyst of the invention, the 



water content dependent upon the heat treatment temperature is preferably
in the range of 8 to 17% by weight, and by controlling the drying step in
such a manner, a catalyst of high activity and high durability can be
obtained even if steps of addition of water,  SF-2209 28 mixing and
standing are not carried out. Moreover, a catalyst having high crushing
strength, which does not suffer occurrence of cracks when it is subjected
to molding, particularly tablet making, can be obtained. 5[0064]The water
content and the heat treatment temperature frequently have a given
relationship to each other. This relationship can be deteimined by, for
example, theintobalance measurement. The relationship is not specifically
restricted by the shape of the apparatus or the like, and even if drying
is carried 10 out by a general calciningmachine, similar results are often
obtained. After the pretreatment, the catalyst precursor is molded by, for
example, tablet making. As the apparatus for this tablet making, a usual
tablet making machine is used, and there is no specific limitation.
15[0065]After the drying, the catalyst precursor is subjected to calcining
treatment at a temperature of usually 280 to 690C, preferably 350 to 680C,
particularly preferably 480 to 670C, to give a calcined product. On the
other hand, the precipitate on which colloidal silica has been adsorbed is
subjected to calcining 20 treatment at a temperature of usually 480 to
690C, preferably 520 to 680C, particularly preferably 560 to 670C, to give
a calcined product. The calcining is carried out in an oxygen atmosphere
(usually in air) , whereby the aforesaid metal components become oxides.
[0066]Reduction treatment (pretreatment)   SF-2209 29        The
pretreatment method of the invention is characterized by reducing a
copper-based catalyst at a temperature of higher than the 



catalytic reaction temperature but lower than the calcining temperature
(e.g., temperature of 300 to 550C) in a streamof a reducing 5 gas prior to
the catalytic reaction. As the copper-based catalyst for use in the
pretreatment, any catalyst properly selected from hitherto publicly known
catalysts is employable as long as it is a catalyst composed of the
aforesaid metal oxides (e.g., catalyst composed of metal oxides containing
copper oxide, zinc oxide and 10 aluminumoxide as essential components and
containing zirconiumoxide, gallium oxide and silicon oxide as arbitrary
components). As the copper-based catalyst for use in the pretreatment, a
copper-based catalyst obtainedby the aforesaidpreparationprocess ofthe
invention is particularly preferable. 15[0067]The copper-based catalyst
obtained by the preparation process of the invention as above is
preferably reduced under the specific conditions. The copper-based
catalyst of the invention has catalytic action also in this stage, but it
is preferable to reduce (pretreat) the copper-based catalyst of the
invention by 20 a reducing gas, e.g., a hydrogen-containing gas such as H2
gas or H2-N2 mixed gas, prior to use of the copper-based catalyst for
methanol synthesis or the like. [0068]The reducing gas is preferably a
hydrogen-containing gas. The hydrogen concentration of the  SF-2209 30
hydrogen-containing gas is preferably in the range of 0.1 to 10% by
volume. In the case of a hydrogen-containing gas having a hydrogen
concentration of lower than 0.1% by volume, reduction takes time, and an
economical problem frequently occurs. If the hydrogen 5 concentration
exceeds 10% by volume, abrupt reduction takes place, and there is a fear
of doing damage to the copper-based catalyst.        [0069] When the
copper-based catalyst is reduced by a reducing gas, it is preferable in
the invention to carry out the reduction in a stream of a reducing gas
under the conditions of a 10 temperature of higher than the reaction
temperature used in the production of methanol or the like but lower than
the calcining temperature of the above calcining step. The lower limit of
the reduction temperature is usually 300C, preferably a temperature of
more than 300C, more preferably a temperature of 350C. On the other 15
hand, the upper limit is usually 550C, more preferably 500C. It is said
that when a copper-based catalyst is treated at a high temperature of not
lower than 300C, the surface area of the reduced copper is generally
decreased by sintering or the like to thereby lower activity. In the
present invention, however, it has been found 



