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ATALYRT FOR METHANCOL PRODUCTION, METHOD CF PRODUCING THE SAME

S OF METHANGL PRCDUCTION

o

AND PROCE

n

TECHNICAL FIELD
0001}
The present invention relates to a copper type catalyst for

synthesizing methanol by a reaction of hydrogen and carbon oxides

containing carbon dioxide as a main component, and particularly
it relates to a method of producing a copper type catalyst having

remarkably excellent durability and good catalysi activity and
capable of suppressing lowering of catalyst activity caused by
watery which is Zormed as a by-product in the case of using carbon
dioxlide as a reactlon substrate.
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A methancl synthesis process is a very important

i

process in chemical industries, and the high efficiency on the

}J.

methanol synthesis process has been constantly demanded from the
viewpelnt of saving of energy and sconomic efficlency.

[00G3

In conventionally known methanol synthesis processes, a

Q.
ass

synthetic gas (& mixed gas of CC0 and Hz) is used as a main raw

materzal {(containing a small amount of CO;) and a three-component
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type catalyst such as Cu/Zn0O/Al;0; catalyst (present industrial
catalyst, for example Non-patent document 1) and Cu/Zn0/8i0;
catalyst (Patent document 1) is known as 1ts catalyst.

(00041

In a conventional methanol synthesis technigue using a
synthetic gas as a raw material, it is known that the catalyst
is stable for a period of several years. In themethanol synthesis
usingCOzandHZasréwnﬁterialsrelatedtx>thefiehiofthepresent
invention, the same activity stabllity of the catalyst has been
also desired now but it is difficult to say that the activity
stapbility is sufficient.

[0005]

Meanwhile, from studies on reuse and recycling of carbon
resources in order to decrease GHG (green house effect gas) and
on global environment problems, there is increasing interest in
a process of methanol synthesis by using CO; and H; as main raw
materials recently in place of the conventional processes of using
a synthetic gas as a main material.

[00086]

In the methancl synthesis from a raw material gas having
a high CO; content, a catalyst is demanded to have a hicher activity
than that used in the methanocl synthesis from the above synthetic
gas for the sake of thermodynamic equilibrium in the reaction and

reaction inhibiting effect of water generated together with
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synthesis from a raw material gas having a high CO; content, the

lowering of the catalyst activity, which will be caused by water

generatedas a by-product together with methanol, icanti

by
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large as compared with the methancel synthesis freom a synthetic
gas. On this account, the catalyst having a higher durability

is demanded as compared with the catalyst used in the methanocl
synthesis from the synthetic gas. This is considered that the
three-component catalyst, which igs used in the methanol synthesis

from the synthetic gas, does not have sufficient catalyst

performance.
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Under the circumstances, a copper type multi-component
catalyst comprising additional components, such as copper/zine

oxide/aluminum oxide/zirconium oxide, or copper/zinc oxide/

aluminum oxide/zirconium oxide/galliunm oxide has been developed

{for example, Patent documents 2 and 3.
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present applicant disclcses preferable meihods of



10

15

20

producing these copper type catalysts (Patent documents 5, 6§ and
7).

CITATION LIST
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[0010)

ot
a9

Patent document JP-B-8631(1888)~39287

Patent document 2: JP-A-H7(199%5)-38755

[£%)
s

Patent document JP-A-HE(1994)~312138

Patent document 4: JP-A-H10(1998)-309466

Patent document 5: JP-A-2010-194419

Patent document 6: JP~A-2010~194420

Patent document 7: JP-A~2010-194421

NON-PATENT DOCUMENT

[0011]

Non-patent document 1: Catalyst study, Vol.7 edited by Catalyst
Scientific Society issued by Kodansha Co., on July 20, 1989,
pp.21-39

Non-patent document 2: Applied Catalysis A: General, 38(19%6)
pp.311~318

SUMMARY OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0012]

It is true that the above-described copper type

multi-component catalyst has high activity in an initial stage
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of the reaction using CO; and H; as raw materials. However,
according to the studies of the present inventors, it has been
clear that the activity tends to be gradually decreased by the
influence of water generated as a by-product. Namely, the
present inventors found that it is necessary for the catalyst to
have higher performances on long-time persistence of reaction and
durability.

[0013]

In conventional methanol synthesis using a synthetic gas
2s a raw material, it is known that the catalyst isg stable for
severzl years. In the methancl synthesis using CO; and H; as raw
materials related to the present field, the catalyst having the
same stability of activity is also tend to be demanded. However,
it isdifficult tosay that the stability of activity of the present
catalyst is sufficient under the present situation.

[0014]

The present invention has been conducted under the
circumstances as described above. It is an object of the present
invention to provide a catalyst baving'good.catalyst activity and
remarkably excellent durability in the methanol synthesis from
hydrogen and carbon oxides mainly containing carbon dioxide, and
it is another object of the present invention to provide a
production method of the catalyst, and it is a further object of

the present invention to provide a process for producing methanocl
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using this catalyst.
PROBLEM SOLUTION
[0015])

The present invention relates to a catalyst for producing
methanol, which catalyst comprises metal oxides, particularly
composite metal oxides containing copper as a main component, and
it relates to a method for producing the catalyst.