20 that reduction at a temperature of not lower than 300C, preferably a
temperature of more than 300C, rather increases the surface area of
copper, andthis is surprising. However, ifthe temperature exceeds 550C,
sintering takes place, and there is possibility of decrease of surface
area.  SF-2209 31 [0070]That is to say, this indicates that the
copper-based catalyst of the invention is in such a form that (1) copper
is hardly reduced at a low temperature and (2) copper is hardly sintered
even at a high temperature, as compared with usually known copper-based 5
catalysts. It is thought that such properties are connected to maintenance
of catalytic activity over a long period of time and excellent durability.
Moreover, by carrying out pretreatment wherein the catalyst is reduced in
advance at a high temperature of preferably not lower than 300C, more
preferably more than 300C, shortening 10 of induction period in the
initial stage of reaction and enhancement of catalytic activity can be
realized. [0071]In the copper-based catalyst of the invention, the
aforesaid surprising tendency frequently appears especially when copper
oxide which is an essential component (preferably, copper oxide, 15 zinc
oxide and aluminum oxide which are essential components and zirconium
oxide, gallium oxide and palladium oxide which are arbitrary components)
fon s skeletons and among the skeletons colloidal silica or
water-dissolved silica having been adsorbed when necessary is present as
silicon oxide in a specific amount of usually of 0 to 2% 20 by weight,
preferably 0.0 to 0.9% by weight, more preferably 0.3 to 0.9% by weight.
When the calcining treatment is carried out in a specific high temperature
range of 480 to 690C, such tendency becomes more marked. [0072]Although
the reason why the effect of the invention  



SF-2209 32 tends to be exhibited when a silicon compound is contained is
unknown, the following hypothesis can be thought. It is thought that since
the silicon component exerts a function of inhibiting transfer of ametal
component in the catalyst, the catalyst exhibits high activity, 5
maintains the high activity over a long period of time and has high
durability, and this effect is exhibited also in the reduction treatment,
that is, since the transfer of the metal component is likewise inhibited,
sintering can be inhibited. It is considered that the effect becomes
greater as the temperature in the pretreatment 10 of the catalyst is
raised, and as a result, the catalyst exhibits higher activity by virtue
of the pretreatment conditions of the invention. [0073]The catalyst
obtained as above is used as it is or after granulated by an appropriate
method or tablet making, and 15 is used for, for example, the following
reactions. The particle diameter and the shape of the catalyst can be
arbitrarily selected according to the reaction system and the shape of the
reactor. [0074]Reaction  The copper-based catalyst of the invention and
the reduced 20(pretreated) copper-based catalyst are useful for catalytic
reactions, such as methanol synthesis reaction or its reverse reaction,
methanol refolming reaction, and shift reaction or its reverse reaction,
and they are particularly useful as catalysts for the reaction to
synthesize methanol from hydrogen and carbon oxide or its reverse  SF-2209
33 



reaction. [0075]When the catalyst is used for the reaction, the   catalyst
can be used as it is, as described above, but it is preferable to reduce
the catalyst by a reducing gas such as H2 gas or H2-N2 mixed 5 gas prior
to use. [0076]In the case of methanol synthesis, hydrogen and a raw
material gas composed of carbon oxide are allowed to react with each other
on the catalyst to synthesize methanol. This reaction is carried out
typically at a reaction temperature of 150 to 300C 10 and a reaction
pressure of 1 to 10 MPa. In the case of its reverse reaction, methanol can
be decomposed into hydrogen and carbon oxide. This reaction is carried out
typically at a reaction temperature of 200 to 400C and a reaction pressure
of atmospheric pressure to 1 MPa. These reactions can be carried out in
any of a gas phase and 15 a liquid phase. As the solvents used when the
reaction is carried out in a liquid phase, hydrocarbon-based solvents and
water-insoluble to water-slightly soluble solvents are employable.
[0077]Action  With regard to the copper-based catalyst of the invention,
copper 20 oxide which is an essential component (preferably, copper oxide,
zinc oxide and aluminum oxide which are essential components and zirconium
oxide, gallium oxide, palladium oxide and silicon oxide which are
arbitrary components) forms skeletons, and an alkali metal which inhibits
activity is sufficiently removed. Therefore, by subjecting 



SF-2209 34 the catalyst to calcining treatment in the temperature range
of, for example, 480 to 690C after drying step that is carried out when
necessary, the catalyst exhibits high activity, maintains the high
activity over a long period of time and has excellent durability. 5
[0078] According to the studies by the present inventors, it has been
found that presence of an alkali metal in a catalyst accelerates
crystallization of a metal oxide component in the catalyst to thereby
decrease a specific surface area of the active component. For example, it
has been made clear by the X-ray diffractionmeasurement 10 of a catalyst
that even if only 0.4% by weight of an alkali metal is present in a
catalyst containing copper oxide, zinc oxide, aluminum oxide and zirconium
oxide as main components, crystals of Cu (reduced state) , zinc oxide,
aluminum oxide and zirconium oxide considerably grow. On the other hand,
it has been made clear that when a catalyst 15 which contains copper
oxide, zinc oxide, aluminum oxide and zirconium oxide as main components
and from which an alkali metal is removed to an alkali metal content of
0.1% by weight is subjected to the same calcining and then subjected to
X-ray diffraction measurement, crystals of Cu (reduced state) , zinc
oxide, aluminum oxide and 20 zirconium oxide hardly grow. That is to say,
by virtue of sufficient removal of an alkali metal, crystal growth of each
component of the catalyst is inhibited, and high dispersibility can be
maintained over a long period of time. [0079]The copper-based catalyst
prepared by the  SF-2209 35 invention is a catalyst whose perfomance can
be stably reproduced and which can be applied also to an industrial
preparation process. Further, one embodiment of the process for preparing
a copper-based catalyst of the invention can prepare the above
copper-based catalyst 5 through steps of smaller number than those of
conventional processes, so that the invention is particularly useful as an
industrial preparation process. 



[0080]The present invention is further described with      reference to
the following examples, but it should be construed that 10 the invention
is in no way limited to those examples. EXAMPLES [0081]The following
processes are all carried out at nonal pressure. 15[0082]Example Al
In distilled water, 5.6 kg of copper nitrate trihydrate, 4.1 kg of zinc
nitrate hexahydrate, 1.4 kg ofaluminumnitrate nonahydrate, 2.0 kg of
zirconiuntnitrite dihydrate and 0.1 kg of colloidal silica ("Snowtex ST-0"
available from Nissan Chemical Industries, Ltd., 20 silicic anhydride
(Si02) content: 20 to 21 % byweight) were dissolved, to prepare 38 liters
of an aqueous solution as A liquid. Separately from this, 15.7 kg of
sodium carbonate decahydragte was dissolved in distilled water to prepare
38 liters of an aqueous solution as B liquid.  SF-2209 36 [0083]To 125
litersofdistilledwatervigorouslystirred, the A liquid and the B liquid
were dropwise added at the same time with adjusting pH to 7.0 to 7.4 (this
method being referred to as "coprecipitationmethod"). The resultingmixture
was allowed to stand 5 for a whole day and night at 30C. Thereafter, by
the use of a rotary cylindrical cake-less filter having a filtration area
of 1 m2, 2.4 m3 of distilled water at 25C was continuously fed and the
slurry liquid phase portion was drawn out at the same rate, to obtain a
precipitate. The precipitate was washed, and then the slurry liquid 