(0016l

Namely, the catalyst of the present invention is a catalyst
for methancel production using, as a raw material, carbon oxides
and comprises copper, zinc, aluminum and siliceon and has the

following properties

~a

{A) the molar ratio of zinc to copper is 0.5 to 0.7,

(B) the molar ratio of silicon to copper is 0.015 tc 0.05,

(C) the maximum intensity ratio of a peak derived from zinc to
a peak derived from copper, as measured by XRD, is not more
than 0.25, and

(DY  the half-value width (28) of & peak derived from copper,

as measured by XRD, is 0.75 to 2.5.
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Further, the catalyst for methanol production according to
the present invention has the following property:;
(£Y the content of zirconium is 0 to 0.1 mol%.

[0018]



o3t

10

15

20

h

Furthermore, the catalyst formethancl production according

te the present invention preferably has a content of copper of

1

45 to 65 mol¥% provided that the total amount of copper, zinc,

aluminum and siiicon is 100 mol%, and a2 content of an alkall metal
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producing methanol using the resultant catalyst for methanol

G
3

production in the presence of carbon oxides and hydrogen.

EFFECT OF THE INVENTION
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The catalyst for methanol production according to the
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durability. On this account, the catalyst can efficiently and

-

stably convert carbon dioxide, wh
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causes the warming of the

earth, inte a chemical raw material such as methancl. Therefore,
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BRIEF DESCRIPTION OF DRAWINGS
[0022]

Fig. 1 shows XRD spectra of the catalysts for methanol
production prepared in the examples and the comparative examples
in the present application.

Fig. 2 shows XRD spectra of the catalysts for methanol
production prepared in the comparative examples in the presgent
application.

Fig. 3 shows changes with time in the reactions of carbon
dioxide and hydrogen in the exampleg and comparative examples in
the present application.

EMBODIMENT FOR CARRYING OUT THE INVENTION
[0023]

The present invention provides a catalyst for methanol
production which catalyst comprises a metal oxide having a
specific composition and a crystal form and can efficiently
produce methanol from hydrogen and carbon oxides such as carbon
dioxide, the present invention further provides a method for
producing the catalyst and a process for producing methanol using
the catalyst.

[0024]

The present invention will be described in detail below.

[0025]

<<Catalyst for methanol productions>
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The catalyst for methanol production according to the
present invention 1s a copper type catalyst and has good catalyst
activity in amethanol synthesis reaction fromhydrogen and carbon
oxides essentially containing carbon dioxide and also has
remarkably excellent durability. It is a matter of coursse that
the catalyst has good catalyst activity and remarkably excellent
durability even in a methanol synthesis from a synthesized gas
and a reverse reaction thereof, a methanol reforming reaction,
a shift reaction and & reverse reaction thereof. Moreover, the
components of the catalyst for methanol production according to
the present invention are not limited to the above-~described
components and may comprise other oxides.

[0026)

The catalyst for methanol production according to the
present invention comprises copper, zinc, aluminum and silicon
as essential components.

[00627]

In a conventional copper type catalyst, an attempt has been
made such that the content of components particularly zinc is
specified based on copper contained in the catalyst to prepare
a catalyst having high activity. However, an embodiment of
enhancing the durability of a catalyst could not be found.
0028)

The present inventors have been earnestly studied in order
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to prepare a catalyst having a low decrease of activity with time
in a methanol synthesis reaction, namely having high durability
without deterioration, and found that it is very important to
control the contents of zinc, aluminum and silicon based on copper
and to control the crystal form wnich can be characterized by XRD
measurement.

[0029]

The catalyst for methanol production according to the
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presen ion is characterized by satisfying the following
properties (A) to (D). |
{00307

(A) The molar ratic of zinc to copper is 0.5 to 0.7,

(B} the molar ratio of silicon to copper is 0.015 to 0.05,

{(C) the maximum intensity ratio of a peak derived from zinc to

a peak derived from copper, as measured by XRD, is not more

than 0.25, and
(D) the half-value width (28) of a peak derived from copper,

as measured by XRD, is 0.75 to 2.5.

(0031}

It is considered that the main active component of the
catelyst for methanol production according to the present
invention is copper. The copper isgenerally produced as an oxide
thereot.

[0032]
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The catalyst for methanol preoduction according to the
present invention is mostly used affer activating by a highly
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activating method of reducing copper oxide to copper before the
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action of carbon dioxide and hydrogen or in the initial reaction
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duction atmosphere.
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In order to generally prepare the catalyst having such a

high activity, the content of copper is preferably 45 to 65 mol%,

of copper, zinc, aluminum and silicon, which are contalned in

the catalyst.

c oxlide represented by the

3~

be present in the catalyst as zli:

¢
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chemical formula ZnC. This zinc is considered to be & component

g

capable of highly dispersing copper o
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The amount © in the catalyst for methancol

production according to the present invention is determined as
the ratio te the amount of copper, and zinc is contained in an

amount that the molar ratio of zinc to copper is 0.5 to (.7,
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preferably £.5 to 0.65., When the ¢

the content of copper, which

& main catalilyst component,

zinc is toc large,

is

decreased tc lower the reaction activity in some cases. On the
other hand, when the content ¢of zinc is too small, as described
above, aggregation of copper is easily caused and the reaction
activity tends to be dscreased with time.
(00367

In the catalyst for methanol production according to the
present invention, the content of zinc is preferably 25 to 46

present Invention has &
high zctivity. It is considered that
is one reascn why the catalyst has

.
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The silicon contained in the catalyst for methancl
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product cording Lo the present

be substantially present as silicon

10z and the molar

€31

chemical formulsa

C.015 to
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considered to
oxide represented by the

ratic of silicon to copper

more preferably £.020
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to 0.045. When silicon satisfies this molar ratio, the lowering
of the catalyst activity with time is suppressed and the high
activity can be kept stably.

1003917

The addition of silicon to the catalyst for methanol

production has been conventionally conducted in crder to suppress
the lowering of the activity, but the effect is not necessarily
so high. The present inventors found that the catalyst can have

"o

both of high reaction activity and high reactilon durability by
defining nct only the ratio of silicon to copper but also the ratio
of zinc to copper.

[0040]

The content of silicon contained in the catalyst for
methanol production according to the present invention is
preferably 0.7 to 3.3 mol%, more preferably 0.7 to 3.0 mols,
furthermore preferably 1.0 to 3.0 mol% based on 100 mol% of the
total amount of copper, zinc, aluminum and silicon in order that
the catalyst has high activity.

[0041}

The reason why the catalyst for methanol production
satisfying such a composition accerding to the present invention
has improved high activity and durability without deteriocration
is not definite. It is presumed that silicon oxide has some kind

of influence on the dispersibility of copper and zinc oxide in
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a composite thereof and thereby sintering of the composite of
copper and zinc oxide is suppressed. Therefore, when the content
of silicon is in the above range, reduction of the effect of

suppressing sintering due to lack of silicon is not occurred, and
inhibition of the reaction at an active site due £0 an excess anount
of silicon is not occurred. Accorxdingly, it is presumed that

the catalyst has high activity and high durability.

The catalyst for methanol production according to the
present invention has a maximum intensity ratioc of a peak derived
from zinc to a peak derived from copper, as determined by XRD
measurement, of not more than 0.25. Namely, this ratio indicates
that the peak derived from zinc is relatively smaller as compared
with the peak derived from copper. This fact indicates that the
content of crystallization of zinc oxide is small, and it is
considered that zinc oxide is present in a state of fine particles.
[0043)

The catalyst having these properties efficiently exerts
interaction between copper, which is an active species, and zinc
oxide and it is considered that the improvement of reaction
activity and the suppression of copper aggregation are revealed
efficiently. Moreover, when the catalyst contains silicon in a
specific amount, it is presumed that sintering of zinc oxide is

suppressed and the above specific effect can be revealed.
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[0044]

Aluminum 1s also an essential component of the catalyst for
methanol production according to the present invention, and it
is probably considered that aluminum contributes enlarging the
surface area of copper and zinc oxide. Aluminum is generally
Present as aluminum oxide in the catalyst, and it is considered
that aluminum oxide, as it is, does not have activity for the
present reaction. Therefore, the aluminum content may have a
sufficient effect so as to enlarge the gsurface area of copper and
zinc oxide. When the aluminum content ig larger than the necessary
content thereof, the catalyst activity is sometimes lowered.
[0045]

In the present invention, the catalyst contains aluminum
in an amount of preferably 1 to 12 mol%, more preferably 1 to 10
mol%, furthermore preferably 1 to 8 mol%, particularly preferably
2 to 6 mol% based on 100 mol% of the total amount of copper, zinc,
aluminum and silicon. The aluminum oxide expregsed herein is
substantially regarded as a compound represented by the chemical
formula Al,Os.

[0046]

For the catalyst for methanol production according to the
present invention, the effect of containing zirconium oxide is
not necessarily so high. Zirconium is preferably contained for

suppressing sintering, because it is presumed that the components
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such as copper are hardly crystallized. While, it will give rise
to adverse effects such that the change of the crystal structure
riecessary for high activation is suppressed. When the zirconium
content is too large, it is necessary to conduct calcination at
a high temperature in order to enhance the activity. However,
when the calcination at a high temperature is conducted, it is
presumed that unnecessary crystal growth will be easily occurred.
[0047]

The content of zirconium in the catalyst for methanol
production according to the present invention is preferably 0 to
0.1 mol% based on 100 mol% of the total amount of copper, zinc,
aluminum and silicon.

[0048]

The content of an alkali metal in the catalyst for methanol
production according to the present invention is preferably 0 to
0.2 mol% based on 100 mol% of the total amount of copper, zing,
aluminum and silicon. When the content of the alkali metal 1s
in the above range, there is a tendency that good catalyst activity

is revealed without acceleration of catalyst sintering.

The catalyset for methanol production according to the
present invention may include other metal oxides in addition to
the above essential components except for an alkall metal. For

example, Group 2 to 15 metals in the Periodic Table, such as gallium
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oxide can be added optionally as long as it is not contrary to
the cobject of the present invention. However, it is preferred
to avold zirconium as described above.
[00501

When the catalyst for methancl production according to the
present invention has the above-described appropriate catalyst
composition, it has high catalyst performances such as high
activity and high durability by determining the appropriate
reaction conditions in accordance with the objective reaction,
and particularly it has the high catalyst performances in the
methancl synthesis by a reaction of hydrogen and carbon oxides
principally containing carbon dioxide.
[0051]
<<Method ¢f producing the catalyst for methanol production>>