10 phase portion was drawn outside the systemby a pressure filter without
adding water, followedbyrecovering a cake. The weight concentration of the
precipitate in the slurry was 1.5% by weight in terms of a metal
hydroxide, the whole treatment time of the precipitate was 9 hours, and
the filtrate electrical conductance was 60 mS/m. Apart 15 of the cake was
withdrawn and redispersed in water so as to give a slurry of 2% by weight,
and the filtrate electrical conductance was measured. At the start, the
filtrate electrical conductance was 30 mS/m, and after the slurry was
allowed to stand for 1 hour, the filtrate electrical conductance became 31
mS/m. 20[0084]The cake was dried at 110C and then calcined in air at 600C
for 2 hours. The resulting catalyst had a sodium content of 0.03% by
weight, and the specific surface area of the catalyst after calcining was
85 m2/g.  SF-2209 37 [0085]Comparative Example Al         A precipitate
obtained in the same manner as in Example Al was filtered by a filter
press having a filtration area of 1.2 m2, and in this state, 2.5 m3 of
distilled water at 25C was passed through 5 the filtration chamber to wash
the precipitate, followed by recovering a cake. The whole treatment time
of the precipitate was 7 hours, and the filtrate electrical conductance
was 14 mS/m. A part of the cake was withdrawn and redispersed in water so
as to give a slurry of 2% by weight, and the filtrate electrical
conductance was measured. 10 At the start, the filtrate electrical
conductance was 20 mS/m, but after 1 hour, the filtrate electrical
conductance became 280 mS/m, and equilibrium was not reached. [0086]The
cake was dried at 110C and then calcined in   air at 600C for 2 hours. The
resulting catalyst had a sodium content 15 of 1.4% by weight, and the
specific surface area of the catalyst after calcining was 32 m2/g.
[0087]Comparative Example A2  A precipitate obtained in the same manner as
in Example Al was 20 filtered by a filter press having a filtration area
of 1.2 m2, and 



the resulting cake was redispersed in 200 liters of distilled water at 25C
over a period of 30minutes (weight concentration of precipitate in slurry:
2.5% by weight in terms of metal hydroxide) and filtered immediately by a
filter press again. These operations were repeated  SF-2209 38 3 times.
The whole treatment time of the precipitate was 10 hours, and the filtrate
electrical conductance was 30 mS/m. A part of the cake was withdrawn and
redispersed in water so as to give a slurry of 2% by weight, and the
filtrate electrical conductance was measured. 5 At the start, the filtrate
electrical conductance was 25 mS/m, but after 1 hour, the filtrate
electrical conductance became 240 mS/m, and equilibrium was not reached.
[0088]The cake was dried at 110C and then calcined in    air at 600C for 2
hours. The resulting catalyst had a sodium content 10 of 1.3% by weight,
and the specific surface area of the catalyst after calcining was 40 m2/g.
[0089]Comparative Example A3  A precipitate obtained in the same manner as
in Example Al was 15 filtered by a filter press having a filtration area
of 1.2 m2, and the resulting cake was redispersed in 200 liters of
distilled water at 25 C over a period of 30minutes (weight concentration
of precipitate in slurry: 2.5% by weight in tent s of metal hydroxide) and
continuously stirred for 2 hours, followed by filtration by a filter press
again. 20 These operations were repeated 3 times. The whole treatment time
of the precipitate was 15 hours, and the filtrate electrical conductance
was 11 mS/m. A part of the cake was withdrawn and redispersed in water so
as to give a slurry of 2% by weight, and the filtrate electrical
conductance was measured. At the start, the  



SF-2209 39 filtrate electrical conductance was 9 mS/m, but after 1 hour,
the filtrate electrical conductance became 95 mS/m, and equilibrium was
not reached. [0090]The cake was dried at 110C and then calcined in 5 air
at 600C for 2 hours. The resulting catalyst had a sodium content of 0.54%
by weight, and the specific surface area of the catalyst after calcining
was 51 m2/g. [0091]Activity evaluation  10A reaction tube was filled with
2 m1 of the catalyst obtained above, and a reducing gas consisting of 10%
by volume of H2 and 90% by volume of N2 and having a temperature of 300C
was passed through the reaction tube at 300C for 2 hours to reduce the
catalyst. Thereafter, a mixed gas of 25% by volume of CO2 and 75% by
volume 15 of H2 was passed through the catalyst layer at a rate of 20
l/hr, and the reaction was perfoLmed under the conditions of a pressure of
5 MPa and a temperature of 250C. The reaction generation gas was analyzed
by a gas chromatograph to determine a relationship between the reaction
time and the amount of methanol produced. The amount 20 of methanol
(g-Me0H/L-Cat/hr) producedin 5 hours after the initiation of the reaction
is set forth in Table 1. [0092]  SF-2209 40  Treatment time 



(hr) Na(wt%) Amount of methanol produced (g-Me0H/L-catihr) Ex. Al 9 0.03
550 Comp. Ex. Al 7 1.4 320 Comp. Ex. A2 10 1.3 



350 Comp. Ex. A3 15 0.54 500  [0093]Example B1          Cake 1: To 125
liters of distilled water vigorously stirred, the A liquid and the B
liquid prepared in Example Al were dropwise 5 added at the same time at
each rate of 200 ml/min (this method being referred to as "coprecipitation
method") . The resulting mixture was allowed to stand for a whole day
andnight, and thereafter, the resulting precipitate was washed with 2.4 m3
of distilled water in the same manner as in Example Al, followed by
recovering a cake by a pressure 10 filter. [0094]Cake 2: A precipitate
obtained in the same manner as that for the cake 1 was washed with 10 m3
of distilled water in the same manner as in Example Al, followed by
recovering a cake by a pressure filter. 15[0095]The cake 1 recovered was
dried at 500C for 2 hours. The water content of this cake was measured
based on the catalyst having been treated at 600C, and as a result, the
water content was  



SF-2209 41  1% by weight. Then, to the cake was added water with
increasing the amount of water added by 2% by weight at a time until the
amount of water added became 16% by weight from 2% by weight. It was
confiimed that the amount of water added which made the strength highest
was 5 13% by weight. Separately, the cake 1 and the cake 2 recovered were
analyzed by a themobalance (the results of the thermobalance measurement
are shown in Fig. 1) . It was confirmed from the thermobalance analysis
that with regard to both of the cake 1 and the cake 2, the water content
of 13% by weight corresponded to a water 10 content given by heat
treatment at 280C. [0096]After the resulting cake 1 was dried at 280C for
2 hours (water content : 13%) , the particle diameters were made uniform
to give a particle size of 50 to 100-mesh, then a lubricant was added, and
the mixture was molded into tablets of 3 LIM. After the molding, 15 the
tablets were calcined at 600C to obtain a catalyst as a product.
[0097]Reference Example B1         After the cake 1 obtained in Example B1
was dried at 500C for 2 hours (water content: 1%) , the particle diameters
were made uniform 20 to give a particle size of 50 to 100-mesh, and a
lubricant was added. Further, water was added in an amount of 12% by
weight based on the catalyst, followed by standing for one day. The
resulting powder was molded into tablets of 3 mm. After the molding, the
tablets were calcined at 600C to obtain a catalyst as a product.  SF-2209
42 [0098]The crushing strength of the catalysts of Example 1 and Reference
Example Bl on their side surfaces and the results 



of methanol synthesis reaction are set forth in Table 2. The methanol
synthesis reactionwas carried out in the samemanner as above (activity 5
evaluation) [0099]It has been confirmed fromExample El and Reference
Example B1 that according to the preparation process of the invention, a
catalyst of equal performance can be obtained even if addition of water
and one day standing are not carried out. 10[0100] Table 2  Crushing
strength , Amount of methanol produced (g-Me0H/L-cat/hr) Ex. El 40N 570
Ref. Ex. El 



39N 570  [0101]Example Cl  Preparation of catalyst  15In distilled water,
54.3 g of copper nitrate trihydrate, 39.1 g of zinc nitrate hexahydrate,
6.6 g of aluminumnitratenonahydrate, 15.4 g of zirconium nitrite dihydrate
and 1.26 g of colloidal silica ("Snowtex ST-0" available fromNissan
Chemical Industries, Ltd.) were dissolved, to prepare 500 ml of an aqueous
solution as A liquid. The  SF-2209 43 "Snowtex ST-0" used herein is a
transparent semi-opaque colloidal liquid having a silicic anhydride (Si02)
content of 20 to 21 % by weight, a sodium oxide (Na20) content of not more
than 0.04% by weight, pH of 2 to 4, a particle diameter of 10 to 20 p.m, a
viscosity of not 5 more than 3 cps/25C, a specific gravity of 1.12 to
1.14/25C and a freezing point of 0C. [0102]Separately from the above,
139.0 g of sodium carbonate decahydrate was dissolved in distilled water
to prepare 500 ml of an aqueous solution as B liquid. 10[0103]To 400 ml of
distilled water, the A liquid and the B liquid were dropwise added at the
same time (this method being referred to as "coprecipitation method") .
The resulting mixture was allowed to stand for a whole day and night .
Thereafter, the resulting precipitate was washed with distilled water in
the same manner as 