Production of catalyst precursor

As the method of producing the catalyst for methanol
production according to the present invention, a known method can
be used without limitation as long as it satisfies the above
requirements. Specifically, it is preferred that a method can
highly disperse various kinds of constitutional components. As
a simple and easy method, there is a well~known method such that
a catalyst precursor, which principally comprises a carbonate or
hydroxide obtainable by generating precipitation in a solutiocn,

is formed and then this catalyst precursor is washed and calcined
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to prepare an oxide.
00527

The method for producing the catalyst precursor said herein
comprises a step, which largely influence on catalyst performances
in the production method of the catalyst having an appropriate
composition for methanol production. Particularly, it is
preferred to produce the catalyst precursor that catalyst
components in particles formed by precipitation are dispersed
uniformly because the catalyst easily has high activity.
[0053]

The catalyst precursor according to the present invention
ig preferably obtainable by precipitation using the two kinds of
solutions as described later. Examples of the raw material
include an acidic metal salt. The essential metals are copper
and zinc, and in addition te the essential metals, Group 2 to 15
metals in the Periodic Table may be contained. As described above,

t is preferred to avoid zirconium.

[

[0054]

The acidic metal salt is usually at least one selected from
a nitrate, a chloride, a sulfate, a carbonate and an oxalate of
the metal.
[0055]

In the catalyst for methancl production according to the

present invention, aluminum, which is an essential component, may
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be also derived from the above-described acidic metal salt, or
may be particlies of aluminum hydroxide or aluminum oxide.
{00586]

In the catalyst for methanol production according to the
present invention, silicon, which is an essential component, is
generally present as an oxide. Examples of the raw material

thereof include preferably colloidal silica and silica dissolved

0
(WS

in water. Furthermore, colloidal siiica and silica dissolved in
water may be used together. When silica dissolved in water is
used, natural fresh water, tap water, well water or industrial
water can be used as water.

[0057]

In general, the catalyst precursor is preferably produced
by & method such that an A solution which comprises an agueous
solution of the metal component acidic water soluble salt and z
B solution which comprises an agueous solution of a precipitating
agent are mixed and a precipitate is formed because the metal
components are dispersed uniformly.

[0058]

& basic compound used in the precipitating agent
constituting the B solution comprises at least one selected from
a carbonate and a hydroxide of an alkali metal containing at least
one of Yithium, sodium, calcium, rubidium and cesium, and ammonia.

[0058]
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In forming the precipitate by mixing the A solution and the
B solution, examples of a precipitating method are:

{1} a method of putting the A sclution in a precipitation tank
previously and then putting the B sclution in the tank;

(2) a method of conversely putting the B solution in a
precipitation tank previocusly and then putting the A solution
in the tank;

(3} a method of batch mixing the A solution and the B solution
in a precipitation tank; and

(4y A method of dividing the A solution into 2 or more, mixing
the A solution containing one or two or more of the metal
compounds with the B scolution, forming a precipitate and
adding the other A solution containing the residue components
of the metal compound into the sclution containing the
precipitate and thereby forming a precipitate.

[0060]

In aadition to the above methods, various methods can be
employed appropriately. For the sake of dispersing each
component uniformly, preferable is a method in which sufficient
stirring is carried out in an appropriate concentratidn of metal
component and a precipitating agent in order to progress the
precipitating reaction quickly. The catalyst precursor is formed
at a temperature of preferably 10 to 70°C. When the temperature

is higher than 10°C, the precipitating forming reaction has a
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tendency to progress quickly. Moreover, the temperature isg
preferably not higher than 70°C, because the formed precipitate
easlly keeps a stable structure containing hydroxide as a main
component.

(0061

[o—

The precipitation time 1s preferably 10 to 180 min, but it
can be shorter than the above time as long as the stirring is
carried out sufficiently. Precipitation time longer than the
above time is uneconomical, and in the case of carrying out
precipitation forming by previously putting one of the A solution
and the B sclution in the precipitation tank and then feeding the
other, it causes continuous change of pH for a long period of time
and thereby the crystal structure may be affected and lead to
non-uniform structure. In the present invention, in order toc
control the crystal structure, it is preferred that precipitation
forming is carried out gquickly as much as possible and the pH at
the completion of the precipitation is the same as initial pH of
the precipitation. It ispreferable for producinga highlyactive
catalyst that catalyst aging is appropriately carriedout starting
at this pH and thereby the crystal structure of the precursor is
easily stabilized.

[0062]
With regard to the A solution and the B solution, the the

vpper limits of the metal component concentration in the aguecus
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solution and the precipitating agent concentration are not

particularly limited as long as for the A solution, the acidic
metal salt can be completely dissolved, and for the B solution,
the precipitating agent can be completely dissolved and stirring

can be conducted sufficiently. Moreover, the lower limits

‘thereof are not limited particularly. However, it is preferred

to select the concentration in consideration of ecconomical
efficiency because Loo low concentration would lead Lo remarkable
decrease in the production efficiency.

[0063]

The shape of the precipitation tank is not particularly
limited, and it is preferred to be cylindrical in order that the
solution is stirred uniformiy during the period of precipitation
forming. In the precipitation tank, a baffle plate may be set
appropriately in order to conduct stirring efficiently. With
regard to the method of stirring the sclution, the stirring is
generally carried out by putting stirring blades in the solution
and rotating the blades by means of a stirring motor, and further
the stirring effect may be attained by sucking the solution by
means of a punmp forcedly, blowing it into the precipitation tank
and thereby circulating the solution without the use of stirring

blades.

After the completion of the precipitation formation of the
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catalyst precursor by feeding the A solution or the B solution,
or the both of them, aging is appropriately conducted in order
te céﬁtrol the crystal structure. This aging i1s generally
conducted in such a way that the precipitation solution is in the
same precipitation tank or the precipitation solution is
transferred to another vessel. The temperature of the aging
relates tce the time of controlling the structure. The higher
the temperature is, the shorter the time is needed to control to
the desired structure. However, when the temperature is too high,
the crystal structure is changed rapidly and thereby it is
difficult to control the crystal structure.

[0065]

In the present invention, the aging temperature is 35 to
85°C, preferably 45 tc 90°C, more preferably 50 to 85°C. The
higher the temperature is, the shorter the aging time is needed.
The aging is preferably ended up before the surface area of the
catalyst precursor is reduced. This time is more or less
influenced by the composition. In the composition of the present
invention, if the time is within about 24 hr, it may be left out
cf consideratiorn.

[0066]

The relative proportion of copper, zinc, silicon and

aluminum contained in the A solution does not change after they

are made into a solid catalyst through the washing step and the
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Iin particular, when the alkall metal sal:t is used as the
precipitating agent, it is apt to remain in the catalyst precursor.
s described above, as the presence 0f the alkali metal in zThe
catalyst sometimes decrease the activity considerably in the

methanol synthesis reaction, the alkali metal i desirably removed
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as much as possible. In the present invention, the content of
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agent is not particularly limited. Various washing methods may

be used. For example, there are a general method of filtraticn

H

while washing and a method of making a cake by filtration

dispersing it in water again and then filtering repeatedly. It

is prefarred to form the washed catalyst precursor inte a cake
state finally by removing moisture with filtration c¢r the like

hie.
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Calcination of catalyst precursor
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Normally, the cake~like catalyst precursor is appropriately
dried and then calcined to prepare the catalyst. Before the
drying, it is preferred to loosen the cake in order that moisture
easily comes ocut. Although the drying conditions are not limited
particularly, the drying is carried out in the air at a temperature
of 80 to 150°C.

[0C70]

The calcination is carried out in order to make the
components of the catalyst precursor intec oxides mainly. In order
to prepare the catalyst for methanol production according to the
present invention, the calcination temperature is preferably from
300 to 450°C, more preferably 350 to 450°C. In the case of using
the catalyst precursor as the high-active catalyst to the methanol
synthesis reaction, the calcination is preferably carried out
until the peak derived from the precursor is not observed by XRD

measurement.

The copper oxide in the catalyst for methanol production
according to the present invention desirably has a certain level
of crystallinity in order that it is stably present in the catalyst.
When the crystallinity is too low, rapid sintering occurs because
copper particles reduced in thée methanol synthesis reaction are
too small, and thereby the active site is decreased remarkably

and the performance is lowered. While when the crystallization
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high but the active site is apt to decrease remarkably.
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The cataliyst for methanol production according to the

present invention has a half value width (28) of the copper peak

n

of from 0.75 to 2.5. The lower limit is preferably 0.B0, more

preferably 0.85. The upper limit is preferably 2.3, more
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is highly dispersed therein and the catalyst has activity stable
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specific performances.
In the catalyst Zor methanol production according to the
present invention, the key factor of controlling the peak
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intensity ratio ¢ zinc to copper and the half valu idth of the

is the calcination temperature. When the calcination temperature
is teco righ, the crystallization cof zinc or copper proceeds to

excess and the peak Iintensity and the half-value width are apt
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or example, the peak
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intensity of copper may be too high or the half-value width of

copper peak may be toc small. When the calcinstion temperature

The catalyst for methanol production obtainable by the

3

above~-describad method according to the present invention is

usually prepared in a powdery state. Accordingly, the catalyst

in a powdery state may be used asg it is. In the industrial use
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€ is usually made into a tablet by extrusion mclding

or compression melding. The size and the

n
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pe of the catalyst

in a tablet are not particularly limited. The catalyst thus

formec is usually packed in a rsactor and used.

In the preseéent invantion, the contents of each of copper,
ginc, aluminumr, silicon, zirconium and an alkalil metsl in the
precursor of the catalyst for methencl production are

substantially the same a2s those in the catalyst described late

In the calcination step, the disappearance of sach of the element
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The contents of varicus elements can be determined by the

8]

above preparation ratio. Furthermcre, the contents can e also
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determined by measuring the precurscr or the catalyst with a
conventionally known method such as an atomic absorption
spectrometry (RAS) or an inductively coupled plasma atomic
emission spectrometry (ICP-AES).

[0078}

Crystal structure analysis by XRD

The analysis of the crystal structure of the catalyst for
methanol production according to the present invention was carried
out by XRD measurement in the following method.

(00791

Powder X-raydiffractiondevice: Multi Flex manufactured by Rigaku
Corporation

[Device conditions]

X-ray: CuKa, 40kV-40mA

Gonicmeter: Multl Flex goniometer (without shutter)
Attachment: a holder for a standard specimen

Counter monochrometer: fixed monochrometer

Counter: Scintillation counter

Divergent slit: 1°
Scattering slit: 1°

Light receiving slit: 0.30 mm{l) or 0.15 mm(2) is selected
appropriately.