15 in Example Al, then dried at 110C for 2 hours at normal pressure and
calcined in air at 600C for 2 hours, whereby a solid (I) corresponding to
the desired copper-based catalyst (I) was obtained.        [0104]The
resulting solid (I) had composition of CuO of 45.2% by weight, ZnO of
27.1% by weight, Al203 of 4.5% by weight, 20 Zr02 of 22.6% by weight and
Si02 of 0.6% by weight. [0105]Influence of reduction temperature         A
reaction tube was filled with 0.2 g of the solid (I) obtained above, and a
reducing gas consisting of 5% by volume of H2 and 95%  SF-2209 44 by
volume of AT was passed through the reaction tube at each of the
temperatures shown in Table 3 for 2 hours to reduce the solid. Thereafter,
a gas consisting of 2.5% by volume of N20 and 97.5% by volume of He was
passed through the reaction tube at 40C, and a surface 5 area of copper
was calculated from the amount of N20 adsorbed. The results are set forth
in Table 3 In this catalyst, S300 was calculated at 15.4 m2/g-cat, and
3500/S30b was calculated at 1.4. [0106] Table 3 Reduction temperature (C)
Cu surface area (m2/g-cat) 200 



12.4 250 13.7 300 15.4 350 17.4 400 19.9 450 21.5 500 21.6 550 21.7  



10[0107]Activity test of catalyst in methanol synthesis A reaction tube
was filled with 2 ml of the catalyst obtained above, and a reducing gas
consisting of 5% by volume of H2 and 95% by volume of N2 was passed
through the reaction tube at a reduction temperature of 400C for 2 hours
to reduce the catalyst. According 15 to the results in Table 3, the
catalyst having been subjected to  SF-2209 45 reduction treatment had a Cu
surface area of 19.9 m2/g-cat. After the reduction treatment, a mixed gas
of 25% by volume of CO2 and 75% by volume of H2 was passed through the
catalyst layer at a rate of 20 1/hr, and the reaction was perfoimed under
the conditions of a 5 pressure of 5 MPa and a temperature of 250C. The
reaction generation gas was analyzed by a gas chromatograph to determine a
relationship between the reaction time and the amount of methanol
produced.        [0108]The amount of methanol produced was 600
g-Me0H/L-Cat/hr. 10 [0109]Reference Example Cl         The same activity
test as in Example Cl was carried out, except that a catalyst obtained by
treating the catalyst of Example Cl at a reduction temperature of 250C was
used. 



15[0110]The amount of methanol produced was 430 g-Me0H/L-Cat/hr in the
initial stage, and the activity slowly rose, but stable performance was
not reached even after 2 months. [0111]Reference Example 02  20The same
activity test as in Example 01 was carried out, except that a catalyst
obtained by treating the catalyst of Example Cl at a reduction temperature
of 600C was used. [0112]The amount of methanol produced was 510
g-Me0H/L-Cat/hr.  SF-2209 46 CLAIMS        1. A process for preparing a
copper-based catalyst, which is a process for preparing a catalyst
composed of metal oxides    containing copper oxide as an essential
component and comprises the 5 following steps:        (1) a step of
bringing an acidic metal salt solution containing copper and a precipitant
solution into contact with each other to obtain a slurry solution
containing a precipitate of a catalyst precursor, and (2) a step of
continuouslybringing the slurry solution 10 and a wash liquid into contact
with each other to wash the precipitate, with substantially keeping the
suspended state. 