[0080]

Monochromatic light receiving slit: none
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[Measuring conditions]
Operation mode: continuous
Sampling width: 0.020° (1} or 0.10°(2) is selected appropriately.
{00817
Operation axis: 26/8
Scanning speed: 0.5°/min
Measurement range: 10° £20<80° (1) or 25°<206<45°(2) is selected
appropriately.
[0082]
Cumulative number: 2

In the present invention, the intensity ratio of the peak
derived from zinc and the peak derived from copper, and the
half-value width of the peak derived from copper are determined
based on the results measured in the above conditions.
[0083]
Function

The XRD measurement results indicate that copper, zinc,
aluminum and silicon are usually present in a copper oxide, a zinc
oxide, an aluminum oxide and a silicon oxide in the catalyst for
methanol production according to the present invention, the
uniformity thereof is high and copper and zinc are highly dispersed
therein. On this account, the catalyst for methancl production
according to the present invention has high activity and excellent

durability capable of having the high activity for a long period
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of time.
[0084]
<<Process for producing methancl>>

The catalyst for methanol production according to the
present invention is used in a reaction in accordance with the
purpese thereof and particularly it is useful in a reaction of
synthesizing methancl from hydrogen and carbon oxides (CO, alone
or a mixed gas of CO; and CO), o©or a reverse reaction thereof.
[cogsl

The catalyst for methanol production according to the
resent inventionmay be used as it is in the production of methanol.
It is usual to reduce the catalyst by a reducing gas such as H;
gas or Hp-N; mixed gas prior to the use thereof.
[oogél

In the process for producing methanol according to the
present invention, reaction is carried out by introducing a raw
material gas comprising hydrogen and carbon oxides into the
catalyst. This reaction is typically carried out at a reaction
temperature of 150 to 300°C under a reaction pressure of 1 to 10
MPa. In the case of the reverse reaction, methanol is decomposed
inteo hydrogen and carbon oxides. The reverse reaction is
typically carried out at a reaction temperature of 200 to 400°C
under a reaction pressure of atmospheric pressure to 1 MPa. These

reactions can be carried out in any cne of a gas phase and a liguid



31

phase. In the reaction in a liguld phase, examples of a sclvent
used herein are a hydrocarbon type solvent and a solvent
non-soluble or inscluble in water.
EXAMPLE
[00871

The present invention will be described in more detail with
reference to the folliowing examples, but it should not be limited
by the examples.
[0088]

Catalyst preparation for methanol production

Example 1

In 11 kg of distilled water, 5.15 kg (21.2 mel) of copper
nitrate 3-hydrate, 2.72 kg (12.5 mol) of zinc nitrate 6-hydrate,
1.25 kg (3.3 mol) of aluminum nitrate 9-~hydrate and 0.24 kg (0.8
mol) of colloidal silica (SNOWTEX ST-0® manufactured by NISSAN
CHEMICAL INDUSTRIES, LTD., the content of silicic acid anhydride
{S102) of 20 to 21 wt%) were dissclved, and conseqguently 21.7 kg
of an agueous solution was prepared as A solution. In this
preparation, the molar ratio of Zn to Cu (Zn/Cu) was 0.59 and the
molar ratio of 8i to Cu (Si/Cuj was 0.038, and the content of copper
was 56.2 mol% based on 100 mol% of the total amount of copper,
zinc, aluminum and silicon.
[0089]

Next, in addition to the A solution, 4.58 kg {43.3 mol) of
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sodium carbonate anhydride was dissolved in 31.2 kg of distilled
wvater and consequently an agueous scolution was prepared as B
solution.

[0080]

The A solution was put into a 100 1 precipitation tank
equipped with a stirrer and a baffle plate and the B solution was
dropped at a rate cf about 0.18 L/min with stirring. The feeding
time was about 80 min. The liguid temperature in the
precipitation tank was set to 20 to 25°C. After the B solution
was fed, the pH in the precipitation tank was about 6.2. After
the B solution was fed, the temperature of a precipitate slurry
was slowly increased to 70°C and kept for 2 hr. Thereafter, the
slurry was washed with pure water until the Na ion concentration
in the precipitate was not more than 0.2 mol%, and then filtered
off to prepare a precipitate cake. The precipitate cake was dried
at 120°C and calcined at 350°C to prepare a catalyst for methanol
production (Catalyst 1). The resulting catalyst 1 had a specific
surface area of 85 m?/g.

{0091]

Regarding the catalyst 1, the measurement range, the light
receiving slit and sampling width in XRD measurement were
subjected to the condition (1). The maximum intensity ratio of
the peak derived from zinc to the peak derived from copper

(Zn0O/Cul), as measured by XRD, was 0.22 and the half-value width
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{28) of the peak derived from copper (Cul) was 1.6.
[0092]
Example Z

The catalyst preparation procedure of Example 1 was repeated
except that the usage of colloidal silica (SNOWTEX ST-0®
manufactured by NISSAN CHEMICAL INDUSTRIES, LTD., the content of

silicic acid anhydride ¢f 20 tc 21 wt%) was changed to 0.12 kg,

oot

to prepare a catalyst for methanol production (Catalyst 2). In
this preparation, the molar ratio of Zn to Cu (Zn/Cu) was 0.59
and the molar ratio of 81 to Cu {8i/Cu) was 0.019, and the content
of copper was 56.8 mol% based on 100 mol% of the total amount of
cepper, zinc, aluminum and silicon. The resulting catalyst 2 had
a specific surface area of 94 m/g.
100937

Regarding the catalyst 2, the measurement range, the light
receiving slit and sampling width in ¥RD measurement were
subjected to the condition (2). The maximum intensity ratio of
the peak derived from zinc to the peak derived from copper
(ZnC/Cul0}, as measured by XRD, was .21 and the half-value width
(20) of the peak derived from copper (Cul) was 1.5.
0094}
Example 3

The catalyst preparation procedure of Example 2 was repeated

except that the calcination temperature was 450°C, to prepare a



ot

10

15

20

34

catalyst for methancol production (Catalyst 3). The resulting
catalyst 3 had a specific surface area of 68 m?/g.
[0095]

Regarding the catalyst 3, the measurement range, the light
receiving slit and sampling width in XRD measurement were
subjected to the condition (2). The maximum intensity ratio of
the peak derived from zinc to the peak derived from copper
{Zn0O/Cul), as measured by XRD, was 0.21 and the half-value width
(28) of the peak derived from copper (CulO) was 1.0.

[0096]

-

Comparatlive Example 1

The catalyst preparation procedure of Example 1 was repeated
except that the colloidal silica (SNOWTEX ST~O® manufactured by
NISSAN CHEMICAIL INDUSTRIES, LTD., the content of silicic acid
anhydride (8i0;) of 20 to 21 wt%) was not added, to prepazre a
catalyst for methanol production (Catalyst 4). In this
preparation, the molar ratio of Zn to Cu (Zn/Cu) was 0.59 and the
molar ratio of Si to Cu {Si/Cu) was 0.00, and the content of copper
was 57.4 mol% based on 100 mol% of the total amount of coppex,
zinc, aluminum and silicon. The resulting catalyst 4 had a
specific surface area of 89 m/g.

[0097]

Comparative Example 2

The catalyst preparation procedure of Example 1 was repeated
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except that the usage of colleoidal silica (SNOWTEX ST-0®
manufactured by NISSAN CHEMICAL INDUSTRIES, LTD., the content of
silicic acid anhydride (3i0;) of 20 to 21 wt%) was changed to 0.36
kg, to prepare a catalyst for methanol production {Catalyst 5).
In this preparation, the molar ratic of Zn to Cu (Zn/Cu) was 0.59
and the molar ratio of Si to Cu {8i/Cu) was 0.056, and the content
of copper was 55.6 mol% based on 100 mol% of the total amcunt of
copper, zinc, aluminum and silicon. The resulting catalyst 5 had
a specific surface area of 86 m’/qg.

[0028]

Comparative Example 3

In distilled water, 5.6 kg of copper nitrate 3-hydrate, 4.1
kg of zincnitrate 6~hydrate, 1.4 kgcfaluminumnitrate 9-hydrate,
2.0 kg of zirconium oxy nitrate 2~hydrate and 0.1 kg of colloidal
silica (SNOWTEX ST-O®@ manufactured by NISSAN CHEMICAL INDUSTRIES,
LTD., the content of silicic acld anhydride of 20 to 21 wt%) were
dissolved, and conseguently 56 L of an aqueous solution was
prepared as A scolution. In this preparation, the molar ratio of
Zn to Cu (Zn/Cu) was 0.59%9 and the molar ratio of Si to Cu (Si/Cu)
was 0.014, and the content of copper was 56.5 mol% based on 100
mol% of the total amount of copper, zinc, aluminum and silicorn.
[0089]

In addition to this, 17.8 kg of sodium carbonate

10~anhydride was dissolved in distilled water and conseguently
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56 L of an aquecus sclution was prepared as B sclution.

In a precipitation tank equipped with a stirrer and a baffle
plate, 140 L of water was fed and while the stirrer was rotated
at 200 rpm, the A sclution and the B solution were dropped
simultaneousiy at a rate of about 310 ml/min. The feeding time
was 3 hr. The pH of the solution was 7.2%0.2, and the liguid
temperature was set to 20 to 25°C.

{01001

The temperature of the precipitate slurry was slowly
increased to 70°C and kept for 2 hr. Thereafter, the slurry was
washed with pure water until the Na ion concentration in the

recipitate was not more than 0.2 mol%. After washing, the
precipitate slurry was filtered off to prepare a precipitate cake.
The precipitate cake was dried at 120°C and calcined at 600°C to
prepare a catalyst for methanol production {Catalyst 6). The
resulting catalyst 6 had a specific surface area of 85 m?/g.
[01017

Regarding the catalyst 6, the measurement range, the light
receiving slit and sampling width in XRD measurement were
subjected to the condition (1). The maximum intensity ratioc of
the peak derived from zinc to the peak derived from copper
{ZnQ/CuC), as measured by XRD, was 0.49 and the half-value width
(28) of the peak derived from copper (Cul) was 1.3.

[0102]
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Comparative Example 4

The catalyst preparation procedure of Example 2 was repeated
except that the calcination temperature was changed to 600°C, to
prepare a catalyst for methanol production (Catalyst 7). The
resuliing catalyst 7 had a specific surface area of 41 m?/g.
[0103]

Regarding the catalyst 7, the measurement range, the light
receiving slit and sampling width in XRD measurement were
subjected to the condition (2). The maximum intensity ratic of
the peak derived frem zinc to the peak derived from copper
(Zn0O/Cul), as measured by XRD, was 0.24 and the half-value width
{26) of the peak derived from copper (Cul) was 0.7.