2. The process for preparing a copper-based catalyst as claimed in claim
1, wherein the catalyst composed of metal oxides 15 containing copper
oxide as an essential component further contains at least one oxide
selected from zinc oxide, aluminum oxide, zirconium oxide, gallium oxide
and silicon oxide.        3. The process for preparing a copper-based
catalyst as 20 claimed in claim 1, wherein the catalyst composed of metal
oxides containing copper oxide as an essential component is a catalyst
composed of metal oxides containing copper oxide, zinc oxide and
aluminumoxideasessentialcomponentsandcontainingzirconiumoxide, gallium
oxide and silicon oxide as arbitrary components.  SF-2209 47 4.The process
for preparing a copper-based catalyst as claimed in claim 1, wherein the
wash liquid is water. 55.The process for preparing a copper-based catalyst
as claimed in claim 1, wherein the acidic metal salt solution containing
copper and the precipitant solution are both aqueous solutions, and
after these aqueous solutions are mixed in water to form a precipitate of
a catalyst precursor in the step (1), dissolution 10 equilibrium of an
alkali metal of the precipitant component is sufficiently reached in such
a state that the precipitate is highly dispersed inwater, and the slurry
solution andawash liquid comprising water are brought into contact with
each other to wash the precipitate, with substantially keeping the
suspended state, in the step (2). 15 6.The process for preparing a
copper-based catalyst as 



claimed in claims, wherein the step (2) includes a step of continuously
carrying out drawing of the slurry liquid phase portion and feeding of the
wash liquid comprising water to remove the alkali metal of 20 the
precipitant component, and the step (2) is followed by:        (3) a step
of drawing the slurry liquid phase portion outside the system without
adding water to thereby increase the concentration of the catalyst
precursor contained in the slurry solution and to obtain a precipitate in
the faint of a cake, and  SF-2209 48        (4) a step comprising drying
and calcining the precipitate in the form of a cake to obtain metal
oxides.          7. The process for preparing a copper-based catalyst as 5
claimed in claim 6, wherein the precipitant is an alkali metal salt, and
the alkali metal is removed until the concentration of the alkali metal
contained in the catalyst becomes not more than 0.1% by weight in the step
(2) . 10        8. The process for preparing a copper-based catalyst as
claimed in claim 6, wherein the temperature of the slurry liquid phase
portion and the temperature of the precipitate in the form of a cake given
after water is drawn out and before the precipitate is dried 15 are each
in the range of 10 to 40C. 



9. The process for preparing a copper-based catalyst as claimed in claim
5, wherein in the step (1), pH for forming the precipitate of the catalyst
precursor is in the range of 5 to 9, and 20 the concentration of the
precipitate of the catalyst precursor in the slurry solution is in the
range of 0.5 to 12% by weight in te ills of a metal hydroxide.  SF'-2209
49 claimed in claim 6, wherein in the step (4), the temperature and the
pressure are controlled so that the water content of the catalyst
precursor after drying may become 8 to 17% by weight, and thereafter, the
catalyst precursor is calcined. 5 11.The process for preparing a
copper-based catalyst as claimed in claim 10, wherein in the step (4),
drying of the precipitate in the form of a cake is carried out at a
temperature of 100 to 400C. 1012.The process for preparing a copper-based
catalyst as claimed in claim 10, wherein the catalyst is molded by tablet
making.           13. The process for preparing a copper-based catalyst as
claimed in claim 10, wherein in the step (4) , calcining of the catalyst
15 precursor after drying is carried out at a temperature of 280 to 690C.
14. A copper-based catalyst obtained by reducing a catalyst obtained by
the preparation process of any one of claims 1 to 13 at a temperature of
higher than the catalytic reaction temperature but 



20 lower than the calcining temperature in a stream of a
hydrogen-containing gas. 15.The copper-based catalyst as claimed in claim
14, which  SF-2209 50        16. A pretreatment method of a copper-based
catalyst, comprising reducing a catalyst obtained by the preparation
process     of any one of claims 1 to 13 at a temperature of 300 to 550C
in a 5 stream of a hydrogen-containing gas before the catalytic reaction.
17. The pretreatment method of a copper-based catalyst as claimed in claim
16, wherein the hydrogen concentration of the hydrogen-containing gas is
in the range of 0.1 to 10% by volume. 