[0104]

Comparative Example 5

The catalyst preparation procedure of Comparative Example
3 was repeated except that the calcination temperature was changed
to 400°C, to prepare a catalyst for methanol production (Catalyst
8). The resulting catalyst 8 had a specific surface area of 136
mé/g.
[0105]

Regarding the catalyst 8, the measurement range, the light
receiving slit and sampling width in XRD measurement were
subjected to the condition {1). As shown in Fig. 2, clear peaks

derived from zinc {Zn0O) and copper {(Cul) were noi observed.
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[0108]

Regarding the catalysts 1 to 3 prepared in Examples 1 to
3 and the catalyst 7 prepared in Comparative Example 4, the maximum
intensity ratio of the peak derived from zinc to the peak derived
from copper and the hazf-—valuéwidth {28) of the peak derived from
copper (XRD diffraction curve) are shown in Fig.ZI.
(01071

Regarding the catalyst © prepared in Comparative Example
3 and the catalyst 8 prepared in Comparative Example 5, the maximum
intensity ratioc of the peak derived from zinc to the peak derived
from copper and the half-value width (28) of the peak derived from
copper (XRD diffraction curve) are shown in Fig.Z2.

[010€]

Production of methanol

Example 4

[EProduction of methanol (Reaction activity evaluation)]

Using each of the catalysts 1 and 2 prepared in Examples
1 and 2 and the catalysts 4 to 6 prepared in Comparative Examples
1 to 3, methanol was produced in the following process.
[0109]

In a reaction tube, 1 ml cof the catalyst prepared in the
above example was filled and reduced by passing a reducing gas

which comprises 10 vol% of Hy and 80 vol% of Ny at 300°C for 2 hr.

Thereafter, the reaction was carried out by passing a mixed gas
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which comprises 22 vol% of COz, 2 vol% of CO and 75 vol% of Hy to
a catalyst layer at a rate of 30 L/hr at a pressure of 5 MPa at
a temperature of 270°C. The reaction formed gas was analyzed by
a gas chromatography and the relationship of the reaction time
and the methanol yileld was determined. The methanol yields
(g~MeOH/kg-Cat/hxr} are shown in Fig. 3 from the beginning of the
reaction to 2000 hr after.

[0110]

As a result, 1t was confirmed that the catalyst 1 and the
catalyst 2 have high catalyst activity, which is industrially
preferable even in continuous operation for a long period of time,
and have long time stability. Furthermore, it was also confirmed
that the catalyst 4 free from silicon and the catalyst 5 having
an excess content of silicon to the copper content have activity
which is decreased for a short time and have poor durability.
Moreover, it was confirmed that the catalyst 6 which was prepared
by calcination at a high temperature and had a high maximum
intensity ratio of the peak derived from zinc and the peak derived
from copper {(Zn0/Cul), as measured by XRD, had insufficient
activity after the operation was carried out for 100 hr or more.
(01113

The degree of decrease in the reaction rate of each of the
catalyst I (Example 1) and the catalyst 6 (Comparative Example

3) was determined as a gradient of the decresasing rate of the



o

10

40

methanol yield from 1000 h to 2000 h by the least sguare method.
The results are shown in Table 1.
f0112]

These results indicate that the catalyst 6 in Comparative
Example 3 is inferior in long-time stable operating performance

as compared with the catalyst 1 in Example 1.

[0113]
Table 1
Catalyst Gradient of straight line R
x (-1x107%)
Catalyst 1 3.3 0.%8
. Catalyst 6 6.9 0.98
{ .
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CLAIMS
1. A catalyst for methanol production using carbon oxides
as a raw material, which comprises copper, zinc, aluminum and

silicon and has the following properties:

(n) the molar ratio of zinc to copper is 0.5 to 0.7,
{B) the molar ratio of silicon to copper is 0.015 to 0.05,
{(C) the maximum intensity ratio of a peak derived from zinc to

a peak derived from copper, as measured by XRD, 1s not more than
0.25 and
(D) the half-value width (26) of a peak derived from copper,
as measured by XRD, is 0.75 to 2.5.

2. The catalyst for methanol production according to claim
1 wherein the catalyst has a property that (E) the content of
zirconium is 0 to 0.1 mol%.

3. The catalyst for methanol production according to c¢laim
1 wherein the content of copper is 45 to 65 mol% provided that
the total amount of copper, zinc, aluminumand gilicon ig 100 mol%.

4. The catalyst for methanol production according to claim
1 wherein the content of an alkali metal is 0 to 0.2 mol%.

5. The catalyst for methanol production according to claim
1 which ig obtainable through a step of calcination at a

temperature of 300°C to 450°C.
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6. A process for producing methanol in the presence of the
catalyst for methanol production as claimed in claim 1, carbon

oxides and hydrogen.
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ABSTRACT

[Problem] The present invention is to provide a catalyst used for

a process for preparing methanol from carbon dioxide and hydrogen
5 and the catalyst has high activity and excellent stability with

the passage of time in reactivity.

[Solution] The catalyst comprises copper, zinc, aluminum and

silicon, and has a molar ratio of zinc to copper of 0.5 to 0.7,

a molar ratio of silicon to copper of 0.015 to 0.05, a maximum
10 intensity ratio of a peak derived from zinc to a peak derived from

copper of not more than 0.25 and a half-value width (26} of the

peak derived from copper of 0.75 to 2.5. The process for producing

methanol comprises using the catalyst.
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